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BIOMEDI CAL FOLLOW-UP OF THE MANHATTANPROJECT PLUTONIUMWORKERS

L, H. Hempelmann

Strong Nemorial Hospital, University of Rocheator, Rochester, Now York

W. H. Langham (deceased) , G. L. Voelz, aIid C. R. Richmond

Health Division, Los Alamcw Scientific Laboratory
U1]ivereityof California, Loo Alamos, New MQxico

Abmtract

Long-term atudioe have been performed on 25 man who woro ●xpoacd to pluto-
nium during World War 11 at what ia now the Los Alamoa ‘siantific Laboratory.
Almost all of tho aubjcctm had body burdens of plutonium ranging from 0.1-1.3 IJ$
or 6-8o nCi of ralativdy pure plutonlum-239 m cstimatad from th~ urino ●ssay
method for plutonium wed at Los Alamos prior to 1950. Thic paper reconstructs
tha war-timo exposure condltione,cliscuosaatha astimatos of body and lunt bur-
dens ba~ad primarily on uriae aasay for plutonium, ●nd racapitulatas tha madical
studios that hava continued durins ths intarvanin~ years,

Thio 18 tha story, first, of huw 25 youns man wma howily ●xpoad to pluto-
nium at what iu now tha Lou Alamm Scientific LAoratory (at Loo Almoo, Naw
Maxico) in tih. daya of tho Manhattm Projact during World War II andb ●.aondo
of what hatihappnncd to thorn in tho oubsaquant 27 yoara, All w~ro #ml to Loo
A’amo# (ProjoctY) in 1944 or 1945 ●nd @vm variouo t.ahnieal jobs proo~ssi~
plutonium in the Chamistry and Wtallurm Rcsocrch Divi@ion. All mbjoata had
body burdana of plutonium aatfmatod from tho urino ●ssay for plutonium wad ●t

Lou Alamoa bafora 1950 that rantad from 0,1-1,2 Msi (0.006-0,08 IJCi).
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Fig. 1. Tho original wood~n D Buildin~ which hmmod tha chomiaco ●nd metal-

lurgist. in CMRDivision.

Althou@ ●wry kncwn msthod of protac~ing the workcro ●gain. t inhalation or
in~~tion of plutonium wan uood, tho 8~osuro conditions woro dcplombl~ by
proamt-day stmdarda. The mahshift mthods #t hand woro simply imdcqustc co
provant ●xposuro of tha work,ra daspite tho moot strinsont safety roqulations,
M ● ●Xaqla, urmuapaat.d aontasinatad ●rtaa ●t laboratory bonohu of up to
M IJS of plutonium worm datoatad by tho ●wlpo wthod. CwulaCiVo quantitim of
up to O*S Bg W*W awikad out of th~ ●xLcntal aar,. of ao- workart d~.pito
aona6iontiou4 wc of mapiralorao l’lm moot dramatic ●aaidmt oaaurrcd whun cha

first 8 8 of plutonium (all that cxiatod ●t that tin) wcro boint Pwaoanod.
TIIMM.@a was apillcd onaa on tha floor, r.a(vsrod, ●nd then spill-d into ●

aontrif~ sup.

Dy PWruary 1943, when kllo~ra.m quantitioo of plutonium bo~an to ●rrlvo ●l
WL for proaa.tint and fabrication inte nualaar deviam, protcativ~ maaa~:ro.
had improvad aomidorably, mid ● nthod of &ioayin# tho body bwdan of plut~ium
hd boon dwolopad. Wh@ntha war ●dad in Au#wt 194S, 29 workoro h~ bwm
msmimd frm thotr jobo bo~awo they aontainad rnaaurabh body burdona up to
Lal B as dot.wlncd by the urin. ssaay methods sv~iiablo at that tim. Of th~
29 rnno on. did of t aoronaty, and thin. war. droppd boamoo fucuro Ii@t.
ohowd no dctoarsblo bad} burden,



taken of thd chest, pelvis, and taeth. Except fer tho ●ilmants that on. would
expact in ● 8roup of nsn mostly in their ●arly fifties, all subjects axamincd
war. in remarkably good h@alth. One man had died in 1959 of a coronary St qa
38. All mn were actively working, moot u successful e%ecutiven, No roent-
gmographic chm~os in tha lunp or bonds waro app~rerat. Th8 lamina dura of
tha jaws were In&act in all cascti.

E.tktas of Plutonium Body Burdans from Urine Ascay

Tho .stimstas of body burdan of plutonium ●s detarmln.d by ●asay of tha
urlna of tho subjectti taad~ during the 20-yr obsarvstion period (1953-1972) ●r.
●hwn in Tabla I. T)IO 1972 wraion of th~ PUQPUA (IJlutonium ~ody &urdcn ~ro~

TABLE I

Plutonium Rody Burden l!atfmatoa Based upen Urino Ao#sy Data for tho i?ubjoctsa

AM
1 0.03 -0.06

2 0.006 - 0,032

s 0.08

4 0,06

5 0.08

6 0,0’6

7 0.06

8 0.04

9 0.06

10 0.05

11 0003

la 0003

13 0002

16 0.006

17 0,04

la 0,04

19 0,03

ao O,oa

21 O,oa

aa 0.02

a3 0,02

M 0.006

as O.ood

M Oooa

87 0.02

%moaurh ~ aj~~toly W,
-

M&2
0.01

m

0013

0.14

0.14

0,07

0,08

0.0s

0.11

0003

0,03

0.02

0.04

0.002

0009

0.04

0.06

0.03

0.03

0,02

0,04

0.01

0002

0003

0.03

0,206

0003

0,42

0,26

0.18

0.14

0015

0011

0.11

0010

0.0s

0012

0,003

0003

0.13

0,10

O.oa

0.03

0,04

0,05

0,04

0403

0801

0,004

0.0s

h



urine AnalysiB) code was ueed to estim~te
1!

hat iB considered to be thg beet
value iort}l~body burden of the subjectfi. In all but 2 ca~as, the current
oatimatea of body burden arc higher than those in 1953, usually by ● factor of
2-3 snd so~timea by a factor of 5-6, Vnluce in the ltit column uf Tabla I
ran~ from 0.005-0.42 VCi plutoniuw239,240, or from approxtrnately1/8-10 times
tha current maximum pe~ti~sible body burdan (0.04 PCi) for occupational workerti,
Ei@tocn of the 25 vsluas liut.ed for 1972 are equal to or exceed the 0.04 )JCI
valua. Comparin~ ~he relatively small quantities of plutonium depo~itcd in the
body (excluding the lungs) with tho large amounts to which the aubjecte had beun
●xpossd, we can oIIlyconclude that the gnstrolntastlnnltract baa m rmnarkr>le
ability to ●xclude plutonium from entarlng t~a body. Had plutonium baen a~
rasdily absorb~d as radium, ●ll subJacts would unquestionablyhave lethal body
burdens of radioactivi~y.

To ●valusta the potioibla consquencoo of bone dosas of this msgni-tudo,ws
must refer to ●nimal dat~. Tha most ●xtcruive of thaao #tudia8 haa baen car-
riad out at thu University of Utah Nadic81 School since Dacmber 1, ?952, when

5
tho flrn group of 6 be~gles wore lnjtic~ed inttavanounly with plu:onium-239
cltrat** Injected doses ranged from 0,016-2.9 ~Ci/k9 bod~ woi~t for 6 groups
of about 12. do~s ●ucl], To duta~ th~ 0.016 pCi/kg dotig I*vQ1 iD f lnt~raat, as
4 dokn dovolopod o~tmoaarcomas, Rlvina ● tumor Incidcnca of 23%. !! A~J8raga t Im

from injection to daath for tha~c animal~ was 9,9 yr, ond tha •varag~ skolotal
dooa from Injactio] to death waa oatimatad to ba ●bout 80-90 rad~ dalivtrod at
#bout $-9 radm /yr.k

It IS di~ficult to ●#timata ●van crudely bone ●d liver dosas from tha
data in Tablo 1. Hwawr, tionm ostimataa can b, obtainacl if nu.mroua sxmplify -
irig assmptiotu ●ra mmda, Far axsaplo, tho •var~go body burden for 19?2 in
7’ablQ 1 IS @OUt 0,10 pCi which, if ●quaily dividad botw~m bon~ ●nd liv~r,
would doliwr about 0,7 rad/yr ●nd 2.9 rada/yr, rospaetivaly, ta thcso timmos,
If no lorns occurred during tho 27 yr ainco exposura, tho cormspmdln~ tot-l
daaaa to bm~ and ltv~r would ba about 19 ●nd 78 rada. ~0~ tha hithouc body
burdan listed in Tabl. T (cas. No. 3), the •atimat~d doss rate. for bono ●nd
livar would b. s 2,9 and 12.2 rads/yr, re~pm~rfvcly, If tho ontira swra~
burdan to thg ~roup waa limltad to bon~, tha doaa rata would b, 1.4 rado/yr ●nd
th~ 27-~ d~oo usint tho sam anauqtions, would b, ●bout 38 rmls to tho
aktlntonj For aaso No. 3, tha uomparabla valuas would b. *bout 3,9 rads/yr
and 195 radso Thomc ostimatas, a.a indicated ●bova, ●ra vary arudo ●nd should
not b. aon.idorad as boinc ottiarwiaa,

i



TABLE II

Plutonium-239Content of Tissues
Removed from Subj~ct No. 2 in May 1971*

Tieeua ~Ci/g Wet Weight

Lung 3,85

Lymph node 20s ● 00

Mnartoma 3*4O

R4b 1,61

a
Aftar ashin$ ●nd dlaaolution of tiuuuo.

Tha Mghaat concentration, obnowad in the lymph nods tissue, la consistent
wf’- oxpsrimontal findingo in dogs ●xpoutd to PuO

2
by Inhalation, u caantionod

ab~~)a, It is WC1l ostablishad that th~ concantra ton in lymph nodcg r~lativo
to that in lung tisaua increo,aas as ● function of timo following ●xpoeura, If
on, amaumma a homogonaou~ distribution of plutonium-239 throughout tho lung ●nd
Iyqh nodm and a total 1UN8 waight of 1000 s and raapiratory lymph nod. weight
of 20 g, tho total plutonium burdm of tha lunge ●nd respiratory lymph nodas
is ●pproximataJ y 8 nCi rcqhly tiquallydivid~d batw~m lun~ ●nd lymph nods.
For roforonco, tha t~tal umount of plutonium in tha Img of caae No. 2 (csti-
smtod by tiatiua aaaay to ba 3,85 nCi) is apptoximmtoly 550 times contemporary
total lung burd~n~ in hummo in tha United Sta. oa oxposad to fsllout rosultin$
from plutonium dirnparsad by atmoapharlc waapona tasto, Eotimatas of tha Chast
burden of plutoniw239 of .ubj@ct No. 2, ba.ad on ●xtrapolation from ●nalysio
of ,lun~ ●nd lymph nods tinsua, ●rc in r~asonabla ●iramont (a fmtor of ●bout 2)



cancer could be ascribed to nonrndiat~on factors, whereas the occurrence of one
liver cancer might be considered suggestive of plutonium induction, and the
occurrence of one bone sarcoma would be statistically significant,

One also needs to consider the individual smoking histories because of the
difference in lung cancer incidence history between smokers and nonsmokers. In
addition, the~e subjects have heen exposed to a large number of chcmlcals, some
of which are known to causu biological effects, both during the Manhattan Proj -
act au-idsubsequent employment. Tl]efollowing is a list of materials to which
one person has been exposed: organic plasticizers,xylene, toluene, urea,
formaldehyde,sulfonic acid, sodium thiosulfate, tetraethyl lead, freon, ethyl.
chlorido, fluorinatedhydrocarbons, and industrial sludges containing lead and
mercury. It is alao known that several of our subjects could have been signif-
icantly axposed to beryllium at n time when virtually no safety precautions
were observed because of its alleged lack of toxicity. Hopefully, ~heea follow-
up studieu will be continued throughout the lifetime of these subjects, This
information,even though very lintted, is human experience of the most relevant
kind for establishing value judgments where inadequate data exist for fornmlat-
ing risk evaluation.
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