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ISTI~ODUCTIOS 
A COYInREIIESSI\'E diiriissiori of the I A ~  .4l.i11ii~s 
scientific lahratnry 's  industrial n~clical  ex- 
pcriciice with Pus9  tvould bc a IiLtory of the 
nuclcar weapons program. I h r i t q  tlie latter 
partof19-13aiidtlicfi~t partof 19H, tlic lddwrra- 
tory's plutonium operations coiisistcd of re- 
search activities itivolviitg milligram amounts of 
material. DurinK the lartcr part of 1944, gram 
amounts wcrc processed in rcscarcli activities 
directed principally toward production of pure 
plutonium mctal and studia of its physical and 
nuclcar propcrtics. By mid- 194j, kilogram 
amounts of plutonium wcrc proccsscd from 
which nuclcar cornpoiicnts of thc hlarnagordo 
and Nagasaki wcapons wcrc fal)ricatcd. Plu- 
tonium processing ha? rcmaiticd at  thc kilo- 
gram lcvcl, although mnjor opcrations no longer 
consist of production and fabrication of \**capon 
coinponcnts. Thc spccific piirposc of this rcport, 
howcvcr, is not Iiistorical dociimciitatioll of the 
Laboratory's irctivitics in tIic iiiiclcar wcapons 
ficld, but rathcr c~npli;~sis, in  a clironolo~ic 
maiiiicr, of wtnc cxpcricnca and olxrvations 

l ' l i i s  rcpm i s  I x ~ s ~ - t l  oii work IwrlJrmrrl ui1clr.r tlic 

f I'riwmt ;iilclrtss: S1riiiix 1 l c - m i r i : i l  I iosliital. 
;?rtspic.r.i of t l iv  U.S. .\timiic. l h i r q y  (:iiiiinii\sioii. 

Uiiivrnity of I<oc.Iitrtrr, ihIit%tI-r, Nc*w York. 

mi E PL mow CM 31 A X  I M L' SI 
I'EHMISSIULE BODY BL'RDES 

i lrr~orirel  dtirlupmtnt 
Although 110 satiJactory method ofdiagnosii 

pcrsotiiicl cxpnurc to plutonium \vas in o p  
ation during 1943 and the fiot nine m o d i s  
1944, a rnaximum Indy burdcn of -&j pg I\. 
Ysurned to he acceptable ;u ail operation 
p i d c .  This v;iluc was dcrivcd on thc b u b  0.- 

Lw)tic as tlic critical organ and direct cornpariv 
of cnergy dcposition from thc 0. I pg maximu 
pcrmissiblc body burdell of fixcd radiui . 
assuming a 50 per cent cxhalation of radon: 

(MPC)jB, = 0.1 x - 24,500 4.8 O.S(j.5) 
]GOO [ m + m  
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Thc srriiigcnt maxiiniim prrrnissilrlc air coii- 
ccntrations imposed by surh 3 coirw~\.ativc 
body burdcii would proclucc scrious d c L i ~ s  in 
thc Laboratory's plutonium o p e r a h i $ ;  lirnrc 
thc Chalk River Confcrcncr rcrornmciid,itioiis 
wcrc re-cxamincd hy the ALC's Division of Bi- 
ology and hlcdicine prior IO oJ1id;ll adoption. 
Rc-examination consistcd of a wavc of iiitciisc 
corrapondcncc (principal participants--lln. 
SHIELDS WARREN, AUSTIN BRUF.S, K. 1). EVASS, 
K. 2. MORGAN aiid W. H. LASCIIAM) that cul- 
minatcd in a mccting in tlic oficc of thc Di- 
&ion of Biology and hlcdicinc on January 24, 
1950. At that time, Dr. BRL'ES pointcd out that 
two facton mitigated thc assumption that t). 1 ILC 
of fixcd PuzJD \vas cqiiivalcnt to 0.1 pc of fixcd 
K a a  for tIic derivation of a Iiuman tolcraiicc 
Irvrl. First, thc 1'u:Ra toxicity ratio of I5  : 1 \ V ~ S  

lnscd on injcctcd amounts in small animals a d ,  
since plutonium was -75 per ccnt rctaiiicd in 
rodents and radium atmut 25 per ccnt, tlic ratio 
on thc basis of rctaincd dosc coiild bc lowcrctf 
Ijy il Ewor of 3. Sccond, silicc radon was approxi- 
rnarcly 50 pcr cent rctaincd i i i  man and 011ly 
15-20 1x-r ccrit rct;iirictI in rc,cIciits, tlic toxicity 
ratio on tlic t n h i s  of rrlativc c'iic'rp J r l ) o h i t c . t l  
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rctp$uzianl ssreioii of plutoiiiiini i i i  ;i lirriitcd 
n u k k a  $ & e i r % r ~ i ~  Iiiiiii.iii pt ic i i t s .  Sihiceri 
ca&&&f~ui f . icd~l ic  first Iqiririiilq i t i  April of 
ig@&? J.ifc 2Xytikuiicy tlic iridivitluai arid 
rel~t&~fr$c&,!ia kidiiry i l iwax were tire 
pr&cfpal'cr~tciia Ibr case sclrrtiori. As a rule, 
incRvitIqaIr &ic ciioscii \\.Itti \\'rrc past . t i  ! r of 
agq  &I who wcrc suII>riiiq l i . o i r r  wcII-r>t.iIh- 
liskd.disr)rdcrs that iiidr survival  fiJr I O  niorc yr 
higfily .irnproI>.i!)!c. Adlicrciire t o  this rule 
avcgdcd ttic pcmitzility id' ilcvclopinciii of laic 
ra(i@ijotj cnccts l i . ~ ~ i  p~iitr)iii~iiii. 

~ V Z S  aiiiiriiii>tcrccl via iiitravc- 
Rs6a11y 3s i t i v  PII: I \ * , - (  i i r ~ t c .  

opig.6 t o  f i 3  jq. Altlit)iigli IIO 

acute toxic cfkcts \\'ere cxprrtctl l i .o i i i  siic. l i  sin-ill 
doscs, clinical lalxiratory ohscrvaiiiiiis \\ crc 

.- carricd out, rspccially witti rcS;irtl t o  Iiriiiclto- 

logical changcs aiid livcr srit l  kidiicy f i i i ict ioi is .  

No acute subjective or objrrtivr d i i i i c i i l  clfects 
Urinr aiirl frca! saniplrr \\ere 

collcctcd daily for plrrtoniuiii aiialyses. 'I'lic 
rcsults of rlicsc studics havc bccri rrp'rtd pre- 
viously.'*1-14' The  data slio\ \~J tliat plutonium 
cxcrction in man \\,as exprcssctl most ccmvcni- 
cntly by pavcr fuactions. Ovcr a pcriotl of 1311 
days aitcr injcction, urillary excretiorr (I,,,; \viis 
represented by the exprcssioii, 

Yw = 0.23f-O.", 

in which Y, was the per cent orthe injected dose 
excreted per day, and t (> I )  was the number 0: 

days behvcen iiijection arid sample collection. 
The  empirical fit to the fecal cxcrction data (Y,) 
WaS: 

Y, = 0 .63PoD,  
and to urinary plus fecal excretion (Y,,+,.) was: 

Ym,, = 0.791-0.u. 

It is not possibk to state specifically tlie limits 
of accuracy of tlicsc cxprcssions for the rcprc- 
scntation or plutonium cxcrction by normal 
bcalthy mcn. First, the C ~ S C S  wcrc not normal; 
sccoiid, many of tlicm dicd within 30 days (only 
three lived tlic full I38-tlay olisctvation pcriotl), 
which seriously liinitctl the pcriotl ofo1)scrvation; 
arid tliirtl, niciliotls of plutoiiiiiin aiialysis in 
1944-134G wcrc rriitlc ant1 iiixcuratc rornparcd 
to prcsciit nict hotls. 'l*Iir pririnrv virtiic oC tlic 
cxlycssioirs is t1i;it tlicy ;ire IJ;ISCC~ oil tllc oi i ly  

I,urnan d;ILl av~ i l~ i l l l c .  

e 

. wcrc obscrvcd. 

I l l  b 2 8 3 9  

PLUTONIUM EXPOSURES DURING 
T i i E  hiASHATTAN PROJECT 

h'urnbrr and nolure of tarb txposurcs 

BcTorc the AKC: assumed responsibility from 
the Maiiliattan District (January I ,  1347), 27 
Los Alanios Scicritific Laboratory pcrsonriel had 
accumulatcd pliitorriuni body burdcm of from 
0.1 to 1.3 116 (0.007-0.09 pc). Twclvc of the 27 
cascs had body burdens of 0.5 pg or peatcr.  
Nine of thc 12 cascs occurred in the same 
opcration-rccovcry of plutoiiium from w z t e  
mntcrials. This operatio11 consisted of dissolving 
tIic waste materials aiid plutoiiium i l l  stronq 
ncicls. pH atljus~rnent of ihc sohition, prcripiia- 
tion of tile pliitoiiiurn as tile pcroxidc, rcsolutinn 
of tlic pcroxidc, and fiii;il prccipitatioii of the 
pliitoiiiirin as tlir oxal;iic. TIC ciiiirc operation 
\viis ciiiidiirivc t o  tlic fiirmition o f  ;I [iiic ncrosc)I 
of plutoiiiiiin salts, pcrlinps 1;irqcly l'u( X03j,. 



' 75b' 

hlthough respiratory protccrinn \\.as provi(1cA. 
tlie route of cxposure uiidot~l~tcdly \\.is vi.1 in- 
lralation, ;is indicated by a stroiig corrcldticiii 
hetwecn high urine counts aiicl frccliiciicy ofcoli- 
tamination of tfic nasal v c ~ t i l ~ u l e . ~ ~ ~ )  Fipirc 1 
sho\vs urine assay cuncs  for SJur 01. tlir l i l i i t o -  

iiium rccovcry proccss operators aixl tlir i i ioii t l i ly 

amount of matcrial put tlirouyli tlic iccc)vcry 
proccss Tlic shape of tlie 3-y ctincs arid 
their apparcnt relatioil to thc anioiiiio of plu- 
tonium procascd s h ~ \ ~  thc cxposiircs hcrc Of a 
relatively acutc nature. Although it \\.as not 
possible to estimate the amount of plutotiirrm in 
thc respiratory lymph nodes and lungs of tliac 
cascs, the insoluble nature of Pu(1V) at tissue 
pH would lead to thc supposition that the 
concentrations in t h a e  tissues might have Ixcn 
considerably grcatcr than in the skclcton. 

;bllow-up cxaminations of ,\latiha~lati Projtcl 
xposurc cases 

Twenty-four of the 27 Laboratory employees 
who had accumulatcd mcasurablc body I)urdcris 
of plutonium prior to January of 1947 were 
carefully examined in 1952, 1955 and q a i n  in 
1960. Examiriatioiiscoiisistrd ofmcdicnl history, 
complcte physical check-up, lalmratary studies, 
itlid roentpxmqrams. Laboratory stutlics in- 
cluded wliitc I)hid ccll, rcd I h o d  ccll, and dif- 
ferential Llood counts, and iirinalpcs. At tile 
rccomrnend.ition of I h .  IVilli.iii1 C:liristcnscn 
i \ v h  ,rnatlc radioKr;rphic studic4 o f  dic I)ca~lcs 
at the Uiiivcrbit to?icity 

' T  
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- r p  gktiw%[)t&&.j t ~ i c  ~ i o t ~ y  Iiiirclc!i, \\ licii t ~ i c  cx- 
Q ~ i f t r o , $  ' - m cpr&Sj@xtrap,Iatc(I I I J  I O  ~C.II.S. I<cc.aI- 
~ ~ & g + i  .- - d klcisT1riiiary rxrrctioii iiiiictiuii, usiiix 
d %djpjiccc~'i ~:a$ squarcs atiaIysis prograniinc.tl 
+I$ Fie ?Ii,\l. :ifOW coinpitcr, sri~gcsts tIic 
@$i$iIjty Icaut a IO per cciit crror i i i  tIic 
C&~hl lCl> . l  of-!. - .  

c L ' -  : 
I- , -  

HRON IC 3 NDL'STR I A L EXPOS LJ It ES 

.gIecaux of vastly improvrd idustrial  liyh. ' IC I IC 

af~I ' sngniccr~i~g  .weasurcs, rclarively acritc cx- 
E uics 'j ;: rikc ,L t+&ccxpcric*iiccd during die 51aii- 
IiappyI ~ 5 4  i io t  I)rcti cncouritcrrd. A 
v c ~ ~ x b ~ ~ i ~ t $ c Q r r c i i t  proMcm, tticrri;)rc, is 
di&iYut;is'--of Lady I)iirdcii urider conditions of 
vcry low-lc\sI chronic cxposiire. I n  many in- 
stariccs, there may IJC littlc or 110 specific iridi- 
catioii (high air counls, contaniinntion accidciits, 
ctc.) of ail)* positive cxposurc, hut rathcr ;I grad- 

. ual increase in uriiic assays with iiicrcasirig 
lcngth of cmployxncrit. 111 this casc, tlicrc is no 
known timc of cxposurc on \vtiich 10 bnsc a11 

cstimatioii of liody burden from the uriiriiry cx- 
crction equation given prcviouslg. LA\\ 'xEsCt . ( l i )  
and Smwx' la )  have dcvcloped cornpiitcr pro- 
grams, bascd on tlic original urinary cxcretioii 
equation, that attempt to cstimatc chronically 
accumulatcd Imody h rdc r i  from a scrics o f  uriric 
assay values. Applicaliility Of tlipc mctliods trr 
thc cst.imation of Imdy I)urdrn under prcscntly 

'prevailing conditions of CSp<JSUrC has iiot bccn 
established tincquivocally. 
LAWRENCE has applicd Iris computcr method 

to all urinary data accumulatcd at  tlic 1.0s Ala- 
mos Scientific Laboratory, iticluding tlic data 
collected from tlic original 27 cxposurc cases 
that occurrcd during tlic Xlanhattaii ' I'rojcct. 
His cstirnatcs(l7' of tlic tmdy h r d c n s  of [tic latter 
group avcra!;c approxima.tcly 50 per ccnt liighcr 
than thcorigiiial cstimatcs madcin 1945-194G.'16) 
This aarcrmciit is surprisingly ~;ood. Hrmwcr, 
the accuracy of citlicr of tlic estiinntcs is not 
known, and I)oili arc suljjcct to the irilicrcnt iin- 

certaintics in die basic urinary cxcrction 
function atid in tlic analytical errors of tlic 
urinary assiy procctlurc. 

Summary vf j , lt i Iuirii ia c.tporurcs f r m  1945-1 9GfI 
\I'itli frill ;ip~ii~ccia~i(iii ol' tlic 1iiicrrt;iiiitia 

inlicrcnt iii cstiimtiiiK Iiliiriiiiirirn I)ocly 

F 

- 

I I b 2 8 b  I 

7 57 

Total 4215 -- 

Assuming 0.1 of the maximum pcrmissiblc 
body burdcii ;IS tlic lowcr limit of positivc de- 
tection, thc data suggest that about 8 per ccnt of 
thc cmployccs cxnmiricd during l i j  ycars of 
opcratioii slio\vcd positivc plutoliiuxn cxpusurc. 
Sixty-cislit ( I  .G pcr cent) Iiad 0.5 of thc mnxi- 
n i i i i i i  I)crIiiissil)lc I,ody 1)iirtlcii Or grc:ltcr, niicl 
29 (0 .5  pcr ccrit) lind cxposiircs ccliial 10 o r  
grcaicr tlinii ttic rnaximiiiii pcrmisiblc lcvcl. 
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