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PLUTON I Ukl ACCI 1 MULATION FROM LONG-TER hl 
OCCUPATIONAL EXPOSURE* 

, 11. FOREMAN, W. M O S S  and W. LANGHAM 
1.0s Alamos Scientific I.aboratory, Untvtmity of Calitornia, Los .\larnos, S c h  Sfcx~ct~  

(Keceioed 22 July 1!)59; 111 ieoked fornr I 4  December 1959) 

Abstract-Analyscs of tissue aliquots from a plutonium process operator, who had been 
rxposrtl to 1'iiyJu IargcIy via c:hronic Imv-IrveI inIlaIation for approximately 6 out of 116 year, 
of' rmploymcnt, showed tliat Ire hat1 a r c r i m u l a t ~ ~ d  a tiotly burden of approximately 0.018 pc .  
Estimations ol'his body burt lcn  t'rorii liis urine assay record ranged from 0.019 to 0.034 pc. l 'hc 
Iriglicst plutonium ctrticrntrntiZn ( 125 dis/niin per g)  was fourid in pulmonary lymph nodes, 
iiillo~\ctI by 1ivi.r (9.9 tlis/min pcr ,g). Iiungs (4.8 riiq/min per g) and bone (averagvof sternum, 
rib arid vcrtrbra, 1.4 rlis/tliin prr XI. Soiiw inlplications of thcse findings to chronic l~w-lcvcl 
inlicilatiori cxposuns a n r f  to i.siirnation of Imtly burcirri [corn urine assays arc discwsed. 

~ieriod; and (c) reliability of estimates of bc 
t)urdcn rmm urinary excretion data, w) 
exposure has been primarily via inhalatin 

'The individual involved was a 75-kg m; 
38 years of age at  the time o f  death. The b 
accident occurred during a plutonium recov 
procedure. Details of the accident and 
operation are described elscwhere.(I) De 
resulted from an  over-dose of radiation. 
plutonirim contamination occurred and, c 
seqiiently, tlie conditions of the accident did 
inlhience the findings in this study. 

'I'he individual's employment and 
assiynment history is shown in Table 1. 
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#49-1954( Worked with enriched uranium 

158 1 

During the first period of plutonium cxposure 
7 June 1 9 4 6 2 4  January 1949), his work 
Jnsisted of chemical processing involvirig 
utonium nitrate solutions, plutonium oxalate 
id, occasionally, plutonium fluorination. 
uring the second period (0 June 1935--31 
ecexnber 1958), his ~vork  consisted largely of 
luid-liquid extraction of plutonium under 
r a  tly improved exposure conditions. 
Detailed exposure records wcre kept during 

IZ periods when the employee was working 
ith plutonium. l'hcse records included pluto- 
ium air concentrations in the processing rooms, 
re operator's nose swipc counts done several 
mes a week up  to the end of I955 and frequently 
it ti.rrqulnrly tlrcrrarter, il;iily l ~ a i d  C O L I I I ~  :, 
1<1 frctlucnt plritoniuin assays (Jf 24-ltr uritic: 
,.,ciinc.ns. ilvcragc pliitoiiitIiri air cor~c'c~riti-a- 
iis t o  \vlriclr t11c ii~livicli~al w i i s  C X I J I ) S C ~  ~ I - I '  

cc,i ircd i t i  l'al)lc 2. 'Thr  instiincrs Fvlicii  Iris 
* ~ , '  sti.ipc cxmtits n u r t  al)ovc. 50 tlis/rriilt 

! ~ i t i ~ : i Z i l y  ~ ~ I I I M ~ I I  a s  tllc l irrri t  of si!;tri~ica~~cci 
L~ !ijtril i n  'l'al)lc: 3, :iid Iiis urine assay rrcortl 

: i \ i , n  in  '1al)Lc 4. 41) tat~ilatiori or  L1;tird 
, i t l i t . ;  is civcn, since thcy \VCI'C consistently 
.! i \c siyrilii.;irit Icvcls. Results of fecal andyscs  
? i t -  i i o t  .r\ailnl)le. Ilcc~rrsc I)( tire aiialytical 
!ti s.rtuplitig dilticulties involved, fecal a ldyscs  
.x: r iot  a r'outiue practice a t  the LOS i\I;irnos 
i.it-ntific Labor;itory. 
'l.!iere wcre no specific accidents to ivhich 

IC iiiilividual's rsposurc could be attril~utetl. 
t<)\\.c\x~, as might be expected, a number of 
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minor mishaps occiirred tliirins thc period of 
employniciit. The dct;iilcd record o f  such minor 
incidents is stimmarized in Table 5. 

At t h t :  time of  aiitopsy, tisslles were taken 
specifically for plutoniuni ; ~ ~ s a y .  I Iir: specimens 
taken arid tlreir pli~tonium contents arc- shown 
iii Table 6. The  assays x\.e~'c ca r r id  mit iising 
the alpha track counting mctliod.(2) Two 
independent analyses of aliquots from each 
tissue simplc Xverc made l)y the analytical 

, -  

section of the Los Alamos Industrial Hygiei 
Group, anti aliquots or samples of rib, sternur 
vertclwae, liings, liver and lymph nodes we 
sent to the Hanford Atomic Products Oper 
tion, where they were analyzed independent 
by both the Biological Laboratory and t 
Bioassay Group. The values given in Table 
are averages and standard deviations for t 
four independent analyses. T h e  standard devi 
tion for the lymph nodes includes variation 
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26 August l9-fG 
30 December I946 

22 April 1947 
3 Septembcr 1917 

14 December 1947 

17 March 1919 

22 April 1950 
10 August 1953 

9August 1955 

25 November 1958 

Table 6. Plutoniuni concentration in autopsy suviples 
(bared on actiial ana(ylica1 data) 

saniplc, its \vel1 as variation i r i  analysis, since 
dilfererit lynipli-iwdc samples tvcrc used i r i  tlic 

.. 
~ _ _ ~  

I indcpctitlent detcrnlinatioris. 'l'lie higliest plu- ___-.I_ -__ 
Plutonium 1 Gross weight 1 concentration 

I (dislniin per g 1 at autopyy 
(d 

Organ or tissue 

! I25 57* 
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and lung samples liad the highest (correspond- 
ing roiighly to more recently producctl ma- 
terial). 'The ratio in the liver was 
intcrmediate. 

DISCIJSSIOK 

'rlic data in 'rablcs 2 antl 3 show that all high 
plutonium air concentrations to which the 
ernplover was exposed and all high nose swipe 
counts rtw)rtlctl orciirrrtl tliiririf: his earlier 
period of rsposiire. I t  is vc1.y likely that most 
o f  his pliitonium 1,urdcn \ v a s  acruinulated 
during this period. 'l'lie rcrnrd surnnl:1rizetl in 
'I'able 5 sliows tlint tliri.cwercnr)specific incitlrnts 
t o  ivhicli his j)lutoniuni rslxisiirc roultl be 
attributed. 'The st1mmary is givtm prinripallv 
to point o i ~ t  ~ h c  rlox ;ittellticin givrrl to all 
potential niotles of cxl)osiirr i i i i t l  thereby 
e1np1iasi;:e the certainty with \\ 1iic .h  a contarni- 
natcd accident can I)e rulrd out 'is the source of 
the sultjf,rt's plutoi~iurn biirtlen. It is niost 
likely t l i a t  the I)otly biirdcn, i n  this case, 
r.esu1tc.d horn rhroiiic inhnl;~tiun cxposure to a 
lo\v-levc.l pliitoniuin containiuatc(1 ;itrnosphcre. 
The a1mt.e sl~i~c~ilatioiis rrg;irtlirig time antl 
modc of exposure arc siippoi.trc1 also by the 
indication that the Pu~~~/I'u?:I!' ratio in lymph 
nodes and bone appeart:d to corrcspond to that 
of plutoniiim hcinx processed during the early 
period of the subject's expositre. 

Thrci. tliflerrnt ~irine assay pi-ocediires wrre 

used during the 12-year period over which th 
urine data shown in Table 4 were collected 
Each change resulted in somewhat greate 
reliability of the data. I n  1957, the methot 
was changed t o  the Hanford alpha tracl 
counting procedure.(*) Urine assays from thi 
time onwards have considerably higher relia 
bility than previously. Even during 1957 am 
1958, however, there was considerable variatioi 
in the assays, which is probably due both tr 
analytical limitations and to normal physio 
logical fluctuations. The  employee's systemi 
pliitonium burden \vas estimated from tbc 
urine assays using empirical equations derim 
from hiirnnri excretion data.l3) Following a~ 
acute cxposure occurring a t  known time, &I 
retained plutonium Ilody burden ( D R )  is giver 
by the rxpression r 

D, = 435 UP'' (1) 
in which U is the plutonium (countslmin 
clis/min, pc) in a 24-hr urine sample collected I 
days after the time of exposure. D, is given in 
the same units used to express U. Since thb 
equation is applicable to relatively acutc 
exposure occurring at known time, it is necessar) 
in protracted exposure cases to assume 3p: 

effective time of exposure which, to a fint 
approximation, may be taken as the midpoint 
of the work period. Following chronic invariant 
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xposure to plutonium, the tot.11 \ystcmic 
ntake ( D J  is given by thr expression 

n which nz is the diiration of exposure (days), 
nd U is the average dislrnin per 24-hr iiririr 
m p l e  taken n days from the beginning of 
xposure. D, is the sytemic exposurc and it is 
igorously necessary to subtract the ;imourit 
xcreted in order to obtain fhe amount retained 
D R ) .  However, since only ahout 10 per ccrit of 

uch a correction is insignificant in niost c;iscs. 
.'he above expressions indicate the dctermim- 
ion of body burden from a single 24-111- urine 
.say. Analytical limitations of the assay 
nethods and normal physiological variatioiis 
n urinary plutonium excretion rnakc s i i c h  
$timates completely unreliable, arid i n  practice 
t is better to use the average of s c v x i l  
onsecutive assays (even though they riiay I)c 
veeks or months apart). 

Because of the nature of the cxi)osure, 
either of the above equations is specifically 
pplicable to the cnse under considetxtiori. 
ipplication of equations (1  j and (2) to the 
twrage of ail urine assays run during 1949-51 
during which time there was no exposurc to 
dutonium) gives 0.033 and 0.031 pc, respec- 
ively, for the employee's body burden a t  that 
ime as a result of his first period of exposure. 
htiiiig 1957-.-)8, frccliicnt i ir i i ir  assays -%-r- 

uii using tlic- I I I O ~ C  sciisitivc and rcsliahle a I i ) l i a  
r;ic.k counting mr.tlio(l. Estimations 1) 
( 1  ia t ioi is  1 a i d  2 (;i.ssiirriiiig ; i l l  liis C ~ S ~ ) ( J S I I I T  

,c: i i I I r d  diiriiig tlir riirlicr ~ v o r l i  i)rriotl, ;iiicl 

:k'.ig [lie avcraq:c. o f  tlic 1 x 7  ~.-)tl uriiie ass;iys) 
L. L' 0.034 a i i d  0.031 /((-, I c.sl)c~ti\-c:iy, f i ) I  tllc 

) I  ;>. I)i irdc~i .it K I K  tirnc of  d( ,Lit l i .  '1 I I C  1:ittci. 
5 i ir,itcs nray Ix Iiigh, siric.c t hcy  ;ire i)imlicatctl 
) i t  rlic cihsiiiiiptioii t l i ' i t  tlic. c i i t i rc  body Gurdcn 
\ ; i t . ( . i l i i i i l l ~ t ~ ( l  (liir,ing tlic r;irlier ivork period 
:I ! t1i:tt  t x p o s i i i ' i .  diirijig ( l i t .  srcond prriod 
n . . I ( .  i i o  c:ontriliutioii t o  t l i c :  1!).-)7-58 average 
I ! . , :  i t '  a s i y  valiic. ' l ' t i i i t  tlris ;issumption is 
i ! , , ) i .~)xi i i~~~t(~ly (-oirt.c.t is I ) o i . i i c :  o r i t  hy the 
sriiii.itcs of burdcti a t  the  critl ( i f  tlie cwlployee's 
il-zt \)eriod of esposuir. 12 iiiethud ofwtimating 
)Ititoninin body Inirdcri cmployirig ll3hI-704 

plutonium burden is excrrted in 10 
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