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INVITED PAPER 
A b m e t  - Radiochemical ~ s l y r i ~  uf whole body donations from u x  former mwku indrrtry rvorlcon 30 or more yean 
postsxposure rcveakd about 45% of the total body &position of an Pu and 3% of the a"Am in rho respintory meI of 
the four c u c s  with inhalrtion expure. Thew ploponion, are p 8 t C r  than by the current fw lung model. 
Exclusive of the rupirrtory tract. tbe mern frutional systemic &position of in the thrum of five whok badicr wm: 
liver 35.4% 2 12.5%; skeleton 53.7% 2 12.5%; striated murslc 6.5% ? 1.8% and .LI other organs m d  hues 4.4% 2 
1.7Y0. For 241Am. h e  comprmbk vrlvcr in four cases were liwr 6.5% i 4.8%: rlrckm 73.5% f: 12.4%; m u s h  14.3% 
i 7.64b; and all other tissues and orpm 6.65% f 4.2%. The s y u n a e  dturibvrion oi wh, w u  gemally coasbteni with 
ICRP Publication 30. A significant irrtion of both nuclides vu retained in she mudc and other rdt tismus wbich (CNC 
as long-term storage depou. Inihal hctimatioa of 2 0 A m  beween rkeclctm ud liver is cowistent with the 50:N ntio 
proposed in ICR? PuMwtion I assuming an effective clearrncc half-rime ban Lr liver of 8bOUt 2 y. Estimates of Wpu 
deposition mldr on the basis ot urinalyxr rnullr in vivo were typic all^ greater than the obremd dcpoution mtasured in 
the tissues of the whole body after death. 

IKTRODUCIION 
The Health. Safety and Environment Division of 

the Los Alarnos National Leboratory (LANL) hu 
been analysing soft tissues and bones from former 
nuclear industry empoyces since 1H9 to detenninc 
the uptake, retention and distribution pmmtters  
for the actinide elements in humans in order to 
provide data to improve models used for in vivo 
estimates of employee cxporures. The United Stater 
Transuranium Registry ( U r n )  was formed in 1968 
and LANL began analysing tisue cpedmcns 
obtained by the Registry at autopsy ia 1978. The 
USTR is ihc only human t i m e  research proOnmme 
in the United SUW ctudying the iaternrlly 
deposited higher actinide elements of occupational 
ori@n{*). The objectives and fundom of the USTR 
are described in detail by R. L. Kathrcn in another 
paper presented at this meetings. To date, the 
USTR has collected post-mortem tiroue analytical 
data from more than 250 autopsy crse5, including six 
whole bodies analysed at Los Alamos for plutonium 
and americium content, 

METHODS 
A complete description of tht selection, 

cdlection. dissection and chemical analyse5 of the 
tissue from the 'paflid body' and whole-body 
autopsies has been desrrikd elscwherd2-". Briefly, 
the analytical procedure requires tke tisue to be 
weighed. dried, dry ashed. wet ashed and the 

resulting srlu dissolved in acid. Appppriate sized 
aliquots arc ion elchaqed to sepr r te  the actinide 
of interest and ehfuaplrtcd. Recent significant 
changes in the rnrlytiul pmocdurtr iaciudt: (1) 
dcteminrtion of the ash n i g h  of bow md soft 
timer by hertin# the specimens dowly to 450% 
mrinrrini  that tea~pennvc for 72 h, d i n g  the 
ssmpks to room temprraturr rad weighing; and (2) 
wet vhing and hd dbrdmion d t h e  tissue ash salts 
in 8 M HCI instead of HNO,. A chloride anion 
exchuyr! syUcm is uwd to irolare the actinide of 
interest. A known quuttity of UJPU or "'Am tracer 
is sddcd to each sample andyad prim to tht ion 
exchange pmc&ufc. Tbc mmpk am plated onto 
15.9 nun (44 in) diameter ruinlcw steel discs and 
counted in an rlphr pllrc height spectrometer wing 
300 rilicon surhce b d e r  detocton. The 
bockground fop uch &teetor is approximately 1-2 
counts per 70,000 s (1167 min) [Or plutoeium and 3 
counts per 1167 min for d u m .  'Ibe minimurn 
detectable amount (MDA) of dpha activity is 1.0 
mBq (0.06 disintcgratiw per min) per sample. 
assuming a mean recovery of the tracer of 60%, B 
mean background of 3 counts, a 1167 min count 
length. and I couatifbg e&iency of 30%tb). 

Pnur to the availability of actual data from a 
whole body, estimates of whole body plutonium 
content were made from tnwe umples collected a1 
routine autopries by assuming that most of the 
plutonium rcmrining in the body at death would be 
found in the lungs. TBLN. liver and skeleton(7.*l. 
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The activity in the respirator?, tract and liver was 
measured directly as thew organs were typically 
collected intact. The amount in the skeleton, 
however, had to be extrapolated from a few 
grammes of bone 'to a skeletal mas of 
approximately 14% of the total body weight. or 10 
kg for Reference Man (3 Caucasian male weighing 
70 kg and age 20-30 yead*). Although it was well 
known from animal data that plutonium, a bone 
surface seeker, was not evenly distributed in bone. 
the assumption of unifonn distribution was made for 
lack of definitive data for humans and the measured 
concentradon was cxrrapolared to IO kg hone. 
Recognition of the emors associated with these 
calculations. and other considerations. prompted 
the USTR to initiate a whole-My donor 
programme. AU soft tissues From these donors are 
andyred. One-half of the dissected skeleton is 
snalyled and, assuming left-right symmetry. the 
results are extrapolated to the entire skeleton 
according to the method described by McInroy et 
or5'. Procedures for calculation of americium 
content of the body are similar to those described 
for plutonium. 
CASE DESCRIPTIONS 

Six cases with known occupational exposurc to 
!"Pu or ?*\Am have been analysed to date. For all 
cases bur 102. who incurred an exposure to z'iAm 
through a wound. the individuals were likely to have 
been exposed to a mixture of both nuclides 
simultaneously. A brief medical and uccupational 
history for each case is provided below: 
Case 102: This case has heen previously descnbed in 

and was a 49 year old Caucasian male Jet ail' 111.1 1. la 
radiochemist. 1.82 m in height who weighed. when 
healthy. 67 kg. He died in March 1979 from 
malignant melanoma. Widespread melanoma 
metastases were found at autopsy throughout the 
body tissues, including bone. lhis individual had 
heen a research chemist from 1950-1Y79 and had 
worked with significant amounts of '"Am early in 
his career (1952-54). Although there was no 
documented accidental exposure to americium 
during his working life. a routine urinalysis in 1958 
indicated the presencc of 241Am Follow-up 
urinalyses and in vivo counting led to an estimated 
skeletal deposition of 3.96 kBq based upon 
inhalarion ar the presumed route of intake. Post- 
mortem radiochemical analyses of the body resulted 
in an estimated total body deposition of 5.44 kBq of 
:"Am. An elevated level of 24iAm was found in the 
soft tissues of the left hand raising the possibility of 
an unrecognised contaminated wound as a route of 
entry. 
Cue 193: The medical and work history of this case 
has also been previously descnhed in the 

literature ..'! This individual was a 62 y old 
Caucasian mk. 1.73 n in height and weighing 75 
kg. who retired in January, 1%. about one yeur 
before his death in December 1982 from respiratory 
failure complicating pneumonia. He had been 
cmploycd as a chemical engineer in Pu alloy 
research and other Pu work from 1945 until his 
retirement in 1982. There was potential for 
moderate inhalation exposure to Pu from 1945-1957: 
no wounds or ingestions were recorded: positive 
nasal swipes with > l  Bq of activity were obtained on 
16 occasions before 1957. Exposure potential was 
significantly reduced in 1957 when he assumed 
supervisory responsibilities. In vivo chest 
measurcmcnrs and radiouranalyscs data provided 
estimates of 9% Bq whole body retention at the time 
of retircmcnt. 

C w  XIS: This malc Caucasian. age 69 y at the time 
of death in April 19136 from a pulmonary embolus. 
was 1.713 m in height and weighed approximately 59 
kg. He suffered a cerebral vucular accident (stroke) 
eight yean prior to drath and was physically inactive 
after that event. He began work in 1946 as an 
operations foreman in a Pu reduction and dry 
chemtsrry operation. He incurred the potential for 
acute inhalation exposure to Pu during the period 
from Mav 1946 through March 1947, showing on 
one occasion (August 1M) positive nose wipes for 
plutonium. In vivo estimates based upon urinalysis 
results indicated ;I retention of 574 Bq :JyPu at rhe 
rime 111 death 

Case 212: This  56 year old male Caucasian plumber 
measuring 1.81 m and weighing 89 kg. died in 1984 
from acute left pneumothorax and associated 
compltcarinns of emphysema. During employment 
he was involved in two radiation incidents with the 
potential for internal deposition of plutonium. Thc 
first occurred in August 1956 and resulted in an 
estimated deposition based on urinalysis data of 
approximately 0.8 Bq of :'''PU. In March 1%7 he 
suffered a contaminared wound in a finger that was 
treated by debridement and chelation with DTPA. 
A total of 26.5 g of DTPA was administered in 47 
treatmenis during thc six month period following 
the injuw. The estimated systemic deposition from 
this wound. based on urinalysis data. was 535 Bq of 
L'vPu and 4 3 kBq '"Pa. 
C w  213: This donor was a cd y old male Caucasian. 
measuring 1.72 m anc weighing 64 kg at the time of 
death in 1984 from lung carcinoma. He began 
working with h in July 1946 as a chemist and had 
potential airborne Pu exposures until his retirement 
in Januarv 1979. Fivt potential inhalation accident 
events were rectirdrd hetween 1946 and 1967. 
including three wcahtons in I Y 4 6  and 1Y47 when 
positi~ c iasal wipes .'or plutonium were obtained. 
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RESULTS 
The '3qPu and '"Am content of speclfic tsSUes OT 

organs for each whole-body case. expressed in term\ 
of the percentage of the total activity tn the whole 
body of each specific tissue or organ. are found in 
the tables in the Appendix. Complete analytical 
data have not been reproduced. but the result- 

TI& 1. Cornparim of system& L*pu estimates made In 

RLIIIO. in LILO t 7 

V ~ V O  with pOrt-mOrtrm tbwc u U I ~  n ~ b .  

Systemic "'Pu content (Bq) - 
Case In LIVO cstimate Post-mortem port-mortcm 

memmxnent --- - 
193 995 1 Ih H h  
2118 57.1 141 4 1  

213 585 217 2 J  
242 925 920 10 

212 535 2w 2 6  

Seven in vivo chest rneasurcments were made 
between 1970 and 1919. All were below the 
minimum detection lrvels for '.%I. Whole body 
deposition at the time of death. b a d  on 
radiourinalysis data. was estimated at 585 89. 
Cue 242: This 78 y old Caucasian male was 1.80 m 
in height and weighed 85 kg at the time of death in 
January lY87 of left ventricular hypertrophy aod 
coronary arteriosclcrosis. He began working with Pu 
in 1946 as a plutonium chemical operator and had 
potential exposures to airborne plutonium until his 
retirement in June 1971,. Six potential accidcnrs 
were recorded during 1947- 1948: all were exposures 
to airborne plutonium exccpt an acid burn in 1947 
having a recorded surface contamination level at 
>4O.Mw) cpm (counting efficiency unstated). One 
additional exposure to airborne Pu was recorded in 
1958. Urinalysis data gave an estimated whole bod! 
deposition of 925 84 

provided are sufficient to estimate the whole body 
disrribution of % from five CDKS and the 
distribution of :41Am for four and to make a 
preliminary evaluation of these data in rerms of 
existing biokinctic models. The systemic (excludiq 
the lungs) ?u activity measured in the tissues is compared with the deposition estimued in r i  0 YO in 
Tabk 1. In gemtal. the estimated activity based on 
in vivo mcwrements is several times greater than 
rhe measured post-mortem activity in the tissues. 
These results arc in excellent agreement with the 
recent study by Kathrcn, Heid and Swint in which in 
L w ~ ~  atimatcb of syrtemic deposition were 
iomprred with estimtes made from post-mortem 
analysis of selected tissues. This comparison showed 
an inverse wlationrhip between the measured 
Jctivip in the tissues and the ratio of in vivo to port- 
moflern estimates of systemic deporition'"'. 

The distributions of ?u and "Am. expressed as .I percentage of the total body content or of the 
systemic deposition. are given in Tables 2-5. For 
thow iaws in which inhalation was the primary 
route of entry. a large fraction of the total body 
burden was found in the respiratory tract. This doer, 
not apgear consistent with the current [CRP lung 
rntdel' I .  that predicts a smaller fractivn of actinide 
10  be retained in the respiratory tract. 

R v  comparison. the distributions of '-\'Pu and 

Tabk 3. OWributkn d % in five whok M i c a  (YO 
syqumtc mtrnt ). --- 

USTR 
a s  no I ivcr Skeleton Muscle Other - 

7 4  7 0  
3 0  

!I? 41 3 49 2 6 7  2 8  
5 0 J 9  

19 I 41 9 4 7  4 3  

53 7 6 2  4 4  

LI 8 43 9 193 
208 53 62 6 9 1  

19 4 70 8 113 
242 - - - - 

Mcdn 3 5 4  1 7  
SD 12 5 12 5 i n  

- --- 
TI& 2. Distribution of L*Pu in five whole bodin (Ye w k d c  b o d ~  contemt). 

-._ ---- 
USTR Likely routc 
Case no. of cntry 
_ _  
192 liihilatim 
?OH lnhrlrtiun 
212 Wound 
213 Inhalation 
242 Inha1.1tion 

Rcspiraton 
tract - 
51 u 
37 u 
0 4 
1U b 
'0 1 

35 q 
1: 5 1 :  
a 8 
-'I - -  

- - - -- - 
J 35 8 4 2  2.7 

2.0 1 1  i n  9 

.. 10 I 1 7  I ?  

Mcan. all caw5 1 N = 5 t 
Standard drviutton n i  32 5 3 7  ? h  
Muan. inhalation c a ~ m  o n l v  (h = 4) 
Standard Jwdt ion  _ _  - _------- - 

.-- . 
Skclcton M U S C ~  Other 

20 8 3.5 3.3 

49 1 6 6  2 1  
57 6 4 1  4 0 
12 5 1 .J I 3  

39 (1 5 6  1 9  
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USTR likely route 
C m n o .  ofentry 

1UZ Wound 
193 Inhalation 
208 InhrLtion 
213 In halation 

Mean, all casts (N = 4) 
SD 

Respir atmy 

1.5 
60.7 
28.Y 
14.1 

26.4 
25.4 

R8Ct 

- 

Mean. inhalation cascronly(N = 3 )  34.8 
SD 23.6 

USfR 
caw no. Liver Skelecon Mus& Other - 
102 b 5  83 7 89 0 lJ 

I93 13 4 58 3 17.3 ( 0  Y 
208 3 3  4 6  13 ? 4 4  
213 2 9  83 5 7 4  0 )  

Mean 6 5  73 5 14 3 6 3  
SD J R  12 4 7.6 A 1  

- - -- - 

-- 
'"Am differ. For both nuclides. a greater fraction oi 
the, total body burden is  found in the mft tissues. in 
particular the musck. tban inferred ftom the models 
rooposcd in ICRP Publications 30 and q8((1.1s'. For bu the distribution in skeleton and liver (Table h 1 

is more consistent with the iniual equal fractionation 
of this nuclide between skeleton and liver proposed 

Lver skeleton M u r k  Other 

R.4 82.4 8.8 0.9 
5.3 22.9 6.8 4.3 - -  .l e8.a 16.8 3.3 
J . 5  11.2 6.3 5.3 

4 1  56.3 9.7 3.4 
! I  26.3 4.9 I .9 

3 3  47.6 10.0 4.3 
1 7  24.1 5.9 1.0 

.- 

.- - - - ,  

- 

in ICRP Publicanon 30. The overdl systemic 
distribution of %I is well characteriscd by wing 
ICRP 30 parameten for initial fnctionation and 
half-life in skeleton and Liver, Puuming ?hat dl or at 
least a portion of the remainder in the transfer 
compartment is deposited in the remaining soft 
tissues with J long half-life (Table 6). 

For 3'Am. the systemic distributions observed in 
these cases arc m r e  ccmistent with the 50:30 
fractionation between skektw and liver proposed 
in ICRP Publication 48'15), and an effective 
cleuuurc half-time of about 2 y for '"Am in the 
fiwr as was proposed by Durbin and Schmidt('*' 
based on their analj%ir of Core 102. and by Gtiffith 
and c o - w o r k e ~ ' ~ ~ ~  from a n b d  data. The observed 
distributions are abo consistent. a is the 
fractionation of plutonium diseusscd above, with the 
observations of ~atbren CI UP' on bnp-tern 
expasure c a m  fram which selected tissues had been 
obtained. and with the preliminary anal is of Case 
193 previously reponed by McInroy a$'. 

Tabh 6. pmnt.p.lsystumk d v i t y  Byeus pat erpaurr. - -- 
ICRP ICRP 48 ICRP 48 Mean t of 5 cases. 

case 11 (c) Cue 1 (b) this study Paramcten (a )  - -  
53.7 -t 12.5 50 52 S2 

12 
33 

Skeleton 
Liver 

(I) Aeurna initial priitioning of 0.45 to skeleton. 0.4s to liver. a d  U. LO to res1 of body and early excretion. retention 
half-tirna of to0 years in skeleton and 40 y a m  In liverd1 Of portion not gomg to skeleton or liver. half is assumed 10 
be eXmeted rapidly. and half dcpodts in other tissues with essentially infinite half-life. 

(b) Asaumes initial partitioning of 0.50 to skeleton. I) .W IO liver. and ll.?o to test of body and early excretion. retention 
half-times of 1W yun in skekton and 40 years in Iiver,l": other wumptionr as in (a). 

(c) Assumptions as for (b) except retention half-time, iii 51) w a n  in skeleton and 20 years In liver. 

35.4 2 12.5 36 16 
mu of body 10.9? 2.1 14 20 

I. 

Activity C8kUl8liOn: 
% activity at lime t 
incompartment i = - x IUJ",, 

f,e ',' 

z f$ *,' 
where f, is the hactiun initially deposited in organ I ,  I. ihc effective rem ,Val constant from organ i. and t IS the time after 
deposition. 
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DISTRIBLITION O F  PLUTONIUM AND AMERICIUM IN WHOL€ BODJES DONATED TO 
TH& UNITED STATES TR4&SURANIUM REGISTRY 

CONCLUSIONS 
Although it should be stressed that the data 

evaluations presented &re are only preliminary. 
there appear to be clear diffennces between the 
recent ICRP biokinetic models for Pu and Am and 
the results in these six whole bodies. kadiag to the 
following tentative conclusions: 

For the inhalation exgOLure c~ses. greater 
proportions of % and - ' I A m  are found in the  
respiratory tract than would be prrdicted by the 
ICRP lung model"'. T h i s  suggests that retention 
fractions rad retention half-times in the 
respiratory tract may k greater than proposed 
by the ICRP lung model. 
In general. systemic distribution of -u is 
reasonably well charaaerised by the model in 
ICRP Publication ae'. Initial fractionation of 
wPu between liver and skeleton is approximately 
equal and consistent with the values specified ~n 
ICRP Publicrtion 30. 
InitiaI fractionation of 2''Am between liver and 
skeleton is consistent with the 5O:M ratio cited in 
ICRP Publication 48 and with a clearance half 
time from the liver of about two yean. 

J After a iong-term exposure, si@unt frraiohc 
of the rymemic % and n~ ~e found in ~JJC 
m u r k  and ot&r soft tissues, W t i n g  these 
tirues repmaent a long-term depot for t b e ~  
nuclides. 

5 In  vivo eatimrter of systemic deporttion typially 
are several tmcs OI+.'cr chon the -tion 
mcuwcd io the rirsucs of the wbok body after 

studies wily tissue ~mples oniy and suggests 
that in viva &inuCes made from commonly wed 
biolriaetic models may greatly exaggerate the 
actual dcporion. 

Study a d  cwluation of these cues. as well as 
the results &om plnial body autopsy cases, is 
continuing. and additional and more detaled 
repons are anticipated. 

death. 'Ibis d m  ObKrvrtiolu frora prior 
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APPENDIX 

Tisrudorpan 
’“Am retcntion 

Wct wcight .4*h wrighc Activity Diririhution 
( I )  (It IBq) (I I 
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*u retention 
Wet weight Ash weight Activity Oistribulion 

(% 

Rcrpirvtory tract I207 186t.7 67 
Liver 1620 3m.4 14 
Kidneys 312 0.3 0.01 
Spleen 205 11.8 0.4 
Smooth muscle organs 262 0.2 0.u1 
Stnatcd muscle 36719 37.2 1 
Other muscle 677 5.3 0.2 
Skin I*SR 13 0.5 
Other soh lissue SUK, 133 4 5 
Tester 24 0.1 tO.UL 

3069 3382 '* 12 Boner and teeth 9523 

Total whok body 75703 279 I 100.00 

Tissudorgan 
(B) (Bq) 

-. .- -- &I 
-. - 

- - - 

Skin contents estimated from small samples. Expect final r w N s  may he higtier. * *  Skeletal contents estimated from Datellae contents. 
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