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110 Introduction 

Predictive Ecological Risk Assessment Methodology 
Environmental Restoration Program 

Sandia National Laboratories, New Mexico 

slndialNationa, Laboratories. New Mexico (SNUNM) is located on the Kirtla Federal 
Complex (KFC). immediately south of Albuquerque, New Mexico. KFC comp ises over 
52.000jacres of federally-owned land that is used and/or managed by severa agencies 

r 

and affiliated organizations. including the U.S. Air Force (Kirtland Air Force B se). the 
U.S. Department of Energy (DOE), and the U.S. Forest Service. SNUNM, w ich is 
currently managed by Lockheed Martin Corporation for the DOE, has operat 
locatio~ since 1945. Over its history of operation. SNUNM and its predecess 
organization (Sandia Laboratory) have conducted a wide variety of test progr 
primariJy related to national defense. at many locations within the KFC bound rjes. 
T~st a1tivities have included open detonations, shock tube and contained de 
weapons firing. high velocity impact tests. open burning, and others. 
involved a wide variety of materials, including high explosives, various metal 
radiondclides, some of which remain as residues at the test sites. In additio 
materi41s resulting from the testing operations (includi~g fabrication processe ) have 
been disposed of in above- and below-ground landfilld, pits. trenches, storag 
septic systems. 

Je S~LJNM Environ"1en I Restoration (ER) Program was initiated to identi 
delineate. characterize, a d remediate those sites that have been used by S 
S~ndi~ Laboratory that m y contain materials which are potentially hazardou 
hJma1 health or the envir nment. Identification of these sites has involved r cords 
s~arches as well as intervl ws with personnel who took part in the operation 
id~ntifi~d, the potential bo ndarles of the affected area are delineated and th 
c~aracterized for suspect hazardous constituents. If no such materials ar 
the sit~ is deSignated for n further action (NFA). If potentially hazardous m 
dJtect~d, predictive level sk assessments are performed on the ch~:lracteriz 
toldetejmine whether they occur at levels that are not potentially hatardous t 
health~r the environment. If this is the case, an NFA deSignation fdr the site s 
ptirsue)t Otherwise, eithe corrective actions or further investigation of the Sl e will be 
pursuid. In some cases, rincipally where the removal of the pote1iall~ haz rdous 
materi~1 is readily achieva Ie, a voluntary corrective measure (VC 
beforethe full characteriz tion process is completed. 

Oyer 2fO sites at KFC ha been identified for investigation by the ~NUNM R 
program. including histori and active test sites. landfills. disposal pits and tr 
s,!,agt areas. and septic ystems. These have been grouped into "batches' bas 
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2.0 Ecologi'cal OescriP,Jn of KFC 
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wildlife use on 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 .. 
b

have been develofed with masonry tubs for wildlife use and both support small 
amounts of wetlantf vegetation. Sol se Mete Spring is also used to feed a series of 
three wildlife wate~ng devices (also called "trick tanks" or Wguzzlers") located 
downcanyon from;he spring. G Spring is a groundwater-fed riparian flow in Arroyo del 
Coyote near Man¥no Base (downstream of Coyote Springs) that is typically on the 
surface for only a fe.w hundred feet before infiltrating ba into the sands of the arroyo 
bed. It is marked ya dense stand of salt-cedars and F mont cottonwoods along the 
arroyo. Four sma I springs and rock seeps occur in the our Hills and another small 
spring occurs on the north end of these mountains, near the northern boundary of KFC. 

I
None of these surport 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 am~unts of riparian woodland and wetland). and 
altered habitats ..~ra~land habitat d~!llinates the undeveloped areas of the East 
Mesa. The grassland ~egetation on KFC shows a mix of biotic influences that includes 
the Chihuahuan Semidesert GrassJanh. the Great Basin Scrub Grassland. and the 
Plains Grasslandj(Brc4vn. 1982). Thefprincipal grass species are black grama 
(Boute/oua erioPOda~:f9alleta (Hilariajamesil), sand dropseed (Sporobolus 
,cryptandrus). purple tijreeawn(Aristida purpurea). and Indian ricegrass (Oryzopsis 
hymenoides). Woodland habitat dominates the mountainous areas in the eastern part 

of KFC. )'" 

The woodland v~etation 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) (Brownt 1982). At lower elevations, the woodland has an 
Open canopy an~ an understory of grasses (including blue grama [Boute/oua gracilis] 
and side-oats gh:tma (Boute/oua c!urtipendulaJ) and shrubs (including mountain 

, mahogany r , montan s]. skunkbush [Rhus trilobata]. and gray oak 
[Quercus grisea]). higher elev tions, some influence of the Rocky Mountain 
Montane Coniferous biom 'is found in the woodland habitat with the presence of 
ponderosa pine ponderos and Rocky Mountain juniper (Juniperus ' 
scopularum). 

habitat oc urs along the drainages of KFC. The principal shrub 
nt:lr..,._ are rabbitb sh (Chrysothamnus nauseosus). Apache plume 

fourwin saltbush (Atripiex canescens). One-seed junipers 
) and salt-cedar are also common along the drainages. In the 

and trees also occur along the drainages. These include New 
Fl"Jrp,t::fliRm neomexicana). New Mexico locust (Robinia neomexicana). and 
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pa "CW 'eaf r'CC-I~e , c~f';"" -,,( , .. , 'c'" .,Etce Jr•.;,,:' .',-' .,le , ,;' ".';" 

wooC!ands on KFC ar ~,er< '. "".1' y~: :' :>: , assC(;!a!e'.l 'Iii'"' '''.: r c,,' .)';: .r.: 'i3i:C 

they are con~ldetd ptrt of' "T' ~a:;:a: . ~':';t: ' 

The final habhat tipe I~ refe"ed 10 as a,E'ftJ nabl:a~ af'\cnC'_,.Jt--~ a'-:dS'-:t ~ ave been 
developed orotne~wlST s;grdi':car!ly cS:lJ'bed by hu '-:1ar. ;1C1I,::'y 1"1 'ranv.ases :he 

naturai vegetanon of :1Ese areas has D..:-e'· removea by s::J'; dl~t .rt:·aw.e " 'udlrg 
. ~ die . , 

~~:~~g. ~Xc~~~:;I~t.e: 'tn~~~~~~~~'~f r:~~:~ia:;:~I;:;:J~:~~ ~':J:C~~:1~~'~~~;~;~~:SS 

as part O.f facility aJr~fnance At inac:'ve or ,nfre.quentlYUShJ ~,teS vege31:cns 
allowed to reestab sh trough raturai S,jccess,on Common r,.cElal d"1d f::ery 
successional specl; S I !,hese ieas Inc:.;de RUSSlar, thistle ()iJi:',C1iJ ~ ;;,;" :" rr,mer 
cypress (Koch/a sc~pa .al. anc th~eeaw"',s :'!lstll1a SDP I 
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3.0 Ecological RiSl A••J••ment Methodology I 
The ecol09'c.' nsk !Sse smer l\proce55 pe.-io'med for Ihe SNU'M ER ora·;, w "Ies 's 
a predIctIve ecologi 131 n k asse'ssment fl,1ethodology used IS based (In ge" rai level 
guidance presentee by fSEPA i~USEF'.A, 1992. 1996. and 19Sf:"'! and Dy We~:sel et al 
(1996) and IS conSI5 tent With a prased aptHoach It also tnco(pO~atEs baSiC ;deas 
presente::l in an earer SUNMIER ecological risk assessmert aDprCaCn d"c:.;ment 
(SNUNM, 1997), Th s a essrn~nt utilizes conservatism In the estlmat!on ot eco,og·:al 
risks; however. ecol pgiC I relevance and professlor)al JUdgment are alSC Inccrporated 
as recommended b\ USEPA '~996) ar'd V;entsei et a1(1996) te ::1sure n'lat :-e 
predicted exposures of s lecte~.~ \eco'09 u: re::e~tors reasc~atlv 'er'est t'1c~e exce<:ted 

to occur at the site' \ 

3.1 Data OJlity JbjE ctives i . 

Data quality objectivE s (DOOs I and Quaj·!y assurance,quallty contrOl (QA:QC Of tne 
data used in the ecol ~glc ~I risk asse!Ssmer;rs are based or. establlshea cr;te'!(3 and 

addressed on a slte- Y-SIIe bas's! oOOs are "1egoMted amon:] SNUER tas~ ~ 
managers who Have espbnsibl!lty for spec':ic ER sites. anc managers repres rtatt',es 
from the New MeXICO Env ronment Oepa~rrerrt (NMEDi Department of Ene~:::;v' 
OverSIght Bureau. an ~ re~ resentanves frorr NMED Data OAiQC is addreSS-f-:d at each 
site In the NFA propo als Data OA;OC sres:T!C to risk assessrren! ,f rot d,s.-lssed 
elsewhere, can be fo~nd i . the ~ncer:a!nrJ a!~d surrmary sectlcns of the ';s~ 
assessments \ 

3.2 Constituents of Fi'otetttial Ecological Concern 
The constituents of p~lential eCOlogical co"".:err '.COPECSi E'vaua:ec w :"(~ t'i. oglcal 
risk assessments for NLNM ER sites !r.c:u,je ooth organic anc 1'1:::19a'1I:: (;!,"',," cals 
and at some sites the atter mci[::Jf's rad:c!oT(ai'y active rna:e' a·5 .,.,~,~::,,,, c.;' ttl..ents 
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of test-related als may h been released into th environment directly as a 
result of test , or as a result of waste managem nt and disposal practices 
before or after the test. Because many of thei inorganic analytes measured lat ER sites 
are common constituents of natural soils, each of these ~nalytes is only co~sldered to 
be COPECs if its c6ncentrationlat the ER site is greater 'han the 95!11 perce~tile (or the 
Upper Tolerance Imit) of the b~ckground concentrationffor that site. Howe\ler. 
elements that!are ssential nutrients (calcium. iron. mag esium, potassiumland 
sodium) are n.bt c nsidered to be COPECs regardless 0 their background 
concentration~.

I 
3.3 Conceptual Model . il 
Figure 1 pres~nts~ general corceptual model for the a sessment of ecological risk at 
the SNUNM ER program sites! The ER sites are terrestrial in nature and i'e principal 
media of ecological concern arrsurface and subsurfac • soil. Surface soil pically 
received the Initial deposition of material from the testin activities perform d at or 
above ground surface or from material storage or dispo al on the ground strface. 
Because most of this testing occurred on the order of 5 veral years to decades ago, 
infiltration int6 the subsurface soil is expected for many f these COPECs. jj Wind may 
have transported FOPECs in the surface soil as dust Surface runoff folloJ,ing 
precipitation bvents may have transported COPECs infrface soils to drai~ages. where 

r they may ha~e bJen deposited in sediments. carried wi water percolatind into 
groundwatert or tie carried into higher order Istreams. s described above. the surface 
water flows ih thef:drainages at KFC are ephemeral an do not support aquatic 
communities' or wetland habitat. Site·wide issues asso~iated with downstream surface 
water bodies will be addressed by the SNUNM surtac;water Task Force' and are 
outside of the scope of the ER program risklassessmel1ts. Because these; drainages 
(arroyos) are dry for most of the year. their ~ediments Jre treated as soils In the 

conceptual model. I t 
Subsurface lOils typically re;e;ve COPECs through pel"0lation from the s rface. burial 
of materials containing COPECs. or direct release into "he subsurface SOi1lsUCh as at 
leach fields associated with septic tanks or by undergrGund tests (e.g., Th nder Wells). 
Because of:the low rainfall of this area, rooting and burrowing are expect~ to be 

concentrated within the first few feet of the soil profile.!This is supported by field d~ta on 
root depths and burrowing depths at other semiarid loqations for species that occ~r at 
KFC (e.g., Davis, 1966; Reynolds and Wakkinen, 1987; Reynolds and Fraley. 1989). 
For this reason, COPECs in subsurface soil are not co sidered to be bioavailable if they 
occur at depths greater than 5 feet. 
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in altered habitats on the alluvial su of the 
.vegetation of these sites was grassland. Several of 

undisturbed grassland habitat within their 
_nlrlrAtu within altered habitat, being sparsely vegetated 

i"rucleral'sP,eCi;E:'S~'Qel(Oid ()fl,'eQ!~ta1t1()n· , or entirely developed with buildings, 
c.:":;,~i;;;;:tk;;JJa,,,e"lenlt~·:c)r sites. such as 

disltumleci"tJralss/;and habitat. 
ITn"""•. Of.~~nljQI1;lre;,wltnin the .canyons) 

,en'''hWIOOd thA·!AtlI'1Atof these sites 
~n~di.sturt;teg;w.o.odlal1(f'h~ibjt~;';;·A ;small number of 

:e~:.pr~lQrcim)\$,ites:jrlcluCftffareas,ofrjp'airia"sc[rii6Iani:f}t~I,Ditl~t. NoERsites with 
fUrther action [NFA]) 

SlteiS:SJi'E! dir~ct contact 
ingestion of 

; . 'll!~alation 

u. .... ,.... ,..life ~ommunity 
'~hi:l,jnC!"are relatively 

. 'where 
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:n these foce Wf:b c'a;;ra'ns .!'t:' \:?'.;:r; ,z.:,:; , .-s :: : .', ':3 ::: :::'';;5,[, e 
!:r.ks If ail Ip',I<$ :'lciurJtnq sr,i'i .. ';"9 :J~':':- -::::'udea i, h ('5' ; :U'(:=:' '-", ,:- ::''7' ct 
~,::fe'1t;allmkS ..... 8iJ!d r";ll"e t~-, .;'an·;' --,.:: -=ss:y ,:01,.; ex ,1' : "5','; .!\ t;nreadable 

Se';eral tilde :ar.glrg spc:/€-'- ,,-, ;~ .>.'0 ' j'~,:'~c!e~ :~'~ 'j 

are shown In ail :hree r.aCn!at 're S ar.: ··:.e c,'Jr-le Ine,- 1'.La'~ " ,:, Jr.

hacitats Mary tats. fer exap'c't ':,Ii ,<,"!"': .'. c:e!y fr;:: ,'~·e'i',.:': r:'·:f- '~";'.;;-::;\ 	 wnE:re'Jer flylrg ::-:secls are a.. clra 'it, r'?';a: ~ ·~~S of the ac)'ta' -, :1: )''3 . ':: 

grc·und Similarly tile other S.:E' :s art: ',)[;);,'J:.mls\H,:' ·'.,nt, ';.; ':' ,.1 ;,,-:; ,3rei :,' I:' : 

not :nd!v!dual!y bound !O <1 ;:: a ",(;, d: r a:::',1" '. ,:e ' 

T'le grass:an-:l food ,vee .F,gL.;e ~tlO", , "/'t- caslc str,I"L' € .' ,.1 :"~ .• '; flE,':S 

fcu'1d ,n terrec:tnal habl1ci!s oi "~F r.."c ;)1 ""cF{ proa~;" :'v t ... ~. :;",,' ••..• ~ •••• -: J 

prO'l/ldes the baSiS for the foof) W : i 'l ....;rtr:·c.' a:e comrnur [If", ,.... U' , . t. c'· 
herblvces. predators ane oe'llt: 'ft;S a'e ,:,,'Sely jmke~ ':; t"'·,.;> :: aT' c :~.... ;i, 

:\r!10ng tr.e vertebrates s:r;ct --,e '. V ree ,'.:::' .:banly ralic r ':' .. , .. : ,:' 
spec:es I and ;nay be lim:ted!( ::1 ):10q,":S :a::;Qlts and r.'ireS 1':::: .. ; '- ,~s 

(doves and pigecns) Alth(){jg~- '';, ,f:? bi'.J5rG ~oClerHS are p',r';v 'f ,.~ .. " ·~;l.S ";C~' 

of !hese eat f;:"er1ebrates ;0 sr':''':;!, ~J:_'st rOCf-'n!s !r,{.~ t"': ~"! .~.~, . Lp-" ". 
Cncet:dae Wl"lcr, Inc:udes ,::iee' n~ e .af'G '1a:',:::st mlcei a;~j C.l::::'·" ~\i::' r -J: "" 
cerc::ng bIrds :.H so',gblrcs 11'>, l' fl .. ,_,.'. ·:atH~gly s~~; ·tk.! • ;":';:", : j ~ 
invertecrates at. !east seasora:y ::; 'ass"cc ~'e' m,ce ar ":-'C':: ',')'; ~'la~ ",:t!, .;,;~ r 

;nsec::\tcry ana may cc::aSiOr."" 1 ,13: sn' i '>I-:"t:brates .;'1e'IY': 'I": • .~, ',:-::':.-'l,;~E'~: 

,wl n~·.t~"",~;,.(cr'{ ;f"""~'lj(je \,".1:,'15 " rot I'·. ~ \ .. ~ ''t • .,~'' C "..it, 'w'-i' ! .• . ;i"~';' 

~:/,.::a:O~ers swailCws and ba~", ,"'t',]S;' .:,' ,r:- S~X~:::(I:llt:.~ :i' '!:,'''r'',;'''' '.' r 

f',g'l!: '~~e d,e!s of s::me f'Of'" ,HYC' 31 i ,:- l:,::: "1 twas 'e ~ -:" • -:-~.1" '; :'V'-t;:fS 
,,,£~ ·~all ~ 'r.... " '>:c;;rc r'a~:i ::Jns,st ·-:)f 'r·lt'·e~er)~(1·":7S :);~! J ~ '.~ ..H~ ~I;.C: JI I- t-' .'t... . 

fzarc;s s:~~ail sr a~es Y~d $:1"-3 ~. 'j":; Jilt.. ; ',: ~;J€C 3 P ze ,". ':-i~' ,'; ;' .~f·.( ~~. ,'h"· ~ "f-. 

" 


http:Ine,-1'.La


~- ... "' --"'-- _.......- ~~ -
--.~- ,-- ..~----~ '".-, --., 

i ; 1 

1 .. 
~ 5 

i 
1 
] 
r" 
\.) ..
{l 



Arr.ong the raptors are Ire 0 ,:ev, :r.... .~ .~r •..· able to !aKf.: 'ar ;.,' ,'::r.•. :,,:. ~,,:: as 
lagomorphs ground sq:.;trre!s anJ arl.;',:: t'd",t?S falcons ,'Vhl:r\jr..~c.,a IE: ' 3.:;f : pre f 

such as birds and Insects anj OW/f, l"vr·c... 'f:Jlcally speclailze if' "I_m~j··.,£; r·,::t:...". al 
speCies espeCIally rodents Bur'::)wl!!,; cw;s are less noctur,a i thlir, t<"€ C"'er ;\I'S a! 
KFC and wIll eat Invertebrate jJre',t as Vi.-:-I! a~ Jertebrates ' Lar;l~ t.d~""a:5 ,n : 
grassland habitat are Qmnlv:'es or precalCrS The former Indu(Je~ C0,::1E::: s~ .... ~s 

and possibly kit faxes The lar1e' ,ncluces oadgers and possibly ::;,!bca!s ~"a; '.Na ,der 
Into the grasslands from the viCod;and U drrOtO habitats , 

i 
The food web of the woodland comm'ur.:ty IFlgure 31 ,s s!ruc:~,;3Iy :slfTl,;ar;::. ~hdt f the 
grasslands. but wIth some changes !Ii specIes compoSltton Esr;edal:Y ...vII" oas nre 
birds. the increase In trees and Sl1rubs resL;!ts in a higher dlversitv df :",:sec:·.ore both 
aenal hunters (swailows and flycatcht=.;rs i and gleane~s (e 9 . wrensl'vreos :1110 

warblers) Woodpeckers are also more prevalent as aVIan rnsec:'vJres n ~~.:? woocland 
habitat Acciplters (Cooper's flawks ~nd ~naro-shjnned hawks I ar€-frn~~e p'("vaient as 
aenal predators In the woodlal"'fds thaI) 3'e falcons twhlch are ge!le~i!y .;r.C:"'1rr:~. In 
all habitats at KFC). There are also c~anges in the large mammal 4~LCS ,:"~ual the 
additIOn of mule deer (the only ungu:ate ~i hooved mammal '::;n KF:C as a~' hert. are 
black bear as an omnIvore. and mount.al!1 lien (potentIally prese .... t f'" "G! ccnfjrm don 
KFC) as a preda:or . 

The food web of the ripanan s:::ruoland habitat (Figure 4) is essef'\t\al!y a :rc~s be, een 
that of the grassland and wOOdland. The hIgh diversIty of passenne~ fcunc :~ Ire 
woodlands IS expected to extend Into the grassland along the ·:::cnd'rs e;f ~ir:;Hian 
woodland and shrubland of the arroyos of KFC This diversity IS SiJ!:~.;!'1·:e!::'::;d t:y 
grassland specIes that use tl11S habttat as part of their home ranqe • ~,~ Qui), 
JackrabbIts. badgers. roadrunners. srrtkes. r.ockmgbirds, etc) I:" gene-al tr:e 
Influence of the woodland wirdhfe commullity dimInishes With ,r'creaslrg j:s:a'·ce ., .-r, 

that habItat along the arroyos and the 1!'1f1uerce of the grassland w:JcJllfe:or.:r'y',!',; 
InCi2aSeS along the same graa;em \ 

j 
I 

3.5 Receptors 
The receptor species used to assess '1sk at SNUNM ER prograM Si:es are seec~e to 
conservatively represent those Key e!er:1er.t5 of the trophic webs If' eal.::1 0' l"+::' thre~ 
malor habitat types (grassland woodland arid npanan scrunlanc) tl'-:at are rr:c'st ;,ke y to 
be aHected by COPECs In the sOIls at these s,tes VaScular plarts a~e !r:e prI",Clpa' 
pnmary producers In the habitats at KFC and plant productivity :5 i< ey te the :J '/erS;!. 
and productivity of the WIldlife ccmmunit'y In each habitat RISk t) olar-ts res:Jrng f~ m 
contact with COPECs In surface and subsur'ace sOli IS evaluatec'! ':; a ~'.~··'sr::>:" A c 
perenrllal herbaceous plant (such as a pere'lrllal grass 1 

;,, 
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The deer mouse (Peromyscus maniculatus) and burrowing owl ( 
are the receptors selected to represent consumers in the food web at 

l 

used to model exposures in these two receptors are presented in T 
receptors represent mamrt,alian and avian wildlife, respectively. The 
represents lower trophic levels, and is modeled as an omnivore that 
and soil invertebrates. In particular. the deer mouse represents small rnt1l~niEct 
are ubiquitous to all habitats on KFC. Deer mice have a broad ece'IOQIC81 amplltlJOe 
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 (PeA gnathus 
spp. and Chaetodipus spp.), kangaroo rats (Dipodomys spp.), harvest mice 
(Reithrodontomys spp.), grasshopper mice (Onychomys spp.), woodrats (N otoms 
spp.), ground squirrels (SpermophiJus spp.), prairie dogs (Cynomys spp,). a d others, 
exhibit various degrees of omnivory. from almost pure herbivory (e.g.• prairi dogs and 
wood rats) to highly insectivorous (grasshopper mice) (Findley, 1987). The action of 
the diet of deer mice conSisting of insects varies seasonally. but has been ~ und to 
average about 38.5% over the year in semiarid grasslands of COloradp (U PA, 1993). 
For the purposes of risk assessment, an omnivorous diet for this receptor ecies is 
conservatively estimated at 50% insect and 50% plant material. PUr~herb orous and 
insectivorous diets (i.e., 100% plant or 100% insect diets. respectively) are sed as 
bounding limits of exposure to this receptor. Incidental soil ingestion Is not ncluded as 
part of the food, ingestion rate, but is included as part of the ingestion 'path. ay 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 tbe 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 
SNUNM. and are particularly common in association with prairie dog colonies which are 
commonly fourld on the margins of developed areas. The burrowing owl is designated 
as a species Of,' management concern by the U.S. Fish and Wildlife Service in Region 2. 
which includes New Mexico (USFWS, 1995). In addition to their special status 
deSignation, burrowing owls were selected to represent predators because of their 
small size (0.1$5 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 ~tructures for nesting and have a high tolerance for altered 
habitats and human activity, o~en nesting near roads, runways, golf courses, and 
buildings. Although th~y 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 lOtus 
kennicottitl)· 1 
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Table 1 

Exposure Factors for Ecological Receptors 

Sandia National Laboratories. New Mexico 


-.--,----. ---1 Body i Food intake Home range II 

Receptor species Class/Order Trophic Iweight (kg)' I rate {kgidjb gi.e.~Cl~ {hal" 
'Iev.el--j---- T<-- Composltlon~_<_,._, _.. , 

Deer MO\lSt~ Maromaha/ ! Ornnrvorr 002.'30" 0 1.10.:,;-;': I'fdllts ~O"" 11 1I < ,I 

\/'l:f()II/.,~;"u.-; Hodentl<1 Inver It-I'I tiH:,c:, :,\1.1 


mdf ISCIJli"U:' I lit SUit dt 'd' i.1 • ,. I , 


£Ii F --+- - dii!hlnkei< _---.,-Ht'hI4¥Odili!}'£Mi 1- Avt:'<;i c,tI::IV()If,! I) 1~'!l ()Ol,j Hod"I)!<; 11](\' 
, .., 

( ~)J)l:()1vlo CII/lI('/lI;; 1Id) St! l(pforme::; (. ~;oll ,11 ~. ,. \ It 

IIlIJkt: I 
------------....__...__ L 

V'.~.... 

"Body weights are III kilograms wet weight 
: Food intake r ate~ are estllnated from the allullletrtc equallons presented III Nagy ( 1987) Units cHf! 1\llo'lrZ\!lIS <i'v 
weight per day 
()lt~lary romp051110llS art: ycmerahled fOI Illudehnq purposes Default sOli Intake v,liu(' ()f :"':" nf loc'/! '''':1~ ,. 


"Home ranqf''> arp III IHI(~!tl".:'S 


'r:om Silva <lroll [}(lwrllllg , lHHhl a\ler(Jnf~ {)f tHi1l1 5~)(t'~, kJ! New Mn)(lcn 

l'rurI! USU'/\ (1~.I(r3J ba!;.t~d Oil thi:' aVe!d!Je home rall9~ rneClsured 10 sp.nllClw1 shli,h!.md '!l 1Ii,I!'" 


:r ro~n DWlnrnq 119rn) ilveragt-: of botli ~eH::-' fl II North Anlp.rlC;) 

'I (1)0\ I L!::'j 1'1 .Ii I !!.l~L;1 
 -

II 
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Table 1 presents the parameters used in t~js 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; ther.efore, 1rate of!2% of the food ingesti01.rate (on a dry 
weight basis) was used to ~stimat this p~rt of the ingestion pathway. which (as with 
the deer mouse) is in addition to t e food ingestion rate. 

I 
3.6 Exposure and Risk Characterization for Nonradiologfcal c,bPECs 

. I ~ 
3.6.1 Exposure assessment for n~radlOJOgleal COPECa 
For the predictive ecological risk ssessment at SNLJNM ER program sites. exposures 
to COPECs in soils for the plant a d wildlife receptors are estimated from the maximum 
measured soil concentration for e~ch COPEC at each site. Plant exposure is through 
direct contact between the roots and the ~oil. For wildlife receptors, exposure through 
ingestion pathways is modeled u ing theimethods described in the U.S. EPA's 'Wildlife 
Exposure Factors Handbook" (U EPA, 1

1
993). For simplicity in describing the exposure 

models in this section, ingested il is considered a "food item" in the receptors diet. 
even though it may not be delibe ately cqnsumed. The basic model for estimating the 
daily intake of a COPEC per kilo ram of body weight (Le., the estimated daily dose of 

the COPEC) through the("geOUl" :at~ay is: 

Dr-, Lre• . F • . lk)iW../ 

where: 

D. =the estimated dailyldOSe (mg/kg-day) of COPEC x 

Cit = the concentration of COPEC x in the kilt food type (mg/kg dry weight) 

FII = the fraction of the if food type that is comes from the ER site 

III = the ingestion rate df 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 0 the receptor (kg wet weight) 


1 

The calculation of Ck for dieta items other than soil is based on th~ maximum 
measured soil concentration ( ma.)' as described below. Ik is determined by multiplying 
the total food ingestion rate of he receptor (Ito!) by the fraction of th . diet composed of 
food item k, or in the case of soil, by the ratio of the soil ingestion ra e to the total food 
ingestion rate (O.02 for both th deer mouse and burrowing owl). F is commonly 
assumed to be the area use f tor (the area of the site divided by t home range of 
the receptor or 1, whichever i smaller), but may also be modified b a seasonal use 
factor (number of days at the ite divided by 365 days per year) if t home range is 
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USE:'': ';:;r ()r~!)' J.jarf of r·"'~ '(t-:~·1t : ; 

, .. '\ 
assessr.~er'L co:" area .J>;'; ,'j ;.;.:. i:-.'~· 7 

the~etcre F. IS 1 

Thus. the mC(Jei for ~st r'at~r, ! .,'," .• '::' .'';;: :': !~e G••• ·• 1 

diet f 50)'(, plant and 50' , .rVE-·'f-( U",' ,1geS,!'Jr ';;':",' 
tng2s:'on [Table ~ j) 5 

l;t 

" 

where \ 
D. =:t'ie eS!ima:ed .j.):,. ccse "'l!J ".g·'Ja'yi o~ COPEC .. ;' !;e:,~' 
I... ::: the total food Irgest;c', ra:e ,)+ ,:-,e deer mOi~Se ; '< A j''; ,\'€;;r a 

::: the maximum rrleasur.~O s':·! cc"centratlon o~ Co: p~:\: X ,~,.;; •C',l' 
;: the estimated C::'1(:.=r:~·a!:;:" ::f COPEC X If :la11' : "..:'~t; a' :~..cC~1" 

!mgik9 dry welg":~ 
C _ ::: the eSllmated cC'~cenr:a!lo': }' :OPEC X I:"' ::'01' ¥';";£;!':U'f:' ~_.:: .it 

the site (mgtl<:g,-::"v ,-"'e;gh:. 
00239::: the average b·:::;;.e:::;h! ~:;r 'r'f: jeer r:C\JSFo ;..: t.';" ."'~'l .. 

For a ·";e""r moust:. wit .... a ,..,.·n·'p·,...·;:.l; "'~''"'~'"". ".~",-. 'ke I'·~,;:.c:.··· .. ··'·e ......~ . ,J. >'erlal 

would ~be~equal !~ l.~. ~nd ~~~\n~;.~;,or· ~;;. ":; t~~.;~~b·r~!e~ ~,:;,-~: ::e':, ",.'. ,., ... J;,~c 'cr 

a co.mPlete!y InSectivorous mou.",e :tle;n :5',,:·" fate of fn\ler~eb·a:,·:; .';CL: t:· :;d~:.3' :0 
l.~, ano the :ngestlon rate of plar! !'l;1'Enal ,'J:)<.:1 De 0 For th~ b w'.·.,rq ,,:J' : -'>!;::' I 
100~~ deer mice. 5011 mgestlor: e':lu.;ll!ng 2': ,;' ;!ie food 'ngest!o': - d~ie ~. ", '1 ·;..:::e' 
te< es:"'ahog die!.,,! exposure, ) \ 

where 

D, -~ .. 

=the max:-num rr,ea'> .. 1.0:-'.; sc.: :c: .~·.;t~:"'tfa~lcr of ;»F': ~ ;.. l '.::C "J' 

r =the esttrrated ';O"l'.~r:':'l:'cr· ; , ~'='PEC X 'r' Ot,,' ~... S'" : :::-L'"--'-:. ... ~~ 
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I 
1101 ! =the total ingestion rate of the deer mouse (kg dry weight/day) 
0.155,=the average body weight for the burrowing owl (kg wet weight). 

The COPEC concentrations in plants (CpIa"') and soil invertebrates (CIIIV) are determined 
from the the maximum measured soil concentration using soU-to-organism transfer .1, 
factors. For organic COPECs in plants. the regession equation developed by Travis 

.. 
and Arms (1988) is used to derive the soil-to-plant transfer factor from the logarithm of 
the octanol/Water partition coefficient (log Kow) 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 (1990) for bioaccumulation in earthworms: 

BF = y, . iC;: 
x . I.,. 

where: 

BF = the bioaccumulation factor (unitless) 
y... = the fractional lipid content of the organism 
Kow =the octanollwater partition coefficient 
(b-a) =a nonlinearity constant 
x = a proportionality constant 
foe = the fractional or,ganic carbon content in the soil 

Althou9h 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, 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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Where: 

Crnouu = tne concentration of the COPEC in deer mouse tissue (mglkg d 
",eight) 

TFfm = the food-to-muscle transfer factor (unitless) 
= the concentration of the COPEC in the food of the deer mouse '"'1'1111"CtoocI 


dry weight)

I 3.125 = the wet weight to dry weight conversion factor, based on a 

j content of 68% (USEPA, 1993). 


" 3.6.2 Nonradiol~lcal toxicity benchmarks 
-' ...' ;No.o.bsef\lSd-Adverse-Effect-level$ (NOAEls) for chronic oral exposure are 
;·.~benchrriatksfor:toxie effects to wildlife. NOAEls are defined as the maximum 1I0!;SllrEi 

.Jest~_thalpro~uced no effect that would be considered adverse to the 10na-tE,an 
'Viabiiity9f:the;p-,'?pulation. Therefore, the endpoints'of particular interest in the 
uncitlrlying';s~~~iesar~those assOciated with reproductive heaHh. dS1l1elc)Dflnerll 
.mortality)"B~Catis~theNQAElsforthe wildlife receptor species are based onINO.AEI_s 

, .f'romtestspecieS.tf,,~ 'atterares~l~d to <NOAEls.specific to the wildlife receallor 
•.~p~cie~u~ingJliPower function ofttle ratio of body weights, as described by ~blmnllA 

a.1.(19~!3):,an(tsupp6rtedby recent research in the fractal geometry of 

'system~(8rownetal., 1997). Thus: 


NOAELw =NOAELr (BWr)'
BWw 

,. 

where: 

NOAEl;,v = the No-Observed-Adverse-Effect-Level for the wildlife recleptc)r 
. ; species (mglkg-day) 

NOAEL,~ -= the No-Observed-Adverse-Effect-Level for the test SPE~e~s 
i (mglkg-dCiY) 

BWT =' th~body weig,hlof the test species (kg) 
BWw =,Ute:body weightofthe wildlife receptor species (kg) 
s=a·b.odyweight sealing factor (s =0.25 for mammals and s = 0 birds).., ... I 

i 

Toxicity studies were considered to be chronic if they are conducted over a' period ot 26 
WeeKS (OJ,.e-~alfy'ear) or more.. This period represents the period ot seasonal use by 
the.6urToWirig:owf(and other migratory species) and is sufficient time for two 
generalionsot deer mice (and other small mammals) to be added to the population 
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(USEP,c.. 19S3 
sutchronlC ~~iess ~ht-:y SDe:. •;".''1 ;,1 ,;" .~:~:.:: '~~;'.HCdu:!iVe eH;~:'!' ·:3 ,'_.' ~'" ·s ~,~"~"'(-:: 

e! ai 1996\ '/Jhen C!1iy 'Sub: 'i:r,",', :~i' ~.'_;'E:"',Ja:ues d'f.'· 3;,,::at..: "'t- '~2'o? 

con'iE:r1ed \O::~1r ;r.IC NO;.Et ,.I ;..~O ~J,I;:,""9 a'1 .;:lc,:'~a r;. '~:.... :-.~~:::e.::-~ 

ai 1996) \ 

A Lcwest.Obser.~d'AdverseJ 'fecl· Le ..... ·s i. C,..t..E t..s I !s d~i'r~·c y~ :.... e ','i' . :;::;sa;;e 
tested that produced an adver~e effect ~1S 'J'2',;uloed abov€- !,' ~<1ses iv~'er '\. a

\ chroniC lOAEL \/alue is avaIlable fc< les~ :L'l!;', an uncefla.f'tv "Y:':,:- c::~ . : .St":; :., 

'" 

convert It to the c:-:rontr. NOAEl. it nniy a succr,rOfllC LC;'.EL I/.;as <lvd!'.~D'O ~'1er; d;; 

uncertamty factor 41 0 a1 IS us~a te estrmilte :roe chroniC NnAEt, Th·s _:rc':"~a,nty 
facter is the prOdc;Ct of two urcertamty f:3c!CIr <; oi Q 1 one tc :- ..~ Jf:'''' the ",(,t. • 'cr. c 

value to a chronic value and Tn,:;, o!he~ tC.o've~ the lOAE ~_ te oJ'" \;0; E: '. 

In cases where only, an acu:e (. e s~'g!e)r shy't dUrallOnJ::)SE-1 ! .:r Ci:, .,.r., s 
available for a COPEC (e 9 . a lell"'af dose ~o 50 perceN of t~le :es~ r.:(J~dia:ic.· 
but both a NOAEL a\nd to, value a'e ava'at'le tor a c!osely ~el.3te:: :cr1;';":_! r ,"e

I 

same test species then the NC~\EI., for tre COPEC was eS!:m;H'=~ "s'''S ~~, 
relationship from Sample e! al " ;:'96 i 

\ t .I; { 

.' i J 

~ where 

NOAEL •.( = 	 the No·Obs~'·Je'jAd\.'e's€ r.:"fec:-level hr C>'t:: !.. 
species T ! fll l;,ii<g<lay' 

LD: . , = 	 the acute ie!r ai dose to ~il} percent of tr(', !es! [. ')C Utd! 

species T for COPEC X ~Mgikgj 
NOAEL..... = 	 the No-Observec·Adverse·Effect·Level fe·r c.;,":·t.'c"nd 

related to COPEC Xi ,(1 !es: species T wgtkyB", \' 
LO,~-, = 	 the acute iePlai dose tc SC percent cf the test :/f: .;!al:'·· 'e~: 

species T for cornpOlmc v . \ 

When pOSSible. NOAELs for the wildlife ~eceplOr soecles are derlv!:': I,::,,., ~h~ ~:-?se~ 

,. that are taxor.omlcally dose to the targe1 recep'or T.herefore for t"1~' deer f" ':;,~~',' (;;];.3 

from other rodent speclJs IS preferent!ailv Cr.C5\?'" ""er that from nt':" "GCler':~ e :\ 
mink dogs. and rabb1tS)\ and for the cur",:wI!Pg c'uj data from c·wls '!', :':;>fe'f"':.! • 

\I chcsen over mat from other b,rds (t: 9 water'ow! c'ICi<:.ens, ar:d cua;:' NO;':::t.;· ~r~. 
I no: determlr.ed If tOl<lcity!data coula pet t'e f;'; ••. '~lj fe' test sDec t's III :~",! '~e 5,,-1':, } ,:;;~S 

, Therefore deer mouse NOAELs ccme or1iy frorr '''1ammailan ~est ~c.=: >'S :l' \ 
currewlng cw! NOAELs come cr.I,,' .,~,~~ chl<1r. ~.?5! ';;.>~c:es 

http:determlr.ed
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, 	 I 

When toxicity informati6n i.s available for diff~rent forms of the COPEC, such as organic 
and inorganic forms of Tercurv, NOAELs ar~ generally derived from the most toxic 

J 	 form. unless data are available that are specific to the form in question. In this regard, , ,I 	
chromium VI is reasured and assessed dir~etly; therefore, total chromium is assumed 

I 	 to be chromium/III. For ecological risk assessment purposes. however. mercury is 
assumed to be in organic form and arsenic in trivalent (arsenite) form rather than 
pentavalent (arsenate) form. Also for the predictive level ecological risk assessments. 
the bioavailability of the COPEC at the ER sites is assumed to be the same as that for 
the laboratory studies, although in the latter, the chemical is typically added to food or 
water in a highly available form and wit little opportunity for behavioral rejection of the 

chemical. 	 , I 

Plant toxicity benchm rks are based primarily on the information provided in Will and 
Suter (1995). These enchmarks are bas~d on LOAELs using 20% reduction in growth 
as the endpoint and a e limited to tests in Joil rather than tests using solutions. 
Although based on L AELs, these benchrl.arks are considered conservative and 
appropriate to the pr. ietive level assessment. The endpoint is sublethal 'and 
reductions in plant growth may have rio significant effeet on the reproductive potential 
or the continued existence of a plant p'opuiation. Furthermore. these benchmarks are 
primarily based on s~udies in which th ch~mical of interest in added freshly to a soil (in 
the case of inorganies, often as a sol ble $alt) and is typically more bioavailable than 
the COPECs that ha e had a chance to bi'nd with soil particles or are in a less soluble 
form. 

I 
Appendix 8 present the chronic ora NOAELs and LOAELs for COPECs at SNUNM 
ER program sites fo the deer mous~ an~ burrowing along with the test species 
information used to ~erive these berhm~rkS. This appendix also presents the plant 
benchmarks used fqr screening CO . EC concentrations in soil that may be potentially 
phytotoxic.· I 

! 
3.6.3 Risk characterization for nonradlological COPECs 
The potential for ris~ to ecological receptors is determined through hazard quotients 
(HOs). HOs are specifiC to a particular receptor for exposure to a particular COPEC. 
An HO is defined by: 

HQ Exposure 
Benchmark 

where: 

HQ = the hazard UU~JlICI (unitless) 
Exposure ::: the estimated ora,lfdC)Se of the COPEC for the receptor (in mglkg

d~ 	 I 
:; the toxicological rk for the COPEC and receptor (in 

mg/kg-day), ! 

I

J 



HOs are used te cr.aractf.-nl~ r's..; f';r D<:t; s,ant and WIICi'!e r.~: €::.::;!:: x S"._ r...M SP. 
program s;tes The tnethoas '0' :T:0de,ng t':x;:.osure In tr.ese ~::c:c9Ica. 'e:'·:!crs IS 

described In Section :3 3 and Pie M€;!hc:;s f:r determmlng :OX ct, te""'f''''3'' ~ajuess 
discussed In Section :3 4 For tbe predlc:i'.t.' assessment ::;f ecc,r::;,.::a '';OK' ti:(~;,fe 

NOAEL values are used as tM:? ;tOX:COiog,c31 tenchmarks Tho? r.:~rl:"~r an,,;. '.Jf 

evaluating fiSK to plant are based on LO.lH.s 

The value of the HQ IS greater than 1 0 .. \tl~magn;tude of the E·~p:;.:s:.re '", ;'-=a:e' :r;:3T'l 
the corresponding benchmark and converse!y the HQ IS ;ess n-ar. .,)r e:::...Ia ' _ ~ 0 ;' t:"le 
exposure IS less than or equal to the berChr:1ark An HQ ,,',3IUE7 'ess tha") r:r ~. ::wai te 1 0 
15 Interpreted as evidence of nc potentlai 'Isk ~o that receptor fnr !!-,a: Cc:.PE: If Ire 
HOs for a COPEC are less than unity for alreaeptcrs that COP:::C; 's E'11~lr'3'ec fro""1 
further conSideration at that SIte However te~ause exposure fer the e'.aLia: :n ::;f 
COPECs :s conservatively estiMated (e 9 . bemg based on !he ""'aX'muTr mE-asved SOl! 

cor.central!On). an HQ value greater than ~'I!y IS not Interpreted as e.,llcerce- f rSK but 
only as eVIdence that the potential for risk uar) not be ruled out ~r ,:,reforE' ~-~, CJPF.C 
is not eliminated from further co~slderatlon ;Jendrng furthe' evaL.31 C:l :re:-,_".::a: 
action 

3.7 Dose Estimation and Risk Characteri ation for Radiological COPECs 
In addition to estimation of exposure to nom dloactlve COPECs as cescrlbe:~ 1DOve a 
methodology has been developed to estrnat the Internal and ext,,::'nai 'aj:a:c" dose 
rates to wildlife receptors that are contJnuou :y exposed to radIOr1U(,ides at 51\,_ Nt.,:1 ER 
sites based on theff concentrations In the s...:,\,ace and subsurface sed T!'1-2se 
calculated dose rates are compaed to the 1'1 ernatlonal Atorn,c E'le'gy A;;i:rc; 
maximum allowable dose rate of 0 1 rad/da'{ IAEA 1992) for tenes:nal re;.:ec,:'s·J 
evaluate potential risk This benchmark. dose rate represents :he tr,~es~c!a lI .... ee S:gt1\ 
effects from radiation doses may :Jecome apparent In terrestrial v,:j.ji!;e poc,~ia:~.ns 

Because plants and Insects are less sensltlve~to radiation thafl ve!1et:orates \·:lh,.'<.e' 
and Schultz. 1982). the dose of 0 1 rad/day S ouid be protective of a broac '3r;-= c f 

species and ecosystem processes The me!h dology presented 'Jeres usee! .1':' a 
evaluation tool to determine if eco!oglcal receptors are Impacted ev"!~ .vnel' :::-se ~ales 
10 humans are conSidered neghglcie \ 

This sec!:cn also deScribes the parameters i.JsJen the radlatlC'l d·.~~e r:'oc.;:- F 
screenl7g purposes. thIS model uses the ma):ln~um measured radi:;r:. ..:ae 
concentrat!ons ·n SOil at the SNUNM ER Sites \S:gnlficant decay;:: 'CC-ICS :' e3 . 

parent radlonuc!lde are conSIdered -n the dose fale estrmates Ra(iicd,::·ve ::;,;';':":E:'S 
from pa~ents that contribute Significantly to In:erral cose are cor:Sice~e':: ila 

radlonuc'lde-speclfic absorbed er.e'9Y data oV3':!.3C le from Saker & S':Jdt • ~ ~;;;.:: .,..~::. 
absorbed energy da:a IS highly de~e~cert UO(Jn\~r,e Size of the 'ec(-:::: r r; ;,\e,,' t',:' 

'ong oalfl,'. of most of the rad,cnuc'des "re~enl, a! SNliNM ER """ ">v" • ,1 

l 
j 
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reduced internal exposure due to the fact that the decay constant for long-lived 
radionuclides is relatively small. 

The external dose rate a terrestrial receptor receives due to the presence of various '. 
radionuclides is calculated by multiplying the average gamma ray energy in MeV by 1 
2.12 and dividing by the soil density in grams per cubic centimeter (Shleien. 1992) to t., 
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 fori 
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 
radionuclides present are assumed to be concentrated at the center of the organism 
and treated as a point source (Le., 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 .fromjts diet of 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, E.. for certain radionuclides, which is the 
effective absorbed energy based upon the amount of energy the organism, with a 
certain effective radius, absorbs within its body from radioactive decay. For alpha 
emitting radionuclides, the effective absorbed energy for any terrestrial receptor is 
constant for a radius of 10 cm and lower. This is due to the fact that all of an alpha 
particle's energy is absorbed within the organism. All energy from beta-emitting 
radionuclides is assumed to be 100% absorbed by the tissues of the receptor. 
Gamma-emitting radionuclides only transfer a fraction of their energy to a receptor. 

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

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

., .. 

.;..J 
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cs = !he ccncentrali:1n of 'a,jiGr~,.G;ld(:· , ,':r-e sod IC"" l 

PS :l-)e SO:i·!o"~jant ,~;:;n IE-oSier: 1- c:cr specific te 'JC:':,,:: Q.: a': :"e'T"ca;
:: 

form In :he sod IBaes " a! ~384 U ;nOE 19951 
Ov :: the Ingestion ~a!e of pi,,,: ,,;r{m~ g ,r S1 the r~c:.:s'"' a:c, . "·:G ': 

kgiday INagy 1957"
Os the Ir'lges:ion rate cf s ; t i Ire r'". l' ~ ass ... me'J tc :.. -= '!.::~: :: .; ::'>', c:' : cf""' 

piant !r;take (EPA ~ 99: 
Fl = the frac~lon Ingested fr rn.:ortaf" n' 'e'::! SOurce i un,Less >-'2' ::, 

(assumes consumption .)f tJ:(;l'HS 3:)( sod from c:or.:arrur a:., J ·'F2,; 

EF = the exposure frequenc\, ,dav:yr; ,:;.ql a: :c 355 
ED = the exposure curatlon \'. ea'Si eq_al:o ~ 0, 
FR :: the fract:or'l of.the radlO~Cl!de reta,n d;n ~he IT'. cuse ,U"'~"~'5S' ;J~' .- 

radioisotope soeclfic i B er a'ld S,)lda! 1992) 
B IS tile burden duration factor f r ;ac onu: h:je day I ~.... h:c''' ,s 

/. 
i 

!. = ......' 
:: the radloicq,cai ceca, ;;':':,:3111 ~cay . J -Jeh e: 3::' ',:' ~ 

'""here T ,~: I'le h,,:t.;,'e c: it'/: rac'clsol:~!e .~" ::':;,S ~:.1"'··· arJ 
So!dat 199:2: 

:: 'he b'olog;c'a; :er~O·.d ,:~:r~s\ant ~jay' i :;efl'·t·" a,: ',.. ~ ..., :.rtre 
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E i = 5.12 . 10.1 . Ei 
, ., L. 

where: 1, 
7& I = the radionuclide ene~gy for a deer mouse with an assumed 

effective radius of 2 Jm (MeV/dis) (Baker and Soldat. 1992).
I 

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. I 

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 radh ay: 

Qm· TN { ' l 
N Cs, ·FR,· FI·EF·ED· Bf ·E, .(Qs",., +( w) FR,' PS, .Qv_.. + fR, .Qs"",,,... ,) 


"'" BW""'...... ·D 

R"w' ~ '-- ,'W .AT 


wheJ ,., . ""' 

1 

CS1 == the concentration of radionucJide, i. in the soil (Cilkg) 
PSi = the soil-to-plant conversion factor specific to radionuclide. i, and chemical form in 

the soil (Baes et a!. 1984; USDOE. 1995). 
DW= the conversion from m9use wet weight to dry weight equal to 0.32 (EPA. 1993). 
Qv_ = the ingestion rate of plant by the mouse (dry weight) assumed to be 3.72E-03 

kg/day I (Nagy. 1987). 
as . =the ingestion rate of soil by the mouse assumed to be 7.44E-05 kg/day or 2% 

1 of plant intake rate. (EPA. 1993), 
asC)WI = the ingestion rate of soil by the owl assumed to be 3.46E-04 kg/day or 2% of 

food intake, (EPA. 1993). 
am =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). 
FI = 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 ofth~ radionuclide retained in the mouse and owl (unitless) which is 

radioisotope dependent (Baker and Soldat. 1992). 

B, is the burden duration factor for nuclide I (day), which is: 
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T :S !'1~ "":<!jl ~e . t:-',; ·.1(l:C:sctCCE- ~ :; ~. :,;".,~,' a :~) >1a! 

~ ~jS2 

the effec:lve energy ,.jCS;:;'~ ~ ::::ns·,!-: ' .. '3c!cruc. (:-'" 

equal to iUSDOE 1995; 
where 

- !'ie (.1::ljCr~~L:.jl;t-· r:" f:"~'y ~'Gr a bt.J~~·~\.""'~·~J u' l,.' ".' a 
.. ssv~'e<.1 e"iec,E' '.-l:h"S Jt ~'cr'" \,1t:,". :;~, S, l~ e' ,'~.~; 

.•-g ; .,:'~ :6W~" = the body weight (mass, :::J tt":e c'" 

Bw_: ... = the body weight d"n,)SS G' :.~,= ~. 
 Jv.~ ~ [ ,./.;f"' r" ] 

~9S5, 

AT = lrle averagi:1g time equal: -:. :';'):',Ja', 

3.7.2 External total·body dose rate 
The mcdel below IS based :..:por -:?(:)C~\.n,: ':: ;;.Y'·''103 eminll'''':: fa:: " ,., .. ~c:.t';·.; ~ 

I USOOE 1995) The dose IS Ii"E , ar ~:ve .. t:·s: ·::.1:e cf a WhC"f:' D\ 'c'. -::: s.:: ;' ~l: f:SS 

conserltatlve t!"lan a siw; dOSe ;"e Gcse 'Y,,: ':'·:;".d::on p'esef:€C :. 'i:- ~.v ',j' ;>;: "',1 

~ad!a!:on absorbed c::>se!s 1;1\ sa':;:~ ',;.: HC"·S";:. "r ::om!he ,·,N· )'.: '''1':'',.1'.· - s 
equat:on IS vaild fo alJs,orbe(! des·· 'f' iJ -eu·~:t ::r ''; ;iSSUe wht:'" 01",:, ":'-~:):',' 't7<~;""'"r 
an tnf'n:re meOIUf":"'l un,f:r~jy !.. ~:}q":;'·;3t·~-.::::. :'" :.... e ~amn'!a e;l~ rte "':t-:' •. -.~~ 





4.0 Preliminary Soil Remediation Goals for SNl1NM ER Sites 

Preliminary' rerredla!tor. goals' PRGs ,;": ';Sed to esrab'sn CG;, .E:'W3h.:;r','oj -~GPECs 

for specific media at a specific s,:e tra: Ir tr:> ;)rotectlve ~f rE:Cf::.::tCIS ~<!e"" ali; 

exposed to those COPEes al tha! Sire n'~s PRGs set an UDpe -::once'1tra:rC!1'r.1lt 'Of 

each COPEC such that tl"le mean C:JnCe'iI'a!:cn (estimated b', :re 35'; -.;;:;1: .-' 

confidence limit of the meanl of the COPEen that mepiurn Trust be t€i::;w "'S 

re50ectlve PRG to be protective of the re':e,:ltcrs of concern fer tna: site PF<35 are. 
therefore. cntlcal In the determmal!On of !r:e extent of area !ha: k'! be ferne: ated at the 
site 

Ecoiogical PRGs (those basea on ecoiog:ca! rather than h\...man r.:;ceptcrs I ,: " 50liS a: 
SNUNM ER sires are determn-:ed througt' ~'1e same exposure 'iic::lels used :" calculate 

\ 

hazard quotients (HOs) for these sites However, Instead of dete'mlnlng the rlC by 
Inputting site-specific 5011 concentrations tne PRGs are deterTr,r.e1 fer a Da'-:,,:J:ar 
receptor through the back-calculation of 501; :oncentration after setting the he eQuai to 
1 0 This IS equivalent to settmg the expcs(..re equation equallJ the :OX!Clty t,el1chmark 
and solVing the resulting equation for the soil concentration Because mt.!tlp'e '\ 
receptors are used In the evaiuatlon of riSK tJr SNUNM ER sites !deer "'1lce a~j 

burrOWing owls). this process IS repeated fa; each receptor of cence,rn fOI me Site af:ltd 
the lowest back-calculated soil concenlratlor' for a particular CCFEC 3mo~g ·r-ese 
receptors is used as the PRG for that COPE:' 

Because the underestimation ot PRGs car. lead to unnecessary "aCtlat !j;stur~anc:e nd 
resource expenditure, the calculallor. of PRGs incorporates less c:Jnservatsrr' ~han the 
calculation of HOs used in the predictive leJel nsk assessment process Ta iriS e'1d\ 
Lowest-Observed-Adverse-Effec!-Leve!s !LO.AELs) rather than NOAELs are ,-,sed as 
the toxicological benchmark for the calculation of PRGs. For wildlife the procedures 10r 
scaling and estimating chroniC NOAELs are acplied as necessanl !C the denva!on ofi 
chronic LOAELs In cases where only a N()AEL IS available (I e. "0 effects were 
observed at any dosage levels in :he underlYir,';:J study). the lOAELs estlr.a~e:; at 10 
times the ~OAEL ChroniC LOAELs for the jeer mOL:se and burro"/lng ow' 3re 
presented in Appendix B : 

I
In addition to use of LOAELs as the tOXICity benchmarks. the 'Jalues of 1he pa'a""eters 
used to model exposure In particuiar receptcrs are chosen to be more rt!altS!IC 
estimates of the mean of these values (baSe:; on measured valuesl rather I'-arl 

conservattve estimatIons of the eXDosure pararr.eters (as used In the predlc:lve 
ecological assessment to counter uncel1atnlies i T;.lUS In the calcdJlIon of PRe:,> fer 
the deer mouse. the proportions of plant ana '''vertebrate food ,n :',e ,:!Iet are 6' :. 
and 38 5J':: respectively whlC~ are 'JaiuE:S cased on year-long meaSL!e;nen:s (j' 

stomach contents from deer rnce I" lre shcr: ;'ass pralne of (»10(<3'.1(', F,a~ t? ". -, as 

.:\ 
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cIted in EPA. 1993). In the nt'oCI~ll"ltI\JoCI assessment, these proportions are both 50%. 
which represents a ni"orous diet. but which conservatively over
represent invertebrates in the diet of this receptor. Also. the fraction of the diet 
of the deer mouse ingested soil is estimated to be 1.2% for the PRG 
calculation rather than 2%. as used in the predictive ecological assessment to 
calculate HQs. The former is on mean measured value for white-footed mice 
from Seyer et al. (1994) while latter is based on the conservative generalization of 
these study results ("< 2%") presented by in USEPA (1993). 

Appendix E presents non-s PRGs for the SNUNM ER program. When the 
areal extent of a site is than the home range of the receptor. the area use factor 
(the site area + the home ra 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 typical~y only applicable to the burrowing owl at sites which are 
smaller than its home range (34.6 acres). 
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Deer Mouse Test Species Test Species 
,Chemical Name NOAEL" (Body Weight)bNOAEL" Reference Comments 

Stiver As lilYe' nitrate. Ventncular hypeltlophy 
, 

observed at 89 mglkgld. Because Ihls lOAEl 
is nol considered to be of SIgnifICance 10 
populalion., an uncertainly rador of 0 2 was 
applied. 

Olcutt (1950) 34.8 17.8 Rat (0.35) 

-
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-----~-.>.~- lOAEL 0' 0.74 mglkgld'llllllh an urocenallll,~~ - '-.. 
. 'actor 0' 0 01 . 
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RTECS-(l997+--30.9 lfr8 Rat (0.35) 

As uranyl acetale. 
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OeetMouse Test Species 
Chemical Name NOAELo NOAEL<i (Qody Weight)b Reference I Comments 

Oi-n-bulyl phthalate 
Di-n-octyl phthalale 

582 
84.1 

550 
79.4 

Mduse(0.03) 
Mouse (0.03) 

t.amb el a/. (1987) 
(see Comments) I test $pedes NOAEl based 01\ mouu 

NOAElIor bi!l(2-elhyJbellyl)phlhalale and 
ratio of LO.. yalues (6,51311,500) from 
RTECS (1997). 

Methyl ethyl ketone (see 2-bulanone) 
Meth leoe chloride 114 5.85 Rat (0.35) NCA (1982) 

-Phenol 117.37 Eij) Rat (0.35) NTP (1983), as cited in 

l,l,2,2-telrachloroothane 27.58 14.1 Rat (0.35) 
USEPA (1997) 

I (see Comments) ITesl species NOAH based 01\ mouse 
NOAEl for 1, I,1·lrichloroelhane s.caled 10 a 

I .j. 

1,1.2.2
T elrachloroethylene 

1.48 1.4 Mouse (0.03) IBuben and O'Flaherty 
(1985) 

fat (54' mglkgld) and ratio oIlO.. values 
(25G19.600~ from RTECS (1997). IBased 01\ a subclvonic NOAEl 0120 
mgAtgid (5 out of 7 "-11$', multiplied by 0 01 
to COtIvetl it to. chlOnic NQA.ElIOf 1 out 01 
7da . 

Toluene 27.5 26.0 Mouse (0.03) Nawrot aod Staples 
(1979) 

Based 01\ dIronlc: lOAEl 01260 mglkgld 
atld an uncertainty 'ador 01 0 1 

1,2.4-Trichlorobenlene 2.90 1.48 Rat (0.35) Robinson el at (1981) Based 01\ a subct.ronic NOAEl of ,. 8 and 
anuncerta fildOf 01 0.1. 

1,1,1-Ttlchloroelhaoe 1,100 1.000 Mouse (0.03) lane el al. (1982) The NOAEl represents the maximum dose 
0' the &lUdy, WhidI produced no $.gnlfoc.ill\l 
adverse effed. 

T nchlOfoelhylene 0.74 07 Mouse (0 03) Buben and O'Flaherty Based 01\ a subchronic lOAEl of 100 
'~ (1985) mgJItgid (5 aut 01 7 d••• muttiplled by 

~- .... 0.007 10 COtIvelt it to a chronac; NOAH fot 7 
out of 7 da 

Xt'enes 2.22 21 Mouse (003) I Marks el al. (1982) 

Tesl Specie, N(j.i\,El based 01\ ,at NOAEl 
for TNT and ratio of lO.. yaluea (1,394fl9SI 

2 -Amino-4 ,6~dinitiol6luene 5.50 ~iU Rat (0.35) I (see Comments) 

.'--.~- "ffotnRTECS t991) 
4-Amlno-2.6-dlnltrotrnueoe 3.78 193 Rat (0.35) (see Commenls) Tesl speciR NOAEl based on ,at NOAH 

for TNT and raclO ollO.. valUO$ r')~9179M 
I,om RTECS "9911 
-Ba~ubchiOnll: (IG·wet!II.) NOAH -;;i 

t 1 3 mglkgtd and an uncetla.nly 'aclor 01 
01 

m-DIOJtrobeOlene 0221 o 113 Rat (035) 

Tes' !peete$ NOAEl based on 14,1 NOAH2.4.0'OJlrololiiene 106 054 Rat (035) 
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Anlhracene 

Fluoranlhene 

'ndeno( 1.2.l-cd)pyrene 

2-Melhylnaphlhalene 

-Naphiiialerie----.. 
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I---- -------,1.06 
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Comments 

Angevine (1981) 
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TableB.3 

Lowest-()b~e~~4::,AdverS~~ffec"-Levels (LOAELs) for 


.lnort:janicAnaIYtiis'irilh&Deer Mouse 


Deer Mouse .Test Species -·T8St SPfl~ies -1 
LOAELa LOAEL· (B'ody Welght)b Reference Comments 

Aluminum 
Chemical Name 

As Atel•.20A - 19,3- -. MPus~ (Q.03) Ondr.elcka 81 al. (1966) 

1.32 Ul5 Mouse (0:03) Sehrdedetet al. (1968)- . As antimony potassium talttale. Antimony 
As arsenile (As'Arsenic 1.33 1.26 Mouse (0.03) Schroeder and 

Mitchener (1971) 
Banum 38.7 	 I 19.8 I Rat (0.35) Borzelleca el 81.(1988) I As barium chloride. eased on a subchronlC 

lOAfl of 198 mglkgld and an UIlCOItarnly 
factoI' of 0 1. 

Beryllium As betyllium sulfide. The LOAEl represents 10 
IIItIe maltimum dose of the study, whICh 

12.9 I 6.6 I Rat (0.35) I Schroeder and 
Milchener (1975) 

no adveC'Ie effect 

Cadmium 18.9 10 Rat (0.303) Sutou 81 at (1980) As CcIC1t
Chromium (Iotal) 53,540 27,370 Rat (0.35) 	 Ivankovic and 

Preu$smann (1975) 

25.7 13.14 Rat (0.35) Sleven 81 at (1976)Chromium VI 

38.5 15.14 Mink(1.0) TAulerich et aI. (1982) 

1,260 687 Rat (0.273) I Tewa and Maner (1981) I As patlasmH:,anlde. TIle lOAEl represenl$ 
10 It the I'I'IIlCWrun dose of the study. whICh 
Pl'oduCIId flO ~ etfecl. 

lead As Iud acIIIile.Azar et at (1973)156 80 Rat CO.35) 
AaMAtO•. 

Mercury (inorganic) 
lasl<ey al al. (1982) Manganese 556 284 Rat (0.35) 

As trIIIfCUric IUfide The lOAfl rept"ent' 10 
It the maxImIIm dose of !tie study, whICh 

no ICtwefH ailed 

Revis al at. (1989) 140 132 Mouse (0.03) 

V8rschuUfen el aI. I A, meIhyI /MICI.Wy dIIoIlde 
(1976, 

Mercury (organic) 0.31 I 0.16 I Rat (0.35) 

Ambrose et al. (1976) I As. lIICkel .... heluahydrate 

SeleOlum 
156 T 80 T Rat (0.35)NICkel 

Rosenfeld and Baath I As potnsiurn seleNIte0.65 0.33 Rat (0.35) I I 
(1954) 

174 I B9---r -Rat (0.35) Olcul1 (1950) I As s!lvef nill....Silver 



---

.. ,,r--'-'--' .- 1 Oeer MOII~e Test Species ~l..speclesi I 
1.0AEL·- -lOAEl·Chemical Name (Body Weight," Relerence IComments 

; 1\ .... Uutlltulll ~ulf .. lt' It .. · .. ·,,.; I .1 ~Ht" I'.1(,lfllllili ,,1 ••1 i 1~'ti"l0014o 1~ Hdl (0 36!i), J ,{)At l ~)t 0/4 mu·I},'J'\J >NIHI .'0 ':'~. t.'n,1 ,t.i t.t. hu {"·I () 1I 
! I< II c:. \ HI!!/, ' vun Ih)t ':)'II~\ ,hell'\1 '~i 1~)Bi ,Idllil II 11 ., I<ell i~1 ]:'1 

Pah!tntun t'l ••1 f l~f;'~H t A!:o Ht.tflyl-·~U,t;I.;h'

I ;, \{I 

1l, ..rhHm (; :If! 1>1:\ M()It~e (0 n:'H) 
, n".Hlllqo ,'1.11 11'.1111.1 r ,J\.., ~n••t\,tt1 lilt'! •• ·~.tl •• _,t.tlf' ,1'.,,' . , \/. Uldt hUll} j III H,li (0 711\ -., ....

6211 J)(jline Kat (0 3!,) l Sf hh(t.t!r iUl!' ( l,lt }',lll!........ 1I1

I 

I i .I~"illl-·"--i i ,-- - ..-- - .. ''" 

",....
'Ii' IlHHFJi,,,'l2 PI'! b.!()!l'.lrnpe! (lay Irwj"Rj'dl 

•7" 

t (1()rtYW'~h'lh'''. "')f('\ftH;l;t1.·~ :r,: ~ 1'1 '\Jtd!ll~ 

~---~----"..--------- --- -' -- -


~~"-

~-"---

. -.-~.~" -" 

-
.....~-

-' -

.--1........ 




Dimethyl phthalate 



-----------

Decr Mouse Tesl Species 
Chemical Name LOAEl" LOAEl' 

II, '\-fll'!,,' pllth"I,,!., 

ill Il !)..... ylllltl"~Jj.l": I 
\ 

! 
. . t 

1.1,-11.1" l'\ll,' t d"flt: I 

'-~'-Mr1i7'l"m"'rtll(lI'!h' !, 

''In,I,,.: . 

1 I • (t'iLII fHIII,)r·lIl.f!I'· 

1 .' .' 
. t· tI ~: /;,. .t .", '.: '! 

"'''.t 1<1 

.t," fo.Jtll}"lla·fl/I'fit, 

!. i ! r t Ir td! .fllt:!I 'dl tt: 

.:, "!f;,'l':;f: 

~ J f .: I ' .J ., 'i r • t • 

.• ; ."1 ..... ,. :,~·t· 
,.~ --~. 

1 ')4(1 1 tll.1 

P'IO in,1 

,. 

!P.''n l • !. ',p 
.'IS l~)n 


.~ :, 1·11 


, ,
·1 • . I, 

• ','t 

1 1 " ~L 

I ~ l.t! I ~ I: j t! In 

, .; 1 

TcSI SPCCleS 
(BOdV WClght)" Reference Common" 
MOIIS~) {n 011 I ttl nil .~r.1l (1i.,~~" 

M'Hls!! (001, is.'~'A (~.H,urH.·nt··~l 

' 
~!'S(~f-.-""'tlfllrtftl"'tI , 

!~.l I"H," 

tilP, !~.jLH ..tt•• rh:d ill 
I ,! .':. , j' ".' ' , 

."...... I \lff~lnt~nf~. 

t·~" ti 1 '·,.f: . i J t'i ,t "L"~ i :,11 . t 1. 1", '1 

. 1'JH~,; 

~..1; ,I"lt' !', I ' , l ; 1L~wl,·a .•;:"t •. 'd"it'·~ 
, l't!!!) 

H.1I10 'I~'I HiltonS"" ,·1 tli ~ '~jU I J 

MIlI::"t; in (;1 J td'H~l:'lfl tl!HI~·1 

Mllt/;" dJ I) I) Huttpq ",H' (j t 'dtl,.", 
t ~ J."~ • 1 ~ 

~.1. ;t:~ .... t! ;.J ;';1 ~J.I:1\"I·:dl 11~1(~ .. ! 

f: • ploSIVCS 

H.1: t!; jl, 

.: , t ~ • _ , j '. ' " ~. : ~;: 

I " ." .'" ~,f ·d y ! r .11 J t:f:~ II d~ .. 

I .Ir d III I,ii·qdql" 'Ittd 

; ~.tt . ;.. i i 1·.1.~ 

~~d~ .i: [ ·,HUItf'II!',' 

!t:~.l '.I't·' W'4 i \ IAt t : ,I'.t'.:.,i i: •..• '\ 

Ii )Ai I fur lH~~.' .... r:ylfit! • .,hpMh.H.lh.. ,.tl,: 

~ t.HI" IIf' ('-..;, ",.1hw'-) : i I :"",11 lillIe 


1 Hrlf,~~t'\jj.!1
.,':s;'*( Cid ~1 

I 
: 

't"",,! ,,-,; •• "; IP'.! (',.I! 


I ...; flt"J ~ I I !!, t I:.d'·l ..pt 


,,1: :~, 41\1 H~'I'~l_: .1. rlt~! ;;,1" I. ,',J I"' 


t. "\"i, \, r,\~lj ft,"n ,~ It, , ': '.' •. 


t~.f ~. 1 " ": 


H\lflt.F' ';"·.!•.!,L~~ .•'!:-_':·; 


I, •• t;I, .. '~I ~ 1 ", .:. ~ . 
1 11" 

(4,.""',1.,/-.1 >.oHf t,+\.!H' t Ilfl.J t ,t· ;. I 

.HI :11.,",·,t,t'H'Y t,t !." : f' 


Itt(· i I ~Af t jt")'It'''t'nh • tf. t· 11 .. , _ ; ~ , 


,f· .~..f' I ,! ~"I' '. ',,, 1.1 oI¥' ... I : ,I,.'!" 


,- .'1'I!. ,.: ••• 1' J :.1"."' ·.. t .. ,~!" 

ft.I"'t'"" II'·.J .,ul·" h:, ,I 'J.!. 

tl)'Ft<.; .~' ..".;f '.1,' n, .~~ 

1.1:'11,1 'f: .\ • " ~ 

• t ......... 


'. ~ •• ~ I ' •• ' , . .!t,.. ,1., 

t , I ~ .;' ".1 

'.,~ ',j ,'t 'f", II"~ t~, ; t\ t "t .... 

, rJ 1 dl«l, ..I.·· " { : ' ;.t-,·l" fit,PI.; rt I '.It:I:1 


t!.I'.~.d '!h ~I,t·. fll,)tll. 'lit <Nt·f.· .. i l" I .... ' : 


, .' , "<lF~'J';t ,H)., ,I" ~ '" ,>11. .. , t •• I ' 


0',1! " I '., t·, 10 '. t,l' • :.~ ., ..... ! I 

1 


"1 


" I ._......-.........._-_._. 


J 

..... 




"NittOb'E!titerie 11.0· 11.7 While-footed (~::~ommeots) Testspedes LOAEl based Oft white·fooled .. 

1,080 

422 

35.0 

77.1 4 



r..--~-·-·--- -
, I : 

f!. 
::: 
~ 

E 
E 
c 

<.) 

'"~ 
:.) :.t
S:..u-«{/'JO 
'ji -' 

""' 
~ 

~ e 
I'! 
Z 
~ 

jl ~ 

.'.:-, ". 

. .\ 

., 

'. 
2:. - .. ... 
« -

-i .. 

0.. 

"' 

~ ... 
>'
;.~.- '" '" 
'0 
c.. 

.::: 

-, 
-'.,.. , 

1: '-7 
~; \ 

, 
I 
! 

, ! 

7 -
-. _.- , 

-
__ i" 
:- , 

--- E 
.. 

.. - 1 
I 

I 
J 

I . 
- : 

.. I 
-. 

, I,. " . .: 
~ 

~.- :", -' 

..:: 





-, 

Table B.5 

No·Ohscrlled·Advcrsc-Effccts-Lcvcls (NOAELsl for 


Inorganic Analytcs in the Burrowing Owl 
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Table B.6 

No·Obscrved·Adverse-Effec~s-Levels (NOAELs) for 


Organic Analytes in the Burrowing Owl 
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:' Chl(,/(,plt"'",1 "'!:lUUt. It!nl (i.U~t hu NOAt t dt'l'-:"P'HI.th·:~ 
.). ellloro .1 rnelhylphpnnl tnsuU'CI~,Hll (id"'.' h), NOAt I tlt:h~'UI"l.H".1I 
i Jllu,nlnfWdfl lo·:·,·,~"lt-j;:·~'l d.n,,"o; tJI t~"_f I .t,*II:!~h~I!.t~ 
I I f!tchlllfl)(,lhyll'III' I 

If\!>u"tt .enl (J ... I~ ft . ., Nt )At l ttt:I\~HHtflft'I' 1/1 

1 ~',fIlCil!' ,It If,'tll~ lu It: l:~:"t.t'h,.t:."t: ~Jdttt L;f Nt li\t t .tt·h.~Htufl,)[I. '/1 

I1I'nPlfly l l'I;lh"",I!" . hl'.I1Ulc.senll1Jt.; '"t f"Jf"\r.! j' 1t 1,:.O<lI"",!, 

j,,. II 1,"1,11.1,,",,1.\11' l' 'j lilll'll.'d 11(1,1: ; 'p.lio.jUt i t'L'':!l NnAf I h,l~(~tt :.n II ~lflqlt' >1. ,,,-,,, iiI ,t \JII, ,1" 

(\I 1!,'.) i·"n5.K1err~'.11oh{!'" chhHlh" i ()At l' ,in,·" \ 

,/.tH t~'hhHly t.h,hH lit IJ i 

I h " (''''ylpllllld!.'''· fll~ltfh(tent ,'dId tni l"0I1 ~At l ',Idt .HIIl ••• " 

',i t 'Hly'! t'H~il ".'hlll" h~"",tht ft;;~t ii.lL, .,.1 Nt \J\i :, r.,. T.'· .,' 

M, 'hyll'lil' I iii",,, I" ;,·'"d." .t"q :1.11 •• I. ',; r~; !."'.j I .!t-'.*1l11/'1.1!' ':""~ .....t·I'AII ,.............

t • t ,,~, ,,: Ii ....t1J ,Ai} , 0In'''ilffl{'~~'Il' .I.".{ f I·'l ..~t I ,WiI·Qlll;,.H., 

1, h·It.,r},hlfOf,fh,H;{O 
In"'IIHWlt"O' ti.tt.J f,1I r,h Ji\t 1 ttdr.flWIl.lIl.:. 

---'-"-~I'",

hl~\)ffh I,~nl tt.U •• 'Hf NOAl I ifdt~'ltIlJ •. '!! '! 

f t"?fd' ~'r- ,~, 't'lhy1t*nt: 

f, d,'t "u· 
Irt">ld:h u'fli i1.ILt h., tit )o~.1 • dl'lt~tOI"'.t:, '1 

. :.1 IiI' fl!' ;(. Id'"t:.",,!\,* 
'1)',qU" Will tJdt~1 tea Nt IAi I .\.·ff'I'~WLJ!' 

http:tlt:h~'UI"l.H".1I
http:dt'l'-:"P'HI.th
http:Chenllr.al
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. .... }"':;',Tablea.7.. . . .' 
L()~~st~()lJ,se;Vf!d~Ad~e:~~~:Effet~~L~VbIS'(LOAELSr for 

; ' ...• ;:;"lo'rga:rl,ch~nalyt<t~iin,tl1eaurr(jwingpwl 
;':'W~~~'::':':",i:.:?~\:.·_<. :'~~:;'~~'-~.~'~">;>:';'<>"'":'-: ,:<~', .:",',': '- :,:' .,< ; 

.. '.' ,<,.',',,,',?":",.: ,~,' ••, . .'Lj' ;".~..; ,':'t-',.... ,.' .'.,.,' ',,"" .".,", 

-. '" .'.., . 

·.~tI,en:llcal Nam,It " 

'Burrowing,Pwl 
.. LOAItIlIi 

ne.st;Sp,ci~s ••·. 
lOAEP:'>; 

'. :, Test? S,pe~iis:f~'~ 
.(BOdy:We-lgflt)b." 

'';''!." "'. " 

R~f;tehce Commah•.
Aluminum 
. 

1.09" ----1;097~· 

" 
'Bing~9;:D9Y~ 

(0.155).. 
Csrriereel al.(1986)_ AsAllISO.h. lOAEl based on to" a single 

~~ih!ll~ no advet"se elfect. ___ 

Antimony -- - - -- Insllffidellt.data for lOAEL determination. 

At$eniC 12.84 12.84 Mallatd(1,O) .uSFWS (1964) As sodium arsenite (As·~. 

Ba~ium 41,6 41,6 Chicks (0,121) 

.. 

Johnson et al.(1960) As barium bydroxide. Based on a 5ub<:hronic 
lOAEl of 416 mglkgld and an uncenaint¥ facto( 
of.O.' . 

Beryllium -- -- -- -- InsulflC1enl dala for lOAEl delerminahol\ 

Cadmium 20.0 20.0 Mallard (1,153) Whilealld Finley (1978) At. CdCI" 

Chromium (Iolal) 5.0 5,0 Black Duck (1.25) Haseltine eI81.(1985) 
(unpublished), as ciled 
in Sample el al. (1996, 

As Cr" III e,KISO,),. 

Chromium VI -- -- -- - Insufficient dala for lOAEl determination 

Coball - -_. - -- '" Insufficient riala for lOAEl deteflTlinalion 

Copper 61,7.. 61.7 Chicks (0.534) Mehring et at (1960) A$copper Oltlde. 

Cyanrde 
_ -- - -- Insulficient data fof lOAEl delelmlflalion. 

Lead 38.5 38.5 American Kestrel 
(C.13) 

Pallee (1984) As~alliC INd. The lOAEl is based on lOx 
tfI4i rncixiInum dose. wbicb pcoduaId no 
II adverse eBeen. 

Manganese 9,770 9.770 Japanese Quail 
(0,072) 

Laskey and Edens 
(1985) 

Aa MtlP.. lOAEl based on 10 • • single test 
dose tl\al PfO(kIc:ed no obserwcl adveIw elled. 

Mercury (inorganic) 0.90 0.90 Japanese Quail 
(0,15) 

Hin and Schaffner 
(1976) 

At. mercuric chloride, 

Mercury (organic) 0.064 0.064 Mallard (1.0) Heinz (1919) Aa methyl mercury dlCyandiamide BaSed on a 
singte dose wtlic:h was COO$1defed 10 be a 
chrome lOAel 

Nickel 101 
1.5 

107 ..---
1-5 

...!!1allardJ.<1 782) 
Screech Owl (0.2) 

Cain and Pafford (1981) 

Wiemeyer and Hoffman 
(1996) 

A$ nickel sulfate . 

Selenrum As $4Ilenomelhionme. 

-Stiver ........ -- -- ... InsuffICient dala for lOAEl. delelflllll.a11Oll 

Thallium -- -- ... -. Insufficient data for lOAEl delerminallOn 
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, .• :' '.... ••... ,., ,)TableB.8 .' 
.	Lo.~e,sj;,qb~g.yec;t~AdverS€t:,Eff(lC~-Levels· (LOAELs) for 

.., ., .... Ojrga~i<:'~.n~lyte~·ii1::fhe::~ur.~o.\ivingOwl 
'. . . ; ~ .; '. ~ . ': .:.",., :, ' , . " ... ' .' .'., ',~", '; , ~ 

.Chemjcal Name 

Burrow,jng 
·owt . 

LoAEL" 

, :':',iTesf 
:SpeCies 
LOAELa 

. i'; .,. ,l' .1\",~ 

.1"CJstSpe~i~s
(Bodj-W~lght~" Reiefence Comments 

Aceto.he '\-.. 'nsulfldent data 'Of lOAEl delenninallon. 

.~E!n~ene In~ulfJCient data 'Of lOAEL detennlllalion. 

Benioicacid InsutrJCient data 'Of LOAEL delerminalion. 

Bis(2"ethylhexvl}phlhalale 11.0 =i 110 Ringed Dove 
(0.155) 

Peakall (1974) lOAEl based on 10 x asingle lesl dose 
thai produc:ecf no signilicant adwrse effed 

2·Butanone Insufficient data 'Of lOAEl delemimalion. 
Buty1tlenlyl phlhafale' Insufficient dat.a forlOAEL delennination 
Carbazole Insufficient data for lOAEl delerminalion 

.. ClllClfPtjenzene .. I jns~ dll'a for lOAEl determination 
ChlOroform I InsuWdent data fOf lOAEl detenninalion. 
2 ·ChlOrophenol I Insufficient dala fof lOAEl dele<minalion 

4-Chloro~3"methylphenol I Il'IiiUlfiCieIii data to. LOAfl detemunalion 
Dii)enzofural1 I InsUfficient dala 'Of lOAEl determination 

1"1 "Olchlbfoelhylene -1 IriSuftic:iiInt (iiia kif LOAEl determination. 
1.2.piepJotc>elhylene I IMl,lfficient data Jot l.OAEl delerminalion. 

Dimethyl phlhaiafi InsUfl!c:iitnt data for LOAEL detefmination. 

Di-n-butyl phthalate 1.1 1. 1 Ringed Dove Peakall (1974) LOAEl based on. single dose th<lt was 
(0.155) considensd to be • dII'oniC: lOAEL. 

Di·n-OClyl phthalate Insufficient data Jot LOAfl determinaloon 

Methyl ethyl ketone Insufftciet\t data Jot LOAEl deletminallOO 

Methylene chloride Insuftlc:ient <tala fof LOAEL determmalion. 

Phenol Insulfdrii data '01 lOAfL detelnllfta/oon 

1.1.2.2-lelrachloroelhane Insuftlcienl ..a lot LOAEL delennina/IOO 

1.1.2.2· Insulfictent data 'or LOAElde/ermmal;m-

f-:Ietrachloroelhylene
Toluene -------r-------------+------------r---------------l-------------------~~In-s-uffic~~~-d~a~/a~fot~L~OA~E~l~~det-enn--,n-a-,--IOO--

Tf4.TriCiiiOrObenlene Insulfic1enl data for lOAR dete'mlfla~n 

.. 
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1.8 

-In milligrams per kilogram per day (mglkg/d). 
bBodV weights expressed in kilograms. 
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, ' 

;.~h~inic;.I,""!m. " 
Plant" 

,B~I1~."m~~ . 'f,O~i!~::nli~ar tje6t;~peCies Reference Comment. 
TitaniuM k "T . ''';: ,~;~--",,,,,,,,,,,~, ~~.~t~.to~temline bendvna/k 

.Uranium 5.0 .UranYI,i1ltrate~ ~F--Swlis~Char<f Sbeppard.et at (1983) (CWfett concenfui"t/iiill8iliCl, 

Vanadium 2,0 Not Specified NOlspecified USEPA (1980) BilsecfonleclondiKj IOUfCi infiKmcItion with 
no experirnenlal details. 

Zinc 50.0 Various Various Will and Suler (1995) Benchmal1l ntmaled as the 1001 pe,centile 
from 14 reported lOAEl values for pgnls 

,-In milligrams per kilogram soil. 
"No-Obs'erved-Adverse-:EffecW-evel. 
Clowest.:observed-Adverse-Effecl-level. " 

IDW"'Cl~"'-....JlJ1_ 




---

Table B.10 

Plant Benchmarks for Soil Concentration of 


Plant 
Chelllu:(I1 N.llnc Benchmark" 
fit etoile 

H,,1l1t'flt: I 
H.·n/(,u. dt ttl ! 

I 
t '\ .•~~' f~!h'1 iru·,. ,nj.ltlli.tI.,k' 

I 
I + ! 

;1 But..inll"i~ 	 Ins.IJIfIc,"~rtl :I,fld tr. t1t·tf~f;l!1rlt: i;~-'.duhdd.-Butyl h,clllyIIJIIIII<lI.<l!t; 	 In~H;tl:-:,-lt"~' 'tAt .... ,:) l1cft;~n~;~lf! tlt'!H- hma'" 
t :;.(h(l/olt~ I 	 J 1=1""#1,, ~,,;.t I,lt..t ••••h.:1t:!lJ;lI.v I.t.!'h 1,:11.)1;'

I I ij !::' ,I: :I.l (./t'f,.· 

. "~':f.H," Itln 

.' ( fl'\i(J Ipht;f ;\",1 

·1 i :tti';r,', -! lttl'JhY'I'~H:.H;; 

I )lhf~1l10111f ,111 

1 1, IJIChIOI()(:lhy'ellt:< 

1 :) Dlchl/)foelhyl«JlI: 

t )l11ll-'ll1yl phlhill<1le 

f \; 'j hllyl ili!!".I"'t: 

lit P'{\( fi' f,r~ttf~t!.Jll' 

kl.;fll'/! 1:111',/ H'/{,n., 

Mt:lhyh:lH: (Ii/Nu,,' 

I 'lll:llul 

h·tr.Jf tlhf~r'f'lh,nll 

!: ',II f, ,I If;, j, -1,*; 

i, '!fI.:n" 

. ·t i fH rl:"'I)I.l:fln'llf~ 

! ! \ 'fI,I.It.f, ~t -!h. 

Organic Analytcs 

Test Species Reference Comments 
h}">,,I'!. It.'U! d;doJl III ddt.·'Hull~ ht!th flrH." .. 

I JI\~I,ffl4:·~n' (t:IlJ In (h:tt.>fl""l(! tH~J'1fhnUI" 

I ..... '.UH It;II' .1.,1 •• tu ch:h~tr"HIt· flt'llt fd1hU,"

i It)!:ouf'f, It-:I( it.ltd tv dt:h:''';~''.· h\"'11 tl'H.lfi. 

LUI I 

'" ;' 

..Ji~t t 

Com a(:(j 
.",yr.f?;mS 

I pll\l«(. 

(,.1111 ttfHf 

"1/.y l.tl;;U':. 

If~·"inl' ).1:111 .t.-l.t In 'h'I~'U"tln. t',-,,( 1";I.l~t 

tq ~htlh u-Ill .f,d.1 1,1 .h''''rtlllllt' r.tOn, !IU',I.I< 

114:-''''''. fer" cldl,* tv ISt:h·IIHH\t~ tH~'h 'h;u.u~ 

hl!.Hrrl~~"'!Uf (l.lt •• lu ~t~!h:"II"'lC h'~fh hUh"io 

IIl'3>lIliu It'fIt ~t.fl,1 la dt~lf'IIl~lne iI,·", IUH•.,,, 

1n!:JuUK-leut !lata Iv d~l(:f"unu' hc·ndlrUdt1o. 

ill~~,ftu ,~t'f1t ,'~;t:;"i';':'lt~t i~"1 f;IIIt~-r tt~fh tu f:.U" 

I
I 

lh .... trrH It'nl Ildt,,1 h) ch:1t·W:IHr. 1.(!tlLhHl(Ulr 

i tVt~fLd~h tJ .., f PfH~Jl 	 , Ht:""fH ttrn,UIo. t.:-l~t~i~ r ~,.,\I J!> ~h.lwt;!)t ~ ';,1>. t-~jl·.;h,J; !t ~_k"I !.J'~("It"~ bfl;f Nn~~ ~~. ::t " l;(lH ~~~~~jlt~ ~~~_~:!~1f'->' ~ ,.,~.:. !l· ... 'f·,! 

Iu'sufflt,tent Clar.l trf (Jete1oHm· t·.~ft, .hnhul< 

IflSt,flu lt~(fl (Ia'~ (") ;1-~;1~~I'fllrtf: •.en(·:f-I;I·~.tllo.

i Il\sutfU'lt~ot d.'t!t\ t1' -i1\'lt:Uf!lrtt,: ttt~tll,h(l\lt... 

i htl.n:hu~ fd dl i l~/~rh 	 t Bcn.:t1mad._ bd~~(! on iiI} £(: ..:1 ~""Ile lInn: A iHltI!1 .... 1111 J r 1" ~ 
j 'd. l'nd h,!illl ",,'lit lIIl'U. "~-.Nt" ,lot, •• ,,.!,,r-I ,,,,p. !~~. 

JIt:....:.~tt. ",1.1 ,l.lt., L •• !t-h·l1:ilIH: t.,-o. Itill.U'" 

11I',I!Hr, tt'tlt ,'.It.t I., .h-h·ll'llllt' Len. ':dl,tlr. 

\ J\i"'~ .c-.h ,'I.U i l~fU:!, th;nd.m,.,~ t!.b~d tin 11 i.I\i I.., IIOWt·-.t , ,Ilj. t~nf:.d'(·" fl-',if·d. ,io!', 


~ ,'t.Ot Ie',) t'tld N' .,\' I ~ 01 lOllO nH')'Jo.j,llH IIH.t'f ~.wi' I .... ,h.,' 


trl'.qUI' will .I.II,I! _ ,h·tt·lllflf:,' 1'.'11' 'flJI.p" 


h,-,I.UI< '.'111 d.IL. tit "1·h'HfI~ft•• (,PH, 1.0",,10 
--..'-----~--------~---------~----------~~------------,----------------

http:h,-,I.UI




Ctlfmll(:al Name 

Fluoranth/;/l!! 

rh'OJI!"~ 
111f1(~I1()( 1.:'.:\ ,.Iipy',·ru· 
:·tv~t!~ ltyh1.lJltllhd1t:1'!! 

Nilflhlhall~ne 

Phell:lnlluent: 

PyH:n" 

: ...r !)r h,l 1:-'.1 ~ 

Plant 
Benchmark' Test Species Reference Comments 

tll5uHtCient 'Jatcl fl) \Jdt!UUUH! ht.~n; hltl..!'''' 


·1t;;I;tfK.ll~f)t ttitta' tll ;ie-tt'HIU~'~~ bccu....tH"naIJ.. 


··~-'-i~ls~ff;C~f..da~fa-iQ··..i~~jt;r~t~lile ·befl('hl;~.~; .. 

In!'tu'hetcnl ~d,if,l'lo dt~h!'ffllU't: tlf~n{ tU'1 1 )1'" 

Insutiu:-.entdatJ (0-detcHUU\t: t.~t!llr:t;r~l.i·l~ 


· ins~~HH':-'~HI ,1..-,.. 10 tlc't·lfn.n~ "bt!fH..hrn..uk 


_. .. . '.. . .. .. . . .11t.~';III(.;':;;'··;i:l! :"1,;-;:1-;;';",",..." h",;c:h;;,,;, i. 

Polychlorinated Biphenyls IPCBsl _. . i -,-" ,,:._.__.1 I i"~·;;fI'('..nj",'lil'r.',il!i"rit':;:.:r.;::".h""'" .-.------ ',,,0- ••. _.;". -..... 

t\lor iii' i ~I.H~ ._~.! 11",.""".""<1." .• " .. 10-.... 111.... ..,· ... 1.""... 

AfjjrJt~ I '1ft () I' l't;JwtWfl . I ~>lId and W!lIH-' I 


I ,I!llTr-I. T -iI 
A Ithuffn:I(·nt "j,I~•••• ,ft'~··I"n:~~1 ~.,,;., ~.ll •. P~, __J 

---->. ..----- 

"'/1 tn!lhg, •• IH.., pel ~lIi''1I.''I; ,.",,1 


'\ ('Nf~~.t ill",,>.'r'Jt:d f\llvl'f!1t!I.f!I'U t(~Vt:1 


,.' :Nn,OIlSf!Ql.e(l-Aclv!!lse.flleC:Fri'-lVP.!-"--
''rlfer:hvc: CCl/lcl·'nlt'II'Orl 1(1 !1(1% oillir: (:~poS(!d pnlHlI.lltcm 



);::M:~RS:larson. J. F. Borzelleca, and G. R. HeMigar, Jr., 1976, 
. ,To"i~()logicAss~ssment of Nickel in Rats and Dogs," Journal o/Food .....ct~·nt:i! 
>','f':>: echnologyVoC13, pp.181-187. 
';:t;;::,'i~"'>~~"-,f'~;"':'~<;"'; .--', . 

. ·'>;;~·;'··';}\uierich,R.J.,'ii.. K.Ringer. M. R. Bleavins. et ai., 1982. "Effects of :su~,pleimenQIl 
.. £/~,{.D.i.e,tary Copperon Oro",,1h, Reproductive Perfonnance and Kit Survival of ::tlalllGl\lrG 

'(~~"c;:~::'Mink'arid the'A.cute toxicity of Copper to Mink," Journal 0/Animal Science 
'.;:'("337-343; .' 
, ' 

,,:::E"<."Azai;A.;.:RiJrochimowicz, and M. E. Maxwell, 1973, "Review of Lead Stultiles 

...•. /§ ... ;;,~··AniIriliJs.canied.O~i-at.Haskell Laboratory: Two-year Feeding Study and Kesoon:se 
····X··.,,~ Hemommag~'S'01dy;:7In D. Barth et aI., (eds.), Environmental Health Aspects 
":,:j:2;::}:>~:;(e;e.t~e(¥ngs.ti~iernaricinal Sjrmpos{um, Commission of EuropeanCOinrnunities,
/,,'3;>':.210..> . . .. .., . 

! ','" 

,Barso~i/D."t.:,lt; tcMarlar and 1 R. Allen,) 976, "Reproductiv.e Dysfunciton ................." 
'. .,;.'·!Mo~eySE~p.8sedl'6 Low Levels of PolycHlorinated S{phenyls (Arodor-1248), 
,.:::;~:;~~5;:ah'rCQim~lic!],o.r:icdlogy;Vol.l.J: pp. 99-103. 
;;:<,>::(\',~'." :<~' .' '. ,-~,' " < -~,'- .. , • : -' " .' 

··M:R.;- R;.T.. Alilench,'ait4R:K. ,Ringer,' 1980. "Polychlorina~ed HiDltlem,rls 
·t!...." ..l"'....·' ." "'142tEffectohS~ival-and~Reptoductionj~Mink and 

\.":"Arjr;h~,~esoD:':1riI'if()·',n',nel1l(',llton.tam(h"iion and ToxlcQlogy. Vol;9,pp.
, " .'<, . 

L.'-\Juu,n;;, JI'~arld!J;·LEgle. Jr.: J988, "Short-t2rm 
:Cliiondein Maie,and(f'emale '~is/'Journal 

lOX,(CCll,ogyj': ¥o[7; pp.67S;:,o85; " . 

•'·1.i;'H;.,.~•. J"\I.IJI·I<I.lIV, ilild P, M. Dixon, 1991 "Effects ofSoil-applied Sel~nium 
.Content ofFo(age . " Journal of 

:363~368; .. 
• -'" '-:.1,' 

')~, _",>~,:~; .~,~':<~'~;;,~~·:';r:~-"?;_"7_>:.' ,'" '" _' .. 
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1. Mathematical Derivation of the General Internal Total·body DO, e Rate Equation 

!·hl.>.\ ~~lo;..·tltln \\dJ llil1Jint: J :TLllht::i~ ..~[h':~l: Jcr·'· .1'1\1~·. ;\! J t=t!r~t.:r;,ll: 'rr." .,-! ::~!... i:·.~\.·:~' ....:1,.. ~,l!:...• 

':1..; U~l!!, in ~hal i:, Jrritt.:J (, ~ hi )th th~ I.h.:l:f '1~~ 't.>,,· ,J:~,i (h~ .... UIT \ }\\ : :""~ \ ~\'. ; ',: ',r' .,:..'J . , ~ ,,: 'i. ~h.. ;: ,ie, 

:n !hl.' I.'li\ lfOnml.'nt In \\hl(h thc~ fl.',>;CC 

Thl.' 11:'l:lIi1rJ Si',t: I\i:;k :\:ises~mt'!:[ \k!hoJ,I,!-,~ ,[I:-;R.\~lid)()I, 1,,1' .k:":'.·,',: '.~n ",I,d 


:h;: "hiJ:: bun,kn" 'd,\:,\.' r..llt'l tha' ,":, :he n.:gJ:I\:: .::li:.:! :h;lI rJ":ll'lll;, :,;,''; :.;:;,t.':;' '; t','J.', ,(,' 

r::.:q'!,)[ atio:!r in!,!.t:stion fhe (han.;c 1Il !.b~ '(".-0,', rurJcn or J,)S~ :.Itt',;· "'e: '.l:'1~ 


,IS :h,' !illhl\\ ing t'ir',!-llrJ.:r. 'tnear J,tfl!retw; 1.''i''IJ::,'n: 


I'l.il1 
:,-. 

.. ii , l 

bilhj;.,:~ ~Ir ..~\!>L" ;~itt: \l( ..l rl"Lt'~"'r ,.,,"~! <.n..::c ... ~.~,~ ';;JI. i: ... !\.·h t " 

p r:.t:c ! Ilpul-..c .. ~ !h,' rJ.,i;\"I~U( liJ:: :' > :11,: ,·1:" ,,; "', ~.', -i';'\:
I ' 

lei ,b~ l. 
\1 !l1..lS' ,11 tbt' re(,'~I\.'r I k,,: I, 
I, efh.~\.:u\1.! n..'fi'!\.l\,:d (\·f1;-.tJr~t \lftht: ;~hit(\l.tj\.·:ij,.: ~·r··'r:" d· -'\'\\!'..: Ih\..' 

-\.'c~rt,'r ..:...!.~ • 1hts terrT, ~~'n;-'i ... :t." ": ;",.::;1 :jJ 

"'~\·'IP~!\. ,.d :"~:~:\;\Jj rr\)~":j~\.·, 

'"'r 1 , , 
" 

\\ rl~~": 

I 




Howing: 

, "b(n=(e-.!·1')()'~M)(e.!·r)+c.(e·U) , 
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.::<:rhis-lerfu.tefle~ts'the uptake of radionucHdes through soil ingestion as it lives in the 
.~;i ", c6ntamin~tted"rocation:' The combined product of these two terms represents the total 
. radioactivity per day ingested by the deer mouse via soil ingestion. 

«',-/;'··"'-"ne<s\lJll'ofthe plant and soil ingestion provides the total intake of radioactivity into the body of 
""""'»0,'',,' ;. ,:;\·tilc:d~erjnouSe per day assuming only a diet of plants and ingestion of soil. The total intake of 

: .,.:"·//~:t:6~ra~i~activity by the deer mouse is prolded by the following: 

res ,ps JQv+es 'Qs) (Ci/day) 

AU terms previously defined. 

::r:rhe.d~erm()use is assumed to ingest plants and soil from a variety of locations in the 
;";jL;enyif6nmen~·in:wliicQii_resides. ObviouslyJ the distribution of radi"nuclides throughout this 

... ' '·'·;\envirdlU11.entiSoQthomogeneous and·,this:must be reflecWd by me dose rate model. The deer 
",:,mo~sefnia.y)ingeSt~plants;'andsoils fromUi~:contaIninated'locations,part'ofthe time and from 
·.;.:Uncgn.W:iil~te410ciltioriSother times" Thepreviouse~uation can b~modified to the following: 

; .:/,';~': '< ,''- '.> " <.:.1: ;;'_.' . --;'~, . : . _ . .,',' '''<' 

(es ,ps ,~+ cs .Qs)· FI (Ci/day) 

CS, PS,qv, and Qsarepreyiously defined, 
Fl '•. =;.' Fra.ctionjng~~ea~fromc;ontaminatedsource which is assumed to 

." the-tOO%(upirless); . 

U~I"~;..1l11'~I;;, qJl()~I.c~Lpl~,~~:nt¢9;bereass:um~~Jltlatthe de~:rn:m~ccus,e,re~s.iides and ingests plants and 
'COllltall1ll.1'lat~~a;·s'Q'!llt'Ce;: !:J'tuSJs',a:;v,'onit.;.case, conservative assumption that 

intt'()d\lCe'corlStd,ers':whlaf;1l'actiolf()i:,thl~ctotaI,lradlionl~cljd~ taken into the body 
:ofpll!illt$;a:tt~fS,oil~f;~,abJiQrl~Q~:D~~~'~[~Il!~tMIAis,suc:s~lt,tlte(leer mouse. This 

th~.chemical'element. Introducing this 

(CS ·ps·::.QlJt es .Qs)· Fl-FR (Ci/day) 

.. ;.· ..·S..·· ", . ,,/··?t; " .' . 
.,; " " CS,,~S.'qy;arrd.Qs arepreJiO,uslydefined, 

:.:t·'··FR.~'. =~< 'frac;tiQri:rirt~e'nl(liolluelide retained by the body of the deer mouse 
;~.::, :,.,.' :!i~wliic~is's~ifi~10:th~' cherrtical;element( unitiess) (Baker & 

"'·Solda~;t9?2);.! . 
I 

.'. .' I 

ll;at:~ot~J~re~;~tllts;,Ulef~ct,ion.·C(thcr!diOnU,elide concentrat\on in the soil that actually 
;·.i::_:'~':Jc.oric¢ll~trclt~f'jii1, thc~'ln.teb@J.,bO'j1).tissuesof the deer mouse. 1 
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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 elimmation 
processes. respectively. 

Introducing the burden duration factor into he dose equation provides the following: 

fes 'PS ·0'-cs· s}FIFR£F·£D·8 (Ci-day) f 

(CS 'PS 'Q>+CS .'J»FI·FR £F·ED I 
= Ithe total radioactivity in Curies that has been absorbed by the deer 

lmouse (All t~rms defined previously). , 
= i the burden dUration term which is a function ofthe radionuclide 

where: 

B I (day). 

The dose rate equation in this form descri 
the time that the radionuclide esides in the 

the total radioactivity present in the deer mouse and 
dy 'to contribute to the dose rate. 

1 , 
Tne next term to introduce dellis with the ount of energy imparted to the deer mouse tissues. 
internally, due to radioactive decay. The e ergy imparted to body tissues is ~ function to the size 
of the receptor. This model alsumes that a eer mouse has a body radius of approximately 2 cm. 
Absorbed energy data in Balder & Soldat ( 992) is provided as a function oflradionuclide and 
body radius. When applicablf' the data pro idedby Baker & Soldat (1992) ihclude the 
contributions to absorbed energy from radi ctivf daughters. The following~erm is defined by 
the HSRAM (DOE. 1995) as the effective sorbed energy by the body tissups: 

I ' 

where: E 

I 
.: I 

5.12xl04 j = 

4 • & (kg-radiCi-day) 

e ab~orbed energy for a panicul~ radionuclide and 
an ass ed radius for the body size of the mouse (kg
radlC day), 
absor d energy of the radionuclide for a deer mouse with a 
radi assumed to be 2 em (MeVfdecay). 
conversion factor from MeVIdecay to kg-radlCi-day. 

* This equation was detem\ine4 using the following conversion from MeV perdecay to kg-radlCi
day (all values referenced from USDOE (1995): 

£ = j MeV) Ol"""J(deCaYI sec) x 8.64XIO'(~) x I.60X10-If ( /cg-rad) =S.1L.O' .PO -""').
~~ decay 1 Ci day Me V '- Ct  dQ) 

The effective absorbed energy is based upon the size of the deer mouse. Assuming that a 
gamma-emitting nuclide is present, the size or radius of the deer mouse is small enoug.h that onl~ 
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e~uation P10yidesa dose rate due toa deer mouse ingesting plants and soils on an average 
~~sJs::for"one;radionuclide only. If there are multiple radionuclides present, the following 

;'.·;-·l:'!llUlitt·O'in'canbeusedto examine the combined dose rate due to all of the radionuclides present in 
.. bogy· of the:deer mouse. 

. . .. ~ U.~SI· PSt' Qv +- CS,' Os)- Fl· FR. . £F· £D· iB.,. £1 rad/day. 
·R."".. £... BW. AT !
" i f 

.•... :.th.. e.:.• total dose rSlc'to the dee.r mouse expo.se.d fN ~dionudides in rad per
tes:ultlcan then be to the dose rate benchmark 0 0.1 kcvday. 

- I 
. ~. . . . 

·.. n.lri\latil'ln:~~f " . DOle-Rate forthe ,Burr9WingOwI 
.se:ctiO[tWilllsbovva::stet"'b~r,.stl~Pr-:Clet1'vationofthe internal total~dydose rate equation for 

for internal radiatio'n dose appear to be complex due 
The fotlowingequationdefmes the total-body dose rate 

POI:uol[}..olfthl'f~CI~I:iQn ~Qum$ril()d:ific:aticm to consider 
j)e~:~Sl~I'le(lpjei=~:;'b~r::plece so that the 

model will be 

rrl'\'1nn',.. ....'.lIl. dose m~, equation is to define how 
'1I'!C'..I!IV!!lO: l'lildi(intiCli~1¢sftOlmthe·en'riroinm{eh·tiIlto itsbqqy 19'contribute to a dose 

into it~'body via ingestion of soil 

ing¢stion as it lives in the 
·~..."u...... , Insect intake is not 

slD(:es'OH-tQ,.~.ns~ct tr'~;fer data for radionuclides 
. . of its food intake rate 

owVis,est:imslteijiJrtllm the allometric 
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. (es, ps 'fJv....... ·FR" es . Qs........ . FR) (Ci/day) 
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ingested for each deer mouse consumed by the b~owing 

consumed per day needs to be considered to quantify the total 


ra~liolllU<;.I:i.g¢'·iiil:akc~fottl1le nlltTOIWlrlQ owL The number of deer mice consumed per day can be 


Qm· TN (unitless)
8W_,DW 

, . 

·Qrn 	 food (deer mouse) ingestion rate by the burrowing owl equal to 
0.0 173;kgdtywe.jgl1t~ day (k&IJday) (Nagy, 1987), 

TN 	 proportioTlaIit'y Jactorequai to ) daythat looks at the mouse 
COQSUnlptiQIlper (hlY, 
thebottw~ignt of the deer mouse equal to 0.0239 (kg) (Silva & 
Downifig,19.9S). 
conv~ion)rornmouse wet weight to dry weight equal to 0.32 
(unit1e~sl.{~PAJ 1993). 

e*1:>reSslol~:tc>['tllertt@ber'OfdeE~t.J1~i~t::CClllS1unE~ per day can be combined to the total 
:)'aqio~ctli,~y,~i~!rbed.'b!YiJ11~.'le~lr.tllloUS:etl:,pI'ovide,iafl;Ci\lXpteSSiOl!1fi1lat considers the total'

.' .. ' {CS· PS.~ . FR +cs· Qs . FR} (Ci/day) 

DW .............. -\ ~ 

s~iua.!i.Oll,C~ml()W witlithe::burrowing o\yl"siqgestion ofsoil to arrive 
;i.otrthat.(lefi,l#s,·th~ftotal;iritiiJ(eof radion~clides into the bOdy of the burrowing owl. 

.ps, (tv ...... . FR + cs· Qs__ . FR}> (CiJday) 

8'Vlme'ty of locations in the 
oft:!ldi('QJl(:lidc~s throughout this 

oii[lthis'i'riiJlStt,e'rceflecte(joby model. The 
ije~:r.:trljce~Jnltts(mS..'f:T0Illllt\~·.(~ontattumLtedL.lolca~lons part 0 f the time 

ni6deJpre~nted: here assumes 

, 
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http:Downifig,19.9S


I 


h t; ~ '.r 

~:~J'n~:': '. 

!, \ t'" r' 

p'·~l,....l j). 

i 
i 

t 
I J .
r·~l·'\o 	 U~~'i:'l i ...· " 

, . .
'i'·t4 ;')41 :.;; ii!.J.....'1.! ..: 

'\:: '. : ,p .: :':- ,I .:i. r..:';1i'HUr P~h '1 .~:~: . p ~ ..... I:'P, .::: :-,:~. J ;\1' '? ~'l}P ~;.ri \i'\ J~ LJ'''Hl;''~''~'.~ .:;; t'.. ; ! 
1" 	 .• r' :. . ,\t~:·~~ a'tp ~~~:un>... " :1L: \'. '~";~h~ ."41 :t· 

J\ ( \ll !rr~t".~ ~.i,~'F:lrr ~H1'(t.J\:J ( I 
! \ ":r'~' ~LJ€ c,; fr.n£'.;') ':~~i~""·1b;,)1) .~J~<\\JX] 'i! 

\ .., 	 ~ ~Ul '_\~; .. jq ... ;"ll;. 1\\ ';\r.'~~n ';r~'I>~ ;1:r l:~ ~.~H";lJ,!;"l,"\'JP." 

.... ·"'i~i· :.: L\·l:lr... ::.;.'~u\I."\ ~;'IF'n!.i;·!~r: ;\tP i" 'jt'::"\t~j': \ ,... _i 
1P' ,,;1
.' . • ----l':' 

~ \"', .. !:.r' .~I ~ ....:. ~·'U;iq ~I\ 

\,: 4tj~ 

i-~~:: _.':r tU ,
- ~1 'l.; .... ;/ • .,I . I, " .'\' J • /1 -~ \J ~-~ ~ ,i), I " ")' 

I 
. ..i,~"'" i'" rw' .~,"IllU l;:;:r":'" :'.~>:::-i'.l: 'J \::,"Il')lrr.: :n l~mou:r il:1lll ;'lqll,")r:<;t;","1 

,,' 	 ,I;' ':~. :,\,. :;.~ u'll""h;\ :;;n":'..)JJ ,v.; t .,"'['h,'. I' ,;';q" :;llUfilWIWJI'.I..l;\ r;lj;':JIlIll'w,'" 

't" ';'I~' 'I ~. I:r"; "111 II: ";",~,'J\; ! \' , f;l \' (,.u: '4 ;'IIi: l\ '.1 ;'Ilpr;1J;!q ur::' ;.!. 'IllI";' ':' 
, , ~ 	 T "t" " "'. ,.t'· "j:\'. ;, I:'\l~ ,"" 'I'J )""\'1' ;'11':'\ r I' :'IIeJ :'I'!"IUI ,'\I,I\"I[',ll"'!':'·.Ufn~~. • ,.' L.' t" l ..""" • <II: _ • y. '" ~ • t (' ,I ~ L " \I 'l • \I ~ t·... 

- -.' ,~, ") :,\\1"'" '," )\\ 'r":~lUlt~'ll ':;UI\I':')r "I d~l'·", "It' ~"I.J..... , .. : "'I' \' '1:'
" 	 , ... 4 \." •• , • " \I,'" \I .... t: .' ~ ~\. •• ' \0\1. .. .... ,... t'l~' ... ~ u, ", ......".., 4.t~" ;t'r" .){;, 	 , 

I 



- -
;-:~H\\t'n(J.i v"'t~! li: 

"I ,., .t \;;j,~ ,:,) ;'~~".~, '\'\,;: ,~\:: ~.11:·~ ,~~;: ru:' Hi:':;')\\ \r· ~ ..i ;,\;' ~ i:': ~ ,.~ \ ) JJ;; ..~ 
..... t :",tp . ::~l~lr>·.'j .h - . .

,,~:.p ;"".l: .' ;";i ; \."..-" \\"~'::14 ~:'tl t;; '\<'.:~:~.!t")!t~, ..,.;;\r;F'n·.J~\.:'l:J ,l'~ .".':'::h.",~j~ ;.q: t\l ;'1;;[' UP :r..:t~t' 

,:j·b.. : ... ~~ :r~ '.<1.: l' ~.')\l .,,\..;,·\r r;l~j.h.~i· ~~·'.i~\'~\ltr'r.J ~rh: ~'t.n >~"\rt \P~d uOt~;;'1Jd~~ ~\.1~1;'ott I 

- . ~-

:.~;.l !~ ~l" ~"':,: JI.l ,,~~!~:":: '.;'" q ,~ql \-1 r:'t4';· " .. ~r ;\41l~:' \~U;lU~ ;lrq)!lU{\!!,I~": ,i\' 


lU'h'~L;" ::.~ :~:~\~";,~ ;;:'"~: ~T-q: \', ~rr.t1! ;\..:r ~J~):lJ:rn"'."T' ;'l~;~q; ~:rd'-1lr,:·H,;,'yJ~ _'tp :J~tPl\\ ~U·.':ll":'\tl: 


!P" ~~!:H~ ~" .... : ·.~:t:.L-::.i:> ~! r::t· tU~ltn"':1Jtl ."'l:!::, ~·')fJ:'l:" .j'." jr ~~:;\~:'u\f ,t \:1' \!l"r ~rq·")nUt\if"';:..! .jtp 


!i1 ~':. :~":n r' '::.:1:1 >,r .. :".·r' ,.: ..;\.h~q\' \r\'~ i!"":~~"'~J.!" t' ~;,\l~H:~-..:r·, "liP\,; ru~ Z'\r~I·"nu\j:rrJ ,t'" U;I~1:,-un.; 


~'\,1" ~.~ .. ';'\ ~.~~~1lt; i'\.'l\i1 ''''P'' ,'li1 ;ll'h!i~ .. \' 1\1; P:'h;l ·~:1{'!tlr'\"'·;i~ll~ .'LLI 'sn~pr~~ ':r~"y;p th'!l,"\~~n.; 


t' ,j\ ~()r:. v··~: '::"'1·.1 )'.' '.l~\L:t:.\ ';" ~\).l i :~h 1 . U~~'~'I~~ :\" .l;')lt~~1 ~!~ ;':4T!fH~\r ~Jr. S~lf\.4~U~ P'''L!J\l",-!r ''''P 

j.: :-::'(. <'::. -.i , .'.< 'l:: ,)tjl . qUI \;i~.,c.) ;:,~::: .1\\' ,.00: I;:'''::;:: ~J':'l!lIW;l·~I~1.j r:l1' "qJjV ,.1n'·~:; 


.., .,., .. ... 
\r\l",~ .)q: t;: ... ' ::r !~' .':.;::~,r~~ttU !7l;\tpt\\ .,··n,'tU ;\if t;~'l'\J~p t.,.;,r",: ~~L\' "'c.! ~tUteri" -='41)1."· J~"rUlrlU0J 

;\',1' ';.)r.., '.';~.t'.... :" .....>r'..1 Jf .... P \p\''1 ~")q1 \\...: ·;"·~<~J·':"\'F" ~')~ :',\.' ... \1..: ru.:·.. t"~i' ;l\.P .1'" Ui'I::'t:J,l r 'p.h\ 
\ I 

.~!"'';'' . \~' ;:U:,,,,'.:Jnt..t ;')tP)"'~ ~n;pt:j .L~ .i/h .~~~~ ·::!t:1~ ..1JJ~: ~rq:-,nt; fiLJinttU~-rtut~l1~~lr::i ~i~r, 
, .'r :r:{: ~.::i:;·l ~\ i""\ ~;;:\~ ~.!..Hl~ ;'1:P);~ ."'!.-':" :'ll;1 U·,\\'!!i r1"t.:r.~ r...:t \~.::t~l~ r;,)-~J(~'4t ~\li:'"t~1.U:'l ~li.~ 

t:~ ".'\t,,"'t·, 
, ~ t

It' ~ h; . 'I···· ~ . U' . u' ~ ,1; \ 

(:_,,/,! I .!I Hi, Ill\<Uj !'1.;:'111~1;lpj <.;,11111'\ ill'I \\'1' 
. :"')."\ ;: a.\T~..!."':~ ,,,,," .... ·;t,·,;,~:\': .it::~· ~...:n ~,~~Ut~::~,:'\l~;~ ~:.. \\ uPla'nb~ ;"HL!.. \ :'\~' .... :--: ' .. .. ',',,,"4 

.il! \ -!'of': r: .j-.~\.' ·j~).)r ~~:)t\ lU:.'l: j.l:~~~; ·h!:-.I.''.~j,.l.'" 
I '" 1. 

~t.i, .', .... :\' : .•.".} '! '1";!r .\;:~\. ,~:,·t' .. ;,; "pr l .'"Iq. 

j\ \; \", '...... ~ ':; ~,,\i ~4~ 1\' .. :-~.)":"' r·... ~JI·"'\o~t· 
~ ;--'1".1 ,:; ': ' 

!Y H' 
... q. 'f .....1t;: J .; \'"'1::~~ r?)··<~l .. r..:I·:n 

('. ~. 
t ,t' 

". .1'\. :~ ·.. ::,;~'";::,"'i'\"! ..t~ .;:·:~·::~·~i~: :·1."'1 \\ 

'';"''- , \ 

.'q: .;' t: j I l( I' 1\\ }! -.: i I .":;!.'\ ~ '.:'p,! \'~ \?,!~f;.': :~ :l.· ... 1~··;' \.1 

,.', . d: t",J."<:::~:' .~'j '! :'; '. ~j.::;:: :-'~""l ...~Jj \... ~p... 1] ... tJl t; ;~i,"; :.Htll '.'" . . ' 
;.~. :t';'!'h.. \1 .!.;·~P~l \-".; t':l';' ~:;: ... 'JT..... ;lj,.;1' u~q \\ ':!1IPt~l 'r\' ..; pur 


:~:"'lf (\~ '.: ....! .,. * " ',"). "4: ~~": ':>:~.:...:~":;,,*.:.'" r~"""p ""'''':\ ai" 


. ~ ",: ! *,', . ,!~ t:1: ':i! li,;~!;·.~'.)J *~tP ill 


-":'~!:;';'; .•)·,r . ·';:I·:L!,'~~~~:

;'. ''I 

; 1." , .. : ',~: • ',;,'"' ... ,..., -l ~ \ .. ~ ".: ' ::.L"': : ... :,.~ Yl~ i 



Qm·TN I 	 . . I(C5 ·Qs +( ) CS· PS.I-,.., .fR ... (5Qs . FR f )· Fl· FR· EF· ED· fJ E . .,., 8W .DW lit: -.... .........,,, (rad) 

~here: 
(Cs·Qs +( Qm· TN ){cs. PS.Qv .fR ... CS ·(2s . FR}).FI ·FR· EF ·ED· 8 

.-.i 8W_.. ' DW -., ...,.,. 

= 	 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). 

E - effective absorbed energy due to decay of the radionuclide in the 
burrowing owl body (kg-radlCi·day). 

BWowl = body weight of the burrowing owl equal to 0.155 (kg) (Dunning. 
1993). 

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

. 	 I 
..... '< . Qm.TN . 	 1

(CS.·Qs <+( . ){CS.ps.Qv .fR+CS·Qs .FR}).FI.FR·EF.ED~B·E 
'. UN. 	 -~BW"'.... ',DW' 	 ...... r 

(rad/day)
BW~·AT 

. .... ". .;S?~ 'Qin. TN . ." . . 
) (CS.'QstNl•.t~BW'DW){CS. PS·Qv,.,.... · FR+ FR·CS·Qs_.. .fR})· Fl· FR· EF· £D· B· £ 

.'UT.n.." .. " - -.. ' ,--', - . -..x· . 

9111;'01 
= 	 total radiological absorbed dose over one year (rad) (terms 

previously:defined), ' 
aYeragirig time for the -calculation, equal to 365 days. 

rate due toa,burrowing owl ingesting plants and soils on an 
. If there are multiple radionuclides present, the 

. the combined dose rate due to all of the radionuclides 
with units ofrad'per day. 

. Fb.FI.tF.£D:B.E .(Cs .Q:r +(~m'T.\· )1($ PI,
I

Qt.>_.. fR,'" Cs, Qr_ FR, I),". . ,., .... BII' . DW 1 . 
(rad/day)~·r . 	 , owl, ,..' . 	 811;.•, ' A.T 

"thIs'equation defines the total dose rate to the burrowing owl exposed to N radionuclides in rad 
. day. The result can then be compared to the dose rate benchmark of 0.1 rad/day . 
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