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Introduction 

Alpha particle dermatitis is rare following 
exposure to externally emitted a-radiation, 
since most or' such particles are stopped 
easily by the horny layer of the epidermis of 
man. Even the mild effects produced by the 
+erapeutic use of solutions of thorium X 

I ointmenr: of radon are not ascribable 
. ' .  a-particles alone. Larkin described an 
er!.thema produced by accidental exposure to 
a 32 mev cyclotron beam consisting almost 
entirely of  a-particles. This reaction failed 
to deyelop into a radiation ulcer such as that 
seen after x-ray or /3-particle exposure of 
similar magnitude (estimated 70,000 r )  , al- 
rhough desquamation occurred and thicken- 
:::? o i  the epidermis persisted for more than 
-+ iuonths. \\-itten et al.2.3 showed that a sur- 
ince dose greater than 33 kilorad of a-radia- 
tion irom polonium was required to produce 
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detectable erythema. Slight pigmentation was 
the only sequela to the transitory erythema 
in human skin exposed externally to 660,oOO 
rad in these experiments. 

studied the effects of exposure of 
the skin of hairless mice to massive doses of 
a-particles from a 10 mc. polonium source. 
Ulcerative radiodermatitis failed to occur, al- 
though maximum depth of penetration was 
about 37p. Even with depth doses in excess 
of 100,000 r, cytologic evidence of damage 
to mitoses was only occasionally found and 
mitotic activity was suppressed only 1 to 2 
days. Dermal appendages showed no evi- 
dence of damage. Nuclear vacuolization and 
pyknosis followed by atrophy of 1 week's 
duration were the only changes found after 
surface doses in excess of 500,OOO r of 
a-radiation. In contrast, 1,650 r oi  s-radia- 
tion (50 kv., 2 ma., 1 mm. -\l HVL) 
produced severe effects such as edema, 
desquamation, ulceration, exudation, and 
chronic radiation atrophy and dermatitis in 
these mice. This study led Devik to conclude 

Devik 
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Microscopic Examination 

After fixation, the piece was embedded in 
paraffin in the usual way, sectioned at 41. to 
6p, and stained by the periodic acid-Schiff 
(PAS) reaction. Autoradiographs were made 
from alternate sections which were not 
stained until aiter exposure and processing 
Intense *-particle “bursts” were demo: 
strable after 96 hour> on Kodak nude; 
track plates, Type S T A  ( 2 5 p  thickness). 
using a modification o i  \i.illialns‘ technique.’ 

The histologic appearance of perpendicular 
sections through the lesion is sho\vn in Fig- 
ure 1. Figure 2 is an autoradiograph of the 
same lesion seen in Figure 1. The a-emitting 
particles of plutonium are confined to the 
iiiinute “hillock” o i  the corium that appea 
to extend into the cpidermis. The PAS st;. 
(Fig. 1) revealed that this area was con*- 
posed of amorphous. strongly P-AS-positive, 
proteinaceous material that appeared to stein 
from adjacent collagenous fibers undergoing 
liquefaction necrosis. The oi-erlying epi- 
dermis was centrallJ- atrophic and dyskera- 
totic. I t  vias covered by a niinute focus o i  
parakeratotic squainae. In thi> area, tlx-. 
were no basal cells and no mitoses. but on e:- 
side of the “hillock.“ where the epidermik 
was normally thick. mitotic hyperplastic basal 
cells were present. -4 sudori ierous gland 
running through the center o i  this minute 
lesion (which filled hali oi a low-power field 

that the epidermis contains cells not only 
capable of surviving doses of the order of 
100,OOO r of u-particles but also capable of 
normal mitotic activity 2 days later. He  as- 
cribed the mildness of the reaction to a lack 
of radiation-induced dainage in the connec- 
tix-e tissue of the corium. The case of a-parti- 
cle-induced radiodermatitis described here is, 
in light oi U‘itten’s clinical and Devik’s es-  
periniental observations, quite unusual and 
pro\-ocati\-e. particularly since the bulk of 
the exposure was to the corium and to the 
basal layer o f  the epidermis. 

Report of Case 
The paticnt. a person engaged in machining plu- 

tonium metal, had had a radioactive foreign body 
removed irom his hand 1 years and 3 months prior 
to his noticing a nodule at the site of the old punc- 
ture uound. . i t  the time of the first debridement, 
the area had 20,OOO surface a-counts per minute and 
postoperatively only 20 surface a-counts per min- 
ute. -1fter unsuccessfully trying to remove the sus- 
pected new ioreign body himself, he reported to the 
dispensary where a y-spectrometer microprobe ’A 

revealed that 0.0Spg. of plutonium was present. 
The skin oi  the area was excised and fixed in 

10% formalin. The wound, after excision, \vas 
spectrometrically within background counts. The 
excised piece oi skin showed 0.078~g. of radioactive 
material in a second independent assay. IVhile 
Pu-239 ( hali-life 24,360 years) emits a-particles 
100% oi the time with an average energy of 5.15 
mev, it also emits a 17 kv. x-ray in the process of 
radioactive decay usable for the detection and as- 
say of dermal wounds contaminated by this metal.“.‘ 

Fig I -PPliotomicr~- 
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amorphous degenerative 
inaterial beneath an atro- 
phic, dyskeratotic focus 
oi epidermis. Rediiced 
: \ lou t  .JOG froin 1 - 1 -  

h 120 

Vol. 86, Ort., 1962 1z2 

1 2 b U 1 1 3  

Fi g. I.-.4u t o r  ad io- 
graph of the lesion in 
Figure I ,  sho\vir~g the 
restriction c i i  tlie a-emit- 
ting particles to tlie RC- 

verc.l\- damaped arca of 
the coriutn. .\lpha tracks 
call be seen extending into 
the damaged basal areas 
of the epidermis. Reduced 
about 3 0 4  from mag. 
x 120. 

and had a diaineter u i  
atrophy and acanthos8 
and unusually large 1’ 

Some of these were 
others were definite\\ 
no leukocytic or other 
no changes were dem, 
around the area. Tht 
vascularized or orgal 
was ,-particle-induce( 
tis, consisting of co 
of the coriuin and epit 
atrophy. 

COK 

The autoradiograp 
finement of a-tracks 1 

damage and their pe 
areas of the epide 
changes typical of 
posure were presen. 
relationship of the 
seemed obvious. A‘ 
minute, the changes 
similarity to known 
cflologic changes, c)‘ 
tion of the ultirnat 
should it he allowed 
intervention. Altho 
the skin of man ha\ 
radiographically to 
a-emitting foreign 
137 



<.ll..Z TOLOGY 

ition 

embedded in 
tried at 4p to 
c acid-Schiff 

i i> were made 
I i  were not 
11 processing. 
\-ere demon- 
otiak nuclear 
L thickness), 
-' technique? 
qwndicular 

iiuiiti in Fig- 
,graph of the 
l i e  a-emitting 
11 fined to the 

that appears 
he I'AS stain 
cn was com- 

i 'AS-positive, 
eared to stem - undergoing 
I erlying epi- 

i n t l  rlyskera- 
lllte focus of - area. there 
Y .  but on each 
lie epidermis 
rplnst ic basal 
ie1-0~3 yland 

t h i b  minute 
1 -power field 

- 1'11otomicr0- 
iring subepider- 
t i  r.\S-positive 

- degenerative 
tw:itii an atro- 
;c.mtotic ~OCUS 

t i  is. Reduced 
> irom mag. 

Fig.  ?.-.A ti t o r  ad i o  - 
:rnpli o i  tlie lesion i n  
.- :ziirc 1. +howin!: tlic 
, c>tri~tion oi the a-eniit- 
ting particles to the se- 
verely damaged area of 
the corium. .-\lpfia tracks 
can be seen extending into 
the damaged basal areas 
o i  the epidermis. Reduced 
about 30% irom mag. 
,.,: 1-70. 

... 

and had a diameter of 37.5,~) showed similar 
atrophy and acanthosis. Occasional swollen 
and unusually large nuclei could be found. 
Some of these were hyperchromic, while 
,?then were definitely pyknotic. There was 
I..,) leukdcytic or other cellular esudation, and 
. j changes were denioiistrable in capillaries 

around the area. The lesiou itself was not 
~ascularized or organizetl. The impression 
was a-particle-iiitlucetl chronic radiodermati- 
tis, consisting of collagenous degeneration 
of the corium and epitlermal dyskeratosis and 
atrophy. 

Comment 

The autoradiographs showed precise con- 
iitlrment of a-tracks to the area of masiniutn 
damage and their penetration into the basal 
areas of the epidermis, where epithelial 
changes typical of ionizing radiation ex- 
posure were present. The cause and effect 
relationship of these findings, therefore, 
seemed obvious. Although the lesion was 
.-:inute, the changes in it were severe. Their 

:iilarity to known precancerous epidermal 
<!-tologic changes, of course. raised the ques- 
tion of the ultimate fate of such a lesion 
should it  be allowed to exist without surgical 
intervention. Although no malignancies of 
the skin of man have ever been sho\vn auto- 
radiographically to be associated with such 
a-emitting foreign bodies. the changes here 
. .  

I . l l~~ l~ l~a l I~ l r -Lnr lg l r~rr~  

would seem to indicate that the development 
of such a lesion is possible. On  the basis of 
Devik's experimental observations, the cyto- 
logic epidermal changes present in this lesion 
woulcl require n dose rate in the order of 
1,OOO rad ot' a-particles per hour. Mathe- 
inaticnl anal~.sis. based on the size of this 
lesion and on the measured amount of 
plutoniuiii present, r e i d e d  that the dose rate 
actually $vas 2.040 rad per hour. Since the 
plutonium lnrticles were present for 4.25 
years, the ar-erage radiation dose within the 
lesioti duririg this exposure was 75,000,OOO 
rad.* Such a dose rate over a -!-year period 
seems inconceivable but may explain the 
amorphous, dead, or cooked appearance of 
the corium containing the radioactive ma- 
terial. I t  implies, as Devik concluded, a 
fantastic resistance of epitlcrrnal cells to 
a-part icles. 

Summary 
Histologic and autoradiographic examina- 

tion of a piece of palmar human skin said 
* Summary ol analysis : Diameter of lesion=375g. 

Volunie nt' le.;ioi1=2.7X10" cu. cm. lpg. plutoniriin 
gi\ cs 1.4X 1Oj a-disintegrations per minute. 0.084g. 
plutonium cave 1.12xIoJ a-disintegrations per min- 
ute. 

Sincc i . t j  niev plutonium a-particles in this 
mioiint would deliver energy at the rate of 58x10' 
mcv ~ i e r  minute, or 9.3X10-' ergs per minute, then 
34 rads per minute, or 2,040 rads per hour, was the 
radiation dose rate. 
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to ha1.e been contaminated by a penetrating 
piece of plutonium revealed intense a-track 
concentration in a minute focus of subacute 
and chronic radiodermatitis. Although the 
penetration of the a-particles was minimal, 
the severe local effects seemed to indicate 
that a massive dose of a-radiation had been 
delivered to the area in the 4 years the con- 
tamination had been present. 

C. C. Luslibaugli, MD., Los Alainos Scientific 
1-aboratory, P.O. Box 1663, Los Alamos, N. Mex. 
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