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REACTXOHS OF BUiWJ SKIN 'El SII?GU, DOSES OF BETA RAYS 

dmow '-->e various attempts to obtain L biological unit to sxpraas 

the r a s p m e  of tiasues to radium and roentgen r ad ia t ions ,  t h e  wythema 

produced on human sldn has been amasp; the f o r m s t .  

disadvantages of suah a unit hers been &&e extreme variation i n  doses of 

radiations t o  produce arythemase 

ferenrb methods used to measure a roentgen and to the varyhg in'cerprs- 

tations of the degree of an er~&hemao 

Leddy and Weatherwax in 1924. 

One of the main 

This ha8 bean due, most5ly, to the dif-  

The subject was reeewod by 
(1)  They StrQseOd the point tha t  i-5 *ms not  

an accurate means of measuring radiation and brought out many lisadvm- 

suggested usling a threehold erythsrrm as L suitable expression since 

mst persona oottPd agree as t o  tho pressma o r  absence of a reectioa,  

thought theymay no+ agree ucon the degree of a given srytheza, 

then Quimby and Pa0k~~l1av-e used the .threshold srythema in oWer oxperi- 

Since 

mnts 0 

One may recognize "chat suoh a unit is  n o t  an accurate matiure of' 

radiation, yet it 13 a useful wnns of oomparing resporaes of the human 

skin to various fohns of radiationo 

]lour voltage x-rays and cathode rays rather exton.si;rely in 19ZGe 

longer wave l~rmgkh r q p 0  a -&reehold rsactioo m u s t  be distinqvished fmm 

8 threshold srythema. 

radiation necessary to produce u. threshold skin reaotion in humns. 

of t h i s  ha8 been dun to -&be lack 31' n pure SOUPGB of" beta PaSiht ion,  d i f f e r -  

enues in interpreting orythems & -;arming o r  bronzing mactioasD and 

;"r*ilhchy~5~dif3cusmd the rsepome t o  

In the 

There lim bsen uncertaizty in the amom* of beta 

Nuoh 



tiifferendes i n  %he methodB used t o  measure *he qwmtity 

W e  h a w  made an attempt t o  obtain an approximate figure 

b i n g  a l imi ted  number or” human subjacts,  

forearm Was chosan aA the most suitable eitc for observations t I a group 

The v0Ba.r aspact of  ;he iefe 

of 10 normal haa2thy adult volmtosro (six 

posuree were made on Four bpem between ‘the 

a d  f o w  m 3 ) S  ) 

ita1 region r ) f  tb 3f- i  

5z 

forearm and wrist o f  each person. 

The mcthod of preparation or” tho  eowces is as follawa: S:mPP shielded 

discs of‘ phenol-formaldehyde p l a s t io  into which fl2 had been ir3mabBy axixc~d~ 

were used, The preparation and constmction of the sources andl the ne-khods 

of measuring t h e  beta radiat ion dose ra ta  a t  the surface of p l a a  sowcea 

are presented in  d e t z i l  i n  a separate accom i7) 
Small circles, one inch i n  diameter, of special phosphor--impregnated 

p l a s t i c  (50% phosphorus by m i g h t )  were fastened i n  small abmd~-.sn cups anad 

the  

The 

the 

exposed surface of the  plast io  of aaoh was coated 

discs were then aotivated with slow neutrons i n  the Clinton File by 

plar.tic varnish. 

react ion ~ 3 %  (n,pI P~~~ 

Measurements of surface dose r a t e  were made with t i  s p e c i d  flat surf3~e 

ionizat ion chamber, 

method O] 

Exposures wefe 

the  lengths of tima 

cal ibrated for beta rays by the extrapolatim o,hambr 

mads by se t t i ng  -:he sources dirootly on the akin f o r  

necesaary 20 deliver t he  requirod doneeo Tm dose 

thus delivered to the skin in contact rrith the  source was wnifcrm throughout 

the t rea ted  amas the aluminum sh ie ld  surrounding -the source d i m  prevented 

lowdose  exposure to adjacent areas and t o  %he other parks of -;:he body. 

F i r s t  Series. Doses of 140, 170, 200 and 250 r e p 0  respectively, 

wore givm as rneasupad ak the surface of the plaque and on tho 8 E a Z .  The -- 
q e g  o roentgen equivalent physicsl1, Z!sreir?a%ter ?:harems I* nppoare 
roentgen equivalant physical is incended 
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axposurs t i m e 6  m i a d  from 2& minutes 30 e ininUtOSo 

Peas* o m  roentimeter dia tance was allowed bo*een each oxposuro , 

arem were obseraed daily for a week; i;hrea ->inas a szeek f o r  aw-bier ~veek; 

twice a Week for three weeks; then at weekly iatsmals for a -;o-;aP 9b9er-?c.=> 

ti in period of 10 weekso 

sureo 

to doses af  170 P t o  250 PC At tbe end of  the  f irs t  week 8 of '-ha lU omoa 

receiving 200 and 250 r showed a reaction while not more than 2 t o  2 showed 

A Clear zone of at I 

The 

A f ina l  obsmoatio:n was made at 17 :.w kl; po3t o x p -  

Only three people showed a primary response within the  Krst  48 hows 

any response at %he end of the f irs t  week i n  the two lower dasec;, 

t h i rd  and fourth week the number of reactions t h a t  were visible from ",he 

By the 

following dbsea *ores 

of 68 from 200 and 250 r Q 3 of the PO showed a positive reaotian, (See f i g .  

from 140 r - a Tuaximun of Bg from 170 I - a maxill~1zp 

It i r  notable that the r e a o t h n  oodd not be spoken of a8 R threehold 

e r y t h d  

the BO showing any elgna of pinkness or ~ ~ d n e s 8 ~  

that this was not! t p  true threshold erythema 'but ra ther  a threshold reac3tit-m 

which could be referred to as o d y a  mild taming, A c r i t i c a l  rsviaw of 

the reaction6 i n  the group receiving 170 P inpresses one with the face t h d  

It appeaped =re lib a miad tnnning, w i t h  only 2 or 3 people of 

It was, therefore, believed 

not more than 5% t o  Scqb showed definite reactions where the ent i re  shaps of 

the exposure plaque m s  alearly dieeermb91eo If the, number of u~:3t3s showing 

801318 pigmentation in irwg;ubar patches xere addad t o  t h e  cases snow5ng a 

definite react ion the total roached 8% on only the -I;hird neek cc" obbiumtioxLc 

Tho e f f e c t  of adding d.2 borderline raa.ationu t o  t he  number of posit ive re- 

aotiom is ilPustPated graphically i n  the 87'0 r dose aeries in f i g o  1 by 

t he  broken P i n s o  

The number sf roentgens o f  beta rsdiat ion from s2 on the  ~ w f a c s  of 

the akin of this 

those so exposed 

t o  note t h a t  200 

group of peopBa t o  produce P. vis lb la  reaction ii 8% of 

is, thareforo, betnreOa 170 r ana 200 ro I t  is interoatinr: 

and 250 Y praduoed rsactiom ia 8 or' the 10 2arSona e q c m d .  



Tho skin of one persono in the oeries Zivm 140 t o  240 F showod p 1 ~  visibfe,  

raacti6n at any t i m e .  The difference between 8% and 9%. poaFt;.te reactions 

in the 200 r s;nd 250 r exposures i s  mado up 3y variations in re; ,ort ing the 

Pesg ,me8 to  certain exposures positivs at one tine m d  Pragstiv a t  another 

observation period, 

cases treatad w i t h  radon in a glrxsa tu’m, uS?mpe ha abtainsd iz s. .bsidema 

of the early bxuah after 2 .to 3 d a p  ard uotzd that; the ai,ris ap cam n0rm.l 

for a period of days or ~veeka before the secondary Poact ion COZ’,E onc 

“ha observa+iorm made during the rtir8t s i x  weeks verb rmp t a d  at 

8 monthly meeting in April ,  1945, CH-2808,.and 88 a result of -t. .e dis- 

o#sionp IA second series of exDoaures of higher doses was mdo c Uay 21, 

1945 e 

Second Series. Ten personsl were ziven a series of 4 expos r e s  each 

in doses varying from 635 r to 1L8Q ko Ex?osure times varied S . W ~  5 ta 

10 minutes, 

i n  3 oases the inner aspect of the mid thighs were used; 

In 7 cases the  right forearm were used for the %.to and 

Tho d.fferancs6 

i n  response of these two sites were l e e a  notable from thi8 form of radia- 

t i o n  than were t h e  va r i a t ions  of the rsactiam 321 the foraarmn R dlffer6n-b 

subjects, Observations were mado on this series at 3, 6, 10, a-.6 24 h o w 8  
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0 20 40 60 BO I00 120 140 I60 8m0. 
EXPOSURE INTERVAL (days) 

32 
Fig .  2 .  Thresho ld  erythema from beta radiation f r o m  P . 

Zxposures made at time 0. 
the  first f e w  days of t h e  graph on the r i g h t  to i l l u s t r a t e  
detai ls  of the early r e sponse .  - - - Tanning. 

Graph on left is an expansion of 

Reddening. 
Ihoertain because o f  s u p e r i q o s e d  tanning. 
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sisted only for a day in lOC$ of the ca8asp and b y  :?he end of t i a  a c o a d ,  

day was present it? only 6%. 

by the sedond day. 

appeared completelyo as it m a  noasked by tanning which gradidall! lacreased 

while the erythema was subsiding. { Q c g  brokon l ine  in fig, 2)e  

to 5th day the tanning was definite in a l l  ca8es0 and this tam:~ng perais5sd 

for the shortedt time i n  ' 3 c )  635 I. doseg fo r  a longer period ir the 8:- 

A s l i g h t  degree of  t a m i n g  began in ail ca6es 

It m s  Llpossibls .Go tall at W h 8 t  stage the mdmm d 3 -  

By the 4th 

r 

doses and far a s t i l l  Bonger period in the 1000 and 1180 r d0se.3~ (Sea fig.  2, 

brokell lina 1 1 
Secondary Reaction. (Erythema and additional 2anning) 31- the XWh 

aad 20th day it was quite svidexb that  a secondary reaction xa6 +;akLnae; 

p laceo  

deepening of the tanning reaction already present, o r  whe-thsr t i o s a  ySa6 

an erythema appearing i n  addition to the taminge By the 2 1 s t  lay khsra :ms 

PO question whatever but that thore was 8 definite erythema, 

i n  a l i t t l e  less than 2% of the c a a ~ s  roceiving 635 P, but wag presenii ia 

9% of those receiving 813 r and above. 

p6r8iStsd for nearly 60 days, while %hat for 1180 r parsisted f w  70 to 80 

d a p d  The axact time of disappearance oannot be stated deffnitXLy beoarno 

of the coexis%ing tan, 

oulty o f  diotfnguiahing bet90een the true, srykhema and the t e r rzn ig  assooiaketd 

with %a primary and seoondary raactiomO 

the stage o f  b leb  f o m a t i o a ,  5u-b in  +he 'nigherst doso minute ~estelas fornod 

in three persons at the fifth md sixth %e& pos t  aXpO8We0 Ei  m e  were 

fQPlOWad by a dry spokty desqumatian af the most cuperficial 1t;pas of 

sptfielium, 'Fhe difference in mspome bz2;1ween maao a d  fernlo iubjests 

m.8 less notabls than -Ate difference, ir= rasponoo betxeen b8o;lcle and LrrPaekta 

skins 

The series of cclses :7as t o o  smal; i;c draw any conclusions 88  -30 the differ- 

At first it m8 impossible to tali nhqther this was m r 3 l y  a 

'I ris was pr:xwnt 

The erytham from 813 -,- aild 1085 P 

One could  not avoid being impressed by ;ha d i f f i -  

TJona of the reactiom wont ?XI 

Similar doses produmd more .3rv=khem~ in blonde s k k  tha I in brunetto, 

1 0 2 5 2 b 3  



enoe of in tens i ty  o r  persistence of tarmi% Set-men blond3 m d  isrmette 

skln, . I  

Tanning. The tannlng, even from the sa11 doses of 200 50 250 rn 

peraistad on some people For BB long 8 8  10 weeks, but all disap :eared en- 

t i r e l y  by the 117th woeko Ili .the higher dosos, such as lhR0 rs ;he tanning 

remainad longer 3han 160 days in  some 7% of the casesB while a; 8 months 

there was skllB s o m  persistent tanning in 25%. The difference3 i n  duration 

of the tanning reaction from doaees of 635 and 2,180 P m y  be 8ee';i readily 

from 4210 do4hsb. lines on the graphs in  fig. 2. 

Threshold Erythema. If one accepts 86 the cr i te r ion  for 8 threshold 

erythema that 8% of those exposed show an erythema, then a dos i  aalngwhat 

greater than 636& and probably i n  the xg ion  of 818 r o  mi 3e cmstdersd 

t h e  threshold erythema dose for beta rap from a once inch dimjter p l a q u ~  

Of P32m In a larger aeries of oase8 it m y  be posoible to dat3:nin.s this 

more Wcuratally with the aid of coldred f i l t e ~ s  to d i 8 t i q u i s : n  )&.seou Yni, 

tanning reaotion and the true srythem i n  a manner similar to t ie  one 0%- 

gested by Rarris I* ( 9 )  Leddy and Shenrd. 

Summary and Concrluaion. 1, I n  datermining rasponsss of h;rman skin  
s 

t o  beta radiation a diatination :nust be, made between at'rrrasholl reaction 

and a threshold erythema, 

be produced in 8% of  those exposed 50 the beta radiation f rom E one inrllh 

diameter p32 OOnt&O* plaque by a dose of 2OC rep, and in only  6% of those 

2, A threshold reaction (mild taurai:,g) can 

exposed to 170 rep. 

circumstances i n  8% of those exposlsd to 813 repO and i n  3% oi Jihctsd @xpossd 

3, A 5hrashold etrykhom may be prod.iloed .cater s i d b w  

to 635 repo 4 ,  A iargsr number of case8 than mad here are xmmary  to 

determine correct f i g m a s  within a mrromr raage. 5. The abcrs prelirci-  

should be, exposed. 
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