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TILTRDDVCTI ON 

The axq.nre>ze a f  r a 5 i c s c t i v e  f a l l o u t  iodine-131 and cesim-137 i n  

tiss‘12s of childZen r eg resea t  t w o  rEther  d i f f e ren t  circumstances 

?ne hznd , 

On t h e  

131, I is a m 3 s t  importaat  zons t i tuent  of l o c z l  f a l l o u t ,  i s  shor t -  

l i v e d ,  and t h e  r a d l a l s g i c e l  h e a l t h  s ign i f i cance  of  p e s t  r e l e a s e s  hes gene ra l ly  

been due t=, acute  doszges rece ived  by temperate zone populat ions r e s i d i n g  

ntau t e s t  s i tes  32 other o r i g i n s ,  By conparison, cesium-137 i s  zssoc ia ted  

with t h e  proionged d e p s i t i m  of worldvide f a l l o u t ,  i s  long-l ived,  znd i s  

or’ grea te sz  srgnifi :&xe 5n a r c t i c  regions usua l ly  far  removed from weapons 

t e s t h g  l o - . a r i a s ,  A 2 2  -,acussion - of  30 th  t h e s e  rad ionucl ides  thus  encom- 

passes  9 v a r i e t y  af  e x r r r m i x n t a l  f x t o r s  , food h z b i t s  of d ive r se  populzt ion 

131, 
grDups, &?c? radio1ogi:el heal%h a q e z t s ,  An exterisiire d i scuss ion  of I 

phenonena q p z s  ii t h e  HanfoA Sp?osiilm on t h e  Xo logy  of Radloiodine 

(92stz2, 1964! g?d ir? se-flerel Coagressional Eearings ( J o i n t  Committee on 

Atomic Energy, 1962 ,  1963, i965), 

only b r i e f l y ,  p r i n c i p e l l g  becaxse s p e c i f i c  moun t s  of 1311 i n  hunan thy ro ids  

I s h a l l  refer  t o  t h e s e  end o the r  sources  

e r e  gene re l ly  not  repor ted ;  r a t h e r ,  t hy ro id  dose r a t e s  are c a l c u l a t e d  on 

t h e  basis of 

- e t  -0  a1 3 1963!, 

131 I l e x l s  i n  mi lk  and f a i r l y  : o n s t a t  paremeters (Eisenbud 

This i s  o f t e n  more p r a c t i c e 1  than  d i r e c t  measurements 

*This Feper i s  Sased on work performed under United S t a t e s  Atomic Energy 
Comnissim Contract AT{LS-i)-1630, 
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(UIfSCDG?, 1964).  Discussion of t hese  dose rates v i l l  be t h e  top ic  of o ther  

speal.er,s a t  t h i s  Conference. 

Measurement of cesium-137 i n  i n f e n t s  and ch i ldren  of northern a r c t i c  

regions has been an i n t e g r a l  p a r t  of our s t u d i e s ,  and I sha l l  devote most 

of t h i s  paper t o  a discussion of t h e  amounts, rou tes  end r e t e s  of 137Cs 

accunulat ion i n  Alaskan Eskimo and Indian populat ions.  

Iodine-131 

The r ad io log ica l  hea l th  importance of 

recognized about 1954 when it was repor ted  

f a l l o u t  rad io iodine  w a s  f i r s t  

i n  thyro ids  of da i ry  c a t t l e  (Van 

Midilesworth,  1954 1. 

milk as t h e  p r i n c i p a l  source of 1311 

segment ( V a n  Middlesworth, 1956; Comar, 1957). 

Subsequent meesurement s of human thy ro ids  def ined 

and c h i l d r e n  as t h e  c r i t i c a l  populat ion 

It is now genera l ly  eccepted 

t h a t  ch i ldren  and i n f e n t s  l e s s  then  two yea r s  of ege e r e  of most concern 

eppra is ing  f a l l o u t  1311 because of (1) t h e  r e l a t i v e l y  g r e a t e r  importance 

milk i n  t h e i r  t o t a l  d i e t ,  ( 2 )  t h e  small s i ze  of t h e i r  t h y r o i d  glands in- 

c reases  t h e  s ign i f i cance  of absorbed rad io iodine ,  ( 3 )  t h e  c e l l s  a t  t h a t  

i n  

of 

s t a g e  of r ep id  growth are presumably more s e n s i t i v e  t o  r a d i a t i o n ,  and (4) 

t h e  long pos t - i r r ad ia t ion  l i f e  span during which delayed e f f e c t s  could 

appear. Eisenbud e t  a l .  (1963) have f u r t h e r  de l inea ted  t h e  c r i t i c a l  age t o  -- 
about seven months on t h e  b a s i s  of var ious parameters func t iona l ly  r e l a t e d  

t o  age. 

Thyroid glands of average United S t a t e s  i n f a n t s  and ch i ld ren  were e s t i -  

mated t o  have experienced annual doses of about 0 . 1 t o  0.2 r a d  from f a l l o u t  

1311 during t h e  l a t e  1950's (Lewis, 1959) .  Est imates  of  t h e  average 1311 

dose t o  t h e  t h y r o i d  of i n f a n t s  6-18 months of age,  based on t h e  Federal  

Radiat ion Council model ( F R C ,  1961) rcnged from 30 t o  440 mrems i n  1961 and 
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from 30 t o  650 mrems i n  1962, based on sampling i n  t h e  U. S. Public Heelth 

Serv ice  pas teur ized  milk network. A l imi t ed  number of i c f a n t s  i n  loca l i zed  

a reas  conceivably could have received doses 1 0  t o  30 t imes t h e  averages 

( F R C ,  1963). 

50,000 U t a h  ch i ld ren  w e s  a few rads on seve ra l  occesions during t h e  per iod  

1952-1962, and during May, 1953, about 700 i n f a n t s  et  S t .  George, Utah 

rece ived  an est imated average dose of 84 rads  (Pendleton e t  a l . ,  1963).  

This  l a t t e r  value i s  about f i v e  t imes t h e  est imated m a x i m u m  exposure received 

by English ch i ld ren  inmedietely following t h e  Windscale acc ident  i n  October, 

1957 ( D u s t e r ,  Howell and Templeton, 19581, bu t  only one-tenth t h a t  received 

by thyro ids  of  t h r e e  Marshallese ch i ld ren  who 9-10 years  l a t e r  developed 

t h y r o i d  nodules (Conard and Kicking , 1965) .  

By comparison, t he  est imated dose t o  thy ro ids  of 40,000 t o  

Radioiodine concent ra t ions  i n  humen thy ro ids  have u s u a l l y  been most 

important i n  t h e  immediate area of r e l e a s e ,  bu t  occes iona l ly  s i g n i f i c a n t  

exposures have occurred a t  d i s t a n t  a reas .  The meteorological  phenomena 

respons ib le  f o r  appreciable  1311 deposi t ion have been descr ibed  as (1) 

s h o r t  r a g e  low-al t i tude a i r  &rift from small-yield atmospheric t e s t s  or 

vent ing of underground t e s t s  i n  Nevada; (2) subsiding a i r  masses containing 

debr i s  from USSR t e s t s ;  and ( 3 )  scavenging of r e l a t i v e l y  f r e s h  debr i s  by 

f a l l i n g  p r e c i p i t a t i o n  (Machta, L i s t  and Telegadas,  1963). The f i r s t  type  

of deposi t ion has gene ra l ly  proved of most s ign i f i cance  so f a r  as thy ro id  

exposure of gene ra l  populat ions a r e  concerned. 

occurred during J u l y  and August of  1962 i n  U t a h .  I n i t i a l  appearance phases 

f o r  1311 i n  milk w a s  ass igned t o  a s e r i e s  of nuc lear  t e s t s  conducted a t  t h e  

An outs tanding example 

Nevada Test S i t e  during t h e  pe r iod  6-17 J u l y  (Bostrom, 1962) .  

measurement of 1311 l e v e l s  i n  milk reached a meximm on 20 J u l y ,  and thy ro id  

Subsequent 



dosages t o  i n f a n t s  consming one l i t e r  of t h e  m i l k  et peak concentrat ions 

were ca l cu la t ed  t c  be 1 4  r ad ,  corxpered t o  a n  avertzge exposure of 1 . 0  rad 

(Pentileton, Lloyd and Mays, 1963; Pendleton - e t  _ *  a 1  9 1963) .  The importance 

of seasonal  grazing o r  feeding of da i ry  c a t t l e  i s  enphasized by compering 

these values w i t h  those  repor ted  i n  Norway following t h e  depos i t ion  of 131, 

from a Russian nuclear  t e s t  during November 1962 (Hvinden, Li l legraven and 

L i l l e s a e t e r ,  1964). Iodine-131 i n  milk from Norwegian cows on s to red  feed  

increased  t o  nea r ly  0 . 1  n C i / l i t e r  when t h e  r ad ioac t ive  cloud passed and 

cont r ibu ted  a thy ro id  dosage of about 40 mrad t o  i n f a n t s ’  thyro ids  in  t h e  

Trondheim area. Bad t h e  event occurred during t h e  grazing season, it w a s  

es t imated t h a t  t h e  1311 concentrat ion i n  milk might have reached 10  nCi / l  

o r  more, corresponding t o  dosages of 5 .0  rads  o r  more t o  i n f a n t s ’  thyro ids .  

Consequently, t h e  t r m s f e r  of d a i r y  c a t t l e  from grazing t o  s to red  feed  i s  

m obvious wey of avoiding t h e  p o t e n t i a l  b i o l o g i c a l  hazerd of 13’I. F i e l d  

experiments wi th in  t h e  P ro jec t  Sedan ( J u l y  6 ,  1962) f a l l o u t  p a t t e r n  ind ica ted  

t h a t  such a t r a n s f e r  of food source of d z i r y  c a t t l e  f o r  two weeks would avoid 

more than 855 of t h e  1311 r i s k  (Martin,  1965) ,  p a r t i c u l a r l y  t o  those  popu- 

l a t i o n s  r e s i d i n g  near  high f a l l o u t  a reas .  

processing p l a n t s  f o r  conversion i n t o  o the r  d a i r y  products i s  another’ 

The d ivers ion  of f r e s h  mi lk  i n t o  

obvious method of reducing t h e  rad io iodine  con ten t ,  and w a s  p rac t i ced  during 

c r i t i c a l  per iods  (Dunster,  Howells and Templeton, 1958; Pendleton e t  a l . ,  

1963). 

Cesium-137 

Since 1962 we have measured 137Cs body burgens i n  n a t i v e  populat ions 

a t  s e v e r a l  l oca t ions  i n  nor thern  Alaska (F igure  1). The sub jec t s  can be 
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separa ted  i n t o  d i s t i n c t  e thn ic  groups,  o r  peoples of common t r a i t s  or 

customs, on t h e  basis of  t h e i r  food h a b i t s ,  l oca t ion  an6 c u l t u r e 1  back- 

ground. Eskimos of  northern Alaska represent  two major ecologica l  groupings,  

t h e  in l and  end t h e  c o a s t a l  peoples (Spencer,  1959) .  The food ga ther ing  

c u l t u r e s  of t h e s e  people d i f f e r  considerably;  t h e  inland people,  of which 

t h e  Anaktuvuk Pess r e s iden t s  e r e  t h e  s o l e  remaining v i l l a g e ,  r e l y  upon 

car ibou  f o r  most of t h e i r  food, while c o a s t a l  Eskimos u t i l i z e  marine m a m m a l s  

ex tens ive ly  and car ibou and/or re indeer  moderately. 

c u l t u r e s  occur emong Eskimos inhabi t ing  v i l l a g e s  along t h e  Noatak and Kobuk 

r i v e r  systems i n  northwestern Alaska. The Athabascan Indian v i l l a g e s  of 

For t  Yukon and Arc t ic  Vi l lage  provided comparison of 137Cs body burdens 

i n  n a t i v e s  who u t i l i z e  moose as a major food source during f a l l  and win ter  

In t e rg rada t ions  of both 

months, wi th  groups who r e l y  upon car ibou and re indeer  during those  seasons. 

Dietary h a b i t s  of each person were determined at t h e  t ime of counting, and 

samples of i nd ica t ed  important domestic and na t ive  foods were obtained and 

eva lua ted  as a source of radionucl ides .  

Average 137Cs body burdens of the  var ious  e thn ic  groups maintained t h e  

same gene ra l  ranking during 1962 and 1963 (Table 1). Body burdens were 

d i r e c t l y  r e l a t e d  t o  food h a b i t s ,  s p e c i f i c a l l y  t o  t h e  amount and constancy 

of car ibou and re indeer  consumption; g r e a t e s t  amounts occurred i n  Anaktuvuk 

Pass r e s i d e n t s  and lowest amounts were found i n  For t  Yukon r e s i d e n t s  

(Hanson and Palmer, 1964; Hanson, Palmer and G r i f f i n ,  1964). 

between 2 1  and 50 years  of age usua l ly  contained g r e a t e r  amounts of 137Cs 

than  d i d  ch i ld ren  o r  o lde r  people. 

Persons 

Comparison of body burdens among 

members of 152 f ami l i e s  from t h e  seve ra l  v i l l a g e s  showed t h e  following 

r a t i o s  : 
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Husband 2 

Wife 1 

Child - l o c a l  school s tudent  0.8 

Child - boerding school  s tudent  0.6 

These r a t i o s  r e s u l t e d  from seve ra l  f a c t o r s .  Husbands est imated they  consumed 

about 50% more food then d i d  t h e i r  wives, and they  have a higher  proport ion 

of muscle t i s s u e ,  t h e  p r i n c i p a l  concentrat ion s i t e  of 137Cs. The lower 

va lues  i n  ch i ld ren  compared t o  pa ren t s  a r e  a sc r ibed  t o  l e s s  consumption of 

n a t i v e  foods end because of a n  apparent d i scr imina t ion  aga ins t  cesium i n  

favor  of potassium (Onstead, Oberhausen and Kez-ry, 1962).  Boarding school  

s tuden t s  who at tended high schools  o r  co l leges  i n  o the r  p a r t s  of Alaska o r  

o t h e r  s t a t e s  u sua l ly  contained lower 137Cs body burdens than  s tudents  who 

a t tended  l o c a l  grammar schools and consumed car ibou and re indeer  t y p i c a l  of 

t h e i r  family d i e t  while l i v i n g  at home. The 137Cs body burdens i n  boarding 

school  s tudents  u sua l ly  increased  during t h e  sunmer as they  consumed car ibou 

and re indeer  meat as p a r t  of t h e  normal f v n i l y  d i e t ,  thus  modifying t h e  above 

r a t i o s  l a t e r  i n  t h e  summer. 

During 1964 and 1965 w e  def ined t h e  seasonal  cyc le  of 137Cs body burdens 

of Anaktuvuk Pass r e s i e e n t s  by performing measurements a t  about two-month 

i n t e r v a l s ,  and by corresponding measurements of car ibou meat t y p i c a l  of 

the  n a t i v e  d i e t  (Hanson and Palmer, 1964). Cesium-137 body burdens i n  t h e  

Anaktuvuk Pass people showed a r ecu r r ing  seasonal  p a t t e r n  wi th  lowest values  

during January of  each yea r  end mexima during J u l y  (F igure  2 ) .  This p a t t e r n  

results from t h e  Eskimo p r a c t i c e  of k i l l i n g  a s u b s t a n t i a l  number of car ibou 

when t h e  animals migrate  near  t h e  v i l l a g e  twice  year ly .  

per iods  occurred a t  c r u c i a l  t imes i n  t h e  seasonal  p a t t e r n  of 137Cs concen- 

t r a t i o n s  i n  car ibou f l e s h .  Animals k i l l e d  during f a l l  months ( l a t e  August 

These s l augh te r  
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t o  e m l y  October) were migrat ing from summer ranges on t h e  Arc t i c  Slope 

where t h e i r  food cons i s t s  p r i n c i p a l l y  of f r e s h  green vege ta t ion  coc ta in ing  

low '37Cs concentrat ions.  This meat i s  s tockpi led  f o r  use  throughout t h e  

w in te r  and i s  supplemented by k i l l i n g  animals near  t h e  v i l l a g e ,  and which 

conta in  increas ing  137Cs concentrat ions as t h e  win ter  d i e t  of l i chens  a s s e r t s  

i t s  inf luence.  Caribou leaving  t h e  winter  range are usua l ly  s laughtered  i n  

l a r g e  numbers during l e t e  May and t h e  meet s t o r e d  i n  underground c e l l a r s  

("caches") dug i n t o  t h e  permafrost .  These animals contained g r e a t e r  137Cs 

concent ra t ions  i n  t h e i r  f l e s h  than  animals k i l l e d  a t  o t h e r  times of  t h e  

y e a r  because of t h e  extended winter  per iod  of l i c h e n  u t i l i z a t i o n .  

Maximum 137Cs body burdens during 1964 and 1965 occurred i n  Anaktuvuk 

Pass  Eskimos about two t o  t h r e e  months af ter  t h e  people began t o  u t i l i z e  

t h e  main sp r ing  k i l l  of caribou. The r e l a t i o n s h i p  between t h e  137Cs l e v e l s  

i n  car ibou  f l e s h ,  t h e  est imated consmpt ion  o f  car ibou meat by t h e  people ,  

end t h e  human body burdens i s  shown i n  Figure 3. Cesium-137 body burdens 

responded d i r e c t l y  t o  changes i n  137Cs l e v e l  i n  t h e  d i e t ;  increases  occurred 

following t h e  u t i l i z a t i o n  of spr ing-k i l led  animals and decreases  eccompanied 

a s h i f t  t o  f a l l - k i l l e d  caribou. 

Comparison of  137~s concent ra t ions  i n  va r ious  age ca t egor i e s  of  

h a k t u v u k  Pass r e s i d e n t s  showed a cons i s t en t  r e l a t i o n s h i p ,  w i th  increas ing  

amounts of  137Cs wi th  an inc rease  of age and body weight (F igure  4 ) .  

(3-14 yea r s  o l d )  u sua l ly  contained about h a l f  as much 137Cs pe r  kilogram 

body weight as adults (>21 yea r s  o l d ) ,  and Ioinors (15-20 yea r s  o l d )  con- 

Children 

t a i n e d  about 70% as much as adults. These results r e f l e c t  t h e  g r e a t e r  con- 

sumption of  car ibou ,  a g r e a t e r  proport ion of muscle and less discr imina t ion  

aga ins t  cesium with increas ing  age. 
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Comperison of na l e s  and females of t h e  t h r e e  age ca t egor i e s  showed 

t h a t  males gene ra l ly  contained g r e a t e r  137Cs concentrat ions per  kg bo6y 

weight than females (Figure 51, and t h e  d i f fe rence  w a s  most pronocnced i n  

t h e  a d u l t s  and minors. Kale and female ch i ldren  contained almost i d e n t i c a l  

concent ra t ions ,  w i t h  a suggest ion of e s l i g h t l y  g r e a t e r  va lue  i n  meles. 

s c a t t e r - p l o t  of male end female bo&y burdens during t h e  m a x i m u m  concentret ion 

pe r iod  of J u l y  1964 i s  shown i n  Figure 6 ,  with an eye - f i t t ed  curve f o r  t h e  

two sexes.  

A 

This ind ica ted  t h a t  t h e  d i f fe rences  i n  male and female 137Cs 

body burdens were unimportant u n t i l  t h e  age of about twenty,  males then 

contained c o n s i s t e n t l y  more 13?Cs than females,  maximum d i f f e rence  occurred 

a t  about t h e  age of 40, and t h e  two curves tended t o  converge during acivanced 

%e. Simi la r  results were observed during t h e  1965 seasonal  meximum.  

Comperison of 137Cs body burdens from one summer t o  t h e  next showed 

pronounced increases  of about 50 per  cent  from 1962 t o  1963 and e doubling 

between 1963 and 1964, followed by a decrease of 30 per  cent  from 1964 t o  

1965. ‘This r e f l e c t s  t h e  p a t t e r n  of 137Cs concent ra t ions  i n  car ibou f l e s h  

a t  Anektuvuk Pass ,  which forms t h e  food base of t h e  people. 

l i c h e n s ,  which determine t h e  137Cs concentrat ions i n  car ibou  f l e s h ,  have 

Amounts i n  

shown a s teady but  l e s s  spec tacu la r  i nc rease  wi th  t ime. This  po in t s  out  

t h a t  t h e  30% decrease from 1964 t o  1965 w a s  as incons i s t en t  with t h e  t r e n d  

i n  t h e  l i chens  as was t h e  abrupt  increase  during t h e  sp r ing  of 1964, and 

emphasizes t h e  importence of cer ibou  behavior on win ter  range t o  t h e  de te r -  

mination of 137Cs l e v e l s  i n  t h e  Eskimos. During t h e  win te r  of 1963-1964 

the  car ibou wintered f a r t h e r  south  of Anaktuvuk Pass than  normal and t h e  

sp r ing  k i l l  by t h e  na t ives  must have cons i s t ed  of animals from ereas  where 

137Cs concentrat ions i n  l i chens  were g r e a t e r  t h a n  those  a t  Anaktuvuk Pass 
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o r  of animals t h a t  were ea t ing  l i chen  spec ies  which contained g r e a t e r  137Cs 

concentrat ions than those  we sempled. 

ence among 137Cs concentrat ions of s eve ra l  l i chen  spec ies  (Hanson, Watson 

end Perk ins ,  1966) .  

t h e  food base of t h e  caribou and the  people a r e  due t o  f a c t o r s  which heve 

not  been s u f f i c i e n t l y  we l l  i d e n t i f i e d  t o  permit r e l i a b l e  p red ic t ion  of 

f u t u r e  l eve l s .  

f i c i a l  epp l i ca t ion  t o  n a t u r a l  l i c h e n  communities i n  Alaska (Hanson, Watson 

and Perkins ,  op. c i t . )  showed t h a t  cesium i s  more tenac ious ly  r e t a ined  by 

l i c h e n s  than  i s  strontium, and suggests t h a t  p re sen t  l e v e l s  of 137Cs i n  t h e  

b i o t a  of northern Alaska  may be maintained f o r  some t ime t o  come. 

We have noted a 2- t o  3-fold d i f f e r -  

These important d i f f e rences  i n  137Cs concentrat ions i n  

Current s t u d i e s  of 134Cs and 65Sr r e t e n t i o n  following a r t i -  

I n  terms of r ad io log ica l  hea l th ,  whole-body r a d i a t i o n  dosage t o  t h e  

Anektuvuk Pass people from 137Cs body burdens measured during t h e  year  

1964, t h e  per iod  of m e x i m u m  va lues ,  were ca l cu la t ed  from var ious  formulae 

(Bertinchamps and Cotzias ,  1958; ICRP, 1953; Maycock e t  a l . ,  1960; NCRP, 

1953). 

30 p e r  cent  of t h e  amount suggested as a Radiat ion P ro tec t ion  Guide f o r  t h i s  

populat ion group (Federa l  Radiat ion Council ,  1965) .  

Estimated avereges ranged from 135 t o  150 m i l l i r e m s ,  which were about 

The m a x i m u m  ind iv idua l  exposure among a l l  Anaktuvuk Pass adults was 

about twice t h e  average value s t a t e d  above (about 300 mrems) and w a s  a l s o  

wi th in  values  recommended by t h e  Federal  Radiat ion Council. 

The amounts of 13?Cs  i n  AnaktuMlk Pass Eskimos a r e  about t h e  same as 

t h o s e  repor ted  i n  Swedish and Finnish Reindeer Breeder Lapps (Lidgn and 

Naversten, 1964; Miet t inen,  1964),  and s l i g h t l y  less than  those  i n  re indeer  

breeders  i n  northern regions of t h e  Soviet  Union (UXSCEAR, 1964).  This 

agreement of enhanced 137Cs body burdens among z r c t i c  peoples i n d i c a t e s  t h e  
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circumpolar s i t u e t i o n  i s  pr imar i ly  6ue t o  t h e  e f f e c t i v e  t r a n s f e r  of t h i s  

f a l l o u t  radionucl ide through t h e  l ichen  t o  car ibou ( r e i n d e e r )  t o  man food 

web. I n  gene ra l ,  137Cs body burdens of a r c t i c  peoples a r e  seve ra l  o rders  

of magnitude g r e a t e r  than those  of North American and European inhab i t an t s  

of t h e  regions between 30 and 60 degrees nor th  l a t i t u d e ,  which a r e a  rece ives  

about f i v e  t imes as much f a l l o u t  deposi t ion as t h e  a r c t i c  regions.  

importent e f f e c t  of ecologic  f a c t o r s  i n  r egu la t ing  t h e  human d i e t a r y  l e v e l  

The 

of 437Cs i n  t h e s e  regions i s  emphasized by comparing t h e  est imated average 

d a i l y  in t ake  of 137Cs by ch i ldren  under 18 years  of age. The U.  S. Publ ic  

Heal th  Service I n s t i t u t i o n a l  Diet  Sampling Program est imated t h a t  t h e  

average -. d a i l y  in t eke  of 137Cs v i a  d i e t  of ch i ld ren  under 18 years  of age 

w a s  29 p icocur ies  p e r  day during 1961 end about 49 p icocur i e s  during 1962 

(USPES, 1963). 

during t h e  same per iods  were ebout 800 pCi/day and 3,500 pCi/day, r e spec t ive ly .  

The body burdens of temperate zone populat ions gene ra l ly  l a g  behind f a l l o u t  

depos i t ion  r a t e s  by t imes varying f ron  about n ine  months t o  two years  (UTSCEX?, 

1964). 

Our recent  r e s u l t s  i n d i c a t e  t h a t  t h e  concentrat ions of f a l l o u t  radionucl ides  

Our es t imates  of 137Cs i nges t ion  by Anaktuvuk Pass chi ldren  

This suggests  t h a t  t h e  per iod  of m a x i m u m  values  should now be p a s t .  

i n  a r c t i c  ecosystems may be s i g n i f i c a n t l y  inf luenced by t h e  r e t e n t i o n  of 

137Cs i n  l i c h e n s ,  and emphasizes t h e  need f o r  more s tudy of t h i s  environment 

before  OUT p r e d i c t i o n  c a p a b i l i t y  is adequate. 

S W Y  

Fa l lou t  1311 i n  ch i ld ren ' s  thyro ids  has  r e s u l t e d  from l o c a l  f a l l o u t  

a s soc ia t ed  with nuc lear  weapons t e s t s  and t h e  Windscale r eac to r  accident.  

Milk i s  recognized as t h e  p r i n c i p a l  means of t r a n s p o r t  i n t o  human populat ions,  

and very young ch i ld ren  a r e  considered t o  be t h e  c r i t i c a l  age group so  fa r  



, L .u.. 

as exposure hazards  e r e  concerned. 

depos i t ion  of t h e  1311 and t h e  subsequent ra te  of t r a n s f e r  t o  da i ry  c a t t l e  

and i n t o  humans. 

have gene ra l ly  occurred among Utah ch i ld ren .  

Environmentel f a c t o r s  in f luence  t h e  

Maximum exposures wi th in  t h e  c o n t i n e n t a l  United S t a t e s  

During t h e  per iod  1952-1962, 

some 40,000 t o  50,000 of t h e s e  ch i ld ren  were est imated t o  have received 

t h y r o i d  doses from 1311 of a few rads on s e v e r a l  occas ions ,  and during 

1953 about 700 infan ts  a t  S t .  George, U t a h  rece ived  an es t imated  dose of 

84 r ads .  This w a s  about f i v e  t i m e s  t h e  m a x i m u m  dose rece ived  by Engl ish 

c h i l d r e n  immediately following t h e  Windscale acc ident  and about one-tenth 

t h e  1311 dose est imated t o  have r e s u l t e d  i n  thy ro id  nodules i n  a few 

Marshallese ch i ld ren  seve ra l  yea r s  following exposure. 

Cesium-137 i s  most importent i n  a r c t i c  r eg ions ,  where whole-body 

burdens are  s e v e r a l  o rders  of magnitude g r e a t e r  than  t h o s e  of temperate 

h'orth America and Europe. This r e s u l t s  from ecologic  f a c t o r s  which 

f e c i l i t a t e  t h e  e f f e c t i v e  t r a n s f e r  o f  137Cs through t h e  l i c h e n  t o  car ibou  

( r e indee r )  t o  m a n  food veb. The d i s t r i b u t i o n  of  137Cs bo6y burdens wi th in  

Alaskan native populet ions showed important in f luences  o f  e thn ic  background 

end c u l t u r e l  p r a c t i c e s  of t h e  people.  M a x i m u m  values  were c o n s i s t e n t l y  

found i n  those  persons who consumed t h e  g r e a t e s t  amounts of  car ibou f l e s h ,  

and r e f l e c t e d  t h e  seasonal  cyc le  of 137Cs concent ra t ions  I n  car ibou f l e s h .  

Adults  contained t h e  g r e a t e s t  137Cs whole-body burdens and concent ra t ions ,  

minors (15-20 yea r s  o ld)  contained median m o u n t s  and c h i l d r e n  ( l e s s  t han  

15  years  o l d )  contained t h e  least .  Comparison of  male and female 1 3 ? C s  

'body burdens a t  times of t h e  seasonal  m a x i m u m  ind ica t ed  t h e r e  w a s  no 

d i f f e rence  between t h e  sexes u n t i l  about t h e  age of twenty,  males then  

contained c o n s i s t e n t l y  more 137Cs t han  females, maximum d i f f e rence  occurred 

a t  about t h e  age of  40, and then  t h e  d i f f e rence  decreased wi th  advancing age. 
n k ' i  ' 1 '  i 0 IJ \.I u 5 I 
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Whole-body r a d i e t i o n  dosage t o  t h e  Anaktuvuk Pass people from 137Cs 

boZy burciecs during 1964, t h e  per iod  of maximum velues ,  were c e l c u l a t e d  

t o  be about 30 p e r  cent  of t h e  amount suggested as a Radiat ion P ro tec t ion  

Guide f o r  t h a t  population group. 
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Locat i on  

TABLE 1. Cesium-137 body burdens o f  var ious age ca tegor ies  end 
e thn ic  groups of  no r the rn  Alaska  during 1962 end 1963. 

I.2 I Averwe Cs body burden i n  nanocuries 
Children Minors Adults 

(>21 y e a r s )  ( L - l L  y e a r s )  (15-20 yeers  ) 
1963 - 1962 - 1963 

7 1962 - 1963 - 1962 - 
A n a k t u d  Pass (19) 230 (39) 280 (12) 340 (13) 500 (39) 450 (44) 640 

Kot zebue (40) 47 (28) 46 (26) 50 (22) 5 5  (112) 150 (102) 120 

River Vil lages"  (10) 63 (12) L9 ( 7 )  64 ( 7 )  92 (35) 150 (16) 150 

Coastal  Villages** (8)  100 

Barrow . (52) 16  (47) 25 (57) 17 (34) 26 (248) 5 5  (119) 65 

L i t t l e  Diomede (3) 9 (1) 12 (15) 29 (1) 44 

Poin t  Hope (44) 13 (37) 22 (34) 14 (27) 24 (80) 19 (76) 40 

Fort Yukon ( 9 )  9 (25) 21 (56) 37 

~~ ~ ~~~ 

* Ambler, Kiane, Kobuk, Itoatak, Noorvik, Selawik end Shungnak 

** Deering, E l i m  and Kival ina 

0 Number of persons 
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FIGUPZ 1. Map of Alaska  showing loca t ions  of  na t ive  v i l l a g e s  end whole- 

body counting opera t ions .  

FIGURE 2.  Cesium-137 i n  car ibou f l e s h  and Eskimos a t  Anaktuvuk Pass ,  

Alaska during t h e  per iod  May 1962 - March 1965. Arrows on 

ebsc i s sa  ind ica t e  major k i l l i n g  per iods of car ibou f o r  food 

suppl ies .  

FIGURE 3. Seasonal changes of average 137Cs body burdens, 137Cs i n t eke ,  

end car ibou f l e s h  in t ake  of 26 c o n t r o l  na t ives  a t  Anaktuvuk 

Pass, Alaska. 

FIGURE 4. Cesium-137 body burdens of var ious age ca t egor i e s  of Anaktuvuk 

Pass ,  Alaska r e s i d e n t s ,  1962-1965. 

FIGUfiE 5. Cesium-137 body burdens of  males and females o f  age ca tegor ies  

at Anektunik Pass ,  Alaske r e s i d e n t s ,  1962-1965. 

FIGURE 6. Cesium-137 body burdens of Anaktuvuk Pass Eskimos during J u l y ,  

1964 as e funct ion of age and sex.  

, 
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