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Rlchmnd, C.-R. Current

htamlnatcd Pcoplo. Radl~t.

Abstract

SCatut of lnformstlon Obtalnod fmPlutonls

R.@s.

Thor. has bean no rocerdad Incldenca of cane.r or s.rlous biological

damag. In msn rcsultlng from occupatlon.al ●~sur.s to Internally doposicod

plutonlun. Howv@r, w must consldor tho rclatlvsly short elms tlnca

uposuro [n rncnm cas~s. Bacauso of Industrial sccldants In tirly Manhattan

ProJtict ●xposures, ● nurbtr of Indlvlduols Mva b.aon cxpos~d to plutonlm.

* havo mlntalnod multlplcs of thomaxi- parmisslbla body burden (WOO)

for ●lmost throa docadss. Although tho exact IOWIS of contaalnatlo-n ●rc

uncortaln, It Is cl.ar that this body of lnfor~:lon roprasontt ● valuablo

rosourco for study. Data hsvo bocIn roportod for spa~lflc groqs (llsnhattan

ProJcct workars), ●nd othor studl~s ●ro sccrulng dots for futuro uso ●s tha

populttlons aga, Anothor sourco of phrtlc(llarly valuable Information, 18

people who rcctlv~d plutonlum during th~ Iatc 1940’s, provldad tht basis of

tho hmn cxcr~tlon ●quatlons dorlvad by Lar,~ham. Tho lnJoctad Iovala r~nge

from akut 0.25 to about 5.8 mlcrocurl~s and, In on, casg, MS rctalrwd for

21 y.ars. OtFQr Information ●xlsts In tha form of vlrtu.ally thQ ●ntlrc

*rId’s population which hat ●ccwulatad plutonium, ●lthough S-OC

Intfflc!cntly, from detonations of nuclaar ~~,wns ●nd burn-up of om thcrm-

●lactrlc ganarator (plutonium 238) in tha ●trmsphoro. Inforwwtlon obcainod

from thas~ ●nd oth~r sourcas wiil b. s~rizcd (This ~rk is being par-

formcd undar tho ●uspices of th. U. S. Atmic Enargy Commission.)

K.oy words:

Plutonium

Rsn

Contamination

Internal unittcrs
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axcsllmt rtcord hat rosult~d frm ●ffwi!w control mosurss. Al itwgh

m ampesurot occurred JO years W, M must kcap in ●ind tha ralativo!y

stirt tlm since ●nposura for -ny of ths~ cases. Ttwrg hsm -n ● roaton-

●blQ nubor of individuals ●x@sod to quantltiaa of plutonitm ●t or n.mr tha

Mximm pomlsslblo lung or body burtin. Altho~h the axact Iavols of

Internal contamination ●ro mccrtain, it, is clear th.st this body of in forma-

tim raPrOS@nt S ● valuablo ramurca for currant ●nd future gt~, - wrk
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h - * on spwlflc groupt ●nd othar srudlas ●rt In tha process of

~thorlng mrtlnmtt &t@ for future w. ●s thtm populttlons ago.

kotlw sourco of Informtloa on tho affects (or lack threof) Is ●

t- of P.r~9 * r@calWd p~utonl- during tk mid-1940’s. Th.sa ●rc

particularly Intarostlng ●s titt ●ccr~d for thoso pormns pmvldod the basis

for tha hmsn ucratlon ~uatlons dcrlvod by Langham ●t Los Alms. In ●ddl-

tlon, NM Injgcwd Iovsls wra roambly high ●nd rotaln~d In MO caso for

21 yoarsf StIll motkr 8wrca of Infamtion cxlsts in ttw fomof vlrtu-

●!ly ttta cntlro -rId’s populatlm, which has ●cc~latod plutoni~, ●lthough

rather l~fflclmtly, frm pmvlous ●nd present ●tmspharlc dctormtlons of

Weloar -pats. Past and currant ●utopsy programs Involvlng both occupa-

tlmally and nonwccupatlomlly c.posod parsons wIII ●lso furnish useful

Irtfo_tlmon tha uptako and c.oncontratlon of plu!mlm in various My

tlssbm. T’1’M80dat& provlda us with sw Insight on the ●fficimcy of tfw

h or~nism for incorporating plutonim andon its distribution ●mng

body tisswso ITI tha cm. of occupational axposurcs, this data has. will

alm ●!lw U* to Am ~risons of tha body burdm with ●stlmatos based on

of tha subjects in quastion.

with you is that M have not obscrvad

mm from occupational ●xpesurc to

plutooitmo Th* naxt logical qu9stion is, “~ & you mow,” or l’IMVC you

imhd.” u, hW@ indeed

~vw, I uould Ilka to

charful ●s that thought

-Id hattm to add that

Iookad ●nd tha racord to dato is quits reassuring.

poll~t out that thg ~st is not ●lways prologue,

might bo. Although tho final ●nsmrs ●rc not in, I

wa nm hmo inforuwtion on pcopla +ich has

spanned ●lmst thrao decades so that ths ●rgunmnt of latmcy for certain

Ists affects (tmw long doaz It mko to produco ● tumr) is losing impact
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In ●t least srn of the cases I will discuss.

.

WMAITAN PROJECT EXPOSURES

SInca tha dlscovary of plutonitma ovar thrae decades ●go, (1) Sm

~rsonnol sxposuras have occurred. Some have bean studied ●nd reported on

In varying dograc, both during Iifs ●nd ●fter dtath. (2-9) On@ of the most

Interesting groups, because of both tima sinco ●xposuro ●nd Iaval of exposure,

Is that of th Manhattan ProJcct plutonitnnwrkcrs.
(10)

Twenty-fivo male subJccts whoworksd with plutonlwn during World War II

-dor vary crud. working conditions, ●s Judgad by today’s standards, have

- follouod madically for the intorvaning years. Within the past saveral

years, 21 of thosa mon havo boon .xaminod ●t tho Los Alwnos Scientific

Laboratory. in sddltion to physical ,~minations and laboratory studios

(qloto blood count, urina chcmlstry profilas ●nd urino ●nalysis),

fwntganograms woro tak~n of tho chest, polvls, knco and taoth. Chromsomms

of lymphocyt~s culturad from pcrIphsral blood ●nd COIIS shad from the pulmm-

sry tract war. ●lso studied. Urina spocimns ●srnayod for plutonium yioldod

calculated body burdens which ranged from 0.005 to 0.42 uC1. Thosa cstlmstss

of body burdan, on tho ●v~raga, ●rc higher than csrlior cstimatos based on

radloassay of urlna samples collcctad in the past, parhaps rgflactlng un-

c.ortalntim in tho mod.

T#blo I indlcatas tha k

j-t plutonium workars.

s used to cstimsta body burdan from mcrotion data.

nds of information obtained from tho Manhattan Pro-

Host, but not ●ll, of thoso tssts hav~ bacn conducted

●mry four to flvo years sinca tha group has boon studied. This ●ppaars to be

a v8ry healthy group of mm in thair early to mid-flftias. Thorc ●ro rtc ●dverso

biological effects that havo been detcctcd that can be ●ttributed to the

radistlon ●xposure. Except for the ailnmnts that on, vmuld ●xpect in ●

~roupof mcn of this ●ge, ●l! subJects ●xamined w~re in runwrkably good
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health. One man had a coronary occlusirn but had recovered and was well

compensated, and another of the original group died in 1959 of a coronary

●t ege 38. Another had a harmartoma of the lung surgically rerrwed without

COmPllcatlon in 1971. A third had a melanonxs of the chest wall (regional

lymph nodes were negative). A fourth had a partial gastrectomy free-bleeding

ulcer. Several had mild hypertension ●nd mderate obesity and one had gout.

All nwm were actively working, mostly ●s successful executives. Here detailed

Information on this particular group of workers has been published.
(II-12)

It 1s Important to realize that these men mrked under very crude working

conditions as judged by today’s standards. Figure 1 shows the building in

which these men worked In 1944 ●nd 1945 ●s part of the program to make the

first nuclear weapons. I can assure you that there Is probably ● factor of

115,000 between safety constraints In this building ●nd thoso nmdern facll-

Itl@s now ussd for working with plutonlum. Things hava changed quite drama-

tically with the goal of provldlng more protection for the mrkar ●nd more

canplata containment of the plutonium wlthln the facility. Tho health protec-

tion record of plutonlum wrkers has been qu!te good ●nd 1 think It Is clear

that If w. stick to our controls ●nd regulations ●s regard plutonium, we

not dcstlned to repeat the kinds of things that happened with the USQ of

radium ●arllcr In this century.

Tablo II shows tho current status of several LASL plutonium study

groups. Group 2, which Is now In the early stages of study, wIII expand

size of the original cohort Dy perhaps 40 people. Twenty-five of the 40

● re

the

men

who havo bean Identlflsd have bean located ●nd have responded to quastion-

nalres. Groups ! ●nd 2 collectively reprasent the creme de la creme of the

Mrly plutonium exposures. Once ●gain, these ●re ●xtremely Important subjects

to study intensively ●s ●pproximately three decades have ●lapsed since their
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exposures. Group 3 will Include a larger spectrumof exposures including

mre recent accid~nts ●nd exposures to p{utonium 238. All are estimated to

have systemic piutonium burdens of 4 or rmre ne~~uries. Tabie Ili shows

the current systemic body burden estinwites based on urine excretion for some

of the nmn in the tlanhattan Project plutonium kmrker group. Only those with

mre than three maximum permissible body burdens (or 120 nCi) in i972 are

Shcwn . Again, the original exposures were in the eeriy 1940’s so that Case 3,

who now has ●pproximately 10 times the ●ll”,wable occupational bone burden,

has carried this estimated 410 nCi of plutonium for approximately three

decades. The selected cases shown in Table Ill represent systemic plutoniun

burdens ranging from 0.13 to 0.42 uCi, which corre~pond to ●nnual bone doses

of ●pproximately 2 to 6 rad. I won’t dwell on the earlier ●stimates for 1953

●nd 1962 other than to point out that these are somwhat uncert~in. The rmdel

that is used to estimate body burden from the urine analysis data does contain

som uncertainty
(13)

and cannot be ●pplied accurately to each individual. it

is ●lso true that som of the body burden estinutes ● re based on relatively

few data points. Table iV contains information which is detailed in an

earlier publication.
(lo) The data ●re for the plutonium 239-240 content for

soma tissues that were removed from Case 2 who developed a non-~llgnant growth

(hamarroma) in the lung. This particular medical condition, which was found

●s part u? the rmdical follow-up study, afforded an opportunity

- hmartoma tissue, lymph node tissue, rib tissue ●nd normal

for radiochemical analyses.

Tho concentration of 239-240p,uton

tha tumor ●nd normai iung tissue. The

to.obtain

lung tissue

um was approximately the same in both

owest plutoniun concentration was

found in ● rib sample ●nd the highest in the lymph node t

with experimental findings in dogs exposed to plutoniun d

8
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If one assumes a total lung, weight of 1000 grams, a respiratory lymph node

weight of 20 grams, and a honmgeneous distribution of plutonium throughout

these tissues, the total plutonitun burden is approximately 8 nCl, roughly

equally divided between the lung and lymph node. Estimates of the chest

burden of plutonium in Case 2, based on chest counting procedures, are in

reasonable agreement (a factor of about 2) with the estimate based on extra-

polation from

Figure 2

particle in a

analysls of lung and lymph

Is a photomicrograph of an

1yfi

tlons of other p’

suggested a ven

particles. Atta

ph node section removed

node tissue.

autoradiograph

from Case 2 In

of a plutonium

Hay 1971. Observa-

utonlum particles in the lymph node tissue ●xamined

non-uniform radiation dose distribution from the plutonium

pts have been made to ●stimate the ntier of particles in-

haled by the Manhattan Project plutonium workers. By making certain assump-

tlo:~s for the mass median diameter, geometric standard deviation of the

dlstrlbutlon and the particle density, one can show that the mass fraction

for plutonium dioxide particles larger than 0.6mlcron diameter In the distri-

bution Is approximately 15%. Further calculations Indicate that approximately

107 particles larger than 0.6 micron diameter could have been retained by the

(14) [f the lung cancer25 subJects during their exposures in 1944 and 1945.

-4
risk for such “hot particles” were 5 x 10 per particle, as suggested by

the National Resources Defense Council Report, (15) then the 107 particles

should yield about 5000 lung cancers For this group of men.
.

The observed

lung cancer incidence after almost 30 ywrs since exposures Is zero.

PLUTONIUH ADMINISTRATION STUDIES IN HUMAN SUBJECTS

In ●n ●ttempt to determine relationships between urinary mcretion,

total excretion, and body content of p!utonlum, 18 persons received plutonium

parentally in 1945 and 1946.(16-17) Fifteen of the 18were older than age 45,

9



and all but two of the 18 were given
239 Pu only (one received 238Pu and

239Pu and another received only 238PU) . The anmunts of plutonium administered

ranged from about 0.3 to about 6 uCi. For comparison, the current occupa-

239PU is 0.04 ~ci.tlona! maximum permissible body burden for

Although ~hese subjects were thought to be hopelessly Ill, four of the

group were alive In Novcrnber 1973, alnmst three decades after receiving the

plutonium. Excretion data from some of the survivors was presented earner

’18) This particular situation represents the uniqueat this symposium.

opportunity to check on the valldity of the excretion data ●quations that are

used currently by radiation protectionists to ●stimate body burdens. It Is

of considerable interest that much of the data used to establish the excre-

tion equations came originally from this group of 18 subjects during the

relatlvel~ short time (several nmnths in most cases) they were studied. To

establish the unique excretion curves,

over ● five.-nmnth period from three of

excretion data from severai Los Alamos

300 days and one for about 1700 days.

Langham used additional data obtained

the plutonium recipients and additional

occupational exposure cases for about

These retention equations have proved

wttremely useful for over several decades and appear to be somewhat conserva-

tive in most instances when estimated body burdens can be checked with data

(16) Langham andebtalned at postmortem. When lnitiaily reported in 1950,

coworkers reported, “Admittedly the observations made during this study pro-

vide no evidence of what may happen in 10-30 years. it mi~y 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 microgram of plutonium was

without acute subjective or objective clinical effects.’”

One of the original i8 plutonium recipients is of particular interest.

He was a white 58 year old male who was suff~ring from gastrI~ carcinoma and

10
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238pu and 0.12 vCigastrointestinal henmrrhage when he received 5.19 vCi of

239Pu as PU02(N03)2 by intravenous injection on 14 flay 1945.of He later

received a total gastrectomy and a splenectoary but did not die until

9 January 1966, some 21 years later, from cardiovascular dise~ise. We can

obtain a very rough ●stimate of the bone dose by assming 40% deposition In

“the “skeletal tissues with no subsequent loss. Under chzse circumstances,

the skeletal dose over the 21-year period would be approximately 900 rad.

. The annual dose rate to the skeletal tissues would be approximately 40 rad,

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

0.6 rad delivered by the maximum occupational bone burden of ~0 nCi of 239Pu.
.

u. s. TmwmANIuH REGlsTRy (USTR)

. During” the sutmner of 1968, the United States Atomic Energy Commission

●uthorized the ●stablishnnmt of the Nationai Plutonium Registry which was

later re~med as the United States Transuranlum Registry. The Registry is

part of the organizational structure of the Hanford Environmental Health

Foundation in Hanford, Washington, and functi~)ns as a reposito~ for all

pertinent available information that may be used to identify any radiation

hazard to the wrker that may exist from exposure to transuranium elements.
(19-21)

Najor AEC contractors and some licensees using plutonium and other transuran-

Iun elements have agreed to endorse the program and to recormnend that their

●ffected employees support this program. Cooperation with the USTR is

cmpletely voluntary on an individual basis and Includes reiease of medical

●nd health physics data. Permission is also obtained on a voluntary basis

for postamrtem analyses of certain organs.

The employees renuiin under the health physics and medical programs of

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

●ssumes responsibility lf t!x ---’_...ayeeee has authorized postnmrtem examination.

II



The mjor criterion used by the USTR to determine inclusion of an

Individual Into tife Registry is as follows: persons for whom the employer

has pro’:ided a routine surveillance program because of a reasonable probabil-

ity that a deposition

the differev; methods

urine analysis, chest

could occur. This rather broad crltcrion allows for

used to estimate the extent of contamination (e.g.,

counting, or air concentration data) and for uncertain-

ties IJI estimating burdens under certain conditions (e.g., chronic inhalation

of insoluble plutonium). !t also remves the emphasis on the larger contam-

ination cases.

At autopsy, comparisons can be made

based upon tissue analyses and estimates

health physics and operational data. In

between estimates of the body burden

made previously on the basis of

addition to a medical history of a

disease or abnormal condltlons, employees can often provide information on

their work history, smoking habits , exposure to toxic 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 US7R appear in the proceedings of the 12th Hanford Bioiogy Symposium.
(22)

To date, information obtained by the USTR indicates that estimates of the

plutonium systemic burden based on urine analysis have been on the conserva-

tive side, that is, higher than those estimates based on analysis of tissue

obtained at autopsy.
(22)

Workers in the United Kingdom have also found this

to be true. (23) in addition, the USTR reports that, “to our knowledge, no

anployee has ●ver sustained serious harmfui effects due to the Internal

deposition of any of the transuranlum elements. ,,(24)

12



Table VI i IIcates the status of theUSTR as of June 1974. To date,

mst of the USTR activities have been confined to Hanford. Los Alarms, and

Rocky Flats. The interested reader Is directed to a recent USTR publication

for details of the ievei of cmperation between the USTR and the other AEC

contractors shown

A considerab’

.’

in Table Vi.

e amount of

(25)

ACCiDENT CASES

information has been obtained from acc dental

occupational exposures to piutonium. However, the total number of accident

cases has been relatively smail. Information obtained from the AEC’S Divi-

sion of Operatlonai Safety as shown in Table Vii indicates that during the

period i957 to 1970 there have been on the order of 200 contractor personnei

exposed to 25% or more of the maximum permissible body burden (MPBB) for

plutonium. These data aiso indicate that inhalation is the mJor portal of

ent~ and that more than haif the exposure cases represent piutonium burdens

that are iess than 50% of the HPBB. Table Vii also shows that of the 203

accidental depositions, approximately 18% were treated by chelation therapy

●nd 54% were related to production activities. Eighteen percent of the 203

exposures shown in Table Vii were associated with plutonium activities

greater than one occupational permissible body burden. it may bs instructive

to look at a specific instance of an industrial accident which was reported

in the open literature. A fire in a piutonium fabrication piant re~uited in

● large-scaie spread of plutonium oxide on October 15, i965. (3) Foi lowing the

●ccident, the Rocky Fiats body counter was used to measure the plutonium in

the lungs of aii employees working in the area at the time of the accident.

Of the approximately 400 employees counted, 25 were found to have enough

plutonlum In their !ungs to deiiver a dose of 15 rem/year or greater. These

data are shown in Table Viii. Estimates of the plutonium were obtained by

13



using two scintillation detectors placed in

A 60 KEV photon peak from
24 I

Am was used.

released during the fire was determined and

contact with the subJect’s chest.

The 241 An.content of the material

the anmunt of plutonium in the

subJects was the~l determined from calibrations done on a chest phantom

containing material with a similar
241

Am to 239Pu ratio.

The plutonlum consisted of “high fired” PU02 and particle size measure-

&nts made on air samples collected after the fire indicated a mass median

diameter of 0.32 microns with a geometric devlatIon of 1.83. On the average,

●bout 30% of the material Initially deposited in the lungs was cleared in two

to three nmnths. Subsequent lung measurements Indicate a much slower clear-

●rice. All of the 25 individuals shown In Table Vlll have one or nmrc maximum

permissible lung burdens for occupational workers. The quantities of pluton-

tum for this group of 25 individuals range from 16 to272 nCI. It Is not

clear how many Individuals received measurable body burdens less than 16 nCl

239pum Hopefully, these cases will ultimately be studled by the U. S.

Transuranium Registry. One would also think that this particular cohort of

Indlvlduals should be carefully studied and followed throughout their lives

In ● manner similar to the Manhattan ProJect workers mentioned earlier.

Another example of accidental ●xposure of workers Is of Intarest because

23*Pu ‘2) This particular evaluation deals withthe Isotope involved was .

three personnel who were contaminated as a result of an ●xploslon Inside a

glove box ● t Mound Laboratory which resulted In slgnlflcant Inhalation

exposures. Chest counting measurements made at another laboratory Indicated

that the employees had lung burdens of 134, 141, and 91 nC1. Radlochemlcal

●nalysis of urine samples obtained from these three lndlvIduals during the

first half-year followlng exposure suggested ellmlnatlon patterns which

dlffared from those observed followlng previous inhalation exposures to 238pum

14



The long-term systemic body burdens were ●stimated to be 290, 210, and 30 nCi.

.

Because of the is;tope’invoived and the relatively high levels of contamina-

tion, these individuals might also represent useful additions to long-term

biomedical follow-up investigations.
.

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

produced in man by plutonium. The lesion was first described in the open

’26) and was also included with other infor-llterature mre than ten years ago

nwtion on plutonium wourls at a later time.
(4)

The radiation dose around the

plutonlum implanted In the palmar skin was estimated to be 75 miliion rads.

However, this kind of dose estimate is probably meaningless as we do not know

which cells were exposed or for what time periods. The entIre lesion was

‘5 ~3. The author stated,very small, being on the order of 2.8 x 10

“Although no malignancies of the skin of man have ●ver been shown autoradlo-

graphically to be associated with such alpha-emitting foreign bodias, the

changes here would seem to indicate that the development of such ● itision is

possible.” The lesion is shown in Figure 3. The 5 nCi particle of p~wonlurn

was surgically excised from the Individual’s palm ●pproximately four years

●fter the ●ccident. The pathologist involved In the study carefully described

the call changes as having “a similarity to known precancerous epidermal

cytologic changes.
,,(26) Moro recently, Tamplln ●nd Cochran correctly

●cknowledged this wording when they first refar to it in thalr report. How-

●ver, ●s pointed out by Dr. Dolphin’, in the second refarmtce the wording is

●ltered slightly to “pre-cancarous changes In human tissue,” ●nd in tha third

rofarance ●nether word change Is mada ●nd It beuomas “partlclo inductd

c4ncar. ,,(15) This particular laslon ●ppears to ba ●bout tha most savera

Insult that w. havo scan to date In tarms of potantial horm to man from plutonium,
.

15



TISSUE ANALYSIS PROGRAMS

For many years the Los Alamos Scientific Laboratory (27) and several

other AEC contractor laboratories
(28-31)

have conducted tissue analysls

programs to determine plutonium levels In various tissues of the both

exposed occupational personnei and in individuals of the general population

who are not engaged in vmrk with piutonium. These programs were started in

the 1940’s in the Hanford complex ●nd at the Los Alamos Scientific Laboratory.

One report contains information on approximately 350 autopsies.
(28)

Other

reports from the~e and other groups are availabie.
(32-34)

Table iX shows

plutonium concentrations as determined for lung, liver, lymph nodes, k!dney,

●nd bone for the period i959-1971 for non-occupationally ●xposed persons from

several parts of the United States ●nd for occupationally exposed persons. (35)

Oata for the plutonium concentration of gonadal tissuaxhlch ●ppears in the

original publication is not Includad in Tabla IX, ●s ●rrors ●ssoclatod with ●

change in tho ●nalytical procoduras wore dstccteti by tha ●uthors subsaquont

to Its original publication. Slmllar data shown In Tablo X hava bean ob-

tained for non-occupationally ●xposcd pormns ●nd roprosont ●nalysas mad,

during tho parlod 1972-1973.(35) Tho •wrs~~ lung concsntratlon for tha data

shown in Table X is about 0.3 pCi for ● 1000 gram lung, and th Imt, nods

concentration is ●bout II DCi/kg. No s~cisl concantrstion of plutonltm in

gonadal tissuo has boon obtarvod ;n this particular study. Facant

of tho gonadsl dots suggast plutonlum c~ncontrations of ●bout 0,1~

for non-occupationally ●xposod p,rsons.

~n41y9is

PC i /kg

Thoh[ghar plutoniwn concontratl~s ●nd l~h node tlssw In Tablo X

as comparad wi:h thost in Tablo IX for non-occupationally upomd individuals

●rc not thought to roprosant real incraasos, but rathar an i~r~nt In

tho dlssoction technlquos us~d to so~rtito !p~h mda tlssw f- l-,



The AEC’S Health and Safety Laboratory (HASL) recently has used

informtlon obtained from the International Conrnlssion on Radlologlcal

ProtectIon to nmdel the intake ●nd body burden from fallout plutonlwn and

to astimate the radiation dose to mm from this source.
(36)

The cmulatlvo

#
t ‘ lung and bone dose for the period 1954-2000 is 16 and 34 mrem raspectIvaly.

The HASL group has also compared the body burden based on their nmdel with

:hat ●ctually obtained from the tissue sampling

between the Colorado-New Hex!co tissue data ●nd

shown In Table Xl for 1970-197

New York tissue samp

fact that enly ●bout

Plutonlun Is pr~

Ing data

24 ●utops

sant In ●

IS quite good.

programs. Tha ●greemnt

the model prtdlctlons ●s

The coaqmrison based on the

s not ●s good ●nd probably represents tho

●s wcro Included In tho analysls.

..trenwly smsll quantltltos In various organs

of contemporary hmsns. Although wmt of tho plutonlun was producsd from

●tmsphorlc testing of nuclear weapons by sovoral countrlas prior to tha

1963 Ilmltad test traaty ban, sores nwtarial from contemporary ●tmnsphtrlc

ueopons tostlng by Franca and tho Pooplo’s Republlc of China ●dds to sha

totsl hwnan burdan. Tho current lung burdat cctlmstod for parsons In tho

Lhltod Statas Is ●bout 0.3 PC;, 2J9’2b0Pu, ●nd ● very rough ●stlwtt Of th.

total -unt In eho kody Is perhaps 5 pCl as s- In Tablo X11. Cs\.matas

Of tho total amunt of plutonlw producod vla nuclaar weapons tcstlngs vary,

but ● WIW of ●bout 0.$ mogacurlo probably Is qulta rossonabla. If, of this

~t, 0.4 -gacurlo b~ raturnod to the blosphar~, then very Ilttlo (about

10-’) M found Its sw Into tho earth’s populaclon (j a 10’ p~plo). -thar

w of Iooklng ●t this Is to sl~ly dlvlde the ●stlmatod ●voraga hmon burd.n

($ a 10-’2 curios) by the wclmotod amunt In the blosphero (0.4 a 10’ curio);

In this Instonco tlw wor~accwlatlon por parson Is ●bout 10-17.



Rasults of the tissue sampllng progrems for occupationally ●xposed

plutonim workers-has ●lso given us the opportunity to compare the body

burdan founded ●utopsy with that estimated during Ilfe on the basis of bio-

●SSay data. Almuxt wittmuc exception, -rkers in the USA and United Kingdom

have found less plutonium by ● factor of appro~[irrately iO at autopsy as com-

pared with that ●nmunt predicted by bioassay data. Thus it wouid appear

that ●stlmstes of the body burden nwde during iife are conservative in that

they predict nmre plutonium than is ●ctualiy present in the body. Because

● considerable amount of data on this subject is now avai iable, it might be

profitable for responsible persons in the radiation protection areas to

●valuato this finding in terms of current radiation protection practices and

guides foiiowd in tho nuclear energy

Rccontly several researchers have

in terms of tho rnadical ●spects of rad

plutonium. They concludo that the inl

show that tho prasontly ●ccept.d work

thay do ●now for ● ~ortaln ●nnunt of

ndustry.

examined the United Kingdom experience

olog’~ai protection of workers handling

_rmatlon to date cannot conclusively

ng ieveis for piutonlum ●re ●dequate but

cautious optlmlsmo They ●lso state,

“It is truo to say that ●fter 30 years’ cxperionca in tha USA ●nd 22 yaars’

in this country, no discasa ●ttributable to plutonlum toxicity has bean

diagnosod in ●ny workar concornad In tho production or manipulation of

,,(23)plutonium.
.

It is important to raaiiza that nona of tha information pr-s,ntod in

this pap~r maans that wa will novcr saa ●n ●dvers~ biological affact of plu-

tonim In man. Navarthai@ss, tha record of human cxporinnca with plutonium

to dote Is raassurlng in thg slnsa that tha radiation prot~ction standards

filch hava bgon follwad for nvlny years ●rc vary probably qulta ●daquat~ ●nd

do not misroprosant tho potmtial risk by many ordaru of magnitude, as has

boon augg.,tad.



TAbLE I

BIOMEDICAL WORK RELATED TO NANHAllAN PROJECT

PLUTONIUM WORKERS

Medical History and Examination

Radiology

Karyology

Pulnmary Cytology

Urine Radlochemistry

Chest Counting (Uranium L X-Rays)

Blood Chemistry Profiles

Hematology



TABLE II

LOS ALAHOS SCIENTIFIC LABORATORY

PLUTONIUII STUDY GROUPS

25 men exposed during 1944-1945

Periodic biomedical follow-up for three decades

Reports available in literature

men ●lso ●xPosed during Manhattan Project

located and rasponded to questionnaires

Igo sarly ●nd current plutonium wrkers

175 Idontifiod by Social Security Numbar

2 Idontifisd by miIitary nervico nwnhr

.

8
Mnhattsn ProJoct Plutoniun Uorkort

bR9foronccs 10-12

,

i
t

.
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TABLE 1:1 .

PLUTONIUM SYSTEMIC BODY BURDEN ESTIMATES FOR SELECTED

MANHATTAN PROJECT PLUTONIUtl WORKERS AT THREE DIFFERENT TIHESa

.

,. .

.

239-240pu (nci)

CASE CODE 1953 1962 1972

1 30-6o 10 210

3 80 130 420

h ‘M 140 260

5 80 140 180
.e

6 60 70 140

7 60 , 80 150

17 40 90 130

239-240PU sy~tmic burden●pmsons wlthmre tlm 120 nCI

In 1972.

b



TABLE IV

23g-240pLUTONlUM CONTENT OF TISSUES REMOVED

FROH CASE #2 IN MAY 1971

Wet Weight
239-240 Plutonium

Tissue ~- -

Lung 70.85 8.48 3.8P

Lymph node 1.25 451.00 205.00

Hanwirtoma 0.77 7.47 3.40

Rib 20.00 3*55 1.61

aContemporary level from weapons detonations is
●bout 0.0004 pci/g.



TABLE V
.

PLUTONIUM RECIPIENTSa

● E[ghteen persons received plutonium in 1945 and i946.

● Fifteen of the i8 were older than age 45.

● All but 2 given 239 Pu; one received
238

Pu only and

238Pu and 239PUreceived

● tiunts ranged from-0.3 to ‘6 vCi (current maximum

permissible occupational body burden is G.04 uCi)

● Oats from group provided basis for plutonium excretion

functions

238pu and 0.12 IJCi
● One male received 5.2 uCi 239Pu ●nd

PU02 @03)2. Later had total gastrectomry and splenectomy.

Oiod 21 years later of mrdiovasculr.r disease.

. Sum of originai group still ●live three d-cades Iatsr.

●bforanco 17



.

TABLE VI

CURRENT STATUS OF UNITED STATES TRANSURANIUM REGISTRYa

..

AU.OPSY
AEC WORKERS RECORD AUTOPSY AuTOPSIES REPORTS

CONTRACTOR IDENTIFIED RELEASESb AGREEMENTS PERFORMED COMPLETED

Hanford 2199 2132 525 12 8

Los Alamos 259 2>9 127 1 0

Rocky Flats I 504 1489 167 30 21

Savannah River 1559 0 0 0 0

Hound Laboratory 322 0 0 1 1

Oak Ridge ,0 0 0 1 1

●Reference 25

b
Haalth Physics and Medical Records



TABLE Vll

INTERNAL PLUTONIIM DEPOSITIONS EXCEEDING 25% OF THE

OCCUPATIONAL PIAXINUfl PERMISSIBLE BODY BURDEN AMONG AEC CONTRACTOR

PERSONNEL DURING THE PERIOD 1957-1970

By %of Permissible
By Year By P.ctlvlty ~dy Buiden

1957 12

1958 6

1959 10

1960 10

1961 16

1962 20

1963 9

1964 29

196S 22

1966 27

lg67 10

Research

Production

Maintenance

Development

Health Physics

Construction

Analytical

Recovery

Unknown

25 25 tO 50% 118

109 50 to 75% 35

17 75 to 100% ‘ 13

4 100 to 200% i5

18 200 to ::00% 15

2 500 to 1000% 7

I

5

22

1968 .8 By Route of Entry dy Therapy Employed

1969 6
Inhalation 131 , Chelate 37

1970 3
Wound 48 Excision 21

?7 15 Both 8 Both 10.

Total 203 Unknown 16 None 135



TABLE Vlll

239PU [N~LATION EXPOSURES FROMROCKY FLATS

A’ SINGLE ACCIDEN~

NUMBER OF MULTIPLES OF OCCUPATIONAL NAXlt4Utl

WRKERS PERMISSIBLE LUNG BURDENS

I

I

1

3

19

17

10

7

3-5

1-2

●Reference 3

bDorIvad MPLB Is 0.016 IJCI

.
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TABLE IX

50TH PERCENTILE DISTRIBUTION OF pLUTONIW IN HUWTISSM (1959= 197~)

Plutonim Disintegrations pe r Hi nute per Ki Ioqran

Lum Liver LymPh Node Kidney

Nonoccupationally Exposed:

Los Alam~ 1.3 (57)2

New Mexice and U.S. 1.0 (76)

Colorado 0.5 (66)

iiew York Gob (26)

All Populations 0.8 (2!7)

Occupationally Exposed:c

Potent Ial 4.0 (44)

High Potential 100.0 (15)

aNumber of sa~les (In parentheses)

b
Samples not requeste~

1.1 (58) 5.0 (52) 0.1 (54) O.h (35)

0.9 (73) 4.0 (66) 0.2 (66) 0.5 (41)

1.7 (be) 2.0 (46j 1.4 (45) 0.9 (65)

1.7 (26) b b 2.0 {25)

1.4 (217) 3.0 (164) 0.6 (163) 0.6 (166)

1.0 (41) 15.0 (42) 0.1 (42) 0=3 (25)

100.0 (15) 700.0 (:1) 10.0 (13) W.o (11)

b

cOata cannot be ~ared ●s a group because of differences In type and duration of expxwre

-, .

.D



TABLE X

50TH PERCENTILE DISTRIWTIONOF PLUTONIUM IN WTISSJJE (1972-1.973)

Nonoccupatfmally Exposed:

Los Al aams

New Ilexlco and U.S.

Colorado

New Yorkb

Savannah River

All populatio, }sd

Plutonim Disinteqraticms per Hirute per Kilogrm
Lmq Liver L- Wxk Ki&q Vertebr8e

0.8 (8)= 1.6 (5) 35 (4) 0.2 (5) 1.6 (5)

0.4 (i7) 0.7 (io) 20 (i5) 1.2 (lo) 0.4 (16)

0.7 (29) i.8 (25) 15 (22) 3.0 (2s) 1.1 (25)

0.3 (34) 1.4 (31) c c 0.7 (32)

0.4 (20) 1.2 (14) 40 (6) 2.2 (11) 0.7 (12)

0.6 (74) 1.5 (%) 25 (47) 1.5 (51) 0.7 (5W

a(n) nunberot sa~ies (in parentheses)

b
New,York data for i972 include all data anaiyzd

CSaupies not requested

‘All population data for 1972 do not incluie~ti -York data analyzed during 1972



TABLE Xl

PLUTONl Ut+239 IN MAtia

. .

Lung (1.0 kg)

Lymph (0.015 ky)

Llvor (1.7 kg)

Kldnay (0.3 kg)

Bona (5.0 kg)

Colorado-?Jew flexlco (1970-1971)

Concentration Burden Computed Burden
(dpm/kq) w (pCl)

0.6 (96)b 0.30 0.3

5*O (73) 0.03 0.6

1.8 (88) 1.40 0.8

I*1 (73) 0.10 .

0.6 (96) 1.40 0.9

Lung (1.0 kg)-

Llvcr (1.7kg)

Bona (5,0 kg)

Lymph (0.015 kg)

0.4

1. 7

2.0

.

3.20

Now York (1968)

0.20

1.30

4.50

.

6.oo

2.6

0.6

0.7

0,0

0.7
—

2.8

●Roforonca 36

bNunbor of samplg? (In parcnth~sas)



TAa[ XII

MUTONIIM IN RAN FROII ATI@SPHCRIC UUCLEAA U’EAPmS TCSTS

A. PLUTONIUM PRODUtED FROM ATWSPHCRIC wMPWS TCSTS ‘0. S Ml

S. PLUTONIUM NOW OM EARTH’S SURfACt “O*4 MCI

c. PLUTONIM IN CONTEHFOMRY RAN

dpm “kg-i pci”kQ-’ kg ~

Lwtg 0.0 0.4 ‘.0 0.4

Llvcr 1.4 0.6 1.7 1.0

BOm 0.6 0.3 10.(1 3.0

Othar - . . O.c

Total -5.0 pcl

D. RACH PERSON ON EARTH ACCUMUIATEO ABOUT 10-’;’ 0? o

5~lo ’12 Cl*Mrson-l

0.4 x 106 c1

[. ABOUT 10
“8

OF THE EARTH’S INVENTORY FOUHD ITS UAY INTO

?HE J X 109 PERSONS ON EARTH

o F 1Q9 persons) (5
~ ,#2

Cl*pOrson
-1

0.4 x 106 c1





. FIGURE LEGENDS

Pig. I Orlglrml modon O Oulldlngwhlch housad tho chunlsts ●nd

-tallurglsts who uorkod with plutonlum ●t Los Alarm In
.

1944-45.

rig. 2 Pbtunlcrograph of an ●utoradlograph of ● lymph node scctIon

rrnvod from ●arly Mnhattan Projoct plutonlumworkcr (Caso f12).

Flgo 3 ~ PbtmIcrograph of skin soctlon rcmvcd from pal-r surfaco

of plutonlum Works* hand about four years ●fter ●ccldmt.

Q Ptmtomlcrograph of ●toradlograph proparod from tlssua

clo8a to that shown In ~.

Not. for file copy:

flg 1 - LASL neg. # 6163

FIg 2= Had. Res. Lab neg #155-71

flg 3- LASL ntg # 63156
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