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Abstracx

CONSIDERATIONS IN THE ASSESSMENT OF MLUTONILUM DEPOSITION IN MAN,

Data ftom hiuman cases of plutonium inhalation are used to [Husirate s eral impurtant problems (n
the current methods of estimating plutonivm body burdens. Indlviduals eaposed ta P%Pu0, particies in s
highly tewoiuble matrix showed an unusually slow rising urinaey excrelion curve over 300 « 400 days. In-vivo
chest counts dusing the first & months enimated luny dburdens to be 16 - 30 aCL, butl winary eactetion methods
calculate gesidual systemic body burdens of S¢ = luy nli ot 120U Jays after exposure.  Curzent assuinptions
used in Ihe in-vivo calibration do nut consider possihie lung Hstribution of particulates soon after cxposure
that could alter the intespretation stgnificantly, Tlssue analysis of a luny from another case after recent
{nhatation exposure thuws a signiftcantly lesser concentration of plutoniun: in the subpleural tegion = the
principal regton of plulonlum measwrement by [nevive chest counting = as compared tu distributions found
vears after exposure. Tiswue analyvees indicate that utinary excretion estimates of body burden over the long
letm tend to exr on the high side up 10 1 factor of 5 or more. This praceduze serves well for the purpose of
protection of workers, hut lLiigh estimates can lead to unnecessazy job resusiynrients for the individual worker

" and can cause misleading conciualans when such data are used wnctiticatly for seference tn health effects

studies,  Additional research is meeded to imptove wrinazy excretion Jata anaiysis to reflect newee information
denved from lusiue data and to seek furthsr undentanding of the sources of s anation Ln In-vivo counting
technology 20 it can be used with greater confidence.

INTRODUCT ION

Measurement of the quantity of plutonium in exposed personnel
is an important tool for those cuncerned with the ssfety of plu-
tonium workers. In additlion to gauging the effectiveness of health
physics controls, the data of persons exposed years ago can also
help reassess the validity of the basic occupational exposure
limits. These were derived 2%9-30 years ago by a mixture of husan
experience with external radistion, internal radium exposures, and
comparative animal experiments. It is important that our contin-
uing expsriences be measured and recorded accurately to help confirm
or deny these early conclusions.

In this paper we examine three of the methods in use at ths los
Alamos Scientific lLaboratory to determine such body burdens. These
arer (1) the measurement of plutonium in the uriner (2) dirsct
measurement of the low energy photon smissions froe the plutonium
deposited in the lung: and (3} the determination of tissue burdens
by autopsy (or in some cases biopsy). Several recent cases which

provide specific data relating to such measurements are used as
illustration.

URINARY EXCRETION

The measurement of plutonium in urine samples has been used as
an index of exposure and potential accumulation in the body since
the days of the Manhattan District. The classical study of
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164 VIRLZ et al.

Langham, 11,2} determining urinary excrotion rates following 230py
citrate injections of 16 individualm, judged to have near-term fatal
disease, provided a gquentitative basis for such interpretations and
has served as a foundation for smany programs.

Although many of the uncertainties in the use of this method are
recognized, there are no methods for determining the influence of
these uncertainties in any one case, Some of the more important
problems are:

1. 7The plutonium was administered intravenously as the citrate.
In using Langham’'s data, one must accept that the plutonium absorp-
tion, deposition, and excretion in the occupational case will be
like that of the injectees.

2. Tho oxcretion pattern was followed for only limited periods
of time in these individuals and was extended to about 1600 days
by use of data from occupationally exposed individuals. While
this time period is adequate for following new exposures, extrap-
olations to long-term excretion patterns become uncertain when one
is considering the body burdens of individuals exposed 10-30 years
a30.

3. Examination of the initial data used by Langham indicates
that there are significant individual variations even among pecple
exposed in essentially the same manner. Use of an average excre-
tion function does not reduce this uncertainty in the individual
case.

4. The urinary excretion reflects only the plutoniun that cir-
culates through ths kidneys and is not influenced by deposits un-
available to the bloodstream. A deposit in a reqion with slow
transfer to the blood will result in a gradual increase in the uri-
nary excretion over some period of time until the available plu-
tonium is redistributed. Attempts to use the shape of the curve
to infer the rate of transfer and a measure of total deposition
have been made by Healy (3} and Beach and Dolphin [4] but such ap-
proximations must be regarded as somewhat speculative and uncertain,

In spite of these uncertainties, the method is used worldwide
and, in nearly svery case, the results are converted to guantita-
tive estimates of body burden.

Some of these problems can be illustrated with data obtained
following the exposure of nine persons to 238pu in 1971. They
were disassembling a 278Py heat source for diagnostic measurements
when one of the sleeves on their hot cell manipulator developed a
split and permitted airborne contamination. The material in this
source is formulated in a molybdenum-ceramic smatrix to make it as
insoluble as possible and undoubtedly accounts for the unusual ex-
cretion pattern in these cases. DOData from two of the higher ex-
posed individuals are pressnted here as examples. Initial (within
the first two days) measurements of the chest burden (next section)
showed high values but subsequent measurements were lower. Urine
samples taken during the firzt few days after the exposure vere
low (<0.1 dis/min) indicating little uptake by the systemic circu-
lation. HNasal swabs at the time of the incident showed several
thousand counts per minute and suggested possible significant ex~
pasure, so the sampling program was continued. TFecal samples showed
significant activity by direct counting techniques, but insolubil-
ity even in strong mcids heated overnight created serious analyt-~
fcal problems with these samples. The results of urinalyses for
two individuals are shown in Fiqures 1 and 2. As can be seen,
there was a steady increase over the first 300-400 days followed
by a leveling off. In gross appearance, this is the increase
postulated in the models by Kealy (3] and Beach and Dolphin [4)
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F1G.1. Urinary exceetion of P*Pu by subject A following ineldent,

for movesent from the lung into the body. These models assume &
constant solubility or rate of transfer to the bloodstreat and
kidney where the plutonium Ls then excretsd according to the pat-
tern prescrided by Langham. They predict a much more rapid in-
crease in urinary excretion with ths maximum occurring at an
earlier time.

The quantity of 238py, transferred to the bloodstresm, and now
considered as systenic body burden, has been calculated by the
PUQFUA Code [5) which uses Langham's squations. This procedure
can have wide uncertainties if samples are infrequent, bdut for
these cases where sampling was 3one every 30+90 days, it should
provide a ressonable sstimsts within the uncertainties noted
earlier. Estimated quantities transferred in the first 1200 cays
are 100 nC{ for Subject A and 30 nCi for Subject B.

IN-VIVO COUNTING

It is only in the past decade that equipment has heen davel-
oped to permit estimation of quantities of plutonium in the lung
(or mora accurately, in ths chest) by external measurements on the
individual. 1In scae cases, the rore energetic photons (+60 kev)
from 241Am are used, but this depends upon prior information as to
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FIC.2.  Utinary excretion of %y by subject 8 following incident.

the quantity of 241, in the material inhaled and upon an assusp-
tion that the americium remains associated with tha plutonium.
Dats on the metabolism of ?41am {n animals [6] makes the latter
assumption questionable sithough the degree of uncertainty is not
defined.

A full description of the LASL instrumontation and procedures
is given slsewhere. (7] Essentially the procedure depends upon the
neasurement of the 17 KeV L x-rays (uranium) {n 4.6% of the dis-
integrations. Two 12.7-cm-diamster Phoswich datectors are placed
on the chest of & prone individual and meoasurements are normally
made for 30 minutes. The diffsrence in the pulse shape in the two
crystals [Mal{Tl) and C31(T1)) making up the Moswich permit dis-
crimination of the energy band of intarsst {rom the nosmal Compton
continuum and hence provide much reduced room Backgrounds.

Secause of the low snergy and frequency of the photons which
are detected, the sensitivity and accuracy of the procedure are
not as good as could be desired and the interpretation of the
measurements sust include a number of correction factors, described
below, each of which contains {ts own source of uncertalnty and
bias. The thickness of the individual's chest wall, measured by
ultrasonic technique, determines a correction factor to account
for differential absorption compared to that of the calibration
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;
phantom. The influence of higher encrqgy gammas cmitted by other - k
{sotopus in the body, such as the natural Ox, is corrvcted by
seasuring & portion of the spectrum in the higher energy region : .
and extrapolating te the contribution in the region of interest. 2
The presence of even relatively small quantities of other isotopes, & .‘!
such as 337Cs, can result in & correction of such magnitude that __," A
the sensitivity for plutonium determination {s greatly decreased, 3 Kl
or conversely, low indications of the presence of plutonium can ” :
gesult. Since all isotopes of plutonium cmit the x-rays boing ¥ -
peasured, but with differing frequencies per disintegration, any " é .
sbsolute determination requires knowledge of the involved iso- i ‘%.
tope{s) from other sources. Americium-241, a common contaminant . I
of plutonium mixtures, also emits x-rays in_the plutonium region. 13
It is therefore necessary to deternine the 2415y content by a

measuremeant of the 60-keV gasma rays and subtract the estimated :
contribution from this isotope from the reading in the plutoniun !
x-ray region.
Once these corrections have been made to the measurement,
the result is corrected finally to provide the estimated quantity
of plutonjum in the lung. This is done by a calibration using a
phantom of known chest wall thickness and with the plutonium dis-
tributed uniformly through the lung. This may well be one of the % .
nore critical assumptions since it is known that the plutonium is : =T
not uniformly distributed. This is a particularly important con- .
sideration for plutonium chest counters because the detector sees, i
preferentially, activity from the outer %2 ¢w of the lung due to ‘
the high absorption of the ~17 keV x-rays in tissue. Thus any i
|
;

R

machanism which causes redistribution in this subpleural regton,
such as may occur in the early time period after exposure, can
cause a change in the response of the detector.

Sensitivities of the LASL equipment, using a 30-minute mcasure- 5 - 'S '
ment, are such that one can detect about 9 nCi of 23%wu, 4 nCi of v 'I: -
238py, and 0.2 nci of 28laa.  The minimum detectable amount (MDA ik -
is defined as a response equal to three standard deviations of the Iy
background. {

i
IS

A common cperational probles with such devices is the possible
presence of contamination on the skin of the individual being
measured. Because of the large absorption in the chest wall and
the gecastry, & samall amount of plutonium on the skin will give »
greatly ggerated response if interpreted as a lung burden.

This problem is particularly noticeabla when measurements ars made
following an incident where the individusl may retain low levels
of skin contamination even after extensive decontamination. Por
this reason positive values at such » tioe are reqarded as suspect
to be followed up by later checks. With experience it is often
possible to recognize contamination that is essentially all on

the surface by the shape of the spectrua.

The incident mentioned In the previcus section itnvolving
238py provides an excellent illustration of some of the problems, H
as wsll as potential advantages, of this system. Neasurements
were msade on thesa individuals for several days following the in-
] cident and periodically thereaftar for about 215 days. These in-

dividuals already had small burdens of 137Cs a3 a result of work-
ing with tission products prior to the plutonium exposure. At the
end of 215 days they were all involved in another minor 137Cs ex- R
posure which, while asall compared to maximum permissible limits, £
was sufficient to mask the 238py signal. ; G

Data for these individuals are given in Figures 3 and 4. The S
results during the first several weeks varied beyond the estimated et
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F1G.3. Chest meaturement: on subject A, (MDA = mintmum detectable amount,)

1imits of arror and then sattled into a reasonable pattern. Wwe
have not identified definitely the cause of the variability nor
the reason for the apparent increase after about 100 days. There
is a possibility that tha instrumentatioa shifted calibration for
the points past 100 days. The sarly variability does not seem to
correspond with the fast clearance phase of particles from the
bronchial tree, although this appeared a possible interpretation
for the first three or four counts. Since detection of activity
for plutonium is prefersntial for thes outer 2 ca of lung tissue,
it is possible, perhaps likely, that clearsnce of tha bronchi will
have little influence on tha count. Alternatively, we have specu-
lated that the plutonium particles may bs translocating in the
lung over several wesks to the subpleural region vhers thsy are
more visible to the detector. Some evidence for this posaibilitvy
will be discussed later.

As was noted earlier, interpretation of the body burden on
these individuals fros the urine data by use of the PUQFUA Code
indicated that after 1200 days the systemic body burdens wers
estimated as 100 and 50 nCi. This material must have been trans-
ferred from the lung to the bloodstresm as a result of this inci-~
dent since the individuals did not work with plutonium after this
exposure, yet the initial indication of quantity in the lung was
only on the order of 10-30 nCi. We believe that this discrepancy
may be due to the nonuniform distribution with heavier deposits
in areas which are not "seen” by the detectors.
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AUTOPSY RESULTS '
& ..
In view of the uncertainties {n the urine evaluations of plu- f M
tonium deposition in the body, & program of collecting tissue 1 2.
specimens from autopsiss parformed at the local hospital wvas B: .
started in the late 30°'s. This provided an ultimste check on the ‘P -
accumulation of plutonium by those working in the laboratory as | X
well as background values from individuals who had lived in the r
ares but had not been employed in the laboratery. In rascent years,

the progras has been expanded to include tissue samples from the
general population in other areas and the analytical technigues R
have improved so that the minute quantities available in individ- ‘ ) ‘
uals a3 & result of accumulation from fallout can be measured. N

Such data, over a wide range of exposures., ars invaluable in de- ' -
termining the actual distribution of plutonium in the body from Y

a wide variety of exposure situstions. The procedures and the B

data obtained on this autopsy program have been published [8] and :

several additional papers are im preparation. B2 -

Information on the distribution of plutonium in lung can be B
gained from autopsy dats and is valuable to study potential cali-
bration problems for in-vivo measurements.

Complete lungs were obtained from » femals who was exposed to et
plutonium less than & wonth before her accidental death and » total Ny
lung content of about 4 nCi is estimated by tissue analysis. WNe R
also analyzed lungs of & male accident victim who was employed in

.
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Urine
Total
.2
2.2*
1.1
48
9.6
4
9
1
3
.67

Ratios
4
3.4°
4
S
4
7
6
3

120

Urine
Systemic

3.0

1.9

4.9
03
0.01
.01
0.25
0.35
0.24

37

Lung

7
0.75
3

Tissue Estimate

18

Body Burden (nCi)

Urine
Estimate Systemic

26
12

This estimate does not tnclude the skeleton.

1
49
58
26
13
23
18
40

Urine
42
149

mumber of
Semples

COMPARISON OF URINE AND TISSUE ANALYSIS ESTIMATES

13
15
15
11
13

8

8
19
29
25

Death (years)

£xposure to

240 bone sample vas obtained.

TABLE 1.
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plutonium work for 26 years; his total lung content was abour 16
nCi, estimsted by tissue analysis. In each of these cases, the
superior lobe of one lung was divided into 3-4 mm-wide tissue sec-
tions made horizontally, starting at the top. Individual sections
were then divided into pleursl (vl cw} and parenchymal rogicons to
obtain some indication of plutonium distribution. In the recent ex-
posure case, there was little difference in the concentrations be-
tween the two regions. There was, however, an apparent increase
in the plutonium concentration in both regions as one proceeds
inferiorly from the apex of the lung. In this case, the parenchy~-
mal sections wers also subdivided intoc a 1-2 cm outer region, 2-4
cm intermediate reglon, and an inner section containing the major
bronehi in those sactions close to the lung center whcre these
structures were apparent. There was little difference between

the outer two regions of parenchyma but the concentration in the
region containing the bronchi appeared lower. In the lung from
the individual with the long exposurs time, the concentration in
the pleurs in the region from 12-24 sm from the apex was sowe
10-35 times that in the parenchyma. Unfortunately, the analyti-
cal results for the sections between thls region and the middle
levels of the lung did not permit an estimate of chemical recovery
and, consequently, there are uncertainties &s to their absolute
value. They do indicate a decreased concentraticn in the pleursl
sections toward the middle levels of lung whers concentrations are
approximately those of the parenchyma. Thase results are similar
to those of Nelson (9] who reported concentrations 59 times great-
er in the pleural and subpleural tissues than in the parenchyma

in a former worker with 25 years of potential exposure.

While we cannot draw firm conclusions from only two cases,
these data would suggest that the plutonium is fairly uniforaly
deposited throughout the lung at reasonably short times following
exposure. As time passes, there seems to be concentration in
some subpleural regions either by migration toward the pleura or
preferencial eliminstion from the parenchyms or & combination of
both. More data is needed to confirm these cbservations.

The accumulation of plutonium in the lymph nodes has been well
documented. (10] 1In our long-term exposurs case, the tracheo-
bronchial lymph nodes had concentrations sbout 40 times that of
the lung as would be expected from past data, but ia our acute
exposure case the lymph node concentration was about one-fifth
that of the lung as & whole, indicating that concentration in the
nodes had barely started. This observation indicates that the
kinetics of accumulation by the lymph node in humans may be simi-
lar to that described by Thomas (l1] for ths dog.

An estimats of the quantity of plutonium in the body by tissue
analysis has been used to compare with antemortuz estismates by
other techniques. BSuch an estimate does involve considerable un-
certainty, particularly in obtaining the total skeleton deposit.
Autcpsy samples of bone are only on the order of a few percent of
the skeleaton and calculation of total deposition requires large
scaling factors. Furthermore, wide variations in the plutonium
cantent of individual bones are possible. [12]) Table 1 indicates
the comparison between urine estimates and tissue estimates for
those cases which had a sufficient plutoniua in the body to be
measurable and for which a reasonable number of urine samples vere
cbtained.

The varjation in the ratio between the two estimates (urine
vs tissue) is similar to those reported by others {13,14] with the
urine estimate being higher than that found at autopsy in almost
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cvery casc. The value of 120 (linc 4, Table I) is Qut of line with
the others. Rowever, investigation of tho urine results indicates
that the high urinc estimate was entirely due to two samples in
the 19%0-60 era. Somples taken prior to and following the high
readers were below the detection limit., Due to the rapid drop-off
in time with Langham‘s equations one cannot assure that this wasz
not & true exposure and it is carried in the records as such.
However, in retrospect, it sppears that the two sampies in ques-
tion may be due to external contamination. This again illus-
trates the difficulty of interpretation of results of this nature
and the uncertainties in the answer.

In Table I, we have distinguished between the amount in the
lung and iymph nodes and the so-called "systemic” burden, the
quantity in other organs such as bone. kidney, liver, and wmuscle.
This is customary since it ix assused that the lLanghan equations
only refiect the quantity actually sntering the bloodstream and,
Eor this purpose, the lung and lymph nodes are considered to be
outside the circulatory system. We are beginning now to question
this concept as it applies to the long-term deposit ia the lung
since this material is probadly no longer in the slveoli but is
incorporated into the tissue structurs. Since the long-term elim-
ination in the Langham equation represents bone remcdeling and
elimination from other tissues, it appears reasonable that a sim-
ilar elimination or exchange will occur with the plutonium em-
bedded among tha cells of the lung or {n drainage from the lymphat-
ic system. These locations also permit contact of plutenium with
tissue fluids and would attain a transfer rate to the systemic
circulation. The influence of this on the excretion curve may be
as important in affecting the urinary results as the movemant from
the liver or bone. Only additional experimental data will permit
verification and quantification of this hypothesis, but inclusion
of long-term lung content in the dody burden gives e bstter cor-
relation with urinary excretion estimates.

DISCUSSION

The cases described in this paper illustrate a number of im-
portant and unresolved questions in attempting to mesasure the
quantity of plutonium in the bodies of workers. The lung counting
methods are atill in pr of develop 7 these estimates are
based on calibration with uniform discribution in the lung but
the results are sensitive to nonuniform distribution effects that
are largely unknown now. 1f our speculations as to redistribution
with time leading to a higher concentration in tha lung periphery
are correct, this would lead to an increase in the responsa of the
lung detector for a given quantity in the lung since the photons
originating from this material on the surface of the lung will be
less subject to absorption., liote that this does not necessarily
mean an increase in response for & given case since slimination
is occurring at the same time. If this ix true, it may provide a
basic limitation on the accuracy of such measurements unless
furthay study can provide veasonable estimastes of the distribution
effact with timm. In the cases of 23py inhslation described, it
was not possible to identify changes in the lung burden with cer-
tainty by chest counting due to variances in the data during the
first 215 days. However, the subsequent analysis of urine data
would indicate the transfer to the body of some )-5 times as much
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plutonium over a period of 1200 days as the lung counter indicated
as the initial deposit. Since the fraction transferred to the
bloodatream was undoubtedly only a portion, and perhaps only a
small portion, of that initlally deposited in the lung, the re-
sponse of the counter was even lower. This {s puzzling to us

since we cannot visualize a plausible distribution which would ac-
count for such a thh factor. On a physical basis, the use of
24lpg instead of 2 Pu would appear to be advantageous i{n the early
estimates following inhalation. In these 238py cages, there vas

no measurable americium content for such use.

Another lesson which we have learned from these exposures is
that one cannot rely on early urine results to even give an indi-
cation of a potentially serious exposure and that follow-up urine
samples are necessary. Ve realize that this was an unusual mate-
rial not tered frequently, but this may also be true of
reactor fuels to b used in the future. It was not until soms
months had paseed that the potential intake by these individusls
became apparent.

It is probably not surprising that estimates by urinalysis
appear to be hat high compared to tissue analysis. Thay were
designed for health protection purposes 30 assumptions that need
to be mads tend to be conservative and result in higher (safer)
estimates. A high estimate can be less desirable {f applied to
problems other than radiologicel control purposes. Two such appli-
cations are assessing individual risk for continued work with plu-
tonium or othar radiocactive materials and assessing health effects
in worksrs by epidemiclogical methods for possible dose-effect
relationships.

There are strong motivations for most employers to remove an
individual from work with plutonium if the estimate of body burden
excesds o given value. In some instances the value chosen is less
than the maximum permissidle body burden. A false high body burden
astimate may be used in an arbitrary fashion to affect an individ-
ual's career and future without proper welght being given to thess
uncertainties. It is not clear that personal plutonium risk
should supersede all other considerations (n the decision. Is the
situation much different than if we require a truck driver to stop
his driving because we recognize his risk is greater than sowe
other vocation? Job displacement represents a drastic step for
the individual, particularly if he has training and experience in
the job for @ period of tims. We believe that this should be a
matter for decision by the {ndividual with the counse! of medical
and management personnel and taking into account his age, state of
health, potantlal prablems (including risk) on an alternate job,
and the certainty of his individual exposure estimate. The maxi-
mum permissible body burden is invaluable for health physics con-
trol purposes in the plant, but should be used as only one com-
pazative piece of information in the complex decision of individe
ual work assignmant. For this purpose, body burden calculations
should strive for ths best possible estimate, rathar than a con-
servative (high)estimate.

Inproved techniques for body burden assessmeant are also needed
for all studies used to assess the validity of the maximum permis-
sible limits. If we are to understand better the risk involved in
the use of plutonium, we need long term data on the health of in-
dividuals exposed to it as well as good estimates of the exposure.
Estimates that are biased gystematically on the high side could
lead to false conclusions on the dose/effect ralationships. Such
studies need to be done to answer the questions of risk at various
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exposure levels. Only continuous surveillance of exposed popula-
tions correlated with adequate estimates of the body burdens will
permit us to assess the validity or need for revision of the maxi-
mun permissible limits,

These experiences and results convince us that more reseasch
and study are needed in instrumentation development, neasurament
technology, and analysis of data on plutonium in san. Our knowl-
edge of plutonium burdens in man continues to rest on a base that
is not sufficiently secure to relax or to feel comfortable,

ACKNOWILEDGEMENTS

The authors wish to acknowledge the work of Philip Dean, who developed
the plutonium chest counting technology and dais analysis at Los Alamos,
The chest counting procedures presented in this paper werce performed
by llarold lde. Tissue analyses for plutonium were performed by William
Moss.

REFERELNCES

[3] LANGHAM, W. K., BASSETT, S. H., HARRIS, P. S., CARTER, R. E.,
Distribution and escretion of plutonium administered intra-
venously to man, USAEC, Los Alamos Scientific laboratory
Rep. LA-1151 (1950).

121 LANGHAM, W. H., The application of excration analysis to the
determination of body burden of isotopes. Brit. J. Radial.
Suppl. 7 (1957) 95.

(3] HEALY, J. W., Estimation of plutonjum lung burden by urine
analysis, Am. Ind. Hyg. Assoc. Quart. 18 3 (1957) 261.

(4] BEACH, S. A., DOLPHIN, G. W., "Dotermination of plutonium
body burdens from measurements of daily urine excretion,”
Assessnent of Radioactivity in Man, IAZA, Vienna (1964).

[S] LAWRENCE, J.N.P., PUQPUA, an IBM 704 cnde for computing plu-~
tonium body burdens, Health Phys. 8 (1962) 61.

[6] TAYLOR, B. N., Some aspects of the comparative metabolism of
plutonium and americium in rats, Health Phys. 8 (1962) 673.

{71 DEAN, P. M., JETT, J. H., IDE, H. M., UMBARGER, C. J., Exter-
nal measurement of plutonium lung burdens, submitted to
Health Phys.

(8) CAMPBRELL, E. E., MILLIGAN, M. F., MOSS, W. D., SCHULTE, H. F.
MCINROY, J. F., Plutonium in autopsy tissue, USAEC, Los
Alamos Scientific Laboratory Rep. LA-4875 (1973).

[9) NELSON, I. C., MEID, X. R., FUQUA, P. A., MAHONEY, T. O.,
Plutonium in sutopsy tissue samples, USAEC, Battelle North-
west Laboratory Rep. RNWL-SA-4077 (1971).

{101 BAIR, W. J., BALLOU, J. E., PARK, J, F., SANDERS, C. L.,
“Plutonium in soft tissues with emphasis on the respiratory
tract,” Uranium, Plutenium, Transplutonic Elements, (HODGE,
H. C., STANNARD, J. K., HURSH, J. B., Eds), Springer-Verlagq,
New York, Heidelberg, Berlin (1973).

[11] THOMAS, R. G., Transport of rclatively insoluble materials
from Jung to lymph nodes, Health Phys. 14 (1968) 111.

{121 DURBIN, P. W., "Plutonium in mant a new look at the old
data,” Radiobiology of Plutonium (STOVER, B. J., JEE, W. S,
8., 24ds), The J. W. Press, Univ. of Utah, Salt lake City

{1972).

LANL

(33) LAGER

tiona
Healt:
[14) NORWO
try s

P.M.
a contamin:
{fnvolving ir
and two of t
burden as ¢
faeces and
15 nCi for ¢
two years 2
radiochemi.
in the medt
slight, of t!
activity in '
steadily ov:
On the
the hygienis
a factor of ©
{irst week.
If we he
found it diff
w.J. B.
of plutoniun.
lungs, as di
experimenta
dosimetry s
would be a u
of the alpha-~
lationg about
bronchial ep:
C. VOE!
exposure aut
technique we
in the lung.
and the resul
metre, We
for microdos
that some m«
technique tha
make such m
G.B. SC
of the method
the past 10 ye

00130751.013




copules
will
nxie

search
renant
knowl -
@ that

‘can, who developed
at Los Alamos.

e performed

‘med by William

i, R. E.,
intra-
ory

. to the
wdiol.

urine
1.

nium
ion,"
Go4).

ing plu=

olism of
"y 673,

, Exter=
to

L.,

iratory
(HODGE ,
-Verlag,

erials
214
, W. S,
Sity

1AEA-5R-6/33 175
[13] LAGERQUIST, C. R., HAMMOND, S. E., BOXOWSKI, D. L., HYLTON,

D. B., Distribution of plutonium and americium in occupa-

tionally exposed humans as found from autopsy sasples,

Health Phys. 25 (197)) S8l.
{14] NORWOOD, M. D., NEWTON, C. E., Jr., U.S. Transuranium Regis-

try study of thirty autopsies, Health Phys. 28 (1975) 669.

DISCUSSION

P.M. LEGUEN: Three years ago at Fontenay-aux-Roses we ocbserved
a contamination incident of the same order as the one you have referred to,
involving inhalation of plutonium~238, This incident concerned 17 workers
and two of them were chosen for follow-up because of their initial lung
burden as estimated {rom X-ray spectrometry and from the activity of
faeces and urine samples, The estimated lung burden was of the order of
15 nCi for one of the patients and 10 nCi for the other., Over a period of
two years 24-hour urine samples and 3-day faeces samples were measured
radiochemically twice a month, a practice now carried out on a routine basis
in the medical departments of the CEA. The urine activity was always
slight, of the order of 1-4 pCi, and practically without variation, but the
activity in the stools — initially of the order of 1 t0 3 nCi — decreased
steadily over the entire period of observation.

On the basis of this curve for excretion of the contaminant in the faeces
the hygienist was able to estimate the dose to the lung. This dose was only
a factor of 2 higher than that obtained using X-ray spectrometry in the
first week. .

If we had merely taken the urinary excretjon curve, we should have
found it difficult to estimate the dose received,

W.J. BAIR: It is of interest to note that the higher concentrations
of plutonium which you find in the pleural and sub-pleural regions of human
lungs, as distinet from the lung parenchyma, agree with observations in
experimental an{mals such as rodents and dogs. Haveyoudoneany micro-
dosimetry studies on the sections of human lungs you described? This
would be a useful study in view of current controversy about the distribution
of the alpha-radiation dose from inhaled plutonium in the lungs and specu-
lations about the relative radiocarcinogenic sensitivities of the human
bronchial epithelium and the bronchiolar and alveolar epithelia,

G, VOELZ: We hase done radicautographic studies on the long-term
exposure autopsy case discussed in my paper. Using a track-counting
technique we hope to estimate the particle size of the plutonjum deposited
in the lung. So far, counts on about 120 such particles have been analysed
and the results show only small particles in the lung, less than one micro-
metre. We are not convinced that the precision of such studies is adequate
for microdosimetry calculations. Another complication is the probability
that some movement of particles occurs with time. We have not found any
technique that is more precise, and would welcome any ideas on how to
make such measurements.

G.B. SCHOFIELD: I strongly endorse your plea for a reassessment
of the methods used at present to estimate plutonium body content. During
the past 10 years we have conducted autopsy examinations on 18 plutonfum
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workers at Windscale and the findings reflect those reported by you and ASSE.

others {n the United States {n that the in-vivo urinary estimate of body BURIL

content is usually between 2 and 10 times higher than the direct estimate

{rom autopsy material, A more realistic method of in-vivo assegssment

is therefore needed, and this would result in less exacting restrictions R.C. SH

on workers in the nuclear industry. T. SURE
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