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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 chain.
Besides detailing the sources and magnitude of hazards, this brief
review 1dentifies the uncertainties in their estimation, and implica-

tions for the regulatory process.



RAJIOLOGICAL HAZARDS OF ALPHA-CONTAMINATED WASTE

I. Introduction.

The purpose of this review is to briefly assess the state of
our understanding of the radiological hazards 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" implies the
existence of some threat to human health or well-being, whereas the
term "risk" implies knowing bhoth the exsistence of a threat and its
potential for occurrence. The point of emphasizing this distinction
is the reminder that the exsistence of a hazard says nothing about
the level of risk relative to it. For there to be a risk, and a
threat to become meaningful, potential pathways for exposure to man
must exist., This potential {s expressed ns a probability. Fallure
to make this distiction has added mich heat and little 1{ght to the
nuclear debate. The press protrayal of plutonfum as heing
"fiendishly toxie", for example, Invites confuslon on this polnt,
The studlies of Slovic and his colleapues (1) of the publie perception
of risks have found that the qualitative aspects of dread, and of
catnstraphic potentfal stronply Influence a person s risk percep-
tions. So befng told that plutonfum {s execceedingly toxic (say, on a
pram bhasis), cvokes fmages of disaster attendant on {ts use or

disposal. When lay people are asked to evaluate ridks, they seldom



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 question. These judgemental rules, known tech-
nically as heuristics, are used to reduce difficult mental tasks to
simpler ores. 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
(1), 1If 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 probiem with the avallability heuristic 1is that
it 1s influenced not only by actual recurrence, but also by factors
unrelated tc frequency of occurence such as vivid images of
disaster. Many people expect nuclear power and nuclear waste mana-
gement to lead to disasters of 1immense proporticns due to such
avallability effects. Don’c be mislead by this apparently
unwarvented expectation, however. As Slnavic’s group point out (1),
the psychological reality 1s that public fears are not based on
frrationality. TInstead, they reflect nnrmal ways of thinking that,
when applied to low-probability, high ccnsequence events, lead to
heiehtened and persistant fears. Besldes, experts rely on heuristic
thinking too, and are often susceptible to more subtle triaps asso-
ciated with their use. One such s overconfidence {n matters of
technical judpement. An ~xample 18 the Rasmussen Reactor Safety
Study (2), which has been criticized for using procedures which
preat ly overestimate the precisfon with which the probability of

core melt could be assessed (3). Tt may be fmpossible in principle



to support probalility estimates on the order of one in a billion
per reactor year with convincing theoreatical arguments.

Unwarrented certainty sometimes arise from a techinical person’s
insensitivity to the weakness of assumptions and lack of hard infor-
mation. Some examples unoted by Slovic (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, ¢) over optimism about the
state of sclentific knowledge, and d) fallure to anticipate human
response to safety measures. We in the waste management area would
dc well to be alert for these pitfalls. There is a rurther element
of overconfidence which is particularly relevant to this review of
hazard- associated with management of alpha waste. That is, everyv
technology involves risks and benefits, and its attractiveness
depends on che probaﬁility and size of possible gains and losses.
People have difficulty resolving risk/ben:fit conflicts 1In even
simple gambles. One wav to reduce discomfort when uncertainty 1is
introduced in the decision-making process, {s to deny that uncer-
tainty. Denial of uncertainty renresents as additional poverful
source of overconfidence. One form that denfal can take, for
example, under the pressure of conflict betweem immediate neceds for
results by regulatory agencles and the limited state~of-the=art eva-
luation capability (models and data), is the resort to
"conservative" assumptions and computer models. The asumptions oi
conservatism can be the weakest link {n the entlre repulatory chain,

as was pointed out hy the Lewis Committes In the case of the Reactor
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Safety Study (4). They observed that 1t 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 area can be found in the Nuclear Regulatory
Commission (NRC) environmental impact statement (EIS) on Licensing
Requirements for Land Uisposal of Radioactive Waste (5). In this
EIS, four hypothetical regional disposal facilities are described in
which site-specific conditions potentially influeicing adverse
environmental impacts vary from site to site. But only one
"generic'" site was selected for analysis and regulation development.
The decision rests mainly on the grounds that key parameters such as
water percolation, which dominate in groundwater release and

"conservatively' estimated at one site:

transport pathways, are most
the humid southeastern site (5). However, the final waste classiti-
cation ccncentration limits, declared by NRC to be the culmination
of the Part 61 rulemaking effort (5), are derived from intruder
exposure limits, These a-e dominated (especially 1in the case of
long-1lived actinides) by exposures in resuspension patnways, not
groundwater pathways, as will be seen in the following review.

Hence the apparent conservatism In site parameter selection for
modeling groundwater migration lecads to overconfidence in having
bounded the uncertainties in tne rulemaking process, and indirectly
to a form of denial of the relative unknowns about the resuspension-
{nhalation pathways. ‘There {s no simple answer to the question of

how tn avold this type of overconfidence in the face of {incertain-

ties. We will return to this issue in the concluding remarks.



Consider now the main elements of this review, which will be an
overview of radiobiological hazards associated with transuranuim
elements taken into the bndy, and radioecological hazards assoclated
with various transport pathways in the environment. Both are parts
of the overall radiological hazard of alpha-contaminated waste

disposal by earth burial.

II. Radiobiological Hazards of Alpha-emitters

The two routes of entry of radioactive materials into the human
body which are of most signirficance to evaluating the health hazards
from transuranics released in the environment from buried waste are

inhalati{on and ingestion. Let us begin with inhalation hazards.

A reasonable approximation to our understanding of the kinetics
of inhaled radionuclides 1s contained in tne ICRP Task Group Lung
Modzl (6). 1In this model, inhaled small particles of actinides such
as plutenium and thorium from environmental s)urces are most often
retalned in the lung with clearance half-times on the order of 500
days, while others such as uranium, americium, and curium par-
ticulates may have larpge fractions more rapidlv cleared with 50 dav
half-times. Plutonium and other transurancis absorbed from the lung
Into the bloodstream are deposited principally {in the liver and ske-
leton. Both human and animal data show great variabliiity {n rela-
tive absorption and devostfon in these organs. TCRP has recommended

values of 0,45 for the fraction of plutonfum deposited from blood to



boti. bone and liver (6). The human biological half-times in these
organs are presumed to be 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 i1 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 organs 1s not. Note that there is
about 357 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 faclor of two is still good confirmation of the general

assumptions o7 the model.

As a rule, ingestion 1s a relativily minor route of entry into
the body for transuranics, compared with inhalation. The same {is
not true for other zlpha~emitting actini.»s, such as uranium and
neptunium, The variation in reported mammalian gut uptake fractions
is quite large, spanning at least «wo orders of magnitude or more
(). There are several sources of this variation, the most impor-
tant being: age at exposure, actinlide specles, mass of actinide
ingested daily, and chemical form of the ingested actinide. 1In
young rats, for example, assimilation 1is about two orders of magni-
tude greater than adults. While the percentage uptake of

239py-nitrate {n adult rats on the order of 0.0047%, in the neonatal



animal 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% (o).
Similar, but somewhat smaller increases are reported for uptake of

other actinides in the Juvenile mammal.

The effects of actinide species on gut uptae 1s not as pre-
nounced perhaps as with age, but is still :ignificant. The largest
percentage uptake of nitrate .orms of actinides in the rat for
example, is exhibited by neptunium (>1.22), followed by uranlum,
americium and curium (0.06%), and last, plutonium and thorium

i(O.ﬂOl%) (13).

These results are complicated by another effect, the effect of
dally mass ingested on uptake. A comparison of uptake of nearly
equivalent activity, but different masses of plutonium isotopes
increasing in the order: 237py, 238p, 24lpy, and 23%uy, indicates
that there 1s a corresponding decrease in uptake with increasing
mass Ingested. The percentage uptake of nitrate forms in the rate
are: 0.12% (237pu), 0.03% (238,241py), and 0.04% (23%u) (13).
This effect 1s particularly significant in the case of small quan-

tities of actinides moving in environmental food chains of man.

The last of these effects, the effect of chemical form due to
mineral cycling in plant communities on uptake, is also quite signi-
ficant. Uranium perhaps most dramatically 1llustrates the point,
since we have human data from both industrial and environmental con-
texts, and the differences in behavior are large. On the basis of

dietary studies, the human gut uptake from food ranges from 27 to



32% (10). These estimates are one or two orders of magnitude
greater than both the measured assimilation of nitrate forms, and
the occupational exposure limiting value used by ICRP for uptake of
U30g (6, 10). The data on uptake of plutonium shows a dependency on
chemical forms as well. The highest range of uptake fractions
measured in experimental animals are those associated with plutonium
added or incorporated in feed (as opposed to pure chemical forms)
(11). In contrast, the expectation that the fraction of "insoluble
plutonium'" (i.e., high-fired oxide forms) transferred frcm the GI
tract to blood may be less than for "soluble plutonium" by an order
of magnitude (15), has not been supported by receant data (13).
Particularly when the oxlde particles are in the morz2 likely-to-be
encountered polydispersed form. 1In fact the polydispersed
"{nsoluble cxide" of 241An and 244Cm as well as 238.239py, are all
reportedly absorbed about as well as their more soluble ni: ate
forms 1in the rat (13). These findings suggest that the value cr
GI-tract uptake for actinides may have as much as three order ., of
magnitude of uncertainty assoclated with it due to the effects of
varying chemical form. Furthermore, the use of uptake parameters
derived for industrial exposures (or derived maxmium allowed intakes
or MPC’s based on them) must be used with considerable caution when

assessing environmental sources.

The nexst level of expression of radiobiological hazard of the
actinides 1Is 1in terms of duse delivered to critical organs rollowing

inhalation or ingestion.



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 com
parisons of hazards among mode of entry (inhalation or ingest.ion),
actinide :pecies, and critical organs 1s computed rem per microcurie
utilizing dosimetric models. A current tabulation of internal dose
conversion factors based cn inhalation modeling using the Task Group
Lung Model, on ingestion modeling using a four-segment catenary
model, and on retuntion in other organs modeled by linear com—
binations of exponential functions (16), was used to compile the
factors shown in Table 2. These computed factors clearly
demonstrate that inhalatlon is by far the more hazardous intake mode
from the standpoint of dose par unit intake. But also note that
some of the act'nides (Am in particular) are more hazardous than
plutonium, particularly from the inpestion pathway. This difference
1s acceatuated if the higher gut uptake factors (not taken 'nto
account in Table 2 for Np, Am, and Cm) are folded {nt. the
assessment. Also the previously demonstrated eftects of hig'vr
uptake resulting from exposure to small quantities {n food sources,
and mnst Iimportant, exposure of the young, would tend to drive these

simulated dose factors even higher.

Te cenclude this sequence of considerations relevant to
ascessing the radlobiologlical component of the hazards of alpha-
emittery, the question of how the many uncertalnt{es discussed mipht
be conbined to obtafn an estimate of the overall uncertatnty in the

estimiate of health hazard should be addresseds To stmply combfne
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the range of values for separate components wouid 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
uncertainty in health hazard estimates of at least 2 or 3 orders of
magnitude 1s a reasoncile expectation. Others have come to similar
conclusions (17).

Ncte if disposal nrocesses provide effective isolation of waste
from the biosphere, and of thelr transport through various pathways
in the ecosystem to man are highly inefficient, then the human
biologica? cumponent of hazard 1s offset, and conversely, amplified
if they are not. So one must carefully examine the effectiveness of
the major pathways for translocatio:.. of radionuclides “rom hurial
waste to man. The measure of pathwiy effectivness will heve be

called the radioecological hazard of alpha-emitters.

IT1. Radioccological Hazards of Alpha-Waste

The factors which arce of interest in discussing transport
throuph various pathways to man include corroslion and release from
the waste matrix, sorption or retent{on during groundwater nipra-
tion, and uptake and accumlation In the food chatn of man.  But {in
keeping with the intent here to dicuss hazard, and not risk, the
discussion w!ll not cover all the elementn of n full-hlown pathway
analysis. The approrch to dluscussing radioecologlical hazard will he
to constider for each of the major pathways the sequence: relense

from burfed waste, transport mechanisms {n the environment, and
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finally human exposure.

Consider first the aquatic pathway: release by erosion,
followed by sediment transport to surface water, then human exposure
via surface water uses. Erosion rates are highly variable across
the continent, depending on climate, solls, and man activities. The
maximum rate of erosion is experienced in regions of limited rain-
fall, with decreased rates in more humid as 11 as more arid
climates (18). Sediment yield 1s a response not only to amount of
precipitation, but also to vegetative cover and rainfall frequency.

Frosion hazard ranges ovce- almost an order of magnitude.

Transuranics released b *his mechaniam wnuld be expected to
hecome rapidly attached to small particles, principally elther by
hyvdrolysis and precipitation, or by cation exchange reactions with
particles or surfaces. Thesc reactions are vital determinants of
the ultimare fate of plutonfum in the environment. Some nuclides
may enter the environment as relati{vely stahle orvans=complexes and
be transported 1u soluble form In surfiace water. Inftial chemleal
reactions and tendencles to remaln soluble depend on the inftial
chemieal form of the transuranfum elenent. However, the original
cource characteristics become less fmportant as time poes on and
weathering and aging proceeds  These tendencles Tead to the penera-
Hzat{on noted In o recent review of the research Hterature (19),
that under acrohfe condittons, the ultimate behavior of transuranfes
In the environment , regardiess of chemfeal form, will he deteralned

by processes fnvolyving hvdrolvsts and sorptlon on particulates or



surfaces, and the formation of soluble complexes with organic and

inorganic ligands. In time, the influences of the sourc: diminish.

Next consider release phenomena related to infiltration of pre-
cipitatior into burfial pits. This 1is the groundwater pathway:
leaching of the waste matrix, and hydraulic transport to an aquifer.
The process typically begins with the infiltration of water into
buried waste. This depends on the characteristics of the cover
materials. In aome soils there is very little percolation, even
with 50 cm to 75 c¢m of rain, while in other soils, almost all of rhe
precipitation infiltrates to depth. 1In typical shallow land waste
burial conditions, waste are emplaced in a trench in host soil and
covered with a cap of materfal which may be more permealic than the
host s0i1l, or less permecable if special precautions are taken. In
any case, there 1is competition in the annual water budpet between
runoff, inftltration, evaporation, evapotranspiratinon, and seepage.
Tf {nfil<ration 18 large, and 18 not compensated by cvaporation and
evapotranspiration, this can lead to onc of two probiems. One is
related to conditions Involving secpape Into waste under cond{tions
of hiph precipitation and low host soll permeablility. T1f severe
enough, this can lead to saturating the trench contents with
Irachate, and Is calied the "bathtub effect”s When {t occurs, there
can be o release of leachate at the pround surfaces  The other
problem, more llkely related to conditions of Wipgh host sofl per-
meability and high precipttatton, can lead to leachate migratfon

downwiard to proundwater.
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In addition to site hydrology, the processes affecting the
leaching of radionuclides from waste materials are prime factors in
the groundwater pathway. Among the procesases accelerating leaching
are the creation of corrosive, oxidizing substances from the decom-
position of organies, and, the action of natural or man-made chela-
tes which tend to bind radionuclides in soluble form. In this case,
the characteristics of the wastes themselves, and the condirioens of
the site favoring microhial decomposition coantribute morst to the
vacertainty in release magnitude. On the other extreme, some soli-
dified waste forms, such as wastes encapsulated in concrete, exhibit
releases which are essentially diffusion Jimited. That is, the
radioactive atoms behave muich as a cloud of gas slowly expanding
away from a concentrated source In a porous medium. Hence the rate
of release {s governed as much by the diffusfon path length as
anvthing elses Effective diffustvity I4 thus proportiunal to sur-
face to volume ratio (19). So If and when monoliths of encapsu-
lated waste physieally crumble, release rates are preatly acee-
lernted, T this case, waste form stabflity may be the primary
determinant of uncertainty o cumalatfve fraction of alpha~waste

release,

Once transuarantes are released to proundwater, transport Is
Hubfect to convective, diffuslve and norption=disorption processes
in the hoat rock or notle Thun, for example, uncertaiaty {n pround-
water mipgration hazard s dependent on the tonfe wpectes of the
radtonue [ tde, which affectn geochendeal retardatfon [eape, uranfum

(V1) ta more mobhile than urantfum (1V)]. The potent {ally many



unknowns concerning the physical and chemical nature of the sorptive
surfaces along the tiransport path from disposal site to receptor
location may introduce large uncertainties in hazard estimation as
well. Of course, groundwater velocity variations (influencing con-
vective transport rate), and groundwater chemistry factors (which

affect sorption) introduce uncertainties of thelr own.

Soil sorptive propertien are measured by the distribution cocf-
t {cient of the radionuclide being transported. This coeffizient,
K4, 1s the equilibrium ratio of the nuclide concentration in the
solld phase to its concentration in the liquid phase,
As such, tt 1s a lumped purameter, roughly reflecting the combined
equilibrium effects of geochemi{cal and physical processes on con-
taminants {n a solid=-solution 1ydtem. Tt s difficult to gencrialize
groundwiater transport hazard across the great varfety ot rock, sofl
and groundwater conditions that could be encountered {n the field.
Nne would assume that site selection would provide an infttial bhoundary
conaltion on the hazard, which could he Hmitod to some extent by
sound sfte seleocttion. But the fact that we are dealing with very
long=11ved actinfdes means that uncertainties arfsing from transport
over great diatances and long times munt be contended withe With sfte
heteropeaetty In mind, 1t {n evident from a comparfson among actinfdes
that uranfum and neptuntum, for example, have a tendency to exhibit
1ow K(| {n a vartety of wett nps (Table V. And moreover, they are
pugceptible to chanpge tn mobi ity with change o geochemtrtry (20).

Although plutontum often has a hipher Ky orhan urantum or neptuntm,

1%



its behavior is hard to prcedict. It has the potential for switching
to forms having very different K4’s. So it belongs with U and Np in a
category suggested by Bondietti (20), of elements having chemical
pehavior such that there !s the largest potential for migratinn
assessment error due to unknowns in site conditions. In contrast to
these, at least thcrium, americium, and curium tend not only to have
relatively high K4, but also to be relatively stable under changing
conditions of groundwater chemistry and rock type. Thus, they are
classed togethor as having the least potential for causing errors in

migraticn assessment cdue to unknowns in geochemiastry at a plven site.

A third category cf release phenomena can be roughly grouped
topether as biolopical Intrusion. The release process may Involve
plant root fnvasfon, burrowing animals, or the cnnscquences of human
hab{tatlon and land use following lous of fnstitutlonal control. The
relative severftv of these intrusive processes can, of course, be con-
sltderably ampltified 1€ the burlal trench cover has been partially or
entirely eroded away before Intrusfon occurse The half=-11fe ®of many
of the actinldes Is large enouph that this possibllity could be

reallzed even at relatively tow eromfon rates.

nee released to the surface terrestrial environment by any of
thode mechantama, actinfdes ore subfect to trmweiport mafnly b the
forcen of wind and water, hat aluwo by blotie activity nnd mechanteal
disturbianeen of man,  Contamfinantn will be entrafned In the mineral
cyelen of the econyutems  For example, activity releanod to the soll

envirmment of a afte econynten can evele tnto the atwmosphere, plant,
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and subsoll compartments which in turn, return [t through deposition,

plant mortality, and root uptake, respectively.

Of the processes affecting transfer of actinides from soil to
‘plants and animals, physical transport via contiuminated dusts dominate
over plant root uptake, and uptake from the gut. In man, this is seen
in the greater hazard of inhalation compared with ingestion. 1In the
case of plants, this predominance can be seen ir a comparison of acti-
nide 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.

Concentration ratios in pot culturas of plants are several orders
of magnitude smaller than these plants grown in field environments
(21). This can also be seen in the observation of one or two orders
of magnltude higher concentration ratlos in exposed parts of plants
(leaves, stems) compared with protected parts (grain) (21).

Vepetative components closely associated with the sofl (roots, litter,
and herbaceous speclen), exhibit the hipghest concentratlion ratlos

(22).

The migration hazard from vegetable portlons of the diet strongly
depend, therefore, o whether the edihle portlon {s root, leafy (thus
exposcd to dists), or {s protected such as a seed.  lNHowever, har-
venting ean {ncrease contaminant fon In protected parts such as wheat
prafne (23), so the distinet{on has to be uged with care (n ansessing

fnpestion hazarda- 1t should be noted that bfoaccumala-tion In plants

17



dcpends oa actinide species as well. Concentration ratios from uptake

of neptunium are in the range 10-2 to 10-1; for 214Am, 104 to 1013
for 239 Py, 17 =0 10=3 (21). So assessing the hazards of the biolo~

gic pathway cannot be conservatively done based just on plutonium

behavior in the environment.

A Jd1scussion of blological intrusion related hazard would not be
comf ‘ete without mentioning human intrusion. The translation of con-
centration ratios to concentration derends entirely on activity levels
in soil. But whether these are large or small depends decisively on
the nature and scope cf human intrusion into the waste burial site
following loss of institutional controls. This controversial issue
cannot be fully explored here; suffice it to say that the cflects
institutional controls, disponsal technology, waste form wdification,
and so forth, might have considerable effect on the consequences of

the potenti{al human Intruston.
TV. Conclusions

Tt {8 difficult to put all of the forepgolng components of
radloloplical hazards of alpha-wastes topether {n one collective state-
ment« This {s especlally 8o since much has been evaluated in a rela-
tive gense, and there are such large uncertainties tnvolvels  One
posaihllity for comhlning the several components s suppested hy the
approach Healy uned to derfve a generalizaod l1imit for plutonfum (n the
environment (24). The radloblolopteal hazard of plutonium (dose to
critfical orpany prr unft quant ity Inhaled or Ingeited), {8 combined

with fty radfoecolopiral {n terms of potentlal quant {t{ies moved



through various pathways to man, by {inding limiting concentrations of
plutonium in surface soils anywhere such that no more than 50C mrem/vr
would be delivered to the critical organ of an exposed Iindiv'dual
under normal conditions of land use. Clearly mechanical resuspension
of dusts, and growing food crops are exposure modes defining limiting
pathways. This will be true whether the surface 5511 was contaminated
by erosion processes, plan: invasion, irrigation with contaminated

water, or direct human intrusion into the wastes.

The discussion moves toward the grey area bhetween assessing
hazard and assessing risk in this process, but perhaps that is una-
voidable. Continuing on that line, the relative hazards in terms of
duse potential depending on actinide species can bhe folded 1in by
lowering soll limitse by factors of 2.5 to 35 relative to pluiunium.
Similarly considering the effects of ecosystem transport potencial,
corresponding limits for other actinides might be pushed down by fac-
tors of 2 to 5. The reasoning behind this 1is as follows: Assuming
ifntake via nll pathways from a source {n surface soll, one can lonk at
expected concentration ratios »f actinides In a critical orpan In man
such as bone, for a clue as the cumulative effect. Some appropriate
autopsy data exists for this. Bondlert! (8) has estimated the 1life-
tine accumulation of he actintdes {a human hone to result {n con-
centration ratf{os on the order of 0.002 for Th and Pu, 0.005 for Am
and €Cm, and 0,01 fer wmianfun. Which {8 to say, about 2.5 times as
much Am and Cm may accumulate In bone than Pu, physi{-al and chemicanl

factors assumed constant. Uranfum may show o 5=fold preater accumila-
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tion. Use of concentration ratios helps integrate many of the uncer-
tainties mentioned earlier. Taken together, thece consideration

suggest that some actnide species have the potential for both greater
accumulation Iin bone and greater dose per unit intake than plutonium,

and thus should have a corresponding lower soil limit.

Naturally, {f lona-u. coatrol, deep burial, and waste form
modification to control leac...ng are considered, hazard for some spe-
cles could be offset by radioactive decay, sorption, dilution, and so
forth, and limits go up. Thus, for example, 244Cp with a half-life of
18 years may have a hazard limited principally by the accumulation of

daugiter products (ZAOPu).

Finally, then, when a full-blown risk assessment is done,
leading to recommended disposal concentration limits in wastes, the
final value should reflect judgements on these sometimes conflicting,
sometimes additive tendencles with respect to hazard, and thelr
respective uncertalnties, All with the aim of ensuring that the mant-

fesitation of any of them 18 unllkely to be reallzed.
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TABLES

Table 1. Concentration of Fallout Pu in Man, 1974
Table 2. Actinide Dose Per Unit Intake (Rem/Microcurie)

Table 3. Comparisons of Actinide Sorption on Rock



CONCENTRATION OF FALLOUT Pu IN MAN 1974
(McINROY 198D

Pu CONC. (pCi/kg)

ORGAN AUTOPCY TGLM

—

BONE 0.09 0.20
LIVER 0.73 0.54
LUNG 0.14 0.12
LYMPH NODE 2.0 26.5

KIDNEY 0.01 0.02




ACTINIDE DOSE PER UNIT
INT AKE

(REM/ MICROCURIE)

INTAKE MODE-®
INHALATION INGESTION
NUCLIDE BONE LUNG BONE LIVER

Th-232 4530. 454 18. 0.02
U-238 2. 480 . 0.05

Np-237  4240. 59 . 16.0

Pu-238 3270. 0.44
Pu-239 4160. 2.6 0.49
Am-241 9730. 64 80. 17.0

Cm-244 4560. 67 38. 0.44

e THE UPTAKE FRA_F(';IOBN FOR Np. Pl:.l'. Am. AND Cm
WERE ASSUMED E EQUAL 10
Los Alamos




COMPARISONS OF ACTINIDE
SCRPTION ON ROCK

SOLID

QUARTZ

BASALT

SHALE

GRANITE

BENTONITE/QUARTZ 16
ACTINIDES RELATIVELY STABLE Th, Am
TO CHANGES IN GEOCHEMISTRY: Cm

ACTINIDES SENSITIVE TO CHANGES
IN REDOX. WATER CHEMISTRY. ROCKTYPE: Pu. Np. U




