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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 zinc and the documentation for their derivation.
This document provides guidance and is designed to communicate national policy on identifying
zinc 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.
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20 SUMMARY OF ECO-SSLs FOR ZINC

Zinc is found in almost all minerals and is ranked as the twenty-third most abundant element in
the earth's crust. The principal ores of zinc are sphalerite, smithsonite, calamine, and franklinite
(O'Neill, 2001; Lide, 2005). Elemental zinc is not found in the environment but instead occurs in

compounds in the 2+ oxidation state, often as zinc sulfide or zinc oxide (HSDB).

Zinc is released to the environment from both natural and anthropogenic sources, the latter being
the most important. Zinc has many commercial uses as coatings to prevent corrosion for
electrical apparatus such as dry cell batteries, and mixed with other metals to make alloys like
brass, and bronze (O'Neill, 2001). Zinc compounds such as zinc chloride, zinc oxide and zinc
sulfate are used in herbicides, fungicides and bacteriostats. Zinc may also be released to the
environment from its use in rubbers, paints, and cosmetics (ATSDR, 2005; Goodwin, 1998; ANL,
2005) and as the result of metal smelting, mining, electroplating, coal and oil combustion, and
waste incineration (ATSDR, 2005; Ursinyova, 1999). Urban runoff from building siding and
roofs, automobile brakes, tires, and oil leakage is another important source of zinc in the

environment (Davis, 2001)(HSDB).

Total zinc content in soils is dependent on

the composition of the parent rock material 300
(Kiekens, 1990; HSDB). The total amount 250 |
of zinc in soils is distributed as one of three X
forms: 1) free ions (Zn2+) and organo-zinc
complexes in soil solution; 2) adsorbed and
exchangeable zinc in the colloidal fraction
of the soil and 3) secondary minerals and
insoluble complexes in the solid phase of
the soil. The distribution of zinc among the
forms is dependant on the concentration of

n
o
o

150 A

Conc (mg/kg dw)

(5
o
L

.

Zn2+ and other ions in the solution, the East

kind and amount of adsorption sites
associated with the solid phase of the soil, Figure2.2  Typical Background
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and redox potential of soil (Alloway, 1990).

Background concentrations reported for many metals in U.S. soils are described
in Attachment 1-4 of the Eco SSL guidance (U.S. EPA, 2003). Typical
background concentrations of zinc in U.S. soils are plotted in Figure 2.1 for
both eastern and western U.S. soils.
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Zinc is expected to demonstrate low mobility in most soils, and is strongly adsorbed to soils at pH
5 or greater (Evans, 1989; Blume, 1991; Christensen, 1996). Only those fractions of zinc in soil
which are soluble or may be solubilized are bioavailable. Compared to total zinc content of soils,
concentrations of zinc in soil solution are low. The solubility of zinc increases at decreasing pH
(Alloway, 1990). The bioavailability of zinc in soils is also influenced by total zinc content, pH,
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organic matter, microbial activity, moisture, and interactions with other macro and
micronutrients (Kiekens, 1990; HSDB).

Zinc is an essential trace element for higher plants and animals. In higher plants zinc is absorbed
as the divalent cation (Zn 2+) which is a metal component of enzymes or a functional, structural
or regulatory cofactor of a large number of enzymes. Zinc is involved in carbohydrate and
protein metablolism and is required for the synthesis of indoleacetic acid. In plants, zinc
deficiency is commonly indicated by stunted growth, interveinal chlorosis, and leaf
symptomatology such as small leaves, malformations, and dieback while zinc excess commonly
produces iron chlorosis (Chapman, 1966, Kiekens, 1990).

In animals, zinc is an essential nutrient for regulating a number of metalloenzymes (ATSDR,
2005). Absorption of zinc occurs from all segments of the intestine, although the largest
proportion of zinc absorption occurs from the duodenum (ATSDR, 2005). Following absorption
by the intestine, zinc is rapidly distributed to the liver, kidneys, prostate, muscles, bones, and
pancreas. Zinc salts adversely affect tissues, interfere with the metabolism of other ions such as
copper, calcium, and iron, and inhibit erythrocyte production and function (ATSDR, 2005; WHO,
2001; ECB, 2004; HSDB).

Zinc deficiency has been associated with dermatitis, anorexia, growth retardation, poor wound
healing, hypogonadism with impaired reproductive capacity, and impaired immune function
(ATSDR, 2005). Nutritional requirements of zinc for common mammalian and avian test
organisms are compiled in Attachment 4-3 of the Eco-SSL guidance (U.S. EPA, 2003, 2005).
Zinc excess in avian species is associated with decreased body weight, gizzard and pancreatic
lesions, and biochemical changes (WHO, 2001). Mammalian studies have shown vomiting,
depressed growth rate, purgation, and ataxia (Clarke, 1981; Friberg, 1986; HSDB).

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

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

Wildlife

Plants Soil Invertebrates
Avian Mammalian

160 120 46 79

Eco-SSL values were derived for all receptor groups. The Eco-SSL values for zinc range from 46
mg/kg dry weight (dw) for avian wildlife to 160 mg/kg dw for terrestrial plants. The Eco-SSL for
avian wildlife is less than the 25™ percentile of reported background soil concentrations of zinc in
western U.S. soils and less than the 75" percentile for eastern U.S. soils (Figure 2.1). The Eco-
SSL for mammalian wildlife is less than the 96™ percentile for both eastern and western U.S. soils
(Figure 2.1). The Eco-SSLs for plants and soil invertebrates are higher than the 95" percentile for
both eastern and western U.S. soils. The avian and mammalian Eco-SSL values are based on
exposures of receptors consuming zinc in soil invertebrates.
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3.0 ECO-SSL FOR TERRESTRIAL PLANTS

Of the papers identified from the literature search process, 680 papers were selected for
acquisition for further review. Of those papers acquired, 78 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). Thirty-nine 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 five studies with a
bioavailability score of 2 that are eligible for Eco-SSL derivation. These results were used to
derive the plant Eco-SSL for zinc (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is the
geometric mean of the maximum acceptable toxicant concentration (MATC) values for three
species under different test conditions (pH and % organic matter (OM)) and is equal to 160 mg/kg
dw.

40 ECO-SSL FOR SOIL INVERTEBRATES

Of the papers identified from the literature search process, 162 papers were selected for
acquisition for further review. Of those papers acquired, 26 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). Forty 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 six studies with a
bioavailability score of 2 that are eligible for Eco-SSL derivation. These results were used to
derive the soil invertebrate Eco-SSL for zinc (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is
the geometric mean of the EC,, and MATC values for at least three test species under different
test conditions (pH and OM%) and is equal to 120 mg/kg dw.
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Table 3.1 Plant Toxicity Data - Zinc

P Study _ Soil Bio-_ _ Tox qu Value Total_ Eligible for |Used for
Reference Number| 1D Test Organism pH OM% | availabilit ERE Parameter (Soil Conc at | Evaluation Ecp-S_SL Eco-
y Score mg/kg dw) Score Derivation? | SSL?
White et al., 1979b 57096 d soybean Glycine max 6.5 12 2 GRO MATC 185 13 Y Y
Roszyk et al., 1988 13624 p oats Avena sp. 4.3 0.8 2 GRO MATC 143 18 Y Y
Roszyk et al., 1988 13624 b oats Avena sp. 5.3 2.6 2 GRO MATC 155 18 Y Y
Roszyk et al., 1988 13624 u oats Avena sp. 5.7 13 2 GRO MATC 159 18 Y Y
Sheppard et al., 1993 4146 b lettuce Lactuca sativa 6.3 <1 2 GRO MATC 173 12 Y Y
Geometric Mean 160

Data Not Used to Derive Plant Eco-SSL

De Haan et al., 1985 5048 e oats Avena sativa 5.4 7 1 GRO MATC 283 11 N N
Roszyk et al., 1988 13624 | mustard Brassica sp. 5.3 2.6 2 GRO LOAEC 105 18 N N
Roszyk et al., 1988 13624 a oats Avena sp. 4.2 0.7 2 GRO LOAEC 95 17 N N
Roszyk et al., 1988 13624 n mustard Brassica sp. 4.2 0.7 2 GRO LOAEC 95 17 N N
Singh and Jeng, 1993 12400 Ryegrass Lolium 6.0 0.1 2 GRO NOAEC 50 14 N N
Monette, 1978 45950 a spinach Spinacia oleracea 6.9 19 2 GRO NOAEC 20 12 N N
Monette, 1978 45950 b barley Hordeum vulgare 6.9 1.9 2 GRO NOAEC 20 12 N N
White et al., 1979b 57096 a soybean Glycine max 55 1.2 2 GRO LOAEC 131 12 N N
Rehab and Wallace, 1978 46710 b cotton Gossypium barbadense 6.6 24 1 GRO MATC 283 14 Y N
Roszyk et al., 1988 13624 zc oats Avena sp. 5.7 5.7 1 GRO MATC 319 18 Y N
Roszyk et al., 1988 13624 d oats Avena sp. 5.6 2.3 1 GRO MATC 361 17 Y N
Roszyk et al., 1988 13624 z oats Avena sp. 5.9 2.3 1 GRO MATC 169 17 Y N
Roszyk et al., 1988 13624 g mustard Brassica sp. 5.6 2.3 1 GRO MATC 177 17 Y N
Rehab and Wallace, 1978 46710 a cotton Gossypium hirsutum 6.6 24 1 GRO MATC 283 14 Y N
Dang et al., 1990 12906 E onion Allium Cepa 8.3 0.5 1 GRO MATC 141 11 Y N
Dang et al., 1990 12906 H Fenugreek Trigonella foenum 8.3 0.5 1 GRO MATC 283 11 Y N
Roszyk et al., 1988 13624 zb Seradela Ornithopus compressus 5.6 52 1 GRO LOAEC 102 17 N N
Roszyk et al., 1988 13624 ze Seradela Ornithopus compressus 5.7 5.7 1 GRO LOAEC 95 17 N N
Roszyk et al., 1988 13624 zi oats Avena sp. 5.6 52 1 GRO NOAEC 440 16 N N
Roszyk et al., 1988 13624 zh oats Avena sp. 7.1 3.7 1 GRO NOAEC 475 16 N N
Kadar and Morvai, 1998 12988 a Carrot Daucus carota 7.0 | 1.032 1 GRO MATC 57 17 Y N
Kadar and Morvai, 1998 12988 b garden pea Pisum sativum 7.0 | 1.032 1 GRO MATC 34 17 Y N
Roszyk et al., 1988 13624 ki mustard Brassica sp. 59 2.3 1 GRO NOAEC 420 15 N N
Singh et al., 1991 12701 wheat Triticum aestivum 8.2 | 0.086 1 GRO MATC 113 13 Y N
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Table 3.1 Plant Toxicity Data - Zinc

P Study _ Soil Bio-_ _ Tox qu Value Total_ Eligible for |Used for
Reference Number| 1D Test Organism pH OM% | availabilit ERE Parameter (Soil Conc at | Evaluation Ecp-S_SL Eco-
y Score mg/kg dw) Score Derivation? | SSL?
Kucharski and Niklewska, 1992 | 13292 common bean Phaseolus vulgaris 7.1 0.32 1 GRO MATC 330 13 Y N
Biro et al., 1998 12986 b red clover Trifolium pratense L. 7.0 3.00 1 GRO MATC 90 11 Y N
Biro et al., 1998 12986 a alfalfa Medicago sativa 7.0 3.00 1 GRO NOAEC 270 11 N N
Mehta and Singh, 1988 13724 mustard Brassica sp. 85 0.55 1 GRO NOAEC 30 11 N N
Roszyk et al., 1988 13624 zm mustard Brassica sp. 7.1 3.7 0 GRO MATC 157 16 Y N
Roszyk et al., 1988 13624 t oats Avena sp. 7.0 3.3 0 GRO MATC 162 16 Y N
Sheppard et al., 1993 4146 c mustard Brassica rapa 79 2.70 0 GRO MATC 424 12 Y N
Roszyk et al., 1988 13624 zf oats Avena sp. 7.1 3.7 0 GRO NOAEC 475 16 N N
Voros et al., 1998 12985 a red clover Trifolium pratense L. 75 6.50 0 GRO NOAEC 275 12 N N
Voros et al., 1998 12985 b red clover Trifolium pratense L. 7.5 6.50 0 GRO NOAEC 275 12 N N
EC,, = Effect concentration for 10% of test population ns = Not specified
EC,5 = Effect concentration for 25% of test population OM = Organic matter content
ECs, = Effect concentration for 50% of test population PHY = Physiology
ERE = Ecologically relevant endpoint REP = Reproduction
GRO = Growth Y =yes
LOAEC = Lowest observed adverse effect concentration cnbd = Could Not Be Determined
MATC = Maximum acceptable toxicant concentration. Geometric mean of NOAEC and LOAEC. Bioavailability Score described inGuidance for Developing Eco-SSLs (U.S. EPA, 2003)
N =No Total Evaluation Score described inGuidance for Developing Eco-SSLs (U.S. EPA, 2003)
NOAEC = No observed adverse effect concentration
Eco-SSL for Zinc June 2007




Table 4.1 Invertebrate Toxicity Data - Zinc

P Study ) Soil Fio-‘ ) Tox T(?x Value Total. Eligible for |Used for
Reference Number| 1D Test Organism pH OM% | availability | ERE Parameter (Seil Conc at| Evaluation Ec.o-S'SL Eco-
Score mg/kg dw) Score Derivation? | SSL?
Smit et al., 1998 11279 Springtail Folsomia candida 4.8 24 2 REP ECy 99 15 Y Y
Korthals et al., 1998 13828 Nematode multiple 4.1 4.0 2 POP MATC 35 13 Y Y
Korthals et al., 1996 4402 Nematode multiple 4.1 32 2 POP MATC 141 13 Y Y
Smit and Van Gestel, 1997 4434 Springtail Folsomia candida 4.5 1.9 2 REP ECyy 116 17 Y Y
Smit and Van Gestel, 1998 6159 b [Springtail Folsomia candida 4.7 2.4 2 REP ECy 136 17 Y Y
Smit and Van Gestel, 1998 6159 d |Springtail Folsomia candida 4.7 2.4 2 REP ECyy 355 17 Y Y
Geometric Mean| 120

Data not Used to Derive Soil Invertebrate Eco-SSL

Spurgeon and Hopkin, 1996 4067 a  |Earthworm FEisenia fetida 4.0 5.0 2 REP | NOAEC 115 16 N N
Spurgeon and Hopkin, 1996 4067 b |Earthworm Eisenia fetida 5.0 5.0 2 REP | NOAEC 85 16 N N
Peredney and Williams, 2000b 56449 y |Nematode Caenorhabditis elegans 4 1.14 2 MOR LCs, 54.2 13 N N
Peredney and Williams, 2000b 56449 aa |Nematode Caenorhabditis elegans 4 42 2 MOR LCsy 186 13 N N
Donkin and Dusenbery, 1994 7877 b |Nematode Caenorhabditis elegans 5.1 3.0 2 MOR LCs 255 15 N N
Van Gestel and Hensbergen, 1997 | 10987 Springtail Folsomia candida 6.0 10.0 1 REP ECy 399 13 Y N
Sandifer and Hopkin, 1996 4056 a [Springtail Folsomia candida 6.0 10.0 1 REP MATC 863 14 Y N
Sandifer and Hopkin, 1996 4056 b [Springtail Folsomia candida 5.0 10.0 1 REP MATC 548 14 Y N
Sandifer and Hopkin, 1996 4056 ¢ [Springtail Folsomia candida 4.5 10.0 1 REP MATC 548 14 Y N
Spurgeon et al., 1997 4442 a  |Earthworm Eisenia fetida 6.0 10.0 1 REP | LOAEC 190 13 Y N
Smit and Van Gestel, 1998 6159 a [Springtail Folsomia candida 6.0 10.0 1 REP ECyy 269 17 Y N
Smit and Van Gestel, 1998 6159 ¢ |Springtail Folsomia candida 7.0 2.0 1 REP ECy 1059 17 Y N
Van Gestel et al., 1993 6828 Earthworm FEisenia andrei 6.0 10.0 1 REP MATC 423 12 Y N
Sandifer and Hopkin, 1997 758 Springtail Folsomia candida 6.0 10.0 1 REP MATC 548 15 Y N
Spurgeon and Hopkin, 1996a 7870 Earthworm Eisenia fetida 6.0 10.0 1 REP MATC 466 12 Y N
Posthuma et al., 1997 2380 a  |Earthworm Enchytraeus crypticus 6.4 10.0 1 REP ECs 188 13 N N
Posthuma et al., 1997 2380 b |Earthworm Enchytraeus crypticus 6.4 10.0 1 REP ECs 336 13 N N
Spurgeon and Hopkin, 1996 4067 ¢ |Earthworm FEisenia fetida 6.0 5.0 1 REP | NOAEC 97 16 N N
Spurgeon and Hopkin, 1996 4067 d |Earthworm Eisenia fetida 4.0 10.0 1 REP | NOAEC 161 16 N N
Spurgeon and Hopkin, 1996 4067 e |Earthworm Eisenia fetida 5.0 10.0 1 REP | NOAEC 183 16 N N
Spurgeon et al., 1994 4364 Earthworm Eisenia fetida 6.3 10.0 1 REP ECs 276 11 N N
Spurgeon et al., 1997 4442 ¢ |Earthworm FEisenia fetida 6.0 10.0 1 REP ECs 234 13 N N
Smit and Van Gestel, 1996 7869 a  [Springtail Folsomia candida 6.0 33 1 REP ECs 348 15 N N
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Table 4.1 Invertebrate Toxicity Data - Zinc

P Study ] Soil Fio-‘ ) Tox T(?x Value Total. Eligible for |Used for
Reference Number| 1D Test Organism pH OM% | availability | ERE Parameter (Seil Conc at| Evaluation Ec.o-S'SL Eco-
Score mg/kg dw) Score Derivation? | SSL?
Smit and Van Gestel, 1996 7869 b [Springtail Folsomia candida 6.0 3.0 1 REP ECy 185 15 N N
Neuhauser et al., 1985a 17707 Earthworm Eisenia fetida 6.0 10.0 1 MOR LC50 232 14 N N
Conder and Lanno, 2000 46691 Earthworm Eisenia andrei 6.5 10.0 1 MOR ILL 631 16 N N
Peredney and Williams, 2000a 53082 Nematode Caenorhabditis elegans 4 10 1 MOR LCs 670 12 N N
Peredney and Williams, 2000b 56449 ac [Nematode Caenorhabditis elegans 4 10 1 MOR LCsy 661 12 N N
Donkin and Dusenbery, 1994 7877 a |[Nematode Caenorhabditis elegans 6.2 1.7 1 MOR LCs 183 15 N N
Donkin and Dusenbery, 1994 7877 ¢ |Nematode Caenorhabditis elegans 6.1 34 1 MOR LCsy 392 15 N N
Donkin and Dusenbery, 1994 7877 d |Nematode Caenorhabditis elegans 6.2 2.2 1 MOR LCs 549 15 N N
Spurgeon and Hopkin, 1995 6822 Earthworm Eisenia fetida 6.1 10.0 1 GRO | NOAEC 237 11 N N
Spurgeon and Hopkin, 1996a 7870 Earthworm Eisenia fetida 6.0 10.0 1 REP MATC 466 12 Y N
Spurgeon and Hopkin, 1996 4067 f |Earthworm FEisenia fetida 6.0 10.0 0 REP | NOAEC 553 16 N N
EC,, = Effect concentration for 10% of test population N=No
ECs, = 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
ILL = Incipient lethal level REP = Reproduction
LCsy = Concentration lethal to 50% of test populatior Y = Yes
LOAEC = Lowest observed adverse effect concentration Bioavailability Score described inGuidance for Developing Eco-SSLs (U.S.EPA, 2003)
MATC = Maximum acceptable toxicant concentration Total Evaluation Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
MOR = Mortality
Eco-SSL for Zinc June 2007




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 10,410 papers with possible toxicity data for either avian or mammalian species.
Of these studies, 10,259 were rejected for use as described in Section 7.5. Of the remaining
studies, 53 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 168 results for biochemical (B1O), 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 66.1 mg
zinc/kg bw/day. This value is lower than the lowest bounded LOAEL for reproduction, growth,
or survival. Therefore, the TRV is equal to the geometric mean of NOAEL values within the
reproduction and growth effect groups and is equal to 66.1 mg zinc/kg bw/day.
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Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Table 5.1

Zinc
Page 1 of 3
Sl ol =
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Biochemical (BI1O)
1 [Hamilton et al, 1979 6655 [Japanese quail (Coturnix japonica) 2|U|FD| 14 | d 0 d|{JV| B|[CHM|HMGL | BL| 215 73
2 |Hamilton et al, 1981 6403 |Japanese quail (Coturnix japonica) 3|U|FD| 7 |[d 1 d|[JV| B|CHM|HMGL | BL | 543 109 | 76
3 [Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 6|U|FD| 140 | d| 40 |w|SM| F |CHM]| LIPD | LI 55 105 | 72
4 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|(FD| 45 |d 7 w|JV| B |CHM|HMCT|BL| 765 153 [ 76
5 |Berg and Martinson, 1972 93 |Chicken (Gallus domesticus ) 7VU[FD| 2 |w 1 d[JVINR|[CHM| ASHC | BO| 114 172 [ 71
6 [Southern and Baker, 1983 6368 |Chicken (Gallus domesticus ) 3|U|FD| 14 | d 8 d[{JV|M|[CHM|HMGL | BL | 177 354 | 76
7 [Hamilton et al, 1979 6655 [Japanese quail (Coturnix japonica) 6|U|[FD| 14 | d 0 d|{Jv]| B |[CHM| HMCT | BL 223 | 73
8 ([Lefevre et al, 1982 392 |Chicken (Gallus domesticus ) 2| U|[FD| 5 |w 1 d [JVINR[CHM| HMCT | BL 632 | 71
9 |Luetal, 1990 8008 |Chicken (Gallus domesticus ) 2| U|FD| 4 [d]| 14 | d|JV]| B|ENZ| GENZ | PS 65.7 | 66
10 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U|[FD| 3 |w]| 40 |w|SM| F |CHM]| LIPD | LI 88 66
11 |Pimentel et al, 1992 5617 [Chicken (Gallus domesticus) 2({M|[FD| 3 |w 1 d|[Jv| B [CHM| HMGL | WO 132 [ 70
12 |Sandoval et al, 1998 7245 [Chicken (Gallus domesticus ) 2|U|[FD| 1 |w 1 d|[JV]| F[CHM| MCPR | LI 138 | 69
13 [Ohetal, 1979 6627 |Chicken (Gallus domesticus ) 2|U|[FD| 4 |w| 1 d [JV|NR|CHM|GBCM| LI 252 | 66
14 |Bafundo et al, 1984 2517 [Chicken (Gallus domesticus ) 2|U|FD| 14 | d 8 d|[JV| F [CHM| HMGL | WO 284 | 69
15 |Dean et al, 1991 5681 [Chicken (Gallus domesticus) 2{M|[FD| 1 |w 1 d|[JV|M|[CHM| GBCM| SR 757 | 71
Behavior (BEH)
16 |Baker and Halpin, 1988 5917 [Chicken (Gallus domesticus) 2|M|FD| 14 | d 8 d|[JV| M| FDB| FCNS |WO| 15.0 69
17 |Sandoval et al, 1997 5247 [Chicken (Gallus domesticus ) 4| U|(FD| 20 |d 1 d|[Jv| B|FDB| FCNS |WO| 454 68.1 | 79
18 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 6|U|[FD| 140 | d| 40 |w|SM| F | FDB | FCNS [WO 55 105 [ 75
19 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w| 30 |w]|JV| F|FDB| FCNS [WO| 57.3 66.5 | 75
20 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w| 30 |w|JV| F|FDB| FCNS [WO| 64.1 123 [ 75
21 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4| U|FD| 4 |w| 1 d|[JV| B | FDB| FCNS |WO| 65.6 131 | 75
22 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|(FD| 140 | d| 28 |w|JV| F|FDB| FCNS [WO| 78.2 104 [ 75
23 |Henry et al, 1987 6039 |Chicken (Gallus domesticus ) 4| U|[FD| 1 |w| 1 d|[JV| M| FDB| FCNS |WO| 923 185 | 79
24 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|FD| 140 | d| 28 |w|JV| F|FDB| FCNS [WO| 99.9 133 [ 75
25 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 3|U|FD| 4 d| 18 |mo|AD| F | FDB | FCNS |WO| 159 319 | 74
26 [Ohetal, 1979 6627 |Chicken (Gallus domesticus ) 6| U|[FD| 4 |w| 1 d [JV[NR| FDB [ FCNS |WO| 252 503 | 75
27 |Bartov, 1996 5373 |Chicken (Gallus domesticus ) 4| U|FD| 2 [(w| 1 |w]|JV| F|FDB| FCNS [WO]| 315 629 | 75
28 |Lu and Combs, 1988 5903 [Chicken (Gallus domesticus ) 2|U|[FD| 15 | d 1 d [JVINR | FDB | FCNS |WO 216 | 68
29 [Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d [JV| B | FDB | FDNG | WO 31.0 | 73
31 |Lu and Combs, 1988 5866 |Chicken (Gallus domesticus) 2| U|[FD| 12 |d| 20 | d|JVINR| FDB | FCNS [WO 58.5 | 68
32 |Lefevre et al, 1982 392 |Chicken (Gallus domesticus ) 2| U|[FD| 5 |w 1 d [JVINR | FDB | FCNS |WO 632 | 74
33 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U(FD| 1 |w]| 40 |w|SM| F | FDB | FCNS [WO 88 69
34 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|FD| 10 |d 7 w|JV| B | FDB | FCNS |WO 126 | 73
35 |Pimentel et al, 1992 5617 [Chicken (Gallus domesticus) 2({M|[FD| 3 |w 1 d|[Jv| B|FDB| FCNS |WO 132 [ 73
36 |Stepinska et al, 1987 5770 [Chicken (Gallus domesticus) 2| U|[FD| 5 d{ 71 |w|[SM| F | FDB| FCNS |WO 205 | 69
37 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U(FD| 1 |w]| 40 |w|SM| F | FDB | FCNS |WO 367 | 69
38 |Wight et al, 1986 1624 |Chicken (Gallus domesticus ) 2| U|FD| 5 [d]| NR |NR|SM| F [ FDB | FCNS [WO 517 | 68
39 |Bartov et al, 1994 7956 [Chicken (Gallus domesticus) 3|U|[FD| 1 |w 1 w|JV| F | FDB | FCNS |WO 686 | 69
40 |Bartov, 1996 5373 |Chicken (Gallus domesticus ) 4| U|FD| 2 [(w| 1 |w]|JV| F|[FDB| FCNS |[WO 1370 | 69
Physiology (PHY)
41 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w]| 30 |w]|JV| F|PHY| FDCV [WO| 573 66.5 | 75
42 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w]| 30 |w]|JV| F|PHY| FDCV [WO| 64.1 123 [ 75
43 |Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|PHY | FDCV |WO| 743 111 [ 79
44 |Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M| PHY| FDCV |WO| 75.7 114 [ 79
45 |[Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|FD| 140 | d| 28 |w|LB| F|PHY| FDCV [WO| 833 99.9 | 75
46 [Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|FD| 140 | d| 28 |w|JV| F|PHY| FDCV [WO| 88.6 106 | 75
47 |Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M| PHY | FDCV |WO| 155 232 | 79
48 |Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M| PHY | FDCV |WO| 159 239 | 79
49 |Henry et al, 1987 6039 [Chicken (Gallus domesticus) 4|{U|[FD| 1 |w 1 d|[JV| M|PHY | FDCV |WO| 164 71
50 |Southern and Baker, 1983 6368 [Chicken (Gallus domesticus ) 3|U|FD| 14 | d 8 d|[JV| M| PHY| FDCV |WO| 177 354 | 79
51 [Ohetal, 1979 6627 |Chicken (Gallus domesticus ) 6| U|[FD| 4 |w| 1 d [ JV[NR| PHY | FDCV |WO| 252 503 | 75
52 |Lu and Combs, 1988 5903 [Chicken (Gallus domesticus ) 2|U|FD| 8 d 1 d [JVINR | PHY | DIFD |WO 216 | 68
53 |Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M| PHY | FDCV |WO 747 | 73
54 |Bafundo et al, 1984 2517 [Chicken (Gallus domesticus ) 2|U|FD| 14 | d 8 d|[JV| M| PHY | FDCV |WO 284 | 72
55 |Bartov, 1996 5373 [Chicken (Gallus domesticus ) 4|{U|[FD| 2 |w 1 w |JV| F | PHY | FDCV |WO 315 | 69
56 |Bartov, 1996 5373 |Chicken (Gallus domesticus ) 4| U|FD| 2 [(w| 1 |w]|JV| F|[PHY|FDCV |WO 1370 | 69
Pathology (PTH)
57 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 6|U|FD| 140 | d| 40 |w|SM| F |ORW|ORWT| SP 55 105 [ 75
58 |Lefevre et al, 1982 392 |Chicken (Gallus domesticus ) 2|U|[FD| 5 |w 1 d[JVINR|[ORW|ORWT | LU| 63.2 67
59 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus) 6|U|[FD| 10 |w]| 30 |w]|JV| F |ORW| SMIX | LI 75.1 916 | 75
60 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6|U|[FD| 10 |w]| 30 |w]|JV| F |ORW| SMIX | LI 120 128 [ 75
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61 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9|U|(FD| 140 | d| 28 |w|JV| F|ORW| SMIX | GZ| 125 167 | 75
62 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9|U|(FD| 140 | d| 28 |w|JV| F|ORW| SMIX | GZ| 129 194 [ 75
63 [Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d[JV| B|ORW| SMIX | LI 31.0 | 73
30 [Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d[JV| B|ORW| SMIX | LI 354 | 73
64 |Lu and Combs, 1988 5903 [Chicken (Gallus domesticus ) 2|U|FD| 8 d 1 d [JVINR| HIS | GHIS | PS 417 | 68
65 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[Jv]| B| HIS| USTR | GZ 65.6 | 69
66 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U|[FD| 3 |w]| 40 |w|SM| F |ORW|ORWT| LI 88 69
67 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|FD| 10 |d 7 w|JV| B |ORW| SMIX [ AR 126 | 73
68 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 2 w|JV| B | HIS [ USTR | GZ 143 | 68
69 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 3|U|FD| 4 d| 18 |mo|AD| F | HIS | USTR | GZ 159 | 69
70 |Dean et al, 1991 5681 [Chicken (Gallus domesticus) 2|M|[FD| 4 |w 1 d[JV| M| HIS| GHIS | TY 199 [ 74
71 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5(U|FD| 3 |w]| 40 |w|SM| F |ORW|ORWT| SP 367 | 69
72 |Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos) 2|U|[FD| 15 | d 1 d[JV| M| HIS | NCRO | PS 401 | 72
73 |Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos) 2|U|[FD| 15 | d 1 d[JV| M| HIS | NCRO | PS 803 | 72
74 |Berry and Brake, 1990 7089 [Chicken (Gallus domesticus ) 2| U|[FD| 49 |d| 66 |w|LB| F|ORW| SMIX | DT 988 | 67

Reproduction (REP)
75 |Kaya et al, 2001 48543 [Chicken (Gallus domesticus ) 5| U|FD| 12 [w]| NR |NR|LB| F | REP | PROG [WO| 13.8 75
76 |Schisler and Kienholz, 1967 8798 [Chicken (Gallus domesticus ) 2| U|FD| 14 |w| 48 |w|LB| F | REP| PROG [WO| 144 70
77 |Jensen and Maurice, 1980 9749 [Chicken (Gallus domesticus ) 3|{U|[FD| 6 |w]| NR |NR|LB| F | REP | PROG [WO| 24.7 98.8 | 82
78 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 6|U|FD| 140 | d| 40 |w]|LB| F | REP | PROG |WO 55 105 | 81
79 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus) 6(U|FD| 10 |w| 30 |w]|JV| F | REP| PROG [WO| 57.3 66.5 | 81
80 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|FD| 140 | d| 28 |w]|JV| F | REP| PROG [WO| 63.9 76.7 | 81
81 |Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w| 30 |w]|LB| F | REP| PROG [WO| 64.1 123 | 81
82 |Stevenson et al, 1987 8184 [Chicken (Gallus domesticus) 9(U|FD| 140 | d| 28 |w|LB| F | REP| PROG [WO| 67.8 848 | 81
83 |Stahl, et al, 1990 5764 [Chicken (Gallus domesticus ) 4| U|FD| 12 |w]| 5 |w|LB| F | REP| PROG [WO| 106 71
84 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|FD| 60 [d 7 w|JV| M| REP|TEWT| TE 312 | 79
85 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U(FD| 1 |w]| 40 |w|SM| F | REP | PROG |WO 88 75
86 |Jensen and Maurice, 1980 9749 [Chicken (Gallus domesticus ) 2| U|[FD| 6 |w]| NR |NR|LB| F | REP | PROG |WO 101 [ 79
87 |Stepinska et al, 1987 5770 [Chicken (Gallus domesticus) 2|U|[FD| 5 d{ 71 |w|LB| F | REP | PROG |WO 205 | 75
88 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U(FD| 1 |w]| 40 |w]|LB| F | REP| PROG |WO 367 | 75
89 |Berry and Brake, 1985 6144 [Chicken (Gallus domesticus ) 2| U|FD| 4 d{ 60 |w|[LB| F|REP| RHIS |OD 988 | 73
90 |Berry and Brake, 1990 7089 [Chicken (Gallus domesticus ) 2|U|[FD| 49 |d| 66 |w|LB| F| REP| RHIS | OD 988 | 73
Growth (GRO)

91 |Schisler and Kienholz, 1967 8798 [Chicken (Gallus domesticus ) 2| U|(FD| 14 |w]| 48 |w|JV| F|GRO|BDWT|WO| 144 68
92 |Baker and Halpin, 1988 5917 [Chicken (Gallus domesticus ) 2|M|FD| 14 | d 8 d|[JV| M|[GRO|BDWT|WO| 15.0 73
93 |Mohanna and Nys, 1999 5090 [Chicken (Gallus domesticus) 2|U|FD| 16 | d 5 d [JVINR [ GRO | BDWT |WO| 16.1 68
94 |Hamilton et al, 1979 6655 [Japanese quail (Coturnix japonica) 2|U|FD| 14 | d 0 d|[Jv]| B |[GRO|BDWT|WO| 215 80
95 [Hill, 1974 1369 |Chicken (Gallus domesticus ) 2|U|[FD| 3 |[w| 1 d [JV| B | GRO| BDWT |WO| 287 76
96 [Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d[JV| B |GRO|BDWT|WO| 354 68
97 [Hill, 1990 5734 |Chicken (Gallus domesticus ) 2| U|FD| 19 |d 1 d[JV| F | GRO| BDWT |WO| 36.6 76
98 [Hamilton et al, 1981 6403 |Japanese quail (Coturnix japonica) 3|U|FD| 14 | d 1 d [JV| B | GRO| BDWT |WO| 433 86.6 | 83
99 |Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 6|U|FD| 140 | d| 40 | w|SM| F | GRO|BDWT [WO| 55.0 105 | 79
100 (Harland et al, 1975 6887 |Japanese quail (Coturnix japonica) 2{U|[FD| 1 |w 1 d|Jv]| B [GRO|BDWT|WO| 551 77
101 [Berg and Martinson, 1972 93 |Chicken (Gallus domesticus ) 7VU|[FD| 2 |w 1 d [JVINR [ GRO | BDWT |WO| 55.3 111 [ 78
102 [Lefevre et al, 1982 392 |Chicken (Gallus domesticus ) 2| U|[FD| 5 |w 1 d [JVINR [ GRO | BDWT |WO| 63.2 76
103 [Sandoval et al, 1998 7245 [Chicken (Gallus domesticus ) 4|{U|[FD| 3 |w 1 d|[JV| M|[GRO|BDWT|WO| 70.6 106 | 84
104 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|[GRO|BDWT|WO| 743 111 | 83
105 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|GRO|BDWT|WO| 747 112 | 83
106 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M|[GRO|BDWT|WO| 75.0 150 | 79
107 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|GRO|BDWT|WO| 75.7 114 | 83
108 |Hill, 1974 92 |Chicken (Gallus domesticus ) 5|U[FD| 2 |w| 1 d [JV| B | GRO| BDWT |WO| 85.9 172 | 82
109 |Hamilton et al, 1979 6655 |Japanese quail (Coturnix japonica) 6| U|FD| 14 | d 8 d [JV| B | GRO| BDWT |WO| 86.8 174 | 86
110 |Henry et al, 1987 6039 |Chicken (Gallus domesticus ) 4| U|[FD| 1 |w| 1 d [JV| M| GRO|BDWT |WO| 923 185 | 83
111 (Gibson et al, 1986 6048 [Chicken (Gallus domesticus) 6(U|FD| 10 |w| 30 |w]|JV| F |GRO|BDWT|WO| 96.9 145 [ 79
112 [Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9(U|FD| 140 | d| 28 |w|JV| F |GRO|BDWT|WO| 99.1 149 [ 79
113 [Sandoval et al, 1999 5067 [Chicken (Gallus domesticus) 2|U|FD| 7 d{ 14 |d|Jv| M|GRO|BDWT|WO| 103 68
114 [Sandoval et al, 1999 5067 [Chicken (Gallus domesticus) 2|U|[FD| 7 d{ 14 |d|Jv| M|GRO|BDWT|WO| 103 68
115 [Stahl, et al, 1990 5764 [Chicken (Gallus domesticus ) 3|U|FD| 44 |w| 24 |w|LB| F|GRO|BDWT|WO| 129 69
116 [Stevenson et al, 1987 8184 [Chicken (Gallus domesticus ) 9|U|(FD| 140 | d| 28 |w|LB| F|GRO|BDWT|WO| 129 194 [ 79
117 (Bafundo et al, 1984 2517 [Chicken (Gallus domesticus ) 2|U|FD| 14 | d 8 d|[JV| F [GRO|BDWT|WO| 142 67
118 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4| U|FD| 4 |w| 1 d[JV| B|GRO|BDWT|WO| 143 286 | 79
119 [Vohra and Kratzer, 1968 14404 | Turkey (Meleagris gallopavo) 7|U|[FD| 21 |d| NR |NR|JV| B | GRO|BDWT |WO| 148 297 | 77
120 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M|[GRO|BDWT|WO| 155 232 | 83
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121 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|(FD| 4 |w 1 d|[JV| M|GRO|BDWT|WO| 158 237 | 83
122 [Southern and Baker, 1983 6368 [Chicken (Gallus domesticus ) 3|U|FD| 14 | d 8 d|[JV| M|[GRO|BDWT|WO| 177 354 | 83
123|Ohetal, 1979 6627 |Chicken (Gallus domesticus ) 6|U|FD| 4 [w] 1 d [ JV[NR| GRO | BDWT |WO| 252 503 | 79
124 [Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U(FD| 1 |w]| 40 |w|SM| F | GRO|BDWT|WO| 367 480 | 79
125 [Lu and Combs, 1988 5903 [Chicken (Gallus domesticus ) 2|U|[FD| 15 | d 1 d [ JV|NR [ GRO | BDWT | WO 216 | 72
126 |Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d [JV| B | GRO | BDWT | WO 310 | 77
127 [Lu and Combs, 1988 5866 |Chicken (Gallus domesticus) 2| U|FD| 6 d{ 20 | d[JV|NR|GRO|BDWT|WO 39.0 | 73
128 |Luetal, 1990 8008 |Chicken (Gallus domesticus ) 2| U|FD| 7 [d]| 14 | d|JV| B [GRO|BDWT|WO 65.7 | 72
129 [Jackson et al, 1986 6133 [Chicken (Gallus domesticus ) 5|U|(FD| 21 |d| 40 |w|SM| F | GRO|BDWT |WO 88 73
130 [Jensen and Maurice, 1980 9749 [Chicken (Gallus domesticus ) 2| U|[FD| 6 |w]| NR |NR|SM| F | GRO | BDWT |WO 101 | 77
131 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|FD| 10 |d 7 w|JV| B | GRO [ BDWT |WO 126 | 77
132 [Pimentel et al, 1992 5617 [Chicken (Gallus domesticus) 2|M|[FD| 3 |w 1 d|[Jv]| B [GRO|BDWT|WO 132 | 77
133 [Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 2 w | JV| B | GRO | BDWT | WO 143 | 72
134 |Berg and Martinson, 1972 93 |Chicken (Gallus domesticus ) 2| U[FD| 2 |w 1 d [ JV|NR [ GRO | BDWT | WO 252 | 72
135 (Bafundo et al, 1984 6273 [Chicken (Gallus domesticus ) 2|U|FD| 14 | d 8 d|[JV| M |[GRO|BDWT|WO 190 | 76
136 (Bafundo et al, 1984 2517 [Chicken (Gallus domesticus ) 2|U|FD| 14 | d 8 d|[JV| M |[GRO|BDWT|WO 284 | 76
137 (Bartov, 1996 5373 [Chicken (Gallus domesticus ) 4|{U|[FD| 2 |w 1 w|JV| F | GRO | BDWT |WO 315 | 73
138 [Rama and Planas, 1981 6435 [Chicken (Gallus domesticus ) 2| U|[FD| 9 |w 1 d [ JV|INR [ GRO | BDWT | WO 433 | 70
139 [Dean et al, 1991 5681 [Chicken (Gallus domesticus) 2{M|[FD| 1 |w 1 d|[JV| M |[GRO|BDWT|WO 757 | 78
140 (Bartov et al, 1994 7956 [Chicken (Gallus domesticus) 3|U|[FD| 2 |w 1 w|JV| F | GRO | BDWT |WO 914 | 73
141 |Palafox and Ho-A, 1980 6545 [Chicken (Gallus domesticus ) 2|U|[FD| 5 d{ 38 |w|[JV]| F|[GRO|BDWT|WO 988 | 71
142 (Bartov, 1996 5373 [Chicken (Gallus domesticus ) 4|{U|[FD| 2 |w 1 w|JV| F | GRO | BDWT |WO 1370 | 73
Survival (MOR)
143 [Hamilton et al, 1979 6655 [Japanese quail (Coturnix japonica) 2|U|FD| 14 | d 0 d|[Jv]| B [MOR| MORT |WO| 215 81
144 |Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d[JV| B |MOR| MORT |WO| 31.0 78
145 |Stahl et al, 1989 5820 |Chicken (Gallus domesticus ) 2| U|FD| 20 |d 1 d[JV| B |MOR| MORT |WO| 354 78
146 [Harland et al, 1975 6887 |Japanese quail (Coturnix japonica) 2|U|[FD| 1 |w 1 d|Jv]| B [MOR| MORT |WO| 55.1 78
147 Lefevre et al, 1982 392 |Chicken (Gallus domesticus ) 2|U|[FD| 5 |w 1 d [ JVINR [MOR| MORT |WO| 63.2 79
148 (Gibson et al, 1986 6048 [Chicken (Gallus domesticus ) 6(U|FD| 10 |w| 30 |w]|JV| F |MOR|MORT|WO| 68.8 87.1 | 80
149 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 10| U |FD| 4 |w 1 w|JV|[M]|MOR| SURV [WO| 75.6 73
150 [Hamilton et al, 1981 6403 [Japanese quail (Coturnix japonica) 3|U|FD| 14 | d 1 d|Jv| B [MOR| MORT |WO| 89.5 78
151 |Blalock and Hill, 1988 5868 |Chicken (Gallus domesticus ) 3|U|FD| 12 |d 1 d|[JV| F|MOR|MORT|WO| 109 219 | 79
152 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 115 78
153 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 120 77
154 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 3|U|[FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 121 78
155 |Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4| U |FD| 4 [w] 1 d[JV| B |MOR|MORT|WO| 143 286 | 80
156 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 159 239 | 84
157 [Hill, 1974 92 [Chicken (Gallus domesticus ) 5|U|FD| 5 [w] 1 d[JV| B |MOR|MORT|WO| 172 68
158 |Hamilton et al, 1979 6655 |Japanese quail (Coturnix japonica) 6| U|FD| 14 [d] O d|[JV| B|MOR|MORT|WO| 183 366 | 87
159 |Ohetal, 1979 6627 |Chicken (Gallus domesticus ) 6| U|FD| 4 [w] 1 d [ JV [NR| MOR | MORT |WO| 252 503 | 80
160 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|(FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 255 78
161 [Roberson and Schaible, 1960 14538 |Chicken (Gallus domesticus ) 4|U|FD| 4 |w 1 d|[JV| M|[MOR| SURV |WO| 272 78
162 [Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 3|U|FD| 4 d| 18 |mo|AD| F [ MOR| MORT |WO| 319 69
163 |Hill, 1974 1369 |Chicken (Gallus domesticus ) 2| U|FD| 3 [w] 1 d[JV| B |MOR|MORT|WO| 320 77
164 [Dewar et al, 1983 37018 |Chicken (Gallus domesticus ) 4|U|(FD| 4 |w 2 w|JV| B |MOR| MORT |WO| 327 491 | 79
165 [Vohra and Kratzer, 1968 14404 | Turkey (Meleagris gallopavo) 7|U|[FD| 21 | d| NR |NR|JV| B |MOR| MORT |WO| 741 72
166 |Gasaway and Buss, 1972 9261 [Mallard duck (Anas platyrhynchos ) 4| U|(FD| 30 |d 7 w|JV| B | MOR| MORT |WO 126 | 78
167 [Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos) 2|U|[FD| 15 | d 1 d|[JV| M |[MOR| MORT | WO 401 | 77
168 [Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos) 2|U|FD| 15 | d 1 d|[JV| M |[MOR| MORT | WO 803 | 77
AD = adult; AR = adrenal gland ; ASHC = ash content; AT = alimentary tract; B = both; BDWT = body weight changes; BEH = behavior; BIO = biochemical; BL = blood; BO =
bone; w = body weight; CHM = chemical changes; d = day; DIFD = digestibility of food; DT = digestive tract; ENZ = enyzme level changes; F = female; FCNS = food
consumption; FD = food; FDB = feeding behavior; FDCV = food conversion efficiency; FDNG = feeding behavior; GBCM = general biochemical ; GENZ = general enzyme
changes; GHIS = general histology; GRO = growth; GZ = gizzard; HIS = histological changes; HMCT = hematocrit; HMGL = hemoglobin; ITX = intoxication; JV = juvenile; kg =
kilograms; LB = egg-laying bird; LI = liver; LIPD = lipid; LOAEL = lowest observed adverse effect level; LU = lung; mg = milligrams; mo = months; M = male; M = measured;
MCPR = microsomal proteins; MOR = effects on mortality and survival; MORT = mortality; NCRO = necrosis; NOAEL = No Observed Advese Effect Level; NR = Not reported;
OD = oviduct; ORW = organ weight changes; ORWT = organ weight changes; PHY = physiology; PROG = progeny counts/numbers; PS = pancreas; PTH = pathology; REP =
reproduction; RHIS = reprodutive organ histology; SM = sexually mature; SMIX = weight relative to body weight; SP = spleen; SR = serum; SURV = survival; TE = testes; TEWT
USTR = ultrastructural changes; w = weeks; WI = wings; WO = whole organism; yr = year.

*NOAEL and LOAEL values that are equal and from the same reference represent different experimental designs.
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Figure 5.1 Avian TRV Derivation for Zinc
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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 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 66.1 mg zinc/kg bw/d. This value is lower than the lowest bounded LOAEL for results within the reproduction, growth, and survival (MOR) effect groups.

3) The avian wildlife TRV for zinc is equal to 66.1 mg zinc/kg bw/day which is the geometric mean of NOAEL values for effects on reproduction and growth.
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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 Zinc

(hawk)

where i = mammals

TRV for Food Ingestion Soil Ingestion Concentration of Zinc
Surrogate Receptor Zinc g 2 gestt in Biota Type (i)*® Eco-SSL
Rate (FIR) as Proportion a
CLEE (madwkg |\ o Gwikg bwid) | of Diet (P)? (8) (e 2
bw/d) * s (mg/kg dw)
. . In(B;) =0.554 *
Avian herbivore 66.1 0.190 0.139 In(Soil)) + 1.575 950
(dove) v
where i = plants
Avian ground In(B;) =0.328 *
insectivore 66.1 0.214 0.164 In(Soil) + 4.449 46
(woodcock) where i = earthworms
Avian carnivore In(B;) =0.0706 *
66.1 0.0353 0.057 In(Soil)) + 4.3632 30,000

1 The process for derivation of wildlife TRVs is described in Attachment 4-5 of U.S. EPA (2003).
2 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 10,410 papers with possible toxicity data for zinc for either avian
or mammalian species. Of these studies, 10,259 were rejected for use as described in Section
7.5. Of the remaining papers, 99 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)

Zinc
Page 1 of 4
glel s
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E Ref Ole|e| 8|8 S5 3 g |9|S2| 42 |5
@ i | B > o = D <5} g 1% L g @D o (=) o D 45
x Reference No. Test Organism f: = ncf a 3 2’ ? J| & E i} c|zE| & =
Biochemical (BIO)
1 [Brandt, 1983 2033 |Mink (Mustela vison ) 3| M|FD| 4 |mo| 9 | d |JV|M|[CHM|MCHC|PL| 104 201 | 81
2 |Van der Schee et al, 1980 21171 |Sheep (Ovis aries) 3| M|FD| 98 | d NR |NR|JV| M |CHM| HMCT | BL 12 66
3 [Hill and Miller, 1983 45270 |Pig (Sus scrofa ) 3| U|FD| 4 w| NR |NR|GE| F | ENZ| ALPH | SR| 25.0 250 70
4 |Reeves and Newman, 1997 21067 |Rat (Rattus norvegicus) 2| U |FD| 7 |w]| 21 d|JV|[M]|CHM| HMCT | BL| 30.4 72
5 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 4 w| NR |NR|LC| F |CHM| PRTL |MK| 30.6 67
6 [Mengo etal., 1991 21240 |Rat (Rattus norvegicus) 3| U |FD| 3 |mo|] 1 |mo|JV|M|[CHM| CHOL |BL| 321 96.4 | 70
7 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 5 w| NR |NR|LC| F |CHM| PRTL |MK| 33.2 67
8 |Brzoska et al, 2001 36302 |Rat (Rattus norvegicus) 2| U|DR| 12 |w 2 |[mof[Jv| M|CHM| CALC | TB| 40.0 72
9 [Ottetal., 1966 14536 |Cattle (Bos taurus) 6| U|FD| 12 [w| NR [NR|[JV| B [CHM| PCLV | BL| 426 55.7 71
10 |Brink et al, 1959 14525 [Pig (Sus scrofa ) 6| U|FD| 42 | d NR |NR|JV [NR|CHM| HMGL | BL | 435 87.1 77
11 |Ott et al., 1966 14537 [Sheep (Ovis aries) 8| U|FD| 7 w| NR |NR|JV| M |CHM| PCLV | BL| 51.2 68.3 72
12 |Ott et al., 1966 14537 [Sheep (Ovis aries) 41U |GV| 11 | d NR |[NR|JV| M |CHM| HMGL | BL | 53.2 106 75
13 |Bentley and Grubb, 1991 40436 |Rabbit (Oryctolagus cuniculus) 3| U |FD| 22 |w]| NR |NR|JV| B [CHM| HMGL | BL| 56.5 282 74
14 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M|CHM| HMGL | BL | 234 2514 | 73
15 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| F |CHM| HEMT | BL | 243 2486 | 73
16 |Whanger and Weswig, 1970 22300 |Rat (Rattus norvegicus) 4| U |FD| 10 |w]| 21 d|JV|M|CHM| GBCM | BL| 356 711 75
17 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M|CHM| HMGL | BL | 458 4927 | 73
18 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| F|CHM| HMGL | BL | 479 4878 | 73
19 |O'Neil-Cutting et al, 1981 14656 |Rat (Rattus norvegicus) 2| U |FD| 18 |w]| NR |NR|JV| M [CHM| HMGL | BL | 597 70
20 |Urabe and Hayakawa, 1990 40997 |Rat (Rattus norvegicus) 2| U |FD| 42 | d| NR |[NR|JV| M |[CHM| PRTL | LI | 1684 71
21 |Nakamura et al., 1983 638 |Rat (Rattus norvegicus) 2| U |FD| 11 |w| NR |NR|JV| F [CHM| GLUC | SR 871 | 66
22 |L'Abbe and Fischer, 1984 36982 |Rat (Rattus norvegicus) 3| M|FD| 6 |w]| NR |[NR|JV| M |[CHM| GBCM | SR 107 | 74
23 |Elliot and Walker, 1968 38623 |Pig (Sus scrofa ) 2| U|FD| 4 w| NR |NR|JV| B |CHM| HMGL |WO 14.9 70
24 |L'Abbe and Fischer, 1984 36983 |Rat (Rattus norvegicus) 2| U|FD| 2 |w]| NR |NR|JV|M|[ENZ| CCOX| LI 216 | 69
25 |Subramanian et al, 2000 21011 |Rat (Rattus norvegicus) 2| U |FD| 6 |w]| NR |[NR|JV| M |[CHM|HMGL | PL 28.2 | 66
26 |Shankar et al, 1986 46830 |Rat (Rattus norvegicus) 2| U|FD| 120 | d 40 d |JV| F|CHM| CHOL | SR 28.9 66
27 |Tran, et. al, 1999 21015 |Rat (Rattus norvegicus) 3| U|FD| 7 | d| NR |[NR|JV| M |[CHM| MCPR | IN 352 | 70
28 |Kadiiska et al, 1985 19290 [Rat (Rattus norvegicus) 2| U|DR| 30 | d| NR |[NR|JV|M|[ENZ| P450 | LI 405 | 69
29 |Reeves et al, 1994 37015 |Rat (Rattus norvegicus) 2| U|FD| 2 |w]| NR |NR|JV| M |[CHM| GBCM| LI 56 68
30 |Van Vleet et al, 1981 149 [Pig (Sus scrofa) 2| U|FD| 2 w| NR |NR|JV| M| ENZ| GLPX | BL 99.1 70
31 |Yamaguchi et al, 1982 37010 |Rat (Rattus norvegicus) 3| U|OR| 30 | d 3 w [JV| M |CHM| CALC | SR 100 72
32 |Tantcheva et al, 1993 39802 |Rat (Rattus norvegicus) 2| U|DR| 30 | d| NR |NR|JV| M |ENZ| AHDX | LI 100 69
33 |Jaw and Jeffery, 1988 36967 |Rat (Rattus norvegicus) 2| U|FD| 8 | d]| NR |NR|JV| F [CHM| GBCM| LI 103 70
34 |Hsu et al, 1975 14376 [Pig (Sus scrofa) 2| U|FD| 2 w 4 w [JVINR| ENZ| ALPH | SR 354 66
35 |Thawley, et. al., 1978 36953 |Rat (Rattus norvegicus) 2| U|FD| 6 |w]| NR |NR|JV| M |[CHM| HMGL | BL 578 70
36 |Settlemire and Matrone, 1967 | 38015 |Rat (Rattus norvegicus ) 2| U |FD| 5 |w]| 46 | w|JV|M|[CHM|HMGL | BL 667 69
37 |Ogiso, et. al., 1974 42961 |Rat (Rattus norvegicus) 2| U |FD| 15 | d| NR |NR|JV| M [CHM| HMGL | BL 956 70
38 |Scott and Magee, 1979 43264 |Rat (Rattus norvegicus) 2| U|FD| 1 |w]| NR |NR|JV| B [CHM| HMGL | BL 968 70
39 |Pettersen, et al, 2002 36374 |Mouse (Mus musculus ) 3| U|FD| 3 |w 4 w |JV| B |CHM| NACO | HE 1419 | 70
40 |Gautam et al, 2001 36346 |Rat (Rattus norvegicus) 2| U|FD| 2 |w]| NR |NR|JV|NR|[CHM| CALC | LI 1782 | 69
41 |Ranaet. al, 1985 13236 [Rat (Rattus norvegicus) 2l U|GV| 30 |d]| 9 | d|JV|M|[CHM| GLYC | LI 5000 | 72
Behavior (BEH)
42 [Shankar et al, 1986 46830 |Rat (Rattus norvegicus) 2| U |FD| 120 | d| 40 | d |JV| F | FDB| FCNS |WO| 28.9 69
43 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M |FD w | NR [NR|[LC| F | FDB| FCNS |WO| 30.6 70
44 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 5 |w]| NR |NR|LC| F |FDB| FCNS |WO| 33.2 70
45 |Henry et al, 1997 40409 |Sheep (Ovis aries) 6| U|FD| 3 d NR |[NR|JV| M| FDB| FCNS [WO| 34.9 46.5 80
46 [Miller et al., 1989 14685 [Cattle (Bos taurus) 3| U|FD| 10 [w| NR [NR|LC| F [ FDB| FCNS |WO| 38.3 76.5 80
47 [Ott et al, 1966 14535 [Sheep (Ovis aries) 8| U |[FD 6 w| NR |NR|JV|NR| FDB | FDNG |WO| 38.6 57.9 75
48 [Brink et al, 1959 14525 [Pig (Sus scrofa) 6| U|FD| 42 | d NR |mo|JV [NR| FDB | FCNS [WO| 475 94.9 80
49 |Schell and Kornegay, 1996 42234 |Pig (Sus scrofa ) 4| M|FD| 2 |w]| 23 d |JV| B |FDB| FCNS [WO| 106 70
50 |Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d >1 yr |AD| M | FDB | FCNS |WO| 165 79
51 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M| FDB| FCNS |WO| 234 2514 | 76
52 |Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d [10-12| w [JV| M | FDB | FCNS |WO| 297 77
53 |Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d [10-12| w [JV| F | FDB| FCNS |WO| 324 75
54 |Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d >1 yr |AD| F | FDB | FCNS |WO| 327 75
55 |Ketcheson etal, 1969 37837 |Rat (Rattus norvegicus) 3| U |FD| 14 | d| NR |NR|LC| F | FDB| FCNS |WO| 470 69
56 |Urabe and Hayakawa, 1990 40997 |Rat (Rattus norvegicus) 2| U |FD| 42 | d| NR |[NR|JV| M| FDB| FCNS |WO| 1684 74
57 |Subramanian et al, 2000 21011 |Rat (Rattus norvegicus) 2| U|FD| 6 |w]| NR |[NR|JV| M| FDB| FCNS |WO 28.2 | 69
58 |Brzoska et al, 2001 36302 |Rat (Rattus norvegicus) 2| U|DR| 12 | w 2 |mofJv| M| FDB | WCON |WO 40 75
Physiology (PHY)
59 [Ott et al, 1966 | 14535 [Sheep (Ovis aries) [s][ulrp] 6 Jw][ NR INR[OVINR]PHY ] FDCV [WO] 199 | 397 [ 75
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Zinc
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60 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 4 |w]| NR |mo|LC| F |[PHY | FDCV |WO| 30.6 70
61 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 5 |w]| NR |NR|LC| F |[PHY | FDCV |WO| 33.2 70
62 |Brink et al, 1959 14525 [Pig (Sus scrofa ) 6| U|FD| 42 | d NR |NR|JV [NR| PHY | FDCV [WO| 38.3 76.7 80
63 |Schell and Kornegay, 1996 42234 |Pig (Sus scrofa ) 4| M|FD| 2 |w]| 23 d |JV| F|PHY | FDCV [WO| 106 70
64 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M| PHY | FDCV |WO| 458 4927 | 72
65 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| F | PHY | FDCV |WO| 479 4878 | 76
66 |Urabe and Hayakawa, 1990 40997 |Rat (Rattus norvegicus) 2| U |FD| 42 | d| NR |[NR|JV| M |[PHY | FDCV |WO| 1684 74
67 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M| PHY | FDCV |WO| 2514 67
68 |Mutafova-Yamolieva, et al, 1993 39780 |Rat (Rattus norvegicus ) 2| U |DR| 30 | d| NR |NR|JV| M |[PHY | GPHY | VD 100 72
69 |Cox and Hale, 1962 14526 [Pig (Sus scrofa) 3|UI[FD| 69 | d NR |NR|JV [NR| PHY | FDCV [WO 134 66
Pathology (PTH)
70 |Hill et. al., 1983 45143 |Pig (Sus scrofa ) 3| U |FD| 12 [mo| 7-8 [mo|[GE| F [ORW| SMIX | LI | 8.23 82.3 73
71 |Ott et al., 1966 14537 [Sheep (Ovis aries) 8| U|FD| 7 w| NR |NR|JV| M |ORW| ORWT | LI 18.6 37.3 75
72 |Reeves and Newman, 1997 21067 |Rat (Rattus norvegicus) 2| U |FD| 7 |w 3 w [JV| M| HIS| USTR | IN | 304 66
73 |Brzoska et al, 2001 36302 |Rat (Rattus norvegicus) 2| U|DR| 12 |w 2 |[mofJv| M|ORW| ORWT | TB| 40 75
74 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M|ORW| ORWT | BR| 234 2514 | 76
75 |Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| F |ORW| ORWT | LI | 243 2486 | 76
76 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M|ORW| ORWT | BR| 458 4927 | 76
77 |Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| F |ORW| ORWT | BR| 479 4878 | 76
78 |O'Neil-Cutting et al, 1981 14656 |Rat (Rattus norvegicus) 2| U |FD| 18 |w]| NR |NR|JV| M [ORW| ORWT | LI | 597 71
79 |Urabe and Hayakawa, 1990 40997 |Rat (Rattus norvegicus) 2| U |FD| 42 | d| NR |[NR|JV| M [ORW| ORWT | LI | 1684 71
80 |Seidenberg et al 1986 113 [Mouse (Mus musculus) 2l U|GV| 4 | d]| NR |NR|GE| F | GRS | BDWT |WO 8.89 | 80
81 |Augey, et al, 1977 14524 [Mouse (Mus musculus ) 2| U |DR| 12 |mof 15-2 [mo|Jv| B | HIS [ USTR | PS 70.1 68
82 |Davies, et al, 1977 14527 [Sheep (Ovis aries) 2| M|FD| 26 | d 1 w [JV| M|ORW| ORWT | KI 75.7 77
83 |Van Vleet et al, 1981 149 [Pig (Sus scrofa) 2| U|FD| 10 [w| NR |[NR|[JV| M| HIS | GLSN | HE 99.1 73
84 |Yamaguchi et al, 1982 37010 |Rat (Rattus norvegicus) 3| U|OR| 30 | d 3 w [JV| M |ORW| ORWT | FM 100 75
85 |Ferguson and Leaver, 1972 42635 |Rat (Rattus norvegicus) 2| M|FD| 10 | w|21-28]| d |JV| B | HIS | USTR |HM 181 77
86 |Ranaet. al, 1985 13236 [Rat (Rattus norvegicus) 2l U|GV| 30 |d]| 9 | d|JV|M|[ORW| SMIX | LI 5000 | 75
Reproduction (REP
87 |Hill et. al., 1983 45143 |Pig (Sus scrofa ) 3| U|FD| 12 [mo| 7-8 [mo|GE| F | REP | ODVP |WO| 8.23 82.3 79
88 |Seidenberg et al 1986 113 [Mouse (Mus musculus) 2l U|GV| 4 | d]| NR |NR|GE| F | REP | PRWT | NR| 8.89 82
89 |Alaoui et al, 1985 36854 |Rat (Rattus norvegicus) 2| U|FD| 5 |w]| NR |[NR|JV| M| REP|ORWT | TE| 9.64 71
90 |Cerklewski, 1979 37008 |Rat (Rattus norvegicus) 2| U|FD| 37 | d| 105 | d |LC| F | REP | PRWT |WO| 14.4 80
91 |Food and Drug Res. Lab, 1973 | 42289 [Mouse (Mus musculus ) 3| U |GV| 10 | d| NR |NR|GE| F | REP | PRFM |WO| 30.0 77
92 |Khera and Shah, 1979 21134 |Rat (Rattus norvegicus) 2| U|FD| 4 | d| NR |NR|GE| F | REP | PRWT |WO| 34.0 69
93 |Miller et al., 1989 14685 [Cattle (Bos taurus) 3| U|FD| 14 [w| NR [NR|LC| F | REP | PRWT |WO| 37.9 75.9 86
94 |Amemiya et al, 1986 21069 |Rat (Rattus norvegicus) 2| U|FD| 21 | d| NR |NR|GE| F | REP | PRWT |WO| 41.2 74
95 |Evenson et al, 1993 14660 [Rat (Rattus norvegicus) 2| U |FD| 8 |w 3 w [JV| M| REP | TEWT | TE| 421 70
96 |Food and Drug Res. Lab, 1973 | 42289 |Rat (Rattus norvegicus) 4|1 U |GV| 10 | d| NR |NR|GE| F | REP | PRFM |WO| 425 77
97 |Food and Drug Res. Lab, 1974 | 42292 |Rabbit (Oryctolagus cuniculus) 5| U|GV| 13 | d| NR |NR|GE| F | REP | PRFM |WO| 60.0 77
98 |Food and Drug Res. Lab, 1973 | 42289 [Hamster (Mesocricetus auratus ) 3l U|GV| 5 | d]| NR |NR|GE| F | REP | PRFM |WO| 88.0 77
99 |Shrader et al, 1978 21138 |Rat (Rattus norvegicus) 2| U|FD| 21 | d| NR |NR|GE| F | REP | PRWT |WO| 89.6 73
100 |Hirsch and Hurley, 1978 21139 |Rat (Rattus norvegicus) 2| U|FD| 12 | d| NR |NR|GE| F | REP | PRWT |WO| 89.6 75
101 [Hill et al, 1983 35659 |Pig (Sus scrofa ) 3| U|FD| 20 [w| NR [NR|[LC| F | REP| RHIS |WO| 97.8 70
102 [Webster, 1979 823 |Mouse (Mus musculus ) 4| U |FD| 19 | d 4 |mo|GE| F | REP | PRWT |WO| 101 79
103 [Anderson et al., 1993 139 [Mouse (Mus musculus) 2| U|FD| 13 |w| 12 | w |JV| M| REP | PRWT |WO| 110 74
104 [Schlicker and Cox, 1968 25 |Rat (Rattus norvegicus ) 2| U |FD| 36 | d| NR |NR|GE| F | REP | PRWT |WO| 167 73
105 [Ketcheson et al, 1969 37837 |Rat (Rattus norvegicus) 3| U |FD| 14 | d| NR |NR|LC| F | REP | PRWT |WO| 181 452 81
106 [Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M| REP | ORWT | TE| 234 2514 | 82
107 [Chu and Cox, 1970 42767 |Rat (Rattus norvegicus) 2| U|FD| 21 | d| NR |NR|LC| F | REP | GREP |WO| 347 74
108 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M| REP | ORWT | TE| 458 4927 | 82
109 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| F | REP | ORWT | OV| 479 4878 | 82
110 [Bui, et al, 1998 21045 |Rat (Rattus norvegicus) 2| M|GV| 7 | d]| NR |NR|GE| F | REP | PRWT |WO| 975 80
111 [Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| F | REP | ORWT | OV | 2486 71
112 [Kumar, 1976 43587 |Rat (Rattus norvegicus) 2| U |FD| 17 | d| 100 | d |GE| F | REP | RSEM |WO 122 | 78
113 [Barone et al, 1998 21042 |Rat (Rattus norvegicus) 2| U |FD| 10 | d | NR |NR|GE| F | REP | PROG |WO 811 | 73
114 [Newman et al, 2002 48540 |Rat (Rattus norvegicus) 2| U |FD| 16 | d | NR |NR|GE| F | REP | PROG |WO 232 81
115 [Pal and Pal, 1987 14664 |Rat (Rattus norvegicus) 2| U |FD| 18 | d [120-130 d |GE| F | REP | GREP |WO 326 78
116 [Chu and Cox, 1972 42670 |Rat (Rattus norvegicus) 2| U |FD| 14 | d| NR |NR|LC| F | REP | PRWT |WO 326 72
117 [Cox et al, 1969 42838 |Rat (Rattus norvegicus) 2| U|FD| 22 | d| NR |NR|GE| F | REP | PRWT |WO 353 74
118 [Schlicker and Cox, 1968 25 |Rat (Rattus norvegicus ) 2| U |FD| 18 | d | NR |NR|GE| F | REP | PRWT |WO 424 74
Growth (GRO)
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)
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119 |Attia, et al, 1987 36003 |Water buffalo (Bubalus bubalis ) 5(U|FD| 90 | d| 7-9 [mo|JV| M | GRO| BDWT [WO| 4.33 69
120 [Huerta et al, 2002 25973 |Cattle (Bos taurus) 2| U|FD| 50 | d 18 |mo|JV| F | GRO| BDWT |WO| 4.78 68
121 [Huerta et al, 2002 25973 |Cattle (Bos taurus) 2| U |FD| 50 | d| 18 |mo|JV| F [ GRO| BDWT |WO| 4.78 68
122 [Alaoui et al, 1985 36854 |Rat (Rattus norvegicus) 2| U|FD| 5 |w]| NR |NR|JV| M |[GRO|BDWT |WO| 9.64 69
123 [Hill et. al., 1983 45143 |Pig (Sus scrofa ) 3| U|FD| 8 [mo| 7-8 [mo|[GE| F [ GRO| GGRO |WO| 10.3 103 77
124 |Weigarnd and Kirchgessner, 197| 41855 [Rat (Rattus norvegicus) 4| U |FD| 12 | d| NR |NR|JV| M |[GRO| BDWT |WO| 11.7 68
125 [Eisemann et al, 1979 43242 |Pig (Sus scrofa ) 2| M|FD| 16 |w| 6-8 | w |JV| B | GRO|BDWT |WO| 135 69
126 [Cerklewski, 1979 37008 |Rat (Rattus norvegicus) 2| U|FD| 37 | d| 105 | d |LC| F | GRO| BDWT |WO| 14.4 78
127 [Elliot and Walker, 1968 38623 |Pig (Sus scrofa ) 2| U|FD| 4 w| NR |NR|JV| B | GRO| BDWT |WO| 14.9 68
128 [Cerklewski and Forbes, 1976 2627 |Rat (Rattus norvegicus ) 2| U|FD| 7 |w]| NR |NR|JV| M |[GRO|BDWT |WO| 15.7 69
129 |Wapnir and Lee, 1993 39821 |Rat (Rattus norvegicus) 2| U|FD| 3 |w]| NR |[NR|JV| M |[GRO|BDWT |WO| 15.7 68
130 |Agarwal et al, 1986 21084 |Rat (Rattus norvegicus) 2| U |FD| 14 | d| 9-10 | w |SM| M [ GRO | BDWT |WO| 18.0 72
131 [Brandt, 1983 2033 |Mink (Mustela vison) 3| M|FD| 4 |mo| 90 | d |JV| M |[GRO|BDWT |WO| 20.2 82
132 [Shankar et al, 1986 46830 |Rat (Rattus norvegicus) 2| U|FD| 120 | d| 40 | d |JV| F |GRO| BDWT |WO| 28.9 73
133 |Food and Drug Res. Lab, 1973 | 42289 [Mouse (Mus musculus ) 3| U |GV| 10 | d| NR |NR|GE| F [ GRO| BDWT |WO| 30.0 75
134 [Reeves and Newman, 1997 21067 |Rat (Rattus norvegicus) 2| U |FD| 7 |w 3 w [JV| M| GRO| BDWT |WO| 30.4 79
135 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 4 |w]| NR |NR|LC| F [GRO| BDWT |WO| 30.6 74
136 |Gaynor et al, 1988 47892 |Cattle (Bos taurus) 2| M|FD| 5 |w]| NR |NR|LC| F [|GRO|BDWT |WO| 33.2 74
137 [Khera and Shah, 1979 21134 |Rat (Rattus norvegicus) 2| U|FD| 4 | d]| NR |[NR|GE| F [ GRO| BDWT |WO| 34 67
138 [Evenson et al, 1993 14660 [Rat (Rattus norvegicus) 2| U |FD| 8 |w 3 w [JV| F | GRO| BDWT |WO| 421 68
139 |Food and Drug Res. Lab, 1973 | 42289 [Rat (Rattus norvegicus) 4|1 U |GV| 10 | d| NR |NR|GE| F | GRO| BDWT |WO| 425 75
140 Brink et al, 1959 14525 [Pig (Sus scrofa ) 6| U|FD| 42 | d NR |NR|JV [NR| GRO | BDWT [WO| 435 87.1 84
141 [Miller et al., 1989 14685 [Cattle (Bos taurus) 3| U|FD| 14 [w| NR [NR|LC| F [ GRO| BDWT |WO| 63.7 69
142 [Reeves et al, 1994 37015 |Rat (Rattus norvegicus) 2| U|FD| 2 |w]| NR |[NR|JV| M |[GRO|BDWT |WO| 56 75
143 |Food and Drug Res. Lab, 1974 | 42292 |Rabbit (Oryctolagus cuniculus ) 5| U|GV| 12 | d| NR |NR|GE| F | GRO| BDWT |WO| 60.0 75
144 |Food and Drug Res. Lab, 1973 | 42289 [Hamster (Mesocricetus auratus ) 3l U|GV| 5 |d]| NR |NR|GE| F | GRO| BDWT |WO| 88.0 75
145 [Bui, et al, 1998 21045 |Rat (Rattus norvegicus) 2| M|GV| 7 | d]| NR |NR|GE| F | GRO| BDWT |WO| 975 69
146 [Van Vleet et al, 1981 149 |[Pig (Sus scrofa) 2| U|FD| 10 [w| NR [NR|[JV| M [GRO| BDWT |WO| 99.1 73
147 |Schell and Kornegay, 1996 42234 |Pig (Sus scrofa ) 4| M|FD| 2 |w]| 23 d |JvV| B |GRO| BDWT [WO| 103 69
148 |Schell and Kornegay, 1996 42234 |Pig (Sus scrofa ) 4| M|FD| 23 | d| 23 d |JV| B |GRO| BDWT [WO| 106 74
149 [Anderson et al., 1993 139 [Mouse (Mus musculus) 2| U|FD| 13 |w| 12 | w |JV| M |[GRO| BDWT |WO| 110 81
150 [Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| M| GRO| BDWT |WO| 234 2514 | 80
151 |Bentley and Grubb, 1991 40436 |Rabbit (Oryctolagus cuniculus) 3| U |FD| 22 |w| NR |NR|JV| B [ GRO| BDWT |WO| 282 68
152 |Llewellyn et al, 1985 2203 |Golden hamster (Mesocricetus auratus)| 2 [ U |FD| 18 | w| NR |NR|JV| M | GRO| BDWT [WO| 295 67
153 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M| GRO| BDWT |WO| 458 4927 | 80
154 [Ketcheson et al, 1969 37837 |Rat (Rattus norvegicus) 3| U |FD| 14 | d| NR |NR|LC| F [ GRO| BDWT |WO| 470 73
155 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| F | GRO| BDWT |WO| 479 4878 | 80
156 |O'Neil-Cutting et al, 1981 14656 |Rat (Rattus norvegicus) 2| U |FD| 18 |w| NR |NR|JV| M [ GRO| BDWT |WO| 597 77
157 | Zhang et al, 1995 39356 |Mouse (Mus musculus ) 2| M|FD| 10 | d 8 w [JV| F | GRO| BDWT |WO| 825 68
158 | Zhang et al, 1995 39356 |Mouse (Mus musculus ) 2| M|FD| 10 | d 8 w [JV| F | GRO| BDWT |WO| 845 73
159 | Zhang et al, 1995 39356 |Mouse (Mus musculus ) 2| M|FD| 10 | d 8 w [JV| F | GRO| BDWT |WO| 846 68
160 |Pettersen, et al, 2002 36374 |Mouse (Mus musculus ) 3| U|FD| 3 |w 4 w |JV| B | GRO| BDWT [WO| 1419 2838 | 83
161 |Urabe and Hayakawa, 1990 40997 |Rat (Rattus norvegicus) 2| U |FD| 42 | d| NR |[NR|JV| M |[GRO| BDWT |WO| 1684 78
162 [Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| F | GRO| BDWT |WO| 2486 69
163 [Nakamura et al., 1983 638 |Rat (Rattus norvegicus) 2| U|FD| 11 |w| NR |NR|JV| F [ GRO| BDWT |WO 871 | 73
164 [Rosa et al, 1986 47007 |Sheep (Ovis aries) 2| U|FD| 56 | d NR |NR|SM| M | GRO | BDWT |WO 16.1 71
165 [Subramanian et al, 2000 21011 |Rat (Rattus norvegicus) 2| U|FD| 6 |w]| NR |[NR|JV| M [GRO|BDWT |WO 282 | 73
166 [Davies, et al, 1977 14527 [Sheep (Ovis aries) 2| M|FD| 26 | d 1 w [JV| M| GRO| BDWT |WO 75.7 81
167 [Barone et al, 1998 21042 |Rat (Rattus norvegicus) 2| U |FD| 10 | d | NR |NR|GE| F [ GRO| BDWT |WO 811 |71
168 [Hsu et al, 1975 14376 [Pig (Sus scrofa) 2| U|FD| 13 |w 4 w [JV |NR | GRO | BDWT |WO 89.1 73
169 [Schlicker and Cox, 1968 25 |Rat (Rattus norvegicus ) 2| U |FD| 18 | d | NR |NR|GE| F [ GRO| BDWT |WO 424 68
170 [Settlemire and Matrone, 1967 | 38015 [Rat (Rattus norvegicus ) 2| U |FD| 5 |w]| 46 | w|JV|M|GRO|BDWT|WO 667 76
171|Ogiso, et. al., 1974 42961 |Rat (Rattus norvegicus) 2| U|FD| 15 | d| NR |NR|JV| M [ GRO| BDWT |WO 956 77
172 |Scott and Magee, 1979 43264 |Rat (Rattus norvegicus) 2| U|FD| 1 |w]| NR |[NR|JV| M [GRO|BDWT |WO 968 77

Survival (MOR)

173 |Seidenberg et al 1986 113 [Mouse (Mus musculus) 2l U|GV| 4 | d]| NR |NR|GE| F [MOR| MORT |WO| 8.89 85
174 [Van der Schee et al, 1980 21171 |Sheep (Ovis aries) 3| M|FD| 98 | d NR |[NR|JV | M | MOR| MORT [WO| 12.0 83
175 |Food and Drug Res. Lab, 1973 | 42289 [Mouse (Mus musculus ) 3| U |GV| 10 | d| NR |NR|GE| F [MOR| SURV |WO| 30.0 76
176 |Food and Drug Res. Lab, 1973 | 42289 [Rat (Rattus norvegicus) 4|1 U |GV| 10 | d| NR |NR|GE| F [MOR| SURV |WO| 425 76
177 [Brink et al, 1959 14525 [Pig (Sus scrofa ) 6| U|FD| 42 | d NR |NR|JV [NR|MOR| MORT [WO| 435 87.1 85
178 |Food and Drug Res. Lab, 1974 | 42292 |Rabbit (Oryctolagus cuniculus ) 5| U|GV| 13 | d| NR |NR|GE| F [ MOR| MORT |WO| 60.0 76
179 [Ott et al, 1966 14535 [Sheep (Ovis aries) 8| U |[FD 6 w | NR |NR|JV|NR|MOR| MORT |WO| 82.9 99.5 80
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)
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180 |Willoughby et al, 1972 14385 [Horse (Equus caballus ) 2| M|FD| 9 |w]| 34 | w|JV| F|[MOR|MORT |WO| 83.7 78
181 |Food and Drug Res. Lab, 1973 | 42289 [Hamster (Mesocricetus auratus ) 3l U|GV| 5 | d]| NR |NR|GE| F [MOR| SURV |WO| 88.0 76
182 [Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d >1 yr |AD| M | MOR| MORT |WO| 165 80
183 [Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d [10-12 | w [JV| M [ MOR| MORT |WO| 297 84
184 [Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 144 | d [10-12| w [JV| F [ MOR| MORT |WO| 324 84
185 [Aulerich et al, 1991 46274 |Mink (Mustela vison) 4| M|FD| 114 | d >1 yr |AD| F | MOR| MORT |WO| 327 80
186 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 4| U |FD| 13 |w 5 w [JV| M| MOR| MORT |WO| 458 4927 | 81
187 [Maita et al, 1981 43680 |Rat (Rattus norvegicus) 4| U |FD| 13 |w 5 w [JV| F | MOR| MORT |WO| 2486 70
188 [Maita et al, 1981 43680 |Rat (Rattus norvegicus ) 41 U |FD| 13 [w 5 w [JV]| M|MOR| MORT |WO| 2514 79
189 [Maita et al, 1981 43680 |Mouse (Mus musculus ) 41 U |FD| 13 |w 5 w [JV]| F |MOR| MORT |WO| 4878 79
190 |Van Vleet et al, 1981 149 |Pig (Sus scrofa) 2| U|[FD| 10 [w| NR |[NR|[JV| M |[MOR| MORT |WO 99.1 78

AD = adult; AHDX = aniline hydroxylase; ALPH = alkaline phosphatase; B = both; BDWT = body weight changes; BEH = behavior; BI = bile; BIO = biochemical; BL = blood;
BR = brain; bw = body weight; CALC = calcium; CCOX = cytochrome C-oxidase; CHM = chemical changes; CHOL = cholesterol; 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; FM = femur; FO = foot; GBCM = general biochemical changes; GE = gestation; GGRO = general growth changes; GLPX = glutathione
peroxidase; GLSN = gross lesions; GLUC = glucose; GLYC = glycogen; GPHY = general pysiology changes; GRO = growth; GREP = general reproduction; GRS = gross body
weight changes; GT = gastrointestinal tract; GV = gavage; HA = hair; HE = heart; HEMT = hematocrit; HIS = histological changes; HM = humerus; HMCT = hematocrit; HMGL
= hemoglobin; HRM = hormone changes; IN = intestinal tract; 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; MCHC = mean corpuscular hemoglobin; MCPR = microsomal
proteins; MK = milk, lactating females; MOR = effects on mortality and survival; MORT = mortality; MPH = morphology; MT = multiple; MU = muscle; NACO = sodium;
NOAEL = No Observed Advese Effect Level; NCRO = necrosis; NR = Not reported; NMVM = number of movements; ODVP = offspring development; OR = other oral; ORW
= organ weight changes; ORWT = organ weight changes; OV = ovary; P450 = cytochrome P450; PCLV = packed cell volume; PHY = physiology; PL = plasma; PRFM =
pregnant females in a population; PROG = progeny numbers/counts; PRTL = protein, total; PRWT = progeny weight; PS = pancreas; PTH = pathology; RBCE = red blood cell
count; REP = reproduction; RHIS = reproductive organ histology; RSEM = resorbed embryos; SH = stomach; SK = skin; SM = sexually mature; SMIX = weight relative to body
weight; SP = spleen; SPCL = sperm cell counts; SR = serum; SURV = survival; TB = tibia; TE = testes; TEWT = testes weight; TS = thymus; TWBC = white blood cell count,
total; U = unmeasured; UR = urine; USTR = ultrastructural changes; VD = Vas deferens; VTMA = vitamin A; w = weeks; WCON = water consumption; WO = whole organism.

*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 190 results for biochemical (B10), 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 75.4 mg
zinc/kg bw/day. This value is lower than the lowest bounded LOAEL for reproduction, growth,
or mortality results. Therefore, the TRV is equal to the geometric mean of the NOAEL values for
reproduction and growth and is equal to 75.4 mg zinc/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 Zinc 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 Zinc
TRV for Food Ingestion Soil Inestion as Concentration of Zinc
Surrogate Receptor Zinc Rate (FIR)? Pro c?rtion of in Biota Type (i)** Eco-SSL
Group (mg dw/kg (kg dw/kg DFi)et P (B) (mg/kg dw)*
bw/d) * bw/d) s (mg/kg dw)

Mammalian In(B,) =0.554 *

. 75.4 0.0875 0.032 In(Soil)) + 1.575
herbivore (vole) ¥ 6,800

where i = plants
Mammalian ground In(B;) =0.328 *
. . g 75.4 0.209 0.030 In(Soil)) + 4.449 79
insectivore (shrew) L)
where i = earthworms

Mammalian In(B;) =0.0706 *

. 75.4 0.130 0.043 In(Soil)) + 4.3632 10,000
carnivore (weasel) N

where i = mammals

' The process for derivation of wildlife TRVs is described in Attachment 4-5 of U.S. EPA (2003).
2 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 Zinc
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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 75.4 mg zinc/kg bw/d and is lower than the lowest bounded LOAEL for results within the reproduction, growth, and survival (MOR) effect groups.
4) The mammalian wildlife TRV for zinc is equal to 75.4 mg zinc/kg bw/day which is the geometric mean of NOAEL results within the reproduction and growth effect groups.
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