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PLCTONIUM IS AUTCPSY TISSC'E .. 

Evan E. Campbell, Mods F. hlillip, 

Wilhm D. Moss, Harry F. Schulte, md James F. Mclnroy 

ABSTRACT 

Since 1959, rdccted tissues from decuud humuu hve ken cumined for 

the presence of plutonium. The ori- purpose wu'to condrte plutonium 

body burden calculated from urine assay urd actual burden determined by 

analysis of autopsy materials. The cbsua haw provided daa on plutonium 

deposition in man resulting from general disuibution of plutonium in thc 
environment through global fallout d &at resulting from plutonium fabrica- 

tion a research and development operations. 

Lung, liver, kidney, lymph, and rktletal tissue arc the principal materials 

examined. The mlytial data, the ripihcmee of the findings, ind the consid- 

cnble unnruinties in the radiochemical analysis and calculations arc dis- 

cussed. The drta will be completely duattd in other tor Alamos Scientific 

hboratory reports. 

The rcsuiu arc contained in the qpendixes to this report. Median conen- 
mtions in the organs md dsua of I pneral population (not occupationally 

exposed) were (each number represents dislmin Pu pcr kg): Ewr,lA; lung, 

0.8; lymph nodes, 3.0; bone, 0.6; and kidney, 0.6. Plutonium conclmmdon is 

Fncrally higher in tire tissues of those who haw been occuprtionally exposed 

to piuroniumi the concentration obviously depcnds upon the nature of the 

exposure 8nd its severity and duration. 

1. INTRODUCTION 

Since 1959, the Los Alamos Scientific Labontory 

Industrial Hygiene Group has colkctcd necropsy material 

for analysis. The analysis consists of plutonium measure- 

xunt by variations of the methods routinely used in the 

bioassay prognm to determine plutonium in the urine of 

"rplayrtr potentially exposed to plutonium. 

"he original intent of our tisueanalysis effon was to 

seek confirmation or denial of the validity of estimates of 

plutonium body burdens by urinalysis. In at kast one 

aoubk cue,' confirmation of estimates of body burden 

made during life was obtained by analysis of tissues from 

the deccascd. The ubtqutt!. of pluron,ut?: JII rf;r cnsiron- 

mmt has since IrC IJC to ts.4rnine 3~itop! zx!.ml from 
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the general population, to learn whether plutonium exists 

in detectable amounts in the tissues of individuals from 

that population. 

Harley' has estimated that the testing of nuclear weap 

ons distributed -300 kCi of '"Pu over the surface of the 

earth before the beginning of the moratorium. Tests by 

France and China have tl&d about 5%. More recently. 

became detectable in the environment because of 

the burnup of a SNAP generator, It is therefore expected 

that plutonium can be detected in the tissue of nonoccu- 

pationally exposed humans. Tissue data arc limited 

because of the various tissue-analysis problems that will 

be discussed. 

>,~.yno~ rcpncd a awrayc of 0.14 to 1.i r~i oi 
".A ''. *.e \'.et \qeif!~t in the hng.;, ui:h ;::: hive 
-::. 
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toncentrations ranging from 0.04 to 0.12 pcilkg. Tams~~ 
$4 +eel TO cnirrl~ic the mrmrrcd air wnccvrxjnn in 

<-::. pjr \*!:A :r. ..T; C.VCCX-:,:.C: c~i?-~~i;::.r~ L-.s tk 

ip of 50 M hu did not diel iron] an) puin:unuj patnol- 

ogy. fbeir data suggest that pulmonary deposition is 

consistent with air concentration. They gave: 

0.15 t 0.1 pCi of =Pu/kg in the lung for 1965, and 
.O.ll t 0.2 pCi of =Pu/kg in the lung for 1966. 

The concentrations in the rrPcheobronchia1 lymph nodes 

for tk lllll~ @od were 6.85 t 8.5 and 9.6 f 7.6 fling, 
mpeaivcly. Takitawas uulyzed two to five cases per 
year from the Niigau District m Japan from 1960 to 

1967; hit analyses showed that &e lung contained 0.012 

to 0.038 pCi/kg. Takiuwa stated that he found 2.36 pCi 

quhg in the genital apns of a 7O-yr-old woman and 
6.3 pCi/kg in her bone. Krey et a!! reported the follow- 
ing results for a group of cues. 

.. 

PLUTONIUM CONCENTRATION 

(diJmin)/kg 

Lung 1.74 f 0.17 

Kidney 0.99 f 0.22 

Gonad 7.9 f 1.9 

Lymph Node 11 f4 

They concluded that the lung and lymph-node deposition 

confirmed values that might be calculated from lirbome 

contamination. 

- Becruse of the variable values reported above, the AEC 

provided I number of samples from metropolitan New 

York City 10 that we might confirm or deny the Pluto- 

nium concentrations prcviously reported. 

11. TISSUE SMPLES 

A. !Sample Sclcction 

A special series of samples were collected in New York 
Cin. thtnvrb the ccln??r?rim d nr. lnh H!!rky ef the 
:;c,y i' -*!- . . , ., (P~;~~TIL.;.. 0;ii.. t.: ;::: ,.81.c. yhc*i sili::;t:cs 

wcre from iii.!es and were rcccivcd b) the mcuicol exam- 

mer's office. Gcncrallp only small weights of each organ 

were made rvaihblc, but the gonads were included. The 

limited mass rvrilable for these analyses permitted detec 

tion of *.03 dislmin of plutonium in the aliquot, or a 

lower limit of 1.5 (diJmin)/kg if a 20% sunpl~ WS used. 

Since June 1970, this program has been expanded to 

include a number of other ueu, using I ~milar relcnion 
of cues. 

B. S.mpkStq . 

The pathologist selects the tissues and packages each 

separately in a plastic bag. These tissues ue held in a 

freezer until released by the pathologist for chemical 
processing. A mall section of the lung, liver. kidney, and 

lymph node is preserved for analysis for other metals. 

C. Autopsy slmpks 

Lung. Both lungs are normdly received and treated 

without special preparation. Small amounts of tissue 

other than lung normally accompany the sample. No 

attempt is made to separate the lower bronchial lymph 

nodes or other lymphatic tissue from the lung tissue itself. 

The weight recorded is the weight actually received at the 

time of preparation and represents both lungs. The 

amount of plutonium in the lung includes that in the 

pulmonary lymph tissue. 

Liver. The whole organ is normally received and prt 

pared for chemical analysis. 

Kidney. At least one kidney hu been used in each 

cue. Every attempt is made to obtain both kidneys for 
analysis. 

Gonads. The gonads were included in samples received 

from New York City and Denver, Colorado. 

Lymph Nodes The lymphatic tissue of the tnche- 

obronchiol region is received for analysis. Usually it 

includes only the lymph nodes of that rqjon and is only a 

small part of the tctal lymph-node mass. In 8 few cases, 

adnexal tissue is included. 

2 
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111. ANALSTICAL PROCEDL’RI: TABLE I 

A. Method Fl:hCTlI3SS ASALYZCD 

1.’ Each tissue is placed in an appropriate vesscl for dry 

ashhi. The lker and lung ;~rc,placcd in pcclai!: cva7o- 

ratin& dishes. rrd the other ;ISSUES are plicrd in Pyres 

beakm of appropriate size. Since June of 1971, all tissues 

have ken air dricd at 100 to 150°C to remove excess 

water. 

2. The samples ut placed on shelves in a muffle fur- 

nace to prevent direct heating of the t’cssel. The tempcra- 

turnprogramed muffle furnace is operated from 200 to 

500°C. reaching maximum temperature in 24 h. The 

samples we held an additional 24 h at 500°C partly to 

whiten &em. 

3. After the samples cool in the furnace, the tiwr and 
lung residua are transfened to 800-cm’ beakers. The 

vessels are thoroughly washed with 2N nitric acid, and the 

washing, combined with the residue, is Gaporated to 

dryn- 

4. Each residue is heated repeatedly with nitric and 

bydrofluoric acid until it remains white. From 1968 to 

1971, we used hydrogen peroxide in conjunction with 

nitric .add to speed the uhing process, but because of 

concenmted hydrogen peroxide’s high metal content, we 

no longer UK it. Excess HF is removed by repeated 

evaporation with nimc acid. 

S. Each residue is finally dissolved in 2N nitric acid 

and trmsfcncd to a volumetric fluk. Except for the lung 

and bone samples, the procedure brings about complete 

dissolution of the residue. The following volumetric flasks 

are normally used for each sample. 

LiVCf 1000-cm’ Lymph Nodes 5~cm’ 
Lung 1mcm’ Bone 25ecm’ 

Kidney 100-cm’ GOMdS so-cm’ 

6. Each sample is mixed well and stored pending 

rnalysis of groups of samples. . 

1. AI the dmc of analysh, diquots arc uken from 

each sample as indicated in Table 1. Each diquot is 

“spiked” with *PU at a &vel of 2 didmin and evaporated 
to dymrt, awed with concentrated nitric acid several 

dmcs, and allowed to evaporate almost to dryness. The 

salts of the lung and liver are dissolved in 200 cm’ of 8N 

nitric acid. sodium nitrite is added, and the mixture is 
rllowcd 10 stand ovcrnishr before aniontxchingr scpari- 

tion. 
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Tissiic - 
Lung 

Liver 

Kidney 

Node 
LY mPh 

Bone 

so 5 

50 5 
10 10 

10 20 

10 4 

500 50 

5 00 SO 

50 50 

10 20 

so 20 

Normally, all the salts except the lung and bone are in 

solution. These latter two suspensions are shaken before 

diquoting 8s lined above. Most of the tissue salts are in 

solution after evaporation and redissolution in 8.” HS03. 

All the salts are treated with hydrofluoric acid, and the 

excess HF is removed by repeated nitric acid evaporation 
and treatment with boric acid. 

8. Each aliquot is subjected to anion exchange on a 

BieRad AG 1 x 2 anion-exchange min, using a modifica- 

tion of the procedure of Campbell and Moss.” The 6-mm 

by IO-cm columns are eluted with dilute hydrochloric 

acid, and the eluate is evaporated to dryness and prepared 

for electrodeposition using an acid oxalate electrolyte. 

The plutonium is ekctroplated on 1/2-in.diam stainless 

steel plates and counted by alpha spectrometry, using a 

300.mm’ silicon-surfarc barrier detector. The column 

effluents that do not contain plutonium arc saved for 

possible future use. Each umple is counted for 1000 min 

with a counter efficiency of 3096 and a counter back- 

ground of 0.004 f 0.003 countslmin. Thc2*Pu reag:nt 

blank is 0.007 f 0.00;) counulmm, including the =Pu 

internal standard. 

Until 1967, we analyzed rll samples by Schwmdimrn 

md Healy’s’ ’ method, using nuclear-track alpha count- 

ing, pkedcd by electrodeposition as stared above. We 

have rtanalyted many samples from that time which 

contained analytically significant mounts, using Pu 

tracer added when the aliquot is taken. Schwendiman and 

Healy’s method cannot be used in the presence of added 

qu tram. We have also reanalyzed a number of samples 

of analytical significance using larger aliquots to demon- 

strate that the plutonium recovery was essentially com- 

p1c:e. 
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TABLEIXI 

EFFECT OF SALTS OS PLVTOSIL’M RECOVERY 02: former p:c?rciilte was to select 5acrn’ aliquotz of 
8 1ooocrn’ solution of lung or liver tissue for a~ly~is. 

This is 1120th of the total weight, or -50 g of the lung or 
g of liver, a quantity satisfactory for a sumillurce of 

accupr~kxporure am. We reanalyzed 15 lung and 
her drrue solutions containing mcrrurable amounts of 

plutonium, using a 500sm’ aliquot. 

Measurements from rrulysis of luge (SWcrn’) and 

prull (5Ckm’) aliquots indicate that us of the luge 
aliquot dum the standard deviation of the individual 

analysis dpitiantly, bt also show no statistically sipifi- 

ant didferentc in rcnrhs obtcrined from analyzing large or 
mull aliquots of the ume solution. Replicate analyses of 
various tissue-ash solutions analyzed at the same time by 

the same method indicate good agreement among ali- 
quots. Table 11 indicates the typical degree of replication. 

1 

2 

3 

5 
10 

1s 

25 

so 

0.39 

0.39 

0.34 

0.37 

0.32 

0.25 

0.2 3 

0.15 

0.058 

0.117 

0.175 

0.292 

0.5 84 

0.876 

1.46 

2.92 

5.31 

4.16 

4.25 

3.75 

3.32 

3 .42 

3.78 

3.34 

0.014 

0.027 

0.01 1 

0.068 

0.137 

0.206 

0.342 

0.685 

C. Effect of Salts on Plutonium Rwvcry . 
more than 50 em’ in aliquoting highly concentrated solu- 

tions. Each aliquot is evaporated to dryness. treated with 

nitric acid, and made to 500 em’ with 8N nitric acid for 

iontxchange isolation’to reduce the sdt concentration. 

By increasing the total volume of the tissue-salt solution 

and increasing the column size to 6 mm by 10 em, we 

have minimized the effects of high ionic strength noted 

above. 

Becrwc our chosen procedure involves an isolation 
technique (ion exchange) without a preconccntndon 

nep, wc inwmipted the effects of normally occumng 

nlts m thue-umple solutions. We used a solution of 

bone and lung from a c.0~ known to haw a detectable 

plutonium burden for malysis. Each aliquot was evapo- 

rated to dryness and made to the same volume for ion- 

exchange separation. The mass of salt in each solution was 

determined by weighing an evaporated aliquot. The 

results are shown in Table 111. 

Because these results suggest that analysis of unneces- 

sarily large aliquots can lead to low recoveries, we UK no 

D. Recovny of Plutonium During Analysis 

The use of qu to evaluate the radiochemical separa- 

tion does not represent an attempt to determine total 

yield of the overall procedure; accordingly. the tracer is 

added at the time of aliquotting. not at the time of 
rshing. The libmry of tissue solutions Is still available for 

analysis for other nuclides. Examples of tracer recovery 

are given in Table 1V. 

TABLE I1 

TYPlCAL REPLICATION OF VALUES 

(dishin per aliquot) 

TABLE W 

Solution 

A 

B 

C 

D 
E 

F 

C 

II 

1 

- 

1 

1 

0.38 

0.01 

0.33 

1.1 

0.07 

5.9 

- 

2s 
38 

3.5 

0.1 1 

3 - 2 

0.62 0.26 

0.00 0.02 

0.39 0.53 

1.4 1.2 

0.03 0.1 1 

7.8 5.3 

- 

25 
35 40 

3.7 

0.10 

Mean 

0.45 

0.01 

0.42 

1.2 

0.0: 

6.3 

2b.3 

3 ;; 

:. .f. 

- RECOVERY OF ‘%Pu FROM TISSUE SOLUTIONS 

Liver Lung Gonad - - Bane - Tissue - 
KO. of 

Mcan 

R ec OYCT)’ 

(‘0) 

c::??$ rd 

Dct 12tion 

SA m p!es 9 9 9 9 

S0.S id. 1 74.1 85.7 

13.4 16.9 12.3 ,Q.: 
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E. ObnaIi Kccovcry 

We sriked becf tissues of the same weight as human 

organs uith "'?u and used the outlined prwcdurc to ash 
.nd analyze the tissue for plutonium. The ovrrrll recover). 

was 87 f 8%. 

F. Ohmd tosses 

Becruse some insoluble material normally defies die 
Mon in 2N nitric acid, we conducted additional studies. 

'fbt salts, probably rilicates and phphrtes. cannot be 
brought into complete solution at this stage. We used 

solutions of tissue salts from individuals known to haw 
ken occupationally exposed to plutonium in the follow- 

ing mdy. We examined paired rliquou of the solution 
.ad of the insoluble residue in the following manner. 

The suspension (in ZN nitric acid) was well mixed 

during rliquoting to produce as homogeneous a mixture 
as possible. Small aliquots of the suspension were taken 

and centrifuged. The insoluble portion and the centrif- 

ugate were separated and spiked with as an internal 

uaccr. Each portion was evaporated to dryness, treated 

repeatedly with hydrofluoric acid md nitric acid, and 

finally evaporated repeatedly with nitric acid ro remove 

the excess HF. Any fluoride survbing the evaporation was 

complexed as the fluoborate, after which the solutions 

were amed through the iontxchange procedure and the 

separated plutonium was counted by alpha spectrometry. 

The ,results indicate that the loss by incomplete dissolu- 

tion of the plutonium from the salts in the procedure 

witbout repeated HF treatment may be as much as 20%. 

N. RESULTS 

All of tbc rcsultr obtained under this pzogram arc 

Appendix A - Tables of Individual Cucr 

Appendix B - Cumulative Frequency Dismbutions 

Appendix C - Summary Tables 

The tables of individual cases contain the most de- 
ailed, properly rnilable information about each use 

cxunined. Included are case numbers, usigned by this 

hbomtory md unrelated to any numbers usigned by 

pathologists or hospitals, occupation at time of death, 

age, sex, city of rpidencc, and cause of death as described 

by thc pathologist. The cousc of deah is n!so dcscnbcd b!, 

thc HE\\' Codc Sgmbcr.' ' L&orstory data !nclr;Cd 

uc: weight of organ (or tissue) as received; toul volume 

reported in the appendixes: 

V. EVALUATION OF RESULTS 

The plutonium concentrations in the analyzed tissues 
cannot be compared directly because the portions of the 

organs analyzed were never identical. To put the data on a 

common basis, therefore, we convened the results per 

aliquot to disintegrations pet minute per kilogram and 

disintegrations per minute per sundyd organ weight. We 

used then data to estimate the conrcntmtion of plum 

nium in human ussucs per unit of weight for each of the 

population groups lined in Appendix A. 

Because of incomplete knowledge of sample selection, 

incomplete tissue collection, and uncertainties in the 

uuy, we have not tried to evaluate statistical differences 

among groups of data. but have chosen to leave the 

testing to another study involving additional data with 

better controls. 

Histograms of the frequency distribution of the data 

for each type of tissue from Appendix A were found to 

be skewed to the right. We therefore assumed that the 

data are distributed log-normally, and demonsnated the 

validity of that assumption by plotting the cumulative 

frequency of the number of samples against the pluto 

nhm concentration on logarithmic normal-probability 

graph paper. The data thus plotted gave acceptable 

straight-line fits, and these graphs ue presented in Appen- 

dix B. 
Every data point obtained experimentally is included 

in Appendix B. It is obvious that excluding a11 those 

rrsults that wen klow out detection limit would increase 

the median unrealistically; therefore, results that were, in 

fact, below our detection limit are rssigned an artificial 

value of 0.03 (dis/min)/kg simply to aid in the prescntr- 

don of the data. 

This assignment makes the plots flatten at the lower 

section. consjs;rnt wirh limitations of rnc.~surs~r.i'~.~ ItT.Si- 

t:v;t!,. Sin:i!ar deviit.%n from ttc ~:-2.;:~:-:i:? !':: 2; :f.c 

upper end is associated with a selcction against an upper 

5 

. 
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'3 
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1irr.i~ cc! c~cle swcificstioc. From the Io;?rirhmic 

p::t.:t.;::i? r'c:~. \\*e c5tim31~3 :be m~?!.~n, or SOih per- 

ccaris, data polnrs ior each distribution csprcsscd as 
disinugrauons per minute per kilogram. The estimates are 

shmm m Table C-1 (Appendix C). The median values for 

each be type and population pup suggest that there 
arc 110 significant differences among the population 

pps except for the high-potcntidtxponrre group. 

Othrrt rrpens of the lilutoniurn concentration in 

hum the may be obtained from the lognormal prob- 
abily pphr We combinsd the data from Tables A-1 

through A411 and A-VI1 into a single unexposed populr 

tioa pp and plotted the dau for each dwe on log 

nod probability graphs. Thcse graphs provided era- 

mrrr of the median, the 95th pantile, and the 5th 

perccatik. Theit points include 90% of the results. These 

data are shown in Table C-11, along with similarly derived 

ath~tes of the occupationly exposed groups. 
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APPESDIX X 

TABLES OF INDIVIDUAL CASES 

The data tabulations are divided into conwnicnr.popu- 

lation catcgories based on residcntid arL'c and .:=-pa- 
tioaal exposure. 

TABLE A-I. Los Alarnos residents with no occupational 

exposure KO plutonium. 

TABLEA-11. Nonresidents of Los Alimos with no 
known occupational exposure to ptuto- 

nium. 

TABLE A-Ill. Colorado uses rnalyted for plutonium. 

FomKr employees of the Los Ahmos Scientific Lab- 
ontory were grouped recording to their potentid expo- 

atre to plutonium. If the work ana or job assignment was 
directly related to plutonium handling, or known poten- 

tial exposure of short duration, the cw was considered as 

having a high potential exposure and placed in Table A-V 

or A-VI. Because of the nature of the Laboratory's work, 

all other former employees have a potential for exposure 

to plutonium; these cws are listed in Table A-IV. 

TABLE A-IV. LASL employees known to have a poten- 

tial exposure to plutonium. 

TABLE A-V. LASL employees known to h3w a high 
plutonium-cxposure potcntid. 

TABLE A-VI. Special cases. Cases discused in other 

reports' and for which other than the 

standard set of tissues were analyzed for 

plutonium. 

TABLE A-VII.New York City cases analyzed for Pluto- 
nium. (These cases are listed separately 

becrua of the differences in weight of 
organs received and because the gonads 

were always included.) 

The minimum =porting level (MRL) is based on the 

total counts, background, and recovery statistics. The 

MRL is 0.03 dislmin of plutonium found in the aliquot 
analyzed. 

Uranium, mercury, and other elements have been 

determined and will be reported elsewhere. Tissues re- 

ceived during the past three years have been examined by 

gamma spectroscopy KO detennine 'OK, "'Cs, and orher 

radionuclides used therapeutically. Americium 241 and 

'%I will be reported separately. A complete review of 
the occupationally expovd cases reported here has been 

pubhhcd.' ' 

' 
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APPEXDIX C 

SUMMARY TABLES 

. 

TABLE C-11 

.. 
SWMW&Y & PL~ONIUM IN HUMAN nssug .. 

ESTIMATED FROM Loc-?ROdABlW ?WfS OF 
CONCENTRATION PER kg OF TISSUE 

Born 

01 
4D 

1001) 
1.4 
11) 

1001) 

BD 
151) 

tOOD 
0.6 

0.1 

11) 

0.6 

0.2 

30 .O 

01 8081) 
0.1 8080.0 

0.3 to 5.0 

0.l tolO.0 

I# COldO' 

.OJ torxlo' 

01 to2001) 

0.6 to 4000 

005 to 60- 
001 to 20.0 

OD1 to 1001) 
0.02 to 20.0 
0.0: to 3?.0 

0.l to 1.10' 

6.6 :o :.(lo' 
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