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APPENDIX D

WILDLIFE MEASUREMENT RECEPTORBCFs

Appendix D provides recommended guidance for determining values for compound-specific, media to
receptor, bioconcentration factors (BCFs) for wildlife measurement receptors. Wildlife measurement
receptor BCFs should be based on values reported in the scientific literature, or estimated using physical
and chemical properties of the compound. Guidance on use of BCFvalues in the screening level
ecological risk assessment is provided in Chapter 5.

Section D-1.0 provides the general guidance recommended to select or estimate compound BCF values for
wildlife measurement receptors. Sections D-1.0 through D-1.3 further discuss determination of BCFs for
specific media and receptors. References cited in Sections D-l.l through D-l.3 are located following
Section D-1.3.

For the compounds commonlyidentified in risk assessments for combustion facilities (identified in Chapter
2) and the mammal and bird example measurement receptors listed in Chapter 4, BCFvalues have been
determined following the guidance in Sections D-1.0 through D-1.3. BCFvalues for these limited number
of compounds and pathways are included in this appendix (see Tables D-l through D-3) to facilitate the
completion of screening ecological risk assessments. However, it is expected that BCF values for
additional compounds and receptors may be required for evaluation on a site specific basis. In such cases,
BCFvalues for these additional compounds could be determined following the same guidance
(Sections D-l.0 through D-l.3) used in determination of the BCF values reported in this appendix. For the
calculation of BCFvalues for measurement receptors not represented in Sections D-1.1 through DI-3 (e.g.,
amphibians and reptiles), an approach consistent to that presented in this appendix could be utilized by
applying data applicable to those measurement receptors being evaluated

For additional discussion on some of the references and equations cited in Sections D-l.0 through D-l.3,
the reader is recommended to review the Human Health Risk Assessment Protocol (HHRAP) (U.S. EPA
1998) (see Appendix A-3), and the source documents cited in the reference section of this appendix.

D-l.O GENERAL GUIDANCE

This section describes general procedures for developing compound-specific BCFs from biotransfer
factors (Ba) for assessing exposure of measurement receptors. A biotransfer factor is the ratio of the
compound concentration in fresh (wet) weight animal tissue to the daily intake of compound by the
animal through ingestion of food items and media (soil, sediment, surface water). Therefore, as
discussed in Chapter 5, biotransfer factors and receptor-specific ingestion rates can be used to calculate
food item- and media-to-animal BCFs. This approach provides an estimate ofbiotransfer of compounds
from applicable food items and media to measurement receptors ingesting these items.

Biotransfer factors could also be used directly in equations to calculate dose to measurement receptors.
However, in order to promote consistency in evaluating exposure across all trophic levels within complex
food webs, BCFs calculated from Ba values are recommended in this guidance for evaluating
measurement receptors. The use of Ba values to determine BCF values, and the use of BCF values in
general, for the estimation of compound concentrations in measurement receptors may introduce
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uncertainty. Major factors that influence the uptake of a compound by an animal, and therefore
uncertainty, include bioavailability, metabolic rate, type of digestive system, and feeding behavior.
Uncertainties also should be considered regarding the development ofbiotransfer values in comparison to
how they are being applied for estimating exposure. For example, biotransfer values may be used to
estimate contaminant uptake to species from items ingested that differ from the species and intakes used
to empirically develop the values. Also, biotransfer data reported in literature may be specific to tissue or
organ analysis versus whole body. As a result, BCFs may be under- or over-estimated to an unknown
degree.

RCFs for Measurement Receptors Ingestin1! Food Items BCF values for measurement receptors
ingesting food items (plants or prey) can be calculated using the compound specific Ba value applicable
to the animal (e.g., mammal, bird, etc.) and the measurement receptor-specific ingestion rate as follows:

BCFF-A = BaA' IRF EquationD-l-l

where

IRF

Bioconcentration factor for food item (plant or prey)-to-animal
(measurement receptor) [(mg COPC/kg FW tissue)/(mg COPC/kg FW
food item)]
COPC-specific biotransfer factor applicable for the animal
(day/kg FW tissue)
Measurement receptor food item ingestion rate (kg FW/day)

BCFF-A =

BaA

As an example of applying the above equation, BCF values for plants-to-wildlife measurement receptors
listed in Chapter 4 are provided in Table D-1 at the end of this appendix. Measurement-receptor specific
ingestion rates used to calculate BCFs are presented in Table 5-1. Ba values applicable to the mammal
and bird measurement receptors in Table D-1 are discussed in Sections D-1.1 and D-1.2, respectively.

RCFs for Measurement Receotors In1!estin1!Media BCF values for measurement receptors in trophic
levels 2, 3, and 4 ingesting media (i.e., soil, surface water, and sediment) can be calculated using the
compound specific Ba value applicable to the animal (e.g., mammal, bird, etc.) and the measurement
receptor-specific ingestion rate as follows:

BCFM-A = BaA' IRM Equation D-1-2

where

BaA

Bioconcentration factor for media-to-animal (measurement receptor)
[(mg COPC/kg FW tissue)/(mg COPC/kg WW or DW media)]
COPC-specific biotransfer factor applicable for the animal
(day/kg FW tissue)

BCFM-A=
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IRM Measurement receptor media ingestion rate (WW or DW kg/day)

Equation D-1-2 assumes that BaAprovides a reasonable estimate of the uptake of a compound ITom
incidental ingestion of abiotic media during foraging.

As an example of applying the above equation, BCF values for various wildlife measurement receptors
listed in Chapter 4 are provided in Table D-2 (water) and Table D-3 (soil and sediment).
Measurement-receptor specific ingestion rates used to calculate BCFs are presented in Table 5-1. Ba
values applicable to the mammal and bird measurement receptors for which values were calculated are
discussed in Sections D-l.l and D-1.2, respectively.

BCFs for Dioxins and Furans As discussed in Chapter 2, the BCFvalues for PCDDs and PCDFs are
calculated using bioaccumulation equivalency factors (BEFs). Consistent with U.S. EPA (1995b), BEFs
are expressed relative to the BCF for 2,3,7,8- TCDD as follows:

BCFj = BCF2,3,7,8-TCDD . BEFj Equation D-1-3

where

BCF2,3,7,8-TCDD =
BEFj

Food item-to-animal ormedia-to-animal BCFforjth PCDD or
PCDF congener for food item-to-animal pathway [(mg
COPC/kg FW tissue)/(mg COPC/kg FW plant)]or media-to-
animal pathway [(mg COPC/kg FW tissue)/(mg COPC/kg WW
media)]
Food item-to-animal or media-to-animal BCFfor 2,3,7,8-TCDD
Bioaccumulation equivalency factor forjth PCDD or PCDF
congener (unitless)

BCF.J

The use of BEFs for dioxin and furan congeners is further discussed in Chapter 2.

D-l.l BIOTRANSFERFACTORS FOR MAMMALS (!Jamammai)

As discussed in Section D-l.O, calculation of BCF values to be used in pathways for mammals ingesting
food items and media requires the determination of COPC-specific biotransfer factors for mammal
measurement receptors (Bamammal)'This section discusses selection of the Bamammalvalues used to
calculate the COPC and measurement receptor specific BCF values presented in Tables D-l through D-3.

Or1!anics For organics (except PCDDs and PCDFs), the following couelation equation from Travis and
Auns (1988) was used to derrive Bamammalvalues on a FW basis:

logBamammal =-7.6 + logKow EquationD-l-4
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where

Bamammal

Kow

Biotransfer factor for mammals (day/kg FW tissue)
Octanol-water partition coefficient (unitless)

To calculate the values presented in Tables D-1 through D-3, COPC-specificKowvalues were obtained
ITom Appendix A-2.

Biotransfer factors obtained from Travis and Arms (1988) were derived from correlation equations
developed from data on experiments conducted with beef cattle ingesting food items and media
containing compound classes such as DDT, pesticides, PCDDs, PCDFs, and PCBs. As further literature
is developed for other species and compounds, the Travis and Arms (1988) correlation equation should
be compared for applicability to species and compound, and best fit correlation for estimation of uptake.

./

PCDDs and PCDFs Bamammalvalues for PCDD and PCDFs were derrived fromBa values for cattle as
presented in: ~.

. u.s. EPA 1995a. "Further Studies for Modeling the Indirect Exposure Impacts ITom
Combustor Emissions." Memorandum from MattJ:1ewLorber, Exposure Assessment
Group, and Glenn Rice, Environmental Criteria aiid Assessment Office, Washington,
D.C. January 20.

u.s. EPA (1995a) determinedBa values for cattle from McLachlan, Thoma, Reissinger, and Hutzinger
(1990). These empirically determined Ba values were recommended by U.S. EPA (1995a) over the
Travis and Arms (1988) correlation equation for dioxins and furans.

InoTflanics For metals (except cadmium, mercury, selenium, and zinc), Ba values on a fresh weight
basis were obtained from Baes, Sharp, Sjoreen, and Shor (1984). For cadmium, selenium, and zinc, U.S.
EPA (1995a) indicated thatBa values were derived by dividing uptake slopes [(g compound/kg DW
tissue )/(g compound/kg DW feed)], obtained from u.S. EPA (1992), by a daily consumption rate of
20 kilograms DW per day by cows.

For use in calculating BCF values presented in Tables D-1 through D-3 of this appendix, dry weight Ba
values were converted to fresh weight basis by assuming a tissue moisture content (by mass) of
70 percent for cows. Moisture content information was obtained from the following:

. u.S. EPA. 1997a. Exposure Factors Handbook. "Food Ingestion Factors". Volume II.
EPA/600/P-95/002Fb. August.

. Pennington, J.A.T. 1994. Food Value o/Portions Commonly Used. Sixteenth Edition.
J.B. Lippincott Company, Philadelphia.

Mercuric Compounds Based on assumptions made regarding speciation and fate and transport of
mercury from stack emissions (as discussed in Chapter 2), elemental mercury is assumed not to deposit
onto soils, water, or plants. Therefore, it is also not available in food items or media for ingestion and
subsequent uptake by measurement receptors. As a result, no BCF values for elemental mercury are
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presented in Tables D-l through D-3 of this appendix. If site-specific field data suggest otherwise, Ba
values for elemental mercury can be derived from uptake slope factors provided in U.S. EPA (1992) and
U.S. EPA (1995a), using the same consumption rates as were discussed earlier for the metals like
cadmium, selenium, and zinc.

Bamammalvalues for mercuric chloride and methyl mercury were derived from data in U.S. EPA (1997b).
U.S. EPA (1997b) provides Ba values for mercury in cows, but does not specify the form of mercury. To
obtain the Ba values for mercuric chloride and methyl mercury presented in Tables D-l through D-3 of
this guidance, consistent with U.S. EPA (1997b) total mercury was assumed to be composed of
87 percent divalent mercury (as mercmc chloride) and 13 percent methyl mercury in herbivore animal
tissue. Also, assuming that the Ba value provided in U.S. EPA (l997b) is for the total mercury in the
animal tissue, then biotransfer factors in U.S. EPA (1997b) can be determined for mercuric chloride and
methyl mercury, as follows:

. The default Ba value of 0.02 daylkg DW for total mercury obtained from U.S. EPA
(1997b) was converted to a fresh weight basis assuming a 70 percent moisture content in
cow tissue (U.S. EPA 1997a; Pennington 1994). The fresh weight Ba value for total
mercury was multiplied by 0.13 to obtain a Bamammalvalue for methyl mercury, and
by 0.87 to obtain a Bamammalvalue for mercuric chloride.

D-l.2 BIOTRANSFER FACTORS FOR BIRDS (Babird)

As discussed in Section D-l.O, calculation of BCF values to be used in pathways for birds ingesting food
items and media requires the determination of COPC-specific biotransfer factors for bird measurement
receptors (Babird)' This section discusses selection ofthe Babirdvalues used to calculate the COPC and
measurement receptor specific BCFvalues presented in Tables D-l through D-3.

Oreanics Babirdvalues for organic compounds (except PCDDs and PCDFs) were derived fromBamammal
values by assuming that the lipid content (by mass) of birds and mammals is 15 and 19 percent,
respectively. Therefore, Babirdvalues presented in Tables D-l through D-3 were determined by
multiplying Bamammalvalues by the bird and mammal fat content ratio of 0.8 (15/19).

Notable uncertainties associated with this approach include (1) extent to which specific organic
compounds bioconcentrate in fatty tissues, and (2) differences in lipid content, metabolism, and feeding
characteristics between species.

PCDDs and PCDFs Babirdvalues presented in Tables D-l through D-3 for PCDD and PCDF congeners
were derrived from data provided in the following:

. Stephens, R.D., M. Petreas, and G.H. Hayward. 1995. "Biotransfer and
Bioaccumulation of Dioxins and Furans from Soil: Chickens as a Model for Foraging
Animals." The Science of the Total Environment. Volume 175. Pages 253-273.

Stephens, Petreas, and Hayward (1995) conducted experiments to determine the bioavailability and the
rate of PCDDs and PCDFs uptake from soil by foraging chickens. Three groups of White Leghorn
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chickens were studied-control group, low exposure group, and high exposure group. Eggs, tissues
(liver, adipose, and thigh), feed, and feces were analyzed.

Congener specific Babirdvalues were derrived from the Stephens, Petreas, and Hayward (1995) study by
dividing estimated whole body bioconcentration values for the high exposure group by a daily
consumption rate of soil. If congener specific BCF values were not reported for the high exposure group,
then estimated whole body values were determined using reported data for the low exposure group, if
available. A default consumption rate of soil by chicken of 0.02 kg DW/day was determined as follows:

(1) Consumption rate of feed by chicken was obtained from U.S. EPA (1995a), which cites a
value of 0.2 kg (DW) feed/day obtained from various literature sources.

(2) The fraction of feed that is soil (0.1) was obtained from Stephens, Petreas, and
Hayward (1995).

(3) Feed consumption rate of 0.2 kg/day was multiplied by fraction offeed that is soil (0.1),
to obtain the soil consumption rate by chicken of 0.2 x 0.1 =0.02 kg DWsoil/day.

Inorflanics For metals (except cadmium, selenium, and zinc), Babirdvalues were not available in the
literature. For cadmium, selenium, and zinc, U.S. EPA (1995a) cites Ba values that were derived by
dividing uptake slopes [(g compound/kg dry DW tissue)/(g compound/kg DW feed)], obtained from U.S.
EPA (1992), by a daily ingestion rate of 0.2 kilograms DW per day by poultry. To determine BCF
values presented in Tables D-1 through D-3 in this appendix, reported dry weight Ba values were
converted to fresh weight basis by assuming a tissue moisture content (by mass) of75 percent for
poultry (U.S. EPA 1997a; Pennington 1994).

Mercuric Comvounds Based on assumptions made regarding speciation and fate and transport of
mercury from stack emissions (as discussed in Chapter 2), elemental mercury is assumed not to deposit
onto soils, water, or plants. Therefore, it is also not available in food items or media for ingestion and
subsequent uptake by measurement receptors. As a result, no BCF values for elemental mercury are
presented in Tables D-l through D-3 of this appendix. If site-specific field data suggest otherwise, Ba
values for elemental mercury can be derived from uptake slope factors provided in U.S. EPA (1992) and
U.S. EPA (1995a), using the same consumption rates as were discussed earlier for the metals like
cadmium, selenium, and zinc.

Babirdvalues for mercuric chloride and methyl mercury were derived from data in U.S. EPA (1997b).
U.S. EPA (1997b) provides Ba values for mercury in poultry, but does not specify the form of mercury.
To obtain the Ba values for mercuric chloride and methyl mercury presented in Tables D-1 through D-3
of this guidance, consistent with U.S. EPA (1997b) total mercury was assumed to be composed of
87 percent divalent mercury (as mercuric chloride) and 13 percent methyl mercury in herbivore animal
tissue. Also, assuming that the Ba value provided in U.S. EPA (1997b) is for the total mercury in the
animal tissue, then biotransfer factors in U.S. EPA (1997b) can be determined for mercuric chloride and
methyl mercury, as follows:
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. The default Ba value of 0.02 daylkg DW for total mercury obtained from U.S. EPA
(1997b) was converted to a fresh weight basis assuming a 75 percent moisture content in
poultry tissue (U.S. EPA 1997a; Pennington 1994). The fresh weight Ba value for total
mercury was multiplied by 0.13 to obtain a Babirdvalue for methyl mercury, and by 0.87
to obtain a Babirdvalue for mercuric chloride.
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TABLED-l

BIOCONCENTRATION FACTORS FOR PLANTS TO WILDLIFE MEASUREMENT RECEPTORS

(Page 1 of 3)

..,."..,..,,~..-

" COlitpoun!t
Dioxinsand Furans

2,3,7,8-rCDD 1.53e+02 6.85e+Ol 3.25eo02 3.37e-02 6.16e+Ol 2.39e-02 3.19e+02 1.20e+02 1.45eo02 1.20e+02 4.02eo02 3.37eo02 1.45e+02 3.33e-02

1 23 7 8-PeCDD 1.41e+02 6.30e+Ol 2.9geo02 3.10e-02 5.67e+Ol 2.20e-02 2.93e+02 1.11e+02 1.33eo02 1.11e+02 3.70eo02 3.1Oeo02 1.33e+02 3.07e-02

1234.7.8-HxCDD 4.74e+Ol 2.12e+01 1.01e-02 1.04e-02 1.91e+Ol 7,41e-03 9.88e+Ol 3.72e+Ol 4.50e-03 3.72e+Ol 1.25eo02 1.04eo02 4,49e+Ol 1.03eo02

12.3,6,7,8-HxCDD 1.83e+Ol 8.22e+00 3.91e-03 4.04eo03 7.39e+00 2.87eo03 3.83e+Ol 1.44e+01 1.74e-03 1.44e+01 4.83eo03 4.04eo03 1.74e+Ol 4.00eo03

123789-HxCDD 2.14c+Ol 9.59C+00 4.56co03 4.71c-03 8.63C+00 3.35co03 4,46C+Ol 1.68C+Ol 2.03co03 1.68C+01 5.63c-03 4.71co03 2.03C+Ol- 4.67co03

1 2 3 46.7 8-HoCDD 7.79e+00 3,49e+00 1.66e-03 1.72eo03 3.14e+00 1.22eo03 1.63e+Ol 6.13e+00 7,40e-04 6.13e+00 2.05eo03 l.72eo03 7.39e+00 l.70eo03
I'rj

OCDD 1.83e+00 8.22eoOl 3.91eo04 4.04eo04 7.3geoOl 2.87eo04 3.83e+00 1.44e+00 1.74eo04 1.44e+00 4.83e-04 4.04eo04 1.74e+00 4.00eo04I
1.0

2 3 7.8-TCDF 1.22e+02 5.48e+Ol 2.60eo02 2.6geo02 4.93e+Ol 1.91eo02 2.55e+02 9.61e+Ol 1.16eo02 9.61e+Ol 3.22eo02 2.69e-02 1.16e+02 2.67e-02

1 2 3 7 8-PeCDF 3.36e+Ol 1.51e+Ol 7.16e-03 7,41eo03 l.36e+01 5.26eo03 7.01e+Ol 2.64e+01 3.1geo03 2.64e+01 8.85e-03 7.41eo03 3.19e+Ol 7.34eo03

234.7.8-PeCDF 2,44e+02 1.10e+02 5.21e-02 5.39e-02 9.86e+Ol 3.83eo02 5.10e+02 1.92e+02 2.32eo02 1.92e+02 6,44eo02 5.3geo02 2.32e+02 5.34eoO1

1 23.4.7.8-HxCDF 1.16e+01 5.21e+00 2,47e-03 2.56eo03 4.68e+OO 1.82e-03 2.42e+Ol 9.13e+OO 1.1Oeo03 9.13e+00 3.06e-03 2.56eo03 1.10e+01 2.53eo03

1,2,3,6,7,8-HxCDF 2.90e+Ol 1.30e+01 6.18e-03 6,40eo03 1.17e+Ol 4.54e-03 6.06e+01 2.28e+01 2.76eo03 2.28e+01 7.64eo03 6,40eo03 2.75e+Ol 6.34eo03

2,3,4,6,7,8-HxCDF 1.02e+02 4.59e+01 2.18e-02 2.26e-02 4.13e+Ol 1.60e-02 2.14e+02 8.05e+Ol 9.72e-03 8.05e+01 2.70eo02 2.26eo02 9.70e+Ol 2.23eo02

1,2,3,7,8,9-HxCDF 9.63c+Ol 4.32C+01 2.05c-02 2.12c-02 3.88c+01 1.51c-02 2.01c+02 7.57c+Ol 9.14c-03 7.57c+Ol 2.53co02 2.12co02 9.13C+Ol 2.lOco02

1.2,3,4,6,7,8-HpCDF 1.68e+OO 7.54eoOl 3.58e-04 3.70eo04 6.78eoOl 2.63e-04 3.51e+00 1.32e+00 1.60eo04 1.32e+00 4,43e-04 3.70e-04 1.59e+00 3.67eo04

1,2,3,4,7,8,9-HpCDF 5.96e+01 2.67e+01 1.27e-02 1.31e-02 2,40e+Ol 9.33eo03 1.24e+02 4.69e+Ol 5.66e-03 4.69e+Ol 1.57eo02 1.31eo02 5.65e+Ol 1.30eo02

LOCDF 2,44e+00 1.10e+00 5.21eo04 5.3geo04 9.86eoOl 3.83e-04 5.10e+00 1.92e+00 2.32e-04 1.92e+OO 6.44e-04 5.3geo04 2.32e+00 5.34e-01
Polvnuc1earAromaticHvdrocarbons (PAUs)

1.1geo02 5.32eo03 2.03eo02. 2.10e-02 4.78e-03 1.4geo02 2,47eo02 9.32e-03 9.03eo03 9.32e-03 2.50eo02 2.1Oeo02 1.12e-02 2.08e-02

4.20eo03 1.88e-03 7.19e-03 7,44eo03 1.69e-03 5.28e-03 8.76e-03 3.30eo03 3.21e-03 3.30eo03 8.89e-03 7,44e-03 3.98eo03 7.37eo03

1.40eo02 6.2geo03 2,40eo02 2,48e-02 5.66eo03 1.76eo02 2.93e-02 1.10e-02 1.07eo02 1.1Oeo02 2.96eo02 2,48e-02 1.33eo02 2,46e-02

1.39c-02 6.25co03 2.39co02 2,47co02 5.62co03 1.75co02 2.91co02 1.10c-02 1.06co02 1.1Oco02 2.95co02 2,47co02 1.32co02 2,44co02

4.84e-03 2.17eo03 8.27eo03 8.56e-03 1.95eo03 6.08eo03 1.01eo02 3.81e-03 3.6geo03 3.81eo03 1.02eo02 8.56eo03 4.5geo03 8,47eo03

3.lleo02 1.3geo02 5.31e-02 5,4geo02 1.25eo02 3.90e-02 6.48e-02 2,44e-02 2.37e-02 2,44eo02 6.57eo02 5,4geo02 2.95eo02 5,44eo02

'ene I 7.24eo02 3.25eo02 1.24eoO1 1.28e-O1 2.92e-02 9.12eo02 1.51eoO1 5.6geo02 5.53eo02 5.6ge-02 1.53eoO1 1.28e-O1 6.86eo02 1.27eoOi

Aroclor 1016 3.91eo03

Aroclor 1254 2,4geo02

1 3-Dinitrobcnzcnc 4.78co07

2,4-Dinitrotolucnc 1.53co06
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BIOCONCENTRATION FACTORS FOR PLANTS TO WILDLIFE MEASUREMENT RECEPTORS

(Page 2 of 3)
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2,6-Dinitrotoluene 6.7ge-07 3.05e-07 1.I6e-06 1.20e-06 2.74e-07 8.50e-07 1.42e-06 5.34e-07 5.16e-07 5.34e-07 1.43e-06 1.20e-06 6.44e-07 1.Ige-06
Nitrobenzene 5.9ge-07 2.6ge-07 1.03e-06 1.06e-06 2.42e-07 7.53e-07 1.25e-06 4.71e-07 4.57e-07 4.71e-07 1.27e-06 1.06e-06 5.68e-07 1.05e-06
Pentachloronitrobenzene 3.S5e-04 1.72e-04 6.5ge-04 6.82e-04 1.55e-04 4.S4e-04 S.02e-04 3.02e-04 2.94e-04 3.02e-04 8.15e-04 6.S2e-04 3.65e-04 6.76e-04

Phthalate Esters

Bis(2-ethylhexvl)phthalate 1.41e-03 6.33e-04 2.42e-03 2.50e-03 5.69e-04 1.77e-03 2.95e-03 1.11e-03 1.08e-03 1.11e-031 2.9ge-03 2.50e-031 1.34e-03 2.47e-03

Di(n)octylphthalate 1.8SC+OI 8.44c+00 3.22C+01 3.33C+Ol 7.59C+00 2.36C+01 3.93C+01 1.48C+01 1.43c+0I 1.48c+oll 3.98c+Oll 3.33C+Oll 1.78c+Ol 3.30c+Ol
VolatileOr2anic Compounds

Acetone 5.2Se-09 2.37e-09 9.05e-09 9.36e-09 2.13e-09 6.65e-09 1.1Oe-OS 4.15e-09 4.03e-09 4.15e-09 1.I2e-OS 9.36e-09 5.01e-09 9.27e-09

Acrylonitrile 1.57e-08 7.03e-09 2.68e-08 2.77e-08 6.32e-09 1.97e-08 3.27e-OS 1.23e-OS 1.Ige-OS 1.23e-08 3.31e-08 2.77e-OS 1.4ge-08 2.75e-08
Chloroform 7.82e-07 3.50e-07 1.34e-06 1.3ge-06 3.15e-07 9.87e-07 1.63e-06 6.14e-07 5.98e-07 6.14e-07 1.66e-06 1.3ge-06 7.41e-07 1.38e-06

Crotonaldehvde NA NA NA NA NA NA NA NA NA NA NA
,.

NA NA NA

1,4-Dioxane 4.75e-09 2.13e-09 8.15e-09 8.43e-09 1.92e-09 5.9ge-09 9.91e-09 3.74e-09 3.63e-09 3.74e-09 1.0Ie-08 S.43e-09 4.50e-09 S.35e-09

Fonnaldehvde 1.94e-OS S.6Se-09 3.31e-OS 3.43e-OS 7.S1e-09 2.44e-OS 4.04e-OS 1.52e-OS 1.4Se-OS 1.52e-OS 4.1Oe-OS 3.43e-OS I.S4e-08 3.40e-08

Vinyl chloride 1.23e-07 5.53e-08 2.l1e-07 2.1Se-07 4.98e-08 1.55e-07 2.58e-07 9.71e-08 9.40e-08 9.71e-08 2.61e-07 2.18e-07 1.I7e-07 2.16e-07
Other Chlorinated Orl!anlcs

Hexachlorobenzene 2.S0e-03 1.26e-03 4.7ge-03 4.95e-03 1.I3e-03 3.52e-03 5.S5e-03 2.20e-03 2.13e-03 2.20e-03 5.92e-03 4.95e-03 2.66e-03 4.91e-03

Hexachlorobutadiene 4.75e-04 2.13e-04 8.0ge-04 8.37e-04 1.92e-04 5.95e-04 9.91e-04 3.74e-04 3.61e-04 3.74e-04 1.00e-03 8.37e-04 4.50e-04 8.2ge-04

Hexachlorocyclopentadiene 7.1le-04 3.1ge-04 1.22e-03 1.26e-03 2.S7e-04 8.94e-04 1.48e-03 5.5ge-04 5.42e-04 5.5ge-04 1.50e-03 1.26e-03 6.74e-04 1.25e-03

Pentachlorobenzene 1.0Se-03 4.84e-04 1.S4e-03 1.90e-03 4.35e-04 L35e-03 2.25e-03 S.4Se-04 S.20e-04 S.4Se-04 2.27e-03 1.90e-03 1.02e-03 I.Sge-03

Pentachlorophenol 1.06e-03 4.76e-04 I.S1e-03 1.87e-03 4.2Se-04 1.33e-03 2.2Ie-03 S.34e-04 S.07e-04 S.34e-04 2.24e-03 1.87e-03 1.01e-03 1.85e-03
Pesticides

4 4-DDE 1.5ge-02 7.13e-03 2.72e-02 2.81e-02 6.41e-03 2.00e-02 3.32e-02 1.25e-02 1.21e-02 1.25e-02 3.36e-02 2.81e-02 1.51e-02 2.78e-02

Hcptachlor 9.10e-04 4.0Sc-04 1.56c-03 1.61c-03 3.67c-04 1.I5c-03 1.90c-03 7.16e-04 6.95c-04 7.16e-04 1.93c-03 1.61c-03 8.63c-04 1.60c-03

Hexachlorophene 3.06e-Ol L37e-Ol 5.22e-01 5.40e-Ol 1.23e-OI 3.84e-01 6.37e-Ol 2.40e-O1 2.33e-O1 2.40e-Ol 6.45e-Ol 5.40e-Ol 2.90e-01 5.35e-01

Inor2anlcs

Aluminum NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Antimony NA NA 5.9ge-04 6.20e-04 NA 4.40e-04 NA NA 2.67e-04 NA 7.4le-04 6.20e-04 NA 6.14e-04

Arsenic NA NA 1.20e-03 1.24e-03 NA 8.81e-04 NA NA 5.34e-04 NA 1.4Se-03 1.24e-03 NA 1.23e-03

Barium NA NA 8.9ge-05 9.30e-05 NA 6.61e-05 NA NA 4.01e-05 NA I.Ile-04 9.30e-05 NA 9.21e-05

Beryllium NA NA 5.99e-04 6.20e-04 NA 4.40e-04 NA NA 2.67e-04 NA 7.41e-04 6.20e-04 NA 6.14e-04

Cadmium 4.71e-02 2.l1e-02 7.1ge-05 7.44e-05 1.90e-02 5.28e-05 9.82e-02 3.70e-02 3.21e-05 3.70e-02 8.8ge-05 7.44e-05 4.46e-02 7.37e-05

Chromium (hexavalcnt) NA NA 3.30c-03 3.41c-03 NA 2.42c-03 NA NA 1.47c-03 NA 4.08c-03 3.4Ic-03 NA 3.38c-03
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Robin Back Mooe, , , ,Stirew, Duck, RIll ,Wren ,Dove MUJlcrat ,Boltildte Mouae Shrew ,Lark MOUJe I

1 (BCF,fL"'}1(8CF~..n.}I(BCf'y"..irMl'(BCF';P",r.rl.(BCP;~-,i.\(8q~'IBcFT~ (nCF~..n.} (Db'..."iu} lBCI?...".} (BCFT..mit.:!lDCF.ic...,..}fBCF--,,;;\Ij8~1
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~I
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

!'!A- . NA 1.80e-04 L86e-04 NA 1.32e-04 NA NA 8.02e-05 NA 2.22e-04 1.86e-04 NA 1.84e-04
1.06e-02 4.76e-03 3.13e-03 3.24e-03 4.28e-03 2.30e'()3 2.21e-02 8.34e-03. 1.3ge-03 8.34e-03 3.87e-03 3.24e-03 1.0le-02 3.21e-03
1.5ge-03 7.13e-04 4.68e-04 4.84e-04 6.41e-04 3.44e-04 3.32e-03 l.25e-03 2.08e-04 1.25e-03 5.78e-04 4.84e-04 1.51e-03 4.7ge-04
NA NA 3.60c-03 3.72c-03 NA 2.64c-03 NA NA 1.60c-03 NA 4.45c-03 3.72c-03 NA 3.68c-03

5.02e-Ol 2.25e-Ol 1.36e-03 1.41e-03 2.02e-O} 1.00e-03, 1.05e+00 3.95e-Ol 6.07e-04 3.95e-01 1.68e-03 1.4Ie-03 4.76e-Ol 1.39e-03
NA NA 1.80e-03 1.86e-03 NA 1.32e-03 NA NA 8.02e-04 NA 2.22e-03 1.86e-03 NA 1.84e-03

NA NA 2.40e-02 2.48e-02 NA 1.76e-02 NA NA 1.07e-02 NA 2.96e-02 2.48e-02 NA 2.46e-02
3.89e-03 I 74e-03 5.3ge-05 5.58e-05 1.57e-03 3.96e-05 8.11e-03 3.05e-03 2.40e-05 3.05e-03 6.67e-05 ___S,~e-05 3.68e-03 5.53e-OS

,,,.,.,---

NA .. Indicates insufficient data to determine value

HB -Hcrbivorous bird

HM -Herbivorous mammal

OB - Omnivorous bird

OM - Omnivorous mamma)

TP -Terrestrial plant

- Values provided were determined as specified in the text of Appendix D. BCFvalues for omnivores were determined based on an equal diet. BCFvalues for dioxin and furan congeners determined using BEF values

specified in Chapter 2.
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Dioxins and Furans

2,3,7,8-TCDD

1,2,3,7,8-PcCDD

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HnCDD

OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

, 1,2,3,4,7,8-HxCDF

1,2,3.6,7,8-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7,8,9-HpCDF

OCDF

Nitroaromatics

1,3-Dinitrobenzene

2,4-Dinitrotoluene
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4.30e+01 4.71e+OI 2.2Ie+01 8.1ge-03 9.34e-03 6.88e-03 2.00e+01 1.03e-02 9.46e+01 5.3ge-03 3.75e+01

3.96C+OI 4.34C+OI 2.04C+01 7.54c-03 8.59c-03 6.33c-03 1.84c+01 9.44c-03 8.70C+OI 4.96c-03 3.45c+01

1.33c+01 1.46c+01 6.86C+00 2.54c-03 2.89c-03 2.13c-03 6.21C+00 3.18c-03 2.93C+01 1.67c-03 1.16c+01

5.16e+00 5.66e+00 2.65e+00 9.83e-04 1.12e-03 8.25e-04 2.40e+00 1.23e-03 1.14e+01 6.47e-04 4.50e-O1

6.02e+00 6.60e+00 3.10e+00 1.15e-03 1.31e-03 9.63e-04 2.80e+00 1.44e-03 1.32e+01 7.55e-04 5.25e+00

2.19e+00 2.40e+00 1.13e+00 4.18e-04 4.76e-04 3.51e-04 1.02e+00 5.23e-04 4.82e+00 2.75e-04 1.91e+00

5.16e-01 5.66e-O1 2.65e-O1 9.83e-05 1.12e-04 8.25e-05 2.40e-01 1.23e-04 1.14e+00 6.47e-05 4.50e-Ol

3.44e+01 3.77e+Ol 1.77e+01 6.55e-03 7.47e-03 5.50e-03 1.60e+01 8.21e-03 7.57e+01 4.31e-03 3.00e+01

9.46e+00 1.04e+01 4.87e+00 1.80e-03 2.05e-03 1.51e-03 4.40e+00 2.26e-03 2.08e+01 1.1ge-03 8.25e+00

6.88e+01 7.54e+01 3.54e+01 1.31e-02 1.49e-02 1.1Oe-02 3.20e+01 1.64e-02 1.51e+02 8.62e-03 6.00e+01

3.27C+00 3.58c+00 1.68C+00 6.23c-04 7.10c-04 5.23c-04 1.52c+00 7.80c-04 7.19C+00 4.1Oc-04 2.85c+00

8.17e+00 8.95e+00 4.20e+00 1.56e-03 1.77e-03 1.31e-03 3.80e+00 1.95e-03 1.80e+01 1.02e-03 7.12e+00

2.88e+01 3.16e+01 1.48e+01 5.4ge-03 6.26e-03 4.61e-03 1.34e+01 6.88e-03 6.34e+01 3.6Ie-03 2.5Ie+01

2.71e+01 2.97e+01 1.39e+01 5.16e-03 5.88e-03 4.33e-03 1.26e+01 6.47e-03 5.96e+01 3.40e-03 2.36e+01

4.73e-01 5.18e-O1 2.43e-O1 9.01e-05 1.03e-04 7.57e-05 2.20e-O1 1.I3e-04 1.04e+00 5.93e-05 4.12e-OI

1.68e+01 1.84e+01 8.63e+00 3.20e-03 3.64e-03 2.68e-03 7.81e+00 4.00e-03 3.69e+01 2.1Oe-03 1.46e+01

6.88e-O1 7.54e-01 3.54e-O1 1.31e-04 1.4ge-04 1.1Oe-04 3.20e-Ol 1.64e-04 1.51e+00 8.62e-05 6.00e-O1

Irbons (PABs)
1.72c-03 5.10c-03 5.81c-03 4.28c-03 1.55c-03 3.75c-03 7.35c-03 3.360-03 2.92c-03

6.08e-04 1.81e-03 2.06e-03 1.52e-03 5.50e-04 1.33e-03 2.60e-03 1.Ige-03 1.03e-03

2.03e-03 6.03e-03 6.88e-03 5.07e-03 1.84c-03 4.44e-03 8.70e-03 3.97e-03 3.46e-03

2.02e-03 6.00e-03 6.84e-03 5.04e-03 1.83e-03 4.4le-03 8.64e-03 3.95e-03 3.43e-03

7.01e-04 2.08e-03 2.37e-03 1.75e-03 6.34e-04 1.53e-03 3.00e-03 1.37e-03 1.Ige-03

4.50e-03 1.34e-02 1.52e-02 1.12e-02 4.07e-03 9.84e-03 1.93e-02 8.7ge-03 7.66e-03

1.05e-02 3.12e-02 3.56e-02 2.62e-02 9.48e-03 2.2ge-02 4.4ge-02 2.05e-02 l.78e-02

, ,
5.50e-04
3.49c-03

-
6.73e-08
2.14e-07
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Ap1erlcn,A,erc:ai1 Cnvas ' Deer j' LeastLong:aUed MdJ"mh" Manb .,MollJ'l1ing
,Kestrel ",Robin "', Back., Jlo...e..breW:,,'\Valel. .Dck 'ce Rat; Wren Mink. Dove

COIJIPound (1JCFw:Cil) (BCFw.oP) (BCF\(..J,i) (SC"-W_RM)imciC) (UCFw.m,l (fJCF..""J (QCll" ''1>CFiiI",,,) (DCl"IIi.<,",):JQCFw.o..l
2,6-Dinitrotoluene 1.91e-07 2.1Oe-07 9.84e-08 2.9Ie-07 3.32e-07 2.44e-07 8.90e-08 2.15e-07 4.21e-07 1.92e-07 1.67e-07
Nitrobenzene 1.690-07 1.850-07 8.68e-08 2.58e-07 2.94e-07 2.17e-07 7.86e-08 1.90e-07 3.72e-07 1.70e-07 1.48e-07
PentacJlloronitrobenzcne 1.08e-04 1.1ge-04 5.570-05 1.66e-04 1.8ge-04 1.3ge-04 5.04e-05 1.22e-04 2.38e-04 1.0ge-04 9.47e-05

Phthalate Esters

Bis(2-ethyUtexyl)phthalate 3.97e-04 4.37e-04 2.05e-04 6.08e-04 6.93e-041 5.1Ie-041 1.85e-04 4.47e-04 8.75e-04 4.000-04 3.48e-04
Di(n)oetvl phthalate 5.30e+00 5.82e+001 2.73e+00 8.10e+00 9.23e+00 I 6.80e+001 2.47e+00 5.96e+00 1.17e+01 5.33e+00 4.64e+00

VolatileOrl!anlc Compounds
Aeetone 1.490-09 1.630-09 7.65e-IO 2.28e-09 2.60e-09 1.91e-09 6.92e-1O 1.67e-09 3.28e-09 1.50e-09 1.300-09

Aervlonitrile 4.4le-09 4.84e-09 2.27e-09 6.74e-09 7.6ge-09 5.660-09 2.05e-09 1.27e-09 9.71e-09 4.44e-09 3.85e-09

Chlorofonn 2.200-07 2.42e-07 1.130-07 3.38e-07 3.85e-07 2.84e-07 1.020-07 2.47e-07 4.84e-07 2.22e-07 1.93e-07

Crotonaldehyde NA NA NA NA NA NA NA NA NA NA NA

1,4-Dioxane 1.34e-09 1.47e-09 6.88e-IO 2.05e-09 2.34e-09 1.72e-09 6.23e-IO 1.50e-09 2.95e-09 1.35e-09 1.17e-09
Fonnaldehvde 5.45e-09 5.9ge-09 2.80e-09 8.34e-09 9.51e-09 7.0Ie-09 2.54e-09 6.13e-09 1.20e-08 5.4ge-09 4.77e-09

Vinyl chloride 3.470-08 3.82e-08 1.7ge-08 5.31e-08 6.05e-08 4.46e-08 1.62e-08 3.9Ie-08 7.65e-08 3.490-08 3.040-08

Other Chlorinated Orl!anics
Hexachlorobenzene 7.88e-04 8.67e-04 4.06e-04 1.21e-03 1.37e-03 1.01e-03 3.67e-04 8.870-04 1.74e-03 7.93e-04 6.900-04
Hexachlorobutadiene - 1.34e-04 1.47e-04 6.88e-05 2.04e-04 2.32e-04 1.71e-04 6.23e-05 1.51e-04 2.94e-04 1.34e-04 1.17e-04

Hexachlorocyclopentadiene 2.00e-04 2.20e-04 1.03e-04 3.06e-04 3.4ge-04 2.57e-04 9.310-05 2.250-04 4.40e-04 2.020-04 1.750-04
Pentachlorobenzene 3.04e-04 3.34e-04 1.56e-04 4.63e-04 5.28e-04 3.8ge-04 1.41e-04 3.420-04 6.6ge-04 3.05e-04 2.660-04

Pentachlorophenol 2.9ge-04 3.28e-04 1.54e-04 4.56e-04 5.1ge-04 3.83e-04 1.390-04 3.360-04 6.58e-04 3.00e-04 2.610-04
Pesticides

4,4-DDE 4.47e-03 4.92e-03 2.30e-03 6.83e-03 7.7ge-03 5.740-03 2.08e-03 5.03e-03 9.85e-03 4.50e-03 3.92e-03

Heptachlor 2.56e-04 2.82e-04 1.32e-04 3.92e-04 4.47e-04 3.29e-04 1.1ge-04 2.880-04 5.64e-04 2.58e-04 2.240-04

Hexachlorophene 8.5ge-02 9.45e-02 4.42e-02 1.31e-OI 1.50e-01 1.10e-OI 4.000-02 9.67e-02 1.8ge-OI 8.65e-02 7.530-02
Inorl!anlcs -
Aluminum NA NA NA NA NA NA NA NA NA NA NA

Antimony NA NA NA I.51e-04 l.72e-04 1.27e-04 NA NA NA 9.930-05 NA
Arsenic NA NA NA 3.02e-04 3.44e-04 2.53e-04 NA NA NA 1.990-04 NA

Barium NA NA NA 2.260-05 2.58e-05 1.90e-05 NA NA NA 1.490-05 NA

Beryllium NA NA NA 1.51e-04 1.72e-04 1.27e-04 NA NA NA 9.93e-05 NA

Cadmium 1.320-02 1.46e-02 6.82e-03 1.81e-05 2.06e-05 1.52e-05 6.17e-03 1.4ge-02 2.92e-02 1.1ge-05 1.16e-02

Chromium (hexavalent) NA NA NA 8.300-04 9.46e-04 6.97e-04 NA NA NA 5.46e-04 NA
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Copper
Total Cyanide

Lead
Mercuric Chloride

Methylmercu

Nickel
Selenium
Silver
Thallium

Zinc

Notes:

NA -Indicates insufficient data to determine value

HB
HM
OB
OM
TP

-Herbivorousbird
-Herbivorous mammal-Omnivorousbird-Omnivorousmammal
-Terrestrialplant

,(,8i
. NA

NA

~
2.9ge-03
4.48e-04

NA
1.41e-O1

~
~
1.09e-03

NA

NA

~
3.27e-03
4.90e-04

~
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~
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Back ",Mouse '!IlIlew Weasel Duek meenato..Wren MlllkDove

'\', 'oCr ',.\ (BCF<': \ .md~.i,,,',\rbCP'''\, 'BCP".) (BCP!!w.,\t;/UCF"!cU'\' (BcJt,\ (IiA' \
1.II'I\-~oJDII. ...'...' _._\~"",ML -~.~.oMl~~. 11'.0 " ".w.oMl.,\" I¥'OIil_., 'I\<OIIIL..._Y.!'~w.oM.!.m m m m m m m m m

m m m m m m m m m
NA 4.53e-05 5.l6e-05 3.80e-05 NA NA NA 2.98e-05 NA

1.54e-03 7.88e-04 8.986004 6.63e-04 1.3ge-03 2.9ge-03 6.57e-03 5.18e-04 2.61e-O~

2.30e-04 1.18e-04 1.34e-04 9.91e-05 2.08e-04 5.05e-04 9.85e-04 7.746005 3.90e-04.1
NA 9.05e-04 1.03e-03 7.60e-04 NA NA NA 5.96e-04 NA

7.27e-02 3.42e-04 3.90e-04 2.88e-04 6.58e-02 1.59e-Ol 3.lIe-01 2.25e-04 1.24e-01
NA 4.53e-04 5.16e-04 3.80e-04 NA NA NA 2.98e-04 NA
NA 6.03e-03 6.88e-03 5.07e-03 NA NA NA 3.97e-03 NA

5.63e-04 1.36e-05 1.55e-05 1.14e-05 5.096004 1.23e-03 2.4le-03 8.936006 9.57e-04

Values provided were determined as specified in the text of Appendix D. BCFvalues for omnivores were determined based on an equal diet. BCFvalues for dioxin and fucan congeners determined using BEF
valuesspecifiedin Chapter2.
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SI\It-t»arsh Wester"

Nort~ern H~ry~~t .Mel\dow . White-fooled
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DioxinsandFurans -
2,3,7,8-TCDD 5.33e-03 3.75e+OI 2.06e+OI 4.6ge-03 2.06e+OI 8.60e-03 8.I8e-03 5.9ge+OI 5.07e-03 4.51e+OI 8.24e-03
12378-PeCDD 4.90e-03 3.45e+OI 1.90e+OI 4.3le-03 1.90e+OI 7.9Ie-03 7.53e-03 5.5le+OI 4.66e-03 4.15e+OI 7.58e-03

1,2,3,4,7,8-HxCDD 1.65e-03 1.16e+OI 6.3ge+OO 1.45e-03 6.3ge+OO 2.67e-03 2.54e-03 1.86e+OI l.57e-03 1.40e+OI 2.55e-03
1.2.367 8-HxCDD 6.40e-05 4.50e+OO 2.47e+OO 5.62e-04 2.47e+OO I.03e-03 9.82e-04 7.18e+OO 6.08e-04 5.4le+OO 9.8ge-04

1,2,3,78,9-HxCDD 7.46e-04 5.25e+OO 2.88e+OO 6.56e-04 2.88e+OO 1.20e-03 1.15e-03 8.38e+OO 7.lOe-04 6.3Ie+OO 1.15e-03
12,3,46,78-HnCDD 2.72e-04 1.91e+OO I.05e+OO 2.3ge-04 I.05e+OO 4.3ge-04 4.17e-04 3.05e+OO 2.5ge-04 2.30e+OO 4.20e-04

'r
I

OCDD 6.40e-05 4.50e-OI 2.47e-OI 5.62e-05 2.47e-OI I.03e-04 9.82e-05 7.18e-OI 6.08e-05 5.4Ie-OI 9.8ge-05

t:;; 23 7,8-TCDF 4.26e-03 3.00e+OI 1.65e+Ol 3.75e-03 1.65e+OI 6.88e-03 6.55e-03 4.79e+OI 4.06e-03 3.6Ie+OI 6.5ge-03
12378-PeCDF 1.17e-03 8.25e+OO 4.53e+OO I.03e-03 4.53e+OO 1.8ge-03 1.80e-03 1.32e+Ol 1.12e-03 9.9Ie+OO 1.81e-03

2,34,78-PeCDF 8.53e-03 6.00e+OI 3.30e+OI 7.50e-03 3.30e+OI 1.38e-02 1.31e-02 9.58e+OI 8.1le-03 7.2Ie+OI 1.32e-02
I 23,4,7,8-HxCDF 4.05e-04 2.85e+OO 1.57e+OO 3.56e-04 l.57e+OO 6.54e-04 6.22e-04 4.55e+OO 3.85e-04 3.42e+OO 6.26e-04

1,2367,8-HxCDF I.Ole-03 7.12e+OO 3.92e+OO 8.9Ie-04 3.92e+OO 1.63e-03 l.55e-03 1.14e+OI 9.63e-04 8.56e+OO l.57e-03

2,34,67,8-HxCDF 3.57e-03 2.5Ie+OI 1.38e+OI 3.14e-03 1.38e+OI 5.76e-03 5.48e-03 4.01e+OI 3.40e-03 3.02e+Ol 5.52e-03
1,2,3,7,8,9-HxCDF 3.36e-03 2.36e+OI 1.30e+OI 2.95e-03 1.30e+Ol 5.42e-03 5.15e-03 3.77e+OI 3.1ge-03 2.84e+OI 5.1ge-03

1,2346,78-HnCDF 5.86e-05 4.12e-Ol 2.27e-Ol 5.16e-05 2.27e-OI 9.46e-05 9.00e-05 6.58e-OI 5.58e-05 4.96e-Ol 9.06e-05
1,2,3,4,7,8,9-HpCDF 2.08e-03 1.46e+OI 8.04e+OO 1.83e-03 8.04e+OO O.OOe+OO 3.1ge-03 2.33e+Ol 1.98e-03 1.76e+Ol 3.2Ie-03
OCDF 8.53e-05 6.00e-OI 3.30e-OI 7.50e-05 3.30e-OI 1.38e-04 I.3le-04 9.58e-OI 8.lle-05 7.21e-Ol 1.32e-04

Polvnucleararomatichydrocarbons(PAHs) ---
Benzo(a)nvrene 3.32e-03 2.92e-03 1.60e-03 2.92e-03 1.60e-03 5.35e-03 5.0ge-03 4.64e-03 3.16e-03 3.4ge-03 5.13e-03

Benzo(a)anthracene 1.18e-03 I.03e-03 5.66e-04 I.04e-03 5.66e-04 1.90e-03 1.81e-03 1.64e-03 1.12e-03 1.24e-03 1.82e-03
Benzo(b)f!uoranthene 3.93e-03 3.46e-03 1.89e-03 3.45e-03 1.8ge-03 6.34e-03 6.03e-03 5.4ge-03 3.73e-03 4.13e-03 6.07e-03

Benzo(k)f!uoranthene 3.91e-03 3.43e-03 1.88e-03 3.44e-03 1.88e-03 6.30e-03 6.00e-03 5.46e-03 3.72e-03 4.10e-03 6.04e-03

Chrysene I.3Se-03 1.1ge-03 6.53e-04 1.1ge-03 6.53e-04 2.1ge-03 2.08e-03 1.8ge-03 1.2ge-03 1.42e-03 2.0ge-03
Dibenz(ah)anthracene 8.70e-03 7.66e-03 4.1ge-03 7.65e-03 4.1ge-03 1.40e-02 1.33e-02 1.22e-02 8.27e-03 9.14e-03 1.34e-02

Indeno(1,2,3-cd)nvrene 2.03e-02 1.78e-02 9.76e-03 1.7ge-02 9.76e-03 3.28e-02 3.12e-02 2.83e-02 1.93e-02 2.13e-02 3.14e-02

9.66e-04

6.14e-03

!.I8e-07

3.78e-07
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2 6-Dinitrotoluene 1.8ge-07 1.67e-07 9.l6e-08 1.67e-07 9.I6e-08 3.06e-07 2.91e-07 2.66e-07 1.80e-07 2.00e-07 2.93e-07
Nitrobenzene 1.68e-07 1.48e-07 8.08e-08 1.48e-07 8.08e-08 2.7Ie-07 2.58e-07 2.35e-07 1.60e-07 1.76e-07 2.5ge-07
Pentachloronitrobenzene I.08e-04 9A7e-05 5.18e-05 9Age-05 5.l8e-05 1.74e-04 1.66e-04 1.50e-04 I.03e-04 1.13e-04 1.67e-04
Phthalate Esters

Bis(2-ethylhexyl)Dhthalate 3.96e-041 3A8e-04 1.90e-04 3A8e-04 1.90e-04 6.38e-04 6.07e-04 5.52e-04 3.76e-04 4.15e-04
Di(n)octv! phthalate 5.27e+OOI 4.64e+OO 2.54e+OO 4.64e+OO 2.54e+OO 8.5Ie+OO 8.09e+OOI 7.37e+OO 5.01e+OO 5.54e+OO 8.15e+OO
Volatile Or2anlc Compounds
Acetone 1.48e-09 1.30e-09 7.12e-1O 1.30e-09 7.12e-1O 2.3ge-09 2.28e-09 2.07e-09 1.41e-09 1.55e-09 2.2ge-09

Acrvlonitrile 4.3ge-09 3.85e-09 2.11e-09 3.86e-09 2.1le-09 7.08e-09 6.73e-09 6.l4e-09 4.l7e-09 4.62e-09 6.78e-09
Chloroform 2.20e-07 1.93e-07 1.05e-07 1.93e-07 1.05e-07 3.55e-07 3.38e-07 3.06e-07 2.0ge-07 2.30e-07 3AOe-07

Crotonaldeh}'de NA NA NA NA NA NA NA NA NA NA NA
1,4-Dioxane 1.33e-09 1.17e-09 6Ale-IO 1.17e-09 6Ale-1O 2.15e-09 2.05e-09 1.86e-09 1.27e-09 1.40e-09 2.06e-09
Formaldehvde 5A3e-09 4.77e-09 2.6Ie-09 4.77e-09 2.6Ie-09 8.76e-09 8.33e-09 7.58e-09 5.16e-09 5.6ge-09 8.3ge-09

Vinvl chloride 3A5e-08 3.04e-08 1.66e-08 3.04e-08 1.66e-08 5.58e-08 5.30e-08 4.83e-08 3.2ge-08 3.63e-08 5.34e-08

Other Chlorinated Or2anlcs
Hexachlorobenzene 7.84e-04 6.90e-04 3.78e-04 6.90e-04 3.78e-04 1.27e-03 1.20e-03 1.10e-03 7A6e-04 8.24e-04 1.21e-03
Hexachlorobutadiene 1.33e-04 1.17e-04 6Ale-05 1.17e-04 6Ale-05 2.13e-04 2.04e-04 1.86e-04 1.26e-04 IAOe-04 2.05e-04

Hexachlorocyclopentadiene 1.9ge-04 1.75e-04 9.58e-05 1.75e-04 9.58e-05 3.22e-04 3.06e-04 2.78e-04 1.90e-04 2.0ge-04 3.08e-04
Pentachlorobenzene 3.0Ie-04 2.66e-04 1.45e-04 2.65e-04 1.45e-04 4.86e-04 4.63e-04 4.22e-04 2.87e-04 3.l7e-04 4.66e-04

Pentachlorophenol 2.96e-04 2.6Ie-04 1.43e-04 2.6Ie-04 1.43e-04 4.78e-04 4.55e-04 4.15e-04 2.82e-04 3.12e-04 4.58e-04
Pesticides

4,4-DDE 4A5e-03 3.92e-03 2.14e-03 3.9Ie-03 2.14e-03 7.I8e-03 6.83e-03 6.22e-03 4.23e-03 4.67e-03 6.87e-03

HeDtachlor 2.55e-04 2.24e-04 1.23e-04 2.24e-04 1.23e-04 4.12e-04 3.92e-04 3.56e-04 2A3e-04 2.68e-04 3.94e-04

HexachloroDhene 8.55e-02 7.53e-02 4.12e-02 7.52e-02 4.l2e-02 1.38e-OI 1.31e-OI 1.20e-OI 8.13e-02 8.98e-02 1.32e-OI

Inorl!anlcs
Aluminum NA NA NA NA NA NA NA NA NA NA NA

Antimony 9.82e-05 NA NA 8.63e-05 NA 1.58e-04 1.51e-04 NA 9.33e-05 NA 1.52e-04

Arsenic I.96e-04 NA NA 1.73e-04 NA 3.17e-04 3.0Ie-04 NA 1.87e-04 NA 3.03e-04

Barium 1.47e-05 NA NA 1.2ge-05 NA 2.38e-05 2.26e-05 NA 1.40e-05 NA 2.28e-05

Beryllium 9.82e-05 NA NA 8.63e-05 NA 1.58e-04 l.51e-04 NA 9.33e-05 NA - 1.52e-04

Cadmium 1.18e-05 1.16e-02 6.35e-03 l.04e-05 6.35e-03 1.90e-05 1.81e-05 1.84e-02 1.12e-05 1.38e-02 1.82e-05

Chromium (hexavalent) 5AOe-04 NA NA 4.75e-04 NA 8.7Ie-04 8.2ge-04 NA 5.13e-04 NA 8.34e-04
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-Indicates insufficient data to determine value

-Herbivorous bird

-Herbivorous mammal

- Omnivorous bird

- Omnivorous mammal

- Terrestrial plant

Values provided were determined as specified in the text of Appendix D. BCFvalues for omnivores were determined based on an equal diet. BCFvalues for dioxin and furan congeners determined using BEF

valuesspecifiedin Chapter2.

!___fi!asUtemciitReceptOrs
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.,..-,-- .,.. ..---... ,-_....._..,-.......;"..._. ....c.... '''.'' ..

:,iNorterll, 9rtetn Rediailed
silHluirsh

S'uil-t.talled,
Western

"Iivest Spotted Meadow White-rooted
Muskrat ','JJobWhite" 'I!;l!arrlr . Red "'ox ,HaWk 1"I\fouse ShreW" " Sandpiper' S\\irt 1101 Urk Mouse

COIIIPol/lld lQ(.:P.n..)- ,lllcFi".iu,)' liBC""".;",) lBCFw.ri.) lBCF!v:u.i)., lanCF.ii...fi) "(Bdt'\\>:i\ll. (BCF...I.s;)" (I1CFw.ri.:l(BCF'.n..) ("<::(;'".0>,)
CODDer NA NA NA NA NA NA NA NA NA NA NA

Total Cyanide NA NA NA NA NA NA NA NA NA NA NA
Lead 2.94e-05 NA NA 2.5ge-05 NA 4.75e-05 4.52e-05 NA 2.80e-05 NA 4.55e-05
Mercuricchloride 5.13e-04 2.61e-03 1.43e-03 4.50e-04 1.43e-03 8.25e-04 7.88e-04 4.16e-03 4.88e-04 3.13e-03 2.9ge-03

Methylmercury 7.66e-05 3.90e-04 2.14e-04 6.73e-05 2.14e-04 1.24e-04 1.18e-04 6.23e-04 7.28e-05 4.6ge-04 1.18e-04
Nickel 5.8ge-04 NA NA 5.I8e-04 NA 9.50e-04 9.04e-04 NA 5.60e-04 NA 9.IOe-04
Selenium 2.23e-04 1.24e-OI 6.76e-02 1.96e-04 6.76e-02 3.60e-04 3.42e-04 1.96e-OI 2.l2e-04 1.48e-OI 3.44e-04
Silver 2.94e-04 NA NA 2.5ge-04 NA 4.75e-04 4.52e-04 NA 2.80e-04 NA 4.55e-04
Thallium 3.93e-03 NA NA 3.45e-03 NA 6.34e-03 6.03e-03 NA 3.73e-03 NA 6.07e-03

Zinc 8.83e-06 9.57e-04 5.24e-04 7.77e-06 5.24e-04 1.43e-05 l.36e-05 1.52e-03 8.40e-06 1.14e-03 1.37e-05
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Dioxinsand Furans

237 8-TCDD 4.78e-OI 4.92e+OO 6.26e-OI 7.8Ie-05 7.4Ie-04 1.62e-04 I.0ge+00 1.70e-04 6.74e+00 I.05e-04 2.4le+OO

1,2,3.7,8-PeCDD 4.40e-01 4.53e+00 5.76e-OI 7.lge-05 6.81e-04 1.4ge-04 1.01e+00 1.56e-04 6.20e+00 9.66e-05 2.22e+00

1,2,3,4,7,8-HxCDD 1.48e-O1 1.53e+OO 1.94e-OI 2.42e-05 2.30e-04 5.02e-05 3.3ge-OI 5.26e-05 2.09e+OO 3.25e-05 7.48e-OI'

1,2,36,78-HxCDD 5.74e-02 5.90e-O1 7.51e-02 9.37e-06 8.89e-05 1.94e-05 I.3le-Ol 2.04e-05 8.0ge-OI 1.26e-05 2.8ge-02

1,237,89-HxCDD 6.6ge-02 6.8ge-OI 8.77e-02 1.0ge-05 1.04e-04 2.27e-05 1.53e-OI 2.38e-05 9.44e-01 1.47e-05 3.38e-OI

1,2,3.4,67 8-HpCDD 2.44e-02 2.51e-OI 3.1ge-02 3.98e-06 3.78e-05 8.26e-06 5.58e-02 8.66e-06 3.44e-01 5.35e-06 1.23e-O1

"<j

IOCDD

5.74e-03 5.90e-02 7.51e-03 9.37e-07 8.8ge-06 1.94e-06 1.31e-02 2.04e-06 8.0ge-02 1.26e-06 2.8ge-02
I 2 3,7 8-TCDF 3.83e-O1 3.94e+OO 5.0Ie-OI 6.25e-05 5.93e-04 1.30e-04 8.75e-OI 1.36e-04 5.3ge+OO 8.40e-05 1.93e+OO......

00 1 23 7,8-PeCDF 1.05e-0I 1.08e+OO 1.38e-0I 1.72e-05 1.63e-04 3.56e-05 2.41e-OI 3.74e-05 1.48e+00 2.3le-05 5.31e-01

23,47,8-PeCDF 7.65e-01 7.87e+00 1.00e+00 1.25e-04 1.1ge-03 2.5ge-04 1.75e+00 2.72e-04 1.08e+0I 1.68e-04 3.86e+00

1,2,34,78-HxCDF 3.63e-02 3.74e-OI 4.76e-02 5.94e-06 5.63e-05 1.23e-05 8.31e-02 1.2ge-05 5.l2e-OI 7.98e-06 1.83e-OI

1,2,3,6,7,8-HxCDF 9.0ge-02 9.35e-Ol 1.1ge-0I 1.48e-05 1.41e-04 3.08,e-05 2.08e-OI 3.23e-05 1.28e+OO 1.9ge-05 4.58e-01
I

2,3,4,6,7,8-HxCDF 3.20e-OI 3.30e+OO 4.1ge-01 5.23e-05 4.96e-04 I.0ge-04 7.33e-01 1.14e-04 4.52e+OO 7.03e-05 1.62e+OOI

I 23 7,8,9-HxCDF 3.0Ie-Ol 3.1Oe+OO 3.94e-OI 4.92e-05 4.67e-04 I.02e-04 6.8ge-OI 1.07e-04 4.25e+00 6.61e-05 1.52e+00

1,2,3,4,6,7,8-HpCDF 5.26e-03 5.4Ie-02 6.8ge-03 8.5ge-07 8.l5e-06 1.78e-06 1.20e-02 1.87e-06 7.42e-02 1.15e-06 2.65e-02-
I 2 3 4 7 8 9-HDCDF 1.86e-0I 1.92e+00 2.44e-OI 3.05e-05 2.8ge-04 6.32e-05 4.27e-0t 6.62e-05 2.63e+OO 4.0ge-05 9.40e-OI

IOCDF 7.65e-03 7.87e-02 1.00e-02 1.25e-06 1.Ige-05 2.5ge-06 1.75e-02 2.72e-06 I.08e-OI 1.68e-06 3.86e-02

IPolynuclear Aromatic Hvdrocarbons (PAHs)

3.8Ie-04 4.85e-05 4.86e-05 4.6Ie-04 1.0Ie-04 8.50e-05 6.2Ie-05 5.22e-04 6.53e-05 1.87e-04

1.35e-04 l.72e-05 1.73e-05 I.64e-04 3.58e-05 3.0Ie-05 2.20e-05 1.85e-04 2.32e-05 6.63e-05

4.50e-04 5.74e-05 5.75e-05 5.46e-04 1.1ge-04 1.0Ie-04 7.35e-05 6.l8e-04 7.73e-05 2.22e-04
4.48e-04 5.71e-05 5.73e-05 5.43e-04 1.1ge-04 1.00e-04 7.30e-05 6.l4e-04 7.6ge-05 2.20e-04

1.55e-04 1.98e-05 1.9ge-05 1.88e-04 4.l2e-05 3.47e-05 2.54e-05 2.l3e-04 2.67e-05 7.64e-05
9.98e-04 1.27e-04 1.27e-04 1.21e-03 2.64e-04 2.23e-04 1.63e-04 1.37e-03 1.71e-04 4.9Ie-04

2.32e-03 2.96e-04 2.98e-04 2.82e-03 6.l8e-04 5.lge-04 3.7ge-04 3.1ge-03 4.00e-04 1.l4e-03

I I I I I I I I I

3.53e-05

2.24e-04

Nltroaromatics

1,3-Dinilrobenzene 8.55e-l0 8.77e-09 1.l2e-09 1.12e-09 1.06e-08 2.32e-09 I.96e-09 1.43e-09 1.20e-08 1.51e-09 4.31e-09

2,4-Dinitrotoluene 2.72e-09 2.7ge-08 3.56e-09 3.58e-09 3.40e-08 7.43e-09 6.24e-09 4.56e-09 3.83e-08 4.81e-09 1.37e-08

2.6-Dinitrotoluene 2.13e-09 2.l8e-08 2.78e-09 2.78e-09 2.63e-08 5.76e-09 4.87e-09 3.56e-09 2.9ge-08 3.73e-09 1.07e-08
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.:...- / C'"",-'-':-""1": "'"""""""""""'-'=--'''''''-- 1\Ie..b..emt_-£t",_+.",,,,,,,",, ," - -
Amrlcllh:Aniejcanl ,ICanvas ;i:Deer," LeaJtLo,!gtalled Afailard M.t$h'J{ie I\frih '.,"','. ,l\fQurnig
Kestrel RobUI"" Back Mouse Shew ,,\VeMel Duck. )tai !'iVfehd .ilInk '. Dove

,Compo.bod -<BCf'S:;;..), '(BCFtA.> mCr..oraL (lJCF5o'.") (BCF..,,.,)- (PCF.-"I)' (BCJ.'..h8L (BCF.oM) (BCf.",.) (BCF..I)JIICFt.nMl
Nitrobenzene 1.88e-09 1.92e-08 2.45e-09 2.46e-09 2.33e-08 5.10e-09 4.30e-09 3.14e-09 2.64e-08 3.31e-09 9.47e-09
Pentachloronitrobenzene 1.20e-06 1.23e-05 1.57e-06 1.58e-06 1.50e-05 3.28e-06 2.76e-06 2.0Ie-06 1.6ge-05 2.13e-06 6.07e-06
Phthalate Esters

B is(2 -ethvlhexvl)ohthalate 4.42e-06 4.53e-05 5.78e-06 5.80e-061 5.50e-05 l.20e-05 1.0Ie-051 7.40e-06 6,22e-05 7.7ge-06 2.23e-05
Di(n)octy) ohthalate 5.8ge-02 6.04e-0I 7.7Ie-02 7.72e-02 7.32e-01 1.60e-0I l.35e-01 9.86e-02 8.2ge-0I 1.04e-01 2.97e-0I

Volatile Orllanlc Compounds
Acetone 1.65e-11 1.70e-IO 2.16e-11 2.17e-11 2.06e-IO 4.5Ie-11 3.7ge-11 2,77e-11 2.33e-IO 2.92e-11 8.34e-11

Ionitrile 4.9Ie-11 5.05e-1O 6.42e-11 6.43e-11 6.10e-1O 1.33e-1O I.l2e-1O 2.lle-11 6.92e-IO 8.64e-11 2.47e-IO
Chloroform 2.45e-09 2.51e-08 3.20e-09 3.22e-09 3.06e-08 6.68e-09 5.60e-09 4.0ge-09 3.44e-08 4.33e-09 l.23e-08
Crotonaldehvde NA NA NA NA NA NA NA NA NA NA NA
I 4-Dioxane 1.4ge-11 1.53e-1O 1.94e-11 1.96e-l! 1.86e-1O 4.06e-11 3.4le-11 2.4ge-11 2,0ge-IO 2,63e-[ I 7.50e-11
Formalde 6.06e-11 6.2Ie-1O 7.92e-11 7,95e-11 7.54e-IO 1.65e-10 1.3ge-IO 1.01e-1O 8.52e-10 1.07e-10 3.06e-10

Vin):l chloride 3.86e-IO 3.96e-09 5.05e-IO 5,06e-10 4.80e-09 1.05e-09 8.85e-1O 6.47e-IO 5.44e-09 6.80e-10 1.95e-09
Other Chlorinated Oreanlcs

Hexachlorobenzene 8.77e-06 8.9ge-05 1.I5e-05 1.15e-05 1.0ge-04 2.38e-05 2.0Ie-05 1.47e-05 1.23e-04 1,54e-05 4.42e-05
Hexachlorobutadiene 1.4ge-06 1.53e-05 1.95e-06 1.94e-06 1.84e-05 4.02e-06 3.40e-06 2.4ge-06 2.IOe-05 2.6Ie-06 7.50e-06

Hexachlorocvclooentadiene 2.22e-06 2.28e-05 2.9Ie-06 2.92e-06 2.77e-05 6.06e-06 5.0ge-06 3.72e-06 3.13e-05 3.92e-06 1.12e-05
Pentachlorobenzene 3.38e-06 3.46e-05 4.42e-06 4.42e-06 4.1ge-05 9.16e-06 7.74e-06 5,65e-06 4.75e-05 5.93e-06 1.70e-05

Pentachloroohenol 3.32e-06 3.4le-05 4.34e-06 4.34e-06 4.12e-05 9.0Ie-06 7.6Ie-06 5.56e-06 4.67e-05 5.84e-06 1.68e-05
Pesticides

4 4-DDE 4.98e-05 5.10e-04 6.5le-05 6.52e-05 6.18e-04 1.35e-04 1.I4e-04 8.33e-05 7.00e-04 8.76e-05 2.5Ie-04

Heotachlor 2.85e-06 2.92e-05 3.73e-06 3.74e-06 3.55e-05 7.76e-06 6.53e-06 4.77e-06 4.0Ie-05 5.03e-06 1.44e-05

Hexachlorophene 9.56e-04 9.8le-03 1.25e-03 1.25e-03 1.Ige-02 2.60e-03 2.Ige-03 1.60e-03 1.35e-02 L.68e-03 4.82e-03

Inorllanlcs
Aluminum NA NA NA NA NA NA NA NA NA NA NA

Antimony NA NA NA 1.44e-06 1.36e-05 2.98e-06 NA NA NA 1.93e-06 NA

Arsenic NA NA NA 2.88e-06 2.73e-05 5.97e-06 NA NA NA 3.87e-06 NA

Barium NA NA NA 2.16e-07 2.05e-06 4.48e-07 NA NA NA 2.90e-07 NA

Beryllium NA NA NA 1.44e-06 1.36e-05 2.98e-06 NA NA NA 1.93e-06 NA

Cadmium 1.47e-04 1.51e-03 1.93e-04 1.73e-07 1.64e-06 3.58e-07 3.37e-04 2.47e-04 2.07e-03 2.32e-07 7.43e-04

Chromium (hexavalent) NA NA NA 7.9Ie-06 7.5Oe-05 1.64e-05 NA NA NA 1.06e-05 NA

Copper NA NA NA NA NA NA NA NA NA NA NA
Total Cyanide NA NA NA NA NA NA NA NA NA NA NA
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;"''"'"''''''"'""'"~7-:" "._-"" """-, ' ", "~j[Rec~ t~!: ' . ",.., ".,,,, , --"-"---~ -" "':'.-
'Anteric~h A,!!etJ~.ti Cii~Vlis ~ee~',t~,,' "", ~laJiatd I\ta~~, ~Ic~ ~!!I.~sh , MournIng

Kestrel RobIn .'" Back !\fouse, ..' .,,Slir~w ""'" , ", Duck. ",' Rat. ,Wren " " Mink ,Dove..,.J::o!1ip'~.un51 (li~fK8t.(@£f~lt(~~f's;ul).. _,rn_~!..s,mi>2J~~f~~'> ' i:J 's.d~IL"..,rngf,s,oat j~~w .00£fS,QIL ".m.!:.fuut.m£fs.(ud
Lead NA NA NA 4.32e-07 4.0ge-06 8.95e-07 NA NA NA 5.80e-07 NA
Mercuricchloride 3.32e-05 3.42e-04 4.35e-05 7.52e-06 7.IOe-05 1.56e-05 7.60e-05 5.57e-05 4.68e-04 1.0Ie-05 1.68e-04

Methylmercury 4.98e-06 5.12e-05 6.52e-06 1.12e-06 1.06e-05 2.33e-06 1.14e-05 8.34e-06 7.02e-05 1.51e-06 2.5Ie-05
Nickel NA NA NA 8.63e-06 8.18e-05 1.7ge-05 NA NA NA 1.16e-05 NA
Selenium 1.57e-03 1.6Ie-02 2.05e-03 3.27e-06 3.lOe-05 6.77e-06 3.60e-03 2.63e-03 2.2Ie-02 4.3ge-06 7.92e-03
Silver NA NA NA 4.32e-06 4.0ge-05 8.95e-06 NA NA NA 5.80e-06 NA

Thallium NA NA NA 5.75e-05 5.46e-04 1.1ge-04.. NA NA NA 7.73e-05 NA
Zinc 1.22e-05 1.25e-04 1.5ge-05 1.2ge-07 1.23e-06 2.6ge-07 2.7ge-05 2.04e-05 1.71e-04 1.74e-07 6.13e-05

I-:r:j
I

N
0 Noles:

NA - Indicates insufficient data to determine value

HB
HM
OB
OM
S

- Herbivorous bird

- Herbivorous mammal

- Omnivorous bird

" Omnivorous mammal
" Soil/Sediment

Values provided were delermined as specified in the texl of Appendix D. BCF values for omnivores were delermined based on an equal diet. BCF values for dioxin and furan congeners
determinedusingBEF valuesspecifiedin Chapter2.
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2,3,7,8-TCDD

1,2,3,7,8-PeCDD .

1,2,3,4,7,8-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,4,6,7,8-HpCDD

OCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

2,3,4,6,7,8-HxCDF

1,2,3,7,8,9-HxCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,7.8.9-HpCDF

OCDF

Nltroaromatics

1,3-Dinitrobenzene

2.4-Dinitrotoluene

(Page 4 of 6)
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SItmar.h"
Harvest Short-hilled \ViiltO;looted
I\!oiliif Shrew Mouse
BCFi" tiCI? QCF L

3.48e-05 4.13e+OO 3.42e+OO 8.Ige-05 3.42e+OO 9.66e-05 7.4le-04 I.43e+OI 9.4le-05 4.78e+OO 1.47e-04'
3.20e-05 3.80e+OO 3.15e+OO 7.53e-05 3.15e+OO 8.88e-05 6.8Ie-04 I.3le+OI 8.66e-05 4.40e+OO 1.35e-04
I.08e-05 I.28e+OO I.06e+OO 2.54e-05 I.06e+OO 2.9ge-05 2.30e-04 4.43e+OO 2.92e-05 I.48e+OO 4.55e-05
4.18e-07 4.95e-OI 4.lle-OI 9.82e-06 4.11e-OI 1.I6e-05 8.8ge-05 I.7Ie+OO 1.I3e-05 5.74e-OI I.76e-05
4.87e-06 5.78e-OI 4.7ge-OI 1.I5e-05 4.7ge-OI I.35e-05 I.04e-04 2.00e+OO l.32e-05 6.6ge-OI 2.05e-05
1.78e-06 2.lle-OI 1.75e-OI 4.17e-06 1.75e-OI 4.92e-06 3.78e-05 7.28e-OI 4.80e-06 2.44e-OI 7.48e-06
4.I8e-07 4.95e-02 4.1le-02 9.82e-07 4.lle-02 1.I6e-06 8.8ge-06 1.71e-O1 1.I3e-06 5.74e-02 1.76e-06
2.7ge-05 3.3Oe+OO 2.74e+OO 6.55e-05 2.74e+OO 7.72e-05 5.93e-04 1.I4e+OI 7.53e-05 3.83e+OO 1.17e-04
7.66e-06 9.08e-O1 7.53e-01 I.80e-05 7.53e-01 2.12e-05 1.63e-04 3.14e+00 2.07e-05 l.05e+00 3.23e-05
5.57e-05 6.60e+OO 5.48e+OO I.3le-04 5.48e+OO 1.55e-04 1.19e-03 2.28e+O1 1.51e-04 7.65e+OO 2.35e-04
2.65e-06 3.14e-O1 2.60e-O1 6.22e-06 2.60e-OI 7.34e-06 5.63e-05 l.0ge+OO 7.15e-06 3.63e-O1 1.I2e-05
6.62e-06 7.84e-OI 6.50e-01 1.56e-05 6.50e-O1 l.83e-05 l.4Ie-04 2.7Ie+OO 1.7ge-05 9.0ge-OI 2.7ge-05
2.33e-05 2.77e+OO 2.2ge+OO 5.48e-05 2.2ge+OO 6.47e-05 4.96e-04 9.56e+OO 6.30e-05 3.20e+OO 9.83e-05
2.1ge-05 2.60e+OO 2.16e+OO 5.16e-05 2.16e+OO 6.08e-05 4.67e-04 8.99e+OO 5.93e-05 3.01e+OO 9.24e-05
3.83e-07 4.54e-02 3.77e-02 9.00e-07 3.77e-02 l.06e-06 8.15e-06 l.57e-OI l.04e-06 5.26e-02 1.61e-06
1.36e-05 1.61e+OO 1.33e+OO 3.1ge-05 1.33e+OO O.OOe+OO 2.8ge-04 5.57e+OO 3.67e-05 1.86e+OO 5.72e-05
5.57e-07 6.60e-02 5.48e-02 1.31e-06 5.48e-02 l.55e-06 1.Ige-05 2.28e-O1 l.51e-06 7.65e-02 2.35e-06

3.1ge-04 2.66e-04 5.1Oe-05 2.66e-04 6.01e-05 4.6Ie-04 I.Ile-03 5.86e-05 3.72e-04 9.13e-05
1.I3e-04 9.4le-05 l.8Ie-05 9.4le-05 2.13e-05 l.64e-04 3.93e-04 2.08e-05- 1.32e-04 3.24e-05
3.78e-04 3.14e-04 6.03e-05 3.14e-04 7.11e-05 5.46e-04 I.3le-03 6.93e-05 4.40e-04 I.08e-04
3.75e-04 3.12e-04 6.00e-05 3.12e-04 7.08e-05 5.43e-04 l.30e-03 6.90e-05 4.37e-04 l.08e-04
1.30e-04 I.08e-04 2.08e-05 l.08e-04 2.45e-05 I.88e-04 4.53e-04 2.3ge-05 l.52e-04 3.73e-05
8.37e-04 6.97e-04 l.34e-04 6.97e-04 l.58e-04 l.2Ie-03 2.9Ie-03 l.54e-04 9.75e-04 2.3ge-04
1.95e-03 l.62e-03 3.12e-04 I.62e-03 3.68e-04 2.82e-03 6.77e-03 3.5ge-04 2.27e-03 5.5ge-04

-
I.72e-05

l.0ge-04

-
2.IOe-09
6.73e-09
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2,6-Dinitrotoluene

Nitrobenzene

Pentachloronitrobenzene

Phthalate esters

Bis(2-ethylhexyl)phthalate

Di(n)octyl phthalate

Volatile orRanic compounds

Acetone

Acrylonitrile

Chlorofonn

Crotonaldeh}:'.de

1,4.Dioxane

Formaldehyde

Vinyl chloride

Other chlorinated orRanics

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

Pentachlorobenzene

Pentachlorophenol

Pesticides

4,4-DDE

Heptachlor

Hexachlorophene

InorRanics
Aluminum

Antimony
Arsenic

Barium

Beryllium
Cadmium

Chromium (hexavalent)
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~..u!:!!!!el!t Rel;ep.totL
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N~rtl1ern Northern.'., "" ,.",'Red,~ajled iShorN,I!I!e4Sp~*~ed

MII,sktai'B~bwblt~ ~'br"I!~~Fo~'~a.1)~ ',.~I!I~, Shrew, Sand,piper S\\iftFoxlog~oIl, J!I£.!'..a. . '~'!Et.wl !!£~~Am L!BCf",.l.1"£'...t
1.24e-09 1.83e-08 1.52e-08 2.9Ie-09 L52e-08 3A3e-09 2.63e-08 6.35e-08 3.34e-09
I.IOe-09 L6ie-08 L34e-08 2.58e-09 L34e-08 3.04e-09 2.33e-08 5.6Ie-08 2.96e-09

7.05e-07 1.04e-05 8.62e-06 1.66e-06 8.62e-06 1.96e-06 1.50e-05 3.60e-05 L91e-06

2.58e-06

3A4e-02

9.68e-12
2.87e-11

1.44e-09
NA

8.72e-12
3.55e-11

2.26e-10

5.12e-06

8.65e-07
1.30e-06
1.97e-06

1.94e-06

2.90e-05

1.67e-06

5.5ge-04

NA

6Ale-07

1.28e-06

9.62e-08

6Ale-07

7.69e-08
3.53e-06

3.80e-05

5.07e-01

1.42e-1O

4A2e-1O

2.10e-08

NA

1.28e-1O

5.2Ie-10

3.32e-09

7.54e-05

1.28e-05

1.91e-05

2.90e-05

2.86e-05

4.28e-04

2A5e-05

8.22e-03

NA

NA

NA

NA
NA

1.27e-03

NA

3.16e-05

4.22e-01

U8e-10
3.5Ie-11
1.75e-08

NA
L06e-IO

4.34e-1O
2.77e-09

6.28e-05
L06e-05

L5ge-05
2A2e-05
2.38e-05

3.56e-04

2.04e-05

6.85e-03

NA

NA

NA
NA

NA

L05e-03
NA

6.07e-06
8.0ge-02

2.28e-11

6.74e-11
3.38e-09
NA

2.05e-11

8.34e-11
5.3le-10

1.20e-05

2.04e-06
3.06e-06

4.63e-06
4.55e-06

6.83e-05

3.92e-06

1.31e-03

~
1.51e-06

3.0Ie-06

2.26e-07

L51e-06

L81e-07
8.2ge-06

3.16e-05

4.22e-01

1.18e-10

3.5le-10
L75e-08
NA

L06e-1O

4.34e-IO
2.77e-09

6.28e-05

L06e-05
L5ge-05

2A2e-05
2.38e-05

3.56e-04

2.04e-05
6.85e-03

NA

NA

NA

NA

NA

L05e-03

NA

7.I7e-06

9.55e-02

2.6ge-11

7.95e-11
3.98e-09
NA

2A2e-11
9.83e-11
6.26e-10

L42e-05
2AOe-06

3.61e-06
5A6e-06
5.37e-06

8.06e-05

4.62e-06
L55e-03

NA

1.78e-06

3.56e-06

2.67e-07

1.78e-06

2.13e-07

9.78e-06

5.50e-05

7.32e-01

2.06e-10

6.10e-1O
3.06e-08
NA

L86e-10
7.54e-10

4.80e-09

L0ge-04

L84e-05
2.77e-05

4.1ge-05
4.12e-05

6.18e-04

3.55e-05

1.1ge-02

NA

1.36e-05
2.73e-05

2.05e-06

1.36e-05

L64e-06

7.50e-05

1.32e-04

1.76e+00

4.94e-IO
L46e-09

7.3le-08
NA

4A4e-IO

1.81e-09
1.15e-08

2.62e-04

4A4e-05
6.64e-05
1.0Ie-04

9.93e-05

1.49e-03

8.5Ie-05

2.86e-02

NA

NA

NA

NA
NA

4AOe-03
NA

------
wej'terll
Meado\v Whlte;.footed

Lark Mouse
..,(!If..fto.uL '- mf.f~),L

2.13e-08 5.2Ie-09
1.88e-08 4.62e-09

L21e-05 2.97e-06

6.98e-06

9.3le-02

2.62e-11
7.75e-11

3.88e-09
NA

2.36e-11

9.58e-ll
6.IOe-IO

1.38e-05

2.34e-06

3.52e-06

5.32e-06

5.23e-06

7.85e-05

4.5Ie-06

1.51e-03

NA

1.73e-06

3A7e-06

2.60e-07

1.73e-06

2.08e-07
9.53e-06

4A3e-05

5.9Ie-01

L66e-1O
4.9Ie-10

2A5e-08
NA
L4ge-1O
6.07e-10

3.87e-09

8.7ge-05

1.4ge-05
2.23e-05
3.3ge-05

3.33e-05

4.9ge-04

2.86e-05

9.58e-03

NA

NA
NA

NA
NA

1.48e-03

NA

1.0ge-05

1.45e-01

4.08e-ll

I.2le-IO
6.05e-09
NA

3.67e-11
l.4ge-lO

9.5Ie-10

2.I6e-05
3.65e-06
5Age-06

8.30e-06
8.16e-06

1.22e-04

7.03e-06

2.35e-03

~
2.70e-06

5AOe-06

4.05e-07

2.70e-06
3.24e-07

1.4ge-05



TABLE D-3

BIOCONCENTRATION FACTORS FOR SOIL/SEDIMENT TO WILDLIFE MEASUREMENT RECEPTORS

(Page 6 of 6)

I-%j
I

N
W Notes:

NA -Indicates insufficient data to determine value

HB
HM
OB
OM
S

- Herbivorous bird
- Herbivorous mammal
- Omnivorous bird
, Omnivorous mammal
- Soil/Sediment

Values provided were determined as specified in the text of Appendix D. BCFvalues for omnivores were determined based on an equal diet. BCFvalues for dioxin and furan congeners

determined using BEF values specified in Chapter 2.

- _. , " "', """',, ,': '!ri'w!J?!9.!!.. ,._" -'-'--' -- ---"-".,-,.,----."-,,..,-----, , " , siiil- " Western

Northern Norihern 'Ii Red-Ialled ,narve,st Short-ianed, Spoe '" ", M,eadow White-footed
Mukrat Bobfllte Hl!rrleredFox:i!iai< ,'I\tu.ehre, S"dlper S\ti'tFox ,Lark Mouse

Compound , (BCF.'n..) (BC)o'...i.) JjJdF.',!,;,r:) (BCF...,'i) (BCF......)+ (BCF.;;,;) (jJCF(BCFL..) (PCFs,m') (BCron..) '(BCFwL
NA NA NA NA NA NA NA NA NA NA NA

Total Cyanide NA NA NA NA NA NA NA NA NA NA NA

Lead l.92e-07 NA NA 4.52e-07 NA 5.33e-07 4.0ge-06 NA 5.20e-07 NA 8.lle-07

Mercuric chloride 3.35e-06 2.87e-04 2.38e-04 7.88e-06 2.38e-04 9.2ge-06 7.1Oe-05 9.92e-04 9.03e-06 3.32e-04 1.41e-05

Methvlmercurv 5.00e-07 4.30e-05 3.56e-05 1.18e-06 3.56e-05 l.3ge-06 I.06e-05 1.4ge-04 l.35e-06 4.98e-05 2.11e-06

Nickel 3.85e-06 NA NA 9.04e-06 NA I.07e-05 8.18e-05 NA I.04e-05 NA 1.62e-05

Selenium 1.46e-06 1.35e-02 1.12e-02 3.42e-06 1.12e-02 4.04e-06 3.lOe-05 4.6ge-02 3.93e-06 1.57e-02 6.l3e-06
Silver 1.92e-06 NA NA 4.52e-06 NA 5.33e-06 4.0ge-05 NA 5.20e-06 NA 8.11e-06

Thallium 2.57e-05 NA NA 6.03e-05 NA 7.lle-05 5.46e-04 NA 6.93e-05 NA I.08e-04--
Zinc 5.77e-08 I.05e-04 8.71e-05 l.36e-07 8.7Ie-05 1.60e-07 1.23e-06 3.63e-04 1.56e-07 1.22e-04 2.43e-07
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FOOD-CHAIN MULTIPLIERS

F-24

2.0
I

1.0 1.0
I

1.0

2.5 1.0 1.0 1.0

3.0 1.0 1.0 1.0

3.1 1.0 1.0 1.0

3.2 1.0 1.0 1.0

3.3 1.0 1.1 1.0

3.4 1.0 1.1 1.0

3.5 1.0 1.1 1.0

3.6 1.0 1.1 1.0

3.7 1.0 1.1 1.0

3.8 1.0 1.2 1.0

3.9 1.0 1.2 1.1

4.0 1.0 1.3 1.1

4.1 1.0 1.3 1.1

4.2 I 1.0 1.4 1.1

4.3
I

1.0 1.5 12

4.4 I 1.0 1.6 1.2

4.5 1.0 1.8 1.3

4.6 1.0 2.0 1.5

4.7 1.0 2.2 1.6

4.8 1.0 2.5 1.9

4.9 1.0 2.8 2.2

5.0 1.0 3.2 2.6

5.1 1.0 3.6 3.2

5.2 1.0 4.2 3.9

5.3 1.0 4.8 4.7

5.4 1.0 5.5 5.8

5.5 1.0 6.3 7.1

5.6 I 1.0 I 7.1 8.6



FOOD-CHAIN MULTIPLIERS

F-25

. ]
5.7 1.0 8.0 10

5.8 1.0 8.8 12

5.9 1.0 9.7 14

6.0 1.0 11 16

6.1 1.0 11 18

6.2 1.0 12 20

6.3 1.0 13 22

6.4 1.0 13 23

6.5 1.0 14 25

6.6 1.0 14 26

6.7 1.0 14 26

6.8 1.0 14 27

6.9 1.0 14 27

7.0 1.0 14 26

7.1 1.0 14 25

7.2 1.0 14 24

7.3 1.0 13 23

7.4 1.0 13 21

7.5 1.0 13 19

7.6 1.0 12 17

7.7 1.0 11 14

7.8 1.0 10 12

7.9 1.0 9.2 9.8

8.0 1.0 8.2 7.8

8.1 1.0 7.3 6.0

8.2 1.0 6.4 4.5

8.3 1.0 5.5 3.3

8.4 1.0 4.7 2.4

8.5 1.0 3.9 1.7

8.6 1.0 3.3 1.1



FOOD-CHAIN MULTIPLIERS

Source: U.S. EPA 1995k. "Great Lakes Water Quality Initiative Technical Support Document for the Procedure to
Determine Bioaccumulation factors." EPA-820-B-95-OO5.Office of Water. Washington, D.C. March.
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8.7 1.0 2.7 0.78 II ,.-

8.8 1.0 2.2 0.52

8.9 1.0 1.8 0.35

9.0 1.0 1.5 0.23
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APPENDIX E

TOXICITY REFERENCE VALUES

Appendix E presents implementation of the recommendedapproach (described in Chapter 5) for identifying
toxicity reference values (TRVs) for measurement receptors. Discussion is provided for determining
compound-specific TR V values for community and wildlifemeasurement receptors.

Following the guidance in Sections E-1.0 through E-1.2, U.S. EPA OSW has identified default TRVvalues
for the measurement receptors of the seven example food webs (listed in Chapter 4) and the compounds
commonly identified in ecological risk assessments for combustion facilities (identified in Chapter 2).
Section E-l.O describes the determination of TRV values for surface water, sediment, and soil community
measurement receptors in the example food webs. SectionE-2.0 describes determination of TRV values for
wildlife measurement receptors in the example food webs. Tables E-l through E-8 present the default TRV
values selected, the basis for selection of each value, and the references evaluated in determination of each
value.

TR V values for a limited number of compounds are includedin this appendix (see Tables E-l through E-3)
to facilitate the completion of screening ecological risk assessments. However, it is expected that TR V
values for additional compounds and receptors may be required for evaluation on a site specific basis. In
such cases, TR Vvalues for these additional compounds could be determined following the same guidance
used in detennination of the TR Vvalues reported in this appendix. For the determination of TRV values for
measurement receptors not specifically represented in Sections E-1.0 through E-2.0 (e.g., amphibians and
reptiles), an approach consistent to that presented in this appendix could be utilized by applying data
applicable to those measurement receptors being evaluated.

The default TR Vs provided in Tables E-l through E-8 are based on values reported in available scientific
literature. Toxicity values identified in secondary reference sources were verified, where possible, by
reviewing the primary reference source. As noted in Chapter 5, TRV values may change as additional
toxicity research is conducted and the availability of toxicity data in the scientific literature increases. As a
result, U.S. EP A OSW recommends evaluating the latest toxicity data before completing a risk assessment
to ensure that the toxicity data used in the risk assessment is the most current. If more appropriate TR V
values can be documented, they should be used presented to the respective permitting authority for
approval.

TR Vs were not identified for amphibians and reptiles because of the paucity of toxicological infonnation on
these receptors. Additional guidance on determination and use of TRV values in the screening level
ecological risk assessment is provided in Chapter 5.

E-l.O TRVs FOR COMMUNITY MEASUREMENT RECEPTORS IN SURFACE WATER,
SEDIMENT, AND SOIL

TR V values provided in this appendix for community measurement receptors in surface water, sediment,
and soil were identified from screening toxicity values developedand/or adopted by federal and/or state
regulatory agencies. As discussed in Chapter 5, these screeningtoxicity values are generally provided in
the fonn of standards, criteria, guidance, or benchmarks. For compounds with no available screening
toxicity value, TRVs were determined using toxicity values from available scientific literature. The
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equilibrium partitioning (EqP) approach was used to compute several sediment TR Vs. Uncertainty factors
(ups) were applied to toxicity values, as necessary, to meet the TRV criteria discussed in Chapter 5. The
following sections discuss determination of TRVvalues for community receptors in surface water,
sediment, and soil.

Freshwater TRVs Freshwater TRVs should be used for freshwater and estuarine ecosystems with a
salinity less than 5 parts per thousand. Freshwater TRVs, based on the dissolved concentration of the
compound in surface water, are listed in Table E-1. TRVs were identified using the following hierarchy:

1. Federal chronic ambient water quality criteria (AWQc) calculated for with no final
residue value (U.S. EPA 1999; 1996b). Federal AWQC for cadmium, copper, lead,
nickel, and zinc were multiplied by a chemical-specific conversion factor to determine a
TR Vbased on dissolved concentration (U.S. EPA 1999; 1996b).

2. Final chronic values (FCV) for COPCs for which their AWQC included a final residue
value (U.S. EPA 1996b).

3. If inadequate data (insufficient number of families of aquatic life with toxicity data) were
available to compute an AWQC or FCV, U.S. EPA (1999; 1996b) also reported
secondary chronic values (SCV) calculated using the Tier II method in the Great Lakes
Water Quality Initiative (GLWQI) (reported in 40 CFR Part 122). This me1hodis similar
to the procedures for calculating an FCV. It uses statistically-derived "adjustment factors"
to address deficiencies in available data. The adjustment factor decreases as the number of
representative families increases.

4. If an AWQC, FCV, or GLWQI Tier II SCV value were not available, toxicity values cited
by U.S. EPA (1987) were identified. These toxicity values represent the lowest available
values. Further, additional toxicity values available from the AQUIRE database in U.S.
EPA's ECOTOXicology Database System (U.S. EPA 1996a) were identified. If collected
from a secondary source (such as AQUIRE), original studies were obtained and reviewed
for accuracy. The toxicity values reported in Table E-l represent the lowest (most
conservative), ecologically relevant, available value.

5. If toxicity data were unavailable, a surrogate TRV from a COPC with a similar structure
was identified.

6. If no surrogate was available, a TRV was not listed. The potential toxicity of a COPC
with no TRV should be addressed as an uncertainty (see Chapter 6)

Standard AQUIRE report summaries on tests were screened for duration, endpoint, effect, and
concentration. Studies were also screened for ecologically relevant effects by focusing on studies that
evaluated effects on survival, reproduction, and growth. Aspects of endpoint, duration, and test organism
in each toxicity study were evaluated to identify the most appropriate study. Several compounds, most
notably metals, had a large number of toxicity values based on various endpoints, organisms, and exposure
durations. In these instances, best scientific judgment was used to identify the most appropriate toxicity
value (see Chapter 5).
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Chronic NOAEL-based values were not adjusted, but rather were carried through unchanged to become the
TRV. Toxicity values identified as "less than" a particular concentration were divided by 2 to represent an
average value because the true value is unlmown, and it occurs between 0 and the noted concentration.
UFs discussed in Chapter 5 were applied to toxicity values not meeting TRV criteria.

Saltwater TRVs Saltwater TRVs are applicable to marine water bodies and estuarine systems with a
salinity greater than 5 ppt. Saltwater TRVs are listed in Table E-2. Saltwater water TRV development
followed the same procedure as described above for freshwater receptors, except no GLWQI Tier n SCVs
were available. In addition, if no saltwater TR V for a surrogate compound was available, the
corresponding freshwater TR V was adopted.

Freshwater Sediment TRVs Freshwater sediment TRVs are listed in Table E-3. They are applicable to
water bodies with a salinity less than 5 ppt. Freshwater sediment TRVs were identified from various sets of
screening values and ecotoxicity review documents. The lowest available screening values among the
following sources were identified:

1. No effect level (NEL) and lowest effect level (LEL) values from "Ontario's Approach to
Sediment Assessment and Remediation" (persaud et al. 1993)

2. Apparent effects threshold (AET) values for the amphipod, Hyallela azteca, reported in
"Creation of Freshwater Sediment Quality Database and Preliminary Analysis of
Freshwater Apparent Effects Thresholds" (Washington State Department of Ecology
1994)

3. Sediment effect concentrations jointly published by the National Biological Service and the
U.S. EPA (Ingersoll et al. 1996).

If a screening value was not available in the sources listed above, toxicity studies and other values compiled
and reported by Jones, Hull, and Suter (1997) were reviewed to identify possible TR Vs. Relevant studies
were prioritized based on the criteria listed in Chapter 5, and uncertainty factors were applied, as
applicable, based on criteria presented (see Chapter 5).

If a screening or sediment toxicity value was not available for an organic COPC, a freshwater sediment
TRVwas computed, using the EqP approach (see Chapter 5), from the compounds corresponding
freshwater TR V and Kocvalue. The U.S. EPA Office of Water utilizes the EqP approach to develop
sediment quality criteria for nonionic (neutral) organic chemicals (U.S. EPA 1993). The EqP approach
assumes that the toxicity of a compound in sediment is a function of the concentration in pore water and
that to be nontoxic, the pore water must meet the surface water final chronic value. The EqP approach also
assumes that the concentration of a compound in sediment pore water depends on the carbon content of the
sediment and the compound's organic carbon partitioning coefficient (U.S. EPA 1993). A TR V may be
calculated using the following equation (U.S. EPA 1993):

TRV = K . + . TRVsed oc J oc sw Equation E-l

where

TR v"ed = Sediment TR V Orglkg)
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Organic carbon partition coefficient (Llkg)
Fraction of organic carbon in sediment (unitless)-default value =4%
(0.04)
Corresponding surface water TR V (jJ.g/L)TRVsw =

Marine Sediment TRVs Marine sediment TRVs are listed in Table E-4. They are applicable to sediments
of marine water bodies and estuarine systems with a salinity greater than 5 ppt. Marine sediment TR Vs
were developed following the procedures used to identify the freshwater sediment TRVs. Screening values
were compiled from the following sources:

1. No observed effect level (NOEL) sediment quality assessment guidelines for State of
Florida coastal waters (MacDonald 1993).

2. Marine and estuarine effects range low (ERL) values from "Incidence of Adverse
Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine
Sediments" (Long et al. 1995)

3. ERL values from "The Potential for Biological Effects of Sediment-Sorbed Contaminants
Tested in the National Status and Trends Program" (Long and Morgan 1991)

4. Marine sediment quality criteria from "Sediment Management Standards" (Washington
State Department of Ecology 1991)

Screening values were adopted directly as TR Vs. If a screening value was not available in the sources
listed above, toxicity values from a search of the scientific literature and those compiled and reported by
Hull and Suter (1994) were reviewed to identify possible TR Vs. Original studies were obtained, where
possible, and toxicity values were verified. Relevant studies were prioritized based on the criteria listed in
Chapter 5, and uncertainty factors were applied, as appropriate, based on criteria (see Chapter 5). If a
screening or ecologically relevant sediment toxicity value from the scientific literature were not available
for an organic COPC, a marine sediment TRVwas computed, using the EqP approach, from the COPC's
corresponding saltwater TRV andK()Cvalue (see Equation E-l).

Terrestrial Plant TRVs The terrestrial plant TRVs listed in Table E-5 are based on bulk soil exposures.
Available terrestrial plant toxicity values from the scientific literature were used to develop presented TR V
values. Toxicity values were first identified from the following secondary sources:

1. Studies cited in Toxicological Benchmarks for Screening Potential Contaminants of

Concern for Effects on Terrestrial Plants: 1997 Revision (Efroymson, Will, Suter, and
Wooten 1997). Available studies were obtained and reviewed for accuracy of toxicity
values. UPs were applied depending on study endpoint and available information.

2. Toxicity values in the Phytotox database in U.S. EPA's ECOTOXicology Database
System. Available studies were obtained and toxicity values were verified. UPs were
applied depending on study endpoint and available information.

3. Toxicity values in U.S. EPA Region 5 Ecological Data Quality Levels (EDQL) Database
(pRC 1995). The database contains media-specific EDQLs for the RCRA Appendix IX
constituents (40 CFR Part 264). The EDQLs represent conservative media concentrations
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protective of media receptors and wildlife that might be exposed through food chains based
in these media. Available studies were obtained and toxicity values were verified. UPs
were applied depending on study endpoint and available information.

Original studies were obtained, where possible, and prioritized based on criteria listed in Chapter 5.
Uncertainty factors were applied, as appropriate, based on criteria (discussed in Chapter 5) to develop TRV
values. For COPCs without toxicity data, the TRVfor a surrogate COPC was adopted. !fan appropriate
surrogate TRVwas not available, no TRVvalue was identified. Generally, review of toxicity data available
in the scientific literature indicates that limited TRVs are available for organic compounds; while TRVs for
metals are available.

Soil Invertebrate TRVs The soil invertebrate TRVs listed in Table E-6 are based on bulk soil exposures.
Available soil invertebrate toxicity values ftom the scientific literature were used to develop TR Vs for these
receptors. Soil invertebrate toxicity values were first identifiedftom the following secondary sources:

1. Studies cited in Toxicological Benchmarks for Potential Contaminants of Concernfor
Effects on Soil and Litter Invertebrates and Heterotrophic Process (Will and Suter n
1995a). Available studies were obtained and toxicity values were verified. UPs were
applied depending on study endpoint and available information.

2. Scientific literature was searched for toxicity values for outstanding compounds. Relevant
studies were obtained, toxicity values were verified, and UPs were applied as descnoed.

Original studies were obtained, where possible, and prioritized based on criteria listed in Chapter 5.
Uncertainty factors were applied, as appropriate, based on criteria to develop TRVs. !fno toxicity value
was available for a COPC, the TRVfor a surrogate COPC was adopted.

E-2.0 TRVs FOR WILDLIFE MEASUREMENTRECEPTORS

TRVvalues for wildlife measurement receptors are listed in Tables E-7 (mammals) and E-8 (birds). TRVs
were not developed for each avian and mammalian measurement receptor in the seven example food webs
because of the paucity of species-specific data. Rather, U.S. EPA OSW focused on identifying a set of
avian TRVs and a set of mammalian TRVs for the classes of compounds listed in Section 2.3. U.S. EPA
OSW assumed that, among the literature reviewed for a particular guild, the lowest available toxicity value
across orders in class Aves and across orders in class Mammalia would provide a conservative estimate of
toxicity. Available mammalian and avian toxicity values ftom the scientific literature were used to develop
TRVs for these receptors. Also, as previously noted, TRVvalues were not identified for amphibians and
reptiles because of the paucity of toxicological information on these receptors. Wildlife measurement
receptors TR Vvalues were first identified ftom the following secondary sources:

1. Toxicity values compiled in Toxicological Benchmarks for Wildlife: 1996 Revision
(Sample, Opresko, and Suter 1996).

2. Toxicity values listed in the Terretox database of U.S. EPA'sECOTOXicology Database
System (U.S. EPA 1996b) were screened to identify studies potentially meeting the criteria
listed in Chapter 5.
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Original studies were compiled, where possible, and reviewed to verify their accuracy based on criteria
listed in Chapter 5. In many cases, best scientificjudgement was used to screen out studies with poor
experimental design (see Chapter 5). Uncertainty factors were applied, as appropriate, to develop TRVs
based on criteria presented in Chapter 5.

Conversions Some avian and mammalian toxicity data are expressed in terms of compound concentration
in the food of the test organism To convert to daily dose, it is necessary to determine the exposure
duration and organism body weight. If the study does not report this information, the results should not be
used to compute a TR V. If information on exposure duration and organism body weight is available,
dietary concentration can be computed to dose using the following generic equation:

DD = C. IR
BW Equation E-2

where
DD
C
IR
BW

COPC dose (mg COPClkg BW/day)

Concentration of COPC in diet (mg COPClkg food)
Food ingestion rate (kgIday)
Test organism body weight (kg)
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TABLE E-l

FRESHWATER TOXICITY REFERENCE VALVES

(Page 1 of 8)
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2,3,7,8-TCDD Chronic LOEL 0.000038 0.1 0.0000038 Mehrle et al. (1988). 2,3,7,8-TCDD toxicity value for rainbow

trout (Oncorhynchus mykiss).
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Total high molecular weight (HMW) -- -- -- 0.014 Benzo(a)pyrenetoxicityused as surrogatemeasureof toxicity.
PARs This TRV shouldbe used if assessing the risk of total HMW

PAHs.

Benzo(a)pyrene Tier II value 0.014 Not applicable 0.014 U.S. EPA (1996). Calculatedusing Great LakesWater Quality
InitiativeTier II methodology.

Benzo(a)anthracene Tier II SCV 0.027 Not applicable 0.027 Suter and Tsao (1996). Calculatedusing Great LakesWater
QualityInitiativeTier II methodology.

Benzo(b)fluoranthene -- -- -- 0.027 Toxicityvalue not available. Benzo(a)anthraceneused as
surrogate.

Benzo(k)fluoranthene -- -- -- 0.027 Toxicityvalue not available. Benzo(a)anthraceneused as
surrogate.

Chrysene -- -- -- 0.027 Toxicityvalue not available. Benzo(a)anthraceneused as
surrogate.

Dibenz(a,h)anthracene -- -- -- 0.027 Toxicityvalue not available. Benzo(a)anthraceneused as
surrogate.

Indeno(1,2,3-cd)pyrene -- -- -- 0.027 Toxicityvalue not available. Benzo(a)anthraceneused as
surrogate.

Potychlor'f"ated bIpHenylS(PCB) g/L) >,

Aroelor 1016 -- 0.19 Not applicable 0.19 Adopted from U.S. EPA (1996) value for Total PCB. Calculated
using Great Lakes Water Quality Initiative Tier II methodology.
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FRESHWATER TOXICITY REFERENCE VALUES
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Aroclor 1254 -- 0.19 Not applicable 0.19 Adoptedftom U.S. EPA(1996) value forTotal PCB. Calculated
using Great LakesWaterQuality InitiativeTier II methodology.. )' jt
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1,3-Dinitrobenzene Subchronic 260 0.1 26 van der Schalie (1983). Algal growth test with Selenastrum
NOEC capricornutum.

2,4-Dinitrotoluene Chronic LOEL 230 0.1 23 U.S. EPA (1987)

2,6-Dinitrotoluene Chronic NOEC 60 Not applicable 60 Kuhn et al. (1989). Toxicity value for water flea (Daphnia
magna).

Nitrobenzene Acute LOEL 27,000 0.01° 270 U.S. EPA (1987)

Pentachloronitrobenzene LC50 1,000 0.01 10 Hashimoto and Nishiuchi (1981). Toxicity value for common carp
(Cyprinus carpio).

,rhtate es!r, Q4W!!)!,
1. i I',

.I.. J. , I',

Bis(2-ethylhexyl)phthalate Tier II SCV 3.0 Not applicable 3.0 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.

Di(n)octyl phthalate Chronic NOEL 320 Not applicable 320 McCarthy and Whitmore (1985). Toxicity value for water flea (D.
magna).

.y,IItl,l.o,nnl'c(UPMtt?tr .I;' :,{;;. ,.Ii, ',,] .il,. .CI..',,"

Acetone Tier II SCV 1,500 Not applicable 1,500 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.

Acrylonitrile Chronic LOEL 2,600 0.1 260 U.S. EPA (1987)

Chloroform Tier II SCV 28 Not applicable 28 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.
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Crotonaldehyde Acute LC50 3,500 0.01 35 Dawson et al. (1977). Toxicity value for bluegill sunfish (Lepomis
macrochirus).

1,4-Dioxane Acute ECO 6,210,000 0.01 62,100 Bringmann and KUhn (1982). Toxicity value for water flea (D.
magna).

Formaldehyde Acute LC50 4,960 0.01 49.6 Reardon and Harrell (1990). No data available for formalehyde.
Fonnalin containing 37 percent fonnaldehyde used as a surrogate.
Endpoint based on formaldehyde concentration.

Vinyl chloride Subchronic 388,000 O.Ole 3,880 Brown et al. (1977)
LC 100

Otr chIQtlJ1tetJ qrganlcs WW) " "'"'' d! .Iii.!!"",." '.i, +. '" i

Hexachlorobenzene Proposed chronic 3.68 Not applicable 3.68 U.S. EPA (1987)
criterion

Hexachlorobutadiene Chronic LOEL 9.3 0.1 0.93 U.S. EPA (1987)

Hexachlorocyclopentadiene Chronic LOEL 5.2 0.1 0.52 U.S. EPA (1987)

Pentachlorobenzene Tier 11value 0.47 Not applicable 0.47 U.S. EPA (1996). Calculated using Great Lakes Water Quality
Initiative Tier 11methodology.

Pentachlorophenol Chronic criterion 15 Not applicable 15 U.S. EPA (1999). Value expressed as a function of pH and
calculated as follows: TRV = exp(1.005(pH)-5.134). A pH of7.8
is assumed to calculate the displayed value.

i i., " ' ' i

PestlHdes (jJg/L) " '. '..

4,4'-DDE Acute LOEL 1,050 O.Ole 10.5 U.S. EPA (1987)

Heptachlor Chronic criterion 0.0038 Not applicable 0.0038 U.S. EPA (1987)
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Hexachlorophene Subchronic 8.8 0.1 0.88 Call et al. (1989). Toxicityvalue for fatheadminnow (P.
NOEC pl'omelas).

,
,In<<!rgriJc(mg()i:',,,, ,g'"", ';, ,," " y "" ,,' ;,' I\! ..,,;, '"/,, ,'" ,,' J' ",,'il' ;1:"",

Aluminum FCV 0.087 Not applicable 0.087 U.S. EPA (1988)

Antimony Proposed chronic 0.03 Not applicable 0.03 U.S. EPA (1987)
criterion

Arsenic (trivalent) Chronic criterion 0.15 Not applicable 0.15 U.S. EPA (1999)

Barium Tier II SCV 0.004 Not applicable 0.004 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.

Beryllium Tier II SCV 0.00066 Not applicable 0.00066 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.

Cadmium Chronic criterion 0.0022 Not applicable 0.0022 U.S. EPA (1999). Value expressed as a function of water hardness
(dissolved) and calculated as follows: TRV = exp(me[ln(hardness)]+be) where

me = 0.7852and be= -2.715. Criterionwas convertedto dissolved
concentration using the following conversion factor: 1.10I 672-[(In
hardness)(0.041838]. A assumed hardness of 100 mg/L and a
conversion trom mg/L to f.,lg/Lwere used to calculate the displayed
value.

Chromium (hexavalent) Chronic criterion 0.011 Not applicable 0.011 U.S. EPA (1999).

Copper Chronic criterion 0.009 Not applicable 0.009 U.S. EPA (1999). Value expressed as a function of water hardness
(dissolved) and calculated as follows: TRV = exp(me[ln(hardness)]+be) where

me =0.8545and be = -1.702.Criterionwas convertedto dissolved
concentration using a conversion factor of 0.960. A assumed
hardness of 100 mg/L and a conversion trom mg/L to f.,lg/Lwere
used to calculate the displayed value.
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Total Cyanide Chronic criterion 0.0052 Not applicable 0.0052 U.S. EPA (1999). This value is expressed as mg free cyanide (as
CN)/L.

Lead Chronic criterion 0.0025 Not applicable 0.0025 U.S. EPA (1999). Value expressed as a function of water hardness
(dissolved) and calculated as follows: TRV = exp(me[ln(hardness)]+be) where

me = 1.273and be= -4.705. Criterionwas convertedto dissolved
concentration using the following conversion factor: 1.46203-[(ln
hardness)(0.145712]. A assumed hardness of 100 mg/L and a
conversion from mg/L to jA-g/Lwere used to calculate the displayed
value.

Mercuric chloride Chronic criterion 0.00077 Not applicable 0.00077 U.S. EPA (1999). This value was from data for inorganic
mercury (II).

Methyl mercury Tier II SCV 0.0000028 Not applicable 0.0000028 Suter and Tsao (1996). Calculated using Great Lakes Water
Quality Initiative Tier II methodology.

Nickel Chronic criterion 0.052 Not applicable 0,052 U.S. EPA (1999). Value expressed as a function of water hardness
(dissol ved) and calculated as follows: TRV = exp(me[ln(hardness)]+be) where

me =0.8460 and be = 0.0584. Criterionwas convertedto dissolved
concentration using a conversion factor of 0.997. A assumed
hardness of 100 mg/L and a conversion from mg/L to jA-g/Lwere
used to calculate the displayed value.

Selenium Chronic criterion 0.005 Not applicable 0.005 U.S. EPA (1999)

Silver Proposed chronic 0.00012 Not applicable 0.00012 U.S. EPA(1987)
criterion

Thallium Chronic LOEL 0.04 0.1 0.004 U.S. EPA (1987)
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Notes:

a

b
c
d
e

f

ECO
FCV
HMW
LC50
LCIOO
LOEL
NOEC
NOEL
SCV
TRV

The duration of exposure is defined as chronic ifit represents about 10 percent or more of the test animals lifetime expectancy. Acute exposures represent single exposures or multiple
exposures occurring within a short time. For evaluating exposure duration, the following general guidelines were used. For invertebrates and other lower trophic level aquatic biota:
(I) chronic duration lasted for 7 or more days, (2) subchronic duration lasted trom 3 to 6 days, and (3) acute duration lasted 2 days or less. For fish: (I) chronic duration lasted for more
than 90 days, (2) subchronic duration lasted trom 14 to 90 days, and (3) acute duration lasted less than 2 weeks.
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) of the SLERAP for a discussion of the use of uncertainty factors.
TRV was calculated by multiplying the toxicity value with the uncertainty factor.
The references refer to the source of the toxicity value. Complete reference citations are provided below.
Best scientific judgment used to identitY uncertainty factor. See Chapter 5 (Section 5.4.1.2) for a discussion the use of best scientific judgement. Factors evaluated include test
duration, ecological relevance of endpoint, experimental design, and availability of toxicity data.
TRVs for metals are based on the dissolved metal concentration. According to U.S. EPA (1993) policy, concentrations of dissolved metal more closely approximate the bioavailable
!Taction of metal in the water column.

Effective concentration for zero percent of the test organisms.
Final Chronic Value

High molecular weight
Lethal concentration for 50 percent of the test organisms.
Lethal concentration for 100 percent of the test organisms.
Lowest Observed Effect Level
No Observed Effect Concentration
No Observed Effect Level

Secondary Chronic Value
Toxicity Reference Value
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Zinc Chronic criterion 0.118 Not applicable 0.118 U.S. EPA (1999). Value expressed as a function of water hardness
(dissol ved) and calculated as follows: TRV = exp(me[ln(hardness»)+be) where

me = 0.8473and be= 0.884. Criterionwas convertedto dissolved
concentration using a conversion factor of 0.986. A assumed
hardness of 100 mg/L and a conversion trom mg/L to j.j,g/Lwere
used to calculate the displayed value.
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Total high molecular weight (HMW)
PAHs

Benzo( a)pyrene

Benzo( a)anthracene

Benzo(b )fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Indeno( 1,2,3-cd)pyrene

I POlychlorinated"Jjtp1ie~YlstlCBJ'(JliVL~'

Aroclor 1016

AcuteLC50

AcuteLC50

AcuteLC50

AcuteLC50

AcuteLC50

AcuteLC50

AcuteLC50

AcuteLC50

(Page 1 of 8)

0.000038 0.1 No saltwater data were available, therefore, corresponding treshwater
toxicity value was used (rainbow trout, Oncorhynchus mykiss) trom
Mehrle et al. (1988). 2,3,4,5-TCDD toxicity value used.

>50 I O.Ole I 0.5 I Rossi and Neff (1978)evaluatedtoxicityof three HMW(three or more
aromaticrings)PAHsto the polychaete,Neanthesarenaceodentata.
LC50of each HMWPAHexceeded50 I-tglL.This TRV should be used if
assessing the risk of total HMWPAHs.

>50 I 0.01;--J 0.5 I Rossi and Neff (1978). Toxicity value for polychaete (N.
arenaceodentata).

>50 I O.Ole 0,5 Toxicityvalue not available. TRV forbenzo(a)pyreneused as surrogate.

>50 I O.Ole 0.5 Toxicityvalue not available. TRV forbenzo(a)pyreneused as surrogate.

>50 I O.Ole 0.5 Toxicityvaluenot available. TRV for benzo(a)pyreneused as surrogate.

>50 I O.Ole 0.5 Rossi and Neff (1978). Toxicityof severalPAHswas evaluted. LC50
of each individualHMWPAHexceeded50 I-tglL.

>50 I 0.01:-! 0.5 I Rossi and Neff (1978). Toxicityof severalPAHs was evaluted. LC50
of individualHMWPAHsexceeded50 I-tglL.

>50 I O.Ole Toxicityvalue not available. TRV for benzo(a)pyreneused as surrogate.

0.03 I Not I0.03 I U.S. EPA (1987) chronic criterion for ambient water quality.
applicable
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Aroclor 1254 -- 0.03 Not 0.03 U.S. EPA (1987) chronic criterion for ambient water quality.
applicable
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1,3-Dinitrobenzene -- -- -- 66.8 Toxicitydata not available. TRV fornitrobenzeneused as surrogate.

2,4-Dinitrotoluene Chroniccriterion 370 Not 370 U.S. EPA(1987)
applicable

2,6-Dinitrotoluene -- -- -- 370 Toxicity data not available. TRV for 2,4-dinitrotoluene used as
surrogate.

Nitrobenzene Acute criterion 6,680 0.01 66.8 U.S. EPA (1987)

Pentachloronitrobenzene Acute LC50 1,000 0.01 10 No toxicity value or surrogate TRV available, therefore, corresponding
treshwater toxicity value (common carp, Cyprinus carpio) trom
Hashimoto and Nishiuchi (1981) adopted.

". , " ''',',

f"tIa,,,,stei's (fg(M ",H""" . " """ "

Bis(2-ethylhexyl)phthalate Acute LC50 >170 0.01 1.7 Adams et al. (1995). Toxicity value for sheepshead minnow
(Cyprinodon variegatus).

Di(n)octyl phthalate NOEL 320 Not 320 No toxicity value or surrogate TRV available, therefore, corresponding
applicable treshwater toxicity value used (water flea, D. magna) trom McCarthy

and Whitmore (1985).

'Vc)tilaf,eClrg"'!JccopoUlJdil(Jlg/L) ,
" '(: ;, i;;ir"jir J,'J'", ,,'

Acetone Acute LC50 2,100,000 0.01 21,000 Price et al. (1974). Toxicity value for brine shrimp (Anemia sp.).

Acrylonitrile Acute LC50 10,000 0.01 100 Portmann and Wilson (1971). Toxicity value for common shrimp

(Crangon crangon).
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Chlorofonn Acute LC 50 18,000 0.01 180 Anderson and Luster (1980). Toxicity value for Rainbow trout (Salmo
gairdnari).

Crotonaldehyde Acute LC50 1,300 0.01 13 Dawson et al. (1977). Toxicity value for inland silverside (Menidia
beryllina).

1,4-Dioxane Acute LC50 6,700,000 0.01 67,000 Dawson et al. (1977). Toxicity value for inland silverside (M. beryllina).

Formaldehyde Acute LC50 4,960 0.01 49.6 No toxicity value or surrogate TRV available for this constituent,
therefore, corresponding ITeshwater toxicity value used (Striped bass,
Morone saxatilis) ITomReardon and HareH (1990). No data available
for fonnadehyde. Formalin containing 37 percent formaldehyde used as
surrogate. TRV expressed on formaldehyde basis.

Vinyl chloride Subchronic LC100 388,000 O.Ole 3,880 No toxicity value of surrogate TRV available, therefore, corresponding
ITeshwater toxicity value used (Northern pike, Esox lucius) ITomBrown
et al. (1977).

.f;

ther,NlnacI!!t!:nlcs (tlIVI..)

Hexachlorobenzene Acute EC50 >1,000 0.01 10 Zaroogian (1981). Toxicity value for American oyster (Crassostrea
virginica).

Hexachlorobutadiene Acute LOEL 32 O.Ole 0.32 U.S. EPA (1987)

Hexachlorocyclopentadiene Acute LOEL 7.0 O.Ole 0.07 U.S. EPA (1987)

Pentachlorobenzene Subchronic NOEC 18 0.1 1.8 Hansen and Cripe (1991). Toxicity value for sheepshead minnow
(Cyprinodon variegatus).

Pentachlorophenol Chronic criterion 7.9 Not 7.9 U.S. EPA(l987)
applicable

,

Pesticides(I-'IVL)
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4,4 '-DOE Acute LOEL O.Ole14

Heptachlor Chronic criterion Not
applicable

0.0036

Hexachlorophene

11norgR~!~,(miV~lti!iii';l

AcuteLC50 0.013.3

" "
c;')
I

N
0

0.271 0.01Aluminum Acute LT50

0.14

0.0036

0.033

0.00271

0.5

0.036

5.0

0.00066

0.0093

0.05

0.0031

Iteferenc:eJ and Notes 4

U.S. EPA (1987)

u.s. EPA(1987)

Calleja et al. (1994). Toxicity value for brine shrimp (Artemia salina).

Study examined influence of pH and temperature on acute (48-hour)

toxicity (as time to mortality) of aluminum to smoltifYing Atlantic

salmon (Salmo salar). Endpoint concentration based on sum of
inorganic and organic aluminum for exposure at pH 6.5 (Poleo and

Muniz 1993).

U.S. EPA (1987)

U.S. EPA (1987)

U.S. EPA (1978)

No toxicity value or surrogate TRV available, therefore, corresponding
freshwater TRV adopted. Suter and Tsao (1996); value calculated using
Great Lakes Water Quality Initiative Tier II methodology.

U.S. EPA(1987)

U.S. EPA (1987)

U.S. EPA 1999. When the concentration of dissolved organic carbon is
elevated, copper is substantially less toxic and use of a water effects
ratio may be appropriate.

Antimony I Proposedchronic 0.5 Not
criterion applicable

Arsenic (trivalent) I Chroniccriterion 0.036 Not
applicable-

Barium Subchronic LC50 >500. O.Ole

Beryllium Tier II SCV 0.00066 Not

applicable

I 0.0093 ICadmium I Chronic criterion Not

applicable

Chromium (hexavalent) I Chronic criterion 10.05 I Not

applicable

Copper I Chronic criterion I 0.0031 I Not
applicable
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Total Cyanide Chronic criterion 0.001 Not 0,001 U.S. EPA (1987)
applicable

Lead Chronic criterion 0.0081 Not 0.0081 U.S. EPA(1999)
applicable

Mercuric chloride Chronic criterion 0.00094 Not 0.00094 U.S. EPA (1999). This value was from data for inorganic mercury (II).
applicable

Methyl mercury Subchronic 0.030 0.1 0.003 Sharp and NetT (1982). Toxicity value for mummichog (Fundulus
NOAEL heteroclitus).

Nickel Chronic criterion 0.0082 Not 0.0082 U.S. EPA(I999)
applicable

Selenium Chronic criterion 0.071 Not 0.071 U.S. EPA (1987)
applicable

Silver Chronic criterion/ 0.0023 Not 0.0023 U,S. EPA(I987)

proposed criterion applicable

Thallium Acute LOEL 2.13 O.Ole 0.02 U.S. EPA(1987)

Zinc Chronic criterion 0.081 1.0 0.081 U.S. EPA (1999)
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Notes:

a

b
c
d

(j)
I

N
N

e

EC50
FCV
HMV
LC50
LClOO
LOEC
LOEL
LT50
NOAEL =
NOEL
SCV
TRV

The duration of exposure is defined as chronic if it represents about 10 percent or more of the test animals lifetime expectancy. Acute exposures represent single exposures or multiple
exposures occurring within a short time. For evaluating exposure duration, the following general guidelines were used. For invertebrates and other lower trophic level aquatic biota:
(I) chronic duration lasted for 7 or more days, (2) subchronic duration lasted trom 3 to 6 days, and (3) acute duration lasted 2 days or less. For fish: (1) chronic duration lasted for more
than 90 days, (2) subchronic duration lasted trom 14 to 90 days, and (3) acute duration lasted less than 2 weeks.
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) of the SLERAP for a discussion of the use of uncertainty factors.
TRV was calculated by multiplying the toxicity value with the uncertainty factor.
The references refer to the source ofthe toxicity value. Complete reference citations are provided at the end of this appendix.
Best scientific judgment used to identifY uncertainty factor. See Chapter 5 (Section 5.4.1.2) for a discussion of the use of best scientific judgement. Factors evaluated include test
duration, ecological relevance of endpoint, experimental design, and availability of toxicity data.

Effective concentration for 50 percent ofthe test organisms.
Final Chronic Values

High molecular weight
Lethal concentration for 50 percent of the test organisms.
Lethal concentration for 100 percent ofthe test organisms.
Lowest Observed Effect Concentration
Lowest Observed Effect Level

Lethal threshold concentration for 50 percent of the test organisms.
No Observed Adverse Effect Level
No Observed Effect Level

Secondary Chronic Value
Toxicity Reference Value
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2,3,7,8-TCDD 0.0000038 2,691,535 0.41 TRV was calculated using equilibrium partitioning (EP) approach (EPA
1993), assuming a fractional organic content of 0.04.
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Total high molecular weight (HMW) PAH Not applicable Not applicable 170 TRV is ERL value computed by Ingersoll et a!. (1996) based on 28-day
amphipod (Hyalella azteca) toxicity tests. This TRV may be used if risk of
total HMW PAHs is assessed.

Benzo(a)pyrene Not applicable Not applicable 84 TRV is an ERL value calculated by Ingersoll et a!. (1996) based on 28-day
H. azteca toxicity tests.

Benzo( a)anthracene Not applicable Not applicable 19 TRV is an ERL value calculatedby Ingersollet a!. (1996) basedon 28-day
H. azteca toxicity tests.

Benzo(b )fluoranthene Not applicable Not applicable 37 TRV is an ERL value calculated by Ingersoll et a!. (1996) based on 28-day
H. azteca toxicity tests.

Benzo(k)fluoranthene Not applicable Not applicable 37 TRV is an ERL value calculated by Ingersoll et a!. (1996) based on 28-day
H. azteca toxicity tests.

Chrysene Not applicable Not applicable 30 TRV is an ERL value calculated by Ingersoll et a!. (1996) based on 28-day
H. azteca toxicity tests.

Dibenz( a,h)anthracene Not applicable Not applicable 10 TRV is an ERLvalue calculatedby Ingersollet a!. (1996) basedon 28-day
H. azteca toxicity tests.

Indeno( I,2,3-cd)pyrene Not applicable Not applicable 30 TRV is an ERL value calculated by Ingersoll et al. (1996) based on 28-day
H. azteca toxicity tests.
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Not applicable Not applicable 50

Not applicable Not applicable 50

3 111,000 1.33 x 10 4

320 9.03 x 10 8 1.16 x 10 10
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TRV is an ERL value for Total PCB calculated by Ingersoll et al. (1996)
based on 28-day H. azteca toxicity tests.

TRV is an ERL value for Total PCB calculated by Ingersoll et al. (1996)
based on 28-day H. azteca toxicity tests.

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993), assuming a
ftactional organic content of 0.04. d

f' ," .,

26 20.6 21.4

23 51 46.9

60 41.9 100.6

270 119 1285.2

10 5,890 2356



TABLE E-3

FRESHWATER SEDIMENT TOXICITY REFERENCE VALVES

(Page 3 of 7)

G')
I
N

J

It*,eshwatbrfav. Reference an6Notes.
111

;:Vo)theorga"Ic:brilp(ju"aS ViWkjd

Acetone 1,500 0.951 57.1 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

Acrylonitrile 260 2.22 23.1 TRV was calculated using EqP approach (EPA 1993), assuming a
fractionalorganiccontentof 0.04. d

Chloroform 28 53.0 59.4 TRV was calculated using EqP approach (EPA 1993), assuming a
ITactional organic content of 0.04. d

Crotonaldehyde 35 Not available Not calculated No TRV was calculated because no Kocor Kowvalues were identified for
this constituent.

1,4-Dioxane 62,100 0.876 2176.0 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

Formaldehyde 49.6 2.62 5.2 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

Vinyl chloride 3,880 11.1 1722.7 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

.Obet'chJor;fn",td. organlcs((Jgig) II .°'

Hexachlorobenzene Not applicable Not applicable 20 TRV is an LEL value (Persaud et al. 1993).

Hexachlorobutadiene 0.93 6,940 258.2 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

Hexachlorocyclopentadiene 0.52 9,510 197.8 TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d
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Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium
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0.47 604.4 TRV was calculated using EqP approach (EPA 1993), assuming a
fractionalorganiccontentof 0.04. d

32,148

Not applicable Not applicable 7,000 TRV is an AET value for H. azteca (Washington State Department of
Ecology 1994).

Not applicable

Not applicable

Not applicable I 5

Not applicable 0.3

1,800,000 63,360

TRV is an LEL value (Persaud et al. 1993). p,p' -DOE used as a surrogate.

TRV is an NEL value (Persaud et al. 1993). The NEL was selected because
no LEL was available.

TRV was calculated using EqP approach (EPA 1993), assuming a
fractional organic content of 0.04. d

0.88

TRV is an ERL value calculated by Ingersoll et al. (1996) based on 28-day
H. azteca toxicity tests.

TRV is an AET for H. azteca (Washington State Department of Ecology
1994).

TRV is an LEL value (Persaud et al. 1993).

TRV is a U.S. EPA Region 5 guideline value for classification of sediments
for determining the suitability of dredged sediments for open water
disposal, as cited in Hull and Suter IT(1994).

Not applicable Not applicable Regulatory or toxicity value not available.Not available

Not applicable Not applicable 0.6 TRV is an LEL value (Persaud et al. 1993).

Not applicable Not applicable I 14,000

Not applicable Not applicable I 64.0

Not applicable Not applicable I 6.0

Not applicable Not applicable I 20
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Chromium (total) Not applicable Not applicable 26 TRV is an LEL value (Persaud et at. 1993).

Copper Not applicable Not applicable 16 TRV is an LEL value (Persaud et at. 1993).

Total Cyanide Not applicable Not applicable 0.1 TRV is a U.S. EPA Region 5 guideline value for classification of sediments
for determining the suitability of dredged sediments for open water
disposal, as cited in Hull and Suter II (1994).

Lead Not applicable Not applicable 31 TRV is an LEL value (Persaud et at. 1993).

Mercuric chloride Not applicable Not applicable 0.2 No toxicity data available for divalent inorganic mercury. Total mercury
used as surrogate for divalent inorganic mercury. TRV is an LEL value
(Persaud et al. 1993).

Methyl mercury Not applicable Not applicable 0.2 No toxicity data available for methyl mercury. Total mercury used as
surrogate for methylmercury. TRV is an LEL value (Persaud et at. 1993).

Nickel Not applicable Not applicable 16 TRV is an LEL value (Persaud et al. 1993).

Selenium Not applicable Not applicable 0.1 TRV is an AET for H. azteca (Washington State Department of Ecology
1994).

Silver Not applicable Not applicable 4.5 TRV is an AET for H. azteca (Washington State Department of Ecology
1994).

Thallium Not applicable Not applicable Not available Regulatory value or toxicity value not available.

Zinc Not applicable Not applicable 110 TRV is an ERL value calculated by Ingersoll et al. (1996) based on 28-day
H. azteca toxicity tests.
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Notes:

a
b

c
d
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w
0

AET
ERL

EqP
HMV
LEL
NEL
TRV

Toxicity reference values are in units of micrograms per kilogram (t-tglkg) and milligrams per kilograms (mglkg) for organic and inorganic constituents, respectively.
Values are in units of liters per kilogram (Ukg). K"c = Organic carbon normalized sorption coefficient. References and equations used to calculate Koc values are provided in
Appendix A.
The references refer to the study !Tomwhich the TRV was identified. Complete reference citations are provided below.
Freshwater sediment TRV calculated with the following equation:

Freshwater sediment TRV = Freshwater TRV (Table E-I) * Koc* foc,b'

where,
Koc = organic carbon partition coefficient, and

foc,b'= !Taction of organic carbon in bed sediment, assumed to be 4 percent = 0.04.

Koc values discussed in Appendix A.

Apparent Effects Threshold
Effects Range-Low
Equilibrium Partitioning
High molecular weight
Lowest Effect Level
No Effect Level

Toxicity Reference Value
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REFERENCES

Default TRVs for sediments in freshwater habitats were identified from the three sets of freshwater toxicity values presented below. While some compound-specific freshwater sediment toxicity
information is available in the scientific literature, available toxicity values were not used because of the compexity in understanding the role of naturally-occurring sediment features (such as
grain size, ammonia, sulfide, soil type, and organic carbon content) in toxicity to benthic invertebrates. Among these sets of value, the lowest available toxicity value for a particular compound
was adopted as the TRV. In many cases, a default TRV was calculated from the corresponding freshwater TRV using EPA's equilibrium partitioning approach, assuming a 4 percent organic
carbon content.
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of Ontario. March.
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Not applicableTotal high molecular weight (HMW) PAH Not
applicable

870

,I'

TRV was calculated using EqP approach (EPA 1993),
assuming a tractional, organic content of 0.04. d

'"

Recommended NOEL for Florida Department of
Environmental Regulation (DER) (MacDonald 1993).
This TRV may be used in risk of total HMW PAHs is
assessed.

Recommended NOEL for Florida DER (MacDonald 1993).

Recommended NOEL for Florida DER (MacDonald 1993).

TRV was calculated using EqP approach (EPA 1993),
assuminga tractionalorganiccontentof 0.04. d

TRV is a LEL value trom Persaud et al. (1993).

Recommended NOEL for Florida DER (MacDonald 1993).

Recommended NOEL for Florida DER (MacDonald 1993).

TR V was computed trom OC-based marine sediment
quality criterion trom Washington State Department of
Ecology (1991) and fractional organic carbon content of

0.04, as follows: TRV = 34 mg/kg * 0.04 * 1000 j.tg/mg.

",.."

Benzo(a)pyrene I Not applicable I Not I 230
applicable

Benzo( a)anthracene I Not applicable I
Not I 160

applicable

Benzo(b)fluoranthene 0.5 I 836,000 I 418,000

Benzo(k)fluoranthene Not applicable I Not I 240
applicable

Chrysene I Not applicable I
Not I 220

applicable

Dibenz(a,h)anthracene I Not applicable I
Not I 31

applicable

Indeno( 1,2,3-cd)pyrene I Not applicable I
Not

I 1,360
applicable
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Nitrobenzene
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Not applicable

Not applicable

66.8

370

370

66.8

10

IJ

Not
applicable

Not
applicable

20.6

51

41.9

119

5,890

22.7

22.7

55.0

754.8

620.1

318.0

2356
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TRV is an ERL value for Total PCB from Long et al.
(1995).

TRV is an ERL value for Total PCB from Long et al.
(1995).

TRV was calculated using EqP approach (EPA 1993),
assuming a fractional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993),
assuming a fractional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993),
assuming a fractional organic content of 0.04. d

TRV was calculated using EqP approach (EPA 1993),
assuminga fractionalorganiccontentof 0.04. d

TRV was calculated using EqP approach (EPA 1993),
assuming a fractional organic content of 0.04. d
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Bis(2.ethylhexyl)phthalate Not applicable Not
applicable

470 TRV was calculated using OC.based marine sediment
quality criterion from Washington State Department of
Ecology (1991) and fractional organic carbon content of
0.04, as follows:
TRV = 47 mg/kg * 0.04 * 1000 I-lg/mg.
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Di(n)octyl phthalate Not applicable Not

applicable

580 TRV was calculated using OC-based marine sediment
quality criterion from Washington State Department of
Ecology (1991) and fractional organic carbon content of
0.04, as follows:
TRV = 58 mg/kg * 0.04 * 1000 I-lg/mg.

1",' ,FL'"
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1,4-Dioxane

Acetone

Acrylonitrile

Chloroform

Crotonaldehyde

Formaldehyde

r ,--- r - ,

21,000 I 0.951 I 798.8 I TRV was calculated using EqP approach (EPA 1993),
assuminga fractionalorganiccontentof 0.04. d

100 I 2.22 8.88 TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontentof 0.04. d

180 I 53.0 I 381.6 I TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontent of 0.04. d

13 I Not available Not No TRV was calculatedbecausenoKocor KolVvalue was
computed identified.

67,000 I 0.876 I 2348 TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontentof 0.04. d

49.6 I 2.62 I 5.2 I TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontentof 0.04. d
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Hexachlorobenzene

I

Not applicable

I

Not

I

15.2

I TRV was calculatedusing OC-basedmarine sediment
I applicable quality criterion from Washington State Department ofw

Ecology (1991) and a fractional OC content of 0.04, as\J1

follows: TRV =0.38 mglkg * 0.04 * 1000/log/mg.

Hexachlorobutadiene I Not applicable Not 156 TRV was calculated using OC-based marine sediment
applicable quality criterion from Washington State Department of

Ecology (1991) and a fractional OC content of 0.04, as
follows: TRV = 3.9 mg/kg * 0.04 * 1000/log/mg.

Hexachlorocyclopentadiene 0.07 9,510 26.6 TRV was calculated using EqP approach (EPA 1993),
assuming a fractional organic content of 0.04. d

Pentachlorobenzene I 1.8 32,148 2315 TRV was calculatedusing EqP approach(EPA 1993),
assuming a fractional organic content of 0.04. d

Pentachlorophenol I Not applicable TRV is marine sedimentqualitycriterion fromWashington
State Departmentof Ecology(1991).

4,4'-DDE I RecommendedNOELforp,p'-DDE forFlorida DER
(MacDonald1993).

Heptachlor I 0.0036 9,530 1.37 TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontentof 0.04. d

Hexachlorophene I 0.033 1,800,000 2376 TRV was calculatedusing EqP approach(EPA 1993),
assuminga fractionalorganiccontentof 0.04. d
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Screening or toxicity value not available.

TRV is an ERL value (Long and Morgan 1991).

TRV is an LEL value for Province of Ontario (Persaud et
al. 1993).

TRV is a U.S. EPA Region 5 guideline value for
classification of sediments for determining the suitability
of dredged material for open water disposal, as cited in
Hull and Suter II (1994).

Screening or toxicity value not available.

Recommended NOEL for Florida DER (MacDonald 1993).

TRV is an ERL value for total chromium (Long et al.
1995).

Recommended NOEL for Florida DER (MacDonald 1993).

TRV is a U.S. EPA Region V guideline value for
classification of sediments for determining the suitability
of dredged material for open water disposal, as cited in
Hull and Suter II (1994).

""--, "'''''''''''''''''''"!

Aluminum I Not applicable I Not Not

applicable available

0
II

Antimony
I

Not applicable

I

Not 2
I applicablew'" ..

Arsenic I Not applicable I Not I 6
applicable

Barium I Not applicable I Not I 20

applicable

Beryllium I Not applicable I Not Not

applicable available

Cadmium I Not applicable I Not 1.0

applicable

Chromium (hexavalent) I Not applicable I Not I 8.1
applicable

Copper I Not applicable I Not I 28
applicable

Total Cyanide I Not applicable I Not I O.1

applicable
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Lead

Mercuric chloride

(j)
I

W
J Methyl mercury

Nickel

Selenium

Silver

Thallium

Zinc

Not applicable I Not I 21.0 I RecommendedNOELfor FloridaDER (MacDonald1993).
applicable

Not applicable I Not 0.1 No toxicity data available for divalent inorganic mercury.
applicable Total mercury is used as surrogate. Recommended NOEL

for Florida DER (MacDonald 1993).

Not applicable I Not

I

0.1
I No toxicitydata availablefor methylmercury. Totalapplicable mercuryis used as surrogate. RecommendedNOEL for

FloridaDER (MacDonald1993).

Not applicable I Not I 20.9 I TRV is an ERLvalue (Longet al. 1995).
applicable

Not applicable I Not Not Screening or toxicity value not available.
applicable Available

Not applicable I Not 0.5 RecommendedNOELfor FloridaDER (MacDonald1993).
applicable

Not appliable I Not Not Screeningor toxicityvalue not available.
applicable available

Not applicable I Not 68 Recommended NOEL for Florida DER (MacDonald 1993).
aoolicable
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Notes:

a
b
c
d

EqP
ERL
HMW
LEL
NOEL
TRV

Sediment TRVs are in units of micrograms per kilogram (/.lglkg) and milligrams per kilograms (mglkg) for organic and inorganic constituents, respectively.
Values are in units of liters per kilogram (Ukg). K.c = Organic carbon normalized sorption coefficient. References and equations used to calculate values are provided in Appendix A.
The references refer to the study or studies from which the endpoint and concentrations were identified. Complete reference citations are provided below.
Sediment TRV calculated with the following equation:

Sediment TRV = Marine/estuarine surface water TRV (Table E-2) * Koc * foc.bs

where,

K.c = organic carbon partition coefficient, and
foc,bs=fraction of organic carbon in bed sediment, assumed to be I percent = 0.01.

Koc values are discussed in Appendix A.

Equilibrium Partitioning

Effects Range-Low

High molecular weight
Lowest Effect Level
No Observed Effect Level

Toxicity Reference Value

("'-" ~."..."."'"
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REFERENCES

Default TRVs for sediments in marine and estuarine habitats were identified ftom several sets of toxicity values (standards, benchmarks, and guidelines) presented below. While some
compound-specific marine/estuarine sediment toxicity information is available in the scientific literature, available toxicity values were not used because of the compexity in
understanding the role of naturally-occurring sediment features (such as grain size, ammonia, sulfide, soil type, and organic carbon content) in toxicity to benthic invertebrates. Among
these sets of value, the lowest available toxicity value for a particular compound was adopted as the TRV. In many cases, a default TRV was calculated ftom the corresponding
fteshwater TRV using EPA's equilibrium partitioning approach, assuming a 4 percent organic carbon content.
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w
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Hull, R.N. and G.W. Suter II. 1994. Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1994 Revision.
ES/ER/TM-95/RI. Environmental Sciences Division, Oak Ridge National Laboratory. Oak Ridge, Tennessee. June.

Long, E.R., and L.G. Morgan. 1991. The Potential for Biological Effects of Sediment-Sorbed Contaminants Tested in the National Status and Trends Program. National Oceanic and
Atmospheric Administration (NOAA) Technical Memorandum No.5, OMA52, NOAA National Ocean Service. August.

Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. "Incidence of Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and Estuarine
Sediments." Environmental Management. Volume 19. Pages 81-97.

MacDonald, D.D. 1993. Development of an Approach to the Assessment of Sediment Quality in Florida Coastal Waters. Florida Department of Environmental Regulation.
Tallahassee, Florida. January.

Persaud, D., R. Jaaguagi, and A. Hayton. 1993. GUidelinesfor the Protection and Management of Aquatic Sediment Quality in Ontario. Ontario Ministry of the Environment.
Queen's Printer of Ontario. March.

U.S. EPA. 1993. Technical Basisfor Deriving Sediment Quality Criteria for Nonionic Organic Contaminants for the Protection of Benthic Organisms by Using Equilibrium
Partitioning. Office of Water. EPA-822-R-93-011. September.

Washington State Department of Ecology. 1991. Sediment Management Standards. Washington Administrative Code 173-204.
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(j)
I

0 " Total high molecular weight (HMW)
I

Chronic
I

Wheat
I

1,200
I

Not
I

1,200
I Benzo(a)pyrenetoxicityused asPAR NOAEL applicable representativetoxicityof all HMW

PAHs. This TRVmaybe used to
characterizerisk of total HMWPAHs
to terrestrialplants.

Benzo(a)pyrene I Chronic Wheat 1,200 Not Sims and Overcash (1983)
NOAEL applicable

Benzo( a)anthracene I Not available -- -- -- I 1,200 I Toxicityvaluenot available.
Benzo(a)pyreneused as surrogate.

Benzo(b)f1uoranthene I Chronic Wheat 1,200 Not Simsand Overcash(1983).
NOAEL applicable

Benzo(k)f1uoranthene I Not available -- -- -- I 1,200 I Toxicityvaluenot available.
Benzo(a)pyreneused as surrogate.

Chrysene I Not available -- -- -- Toxicityvaluenot available.
Benzo(a)pyreneused as surrogate.

Dibenz( a,h)anthracene I Not available -- -- -- Toxicity value not available.
Benzo(a)pyrene used as surrogate.
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0
I

~
I-' Aroclor 1016 10,000 No toxicity value available. Aroclor

1254 TRV adopted as surrogate.

Value for toxicity of Arodor 1254
(Weber and Mrozek 1979).

Arodor 1254 Chronic
NOAEL

Soybean
shoot weight

10,000 Not

applicable
10,000

1,3-Dinitrobenzene Toxicity value not available.

2,4- Dinitroto1uene Toxicity value not available.

2,6-Dinitrotoluene Toxicity value not available.

Nitrobenzene Toxicity value not available.

Pentachloronitrobenzene Toxicity value not available.

Toxicity value not available.

Di(n)octyl phthalate
\\ " ( ,

i~\~f 'side [~~lliii<ouiht$,; .~ti<D~',,,, ,g"", I!, , ", WI;;' r!>J ,

Toxicity value not available.
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Acetone Toxicity value not available.

Acrylonitrile Toxicity value not available.
(j)
I

+:-
N

Chloroform Toxicity value not available.

Crotonaldehyde Toxicity value not available.

1,4-Dioxane Toxicity value not available.

Formaldehyde Toxicity value not available.

Toxicity value not available.

Hexachlorobenzene Toxicity value not available.

Hexachlorobutadiene Toxicity value not available.

HexachlorocycIopentadiene Acute EC50 Lettuce

growth
10,000 0.01 100 Hulzebos et al. (1993)

Pentachlorobenzene Toxicity value not available.

Pentachlorophenol Chronic LOAEL Rice 17,300 0.1 1,730 Nagasawa et al. (1981)

'''. "."""""'1
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(j)
I
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Aluminum Subchronic White clover I 5 I Mackay et aI. (1990)
NOAEL seedling

establishmen
t

Antimony Not specified Not specified 5 O.le Kabata-Pendias and Pendias (1992)

Arsenic Chronic LOAEL Corn yield 10 0.1 Woolson et aI. (1971)

(weight)

Barium I Chronic LOAEL I Barleyshoot I

500 I O.Ole I 5 I Chaudryet aI. (1977)
growth

Beryllium I Not specified Not specified 10 O.Ole I 0.1 I Kabata-Pendias and Pendias (1992)

Cadmium I Chronic LOAEL Spruce 2 O.le I 0.2 I Burtonet aI. (1984)
seedling
growth

Chromium (hexavalent) I Subchronic
I

Lettuce I 1.8 I 0.01 I 0.018 I Ademaand Hazen (1989)
EC50 growth

Copper I Chronic LOAEL I Barley I 10 I 0.1 I 1.0 I Toivonem and Hofstra (1979)
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Cyanide,total -- -- -- -- Toxicity value not available.

Lead Chronic LOAEL Senna 46 0.1 Krishnayya and Bedi (1986)
4)

I Mercuric chloride I

I II Acute Barley 34.9 I O.Ole I 0.349 I Panda et al. (1992).j::o-
.j::o- NOEC

Methyl mercury I -- -- -- -- -- Toxicity value not available.

Nickel I
Chronic Bushbean 25 Not 25 Wallaceet al. (1977)
NOAEL shoot growth applicable

Selenium I Subchronic
I Alfalfa shoot

0.5 0.1 I 0.05 I Wan et al. (1988)
NOAEL weight

Silver I Not specified Not specified 2 O.Ole I 0.02 I Kabata-Pendias and Pendias (1992)

Thallium Not specified Not specified 1 O.Ole Kabata-Pendias and Pendias (1992)

Zinc Chronic LOAEL Spring barley 9 0.1 Davis, Beckett, and Wollan (1978
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EC50
HWC
LOAEL =
NOAEL =
NOEC
TRV

To evaluate exposure duration, the following general guidelines were used: Chronic duration represents exposures occurring about 10 or more days, including exposure during
a critical life stage, such as germination and shoot development. Subchronic duration generally lasts 2 days through several days, however a sensitive life stage is not
exposed. Acute duration generally includes exposures occurring 0 to 2 days.
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) of the SLERAP for a discussion on the use of uncertainty
factors.
TRV was calculated by multiplying the toxicity value with the uncertainty factor.

The references refer to the source of the toxicity value. Complete reference citations are provided below.

Best scientific judgment was used to identifY uncertainty factor. See Chapter 5 (Section 5.4. I .2) for a discussion on the use of best scientific judgement. Factors evaluated

include test duration, ecological relevance of endpoint, and experimental design.

Effective concentration for 50 percent of the test organisms.

High molecular weight
Lowest Observed Adverse Effects Level

No Observed Adverse Effects Level

No Observed Effects Concentration

Toxicity Reference Value

Notes:

a

b

c
(7) d
I

.j::-o e
In
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REFERENCES

Eftoymson, Will, Suter II, and Wooten (1997) provides a comprehensive review of ecologically-relevant terrestrial plant toxicity information. This source was reviewed to identifY
studies to develop TRVs for terrestrial plant. Based on the information presented, one or more references were obtained and reviewed to identifY compound-specific toxicity values.
For some compounds, the available information identified a single study meeting the requirements for a TRV, as discussed in Chapter 5 (Section 5.4) of the SLERAP. In most cases,
each reference was obtained and reviewed to identifY a single toxicity value to develop a TRV for each compound. In a few cases where a primary study could not be obtained, a
toxicity value is based on a secondary source. As noted below, additional compendia were reviewed to identifY toxicity studies to review. For compounds not discussed in Eftoymson,
Will, Suter II, and Wooten (I997), the scientific literature was searched, and relevant studies were obtained and reviewed. The references reviewed are listed below. The study selected
for the TRV is highlighted in bold.«")

I
~
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Polychlorlnateddlbenm.p,dloxlns Ulg/kg)

2,3,7,8-TCDD Chronic (85-day); no
mortality reported at

5,000 j.tglkg
Cj)
I

\Jl
\Jl

li!,""<';"'I')'{',

Polynuclearahjfuati~hyd}ocarboris(PAM)(J..IgLkg)

Total HMW PAH Not available

Benzo(a)pyrene Chronic (28-day)
NOAEL for growth

Benzo( a)anthracene Not available

Benzo(b )fluoranthene Not available

Benzo(k)fluoranthene Not available

Chrysene Not available

Dibenz( a,h)anthracene Not available

Indeno(I,2,3-cd)pyrene Not available

(Page 1 of 12)

Earthworm
(Allolobophora

caliginosa)

O.le5,000

Woodlouse

(Porcellio
scaber)

25,000

".
"1]1'If,O>

500 Toxicity value for 2,3,7,8-TCDD (Reinecke and Nash
1984). UF applied to concentration because mortality
only endpoint available and data not subjected to
statistical analysis.

Benzo(a) pyrene used as surrogate for HMW PAH
compounds.

van Straalen and Verweij (1991)

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

Toxicity value not available. TRV for benzo(a)pyrene
used as surrogate.

25,000

Not 25,000
applicable

-+-
25,000

-
25,000

-
25,000

-
25,000

-
25,000

-
25,000
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Aroclor 1016

0
I

VI
(j\

Aroclor 1254

:~I!fbarqn!~tlc:Swgl~);

1,3-Dinitrobenzene 2,260 Toxicity value not available. Nitrobenzene used as
sUlTogate.

2,4-Dinitrotoluene Toxicity value not available.

2,6-Dinitrotoluene Toxicity value not available.

Nitrobenzene Subchronic

(14-day) LC50

Earthworm

(species
uncertain)

226,000 O.Ole 2,260 Neuhauser et al. (1986).

Pentachloronitrobenzene Toxicity value not available.

Acetone Toxicity value not available.

Acrylonitrile Toxicity value not available.

r-""-'"'' e"""""'"
!

e'''''''''''''''''''''''', ..."... ", '"
I """"""''''''''''':1

AcutemedianLC50 I Earthworm I 251,000 I 0.01 I 2,510 I Rhett et al. (1989).
(Eisenia foetida)

Acutemedian LC50 I Earthworm I 251,000 I 0.01 I 2,510 I Rhett et at. (1989).
(Eisenia foetida)
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Chloroform Toxicity value not available.

Crotonaldehyde Toxicity value not available.

1,4-Dioxane Toxicity value not available.

«1
I

lJ1
'-I

Formaldehyde Toxicity value not available.

Toxicity value not available.Vinyl chloride

g~~et~,f~!,~!'Inaf~~;~rganlcs,<Mgikg)

Hexachlorobenzene Toxicity value not available.

Hexachlorobutadiene Toxicity value not available.

Hexachlorocyclopentadiene Toxicity value not available.

Pentachlorobenzene LC500funspecified
duration

O.Ole van Gestel et at. (1991)Earthworm
(species

uncertain)

I 15,000 1,150

Pentachlorophenol Chronic (2 I-day)
NOAEL for hatching

success

Earthworm
(Eiseniaandrei)

Not
applicable

10,000 van Gestel et al. (1988)10,000

,tlil'li"'C~
.

.~ ,f"tl~~.
'

.

'i

.

''i
.
~!II
.

il
.

\

.
'" :Up

\Peiu,cJa~'(Jl , "

4,4'-DDE Toxicity value not available.

Heptachlor Toxicity value not available.

Hexachlorophene Toxicity value not available.

'ltorgani~~.'(mi?,kg)



TABLE E-6

SOIL INVERTEBRATE TOXICITY REFERENCE VALVES

(Page 4 of 12)

X,
II"R" """'1Jl'" ~1,~iIiJ1l,' Iii". '~:. N'" "~"if' ,~.,d ':k. '. eJ~repCe,a"O, Oles, ..,

Toxicity value not available.

Toxicity value not available.

O.OleChronic (56-day);
reduced cocoon

production reported
at single

concentration tested

Earthworm
(Eiseniafetida)

25 0.25 Fischer and Koszorus (1992)

Toxicity value not available.

Toxicity value not available.

10 Not

applicable

to Bengtsson and et al. (1986)

O.le2 0.2 Abbasi and Soni (1983)Chromium (hexavalent)

32.0Copper

Cyanide, total

100Lead

1-- i'--

Aluminum

Antimony

Arsenic
II

0
I

\J1
ex>

I
Barium-
Beryllium

Cadmium Chronic (4-month) Earthworm
NOAEL for cocoon (Dendrobaena

production I'ubida)

Chronic (60-day); Earthworm
survival reduced 25 (Octochaetus

percent at lowest patton i)
tested concentration

Chronic (56-day) Earthworm
NOAEL for cocoon (Eiseniafetida)

production

-- -

Chronic(4-month) Earthworm
NOAELfor cocoon (Dendrobaena

production rubida)

Not I 32.0 I Spurgeon et al. (1994)
applicable

I I

Toxicity value not available.

Not
I

100
I Bengtssonet al. 1986

applicable
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Mercuricchloride I Not available I -- I -- I -- I 2.5 I Toxicityvaluenot available. TRV for methylmercury
used as a surrogate.

Methylmercury I Chronic (12-week) Earthworm 2.5 Not 2.5 Beyer et al. (1985). Wet weight NOAEL of I mg/kg
NOAEL for segment (Eisenia foetida) applicable converted to corresponding dry weight NOAEL based on

(j)

II I

regeneration and 60 percent moisture content. Uncertainty factor of 0.1
I survival used because segment regeneration may not be aVI

sensitive endpoint.

Nickel I Chronic (20-week) Earthworm 100 Not 100 Malecki et al. (1982)
NOAEL for cocoon (Eisenia foetida) applicable

production

Selenium I Chronic;reduced Earthworm 77 O.le I 7.7 I Fischerand Koszorus(1992)
cocoonproductionat (Eiseniafoetida)

single tested
concentration

Silver I --
I

--
I

--
I

--
I

--
I Toxicityvalue not available.

Thallium I -- -- -- -- Toxicityvalue not available.

Zinc I Chronic (56-day) Earthworm 199 Not Spurgeon et al. (1994)
NOEC for cocoon (Eisenia fetida) applicable

>roduction
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Notes:
a

b
c
d
e

G')
I

0'
0

HMW
LC50
NOAEL =
NOEC
UF
TRV

- duration, the following general guidelines were used: Chronic duration represents exposures occurring about 10 or more days, including exposure during a critical life stage
encompassing a sensitive endpoint. Subchronic duration generally lasts 2 days through several days, however a sensitive life stage is not exposed. Acute duration generally includes
exposures trom 0 to 2 days.
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) of the SLERAP for a discussion on the use of uncertainty factors.
TRV was calculated by multiplying the toxicity value with the uncertainty factor.
The references refer to the source of the toxicity value. Complete reference citations are provided below.
Best scientific judgment used to identify uncertainty factor. See Chapter 5 (Section 5.4.1.2) for a discussion on the use of best scientific judgement. Factors evaluated include test
duration, ecological relevance of measured effect, experimental design, and availability of toxicity data.

High molecular weight
Concentration lethal to 50 percent of the test organisms.
No Observed Adverse Effects Level
No Observed Effects Level

Uncertainty Factor
Toxicity Reference Value

"'.- .,
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REFERENCES

EfToymson, Will, and Suter II (1997) provides a comprehensive review of ecologically-relevant soil invertebrate toxicity information. This source was reviewed to identify studies to develop
TRVs for invertebrates. Effects of compounds on microbial communities were not considered. Based on the information presented, one or more references were obtained and reviewed to
identify compound-specific toxicity values. For some compounds, the available information identified a single study meeting the requirements for a TRV, as discussed in Section 5.4. In most

cases, each reference was obtained and reviewed to identify a single toxicity value to develop a TRV for each compound. In a few cases where a primary study could not be obtained, a toxicity
value is based on a secondary source. As noted below, additional compendia were reviewed to identify toxicity studies to review. For compounds not discussed in Eftoymson, Will, and Suter II
(1997), the scientific literature was searched, and relevant studies were obtained and reviewed. The references reviewed are listed below. The study selected for the TRV is highlighted in bold.
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van Brummelen, T.e., and s.e. Stuijfzand. 1993. "Effects ofbenzo(a)pyrene on survival, growth and energy reserves in terrestrial isopods Oniscus asellus and Porcellio scaber." Science of the
Total Environment. Supplement. Pages 921-930.
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Toxicology. Volume 46. Pages 134-140.
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Rhett, G., and others. 1989. "Rate and Effects of PCB Accumulation on Eiseniafoetida." U.S. Army Corps of Engineers. Waterways Experiment Station. Vicksburg, Mississippi.
September 21.
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~w
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Spurgeon, D.J., S.P. Hopkin, and D.T. Jones. 1994. "Effects of Cadmium, Copper, Lead, and Zinc on Growth, Reproduction, and Survival of the Earthworm Eiseniafetida (Savigny):
Assessing the Environmental Impact of Point Source Metal Contamination in Terrestrial Ecosystems." Enviromnenal Pol/Iltion. Volume 84. Pages 123-130.
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Studies. Volume 52. Pages 68-78.

(j) Methyl mercury
I

~ Beyer, W.N., E. Cromartie, and G.B. Moment. 1985. "Accumulation of Methyl Mercury in the Earthworm, Eiseniafoetida, and its Effects on Regeneration." Bulletin of
Environmental Contamination and Toxicology. Volume 35. Pages 157-162.

Beyer, W.N., E. Cromartie, and G.B. Moment. 1985. "Accumulation of Methylmercury in the Earthworm Eiseniafoetida, and its Effect on Regeneration." Bulletin of Environmental
Contamination Toxicology. Volume 35. Pages 157-162.

Nickel

Malecki, M.R., E.F. Neuhauser, and R.C. Loehr. 1982. "The Effect of Metals on the Growth and Reproduction of Eiseniafoetida (Oligochaeta, Lumbricidae)." Pedobiologia. Volume
24. Pages 129-137.

Selenium

Malecki, M.R., E.F. Neuhauser, and R.C. Loehr. 1982. "The Effect of Metals on the Growth and Reproduction of Eiseniafoetida (Oligochaeta, Lumbricidae)." Pedobiologia. Volume
24. Pages 129-137.

Fischer, E., and L. Koszonls. 1992. "Sublethal Effects, Accumulation Capacities and Elimination Rates of As, Hg and Se in the Manure Worm, Eiseniafetida (Oligochaeta, Lumbricidae)."
Pedobiologia. Volume 36. Pages 172-178.

Zinc

Beyer, W.N., and A. Anderson. 1985. "Toxicity to Woodlice of Zinc and Lead Oxides Added to Soil Litter." Ambio. Volume 14. Pages 173-174.
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Beyer, W.N., G.W. Miller, and EJ. Cromartie. 1984. "Contamination of the O2Soil Horizon by Zinc Smelting and its Effect on Woodlouse Survival." Journal of Environmental Quality. Volume
13. Pages 247-251.

Marigomez, J.A., E. Angulo, and V. Saez. 1986. "Feeding and Growth Responses to Copper, Zinc, Mercury, and Lead in the Terrestrial Gastropod Arion afer (Linne)." Journal of Molluscan
Studies. Volume 52. Pages 68-78.

Spurgeon, DJ., S.P. Hopkin, and D.T. Jones. 1994. "Effects of Cadmium, Copper, Lead, and Zinc on Growth, Reproduction, and Survival of the Earthworm Eiseniafetida (Savigny): Assessing
the Environmental Impact of Point Source Metal Contamination in Terrestrial Ecosystems." Environmental Pollution. Volume 84. Pages 123-130.

(j)
I

(j\
(j\

van Gestel, C.A.M., E.M. Dirven-van Breemen, and R. Baerselman. 1993. "Accumulation and Elimination of Cadmium, Chromium and Zinc and Effects on Growth and Reproduction in Eisenia
andrei (Oligochaeta; Annelida)." Science of the Total Environment (Supplement.). Pages 585-597.
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Chronic (multi generational)
NOAEL for reproduction

,t,f)I~"~le~!r,, ~tg~~!!I~. bY~r~~,t~"nil"re~) ~g{k~ B'}:~d~~>

2,3,7,8-TCDD Rat 0.001 Not
applicable

0.001 Murray et al. (1979). TRV based on toxicity of
2,3,7,8-TCDD.

<;J
I

C1\
J Total high molecular weight (HMW)

PAH

100 TRV based on benzo(a)pyrene toxicity. This
TRV should be assessing the risk of Total HMW
PAH.

Benzo(a)pyrene Mackenzie and Angevine (1981)

Benzo( a)anthracene Bock and King (1959)

Benzo(b )fluoranthene Toxicity value not available.

Benzo(k)fluoranthene Toxicity value not available.

Chrysene Toxicity value not available.

Dibenz( a,h)anthracene Subchronic (15 days) LOAEL
(reduced growth rate)

Rat 200 0.01" 2 Haddow et al. (1937)

Indeno( I ,2,3-cd)pyrene Toxicity value not available.

Acute (10 days) LOAEL I Mouse I 10,000 I 0.01 I 100

(reproductive effects)

Single dose LOAEL I Mouse I 16,666 I 0.01 67
(gastrointestinaleffects)
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J~c),~rch'otlhatedblpfi~~y(8JPCB)r.,(M~~,;~'V.dItYl"

Aroclor 1016 Subchronic (14.5 weeks)
LOAEL (mortality)

4)
I

0'\
00

Aroclor 1254 Subchronic (14.5 weeks)
LOAEL (mortality)

,NIt~()ltto,m~~f~ (Jlli(kg.~iY-~B~)'

1,3-Dinitrobenzene Chronic (16 weeks) NOAEL

2,4-Dinitrotoluene Chronic (24 months) NOAEL

2,6-Dinitrotoluene Single dose LOAEL (mortality)

Nitrobenzene

Pentachloronitrobenzene Chronic (2 years) NOAEL

~ 11

Mink 20.6 O.ol

Mink 20.6 0.01

!!f1tJlaltt~

Bis(2-ethylhexyl)phthalate Chronic (2 years) NOAEL

Di(n)octyl phthalate ~ronic (105 days) NOAEL

Jactlffi'~iifid!iWg/kiBW;;dj{y)" " .R.""",.,.,."",,, ",..."",,,,,..., .oi/

0.206

0.206

1,051

700

400

458,333

60,000

7,500,000

Aulerich et al. (1985). TR V based on toxicity of
3,4,5-hexachlorobi phenyl.

Aulerich et al. (1985). TRV based on toxicity of
3,4,5-hexachlorobiphenyl.

Codyet al. (1981)

Ellis et al. (1979)

Lee et al. (1976)

Toxicity value not available.

National Toxicology Program (1987)

Carpenter et al. (1953)

Heindel et al. (1989)

r'O"""'" ,""""-' '0- ""-'
j

Rat I 1,051 I 1.0-
Dog 700 I 1.0

Dog 4,000 0.01

-- -- --

Mouse 458,333 1.0

','

Rat 60,000 1.0

Mouse 7,500,000 1.0

Acetone I Subchronic(90 days)NOAEL I AlbinoRat, I 100,000
male

Acrylonitrile I Chronic (2 years) LOAEL I Rat I 4,600
(lesions and other organeffects)

Chloroform I Chronic(80 weeks)NOAEL I Mouse I 60,000

",,"'''' .""",..

0.1 10,000 U.S. EPA(1986)

0.1 I 460 Quast et al. (1980)

1.0 I 60,000 I Roe et al. (1979)
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Crotonaldehyde I Acute (4-hour) LD50 Rat 0.01 Rinehart (1967)

1,4-Dioxane I Chronic (23 months) LOAEL Guinea Pig 0.1 Hoch-Ligeti and Argus (1970)
(1ung tumors)

Formaldehyde

I

Acute (single dose) LOAEL I Rat I 230,000 I 0.01 I 2,300 I Tsuchiya et al. (1975)
<;]

II (mortality)I
(J\
\D

Rat 0.1 Feron et al. (1981)
"'

QhFr'

Rat 1,600 1.0 1,600 Grant et al. (1977)

Hexachlorobutadiene I Chronic (2 years) NOAEL Rat 200 1.0 200 Kociba et al. (1977)

Hexachlorocyclopentadiene I Subchronic (13 weeks) NOAEL Rat 38,000 0.1 3,800 Abdo et al. (1984)

Pentachlorobenzene I Chronic (180 days) NOAEL Rat 7,250 1.0 7,250 Linder et al. (1980)

Pentachlorophenol I Subchronic (62 days) NOAEL Rat 3,000 0.1 300 Schwetz et al. (1978)

4,4 DDE I Subchronic (5 weeks) NOAEL Rat 10,000 0.1 1,000 Kornburst et al. (1986)

Heptachlor I Subchronic (60 days) LOAEL Rat 250 0.01 2.5 Green (1970)
(mortality)

Hexachlorophene I Acute LD50
I Rat I 560,000 I 0.01 I 5600 I Meister (1994)



TABLE E-7

MAMMAL TOXICITY REFERENCE VALVES

(Page 4 of 15)

',i~,,'i:' '" " {II''" '"

Antimony I Chronic (4 years) LOAEL I Rat I 0.66 I 0.1 I 0.066 I Schroederet al. (1970)
(mortality)

Arsenic I Chronic(2 years)NOAEL Dog 1.25 1.0 1.25 Byronet al. (1967)

c;') IIBarium I Chronic (16 months) NOAEL Rat 0.51 1.0 0.51 Perry et al. (1983)
I

"'-I

I Beryllium
Chronic (> I year) NOAEL I Rat I 0.66 I 1.0 I 0.66 I Schroederand Mitchner (1975)0

Cadmium Chronic(>150days) LOAEL I Mouse I 2.52 I 0.01 I 0.0252 I Schroederand Mitchner (1971)
(reproduction)

Chromium (hexavalent) Chronic(1 year)NOAEL Rat 3.5 1.0 3.5 MacKenzieet al. (1958)

Copper Chronic(357 days)NOAEL Mink 12.0 1.0 12.0 Aulerichet al. (1982)

Total Cyanide Chronic(2 years)NOAEL Rat 24 1.0 24 Howardand Hanzal(1955)

Lead Chronic (>150 days) LOAEL Mouse 3.75 0.01 0.0375 Schroeder and Mitchner ( 1971)
(mortality)

Mercuric chloride I Chronic(6 months)NOAEL Mink 1.0 Aulerichet al. (1974)
(reproduction)

Methyl mercury I Subchronic(93 days)NOAEL Rat 0.032 1.0 0.032 Verschuurenet al. (1976)

Nickel I Chronic(2 years)NOAEL Rat 50 1.0 50 Ambroseet al. (1976)

Selenium I Chronic(>150days)LOAEL Mouse 0.76 0.1 0.076 Schroederand Mitchner (1971)
(mortality)

Silver I Chronic(125 days)LOAEL Mouse 0.1 Rungbyand Danscher(1984)
(hypoactivity)
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TRV
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Thallium Subchronic (60 days) LOAEL
(testicular function)

O,Olh 0.0131 Formigli et al. (1986)Rat 1.31

104 0.1 10.4 Maita et al. 0981Mouse

The duration of exposure is defined as chronic if it represents about 10 percent or more of the test animal's lifetime expectancy. Acute exposures represent single exposure or multiple
exposures occurring within about two weeks or less. Subchronic exposures are defined as multiple exposures occurring for less than 10 percent of the test animal's lifetime expectancy
but more that 2 weeks.

Reported values, which were dose in food or diet, were converted to dose based on body weight and intake rate using Opresko, Sample, and Suter 1996.
Uncertainty factors are used to extrapolate a toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) for a discussion on the use of uncertainty factors. The TRV was
calculated by multiplying the toxicity value by the uncertainty factor.
The references refer to the study or studies from which the endpoint and doses were identified. Complete reference citations are provided at the end of this table.
Best scientific judgement used to identifY uncertainty factor. See Chapter 5 (Section 5.4,1.2) for a discussion of the use of best scientific judgement. Factors evaluated include test
duration, ecological relevance of endpoint, experimental design, and availability of toxicity data.

High molecular weight
Lethal dose to 50 percent of the test organisms.
Lowest Observed Adverse Effect Level
No Observed Adverse Effect Level

Toxicity Reference Value

,-.,,, ,,,, ,,..,,-

Zinc.

0 Notes:
I

'-I
...... a

b
c

d
e



TABLE E-7

MAMMAL TOXICITY REFERENCE VALVES

(Page 6 of 15)

REFERENCES

Sample, Opresko, and Suter II (1996) provides a comprehensive review of ecologically-relevant mammal toxicity information. This source was reviewed to identify studies to develop TRVs for
mammals. Based on the information presented, one or more references were obtained and reviewed to identify compound-specific toxicity values. For some compounds, the available
information identified a single study meeting the requirements for a TRV, as discussed in Section 5.4. In most cases, each reference was obtained and reviewed to identify a single toxicity value
to develop a TRV for each compound. In a few cases where a primary study could not be obtained, a toxicity value is based on a secondary source. As noted below, additional compendia were
reviewed to identify toxicity studies to review. For compounds not discussed in Sample, Opresko, and Suter II (1996), the scientific literature was searched, and relevant studies were obtained
and reviewed. The references reviewed are listed below. The study selected for the TRV is highlighted in bold.

Polychlorinated dibenzo(p}dioxins
Cj)
I
J

N
Murray, F.J., F.A. Smith, K.D. NItschke, C.G. Humiston, R.J. Kociba, and B.A.Schwetz.1979. "Three-Generation Reproduction Study of Rats Given

2,3,7,8-Tetrachlorodibenzo-p-dioxln (TCDD) in the Diet." Toxicologyand Applied P/larmacology. Volume SO. Pages 241-252.

U.S. EPA. 1993. Interim Report on Data and Methods for Assessment of 2,3, 7.8-Tetrachlorodibenzop-dioxin Risks to Aquatic Life and Associated Wildlife. EPA/600/R-93/055. Office of
Research and Development. Washington, D.C. March. This report identified the four studies listed below.

Aulerich, R.J., R.K. Ringer, and S. Iwamoto. 1973. "Reproductive Failure and Mortality in Mink Fed on Great Lakes Fish." Journal of Reproduction and Fertility. Volume 19. Pages 365-376.

Aulerich, R.I., S.I. Bursian, and A.C. Napolitano. 1988. "Biological Effects of Epidermal Growth Factor and 2,3,7,8-Tetrachlorodibenzo-p-dioxin on Developmental Parameters of Neonatal
Mink." Archives of Environmental Contamination and Toxicology. Volume 17. Pages 27-31.

Aulerich, R.I., S.J. Bursian, W.I. Breslin, B.A. Olson, and R.K. Ringer. 1985. "Toxicological Manifestations of2,4,5,2',4' ,5' -,2,3,6,2' ,3' ,6'-, and 3,4,5,3' ,4' ,5'-Hexachlorobiphenyl and Aroclor 1254
in Mink." Journal of Toxicology and Environmental Health. Volume 15. Pages 63-79.

Hochstein, J.R., R.J. Aulerich, and S.J. Bursain. 1988. "Acute Toxicity of 2,3,7,8- Tetrachlorodibenzo-p-dioxin to Mink." Archives of Environmental Contamination and Toxicology . Volume 17.
Pages 33-37.

Benzo(a)pyrene

MacKenzie, K.M., and D.M. Angevine. 1981. "Infertility in Mice Exposed in Utero to Benzo(a)pyrene." Biology of Reproduction. Volume 24. Pages 183-191.
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Benzo(a)anthracene

Bock, F.G. and D.W. King. 1959. "A Study of the Sensitivity of the Mouse Forestomach Toward Certain PolycyclicHydrocarbons." Journal a/tile National CancerInstitute. Volume
23. Page 833-839.

Dibenz(a,h)anthracene

Haddow, A., C.M. Scott, and J.D. Scott. 1937. "The Influence of Certain Carcinogenic and Other Hydrocarbons on Body Growth in the Rat." Proceeding R. Soc. London. Series B.
Volume 122. Pages 477-507. As cited in IARC Monographs, 1983.

<;')
I
J

W
Polychlorinated biphenyls

Aulerich, R.J., S.J. Bursian, W.J. Breslin, B.A. Olson, and R.K. Ringer. 1985. "ToxicologicalManifestations of 2,4,5-, 2',4' ,5'-, 2,3,6-, 2',3',6'- and 3,4,5-, 3' ,4' ,5'- Hexachlorobiphenyl
and ArocIor 1254 in Mink." JOllrtlal0/ Toxicologyand Environmental Healtll. Volume 15. Pages 63-79.

Aulerich, R. J. and R. K. Ringer. 1977. "Current Status of PCB Toxicity, Including Reproduction in Mink."Archives a/Environmental Containation and Toxicology. Volume 6. Page 279.

A TSDR (Agency for Toxic Substances and Disease Registry). 1989. Toxicological profile/or Selected PCBs (Aroclor-1260, -1254, -1248, -1242, -1232, -1221. and -1016). ATSDR/TP-88/21.

Barsotti, D. A., R. J. Marlar and J. R. Allen. 1976. "Reproductive Dysfunction in Rhesus Monkeys Exposed to Low Llevels of Polychlorinated Biphenyls (Aroclor 1248)." Food and Cosmetics
Toxicology. Volume 14. Pages 99-103.

Bleavins, M. R., R. J. Aulerich, and R. K. Ringer. 1980. "Polychlorinated Biphenyls (Aroclors 1016 and 1242): Effect on Survival and Reproduction in Mink and Ferrets." Archives 0/
Environmental Contamination and Toxicology Volume 9. Pages 627-635.

Collins, W. T., and C. C. Capen. 1980. "Fine structural lesions and hormonal alterations in thyroid glands of perinatal rats exposed in utero and by milk to polychlorinated biphenyls." American

Journal 0/ Pathology. Volume 99. Pages 125-142.

Linder, R. E., T. B. Gaines, and R. D. Kimbrough. 1974. "The effect of PCB on rat reproduction." Food and Cosmetics Toxicology. Volume 63.
Pages 63- 67.

Linzey, A. V. 1987. "Effects of chronic polychlorinated biphenyls exposure on reproductive success of white-footed mice (Peromyscus leucopus)." Archives o/Environmental Contamination and
Toxicology.Volume 16. Pages455-460.
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McCoy, G, M. F. Finlay, A. Rhone, K James, and G. P. Cobb. 1995. "Chronic Polychlorinated Biphenyls Exposure on Three Generations of Oldfield Mice (Permyscus polionotus): Effects on
Reproduction, Growth, and Body Residues. Archives of. Environmental Contamination and Toxicology. Volume 28. Pages 431-435.

Merson, M. H., and R. L. Kirkpatrick. 1976. "Reproductive Performance of Captive White-Footed Mice Fed a Polychlorinated Biphenyl." Bulletin of Environmental Contamination and
Toxicology. Volume 16. Pages 392-398.

Ringer, R. K, R. J. Aulerich, and M. R. Bleavins. 1981. "Biological Effects of PCBs and PBBs on Mink and Ferrets: a Review." In:Halogenated Hydrocarbons: Health and Ecological Effects.
M.A.Q. Khan, ed. Permagon Press, Elmsford, NY. Pages 329-343.

(j)
I
J

.po

Sanders, O.T., and R.L. Kirkpatrick. 1975. "Effects ofa Polychlorinated Biphenyl on Sleeping Times, Plasma Corticosteroids, and Testicular Activity of White-Footed Mice." Environmental
Physiology and Biochemist/y. Volume 5. Pages 308-313.

Villeneuve, D.C., D.L. Grant, K Khera, DJ. Klegg, H. Baer, and W.E.J. Phillips. 1971. "The Fetotoxicity ofa Polychlorinated Biphenyl Mixture (Aroclor 1254) in the Rabbit and in the Rat."
Environmental Physiology. Volume 1. Pages 67-71.

1,3-Dinitrobenzene

Cody, T.E., S. Witherup, L. Hastings, K. Stemmer, and R.T. Christian. 1981. "1,3-Dinitrobenzene: Toxic Effects in Vivo and In Vitro." Joumal of Toxicologyalld Ellvirollmental
Health. Volume 7. Pages 829-847.

2,4-Dinitrotoluene

Ellis, H.V.III, J.H. Hagensen, J.R. Hodgson, J.L. Minor, CoB.Hong, E.R. Ellis, J.D. Girvin, D.O. Helton, B.L. Herndon, and CoCoLee. 1979. "Mammalian Toxicity of Munitions
Compounds. Phase III: Effects of Lifetime Exposure. Part I: 2,4-Dinitrotoluene." Final Report No.7. Midwest Research Institute. Kansas City, Missouri. Contract No.
DAMD 17-74-C-4073,ODC No. ADA077692.

2,6-Dinitrotoluene

Lee, C.c., H.V. Ellis HI, J.J. Kowalski, J.R. Hodgsen, R.D. Short, J.C. Bhandari, T.W. Reddig, and J.L. Minor. 1976. "Mammalian Toxicity of Munitions Compounds. Phase H: Effects
of Multiple Doses.Part III: 2,6-Dinitrotoluene. Progress Report No.4." Midwest Research Institute. Project No. 3900-B. Contract No. DAMD-17-74-C-4073. As cited In
ATSDR ToxicologicalProfile for 2,4- Dinltrotoluene and 2,6-Dinitrotoluene. December 1989.

Pentachloronitrobenzene

r--
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National ToxicologyProgram. 1987. "Toxicologyand Carcinogenesis Studies of Pentachloronitrobenzene in B6C3F1Mice." Report No. 325. National Institutes of Health Publication
No. 87-2581.

Bis(2)ethylhexylphthalate

Carpenter, C.P., C.S. Weil, H.F. Smyth, Jr. 1953. "Chronic Oral Toxicityof Di(2-ethylhexyl)phthalate for Rats, Guinea Pigs, and Dogs." Drinker, P. (ed.). Archives of Industrial
Hygeine and OccupationalMedicine. Volume 8. Pages 219-226.

c<:>
I

'-I
\J1

Lamb, J. C., IV, R. E. Chapin, J. Teague, A. D. Lawton, and J. R. Reel. 1987. Reproductive effects of four phthalic acid esters in the mouse.Toxicol. Appl. Pharmacol. 88: 255-269.

Di{n)octyl phthalate

Heindel, J.J., D.K. Gulati, R.c. Mounce, S.R. Russell, and J.C. Lamb IV. 1989. "Reproductive Toxicity of Three Phthalic Acid Esters in a Continuous Breeding Protocol."
Flllltlalllentaland Applied Toxicology. Volume 12. Pages 508-18.

Acetone

U.S. EPA. 1986. "Ninety-Day Gavage Study in Albino Rats Using Acetone." Office of Solid Waste. Washington, DC. As cited in IRIS Database. January 1995.

Acrylonitrile

Quast J.F. and others. 1980. A Two-Year Toxicity and Oncogenicity Study With Acrylonitrile Incorporated in the Drinking Water of Rats. Toxieol.Res. Lab., Health Environ. Res.,
Dow Chemical Co. As cited in EPA (1980)Ambient Water Quality Criteriafor Acrylonitrile.

Chloroform

Roe, F.J.C., A.K. Palmer, A.N. Worden, and N.J. Van Abbe. 1979. "Safety Evaluation of Toothpaste Containing Chloroform. 1. Long-Term Studies in Mice." Journal of
EnvirOlIn,entalPathologyalld Toxicology. Volume 2. Pages 799-819.

Crotonaldehyde
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Rinehart, W.E. 1967. "The Effect on Rats of Single Exposures to Crotonaldehyde Vapor." American Industrial Hygiene Association Journal. Volume 28. Pages 561-566.

J,4-Dioxane

Hoch-Ligeti, C. and M.F. Argus. 1970. "Effects of Carcinogens on the Lung of Guinea Pigs." In: Proceedings of BiologyDivision, Oak Ridge National Laboratory, Conference.
Morphology of Experimental Respiratory Carcinogenesis. (Eds) P. Nettesheir, M.G. Hanna, Jr., and J.W. Deatherase, Jr. U.S. Atomic Energy Commission. December.

t<.)
I

-..J
(j\

Formaldehyde

Tsuchiya, K., Y. Hayashi, M. Onodera, and T. Hasegawa. 1975. "Toxicity of Formaldehyde In Experimental Animals -Concentrations of the Chemical In the Elution from Dishes of
Formaldehyde Resin in SomeVegetables." KeioJournal of Medicine. Volume 24. Page 19-37.

Hurni, H. and H. Ohder. 1973.Reproductionstudy with formaldehydeand hexamethylenetetraminein Beagledogs.Fd. Cosmet.Toxieol. II: 459-462.

Vinyl chloride

Feron, V.J., C.F.M. Hendriksen, A.J. Speek, H.P. Tit, and B.J. Spit. 1981. "Lifespan Oral Toxicity Study of Vinyl Chloride In Rats." Pd. Cosmet. Toxico/. Volume 19. Pages 317-333.

Quast, J. F., C. G. Humiston, C. E. Wade, et a!. 1983. A chronic toxicity and oncogenicity study in rats and subchronic toxicity in dogs on ingested vinylidene chloride. Fund. Appl. Toxicol.
3: 55-62.

Hexachlorobenzene

Grant, D.L., W.E.J. Phillips, G.V. Hatina. 1977. "Effect of Hexachlorobenzene on Reproduction in the Rat." Archives of Environmental Contamination and Toxicology. Volume 5.
Pages 207-216.

Bleavins, M. R., R. J. Aulerich, and R. K. Ringer. 1984. Effects of chronic dietary hexachlorobenzene exposure on the reproductive performance and survivability of mink and European ferrets.
Arch. Environ. Contam. Toxieol. 13: 357-365.

Hexachlorbutadiene

,-...--
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Kociba, R.J., Keyes, D.G., Jersey, G.c., Ballard, J.J., Dlttenber, D.A., Quast, J.F., Wade, C.E., Humiston, C.G., and Schwetz, B.A. 1977. Results of a Two Year Chronic Toxicity
Study With Hexachlorobutadiene in Rats." Americall JlldustrialHygielleAssociatioll Joumal. Volume 38. Pages 589-602.

Hexachlorocyclopentadiene

Abdo, K.M., C.A. Montgomery, W.M. Kluwe, D.R. Farnell, and J.D. Prejean. 1984. "Toxicity of Hexachlorocyclopentadiene: Subcl1ronic(13-Week)Administration by Gavage to
F344 Rats and B6C3F1 Mice." JO/lmal of Applied Toxicology. Volume4. Pages 75-81.

Pentachlorobenzene
c;')
I

-..J
-..J Linder, R., T. Scotti, J. Goldstein, and K. McElroy. 1980. "Acute and Subcl1ronicToxicity of Pentacl1lorobenzene." JO/lrllalof EllvirollmelltalPathology alld Toxicology. Volume 4.

Pages 183-196.

Pentachlorophenol

Schwetz, B.A., J.F. Quast, P.A. Keeler, C.G. Humiston, and R.J. Kociba. 1978. "Results of Two-Year Toxicity and Reproduction Studies on Pentacl1loropl1enolin Rats." In:
Pelltaclllorophellol: Chemistry,Pharmacology,alld Ellvirollmelltal Toxicology. Rao, K.R. (ed). Pages 301-309. Plenum Press, New York.

4,4 '-DDE

Kornbrust, D., B. Gillis, B. Collins, T. Goel1l,B. Gupta, and B. Scl1wetz.1986. "Effects of 1,I-Dlcl1loro-2,2-bis(p-cl1loropl1enyl)etl1ylene(DDE) on Lactation In Rats." JO/lmalof
Toxicologyalld Ellvirollmelltal Health. Volume 17. Pages 23-36.

Heptachlor

Green, V.A. 1970. "Effects of Pesticides on Rat and Cl1lck Embryo." Proceedillgs of the 3rd AIIII/Ial COllferellce 011Trace S/lbstallces ill Ellvirollmelltal Health. University of Missouri
Press. Columbia, Missouri.

Cmm, J. A., S. J. Bursian, R. J. Aulerich, P. Polin, and W. E. Braselton. 1993. The reproductive effects of dietary heptachlor in mink (Mustela vison). Arch. Environ. Contam. Toxicol. 24:
156-164.

Hexachlorophene
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Meister, R.J. (ed.) 1994. Farm ChemicalsHalldbook '94. Meister Publishing Company, Willoughby, Ohio. Volume 80. Page C189.

Aluminum

Schroeder, H.A, and M. Mitchener. 1975. "Life-Term Studies in Rats: Effects of Aluminum, Barium, Beryllium, and Tungsten." Journal of Nutrition. Volume 105. Pages 421-427.

Ondreicka, R., E. Ginter, and J. Kortus. 1966.Chronic toxicity of aluminum In rats and mice and its effects on phosphorus metabolism.Brit. J. II/dust. Med. 23: 305-313.
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Antimony

Schroeder, H.A., M. Mitchner, and A.P. Nasor. 1970. "Zirconium, Niobium, Antimony, Vanadium and Lead in Rats: Life Term Studies." JoumalolNutritioll. Volume 100. Pages
59-68.

Arsenic (trivalellt)

Byron, W.R., G.W. Bierbower, J.B. Brouwer, and W.H. Hansen. 1967. "Pathological Changes in Rats and Dogs from Two-Year Feeding of Sodium Arsenite or Sodium Arsenate."
ToxicologyalldApplied Pharmacology. Volume 10. Pages 132-147.

Baxley, M. N., R. D. Hood, G. C. Vedel, W. P. Harrison, and G. M. Szczech. 1981. Prenatal toxicity of orally administered sodium arsenite in mice.Bull. Environ. Contam. Toxicol. 26: 749-756.

Blakely, B. R., C. S. Sisodia, and T. K. Mukkur. 1980. The effect of methyl mercury, tetrethyllead, and sodium arsenite on the humoral immune response in mice. Toxicol. Appl. Pharmacol. 52:
245-254.

Harrison, J. W., E. W. Packman, and D.O. Abbott. 1958. Acute oral toxicity and chemical and physical properties of arsenic trioxides. Arch. Ind. Health. 17: 118-123.

Neiger, R. D. and G. D. Osweiler. 1989. Effect of subacute low level dietary sodium arsenite on dogs. Fund. Appl. Toxicol. 13: 439-451.

Robertson, I.D., W. E. Harms, and P. J. Ketterer. 1984. Accidental arsenical toxicity to cattle. Aust. Vet. J. 61: 366-367.

Schroeder, H. A and J. J. Balassa. 1967. Arsenic, germanium, tin, and vanadium in mice: effects on growth, survival and tissue levels. J. Nutr. 92: 245-252.

Schroeder, H. A, M. Kanisawa, D. V. Frost, and M. Mitchener. 1968a. Germanium, tin, and arsenic in rats: effects on growth, survival and tissue levels.J. Nutr. 96: 37-45.
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Barium

Perry, H.M.Jr., S.J. Kopp, M.W. Erlanger, and E.F. Perry. 1983. "Cardiovascular Effects of Chronic Barium Ingestion." Proceedingsof tile 17tllAmlllal Conference on Trace
Substances in Environmental Healtll. University of Missouri Press. Columbia, Missouri.

Borzelleca, J. F., L. W. Condie, Jr., and J. L. Egle, Jr. 1988. Short-tenn toxicity (one-and ten-day gavage) of barium chloride in male and female rats. J. American College of Toxicology. 7: 675-685.
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Beryllium

Schroeder, H.A., and M. Mitchener. 1975. "Life-Term Studies in Rats: Effects of Aluminum, Barium, Beryllium, and Tungsten." Journal of Nutrition. Volume 105. Pages 421-427.

Cadmium

Schroeder, H.A., and M. Mitchner. 1971. "Toxic Effects of Trace Elements on Reproduction of Mice and Rats." Arcllives of Environmental Healtll. Volume 23. Pages 102-106.

Baranski, B., 1.Stetkiewisc, K. Sitarek, and W. Szymczak. 1983. "Effects of Oral, Subchronic Cadmium Administration on Fertility, Prenatal and Postnatal Progeny Development in Rats."
Archives of Toxicology. Volume 54. Pages 297 through 302.

Machemer, L., and D. Lorke. 1981. "Embryotoxic Effect of Cadmium on Rats Upon Oral Administration." Toxicology and Applied Pharmacology. Volume 58. Pages 438-443.

Sutou, S., K. Yamamoto, H. Sendota, K. Tomomatsu, Y. Shimizu, and M. Sugiyama. 1980a. "Toxicity, Fertility, Teratogenicity, and Dominant Lethal Tests in Rats Administered Cadmium
Subchronically. I. Toxicity studies." Ecotoxicology and Environmental Safety. Volume 4. Pages 39-50.

Sutou, S., K. Yamamoto, H. Sendota, and M. Sugiyama. I980b. "Toxicity, Fertility, Teratogenicity, and Dominant Lethal Tests in Rats Administered Cadmium Subchronically. II. Fertility,
Teratogenicity, and Dominant Lethal Tests." Ecotoxicology and Environmental Safety. Volume 4. Page 51-56.

Webster, W. S. 1978. Cadmium-induced fetal growth retardation in the mouse. Arch. Environ. Health. 33:36-43.

Wills, J. H., G. E. Groblewski, and F. Coulston. 1981. Chronic and multi generation toxicities of small concentrations of cadmium in the diet rats. Ecotoxicol. Environ. Safety 5: 452-464.
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MacKenzie, R.D., R.U. Byerrum, C.F. Decker, C.A. Hoppert, and R.F. Langham. 1958. "Chronic Toxicity Studies: II. Hexavalent and Trivalent Chromium Administered in Drinking
Water to Rats." American Medical Association Archives of Industrial Health. Volume 18. Pages 232-234.

Copper

Aulerich, R.J., R.K. Ringer, M.R. Bleavins, and A. Napolitano. 1982. "Effects of Supplemental Dietary Copper on Growth, Reproductive Performance and Kit Survival of Standard
Dark Mink and the Acute Toxicity of Copper to Mink." Journal of Animal Science. Volume 55. Pages 337-343.
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Cyanide

Howard, J.W., and R.F. Hanzal. 1955. "Chronic Toxicity for Rats of Food Treated with Hydrogen Cyanide." Joumal of Agricultural and Food Chemistry. Volume 3. Pages 325-329.

Tewe, O. O. and J. H. Maner. 1981. Long-term and carry-over effect of dietary inorganic cyanide (KCN) in the life cycle perfonnance and metabolism of rats. Toxicol. Appl. Pharmaco/. 58: 1-7.

Lead

Schroeder, H.A, M. Mitchner, and AP. Nasor. 1970. "Zirconium, Niobium, Antimony, Vanadium and Lead in Rats: Life Term Studies." Journal of Nutrition. Volume 100. Pages 59-68.

Schroeder, H.A., and M. Mitchner. 1971. "Toxic Effects of Trace Elements on Reproduction of Mice and Rats." Archives of Environmental Health. Volume 23. Pages 102-106.

Mercuric chloride

Aulerlch, R.J., R.K. Ringer, and S. Iwamoto. 1974. "Effects of Dietary Mercury on Mink." Archives of Environmental Contamination and Toxicology. Volume 2. Pages 43-51. As cited
in Sample, Opresko, and Suter (1996).

Sample, H.E., D.M. Opresko, G.W. Suter II. 1996. Toxicological Benchmarksfor Wildlife: 1996 Revision. Risk Assessment Program Health Sciences Research Division, Oak Ridge, Tennessee.
Prepared for U.S. Department of Energy.

Methyl mercury

Verschuuren, H.G., R. Kroes, E.M. den Tonkelaar, J.M. Berkvens, P.W. Heileman, A.G. Rauws, P.L. Schuller, and G.J. van Esch. 1976. "Toxicity of Methyl Mercury Chloride in
Rats. II. Reproduction Study." Toxicology. Volume 6. Pages 97-106.
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Blakely, B. R., C. S. Sisodia, and T. K. Mukkur. 1980. The effect of methyl mercury, tetrethyllead, and sodium arsenite on the humoral immune response in mice. Toxicol. Appl. Pharmacol. 52:
245-254.

Nobunga, T., H. Satoh, and T. Suzuki. 1979. Effects of sodium selenite on methyl mercury embryotoxicity and teratogenicity in mice. Toxicol. Appl. Pharmacol. 47:79-88.

Nickel

Ambrose, A.M., P.S. Larson, J.F. Borzelleca, and G.R. Hennigar, Jr. 1976. "Long Term ToxicologicAssessment of Nickel In Rats and Dogs." Journal of Food Science and
Technology. Volume 13. Pages 181-187.
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Selenium

Schroeder, H.A., and M. Mitchner. 1971. "Toxic Effects of Trace Elements on Reproduction of Mice and Rats." Archives of Environmental Health. Volume 23. Pages 102-106.

Chiachun, T., C. Hong, and R. Haifun. 1991. The effects of selenium on gestation, fertility, and offspring in mice. BioI. Trace Elements Res. 30: 227-231.

Rosenfeld,!. and O. A. Beath. 1954. Effect of selenium on reproduction in rats. Proc. Soc. Exp. BioI. Med. 87: 295-297.

Silver

Rungby, J., and G. Danscher. 1984. "Hypoactlvity in Silver Exposed Mice." Acta. Pharmacol. et Toxicol. Volume 55. Pages 398-401. As cited in ATSDR ToxicologicalProfile for
Sliver. December 1990.

Thallium

Formigli, L., R. Scelsi, P. Poggi, C. Gregotti, A. DI Nucci, E. Sabbionl, L. Gottardi, and L. Manzo. 1986. "Thallium-Induced Testicular Toxicity in the Rat." Environmental Research.
Volume 40. Pages 531-539.
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Maita, K., M. Hirano, K. Mitsumori, K. Takahashi, and Y. Shlrasu. 1981. "Subacute Toxicity Studies with Zinc Sulfate In Mice and Rats." Journal of PesticideScience. Volume 6.
Pages 327- 336.
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Subchronic (10 weeks)
NOAEL

P~IYntJcl~a.r i"oml'tlc.hy,~~(j~ir~~M't~~~ij)~:witl~~'!,~?a~y)

Total high molecular weight (HMW)
PAH

0.14 TRV based on toxicity of benzo(k)fluoranthene. IfTRVs
are not available for all individual HMW PAHs, this
TRV should be used to assess potential risk of Total
HMW PAH.

Gasaway, W. C. and I. O. Buss. 1972. Zinc toxici
Oil

Benzo(a)pyrene 1.0 Brunstrom et al. (1991).

Benzo( a)anthracene 0.79 Brunstrom et al. (1991).

Benzo(b )fluoranthene 0.14 No toxicity data available for benzo(b) fluoranthene.

Benzo(k)fluoranthene used as surrogate.

Benzo(k)fluoranthene 0.14 Brunstrom et al. (1991).

Chrysene 1.0 Brunstrom et al. (1991).

Dibenz( a,h)anthracene 0.39 Brunstrom et al. (1991).

Acute
I

Chicken I 100 I 0.01
NOAEL embryo-

AcuteLD50 I Chicken I 79 I 0.01
embryo

Acute LD50 I Chicken I 14 I 0.01
embryo-

Acute
I

Chicken I 100 I 0.01
LOAEL embryo

AcuteLD50 I I 0.01
embryo
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Acute
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(PCB) (P.vl<gBW~day)'. '"'' , "'" ". ..",

."g'C'!11:"jit".
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Indeno( 1,2,3-cd)pyrene Brunstrom et a!. (1991).

(j)
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No toxicity data available. Aroclor 1254 TRY used as
surrogate.

1,3-Dinitrobenzene

72 Peakall et al. (1972). TRY based on toxicity of Aroclor
1254.

Aroclor 1254

-11'";%"'-
~ltroaromatlcs ()lg/kgBW.~ay)

0.422 Schafer (1972)

2,4-Dinitrotoluene Toxicity value not available.

2,6-Dinitrotoluene Toxicity value not available.

Nitrobenzene Toxicity value not available.

Pentachloronitrobenzene Chronic (35 weeks)
NOAEL

Chicken 68,750 Not applicable 68,750 Dunn et al. (1979)

flbitah't~ esters (l.tg/kg,~W-day)

B is(2-ethylhexyl )phthal ate

I"

Subchronic (4 weeks)
NOAEL

Ring dove 1,1JO 0.1 III Peakall (1974)

Di(n)octyl phthalate

V(llIUm!,d~g~ntc'campoul1dl(ftwkgOW-dIlY)

Toxicity value not available.

Chronic (3 months) I Ringdove I 720 I 0.1
LOAEL(embryonic

mortality) .

IAcuteLD50 Redwing I 42.2 I 0.01
blackbird
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Acetone Acute (5 days)
NOAEL

Coturnix quail 5,200,000 O,Olh 52,000 Hill and Camardese (1986)

Acrylonitrile Toxicity value not available.

Chloroform Toxicity value not available.
<;)
I
00
.po Crotonaldehyde Toxicity value not available.

1,4-Dioxane Toxicity value not available.

Formaldehyde

Vinyl chloride

:(mt~~'t~if~rj

Toxicity value not available.

Toxicity value not available.

gaMes(tlg/~ ~"V~aay)
<',", ,"""d, ' ',",' .

Hexachlorobenzene Acute (5 days)
NOAEL

Coturnix quail 22,500 0.01 225 Hill and Camardese (1986)

Hexachlorobutadiene

Hexachlorocyclopentadiene

Pentachlorobenzene

Pentachlorophenol

;PeStfcld~s:i!<YWJigijJW.d~Y)

4,4!.DDE Acute (5 days) LOAEL
(mortality)

Coturnix quail 84,500 0.01 845 Hill and Camardese (1986). Test data for 1,1~DDE used
as a surrogate for 4,4' -DDE.

'" -, -,

Chronic (3 months) I Japanese quail I 3185 I Not applicable I 3185 I Schwertzet al. (1974)
NOAEL

I I I I I
Toxicityvalue not available.

Toxicityvalue not available.

Acute (5 days) I Quail I 403,000 I 0.01 I 4,030 I Hill and Camardese(1986)
NOAEL
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19~~g~n.~I;(m~g IhV.~.y)

0.01 65 Hill and Camardese (1986)Heptachlor

Hexachlorophene 0.01 5,750 Meister (1994)

Aluminum 1.0 100 Carriere et al. (1986)

Antimony Toxicity value not available. Ridgeway and Karnofsky
(1952) reported LD50 for doses to eggs; however, that
value could not be converted to a dose based on

post-hatching environmental exposure.

2.46 U.S. Fish and Wildlife Service (1969)

20.8 Johnson et al. (1960)

Toxicity value not available.

1.45 White and Finley (1978)

1.0 Haseltine et al. (1985). TRV based on trivalent
chromium.

46.97 Mehring et al. (1960)

Acute(5 days) LOAEL I Quail I 6,500
(mortality)

Acute LD50 I Bobwhite I 575,000
quail.

RingedTurtle I 110
Dove

Arsenic I Chronic(7 months) Brown-headed I 2.46 I 1.0
NOAEL cowbird

Barium I Subchronic(4 weeks) One day old I 208.26 I 0.1
NOAEL chick

I

Beryllium

Cadmium Chronic(90 days) Mallard drake Not applicable
NOAEL

Chromium (hexavalent) I Chronic(5 months) Blackduck Not applicable
NOAEL

Copper I Chronic(10 weeks) I-day old 1.0
NOAEL(growth) chicks
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Total Cyanide Acute LD50

Lead Acute (7 days) LOAEL
(altered enzyme levels)
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Mercuric chloride Acute (5 days) LOAEL
(mortality)

Methyl mercury Chronic(3
generations)LOAEL

(mortality)

Nickel Subchronic (5 days)
NOAEL

Selenium Chronic (78 days)
NOAEL

Silver Subchronic (14 days)
NOAEL

Thallium Acute LD50

Zinc Chronic (44 weeks)
NOAEL

r'-" , ,._'
r.""-"'"

0.01 0.04

0.001 0.025

0.01 3.25

0.1 0.0064

"III, rW'~gr:~;i~~il'!i

lilll ,mii;ii%l~llit!i!i!
Th

Wiemeyer et at. (1986). Sodium cyanide is used as a
surrogate for total cyanides.

Kendall and Scanlon (1982)

Hill and Camardese (1986)

Heinz (1979)

I""" 0'"
'I

American I 4
kestrel

Ringedturtle r-;5
dove

Coturnixquail I 325

Mallard I 0.064

Coturnixquail 650 0.1 65 Hill and Camardese(1986)

Mallard 0.5 1.0 0.5 Heinzet at. (1987)

Mallard 1,780 0.1 178 U.S. EPA(1997)

Starling 35 0.01 0.35 Schafer(1972)

Leghornhen 130.9 1.0 130.9 Stahl et al. (1990)
and New

Hampshire
rooster
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Notes:

a

b
c

d
e

HMW
LOAEL =
LD50 =
NOAEL =
TRV

The duration of exposure is defined as chronic ifit represents about 10 percent or more of the test animal's lifetime expectancy. Acute exposures represent single exposure or multiple
exposures occurring within about two weeks or less. Subchronic exposures are defined as multiple exposures occurring for less than 10 percent of the test animal's lifetime expectancy
but more that 2 weeks.

Reported value which were dose in diet or water were converted to dose based on body weight and intake rate using Opresko, Sample, and Suter (1996).
Uncertainty factors are used to extrapolate a reported toxicity value to a chronic NOAEL TRV. See Chapter 5 (Section 5.4) of the SLERAP for a discussion on the use of uncertainty
factors. The TRV was calculated by multiplying the toxicity value by the uncertainty factor. A "not applicable" uncertainty factor is equivalent to a value equal to 1.0.
The references refer to the study ftom which the endpoint and doses were identified. Complete reference citations are provided below.
Best scientific judgement used to identifY uncertainty factor. See Chapter 5 (Section 5.4.1.2) for a discussion on the use of best scientific judgement. Factors evaluated
include test duration, ecological relevance of endpoint, experimental design, and availability of toxicity data.

High molecular weight
Lowest Observed Adverse Effect Level

Concentration lethal to 50 percent of the test organisms.
No Observed Adverse Effect Level

Toxicity Reference Value
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REFERENCES

Sample, Opresko, and Suter II (1996) provides a comprehensive review of bird toxicity information. This source was reviewed to identify studies to develop TRVs for birds. Based on the
information presented, one or more references were obtained and reviewed to identify compound-specific toxicity values. For some compounds, the available information identified a single
study meeting the requirements for a TRV, as discussed in Chapter 5 (Section 5.4) of the SLERAP. In most cases, each reference was obtained and reviewed to identify a single toxicity value to
develop a TRV for each compound. As noted below, additional compendia were reviewed to identify toxicity studies to review. In a few cases where a primary study could not be obtained, a
toxicity value is based on a secondary source. For compounds not discussed in Sample, Opresko, and Suter II (1996), the scientific literature was searched, and relevant studies were obtained
and reviewed. The references reviewed are listed below. The study selected for the TRV is highlighted in bold.
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Polychlorinated dibenzo(p)dioxins

Nosek, J.A., S.R. Craven, J.R. Sullivan, S.S. Hurley, and R.E. Peterson. 1992. "Toxicity and Reproductive Effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin in Ring-Necked Pheasant
Hens." Journal of Toxicologyand Environmental Health. Volume 35. Pages 187-198.

U.S. EPA. 1993. Interim Report on Data and Methods for Assessment of2.3,7.8-Tetrachlorodibenzop-dioxin Risks to Aquatic Life and Associated Wildlife. EPN600/R-93/055. Office of
Research and Development. Washington, D.C. March. This report identified the two studies listed below.

Greig, J.B., G. Jones, W.H. Butler, and J.M. Barnes. 1973. "Toxic Effects of2,3,7,8-Tetrachlorodibenzo-p-dioxins. Food and Cosmetics Toxicology. Volume 11. Pages 585-595.

Hudson, R., R.Tucker, and M. Haegele. 1984. Handbook of Toxicity of Pesticides to Wildlife. Second Ed. U.S. Fish and Wildlife, Resources Publication No. 153. Washington, D.C.

Benzo(a)pyrene

Brunstrlim, B., D. Broman, and C. Niif. 1991. "Toxicity and EROD-Inducing Potency of 24 PolycyclicAromatic Hydrocarbons (PAHs) in Chick Embryos." Archives of Toxicology.
Volume 65. Pages 485-489.

Benzo(a)anthracene

Brunstrlim, B., D. Broman, and C. Niif. 1991. "Toxicity and EROD-Induclng Potency of 24 PolycyclicAromatic Hydrocarbons (PADs) in Chick Embryos." Archivesof Toxicology.
Volume 65. Pages 485-489.

Benzo(k)jluoranthene
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Brunstriim, B., D. Broman, and C. Nitf. 1991. "Toxicity and EROD-Induclng Potency of 24 PolycyclicAromatic Hydrocarbons (PAHs) In Chick Embryos." Archives of Toxicology.
Volume 65. Pages 485-489.

Chyrsene

Brunstriim, B., D. Broman, and C. Nitf. 1991. "Toxicity and EROD-Induclng Potency of 24 PolycyclicAromatic Hydrocarbons (PAHs) in Chick Embryos." Archives of Toxicology.
Volume 65. Pages 485-489.
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Dibenz(a,h)anthracene

Brunstriim, B., D. Broman, and C. Nitf. 1991. "Toxicity and EROD-Inducing Potency of 24 PolycyclicAromatic Hydrocarbons (PAHs) In Chick Embryos." Arc/rivesof Toxicology.
Volume 65. Pages 485-489.

Indeno(1,2,3-cd)pyrene

Brunstriim, B., D. Broman, and C. Niif. 1991. "Toxicity and EROD-Inducing Potency of 24 PolycyclicAromatic Hydrocarbons (PAHs) In Chick Embryos." Archives of Toxicology.
Volume 65. Pages 485-489.

Polychlorinated Biphenyls

Peakall, D.B., J.L. Lincer, S.E. Bloom. 1972. "Embryonic Mortality and Chromosomal Alterations Caused by Aroclor 1254in Ring Doves." Ellvirollmelltal Health Perspectives.
Volume 1. Pages 103-104.

Dahlgren, R.B., R.L. Linder, and C.W. Carlson. 1972. "Polychlorinated Biphenyls: Their Effects on Penned Pheasants." Envil'onmental Health Perspectives. Volume 1. Pages 89-101.

McLane, M.A.R., and D.L. Hughes. 1980. "Reproductive Success of Screech Owls Fed Aroclor 1248." Archives of Environmental Contamination and Toxicolog. Volume 9. Pages 661-665.

1,3-Dinitrobenzene

Schafer, E.W. 1972. "The Acute Oral Toxicity of 369 Pesticidal, Pharmaceutical and Other Chemicals to Wild Birds." ToxicologicalalldApplied Pharmacology. Volume 21. Pages
315-330.
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Pentachloronitrobenzene

Dunn, J. S., P. B. Bush, N. H. Booth, R.L. Farrell, D. M. Thomason, and D. D. Goetsch. 1979. Effect of Pentachloronitrobenzene upon Egg Production, Hatchability, and Residue
Accumulation in the Tissues of White Leghorn Hens. Toxicologyand Applied Pharmacology. Volume 48. Pages 425-433.

Bis{2-ethylhexyl)phthalate

Peakall, D.B. 1974. "Effects of Di-n-butyl and Di-2-ethylhexylPhthalate on the Eggs of Ring Doves.Bulletill of Ellvirollmelltal COlltamillatiollalld Toxicology." Volume 12. Pages
698-702.
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HIli, E.F., and M.B. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.

l,4-Dioxane

Giavini, E., C. Vismara, and L. Broccia. 1985. "Teratogenesis Study of Dioxane in Rats." Toxicology Letters. Volume 26. Pages 85-88. This study did not evaluate an ecologically relevant
endpoint. Therefore, the data were not used to develop a TRV.

Hexachlorobenzene

Hili, E.F., and M.B. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix," Fish and Wildlife Service. Technical Report 2.

Hexachlorobutadiene

Schwetz, B.A., J.M. Norris, R.J. Koclba, P.A. Keeler, R.F. Cornier, and P.J. Gehring. 1974. "Reproduction Study In Japanese Quail Fed Hexachlorobutadlene for 90 Days."
ToxicologyalldApplied Pharmacology. Volume30. Pages 255-265.

Pentachlorophenol

Hili, E.F., and M.B. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.
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Hill, E.F., and M.D. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.

Mendenhall, V.M., E.E. Klaas, and M,A.R. McLane. 1983. "Breeding Success of Barn Owls (Tyto alba) Fed Low Levels ofDDE and Dieldrin." Archives of Environmental Contamination and
Toxicology. Volume I2. Pages 235-240.

Shellenberger, T.E. 1978. "A Multi-Generation Toxicity Evaluation ofP-P'-DDT and Dieldrin with Japanese Quail. I. Effects on Growth and Reproduction." Drug Chemistry and Toxicology.
Volume 1. Pages 137-146
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Heptachlor

Hili, E.F., and M.D. Camardese. 1986. "Lethal Dietary Toxicitiesof Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.

Hexachlorophene

Meister, R.J. (ed.) 1994. Farm ChemicalsHandbook '94. Meister Publishing Company, Wlllonghby, Ohio. Volume 80. Page C189.

Aluminum

Carriere, D., K.L. Fischer, D.D. Peakall, and P. Anghern. 1986. "Effects of Dietary Aluminum Sulphate on Reproductive Success and Growth of Ringed Turtle Doves (Streptopelia
risoria)." CanadianJournal of Zoology. Volume 64. Pages 1500-1505.

Carriere, D., K. Fischer, D. Peakall, and P. Angehm. 1986. "Effects of Dietary Aluminum in Combination with Reduced Calcium and Phosphorus on the Ring Dove ~treptopelia risoria)."
Water, Air, and Soil Pollution. Volume 30. Pages 757-764.

Antimony

Ridgeway, L.P. and D.A. Karnofsky. 1952. "The Effects of Metals on the Chick Embryo: Toxicity and Production of Abnormalities in Development." Annals of New York Academy of Sciences.
Volume 55. Pages 203-215.
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Arsenic

U.S. Fish and Wildlife Service. 1969. "Publication 74." Bureau of Sport Fisheries and Wildlife. As cited in Sample, Opresko, and Suter II (1996).

Barium

Johnson, D., Jr., A.L. Mehring, Jr., and H.W. Titus. 1960. "Tolerance of Chickens for Barium," Proceedings o/the Societyfor Experimental Biology and Medicine. Volume 104.
Pages 436-438.

Cadmium

White, D.H., and M.T. Finley. 1978. "Uptake and Retention of Dietary Cadmium in Mallard Ducks." Environmental Research. Volume 17. Pages 53-59.

Chromium

Haseltine, S.D.,and others. 1985. "Effects of Chromium on Reproduction and Growth of Black Ducks." As cited in U.S. Fish and Wildlife Service. 1986. Chromium Hazards to Fish,
Wildlife, and Invertebrates: A Synoptic Review. January. Page 38.

Copper

Mehring, A.L.Jr., J.H. Brumbaugh, A.J. Sutherland, and H.W. Titus. 1960. "The Tolerance of Growing Chickens for Dietary Copper." Poultry Science. Volume 39. Pages 713-719.

Cyanide

Wiemeyer, S.N., E.F. Hill, J.W. Carpenter, and A.J. Krynitsky. 1986."Acute Oral Toxicityof Sodium Cyanide in Birds." Joumal of Wildlife Diseases. Volume 22. Pages 538-46.

Lead

Kendall, R.J., and P.F. Scanlon. 1982. "The Toxicologyof Ingested Lead Acetate in Ringed Turtle DovesStretopelia risoria." Environmental Pollution. Volume 27. Pages 255-262.
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Edens, F., W.E. Benton, S J. Bursian, and G.W. Morgan. 1976. "Effect of Dietary Lead on Reproductive Performance in Japanese Quail, Coturnix coturnixjaponica." Toxicology and Applied
Pharmacology. Volume 38. Pages 307-314.

Pattee, a.H. 1984. "Eggshell Thickness and Reproduction in American Kestrels Exposed to Chronic Dietary Lead." Archives of Environmental Contamination and Toxicology . Volume 13.
Pages 29-34.

Mercuric chloride

Hill, E.F., and M.B. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.
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Hill, E. F. and C. S. Schaffuer. 1976. "Sexual Maturation and Productivity of Japanese Quail Fed Graded Concentrations of Mercuric Chloride." PoultlY Science. Volume 55. Pages
1449-1459.

Methyl mercury

Heinz, G.H. 1979. "Methylmercury: Reproductive and Behavioral Effects on Three Generations of Mallard Ducks." Jourl/alof Wildlife Management. Volume 43. Pages 394-401.

Spann, J.W., G.H. Heinz, M.B. Camardese, E.F. Hill, J.F. Moore, and H.C. Murray. 1986. "Differences in Mortality Among Bobwhite Fed Methylmercury Chloride Dissolved in Various
Carriers." Environmental Toxicology and Chemistry. Volume 5. Pages 721-724.

Nickel

Hill, E.F., and M.B. Camardese. 1986. "Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix." Fish and Wildlife Service. Technical Report 2.

Cain, B.W., and E.A. Pafford. 1981. "Effects of Dietary Nickel on Survival and Growth of Mallard Ducklings." Archives of Environmental Contamination and Toxicology. Volume 10. Pages
737-745.

Selenium

Heinz, G., and others. 1987. "Research at Patuxent Wildlife Research Center." As cited in Sample, Opresko, and Suter II (1996).

Heinz, G.H., D.J. Hoffman, A.J. Krynitsky, and D.M.G. Weller. 1987. "Reproduction in Mallards Fed Selenium." Environmental Toxicology and Chemistry. Volume 6. Page 423-433.
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Heinz, G.H., DJ. Hoffman, and L.G. Gold. 1989. "Impaired Reproduction of Mallards Fed an Organic Form of Selenium." Journal of Wildlifr Management. Volume 53. Pages 418-428.

Sample, B.E., D.M. Opresko, G.W. Suter II. 1996. Toxicological Benchmarks for Wildlife: 1996 Revision. Risk Assessment Program Health Sciences Research Division, Oak
Ridge, Tennessee. Prepared for U.S. Department of Energy.

Silver

U.S. EPA. 1997. Aquatic Toxicity Information Retrieval Database (AQUlRE). Office of Research and Development,National Health and Environmental Effects
Research Laboratory, Mid-Continent EcologyDivision. January.
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Thallium

Schafer, E.W. 1972. "The Acute Oral Toxicity of 369 Pesticidal, Pharmaceutical and Other Chemicals to Wild Birds." Toxicological alld Applied Pharmacology. Volume 21. Pages
315-330.

Zinc

Stahl, J.L., J.L. Greger, and M.E. Cook. 1990. "Breeding-Hen and Progeny Performance When Hens Are Fed ExcessiveDietary Zinc." Poultry Sciellce. Volume 69. Pages 259-263.
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Guidancefor Assessing Ecological Risks Posed by Chemicals: Screening Level Ecological Risk Assessment
HRMB Guidance Document

SITE-SPECIFIC SOIL SCREENING LEVELS23

This is an OPTIONAL step that may be appropriate for large facilitieswhich are screening a
number of sites with similar habitats for common COPECs. It provides a method for calculating
levels of COPECs in abiotic media that should not represent an excessiverisk to the ecosystem as
a whole because of the conservative assumptions in this method. The media specific screening
levels are only protective of the food web exposure pathways for which they were derived; their
appropriateness needs to be verified on a site-specific basis.

Establish ecologically based screening levels (EBSLs)

Site specific ecologically based screening levels (EBSLs) are calculatedusing the dietary
exposure model and TRVs developed during the ecoscreen. EBSLs are detennined by assembling
a reliable set ofTRVs from the available toxicity data. These TRVs are used to represent the
maximum safe daily ingested dose for class-specific guild measurementreceptors or media
concentrations for community measurement receptors. In calculatingthese media concentrations
it is assumed that there is no possibility for the transport of contaminationbetween media. EBSLs
cannot be calculated for sites where contamination may be transported from one media to another
since this transport would alter the media concentration or dose ingestedto differ from that
calculated using the equations. The dose or media concentration is then put into the equations for
each community and feeding guild measurement receptor, which are then solved for the allowable
concentration in the media. For community receptors the media would be the one for the
community, and for the guild measurement receptors all contaminatedmedia would be included
as a route of exposure. For each receptor, acceptable media levels would need to be calculated for
all complete pathways. Once the calculations were completed for all receptors, the lowest
calculated screening level for each media would be the EBSL for that media.

Calculate screening level hazard quotients (SLHQ) for individual COPECs

A screening level hazard quotient (SLHQ) can be calculated for each COPEC in each media found
at each of the sites by dividing the maximum COPEC concentrationfound at the site by the EBSL
developed above for that COPEC. These SLHQ can be used both to screen out sites that do not
represent excessive ecological risk and to prioritize the different media at a single site for
corrective action.

23SeeSection 6.0 for limitations of ecologically-based media screening levels.
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STATE OF NEW MEXICO

STANDARDS FOR

INTERSTATE AND INTRASTATE SURFACE WATERS

Filed with State Records Center
January 24, 2000

As NMAC 6.1

Effective February 23, 2000

New Mexico Water Quality Control Commission
Harold Runnels Building

1190St. Francis Drive P.O. Box 26110
Santa Fe, New Mexico 87502
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Environment Department
State Engineer Office

Game and Fish Department
Oil ConservationDivision

Department of Agriculture
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Bureau of Mines and Minerai Resources

Members-at-Large
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for these uses is ensured by the general standardsand numeric standards for bacterial quality, pH,

. and temperature which are established for all classified waters of the State listed in Subpart II of
this Part (Sections 2000 through 2999).

1. The followingscheduleof numericstandardsand equationsfor the substanceslisted shall
applyto the subcategoriesof fisheries identifiedin Section3100of this Part:

1. Acute Standards

Dissolved aluminum 750 J.Lg/L
Dissolved arsenic 340 J.Lg/L
Dissolved beryllium 130 J.Lg/L
Total mercury 2.4 J.Lg/L
Total recoverable selenium 20.0 J.Lg/L
Dissolved silver e(1.72[1n(bardness)]-6.682S) J.Lg/L
Cyanide, weak acid dissociable 22.0 - J.Lg/L

Total chlordane 2.4 J.Lg/L
Dissolved cadmium (e(1.128[1n(hardness)]-3.686~cf J.Lg/L
The bardness-dependentfOIDlulaefor cadmium must be multiplied by a
conversionfactor (cf) to be expressedas dissolvedvalues. The acute factorfor
cadmiumiscf= 1.136672- [(lnbardnessXO.041838)].

Dissolved chromium e(O.819[1n(hardness)]+2.5736)J.Lg/L

Dissolved copper e(O.9422[1n(bardness)]-1.7408)Jlg/L

Dissolved lead (e(1.273[1n(hardness)]-1.46~cf Jlg/L
The hardness-dependentformulaefor lead must be multipliedby a conversion
factor(cf)to be expressedasdissolvedvalues. The acute and chronic factor
for lead is cf= 1.46203 - [(Inbardness)(0.145712)].

Dissolved nickel e(O;8460[1n(hardness)]+2.2S3)

Dissolved zinc e(O.8473[1n(hardness)]+O.8618)
Total chlorine residual 19

Jlg/L

J.Lg/L
Jlg/L

2. Chronic Standards

Dissolved aluminum 87.0 Jlg/L
Dissolvedarsenic 150 J.Lg/L
Dissolved beryllium 5.3 Jlg/L
Total mercury 0.012 J.Lg/L
Total recoverable selenium 5.0 J.Lg/L
Cyanide, weak acid dissociable 5.2 J.Lg/L
Total chlordane 0.0043 Jlg/L
Dissolved cadmium (e(O.78S2[1n(hardness)]-[2.71~fJlg/L
The bardness-dependentformulaefor cadmiummust be multipliedby a
conversion factor (ct) to be expressed as dissolved values. The chronic factor for
cadmium is cf= 1.101672-[(In bardnessXO.041838)].

Dissolvedchromium e(O.819[1n(hardness)]+O.534)

20NMAC 6.1
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Dissolved copper e(O.8545[ln(hardness)]-1.7428) ~g/L

Dissolved lead (e(1.273[ln(hardness)]-4.705~cf~g/L
The hardness-dependent formulae for lead must be multiplied by a conversion
factor (cf) to be expressed as dissolvedvalues. The acute and chronic factor
for lead is cf= 1.46203- [(in hardness)(O.145712)].

Dissolved nickel e(O.846[ln(hardn~)]+O.0554)

Dissolved zinc e(O.8473[1n(hardness)]+O.8699)
Total cWorine residual 11

~g/L

~glL
~g/L

K.. Livestock Watering: The followingnumeric standards shall not be exceeded:

Dissolved aluminum
Dissolved arsenic
Dissolved boron
Dissolved cadmium
Dissolved chromium
Dissolved cobalt
Dissolved copper
Dissolved lead
Total mercury
Dissolved selenium
Dissolved vanadium
Dissolved zinc
Radium-226 + radium-228
Tritium
Total gross alpha (includingradium-226,

but excluding radon and uranium)

5.0
0.2
5.0
0.05
1.0
1.0
0.5
0.1
0.01
0.05
0.1

25.0
30.0

20,000

. 15

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mgIL
mgIL
mg/L
mg/L
mg/L
pCilL
pCilL

pCilL

L. WIldlife Habitat: Wildlife habitat should be free from any substances at
concentrations that are toxic to or will adversely affect plants and animals that use these
environments for feeding, drinking, habitat or propagation, or can bioaccumulate and impair the
community of animal~in a watershed or the ecological integrity of surface waters of the State. In
the absence of site-specific information, and subject to the following paragraph, the following
chronic numeric standards shall not be exceeded:

Total mercury
Total recoverableselenium
Cyanide,weak acid dissociable
Total chlorineresidual
Total DDT andmetabolites
Total PCBs

0.77
5.0
5.2

11
0.001
0.014

J.lg/L
J.lg/L
J.lg/L
J.lg/L
~gIL
J.lg/L

The discharge of substances which bioaccumulate,in excess of levels specified above is allowed
if, and only to the extent that, the substances are present in the intake waters which are diverted
and utilized prior to discharge, and then only if the discharger utilizes best available treatment
technology to reduce the amount of bioaccumulating substances which are discharged.

20 NMAC 6.1
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