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\BSTRAC |
Samples of human liver and bone Werevobtained at autopsy from former
aotinide workers whose 6cc0pationa1' historfes ‘Were suggestive of chronic
inhalation exposure, a]though minor skin contam1nat1ons ~and wounds ‘were
‘documented in a few 1nd1v1duaTs, At long txmes after 1ntake, the mean rat1o
of actinide.in ‘the ske]eton relative to that in the Tiver was 1.73 for 238py
(36 cases), 1.4 for 239py (43 cases), and 3 14 for 241Am (25 cases)

d1fferences between these ratios were slgn1f1cant at the 99% conf1dence Tevel

‘and indicate that a greater fraction (76%) of the total 241An_was found in the

skeleton than was found for either 238py (63%) or 23%uy (53%). These data can

» be compared to the current ICRP models which assume'that the partitioning
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| between liver and skeleton for each of these nuclides will be equal, and hence :
the ratio of activity in bone to that in the Tiver ie 1.0 immediately after
intake. - |
INTRODUCTION |
The United States Transuranium Registry (USTR) studies the distribution
and concentration of the transuranic elements in humans through radiochemical
analysis of autopsy tissues donated voluntarily by occupationally exposed
persons (Sw86). This report describes the results of the evaluation of data
from registrants with measurable concentrations of p]utonium and'americium who
had contrlbuted bone and 11ver specimens to the Reg1stry. _ |
Plutonium and the higher actinides are well known as bone seekers, and'
‘were identified as such by Ham11ton (Ha47) S1nce th1s early p1oneer1ng
f report the propen51ty of plutonium and amer1c1um to concentrate in ‘the .u
L ske]eton and the liver has been conf1rmed by numerous other stud1es, 1argely
conducted us1ng experimental an1ma]s. The current ‘biokinetic models of the
International Comm1ss1on' on Radiological" Protect1on (ICRP) assume‘ that -
~ plutonium and americium absorbed in the bloodstreem will be depcsited
principally tn the skeleton and 1iver'v 45% in‘each of these organs and the
rema1n1ng 10% in the rest of the body and ear1y excreta (ICRP79) Thus,'as
shown in Figure 1, based on the ICRP mode]s, ‘the ratio of p1uton1um or
americium in bone to that in Tiver is expected tc be unity»soon,after intake,
and to tncrease'slowly with time because_of‘a faster'clearance from liver
(40y)‘than from boner(IOOy). More recent]y;’McInroy et al. (Mc85)‘ekamined a
whole body and found (about 25y after intake)dthat the distributicn of 241Am~
varted markedly from this model with approx1mate1y 80% of the systemic 241pm

in the bone and only 6% in the Tiver.



METHODS

To evaluate the relative distribution of plutonium isotopes and 24lam in
skeleton ;nd liver, cases since 1976 with the following criteria were
selected: | .

1. Both bone and liver specimens had been to]ieéted at autopsy.:

2. These tissues had detectab]e quantities of one or more of the

following nuclides: 238py, 23%y, 241pp,

v Individuals iﬁ thiS»étudy typical]y ﬁad 20 or mbre years of-empTGyment at
facilities where plufonium and americium were processed. For most of the
ca;és_expdsurevwas assumed'to have occurred from chronic low Tevel inhalation
_ over a_‘period pf severa] to many years, since there was no history of
accident&] ﬁcute inhalation, ingestion or a wound. A’Tfssue ;;mples. were
éo]Tectéd from VUSTﬁ' registrants and ;forwardedr to Los ATamos-"Nationdi
'-;'Laboratony_for_fadiochemica] énalysis;[ The‘analytical procedures‘invoived o
drying and'ashing'of tissueé, dissolution in nitric acid and removal of an
| “aliqUOt-:fof analysis. " After the addition of 242py and Z43Ami‘tracéfs,
separation and isoiation of plutonium and americium was accomplishéd by anion
éxchangerand e1éctropfating onto stainless steel disks for quantitative alpha
speétrd&etry. Thé detailed radiochemical procedufes have béen descrfbed by
‘Boyd, Eutsler and McInroy and by Mcinroy.et;aT. (Bo81; Mc85).

| Conéentrétions of 239Pu>in bong and liver were aVai]ab]e for 43 cases
(Table 1). Similar data for 241am were available for 25 cases (Table 1). The
concentration data were convérted to organ content by aésuming the organ mass
tb bé that given fdr Reference.Mén:‘Z.B kg“far bone ash and 1.8 kg wet mass

for liver (ICRP75). ‘After.thiS'conVersion; the'datakwere compared usiné"the,
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content or ratio of actinide nuclide in the skeleton relative to the Tiver.

RESULTS AND DISCUSSION

Figures 2 through 4 are histograms indicating the number of cases and the

~ corresponding percentage of 238Pu; 239py énd 241pm in bone relative to total

amount in bone plus Tiver. Table 1 summarizes the data for each radionuclide.
The ICRP models predict equal amounts of these nuclides will be deposited in
the skeleton and liver from the transfer compartment (i.e. blood). In the 43

cases where data.were available for 23QPu, the.amount in the ﬁkeleton ranged -

- ,:from'23% to 97% of the total in the skeleton plus 1iver,'with'a mean of 53.2%

" and a standard deviation of 18.2%. This mean is not significantly different

";from that predicted by the ICRP model, but does not support the 70:30

.'partitioning ratio between ;keleton and liver proposed by Thomas, Healy and
hclnroy (Th84)., In other words, the ratio of the amount in the bone to the

 ;v:iamountfin the liver was 1.14, compared with the ratios of 1.0 from the ICRP

modéi and 2.33 from Thomas, Healy and McInroy (ICRP79; Th84).

" In the 36 cases where 238py data were available (Table 2), the amount in

- the skeleton rangéd from 20%-99% of the total amodnt in both the skeleton and

liver, with a mean of 63.4% and é.staﬁdard deviation of 24.1%. Thus, the
ratio,df the amount in the bone reTative fo the amount in the Tiver was 1.73.
The difference between these means for the p]utoﬁium isotopes is
significant at the 99% confidence level (p < 0.02), and ‘suggests that a
greater propartion'of 238py than 23%uy is deposited in the~ske]eton; This

‘observation is in agreement with the work of Mewhinney and Diel where enhanced

- dissolution, translocation, and excretion of 23gPy were observed in beagle

dogs exposed to.233PuOZ aerosols comparéd to previOus studies where animals
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were exposed to 239Pu02 (Me83). However, the observation- differs from the

~ICRP model which predicts initially equal amounts in the skeleton and liver

" (ICRP79).

Data were available on 241mn' content in 25 cases. One of these cases was
th,e USTR whole booy previously described (Mc85). In these cases, the amount
in the skeleton’ reTat‘ive to the total in the skeleton plus liver ranged from
48% to 97%,' with a mean of 75.8% and standard deviation of 15.3%. Thus, the
ratio of the amount in bone re1at1ve to the amount in liver was 3.13, as

compared with the 1'0 suggested by the ICRP mode1 (ICRP79). The difference

" between the mean percentage of z‘”Am in the skeleton and that of the two.

p?utomum isotopes was sigmficant at the 99% ~confidence level (p < 0.01),

' _Wthh strong'ly suggests that americwm is 'lost more rapidly from liver than

. - bone and supports the models put forth by Griffith and coworkers and more

.' ecent'ly ‘by Durbm and Schmidt in which the half-life f_or 241pm in liver is

-_;t.ébout ‘two years A(DoSS; GR83). It would also support_a_ model in which a

" greater _fraction of 241pn than 239y is deposited in the bone.

The 25 241am cases were part of the universe of 43 23%u cases mentioned

~ above. Therefore, it was possible to compare the relative fractionation of

'4241Am and 239Pu between bone and liver for these 25 cases. These data are
"shown in Figure 5 where the percentage of 241Am and 239Pu in the skeleton

| (relative to the tota'l in the skeleton and liver) are plotted. The data

points for the 23%y and 241pm tend to track together suggesting that the two
nuclides are handled similarly within the body. For 23%u the mean is 53.2%

with a standard deviation of 18.2% as compared with }a' mean of 75.8% and a

standard deviation of 15.3% ‘for ‘241Am. ‘

It is reasonable to assume that the plutonium and americium exposure
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routes were similar in these cases. The logical conclusion appeahs to be that
for these chronic long-term exposure cases, a smaller percentage of americium
than plutonium is vretained in the Tiver. However, the details of the exposure
of these eases are'not knohh at this time; it is likely that at least some
individuals were exposed to a mixture of plutonium isotopes, including 241lpy
the parent of 241am. Thus, at least some of the 241pm in the bone might have
resulted fromvdecay of this relatively short-lived (13-year half-Tife) isotope

-~ of p]utoniom. However, this is insufficient to explain the relatively large

fraction of americium in the skeleton. Moreover, the results of the single

whole body . analyzed by the USTR suggest that about 80% of the systemic burden

of americium was in the skeleton (Mc85). These data seem to be more consistent |
" with a model 1n ‘which the half—11fe of americium in the Tiver . is relat1ve1y

short perhaps on the order of 2 years as suggested by Griffith et al. and

Durbin and Schmldt and certa1n]y less than the 40 years proposed by the ICRP
(Gr83 Du85, ICRP79).

A similar examination was made of the 36 cases where both 238py and 239y

data were aveilable.v The data poihts are plotted in Figure 6 and show the two
~ plutonium isotopes tracking together, a1though there is a greater percentage

of 238py in the skeleton than 239Pu

' CONCLUSIONS
On the basis of the part1a1 human body cases ana]yzed by the USTR, it
appears that, at 1east for chronic exposures, the part1t1on1ng of the three

actinide nuclides, 238Pu, 23%py and 241, between the skeleton and Tiver in

‘humans is not the same. For 239Pu, there was approximate]y equal part1t1on1ng

between the skeleton and the Tiver; while for 238Pu there was about 1.7 times
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more in the skeleton as in the liver. For 241pm the amount in the skeleton
was about 3 times that in the liver.

This difference in partitioning is of significance in biokinetic modeling
and the establishment of permissible intake Timits for these'nuclides. The
partitioning factors observed in this report indicate that the annual limits
on intake for 238pu and 24lam put forth by the ICRP (ICRP79), which assumed
equal partitioning between bone and liver, may be high by a factor of
approximateTy 25% and 50%, respectively, considering only the dose to bone.
However, these factors are only about 12% or 13% high based on the weighted

committed dose equ1valent in target organs or tissues fo1IOW1ng intake by

inhalation. .
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Table 1. Estimated organ burden of 238Pu, 23%y and 241pm at autopsy
" based on radiochemical analyses

: 238Pu (Bq) 239 Pu_(Bq) ol Am_(Bq)
Case Number Liver Skeleton - Liver Skeleton Liver Skeleton
13 - 0.28 0.35 4.29 3.62 0.07 3.17
16 0.003 0.093 0.06 0.27
18 0.44 0.81 23.5 26.7 - -
20 - 0.01 0.22 0.10 0.29 - 0.02 0.04
21 0.08 0.11 4.51 4.67 - 0.34 0.81
22 ~0.05 0.43 2.99 2.27 -- --
58 0.07 0.10 2.04 3.47 -- --
60 0.23 0.32 ’
.79 0.01 0.28 0.36 0.38
82 - 0.007 0.353 -~ 0.05 0.15 0.17 2.98
. 90 : 0.005 0.345 0.10 -~ 0.36
93 0.79 0.42 4,30 1.98
- 94 0.05 0.54 0.10 0.28
- 100 "0.12  0.09 0.59 0.66 -- --
101 0.005 0.012 0.08 0.38
102 - 0.03 0.77 1.37 2.29 554.0 6623.1
104 0.04 0.15 0.27 0.36 0.13 0.37
106 v 14.8 6.97 0.15 4.23
107 N -- 2.04 ~ 3.46 - 0.20 0.99
108 4.04 1.12 145.3 54.7 9.82 21.7
141 28.2 16.4 - 414.8 326.7
142 : 0.59  0.65 - 217 - 23.3 17.5 52.4
143 " 0.06 0.05 5.50 2.42 B -
144 - 0.007 0.005 0.38 0.61 0.01 0.14
145 ~0.65 2.49 48.8 8l.1 19.4 23.5
147 0.04 0.20 0.02 0.24
148 1.40 0.71 70.3 27.7 7.16 9.50
149 0.04 0.04 2.78 . 1.93 0.17 0.46
150 0.06 0.15 0.69 = 2.67 0.26 2.08
151 0.28 0.42 13.7 19.5 .- --
152 - 4.48 1.14 168.4 100.9 - 6.50 18.4
153 0.21 0.05 5.3  1.49 0.92 0.86
154 0.005 0.037 ~ 0.09 0.34 0.02 0.21
155 0.03 0.04 '1.69 1.44 0.13 0.29
156 0.02 0.10 0.11 0.05

—
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Table 1. Estimated organ burden of 238Pu, 23%y and 241pnm at autopsy
based on radiochemical analyses (cont.)

239 Pu_(Bq) 241

238py (Bq) Am_(Bq)

Case Number Liver Skeleton Liver Skeleton Liver Skeleton

157 - 0.14  0.20 0.28 0.32

- 160 -- 0.94 0.32 0.04 1.00

187 0.05 . 0.52 1.43  4.28 0.93 10.5

188 0.65 0.63 28.9 14.2 3.75 5.25

190 -- 0.02  0.07 0.05 0.12

192 o v '1.53  "0.98

193 6.33 3.53 :

195 g - 0.09 ° 0.11 -- -

197 0.46 0.38 0.03 0.33

198 0.22 - 0.32

11
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Table 2. Summary of observations for the partitioning of 238py, 239y and 241pp
between skeleton and liver in USTR autopsy cases

No. of Activity in skeleton x 100 Standard
, Cases Activity in skeleton + liver Deviation Median Range
ICRP 30 Model - 0% e e
(238pu”239pu’ 241Am) .
238py 36 63.4% B 24.1  63.5% 20%-99%
239py 43 - 53.2% . 18.2  53%  23%-97%
241y 25 . 1s.8% ~ 15.3  75%  48%-9%

12




Activity in Skeleton

1.2

Activity in Liver

1.0

Figure 1.
from ICRP 30 data.

Relative activit

y in skeleton and liver for Pu and Am calculated

1.8

1.6

]

2.
4,

5.

Notes: :
1.

_Relative Activity in Skeleton and Liver for Pu and Am
. Calculated from ICRP 30 Data . .

Based on initially equal partitioning

between skeleton and liver

Biological half-life in skeleton = 100y
Biological half-life in liver =40y

Activity in Skeleton = ™ skeit = g00104

Activity in Liver e *liver '
Reference: ICRP79 TRt 7
| 1 | I

65%
60%
55%
50%

45%

N S

20

13

25 30 35 40 45
Years Post Intake (t) ‘
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Figure 2. 238py case distribution

Pu-238 Case Distribution
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Figure 3. 23%y case di’stribution

Pu-239 Case Distribution
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Figure 4. 241pm case distribution

Am-241 Case Distribution
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Fraction of Am-241 and Pu;239 in Bone
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Fraction of Pu-238 and Pu-239 in Skeleton
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