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Relationship between Physico-chemical Form of Plutonium and its
Behavior in Tissues and Effect on Reticuloendotherial
System in Mice
I. Distribution Patterns of Monomeric and Polymeric Pu After
Subcutaneous Injection in Mice
Masatoshi Kashima, Hisamasa Joshima and Osamu Matsuoka

Division of Radiation Hazards, National Institute of Radiological Sciences, 9-1, Anagawa 4 chome, chiba, 280, Japan

Research Code No.: 400

Key Words:  Plutonium, Accidental conbination of skin,
Autoradiography

Autoradiographic studies were performed on deposition of plutonium (Pu) in punctured skin of human and
on distribution pattern of Pu in whole-body level in mice after subcutaneous injection (s.c.) of monomeric and
polymeric Pu.

A human skin of the tip of left finger which was accidentally punctured by needle contaminated with
29Pu(NOj3), was surgically removed 2 hours after the accident and was made to sectionize for autoradiographic
study. This skin was contained with 24 nCi of 2?Pu. Although almost all of alpha tracks in malpighian layer and
corium of the skin indicated single tracks, several star tracks and single tracks gathered in cluster into cells were
observed.

Whole body autoradiographic studies on mice were attempted to observe the possible diffusion,
polymerization, translocation and deposition of Pu after s.c. injection with fresh monomeric Pu solution at pH 1,
4, 7.2 and 13 or stocked monomeric Pu solution for 348 days at pH 7.2 and with polymeric Pu. The whole body
distribution of monomeric Pu solution at pH 4, 7.2 and stocked Pu solution showed similar pattern. There was a
difference in diffusible pattern of Pu in the injected site between monomeric Puat pH4 or 7.2 and at pH 1, 18 or
polymeric Pu. The former was rapidly spread in subcutaneous tissue in contrast with the latter. A number of star
tracks were observed in the injected site of monomeric Pu solution. This fact may be indicated as a result of
polymerization of monomeric form in skin. Although low level concentration of Pu were found in blood 3 hours

after injection, Pu especially polymeric form was most likely to transport from the skin through the lymphatic
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vessels.

HREZEMAE MR B38% 1%

Translocation of Pu from injected site of skin to bone, liver, spleen, bone marrow and lymph nodes were
observed in 3 hours post injection and distribution in these tissues indicated nonuniform except bone marrow. In

the liver, higher concentration of Pu were found in central zone surrounding the central vein.
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(A). Mlcwphotograph of punctured skin of tip of the left mdex ﬁmger (25><)
(B). Autoradiogram of the skin showing Pu-contaminated area in the wound. (25x)
(C). Autoradiogram showing cellural deposition of Pu at the part indicated an arrow in (B). (200x)

Fig. 1 Photograph and autoradiograms of a piece of punctured skin contaminated with Pu.
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Table 1 Estimation of absorbed radiation dose rate to contaminated
area with Pu in the skin of the human case.
Nuclide Amaunt MPBB* Ratio to | Emittion | Energy I Dose rate
(nCi) (nCu MPBB rate (%) : (MeV) | (rads,fday)
Pa 0.7 40 | 0.0018 a 100 549 | 1168
#@9py 24.0 | 40 | 0.60 a 100 514 | 37503
#°Pu 7.62 | 40 | 0.19 e 100 5.16 i 11953
| [ t = I
21p, | | o 0.003 4.87 | 15
u 330. 900 0.37 8 9 0.01 i 978
*1Am 0.36 | 50 0.007 | a 100 i 5.37 5 588
Total | 1185 | i 52204

# MPBB : Maximura permissible body burden
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Table 2 Isotopic composition of used Pu

Isotopic
Tsotope | COMPO- Half 1ife | Activity | Per cent

snt(ug/;) (Years) (mCi) of a ray
#*Pu 0.009 87.7 0.83 2.18
#"Pu | 91.301 | 24150 28.35 75.88
#°Pu 7.884 6537 9.01 24.1
#1Pu 0.780 14.5 | 399.96 0.024
#*Pu 0.035 | 387000 0.0007 0.0018

* Calculated data by Y. Noda and E. Tanaka
based on NUMEC data at Oct. 25, 1965
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(A) Munomerw Pu solutmn of pH 4. 5 Almost al] are single tracks. (50)( )
(B) Polymeric Pu solution. A polymeric Pu particle is shown as a star track. (50x)

Fig. 2 Microautoradiograms showing e-tracks of prepared Pu solution.
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Injected site
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-—?-.-.a f-hl--.—--__;___,

Pelvic bone
7

R

“-——A—’—- -

’B‘-ﬂl&a_-
.

(A) One day post s.c. injection.
(B) Twenty one days post s.c. injection.
(C) Fifty six days post s.c. injection.

Fig. 3 Macroautoradiograms showing distribution pattern of Pu after subcutaneous
injection of monomeric Pu solution (pH 4.5).
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B
(A) Skin near injected site showing high concentration level and presentation of several star tracks.
(50x)
(B) Pelvic bone. Homogeneous distribution of single tracks is seen in marrow space. (50 )

(C) Liver showing nonuniform distribution of Pu. (50x)

Fig. 4 Micro-autoradiograms showing distribution pattern of Pu 1 day post s.c. injection of mono-
meric Pu solution of pH 4.5 with ET-2F (50pm thickness nuclear emulsion plate).

B U TR fiz i Ui %, pH 4.547.20 o B A Pu o JEEGRPR DS BRI, R
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Heart blood Pelvic bone
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Mediast. 1.

Pelvic bone

rz S SR e S
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(A). Three hours post s.c. injection

(B). Three days post s.c. injection. There was no difference in distribution pattern of Pu between
fresh prepared monomeric Pu solution (Fig, 3. A)

(C). Twenty one days post s.c. injection,

Fig. 5 Macroautoradiograms showing distribution of Pu after s.c. injection of stoked monomeric
Pu solution for 348 days (pH 7.2).
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AR SRR QMR BI8E 515

(A). Injected site of skin ; a number of star tracks and aggregations inlouter side

(upper part) are shown (50x)

(B). Pelvic bone ; shows high concentration of Pu into endosteal and trabecular

surface.

Fig. 6 Microautoradiograms showing & tracks in ET-2F plate at 2ldays after s.c.

injection of stocked monomeric Pu solution.
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Fig. 7 Comparison of macroautoradiograms showing distribution pattern of Pu at

3 days post s.c. injection between :

A). Monomeric Pu. (exposure time to film for 21days)
B). Polymeric Pu. (exposure time to film for 93days)
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Table 3 Effect on the skin of injected site with plutonium solution

| Form of Pu pH of solution

(uCi/kg)
i Monomeric. 4~ 7.4 | 30
l Monor.l;wer“ic. I 1 1 5_0
Monw:-:r;-eric. I’% R 30
| Monomeric. | _ .
| (Stocked) | T2 ‘ N
Polymeric. ‘ 4~9 : 30
foo U VAENT BT B bR i Bk
Star track P EHFFLE L.
(2) Pu BrFHLE O 482 R
o ETHREER T, ik Pu o £

ChicbHMfin <z — vaflEET 5 - L ERAy
B\ fofed, w7 A 1EHI-h *Pu 1.1pCi L
B oMLY KEE 1 2PN | @S35 ks &
Dfehy, R E L LT, KERInOIH,
1o = v AT A GRS b - FRE CIE T
<, EIRNES OEE & il L Te a8 A
FRIZD R C OB B\ TEM T H ok
EEZS.

L L, #5800 EMcid 27 b 5l s B
E, W, MED BHbh3 L0 Eho
1o, BB M 1 554 Table 31k L
t.thmwu%Puﬂﬁ0m48>P5%
HECKT AHELR LI, o0~ 2D Pus4
ik Fig. 3C iR Lz, #EEAE iz %f
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% &, Star "‘Zﬁfiﬁi TA5F5 w 2FOVI LD,
Tihehb/FH4 A0 0 EmbrEELT
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