
LA-lJR- 93-484

Title:

Author(s):

Submitted to.

LosAlarnos
NArl C)NAl !ABORA TOfl Y

DEPLETED URANIUM RISK ASSESSMENT AT ABERDEEN PROVING

GROUND

Michael H. Ebinger

Orrin B. Myers

?atricia L. Kennedy

William H. Clements

American Defense Preparedness Associates Symposium

on the Environment

l~~~~/\J~D

MASTER -1’:?,2() lf ]y~j

DISTFM3U710N OF THIS DOCUMENT IS

. . . . - .—. .... . .. ..“~&+*:.*-.~=- ** —.. ,,..,-_._==
. . . . ~:4..$.. ‘ __.:_ ;. ‘. ;~”_.~=r.-,,.

., ..-. .=...,,l *-E-* x=-=!:-- 7.--.-.-I%-,..——-..=.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



DEPLETED URANIUM RISK ASSESSMENT AT ABERDEEN PROVING GROUND

Michael H. Ebinger
En {ironment.al Science Group

Los Alamos National Laboratory
Los Alamos, NM 87545

Omin B. Myers, Patricia L. Kumdy, and Williwn 11.ClcmcIILS
Department of Fishery w] Wildlife IIioiogy

Colorado Stilk University
Ft. Col]ills. U) 852.35



1

Introduction

The Environrmmtal Science Group a: Los Alarnos and the Test and Evaiuution Command

(TECOM) are assessing the risk of depleted uranium (DU) testing at Aberdeen Proving Ground

(AK) (Ebinger et al. 1990). Conceptwd and mathematical rnode!s of DU transfer t.tmwgh the

APG ecosystem have been developed in oder to show the rrwhanisms by which DU migrates or

remains unavailable to differtm flora and fauna and to humans. The models incorporate actual

rates of IN transfer between different ecosystem com,qonents as much as possible. Availability of

data on DU transport through different pathways is scarce ana constrains some of the transfer

mtes that can be used. Estimates of transfer rates were derived from Iiteriiture sources and ustd

in the mass-transfer models when actual transfer rates were unavaiIable. The models suggest little

accumulation of DU in animals of successively higher trophic levels and illustrate the importance

of soils an(i sediments in retaining DU in an unavailable form. The m(x!els also guide swnpling in

support of envir(,)runentalmonitoring and urc important ;{K)Isin estimating human health risks

I_cltilcd10 D(J tcsling.
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aquatic ecosystem includes fresh water areas inland from the bay a few kilometers and the

brackish environment of the bay itself.

The risk assessment presented in thi; paper was conducted using little actual

environmental monitorin~ data. Heavy use of literature values to estimate DU transport through

the ecosystem resulted in large uncertainty in the predictions of DU transfer because literature

values of input parameters covered a range of experimental and natural conditions. The results of

this preliminary risk assessment were used to design sampling plans that will provided field and

laboratory data. The field and laboriitory data will be used to rctine the mathematical ecosystem

model and reduce the uncertainty of the predictions. Presented Ldow are !he results of the

preliminary assessment and the plans to collect more samples that will provide the data for it rnorc

through risk assessment of DU in the Aberdeen environment.

Path wuy Descriptions
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ii SSCS:lil:Clll. ‘1’i]isIN(Xkl Wi\S ii(!iij)td from a ~iilbotl tlUX IIIOdCl of (hxupmke Biiy dcvcjopCd by

lhird iti](l (Jl:lnowicy, ( 10%9). ‘1’heCol]lpitrtllwntswc CIIOSC WCIC I)USCCI (m ~IIOWII spccics ;1[ /ll)(.;

[hill ;Irc 0! ctmlllwrci:tl, rccmaliomd, or mslhctic itllport:lncc. ‘1’1111S,orgill)iSlllS like blUC crabs iill(!

perch m: included in the risk asscssllwnl,

“1’1119l) I(MICI Sill) (lllilllLollSly SOIVCS SCVVl”ill (iif’ltircllliitl[!(l{liltioil!i !()[’ [11(: f’loW or llliiSS

flill)S[(’I’ 01 I)[j 11)II)c Colll~);irtlll(’lltS 01”tl)(! II N)(IL’I. ] )() floW IS (’01111”01](’(1”t)v SCVt:l,ll 111(’l:ll;oll(’,

I)ioloj!,l(’ill$” 01”L’11(’Illi(’ill viiri;it)lcs il}t.lutlill~!,111~l;l16’\I1S11f 11[[’1’U’ill(’l’, I)ioilulss L 011S(11)11)[1011”I)y

il(~ilil[l(’ otp.;:iiistl],~, ill)(l (1(’f ’[ ’(’iltioll I“ilt(’!i. Sl)c(il 1{’ (Iii[il ()[1 [)( I [IilllSf{’1’ ill(() :111(1I loll) diltvrcl~l

(’ollll)ill llli(’lll S IS 1)(’( ’(1( ’(1 1)(1[ I(’W of” 111(’ 11(’( ’(1( ’(1 (1;11;1 (’kl\l [01 I )1 I ;1[1(1 111[’ (\l}!,ilili Sll Fi 01 ])l’()(’(’!; S(’},

()! 11)1(’1(’\i ‘1 1)~11’tl)l(’, Il):ll)y V:ll!l(’\ W(’1(’ (“XII; II) OI;II(’(1 11011) I)lll)ll,ill(’(1 lil(’Iilllll(’ 011 0111(

(’0111,1111111;111(s, ‘l’ll(i ;I(lllill l{’ II N)(I(’I IS 11111{’1(’I)IIV lllljll(’(’l\(’ 1~’(”il(l~(’ 1)1 Ill{’ (’Xllill)olilli oli$” 111;1(1(’, III

111O!ll I,s:i5(’s ;1 lilt)jl(’ of” Villll(’S 1’01” ill{’ illpll( v:iri;illl(’s \!; l\ Ll)owll 01 (“0111(1IX’ cstillullc(l with rcl;liivc

(G;IW’ 11(1111 III(* IiIII~I,(”s, l) I(Il);Il)IIIl\I (ll\llil)llli{)~]j w(*I(* (1[’llvr(l SIl 111:11 111(’;lll v;llll(’\ ;Ill(l (’<1) (’(’1( ’(1



stadard deviations could be incorporated into the model. The ranges and probability

distributions of the parameters allowed estimation of the uncertainty of the model. Using the

ranges of input data also incorporated a reasonable amount of consex-vatism in the modeling while

still being based on realistic phenomena.

DU transfer was simulated using the pathways shown in Figure 1. The results presented

be:lJw me based on input data form the literature and estimations of most of the rate processes

affecting DU transfer. Thus, this exercise does not replace field sampling, nor dots it dictate the

ac~wd concentmtions of DU in the different pathways. Instead, results of simultitions suggest the

magnitudes of DU concentrations and were used to design an efficient and cost-effective sampling

plan for the aquatic ezosystem. Design of the sampling plan and the more thorough

understanding of the ecosystem gained from Ile]d measurements would not have been possib!e

without use of the aquatic ecosystem model.

Model Simulation Results

‘[’heaquatic model was run usinx an i[litiill water concentration” (“source’” compartment or
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Figure 3 shows the magnitude of the DU concentration in four compartments. As expected, the

zooplankton have the largest DU concentration, whereas the other three compartments have littie

or no DU accumulation over time. Figure 3 suggests that little D(.J is making its way into the

human food chain. Field data are required, however, in order to validate this observation. Figure

4 shows the DU concentrz tion in aquatic sediments with time. Sediments tend to reach steady

state much more slowly than the aquatic biota, and sediments have a much higher DU

concentration than any other compiutn~tmts. Sediment is determined to b the major sink for JXJ

in this ecosystem.

71ese results suggest several chiiracteristics of DU behavior in the APG aquatic

ecosystem. First, only zooplankton should show my appreciable DU content when the ecosystem

is systematically sampkxi and analyzed. Smxmi, saiinlents shoui(i contain rneasurabie DI_lsince

they appear to bc tiw sink for L)U transport. “i’hiwi,the simulation results suggest. little or no build

UP ()! D(J in organisms ot’ccon~m}ic. r~crt:ationiii, w aesthetic itnportamx. Low DU

~ol)~cntriitions” in sjwcics conswiwxi by hull)alls, fur(hcr[))otv, result in extlurnely I(}wrii(fiiitiot~

(IOSCSto htit]]iit~s (<<I ()() nmmtiy) ~mi sn]ali to)(i~ologi~’iil (ioses (<l pg/g in human kidney).

‘i’lIus, [IICIL: is Ii[[lc ii(jvt:rsc ctfc:t LIXpCCICYi !IOI,I IIK [~.s(il]g ol” i)[) Il]ul)itiot]s tit Ai’t; b;isc(i01)a

COIISc’rViiti VC Illo(ici usil]g csfill];lkxi iuj)u( p;!i’illl)t’[Cl’S. ‘il)l’l”c is 1)()(iircct cvi(icncc, hOWC!VCI’, Illiit

ilCl\lill i )( J Coilt(’.llls in orp.;tl]isll]s is l)ijlhcr 01 IOW’(’l” [11;11)111~~)lr(llclcci L:()’ll”L’ ll[l’iiti()ll S. ‘1’liis

Cvi(h’[kc U:II1 OIIly [W provi(i(xi I’rotl) s:ill]l)litl~ llw c~’(~syslrl])<(~lll~~:lrtl]]~’l]ls.
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organisms are c(msumed by humans. Even though the simulations suggest that DU ingestion

through consumption of fish is small, sampling must be done to confm the prediction. The

emphasis in field sampling, however, can bc on the more sensitive parameters. A refined

ecosystem model would incorporate data collected from field samples and will produce a miore

realistic estimate of DU ingested by hurrxms and mom complete radiological and toxicological

dose calculations. The sampling plan for this ecosystem includes using mom sampling resources

on determining DU concentmtion in water, sediment, and in the zoopkmkton and fewer resources

on other biota including fish, blue crabs, clams, and aquatic plants.

Conclusions

The ecosystem models developed for the 1>[J risk assessment tend to be complex although

nxilis[ic with regard to the flux of DU through the various compartments. Statistical distributions

of the parameters used in the nlodcl showed ttlat while (hc m(xiei itself is complex, there are only

~ f~w sensitive l)itrii[]l~i~rs IIUI[ w:tuii]ly drive the f]l(xicl. M()(iL’1 sin)(]lu~ions, (Ilcrcfort, i[t(li~iite

those se~mlcnts of (Iw cc(wys[cm that shoul(i lx’ m(m intrnsivc-ly s:implc(l in (micr to (Ictcnninc

tilt :lLl\l:ll 1)[) (’ollC’(’Il(l’iiti ollS” i[) It)(’ C1’OSySIClll. Sim.c (’n Vilollll)l’lllill Siillll)lill/1 1(’II(IS to IW bU(i/!L’t

lil]]iml, (11(’silllti!tlioils plovi(lc :1us~i(ll [()()1[() till”~C[ 11)OS(” p;lltS ()! tlK CCOSyh(Clll tllii[ Wolll(l

(Ircrr:lsc (lllL’Cl”[iliill~ ill prr(licti(ms hv pr(}vi(lillp 1}1(’pl”(s:ll(’slillsi~lll [() I)\J lll~[;lk(’by l)lilllt S,

;Il)itl);lls. illl(l to II(II1l; II IS,

‘1’}I(s SIIIIIII:IIIOIIS SII}!}IL.SI Il)iII !t)(’rc IS Ii[ll(’ 1)[) illp’\[((l t)\ i) II II I;IIIS wt]() [IS( [11(’ AI)(; ;Ir(s,I

coillll)(’1(’i:lll}~ 01”1{ ’( ’1”(’illiollilll~, ‘1”11(. siltll]l:ltiolls ;11sosI]OIV II1; II 111(’r( is Iil[l(’ 1)[1 (’otll;lll]ill:lliol)” ill

:~(l(l:lti( I)I()(IIIL”[s 11(1111 ( 411(.S;Ii)t. :Iht’ I{ily. A(’(’ol(lil~j!lv. tll(’ iIKMkSl\ SII!I. {ICSI 111(’1(’ IS Ilf[l(’ [() II()

I)lol):ll)ili[v {)! :I,l,f(’t:(’ 11(’:11111(.11(’([ (1(1(’ I(I (()[IS(IIIII)II()II 01 1)1 ~ (OIII:IIIIII);I[(.(1 [)l(~ll](ts, ( ‘:III[;)II ii

il(l VI Si’(1. ill)\\’t’V(’1, 1)( ’( ’;lllw’ Illlh (’011( Illhiotl is 11:1,(’(1 olll\” 011lllI~(lt$! hil)ltll;lliolls ;111(1110[ 011:1(4111;11

(1;11;1 (’011 (’(’[(’(1 Ilolll [11{’ ;l(~llilll(’ (’(’( l:, y’sl(’lli,

S;lttll)litl}f [)l:llls(lt’:;i!jtl(’tl 1{) (’011(’(’1 11(’lti (1:11:)011I )! I ll; lll\l)(Jtl (111”()(1!’11111(.(’[”os?~sl(.tll (’:111

1!(’(h’\l!’11,’(1 10(011 (’(1” lll(l\[ ()( 111(’(1;1[;1 [1011) lllo\(” [);11;11!1[’1(’1 [il,ll ;11(’ III(’ 1)}():,1 \(’ll\lll\’l’ ,s11);111
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changes in sensitive parameters result in large changes in the amount of DU ingested by humans,

whereas variation in the less sensitive parameters tend not to change the predicted concentrations

much. Using more sampling resources, therefore, on the sensitive parameters provides data for

more detailed D[J transport simulations as well as estimates of actual concentmtions of DU

available to animals and humans, Efficient and cost--effective sampling of contaminated areas

assures that adequate assessments of potential health effects are conducted at the same time that

mources to do the sampling are used wisely.
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