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PLUTONIUM IN AUTCPSY TISSUE
by
Evan E. Campbell, Momis F. Milligan,
William D. Moss, Harry F. Schulte, and James F, McInroy

ABSTRACT

Since 1959, sclected tissues from deceased humans have been examined for

the presence of plutonium. The original purpose was'to correlate plutonium
body burden calculawed from urine sssay and actual burden determined by
analysis of sutopsy materials, The tissues have provided dats on plutenium
deposition in man resulting from genersl dismibution of plutonium in the
eavironment through globa!l fallour snd that resulting from plutonium fabrica-
tion or rescarch and development operations.

Lung, liver, kidney, lymph, and skeletal tissue are the principal materials
examined. The analyticat dats, the significance of che findings, and the consid-
erable uncertainties in the mdiochemical analysis and calculations are dis-
cussed. The data will be completely evaluxted in other Los Alamos Scientific
Labocatory reports.

The results are contained in the appendixes to this report. Median concen-
trations in the organs and tissues of a general population (not occupationally
exposed) were (each number represents dis/min Pu per kg): liver,1.4; lung,
0.8; lymph nodes, 3.0; bone, 0.6: and kidney, 0.6. Plutonium concentrstion is
generally higher in the tissues of those who have been occupationally exposed
tw plutonium; the concenmation obviously depends upon the nature of the

_exposurc and its severiry and duration.

L INTRODUCTION

Since 1959, the Los Alamos Scientific Labomtory
industrial Hygiene Group has collecred necropsy material
for analysis. The analysis consists of plutonium measure-
ment by wvariations of the methods routinely used in the
bioassay program ro determine plutonium in the urine of
employees potentizlly exposed to plutonium.

The original intent of our tissue-analysis effort was to
week confirmation or denial of the validity of estimates of
plutonium body burdens by urinalysis. In at least one
notsble case,' confirmation of estimates of body burden
made during hfe was obtained by analysis of tissues from

the deccased. The ubiguity of plutenium in the environ- -

ment has since lod us to examine aatopsy matenal from
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the general population, 1o fearn whether plutonium exists
in detectable amounts in the vissues of individuals from
that population. :

Harley? has estimarted that the testing of nuclesr weap-
ons distributed ~300 kCi of **Pu over the surface of the
carth before the beginning of the moratorium. Tests by
France and China have alied about 5%. More recently,
3%Pu became detectable in the environment because of
the burnup of a SNAP gencrator. It is therefore expected
that plutonium can be detected in the tissue of nonoceu-
pationsily exposed humans. Tissue data are limited
because of the various tissue-analysis problems that will
be discussed.

“-i.‘:j_'no“ reported oo average of 0.14 1o 1.3 oCi of
TFpung wet weight in the lungs, with iz hore
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concentrations ranging from 0.04 to 0.12 pCi/kg. Tarasov
et 21 tried to correlare the mercured air ennceryratinn in
eozh vear with the lupg eoneentation of humins over the
az¢ of 50 who &id not suffe: from any puimunary pathol-
ogy. Their data sugpest that pulmonary deposition is
consistent with air concentration, They gave: -
0.15 % 0.1 pCi of *Pu/kg in the lung for 1965, and
0.11 £ 0.2 pCi of 2" Pu/kg in the lung for 1966.
The concentrations in the tracheobronchial lymph nodes
for the same period were 6.85 £ 8.5 and 9.6 £ 7.6 pCi/kg,
respectively. Takizaws® amaiyzed two to five cases per
year from the Niigata District in Japan from 1960 to
1967; his analyses showed that the lung contsined 0.012
10 0,038 pCiskg. Takizawa stated that he found 2.36 pCi
Puskg in the genital organs of a 70-yr-old woman and
6.3 pCi/kg in her bone. Krey et 1.® reported the follow-
ing results for & group of cases.

PLUTONIUM CONCENTRATION
(dis/min)/kg
Lung 1.74 £ 0.17
Lymph Node 1124
Kidney 099+ 022
Gonad 79%19

They concluded that the lung and lymph-nede deposition
confirmed values that might be calculated from airtborne
contamination. :

" Because of che variable values reported above, the AEC
provided 2 number of samples from merropolitan New
York City so that we might confirm or deny the pluto-
pigm concentrations previously reported.

1. TISSUE SAMPLES
A. Sample Selection

The local pathologist provides samples from as many
sutopsies 25 possible. No artempt is made to exclude any
case, Therefore, we receive a number of samples from
cutside the geomiphical area as 2 result of traemstic
accidents occurring within the jurisdiction of the pathol-
czist. Most of the sampies, howeser, 2re from residents of
Las Alamos, New Moxico, Thais is a single-industry town,
Y.TR 2 POTLIFLION 03 A7 PIONIRICY 15,0, containing a

resgareh llorsteny. The indusirs inondes a plutonium-
regpanvh devdlopament laboratory. Siadivs of the pluto-
rium i the envitons of this Lboetstore Bove been Jocu-
roned,

2
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A specia) series of samples were collected in New York
Citv thransh the connerttinn of Dr Inhn Horlew of the
Mew Verk Oeoronivis Oifee o 1as ATC Thoss samples
were from males and were recened by the medical exam-
iner's office. Generally only small weights of each organ
were made available, but the gonads were included. The
limited mass available for these analyses permitted detec-
tion of ~0.03 dis/min of plutonium in the aliquot, or a
lower limit of 1.5 (dis/min)/kg if a 20-g sample was used.

Since June 1970, this program has been expanded to
include a number of other areas, using & similar selection
of cases.

B. Sample Storage

The pathologist selects the tissues and packages each
separately in a plastic bag. These tissues are held in a2
freezer until released by the pathologist for chemical
processing. A small section of the lung, liver, kidney, and
lymph node is preserved for analysis for other metals,

C. Autopsy Samples

Lung. Both jungs are normally received and treated
without special preparation. Small amounts of tissue
other than lung normally accompany the sample. No
sttempt is made to separate the lower bronchizl lymph
nodes or other lymphatic tissue from the ung 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 pre-
pared for chemical analysis.

Kidrey. At least one kidney has been used in esch
case. Every sttempt is made 10 obrain 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 trache-
obronchial region is received for anmalvsis. Usually it
includes only the lvmph nodes of that region and is only a
small parr of the 1e1a! lvmph-node mass. in & few cases,
sdnexal tissue is included,

Bope, Unluss vtherwiye designated, alf bore sampies
a7z wodzvs Trom the 4th and 5th lombar vertebrze, The
bone wiigids include only 2 small amount of adnexal
uasi oo [D other tyvpes of bones are aviilihle, thiy are

argivooe sopiradely
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L. ANALYTICAL PROCEDURL

A. Mechod

1.. Each tissue is placed in an appropriate vessel for dry
ashing. The liver and lung are,placed in poreclain evapo-
rating dishes, and the other nissucs are placed in Pyrex
beakers of appropriate size. Since June of 1971, all tissues
have been air dricd at 100 to 150°C to remove excess
watler,

2. The samples are placed on shelves in a muffie fur-
nace to prevent direct heating of the vessel. The tempera-
ture-programed muffle furnace is operated from 200 o
500°C, resching maximum temperature in 24 h, The
samples are held an additional 24 h at 500°C partly to
whiten them.

3. After the samples cool in the furnace, the liver and
lung residues are transferred to 800-cm® beakers. The
vessels are thoroughly washed with 2N nitric scid, and the

washing, combined with the residuc, is evaporated 1o

dryness.

4. Each residue is heated repestedly with nitric and
hydrofluoric acid until it remains white. From 1968 to
1971, we used hydrogen peroxide in conjunction with
mitric -acid to speed the ashing process, but because of
concentrated hydrogen peroxide’s high metal content, we
no longer use it. Excess HF is removed by repeated
evaporation with nitric acid.

8. Each residue is finally dissolved in 2N nitric acid
and transferred to a volumetric flask. Except for the lung
and bene samples, the procedure brings shout complete
dissolution of the residue. The following volumetric flasks
are norrmally used for each sample,

Liver 1000-cm® Lymph Nodes 50-cm?
Lung 1000-cm® Bone 250-cm’
Kidney 100-cm’ Gonads $0-cm®

6. Each sample is mixed weli and stored pending
analysis of groups of samples.

7. Ar the time of analysis, aliquots are taken from
each sample as indicated in Table 1. Each aliquot is
“spiked” with 93Py st & level of 2 dis/min and evaporated
0 dryness, treated with concentrated nitric acid several
times, and allowed to evaporate almost to dryness. The
salts of the lung and liver are dissolved in 200 cm® of 8N
nitrdc acid, sodium nitrite is added, and the mixture is
allowed 10 stand overnight before anion-exchange scpara-
ton.
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TABLEI

FRACTIONS ANALY2ED

Through 1969 Since 1970 & Roprats

Alguot woof Anquot v ot

Tissue  (em®) Total (em®) Toul
Lung 50 5 500 50
Liver 50 3 500 S0
Kidney 10 10 30 50

Lymph

Node 10 20 10 20
50 20

Bone 10 4

Normally, all the salts excepr the lung and bone are in
solution. These iatter two susperisions are shaken before
aliguoting as listed above. Most of the tissue salts arc in
solution after evaporation and redissolution in 8N HNO®.
Al the salts are treated with hydrofluoric acid, and the
excess HF is removed by repeated nitric acid evaporation
and treatment with boric acid.

8. Exch sliquot is subjected to anion exchange on a
Bic-Rad AG 1 x 2 anion-exchange resin, using a modifica-
tion of the procedure of Campbell and Moss.'® The 6-mm
by 10-cm columns are eluted with dilute hydrochioric
acid, and the eluate is evaporared to dryness and prepared
for electrodeposition using an acid oxalate electrolyte.
The plutonium is electroplated on 1/2-in.-dism stainless
stee]l plates and counted by alpha spectrometry, using a
300-mm? silicon-surface barrier detector. The column
effluents that do not contain plutonium are saved for
possible future use, Each sample is counred for 1000 min
with a counter efficiency of 30% snd a counter back-
ground of 0.004 * 0.003 counts/min. The 2* Pu reagent

blank is 0.007  0.004 counts/min, including the #¢Pu

internal standard.

Until 1967, we analyzed all samples by Schwendiman
and Healy's'' method, using nuclear-track aipha count
ing, pYeceded by electrodeposition as stated above. We
have reanalyzed many samples from that time which
contained analytically significant amounts, using 2*Pu
tracer added when the aliquot is aken. Schwendiman and
Healy’s method cannot be used in the presence of added
23¢py tracer. We have also reznalyzed a number of samples
of analytical significance using larger aliquots to demon-
strate that the plutonium recovery was essentially com-
plee.
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B. Replicate Analyses

Our former procedure was to select 30-cm? aliquots of
2 1000-¢m® solution of jung or liver tissue for analysis,
This is 1720th of the total weight, or ~50 g of the lung or
~50 g of liver, a quantity satisfactory for a surveillance of
occupational-exposure cases. We reanalyzed 15 lung and
liver tissue solutions containing measurable amounts of
plutonium, using 1 $00-em? aliquot.

Measurements from analysis of large (500-cm®) and
small (50-cm®) aliquots indicate that use of the large
aliquot reduces the standard deviation of the individual
analysis significantly, but aiso show no seatistically signifi-
cant difference in results obuined from analyzing large or
small aliguots of the same solution. Replicste analyses of
various tissue-ash solutions analyzed at the same time by
the same method indicate good agreement among ali-
quots, Table Il indicates the typical degree of replication.

C. Effect of Salts on Plutonium Recovery

- Because our chosen procedure involves an isolation
technique (ion exchange} withour a preconcentmation
step, we investigated the effects of normally occurring
_ sahs in tissuesample solutions. We used a solution of
bone and lung from a case known to have 1 derectable
plutonium burden for analysis. 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 urnneces-
sarily large aliquots can lead to low recoveries, we use no

TABLE Il

TYPICAL REPLICATION OF VALUES

(dis/min per aliquot)

Solution 1 2 3 Mean
A 0.38 0.62 0.36 0.45
B 0.01 0.00 0.02 0.01
C 132 0.3¢9 0.33 0.42
D 1.1 1.4 1.2 1.2
E 0.07 0.03 0.11 0.07
F 5.9 7. 5.3 : 6.3
G 28 25 2605
1] 38 as 40 5
! s 3.7 3.4
] 11 .10
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TABLE1II

EFFECT OF SALTS ON PLUTONIUM RECOVERY

Tissue Bone fung
Solution ~ Memured  Massof  Measured  Mass of
Anslyzed  Activity  Solids  Actvity  Solids
(em®)  (diminfecm®) (@) (dis/miniem’) ()
1 0.39 0.058 5.31 0.014
2 0.39 0.117 4.16 0.027
3 0.34 0.175 425 0.041
[ 0.37 0.292 3.75 0.068
10 0.32 0.584 3.32 0.137
15 0.25 0.876 3.42 0.206
25 0.23 1.46 3.78 0.342
50 0.15 2.92 3.34 0.685

+

more than 50 cm? in aliquoting highly concentrated solu-
tions. Each aliquot is evaporated to dryness, treated with
nitric acid, and made to 500 cm® with 8N nitric acid for
ion-exchange isolation“to reduce the salt concentration,
By increasing the total volume of the tissue-salt solution
and increasing the column size ¢ 6 mm by 10 cm, we
have minimized the effects of high ionic strength noted
above.

D. Recovery of Plutonium During Analysis

The use of 2Pu 10 evaluate the radiochemical separa-
ton dots not represent an attempt to determine total
yield of the ovenll procedure; accordingly, the acer is
added at the time of aliquotring, not at the time of
ashing. The library of tissue solutions is still availabie for
analysis for other nuclides, Examples of tracer recovery
are given in Table 1V,

TABLE1lY

RECOVERY OF #¢Pu FROM TISSUE SOLUTIONS

Tissue Bone Liver Lung Gonad
No. of
Samples $ 9 9 4
Mean
Recovery
(a) 30.1 74.1 T4.1 85.7
Seonderd
Deviztion 13.4 18.9 123 6.7



‘The analytical losses after the tissue is ashed are Jow.
and may be estimated from the porcuatagss of rocovery
giver above.

E. Overall Recovery

We spiked becef rissues of the same weight as human
organs with **Pu and used the outlinzd procedure to ash
and analyze the tissue for plutonium. The overall recovery
was 87 £ 8%.

¥. Observed Losses

Because some insoluble material normally defies disso-
Jation in 2N nitric acid, we conducted additional studies.
The salts, probably silicates and phosphates, cannot be
brought into complete solution at this stage. We wsed
solutions of tissue salts from individuals known to have
been occupationally exposed 10 plutonium in the follow-
ing study. We examined paired aliquots of the solution
and of the insoluble residue in the following manner,

The suspension (in 2N nitric acid} was well mixed
during sliguoting 10 produce as homogeneous a mixture
ss possible. Small aliquots of the suspension were taken
and centrifuged, The insoluble portion and the centrif-
uate were separated and spiked with **Pu as an interna!
wacer. Each portion was evaporated to dryness, treated
repeatedly with hydrofluoric acid and nitric acid, and
finally evaporated repeatedly with nitric acid to remove
the excess HF, Any fluoride surviving the evaporation was
complexed as the fluoborate, after which the solutions
were carried through the jon-exchange 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
without repeated HF treatment may be as much as 20%.

W. RESULTS

Al of the results obrained under this program are
reported in the sppendixes:

Appendix A - Tables of Individual Cases

Appendix B - Comulative Frequency Distributicns

Appendix C - Summary Tables

The tables of individual cases contain the most de-
niled, properly available information about each case

" examined. Included are case numbers, assigned by this

bboratory and unrelated 10 any numbers assigned by
pathologists or hospitals, occupation at time of death,
age, sex, city of residence, and cause of death as described
by the pathologist. The cause of death is also desenbed by
the HEW Code Number.!® Laboratorv data included
are: weight of organ (or tissue} as received; tota) volume
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i.a_n ul‘-':" l aiy I-‘."LI-J .-.—‘l!n ..:Lt
nivm in th? total sample, and of piuten:
samiple (conccnuation); and disintzzrinens re “aizute

per szndond organ, calculated for convenicnce. v -:i:;'.',- af
stardard srzans having been defined Ly ICRP Fobicatien
219 ]
The cumulative frecuency distributions (Appendix By
are presented for convenience in viewing the resulis on a
population basis rather than the individual bzsis used in
Appendix A.

The summary wbles (Appendix C) are the least de-
tailed, and briefly present the median values (30th percen-
tile) derived from Appendix B.

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 dataon z
common basis, therefore, we converted the results per
aliquot to disintegrations per minute per kilogram and
disintegrations pey minutec per sundard organ weight. We
used these dita to estimate the concentration of pluto-
nium in human tissues per unit of weight for each of the
population groups listed in Appendix A.

Because of incomplete knowledge of sample szlection,
incomplete tissue collection, and uncertainties in the
assay, 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 diswribution of the data
for each type of tissue from Appendix A were found to
be skewed to the right. We therefore gssumed thar the
data are distributed log-normally, and demonstrated the
validity of that assumption by plotting the cumulative
frequency of the number of samples against the pluto-
nium concentration on logarithmic normal-probability
gaph paper. The dau thus plotted gave acceptable
straight-line fits, and these graphs are presented in Appen-
dix B

Every dat point obtained experimentally is included
in Appendix B, It is obvious that excluding all those
results that were below out detection limit would increase
the median unrealistically; therefore, vesults that were, in
fact, below our detection limit are assigned an arificial
value of 0.03 (dis/min)/kg simply to 2id in the presenta-
ton of the data.

This assignment makes the plots flatten at the lower
section, consisient with limitations of measutement sensis
nvity. Similar deviation from the srogrmi-iing fin ot the
upper end is associated with a selection against an upper

L ANL
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limit of samrle snecification. From the logarithmic-
protebibny plote wWe estimated the median, or 5oih per-
centile, data points for each disiribution expressed as
disintegrations per minute per kilogram. The estimates are
shown in Table C-1 {Appendix C). The median values for
each tissue type and population group suggest that there
are mo smgnificant differences among the population
groups except for the high-potential-exposure group.

Other aspects of the glutonium concentration in
buman tissie may be obtained from the log-normal prob-
ability graphs. We combined the data from Tables A-l
through A-lll and A-Vil into a single unexposed populs-
tion group and plotted the daws for each tssue on log
normal probability graphs. These graphs provided est-
mates of the median, the 95th percentile, and the Sth
percentile. These points include 90% of the results. These
data wre shown in Table C-1I, slong with similarly derived
estimates of the occupationly exposed groups.
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APPENDIX A

TABLES OF INPIVIDUAL CASES

The darz tabulations are divided into convenienr.popu-
lation categories based on residential arec and sicupa-
tional exposure.

TABLE A-l.  Los Alamos residents with no occupational
exposure 1o plutonium.

TABLE A-Ii. Nonresidents of Los Alamos with no
known occupational exposure to phito-
hium.

TABLE A-lIl. Colorada cases analyzed for plutonium.

Former employees of the Los Alamos Scientific Lab-
oratory were grouped sccording to their potential expo-
sure to plutonium. If the work srea or job assignment was
directly related to plutonium handling, or known poten-
tial exposure of short duration, the case was considered as
having a high porential 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 cases are listed in Table A-1V.

TAELE A-1V. LASL employees known to have s poten-
tial exposure to plutonium,
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TABLE A-V. LASL employees known to have a high
plutonium-exposure potential.

TABLE A-V1. Special cases. Cases discussed in other
reports' and for which other than the
standard set of tissues were snalyzed for
plutonium,

TABLE A-VIL.New York City cases analyzed for piuto
nivm. (These cases are listed separately
because of the differences in weight of
organs received and because the gonads
were always included.)

The minimum reporting leve! (MRL) is based on the
total counts, background, and recovery statistics. The
MRL is 0.03 dis/min of plutonium found in the aliquot
analyzed.

Uranium, mercury, and other clements have been
determined and will be reported elsewhere. Tissues re-
ceived during the past three years have been examined by
gamma spectroscopy to determine K, ¥ Cs, and other
radionuclides used therapeutically. Americium 241 and
py will be reported separately. A complete review of
the occupationally exposed cases reported here has been
published.'*
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APPENDIX C

SUMMARY TABLES

TABLE €:1

SOTH PERCENTILE DISTRIBUTION OF PLUTONIUM IN HUMAN TISSUE

Plutoniurm Disintegrations per Minure per Kilogram

HNeasceupatonally Lymph

Rxpescd Lung Liver Node Kidney Bone - Gonad
Las Alamos 13678 1.1(38) 5.0{52) 0.1(54) 0.4(35) b
New Mexico k U. 5. 1.0(76) 0.9(73) 4.0(66) 0.2(66) 0.5(41) b
Calorado 0.5(66) 1.7(80) 2.0(46) 1.4(45) 0.9(85) 10.0(23)
New York 0.4(26) 1.7(26) b b 2002%) 1.0(26)
All Populations 0.8(217) 140217} 3.0{164) 0.6{163) 0.6(16£) b

Oecupadonally

Expored”
Potentisl 4.0(44) 1.0(41) 15.0(42} 0.1{(42) 0.3(2%) b
Migh Potential 300.0(15) 100.0(15) 700.0(14) 10.0{(13) 50.0{11} b
¢y} parsber of mmples.
bgampies por requested.
*Dats esnnot Be sompared s 3 group becsuse of differcnces In Type tad durstion of eupomre.

TABLE C-ll
SUMMARY GF PLUTONIUM IN HUMAN TISSUE - ..

ESTIMATED FROM LOG-PROFABILITY PLOTS OF
CONCENTRATION PER kg OF TISSUE

Sth o 95th
Rereeniile
Median of Results
Population Yusue {dis/minkg)  (disimin/kg)
General Lang o 0] todo
LowPotentis 40 0.1 to800
Righ-Potential 100.0 10 to1x10*
o Ganersl Liwer 1A 03 wid
— Low-Potential 10 01 10100
py High Potential 1000 01 w0 lxa0®
_ Gepenal Lymph
ol Node 30 01 to2000
L Law-Patential 150 0.6 to400.0
o High-Porential . 7000 01 woixio
(¥ Genennl X Kidney 0.6 0.05 1060 .
' Low-Potentia 0.1 001 10 200
High-Forentisl 10 9.01 to 1000 L A N L
Genenal Bone 0.4 0.02 to 20.0
Low-Patential 02 00Yto 300
KT:1162{940) Highisentiad 300 65 w110t
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