
······--------
-----··--·· ·· · · 

Predictive Ecological Risk Assessment Methodology 
Environmental Restoration Program 

Sandia National Labo·ratories, New Mexico ... 

prepared by 

IT Corporation 

for 
Sandia National Laboratories, New Mexi~o 

111111111111111111111111111111 
9750 



~\ -' 

. ,, 
~. ; 

' .. 

.. ;;;.; _ . 

Table of Contents 

1.0 · lntroduction .................................................................................... ~ ........................ 1 

2.0 Ecological Description of KFC ............................................................. -................. 2 

3.0 Ecologicai-RiskuAss-essment Methodology ...... ;~-~ ... ~-;.-; .~·;;;;;;;·;;;;;;;;;;;~~~ ..... ;·;; •• ~ ....... 4- --
. . . 

3.1 Data Quali't:tf Objectives ................................................................................... 4 

3.2 Constituents of Potential Ecological Concern ...•......•.•••••..•.••••••.•••••...•..•••...• 4 

3.3 Conceptual Model ...................................................... ~ ...............•..................... 5 

3.4 Food Webs and SNUNM .......................... _ .................... · .................................... 7 

3.5 Receptors ....................................................... ~-~ ...............................•...... ~ ......• 1 0 

3.6 E.xposu.re and Risk Characterization for Non-radiological COPECs:~ ....•.•• 15 

3.6~1 Exposure assessment for nonradiological COPECs ••.•.•••••..••....••••.•• 15 

3.6.2 Nonradiological toxici't:tf benchmarks .............•.•.. ~ •.•.•..••.••••.••••..•...•...• 19 

3.6.3 Risk characterization for n_onradiological COPECs ••...••.•.•...•.........•• 21 

3.7 Dose Estimation and Risk Characterization for Radiological COPECs ••.• 22 

3.7.1 Internal total-body dose rate ···············~·············-······~ ........................... 23 -

3. 7.2 External total-body dose rate ················~············································ · 26 
3. 7.3 Final dose rate calculation ................................... .-........................... ~ ... 27 

3.8 Uncertainties -.~ .....................................•.......................................................... 21 . . 

3.9 Risk Discussion and Summary ···································· ~································27 
·4.0 Preliminary Site Remediation Goals for SNUNM ER Sites_ ............................... 28 

5.0 References ............................................................................................................ 30 

11 



Risk Assessment Methodology 
ntal Restoration Program 

· onal Laboratories, New Mexico 

Laboratories, New Mexico (SNUNM) is located on the Kirtland Federal 
·C), Immediately south of Albuquerque, New Mexico. KFC comprises over 
of federally-owned land that is used and/or managed by several agencies 

··lnd atnJJated organizations. including the U.S. Air Force {Kirtland Air Force Base), the 
U.SrOepartment of Energy (DOE), and the U.S. Forest Service. SNUNM, which is 

.. currently managed by Lockheed Martin Corporation for the DOE, has operated at this 
location since 1945. Over its history of operation, SNUNM and its predecessor ... 
organization (Sandia Laboratory) have conducted a wide variety oftest 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 
septic systems. 

The SNUNM Environmental Restoration (ER) Program was initiated to identify, 
delineate, characterize, and remediate those sites that have been used by SNUNM and 
Sandia Laboratory that may contain materials which are potentially hazardous to .. 
human health or the environroenl Identification of these sites has involved records 
searches as well.as interviews with personnel who took part in the operations. Once 
identified, the potential boundaries ofthe 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 SNUNM 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 
warrant~d. The purpose of this document is to present the methodology and protocols 
for performing the ecological risk assessments for the SNUNM ER program sites. In 
addition, the method for deriving ecologically-based preliminary remediation goals. 
(PRGs) f~~_!hese sites is a~~f?_pr~-~-~!1!~~~-~--------- _ _________ _____ __ _______ _ 

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 ft. above mean sea level. The 
eastern half of KFC includes the western ·slope of the Manzanita Mountains, which rises 
to an elevation of 7,716 ft. These mountains.are dissected by several steep~siged 
canyons. Rock exposures along 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 

-ft. 

The drainages from the three principal canyons of the Manzanita Mountains (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 corn~r. 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 fremonti1). 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 
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. due to the year-round presence of surface water and the vertical 

nrnv.,,..., by the trees. 

and Sol se Mete Spring are located in the respective canyons. Both 
.. developed with mas'?nrY tubs for wildlife use and both support small 

.ofwetland vegetation. Sol se Mete Spring is also used to feed a series of 
wtli~ur~~-v.,atefing devices {also called "trick tank~_o_r ~guzzlers") located 

nyon from the spring: G Spring is a groundwater-fed riparian flow in Arroyo del 
near Manzano Base {downstream of Coyote Springs) that is typically on the · 

. turface for only a few hundred feet before infiltrating back into the sands of the arroyo 
i:bed. ltis 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 another 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). · :-

The habitats on KFC can be divided into four major types: grassland, woodland, 
riparian scrubland (including small 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, 1982}. The principal grass species are black grama 
(Bouteloua enopoda}, galleta (Hilan'a jamesii), sand dropseed (Sporobolus 
cryptandrus), purple threeawn (An'stida 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 Colorado 
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 [Cercocarp·us montanus], skunkbush [Rhus tn'lobata], and gray oak 
[Quercus gn'sea]). 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 
(Fal/ugia paradoxa), and fourwing saltbush (Atn'plex 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 aJong 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 been 
developed o_r.g_therwi:s~:s_igniti~?ntl~_ciisturbe~ byhuman activity. In many cases, the 
natural vegetation of these areas has been removed by soTfdisturbarice~ 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 (Sa/so/a kali), summer 
cypress (Kochia scoparia), and threeawns (Aristida spp.). 

. ... 
3.0 Ecological Risk Assessment Method~ logy 

. The ecological risk assessment process performed for the SNUNM ER program sites is 
_a predictive ecological risk assessment. Methodology used is based on general level 

.. guidance presented by USEPA (USEPA, 1992; 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 SNLJNM ER ecological risk assessment approach document 

.. (SNUNM, 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 Objectives 
Data quality objectives (DQOs) and quality assurance/quality control (QAJQC) 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 SNUER task 
managers who have responsibility for specific ER sites, and managers, representatives 
from the New Mexico Environment Department (NMED) Department of Energy 
Oversight Bureau, and representatives from NMED. Data QAJQC is addressed at each 
site in the NFA proposals. Data QAJQC specific to risk assessment, if not discussed 
elsewhere, can be found i"n 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 ecological 
risk assessments for SNUNM ER sites include both organic and inorganic chemicals, 
and at some si~es, 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 concentration at the ~te is greater than the 95m percentile {or the 
Upper Tolerance Limit) of the background concentration for that ~ite. However, 

·erements that are esse-ntial 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 SNUNM 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 initiaf deposition of material from the testing activities performed at cr 
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 SNUNM 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. 

Subsurface soils typically receive COPECs through percolation from the surface, burial 
of materials c.ontaining COPECs, or direct release into the subsurface soil, 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 bioavailable if they 
occur at depths greater than 5 feet. 
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Most SNUNM 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 ruderai-species-,devoid of vegetation, or entirely .. de\lelopedwith buildings, 
pavement, or landscaping. However,·some sites (especially the larger sites, such as 
Sites 54, 58, 68, and 1 02) 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 
SNUNM 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 SNUNM 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 soii_(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 grqoming. 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 t0 
partition from soil to surface ;vater. Ephemeral surface water may exist as runoff fr-om 
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 SNUNM 
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 operational 
activities. Figures 2 through 4 show the generalized food webs for the wildife 
communities in the three major habitats of KFC: grassland, woodland, and riparian 
scrubland, respectively. Although not all species of wildlife known to occur at KFC ar• 
shown in these figures, examples of the known species or taxonomic groups art g•'lltn 
for the major taxonomic/trophic types, or guilds. With the exception of scavenger~ (•,g", 
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turkey vultures), these general categories are expected to include essentially·an other 
wildlife species in addition to those explicitly named. 

VVildlife, especially in arid environments, are often generalists in their diet and 
opportunistic-in-feeding-habits~·· True-specialists ·(e:g;;-strict -herbivores~ insectivores, or 
carnivores) 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 essentially 
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 multiple 
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). Although 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 ·songbirdsj are omnivorous, eatingly significant proportions of 
invertebrates, at least seasonally. Grasshopper mice are cricetids that specialize in 
insectivory and may occas~onally 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 also 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 owls are less nocturnal than the other owls at 

- KFG and-will-eaHnv.ertebrate- prey- as-well as .. vedebrates.)-largeJDammalsJn 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 change~ in species composition. Especially with passerine 
birds, the increase in trees and shrubs results in a higher diversity of insectivores, both 
aerial 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 heaved mammal, on KFC) as an herbivore, 
black bear as an omnivore, and mountain lion (potentially 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 rip-arian 
woodland and shrub land 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, roadnpmers, 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 wildlife community 
increases along the same gradient 

3.5 Receptors /t~".i-' 
The receptor species used to assess risk at SNUNM ER progr:m sites are selected to 
conservatively represent those key elements of the trophic webs in each of the three 
major habitat types (grassland, woQdland, and riparian scrubland) that are most likely to 
be affected by COPECs in the soils 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 resulting 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 mou.s.e (Peromyscus maniculatus) and1 rrowing o-:tJ(Speotyto cunicularia) 
are the receptors selected to represent consumers in the.fooaweb 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 
repres-ents 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 wit~ 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 (Spermophi/us spp.), prairie dogs (Cynomys spp.}, and otl\ers, 
exhibit various degrees of omnivory, from almost pure herbivory (e.g., prairie dogs and· 
wood rats) to highly insectivorous (grasshopper mice} (Findley, 1987). 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 grasslands 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 
/eucopus) presented by Beyer et al. (1994). Thus, the total dry-matter ingestion rate for 
the deer mouse is 102% of tl)e ingestion rate for dry food matter. 

The burrowing owl is modeled as a predator on omnivorous rodents, as represented by 
... ~he.Ji_t:.~E!D.Q~O~o of its die9r~owing o:-vl~ are :ound !~ t~e grassla.nd ha~itat at 

SNUNM, and are p-artrcutany-~tnmon 1n assoc1atJon w1th pra1ne dog colomes wh1ch 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 
designa~ion, 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 

.. . j..c<~~cres [Haug et al., 1993]). Therefore, they conservatively represent the risk to larger 
·r 1-' ~"!" l!~tJ".wildlife species of the same class and trophic level. They are also not dependent upon 
; .d ~ t · · 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 
kennicottit]). 

1 ·~ "'-r.-· · ... :,-.,!( lz,~:~ =t ...... , ... L. ~ ·' ~., ;'1 ._ ':' '- c (;(,..: .. .:, • ,-~ • ,.. ~ .. \. • • r 
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Receptor species 

Deer Mouse 
(Peromyscus 
maniculalus) 

Burrowing owl 
( Speotyto cunicularia) . 

'· 

•· 

Table 1 
Exposure Factors for Ecological Receptors 
Sandia National Laboratories, New Mexico 

Body Food intake 
Class/Order Trophic . weight (kg)• rate (kg/d)b 

level 
Mammalia/ Omnivore 0.02391 0.00372 
Rodentia 

' 

Aves/ Carnivore 0.15511 0.0173 
Strigiformes 

'Bodv weiahts are in kiloarams wet weioht. 

·I 
! 
i 

I Home range 
Dietary (ha)d 

Composltion° 
Plants: 50% 0.11' 
Invertebrates: 50%' 
(+Soil at 2% of 
intake) . 

Rodents: 1 00% 14n 
· (+ Soil at 2% of 

Intake) 

bFood intake rates are estimated from the allometric equations presented in Nagy (1987). Units are kilograms dry 
weight per day. · . 
coietary compositions are generalized for modeling purposes. Default soil intake value of 2% of food int~ke. 
dHome ranges are in hectares. · · l 
•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 Idaho. 
11From Dunning (1993); average· of both sexes for North America. 
"From Haug et al. (1993). 

~ 
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T·b~ 1 Pt•aents the parameters used in this risk assessment to model exposure in the 
burrowing 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 
weight basis) was used to estimate this part of the ingestion pathway, which (as with -th• deer mousetts- in--addition to the food ingestion rate.- ---- -- · ... __ _ _ 

/~-~·<_ .. 

-.3.8 Exposure and Risk Characterization for Nonradiological COPECs 

3.8.1 Exposure assessment for nonradiological COPECs 
For the predictive ecological risk assessment at SNUNM 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 thrQugh 
ingestion pathways is modeled using the methods described in the U.S. EPA's ''Wildlife 
Exposure Factors Handbook" (USEPA, 1993}. 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: 

• 
Dx=L(C~c · Ft · l~c)IW 

lc•l 

where: 

Dx = the estimated daily dose (mg/kg-day} of COPEC x 
Cit = the concentration of COPEC x in the kill food type (mg/kg dry weight} 
Fk = the fraction of the kill food type that is comes from the ER site 
lk = the ingestion rate of the kill 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 Cit for dietary items· other than soil is based on the maximum 
measured soil concentration (Cmax), as described below. lk is determined by multiplying 
the total food ingestion rate of the receptor (l:oJ 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) .. Fk 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 ir:l the predictive ecological 
assessment, both area use and seasonal use are assumed to be 1 00%; 
therefore, Fk is 1. 

. . 
Thus, the_mo_d.eiloLe_s_tirnating_c.H~tary. expQ_§_l,JJ~ Jn1b~ deer m.9u§e. with c:~n _omnivorous 
diet (50% plant and 50% invertebrate, with soil ingestion equaling 2% of the food 
ingestion [Table 1D is: 

., . .. ·-···· ,....,..--···- --- \) 
_ 0.02/101 Cmuc + O.SI.C,._ + O.SI.C,., , 

where: 

Dz- 0.0239 

Dx =the estimated daily dose (mglkg-day) of COPEC X in the deer mouse 
ltot =the total food ingestion rate of the deer mouse (kg dry weight/day) 
Cmax =the maximum measured soil concentration of COPEC X (mg/kg) 
Cp~ana =the estimated concentration of COPEC X in plant tissue at the site 

{mglkg dry weight) . 
C~nv =the estimated concentration of COPEC X in soil invertebrate tissue at 

the site {mg/kg dry weight) 
0:0239 =the average body weight for the deer mouse (kg wet weight). 

, ~- t.. /For a deer mouse with a completely herbivorous diet, the ingestion rate of plant material . 
Zl)•l'· • • tr \ ~auld be equal to ltot and the ingestion rate of invertebrates would be 0. Conversely, for 
~cr- H1Jl "",.v~t a completely insectivorous mouse, the ingestion rate of invertebrates would be equal to 
tJC:~( .. ,,. ~ ltot and the ingestion rate of plant material would be 0~ For the burrowing owl (diet of 

1 \u.S !O 100% deer mice, soil ingestion equaling 2% of the food ingestion [Table 1]), the model 
~'(flit for estimating dietary exposure is: · · 

where: 

0.02/,,, Cma:< + l,.,Cm .... 
D~ = 0.155 

Dx =the estimated daily dose {mglkg-day) of COPEC X in the deer mouse 
Cmax =the maximum measured soil concentration of COPEC X (mglkg) 
Cmouse =the estimated concentration of COPEC X in deer mouse tissue at the 

site (mglkg dry weight) 
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rate of the deer mouse (kg dry weight/day) 
body weight for the burrowing owl (kg wet weight). 

,.r .... ,.·. ntratlons in plants (Cp~ and soil invertebrates (C~nv) are determined 
·· · ~naxlmum measured soil concentration using-Soil-to-organism transfer 

organic COPECs in plants, the regession equation developed by Travis 
· gas) Is used to derive the soil-to-plant transfer factor from the logarithm of 

,,.,,,.,..,,,:n ... r partition coefficient (log f<cw) value of the compound. The soil-to-plant 
•"'•'YAr'_ factors for inorganics are taken to be the maximum value reported among three 

sources: lAEA (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 thSt 
equation developed by Connell and Markwell (1990) for bioac·cumulation in earthworms: 

BF 

where: 

BF = the bioaccumulation factor (unitless) 
Yt. = the fractional ~ipid content of the organism 
Kow = the octanol/water partition coefficient 
(b-a) = a nonlinearity constant 
x = a proportionality constant 
foe ::: the fractional or:sanic carbon content in the soil 

Although derived from earthworm data, the values for the nonlinearity constant (0.05) 
1 and proportionality constant (0.66) were applied to modeling uptake in all soil 
LJnvertebrates, which probably consist primarily of insects and other arthropods at KFC .. 

Because of differences in integument, it is expected that the uptake by earthworms will 
generally 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 SNUNM soils {0.91 %). For inorganic COPECs, 
literature-derived values of soil-to-invertebrate transfer factors are used as available, 
and 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 . 
COPECs, the regression equation developed by Travis and Arms (1988) and based on 
the log K;; vaiue-ofihe COPEC ·is used to· derive· food.;to-beef transfer factors~. Fciod.: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 soil {i.e., the numerator of the 
dose model for the deer mouse as shown above) and dividing by the daily food intake 
(ltoJ for the deer mouse. 

Appendix A presents the transfer factors for organic and inorganic COPECs at SNUNM 
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 equation for 
calculating COPEC concentrations in dry plant material is: 

C plu1tt = T F.rp · C max 

where: 

1 l ~ 1 Cplant = the concentration of the COPEC in plant tissue (mg/kg dry weight) 
'$11~~~ ~ -::> TF"' = the soil-to-plant transfer factor (unitless) 

Crnu = the maximum measured soil concentration of the COPEC {mglkg dry 
weight), · 

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

C;,.. = TF:sl • C max 

where: 

C1nv = the concentration of the COPEC in invertebrate tissue {mglkg dry 
7 weight) 

.,-:,.. tJ:~ t( · ~TFii. = the soil-to-invertebrate transfer factor (unitless) 

... .. emu = the maximum measured soil concentration of the COPEC {mglkg dry 
·W~ight). 

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: 

C.,., ... ~ = T F I• · C fuuJ • 3.1 2 5 
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where: 

Cmouse = .the concentration of the COPEC in deer mouse tissue (mglkg dry 
weight) 

'7· __:::; TF~m--=--the-food-to-musde-transfer-factor(-uniUess}--:---- - _ -----
' C~ = 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% (US EPA, 1993). 

3.6.2 Nonradiological toxicity benchmarks 
No-Observed-Adverse-Effect-levels (NOAELs) for chronic oral exposure are used as 

'f benchmarks for toxic effects to wildlife. NOAELs are defined as the maximum do.~age 
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 NOAELs 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., 199!). Thus: 

( )

JI 

· BW 
NOAELw = NOAELr __ r 

BWw 

where: 

NOAELw = the No-Observed-Adverse-Effect-level for the wildlife receptor 
speCies (mglkg-day) . · 

NOAElr = the No-Observed-Adverse-Effect-level for the test species 
(mglkg-day) 

BWr = the body weight of the test species (kg) 
BWw =· the body weight of the wildlife receptor species (kg) 
s = a body weight scaling factor (s = 0.25 for mammals ~nd 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 
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(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 NOAELr values are available, these are 
converted to chronic NOAELr values by applying an uncertainty factor of 0.1 (Sample et. 
al., 1996).·-- ---. ----· ---- -----·-···-· · · -----·-----.--· c--.-···-··-·- ·-·-- · · 

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 NOAELr. If only a subchronic LOAEL was available, then an 
uncertainty factor of 0.01 is used to estimate the chronic NOAELr. 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.g., a lethal dose to 50 percent of the test.population [LD~0]), 
· · but both a NOAEL and LD50 value are available for a closely related compound in the 
· same test species, then the. NOAELT for the COPEC was estimated using the 
~ relationship from Sample et al. (1996): 

where, 

NOAELTX 

LDsoTX 

NOAELTY 
. 

LDsoTY · 

= 
= 
= 

= 

NOAELrx = LDsorx( N~~!") 

the No-Observed-Adverse-Effect-Level for COPEC X in test 
species T (mglkg-day) 
the acute lethal dose to 50 percent of the test population of test 
species T for COPEC X (mglkg) 
the· No-Observed-Adverse-Effect-Level for compound Y (closely 
related to COPEC X) in test species T (mglkg-day) 
the acute lethal dose to 50 percent of the test population of test 
species T for compound Y 

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 thatfr~m non-rodents (e.g., 
mink, dogs, and rabbits), and for the burrowing owl, data from~owla Is preferentially 
chosen over that from other birds (e.g., waterfowl, chickens~ arid quail). NOAELs are 
not determined if toxicity data could not be found for teat spiCiea wlthin the same class. 
Therefore, deer mouse NOAELs come only from marnr,:p~~!~tteat species and 
burrowing owl NOAELs come only from avian test ap~£!~~!tz9f · · 
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""'..,,_ ... .,,.,...,,.,_.,rv information is available for different forms of the COPEC, such as organic 
ti'\"''""•nt~ forms of mercury, NOAELs are generally derived from the most toxic 

form. · · · · data are avaflable that are specific to the form in question. In this regard, 
chromium VIIs measured and assessed directly; therefore, total chromium is assumed 
to bt~~hromiumitt-For-ecological risk assessmentpuFposes.-flowever; merGllry is 

· ataumed 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 COPECat 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 
w&ter in a highly available form arid with little opportunity for behavioral rejection of the 
chemical. 

Plant toxicity benchmarks are based primarily on the information provided in Will.snd 
Suter (1995). These benchmarks are based on LOAELs using 20% reduction in growth 
as the endpoint and are limited to tests in soil rather than tests using solutions. 
Although based on LOAELs, 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. 

Appendix 8 presents the chronic oral NOAELs anP.·J-~AELs for COPECs at SNUNM v 
ER program sites for the deer mouse and burrowfh ... Watong with the test species 
information used to derive th~se 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 nonradiological 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: 

where: 

. HO ~ Exposure 
- Benchmark 

HQ = the hazard quotient (unitless) 
Exposure = the estimated oral dose of the COPEC for the receptor(in mglkg

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 SNUNM 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 

-· diseusse<:f-m-s-ectro-n--3:4:-r=-orthe-predictive-assessmentof-ecoiOgicatrisk·to·wiJdlife, 
NOAEL values are used as the toxicological benchma~s. The benchmarks for 
evaluating 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 corresponding 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 

rCOPECs is conservatively estimated (e.g., being based on the maximum measured soil 

1 
. concentration), an HQ value greater than unity is not interpreted as evidence of risk, but 

\.:.::only as evidence that the potential for risk can not be ruled out Therefore, the COPEC 
· · is not eliminated from further consideration, pending further evaluation or remedial 
·.action • 

. 3.7 Dose Estimation and Risk Characterization for Radiological 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 SNUNM 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 rqte 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 SNUNM 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 · 
radionudide-specific absorbed energy data available from Baker & Soldat (1992). This 
absorbed energy data is highly dependent upon the size of the receptor. However, the 
long h~lf-life of most of the radionuclides present at SNUNM ER sites result in a 

22 



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 calculateacy mUltiplying the average gamma ray energy in MeV by 
2.12 and dividing by the soil density in grams per cubic centimeter (Shleien, 1992) to 
yield rad/h (multiply 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. • ... 

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 
radio nuclides 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 cif plants and ingestion of soil. The burrowing owl, 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, ~.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 em and lower. This is due to the fact that ·an 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: 

, .. _., 



,. 

_ ~· (CS, · PSt · Ov + CS,· 9s) · FI · EF ·ED· FR: ·_B 
R Mouse - L..J B W . AT 

CS1 = the concentration of radionucfide, i, in the soil (Cilkg), 
PS1 = the son-to-plant conversion factor specific to radionucfide, i, and chemical 

form in the soil {Baes et al. 1984; USOOE, 1995), 
Qv = the ingestion rate of plant {dry weight) by the mouse assumed to be 3.72E-03 • 

kg/day {Nagy, 1987), . 
Qs = the ingestion rate of soil by the mouse assumed to be 7.44E~as· kg/day dr 2% of 

plant intake {EPA, 1993), 
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 (daylyr), equal to 365, 
ED = the exposure duration {years), equal to 1.0, 
FR = the fraction of the radionuclide retained in the mouse (unitless) which is 

radioisotope specific {Baker and Soldat, 1992), 
B1 is the burd~n duration factor for radionuclide i {day}, which is: 

where: T~ = the period of exposure in days, 365 days. 
A. = At,+ A,. 

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

At,= the biological removal constant {day·') defined as ln{2)fr11 where 
T11 is the biological half-life after ing~stion of a radioisotope in 
days (Baker and Soldat, 1992), . 

A.= the effective decay constant for radioisotope i {day-1
). 

E, = the effective energy absorbed constant for radionuclide, in (kg-rad-Ci'1-day~1), 
equal to (USDOE, 1995): 
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where:-------

&; = the radionuclide energy for a deer mouse with an assumed 
effective radius of 2 em (MeV/dis) (Baker and Sold at, 1 992). 

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 following equation defines 
the internal dose rate to a burrowing owl in rad/day: 

· Om·TN { · 
N Cs1 ·FR1 ·Fl ·EF·ED·B1 ·E1 ·(Qs,..., +( BJV -·DW) FR, ·Ps, ·Qv- + FR, ·Qs,_,~}>· 

R -~ -~ , .. ., - .L.- BW ·AT 
1•1 ,..., 

where: 
CS1 = the concentration of radionuclide, i, in the soil (Cilkg) 
PS1 = the soil-to-plant conversion factor ~pecific to radionuclide, i, and chemical form in 

the soil (Baes et al. 1984; USDOE, 1995), 
OW= the conversion from mouse wet weight to dry weight equal to 0.32 (EPA, 1993), 

" Qvmouse = the ingestion rate of plant by the mouse (dry weight) assumed to be 3.72E-03 
kg/day, (Nagy, 1987), 

Qsmouse = the ingestion rate of soil by the mouse assumeq to be 7.44E-05 kg/day cr 2% 
of plant intake rate, (EPA, 1993), 

Qsowt = the ingestion rate of soil by the owl assumed to be 3.46E-04 kg/day or 2% of 
food intake, (EPA, 1993), 

Om = the ingestion rate of deer mouse (food) by the burrowing owl assumed to be 
1. 73E-02 kg/day, (Nagy, 1987), 

TN = proportionality factor equal to 1 day (normalizes mouse consumption 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 

rad_ioisotope dependent (Baker and Soldat, 1992), 
8, is the burden duration factor for nuclide I (day), which is: 
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where: Tr: = the period of exposure in days, 365 days. 
At=~+A.,. . 

Ar = the radiological decay constant (day·1
) defined as ln(2)/T,. where 

T, is the half-life of the radioisotope in days (Baker and Sold at. 
1992). 

· At, = the biological removal constant (day·1
) defined as ln(2)/T"b where 

T11 is the biological half-life after ingestion of a radioisotope in 
days (Baker and Soldat, 1992), 

At = the effective decay constant for radioisotope i (day·'). 

· ~ = the effective energy absorbed constant for"radionuclide, in (kg-rad-Ci"1-day·1
), 

equal to (USDOE, 1995): 
where: 

E, = 5.12 ·10.,· &; 

&1 = the radionuclide energy for a burrowing owl with an 
assumed effective radiu~ of 5 em (MeV/dis) (Baker and 
~oldat, 1992). . 

BW~ = the body weight (ma~s) of the owl equal to 0.155 kg, (Dunning, 1993) . 
Bwmouse = the body weight (mass) of the mouse equal to 0.0239 kg, (Silva & Downing, 

1995) . 
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 
(US DOE, 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 radionucfides: 

where: 
· ~ = 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. 

C1 = the concentration of the radionudide (J.lCilcm~. 
Psoil = the density of the soil (grams/cm3

) 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-radiC?Iogical and radiological 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, low, medium, or high 
and is intended to incorporate uncertainty and site-specific information into a weight-of
evidence approach. 
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4.0 Preliminary Soil Remediation Goals for SNUNM ER Sites 

Preliminary remediation goals {PRGs) are used to establish concentrations of COPECs 
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 determjnatlon 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 

(
/ SNUNM ER sites are determined through the same exposure models used to calculate 

~ 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 

\ 

\ .~,1.0. 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 SNlJNM ER sites {deer mice and 

(

1 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 
receptors is used as the PRG for that COPEC. 

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 {LOAELs} rather than NOAEls 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 LOAEls. ·In cases where only a NOAEL is available (i.e., no effects were . 
observed at any dosage levels in the underlying study), the"'tOAEL is esfl1J1ated at 1.Q. 
times the NOAEL. Chronic LOAELs for the deer mouse and burrowing owl are 
presented in Appendix B. 

In addition to use of LOAELs 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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. In the predictive assessment, these proportions are both 50%, 
.............. •ntl a generalized omnivorous diet, but which conservatively over

rtebrates in the overall diet _of this receptor. Also, the fraction of the diet 
of lhl · mouse represented by ingested soil is estimated· to be 1.2% for the PRG 
ealtuiallon rattlerthan-2%-;asis·used in the predictive·· ecological-assessment to 
ctlculate HOs. 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%j as presented by in USEPA (1993). 

Appendix E presents non-site-specific· PRGs for the SNUNM ER program. VVhen the 
areal extent of a site _is smaller th~n 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 1 00%). 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 burrowing owl at sites which are 
smaller than its home range (34.6 acres). 

, 
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Transfer Factors for Inorganic and 
Organic Constituents of Potential 
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Table A.1 
Transfer Factors Used in Exposure Model~ for Inorganic Constituents of Potential 

Ecological Concern at Environmental Restoration Program Sites,-
Sandia National Laboratories, New Mexico 

Constituent of Potential I 
Ecological Concern 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium VI 
Cobalt 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Titanium 
Uranium 
Vanadium 
Zinc 

•from e~es et al. (1984). 
110efault value. 
cFrom NCRP (19e9). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

"From Stafford et al. (1991). 
•From Ma (1992). 
'From IAEA (1994). 
o_ designates insufficient data. 

Soil-to-Plant 
Transfer Factor 

4.00 X 10-3• 
2.00 X 10"11 

4.00 X 10-aa 
1.50 X 10"11 

1.00 X 10·l• 
5.50 X 10"11 

4.00 X 10·lC 
4.00 X 10'2c 
4.00 X 1o·•c 
8.00 X 10"11 

-9 

9.00 X 10-.ic 
3.00 X 10°c 
1.00 X 10°c 
2.00 X 10"1 c 
5.00 X 10"u 
1.00 X 100c 
4.00 X 10-3a 
5.50 X 10-3a 
2.30 X 10'21 

5.50 X _10-3• 
1.:0 X 10° 1 

I Soil-to-Invertebrate I Food-to-Muscle 
Transfer Factor Transfer Factor 

I 1.00 X 1Q'I 1 I 1.50 X 10-Ja 

I 1.00 X 1001 ., 1.00 x 1o~= 
I 1.00 X 1001 I 2.00 X 10-la 

I 1.00 X 100 1 I 2.oo x 1o~= 

I 1.00 X 1~ 1 I 1.00 X 10~• 

I 6.00 X 10"10 I 5.50 X 10~ 1 

I 1.30 X 10"1 
• l 3.00 X 10·.i:-

I 1.30 X 10·•• 3.00 X 10·•: 

I 1.00 X 100 1 3.00 X 10·•: 

I 2.50 X 10"10 1.00 X 10·•• 

I - -
I 4.00 X 10-.ia 8.00 X 10~ 4 

I 3.20 X 10"1 
• 1.00 X 10-3: 

I 1.00 X 10° 1 2.:0 X 10'1 1 

l 3.80 X 10"'• 6.00 X 10·la 

I 1.00 X 10° 1 1.00 X 10'': 

I 2.:0 X 10"10 S.OO X 10~ 4 

I 1.00 X 100 1 4.00 X 10·&& 

I 1.00 X 1001 3.00 X 10061 

I 1.00 X 100 1 I 1.00 X 10-.: 

I 1.00 X 1001 I 2.50 X 10-Ja 

I 3,00 X 10"10 I 1.00 X 10"11 

... 
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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 

- . ----·-+ ·-- j ~son~ Constituent of Potential -----·----- --So11=to:?tan lnvertecram ··rood-to-Muscle 
Ecological Concem Log K_ Transfer Factor Transfer Facto,. Transfer Factor 
Acetone I -0.24 5.33 X 101 1.28 X 101 1.04 X 10-a 
Benzene 2.13 2.27 X 100 1.68 X 101 2.92 X 10"' 
Benzoic acid 1.87 3.21 X 10° 1.63 X 101 1.57 X 101 

Bis(2-ethylhexyl)phthalate 7.300 2.34 X 10-3 3.05 X 101 I 6.40 X 10"1 

2-Sutanone 0.29 2.63 X 10'. I 1.36 X 101 I 3.67 X 10-a 
eutyl benzyl phthalate 4.77 6.78 X 10"~ I 2.28 X 101 1.56 X 10·J 
Carbazole I -· - - -
Chlorobenzene 2.51 1.37 X 10° I 1.76 X 101 I =7.21 X 101 

~- Chloroform I 1.92° 3.01 X 10" 1.64 X 101 I 1.77 X 10-i 
/ 4-Chloro-3-methylphenol I 3.10 6.2: X 10"; I 1.88 X 101 2.93 X 10·~ 

y 2-Chlorophenol I 2.15 2.21 X 10° 1.68 X 101 I 3.06 X 104 

,/ .Oibenzofuran · I 4.12 · 1.61 X 10"1
· 2.11x10' I 3.32 X 10~ 

'/ ' 1.1-Dichloroethylene I 2.13°' 2.27 X 10° I 1.68x10' I 2.92 X 104 

v 1.2-0ichloroethylene . I 1.86" 3.26 X 10° I 1.63 X 101 I 1.54 X 101 

......... Dimethylphthalate I 2.12 2.30 X 101l I 1.68 X 101 I 2.85 X 10"' 
I" Di-n-butylphthalate I 4.61° 8.38 x 1o·~ 2.24 X 101 I 1.06 X 10·~ 

v Di-n-octylphthalate I 5.22 3.72 X 10~ I 2.40 X 101 I 4.54 X 10"" 
v '"Methylene chloride 1.25 7.34 X 101l I 1.52 X 101 I 3.60 X 10"' 
v ['Phenol I 1.46 5.55 X 10° I 1.56 X 101 5.93 X 10"' 
v 1.1.2.2· Tetrachloroethane 2.39 1.61 X 10" 1.73 X 101 I 5.42 X 104 

/ Tetrachlorclethen~ I 2.6i"" 1.11x10° 1.79 X 101 I 1.05 X 104 

/ Toluene 2.75: 9.97 X 10"1 1.81 X 101 1.28 X 10·~ 

./ 1.2.4-Trichloroten:csne I 4.02 1.84 X 10"1 I 2.09 X 101 I 2.62 X 10~ 

.',/ 1.1.1-Trichloroethane " I 2.48 1.43 X 101l 1.75 X 101 I 6.71 X 10-6 
,/ Trichlor~ethene It.: d. vi.,...,,~-, I 2.71° 1.05 X 10'" I 1.80 X 101 I 1.16 X 10'-' 
./ Xylenes I I 3.20 5.48 X 10"1 I 1.90 X 101 I 3.72 X 10·~ 

'v' 
E~plosives 

2 -aminc-4,6-dinitrotoluene . 1.94' 2.93 X 10" I 1.64x10' I 1.86 X 104 

./ 4-amino-2.6-dinitrotoluene 1.94° 2.93 X 101l I 1.64x10' I 1.86 X 104 

v 2.4-dinitrotoluene I 1.98 2.78 X 101) I 1.65x10' I 2.04 X 104 

v 2.6-dinitrctcluene I 1.i2 3.93 X 10" I 1.60 X 101 I 1.10 X 10• ...._ 
~/ HMX I 0.26" 2.74 X 101 I 1.36 X 101 I 3.42 x 1o•-1 

v m-Oinitrobenzene I 1.49" 5.33 X 10., I 1.56 X 10' I 6.37 X 10" 
,./ m-Nitrotoluene I 2.45 1.4S X 10" I 1.74 X 101 I 6.25 X 10"' 
v Nitrcbenzsne I 1.85 3.30 X 10" 1.63 X 101 I 1.Sux1o• 
v Nitroglycerin I 1.62 4.48 X 10\1 I 1.59 X 10' I 8.68 X 10"' 

'/ o-Nitrotoluene I 2.30 1.81 X 10" I 1.71 X 101 I 4.37 X 104 

.,1 p-Nitrotcluene I 2.37 1.65 X 10\1 I 1.73 X 10' I 5.1ix101 

v' FETN I 3.71" 2.78 X 10"1 2.02 X 101 I 1.2Sx10 .. 

~ RDX I 0.87 1.22 X 101 I 1.45 X 101 I 1.46 X 10" 
sym-Trimtrcben:sne I 1.10 8.S6 X 10u 1.49x101 I 2.52 X 10" 

\/"' Tetr11 I 1.ss· 4 31 X 10" I 1.59 X 10' I 9.32 X 10' 



Soil-to-
Constituent of Potential Soil-to-Plant Invertebrate 

/ 
~Ecological Concern Log K_• Transfer Factor Transfer Factor 

2.4,6· Trinitrotoluene 1.60 4.60 X 10° I 1.58 X 10' 
Polycyclic Aromatic Hydrocarbons (PAHs) 

rl Acenc:plithylene--- ----- - ------------- -- -- 4.01-- ---t-+.7-2---x-~-+----2.1 0 x-1-QL 

~ Anthracene 4.45 I 1.04 X 10"1 11 

Benzo( a )anthracene 5.61 I 2.22 X 10-i 
..; Benzo(a)pyrene 6.11° I 1.14 X 104 

J Benzo(b )fluoranthene 6.57' I 6.17 X 10"J 

Benzo(g,h,nf3eRyeAE'Pe."'yltrtt 7.23' I 2.55 X 104 

t/ Benzo(k)fluoranthene 6.84 I 4.31 X 10~ 

:1 Chrysene 5.91 I 1.49 X 10"4 

Oibenzo( a.h )anthracene 6.50 I 6.78 X 10·l 

~ Fiuoranthene . 5.33' I 3.22 X 10-£ 
Fiuorene I 4.18' I 1.49 X 10'' 

~ lndeno(1.2.3-<:d}pvrene 7.66' I 1.45 x ~o·J 
2- Methylnapt)thalene 3.86 I 2.27 X iO"' 

v Naphthc:lene I 3.30 I 4.79 X iO"' 

v Phenc:nthrene I 4.57 I 8.84 X ~Q ... 

Pyrene I 5.32' I 3.25 X 10"4 

% 
Polychlorinated Biphenyls (PCBs) 

PCB. Aroclor-1242 4.11' I 1.63 X 10"' 
PCB. Aroclor-1248 I 5.60' I 2.24 X 10 ... 

~ PCB, Aroclor-1254 6.04' I 1.25 X 10-i 
PCB. Aroclor-1260 6.11' I 1.14x10"4 

•From NLM (1997), except where noted. 
bFrom equations developed in Travis and Arms (1SSS). 
eFrom equations developed in Connell and Markwell (1SSO). 
eFrom USEPA (199S), as cited in Sample et at. (1996). 
•- designates insufficient toXIcity data. 
'From Talmage (19S6). 
VAssumed (from 2-amino-4,6-dinitrotoluene). 
"From Rosenblatt et al. (1991). 
'From Ryan et at. (1988). 

I 
I 
I 
I 

2.20 X 101 

2.51 X 101 

2.66 X 10' 
2.80 X 101 

3.02 X 101 

2.89 X 101 

2.60 X 101
-

2.78 X 101 

2.43 X 101 

2.13 X 10' 
3.18 X 101 

2.05 X 101 

1.92 X 10: 
2.23 X 10: 
2.43 X 101 

2.11 X 101 

2.51x101 

2.64 X 101 

2.66 X 10: 

I 

Food-to-Muscle 
Transfer Factor 

I 8.28 X 10"' 

2.95 X 104 

7.28 X 10~ 

1.15 X 10-i 
3.77 X 10-z 
1.13x10"' 
5.42 X 10"' 
2.14 X 10"1 

2.34 X 10 ... 
9.54 X 10 .. 

.. _ 5.90x 10~ 
3.83 X 10~ 

1.51 X 1()11 
1.79 X 10~ 

4.72 X 10._ 
9.68 X 10~ 

S. 76 X 10·l 

I 3.24 X 10~ 

I 1.12 X 10"" 
.I 3.19 X 10-z 

I 3.77 X 10"4 
I 
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Chemical Name 

Aluminum 

Antimony 

Arsenic 

Barium 

Oeryllium 

Cadmtum 
cilromiliin (lolal) 

Chromium VI 

Cob all 

Copper 
Cyanide 

Lead 

_Manganese 
Mercury (inorganic) 

Mercury (orgnnic) 

Nickel 
Selenium 

Table B.1 
No-Observed-Adverse-Effects-Levels (NOAELs) for 

Inorganic Analytes In the Deor Mouse 

Deer Mouse Test Species Test Species 
NOAEL• NOAEL• (Body Weloht)11 Rercrcnce 

2.04 1.03, Mouse (0.03) Ondreicka elnl. (1966) 

0.13 0.125 Mouse (0.03) Schroeder el al. (1968) . 
0.13 0.126 Mouse (0.03) Schroeder and 

Mllchener (1971) 
10.53 5.1 Rai·(0.435) Perry el al.(1983) 

1.29 0.66 Ral (0.35) Schroeder and 
Mllchener (1975) 

1.80 1.0 Ral (0.303) Sulou ot al. (1080) 

5,354 2,73-:r-- --Ral (O.:f5)- lvankovic and 
PreuasmaM (1975) 

6.42 3.28 Ral (0.35) MacKenzie ol al. (1058) 

-- - - --
29.6 11.7 Mink (1.0) Aulerich el al. (1982) 

126 60.7 Ral (0.273) Tewe and Maner (1981) 

15.6 8.0 Ral (0.35) Azar el al. (1973) 

172 88' Ral ~0.35) Laskey el al. (1082) 

14.0 13.2 Mouse (0.03) Revis el al. (1980) . 
• 

0.06 0.032 Ral (0.35) Versclunlfon ol al. 
(1076) -78.2 40 Ral (0.35) Ambrose el al. (1076) 

030 0.20 Ral (0.35) Rosenfekl and Oealh 
(1954) 

' 
Comments 
As AICia. Based on chronic LOAEL c of 19.3 
mglkg/d and an uncertalntl factor of 0.1. 
As antimony pOiasslum tartrate, Based on 
chronic LOAEL of 1.25 mglkg/d and an 
uncer1alnty factor of 0.1. : 
As arsenlle (Asn). Baaed ·on chronic LOAEL of 
1.26 mglkg/d and an unceltalnty factor of 0.1. I 

i 

As barium chloride. The NOAEL represents 
the maximum dose of the sllldy, which ! 

.e~!!!!~~!!~!!~!ect. 
As beryllium sulfate. The NOAEL represents 
the maximum dose of the $tudy, which 

I 

J?!2!!!!ced no adverse ailed. 
AsCdCt,. ; 

As Cr'1 In Crl01• The NOAEL represents the 
maximum dose of the study, which produced 
no adverse ellecl. 
As c,t• In KaCrlo.. The NOAEL represents lhe I 

maximum dose of lhe sludy, which produced 
no adverse effecl. 
lnaulfldenl data lor NOAEL determination. 

As copper sulfate. 
' 

AI polasskun cyanide. i 
I 

As lead acetate. i 

' As Mn,o •• 
As mercuric sulfide. The NOAEL represents 
the maxinun dose of lhe study, whiCh 
eroduced no ad~erae elfed . 
AI methyl mercury ~ide. 

As nickel sulfale hexahydrate. 
As polasakun selenate. · 

. ·t , 



Deer Mouse Test Specie& Test Species 
Chemical Name NOAEL• NOAEL• (Body Weloht)~a Rcrerence Comments . \ 

Silver 34.8 17.0 Rat (0.35) Qlcull (1050) As ailver nilrale. Venlr~lar hypertrophy 
obaerved al 89 mglkg/d Becauae lhla LOAEL 
Ia nol conaidored lo be I slgnilicanco lo 
populallona, an uncorta nly factor of 0.2 was 
applied. 

Thallium 0.01 0.0074 Rat (0.365) Formigli el al. (1986) · Aa lhaiUum suUate. Ba ed on a subchronlc 
LOAEL of 0.7 .. mgJkgld wllh an uncertainly 
factor of 0.01. 

Tilanium 30.9 15:6 . Rat (0.35) RTECS (1997) Fonn not specified. Ba ed on LOAEL of 158 
mglkg (aaaumod to be dally dosage) and an .; 
uncertainly factor of 0. • 

Uranium 3.19 3.07 Mouse (0.028} Palernain el al. (1089) As uranyl acetate. 
' ' 

Vanadium 0.30 0.21 Rat (0.26) Domingo el al. (1906) As sodium metavanadate (NaV01). Based on 
chronic LOAEL of 2. 1 nl.a!gld. 

Zinc 313 160 Ral (0.35) Schlicker and Cox As zinc oxide. I 
(1008) ! 

•tn milligrams per kilooram per day (mglkg/d). 
•aooy weights expressed in kilograms. 
cl.owesi·Observeri-Arlverse-Errecl-level. 

. .. 
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Chemical Name 

Acetone 1.J. t;' 

Benzene 1ff. 1.., 

Benzoic acid L{.Lj 

1.\ Dis(2·elhylhexyl)phlhalale "' 

2-Bulanone ~{JLIJ 

Butyl benzyl phthalate )Z. ~ 

Carbazole -
Chlorohenzene (,£.';/ ' 
Chloroform )t'.{r 
2 ·Chlororlhenol 1.~2-

·1-Chloro-3-methylphenol 
·Z,..~O 

Dibenzofuran -
1,1-Dichloroelhylene (,I. tf 

1,2-Dichloroelhylene 

')D.b 

. .. . ... . ·-· ........ ······--··---· 
·, 

INnt:thylatlalhalalu 
11.'j 

Table B.2 
No-Obscrvcci-Adverse-Effects-Levels (NOAELs) for 

Organic Analytes In the Deer Mouse 

Deer Mouse Test Species Test Species 
NOAEL• NOAEL• (Body Weloht) .. Rererenco 

~19.6 10 Rat (0.35) USEPA (1986) 
\ • 

27.9 26.4 Mouse (0.03) Nawrot and Staples 
(1979) 

4.23 4.0 Mouse (0.03) Shl~nberg and lgnal'ev 
(1970) 

J),'~ 10.4 10.3 Mouse (0.03) lamb el al. (1987) 

3,460 1,771 Rat (0.35) Cox el al. (1975) 

311 159 Rat (0.35) NTP (1985a), as clled 
In USEPA {1997} 

- -- - -
63.5 60 Mouse (0.03) · NTP (1985b), as ciled 

In USEPA {1997) 

29.3 15 Rat (0.35) Palmer el al. (1970) 

0.98 0.50 Rat (0.35) Exon and Koller (1982) 

' 
2.68 1.37 Rat (0.35) (see Comments) 

- -- - ·-
58.7 30 Rat (0.35) Quasi el al. (1983) 

47.8 45.2 Mouse (0.03) Palmer el al. (1970) 

• .II 
·--·--·--- ------117.05 83.0 Mouso (0.03) (scm Cummunts) 

~ 

Comments 

I 
1 
!· 

i 
Based on a subchronic HOAEL of 1 00 
~~/d with an uncertal~ty factor of 0.1. 
nased on a chronic LOAEL of 263.6 
mglkg/d with an uncertal~ty factor of o. 1. 

Based on a chronic LOAEL of 40 mglkg/d · 
wllh an uncertainty facto~ of 0.1. 

Synonymoua wllh methyl ethyl ketone. 
! 

lnaulllcienl data for HOA~L determination. 

" I 

I 
Based on a subchronlc HOAEL of 150 
mglkg/d with an uncertati-.ty_!aclor of 0.1. 
Based on a aubchronic HOAEL of 5.0 
nl{)lkg/d and a!' uncertainty factor of 0. 1. 
Teslapecles HOAEL based on rat HOAEL 
for 2-chlorophenol and r~llo of LD .. values 
(t,BJ0/670) from RTECS (19!)7). 
Insufficient dala lor HOAEL delermnallon. 

The NOAEL represents the maximum dose 
of the atudy, ~ prodt.cced no· significant 
adverse elfecl. • I 

The HOAEL derived from the maximum 
dose of the study, which produced no 
sl!)nllicanl adverae effect. This dose was 
converted from subchronlc to chroniC by an 

_!!!!~!!!!!!!'iJ!clnr of 0. 1 . 
T uat apoclus HOAEL baaed on mouse 
NOAEL for bla(2-ethylhellyl)phthalale and 
ratio of LOte vah1ea (6,80011,500) from 
fl_~ ~cs u 9!»1). 

I 

.; .. 

I 

I 

I 

I 

I 
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. 
Chemical Name 

'tD?vVI 
)J.DlA~ 

• Di-n-buly~lhaiale {g ()OJ 
I Di-n-oclyl phthalate 

g?.1 
Mell_!¥1 ethyl ketrne 

_Meth:tlene chlo(ide ll. "i1 
Phenol 

11...3 
1,1,2,2-lelrachloroelhane 

[;F .. Y 

1,1,2,2-
Tetrachloroethylene }. SS'" 

Toluene t.Y-? 
1,2,4-Trichloro~enzeneJ.,>J 

t, 1, t-T richloroelhani I St.' 

Trichlor9 
. . 1}37-

Xylenes i '2-J. 3. '"2-

rr~"'" s~.,.,.( 
2 -Amino-4,6-dinilrotoluene 

s-.. =tt:; 

•I·Anuno-:! ,6-clinihotoluone 

'3. ?c.;-
n'·llimtrohenzeno 

,J,l3 

:>. 4 -Omllrototuene /. 11 

Doer Mouse lost Species 
NOAEL• NOAEL• 

582 550 

84.1 79.4. 

11.4 5.05 

117.37 6() 

27.58 14.1 

1.48 1.4 

27.5 26.0 

2.90 1.48 

1,100 1,000 

0.74 0.7 

2.22 2.1 

5.50 2.81 

3.78 1.!13 

0.221 0.113 

106 . 0.54 

Test Species 
(Body Weighl)11 Rererence Comments 

Mouse (0.03) Lamb et al. (1987) ' 

Mouse (0.03) (see Comments) T esl species NOAEL based on mouse 
NOAEL for bis(2-elhylhexyl)phlhalale and 
ralio of LO~e values (6,51311,500) from 
RTECS (1997). 

(see 2-b!_!la~one} 
Ral (0.35) · NCA (1082) 

Rat (0.35) NTP (1 083), as ciled in 
USEPA (1997) 

Rat (0.35) 'TseeComments) Teal species NOAEL based on mouse 
NOAEL lor 1,1,1-lllchloroethane scaled to a 

·i; 

ral (541 mglkg/d) and rallo of lDae values 
_!250191600) from RTECS (19971. 

Mouse (0.03) Buben and O'Ftaherly Based on a subchronic NOAEL of 20 . : 

(1085) mglkg/d (5 oul of 7 days), mulllplied by 0.07 
lo convertll1o a chronic NOAEL lor 7 oul of 
7 days. 

Mouse (0.03) Nawrot ancf Staples Base.d on chronic LOAEL of 260 mglkg/d 
(1070) and an uncertainly faclor of 0. I. 

Rat (0.35) '""RRbinson el al. (1981) Based on a aubchronic NOAEL of 14.8 and 
an unce'!alnll factor of 0.1. 

Mouse (0.03) Lane cl al. (1002) The NOAEL represents lhe maximum dose 
olthe study, which produced no slgnllicanl 
adverse effect. 

Mouse (0.03) Buhen and O'Ftaherly Based on a subchronlc LOAEL of 100 
(1905) mglkg/d (5 oul of 7 days), mulliplied by 

0.007 lo convert lito a chronic NOAEL lor 7 
oul of7 days. 

Mouse (0.03L Marks et al. (1982) 

Explosives 

Rat (0.35) · (see Comments) Teal species NOAEL baaed on ral NOAEL 
for TNT and rallo of LDae values ( 1,394n95) 
f!om RTECS {1997~. 

Rat (0.35) (soo r.ommonls) T esl species NOAEL based on ral NOAEI. 

·~ 
lot 1 NT and ratio of LD .. values (0501705) 

J!om RTECS (1997). 
Rat (0.35) Cody cl al. (1001) as llased on subchtonic (16-week) NOAEL of 

ciled in Talmage and 1. 13 mg/llgld and an uncertainly faclor of 

O~!~~o ( 1900c) 0.1. 

Rat (0.35) (see Comments) Tesl species NOAEL based on ral NOAEL 



Ct).-t'" 

t 'TJ: 

-~wr:~.-~ .. :.·.~·, .. , ... 

1P',f\ 

' 

Chemical Name I 
I 

! 

2,6-Dinitr~loluene; 0 .~t..( 
I 

HMX 
! 'l \I -=--
i 

Nitrobenzene 
;,.,~z_ 

Nitroglycerin : {01-
~~ nl-Nilrololuene 

ILfHI t< 
o-Nilrololuene 

I 3.bh 

I g o '. p-Nilrotoluene 

i •.. "' 
PETN !&s-D ~ 

111.10 - RDX 

I 

Telryl 
,1}{~ 
' 

sym-T rinilrobenzene 

. · 6.b I 
I 

- 2,4,6· Trinitrololu,ne 

' }.20 
! 

Doer Mouse Test Species 
NOAEL" NOAEL" 

0.704 0.36 

2.97 3.0 

\ 

6.52 6.95 

102 ' 96.4 

4.22 2.16 

3.50 1.79 

7.71 3.94 

6,213 5,868 

7.75 7.0 

2.36 1.3 

6.32 6.74 

3.00 1.6 

Test Species 
(Body Welght)111 Reference 

Rat (0.35) (see Comments) 

Mouse (0.023) Everell and Maddock 
(1965) as ciled In 
MaxweU and Opresko 
(1996) 

While-fooled (see Comments) 

mous~ (0.0185) 

Mouse (0.03) Ellis el al. (1976, 1964) 
as cited In Smllh (1089) 

Rat (0.35) (see Comments) 

Rat (0.35) (see Comments) 

Rat (0.35) (see Comments) 

Mouse (0.03) (see Comments) 

Mouse (0.036) llsh ol al. (1984) as 
ciled in Talmage and 
Opresko (1996a) 

Ral (0.258) Reddy el al. (1994) as 
ciled in Talmage et al. 
(1096) 

\Nhile-fooled Pathological 

mouse (0.0185) Associates, Inc (1994) 
as cited in Talmage and 
O~resko (1996b) 

Rat (0.318) Dilley et al. (1962) as 
cited In Talmage and 
Opresko (1995) 

Comments 
lot TNT and ratio of LD..,. valuea (2681795) 
from RTECS (1997). 
Test species NOAEL baaed on rat NOAEL 
lot TNT and ratio of LD .. valuea (177n95) 
from RTECS ( 1997). · 
Based on subchronlc NOAEL of 30 mglkgld 
wilh an unc:ellalnly ladot ol 0.1. 

Test species NOAEL based on while-footed 
mouse NOAEL fot sym-dlnltrobenzene (8. 7 4 
mglkgld) and the ratio of LD .. vatuea 
(5901572) from RTECS i1997l. ·· 

Testspeclea NOAEL baaed on rat NOAEL 
lot TNT and ratio of LD .. valuea (1,072n95) 
lrom RTECS (1997). 
Test species NOAEL baaed on rat NOAEL 
lot TNT and ratio of LD .. valuea (89tn95) 
lrom RTECS (1997), 
Teslapecles NOAEL based on rat NOAEL 
lor TNT and rallo of LD .. vakl8a (1,9801795) 
lrom RTECS (1097). 
Test species NOAEL based on mouse 
NOAEL lor nitroglycerin and ratio of LD..,. 
valuea i710001115) from RTECS (1997}. 

. 
Based on aubchlonlc NOAEL of 13 mglkgld 
with an uncellalnly lac&or of 0.1. 

Based on subchronlc NOAEL of 67.4 
mglkgld with an uncellalnty laelor of 0.1. 

Based on a subchlonlc LOAEL of 160 
rnglkgld wllh an uncellalnty faclor of 0.01. 

-- --·-

·I 

I 

I 
I 

ol .; 
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t'",. e~ 
e~lt.t 

1 Chemical Name 

I 
Acenaphthylene . /.II 
Anthracene I II I 
Benzo(a)anthr; 

cene/.fl 

Oenzo(b)Rourarlhen~ .If 
\ 

Benzo(k)lluorarthene I 
_- I. -I 

nenzo(g,h,i)pelylene/ / 
. I 

=~'·i /.II 

1.11 
Oibeftlo(a.h 

f. I I 
F•.aranlhene , I /1.Y 
Fluorene jJ.~ 
lndeno( 1,2,3-cd)pyrene 

I /-1 . -

2-Methylnaplllhalene 

~ .t> i 

Nnflhlltalene ~.~J 

Doer Mouse 
NOAEL• 

1.06 

105.85 

1.06 

1.06 

1.06 

1.06. 

1.06 

1.06 

1.06 . 

13.23 

'13.23 

1.06 

4.79 

5.29 

Test Species Test Species· · 

NOAEL• (Body Weight) .. Reference Comments 

Po!y~y~~lic Hydrocarbon!.{~} 
1.0 · _Mouse (0.03) (see Comments) . lnsuffiCienlloxicily data available fotlhls 

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

. 100 Mouse (0.03) . USEPA (1980a) NOAEL based on lhe highest dose (1,000 
mglkg/d, subchronlc) and an uncertainly 
I actor ol 0.1. 

1,0 Mouse (0.03) (see Comments) lnsulficienlloxlclly dala available fotlhis 
compound. The NOAEL for benzo(a)pyrena 
is used as defaull. J 

1.0 Mouse (0.03) (see Comments) lnsullicienlloxiclly dala available for this 
compound. The NOAEL for benzo(a)pyrene 
Is used as defaull. 

1.0 Mouse (0.03) (see Comments) lnsuflicienlloxlcily dala available for this 
compound. The NOAEL lot benzo(a)pyrene 
Is u&ed as default. 

1.0 Mouse (0.03) (see Comments) lnsufficlenl loxlcity dala available for lhis 
compound. The NOAEL lot benzo(a)pyrena 
Is used as defaull. 

1.0 Mouse (0.03) Mackenzie and Considered lhe moslloxlc PAH to wildlife; 
An()evlne (1001) · therefore, used as lhe delaull for PAHs wilh 

lnsulflcientloxlclly lnlotmallon lot NOAEL 
delermlnallon. 

1.0. Mouse (0.03) (see Comments) lnsulliclenlloxicily dala available lor lhis 
compound. The NOAEL lor benzo(a)pyrene 
Is used as defaull. 

1.0 Mouse (0.03) (see C9f'M\8nls) lnsuflicienttoxicily dala avaUabla for lhla 
compound. The NOAEL for benzo(a)pyrene 
Is used as defaull. 

12.5 Mouse (0.03) USEPA (1988) Dased on subchronic NOAEL of 125 
malka/d and an uncertain!~ factor of 0. 1. 

12.5 Mouse (0.03) USEPA (1989b) Based on subchronlc NOAEL of 125 
3~/d and an uncertain!~ factor of 0. 1. 

1.0 Mouse (0.03) (see Commenls) lnsufliclenlloxiclly dala available ror lhil 
compound. The NOAEL lot benzo(a)pyrene 
Is uaed as delaull. 

VIS Ral (0.35) (see Commanls) • .- Teslapecles NOAEL based on ral NOAEL 
for pyrene (4.06 mglkgld, acaled from 
mot.1se NOAEL of 7.5 mglkg/d) and ratio o1 
1.0 .. vak1e1 (1,63012,700) 11om ATECS 
( 1997). 

5.00 Mouse (0.03) (seo Commenl~>) Test species NOAEL based on mouae 
NOAEL fot pyrene (7.5 mglkgld) and ratio of 



D. L/ I 

6.1'1 

I Deer Mouse 
Chemical Name ; NOAEL• 

' 
Phenanthrene : 

l.ll 1.06. 

I 
I 

Pyrene ~ .10 7.94 
I 

YC."f1~ 
Aroclor-1242 ! o.ro- 0.18 

Aroclor-1248 I 

{), Dl( 0.04 

Aroclor-1254 i o.o \o 0.059 
! 

Aroclor-1260 
o.o1 

0.08 

"In milliorams per kitooram per day (mglko/d). 
•eody weights e~pressed In kilograms. 
cLowest-ObservE?d-Adverse-EIIect-level 

I 

' 

Test Species T oat Species 
NOAEL• (Body Weight)~ Reference Comments 

LD11 valuea (5331800) from RTECS {1997}. 
1.0 Mouse (0.03) (see Comments) tnSl•lfiCienltoxlclly data avaUable for this 

compound •. The NOAEL few benzo(a)pyrene 
Is used as delaul. 

7.5 Mouse (0.03) USEPA (198Dc) Based on aubchiORIG NOAEL of75 mglkgld 
and an unc:eltalnlv faclor of 0.1. ·· 

Polychlorinated Biphenyls PCBs) 
o.osg Mink (1.0) Bleavinaet al. (1980) Based OR cluORIG LOAEL of 0.69 mglkgld 

and an uncertainty factor of 0.1. 
0.01 Rhesus monkey Baraotllet al. (1976) Based OR cluonlG LOAEL of 0.1 mglkgld 

(5.0) and an uncertainly factor of 0.1. 

l l 

0.068 Oldfield mouse McCoy et at. (1905) Based OR chronic: lOAEL of 0.68 mglkg/d 
(0.014) and an uncertainly factor of 0.1. . . 

0.040 Rat (0.35) (see Comments) Teal apeclea NOAEL based on rat NOAEL 
lot 8fOCl01·1254 (0.0304 mgllcgld, scaled 
lrom NOAEL lor oldlleld mouse) and raiJo of 
LD,. valuea (1.31511,010) ftom RTECS . 
(1997). 

., 



Chemical Name 

Aluminum 
Anlimony 
Arsenic 

Barium 

! 

Beryllium i 

I 
; 

Cadmium I 

Chromium (lotal) 

i 
Chromium VI 

Cobalt i 
Cor.eer f 

Cyanide 
I 

I 
I 

Lead 

Manganese 

Mercury (inorganic) 

Mercury (organic) 

Nickel 

Selenium 

I -
Silvet 

! 

Table 8.3 
Lowest-Observed-Adverse-Effects-Levels (LOAELs) for 

lnoroanic Analytes In the Deer Mouse 

Door Mouse Tosl Species Test Species 

LOAEL• LOAEL• (Body Welohl) .. Reference Comments 

20.4 19.3 Mouse {0.03) Ondreicka el al. (1066) As AICI1• 

1.32 .1:-25 Mouse (0.03) Schroeder el al. (1968) As anllmony polaaalum laltrale. 

1.33 1.26 Mouse (0.03) Schroeder and As arsenile (Asu). 
Milchener {1071) 

. 
38.7 .19.8 . Rat (0.35) Borzelleca el al.(1988) As barium chloride. Baaed on a aubc:hlonlc 

LOAEL of 198 mglkgld and an uncertainly 
factor of 0.1. 

.. 

12.9 6.6 Rat (0.35) Schroeder and -As baryiUum aulfale. The LOAEL represenls 10 
Milchener (1975) . 11 lhe ma11lmum dose oflhe sludy, which 

eroduced no adverse effect. 
16.9 10 Rat (0.303) Sulou el al. (1980) As CdCI,. 

53,540 27,370 Rat (0.35) lvankoyic and As Cr'1 In CrJ01• The LOAEL represenls 10 x 
Preussmann (1975) lhe maximum dose of lhe study, which 

eroduced no adverse effect. 
25.7 13.14 Rat (0.35) Sleven el al. (1976) As Cr••. Based on a subchronlc LOAEL of 

131.4 mglkg/d and an unce11alnty factor of 0.1. - Insufficient dala for NOAEL determination. 
38.5 . 15.14 Mink (1.0) Aulerich el al. (1982) As copper sulfate. 
1,260. 687 Rat (0~273) Tewe and Maner (1981) As polassium cyanide •. The LOAEL repreaenls 

10 x lhe maximum dose of the sludy, which 
. produced no adverse effect. 

156 ao Rat (0.35) Azar et al. (1973) As lead acetale. 

556 284 Rat (0.35) Laskey el al. ( 1982) As Mn,O •• 
140 132 · Mouse (0.03) ~evis et al. (1989) As mercuric a&llflde. The LOAEL rePfeaents10 

11 lhe ma111mtun dose of the study, which 
f!oduced no adverse effect. 

0.31 0.16 Ral (0.35) Vetschuuren el al. .. ----· As melllyl mercury chloride • 
(1076) • .. -

156 80 Rat.(0.35) Ambrose el al. (1976) As nickel sulfale hexahydrate. 

0.65 0.33 Rat (0.35) Rosenfeld and Oealh As potassium selenate. 
(1954) -

174 89 Rat (0.35) Olcull ( 1950) As sUver nitrate. ; 



Doer Mouse 
Chemical Name LOAEL• 

Thallium 0.15 

Talanium 309 
Uranium I 6.38 
Vanadium ' 3.8~ 
Zinc 626' 

•tn milligrams per kilogram per day (mgJkg/d). 
•aody weights expressed in kilograms. 

Test Species . 
LOAEL• 

0.074 

158 
6.13 
2.10 

. 320' 

Test Species 
(Body Welght)111 Reference Comments 

Rat (0.365) formigli el al. (1986) AI thallium sulfate. Baaed on a aubchfonlc: 
LOAEL of 0.74 mglkgld with an uncertainly· · 
factor or 0.1. 

Rat (0.35) RTECS (1097) FOrm nolapecllied. 

Mouse ~0.028} · Palernaln el al. (1989) AI uranyl acelato. 
. Rat (0.26~ Domingo et al. (1086) AI sodium melavanada&o (NaVOa), 

Rat (0.35) Schlicker and Cox Aa zinc oxide. 
(1968) 

- - -- ., J 

. .. 



' 

Chemical Name 

Acetone 

Benzene 

Benzoic acid 

Bis(2-elhylhexyl)phlhalale 
2-Butanone 

Butyl benzyl phlhalate 

Carbazole 

Chlorobenzene 

Chloroform 

2-Chlorophenol 

4-Chloro-3-melhylphenol 

Dibenzofuran 

1.1-Dichloroethylene 

1,2-Dichloroelhylene 

Oimelhyl phthalate 

Table 8.4 
Lowest-Observed-Adverse-Effects-Levels (LOAELs) for. 

Organic Analytes In the Deer Mouse 

Deer MOi1se Test Species Test Species I 

LOAEL• LOAEL• (Body Welght)11 Reference Comments ; 

97.8 50 Rat (0.35) USEPA (1086) Based on a subchronlc LOAEL of 500 
~ mg!!cgld with an amc:*rtalnly faclot of 0.1. . 

279 264 Mouse (0.03) Nawrot and Staples 
(1970) 

42.3 40 . Mouse (0.03) Shlenberg and lgnat'ev 
(1970) : 

194 103 .. Mouse (0.03) lamb et at. (1007) ! 
8,940 4,571 Ral (0.35) Cox el al. (1975) Synonymous wllh melhylelhyl kelone. 

91.9 47.0 Ral (0.35) NTP (1085a), as cited i 

in USEPA (1907~ I 
I 

- -- -- - lnsufflclenl dala for LOAEL delermlnallon. · 

127 120 Mouse (0.03) NTP (1085b), as cited : 

in USEPA (1007) 

60.2 41 Rat (0.35) · Palmer el al. (1970) Dased on a subchronic LOAEL of 410 
mglkg/d wilh an uncertainly factor of 0.1. 

9.78 5.0 Rat (0.35) Exon and Koller (1982) Based on a subchronlc LOAEL of 50 
mglkg/d and an uncertainly faclor of 0.1. 

26.7• 13.6 Rat (0.35) (see Comments) T esl.specles LOAE~ based on ral LOAEL 
for 2-chlorophenol aRd ralio of LDae values 
(1,830/670) from RTECS (1997). 

-- - - -- lnsufrlcienl dala for LOAEL delermnalion. 

587 300 Rat (0.35) Quast el al. (1983) The LOAEL represents 10 x lhe maximum 
dose of lhe study, which produced no 
s!gnificanl adverse lilfecl. 

478 452 Mouse (0.03) Palmer el at. (1979) The LOAEL derived from 10 x lhe maximum 
dose of lhe study, which produced no 
significant adverse eflecl. This dose was 

·.~~ 
converted from subchronlc 1o chronic by an 
"!'cer1alnl:t factor of 0.1, 

870 830 Mouse (0.03) (soe Commenls) T esl species LOAEL based on moa1se 
LOAEL for bla(2-elhylhexyl)phlhala&e an.ct 
ralio of l018 values (6,80011,500) from 
1\TECS (1997). 

., 

I 
I 



;. 

-----

Deor Mouse Test Species Test Species ·'· 

Chemical Name LOAEL• LOAEL1 (Body Wetoht)" Reference Comments 
Di-n-butyl phthalate 1,940 1,833 Mouse (0.03) Lamb el al. (1987) 
Di-n-octyl phthalate 840 794 Mouse (0.03) (see Comments) ; Teslspeclea LOAEL baaed on mouse 

0' 
LOAEL lor bls(2.elhyahexyl)phlhalale and 

•:. rallo of LOse values (8)51311,500) from 
RTECS (1997). 0 1 

0 

Melh:tl elh:tl ketone (see 2-butanone) 
Melh:tlene chloride 97.8 S(l Rat (0.35) NCA (1082) 
Phenol 235 120 Rat (0.35) NTP (1983), as cited In I USEPA (1997) .. 
1,1,2,2-tetrachtoroethane 149 141 Rat (0.35) (see Comments) Teslspeclea LOAEL based on mouse 

LOAEL lor 1,1,1-lrlc:hloroelhane scaled 10 a 
rat (5,41 0 mglkgld) and rallo of LD11 values 
(250/9,600) from RTECS (1997). 1 

1,1,2,2- 7.41 7.0 ° Mouse (0.03) Buben and O'Fiaherty Based on a aubchron!C LOAEL of 100 ! 

Tetrachloroethylene (1985) mglkgld (5 oul of 7 d•ya), mulllplled by 0.07 
lo convert lllo il chloftic LOAEL lor 7 oul of 
7 days. I 

Toluene 275 260 Mouse (0.03) Nawrot and Slaplea : 

(1079) 

1,2,4· T richlorobenzene 11.6 5.36 Rat (0.35) Robinson el al. ( 1981) 0 Based on a atlbchronlc LOAEL of 53.6 and 
an uncertain!~ factor 1of 0.1. 

1,1,1-Trichloroethane 11,000 10,000 Moose (0.03) Lane el al. (1082) The LOAEL represents 10 x lhe maximum .. dose of the aludy, which produced no 
slanllicanl adverse elfecl. 

Trichloroethylene 7.41 7.0 Mouse (0.03) Buben and O'Fiaher1y Ba~ad on a 111bchronic LOAEL of 100 
(1985) mglkg/d (5 out of 7 days), mullipliad by 0.07 

lo convert ll to a chltnlc LOAEL lot 7 oul of 
7da~a. 

Xylenes 2.75 2.6 Mouse (0.03) Marks et al. (1982) ! 

Explosives 

2 -Amino-4,6-clinitrotoluene 55.0 28.1 Rat (0.35) (see Comments) Tealspeclea NOAEL baaed on ral LOAEL 
lor TNT andorallo of ~D11 values (1,394n05) 
from RTECS (1997); ·-·----4-Amino-2,6-dinilrotoluene 37.8 19.3 Rat (0.35) (stto Conunonls) Teat spades NOAEL baaed on rat LOAEI. 

' 

• lot TNT and ratio of ~011 values (9591705) 
~ 

I - lrf"' RTECS (1997)c · 
m-OuultObenzcne 0.32 --0.173 Rill (0.35) Cucly ol 111. (10111) tiS naserl on aubc:hr~ (18·waek) LOAEL of· 

cited in T almaoe and 1. 73 mgJicfJid and -. unc:ertalnly lact01 ol 
_Qr.resko (1996c) 0.1. 

2,4-Dinttrotoluene 0 10.5 5.39 Rat (0.35) (see Conunenls) Tealapeclea NOAEL baaed on ral LOAEL 



• 

Door Mouse Test Species Test Species 
Chemical Name LOAEL• LOAEL• (Body Welght)11 Reference Comments 

for TNT and rallo of LDae values (2681795) 
from RTECS (1997). I • 

2,6-0inilrotoluene 6.96 3.56 Rat (0.35) (see Comments) . Teal species NOAEL based on ral LOAEL 
lor TNT and rallo of LDae values ( 1771795) 
from RTECS {1997}. ! . 

HMX 7.43 7.5 Mouse (0.023) Everell and Maddock Based on subc:hronlc LOAEL of 75 mglkgld 
(1065) as cUed in wllh an uncertainly •tor ~ o.' 1.. , 
MaxweU and Opreako 

~ 

'\ . (1996) ' 
Nitrobenzene 11.0 11.7 While-foote~ (see Comments) Tesl species LOAEL based on while-fooled 

mouse (0.0185) mouae LOAEL for syin-dlnltrobenzene 
( 11.35 mglllg/d) and lhe rallo of LDae values 

.. 
(5901572) from RTEQS (1997). 

Nitroglycerin 1,080 1,022 Mouse (0.03) Ellis et al. (1978, 1964) I 
~~milh (1969) 

m-Nilfololuene . 42.2 21.6. Ral (0.35) (see Comments) Teal species NOAEL based on rat LOAEL 
for TNT and ratio ol ap .. vak~es ( 1,0721795) 
from RTECS (1997),: 

o-Nilrololuene 35.0 17.9 Rat (0.35) (see Comn\8nls) Test spedes NOAEI.based on rat LOAEL 
for TNT and rallo of LDae values (891n05) 

I 

from RTECS (1997\.i 

r>· Nitrotqluene 77.1 3D A Rat (0.35) (soo Comments) Test species NOAEll based on ratlOAEL 
for TNT and ratio' of ~D .. values (1,0601785) 

_!!om RTECS !f997).1 

PETN 65,800 62,200 Mouse (0.03) (see Comme~ts) Test spedes LOAELrbased on mouse 
LOAEL lor nllroglyc~rln and ratio of LDae 

_.. values (7,0001115) '1om RTECS (1997). 

ROX - 30.0 35 Mouse (0.036) l.ish et al. (1964) as .. 
cited in Talmaoe and 
Opresko (1996a) : 

Telryl . 11.2 6.2 Rat (0.258) Reddy el al. (199:4) as Based on subchronic LOAEL of 62 mglkg/d 
ciled In Talmage el aL with an uncertainty fac:lor of 0.1. 

(1900) 
sym-Trinilrohcnzene . 10.6 11.35 · While-fooled Palholooical Rased on subdvonic LOAEL of 113.5 

mouse (0.0185) Aaaociales, Inc (1904) mglkg/d wllh an uncettalnly fact01 of o. 1. 
as cited in T olmiM)e and 
O(?!!Sko (~!?) 

2 ,•l,li ·Teuulrululm:nu 3n c; 1fi 0 Rnl (0.318) Oilloy ol nl. (10R2) ns Rased nn a subchtonic LOAEI. nf 160 
. cltod in Talmnoe and III(Jikg/d with an uncenalnly factor of 0. 1. 

-c. 
Opresko (1005) 

~-



Deer Mouse Test Species Test Species 
Chemical Name LOAEL• LOAEL• (Body Weloht)" Reference Comments 

Polycyclic Aromatic Hydrocarbons (PAiis) I 

Acenaphlhylene 10.6 10.0 Mouse (0.03) (see Comments) lnsufficienltoxlcily data av.ailable lor this . 
compound. The LOAEL ,.. benzo(a)pyrene 
is used as default. . 

Anthracene· 1,060 1,000 Mouse (0.03) EPA (1989a) LOAEL based on 10 xlhe .hiohesldose 
( 1,000 mglkg/d, subchronJ1::) and an 
uncel1ainl"i factor of 0.1. I 

Denzo( a )anlhrace!le 10.6 10.0, Mouse (0.03) (see Comments) lnsulfacienttoldclly data al/,allable lor this 
compound. The LOAEL fat benzo(a)pyrene 
is used as default. .; ' 

Denzo(h)flouranlhene 10.6 10.0 Mouse (0.03) (see Comments) lnsufficlenlloxlclly data available lor this 
compound. The LOAEL lew benzo(a)pyrene 
is used as default. · 

Benzo(k)fluoranlhene 10.6 10.0 Mouse (0.03) (see Commenls) Insufficient toxicity data available for this 
compound. The LOAeL lor benzo(a)pyrene 
is used as default. 

Aenzo(!J,h,i)perylene 10.6 10 0 Mouse (0.03) (see Comments) lnsuffacienl toxicity data available for this 
compound. The LOAEL 101 benzo(a)pyrene 
is used as default. 

Benzo(a)pyrene 10.6 10.0. Mouse '(0.03) Mackenzie and Considered the most lox~ PAH to wildlife; 
Angevine (1081) therefore, used as lhe def,ull for PAHa wilh 

insufficient toxlclly infornulllon lor LOAEL 
delerminalion. 

Chrysene 10.6 10.0 Mouse (0.03) (see Commenls) lnstilliclenltoxicily data available lor this 
compound. The LOAEL rr benzo(a)pyrene 
Is used as default. . · 

Oihenzo(a,h)anlhracene 10.6 10.0 Mouse (0.03) (see Comments) lnsufficlenttoxlcily data a~ailable lor this 
compound. The LOAEL lor benzo(a)pyrene 
is used as default. \ 

Fluoranthene 26.5 25.0 Mouse (0.03) EPA (1986) Based on subchronlc LOAEL of 250 
mglkg/d and an uncertain!~ factor ol 0.1. 

Fluorene . 26.5 25.0 Mouse (0.03) EPA (1980b) Dased on subchronlc LOA,EL of 250 
mglk2/d and an uncertainiX factor of.0.1, 

lndeno( 1,2,3-cd)pyrene 10.6 10.0 Mouse (0.03) (see Comments) lnsulflclenltoxicily data available lor this 
compound. The LOAEL 101 benzo(a)pyrene 
Is uaed as delaull. 

2-Melhyl~aphlllalene 7.90 4.08 Rat (0.35) (see Commenls) ... -Teii species UlAel. based on rallOAEL 
lor pyrene f6.78 mglkgld, sceled from 
mouse LOAEL ol125 mglkg/d) and ratio ol 
to .. values (1,63012,700) from RTECS 
(10!)7). 

Naphthalene 0.82 8.33 Mouse (0.03) (soe Commonls) Teiltipecies LOAEL based on mouse 
LOAEl lor pyrene (125 M!Jikg/d) and ratio 



; 

I 
Chemical Nam~ 

. Aluminum 
I 

An limon~ i 
Arsenic 

Barium 
I 

Be~llium 
Cadmium ----·-
Chromium (lolal) 

Chromium·vl I 
Co ball i 
CopP-er 

I C~anide 
Lead 

I 
I 

I 
I 

Manganese ! ; I 
Mercury (inoroanic) 

Mercury (orgaQic) 

Nickel •. 
·scTen~-----

I 
Sil11er 

Tl lilllnun • I 

Table 8.5 
No-Observed-Adverse-Effects-Levels (NOAELs) for 

Inorganic Analytes in _the Burrowing Owl 

Burrowing Owl Test Species Test Species 
(Body Weight) .. Reference NOAEL• NOAEL• 

109.7 109.7 Ringed Dove Carriere el al. (1086) 

' . (0.155) 

- - - -
5.14 5.14 Mallard (1.0) USFWS (19&4) 

20.8 20.6 Chicks (0.121) Johnson el al.(1960) 

-- -- - -
1.45 1.45 Mallard (1.153) While and Finley (1978) 

1.0 1.0 Black Duck (1.25) l'laselline el al. (1005) 
(&tnpublished), as ciled 
In S!!~ple e!_!l. (10~ 

-- - - -- - - -
47 47 Chicks (0.534) Melvina el al. (1060) 

-- --- -
3.85 3.1,15 American Kestrel Pallee (1984) 

(0.13) 

977 977 Japanese Quail Laskey and Edens 
(0.072) (1985) 

0.45 0.45 Jaranese Quail t·lill and Schaffner 
(0.15) (1076) 

0.0064 0.0064 Mallard ( 1.0) l·lcinz ( 1970) 

• 
77.4 77'1 ¥.~~lard (0.702L Cnin and Pntrord (10if'1) 

0.44 0.44 Screech Owl (0.2) Wiemoyer and Hollman 
(1996) 

--- --- -
--- --- . -- --

Comments 
As AI,( SO.),. Based on single dose wllh no 
obseiVed ad11erse effect: 

lnsulfacienl data for NOAEL delermlnallon. 

AI sodium arsenite (As'1). 

As barium hydroxide, Based on a subdvonic 
NOAEL ol 208 mglkgld and an uncenainty 
factot of 0.1. · 

lnsulfaclenl dala fot NOAEL delermlnallon. 
As CdCI1• 

As Cr'' In CrK(SO.),. · 

lnsufrlc:lenl data lot NOAEL determination. 

lnsutliclenl data for NOAEL delermlnalion. 
As copper oxide. 

tnsulficlent dala for NOAEL delermlnallon. 

As metallic lead. The NOAEL Is based on lhe 
maximum dose, which produced no signilicanl 
adverse effects. 
As Mn.o.. Based Oft single dose wllh no 
obseiVed adverse ellect. 

As mercuric chloride. 

As methyl merCUfY dicyandlamlde. Based OR a 
single dose which was considered &o be a 
ch!~~ I.OAEL• and an uncer1alnlllaclor ol 0 1 . 
As nickelsulfalo. 
As selenomelhionlne. 

lnsulfw:ienl data lot NOAEL determination. 
lnsullicienl data lor NOAI!L delermlnalion. I 



Doer Mouse 
Chemical Na no LOAEL• 

Phenanlhreni . 10.6 

Pyrena 13.2 

I 

Aroclor-1242 1 1.8 
Aroclor-1248!· 

I 
0.4. 

Aroclor-1254! 0.59 

Aroclor-1200 ; 0.77 

I 
•1n milligram~ per klloQram per day (mglkg/d). 
11
Body weighl$ expressed In kilograms. 

I 

'Lowesi.Obsred-Adverse-Eifeci-Level. 

I 
I 

Tos.t Specie~. Test Species · 
LOAEL• (Body_ Welght)11 Roforonce 

10.0 Mouse (0.03) (see Commenls). 

.12.5 Mouse (0.03) EPA (1009c) 

Polychlorinated Blphe~y_ls IPCBs) 
0:69 Mink (1.0) · 

0.1 Rhesus monkey 
(5.0) 

0.68 Oldfield mouse 
{0.014} 

0.40 Ral (0.35) 

Bleavins el al. (1980) 

Barsolli el al. (1976) 

McCoy el al. (1995) 

(see Comments) 

.. 

• ~ 

:. 

Comments 
of LD .. values (5331800) ftom RTECS 
( 1997). 
lnsufftdent loxlcily dala available fot lhls 
compound. Tho LOAEL lot bonzo(a)pyrene 
Is used as default. 
Oased on subctuonlc LOAEL of 125 
mglk~d and an unceltalnll factor of 0.1. 

;~ 

Teslspecles LOA.EL based on ral LOAEL ' 

lot aroclof-1254 (0.304 mglkgld, scaled 1 

ltom LOAEL lor oldlield mouse) and rallo. of 
LO .. values (1,31!111,010) lrom RTECS I 

(1997). I 



I 
Chemical Nam• 

' , Acetone. 
Benzene : 
Oenzoic acid 
Dis(2-elhylhexyl)phlhalale 

2-0ulanone 
Butyl benzyl phlhal!le 
Carbazole ' 

Chlorobenzene I 
Chloroform 

2-Chlorophenoll · . 
4-Chloro-3-mell'lylphenol 
Dibenzofliran i 

1, 1-Dichloroelhylene 
1,2-Dichloroelhylene 
Dimelhyl ehlhal~le 
Di·n-bulyl phlhalale 

' 

Di-n-ocltl ~hlhalale 
Methyl elh~l ketone 

_!v1elhylene chloride · 
Phenol 
1,1 ,2 ,2-lelrachloroethane 
1,1,2,2~ i 
T etmchlornethylene 
Tol1113ne ____ l 

-1,2:4-T richlorohenzene 

Table B.6 
No-Obsorved-Adverse-Effects.;Lovels (NOAELs) for 

Organic Analytes in the Burrowing Owl 

Burrowino ·Test 
Owl Spoclos Test Species 

NOAEL• NOAEL• (Body Weloht) .. Reference 
' - - -

- - - -
-- -- - . . . 
1.1 1.1 Ringed Dove Peakall (1974) 

(0.155} 
I -- - -- ·-

- - - --
- - - -
- - - --
- - - ... 
- - - -· 
- - - --- -- - -- - -

- - -
0.11 0.11 Ringed Dove Peakall (1974) 

(0.155) 

- - - -
- -- - --- - - --
- - - -- ,. - - -
- - -
-- -- - ·-
--- -- -

Comments 
lnsufliclenl dala for NOAEL delermlnallon. · 
lnsufflclenl data lor NOAEL delermlnallon. .; l 

lnsullicienl dala lor NOAEL delerminallon. 
NOAEL based on single dose which 
Pfoduced no slgnlftcanl adverse eHeel. · 

lnsufftcienl dala for NOAEL delermlnalion. 
Insufficient dala for NOAEL delermlnallon. 
lnsufficlenl dala for NOAEL delermlnallon. I 

lnsuflicienl dala for NOAEL delermlnallon. 
lnsufftclenl dala for NOAEL delermlnallon. 
lnsufliclenl dala for NOAEL delermlnaalon. 
lnsulliclenl dala lor NOAEL delermlnalion. 
lnsufficlenl dala for NOAEL delermlnalion. 
lnsufftcienl dala for NOAEL delerminalion. 
Insufficient dala for NOAEL delermlnallon. 
lnsufliclenl dala for NOAEL delermlnallon. 
NOAEL based on a single dose lhal was 
considered lo be a chronic LOAEL• and an 
••!!Uitalnll faCior of 0.1. 
lnsuHiclenl dala lor NOAEL delermlnallon. 
lnsufliclenl dala for NOAEL delermlnalion. 
lnsuflicienl dala lor NOAEL delerminalion. 
lnsulliclenl dala lor NOAEL delerminallon. 
lnsuflicienl dala for NOAEL delermlnallon. 
lnsulliclenl dala lor NOAEL delermlnalion. 

InsuffiCient dala for NOAEL delermlnallon. 
lnsulficlenl dala lor NOAF.L deletmlnallon. 



Burrowing Owl Test Species 
Chemical Name NOAEL• 

Titanium i -
Uranium 16 

I 
Vanadium 

I .. 11.4 
I 

Zinc I 14.5 
I . . 

•an milligrams ~er kilogram per day (mg/kg/d). 
11Body weighls!expressed in kilograms. 
'Lowest-Observed-Adverse-Effect-Level. 

NOAEL• 

---
16 

11.4 

14.~ 

Test Species· 
(Body Weight) .. Reference Comments 

- -- lnsullicienl dala fQf NOAEL delerminalloli. 

Black Duck (1.25) l·laselline and Sileo As depleted melaNic uranium. Tho NOAEL Is 
(1983) based on hJghesl dose (160 mglkgld. 

_!!!bchlonlc} and an uncellalnl~ lador of 0.1. 

Mallard (1.17) While and Oielor (1978) Aa vanadylsulfalo. NOAEL based on lhe 
maximum dose. which produced no slgnifacanl 
adve11e· ell act. 

Chicken (1.935) Stahl el al. (1990) AI zinc aullale. 
--~--

·l 

•• 



• 

Chemical Name 

Aluminum 

Anlimonl 
Arsenic 

Barium 

Oeryllium 
-C.,dmium 

Chromium (total) 

Chromium VI 
Cohall 

Copper 

Cyanide 

Lead 

Manganese 

Mercury (inorganic) 

Mercury (organic) 

Nec:kcl 
·sCi~iliiiiil 

-Silver 

Thallium 

Table B.7 
Lowest-Observed-Adverse-Effects-Levels (LOAELs) for 

Inorganic Analytes in the Burrowing Owl · 

Burrowing Owl Test sp·ecies Test Species I 
LOAEL" LOAEL" (Body Weloht)" Reference Comments 

1,007 1.007 Ringed Dove Carriere el al. ( 1906) As AI,(S01),. LOAEL based on 10 x a single 

' (0.155) lest dose thai produced no adverse elfecl, ; 

-- -- - -- Insufficient dala for LOAEL delerminalion. 

12.84 12.84 Mallard (1.0) USFWS (100<1) Aa sodium arsenite (As11). 

41.6 41.6 Chicks (0.121) Johnson el al.( 1960) As barium hydroxide. Based on a subchronlc 
LOAEL of 416 Algl1lgld and an uncertainly fador 
ofO.I. 

-- -- - --- Insufficient data for LOAEL determination. 

20.0 20.0 Mallard (1.153) IJVhilo and Finley (1078) As CdCI,. 

5.0 5.0 Black Duck (1.25) llaselline el al. (1005) AI cr•1 in CrK(SO.)a. 
(unpublished), as ciled 

! 

in s!!!!ele et .al. {1996) 

- -- - - Insufficient dala for LOAEL delerminalion. 

-- - - -- lnsufficlenl data for LOAEL deletmlnallon. 

61.7 61.7 Chicks (0.534) Mehring el al. ( 1960) As copper o~tlde. 
' -- - - -- lnsulliclenl data for LOAEL determination. 

38 .. 5 38.5 American Kestrel Pallee (1984) As metallic lead. The LOAEL Is based on 10 x 

(0.13) lhe maximum dose, whiCh produced no 
sianificanl adverse eHecls. · 

I 

9,770 9,770 Japanese QuaU Laskey and Edens As Mn10 •• LOAEL bas.d on 10 x a single leal 
1 

{0.072) (1005) dose thai produced no c)bserved adverse effed. 

0.90 0.00 Japanese Quail llill and Schaffner As mercuric d\lorlde. . I . . . ' 
(0.15) (1976) 

0.0641 0.0641 Mallard (1.0) Ueinz (1079) As methyl mercury dicyandlamlde. Basl[ld on a I 

sin9le dose whlcb was considered lo be a 
chronic LOAEL. 

107 107 Mallard (0. 782) Cnin nnd Pafford (1081) As nickel sulfate. I 

1.5 1.5 Screech Owl (0:-2) Wiumeyor nnd lloflman As sektnomelhionlne. 
(1006) 

- -- ·- --· lnsuflicienl dala foti.OAEL determination. 

- -- - - lnsuffiCienl data for LOAEL delermlnalion. 

. . 

.. 



• 

Burrowing Owl lost Species 
Chemical Name LOAEL• 
Tilanium -
Uranium 160 

Vanadium· 114 

Zinc . 131 

•1n milligrams per kilogram per day (mglkg/d). 
11Body welghls expressed In kilograms. 

LOAEL• 

-
160 

114 

131 

. 

Test Species 
I (Body Welght)11 Reference Comments 

- - IAsuffiCienl data for LOAEL deletmlnallon. I 

Black Duck (1.25) Haselllne and Sileo Aa depleted melaUic utanium. The LOAEL II 
I . 

(1083) based on hlgheal ~· (160 mglkg/d, . I 

aubchtonlc), which prodUced no algnlrlcanl 
1 

adverse effect, and an uncertainly factor of 0.1. : 

.Mallard (1.17) While and Dialer (1978) AI vanadylsulfale. N~aed on 10 x lhe 
maximum dose, which no algnillcanl 

! adverse effect, · · · 

Chicken (1.935) Slahl el al. (1990) AI zinc aulfale. ! ., .t 

·~ 



Chemical Namjt 
Acetone 
Oenzene 
Benzoic acid ' 

Bis(2-elhylhexyl)phlhalale 

2-Butanone 
Butyi"beilz):l [!hlhalale 
Carbazole .) 

Chlorobenzene. · 
Chloroform i 

2-Chloro~henol: 

4-Chloro-3-mei~~Jehenol 
Dibenzoturan !" 

1,1-Dichloroelh~lene 

1,2-Dichloroethylene 
Dimelh~l ~hlhal~te 
Di-n-butyl phthalate 

. I 

i 
Di-n-octyl ~hlhalate 
Meth~l eth~l ketone 
_Melh~lene chloride 
Phenol 
1, 1,2,2-lelrachloroelhane TI;;.,_ ---....... 
T etrachloroelhylene 
Toluene I 
-1.2,4-Trir.hloto~)enzone 

Table B.B 
Lowest-Observed-Adverse-Effects-Levels (LOAELs) for 

Organic Analytes in 'the Burrowing Owl 

Burrowlno Test 
Owl Species Test Species 

LOAEL• LOAEL• (Body Woloht)11 Rcrerence Comments 

- '-- - - Insufficient data fol LOAEL determination. 

-- - -- -- tnsufflclent data for LOAEL delermlnalion. 

- - - - lnsulliclent data for LOAEL determination. 

11.0 11.0 Ringed Dove Peakall (1974) LOAEL baaed on 10 x a single lest dose 
(0.155) lhat prOduced no algnllicanl adverse eneca. 

- -- -- - tnaufrlclenl dala f01 LOAEL delermlnallon. 

-- - .-- - tnsulflclenl dala for LOAEL determination. 

- --- -- - lnsulliclenl dala for LOAEL delermlnallon. 

-- - -- -- tnsulliclenl dala f01 LOAEL delermlnallon. 

- - - - tnsulficlent dala for LOAEL determlnallon. 

-- - - - tnsulfaclenl dala f01 LOAEL delermlnallon. 

-- - - - lnsulliclenl data f01 LOAEL delermlnallon. 

- - -. -- lnsutficlenl dala for LOAEL delermlnallon. 

- - - -- tnsulliclenl dala for LOAEL delerminallon. 

- - - - Insufficient dala for LOAEL determlnallon. 

- - - -- lnsutfacienl data for LOAEL delermlnallon. 
1.1 1.1 Ringed Dove Peakall (1074) LOAEL based on a single dose lhat was. . (0.155) considered to be a chronic LOAEL. 

- - - - tnsufflclent dala for LOAEL delermlnallon. 

- - - - tnsulfaclenl dala for LOAEL delerminalion. 

- - - - tnsutficlenl dala f01 LOAEL delerminallon. . 

-- - - -- tnsuffaclenl dala for LOAEL delermlnalion. 

- - - - · .. tnsulflcienl dala f01 LOAEL delermlnation. 

--- -- --- -- tnsulflclenl dala for LOAF.L determination. 

--- - - - tnsuffiCienl dala f01 LOAEL determination. 

--- -- -- --- tnsulflclenl dala for LOAEL determinalion. 

l 



• 

' Burro wino Test 

Chemical NamJ 
Owl Species Test Species 

LOAEL1 LOAEL1 (Body Weloht)• Reference Comments 

1,1,1-Trichloroelllane - - - - lnsutfaclenl dala lot LOAEL delermlnallon. .. 
Trichloroelh~lene - - - - lnsufficlenl dala fotlOAEL delermlnallon. 

Xylenes I - -· - - Jnsalfraclena dala lot LOAEL delermlnallon. 

Explosives 

2-Amino ... ,6-dinllrololuene - - - - lnsulrlclenl dala lotlOAEL delermlnallon. 

4-Amino-2,6-dinilrololuene - _, - - lnsufliclenl dala fotlOAEL delermlnallon. 

m-Dinilrobenzene - - - - lnsufliclenl dala lor LOAE!. delermlnallon. . " .r 
2, 4-Dinilrololuene - - - - lnsufficlenl dala lot LOAEL delermlnallon. 

2,6-Dinilrololuene ·- - - - lnsufliclenl dala lor LOAEL delermlnallon. 

HMX - - - - lnsuflicienl data for LOAEL delermlnallon. 

Nitrobenzene - - - -- Insufficient data lotlOAEL determlnallon •. 

NilroDI~cerin -. - - - Insufficient data lor LOAEL determination. 

m-Nilrololuene - - - - Insufficient data for LOAEL determination. 

o-Nilrololuene ; - - - - Insufficient data for LOAEL determlnallon. 

~-Nilrololuene , - -· - - lnsulliclent data for LOAEL determination. 

PETN 
I -· - - ·- tnsulflclenl data lor LOAEL determination. 

RDX I - - - - lnsufficlenl data for LOAEL determlnallon. 

Tel~l i - - - - tnsulliclent data for LOAEL determlnallon. 

s~m-Trinilroben~ene - - - - lnsllfficlenl dala lor LOAEL determlnallon. 

2,4,6-TrinilroloiLiene - - - - lnsullicienl dala lorlOAEL delermlnallon. 

Polycyclic Aromatic Hydrocarbons TPAHs) 

Acena~hlh~lene - - - - lnsulliclenl data for LOAEL delermlnallon. 

Anthracene ' - lnsulliclenl dala lorlOAEL determination. i - - -
Oenzo(a)anlhracene - ·- - - tnsulliclenl data for LOAEL determlnallon. 

Oenzo(b)rtouranlhene - - -· - Insufficient data lor LOAEL determination. 

Oenzo(k)rtuoranJhene · ·- - - - lnsulliclenl data for LOAEL determination. 

Oenzo(g,h,i)e!_rylene - -· - - Insufficient dala lor LOAEL determlnallon. 

Benzo(a)etrene - - - • lnsulficlenl data for LOAEL determination . - .. 
Chrysene - -· - - Jnsullicienl data lor LOAEL determlnalion. 

OiiJenzo(a,h)anthracene - - - - lnsullicienl data lorlOAEL determination. 

Fluoranlhene ·- - - . - lnsulficienl dala for LOAEL determlnalion. 

Fluorene ' -· -· - - lnsulr!Cien& data lor LOAEL determination. 



Burro~ing 
owa 

Chemical Name NOAEL• 
lndeno(1 ,2,3-cd)pyrene -
2-Melhylnaphl~alene -
Naphlhalene 

. -
Phenanthrene -

-Pyrena -
Aroclor-1242 0.41 

Aroclor-1248 -
Aroclor-1254 0.18 

Aroclor-1260 --
'In milligrams per kilogram per day (mgJkg/d). 
"Body weiohts expressed in kilonrams. 
'Lowest-Observed-Adverse-Effect-Level. 

Test i 

I 
Species Test Species 
NOAEL• (Body· Woloht)., Rereronco Comments I 

- - - lnaufllclenl dala for N0
1
AEL delermlnallon. 

- - - lnaufnclenl dala for NOra-EL delermlnallon. I 
I 

- - - lnaufficlenldala for NO,&.EL delermlnallon. · 

- - - lnsufliclenl dala for NO,&.EL delermlnallon. 

- - - lnaulliclenl data for NOAEL detennlnallon. 

Potychlorlnated Biphenyls (PCBS) I I 
0.41 Screech Owl Mclane and Hughes NOAEL based on a single dose that . -1 

{0.181} (1980) produced no slgnlllcant adverse eHed. 
. I 

- - - lnaufrlclenl data for NOAEL delermlnalion. 

., 

0.18 · Rlng~Necked Oahlgten et al. (1 072) Baaed on lhe lowest dose, which was 

Pheasanl (1.0) considered lo be a chr1nlc LOAEL and an 
uncertalnll factor of 0 ..• 

-· - -- lnsufliclenl dala for NOAEL delermlnallon. 
; 

... 



Burrowing Test 
I Owl S11ec\es Test Species i 

Chemical Name NOAEL• NOAEL8 (Body Welghl) 111 Reference Comments 
I 

1,1,1-Trichloroelhane - -· - lnaulficlent data lor NOAEL determinallon. 
T richloroelh~lene - -- - --. lnsufracient data lor ~OAEL determlnallon. 
Xylenes - - Insufficient data lot tfOAEL d~termlnallon. 

Explosives ' 
' 

2 -Amino-4 ,6-dinilrotoluene - - - - tnsurficient data for NOAEL delerminalion. 
4 -Amino-2 ,6-dinilrololuene - - lnsurficlent data for NOAEL determination. 
m-Dinilrobenzene - - - - tnsurticient data for NOAEL determination. 
2, 4-Dinilrololuene - - - - Insufficient data lor NOAEL determination. of 
2,6-Dinilrololuene - - - Insufficient data lor NOAEL determination. 
HMX -- - - lnsufliclent·data lor ~OAEL determination. 
Nitrobenzene .. - -- -- - tnsurficient data for NOAEL determlnallon. 

Nitroo!ycerin - -- - - tnsulficlent data lor NOAEL determlnalion. 
m-Nilrololuene - - - -- tnsulllclent data for NOAEL determination. 

o-Nilrololuene - - - - lnsufficlenl data for ~OAEL determination. 

e-Nilrololuene - - - -- Insufficient data for NOAEL determination. • 

PETN - - - . - Insufficient data for NOAEL determination. 

RDX - - - - lnsutficient data for NOAEL determlnallon. 

Tel~l - -- - - tnsufficient data for NOAEL determlnalion. I 

s~m-T•inilrobcnzcne -- --- - - Insufficient data for t"OAEL determinallon. 

2,4,6-Trinitrotoluene - - - -- lnsuiRclent data for NOAEL determlnallol'. 

Polycyclic Aromatic Hydrocarbons (PAHs) 
I 

· Acenaehlhllene - - - -- lnsufficlenl dala for NOAEL delennlnallon; 

Anthracene - - - - lnsufliclenl data for NOAEL delermlnallon. 

lnsulflcienl data for NOAEL determlnallon. 
: 

Benzo( a)anthracene - - - --
Benzo(b )Oouranthene - - - - Insufficient data for NOAEL delermlnallon. 

Benzo{!9nuoranlhene - - - - lnsufraclenl dala lot NOAEL delermlnallon. 

Oenzo(g.h.i)perylene -- - - - .. lnsuflicient data lot NOAEL determination. 

~!!zo( !le~rene - - . lnsufraclent data lot NOAEL determination • - - . 
Ch!Ysene - -- - --- tnsulficlent data for NOAEL determinalion •. 

Dihenzo(a,h)anlhracene -- - - - lnsufrlclent data lot NOAEL determination. 

Fll•oranlhene - - - - tnsulficlenl data lot NOAEL determinalion. 

Fluorene - - - -- Insufficient data fot NOAEL delerrnlnallon. 



·Plant 
. Chemical Name Benchmark• 
Aluminum · 50.0 
Anlimony 5.0 

Arsenic 10.0 

llarium 500 
Beryllium 10.0 

Cadmium 3.0 

Chromium (lolal) ----Chromium VI 1.0 

Cobalt 20.0 

Copper 100 

Cyanide --
Lead 50.0 

~anaanese 500 
Mercury 0.3 

----··-------· -·----Nickc:l 30.0 

----Se=lenialm 1.0 

Stiver. 2.0 

Thallu.im - 10 

Table 8.9 
Plant Bcnchmarl<s for Soil Concentrations of 

Inorganic Analytes 

Form of Chemical 
Tcslccl Test Species Rotcrcnce 

AI~(SQ!~l- While clover Mackay el al. (1000) 
' 

Nol specified Not specified Kabala-Pendias and 
Penclias ( 1 084) 

Sodium arsenite Ryegrass .liano and Singh 
(100<1) 

; 

Ba(N03}L- Barle~ Chaudhry el al.(1077} : 

Nol specified · Nol specified Kabala-Pendias and . 
Pendins (108<1) : ··-·------

Various Various Will and Stller (1005) ; 

i --- - ---
Various Various WiU and Sader (1005) 

~ricullural) ' 

Nol specified Not specified Kahala•Pendias and ' 
Penrlias (108<1) 

CuS04 Lillie blueslem Miles and Parker 
(1070) 

--- - -
POCil Sycamore Ca1lson and Dazzaz 

j,!077) 
Mnso. Bush beans Wallace el al. (1077} 

Not specified Not specified Kahala-Pendias and 

. ~- P.~~·~!!!~! .(~~!!~} ----· 
V&uious Various WiU uud SuiCJI (I OU5) 

Na1Se04 sorgrass Callson el al. (1C91) 

Nol specified Nol specified Knbala-Pendlas and 
Pendias (108<1) 

Nol specified Nol specified KnhniU.P'endiiisand 
Penttias (1084) · 

I 

i 
! 

i 
Comments i 

Lowesl concenlraliori lesled. · 

Based on secondary I source lnformallon wilh 
no experimenlal dela,ils. 
NOAEL11 fotlhls species. Also ldenlifaed as 
lhe LOAELc lot some aglic:ulluralspec:les 
(Will and Suler, 1995) 
Lowesl conc:enlralio~ lesled. 

Based on secondary! source lnformallon wilh 
no experlmenlal del ails. 
Benchmark eslimaled aslhe 101h percenlile 

_!!om 73 reeorted LOAEL values lor flan!.!.:__,;_ 
No sludies found for pr•l orlolal chromium. 

nenc:hmatk eslimale" as lhe 101h perceniUe I 

from 7 repot1ed LOAEL values ror plants. 

Based on secondary! source lnlormallon wflh 
no experlmenlal det~ils. 

Lillie blueslem Is natJve lo lhe nalural 
vegetalion al KFC. 1 

lnsufftclenl dala lo delermlne benchmark. 

Same LOAEL also found for red oak. 
I 

Lowest concenlrallo~ tesled. 

Based on secondafYi source Information 1Nilh 
no experlmenlal delails • 
nonc:hmark oslinlalocl as lhe 1 Olh porconlilu 
J!e!!!.J.!!!!!~!!~.!:2~~~~.!!!!.!~!.P!2!!~ 
As so••, which was found lobo n\Ofu 
.J!~!o•ic: than se·•. 
Based on secondary soutce Information w~h 
no experlmeniMI delaUs. 

nasod on secondary sOtlfce Information with 
no expenmenlal delaila. 



Burrowing 
Owl 

Chemical Namo LOAEL• 
lndeno( 1,2,3-cd)pyrene -
2-Methylnaehlhalene -
Naehthatene -
Phenanthrene -
Pyrene -
Aroclor-1242 4.1 

Aroclor-1248 -
Aroclor-1254 1.8 

Aroclor-1260 , -
- ---- --------- --- -------- ------

•1n milligrams per kilogram per day (mglkg/d) . 
.. Body weights expressed in kilograms. 

Test 
Species Test Species 
LOAEL• (Body Weight)., Reference Comments 

- - - lnsulrlclent data lot I,PAEL determination. 

- - - lnsurraclenl data fot LOAEL delermlnallon. 
.. - - - lnsulrlclenl dala lot ~OAEL delermlnallon. 

- - - lnsuflldenl dala for llOAEL delermlnallon. . . - - - lnsufficlenl dala for LOAEL delermlnallon. 
I 

,Polychlorinated Biphenyls (PCBs) ! 
' 

4.1 Screech Owl Mclane and Hughes LOAEL baud on to•x a single dose lhal I 
{0.1811 (1080) produced no slg~l adve11e eUed. 

- - - lnsurliclenl dala lot t.OAEL delermlnallon. 

.. 

1.8 Riog-Necked .Dahlgren el al. (1972) Based on lhe ~aa: dose, which waa 

I Pheasanll1.0) ~nsldered lobe a ~onlc LOAEL 

- - ..... lnsufficlenl data for LOAEL delermlnatlon. I 

I • 

... 



Plant · 
Chemical Namo Benchmark' 
Ftuoranthene -
Fluorene -

_lncleno( 1,2,3-~)P.Y!!:"e -
2 -Meth~lna~hthalene --
Naphthalene· -
Phenanthrene -
Pyrene -
Aroclor-1242 -
Aroclor-1248 -
Aroclor-1254 40.0 

Aroclor-1260 -
'In milligrams per kilogram soil. 
•towest-Observed-Adverse-EUect-level. 
cNo-Observed-Adverse-Effect-Level. 

Tcst.Speclos Reference Comments 

- - InsuffiCient dala lo delermlne benchmark. 

- - InsuffiCient dala lo delermlne benchmark. 

- - lnsufllcienl dala lo delermlne benchmark. 

- - lnsulrlclent dala to delermlne benchmark. 

- - InsuffiCient dala to delermlne benchmark. 

- - lnsutrldent dala to delermlne benchmark. 
..\... - Insufficient dala lo determine benchmark • 
Polychlorinated Biphenyls -(PCBs) 

- - InsuffiCient dala to delennlne benchmark. 

- - InsuffiCient data lo delermlne benchmark. 

Pigweed Sirek and Weber 
(1980) 

- - InsuffiCient data lo determine benchmark. 

•ettec.t!ve concentnition to 50% or the exposed population. 

. .. 

' 

; I 
I 

.. ~ 

I 

' 



.· .· 
.· 
·, 

l 

Plant 
Chemical Name Benchmark• Test Species Reference Comments 
T richloroclhr,Jene -- - --- lnsullicienl data lo determine benchmark. 
Xylenes - -- lnaulflclenl dala to delermlne benchmark. 

i 
-

Explosives I 
2-Amino-4,6-dinilrotoluene 80.0 Yellow Peoolnglon (1988) The benchmark value II a NOAEL 

I ' nut sedge 
4-Amino-2 ,6-dinilrololuene - - - lnsullicienl data to delermine benchmark. I 

m-Dinilrobenzene - - lnsullicienl dala to delermine benchmark. i 
2, 4-Dinilrololuene - - ... lnautlicienl dala lo delermlne benchmark. ' 
2, 6-Dinilrololuene ' lnsutlicienl dala lo delermine benchmark. I .. - ·- -

, 
HMX - - - lnauflicienl dala to determine benchmark. 
Nitrobenzene - - - lnsulrlcienl dala to determine benchmark. 
Nilrool~cerin - - - lnsulficienl dala lo delermine benchmark. I 

. m-Nilrololuene -- - - l.nsuflicienl dala lo delermine benchmark. ' 

o-Nilrololuene - - - .lnsulliclenl dala lo delermlne benchmark. I 

e-Nilrololuene - - - lnsulficlenl dala lo delermine benchmark. I 

PETN -- -- ... lnsulrlc:lenl dala lo delermlne benchmark. 
-RDX 100 Cucumber Simlnl el al. (1 002) ! 

Tel~l 25.0 Wheal fellows et al. (1002) I sym-T rinilrobenzene -· - ·- lnaufflclenl dala to delermlne benchmark. 

• 2,4,6-Trinilrololuene 30.0 Blando brome Cataldo et al. (1000) 
grass 

Polycyclic Aromatic Hydrocarbons (PABs) . 

Acenaphlhylene - - - lnaufliclenl dala lo delermine benchmark. I 

Anthracene Insufficient dala to determine benchmark. I I - - - ! 

Denzo(a)anlhracene 18 Wheal and Sima and Overcash ~ark baaed on a NOAEL 

I 
I 
I 

barley_ (1983) I 

nenzo(b)Oouranll•ene 18 Wheal and Sims and Overcaah nonchmark baaed on a NOAEL I 
I 

barle~ (1083) 

~~{~}~!!~~I hone - -- - lnsulficicnl dnla lo delcsrmlne benchmark. : 
lnsulliclenl d~la lo delermine benchmark. I 

Oenzo<o.h,i)ee!Yiene - - ... 
-~enzo( a )~rene - - ·- lnsulflclenl dala lo delermlne benchmark. 

~sene -- - - lnsullicienl dala lo determine benchmark. 

DibP.nln( a. h )anthracene -- - -- lnaullic:ionl dala lo determine benchmark. 
·~·--- --·- ·-



Plant 
Chemical Name Benchmark• 
Titanium -
Uranium 5.0 
Vanadium 2.0 

Zinc 50.0 

'In milligrams per kilogram soil. 
•No-Observed-Adverse-Effect-Level. 
'Lowest-Observed-Adverse-Effect-level. 

Form of Chemical 
Tested 

-
Uranyl nitrate 
Not specified 

Various 
' 

' 

Test Species Reference Comments i 

- - lnsuffldenl dala lo tlelermlne benc:hmllrk. · 

Swiss chard Sheppard el al. (1983) lowesl c:oncenlral~ lesled. 

Not specified USEPA (1980) Based on aeconda,Y 10111ce lnlonnalion wilh 
no experlmenlal details. 

' 
Various 'Mil and Suter (1995) Benchmalk estimated aslhe 10ih percentile 

from 1<4 reported L()AEL values for planla. 

., 

·~ 



Chemical Name 

Ace lone 

Aenzene 

nenzoic acicl -
Ois(2-elllylhexxl)e!!lhalate 

2-13ulanone 

Butyl benzxl ~hlhalale 
Carhazole 

Chlorohenzene 
chloroform 

2-Chloro~henol 

4 -Chloro-3-melhy~e!.~f!ol 
Oihenzofuran 

1, 1-Dichloroelh~lene 
1,2-Dichloroelhylene 

Dimethyl Ehthalale 
Di-n-butyl phthalate 

Di-n-octy.!_e~lhalale .. 
Methyl elhXI ketone 

Melhllene chloride 

Phenol 

1,1,2,2-lelrachloroelhane 

I ;1) .2. fetraeiitoroeihvJ!ne 

Toluc.me 

1,2,4-Tri~~orol~nzene 
1, 1, 1-T richloroelhane 

Plant 

Table B.10 · 
Plant Benchmarks for Soil Concentration of 

Organic Analytes . 
. ··• 

Benchmark• Test Species Rereronce Comments I - --- lnsufficienl dala lo delermine benchmark. 

- Insufficient data lo delermine benchmark. 
i --- --. i 

--- --- - lnsullicicnl dala lo determine benchmark. I 
! -- -- Insufficient data lo determine benchmark. ! 

-- -- -- lnsumclenl data to determine benchmark. 

--- -- -- Insufficient dala to delermlne benchmark. 

- -- - lnsufficienl data to determine benchmark. ' 

-- --- -- lnsullir.ionl clala lo·tlclcrmine benchmark. 

--- -- -- lnsufficlenl data lo dolermlne benchmark. I -- -- Insufficient data to determine benchmark. · I 

- --- - tnsulficienl dala lo delermtne benchmark. 

- --- -- lnsi111icienl data lo determine benchmark. 

- - - lnsuUicient data to delermlne benchmark. 

-- -- - lnsullicienl dala lo determine benchmark. 

-- --- - tnsutnclenl dala lo delermlne benchmark: . I 
200 Corn and Overcash et al. (1082) Benchmark based on LOAEt.,s• (lowest concenlr!ltlon lasted). Same 

0 

soybeans species. had NOAELs• of 2,000 mQJkg In Others~ Jested, 

- - - lnsuUiclenl data lo determine benchmark. : ' ! 
0. lnsumclenl data Jo determine benchmark. I -- - -

- - - InsuffiCient data lo determine benchmark. 

70 Lettuce Hulzeboa el al. (1093) Be~ark based on an ec .. • vakte from a loam soil. The EC.. lor a 
seco!!~..!~!!!!...!2~~y conlenl was 16S mglkg: . 

0 

. - - - lnsulliclenl dala to delermine benchmark. 

-- - -·- lnsufliciunt dal9 OL'l dolormino honclunark. 

200 Cnrn and Ovorcash ol al. (1002) nonchmatk hasod on I.OAEI.s (lowest concenlrallon lesled). Same 

~ybean 
saaeaos had NOAEI.s of 2,000 molko In other lOlls rested. 

-- -- -- lnsufliclcnt dala lo clolermlne benchmark ... 
0 

-- --- -- lnsufrlr.iont dala to deleunlne laenc:hmark. 

I 
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· Radioactive 
RadlQnucllde · ttalf-life (days)• 

i 
Am·l·ll l.SKOI!·I OS 

Cn-60 ! J.C)201!·1 03 

C:;-ll71ll 1.1 001! I.Ool 

11-J I •I.SIOI:tO) 

Ni-63 3.SOfll!·tM 

l'u-238 
I 

3.20111!·1 Ool 
Jlu·l)C) 8.7KO(!It\6 

l'u-2•111 2.) 1)01~ I 0(, 

lha-:?:?6 I S.K40HaOS 

lta-2211 2.11101!101 

Sr-•m t.or.nH 1 n.J 
·na-2:!K I 6.•>KCIH·1lll 
·na-lJfl I! 2.810f!-t07 
·na-232 I S.l SliE I 12 
lJ-23·1 I K.IJ:!IIH Hl7 

lJ·23S+Il I 2.5701!111 
I 

IJ-2381 0 I 1.630Htl2 
' 

Table C.1 
Radiological Properties for Selected Radionuclides 

Sandia National Laboratories, New Mexico 

Elfoclivo Absorbed Effoclive Absorbed Fraction of 
Eneroy for Deer Eneroy for Biological Radlonucllde Retained 
Mouse (MoV)• Burrowing Owl Half-life (day)• By Receptor (.unltleaa)• 

(MeV)• 
S.SIOE·tOO S.520fh00 20000 0.001 

2.370f!-01 ' 4.l70f!-O I . C).5 0.3 

2.670f!-Ol 3.1601!-01 liS I 
5.8001!-0l 5.8001!-03 10 I 

1.7601!-02 1.7601!-02 667 o.os 
5.5101!100 ·. S.S 101! tOO 65000 0.001 

5.1 sol! 1 no S.l SOJ!·I·OO 65000 0.001 

S.J(,OJhOO S.ltiOihOO 65000 0.001 

1.1 OOf!·l 0 I 1.1001!·101 8100 0.2 
6. non H 1 on 6.ooof!·l no RIOU O.l 

1.1•101: I Clll l.I•IOHHIO •1000 0.3 
5.6001!100 5.6001!·1 00 57000 2.001!-04 
4.8001!-tOO 4.8001!-1-00 57000 2.00r!-Ocl 
•1.1 OOH I (Ill 4.1001!100 57000 l.OOr!-0•1 
•1.91101! I(){) •I.IJOOI!·I no IOU o.os 
4.600f!t00 4.6001!-tOO 100 0.05 
•1.300(! .. 00 4.l00fHOO 100 o.os 

'lh1kt:r,ll~A., ancl J.K. Sohluli 191)2, M.:thnds for Hsaimutin&& Doses In Or~;uni:;ms from ltatliruaclive Maacriuls ltdcasetl inln ahc 
Actunaic Huvirnnmcnl, I'NI.-11 SO, t•m:ilic Nnrahwcsll.ahoraanry, ltichland, Washin1~1on, pp. 12-20. 

11 n,nvc: a:na;in'"-c:rinc, Mic:rn:dsickll.l l • llcc:ay (IlK), 11>ll'). 

, 

,/· 

Average Gamma 
Energy Per Decay 

(MeV)111 

2.8101!-01 

2.5061!-1-00 
0.000(!+00 

.; 

0.000(!+00 

O.OOOI'HOO 
1.600l!-03 

6.540l!-04 
l.S::!til!-03 
6.6701!-03 

I 6.670(!.0C) 
I 0.0001!·1 00 

3.074l!-Ol 
I l..tOSf!-03 

. 1.1 C)JJ!-03 

1.417H-Ol 

1.5251!-0 I 
I 

I l.lllf!-0] 
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Radiological Ecological Risk Assessment Methodology 
Environmental Restoration Program 

Sandia National Laboratories, New Mexico 

The following infonnation 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 deer mouse and the 
burrowing owl. The fourth section introduces the e."Ctemal dose rate model that is applied to both 
receptors and the fifth section defines the concept of the total dose rate. 

~ 

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

This section will oudine a mathematical derivation of a general form of the internal dose rate 
equation that is applied to both the deer mouse and the burrowing owf exposed to radio nuclides 
in the environment in which they reside. 

The Hanford Site Risk Assessment Methodology (HSRAM) (DOE, 1995) defines a term 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: 

.. 
where: b = 

p = 

M = 
A. = 

db p 
-=--.t·b 
dT M .. 

oody burden or dose rate of a receptor for a single radio nuclide 
~~~ . 
rate of uptake of the radionuclide by the body of the receptor 
(Ci/day), 
mass of the receptor (kg), 
effective removal constant of the radionuclide from the body of the 

receptor (day"1). This term considers both radiological and 
biological removal processes. 

Integrating the differential equation results in the follo,ving function: 

where: c = constant of integration, 
1 

. . 



All terms have been .... previously defmed. 

Multiplying the exponential term, e·1T, through the tenn in the brackets results in the following: 

where: All terms have been previously defined. 

Simplifying this equation results in the following equation with which we can introduce the 
initial conditions. 

where: 

p 
b(T) = - + Ce-A·T 

J.·M 

All terms have been previously defined. 

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

p [ 1- ,-1.·7] 
b(T) = . 

J'd ·,t 

This equation is the basic form of the internal dose rate models for both the burrowin2 owl and 
. -

the deer mouse. This equation, derived by USDOE (1995) describes the dose obtained by 
considering intake ofradionuclides and. the energy inparted due to radioactive 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 relationship is divided by an averaging period to obtain the dose · 
rote ·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 Total-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 dose- rate equations for internal radiation_dose appear to_be very comple;t ____________ _ 
due to the large number of terms it contains. The follO\\ing equation defines the total-body dose 
rate for the deer mouse in rad per q~y for N radionuclides: 



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 dos~ rate equation 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 radio nuclides 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 cons.idered in the radiological dose rate model since soil-to-insect 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 ofthe deer mouse is estimated from the allometric equations 
presented in Nagy (1981) and are the same intake values as used in the non-radiological eco-risk . . ~ 

models. 

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

Vt·bere: cs 
PS 

Qv 

= -
-

CS • PS ·Qv {Ci/day) 

concentration of the radioi:mclide in the soil (Cilkg), 
soil-to-plant transfer factor which is radionuclide specific (unidess) 

(Baes et al., 1984, USDOE, 1995), · 
plant ingestion rate equal to 3.72xl0'3 (kgmylday) (Nagy, 1987). 

. ·*'· 
The concentration of the radio nuclide 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 plants is considered by the plant ingestion rate teim, Qv. The 
~ombined product of these terms represents the total radioactivity per day ingested by the deer 
mouse via ingestion of plants only. 

The intake of radio~uclides via soil ingestion by the deer mouse is represented by the following· 
expression: 

· CS · Qs (Ci/day) 

where: cs - · concentration of the radio nuclide in the soil (Cilkg), 
Qs = soil ingestion rate equal to 7.44xlO'' kg~day or 2% of the deer 

mouse; plant intake ("£.,P & 199~). ______ · ________ _ 
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This term reflects the uptake of radio nuclides through soil ingestion as it lives in the 
contaminated location. The combined product of these two tenns represents the total 
radioactivity per day ingested by the deer mouse via soil ingestion. · 

The sum of the plant arid soil ingestion provides the total intake of radioactivity into the body 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 ·Qs) (Cilday) 

where: All tenns previously defined. 

The deer mouse is assumed to ingest plants and soil from a variety ofloc~.tions in the 
environment in which it resides. Obviously, the distribution ofradionuclides throughout this 
environment is not homoszeneous and this must be reflected bv 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: 

where: 

be 

(CS · PS ·Qv+ CS ·Qs)· FI (Cilday) 

CS, PS, Qv, and Qs are previously defined, 
FI = Fraction ingested from contaminated source which is assumed to 

the 100% (unitless). 

The dose rate model presented here assumes that the ~eer mouse resides and ingests plants and 
soils from only the contaminated source. This is a worst-<:~e, conservative assumption that 
considers maximum intake of radionuclides. 

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

where: 

(CS ·PS ·Qv+CS ·Qs)·Fl·FR (Cilday) 

CS, PS. Qv, and Qs are previously ~efined, 
FR · = fraction of the radionuclide retained by the body of the deer mouse 

which is specific to the chemical element (unitless) (Baker & 
Soldat, _1992). · 

This equation repres~~~s the fraction of the ~adionuclide concentration in tfie':Soil that actually'·----·
concentrates in the internal body tissues of the deer mouse. 

4 
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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 ~ontaminated 
environment in which it resides. The previous equation can be modified to consider the total 
amount of radioactivity ingested via plants and soils over a 1 year period: 

. . 

where: 

(CS ·PS ·QV+cs ·Qs)·Fl·FR·EF·ED (Ci) 
.. 

(CS · PS ·Qv+cs ·Qs)·Fl·FR 

== fraction of the radionuclide concentration in the soil that 

EF • 
ED • 

concentrates in the body tissues of the deer mouse, 
Exposure frequency equal to 365 day/yr, 
Exposure duration equal to 1 yr. 

This equation represents the total amount of radioactivity that is acrually present in the cody 
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 
.radio nuclide present in the body of the deer mouse. The burden duration factor, B, describes how · 
·long a radio nuclide 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. 'fl?.erefore, B is driven by the biological removal term inore than the 
radiological removal term in most cases. The burden duration factor is provided by the HSR.AL\11 
(DOE, 1995) as: 

where: = -
= 

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 given as).=~+ At. 
where: , 
Ar = ln(2)1f, where T, is the radiological half life for the 

rodionuclide (days), 
= ln(2)ffb, ,-.,·here Tb is the biological half life for the 

radionuclide in the boc;ly_Q(!b_c; __ deer mouse (days). ______ _ 
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The radiological and biological half lives are defined as the time required for a given amount of 
radioactive material to be reduced by half either by radioactive decay or biological elimination 
processes, respectively • 

Introducing the burden duration factor into the dose equation provides the f~llowing: 

where: 

(CS ·PS ·Qv+CS ·Qs)·Fl·FR·EF·ED·B (Ci-day) 

(CS · PS ·Qv+cs ·Qs)Fl·FR·EF·ED 

= the total radioactivity in Curies that has been absorbed by the deer 
mouse (All terms defined previously), 
the 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. 

rne next term to introduce deals with the amount. of energy imparted to the deer mouse tissues, 
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 deer mouse has a body radius of approximately 2 em. 
Absorbed energy data in Baker & Soldat (1992) is provided as a function ofradionuclide 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: 

where: E 

= 

5.12xlO" = 

E = S.12x 1 o' . G (kg-rad!Ci-day) 

effective absorbed energy for a particular radiqnuclide and 
an assumed radius for the body size of the mouse (kg
rad!Ci-day), 
absorbed energy of the radionuclide for a deer mouse with a 
radius assumed to be 2 em (MeV/decay), 
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 valu~s referenced from USDOE (1995): 

The effective absorbed energy is based upon the size of the dc:er mouse. Assuming that a 
g::unma-emitting nuclide is present. the _size or radius of the deer mouse is small enough that only 
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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 witho}lt 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 radio nuclide 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 ofradionuclide 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: 

where: 

( CS • PS · Qv + CS · Qs) · Fl· FR · EF ·ED· B · E (rad) 
BW 

(CS · PS ·Qv+CS ·Qs)·Fl·FR·EF·ED·B -
-E • 

· BW • 

the product of the total radioactivity present in the deer mouse and 
the time that the radionuclide resides in the body to contribute to 
the dose rate (Ci-day), 
effective absorbed energy due to decay of the radionuclide in the 
deer mouse body (kg-rad/Ci-day) 
body weight of the deer mouse assumed to be 0.0239 kg (Silva & 
Downing, 1995). 

This equation provides the total radiological absorbed dose over a one-year exposure duration 
··due to the presence ofradionuclides internally in the deer mouse. · · 

TbeJinal step in the derivation is to average the radiological absorbed dose to provide a daily 
dose rate estimate. So, introducing the averaging time, AT, into the previous equation provides 
the following: 

where: 

(CS ·PS ;Qv+CS ·QsJ·Fl·FR·EF·ED·B·E (radlday) 
BW· A.T 

(CS · PS ·Qv+CS ·Qs)·Fl· FR·EF·ED·B·E 
BW 

• total radiological absorbed dose over one year (terms previously 
defined), · 

AT . • averaging time for the calculation. equal-to-365 days. 

, 



This equation provides a dose rate :ciue to a deer mouse ingesting plants and soils on an average 
daily basis _for one radionuclide only. If there are multiple radio nuclides present, the following 
equation can be used to examine the combined dose rate due to all of the radionuclides present in 
the bodv.ofthe deer mouse.·. . .. 

• ~ (CS1 • ps,·Ov+ cs,·Os)·Fl·FR, · EF ·ED· s,· E, rad/day. 
_R ...... L... BW·AT 

I 

. . 
This equation defmes the total dose rate to the deer mouse exposed to N radio nuclides in rad per 
day. The result can then be compared to the dose rate benchmark ofo:t rad/clay. 

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 defmes the total-body dOse rate 
for the burroWing owl in rad per day: · 

Qm·TN . · 
N FR,: F/ · EF· ED·B,·E, ·(Cs,·Qs,.., + BW ·DW {FR, ·Cs,· Ps,·Qv_._ + FR, ·Cs,·Qs __ }) 

Rowi=L -
1• 1 BW.,..,·AT 

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 as~embled piece-by-piece so that the 
purpose of the terms in the equation can be explained more clearly;. A d()se rate model will be 
derived for an exposure to only one radionuclide initially and will evolve to the general . 
relationship shown above. , 

The first step in the derivation ofthe internal burrowing ow~ dose rate equation is to defme 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 liv~s 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 ineestion bv the burrowimz 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 in-Nagy{l987}andare-the sanie intake values-as-used-in-the non- . . . --·· ·-- __ 
r.tdiological eco-risk models. The combined product of these two terms represents the total 
radioactivity per d:iy 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 following: 
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where: cs -
Qsowt • 

CS • Qs owl (Ci/day~ · 

' 
concentration of the radio nuclide in the soil (Cilkg), 
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 equih"brium 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 burrowing owl will have ingested the radioactivity absorbed 
by the deer· mouse •. To account for this amount of radioactivity, it is necessary to derive .t!le plant 
and soil ingestion rat~s for the deer mouse and apply it to the burrowing owl food intake. The 
following expression defmes the intake rate ofplantS by the deer mouse: 

'!·· 

where: 

. (unitless), 
.... ; 

cs 
PS 

Qvlll_ •. 
FR • 

(CS·PS·Qv-·FR) (Ci/day) 

concentration of the radio nuclide in the soil (Cilkg), 
soil-to-plant transfer factor which is radionuclide specific 

plant ingestion rate by the mouse.equ3.1 to 3.nxio-:s (kg/day), 
fraction of the radionuclide retained by the body tissues of the deer 

mouse which is radionuclide specific (unidess). 

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 radio nuclides via soil ingestion by the deer mouse is 
represented by the following expression: 

where: cs = 
Qsmouse = 
FR = 

CS • Qs_ · FR (Ci/day) 

concentration of the radio nuclide in the soil (Cilkg), 
soil ingestion rate by the mouse equal to 7.44xl0"5 (kg/day), 
fraction of the radio nuclide retained by the body tissues of the deer 

mouse which is radionuclide specific (unitless)~ 

The sum of the piant and soil ingestion terms provides the total intake of radioactivity into the 
body 9fthe deer mouse per day. This equation does not yet consider internal absorption into. 
bodv tis-sues o{ihe" burrowhig owl. The totaliiifiike of th"e"raafoacuvtty ofthe dee£ mouSe is . . . 
provided by the following: 
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(CS • PS · Qv __ • FR + CS • Qs.;. ... • FR) (Ci/day) 

where: All terms previously defined. 

This is the amount of radioactivity ingested for each deer mouse consumed by the burrowing 
owl. The number of deer mice consumed per day needs to be considered to quantify the total 
radionuclide intake for the burrowing owl. The number of deer mice consumed per day can be 

• determined by the following expression. 

where: Qm = 

TN. = 

aw_ = 

ow = 

Qm· TN (unitless) 
BW-·DW 

food (deer mouse) ingestion rate by the burrowing owl equal to 
0.0173 kg dry weight per day (kgctwfday) (Nagy, 1987), . 
proportionality factor equal to 1 day that looks at the mous'! 
consumption per day, 
the body weight of.the deer mouse equal to 0.0239 (kg) (Silva & 
Downing, 1995), 
conversion from mouse wet weight to dry weight equal to 0.32 
(unitless) (EPA, 1993). 

The expression for the number of deer mice consumed per day can be combined to the total 
radioactivity absorbed by the deer mouse to provide an expression that considers the total 
radioactivity i?gested through the, burrowing o"YJ's diet of deer mice as shown below: 

Qm·TN {CS· PS.·Qv- · FR + CS·Qs.,_ · FR} .(Ci/dav) 
BW-·DW · . -. 

~·here: · All terms previo.usly 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 ofradionuclides into the body ofthe burrowing owl. 

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 homoszeneous and this must be reflected bv the dose rate model. ·The · - . 

· burrowing owl may ingest deer mice and soils from the contaminated locations pan of the time 
-and from uncontaminated locations otfier tfmes. The dose rate model presented here assumes- .. 

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: 
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where_: 

be 

\ 

Qm·TN { 
(CS·Q.r..-+(BW ·DW) CS·PS·Qv-·FR+CS·Q.r-·FR})·FI (Ci/day} - .. . 

CS, PS, QviDCIUMf Qsmousc• Qsawb Qm, FR., TN, BW_, and DW are 
previously defined, 
FI • Fraction ingested from contaminated so.~e which is assumed to 

lOOo/o (unitless). 

The next term to introduce considers what fraction of the total radio nuclides taken into the body 
of the owl via ingestion of food and soils is absorbed by th~ internal tissues ofthe burrowing 
owl. This fraction is a function of the absorption characteristics of the chemical element. This 
equation represents the fraction o( the radio nuclide concentration in the soil that actually 
concentrates in the internal body tissues of the burrowing owl. Introducing this term into the 
previous equation results in the following: ... 

where: 

• 

Qm·TN { · 
(CS·Qs_,+( ) CS·PS·Qv-·FR+CS·Qs-~FR})·FI·FR (Ci/day) sw __ .ow . . 

CS, PS, Qvmousc• Qsmous~• Qsaw1, Qm, FR., Fl, TN, B\V_, and OW are 
previously defined, 

.. FR • Fraction of the radio nuclide 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 convening 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: 

where: 

Qm· TN { . } (C'l) (CS·Q.r..-+(BW ·DW) CS·PS·Qv-·FR+CS·Q.r-·FR )·FI·FR·EF·ED -
(CS~Qs_, +( Qm·TN ){CS·PS·Qv- ·FR+CS·Qs ... -·FR})·FI·FR 

BW-·DW . 
= fraction ofthe radionuclide concentration in the soil that 

concentrat~s in the body tissues of the burrowing owl (Ci/day), 
EF = Exposure frequency equal to 365 day/yr, 
ED = Exposure duration equal to 1 yr. 

This·equation providesthe·dose-rate·model with the total amount--of radioactivity that is actually __ _ 
present in the body ti~sues of the burrowing owl, assuming that removal mech:misms have not 
yet taken place. · 
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The next step in the derivation is to introduce a term cailed the "burden duration factor09 for the 
radionuclide present in the body o( the burrowing owl. The burden duration factor, B, describes. 
long a radionuclide deposited inside the body of the burrowing owl can contnoute to a dose rate. 
The longer it takes to remove the radionuclide from the body via radiological anq biological 
means; the larger the dose rate becomes. Typically, radionuclides a.re.removed from the body 
much faster by biological means th~ by radiological means. Therefore, B is driven by the 
biological removal term more than the radiological removal tenn in most cases. The burden 
duration factor is provided by the HSRAM (DOE, 1995) as: 

·where: = 
= 
= 

(1- 1 -.t·Tc) 

B = A. . (day) 

burden duration factor which is radionuclide specific (day), 
duration of exposure equal to 365 days, . . . . . ·~ 
effecnve removal constant equal to the sum of the biological and 
radiological removal constants given as l = ~ + ~ 
where: 

~ = 

= 

ln(2)1T, where T, is the radiological half life for the 
radionuclide (days) 
ln(2)1Tb, where Tb is the biological half.life for the 
radio nuclide in the body of the burrowing owl 
(days). · · · 

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 biological elimination . .. · 
processes, respectively. 

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

Om·n¥ { } (CS·Qs.,.., +( SSY-·DW) CS· PS·Qv- ·FR + CS·Qs_ ·F~ )·FI·FR· EF·ED· 8· 

where: 
. . ~·n¥ { . } 

(CS·Qs.,..,+( BW ·DW) CS·PS·Qv-·FR+CS·Qs-·FR )·FI·FR·EF·ED· - . = the total radioactivity in Curies that has been absorbed by the 
burrowing owl (All. terms. defined previously), 

B = the burden duration factor which is radionuclide specific (day). 

Th~.ciose ~~~ equation in thi_~JQrzn__9escribes th~_ tot~l_r~Q.ioactivicy present in th~ bu_rrowing ov.• . .:....l __ _ 
and the time that the radionuclide resides in the body to contribute to the dose rate. . 
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The ~ext term to introduce deals with the amount of e~ergy 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 S 
em. Absorbed energy data in Baker & Soldat (1992) is provided as a function of radio nuclide 
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 dermed by 
the HSRAM (DOE, 1995) as the effective absorbed energy by the body tissues: 

where: ·E = 

= 

5.12xlO" -

E = 5.12xl0" · E (kg-rad/Ci-day) 

effective absorbed energy for a paiticular radionuclide and 
an assumed radius for the body size of the burrowing owl. 
(kg-rad/Ci-day), . 
absorbed energy of the for a 5 em radius.burrowingowl for 
the radionuclide (MeV/decay) {Baker & Selda~ 1992), 

. 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 values referenced from USDOE (1995): 

. ~·. . ·~ . 

E,. J MeY). x·J.,O.do•o(decay! sec) x 8.64.:rlo"( sec) x 1.60.:clo-u(lcg- rad) = S.l2dO". J kg- rad). 
\.decay C1 day Me Y · \. Cl - day 

·The·effective absorbed energy is based upon the size of the burrowing owl. Assuming that a 
. gamma-emining 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-eminers impart 100% of their energy into the mouse tissues. Data for 
the absorbed energies are available in Baker & Soldat (1992) for· a variety ofradionuclides as a 
function of body radius. The methodology used for 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 radio nuclide 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 
ofradionuclide 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 radio nuclides internally in the burrowing owl. Introducing the 
burrowing owl body weight and the effective absorbed. energy into the dose rate equation results 
in the following: . . -·-··--· _ __ _ . ___ ···--- ______ _ 
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· Qm'·TN · · ,. · · · · 
(CS·Qsow~ +( . ){CS·PS·Qv- ·FR+CS·Qs-·FR})·Fl·FR·EF·ED·B·E 

BW_w·DW . 
(rad) 

where:· • 

(CS · Q$_, +( B;.:. ~W){CS: PS ·Qv- · F~ + CS · Qs_ · FR})· Fl :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 contribute 
to the dose rat~ (Ci-day), 

E = effective absorbed energy due to decay of the radionuclide in the 
burrowing owl body (kg-rad/Ci-day) 

BW owt = body weight of the burrowing owl equal to O.f55 (kg)"(Dunning, 
1993). . 

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

Qm·TN { · } (CS·Qs +( ) CS· ps.n.. ·FR+CS·Os ·FR )·FI·FR·EF·ED·B•E 
,w~ BW ·DW ~ .. - ---

where: 

""'"'·_. (rad/day) 

(CS · Qs_, + ( B~m· ~W){CS · PS · Qv_ · FR + FR·CS ·Qs_ · FR})· Fl· FR· EF· ED· B· E - . 

sw.-~ 

= total radiological absorbed dose over" one year (rad) (terms 
previously defined}, 

·AT = a-veraging time for ihe 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 
following 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 ofrad per day. 

. . 
Qm·TX ·{ - . . } FD • Fl· EF. ED. 8 . E . cc~ . Qr ~ + ( ) Cs . Ps. . "'· • 1- D + Cs . Qr . FD ) -" • ., • • • - .. _ BIY • ou· · ' "' .. _ . ., ' - . ., · 

R • ~ -· (rad/dav) 
o"'l ~ BW • · .~T . • ,.. ·-... 

This equation defines the total dose rate to the burro\\.ing owl exposed to N radionuclides in rad 
·per ciay:---Therestilt can then be comparea·to-me-aoserote-berrcrona:rk-crf(ti-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 q1dionuclides 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 vaiid for the dose rate to internal 
body tissues due to gamma-emitting radio nuclides that are uniformly distributed throughout an 
infmite medium. Those radionuclides that have significant daughter connibutors are considered 
as well. This equation is particularly specific to ecological receptors that reside in the soil for 
significant periods of time and are exp~sed to a uniform gamma radiation field. 

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

.. where: R -
2.12 = 
Et = 
cs,. = 

.·· Pwi~ -

R = i: 2.12· E, ·CS, (rad/hr) 
,., P,;~ 

external dose rate (radlhr), 
proportionality factor (g-radf1.1!e V -}JCi-hr), 
average gamma energy per disintegration for radionuclide i (MeV), 
concentration of radio nuclide, ~ in the soil (JJCi/cm3

), 

density of the soil assumed to be 1.5 g!cm3
• 

. . 

The proportionality factor, 2.12 g-rad/MeV-}JCi-hr, is determined using the following 
conversion: 

.x·( MeV) x 3.70xtO•(decay 1 see) x 3.60.xtoJ(sec) x 1.60.xlO-"(kg- rad) x t.O:tlOJ(.!.) = 2.rl g- ra~ ) 
decay · pCJ " . hr Me Y kg "\ ,uCi - .'vie fi - hr 

This equation can be multiplied by 24 hours per day to provide an average, daily dose rat~ in. 
rad/day. 

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

R .. f. 50.88 · E · CS (rod/day). 
,., Pw~~ 

------~----~----·--- ··---· 

5. Total Dose Rate for the Burrowing Owl and Deer Mouse 
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The internal and external dose rates are suffimed for each radionuclide and then summed again to 
derive the total dose, in radlday, to compare to the International Atomic Energy Agency (IAEA) 
standard ofO.l radlday for terrestrial receptors. 
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Table E.1 

. Preliminary Remediation Goals (PRGs) for 
Inorganic Constituents of Potential Ecological Concern in Soil 

Environmental Restoration Program 
Sandia National Laboratories, New Mexico 

.• 

Constituent of Potential I Deer Mouse I Burrowing 
Ecological Concern PRG• Owl PRG• 
Aluminum 3.29 X 10" I 4.50 X 10a 
Antimony 1.63 X 101 -· Arsenic 2.03 X 101 .5.09 X 10J 
Barium I 5.09 X 101 I 1.84 X 10" 
Beryllium • 2.06 X 101 I -
Cadmium I 2.09 X 101 8.54 X 10J 
Chromium (total} I 3.97 X 10" I 1.59 X 10l 
Chromium VI I 1.91 X 10l I -
Cobalt I - I -
Ccpper I 4.12xl06 I 1.43 X 10" 
Cyanide I• - I -
Lead I 1.22 X 10" ·I 1.71 X 10" 
Manganese I 1.80 X 10l I 3.35 X 10" 
Mercurr I 8.87 X 10" I 9.$6 X 1a> 
Nickel 3~57 X 10J I 3.80 X 10" 
Selenium 5.89 X 1a> s.eo x 1o• 
Silver I 1.55 X 10l I -
Thallium 2.35 X 1Qil I -
Titanium I 4.96 X 1Ql -
Uranium I 1.02 X 1Ql 4.40 X 10" 
Vanadium 6.12x101 4.42 X 10" 
Zinc I 3.83 X 10J I 3.38 X 10' .. . . .. 
iPrehmanary Remed1atton Goals 1n mglkg soli. • 
b-_;_• indicates insufficient toxici)Y data was found to determine a ?.RG. 
Cased on LOAELs for inorganic mercury. 

-·--·~- ------------·-~--·-----

I Final 
PRG• 

I 3.29 X 101 

I 1.63 X 101 

I 2.03 X 101 

I 5.09x 10" 

I 2.06 X 10" 
I 2.09 X 104 
I 1.59 X 10l 

I 191 X 10l 

I -
I 4.12 X 10" 
r -
I 1.22 X 10" 
I 1.80 X 10l· 

I 9.$6 X 101l 

I 3.57 X 10J 

I 5.89 X 1011 • 

"I 1.55 X 10J 
I 2.35 X 1a' 
I 4.96 X 10J 

I 1.02 X 104 
t 6.12 X 101 

I 3.38 X 10l 

.·. 
' ·: 
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.,. ·· · ·Ta.ble E.2 
. Preliminary Remediation Goals (PRGs) for 

Organic Constituents of Potential Ecological Concern in Soil 
Environmental Restoration Program 

Sandia National Laboratories, New Mexico 

Constituent of Potential Deer Mouse I Burrowing I Final 
Ecological Concam PRG• Owl PRG• PRG• 
Acetone I 1.67 X 101 I -· I 1.67 X 101 

Benzene 2.27 X 10l - I 2.27 X 1Ql 
Benzoic add 3.29 X 101 - I 3.29 X 101 

Bis(2-ethylhexyl)phthalate 1.06 X 10l 4.20 X 1(11 I 4.20 X 1Q"_ . 
2-Sutanone 2.68 X 1Ql I - 2.68 X 10.1 
Butyl benrfl phthalate 6.70x10' - 6.70 X 101 

Carbazole 
.. - - -

Chlorobenzene · 1.07x101 I - 1.07 X 10l 
Chloroform 6.30 X 101 I - 6.30 X 101 

2-Chlorophenol I 8.00 X 1~ I - 8.00 X 1011 

4-Chloro-3-methyl phenol 2.24 X 101 - 2.24 X 101 

Oebenzoturan I - - - -
1.1-0ichloroethene (1.1-0CE) 4.78 X 1Ql - 4.78 X 101 

1.2-0ichloroethene (1,2-0CE) I 3.71 X 10l· - 3.71 X 1Ql 
Dimethyl phthalate 7.15 X 101 ·- 7.15x101 

Di-n-butyl phthalate 1.44 X 10J 2.02 X 101 2.02 X 10l 
Di-o-octyl phthalate 5.82 X 1Ql - 5.82x 1Ql 
Methylene chloriae 6.06 X 101 - 6.06 X 101 

Phenol I 1.60 X 1Ql - 1.60 x·10l 
1.1.2.2-Tetrachloroethane I 2.31 X 101 - 2.31 X 1Ql 
1, 1.2.2-Tetrachloroethene (PCE) I 6.28 X 1W - 6.28 X 1~ 
Toluene .. ·I 2.33 x ro.l - 2.33 X 101 

1, 1,1-Trichloroetha.ne (1,1,1-TCA) I 9.27 X 10l - 9.27 X 10.l 
1.2.4-Trichlorobenzene ·"' I 8.25 X 101) - 8.25 X 10U 
Trichloroemylene (TCE) I 6.28 X 101) ·- 6.28" X 101) 
Xylenes I 2;31 X 1~ - 2.31 X 10'" 

Explosives 
2-amino-4,6-0initrotoluene 4.34 X 101 I - 4.34 X 101 

4-amino-2.6-0initrotoluene 2.98 X 101 - 2.98 X 101 

m-Oinitrobenzene 2.22 X 10'1 - 2.22 X 10"1 

2. 4-0initrctoluene 8.38 X 1W - 8.38 X 1<rl 
2.6-0initrotoluene 5.20 X 1W - 5.20 X 1(1l 
HMX 2.16 X 1~· - 2.16 X 10'" 
Nitrobenzene 8.49 X 1~ - 8.49 X 10U 
Nitroglycerin 7.83 X 10l - 7.83 X 10• 
m-Nitrotoluene 3.55 X 101 - 3.55 X 101 

r-o-Nitrotoluen~ 2.91 X 101 - 2.91 X 101 

p-Nitrotoluene 6.4S.x 10' 6.45 X 10,-
·-· -

PETN 5.32 X 10• - 5.32 X 10"' 
ROX 1.90 X 101 - 1.90 X 101 

Tettyl 8.22 X 101) - 8.22 X 10'" 
sym-Trinitrobenzene 6.07 X 10<J - 6.07 X 101) 



.• 

Constituent of Potential I Deer Mouse I Bu~owing I Final 
Ecological Concern PRG• Owl PRG• PRG• 
2.4,6-Trinitrotoluene 2.20 X 10'. I - 2.20 X 10' 

Poly~clic Aromatic Hydrocarbons (PAHs) 
Acenaphthylene 8.28 X 100 I - 8.28 X 1(11 
Anthracene 7.97 X 11Jl I - 7.97 X 101 

Benzo(a )anthracene I 7.02 X 100 I - 1.02 x 1ao 
Benzo(a)pyrene 6.63 X 100 I - 6.63 X 1(11 
Benzo(b )fluoranthene 6.29 X 10° I - 6.29 X 1(11 
Benzo( g,h,i)perylene I 5.84 X 100 I - 5.84 X 1(11 
Benzo(k)fluoranthene I 6.10 X 100 I - 6.10 X 1(11 
Chrysene 6;79 X 100 I - 6.79 X 1(11 
Oibenzo( a.h )anthracene 6.34 X 1()11 I - I 6.34 X 1~ 
Fiuoranthene 1.81 X 101 I - I 1.81 X 10' 
Fiuorene I 2.05 X 101 I - I 2.05 X 101 

lndeno( 1,2. 3-cd)pyrene I 5.55 X 1(11 I - 5.55 X 1Cf' 
2-Methylnaphthalene I 3.45 X 1()11 I - I 3.45 X 1~. , ... 
Naphthalene I 7.35 X 1()11 I - I 7.3S X 1(11 
Phenanthrene I 7.87 X 101! I - I 7.87 X 10\J. 
Pyrene I 9.07 X 1(11 I - 9.07 X 1011 

Polychlorinated Biphenyls (PCSs) 
PCSs (aroc!cr-1242) I 1.37 X 10\J I 1.30 X 10-i I 1.37 X 1(11 
Pees (aroclor-1248) 2.53 X 10'1 I - I 2.53 X 10'1 

PCSs (aroc!or-1254) 3.76 X 10'1 I 1.56 X 10' I 3.76 X 10'1 

PCBs (aroclor-1260) I 4.90 X 10'1 I - I 4.90 X 10'1 

. . aprehm1nary Remediauon Gcals 1n mglkg soli • 
b•_• indicates insufficient toxicity data was found to determine a PRG. 

----,--------------- ·----·- _______ _...:__ 
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