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D I E T A R Y  AND BODY I3URDEN DATA 

AND DOSE ESTIMATES FOR LOCAL SCl lO6L CIIILDW,N AND 'I'EENAGI'RS - 
G. W .  R. Endres ,  J .  K .  S o l d a t ,  0. B. S h i p l c r ,  

N .  M. Robi.nson, F. P I .  E i c h n e r  a n d  J .  F. I ionstead* 

B a t t e l l e  
P a c i f i c  Nor thwes t  Laboratories 

R i c h l a n d ,  Washington 9 9 3 5 2  

September  1 9 7 2  

I n t r o d u c t i o n  

For a number of y e a r s  w o r k e r s  a t  t h e  Hanford p l a n t  have 

been r o u t i n e l y  c o u n t e d  i n  a whole-body c o u n t e r  t o  d e t e r m i n e  in-  

t e r n a l  body b u r d e n s  of c e r t a i n  r a d i o n u c l i d e s .  T h i s  program led 

i n t o  a p r o j e c t  of whole-body c o u n t i n g  of selected groups of 

t h e  g e n e r a l  p o p u l a t i o n  l i v i n g  i n  t h e  area of Hanford (see Fig. 1) 

The s t u d y  o f  thle g e n e r a l  p o p u l a t i o n  c o n c e n t r a t e d  on  c o u n t i n g  

e l e m e n t a r y ,  j u n i o r  h i g h ,  a n d  h i g h  s c h o o l  c h i l d r e n .  I t  w a s  

assumed t h a t  the p l a n t  employees c o n s t i t u t e d  a r e p r e s e n t a t i v e  

sample  of t h e  a d u l t  p o p u l a t i o n  of t h e  area. 

The main s o u r c e s  of r a d i o n u c l i d e s  i n  t h e  envi ronment  a r e  

t h e  reactors a n d  t h e  c h e m i c a l  p r o c e s s i n g  p l a n t s  w i t h i n  t h e  con- 

f i n e s  of t h e  Hanford p l a n t .  

are now s h u t  down and no l o n g e r  c o n t r i b u t e  r a d i o a c t i v i t y  t o  t h e  

Columbia River.  However, t h i s  s t u d y  of body burden  and dose 

The o ld  Hanford p r o d u c t i o n  reactors 

t o  c h i l d r e n  and  t e e n a g e r s  c a n  be used  as a g u i d e  f o r  o the r  s t u d i e s  

d e a l i n g  w i t h  e n v i r o n m e n t a l  releases and  dose estimates. 

*Deceased. 
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T h e  Hanfclrd r e a c t o r s  a r e  l o c a t e d  on the Columbia R ive r  

i n  s o u t h e a s t e r n  Washington.  During t h e i r  o p e r a t i o n ,  wa te r  from 

t h e  r i v e r  w a s  t r e a t e d ,  pumped th rough  t h e  r e a c t o r s  f o r  c o o l i n q  

p u r p o s e s ,  and d i s c h a r g e d  back i n t o  the Columbia R i v e r .  I n  i t s  

f l o w  t h r o u g h  t h e  t u b e s  and around t h e  f u e l  e l e m e n t s  i n  t h e  

reactors, t h e  w a t e r  a c q u i r e d  r a d i o a c t i v e  material  l a r g e l y  formed 

by n e u t r o n  a c t i v a t i o n  of c e r t a i n  i m p u r i t i e s ,  c h e m i c a l s ,  and 

c o r r o s i o n  p r o d u c t s  p r e s e n t  w i t h i n  t h e  reactor. F i s s i o n  p r o d u c t s  

w e r e  a l so  p r e s e n t  as  a r e s u l t  o f  f i s s i o n i n g  of " t ramp" uranium 

p i c k e d  up on  t h e  o u t s i d e  o f  t h e  f u e l  e l e m e n t s  d u r i n g  t h e i r  manu- 

f a c t u r e  and n a t u r a l  uranium p r e s e n t  i n  t h e  Columbia R ive r .  

Much of ithe r a d i o a c t i v i t y  added t o  t h e  d o o l i n g  w a t e r  was 

o f  short  h a l f - l i f e  and r a p i d l y  decayed  a s  it f lowed downs t r eam,  

i n  t h e  Columbia R i v e r .  A few c o n s t i t u e n t s  w e r e  of l o n g  enough 

h a l f - l i f e  t o  be measu rab le  by s e n s i t i v e  a n a l y t i c a l  t e c h n i q u e s  

as  f a r  downstream as t h e  P a c i f i c  Ocean. The c o n c e n t r a t i o n  of  

these r a d i o n u c l i d e s  w a s  n e v e r  s u f f i c i e n t  t o  be of c o n c e r n  even  

though t h e  Columbia R ive r  i s  used  as a s o u r c e  of d r i n k i n g  w a t e r  

by downstream communi t ies .  

I t  i s  r e c o g n i z e d  t h a t  t h e  p o p u l a t i o n  i n  t h e  v i c i n i t y  of  

a n u c l e a r  f a c i l i t y ,  such  a s  I lanford ,  w i l l  r e c e i v e  a w i d e l y  

r a n g i n g  d i s t r i b u t i o n  o f  r a d i a t i o n  e x p o s u r e  depend ing  on t h e i r  

p a r t i c u l a r  d ie t s  and r e c r e a t i o n a l  h a b i t s .  A t o m i c  Energy Commission 

r e g u l a t i o n s ,  as w e l l  as  t h o s e  of o t h e r  F e d e r a l  a g e n c i e s ,  r e q u i r e  

t ha t '  t h e  g e n e r a l  p o p u l a t i o n  e x p o s u r e  be k e p t  w i t h i n  p r e s c r i b e d  
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I 

L 

w h o  w e r e  c . s p o s c ~ ~  to IIanford-produccd r a d i o n u c l  ilics , 'ind t o  

d e t e r m i n e  whether o r  n o t  body burdens  and d o s e s  can  accu ra t e ly  

be c a l c u l a t e d  from d i e t a r y  d a t a .  

During t h e  p e r i o d  of t i m e  of t h i s  s t u d y ,  1965 t o  1969 ,  

t he  l a r g e s t  p a r t  o f  t h e  body burden  and  dose w a s  due  t o  r e a c t o r  

e f f l u e n t s .  Gaseous e f f l u e n t s  such  a s  1311 c o n t r i b u t s d  a r e l a t i v e l y  

s m a l l  amount t o  t h e  t o t a l  dose. T h i s  is p a r t i c u l a r y  t r u e  i n  

R ich land  a f t e r  t h e  f a l l  o f  1963 when t h e  c i t y  began u s i n g  w a t e r  

f rom t h e  r i v e r  f o r  domestic p u r p o s e s .  B e f o r e  September ,  1 9 6 3 ,  

R i c h l a n d  c i t y  water w a s  o b t a i n e d  from w e l l s  which had no radio- 

nuc 1 ides p r e s e n t .  

With a knowledge of t h e  c o n c e n t r a t i o n  of v a r i o u s  r a d i o -  

n u c a i d e s  p r e s e n t  i n  water, m f l k ,  and  v a r i o u s  f o o d s t u f f s  as  p r o v i d e d  

i n  t h e  Hanford Env i ronmen ta l  Annual R e p o r t s  ('-13) it i s  p o s s i b l e  

t o  d e t e r m i n e ' t h e  i n t a k e  o f  r a d i o n u c l i d e s  i n  human s u b j e c t s  when 

d i e t a r y  i n f o r n i a t i o n  i s  ava i l ab le .  The ICRP Repor t  of Committee I1 

on P e r m i s s i b l e  Dose f o r  I n t e r n a l  R a d i a t i o n  (16) p r o v i d e s  informa-  

t i o n  c o n c e r n i n g  t h e  u p t a k e  and  r e t e n t i o n  of t h e  v a r i o u s  n u c l i d e s  

of i n t e r e s t  i n  t h e  human body. With these t h r e e  p i e c e s  of i n f o r -  

m a t i o n ,  i .e.  c o n c e n t r a t i o n s ,  consumpt ion ,  and  r e t e n t i o n ,  i t  is 

p o s s i b l e  t o  c a l c u l a t e  the body burden  and  dose due  t o  each of t h e  

r a d i o n u c l i d e s , .  As a c h e c k  on the adequacy  of t h e  a s sumpt ions  

and  d i e t a r y  i n f o r m a t i o n  Zn body b u r d e n s  w e r e  measured expe r imen t s  

and  compared to  t h e  c a l c u l a t e d  body b u r d e n s .  School c h i l d r e n  

65 
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Equiurnent 

Whole-Body Coun te r  D e s c r i p t i o n  

T h e  mobile whole-body c o u n t e r  used  for t h i s  s t u d y  

u t i l i z e s  a 6 x 11 1 / 2  i n c h  N a I  s c i n t i l l a t i o n  c r y s t a l  t o  d e t e c t  

gamma rays f r o m  r a d i o n u c l i d e s  w i t h i n  t h e  body. The c r y s t a l  

is mounted i n  a shadow s h i e l d  assembly  t o  r e d u c e  i n t e r f e r e n c e  

from background r a d i a t i o n  s o u r c e s .  C a r e f u l l y  selected photo-  

m u l t i p l i e r  t u b e s  w i t h  l o w  40K c o n t e n t  are used  t o  f u r t h e r  r educe  

backtyround r a d i a t i o n  l e v e l s .  The  whole-body c o u n t i n q  data arc 

sorted i n  J m u l t i c h a n n e l  p u l s e - h e i g h t  a n a l y z e r  and s t o r e d  for 

d i s p l a y  on a n  o s c i l l o s c o p e  a n d  r ecoded  on e i the r  p r i n t e d  p a p e r  

o r  punch-paper  t a p e .  I n  t h i s  s t u d y  the da ta  w e r e  f i r s t  viewed 

on t h e  s c o p e  and  t h e n  punched on p a p e r  t a p e  a f t e r  each coun t .  

D i e t a r y  da t a  f r o m  t h e  s u r v e y  q u e s t i o n n a i r e  are coded fo r  computer  

c o m p a t i b i l i t y  by u s i n g  decade s w i t c h e s  and a n  i n f o r m a t i o n  code .  

These  o u t p u t  tapes are  r e t u r n e d  t o  t h e  l a b o r a t o r y  for computer  

p r o c e s s i n g .  

The body burden  measurement  r e q u i r e s  1 0  minu tes  for e a c h  

subject  followed by 2 t o  3 m i n u t e s  f o r  m a n i p u l a t i n g  da t a  and 

punch ing  t he  paper tape. Thus ,  i n  a normal  6-hour s c h o o l  day  

it was possible t o  c o u n t  20-25 s t u d e n t s .  The s t u d e n t s  w e r e  

i n s t r u c t e d  as to t h e  p u r p o s e  of t h e  s u r v e y  and m o t i v a t e d  t o  

p a r t i c i p a t e  i n  i.t d u r i n g  a s p e c i a l  p r e s e n t a t i o n  made t o  i n d i v i d u a l  

classes. 

1 1 5 2 1 8 4  
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The q u a n t i t a t i v e  measurement of r a d i o n u c l i d e s  i n  c h i l d r e n  

depends  on  t h e  d e r i v a t i o n  of a s u i t a b l e  c a l i b r a t i o n  f u n c t i o n  f o r  

the shadow-sh ie ld  c o u n t e r .  I t  c a n n o t  be assumed t h a t  thc c a l i -  

b r a t i o n  f a c t o r s  d e r i v e d  for s t a n d a r d  man are a p p l i c a b l e  t o  

c h i l d r e n ' s  measurements .  A c a l i b r a t i o n  s t u d y  w a s  conduc ted  con- 

c u r r e n t l y  w i t h  t h e  measurement of c h i l d r e n .  

a d e f i n i t i o n  f o r  a s t a n d a r d  c h i l d  w e  deve loped  an a r r a y  of n i n e  

phantoms f o r  c h i l d r e n  r a n g i n g  i n  s i z e  f rom 4 8  t o  107  pounds.  

The phantoms w e r e  c o n s t r u c t e d  of l-pound boxes of sugar. A 

phantom containjLng n o  added r a d i o a c t i v i t y  was f i r s t  c o n s t r u c t e d  

on t h e  bed of t he  c o u n t t r  and measured t o  p r o v i d e  background 

data.  

o f  r ad ionuc1 ide ; s  w a s  c o n s t r u c t e d  i n  an i d e n t i c a l  way and measured 

w i t h  the c o u n t e r .  A f t e r  s u b t r a c t i n g  background r e a d i n g s ,  t h e  

measurements  w e r e  u s e d  t o  ca l cu la t e  a c a l i b r a t i o n  f a c t o r  for 

t h e  r a d i o n u c l i d e s  a n d  phantom s i z e  use6 .  I n  t h i s  way, calibration 

f a c t o r s  f o r  e a c h  of t h e  n i n e  phantoms for z inc -65 ,  po ta s s ium-40 ,  

cesium-137 and sodium-24 w e r e  d e r i v e d .  

I n  the absence  of 

Then a phantom u s i n g  s u g a r  boxes c o n t a i n i n g  known amounts 

These data w e r e  u s e d  to d e v e l o p  a n  e m p i r i c a l  f u n c t i o n  

T h i s  f u n c t i o n  w a s  r e l a t i n g  body size t o  c a l i b r a t i o n  factor .  

programmed for t h e  computer  so t h e  a b s o l u t e  body burden  could 

be quickly c a l c u l a t e d  from t h e  c o u n t i n g  da t a .  L i n e a r ,  e x p o n e n t i a l  

and power f u n c t i o n s  w e r e  examined for t h e  c a l i b r a t i o n  d a t a .  T h e  

g o o d n e s s  of f i t  of f u n c t i o n s  o b t a i n e d  w i t h  a parameter of pounds 

w e i g h t  per i n c h  of h e i g h t  a s  compared to f u n c t i o n s  i n v o l v i n g  

Simply pounds w a s  also e v a l u a t e d .  A l i n e a r  c o r r e l a t i o n  technique 

I 1 5 2 1 8 5  
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was used for selecting the best fit for each of these functions. 

The calibration curves that b e s t  fit the data were exponential 

functions. These curves were then used  t o  determine a calibration 

fo r  each subject counted. T h e  whole-bodv counter is capable of 

detecting a body burden of less than 1 nCi of 65Zn. 

Experimental Method 

Diet fnformation 

A critical part of the total study is a determination of 

Special the solid food and liquid consumption of each subject. 

questionnaires were designed for the elementary and teenaue 

school children surveys. . Different questionnaires on food 

consumption were used f o r  each of the two groups of subjects, 

and additional information was asked from the teenagers concerning 

their use oE the Columbia River for fishing, swimminq, water 

skiing and picnicing. The teenagers were asked to recall the 

diet, while the elementary students were asked to keep a record 

o f  their diet f o r  one week. The questionnaires are shown in 

Appendix A. These consumption studies for children were required 

because the eating habits of the children, in many cases, are 

vastly different than adult data. 

t i o n  was obtained in cooperation with the local schools. 

The necessary dietary informa- 

In establishing a research procedure to investigate diets 

and radionuclide body burdens in local children, we had to pro- 

vide motivation f o r  the schools to cooperate with us, for the 

parents to give permission f o r  their children's participation, and 

fo r  the children to take part in the study. A serious attempt 

1 1 5 2 1 S b  
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was made t o  i n f  arm the c h i l d r e n  a b o u t  r a d i o a c t i v i t y  ant1 r a d i a t i o n  

a l o n g  w i t h  tlie i n t r o d u c t i o n  of t h e  program. Questions t h a t  arose 

w e r e  answered  f r a n k l y  and information c o n c e r n i n g  t h e  measure- 

ments  and t h e  r e s u l t s  were made a v a i l a b l e  t o  anyone i n t e r e s t e d .  

Most o f  t h e  school c h i l d r e n  c o n t a c t e d  i n  t h e  e l e m e n t a r y  s c h o o l s  

( g r a d e s  1-6)  p a x t i c i p a t e d  i n  t h e  s t u d y .  S t u d e n t s  f r o m  1 6  e l e m e n t a r y  

schools took p a c t  i n  t h e  s t u d y .  The  t o t a l  number of 1-6  g r a d e r s  

s u r v e y e d  w a s  5,219. F o r  t h e  t e e n a g e  s u r v e y ,  247  s t u d e n t s  i n  

10-12 g r a d e s  w e r e  c o u n t e d .  A t  a local  j u n i o r  high school,  180  

s t u d e n t s  i n  t h e  7-9 g r a d e s  w e r e  coun ted .  

Q u e s t i o n s  r e q u i r i n g  e v a l u a t i o n  by t h e  c h i l d  of t h e  amounts 

of v a r i o u s  f o o d s t u f f s  consumed c a n n o t  r e l i a b l y  d e t e r m i n e  con- 

sumpt ion  l e v e l s  fo r  c h i l d r e n .  I n s t e a d  the c h i l d  w a s  asked t o  

keep  a r e c o r d  of t h e  p e r t i n e n t  f o o d s t u f f s  consumed d u r i n g  a 

c o n s e c u t i v e  7-day p e r i o d .  This r e c o r d  w a s  m a i n t a i n e d  by r e c o r d i n g  

e a c h  h e l p i n g  o r  cup  of f o o d s t u f f  consumed. Some d i e t  records, 

p e r h a p s  between 1 and 2 p e r c e n t ,  w e r e  d i s c a r d e d  because  t h e  c h i l d  

o b v i o u s l y  d i d  n o t  u n d e r s t a n d  what  w a s  r e q u i r e d .  

About 2 w e e k s  a f t e r  t h e  classroom d i s c u s s i o n ,  t h e  I lanford 

m o b i l e  whole-body c o u n t e r  w a s  moved t o  t h e  s c h o o l  and p a r k e d  

i n  a c o n v e n i e n t  l o c a t i o n  on t h e  schoo lg round .  

1 month to c o u n t  t h e  c h i l d r e n  i n  e a c h  e l e m e n t a r y  s c h o o l .  

It r e q u i r e d  a b o u t  

The raw d a t a  from t h e  q u e s t i o n n a i r e s  w e r e  compi led  f o r  

computer  p r o c e s s i n g  and are  g i v e n  i n  Appendix B along w i t h  a 

summary of t h e  d i e t a r y  i n t a k e s  o f  each food  l i s t e d  by age  and  by 

s c h o o l .  For t h e  e l e m e n t a r y  school c h i l d r e n ,  t h e  d i e t a r y  d a t a  
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c's i s  p r c s c n t  d u e  t o  fa1 luuC Irom n i i c l c . - i r  t c x s t  i t i t ; ,  it 137 S i n c c  

i s  n o t  i n c l u d e d  i n  t h e  body burden c a l c u l a t i o n  or dose estimates. 

C o n c e n t r a t i o n s  o f  R a d i o n u c l i d e s  

The da t a  f o r .  d e t e r m i n i n g  c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  

i n  t h e  f o o d s t u f f s  and  l i q u i d s  consumed by t h e  p a r t i c i p a n t s  i n  

t h i s  s t u d y  w e r e  o b t a i n e d  from t h e  a n n u a l  r e p o r t s ,  " E v a l u a t i o n  of 

t h e  Radiological  C o n d i t i o n s  i n  t h e  V i c i n i t y  of Hanford ,"  f o r  

t h e  y e a r s  d u r i n g  which t h e  s t u d y  w a s  conducted .  (1-13) For t h e  

e l e m e n t a r y  s c h o o l  c h i l d r e n ,  d a t a  o n  c o n c e n t r a t i o n s  from t h e  ycars 

1962 t h r o u g h  136,8 w e r e  used .  For the tecnaqers  w h o  w e r e  a l l  c o u n t e c '  

i n  t h e  w i n t e r  and s p r i n g  of 1 9 6 9 ,  c o n c e n t r a t i o n  data from 1 9 6 6  

t h r o u g h  1 9 6 9  w e r e  r e q u i r e d .  

The m o s t  i m p o r t a n t  pathway i n  t h e  Hanford r e g i o n  f o r  r a d i o -  

n u c l i d e s  to r e a c h  t h e  human body i s  t h e  s a n i t a r y  w a t e r  s u p p l y  

sys tem.  For t h e  c i t y  o f  R i c h l a n d ,  t h i s  pathway w a s  n o t  i m p o r t a n t  

u n t i l  t h e  f a l l  of 1 9 6 3  when the  m u n i c i p a l  w a t e r  s u p p l y  w a s  chanaecf 

from a w e l l  system t o  t h e  Columbia R ive r .  Pasco  and Kennewick 

h a v e  drawn their m u n i c i p a l  w a t e r  from t h e  r i v e r  s i n c e  b e f o r e  1 9 5 9 .  

The c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  w a t e r  w e r e  o b t a i n e d  a f t e r  

the  water w a s  t r ea t ed  i n  e a c h  c i t y ' s  f a c i l i t i e s .  T rea tmen t  i n  

t h e  water  p l a n t  r e d u c e s  t h e  c o n c e n t r a t i o n s  of t h e  r a d i o n u c l i d e s  

by as much a s  8 0 %  b u t  does n o t  c o m p l e t e l y  remove them. 

in 1969 65Zn w a s  r educed  by a b o u t  50% i n  g o i n g  t h r o u g h  t h e  

R i c h l a n d  t r e a t m e n t  p l a n t .  

For example,  
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O t l i c r  p a t h w a y s  c o n s i t i c  t -c(~ for this s t u d y  incl udrb: coiii- 

Incrcial  and loc,il n i i L k ,  c o m i n e r - r r i . 1 1  <ind local  l x c l  , v c l j c t . i l l c s  

and f r u i t s ,  f is11 f r o m  the C o 1 u n h i . i  R i v e r ,  game birds, conancrcial 

and loca l  e g g s  and p o u l t r y ,  and f r e s h  s e a f o o d .  C o n c e n t r a t i o n s  

o f  65Zn and 321? a r e  e s p e c i a l l y  h i g h  i n  l oca l ly  grown beef  

b e c a u s e  c a t t l e  i n  s o m e  areas e a t  p a s t u r e  g r a s s  i r r i g a t e d  w i t h  

Columbia R i v e r  w a t e r .  High c o n c e n t r a t i o n s  o f  t h e s e  r a d i o n u c l i d e s  

w e r e  also  found i n  Columbia R i v e r  f i s h ,  f o r  which a n n u a l  d a t a  

from p e r c h ,  c r , a p p i e  and  b a s s  were combined t o  g i v e  a n  a n n u a l  

a v e r a g e .  G a m e  b i rds  have  also been found t o  c o n t a i n  h i g h  l e v e l s  

of 65Zn and  32P i n  some cases. For t h e  p u r p o s e s  of  t h i s  s t u d y  

t h e  c o n c e n t r a t i o n s  found i n  b i r d s  w i t h i n  t h e  Hanford e n v i r o n s  

w e r e  r e d u c e d  to 2 0 %  t o  allow f o r  mixing  by uncontaminated  b i r d s .  

The r e d u c t i o n  t o  2 0 %  seems r e a s o n a b l e  i n  c o n s i d e r a t i o n  o f  t h e  

l a r g e  number of  b i r d s  l i v i n g  i n  o r  m i g r a t i n g  t h r o u g h  t h e  a r e a .  

N e i t h e r  commercial n o r  l oca l  e g g s  and p o u l t r y  have s i g n i f i -  

c a n t  65Zn and 32P c o n c e n t r a t i o n s  e x c e p t  f o r  those  o f  o n e  local 

farm on t h e  r iver ,  This p a r t i c u l a r  f a m i l y  consumes a l l  of i t s  

own e g g s  and p o u l t r y ,  so f o r  t h i s  s t u d y  t h e  c o n c e n t r a t i o n s  o f  

65Zn and  32P i n  e g g s  and  p o u l t r y  w e r e  assumed t o  be  zero s i n c e  

t h e  c o n c e n t r a t i o n s  had t o  b e  a p p l i e d  t o  s e v e r a l  t housand  s u b j e c t s .  

The r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  of 65Zn and 32P found 

i n  f r e s h  s e a f o o d s  of c e r t a i n  t y p e s  ( o y s t e r s ,  c r a b ,  s h r i m p ,  clams) 

w e r e  r e d u c e d  hy a f a c t o r  of 1 0  t o  a l low for consumption of 

uncon tamina ted  s e a f o o d s  and  f o r  r a d i o a c t i v e  decay  between t i m e  

of harvest  and t i m e  of e a t i n g .  
i 
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The c o n c e n t r a t i o n s  used  ' for  the 65Zn body burden  and dose 

c a l c u l a t i o n s  a re  shown i n  Appendix C .  

Dose E q u i v a l e n t  C a l c u l a t i o n s  

F o r  t h i s  s t u d y ,  dose due  t o  e x t e r n a l  s o u r c e s  of r a d i a t i o n  

h a s  n o t  been  c o n s i d e r e d  s i n c e  t h e  f o c u s  h a s  been t h e  u p t a k e  and 

r e t e n t i o n  of r a d i o n u c l i d e s  i n  the human body. The basic approach 

f o r  c a l c u l a t i n g  i n t e r n a l  dose i s  t o  d e t e r m i n e  t h e  intake of cacli 

r a d i o n u c l i d e  f o r  a s p e c i f i c  per iod of t i m e ,  t h e n  t o  e x t e n d  t h a t  

t i m e  p e r i o d  t o  one  y e a r  and  t o  a p p l y  a n  a p p r o p r i a t e  dose f a c t o r .  

A f t e r  t h e  dose is d e t e r m i n e d  for each r a d i o n u c l i d e  t h e  t o t a l  d o s e  

e q u i v a l e n t  i s  o b t a i n e d  by summing t h e  i n d i v i d u a l  doses, a s  i l l u s -  

t ra ted i n  F i g .  2 .  The  dose e q u i v a l e n t  and  dose -pe r - in t ake  fac tors  

are l i s t ed  i n  Appendix D. Dose factors a r e  de te rmined  f o r  whole- 

body, G I  t r ac t ,  t h y r o i d  and  bone €or  each  r a d i o n u c l i d e  of i n t e r e s t .  

Taken i n t o  a c c o u n t  i n  the dosc f a c t o r  are  t h c  clccay schcmc o f  tlic 

r a d i o n u c l i d c ,  tlie energy o €  the r a d i a t i o n  r c l e a s c d ,  the r e t en t ion  

i n  t h e  body,  anif c o n c e n t r a t i o n  i n  p a r t i c u l a r  o r g a n s  of impor tance .  

E q u a  t i o n s  for c a l c u l a t i o n  of i n g e s t i o n  

(18 1 given b e l o w  as derived by Soldat .  

dose 

0 .693 t  7.4 x lo4 E T f W  1-e 
= (** '* ) inges t ion ,  m 

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

f a c t o r s  

X lo4 -0 .693t '   ET'^* e 2 . 5 6  
'R = ( D * F * ) i n l g e s t i o n ,  m 

a re  

GI-LLI 
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w h e r e :  D.F. = Dose F a c t o r  (rnrem/nCi i n g e s t e d ) .  

c = E f f e c t i v e  e n e r g y  of t h e  s p e c i f i c  n u c l i d e  i n  

t h e  s p e c i f i c  o r g a n  unde r  c o n s i d e r a t i o n  

f* = F r a c t i o n  of  t h e  mater ia l s  w h i c h  e s c a p e  absorp-  

(MeV/dis).  

t i o n  i n  t h e  G I  t r a c t  ahead of t h e  L L I  (lower 

large i n t e s t i n e ) .  For i n s o l u b l e  mater ia l  

(16) as f *  = ( 1 . 0 . -  f l )  a s  d e f i n e d  by t h e  ICRP 

t h e  f r a c t i o n  p a s s i n g  from t h e  G I  t r a c t  t o  t h e  

blood. 

s o l u b l e  n u c l i d e ) ,  t h e n  ( f * )  w a s  t a k e n  as  0 .05  

I f  (fl) w a s  g i v e n  a s  1 . 0  ( c o m p l e t e l y  

r a t h e r  t h a n  zero.  

f w  == The f r a c t i o n  of t h e  i n g e s t e d  n u c l i d e  r e a c h i n g  

t h e  o r g a n  of i n t e r e s t .  

T := The e f f e c t i v e  h a l f - l i f e  o f  t h e  n u c l i d e  i n  t h e  

o r g a n  u n d e r  c o n s i d e r a t i o n  ( d a y s ) .  

Length  of t i m e  o v e r  which t h e  d o s e  is c a l c u l a t e d  

( d a y s ) .  For  t h e  p r e s e n t  a p p l i c a t i o n ,  t w a s  

365 d a y s .  

t := 

TR = Radioactive h a l f - l i f e  of t h e  n u c l i d e  under  

c o n s i d e r a t i o n  ( d a y s ) .  

Time o f  t r a v e l  f r o m  mouth t o  e n t r a n c e  of LLI t '  = 

( d a y s )  

T' = T r a v e l  t i m e  t h r o u g h  LLI ( d a y s ) .  

m = Mass of the  o r g a n  ( g r a m s ) ,  o r  m a s s  of c o n t e n t s  

of LLI. 
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The  v a l u e  of the p a r a m e t e r s  r e q u i r e d  €or these equations 

w e r e  t a k e n  from ICRP Repor t  N o .  2 ( 1 6 )  for t h e  a d u l t .  Decausc of 

the l i m i t e d  data a v a i l a b l e  for c h i l d r e n ,  the same p a r a m e t e r s  

w e r e  a l s o  used for  c h i l d r e n  and t e e n a g e r s .  E q u a t i o n s  (1) and ( 2 )  

apply f o r  b o t h  food and water .  All n u c l i d e s  i n  t h e s e  media 

w e r e  assumed t o  be  i n  s o l u b l e  form. 

Body Burden C a l c u l a t i o n s  

The c a l c u l a t i o n  of 65Zn body burden  is based on  t h e  

d i e t a r y  i n t a k e  of e a c h  i n d i v i d u a l  s t u d i e d .  Each case i s  c o n s i d e r e d  

s e p a r a t e l y  and t h e  a p p r o p r i a t e  6sZn c o n c e n t r a t i o n s ,  as' g i v e n  i n  

Appendix C ,  f o r  e a c h  of t h e  f o u r  y e a r s  d i r e c t l y  p r e c e d i n g  t h e  

d a t e  of t h e  whole-body c o u n t  are a p p l i e d  t o  o b t a i n  a body burden 

a t  t h e  end of t h a t  y e a r  due t o  t h e  i n t a k e  for t h a t  y e a r .  T h e  

body 'bu rden  d e t e r m i n e d  f o r  e a c h  of these y e a r s  is decayed  exponen- 

t i a l l y  t o  t h e  t i i n e  of the whole-body c o u n t .  The c o n t r i b u t i o n  

of  y e a r s  p r i o r  t o  t h e  f o u r t h  y e a r  b e f o r e  t h e  c o u n t  i s  n e g l i g i b l e .  

I n  order to compensate  f o r  changes  i n  d i e t a r y  h a b i t s  a s  

c h i l d r e n  grow older, s p e c i a l  s e r v i n g  s i z e  and a g e  r a t i o  t a b l e s  

w e r e  deve loped .  (I9) 

y e a r ' s  consumpt ion  t o  t h e  p r e v i o u s  y e a r ' s  consumption f o r  a g e s  

from 0 t o  21 y e a r s  and f o r  t h r e e  previous y e a r s .  T h e  r a t i o s  

w e r e  computed from d i e t a r y  da ta  f o r  f o u r  c a t e g o r i e s :  meat, 

These  t a b l e s  show t h e  ratiooof t h e  c u r r e n t  

c h i c k e n  o r  game h i r d s ,  f i s h ,  and v e g e t a b l e s .  T h e s e  t a b l e s  a re  

given i n  Appendix E. 

A s e r v i n g  s i z e  t a b l e  is p r o v i d e d  f o r  m e a t ,  c h i c k e n ,  f i s h  

and v e g e t a b l e s  a s  a f u n c t i o n  o f  a g e  from a g e  0 t o  18 .  P e r s o n s  
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18  a n d  older  a r e  c o n s i d e r e d  t o  be a d u l t .  The s e r v i n g  s i z e  t a b l e  

is u s e d  t o  c o n v e r t  d i e t a r y  d a t a  f r o m  meals-per-week t o  actual 

amounts i n  k i l o g r a m s .  This s i rnp l i f  ies  c a l c u l a t i o n  of r a d i o -  

n u c l i d e  i n t a k e  s i n c e  t h e  c o n c e n t r a t i o n s  o f  t h e  r a d i o n u c l i d e  a r e  

g i v e n  i n  t e r m s  o f  p i c 0  c u r i e s  p e r  k i l o g r a m  ( p C i / k g ) .  Consumption 

of l i q u i d  i s  i n  terms of cups-per-day and is  c o n v e r t e d  i n  t h e  

computer  program t o  a n n u a l  consumption f o r  tile dose e q u i v a l e n t  

' c a l c u l a t i o n  a n d  t h e n  back t o  d a i l y  consumpt ion  f o r  t h e  body 

burden  c a l c u l a t i o n .  

Va lues  of f r a c t i o n a l  u p t a k e  ( f w )  and  e f f e c t i v e  h a l f - l i f e  

( l e )  recommended by t h e  ICRP (16) w e r e  u s e d  f o r  computing 6SZn 

body burden .  For  Zn, f w  = 0 . 1  and  = 194 d a y s .  6 5  . 

R e s u l t s  

Dose E q u i v a l e n t  C a l c u l a t i o n s  

Two d i f f e r e n t  computer  programs w e r e  u s e d  f o r  the dose 

e q u i v a l e n t  c a l c u l a t i o n s :  o n e  f o r  t h e  t e e n a g e  s t u d y  and the o t h e r  

f o r  t h e  e l e m e n t a r y  school c h i l d r e n .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e  

i s  t h a t  t h e  t e e n a g e  program does n o t  c a l c u l a t e  bone-dose e q u i v a l e n t .  

Except i n  t h e  case of t w o  school d i s t r i c t s  (Edwin Markham 

and  Kiona-Benton) where the  r e s i d e n t s  d r i n k  w e l l  water, t h e  

p r i m a r y  pathway t o  t h e  human body i s  s a n i t a r y  water drawn from 

the  Columbia Ri.ver. I n  most cases for e l e m e n t a r y  s c h o o l  c h i l d r e n ,  

t h e  percent of dose e q u i v a l e n t  d u e  t o  w a t e r  varies f r o m  a b o u t  

50% t o  9 9 % .  

school c h i l d r e n  and  l i s t e d  by food  f o r  t o t a l  body, G I  t r a c t ,  

These da ta  a re  g i v e n  i n  Appendix D f o r  t he  e l e m e n t a r y  

f t h y r o i d ,  and bone.  For t e e n a g e r s  t h e  d o s e  e q u i v a l e n t  c a l c u l a t i o n s  

i 1 5 2 1 ' 1 3  
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b u t i o n s  a s  ii € u n c t i o n  o r  Uood pr7CIiway. As a 1 1  i l l u s t r a t i c ~ t ~  0 1  

t h e  dose e q u i v a l e n t  d i s t r i b u t i o n  f o r  t h e  w a t e r  p a t h w a y ,  Fiq. 3 

is g i v e n .  The a v e r a g e  p e r c e n t  of t h e  t o t a l  body d o s e  e q u i v a l e n t  

from w a t e r  i s  8 2 . 3  p e r c e n t  f o r t h e  j u n i o r  h i g h  t e e n a g e r s  and  6 9 . 0  

p e r c e n t  f o r  t h e  s e n i o r  h i q h  t e e n a g e r s .  O the r  foods  c o n t r i b u t e  

I v a r y i n g  p e r c e n t a g e s  of t h e  dose e q u i v a l e n t  up t o  about  9 p e r c e n t .  

The h i g h e s t  d o s e  e q u i v a l e n t  n o t e d  i n  a l l  t h e  c a l c u l a t i o n s  

w a s  4 8 . 9  r n r e m  f o r  t h e  G I  t r a c t ,  a b o u t  3.5 p e r c e n t  o f  the maxi- 

mum p e r m i s s i b l e  d o s e  e q u i v a l e n t .  All other c a l c u l a t e d  dose 

e q u i v a l e n t s  are sma l l e r  t h a n  4 8 . 5  r n r e m  r e g a r d l e s s  of t h e  o rgan  

of i n t e r e s t .  .For t h e  t e e n a g e r s ,  t h e  G I  t r a c t  d o s e  e q u i v a l e n t  

is  h i g h e r  t h a n  e i t h e r  t h e  whole body o r  t h y r o i d  d o s e  e q u i v a l e n t  

b e c a u s e  t h e  dose f a c t o r s  r e f l e c t  t h e  f a c t  t h a t  a l l  o f  t h e  radio-  

n u c l i d e s  i n g e s t e d  p a s s  t h r o u g h  t h e  GI t rac t .  For  t h e  t e e n a g e r s  

t h e  c o n c e n t r a t i o n  of r a d i o a c t i v e  i o d i n e  i n  t h e  w a t e r  i s  less 

b e c a u s e  t h e  s t u d y  w a s  conduc ted  i n  1969 a f t e r  the  r a d i o a c t i v i t y  

i n  t h e  r iver had d e c l i n e d .  

For t h e  edementary  s c h o o l  c h i l d r e n  (mos t ly  6 t h r o u g h  12 

y e a r s ) ,  t h e  c o n c e n t r a t i o n  of r a d i o a c t i v e  i o d i n e  i n  t h e  w a t e r  

is h i g h e r  than in l a t e r  y e a r s  so t h a t  t h e  t h y r o i d  dose e q u i v a l e n t  

is h i g h e r  t h a n  the G I  t rac t  o r  whole body dose e q u i v a l e n t .  

whole body dose e q u i v a l e n t  i s  a b o u t  a n  o r d e r  o f  maqni tude  less 

t h a n  t h e  dose e q u i v a l e n t  f o r  G I  t r a c t  and  t h y r o i d  main ly  because  

t h e  dose f a c t o r s  t ake  i n t o  a c c o u n t  t h e  m a s s  o f  t h e  o r g a n  of 

The 

1 1 5 2 1 9 4  
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concern, a n d  t h e  mass of the  w h o I c  body is much larger t h a n  thc 

mass of the GI tract or thyroid. ?'lie conccntrstioii f a c t o r  l o r  

iodine in the thyroid a l s o  plays an important part. S i n c e  the 

concentration of 32P is fairly h i g h  in most of the foodstuffs, 

the relatively short range beta particle contributes much more 

t o  GI tract dose equivalent than it does to the whole body dose 

equivalent. Other beta emitters such as 122Sb, 64Cu and '6As 

also help cause the GI tract dose equivalent t o  be much higher 

than the whole body dose equivalent. 

Body Burden Calculations 

The computer program calculates the 65Zn body burden, a s  

described in the experimental method section, f rom the input 

data on food consumption 

in the foods. 

measured-to-calculated body burden ratios are also given in 

Appendix D for each individual participant in the study. 

and radioactive 65Zn concentrations 
\ 

Computed and measured 65Zn body burdens and 

The  individual ratios of measured-to-calculated body 

burdens vary widely over a large range f o r  each school but rn 

most cases the median ratios are between 0 . 5  and 2.5. This 

is considered to be good correlation for population data. 

Table I1 the average median measured-to-calculated 65Zn body 

burden ratio is shown as a function of age for children from 

6 through 12 years of age. These data vary from 1.8 to 2 . 2 .  

The fact that the average median ratio is higher than 1.0 is d u e  

mainly to concentrations of 65Zn in foodstuffs too l o w  to be 

measured. 

In 

Since the amount of 6 5 ~ n ,  particularly in vegetables 
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and f r u i t s ,  w e r e  below d e t e c t i o n  l i m i t s  t h e  c o n c e n t r a t i o n s  

w e r e  se t  t o  z e r o .  

a c t u a l l y  p r e s e n t .  O the r  b i a s e s  such  a s  seasonal  v a r i a t i o n s  i n  

r iver  flow and r a d i o n u c l i d e  c o n c e n t r a t i o n s  and d i f f e r e n c e  i n  

t h e  metabolism of e a c h  p e r s o n  h e l p s  t o  a c c o u n t  f o r  t h e  r a t i o s  

being a b o u t  2 . 0  r a t h e r  t h a n  a b o u t  1 . 0 .  For t e e n a g e r s  t h e  median 

r a t i o s  o f  m e a s u r e d - t o - c a l c u l a t e d  65Zn i s  closer t o  1 . 0 .  T h i s  

may be p a r t i a l l y  explained i €  the F for t h e  youngcr  cliildrcii 

is r e a l l y  l a r g e r  t h a n  for t e e n a g e r s ,  o r  nrny be a f u n c t i o n  O F  

q u e s t i o n n a i r e  t y p e - r e c a l l  or 1 week r e c o r d .  

I t  a p p e a r s  t h a t  some small  amount of  6 5 ~ n  is 

W 

' A compar ison  of t h e  m e a s u r e d - t o - c a l c u l a t e d  65Zn body 

burdens is g i v e n  i n  F i g .  4 f o r  t h e  t e e n a a e r s .  Al though t h e  

d i s t r i b u t i o n s  d i f f e r  for t h e  t w o  schools ( j u n i o r  and s e n i o r  

h i g h  s c h o o l s )  t h e  median r a t i o s  are less t h a n  1 . 0  i n  b o t h  c a s e s :  

0 . 4 7  f o r  t h e  j u n i o r  h igh  and  0 . 9 9  f o r  t h e  senior h i g h  s c h o o l .  

T o  i l l u s t r a t e  t h e  d i s t r i b u t i o n s  of 65Zn body burden  t h e  

body burden  per pound o f  body w e i g h t  is shown in Fig .  5. For 

a n  a v e r a g e  j u n i o r  h i q h  s c h o o l  s t u d e n t  who weighs 1 0 0  pounds the 

body burden a t  thre time of t h i s  s t u d y  w a s  a b o u t  3 n C i ,  which i s  

a factor of 2000  I b e l o w  t h e  m a x i m u m  p e r m i s s i b l e  amount. 

b u r d e n s  for t h e  s e n i o r  h i g h  s t u d e n t s  are g e n e r a l l y  a l i t t l e  l a r g e r  

b u t  still less than one p e r c e n t  of the maximum p e r m i s s i b l e  

body burden.  

The body 

Summary and Conclusions 

A l l  of t h e  dose e q u i v a l e n t s  c a l c u i a t e d  f o r  t o t a l  body and 

o t h e r  body o r g a n s  w e r e  far b e l o w  t h e  recommended l i m i t s .  T h e  



- 1 7 -  

l a r g e s t  dose e q u i v a l e n t  w a s  3 . 5  p e r c e n t  of the limit. The most  

s i g n i f i c a n t  pathway t o  t h e  human body w a s  the s a n i t a r y  d r i n k i n g  

water  drawn froim t h e  Columbia R i v e r .  O t h e r  s i g n i f i c a n t  pathways 

are  l o c a l l y  grown b e e f ,  f i s h  from t h e  r i v e r ,  and game b i r d s .  

L o c a l l y  grown f r u i t  and v e g e t a b l e s  are  p r o b a b l y  of some impor t ance  

b u t  t h e  c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  w e r e  below t h e  d e t e c t i o n  

l i m i t s  o f  t h e  i n s t r u m e n t s  u s e d  t o  a n a l y z e  t h e  samples .  The method 

f o r  c a l c u l a t i n g  the d o s e  e q u i v a l e n t  i s  a d e q u a t e  f o r  a d u l t s .  For 

c h i l d r e n  t h e  n e c e s s a r y  i n f o r m a t i o n  o n  l i m i t s ,  e f f e c t i v e  h a l f - l i f e ,  

and  f r a c t i o n a l  u p t a k e s  i s  n o t  a v a i l a b l e  f o r  m o s t  r a d i o n u c l i d e s  

so t h e  a d u l t  v a l u e s  had t o  be used .  

Comparisons o f  measured and  c a l c u l a t e d  65Zn body burdens  

show s o m e  v a r i a , t i o n s  by age ‘group.  

t o - c a l c u l a t e d  (M/C) %n body burden  r a t i o  is  f o r  j u n i o r  h i g h  

The lowest median measured- 

s c h o o l  s t u d e n t s ; ,  who have  t h e  h i g h e s t  ra te  o f  growth and food  con- 

sumpt ion .  The s e n i o r  h i g h  s c h o o l  s t u d e n t s  have a median M/C 

r a t i o  o f  0 . 9 9  which is e x c e l l e n t  and which  compares  v e r y  well w i t h  

r e s u l t s  f o r  a d u l t s .  For e l e m e n t a r y  s c h o o l  c h i l d r e n  t h e  median 

M/C r a t i o s  v a r y  f rom 1.8 t o  2 . 2  when a v e r a g e d  for age 6 t h r o u g h  12. 

These  c h i l d r e n  a p p e a r  t o  have  d i f f e r e n t  metabolism f o r  65Zn t h a n  

t h e  o ther  g r o u p s  s t u d i e d .  I t  is p r o b a b l e  t h a t  the f r a c t i o n a l  

u p t a k e  ( f w )  and t h e  effect ive h a l f - l i f e  ( T ~ )  are  indeed  d i f f e r e n t  

for c h i l d r e n  of v a r i o u s  ages. The v a l u e s  o f  le and  f w  u s e d  i n  

t h e  s t u d y  w e r e  t h o s e  recommended f o r  a d u l t s  by t h e  I C R P .  
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Codes used in answering the questionnaire which do n o t  

appear in the printout: 

Water Source - 1 = well, 2 = municipal. 

M i l k  Brand - 01 = other, 02 = Lucerne, 03 = Blossom Time, 

04 = Darigold, 05 = Twin City, 06 = Tip Top, 07 = Carnation, 

08 = Arden, 09 = Hulbert's, 10 = Stiller's or Tomlinson's, 

11 = Superior, 12 = Sunnysue, 13 = Sunshine, 14 = Daisymaid, 

15 = A l p i n e ,  16 = Meadowgold, 17 = Brentwood, 12 = Sunnyboy, 

19 = Albertson's, 20 = Pet, 21 = Red and White. 

Source Codes - 1 = Commercial, 2 = nearby faim, 3 = home grown. 

Percent F i e l d s  - 1 = lo%, 2 = 20%, 3 = 30%, etc. 

Irrigation Water - 1 = Irrigation company, 2 = well, 3 = other. 

Miles from River - 1 = 1 mile, 2 = 2 miles, etc. 
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D I S T R I B U T I O N  O F  P E R C E N T  OF W H O L E  B O D Y  
D O S E  FROM W A T E R  

COLUMBIA HIGH 
247 CASES 

CARMICHAEL f R .  HIGH 
180 CASES 

30 

20 
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AVE * 82.3% 

F I G U R E  3 .  D I S T R I B U T I O N  OF P E R C E N T  OF W H O L E  B O D Y  D O S E  F R O M  
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F I G U R E  5 .  D I S T R I B U T I O N  O F  C A L C U L A T E D  Z I N C  B O D Y  B U R D E N  
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APPENDIX A 

Dietary Questionnaires 



I I . \ 1 " 1 ' 1 . : 1 . 1 . I ~ :  K o l :  l~il~\' l~:s'l '  
Ill+ Ill \NI( H4'.1IIN#.IIW 1 THE INFLUENCE OF DIET ON RADIOACTIVITY IN PEOPLE 

- .  
EOME AODUCSS 

BEFORE THAT I L I V E D  I N  

- -- -. 
C I T Y  

FOR -- YEARS. 

4 M I L K  

HOW MANY GLASSES O W  FRESH M I L K  

00 YOU DRINK PFR OAK? 

GLASSES _-.- 

Wr. .4T I S  TUf SOURCE OF VOUR 

)n M I L K ?  

-3COMMERCiAL O L O C A L  F A R M S  

wnicu BRAND OF COMMERCIAL MILK 

30 YOU USUALLY DRINK? 

(DO NOT INCLUDE CANNED O R  

POWDERED M I L K )  

7 S E A F O O D  

ABOUT HOW MANV TIMES f i  Y F A R  DO 

YOU E A T  THE F O L L O W I N d  SEAFOODS? 

FRESH OY5TERS T IMES 

FRESY CRAB T I M E S  

F R E S H  C L A M S  TIMES 

(OD NOT INCLUDE FISH oa CANNED 

OR COMMERCIALLY FROZEN S E A F 0 0 0 .  

INCLUDE ONLV THAT F R O M  NEARBY 

PAClF I C  SOURCES.) 

F O R  S E C T I O N  U S E  O N L V  

IDENTIFICATION CODE 

2 
Z N-69 

CS-137 

'EMPLOYED BY 
l r  I 

I - __. - _- -- ------ - _- .---. __----__ 
2 DR-'-%KJ-N-G.-- .w A-T-'.P- 

W H A T  I S  THE SOURCE OF DRINKlNG 
WATER I N  YOUR HOME? 

L ~ ~ W E L L  ~ M ~ ~ I c I P A L  S Y S T E M  
HOW MANY GLASSES OF WATER DO 
YOU DRINK DAY7 

GLASSES 

ON A WORK DAY HOW MUCH OF THIS 
WATER DO YOU DRINK WHILE AT 
WOR K? 

-- 

~ ! T T L E  DOME UMOST OF IT 

5 Y-L!?? 
FOR now MANY MEALS A WLFK DO 

YOU EAT FRESH MEAT (ornEa THAN 

CANNED O R  CURED)? 
1 0 0  101 IWCLUDC CWCCbWEO Y C A T S  SUCY a#  W C l 1 -  
L I B .  L U W C W  M E A T .  AWO T V  O I W W C W S )  

M E A L S  

HOW MUCH OF THIS FRESH MEAT 

NONE n LITTLE B MOST A L L  OF IT  

I S  BEEF? 

WHERE DO YOU OBTAIN YOUR 

MEAT MARKET 

LOCAL F A R M S  

FRESH BEEF? 

8 G A M E  B I R D %  

HOW MANY TIMES A Y F A R  DO YOU 

EAT THE FOLLOWING GAME 9 l R O I 7  

DUCK TIMES 

GOOSE TIMES 

P WEASANT TIMES 

Q U A I L  TIMES 

CUUKKAR OR 

GROUSE TIMES 

10 O T H f R  O U C S T I O N S  

WHCN WAS LAST TIME YOU A T E  SEAFOOD (OTHER T H A N  r i s l i )  A S  r w t  

P R I N C I P A L  PART OF A M E A L ?  . - - - - - - - . . 

wnicu SEAFOOD WAS IT? . . -_-_ -_ - ---- -- - 
WHEN WAS THE L A S T  T I M E  YOU ATE F I S H  F R O M  THE COLUMBIA C ) I V C l *  
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COLUMBIA RIVER RECREATION 

-- Your Age Sex M r -- 

During t h e  p a s t  y e a r :  

t i m e s  - How many t i m e s  d i d  you s w i m  i n  t h e  Columbia River?  

How long  d i d  e a c h  t r i p  l a s t  on t h e  average?  hours  

hours  

t i m e s  

- About  how long  w e r e  you a c t u a l l y  i n  t h e  wa te r?  

How many t i m e s  d i d  you w a t e r  s k i  on t h e  Columbia - River? 

How l o n g  d i d  e a c h  t r i p  l a s t  on t h e  ave rage  ( f r o m  hours 
f i r s t  l e a v i n g  s h o r e  u n t i l  you l e f t  t h e  r i v e r ) ?  

About how long  do you e s t i m a t e  you w e r e  i n  t h e  h o u r s  
w a t e r  w h i l e  w a t e r  s k i i n g  on t h e  average?  

t i m e s  - How many t i m e s  d i d  you f i s h  or hunt  from a boat? .I 
-/r 

How long  d i d  each t r i p  l a s t  on t h e  ave rage?  h o u r s  

t i m e s  - How many t i m e s  d i d  you f i s h  a l o n g  t h e  s h o r e l i n e  
of t h e  Columbia R i v e r  a t  o r  below Ringold? 

hours  

t i m e s  

- How long  d i d  each  t r i p  l a s t  on t h e  ave rage?  

How many t i m e s  d i d  you e n j o y  o t h e r  forms o f  - 
r e c r e a t i o n  on the s h o r e s  of t h e  Columbia o r  on 
i s l a n d s  i n  t h e  r i v e r  ( p i c n i c i n g ,  f o r  example)?  

How l o n g  d i d  t h e s e  t r i p s  l a s t  on t h e  ave rage?  hours 

If you engaged . i n  more t h a n  one of t h e s e  ac t iv i t i e s  on t h e  
same day, t r y  to est imate  t h e  number of h o u r s  s e p a r a t e l y  f o r  
each  a c t i v i t y .  

1 1 5 2 4 1 1  



APPENDIX B 

Raw Data for Teenagers and Local School Children 
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Teenager's D i e t  Data 
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APPENDIX C 

C o n c e n t r a t i o l n  F a c t o r s  a n d  Dose per I n t a k e  Factors  
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APPENDIX D 

Summary o f  Dose and Body Burden Calculations 

For Teenagers and Elementary School Children 
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Sumnnary Dose Calculat ions  fo r  Teenagers 
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Distributions of Body Burden and 

Whole-Body D o s e  for Teenagers 
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APPENDIX E 

Serving Size and Age Ratio Tables 
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