





Risk Assessment Methodology

Jonal Laboratories, New Mexico (SNL/NM) is located on the Kirtland Federal
C), immediately south of Albuquerque, New Mexico. KFC comprises over
,m cres of federally-owned land that is used and/or managed by several agencies
: \llated organizations, including the U.S. Air Force (Kirtland Air Force Base), the -
. Department of Energy (DOE), and the U.S. Forest Service. SNL/NM, which is
,_";currently managed by Lockheed Martin Carporation for the DOE, has operated at this
~ locatlon since 1945. Over its history of operation, SNUUNM and its predecessor »
organization (Sandia Laboratory) have conducted a wide variety of test programs,
primarily related to national defense, at many locations within the KFC boundaries.
Test activities have included open detonations, shock tube and contained detonations,
weapons firing, high velocity impact tests, open burning, and others. These tests have
involved a wide variety of materials, including high explosives, various metals, and
radionuclides, some of which remain as residues at the test sites. In addition, waste
materials resulting from the testing operations (including fabrication processes) have
been disposed of in.above- and below-ground landfills, pits, trenches, storage yards or
septnc systems.

The SNLUNM Environmental Restoration (ER) Program was initiated to identify,
delineate, characterize, and remediate those sites that have been used by SNL/NM and
Sandia Laboratory that may contain materials which are potentially hazardous to .
human health or the environment. ldentification of these sites has involved records
searches as well as interviews with personnel who took part in the operations. Once
identified, the potential boundaries of the affected area are delineated and the site is
characterized for suspected hazardous constituents. If no such materials are detected,
the site is designated for no further action (NFA). If potentially hazardous materials are
detected, predictive level risk assessments are performed on the characterization data
to determine whether they occur at levels that are not potentially hazardous to human
health or the environment. If this is the case, an NFA designation for the site is
pursued. Otherwise, either corrective actions or further investigation of the site will be
pursued. In some cases, principally where the removal of the potentially hazardous
material is readily achievable, a voluntary corrective measure (VCM) may be pursued
before the full characterization process is completed.

Over 240 sites at KFC have been identified for investigation by the SNL/NM ER

program, including historic and active test sites, landfills, disposal pits and trenches,

storage areas, and septic systems. These have been grouped into “batches” based on
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their potential for NFA designation. Both human health and ecological risk
assessments are performed for these sites to determine whether NFA status is
warranted. The purpose of this document is to present the methodology and protocols
for performing the ecological risk assessments for the SNL/NM ER program sites. In
addition, the method for deriving ecologically-based preliminary remedlatlon goals.
(PRGs) for these sites is also presented.

2.0 Ecological Description of KFC

Most of KFC lies on a broad, relatively flat alluvial surface (locally known as the East
Mesa for its elevated position above the Rio Grande drainage to the west) with
elevations ranging from about 5,300 ft. to about 6,000 f. above mean sea level. The
eastern half of KFC includes the westem slope of the Manzanita Mountains, which rises
to an elevation of 7,716 ft. These mountains are dissected by several steep-sided
canyons. Rock exposures slong the canyon walls and mountain slopes occasionally
form cliffs of moderate height. A small outlier range, known as the Four Hills or

_“Manzano Base,” lies in the north-central part of KFC, immediately west of the
- Manzanita Mountains. The highest peak of the Four Hills rises to an elevation of 6,958
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“The drainages from the three principal canyons of the Manzanita Mountéins (Lurance,

Madera, and Sol se Mete) converge in Lurance Canyon and form Arroyo del Coyote.
This arroyo flows west from the mouth of Lurance Canyon to the southern end of the
Four Hills, where it turns northwest and flows into Tijeras Arroyo, the largest drainage
feature on KFC. Tijeras Arroyo originates in Tijeras Canyon, which separates the
Manzanita Mountains from the Sandia Mountains to the north (outside of KFC), and
flows southwestward to the Rio Grande. About 4 miles of this drainage lies within KFC,
crossing its northwest corner. Drainages that originate south the Lurance and Sol se
Mete Canyons generally flow westward across the East Mesa, but dissipate into a
broad, internal drainage basin near the western boundary of KFC. All of these
drainages (including Tijeras Arroyo and Arroyo del Coyote) are ephemeral.

Perennial surface water at KFC is limited to springs, seeps, artificial ponds, and wildlife

watering devices. About nine springs and seeps have been identified on KFC. Coyote
Springs is the largest spring-fed wetland on KFC and is located near the mouth of
Lurance Canyon, along the south side of Arroyo del Coyote. It supports about 0.9
acres of wetland vegetation, including rushes (Juncus spp.), cattails (Typha latifolia),
and several large Fremont cottonwoods (Populus fremontii). A dense thicket of salt-
cedar (Tamarix pentandra) marks the contact between the spring area and a side
channel of Arroyo del Coyote. Coyote Springs was historically developed as a picnic
area and continues to be used by the military as a base for training exercises. Despite
the physical modifications and periodic human use, Coyote Springs is a focal point for




due to the year-round presence of surface water and the vertical
provided by the trees. '

9 and Sol se Mete Spring are located in the respective canyons. Both

#n developed with masonry tubs for wildlife use and both support small

Ats of wetland vegetation. Sol se Mete Spring is also used to feed a series of

vildlife watering devices (also called “trick tanks” or *guzzlers™ located

ncanyon from the spring. G Spring is a groundwater-fed riparian flow in Arroyo del

@ near Manzano Base (downstream of Coyote Springs) that is typically onthe

surface for only a few hundred feet before infiltrating back into the sands of the arroyo

.bed. It.is marked by a dense stand of salt-cedars and Fremont cottonwoods along the
arroyo. Four small springs and rock seeps occur in the Four Hills and ancther small
spring occurs on the north end of these mountains, near the northern boundary of KFC.

None of these support more than a few hundred square feet of wetland vegetation

(USACE, 1995). - a

The habitats on KFC can be divided into four major types: grassland, woodland,

riparian scrubland (including smalil amounts of riparian woodland and wetland), and
altered habitats. Grassland habitat dominates the undeveloped areas of the East _
Mesa. The grassland vegetation on KFC shows a mix of biotic influences that includes
the Chihuahuan Semidesert Grassland, the Great Basin Scrub Grassland, and the
Plains Grassland (Brown, 1882). The principal grass species are black grama
(Bouteloua erniopoda), galleta (Hilaria jamesii), sand dropseed (Sporobolus
cryptandrus), purple threeawn (Aristida purpurea), and Indian ricegrass (Oryzopsis
hymenoides). Woodland habitat dominates the mountainous areas in the eastern part’
of KFC. '

The woodland vegetation is principally influenced by the Great Basin Conifer Woodland
biome, which is dominated by one-seed juniper (Juniperus monosperma) and Colorzado
pinyon pine (Pinus edulis) (Brown, 1982). At lower elevations, the woodland has an
open canopy and an understory of grasses (including blue grama [Bouteloua gracilis]
and side-oats grama [Bouteloua curtipendula]) and shrubs (including mountain
mahogany [Cercocarpus montanus], skunkbush [Rhus trilobata), and gray oak
[Quercus grisea]). At higher elevations, some influence of the Rocky Mountain
Montane Coniferous Forest biome is found in the woodland habitat with the presence of
ponderosa pine (Pinus ponderosa) and Rocky Mountain juniper (Juniperus
scopularum).

The riparian scrubland habitat occurs along the drainages of KFC. The principal shrub
species of this habitat are rabbitbrush (Chrysothamnus nauseosus), Apache plume
(Fallugia paradoxa), and fourwing saltbush (Atriplex canescens). One-seed junipers
(as shrubs or small trees) and salt-cedar are also common along the drainages. In the
canyons, other shrubs and trees also occur along the drainages. These include New
Mexico olive (Forestiera neomexicana), New Mexico locust (Robinia neomexicana). and
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narrow-leaf hop-tree (Ptelea trifoliata). Because the areas of wetland and riparian
woodlands on KFC are very small and closely associated with the riparian scrubland
they are considered part of this habitat type.

The final habitat type is referred to as altered habitat and includes areas that have beeh

~ developed or otherwise significantly disturbed by human activity. In many cases, the

natural vegetation of these areas has been removed by sail dlsturbance including
grading, excavation, and compaction. Some areas have been paved or covered with
gravel. At active sites, the removal of ruderal species ("weeds”) is a continuing process
as part of facility maintenance. At inactive or infrequently used sites, vegetation is
allowed to reestablish through natural succession. Common ruderal and early
successional species in these areas include Russian thistle (Salsola kali), summer
cypress (Kochia scopania), and threeawns (Aristida spp.).

3.0 Ecological Risk Assessment Methodology

.‘The ecological risk assessment process performed for the SNLUNM ER program sites is
.a predictive ecological risk assessment. Methodology used is based on general level
guidance presented by USEPA (USEPA, 1892; 1996; and 1997) and by Wentsel et al.

(1996) and is consistent with a phased approach. It also incorporates basic ideas
presented in an earlier SNL/NM ER ecological risk assessment approach document

(SNL/NM, 1997). This assessment utilizes conservatism in the estimation of ecological
..risks; however, ecological relevance and professional judgment are also incorporated

. as recommended by USEPA (1996) and Wentsel et al.(1996) to insure that the
_predicted exposures of selected ecological receptors reasonably reflect those expected

to occur at the site.

3.1 Data Quality Objectxves

Data quality objectives (DQOs) and quality assurance/quality control (QAJ/QC) of the
data used in the ecological risk assessments are based on established criteria and
addressed on a site-by-site basis. DQOs are negotiated among SNU/ER task
managers who have responsibility for specific ER sites, and managers, representatives
from the New Mexico Environment Department (NMED) Department of Energy A
Oversight Bureau, and representatives from NMED. Data QA/QC is addressed at each
site in the NFA proposals. Data QA/QC specific to risk assessment, if not discussed
elsewhere, can be found in the uncertainty and summary sections of the risk

assessments.

3.2 Constituents of Potential Ecological Concern

The constituents of potential ecological concern (COPECS) evaluated in the ecologlcal
risk assessments for SNL/NM ER sites include both organic and inorganic chemicals,
and at some sites, the latter includes radiologically active materials. These constituents
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- of test-related materials may have been released into the environment directly as a

result of test activities, or as a result of waste management and disposal practices
before or after the test. Because many of the inorganic analytes measured at ER sites
are common constituents of natural soils, each of these analytes is only considered to
be COPECs if its conc ion at t ite is 95™ percentile (or the
Upper Tolerance Limit) of the background concentration for that site. However,

“elements that are essential nutrients (calcium, iron, magnesium, potassium; and

sodium) are not considered to be COPECs regardless of their background
concentrations

3.3 Conceptual Model :
Figure 1 presents a general conceptual model for the assessment of ecological risk at

‘the SNLUNM ER program sites. The ER sites are terrestrial in nature and the principal

media of ecological concern are surface and subsurface soil. Surface soil typically
received the initial deposition of material from the testing activities performed at ¢r
above ground surface or from material storage or disposal on the ground surface.
Because most of this testing occurred on the order of several years to decades ago,
infiltration into the subsurface soil is expected for many of these COPECs. Wind may
have transported COPECs in the surface soil as dust. Surface runoff following
precipitation events may have transported COPECs in surface soils to drainages, where
they may have been deposited in sediments, carried with water percolating into
groundwater, or be carried into higher order streams. As described above, the surface
water flows in the drainages at KFC are ephemeral and do not support aquatic
communities or wetland habitat. Site-wide issues associated with downstream surface
water bodies will be addressed by the SNIL/NM Surface Water Task Force, and are
outside of the scope of the ER program risk assessments. Because these drainages
(arroyos) are dry for most of the year, their sediments are treated as soils in the
conceptual model.

Fd

Subsurface soils typicelly receive COPECs through percolation from the surface, burial -
of materials containing COPECS, or direct release into the subsurface sail, such as at
leach fields associated with septic tanks or by underground tests (e.g., Thunder Wells).
Because of the low rainfall of this area, rooting and burrowing are expected to be
concentrated within the first few feet of the soil profile. This is supported by field data on
root depths and burrowing depths at other semiarid locations for species that occur at
KFC (e.g., Davis, 1966; Reynolds and Wakkinen, 1987; Reynolds and Fraley, 1989).
For this reason, COPECs in subsurface soil are not considered to be broaverlabie if they
occur at depths greater than S feet.
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- Most SNL/NM ER program sites occur in altered habitats on the alluvial surface of the

East Mesa. Therefore, the original vegetation of these sites was grassland. Several of
these sites include areas of relatively undisturbed grassland habitat within their
boundaries, while others are entirely within altered habitat, being sparsely vegetated
with ruderat-species;-devoid of vegetation, or entirely-developed with buildings,
pavement, or landscaping. However, some sites (especially the larger sites, such as
Sites 54, 58, 68, and 102) are dominated by relatively undisturbed grassland habitat.
Similarly, most of the sites in the mountain area (most of which are within the canyons)
are in altered habitat which was formerly woodland. Some of the larger of these sites
include significant areas of relatively undisturbed woodland habitat. A small number of
SNL/NM ER program sites include areas of riparian scrubland habitat. No ER sites with
identified COPECs (i.e., sites other than those designated for no further action [NFA])
include springs or wetland habitat. . , -~

The principal exposure pathways at the SNL/NM ER program sites are direct contact
and uptake by organisms in the soil (e.g., plants and soil invertebrates) and ingestion of
soil, plants, or prey from these sites by wildlife. Exposure in wildlife through inhalation
and dermal contact pathways are not considered to be significant pathways for |
COPECs in the soil (Sample and Suter, 1994). Although both of these pathways may
lead to additional absorption of the COPECs, both are also linked to ingestion by the
ingestion of inhaled soil particles that have been entrapped in the mucus lining of the
nasal cavity and throat and the ingestion of soil through grooming. The absorption of
COPECs from soil particles directly through the lungs or skin is expected to be
insignificant with respect to that from the daily dietary intake of soil. The drinking water
ingestion pathway is also expected to be minor. Surface water in this area is
ephemeral and extremely limited (IT, 1996), allowing little opportunity for COPECs to
partition from soil to surface water. Ephemeral surface water may exist as runoff from
precipitation events, but no ER sites are known to be sources of surface water that is
available for consumption by wildlife. For radiological COPECs, both internal and
external dose pathways are evaluated as potential routes of exposure to the receptors.
Internal dose is the result of ingestion of COPECs with soil and food items. External
dose is the result of exposure to radiation originating from COPECs in in situ soils.

3.4 Food Webs at SNL/NM
Because of the general absence of water over most of the area, the wildlife community

is limited in its diversity and the complexity of the food web. Food chains are relatively
short. These conditions are especially true at past and present operational sites where
the coverage, diversity, and productivity of the vegetation is typically low due to the
physical disturbance of the soil resulting from the site development and operationsl
activities. Figures 2 through 4 show the generalized food webs for the wildife
communities in the three major habitats of KFC: grassiand, woodland, and riparian
scrubland, respectively. Although not all species of wildlife known to occur at KFC sre
shown in these figures, examples of the known species or taxonomic groups are given
for the major taxonomic/trophic types, or guilds. With the exception of scavengsrs (e.9..
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: turkey vultures), these general categories are expected to include essentially all other
wildlife species in addition to those explicitly named.

Wildlife, especizally in arid environments, are often generalists in their diet and
opportunistic-in-feeding-habits. - True-specialists-(e-g-;-strict herbivores; insectivores, or
camivores) are the exceptions, while most species eat a mix of plant and animal
material (omnivores) or insect and vertebrate prey. The proportions of each type vary
widely between seasons and locations according to availability. Therefore, the arrows

- in these food web diagrams are generalized to show the major links, but not all possible

links. If all links, including scavenging, were included in these figures, the number of
potential links would make the diagrams needlessly complex and essentxally
unreadable.

- Several wide-ranging species, such as bats, coyotes, bobcats, and red-tailed hawks,
are shown in all three habitat types, and the same individuals may be using muitiple
habitats. Many bats, for example, will range widely from their roosting sites, feeding
wherever flying insects are available, regardless of the habitat conditions on the
ground. Similarly, the other species are opportunistic in hunting and foraging, and are
not individually bound to a particular habitat type. :

The grassland food web (Figure 2) shows the basic structure of all of the food webs
‘found in terrestrial habitats of KFC. The primary productivity of the plant community
-provides the basis for the food web. Invertebrate communities, which include
herbivores, predators, and detritivores, are closely linked to the plant community.
Among the vertebrates, strict herbivores are probably rare (in terms of the number of
species) and may be limited to lagomorphs (rabbits and hares) and columbiforms
(doves and pigeons). Althaugh some birds and rodents are primarily herbivorous, most
of these eat invertebrates in small amounts. Most rodents (including the large family -
Cricetidae, which includes deer mice and harvest mice) and passerine birds {e.i.,
perching birds or "songbirds”) are omnivorous, eatlngly significant proportions of
invertebrates, at least seascnally. Grasshopper mice are cricetids that specialize in
insectivory and may occasionally eat small vertebrates. Other wildlife more specialized
in insectivory include lizards, nightjars (poorwills, whip-poor-wills, and nighthawks),
flycatchers, swallows, and bats (the last four are specialized in catching their prey in
flight). The diets of some non-raptorial, predatory birds (e.g., shrikes and roadrunners)
principally consist of invertebrates, but aiso include small vertebrates, such as rodents,
lizards, small snakes, and small birds. Snakes specialize in small vertebrate prey.
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Among the raptors are the buteos, which are able to take larger vertebrates, such as
lagomorphs, ground squirrels, and large snakes; falcons which specialize in aerial prey,
such as birds and insects; and owls, which typically specialize in hunting nocturnal
species, especially rodents. (Burrowing owis are less nocturnal than the other owls at
-KFC and-will eatinvertebrate prey. as-well as vertebrates.) Large_ mammals in the
grassland habitat are omnivores or predators. The former includes coyotes, skunks,
and possibly kit foxes. The latter includes badgers and possibly bobcats that wander
into the grasslands from the woodland or arroyo habitats. .

The food web of the woodland community (Figure 3) is structurally similar to that of the
grasslands, but with some changes in species composition. Especially with passerine
birds, the increase in trees and shrubs results in a higher diversity of insectivores, both
serial hunters (swallows and flycatchers) and gleaners (e.g., wrens, vireos, and«
warblers). Woodpeckers are also more prevalent as avian insectivores in the woodland
habitat. Accipiters (Cooper's hawks and sharp-shinned hawks) are more prevalent as
aerial predators in the woodlands than are falcons (which are generally uncommon in
all habitats at KFC). There are also changes in the large mammal guilds, including the-
“addition of mule deer (the only ungulate, or hooved mammal, on KFC) as an herbivore,
black bear as an omnivore, and mountain lion (potentlally present, but not confirmed on
KFC) as a predator.

The food web of the riparian scrubland habitat (Figure 4) is essentially a cross between
that of the grassland and woodland. The high diversity of passerines found in the
woodlands is expected to extend into the grassland along the corridors of riparian
woodland and shrubland of the arroyos of KFC. This diversity is supplemented by
grassland species that use this habitat as part of their home range (e.g., quail,
jackrabbits, badgers, roadrynners, shrikes, mockingbirds, etc.). In general, the
influence of the woodland wildlife community diminishes with increasing distance from
that habitat along the arroyos and the influence of the grassland wnldhfe community
increases along the same gradient.

3.5 Receptors ' | Levr’s

The receptor species used to assess risk at SNLUNM ER program sites are selected to
conservatively represent those key elements of the trophic webs in each of the three
major habitat types (grassland, woecdland, and riparian scrubland) that are most likely to
be affected by COPECs in the sails at these sites. Vascular plants are the principal
primary producers in the habitats at KFC and plant productivity is key to the diversity
and productivity of the wildlife community in each habitat. Risk to plants resuiting from
contact with COPECs in surface and subsurface soil is evaluated for a nonspecific
perennial, herbaceous plant (such as a perennial grass). '
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The deer mouse (Peromyscus maniculatus) and (urrowmg owl ’(Speotyto cunicularia)
are the receptors selected to represent consumers in the food web at KFC. Parameters
used to model exposures in these two receptors are presented in Table 1. These
receptors represent mammalian and avian wildlife, respectively. The deer mouse
represents lower trophic levels, and is modeled as an omnivore that-eats both plants
and soil invertebrates. In particular, the deer mouse represents small rodents, which
are ubiquitous to all habitats on KFC. Deer mice have a broad ecological amplitude
and can be found in a wide variety of habitats, and are especially prevalent in disturbed
habitats -and in association with buildings and other structures. The rodents at KFC,
which include deer mice and other species of Peromyscus, pocket mice (Perognathus
spp. and Chaetodipus spp.), kangaroo rats (Dipodomys spp.), harvest mice
(Reithrodontomys spp.), grasshopper mice (Onychomys spp.), woodrats (Neotoma

-
-

- spp.), ground squirrels (Spermophilus spp.), prairie dogs (Cynomys spp.), and others,

exhibit various degrees of omnivory, from aimost pure herbivory (e.g., prairie dogs and-
wood rats) to highly insectivorous (grasshopper mice) (Findley, 1287). The fraction of
the diet of deer mice consisting of insects varies seasonally, but has been found to
average about 38.5% over the year in semiarid grassiands of Colorado (USEPA, 1993). .
For the purposes of risk assessment, an omnivorous diet for this receptor species is
conservatively estimated at 50% insect and 50% plant material. Pure herbivorous and
insectivorous diets (i.e., 100% plant or 100% insect diets, respectively) are used as
bounding limits of exposure to this receptor. Incidental soil ingestion is not included as
part of the food ingestion rate, but is included as part of the ingestion pathway in
addition to the ingestion of food (plants and insects). The rate of soil ingestion (in
kilograms per day) is conservatively estimated at 2% of the ingestion rate of dry food
matter based on data for the closely related white-footed mouse (Peromyscus
leucopus) presented by Beyer et al. (1994). Thus, the total dry-matter ingestion rate for
the deer mouse is 102% of the lngestlon rate for dry food matter.

The burrowing owl i is modeled as a predator on omnivorous rodents, as represented by
the deer r mousg (T00% of its dnetLBprrowmg owls are found in the grassland habitat at
“SNL/NM, and are paﬁrcutaﬂy’cvmmon in association with prairie dog colonies which are
commonly found on the margins of developed areas. The burrowing owl is designated.
as a species of management concern by the U.S. Fish and Wildlife Service in Region 2,
which includes New Mexico (USFWS, 1995). In addition to their special status
designation, burrowing owls were selected to represent predators because of their
small size (0.155 kg [Dunning, 1993]) and the consequently small home range (34.6

Ccres [Haug et al., 1993]). Therefore, they conservatively represent the risk to larger

wildlife species of the same class and trophic level. They are also not dependent upon
trees or above-ground structures for nesting and have a high tolerance for altered
habitats and human activity, often nesting near roads, runways, golf courses, and
buildings. Although they are not likely to occur at ER sites in woodland habitats, such
as in the canyons, they are used in this risk assessment to represent other small avian
predators that may be present in this habitat (e.g., western screech-owls [Otus
kennicottii]).
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o Table 1
Exposure Factors for Ecological Receptors
~ Sandia National Laboratories, New Mexico

‘ Body Food intake Home range
Receptor species Class/Order | Trophic | weight (kg)* | rate (kg/d)" Dietary ; (ha)*
- level o : : Composition® |
Deer Mouse . Mammalia/ | Omnivore |- 0.0239* 0.00372 Plants: 50% : 0.11'
(Peromyscus Rodentia ' ' Invertebrates: 50%
maniculalus) (+ Soil at 2% of
' : intake) .
Burrowing owl Aves/ Carnivore 0.155° 0.0173 Rodents: 100% 14"
(Speolyto cunicularia) - | Strigiformes : | (+ Soil at 2% of
: : intake)
*Body weights are in kllograms wet weight.

®Food intake rates are estimated from the allometric equations presented in Nagy (1987). Units are kilograms dry
weight per day.

“Dietary compositions are generalized for modeling purposes. Default soil intake value of 2% of food mtake
‘Home ranges are in hectares. : g

*From Silva and Downing (1995); average of both sexes for New Mexico. !

'From USEPA (1993), based on the average home range measured in semi-arid shrubland in ldaho.

%From Dunning (1993); average ‘of both sexes for North America.

"From Haug et al. (1993).- '
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; burrowlng owl. Data were not found for the incidental soil ingestion rate for this species
~ or other raptorial birds; therefore, a rate of 2% of the food ingestion rate (on a dry
woight basis) was used to estxmate this part of the mgestlon pathway. which (as with

5. .'3 8 Exposure and Risk Characterlzatlon for Nonradlologlcal COPECs

3.8.1 Exposure assessment for nonradiologicali COPECs
For the predictive ecological risk assessment at SNL/NM ER program sites, exposures
to COPECs in soils for the plant and wildlife receptors are estimated from the maximum
measured soil concentration for each COPEC at each site. Plant exposure is through
_ direct contact between the roots and the soil. For wildlife receptors, exposure through
ingestion pathways is modeled using the methods described in the U.S. EPA's "Wildlife
Exposure Factors Handbook” (USEPA, 1893). For simplicity in describing the exposure
models in this section, ingested soil is considered a “food item” in the receptors diet,
even though it may not be deliberately consumed. The basic model for estimating the
daily intake of a COPEC per kilogram of body weight (i.e., the estimated daily dose of
the COPEC) through the ingestion pathway is:

=3(C+ Fu - LW

k=j

where: ,
D, = the estimated daily dose (mg/kg-day) of COPEC x
C, = the concentration of COPEC x in the k™ food type (mg/kg dry weight)
F, = the fraction of the k™ food type that is comes from the ER site
I, = the ingestion rate of the k™ food type (kg dry weight/day)
m = the number of food items in the receptor’s diet (including soil)
W = the body weight of the receptor (kg wet weight)

The calculation of C, for dietary items other than soil is based on the maximum
measured soil concentration (C,,,), as described below. |, is determined by muiltiplying
the total food ingestion rate of the receptor (l.,) by the fraction of the diet composed of
food item K, or in the case of soil, by the ratio of the soil ingestion rate to the total food
ingestion rate (0.02 for both the deer mouse and burrowing owl). F, is commonly
assumed to be the area use factor (the area of the site divided by the home range of
the receptor or 1, whichever is smaller), but may also be modified by a seasonal use
factor (number of days at the site divided by 365 days per year) if the home range is
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~ used for only part of the year. For estimating risk in the predictive ecological
assessment, both area use and seasonal use are assumed to be 100%,;
therefore, F, is 1.

Thus the_r.no_d_ej_or est_zmatmg_d:etary exposure in the deer mouse wuth an omnivorous

diet (50% plant and 50% invertebrate, with soil mgestxon equaling 2% of the food

ingestion [Table 1]) is:
T oy
7 . 0021, Cou + 051 C o + 051, C.,
7 : 00239
’ where:

D, =the estimated daily dose (mg/kg-day) of COPEC X in the deer mouse

hee = the total food ingestion rate of the deer mouse (kg dry weight/day)

Cmex =the maximum measured soil concentration of COPEC X (mg/kg)

Coam =the estimated concentration of COPEC X in plant tissue at the site
(mg/kg dry weight)

C. =the estimated concentration of COPEC X in soil invertebrate tissue at

‘ the site (mg/kg dry weight)

0.0238 = the average body weight for the deer mouse (kg wet weight).

it )\e For a deer mouse with a completely herbivorous diet, the ingestion rate of plant material
;,I\ : -

. would be equal to I, and the ingestion rate of invertebrates would be 0. Conversely, for
ror SO I ‘,.aﬁ a completely insectivorous mouse, the ingestion rate of invertebrates would be equal to

h/‘“" ce” ~\ l, and the ingestion rate of plant material would be 0. For the burrowing owil (diet of
" 579 100% deer mice, soil ingestion equaling 2% of the food mgestlon [Table 1)), the model
8,10 for estimating dietary exposure is:

_ 0027, Cort Lu Coronse.

"

s = 0155

D, = the estimated daily dose (mg/kg-day) of COPEC X in the deer mouse

Cmax =the maximum measured soil concentration of COPEC X (mg/kg)

= the estimated concentration of COPEC X in deer mouse tissue at the
site (mg/kg dry weight)
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In stion rate of the deer mouse (kg dry weight/day)
iverage body weight for the burrowing owl (kg wet weight).

oncentrations in plants (C,ia) and soil invertebrates (C,,,) are determined
ximum measured soil concentratxon using-soil-to-organism transfer

' orgamc COPECs in plants, the regessmn equation developed by Travis
£88) is used to derive the sail-to-plant transfer factor from the logarithm of
olwater partition ceefficient (log K,,) value of the compound. The soil-to-plant
r factors for inorganics are taken to be the maximum value reported among three
nce sources: IAEA (1994) (uptake specific to grasses), NCRP (1989), and Baes .
(1984). The latter two are based on unspecified agricultural plants.

For organic COPECs in soil invertebrates, the transfer factor was derived from tha
equation developed by Connell and Markwell (1890) for bicaccumulation in earthworms:

BF = }'_z._ﬁi | ()‘\57-7 k |
. X fo O/
. - - .
where: | &:éé - j!)ﬂ?/

- 0.05

the bioaccumulation factor (unitless) |

BF =
y. = the fractional lipid content of the organism
Kw = the octanoliwater partition coefficient

(b-a) = a nonlinearity constant
x. = a proportionality constant
f. = the fractional organic carbon content in the soil

! 'Although derived from earthworm data, the values for the nonlinearity constant (0.05)
and proportionality constant (0.66) were applied to modeling uptake in all soil
invertebrates, which probably consist primarily of insects and other arthropods at KFC.
Because of differences in integument, it is expected that the uptzke by earthworms will
cenerally be greater than that of insects; therefore, transfer factors derived by this
model are expected to yield conservative estimates of insect uptake. The lipid content
in insects was estimated at 3.1% fresh weight (Taylor, 1975), which is 7.9% of dry
weight, using a value of 61% water content in beetles (USEPA, 1993). Based on the
method described in Brady (1974), the fraction of organic carbon in the soil was
estimated by dividing the organic matter content by the value 1.7. The average organic
matter content of 21 Southern Great Plains soils (1.55%) (Brady, 1974) was used to
estimate the organic carbon content in SNL/NM soils (0.91%). For inorganic COPECs,
literature-derived values of soil-to-invertebrate transfer factors are used as availabie,
znd a default value of 1.0 when no transfer factor could be found.
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Tissue concentrations in deer mice (C,....) are determined from the estimated
concentration of the COPECs in the food of the deer mouse by applying food-to-muscle
transfer factors derived for modeling chemical concentrations in beef. For organic -
COPEC:s, the regression equation developed by Travis and Arms (1988) and based on
the log K, valueof the COPEC is used to derive food-to-beef transfer factors. Food-to-

" muscle transfer factors for the inorganic COPECs are taken as the maximum reported

value from IAEA (1994), NCRP (1989), or Baes et al. (1984). The concentration of a
particular COPEC in the food of the deer mouse is estimated by summing the daily
intake of the COPEC from all food items and ingested sail (i.e., the numerator of the
dose model for the deer mouse as shown above) and dividing by the daily food intake

(I,) for the deer mouse.

Appendix A presents the transfer factors for organic and inorganic COPECs at SNL/NM
ER program sites. The soil-to-plant and soil-to-invertebrate transfer factors are based
on dry-weight to dry-weight concentration conversions. Therefore, the equatlon for

calculating COPEC concentrations in dry plant material is:

C = TF.rp ) Cmax

plam

where

the concentration of the COPEC in plant tissue (mg/kg dry weight)
the soil-to-plant transfer factor (unitless) '
the maximum measured soil concentratlon of the COPEC (mg/kg dry

weight),

and the equatidn for calculating COPEC concentrations in invertebrate tissues is:

4

Cinv = TF:& * Cmax
where:
C., = the concentration of the COPEC in invertebrate tissue (mglkg dry
weight) '
= the soil-to-invertebrate transfer factor (unitless)
Crex = the maximum measured soil concentration of the COPEC (mg/kg dry

-weight).

Because the food-to-muscle transfer factor is based on a dry-weight to wet-weight
concentration conversion, the equation for calculating COPEC concentrations in dry

deer mouse tissue is:

Cnunur TF/.. C[uml -3.125
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where:

Crouse = the concentration of the COPEC in deer mouse tissue (mg/kg dry
weight)
7 __:;’ TF;» =the-food-to-muscle-transfer-factor (unitless)}————

Cwos = the concentration of the COPEC in the food of the deer mouse (mglkg
dry weight)
3.125 = the wet weight to dry weight conversion factor, based on a water

content of 68% (USEPA, 1993).

3.6.2 Nonradiological toxicity benchmarks
No-Observed-Adverse-Effect-Levels (NOAELs) for chronic oral exposure are used as
% benchmarks for toxic effects to wildlife. NOAELSs are defined as the maximum dosage
“tested that produced no effect that would be considered adverse to the long-term
viability of the population. Therefore, the endpoints of particular interest in the
underlying studies are those associated with reproductive health, development, and
mortality. Because the NOAELSs for the wildlife receptor species are based on NOAELs
from test species, the latter are scaled to NOAELs specific to the wildlife receptor
species using a power function of the ratio of body weights, as described by Sample et
al. (1996), and supported by recent research in the fractal geometry of circulatory
systems (Brown et al., 1997). Thus:

NOAELw = NOAELr ( j 4 ’)

L £

where:

- NOAEL,y, = the No-Observed-Adverse-Effect-Level for the wnldhfe receptor
species (mg/kg-day)
NOAEL, = the No-Observed- Adverse- Erfect-Level for the test species
(mg/kg-day)
BW; = the body weight of the test species (kg)
BW,, = the body weight of the wildlife receptor species (kg)
s = a body weight scaling factor (s = 0.25 for mammals and s =0 for birds)

Toxicity studies were considered to be chronic if they are conducted over a period of 26
weeks (one-half year) or more. This period represents the period of seasonal use by
the burrowing owl (and other migratory species) and is sufficient time for two
generations of deer mice (and other small mammals) to be added to the population

19



(USEPA, 1993). Studies of lesser duration (i.e., 1 to 25 weeks) are considered
subchronic, unless they specifically included reproductive effects as endpoints (Sample
et al., 1996). When only subchronic oral NOAEL; values are available, these are
converted d to chronic NOAEL, values by applymg an uncertalnty factor of 0.1 (Sample et
al., 1996).

A Lowest-Observed-Adverse-Effect-Levels (LOAELs) is defined as the lowest dosage
tested that produced an adverse effect as described above. In cases when only a
chronic LOAEL value is available for test data, an uncertainty factor of 0.1 is used to
convert it to the chronic NOAEL,. If only a subchronic LOAEL was available, then an
uncertainty factor of 0.01 is used to estimate the chronic NOAEL;. This uncertainty
factor is the product of two uncertainty factors of 0.1, one to convert the subchronic
value to a chronic value and the other to convert the LOAEL to an NOAEL,  -*

In cases where only an acute (i.e., single or short duration dose) toxicity value is

“ available for a COPEC (e.qg., a lethal dose to 50 percent of the test population [LD]),
" but both a NOAEL and LD, value are available for a closely related compound in the

- same test species, then the. NOAEL; for the COPEC was estimated using the

" relationship from Sample et al. (1996):

NOAEL 17)

NOAELx = LD (
= = LDsorx LDre

where,

the No-Observed-Adverse-Effect-Level for COPEC X in test
species T (mg/kg-day)
LDsorx = the acute lethal dose to 50 percent of the test population of test

species T for COPEC X (mg/kg)

the No-Observed-Adverse-Effect-Level for compound Y (closely

. related to COPEC X) in test species T (mg/kg-day)

LDy = the acute lethal dose to 50 percent of the test population of test
species T for compound Y

" NOAELy,

NOAELy

When possible, NOAELs for the wildlife receptor species are-derived from test species
that are taxonomically close to the target receptor. Therefore; for the deer mouse, data
from other rodent species is preferentially chosen over that from non-rodents (e.g.,
mink, dogs, and rabbits), and for the burrowing owl, data from owls Is preferentially
chosen over that from other birds (e.g., waterfowl, chickens, and quail). NOAELs are
not determined if toxicity data could not be found for tut spocles within the same class.
Therefore, deer mouse NOAELs come only from mamr tost species and
burrowmg owl NOAELs come only from avian test specles




¢ information is available for different forms of the COPEC, such as organic
nic forms of mercury, NOAELs are generally derived from the most toxic

s data are available that are specific to the form in question. In this regard,
chromium VI is measured and assessed directly; therefore, total chromium is assumed

" to be chromium-itt—For-ecological risk assessment purposes;-however, mercury-is -
" assumed to be in organic form and arsenic in trivalent (arsenite) form rather than
- pentavalent (arsenate) form. Also for the predictive level ecological risk assessments,

the bioavailability of the COPEC at the ER sites is assumed to be the same as that for
the laboratory studies, although in the latter, the chemical is typically added to food or
water in a highly available form arid with little opportunity for behavioral re;ectlon of the

chemical.

Plant toxicity benchmarks are based primarily on the information provided in Will .and
Suter (1995). These benchmarks are based on LOAELSs using 20% reduction in growth
as the endpoint and are limited to tests in soil rather than tests using solutions.
Although based on LOAELSs, these benchmarks are considered conservative and
appropriate to the predictive level assessment. The endpoint is sublethal and :
reductions in plant growth may have no significant effect on the reproductive potential
or the continued existence of a plant population. Furthermore, these benchmarks are
primarily based on studies in which the chemical of interest in added freshly to a soil (in
the case of inorganics, often as a soluble salt) and is typically more bioavailable than
the COPECs that have had a chance to bind with soil particles or are in a less soluble

form.

Appendlx B presents the chronic oral NOAELs and-LQAELSs for COPECs at SNUNM
ER program sites for the deer mouse and burrowmgﬁalong with the test species |
information used to derive these benchmarks. This appendix also presents the plant
benchmarks used for screening COPEC concentrations in soil that may be potentially

phytotoxic.

3.6.3 Risk characterization for nonradioclogical COPECs '
The potential for risk to ecological receptors is determined through hazard quotients
(HQs). HQs are specific to a particular receptor for exposure to a particular COPEC.

An HQ is defined by: ,
HO - Exposure A Py

Benchmark — o . -
,L’&’AEL_Z' ex LoHEL ¥
where: '
HQ = the hazard quotient (unitless)
Exposure = the estimated oral dose of the COPEC for the receptor (in mg/kg-
day)
Benchmark = the toxicological benchmark for the COPEC and receptor (in
mg/kg-day).
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'HQs are used to characterize risk for both plant and wildlife receptors at SNL/NM ER
program sites. The methods for modeling exposure in these ecological receptors is
described in Section 3.3 and the methods for determining toxicity benchmark values is

~ discussed i Section 314, For the predictive assessment of ecological risk to-wildlife, - -
NOAEL values are used as the toxicological benchmarks. The benchmarks for
evaluatrng risk to plant are based on LOAELs.

The value of the HQ is greater than 1.0 if the magnitude of the exposure is greater than
the comresponding benchmark, and conversely, the HQ is less than or equal to 1.0 if the
exposure is less than or equal to the benchmark. An HQ value less than or equal to 1.0
is interpreted as evidence of no potential risk to that receptor for that COPEC. If the
HQs for a COPEC are less than unity for all receptors, that COPEC is eliminated from
further consideration at that site. However, because exposure for the evaluation of
COPECs is conservatively estimated (e.g., being based on the maximum measured soil
concentration), an HQ value greater than unity is not interpreted as evidence of risk, but
i only as evidence that the potential for risk can not be ruled out. Therefore, the COPEC

k
~is not eliminated from further consideration, pending further evaluation or remedial

~ action.

- 3.7 Dose Estimation and Risk Characterization for Radiclogical COPECs

. In addition to estimation of exposure to nonradioactive COPECS, as described above, a
. methodology has been developed to estimate the internal and external radiation dose
.rates to wildlife receptors that are continuously exposed to radionuclides at SNL/NM ER
- sites based on their concentrations in the surface and subsurface soil. These

" calculated dose rates are compared to the International Atomic Energy Agency
maximum allowable dose rate of 0.1 rad/day (lAEA, 1992) for terrestrial receptors to
evaluate potential risk. This benchmark dose rate represents the threshold where slight
effects from radiation doses may become apparent in terrestrial wildlife populations.
Because plants and insects are less sensitive to radiation than vertebrates (Whicker
and Schultz, 1982), the dose of 0.1 rad/day should be protective of a broad range of
species and ecosystem processes. The methodology presented here is used as a
evaluation tool to determine if ecological receptors are impacted even when dose rates
to humans are considered negligible.

This section also describes the parameters used in the radiation dose model. For
screening purposes, this model uses the maximum measured radionuclide
concentrations in soil at the SNL/NM ER sites. Significant decay products of each
parent radionuclide are considered in the dose rate estimates. Radioactive daughters
from parents that contribute significantly to internal dose are considered via
radionuclide-specific absorbed energy data available from Baker & Soldat (1992). This
absorbed energy data is highly dependent upaon the size of the receptor. However, the
long half-life of most of the radionuclides present at SNL/NM ER sites resultin a
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reduced internal exposure due to the fact that the decay constant for long-lived
radionuclides is relatively small.

The external dose rate a terrestrial receptor receives due to the presence of various
radionuclides is calculated by multiplying the average gamma ray energy in MeV by
2.12 and dividing by the soil density in grams per cubic centimeter (Shieien, 1992) to
yield rad/h (muitiply by 24 to get rad/day). The average gamma energy per
disintegration equals the sum of the probabilities per decay times the gamma energy (in
MeV) for each radionuclide considered. This formula for the external exposure rate is
based upon the receptor being surrounded by an infinite medium uniformly
contaminated by the gamma emitter. The doses from each radionuclide from internal
and external pathways are summed to yield the total dose rate in rad/day for
comparison with the IAEA (1992) dose rate limit of 0.1 rad/day. a

For this model, it was assumed that the geometry of the terrestrial receptor could be
approximated by a sphere to simplify the calculation. The entire activity of the
radionuclides present are assumed to be concentrated at the center of the organism
and treated as a point source (i.e., the receptor is uniformly irradiated from within and
the absorbed dose is not organ speciﬁc). The deer mouse residing in the location of the
maximum contaminant concentrations is assumed to receive its internal radiation
exposure from its diet of plants and ingestion of soil. The burrowing owil, also resides in
~ the location of the maximum contaminant concentrations and is assumed to receive its
internal radiation exposure from its diet of deer mice and ingestion of soil. Baker and
Soldat (1992) provide data on the parameter, E, for certain radionuclides, which is the
effective absorbed energy based upon the amount of energy the organism, with a
certain effective radius, absorbs within its body from radioactive decay. For alpha
emitting radionuclides, the effective absorbed energy for any terrestrial receptor is
constant for a radius of 10 cm and lower. This is due to the fact that all of an alpha
particle’s energy is absorbed within the organism. All energy from beta-emitting
radionuclides is assumed to be 100% absorbed by the tissues of the receptor.
. Gamma-emitting radionuclides only transfer a fraction of their energy to a receptor.

The basic methodology is summarized below. Radionuclide-specific parameters used
in the dose calculations for the SNUNM ER program sites are presented in Appendix C.
A detailed description of the methodology used to compute the internal and external
radiation doses can be found in Appendix D.

3.7. 1 Internal total-body dose rate
The following equation defines the internal dose rate to a deer mouse in rad/day:

where:

~
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the concentration of radionuclide, i, in the soil (Cikg),

the soil-to-plant conversion factor specific to radionuclide, i, and chemical
form in the soil (Baes et al. 1984; USDOE, 1985),
the ingestion rate of plant (dry weight) by the mouse assumed to be 3.72E-03
kg/day (Nagy, 1987),

= theingestion rate of soil by the mouse assumed to be 7.44E-05 kalday or 2% of

plant intake (EPA, 1993),

the fraction ingested from contaminated source (unitless), given as 1.0
(assumes consumption of plants and soil from contaminated area only),
the exposure frequency (day/yr), equal to 365,

‘the exposure duration (years), equal to 1.0,

the fraction of the radionuclide retained in the mouse (umtless) which is
radioisotope specific (Baker and Soldat, 1992),

B, is the burden duration factor for radionuclide i (day), which is:-

E =

(1-exp(-1;-T.))
A

B =

where: T, = the period of exposure in days, 365 days.
N =t A

A.= the radiological decay constant (day™") defined as ln(2)fl' vy
where T, is the half-life of the radioisotope in days (Baker and
Soldat, 1992).

A, = the biological removal constant (day D) deﬂned as In(2)fT where
T, is the biological half-life after ingestion of a radiocisotope in
days (Baker and Soldat, 1992),

A, = the effective decay constant for radioisotope i (day ‘)

the effective energy absorbed constant for radionuclide, in (kg-rad-Ci"-day“).
equal to (USDOE, 1995): :



Ei=512-10" &

. where:—.. . S e B,

g; = the radionuclide energy for a deer mouse with an assumed
effective radius of 2 cm (MeV/dis) (Baker and Soldat, 1292).

BW = the body weight (mass) of the mouse assumed to be 0.0239 kg  (Silva &
Downing, 1995), -
AT = the averaging time equal to 365 days.

A similar approach is used for the burrowing owl, with appropriate modifications for diet,
body weight, exposure frequency, and exposure duration. The followmg equation cefines
the internal dose rate to a burrowing owl in radlday

w Cs;-FR,-FI-EF-ED-B,-E, (0., +(h){m, +PS; OV e + FR, - 05,00 1)
Rn“ = mouse
T & BW,,, - AT
where:

CS; = the concentration of radionuclide, i, in the soil (Ci/kg) :
PS, = the soil-to-plant conversion factor specific to radionuclide, i, and chemical form in
the soil (Baes et al. 1984; USDOE, 19995),
DW= the conversion from mouse wet weight to dry weight equal to 0.32 (EPA, 1£€3),
QV,.se = the ingestion rate of plant by the mouse (dry weight) assumed to be 3 72E-03
kg/day, (Nagy, 1987),
Qsouse = the ingestion rate of soil by the mouse assumed to be 7.44E-05 kg/day cr 2%
of plant intake rate, (EPA, 1993),
Qs,. = the ingestion rate of soil by the owl assumed to be 3.46E-04 kg/day or 2% of
food intake, (EPA, 1293),
Qm = the ingestion rate of deer mouse (food) by the burrowmg owl assumed to be
1.73E-02 kg/day, (Nagy, 1987),
TN = proportionality factor equal to 1 day (normalizes mouse consumptnon by the owl
to the number of mice ingested in 1 day),
Fl = the fraction ingested from contaminated source (unitless), given as 1.0 (Assumes
consumption of plants and soil from contaminated area only ),

EF = the exposure frequency (day/yr), equal to 365,
ED = the exposure duration (years), equal to 1.0, ’ ‘
FR, = the fraction of the radionuclide retained in the mouse and owl (unitless) which is

radioisotope dependent (Baker and Soldat, 1892),
B, is the burden duration factor for nuclide | (day), which is:
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(1 - eXp(-A:- Tc))

L N B' —
A
where: T. = the period of exposure in days 365 days.
o= At

A = - the radiological decay constant (day "Ydefined as ln(2) , Wwhere
T, is the half-life of the radxonsotope in days (Baker and Soldat,
1992).

- Ay = the biological removal constant (day™) defined as In(2)IT3 where
T, is the biological half-life after ingestion of a radioisotope in
days (Baker and Soldat, 1992),
A; = the effective decay constant for radicisotope i (day™).

: E, = the effective energy absorbed constant for radionuclide, in (kg-rad-Ci*-day™),

equal to (USDOE, 1995):
where:

E=512-10"& -

g, = the radionuclide energy for a burrowihg owi with an
assumed effective radius of 5 cm (MeVIdls) (Baker and
Boidat, 1992).

BW,,, = the body weight (mass) of the owl equal to 0.155 kg, (Dunning, 1993)

BWnmouse = the body weight (mass) of the mouse equal to 0.0239 kg, (Sllva & Downing,
1998)

AT = the averaging time equal to 365 days.

3.7.2 External total-body dose rate _

The model, below, is based upon exposure to gamma emitting radioisotopes only
(USDOE, 1995). The dose is likely an overestimate of a whole-body dose, but is less
conservative than a skin dose. The dose rate equation presented below for gamma
radiation absorbed dose is the same relationship for both the owl and the mouse. This
equation is valid for absorbed dose in a receptor's tissue when the receptor resides in
an infinite medium uniformly contaminated with the gamma emitter. Since the owl and
mouse are assumed to have the same tissue properties, the equation is valid for both

receptors.
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The following relationship defines the external dose rate (rad/hr) to a terrestrial receptor
exposed to certain radionuclides:

where:

'E, = the average gamma-ray energy emitted by the radioisotope per disintegration

(MeV). This value is the sum of probabilities per decay multiplied by the energy
of the emitted gamma-ray in MeV. '
C, = the concentration of the radionuclide (uCifcm®), s
p.a = the density of the soil (grams/cm?®) assumed as 1.5.
D = the external dose rate (rad/h).

3.7.3 Final dose rate calculation”

The dose rates for internal and external are summed for each radionuclide and then
summed again to derive the total dose, in rad/day, to compare to the IAEA standard of
0.1 rad/day for terrestrial receptors.

3.8 Uncertainty

Uncertainties are associated with the predictive ecological risk assessment. These are
related to the exposure concentrations, exposure parameters, and toxicity benchmark
values used in the estimation of risk. Because conservative assumptions such as the
use of maximum detected concentrations, largest transfer factors reported in the
literature for a specific analyte, and NOAELs as benchmarks for wildlife, risk estimates
are more likely to over estimate rather than under estimate risk. For each of the -
ecological risk assessments performed, a qualitative evaluation of uncertainties
associated with the risk predictions will be conducted. This discussion will also contain
a brief discussion on sensitive parameters within the exposure models as identified
through a Monte Carlo analysis.

3.9 Risk Discussion and Summary

Once hazard quotients for the non-radiclogical and rzdiological COPECs have been
calculated, the evaluation of ecological risk at each site is examined to determine the
reasonableness of the predictions. Size of the site, habitat quality, data quality, and
background risk (incremental risk) are all incorporated into a risk evaluation which
addressed the likelihood of adverse impacts to the ecological receptors examined. This
is a qualitative process that results in a risk prediction of none, Iéw, medium, or high
and is intended to incorporate uncertainty and site- specxf’ ic information into a weight-of-
evidence approach.
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| 4;0 Pieliminary Soil Remediation Goals for SNL/NM ER Sites

Preliminary remediation goals (PRGs) are used to establish concentrations of COPECs
T for specific media-at-a specific site that will be protective-of receptors-potentially- -

" exposed to those COPECs at that site. Thus, PRGs set an upper concentration limit for
each COPEC such that the mean concentration (estimated by the 95% upper
confidence limit of the mean) of the COPEC in that medium must be below its
respective PRG to be protective of the receptors of concern for that site. PRGs are,
therefore, critical in the determination of the extent of area that will be remediated at the

site.

-~ Ecological PRGs'(those based on ecological rather than human receptors) for soils at

7/ SNL/NM ER sites are determined through the same exposure models used to calculate
s ( hazard quotients (HQs) for these sites. However, instead of determining the HQ by

. inputting site-specific soil concentrations, the PRGs are determined for a particular

\  receptor through the back-calculation of soil concentration after setting the HQ equal to
3 “4.0. This is equivalent to setting the exposure equation equal to the toxicity benchmark
" and solving the resulting equation for the soil concentration. Because multiple
“receptors are used in the evaluation of risk for SNL/NM ER sites (deer mice and
burrowing owls), this process is repeated for each receptor of concern for the site and
the lowest back-calculated soil concentration for a particular COPEC among these
k receptors is used as the PRG for that COPEC. '

\\r\w"‘ "~

Because the underestimation of PRGs can lead to unnecessary habitat disturbance and
resource expenditure, the calculation of PRGs incorporates less conservatism than the

~ calculation of HQs used in the predictive level risk assessment process. To this end, -
Lowest-Observed-Adverse-Effect-Levels (LOAELSs) rather than NOAELSs are used as
the toxicological benchmark for the calculation of PRGs. For wildlife, the procedures for
scaling and estimating chronic NOAELs are applied as necessary to the derivation of
chronic LOAELSs. 'In cases where only a NOAEL is available (i.e., no effects were .
observed at any dosage levels in the underlying study), the LOAEL is estimated at 10
times the NOAEL. Chronic LOAELSs for the deer mouse and burrowing owt are

. presented in Appendix B.

In addition to use of LOAELSs as the toxicity benchmarks, the values of the parameters
used to model exposure in particular receptors are chosen to be more realistic
estimates of the mean of these values (based on measured values) rather than
conservative estimations of the exposure parameters (as used in the predictive
ecological assessment to counter uncertainties). Thus, in the calculation of PRGs for
the deer mouse, the proportions of plant and invertebrate food in the diet are 61.5%
and 38.5%, respectively, which are values based on year-long measurements of
stomach contents from deer mice in the short grass prairie of Colorado (Flake, 1973, as
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993). In the predictive assessment, these proportions are both 50%,
rasants a generalized omnivorous diet, but which conservatively over-

t invertebrates in the overall diet of this receptor. Also, the fraction of the diet
ser mouse represented by ingested soil is estimated to be 1.2% for the PRG
tion rather than 2%, as’is used in the predictive ecological assessment to
calculate HQs. The former is based on mean measured value for white-footed mice
from Beyer et al. (1994) while the latter is based on the conservative generalization of

these study results ("< 2%") as presented by in USEPA (1993).

Appendix E presents non-site-specific PRGs for the SNL/NM ER program. When the
areal extent of a site is smaller than the home range of the receptor, the area use factor
(the site area + the home range area ) may be applied to the PRGs for that species to
derive site-specific PRGs, provided that the off-site or background concentrations of the -
COPEC are determined or assumed to be at or near zero. Alternatively, the site-
specific PRGs are determined such that the weighted average of the PRG (weighted by
the area of the site) and the off-site or background concentration (weighted by the
home range area minus the area of the site) will equal the non-site-specific PRG for that
COPEC (i.e., when the area use factor is 100%). Area use factors for deer mice are
nearly always 1.0 due to the small home range of this receptor (0.27 acres). Therefore,
site-specific PRGs are typically only applicable to the burrowmg owl at sites which are
smaller than its home range (34.6 acres). :
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Appendix A

Transfer Factors for Inorganic and
Organic Constituents of Potential
Ecological Concern
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Table A.1

Transfer Factors Used in Exposure Models for Inorganic Constituents of Potential
Ecological Concern at Environmental Restoration Program Sites, -
Sandia National Laboratories, New Mexico

Yos mewse :
PORE L Constituent of Potential Soil-to-Plant Sail-to-Invertebrate Food-to-Muscle
: Ecological Concemn Transfer Factor Transfer Factor Transfer Factor
7.0 Aluminum 4.00 x 107 1.00 x 10°° 1.50 x 107
AL Antimony 2.00x10"* 1.00 x 10°° 1.00 x 10%¢
12 Arsenic 4.00 x 107* 1.00 x 10°° 2.00 x 10~*
0.5 Barium 1.50x 10"'* 1.00 x 10°® 2.00 x 10~¢
e} Beryllium 1.00 x 10%* 1.00 x 10°® 1.00 x 10%*
i v7 Cadmium 5.50x 10”*? 6.00 x 10"** 5.50x 10°*
el Chromium (total) 4.00 x 103¢ 1.30x10°'* 3.00 x 10+
S e~ Chromium VI 4.00 x 10*¢ 1.30x 10" 3.00x 1073
T Cotait 4.00x 107¢ 1.00 x 10°® 3.00 x 10%¢
12 8 Copcer 8.00 x 10°"' 2.50x 10"'° 1.00 x 10**
e j2b Cyanide - - T -
£ G Lead 9.00 x 10¢ 4.00 x 10%¢ _ 8.00x 10"
. Manganese 3.00 x 10°¢ 3.20x 10" 1.00 x 10%°
;a0 el | Mercury 1.00 x 10°¢ 1.00 x 10°° 2.50x107?
5 Nickel 2.00x10°'¢ 3.80x 10" 6.00 x 10%%*
(339 Selenium 5.00x 10" ¢ 1.00x 10°° 1.00x 10°¢
1.7 Silver 1.00 x 10°¢ 250x 10" £.00 x 10°¢
Al Thallium 4.00 x 107* 1.00 x 10°® 4.00 x 10%*
2¢.% Titznium 550 x 10°° 1.00 x 10°° —3.00x 10°°
ERE Uranium 2.30x 10%% 1.00 x 10°° 1.00 x 10%°
NET Vanadium 5.50 x 1072 1.00 x 10°° 2.50 x 107?
o ',3 Zinc 1.0 x 10°? 3,00x10"° 1.00 x 10°*

*From Bzes et al. (1984).
*Defzult value.

‘From NCRP (1289).
*From Stafford et al. (1991).
*From Ma (1922).

'From IAEA (1994).

s designates insufficient data.
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Table A.2
Transfer Factors Used in Exposure Models for Organic Constituents of Potential
Ecological Concern at Environmental Restoration Program Sites,

Sandia National Laboratories, New Mexico

TR ST SRR CRRAN €t eSS s s

o _ _ Soil-to-
Constituent of Potential Soil-to-Plant Invertebrate Food-to-Musitie
Ecological Concernr Log K,..' | Transfer Factor® | Transfer Factor® | Transfer Factor®
Acetone -0.24 5.33x 10 1.28 x 10* 1.04 x 102
Benzene 2.13 2.27 x 10° 1.68 x 10° 2.92x 10°
Benzoic acid 1.87 3.21x 107 1.63 x 10 1.57 x 10%
Bis(2-ethylhexyl)phthaiate 7.30° 2.34 x 108 3.05x 10" 6.40 x 10°
2-Butancne 0.29 2.63x 10" 1.36 x 10° 3.67x10°
Butyl benzyl phthaiate 477 | 6.78x10* 2.28x10* 1.56 x 107
Carbazole - ] — —_ -
Chlorobenzene 2581 | 1.37 x 10° 1.76 x 10" 7.21x10°
Chloroform 1.82° | 3.01x10° 1.64 x 10" 1.77 x 10°
4-Chioro-3-methylohenol 3100 | 6.25x10° 1.88 x 10° 2.93x 10°
" 2-Chioroghenol 215 | 2.21x10° . 1.68 x 10" 3.06 x 10°
.Dibenzofuran. 412 | . 161x10". 2.11x10' 3.32x 10
1.1-Dichioroethylene 213 | 2.27x10° 1.68 x 10' 2.92x10%
1,2-Dichloroethylene 1.86° | 3.26x10Q° 1.63 x 10 1.84 x 107
Dimethylphthalate 2.12 2.20x 1Q° 1.68 x 10° 2.85x 10
Di-n-butylphthalate 461° 8.28 x 10 2.24 x 10 1.06 x 107
" Di-n-octylphthalate 522 | 3.72x10% 2.40 x 10’ ~ 4.54x 10"
"Methylene chioride 1.25 7.34 x 10° 1.52 x 10 3.60x 10"
Fhenot ’ 1.46 5.55x 10° 1.56 x 10! 5.83x 10"
1.1,2.2-Tetrachloroethane 239 | 1.61x10° 1.73 x 1Q° 5.42x 10°
Tetrachlorcethene) 267° | 1.11x10° 1.79 x 10 1.05 x 10°
Toluene 2.75° 9.87 x 10” 1.81 x 10 1.28x 10
1,2.4-Trichlorotenzene 4,02 1.84x 10° 2.09 x 10° 2.62x 10"
1,1.1-Trichloroethane . 2.48 | 1.43 x 1QY 1.75 x 10 6.71x10?
Trichlorgethiene | ¢ fhyivne & 2.7%¢ | 1.05 x 10 1.80 x 10 1.1€ x 10°
Xylenes ! . 320 | s.48x10° 1.0 x 10° 3.72x10°
: Explosives '
2-zminc-4,6-dinitrotoluene . 1.84 | 2.83x 10° 1.64 x 10" 1.86€ x 10°
4.amino-2.6-dinitrotoluene 1.64% | 2.93x10° 1.64 x 10' 1.86 x 10°
2.4-dinitrotoluene 1.98 | 2.78 x 10° - 1.65 x 10 2.04x 10%
2.6-dinitrctcluene 1.72 i 3.63x10° 1.60 x 10' 1.10x 10°%
HMX 0.26 | 2.7¢ x 10 1.36 x 10' 3.42x10°78
m-Dinitrotenzene 148" | 5.33x10° 1.56 x 10 €.37 x 10~
m-Nitrotoiuene 245 | 1.4S x 10¥ 1.74 x 10" 6.25 x 10°
Nitrccenzene 185 | 3.30 x 10¢ 1.63 x 10 1.50x 10°
Nitroglycerin 1.62 | 448x10° 1.59 x 10° 8.63 x 10~
c-Nitrotoluene 230 | 1.81 x 10° 1.71 x 10’ 4.37x10%
g-Nitrotcluene 237 163 x 109 1.73 x 10’ 5.17 x 10*
FETN 371" i 2.78 x 10° 2.02x 10’ 1.25x 10"
RDX 087 | 1.22 x 10° 1.45 x 10 1.46 x 10~
sym-Trinircbenzene 110+ 8e5x10° 1.48 x 10} 2.52x 10"
Tewyl 165 |  431x10° 158 x 10° €32x10"
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: Soil-to- .
Constituent of Potential Soil-to-Plant Invertebrate Food-to-Muscle -

L Ecological Concern Log K,,* | Transfer Factor® | Transfer Factor* | Transfer Factor

2.4 6-Trinitrotoluene 1.60 4,60 x 10° 1.58x10" | 8.28x107
Polycyclic Aromatic Hydrocarbons (PAHS)

-Acenzphthylene— - 4.07 +72-x-40° 2.10 x-10'- '2.95 x 10*
Anthracene 4.45 1.04x10"" 2.20x 10 7.28 x 10~
Benzo(a)anthracene 5.61 2.22x10* 2.51x10"' 1.15x 104
Benzo(a)pyrene 6.11° 1.14 x 10% 2.656 x 10 377x10%
Benzo(b)fluoranthene 6.57 6.17 x 10° 2.80x1Q' 1.13x 10°
Benzo(g,h,)pedyene peyylend 7.23 S8 x 109 3.02x10° 5.42x 10°
Benzo(k)fluoranthene 6.84 4.31x10° 2.89 x 10 2.14 x 1C°
Chrysene 5.91 1.49 x 10 2.60x 10" 2,34 x 10+
Dibenzo(a.h)anthrzcene 6.50 6.78 x 107 2.78 x 10' 954 x 10
Fiuorsnthene . 5.33' 3.22x10* 2.43x10° .« 5.90x 10°
Fiuorene 4,18 1.48 x 10 ] 2.13x10 3.83x10°
indeno(1.2.3<d)pyrene 7.68 1.45x10° |  3.18x10° 1.51 x 10°
2- Methyinsphthzslene 3,86 - 2.2Tx Q¢ | 2.05 x 10° 1.79x10™
Naphthzlene 3.30 478xi0° | . 1.82x10° 472 x10°
Phenznthrene 457 8.84 x 10" 2.23x10° 8.8 x 10°
Pyrene 532 . 3.26x1G* 2.43 x 10 5.76 x 10

Polychlorinated Eiphenyls (PCBs) -
PCB8, Aroclor-1242 411 1.63x 10 2.11x10' | 3.24x10°

L PCB. Aroclor-1248 5.6Q 2.24 x 10 2.51 x 10° 1.12x 10*
PCB, Aroclor-1254 6.04' 1.25 x 10 2.64 x 10! 3.19x 104
PCB8. Aroclor-1260 6.11 1.14 x 10+ 2.66 x 10° 3.77 x 10+ N

*From NLM (1997), except where noted.

*Srom equations developed in Travis and Arms (1588).
‘From egustions developed in Connell and Markwell (1€£0).
‘From USEPA (1295), as cited in Sample et al. (1996).

*_ designates insufficient toxicity data.

'From Talmage (19€6). ,

sAssumed (from 2-2mino-4,6-dinitrotoluene).

"From Rosenblzatt et al. (1991).

‘From Ryan et al. (1£88).



References

Baes, II1, C.F., R.D. Sharp, A.L. Sjoreen, and R.W. Shor, 1984, "A Review and Analysis.of
Parameters for Assessing Transport of Environmentally Released Radionuclides through
Agriculture," ORNL-5786, Oak Ridge National Laboratory, Oak Ridge, Tennessee, pp. 10-1 1.

T T " Connell, D. W, and R-D-Markwell,-1990; "B1oaccumulauoniﬂ4he—5911 teJEanhwemSvstem,"
Chemosphere, Vol. 20, Nos. 1-2, pp. 91-100.

[AEA, see International Atomic Energy Agency.

International Atomic Energy Agency (IAEA), 1994, "Handbook of Parameter Values for thé v
Prediction of Radionuclide Transfer in Temperate Environments," Technical Reports Series No.

364, Vienna, Austria.

()

Ma, W.C., 1982, “The Influence of Soil Properties and Worm-Related Factors on the
Concentration of Heavy Metals in Earthworms,” Pedobiologia, Vol 24, pp. 109-119,

Nauonal Council on Radiation Protection and Measure'nents (NCRP), 1989 "Screening
Teckriques for Determining Compliance with Environmental Standards: Releases of
Radionuclides to the Atmosphere,” NCRP Commentary No. 3, Revision of January 1989,
National Council on Radiation Protection and Measurements, Bethedsda, Maryland.

National Library of Medicine (NLM), 1997, “Hazardous Substance Data Bank,” Electronic
database produced by Micomedex, Inc..

NCRP, see National Council on Radiation Protection and Measurements. -

NLM, see National Library of Medicine.

Rosenblatt, D.H., E.P. Burrows, W.R. Mitchell, and A.L. Parmer, 1991, “Organic Explosives and
Related Compounds,” In O. Hutzinger (ed.), The Handbook of Environmental Chemistry--
Anthropogenic Compounds, Volume 3, Part G, Springer-Verlag. Berlin, pp.196-234.

Ryan. J.A., R.M. Bell, J.M. Davidson, and G.A. O"Connor, 1988, “Plarit Uptake of Non-Ionic
Organic Chemicals from Soil,” Chemosphere, Vol. 17, pp. 2299-2323;

Sample, B.E., D.M. Opresko, and G.W. Suter 11, 1996. “Toxicological Benchmarks for Wildlife:
1996 Revision.” ES/ER/TM-86/R3, Oak Ridge National Laboratory. Oak Ridge, Tennesses.

Stafford. E.A.. J.W, Simmers. R.G. Rhen. and C.P. Brown. 1991, “Interim Repon: Collation and
Interpretation of Data for Times Beach Confined Disposal Facility. Buffalo, New York.”
Miscellaneous Puper D-91-17, U.S. Army Corps of Engineers, Buffalo, New York.



Aa 2

Talmage, S.S, 1996, “Ecological Criteria Document for 2-Amino-4,6-Dinitrotoluene (CAS No.
35572-78-2),” Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Travis, C.C., and A.D. Arms, 1988, "Bioconcentration of Organics in Beef, Milk, and
Vegetation," Environmental Science & Technology, Vol. 22, No. 3, pp. 271-274. .

U.S. Environmental Protection Agency (USEPA), 1995, “Internal Report on Summary of
Measured, Calculated, and Recommended Log K, Values,” Office of Water, U. S
Environmental Protection Agency, Washington, D.C.

USEPA, ses U.S. Environmental Protection Agency.



.,‘,g

Appendix B

Toxicological Benchmarks for
Wildlife and Plant Receptors



No-Observed-Adverse-Effects-Levels (NOAELS) for

Table B.1

Inorganic Analytes in the Deer Mouse

Deer Mouse | Test Species Test Species 4
Chemical Name NOAEL? NOAEL? (Body Weight)® | Reference Comments
Aluminum 2.04 1.93 Mouse (0.03) | Ondreicka et al. (1966) | As AICI,. Based on chronic LOAEL® of 19.3
A ] mg/ka/d and an unceralnty faclor of 0.1.
Antimony 0.13 0.125 Mouse (0.03) Schroeder et al. (1968) | As antimony polassium tartrale, Based on
. . chronic LOAEL of 1.25 mg/kg/d and an
uncedainty factor of 0.1,
Arsenic 0.13 0.126 Mouse (0.03) Schroeder and As arsenite (As*Y). Based on chronic LOAEL of
Milchener (1971) 1.26 mg/kg/d and an uncarainly factor of 0.1.
Barium 10.53 5.1 Ral (0.435) Perry el al.(1983) As barium chloride. The NOAEL represents
the maximum dose of the study, which
: . produced no adverse eliacl,
i Sch { « As beryllium sulfals. The NOAEL represenis
Beryllium 129 0.6 Rat (0.35) M;c:?:;;‘(81375) the maximum dose of ihe study, which
produced no adverse effecl,
_Cadmum 1.89 1.0 Ral (0.303) Sulou el al. (1980) As CdCy,. ' !
5 lvankavic and As Cr*in Cr,0,. The NOAEL represents the
"Chromium (total) 5,354 2,737 Rat (0.35) l:'lteussmann 1975) - G0y The by -
no adverse elffect. e
i Kenzio ol al. (1058) | As Ce'®in K,Cr,0,. The NOAEL reprasents the
Chromium VI 6.42 3.28 Ral (0.35) MacKenzie af al. (1050) maximum dose of the siudy, which produced
no adverse eflecl.
Coball — — — - insulficient data for NOAEL delem\inallon.
Copper 29.8 11.7 Mink (1.0) Aulerich el al. (1982) As copper sulfale.
Cyanide 126 68.7 Ral (0.273) Tewe and Maner (1981) [ As polassium cyanide, |
Lead 15.6 8.0 Rat (0.35) Azar et al. (1973) As lead acelate. |
Manganese 172 88" Ral (0.35) l.askey el al. (1082) As Mn,O,. A ‘
T ¢ . Revis el al. (1909 As mercuric sullide. The NOAEL represants
Mercury (inorganic) 14.0 13.2 Mouse (0.03) vi (1989) Ine maximuen dose of he study, which
‘. produced no advarse effect.
Mercury (organic) 0.068 0.032 Ralt (0.35) Verschinwen ol al, As maihyl mercivy chioride.
(1078)
Nickel 78.2 40 Rat (0.35) Ambrose et al, (1976) As nickel sulfale hexahydrala.
Selenium 039 0.20 Rat (0.35) Rosenfekl and Beath As polassium selenale. -

(1954)

v-." |



Chemical Name

Decr Mouse
NOAEL?

Test Species
NOAEL?

Test Species
{Body Weight)®

Reference

s,

Comments

|

Silver

34.8

17.8

Rgl {0.35)

Olcull (1050)

As silver nitrale. Venidicular hypertrophy

is not considared lo be
populalions, an uncerla

| applied.

‘| observed al 89 mglkgld+ Because this LOAEL

{ significanca to
nly faclor of 0.2 was

Thallium

0.01

-0.0074

Rat (0.365)

Formigh el al, (1966)

As thallium sulfale. Bas

LOAEL of 0.74 mg/kg/d
factor of 0.01,

ed on a subchronic
with an uncertainty

Tilanium

309

158

"Ral (0.35)

R‘fécs (1907)

Form nol specified. Based on LOAEL of 158

mg/kg (assumed (o be

uncerialnly factor of 0.1,

daily dosage) and an ¥

Uranium

3.19

3.07

Mouse (0.028)

Palernain el al. (1989)

| As uranyl acelale.

Vanadium

0.38

021

“Rat (0.26)

Domingo el al. (19086)

As sodium melavanada
chronic LOAEL of 2.1

te (NaVO,) Based on

2Zinc

313

160

Ral (0.35)

Schlicker and Cox
(1960)

As zinc oxide.

’In rhilligtams per kilogram per day (mg/kg/d).

*Body weighls expressed in kilograms.
‘L.owest-Ohserved-Adverse-Effect-l.evel.




1og™ .

No-Observed-Advnrse-Effects-LeveIs (NOAELSs) for

Table B.2

Organic Analytes in the Deer Mouse

ot
Deer Mouise | Test Species Test Speciles )
Chemical Name NOAEL® NOAEL® (Body Welght)* | Reference Comments
Acelone 5 |y 6 0 0.35 USEPRA (1986 Based on a subchronic NOAEL of 100
ce ’IJ"’ % 19 1 \ Rat ( 3 ) ( ) mg/kg/d with an uncertainly factar of 0.1,
Benzene 9.1 27.9 26.4 Motise (0.03) Nawrol and Slaples Based on a chronic LOAEL of 263.6
: (1979) mg/kg/d wilh an uncenainly factor of 0.1,
Benzoic acid Yy 423 4.0 Mouse (0.03) Shienberg and Ignal'ev | Based on a chronic LOAEL of 40 mg/kg/d
’ (1970) with an uncertainty faclof of 0.1,
Bis(2-ethylhexyl)phthalate 70.2 19.4 18.3 Mouse (0.03) f.amb et al. (1087) !
2-Butanone 36L0 3,460 1,771 Rat (0.35) Cox el al. (1975) Synonymous with melhyl ethyl kelons.
Bulyl benzyl phthalate <, - 1 159 - Rat (0.35) NTP (1985a), as ciled !
b in USEPA (1997) .
Carbazole — - - — - Insullicient dala for NOAEL determination.
Chiorobenzene U L/ ' 63.5 60 Mouse (0.03) - | NTP (1985h), as ciled
) : in USEPA (1997) B
- Pal t al, (1079 Based on a subchronic NOAEL of 150
Chlarolorm )ﬂ . l' 20.3 15 Rat (0.35) : almer ol al. {1679) mo/kgld with an uncedalnty faclor of 0.1,
1 Koller (1982 Based on a subchronic NOAEL of 5.0
2-Chiorophenol l.er 0.98 050 \Ra‘ (0.35) Exon and Koller { ) mg/kg/d and an uncenalnly factor of 0.1,
4- -3- . . see Commenis Tesl spacies NOAEL based on rat NOAEL
4-Chloro-3 melhyiphgzr’\oﬁ('o 2.68 1.37 Rat (0.35) ( ) for 2-ehlorophenot and fatlo of LDy vahics
. : (1,830/670) from RTECS {1897).
Dibenzoluran — — -— — - Insulficien) dala for NOAEL delermnalion.
-Di . 30 at (0.35 Quas! el al. (1983) “The NOAEL represents the maximum dose
1.1-Dichloroethylene (J"/ 58.7 Rat ( ) of tha study, which pmduced no significant
adverse ellect,
1.2-Dichloroelhylene 47.8 452 Mouse (0.03) Paimer el al. (1979) The NOAEL derived lmm the maximum
-~ . . dose of the study, which produced no
S0.2 significant adverse effect. This dose was
_ . converied from subchronic lo chronic by an
e ? | uncentainty factor ot 0.1,
Duncihyl phtiiilide 17.85 83.0 Mouse (0.03) (seu Conunants) Yast specios NOAEL based on mouse

NOAEL. for bis(2-sthylhexyi)phthalate and
ratio of LDy, valuas {6,800/1,500) from
RIECS (1997).
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H
i

MouR |
- Deer Mouse | Test Species Test Species 4
Chemical Name NOAEL® NOAEL® (Body Weight)® | Reference Comments
Di-n-bulyl phihalate {, 09 582 550 Mouse (0.03) | Lamb el al. (1987) - I ‘
: . i sea Commenis esl species ased on mouse .
Di-n-octyl phthalate 84.1 79.4 Mouse (0.03) | ( ) NOAEL tor Dibi2 s heyhihatate and
' - tatio of LN, values (6,513/1,500) lrom
_ RTECS (1997).
Melhyl ethyl kelone (see 2-bulanone) ‘
Melhylene chloride [{.4] 11.4 5.05 Ral (0.35) - | NCA (1982)
Phenol : 13 117.37 60  Ral (0.35) NTP (1983), as ciled in
’ . USEPA (1997)
1,1.2,2-telrachloroethane 27.58 14.1 Rat (0.35) (see Commenis) Tesl specias NOAEL based on mouse
‘ Y NOAEL for 1,1,1-lrichlorosthane scalad 1o a
Z ,Y - tat (541 mgkg/d) and ratio of LDy, values
: (250/9,600) from RTECS (1997).
1,1,2,2- = 1.48 1.4 Mouse (0.03) | Buben and O'Flaherly | Based on a subchranic NOAEL oi' 20
: 1985 mg/kg/d (5 out of 7 days), mulliplied by 0.07
TelrachloroM’.s ( ) to convert il o a chronic NOAEL for 7 oul of
' : 7 days. .
Toluene g 275 26.0 Mouse (0.03) - | Nawrot and Slaples Based on chronic LOAEL of 260 mg/kg/d
Y. F (1979) and an uncertainly factar of 0.1,
1,2.4-Trichlorobenzene 2.90 1.48 Ral {0.35) Robinson el al. (1981) | Based on a subchronic NOAEL of 14.8 and
ol ) ]c)) . an uncertaialy factor ol 0.1, '
1,1,1-Trichloroethane 1,100 1,000 Mouse (0.03) Lane el al. (1982) The NOAEL reprasants the maximum dose
s l /SO : of Ihe sludy, which produced no significant
. . . adversa elfecl.
Trichlorcélhylenes 0.74 0.7 Mouse (0.03) Buben and O'Flaherly Based on a subchronic LOAEL of 100
o ;_ . (1985) mg/kg/d (5 out of 7 days), muitiplied by
. /f .? 0.007 to convert il 1o a chronic NOAEL for 7
. _ : oul of 7 days.
Xylenes | 2232 2.22 2.1 Mouse (0.03) - | Marks el al. (1982) -
Explesives , Explosives ‘ ~
2-Aﬁn-o-cf,e-dinilfololuene 5.50 2.81 Rat (0.35) "1 (see Commenlis) Tesl species NOAEL based on ral NOAEL
. S'- ?g ) for TNT and ratio of LDy, values (1,394/795)
¢ . {rom RTECS (1997),
A-Aunn-2 G-dinitiololuene a7 1.93 " Rat (0.35) {sea Cominents) Test spacies NOAEL based on ral NOAEI.
: .3 ? 9 . . for TNT and ratio of LDy, values (950/795)
o ‘s trom RTECS (1997).
m-Linilrobenzene 0.221 0.113 Rat (0.35) Cody el al. (1081) as lased on subchvonic (16-week) NOAEL of
e 2-3 ciled in Talmage and 1.13 mg/kg/d and an uncenainty faclors of
' Opresko (1996c) 1o
2.4-Diniliololuene J{ l/ 106 0.54 Rat (0.35) (see Canmunents) Tesl species NOAEL based on ral NOAEL .




NOAEL* NOAEL* {Body Welghl)" Reference Comments
' . for TNT and rsatio of LD,, values (268/795)
i , . . _ from RTECS (1997).
2,6-Dinitrololuene; Y 0.704 0.36 Rat (0.35) (see Comments) Tes! spacies NOAEL based on rat NOAEL
- . 03 , for TNT and ralio of LDy, vakies (177/795)
P : trom RTECS (1997). '
HMX i l 2.97 3.0 Mouse (0.023) Evarelt and Maddock Based on subchronic NOAEL of 30 mg/kg/d
5 3 \ (1985) as ciled in with an uncedainly facior of 0.1.
\ Maxwell and Opresko
) i (1996) ' o
Nirobenzene fL 6.52 6.95 While-fooled | (see Commenis) Tesl sp:g;sstcli&ﬁt '?:;e?l on while-fooled
: i i mouse lor sym-dinitrobenzene (6.74
:6 ! , mousq (0'0185) mg/kg/d) and the ratio of LD, values
: ’ : (580/572) (rom RYECS (1997). -
Nilroglycerin =~ [ i 102 . 96.4 Mouse (0.03) Ellis el al. (1978, 1984) .
' ; as ciled in Smith (1989) | _ :
curel m-Nilrololuene | 4.22 2.16 Rat (0.35) (see Commenis) Test spacies NOAEL based on rat NOAEL
e Yy . for TNT and ratio of LD,, values (1,072/795)
L yad . _ . from RTECS (1997).
o-Nilrololuene | 3.50 1.79 Rat (0.35). (sea Commenis) Tesl specias NOAEL based on rat NOAEL
Ybb . for TNT and ratio of LD;q vakias (891/785)
trom RTECS (1997),
p-Nitrololuene | . , 7.71 3.94 Rat (0.35) (see Commenls) Test species NOAEL based on rat NOAEL |
' z( ) ) i for TN]"rand ratio of LDy, valses (1,960/795)
! _ trom RTECS (1097). .
PETN ) 6.213 . 5,868 Mouse (0.03) (see Comments) Tesl species NOAEL based on mouse
(50 NOAEL lor nitroglycerin and ratio of LDy,
: values (7,000/115) lrom RTECS (1997).
— | RDX \ 7.75 7.0 Mouse (0.036) Lish el al. (1984) as
8. ' L ciled in Talmage and .
Opresko (1996a)
Telryl L } 2.36 1.3 Rat (0.258) Reddy el al. (1994) as | Based on subchronic NOAEL of 13 mg/kg/d
,, 7, { : ciled in Talmage et al. | wilh an uncertainty facior of 0.1.
» i (1996)
sym-Trinilrobenzene 6.32 6.74 While-fooled Pathological Based on subchronic NOAEL of 67.4
: , é é I mouse (0.0185) | Associales, Inc (1994 mg/kg/d with an uncertainly faclor of 0.1,
X as ciled in Talmage and
i Opresko (1996h)
2,4.6-Tliniuolo!mjne 3.06 1.6 Rat (0.318) Ditley el al, (1962) as Based-on a subchronic LOAEL of 160

7&‘7#\
poise

Chemical Name }
o

Deer Mouse

Test Species

Test Species

J2v

cited in Talmage and

mg/kg/d with an uncertainty factor of 0.01.

Opraska (1995)

&
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‘Chemical Name

Deer Mouse
NOAEL®

Tesl Species
NOAEL®

Test Species
(Body Welghl)“

Reference

Comments

|

Polycyclic Aromauc Hydrocarbons (PAHs)

Acenaphthyiene .

(.1

1.06

1.0

‘Mouse (0.03)

(see Comments)

Insufficient loxicily dala available for this
compound, The NOAEL for benzo(a)pyrena
Is used as default.

Anthracene

1]

105.85

100

Mousa (0.03) _

USEPA (1989a)

NOAEL based on the highest dose {1,000

mgfkgld, subchsonic) and an uncestainty
faclor of 0.1,

” Benzo(a)antht

L

1.06

10

\

Mouse (0.03)

(see Cominents)

insulficient loxicily data availabla for this

compound. The NOAEL (or banzo(a)pyrene
is used as defaull,

Benzo(b ﬂouranthen
(b) fither ‘7 I

1.06

1.0

Mouse {0.03)

(see Commenis)

Insulficient loxicily data available [or this

compound. The NOAEL for benzo(a)pyrene
Is used as delaull.

Benzo(k)ﬂuorar\lhene

[.H

1.06

1.0

Mouse (0.03)

-| (see Comments)

Insufficient loxicily dala available {or this
compound. The NOAEL for benzo(a)pyrens
is used as defaull,

neo\zo(g,lt,i)mhlene[ “

1.06,

10

" Mouse (0.03)

' (see Commenis)

Insulficient loxicity dala available for this

compaound. The NOAEL. for benzo(a)pyrane
is used as defaull.

fenzo(a)pyrene

1.11

1.06

1.0

Mouse (0.03)

Mackenzie and

Angevine (1981)

Considered the mosl toxic PAH to wildlife;
therelore, used as the defaull for PAHs with

insulficlent toxiclty information for NOAEL
daterminalion.

e .11

1.06

1.0 .

Mouse (0.03)

(see Comments)

Insulficient loxicity dala available for this
compound. The NOAEL lor benzo(a)pyuno
is used as defaull.

Dibenzo(a.h T

Fluoranl’uéne

. 1.06 .

132

10

Mouse (0.63)

{see Commenis)

USEPA (1988)

Insufficlent toxicily dala avallable lor this

compound, The NOAEL lor benzo{a)pyrene
is used as default,

3.7

125

Mouse (0.03)

Based on subchronic NOAEL of 125
mg/kg/d and an uncertainly faclor of 0.1,

Fivorene

3.2

1323

125

~Mouse (0.03)

USEPA (1989h)

Based on subchronlc NOAEL of 125
mg/kg/d and an uncentainty faclor of 0.1,

Indeno(1,2,3-cl)pyrene

.l

1.06

1.0

Mouse (0.03)

(see Comments)

Insullicient toxicity data availabla for this

compound. The NOAEL fos benzo{a)pyrens
is used as delaull.

2-Methylnaphthalene

’_ C.hI

4.79

2.45

Ral (0.35)

(see Commanis) s

Tes( species NOAEL tasad on rat MOAEL.
lor pyrene (4.068 mg/kg/d, scaled from
mousa NOAEL of 7.5 mg/kg/d) and ralio of
1.0y, values (1,630/2,700) lom RTECS
{1997).

Naphihalene ‘

5.53

.29

(3.}

5.00

Mouse {0.03)

(sec Comnents)

Tasi species NOAEL based on mouse
NOAEL for pyrene (7.5 mg/kg/d) and ratio of




0.4

.17

Deer Mouse

Teét Species

{
{

0.07

' » , Tesl Species
Chemical Name NOAEL* NOAEL"* (Body Weight)® | Reference Comments
é = , LDy, valiies (533/600) from RTECS (1997). _
Phenanthrene { ‘ ’ 1.06° 1.0 Mouse (0.03) | (see Conunents) '"s“‘“d““"“" “;’;“:“.z g:‘e‘::“::; :‘(‘: ;:;"m
) : is used as deafaull. .
USEPA (1989¢ Based on subchronic NOAEL of 75 mg/kg/d
Pyrene | Yo 7.94 75 Mouse (0.03) (1989c) S0 n unconsony fotot ol .1
| Vi%s Polychlorinated Biphenyls (PCBs) —
- i . Bieavins el al. (1980 Based on chronic LOAEL of 0.69 mg/kgid
Aroclor-1242 . O ‘i ?‘ 0.18 0...069 Mink (1.0) A eav al.( ) and an uncertainty faclor of 0.1,
- Barsolti et al. (1976 Based on chronic LOAEL of 0.1 mg/kg/d
Aroclor-1248 : o ‘ DLf 0.04 0.01 Rhesu:;g\)onkey (1976) and an uncertabny factos ol 01
% ‘ ) McCoy el al. (1995 Basad on chronic LOAEL of 0.68 mg/kg/d
Aroclor-1254 : 0 ‘0 l@ 0.059 0.068 Oldfzgl.((i) ;I‘:c).\use y ( ) and o uncortainty facior of 0.1, s
Aroclor-1260 0.08 0.040 Ral (0.35) (see Commenls) “Tesl spacies NOAEL based on ral NOAEL |

lor aroclor-1254 (0.0304 mg/kg/d, scaled
from NOAEL lor oldfield mouse) and ralio of

LDy, values (1,315/1,010) lrom RTECS
{1997).

“In milligrams per kilogram r;er day (mg/kg/d).

*Body weighls expressed I kilograms.
‘Lowesl-Observed-Adverse-Ellecl-Level.



Table B.3 -

Lowest-Ohserved-Adverse-Effects-Levels (LOAELs) for
Inorganic Analytes in the Deer Mouse

Decf Mouse | Test Species Test Species .
Chemical Name LOAEL® LOAEL* (Body Welght)* | Reference Comments
I Aluminum ' 20.4 19.3 Mouse (0.03) Ondreicka el al. (19686) | As AlC,,
Antimony 1.32 125 Mouse {0.03) Schroeder et al. (1968) [ As anlimony potassium tarrate.
Arsenic 1.33 - 1.26 Mouse (0.03) | Schroeder and As arsenils (As™). , .
Milchener (1971) _ .
i . 19.8 - Ral (0.35 Borzelleca el al.(1988) | As barlum chloride. Based on a subchronic
Barium 38.7 | (0.39) . LOAEL of 198 mg/kg/d and an uncertainly
; factor of 0.1. _ -
Beryllium i 12.9 6.6 Ral (0.35) Schvoeder and As beryllium sulfale. The LOAEL represenis 10
Mitchener (1975) x the maximum dosa of the study, which
i . ' produced no adverse effect.
Cadmium i 18.9 10 Rat (0.303) Sulou el al. (1980) As CdCl,.
Chromium (lotal) 53,540 27,370 Rat (0.35) lvankovic and , As Ci**in Cr,0,. The LOAEL represenis 10 x
: . . Preussmann (1975) the maximum dose of the study, which ’
. ? , produced no adverse effect.
Chromium Vi 25.7 13.14 Rat (0.35) Sleven el al. (1976) As Cs*%. Based on a subchronic LOAEL of
: 131.4 mg/ka/d and an uncedalnty faclor o( 0.1.
Cobalt . - — — insufficient data for NOAEL delesminaltion,
Copper 38.5 . 15.14 Mink (1.0) Aulerich et al. (1982) As copper sullale. T
Cyanide 1,260 - 687 Rat (0.273) | Tewe and Maner (1981) | As polassium cyanide. The LOAEL represenis
. . ) 10 x the maximum dose of the study, which
‘ produced no adverse effact.
Lead 156 80 Rat (0.35) Azar el al. (1973) As lead acetale,
Manganese - 556 284 Rat {0.35) Laskey el al. (1982) As Ma,O,.
Mercury (inorganic) 140 - 132 " Mouse (0.03) Revis et al, (1989) As mercuric sulfide. The LOAEL repiesents 10
v x the maximum dose of the study, which
. produced no adverse effect.
Mercury (organic) 0.31 0.16 Ral (0.35) Verschwuwen el al. As melhyl mercury chioside.
(1976) ‘e
Nickel 156 80 _Ral {0.35) Ambrose el al. (1976) As nickel sulfale hexahydrale,
Selenium 0.65 0.33 Rat (0.35) Rosenleld and Beath As polassium selanala.
: (1954) : -
Silver 174 89 Ral (0.35) Olculi (1950) As silver nilsale,




: Deer Mouse | Test Spacies | Test Spacles :
Chemical Name | LOAEL* LOAEL* (Body Weight)* | Reference Comments
Thallium ! . 0.15 0.074 ~ Ral {0,365) Formigli el al. (1986) As thallium sulfale. Based on a subchronic
. . . LOAEL of 0.74 mg/kg/d with an uncertainty - -
_ factor ol 0.1,
Tianium 309 158 Rat {0.35) RTECS (1997) "} Foim nol specified.
Uranium 6.38 6.13 Mouse (0.028) - | Palemain et al. (1989) | As wanyl acetala.
Vanadium o 3.81 . 210 . Rat (0.26) Domingo et al. (1906) As sodium metavanadale (NaVO,).
Zinc 626 320 ‘Rat (0.35) Schlicker and Cox As zinc oxide, '
, _ . \ ' (1968)

*in milligrams per kilogram per déy (mag/kg/d).
"Body weighls expressed in kilograms. -

f



Table B4

Lowest-Observed-Adverse-Effects-Levels (LOAELS) for. ' t
Organic Analytes in the Deer Mouse

Test Specles

< . Deer Mouse | Test Species R
Chemical Name LOAEL?* LOAEL® (Body Welght)® | Reference Comments ,
Acelone 97.8 - 80 Rat (0.35) USEPA (1986) Based on a subchronic LOAEL of 500
. , mg/kg/d with an uncertainly faclor of 0.1.
Benzene 279 264 Mouse (0.03) | Nawrol and Slaples '
(1979)
Benzoic acid 423 40 _Mouse (0.03) ~ | Shienberg and Ignal'ev
(1970)
Bis(2-ethylhexyl)phihalale 194 183 Mouse (0.03) | Lamb el al. (1987) é
2-Butanone 8,940 4571 Rat (0.35) Cox el al. (1975) Synonymous wilh melhyl sthyl kelones,
Buty!l benzyl phihalate 91.9 47.0 Ral (0.35) NTP (1985a), as ciled
: in USEPA (1997)
Carbazole — —- : - : -~ Insuificlen! dala lor LOAEL delermination.
Chiorobenzene 127 120 Mouse (0.03) | NTP (1985b), as ciled ‘
' . in USEPA (1997) _ ; .
’ Palmer el al. (1979 Based on a subchronic LOAEL ol 410
Chloroform 80.2 41 Ral (0.35) aimec el al. { ) mg/kg/d with an uncerlalnty (aclor of 0.1.
Exon and Kollar (1882) | Based on a subchronic LOAEL of 50
2-Chlorophenol , 9.78 50 Ral (0.35) xon ( ) mg/kg/d and an uncertainty faclor of 0.1.
- y sea Commenls Tesl specias LOAEL based on rat LOAEL
4-Chloro-3-melhylphenol 26.7 13.6 Ral (0.35) ( ) for 2-chiorophencl shd retls of L0, vakoas
(1,830/670) trom RTECS (1997).
Dibenzofuran — — —— : .- Insulficient dala for LOAEL determnation,
', 1-Di Quas! el al. (1983 The LOAEL represenis 10 x the maximum
1.1~Dl§hloroelhylene 587 300 Rat (0.35) u ( ‘) doss of e sheuy. which prodticad mo
. . significant adverse elfect, -
: 1 al, (1979 The LOAEL derived from 10 x the maximum
1.2-Dichloroethylene 478 452 Mouse (0.03) Palmer el al. (1979) doss of e stikty. abich produced v
significant advarse effecl. This dose was
R converied from subchronic lo chronic by an
* uncertainly faclor of 0.1,
870 830 Mouse (0.03) (see Comiments) Tes\ spacies LOAEL based on mouse

Dimethyl phihalale

LOAEL lor bis(2-elhylhaxyl)phthalate and
tatio of LDy, values (6,800/1,500) from
RYECS (1997). :




Test Species

5.39

{see Commenis)

Deer Mouse Test Species
Chemlical Name LOAEL® LOAEL® (Body Weight)® | Reference Comments
Di-n-butyl phthalate 1,940 1,833 Mouse (0.03) Lamb el al. (1987)
Di-n-octyl phthalale 840 794 Mouse (0.03) (see Comments) . Tesl species LOAEL based on mouse
‘ ' LOAEL for bls(z—elhymexyl)phlmlale ‘and
ralio of LD, values {6,513/1,500) lrom
RTECS (1997). - .
‘| Melhy! elhyl kelone (see 2-butanone)
Melhylene chloride 97.8 50 Rat (0.35) NCA (1982)
Phenol 235 120 Rat (0.35) NTP (1983), as ciled in
' USEPA (1997) _ ) i
1,1.2,2-lelrachioroethane 149 141 Rat (0.35) (sea Commanis) Test species LOAEL based on mouse
. LOAEL for 1,1,1-trichlorosthane scaled 10 a
fal (5,410 mg/kg/d) and rallo of LDy, values
{250/9,600) from RTECS (1997).
1,1,2,2- 7.41 70" Mouse (0.03) | Buben and O'Flaherty | Based :?; wb:lb;on!c L)OAEL ::.: 100 0.0
2T . { mglkg/ out days), mulliplied by 0.07
Telrachloroéthylene (1985) 1o convert il 10 & cmomc LOAEL for 7 out of
7 days.
Toluene 275 260 . Mouse (0.03) :la\f"ml and Slaples
- 7 ) Robinson el al. (1981) . | Basedon a wbchmnlc LOAEL of 53.8 and
1,2,4-Trichlorobenzene 11.6 5.36 Ral (0.35) son (1981) an unceninty facior of 0.1
== , ' Lane el al. (1982 The LOAEL reprasenis 10 x the maximum
1,1,1-Trichioroelhane 11,000 10,000 Mouse (0.03) | Lane el al. (1082) dose of the sludy. which produced no
. significant adverse effecl.
- 5 Bub d O'Flahert Based on a subchronic LOAEL of 100
Trichloroelhylene 7.41 7.0 Mogse (0.03) (“; 885'; an aherty a8 {5 ook of 7 dave). mubipied 5 0.07
' ' toconverttlo a clu?ulc LOAEL for 7 out of
7 days,
Xylenes 2.75 2.6 Mouse (0.03) | Marks et al. (1882) - I
: ‘ - Explosives . : _ i :
— — " Comments Tesl species NOAEL basad on ral LOAEL
2-Amino-4,6-dinilrololuene 55.0 281 Rat (0.35) (see ) for TNT and.ratio of LD, values (1,394/795)
: . . . from RTECS (1097);
YWY ) C went Tesl spacies NOAEL based on rat LOAEL.
4-Amino-2,6-dinitrololuene 37.8 19.3 Ral (0.35) (see Comn "'.) for TNT and ratio of ,LD.. values (959/795)
. ‘ ’ irom RTECS (1997},
" : 0.4 0173 Rat (0.35 Caonly ot ol. (10981) as Rased oa subchronic (16-waek) LOAEL of
m-Duntiobenzene 2 W (0.35) cited in Taimage and 1.73 moNg/d and ap “W‘w, tacior of
Opresko (1996¢c) 0.1.
3 4-Dinirolohene . Ral (0.35) Test spedu NOAEL based on rat LOAEL

10.5




Deer Mouse

Test Species |

Test Specles

ciled in Talmage and

| Opresko (1095)

Chemical Name LOAEL® LOAEL" {Body Welghl)" Reference Comments
: Tor TNT and ralio of LD,, values (268/795)
. from RTECS (1997). .
2 6-Dinilrololuene 6.96 3.56 Rat (0.35) {sea Commenis) . Test species NOAEL based on ral LOAEL
. , for TNT and ratio of LDy, values (177/795)
. ’ {rom RTECS (1997).
HMX 7.43 7.5 ~ Mouse {0.023) | Everell and Maddock Based on subchronic LOAEL of 78 mglkold
(1985) as ciled in with an uncarainly lct:lol of o l
Maxwell and Opresko
A + | (1998) :
Nilrobenzene "~ 11.0 11.7 While-fooled (see Commenis) Tast species LOAEL bnud on whila-fooled
' mouse (0.0185) mouse LOAEL for lym-dlnllrobonzene
: {11.35 mg/kg/d) and tha ralio of LDy, values
(590/572) lrom Rrgcjs (1997).
Nilroglycerin 1,080 1,022 Mouse (0.03) Ellis et al. (1978, 1984) I
as cited in' Smilh (1889)
m-Nilrololuene 42.2 216 Rat (0.35) (see Commenis) Tasl spacies NOAEL based on ral LOAEL
. : : for TNY and satio ol ITD,. values (1,072/79S)
from RTECS (1997).: ,
_Ni ] 0.35 see Commenls) Tesl species NOAEL based on ral LOAEL
o-Nilrololuena 35.0 17.9 Ral (0.35) ¢ for TNT and ratlo.of er,. values (891/795)
‘ lrom RTECS (1997).|
-Mi . Cominenls Tesl species NOAEL based on rat LOAEL
p-Nitrololuene '{7.1 394 Rat (0.35) (s00 ) for TNT and ratla’of D, values (1,060/785)
. rom RTECS (1997),|
.03 sae Commenls| Test species LOAEL based on mouse
PETN 65,800 62.200 Mouse (0.0 ) ¢ < ) LOAEL lor nilroglycarin and ratio of LDy
valuas (7,000/115) lrom RTECS (1997).
ROX - 30.8 - 35 ‘Mouse (0.036) Lish el al. (1084) as
' : . " . ciled in Talmage and
: , Opresko (1996a) : :
Telryl 1.2 6.2 Ral (0.258) | Reddy el al. (1994) as | Based on subchronic LOAEL of 62 mgikgld
‘ . clled in Talmage et al. with an uncestainly _l_actor of0.1.
: (1996) R . L
sym-Trinilrohenzene - 10.6 11.35 "~ While-fooled Pathological Dased on subchranic LOAEL of 112.5
‘ mouse (0.0185) | Assaciales, Inc (1 994) | Mo/g/d with an uncentalnty factor of 0.1,
as ciled in Talmage dnd
: ) Oprasko (1008h) _
24,65 Tenmbrotodussie A6 160 Ral (0.218) Dillay at al. (1002) as Dased on a subchyonic LOAEL. of 160

mg/kg/d with an uncestainty factor of 0.1,




Chemical Name

Deer Mousé

LOAEL?

Test Species
LOAEL*

Test Species
(Body Welght)®

Reference

Comments

Polycyclic Aromatic Hydrocarb

ons (PAHs)

Acenaphthylene

106 .

10.0

Mouse (0.03)

(see Comments) _

Insufficient loxicily data available for this

compound. The LOAEL MT( benzo(a)pyrene
is used as defaull, -

Anthracene’

1,060

1,000

Mouse (0.03)

EPA (1989a)

L
LOAEL based on 10 x ihe highest dose
{1,000 mg/kg/d, :ubduonlt) and an
uncenainty factor of 0.1, |

Oenzo{a)anlthracene -

10.6

10.0,

Mouse (0.03)

(see Cominenis)

insullicient loxicily data available {or Ihis
compound. Tha LOAEL for benzo{a)pyrens
is used as dafaull.

Benzo(b)llouranthene

10.6

. 10.0

Mouse (0.03)

(sea Commenis)

Insulficient toxicity data avaliable lor this

compound. The LOAEL lar benzo(a)pyrens
is used as defaull, '

Benzo(k)fluoranihene

10.6

10.0

Mouse (0.03)

(see Commenls)

insulficient loxicily data available for this .

compound. The LOAEL lor bonlo(a)pyune
is used as deafaull,

Benzo(g,h.i)perylene

10.6

100

Moause (0.03)

{see Cmnmbnls)

Insullicient loxicily dala lvailable {or Ihis
compoiund. The LOAEL {o¢ benzo(a)pyrene
is used as default,

Benzo(a)pyrene

10.6

10.0 -

. Mouse (0.03)

Mackenzie and
Angevine (1981)

Considered the most loxiq PAH lo wildlile;
tharelore, used as the defaull for PAHs wilh
insulficient toxicily ln(olmillon for LOAEL
delerminalion.

Chfyéene '

10.6

10.0

Mouse (0.03)

isee Commenls)

Insullicient loxicily dala available flor this
‘compound. The LOAEL ch benzo(a)pyrens
is used as default, )

Dibenzo(a.h)anlhracene

10.6

10.0

Mouse (0.03)

(see Comments)

Insulficient loxicily dala avauable for this

is used as delfaull,

compound. The LOAEL ltln banzo{a)pyrene

Fluoranthene

26.5

25.0

Mouse (0.03)

EPA (1988)

Based on subchronic LOAEL of 250
mg/kg/d and an uncentalnly (aclor ol 0.1,

Fluorene .

26.5

25.0

Mouse (0.03)

EPA (1989b)

Dased on subchronic LOAEL of 250
mg/kgld and an uncertalnly factor ol 0.1,

indeno(1,2,3-cd)pyrene

10.6

10.0

Mouse (0.03)

(see Comments)

insulliclent loxicily data available for lhis
compound. The LOAEL for benzo{a)pyrene
is used as defaull,

2-Melhyinaphthalene

7.98

4.08

Rat (0.35)

(see Comunents)

for pyrene {6.78 mg/kg/d, scaled lrom
mouse LOAEL of 125 mg/kp/d) and ralio of
1.D,, vakies (1,630/2,700) (rom RTECS
(1997). )

Teasi species LOAEL, based on ral LOAEL

taphihalene

8.82

8.33

Mouse (0.03)

{sae Commenis)

Tasi species LOAEL based on mouse

LOAEL lor pyrene {125 mn/kg/d) and ratlo

&



No-Observed-Adverse-Effects-Levels (NOAELSs) for

Table B.5

Inorganic Analytes in the Burrowing Owl

Burrowing Owl | Test Species Test Species ’
Chemical Nam ‘NOAEL* NOAEL* (Body Weight)® | Reference Comments :
Aluminum 100.7 109.7 Ringed Dove | Carriere el al. (1086) As Al{SO,),. Based on single dose with no
RN (0.155) . ohserved advesse eflect.
Anlimony - M — ae insufficient dala for NOAEL delumlnallon
Arsenic 5.14 5.14 Mallard (1.0) USFWS (1964) As sodium arsenile (As*%).
Barium 20.8 20.8 Chicks (0.121) | Johnson el al.(1960) As barlum hydroxide, Based on a Subchronic
i NOAEL of 208 mg/kg/d and an uncenalnly
factor of 0.1.
Beryllium T e o — _ - insulficient dala for NOAEL determination.
Cadmium - 1.45 1.45 Mallard (1.153) | While and Finley (1978) | As CdCl,.
Chromium (lolal) 1.0 1.0 Black Duck (1.25) | Haselline el al. (1905) As Cr'Vin CiK(SO,),. -
: (unpublished), as cited
: in Sample et al. (1996)
Chromium'Vl | - — — - insufficlent data for NOAEL delermination.
Cobalt - —— — o Insulficlenl dala for NOAEL, delermination.
Copper 47 47 Chicks (0.534) Mehvring el al. (1960) As copper oxlda,
Cyanida — — — — Insufficlent dala for NOAEL delermination,
Lead 3.85 3.85 American Keslrel | Pallee (1984) As malallic lead. The NOAEL is based on tha
(0.13) maximum dase, which praduced no signilicant
adverse elfecls.
Manganese 977 977 Japanese Quail | Laskey and Edens As Mn,0,. Based on single dose with no
(0.072) (1985) ' observed adverse ellacl.
Mercury (inorganic) 0.45 0.45 Japanese Quail | Hill and Schaliner As mescwdc chioride,
(0.15) (1976) . .
Mercury (orgagic) 0.0064 0.0064 Mallard (1.0) IHeinz (1979) As melhyl mercury dicyandiamide. Based on a
. . single dose which was considered lo be a
: . chionic |.OAEL® and an uncertainly faclor ol 0 1.
Nickel 77.4 77 4 Mallard (0.782) | Cain and Paflord (1981) | As nickel suilala,
Selenium 0.44 0.44 Screech Owl (0.2) | Wiemoyer and Ioffinan | As selenomethionine,
{1996) '
Siver — _ - - Insulficient dala for NOAEL delerminalion.
Thathwm .- .- - .- Insulficient data for NOAEL determinalion.




1

j

{
{
|

Rat (0.35)

‘ Deer Mouse | Test Species | Test Species - |-
Chemical Name LOAEL?* LOAEL* | (Body Weight)* | Reference Comments
- ’ of LD,, vaiues (5331600) from RTECS
] . - (1997).
o 10. ouse (0.03 see Commenls) . insufficlent foxicily data availabls for this
Phenanlhrene’ 10.6 10.0 Mouse (0.03) ( _ R i bmmmpmm
o ’ is used as de(auu
! 12, Mouse {0.03 EPA (1989c) Based on subchronic LOAEL of 125
Pyrene 13.2 125 . ouse ( ) (' my/kg/d and aa uncertainly factor of 0.1.
: Polychlorinated Biphenyls (PCBs)
Aroclor-1242 1.8 069 Mink (1.0) - Bleavins et al. (1980)
Aroclor-1248 |- 04’ 0.1 Rhesus monkey | Barsotti et al. (1976)
: ) (5.0) . :
Aroclor-1254 | 0.59 0.68 Oldfield mouse | McCoy et al. (1995)
. (0.014) S
‘Aroclor-1260 0.77 0.40 (see Comments) Tesl species LOAEL based on sal LOAEL

for arocior-1254 (0.304 mg/xg/d, scaled ;
from LOAEL for oldfield mouse) and ratio of
LDy values (1,315/1,010) from RTECS
{1997).

1
*In msllngramq per kilogtam per day (mglkgld)

*Body welghlh expressed in kilograms.
‘Lowesl~0bsrved-;\dverse -Elfect-Level.

|
|

iy



Table B.6 -
No-Observed-Adverse-Effects-Levels (NOAELs) fo
Organic Analytes in the Burrowing Owl

Burrowing - Test :
owl Species Test Speciles .
Chemical Name NOAEL® NOAEL* {Body Welght)* | Reference Comments
Acelone ; — - — - Insufficient dala for NOAE_'I:!elumlnaﬂon.‘
Benzene ; — — o - Insufficient dala for NOAEL determination.
Benzoic acid - — A ' — Insulficient dala for NOAEL delerminalion.
Bis(2-ethylhexyl)phihalale 1.1 1.1 Ringed Dove Peakall (1974) NOAEL based on single dose which
‘ : . (0.155) . produced no significant adverse effect. ;
3.Mulanone — — — — Insufficieni dala for NOAEL delesminalion.
Bulyl benzyl phthalale - o — - Insullicienl dala for NOAEL detesminalion.
Carbazole ! — — J. o insulflicient dala for NOAEL delerminalion.
Chlorohenzene — — — - Insulficient dala for NOAEL deleimination,
_Chiloroform — — — - lnsulficlent dala for NOAEL determination.,
2-Chlorophenol . — P — Jay Insullicienl dala for NOAEL determination.
4-Chloro-3-methylphenol o— — — - Insullicient data for NOAEL delermination,
Dibenzohiran - - — - Insulliclant data for NOAEL deleiminalion.
1,1-Dichloroethylene - —— - - Insulficlenl dala los NokEL delermination,
1..2-DichIOfoelh\:llene - -— — o Insulficient dala for NOAEL deteimination,
Dfmelhyl phthalale - — — - Insufficient dala for NOAEL delesminalion,
Di-n-bulyl phihalate 0.1 0.1 Ringed Dove Peakall (1974) NOAEL based on a single dose (hal was
i (0.155) ’ considered Lo be a chianic LOAEL® and an
. : uncertalnty faclor of 0.1.
Di-n-oclyl phihalale -— -— — - Insutficient data for NOAEL delesmination,
Methyl elhyl ketone - - - - Insulficlent data for NOAEL delermination,
_Melhylene chiloride - - — - Insullicienl dala for NOAEL delermination,
Phenol ’ . — . - insulficient data for NOAEL delerminallon.
1,1,2,2-letrachloroethane - — —— - Insulflicient dala lor NOAEL determination,
1,1.2,2- ’ - - - - Insullicient dala for NOAEL delerminalion.
Tetrachloroelhylene
Toluene — - — — Insulficient data for NOAEL determination,
1,2,4-Trichlorohenzene - - . - Insulficlent data for NOAFEL delerminalion,




T Burrowing Owl | Test Species | Test Species
Chemical Name NOAEL? NOAEL* (Body Weight)® | Reference Comments , :
Titanium | — - ' -— I Insullicient data for NOAEL delerminalion.
Uranium | 16 16 Black Duck (1.25) | Haseltine and Silco As depleled melallic wanium. The NOAEL is
‘ (1983) " based on highes) dose (160 mgkg/d, -
: subchronic) and an uncenainty faclor ol 0.1,
Vanadium | 11.4 11.4 Mallard (1.17) White an Dieler (1978) | As vanadyl sulfale. NOAEL based on the
| o : maximum dose, which produced no sigaificant
1 _ . advesse'aflect.
| Zinc - ( 14.5 14.5 Chicken (1.935) | Stahl el al. (1990) As zinc sulfals.

H

T '
*In milligrams ;ber kilogram per day (mg/kg/d).
*Body weights expressed in kilograms.
‘Lowest-Observed-Adverse-Effect-Level.



Table B.7

Lowest-Ohserved-Adverse-Effects-Levels (LOAEL#) for
Inorganic Analytes in the Burrowing Owl|

(1996)

Burrowing Owl | Test Species Test Specles l
Chemical Name LOAEL* LOAEL*  {Body Weight}® | Reference Commenls : :
Aluminum 1,007 - 1,007 Ringed Dove Carriere el al. (1986) As AL(SO,),. LOAEL based on 10 x a single
A (0.155) . -1 test dose thal produced no sdvarse effect.
Anlimony . — — ' — Insufficient dala for LOAEL determinalion.
Arsenic 12.84 12.84 Mallard (1.0) USFWS (1964) As sodium arsenile (As"). ’
Barium 416 41.6 Chicks (0.121) Johnson ef al.(1860) | As barium hydroxide. Based on a subchronic
_ . LOAEL of 416 mg/kg/d and an uncertainty faclor
of 0.1, ) :
Berylium — - —— ] - Insullicient data lor LOAEL determination.
Cadmium 20.0 20.0 Mallard (1.153) | White and Finley (1978) | As CdCl,.
Chromiun (lolal) 5.0 50 Black Duck (1.25) | Ilaselting ef al. (1905) As Cr**in CiK(SO,);.
(unpublished), as ciled : i
in Sampie et al. (1996) : . .
Chromium Vi -~ . o - Insuflicien! datla for LOAEL determination.
Coball -— - — . - Insulficient dala for LOAEL delermination.
Copper 61.7 61.7 Chicks (0.534) Mehring el al. (1960) As copper oxide. P
Cyanide — — —— . Insulficlent daia for LOAEL delasrminalion.
el | Pallee (1984) As melallic lead. The LOAEL Is based on 10 x
Lead 38.5 38.5 Amem:)a?;(es" ! (18 the maximum dose, which produced no
: ' - (0. ) significant adverse effecls.
anese Quail | Laskey and Edens As Mn,0,. LOAEL based on 10 x a single tesl
Manganese 9,770 9,770 Jap 0.072) (19685) _ dose thal produced no ?buwed adverse effecl.
Mercury (inorganic) 0.90 0.90 Japanese Quall | 11ill and Schallner As mercuric chloride. r
‘ _ (0.15) (1976) P
p . Heinz (1979 As melhyl mercury dicyandiamide. Based on a
Mercury (organic) 0.064 0.064 Mallard (1.0) ( ) single dose which was considered lo be a
. chronic LOAEL,
Nickol 107 107 Mallard (0.762) | Cain and Pallord (1981) | As nickel sullale.
‘Selenim 1.5 1.5 Screech Owl (0.2) | Wismeyer and tloflman | As selanomethionine.

Silver

Insuflicient dala lor 1.OAEL delerminalion.

Thallium

e

insulficient dala for LOAEL determination.




Burrowing Owl

Test Species

Test Species |

Refereni:e :

Chemical Name LOAEL* LOAEL® (Body Weight)® Comments , :
Tilanium — — —— L e Insulliclent dala for LOAEL delesmination.
Uranium 160 160 Black Duck (1.25) | Haseiline and Sileo As depleled metaliic uranium. The LOAEL Is
_ A | (1983) based on highes! dose (160 mg/kg/d,
’ subchronic), which prodisced no significant
adverse eflect, and an uncertainly faclor of 0.1,
ium - . While and Dieler (1878) | As vanadyl sulfale. NOAEL based on 10 x the
yanadntlm 114 114 Mallard (1 _1 7) (1978) | dose, oy
' N : adverse effect, - - ]
Zinc . 131 131 Stahl el al. (1990) As zinc sulfale,

*In milllgrams per kilogram per day (hgkgld).
*Body weighls expressed in kilograms.

Chicken (1,935)




Table B.8

Lowest-Observed-Advetse-Effects-Levels (LOAELs) for

Organic Analytes in the Burrowing Owl

Burrowing Test
L owl Species Test Species

Chemical Nam LOAEL® LOAEL® (Body Weight)* | Raference Comments

Acelone - . - . Insufficient data for LOAEL detetminalion.

Benzene - — - . Insulficient data for LOAEL delermination.

Benzoic acid —— — — o Insulficient data for LOAEL determinalion.

Bis(2-ethylhexyl)phihalale 11.0 11.0 ‘Ringed Dove Peakall (1974) LOAEL based on 10 x a single lesl dose

v ) (0.155) thal producad no significant adverse e(lad.

2-Bulanone — — - — Insulficient data for LOAEL delermination,

Buly! benzy J)hlhalale - - - - Insulficlent dala for LOAEL dalarmination,

Carbazole - .| - —— - - - Insulficient dala for LOAEL determination.

Chlorobenzene: - —na — - . Insulficlent dala for LOAEL delerminalion.

Chioroform - | — - . . Insufficient dala for LOAEL delermination,

2-Chlorophenol! - o -— — Insufficient dala for LOAEL determinalion.

4-Chloro-3-methylphenol -— —~ -— - Insufficleni dala lor LOAEL determinalion.
{ Dibenzofuran ; — - — - Insufficient dala for LOAEL determination.

1,1-Dichloroethylene - - - -— Insufficlent data for LOAEL delermination.

1,2-Dichloroethylene ~—— ——— - . Insufficient dala lor LOAEL delerminalion.

Dimethyl phthalate o -~ - C e Insulficlent dala for LOAEL dalerminalion.

Di-n-buty! phihalate. 1.1 1.1 Ringed Dove Peakall (1974) LOAEL based on a single dose thal was.

% . (0.1585) ] considered lo be a chronic LOAEL.

i
Di-n-oclyl phihalale

insufficient data for LOAEL determination,

| Methyl elhyl ketone

Insulficient dala for LOAEL deteiminalion.

Methylene chloride

Insufficlent dala for LOAEL determinalion,

Pl

Phenol : o . - Insufficient data (or LOAEL delerminalion,
1.1.2.2-telrachloroethane . e - Insullicient dala for LOAEL delarminalion.
1.1.2.2- - o e .- Insufliciem data lor LOAEL determinalion,

Telrachloroelhylene

Toluene

insulficient data lor LOAEL delesrminalion .

1.2, A-Trichlorobenzene

Insulficient data for LOAEL delesminalion,




Burrowing . Test
; owl - Specles Test Species : ‘
Chemical Name LOAEL® LOAEL* (Body We_lght)" Reference Comments _
1,1,1-Trichloroelhane - e — - Insufficient data for LOAEL delerminalion.
T(iCthfOGthlBﬂé — — — o lnstiﬁclonl dala for lOAEL determinalion.
Xylenes — —- — - Insulficlent dala for LOAEL delermination.
; . Explosives ‘
-2-Amino-4 6-dinitrololuene o o—e — — Insulficient data for LOAEL determinalion,
4-Amino-2,6-dinilrololuene — ———\ — . Insulficient data for LOAEL delerminalion,
m-Dinilrobenzene - —— — - insufficient dala for LOAEL delerminalion. .
2,4-Dinilrol0luene — — — . Insufficient dala for LOAEL delesmination. -
2,6-Dinilrotoluene — o - - Insulficlent dala for LOAEL delermination,
HMX . o -— -— Insuflicient data for LOAEL delerminalion.
Nilrobenzene . - — — Insulficient data for LOAEL delermination.
Nitroglycerin . — w— . Insulficient dala for LOAEL determination,
m-Nilrololuene — — a— - Insulficient data for LOAEL delerminalion,
o-Nitrololuene | - - — - Insulficient dala lor LOAEL delarmination,
p-Nilrololuene = p— — — Insulficient data for LOAEL delerminalion,
PETN — — — — Insullicient dala lor LOAEL delerminalion.
RDX - — - — e Insufficlent dala for LOAEL delerminalion.
Telryl S — — e — Insufficlent dala for LOAEL delesrminalion.
sym-Trinilrobenzene — — -— . Insulliclent data for LOAEL determination.
2.4,6-Trinilrololuene — — — . Insulficienl data for LOAEL delerminalion.
f ~ Polycyclic Aromatic Hydrocarbons (PAHs)
Acenaphihylene — - — — - Insufficlent data for LOAEL determinalion.
Anihracene | — — — — Insufficlent dala for LOAEL determination.
Benzo(a)anlhracene — . o—— -— - Insullicient data for LOAEL determination.
Benzo(b)llouranthene e o — - Insulficlent dala lor LOAEL delerminalion, -
Benzo(k)lluoranthene - - - e - Insulficien! dala for LOAEL delerminalion.
Nenzo(g,h.i)perylene - -- — - Insulficient data lor LOAEL delerminalion,
Benzo(a)pyrene - — — - Insulficient data for LOAEL determinalion.
Chrysene - — ——— e Insulficient dala for LOAEL determinalion.
Dibenzo{a,h)anihracene - ——— — N insulficient dala for LOAEL delerminalion.
Fluoranthene — — — . - Insulficient dala lor LOAEL delerminalion.
Fluorene , — - — — insulficlent data fof LOAEL delermination.




~ Burrowing Test : i
: Owl Specles Test Specles
Chemical Name NOAEL* NOAEL" (Body Weight)* | Reference Commenits |
Indeno(1,2,3-cd)pyrene . - — - Insulficient dala for NOAEL determinalion,
2-Melhyinaphihalene - — - - Insulficieni dala for NOAEL delerminalion.
Naphthalene — — — -~ Insulficieni dala for NOAEL delermination, -
Phenanthrene - —— — - Insullicient data for NOAEL delermination.
Pyrene e — —— } - Insulficlent dala for NOAEL delermination.
Palychiorinated Biphenyls (PCBs) ' '
Aroclor-1242 0.41 0.41 Screech Owl McLane and Hughes NOAEL based on a single dose thal
(0.181) (1980) producad no significant adverse effect,
Aroclor-1248 —_ — — — insufficient dala for NOAEL delermination.
Aroclor-1254 0.18 0.18 " Ring:-Necked { Dahigren el al. (1972) | Based on the lowesl ddss, which was
R - . Pheasant (1.0) . considered 1o be a chronic LOAEL and an
uncertainly faclor o/ 0.1,
Aroclor-1260 - — — . Insutficlent data for NOAEL delarminaltion.

*In milligrams per kilogram per day (mg/kg/d).

*Body weighls expressed in kilograms.
_‘Lowes$-Observed-Adverse-Effecl-Level.

.‘.



Burrowing Tesl ‘
Oowl Species Test Specles !
Chemical Nama NOAEL® NOAEL® {(Bady Welghl)‘ Reference Comments

1,1,1-Trichloroethane

Insullicient data for NOAEL determination.

Trichloroethylene

insulficient data for NOAEL delermination.

Xylenes

Insutficient dala for r:iOAEL delarmination.

Eiplosives

¢
H

2-Amino-4,6-dinilrotoluene

Insufficient dala for NOAEL delarminalion,

4-Amino-2 6-dinitrololuene

Insufficient data for NOAEL determination.

m-Dinilrobenzene

Insulficient dala for NOAEL delerminalion.

2,4-Dinilrotoluene

Insulficient dala for NOAEL determinalion.

2,6-Dinilrololuene

insufficient dala {or NOAEL determination.

FHMX

Insulficient dala for NOAEL determination,

Nilrohenzene

Insuificlent data for NOAEL determination.

Nitroglycerin

Insulficlent dala for NOAEL delermination,

m-Nilrololuene

insufficlent dala for NOAEL delarmination,

o-Nilrololuene

Insulliclent dala for NOAEL delermination,

p-Nitrololuene

Insulficiant data for NOAEL determinalion,

PETN . — . - Insulliclent data for NOAEL determination.
RDX — — - Insullicien! data lor NOAEL, delerminalion.
Telryl . . . lasulficient dala lor NOAEL delermination.

sym-Tiinilrobenzene

Insulficlent dala for NOAEL delerminalion.

2.4.6-Trinitrololuene

BRERERRRERY!

insullicient dala for,lNOAEL delermination.

[

Polycyclic Aromatic Hydrocarhons (PAHs)

lniulﬁclgnl data lor NOAEL delemmination,

2::\3:)( aatgg‘e!!ene — P — — Insulficienl data for NOAEL determination,
Benzo(a)anihracene - — — - Insulficient dala for NOAEL determination.
Benzo(b)flouranihene — . — - Insufficienl dala for NOAEL delermination,
Benzo(k)luoranihene — — — - Insulficlent dala for NOAEL delulmlnqllon. ,
Benzolq,h.ijperylene - - o . Insullicient data for NOAE!lﬁeletmInallon.
Benzo(a)pyrene . " g . lnsulficlent dala for NOAEL determinalion.
Chrysene ' — - - insulficlent data for NOAEL delesminalion. .

Dihenzo(a, h)anthracen

Insulficient dala for NOAEL determinalion.

Fluoranthene’

!

Insulficlenl dala lor NOAEL delerminalion.

Fluorene

{nsulficient data for NOAEL dslermination.




Table B.9

» Plant Benchmarks for Soil Concentrations of
. Inorganic Analytes

Form of Chemical

-Plant
Chemical Name Benchmark?® Tested Test Specles Reference Comments
Aluminum - §0.0 AlL(S0,), While clover Mackay el al. (1990) . , | Lowesl concenlralion lested.
Antimony 5.0 Nol specilied Not specified Kabala-Pendias and ' | Based on secondary [source information wilh
. . Pendias (1084) no experimental delails.
Arsenic 10.0 Sodium arsenile Ryegrass Jiang and Singh NOAEL® fof this species. Also identified as
' : (1994) the LOAEL® lor some agtk:uuuul species
_ . . | (Will and Suler, 1995)
Rarium 500 Ba(NO,), Barley Chauidhry et al.(1977) ! | Lowesl conceniralion tesled.
Beryllium 10.0 Nol specified Nol specified Kabala-Pendias and ; | Based on secondary'source informalion with
: ) _ Pendias (1984) | | no experimenial details,
Cadmium . 3.0 Various Various Will and Suler (1095) | | Benchmark eslimated as ihe 10th percenlila-
! | lrom 73 reported LOAEL values for plants.
Chromium (lofal) - - — , e | No sludies found for Cr*? or lotal chromium.
i . i Various Will and Suler (1995) ' | Benchmark eslimaled as the 10Ih percenlile
Chromium VI 1.0 Vaﬂoué (a 9 f cf:'"l iral) . i | trom 7 reponted LOAEL values for plants.
Cobait 20.0 Not specified Nol specified Kabala-Pendias and ! | Based on. ucondalv source lnlormation wilh
' : _ Pendias (1084) no experimental details,
f Miles and Parker Liltle bluestem is naliva lo ihe nalursal
Copper 100 CuSO, Liltle blueslem (1979) vegetation al KFC.
Cyanide —— . R — - Insullicieni dala o delermine benchmark
Lead - 50.0 PRCY, - Sycamore Cailson and Bazzaz Same LOAEL also found for red ook,
(1977) |
Manganese 500 MnSO, Bush beans Wallace el al. (1977) | Lowest concenlration tesled. :
Mercury - 0.3 Nol specified Not specified Kabala-Pendias and | Based on secondary source Information wilh
A ___Pundias (1004) na experimental detaits.
icke i Wiu wid Suler (1005) Nanchmark aslimalad as the 10th puicontile
Nicke! 30.0 . Vawious Various lrom 14 1eporled LLOAEL values fo¢ plants.
Sclenium 1.0 Na,SeO, s07Qrass Caslson el al. (1991) As'S0% wivici was found {0 ba moru
B . phyloloxic than Se"*, :
Silver 20 Nat specified Not specified Kabala-Pendias and | Based on secondary sourcs Informalion wilh
' _ Pendias (1904) no experimentul details.
i i Kabata-Pendias and | Rased on secondary souwrce informalion wilh
Tha” nm 10 Nat specified Nol spgcuﬁed pe,:‘“a, (1984) no expenmental delails.




Burrowing Test
Oowl Species Test Species
Chemical Name LOAEL* LOAEL® (Body Weight)* | Reference Comments _
Indeno{1,2,3-cd)pyrene . — e T e Insullicient data lor LOAEL detarminalion.
2-Methylnaphihalene — — — - Insufficient data for LOAEL determination.
Naphlhalene . ——- — — tnsulficlent dala for LOAEL dslerminalion.
Phenanthrene . - — - Insufficient data for LOAEL delerminalion.
Pyrene — — , — , - insufficient dala for LOAEL delermination,
Polychlorinated Biphenyls (PCBs) , , ‘
Aroclor-1242 41 4.1 " Screech Owl | MclLane and Hughas | LOAEL based on 10 x a singls dosa thal
(0.181) (1980) produced no significant adverse effect.
Aroclor-1248 — -— . A . — Insulficient dala for LOAEL delerminalion.
Aroclor-1254 1.8 1.8 Ring-Necked | Dahigren el al. (1972) | Based on the lowest dose, which was
: Pheasant (1.0) . considered to be a Quonlc LOAEL.
Aroclor-1260 — — — — insufficiant dafa for LOAEL delermination.

*n milligrams per kilogram per day {mg/kg/d).

*Body weighls expressed in kilograms.




*In milligrams per kilogram soil.

®_owesl-Observed-Adverse-Elfecl-Level,
*No-Observed-Adverse-Effecl-Level.
‘E"eclive concentralion to 50% ol the exposed populallon

Plant -

Chemical Name Benchmark® | Test Specles | Reference Comments

Fluoranthene — — -~ lasulficienl data lo delermine banchmark,

Fluorene .- —— . Insufficient data lo determine benchmark.

indenn(1,2 3-cd)pyrene — — o~ Insulficient data 1o detarmine benchmark,

2-Methylnaphthalene .- - ~ Insuificient dala lo delermine benchmark,

Naphthalene’ o . -~ Insufficlent dala lo delermine banchmark,

Phenanthrene ——— - —~ Insufficlent dalta to delermine benchmark.
't Pyrene — A — Insulficlent dala to determine benchmark.

Polychlorinaled Biphenyls (PCBs) -

Aroclor-1242 ooe — i Insulficiant dala jo determine benchmark.

Aroclor-1248 o~ — — Insufficient dala lo determine benchmark.

Aroclor-1254 40.0 Pigweed Slrek and Weber -

. . (1980)

Aroclor-1260 —— — — insulficient daia lo delermina benchmark.




Plant

Chemical Name Benchmark® | Test Species | Reference Comments _
Trichlotoelbylene - — . Insullicient data lo delermine benchmark,
Xylenes —a e . insufficient dala lo delermine benchmark,
Explosives . ,
2-Amino-4,6-dinitrololuene 80.0 Yellow Penninglon (1988) | The benchmark value is a NOAEL.
nulsedge ' -
4-Amino-2,6-dinitrololuenea - — . Insulficien! data lo delermine benchmark,
m-Dinilrobenzene - - - - insullicient data lo delermina beachmark,
2,4-Dinitrololuene - — - Insufficient data lo delermine banchmark,
{ 2,6-Dinilrololuena — — - Insufficient dala la delermine benchmark,

HMX —— — - Insufficient dala to delermine banchmark,
Nilrobenzene — — — insulficient data o delermina benchmark,
Nilroglycerin - -~ — insulficient data to delermine benchmark.
.m-Nilrololuene —- s — Insufficient dala to delermine benchmark.
o-Nilrotoluene ——e — — Insulficlenl dala lo delermine benchmark,
p-Nilrololuene . — .- insulficient dala fo determine benchmark,
PETN —— — - Insulficlent dala to determine benchmark.
RDX 100 Cucumber Simini el al. (1992) '

Telryl 25.0 Wheal Fellows el al. (1092)

sym-Trinilrobenzene — e e Insufficient dala to delesmine benchmark.

 2,4,6-Trinilrololuene 30.0 Blando brome | Cataldo el al. (1989)
grass
Polycyclic Aromatic Hydrocarhons (PAHs)

Acenaphlhylene - —— - — Insulficient data to delermine benchmark.
Anlhracene ' . — — Insulficient data to determine benchmark.
Benzo(a)anthracene 18 Wheal and Sims and Overcash | Benchmark based on a NOAEL.

: ' ' barley (1983) ' :
Renzo(b)louranthene 18 Wheal and Sims and Overcash | Reachmark hased on a NOAEL.

barley (1983) '

Nenzolk)iinoranthene

Insullicient data lo determine hench k

Insulficient dala to delermine benchmaik.

Dibenza(a h)anthracene

flenzo(g.h,i)perylene - . e
3enzo(a)pyrena o o - oom insufficlent data {o delermine benchmark.
Chrysene - — — Insulficien dala lo delermine benchmark.

{nsulficient dala lo delérmine benchmark.




‘ Plant | Form of Chemical '
Chemical Name Benchmark® Tested Test Speclas | Reference ' Comments |
Titanium —— — — o Insufficlent data lo delermine benchmark,
Uranium 5.0 Uranyl nitrate Swiss chard | Sheppard el al. (1883) | Lowesl concenlralion tesled.
Vanadium 20 Not specified Nol specified USEPA (1980) Based on secondary source informalion with
. ‘ no axperimental delails.
Zinc 50.0 Various ‘ Various Will and Suler (1995) Benchmark estimaled as the 10ih percentile
' from 14 teported LbAEL values lor planis.

*In milligrams per kilogram soil. : \
*No-Obsesved-Adverse-Elfecl-Level.
‘L owesl-Observed-Adverse-Effect-Level.

L




Table B.10 ~
Plant Benchmarks for Soil Concentration of o

Organic Analytes -
Plant } i

Chemical Name Benchmark® | Test Species | Relference Comments

Acelone : : -— R ' - | Insuificient dala lo delesmine benchmark,

Renzene ' - = - Insulficient data to determine benchmark,

Renzoic acid : - ; - - Insullicient data lo delermine benchmark,
Bis(2-ethylhexyl)phihalale - —— . - * | Insuflicient data lo delermine benchmark,

2-Bulanone i e : : - : : . Insullicient dala lo delermine benchmark,

Butyl benzyl phlhalale - . ee Insulficient data lo delermine benchmark,

Cafhazole . — —— . Insulficient dala lo detesrmine benchmark.
“Chiorobenzene : - - - : Insullicient dala o determine benchmark,

Chiorolorm : -— e _ — Insulficiant dala lo delermine benchmark,
2-Chlorophenol ' , - e » — Insufficienl data lo delermine benchmark, -
4-Chloro-3-melhylphenol . . - Insulficient dala o delarmine benchmark,

Dibenzoluran - ' — - ' S e insulfiicient dala fo delermine benchmark,
1,1-Dichloroelhylene - = — Insulficient dala o determine benchmark.
1,2-Dichloroelhylene - - - Insufficient dala lo delermine benchmark, .

Dimelhyl phthalale - - - — Insulficien! dala lo delermina benchmark,

Di-n-butyl phthalale ' 200 Corn and Overcash el al. (1982) | Benchmark based on LOAELs® (lowes| conceniralion lested). Same .

: . soybeans : species had NOAELs® of 2,000 mg/g in other sdiis tesled.

Di-n-oclyl phthalale. ‘ . . —— - ' Insufliclen! dala (o delermine benchmark. .

Methyl ethyl kelone - —_— - insulficient data lo delermine benchmark.

Melhylene chloride — - — Insulficiant data lo delermine benchmark.

Phenol . : 70 . Lelluce Hulzebos et al. (1993) | Banchmark based on an EC.* value lrom a loam soll. Tho ECy loc a

' 4 second loam soil with lower clay content was 168 mg/kg.

1.1,2,2-lelrachloroelhane C em o —— — | tnsullicient dala to delesmina benchmark,
7. 1 .2.2.Te((ac|‘|o[oe|hy|ene — ——— -ew . -] Insullicisnl datg ] delanmine hanchmark,

Toluene ' 200 Cormn and Ovorcash ol al. (1002) | Ronchmark based on 1.OAELs (lowes! concenlralion lesled). Same

‘ soyhean specios had NOAELs of 2,000 mg/kg in othar sods lesled.

1,2 4-Trichlorohenzene J. - -~ Insullicient dala lo delermine benchmark, .
1.1,1-Trichloroelhane . — . - Insufficient dala o deteimine benchmark.
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Table C.1

Radiological Properties for Selected Radionuclides
Sandia National Labhoratories, New Mexico

. Elfective Absorbed | Effective Ahsorhed Fraction of Avarage Gamma
_ " Radioactive Energy for Deer Energy for Biological | Radionuclide Retained | Energy Per Decay
Radionuclide - {Hall-life (days)® Motuse (MeV)* Burrowing Owl  |Half-life {day)*| By Receptor (unitless) (MeV)*
i {MeV)*

Am-241 E 1.5808:405 5.5101:100 S.520E400 20000 0.00] 2.810E-02
" Ca-60 CL920E40) 2370800 4.370E-01 0.5 0. 2.506E+00
Cs-134D) 1100104 2.67012-01 3.160E-01 1S | 0.000E+00
-3 P4 510E0) 5.800-03 5.800E-03 10 1 0.000E+00
Ni-63 T 3.5001+04 1.7605-02 1.760-02 667 0.05 0.000E+00

Pu-238 ‘ 320006404 SSI0E100 nOS.S10Ev00 65000 0.001 1.600OE-03
Pu-239 ©ORIRORI0G 5.1508400 5. 1S0EH00 65000 0.001 6.540E-04
Pu-240 2.39012106 5.160E4+00 5. 16003+00 65000 0.004 {.5261-03
Ra-226 5.8401005 - 11005401 1100401 8100 0.2 6.670E-03
Ra-228 2100101 6.00012100 60000100 ]100 0.2 6.670E-09
Sr-9) S LOGOE O L4000 1440100 4000 0.3 0.000134 00
h-228 698012402 5.6008100 5.600E100 57000 2.005:-04 3.074E-03
Th-210 2810407 4.800E400 4.800E+00 57000 2.00E-04 1.405-0]
™h-232 SAS0E12 4. 1008100 4.10012100 57000 2.00E-04 "L19713-0]
1U-234 8.92015107 4 9001100 4.900E41 00 100 0.05 1L477E-03
1-235+D 25708111 4.600E +00 4.60054 00 100 0.05 1.525E-01
123840 I L630E12 4. I00E400 4.300400 100 0.05 1.213E-03

* Baker, DLA., and 3K, Soldat; 1992, Methads for Estimating Doses 1o Organising from Radioactive Materinls Released into the

. Aquatic Environment, PNL-8150, Pacilic Northwest Laboratory, Richland, Washington, pp. 12-20.
* Girave Engineering, Microshichd 3.13 - Decay (DK), 1989,
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Radiolo’jical Ecological Risk Assessment Methodology
Environmental Restoration Program
Sandia National Laboratories, New Mexico

The following information summarizes the radiological eco-risk assessment methodology
applied to the deer mouse and to the burrowing owl exposed to radionuclides in the environment
in which they reside. The first section provides a mathematical derivation of the internal dose
rate “basic” equation that is applied to both the deer mouse and the burrowing owl internal dose
rate models. The second and third section outline the how the basic internal dose rate equation,
derived in section one, is applied to the internal dose rate models for the desr mouse and the
burrowing owl. The fourth section introduces the external dose rate model that is applied to both
receptors and the fifth section defines the concept of the total dose rate.

. 2
. 4. Mathematical Derivation of the General Internal Total-body Dose Rate Equation

This section will outline a mathematical derivation of a general form of the internal dose rate

equdnon that is apphed to both the deer mouse and the burrowmg owl exposed to radionuclides
in the environment in which they reside.

The Hanford Site Risk Assessment Methodology (HSRAM) (DOE, 1995) defines a térm called
the “body burden” (dose rate) that is the negative effect that radionuclides have on the body of a
receptor after ingestion. The change in the body burden or dose rate, b, per unit time is expressed
as the following first-order, linear differential equation:

db P

ar M A "f
where: b = Body burden or dose rate of a receptor for a single radionuclide
| (Ci/kg),
P = rate of uptake of the radionuclide by the body of the receptor
, (Ci/day), :
M = mass of the receptor (kg),
A = effective removal constant of the radionuclide from the body of the

receptor (day™). This term cunsiders both radiological and
biological removal processes.

Integrating the differential equation results in the following function:

_ P o7 . . .o
(=€ [1 M = +-C]; e

constant of integration,
' 1

where: C



All terms have bee'ngbrev'iously defined.

Multiplying the exponential term, ™7, through the term in the brackets results in the following: |

(T = (e'”)( 2 PM)(e T Co(eT)

where: - All terms have been previously defined.

- Simplifying this equation results in the followlnz equation with whxch we can mtroduce the
initial conditions.

P
(D)= FR M+Ce

where: All terms have been previously defined.

Applying the initial condition, b(T =0) = 0 (the body burden of the receptor is zero at time zero,
which means the receptor has yet to ingest radxonuchdes into its body), results in the final
solution shown below. :

1-
oD =4 ;

This equation is the basic form of the internal dose rate models for both the burrowing owl and
the deer mouse. This equation, derived by USDOE (1995) describes the dose obtained by
considering intake of radionuclides and the energy inparted due to radicactive decay by the term
P. The (1-exp(-AT))/A term describes the effective time that a radionuclide can cause damage to
the internal body of the receptor The larger the biological and radiological removal processes
take, the larger the dose will become due to this term. Since imparted energy from the -
radionuclides depends upon the mass of the receptor, the term M must be in the dose rate
equation. The b(T) dose rate relanonshlp is divided by an averaging period to obtain the dose -
rate on a daily basis.

This mathematical derivation is presented to provide a background to the origin of the internal
total-body dose rate equations that are used for the deer mouse and the burrowing owl.

2. Derivation of the Internal Totél-body Dose Rate for the Deer Mouse ' ' :
This section will show a step-by-step derivation of the internal total-body dose rate equation for

the deer mouse. The dese rate equations for internal radiation_dose appear to_be very complex

due to the large number of terms it contains. The following equation defines the total-body dose
rate for the deer mouse in rad per day for ¥ radionuclides:



-

R .i.(&'_i 1 PSi:Ov+CS;-Os)- FI-FR -EF-ED-B8,-E,
- 1ol - BW'AT.

This equation will be assembled piece-by-piece so that the purpose of the terms in the equation
can be explained more clearly.

The first step in the derivation of the internal deer mouse dose rate equanon is to deﬁne how the
receptor transfers radionuclides from the environment into its body to contribute to a dose rate.
The deer mouse is assumed to intake radionuclides into its body via ingestion of soil and plants
on a daily basis. It is assumed that the deer mouse diet consists of 100% plants. Insect intake is
not considered in the radiological dose rate model since soil-to-inscct transfer data for
radionuclides are not available. Soil ingestion is assumed to be 2% of its plant intake rate (EPA,
1993). The plant intake rate of the deer mouse is estimated from the allometric equations
presented in Nagy (1987) and are the same intake values as used in the non-radxologlcal eco-risk

-. models.

The intake of radxonuchdes via plant ingestion by the deer mouse is represented by the
following:

Cs -pS -Qv (Ci/day)

where: - CS concentration of the radionuclide in the soil (Ci/kg),
PS = soil-to-plant transfer factor which is radionuclide specific (umtless)
: (Baes et al., 1984, USDOE, 1995),
Qv = plant ingestion rate equal to 3.72x10” (kg,,/day) Nagy, 1987).

The concentration of the radionuclide in the soil is assumed to be taken in by the plants as
reflected by the soil-to-plant transfer factor, PS, based on plant dry weight. Ingestion of the
radionuclides present in the pl4nts is considered by the plant ingestion rate term, Qv. The
combined product of these terms represents the total radioactivity per day ingested by the deer
mouse via ingestion of plants only.

The intake of radionuclides via soil ingestion by the deer mouse is represented by the following™
expression:

cs -0s (Cilday)

where: CS = . concentration of the radionuclide in the soil (C i’kg),
Q= soil ingestion rate equal to 7.44x10” kg, /day or 2% of the deer
e ... . mouse plant intake (EPA 1993)

W



g

This term reflects the uptake of radionuclides through soil ingestion as it lives in the
contaminated location. The combined product of these two terms represents the total
radioactivity per day ingested by the deer mouse via soil ingestion.

" The sum of the plant and soil ingestion provides the total intake of radioactivity into the b;)dy of
the deer mouse per day assuming only a diet of plants and ingestion of soil. The total intake of
the radioactivity by the deer mouse is provided by the following:

(Cs - PS -Qv+Cs -0y (Ci/day)
¢

where: ~ All terms previously defined.

The deer mouse is assumed to ingest plants and soil from a variety of locations in the
environment in which it resides. Obviously, the distribution of radionuclides throughout this
‘environment is not homogeneous and this must be reflected by the dose rate model. The deer
mouse may ingest plants and soils from the contaminated locations part of the time and from
uncontaminated locations other times. The previous equation can be modified to the following:

(CS - PS -Qv+CS -Q9)-Fl (Ci/day)

where: CS, PS, Qv, and Qs are previously defined, .
) FI = Fraction ingested from contaminated source which is assumed to
be ‘ ~ the 100% (unitless).

The dose rate model presented here assumes that the deer mouse resides and ingests plants and
soils from only the contaminated source. This is a worst-case, conservative assumpnon that
considers maximum intake of radionuclides.

The next term to introduce considers what fraction of the total radionuclides taken into the body
via ingestion of plants and soils is absorbed by the internal tissués of the deer mouse. This
fraction is a function of the absorption characteristics of the chemical element. Introducmz this
term into the previous equation results in the following:

(Cs - PS -Qv+CS -@9)-FI-FR (Ci/day)

where: CS, PS. Qv, and Qs are previously defined,
FR = fraction of the radionuclide retained by the body of the desr mouse
which is specific to the chemical element (umtless) (Baker &
Soldat, 1992).
This equation represents the fraction of the radionuclide concentration in the soil that actually —
concentrates in the intemal body tissues of the deer mouse.
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The next step in deriving the internal deer mouse dose rate equation is converting the daily
radioactivity intake rate to a yearly intake rate. This step is performed so that a equilbrium
condition can be reached for the deer mouse exposure to the radionuclides in the contaminated
environment in which it resides. The previous equation can be modified to consider the total
amount of radioactivity ingested via plants and SOl]S over a | year period:

(CS - PS -Qv+Cs -03)- FI-FR-EF-ED (Ci)

where: (CS -PS -Qv+(CS Q9 FI-FR
= fraction of the radionuclide concentration in the soil that
concentrates in the body tissues of the deer mouse,
EF = Exposure frequency equal to 365 day/yr,
ED = Exposure duration equal to 1 yr.

* This equation represents the total amount of radioactivity that is actually présent in the body

tissues of the deer mouse over a one year exposure duration, assuming that removal mechanisms
have not yet taken place.

-

The next step in the derivation is to introduce a term called the “burden duration factor” for the
radionuclide present in the body of the deer mouse. The burden duration factor, B, describes how -
long a radionuclide deposited inside the body of the deer mouse can contribute to a dose rate
considering the effects of biological and radiological removal. The longer it takes to remove the
radionuclide from the body via radiological and biological means, the larger the total-body dose.

Typically, radionuclides are removed from the body much faster by biological means than by -
radiological means. Therefore, B is driven by the biological removal term more than the
radiological removal term in most cases. The burden duration factor is provided by the HSRAM
(DOE, 1995) as:

s ' (1__ e-A-TC)
B="2

burden duration factor (day),

duration of exposure equal to 365 days,

effective removal constant equal to the sum of the biological and

radiological removal constants givenas A=A, + A,

where: . o

A = InQ¥T,, where T, is the radiological half life for the
radionuclide (days),

A, = In(2)/T,, where T, is the biological half life for the

o radionuclide in the body of the deer mouse (days).

where:

> - w
[ I



" The radiological and biological half lives are defined as the time réquircd for a given amount of
radioactive material to be reduced by half ext.her by radioactive decay or biological elimination
proccsses, respectively.

Introducing the burden duration factor into the dose equation provides the following:
(CS - PS -Qv+CS - Q- FI- FR-EF- ED- B (Ci-day)

* where: (CS - PS -Qv+CS -Qs)FI-FR-EF-ED
' = the total radioactivity in Curies that has been absorbed by the deer
mouse (All terms defined previously),

B = thg burden duration term which is a function of the radionuclide
(day).

- The dose rate equation in this form describes the total radioactivity present in the deer mouse and
the time that the radionuclide resides in the body to contribute to the dose rate.

The next term to introduce deals with the amount of energy imparted to the desr mouse tissues,
internally, due to radioactive decay. The energy imparted to body tissues is a function to the sxzé
of the receptor. This mode! assumes that a deer mouse has a body radius of approximately 2 cm.
Absorbed energy data in Baker & Soldat (1992) is provided as a function of radionuclide and
body radius. When applicable, the data provided by Baker & Soldat (1992) include the
contributions to absorbed energy from radioactive daughters. The following term is defined by
the HSRAM (DOE 1995) as the effectwe absorbed energy by the body ussues

E=512x10*-¢ (kg-rad/_Ci—day)

where: E =" effective absorbed energy fora particular radionuclide and
- an assumed radius for the body size of the mouse (ksz-
rad/Ci-day),
€ = absorbed energy of the radionuclide for a desr mouse with a

radius assumed to be 2 cm (MeV/decay),
conversion factor from MeV/decay to kg-rad/Ci-day.

© 5.12x10°

This equation was determined using the following conversion from MeV per decay to kg-rad/Ci-
day (all values referenced from USDOE (1995):

E=c(‘”‘y) 3.70x lof——deca'wm) 8.64x IO( )xléo. lo"'("g""d :5.13.:10‘-:{—-—-"3."“)
d Ci day - lav

lecay €i —MeV-—. Ci-d.

The effective absorbed energy is based upon the size of the deer mouse. Assuming thata
gamma-emitting nuclide is present. the size or radius of the deer mouse is small enough that only

&8
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a fraction of the gamma rays will be absorbed by the body as it passes through tissues. Thé
remainder of the gamma rays will pass through the mouse without interacting at all with the body
tissues. Alpha and beta-emitters are assumed to transfer 100% of their energy into the mouse
tissues. Data for the absorbed energies are available in Baker & Soldat (1992) for a variety of
radionuclides as a function of body radius. The methodology used to compute the absorbed -
‘energy values as a function of radionuclide and radius assumes a spherical body shape. It is also
assumed that all of the radionuclide activity is present at the center of the organism and is

' uniformly irradiating all locations within the spherical body. These assumptions are made so that
the maximum amount of radxonuchde energy can be absorbed by the body tissues of the
organism.

Introducing the deer mouse body weight and the effective absorbed energy into the dose rate
equation results in the following:

(CS -PS -Qv+CS -QOs)-FI-FR-EF-ED-B-E Toes
BW (rad)
where: (CS -PS -Qv+CS -Qs)-FI-FR-EF-ED-B : .
' = the product of the total radioactivity present in the deer mouse and
the time that the radionuclide resides in the body to conmbute 0
- the dose rate (Ci-day),

E = effective absorbed energy due to decay of the radionuclide in the

deer mouse body (kg-rad/Ci-day)

.BW = . body weight of the deer mouse assumed to be 0. 07.79 kg (leva &
Downing, 1995).

_This equation provides the total radiological absorbed dose over a one-year exposure duration
due to the presence of radionuclides internally in the deer mouse.

The final step in the derivation is to average the radiological absorbed dose to provide a daily
dose rate estimate. So, mtroducmsz the averaging time, AT, into the previous equation provides
the followmsz

(CS - PS Qv+CS -Qs)-FI-FR-EF-ED-B-E

BW - AT (rad/day)
: . . FlI-FR-EF-ED-B-E
where: (CS -PS -Qv+CS Q;.:V
= total radiological absorbed dose over one ycar (terms previously
defined),
‘AT = averaging time for the calculation. equal-to. 365 days. }
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This equation provides a dose rate due to a deer mouse ingesting plants and soils on an average
daily basis for one radionuclide only. If there are multiple radionuclides present, the following
equation can be used to examine the combined dose rate due to all of the radionuclides present in
the body of the deer mouse. - :

R _i (CS:" PS;-Ov+(S:-0s)-FI-FR,-EF -ED- 810 £,

BW.AT rad/day.

This equation deﬁnes the total dose rate to the deer mouse cxposed toN radmnuchdes in rad per
day. The result can then be compared to the dose rate benchmark of 0.1 rad/day.

3. Derivation of the Internal Total-body Dose Rate for the Burrowing Owl

This section will show a step-by-step derivation of the internal total-body dose rate equation for :
the burrowing owl. The dose rate equations for internal radiation dose appear to be complex due
to the large number of terms it contains. The following equation defines the total-body dfse rate
for the burrowing owl in rad per day: ' A

BW__-DW
Rt = 2 BW,,- AT

int

v FR: FI-EF-ED-B,-E,-(Cs- Os.. +[—Qﬂ-]{rx -Cs, - Ps, -Qv,,;_ +FR, -Cs, -Q.;',,,_,,'})

This equation assumes that the burrowing owl ingests contaminated soil and deer mice that
contain radionuclides through its ingestion of deer mice and soil. This equation is similar to that

of the deer mouse; however, the intake portion of the equation requires modification to consider
~ the diet of the burrowing owl. This equation will be assembled piece-by-piece so that the
purpose of the terms in the equation can be explained more clearly. A dose rate model will be
derived for an exposure to only one radionuclide initially and will evalve to the general
relationship shown above.

.

The first step in the derivation of the internal burrowing owl dose rate equation is to define how
the receptor receives radionuclides from the environment into its body to contribute to a dose
rate. The burrowing owl is assumed to intake radionuclides into its body via ingestion of soil
and deer mice on a daily basis.

The first term reflects the ingestion of radionuclides through soil ingestion as it lives in the
contaminated location. The burrowing owl diet consists of 100% deer mice . Insect intake is not
considered in the radiological dose rate model since soil-to-insect transfer data for radionuclides
are not available. Soil ingestion by the burrowing owl is assumed to be 2% of its food intake rate
(EPA, 1993). The food intake rate of the burrowing owl is estimated from the allometric
equations-presented inNagy (1987) and are the same intake values as.used.in the non-
radiological eco-risk models. The combined product of these two terms represents the total
radioactivity per day ingested by the burrowing owl via ingestion of soil only. The intake of
radionuclides via soil ingestion by the burrowing owl is represented by the followmg



cs-0s,,, (Cilday)

where: CS = concentration of the radionuclide in the soil (Ci/kg)

Qs = soil ingestion rate by the owl assumed to be 3.46x10" kg/day or
2% of the owl food intake rate (Nagy, 1987).

The next term in the intake portion of the internal dose rate equation is related to the burrowing
owl’s diet of deer mice. This model assumes that the deer mouse is in equilibrium with its
environment and has been exposed to a radionuclide for a one year period when it is consumed
by the burrowing owl. At that time, the deer mouse has a certain amount of absorbed
radioactivity deposited internally due to the ingestion of soil and its diet of plants. After
consumption of the deer mouse, the burrowmg owl will have mgested the radioactivity absorbed

by the deer mouse. To account for this amount of radioactivity, it is necessary to derive the plant
" and soil ingestion rates for the deer mouse and apply it to the burrowing owl food intake. The
following expression defines the intake rate of plants by the deer mouse:

(CS-PS-Qv,..-FR) (Ci/day)

where: csS = concentration of the radionuclide in the soil (Ci/kg),

PSS = soil-to-plant transfer factor which is radionuclide specific

.(unitless), _ - '

e Qv...™  plant ingestion rate by the mouse equal to 3.72x10? (kg/day),

" F = . fraction of the radionuclide retained by the body tissues of the deer
mouse which is radionuclide specific (unitless).

The deer mouse ingests radionuclides via soil ingestion as it lives in the contaminated location.

There is no transfer factor necessary for this term since the radionuclides present-in the soil are

not diluted before ingestion. The intake of radionuclides via soil ingestion by the deer mouse is
represented by the following expression:

CS-Qs,...- FR (Ci/day)

where: CcS = concentration of the radionuclide in the soil (Ci’kg),
Q%rouse = soil ingestion rate by the mouse equal to 7.44x10” (kg/day),
FR = fraction of the radionuclide retained by the body tissues of the deer

mouse which is radionuclide specific (unitless).

The sum of the plant and soil ingestion terms provides the total intake of radioactivity into the
body of the deer mouse per day. This equation does not yet consider internal absorption into -

body tissues of the burrowing owl. The total intake of the radioactivity by the deer mouseis

provided by the following:



(cs-Pszv,___ FR+CS- Q: FR (Cx/day)
where: All terms previously deﬁned.

This is the amount of radicactivity ingested for each deer mouse consumed by the burrowmg
owl. The number of deer mice consumed per day needs to be considered to quantify the total
radionuclide intake for the bun-owmg owl. The number of deer mice consumed per day can be
- determined by the following expression.

Om-TN .
oW (mdess)
where: Qm = food (desr mouse) ingestion rate by the burrowing owl equal to
0.0173 kg dry weight per day (kg,./day) Nagy, 1987), -
proporﬁonalirv factor equal to 1 day that looks at the mous®
consumption per day,
BW,.. = the body weight of the deer mouse equal to 0 02.:9 (kg) (Silva &
: Downing, 1995),
DW =  conversion from mouse wet weight to dry wexght equal to 0.32
(unitless) (EPA, 1993).

™™

The exprcvssion for the number of deer mice consumed per day can be combined to the total
- radioactivity absorbed by the desr mouse to provide an expression that considers the total
* radioactivity ingested through the burrowing owl’s diet of desr mice as shown below:

B, DS PS @ FRECS 05, - FR} (Cirday) -

where: ~  All terms previously defined.

The previous equation can now be combined with the burrowing owl’s ingestion of soil to arrive
at an expression that defines the total intake of radionuclides into the body of the burrowing owl.

+(___-Q""T“‘L')W){cs- PS QY -FR+¢S-Qs.,... - FR}) (Ci/_?iaY) '

The burrowing owl is assumed to ingest deer mice and soil from a variety of locations in the
environment in which it resides. Obviously, the distribution of radionuclides throughout this
environment is not homogeneous and this must be reflected by the dose rate model. The

- burrowing owl may ingest deer mice and soils from the contaminated locations part of the time

“and from uncontaminated locations other times. The dose rate model presented heré assumeés =~~~

that the burrowing owl resides and ingests food and soils from only the contaminated source.
This is a worst-case, conservative assumption that considers maximum intake of radionuclides.
The previous equation can be modified to the following:

10
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(CS-Qs,., +( .DW){cs. PS-Qv,. -FR+CS-0s,., - FR})-FI (Ci/day)

where: CS, PS, QVpouse Qnouser Qs,,,,, Qm, FR, TN, BV, ... and DW are
previously defined,

FI = Fraction mgested from contammated source which is assumed to
be A 100% (umtless)

The next term to introduce considers what fraction of the total radionuclides taken into the body
of the owl via ingestion of food and soils is absorbed by the internal tissues of the burrowing
owl. This fraction is a function of the absorption characteristics of the chemical element. This
equation represents the fraction of the radionuclide concentration in the soil that actually
concentrates in the internal body tissues of the burrowmg owl Introducing thxs term mto the
previous equation results in the following:

(CS-Os,u +(B—$"'—E——){CS PS-Qv.. -FR+CS-Qs,.,-FR})-FI-FR ,(C_i/day)
.where: CS, PS, QVanouse> QSmouses QS Qm, FR, FI, TN, BW,_ .., and DW are
: previously defined,

FR = Fraction of the radionuclide retained by the body of the burrowing
owl which is radionuclide specific (unitless).

‘The next step in deriving the internal burrowing owl dose rate equation is converting the daily
radioactivity intake rate to a yearly intake rate. This step is performed so that an equilibrium
condition can be reached for the burrowing owl exposure to the radionuclides in the
contaminated environment in which it resides. The previous equation can be modified to
consider the total amount of radioactivity ingested via deer mice and soils over a 1 year period:

(€5 Qs+ (ST (Cs P Qv FR CS-Qs.... - FR))- FI- FR-EF-ED (CD)

where: (CS-Qs,u + (—-Q—”LT—%W )CS-PS-Qv..... - FR+CS-0s,.... FR))- FI - FR
= fraction of the mdxonuchdc concentration in the soil that

concentrates in the body tissues of the burrowing owl (Cx/day),
EF = Exposure frequency equal to 365 day/yr,
"ED = Exposure duration equal to 1 yr.

This equation provides the-dosérate-model with the total amount-of radioactivity that is actually
present in the body tissues of the burrowing owl, assuming that removal mechanisms have not
vet taken place. : :




The next step in the derivation is to introduce a term called the “burden duration factor™ for the
radionuclide present in the body of the burrowing owl. The burden duration factor, B, describes.
long a radionuclide deposited inside the body of the burrowing owl can contribute to a dose rate.

The longer it takes to remove the radionuclide from the body via radiological and biological
‘means; the larger the dose rate becomes. Typically, radionuclides are.removed from the body
much faster by biological means than by radiological means. Therefore, B is driven by the
biological removal term more than the radiological removal term in most cases. The burden
duration factor is provided by the HSRAM (DOE, 1995) as:

_ (1 —1TC)
B= a

(day)

" burden duration factor which is radionuclide specific (dav),

duration of exposure equal to 365 days,

effective removal constant equal to the sum of the bxolocncal and

radiological removal constants givenas A=A + A,

where:

A = In(2y/T,, where T, is the radiological half hfe forthe
‘ radionuclide (days) .

A, = In(2)/T,, where T, is the biological half- hfe for the
’ radionuclide in the body of the burrowing owl

(days). '

‘where:

»Hw
W

The radiological and biological half lives are defined as the time required for a given amount of
radioactivity to be reduced by half either by radioactive decay.or bxologxcal elimination
processes, respectively. .

Introducing the burden duration factor into the dose equation provides the following (Ci-day):

4

(CS-Q:M+(-E;3—E—LV—){CS +PSQv,,-FR+CS-Q5.o,- FR))- FI-FR-EF-ED- B
where: .
(CS-Os,, + (—g"—tN—){CS-PS-Qv,,,_,,-FR+CS-Qs’m-FR})-Fl-FR-EF-ED'

bW _
= the total radioactivity in Curies that has been absorbed by the
burrowing owl (All terms defined previously),
B = the burden duranon factor which is radlonuchde specxﬁc (dav)

The dose rate equation in this form describes the total radxoactxvuy present in th_g burrowing owl
and the time that the radionuclide resides in the body to contribute to the dose rate. ‘

12
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* The next term to introduce deals with the amount of energy imparted to the ‘burrowing owl,
internally, due to radioactive decay. The energy imparted to body tissues is a function to the size
of the receptor. This model assumes that a burrowing owl has a body radius of approximately 5
cm. Absorbed energy data in Baker & Soldat (1992) is provided as a function of radionuclide
and body radius. When applicable, the data provided by Baker & Soldat (1992) include the
contributions to absorbed energy from radioactive daughters. The following term is defined by
the HSRAM (DOE, 1995) as the effective absorbed energy by the body tissues:

E =512x10* -& (kg-rad/Ci-day)

where: - E = effective absorbed energy for a particular radionuclide and
an assumed radius for the body size of the burrowing owl
. (kg-rad/Ci-day), -
e = absorbed energy of the for a § cm radius burrowing owl for
: the radionuclide (MeV/decay) (Baker & Soldat, 1992),
5.12x10* = conversion factor from Mev/decay to kg-rad/Ci-day.

This equation was determined using the following conversion from MeV per decay to kg-rad/Ci-
day (all \{alues referenced from USDOE (1995):

MevY - decay | sec kg ~ rad kg - rad
E= 3.70; w“'(———'-—-) 8.64x m( ) -"( g ): : ‘e(———-)
e(decay) Siatied Ci day x 160x10 MeV 31210 Ci-day

The-effective absorbed energy is based upon the size of the burrowing owl. Assuming thata
.gamma-emitting nuclide is present, the size or radius of the burrowing owl is small enough that
“only a fraction of the gamma rays will be absorbed by the body as it passes through tissues. The
remainder of the gamma rays will pass through the mouse without interacting at all with the body
tissues. Alpha.and beta-emittéts impart 100% of their energy into the mouse tissues. Data for
the absorbed energies are available in Baker & Soldat (1992) for a variety of radionuclides as a
function of body radius. The methodology used for compute the absorbed energy valuesasa
function of radionuclide and radius assumes a spherical body shape. It is also assumed that all of
_the radionuclide activity is present at the center of the organism and is uniformly irradiating all -
locations within the spherical body. These assumptions are made so that the maximum amount
of radionuclide energy can be absorbed by the body tissues of the organism. -

The next expression provides the total radiological absorbed dose over a one-year exposure
duration due to the presence of radionuclides internally in the burrowing owl. Introducing the
bun'owmg owl body weight and the effective absorbed energy into the dose rate equation results
in the following: .~ . . _

13
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(CS-Osu *(= ){cs PS-QV - FR+CS-Qs. - FR}): FI- FR-EF-ED-B-E
B (rad)
where: .
(CS - 05, f(ETVQ:EV-){CS-Ps-Qv,_.-FpCS-Q;m -FR))-FI-FR-EF-ED-B

= the product of the total radioactivity present in the burrowing owl
and the time that the radionuclide resides in the body to contnbute
to the dose rate (Ci-day),

E = effective absorbed energy due to decay of the radionuclide in the

burrowing owl body (kg-rad/Ci-day)
BW,, = body weight of the burrowing owl equal to 0.155 (kg) (Dunmng,
1993).
The final step in the derivation is to average the radiological absorbed dose to provide a daily
dose rate estimate. So, introducing the averaqmg time, AT, into the prevxous equation provxdes
the following:

(CS- Qs + (WQM—CVDW){CS- PS-QVop,, -FR+CS-Os__,-FRY)-FI-FR-EF-ED-B-E
e ARV (rad/day)
(G508, +(_.Qﬂ_%){cs- PS-Qv_..-FR+ FR-CS-Qs....-FR})- FI-FR-EF -ED-B-E
where: . B
= total radiological absorbed dose over one year (rad) (terms
prevmusly defined),
AT = averaging time for the calculation, equal to 365 days.

This equation provides a dose rate due to a burrowing owl ingesting plants and soils on an
average daily basis for one radionuclide only. If there are multiple radionuclides present, the
followmg equation can be used to examine the combined dose rate due to all of the radionuclides
present in the body of the burrowing owl with units of rad per day. :

rad

v FR-FI-EF-ED-8,-E,-(Cs,-Os,., +(—-——-—_Q"'"", {Cs, - P, - Qv - FR +Cs,- Qs - FRD
< - BW___.Di
R =2 == : (rad/day)
owl . » : 8. - 4T )

This equation defines the total dose rate to the burrowing owl exposed to N radionuclides in rad

) ‘}E}'"ddy. The result can then be compared to the dose tate benchmark of 0:1 rad/day-
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4, External Total-body Dose Rate Model for the Burrowing Owl and Deer Mouse

Both the deer mouse and the burrowing owl utilize the same total-body dose rate model for
external exposure to radionuclides since they are similar in size and reside in the soil. The model
considers a total-body dose rate to internal tissues from gamma-emitting radionuclides only.

This model assumes that there is no external dose rate contributions due to alpha and beta
emitters present in the soil. The relationship presented below is valid for the dose rate to internal
body tissues due to gamma-emitting radionuclides that are uniformly distributed throughout an
infinite medium. Those radionuclides that have significant daughter contributors are considered
as well. This equation is particularly specific to ecological receptors that reside in the soil for
significant periods of time and are exposed 10 a uniform gamma radiation field.

The external dose rate equation for the deer mouse and the burrowing owl is provided by the
following:

»

Z..l_ E- CS, (rad/hr)

int 2wid
-where: R = external dose rate (rad/hr),
212 = proportionality factor (g-rad/MeV-uCi-hr),
EE = average gamma energy per dxsmtegrauon for radxonuchdc i (MeV),
C§,. = concentration of radionuclide, i, in the soil (uCi/cm?),
Peod = density of the soil assumed to be 1.5 g/cm’,

The proportionality factor, 2.12 g-rad/MeV—pC1~hr is determmed using the following
conversion:

MeVY) . [ decay ! sec ,( ) _"(kg'—rad) ,( g) g-~rad )
. . —_— 0x10 60x .0: 2= 21 ———
* (d’ecay) x 370210 ( uCi )} 36 hr x 1.60<10 MeV * 1010 kg, : /JCi - MeV - hr

This equanon can be multiplied by 24 hours per day to provide an average, daily dose rate m
rad/day.

The external dose rate equation presented above is valid for only one gamma-emirter only. The
equation can be modified slightly to consider the external dose rate due to N radionuclides as
follows (shown with the conversion from rad per hour to rad per day):

L.d
R =ZM (md/day).

int il

5. Total Dose Rate for the Burrowing Owl and Deer Mouse



The iriternal and external dose rates are summed for each radionuclide and then summed again to
derive the total dose, in rad/day, to compare to the Internanonal Atomic Energy Agencv (IAEA)
standard of 0.1 rad/day for terrestrial receptors.
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Appendix E

Frelimihary Remediation Geals




Table E.14
. Preliminary Remediation Goals (PRGs) for
Inorganic Constituents of Potential Ecolagical Concem in Soil
Environmental Restoration Program
Sandia National Laboratories, New Mexico

Constituent of Potential Deer Mouse | Burrowing | . Final
Ecological Concamn PRG* Owl PRG* PRG*
Aluminum 3.29 x 10 4.50 x 10° 3.29 x 10*

‘| Antimony 1.63 x 10' - 1.63 x 10'
Arsenic’ _ -] 2.03x10' 5.09 x 10° 2.03x10'
Barium . 5.0¢ x 10% 1.84 x 10* 5.09x 10°
Beryllium - 2.06 x 10? — 2.06 x 10¢
Cadmium 2.08x 10* 8.54 x 10? 2.09 x 104
Chrormium (total) 3.97 x 10° 1.583x 10° 1.£9 x 10°
Chromium VI - 1.91 x 10° —_— 191 x 10°
Cobait . — — —_ :
Ccpper 4,12 x 10* 1.43 x 10* 4.12x 10¢
Cyanide ) — — ) —_—

- | Lead 1.22x10*° | 1.71x10° 1.22 x 10*

" { Manganese 1.80 x 10° 3.35x10° 1.80 x 10¥
Mercury® 8.87 x 10* 9.¢3 x 1Q° 8.66 x 10°
Nicke! - 3.57 x 10° 3.80 x 1Q° 3.57 x 10¢
Selenium 5.89 x 10° £.60 x 10 5.89x1Q°
Silver T 1.55x 103 — 1 1.55x10°
Thallium 2.35 x1Q¢ — 2.35 x 10%
Titanium 4.96 x 10° — 496 x10°
Uranium 1.02 x 1¢¢ 440x10* . | 1.02x10*
Vznadium 6.12 x 1Q* 4.42 x 10* 6.12x 10'
Zinc 3.83x 10° 3.38x 10* 3.38x10°

@Preliminary Remediation Goals in mg/kg soil.
b indicates insufficient toxicily data was found to determine a #RG.
Cased on LOAELSs for inorganic mercury.
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Organic Constituents of Potential Ecological Concern in Soil

-~ Table E.2
- Preliminary Remediation Goals (PRGs) for

Environmental Restoration Program
Sandia National Laboratories, New Mexico

Constituent of Potential

|

Deer Mouse | Burrowing . Final
Ecological Concam PRG* Qwl PRG* PRG*
Acetone 1.67 x 1Q! -° 1.67 x 10" -
Benzene 2.27 x 10° — 227 x10¢
Benzoic acid 3.29 x 10! — 3.29x 10}
8is(2-ethylhexyl)phthalate 1.06 x 10° 4.20 x 10° 4.20 x 10°
2-Butanone 2.68 x10¢ — 2.68 x 10*
Butyl benzyl phthalate 6.70 x 10' —_ 6.70 x 10*
Carbazole -— —_ R
Chlorobenzene * 1.07 x 10% — 1.07 x 10%
Chilcroform 6.30x10° -~ 6.30 x 10’
2-Chlorophenat . 8.00 x 1Q° — 8.00 x 10"
4-Chloro-3-methyl phenol 2.24 x 10 —_— 2.24 x 10"
Debenzofuran — -— -
1.1-Dichloroethene (1,1-DCE) 4,78 x 104 — 4,78 x 10°
1.2-Dichlcroethene (1,2-DCE) -3.71 x 10% — .71x10°
Dimethyl phthalate 7.15x 108  — 7.15 x 10*
Di-n-butyl phthalate 1.44x10° | 2.02x10®° | 202x10%
Di-n-octyl phthalate 5.82 x 10% — 5.82x 104
Methylene chioride 6.06 x 10" . — 6.06 x 10'
Phenol A 1.60 x 108 — 1.60 x10%
1.1.2.2-Tetrachloroethane 2.31 x 104 — 2.31 x 104
1,1.2.2-Tetrachloroethene (PCE) 6.28 x 10° —  6.28x 10°
Toluene T, ] 2.33x10% —_ 2.33x 104
1,1,1-Trichiorcethane (1,1,1-TCA) 8.27 x 10° —_— 9.27 x 10°
1.2.4-Trichlorobenzene , 8.25 x 1¢* — 8.25 x 10Y
Trichlorcethylene (TCE) €.28 x 1Q* o 6.28 x 10Y
Xylenes 2.31x10° —_ 2.31x10%
Explosives _
2-amino-4,6-Dinitrotoluene 4.34x 10" — 4,34 x 10’
4-amino-2.6-Dinitrotoluene 2.28 x 10' — 2.28 x 10’
m-Dinitrobenzene 2.22x 10" — 2.22x 10°
-1 2.4-Dinitrctoluene 8.38 x 10" - 8.38 x 10¥
2.6-Oinitrotoluene 5.20 x 10° - 5.20 x 1Q°
HMX 2.16 x 10° - — 2.16 x 10°
Nitrobenzene 8.49 x 10° — 8.48 x 10Y
_Nitroglycerin 7.83 x 10° — 7.83 x 10°
m-Nitrotoluene 3.55x 1Q' — 3.83 x 10°
~—fo-Nitrotoluena 2.81x10' — 2.91x10'
p-Nitrotoluene 6.45.x 10 - 6.45x10' |
PETN 5.32x 10" — 532x10*
RDX 1.20 x 10' - 1.80 x 10"
Tetryl 8.22 x 10° — 8.22 x 10°
sym-Trinitrobenzene 6.07 x 1¢7 — 6.07 x 10°
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Final

Constituent of Potential Deer Mouse | Burrowing
Ecological Concem PRG" Owl PRG* PRG"
2.4,6-Trinitrotoluene 2.20 x 10'. - 2.20x 10
Polycyclic Aromatic Hydrocarbons (PAHs)
Acenaphthylene 8.28 x 10° -— 8.28 x 10°
Anthracene 7.97 x 108 — 7.97 x 10?
Benzo(a)anthracene 7.02x 10° -— 7.02x 1Q°
Benzo(a)pyrene 6.63 x 10° - - 6.63x10°
Benzo(b)fluoranthene 6.29 x 10° - . 6.29x1Q°
Benzo(g,h.iperylene 5.84 x 1Q° - 5.84 x 1¢°
Benzo(k)ﬂucrantrene : 6.10 x 10° — 6.10x 1¢°
Chrysane 6.79 x 10° — 6.79 x 107
Dibenzo(a.h)anthracene 6.34 x 1Q° - 6.34 x 10°
Fiuoranthene 1.81 x 10 -— 1.81x 10’
Fiuorene 2.08x 10" - 2.05x 10
Indeno(1.2.3-cd)pyrena - §.53x1Q° - 5.55 x 10°
2-Methyinaphthalene 3.45 x 1Q° - 3.45x10°.
Nzpnhthalene ' 7.35 x 10° — 7.35 x10°
Phenanthrene 7.87 x 10° — 7.87 x 1Q%
Pyrene 9.07 x 10° —_ 9.07 x 10° .
Polychlorinated Biphenyls (PC8s) :
PCSs (aroclor-1242) 1.37 x 10° 1.30 x 10° 1.37 x 10°
PCB8s (aroclor-1248) 2.53 x 107 — . 2.83x10%
[ PC8s (aroctor-1254) 3.76 x 10" 1.58 x 1Q° 3.76 x 10°!
PC8s (arocior-1260) 4.20 x 10" — 4.90x 10"

3preliminary Remediation Goais in mg/kg soil.
b** indicates msufﬁcent toxicity data was found to determine a PRG

P\
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- Agriculture,” ORNL-5786, Oak Ridge National Laboratory, Oak Ridge, Tennessee, pp. 10-11.
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