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Introduction 

For a number of years workers at the Hanford plant have 

been routinely counted in a whole-body counter,to determine in- 

ternal body burdens of certain radionuclides. This program led 

into a project of whole-body counting of selected groups of 

the general population living in the area of Hanford (see Fig. 1). 

The study of the general population concentrated on counting 

elementary, junior high, and high school children. It was 

assumed that the plant employees constituted a representative 

sample of the adult population of the area. 

The main sources of radionuclides in the environment are 

the reactors and the chemical processing plants within the con- 

fines of the Hanford plant. 

are now shut down and no longer contribute radioactivity to the 

Columbia River. However, this study of body burden and dose 

to children and teenagers can be used as a guide for  other studies 

dealing with environmental releases and dose estimates. 

The old Hanford production reactors 

*Deceased. 
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The Hanford reactors are located 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 ,  w a t e r  f r o m  

t h e  r i v e r  w a s  t r e a t e d ,  pumped t h r o u g h  t h e  reactors f o r  c o o l i n g  

p u r p o s e s ,  and  d i s c h a r g e d  back i n t o  t h e  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  water 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 ,  chemicals ,  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  of 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  u ran ium p r e s e n t  i n  t h e  Columbia R ive r .  

Much o f  t h e  r a d i o a c t i v i t y  added t o  t h e  c o o l i n g  water w a s  

of s h o r t  h a l f - l i f e  and r a p i d l y  decayed  a s  i t  f lowed downstream 

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  were o f  l ong  enough 

h a l f - l i f e  to be m e a s u r a b l e  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  

a s  f a r  downstream a s  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 

t h e s e  r a d i o n u c l i d e s  w a s  never  s u f f i c i e n t  t o  b e  o f  c o n c e r n  even  

though t h e  Columbia R i v e r  is used  a s  a s o u r c e  of d r i n k i n g  w a t e r  
1 

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  IIanford,  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  of 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 i e 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 other  F e d e r a l  a g e n c i e s ,  r e q u i r e  

t h a 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  b e  k e p t  w i t h i n  p r e s c r i b e d  

l i m i t s .  (14,151 



d e t e r m i n e  whe the r  o r  n o t  body b u r d e n s  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  da ta .  

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

t h e  largest  p a r t  of t h e  body b u r d e n  and  d o s e  was d u e  t o  reactor 

e f f l u e n t s .  

smal 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  

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

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

from 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  Sep tember ,  1963,  

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  r a d i o -  

8 

n u c l i d e s  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  o f  v a r i o u s  r a d i o -  

n u c l 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  the Hanford E n v i r o n m e n t a l  Annual R e p o r t s  (1-13) it i s  p o s s i b l e  

to 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 m a t i o n  i s  ava i l ab le .  

on Pe rmis s ib l e  Dose f o r  I n t e r n a l  R a d i a t i o n  p r o v i d e s  inforrna- 

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  

o f  i n t e r e s t  i n  t h e  human body. With t h e s e  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  i s  

p o s s i b l e  t o  c a l c u l a t e  t h e  body b u r d e n  and dose d u e  t o  e a c h  o f  t h e  

r a d i o n u c l i d e s .  A s  a c h e c k  on t h e  adequacy  of t h e  a s s u m p t i o n s  

and  d i e t a r y  i n f o r m a t i o n  

and  compared t o  t h e  c a l c u l a t e d  bo2y b u r d e n s .  Schoo l  c h i l d r e n  

The ICRP Repor t  o f  Committee I1 

65  Zn body b u r d e n s  were measured e x p e r i m e n t a l  
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Equipment 

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

The mobile whole-body c o u n t e r  u sed  f o r  t h i s  s t u d y  (17 )  

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  

g a m a  r a y s  from 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  s e l e c t e d  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  a r e  used  to  f u r t h e r  r educe  

background r a d i a t i o n  levels. T h e  whole-body c o u n t i n q  d a t a  a r c  

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

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

o n  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 c o u n t .  

D i e t a r y  d a t a  f rom t h e  s u r v e y  q u e s t i o n n a i r e  are  coded f o r  computer  

c o m p a t i b i l i t y  'by u s i n g  d e c a d e  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  t a p e s  are r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  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  m i n u t e s  f o r  each 

s u b j e c t  f o l l o w e d  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 h e  p a p e r  t a p e .  Thus ,  i n  a normal  6-hour school day  

i t  w a s  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  were 

i n s t r u c t e d  as  t o  t h e  p u r p o s e  o f  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. 



' The q u a n t i t a t i v e  measurement o f  r a d i o n u c l i d e s  i n  c h i l d r e n  

depends  o n  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  for 

t h e  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  the 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  f o r  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  was 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  d e v e l o p e d  a n  a r r a y  of n i n e  

phantoms for 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  1 0 7  pounds.  

The phantoms were c o n s t r u c t e d  of 1-pound boxes  o f  s u g a r .  A 

phantom c o n t a i n i n g  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 h e  c o u n t e r  and  measured  t o  p r o v i d e  background 

da ta .  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 

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

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

f ac to r s  f o r  e a c h  of t h e  n i n e  phantoms f o r  z i n c - 6 5 ,  po tass ium-40,  

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

I n  t h e  a b s e n c e  of 

4 

These  data  w e r e  u s e d  t o  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  

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

programmed f o r  t h e  computer  so  t h e  a b s o l u t e  body burden  c o u l d  

be q u i c k l y  c a l c u l a t e d  from t h e  c o u n t i n g  d a 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 .  The 

goodness  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 o f  pounds 

w e i g h t  p e r  i n c h  of h e i g h t  as compared t o  f u n c t i o n s  i n v o l v i n g  

s i m p l y  pounds w a s  a l s o  e v a l u a t e d .  A l i n e a r  co r re l a t ion  t e c h n i q u e  
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w a s  u sed  f o r  s e l e c t i n g  t h e  best f i t  for  each of these f u n c t i o n s .  

The ca l ib ra t ion  c u r v e s  t h a t  b e s t  f i t  t h e  da t a  were e x p o n e n t i a l  

f u n c t i o n s .  These  c u r v e s  were t h e n  u s e d  t o  d e t e r m i n e  a c a l i b r a t i o n  

f o r  e a c h  s u b j e c t  c o u n t e d .  The whole-body c o u n t e r  i s  capable of 

d e t e c t i n g  a body burden  of less t h a n  1 nCi o f  65Zn. 

ExDe r imen t a1 Method 

D i e t I n f o r  m a  t i o n  

A c r i t i c a l  p a r t  o f  t h e  t o t a l  s t u d y  is a d e t e r m i n a t i o n  O F  

t h e  s o l i d  food and  l i q u i d  consumpt ion  of e a c h  sub jec t .  S p e c i a l  

q u e s t i o n n a i r e s  were d e s i g n e d  for  t h e  e l e m e n t a r y  and  t e e n a u e  

s c h o o l  c h i l d r e n  s u r v e y s .  D i f f e r e n t  q u e s t i o n n a i r e s  on food 

consumpt ion  were used  f o r  e a c h  of  t h e  two g roups  of  s u b j e c t s ,  

and a d d i t i o n a l  i n f o r m a t i o n  w a s  a s k e d  from t h e  t e e n a g e r s  c o n c e r n i r i q  

t h e i r  u s e  o f  t h e  Columbia R i v e r  f o r  f i s h i n g ,  swimminq, water 

s k i i n g  and p i c n i c i n g .  The t e e n a g e r s  were a s k e d  t o  recal l  the 

d i e t ,  w h i l e  t h e  e l e m e n t a r y  s t u d e n t s  w e r e  a s k e d  t o  keep  a record 

o f  t h e i r  d i e t ' f o r  o n e  week. The q u e s t i o n n a i r e s  are  shown i n  

Appendix A .  These  consumpt ion  s t u d i e s  f o r  c h i l d r e n  were r e q u i r e d  

b e c a u s e  t h e  e a t i n g  h a b i t s  of  t h e  c h i l d r e n ,  i n  many cases, are  

v a s t l y  d i f f e r e n t  t h a n  a d u l t  d a t a .  The n e c e s s a r y  d i e t a r y  informa-  

t i o n  w a s  o b t a i n e d  i n  c o o p e r a t i o n  w i t h  t h e  loca l  s c h o o l s .  

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

and r a d i o n u c l i d e  body burdens  i n  l o c a l  c h i l d r e n ,  w e  had t o  pro-  

vide m o t i v a t i o n  f o r  t h e  s c h o o l s  t o  c o o p e r a t e  w i t h  u s ,  f o r  t h e  

p a r e n t s  t o  g i v e  p e r m i s s i o n  f o r  t h e i r  c h i l d r e n ' s  p a r t i c i p a t i o n ,  and 

f o r  t h e  c h i l d r e n  t o  t a k e  p a r t  i n  t h e  s t u d y .  A s e r i o u s  a t t e m p t  

0 0 0 9 9 9 4  
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w a s  made t o  i n f o r m  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  and  r : i d i a t i o n  

a l o n g  w i t h  t h e  i n t r o d u c t i o n  of t h e  program. Q u e s t i o n s  t h a t  a r o s e  

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

men t s  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 of t h e  s c h o o l  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 r t i c i p a t e d  i n  t h e  s t u d y .  S t u d s n t s  from 1 6  e l e m e n t a r y  

s c h o o l s  t o o k  p a r 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  was 5 ,219 .  Fo r  t h e  t e e n a g e  s u r v e y ,  2 4 7  s t u d e n t s  i n  

1 0 - 1 2  g r a d e s  were c o u n t e d .  A t  a loca l  j u n i o r  h i g h  s c h o o l ,  1 8 0  

s t u d e n t s  i n  t h e  7-9 g r a d e s  were c o u n t e d .  
I 

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  t h e  c h i l d  w a s  a s k e d  t o  

keep  a record 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 .  T h i s  record w a s  m a i n t a i n e d  by  recording 

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

p e r h a p s  be tween 1 and 2 p e r c e n t ,  were d i s c a r d e d  b e c a u s e  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  s c h o o l g r o u n d .  I t  r e q u i r e d  about 

1 month t o  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 .  

The r a w  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 l ed  for  

computer  p r o c e s s i n g  and a r e  g i v e n  i n  Appendix €3 a l o n g  w i t h  a 

summary of t h e  d i e t a r y  i n t a k e s  of e a c h  food l is ted by age and  by 

s c h o o l .  F o r  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 ,  t h e  d i e t a r y  d a t a  
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f o r  a g e s  G t h r o u g h  1 3  a p p e a r s  to be s t a t i s t i c a l l y  v a l i d  i n  t h a t  

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  of 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  o f  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  o f  

t h e  R a d i o l o g i c a l  C o n d i t i o n s  i n  t h e  V i c i n i t y  o f  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  conduc ted .  (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 ,  data o n  c o n c e n t r a t i o n s  from t h e  y e a r s  

1 9 6 2  t h r o u q h  19G8 were used. For  tlie t e e n a q c r s  who were a11 c o u n t e d  

i n  t h e  w i n t e r  and s p r i n g  o f  1969 ,  c o n c e n t r a t i o n  da ta  from 1966 

t h r o u g h  1969 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  t o  r e 4 c h  t h e  human body i s  t h e  s a n i t a r y  water 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 1963 when t h e  m u n i c i p a l  w a t e r  s u p p l y  w a s  changed 

from a w e l l  s y s t e m  t o  t h e  Columbia R i v e r .  Pasco  and  Kennewick 

have  drawn t h e i r  m u n i c i p a l  water from t h e  r i v e r  s i n c e  b e f o r e  1959. 

The 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  i n  w a t e r  w e r e  o b t a i n e d  a f t e r  
0 
o t h e  water w a s  t r e a t e d  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  
3 
-D 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  o f  t h e  r a d i o n u c l i d e s  
n 
-o by as much a s  8 0 %  b u t  d o e s  n o t  c o m p l e t e l y  remove them. For  example,  
CIP - 

i n  1969 65Zn w a s  r educed  by about 5 0 %  i n  g o i n g  t h r o u g h  t h e  

R ich land  t r e a t m e n t  p l a n t .  
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Other patliwa'ys consiclcrc(1 cor this s t u d y  includct:  corn- 

mcrcial iind local n l i l k ,  cominet-oi,ll cind local  becl , vccjct ; i l lc :s  

and f r u i t s ,  f i sh  from t h e  C o l u m b i , i  R i v e r ,  gamc b i r d s ,  conimcrcial 

and  l o c a 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  

of 65Zn a n d  32P are  e s p e c i a l l y  h i g h  i n  l o c a l l y  grown bee f  

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

Columbia R i v e r  water. 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  a l s o  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  

f rom 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 .  

of  65Zn and  

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  

were r e d u c e d  t o  2 0 %  t o  allow for  mix ing  by uncon tamina ted  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 rds  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  area.  

G a m e  b i r d s  have  a l s o  been  found t o  c o n t a i n  h i q h  l e v e l s  
32 P i n  some cases. For t h e  p u r p o s k s  of t h i s  s t u d y  

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

c an 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  t h o s e  of o n e  loca l  

farm on t h e  r i v e r .  T h i s  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  of  

65Zn and  32P i n  eggs and  p o u l t r y  were assumed t o  be z e r o  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 h o u s a n d  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  seafoods o f  c e r t a i n  t y p e s  ( o y s t e r s ,  crab,  s h r i m p ,  clams) 

were reduced  by a f a c t o r  o f  10 t o  allow for consumpt ion  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 harves t  and t i m e  of e a t i n g .  
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The c o n c e n t r a t i o n s  used  ' f o r  t h e  65Zn body burden  and dose 

c a l c u l a t i o n s  are  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  

For t h i s  s t u d y ,  dose d u e  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  o f  r a d i o n u c l i d e s  i n  t h e  human body. The b a s i c  approach  

for c a l c u l a t i n g  i n t e r n a l  d o s e  is  t o  d e t e r m i n e  t h e  i n t a k e  of cacli  

r a d i o n u c l i d e  for a s p e c i f i c  p e r i o d  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  o n e  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  d o s e  f a c t o r .  

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

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, as  i l l u s -  

t r a t ed  i n  F i g .  2 .  The dose e q u i v a l e n t  and d o s e - p e r - i n t a k e  f a c t o r s  

are  l i s t e d  i n  Appendix D. Dose f a c t o r s  a r e  d e t e r m i n e d  f o r  whole- 

body,  G I  t r a c t ,  t h y r o i d  and  bone €or e a c h  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  t h e  dosc f ac to r  are t h c  dccay  schemc or tlic 

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

i n  t h e  body,  a'nd 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 t ance .  

E q u a t i o n s  f o r  c a l c u l a t i o n  of i n g e s t i o n  d o s e  f a c t o r s  a re  

(18 1 g i v e n  below a s  der ived  by S o l d a t .  

0 . 6 9 3 t  
7 . 4  x l o 4  ETfW 1-e T 

- - 
(D F. i n g e s t i o n ,  m 

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

- 0 . 6 9 3 t '  2 .56  x lo4 E T ' f *  e 
- *R - 

i n g e s t i o n ,  m (D. F. ) 
GI-LLI 

0 0 0 9 9 9 8  
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where:  D . F .  = Dose F a c t o r  (mrem/nCi i n g e s t e d ) .  

E = 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  u n d e r  c o n s i d e r a t i o n  (MeV/dis).  

f *  = F r a c t i o n  of t h e  m a t e r i a l s  which e s c a p e  abso rp -  

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

l a r g e  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 )  as  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  f r o m  t h e  G I  t r a c t  t o  t h e  

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

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  a s  0 .05  

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

fbJ = The f r a c t i o n  o f  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 ) .  

Leng th  o f  t i m e  o v e r  which t h e  dose 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 was 

t = 

365 d a y s .  

TR = Radioactive h a l f - l i f e  o f  the  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 ) .  

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

( d a y s )  

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

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

o f  L L I .  
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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 t h e s e  e q u a t i o n s  

w e r e  t a k e n  from ICRP Repor t  N o .  2(16) for t h e  a d u l t .  

t h e  l i m i t e d  d a t a  a v a i l a b l e  f o r  c h i l d r e n ,  t h e  same p a r a m e t e r s  

w e r e  a l so  used  f o r  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 )  

a p p l y  f o r  b o t h  food  and water. A l l  n u c l i d e s  i n  t h e s e  media 

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

Because O F  

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  %n body burden  i s  based  on t h e  

d i e t a r y  i n t a k e  o f  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  a n d  t h e  a p p r o p r i a t e  "Zn 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  o f  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  

da te  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  o f  t h a t  y e a r  due t o  t h e  i n t a k e  f o r  t h a t  y e a r .  The 

body burden  d e t e r m i n e d  f o r  e a c h  o f  t h e s e  y e a r s  i s  decayed  exponen- 

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

o f  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 '  t o  compensa te  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 o l d e r ,  s p e c i a l  s e r v i n g  s i z e  and  age r a t i o  t a b l e s  

were deve loped .  (19) These  tables  show t h e  r a t i o - o f  t h e  c u r r e n t  

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  consumpt ion  f o r  a g e s  

f rom 0 t o  2 1  y e a r s  and f o r  t h r e e  p r e v i o u s  y e a r s .  

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

c h i c k e n  o r  game b i r d s ,  f i s h ,  and  vegetables .  These  t a b l e s  a r e  

g i v e n  i n  Appendix E .  

The r a t i o s  

A s e r v i n g  s i z e  t a b l e  i s  p r o v i d e d  fo 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  as  a f u n c t i o n  o f  age from age 0 t o  18 .  P e r s o n s  
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18 and older are considered to be adult. The serving size table 

is used to convert dietary data from meals-per-week to actual 

amounts in kilograms. This simplifies calculation of radio- 

nuclide intake since the concentrations of the radionuclide are 

given in terms of pic0 curies per kilogram (pCi/kg). Consumption 

of liquid is in terms of cups-per-day and is converted in the, 

computer program to annual consumption for tile dose equivalent 

calculation and then back to daily consumption for the body 

burden calculation. 

Values of fractional uptake (fw) and effective half-life 
b 

were used for computing %n (16) ( T ~ )  recommended by the ICRP 

body burden. For Zn, fw = 0.1 and T~ = 194 days. 6 5  . 

Results 

Dose Equivalent Calculations 

Two different computer programs were used for tile dose 

equivalent calculations: one for the teenage study and the other 

for the elementary school children. The only significant difference 

is that the teenage program does not calculate bone-dose equivalent. 

Except in the case of two school districts (Edwin Markham 

and Kiona-Benton) where the residents drink well water, the 

primary pathway to the human body is sanitary water drawn from 

the Columbia River. In most cases fo r  elementary school children, 

the percent of dose equivalent due to water varies from about 

50% to 99%. These data are given in Appendix D for the elementary 

school children and listed by food for total body, GI tract, 

thyroid, and bone. For teenagers the dose equivalent calculations 
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b u t i o n s  as il € u n c t i o n  of rood paC!iway. As ,111 i l 1 u s t r ; i t i u i i  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  €or t h e  wa te r  pathway,  F i q .  3 

i s  given.  The a v e r a g e  p e r c e n t  o f  t h e  t o t a l  body dose e q u i v a l e n t  

from water 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 t h e r  f o o d s  c o n t r i b u t e  

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

The h i g h e s t  dose 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  48.9 m 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  t h e  maxi- 

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

e q u i v a l e n t s  are smaller  t h a n  48 .5  m r e m  r e q 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  dose e q u i v a l e n t  

because 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 r ac 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  water i s  less 

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

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

Fo r  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  ( m o s t l y  6 t h r o u g h  1 2  

y e a r s ) ,  t h e  c o n c e n t r a t i o n  of rad ioac t ive  i o d i n e  i n  the w a t e r  

i s  h i g h e r  t h a n  i n  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  

i s  h i g h e r  t h a n  t h e  G I  t r a c 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  order o f  magni 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  ma in ly  because  

t h e  dose f a c t o r s  t a k e  i n t o  a c c o u n t  t h e  mass of t h e  o r g a n  of 

The 
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c o n c e r n ,  a n d  the mass of the whole body i s  much l a r g e r  t h a n  the 

mass of the G I  t rac t  or t h y r o i d .  'l'he concen t r a t ion  f a c t o r  f o r  

i o d i n e  i n  the t h y r o i d  also p l a y s  a n  i m p o r t a n t  p a r t .  S i n c e  the 

c o n c e n t r a t i o n  of 32P i s  f a i r l y  h i g h  i n  most o f  t h e  f o o d s t u f f s ,  

t h e  r e l a t i v e l y  s h o r t  r a n g e  beta p a r t i c l e  c o n t r i b u t e s  much more 

t o  G I  t ract  dose e q u i v a l e n t  t h a n  i t  does t o  t h e  who le  body d o s e  

e q u i v a l e n t .  

a l so  h e l p  c a u s e  t h e  G I  t r a c t  dose e q u i v a l e n t  t o  b e  much h i g h e r  

O t h e r  beta  emit ters  s u c h  as 122Sb, 64Cu and 76As 

t h a n  t h e  whole body dose e q u i v a l e n t .  

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

The computer  program c a l c u l a t e s  t h e  65Z11 body burden ,  a s  

A 

d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  method s e c t i o n ,  f rom t h e  i n p u t  

da ta  o n  food consumpt ion  

i n  t h e  foods. 

m e a s u r e d - t o - c a l c u l a t e d  body burden  r a t i o s  a re  a l s o  g i v e n  i n  

Appendix D for e a c h  i n d i v i d u a l  p a r t i c i p a n t  i n  t h e  s t u d y .  

and r a d i o a c t i v e  65Zn c o n c e n t r a t i o n s  

Computed and measured 65Zn body b u r d e n s  and 

The i n d i v i d u a l  r a t i o s  of m e a s u r e d - t o - c a l c u l a t e d  body 

b u r d e n s  v a r y  w i d e l y  over a la rge  r a n g e  f o r  e a c h  s c h o o l  b u t  i n  

most cases t h e  median  r a t i o s  are  be tween 0 .5  and 2.5. T h i s  

is  c o n s i d e r e d  t o  b e  good c o r r e l a t i o n  .for p o p u l a t i o n  da ta .  

Table I1 t h e  average median m e a s u r e d - t o - c a l c u l a t e d  65Zn body 

burden  r a t i o  i s  shown as  a f u n c t i o n  of  age f o r  c h i l d r e n  from 

6 t h r o u g h  1 2  y e a r s  of a g e .  These  d a t a  v a r y  from 1 .8  t o  2 . 2 .  

The f a c t  t h a t  t h e  a v e r a g e  median r a t i o  is h i g h e r  t h a n  1 . 0  i s  d u e  

ma in ly  to c o n c e n t r a t i o n s  of 65Zn i n  f o o d s t u f f s  too l o w  t o  be 

measured.  

I n  

S i n c e  t h e  amount of "Zn, p a r t i c u l a r l y  i n  v e g e t a b l e s  

00 f 0003 
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and  f r u i t s ,  were 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  

were set  t o  zero,  I t  a p p e a r s  t h a t  some small amount of 65Zn i s  

a c t u a l l y  p r e s e n t .  O t h e r  biases s u c h  a s  s e a s o n a l  v a r i a t i o n s  i n  

r i v e r  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  

b e i n g  a b o u t  2 . 0  rather t h a n  a b o u t  1 . 0 .  F o r  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 is  closer t o  1 . 0 .  T h i s  

may be partially e x p l a i n e d  i €  the f-' €or t h e  younger  childrcii 
W 

i s  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  may be a f u n c t i o n  of 

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

A compar i son  o f  t h e  measured- t o - c a l c u l a t e d  6'5Zn body 

b u r d e n s  i s  g i v e n  i n  F i g .  4 f o r  t h e  t e e n a g 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  f o r  t h e  t w o  s c h o o l s  ( 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  a re  less t h a n  1 . 0  i n  bo th  cases:  

0 . 4 7  for t h e  j u n i o r  h i g h  and  0 . 9 9  f o r  t h e  s e n i o r  h i g h  school.  

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  the 

body burden  per  pound o f  body w e i g h t  i s  shown i n  F i g .  5 .  For 

a n  a v e r a g e  j u n i o r  h i g h  school s t u d e n t  who weighs  1 0 0  pounds tlie 
v 

body burden  a t  t h e  t i m e  o f  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 f a c t o r  of 2000  below t h e  maximum p e r m i s s i b l e  amount. T h e  body 

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  a re  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  s t i l l  less t h a n  o n e  p e r c e n t  of t h e  maximum p e r m i s s i b l e  

body burden .  

Summary and C o n c l u s i o n s  

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

other body o r g a n s  w e r e  f a r  below t h e  recommended l i m i t s .  T h e  

00 I 0 0 0 4  
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I 

largest dose equivalent was 3 . 5  percent of the limit. 'l'lie most 

significant pathway to the human body was the sanitary drinking 

water drawn from the Columbia River. Other significant pathways 

are locally grown beef, fish froin the river, and game birds. 

Locally grown fruit and vegetables are probably of some importance 

but the concentrations of radionuclides were below the detection 

limits of the instruments used to analyze the samples. The method 

for calculating the dose equivalent is adequate for adults. For 

children the necessary information on limits, effective half-life, 

and fractional uptakes is not available for most radionuclides 

so the adult values had to be used. 
I 

Comparisons of measured and calculated "Zn body burdens 

show some variations by age group, The lowest median measured- 

to-calculated (M/C) 65Zn body burden ratio is f o r  junior high 

school students, who have the highest rate of growth and food con- 

sumption. The senior high school students have a median M/C 

ratio of 0.99 which is excellent and which compares very well with 

results for adults. For elementary school children the median 

M/C ratios vary from 1.8 to 2.2 when averaged for age 6 through 12. 

These children appear to have different metabolism for 65Zn than 

the other groups studied. It is probable that the fractional 

uptake (fw) and the effective half-life ( T ~ )  are indeed different 

for children of various ages. 

the study were those recommended for adults by the ICRP. 

The values of T~ and fw used in 

00 f 0 0 0 s  



-18- 

Acknowledgements 

T h i s  s t u d y  was conduc ted  w i t h  t h e  c o o p e r a t i o n  of t h e  

s c h o o l  d i s t r i c t s  of  Pasco, R i c h l a n d ,  Kennewick and Kiona-Benton, 

Washington.  T h e i r  h e l p  i n  s e t t i n g  up t h e  whole-body c o u n t i n g  

s u r v e y s  and  t h e  advice and  c o u n c i l  of the s c h o o l  s t a f f  and 

t e a c h e r s  is g r a t e f u l l y  a p p r e c i a t e d .  The h e l p  of t h e  B a t t e l l e -  

Nor thwes t  Env i ronmen ta l  E v a l u a t i o n  staff w l i o  c o l l e c t e d  many 

volumes of c o n c e n t r a t i o n  d a t a  i s  also acknowledged. 



-19- 

References 

Wilson, R. r 1 .  (ed. ) , "Evaluation of Radiological Conditions 
in the Vicinity of Hsnford for 1963," HlJ-80931, General 
Electric Co., Richland, WA, Feb. 1964. 

Wilson, R. H. (ed. ) , "Eval-lation of Radiological Conditions 
in the Vicinity of Hanford for 1964," BNWL-90, Battelle- 
Northwest, Richland, WA, July 1965. 

Soldat, J. K. and Essig, T. H., "Evaluation of Radiological 
Conditions in the Vicinity of Hanford for 1965," BNWL-316, 
Battelle-Northwest, Richland, WA, September 1966. 

Moore, Darlene and Essig, T. 11. (eds.) , "Evaluation of 
Radiological Conditions in the Vicinity of Hanford €or 
1965-Appendices," Richland, WA, June 1967. 

E s s i g ,  T. H .  (ed. ) , "Evaluation of Radiological Conditions 
in the Vicinity of Hanford for 1966," BNWL-439, Battelle- 
Northwest, Richland, WA, June 1967. 

I 

Essig, T. 11. (ea. ) , "Evaluation of Radiological Conditions 
in the Vicinity of Hanford f o r  1366-Appendicest" BNWL-439/APP, 
Battelle-Northwest, Richland, WA, May 1967. 

Wooldridge, C. B. (ed.) , "Evaluation of Radiological 
Conditions in the Vicinity of Hanford for 1967," BNWL-983, 
Battelle-Northwest, Richland, WA, March 1969. 

Wooldridge, C. B. (ed.) , "Evaluation of Radiological 
Conditions in the Vicinity of Hanford for 1967-Appendices," 
BNWL-983/APP, Battelle-Northwest, Richland, WA, Feb. 1969. 

Wilson, C. B. (ed. ) , "Evaluation of Radiological Conditions 
in the Vicinity of Hanford for 1968," BNWL-1341, Battelle- 
Northwest, Richland, WA, May 1970. 

Wilson, C. B. (ea.), "Evaluation of Radiological Conditions 
in the Vicinity of Hanford for 1968-AppendicesI 'I BNWL-1341/APP, 
Battelle-Northwest, Richland, 'WA, May 1970. 

Wilson, C. B. and Essig, T. H. ( e d s . ) ,  "Evaluation Of 
Radiological Conditions in the Vicinity of Hanford f o r  
1969," BNWL-1505, Battelle-Northwest, Richland, WA, Novo 1970. 

Wilson, C. B. (ed.), "Evaluation of Radiological Condition s 
in the Vicinity of Hanford for 1969-Appendices," BNWL-l505/APP, 
Battelle-Northwest, Richland, WA, Nov. 1970. 

0 0  t 0001 



-20- 

R e f e r e n c e s  (Cont .  

AEC Manual 0524. 

Code of F e d e r a l  R e g u l a t i o n s  T i t l e  1 0 ,  Ch. 20 .  

I n t e r n a t i o n a l  Commission o n  Radiological P r o t e c t i o n ,  
"Recommendation of t h e  I n t e r n a t i o n a l  Commission o n  Radiological 
P r o t e c t i o n ,  Repor t  N o .  2,"Pergamon P r e s s ,  New York, N Y ,  1959.  

E i c h n e r ,  F .  N . ,  "Whole Body Coun te r  L a b o r a t o r y  Mobile U n i t  B ,  
D e s c r i p t i o n  and  O p e r a t i o n ,  'I ENWL-1154, Aug. 1969.  

So lda t ,  J .  K., "Modeling of Envi ronmenta l  Pathways and  
R a d i a t i o n  Doses from Nuc lea r  F a c i l i t i e s  ," BNWL-SA-3939, 
B a t t e l l e - N o r t h w e s t ,  O c t .  1971. 

Endres ,  G.  W. R . ,  S h i p l e r ,  D.  B . ,  Robinson,  N .  M. and 
Hons tead ,  J .  F., "A Study  of Amounts of C e r t a i n  Foods 
Consumed by L o c a l  F a m i l i e s  and  School C h i l d r e n , "  Y80054, 
B a t t e l l e - N o r t h w e s t ,  Aug. 1972.  


