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There are many cases  f o r  which t h e r e  i s  a need. t o  es t imate  t h e  sk in  

dose from small-area sources of b e t a  r ad ia t ion  without recourse t o  special-  

i z e d  techniques and iiistrurrien-ts. Mnst of t he  cases invoive sk in  contamina- 

t i o n  o r  smal.1 sources handled wi th  the  f inge r s .  

Several  methods have been reported' 7 "  t3 for ca lcu la t ing  the  dose i f  

t h e  q i ~ a n t i t y  ana d i s t r i b u t i o n  of t he  source mater ia l  are known, but i n  the 

cases considered here such informaf,-ion is not  known. 

Although ra.tber soph i s t i ca t ed  instruments and techniques* 7' t c  may be 

used. when warmrutell, one would l i k e  t o  be ab le  t o  evaluate  the  hazard, at 

t h e  time and loca t ion  of the work, wi-t'ri r ou t ine  monitoring instruments.  

Eowever, t h e  readings obthined with +.hose instruments are less than t h e  

absorbed dose rate to the skin,  vhich m y  be orders  of magnitude g rea t e r  

'ikian t h e  observed dose r ake  reading. 

PROCEDURE 

Several kinds of portablF: r a d i a t i o n  monitoring instruments were used 

to f i n d  the i r  response to 1je'm sources. !&e beta soix-ces were prepared by 

deposi_l-,i.ag a l iqu id .  solution wh.ich contained. t h e  radioac3ive mater ia l  onto 

a p1ast;i.c d i s c  so  that t h e  source material. w a s  wi - th in  a c i r c u l a r  a r ea  of  

one square cent imeter .  Tke mass absorber thickness  of t h e  sources was 

less than 0 -I .mg/cm2 e Each source cnn--tsLned. only one radioisotope,  excep+> 

.fc 1s - neg l ig ib l e  impuri%ies. The rad.Foisotopes weye se l ec t ed  t o  cover a 

w i d e  rartge of be t a  eiiergi.es, to have only  one be ta  energy per  source 

(except 'll~g) arid to extit no gammas (excep-t "'~0). 'mle q u a n t i t i e s  of 

3 4456 03219bS 3 
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r a d i o a c t i v i t y  i n  the  sources were se l ec t ed  t o  ob ta in  readings o f  s ignEf i -  

can t  magai-tude wi th  %he dose ra te  ins.truments and 'io avoid excessi-vc count,- 

i.ng rates with t h e  Geiger counter instruments.  

Dose rates t o  skin a t  a depth of 7 ing/cm2 below -Lb.e sur face  

averaged over a c i r c u l a r  area of 1 emz were der ived from measurements and 

ca l cu la t ions  f o r  each or t h e  sources at, several. source- to-skin d i s t ances .  

"ne a rea  o f  t h e  source and t h e  a r e a  of skin considered (1 em2, each) wzre 

chosen with regard for a c t u a l  cases  ~ n d  with the assumption t h a t  high 

i n t c n s i t i e s  i n  very small a r eas  may be averaged over an a rea  of a t  least 

1 em" .7 

RESULTS 

The isotopes which were used and t h e  absorbed dose r a t e s  (averaged 

over a c i r c u l a r  area of 1 em2 a t  a depth of '7 mg/cm2) i n  sk3.n a t  var ious 

d is tances  from sources of one microcurie are showvi in Table I. The " in"  

sk in  dose r a t e s  a:re based on t h e  sou.rce mater ia l  having penetrated t o  a 

depth of 3.5 mg/cmn2 beneath t h e  sur face  of the skj-n. The ''on" skin dose 

rates are based on t h e  source material beifig on t!ie sur face  of  the sk in .  

Readings which were obtained wi th  some OS ttie instruments are sh.cwri 

i n  Tables I1 and 111. The d is tances  noted a r e  those from t h e  sur face  GI@ 

the sour@c t o  t h e  sur face  of  t h e  de t ec to r .  Alt,hough not show-n here ,  the 

readings of t h e  Juno and t h e  V - 4 4 0  (with 2 mg/cm2 absorber added t o  t,he 

s tandard windows) were about, one-tenth of t h e  absorbed dose r a t e  i n  t h e  

sk in  at; tha-t  d i s tance .  

r i  Ihe val.ixer, f o r  dose rates t o  t h e  s k i n  (Tahi~e 1) are significantly 

l e s s  than  the published values  for large area sources and somewhai l e s s  

than  t h e  c e n t r a l  axis dose r a t e  from s m a l l  a r e a  sources .1J2,3 Dosi-metrtc 
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meas,a.ements were made with a beta sc in t i l - l a toy ,  which was referenced t o  

an extzrapolat;.ion. chamber and phot.cigraphic films .8 

A s  was expected, beta  r a d i a t i o n  of low energy ( l e s s  than  0.2 MeYg Eo) 

was found t o  be relatively undetectab1.e with cou.i?ters such as th.e 1B85 

(30 mg/cm2, A l )  and the 106C (30  mg/zm2 ic S.S. ) . 
o f  t,he ,Tun0 and t h e  V-440 txansmitted r e l a t f v e l y  more of the lower energy 

be tas  t'nan would .tte skin.  

t o  be t'ne opi;imim for sk in  dosimetry use so t h a t  an approximate cons tan t  

of proport ional- i ty  between skin dose r a t e  and instrument, reading may be 

appf.ie(i (Tah1.e 11 3 .  

The standard,  t h i n  windows 

A window thickness of about 4 mg/cm2 was found 

CONCLUSION 

The 2uno and the t.-44.0 survey instruments m y  be used i n  estimatfng 

.%he average, absorbed dose r a t e  i n  the sk in  from beta sources which a re  

o f  s m a l l  area. 

if the  window -thickness is  aboixt 4 mg/cri2, a muLtiplying f a c t o r  rnny be 

appl ied t o  t h e  observed dose r a t e  t o  obta in  "che average dose rate i n  -the 

s k i n .  

soii.rce - to-skin dis-:ani:e . 

If t h e  area of the source i s  not, greater  than  I em2, and 

The rnultipl-ying f a c t o r  i s  a func t ion  of source-to-detector a-jd 

It may be infer-red that a mask or  a f a c t o r  wliich includes copsidera- 

tion for the a r e a  of t3.e source may be appl ied t o  es-+,ihate the average 

dose rate from sov:rces with areas on the order of a few cui2. 

o r  " i n f i n i t e "  azea source presents no pro'olern i f  wind.oss thickness  vs .  

sk.in ,thickness I s  considered. 

The l a r g e  

A thin (approximately 2 rng/m') window, GN Counter which has a 

sensi. t ive area s l i g h t l y  greater. %than tha t  of t h e  source may be used., by 
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app l i ca t ion  of a mult ip ly ins  fac-Lor, t o  es t imate  the  dose r a -k  from s r n a i i  

area, Low ac-Livity, be t a  sources on t h e  skin (Table 111). Each such 

eowiter should be standardized indiv idua l ly ,  becai.zse t h e r e  are l a r g e  

d i f fe rences  among t h e  be t a  r a d i a t i o n  de tec t ion  e f f i c i e n c i e s  of end window 

coun-ters, even between counters  of the same model and l o t  of a given 

ma:iuf ac tu re r  . 
The Yo~egoir.g meth0d.s may be used f o r  approximating ski.n doses, w l t h -  

o-ut, need t o  know t h e  be t a  energies ,  i.f $he source ma te r i a l  i s  i.n contac t  

-it,h t>he surface sk in .  It i - s  important t o  note t h a t  t he  observed dose 

r a t e  w i l l .  be less  and. th.e skin. dose r a t e  will be g r e a t e r  i f  t h e  lower 

energy b e t a  emi.tters have penet ra ted  i i l to  t he  skin, as may be t h e  case 

af ter  decontamination effo-rts have been 9' 
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One Cm2 Sources and Average Dose Rates to One Cm" of Skin 

mrad/hr mrad/hr mad/hr mrad/hr 
@ 10 crn "In" Skid4 "On" Skin@@ 1 crn Betas 

Source 
(1 yc each) 

1.71 MeV, 2000 2000 200 22 

lo@ 
89 Sr 1.46 MeV, 2100 2000 200 22 

10% 

36CE 0.7 MeV, 2060 1900 1-90 19 
98 3s 

1 8 5 ~  0.43 MeV, 2100 1700 1-60 14 
1 0 6  

OCO 0.31. MeV9 2200 1500 135 E2 
1 0 6  

7Pm 0-22 MeV, 2100 11.00 90 393 
10 

__ 

(')Source at a depth of 3.5 mg/cm2 i n  skin. 

(b'Source on sur face of' skin. 



Readings w i t h  Ion Chamber Instruments 
A t  I Cm fron Sources on Skin vs. Skin Dose Rates 

Sr 2000 27 29 29 

1900 25 26 26 

"scP 1.900 25 27 25 

la5W 1700 24 26 23 

OCO 15GU 24 24 19 

1.4 

1.4 

1 .4  

1.4 

1.3 

1.3 

1100 21 21 15 1.3 14 7pm 

- -- .-_- ..e- 

(a&?iLfi s tandard window. 
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TABLE I11 

Counting Rates of c;MsM I n s t m e r i t s  a t  1 Cm from Small-Area, 
One-Tenth pc Sources, on Skin vs. Dose Rate t o  Skin 

Skin 1~85 1062 EaWI (1 in) 
mad/& cts/min cts/min ctslmin 

Source 

32P 

89 sr 

lll& 

a 6 c 1  

186w 

6oco 

' ~ r n  

200 6000 5100 22,000 

200 5500 4000 22,500 

190 3700 2500 20,500 

190 3800 1500 18,000 

170 1100 300 15 t 500 

150 50@+ 35w 14,000 

110 15  c 10 11,500 

* y emitter, also. 
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