Ecological Soil Screening Levels
for
Arsenic
Interim Final

OSWER Directive 9285.7-62

-SSL

Zoological Soil Screening Levels

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
1200 Pennsylvania Avenue, N.W.
Washington, DC 20460

March 2005




This page intentionally left blank



1.0

2.0

3.0

4.0

5.0

6.0

7.0

TABLE OF CONTENTS

INTRODUCTION . .. e e e i 1
SUMMARY OF ECO-SSLs FOR ARSENIC ... ... ... ... . . . 2
ECO-SSL FOR TERRESTRIAL PLANTS .. ... . i 3
ECO-SSL FOR SOIL INVERTEBRATES . ... ... i 3
ECO-SSL FOR AVIAN WILDLIFE . . ... .. . i 5
5.1 Avian TRV ..o e 5
5.2 Estimation of Dose and Calculation ofthe Eco-SSL . .. ..................... 5
ECO-SSL FOR MAMMALIAN WILDLIFE . ....... ... .. .. . . . . ... 8
6.1 Mammalian TRV . ... 8
6.2 Estimation of Dose and Calculation ofthe Eco-SSL .. ..................... 13
REFERENCES ... 14
7.1 General Arsenic References . . ....... ... . . . 14
7.2  References Used for Derivation of Plant and Soil Invertebrate Eco-SSLs ... ... 14
7.3 References Rejected for Use in Derivation of Plant and Soil Invertebrate Eco-SSLs
............................................................... 15

7.4 References Used for Derivation of Wildlife TRVs . ....................... 27
7.5 References Rejected for Use in Derivation of Wildlife TRVs ............... 31



LIST OF TABLES

Table 2.1 Arsenic Eco-SSLs (mg/kg dry weightinsoil) ............................ 2
Table 3.1 Plant Toxicity Data - ATSENiC ... ...ttt 4
Table 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV) -
ATSENIC . . o 6
Table 5.2 Calculation of the Avian Eco-SSLs for Arsenic .......................... 8

Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value

(TRV) = AISENIC . ..ttt e e e e e e e 9

Table 6.2 Calculation of the Mammalian Eco-SSLs for Arsenic .................... 13
LIST OF FIGURES
Figure 2.1 Typical Background Concentrations of Arsenic in U.S. Soils ............... 3
Figure 5.1 Avian TRV Derivation for Arsenic . ............couuiuiinininenenen... 7
Figure 6.1 Mammalian TRV Derivation for Arsenic .............. ... 12
LIST OF APPENDICES

Appendix 5-1 Avian Toxicity Data Extracted and Reviewed for Wildlife Toxicity

Reference Value (TRV) - Arsenic

Appendix 6-1 Mammalian Toxicity Data Extracted and Reviewed for Wildlife Toxicity
Reference Value (TRV) - Arsenic

il



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). The derivation procedures represent the collaborative effort of a
multi-stakeholder group consisting of federal, state, consulting, industry, and academic
participants led by the U.S. EPA, Office of Solid Waste and Emergency Response.

This document provides the Eco-SSL values for arsenic and the documentation for their
derivation. This document provides guidance and is designed to communicate national policy on
identifying arsenic 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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2.0 SUMMARY OF ECO-SSLs FOR ARSENIC

Arsenic is naturally present in rock and soils with concentrations in soils reflecting the geology
of the region as well as anthropogenic inputs. Higher concentrations are associated with igneous
and sedimentary rocks, particularly with sulfidic ores (API, 1998). Extensive discussions of the
sources, concentrations, and chemical species are presented in API (1998) and Cullen and
Reimer (1989).

Arsenic is used in multiple manufacturing and industrial processes including the production of
wood treating chemicals, herbicides, pesticides, desiccants, metal alloys, glass, pharmaceuticals,
and semi-conductors. Elevated arsenic soil concentrations are often associated with mining
activities, smelters, pesticide/herbicide manufacturing facilities and agricultural lands (API,
1998).

Arsenic can exist in four oxidation states: +5, +3, 0 and -3. In soil, arsenic is a constituent of
numerous minerals and is found frequently associated with sulfur, most commonly as
arsenopyrite (FeAsS). Inorganic arsenate can also be bound to iron and aluminum cations, or
any other cation that may be present (e.g., calcium, zinc, magnesium, lead) as well as organic
matter in soils (API, 1998).

Arsenic occurs in contaminated soils primarily as the inorganic arsenic (V) and arsenic (III) but
soil microorganisms can produce organic forms (Cullen and Reimer, 1989; Huang, 1994;
CCME, 1996). Transformations among inorganic and organic forms are controlled by the
oxidation-reduction, precipitation/adsorption, and biomethylation processes in addition to the
biological production and volatilization of the arsines (API, 1998). The availability or solubility
of arsenic in soils depends on the source (natural vs. anthropogenic) and the soil's clay content,
redox potential, and pH. Generally, factors that tend to increase arsenic availability are
anthropogenic sources (e.g., pesticides), low clay content, low redox potential (reducing
conditions), and high pH (alkaline conditions) (Cullen and Reimer, 1989, API, 1998).

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

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

Wildlife

Plants Soil Invertebrates
Avian Mammalian

18 NA 43 46

NA = Not Available. Data were insufficient to derive an Eco-SSL.

Eco-SSL values for arsenic were derived for plants, avian wildlife, and mammalian wildlife. An
Eco-SSL value for arsenic for soil invertebrates could not be derived as data were insufficient.
The Eco-SSLs range from 18 mg/kg dry weight (dw) for plants to 46 mg/kg dw for avian
wildlife. These concentrations are higher than the reported range of background
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review. Of those papers acquired, 26

met all 11 Study Acceptance Criteria (U.S. EPA 2003; Attachment 3-1). Each of these papers
was reviewed and the studies were scored according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 3-2). Seventeen studies received an Evaluation Score greater than ten. These
studies are summarized in Table 3.1.

The data in Table 3.1 are sorted by bioavailability score. There are three study results with a
bioavailability score of two used to derive the plant Eco-SSL for arsenic according to the Eco-
SSL guidance (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is the geometric mean of the
maximum acceptable toxicant concentration (MATC) values reported for each of three test
species under two separate test conditions (pH and % organic matter (OM)) and is equal to 18
mg/kg dw.

4.0 ECO-SSL FOR SOIL INVERTEBRATES

Of the papers identified from the literature search process, 35 were acquired for further review.
Of those acquired, one met all 11 Study Acceptance Criteria (U.S. EPA, 2003; Attachment 3-1).
There were no studies that received an Evaluation Score greater than 10. A soil invertebrate
Eco-SSL could not be derived for arsenic.
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Table 3.1 Plant Toxicity Data - Arsenic

. Bio- Tox Value - Soil Total Eligible for
Reference 1P Study Test Organism Soil OM% availability | ERE Tox Concentration | Evaluation Efo-SSL Used for Eco-
Number | ID pH Parameter L. SSL?
Score (mg/kg dw) Score Derivation?
Jiang and Singh, 1994 4441 a__ |Ryegrass |Lolium perenne 5.6 0.7 2 GRO MATC 22 13 Y Y
Schweizer, 1967 9659 a |Cotton Gossypium hirsutum stoneville 74 7.9 1.1 2 GRO MATC 69 16 Y Y
Schweizer, 1967 9659 b |Rice Oryza sativa L. var. Nato 7.9 1.1 2 GRO MATC 4 15 Y Y
Geometric Mean 18

Data not Used to Derive Plant Eco-SSL

Jiang and Singh, 1994 4441 e |Barley Hordeum vulgare 5.6 0.7 2 GRO| LOAEC 2 13 N N
Jiang and Singh, 1994 4441 g |Barley Hordeum vulgare 5.6 0.7 2 GRO| LOAEC 2 13 N N
Jiang and Singh, 1994 4441 ¢ |Ryegrass  |Lolium perenne 5.6 0.7 2 GRO MATC 22 13 N N
Woolson and Isensee, 1981 56454 a |Radish Raphanus sativus 5.1 1.5 1 POP MATC 6 13 N N
Woolson and Isensee, 1981 56454 b |Soybean Glycine Max (L.) Merr. 5.1 1.5 1 POP MATC 6 13 N N
Jacobs et al., 1970 5577 b |Comn Zea mays 5.5 1.2 1 GRO MATC 40 12 Y N
Jacobs et al., 1970 5577 ¢ |Snap Bean |Phaseolus vulgaris 5.5 1.2 1 GRO MATC 22 12 Y N
Jacobs et al., 1970 5577 e |Pea Pisum sativum 5.5 1.2 1 GRO MATC 40 12 Y N
Jacobs et al., 1970 5577 a |Potato Solanum tuberosum 5.5 1.2 1 GRO MATC 97 11 Y N
Anastasia and Kender, 1973 11144 a  |Blueberry |Vaccinium angustifolium 4.6 | 0.17-98.0 0 GRO MATC 55 13 Y N
Jiang and Singh, 1994 4441 b |Ryegrass  |Lolium perenne 4.9 5.3 0 GRO MATC 22 11 Y N
Jiang and Singh, 1994 4441 d |Ryegrass  |Lolium perenne 4.9 5.3 0 GRO MATC 22 11 N N
Jiang and Singh, 1994 4441 f |Barley Hordeum vulgare 4.9 5.3 0 GRO MATC 22 11 Y N
Jiang and Singh, 1994 4441 h [Barley Hordeum vulgare 4.9 5.3 0 GRO MATC 22 11 N N

ERE = Ecologically relevant endpoint

GRO = Growth

LOAEC = Lowest observed adverse effect concentration
MATC = Maximum acceptable toxicant concentration. Geometric mean of NOAEC and LOAEC.

N =No

NOAEC = No observed adverse effect concentration

Eco-SSL for Arsenic

OM = Organic matter
POP = Population
Y =Yes

Bioavailability Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
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 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 4-2) identified 1,173 papers with possible toxicity data for either avian or
mammalian species. Of these papers, 1,110 were rejected for use as described in Section 7.5.
Of the remaining papers, five contained data for avian test species. These papers were reviewed
and 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
5.1. The complete results are included as Appendix 5-1.

Within the five reviewed papers, there are 16 results for biochemical (BIO), behavioral (BEH),
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 4-5).
These data are plotted in Figure 5.1 and correspond directly with the data presented in Table 5.1.
The no-observed adverse effect (NOAEL) values for growth and reproduction are used to
calculate a geometric mean NOAEL. 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 growth and reproduction could not be calculated as
only two values are available. The TRV is equal to 2.24 mg arsenic/kg bw/day which is the
lowest NOAEL value for reproduction, growth, or survival.

5.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for avian wildlife, one each for three surrogate
species representing different trophic groups. The avian Eco-SSLs for arsenic were calculated
according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 4-5) and are summarized in
Table 5.2.
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Table 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Arsenic
Page 1 of 1
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Biochemical (BIO)
1 |Camardese et al, 1990 5747 |Mallard duck (4nas platyrhynchos) 4 |UX|FD|10|w | 1| d |JV]| F|ENZ| ACHE | BR 0.410 | 76
Hoffman et al, 1992 1376 |Mallard duck (4nas platyrhynchos ) 2 |UX|FD| 4 |w| 1] d|JV|B|ENZ| GLPX | PL 17.3 74
Behavior (BEH)
3 |Camardese et al, 1990 5747 |Mallard duck (4nas platyrhynchos) 4 |UX|FD| 2 |w| 1| d|JV]| F|FDB| FCNS | WO| 149 498 83
4 |Holcman and Stibilj, 1997 5305 |Chicken (Gallus domesticus ) 4| U |[FD|19]| d |49| w |SM]| F | FDB| FCNS | WO | 2.24 67
5 |Whitworth et al 1991 5690 |Mallard duck (4nas platyrhynchos) 4 [ U [FD| 9 1| d|JV|NR|[BEH| ACTV [ WO| 152 45.7 78
Pathology (PTH)
6 |Camardese et al, 1990 5747 |Mallard duck (4nas platyrhynchos ) 4 |UX|FD | 10| w]| 1| d |JV| B|ORW| ORWT | LI 3.72 70
7 |Hoffman et al, 1992 1376 |Mallard duck (4nas platyrhynchos ) 2 |UX|FD |4 [w| 1| d|JV|B|[ORW|ORWT| LI 17.3 77
Reproduction (REP)
8 [Holcman and Stibilj, 1997 | 5305 [Chicken (Gallus domesticus) [4] ulrp[19] d [49] w [LB] F[REP| PROG [WO[ 2.24 72
Growth (GRO)
9 [Holcman and Stibilj, 1997 5305 |Chicken (Gallus domesticus) 4| U|FD|19]| d |49| w |[SM| F | GRO| BDWT | WO | 2.24 66
10 |Camardese et al, 1990 5747 |Mallard duck (4nas platyrhynchos ) 4 |UXFD| 2 |w| 1| d|JV]| F|GRO| GGRO | WO 1.49 83
11 [Howell and Hill, 1978 1387 |Chicken (Gallus domesticus ) 2| U|FD |21 d| 1| d |JV|B|[GRO| BDWT|WO 3.55 76
12 |Hoffman et al, 1992 1376 |Mallard duck (4nas platyrhynchos ) 2 |UX|FD |4 (w| 1| d|JV|B|[GRO| BDWT|WO 17.3 82
Survival (MOR)
13 |Holcman and Stibilj, 1997 5305 |Chicken (Gallus domesticus) 4| U |FD |19]| d |49| w |[SM| F |[MOR| MORT | WO | 2.24 74
14 [Howell and Hill, 1978 1387 |Chicken (Gallus domesticus ) 2| U|FD |21 d| 1| d |JV| B |[MOR| MORT [WO| 3.55 77
15 [Camardese et al, 1990 5747 |Mallard duck (4nas platyrhynchos ) 4 |UX|FD | 10| w]| 1| d |JV| B |MOR| MORT | WO| 3.72 84
16 |Hoffman et al, 1992 1376 |Mallard duck (4nas platyrhynchos) 2 |UX|FD |4 (w| 1| d|JV|B|[MOR| SURV [WO| 173 83
ACHE = acetylcholinesterase; ACTV = general activity levels; B = both; BDWT = body weight changes; BEH = behavior; BR = brain; d = days; ENZ = enzyme changes;
F = female; FCNS = food consumption; FD = food; FDB = feeding behavior; GGRO = general growth changes; GRO = growth; GLPX = gluathione peroxidase; JV =
juvenile; LB = laying bird; LI = liver; LOAEL = lowest observed adverse effect level; MOR = mortality, MORT = mortality; NOAEL = no observed adverse effect level;
NR = Not reported; ORW = organ weight changes; ORWT = organ weight; PL = plasma; PROG = progeny counts; REP = reproduction; SM = sexually mature; SURV =
survival; U = unmeasured; UX = measured but results not reported; w = weeks; WO = whole organism
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Figure 5.1 Avian TRV Derivation for Arsenic
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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 not three NOAEL results available within the growth and reproduction effect groups for calculation of a geometric mean.
3) There are no bounded LOAEL values for comparison.

3) The avian wildlife TRV for arsenic is equal to 2.24 mg arsenic/kg bw/day which is the lowest NOAEL value for effects on reproduction, growth or survival.
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Table 5.2 Calculation of the Avian Eco-SSLs for Arsenic

TRYV for Food Ingestion Soil Ingestion Arsenic in Biota
Surrogate Receptor Arsenic Rate (FIR) as Pro gor tion Type (i)** Eco-SSL
Group (mg dw/kg (kg dw/kg of Dig P (B) (mg/kg dw)*
bw/d) ! bw/d) s (mg/kg dw)
Avian herbivore B;=0.03752 * Soil,
(dove) 2.24 0.190 0.139 where i = plants 67
Avian ground In(B;) =0.706 *
insectivore 2.24 0.214 0.164 In(Soil)) - 1.421 43
(woodcock) where i = earthworms
- *
Avian carnivore ln(Bi). 0.8188
(hawk) 2.24 0.0353 0.057 In(Soil;) - 4.8471 1100
where i = mammals

' 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).
NA = Not Applicable

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 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 1,173 papers with possible toxicity data for arsenic for either
avian or mammalian test species. Of these studies, 1,110 were rejected for use as described in
Section 7.5. Of the remaining papers, 55 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 in Appendix 6.1.

Within the 55 papers there are 138 results for biochemical (BIO), behavioral (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 4-3). These data are plotted in Figure 6.1 and correspond directly with the data
presented in Table 6.1. The NOAEL values for growth and reproduction are used to calculate a
geometric mean NOAEL. This result is examined in relationship to the lowest bounded LOAEL
for reproduction, growth and survival to derive the TRV according to procedures in the Eco-SSL
guidance (U.S. EPA, 2003; Attachment 4-4).
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Arsenic
Page 1 of 3
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Biochemical (BIO)
1 |Neiger and Osweiler 1989 14583 |Dog (Canis familiaris ) 4|1 U |FD| 8 w 8 mo|JV | F | ENZ| ASAT | SR 1.04 1.66 80
2 |Neiger and Osweiler, 1992 15703 |Dog (Canis familiaris ) 4| M |FD| 58 | d 8 |mo[JV| F |CHM| GBCM | UR 0.500 79
3 |Wood and Fowler, 1978 15387 |Rat (Rattus norvegicus ) 4|1 U |DR| 6 w| NR |NR|JV| M| ENZ| GENZ | LI 1.20 69
4 [Mahaffey et al., 1977 14580 |Rat (Rattus norvegicus ) 2 |UX|FD| 10 [ w| NR [NR|AD| M [CHM| RBCE | BL 1.50 68
5 |Ghosh et al 1999 15011 |Rat (Rattus norvegicus ) 3|U|[GV|] 28 |d 35 d |JV| F | ENZ| GENZ | AR 2.06 73
6 |Itoh et al., 1990 14577 [Mouse (Mus musculus ) 3|1 U|OR| 14 | d 4 w [JV| M |CHM| TRYP | BR 2.51 77
7 |Schroeder, 1968 15506 |Rat (Rattus norvegicus ) 2| U |DR| 781 | d |[21-23| d |JV| B [CHM| CHOL | SR 3.78 69
8 [Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 21U |GV|] 20 |d 2 d |[JV| B | ENZ| ACHE | BR 5.00 77
9 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 21U |FD| 90 [ d| 90 d | JV|NR |HRM| DOPA | BR 5.00 68
10 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 21U |GV| 18 | d 2 d [JV| B |HRM| DOPA | BR 5.00 77
11 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 21U |FD| 90 [ d| 90 d |[JV| B | ENZ| ACHE | BR 5.00 74
12 |Glattre et. al., 11361 |Rat (Rattus norvegicus ) 2| U |DR| 4 w | NR [NR|JV|M [HRM| TRII | SR 6.36 69
13 |Wood and Fowler, 1978 15387 |Mouse (Mus musculus) 4 (U |DR| 6 w | NR [NR|JV| M| ENZ| GENZ | LI 6.60 69
14 |Morrison and Chavez, 1983 15709 |Pig (Sus scrofa) 2| U |FD| 2 |[w]| 21 d |JV| B | ENZ| GLPX | PL 9.44 71
15 |Biswas, et al, 2000 25916 |Goat (Ovis aries) 2| UJ|OR| 3 [w]| 12 |mo[AD| F | ENZ| ASAT | BL 14.4 70
16 |Biswas et al, 1998 15322 |Goat (Capra hircus) 2| U|DR|[ 6 |w 1 yr | JV| F |CHM| HMGL | BL 14.4 69
17 |Garcia-Vargas et al, 1995 15530 |Mouse (Mus musculus ) 2| U|DR|[ 6 |w]| NR |NR|JV|M |[CHM| PORP | UR 24.6 66
18 |Tripathi et al 1997 14590 |Rat (Rattus norvegicus ) 2| U|DR| 16 | w| NR |NR|JV|M |[HRM| DOPA | BR 32.0 66
19 |Garcia-Vargas et al, 1995 15530 |Mouse (Mus musculus ) 2| U|DR|[ 6 |w]| NR |NR|JV|M |CHM| PORP | UR 42.1 66

Behavior (BEH)
20 [Hunder et al, 1999 15007 |Guinea pig (Cavia porcellus) 4| U|FD| 3 |w| NR |NR|JV| F | FDB| FCNS [WO| 0.844 2.53 79
21 [Bencko 1972 15471 |Mouse (Mus musculus ) 3| U|DR| 64 | d| NR [NR|[JV| M | FDB | WCON |WO| 0.880 6.00 73
22 [Neiger and Osweiler 1989 14583 |Dog (Canis familiaris ) 4| U|FD| 1 |w 8 |mo|JV| F | FDB| FCNS | WO 1.04 1.66 83
23 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d| 28 d [JV| M| FDB| FCNS [WO 1.88 68
24 |Fowler and Woods 1979 15358 |Mouse (Mus musculus ) 4| U|DR|[ 6 |w| NR |NR|JV|M|FDB|WCON |WO| 284 5.69 74
25 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d| 28 d |JV| M| FDB| FCNS |WO| 3.22 68
26 [Morrison and Chavez, 1983 15709 |Pig (Sus scrofa) 2| U |FD| 6 |[w]| 21 d |JV| B | FDB| FCNS |WO| 3.59 74
27 |Hunder et al, 1999 15007 |Mouse (Mus musculus ) 4| U|FD| 3 |w]| NR |NR|JV| F | FDB| FCNS [WO| 3.85 7.69 79
28 |Benese and Bencko, 1981 15288 |Mouse (Mus musculus ) 4| U |DR| 32 [ d| NR |[NR|[JV| M| FDB| WCON |WO| 6.43 324 73
29 [Coulson et al, 1935 14603 |Rat (Rattus norvegicus ) 2| M|FD| 52 | w|33-35| d |JV| B | FDB| FCNS [WO 0.472 79
30 |Mahaffey et al., 1977 14580 |Rat (Rattus norvegicus ) 2 [UX|FD| 10 | w| NR |NR|AD| M | FDB | FCNS [WO 1.50 71
31 |Itoh et al., 1990 14577 |Mouse (Mus musculus ) 3| U]|OR| 14 | d 4 w [JV| M| BEH| ACTV |WO 2.51 80
32 |Brown et al., 1976 4 |Rat (Rattus norvegicus ) 4| U|DR|[ 6 |w]| NR |NR|JV|M | FDB | WCON WO 4.70 68
33 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 21U |GV| 21 | d 2 d [JV| B | FDB| FCNS [WO 5.00 80
34 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 2| U |FD| 90 | d| 90 d [JV| B | BEH| ACTP WO 5.00 73
35 |Cabe, et al., 1979 1244 |Rat (Rattus norvegicus ) 2| U |DR| 18 |w]| 50 d [JV| M| FDB | WCON [ WO 5.81 68
36 |Garcia-Vargas et al, 1995 15530 |Mouse (Mus musculus ) 2| U|DR|[ 6 |w]| NR |NR|JV|M | FDB | WCON [WO 24.6 69
37 |Garcia-Vargas et al, 1995 15530 |Mouse (Mus musculus ) 2| U|DR|[ 6 |w]| NR |NR|JV|M | FDB | WCON [WO 42.1 69

Physiology (PHY)
38 |Bencko 1972 15471 |Mouse (Mus musculus ) 3| U|DR| 32 [ d| NR [NR|JV|M |PHY | GPHY | LI 0.880 6.00 73
39 |Kanisawa and Schroeder, 1969 | 15061 |Rat (Rattus norvegicus ) 2| U |DR| 18 |mo| 21 d [JV| B | PHY | BLPR WO 0.569 67
40 [Carmignani et al, 1985 15174 |Rat (Rattus norvegicus ) 2| U |DR| 18 |mo| NR |NR|NR| M | PHY | GPHY [WO 2.55 67
41 [Carmignani et al, 1985 15174 |Rabbit (Oryctolagus cuniculus )| 2 | U [DR| 10 [mo| NR [NR|NR| F | PHY | BLPR |WO 2.61 67
42 |Carmignani et al, 1985 15174 |Rat (Rattus norvegicus ) 2| U |DR| 18 |mo| NR |NR|NR| M | PHY | BLPR [WO 3.22 67
43 [Morrison and Chavez, 1983 15709 |Pig (Sus scrofa) 2| U |FD| 6 |[w]| 21 d |JV| B [ PHY | EXCR |WO 3.59 74
44 [Brown et al., 1976 4 |Rat (Rattus norvegicus ) 4| U|DR|[ 6 |w]| NR |NR|JV|M|PHY | RPRT | KI 4.70 68
45 [Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 21U |GV| 18 | d 2 d [JV| B | PHY | GPHY | HA 5.0 80
46 |Carmignani et al 1983 15249 |Rat (Rattus norvegicus ) 2| U |DR| 320 | d| NR |NR|JV|M |PHY | GPHY | HA 5.65 67
47 |Biswas et al, 1998 15322 |Goat (Capra hircus) 2| U|DR[ 6 |w 1 yr | JV| F | PHY | GPHY | BL 14.4 72
48 [Biswas, et al, 2000 25916 |Goat (Ovis aries) 2 U|OR| 9 [w]| 12 |mo[AD| F | PHY | RPRT | WO 14.4 73

Pathology (PTH)
49 [Hughes and Thompson, 1996 | 15160 |Mouse (Mus musculus ) 3| U|DR| 28 [d| 96 d |SM| F [ORW| ORWT | LI | 0.000859 [ 0.0859 | 67
50 |Coulson et al, 1935 14603 |Rat (Rattus norvegicus ) 2| M |FD| 52 | w|33-35| d |JV| B | HIS | GHIS | LI 0.447 69
51 |Kanisawa and Schroeder, 1969 | 15061 |Rat (Rattus norvegicus ) 2| U |DR| 42 |mo| 21 d |JV| B | HIS | GHIS | KI | 0.569 67
52 |Nemec et al, 1998 15057 |Rabbit (Oryctolagus cuniculus) | 4 | M [GV| 7 d | NR [NR|GE| F | GRS | BDWT |WO| 0.750 3.0 84
53 |Bencko 1972 15471 |Mouse (Mus musculus ) 3| U|DR| 64 [ d| NR [NR|[JV|M [ORW|ORWT | SP| 0.830 6.00 73
54 |Obermeyer et al, 1971 12934 |Rat (Rattus norvegicus ) 2| U|FD| 4 |w]| NR |NR|JV|M |[ORW| SMIX | LI 0.913 73
55 |Tice et al 1997 14589 |Mouse (Mus musculus ) 41U |GV| 4 |d]| 12 | w]|JV|[M]| HIS | USTR | BL 1.44 2.88 86
56 |Neiger and Osweiler 1989 14583 |Dog (Canis familiaris ) 4| U |FD| 8 |w 8 |mo|[JV| F |ORW| SMIX | LI 1.66 68
57 |Fowler et al., 1977 14569 |Rat (Rattus norvegicus ) 4| U|DR|[ 6 |w| NR |NR|JV|M| HIS [ USTR | LI 2.22 4.43 74
58 |Fowler and Woods 1979 15358 |Mouse (Mus musculus ) 4| U|DR|[ 6 |w| NR |NR|JV|M| HIS [ USTR | LI 2.84 5.69 74
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Arsenic
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59 |Byron et al, 1967 2 Rat (Rattus norvegicus ) 6 U|FD| 2 yr{ NR [NR|JV| B | HIS| GHIS | LI 491 9.81 79
60 |Byron et al, 1967 2 Rat (Rattus norvegicus ) 6| U|FD| 2 yr{ NR [NR|JV| B | HIS| GHIS | LI 9.84 19.7 79
61 |Nemec et al, 1998 15057 |Mouse (Mus musculus ) 4| M|GV| 6 | d| NR |NR|GE| F | GRS | BDWT [WO| 24.0 48.0 86
62 |Garcia-Vargas et al, 1995 15530 [Mouse (Mus musculus ) 2| U |DR| 6 w | NR [NR|JV| M [ORW| SMIX | LI 24.6 69
63 |Garcia-Vargas et al, 1995 15530 [Mouse (Mus musculus ) 2| U|DR| 6 w | NR [NR|JV|M [ORW| SMIX | LI 42.1 69
64 |Seidenberg et al 1986 113 |Mouse (Mus musculus ) 2 U |GV| 5 d | NR [NR|GE| F | GRS | BDWT | WO 43.4 78
65 |Healy et al., 1998 14543 [Mouse (Mus musculus ) 3| U [DR| 91 d 76 d |JV|M|ORW| ORWT | LI 0.00650 | 68
66 |Healy et al., 1998 14543 [Mouse (Mus musculus ) 3|1 U|(DR| 32 | d 76 d |JV| M| PTH | ORWT | KI 0.00850 | 68
67 |Schroeder et al, 1968 7 |Rat (Rattus norvegicus ) 2| U |DR|1575| d [21-23| d [JV| M [ORW| SMIX | HE 0.533 68
68 |Mahaffey et al., 1977 14580 |Rat (Rattus norvegicus ) 2 |UX|FD| 10 | w| NR [NR|AD| M | GRS | BDWT [ WO 1.50 71
69 [Ghosh et al 1999 15011 |Rat (Rattus norvegicus ) 3|U|[GV|] 28 |d 35 d |JV| F [ORW| SMIX | AR 2.06 76
70 |Brown et al., 1976 4 |Rat (Rattus norvegicus) 4 (U |DR| 6 w | NR [NR|JV| M |[ORW| SMIX | KI 4.70 68
71 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 21U |GV|] 20 |d 2 d [JV| B |ORW| ORWT | BR 5.00 80
72 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 2| U |FD| 90 | d| 90 d [ JV|NR|ORW/| ORWT | BR 5.0 71
73 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 21U |GV| 18 | d 2 d [JV| B |ORW| ORWT | BR 5.0 80
74 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 2| U |FD| 90 | d| 90 d [JV| B |ORW| ORWT | BR 5.00 73
75 |Carmignani et al 1983 15249 |Rat (Rattus norvegicus ) 2| U|DR| 320 | d| NR |NR|JV|M | HIS | GHIS | KI 5.65 67

Reproduction (REP)

76 |Savabieasfahani et al, 1998 14556 |Cotton rat (Sigmodon hispidus ) | 3 | U [DR| 6 |w | NR [NR|AD|M | REP | TEWT | TE| 0.601 70
77 |Nemec et al, 1998 15057 |Rabbit (Oryctolagus cuniculus )| 4 | M [GV| 12 | d | NR [NR|GE| F | REP | RSEM [WO| 0.750 3.0 90
78 |Morris et al, 1938 15125 |Rat (Rattus norvegicus ) 3| U|FD| 340 | d [26-27| d |[JV| M | REP | PRWT |WO| 7.47 71
79 |Nemec et al, 1998 15057 |Mouse (Mus musculus ) 4| M|GV| 9 | d| NR |NR|GE| F | REP | PROG [WO| 24.0 48.0 92
80 |Healy etal., 1998 14543 |Mouse (Mus musculus ) 3| U|DR| 91 [d]| 76 d [JV| M| REP | TEWT | TE 0.00650 | 74
81 |Schroeder and Mitchener, 1971| 66 |Mouse (Mus musculus ) 2| U |DR[ 6 |mo| 21 d |JV| F | REP | PROG |WO 0.548 67
82 |Skalnaya et al, 1996 15167 |Mouse (Mus musculus ) 2| U|OR| 30 | d| NR |NR|GE| F | REP | PRWT [WO 5.66 81
83 |Seidenberg et al 1986 113 |Mouse (Mus musculus ) 21U |GV| 5 d | NR [NR|GE| F | REP | PROG |WO 43.4 86

Growth (GRO)
84 |Hughes and Thompson, 1996 | 15160 |Mouse (Mus musculus ) 3| U|DR| 28 [d| 96 d [SM| F | GRO| BDWT [WO| 0.0859 69
85 |Coulson et al, 1935 14603 |Rat (Rattus norvegicus ) 2| M|FD| 52 | w|33-35| d |JV| B | GRO| BDWT [WO| 0.447 74
86 |Kanisawa and Schroeder, 1969 | 3701 |Rat (Rattus norvegicus ) 2| U |DR| 519 ]| d]| 21 d [JV| B |GRO| BDWT [WO| 0.533 72
87 |Schroeder et al, 1968 7 |Rat (Rattus norvegicus) 2| U |DR| 69 | d|21-23]| d |JV| B | GRO| BDWT [WO| 0.571 72
88 |Obermeyer et al, 1971 12934 |Rat (Rattus norvegicus ) 2| U|FD| 4 |w]| NR |NR|JV[NR|GRO|BDWT |[WO| 0913 77
89 |Neiger and Osweiler 1989 14583 |Dog (Canis familiaris ) 4| U |FD| 8 |w 8 |mo[JV| F |GRO|BDWT |WO 1.04 1.66 87
90 |Palmer et al 1983 15262 |Rat (Rattus norvegicus ) 2| U|FD| 4 |w]| NR |NR|JV|M |GRO|BDWT WO 1.39 68
91 |Palmer et al 1983 15262 |Rat (Rattus norvegicus ) 2| U|FD| 8 |w| NR |NR|JV|M |GRO|BDWT WO 1.65 68
92 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d| 28 d [JV| M| GRO| BDWT [ WO 1.88 72
93 |Byron et al, 1967 2 |Dog (Canis familiaris ) 5/U|FD| 2 |[yr|] 6 |[mo|[JV| B |[GRO|BDWT |WO| 225 5.62 82
94 |Schmolke et al 1992 15264 |Rat (Rattus norvegicus ) 3| U|FD| 15 [w 7 w [JV| F | GRO| BDWT [WO| 2.52 68
95 |Fowler and Woods 1979 15358 |Mouse (Mus musculus ) 4| U|DR|[ 6 |w| NR |NR|JV|M|GRO|BDWT |WO| 284 5.69 78
96 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d| 28 d [JV| M| GRO| BDWT [WO| 3.22 72
97 |Ghosh et al 1999 15011 |Rat (Rattus norvegicus ) 3|1 U0|GV|] 28 [d| 35 d [JV| F | GRO| BDWT [WO| 3.78 73
98 |Fowler et al., 1977 14569 |Rat (Rattus norvegicus ) 4| U|DR|[ 6 |w]| NR |NR|JV|M|GRO|BDWT |[WO| 443 9.42 78
99 |Hunder et al, 1999 15007 |Rat (Rattus norvegicus ) 41U |FD| 3 |w| NR |NR|JV| F [|GRO|BDWT [WO| 552 68
100 |Bencko 1972 15471 |Mouse (Mus musculus ) 3| U|DR| 64 [ d| NR [NR|[JV|M [GRO|BDWT |WO| 6.00 73
101 |Benese and Bencko, 1981 15288 |Mouse (Mus musculus ) 4| U |DR| 32 | d| NR |NR|JV|M | GRO|BDWT [WO| 6.43 32.4 77
102 |Morris et al, 1938 15125 |Rat (Rattus norvegicus ) 3| U|FD| 340 | d [26-27| d |JV| M | GRO | BDWT |WO| 7.47 69
103 |Hunder et al, 1999 15007 |Mouse (Mus musculus ) 41U |FD| 3 |w| NR |NR|JV| F [|GRO|BDWT [WO| 7.69 63
104 |Brown et al., 1976 4 |Rat (Rattus norvegicus ) 4| U|DR|[ 6 |w]| NR |NR|JV|M|GRO|BDWT |WO| 9.40 10.7 78
105 |Byron et al, 1967 2 |Rat (Rattus norvegicus) 6| U|FD| 12 [ w| NR [NR|JV| B [ GRO| BDWT |WO| 9.84 19.7 83
106 |Byron et al, 1967 2 |Rat (Rattus norvegicus) 6| U|FD| 12 [ w| NR [NR|JV| M [ GRO| BDWT | WO 10.3 20.6 83
107 |Kanisawa and Schroeder, 1967 | 20979 [Mouse (Mus musculus ) 2| U |DR| 338 | d|20-22| d |JV| M | GRO| BDWT [ WO 0.663 72
108 |Schroeder and Balassa, 1967 3084 |Mouse (Mus musculus) 2| U |DR| 339 | d]| 21 d [JV| B | GRO| BDWT [ WO 0.665 72
109 |Hunder et al, 1999 15007 |Guinea pig (Cavia porcellus) 4| U |FD| 3 |w]| NR |NR|JV| F [ GRO|BDWT [WO 0.844 77
110 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 21U |GV| 20 | d 2 d [JV| B | GRO| BDWT [ WO 5.00 84
111 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 2| U |FD| 90 | d| 90 d [ JV|NR | GRO| BDWT [ WO 5.0 75
112 |Nagaraja and Desiraju 1993 14546 |Rat (Rattus norvegicus ) 21U |GV| 18 | d 2 d [JV| B | GRO| BDWT [ WO 5.0 84
113 |Kiyono et al, 1974 15427 |Rat (Rattus norvegicus ) 41U |GV| 10 | d 1 d [JV| M| GRO| BDWT [ WO 5.0 84
114 |Nagaraja and Desiraju, 1994 15216 |Rat (Rattus norvegicus ) 2| U |FD| 90 | d| 90 d [JV| B | GRO| BDWT [ WO 5.00 77
115 |Glattre et. al., 11361 |Rat (Rattus norvegicus ) 2| U|DR|[ 4 |w]| NR |NR|JV|M |GRO|BDWT WO 6.36 76
116 |Morrison and Chavez, 1983 15709 |Pig (Sus scrofa) 2 U|FD| 2 |w]| 21 d [JV| B | GRO| BDWT [ WO 9.44 78
117 |Biswas et al, 1998 15322 |Goat (Capra hircus) 2| U|DR[ 9 |w 1 yr [JV| F | GRO| BDWT | WO 14.4 76
118 |Biswas, et al, 2000 25916 |Goat (Ovis aries) 2 U|OR[ 9 |w]| 12 |mo|AD| F | GRO| BDWT [WO 14.4 77
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)
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Survival (MOR)
119 |Schroeder et al, 1968 7  |Rat (Rattus norvegicus ) 2| U |DR|1575| d |21-23| d [JV| B | MOR| SURV [WO| 0.533 73
120 |Nemec et al, 1998 15057 |Rabbit (Oryctolagus cuniculus )| 4 | M [GV| 12 | d | NR [NR|GE| F | MOR| MORT [WO| 0.750 3.00 89
121 |Palmer et al 1983 15262 |Rat (Rattus norvegicus ) 2| U|FD| 4 w | NR [NR|JV|M [MOR| MORT | WO 1.39 78
122 [Palmer et al 1983 15262 |Rat (Rattus norvegicus ) 2|1 U |FD| 8 w| NR |NR|JV|[M|MOR| SURV | WO 1.65 69
123 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d | 28 d |JV|M [MOR| MORT | WO 1.88 82
124 [Byron et al, 1967 2 |Dog (Canis familiaris) 5| U|[FD| 2 |yr 6 |mo|JV| B |MOR| MORT [WO 2.25 5.62 83
125 [Byron et al, 1967 2 |Dog (Canis familiaris) 5| U |[FD| 13.5|mof 6 |mo|[JV| B [MOR| MORT |WO 2.25 5.62 83
126 |Nemec et al, 1998 15057 |Rabbit (Oryctolagus cuniculus )| 6 | M [GV| 12 | d | NR [NR|GE| F | MOR| MORT [WO| 2.25 4.50 91
127 |Franke and Moxon 1937 14508 |Rat (Rattus norvegicus ) 2| U |FD| 100 | d | 28 d |JV|M [MOR| MORT | WO 322 73
128 |Kiyono et al, 1974 15427 |Rat (Rattus norvegicus ) 41U |GV| 21 |d 1 d |[JV| M [MOR| MORT | WO 5.0 7.5 91
129 [Cabe, et al., 1979 1244 |Rat (Rattus norvegicus ) 2| U |DR| 18 | w]| 50 d |JV| M [MOR| MORT | WO 5.81 73
130 |Fowler et al., 1977 14569 |Rat (Rattus norvegicus ) 4 (U |DR| 6 w | NR [NR|JV|M [MOR| MORT | WO 9.63 73
131 |Byron et al, 1967 2 Rat (Rattus norvegicus ) 6| U|[FD| 78 | w| NR [NR|JV| B [MOR| SURV |WO 9.65 19.3 84
132 [Byron et al, 1967 2 Rat (Rattus norvegicus ) 6| U |[FD| 2 yr[ NR [NR|[JV| B [MOR| SURV | WO 9.99 20.0 84
133 |Nemec et al, 1998 15057 |Mouse (Mus musculus ) 4 M|GV| 9 d | NR [NR|GE| F | MOR| MORT [WO| 24.0 48.0 91
134 | Tripathi et al 1997 14590 |Rat (Rattus norvegicus ) 2| U |DR| 16 [ w| NR |[NR|[JV| M |MOR| MORT |WO|[ 32.0 74
135 [Schroeder and Balassa, 1967 3084 |Mouse (Mus musculus) 2| U |DR| 519 |d]| 21 d |[JV| M [MOR| SURV |WO 0.675 73
136 Biswas et al, 1998 15322 |Goat (Capra hircus) 2| U |DR| 78 | d 1 yr | JV| F | MOR| MORT (WO 14.4 77
137 [Biswas, et al, 2000 25916 |Goat (Ovis aries) 2| U|OR| 12 [w]| 12 |mo[AD| F | MOR| MORT | WO 14.4 78
138 [Seidenberg et al 1986 113 |Mouse (Mus musculus ) 21U |GV| 5 d [ NR [NR|GE| F | MOR| MORT (WO 43.4 85

ACHE = acetylcholinesterase; ACTP = accuracy of learned behavior; ACTV = activity, general; AD = adult; AR = adrenal; ASAT = aspartate aminotransferase; B = both;
BDWT = body weight changes; BEH = behavior; BL = blood; BLPR = blood pressure; BR = brain; bw = body weight; CHM = chemical changes; CHOL = cholesterol; d -
day; DOPA = dopamine; DR = Drinking water; ENZ = enyzme level changes; EXCR = excretion; F = female; FCNS = food consumption; FD = food; FDB = feeding

behavior; GBCM = general biochemical changes; GE = gestation; GENZ = general enzyme changes; GHIS = general histology; GLPX = glutathione peroxidase; GPHY =

general pysiology changes; GRO = growth; GRS = gross body weight changes; GV = gavage; HA = hair; HE = heart; HIS = histological changes;HMGL = hemoglobin; HRM
= hormone changes; JV = juvenile; kg = kilograms; KI = kidney; L = liter; LI = liver; LOAEL = lowest observed adverse effect level; mo = months; M = male; M = measured;
MOR = effects on mortality and survival; MORT = mortality; NOAEL = No Observed Advese Effect Level; NR = Not reported; OR = other oral;

ORW = organ weight changes; ORWT = organ weight changes; PHY = physiology; PL = plasma; PORP = porphyrin; PROG = progeny numbers/counts; PRWT = progeny
weight; PTH = pathology; RBCE = red blood cell count; REP = reproduction; RPRT = respiratory rate; RSEM = resorbed embryo; SM = sexually mature; SMIX = weight
relative to body weight; SP = spleen; SR = serum; SURV = survival; TE = testes; TEWT = testes weight; TRII = tridothyronine; TRYP = tryptophan; U = unmeasured; UR =
urine; USTR = ultrastructural changes; UX = measured but values not reported; w = weeks; WCON = water consumption, WO = whole organism; yr = year.
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Figure 6.1 Mammalian TRV Derivation for Arsenic

Geometric Mean of NOAELs
for reproduction and growth =
247

TRV = Highest bounded NOAEL lower
than lowest bounded LOAEL for
reproduction, growth or survival = 1.04
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Wildlife TRV Derivation Process

@ «— Lowest-Observed Adverse Effect Dose
<+———— Paired values from same study when joined by line

<+~ No-Observed Adverse Effect Dose

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 2.47 mg arsenic /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 arsenic is equal to 1.04 mg arsenic/kg bw/day which is the geometric mean of NOAEL values for reproduction and growth.
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A geometric mean of the NOAEL values for growth and reproduction was calculated at 2.47 mg
arsenic/kg bw/day. However, this value is higher than the lowest bounded LOAEL for
reproduction, growth, or survival results. Therefore, the TRV is equal to 1.04 mg arsenic/kg
bw/day which is the highest bounded NOAEL lower than the lowest bounded LOAEL for

reproduction, growth or survival.

6.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for mammalian wildlife, one each for three
surrogate species representing different trophic groups. The mammalian Eco-SSLs for arsenic are
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 Arsenic

WAL Food Ingestion Soil Ingestion GRETLLE
Surrogate Receptor Arsenic g . gesti Type (i)*? Eco-SSL
Rate (FIR) as Proportion a
CLoup ey e (kg dw/kg bw/d) | of Diet (P,)? (B) (mg/kg dw)
bw/d) ! g dwike s (mg/kg dw)
. . _ * Quil.
Mammalian herbivore 104 0.0875 0.032 B, 0.03.7_52 Soil; 170
(vole) where i = plants
. In(B,) = 0.706 *
Mammalian ground 1.04 0.209 0.030 In(Soil) - 1.421 46
insectivore (shrew) A
where i = earthworms
Mammalian carnivore In(B;) =0.8188 *
1.04 0.130 0.043 In(Soil,) - 4.8471 170
(weasel) g
where i = mammals

NA = Not Applicable

! The process for derivation of wildlife TR Vs 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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7.5 References Rejected for Use in Derivation of Wildlife TRVs

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.

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 Characterization and comparison of mitochondrial atpase and adenine nucleotide transport activity
in mitochondria from rat liver and neoplastic tissues of different growth rates. 760425 ORDER
NO: AADS81-23882

Diss Characterization, fate and environmental risk assessment of microbial, elemental and toxic
components of fractionated broiler litter during storage and reutilization. 01295605 ORDER
NO: AAD93-16361

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

Diss Ecology and toxicology of arsenic in contaminated grassland. 099666/ ORDER NO: Not
Available from University Microfilms Int'l.

Diss effects of chronic dietary inorganic arsenic in dogs. 0966997 ORDER NO: AAD87-21915

Diss effects of stripped oil shale retort water on fishes, birds, and mammals. 07265899 ORDER NO:

AAD84-08915

Diss electrochemical synthesis and structural characterization of zintl anion clusters produced via the
cathodic dissolution of telluride electrodes. 01378472 ORDER NO: AAD94-29162

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

Diss heavy metal bioaccumulation in great basin submersed aquatic macrophytes. 07363274 ORDER
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letter from smelter environmental research association to usepa submitting two research reports on
arsenic compounds, cadmium compounds and calcium sulfate with attachments. EPA/OTS; Doc
#88-7800150

Multielement Geochemical Exploration Data for the Cove Known Geothermal Resource Area,
Beaver and Millard Counties, Utah| AU-

newer trace elements - vanadium (v) and arsenic (as) : deficiencyand possible metabolic roles. .|
au.  <Document Title>Trace Element Metabolism in Man and Animals - 3

news about chemicals. [RPTC Bull. V8, N1, P17(16)

processes controlling arsenic mobility in natural and engineered systems (drinking water, los
angeles, water treatment, geothermal. 01603177 ORDER NO: AAD98-03506

Tadlock, Charles H. and Aposhian, H. Vasken. protection of mice againstthe lethal effects of
sodium arsenite by 2,3 dimercapto-1-propanesulfonic acid and dimercaptosuccinic acid.
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the role of activated charcoal in the treatment of acute arsenic poisoning: an in vivo study.
01201519 ORDER NO: AAD13-46055

Stress-induced proteins in rat myoblasts (arsenic, heat shock, phosphorylation, gel electrophoresis,
two-dimensional. 887311 ORDER NO: AAD85-14020

Study on the maximum permissible concentration of arsenic compounds in drinking  water.
Huan Ching K'o Hsueh (1981) 2(3): 184-8 CODEN: HCKHDV; ISSN: 0250-3301.

Synergistic teratogenic effects of arsenic and hyperthermia in.

systemic indicators of inorganic arsenic toxicity in several species. 015071 ORDER NO:
AADI13-33254

1949.Thiouracil Administration and Thyroidectomy in Experimental Polyarthritis of Rats : 8p.
1958.Regional Monitoring Activities, May 1958. HW-56226

1976.Rocky Mountain Arsenal Bird Kill (Entomological Special Study). RMA-83020R03

1980. market milk technology and equipment; milk products microbiology,physico-chemical
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Yu Fang i Hsueh Tsa Chih 14(2): 86-8.

1982.Use of Isotopes to Detect Moderate Mineral Imbalances in Farm Animals. Results of a CO-
Ordinated Research Programme on the Use of Isotope Techniques for Detection of Moderate

Mineral Imbalances in Farm Animals Organized by the Joint FAO/IAEA Division of Isotope and
Radiation Applications of Atomic Energy for Food and Agricultural Development and Presented
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1987. Toxicology and biochemistry of acaricides. <document title>report 1984-86, division of
tropical animal sciences,csiro.  25-31.

1989. Superfund Record of Decision (EPA Region 5): Ott/Story/Cordova Chemical Site, North
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1993. NTP technical report on toxicity studies of a chemical mixture of 25 groundwater
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1996. Environmental Cleanup: Progress in Resolving Long-Standing Issues at the Rocky
Mountain Arsenal
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kindled seizures. International Journal of Neuroscience 96(3-4): 255-67.
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Prejean, J. D. 1989. toxic responses in 344 rats and b6c3f1 mice given roxarsone in their diets
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& Environment; 48 (2): 125-137.
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<Additional> Su, L. C., Csallany, A. S., Tangney, C. C., Driskell, J. A., Chow, C. K., Howell, G.,
Hill, C. H., Prohaska, J. R., Ganther, H. E., Oh, S. H., Hoekstra, W. G., Burk, R. F., Nishiki, K.,
Lawrence, R. A., Chance, B., Ullrey, D. E., Shelle, J. E., Brady, P. S., Miller, E. R., Ayaz, K. L.,
Machlin, L. J., Gabriel, E., Horn, L. R., Spiegel, H. E., Nelson, J., Brin, M., Catignani, G. L.,
Bieri, J. G., Thorp, S. L., Tolliver, T. J., Shih, J. C. H., Scott, M. L., Schloss, J., Corwin, L. M.,
Ferretti, R. J., Morris, V. C., Levander, O. A., Soares, J. H. Jr., Swerdel, M., Sleet, R. B., Chou, A.
C., Broun, G. O. Jr., Fitch, C. D., Heffron, J. J. A., Chan, A. C., Hegarty, P. V. J., and Fisher, M.
1977. federation of american societies for experimental biology; 61st annualmeeting, chicago,
illinois april 1 - 8, 1977. selenium and vitamin e. Federation Proceedings 36(3): 1094-1095,
1167-1168.

Ado, V. A. and Horyachkina, L. A. modeling of chemical allergoses and their selective and
nonspecific inhibition.  Fiziol Zh (Kiev); 21 (4). 1975 481-485

Aguilar, M. V., Martinez-Para, M. C., and Gonzalez, M. J. 1997. effects of arsenic (v)-chromium
(iii) interaction on plasma glucose and cholesterol levels in growing rats. Ann Nutr Metab.
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Aguilar, M. V., Martinez-Para, M. C., and Gonzalez, M. J. 1998. effect of as(v)-cr(iii) interaction
on body weight, plasma protein, urea, uric acid and creatinine levels in growing rats. Met. lons
Biol. Med. Proc. Int. Symp., 5th : 280-284. Editor(s): Collery, Phillipe. Publisher: Libbey
Eurotext, Montrouge, Fr..

Aguilar, M. Victorina, Martinez-Para, M. Carmen, and Gonzalez, M. Jose. 1997. effects of
arsenic(v)-chromium(iii) interaction on plasma glucose and cholesterol levels in growing rats.
Ann. Nutr. Metab. 41(3): 189-195.

Akhtar, M. H., Patterson, J. R., Salisbury, C. D. C., Ho, S. K., Jui, P. Y., and Hartin, K. E. effects
of feeding 3 nitro-4-hydroxyphenylarsonic acid on growing-finishing pigs.. Canadian Journal of
Animal Science. 72 (2). 1992. 389-394.

Al-Timimi, A. A. and Sullivan, T. W. 1972. safety and toxicity of dietary organic arsenicals
relative to performance of young turkeys part 1 arsanilic-acid and sodium arsanilate. Poultry
Science. 51 (1): 1972 111-116.

Ali, A., Krone, P. H., Pearson, D. S., and Heikkila, J. J. 1996. evaluation of stress-inducible
hsp90 gene expression as a potential molecular biomarker in xenopus laevis. Cell Stress &
Chaperones 1(1): 62-9.

Allen, G. T., Blackford, S. H., and Welsh, D. 1998. arsenic, mercury, selenium, and
organochlorines and reproduction of interior least terns in the northern great plains, 1992-1994.
Colonial Waterbirds. 21(3): 356-366.

Alvarez-Barrera L(A), Corona-Martinez A(A), Rodriguez-Aguilera, E., Betancourt-Rule, M., and
Altamirano-Lozano, M. A(A). 2000. dna damage in leukocytes and testicular cells in male mice
after chronic or acute treatments with sodium arsenate. Environmental and Molecular
Mutagenesis. 35(Suppl. 31): 10.

Aly, S., Mousa, S., el-Kahky, M., Saleh, A., and el-Mofty, A. 1975. toxic deafness. i. histological
study of the effect of arsenic, salicylates and quinine, on the organ of corti of guinea pigs.
Journal of the Egyptian Medical Association. 58(3-4): 144-57.

Amacher, D. E. and Paillet, S. C. 1980. induction of trifluorothymidine-resistant mutants by
metal ions in 15178y/tk-plus/minus Cells. Mutat Res. 78 (3): 279-288.

Amann, R. P. reproductive toxicology of chemical mixtures. Crisp Data Base National
Institutes Of Health

Amano, Ryohei, Oishi, Shigeo, Lit, B., Enomoto, Shuichi, and Ambe, Fumitoshi. biodistribution
of trace elements in normal, aluminum-overloaded and cadmium-overloaded mice. Ann. Clin.
Lab. Sci. (1996) 26(6): 531-541.

Ambrose, K. R., Butler, T. A., Callahan, A. P., and Ferren, L. A. 1987. in vivo toxicity of arsenic
trioxide for human cells in diffusion chambers. Govt Reports Announcements & Index (GRA&I)

Anca, Zoe, Gabor, Silvia, and Bordas, E. arsenic and lead interaction with glucose metabolism
and acetylcholinesterase activity in the rat brain. Stud. Cercet. Biochim. (1985) 28(1): 3-8.
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Andersen, F. A. 1996. amended final safety assessment of polyvinyl acetate. Vol. 15, No. 2, Pp.
166-176 J. Am. Coll. Toxicol.

Anderson Brian and Chamblee, T. N. 1998. the effect of dietary 3-nitro-4-phenylarsonic acid on
growth, processing yield fecal arsenic and litter arsenic in broiler chickens. Poultry Science
77(SUPPL. 1): 149.

Angelow, L. Institut fuer Tierzucht Kostinbrod Bulgaria, Petrova, 1., Yanchev, 1., Anke, M.,
Groppel, B., Guertler, H., Gruen, M., Lombeck, 1., and Schneider, H. J. 1992. the influence of a
copper, zinc, arsenic, molybdenum and sulphur supply on the flora and fauna, 1: the influence on
the trace element content of the flora. <original> die wirkung einer kupfer-, zink-, arsen-,
molybdaen- und schwefelbelastung auf die flora und fauna, 1: der einfluss auf den
spurenelementgehalt der flora. macro and trace elements. <original> mengen- und
spurenelemente. P. 395-402

Anke, M., Dorn, W., Gunstheimer, G., Arnhold, W., Glei, M., Anke, S., and Losch, E. 1998.
effect of trace and ultratrace elements on the reproduction performanceof ruminants.  Veterinarni
Medicina. 43(9): 272-282.

Anke, M., Hennig, A., Grun, M., Partschefeld, M., Groppel, B., and Ludke, H. arsenic, a new
essential trace element. Archiv Fur Tierernahrung| PY- 1976| VO- 26| IS- 10| PG- P.742-743|
LA- Miniature Pigs Given As-Deficient and Normal Diets, With As 50 or 350 Mu G/Kg Diet,
Respectively, Indicate That the Fertility, Number of Live Births, Survival to Weaning and Total
Weight of Offspring Were Adversely Affected in Both Species Deprived of As; Differences in the
Total Weight of Young at Birth Were Highly Significant and There Was a Pronounced Retardation
of Growth (24%) in the Lambs Born to Ewes Deprived of As During the Sucking Period. Growth
Rates After Weaning Were Adversely Affected in the Second Generation Only. During the
Experiment There Was a 30% Adult Mortality in the Controls Which Increased to 71% in Those
Deprived of As, Chiefly During the Period of Lactation, and Mostly Accompanied by Histological
Evidence of Myocardial Lesions.

Anke, M., Hoffmann, G., Gruen, M., Groppel, B., and Riedel, E. Karl-Marx-Universitaet Leipzig
German D. R. Sektion Tierproduktion und Veterinaermedizin. 1982. absorption, distribution and
excretion of arsenic-76 in hens and ruminants. the use of isotopes to detect moderate mineral
imbalances in farm animals. <subtitle> results of a co-ordinated research programme on the use of
isotope techniques for detection of moderate mineral imbalances in farm animals organized by the
joint fao/iaea division of isotope and radiation applications of atomic energy for food and
agricultural development and presented at a research co-ordination meeting held in nicosia, cyprus,
6-10 october 1980. P. 135-146

Anke, M., Krause, U., and Groppel, B. 1987. the effect of arsenic deficiency on growth,
reproduction, lifeexpectancy and disease symptoms in animals. ~ 533-550.

Anke, M., Schmidt, A., Groppel, B., and Kronemann, H. 1983. further evidence for the
essentiality of arsenic.  Spurenelement-Symposium 4: 97-104.

Anke, M., Schmidt, A., Kronemann, H., Krause, U., and Gruhn, K. 1985. new data on the
essentiality of arsenic.  Trace Elem. Man Anim. -- TEMA 5 Proc. Int. Symp., 5th : Meeting Date
1984, 151-4. Editor(s): Mills, C. F.; Bremner, I.; Chesters, J. K. Publisher: CAB, Farnham Royal,
Slough, UK.

Anon. controlling the cattle tick in new-south-wales. AGR GAZN S W. 80 (6). 1969 356-368
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Anon. 1935. report for 1990 of a study committee for testing the toxicity and other aspects of
dangerous exotic chemicals used in the ic industry and elsewhere. japan industrial safety and
health association.

Anon. 1990 . regional monitoring activities, may 1958. Govt Reports Announcements & Index
(GRA&I)

Anon. 1996. thiouracil administration and thyroidectomy in experimental polyarthritis of rats.
Govt Reports Announcements & Index (GRA&I)

Antoniuk, M. V., Ivanova, I. L., and Khasina, E. I. 1996. [the effect of the internal intake of
carbonate mineral waters on lipid and carbohydrate metabolism in the development of
experimental obesity]. <original> vliianie vnutrennego priema uglekislykh mineral'nykh vod na
obmen lipidov i uglevodov pri razvitii eksperimentalnogo ozhireniia. Voprosy Kurortologii,
Fizioterapii, i Lechebnoi Fizicheskoi Kultury,

Aoki, Y., Lipsky, M. M., and Fowler, B. A. 1990. alteration in protein synthesis in primary
cultures of rat kidney proximal tubule epithelial cells by exposure to gallium, indium, and arsenite.
Toxicology and Applied Pharmacology 106(3): 462-8.

Aoki, Yasunobu, Lipsky, Michael M., and Fowler, Bruce A. altered protein synthesis in rat
kidney cells exposed to semiconductor materials. Appl. Organomet. Chem. (1994) 8(3): 253-8

Aposhian, H. V. 1981.Prevention and Treatment of Vesication and Poisoning Caused by
Arsenicals. <NOTE> Annual Summary Rept. Feb 80-Jan §1

Aposhian, H. V. 1982. biological chelation: 2,3-dimercapto-propanesulfonic acid and meso-
dimercaptosuccinic acid. Advances in Enzyme Regulation 20: 301-19.

Aposhian, H. V., Tadlock, C. H., and Moon, T. E. 1981. protection of mice against lethal effects
of sodium arsenite--a quantitative comparison of a number of chelating agents. Toxicology and
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Aposhian, H. Vasken, Tadlock, Charles H., and Moon, Thomas E. protection of mice against
the lethal effects of sodium arsenite - a quantitative comparison of a number of chelating agents.
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Arnold, R. L. and Carlson, C. W. life cycle studies with chickens using selenium and arsenic
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epizootic of common loons in coastal waters of north carolina: concentrations of elemental
contaminants and results of necropsies. Environ. Toxicol. Chem. (1998) 17(2): 205-2009.

Bacchi, C. J., Nathan, H. C., Livingston, T., Valladares, G., Saric, M., Sayer, P. D., Njogu, A. R.,
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