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Abstract

Pichmond, C.-R. Current Status of Information Obtained from Plutoniun
Contaminated People. Radiat. Res.

There has been no recorded Incidence of cancer or serious blological
damage in man resulting from occupational exposures to internaily depositad
plutonium. However, we must consider the relatively short time since
exposure in some cases. Because of industrial accidents Iin eaariy Menhattan
Project exposures, a number of individuals hsve been exposad to plutonium.
Some have maintained multipies of the maximum permissibie body burden (HP8B)
for almost three decadas. Although the exact leveis of contamination are
uncertain, it is clear that this body of informs:lon represents s vaivable
resource for study. Data have bean reported for specific groups (Manhattan
Project workers), and other stucies are accruing data for future use as the
populations age. Another source of particuiarly valuable information, 18
people who received plutonium during the late 1940°'s, provided tha basis of
the human excretion equations derived by Largham. The injected leveli runge
from about 0.25 to about 5.8 microcuries snd. in one case, was retained for
2] years. Othaer iInformation exists in the form of virtually the entire
world's population which has accumulated pliutonium, although somewhat
Inefficlentiy, from detonations of nuclear wea>ons and burn-up of ona thermo-
electric generator {plutonium 238) in the atmosphere. Information obtained
from these and other sources wiil be summarized. (This work is bo{ng par-
formed under the auspices of the U. S. Atomic Energy Commission.)
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INTAOOUCT 108

Carlier In this Cungress Or. Alvin Weinberg asked the following
quastion, "Can man learn to live with fission.” Perhaps another way of
phrasing this isportant question would be to ask If man can learn to live
with plutonium and other actinide elemgnts. Thare has deen much interest
and concern axpressed about the putential taxicity and ¢ffects of plutonium
and the aclinlde eiemants on msn. Although there exists a considerable data
bate on the biotegical effects of plutonium on experimental snimais, there
is a relative paucity of datv existing for enposed human subjects. There-
fore, we are placed in a situation in which we must extrapolate or project
in soms manner the effects of plutonium on exparimental animsis to men.
Nsvertheiess wa do have some information concarning humen subjects who ware
exposed to plutonium through occupational exposures. | shall attempt to
review this information for you today. We should keep in aind that this
kind of information, cven though very limited, is human exparience of the
aott relevant kind for estabiishing vaive judgments whera inadequate data
exist for formulating risk evaluations.

There have been no recorded substantiated incidents of cancer production
In man from the internal depositior of any plutonium 1sotope in the nuclear
energy industry, even though internsi depositions have occurred. This
excellent record has resuited from effec:!ve control msasures. Alihough
some exposures occurred 3O years 890, we must keep in mind the relatively
short time since exposure for meny of thesa cases. There has been a reason-
able number of individuais exposed to quantities of plutonium at or near the
saximun permissibie lung or body burden. Although the exact levels of
internal contemination are uncertain, it Is clear that this body of informa-

tion represents a valuable resource for current and future study. Soms work



has been done on specific groups and other studies are in the process of
gathering pertinent data for future use as these populations age.

Another source of Information on the ¢ft'ects (or lack thareof) is a
group of parsons who recelved plutonium during the mid-1940's. These are
particuiarly interesting as data accrued for these persons providad the basis
for the human excretion equations derived by Langham at Los Alemos. In addi-
tlon, the injecied levels were reasonably high and retained in one case for
21 years. Stll] another source of information exlists in the form of virtu-
aliy the entire world’s population, which has accumuiated piutonium, although
rather Inefficlently, from previous and present atmospheric detonations of
nuclear weapons. Past and current autopsy programs involving both occupa-
tionally and non-occupationally e. posed persons wlil also furnish useful
Information on the uptake and concentration of plutonium in various body
tissuas. These dats provide us with some insight on the efficiency of the
human organism for incorporating plutonium and on its distribution among
body tissues. lﬁ the case of occupational exposures, this data base will
also allow us to make comparisons of the body burden with estimates based on
biocassay data obtained during the life of the subjects in question.

The messag: | woizid like to feave with you is that we have not observed
sny serlous bloiogical consequences in man from occupational exposure to
plutonium. The next logical quastion is, "how do you nnow,' or ''have you
looked.!' Ws have indeed looked and the record to date is quite reassuring.
However, ! would like to poi~t out that the past is not always prologue,
cheerful as that thought might be. Although the final answers are not in, |
would hasten to add that we now have information on people which has
spanned aimost tihree decadaes so that the argument of latency for certain

late effects (how long doss it teke to produce a tumor) is losing impact



In at least some of the cases | will discuss.

MANHATTAN PROJECT EXPOSURES
Since the dlscovery of plutonium over three decades ogo.(l) some
personnel exposures have occurred. Some have been stddled and reported on
.ln varying degree, both during life and after doath.(z-g) One of the most
Interesting groups, bocaﬁse of both time since exposure and Iov;l of exposure,
Is that of the Manhattan Project plutonium workors.('o)
Twenty-five male subjects who worked with plutonium during World War i1

under very crude working conditions, as judged by today's standards, have

been followed medicaliy for the intervening years. Within the past several
years, 2] of these men have been examined at the Los Alamos Sclentific
Laboratory. in addition to physical examinations and laboratory studles
(complete blood count, urine chemistry proflles and urine analysis),
roentgenograms were taken of the chest, pelvis, knee and teeth. Chromosomes

of lymphocy<as cultured from perlpharal blood and celis shed from the pulmon-
ary tract were also studied. Urine specimens assayed for plutonium ylielded
calcuiated body burdens which ranged from 0.005 to 0.42 uCl. These estimates

of body burden, on the average, are higher than earlier estimates based on
radiocassay of urine samples collected in the past, perhaps reflecting un-
cartalntias in the models used to estimate body burden from excretion data.
Table | indicates the kinds of Information cbtained from the Manhattan Pro-

Ject plutonium workers. Most, but not all, of these tests have been conducted
every four to flve years since the group has been studied. Thls appears to be

a very healthy group of men in their eariy to mid-fiftles. There are nc adverse
tiological effects that have been detected that can be attributed to the
radiation exposure. Except for the aliments that one would expect in a

group of men of this age, al! subjects examined were in remarkably good
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health. One man had a coronary occlusicn but had recovered and was well
compensated, and another of the original group died in 1959 of a coronary
at 2ge 38. Another had a hamartoma of the lung surgically removed without
complication in 1971. A third had a melanoma of the chest wall (regional
lymph nodes were negative). A fourth had a partial gastrectomy free-bleeding
ulcer. Several had mild hypertension and moderate otesity and one had gout.
All men were actively working, mostly as successful executives. More detalled
Information on this particular group of workers has been publlshed.(ll"Z)
it s important to realize that these men worked under very crude working
condltions as judged by today's standards. Figure | shows the bulliding in
which these men worked in 1944 and 1945 as par: of the program to make the
f[rst nuciear weapons. 1| can assure you that there Is probably a factor of
115,000 between safety constraints in this buiiding and those modern facil-
itles now used for working with plutonium. Things have changed quite dramat-
lcally with the goal of providing more protection for the workar and more
complete containment of the plutonium within the facllity. The health protec-
tion record of plutonium workers has been quite good and | think it is clear
that 1f we stick to our controls and regulations as regard plutonium, we are
not destined to repeat the kinds of things that happened with the use of
radium earlier In this century.

Table i1 shows the current status of several LASL plutonium study
groups. Group 2, which i3 now in the eariy stages of study, will e;pand the
size of the original cohort oy perhaps L0 people. Twenty-five of the 40 men
who itave been identified have been ifocated and have responded to question-
nalres. Groups | and 2 collectively represent the creme de la creme of the
sariy piutonium exposures. Once again, these are extremely important subjects

to study intensively as approximately three decades have elapsed since their



exposures. Group 3 will inciude a larger spectrum of exposures including
more recent accidents and exposures to piutonium 238. Ail are estimated to
have systemic plutonium burdens of 4 or more nanncuries. Tabie 111 shows

the current systemic body burden estimates based‘on urine excretion for some
of the men in the Manhattan Project plutonium worker group. Only those with
‘more than three maximum permissible body burdens (or 120 nCi) in 1972 are
shown. Again, the original exposures were in the eariy 1940's so that Caie 3,
who now has approximately 10 times the all.wable occupational bone burden,

has carried this estimated 410 nCi of piutonium for approximately three
decades. The selected cases shown in Table 11i represent systemic plutonium
burdens ranging from 0.13 to 0.42 uCi, which correspond to annual bone doses
of approximately 2 to 6 rad. | won't dwell on the eariler estimates for 1953
and 1962 other than to point out that these are somewhat uncertaln. The model
that Is used to estimate body burden from the urine analysis data does contain

(13)

some uncertainty and cannot be applied accurately to each individual. It
Is also true that some of the body burden estimates are based on relatively
few dats points. Table IV contains information which Is detailed Iin an

(10) The data are for the plutonium 239-240 content for

earlier publication.
some tissues that were removed from Case 2 who developed a non-malignant growth
(hamartoma) in the lung. This particular medical condition, which was found
as part of the medical follow-up study, afforded an opportunity to obtain

some hamartoma tissue, Iymph node tissue, rib tlssue and normal lung tissue

for radiochemical analyses.

The concentration of 239-2k0

plutonium was approximately the same in both
the tumor and normal lung tissue. The lowest plutoniun concentration was
found in a rib sample and the highest in the iymph node tissue consistent

with experimental findings in dogs exposed to piutonium dioxide by inhalation.



If one assumes a total lung welght of 1000 grams, a respiratory lymph node
welght of 20 grams, and a homogeneous distrlbution of piutonium throughout
these tissues, the total plutonium burden |s approximately 8 nCl, roughly
equally divided between the l;ng and lymph node. Est[mates of the chest
burden of plutonium In Case 2, based on chest counting pro:edures, are in
reasonable agreement (a factor of about 2) with the estimate based on extra-
polation from analysis of lung and lymph node tlssue.

Flgure 2 Is a photomicrograph of an autoradiograph of a plutonium
particle in a lymph node section removed from Case 2 in May 1971. Observa-
tlons of other plutonium particles in the lymph node tissue examined
suggasted a very non-uniform radiation dose distribution from the plutonlum
particles. Attempts have been made to estimate the number of particles in-
haled by the Manhattan Project plutonium workers. By maklng certain assump-
tlous for the mass median diameter, geometric standard deviation of the
distributlon and the particle density, one can show that the mass fraction
for plutonium dioxlde particles larger than 0.6 micron dlameter in the distri-
butlon is approximately 15%. Further calculations indlcate that approximately
107 particles larger than 0.6 mlcron diameter could have been retained by the
25 subjects during their exposures in 1944 and IBHS."h) if the lung cancer
risk for such "hot particles' were 5 x lo-h per particie, as suggested by
the Natlonal Resources Defense Councili Report.('S) then the IO7 particles
should yleld about 5000 lung cancers For this group of men. The ob;erved

lung cancer incldence after almost 30 y=ars since exposures is zero.

PLUTONIUM ADMINISTRATION STUDIES IN HUMAN SUBJECTS
In an attempt to determlne relationships between urinary excretion,
total excretion, and body content of plutonium, 18 persons recelved plutonium
parentally in 1945 and 19h6.(l6-'7) Flfteen of the 18 were older than age 45,
9



238

and all but two of the 18 were glven 233, only (one received Pu and

239Pu and another recelived only 238Pu). The amounts of plutonlum administered
ranged from about 0.3 to about 6 uCl. For comparlson, the current occupa-
tlonal maximum permissible body burden for 239Py 1s 0.04 uCl.

Although these subjects were thought to be hopeless'y 111, four of the
group were alive in November 1973, almost three decades after receiving the
plutonium. Excretion data from some of the survlvors was presented earllier
at thls symposlum.('e) This particular situation represents the unique
opportunity to check on the validity of the excretlon data equatlons that are
used currently by radiation protectionlsts to escimate body burdens. It Is
of conslderable interest that much of the data used to establlsh the excre-
tlon equations came originally from this group of 18 subjects during the
relatively short time (several months In most cases) they were studied. To
establish the unique excretion curves, Langham used additlonal data obtalned
over a five-month period from three of the plutonium recipients and additional
excretion data f}om several Los Alamos occupational exposure cases for about
300 days and one for about 1700 days. These retention equations have proved
extremeiy useful for over several decades and appear to be somewhat conserva-
tive In most Instances when estimated body burdens can be checked with data
obtained at postmortem. When Initially reported in 1950.(!6) Langham and
coworkers reported, "*Admittedly the observations made during this study pro-
vide no evidence of what may happen In 10-30 years. it miyy be said, however,
that these studies and those of other Investigators indicate that the Intra-
venous Injection of a single dose of 5 to 100 micraogram of plutonium was
wl thout acute subjective or objective clinical effects."

One of the orlginal 18 plutonium recipients Is of particular Interest.

He was a white 58 year old male who was suffiring from gastrl. carcinoma and

10



2385, and 0.12 uCi

gastrointestinal hemorrhage when he received 5.19 uCl of
of 239Pu as Pqu(NO3)2 by Intravenous injection on 14 May 1945. He later
received a total gastrectomy and a Splenectomy but did not die until

9 January 1966, some 21 years later, from cardiovascular diseszse. We can
obtaln a very rough estimate of the bone dose by assuming 40% deposition in
- the skeletal tissues with no subsequent loss. Under ch2se circumstances,
fhe skeletal dose over the 2l-year perlod would be approximately 900 rad.
The annual dose rate to the skeletal tissues would be approximately 40 rad,

a factor of approximately 70 higher than the annual skeletal dose rate of

0.6 rad delivered by the maximum occupational bone burden of 40 nCi of 239Pu.

U. S. TRANSURANIUM REGISTRY (USTR)

. During the summer of 1968, the Unlted States /Atomic Enerav Commission
authorlzed the establishment of the National Plutonium Reglstry which was
later renzmed as the United States Transuranium fegistry. The Registry Is
part of the organizational structure of the Harford Envlronmental Health
Foundation In Ha;ford. Washington, and functions as a repository for all
pertinent avaliable Information that may be used to identlfy any radiation
hazard to the worker that may exist from exposure to transuranium elements.(lg-Zl)
Major AEC contractors and some llcensees using plutonium and other transuran-
lum elements have agreed to endorse the program and to recommend that their
affected employees support this program. Cooperatlon with the USTR is
completely voluntary on an individual basis and Includes release of medical
and health physics data. Permission is also obtained on a voluntary basis
for postmortem analyses of certain organs.

The employees remain under the health physics and medical programs of

the AEC contractor until termination of employment, at which time the USTR

assumes responslbility §f the z=zloyee has authorized postmortem examination.



The major criterion used by the USTR to determine inclusion of an
Indivldual into the Reglistry Is as follows: persons for whom the employer
has provided a routlne survelllance program because of a reasonable probabil-
Ity that a deposlition could occur. This rather broad criterion allows for
the differer. methods used to estimate the extent of contamination (e.g.,
urlne analysis, chest counting, or alr concentration data) and for uncertain-
tles In estimating burdens under certain conditions (=.g., chronic inhalation
of Insoluble plutonium). !t also removes the emphasls on the larger contam-
Inatlon cases.

At autopsy, comparisons can be made between estimates of the body burden
based upon tissue analyses and astimates made previously on the basis of
health physics and operational data. 1In addltlon to a medical history of a
dlsease or abnormal conditions, employees can often provide information on
thelir work history, smoking habits, exposure to toxlc materials, and other
pertinent data.

in addition to AEC contractors, the USTR receives health physics informa-
tion from the AEC's Health and Mortality Study and from the Assistant for
Workman's Compensation and Radiation Records of the AEC.

Preliminary findings for the first fourteen autopsy cases reported by
the US?R appear in the proceedings of the 12th Hanford Bloliogy Symposium.(zz)
To date, information obtained by the USTR indicates that estimates of the
plutonium systemic burden based on urine analysls have been on the conserva-
tive side, that is, higher than those estimates based on analysls of tlssue
obtalned at autopsy.(zz) Workers in the Unlted Kingdom have also found this

(23)

to be true. in addition, the USTR reports that, ''to our knowledge, no

employee has ever sustained serious harmfui effects due to the internal

deposition of any of the transuranium elements.“(zl')



Table Vi i licates the status of the USTR as of June 1974. To date,
most of the USTR activities have been confined to Hanford, Los Alamos, and
Rocky Flats. The Interested reader s dlrected to a recent USTR publlcation
for detalls of the level of cooperation Between the U§TR and the other AEC

(25)

contractors shown in Table Vi.

ACCIDENT CASES

A conslderable amount of Information has been obtained from accidental
occupatlonal exposures to plutonium. However, the total number of accident
cases has been relatively small. information obtalned from the AEC's Divi-
slon of Operational Safety as shown in Table Vil indicates that during the
period 1957 to 1970 there have been on the order of 200 contractor personnel
exposed to 25% or more of the maxImum permlssible body burden (MPBB) for
plutonlum. These data also indicate that inhalation is the major portal of
entry and that more than half the exposure cases represent plutonlum burdens
that are less than 50% of the MPBB. Table Vil also shows that of the 203
accldental depositions, approximately 18% were treated by chelatlon therapy
and 54% were related to production actlvitles. Eighteen percent of the 203
exposures shown In Table Vil were assocliated with plutonium activities
greater than one occupational permissible body burden. It may be instructive
to look at a specific instance of an Industrial accident which was reportec
In the open literature. A flre In a plutonium fabrication plant re;ulted in
a large-scale spread of plutonium oxide on October 15, |96S.(3) Following the
accident, the Rocky Flats body counter was used to measure the plutonium in
the lungs of all employees working in the area at the time of the accident.
Of the approximately 400 employees counted, 25 were found to have enough
plutonium in thelr 'ungs to deliver a dose of 15 rem/year or greater. These

data are shown in Table Viii. Estimates of the plutonium were obtained by
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using two scintillation detectors placed in contact with the subject's chest.

A 60 KEV photon peak from 2‘”Arn was used. The 241

Am content of the material
released during the fire was determined and the amount of plutoniun in the
subjects was theu determined from calibratlons done on a chest phantom

2‘”Am to 239Pu ratlo.

contalning naterial with a similar
The plutonium consl;ted of "high fired" Pqu and particle size measure-
ments made on alr samples collected sfter the fire indicated a mass median
dlameter of 0.32 microns with a geometric deviation of 1.83. On the average,
about 30% of the material inltially deposited in the lungs was cleared in two
to thre§ months. Subsequent lung measurements Indlcate.a much slower clear-
ance. All of the 25 individuals shown in Table Viii have one or more maxlmum
permis<ibie lung burdens for occupational workers. The quantities of pluton-
fum for thls group of 25 individuais range from 16 to 272 nCi. it is not
clear how many indlviduais received measurabie body burdens less than 16 nCi
239Pu. Hopefully, these cases will ultimately be studled by the U. S.
Yransuranium Registry. One would also think that this partlcular cohort of
Individuals should be carefully studied and followed throughout their iives
In a manner similar to the Manhattan Project workers mentioned earlier.
Another example of accidental exposure of workers Is of Intarest because

2385, (2) this particular evaluation deais with

tha lsotope Invoived was
three personnel who were contaminated as a result of an explosion inside a
glove box at Mound Laboratory which resulted in significant inhalation
exposures. Chest counting measurements made at another laboratory indicated
that the employees had lung buirdens of 134, 141, and 9t nCl. Radiochemical
analysis of urine samples obtained from these three individuals during the
first half-year foliowing exposure suggested el imination patterns which

238

differed from those observed following previous inhalatlon axposures to Pu.
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The long-term systemic body Bdrdeqs were estimated to be 290, 2i0, and 30 nCi.
Because of the Isétopevlnvolved and the relatively high levels of contamina-
tlon, these Individuais mlght also represent useful additions to long-term
biomedlcal follow-up investigatlons.

One case of contamination resulting from a puncture wound is extremely
.Interesting as it has been interpreted by some as being an example of cancer
broduced in man by plutonium. The leslon was flrst described in the open

(26)

11terature more than ten years ago and was also included with other infor-
mation on plutonium wouris at a later tlme.(h) The radiation dose around the
plutonium Implanted in the palmar skin was estimated tolbe 75 mlllion rads.
However, this kind of dose astimate is probably meaningless as we do not know
which cells were exposed or for what time periods. The entlre lesion was

very small, being on the order of 2.8 x 107> em’.

The author stated,
"Although no malignancies of the skin of man have ever been shown autoradio-
graphically to be assoclated with such alpha-emltting forelgn bodies, the
changes here wodid seem to indicate that the develiopment of such a luslion is
possibie.'" The lesion Is shown In Flgure 3. The 5 nCi particle of piuvonium
was surgicaily excised from the individual's paim approximately four years
after the accident. The pathologist Involved In the study carefully described
the cell changes as having "a simllarity to known precancerous epidermal

eytologic changes." (26)

More recently, Tamplin and Cochran correctly
acknowledged this wording when they flrst reafer to it in thelr report. How-
ever, as polnted out by Dr. DolphlJ. in the second raference the wording ls
altered slightly to '"pre-cancerous changes in human tissue,'" and In the third
reference another word change Is made and 1t ba:zomes 'particle induced

(15)

cancer." This particular lesion appears to ba about the most severe

insult that we have sesn to date In terms of potential harm to man from plutonium.



TISSUE ANALYSIS PROGRAMS
(27)

For many years the Los Alamos Scientific Laboratory and several
other AEC cornitractor Iaboratorles(28-3') have conducted tissue analysis
programs to determine pI;tonlum fevels In various tlsgues of the both

exposed occupational personnel and in Individuals of the general population
who are not engaged in work with plutonium. These programs were started in
the ISHO's'In the Hanford complex and at the Los Alamos Sclentific Laboratory.

(28)

One report contains Information on approximately 350 autopsies. Othe-

(32-38)  1.p1e 1X shows

reports from these and other groups are availabie.
plutonium concentrations as determined for lung, llver, lymph nodes, kidney,
and bone for the period 1959-1971 for non-occupationally exposed persons from
several parts of the United States and for occupationally exposed persons.(BS)
Data for the plutoniun concentration of gonadal tissue »nlch appears in the
original pub!ication is not included in Tabie X, as errors associated with &
change in the analytical procedures were detectec by the authors subsequent
to its original publication. Similar data shown In Table X have been ob-
tained for non-occupationally exposed persons and represent analyses made
during the period 1972-1973.(35) The aversqe lung concentration for the data
shown in Tabie X is about 0.3 pCi for a 1000 gram fung, and the lymph node
concentration Iis about 1]l oCi/kg. No speciml concentration of plutonium in
gonadal tissue has been observed in this particular study. RMecent analysis
of the gonadal data suggest plutonlum concentrations of about 0.18 pCi/kg
for non-occupationally exposed persons.

The higher piutonium concentrations and lymph node tissue In Table X
8s compared wich those in Table I1X for non-occupationally exposed individuals
are not thought to represent real Increases, but rether an Improvement In

the dlissection technlques used to separite !mph node tissue from lung.



The AEC's Heaith and Safety Laboratory (HASL) recently has used
Information obtalined from the international Commission on Radiological
Protection to model the intake and body burden from faliout plutonium and

(36)

to estimate the radiation dose to man from this source. The cumulative
lung &nd bone dose for the pericd 1954-2000 is 16 and 34 mrem respectively.
The HASL group has also compared the body burden based on their model with
Lhat actually obtained from the tissue sampling programs. The agreement
between the Colorado-New Mex!co tissue data and the model predictions as
shown in Table Xi for 1970-1971 is quite good. The comparison based on the
New York tissue sampiing data is not as good and probably represents the
fact that only about 24 autopsles were included In the analysis.

Plutonium i3 present in extremely small quantitites in various organs
of contemporary humans. Although most of the plutonium was produced from
atmospheric testing of nuclear weapons by several countries prlor to the
1963 limited test treaty ban, some material from contemporary atmospheric
weapons fostlng by France and the People's Rapublic of China adds to the
total human burden. The current lung burden estimated for persons in the
United States is about 0.3 pC!, 239'”oPu. and a very rough estimate of the
total amount in the tody is perhaps § pCi as shown in Table Xii. (€s\..nates
of the total amount of plutonium produced via nuciear weapons testings vary,
but & value of about 0.5 megacurie probabiy is quite reasonable. lf. of this
amount, 0.4 megacurie he. returned to the biosphere, then very little (about
|o") Ms found its way into the earth's popuiation (3 x Io’ people). Another
wey of looking at this is to simply diviJde the estimated average human burden
(S x 'o-ll ¢

curles) by the ertimsted amount in the blosphere (0.4 x 10° curle);

In this instence the average accumulation per person Is about lo°'7.
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Results of the tissue sampling programs for occupationally exposed
plutonium workers *has also given us the opportunity to compare the body
burden founded autopsy with that estimated during life on the basis of bio-
assay data. Almost wlthout exception, workers In the_USA and United Kingdom
have found less plutonium by a factor of approximately 10 at autopsy as com-
_pared with that amount predicted by bioassay data. Thus it wouid appear
that estimates of the body burden made during iife are conservative in that
they predict more plutonium than is actualiy present in the body. Because
s considerable amount of data on this subject Is now availiable, it might be
profitable for responsible persons in the radiation protection areas to
evaluate this finding in terms of current radlotlon protection practices and
guldes foliowed in the nuclear energy industry.

Recently several researchers have examined the United Kingdom experience
In terms of the medical aspects of radiolog’cal protection of workers handiing
plutonium. They conclude that the information to date cannot conclusively
show that the presently accepted working levels for plutonium are adequate but
they do allow for a certain amount of cautlous optimism. They also state,
"It Is true to say that after 30 years' experience in the USA and 22 vears'
In thls country, no disease attributable to plutonium toxicity has been
dlagnosed in any worker concerned in the production or manipulation of
plutonlum!xzs)

it Is Important to realize that none of the information presented in
thls paper means that we will never see an adverse biological effezt of plu-
tonlum In man. Nevertheless, the record of human experiance with plutonium
fo date Is reassuring in the sanse that the radiation protection standards
which have been followed for miny years are vary probably quite adequate and
do not misrepresent the potential risk by many ordars of magnitude, as has

been suggested.
18



TABLE |

BIOMEDICAL WORK RELATED TO MANHATTAN PROJECT

PLUTONIUM WORKERS

Medlcal Hlstory and Examination
Radlology

Karyology

Pulmonary Cytology

Urine Radlochemistry

Chest Counting (Uranium L X-Rays)
Blood Chemistry Profiles

Hematology




TABLE 11

LOS ALAMOS SCIENTIFIC LABORATORY

PLUTONIUM STUDY GROUPS

Group |
25 men exposed during 1944-1945
Perlodic biomedical follow-up for three decades

Reports available in Ilteratureb

Group 2

42 men also exposed during Manhattan Project

25 located and responded to questionnaires

Group 3

190 early and current plutonlum workers
175 identified by Soclal Security Number

2 ldentified by millitary service number

®manhattan Project Plutonium Workers

blnforoﬂcos 10-12



TABLE 111

PLUTONIUM SYSTEMIC BODY BURDEN ESTIMATES FOR SELECTED
MANHATTAN PROJECT PLUTONIUM WORKERS AT THREE DIFFERENT TiMES®

239-240p,, (1)

CASE CODE 1953 1962 1972
1 30-60 10 _ 210

3 8o 130 420

5 80 140 260

5 8o 140 180

6 I 7 70 1ho

7 60 . 8o 150

17 ko 90 130

'p.rsons with more than 120 nCl 239'z"c’l’u systemic burden

in 1972.



TABLE 1V

239-240p yToNIUM CONTENT OF TISSUES REMOVED

FROM CASE #2 IN MAY 1971

Wet Welght 239-2405; i onium
Tissue (9) dpm/g pCi/g
Lung 70.85 8.48 3.85°
Lymph node 1.25 451.00 205.00
Hamar toma 0.77 7.47 3.50
Rib 20.00 3.55 |;6|

.Contemporary level from weapons detonations is
about 0.0004 pCi/g.



L)

TABLE Vv

PLUTONIUM RECIPIENTS?

« Elghteen persons received plutonium in 1945 and 1946.
e Fifteen of the 18 were older than age 45.

« All but 2 given 239Pu; one recelved 238Pu only and

238 239, ,

one recelved Pu and

e Amounts ranged from 0.3 to “6 uCi (current maximum

permisslble occupational body burden is G.0L uCi)

« Dats from group provided basis for plutonium excretion

functions

238Pu and 0.12 uCi 239Pu and

e One male recefved 5.2 uCi
Pqu \ﬂ03)2. Later had total gastrectomy and splenectomy.

Died 21 years later of cardiovasculsr disease.

Some of original group still alive three decades later.

.l.foronco 17



TABLE Vi

CURRENT STATUS OF UNITED STATES TRANSURANIUM REGISTRY?

AUTOPSY

AEC WORKERS RECORD b A!TOPSY AUTOPSIES . REPORTS
CONTRACTOR IDENTIFIED  RELEASES AGREEMENTS PERFORMED ~ COMPLETED
Hanford 2199 2132 525 12 8
Los Alamos 259 259 127 1 0
Rocky Flats 1504 1489 167 30 21
Savannah River 1559 0 0 0 0
Mound Latoratory . 322 0 0 | ]
Oak Rldge 0 0 0 1 ]

.Reference 25

Bhealth Physics and Medical Records



TABLE Vil

INTERNAL PLUTONiUM DEPOSITIONS EXCEED!ING 25% OF THE
OCCUPATIONAL MAXIMUM PERMISSIBLE BODY BURDEN AMONG AEC CONTRACTOR

PERSONNEL DURING THE PERIOD 1957-1970

B8y % of Permisslible

By Year By Actlvity Body Burden
1957 12 Research 25 25 to 50% 118
1958 6 Production 109 50 to 75% 35
1959 10 Maintenance 17 75 to 1003 ~ 13
1960 10 Development b 100 to 200% 15
1961 16 Health Physics 18 200 to £00% 15
1962 20 Construction 2 500 to 1000% 7
1963 9 Analytical ]
1964 29 Recovery 5
1965 22 Unknown 22
1966 27
|567 10
1968 8 By Route of Entry By Therapy Employed
1969 6 Inhalation 131 Chelate 37
1970 3 Wound L8 Exclsion 21
7 s Both 8 Both 10
Total 203 Unknown 16 None 135




TABLE Viii

ROCKY FLATS 239Pu INHALATION EXPOSURES FROM

A SINGLE ACCIDENT®

NUNBER OF MULTIPLES OF OCCUPATIONAL MAXiMUM
WORKERS PERMISSIBLE LUNG BURDENS
| 17
| 10
| 7
3 3-5
19 | 1-2

.Roforence 3

Pperived MPLB Is 0.016 uCl



TABLE iX

GOTH PERCENTILE DISTRIBUTION OF PLUTONIUM IN HUMAN TiSSUE (1959-1971)

Plutonlum Dislntegrations per Minute per Kl logram

Lung Liver

Nonoccupatlonally Exposed:

Los Alamos 1.3 (51)? 11 (58)
New Mexico and U.S. 1.0 (76) 0.9 (73)
Colorado 0.5 (66) 1.7 1e0)
ew York 0.4k (26) 1.7 (26)
All Populations 0.8 (217) 1.4 (217)
Occupatlonally Exposed:c

Potentlal h.o (4b) 1.0 (41)
High Potential 100.0 (15) 100.0 (15)

Number of samples (In parentheses)

bSamples not requested

“Data cannot be compared as a group because of dlfferences In type and duration of exposure

Lymph Node Kidney
5.0 (52) 0.1 (54) 0.4 (35)
4.0 (66) 0.2 (66) 0.5 (&)
2.0 (46) 1.& (h5) 0.9 (65)
b b 2.0 (25)
3.0 (164) 0.6 (163) 0.6 (166)
15.0 (42) 0.1 (k2) 0.3 (25)
700.0 (%) 10.0 (13) 50.0 (11)



TABLE X

SOTH PERCENTILE DISTRIBUTION OF PLUTONIUM IN HUMAN TISSUE (1972-1973)

Plutonlum Disintegrations per Mirute per Kilogram

Lung

Nonoccupat fonally Exposed:

Los AIamos | 0.8 (8)®
New Mexico and U.S. 0.5 (i17)
Colorado 0.7 (29)
New York® 0.3 (34)
Savannah River 0.4 (20)
All copulatio.sd 0.6 (74)

2(n) number ot samples {In parentheses)

Llver Lymph Node
i.6 (5) 35 (&)
0.7 (10) 20 (i9)
1.8 (25) 15 (22)
1.k (31) c

1.2 (1) b (6)
1.5  (54) 25 (47)

bNew JYork data for 1972 include all data analyzed

cSeunp fes not requested

Kidney

0.2 (5)
1.2 (10)
3.0 (25)
C
2.2 (1)
1.5 (51)

dAll population data for 1972 do not Include the New York data analyzed during 1972

1.6
0.4
1.1
0.7
0.7
0.7

Vertebrae

(5)
(16)
(25)
(32)
(12)
(58)



TABLE XI

PLUTONIUM-239 IN MAN?

" Lung (1.0 kg)
Lymph (0.015 kg)
Liver (1.7 kg)
Kidney (0.3 kg)
Bone (5.0 kg)

Lung (1.0 kg)
Liver (1.7 kg)
Bone (5.0 kg)
Lymph (0.015 kg)

Colorado-New Mexico (1970-1971)

Concentration

(dpm/kg)

0.6 (96)°
5.0 (73)
1.8 (28)
11 (73)
0.6 (96)

Burden

(ei)
0.30
0.03
1.40
0.10
1.40

3.20

New York (1968)

0.4

2.0

0.20
1.30
4.50

6.00

Computed Burden

(pCl)

0.3
0.6
0.8

0.6
0.7
0.8
0.7

2.8

Speference 36

b

Number of samples {(In parenthases)



TABRLE XIi1
PLUTONIUM IN MAN FROM ATMOSPHERIC WUCLEAR WEAPONS TESTS

A. PLUTONIUM PRODUZED FROM ATHOSPHERIC WEAPOWS TESTS -0.5 MCi
8. PLUTONIUM NOW ON EARTH'S SURFACE “0.h MC!

C. PLUTONIUM IH CONTEMPORARY MAN

dpm- kg™ pCi-kg”! kg pCi-organ

Lung 0.8 0.4 “.0 0.4
Liver 1.4 0.6 1.7 1.9
Sone 0.6 0.} 10.C 3.0
Other - - - 0.6
Total 5.0 pCl

D. EACH PERSON ON EARTH ACCUMULATED AsouT 10~'"

oF 8

§:g¥JQ:!z Ci-person
0.4 x |06 Ci

8

E. ABOUT 10 - OF THE EARTH'S INVENTORY FOUND ITS WAY INTO

THE 3 x 107 PERSONS ON EARTH

(3 x 107 persons) (5 x 107!
0.h x |06 Ci

2 Cl-porson-|l




FOOTHOTE

'C. V. Oolphin, Hot Particlies, Mational Radliviogicel Protection Board,

Redloiogical Protection Bulletin 8, pp. 8-10, 1974,



. FIGURE LEGEKRDS _
Flg. | Original wooden D Bullding which housed the chemists and

metallurgists who worked with plutonlum at Los Alamos In

1944-45.

Flg. 2 Photomlcrograph of an autoradlograph of a lymph node section

removed from early Manhattan Project plutonlum worker (Case #2).

Flg. 3 a Photomicrograph of skin section removed from paimar surface
of plutonium worker's hand about four years after accldent.
b Photomicrograph of autoradiograph prepared from tissue

close to that shown In a.

Note for file copy:
Fig | = LASL neg. # 6163
Fig 2 = Med. Res. Lab neg #155-7]

Fig 3 = LASL neg # 63156
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