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Predictive Ecolo@ical Risk Assessment Methodology
Environmental Restoration Program
Sandia National Laboratories, New Mexico

1.0 Introduction

1

Sandra National Laboratories, New Mexico (SNL/NM) is located on the Kirtiand Federal
Complex (KFC), immediately south of Albuquerque, New Mexico. KFC complises over
52.000iacres of federally-owned land that is used and/or managed by severafagencies
and affiliated organizations, including the U.S. Air Force (Kirtland Air Force Bgse), the
u.s. Department of Energy (DOE), and the U.S. Forest Service. SNL/NM, wifich is
currently managed by Lockheed Martin Corporation for the DOE, has operated at this
!ocatlon since 1945. Over its history of operation, SNL/NM and its predecesspr
organization (Sandia Laboratory) have conducted a wide variety of test progrdms,
primarily related to national defense, at many locations within the KFC boundgries.

Test a%tivities have included open detonations, shock tube and contained detbnations,
weapons firing, high velocity impact tests, open burning, and others. These tgsts have
involved a wide variety of materials, including high explosives, various metais} and
radiongclides some of which remain as residues at the test sites. In additiong waste
materidis resulting from the testing operations (includipg fabrication processe§) have
been d:sposed of in above- and below-ground landfills, pits, trenches, storage yards. or
septlc systems.

Tge S L/NM Environmental Restoration (ER) Program was initiated to identif

délineate, characterize, arld remediate those sites that have been used by S UNM and
Sand| Laboratory that may contain materials which are potentially hazardou§ to
human health or the envirgnment. Identification of these sites has involved rdcords
searches as well as interviews with personnel who took part in the operanon Once
ldentlﬁjed the potential bogndaries of the affected area are delineated and thd site is
cr]aracter ized for suspected hazardous constituents. If no such materials arejdetected,
the SIti is designated for np further action (NFA). If potentially hazardous magerials are
detect d, predictive level risk assessments are performed on the characterizgtion data
to}dete mine whether theyjoccur at levels that are not potentially hazard us t human
health r the environment.| If this is the case, an NFA designation for the sitefis
pursue Otherwise, eithef corrective actions or further investigation of j\e sife will be
pursu . In some cases, principally where the removal of the pote:\%;tiau 'hazgrdous

-

material is readily achievable, a voluntary corrective measure (VCM) may be pursued
before he full characterizgtion process is completed.

Oyer 240 sites at KFC have been identified for investigation by the gNUNM HR
p;pgra m, including historig and active test sites, landfills, disposal pits and trepichds,
storage areas, and septic Systems. These have been grouped into "batches’jbaséd on
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wildlife use on KFC due to the year-round presence of surface water and the vertical
habitat structure provided by the trees.

Lurance Spring and Sol se Mete Spring are located in the respective canyons. Both
have been develo?ed with masonry tubs for wildlife use and both support small
amounts of wetland vegetation. Sol se Mete Spring is also used to feed a series of
three wildlife wate;ing devices (also called “trick tanks” or “guzzlers”) located
downcanyon from ghe spring. G Spring is a groundwater-fed riparian flow in Arroyo del
Coyote near Manzano Base (downstream of Coyote Springs) that is typically on the
surface for only a few hundred feet before infiltrating back into the sands of the arroyo
bed. Itis marked ;y 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 tbe 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 in'to four major types: grassland, woodland,
riparian scrubland (inc&uding 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 inciudes
the Chihuahuan Semiéesert Grasslanﬁ, the Great Basin Scrub Grassland, and the
Plains Grassland|(Brown, 1982). Thefprincipat grass species are black grama
(Bouteloua eriopcda) fgalleta (Hilaria jamesii), sand dropseed (Sporobolus

cryptandrus), purple threeawn (Aristida purpurea), and Indian ricegrass (Oryzopsis
“hymenoides). Woodland habitat dominates the mountainous areas in the eastem 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 (Pinys edulis) (Brown} 1982). At lower elevations, the woodland has an
open canopy and an-understory of grasses (inciuding blue grama [Bouteloua gracilis]

~ and side-oats grama [Bouteloua c’urtipenduia]) and shrubs (including mountain

- mahogany {Cercocarpus montanus], skunkbush [Rhus trilobata], and gray oak
[Quercus griseal). Al}higher elevations, some influence of the Rocky Mountain
Montane Coniferous Forest biomeis found in the woodland habitat with the presence of
ponderosa pine (Pinds ponderosd) and Rocky Mountain juniper (Juniperus
scopularum). ;

The riparian scrublangd habitat ocqgurs along the drainages of KFC. The principal shrub
species of this habita} are rabbitbfush (Chrysothamnus nauseosus), Apache plume
(Fallugia paradoxa), and fourwingjsaltbush (Atriplex canescens). One-seed junipers
{(as shrubs or sm:all ees) and salt-cedar are also common along the drainages. In the
canyons, other shrulls and trees also occur along the drainages. These include New
Mexico olive (Foyes pra neomexicana), New Mexico locust (Robinia neomeg‘ricana). and
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Assessment Methodology

3.0 Ecological Rls

pssessmernt

The ecological risk

process performed for the SNLNM ER srogfar sites s

a predictive ecologi
guidance presented b

,a! rnsk assessmeant Methodology used 1s based on gengrai level
SEPA{USEFA 1352 1996 and 1997

and by Wefsel et al

tent with a pt‘ased approach. It also incorporates hasic [deas

jer SNL/NMIER ecoicg:ical risk assessmert appreacn document
sa essmem utiizes conservatism in the estimation ¢t eco'og':al
DgiC ! re!evance and professional juagment are alsc inccrporated
US PA (1 906) ard Vwentsel et al {1986} t¢ sisure that -e

‘ecte" ecoiog careceptors reascrab v -efect thgie expented

3.1 Data Quahty Db} ctives ' \

Data quality objectives (DQOs, and auaity assurance quaity cantrol (GAQC of the
data used in the ecolbgical risk assessments are based on estakblisheg critera and
addressed on a site-By-site bas:st DQOs are negotiated among SNL/ER task
managers who ﬁave esp&ns:bmty for specfic ER sites. anc managers. 'ﬂprm, nrlatves
from the New Mexico|Environment Deparment (NMED) Depantment of Energ

Oversight Bureau, and regresentauves from NMED  Data QA/QC s ad:veswd at each
site in the NFA preposals {Data QA/CC scesific to nisk assessment ./ not diss Jssed
eisewhere, can be fodnd ip the unceramty and summary secticns of the -isk
assessments

{1966) and 15 consis
presented in an ear
(SNI/NM, 1987 T
risks: however. ecol
as recommended by
predicted exposures|o
to occur at the site

3.2 Constituents of Potential Ecological Concern

The constituents of pojential ecciogical corcerr (COPECS: eva-uates im 1me ¢
nsk assessments for QNLNM ER sites inciude coth organic anc nzrganis
and at some sites thelatter inciuges radiciouail'y active mater as  “nase ¢
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of test-relatedsmate‘rials may have been released into the environment directly as a
result of test activities, or as a result of waste managemeént and disposal practices
before or after the t:est. Because many of the'inorganic analytes measured fat ER sites
are common constituents of natural soils, each of these énalytes is only considered to
be COPECs if its concentrationiat the ER site is greater fhan the 95" percentile (or the
Upper Tolerance Limit) of the background concentration(for that site. However,
elements that/are essential nutrients (calcium, iron, magpesium, potassiumjand
sodium) are not cansidered to be COPECs regardiess of their background
concentrations.

33 Concaptyal Model
Figure 1 presgnts{a general conceptual model for the assessment of ecological risk at
the SNLUNM ER program sites! The ER sites are terresfrial in nature and the principal
media of ecogogicél concern are surface and subsurfac } soil. Surface soil pically
received the initial deposition of material from the testing activities performéd at or
above grouné surface or from material storage or dispogal on the ground shrface.
Because mosit of this testing occurred on the order of sgveral years to decades ago.
infiltration int? the subsurface soil is expected for many bof these COPECs. {Wind may
have transpo{ted pOPECs in the surface soil as dust. Surface runoff following
precipitation events may have transported COPECs in surface soils to drainages, where
they may have belen deposited in sediments, carried with water percolatinj into
groundwateri or be carried into higher order streams. As described above, the surface
water flows in thegdrainages at KFC are ephemeral and'do not support aquatic
communities'or wetland habitat. Site-wide issues assogiated with downstream surface
water bodies will be addressed by the SNL/NM Surface€ Water Task Force} and are
outside of the scope of the ER program riskiassessments. Because these drainages
(arroyos) are dry for most of the year, their sediments are treated as soils in the
conceptual mode!.

Subsurface soils typicaily receive COPECs through pefcolation from the slirface. burial
of materials containing COPECs, or direct release into the subsurface soill 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 bufrowing are expected to bq
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 co‘nsidered to be bioavailable if they
occur at depths greater than 5 feet.
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he original vegetation of these sites was grassland, Several of
3 of reiatwety und;sturbed grassland habnta% within thetr

devoid ofjveg etatson or ent;rely developed with buildings,
ite: espectallyt’h '

jer of these sites
, :small num‘ber of

! ;1c gvroups are given
n of scavengers (e.g.,
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AMmcong the raplors are tre © ey N7 1 &l aDie 10 1ake 1@r i (Srnel 3!
lagomorphs. ground squirfels and ange- snaxes falcons whith soec.s ze ¢ aef

prey
such as brds and insects ard owls iwn.Cr "yoically spec.aiize v jurung rosturgal
species especially redents  Bur-owing cwis are less nocturial thar tre omer s a8t

KEC and will eat invertebrate prey as wall as venebrates : Large e~ maie m:
grassiand habuat are omnivz es of precaters  The former cm:iur:e! OIS Sk
and possibly kit foxes The latter incluces sadgers and possibyy cabrats tat w
into the grassiands from the vicodiand «<r arroyo habuats

The food web of the woodlana commurity (Figure 3) is struct:3.ly fsmu'ar iz that
grassiands. but with some changes n species composition  Especialy v oas
birds. the increase in trees and shrubs results :n a higher diversity of insect . ore
aenal hunters (swailows and “ycakchers am‘ gleaners (e 3. wrensfvrecs anc
warblers) Woodpeckers are also more ﬁre»aiem as avian insecrvares n e woocland
habitat Acciprters (Cooper's nawks and snarp-shinned hawksi arejmore prevaient as
aerial predators in the woodlands !r*an afe falcons iwhich are generaity _rcommdn n
all habitats at KFC). There are also uhanges in the large mammal guitcs .~ ucirg the
addition of mule deer ({the only ungu'ate o. hooved mammal. on KFC . as a: herbivore
black bear as an omnivore. and mountan her* ipotentially present Qut not confirmed on
KFC) as a preda‘or '

The food web of the nipanan saruniand habuat (Figure 4) is es: en*ia!'y 3 Iress be. een
that of the grassiand and woodiand. The high diversity of passerzneE foung in g
woodlands 1s expected to extend into the grassiand ailong the <arnd@rs of rivanan
woodland and shrubland of the arroyos of KFC  This diversity s Suipemeniad By,
grassland species that use this habitat as part of their home ranq& e- aua.
jackrabbits. badgers. roadrunners. shrikxes, mockingbirds. etc ) ene'al the
rnﬂuence of the woodland wildlife community dimunishes with i creaqm distance g
that habitat along the arroyos and the influerce of the grassi iand w: Msfe Lomriuridy
increases along the same gradent a !

3.5 Receptors
The receptor species used to assess nisk al SNL/NM ER program sites are seect red to
conservatively represent those key elements of the trophic webs in eacn of tre three
major habitat types (grassiand woodland and npanan s¢rubtanc) that are rrost tkejy to
be afiected by COPECs in the soils at these sites Vascular plarts ase the prncipal
pnmary producers in the habitats at KFC ard plant productivity :s kev tc the 2 vers:ty
and productivity of the wiidlife ccmmumity 10 @ach habitat. Risk {2 ptarts resuiing fff
contact with COPECs in surface and subsuriace soi 1s evaluate {21 a nonspe e
gerenmal herbaceous plant (such as a perenmial grass)
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The deer mouse (Peromyscus maniculatus) and burrowing owl (Speotyto cupiculana)
are the receptors selected to represent consumers in the food web at BFC. Parameters
used to model exposures }n these two receptors are presented in Table 1. These
receptors represent mammalian and avian wildlife, respectively. The deer mpuse
represents lower trophic levels, and is modeled as an omnivore that eats bof plants
and soil invertebrates. in particular, the deer mouse represents small }oden s, which
are ubiquitous to all habitats on KFC. Deer mice have a broad ecological amplitude
and can be found in a wide variety of habitats, and are especially prevalent in disturbed
habitats and in association with buildings and other structures. The rodents at KFC,
which include deer mice and other species of Peromyscus, pocket mice (Pefognathus
spp. and Chaetodipus spp.), kangaroo rats (Dipodomys spp.). harvest mice
{Reithrodontomys spp.), grasshopper mice (Onychomys spp.), woodrats (Neofoma
spp.). ground squirrels (Spermophilus spp.), prairie dogs (Cynomys spp.), argd others,
exhibit various degrees of omnivory, from almost pure herbivory (e.g., prairig dogs and
wood rats) to highly insectivorous (grasshopper mice) (Findley, 1987). The Jraction of
the diet of deer mice consisting of insects varies seasonally, but has been fpund to
average about 38.5% over the year in semiarid grasslands of Coloradp (UFEPA, 1993).
For the purposes of risk assessment, an omnivorous diet for this recéptor i
conservatively estimated at 50% insect and 50% plant material. Purelherborous and
insectivorous diets (i.e., 100% plant or 100% insect diets, respecﬁvel}) arefised as
bounding limits of exposure to this receptor. Incidental soil ingestion ﬁs notincluded as
part of the food ingestion rate, but is included as part of the ingestion pathway in
addition to the ingestion of food (plants and insects). The rate of soil ingestion (in
kilograms per day) is conservatively estimated at 2% of the ingestion rate of dry food
matter based on data for the closely related white-footed mouse (Peromyscus

- leucopus) presented by Beyer et al. (1994). Thus, the total dry-matter ingestion rate for
the deer mouse is 102% of the ingestion rate for dry food matter.

The burrowing owl is modeled as a predator on omnivorous rodents, as represented by
the deer mouse (100% of its diet). Burrowing owls are found in the grassland habitat at
SNL/NM, and are particularly common in association with prairie dog colonies which are
commonly found on the margins of developed areas. The burrowing owl is designated
as a species of management concern by the U.S. Fish and Wildlife Service in Region 2,
which inciudes’New Mexico (USFWS, 1995). In addition to their special status
designation, burrowing owls were selected to represent predators because of their
small size (0.155 kg [Dunning, 1993]) and the consequently small home range (34.6
acres [Haug et al., 1993]). Therefore, they conservatively represent the risk to larger
wildlife species of the same class and trophic level. They are also not dependent upon
trees or above-ground structures for nesting and have a high tolerance for aitered
habitats and human ac&ivity, often nesting near roads, runways, golf courses, and
buildings. Although théy are not likely to occur at ER sites in woodland habitats, such
as in the canyons, the)} are used in this risk assessment to represent other small avian
predators that{may be present ?in this habitat (e.g., western screech-owls [Otus
kennicottii]).

PN




Table 1

Exposure Factors for Ecological Receptors
Sandia National Laboratories, New Mexico

g e

! | Body | Food intake | - Home range |
Receptor species : Class/Order | Trophic | weight (kg)* | rate {kgid)" ~Dietary . . (ha)® = t
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weight per day
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"Home ranges are in hectares
“From Siva and Dowrung (19950 average of both sexes for New Mexico
From USEPA (1097 based on the average home range measured in sem and shrabland o babic
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Table 1 presents 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 rate of’2% of the food mgestlori rate (on a dry
weight basis) was used to est:mat this part of the ingestion pathway, which (as with
the deer mouse) is in addition to the food mgestaon rate.

3.6 Exposure and Risk Characterization for Nonradiological C;’OPECs

3.6.1 Exposure assessment for n radtologlcai COPECs

For the predictive ecological risk ssessment at SNL/NM ER program sites, exposures
to COPEC:s in soils for the plant al d waldhfe 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 so:l For wildlife receptors, exposure through
ingestion pathways is modeled using the 'methods described in the U.S. EPA’s "Wildlife
Exposure Factors Handbook" (USEPA, 1'993) For simplicity in describing the exposure
models in this section, ingested spil is ccnsadered 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 pody weight (i.e., the estimated daily dose of
the COPEC) through the jngestion pathway is:

i

D, ¥ Z(a S Fe o LW

k=]

where: o

the estimated daily}dose {mg/kg-day) of COPEC x

the concentration of COPEC x in the k" food type (mg/kg dry weight)
the fraction of the ki food type that is comes from the ER site

the ingestion rate of the k™ food type (kg dry weight/day)

the number of food items in the receptor's diet (including soil)

the body weight of the receptor (kg wet weight)

0o

fo¥e

nonounon

s3~—m

t

The calculation of C, for dietary items other than soil is based on th% maximum
measured soil concentration (G,.,,). as described below. |, is determined by multiplying
the total food ingestion rate of the receptor (l,,) by the fraction of the! diet composed of
food item k, or in the case of soil, by the ratio of the soil ingestion rate to the total food
ingestion rate (0.02 for both the deer mouse and burrowing owl). Fjis commonly
assumed to be the area use fdctor (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 gite divided by 365 days per year) if tHe home range is
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Iy | =the total ingestion rate of the deer mouse (kg dry weight/day)
0.15? =the average body weight for the burrowing owl (kg wet weight).

The COPEC concentrations in plants (C,,,,) and soil invertebrates (C,,,) are determined
from the the maximum measured soil concentration using soil-to-organism transfer
factors. For organic COPECs in plants, the regession equation developed by Travis
and Amms (1988) is used to derive the soil-to-plant transfer factor from the logarithm of
‘the octanol/water partition coefficient (log K,,) value of the compound. The soil-to-plant
transfer factors for inorganics are taken to be the maximum value reported among three
reference sources: IAEA (1994) (uptake specific to grasses), NCRP (1989), and Baes
et al. (1984). The latter two are based on unspecified agricultural plants.

For organic COPECs in soil invertebrates, the transfer factor was derived from the
equation developed by Connell and Markwell (1980} for bioaccumulation in earthworms:

o

BF = Jil Rew
x * fllc
where:
BF = the bioaccumulation factor (unitless)
y. = the fractional lipid content of the organism
K. = the octanol/water partition coefficient

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

Although derived from earthworm data, the values for the nonlinearity constant (0.05)
and proportionality constant (0.66) were applied to modeling uptake in all soil
invertebrates, which probably consist primarily of insects and other arthropods at KFC.
Because of differences in integument, it is expected that the 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, 1875), which is 7.9% of dry
weight, using a value of §1% water content in beetles (USEPA, 1993). Based on the
method described in Brady (1974), the fraction of organic carbon in the soil was
estimated by dividing the organic matter content by the value 1.7. The average organic
matter content of 21 Southern Great Plains soils (1.55%) (Brady, 1974) was used to
estimate the organic carbon content in SNL/NM soils (0.81%). 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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Crouse the concentration of the COPEC in deer mouse tissue (mg/kg dry
we;ght)
TF,, = the food-to-muscle transfer factor (unitless)
Cws = the concentration of the COPEC in the food of the deer mouse (mg/kg
dry weight)
3.125 = the wet weight to dry weight conversion factor, based on a water
content of 68% (USEPA, 1993).

3 6 2 Nonradlological toxicity benchmarks
. ?No-Obsewed-Adverse-Eﬁect—Levels (NQAELS) for chronic oral exposure are uged as
"benchmarks for.toxic effects to wildlife. NOAELSs are defined as the maximum §osage

. tested.that produced no effect that would be considered adverse to the long-te
wabmty of the 'opulataon Therefore, the endpoints of particular interest in the
undeﬂymgs ies are those associated with reproductive health, development and
ecause the NOAELs for the wildlife receptor species are based onjNOAELs
,from test speaes the latter are scaled to-NOAELs specific to the wildlife receptor
'specues using.a power function of the ratio of body weights, as described by Skmple et
; -an supported by recent research in the fractal geometry of curculat'ory
5'systems (Brcwn et al., 1997). Thus:

BW:)
= N [W)
NOAELw = NOAEL+ W,

‘where:

H
!

“the No-Observed-Adverse-Effect-Level for the wildlife n*aceptor

NOAEL, =

i _ species (mg/kg-day)

NOAEL; = the No-Observed-Adverse-Effect-Level for the test species
' (mg/kg-day)

BV# = the body welght of the test species (kg)
wa = the body weight of the wildlife receptor species (kg) )
Z a body weight scaling factor (s = 0.25 for mammals and s =0 j}for birds)

: Toxscm/ studues were consmered to be chronic if they are conducted over a penod of 26
weeks (one~half year) or more. This period represents the period of seasonal use by
the- burrowmg owl (and other mtgratory species) and is sufficient time for two

. generatlons of deer mice (and other small mammals) to be added to the population

%
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When toxicity xnformatxgn is available for dnfferent forms of the COPEC, such as organic
and inorganic forms of mercury, NOAELs are generally derived from the most toxic
form, unless data are available that are specuf ic to the form in question. In this regard,
chromium VI is measured and assessed dvrect!y, therefore, total chromium is assumed
to be chromaum{m. For ecological risk assessment purposes, however, mercury is
assumed to be in organic form and arsenic in trivalent (arsenite) form rather than
pentavalent (arsenate) form. Also for the predictive level ecological risk assessments,
the bioavailability of the COPEC at the E.R sites is assumed to be the same as that for
the laboratory studies, although in the Iatter the chemical is typically added to food or
water in a highly available form and with little opportunity for behavioral rejection of the
chemical. |

Plant toxicity benchmarks are based pnmanly on the information provided in Will and
Suter (1995). These benchmarks are based on LOAELs using 20% reduction in growth
as the endpoint and are limited to tests in s:o:l rather than tests using solutions.
Although based on LQAELSs, these benchmarks are considered conservative and
appropriate to the predictive level assessment. The endpoint is sublethal and
reductions in plant growth may have np mgmﬂcant effect on the reproductive potential
or the continued existence of a plant popuiation. Furthermore, these benchmarks are
primarily based on stud:es in which th chemtcal of interest in added freshly to a soil (in
the case of i morgamcs often as a scluble salt) and is typically more bioavailable than
the COPECs that haye had a chancelto bind with soil particles or are in a less soluble
form.

Appendix B presents the chronic oral NOAELs and LOAELSs for COPECs at SNL/NM
ER program sites ft:r the deer mousehand‘ burrowing along with the test species
information used to derive these benchmarks. This appendix also presents the piant
benchmarks used fc? screening COREC concentrations in soil that may be potentially
phytotoxic.

3.6.3 Risk characterization for nonradiological COPECs

The potential for nsk to ecological receptors is determined through hazard quotients
(HQs). HQs are spec:f' ctoa pamcular receptor for exposure to a particular COPEC.
An HQ is defined by:

] Ho s Exposure
/ Benchmark
where:
HQ = the hazard quotierjt (unitless)

Exposure = the estimated oraljdose of the COPEC for the receptor (in mg/kg-
day)

Benchmark = the toxicological benchmark for the COPEC and receptor (in
mg/kg-day).
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HCs are used tc charactenze 15« for poth cant and wilgite recest e o SO NMER
program sites The methods ‘0 mode mg wrrosure in these » 0ogica. 'e: wicrg 15
described in Section 3 3 and tne metheas for delermining ox ¢ty Tenchmar (5iues s
discussed in Section 34 For the predictive assaessment of eccingica. ~sk 1 wosife
NOAEL values are used as tha texicologicai enchmarks Tha tercrmarks “or
evaluating nsx tc plant are based on LOAELS

The value of the HQ 15 greater than 1 9 ¢ ihe magnitude of the exposute s zater than
the corresponding benchmark and conversely the HQ s :ess tran or ezua . 1 0 the
expcsure is less than or equal 1o the berchmark  An HQ vawe ess than ¢r szuaitc 10
i3 interpreted as evidence of ne potentiai rigk o that receptor for that CTPE D i the
HQs for a COPEC are less than umty for afi regeptors that | CORED 15 emurgreg from
further consigeration at that site  However recause exposure fcr the evayar on of
COPECs s conservatively estimated (e g .|b2ing based on the ~ax'mum measured sor
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only as evidence that the potential for risk can not be ruled out ”a'ohm 1me COPEC
is not eliminated from further consideraticn gending further evacaten or eres al
action

3.7 Dose Estimation and Risk Characterization for Radiological COPECs

in addition to estmation of exposure to norradioactive COPECs as cascnpes aoove a
methodoiogy has been developed to estimate the internal and extenai radialcn dose
rates to widhfe receptors that are continuousy exposed to ragionuc.des at SN, NM ER
sites based on ther concentraticns in the sufface and subsurface sci Tnsse
calculated dose rates are compa: 2d to the international Atom:c Energy Agers.
maximum allowable dose rate of 2 1 rad/day {JAEA 1882) for teresinal receris s 'o
evaluate petential nisk - This benchmark dose rate represents the trreshcla whsre sight
effects from radation doses may become apparent in terrestrial wildife popuiat ons
Because plants and insects are less sensitive to radiation than vertehrates (W ‘(E'
and Schultz, 1982). the dose of 0 1 rad/day shouid be protective of 3 troac «arze
species and ecosystem processes The methgdology presented hiere 's used as a
evaiuation ‘ool to determine if ecological receptors are impacted ever wher I1sie rales
to humans are considered neghgibie

This sectcn also descnbes the parameters used n the radiaticn dose rmocs F s
screening purposes. this model uses the maximum measured raginri.s .de
concentrations n soil at the SNL/NM ER sites |S .grificant decay procunts 1f2a

parent racionuchide are considered .n the dose rate estimates Qaua'm CBULTIEE
from pa?ents that contribute significantly 1o inte .rat Gose are corsicere s \Ha
radionucjide-specific absorbed energy data avaiatie from Baker & So2at 155 Trs

absorbed energy da'a 1§ highly degergenrt vponiire s;ze of the receriir HIwe. bt
iong balifii‘e of most of the radicnuc-des present at SNLU/NM ER sites sy~ 3
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reduced internal exposure due to the fact that the decay constant for long-lived
radionuclides is relatively small.

The external dose rate a terrestrial receptor receives due to the presence of various
radionuclides is caiculated by 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 yieid the total dose rate in rad/day for;
comparison with the 1AEA (1992) dose rate limit of 0.1 rad/day. j

For this model, it was assumed that the geometry of the terrestrial receptor could be
approximated by a sphere to simplify the calculation. The entire activity of the
radionuclides present are assumed to be concentrated at the center of the organism
and treated as a point source (i.e., the receptor is uniformly irradiated from within and
the absorbed dose is not organ specific). The deer mouse residing in the location of the
maximum contaminant concentrations is assumed to receive its internal radiation
exposure from.its diet of plants and ingestion of soil. The burrowing owi, also resides in
the location of the maximum contaminant concentrations and is assumed to receive its
internal radiation exposure from its diet of deer mice and ingestion of soil. Baker and
Soldat {1992) provide data on the parameter, E, for certain radionuclides, which is the
effective absorbed energy based upon the amount of energy the organism, with a
certain effective radius, absorbs within its body from radioactive decay. For alpha
emitting radionuclides, the effective absorbed energy for any terrestrial receptor is
constant for a radius of 10 cm and lower. This is due to the fact that alil 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 SNL/NM 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 radlday
where:
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E,=512‘]04’5,

where: '

g, = the radionuclide energy for a deer mouse with an assumed
effective radius of 2 t')m (MeV/dis) (Baker and Soldat, 1992).

BW = the body weight (mass) of the mouse assumed to be 0.023% kg  (Siiva &
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:

){FR PS vaaw + F R Qsamxtf 3

where:
CS, =] the concentration of radionuclide, i, in the soil (Cikg)
PS, =! the soil-to-plant conversion factor specific to radionuclide, i, and chemical form in
the soil (Baes et al. 1984; USDOE, 1995),
DW= jthe conversion from mouse wet weight to dry weight equal to 0.32 (EPA, 1993),
Qv,..4. = the ingestion rate of plant by the mouse (dry weight) assumed to be 3.72E-03
kg/day, (Nagy, 1987),
Qs,,,ci,. = the ingestion rate of soil by the mouse assumed to be 7.44E-05 kg/day or 2%
' of plant intake rate, (EPA, 1983),
Qs,, = the ingestion rate of soil by the owl assumed to be 3.46E-04 kg/day or 2% of
food intake, (EPA, 1993),
Qm = 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 consumptlon by the owl
to the number of mice ingested in 1 day),
Fi = the fraction mgested 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 ow! (unitiess) which is

radioisotope dependent (Baker and Soldat, 1992),
B, is the burden duratlon factor for nuclide | (day), which is:
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4.0 Preliminary Soil Remediation Goals for SNL/NM ER Sites

Preiminary remediation joals (FRGs a'e Jsed to estabosn con entrators L LOPECS
for specific media at a specific s.te trat w be protective of recentors potes ally
exposed to those COPECs at that site  Tr.s PRGs set an unper soncentraucn irut ‘or
each COPEC such that the mean concentranon {estimated b the 38% yoper
confidence imit of the mean) of the COPEC n that medium must be telsw s
respective PRG to be protective of the receptcrs of concern for that site PFGs are.
therefore. cnitical in the determination of tne extent of area tha! «-1 be reme; ated at the
site

Ecoiogical PRGs (those basec on eccicgical rather than human raceptors: * - soils at
SNL/NM ER sies are determired through ihe same exposure medels used 1, calcuiate
hazard quotients (HQs) for these sites FHowever instead of determining the HC by
inputting site-specific soil concentrations the PRGs are determ:ned for a pa.ouar
receptor through the back-calculation of san zoncentration after setting the hC equaito
10 This s equivalent to setting the exposure equation equal 15 the toxicity benchmark
and solving the resulting equation for the so!l concentration Because multipe
receptors are used in the evaiuation of nisk for SNL/NM ER sites (deer mice a~d
burrowing owls;. this process is repeated or each receptor of cencern for the site apd
the lowest back-calculated soil concentratior for a particular CCFEC among rese
receptors is used as the PRG for that COPET

Because the underestimation of PRGs cari lead to unnecessary hacuat Jsturnance and
resource expenditure, the calculation of PRGs incorporates less conservalism than the
calculation of HQs used in the predictive levei nisk assessment process  To tris end!
Lowest-Observed-Adverse-Effect-Levels (LOAELS) rather than NOAELS are cced as
the toxicological benchmark for the calculation of PRGs. For wildlife the procedures ifor
scaling and estimating chronic NOAELs are acpiied as necessary ¢ the denvat.on of
chronic LOAELs In cases where only a NCAEL 1s avaiiable 1 e. ro effects we'e
observed at any dosage leveis in the underlying study). the LOAEL s estimatez 3t 10
times the NOAEL. Chromic LOAELSs for the deer mouse and burrowing ow: are
presented in Appendix B

In addition to use of LOAELs as tre toxicity benchmarks. the values of the para—eters
used to model exposure in particuiar recepters are chosen to be more reanstic
estimates of the mean of these values (based on measured values) rather tranr
conservative estimations of the exposure parameters {(as used in the predichive
ecological assessment to counter uncertainties:  Thus in the calculavon of PRGs for
the deer mouse. the proportions of plant ana nvertetrate food ¢ the diet gre £° °
and 38 5% respectively which are vaues £ased on year-long measuiemen’s o'

stomach contents from deer mice i~ tre shon z-ass praine of Colorade Figke * 171 a3

2N E
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cited in EPA, 1993). In the predictive assessment, these proportions are both 50%.
which represents a generalizedjomnivorous diet, but which conservatively over-
represent invertebrates in the gverall diet of this receptor. Also, the fraction of the diet
of the deer mouse representec(!lby ingested soil is estimated to be 1.2% for the PRG
calculation rather than 2%, as is used in the predictive ecological assessment to -
calculate HQs. The former is tzased on mean measured value for white-footed mice '
from Beyer et al. (1994) while the latter is based on the conservative generalization of

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

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

Soll-to-
Constituent of Potential Soil-to-Plant Invertebrate . | Food-to-Muscle
Ecological Concern Log K,.* | Transfer Factor® | Transfer Factor® | Transfer Factor®
Acetons 0.24 533 x 10 1.28x10' ¢ 1.04 x 10*
Benzene 213 2.27 % 10° 168 x 10' 2.82 x 10°
"Benzoic acid 1.87 321 x 1Q° 1.83 x 10 1.57 x 10°
Bis(2-ethylhexyl)phthalate 7.30° 2.34 x 107 3.05x 10" { 640x 10"
2-Butanone : 0.29 263 x 10 1.36 x 10° 367x10°
Butyl benzyt phthalate i 477 6.78 x 10+ 228 x 10' ; 1.56 x 10
Carbazole i -t — -~ i —
1 Chiorobenzene P 2.51 1.37 x 10° 1.76 x 10’ 7.21x10%
Chioroform ' 1.92¢ 3.01x10° 1.64 x 10 1.77 x 10
1 4=Chiloro-3-methyiphenot 3.10 6.25 x 10" 1.88 x 10' 2.93x10°
}-2-Chlorophenol 2.15 2.21x 10° 168x 10" 3.06 x 10*
' Dibenzofuran 412 161 x 10" j2.41x 10 3.32x 10
“1,1-Dichioroethylene 2,139 2.27 x 10° (188 x10° 292 x10°
1 1,2-Dichioroethylene 1.86° 3.26 x 10° ' 163 x 10 1.54 x 10°
| Dimethylphthalate 2.12 2.30x 10° 1.68 x 10' 2.85 x 10°
' Di-n-butylphthalate 461° 8.38 x 107 2.24% 10" 1.06 x 10°
| Di-nioctyiphthaiste 5.22 3.72x10% 240 x 10 454 x 107
Methylene chioride 1.25 7.34 x 10° 1.52 x 10 360 x 107
-Phenot © 1.46 5§55 x 10° 1.58 x 10’ 593 x 107
"1,1,2,2:Tetrachioroethahe 2.39 1.61x10° 1.73 x 10’ 542 x 10°
_ | Tetrachioroethene 2.67° 111 x10° 1.79x 10 1.05x10°
[Toluene 2.75° 997 x 10" 1.81 x10' 128 x 10°
“1.2:4-Trichlorobenzen 4.02 1.84 x 10° 2.08 x 10 262 x 10
{.1.1.1-Trichioroethane 2.48 1.43x10° 1.75x 10' B.71x 10°
Trichloroethene 2.71° 1.05 x 10° 180 x 10 1.18 x 107
| Xylenes: ° ‘ 320 5.48 x 10" 1.90 x 10’ 372x10°
| Explosives ;
1-2samino«4 S-dinitrotoiuene 1.94' 2.83x 10° 1.64 x 10 1.86 x 10%
| 4-amino-2.6-dinitrotoluene 1.949 293 x10° 1,64 x 10 1.86 x 10°
‘2. 4-dinitrotoluens 1.98 2.78 x 10° 1.65x 10 2.04 x 10
2:8~dinitrotoluene 172 393x10° 160 x 10 110 x 10%
HMX - - ) 0.26" 2.74x 10 1.36 x 10! 342 x10°
1.m-Dinitrobenzene 1.45" 533x 100 1.58 x 10' 637 x 107
-m-Nitrotoluene 2.45 1.49 x 10° 1.74 x 10 625 x 10*
Nitrobenzene 1.85 3.30 x 10° 163 x 10 1 50 x 104
| Nitroglycerin 162 4.48 x 10° 159 x 10' 868 x 10
o-Nitrotoluene ; 2.30 1.81x 10° 1.71 x 10' 4 37 x 107
‘p<Nitrotoluene 2.37 185 x 10° 1.73x 10 517 x 10°
PETN 371 2.78 x 107 2.02 x0 125 x 10°
RDX 0.87 1.22 x 10 1.45 x[10" 146 x 10~
sym-Trnitrobenzen 1.10 8.95 x 10° 149 x{10° 252 x 10"
{ Tetryd 165 431 x 10° 1.59 10’ 232x10
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Table B.1

No-Observed-Adverse-Effects-Levels (NOAELs) for
Inorganic Analytes in the Deer Mouse

Chenmical Name

Deer Mouse
NOAEL*

Test Species

Test Species

NOAEL* {Body Weight)" | Reference Comments
rdatinnan AEVE] 143 Mouse (0 03) Ondieicka etal (1966)  § As AT Based v oo UIAEL of 16
' _ gt aint uo ancoilmty facbor e
Aihitnony 13 0125 Maouse (G 03} Scivotsier ¢l (TR A4 GOy bialan et fatteote 1] . -

LSRN B FTN

i 11 17

126

Mouse (6 04

sehiorder and
Mitidiesna (1441

THIORK LOARE L 51T 2% g o st e
LNty factnr ot {1

As Bseate (AS | it vt hitone iR
EUB i Rgi andd an and ety Lao foe ot -

Fa.arsgnn Fig B | 501 Rat (1 43%) Fetty of at 108 0 A batarn chimde Fre Mot D e
] | e tidxrinnn dose oF the <th 3, o
‘i ' i FUTE L TS L T TN DECPR RS | PO |
Preer pitagnn : b ; it f flaat de 100y S bt o As LietyHuan sulfln Pl SNl | oagoe e
¢ : Mudc e { Vit e ana virmn tose of e study wino 6
—" : prondun esd 10 dtverse ethecd
P H ) ) P . i
A L n 1 1 ite 11+ f2at (0O 3073 NITUCTRY IR R 1T As Ll
ol {Hodoly fe 35 A K Rat iy ') Ivanhovs. atul An U8 e g 0h Bra MOALT copaenents ita
Preussmsinn (1974 maarmum dose of 1Ihe study whech pircadi o
I vt S eHert
Chirotmnuen Vi ty A7 KA B (0 ans Mac Kense ot Gl JT95R | As 0™ 00 F 85 00 Thee A U e ot thee
Tt M BT (st of The shiely win dige ¢,
1 e mhetse ot
ERY PR ! tegolbo seted dasta b PEYSE U rg o
N - H . . .
Lopper S it : Bk 1 Dhuben et chied As v gper suftate
i D
toyetrrsle : T ‘ R ; Haty 271, Power aned Aancs (19811 | AS potassmin yanah-
. . . H . . - N . )
Poons : 15 ! R ; At (0 AR md e 2at et al (3075 A edd & el
H . V ) .
Rlatijatese ¢ 1o lat| { frat i s, Patkey s b s 1080 Ag M i),
., h
P g D paten e ' Ya o M ,,.:,{:Wg.wx ol g L T L
R : ~W" : LS e e o F e DUITES YRR OLITIE e
v X l ROREILF S TN TL SELNPS T TPRNRRY T PO |
LA vy ¥ R N TR l } 32 L i e Tos Baisiste 18 oob .l A inethyl o bty Chminde
i i ! HER TN
: i .
AN e - ! I E Ay 4 N IR Y) Fonbiora ot o (1001 A it bl Sialidec ’"'“'_’,f"‘" e ———
(RIS i [FIRY] | i FRoar ¢y 45 Homenderd ated B0t L As probieanin b, e
H ; Lt

- Sl



Deer Mouse | Test Species Test Species
Chemical Name NOAEL* NOAEL* {Body Weighl)" Reference Comments
Silver 348 17.8 Rat {0.35} Olculi (1950) As sives nitrate. Venincular hypedtiophy
observed at 88 mg/kg/d. Because thus LOAEL
is not considered 10 be of signficance o
popuiations, sn unceriainty factor of 0 2 was
- . applied.
Thailum a0 00074 Rat (0.365) Formigli et al. (1936) As thatiium sulfate. Based on a subchiomc
[ —— R LOAEL of 0.74 mg/ikg/d with an uncenainty
T factor 610 01
Tianmum 309 158 Rat (0.35) RTECS (1998 Form not specified. Based on LOAEL of 158
mg/kg {assumed to be'a daily-dosage) and an »
o uncertainty factor 6f 01
Uranium 319 jor Mouse {0 028) | Patemain et al. (1989) | As uranyl acetate.
Vanadum 038 021 Rat (0.26) Domingo et al. (1986) As sodwm metavanadale (NaVO,) Based on
chrome LOAEL of 2 1 mgfgid
Zinc 313 160 Rat (0.35) Schiicker and Cox As znc oxide.
(1968)
‘in miihgrams per kilogram per day (mg/kg/d)
*Body weights expressed in kilograms
‘Lowest-Observed-Adverse-Effect-Level
T ———
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Tahle B.2

No-Observed-Adverse-Eftects-l.evels (NOAELs) for
Organic Analytes in the Deer Mouse

e ; " B A " Y r
. Deer Mouse | Test Species | Test Species i :
~ M i 1 4
Chenucal Name + NOAEL® NOAEL* ! {Body Weight})" | Reference Comments
AT Lo, ; i : Bl a4 P A e BRI TR
i ! . . CRER i e e Tl et
N i H t 1
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Test Species

Deer Mouse | Test Sp,ecﬁeé :

Chemical Name NOAEL® NOAEL* (Body Weight)® | Referance Commerits

Di-ri-butyl phthalate 582 550 Mouse (0.03) | | Lamb el al. {1987)

Di-n-ocly! phthalate 84.1 794 Mouse (0.03) {see Commaents) Test species NOAEL based on mouse
NOAEL for bis{2-ethyihexyilphthatate and
ratia of LDy, values (6,513/1,500) from
RIECS (1997).

Methyl ethyl kelone {see 2-bulanone)

Methylene chloride 114 5.85 Rat {0.35) NCA (1982)

Phenot 117.37 60 Rat (0.35) NTP (1983), as ciled in

USEPA (1997)
1.1.2,2-tetrachioroethane 2758 14.1 Rat (0.35) (see Commenis) Tes! species NOAEL based on mouse
— NOAEL for 1,1 1 trichloroelthane scaled 10 a
e—. sat (541 mgMkgid) and ratio of LDy, vakes
{250/9,600) trom RTECS (1897).

1.12.2- 1.48 1.4 Mouse {0.03) Buben and O'Flaherty | Based on a subchronic NOAEL of 20

Tetrachloroethylene (1985) mg/kg/d (5 out of 7 days), muliptied by 0 07
to convert & to a chronic NOAEL for 7 out of
7 days.

Toluene 215 280 Moause (0.03}) Nawrol and Staples Based on chronic LOAEL of 260 mgfkg/d

{1979) and an uncenainty factor ol 0.1
1.2,4-Trichlorobenzene 290 148 Rat (0.35) Robinson el al, (1981) | Basad on a subchwonic NOAEL of 14 8 and
an uncertainty factos ol 0.1
1,1.1-Tachloroethane 1,100 1,000 Mouse {0.03) tane et al. {1982) ‘The NOAEL rep 1s the dose
of the siudy, which produced no significant
adverse effect.

Tnchioroelhylene 074 07 Mouse (0.03) Buben and O'Flaherty Based on a subchronic LOAEL of 100

————— —— (1985) mgfkgid {5 out of 7 days), multiphed by
T 0.007 1o convert it to a chwonic NOAEL for 7
out of 7 days.

Xylenes 2.22 21 Mouse {0 03) Marks et al. (1982)

Explosives
2-Amino-4,6-dinitrotoluene 550 il Rat (0.35) (see Comments) Tes! speces NOAEL based on rat NOAEL
for TNT and ratio of LDy, values {1,394/795)
T e . o RTECS (1997) :
4-Amino-2 6-dinitrololuene 3.78 193 Rat (0.35) (see Comments} Test species NOAEL based on rat NOAEL
for TNT and tatia of LDy, values (9S/795)
_trom RTECS (1997}
m-Diniliobenzene 0221 0.113 Rat (0.35) Cody et al. (1981) as Based on subchrone {16-week) NOAEL of
cited in Taimage and 1 13 mg/kg/d and an uncenamty factor ot
Qpresko {1996¢) 01
2 .4-Dinstrololuene 106 054 Rat (0.35) {see Comments) Test specws NOAEL basad on rat NOALL

ol
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Chemical Name

Deer Mouse
NOAEL*

Test Species

NOAEL"

Test Species
{Body Weight)®

Reference

Comments
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Chemical Name

Deer Mouse
NOAEL*

Test Species
NOAEL®

Test Species
(Body Weight)®

Reference

Comments

Polycyelic Argmatic Hydrocarbons (PAHs)

Acenaphthylene

1.06

1.0

Mouse (0.03)

{see Comments)

Insufficien! toxicity data available for this
compound. The NOAEL for benzo{a)pyrene
is used as delault.

Anthracene

105.85

100

Mouse (0.03)

USEPA (1969a)

NOAEL based on the highest dose (1,000
mgkg/d, subchronic) and an uncertainty
factor ol 0.1,

Benzo(a)anthracene

1.06

10

Mouse {0.03)

(see Comments)

tasulficient toxicity data available fot this
compound The NOAEL for benzo{alpyrene
s used as default

Benzo(b)flouranthene

1.06

1.0

Mouse (0.03)

{see Comments)

insufficient toxicity data avaitable for thes
compound. The NOAEL for ben2o{alpyrene
s used as defaull.

Benzo(kjfluoranthene

1.06

10

Mouse (0.03)

(see Camments)

insufficient toxicity data available for thus
compournki The NOAEL for benza{a)pyrene
i3 used as defaull.

Benzo(g.h)perylene

1.06

10

Mouse (0 03)

{see Commenls)

Insufficient toxicity data avadable for this
compound The NOAEL for benzo{a)pyrene
s used as default.

Benzo(a)pyrene

1.06

1.0

Mouse (0 03)

Mackenzie and
Angevine (1981)

Considered the mos! taxic PAH fo wildlife.
therefore, used as the defaull lor PAHS with
msufficient toxicity information for NOAEL
determimation

Chrysene

1.06

1.0

Mouse (0.03)

{see Comments)

Insufficient toxicity data available lor s
compound, The NOAEL for benzo{alpyrene
s used as defaull.

Dibenzo{a,h)anthracene

1.06

1.0

Mouse (0.03)

(see Comments)

Insufficient toxicity data available for this
compound. The NOREL for benzo(alpyrens
s used as defaull.

Filuoranthene

1323

12.5

Mouse (0 03)

USEPA (1988)

Based on subchronic NOAEL of 125
_mg/g/d and an uncentainty factor ol 0 1

Fluorene.

1323

125

Mause (0.03)

USEPA (1989b)

Based on subchronic NOAEL of 125

mg/ig/d and an uacedanty actor ot 0 1

Indeno{1,2,3-cd)pyrene

1.06

10

" Mouse {0.03)

(see Comments)

Insufficient ioxcity data svadable {or ths
compound. The NOAEL lor benzo(aipyrene
s used as defoul

2-Methyinaphthalene

‘Naphthalene

479

529

Rat (0 38)

{see Commenis)

Test species NOAEL based wu 1at NOAEL

for pyrene {4 08 mg/kgid, scaled lrom

mouse NOAEL of 7 5 mg/xgid] and raho ot

LDy vahses (1,630/2,100) hom RTECS
_(1997)

Moaouse (0 03)

{see Comments)

Test specwes NOAEL based on mause
NOAEL fos pyrene {7 5 mg/gid) and (atio of

Shee 2

SN S 1
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Deer Mouse

Chenmucal Name NOAEL”

Test Species
NOAEL!

Test Species

{Body Weight)®

Reference

Comments
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Lowest-Observe_' -Advers ""'Effects-l.eveis (LOAELSs) for

!norganlc Analy, a'*in the Deer Mouse

Deer Mouse

‘ 'r‘iast Spécjes

‘ , Test Specles B

Chemical Name LOAEL> LOAEL® (Body Welght)® | Reference Comments

Aluminum 204 193 ——] . Mouse {Q.03) | Ondreicka et al. (1966) | As AICI,

Anlimony 1.32 1.25 Mouse (0.03) | Schroeder et al. (1968) -] As antimony potassium tanteate.

Arsenic 1.33 1.26 Mouse (0.03) | Schroeder and As arsenie (As™). d

Mitchener (1971)

Banum 38.7 19.8 Rat (0.35) Borzelleca el al.{1988) | As barum chloride. Based on a subchionsc
LOAEL of 198 mg/kgid and an uncarntamly
factorof 0.1,

Beryllium 129 6.6 Rat (0.35) Sciwoeder and As beryliium sufate. The LOAEL represents 10

Milchener (1975) * the mavimum dose of the study, which
) produced ao adverse effect.

Cadmium 18.9 10 Rat (0.303) Sutou et al. (1980) As CdCh, .

Chromium {total) 53,540 27,370 Rat {0.35) ivankovic and As iV in Gr,0,. The LOAEL represents 10 %

' Preussmann (1975) the maximum dase of the study, which
ptoducad o adverse affect.

Chromium Vi 257 13.14 Rat (0.35) Steven et al. (1976) A3 Cr%_ Basad on & subchronic LOAEL of
13% 4mgaaumummtwmmm

Cobait - — — — Insufficient data for NOAEL detenmination

Copper 385 15.14 Mink (1.0) Aulerich el al. (1982) Az copper sutfate.

Cyanide 1,260 687 Rat (0.273) Tewe and Maner (1981) | As potassiom cyanide. The LOAEL represants
10 x the maxirwm dose of the stdy, which
produced no adverse effect.

Lead 156 80 Rat (0.35) Azar el al. (1973} As lead acaiste.

Manganese 556 284 Rat (0.35) Laskey et al. (1982) As M0, ‘_

Mercury (inorganic) 140 132 Mouse (0.03) Revis et al. (1969) As mercuric sulide  The LOAEL represents 10

x the maximam dose of the study, which

produced no advese effect
Mercury {organic) 0.31 0.16 Rat (0.35) Verschuuren et al. As methy! mercury chionde
{1976)
Nicke! 156 80 Rat {0.35) Ambrose et al. (1976) As mckel sufate hexahydrate
Setenium 0.65 0.33 Rat (0.35) Rosenfeld and Beath As polassium selenate
{1954)
Silver 174 8% Rat {0.35) Cicutt (1950) As siver nitrate.

PG e Tl gin o s raad]
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} Deer Mouse Test Speges ____J.esl.Speqes
Chemical Name LOAEL* —}— LOAEL* {Body Weight)” | Reference Comments
debrestiritti ' 015 0074 Rat (0 365 Formsgh et ol (1PN Ay thabionn sotbate Bt o8 sube b
- COARL Ot D 23 mghg'd wan s e et
. i kwotto 1
Pitetimun KLY 168 teat {1 3h) RELCH Uy toun not sperotuet
RTINS P IR R Maouse (0 D28) Prsbesrnn ol af (1Ot As wtany! geetale
Vonahutn 3181 210 ftat ‘(] ) llm’imu_;n et {HOHE) Aty 5ot e tan Hantate .W
;’HE(‘. ’ o B26 i 320 ‘ Rat {0 1%) Sehhohar and £ o ‘ﬁ-‘ﬁéﬁf}s}w
§ TEH R o e ]
R
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LOAEL of 500
uncert ak:tylaclmofﬂl

Dmenzofuran

[ -

1 1~Bsd1broemyléne

T Ral(035)

Guastet al. (1983)

7.2-Dichioroethylene

“Mouse (0.03)

“Faimer ef I, (1579)

“Dimethyl phinalale

Mause (0.03)

{see Qonvnems)

Tast species LOAEL basd ON MOUsSe
LOAEL for w2-ﬁhylmmmam and
ratio of. I.D,. vales (6 800/1,500) from
RTEGS (19971 L
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Maxwel! and Opresko

{1996) -

unoenaaaty fadofoi 0.1-

1.7

E Ffthroglycérin

To5s T

Whi!e-focted'
mouse (0:018%5) -

Mou#e"’{o" ’r"-

{see Comments)

Test species LOAEL based on white-footed
mause LOAEL for symi-dinitrobenzene
£11.35 mg/kgid) and the ratio of LDy, values

- (1978, 1984)
as ctted in Smith (1989)

5900572 fmii‘rRTEcs (1997).

"mQNilrotoluene

216

Rat (0.35)

{see Comments)

Tast species NOAEL based on sal LOAEL
tor TNT and ratio of LDy, values (1,072/785)
om RTECS (!9&}(

- o-Nitrotoluene

179

Ral (0.35)

"(see Comments)

Test spaeios NOAEL based on rat LOAEL

1 for TNT and fatnof LDy, vahses (891/795)

trom RTECS (1997).

p-Nitrotoluene

394

“Rat (0.35)

(see Commenis)

Test species NOAEL based on ral LOAEL
for INT and ratio of LD, values (1,960/795)
from RTECS (1997).

PETN

62,200

Mouse (0.03)

{08 CORTTEIIS s

-Tast.species LOAEL based on mouse
LOAEL for nitroglycerin and ratio of LDy,
values (7.000¢115) from RTECS (1997)

RDX

35

Mouse {0.036)

Lish et al. (1984) as

ciled in Talmage and
Opresko (1996a)

Tetry!

6.2

Ral (0.258)

Reddy et al, (1994) as
cited in Tatmage et al.
(14996)

Basad on subchronic LOAEL of 62 mg/gid
with an uncettainty factor ot 0.9,

sym-Trintrobenzene

White-footed
mouse (0.0185)

Pathological
Assaclales, Inc (1904)
as ciled in Talmage and
Opresko (1996b)

Based on subchiome LOAEL of 112 6
mog/g/d vnth an uncertamty factoraf 6 1

2.4.6-Tamirotloluene

Rat (0.318)

Difley et al. (1982) as
cited in Talmage and

Based on a subchiomc LOAEL of 160
mo/kg/d with an uncertainty factot ot 0 1

Opresko (1995)




ot

H
1 . .
3
; i
, i i
- . f
. I ot b o ‘ B ) ‘
: i
. |
.o - . v doatee L LI A . . . . Pl
N i, [ o g o4 : : « N
. IR [ iy AR ! s ., .
T e LB eyt . i s won H
R T . Jeoie st Gl arad g IEEIR TN Ebrar A LEPER] +
RS i
- . _ '
st a0 ! [P IR S S e . oy ' ;o ' R
m m,
N TP LI T I W L oy iy RN LR i (BTN * : [RLEPE T T
. s i
! ! i ‘
: ; m_ { : :
) o Gl oAt gy t ’
i - ERETULI PR RS SRS _ . C Rt
1 4 . « f
i : : i
I’ RIS S et i o : o R B3
. . . ... i ‘o . I N LT .\ A LTI ot i
X P PO SR NS e
: Cr e s g G e o ‘o [ R I I R P - Wireh it .
L e e ) e e e T . :
! LBep L bsetEedias - i '
JO—— R e eyt [ RIRT! SRy T, LR EUSTE IR LRSS SIRTAN AN B
- T ' i f i
B U T S TR “ : . !
t [RISE S T P T VI PP ; ¢ i .
! s Ve ; R YR RA Lo ~ 1Y | ; ey | i SHET I
R o3 . ' M
Loaad e PRI TN i M i :
! Lo bag sy by : CHEIINIC ) 96 (00 O ALty i i M i s AU L N
| {SHY d) sUOGIEI0IpALH JRwoly MNAsAoY
i T " T "
SUILWAY | asuasagay | Oybiopy Apog) C1vOT P L 1AvO1 : JUEN JE YY)
i saioadg |52y sanadg jsa) ” asnow 193¢}




T T TR e s BT

‘rest spsecaes LOAEL baud -on m TOAEL

for arocion.1 254 OBOAMQM scaled

oldfrsid
LDy vaties {1, 315/1,010) from RYECS
1997).




i PINDURI

Tahle B.S

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

Burrowing | .. Test - |- —————
Owl Species Test Species S

Chemical Name NOAEL® | NODAEL*—-{Body WEIGht)" | Reference Comments
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‘Chémical Name. ..

Test Speties .

Comments

11,1, 1= Trichioroethane -

| (Body Weight)®_

Inaufficient data for NOAEL determinabon. »

Insufficient data lor NOAEL delermination.

Insufficient dala for NOAEL delermination.

"Explosives

Vs rpb——r. .

“2-Amino-4,6-dinirotoluene

——

P

'in‘suf‘ﬁciem dala for NOAEL determnation

_4-Amino-2;6-dinitrotoluene

Insufficient dala for NOAEL determigation,...

Insufficient data Jfor NOAEL determmnation.

insufficient data for NOAEL delermination.

Insufficient data for NOAEL delerminalion.

HMX

Insuticent data for NOAEL determination

Nil?obeniéne

insufficient data for NOAEL determination.

-Niltoglycerin

tnsufficien! data for NOAEL determination.

m-Nitrotoluene

insufficient data for NOAEL determination.

' o-Nilrotoluene

Insufficient data for NOAEL deternination

p-Nitrotoluene

insufficient data for NOAEL determunation.

PETN

Insufficient data for NOAEL detammnation.

1L.ROX

nsufficient data far NOAEL determunation

Tei;yl

insufficient data for NOAEL delenmunation

_sym-Trinitrobenzene

insufficient data for NOAEL detenmunation

2,4.6-Trinitrolofuene

Insufficient data for NOAEL determination,

Polycyclic Aromatic Hydrocarbons {(PAHs)

ACenaphthylene

insulficent data for NOAEL determnation.

Anthracene

m—

insufficient data for NOAEL deletmanation.

Benzo({a)anthracene

Insufficient data for NOAEL determunation

Benzo(b)flouranthene

Insulficient data tor NOAEL determination

Benza(k)fluoranthene

Insulficient data for NOAEL determmation

) Benzo(g,h i)perylene

tnsufficient data for NOAEL detervinahon

Benzo{ajpyrene

Insulticient data for NOAEL delermmation

Chrysene

insuthicant data for NOAEL determmnalon

Dibenzo(a h)anlhracene

insulficrent data for NOAEL determinaton

Fluoranthene

Insufficient dats for NOAEL delermminaton.

Fluarene

insufficent data tor NOAEL detemunaion
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| Chemical Name

Comiments

Afuriinum

S E— Ty e §

A

nged:[)cva_‘,. ,.Camere et al {1986)

{0.155) .

AS AL{S0O,),. LOAEL based on 10 x a single
I restdoseth

atproduced no adverse etfect.

"An,tiffbnv

lhsulﬁmt data for LOAEL detennination.

“Arsenic:

12.84

“Mallard (1.0)

USFWS (1964)

As sodiuin arsenite {(As'?).

Barium

416

Chicks (0.121)

Johnson et al.(1960)

As basium hydroxide, Based on a subchronic
LOAEL of 416 mgiug/d and an uncertainty factos

o101

Beryllium

-

Insufficient dala for LOAEL deterrnination

Cadmium

Mallard (1.153)

While and Finley (1978)

As CdCi,,

- Chromium (total)

Biack Duck (1.25)

Haselline st al. (1985)
(unpublished), as ciled
in Sample et al. (1996)

As TV in CiK(SO,},.

Chromium Vi

insufficient dala for LOAEL determination

Cobalt

Insufficient data for LOAEL detercrunation

Copper

Chicks (0.534)

ﬁehring etal (i960)

As coppes oxide.

Cyanide

——

Insufficient data for LOAEL determunation.

Lead

American Kestrel
(0.13)

Palice (1984)

Asmeialhcm The LOAEL is based on 10 x
the maximum dosa, which produced no
sigrificant adverse effects.

Manganese

Japanese Quail
(0.072)

Laskey and Edens
(1985)

As Ma,0, LOAEL based on 10 x a single tast
dose that produced no ocbserved adverse effect.

Mercury (inorganic)

Japanese Quail
(0.15)

Hift and Schaffner
(1976)

Mercury (organic)

Mailard (1.0)

Heinz (1979)

As methyl mercury dicyandiamide Based on a
single dose which was conswdetedtobe a
cheame LOAEL

Nickel

Matlard ((0.782)

Cain and Paftord (1981)

As aicked sulfate

Selenium

Screech Owl {0.2)

Wiemeyer and Hoffman

As selenomethionme,

Silver

(1996)

Insufficient data {or LOAEL determnation

Thallium

insulficient data for LOAEL determination

Wltads Vb & pacy
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Chemical Name

" Burrowing

- -Owl
LOAEL"

L Species
(Body Wéight)"

Reference

Comments

‘Acetone’

insufficlent data for LOAEL detenmination.

Benzene

msufficient data for LOAEL delermination.

1'Benzoic.acid

Insufficient data for LOAEL determination.

‘Bis(2-ethythexyf)phthalate

Ringed Dove
v (0.155)

LOAEL based on 10 x a single test dose
that produced no significant adverse eftect

2‘Bulandne

Insufficient data for LOAEL detearination.

‘Buty! benzyl phihalate

Insufficient data for LOAEL detenmination.

Carbazole

tnsulficient data for LOAEL determination

| Chiofobenzene

insufficlent data for LOAEL determination

1 Chioroform

lnsutfu:iem data for LOAEL determinaton.

2-Chiorophenil

Tnsulficient data for LOAEL determination.

4.Chloro-3-methyiphenol

Insufficient data for LOAEL determnation

' Dibenzofuran

Insufficient data for LOAEL determination

- 1,1-Dichloroethylene

insufficiont data for LOAEL determunation.

1,2-Dichloroethylene

TnsyMcient dala for LOAEL determination

Dimethy! phthalate

tasufficient data for LOAEL determination.

Di-n-butyl phthalate

Ringed Dove
{0.155)

LOAEL based on a single dose that was
considered to be a chronic LOAEL.

Di-n-oclyl phihalate

Insufficient data for LOAEL determination

Methyi ethyl ketone

——

insulficient data for LOAEL daterminabon

Methylene chioride

-

Insufficient data for LOAEL detetrnation.

Phenol

Insufficlent data for LOAEL detemunabon

1.1,2,2-tetrachioroethane

iInsulficient data for LOAEL determination

1.1.2,2-
Tetrachloroethylene

insutficent data for LOAEL determmahon

Toluene

Insufficient data far LOAEL detemunation

1.2.4-Trichlorobenzene

insufhicrent data for LOAEL determunahon
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msumden: daza"gov LOAEL defermination.

“Tnsofficent data fo LOAEL defermination.

insufficient data for LOAEL determination.

msumdm daIA T ‘LQ EL determmation.

QCBs) )

- Aroclor-1242

- McLane and Hughes

I.OAEL based on 10 x 3 single dose that
pfoduced no significant adverse effect

‘Aroclor-1248

:{1980)

e

Insufficent data for LOAEL defenmination.

"Asocior-1254

ng-Necked
Pheasant {1.0}

Dahigren et al. {(1972)

Based on the lowest doss, which was
considered to bé a chronic LOAEL.

Insufficient data for LOAEL determiaation

Aroctm-’léﬁp

*in milligrams per kilogram per day (mg/kg/d}.

*Body weights expressed in kilograms,
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Ey

:Chemical Name. . . . Reference ‘Comments . - ,
| Titaniom ‘ \ o S e j S ... | SISUTCHENE dala t0 determine benchmark
‘Uranium Uranylnitrate | Swiss chard | Sheppard et al. (1883) | Lowest concentration lested. =
‘Vanadium 20 Not specified Not specified USEPA (1980) Based on secondary soutce information with
. . o L . no experimentsl datails.
Zinc 50.0 Varipus Various Will ang Suler (1995) | Benchmark estimaled as the 10th percentite

from 14 reporied LOAEL

for planis

*in milligrams per kilogram soil.
"No-Observed-Adverse-Effect-Level.
‘Lowest-Observed-Adverse-Effact-Level.

o -

LW s Stk » Dy




Table B.10

Plant Benchmarks for Soil Concentration of

Organic Analytes

Chemical Name

Plant

Benchmark® | Test Species | Relerence

Comments

A etone
Hengene
Hengzom, o wt
et ety e s il dticd e
Flatanone
Butyl Beenzyl phihatate
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1o Qérjﬂ«‘ifdét!v}l(ﬂuﬁ
{methyl pmhame
{40 Lautyd ;‘,liﬂusksh.;
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ety et et
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{ i
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I!;~.;xf!(~ ;;:nl .{,-m 10 el B thaee busisr Y0y
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trsutficient data 1o deteimme bead o
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TR T St wilh Bty e T g TE R e
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Tevsaefe oot oLt b e leprane Lo bag,ae.

Hanc btk bersed) on TUIAE s toveeat s i oadt den bostoeds
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Acemphm!tene

_Anthracene

‘ Berxzo(a)antmacene

Benzo(b}ﬂomamhene

Séms and Ovevcash
2 {(1983)

Béﬁzd{t;}ﬂ&oiahthéaé

_Benzo(g.h.i}perylene

Benzo(a)pyfene

Chrysene -

e




-
Plant
Chemscal Name Benchmark*® | Test Species | Reference Comments
Fiuoranthene - - - insuthcient ata to duelemme beediark
flutrens

Indlenol 1 2 3l }‘{;y‘“ﬂ"f‘l‘l‘“

J Mc!tayln{xpmrmlc;c\ti
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Phenanthrene
fiyn".-me

"t.'s-\r fr .t ’ {;{4 E
Aroe ki 1048
ARG 1,64

At [Ty

' ‘"f"'fh)iychimin-é‘t’gd'Biphe%\?l#

v,

iyt

.

Sk g Webe

Insntficos ats 10 deteinane bendhmas

Insufticient data (o dehzmine benchmas

Insath deata 10 dehzimmne end hiimark

St doia o determung benchmark

Vesulhicapnt dald to deteomne beachmaik

(PCBs)

Inanthcent datd 16 deleiituhe benchnpe

PATILITRSIIT [0S MUIRS [OUNE PR FRTSLRTE RIS SYLTTWG TR TS

P uticient aale to deeanun Lo farees

Insutlicient dats to detedmng bunchoias

Pa———

M b s P RHOQE I Sl

=

1owist Ohserved Adverse oot Levid
“No-Opseoed-Adverse-Eect T 8VE™
FHectve concenttaton 1o 50% ol thiz exposed popiliion
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X0 J H: andL Dl ollcr, 1982, “Effects of'l'ransplaccntal Exposure to Chlorinated
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Radiological Properties for Selected Radionuclides
Sarndia National Laboratories, New Mexico
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Radiological Ecological Risk Assessment Methodoirgy
Environmental Restoration Progrgm
Sandia National Laboratories, New Mexico

Fac seiowing il FINaiion Uit 47,0 RO ol 0 ea ST s T
appited to the deer moetse ard o che B oo satoxpased e S T8 PO EONRIT U T e
in which they reside he fiestsecaon prov ios g mathemaneal den S RIRTINIREN,

rate “hasic” equation that o appicd o B Do deen meuse and the bok o wang e SIEINY

rate models. The second and thsd ~ccoon . L ne e bew the maac ool Soev - g eauaten
derreed insection one, s apphica o e nterte dose rote miedes won B8 deer

burrowing onl Lhe fourth section siredoces Lo entemnal dose wate n due b hoatl
recentors and the Hth secton detines the voraept ot the ol dese ron

1. Mathematical Derivation of the Genera! Internal Total-body Doi.e Rate Equation

Phis sechion wiil oatline g mathematical ders waon o 3 general Torm ol ine oy e talte

coustion that 13 appited to hoth the deer Mo and e ~arresw s ovs coposed 7o rsondeies
in the environment m which they reside

The Hanford Site Risk Assessment Methodetogy HSRANG (DOL s
the “hudy burden™ dose rater that i the nsg.x:n" ettect that radienue sdoslicne ! -.‘J}
receptor after ingestion. The change in the tods burden or Jose rate. & rerumt o e o
as the tollosing first-order. inear ditfe riliui equdiem
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; All tcrms have been prevxously defined.

Multlpiymg the expOnennal term, ™7

, through the term in the brackets results in the f¢llowing:

o1 = (e 7o (e )+ - e)

e the

: the body burden of the reccptor is zero at nme zero,
€5 radtonuchdcs into its body), results in the final
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The deer mouse 1s assumed o intine rabiohucindes mto s bods st sipedion F s and Py
on a daily basis. [tis assumed that the o
not considered in the radiologica: dese ratdrwoe since soil-tosmsect ganefer Jale s 0
radionuctides are not avilable Sonbinces noocassumed to be 2ot plaat i s rale P
5931 The plant intake rate of the Jeer mdine > csumated from the s bametie g tass
presented in Nawy 11987) und are the samefiniahe values as used in e oS FRNRCEIEN ¥ N
models

uneal o By beds oo nmemLs L b sl Tale

o tise Jiet consisis of T o plant. Bisoctiniake s

3
The mntahe ot radivnuciides via plantinges
toilowing:

R HENR MY deer mouse i “‘\’;‘*QS(T:ZE‘JJ A SN

swhere: ¢S corcenirationfo! the radionuciide 1 the st - Ci b
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The concentration of the radionuciide mn the sor s assumed 10 be taken sty the plasts o
retlected by the soil-to-plunt transier facter. P8, baxed on plantdry weight Ingestior i the
radionuclides present in the plants s considered by the plant mgestion sute term (e the
combined product of these terms represents f‘xc tetad radivactiviny per doy ngesiod B the deer
mouse via ingestion of plants only 1
e intake of radionucides Via sosi ingestion by he deer mouse 5 reprosented BLothe el g
expression’
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concentration of the radionuchide mthe sor i 1 Rg
(s - soil sngestion rite equal to 733l R g e 20 e deer
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‘This térm reflects the uptake of radionuclides through soil ingestion as it lives in the
.comammated focation: The combined product of these two terms represents the total
;radloacnvxty per day ingested by the deer mouse via soil ingestion. \

'Thc sum of the plant and soil ingestion provides the total intake of radioactivity into the body of
the &egr mouse per day assuming onl ya dxc: of plants and mgestlon of soil. The total intake of
(cs ps ‘gv+cs Q9 (Ci!daY)

All terms previously defined.

‘emdes. Obviously, the dxstnbutmn of radionuclides throughout this
neous and: thls must be reﬂected by the dose rate model The deer

(CS - PS -Qv+CS -Qs)- FI (Ci/day)
CS PS Qv and Qs are prewously defined,

Fractxon tngestei g.:from contaminated source which is assumed to
the 100% (umtlcss)

H

. . )
| ] Lhe radlonuchde concentration in the soil that actually
body nssues of the dcer mouse. l‘

L e,
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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 intoghe dose equation provides the following:
(CS -PS -Qv+CS -Os) FI FR EF - ED- B (Ci-day) {
: 3

where: (CS - PS Qv+ (S -QsIFI -FRYEF-ED

= ithe 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).

B =

The dose rate equation ir‘x thistorm describds the total radioactivity present in the deer mouse and
the time that the radionuclidelresides in thelbody to contribute to the dose rate.

4
The next term to introduce deals with the ahount of energy imparted to the deer mouse tissues,
internally, due to radioactive élecay. The effergy imparted to body tissues is é function to the size
of the receptor. This model assumes that aHieer mouse has a body radius of dpproximately 2 cm.
Absorbed energy data in Bak:er & Soldat (§992) is provided as a function of iradionuclide and
body radius. When applicab}g, the data pro idediby Baker & Soldat (1992) include the
contributions to absorbed enefgy from radidactive daughters. The following herm is defined by

the HSRAM (DOE, 1995) as {he effective absorbed energy by the body lissu;:s:

I
E =512x10* ¢ (kg-radiCi-day)

where: E effective absorbed energy fora particulg}r radionuclide and

=

Jassumed to be 2 cm (MeV/decay),
51x10° ¢ = conversion factor from MeV/decay to kg-rad/Ci-day.

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

2‘
H
i

MeV ' - ‘; (ko -
E= 4{ hd ) x 37&10’?(-"?32-5-‘-‘3) % 8,64x|0‘(—§££} X I.@xIO"'(M) = 512x10" - 4 M}
decay f Ci day MeV \Ci - deny

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

s
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1
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thé b y‘o‘fti\cédecf mouse.
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ns. The followmg equation deﬁnes the total-body dose rate

TN
""[‘E%Wk”"'c’f'"f@m*F&-Cs.-es...»

ification to consider
1ec¢ so that the
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(CS-PS-Qv... FR+CS-Os... - FR) (Cilday)

- All; terms previously defined.

.deiéfmmed {meffollowmg cxpressmn.

Om-TN .
W (unitless)
Qm - = food (deer mouse) ingestion rate by the burrowing owl equal to
o 0.0173 kg dry-weight per day (kg,/day) (Nagy, 1987),
TN = proportionality factor-equai to 1 day that looks at the mouse
‘consurxip!xon per day,
y weight of the deer mouse equal to 0.0239 (kg) (Silva &

BWow =

| .

converszon;from mouse wet weight to dry weight equal to 0.32

e (umtless)-(§iPA' 1993).

ocauons part of the time
'tcsemed here assumes
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(CS st + (M

—){CS - PS (W, FR+CS Q.. FR})-FI -FR-EF -ED-8 E
DW (rad)

8W,

el

(€5 s, + (G f:f’;w
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 rate (Ci-day),
effective absorbed energy due to decay of the radionuclide in the
burrowing owl body (kg-rad/Ci-day).
body weight of the burrowing owl equal to 0.155 (kg) (Dunning,
1993).

)CS- PS-Qv,... FR+CS Q... FRY)-FI-FR-EF-ED-B

Thc final siép 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 followmg i
= Qm TN

(CS Qs,,_, DW){CS PS-Qvo.. FR+CS-Os.... {FR}) FI.-FR-EF-ED-B-E

B AT (rad/day)

){Cs PS va “FR+FR-CS 05, FR))-FI-FR-EF -ED-B-E

-BW.,
total radxoiogxcal absorbed dose over one year (rad) (terms
prewously defined), :
averagmg nme for the calculation, equal to 365 days.

|

’ ‘T\f‘r’k',i-;/'-Err‘ébla,.s,-(Cx,~Q:p - (X ?m L e (5, P, Wy FR T, Q5 - FRD)
8!5;;’, our i (rad/day)
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4. External Total-body Dose Rate Model tor the Burrowing Ow! and Deer Mouse
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5. Total Dose Ratl for the ] urrowing Owt and Deer Mouse
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ose rates are summed for each radionuclide and then summed again to
m rad!day, to compare to the Intemnational Atomic Energy Agency (IAEA)
1al receptors.

0f.1¢ xzmg Radiation on Plants and Animals at Levels Implied by Current
andards” Techmcal Report Series No. 332, International Atomic Energy -

16







e o~ ExANE A

i
g

LY

e

s

Appendix E

Preliminary Remediation Goals

fto:

A



Tavle E.1
Preliminary Remediation Goals (PRGs) fer

Inorganic Constituents of Potential Ecological Concern i S¢-

Environmental Rastcration Pregram
Sandia National Laboratories, New Mexico
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Constituent of Potential Deer Mouse  Burrowing F.nai
Ecological Concern PR3’ Owl PRG'
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Constituent of Potential Deer Mouse  Burrowing Fina!
Ecological Concern i PRG* Owl PRG* PRG"
2 4 8. Tranrgicigene ol Ee - NP
Polycyclic Aromatic Hyd?gcarbons (PAHSs) T
Acenaghthyene Coex £ 'z
Anthracere el — T L
Berzoia.ari-racene tOT 3 et —~ IIx G
Benzciapyrere i BEI LD EEix il
Benzotbflucranthene ©OB 28 x50 — £ ISt
Benzcig. h. ceryiene i 5840 — B2yl
gerzotkifivcraninene RS - Folr 'l ]
Crrysene B7%x L -en £ ¢
Cibenzoia n antinracene €34 x ¢ -~ € 34 ¢ 12
Fivoranthene 181 x 0 e R
Fuorene v 208 a0 I
Indenoil 2 3-cd:cyrene s 583x ' - R
<-Methyinacnthalene Jafx G —- Tty
Naphthalere 7 3Bx 10 FIS T
Prenanthrere i TET G TET a0
Pyrere RS -ae “ LT
Polychlorinated Biphenyls (PCBs)
FCBs .arccitr-1242) | 13T x 10 0 130 x 15 137 x 1)
PCBs rarccior-1248) v Z283x 0 - 283« 707
PCBs {arccior-1254) i 378x100 18Xl 378D
PCBs farccior-1e88i o480 x - 423077

8Preiminary Remediat.en Goas in ma.kg soil
b inacates insutfic:ent loxicly data was found ‘¢ determine 3 FEG
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