707690

Hont-28

Me;r 24, 1946

Contract #=35-088 eng 71

REreSITONY Qauc B nce [/ Efjgney ST sTem S
OrUVE (x-%0)

COLLECTION = = A oE A E & R B K &
C lyeAd o e DIV )

BOXNe. A om H-9P

FOLOEN JEALTH DITISION

And

racna

BIOLOGICAL SECTICH OF RESFARCHE DIVISION

REACTIONS OF HUMAN SYIN 70 SINGLE DDSES OF BET.L RAYS

BY
—

Je Do WIRTH, HueDo, AND J. Re RAPER

Heceiveds June 13, 1946 d- Q0 0% 6

Issued: June 14, 1946 |
Human Subjects Project

MECLASSIFIED 222" 7o
- 3-1a.5) sw%ﬁm CENTRAL FILES

ORNL

[ g
cr
| pe)
s
o

——



iG239250

TABLE OF CONTENTS

Introducticn and Refersnces.
Hethod of preparation of Sources.
First Sariesvg 140 0 250 rep.
‘ Second Series; 635 to 1180 raup.

Desoription of primary, secondary and
tanning reactions.

Summary snd conclusion.

Bibliograrphy.

Page Tos,

¥
Ny



— “3 =

REACTIONS OF HUMAN SKIN TO SINGLE DOSES OF BETA RAYS

By
Jo Be Wirth' ¥.D, and J. Re Rap@r

Amons e various attempts to obtain a biological unit to express
the rsspomse of tissues to radium and rosntgen radiations, the srythema
produced on human skin has been among the foremost. One of the main
disadventages of such a unit h&s been the extreme variation in doses of
radiations to produce erythemas. This has been due, mostly, o the dif-
fereny methods used to measure & roentgen and to the varying interpre=-
tations éf the degree of an erythema. The subject was reviewbd'by
Leddy and Wbathbrwax(%% 1924. They stressed the point thet it was not
an acourate means of measwring radiation and brought out many cisadvan-
teges. FEarlier, Failla, Quimby and Dean, ir & aezz-{gé’&gf articles,
suggested using a threshold erythema as a suitable expression since
most persons could agree as to the presence or absence of & reazction, .
thought they may not agree uron the degree of a given erythema. Since
then Quimby and Packgsgave used the threshold arythema in other experi-
ments .

One may recognize ‘that such & unit is not an accurate measure of
radiation, yet it i3z a useful means of oompezring responses of the human
skin to various forms of radiation. Wilhelmyis)discussed the response to
low voltage x-rays and cathode rays rather extensively in 19Z6. In the
longer wave length renge, a ithreshold reaction must be distinguished from
a threshold orythema. There has been wuncertainty in the amount of bata
radiation necessary to prcduce a threshold skin reaction in hurans. MNuch
of this has been due to tha lack of a pure source of beta racdistion, differ-

8nces8 in interpreting erythemss and tanning or bronging reactions, and
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Hifferendes in the nethods used to measure the quantity of radiation piven.

We have made an attempt to obtain an epproximets figure experimsntally by

using a limited number of humen subjscts. The volar aspect of “he left

forearm was chosen as theAmost suitable sits for observationa =1 a group

of 10 normal healthy adult volumteers (six females end four maliig). I
4

posures were made on four areas between the antecubital regicn of the .21

forearm and wrist of each person.

The method of preparation of the sources is as follows: Small shielded

discs of phenol-formaldshyde plastic into which P®% had besn iriimately mixed,
were ussd. The preparation and construction of the sources and the methods
of measuring the beta radiation dose rate at the surface of plane sourées
are presented in detail in a separate accoun£?)

Small circles, one inch in diamster, of special phosphorus-impregnated
plastic (507 phosphorus by weight) were fastened in small alumiaum cups snd
the exposed surface of the plastic of each was coated with plastic varnish.
The discs were then activated with siow neutrons in_the Clinten Pile by
the reaction P51 f¥') P°2,

Measurements of surface dose rate wars made with a special flat surface
ionization chamber, calibrated for beta rays by the extrapolation chamber
method(ag
Exposures were made by setting the sources directly on the skin for
the lengths of time necessary to deliver ths required doses. 7he dose
thus delivered to the skin in contact with the source was uniform throughout
the treeted area; the aluninum shield surrounding the source disc preventad

low-dose asxposure to adjacent areas and to the other parts of the body.

First Series. Doses of 140, 170, 200 and 250 rep*, respectively,

were given as measured at the surface of the pleque and on the skin. The
e somnamtiirt ool

*rep = roentgen equivelent physical. Hereinafter wherever » appears,
roentgen equivalsnt physicai is intended.
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exposure times varied from 2} minutes o 54 minutes. A ¢lear zons of ab .
least one:centimeter distance was allowed betwesn each exposurs. The
areas were observed daily for a week; Three “imes a week for ancbther week:;
twice a week for three weeks; then at weekly intervals for a “o.al observe-
tion period of 10 weeks. A final obsurvation was made at 17V weuks post eipo~
sures Only three people showed a primary response within the first 48 hours
to doses of 170 r to 250 ». At the end of the first week 8 of the 10 cases
receiving 200 and 250 ¥ showed a reaction while not more thenm 2 to I showed
any response at the end of the first week in the two lower doses. By the
third end fourth wdek the number of reactioms that were visible from the
following déses werss from 140 r - a maximum of 43 from 170 r - a maximum
of 63 from 200 and 250 ? = 8 of the 10 showed a positive reacticn. (See fig. 1}.
It is notable that the reaction could not be spoken of as a‘th?eshold
erythemas It appeared more like a mild btanning, with only 2 or 3 people of
tho'lO'showing any signa of pinknese or rodness. It was, thoreforeg believed
that this was not a trus threshold erythema but reather a threshold reactien
which could be referred to as only a mild tanning. A critical raview of
the reactions in the group receiving 170 r impreSses one with the fact thet
not more than 5d% to 60% showed definite reactions where the entire shape of
the exposure plaque was alearly discernable. If the number of cases showing
some pigmentation in irregular patches were added to the cases sanowing a
definite reaction the total reached 80% on only the third week cf observation.
The effect of adding ell borderline resctions to the number of positive re-
aotions is illustrated graphicelly in the 170 r dose series in fig. 1 by
the bréken line.
The number of roentgens of besta radiation from p2 on the esuwrface of
the skin of this group of pecpls to produce e visible resction ia 80% of
those 80 exposed is, therefore, between 170 r and 200 v, It is interesting

to note that 200 and 250 » prodused rsactions in 8 of the 10 perazons exposnd.
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The skin of one person, in the series ziven 14C to 240 r showed no visiﬁ}e
reaction at any time. The difference between 80% and 90% posit.ve remctions
in the 200 r and 250 r exposures is made up by variations in rerorting the
resp.ases to certain exposures positive at oune time and negetiv. at another
observation period,

The early onset and poreisense of tamuing after the prima 'y reaction
in this series is at varience with Deamﬂgs) description of his eries of
cases treated with radon in a glass tubdbe, where he cbtainsd a s:bsidence
of the early blush after 2 to 3 days aand notsd that the skin ap ears normad
for a period of days or weeks before the secondary reaction com's oﬁe

The observations made during the first six weeks wers repo tad at
a monthly meeting in April,'1945‘g CH-2808,.and as a result of t . dis=
ocussion, a second series of exposures of higher doses was mads n May 21,

1945,

Second Series. Ten persons were ziven a series of 4 exposiTes each

in doses varying from 635 r to 1189 r. Exposure times varied fiem & to

10 minutes. In 7 cases the right fofearms ware used for the te t, and

in 3 cases the immer aspect of the mid thighs were used. The d .fferences
in response of these two sites were less notable from this form of radia-
tion than were the varistions of the resactions on the forearms f differeng
subjects. Observations were made on this series at 3, 8, 10, aé¢ 24 hours
post exposure, and then daily for 10 days. TIhereafter observat cus werse
aade at 2-day intervals for 11 deys; twice a week for 3 woeks; nd weskly
for 5 weeks. Observations were then mzde on the 70th and 98th ;1yp and at
four months; and 8 months po3t oxposur3.

Primary Reaction. {(Erythema followed ty Tamming). With a.i fowr

dosas (635 r, 813 r, 1000 r, and 1130 =) a orimary blush or mill erythema
was noted within 6 hours in 1004 o Yhs peorle. This primery bliush per-

sisted for 2 to 4 days in the highest doses, but in the lower coses per-
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Fig. 2. Threshold erythema from beta radiation from p32,
Exposures made at time O. Graph on left is an expansion of
the first few days of the graph on the right to illustrate
details of the early response. - - - Tanning. Reddening.
Unoertain because of superimposed tanning.
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sisted only for a day in 10C% of the cazsss, znd by +the end of tie 3econd,
dey was present in onlj 80%. A slight dagreé of tanning began i all cases
by the sedond day. It was impossible to tell at what stage the reodness ¢is-
appeared coﬁpletely, as it was masked by tamning which gradually increased
while the erythems was subsiding. {lopg broken line in fig. 2). By the 4th
to 5th day the tanning was definite in all cases, and this taaning persisted
for the. shortedt time in :as 635 r dose, for a longer period ir the 8. r
dose, and SSf a still longer period in the 1000 and 1180 r doses. (See fig. 2;

broken line!)

Sbéondary Reaction. {Erythema and additional samming). B3 the 19th
and 20th day it was.quite evident that a secondary reection was taking
place, At first i£ was impossible to tell whether this was wer:ly a
deepening of the tanning reaction already present, or whethsr tiere was
an er&thema appearing in addition to the tamning. By the 21st lay there was
no question whatever but that there was a definite erythema. 1:ils was prosoent
in a 1little less than ZQ% of the cases receiving €35 r, but wag present ia
90% of those receiving 813 r and above. The erythema from 813 - and 1000 r
persistad for nearly 60 days, while>that for 1180 r persisted for 70 to £0
deys. The oxact time of disappearance camnnot be stated definitaly because
of the coexisting tan. One could not avoid being impressed by ;h? diffi-
oulty of distinguishing between thes trus arythema and the tanniig associated
with the primary and secondary resctions. Nons of the reactions went to
the stago of bleb formation, but in the nighest doso minute vesicles formod
in three persons at the fifth and sizth week post exposure. Thise were
followed by a dry spotty dssquamation of the most superficial liyers of
spfheliumc The difference in response vstween malsc and female subjects
wes less notable than the difference in responss between bloade and bruunsite

skins. Similar doses prodused more sryvtheme in blonde skin thaa in brunette.

The series of cases was Soo smell tc draw any conclusions as to the differ-
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ence of intensity or persistence of taming between dlonde ard wrunette
skin.

Tanning. The tanning, even from the smal} doses of 200 %o 25C r,
persistqd on some people for as long as 10 weeks, but gll disappearéd en-
tirely by the 17th week, Iz the higher doses, such as 11380 r, :he tanning
remeined loﬁger than 160 days in soms 70% of the cases, while a: 8 months
there wes still soms persistent tanning in 25%. The differences in duration
of the tanning reaction from doses of 635 and 1180 r may be seel readily

from the dotted lines on the graphs in fig. 2._

Threshold Erythems. If one accepts as the criterion for a threshold

arythema that BQ% of those exposed show an erythems, then a dos» somewhat
greater than 636, and probably in the region of 8123 r, ma; be éjnsidered
the threshold efythema dose for beta rays from a once inch dizmater plagus
of P32, Ina larger series of oases it may be possible to daetzmine this
more accurately with the aid of colored filters to distinguish Hetween thm
tenning reaction and the true erytheme in a manmer similar to tie one sug=
gested by Harris, Leddy and Shenrd-(g)

Sumnary and Conclusion. 1. In determining responses of human skin

to beta radiation a distinotion must be made betwsen a threshall reasction
and a threshold erythema. 2. A threshold reaction (mild tanniig) can
be produced in 8% of those exposed to the beta radiation from 2 one ineh

diameter p32 contsot plaque by a dose of 20C rep, and in only'sq% of those
exposed to 170 rep. 5. A threshold erythema may be produced vader similawp
circumstances in 80% of those exposed to 813 rep. and in 50% of thos o exposed
to 635 rep. 4. A larger number of cases than used here are neccessary te
determine correc¢t figures within a narrower range. 5. The abcre prelimi.
niry experiments indicate the lsvels at which a larger series cf cases

should bs exposed.
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