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ABSTRACT

The radiological hazards of alpha-contaminated wastes is discussed

in this overview in terms of two components of hazard: radiobiologi-

cal hazard, and radioecological hazard. Radiobiological hazard refers

to human uptake of alpha-emitters by inhalation and ingestion, and the

resultant dose to critical organs of the body. Radioecological hazard

refers to the processes of release from buried wastes, transport in

the environment, and translocation to man through the food ch?in.

Besides detailing the sources and magnitude of hazards, this brief

review identifies the uncertainties in their estimation~ and implica-

tions for the regulatory process.



RA210LOCICAL HAZARDS OF ALPHA-CONTMIINATED WASTE

I. Introduction.

The purpose of this review is to briefly iiasess the state of

our understanding of the radio?.ogicalhazards from alpha-contami-

nated wastes for the purpose of discussion in the Alpha-Contaminated

Waste Workshop.

At the outset, a terminological distinction should be noted

between “hazard” and “risk”. The term “hazard” implfes the

existence of some c“tirentto human health or well-being, wherens the

term “risk” implies knowing both the existence of a threat and Its

potential for occurrence. The point of emphasizing this riistincttorr

is the reminder that the exststence of a hazard says nothing ilh~(~t

the level of risk relative tn It. For there to he n risk, and iI

threat to become menningfu], pot~ntial pntl]wnys for exposure to man

m~istexist. This potential {s cxprcss~’dIIqn probability. Pal IIlrc

to milkp tl]fqdf~tf~tf~l) l)~giI(l(l(*dmtI(sIIll~i~t;IIIdllttl~ lf~lltt(-)tl){l

nilclenr dcbntr. The press protrnynl of plutonitlm .INIwinx

“fiendlshlv tnxlr”, fnr ~XilMpl(!, lnv[tc::rnnfllslnrlon tillsII(~ln(.

The stildlcs of Slnvic nnd IIIScollv:IyIIrs(1) of tlIrpIIl}llcpcrcl’ptloll

of rlsk~ II;IWfmlml tllnttho qllnlltnt[vr nupcrls of dri’;ltl,.nnd r]f

(’ntnstrnphir pntontliil stron}:ly trlfl\lvnc[*IIprrsl]lls rl~k porcrp-

tinnn. so h(~tn~told rlintplllfonlllmIS l’xf’vvdln~lvII)Xlr (~ilv) IMI II

p,r:lmhn:+ls), cv(jk(’ntm:l~c~I)fdlsntirvrntlrIdiIIIl011 ftH tIHt~ or

dlspo!ml . Wlion lny poopl~ nr(~nskv[lI()OVJIIIIIII~~risks, tlliivut~lIII~m



have statistical evidence on which to base judgement. Instead, they

rely on inferences based on what they remember hearing or observing

about the risk in quest!.on. These judgmental rules, known tech-

nically as heuristics, &re used to reduce difficult mental tasks to

simpler ones. While valid in some applications, they can lead to

large biases in others, particularly in the case of the

“availability” heuristic, which has been studied by Slovic in depth

(l). If instances of an event or problem are easily imagined or

recalled, then people are apt to judge the frequency or likelihood

of it as high. The probienr ~ith the availability heuristic is that

it is influencer-inot only by actual recurrence, but also by factors

unrelated to frequency of occurence such as vivid images of

disaster. Many people expect nuclear power and nuclear waste mana-

~ement to lead to disasters of immense proportions due to such

availability effects. Don’t be mislead by this apparently

unwarranted expectation, however. As Slnvic’s gro{lppoint out (l),

the psycholo~ical re+~ltty is that public fears are not based on

Irrattonaltty. TnSteiid, they r($flectrmrmal ways of thfnkin~ that,

when applfed to Iow--probnhiltty, high ccnseq(lence events, lead to

he{qhtenerl nnclperslstant fears. Hcsides, experts rely on heuristic

thlnkin~ too, nnriare often susceptible to more subtle tr;’.ysasso-

ciated wtth their usd. OrrcS(lch Is overc(jrlfide.lcei~ltlliltterS of

technicc~l jlldj{PmC’ilt. An ‘x~~mple is the Ri)sm.l~~enRo;~ctor Safety

study (2), wll;’chhns bcrn criticized for us{ng procedures which

Zronrly ovcre!;timntc tllcprerision with Which tli~prohahility of

f.f~rt, melt coIIlrlbe as~e~srd (3). It rrrnyh~ impossible in pr{nciple
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to support probal~.lity estimates on the order of one in a billion

per reactor year with convincing theoretical arguments.

Unwarranted certainty sometimes arise from a technical person’s

insensitivity to the weakness of assumptions and lack of hard infor-

mation. Some examples riotedby S1OVIC (1) of common ways in which

experts may lead to overconfidence include: a) failure to anticipate

human response to safety measures, b) insensitivity to how a tech-

nological system functions as a whole, c) over optimism about the

state of scientific knowledge, and d) failure to anticipate human

response to safety measures. We in the waste management area would

dG well to be alert for these pitfalls. There is a rurther element

of overconfidence which ts ~articularly relevant to this review of

hazard’ associated with management of alpha waste. That ?.s,every

technology involves risks and benefits, and its attractiveness

depends on che probability and size of possible gains and losqes.

People have di,ffic~lltyresolvin~ risk/ben~fit conflicts in even

simple gambles. One way to reduce discomfort when uncertainty is

intr,~ducerlin the decision-makin~ process, is to (ienythat uncer-

tainty. Denial of uncertainty represents as additional po~erflll

so~]rce of overconfidence. One form that (Ienfalcan tilke,for

example, I)nderthe press~lreof conflict hecwecrn imnlcl,ii:~teneIIds for

results by r.?~(llatoryagencies [Inrithe lim{ted st;{?.r,-of-tl](~-:lrtrv:l-

luntion capahiltty (models ilnddata), ts the resort to

“conscrvat ivet’assllmpttnns and romp(!termodels.. TIIras(lmptiol)soi

conscrvattsm can he tlIvw{’akt’stlink in the rntlrc r[t}:illtltot-ychain,

as W:ISpotnte~io{lthy tllcl,cw{sCommfttee in t)leCIIS(*of t})c)K~.;lrtor



Safety Study (4). They observed that it does not follow that

because an assumption is more conservative than another, the result

is conservatism in an absolute sense. An example from the nuclear

waste management

Commission (NRC)

Requirements for

area can be found in the Nuclear Regulatory

environmental impact statement (EIS) on Licensing

Land Uisposal of Radioactive Waste (5). In this

EIS, four hypothetical re$ional disposal facilities are described in

which site-specific conditions potentially influencing adverse

environmental impacts vary from site to site. But only one

“generic” site was

The decision rests

water percolation,

transport pathtiays,

selected for analysis and regulation development.

mainly on the grounds that key parameters such as

which dominate in groundwater release and

are most “conservatively” estimated at one site:

the humid southeastern site (5). However, the final waste classifi-

cation concentration limits, declared by NRC to be the culminatiori

of the Part 61 rulemaking effort (5), are derived from intruder

exposure lll~ttSe These a.-edominated (especially in the case of

long-lived actinidesl by exposures in resuspension pati]w:~ys,not

groundwater pathvays, as will be seen in the following review.

Hence the apparent conservatism in site parameter selection for

modeling groundwater mi~ration lcaclsto overconfidence in h,~ving

bounded the uncertainties in tilerulemaking process, and indirectly

to ~ +_Ormof dcn[a~ of thp relative unknowns about tileresusPenSion-

inhnlatton pathways. “rhcre is no simple answer to the q(lestion of

I}ow to avoid this type of ovcrconfidencp in the face of incert~ln-

tiPs. Wc)wfll returr]to this iss{lc in tl~cconrll]d{n~ r(~mnris.

.
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Consider now the main elements of this review , which will be an

overviev of radiobiological hazards associated with transuranuim

elements taken into the body, and radioecological hazards associated

with various transport pathways in the environment. Both are parts

of the overall radiological hazard of alpha-contaminated waste

disposal by earth burial.

11. Radiobiological Hazards of Al~ha-emitters
*

The two routes of entry of radioactive materials into the human

body which are of most significance to evaluating the health hazards

from transuranics released in the envir~nment from buried waste are

inhalation and ingestion. Let us begin with inhalation hazards.

A reasonable approximation to our IInderstandinp of the kinetics

of inhaled radionuclides is contained in tileICRP Task Cro,lpLung

}lorl<l(6). In this model, inhaled small particles of acttnides such

as plutcni(lmand thori(lrnfrom environmental s)urces are most often

retained in the lung with clearance half-times on the order of 500”

days, while others such as urani~lm, americium, and curi(lm par-

t{c~lla[ds may have larf:efractions more rapidly cleared w{:h 50 dilV

llillf-tilTIPS. Pl(itoni\lm :Ind other tranSuriirlCiS absorbed from the lun~:

into the hlo~dstr~ilm are deposited principally in the l{ver and ske-

leton. Both h(lmanand nnimal clat.;Ishow great v~lriahilt.tyin rela-

tive ahsorptlon and denostfon fn tl]escorgans. TCKP Il:lsrecommende[l

v;Il\IPsof ().45for tlICfraction of pl~lt(>ni{lmdt~pt)~ilt~dfrom blood to



boti.bone and liver (6). The human biological half-times in these

organs are presumed to k on the order of 100 years for retention in

bone, 40 years in liver.

How well have the ICRP model predictions matched human autopsy

plutonium data? McInroy’s data on plutonium burdens in the general

population from fallout sources, shown in Table 1, provide a good

source for comparison with Task Group Lung Model predictions (7).

The burden in the lung IS evidently well predicted by the model;

however, redistribution to other ~rgans is not. Note that there is

about 35% greater observed liver deposition, and about a factor of 2

less bone depostion than was predicted. But given the many uncer-

tainties in the multitude of parameters in the model, agreement

within a factor of two is still good confirmation of the general

assumptions o“ the model.

As a rule, ingestion is a relatively minor route of entry into

the body for transuranics, compared with inhalation. The same is

not true for other alpha-emitting actin~. ~s, such as uranium and

neptunium. The variation in reported mammalian gut uptake fractions

is quite large, spanning at least Lwo or[:ersof magnitude or more

(6). There are several sources of this variation, the most impor-

tant being: age at exposure, actinide species, mass of actinide

ingested daily, and chemical form of the ingested actinide. In

young rats, for example, assimilation is about two OrderS of magni-

tude greater than adults. While the percentage uptake of

239pu-nitrate in adult rats on the order of 0.004%, in the neonatal

7



animai it is on the order of 0.41% (14). By way of reference, the

ICRP 30 recommended value for most plutonium compounds is 0.01% (5).

Similar, but somewhat smaller increases are reported for uptake of

other actinides in the juvenile mammal.

The effects of actfnicie species on gut uptake is not as pro-

nounced perhaps as with age, but is still ;fgnificant. The largest

percentage uptake of nit-~te ;orms of actinldes in the rat f~r

example, is exhibited by neptunium (>1.2%), followed by uranium,

americium and curium (0.06%), and last, plutonium and thorium
.

(<f-).nol%)(13).

These results are complicated by another effect, the effect of

daily mass Ingested on uptake. A comparison of uptake of nearly

equivalent activity, but different masses of plutonium isotopes

increasing in the order: 2%1, 238pll 241Pu, and 239Pu, indicates

that there is a corresponding ~ecrease in uptake with increasing

mass ingested. The percentage uptake of nitrate forms in the rate

are: o.lz% (237Pu), 0.03% (23H,241Pu), and n.n4% (239Pu) !13).

This effect is particularly significant in the case of small ql~an-

titles of actinides moving in environmental food chains of man.

The last of these effects, the effect of chemical form due to

❑ineral cycling in plant communities on uptake, is also quite signi-

ficant. Uranium perhaps most dramatically ill(lstrates the point,

since we have human datn From both industrial and environmental con-

texts, ant-lthe differences in behavior are large. On the basis of

dietary studies, the human Cut uptake from food ran~~s from 2;!to



32% (10). These estimates are one or two orders of magnitude

greater than both the mea~ured assimilation of nitrate forms, and

the occupational exposure limlting value used by ICRP for uptake of

U308 (6, 10). The data on uptake of plutonium shows a dependency on

chemical forms as well. The higl-,estrange of uptake fractions

measured in experimental animals are those associated wjth plutonium

added or incorporated in feed (as opposed to pure chemical forms)

(11). In c~ntrast, the expectation that the fraction of “insoluble

plutonium” (i.e., high-fireci oxide forms) transferred frcm the GI

tract to blood may be less than for “soluble plutonium” by an order

of nwgnitude (15), has not been supported by recent data (13).

Particularly when the oxLde particles are in the more likely-to-be

encountered polydispersed form. In fact the polydispersed

“insoluble cxide” ,of241A1nand 2Q4Cm as well as 2s8*~s9pu, are all

reportedly absorbed about as well as their more soluble nit ate

forms in the rat (13). These findings suggest tl]atthe value G]

GI-tract uptake for actinides may have as much as three orde~ , of

magnitude of uncertainty associated with it due to the effects of

varying chemical form. Furthermore, the use of uptake parameters

derived for industrial exposures (or derived maxmlum allowed intake:;

or ?fPC’sbased on them) must be used with considerable caution w!len

assessin~ environmental sources.

The next level of expression of ;adiobiological hazard of the

actinides is in terms of dose delivered to critical organs following

inhalation or ingestion.

9



Fractional uptake, fractional deposition, retention half-times,

and radiological decay properties, are all critical parameters which

combine in the estimation of dose. A useful tool for making cow

parisons of’hazards among mode of entry (inhalation or ingestion),

actinide ;pecies, and critical organs is computed rem per microc.uric

utilizing dosimetric models. A current tabulation of internal dnse

conversion factors based cn inhalation modeling using the Task Croup

Lung Model, on In%estion modeling using a four-segment catenary

model, and on retention in other organs modeled by linear com-

binations of exponential functions (16), was used to compile the

fartr)rsshown in Table 2. These computed factors clearly

demonstrate that inhalation is by far the more hazardous intake mode

from the st.~ndpoint of dose pcr unit intake. ?lutAlso note t}lat

~otneof the nctfnides (Am in partictllar)are mnre hnzartlf~~lst}larr

pl~ltonium, partl,clllarlyfrom the in~estion pat!lway. This rlifferenrit

is acce,ltllatedif the higher gilt~lptnke factors (not ttiken Into

acco{lnt in Table 2 for Np, Am, and Cm) nre folded int,,the

il’;sessmrntm Also the previollsly d(lmonstrated eftccts of ll:~~’t,t”

upt;lke resllltln~ from exposure tn sm,lllquantities in food sollrul,s,

nnrimost irn~ortnnt, Fxposure of the ~Olill}:, wn~llcltrnd to dr[vc~ tilrlsc

simulnt~’d rinse factors even lll~hero



the range of values for separate components would tend to place pro-

bably misleading emphasis on extreme values. But, surveying

these various elements, particularly fractional gut uptake from

environmental sources, and age at exposure, it seems an overall

uncert~inty in health hazard estimates of at least 2 or 3 orders of

magnitude is a reasonc~le expectation. Others have come to similar

conclusions (17).

Nc.te if dispo~al ?r~cesses pr]vide effective isolation of waste

from the biosphere, and of their transport through various pathways

in the ccosjstem to man are highly inefficient, then the human

hiologica~ CIJmpOllellt of hazard Is offset, and conversely, amplified

~f they are not. So one must carefully examine the effectiveness of

the mo.jnrpathwa;’s for translocatio:, of rarl[onuclldes from burial

waste to man. ‘1’hcmeasure of pathw:lyeffccttvncss will here hc

callt=d tllcradioecologicnl hnzard of i~lpha-emitters.

ITI. Rndioccologicnl Haziirclsof Alphn-Wn~tc

11



finally human exposure.

Consider first th~ aquatic pathway: release by erosion,

followed by sediment transport to surface water, then human exposu~e

via surface water uses. Erosion rates are highly variable across

the continent, depending on climate, soils, and man activities. The

maximum rate of erosion is experienced in regions of lim{ted rain-

fall, with decreased rates in more humid as 11 as more arid

climates (18). Sediment ;Jield is a response not only to amount of

precipitation, hut also to vegetative cover and rainfall frequency.

Erosion hazard ranges ovc alm,~st an order of ma~nitude.

Tr~nsuranics released b.’tl~fsimt?chnnismwo(lld be expected to

become rapidly attfichrd to Sm:lllparticles, prfllcipnlly elthcr hy

hydrolysis ant{precipitation, nr hy cirtinnoxc-hnngc ru:lct{or]nwith

p~lr~fcles or surfdres. These reactions ,~r(~v[tnl (It’tcrminnlltsof

thr 111.timafoFnre or p!llton!llmtn tllccnvlronrnrnt. Sorn(lmIrl lriIis

I ;)



aurf9ces, and the formation of soluble complexes with organic and

inorRanjc liganda. In time, the influences of the sourc(l,diminish.

Next consider release phenomena related to infiltration of pre-

cipitation into burial pits. This is the groundwater pathwt~y:

leeching of the waste matrix, and hydraulic transport to an )~quifer.

The process typically begins with the infiltration of water into

buried waste. This depends on the characteristics of the cover

materials. In s~me soils there is very littl~ percolation, ever:

with 50 cm to 75 cm of rain, while in other Hoils, almost nll of the

precipitation infiltrates to depth. Tn typical shallow land wnste

burial conditions, waste ure emplaced in n trench in host soil and

covcrrrlwith a cap of material wl]ich may bc mrirepermea!,iu tl]~nthe

host soil, or Iefi%permeable if ~pectal precn(ltfons are tnken. In

nny case, thrre is competition In the nnn~li]lwntcr hucl~(~thutwecn

runoff, infiltration, evnpnrntl.on, cvilpfltr~lllspil”lltinnj nnd facrpnge.

“Ifinftl:rntion is lnr~[~, nnd is nnt COlr,pullSUtCdh? cVilpOriitlOll Nllrl

ev;lpotrnnsl~[r~ltlnn,th[r+ci+n leIIdtn one of two prohi~m~. onl* [g

r(’lnt.cdto condi,tlnns [nvr)lvlnRNccpn}:r Into wns Lr !llld[~r rl)lltl[l.ton~

of h!~t] pr(i(’fpitntinnnnd low host Hol 1 pormrnhtl[tyo lf Hrv[’rr

~’nnll~l],thl:~cnn lr:ldto ~atllrfitin~thr trench conton(s wllll

lr:lrl)nt(’, illld1~ {s:IllPti tllr “hnfl~t~lllrff(~ct”. WIIOI1 tt [)(’i.llr~, th(~r~~

cnn br n r(’lrn~rof lcnrhntu nt tllo~rollndHilrfilr[*.‘/nP [~lll[ir

pr(~l}lrm,m{~r(~llkolv rtllnt~~dt~~rnndltl~)n~ [)f lI!p,lI I1OHI Hot I prr-

menl)f1[ty NIIII IIIHI1prurfpf[nl ltIn,cntl 101111III lvnfIIIIlfI*ml~r:ll1~)11

A(}wllwnr~l[f)~r(jlln[iwnt(’r.

I-1



In addition to site hydrology, the processes affecting the

leaching of radlonucllde8 from waste materials are prime factora In

the groundwater pathway. Among the processes accelerating leaching

are the creation of corrosive, oxidizinR subetancem from the decom-

position of organics, and, the action of natural or mnn-made chela-

tes which tend to bind radionuclides in soluble form. In this caae,

the characteristics of the wastes themselves, and the conditions of

the site favorinq microbial decomposition contribute mort to tho

t~;lcertaintyin relense magnitude. M the other extreme, some soli-

dified waste form~, such nr?wastes encnpsuli+ted in concrete, exhlhl.t

relense~ which nre esscnttnlly cltffuston limite~. Thnt is, the

rndfonrtive atoms hehnve m~lchn~ n cloud of grIsslowly expnndfrlfi

aWlIy from ,1conc~jntr~tcd snurr~l In (1pnrous mcrlfum. Ilence thp riltt”

of r(’loils(~is Rovcrllcflns m(lcllby tllrdlffilslon pi:tlllcuRth ,1s

:ln:~tll[n}!rlfir, Kffcctlvu (Itf!’llslv{t.ylN tli~lHpr~)pnltl,,nillto s\lr-

filcl~tn v(ll~im(~ r:lrlo(19). Sri [f nn(lwl)l~nmt]nolltlIKnf tlIlr lps Ii-.

l;lttl(lwnstr pllystrnlly cr~lmhluj rl”l~~ilsiiriltt~~{Ir(’}!r(~illIV 4irrt1-

Irriltv,l. 1!1 1.hf!4 (.n!!l~, WnSlII fl}rnls!nhl ltty mil~IN*tlli~Ilrlmiiry

(lrlfIrmlIIm)f tIf ~lnri~rlnln[v IllrlImlIlilftvu frilt’tlt}nof nlllllii-w:lsli’

r(llrn~f’.

]/,



unknowns concerning the physical and chemical nature of the sorptive

surfaces along the ti-ansport path from disposal site to receptor

location may introduce large uncertainties in hazard estimation as

well. Of course, grount~water velocity variations (influencing con-

vective transport rate), and groundwater chemistry factors (whfch

affect sorption) introduce uncertainties of their own.

Soil sorptive propertie~lare measured by the distribution cocf-

Iicient of the radionuclide being transported. This coefficient,

Kd, is the equilibrium ratio of the nuclide concentration in the

soild phase to its concentration irlthe liquid phnse.

}\s such, ‘[tis a lilmpcrip~lr~lmeter,rouRhly reflecting the combined

eq(lllibri~lmPffects of geochemfenl and physicnl processes on cotl-

t;lm{nilntsIn n snlirt-sol~lt{on‘Iystcm. Tt is difflc{llt to gencr:llize

groundwilter tr~insport hnznrd nrross the grc’;ltv~lrit’tvof r{)rk,soil

+lnd}{rf)~lndw:ltorc[~nd[tiona t}~~lt~’oIIld hc enr[)llntcrcl(ifn thr fi(’l[!.

orl[,wr)lI](l ~lsstlm{, tl)ilt Httc f.rIIlc(*t{oIl wt~llldprovid(l:Itlinttl;ilho~lnd:lry

Coll(:it’toll()!Ithe 1]/\x;lr(i, Will(’11(’0111(1ho Illllit’:*(ito s(llnl’(’xt(’llthv

Hollll(lSlt(’S(’lrcl10II* }{\lftllf~fnrt Il)iitw{*ilr[*il[~{ll~np,wltl) IIIrV

f{ll!{(,~l)t 11)1(* t{) (’})/111):1$ {11 Illl)l)t I (t’+ Wtlll (’IINIIXI* fII ~t,i~,,l~l~mtntry(;)~~).

AltlIOII}III pt~ltot)l!m {Iftt’t] tI:I:I :1 tIlp,lIPr K,l tl)/,l) ,Ir;ll)l,l,,l ,,r ,),,l,t,l,,fll,,l
v

I‘)



its behavior la hard to predict. It has the potential for BWitChing

to forms having very different Kd08. So it belongs with U and Np In a

category suggested by Fkndietti (20), of elements having chemical

beh;~vior such that there 1s the largest potential for migration

assessment error clueto unkrlowns in site conditions. In contrast to

these, at lenst thcrium, americium, and curium tend not only to have

relatively high K~, but al~o to be relatively stable under changing

conrtitjons of Rroundwater chemistry and rock type. Th\ls, they are

classed tngethor as havin~ the lenst potential for c~using errors in

migr;~ttcl~n~sessment r!ueto unknowns in geochemi~try at a given site.

A third catc~or> r= rele:lsephcnomcl)n can be rou~lllygroup~d

tnflrthcrns biriloRtcnl Intrusion. Tl)c rrlcilsvprocess mny Involve

plnnt root lnvnston, hllrrow[nfinn[mnlsl, or the cnns~q~lrncrs of l~llman

hilhttnt,lon nn(l l,TI)d IlscI follnwfn}: logs of lnstltiit.lt~lliilciinrrol. Tl)o

If)



and subsoil. compartments which in turn, return [t through deposition,

plant mortality, and root uptake, respectively.

Of the processes affecting transfer of act inides from soil to

plants and animals, physical transport via contilminated dusts dominate

river plant root uptake, and uptake from the gut, In man, this is seen

in the greater hazard of inhalation compared with ingestion. In the

case of plants, this predominance can be seen Ir a comparison of acti-

n~.+e concentration ratios (i.e., concentration in plant divided by

concentration in coil the plant is grown in) in plants grown in the

field or in greenhouse conditions.

Conf.entration ratios in pot c(lltures of plnnts arc several orders

of maRnitudc smaller than these pl:lntsgrown in field environments

(21). This can also he seen fn the ob~erviitiorl of one or two orders

OF ma~nltilde higher concentration r;ttlosin exposccl pnrttiof plants

(lenvcs, stems) c,nmpnredwith prr)tectcd pnrt8 (grafn) (21).

Vep,~tnttve cnm~nncnts cloHely nssocinterl with the Hell (roots, Iittor,

nnfll]crh~lccoll~sprc[t’:!),cxlllhtt tllolllRhrst cnnr~~ntrill1o11r,+tlos

(27).



dtipends on actinide species as well. Concentration ratios from uptake

of neptunium are in the range 10-~ to 10-l; for 214Am, 10-4 to IO1;

for 239 Pu, 1-7 to 1o-3 (21). So aa~esaing the hazardg of the biolo-

gic pathway cannot be conservatively done based just on plutonium

behavior in the environment.

A discussion of biological intrusion related hazard would not be

com~ ~ete without mentioning human Intrusion. The translation of con-

centration ratios to concentration depends entirely on activity levels

in soil. Rut whether these are large or small depends decisively on

cho nature and scope cf human Intrusion into the waste burial site

following loss of institutional eoncrols. This controversial issue

cannot be Filllyexplored here; suffice it to say that the cfl-ects

Instlt.ution[llcontrols, dispnc~ll tt?chnoln~y,wnstr form wJdiFicntiorl,

and so forth, might have cnnsider.ihle effect on the consequences of

the potentInl h~lmnn intr{ls[on.

TV. Conclusions.—

lt Is dlflfclilt tI~p~lt;lllof tho forc):nln}!rnmpnnrnth of

riitloll)}!lcnlhnznrriq of illpl\J1-WilHtPS ~o~[~th~~rin 011(’Collcctlvt” Htilt(’-



through various pathways to man, by 2inding limitii~g concentratio~a of

plutonium in surface Bolls anywhere such that no more than 50C mrem/yr

would be delivered to the critical organ of an exposed indi$’dual

under normal r.anditiong of land use. Clearly mechanical. resuspension

of dusts, and growing food crops are exposure modes tiefinin~ limiting

pathways. This will be true whether the surface s~il was contaminated

by erosion processes, planz invasion, irrigati~n with coritaminated

water, or direct human intrusion into the wastes.

The discussion moven toward the grey area between assessing

hazard and assessing risk in till.sprocess, but perhaps that is unn-

voidable. Continuing on that line, the relative hazard~ In terms of

duse potential dependinR on actinide species can he folded 1~ by

loWerinR soil limlt~ hy factors of 2.5 to 35 relative tn lllll:,)n~(lm.

Similnrly confiidertn~ the effects of ecosystem transport pGter,tial,

corresponding Ilmlts for other actinlde~ miRht he pushed down by ftic-

tnrs of 2 tn 5. The ren~oning hehind this is ns follnus: Asisilmlng

fntnke V[A nll pnthwily~ from n Rource tn ~urftlct?soil, onc c,nnJo(JKi~t

expcrtcrl Crinccntrnttnn ratios >f nc.tinfdc~ [n n crit{cnl or~:ln In m:in

Rll[:h llFl krlcp for n clII@ am the cilm~ll,~tlvceffect. Somo fippropriiite

nlil:npnydnrn cxlst~ for thfn. Bond[er,tl (R) has entim:it~d tl]cltfe-

.! -



tionm Use of concentration ratios helps integrate many of the uncer-

tainties mentioned earlier. Taken together, these consideration

suggest that some actnide species have the potential for both greater

accumulation in bone and greater dose per unit intake than plutonium,

and thus should have a corresponding lower soil limit.

Naturally, if lonc-L. control, deep burial, and waste form

modification to control leac,..ngare considered, hazard for some spe-

cies could be offset by radioactive decay, sorption, dilution, and so

fortk.,and limits go up. Thus, for example, 244Cm with a half-life of

18 years may have a hazarf limited princ~pally by the accumulation of

da,lgl:terproduct~ (240PU).

Finally, then, when a full-blown risk assessment is done,

leadinR to rCCOlflITIPIIdeLl di~pos~l con~~n~raci~n lim~ts ~~ w~stes) the

finnl vnl~leshould reflect judRement~ on these sometimes conflicting,

sometim~s ndrlitlvc tendencies witl~ respect to hazard, and thclr

respective unc.crtalntieso All with tl]eaim of ensurtng that the m.lnf-

feslntinn of nny of them is {lnl[k~ly t,)be it+;lll~ed.
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Table 1. Concentration of Fallout P~ in Man, 1974

Table 2. Actinide Dose Per Unit Intake (Rem/Microcurie)

Table 3. Comparison of Actinide Sorption on Rock



CONCENTRATION OF FALLOUT 1% IN MAN !974

(McINROY 198 D
Pu CONC. (pCi/k@

ORGAN AUTOPSY TGLM.— —

BONE 0.09 0.29

LIVER 0.73 0.54

LUNG 0.14 0.12

LYMPH NODE 2.0 26.5

KIDNEY 0.01 0.02

lssAkinw6



ACTIIWDE DOSE PER UNIT
INTAKE

N~CLIDE

Th-232

U-238

Np-237

Pu-238

pu- 239

AIn-241

Cm-244

(REM/ MICROCURIE)

INTAKE MODE*
INHALATION ~NGESTION

BONE LUNG BONE LIVER

4530. 454 18. 0.02

2.9 480 11. 0.05

4240. 59 87. 16.0

3270. 608 2.1 0.44

4160. 580 2.6 0.49

9730. 64 80. 17.0

4560. 67 38. 0.44

. THE UPTAKE FRACTION FOR Np. Pu. Am. AND Cm
WERE ASSUMED TO BE EQUAL 10-3

bs~



COMPARISONS OF ACTINIDE
SORPTION ON ROCK

SOLID

QUARTZ

BASALT

SHALE

GRANITE

BENTONITE/QUARTZ

Kd. ml/g

U(vl) Np(V) Pu(lv) Am(lll)

0.3 0.5 225 1323

2.8 0.5 60 1033

6.7 49 145 962

6.3 63 320 3x 105

16 13 160 500

ACTINIDES RELATIVELY STABLE T4. Am

TO CHANGES IN GEOCHEMISTRY: Cm

ACTINU)ES SENSITIVE TO CHANGES

IN REDOX. WATER CHEMISTRY. ROCKTYPE: Pu. Np. U

ls@Alamo3


