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T H E  ER\-THE3IA EFFECTS OF h POI,OSIL-\I PLAQLE ( A S  ALPHA 
EMITTER) O S  HUJIAS SKIN* 

VICTOR H. WITTES, JI.D., WILLIA?VI S. WOOD, M.D. 
. ~ S D  ROBERT LOEVINGER, P1r.D.t 

The topical application of thorium X was introduced into dermatologic 
therapy in 1913 (6), and has been in use since that time. Its biological effective- 
ness has beer1 repeatedly demonstrated both cliliically (3, 6, 7, 9, 11, 12, 13, 14) 
and histopathologically (4, 5, 6, 8). 

The erythema etrect of thorium X on human skin is largely due to alpha radia- 
tion, although some is due to the small amount of beta and gamma radiation 
emitted. Loniholt (4) \vas the first t o  demonstrate this effect of the alpha par- 
ticles. This \\-as accomplished by applying thorium X solution to the surface of a 
layer of gutta percha sufficiently thick to  absorb the alpha rays and allow only 
the beta and gamma radiation to pass through. Each time this experiment was 
repeated a marked reduction in the usual erythema resulted. 

This simple but impressive demonstration of the biologic effectiveness of the 
alpha particles of topically applied thorium X received scant notice for many 
years thereafter. I t  \\-as believed that,  because this type of radiation could be 
stopped with a thin sheet of paper, it could not penetrate the epidermis and 
consequently could not produce biologic effects. 

In considering the mechanisms which niight explain the biologic effectiveness 
of topically applied thorium X, it is necessary to take into account the form in 
n-hich the alpha radiation contacts the skin. When thorium X is applied in a 
vehicle such as alcohol it is carried into the epidermis and its appendages, thus 
permitting the alpha radiation to bombard the skin intensely from without and 
within (13, 16). This is in contrast to the application of thorium X in plaque 
form, n-hich allon-s the alpha particles to bombard the skin from the surface 
only. In the latter instance the erythema effect is markedly less than that pro- 
duced by an equal amount of thorium S appliecl to the surface of the skin in 
alcoholic solution (17). 

In  view of the findings that alpha rays are capable of producing a biologic 
effect on human skin even when they bombard it, only from the surface, and 
because these findings are contrary to conimon belief, the present study was 
undertaken to clarify further the phenomena concerned. Iior our purpose, we 
selected polonium?1o in the form of a sealed plaque, thus permitting irradiation 

* Froin the Department of Dermatology and Syphilology of the S e w  York University 
Post-Graduate Medical School (Dr. Marion B. Sulzberger, Chairman), and the Skin and 
Cancer Cnit of the Sen- 1-ork University Hospital, Se\r  York, 3. Y. 

This .study \\a> performed under Contract ..\T(30-1)-1535 between S e w  York Universitj- 
aird the Atomic Energy Commission. 

Preaented at the Seventeenth Annual Meeting of the Society for Investigative Derma- 
tologj-, Itic., Chicago, Illinoia, June 10, 1956. 

t Consliltant Physickt. Sew 1-ork, X. Y. 
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Descriptioii o j  !lie soiirccs atid their calibraiion 

Special polonium plaque.. \\.ere prepared by a coiiiniercial supplier.* The-e 
plaques consisted of a nickel disc, 1 cni in diameter and approximately 1 nini 
thick, on one face of which the polonium was plated. The active deposit covered 
the entire face of the disc. =\pproximately 1 niicron of pure gold was plated on 
top of the polonium. Two such plaques were prepared containing approximately 
10 and 15 nic of poloniuni each. Preparatory studies were performed with the 
first, on m-hich the active deposit was found to be quite lion-uniform. The present 
reported work wa5 done with the second plaque, n-hich was sholvn by auto- 
radiographic studies to  have 3 relatively uniforni distrihution of the polonium. 

The radioactive isotope of polonium used here was g4P0110 (RaF). It ha3 a 
half-life of 138 days, and emits only alpha particles of 5.3 Mev energy. I t  is 
obtained essentially free of contamination with any other radioactive material. 

The gold is plated on the polonium in order to  reduce the loss of poloniuni 
from the surface of the nickel disc. The gold covering must be made \-my thin, 
for if it is too thick it will absorb the emitted alpha particles completely. -\s a 
result of the very thin and perhaps irregular plating of gold there is some leaking 
of the polonium atoms through the gold. Since small amounts of ingested polo- 
niuni?lO are potentially harnifu1,t it is necessary to handle the plaques with care 
to  avoid contamination. The polonium plaque used in the present study \\-as in 
all instances wrapped in oiie layer of 25 gauge Mylar filni.1 .ifter each u ~ e  the 
plastic film was discarded. 

The polonium plaques were calibrated with an extrapolation chamber, which 
has been described elsewhere (2). This ionization chamber can be set to  very 
thin air gaps, making i t  suitable for the measurement of alpha particle sources. 
The thin electrode on one side of the estrapolatioli chamher consists of 25 gauge 
Mylar film. When calibrating the plaques, the active surface was brought into 
contact with this thin electrode. Thus, the “surface” dose rate measured by the 
extrapolation chamber corresponded to that at, the surface of the skin, since the 
thin electrode attenuated the alpha radiation t o  the same extent as the filiii 
wrapped around the polonium source when i t  was applied to  the skin of the 
human volunteers. 

The average surface dose rate of the poloniuni plaque used for the present 

* Canadian Radium and Uranium Corporation, New York, N. Y. 
t The International Commission on Radiological Protection gives 0.02 pc as the maximum 

permissible amount of polonium’n in the human body (1). 
1 ‘‘Mylar” is the trade name of a DuPont polyester film made from pol>-- 

ethylene terephthahte. It is :I tough, Aeaible, and highly impermeable plnqtic material. 
While i t  is avai1nl)Ie in B range of thirknpsses, ihe thinnest film (25 gauge) is 0.00025 inches, 
or O.(xHjl nim thick This i ,  found 11y menaurenirnt t o  equal 0.9 mg/cm2, n h i c h  indicntri 
a specific gravity of 1.4 gm/cm3. 
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of the skin froin the surface with a pure alpha emitter. In preliminary studies, 
Earle IT. Brauer and one of LIS (V.H.W.) demonstrated that erythema of huinnn 
skin could be produced with a poloniuni plaque if adequate doses were given. 
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FIG. 1. Depth-dose curves for polonium and thorium S plaques, within the alpha-particle 
range. The depth-dose relative to  100% at the surface i j  plotted against the absorber thick- 
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study was found to he 300,000 rad* per niiiiut,e, on the reference date. The dose 
ratje on subsequent days (for R period of about two months) \\-as computed using 
the half-life of 138 days. 

The extrapolation chamber also served to nieasure the relntii-e depth dose of 
the radiation from the plaque, using Mylar film as the absorber. The results are 
sho\w in Figures 1 and 2. The depth dose of the alpha particles from the polonium 
plaque is shown in Figure 1 to decrease linearly with absorber thickness. This 
result is espected from theoretical considerations (IO). The same figure gives the 
re1atii.e depth dose measured on a similar thorium X plaque. By \!.a)- of con- 
trast,, the thorium X curve is distinctly noli-linear, since the alpha particles of 
thorium X and its daught,er products are emit,ted with the beta particles of 
T h  B, Th  C, aiid Th  C”, as  well as with the gamma rays of Th C”. 

The relative depth dose of the two plaques, beyond the end of the alpha par- 
ticle range, is shown in Figure 2. The polonium plaque has a relative dose of 
only 0.0002% of the surface dose, a t  a depth of 7 mg/cm?, dropping to ‘ i o  of 
t.hat value at 20 mg;cm?. Again by way of cont.rast, the thorium S ha:: a relative 
dose of 0.7 %i and 0.2 7~ at. 7 and 20 mg/cm? depth, respectively. 

In jiiterpret.ing Figures 1 and 2, it, is assumed that 1 rngicm? of Mylar film is, 
in absorption, equivalent, t.o 10 microns of tissue thickness. This conies ahout as 
follou-s: The absorption of alpha particles i n  all material of low atomic number 
(air, plastic, water, tissue, etc.) is approsiniat.ely t.he same, provided the thick- 
ness is measured in mass units (e.g. mgJcm’). Thus, 1 mg/cm? of plastic film is 
equivalent in absorption to  1 nig/cm? of tissue. Since tissue has a specific gravity 
very close to 1 gm/cm3, it follows that absorption in 1 cm of tissue thickness = 

1000 mg/cm?, and hence 1 nig/cm? = absorption in 10 microns of tissue thick- 
ness. 

From these considerations, i t  is concluded that  a dose of one million rad to  
the skin surface would deliver oiily about 2.0 and 0.1 rad a t  depths of 70 and 
200 microns, respectively. The same surface dose from a thorium S plaque would 
deliver a dose a t  these depths 3000 t,o 10,000 times larger. From the knoivn 
absence of sequelae for thorium S (7, 9, 11, 12, 13, 14), it  \vas concluded that a 
surface dose up to  one million rad from the polonium plaque would he safe. 

E S P E K I h l  EST 1 

Procedure 

This experiment was designed to  ascertain whether or not alpha radiation 
from a solid polonium plaque applied to the surface of the skin would regularly 
produce erythema. 

The subjects used for this study were 5 healthy white males between the ages 
of 23 aiid 39 years. The polonium plaque was applied to  the skin on the flesor 
aspect of the right arm. The sites to be irradiated were located in a linear fashion 
along the long axis of the arm and were spaced so the center of each was 2.5 to 

* 1 rad equals 100 ergs of absorbed energy per gram. This is approximately equivalent 
to 1 rep or I roentgen. 
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3 em from the center of the adjacent site. The surface closes were 23, 65, 110 
and 600 kilorad. 

In order to avoid contamination of the skin by the polonium plaque it was 
covered with a sheet of 25 gauge Mylar film. Before and following each appli- 
cation, smears of the covering Mylar were taken and the areas of irradiated skin 
were counted with a thin end-window Geiger-JIueller tube. In no instance was 
there any observable contamination. 

cation of the plaque and thereafter a t  daily intervals for a t  least one week. 

t 
1 
i!l 

I 
The irradiated sites were examined at  4, 8, 24, and 28 hours following appli- i 
Erythema was estimated on a scale from 0 to 4 as follon-s: 
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6 
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>;--barely perceptible 
1-easily perceptible, light intensit,y 
%-easily perceptible, moderate intensity 
3-easily perceptible, heavy intensity 
4-very heavy intensity. 

When pigmentation n-as noted i t  was recorded. 

Obscriwfions 

The observed erythema intensities for the first 28 hours are given in Table 1. 
The mean of the observed erythema intensities for the 3 subjects are presented 
i l l  graphic form in Figure 3. 

The erythema produced in the irradiated sites faded completely on diascopy, 
and returned with release of the pressure. 

Xfter 28 hours there was a gradual admisture of pigmentation with the ery- 
thema, so that by 4 days the erythema had disappeared in 3 subjects and only 
faint traces remained in the other 2. The pigmentation faded gradually, lasting 

TABLE 1 
Observed erythe/na intensities i n  Ezperiment 1 wilh carying surface doses of Potlo 

Surface Dose 

55 kilorad 

110 kilorad 

! Observed Erythemas 

I 

0 
8 I !& 0 0 

I 

0 l o  ~0 

lW 'i 

0 ~ 
0 I 0.1 

0 0 0.1 
0 0 0.1 
0 0 I O  
1 w 0 .7  

?5 0.8 
1 0 .6  

1 .2  
lU 2.2  

?,2' 
2'6 1 
214 I 1 2 .0  
2 i 1 ~ 1.8 
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FIG. 3. The average oliservcd erythema of the 5 subjects of Experiment 1. plotted against 
time after irradiation. 

up to 2 weeks, when a branny scaling occurred which lasted up t o  ti weeks. S o  
second n-are of erythema (as is often noted with coni-entlonal X-radiation) \vas 
noted in any of the subjects. 

ESPEI<IMEYT 2 

This experiment \vas designed to find the smallest dose of alpha radiation 
from the poloniuni source which would produce a barely perceptible erythema. 
Figure 3 suggests that erythema reaches a mnsimum betn-een 8 and 20 hours 
follou-ing application of the polonium plaque. Therefore, in  thi. esperinient. 7 
sites were irradiated and erythema readings carried out 16 hour:, poqt-irradiation. 
The surface doses were 12.5, 25, 50, 75,  100, 150, and 200 kilorad. 

Obscrr-ations 
The observed erythema iiiteiisities with varying surface doze- are presented 

in Table 2, and the averages of the observed erythemas for the 5 wbjects are 
presented in graphic form in Figure 4. 

A41though there is great variability in  the erythema response of huinan skin to 
a given dose of alpha I.adiation, the niwage respoiise of  the 5 whjccts give- 
npprosiniately a linear relationship l x t v  eeii observed erythema a i d  dow tle- 
IiI-ered to the surface of thc skin. If this Jiiiear relationship can he extrapolated 
to the axis of abscissae (representing zero erythema), that point iniglit be con- 
sidered as representing the “theoretical threshold erythema dose. ”* =Iccording 
to Figure 1 this dose would be approximately 20 kilorad. 

If the barely perceptible erythema is taken to be ‘‘$6’’ according to our criteria, 
then Figure 4 indicates that the barely perceptihlc erythema dnw i\ approxi- 
mately 75 kilorad. 

* We have used the term “theoretical threshold erythema dose” to designate that dose 
below nhich no erythema nhatsoever would I,e noted, no matter hon sen-itive the mcthotl 
of mensuration. 

Oh: 

Surface Dose 
Ikilornd) 

12.5 
25 
50 

100 
150 
200 

-- 
/ a  

FIG. 4 .  Tl 
surf:ice dose 

This espc 
dose of Po2: 
appears ea. 
readings 01 

irradin tion. 

The oh1 1, * averages of 
form in Fig  

h These fii I *!?* 

i 



P 

I 

I 
lotted against 

t l i a  td ia t ion  
c erythema. 

. i d  20 hours 
\perinlent, 7 
: -itxtdiation. 

I'C' presented 
-1ibjects are 

mati  skin to 
i1)jects gives 
l i d  dose de- 
t x t  rapolated 
.ight be con- 
' * .iccorcling 

' uiir criteria, 
'. is approsi- 

TABLE 2 

Observed et  yfhetnn infensLfzes i n  Exper i tnenf  2 ,  I t i  hours pos t - i rradta f ion  
Observed Erythemas 

\ubJect I 
- A~era:e  

1 ~ " r i J c e  Dose ___ ~- 

&tiorad) I 
I 1  2 I 4 1 , i  i o  

O I  
j I  
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I 
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0 0 1 !i 
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SURFACE DOSE IN KILORAD _ -  
FIG. 4. The average observed erythema of the 5 subjects of Experiment 2, plotted against 

surface dose. 

EXPERIMEST 3 

This esperiment was designed to ascertain the relationship between the surface 
dose of Po*l0 and time of appearance of erythema. Figure 3 suggests that  erythema 
appears earlier at the site receiving the larger dose, so in this esperinient the 
readings of erythema were made a t  half-hour intervals up to 8 hours post- 
irradiation. The surface closes were 55, 110, and 660 kilorad. 

0b.wriation.s 

'l'he o1)served crythenla intensities are presctitctl in Tables 3 and 4, and the 
averages of  the ol)ser\-ed erythcma for  the 3 subjects are presented in graphic 
forni in Figure 3.  S o  erythema n-as ohserved with a surface dose of 5.5 kilorad. 

'I'hesc finclings denionstrate that  cq-them:~ appears sooner \vith the larger 

I 
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I 
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T.4BLE -1 
Observed erylkeiria inlet is i t ics  i n  Ezperitnent 5, w i t h  660 kilorad sirrfacc dose 

Subject 
Time 1 

(hours) , 
.\verane 

surface dose. \Yhile the data is rather scanty, it is possililc to specul:ite that there 
is a threshold time for the appearance of erythema with eaph dose. and that the 
erythema intensity is for a certain period roughly proportional to  the elapsed 
time follo\ving the appearance of the erythema. This linear increase holds only 
for the first 8 hours, after which the erythema intensity levels off. 

EST'EIIIllEST 4 

This experiment was designed to determine whether or iiot the alpha radiation 
from a polonium plaque acting at the surface of the skin is totally absorbed 
within the epidelmis, or whether i t  traverses the epiderlnis a i d  bombards the 
small blood vessels of the papillary zone. Two factors had to he considered: (1) 
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FIG. 5 .  The average obrerved erythema of the 5subjects of Experiment 3, plotted against 
rime after irradiation. 

-. I he range in tissue of the alpha particles from Po21o, and (2) the thickness of the 
epidermis. 

I. Rangc of alpha particles in tissue 

prosimtttely -1.0 mg/cm? the dose is only 0.001 % of the surface dose (Fig. 2 ) .  

2.  Thicktiess of epidermis 

Epidermal thickness is highly variable from one skin area to another. The 
tisation of tissue makes the measurement of skin thickness difficult because of 
the shrinkage of tissue volume which usually occurs. In the attempt to oivercome 
these difficulties i n  ascertaining the thickness of epidermis we carriecl out the 
followiiig procedure. 

The depth-dose ineasurements i n  Nylar indicate that at a thickness of ap- 

Procedure 
The subjects were 2 of the 5 persons used in Esperiment 1. Under local 2% 

procaine anesthesia a scalpel specimen for biopsy was taken from each subject 
at a site adjacent to the area on the flesor aspect of the right arni which received 
(Xi0 kilorid. The procaine was injected in the form of a at least 2 cni 
from the area to he excised in order to avoid edema of the tissue specimen. The 
cscised tissue was iiiiniediately frozen with rarhou clioside and sectioned on the 
frceziiip micmtonie. The sections were stained nith hematosylin and eosiu. 

0L.sewntions 
The tii~liiigs are presented iu Table 5. 
Assunling that 1 mg/cm' of JIylar is equivalent to a thickness of 10 of tissue, 

thrn a t  ;I dcpth of 40 p only 0.001 '% of the surface dohe would imiaiii (tiwordiii:: 

1 
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T..\UI,II 5 
1‘hicl;ness oj epidcrtuis  j r o m  ficror uspert of urn?. AIeas / r re i i l en ts  made jrotn sit tfurc 

10 t i p s  o.f clerttial pupillae 

Thickness (microns) 

Stratum Other Total 

Subject # 1  ~ Thirinest i 10.00 ! 20.00 30.00 

15.00 1 15.00 1 30.00 
’ 

31.50 I 46.00 ! Thickest 1 25.00 1 50.00 1 75.00 

I Corneum 1 Lasers , Epidermis 
I 

Average thickness 1 18.50 ’ 32.75 j 51.25 
i Thickest 1 25.00 ‘1 50.00 75.00 

Subject # 2  ~ Thinnest i 
ilverage thickness i 14.50 

The rete pegs in each suhject averaged 100-120 p i n  thickness. 

to Fig. 2 ) .  If this assumption is correct, then the figures in the preceding table 
suggest. that the alpha particles delivered by the poloniunl plaque are in general 
unable to traverse the epidermis. It is possible, however, that sonic penetratioii 
may orcur in a few areas where the thickness of the rpidernlis is less than 40 
microns. 

DlSCUSSIOS .\SI) SCMM.tRY 

The irradiation of normal huinan skin from its surface has been carried out, 
with poloniuni?~o, a pure alpha particle emitter. The olwrved response of the 
skin may be suniinarized as follows: 

(1) There is a clinical biologic effect, of erythema and pigmentation. 
(2) The erythema fades 011 diascopy, indicating that it probably results from 

(3) The erythema appears n-ithiu 2 to 8 hours, reaches x masimuni betn-ccn 

(4j S o  second wave of erythema \\-as observed. 
( 5 )  It may be speculated that there is a “theoretical threshold erytlienla dose” 

for alpha radiation of about XI,OOO rad. 
(6) The barely perceptible erythema dose for poloiiiuni alpha radiation is 

approsiinately i5,OOO rad. 
( 7 )  The larger the dose the short,er the latent period of the appearaiice of 

erythema. 
(8) There is considerable individual variation in erythema respouse to polo- 

niuni2lU. 
(9) -1lniost all of the alpha radiation from is absorbed within the 

epidermis. 
(10) Many of the gross c.harac*tcristirs notcd for the c~,ythemn produc.rd 1)y 

poloiiiunP0 rcsemlde c.losely those of ultra-violet radiation. In roiitrast, 11m-- 
ever, they bear little resemblance to the erythema caused by beta, ganinia and x- 
radia tioti. 

The mechanism by which these highly ionizing, short trajectory alpha par- 

dilatation of the superficial blood vessels of the dermis. 

8 and 20 hours, and then fades and becomes nixed with pigmentation. 
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ticles produce erythenia is unknown. If our speculations are correct, and t.he 
visible biologic effects of eryt,hema and pigmentation are the result of irradiation 
primarily of the epidermis, then the thinking regarding the biophysics of super- 
ficial irradiation of the skin warrants reconsideration. For example, in order t o  
awount for the 1-isitle erythenia which results fro111 such superficial iadiatiori, 
i t  niiyht he necessarj- to c*onsider the epiclcrmnl production arid liberation oi a 
clifTusable substance which in turn acts to dilate the dermal blood vessels. 

It is worthy of note that although alpha radiation in the form of thorium X 
has been i n  clinical use for over 40 years, there are no known cases of serious late 
secluelne such as ulceration and the formation of malignancies. Such sequelae 
are not uncomnioii with large doses of conr-entional gamma and x-radiation. 
This marked difference in  effect suggests that the biophysics of alpha radiation 
may lie fundanientally different from that of conventional X-radiation. 

For these reasoils, as n-ell as others, the biologic effects of alpha radiation 
applied t o  the.surface of the human skin must receive further careful study. 
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DISCCSSIOS 

DR. MYROS H. RULIVIS (Champaign, Ill.): I think this brings out one par- 
ticular point, of interest. In theory, at least, it is conceivable that any type of 
radiobiologic response could be produced by ally type of ionizing radiatioll, 
provided that esposure conditions and proxiinitp to the target substance were 
suitable. The presence of erythema or any other radiobiologic effect is not a 
defining characteristic of any given type of radiation. I-ltimately the response 
will depend 011 many factors, such a s  dose-intensity, the length of time over 
which it is delivered, the size of the areas to  which it  is delivered. and the condi- 
tion of the target substance such as ite degree of hydration. temperature and 
degree of oxygenation, etc 

DR. .\. DoirosoKos (Sew Tork, S. I-.): I was interested i n  hearing this paper 
because it parallels closely the type of radiation irork done with the Phillips con- 
tact x-ray. -4nyone who has done erythema studies \vi11 appreciate the difficulties 
met in a problem like this. Previously when we talked about the threshold ery- 
thema dose it was customary, using the conventional x-rays. to n-ait 21 to 1s 
hours for the appearance of erythema, but in this work and with the Phillips 
contact s-ray the reaction is very prompt. I t  appears as early as 30 minutes. 
Whether this erythema is really a radiation effect n-e are not zure; it probably is 
but you get a very early response in comparison to  the conventional x-rays. 

DR. F. I<.%Lz (Montreal. Canada): This interestillg report is the first one, to 
my knon-ledge, dealing with the cutaneous reactions of a pure alpha emitter. 
Thorium S produces chiefly alpha radiation and I have seen 2 erythema waves 
resulting from exposure to  this substance; it does not produce penetrating ulcers 
but telangiectasis and epidermal atrophy may occur. 

I would not know why no second erythema wave occurred with the polonium 
plaques, it may be chiefly a question of the dosa, we used. 

One must also keep in mind that some damage may result if very high dosage 
would be used. 

DR. \T:ILLI.W S. WOOD (in closing) : I wish to thank the discussors. In response 
to  Dr. Iialz, I particularly mentioned that we had not seen late and serious 
sequelae with the use of thorium X. In our obser\-ations thus far a second \rave 
of erythema has not been noted with polonium. Perhaps the serond wave which 
you have noted with thorium S was due to the beta a i d  gamma emanation': 
from that substance. Finally, we do not know whether the effects of alpha radin- 
tion are the same as beta and gamma radiation. It is true that on the basis of 
our clinical observations, polonium irradiation closely parallels ultraviolet 
radiation. 
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