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THE DOSIMETRY OF THE RADIOACTIVE NOBLE GASES* 

-J. K. Soldat, P. E. Bramson and tl. M. Parker 
B a t t e l l  e 

P a c i f i c  Northwest Laboratory 
Rich1 and, Washing ton 99352 

,The dosimetry o f  the rad ioac t i ve  noble gases i s  o f  widespread in te res t .  

Na tu ra l l y  occurr ing rad ioact ive noble gases are l i m i t e d  t o  .isotopes o f  radon 

(element 86) but  they are  important con t r ibu to rs  t o  the i n t e r n a l  doses received 

by uranium mine workers. Radioisotopes o f  argon are formed by neutron act iva-  

t i o n  o f  the s tab le  argon present i n  a i r  a t  low concentration. Radioisotopes 

o f  kryptot i  and xmon are produced as f i s s i o n  products dur ing the f i s s i o n i n g  

of  uranium o r  plutonium fue l s  i n  nuclear reactors. They are genera l ly  

" reta ined w i t h i n  the f ue l  elements u n t i l  the fue l  i s  chemical ly reprocessed. 
5 

Small amounts o f  f i s s i o n  products,however, are released from reac to r  f a c i l  i t i e s  
n 

as a r e s u l t  o f  f ue l  element leaks. 

The dosimetry o f  8 5 ~ r  was discussed i n  d e t a i l  by the previous speaker 

(Dr. W. S. Snyder). I t  i s  my i n t e n t  t o  extend the dosimetry discussion 

t o  several o ther  a r t i f i c i a l l y  created rad ioac t i ve  noble gases but  i n  some- 

what less d e t a i l  than covered by Dr. Snyder. 

The n a t u r a l l y  occurr ing isotopes o f  radon w i l l  n o t  be discussed fu r ther .  

As Dr. Snyder has demonstrated, the  complete dosimetry o f  the noble gases 

includes ca lcu la t ion  o f  several contr ibut ions'  - external  dose t o  the sk in  

from both beta and garrma rad ia t ions,  external  dose ' t o  the t o t a l  body, gonads 

and i n t e r n a l  organs, dose t o  the lung from inhaled radioisotopes and dose t o  

body from noble gases dissolved i n  the  bloodstream and then absorbed i n  the 
.-- - 

var ious tissues. 

----------- 
*This paper i s  based on work performed under U. S. Atomic ~n 'e rgy  Commission 
'Contract AT(45-1)-1830. 



Doses from ingestion of noble .gases. a re  generally not addressed in the 

l i t e r a t u r e  since noble gases have low solubi l i ty  in water. Although noble 

gas so lubi l i ty  i s  higher in pressurized water systems, the release of the 

pressure resul ts  in escape of the gas. Hence, the ingestion of unusually 

high concentrations of noble gas ' in  water i s  unlikely. The concentration 

o f  the noble gases in the water a t  the time of ingestion would be d i f f i c u l t  

t o  estimate. Adding to  the uncertainty in such an estimation i s  the f ac t  

t ha t  xenon may be retained in the water t o  some degree when organic material 

is present. 

I t  has been aptly demonstrated by several workers (incl uding Dr. Snyder) 

- t h a t  the dose. from noble gases,absorbed in t i ssue  i s  generally small compared 

t o  the dose from d i rec t  external radiation and from inhalation. (1 ,3,10,12) 

These internal doses are,  however, the ones t o  consider fo r  medical applica- 

t ions of these nuclides. In a subsequent section some of these resu l t s  will  

be tabulated and. compared w i t h  teach other and wf t h  external and inhalation doses. 

External doses resulting from submersion i n  a large plume of radio- 

active gas can be easi ly  calculated i f  the concentration of the material 

in the a i r  i s  re lat ively uniform. Doses. cao be determined on the assumption 

tha t  the plume is " inf in i te"  i n  volume re l a t ive  t o  the range of the emitted 

radiations. Under this assumption the energy absorbed per gram of material 

is equivalent t o  the energy m i  t ted per gram. A1 1 tha t  i s  required then 

is t o  convert the average energy per disintegration t o  dose and to  correct 

fo r  differences i n  energy absorption between a i r  and t i ssue  and fo r  the 

physical geometry of each specif ic  exposure s i tuat ion.  
I 

Frequently the airborne concentration surrounding a person is very non- 

uniform; for  example, whcn hc is standing close t o  a t a l l  stack. For th i s  

s i tua t ion  the radiation from the overhead plume must be taken into con- 

s iderat ion when evaluating the external dose. Several computer programs 
- 
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have been developed for  t reat ing the required numerical integration of the 

contribution from each f i n i t e  cloud element. (14j Such specialized s i tuat ions 

were not included in the present work, but the calculations are  manageable once 

the goemetry has been defined. 

The dose from submersion in a i r  i s  an external dose t o  e i the r  the skin 

only or  the skin and the total  body, depending upon the penetrating power 

of the radiation emitted from the airborne radioisotope. 

All of the noble gases considered in th i s  paper emit only beta and 

gamna radiation. For the present work, we have converted rad t o  rem using 

a qual i ty  factor  of 1 ,  except a Quality Factor (QF) of 1.7 was used fo r  beta 

par t ic les  and electrons w i t h  maximum energies equal t o  or  l e s s  than 30 keV. (2  
. . . , , , ; -  - . , : : ; . ; ; .- ., .. . ' .  ' .  , . .  , : ,  j , 

I t  has been reported b y  H. J. Dunster tha t  the.  ICRP i s  seriously considering 
. . . . u L . , ?  . . .  . ,.. i ' . , . , ,  . ,, . 

I '  [,(16) , 

the use of a QF of 1..0 f o r  a1 l b e f a  and el &t& energies. .. 

In addition, we have chosen t o  calculate the skin dose a t  a depth of 
2 ~ X I O - ~  cm (7 mglcm ) and the total-body dose a t  a depth of 5 cm as or iginal ly  

suggested by the NCRP. (6) Recent measurements indicate tha t  4 or  5 mglcm 2 

might be more approprihte than 7 mg/cm . (I3) The dose t o  the male gonads was 

calculated a t  a depth of 1 cm i n  t issue.  No separate dose calculation was 

made, however, fo r  the female gonads. The total-body dose can be used as an 

upper bound to  the female gonad dose from external radiation. 

Ratio of surface t o  depth dose was estimated for  each maximum beta 

energy by methods given by Loevinger, e t  a1,(5) and summed by nuclide. Gamma 

radiation dose a t  each of the 3 depths i n  t i s sue  was determined from the values 

of absorption coefficients for  muscle and the r a t i o  of stopping power for  
. - 

muscle and a i r  tabulated by the National Bureau of Standards. (6) The decay 

schemes fo r  the nuclides were taken from Lederer, e t  a l .  (4) (a) t 

(a)Note tha t  the abundance values fo r  the 2 beta t ransis t ions of Xe-137 were 
transposed in the Xe-137 decay diagram. The values given in the tables on 
pages 73 and 285 of Reference 4 were used. 

Y? 



For a  person s tand ing  on the  ground surrounded by a  very l a r g e  hemisphere 

o f  r a d i o a c t i v e  gas t h e  geometry f o r  gamma r a d i a t i o n  i s  obv ious ly  2n. For 

b e t a  r a d i a t i o n  w i t h  i t s  s h o r t e r  range i n  a i r ,  t h e  phys i ca l  arrangement approaches 

t h e  i n f i n i t e  volume (4n geometry). However, s i nce  t h e  be ta  i s  o f  l i m i t e d  

p e n e t r a t i n g  power, i t  w i l l  i r r a d i a t e  t h e  s k i n  f rom only. one s ide  and again the  

(a) geometry w i  11 be 2n. 

The r e s u l t i n g  equat ion f o r  c a l c u l a t i o n  o f  t h e  dose f rom a i r  submersion 

i s :  (11) 

(D*F*  ) a i r  sub = 0.887 ( + E ) 
Y 

where (D.F. )air sub i s  t h e  dose f a c t o r  i n  u n i t s  o f  mrem/hr pe r  pCi/m 3  , 
- 
EB, are  t h e  e f f e c t i v e  energies o f  t h e  be ta  and ganma r a d i a t i o n s ,  

Y I I ! 
r e s p e c t i v e l y ,  c a l c u l a t e d  a t  the  depth o f  i n t e r e s t  (7x10-I o r  5 cm) I 

J t ' ,  

and co r rec ted  f o r  r e l a t i v e  s topp ing  power. 

The 'cons tan t  takes i n t o  account t he  d e n s i t y  o f  a i r  ( 1 . 2 x l 0 - ~  g/cc @ 200C), t h e  

convers ion from Mi?V t o  mrem and the  f a c t o r  o f  1/2 f o r  2n geometry. 
, 
, The dose t o  t h e  l ung  from t h e  a i r  w i t h i n  i t  can be c a l c u l a t e d  f rom t h e  

f o l l o w i n g  equat ion: v 
n 

= 2.13 VL ~ / m  mrem/hr per  pCi/m 3 
( D * F *  ) i n h a l a t i o n  

(10) where VL i s  t h e  volume o f  a i r  w i t h i n  the  lung,  4  l i t e r s ,  . . . .</IT-. t:. , ., ,.:. . '  . T  . . 
:,i: ;r . 

E i s  t h e  e f f e c t i v e  energy deposi ted i n  t he  lung; M ~ V  per  d i s i n t e g r a t i o n ,  

(2) m i s . , t h e  mass o f  t h e  lung, 1000 g. 

The concent ra t ion  o f  t h e  nob le  gas i n  t h e  a i r  w i t h i n  t h e  l u n g  i s  taken t o  

be t h e  same as t h a t  i n  t h e  i n s p i r e d  a i r .  The e f f e c t i v e  energy, E, i s  c a l c u l a t e d  

f rom t h e  formula o f  the  ICRP'') us ing  an e f f e c t i v e  rad ius  o f  10 cm f o r  t h e  lung. 

The r e s u l t s  obta ined from app ly ing  Equat ion 1  t o  c a l c u l a t i o n  o f  t h e  e x t e r n a l  

dose r a t e s  t o  sk in , tes tes  and t o t a l  body f rom 14 r a d i o a c t i v e  noble gascs a r c  
- 

(a) Minor  excepti.ons can occur i n  t h i n  membranes, such as a  p r o t r u d i n g  e a r  
which cou ld  rece i ve  beta r a d i a t i o n  f rom bo th  sides, approaching a  4n 
geometry . 



summarized i n  Table I. Also inc luded i n  Table' I are  the  dose r a t e s  t o  l ung  
. . 

t i s s u e  from i n h a l a t i o n  o f  these noble gases as w e l l  as t h e  combined dose t o  

t h e  l ung  from both  i n h a l a t i o n  and ex te rna l  gamma i r r a d i a t i o n .  

Two important  daughter rad ionuc l  ides, Rb-88 and Cs-138, have been i n c l  uded 

i n  Table I. . These two n u c l e i  make s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  dose 

r a t e s  from t h e i r  parent  a c t i v i t i e s .  Rb-88 has a  s h o r t  h a l f - l i f e  (18 min) 

- and w i l l  n e a r l y  always be present a t  equi l i 'br ium w i t h  i t s  parent  Kr-88 ' I  

. .  . , . i 
C . .  . I 

(2.8 hr ) .  The t o t a l  dose r a t e  from the  parent-daughter combination i s  

f rom 30% t o  300% h igher  than from the parent  alone, depending upon t i s s u e  depth. 

Both Xe-138 and Cs-138 have r e l a t i v e l y  s h o r t  h a l f - 1  ives ,  14 min and 

32 min, respec t i ve l y ,  and t h e  daughter w i l l  c o n t r i b u t e  a  va ry ing  amount t o  

t h e  t o t a l  dose from the  Xe-138, depending upon the  t ime s ince  re lease o f  t h e  

nob le  gas t o  t h e  atmosphere. The dose r a t e  per  u n i t  concent ra t ion  o f  

Csy138 i s  150% t o  200% o f  t h a t  from i t s  parent  Xe-138 b u t  i t s  longer  h a l f -  

l i f e  may reduce i t s  r e l a t i v e  c o n t r i b u t i o n  s l i g h t l y .  

Prec ise  l ung  dosimetry would r e q u i r e  t h a t  these two daughter rad ionuc l i des  

be t r e a t e d  as at tached t o  p a r t i c l e s .  As such the re  would be a  bu i l dup  i n  

t h e  l u n g - w i t h  an a t tendant  increase i n  t h e  dose ca lcu la ted.  On t h e  p r a c t i c a l  

l e v e l ,  t h i s  bu i l dup  may be disregarded because o f  t h e  sho r t  rad ioac t ive  

h a l f - 1  i ves  o f  t h e  daughters. 

The d e t a i l e d  r e s u l t s  f o r  t h e  beta  and gamma c o n t r i b u t i o n s  t o  t h e  dose t o  

t h e  sk in '  and tes tes  are g iven i n  Table I1 - A and B, where they  are  compared 

t o  s i m i l a r  da ta  presented by ~chaef fe r ' ' )  a t  t h e  recen t  IRPA Congress i n  

Washington, D.C. D r .  Schaef fer  ca l cu la ted  the  beta dose a t  a  p o i n t '  'P'  

in t i s s u e  by i n t e g r a t i n g  t h e  c o n t r i b u t i o n  from a l l  o f  t h e  beta  p a r t i c l e s  
, . * 

which were ab le  t o  reach t h a t  po in t .  A l l  o f  t h e  beta  p a r t i c l e s  were assumed 

t o  t r a v e l  i n  a  s t r a i g h t  l i n e  through a i r  and t i s s u e . '  There i s  e x c e l l e n t  



agreement between Dr .  Schaeffer ' s  r e s u l t s  and those obtained w i t h  the 

empi r ica l  formula o f  Loevinger f o r  a l l  nucl ides except perhaps Kr-87 

where our values are 30% higher. 
. "  ..- -+ *-r .  . -- . . - . - - 

Dr. Schaeffer 's ca lcu la t ions ind icated t h a t  no beta rays from any of 

the noble gases were energetic enough t o  .penetrate through the 1  cm o f  

t i ssue  assumed t o  be over the male gonads. The Loevinger ,formula, however, 

impl ies  a  small beta con t r ibu t ion  t o  the doses t o  the testes, espec ia l l y  

f o r  the Rb-88 daughter o f  Kr-88 and f o r  Kr-87 and Xe-137. 

Table 11-C l i s t s  the r e s u l t s  obtained by us f o r  the tota l -body dose 

r a t e  and compares them w i t h  those o f  ~ c h a e f f e r ( ~ )  and Russell a n d  Galpin. (10) 

The l a t t e r  authors employed the r e c i p r o c i t y  t ' h e ~ r e m ( ~ )  f o r  t h e i r  ca lcu l  a- 

t i o n  wherein: 

"the i n te rna l  gama (total-body dose from an external  cloud 

equals the dose t o  the  cloud from the  r a d i o a c t i v i t y  i n  the 

. 'body i f  the concentrat ions are equal. .... This dose i s  then 

the d i f fe rence  between the dose t o  a  p o i n t  i n  an i n f i n i t e  medium 

w i t h  uni form source d i s t r i b u t i o n  and t he  dose absorbed i r l  t he  

body from a uni form source i n  the body w i t h  the same concentra- 

t i o n  as i n  the  i n f i n i t e  media." 

This method o f  ca lcu la t ion  y i e l d s  an average dose over the e n t i r e  body 

ra the r  than a  dose a t  a  s i ng le  depth i n  t issue. Nevertheless, the r e s u l t s  

obtained by Russel l  and Galpin are i n  reasonable agreement w i t h  those 

obtained by Dr.-Schaeffer and i n  the present work u t i l i z i n g  the ha l f  

i n f i n i t e  cloud ca lcu la t ion.  
..- - 

Dr. Schaeffer 's values do n o t  inc lude a co r rec t ion  f o r  a t ten tua t ion  

i n  the f i r s t  few centimeters o f  tissue'. The at tenuat ion becomes important 

f o r  the very low energy rad ia t i on  such as the  bremsstrahlung from Kr-85. 



For t h i s  nuclide the  dose calculated i n  the  present work i s  2/3 of t h a t  

calculated by Dr. Schaeffer. . Neither of these  two s e t s  of ca lcu la t ions ,  

however, include a "build-up fac tor"  which could compensate somewhat f o r  

t h e  omiss ion  of the at tenuation correct ions  i n  Dr. Schaeffer ' s  ca lcula t ions .  

In addit ion t o  t he  r e s u l t s  shown in  t h e  t a b l e ,  Dr. Snyder has reported values 

of 1.6x10-~ f o r  ~r-85(")  and 0.020 f o r  Xe-133. (15) 

The calculated in ternal  dose t o  t he  lungs from inhala t ion 6 f  noble gases 

is sumnarized i n  Table I11 along w i t h  the values calcula ted by Russell and 

  alp in. The l a t t e r  authors assumed a lung volume of 5.6 l i t e r s  ra ther  than 

t h e  4 l i t e r s  employed i n  t he  present work. As a r e s u l t  our values a r e  

generally but not always lower than those of Russel 1 and Gal pin. The two 

exceptions a r e  Kr-88 and Xe-135. 

Table I11 a l so  tabula tes  in ternal  doses t o  lung and o ther  t i s sues  

calcula ted by Mrs. whitton('') f o r  Kr-85 and Xe-133. The value used by 

Mrs. Whitton f o r  the  lung volume was not s t a t ed ,  b u t  her calcula ted values 

. for  lung dose agree well w i t h  ours. As can be seen i n  t h e  t ab l e  t he  doses 

from noble gases absorbed i n  t i s sue  a r e  s i gn i f i c an t l y  lower than those from 

external  gamma radia t ion.  

Table 1V-l is ts  the  r e su l t s  obtained by several  workers f o r  in te rna l  and 

external  doses from Kr-85. 

The assumptions used by the  various authors were not always t h e  same. 

This is espec ia l ly  t r u e  of the  depth a t  which t he  "skin" dose was calcula ted 

and the l u n g  volume. The  value for the lung dose a t t r i bu t ed  t o  Dr. Schaeffer  . 

was not ac tua l ly  given i n  h i s  paper b u t  was estimated by us from the  value 

of t h e  (MPC), which he calcula ted f o r  lung a s  t h e  c r i t i c a l  organ. As such 

t he  value of 5.8~10-3 probably includes t he  contribution from external  

radia t ion.  



When the variations in assumptions a re  taken into account there i s  

reasonable agreement among the values obtained by the different  authors. 

I t  is a l so  obvious tha t  the internal doses a re  insignif icant  compared t o  

the external total-body and skin doses. For noble .gas nuclides with 

re la t ive ly  1 i t t l e  penetrating radiation, the c r i t i c a l  organ w i  11 be the 

skin even considering . i t s  less  r e s t r i c t ive  dose standard. For the other 

noble gases, the total  body will  be the c r i t i c a l  organ. 

If one were t o  calculate the (MPC), values for  these noble gases based 

upon the dose rates  presented i n  t h i s  paper, the values obtained would be 

much less  r e s t r i c t ive  than the ICRP values currently accepted: For example, 

3 the ICRP (MPC), for  168-hr occupational exposure to  Kr-85 i s  3 pCi/m . 
. . 

Dr. Schaeffer calculated corresponding values of 20, 170, and 290 for  skin,  

t o t a l  body and 1 ung (internal and external ), respectively, as c r i t i c a l  

organs. As a resu l t  one should always rely on f i r s t  principles.when cal-  

culating radiation doses, ra ther  than t o  simply multiply fractional MPC 

by the  dose standard. 



TABLE I 

DOSE RATES TO SELECTED TISSUES FROM A SEMI-INFINITE CLOUD OF NOBLE GASES 

(mrem/hr per pc i /m3 (a 1) 

External I n t e rna l  
o t a  

Nucl i d e  . ~ e s t e s  (c )  Lugs (4 

Xe-131 m 
Xe-133m 
Xe- 133 
Xe- 1 35m 
Xe-135 
Xe-137 
Xe-138+D 
(CS-1 38) 

---- ------------- 
(a) No c r e d i t  taken for  a t tenuat ion by c lo th ing.  

(b) A t  a t i s sue  depth o f  7 x 1 0 - ~  cm 

(c)  A t  a t i s sue  depth o f  1 cm 

(d)  A t  a t i ssue  depth o f  5 cm 

To ta l  
Lungs 

(e) .Assuming a 1 ung volume o f  4 1 i t e r s  



TABLE I 1  

COMPARISON OF EXTERNAL DOSE RATES TO SELECTED TISSUES 
FROM A SEMI-INFINITE CLOUD OF NOBLE GASES 

(mremlhr per  pCi/m3) 

A. SKIN 

Schaeffer (9) '  This Paper 

Nucl i de Beta  eta(^)   am ma(^) Tota l  

Kr- 8  3m 
Kr-85m 
Kr- 8  5  
Kr-87 
Kr- 88 

(Rb-88) 

Xe-13111-1 
Xe-133111 
Xe-133 
~ e -  135m 
Xe- 135 

. . Xe- 137 
Xe- 138 

(CS- 138) 

(a )  I nc lud ing  conversion electrons.  

(b) Includlng bremsstrahl ung i :; 

(c) k l u e s  reported by D r .  Snyder i n  Reference 10. 

(d)  Values reported by Dr. Snyder i n  Reference 15. 



TABLE I 1  (Cont 'd) 

COMPARISON OF EXTERNAL DOSE RATES TO.SELECTED TISSUES 
FROM A SEMI-INFINITE CLOUD OF NOBLE GASES 

. . I (mrern/hr per uci/rn3) 
i 

B. TESTES 

Schaeffer (9 This Paper 
Nucl i de  Beta  eta(^) ~arnrna(~) Tota l  

Ar- 39 
Ar-41 

Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
K r -  88 

(Rb-88) 

Xe-131m 
Xe-133111 
Xe-133 
Xe-135111 
Xe- 135 
Xe-137 
Xt!- 138 

(CS-138) 

( a )  Inc lud ing conversion electrons 

(b) I nc lud ing  bremsstrahl ung 
. . 

(c) Values reported by Dr. Snyder i n  Reference 10. 

(d) Values reported by Dr. Snyder i n  Reference 15. 



TABLE I I (Cont'd) 

COMPARISON OF EXTERNAL DOSE RATES TO SELECTED TISSUES 
FRaI A S E l 4 I - I N F I P I I T E  CLOUD OF NOBLE GASES 

(mreml hr per uCi /m3 ) 

C. TOTAL BODY 

Nucl i de  Schaeffer ( 9 )  Russel 1 and 
Gal p i n  (8 )  (a)  Snyder (10,151 

Kr-83m ----- ----- ----- 
K r -  8 5m 0.16 0.076 ----- 
Kr-85 3 .3~1 o ' ~  1. 2x1 o ' ~  l . 6 x l 0 - ~  
Kr-87 .0.90 - 0.90 ----- 
Kr-88 ----- 0.88 ----- 
(Rb-88) (----- I (----- I (-----I 
Kr-89 ----- 4.2 ----- 

This  Paper 

3 . 3 ~ 1  oo4 
1 . 1 

1 . oX1 o - ~  
0.13 
2.2~10-3. 
1.3 
1.5 

.(O. 56) ----- 
Xe-131 rn 
Xe-133m 
Xe-133 
Xe- 1 35rn 
Xe-135 
Xe-137 
Xe-138 
(CS-1 38) 

. . 
(a) 1 .  The authors used the r e c i p r o c i t y  thecrrern (5)  t o  

ca lcu la te  t o t a l  body dose, 

. . 2, ' The values presented here do no t  inc lude the 
con t r ibu t ion  fro;q beta rad ia t i on  as d i d  those 
presented i n  the  o r i g i n a l  paper, 



Nucl i d e  

Xe-131 m 
Xe- 1 33m 
Xe-133 
Xe- 1 35m 

. . Xe- 1 35 
Xe-137 
Xe-158 

TABLE I11 

COMPARISON OF INTERNAL DOSE RATES FROM INHALED NORLE GASES 

( u n i t s  o f  mrem/hr per p C i / m 3 )  

Russel l  and ~ a 1 p i . d ~ )  

~ u n ~ s ( ~ )  To ta l  Body ( b )  

Whi t t o n  (12) ( b )  This  Paper 

(c)  
Adipose 

Lungs Tissue Tissue Remainin? ( b  ~~~t~~ (c)  ~ u n g s ( ~ )  

(a)  Based on a lung volume o f  5.6 l i t e r s  

(b )  Used an average value o f  Ostwald c o e f f i c i e n t  f o r  e n t i r e  body 

(c)  Lung volume not  s ta ted  

( d )  . Based on a lung volume o f  4 1 i t e r s  

(e )  Values o f  D r .  Snyder from ~eferen'ce 10 

( f ) '  Values o f  D r .  Snyder from Reference 15 



I TABLE I V  

COMPARISON OF RADIATICIN DOSES TO VARIOUS TISSUES ' FROM ' A ' SEMI-INFINITE CLOUD OF Kr-85 

(mrem/hr per vCi/m3) 

Pathway Snyder Russ;ll Gal i n  ?8?d Mi  t ton ( l2 )  , ~chaeffe.; -  irk^) , .  endr ricks on" )   his Paper. 

External  - Skin . . c;? : ,2.,ii'jL i 
" ' 0 . 2 1  . *  1 . 6 ~ 1 0 - ~ ( ~ )  0.19 Beta ---- 0.17(~)  

G a m  +. Bremsstrahlung 2.1 x10-3(b) --- ---- 
1 To ta l  . L--- ---- 0.19 0.17 

... . 

1 . 6 ~ 1 0 ' ~  3( f )  2.3x10-3 
5: 

External  -Total  B0d.v ,, 1). 2x1 0- -3: 3x1 o - ~  
- - Gonads . ."- 1 . 8 ~ 1  om3 1 . 2 x 1 0 - ~ ( ~ )  2 .3~1  o - ~  (3; 3 x 1 0 ~ ~  ' .--. 1. .;, . . . , 

I nha la t i on  - Lungs z.IxIo‘~(~) 3.0~10- 3(h) . 1.6~10- 3(i) 5.8~10- 3 ( k )  - Tota l  Body 8.4~10-5 1.1~10-4 ---- .--- - Adipose Tissue 1.3~10-4 ---- 2 . 4 ~ 1 0 ' ~  ---- - Remaining T i  ~ s u e  (2-9)xl oo5 ---. 3x1 0-5 .Am-- 

- - Gonads 4.2~10-5 ---- 3x1 0-5 ---- 
# p s  ; I "  . , / f-.td$ :& . , ..- ', 

, : ,  "'4 . . :  :: / . . : . , :::2>;,"++ $5. . .::: :. . . ... ,kr. .:!. ' 1.3t ' .  . 
I 

: -  (a).:Avirage dose t o  sk i n  l aye r  5 x 1 0 - ~  c~n thick,-maximum" i s  ;lo% higher. ., , . , . I .t\ . . . s . /:C ;.,- - . ! . j '" , , ; ,: , *. ! 
f - (b)': Average dose t o  a l a y e i  0.2 crn t h i c k .  

(c )  Assumed sk.in depth o f  0.1 cm 

(d) Assumed s k i n  depth of 0.007 cm 

ce) Assumed s k i n  depth o f  0.0 cm 

(f) Based upon r e c i  p roc i  ty theorem 

(g) Assumed l ung  volume o f  4 1 i t e r s  

(h) Assumed l ung  volume of 5.6 l i t e r s  
.-. 

(i) Lung volume n o t  s p e c i f i e d  

(j) Assumed lung volume o f  3.5 1 i t e r s  

( k )  Estimzted fr0.m D.r. Schaeffer's ca lcu la ted value of (MPC),for lung and probably inc ludes the  c o n t r i b u t i o n  o f  
ex terna l  rad ia t ion .  
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