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. .. 

HIGHLIGHTS 

The work descr ibed i n  t he  r e p o r t  i s  b a s i c a l l y  a  synthesis  of two 

p rev ious l y  e x i s t i n g  computer codes: INREM 11, developed a t  t he  Oak 

Ridge Nat ional  Laboratory (ORNL) ; and CAIRD, developed by t h e  Envi ron- 

mental P ro tec t i on  Agency (EPA). The INREM I 1  code uses contemporary 

dos imet r ic  . . methods t o  est imate doses t o  s p e c i f i e d  re ference organs due 

t o '  i n h a l a t i o n  o r  i n g e s t i o n  o f  a  rad ionuc l  ide .  The C A I R D  code employs 

a c t u a r i a l  l i f e  t a b l e s  t o  account f o r  competing r i s k s  i n  es t ima t ing  

numbers o f  h e a l t h  e f f e c t s  r e s u l t i n g  from exposure of a  coho r t  t o  some 

incremental r i s k .  The combined computer code, r e f e r r e d  t o  as RADRISK,  

est imates numbers o f  h e a l t h  e f f e c t s  i n  a  hypo the t i ca l  cohor t  o f  100,000 

persons due t o  continuous l i f e t i m e  i n h a l a t i o n  o r  i n g e s t i o n  o f  a  r a d i o -  

nuc l ide .  Also b r i e f l y  discussed i n  t h i s  r e p o r t  i s  a  method o f  es t ima t ing  

numbers o f  h e a l t h  e f f e c t s  i n  a  hypo the t i ca l  coho r t  due t o  cont inuous 

l i f e t i m e  exposure t o  ex te rna l  r a d i a t i o n .  This  method employs the  C A I R D  

methodology together  w i t h  dose conversion f a c t o r s  generated by the  

computer code DOSFACTER, developed a t  ORNL; these dose conversion f a c t o r s  

a re  used t o  est imate dose r a t e s  t o  persons due t o  rad ionuc l i des  i n  the  

a i r  o r  on t h e  ground surface. The combinat ion of t h e  l i f e  t a b l e  and 

dos ime t r i c  methods was performed a t  the  request  o f  t he  EPA as an a i d  i n  

determin ing gu ide l i nes  f o r  t he  re lease o f  r a d i o a c t i v e  p o l l u t a n t s  t o  t h e  

atmosphere, as requ i red  by t h e  Clean A i r  Ac t  Amendments o f  1977. 
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1. INTRODUCTION 

This r e p o r t  describes a  methodology designed t o  y i e l d  est imates of 

hea l th  e f f e c t s  t o  a  hypo the t i ca l  cohor t  o f  100,000 persons, assuming 

constant ,  l i f e t i m e  exposure t o  a  g iven rad ionuc l ide .  The exposure 

pathways considered a re  i n h a l a t i o n ,  inges t ion ,  and ex te rna l  exposure. 

For t h e  cases o f  i n h a l a t i o n  and inges t ion ,  the  methodology i s  e s s e n t i a l l y  

a  combinat ion o f  t he  dos imet r ic  methods represented by t h e  computer code 

INREM I 1  ( r e f .  I ) ,  developed a t  the  Oak Ridge Nat iona l  Laboratory (ORNL), 

and the  l i f e  t a b l e  methodology represented by the  computer code C A I R D  

( re f .  2), developed by the  Environmental ~ r o t e c t i o n  Agency (EPA). 

Numbers o f  h e a l t h  e f f e c t s  from ex te rna l  exposure a re  est imated us ing  

C A I R D  together  w i t h  dose r a t e s  generated by the  computer code DOSFACTER 

( r e f .  3 ) .  The combination o f  the  dos imet r ic  and l i f e  t a b l e  methodologies 

was performed a t  t he  request  o f  the  EPA as an a i d  i n  determin ing gui'de- 

l i n e s  f o r  the re lease o f  a i rbo rne  r a d i o a c t i v e  p o l l u t a n t s .  The deter -  

minat ion  o f  these gu ide l i nes  i s  requ i red  by the  Clean A i r  Ac t  Amendments 

o f  197.7.4 

2. AN OVERVIEW OF THE METHODOLOGY 

The f o l l o w i n g  general approach i s  used t o  est5mate the  number o f  

h e a l t h  e f f e c t s  f rom i n h a l a t i o n  o r  i n g e s t i o n  o f  a  rad ionuc l ide .  It i s  

assumed t h a t  each member o f  the  exposed cohor t  c o n t i n u a l l y  inha les  o r  

inges ts ,  over an e n t i r e  l i f e t i m e ,  1  pCi/year o f  a  g iven parent  r a d i o -  

nuc l ide .  Dosimetr ic  and metabo l ic  i n fo rma t ion  about t h e  rad ionuc l i des  

i n  t h e  subchain beginning w i t h  the  parent  n u c l i d e  i s  entered i n t o  a  

computer code r e f e r r e d  t o  as RADRISK, which i s  a  mod i f i ed  ve rs ion  o f  the  

I N R E M  I 1  computer code con ta in ing  as a  subrout ine a  s u i t a b l y  adapted 

vers ion  o f  t h e  computer code CAIRD.  The RADRISK code implements contem- 

porary  dos imet r ic  models t o  es t imate  the  dose r a t e s  as a  f u n c t i o n  o f  

t ime t o  s p e c i f i e d  reference organs i n  the  body. Est imates concerning 

the depos i t ion  and r e t e n t i o n  o f  i nha led  p a r t i c u l a t e s  i n  t h e  l ung  and 

t h e i r  absorp t ion  i n t o  the  b lood and c learance i n t o  the  g a s t r o i n t e s t i n a l  

(GI )  t r a c t  a re  made using the  I C R P  Task Group Lung M ~ d e l . ~  Residence 



t imes of rad ionuc l i des  i n  t h e  G I  t r a c t  and a s s i m i l a t i o n  t imes from t h a t  

s i t e  a r e  es t imated us ing  a  f o u r  segment model o f  t h e  G I  t r a c t  t h a t  

i nvo l ves  f i r s t - o r d e r  mass t r a n s p o r t  and absorp t ion  o f  a c t i v i t y .  

Retent ion  f u n c t i o n s  f o r  a c t i v i t y  i n  o the r  organs are  approximated by 

l i n e a r  combinat ions o f  exponent ia l  func t ions .  The use o f  dos imet r ic  

f a c t o r s  (S- fac tors ,  i n  u n i t s  o f  radIpCi-day)  together  w i t h  est imates o f  

a c t i v i t y  i n  the  va r ious  organs permi ts  an est imate o f  dose r a t e s  from 

c r o s s - i r r a d i a t i o n  when pene t ra t i ng  r a d i a t i o n s  a r e  present.  The R A D R I S K  

code permi t s  t he  cons ide ra t i on  o f  t h e  d i f f e r e n t  absorpt ior l  a r ~ d  r e t e n t i o n  

p r o p e r t i e s  o f  t h e  var ious  rad ionuc l i des  i n  a  decay chaif l .  

For each re fe rence  organ, the  instantaneous dose r a t e s  ( r a d l y e a r )  

a t  s p e c i f i e d  t imes a r e  sent  by RADRISK t o  a  subrout ine which i s ,  i n  

essence, t h e  C A I R D  code. Th i s  subrout ine uses average y e a r l y  doses 

correspoi iding t o  t h e  t r a n s m i t t e d  dose r a t e s  t o  es t imate  the  nu~iiber of 

incremental  f a t a l i t i e s  i n  t h e  cohor t  due t o  rad ia t ion- induced cancer o f  

t h e  re fe rence  organ. The c a l c u l a t i o n  o f  t he  incremental f a t a l i t i e s  i s  

based on est imated annual incremental r i s k s ,  computed from annual doses 

t o  t h e  organ, t oge the r  w i t h  r a d i a t i o n  r i s k  f a c t o r s  prov ided by t h e  EPA. 

(These r i s k  f a c t o r s  a re  based on an average o f  absolute and r e l a t i v e  

r i s k s  f rom the  BEIR r e p o r t ;  t y p i c a l  r i s k  f a c t o r s  from the  B E I K  study8 

a r e  shown i n  Table 1  . )  An impor tan t  f e a t u r e  o f  the  C A I R D  code i s  t h a t  

i t  employs a c t u a r i a l  l i f e  t ab1 .e~  t o  a l l o w  f o r  competing r i s k s  o f  death 

i n  i t s  es t imate  o f  r i s k  due t o  r a d i a t i o n  exposure. 

A l i f e  t a b l e  i s  e s s e n t i a l l y  a  t a b l e  o f  data desc r ib ing  age-spec i f i c  

m o r t a l i t y  ra tes  f rom a l l  causes o f  death f o r  a  g iven popu la t ion .  This  

i n f o r m a t i o n  i s  de r i ved  f rom data obta ined on ac tua l  m o r t a l i t y  w i t h i n  a  

r e a l  popu la t ion .  [he use o f  l i f e  t ab les  I n  the study o f  r i s k  due t u  

exposure t o  low- leve l  r a d i a t i o n  i s  impor tan t  because o f  the  delay 

i n h e r e n t  i n  r a d i a t i o n  r i s k .  During o r  a f t e r  exposure t o  r a d i a t i o n ,  a  

p o t e n t i a l  cancer v i c t i m  may experience years o f  l i f e  i n  which he/she i s  

c o n t i n u a l l y  exposed t o  r i s k s  o f  death from normal d a i l y  d c t ' i v i t i e s .  

Hence, some f r a c t i o n  o f  the  i n d i v i d u a l s  who would even tua l l y  d i e  from 

rad ia t i on - i nduced  cancer w i l l  d i e  e a r l i e r  from competing causes o f  death. 

If t h e  l a t e n t  p e r i o d  ( p e r i ~ d  a f t e r  exposure i n  which the re  i s  no r i s k  o f  

r a d i a t  ion- induced cancer death)  and p la teau  p e r i o d  ( p e r i o d  i n  which the  



Table 1. Typ i ca l  . r a d i a t i o n  r i s k  f a c t o r s  as g iven  
i n  t h e  BEIR document 

R isk  es t imate  

Absolute 
Dura t ion  Dura t ion  r i s k b  R e l a t i v e  
o f  l a t e n t  o f  p la tegu (deaths/106 r i s k  

Age a t  Type o f  p e r i o d  reg ion  persons pe; ( %  i n c r .  i g  
i r r a d i a t i o n  cancer (years )  (years)  year / rad)  deaths i rad)  

I n  Utero  Leukemia 0  10 25 5  0  
A l l  o t h e r  

cancer 0  10 2 5 50 

0-9 years Leukemia 2  2  5  2.0 5.0 
A l l  o t h e r  ( 4 3 0  

cancer 15 ( b ) L i f e  1  .O 2.0 

10+ years Leukemia 2  2  5  1  . O  2.0 
A l l  o t h e r  (a )30  

cancer 15 ( b ) L i f e  . 5.0 0.2. 

a Plateau reg ion  = i n t e r v a l  f o l l o w i n g  l a t e n t  p e r i o d  du r i ng  which 
r i s k  remains e levated.  

b ~ h e  abso lu te  r i s k  f o r  those aged 10 o r  more a t  t h e  t ime of 
i r r a d i a t i o n  f o r  a l l  cancer exc lud ing  leukemia can be broken down i n t o  
t h e  r e s p e c l i v e  s i t e s  a s  f o l l o w s :  

Type o f  cancer Deaths/ l O6 persons p e r  year/radc 
Breas t  1.5* 
Lung 
G I  i n c l .  stomach 
Bone 
A l l  o t h e r  cancer 

To ta l  

' ~ i s k  f a c t o r s  i n  t h e  BEIR document a re  a c t u a l l y  giver, i r l  Lerql:is o f  
rem r a t h e r  than rad. The r i s k  f a c t o r s  g iven i n  t h i s  t a b l e  app ly  t o  
low-LET r a d i a t i o n  only.. 

* 
This  i s  de r i ved  f rom the  va lue  o f  6.0 quoted i n  Appendix 11, 

Sect ion A 1  e  ( o f  t h e  BEIR document) co r rec ted  f o r  a  50% cure  r a t e  and 
t h e  i n c l u s i o n  o f  males a s  w e l l  a s  females 51.1 t h e  popu la t ion .  



r i s k  o f  rad ia t i on - i nduced  cancer death p e r s i s t s )  a re  known, the  l i f e  

t a b l e s  can be used t o  es t imate  t h e  number o f  i n d i v i d u a l s  who w i l l  d i e  

f rom rad ia t i on - i nduced  cancer, exc lud ing  those who might  have d ied  from 

rad ia t i on - i nduced  cancer b u t  d i e  e a r l i e r  f rom o the r  causes. 

Numbers o f  h e a l t h  e f f e c t s  from ex te rna l  exposure t o  a  rad ionuc l i de  

a r e  est imated i n  t h e  f o l l o w i n g  general manner. It i s  assumed t h a t  each 

member o f  t he  cohor t  i s  c o n t i n u a l l y  exposed t o  ex te rna l  r a d i a t i o n  r e s u l t -  

i n g  f rom a  s p e c i f i e d  concen t ra t i on  o f  a  g iven rad ionuc l i de  i n  the  a i r  

and/or a  s p e c i f i e d  concen t ra t i on  o f  t he  same rad ionuc l i de  on the  ground 

sur face.  The dose r a t e  t o  t h e  t o t a l  body i s  c a l c u l a t e d  f o r  a  person 

who i s  assumed t o  remain standing on t h e  ground surface. These dose 

r a t e s  a r e  est imated f rom conversion f a c t o r s  generated by the  methods o f  

Kocher, which employ standard formulas t o  conver t  photon and e l e c t r o n  

.. r a d i a t i o n  exposure t o  dose ra tes .  The dose r a t e s  ( r a d l y e a r )  a re  entered 

; i n t o  t h e  computer code CAIRD, which c a l c u l a t e s  r i s k  t o  t h e  cohor t  as 

d e s c r i  bed e a r l  i e r .  

For expos i to ry  purposes, we f i r s t  consider  the l i f e  t a b l e  approach 
I CIS a p p l  l e d  I n  t h e  present  methodology. The dos imet r ic  approach used i n  

.a t h i s  methodology i s  descr ibed i n  a  l a t e r  sec t ion .  

Throughout t h i s  r e p o r t  the term " incremental " i s  reserved f o r  
re fe rence t o  increased r i s k  o f  dying f rom cancer ( o f  a  g iven organ) 

d u r i n g  a  s p e c i f i e d  t ime  per iod ,  as a  r e s u l t  o f  the  s p e c i f i e d  exposure 

t o  r a d i a t i o n .  Thus, t h e  phrase " incremental r i s k  f o r  t h e  k t h  year "  i s  

a  short-hand way of  saying " increased p r o b a b i l i t y  o f  dying, du r ing  the  

k t h  yea r  of 1  i f e ,  a s  a r e s u l t  o f  cancer ( o f  t he  g iven organ) induced by 

t h e  s p e c i f i e d  exposure t o  r a d i a t i o n .  " 

3. THE LIFE TABLE APPROACH FOR ESTIMATING INCREMENTAL R I S K ,  

AS APPLIED IN  THE PRESENT METHODOLOGY 

3.1 Basic Concepts o f  the  L i f e  Table Approach 

I t  i s  assumed t h a t  each member o f  t he  hypo the t i ca l  cohor t  i s  

con t i nuous l y  exposed t o  a  f i x e d  a c t i v i t y  o f  a  g iven rad ionuc l i de .  The 

exposure pathways considered a re  i n h a l a t i o n ,  inges t ion ,  and ex terna l  



exposure. Thus i t may be assumed, f o r  example, t h a t  each member of the  

coho r t  i nha les  1  pCi /year  o f  a  g iven  nuc l ide ,  o r  i n g e s t s  1  pCi /year  of 

t h a t  nuc l i de ,  o r  i s  exposed e x t e r n a l l y  t o  a i r  and ground sur face  concen- 

t r a t i o n s  o f  1  pCi/cm3 and 1  pCi/cm2, respec t i ve l y ,  o f  t h a t  nuc l ide .  

The cohor t  cons i s t s  of an i n i t i a l  popu la t i on  o f  100,000 persons, a l l  of 

whom are  s imul taneously  l i v e b o r n .  The i n h a l a t i o n ,  i nges t i on ,  o r  ex te rna l  

exposure begins a t  b i r t h  and cont inues throughout  t h e  e n t i r e  l i f e t i m e  

o f  each member o f  t h e  cohor t .  

I t  i s  assumed t h a t  no member o f  t h e  cohor t  l i v e s  more than 110 

years. The span from 0  t o  110 years i s  d i v i d e d  i n t o  as many as n ine  

age i n t e r v a l s  ( u s u a l l y  0-2, 2-4, 4-8, 8-16, 16-24, 24-36, 36-48, 48-64, 

64-110 years ) .  The dose r a t e s  ( rad /year )  a t  t h e  midpo in ts  o f  t h e  age 

i n t e r v a l s  t o  s p e c i f i e d  re fe rence organs due t o  t h e  cont inuous exposure 

a re  est imated as discussed l a t e r .  I n  a d d i t i o n ,  dose r a t e s  a t  50 and a t  

70 years o f  age a r e  ca l cu la ted .  The dose r a t e  a t  t h e  midpo in t  o f  each 

age i n t e r v a l  i s  used as an es t imate  o f  t h e  average dose r a t e  du r i ng  each 

year  o f  t h a t  age i n t e r v a l .  For a  g iven  organ, t h e  incrementa l  proba- 

b i l i t y  o f  death due t o  rad ia t ion- induced cancer i s  es t imated  f o r  each 

year  us ing ( 1 )  r i s k  f a c t o r s  descr ibed i n  Sec t ion  2  and ( 2 )  t he  est imated 

doses du r i ng  t h a t  year  and r e l e v a n t  preceding years.  The c a l c u l a t i o n  

o f  these incrementa l  p r o b a b i l i t i e s  o f  death f o r  each yea r  i s  exp la ined 

i n  a  subsequent sec t ion .  The incrementa l  p r o b a b i l i t i e s  o f  death a re  

~rsed i n  con junc t ion  w i t h  a c t u a r i a l  l i f e  t a b l e s  t o  es t imate  the  i n c r e -  

mental number o f  ( rad ia t i on - i nduced )  deaths each year .  A1 though t h e  

method can be used w i t h  any s e t  o f  age -spec i f i c  p r o b a b i l i t i e s  o f  death, 

t h e  l i f e  t a b l e s  used f o r  our  c a l c u l a t i o n s  a re  those based on t h e  1969-71 

U.S. popu la t i on  data, as repo r ted  by the  Nat iona l  Center f o r  Hea l th  

S t a t i s t i c s  (NCHS).7 The use o f  l i f e  t a b l e s  i n  r i s k  a n a l y s i s  prov ides a  

re fe rence f o r  t he  r i s k  o f  death f rom a l l  causes f o r  any g iven  age and 

thus a l l ows  t h e  cons ide ra t i on  o f  competing r i s k s  o f  death. 

The est imates o f  t h e  number o f  premature deaths proceeds as f o l l o w s .  

A t  the  beginning o f  t h e  f i r s t  year  ( t h e  year  f o l l o w i n g  the  b i r t h  o f  t h e  

100,000 persons) t h e r e  i s  a  p r o b a b i l i t y  ~ ( 1 )  o f  dy ing  du r i ng  t h a t  year,  

as c a l c u l a t e d  f rom the  NCHS l i f e  t a b l e  data, and an es t imated  increrr~enta l  

p r o b a b i l i t y  ~ ( 1 )  o f  dy ing du r i ng  t h a t  year  due t o  rad ia t i on - i nduced  



cancer o f  the  g iven organ. The t o t a l  number o f  deaths du r ing  the  f i r s t  

yea r  i s  assumed t o  be 

~ ( 1 )  = [ ~ ( l )  + ~ ( 1 ) ]  x 100,000 , (3.1) 

and t h e  incremental  number o f  ( rad ia t ion- induced)  deaths i s  est imated 

t o  be 

& ( I )  = ~ ( 1 )  x 100,000 . (3.2) 

The number of s u r v i v o r s  a t  t.he heginning o f  t h e  second y e a r  i s  c a l c u l a t e d  

1.1-1 tv2 

where !](I) = 100,000. I n  general,  f o r  the  i t h  year, t he  c a l c u l a t i o n s  

a r e  

and 

N ( i  + 1 )  = ~ ( i )  - ~ ( i )  , 

where 

~ ( i )  = t o t a l  number of  deaths i n  cohor t  du r ing  i t h  year,  

~ ( i )  = incremental  number o f  ( rad ia t ion- induced)  deaths dur ing  i t h  

year due t o  cancer o f  a g iven organ, 

~ ( i )  = number o f  s u r v i v o r s  a t  t he  beginning o f  t he  d t h  year, 

~ ( i )  = p r o b a b i l i t y  o f  death a t  t h e  beginning n f  t h e  { t h  year taken 

from l i f e  t a b l e  data, 

K ( i )  = incremental  p r o b a b i l i t y  o f  death a t  t h e  beginning o f  the 

i t h  yea r  due t o  rad ia t ion- induced cancer o f  a g iven organ. 

The t o t a l  number o f  premature deaths f o r  the  cohor t  i s  then 

s ince  i t  i s  assumed t h a t  no member o f  t h e  cohor t  l i v e s  more than 110 

years. 



I n  a d d i t i o n  t o  p r o v i d i n g  an es t imate  o f  t h e  incrementa l  number of 

( rad ia t i on - i nduced )  deaths, t h e  1  i f e  t a b l e  methodology can be used t o  

es t imate  the  t o t a l  number o f  years o f  l i f e  l o s t  t o  those dy ing  prema- 

t u r e l y ,  t he  average number o f  years o f  l i f e  l o s t  f o r  those dy ing  

prematurely,  and t h e  decrease i n  the  p o p u l a t i o n ' s  1  i f e  expectancy. The 

t o t a l  number T  o f  years  o f  l i f e  l o s t  t o  those dy ing  premature ly  i s  

s imp ly  t h e  d i f f e r e n c e  between t h e  t o t a l  number o f  years o f  1  i f e  T I  l i v e d  

by t h e  cohor t ,  assuming no incremental  r a d i a t i o n  r i s k  (T, i s  taken f rom 

t h e  NCHS l i f e  t a b l e )  and t h e  t o t a l  number o f  years o f  l i f e  T2 l i v e d  by 

t h e  same coho r t  assuming t h e  incrementa l  r i s k  f rom r a d i a t i o n .  The 

average number o f  years o f  l i f e  l o s t  t o  those dy ing  premature ly  i s  then 

TI62 = ( ~ ' 1  - T ~ ) / Q  ( 3 . 8 )  
' 

The decrease E i n  the  p o p u l a t i o n ' s  l i f e  expectancy can be c a l c u l a t e d  

f rom t h e  formula 

E = (T, - T,) x . (3.9)  

3.2 C a l c u l a t i o n  o f  t he  Annual Incrementa l  Probabi 1  i t y  

o f  Death Due t o  Rad ia t ion  Exposure 

E i t h e r  abso lu te  o r  r e l a t i v e  r i s k  f a c t o r s  can be used w i t h  t h i s  

method. Absolute r i s k  f ac to rs ,  g iven  i n  t e r m s , o f  deaths per  l o 6  rad-  

person-years a t  r i s k  (someti,mes expressed as deaths11 O6 persons per  

rad l yea r ) ,  a r e  based on t h e  assumption t h a t  t he re  i s  some abso lu te  

number o f  deaths i n  a  popu la t i on  pe r  u n i t  o f  dose. R e l a t i v e  r i s k  

f a c t o r s ,  g iven  i n  terms o f  a  percentage inc rease i n  cancer deaths per  

rad, a re  based on the  assumption t h a t  t h e  number o f  rad ia t i on - i nduced  

cancer deaths assoc ia ted  w i t h  a  g iven  type o f  cancer depends on t h e  

t o t a l  number o f  f a t a l  cancers o f  t h a t  type.  Both abso lu te  and r e l a t i v e  

r i s k  f a c t o r s  a r e  assumed t o  apply  u n i f o r m l y  durin,g a p la teau  pe r i od ,  

beginning a t  t h e  end o f  a  l a t e n t  per iod;  t h i s  l a t e n t  pe r i od  f o l l o w s  the  

beginning o f  exposure, and du r i ng  t h i s  l a t e n t  p e r i o d  t h e r e  i s  assumed 

t o  be no r i s k .  It i s  o f t e n  the  case t h a t  d i f f e r e n t  r i s k  f a c t o r s  a re  

used f u r  a d u l t ,  c h i l d ,  and I n  u t e r o  exposures. (Wi th t h e  present  t r e a t -  

ment, i n  u t e r o  exposures a r e  n o t  considered. ) 



The incremental p robab i l i ty  of death due t o  a pa r t i cu l a r  type of 

radiat ion-induced cancer i s  ca lcula ted from the  r i s k  f a c t o r ( s )  i n  the  

following way. We f i r s t  consider absolute r i s k  fac to rs .  Assume t h a t  

t he  r i s k  f a c t o r  f o r  a ch i l d  i s  A1 deaths/106 persons per mradlyear, with 

l a t e n t  and plateau periods of L1 and P1 years ,  respect ively ,  and t h a t  

the  risk f a c t o r  f o r  an adu l t  i s  A 2  deaths/106 persons per mradlyear, 

w i t h  l a t e n t  and plateau periods of L2 and P2 years ,  respect ively .  

Let year  E be the  ending year of the  ch i ld  s tage  (L i s  usually 

taken t o  be 10) and assume t h a t  each individual in  the  cohort receives 

a dose of ~ ( i )  rad during the  i t h  year ,  i = 1 ,  2 ,  ..., 110. I t  follows 

from' the  de f i n i t i ons  of the  l a t e n t  and plateau periods t h a t  dose during 

t h e  ch i l d  s tage  (years  1 through E) contr ibutes  t o  the incremental r i s k  

during each of t h e  years  L1 + 1 ,  L1 + 2, ..., L1 + P1 + E. Furthermore, 

i t  can be seen t h a t  the  incremental r i s k  contributed t o  the  i t h  year ,  
, , 

L1 + 1 .- < i - < L1 + P1 + E, by the dose during the j t h  year of the ch i ld  

s t age ,  1 j 5 E, i s  

Z ( j )  x Al  x 0.5  i f  j = i -  L1 9 

0 otherwise. 

Similar ly ,  i t  can be seen t h a t  the  incremental r i s k  contributed t o  the  

i t h  yea r ,  L2 + E + 1 - < i - < 110, by the  dose during the  j t h  year of the  

a d u l t  s t age ,  E < j - < 110, is  

0 otherwise. 

The f a c t o r s  0.5 i n  the  cases j = i - Lk, k = 1 ,  2, a n d j  = i - Lk - Pk, 

k = 1 ,  2 ,  a r e  r e f l e c t i v e  of the  f a c t  t h a t  times during the  i t h  year a r e ,  

on t he  average, Lk ( respec t ive ly ,  L~ + pk) years l a t e r  than only half 

t he  exposure times during the  j t h  year.  



As an example, l e t  Li = 2, Pi = 25 ( i  = 1, 2),  and E = 10. Then 

the  .incremental r i s k  du r ing  the  f o u r t h  year  o f  l i f e ,  f o r  example, i s  

[2 (1)  x A ~ ] .  + [2 (2)  x Al x 0.51 ; 

the incremental r i s k  dur ing  the  f i f t e e n t h  year  o f  l i f e  i s '  

and t h e  incremental r i s k  du r ing  the  t h i r t i e t h  year  o f  l i f e  i s  

Ca lcu la t i ons  made f o r  t he  s i t u a t i o n  i n  which r e l a t i v e  r i s k  f a c t o r s  

a re  used a re  analogous t o  t h e  preceding c a l c u l a t i o n s .  The o n l y  d i f f e r -  

ence i s  t h a t  the numbers Al  and A, a re  replaced by y e a r - s p e c i f i c  numbers 

A(;), which a r e  t h e  r e l a t i v e  r i s k  f a c t o r s  m u l t i p l i e d  by the  cancer 

mor ta l  i t y  r a t e s  taken from NCHS m o r t a l i t y  t ab les .  

4. THE ESTIMATION OF DOSE RATES TO REFERENCE ORGANS 

The c a l c u l a t i o n  o f  dose r a t e s  t o  s p e c i f i e d  re ference organs due t o  

the  constant  i n h a l a t i o n  o r  i n g e s t i o n  of a  g iven a c t i v i t y  o f  a  r a d i o -  

nuc l i de  i s  performed by a  p o r t i o n  o f  t h e  RADRISK code which i s  adapted 

from t h e  I N R E M  11 code. l The dos ime t r i c  methods i n  RADRISK are, i n  most 

respects, i d e n t i c a l  t o  those i n  INREM 11. The p r i n c i p a l  q u a l i t a t i v e  

d i f ferences are  t h a t  (1 )  RADRISK ca l cu la tes  dose r a t e s  ( rad /year )  t o  

s p e c i f i e d  organs separa te ly  f o r  h igh  and low l i n e a r  energy t r a n s f e r  

(LET) r a d i a t i o n ,  whereas INREM I I ca lcu la tes  t o t a l  dose equ iva len t  

commitments (rem) t o  spec i f i ed  organs ; and ( 2 )  RADRISK ca l  cu l  a tes  dose 

r a t e s  t o  the  nasal-pharynx, t racheo-bronchia l  t r ee ,  and pulmonary regions, 

as w e l l  as t o  the  e n t i r e  lung, whereas INREM I 1  ca l cu la tes  dose commit- 

ment t o  the  e n t i r e  lung b u t  n o t  t o  the  th ree  subcompartments. 

The d e s c r i p t i o n  o f  t h e  dos imet r ic  p o r t i o n  of RADRISK which f o l l o w s  

app l i es  equa l l y  w e l l  t o  the  code INREM I 1  except where e x p l i c i t l y  s t a t e d  



t o  t h e  con t ra ry .  I n  f a c t ,  t h e  n o t a t i o n  and equat ions t h a t  f o l l o w  are  

g e n e r a l l y  i d e n t i c a l  t o  those i n  t h e  INREM I 1  document,' and the  descr ip -  

t i o n  t h a t  f o l l o w s  i s  i n  many p laces paraphrased f rom the  d e s c r i p t i o n  o f  

INREM 11 i n  r e f .  1.  

4.1 Sources o f  Dose t o  an Organ a f t e r  I n take  o f  a  Radionucl ide 

I n  a l l  dos ime t r i c  c a l c u l a t i o n s  performed w i t h  RADRISK, it. i s  a s s ~ ~ r n ~ r l  

t h a t  on1.y the  f i r s t  n u c l i d e  i n  a chai,n o f  AT r a r l i n a r t i v e  species (N - . 1 ) 

i s  taken i n t o  t h e  body. As descr ibed l a t e r ,  c a l c u l a t i o n s  made by the  

code cons ider  t h e  format ion and dynamics o f  daughters i n  the  chain. 

Throughout, Aik(t) denotes the  a c t i v i t y  (1ICi) o f  t h e  i t h  species 

of t h e  cha in  (1  - < i - < N) i n  an organ indexed by s u b s c r i p t  k; the  t ime t 

i s  measured from the  i n i t i a l  i n t a k e  o f  species 1  i n t o  the  body. The 

a c t i v i t y  Aik(t) i s  a  measure o f  t h e  energy being emi t ted  by the  i t h  

species i n  the  k t h  organ a t  t ime t. ' Thus, t h e  a c t i v i t i e s  i n  a l l  organs 

o f  t h e  i t h  species a t  t ime t can be d i r e c t l y  r e l a t e d  t o  the  dose. r a t e  

t o  the  k t h  organ a t  t ime t. The problem i s  t o  est imate the  f r a c t i o n  o f  
. . 

t h e  energy emi t ted  by t h e  decay o f  the  i t h  species i n  each organ t h a t  

i s  .absorbed by t h e  k t h  organ. Th is  s p e c i f i c  absorbed f r a c t i o n  i s  

i nco rpo ra ted  i n t o  t h e  c a l c u l a t i o n  through the use o f  dos ime t r i c  

S- fac tors .  9 9  The S- fac to r  S ~ ( X  +- Y)  (rad/1ICi-day) i s  def ined,  f o r  use 

i n  RADRISK, as t h e  average dose r a t e  t o  targe,t organ X due t o  1  pCi o f  

t h e  r a d i o n u c l i d e  species i u n i f o r m l y  d i s t r i b u t e d  i n  source organ Y. 

Methods f o r  c a l c u l a t i n g  S- fac tors  a re  descr ibed i n  Sect ion 4.4. It 

should be po in ted  o u t  t h a t  t h e  d e f i n i t i o n  and use o f  "S- fac tor "  here 

d i f f e r  s l i g h t l y  f rom t h e  d e f i n i t i o n  and use f o r  INREM 11. Furthermore, 

t h e  S - fac to rs  used here a r e  conceptua l ly  s i m i l a r  b u t  numer ica l l y  d i s -  

t i n c t  f rom t h e  SEE values used by the  ICRP,1° as noted i n  Sect ion 4.4. 

For use i n  RADRISK,  S - fac to rs  do n o t  i nc lude  q u a l i t y  o r  mod i fy ing  fac to rs .  

For use i n  INREM I I, S- fac to rs  do i nc lude  qua1 i t y  f a c t o r s  and a re  de f ined 

i n  terms o f  average dose equ iva len t  r a t e s  t o  a  t a r g e t  organ. 

The dose r a t e  [ D R ~ ( x ) ] ( ~ )  t o  t a r g e t  organ X a t  t ime t due t o  

r 'ad ionuc l ide  species i i n  source organs yl, Y2, ..., YM i s  est imated t o  



M 
[ D R ~ ( x ) ] ( ~ )  = [DR.(H + y k ) ] ( t )  r ad lday  , 

k= 1  Z 

where 

[ D R ~ ( X  + y k ) ] ( t )  = si(x + Y ~ ) A ~ ~ ( ~ )  rad lday  . 
Recal l  t h a t  ~ ~ ~ ( t )  i s  t h e  a c t i v i t y ,  a t  t ime  t, o f  species i i n  source 

organ Yk. I m p l i c i t  i n  t h e  d e f i n i t i o n s  i s  t he  assumption o f  un i f o rm 

d i s t r i b u t i o n  o f  a c t i v i t y  o f  species i i n  each source organ ( w i t h  an 

except ion  noted below), as i s  t h e  assumption o f  averaging o f  t h e  dose 

r a t e  over  the  t i s s u e  o f  t h e  t a r g e t  organ. Genera l ly ,  f o r  p a r t i c l e  

r a d i a t i o n s ,  [ D R ~  (X  +- x ) ] ( t )  w i l l  c o n t r i b u t e  t h e  p r i n c i p a l  dose t o  organ 

X. 

An except ion  t o  t h e  assumption o f  un i f o rm d i s t r i b u t i o n  o f  a c t i v i t y  

i n  source organs occurs f o r  a lpha-emi t t ing  rad ionuc l i des  deposi ted i n  

bone. Radionucl ides may be assumed t o  depos i t  p r i m a r i l y  on bone sur faces 

(e.g., a c t i n i d e  elements) o r  t o  be d i s t r i b u t e d  u n i f o r m l y  throughout  t he  

bone volume. (e -g .  , 226Ra), depending on the  c h a r a c t e r i s t i c s  o f  t h e  par-  

t i c u l a r  rad ionuc l i de .  The d i s t r i b u t i o n  o f  daughter i so topes  produced 

i n  bone i s  assumed t o  depend on t h a t  o f  t h e  parent  n u c l i d e  o r i g i n a l l y  

deposi ted.  Special  absorbed f r a c t i o n s  a re  c a l c u l a t e d  f o r  i r r a d i a t i o n  

o f  endosteal c e l l s  and r e d  bone marrow f rom a c t i v i t y  i n  bone, based on 

'methods o f  Thorne1 l and t h e  assumed depos i t i on  p a t t e r n  i n  bone. 

4.2 Reten t ion  and T rans loca t i on  o f  R a d i o a c t i v i t y  

The t ime  r a t e  o f  change o f  a c t i v i t y  i n  t h e  body i s  modeled by a  

system o f  o r d i n a r y  d i f f e r e n t i a l  equat ions, w i t h  each d i f f e r e n t i a l  

equat ion  desc r i b ing  the  r a t e  o f  change o f  a c t i v i t y  i n  a  conceptual com- 

partment o f  t h e  body. The pathways i n  t h e  body by which t h e  a c t i v i t y  

i s  assumed t o  move are i l l u s t r a t e d  i n  F ig .  1. I n  each compartment t he re  

may be fo rmat ion  o f  r a d i o a c t i v e  daughters, which may have d i f f e r e n t  

chemical and phys i ca l  p r o p e r t i e s  f rom those o f  t h e  parent .  I f  t h e  

e n t i r e  cha in  cons i s t s  o f  N species, indexed i = 1, ..., N, then each 

species has associated w i t h  a  g iven  compartment a  r e t e n t i o n  f u n c t i o n  

~ ~ ( t ) ,  which i s  t h e  fracliari o f  a c t i v i t y  i n  t h e  compartment a t  t ime  zero 
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t h e  body as modeled by RADRISK. 

I 

a o a  
OTHER 

OHGANS 

- - - - - - BIOLOGICAL - 



t h a t  surv ives  the  compartment's removal processes and r a d i o a c t i v e  decay 

t days l a t e r .  

The a c t i v i t y  A .(t) o f  t h e  i t h  species may be expressed i n  terms o f  
2 .  

t he  r e t e n t i o n  func t i on  as f o l l o w s :  

where 
R hi = ( I n  2)/2$, where $ = r a d i o a c t i v e  h a l f - l i f e  (days) o f  

species i, 

Bij = r a d i o a c t i v e  branching r a t i o  from species j . t o  species i, 

j < i, 

pi(t) = r a t e  ( ~ C i / d a y )  a t  which a c t i v i t y  o f  species i enters  the  

compartment a t  t ime t. 

Each r e t e n t i o n  func t i on  Ri(t) i s  assumed t o  be o f  t h e  form 

where 

= r a t e  c o e f f i c i e n t  (day- ')  f o r  b i o l o g i c a l  removal o f  species i 
A i s  

from the  compartment; 

The c o e f f i c i e n t s  cis can be thought of as "pathway f rac t i ons . "  For 

example, one r e t e n t i o n  f u n c t i o n  g iven f o r  uranium i n  bone i s  

+ O. lexp [ ( - ln  2/5000) + ( I n  2/$)] , 

where Z? denotes the  r a d i o l o g i c a l  h a l f - l i f e . 1 °  Thus, i n  t h i s  case, i t  

i s  assumed t h a t  bone cons i s t s  of two compartments. l i i n e t y  percent  o f  

t he  uranium i n  bone i s  assumed t o  c l e a r  from compartment 1  w i t h  a  b io -  

l o g i c a l  h a l f - t i m e  o f  20 days, and 10% i s  assumed t o  c l e a r  from compart- 

ment 2  w i t h  a  b i o l o g i c a l  h a l f - t i m e  o f  5000 days. I n  Eq. (4 .3)  i t  i s  
requ i red  t h a t  



t h a t  i s ,  ~ ~ ( 0 )  = 1. 

4.2.1 The r e s p i  r a t o r y  t r a c t  

The model used i n  RADRISK f o r  p a r t f c u l a t e  depos i t i on  and r e t e n t i o n  

i n  t h e  r e s p i r a t o r y  t r a c t  i s  based on t h e  I C R P  Task Group Lung Model ,'+ 
w i t h  parameters g i ven  i n  ICRP P u b l i c a t i o n  19. l 2  With t h i s  model (which 

i s  shown schemat ica l l y  i n  F i g ,  2) t he re  a re  assumed t o  be f o u r  m a j n r  

r e s p i r a t o r y  regions:  nasal -pharynx (N-P) , tracheo-bronchia l  t r e e  (T-B) , 
pulmonary reg ion  ( P ) ,  and lymphat ic  t i s s u e  (L ) .  The regions N-P, T-By 

and P a r e  assumed t o  rece i ve  f r a c t i o n s  D3, D4, and D5 o f  inha led  p a r t i c -  

u l a t e s ,  where D3 + D,, + D 5 . <  1  ( s ince  some p a r t i c u l a t e s  a re  assumed t o  

be removed by prompt exha la t i on ) .  The values D3, D4, and D5 depend on 

t h e  a c t i v i t y  median aerodynamic diameter (AMAD) o f  t h e  i n s p i r e d  p a r t i c l e s .  

A f u n c t i o n a l  r e l a t i o n s h i p  between D3, D4, and D5 and AMAD f o r  0.1 pm - < 

AMAD - < 20 um suggested i n  r e f .  13 i s  used i n  RADRISK. The lung model 

employs th ree  c learance c lasses,  Dy W, and Y, corresponding t o  rap id ,  

in te rmed ia te ,  and slow clearance, respec t i ve l y ,  o f  m a t e r i a l  deposi ted 

i n  t h e  r e s p i r a t o r y  passages. The clearance c lass  depends on chemical 

p r o p e r t i e s  o f  t h e  species. 

The r e t e n t i o n  fun ' c t i on  used i n  RADRISK f o r  t h e  nasal-pharynx i s  

- A  a ,s .t -%.it 

, + ,Fb,ie I 3 

- -  
t o  blood t o  G I  

where t h e  f i r s t  term i s  assigned t o  pathway a, t h a t  i s ,  c learance t o  the  

blood, and the  second term i s  assigned t o  pathway b y  t h a t  i s ,  mechanical 

removal t o  the  stomach. I n  t h i s  equation, as i n  t he  equat ions which 

f o l l o w ,  A ~ , , ~  i s  t h e  sum o f  t h e  r a d i o l o g i c a l  decay constant  and the  

b i o l o g i c a l  removal cons tant  = ( I n  2 ) / 9  where 26 i s  the  b i o -  
v  ,i v, i '  v , i  

l o g i c a l  h a l f - t i m e  assoc ia ted  w i t h  clearance pathway v  (= -a ,  b y  . . . , i 
i n  F ig .  2 ) .  The pathway f r a c t i o n s ,  Fv,i, a r e  g iven i n  F ig .  2  f o r  the 

t h r e e  clearance c lasses Dy W, and Y. 
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Fig. 2. The ICRP Task Group Lung Model for particulates' (Ref's. 5 
and 12). The colunns labeled D y  W, and Y correspond, respectively, to 
rapid, intermediate, and slow clearance of the inspired material. The 
symbols T and F denote the biological half-time (days) and coefficient, 
respectively, of a .  term in the appropriate retention function [Eq. (4.5) 
through (4.9)]. The values shown for D3, D4, and D5 correspond. to activity 
median aerodynamic diameter AMAD = 1 pm. Differential equations for path- 
ways a, b, . . . , !=? are (4.10) through (4.21 ). 

CLASS 

Y 
T F 

0.01 0.01 
0.4 0.99 

0.01 0.01 
0.2 0.99 

500 0.05 
1.0 0.4 
500 0.4 
500 0.15 

1000 0.9 

D W 5 

T F T F 

0.01 0.5 
0.01 0.5 

0.01 0.95 
0.2 0.05 

0.5 0.8 
n.a. n.a. 
n.a. n.a. 
0.5 0.2 

0.5 1.0 

0.01 0.5 
0.2 0.5 

50 0.15 
1.0 0.4 
50 0.4 
50 0.05 

50 1.0 



The retention function describing ac t iv i ty  deposited d i rec t ly  in 
the tracheo-bronchial t r ee  takes the form 

where the f i r s t  term i s  assigned to  pathway c (clearance t o  the blood) 
and the second term i s  assigned t o  pathway d (removal to  Lt~e stomach). 
Activity i n  the tracheo-bronchial t ree  can also resul t  from recirculation 
from the pulmonary region. The clearance of the ac t iv i ty  in t r a n s i t  
from the pulmonary pathways f and g to  the stomach via pathways k and a ,  
respectively,  i s  described by the retention function 

The clearance of ac t iv i ty  from the pulmonary and respiratory lymph 
regions through pathways e ,  f, g, h, and i i s  represented by the 
equations 

- - A  t - A  .t 
'e, C" t 

X ( t )  = P .r 
I I 

+ fJi + p .e g.. 
t e ,  z g,z + Fh, ie 

I 
to blood to T-B to lymph 

and 

- A .  .t R - x;t 
$(t) = F  .e 'L, z + (I - F. . ) e  

i, z 
J 1 z,z J 

to blood remains in Zynph 
(class Y materials) 

The a c t i v i t i e s  A,,. . . ., A cleared by pathways a, . . ., 2 ,  a, i. 
respectively,  are represented by the following d i f fe rent ia l  equations: 



. . 
i - - - 

A ~ ,  i 'b, i Ab, i + Fb,c . ( ? C B ~ ~  ( A ~ , ~  + A  b, J .) 
j= 1 



Here ~ . ( t )  i s  t h e  r a t e  (pCi /day)  a t  which species i i s  i nha led  a t  t ime  t. 
9, 

It i s  assumed t h a t  no daughters o f  species i are  inha led .  [The i nha la -  

t i o n  o f  daughters o f  species i must be t r e a t e d  i n  a  separate r u n  o f  

RADRISK; however, t h e  fo rma t i on  o f  daughters o f  species i i n  t he  body 

a f t e r  i n h a l a t i o n  ( o r  i n g e s t i o n )  o f  species i i s  considered i n  t h e  ca lcu-  

l a t i o n  o f  dose r a t e s  due t o  i n t a k e  o f  species i.] I n i t i a l  c o n d i t i o n s  

f o r  a l l  species and compartments a r e  zero:  

The r a t e  of abso rp t i on  of a c t i v i t y  from the  r e s p i r a t o r y  t r a c t  i n t o  

t h e  b lood i s  descr ibed by t h e  equat ion  



The cumulat ive a c t i v i t y  o f  species i absorbed i n t o  the  blood, ALB,iy i s  

used t o  determine t h e  uptake o f  species i by o the r  organs. Recal l  t h a t  

hB i s  the  r a t e  c o e f f i c i e n t  f o r  b i o l o g i c a l  removal o f  species i from v, i 
the  r e s p i r a t o r y  t r a c t  by pathway V. 

The r a t e  a t  which a c t i v i t y  o f  species i i s  t ransmi t ted  from t h e  

r e s p i r a t o r y  t r a c t  t o  the G I  t r a c t  i s  est imated from the  equat ion 

where ALG, i s  t h e  cumulat ive a c t i v i t y  o f  species i e n t e r i n g  the  G I  

t r a c t  f rom the r e s p i r a t o r y  t r a c t .  This  t ransmi t ted  a c t i v i t y  o f  species 

i i s  assumed t o  behave e x a c t l y  as a c t i v i t y  which reaches the  G I  t r a c t  

d i r e c t l y  by inges t ion .  I n  t he  nex t  s e c t i o n  the  behavior o f  r a d i o a c t i v e  

p a r t i c l e s  deposi ted i n  t he  G I  t r a c t ,  f o l l o w i n g  e i t h e r  i n g e s t i o n  o r  

t ransmiss ion from the  r e s p i r a t o r y  t r a c t ,  i s  discussed. 

4.2.2 The g a s t r o i n t e s t i n a l  t r a c t  

The model used i n  RADRISK t o  descr ibe  movement o f  a c t i v i t y  through 

the  G I  t r a c t  i s  i l l u s t r a t e d  schemat ica l l y  i n  Fig. 3. This  model, which 

i s  equ iva len t  t o  t h a t  descr ibed i n  r e f .  14, cons i s t s  o f  f o u r  segments: 

stomach, smal l  i n t e s t i n e ,  upper l a r g e  i n t e s t i n e ,  and lower l a r g e  i n t e s -  

t i n e .  Exponential  ou t f l ow  o f  a c t i v i t y  f rom each segment i n t o  the  nex t  

o r  ou t  o f  t h e  system i s  assumed. Out f low r a t e s  c a l c u l a t e d  from t r a n s i t  

t imes suggested i n  r e f .  15 a re  shown i n  the  f i g u r e .  It i s  u s u a l l y  

assumed t h a t  a c t i v i t y  i s  absorbed i n t o  t h e  b lood o n l y  from the small 
i n t e s t i n e ;  however, t he  user may s p e c i f y  absorp t ion  from any combinat ion 

o f  f o u r  segments. 

The d i f f e r e n t i a l  equat ions desc r ib ing  the  r a t e  o f  change o f  a c t i v i t y  

i n  t h e  stomach ( S ) ,  small i n t e s t i n e  ( S I ) ,  upper l a r g e  i n t e s t i n e  (ULI) ,  

arid lower l a r y e  i n t e s t i n e  ( L L I ) ,  a re  
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Fig. 3 .  Schematic representat ion o f  rad joac t iv i ty  movement among 
resp i ra to ry  t r a c t ,  GI t r a c t ,  and blood. 



where 

A a, i = a c t i v i t y  (lICi ) o f  species i i n  the  segment a  ( =  S, SI, ULI, 

o r  LLI) o f  t he  G I  t r a c t ,  

Aa = ou t f l ow  r a t e  c o e f f i c i e n t  (days1) f o r  a c t i v i t y  i n  segment a  

o f  t h e  G I  t r a c t  ( c a l c u l a t e d  f rom t r a n s i t '  t imes o f  Eve (see 

Fig. 1.2 o f  r e f .  13), 

h R  = r a d i o a c t i v e  decay r a t e  c o e f f i c i e n t  (day - l )  f o r  n u c l i d e  
'L 

species i, 

x ' ~ .  = r a t e  c o e f f i c i e n t  (day'') f o r  absorp t ion  o f  n u c l i d e  species 
0, 

i from segment a  (= S, SI, ULI, o r  LLI) i n t o  the  blood, 

Bij =. branching r a t i o  o f  n u c l i d e  species j t o  species i, 

e = 0 o r  1  accord ing as i n t a k e  o f  t h e  parent  n u c l i d e  occurs by 

i n g e s t i o n  o r  i n h a l a t i o n ,  

Gi(t) = i nges t i on  r a t e  ( ~ C i l d a y )  o f  species i a t  t ime t. 

A l l  i n i t i a l  cond i t i ons  a r e  zero: 



The c o e f f i c i e n t  hab f o r  t h e  r a t e  of absorp t ion  o f  species i i n t o  the  
a,  i 

b lood f rom the  G I  t r a c t  i s  der ived f rom an absorp t ion  f r a c t i o n  f u  by 
3 .  

t h e  equat ion  

The equat ion desc r ib ing  the  r a t e  o f  absorp t ion  o f  species i f rom 

the  G I  t r a c t  i n t o  t h e  b lood i s  

4.2.3 Other  organs 

For t h e  case o f  i nges t i on ,  Eq. (4.31) i s  used t o  descr ibe the  

a v a i l a b i l i t y  o f  t h e  r a d i o n u c l i d e  t o  those organs t h a t  rece i ve  a c t i v i t y  

o n l y  f rom t h e  blood. For i n t a k e  by i n h a l a t i o n ,  Eq. (4.24) i s  a l s o  used 

t o  compute the  a v a i l a b i l i t y  o f  a c t i v i t y  t o  those organs. 

The a c t i v i t y  t h a t  en te rs  the  b lood i s  assumed t o  be d i s t r i b u t e d  

immediate ly  t o  var ious  compartments w i t h i n  o the r  s p e c i f i e d  source o r g a n s .  

The d i s t r i b u t i o n  o f  a c t i v i t y  t o  t he  source organs i s  s p e c i f i e d  i n  t h e  

Snput data. The l i s t  o f  source organs i s  element-depcndcnt, and may 

i n c l u d e  such organs as bone o r  l i v e r  where s u f f i c i e n t  metabo l ic  data a r e  

a v a i l a b l e .  This l i s t  i s  complemented by an a d d i t i o n a l  source denoted 

as "OTHER," which accounts f o r  t h a t  a c t i v i t y  n o t  d i s t r i b u t e d  among t h e  

e x p l i c i t  source organs; un i fo rm d i s t r i b u t i o n  o f  t h i s  remaining a c t i v i t y  

w i t h i n  "OTHER" i s  assumed. 

For each source organ, t h e  f r a c t i o n  o f  the i n i t i a l  a c t i v i t y  o f  a  

r a d i o n u c l i d e  which remains a f t e r  t ime t i s  assumed t o  be described by a  

f r a c t i o n a l  r e t e n t i o n  f u n c t i o n  o f  t he  form o f  Eq. (4.3).  I n  E q .  (4.2), 

t h e  f r a c t i o n  o f  t h e  a c t i v i t y  s u r v i v i n g  a t  t ime t i s  convoluted w i t h  the  

r a t e  of format ion of species i from the decay o f  parent  rad ionuc l ides  i n  

t h e  organ p l u s  t h e  f low of a c t i v i t y  i n t o  the  organ f rom o the r  p a r t s  o f  

t he  system. 

I n  o r d e r  t o  remain cons i s ten t  w i t h  r e f .  1, we denote by f i J i  t he  

f r a c t i o n a l  a l l o c a t i o n  o f  species i t o  an organ. We note t h a t  t he  



f r a c t i o n  f;,i o f t e n  may be i nc luded  i m p l i c i t l y  w i t h i n  r e t e n t i o n  equat ions 

found i n  t h e  1 i t e r a t u r e ;  t h i s  i s ,  f o r  example, t h e  approach used by the  

ICRP i n  recent  pub l i ca t ions .1°  We r e w r i t e  Eq. (4 .2 )  as 

where e = 1 f o r  t h e  i n h a l a t i o n  case and e = 0 f o r  t h e  i n g e s t i o n  case. 

The i n i t i a l  l e v e l  i n  t h e  organ i s  assumed t o  be zero, and t h e  f r a c t i o n  

fi, i o f  a c t i v i t y  i s  assumed t o  f l o w  i n t o  t h e  organ w i t h o u t  delay. 

The d i f f e r e n t i a l  equat ions corresponding t o  Eq. (4.32) a r e  

w i t h  i n i t i a l  c o n d i t i o n s  

where the  c o e f f i c i e n t s  cis are  those i n  t h e  express ion f o r  Ri (Eq. 4.3).  

It should be. po in ted  o u t  t h a t  t h i s  f o rmu la t i on  does n o t  e x p l i c i t l y  assume 
. . 

r e c i r c u l a t i o n  t o  t h e  b lood o f  daughters formed i n  organs o t h e r  than . the  

r e s p i r a t o r y  o r  61 t r a c t .  

4.3 S o l u t i o n  o f  t he  D i f f e r e n t i a l  Equat ions 

Each o f  t h e  d i f f e r e n t i a l  equat ions (4.10) through (4.21 ),  (4.25) 

through (4.28), and (4.33) i s  a spec ia l  case o f  t h e  equat ion  



where 

Aik = a c t i v i t y  (eCi ) o f  species i i n  the  organ, 

a: = ( I n  2)/F where f = r a d i o a c t i v e  h a l f - 1  i f e  (days) o f  i ' 
species i, 

A: = r a t e  c o e f f i c i e n t  (day- ')  f o r  b i o l o g i c a l  removal o f  species i 

frdm t h e  compartment, 

L = number o f  exponent ia l  terms i n  the  r e t e n t i o n  f u n c t i o n  f o r  
j 

species j, 

F = branching r a t i o  o f  nuclide j t u  species i, 
in' 

P i  
= i n f l o w  r a t e  o f  i t h  species. 

The subsystem descr ibed by each o f  these equat ions can be i n t e r p r e t e d  

as a  b i o l o g i c a l  compartment i n  which the  f r a c t i o n a l  r e t e n t i o n  o f  spzcies 

i i s  governed by the  func t i on  

The s u b s c r i p t  k i n  Eq. (4.34) represents t h e  k t h  term o f  t h e  r e t e n t i o n  

func t i on ,  and t h e  c o e f f i c i e n t s  cik can be considered as  "pat.hway 

f r a c t i o n s . "  

If the  i n f l o w  1111.5 in Eq. (4.34) remain constant ,  then the  

e x p l i c i t  s o l u t i o n s  ~ ~ ~ ( t ) ,  o f  Eq. (4.34) a r e  

where t h e  c o e f f i c i e n t s  DZk, H;,k, and Gikjm may be c a l c u l a t e d  from the  

f o l l o w i n g  recurs ions :  



x ( A ~ ~  - A .  ) i f  i > 1 , (4.38) 
3m 

and 

where 

b - \ i j m  r r = j + ?  u=1 
I 

The' f o l l o w i n g  recu rs ion  i s  used t o  c a l c u l a t e  t h e  Eijm: 
# 

To reduce computer s torage requirements, o n l y  t h e  D ~ ~ ,  lik, and Ei=m a r e  
*d 

re ta lned,  and the  GiGm a re  generated as needed. The o rde r  o f  computa- 

t i o n  i s  w i t h  i nc reas ing  i, i n  t h e  o rde r  Dik, Eij,,,, Hik. 

One obvious problem i s  presented i n  us ing  Eq. (4.34) as a model o f  

t he  r a t e  o f  change o f  a c t i v i t y  o f  a r a d i o n u c l i d e  i n  a compartment: i n  

many cases i t  i s  u n l i k e l y  t h a t  t h e  i n f l o w ,  pi, o f  species i i n t o  t h e  

compartment, e s p e c i a l l y  f rom another  compartment, would be a t  a cons tan t  

r a t e  over  a long  p e r i o d  o f  t ime. The way t h a t  t h i s  problem i s  handled 

i n  R A D R I S K  i s  somewhat d i f f e r e n t  f rom t h e  way i t  i s  handled i n  INREM 11. 

I n  bo th  codes, t h e  t ime i n t e r v a l  over  which t h e  dose i s  t o  be considered 

(e.g., 110 years )  i s  d i v i d e d  i n t o  r e l a t i v e l y  smal l  s u b i n t e r v a l s  (e.g., 

o f  l e n g t h  1 yea r ) .  I n  I N R E M  11, f o r  those cases i n  which t h e  i n f l o w  pi 



may be expected t o  be nonconstant, pi i s  s e t  equal t o  zero, and the  

assumed cont inuous i n f l o w  r a t e  over  t h e  e n t i r e  sub in te rva l  i s  accounted 

f o r  as an i n i t i a l  pulse, which takes t h e  form o f  an i n i t i a l  c o n d i t i o n  

o f  t h e  d i f f e r e n t i a l  equat ion  on t h a t  sub in te rva l .  This  approach y i e l d s  

a  conserva t ive  es t ima te  of t h e  dose commitment over  t he  t ime pe r iod  o f  

i n t e r e s t  b u t  cannot be used t o  est imate instantaneous dose r a t e s  t h a t  

r e s u l t  f r om cont inuous i n h a l a t i o n  o r  i n g e s t i o n  o f  a  rad ionuc l ide .  

Since our usc o f  t h e  computer code C A T R n  requ i red  t h e  i n p u t  o f  

doses numer i ca l l y  equ iva len t  t o  dose r a t e s  a t  spec i f i ed  t imes a f t e r  the  

beg inn ing  o t  t h e  continuous l r i ldke ,  -it was necessary t o  modi fy  t h c  

approach used i n  INREM I 1  t o  handle t h e  s i t u a t i o n s  where the  i n f l o w  

r a t e ,  pi, cou ld  be expected t o  be nonconstant. I n  RADRISK,  t he  i n f l o w  

r a t e  pi on each sub in te rva l  i s  taken t o  be t h a t  cons tant  i n f l o w  r a t e  

which would y i e l d  the  t o t a l  a c t i v i t y  o f  t h e  rad ionuc l i de  which f lows 

o u t  o f  t h e  precedinq compartment(s) du r ing  t h e  same subin1;erwal. For- 

example, t h e  i n f l o w  p t o  t h e  small i n t e s t i n e  f rom the  stomach dur ing  a  

s u b i n t e r v a l  o f  l e n g t h  365 days i s  taken t o  be ~ $ ~ ? / 3 6 5  where hs i s  t he  

o u t f l o w  r a t e  c o e f f i c i e n t  ( d a y - l )  from t h e  stomakh t o  the  small i n t e s t i n e ,  

and Is i s  t he  i n t e g r a t e d  a c t i v i t y  o f  t he  rad ionuc l i de  i n  t he  stomach : 

du r i ng  t h e  same t ime i n t e r v a l .  (The i n t e g r a t e d  a c t i v i t i ' e s  i n  the  pre-  

ced ing  compartments a r e  computed i n  prev ious steps. ) Thus, whi 1  e  

INREM I 1  solves a  g iven d i f f e r e n t i a l  equat ion w i t h  d i f f e r e n t  i n i t i a l  

c o n d i t i o n s  on each s u b i n t e r v a l ,  R A D R I S K  solves a  new d i f f e r e n t i a l  equa- 

t i o n  on each s u b i n t e r v a l .  

4.4 C a l c u l a t i o n  of t he  S-Factors 

The dose r a t e  t o  a  t a r g e t  organ X f rom a  source organ Y due t o  an 

emission o f  type rn may be c a l c u l a t e d  f rom the  expression 

where 

51.15 = 0.01 g-rad/erg x (3.2 x l o 9 )  d i s in teg ra t i ons /vC i -day  

x (1.6 x erg/MeV, 

fm = i n t e n s i t y  of  decay event (numbar per  d i s i n t e g r a t i o n ) ,  



Em = average energy of decay event  (MeV), 

@,(x +- Y) = s p e c i f i c  absorbed f r a c t i o n  = f r a c t i o n  o f  e m i t t e d  energy 

f rom source organ Y absorbed by t a r g e t  organ X p e r  gram 

o f  x ( g - I  ), 

and where t h e  summation i s  taken  over  a l l  events  o f  t ype  m. I n  t h e  

f o l l o w i n g  sec t i ons  we d iscuss  b r i e f l y  t h e  e s t i m a t i o n  o f  t h e  absorbed 

f r a c t i o n s  Q ~ ( X  4 Y)  f o r  photon emissions, beta,  p o s i t r o n ,  e l e c t r o n ,  and 

a lpha  decays. More complete d e s c r i p t i o n s  can be found i n  r e f s .  8  and 9. 

The SFACTOR computer code8 i s  used t o  compute t h e  S - f a c t o r s  f o r  RADRISK, 

e x c l  ud ing a1 1  qual  i t y  and mod i f y i ng  f a c t o r s .  

The S - f a c t o r  i s  s i m i l a r  i n  concept t o  t h e  SEE f a c t o r  ( s p e c i f i c  

e f f e c t i v e  energy)  used by ICRP Committee 2  i n  t h e  r e c e n t  Pub1 i c a t i o n  30. lo 

The SEE f a c t o r  has u n i t s  of MeV-g-r- t ransformation- l  o r  M e V - g - l - ~ q - l -  

sec - l ,  and i n c l u d e s  a qual  i t y  f a c t o r  f o r  t h e  r a d i a t i o n  e m i t t e d  d u r i n g  

t h e  t r ans fo rma t i on .  The S - f a c t o r  as used i n  t h e  R A D R I S K  a n a l y s i s  does 

n o t  i n c l u d e  c o n s i d e r a t i o n  o f  t h e  q u a l i t y  f a c t o r ,  and i s  expressed i n  

u n i t s  o.f rad1pCi-day. The two q u a n t i t i e s  a r e  r e l a t e d  as 

where 

Qm 
= t h e  a p p r o p r i a t e  q u a l i t y  f a c t o r  f o r  t h e  mth  r a d i a t i o n  type,  and 

k = (100 e r g l g - r a d )  x (day/86400 sec)  x ( p C i I ( 3 . 7  x l o 4  Sg))  

x ( M ~ v /  (1 .6)  x 1  0-6 e r g  ) ) = 0.01 96 MeV/g-Bq-sec p e r  rad/uCi -day. 

4.4.1 Photon emissions 

For  photon emissions, s p e c i f i e d  absorbed f r a c t i o n s  mm(X -+ Y)  a r e  

i n t e r p o l a t e d  f r om a  bas i c  s e t  o f  absorbed f r a c t i o n s  compi led i n  r e f .  9 

which were computed by Monte Ca r l o  methods f o r  a l l  combinat ions o f  source 

organs and t a r g e t  organs and 12 photon energ ies .  The Monte Ca r l o  method 

i s  e s s e n t i a l l y  a  computer ized approach t o  es t ima te  t h e  p r o b a b i l i t y  o f  a  

photon i n t e r a c t i o n  w i t h i n  organ X  a f t e r  emiss ion f rom organ Y. Th i s  

method proceeds b a s i c a l l y  as f o l l o w s .  The body, i s  represen ted  by an 

i d e a l i z e d  phantom i n  which t h e  i n t e r n a l  organs a r e  ass igned masses, 

shapes, p o s i t i o n s ,  and a t t e n u a t i o n  c o e f f i c i e n t s  based on t h e i r  chemical  

composi t ion.  A  mass a t t e n u a t i o n  c o e f f i c i e n t  po i s  chosen, where po i s  



g r e a t e r  than o r  equal t o  t h e  mass a t tenua t i on  c o e f f i c i e n t s  f o r  any 

r e g i o n  o f  t h e  body. The photon begins i t s  course from organ Y  i n  a  

randomly chosen d i r e c t i o n ,  and a  p o t e n t i a l  s i t e  o f  an i n t e r a c t i o n  i s  

chosen by t a k i n g  t h e  d i s tance  t r a v e l e d  as - I n  r /po ,  where r i s  a  random 

number d i s t r i b u t e d  between 0 and 1. The p o i n t  on the  l i n e  a t  t h i s . d i s -  

tance f rom t h e  photon 's  s t a r t i n g  p o i n t  and i n  t he  d i r e c t i o n  o f  t he  

photon 's  pa th  i s  t e s t e d  t o  determine the  reg ion  o f  the  body con ta in ing  

t h i s  p o i n t .  The computer randomly se lec ts  e i t h e r  a  favorab le  o r  an 

un favorab le  outcome; t h e  probabi 1 i t.y o f  a  favorab le  outcome i s  pi/pu, 

where pi i s  the  t o t a l  mass a t t e n u a t i o n  c o e f t i c i e n t  t o r  the  i t h  region.  

I f  t h e  outcome i s  unfavorable, then i t  i s  assumed t h a t  no i n t e r a c t i o n  

occurs, and the  photon proceeds another randomly chosen d is tance along 

t h e  same l i n e  o f  f l i g h t  and t h e  game i s  repeated. I f  the  outcome i s  

favorab le ,  then i t  i s  assumed t h a t  an i n t e r a c t i o n  occurs. Wi th each 

i n t e r a c t i o n ,  an a r t i f i c i a l  "weight"  o f  ' the photon ( i n i t i a l l y  s e t  a t  

u n i t y )  i s  reduced by an amount equal t o  t he  expecta t ion  o f  absorp t ion  

which t h e  photon would have i n  the  ac tua l  phys ica l  processes. The f l i g h t  

o f  t h e  photon i s  te rminated (1 )  i f  i t  escapes the  body; ( 2 )  i f  i t s  

i energy f a l l s  below a  c u t o f f  v a l u e - - t y p i c a l l y  4 keV; o r  ( 3 )  i f  i t s  weight 

f a l l s  below 10-5; i n  t h e  l a t t e r  two cases, t he  energy i s  considered t o  

be t o t a l l y  absorbed. The energy depos i t i on  f o r  an i n t e r a c t i o n  i s  de ter -  

mined according t o  a  s tandard equat ion (see r e f .  9 ) .  

4.4.2 Beta, pos i t ron ,  and e l e c t r o n  decay 

Beta p a r t i c l e s ,  pos i t rons ,  and d i s c r e t e  e lec t rons  a re  u s u a l l y  n o t  

s u f f i c i e n t l y  energet ic  t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  c r o s s - i r r a d i a t i o n  

doses o f  t a r g e t s  separated f rom a  source organ. Thus, i t  i s  genera l l y  

assumed t h a t  Om (X  + X) i s  j u s t  t h e  inverse  o f  the  mass o f  organ x, and 

i f  source and t a r g e t  a r e  separated, \ (X +- Y) = 0. Exceptions occur 

when the  source and t a r g e t  a r e  i n  c lose  p rox im i t y ,  which i s  t he  case, 

f o r  example, w i t h  var ious  s k e l e t a l  t i ssues .  Absorbed f r a c t i o n s  f o r  cross 

i r r a d i a t i o n s  among s k e l e t a l  t i s s u e s  a r e  computed as a  f u n c t i o n  o f  energy, 

from data  o f  Spiers as descr ibed by Snyder e t  a1. This  approach d i f f e r s  

somewhat from r e c e n t l y  proposed methods o f  t he  ICRP,1° where the  

func t i ona l  dependence o f  absorbed f r a c t i o n s  on the  beta energy i s  reduced 



t o  a  two-stage s tep  f u n c t i o n  f o r  n u c l i d e s  d e p o s i t i n g  on bone surfaces 

and e l i m i n a t e d  e n t i r e l y  f o r  n u c l i d e s  w i t h  a  u n i f o r m  volume d e p o s i t i o n .  

However, i n  ou r  c a l c u l a t i o n s  t o  date,  no d i s t i n c t i o n  i s  made between 

volume and surface d e p o s i t i o n  p a t t e r n s  f o r  be ta  decay; a l l  be ta  a c t i v i t y  

i s  assumed t o  be u n i f o r m l y  d i s t r i b u t e d  i n  t h e  m ine ra l  bone volume. The 

.reader i s  r e f e r r e d  t o  r e f s .  9 and 10 f o r  f u r t h e r  d i scuss ion  o f  these 

excep t i ona l  cases. 

4.4.3 Alpha p a r t i c l e  decay 

The energy o f  a lpha  p a r t i c l e s  and t h e i r  assoc ia ted  r e c o i l  n u c l e i  

i s . g e n e r a l l y  assumed t o  be absorbed i n  t h e  source organ. Therefore,  

m a  (x + x) i s  taken t o  be t h e  i n v e r s e  o f  t h e  organ mass, and m (X -+ Y) a 
= 0  if X and Y a r e  separated. I n  a d d i t i o n  t o  t h e  s p e c i a l  cases no ted  

p r e v i o u s l y ,  spec ia l  c a l c u l a t i o n s  a r e  performed f o r  r e d  marrow and 

endostea l  c e l l  s  i n  bone, based on t h e  method o f  Thorne. l 1  The equat ion  

f o r  Sa is 

where ( K E )  and (RE) denote t h e  k i n e t i c  and r e c o i l  energy, r e s p e c t i v e l y ;  

these va lues a r e  g i ven  by 

where A i s  t h e  mass number o f  t h e  r a d i o n u c l i d e ,  and t h e  summations a r e  

taken ove r  a l l  a lpha  p a r t i c l e s  f o r  t h e  g i v e n  r a d i o n u c l i d e .  A  more com- 

p l e t e  d i scuss ion  o f  S-Factors f o r  a lpha p a r t i c l e  .decay can be found i n  

r e f s .  8 and 9. 

5. THE'ESTIMATION OF DOSE RATES TO REFERENCE ORGANS 

DUE TO EXTERNAL EXPOSURE TO A RADIONUCLIDE 

I N  AIR OR ON THE GROUND SURFACE 

The dose r a t e s  t o  r e fe rence  organs o f  an i n d i v i d u a l  imrr~ersed i n  

contaminated a i r  o r  exposed t o  a  contaminated ground su r f ace  a r e  e s t i -  

mated f rom t h e  'equa t ion  



Here ~ ( t )  i s  t h e  dose r a t e  a t  t ime t, ~ ( t )  i s  the  rad ionuc l i de  . 

concen t ra t i on  i n  t h e  a i r  o r  on the  ground sur face a t  t ime t, and D i s  a 

dose r a t e  conversion f a c t o r  c a l c u l a t e d  by Kocher. The dose r a t e  con- 

ve rs ion  f a c t o r  i s  de f i ned  as the  dose . ra te  pe r  u n i t  r ad ionuc l i de  concen- 

t r a t i o n  and i s  un ique ly  s p e c i f i e d  by the  r a d i a t i o n  type, exposure mode, 

and organ o f  t h e  exposed i n d i v i d u a l .  I n  c a l c u l a t i o n s  t o  date, o n l y  dosc 

r a t e  f a c t o r s  f o r  photon r a d i a t i o n s  a r e  u t i l i z e d .  Since s k i n  i s  n o t  

s p e c i f i e d  as a  t a r g e t  t i s s u e  of  concern i n  t hc  present  c a l c u l d t i o n s ,  no 

c o n s i d e r a t i o n  of beta dose r a t e  fac to rs  i s  requ i red .  The c a l c u l a t i o n s  

i n  r e f .  3  assume t h a t  t h e  contaminated a i r  o r  ground sur face i s  i n f i n i t e  

i n  e x t e n t  and t h a t  t he  rad ionuc l i de  concent ra t ion  i s  un i fo rm throughout 

t h e  medium. I t  i s  assumed t h a t  t he  exposed i n d i v i d u a l  remains standing 

on t h e  ground sur face.  

The equat ions used by Kocher t o  calcula, te the  p a r t i c u l a r  dose r a t e  

convers ion f a c t o r s  a r e  shown below. The d e r i v a t i o n  o f  each equat ion i s  

o u t l i n e d  i n  r e f .  3. 

The dose r a t e  f a c t o r  D ( ' in  m i l l  i r ad /yea r  per  pCi/cm3) f o r  photons 
v 

( y )  f o r  t h e  body sur face nf ' an  i n d i v i d u a l  immersed i n  contaminated a i r  

fi , = i n t e n s i t y  of i t h  d i s c r e t e  photon i n  number per  

E .  = energy i n  MeV f o r  i t h  photon, 
ZY 

penlp = photon mass energy-absorpt ion c o e f f i c i e n t  i n  cm2/g, w i t h  

subsc r ip t s  t and a denoting t i s s u e  and a i r ,  r espec t i ve l y .  

The f a c t o r  1.87 x l o 7  i s  the  end product  o f  several  changes o f  u n i t :  

(3.7 x lo- '+ d is lsec-pCi  ) x (0.01 g - rad le rg )  x (1.60 x erg/MeV) x 

(1 000 m i l l  i r a d l r a d )  x (3.1536 x l o 7  sec lyear )  = 1.87 x 107 ( u n i t s ) .  



The f a c t o r  o f  0.5 r e f l e c t s  cons idera t ion  o f  the .  h a l f  space con ta in ing  

no rad ionuc l i de  concentrat ion,  i . e . ,  the  h a l f  space occupied by the  

ground. 

The dose r a t e  f a c t o r  D ( i n  m i l l i r a d / y e a r  per  UCi/cm2) f o r  photons 
V 

f o r  t h e  body sur face o f  an i n d i v i d u a l  exposed t o  a  contaminated ground 

sur face i s  

where 

%, i = mass a t tenua t i on  c o e f f i c i e n t  i n  a i r  i n  cm'l , f o r  t he  i t h  

d i  sc re te  photon 

z = he igh t  . o f  re fe rence p o s i t i o n  above ground sur face i n  

cent imeters ( u s u a l l y  taken t o  be 100 cm). 

The q u a n t i t i e s  C and D a r e  func t i ons  o f  t he  photon energy - they 
a, i a, i 

are t h e  c o e f f i c i e n t s  o f  t h e  Berger form o f  t he  bu i l dup  f a c t o r  - and the  

renia i r~, i~.~g q u a n t i t i e s  a r c  as g.iven e a r l i e r .  

The organ dose r a t e  f a c t o r s  f o r  immersion i n  contaminated a i r  a re  
k obta ined from Eq. (5.2)  by m u l t i p l y i n g  the  i t h  ter l l l  by a f a c t o r  G (E. ), 

Y 
which i s  the  r a t i o  o f  absorbed dose . ra te  i n  body organ k t o  absorbed 

dose r a t e  a t  the  body sur face f o r  t he  i t h  photon. (E lec t rons  a re  n o t  

considered i n  c a l c u l a t i n g  dose r a t e s  t o  i n t e r n a l  organs from ex te rna l  

exposure). More specifically, 

k  DV = photon dose-rate fac to r  i n  m i l  1  i rads /year  per  uCi/cm3 
I 

f o r  body organ k . f r o m  immersion i n  contaminated a i r  

1  
= !1.5(1.87 x l o 7 )  b C ~ i y ~ i y  

a %  . 



I n  a  s i m i l a r  f ash ion  t h e  organ dose r a t e  f a c t o r s  f o r  exposure t o  a  

contaminated ground surface a re  obta ined from Eq. (5.4). by mu1 t i p l y i n g  
k t h e  i t h  term by G (E. ) .  Thus, 

ZY 
k 

D ( 2 )  = photon dose-rate f a c t o r  i n  m i l l  i r a d s l y e a r  per  pCi/cm2 
Y 

f o r  body organ k from exposure a t  z  cm t o  contaminated 

ground sur face 

6. LIMITATIONS OF THE LIFE TABLE APPROACH 

The l i f e  t a b l e  methodology, i n  i t s  present  form, does n o t  cons ider  

a  r e a l  popu la t ion .  Rather, i t  considers a  hypo the t i ca l  popu la t ion  whose 

p r o b a b i l i t i e s  o f  death correspond t o  those o f  t h e  U.S. popu la t i on  du r ing  

t h e  years 1969-71. The use of the  1969-71 U.S.  popu la t i on  census has 

t h e  advantage o f  rep resen t i ng  the most complete U.S. popu la t i on  data 

a v a i l a b l e .  However, t he re  i s  the  obvious disadvantage t h a t  m o r t a l i t y  

r a t e s ,  p a r t i c u l a r l y  cancer m o r t a l i t y  ra tes ,  may change s i g n i f i c a n t l y  

w i t h  t ime.  

Even i f  present  m o r t a l i t y  ra tes  were a v a i l a b l e  i n  t h e  d e t a i l  

ngcebsdry f o r  a p p l i c a t i o n  of t h i s  method, the  l i f e  t a b l e  methodology 

cou ld  n o t  be i n t e r p r e t e d  a s  p r e d i c t i n g  f u t u r e  e f f e c t s  i n  a  r e a l  popula- 

t i o n ,  s ince  such e f f e c t s  a r e  dependent an w v e r a l  unknown q u a n t i t i e s ,  

i n c l  uding f u t u r e  death probabi!  i t.ies. The resu l ts ;  f rom t h e  1  i re t a b l e  

a n a l y s i s  should be viewed as if the cohor t  l i v e s  i t s  e n t i r e  ex is tence 

d u r i n g  a  p e r i o d  when m o r t a l i t y  r a t e s  a r e  n o t  changing. 

The l i f e  t a b l e  methodology i s  t o  some ex ten t  non l inear ,  i n  the  

sense t h a t  the  number of premature deaths p r e d i c t e d  from h i g h  exposure 

r a t e s  cannot be used i n  a  l i n e a r  fashion t o  est imate the  number o f  pre-  

mature deaths from lower exposure r a t e s .  Th is  n o n l i n e a r i t y  stems from 

t h e  f a c t  t h a t  the  methods of C A I R D  a re  based on the  assumption t h a t  the  



number o f  inc rementa l ,  r a d i a t i o n - i n d u c e d  deaths i s  ex t reme ly  smal l  

compared w i t h  t h e  t o t a l  number o f  deaths ( c f .  Eq. 3.4).  I f  t h e  number 

of premature deaths p r e d i c t e d  f o r  an i n h a l a t i o n  r a t e  o f  100 pCi /year  of 

2 3 9 F ~  were 20,000, f o r  .example, i t  should n o t  be concluded t h a t  an 

i n h a l a t i o n  r a t e  o f  0.01 uCi /year  would y i e l d  2 premature deaths,. Th i s  

t ype  o f  e x t r a p o l a t i o n . s h o u 1 d ' b e  made o n l y  a t  exposure r a t e s  low enough 

t h a t  t h e  number o f  premature deaths each yea r  i s  ve ry  smal l  compared 

w i t h  t h e  number o f  deaths f rom compet ing causes. 

Reca l l  t h a t  t h e  methodology assumes t h a t  t h e  c o h o r t  i s  exposed t o  

t h e  r a d i o n u c l i d e  f r om b i r t h  t o  death, and t h a t  no added r i s k  i s  cons idered  

f o r  dose t o  t h e  f e t u s .  A l though t h e  C A I R D  code i n c l u d e s  an o p t i o n  

a l l o w i n g  c o n s i d e r a t i o n  o f  r i s k  due t o  f e t a l  dose, i t  was f e l t  t h a t  l a r g e  

u n c e r t a i n t i e s  a r e  assoc ia ted  w i t h  p resen t  d o s i m e t r i c  methods concern ing 

t h e  f e t u s .  I n  a  r e a l  popu la t i on ,  cont inuous i n g e s t i o n  o r  i n h a l a t i o n  of 

some r a d i o n u c l i d e s  migh t  a c t u a l l y  r e s u l t  i n  s i g n i f i c a n t  doses t o  t h e  

f e t u s ;  hence t h e  c o h o r t  a n a l y s i s  performed here  may d i f f e r  f rom a  r e a l  

p o p u l a t i o n  a n a l y s i s  i n  t h i s  respec t .  

A d d i t i o n a l  problems a r i s e  i n  app l y i ng  t h e  CAIRD methodology t o  a  

r e a l  p o p u l a t i o n  i f  t h e  p o p u l a t i o n  i s  r e l a t i v e l y  sma l l .  The CAIRD 

approach i s  based on average m o r t a l i t y  r a t e s  and r i s k  f a c t o r s  which a r e  

meaningfu l  o n l y  f o r  l a r g e  numbers o f  persons. I n  a d d i t i o n ,  t h e  code. 

computes f r a c t i o n a l  numbers o f  deaths i n  t h e  c o h o r t  each year ,  and w h i l e  

i t  may n o t  p resen t  s e r i o u s  d i f f i c u l t i e s  t o  cons ide r  10.1 deaths i n  a  

coho r t  o f  s i z e  100,000 t o  be e s s e n t i a l l y  t h e  same as 10 deaths, ve ry  

bas ic  d i f f i c u l t i e s  a r e  encountered i n  t h e  i n t e r p r e t a t i o n . o f  0.1 death, 

f o r  example, i n  a  coho r t  o f  s i z e  1,000. 

I n  t h e  c a l c u l a t i o n  o f  dose ra tes ,  t h e r e  i s  assumed t o  be no age 

dependence i n  t h e  metabol ism o f  t h e  r a d i o n u c l i d e .  A l l  dose r a t e s  a r e  

c a l c u l a t e d  f o r  re ference organs whose weights  a r e  t y p i c a l  f o r  an a d u l t  

weigh ing 70 kg. S ince t h e  methodology cons ide rs  dose r a t e s  t o  i n d i -  

v i d u a l s  i n h a l i n g  o r  i n g e s t i n g  a  r a d i o n u c l i d e  f rom b i r t h  t o  death, t he  

assumption o f  age independence i n  t h e  dos imet ry  methods may be undes i r -  

a b l e  i n  many respec ts .  However, t h e  u n c e r t a i n t y  i n v o l v e d  i n  computing 

age-dependent es t ima tes  o f  dose a t  t he  p resen t  . l e v e l . o f  knowledge was 

deemed unacceptably  g r e a t  . 



The l a r g e s t  u n c e r t a i n t i e s  i n  es t ima t ing  r a d i a t i o n  r i s k  us ing  the  

present  methodology probab ly  a r i s e  f rom u n c e r t a i n t i e s  i n  the  dos imet r ic  

methods and i n  t h e  r i s k  f a c t o r s .  It should be kept  i n  m i ~ d  t h a t  e s t i -  

mates o f  r i s k  made us ing  t h i s  methodology can be no more re1 i a b l e  than 

t h e  metabo l ic  da ta  o r  r i s k  r a c t o r s  used t o  generate the  est imated r i s k s .  

The RADRISK methodology i s  in tended o n l y  as a  framework f o r  assessing 

r i s k  f rom r a d i a t i o n ;  i f  t h i s  framework has been const ruc ted  adequately, 

then the RADKISK code w i  l l produce i n c r e a s i n g l y  re1  i a b l e  est imates o f  

r i s k  as more r e l i a b l e  i n p u t  data a r e  incorporated.  



REFERENCES 

G.  G .  Killough, D .  E .  Dunning, J r . ,  and J .  C.  P l ea san t ,  IIVRElll 11: 
A Computer Implementation of Recent Models f o r  Es t imat ing  t h e  Dose 
Equiva len t  t o  Organs of Man from a n  Inha led  o r  I n g e s t e d  
Radionucl ide,  ORNLINUREGITM-84 (June 1978).  

J .  R .  Cook, B .  M .  Bunger, and M.  K. Bar r ick ,  A Computer Code f o r  
Cohort Analysis  of Inc reased  Risks  of Death (CAIRDI, E P A  52014-78-012 
(June 1978).  

D . C . Koc her ,  Dose-Rate Conversion Fac to r s  f o r  Ex te rna l  Exposure 
t o  Photon and  E lec t ron  Radia t ion  from Radionucl ides  Occurring i n  
Routine ReZ.eases from NUC Zear Fuel  C2cZe Fn .c iZi t ies  , ORNLINUREGITM- 
283 (Apri l  1979).  

"Clean Air  Act Amendments of 1977" in  Hearings before t h e  
Subcommittee on Heal th and  t h e  Environment of t h e  Committee on 
I n t e r s t a t e  a n d  Foreign Commerce, House of Represen ta t ives ,  Ninety- 
f i f t h  Congress, F i r s t  Session of H . R .  4151 and H . R .  4758, S e r i a l  
No. 95-98 (March 8 ,  9 ,  10, 11 ,  and April  18,  1977).  

P .  E .  Morrow, D .  V .  Bates ,  B. R .  F i sh ,  T .  F .  Hatch, and T. T. Mercer, 
"Deposition and Retention Models f o r  In t e rna l  Dosimetry of t h e  
tiuman Respi ra tory  T r a c t , "  P a a l t h  Phys. 12, 173-207 (1 966) .  

The Effects 071 PopuZation of Exposures t o  Low Levels  of I o n i z i n g  
Rad ia t ion ,  Report o f  t h e  Committee on t h e  Biological  E f fec t s  of 
Ioniz ing  Radiat ions (BEIR 1 1 ) ,  National Academy of Sciences - 
National Research Counci l ,  Wasl~ington, D . C .  (1972).  

U.S. Department of Heal th,  Education, and Welfare Publ ic  Health 
Se rv i ce ,  Health Resources Administrat ion National Center f o r  Health 
S t a t i s t i c s ,  U.S. Decennial L i f e  Tables  f o r  1969-71, Vol. 1 ,  No. 1 ,  
DHEW Pub1 i c a t i o n  No. (HRA) 75-1 150 (May 1975) .  

D. E. Dunning, J r . ,  J .  C.  P l ea san t ,  and G .  G .  Killough, SFACTOR: 
A Computer Code f o r  Ca lcu la t ing  Dose Equiva len t  t o  a Yarget Organ 
p e r  Microcurie-Day Residence of a Radionucl ide i n  a Source Orgar! - 
Supplementary Report ,  ORNLINUREGITM-85/S1 ( 1 980) .  

W .  S. Snyder, M .  R .  Ford, G .  G.  Warner, and S. B. Watson, A 
Tabula t ion  of Dose Equiva len t  p e r  Microcurie-Day f o r  Source and  
Targe t  Organs of a n  Adult  f o r  Various Radionuclides,  Part 2 ,  ORNL-  
5000 (1974).  

In t e rna t iona l  Commission'on Radiological P ro t ec t ion ,  "Limits  f o r  
In takes  of Radionuclides by Workers," ICRP Pub l i ca t ion  30, P a r t  1 ,  
Annals of t h e  ICRP,  Vo1. 3 ,  No. 4 ,  Pergamon P r e s s ,  1979. 



11. M. D. Thorne, "Aspects o f  t h e  Dosimetry o f  Alpha-Emit t ing 
Radionucl i d e s  i n  Bone w i t h  P a r t i c u l a r  Emphasis on 2 2 6 ~ a  and 2 3 9 P ~ , 1 '  
Phys. Med. Biol. 22, 36-46 (1977). 

12. . I n t e r n a t i o n a l  Commission on Rad io log ica l  Pro tec t ion ,  The Metabolism 
of  Compounds of Plutoniwn and Other Actinides, I CRP Pub1 i c a t i o n  1  9, 
Pergamon Press, 1972. 

13. U.S. Nuclear Regulatory Commission, Reactor Safety Study: An 
Assessment of Accident Risks i n  U. S. Comercia2 Nuclear Power Plants, 
Appendix V I  , WASH-1 400, NUREG-75/014 (1 975). 

14. S. R. Bernard, Health Physics Division Annual. Pro ress  Report for 
PgpioLi EmI*ing Zuly 31, 1968 ,  ORNL-4316, pp. 283-2 I 9. 

15. I. S. Eve, "A Review o f  t h e  Physiology o f  t he  ~ a s t r o i n t e s t i n a l  
T r a c t  i n  R e l a t i o n  t o  Rad ia t ion  Doses f rom Radioact ive Mater ia ls , "  
HeaZth Phys. - 12, 131-162 (1966). 



APPENDIX I 

I 1  1 , u s t r a t i v e  Examples o f  RADRISK Output  



spratt
Blank Stamp



Output from t h e  computer code R A D R I S K  i s  i l l u s t r a t e d  i n  F igs.  1-1 

through 1-4. For t h i s  example, i t  i s  assumed t h a t  an i n d i v i d u a l  i nha les  

o r  i nges ts  2 1 0 ~ b  a t  a  cons tan t  r a t e  o f  2.74 x pCi/day ( 1  pCi /year) .  

Dose r a t e s  t o  20 re fe rence t i s s u e s  a t  s p e c i f i e d  t imes a f t e r  t he  

beginning o f  cont inuous 210Pb i n h a l a t i o n  a re  shown i n  Fig.. 1-1, a long 

w i t h  ha1 f - 1  i ves, g a s t r o i n t e s t i n a l  uptake f a c t o r s ,  r e s p i r a t o r y  c learance 

c l a s s i f i c a t i o n s ,  and o the r  p e r t i n e n t  data f o r  each r a d i o n u c l i d e  i n  the  

decay chain. Dose r a t e s  r e s u l t i n g  f rom ch ron i c  210Pb i n g e s t i o n  a re  

shown i n  F ig .  1-2. Note t h a t  dose r a t e s  a re  g iven  separa te ly  f o r  h igh  

and low 1  i nea r  energy t r a n s f e r  (LET) r a d i a t i o n s .  I n  a d d i t i o n  t o  dose 

r a t e s  used i n  t he  c a l c u l a t i o n  o f  somatic r i s k s  t o  t he  exposed cohor t ,  

30-year dose commitments t o  t h e  t e s t e s  and ova r i es  a re  c a l c u l a t e d  f o r  

p o t e n t i a l  use i n  eva lua t i ng  gene t i c  r i s k s .  

Risks from cancers o f  s p e c i f i e d  t i ssues ,  i n  terms o f  numbers of 

incrementa l  deaths i n  t h e  exposed cohor t ,  decrease i n  popu la t i on  l i f e  

expectancy, t o t a l  years o f  l i f e  l o s t  t o  t he  cohor t ,  and average years of 
l i f e  l o s t  t o  those dy ing prematurely,  a r e  t abu la ted  i n  Figs. 1-3 and 1-4 

f o r  t he  i n h a l a t i o n  and i n g e s t i o n  cases, r e s p e c t i v e l y .  I n  a d d i t i o n  t o  

t h e  r i s k  t o  the  coho r t  descr ibed above, these t a b l e s  a l s o  con ta in  o t h e r  

p e r t i n e n t  in fo rmat ion ,  such as t h e  70-year dose equ i va len t  r a t e  and 

" r i s k  equ i va len t  f a c t o r s . "  The r i s k  equ i va len t  f a c t o r  i s  de f i ned  as t h e  

number o f  premature deaths i n  t he  coho r t  r e s u l t i n g  f rom t h e  g iven  

exposure ( i n  t h i s  case, i n h a l a t i o n  o r  i n g e s t i o n  o f  210Pb a t  t h e  r a t e  o f  

1  pCi /year)  d i v i d e d  by the  number o f  deaths i n  t he  coho r t  which would 

r e s u l t  f rom a cont inuous dose r a t e  t o  t he  g iven  organ o f  1  m i l  l i r a d l y e a r .  



DCOIONUCLIOE:  PO-21  0 __________-________________________________-__--------------_--_--------_---------------_--------------- 
P H V S I C A L  A N 0  M E T S 8 0 L I C  PARAUETERS FOR O O S I U E T R I C U L Y  S l C N l F I C A N I  PRffiEWI: 

R A O I O A C ~  I V E  
GLF-LIFE 

WUCL I O E  ( O A V S I  
0 8 - 2 1  0 8 1 4 0 .  
9 1 - 2 1 0  5 .310  
OC-210  133.0 

9QCNCHING R A T I O S :  FEOM m F R A C T I O N  
PF+IO e l - 2 1 0  1.000 
81:-210 P O - i l O  1.000 

C 4 S E  1.. I N H A L A - I O N  ----- 
I N H A L A T I O N  I N T A C E  m T E  F U K T I O F  lM lCRt%URIES/OLY)  

FROM ( O L Y S I  TO I D L Y 5 1  R R I E  
0.0 J.I75E 0 1  2 . m O E - 0 9  

A M ~ O  (MICRON).. 1.30 [C =O.~ IO 0 4  =e .OOOE-02 05 = o . t 4 9  

GI. UPTLKE F R A C T I O h S  
SOLU8 [IL T y  

CCAI , s  STO-04 s I N T  u L I N T  L L INT 

LOW-LET DOSE RATE (MQLD/VEARI  

T I M E  ( V E L R S I  I- 3. 6. 12.  iO .  1.0 . 6 2 -  S 0- 56. 70. 87.  

TaPGET 
s WALL 
5 1  WALL 
' J L I  WALL 
LLI WALL 
9 L  WALL 
I( I O N E I S  
L I V E R  
UUSCLE 
O V A R I E S  
L L N C E L S  
Q MAR 
ChOOST 
S OLEEN 
TESTES 
TkVMUS 
T r v u O I  0 
U E R U S  
*.,-P* 
.T-8. 
*mn* 
H I G H - L E T  DOSE RATE ( M ~ O / Y E L F  ) 

T I N E  I Y E A R S I  I. 3. 6. 12. 2 D. 3.3- 42.  5 0. 56.  70.  8 7 .  

T CRGET 
S .ALL 
S I  WALL 
U L I  WALL 
L L I  WALL 
B L  WALL * IONEVS 
L I d E R  
* U j C L E  
O V A R I E S  
OANCREAS 
R MAQ 
E N W S T  
SPLEEN 
TESTES 
THTMUS 
T n r n o I  o 
UTERUS 

N-Pa 
*T-Re 

30-VEAP G E N E T I C  D E E  C O U U I T T 4 f  (MB*OI.- 

c E T  TESTES O V A R I  l S  AVERAGE 
L O U  3.371-05 3.48E - 0 5  I . bSE-05  
H I G H  I -69E-Ob  1 .691 -0  1 L. 6PE-Ob 

F ig.  1-1. Estimated dose r a t e s  t o  reference t i ssues  a t  s p e c i f i e d  
t imes a f t e r  t h 2  b2ginning. o f  continuous 210Pb inha la t i on .  



C A S E  2.. I N G E S T I O N  ------ - ----- - ----- 
I N G E S T I O N  I N T 4 K E  RATE F U N C T I O N  ( M I C R O C U R I E S / D A Y )  

FROM (DAYSD T O  ( D A Y S ] ,  RATE 
0.0 3.176E 0 4  2 . 7 4 0 E - 0 9  

I N G E S T I O N  TRA-4SFER F R A C T I O N S  4 G.  I. TRACT TO R L O O D l  

P B - 2 1 0  8 1 - 2 1 0  FO-210  
STOMACH 9.0 0.0 C. 0  
S  I N T  0.200 5 . 0 0 0 E - 0 2  1.OOOE-01 
U  L I N T  0.0 0.0 0.0 
L L I N T  0.0 0.0 0.0 

LOW-LET DOSE R A T E  (MRAD/YEAR)  

TAPGET 
S  WALL 
S I  W A L L  
U L I  WALL 
LL I  WALL 
aL  WALL 
K I D N E Y S  
L I VEP 
MUSCLE 
O V A R I E S  
l ANCUE AS 
Q MAR 
ENDOST 
S  P L F E N  
T E S T S S  
THYMUS 
T n r R o I o  
UTEPUS 
* O I L *  

Y I G H - L E T  DOSE P A T E  (NPAO/YEAP ) 

T I M E  ( Y E A R S )  t .  3.. 

5  MALL 
S I  W4LL 
U L I  WALL 
LL I  WALL 
m L  W A L L  
K I D N E Y 5  
L I V E Q  2 - 7 9 E - 0 5  4 .22E-05  
Y U SCLE I. O6E-06  1.6OE-06 
O V A R I E S  1 0 0 6 E - 0 6  1.6OE-06 
OANCREAS 1- 0 6 E - 0 6  1.6OE-06 

ENDOST 
S P L E E N  
T E S T E S  
THYMUS 
T H Y R O I D  

3 0 - Y E A 9  G E N E T I C  DOSE COMMITMEhT (MRAD <. . 
L E T  T E S T E S  O V A P I E S  AVERAGE 
LOW 2 .93E-0s  3 .05E-05  2 .99E-05  
H  I G H  7 .79E-05  7 .79E-05  7 .79E-05  

Fig. 1-2. Estimated dose ra tes  t o  reference t i ssues  a t  s p e c i f i e d  
t imes a f t e r  t h e  beginning o f  continuous 2 1 0 ~ b  i nges t ion .  



TOTAL CCHOPT ( I .OF+E PEWSONS) CANCER F A T A L I T I E S  FROM L X F E T I M E  O B - 2 1 0  1YHA.-ATIOY 
AMAD = 1.00 . RESO CLEARANCE CLASS =W . F I  = 0.200E 0 0  

FOP 1.OOE 0 0  PC I / V P  I N T A K E  I 
SUMMARY T I B L E  I 

A O U T  ADULT ADULT NUMBEP OF AVERAGE T O T U  OECfiEASF 70-YEAP D I S K  
LATENCY PLATEAU DE LT H 70-YEAR PfiEMATUfiE VEAPS OF W A R S  OF I N  L I F E  DOSE E O U I V -  EOU1V.ALENT 

CANCEP P E P I O O  P E P 1 0 0  P l S K  L E T  PATE (OTHS/ OOSE P A T E  DEATHS L I F E  L O S T  L I F E  L O S T  EXOECTANCV ALENT PATE F I C T O Q  
( V E 9 P S )  ( Y E A P S I  lEt-.'MPA7/YR) (YP4DZYQD I N  COHORT (YEARS) ( Y E L P S )  ( Y E A P S I  (MPEM/VP) 

P MAPROW 

ENDOST 

PULMNAPY 

BDEAST 

L I V E D  

ST WALL 

DANCUE AS 

UI WALL 

CIDNEYS 

R L  WALL 

ULI WALL 

S I  WALL 

O V A P l E S  

TESTES 

SPLEEN 

UTEPUS 

THVYUS 

THVPOIO 

AES 

A US 

AES 

AES 

AES 

AES 

AES 

A ES 

AES 

AES 

A t 3  

AES 

A ES 

A ES 

AES 

A ES 

A 3  

A 3  

LOW 2.300-03 
n Icn a d o o - 0 2  
LOW 2.400-04 
H I  GH 2.000-03 
LOW 3.000-03 
H I G H  3.,000-02 
LOW 2.300-93 
H I G H  2.300-03 
LOW 9.000-34 
n I G n  9.000-03 
LOW 5.000-04 
H I G H  5.000-03 
LOW 7.000-04 
H I G H  7.00D-33 
LOW 4.000-04 
H I G H  4.000-03 
LOW 2.000-04 
H I G H  2.400-03 
LOW 2.000-04 
HI GH 2.000-03 
LOU 2.000-34 
H I G H  2.000-03 
LOW 1 - 0 0 0 - 0 4  
HI GH 1 . o o D - ~ ~  
LOW 1.000-04 
H I G H  1 .000-03 
LOW 1.000-04 
H I G H  1 - 0 0 0 - 0 3  
LOW 1.000-04 
H I G H  1 - 0 0 0 - 0 3  
LOW 1.000-04 
n I G n  I .ooo-03 
LOW 1 .OOO-04 
H I G H  1 .000-93 
LOW 4.FOD-04 
H I G H  4 .000-04 

TOTAL CSOMATICI  3.76E-03 2.30E 0 1  e.64E-02 8.64E-07 I -8OE-03 

30-VEAP GENETIC DOSE COMMI OLIENTS ( W A D )  : I 
' L E T  TESTES 0 k A P I E S  AVEPAGE 

LOW - 3.37E-05 3 4 8 E - 0 5  3.43E-05 
HIGH 1.69E-04 1 A 9 E - 0 4  1.69E-04 

Fig. 1-3. Estimated risk due to continuous inhalation of 2 1 0 ~ b .  



I 
................................................................................................................... 

TOTAL C O H O ~ ~  ( I .OE+S PEPSONS) CAYCEP FATALITIES ~ O M  LIFETI WE PE-210 INGESTION 
F I  = 0.200E 0 0  

I FOR 1.OOE 0 0  P C l / Y R  I N T A K E  

___---____-_______________________________---___-________-_-----------------__------__-_---_-------------_----_------- I 
I SUMMARY TABLE 

I A O U T  ADULT ADULT NUMBER OF AVERAGE TOTAL DECREASE 70--YEA9 P 1SK 1 

F 4APPOW 2 

EMDOST 5 

FULWNAPY 1 0  

EPF AST I 5  

L I 'JEP 1 5  

ST WALL 1 5  

O ~ U C P E A S  1 5  

LLI  W4LL 1 5  

K I 3 N E Y S  1 5  

B L  WPLL 1 5  

U L ' I W A L L  1 5  

51 WALL 15 

O V A P I E S  15 

TESTS S I 5  

SPLEEN I 5  

lJTEPUS I 5  

rMYWUS I 5  

THYPOI 0 2 

r O T A L  ( !SOMATIC) 

L O *  
H I G H  
LOU 
H I G H  
LO*  
H I G H  
LOW 
H I  GH 
LOW 
H I G H  
LOW 
H I G H  
LOW 
U I GH 
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
H I G H  
LOW 
HI G n  
LO*  
H I  GH 
L O  w 
H I G H  

L E T  ' TESTES OVADIES PVEPAGE 
2.93E-05 3.0SE-05 2.99E-05 

CU9GH 7.79E-05 7.79E-05 7.79E-05 

Fig. 1-4. Estimated risk due to continuous. ingestion of 210Pb. 
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L 
C THE R A D R I S K  CODE FOR A N A L Y S I S  OF D O S I M E T R Y  AND H E A L T H  E F F E C T S  
C ASSOCIATED W I T H  I N T E R N A L L Y  DEPOS l  T E D  P A D I O N U C L I D E S '  I S  B A S I C A L L Y  A 
C SYNTHFS lS OF ORNL * S  I NREM I I (ORNL/NUREG/TM-84 : K I L L O U G H  ET AL- .  1978) - - - -  - - - -  - -  - -  - 
c EOMPUTER PROGRAM AND THE C A l R D  ( € P A  5 2 0 7 4 - 7 8 - 0 1 2 :  COOK E T - A L ~ .  1 9 7 8 )  

L. 
C RADR I SK PROGRAM AUTHORS. l 
C 
C De E o  D U N N I N G *  JR.. R. W o  L E G G E T T *  AND M. G e  Y A L C I N T A S  
C H E A L T H  AND S A F E T Y  P E S E A P C E  D I V I S I O N  
C OAK R I D G E  N A T I O N A L  LABORATORY 
C OAK R I D G E .  TENNESSEE 3 7 8 3 0  
C 
C 
c INREM I I PROGRAM AUTHORS. l 
C 
C Ge Ge K I L L O U G H *  D e  € 9  D U N N I N G * ,  J R e *  AND J e  Ce  P L E A S A N T  
C H E A L T H  AND SAFETY PESEAPCH D I V I S I O N  
C OAK R I D G E  N A T  I O N A L  LABORATORY 
C OAK R I D G E *  TENNESSEE 37830 
C 
C 
C C A I R O  PROGRAM AUTHORSee 
C 
C J. R. COOK. B e  Me BUNGER* AND MI Ke B A R R I C K  
C U. S. ENV IRONMENTAL  P P O T E C T I O N  AGENCY 
C O F F  I C E  O F  R A D I A T I O N  PROGRAMS 
C C R I T E R I A  AND STANDARDS D l  V I S I O N  
C WASHINGTON* D e  C e  
C 
r------------------------------------------------------------------- 

DOUBLE P R E C I S I O N  NAMNUC~NAMSOUINAMTRG 
COG I C A L  OEFAUT * L A  S T  
PEAL LMA.LMB. LMC.LMDILME*LMFSLMGLMHLMI 
COMMON /CASES/  N C A S E S *  W D E ( 6 )  *TEND(  6) v N I N T ( 6 )  s T ( 6 ~ 3 0  

S I S O L ( 6 . 2 0 )  s A M A D ( 6 )  s D E F A U T ( 6 )  s F L u N G ( 6 ~ 9 * 2 0 )  s T B L U N G ( 6  
3 F l ( 6 r 2 0 )  . G I F R A C ( 6 * 2 0 . 4 )  

COMMON /PADAT/  T P ( 2 O )  s €RANCH( 2 0 . 2 0 )  
COMMON /NUMBRS/ N SPEC*  N SUUsNTRG 
COMMON /TGLM/ L M A ( 2 0 )  s L M B ( 2 0 )  s L M C ( 2 0 )  s L M D ( 2 0 )  s L M E ( 2  

S LMF(20)rLMG(aO)~LMH(2O)rLMI(20) 
S F A ( 2 0 ) s F B ( 2 0 ) s F C ( 2 0 )  e F D ( 2 0 )  w F E ( 2 0 )  * F F ( 2 O ) s F G ( 2 O ) * F H  

COMMON /TGLMDF/  D L M A ( 3 )  *DLMB( 3) s D L M C ( 3 )  p D L M D ( 3  * D L M E (  
$ D L M G ( ~ )  s DLMH( 3) * D L M I  ( 3)  
S D F A ( 3 l * O F B ( 3 )  s D F C ( 3 )  s D F D ( 3 )  e D F F ( 3 1  q D F G ( 3 )  
S D F H ( 3 )  r D F I (  3 )  

COMMON /OPGDAT/ N C O M P ( 2 0 s 1 6 )  sC (  2 0 * 5 * 1 6 )  s T B ( 2 0 * 5 * 1 6 )  
S F 2 P R I M ( 2 0 *  16) 

COMMON /LI F T B L /  I N L I F E  - 
L 
C I N I T I A L I Z E  I N D I C A T O R  FOR I N P U T  O F  REFERENCE L I F E  T A B L E  DATA I N  
C SUBROUTINE  R I S K *  

I N L I F E = O  
C 
C SET L A S T  CARD I N D I C A T O R e  

L A S T = e F A L S E e  
C 
C USE ASSEMBLER SUBROUTINE  PCMMSK TO S E T  PROGRAM MASK W H I C H  W I L L  
C IGNORE UNDERFLOWS AND L O S S  S I G N I F I C A N C E e  

C A L L  PGMMSK( 1 e l  * O s O )  
C 
C THE F O L L O W I N G  I T E R A T I O N  ( I N D E X  I P A P N T )  ( 1 )  P E A D S  D A T A  FOP 

' C  A PARENT R A D I O N U C L I D E  AND I T S  DAUGHTERS AND U S E R  S P E C I F I C A T I O N S  
C FOR ONE OR MORE CASES ( A  C A S E  C O N S I S T S  O F  C A L C U L A T I N G  T H E  c DOSES P E S U L T ~ N ~  FROM-AN I NTAKE -HI STORY O F  THE P A R E N T *  E I T H E R  
C BY  I N H A L A T ~ U N  08 i N G E S T I U N ) *  ( 2 )  P R I N T S  OUT T H E  P H Y S I C A L  AND 
C M E T A B O L I C  D A T A *  AND ( 3 )  PERFORMS T H E  DOSE I N T E G P A T I O N  AND 
C P R I N T S  OUT  THE C A S E  I N F O R M A T I O N  AND THE RESULTS.  
C 
c *** EXIT FPOM THE IPAPNT LOCP OCCURS WHEN SUBPOUTINE INPUT DETECTS 
C T H E  END-OF-FI  L E  AND RETURNS L A S T = e T R U E e  
C 

DO 1 0 0  I P A P N T y 1  s 1 0 0 0 0  
C 



C C A L L  S U B R O U T I N E  I N P U T  TO READ D A T A  AND CASES FOR T H E  NEXT C H A I N .  
C A L L  I N P U T ( L A S T )  

- I F ( L A S T 1  GO TO 200 
C 
C I N V O K E  S U B R O U T I N E  OUTDAT T O  P R I N T  P H Y S I C A L  AND M E T A B O L I C  DATA 
C  FOR T H E  C H A I N .  

C A L L  OUTDAT - 
L 
C CONVERT R A D I O A C T I V E  H A L F - L I E S  T O  DECAY R A T E  C O E F F I C I E N T S  AND 
C  CONVERT B I O L O G I C A L  H A L F - T I M E S  TO REMOVAL C O E F F I C I E N T S  ( l / D A Y S ) . .  

00 10 I S P E C = I * N S P E C  
I F ( T P ( 1 S P E C )  .GT. 0.0) TP(ISPEC)=0.6931472/TP(ISPEC) 
NS=NSOU-6 
I F ( N S . E Q o 0 )  GO TO 1 0  
DO 10 I S = l r N S  

NCSNCOM P( I SPEC. I S ) . -  - - - .  

do 10-IC=I.NC 
' T E M P = T B ( I S P E C s  I C s I S )  

' I F ( T E M P  .GT. 0.0) T B ( 1 S P E C s  I C s I S ) = O . 6 9 3 1 4 7 2 / T E M P  
10 C O N T I N U E  

C  
C  T H E  F O L L O W I N G  L O O P  H A N D L E S  THE S E V E R A L  CASES. 

DO 70 I C A S E Z I  * N C A S E S  
6 
c Q E T ~ D M T M F  WHETHER THSS t s  AN INHALATION CASE. 

I F ( M Q B E ( 1 C A S E )  ONE. 1) GO TO 60 
C c------------------------------------------------------------------- 
C I N H A L A T I O N  C A S E *  c ....................... ---------- ................................ --- - 
C 
C T H E  F O L L O W I N G  L O O P  I N D E X E D  BY I S P E C  MOVES T O  COMMON 
C  BLOCK / T G L M /  T H E  A P P P O P P I  A T E  LUNG PAPAMETEPS F O P  
C  T H E  CURRENT C A S E *  WHERE S U B M U T I N E  D I F F U N  W I L L  O B T A I N  
C THEM. I N  T H E  D E F A U L T  C A S E *  ARRAY 1 S O L  C O N T A I N S  
C  CODES F O R  T H E  S O L U B I L I T I E S  (0.W.Y) AND T H E  PARAMETERS 
C  W I L L  BE T A K E N  FROM COMMON B L O C K  /TGLMDF/.  WHERE THEY 
c WERE ~NITIALIZED- IN ~ ' A   BLOCK^ DATA SUBPOUTINE. I N  T H E  
C NON-DEFAULT CASE. THE  USER HAS S U P P L I E D  PARAMETERS* 
C  AND T H E S E  ARE I N  T H E  ARRAYS T B L U N G  ( H A L F - T I M E S  I N  D A Y S )  
c AND FLUNG. FIRST. HALF T IMES ARE CONVERTED:, TO REMOVAL COEFFICIENTS. 

00 5 0  I S P E C = l  sNSPEC 
IF (  I S O L ( 1 C A S E . I S P E C )  . LT *  4) GO TO 40 
DO 20 I P A T H = l s 9  

I F ( T B L U N G ( 1 C A S E  s I P A T H s  I S P E C )  * G T *  0.0) 
3 TBLUNG~ ICASE s IPATH. 1 SPEC) =0.693'1472 

2 0 .  C O N T I N U E  
C  MOVE L U N G  PARAMETERS TO COMMON BLOCK / T G L M / r a  
C NON-DEFAULT C A S E -  

F A (  ISPEC)=FC lJNG(  TCASEq1  * I S P E C )  
LMO(  1SPEC) -TBLUNC(1CASE ~ 2 . 1  SPEC)  
F B t  I SPEC)=FLUNG(  I CASE.2 I SPEC)  

FC(  I S P E C ) = F L U N G (  I C A S E s 3 s I S P E C )  
LMDC ISPEC)=TBLUNG(SCASE*4*ISPEC) 
F D (  I S P E C I = F L U N G I  ICASE.4.  I S P E C  1 - . - - - - - - . - - - - - - - - - - . 
LME( ~SPEC)=~~LUNG(ICASE~~*I SPEC)  
FE( SSPEC)=FLUNG( I G A S E ~ S ~ I S P E C )  
LMF(  I S P E C ) = T B L U M G ( I C A S E s d ~  I SPEC)  
FF I ISPEC)=FLUNC( ICASE.6 . ISPEC~  i m c i  i+iji ) = T & u ~ i i l c ~ s E  ,?;I S P ~ C )  
FG(  I SPEC)=FLUNG(  I C A S E s 7 s  I S P E C )  
LMH(  I S P E C  )=TBLUNG (I C A S E *  891 SPEC)  
F H l 1  SPEC)=FLUNG( I C A S E * 8 *  I S P E C )  
L M I  C I S P E C I = T B L U N G  ( I C A S E .  9. I SPEC)  

L 

C @RANCH AROUND 
GO TO 

C 

D E F A U L T  CASE. 
6 0 

c MOVE L U N G  PARAMETERS TO COMMON B L O C K  /TGLM/.. 
C  DEFAULT  CASE.. 

4  0 C O N T I N U E  
I S = I S O L (  I C A S E I I S P E C )  
LMA(  I S P E C  )=DLMA(  I $1 



F A (  I SPEC)=DFA(  I S )  
LMB(  I SPEC)=DLMB(  I S )  
FB<ISPEC)=DFB( I S )  
LMC< I S P E C ) = D L M C (  I S) 
F C <  I S P E C ) = D F C (  I S )  
LMD(  I S P E C ) = D L M D (  I S )  
F D ~ X S P E C ~ = D F D (  IS) -~ 

LME(  I S P E C ) = D L M E (  I S )  
F E (  I S P E C ) = D F E (  I S )  
LMF(  I S P E C  )=DLMF ( I S )  

LUG< I S P E C ) = D L M G (  I S )  
FG(  I SPEC)=DFG(  I S )  
L M H t  1 SPEC ) = D L M H l  I E) 
Fnt i s P ~ c i = ~ ~ n c  IS) - -  
L M I (  I S P E C ) = O L M I (  I S) 
F I (  I S P E C ) = D F I (  I S )  

5 0  C O N T I N U E  - 
C 

. C  CALL INTERPOLATION SUBPDUTINE INTP TO COMPUTE LUNG DEPOSITION 
C F R A C T I O N S  D 3 s D 4 s D 5  I N  /RESDP/ FROM AMAD(1CASE) .  

5 5  C A L L  I N T P ( A M A D (  I C A S E )  s I C A S E )  c--------------------------------------------------------------- 
C END I N H A L A T I O N  CASE. c---------------'---'T----------------------------------- 

60 C O N T I N U E  
C 
C I N V O K E  S U B P D U T I N E  DOSRUN T O  PERFORM DOSE C A L C U L A T I O N S  FOR 
C T H I S  CASE. T H E  DOSE T O  TARGET ORGAN I T R G  FROM SOURCE ORGAN 
C I S O U  W I L L  B E  STORED I N  D O S E ( I C A S E *  I T P G *  ISOW)  (PEMS) .  
C FOR ISOU=NSOU+ l  THE DOSES R E S l L T  FROM THE 'REST O F  BODY'  
C COMPARTMENT. D O S E ( I C A S E * I T R G * N S O U + 2 )  I S  T H E  T O T A L  DOSE T O  
C TAPGET I T R G .  

C A L L  DOSRUN(1CASE)  
C 
C END I C A S E  LOOP 

70 C O N T I N U E  
C 
C USE SUBROUTINE  OUTPUT TO P R I N T  OUT CASE I N F O R M A T I O N  AND 
C RESULTS.  

C A L L  OUTPUT L' 

C 
C LOOK FOR COMMENTS AFTER N U C L I D E  D A T A  GROUP. I F  THERE 
C APE ANY*  P R I N T  THEM. A C A R D  W I T H  ' 8 '  I N  COLUMN 1 ENDS 
C THE DATA GPOUP P L U S  COMMENTS. 

C A L L  CMMNTS 
C 
C COMPUTE P I S K  E S T I M A T E S  W I T H  S U B R O U T I N E  CA IRD.  

C A L L  R I S K  
I N L I F E = I N L I F E  + 1 

c END OF I P A R N T  LOOP. 
1 0 0  C O N T I N U E  c----------2----------*---------------------------------------------- 

c END OF INREM 11. c------------------------------------------------------------ 
2 0 0  C A L L  E X I T  

END 
BLOCK DATA 

- -  . .  . . .. ... 

C THE  .FOLLOWI'NG Q U A N T I T I E S  ARE MASSES ( G I  O F  T H E  
C 
C SOURCE ORGANS-. L U N G S *  RES. L Y M P H *  S CONTI S I  CONTs 
C U L I  CONTI  AND LLI  CONT ' 

C 
C TARGET ORGANS.. L U N G S *  RES. L Y M P H *  S WALL* S I  W A L L *  
C U L I  WALL. AND LLI  WALL 
C 

COMMON /MASSES/ SMASS( 2 4 )  STMASS(  2 7 )  
D A T A  SMASS/1000.. 15.9 250.. 400.. 220.. 135.. 18 *0 .0 / *  

8  TMASS/1000 . r  15.9 150.. 6 4 0 . 9  210.r 160.9 21*0.0/ - 
C 
C. THE NAMES OF T H E S E  S P E C I A L  SOURCE AND TAHGET T I S S U E S  ARE 
C I N I T I A L I Z E D  NEXT. 



DOUBLE P R E C I S  I O N  NAMNUC *NAMSOUvNAMTRG 
COMMON /NAMES/  N A M N U C ( 2 0 ) s N A M S O U ( 2 4 ) * N A M T P G ( 2 7 )  
DATA NAMSOU/BHLUNGS . 8HRES L Y M  . 8 H S  CONT . 

3 8 H S I  CONT 8 H U L I  CONTr  ~HLL I  C O N T * ~ ~ * B H  1 9 

s NAMTRGAHLUNGS * BHRES LYM . BHS WALL . 
3 8 H S I  WALL . B H U L I  W A L L *  B H L L I  W A L L * 2 1 * 8 H  / 

C 
C THE F O L L O W I N G  Q U A N T I T I E S  L M G I  ARE TURNOVER R A T E S  F O R  T H E  
C Go I. T R A C T  SEGMENTS S *  S I s  U L I s  LLI. THEY ARE BASED O N  
C T H E  D O L P H I N  AND E V E  T R A N S I T  T I M E S  ( H E A L T H  PHYS. 1 2 s  PP. 1 6 3 - 1 7 2  
C (1966)). U N I T S  ARE R E C I P R O C A L  DAYS. 
C 

R E A L  L M G I  I LMAB 
COMMON / G I /  L M G I  ( 4 ) * L M A e ( 2 0 * 4 )  
DATA  C M G I / 2 4 .  * 6. s 1 . 8 4 € 1 3 4 *  1 ./ 

C 
C NEXT  ARE D E F A U L T  DATA F O R  THE TASK GPOUP LUNG MODEL. 
C T H E  QUANT I T l E S  LMA-LM I ( R E C I P R O C A L  D A Y S )  ARE CLEARANCE 
C C O E F F I C I E N T S  F O R  T H E  PATHWAYS A-I .  F A - F I  ARE D E P O S I T I O N  
C F P A C T I O N S  A S S O C I A T E D  W I T H  T K E S E  PATHWAYS. T H E  I N D E X I N G  
C CORRESPONDS TO D = l r  W = 2 s  Y=2. T H E S E  V A L U E S  ARE U S E D  WHEN 5 D E F A U L T  I S  S P E C I F I E D .  
L 

REAL b M A . L M R . I - . M C r L M D s L M E v L M F . L M G * L # H r L M I  
COMMON /TGLMDF/  L M A ( 3 )  * L # B ( X I  . l . .MC(31 . L M D ( S ) . L M e ( 3 )  m - - .  . 

S L M G ( ~ ) ~ L M H (  3 J * L M I ( 3 )  s 
- 

S F A ( 3 ) * F B ( 3 )  * F C ( 3 ) * F D ( Z )  S F € (  3 )  e F F ( 3 )  * F G ( 3 ) * F H ( 3 )  s F I ( 3 )  
D A T A  L M A / 3 * 6 9 . 3 1 4 7 2 / *  

S F A l 0 . S .  0.1. 0.01/. 

S F ~ / 0 . 0 . - 2 * 0 . 4 / .  - - 
S LMG/O.Os 10 3 8 6 2 9 4 E - 2 s  1 - 3 8 6 2 9 4 E - 3 / *  
8 FG/O.O* 2*0.4/*  
S L M H / 1 . 3 8 6 2 9 4 *  1 - 3 8 6 2 9 9 E - 2 .  1 0 3 8 6 2 9 4 E - 3 / s  
3 F H / O 0 2 s  0.05. 0.15/, 
S L M I / 1 . 3 8 6 2 9 4 *  1 0 3 8 6 2 9 4 E - 2 s  6 0 9 3 1 4 7 2 E - 4 1 .  
S F I / 2 * 1 . 0 *  0.9/ 

END 

S U B R O U T I N E  I N P U T (  L A S T )  
DOUBLE P R E C I S T l l N  NAMNUC sNAMSOU sNAWTRGs N T O T A L i  NAMEXC 
L O G I C A L  D E F A U T - L A S T  . E X F L A G  - . . - - - . . - . - -. . - . - - . . . - . . - 
DIMENSION DUMMY(3) .F2PEX(  20) s C E X (  2 0 9 5 )  s T B E X ( 2 0  r 5 ) . N C O E X ( 2 0 )  
COMMON /PADAT /  T P ( 2 0 ) . E P A N C H ( 2 0 . 2 0 )  
COMMON /ORGDAT/ ~ ~ o ~ ~ ( 2 0 . 1 6 )  *c(~o. ,s .  16) * ~ 6 ( 2 0 r  5.16) r 

3 F 2 P R I M ( 2 0 * 1 6 )  
COMMON /NAMES/  N A M N U C ( ~ ~ ) * N A M S O U ( ~ ~ ) ~ N A M T R G ( ~ ~ )  
COMMON /MASSES/  SYASS(  2 4 )  * T M A S S ( 2 7 )  
COMMON /NUMBPS/ N S P E C e N  -S)UsNTPG 
COMMON / S F A C T /  S ( 2 s 2 0 s 2 4 * 1 5 )  
COMMON / L E T /  N L E T  
COMMON / C A S E S /  N C A S E S r  W i l E ( 6 )    TEND(^) i N I N t ( 6 )  r T ( 6 . 3 0  J r P i b  s J U )  r  

3 I S O L ( 6 . 2 0 )  s A M A D ( 6 )  s D E F A U T ( 6 )  * F L U N G ( 6 r 9 . 2 0 )  sTBLUNG(6.9  ~ 2 0 )  
S P I  ( C s C O )  . C I F P A C [ 6 , 1 Q s 4 )  

COMMON /TYME/ TSTEPC 6 )  
COMMON / S T E P S /  N S T E P S (  6 1 
COMMON CBONDEP/ I N D B O N  

C I N P U T  CHANNEL  
D4TA TN /5/ 
DATA N I ' U T A L / 8 H T O T A L  / 
DATA NAMEXC/8HEXCRET. / 

C READ NUMBER OF N U C L I D E S  I N  THE C H A I N *  AND FOR EACH T H E  NAME 
C AND P H Y S I C A L  H A L F - L I F E  ( D A Y S )  

R E A D ~ I N ~ l O O O s E N D = 8 0 1  NSPECsNLET* INDBONs(NAMNUC( ISPEC)sTR( ISPEC)s  
S I S P E C = l *  N S P E C )  



C N E T  I S  A F L A G  T O  I N D I C A T E  THE PRESENCE OF H I G H - L E T  R A D I A T I O N :  
C N L E T  OLE.  1 I N D I C A T E S  O N L Y  LOW--LET R A D I A T I O N S  ARE P R E S E N T *  
C N L E T  .EQ. 2 I N D I C A T E S  T H E  FRESENCE O F  H IGH-LET .  

I F  ( N L E T  .LT. 1) N L E T Z 1  
C I N D B O N  I S  AN I N D I C A T O P  A S  T O  WHETHEP THE N U C L I D E  I S  A SUPFACE 
C OR VOLUME D E P O S I T O R  I N  BONE ( U S E D  FOR H I G H - L E T  DOSES ONLY) .  
C INDBON = 2 I N D I C A T E S  SURFACE D E P O S I T I O N :  
C INDBON = 0 I N D I C A T E S  VOLUME D E P O S I T I O N .  
C I N I T I A L I Z E  M A T R I X  OF BRANCHING R A T I O S  T O  ZERO. 

DO 1 0  I S P E C = l * N S F E C  
DO 1 0  J S P E C = l v N S P E C  

BRANCH( I S P E C *  JSPEC)=O.O 
1 0  C O N T I N U E  

C 
C READ T H E  NUMBER NBR OF NON-ZERO B R A N C H I N G  R A T I O S  T O  FOLLOW. 

READ(  I N * 1 0 1 0 )  NBR 
DO 1 5  K = l * N B P  

R E A D (  I N *  1 0 2 0 )  J S P E C  s I SPEC*BRANCH(  I SPEC*  J S P E C  
1 5  C O N T I N U E  - 

L 
C READ NUMBER NS OF SOURCE ORCANS OTHER T H A N  LUNGS v RES. LYMPHs 
C S CONTI S I  CONT*  U L I  C O N T *  AND L L I  CONT. T O T A L  BODY ( A B S O P B E D I  MUST 
C e E  T H E  F I R S T  O F  THESE AND OTHER MUST B E  THE L A S T .  
C THEN READ THE NAMES AND MASSES ( G I  OF EACH. 
C THE CHAPACTEPS I N  CAPD COLUMNS 1 1 - 2 2  ARE READ I N T O  T H E  ARRAY 
C DUMMY. I F  T H E S E  ARE NON-BLANK* A PROMPT E X C R E T I O N  F U N C T I O N  
C I S  ASSUMED TO B E  I N C L U D E D  FCR EACH S P E C I E S  B U T  NOT COUNTED I N  T H E  
C I N D I C A T E D  NUMBER OF SOURCE CRGANS. 

2 0  C O N T I N U E  
R E A D ( I N * 1 0 3 0 )  NS~DUMMY~(NAMSOU(ISOU+6)~SMASS(ISOU+6)~ISOU=l*Ns) 
EXFLAG=.FALSE 
I F (  ICOMPA(  DUMMY* 1 2 H  12) ONE. 0 )  EXFLAG=.TPUE. 

READ NUMBER N T  O F  TARGET ORGANS OTHER T H A N  L U N G S *  RES. L Y M P H *  
S W A L L *  S I  W A L L *  U L I  W A L L *  AND LLI  WALL. T O T A L  BODY MUST B E  
THE F I R S T  O F  THESE. THEN READ T H E  NAMES AND MASSES ( G I .  

READ(  I N .  1030) N T s  DUMMY. (NAMTRG( I T R G + 6 )  S T M A S S (  I T R G + 6  1 I T R G = l *  N T )  
NSOU=NS+6 
NTRG=NT+6 
NSOU l = N S O U + l  

P 
NAMSOU( NSOU1)  ZNTOTAL  

L 
C FOP EACH S P E C I E S  I N  T H E  C H A I N *  P E A D  S-FACTORS AND METABOL I C  
C DATA FOR ORGANS OTHER T H A N  RESPIRATORY*  

DO 4 0  I S P E C = l * N S P E C  
C 
C FOR EACH SOURCE ORGAN ( O T H E R  THAN RESPIRATORY OR Go I TRACT)  
C PEAD ( 1 )  F P A C T  I O N A L  T P A N S F E F  F 2 - P P I M E  FPOM BLOOD T O  T H E  ORGANS AND 
C ( 2 )  NUMBER O F  E X P O N E N T I A L  CGMPARTMENTS* AND F O R  EACH A 
C F R A C T I O N A L  D E P O S I T I O N  C O E F F I C I E N T  AND A B I O L O G I C A L  H A L F - T I M E  
C (DAYS) .  

DO 30 I S O U = l s N S  
R E A D ( I N . 1 0 5 0 )  F2PRIM(ISPECsISOU)~NC~(C(ISPECsIC~ISOU)~ 

S T B ( I S P E C *  I C s  I S O U )  * I C = l  .NC) 
NCOMP( I S P E C .  I S O U  )=NC 

I F ( I S 0 U  .EQ. 1 .AND. EXFLAG)  
B READ(  I N * 1 0 5 0 )  F 2 P E X ( I S P E C )  * N C s ( C E X ~ I S P E C * I C ) m  
S T B E X (  I S P E C *  I C I  s I C = l  .NC) 

I F ( I S 0 U  .EQ. 1 .AND. EXFLAG)  N C O E X ( I S P E C ) = N C  
C THE TWO P H t C t E U l N G  STATEMENTS READ DATA FOR PROMPT E X C R E T I O N  F U N C T I O N S  
C WHEN T H E S E  ARE PRESENT. SUCH DATA APE I N S E R T E D  I N  T H E  DECK 
C I M Y E D I A T E L Y  AFTER THE T O T A L  BODY (ABSORBED)  R E T E N T I O N  F U N C T I O N S  
C I N  T H E  SAME FORMAT. - 

3 0  C O N T I N U E  
C 
C READ M A T R I X  O F  S-FACTORS F O R  THE CURRENT SOURCES AND TARGETS. 
C R E Q U I R E D  I N D E X I N G  FOR S P E C 1  A L  ORGANS I S  SHOWN BELOW.. 
C 
C I N D E X  SOURCE I N D E X  TAPGET 
c 1 LUNGS 1 LUNGS 
5 2 R B S  L Y M  2 K E S  L Y M  
C 3 S CONT 3 5 WALL 
C 4 S I  CONT 4 S I  WALL 
C 5 U L I  CONT 5 UL! WALL  
C 6 LL I  CONT 6 UI WALL  
C 7 T O T  BODY 7 TOT BODY 
C NSOU+1 OTHEP 



DO 36 I L E T = l * N L E T  
DO 3 5  I T R G = l * N T R G  

READ(IN~1040)(S(ILET~ISPEC*ITRGsISOU) * I S O U = l s N S O U )  
3 5  CONTINUE 
36  CONTINUE 

P 
C 

C END OF I S P E C  LOOP. 
4 0  CONTINUE 

IF( .NOT* E X F L A G )  GO TO 5 2 0 0  c ---- -- ---- ----------- 
C THE FOLLOWING BLOCK O F  STAEMENTS ( W I T H  NUMBERS I N  5 0 0 0 S )  I S  
c EXECUTED IF AND ONLY IF PPOKPT EXCPETION DATA HAVE BEEN READ IN'. 
C THES6,STATEMENTS REARRANGE M E  ARRAYS SO THAT THE EXCRETION 
C FUNCTIONS W I L L  B E  D I S P L A Y E D  BEFORE THE ORGAN RETENTION FUNCTIONS 
C (SOURCE INDEX 8 ) .  S-FACTORS FOR TOTAL BODY AS SOURCE ARE USED 
C FOR THESE EXCRETION FUNCTIONS. 

NAMSOU (NSOU+2 )=NAMSOU( NZOU+l )  
IF(NS .Fa. 1) GO TO 5 0 3 5  
DO 5 0 3 0  IS=2.NS 

DO 5 0 2 0  I  SPEC=^ SNSPEC 
F 2 P R I M (  I S P E C *  K + l  ) = F 2 P R I M ( I S P E C * K )  
NCOMP( ISPEC.K+l)~W&CWP~ISPEC~K) 
NC=NCOMP( I S P E C  s K )  
DO 5 0 1 5  I C = l * N C  

C(1SPECs IC .K+ l )=C ( I S P E C *  I C - K )  
T B ( I S P E C *  I C * K + l ) = T B ( I S P E C * I C s K )  

5 0 1 5  CONTINUE 
5 0 2 0  CONTINUE 
5 0 5 0  CONTINUE . .  
5 0 3 5  CONTINUE 

DO 5 0 6 1  I L E T = l * N L E T  
DO 5 0 6 0  I S = 8 r N S O U  

K=NSOU-I S+8 
DO' 5 0 5 0  I S P E C = l  sNSPEC 

00 5 0 4 0  I T R G = l  *NTRG 
S t  I L E T *  I S P E C *  I T R G  s K + l ) = S (  I L E T * I S P E C s I T R G * K )  

SO40 CONTINUE 
5 0 5 0  CONTINUE 
5 0 6 0  CONTINUE 
5 0 6 1  CONT I N U €  

NAMSOU( B)=NAMEXC 
DO 5 1 0 0  I S P E C = l * N S P E C  

F2PR I,M( I SPEC* 2)=F2PEX (I SPEC) 
NCOMP( I SPEC.2)=NCOEX( ISPEC 
NC=NCOMP ( ISPEC.  2 )  - 

DO 5 0 7 0  IC= l .NC 
C ( I S P E C * I C s 2 ) = C E X ( I  J P E C * I C )  
I Y (   SPECS ~ C * . ? ) = T B E X < I S P ~ C I  I C )  

5 0 7 0  CONTINUE 

DO 5 0 8 0  I T R G = ~ ; N P R ~  
S(  I L E T .  I S P E C *  ITRG.8 ) = S ( I L E T * I S P E C *  I T R G s 7 )  

5 0 8 0  CONT LNUE 
s o e l  CON TI NU^-- 
5 1 0 0  CONTINUE 

NS=NS+ 1 
MSOY=NSOU+ 1 
NSflll1 =MSOU 1 + 1 

C 
C EN0 OF S P E C I A L  SECTION FOR PROMPT EXCRETION. c-------------------s------------------------------------------ 

5 2 0 0  CONTINUE * 
L 

C READ CqNTROL INFORMATION F I R S T  THE NUMBER OF CASES. THEN FOR 
C EACH CASE (1)  THE EXPOSURE MODE ( G  FOR INGESTION.  H FOR 1NHALATION)s  
C ( 2 )  THE T I M E  ( D A Y S )  FOP ENDING INTEGRATION.  (3) THE I N T A K E  RATE . . . - - . . . . . . - - . . . - 
C FUNCI'IUN. I MLCI.~ULUHIES/DA~.). - A N D - ( ~ ~ - o T w C R  X N F O ~ M A T X ~ N  SPECTPXC Tn 
C T p c  MOD6 O F  INTAKE'. 

READ( I N . 1 0 1 0 1  NCASES 

P E A D ~ I N . ~ O ~ O >  -MODE( I C A S E ) ~ T E N O (  !CASE) .TSTEP( ICASE)  *NSTEPS( I C A S E )  
I F ( T S T E P ( 1 C A S E )  .EQ. 0.0) TSTEP( ICASE)=365 .0  
I F ( N S T E P S (  I C A S E )  .EQ. 0 )  N S T E P S ( I C A S E ) = 5 0  
I F 4  ICOMPA(MODE( I C A S E )  s l H H *  1) .€a. 0 )  GO TO 4 1  



MODE( I C A S E ) = P  
GO TO 4 2  

4 1  M O D E ( I C A S E ) = l  
4 2  C O N T I N U E  

C  
C READ NUMBER OF T I M E  I N T E R V A L S  FOR I N T A K E  FUNCTION.  T H E N  FOR 
C EACH I N T E R V A L  R E A O  T H E  L E F T  E N D P O I N T  ( D A Y S )  AND THE I N T A K E  
c RATE (MICROCURIES/DAY) DURING THAT INTERVAL. THE FIRST TIME 
C SHOULD B E  ZERO. THE E N D P O I N T  OF T H E  L A S T  I N T E R V A L  I S  T H E  
C END ' O F  T H E  I N T E G R A T I O N  I N T E R V A L .  

R E A D ( I N * 1 0 9 0 )  NIs(T(ICASE~INT)~P(ICASE~INT)~INT=l s N I )  
N I N T (  I C A S E ) = N I  

C  
C I F  EXPOSURE MODE I S  I N G E S T I C N *  BRANCH AROUND LUNG PARAMETER 
C INPUTS.  

IF(MODE(ICASE) .EQ. 2 )  GO TO 66 
C  
c INPUT INHALATION PAPAMETEPS .. 
C  
C  READ P A R T 1  C L E  S t Z  E  (MICROMETERS)  . . 

R E A D (  I N *  1040) AMAD( I C A S E I  
C 
C  D E T E R M I N A T I O N  O F  LUNG CLEARANCE PARAMETERS AND Go I. U P T A K E  
C FRACTIONS.  FOR E A C H  S P E C I E S *  A  L I T E R A L  F L A G  I S  READ I N T O  
C  I S O L .  1.F I T  I S  ' D ' s  ' W a s  O f i  ' Y e s  THE  A P P R O P R I A T E  DEFAULT  
C  LUNG PARAMETERS ARE USED F O R  THE S P E C I E S .  OTHERWISE. S P E C I A L  
C  PAPAMETEPS FOP T H E  L U N G  A P E  P E A 0 0  T H E  F L A G  V A L U E S  ARE STORED 
C  I N  ARRAY I S O L  A S  FOLLOWS*. 
C  
C  I S O L ( I C A S E * I S P E C ) =  1 F O E  'D *  
C = 2 F O R  * W e  
C = 3 F O f i  # Y e  
C  = 4  F O R  # S P E C I A L  C A S E e  
C 

DO 6 0  I S P E C = l  eNSPEC 
R E A D ( I N e l O 8 Q )  I S O L ( I C A S E s 1 S P E C )  - 

L 

C  CONVEPT L I T E P A L  TO N U M E P I C  CODE- 
I F ( I C O M P A ( I S O L (  I C A S E e l S P E C ~ * l H D * l )  rEQ .  0) ' 

3 GO TO 4 5  
I F (  ICOMPA(  I S O L t  I C A S E s I S P E C )  ~ 1 H W s l )  - E Q r  0 )  

C  OTHEPWISE-  
GO'.TO 4 8  

4 5  - I S O L ( I C A S E * I S P E C ) = l  
.. GO TO 5 0  

4 6  I S O L (  I C A S E *  I S P E C ) = 2  
GO TO 50 

4  7 I S O L ( 1 C A S E s  I S P E C ) = 3  
GO TO 50  

4 8  I SOL ( I C A S E *  I S P E C  =4 
5 0  C O N T I N U E  

C  
C 1 F . S P E C I A L  LUNG PARAMETERS ARE TO B E  R E A D *  READ THEM* 

I F ( I S O L ( I C A S E * I S P E C )  .LT. 4)  GO T O  55 
P E A D (  I N ~ 1 0 4 0 ) ( T B L L N G ( I C A S E e  I P A T H * I S P E C ) *  , 

- 3 F L U N G ( I C A S E *  I P A T H s I S P E C )  I P A T H = l s 9 )  
L 
C  READ Go 'I. UPTAKE F R A C T I O N  F1 

DO 56 I S E G = l r 4  
IF(GIFRAC(~CASE.ISPEC.ISEG~ .NE. 0.0) Gn TO 60 

5  6 C O N T I N U E  
G I f R A C t  I C A S E *  I S P E C *  i ) = F l (  I C A S E *  I S P E C )  

6 0  C O N T I N U E  
C  
C  END O F  I N P U T  F O R  I N H A L A T I O N  CASE. BRANCH AROUND 
C  INGEST ION-CASE I N P U T S *  T O  E h D  OF I C A S E  LOOP. 

P 

GO TO 70 
L 
C READ Go 1. U P T A K E  F R A C T I O N S  F1 F O R  I N G E S T I O N  CASE. 

6 6  DO 69 I S P E C = l * N S P E C  
READ(  I N * 1 0 4 0 )  F l <  I C A S E * I S P E C )  s(GIFRAC(ICASE~ISPEC~ISEG)* 



IF(GIFRAC(ICASE*ISPEC~ISEG) ONE. 0.0) 60 TO 69 
67 C O N T I N U E  

G I F R A C (  I C A S E *  I S P E C *  2 ) = F 1 (  I C A S E *  I S P E C )  
69 C O N T I N U E  - 

C 
C END O F  I C A S E  L O O P  

70 C O N T I N U E  
RETURN 

L 
c SIGNAL EXIT IN CASE END-OF-FILE CARD IS OETECTEO BY FIPST PEAO 
C STATEMENT. 

80 LAST=.TRUE. 

P 
PETUPN 

L 

C FORMAT S T A T E M E N T S  9. 

1 0 0 0  F O P M A T ( 3 1 2 / ( A B ~ 2 X * E l O o O ) l  
1010 F O R M A T ( I 2 )  

1090 F O R M A T ( I ~ / ( ~ E ~ O . O ~  
1100 F O R M A T ( 2 O A 2 )  

. -- END 

S U B R O U T I N E  OUTOAT 
C P R I N T S  T H E  F O L L O W I N G  I N P U T  OATA: 
C ( 1) P H Y S I C A L  AND M E T A B O L I C  PARAMETERS F O R  O O S I M E T R I C A L L Y  S I  GN I F I C A N T  
C PROGENY F O R  .THE G I V E N  N C C L I D E  
C ( 2 )  S FACTORS FOR A L L  SOURCE AND TARGET ORGANS F O R  E A C H  S P E C I E S  I N  
C THE N U C C I O E  C H A I N  

I N T E G E R  OUT.OUT3 
D O U B L E  P R E C I S I O N  NAMNUC eNAMSOU* NAMTRG 
COMMON I R A O A T /  TR (20  1 .BRANCH( 20 -20)  . - . . - - . 
COMMON /ORGOAT/ ~ ~ 0 ~ ~ i 2 0 * 1 6 ) * ~ ( 2 0 * 5 . 1 6 )  .~8(20.5.16).  

S F 2 P P I M ( 2 0 *  16) 
COMMON /NAMES/ NAMNUC( 20) sNAMSOU( 24) 9NAMTRG (27) 
COMMON / NUMBRS/  NSPEC*NSOUsNTRG 
COMMON / S F A C T /  S( 2.20.24. 15) 
COMMON / L E T /  N L E T  

OUTPUT CHANNEL  
OATA OUT  /6/ 
UAPA OUT3/  161 

P R I N T  H E A D I N G  
W R I T E ( O q T *  2 0 0 0 )  NAMNUC( 1) 

FOR EACH N U C L I O E  I N  T H E  C H A I N *  P R I N T  I T S  NAME AND P A O I O A C T I V E  HALF-  
b lFt: 

DO 160 XSPEC= lsNSPEC 
1 0 0  W R I T E  (OUT. 2 0 1 0 )  NAMNUC(1  SPEC) r T P [ I S P E C )  

I F  (NSPEC. EQ 1) GO T O  1 I 0  

P P I N T  H E A O I N G  F O P  B R A N C H I N G  P A T I O S  
W R I T E  (OUT * 2 0 2 0 )  

P R  I N T  NONZERO BRANCH1 NG R A T  10s 

DO 110 I S P E C = l r Y S P E t  
I F  ( BRANCH( I S P C C *  J SPEC) O N E *  O i  0)  

B W R I T E  ( O U T . 2 0 3 0  1 NAMNUCt J S P E C )  .NAMNUC( I S P E C )  - . - - - . - 
s BRANCH( ISPEC . JSPEC 

110 C O N T I N U E  

P R I N T  H E A O I N G  FOR BLOOD TRANSFER F R A C T I O N S *  COMPARTMENT D E P O S I T I O N  
PRACT IONS.  AND COMPARTMENT @I O L O G I  C A L  H A L F - T I M E S .  

W R I T E  ( O U T 3 * 2 0 4 0 )  

FOR EACH SOURCE ORGAN AND FOR EACH N U C L I O E  I N  T H E  C H A I N .  
P R I N T  B L O O D  TRANSFER F R A C T I C N S *  COMPARTMENTAL D E P O S I T I O N  FRACTIONS.  
AND COMPARTMENTAL B I O L O G I C A L  HALF-T IMES.  

NS=N SOU-6 
DO 1 2 0  I S O U = l  s N S  
W R I T E  ( O U T 3 ~ 2 0 5 0 )  NAMSOC(ISOU+6).NAMNUC(l)~F2PRIM(l~ISOU)~ 



3 C (  l ~ l ~ I S O U ) r T B ( l * l ~ I S C U )  
NCOM=NCOMP ( 1. I S O U  1 
I F  (NCOM.EQ.1) GO TO 1 2 1  
DO 1 2 2  I C = 2 s N C O M  

1 2 2  W R I T E  ( O U T 3 . 2 0 6 0 )  C(lsIC~ISOU)rTB(1~1C~ISOU) 
1 2 1  I F  (NSPEC.EQ.1) GO TO 1 2 0  

DO 123 ISPEC=~*NSPEC 
W R I T E  ( O U T 3 ~ 2 0 7 0 )  NAMNUC(ISPEC)rF2PRIM(ISPEC*ISOU)* 

3 C (  I S P E C .  1 . ISOU) .  T B ( I S P E C s l * I S O U )  

I F  ( NCOMPA l EQ 01 GO T O  123 
DO 1 2 4  ICOM=2sNCOMPA 

1 2 4  W R I T E  ( O U T 3 ~ 2 0 8 0 )  C (  ISPEC. I .COM* ISOU)  r T B ( I S P E C *  ICOMs  I S O U )  
1 2 3  C O N T I N U E  
1 2 0  C O N T I N U E  

C 
C P R I N T  S FACTORS FOR A L L  SOUPCES* T A P G E T S *  AND N U C L I D E S  I N  T H E  C H A I N  
C 

DO 131 I S P E C = I * N S P E C '  
DO 130 I C E T = l * N L E T  
I F I R S T = l  
L A S T =  I 1 
I F  ( N S O U  .LT. L A S T )  LAST=NSOU 
ISPEC~=ISPEC 
C A L L  P R I N T S (  I L E T s  I F I P S T  * L A S T *  I SPEC1  
I F  ( L A S T  .EQ. NSOU)  GO TO 130 
I F I R S T = I 2  - .  - ~- . 

L A S T = 2 1  
I F  ( N 9 0 U  o L T .  L A S T )  L A S T Z N S O U  
C A L L  P R I N T S (  I L E T *  I F I R S T  * L A S T - I  S P E C 1  
I F  ( L A S T  .EQ. NSOU) GO TO 130 
I F I R S T = 2 2  
 LAST=^^- 
I F  (NSOU 4LT.  L A S T )  LAST=NSOU 
C A L L  P R I N T S (  I L E T *  I F I R S T  * L A S T *  I SPEC1  1 

130 C O N T I N U E  
131 CONTINUE 

C 
RETURN 

C FORMAT STATEMENTS 
C 

2 0 0 0  FORMAT ( *  I R A D I O N U C L I D E :  *s A 8 / *  * r130( * - *  ) / *  P H Y S I C A L  AND M E T A B ? L I a  
S * C  PARAMETERS FOR D O S I M E T R I C A L L Y  S I G N I F I C A N T  PP?GENY: ' // ' 
3 T 1 5 s  * R A D I O A C T I V E * / '  s T 1 6 s a H A L F - L I F E e / *  N U C L I D E  * T 1 7 *  

- 
3 ~FRAC~I:N* ) 

2 0 3 0  FORMAT(  ~ T 2 1 ~ A 8 ~ T 3 1 ~ A e ~ T 4 0 ~ 1 P G 1 0 ~ 4 )  
2 0 4 0  F O R M A T (  '0 '  * T 2 5 *  *BL?OD * 9 T 5 9 s  * C O M P A R T M E N T a '  * sT25 .  'TRANSFER' .  

3 T 4 1 .  'COMPARTMENT ~ T 5 9 ~ ' B I O L O G I C A L ' / '  * * T 2 Q *  * F R A C T I O N  
3 T 4 1  s ' D E P O S I T I O N *  S T 5 9  * * H A L F - T I M E ' / *  ORGAN * T 1 4 *  ' N U C L I D E *  
S T 3 5 .  *F? -PRTME* .T& l .  ' F f i A C T I O N *  .T60.  ' ( D A Y S )  * )  

END 
C 
C 

SLJBROUT I N E  P R  I N T S (  I L E T  s IF  I R S T  L A S T  s I SPEC 
C AFTER P R I N T I N G  A HEADING ANC THE NAMES OF SOUPCES ( I F I R S T  T O  L A S T )  

. C  T H I S  S U B R O U T I N E  P R I N T S  S-FACTORS F O R  A L L  TARGET ORGANS F O R  
1 THESE ~ SOURCES. 
C 
c ILET INDICATES HIGH OR LOW LET RADIATION: ILET=I DENOTES LOW LET 
C R A D I A T I O N .  i L E T = 2  DENOTES H I G H  LET .  - 

I N T E G E R  O U T v O U T 3  
DOUBLE P P E C I S I O N  NAMNUC sNAMSOU s NAMTP 
COMMON /NAMES/ NAMNUCt 2 0 )  .NAMSOU(24)  
CQMMON /NUMERS/ NSPEC. NSOUSNTRG 
COMMON /SFACT /  S 1 2 * 2 0 s 2 4 *  1 5 )  

T P U T  CHANNEL 
D A T A  O U T  /6/ 
~ A T A  0 ~ ~ 3 / 1 6 /  

I N T  H E A D I N G  



IF  ( I L E T  - E Q o  1) W R I T E  ( O U T 3 s 1 0 0 0 )  NAMNUC(1SPEC)  

* 
I F  ( I L E T  eEQ. 2) W R I T E  ( O U T 3 * 1 0 0 1 )  NAMNUC ( I S P E C )  

C 

C P R I N T  NAMES OF SOURCES 
IF (  I F I R S T  r E O -  1) GO TO 110 
W P I T E ( O U T 3 * 1 0  1 0 )  (NAMSOC( I S O U )  s I S O U = I F I R S T s L A S T )  - 

L 
C P R I N T  S-FACTORS FOR T H I S  S P E C I E S  F O R  SOURCE ORGANS I F I R S T  T O  L A S T  
C  AND FOR A L L  T A R G E T  ORGANS 

DO 100 I T R G = l  .NTRG 

3 LAST' )  
100 C O N T I N U E  

GO TO 1 2 0  
1 1 0  W R I T E ( O U T ~ ~ ~ O ~ O ) ( N A M S O U ( I S O U ) ~ I S O U = ~ ~ ~ ) ~ ( N A M S O U ( ~ S O U ) S I S O U = ~ ~ L A S T )  

DO 120 I T R G = l s N T R G  
WRI T E ( O U T 3 s  1020) N A M T R G ( I T R G 1  s ( S t  I L E T s I S P E C *  I T R G *  I S O U ) *  I S O U = l s 6 ) s  

S ( S ( I L E T *  I SPEC* 1TPG. ISCU)  s I S O U = 8 e L A S T )  
120 C O N T I N U E  

C  
RETURN 

C 
C FORMAT S T A T E M E N T S  
r . . 

1 0 0 0  F O R M A T ( / / '  * s T 3 7 s  'LOW-LET S  F A C T O R S  (WAD/MICROCUR!@abAY FOR * r AO/ 
S * O T A R G € ? * . T 5 5 s ' S O U R C t  UWGANSm/ '  u R G u N ~ ' )  

1001 F O R M A l ' ( / / '  ' sT.37. ' H I G H - L E T  3 F A C T O R S  (RAD/MICRQCURI  €-DAY) FOR * t 
S A 8 / *  OTARGET*  s T 5 5 s  'SOURCE O R G A N S g / '  ORGANS* ) 

1 0 1 0  FORMAT(  :O: * T 1 4 s A 8 * 9 ( 3 X ~  A 8 1  
1 0 2 0  F O R M A T (  r A 8  s T 1 3 ~ E l O . 3 ~ 9 ( X s E 1 0 - 3 )  

C  
. ... END 

.... 
SYBROUT I N €  I N T P (  AMAD I C A S E  - 

L 
C COMPUTES L U N G  D E P O S I T I O N  F R A C T I O N S  0 3 s  0 4 s  AND D 5  AS A  F U N C T I O N  
C  O F  AMAD ( A C T I V I T Y  M E D I A N  AERODYNAMIC D I A M E T E R )  (M ICRONS)  
C  T H E  F U N C T I O N S  E X P R E S S I N G  T H E  P E L A T I O N S H I P S  BETWEEN T H E  LUNG , 

C  F R A C T I O N S  AND AMAD V A L U E S  ARE THOSE PRESENTED I N  WASH-1400-  - 
L 

L O G I C A L  F L A G  
COMMON /RE SOP/  D 3  D 4  r 05 
COMMON / A L E R T /  F L A G (  6 )  
P ( T ) = l  -0-0.5*( ( ( ( O ~ 0 1 5 5 2 7 * T + ~ O O 0 3 4 4 ) * T + ~ 1 1 5 1 3 4 ) * T + ~ 1 9 6 8 5 4 ) * T  

00~1~J .=1 ,6  
i FI.AG( J )=.FALSE 

C F L A G '  I S  A  WARNING !NL)ICATOR TO S I G N A L  I H A l '  '!'He G I V E N  V A L U E  O F  
C  A  A D  EXCEEDS T H E  RANGE F O R  h H I C H  T H E  F U N C T I O N A L  R E L A T I O N S H I P  IS KNOWN- 
C It SUCH A  C A S E *  T E E  BOUNDAPY V A L U E  I S  S U B S T I T U T E D  FOR T H E  G I V E N  
C AMAD. 

I F ( A M A D  e G T -  0.0) GO T O  2 
D 3 = 0 - 0 2  
D 4 = 0 - 0 4  
D 5 = 0  - 9 4  
RETURN 

2 DO 100 I = l r 3  
I F ( 1  .CTe 1) 60 TO 15 

C NASAL-PHARYNX 
I F ( A M A D  .LT. 0 - 2 )  GO TO 5 
QO T O  1 0  

5 U0=- 0 698970 



T l = P P T ( W W (  0 0 5 0 )  I 
I F ( A M A D  O L E .  20.0) GO T C  50 
AMAD=20.0 
F L A G (  I C A S E  )=.TRUE. 
GO T O  5 0  

15 C O N T I N U E  
I F ( I  .GT. 2 )  GO T O  35 

C TRACHED-BRONCH I A L  R E G  I O N  
I F ( A M A D  .LT. 0.2) GO T O  20  

- ~ .  -~ - 

U l = - 1 . 0  
T O = P P T (  WW( 0.08) 1 
T l = P P T ( W W (  0.17)) 
I F ( A M A D  .CEO 0.1) GO T O  50 
AYAD=O. 1 
F L A G  ( I C A S E  )=. TRUE. 
GO T O  5 0  

30 UO=1.0 
U 1 = 1 . 3 0 1 - 3 0  
TO=PPT(WW( 0.08) 
T l = P P T ( W W (  0.03) 1 
I F ( A M A D  O L E .  20 .0 )  GO T O  50 
AMAD=2O.O 
F L A G (  ICASE)= .TRUE.  
GO T O  5 0  

35 C O N T I N U E  
C P U L M O N A R Y  R E G I O N  

IF (  I .EQ. 2) D 4 = X  
I F (  I .EQ. 3)  0 5 = X  

100 C O N T I N U E  

S U B R O U T I N E  DOSPUN(  I C A S E  
D O U B L E  P R E C I S  I O N  NAMNUC sNAMSOU s N A M T R G  
R E A L  A W I G L ( 2 0 . 2 7 )  .ALEvCL( 20.271 s L W i s T I M E ( 1 1 )  s R E G M A S ( 3 )  
R E A L  L M A m L M B s  L M C s L M D * L M E s L M F - L M G  L M H L M I  
R E A L  L M L U N G s L M G I  s L M A B  s L W B D A B  
R E A L  L U N O O S  
R E A L  A G E N E T (  2 0 . 2 7 1  

c****************** ..................................................... 
P E A L  A W ( 2 0 . 1 2 )  

C******8***********+*********+***4*AQ***********************4*********** 
L O G I C A L  D E F A U T  
L O G I C A L  SNP ~STBIS S P r  S L s  S T B 2 9 S G I  .SEND.STEADY 
COMMON / G E N E T C /  D O S T E S (  2 s  6 )  s D O S O V R ( 2  s 6 )  * D O S G O N ( 2 s  6)  
COMMON / P E R C N T /  P C T D O S C  1.6 .27.131 . P C T D R T (  2 . 6 . 2 7 * 1 3 )  



COMMON / P A D A T /  C M P ( 2 0 )  ERANCHt 2 0 . 2 0 )  
COMMON /SWITCH/  SNPmSTBl *SP*SL(2 ) *STB2(2 )  s S G 1  
COMMON / L E V E L q /  Y N P ( 2 0 * 2 ) . Y l T B ( 2 0 * 2 ) 1 Y 2 T B ( 2 0 . 2 ) .  

S Y P ( 2 0 * 4 ) * Y L ( 2 0 . 2 ) * Y S (  2 0 )  * Y S I ( 2 O ) * Y U L I ( 2 0 )  * 
3 Y L L I  ( 2 0 )  s Y O P G ( 2 0 . 5 s  16 

COMMON /CUMACT/  Y N P W ( ~ O . ~ ) * Y ~ T B W ( ~ ~ S ~ ) ~ Y ~ T B W ( ~ O * ~ ) .  
3 Y P W ( 2 0 . 4 )  * Y L W ( 2 0 * 2 )  * Y S W ( 2 0 )  . Y U L I U ( 2 0 )  
S Y L L I W ( 2 0 )  * Y O P G W < 2 0 * 5 *  16) 

COMMON /NUMBPS/ N S P E C s N I O U s N T R G  ' 

COMMON /NAMES/ N A M N U C ( 2 0 )  * N A M S O U ( 2 4 ) * N A M T R G ( 2 7 )  
COMMON /CASES/  NCASESmMODE(6)  * T E N D (  6) e N I N T ( 6 )  * T I  ( 6 - 3 0 )  

3 P (  6 .30 ) .  ISOL(~.~O)*AMAD(~)SDEFAUT(~) * F L U N G ( 6 * 9 * 2 0 ) s  
3 L M L U N G ( 6 * 9 * 2 0 ) * F 1 ( 6 * 2 C )  s G I F R A C ( 6 * 2 O s 4 )  

COMMON I T Y M E /  T S T E P ( 6 )  
COMMON /HALGES/  J C A S E  
COMMON /ORGDAT/ N C O M P ( ~ C ~ ~ ~ ) . C ( ~ O ~ ~ S ~ ~ ) ~ L M B O A ~ ( ~ ~ . ~ . ~ ~ ) .  

3 F2PRIMf20.161 - - - . - - - - - - . 
COMMON /DOSES/  DOSE(  2 r 6  *24* 15) . D O S R A T ( 2 * 1 1  9 6  ~ 2 7 ) *  DOST I M ( 1 1 )  
COMMON /SF A C T 1  S(  2 e 2 0 . 2 4 9  15) 
COMMON / L E T /  R L E T  
COMMON /N lJHTI  M /  N T I M F S  
COMMON / S T E P S F  N S T E P S t  6 
COMMON / G I  / L M G I (  4 ) r L M A e (  20.4)  
COMMON /LUNGRG/ LUNDOS(  29 6.3) 
DATA T I M E / 3 6 5 . O *  1095.6? 2 1 9 0 - 0 ~ 4 3 8 0 ~ 0 ~ 7 3 U O ~ U ~ 1 U 9 5 U ~ O  s15330-0* 

S 1 A Z 5 0 e O s  2 U 4 4 U - U  * 2 3 5 3 U - 0 * 3 l T S S - O 0  
D A T A  P E G M A S / 3 2 e O r 4 0 - O r 5 7 0 e O /  

C 

C N O T I F Y  S U B R O U T I N E S  H A L  AND GES WHICH C A S E  I S  CURRENT 
C THROUGH COMMON BL0C.K /HALGES/  ( H A L  RETURNS T H E  I N T A K E  
C R A T E  BY  I N H A L A T I O N *  G E S  B Y  I N G E S T I O N )  

JCASE= 1CASE 
C 
c COMPUTE NUMBEROF TIME STEPS (NSTEPS) INTO wnrcn THE INTEGRATION 
C I N T E P V A L  I $  TO BE S U B D I V I D E O m  - 
C 
C NUMBER O F  S T E P S  I S  F I X E D  F O R  T H I S  V E R S I O N  OF DOSRUN ( € P A )  B Y  T I -€  
C V A R I A B L E  N S T E P S (  I C A S E )  - 
C 
C N T I M E S  I S  THE NUMBER O F  T I M E S  F O P  WHICH DOSE P A T E S  A P E  T O  B E  
C GOMPUTED. THE  T I M E S  ARE S P E C I F I E D  I N  T H E  ARRAY T I M E (  N T 1 M E S ) s  
C T H E  EPA C A I R O  PROGRAM ACCEPTS A MAXIMUM OF 9 DOSE RATES. I N  
C A D D I T I O N  T Q  T H E  9 DOSE P A T E S  S E L E C T E D  F O R  USE I N  THAT  PROGRAM* 
C WE W I L L  C A L C U L A T E  THE DOSE RATES A T  50 AND 7 0  YEARS-  

N T I M E S = 1 1  
c 
C I N I T I A L  C O N D I T I O N S - *  S E T  T C  ZERO A'LL ARRAYS I N  / L E V E L S /  
C BLOCK AND A W I G L e  

NS=NSOU - 6 
NSS=NSOU + 5 
NS3=NSOU + 3 
DO 30 I S P E C = l  .NSBEC 

Y S (  ISPEC)=O.O 
Y S I (  ISPEC)=O.O 
Y U L I  ( I S P E C )  =OeO 
Y L L I ( I S P E C ) = O . O  
DO 5 J=1*2 

Y N P ( I S P E C s J ) = O - 0  
Y l T B (  I SPEC.J)=OsO 
Y 2 T B ( I S P E C s J ) = O - 0  
Y L (  I S P E C .  J )=0 .0  

DO 1 0  J=1.4 
Y P C I S P E C *  J )=O  - 0  

10 C O N T l N U E  
00 15 J = L * N S 3  

AW I G L (  I S P E C o  J )=O.O 
1 5  C O N T I N U E  

DO 17 J = l * N S 3  . 
Al. .EVFI  I T S P E t s  J )=Om0 
A t i t N t T t  i S P E C s ~ ) = O s O  

17 C O N T I N U E  
C** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

DO 16 J= l r12  
AW ( I SPEC. +)=O-0 

16 C O N T I N U E  
C**************************************************************** 

DO 2 5  K = l * N S  



NC=NCOMP< 1SPEC.K) 
DO 2 0  J = l . N C  

YORG( ISPEC.  J.K)=O.O 
2 0  C O N T I N U E  
2 5  C O N T I N U E  . 
30 C O N T I N U E  - 

C 
C SWITCHES SNP.....SGI I N D I C A T E  E X H A U S T I O N  OF T H E I R  R E S P E C T I V E  
C  COMPAPTMENTS. SEND I N D I C A T E S  F I N A L  E X H A U S T I O N  O F  . A L L  F E E D E P  
C  COMPARTMENTS AND HENCE T H E  I N T E G R A T I O N  F O R  OTHER ORGANS MAY 
C  EE COMPLETED I N  ONE F I N A L  STEP. S E T  A L L  OF T H E S E  S W I T C H E S  
C  I N I T I A L L Y  TO .FALSE-.  

SNP=.FALSE. 
STBl= .FALSE 
SP= FALSE.  
S L (  1 )=.FALSE. 
S L ( P ) = e F A L S E -  
S T B 2 (  1 )=.FALSE. 
S T B B (  2  )=.FALSE- 
IF (MGIDE(  I C A S E )  .EQ. 1) Q) TO 31 

SNP= TRUE 
STBl=.TPUE. 
SP= TRUE 
S L (  I )=.TRUE- 
S L (  2 )=.TRUE. 

L 
C SET G.1. ABSORPTION R A T E  PARAMETER LMAB.. 

DO 3 5  I S P E C = t  sNSPEC 
DO 35 I S E G = l . 4  

TCMP=AMI N l (  O e 9 5 * G I F R A C (  I C A S E  s I S P E C *  I S E G )  1 
L M A B (  I S P E C e  I S E G ) = L M G I  (I SEG) *TEMP/(  1 -0 -TEMP)  

35 C O N T I N U E  
INDEm=1  
NSTPS=NSTEPS(  I C A S E  
DO 7 5  I N T E R V * l  . N S T P S  

T l = F L O A T (  I N T E P V - 1 )  *TSTEP(  I C A S E )  
T 2 = F L O A T (  I N T E R V )  * T S T E P (  I C A S E )  

c--------------------------------------------------------------- 
C I N V O K E  S T E P  TO ADVANCE T H E  I N T E G R A T I O N  FROM T I  T O  T 2 e  c---------------------------------------------------------------- 

C A L L  S T E P ( T l . T 2 . M O D E ( I C A S E ) )  c-------------------------------------------------------------- 
C ACCUMULATE C U M U L A T I V E  A C T I V I T Y  A W I G L  I N  SOURCE T ISSUES.  c--------------------------------------------------------------- 
.- DO 70 I S P E C = l  .NSPEC 
L 
C O M I T  RESPIRATORY C O N T R I B U T I C N S  I F  T H I S  I S  AN  I N G E S T I O N  CASE. 

- I F ( M O D E ( 1 C A S E )  ONE. 1) GO T O  55 
L 
C .MICROCURIE-DAYS I N  LUNGS ( N P  + T B  + P). l 

A W I G L t  ISPEC.1  )=AW I G L ( 1 S P E C e  l ) + Y N P W (  I S P E C I ~ )  +YNPW( x s P E c * 2 )  
% +Y 1TBW( I S P E C I ~ ) + Y ~ T B W ( I S P E C I ~ )  
% +Y2TBW( I S P E C  11 +Y2TBW( ISPEC.2 )  . 
% +YPW( I S P E C . 1  )+YPW( I S P E C s 2 ) + Y P W (  I S P E C s 3 )  
s +YPW( ISPEC.4  ) - -  . 

c ~ICPOCUPIES IN LUNGS (NP + TB + PI .. 
& L E V E L (  1SPCC. l  ) n Y N P (  I 3 P e C * 1  ) + Y N P ( I S P C C * Z )  

S + Y l T B ( I S P E C .  1 ) + Y l T B ( I S P E C . 2 l  
3 + Y 2 T B (  I SPEC. 1 + Y 2 T B (  I SPEC .2 

. % +YP(ISPECsll+YP(ISPEC~2)+YP(ISPEC*3) , 

3 +YP(  I S P E C r 4 )  
C  

. C  MICROCUR I € - D A Y S  I N  NPI TBI AND P REGIONS.. 
AWIGL( ISPECINSOU+l )=AWTC;L( ISPEC.NSOU+l )  + Y N P W ( I S P E C * l )  + 

C M I C P O C U P I E S  I N  NP. TB. AND P  REG1ONS.e 
A L E V E L ( L S P E C . N S O U + I ) = Y N P ( I S P E C s l )  + Y N P ( I S P E C . 2 )  
A L E V E L (  I S P E C * N S O U + 2 ) - Y 1 T B t  I S P C C s 1 )  + Y l T B ( I S P E C . 2 1  + 



C 

C M I C R O D U R I E - D A Y S  I N  L Y M P H  (L).. 
AWIGL(ISPEC~2)=AWIGL(ISPEC~2)+YLW(ISPEC~l ) + Y L W ( I S P E C * 2 )  

C MVCROCURIES  I N  L Y M P H  ( L 1 . e  
A L E V E L <  I S P E C  *2 )=YL (  I SPEC 9 1) + Y L  ( I SPEC 9 2 )  

55 C O N T I N U E  
C 
c MICROCURIE -DAYS I N  Go 11 SEGMENTS ( S s S I * U L l * L L I  ).. 

A W I G L (  I S P E C * 3 ) = A W I G L t I S P E C * 3 ) + Y S W (  I S P E C )  
A W I G L t  I S P E C * 4 ) = A W  IGL(ISPEC*4)+YSIY(ISPEC) 

, A W I G L (  I SPEC mS)=AW IGL(ISPEC*5)+YULIW(ISPEC) 
A W I G L (  I S P E C m 6 l = A W  I G L (  I S P E C * 6 ) ~ + Y C L I W (  1 S P E C )  

C MICROCUR I E S  I N  Go  I. SEGMENTS ( S* S I  s U L 1  *LLI 1. 
ACEVEL(  I S P E C s 3 l = Y  S( I SPEC) 
A L E V E L t  I S P E C * 4 ) = Y  S I  ( I S P E C )  
A L E V E L t  I S P E C s  51=YCA,I  ( I S P E C )  
A L E V E L (  I S P E C . 6  = Y L L I  ( I S P E C )  

t 
t MICPOCUP I E - D A Y S  I N  OTHEP SOUFCE OPGANS.. 

DO 65 I S O V = 7 * N S O U  
NC=NCOMP( I S P E C  I S O L b 6 )  
DO 63 l C = l  sNC 

AWIGL(ISPEC. ISOU~=AWIGL~ ISPCC~ ISOU~  
% +VOPCW( I  SPEC+ I C I I S O U - 6 )  

6 3 C O N T I  NUE 
6 5 CONTINUE 

C M I C R O C U R I E S  I N  OTHER SOURCE ORGANS.. 
DO 67 I S O U = 7 * N S O U  

A L E V E L ~  a s P E c  * ISOU) =o. o 
NC=NCOMPf I S P E C  I S O U - 6 )  
DO 66 I C = l s N C  

A L E V E L (  I S P E C *  I S O U ) = A L E V E L (  I S P E C *  I S O U )  
S +YORG( I SPEC*  I C *  I SOU-6) 

66 CONT I NUE 
6 7 C O N T I N U E  ' 

C*************************$****  ****************************************a** 
C ACCUMULATED A C T I V I T Y  F O R  PATHWAYS A THROUGH L o .  

I F ( M O O E (  I C A S E )  ONE. 1 1  GO T O  71 

AW(,ISPEC. 10 )=Aw(  ISPEC .IO)+YLW(ISPEC*~) 
AW(1SPECr  - A W ( I S P E C  *11 ) + Y 2 T B W t I S P E C . l )  

- A W (  ISPEC * 1 2 1 + ~ 2 ~ r ~ w t ~ s r e ~ : ~ 2 j  AWI  I S R E C *  111' 
7 1 ' '"NT 'MI IE 

A W ~ I ~ P E C . ~ ~ ~ = A W ~ ~ ~ P E C I S ) + ~ W ~ I S P E C . ~ )  
AW(, ISPEC* 10 )=AW( ISPEC s l O ) + Y L W ( I S P E C * 2 )  
AW(1SPECr  - A W ( I S P E C  * I 1  ) + Y 2 T B W t I S P E C . l )  

- A W (  ISPEC * 1 2 1 + ~ 2 ~ r ~ w t ~ s r e ~ : ~ 2 j  Aw, xsmc. 111; 
71  ' C O N T I N U E  

c* ........................................................................ 
C 
C I F  T 2  I S '  3 0  Y E A R S *  STORE ACCUMULATED A C T I V I T I E S  FOP C A L C U L A T I O N  OF 
C G E N E T I C  DOSE COMMITMENT.. 

I F  ( T 2  ONE. 10950 . )  GO T O  70' 
DO 68 I S O U = l s N S O U  

AGENET(  I S P E C . I S O U ) = A W I G L (  I SPEC. I S O U )  
6 8  C O N T I N U E  
70 C O N T I N U E  

C c---------------------------------------------------------------------- 
C OCTCRMINE IF  T a  16 O N E  O F  THE S€I.FCTFn T I M F S  AT WHICH DOSE 
C R A T E S  SHOULD BE CALCULATED.  I F  S O *  COMPUTE A M A T R I X  OF DOSE 
C P A T E S  T O  A L L  T A P G E T  OPGANS AT T2. 

c---------------------------------------------------=aa-------------- 
IF  ( T 2  mNE l T IME(  I N D E X )  1 GO T O  75 
UQ ' T O  I T R G = l i N T R B  

D O S R A T t ' l  s I N D E X *  I C A S E *  ITPG)=O.O 
D O S R A T ( 2  * I N D E X *  I C A S E *  ITRG)=OoO 
DO 77 I S P E C = l * N S P E C  

DO 76 I S O U = l r N S O U  
I F  ( I S O U  oEO. 7 )  GO TO 76 
DOSRAT(  1 s  I N D E X *  I C A S E * I T P G ) = D O S P A T ( l  * I N D E X *  I C A S E *  I T P G ) +  



I F  ( N L E T  eEQe 2 )  
S D O S R A T ( 2 s  I N D E X *  I C A S E *  I T R G ) = D O S R A T ( 2 *  I N D E X  I C A S E r  I T R G ) +  
S S ( 2 r  I S P E C *  I T R G * I S O U ) + A L E V E L (  I S P E C * I S O U )  

7 6  C O N T I N U E  
7 7  C O N T I N U E  

DOSRAT(1 .  I N D E X .  I C A S E *  ITRG)=DOSRAT(  l * I N D E X * I C A S E s  I T P G ) * 3 * 6 5 € + 0 5  
D O S R A T ( 2 * I N D E X *  I C A S E s  I T R G ) = D O S R A T ( 2 s  I N D E X *  I C A S E *  I T R G )  + 3 * 6 5 E + 0 5  

7 8  C O N T I N U E  
C'----------------------------------------------------------------- 
C COMPUTE DOSE R A T E S  FOR R E G I O N S  OF THE R E S P I R A T O R Y  T R A C T *  
r------------------------------------------------------------------ - 

I F  (MODE( I C A S E )  eNEe  1) GO TO 81 
DO . 8  1 I L E T =  1 N L E T  
DO 80 IREG=1 .3  

NTRGP=NTRG. + I R E G  
NSOUP=NSOU + I R E G  
D O S P A T ( I L E T s I N D E X *  ICACE*NTRGP)=OeO ' 

DO 79 I S P E C = l  .NSPEC - - - -  - -  

D O S R A T ~  ILET. INDEX. ICASE*NTPGP)=DOSPAT(ILET*INDEX* ICASE~NTPGP) 
S + A L E V E L (  I S P E C *  NSOUP)*S(  I L E T *  I SPEC* 1 r 1 ) * 1 . 0 0 0 0  O/REGMAS( I R E G )  

I F  ( I P E G  -NE. 3) GO T O  79 
DOSRAT~ILET.INDEX.ICASE~NTRGP~=DOSRAT~ILET~INDEX~ICASE~NTRGP~ 

S + A L E V E L (  I S P E C . 2 )  * S ( I L E T ~ I S P E C ~ 1 ~ 2 ~ + l O O O e O / P E G M A S ~ I P E G ~  
DO 8 2  I S O U = 3 * N S O U  

I F  ( I S O U  eEQe  7 ) .  GC T O  8 2  
DOSPAT(  I L E T .  I N D E X  s 1CASE.NTPGP) =DOSRAT1 I L E T *  I N D E X  I C A S E s N T R G P )  - - -  

S + ALEVEL(ISPEC*ISOU)*S( I LET* ISPECS~  s I S O U )  
8 2  C O N T I N U E  
7 9  C O N T I N U E  

D O S R A T ( 1 L E T s  I N D E X *  I C A C E s  N T R G P ) = D O S P A T ( I  L E T *  I N D E X *  I C A S E e N T P G P )  
S *3 .65€+05  

8 0  C O N T I N U E  
8 1  C O N T I N U E  

D O S T I M ( I N D E X I = T 2 / 3 6 5 *  - - -  - - - - ~ -  c----------------------------------------------------------------- 
C I F  NSPEC > 1. COMPUTE PERCEKT OF T O T A L  DOSE R A T E  I N  T H E  7 0 T H  YEAR 
C  TO E A C H  ORGAN DUE T O  E A C H  S P E C I E S  I N  T H E  C H A I N *  
C-----r----------------------------------------------------------- 

I F  ( D O S T I M ( 1 N D E X )  e N E e  7 0 - 0 )  GO T O  508 
I F  ( N S P E C  e E Q *  11 GO TO 5 0 8  
DO 5 0 4  I T P G = l  WNTPG 

. ' DO 503 I S P E C = l  s NSPEC 
DO , 5 0 2  I L E T m l  v N L E T  

PCTDRT(  I L E T *  I C A S E  s I T R G *  I S P E C ) = O * O  
DO 501 I S O U = l s N S O L  

I F  ( I S O U  e E Q *  7 )  GO TO SO1  
P C T D R T (  I L E T *  I C A S E *  I T R G * I S P E C )  =PCTDRT(  I L E T s  I C A S E *  I T R G s  I S P E C )  

3 + S(ILETsISPEC~ITRG*ISOU)*ALEVEL(ISPECm I S O U )  
501  CONT I N U E  

5 0 2  C O N T I N U E  
5 0 3  C O N T I N U E  
5 0 4  C O N T I N U E  

C PERCENT DOSE R A T E  TO N P *  T B *  AND PULMONARY R E G I O N S * *  
I F  (MODE( I C A S E )  eNEe 1) GO TO 508 
00 5 0 A  I R E G = l  9 3  

NTRGP=NTRG + I R E G  
NSOUP=NSOU + I P E G  
DO 5 0 7  I SPEC=I* NSPEC 

DO 5 0 6  I L E T = f  * N L E T  
PCTDRT(  I L E T r  I C A S E  .NTRGP* ISPEC)=(ACEVEL(ISPEC~NSOUR) 

S * S ( I L E T * I S P E C * l  r l ) * l O O O ~ O ~ E G M A S ( I R E G ) )  * 100-0 
3 /DOSFAT(  I L E T *  I N C E X * I C A S E * M R G P ) + 3 * 6 5 E + O 5  

I F  (IPEG eNE. 3 )  GC TO 506  
PCTDRT ( I L E T *  I C A S E r  ~ T R G P s  I SPEC)  =PCTDRT( ILETs ICASEsNTRGPs I S P E C )  

S +ALEVEL( ' ISPEC.  2 ) * I (  I L E T *  I S P E C *  1 * 2 ) * 1 0 0 0 e  O/FEGMAS( I P E G )  

DO 505 I S O U = S * N S O U  
I F  ( I S O U  eEQe 7) GO TO 505 

' 

P C T D R T t  L E T *  I C A S E  sNTRGPs I S P E C ) =  
% P C T D R T t  I L E T *  I C A 8  s N T R G P s I S P E C )  + A L E V E L (  I S P E C S  I S O U )  
B * S < I L E T * I S P E C *  1 ~ I S O U ) * I O O e O / D O S R A T ( I L E T ~ I N D E X ~ I C A S E ~ N T R G P )  



5 0  5 CONT I N U E  
506 C O N T I N U E  
5 0 7  C O N T I N U E  
5 0 8  C O N T I N U E  

C******** .................................................. ************* 
C OUTPUT A C T I V I T I E S  I N  A U  SOUPCE COMPAPTMENTS T O  P E R M I T  F U T U R E  MANUAL 
C AGE-DEPENDENT C A L C U L A T I O N S  . B Y  V A R Y I N G  T H E  S-FACTOR') I F  DESIRED.. 
C****************************1******************************************  

W R I T E (  1 7 ~ 3 1 0 )  NAMNUC(1 )  * D O S T I M (  I N D E X )  * I C A S E ~ T S T E P ( I C A S E )  
I F  ( N S O U  .GT. 1 2 )  GO TO 302 
W P I T E (  17.320) (NAMSOU( I S O U )  s I S O U = l  sNSOU)  
DO 301 ISP€C=L*NSPEC 

W R I T E ( L 7 * 3 3 0 )  NAMNUCt I S P I X )  * ( A L O I E L ( I S P E C *  I S O U )  s I S O U = l * N S O U )  
101 C O N T I N U E  

GO T O  304 

DO-303 -ISPEC= ~.NSPEC 
W R I T E (  1 7 . 3 3 0 )  NAMNUCt I S P E C )  9 ( A L E V E L (  I S P E C r  I S O U )  . I S O U = l  12) 

303 C O N T I N U E  

~. 
U Q I T E ~ ~ ~ . $ & Q ) - ~  
NSOUl=NSOU + 1 
NSOUJ=NSOU + 3 
DO 305 I S P E C =  1sNSPEC 

W P I T E ( 1 7 * 3 3 0  )NAMNUC( I S P E C )  A L E V E L (  I S P E C *  JSOU)  * JSOU=NSOUl  sNSOU3)  
2 0 5  C O N T I N U E  
310 F O R M A T ~ ~ O * ~ 6 0 X ~ A 8 ~ / ~ 4 6 X ~ ' M I C R O C U R I E S  A 1 ' * F 4 . 0 s 0  Y E A R S  F O R  '9 

S ' C A S E  - I 2 . / - 5 1 X .  ' ( T I M E  S T E P  =*.Fb.O. D A Y S ) ' )  

L 
I N D E X =  I N D E X + l  

75 C O N T I N U E  

E C A L C U L A T E  T H E  ACCUMULATED DCSE TO T E S T E S  AND O V f i P I E S  T O  AGE 30 
C FOR G E N E T I C  CALCULATIONS. .  

DO 155 I L E T z l r N L E T  
B O S T E S (  1 L @ T  l I e A 3 E ) n O a  0 

' D O S O V R ( I L € T * I C A S E I = O .  0 
DO 154 I S O V = l * N S O U  

I F  ( I S O U  .EQo 7) GO T O  1 5 4  
DO 1 5 3  16PECml .NSPEC 

DOSTES(  I L E T m I C A S E  ) n D O S T E S ( I  L E T  v I C A S E )  + 
S St 1Lt l  ISlJtC..21 I Y U U I  Z A b t N t l  l l S P t C .  ISUU) 

DOSOVRc IL€T,ICASE ) = D O S O V ~ ~  ICETS ICASE) + 
s St ILEP. I S P E C . i 3 .  t s O u )  .* A C E N E T ( ~ S P E C .  1SW) 

153 C O N T I N U E  
1 5 4  C O N T I N U E  

DOSTES( ILET. ICASE)=DOSTES(  I L E T * I C A S E )  * 1. OE+03 
DOSOVR( ILET. ICASE)=DOSOVR( I LET* ICASE) * I.OE+O~ 
DOSGON(ILET~ICASEA=(DOSTES(ILET~ICASE) + D O S O V R ( I L E T * I C A S E ) ) / 2 . 0  

155 C O N T I N U E  
C 

. . 
. Z  FOR EPA C A L C U L A T I O N S I  THE ACCUMUL.ATED'DOSE IS NOT OF INTEREST SINCE 
C WE ARE CONCERNED W I T H  T H E  D C S E  R A T E S  AT  V A R I O U S  T IMES.  THEREFORE. 
C WE W I L L  B Y P A S S  T H I S  C A L C U L A T I O N  F O P  T H I S  A P P L I C A T I O N .  
b ~. - -  

~ ~ 

G ~ - T O  4 1 0  
C 
C----s-----------------------------------r------------ 
C CQMPUTE THE TARGET-SOURCE DCSE M A T R I X  F O R  T H E  CURRENT CASE. .. 

DO 100 I L E T = l  < W E T  . 
DO 95 I SOU= 1 NSOU 

. DO 90 I T R 6 f  1 9  N T R G  
D O S E t  I L E T .  I C ~ S E I  I T R G *  I S O U ) = O * O  
DO 89 I S P E C = I  mNSPEC 

DOSE[  I L E T  s I C A S E  . ITRGs I S O U ) = D O S E ( I L E T ~ I C A S E s  I T R G r  I S W )  



% +S( I L E T s I S P E C  * I T P C * I S O U ) * A W I G L (  I S P E C *  I S O U )  
8 9 CONT I N U E  
90 C O N T I N U E  . 

1 0 0  CONTINUE 
OOSE T O  I N D I V I D U A L  R E G I O N S  OF THE LUNGo 

I F  ( M O D E ( 1 C A S E )  O N E -  1 )  GO TO 103 
DO 103 I L E T = l * N L E T  

NSO P-NSOU + I R E G  
L U N L S '  ~ET.ICASE. IREC)=O.O ' - - . . - - - - - - - . - - - - - . - - - . . 
DO 101 I S P E C = l s N S P E C  

LUNDOS< I L E T s  I C A S E s I R E G ) = L U N D O S (  I L E T s  I C A S I  R E G  + 
S .  A W I G L ( I S P E C s N S O U P ) * S (  I L E T s I S P E C * l  ~ l ~ * l O O O ~ O / R E G M A S ( I R E G )  

I F  ( I P E G  O N E -  31 GO TO 101 
LUNDOSC I L E T *  I C A S E v I R E G t  =LUNDOS(  I L E T s  I C A S I  R E G  + 

3 AWIGL(ISPEC~2)*S(ILET~ISPECs1~2)*lO00~O/PEGMAS<1PEG) 
DO 105 ISOU=3sNSOU 

IF ( I S O U  .EQ. 7 )  GO T O  105 
LUNDOS(  I L E T *  I C A  E 9 IPEG)=LUNDOS(  I L E T *  I C A S E *  I R E G )  + 

S A W I G L ( I S P E C s I L U ) * S ( I L E T r I S P E C *  I * I S O U )  
1 0 5  CONT I N U E  
101 C O N T I N U E  
1 0 2  C O N T I N U E  
1 0 3  C O N T I N U E  - - - - - - - - c----------r----t----------------""'---------------------------------- 

C .COMPUTE T O T A L  DOSE TO E A C H  TAPGET ORGAN. cT-7-C--------TT---------------------------------------------- 
NSOUI=NSOU+I. 
DO 3 8 0  I L E T = I s N L E T  

D O  3 7 4  I T R G = l . N T R G  
DOSE( I L E T s  ICASE.  I T R G *  NSOU1 )=OoO 

. . DO 375 I S O U = l v N S O U  
IF (  f SOU .EO. 7 )  G C  T O  375 
DOSE( ILET~ICASEsITPG~NSOUl)=DOSE( I L E T *  I C A S E s  I T R G s N S O U l )  

S + D O S E ( I L E T * I C A S E *  I T R G s  I S O U )  
C O N T I N U E  . 375 

3 7 4  C O N T I N U E  
3 8 0  C O N T I N U E  c---------------------------------------------------------------- 

C I F  NSPEC I S  GREATER THAN .1* COMPUTE PERCENT OF T O T A L ,  DOSE T O ' E A C H  
c TAPGET O P G A N  DUE TO EACH SPECIES OF THE CHAIN. c----------------------------'-'----------------------------------- 
. . J F ( N S P E C  .EQ. 1) GO T O  2 1 0  

DO 2 0 3  I T R G = 1  *NTRG 
: DO 2 0 2  I S P E C = l * N S P E C  

00 2 0 1  I L E T = l * N L E T  
PCTDOS(  I L E T  s . ICASE*  I T R G *  I SPEC )=O.O 

00 2 b 0  I S O U = l * N S O U  
~ F ( I S O U  .EQ. 7) GO TO 2 0 0  
PCTDOS(ILET~ICASE~ITRG~ISPEC)=PCTDOS(ILET~ICASE~ITRGIISPEC)+ 

B S t  I L E T .  I S P E C s I T P G * I  S O U ) * A W I G L ( I S P E C * I S O U I  - .  - - -  ~ - 

2 0 0  C O N T I N U E  
I F  (DOSE(  1 L E T . I C A S E  * I T R G s N S O U l )  ..EQo 0.0) 

S PCTDOS(  ILETsICASE.ITRG~ISPEC)=O~O 
IF (DOSE( ILET IICASE .ITRG~NSOUI) .EQ. 0.0) GO TO 201 
PCTOOS(ILET~ICASEsITRG~ISPEC)=PCTDOS(ILETsICASE~ITRGsISPEC) 

B 810O.~/DOSElILET~ICASE~ITRGsNSOU1) 
2 0 1  C O N T I N U E  
303 C n N T l N U E  --- - - - - .  
2 0 3  C O N T I N U E  
PERCENI '  V U S t  1U N P *  'rb* AND PULMONARY R C G I O N S 6 r  

I F  (MODE( I C A S E )  ONE. 1) GO T O  206 
40 2 0 6  IREG=1 .3  

NTRGP=NTRG + I R E G  

DO 2 0 4  I L E T Z I  * N L E T  
PCTDOS(  I L E T  I I C A S E  sNTPGPs I SPEC)= (  A W I C L (  I S P E C s N S I l U P b  

*S( I L E T .  I SPEC s I 9 1  ) *10000 O/REG) * 1 0 0  00 
/LUNDOS(  I L E T *  I C A S E * I R E G )  

I F  ( I P E G  ONE. 3 )  GC TO 2 0 4  
PCTDOS(  I L E T *  I C A S E .  NTRGPs I SPEC)=PCTDOS( ILETs ICASEsNT 

+ A W I G L ( I S P E C * 2 ) * S (  ILETsISPECs1~2~*lOOO~O/PEGMAS~ I 
RGP*  I S P E C )  
P E G )  

B *lOO.O/LUNDOS( I L E T *  I C A S E *  I R E G )  
DO 2 0 7  I S O U - 3 s N S O U  

IF  ( I S O U  .EU. t l  GU r O  209 



P C T D O S (  I L E T *  I C A S E *  NTRGPs I S P E C ) =  
0 P C T D O S t  I L E T *  I C P S E * N T R G P * I S P E C )  + A W I G L ( I S P E C I I S O U )  
S * S (  I L E T *  !SPEC* 1. I S O U )  * l o o -  O/LUNDOS( I L E T s  I C A S E *  I R E G )  

2 0  7 C O N T I  N U E  
2 0 4  C O N T I N U E  
2 0 5  C O N T I N U E  
206 CONT INUE-p 

C*******************************+*********************************  
C OUTPUT ACCUMULATED A C T I V I T I E S  ON U N I T  16 F O P  L A T E P  REFERENCE. 
C**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

2 1 0  W R I T E  ( 16.9991) NAMNUC( 1) * I C A S E *  T S T E P (  I C A S E )  

GO T O  9005 
9 0 0 2  W P I T E (  16.9992) (NAMSOUt  I )  r l = 1  *12) 

DO 9003 I S P E C = I s N S P E C  
9003 W R I T E (  16.9993) NAMNUCt  I SPEC) s ( A W I G L (  I S P E C . 1 )  .1=1.12) 

DO 9 0 0 4  l S P E C = l . N S P E C  
9 0 0 4  W P I T E (  16.99931 NAMNUC(1  SPEC) s ( A W I G L (  I S P E C * I )  *1=13.NSOU) 
9005 W R I T E ( 1 6 . 9 9 9 4 )  

9 8 0 6  W R I T E (  1 6 . 9 0 9 3 )  N A M F l U C ( I E f S C )  o(AW( 1 6 P K C a I ) i I - I r l a ,  
9991 FORMAT(lHO~//~60X~A8r/r50X~'MICROCURIE;DAYS FOR C A S E  ' r I 2 * / * 4 5 X s  

. S ' ( T I M E  S T E P  FOR I N T E G R A T I O N  ='.Fb-O. D A Y S ) ' )  

9983 F O ~ M A T ~ ~ H  . A ~ + & X ~ l P l a E l f J . a /  
9994 FOPMAT(  l H O s  3 9 X .  'ACCUMULATED A C T I V I T Y  F O R  T G L M  PATHWAYS A  * r 

3 'THROUGH L g / / . 1 2 X *  ' A *  9 9 X * * B *  * 9 X * * C ' * 9 X *  ' D ' * ~ X S ' E ' S ~ X * * F ' * ~ X ~ ' G ' *  
s 9 X . * H ' . 9 X * * I * . 9 X * * J ' . S X * * K * . 9 X . * L * )  

c****+****i****&***i************sl******%********************************* 
4 1 0  PETUPN c--------------------------------------------------------------- 

' C  END OF DOSRUN c------------------------------------------------------------------ 
--.--.. -. ,.END 

- SUBPOUT I N E  S T E P (  T  1 . T 2  MCOE 
C 
C ADVANCES T H E  RESIDE~~CE T I M E  I N T E G R A T I O N  FROM T I M E  T I  TO T 2  (DAYS) .  
c n o D E  = 1 FOP INHALATION. = 2 FOR INGESTION. 

I N T E G E R  N C T E M P ( 2 0 )  
R E A L  L M G I ( 4 ) * L M A B < 2 0 ~ 4 ) * L M R ( 2 0 ) , ~ B P A N C H ( 2 0 ~ 2 0 )  
R E A L  G ( 2 0 ) * H (  2 0 )  
R E A L  LMBDAB . 
P E A L  L B ( 2 0 * 5 1 * C T E M P (  20 .5 )  s P T E M P ( 2 0 * 5 )  * Y T E M P O ( ~ O S ~ ) * Y T E M P ( ~ O * ~ ' ) *  

S Y T E M P Y ( L O s 5  
P E A L  LMA.LMB.LMC.LMD.LME* LMF*  L M G v L M H s L M I  
DOUBLE P R E C I S I O N  T  
L O G I C A L  SNPISTBI:SPSSLISTB~.SCI 
COMMON fSW I T C I . i /  a N P s S T 0  1. S P s 6 L (  P I  .GT82 (2 )  .CG I  
COMMON / L E V E L S /  Y N P ( 2 0 . 2 )  . Y l T 8 ( 2 0 * 2 )  * Y 2 T B ( 2 0 * 2 ) *  

S Y P ( 2 0 ~ 4 ) * Y L ( 2 0 ~ 2 ) ~ Y S ( 2 0 ) ~ Y S I ( 2 0 ~ * Y U L 1 ( 2 0 ) *  
3 Y L L I  ( 2 0 )  * Y O P G ( 2 0 * . 5 *  16 

COMMON /CUMACT/.  YNPW( 2 0  9 2 )  * Y l T B W (  2 0 * 2 ) ' * Y 2 T B W ( 2 0 * 2 )  s ' . 
S Y P W ( 2 0 . 4 )  * Y L W ( 2 0 * 2 )  s Y S W ( 2 0 )  * Y S I W ( 2 0 )  * Y U L I W ( 2 0 )  
S Y L L I W ( 2 0 ) * Y O P G W ( 2 0 . 5 ~  16) 

COMMON /OPGDAT/ N C O M P ( 2 C *  1 6 ) * C ( 2 0 * 5 ~ 1 6 )  s L M B D A B ( 2 0 s 5 ~ 1 6 )  
B F P P R I M ( 2 0 * 1 6 )  

COMMON /NUMBP S/ NSPEC .N SOU *hl'rRC 
COMMON / G I  / L M G I  * L M A B  
COMMOt4 / n A D h T /  LMR.B l3ANW 
COMMON /TGLM/ L M A ( 2 0 ) * L M B ( 2 0 ) r L M C ( 2 0 ) * L M D ( 2 0 ) r L M F ( 2 0 ) *  

S L M G ( 2 0 ) s L M H ( 2 0 )  * L M I (  2 0 )  
S F A ( 2 0 ) * F B ( 2 0 ) . F C ( 2 0 )  s F D ( 2 0 )  s F E ( 2 0 )  * F F ( 2 O ) * F G ( 2 0 ) s F H ( 2 0 )  s 
S F I ( 2 0 )  

COMMON / P E S O P I  D3wD4 *D5 
D E L T z T 2 - T I  
T = D B L E  ( 0  .5* ( T  1 + T 2 )  

C  
C  I F  T H I S  C A S E  I S  N O T  I N H A L A T I O N *  BRANCH TO I N G E S T I O N -  

I F t M O D E  a N E a  1) GO TO 1 2 0  
C  c----------------------------------------------------------------- 
C P E S P I P A T O P Y  TPACT ( T A S K  GPOLP LUNG MODEL FOR AEROSOLS)  
C--------------------------------------------------------- 
C 

C A L L  H A L ( T s H )  



C 
C NASOPHARYNGEAL R E G I O N  ( A  IB) c ---------- ----- ---., 
C I P A T H = 1  FOP A 
C = 2 ' F O R  B 

DO 10 I S P E C = l  sNSPEC 
C 
C INFLOW-RATE VECTOR P T E M P o -  I N I T I A L I Z E  T O  ZERO-  ' 

DO 4 I P A T H = l * 2  
PTEMP(  I S P E C *  I P A T H ) =  0-  0 

4 C O N T I N U E  
C 
C NUMBER. O F  SUBCOMPARTMENTS- - N C T E M P t  1 SPEC)=2  
C 
C SUBCOMPARTMENT F R A C T I O N S -  

CTEMP(  I S P E C  9 1 ) = F A (  I S P K  - CTEMP(  I S P E C  92 )=FB(  I SPEC)  
L 
C B I O L O G I C A L  CLEARANCE C O E F F I C I E N T S - .  

L B ( I S P E C * l ) = L M A ( I S P E C l  
L B (  I S P E C s 2 ) = L M B ( I S P E C  - 

L 
C I N I T I A L  C O N D I T I O N S -  

DO 5 I P A T H = I s 2  
YTEMPOt  1 SPEC. I P A T H )  =YNP( I SPEC I P A T H )  

5  CONTINUE^ 
10 C O N T I N U E  

C 
, 

c FIRST COMPONENT OF INTAKE VECTOR.. 
DO 1 4  I P A T H = l * 2  

P T E M P ( 1  s I P A T H ) = D J * H ~  11  
1 4  C O N 1  f N U E  

C ( A L L  OTHER COMPONENTS OF H ARE ZERO).  
C A L L  MULCOM ( D E L T s N S P E C  LMR .LB*CTEMPs NCTEMP. BRANCH. 
f PTEMP *YTEMPOsYTEMP *YTEMPW) 

C 
C MOVE OUTPUTS FOR A s 8  PATHWAYS-.  

DO 2 0  I S P E C = l  9NSPEC 
DO 1 5  I P A T H = 1 . 2  

YNP(  I S P E C * I P A T H ) = Y T E M P ( I S P E C * I P A T H )  
YNPW( ISPEC~IPATH)=YTEMPW<ISPECSIPATH)  

1 5  C O N T I N U E  
2 0  CONTINUE 
2 1  C O N T I N U E  

I F ( S T B 1 )  GO T O  41'  
* 
C 
c TRACHEOBRONCHIAL REGION ( C S D )  c ,,,-,-,--,,,-- ,,--- -,-- 
C I P A T H = I  FOP C 
C = 2  FOR D - W 30 I SPEC= l  eNSPEC 
L 

c INFLOW RATE'VECTOR-• 
DO 2 4  I P A T H = l s 2  

PTEMP(  I S P E C *  I P A T H ) = C - 0  
2 4  C O N T I N U E  

C 
E COMPARTMENT F R A C T I O N S .  

C T E M P ( I S P E C . 1  )=FC( I S P E C )  
CTEMP( I S P E C s 2 ) = F D (  ISPIX) 

C 
C B I O C O G I  C A L  CLEARANCE C B E F F I  C I  ENTS. 

L B ( I S P E C s l ) = L M C ( I S P E C )  . 
L B ( I S P E C ~ 2 ) = L M D ( l S P E C  

. C 
C I N I T I A L  C O N D I T I O N S - -  - - 

DO 2 5 . 1 P A T H = 1 * 2  
YTEMPOt  I S P E C .  I P A T H ) = Y  l T B (  I S P E C e I P A T H )  

25 C O N T I N U E  - 3 0  C O N T I N U E  
L 
C F I R S T  COMPONENT O F  I N T A K E  VKTOR-• 

00 34 I P A T H = l * 2  
P T E M P ( 1 .  I P A T H ) = D 4 * H (  1) . 

34 CONTINUE 
C A L L  #ULCOM(DELT.NSPEC. LMR *LB*CTEMPsNCTEMP*BRANCH 



S P T E M P *  YTEMPOIYTEMP sYTEMPW) 
C 
C MOVE O U T P U T S  F O R  ,CsD  PATHWAYS.. 

00 4 0  I S P E C = l  *NSPEC 
DO 3 5  I P A T H = l r 2  

Y 1 T B (  1 S P E C *  I P A T H  )=Y TEMP( 1 SPEC e I P A T H )  
Y 1TBWC I S P E C *  IPATH)=YTEMPW(  I S P E C *  I P A T H I  

35 C O N T I N U E  
40 CONTINUE- 

' 4 1  C O N T I N U E  
I F ( S P )  GO TO E l  

C 
c PULMONARY REGION. CE.F .G.H) c ------ ---- - -------- 
C I P A T A = l  FOP E 
C =2  FOR F 
C =3 FOR G 
C =4 FOR H 

DO 50 I S P E C = l  *NSPEC 
C 
C INFLOW R A T E  VECTOR.. 

DO 4 4  I P A T H = 1 * 4  
P T E M P t  I S P E C *  SPATH)=C-  0 

4 4  C O N T I N U E  
C 
C NUMBEP O F  SUBCOMPAPTMENTS. , 

e 
N C T E M ~ (  I  SPEC)=^ 

\r 

C SUBCOMPARTMENT FRACTIONS.  
CTEMPE I S P E C * l ) = F E C  I S P E C )  
CT€MP~ISPEC*~I=FF< ISPU) 
CTEMP(  I S P E C s 3 ) = F G C  I S P E C )  

. C T E M P ( I S P E C s 4 ) = F H C  I S P E C )  

E I O L O G I C A L  CLEARANCE COEFFICIENTS. 
L B C I S P E C *  I ) * M E <  I S P E C  
L B (  I S P E C s 2 l = L M F (  I S P E C )  
L B (  I SPEC 3) =LUG C I SPEC 
L B (  I S P E C * 4 ) = L M H (  I S P E C )  

L 
C I N I T I A L  CONDITIONS. .  

DO 4 5  I P A T H = l * 4  
YTEMPO( ISPEC* IPATH)=YP( ISPEC* IPATH)  

4 5  C O N T I N U E  
50 C O N T I N U E  

C 
C F I P S T  COMPONENT O F  I N F L O W  VECTOR.. 

DO 5 4  T P A T H = l  4 
PTEMPC 1. IPATH)=DS*H(~ ) 

5 4  C O N T I N U E  
C A L L  MULCOM(DOLT*NSPEC*LMR*LB*CTEMP*NCTEMP*BRANCHs - 3 P T E M P *  YTEMPOsYTEMP *YTEMPW) 

b 
C MOVC O U T P U T S  F O R  E i F *  G e H  PATI~WAYS.  

DO 60 I S P E C = l  eNSPEC - - - - - - - - - - -  

uu ae ~ P A T H ~ ~ , +  
Y P (  I S P E C *  I P A T H I = Y T E M P C  I S P E C * I P A T H )  
YPWf I S P E C *  IPATH)=YTEMPW(  I S P E C * I P A f H )  

55 CONTINUE 

C L V M P ~ A T I ~  T ~ ~ ~ L I C  ( 1 . ~ 1  c ------- ---- - ---- 
C I P A T H = l  FOP I 
c .=a ron J 

- 00 70 I S P E C = l  sNSPEC 
C 
C INFLOW RATE.. T O T A L  QUTFLOM O F  PATHWAY He 

DO 6 4  I P A T H = l * 2  
P T E M P l  r SPFC. I P A T H ) = L M H (  1 S P E C )  *YPW( I S P E C * 4 1  / D E L T  - 6 4  C O N t X N U E  

L 

C NUMBER O F  SUBCOMPARTMENTS. 
N C T E M P t  I SPEC)=L  

L 
C SUBCOMPARTMENT F R A C T I O N S .  



CTEMP(  I S P E C s 1  )=FI ( I SPEC)'  - CTEMP(  I S P E C  *2)=1.O-FI  (I SPEC) 
C 
C B I O L O G I C A L  CLEARANCE C O E F F I C I E N T S .  

L B  ( I SPEC I )=LMI  ( I SPEC 
L B (  ISPEC*2)=O.O 

C ( T H E  J SVBCOMPARTHENT I S  S U e J E C T  O N L Y  T O  RADIOACTIVE DECAY) .  
P 
L 

C I N I T I A L  CONDITIONS..  
DO 65 IPATH-1.2 
' YTEMPO( ISPEC*IPATH)=YL(ISPEC*IPATH) 

65 C O N T I N U E  
70 C O N T I N U E  

C A L L  MULCOM(DELT*NSPEC*  LMR r L B * C T E M P * N C T E M P * B R A N C H  
S PTEMP*YTEMPO*  YTEMP sYTEMPW) 

C 
C MOVE OUTPUTS FOR (1 s J )  PATHbAYS.. 

DO 80 I S P E C = l  mNSPEC 
DO 75 I P A T H = l r 2  . 

Y L (  I S P E C *  IPATH)=YTEMPIISPEC*IPATH) 
YLW( I S P E C r  IPATH)=YTEMPW( I SPEC.I.PATH) 

75 C O N T I N U E  
8 0  C O N T I N U E  
8 1  C O N T I N U E  

1 F ( S T B 2 ( 1 ) )  GO TO 101 
C 
C TRACHEOBRONCHIAL FEEDBACK ( K e L )  c ------------ ---9-- ---- 
C T H I S  WILL PEQUIPE TWO C A L L S  TO MULCOMoo 
C ( 1 )  I N P U T  FROM F* Q U f P U 1  K 

. C (28 I N P U T  FROM G *  OUTPUT L 
C PATHWAYS K AND L ARE I N D E P E N D E N T  SUBCOMPARTMENTS. 
C 
C PATHWAY K c ----- - 

DO 90 I S P E C = l  sNSPEC 
C ' 

c INFLOW VECTOR.. OUTFLOW O F  PATHWAY F. 

r 
PTE,MP( I S P E C s  1 )=LMF( I S P E C )  *YPW ( I S P E C  92) / D E L T  

NUMBER O F  SU.BCOMPARTMENT S. 
NCTEMP(  I S P E C ) = I  

C 
C SUBCOMPARTMENT F R A C T I O N S  (=UNITY).. 

CTEMP(  I S P E C * k ) = I . O  
C 
c B I O L O G I C A L .  CLEARANCE ' C O E F P I  C I  ENTS-  6 

' L B ( I S P E C *  l ) = L M D ( I S P E C )  
C (REMOVAL I S  REGULATED B Y  TRACHEOBRONCHI A i  CLEARANCE T O  Go I 1. 
C 
C I N I T I A L  CONDITIONS..  

YTEMPO( I S P E C *  1 ) = Y 2 T B (  I S P E C  s 1 )  
90 C O N T I N U E  

C A L L  M W L C O M ( D E L T ~ N S P E C s L L l R ~ L B ~ C T E M P ~ N C T E M P ~ B R A N C H s  
8 PTEMP~WEMPOIYTEMP*YTEMPW) 

C c MOVE OUTPUT F O R  K PATHWAY. 
DO 100 I S P E C =  I *NSPEC 

Y 2 T B i  I S P E C *  1 )=YTEMP( 
Y2TBW(  I S P E C  s I )=YTEMP 

1 0 0  C O N T I N U E  
101 C O N T I N U E  

I F ( S T B 2 ( 2 )  GO TO 130 
C 
C PATHWAY L c ------ - 
P 

' DO 11 0 I S P E C =  1 *NSPEC 

'EC* 1 
SPEC 

L 

C INFLOW VECTOR. OUTFLOW FRCM PATHWAY 6. 
- PTEMP(  I S P E C *  1 )mLMG( I S P E C )  *YPW( I S P E C * 3 )  / D E L T  

+ L 
C NCTEMP* CTEMPs AND L B O .  

N C T E M P f  I S P E C ) = l  
CTEMP(  I S P E C *  1 )=l.O - LB(  I S P E C s l ) = L M D ( I S P E C )  

b 
C I N I T I A L  CONDITIONS..  

YTEMPO( I SPEC. 1) = Y 2 T B (  I S P E C  *2 



1 1 0  CONTINUE 
C A L L  MULCOM(DELTs NSPEC* LMP*LB*CTEW*NCTEMP*BRANCH s - 3 PTEMP*YTEMP.OsYTEMP *YTEHPW) 

L 
C MOVE OUTPUT FOR L PATHWAY. 

DO 1 2 0  I SPEC= I eNSPEC 
Y 2 T B t  I S P E C *  2)=YTEMP( I SPECe1) 
Y2TBWt I S P E C * 2 ) = Y T E M P W ( I  SPEC* 1 ) 

1 2 0  CONTINUE c----------------------------------------------------------- 
C END O F  R E S P I R A T O R I  SEGMENT 

- - - - - -. - - - - - - - - - - 
1 3 0  CONTINUE 

I F ( S G 1 )  GO TO 2 2 0  c---------------------r------------7-----------------7---T- . . 
C G o  I. TRACT , . . . . . . .  . . . . .  

C 

C STOMACH ( S )  c ----- -- 
IF(.MODE rEQ. 2 )  C A L L  G E S ( T r G )  

.. 00 140 !SPEC= I * N S P E C  
L 

C INFLOW R A T E  VECTOR*. 
' I F ( M 0 D E  .EO. 2 )  PTEMP( IS .PEC* l )=G( ISPEC)  

I F t M O D E  .EQ. . I ) .  P T E M P ( I S P E C * l  l=(LMB(ISPEC)*YNPW(ISPEC*2) + 
C 

C NUMBER O F  SUBCOMPARTMENTS* C O E F F I C I E N T S *  AND B I O L O G I C A L  REMOVAL 
C COEFFICIENTS.  

NCTEMPt I SPEC)= l  

c I N I T I A L  CONDITIONS.. 
YTEMPO( I SPEC. 1 ) =YS( I SFECI 

1 4 0  CONTINUE 
C A L L  MuLCOM(DELT*NSPEC*LMP*L~*CTEMP~NCTEMP~BRANCH~ - 8 PTEMP*YTEMPO*YTEMPsYTEMPW) 

C 
C MOVE OUTPUTS FOR S O * .  

DO 1.50 ISPEC= 1. NSPEC 
' Y S ( I S P E C ) = Y T E M P < I S P E C * l )  

Y S W ~  XSPECI=YTEMPW( ISPEC e l )  
1 5 0  CONTINUE 

C 
C SMACL I N T E S T I N E  ( S I ' )  c --- ------ 

DO 160 I S P E C = l r N S P E C  
C 
c BIOLOGICAL REMOVAL PATES ( ABSORPTION PLUS EMPTYI NC .. 

L@( ISPEC* ,L )=LMAB( I  SPECs2)+LMG1(2)  
C 
C INFLOW R A T E  VECTOR.. . OUTFLCW FROM STOMACH. 

DTEMPf 1SPEC 1 )=LMGI ( I )*YSW( I SPEC) /DELT - 
L 
C NCTEMP AND CTEMP ARE AS FOR THE STOMACH* 
C 
C I N I T I A L  CONDITIONS.. - 

Y T E M P O ~  I SPEC. I )=YSI ( I 'PEC) - - .  ~ ~~ 

~ q o  CONTINUE- - 
C A L L  MULCOM(DBT~NSPEC~LMR.LB*CTEW*NCTEMP~BRANCH* 

B PTEMP.YtEMPO*YTEMPq YTeMPY) 
C 
C MOVE OUTPUTS FOR Sf.. 

DO 170 I$QFf= 1 ONSPEC 
YSI( I S P E C ) = Y T E M P ~ I S P E ~ ~ ~  
Y S I W (  l S P E C ) = Y T E M P W ( I S P E C * l )  

170 CONTINUE 
C 



C UPPER L A R G E  I N T E S T I N E  !-ULI) c . --- --- -------- -I- 

00 1 8 0  I S P E C = I * N S P E C  
C 
c C I O L O G I C A L  PEMOVAL P A T E S  ( A B S O R P T I O N  P L U S  E M P T Y I N G )  0. - L B ( I S P E C *  I ) = L M A B <  I S P E C * 3 ) + L M G I  ( 3 )  
L 
C INFLOW VECTOR.. OUTFLOW FROM. S M A L L  I N T E S T I N E .  

PTEMP(  I S P E C  * l ) = L M G I  (2 ) * Y S I V (  1 S P E C ) I D E L T  
C 
c NCTEMP AND CTEMP ARE AS  FOR S I -  E M P T Y I N G  RATES.. 
r 
L 

C I N I T I A L  CONDITIONS..  
VTEMPO( I S P E C *  l ) = Y U L I  ( I S P E C )  

1 8 0  C O N T I N U E  
C A L L  M U L C O M ( D E C T * N S P E C * L M R ~ L B * C T E M P . B R A N C H *  
3 P T E M P *  VTEMPO*YTEMP sYTEMPW) 

C 
c MOVE U L I  OUTPUTS. . . 

DO 190 I SPEC= 1 9 NSPEC 
Y U L I (  ISPEC)=YTEMP(  ISPEC.1 )  . , 

Y U L I W t  I S P E C  )=YTEMQW< I S P E C * 1 )  - 190 C O N T I N U E  
L 
C LOWER L A R G E  I N T E S T I N E  (LLI) 

. c ------- ---- ----  -- 
- .DO 200 I S P E C = I * N S P E C  
L 
C B I O L O G I C A L  PEMOVAL R A T E S  ( A B S O R P T I O N  P L U S  E M P T Y 1  NG) e *  

L B ( I S P E C * l ) = L M G 1 ( 4 ) + L M A B ( I S P E C * 4 )  
C 
C INFLOW VECTOR.. OUTFLOW F R C M  P P E R  L A R G E  I N T E S T I N E .  

p T E u p (  I s P E c . l ) = L u G I ( ~ ) * y Y L r w (  r s P E c ) m E L T  
C 
5 NCTEMP AND .CTEMP ARE AS FOR U L I -  
C 
C I N I T I A L  C O N D I T I O N S - .  

YTEMPO( I SPEC*  l ) = Y L L I  ( I S P E C )  
2 0 0  C O N T I N U E  

C A L L  MULCOM ( D E L T *  NSPEC sLMR * L B * C T E M P *  NCTEMP* BRANCH * 

C 
C MOVE OUTPUTS F O R  LLI-. 

DO 210 I S P E C = l * N S P E C  ' 

Y L L I  ( ISPEC)=YTEMP(  I S P E C  *I) 
Y L L I W (  I S P E C  )=YTEMPW< I SPEC* l )  

2 1 0  C O N T I N U E  
w 

C END O F  Go  1. TRACT C A L C U L A T I C N -  
.' c-----T,------'-'-';---------------------------------------- 

2 2 0  C O N T I N U E  
w - . . -  - -~ 

C OTHER ORGANS c---------------------------------------------------------------- 
NOPG=NSOU--6 
DO 2 5 0  I O R G = I  *NORG 

DO 2 3 0  I SPEC= 1 NSPEC 
C 
C NUMBER O F  SUBCOMPARTMENTS* I N T A K E  R A T E *  . C O E F F I C I E N T S *  REMOVAL R A T E S *  ' 

C AND I N I T I A L  CONDITIONS..  
NCTEMP(  I S P E C ) = N C O M P ( I  SPEC * I O R G )  

*NC=NCOMF( ISPECI  I O R B  
DO 225 I C = I s N C  

CTEMP(1SPEC * I C ) = C ( I S P E C  S I C *  I O R G )  
L B ( 1  SPEC* I C ) = L M B D A B (  I S P E C * I C *  TORG) 
P T E M P t  I S P E C *  I C ) = (  (LMAB(  1SPEC.1)  

3 *YSW( I S P E C ) + L M A e (  I S P E C * 2 ) * Y S I W (  I S P E C )  
S +LMAB(  I S P E C *  3 ) * Y U L I W (  I S P E C )  
3 + L M A B ( I S P E C * 4 ) * K L I W (  I S P E C )  
8 * F 2 P P  I M (  I SPEC 1 ORG ) I D E L T  

I F ( M 0 D E  eEO-  1) PTEMP(  I S P E C  s I C ) = P T E M P ( I S P E C m  I C )  
' 3 .+( ( L M A ( 1 S P E C )  * Y N P W t I S P E C * l ) + L M C ( I S P E C )  * Y l T B W (  I S P E C *  1) 

... s +LME( I s P E C ) * Y P W ( I  SPEC*  1 ) + L M I (  I S P E C ) * Y L W (  I S P E C m l ) )  
3 *F,2PP I M <  I S P E C *  I 0 R G ) ' ) I D E L T  - 

YTEMPOC ISPEC. IC )=VORG(  I S P E C * I C s  I O R G )  

2 3 0  C O N T I N U E  
C A L L  W L C O M ( D E L T ~ N S P E C * L M R * L R * C T E M P s  NCTEMPr  BRANCH* 



L 
C MOVE O U T P U T S  FROM. ORGAN IORC. 

DO 240 I SPEC=l .NSPEC 
NC=NCOMP( I SPEC I ORG 
D O  2 3 5  I C = l s N C  

YOPG( ISPEC. IC. IOPG)=YTEMP{ I SPEC* IC) 
YORGW( ISPEC~ICsIORG)=YTEMPW(ISPEC~lC) 

2 3 5  C O N T I N U E  
2 4 0  C O N T I N U E  - 

C 

C END OF I O R G  LOOP. 
2 5 0  C O N T I N U E  

C----------------------------------------------------------------- 
c END OF 'OTHEP OPGANS 

RETURN 

'' "?%ROUTINE MULCOM(TsNsLMR *LMBrC*NCOMPrBRANCHsP*AO*AsAW)  
R E A L  T ~ L M R ( 2 0 ) ~ L M B ( 2 0 ~ 5 ) ~ C ~ 2 0 ~ 5 ) ~ B P A N C H ( 2 0 ~ 2 O ) ~ P ( 2 0 * 5 ) ~  

b A O ( 2 0 . 5 )  * A (  2 0 * 5 ) * A W ( 2 0 . 5 )  
D O U B L E  PPECIS I O N  T A I  * T A 2 * T A W l  sTAW2. TERM 
I N T E G E R  N C O H P ~ ~ O )  
DOUBLE P R E C I S I O N  E ( 9 5 0 )  * H ( 2 0 * 5 ) * D ( 2 0 * 5 1  * G  
DQVBLC P R E C I S l U N  L M ( 2 0 * Z ) r L X ( I O O )  
D O U B L E  P R E C I  S l O N  E X P F U N  .CXPPl  t E L X I  I E X l L I  s 
s T C M P i T E M P l  

T H E  F O L L O W I N G  1NTEGEF-VALUEC STATEMENT F U N C T I O N  COMPUTES THE INDEX 
O F  T H E  ( I. J.M)-TH E N T R Y  I N  THE ARRAY €0 

I N D X E (  I~J~M)=J+(I-l)?(I-2)/2+(M-l ) * N N 2  . 
NN2=N+ ( N -1 )  /2 
I F ( T  .GT. 0.0) GO TO 2 0  

DO 10 I = l . N  
N C  I =NCOMP ( I ) 

10 C O N T I N U E  
GO T O  300 

2 0  C O N T I N U E  

CCMPUTE T O T A L  L A M B D A S '  AND STORE I N  L I N E A R  APPAY L X  F O P  S E P A P A T I O N *  
KOUNT= 0 
DO 4 0  I = l * N  

NCI=NCOMP( I) 
DO 3 0  M = l . N C I  ' 

KOUNT=KOUNT+ l  
L X ( K O U N T ) = L M R (  I )+LME(  I * M I  

. I F  (I .EQ. 1 .AND- L X ( K O U N T 1  .LT. 6 .93E-07 
S L X ( K O U N T ) = 6 . 9 3 E - 0 7  

30 C O N T I N U E  
. 4 0  CONT f NllE 

I F  TWO L X (  I) A R E  NEARLY F O l l A l  a SEPARATE THEM* 

S K I P  S E P A R A T I O N  R O U f l N E  I F  N = l r  
I F ( N  .Ed. 1) GO T O  69 

B E G I Y N I N G  O F  S E P A P A T I  ON P O U T 1  NE. KOUNT=NO. ELEMENTS I N '  LX. 
KOUNT l =KOUNT-  1 

K O D E  I S  A S W I T C H  FOR W H I C H  THE V A L U E  1 MEANS ANOTHER 
PASS SHOULD BE M A O E .  

KODE = 1 
45 I F ( K 0 D E  ONE. 1) G O  T O  6 5  

KODE=O 
B E G I N  PASS. 

DO 60 K = \ * K O U N T l  
K l = K + l  
66 55 L-K~.RuuNI 

T F  L X ( L )  AND L X ( K X  ARE N E A R L Y  E Q U A L *  SEPARATE THEM. 
I P ( B A B S ( L X ( L I / L X (  K J - L . 0 0 0 )  r G C -  1 .nD-61 GO T O  66 

L X ( L ) = L X <  K ) * l . O 0 0 0 1 D O  
K O  DE= 1 



5 5 C O N T I N U E  
60 C O N T I N U E  

C RETURN F O R  (POSSI .BLY)  ANOTHER P A S S  B Y  MEANS O F  BACKWARD-POINT ING 
C GO T O  STATEMENT-  

GO TO 4 5  
C END OF S E P A R A T I O N  ROUTINE .  

65 C O N T I N U E  
C 
C MOVE SEPARATED R A T E  C O E F F I C I E N T S .  FROM L X  T O  LM. ' 

KOUNT=O 
DO 8 0  I = l * N  

NCI=NCOMP( I 
00 70 M = l * N C I  

K O  UNT=KOUNT+l  
L M (  I * M ) = L X ( K O U N T )  

70 C O N T I N U E  
80 C O N T I N U E  

P 

90 C O N T I N U E  
I F (  I e E Q e  N )  GO T O  300 
DO 2 0 0  I = 2 * N  

I l= I -1  
N C I  =NCOMP( I 
DO 110 K = l * N C I  

TEMP=O-OD0 
DO 93 J=l * I 1  

TEMP l=O-OD0  
NCJ=NCOMP(J 
DO 91 M = I * N C J  

T E M P l = T E M P l + D (  J sM) 
9 1 C O N T I N U E  

TEMP=TEMP+DBLE ( BRANCH( 1.9 J) 1 *TEMP1  
9 3 C O N T I N U E  

TEMP=O * O D 0  
110 C O N T I N U E  

DO 1 5 0  J=1. I1  

1 2 0  CONT I NUE 
E (  I J M ) ? E (  I J M ) + D E L E ( B R A N C H ( I  * I R )  ) * T E M P I  

130 CONT I N U E  
i 4 0  CONTINUE 
150 C O N T I N U E  

C 
c COMPUTE H( I SKI.. . K=I..,... . N C O Y P ~  I). 

DO 1 8 0  K = 1 *  N C I  
TEMP=O .OD 0 
DO 175 J = l r I l  

NCJ=NCOMP( J)  
00 170 W I - N C J  
' IJM=INDXE(I.J.M) . 
' T E M P = E M P + D B L E ( L M R ( I ) ) / ( L M ( I * K ) - L M ( J * M ) )  

* ( E ( I J M ) + D B L E ( B R & N C H (  1 9  J) ) * H ( . J * V ) )  
CnNT I F IUE  

C O N T I N U E  
H (  I I K ) = D B L E ( A O ( I ~ K )  1 - D ( I * K ) - D B L E ( C ( 1 s  K ) ) * T E M P  

CONTINUE 



2 0 0  C O N T I N U E  
C  END O F  C A L C U L A T I O N  O F  D (  1.K). H ( I  IK). E(1.J.M). 
C  
c B E G I N  C O M P U T A T I O N  O F  A ( 1 . K ) .  AW(1.K) 

DO 250 I z 2 . N  
I l=I-1 
N C I = N C O M P (  I) 
D O  245 K = l . N C I  

E X L I = E X P F U N ( - L M (  I .K ) * D B L E (  T I  ) 
E X l L I = E X P F l ( L M ( I  * K )  * D E L E (  T I )  
TAl=O.ODO 
TA2=O. O D 0  
TAWl=O.ODO 
TAWP=O. O D 0  
00 240 J=l.I1 

NCJ=NCOYP(  J) 
D O  235 M = l . N C J  

I J M = I N D X E <  1.J.M) 
G = D B L E ( C ( I e K )  ) * O B L E ( L M R ( I  1 ) / ( L M ( I . K ) - L M ( J . M ) )  

* ( E ( I J M ) + D B L E ( B R A N C H ( f *  J) )*ti( J s M ) )  
TERH=G*(EXPFUN<-LM(J*M)*DBLE(T) ) -EXLI )  
I F ( T E R M  .CEO 0.ODO) T A l = T A l ' + T E R M  
IF (  T E P M  .LT. Oe ODO) T A L = T A P + T E P M  
T E R M = G + ( t : X P P l  ( L M (  J.M) ,DBL.E!T 1 ) - E ) ( l L I  
I F ( T E R M  .CEO 0 -  O D 0 1  T A Y l = T A W l + T E R M  

C O I J T I N U E  
TERM=LM(I .K)*D( I .K) *EX~LI+D~ILE(AO~ I a ~ )  )*E%LI 
IF(  T E R M  .CEO 0.ODO T A I = T A l + T E R M  

IFCTEPM .LT. O r 0 0 0 )  TAW2=TAW2+TERM 
AW( I .K)=SNGL( T A Y l + T A W 2 )  
I F ( A B S ( A W ( 1 e K ) )  OLE. l . E - l 5 * S N G L ( T A W l - T A W 2 ) )  AW(I.K)=O.O 

2 4 5  C O N 1  I N U E  
2 5 0  CONT INUE- 
300 P E T U P N  

END . . 

D O U B L 6  P R E C T S I O N  F U N C T I O N  E X P F U N ( T 1  
O O U B L E  P R E C I S I O N  i 
e X P F U N = 0 . 0 0 0  
I F ( T ~ L T . - 1 8 0 ~ 0 D O )  00 T O  10  

E X P F I I N = D E X P  ( T )  
1 0  R E T U R N  

END 

D O U B L E  P R E C I S I O N  F U N C T I  CN E X P F l  ( L M . 1 )  
U U U B L E  P F E C I S X O N  1-MrT.LMTeEXPFWN 
L M T = L M * T  

- .  
GO TO au 

10 E X P F ~ = T * (  ( ( ( ( (LMT/~.oDO-~ +ODO)  *LMT/ 6 ~ 0 ~ 0 + 1  OODO j 
5 + L M T / S - n n b l . O D  * L M T / 4 ~ 0 D 0 + 1 ~ 0 D O ) * L M T / 3 ~ O D O ~ l ~ 0 D 0 )  
s * L M T / ~ . O D O + I ~ O D ~ !  

GO I U  30 
20 X P F  I= ( I o O D O - E X P F U N t - L M 7 )  1 A M  
so ~ E T ~ R N  

END 

-.- S U B R O U T I N E  H A L (  T1ME.H) ' 

C  
C  C A L C U L A T E S  T H E  I N T A K E  R A T E  EY I N H A L A T I O N  



DOUBLE P P E C I S I O N  T I M E  
L O G I C A L  O E F A U T  
D I M E N S I O N  H ( 2 0 )  
COMMON /CASES/  N C A S E S * M O D E ( 6 )  *TEND(  6) * N I N T ( 6 I s T ( 6 * 3 0 )  * P ( 6 * 3 0 ) *  

S I S O L ( 6 s 2 0 )  s A M A D ( 6 )  ~ D E F A u T ( ~ )  * F L U N G ( 6 * 9 * 2 0 )  e T B L U N G ( 6 * 9 * 2 0 )  
S F 1 ( 6 * 2 0 )  * G I F P A C ( 6 * 2 0 . * 4 )  

COMMON /HACGES/ I C A S E  
COMMON /NUMBR S/ N S P E C  sN  ,qU*NTRG 
DO 10 I S P E C = l * N S P E C  

H (  ISPEC)=O.O 
10 C O N T I N U E  

I F  (MODE( ICASE) .NE. l )  GO T O  40 
N I l = N I N T ( I C A S E ) - 1  
I F  ( N I  1.EQ-0) GO TO 30 
DO 2 0  I = 1 s N I I  

IF ~SNGL(TIME).GE.T( ICASE*I+I) ) GO TO 20 
H ( I ) = P ( I C A S E I  I) 
GO TO 4 0  

2 0  C O N T I N U E  
3 0  H ( 1 ) = P ( I C A S E * N I 1 + 1 )  
4 0  RETURN 

- 
DOUBLE P R E C I S I O N  T I M E  
L O C I  C A L  D E F A U T  
QI~~ENSION ~ ( 2 0 )  
COMMON /CASES/  NCASESsMODE(6 )  .TEND( 6) s N I N T ( 6 )  s T ( 6 * 3 0 )  * P ( 6 * 3 0 ) .  

S I S O L ( 6 . 2 0 )  aAMAD(6)  e D E F A U T ( 6 )  s F L U N G ( 6 * 9 * 2 0 )  * T B L U N G ( 6 * 9 * 2 0 1 *  

COMMON /HALGES/  I C A S E  
COMMON /NUMBRS/ N S P E C  sN-WU sNTRG 
DO 10 I S P E C = l  ONSPEC 

1 0  C O N T I N U E  
I F  (MODE(1CASE)  oNE.2) GC TO 40 . 
N I l = N I N T ( I C A S E ) - 1  

2 0  C O N T I N U E  
3 0  G( l ) = P (  I C A S E s N I l + l )  
4 0  RETURN 

. .. , . 
SVBROUT I N E  OUTPUT . 

C 
C P R I N T S  S P E C I F I C A T I O N  I N F O P M P T I O N  AND OUTPUT F O R  EACH 
C OF T H E  CASES. 

DOUBLE P R E C I S I O N  NAMNUC sNAMSOU*NAMTRGsNAMTOT * G I S E G s  NAMSEC 
L O G 1  C A L  DEFAUT.?€RFCAG 
I N T E G E R  O U T * ~ U T ~ * O U T ~  *NOICAT( 2 )  
P E A L  L U N D O S s C L A S S f 4 )  a N M L E T ( 2 )  
D I M E N S  I O N  F O U T ( 9 )  .TOUT( S) m 6 1 S E G ( 4 )  . 'NAMSEC(~)  
COMMON /GENETC/  DOSTES( 2 s  6 )  * D O S O V R ( ~ W B )  .DOSGON(~ .  6) 
COMMON /PEPCNT/ PCTDOS(  2 * 6 * 2 7 * 1 3 )  s P C T D R T ( 2 e 6  * 2 7 * 1 3 )  
COMMON /NAMES/ NAMNUCt  2 0 )  *NAMSOU(24 )  t N A M T R G ( 2 7 )  
COMMON /NUMBPS/ NSPEC *N'OU*NTRG 
COMMON /DOSES/ DOSE( 2 . 6 * 2 4 * 1 5 ) * D O S R A T ( 2 ~ 1  I ~ 6 . 2 7 )  * O O S T S M ( l l )  
COMMON /CASES/  NCASESsMODE(6 )  s T E N D ( 6 )  s N I N T ( 6 )  e T ( 6 * 3 0 )  
3 P < 6 * 3 O ) ~ I S O L ( 6 ~ 2 0 ) ~ A M A D ( 6 ) . F L U N G ( 6 ~ 9 . 2 0 ) ~  
3 T B L U N G ( 6 * 9 s 2 0 ) * F l (  6920) * G I F R A C ( 6 * 2 0 * 4 )  

COMMON /PESOP/  0 3 . D 4 s D 5  
COYMON /ALERT/ E R F L A G (  6 1 
COMMON / L E T /  N L E T  
COMMON /NUMTI  M/ N T I M E S  . -  - -  

COMMON /LUNGFIG/ L U N D O S (  2 .6 -3 )  
D A T A  NMLET/4HLOW .4HHIGH/  



DATA G ISEG/8HSTOMACH s 8 H S  I N T  s 8 H U  L I N T  s 8 H L  L I N T  / 
DATA O U T / 6 /  
DATA O U T 2 / 6 /  , 

DATA OUTS/  16/ 
DATA N A M T O T / 8 H T O T A L  / 
DATA D L I T *  W L I T * Y L I T *  STA W 4 H D  *4HW 94HY * 4 H *  / 
DATA NAMSEC/BH*N-P* *eH*T -B*  *8H*PUL*  / 
D A T A  N D t C A T / 3 . 2 /  
DATA  C L A S S / 4 H D  s4HW * 4 H Y  * 4 H *  / 

C STORE H E A D I N G  FOR ' T O T A L *  CCLUMN O F  DOSE MATPIX .  
NAMSOU(NSOU+ l  )=NAMTOT. 

C  STOPE H E A D I N G S  FOR P E S P I P A T O P Y  T P A C T  S E C T I O N S  
NAMTRG ( N T R G + l  )=NAMSEC( 1 ) 
NAMTRG (NTRG+2  )=NAMSEC( 2 ) 
NAMTRGt  NTRG+3  )=NAMSEC( 3 

C  
C  FOR EACH O F  T H E  S E V E R A L  C A S E S *  P P l N T  OUTPUT. 

DO 75 I C A S E = l * N C A S E S  
C  
C  D E T E P M I N E  EXPOSUPE MODE F O P  T H E  CUPPENT CASE. 

I F  ( M O D E ( I C A S E ) . E Q r l )  G C  TO 30 
C  
C ------- ---------- ,-- ----- iCY-C-C-C-C - C - C - C - - - - " .  ----------------- 
C I N G E S T I O N  CASE c------------------------------------------------------------ 

NI-N I N T (  I C A S E  
Wnl T E ( 0 U T o  1000) I C A S E  
I N T = N I + l  
T (  I C A S E . I N T ) = T E N D ( I C A S E )  
W R I T E ( O U T *  lQlO)(T(ICASE~INT)~T(ICASE~INT+l)sP(ICASE~IM)~ 

8 I N T = l * N I )  . 

- - 
6 WRITETOUT;~O~O)  GISEG(ISEG)~(GIFRAC(ICASE~ISPEC~ISEG)~ 
S I SPEC= 1 s NS)  

10 C O N T I N U E  
C  
C  @RANCH T O  SEGMENT WHICH P R I h T S  DOSE MATRIX .  

GO T O  64 c------------------------------------------------------------ 
C END OF C A S E  I N F O P M A T I O N  FOP I N G E S T I O N .  c---------------------------------------------------------- 

3 0  C O N T I N U E  
C ----------- a==------ ------- --..- .. ---.----------------OF----- 

C INHALAT~ON CASE. c----------------------------------------------------------- 
N I = N I N T (  I C A S E  1 
W R l T E ( O U T *  1050) I C A S E  
I N T = N I + l  
T ( I C A S E *  I N T ) = T E N D ( I C A S E  1 
W R I T E ( 0 U T s  1 0 6 0 ) ( T ( I C A S E s I N T )  ~T(ICASE~INT+l)~P(ICASE~INT)~ 

S I N T - 1 . N I  
C  CHECK F O P  WAPNING C O N D I T I O N  FROM SUBROUTINE I N T P .  

I F  ( E R F L A G ( 1 C A S E )  W R I T E ( O U T * 1 1 0 0 )  

fl 
WRI T e ( 0 U T s  1070) AMAD( I C A S E )  ~ 0 3 . ~ 4 1 ~ 6  

L 
C NSC COUNTS S P E C I E S  F O R  W H I C H  SPECIAL LUNG PARAMETERS 

. C  H A V E  B E E N  ENTERED F O P '  THE  CUPPENT CASE. 
Nse- 0  - - 

C .  
c PPINT A TABLE OF SOLUBILITY CLASSES AND G. I. UPTAKE 
C F R A C T I O N S  F1. IF  T H E  USER H A S  P R O V I D E D  S P E C I A L  LUNG 
C F'AHAMETERS. T H I S  I S  I N D I C 4 T E D  RY A N  ASTERISK.  



GO TO 35 
3 4  FLAG=STAR 

NSC=NSC+ 1 
35 W R I T E ( O U T * 1 0 8 0 )  NAMNUC( I SPEC) * F L A G s ( G I F R A C ( I C A S E .  I S P E C *  I S E G ) *  

3 I S E G = 1 * 4 )  
4 0  C O N T I N U E  

C 
c I F  T H E R E  ARE NO S P E C I A L  L U N G  PARAMETERS*  PROCEED T O  SEGMENT 
C WHICH P R I N T S  DOSE MATRIX.  

c OTHERWISEI  W R I T E  OUT S P E C I A L  LUNG PARAMETERS. 
W R I T E ( 0 U T .  1 0 8 5 )  
00 50 I S P E C ~ ~  eNSPEC 

I F ( I s O L ( I C A S E * I S P E C )  .LT. 4 )  GO T O  50 
DO 4 5  I P A T H = l . 9  

F O U T (  I PATH)=FLUNG(  I CASE* I P A T H s I S P E C ) .  
TOUT(  I P A T H ) = T B L U N G (  I C A S E s  I P A T H .  I S P E C )  
I F ( T O U T (  I P A T H ' )  oGT. 0.0) T O U T (  I P A T H ) = 0 . 6 9 3 1 4 7 2  

1 /TOUT( I PATH 
4 5  C Q N T I N U E  

W R I T E ( O U T * l 0 9 0 )  NAMKUC( ISPEC) *FOUTITOUT 
5 0  C O N T I N U E  c------------------------------------------------------------- 

C P R I N T  DOSE M A T R I X  c--------------------------------------------------------------- 
6 4  C O N T I N U E  

C 
................................................................... 
C FOR EPA CALCULAT IONS.  T H E  ACCUMULATED DOSE I S  NOT O F  I N T E R E S T  S I N C E  
C WE ARE CONCERNED W I T H  THE DOSE P A T E S  A T  V A P I O U S  T IMES.  THEPEFOPE. 
C WE W I L L  B Y P A S S  T H I S  OUTPUT FOR T H I S  A P P L I C A T I O N .  
C++++++++++++++++++++++Y++++++++++++++++++++++++++++++++++++++++++++ - 

c I F  I N G E S T I O N  C A S E *  DOSE FROW LUNGS AND RES-  L Y M P H  I S  ZERO AND I S  
C NOT P R I N T E D .  
C ERANCH T O  I N G E S T I O N  CASE I N  T H I S  EVENT. 

I F  ( M O O E ( 1 C A S E )  .EQ02)  G C  . T O  65 . c------------------------------------------------------------------ 
C I N K A L A T I O N  CASE 
c----------------------------------------------------------- 

NSOU2=NSOU+l  
I L A S T = N S O U + l  
I F  (NSOU2.GT. 1 2 )  ILAST=~~ 
C A L L  P R I N T O t  I L E T .  I F I R S T s I L A S T s  I C A S E )  
I F  ( I LAST .EQoNSOU2)  GO 10 6 2  
I F I P S T = 1 3  
I L A S T = N S O U 2  r 

I F  ( NSOU2.GT- 23) I L A S T = 2 3  

X L A S T = N S O U ~  
C A L L  P R I N T D (  I L E T *  I F I R S T s I L A S T s  I C A S E )  

62 I F  ( I L E T  .EQ. 11 W P I T E ( C U T . 1 2 0 0 )  
I F  ( I L E T  .EQ. 2 )  W R I T E ( G U T * 1 2 0 1 )  
W R I T E ( O U T I I Z ~ O )  (NAMSEC(Jl~LUNDOS(ILET~ICASE~J)*J=1~3) 

63 C O N T I N U E  
GO TO 7 0  c--- ------------ - --------- ----- .................................. 

C I N G E S T I O N  CASE c-------- -------- ------- ----------- ---- - -  - . .. -- 
6 5  DO 66 I L E T - 1  r N L E T  

I F I R S T = 3  
NSOUL=NSOU+l  
I L A S T = N S O U + I  
I F  ( N S O U 2 o G T -  1 4 )  I L A S T =  1 4  



C A L L  P P I N T D (  ~ L E T S  I F  I R S T  s I L A S T  q I C A S E )  
IF ( I L A S T  .EQ. NSOU2 1 GO TO 66 
I F I R S T = 1 5  
I L A S T = N S O U 2  
I F  (NSOU2.GT.24) I L A S T = 2 4  
C A L L  P R I N T D (  I L E T *  I F I P S T  I I L A S T  s I C A S E )  

66 C O N T I N U E  ~ - c------------------------------------------------------------------ 
C PUNCH DOSES ON CARDS F O R  L A T E R  T A B U L A T I O N S O  c----------------------------------------------------------- 

71 W R I T E (  7.2002) NAMNUC( 1) r I C A S E * M O D E (  I C A S E ) * F l  ( I C A S E v l )  * 
S ( D O S E ( N L E T *  I C A S E s  JTARGmNSOU2)  s J T A R G = l  *NTRG)  

2002 FOPMAT.(A8.14.  1 4 * 1 4 X * 5 E 1 0 . 3 /  7 E 1 0 . 3 * 9 X *  * 2 * /  7 E l O - 3  s 9 X s s 3 * /  4E10 .3 *  
s 3 9 X . * 4 * )  

GO T O  7 2  
70 W P I T E ( 7 * 2 0 0 0 )  NAMNUCt  11 * I C A S E s M O D E ( I C A S E )  * I S O L ( I C A S E I 1 )  s 

8 A M A D ( 1 C A S E ) v  
S ' F1( I C A S E s  1) ( D O S E ( N L E T s  I C A S E *  J T A R G * N S O U 2 )  J T A R G z l  *NTRG)  

2 0 0 . 0  F O P M A T < A ~ S I ~ * I ~ S . I ~ * ~ E ~ O . ~ /  7 E l 0 . 3 + 9 X r * 2 * /  7 E 1 O e 3 * 9 X r S 3 * /  4210.3. 
s 3 9 X . * 4 * )  

72 CONT I N U F  

C I F  NSPEC I S  GREATER T H A N  1. P R I N T  T A B L E  C O N T A I N I N G  PERCENT OF T O T A L  
C DOSE TO E A C H  TARGET ORGAN DUE TO E A C H  S P E C I E S  OF T H E  CHAIN .  c------------------------------------------------------------- 

999 C O N T I N U E  
IF(NSPBC .EQ. 1) G O ' T O  e l  . 
NTRGP=NTRG . . . . . - . . . . . . - 
I F  (MODE(  1CAS.E)  .EQ. 1) NTRGP=NTRG + 3 
DO 8 1 I L E T =  1 N L E T  

I F ( 1 L E T  r E Q -  1) W R I T E ( O U T * 1 0 0 )  
IF(  I L E T  .EO 2) W P I T E  (OUT*  1 0 4 )  
WR I T E ( O U T s  10 1 ) (NAMNUC( I SPEC r I SPEC= l  *NSPEC)  
WRI  TEGOUT*  1021 
DO B O  I T R G =  L s N T R G P  

W R I T E ( O U T v l O 3 )  NAMTRG(ITRG).(PCTDOS(ILETsICASE~ITRG~ISPEC)~ 
S I SPEC= l  NSPEC 

80 C O N T I N U E  

C++++++++++++++++++++++++++++++*+++++++++++++++++++++++++++++++++++++ 
C P R I N T  M A T R I X  O F  DOSE R A T E S  
................................................................... 

DO 9 1 I L E T =  1 N L E T  
C P R I N T  H E A D I N G  

IF  ( I L E T  .EQ. 1) W R I T E ( C U T 2 * 2 O O )  
IF [ I L E T  *EQ. 2) W R I T E (  C U T 2 * 2 1 0 )  
W R I T E C O U T 2 s 2 2 0 )  ( ~OSTIM(I ) s I = I  r b l T I M E 3 )  
WPI  T E ( O U T 2 . 2 3 0 )  
NTRGP=YTRG 
I.F ( MODECICASE) .EQ. 1)  NT'RGP=NTRG+~ 
DO 90 I Y R G = J * N T W G P  

I F  ( X T R C  r E O -  7 .OHs I T R G  . eO*  8 .OR. I T R G  .EQ. 15 +OR- 
S . I T P G  -EQ. I? .OP. I T P C  .EO. 191 GU TO 90 

WPITE!(OUTC. 240)  PIAMTRG~ 1 T P 4 8  - ~ O ~ S R A T (  I L E T t  J T I M E  * I C A S E r  I T R G ) .  
S I T I M E = l  * N T I M E S )  

90 CONTINUE- 
I F  (MODE(  I C A S E ) .  .EQ. 2 )  W R I T E ( O U T 2 s 2 4 5 )  (,DOSRAT( I L E T r  X T I M E *  ICASE.1 )  * 

S I T I M E = l * N T I M E S )  
C++++++++++++++++++++++++++++**++++++++++++++++++++++++++++++++++++ 
C I F  NSPEC > 1. P R I N T  P E R C E N T  DOSE R A T E  T A B L E -  
C++++++++++++++++++++++++.+++++*+++++++++++++++*++++++++++++++++++++ , 

I F t N S P E C  -EQe 1) GO T O  C1 
NTRGP=NTRG 
I F  .(MODE< I C A S E )  .EQ. 1) NTRGPzNTRG + 3 

I P ( I L f 2 7  .CO- 1) WPITS(QI.JT'1.370~ 
I F (  ILET .EQ- 2) . W R l T E ( O U T 3 r 2 8 0 )  
W R f T E ( O U T 3 * 1 0 1 )  (NANNUC(ISPEC)vISPEC=l*NSPEC) 
W R I T E ( O U T 3 *  102) 
DO 94 I T R G = l r N T R G P  

TF l I T P G  .EQ. ,7 .OR I T F G  .EQ. 8 .OP. I T P G  eEO. 15 .OPm, 
S .  PVRG .CQi 17 .OR- IT IZG  .GO. 19) 60 T n  9 4  

W P I T E ( O U T 3 * 1 0 3 1  NAMTRGCITRG-)*(PCTDRT(ILETsICASE~ITRG~fSPEC)~ 
S I SPEC=1 *NSPEC 

9 4  C O N T I N U E  
91  C O N T I N U E  



C+++*+++++++++++++++++++++++~++++++++++++++++++++++++++++++++++++++++ 
C  OUTPUT 30-YEAR G E N E T I C  DOSE COMMITMENTS FOR T E S T E S *  O V A R I E S I  AND 
C  AN AVERAGE. 
C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

W R I T E ( O U T 2 . 1 0 5 )  
DO 9 6  ILET=I. N L E T  

WR I T E ( O U T 2 .  106) N M L E T t I L E T )  * D O S T E S (  I L E T  * I C A S E ) *  
S DOSOVR( I L E T *  I C A S E )  .DOSGON( I L E T * l C A S E )  

9 6  C O N T I N U E  
C+++++++++++++M+++++++++++++M++++++++++++++++++++++++++++++++++++++++ 
C  OUTPUT DOSE R A T E S  TO PUNCHEC CARDS F O P  L A T E P  PEFEPENCE. 
C++++++++++++++++++++++++++++*+++f .................................... 

I F  <MODE( I C A S E )  rEQ. 1 1  W R I T E (  2 7 9 2 5 0 )  NAMNUC(1)  .MODE( I C A S E ) .  
S I S O L ( I C A S E * l ) * A M A D (  I C f i S E ) *  F ~ ( I C A S E . ~ ) * N L E T I N T I M E S  

I F  (MODE( I C A S E )  .EQ. 2 )  W R I T E (  27.255) NAMNUC(1 )  *MODE< I C A S E )  * 
S F1 ( I C A S E *  1) * N L E T s N T I M E S  

N T  RGP=NTPG 
I F  (MODE(  I C A S E )  .EO. 1 ) NTRGPzNTRG + 3 
DO 9 3  ITRG=l .NTRGP 
DO 92 I L E T = l  .NLET 

W R I T E ( 2 7 . 2 6 0 )  N A M T R G ~  ITRG).(DOSRAT(ILET*ITIME.ICASESITRG)S 
S '  I T I M E = l * N T I M E S )  

9 2  C O N T I N U E  

C UNFORMATTED OUTPUT TO D I S K  FOR U S E  I N  D A R T A B  PROGRAM. 
C++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
C  DUMMY=O.O 
C  NUMTRG-NTRG 
C  I F  (MODE( I C A S E )  .EQ. 1 NUMTPG=NTRG+3 
C  DO 95 I T I M E = l * N T l M E S  
C  I F  (MODE(1CASE)  .EQ* 1) W R I T E ( 2 5 )  N A M N U C ( l ) * A M A D ( I C A S E ) s  
C  S C L A S S ( I S O L ( I C A S E ~ 1 ) 1 ~ ~ G I F R A C ~ I C A S E ~ 1 s I ~ ~ I ~ l ~ 4 ~ ~ D O S T I M ~ I T I M E ~ ~  
C  S N D I C A T ( M O D E (  I C A S E )  
C  I F  (MODE(1CASE)  .EQ. 2 )  W R I T E ( 2 5 )  N A M N U C ( l ) * D U M M Y * D U M M Y *  
C  S ( G I F R A C ( I C A S E I I * I )  s I = l s 4 ) ~ D O S T I M ( I T I M E )  . N D I C A T ( M O D E ( I C A S E ) )  
C W P I T E ( 2 5 )  NUMTPG. N L E T *  ( NAMTRGt I T R G )  I T R G = l  NUMTRG) 
C  W R I T E ( 2 5 )  ( (DOSRAT4  I L E T * I T I  ME*  I C A S E *  I T R G )  * I L E T = l  * N L E T )  s 
C  S I T R G = l * N U M T R G )  
C  95 C O N T I N U E  

75 C O N T I N U E  
PETURN 

C  
C  FORMAT STATEMENTS 

1 0 0  F O P M A T [  *OPEPCENT DOSE (LOW-LET )... ' 1  
1 0 4  FORMAT(  'OPERCENT,DOSE ( H I G H - L E T ) .  0 ' )  

1 0 1  FORMAT(  ' O N U C L I D E  . T I 3 9  1 4 A B s A 7 )  
1 0 2  FORMAT<  :OTARGET*)  
103 F O R M A T (  * A 8 s T 1 2 * 1 4 ( F 5 . 1  s 3 X )  s F 5 - 1 )  
105 FORMAT ( / / '  30 -YEAR G E N E T I C  DOSE COMMITMENT (MRAD)  0. * / ' O L E T S * T 1  1 s 

S ' T E S T E ~ ' * T 2 6 . * O V A R I E S e  s T 4 1  * ' A V E R A G E * )  
106 FORMAT(  s A 4 ~ T 1 0 ~ 1 P E 9 . 2 ~ T 2 5 ~ 1 P E 9 ~ 2 s T 4 0 ~ l P E 9 ~ 2 ~ ~  
2 0 0  FORMAT ( 'OLOW-LET DOSE R A T E  ( MRAD/YEAR * 
2 1 0  FORMAT(  'OHIGH-LET DOSF R A T E  ( MRAD/YEAR) ' 1  
2 2 0  F O R M A T (  ' O T I M E  ( Y E A R S )  11 ( F 5 . 0 * 5 X )  
2 3 0  F O R M A T ( ' 0 T A R G E T ' )  
2 4 0  FORMAT<'  * . ~ 8 ; ~ 1 2 *  11 ( 1 ~ ~ 9 . 2 ~ 1 X )  ) 
2 4 5  FORMAT(  ' * P U L * ' s T 1 2 s l l (  l P E 9 - 2 -  
2 5 0  F O R M A T ( A 8 * 2 1 4 * 4 X .  2 E 1 0 0 3 ~ 2 1 4 )  
2 5 5  FOPMAT(  AR. T d *  l t 3 X * E l O . 3 . E I 4 )  
2 6 0  FORMAT(  A 8 * 7 E 1 0 . 3 / 8 € 1 0 . 2 )  
2 7 0  FORMAT(  'OPERCENT DOSE R A T E  I N  T H E  7 0 T H  Y E A P  (LOW-LET)  ..') 
2 8 0  FORMAT ( 'OPERCENT DOSE R A T E  I N  T H E  * 7 0 T H  YEAR ( H I G H - t E T  1. ' 
2 9 0  F O R M A T ( ' T F S T E S  ' r E l O * 3 . ' O V A R I  E S  * E l O . 3 *  'AVERAGE * E l O . 3 )  

1 0 0 0  FORMAT( /<  CASEe.12.'.. I N G E S T I O N ' / '  ' *19( ' - ' ) )  
101 0 FORMAT ( /  I N G E S T I O N  I M A K E  R A T E  F U N C T I O N  ( M I  CROCI IR IES /DAY)  '/ 

S * ' * T 6 * '  FROM (DAYS)  ' s T 2 0 r ' T O  ( D A Y S ) ' * T 3 3 * * R A T E ' /  
B ( *  ' * 1 P f G 1 3 . 3 ) )  

1 0 2 0  FORMAT ( / /  I N G E S T I O N  TFtANSFER F R A C T I O N S  ( G o  I. TRACT T O  BLOOD) 
s ' )  

1030 FORMAT( / '  ' * T 9 . 1 2 ( 2 X . A 8 ) )  
1 0 4 0  FORMAT(  ' ' m A 8 * T ! O * l P ! Z G l 0 . 3 )  
1 0 5 0  FORMAT( /<*  C A S E  * I 2 *  0. I N H A L A T I O N * / *  ' * 20 (  * - ' I )  
1 9 6 0  FORMAT( /  1 N H A L A T I O N  I N T A K E  R A T E  F U N C T I O N  ( M I C R O C U R I E S / O A Y  '/ 

$ ' ' .Th.'FRf7M ( D A Y S )  ' 1  T 2 0 r  'TO ( D A Y S ) ' ~ T 3 5 * ' A A 7 ' E L I  



- - . - - - - - - - - 
IO?O-FORMAT( '0 AMAD (MICRON).. ' . lPG9.3.5X.8D3 =@.GQ.j. . . - .  

S 5 ~ . ' 0 4  ='.G9.3.5X. 'DS =*.G9.3/ 
1075 FORMAT( 'O' .T34* 'G.I .  U P T A K E  F R A C T I O N S ' / '  ' e T l 3 s ' S O L U B I L I T Y ' e T 2 6 *  

3 37( - ' I / '  ' e f l S s ' C L A S S ' . T 2 6 * ' S T O M A C H ' * T 3 6 * ' S  I N T ' .  
' S T 4 6 .  *U L I N T ' s T 5 6 .  *L L I N T ' / )  - 

l o 8 0  FORMAT( .A8 . T L ~ ; A ~  '72%. i ~ 4 ~ 1 0 . 3 )  
1085 FORMAT ( ' O * S P E C I A L  L U N G  CLEARANCE PARAMETERS. T Z H A L F - T I  ME ( D A Y S )  l 

S F = D E P O S I T I  ON FRACTION.  ' // ' C L E A R A N C E m /  ' DATHWAY 0. '. 
S T 1 6 . ' A ' . T 2 6 . ' B ' . T 3 6 . @ C ' . T 4 6 ~ ' D * * T 5 6 ~ ' E ' * T 6 6 e a F ' * T 7 6 ~ ' G ' ~  
S T 8 6 . ' H ' e T 9 6 . ' 1 ' / )  

1090 F O R M A T ( '  * . A 8 * 2 X e ' F ' r 9 (  l X . l P G 9 - 2 ) / '  ' v T  129 ' T e * 9 ( 1 X s  1PG9.2) 1 
1100 FORMAT(  'OWARNING: AMAD EXCEEDS T H E  RANGE O F  A V A I L A B L E  D A T A  ' 9  

S ' FOR D3.D4 AND 05 F U N C T I O N S ' )  
1200 FORMAT( 'O ' r ' LOW+ET R E S P I R A T O R Y  DOSE D I S T R I B U T I O N  ( R A D ) ' /  

S  ' < CROSS I RRAD I A T  I O N  CONS I DERED FOR PULMONARY REG I ON O N L Y  1 '/ - - .  

S ! O R € G I O N ' ~ T ~ ~ ~ ' D O S E * / ) ~ ~  - -  

1 2 0 1  FORMAT ( '0' l ' H I G H - L E T  R E S P I R A T O R Y  DOSE D I S T R I B U T I O N  (RAD)  '/ 
S * (CROSS I R R A D I A T I O N  C O N S I D E R E D  FOR PULMONARY R E G I O N  O N L Y ) * /  
S ' O R E G I O N ' . T 1 4 e ' O O S E ' / )  . 

1 2 1 0  F O R M A T ( '  ' .A8  .T12.1PG10 0 3 1  
SN D 

- U B P O U T I N C  PP l ? l T D (  I L E T m  IF1DS.I. T I  AST. J C A S E )  
C 
C P R I N T S  A H E A D I N G  AND T H E N  P R I N T S  COLUMNS I F I R S T  THROUGH I L A S T  O F  T H E  DOSE 
C M A T R I X  WHEN C A L L E D  B Y  T H E  OUTPUT S U B R O U T I N E  

DOUBLE P P E C I S  I O N  NAMNUC 9 NAMSOUe NAMTPG 
I N T E G E R  O U T  
COMMON /NAMES/  NAMNUC ( 2 0 )  eNAMSOU (24 ) 9 NAMTRG (27 ) 
COMMON /NUMBRS/ NSPECvNSOU.NTRG 
COMMON /DOSES/  DOSE< 2e6.24.15) * D O S R A T ( 2 * 1 1 e 6  ~ 2 7 )  s D O S T I M (  11 
COMMON /CASES/  NCASESeMODE(6 )  * T E N D (  6) e N I N T ( 6 )  s T ( 6  '30) mP(6*30). 

3 I S O L ( 6 . 2 0 ) .  A M A D ~ ~ ) . D E F A U T ( ~ ) S F L U N G ( ~ S ~ * ~ O )  s T B L U N G ( 6 s 9 * 2 O ) e  
S F 1 ( 6 e Z O ) . G l F P A C < 6 * 2 0 . 4 )  

DATA  O U T / 6 /  
C P R I N T  H E A D I N G  

IF ( I L E T  rEQ.  1) W R I T E ( C U T . 1 0 0 )  
IF  ( I L E T  .EQ. 2) W R I T E <  C U T 9 1  01 

C P R I N T  NAMES O F  SOURCES 
I F ( I F 1 P S T  .LT. 7 )  GO TO 2 0  
W R I T E ( 0 U T s  110 ) (NAMSOU( I S O U )  s I  S O U = I F I R S T . I L A S T )  

C P R I N T  L A B E L  
W P I T E ( 0 U T .  120 

C P R I N T  N A M E S  O F  TARGETS AND DOSES 
DO 10 I T R G = I e  NTPG 

W R I T E ( 0 U T .  130) N A M T R G ( I T R G 1  r (DOSE(  I L E T e  J C A S E s I T R G *  I S O U )  9 ISOU=  
S I F I R S T  9 I L A S T )  

10 C O N T I N U E  
GO 1'0 10 

20 W R I T E ( O U T . 1 1 0 )  ( N A M S O U ( I S O U ~ ~ I S O U ~ I P 1 R 9 T ~ G ) ~ ( N A M S O U ~ I S O U ~ ~ I S ~ U ~ ~ ~  
S I L A S T )  

WPI T E ( 0 U T .  120) 
DO 30 I T R G = l r N T R G  
WRI T E (  OUT' 130) NAMTRGt  I l P G  ( D O S E (  I L E T  r J C A S E s  I TPG s I SOU) r 

S I S O U =  IF I R S T  ~ 6 ) '  (DOSE(  L E T *  J C A S E *  I T R G e  I S O U )  s I S O U = B a  I L A S T )  
3 0  C O N T I N U E  

C 
t RETURN 

c 
c FORMAT s r n l t n e r n s  

100 FORWATC'OLOW-LET DOSE E Q U I V A L E N T  ( P A D ) ' )  
101 FORM AT l 'nHrtH- l ,? DOSE U I V A L E N T  ( R A D )  * 
I 10 FORMAT( 'OSOURCE   TI^. 11 ?88 .3~ ,  ) 
120 F O R M A T ( ' 0 T A R G E T ' )  
130 F O R M A T ( '  ' r A B s T 1 2 e  ll( l P G 1 0 * 3 * 1 X )  

END 

- S U B P O U T I N E  P I  SK 
DOUBLE P R E C I S I O N  NAMNUC.NAMSOUINAMTRG*T ITLE~  ( 3 ) e T I T L E 2 ( 2 )  s 

S T I T L E ~ ( ~ ) ~ R E F T B L s C A N C E R ( ~ O ) ~ D E A D ( ~ O S ~ )  * A Y E A R S ( ~ O S ~ ) S T Y E A R S ( ~ O S ~ ) S  
S D E C R L E ( 2 0  * 2 ) r , D R A T E ( 2 0 . 2 )  s N A M L E T ( 2 )  *NAMPUL~NAMBONI  
S NAMGEN(3 )  



L O G I C A L  D E F A U T  
R E A L  D O S E ( ~ ) ~ N A M C L S ( ~ ) V E A S O R G ( ~ O ) * H E L F A C < ~ ~ )  r N M R I S K ( 3 ) .  

8 Q ( 2 )  ~ P E M D O S < ~ O ~ * T D E A D ( ~ O ) O N M L E T ( ~ )  s N F A C o D E A D 2 ( 2 0 * 2 )  * T Y R S 2 ( 2 0 . 2 )  
I N T E G E R  SWITCH(7 ' )  . INDTRG(  2 0 ) * N D I C A T ( 2 * 3 )  9 I P L A T O ( 2 0 )  s L A T N C Y ( 2 0 )  

COMMON / L I F T E L /  I N L I F E  
COMMON / R E F L I F /  R E F T B L (  11 1.3 s 3) 
COMMON /OOSES/ D 0 S C O M ( 2 ~ 6 ~ 2 4 ~ 1 5 ) ~ D O S P A T ~ 2 ~ 1 1 i 6 ~ 2 7 ~ ~ D O S T I M ~ l l ~  
COMMON /GENETC/ D O S T E S ( ~ * ~ ) S D O S O V R ( ~ * ~ ) * D O S G O N ( ~ ~ ~ )  
COMMON /NAMES/ N A M N U C ( 2 0 ) . N A M S O U ( 2 4 ) . N A M T R G ( 2 7 )  
COMMON /NUMBP S/ N S P E C  *NSQU r N T P G  
COMMON / L E T /  N L E T  
COMMON /CASES/  N C A S E S * M C D E ( ~ ) * T E N D ( ~ ) * N I N T ( ~ ) * T ( ~ V ~ O ) * P ( ~ * ~ O ) ~  

S I S O L ( ~ ~ ~ ~ ) ~ A M A D ( ~ ) * D E F A U T ( ~ ) S F L U N G ( ~ * ~ ~ ~ ~ ) * T B L U N G ( ~ ~ ~ ~ ~ O ~ *  
8 F 1 ( 6 * 2 0 ) * G I F P A C ( 6 * 2 0 r 4 )  

COMMON /NUMTIM/  N T I M E S  
D A T A  S W 1 T C H / 3 * 2 . 2 * 1 ~ 4 * 1 ~ 9 /  
OATA SWTCH3/20*2 /  
DATA  T I T L E 1 / 8 H  M A L E  * e H  F E M A L E  9 8 H  T O T A L  / 
DATA T I T L E 2 / 8 H  I N H A L A *  8 H  I N G E S /  
DATA  T I T L E 3 / 8 H  NO * 6 1 A B S O L U T E . 8 H R E L A T I V E /  
DATA  NMRISK /4HNO r 4 H A B S  * 4 H R E L  / 
D A T A  CANCER/8HR MARROW. LHENDOST s8HPULMNAPY s 8 H B P E A S T  

B H L I V E R  ' * eHST  WALL  *BHPANCREAS * 8 H L L I  WALL. 
B H K I D N E Y S  * B H B L  WALL  9 8 H U L I  W A L L s B H S I  WALL  s 
8 H O V A P I E S  s BHTESTES s8HSPLEE N  s 8HUTERUS 
BHTHYMUS . M T H Y R O I D  * 2 * 8 H  / 

D A T A   BLANK/^^ / 
DATA NAMCLS/4HD *4HW s4HY * 4 H *  / 
DATA N A M L E T / 8 H  LOW L E T *  W H I G H  L E T /  
D A T A  N M L E T I 4 H L O W  * 4 H H f G h /  
DATA N A M P U L / 8 H P U M N A R Y /  
DATA  NAMBON/8HBONE . I 
DATA NAMGEN/BHTESTES * W O V A R I E S  r8HAVERAGE / 
OATA 0 / 1 . 0 ~ 2 0 e O /  
D A T A  I N O T R G / 1 6 *  1 8 * 2 7 * 1 2 * 1  1 * 3 ~ 1 4 * 6 * 1 0 * 9 * 5 r 4 r 1 3 * 2 1 * 2 0  ~ 2 4 ~ 2 2 ~ 2 , 3 * 1 * 1 /  : 
D A T A  N D I C A T / 1 3 *  1 2 9 2 3 . 2 2  9 0  PO/ 
D A T A  INDEX1 /3 .2 / '  
DATA  NUMCAN/ l  B /  
DATA  BASORG/3 0 2 6 E - 0 1  r 30 C8E-02 s 6 e  0 8 E - 0 1 * 3 e 9 9 E - 0 1 ~  1 e 5 6 E - 0 1  . , 8068E-02*  

8 1 0 2  1E-0 1 6.94E-02.3e 47E-02.3.47E-02 1 0 7 4 E - 0 2  s 1 0 7 4 E - 0 2 *  
8 1 r 74E-029  1 74E-02.1-  74€-02.1..74E-02. 8- 47E-02.2 - 09E+OO s 1 r O /  

. C  READ PEFEPENCE L I F E  T A B L E  D A T A  I F  T H I S  I S  THE F I R S T  C A L L  T O  R I S K - .  - - -  - 

IF (INLIFE .EQ. 01 
8 R E A D ( S . 1 0 0 )  ( ( ( R E F T B L C  I A G E ~ E F ~ I P O P ~ ~ I R E F = ~ ~ ~ ) ~ I A G E = ~  S I  1 1 ) s  
S I P O P = 1 * 3 )  

C  I N  I T  I A L  I Z E  PAP AMETEPS.. 
R I S T I M = l l O e O  

DO 9 i ~ E T s l  r 'NLET  
DEAD(NUMCNl * I LET )=O.ODO 
T Y E A R S ( N U M C N l ~ I L E T ) = O . O D O  
DECRLE(NUMCNL. ILET )=o .ooo 

9 C O N T I N U E  
C  COMPUTE R I S K  F O R  EACH C A N C E E o r  

DO 2 0  K A N = l  rNUMCAN 
HELFAC(KAN)=O.O 
T D E A D ( K A N I = O - 0  
PEMDOS(KAN)=O.O 
SW3=SWTCH3( KAH)  
DO 1 5  I L E T = l * N L E T  

ACT I V T = O e  O 
ORATE(KAN* ILET)=O.ODO 
D E A D ( K A N *  !LET )=O.ODO 
DEAD2(  K A N s  ILET)=O.O 
AYEARSt  K A N *  I L E T ) = O .  CDO 
T Y E A P S f K A N v  I L E T l = O o  OD0 
T Y R S 2 ( K A N * I L E T ) = O . O  
OECRLE(KAN.ILET)=O.OOO 

C  D E F I N E  DOSE R A T E  FOR EACH C A S E *  ORGAN. AND T I  ME.. 



DO 10 I T I M E = 1 . 7  
DOSE( I T I M E ) = D O S R A T (  I L E T *  I T I M * I C A S E . I N D E X )  

10 C O N T I N U E  - - - - . . - . - - 
D O S E ( 8 ) = D O S R A T (  I L E T  . 9 . ICASE. INDEX)  

' D O S E ( 9  )=DOSPAT(  I L E T . 1 1  e I C A S E * I N D E X )  
C CONVERT TO MRAD/YR.. 

00 16 I T I M E = l . 9  
D O S E t  I T I M E ) = D O S E (  I T I M E )  * 1 - 0  

16 C O N T I N U E  
C COMPUTE D O S E  E Q U I V A L E N T  I N  THE 7 0 T H  Y E A P  F O P  PEFEPENCE TABULATION. .  

NFAC= 1 0 
I F  ( I L E T  r E Q .  2 .AND. CANCER(KAN.1 rEQ.  NAMBON) NFAC=l.O ' 

POOS=DOSPAT( I L E T *  10. I C A S E  * I N D E X )  
REMDOS(KANI=REMDOS(KAN)  + RDOS * Q t  I L E T )  * NFAC * 1.0 

C 
I F  (DOSE(  I )  .EQo 0 -  C )  GO T O  15 

C A D J U S T  D O S E  R A T E  TO F A L L  W I T H I N  C A I R O ' S  L I N E A R  RANGE.. 
A C T  I V T = R A D I  N T  
CONV= 1 l 0 
SM ACL=OO S E  ( 1) 
B I G = D O S E ( 9 )  

14 I F  ( S M A L L  .LT. 1 - 0 E - 1 0 )  CONV=CONV'*~.OE+O~ 
I F  ( S M A L L  - L T *  1 rn OE-10 )  SMALL=S#ALC* l  .OE+06 
I F  ( B I G  .GT 1 oOE+O3)  CONV=CONV*l  .OE-06 
I F  ( B I G  .GT- l o O E + O 3 )  B I G = B I G * l r O E - 0 6  
IF  ( S M A L L  . LT*  1 * 0 € - 1 0  .AND- B I G  o G T -  1 - O E + 0 3 )  GO T O  18 
I F  (SMALL, -1.T-  1.C)E-LO *OR. B I G  o G T -  l .OE+OJ) GO TI3 1 4  - .  
DO 17 I T I M E = l s 9  

DOSE(  I T I M E ) = D O S E (  I T I M E )  * CONV 
17 C O N T I N U E  

ACTI VT=ACTI VT * CONV 
C OUTPUT T I T L E  F O P  CUPPENT C A I P D  CALL.. 

1 8 W R I T E (  2 6 . 2 0 0 ) T I T L E I  ( S W I T C H ( 1 ) )  sCANCER(KAN)  sNAMNUC(1 ) .  
S T I T L E Z t  MODE ( I C A S E  1) TX T L E 3 (  SW3) 

I F  ( M O D E ( 1 C A S E )  .EQ- 1) W R I T E ( 2 6 . 2 1 0 )  A M A D ( 1 C A S E ) r  
3 NAMCLS(  ISQL<ICASE.I)).Fl(ICASE~l).NAMLET(ILET)~ACTIVT 

I F  (MODE( I C A S E )  .EQ 2) W R I T E ( 2 6 * 2 2 0 )  F I  (I CASE*  1). 
S N A M L E T f  I L E T )  .ACTXVT 

C 1NVOKE SUBPQUT IN€ C A ~ F D  T O  COMPUTE RISK.. 
I C A N = K A M  
C A L L  C A I R D ( D 0 S E s  I L E T *  1CAN*SW3. I  P L A T O t  I C A N )  . 

S L A T N C Y (  I C A N )  .DRAT€(  I C A N .  ILLET)  *DEAD(  I C A N .  I L E T )  s 
S A Y E A P S t  ICAN.  I L E T )  STYEARS(  I C A N  9 I L E T )  *DECRLE(  1 C A N . I L E T )  1 

DEAO(KAN9  I LET ' )=DEAD (KAN. I L E T )  / CONV 
D E A D 2 (  K A N  a I L E T  )=SNGL( DEAD(  K A N  9 I L E T )  
T Y E A R S ( K A N . I L E T ~ = T Y E A P S ( K A N I I L E T )  / CONV 
T Y R S 2 (  K A N  I L E T ) = S N G L ( T Y E A R S (  KAN. !LET)  ) 
D E C R L E t  K A N r  I L E T  )=OECPI, Ff KAN. I L r E T b  / CONV 
DEAO(NUMCN1r  !LET )=DEAD(NUMCNl  *ILE?'l + DEAD'( IcAN. I L C T )  
TYEARS (MJMCN1  s I L E T ) = T Y E A R S ( N U M C N l .  I L E T )  + T Y E A R S t  I C A N .  I L E T )  
DECRLE(  NUMCN1. f L E T )  = D E C R L E ( N U M C N l +  I L E T )  +OECPLE(  SCAN. JLET) 
TOEAD(  K A N  )=TOEAD(KAN)  + D E A D (  KAN. I L E T )  
TBCAO(  NUMCPl l  ) -TOEAD fNIIMCN1 + D AD(KAN. I L E T )  
T u r t p s = t o T w s  + T Y E w s ( K A N . I L E T S  - 
I F  ( A C T I V T  ONE. RADINT~ W R I T E ~ ~ ~ * ~ ~ ~ ) R A D I N T * D E A ~ ( K A N . I L & ~ ) .  

S ' TYEARS(KAN.ILET).CECRLE(KAN.ILET) 
15 C O N T I N U E  

C COMPUTE R I S K  E Q U I V A L E N T  F A C T O R  FOR ORGAN KAN. 
H E L F A C ( K A N ) = T D E A D < K A N  / BASOPG(KAN1  

20 C O N T I N U E  
C COMPUTE T O T A L  R I S K  E Q U I V A L E N T  FACTOR-.  

H E L F A C (  N U M C N I  )=TDEAD( hUMCN1) / BASORGt  NUMCN1) 

-- . 
S W ~ = S W T C H ~ ( K A N )  
RADDOS=DOSRAT( 1.10.  I C A S E *  I N D E X )  * 1.0 
W R I T E ( 6 . 2 4 0 )  C A N C W t K A N )  . t A T N C Y ( K A N )  . I P L A T O ( K A N ) .  

S N M R I S K ( S W 3 ) . N M L E T ( L )  .DRATE(KAN. l )  oRADDOS.DEAD(KAN.1). 



PADDOS=DOSPAT( 2.1 O r  I C A S E * I N D E X )  * 1 - 0  
I F  ( N L E T  -€Om 2)  WRITE(  6.245) NMLET (2)  *DRAT€(  KAN.2 *RADDOSs 

S DEAD(  KAN.2) eAYEAPS(KAN.2)  * T Y E A P S ( K A N s 2 )  * D E C P L E (  KAN.2 )  
3 0 C O N T I N U E  

TOTAYR-TOTYRS / TDEAD(NUMCN1)  
OECPES=TOTYPS / 100 000- 
W R I T E ( 6 s 2 5 0 )  T D E A D ( N I M C N l ) s T O T A Y R * T O T Y R S ~ D E C R E S ~ H E L F A C ( W M C N l )  

C OUTPUT G E N E T I C  30-YEAR D O S E  COMMITMENTS. 
W R I T E ( 6 . 2 5 5 )  
DO 31 I L E T = l *  N L E T  

W P I T E ( 6 s 2 5 6 )  NMLET(ILET)~DOSTES(ILET~ICASE)~DOSOVR(ILET~ICASE)~ 
3 DOSGON ( I L E T * I C A S E )  

31 C O N T I N U E  
WRI T E ( 6 . 2 5 7 )  

C 
C OUTPUT T O  CARDS FOR L A T E R  REFERENCE.. 

I F  (MODE( I C A S E )  * E Q -  1) W R I T E ( 3 7 s 2 6 0 )  NAMNUCt  1 )  *MODE( 1 C A S E ) r  
S I S O L ( I t A S E * l ) * A M A D <  I C A S E ) m F l (  I . C A S E * l )  *PADINTnNUMCAN~JI,.ET 

I F  (MODE( ICASE' )  .EQ- 2 )  W R I T E (  37; 270) NAMNUC( 1) *MODE( I C A S E )  
3 F l (  I C A S E r  l ) * R A D I N T * h V M C A N * I L E T  

DO 36 I L E T = l * N L E T  
DO 3 5  K A W  1 *NUNCAN 

I N D E X = I N D T R G < K A N )  
IF (MODE( ICASE) .EQ. 2  .AND. C A N C E R ~ K A N )  .EQ. NAMPUL) INDEX=I 
RADDOS=DOSRAT( I L E T  10 *I CASE I N D E X  + 1 0 
W P I T E ( 3 7 s 2 8 0 )  C A N C E P ( K A N ) * L A T N C Y (  KAN)  MLATO(KAN) 

3 D R A T E ( K A N I I L E T ) * R A D D O S * D E A D ( K A N * I L E T ) . A Y E A R S ( K A N * I L E T ) *  
3 T Y E A P S (  K A N *  I L E T )  * H E L F A C ( K A N )  

3 5  C O N T I N U E  
3 6  C O N T I N U E  

W R I T E ( ~ ~ ~ ~ ~ ~ ) ( D ~ S T E S ~ ~ L E T ~ I C A S E ) ~ O O S O V ~ ( I L E T ~ I C A S E ~ ~  
3 DOSGONI  I L E T *  I C A S E )  • I L E T  N E T )  

C 
c UNFORMATTED O U T P U T  TO D l  SK FOR U S E  BY  .OARTAB PROGRAM* 

DUNMY=O- 0 
C .-DOSE RATES- .  

NUMTRG=NTRG 
IF (MODE(ICASE) '.Eo. 11 NUMTPG=NTPG + 3 

. C *  NHTRCl=NUMTRG + 1 
DO 37 I T I M E = l  * N T I  MES 
I F  (MOO€( I C A S E )  *EQ. 1 1  W R I T E (  25) NAMNUCt  I) *AMAD( ICASE) ' 

3 NAMCLS(ISOL(ICASE~l))~(GIFRAC(ICASE~1~I)~I~l~4)~ 
3 DOSTIM(ITIME~~INDEX1(UODE(ICASE)) 

' I F  (MODE(1CASE)  .EQ. 2)  W R I T E ( 2 5 )  N A M N U C ( l ) * D U M M Y * B L A N K *  
3 ( G I F R A C t  I C A S E ~ l ~ I ) ~ I = 1 ~ 4 ) ~ D O S T I M ~ I T I M E )  * I N D E X l ( M O D E ( I C A S E ) )  

W P I T E ( 2 5 )  NUMTRGsNLETs (KAMTRG(  I T R G )  r I T R G = l  mNUMTRG1 
W R I T E (  2 5 )  ( ( D O S R A ' T ( I L E T * I T I M E r I C A S E r I T R G )  * I L E T = 1  r N L E T )  r 

3 I T R C = l * N U H T R G )  
37 C O N T I N U E  

C . r G E N E T I C  DOSE.. 
T H I P T Y F ~ O -  
I T H R E E = J  

IF  (MODE( I C A S E )  .€Om 2 )  I Y D E X G = 9 9  
I F  ( M O D E ( 1 C A S E )  .EQ- 1) W R I T E ( 2 5 )  NAMNUC(1 )  .AMAD< I C A S E )  

. 3 N A M C L S ( I S O L ( 1 C A S E s  1 ) )  * (  G I F P A C C I C A S E .  1.1 ) * I = 1 * 4 )  
8 T H I P T Y I I N D E X G  

I F  (MODE(1CASE)  eEQ-  2) WRITE(  2 5 )  NAMNUCt 1) *DUMMY *DUMHV.  
S ( G I F R A C (  I C A S E * l * I )  * 1 = 1 * 4 ) * T H I R T Y * I N D E X G  

W P I T E ( 2 5 )  I T Y P E E * N L E T * < h A H G E N (  I G E N )  * I G E N = l * 3 1  
W R I T E ( 2 5 )  (DOSTES(ILET~ICASE)~ILET=l~NLET)~(DOSOVR(ILET~ICASE)r 

S I L E T 3 1  e N L E T )  .( DOSGON( I L C T s I C A S t )  I L E T = l  *NLET) 
C -R I S K  E S T I M A T E S O .  

I R I S K = S W I T C H ( 3 )  - 1 
XF-~MODE(I C A S E )  eE6- 1) W R I T E (  2 5 )  NAMNUC(1 )  *.AMAD( I C A S E )  r 

S N A M C L S ( I S O L ( I C A S E * l j )  * ( G I F R A C ( I C A S E . l  .I * 1 = 1 * 4 )  * R I S T I M *  
S N I C A T ( M O D E ( I C A S E ) * I R I S K )  

I F  ?MODE( I C A S E )  - E O *  2)  W R I T E ( 2 S )  NAMNUCt 1) *DUMMY *DUMMY* 
3 ( G I F R A C t  ICASE.1  *I) 1 = 1 . 4 ) * R I S T I  M . N D I C A T ( M O D E ( I C A S E )  - 1 R I S K )  - ~. - -  

WRITE(~~)~NUMCAN;NL€T. (CAN&R(JCAN)*JCAW~~NUMCAN) 
W R I T E (  2 5 )  ( ( D E A D 2 <  JCAN. J L E T )  J L E T = l  * N L E T )  r J C A N = l  s NUMCAN) . 
W R I T E ( 2 5 )  ( T Y R S 2 (  J C A N *  J L E T )  s J L E T = l  * N L E T )  r J C A N = l  *NUMCAN)  
W R I T E (  2 5 )  (HELFAC!  J C A N )  sJCAN=l aMIMCN1 

40 C U N r l N U E  



S '  * ~ T ~ * ' ( ' ' S T ~ ~ * A ~ * ' C O H ~ R T  ( ~ . O E + S ' P E R S O N S ! - * . A ~ *  
S '  F A T A L I T I E S  FROM L I F E T I M E  ' * 2 A 8 * ' T I O N :  sA8.' P I S K '  * T l 3 3 s ' I  ' 

2 1 0  FORMAT/  .I .T2.' 1 * .T4O. 'AMAD =*  . F 5 - 2 -  8 R E S P  C L E A R A N C E  C L A S S  = * a  

S T 5 0 s A 8 ~ ~  : ' : 1 ~ E 9 . 2 * '  P C ~ / Y R  I N T A K E ~ * T I ~ ~ * ' ( ~ I  
2 1 1  F O R M A T ( '  ' s T 2 .  1 * T 4 0 * * A M $ D  = ' v F 5 . 2 * '  s P E S P  C L E A P A Y C E  C k A Z S  = ' *  

S A4.'.  F l  = ' * E 1 0 . 3 s T 1 3 3 r  I * / '  ' * T 2 * ' I ' : T l 3 3 * ' ! * / '  * T 2 *  I 
S T 5 4 9  'FO: ' * T 5 8 * 1 P E 9 . 2  s *  P C I / Y R  I N T A K E  ; T 1 3 3 *  I * 1  

2 2 0  F O T M $ T ( '  * T 2 s 8 ( ' * T 5 9 *  = ' s E 1 0 . 3 * T l 3 3 *  1 ' / '  ' * T 2 r ' l ' * T 1 3 3 ~ ' 1 ' /  
S  ~ T 2 * ' 1  * T S O * A 8 * '  I F ! * l P E 9 . 2 *  * P C I l Y P  I N T A $ E *  sT!3?*  ' I ' 1 

2 2 1  F O : Y A T ( ' , * * T 2 ; ' I * * T 5 9 s ' F l  = ' ~ E 1 0 . 3 ~ T 1 3 3 ~ ' ( ' / '  * T 2 *  1 s T 1 3 3 .  
3 1 ' I *  e T 2 r  I ' * T 5 4 *  'FCR * * T S 8 * 1 P E 9 . 2 * '  P C I / Y P  I N T A K F ' ; T 1 3 3 r ' / ' )  

225 FORMAT(  '0' ' N O R M A L I Z A T I  CN TO 1 P E 9  0 2 9  * P C I / Y P  Y I E L D S  r lPE9.2.  
3 @ PREMATURE D E A T H S g / @  ' 9 T 4 4 9 1 P E 9 . 2 ~ '  YEARS O F  L I F E  L O S T g / '  ' s  
S T 4 4 r l P E 9 . 2 . *  YEARS DECREASE I N  L I F E  E X P E C T A N C Y ' )  

230 T O R M A T ( * l #  rT2**(-------------------------------------------\ 
,$ ----------------------------------------------------------** 
g*---,-,---------- I * * /  ' ' * T 2 * ' I ' * T l 3 3 * ' ( ' * /  
3 * ' * T 2 *  @ 1 ' s T 2 2 s A 8 .  'COHCRT ( 1  .OE+5 PERSONS)  CANCEF F A T A L I T I E S  ' *  
3 'FROM8L!FET I M E  ' * 2 A 8 *  ' T I O N ' : T 1 3 3 *  ' ! ' 1  

2 3 5  FORMAT(  e T 2  s '  1 '  * T I 3 3 9  '1 '/' s T 2 9 '  1 * T 6 2  'SUMMARY T A B L E '  s 

3 T 1 3 3 r ' l ' / '  ' * T 2 s * I * s ~ 1 3 3 * ' I ' / '  ' s T 2 s  ( * * T 1 4 * ' A D U L T ' r T 2 2 s ' A D U L T ' *  
S T 4 1 s ' A D U L T ' e T 6 5 * ' N U M B E R  O F ' * T 7 6 r * A V E P A G E ' * T 8 7 * * T O T A L ' * T 9 8 *  
3 ' O E C R E A S E ' ~ T 1 1 0 ~ * 7 0 - Y E A R ' ~ T 1 2 2 ~ ' R I S K ' . T 1 3 3 ~ ' / '  ' s T 2 9  I ' s T 1 4 s  
a *LATENCY'  . T 2 2 *  ' P L A T E A Y '  v T 4 1  s * D E A T H 8  ~ T 5 4 s  ' 70 -YEAR '  s T 6 5 9  
S ' P R E M A T U R E ' s T 7 6  * ' Y E A R -  0F1sT87 .  ' YEARS U t ' s  r Y B *  * I N  L I F E '  4 

- - -  -- - 
3 T54 . 'DOSE R A T E * . T ~ ~ ~ ' o E A T H s ~ . T ~ ~ . * L I F E  L O S T ' . T 8 7 . ' L I F E  L O S T ' .  
3 T O  8; 'EXPECTANCY a. 
3 T l lO . *AL :NT  R A T E ' s T 1 2 2 . ' F A C T O R ' . T 1 3 3 ~ ' ~ ' / '  * s T 2 * ' I 8 * T 1 4 *  
S  ' ( Y E A R S )  s T 2 2 9  * ( Y E A R S ) ' * T 4 1  r *1€6 /MRAD/YR)  ' e T 5 4 s  ' ( M R A D / Y R ) ' * T 6 5 s  
S * I N  C O H O R T : * T 7 6 * ' ( Y E A R S ~ ' * T 8 ? * ' ( Y E A R S )  * s T 9 8 * ' ( Y E A R S ) '  * T l l O *  
S * ( M R E Y / T R )  * T 1 3 3 * ' I 8 / '  * T 2 .  ( ' * T 1 3 3 . * ( * )  

2 4 0  FORMAT(  mT2 * '  1 '  r T 5 m A 8  ~ T 1 5 ~ 1 4 ~ T 2 3 ~ 1 4 ~ T 3 0 ~ A 4 m T 3 6 ~  A 4 e T 4 1 * l P € 9 . 2 m  
S T 5 3 9  lPE9.2.  T 6 4 s  1 P E 9 - 2  ~ T 7 5 ~ 1 P E 9 ~ 2 ~ T 8 6 ~ 1 P E 9 ~ 2 ~ T 9 7 ~ l P E 9 ~ 2 ~ T l O 9 ~  
S lPE9r2.Tl21.1PE9r2.Tl33. * 1 ' )  

3 T 7 5 * 1 P E 9 . 2 * ~ 8 6 * 1 P E 9 0 2 s T 9 7 * 1 ~ E 9 0 2 ; f ? 3 3 * ' 1 ' )  
2 5 0  F O R M A T ( '  ' * T 2 * ' ) * * T 1 3 3 * ' 1 ' / '  s T 2 .  1 r T S . ' T O T A L  ( S O M A T I C l * * T 6 4 s  

S 1 P E 9 . 2 * ' ~ 7 5 *  l P E 9 . 2 s T 8 6 r l P E 9 . 2  * T 9 7 * 1 P E 9 . 2 . T 1 2 1  s l P E 9 . 2 * T 1 3 3 *  1 ' 1  
2 5 5  F O R M A T ( '  ' r T 2  s ' ( ' * T 1 3 3 *  ' 1  '/' * * T 2 * *  I * * T 1 3 3 * ' I ' / '  ' * T 2 * ' I  ' *  

S  T 5 .  ' 3S)--YEAR G E N E T I S  DCS: $OMMITMENTS (MPAD) : * S T  ?33* * 1 '/ ' ' r 
S T 2 9  * 1 . T 1 3 J S ' ( 8 / '  * T 2 *  1 * T 5 * ' L E t ' s T 1 5 r  ' TESTES s T 3 0 .  ' O V A R I E S * *  
S T4Sm *AVERACE ' .T133 .  (I 0 

2 5 7  FORMAT(:  ' . ~ 2 r * ( * s ~ 1 3 3 *  
$ * / *T2*'(---------------------------------------------'* 
g*,--,,--'~--,--,----&-,,,-----,--------,---~-* 

.. -. - ----- . . S ' - - - - - -  I t ) .  ? . . . .  
2 6 0  FORMAT(  A 8 * 2 1 4 * 4 X *  3 E 1 0 . 3  - 2 1 4 )  
270 F O R M A T ( A 8 * 1 4 * 1 8 X s 2 E l 0 0 3  ~ 2 1 4 )  
2 8 0  FORMAT(A8*214*4X*bEl0.3) 
2 8 5  FOPMAT( fE !  0.3 
290FO:MAT(  * T 2 * ' l ' s T 1 3 3 s ' I ' / '  '*T2*')---------------------'9 

$ ,' -------------------------------------------------** 
3 e----,----,,-~--,,-------------------------- 

RETURN 
1 ' )  

END . . . .. 

'. SUBROUT I N E . C A  I R D ( D O S E *  I L E T * C A . N s  I SW3 I P L A T O e L A T N C Y  * D R A T € *  ' 

S A U U ~ A U ~ A V G ' ~ L L ~ ~ L L I D L € )  
C '  
C  *** COHORT, A N A L Y S I S  F O R  I N C R E A S E D  R I S K  OF D E A T H  *** - c 
C FOR USE I N  R A D R I S K .  T H E  C A I R D  CODE H A S  BEEN ADAPTED 10 SUBROUTINC FORM. 
C WE PIOTE T H A T  C A I R O  H A S  F R n V T S I O N S  FOP PRODUCING A V A R I E T Y  O F  OUTPUT 
C T A B L E S *  W I C H  APE N U 1  U k t U  IN T M I  S A P P L I C A f  lot.(. S W I T C H  Y k I  I I N G S  ARC 
C F I X E D  I N  T H E  'SWITCH * D A T A  STATEMENT TO P R I N T  ONLY T H E  T A B L E S  O F  
C I N T E R E S T .  T H I S  APPROACH HAS B E E N  DEEMED PREFERABLE  T O  T H A T  O F  
c ELIMINATING AU NONFUNCTIONAL ( IN THE PRESENT APPLICATION) SECTIONS 
C O F  THE CODE* AND SHOULD F A C I L I T A T E  L A T E R  E X P A N S I O N  O F  T H E  



P A D P I S K  CODE. I N  T H E  PRESENT A P P L I C A T I O N  SUBPOUT I N E S  L T H E A D *  STHEAD*  
AND CTHEAD A R E  NOT USED. 
A L S O *  I N  T H I S  A P P L I C A T I C N  THE C A I R D  R O U T I N E  T R E A T S  ONLY A  S I N G L E  CANCER 
T Y P E  A T  A  T I M E  AS I T  I S  C A L L E D  B Y  S U B R O U T I N E  R I S K *  SUCH T H A T  *NOCAN '  
ALWAYS EQUALS 1 ; T H I S  ALSO R E S U L T S  I N  A  D I F F E R E N T  I N T E R P R E T A T I O N  
OF T H E  V A R I A B L E  'CAN'  T E A N  T H A T  O F  T H E  O R I G I N A L  C C A I R D  CODE. 
S I M I L A R L Y  A C C I D E N T A L  ( NON-RADI AT  I O N )  R I S K S  ARE NOT ROUT1 N E L Y  CONSIDERED 
I N  T H E  P A D P I S K  CODE* SO T H A T  S U B P O U T I N E  ACCRSK I S  NOT USED. 

.DECLARATION*  D I M E N S I C N  AND I N I T I  A L I  Z A T I  ON O F  SCALARS AND APPAYS 

R E A L * E  R E F T B L ( 1 1 1 r 3 r 3 ) ~ W R T 2 2 * 3 ~ 1 1 ) / 7 2 6 * 0 D O / ~ A L L C A N  
1 ( 1 1 1 * 4 *  11')/4884*0DO/~GLTABL(ll1~9)/999*ODO/~APCO( 11 1)Fl l l * O D O / *  
2NOARCO(111)/ll1*ODO/sTDEAD~i11~/111*ODO/~FETAL~lll~~lll*ODO/~ 
3CHlLD(lll)/111~ODO/~ADULT~ll1~/1l1*ODO/~MORTAL~22~~ 
4 C A N M O P < 1 1 1 s  1 0 ) / 1 1 1 0 * 1 ~ 0 / s F D E A T H ( 2 )  sCDEATH(20.2)*ADEATH(20.2)  s 
SINCMOR 9 REFMOR 

C  
R E A L B E  L S W ~ ( ~ ) / ' M A L E ~ ~ ' F E M A L E * ~ * G E N E R A L ' / ~ L S W ~ ( ~ ) / * O I S K * S  :C?RyS* / *  

l$S:3(3) / *NONE:  s :ABSOLUTE: ' R E L A T ; V E * / * L S W  * N O N E  * 
2  * * A C C I D E N T  s ( S I t G L E  * ' I * * *  * * A C C I D E N T  s M Y L T I P  * * L E I : * *  ' 9  

3 * C A N C E R  C a  9 'OMMITTME s *KT ( S I N G * .  ' L E I  '. *CANCER C  9 * O M M I T T M E  
4:NT ( H U L T ' ~ * I ~ L ~ ) ' / r L S W S ( 2 s 4 ) / * N O N E a * '  * * * S T A G E S * * *  * * ' C A N C E R S * *  
S  s * S T A f E S &  s C A ~ C E R S * / * L S W $ ( 3 * 4 ) / * N O N E ' s a  ' s *  ' * ' L I F E T A B  
6 . ' L E 0 *  ' * 'COMPONEN * ' T  ANALYS s * I S ' .  ' L I F E  T A B * .  ' L E  & ANA;. 
7 ' L Y S I S ' / * L S W (  l O ) / * N O N E  * *  *ONE * T W O * *  ' T H R E E *  * F O U R a  ' F I V E  9 * S I X * .  
E ' S E V E N * ~ ' E I G H T * ~ * N I N E * /  

c 
P E A L * 4  ' T I T L E ( 2 0 ) ~ C A N C E P ( 3 ~ 2 0 )  * D O S E ( 9 )  

C  
I N T E G E R * 4  I N T A G € (  1 1 0 s  2)  BEGA AGE(^) . E N D A G E ( ~ ) S ' S T R T A G ( ~ )  * C L T N C Y ( ~ O ) S  

l C P L A T 0 ( 2 0 ) * A L T N C Y ( 2 0 )  * A F L A T O ( 2 O ) v K I D E X P ( 9 )  s A O E X P ( 9 )  * S W I T C H ( 7 ) *  
2 A G E * C A N s P O P * R E F ~ S T G ~ S E P A G E s S T A T R F ~ T O T C A N ~ ~ A N N O ~ B E G S T G ~ B E G C A N ~  
3 S W 1  sSW2s SW3 e S h 4 s  SWS* SW6 *SW7*CASPEP.CANPEPsSWZsFLTNCY 

C  
E Q U I V A L E N C E  ( S W l s  S Y I T C H ( 1  ) ) * ( S W 2 . S W I T C H ( 2 ) ) *  ( S W 3 s S W I T C H ( 3 )  1 s  
l(SW4~SWITCH(4))~(SWS~SWITCH(S))~(SW6~SWITCH(6))~(SW7~SWITCH~7)) 

C  
COMMON / R E F L I F /  R E F T B L ( l l l * 3 s 3 )  ' ,  

COMMON /BONDEP/ I N D B O N  
c 

DATA S E P A G E / l  O/ 
D A T A  NORMAG/O/ 
DATA  B E G A G E / O * 2 * 4 * 8 *  1 6 * 2 4 * 3 6 * 4 8 * 6 4 A  
D A T A  E N O A G E / 2 * 4 ~ 8 ~ 1 6 r 2 4 * 9 6 ~ 4 8 a 6 4 ~ 1 1 0 /  
DATA N O C A N / l /  
DATA C A N N O / l /  
DATA  F L T N C Y / O /  
DATA FPLATO/OA 
D A T A  FDEATH/O  0 0 s  0 O/ 
D A T A  C L T N C Y / 2 . 5 ~ 1 0 * 1 4 * 1 5 . 2 /  
DATA  C P L A T 0 / 2 5 * 3 0 *  1 5 * l l  C 9 4 5 /  
DATA  COEATH/2.3E-03*2.0+04*30 OE-03.9~OE-O4sS~OE-O4* 

3 7 . O E - 0 4 ~ 4  .OE-04.2.OE-04 ~2.0E-04.04~2*000* 
3 ' 4.6E-02*2.OE-03*3.OE- C2 2.3E-03 r9oOE-03.5.OE-03 s 7 r  OE-03 
3 4 . O E - 0 3 ~ 2 ~ O E - O 3 ~ 2 r O E - 0 3 ~ 2 ~ 0 E ~ 0 3 ~ 6 * 1 ~ 0 E ~ 0 3 ~ 4 9 0 E ~ 0 4  *2*090/ 

D A T A  A L T N C Y / 2 ~ 5 . 1 0 * 1 4 * 1 E s 2 /  
D A T A  A P L A T 0 / 2 5 * 3 0 r  15*11 C . 4 5 /  
D A T A  ADEATH/2.3E-O3s2. O E - 0 4 ~ 3 t  O E - 0 3 . 9 . O E - 0 4  * S o O E - 0 4 *  

S 7 ~ O E - 0 4 ~ 4 r O E - 0 4 ~ 2 ~ O E - 0 4 ~ 2 ~ O E - 0 4 ~ 6 * l ~ O E ~ O 4  s 4 r O E - O 4 * 2 * 0 0 0 *  
S 4.6E-02. 2.OE-03.3.OE-02 ~ 2 ~ 3 E - O 3 ~ 9 ~ O E - O 3 ~ S ~ O E - O 3 ~ 7 ~ O F - ~ 3 *  
3 4  oOE-039 2.0E-Q3r2.0E-C3~2~OE-03~8~igUE-03~4~OE-04 * 2 * 0 - O /  

b A f A  MOPPAL/l.56E-6*2.44E-7*3. 41E-7*5.96E-7*9.SlE-7*9rllE-7 * 
S 1.61€-.6* 201'6E-6.40 1 4 E d ~ 9 . 4 5 E - 6 s 1 ~ 6 9 E - 5 r 2 ~ 8 9 E - 5 ~ ~ 3 ~ 8 3 E * 5 ' r S i 1 5 E - 5 *  
3 6 ~ 0 4 E - 5 ~ 6 ~ 6 9 E - 5 ~ 6 ~ 8 J E - 5 ~ 7 ~ 1 4 E - 5 ~ 7 7 1 4 E - 5 s 7 ~ 1 4 E ~ S ~ 7 ~ 1 4 E ~ 5 ~ 7 ~ 1 4 E ~ S /  

D A T A  S W I T C H / 3 * 2 * 2 *  1 9 4 . 1  r9 /  
. D A T A  J C A N / l /  

DATA  CANCER/4HREO s 4HMAKR 94HOW. 4HENDOs4HSTEA s 4 H L  . 
5 4HPULM. 4HONAR I 4 H Y  4HBREA.4HST a 4 W  
S 4 H L I V E * 4 H R  e 4 H  4HSTOM94HACH s4HWALL  I 
3 4  HPANC * 4  HRE AS s 4H  v 4 H L L I  9 4 H W A L L e 4 H  
3 4 H K I D N 9 4 H E Y E  s 4 H  9 4 H B L A D  e4HDER * 4 H  WALL 
3 4 H U L I  v 4 H W A U  v4H  - 4 H S 1  W s 4 H A L L  s 4 H  
3 4 H O V A P * 4 H I E S  s 4 H  , * 4 H T E S T * 4 H E S  9 4 H  
3 4  HSPLE*  4 H E N  9 4H  s 4HUTER 94HUS s 4 H  
3 4HTHYMs4HUS *4H * d H T H Y R s 4 H O I D  r 4 H  * 6 * 4 H  / 



O E T E R Y I N E  CORRECT R I S K  E S T I M A T O R  F O R  H I G H - L E T  I N  BONE.. 
I F  ( I N D B O N  OLE. 1) COEATH(4.2  )=4.OE-03 
IF  ( I N D B O N  OLE. 1) ADEP.TH(4.2 )=4.OE-O3 

PEDEF  I N E  P A P A M E T E P S  A S  P E C E  I V E D  FROM S U B P O U T I  N E  P ISK .  o 
S W I T C H ( J ) = I S W J  - - 

s w s =  I sws - 
I P L  ATO=APL A T 0  ( CAN 
L A T N C Y = A L T N C Y ( C A N )  
DRATE=ADEATH(  CAN* I L E T )  
T O T C A N  = NOCAN + 1 

IF(SW3.NE.3)GO , T O  55 

0. .EXPAND A B R I D G E D  CANCER MORTAL1,TY D A T A  T O  L I F E  T A B L E  FORMAT 

AGE = 5 * (L-1) + 1 
€ 5 CANMORt AGE*  JCI)N) = W P T A L (  L,) 

IF(AGE.EQ.S*L)GO TO 20 
AGE = AGE + 1 
GO-TO 65 

2 0 C O N T I N U E  
C 
c ... CALCULATE PADIATION PISK DISTW IBUT'IUN ~ O I P  ALL CASE CIOSFS 
C  

5 5 .  DO 3 J = l * S V 7  
I ~ = ? B E G A G E ( ~ ) . N E . - ~ ) c B  T o  7s 

C A L L  F E T R S K (  S Y I T C H t 3  ) s F L T N C Y ~ F & A T O * ~ n S E I  1 )  * F D E A T H (  f L E T  1 * F E T A L )  
GO TO 30 

75 IF (  BEGAGE(J).LT.SEPAGE)GO T O  85 
STRTAG (J) = BEGAGE(  J) 
ADEXP(  J = ENDAGE(  J - STRTAG ( J  
C A L L  C A R S K ( S W I T C H ( 3  I * S T R T A G (  J ) s A D E X P (  J) *DOSE(  J) * A L T N C Y ( C A N )  s 

1 A P L A T O ( C A N 1  * A O E A T H ( . C A N * I L E T )  * A D U L T )  
GO TO 30 

e s IF( ENDAGEC J) OLE. SEPAGE)GO TO 95 
K I D E X P  ( J) = SEPAGE - BEGAGE( J) 
C A L L .  C A A S K ( S W I T C H ( 3 ) ~ B E G A G E ( J ) s K I D E X P ( J )  DOSE(  J) * C L T N C Y ( C A N ) *  

1 C P L A T O ( C A N )  *CDEATH(  C A N * I L E T ) * C H I L D )  
S T R T A G t  J = SEPAGE 
ADEXP( J ) = ENDAGE(  J ) - SEPAGE 
C A L L  C A P S K ( S W I T C H ( 3 ) * S T P T A G ( J ) * A D E X P ( J ) s O O S E (  J) * A L T N C Y i C A N ) *  

1 A P L A T O t  C A N )  * A D E A T H (  C A N n I L E T )  s A D L L T )  
GO TO 30 

S 5 K I D E X P ( J )  = ENDAGE<  J) - B E G A G E ( J 1  
C A L L  C A R S K ( S W l T C H ( J ) * B E G A G E (  J ) e K I D E X P ( J ) *  D O S E i J )  * C L T N C Y ( C A N ) *  

1 C P L A T O ( C A N ) * C D E A f H (  C A N m I L E T B  * C H I L D )  
30 CONT I tdUC 

C 
C  .STOPE F E T A L *  C H I L D  ADULT  AND SUMMED P I S K S  F O P  A L L  AGES 
c = CALCULATE RADIATION MORTALITY FOR RELATIVE RISK CASES 

DO 40 A 6 € = 1 * 1 1 0  
A L L C A N ( A ~ E ~ ~ . J ~ A N )  = ALLCAN(AGEI IVJCAN)  + F E T A L t A G E )  9 
CANMOR ( A G E *  J C A N )  . 
A L L C A N I  ~Gl2 .2 ;  JCAN)  = ALLCAN(  AGE92.  J C A N )  + C H I L D ( A G E )  * 
C A N M O R ~ A G E I  J C A N )  
A L L C A N (  A G E * 3 * J C A N )  = A L L C A N ( A G E q 3 s  J C A N )  + A D U L T (  AGE)  * 
CANMOR ( AGES J C A N )  
A L L C A N (  AGE.4. J C A N )  = A U C A N ( A C E . 4 r  J C A N )  + ( F E T A L (  AGE) + 
CHIL.D( AGE ) + ADULT  ( AGE) ) * CANMOR( AGE J C A N )  ... STORE T O T A L  H A U I A T I O N  D I S K  F O P  A L L  AGES 

DO 5 0  S T G = l s 4  
ALLCAN(  AGE* STG*TOTC&N)  = ALLCANCAGE*  STGsTOTCAN)  + 
A L L C A N f  ACE*  STGs J C A N )  

C O N T I N U E  
CONT I N U E  

. . r I N I T I A L I Z E  S T A G E  V K T ( I R S  V U R  IdCXT CAPICEP 

DO 60 A G E = l e I 1 1  
CANMOP(AGE* J C A N ) = l r  C . 
F E T A L (  A G E )  = 0.0 
C H I L D ( A G E )  = 0.0 
ADULT(  AGE = 0.0 

C O N T I N U E  



1 0  C O N T I N U E  
C  
c ... DETERMINE TYPE AND FCRMAT OF ADDITIONAL RISK - 
L 

4 5  GO TO! 1 0 5 ~ 1 1 5 ~ 1 1 5 ~ 1 2 5 ~ 1 2 5 ) ~ ~ ~ 4  
C 
C  . INPUT  N O N - P A D I A T I O N  6 1  SK V A L U E S  - T H E S E  R I S K S  ARE NOT S U B J E C T  

E MORTAL1  T Y  CONVERSION 

C A L L  ACCRSK( SW4. BEGAGE(  1) *ENDAGE( 1 ) SCASREP*NOARCO 1 
GO T O  105 

. r . INPUT N O N - R A D I A T I O N  F I S K  V A L U E S  - T H E S E  R I S K S  A R E  SUBJ 
M O R T A L I T Y  CONVERSION 

r GENERATE L I F E  T A B L E  

S T A T R F  = NORMAG '+ 1 
G L T A B L ( S T A T R F . 4 )  = REFTeLCSTATRF.2 .SWl )  
ADDEAD = 0.0 
00 70 A G E = S T A T R F I ~ ~ O  

I N T A G E ( A G E . 2 1  = AGE 
I N T A G E ( A G E * I )  = I N T A G E ( A G E . 2 )  - 1 
REFMOR = R E F T B L ( A G E 9  1 .SWl)  / ( 1 rO-O.5*REFTBL(AGE* 1 m SW 
GLTABC(AGE.2)  = ARCO( AGE1 
G L T A B L ( A G E . 2 )  = GLTABL(ACE.2 )  / (-l.O-O.S*CLTABL(AGE.2 
INCMOR = G L T A B L ( A G E . 2 )  + A L L C A N ( A G E * 4 * T O T C A N )  + NOARC 
G L T A E L ( A G E i  1 9  = .REFMOF / (1  .O+O.5*(REFMOR + INCMOR) 
G L T A B L ( A G E * 2 )  =. INCMOR / (l.O+O.5*(REFMOR + I N C M O R ) )  
G L T A B L ( A G E . 3 )  = G L T A B L t  AGE91  + G L T A B L (  AGE.2 
G L T A B L ( A G E s  5 )  = G L T A B L (  AGE.31 * G L T A B L (  AGE n 4  ) 
G L T A B L ( A G E + 1 . 4 )  = GLTABL(AGE.4)  - GLTABL(AGE.5 )  
G L T A B L ~ A G E . ~ )  = ( G L T A B L ( A G E S ~ ) + G L T A B L ( A G E + ~ . , ~ ) )  / 2. 
G L T A B L ( A G E . 9 ) .  = GLTABLC AGE.2) * G L T A B L (  AGE 141 
ADDEAD = ADDEAD + GLTAB+(AGE.9 )  

C O N T I N U E  
ADDEAD = ADDEAD * ( lOOOOO.O/REFTBL(  STATRF.2.SWl)  ) 
AGE = 1 1 0  
GLTABL(AGE.7 )  = GLTABL(AGE.6 )  + P E F T B L ( l t l . 3 . S W l l  
GLTABL(AGE.8 )  = G L T A B L t  AGE.7) / G L T A B L ( A G E . 4 )  

ECT T O  

) 

AGE 

C  
c . . .DETERMINE TYPS OF ADOI TIONAC ANALYSIS AND ASSIGN ORGAN AND STAG 
C  

GO T0 (145 .155 .165 .115 ) . 'W5  
1 5 5  BEGCAN = TOTCAN 

BEGSTG = 1 
GO T O  1 4 5  

165 . BEGCAN = 1 
BEGSTG = 4 
GO T O  1 4 5  

1 7 5  BEGCAN = 1 
BEGSTG = 1 

C  
C  r .CALCULATE F R A C T I O N  O F  T O T A L  D E A T H S  FOR A L L  AGES 
C  

1 4 5  DO. 8 0  AGE=STATRF* ? t 1 
I F ( G L T A B L ( A G E I ~ ) . E Q . O . O ) G O  T O  8 0  
GO TO(  185.1  S 5 . 1 9 5 . 2 0 5  .205) r S W 4  

1 es TDEAD ( A G E )  = G L T A B L ~  AGE .9) 
GO T O  215 

2 0 5  A R C O ~ A G E ) .  = (ARCO( AGE ) *GLTABL(AGE.Q)  / (ALLCAN(AGE.4.TOT.CAN)+ 
1 ARCO(AGE) )  

A P C O ( l 1 1 )  = A R C O ( 1 1 1 )  + APCO(AGE)  
T D E A D ( A G E )  = G L T A B L ( A C E  s9. I  - ARCO( AGE) 

. r .CALCULATE AND STORE F R A C T I O N  O F  T O T A L  DEATHS F O R  E A C H  CANCER 



I F ( S W 3 o E Q .  1 )GO TO 80 
D O  90 KCAN=REGCAN. T O T C A N  

. .CALCULATE AND STOPE F R A C T I O N  OF T O T A L  DEATHS F O P  E A C H  STAGE 

ALLCAN(  AGE.STG* K C  A N )  = ( ALLCAN(AGE.  S T G ~ K C A N ) * T D E A D ( A G E l  / 
1 A L L C A N (  AGE. 4 s T O T C A N  1 )  

, A L L C A N (  111.STG.KCAN) = A L L C A N ( l 1 1  .STG.KCAN) + 
1 A L L C A N (  AGE STG . K C  AN ) 

CONTINUE 
C O N T I N U E  

C O N T I N U E  

...CALCULATE YEARS O F  LIFE L O S T  AND OECPEASE I N  L I F E  EXPECTANCY 

Y L L  = ( R E F T B L ( S T A T R F . ~ S S W ~ ) - G L T A B L ( S T A T R F * ~ ) )  * (100000.0/ 
l R E F T B L (  S f A T R F * 2 . S W l )  

A V G Y L L  = Y L L  / ADOEAO 
D L E  =-YLL /plOOOOO. 0 

. .CONTINUE OIITPIJT O F  I N C I V I O U A L  CANCER R I S K  T A B L E  FROM S U B R O U T I N E  R I S K  

FORMAT( IH eT2.' I ' . ~ 7 .  'NUMBER'~OF DOSE RATES:  *.AB.T79. 'REFERENCE ' . 
1 ' TABLE I N P U T  SOURCE: '. A8 r T I 3 3  r ' ( ' 

WRaITE(26.56 )LSW3<SW3)  . (LSW5(L.SW5).L=1.2)  
FORMAT(  I H  eT2. *  I . ! ~ T ~ ~ * R A D I A T I O N  R I S K  MODEL: #.AB.T88. Q A D D I T I O N n .  - - - - -  . . 

1 * A L  ANALYSIS: ~ a ; 2 ~ 8 . ~ 1 3 3 .  w -  
W R I T E ( ~ ~ . ~ ~ ) ( L S W ~ ( L ~ S W ~ ) S L = I ~ ~ ) * ( L S W ~ ( L * S W ~ )  * L = l s 3 )  
FORMAT(  1 H *  vT2. '  1 '  . T 1 2 s  * A D D I T I O N A L  R I S K :  * * 4A8 .T90 .  ' A D D I T I O K A L  ' 9  

1 'OUTPUT:  .3AB.T133.  a I * 1 

1 o---------------------------------------*----------------** 
2*-------------- I ") 

W R I T E (  26.386) 
FORMAT(  1 H  9T2. '  1 '  r T 6 7 . '  I *  ~ ~ 1 3 3 .  '('1 
W R I T E (  2 6 . 7 6 )  
:ORMAT<lH rT2 .e  I * . T 2 3 s n * * *  I N P U T  D A T A  ***' r T 6 7 .  ' 1  * * T 9 0 . @ * * * ' .  

1 OUTPUT D A T A  ***' 11331 * 1 ' 
W R I T E (  26.386 1 

...OUTPUT C A S E  V A R I A B L E S  AND S T A T I S T I C S  

WRITE( 2 6 . 8 6 )  
FORMA 1 1 H  * s T 1 3 .  'DOSE (MRAD/YR)  * eT46 .  'AGE I N T E R V A L *  

1 ~ 6 7 ,  * T v    IT:$$::^ 1 )  
00 1 2 0  M=X*SW7 

W R I T E < 2 6 . 9 6 ) D Q S E ( M )  .BEGAGE(M).ENDAGE(M) 
F O R M A T ( 1 H  .T2. '1 *.T12.E10.3.T47.I3.T51. ' - ' s T 5 3 *  1 3 s T 6 7 . '  1 ' * T I 3 3 9  

1 * I  l \  

'CON+ I ~ U E  
W R I T E (  26.106) 
FORMAT(  1 H  . T 2  

1 ' ( * s T 7 1  . 'NUMB 
WRI T E (  26.  1 16) 
FORMAT ( 1 H  T 2  

1 ~ 6 7 r . I  ' .~71.'  
2 T 1 3 3 .  ' I ' 1 

SFP:GE . ADD EAD 
. T l l . ' C H I L D  AGE I N T E R V A L  ='.T49. '0 -'.T:3.13.T67. 

ER O F  PREMATURE DEATHS = ,*  . T I 2 1  . E l O e 3 . T 1 3 3 r  I ' 
SEPAGE. D L E  
s ' ( ' . T l l . * A D U L T  AGE I N T E R V A L  ='.T47.13.'  - 110'. 
DECREASE I N  P O P U L A T I O N  L I F E  EXPECTANCY ='.T121.E10.3. 

WRITE(  h6. ICG)NORMAG.YLL 
126 F O R M A T ( 1 H  : T 2 . ' I * . T l I . ' O U T P U T  D A T A  B A S E D  ON AGE f N T E R V A L  t V . 1 4 7 r  

113.' - 110 .T67.' I ' s T 7 1  . 'TOTAL YEARS OF L I F E  L O S T  T O  PPEMATUPE ' 9  

2 ' D F A T H S  = E l l . 3 . T 1 3 3 *  ' ( ' 1  
W R I T E ( 2 6 .  ~ ~ ~ ) ~ V G Y L L  

1 3 6  F O R M A T f l H  .T2. ' [ '9~6: . '  . l 71 . 'AVERAGE YEARS O F  L I F E  L O S T  PER' .  
1 '  PREMITURE DEATH = ,E / ; .~ .T I~~ . . I * )  

W R I T E (  26 .  1 4 6 )  
1 4 6  F O R M A T ( 1 H  * T 2 . * ( ' . T 6 7 . '  1'.Tl33.'I') 

W R I T E (  26 .6 )  
W R I T E (  2 6 . 1 6  1 
IF(  SW3.EQ. 1 )GO TO 4 8 5  



L 
C eeeOUTPUT CANCER V A R I A B L E S  
P 
C 

W R I T E (  2 6 . 1 6 )  
W R I T E 6 2 6 . 1 5 6 )  

1 5 6  F O R M A T ( 1 H  . T 2 . ' J ' . T 9 s e C A N C E R  *.T42*'FETAL*.T75.*CHILD'*T108* 
l ' A D U L T ' s T 1 3 3 .  'I ' )  

W R I T E (  2 6 . 1 6 6 )  
1 6 6  F O R M A T ( 1 H  .T2.* 1 * v T 3 1  . 'LATENCY P L A T E A U  D E A T H  R A T E *  r T 6 4 .  * L A T E N C Y e  

1.' P L $ T E A U ,  !EATH'RATE*sT97 . 'LATENCY P L A T E A U  Y E A T H  P A T E * s T 1 ? 3 .  
2 '  ' mT2. 1 s T 3 1 .  * ( Y E A R S )  ( Y E A R S )  ( D T H S / l E 6 /  .T64 . ' (YEARS)  . ' 
3 '  ( Y F A R S )  ( DTHS/!E6/ '  ~T97.  ' (  YEAYS)  ( Y E A P S I  ( ? T H S / l E 6 / * ' *  
4 T 1 3 3 .  ' r T 2 .  (  sT5Os 'MRAD/YR)  .T83. 'MRAD/YR) .T116 . *MRAD/YR) ' .  
5 T 1 3 3 .  * 1 :<* - - - -  

WRITE( 86; 16) 
W R I T E (  26.176) (CANCER(K9 C A N ) * K = 1 * 3 )  * F L T N C Y * F P L A T O * F D E A T H (  ! L E T )  

1CLTNCY ( C A N )  * C P L A T O ( C A N )  *CDEATH(CANs I C E T ) *  ALTNCY ( C A N )  A P L A T O t  CAN). 
2 A D E A T H f  C A N .  I L E T I  

W R I T E (  2 6 . 1 6 )  
W P I T E (  26 .6 )  
W R I T E (  26.  16) 

C 
C *OUTPUT CANCER D E A T H S  FOR A L L  STAGES 
C 

W R I T E (  2 6 . 1 6 6 )  
1 8 6  FORMAT(  1 H  . T 2 s e  ( * s T 2 7 .  'CANCER* s T 5 4 9  * F E T A L e  mT69 s ' C H I L D * * T 8 4 *  

l ' A D U L T ' . T 1 0 4 r  * T O T A L * * T 1 3 3 s * ( ' )  
W R I T E ( 2 6 . 1 6 )  
GO T O (  485.53 '5 .255.265)  s 5 ~ 5  
I F ( S W 5 e N E e  1 ) G a  TO 2 5 5  

5 3 5  CONT IN.UE 
W R I T E (  2 6 . 1 9 6 ) ( C A y C E R ( K s C A N ) * K = 1  ~ 3 )  

196 F O R M A T ( 1 H  r T 2 s e [  . T 2 7 . 3 A 4 . T 1 3 3 r ' l  * )  
W R I T E (  2 6 . 2 0 6 )  ( A L L C A N ( 1 1 1  s STf.TOTCAN) * S T G = 1 * 4 )  

2 0 6  FORMAT(  I H  s T 2  .* 1 ,' e T 2 7 .  ' T O T A L  s T 5 2  
1F5e2r T 1 3 3 .  * 1 ' 

GO T O  2 4 5  
2 5 5  IF (SWS.NEe2 )GO TO 2 6 5  

W R I T E ( 2 6 . 2 1 6 ) ( C A N C E R ( K m C A N ) * K = l * 3 ) s  A L L C A N ( 1 1 1  s 4 s C A N )  ' 

2 1 6  F O R M A T ( 1 H  . T 2 . * ( ' . T 2 7 . 3 A 4 . T 1 0 2 * F 5 e 2 * T 1 3 3 s e  I * )  
W R I T E ( 2 6 * 2 2 6 ) A L L C A N (  l l l . s 4 * T O T C A N )  

2 2 6  F O R M A T ( 1 H  . T 2 ~ * l a . T 2 7 r ' T O T A L ' ~ T 1 0 2 r F 5 e 2 ~ T 1 3 3 m ' ( * )  
GO T O  245 

2 € 5  C O N T I N U E  
W R I T E (  2 6 . 2 3 6 )  (CANCER(KvCAN)*K=1. .3 )  . ( A L L C A N ( l l l s I *  J C A N ) s I = 1 * 4 )  

2 3 6  FOPMAT(  I H  912 9 ' )  * . T 2 7 . 3 A 4 . T 5 2 s E l O e 3  ~ T 6 7 ~ E 1 0 ~ 3 ~ T 8 2 ~ E ~ O e 3 ~ T 1 0 2 ~  
1 E l O e 3 . T l 3 3 .  ' 1 ' )  

W R I T E (  2 6 . 2 4 6 )  (Al+CAN( 11 lr STGr TOTCAN)  ~ S T t = 1 . 4 )  
2 4 6  F O R M A T ( 1 H  .T2  9' ( .T27. 'TOTAL'  . T 5 2 ~ E 1 0 e 3 ~ T 6 7 ~ E 1 O e 3 s T 8 2 . E 1 0 e 3 s T l O 2 ~  

l E l O e 3 . T l 3 3 ~ '  I ' 1  
2 4 5  W R I T E (  2 6 s  16) 

W R I T E (  2 6 . 6 )  
WRI  T E (  2 6 . 1 6  - 

C 
C p l -OUTPUT ADD1  T I O N A L  R I  SK 
c 

D E A T H S  CAUSED BY  ' * 
* T 1 3 3 * * I w )  

C 
C l l .OUTPUT T O T A L  NUMBER OF I N C R E M E N T A L  DEATHS 

C 
2 9 5  WRITE( 2 6 . 2 6 6 )  ADDFAD 
2 6 6  F O R H A T ( 1 H  9 T 2 s e 1  . T 2 f . * T O T A L  NUMBER O F  I N C R E M E N T A L  D E A T H S a . T 1 0 4 .  

l E l O e 3 . T 1 3 3 *  ( ' 1  
W R t T E 6 2 6 r  8 6 )  - 
W R I T E (  2 6 . 6 )  



.OUTPUT GENEPATED L I F E  T A B L E  

GO T O ( 3 4 5 . 5 0 5 . 5 1 5 . 5 0 5 ) .  IY6  
C A L L  L .THEAD(  S h 1 )  

L I N E  = MODtAGE-1.5)  +=l 
IF(L  INE.EQ.5)GO T O  31, 

CONT I N U E  

GO T O  170 
C A L L  L T H E A O (  S M I )  
INIBLU = NOWBLK + 1 
GO TO 170 
W R I T E (  26.6 
W R I T E (  26.6) 

.DETERMI  N E  TYPE O F  ADD1 T I O N A L  OUTPUT 

...OUTPUT STAGE T A B L E  

C A L L  S T H E A D  
S T A T R F  '= 1 

DO 1 90 AGE=STATRF 1 1 0 
W R I T E ( 2 6 * 3 3 t ) ( I N T A C E (  AGE.J) . J=1.2). 

1 ( A L L C A N (  AGE. STG;T?TCAh') .ST f=1 *4  # 
FORMAT(  1 H  mT28. 1 .T3€.13. - * .X3 .T50.  

1 F5.2 .T73se 1 '.177*F502 sT86..)'.T93.F5. 
L I N E  = MODtAGE-1.5)  4 1 

I F ( L I N E . E Q . 5 )  GO T O  375 
C O N T I N U E  

NOWOLK -= ( ACE+d 1 '  
IF( NOWBLK- I N T e k K .  
GO T O  190 
C A L L  STHEAD 
INTELK = NQWBCK + 1 
INTBLK r l o w e L K  a 1 
GO t'U 190 

4 0 5  W R I T E ( 2 6 . 3 0 6 )  
306 F O R M A T ( I H  ,T28.*I---------------c-------------------------O, 

1 . ----------- ------------- 1 ' I  
W R I T E (  26 .  306) 

C 
C .OUTPUT CANCER T A B L E  
(1 - 

3 6 5  IF(SWS.EQ.38GO TO 345 
445  C A L L  CTHEAD(CANCER)  

3fATPC: = 1 
I N T B L K  .= S T A T R F * ~ )  / 5 

AGE=STATRF . 1 1 0 
DO\jb??~( 26 ,366 J r IN I AGE( 

1 ( A L L C A N ( A G E . 4 . 1 C A N ) r I  
3 4 6  !OFMAT.( 1 H  * T 2  .' 1 ' s T 7 .  

1 1 ' . T C ? . F 6 - a r T 3 3 a ' *  1 ' .  
2 T 7 8 . ' /  . T 8 3 * F 5 0 2 r T 9 3 .  

L I M P  - Mr lD(AGE-1.6)  + 1 

2 0 0  C O N T I N U E  
GO T O  4 2 5  

4 1 5  W R I T E ( 2 6 . 3 6 6 )  
366 F O R M A T ( 1 H  .T2 . ' I * . T18 . '  



l T 1 0 8 ~ ' ~ @ ~ T 1 2 3 ~ * . ~ ~ . T 1 3 3 . i l ' )  
NOWBLK = ( A G E + 4 )  P 5 
I F t N O W B L K  - INTBLK.EQ.7) GO T O  435 
GO T O  2 0 0  

4 3 5  C A L L  CTHEAD(CANCEP)  
I N T B L K  = NOWBLK + 1 
GO TO 2 0 0  

4 2 5  W P I T E ( 2 6 9 3 6 6 )  
W R I T E (  2 6 . 6 )  
W R I T E f  2 6 . 3 6 6 )  
WRITE( 2 6 . 3 5 6 )  A:LCAN( 111  TO TOT CAN) .(ALLCAN( 11 1 ~ 4 ~ 1  1 s I=I*NOCAN) 

3 5 6  FORMAT(  1 H  * T 2 *  I e r T 7 s  * T C T A L e r T 1 2 5 * F 7 ~ 2 ; T ~ 3 3 * ' I  @ * T l 8 * *  I * * T ? 3 * F 6 * 2 *  
1 T 3 3 1 ~ ( ' * T j 8 : F 6 . 2 * T 4 8 * ~ 1 ~ s T 5 3 * F 6 ~ 2 s T 6 3 *  ( * T 6 8 * F 6 . 2 s T 7 8 * * 1  * T 8 3 s  
2 F 6 . . 2 * T 9 3 *  ( s T 9 8 e F 6 . 2 * 1  1 0 8 * * (  * * T 1 1 3 * F 6 ~ 2 * T 1 2 3 e e I  * 

W R I T E (  2 6 . 3 6 6 )  
W R I T E (  26 .6  
W R I T E (  2 6 . 6 )  

C  
C  ... I N T I A L I Z E  M A T R I C E S  FCR N E X T  CASE 
C  

3 4 5  C O N T I N U E  
DO 2 1 0  A G E = l . l 1 1  

T D E A D ( A G E 1  = 0 . 0 .  
ARCO(AGE1 = 0.0 
NOARCO(AGE)  = 0.0 
DO 2 2 0  N = 1 * 9  

G L T A B L ( A G E * N )  = 0.0 
DO 2 3 0  S T G = I s 4  

ALLCAN(  AGEsSTG*N)  = 0.0 
2 3 0  C O N T I N U E  . 
2 2 0  CONT I N U E  
2 1 0  C O N T I N U E  

RETURN 
END 

C  .... . .  

C *** N O N - R A D I A T I O N  R I S K  SUBROUTINE  *** - 
L 

SUBROUTINE  ACCRSKC SW4eBEGACE*ENDAGE*CASREP*AODRSK) 
R 6 A L * 8  ADDRSK (1 1 S I N R S K  
INTEGER '  SW49 AGE*BEGAGE SENDAGE mCASREP 
GO T O (  5*15*26.15*25) mSW4 

1 5  ' P E A D ( 5 * 7 ) C A S P E P * S I N P S K  
7 FORMAT<  I5.F 10.9) 

DO 10 AGE=BEGAGE* ENDAGE 
ADDRSK(AGE1 = S I N R S K  

10 C O N T I N U E  
GO TO 5  

2 5  READ(5~17)CASREP~(ADDRSK(AGE)~AGE=l~llO) 
17 F O R M A T ( ' 1 5 / 1 4 (  8F10 .9 / )  1 

5  PETUPN 
END 

... t. 

E *** F E T A L  P A D I A T I O N  R I S K  S U B R O U T I N E  **+ 
L 

S U B R O U T I N E  FETRSK(SW3.FLTNCY * F P L A T O * D O S E *  DEATHS*  I XP 1 
R E A L * 8  I X R (  1 ) *DEATHS 
I N T E G E R  SWJ* START .END IFLTNCY a F P L A T 0  
IF(SW3.EQ. 3 ) G O  TO 5 
R I S K  = OOSE * ( D E A T H S / 1 0 0 0 0 0 0 . 0 )  
GO T O  15 

5  P I S K  = DOSE DEATHS 
. I 5  START  = F L T N C Y  + 1 

END = F L T N C Y  + F P L A T O  
DO 10  I Z S T A R T s E N D  
f X R ( 1 )  = R I S K  

1 0  C O N T I N U E  
RETURN 
END 

c 



*** C H I L D  t ADULT  R A D I A T I O N  R I S K  S U B R O U T I N E  *** 
S U B R O U T I N E  C A R S K (  SW3.BEGAGEsYRSEXP. DOSEsLATNCY sPLATOE.DEATHS. I X R )  
P E A L * 8  I X P ( 1 )  
I N T E G E R  B E G A G E . Y R S E X P S P L A T O E * S W ~ ~ Y R  * A G E ~ B E G H L F s S T R T A G * E N D A G  
GO TO (5.5.151.SW3 
R I S K  = OOSE * ( D E A T H S / l C O 0 0 0 0 . 0 )  
GO TO 2 5  
P I S K  = OOSE * DEATHS ' 

B E G H L F  = BEGAGE + L A T N C ?  + 1 
DO 10 YR= l .YRSEXP . 

I X R ( B E G H L F )  = I X R t B E G k L F )  + 0.5 * R I S K  

ENDAG = B E G H L F  . + P L A T O E  - 1 
I F ( E N D A G ~ L E . 1 1 O ) G O  TO 35 
I F <  ENDAG-PLATOE .CEO 11 C )  GO T O  45 

DO 20 AGE=STRTAG.ENDAG 
I X P ( A G E )  = I . X P ( A G E )  + P I S K  

CONT I N U E  
B E G H L F  = B E G H L F  + 1 
I F ( E N D A G . E O O ~ ~ O ) G O  TO 1 0  
I X R ( E N D A ~ + ~ )  = T X R ( E N O A G + l )  + 0.5 

COWT I N U E  
DO 30  AGE=1.110 

I X R ( I I 1 )  = I x R ( i i i )  + I X R ( A 6 E )  

* R I S K  . 

30 C O N T I N U E  
RETURN 
END 

-,-.. 
C *** L I F E  T A B L E  H E A D I N E  SUBROUTINE  *** 
C . . 

SUBROUT I N €  L T H E A D t  S W I  , 

I N T E G E R  SW1 
W R I T E (  2 6 . 6 3 1  

t33 F O R M A T ( 1 H l r  ' 1  
W R I T E (  2 6 . 6 1  I 
I F ( S W I e E O . 1 )  GO T O  1 2 5  
I F ( S W 1  eEQ.2) GO T O  1 3 5  
W R I T E (  2:~:s) 

8 3  FORMAT(  . ~ 2  .* 1 * * ~ 2 7 .  '&NERATED L I F E  T A B L E  F O R  T H E  GENERAL* .  
1 '  P O P U L A T I O N :  U N I T E D  STATES. 1 9 6 9 - 7 l ' . T 1 3 3 r ' l * )  

GO T O  145 
1 2 5  WRITE( 2 f r t 0 )  
6 0  FORMAT(  .T2  .'I * .T36. 'GENERATED L I F E '  T A B L E  F O R  MALES:  U N I T E D  '. 

1 ' S T A T E S  1 9 6 9 - 7 1 ' . T 1 3 3 r a  I * )  
GO T O  145 

135  WRITE( 2$;:4) 
84 FORMAT(  . I2 9 '  1 ' .TSS. 'dENERATED L I F E  T A B L E  FOR FEMALES:  U N I T E D ' .  

1' S T A T E S  1 9 6 9 - ? 1 ' . T l 3 3 r  '1 
145 W R I T E ( 2 6 . 6 1 1  

1 ' .T33  
'DXP * 
e T 1 2 3 s  

P E T U R N  
END 

C .. .. . 



SUBPOUT I N E  STHEA.0 
W R I T E (  26.6 ) 

6  F O R M A T ( l H l * *  * )  
W R I T E (  2 6 - 1 6 )  

16 F O F ) M A T . ( l H  sT2~~*1------------------------------~----------*. 
1 ---------------- ------- I * )  

FORMAT(  1 H  r T 2 8 s  * 1 ' 
* D E A T H S  B Y  STAGE 
W R I T E ( 2 6 r  16) 
W P I T E (  2 6 . 3 6 )  
FORMAT(  1 H  s T 2 8 .  * I ' 
W R I T E (  2 6 . 4 6 )  
F O P Y A T ( 1 H  . * T 2 8 * ' (  ' 
* C H I L D * . T 7 3 . *  1 * * T 7  

W R I T E ( 2 6 * 1 6 )  
W R I T E ( 2 6 . 3 6 )  
PETUPN 

r T 3 3 .  'AGE D I S T R I B U T I O N  O F  R A D I A ~ I O N  ' 
FOR A L L  CANCERS C O M B I N E D ' * T 1 0 5 *  I * ) 

*** CANCEP T A B L E  H E A D I N G  SUBROUT I N E  *** 
SUBROUT I N E  CTHEAD( CANCER) 
R E A L * 4  CANCER (3.10) 
I N T E G E R  C A N  
W R I T E (  2 6 . 6 )  

6 F O R M A T ( l H 1 . '  * )  
W R I T E (  2 6 s  16) 

16' F O P M A T ( l H  * T 2 * *  I-------------------------------------------*r 
1 *----------------------------------------------------------** 
- 

W R I T E (  2 6 . 2 6 )  
2 6  :ORMAT( l H  gT2.e I ' * T 3 7 * *  PGE D I S T R I B U T I O N  O F  R A D I t T I O N '  

1 DEATHS B Y  CANCER T Y P E  F O R  A L L  STAGES COMB1 N E D  s T I 3 3  a' 1 * ) 
W R I T E (  2 6 - 1 6 ]  
w ~ i ~ E i  26.36) 
F O R M A T ( 1 H  * T 2 s a  ' s T l 8 s '  * 

l T l O 8 *  * 1 a * T  1 2 3 m a  1 a a T 1 3 3 ~  !I : 
W R I T E (  26-46] ( (CANCER ( K e C A N  
F O R M A ~ ~ ~ H  s ~ 2 . e  ( . ; ~ 9 .  'AGES 

l a l * * T 9 3 * * l  ' m T 1 0 8 .  I a . T 1 2 3 .  
2 3 A 4 * T 5 0 * 3 A 4 . T 6 5 . 3 A 4 . T 8 0 * 3 A  

W R I T E ( 2 6 . 3 6 )  . . . - . - . - - - - - . 
W R I T E (  2 6 9  1 6 )  
W P I T E (  2 6 . 3 6 )  
RETURN 
END 

s 3  C A N = l  
* *T33,:;!*T48~ 

126. ' T O T A L '  a T 1 3 3 .  

. .  . 
' SUEROUTINE CMMNTS 

I N T E G E R * 4  L I N E (  2 0 )  s I N * O L T  .DOLLAR 
DATA O U T / 6 / s  I N / 5 /  
DATA D O L L A R / ' S * /  

C . R E A D  THE NEXT CAPO. IF THE FIPST CHARACTER 
C  OTHEPWISE  P P I N T  T H E  CAPO ANC PEPEAT. 

10 R E A D ( I N ~ 4 0 1 0 * E N D = 2 0 )  L I M  
4 0 1 0  F O R M A T ( 2 0 A 4 )  

IF( ICOMPA( LINE.DOLLARS 1 ).EQ.o) RETURN 
W R I T E ( 0 V T :  4 0 2 0 )  L I N E  

4 0 2 0 -  FORMAT(  r 2 0 A 4 )  
GO TO 1 0  

2 0  STOP 
END 

/ /  

I S  ' 8' RETURN. 
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