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1KTRODOCTION

The e v a l u a t i o n  o f  b o ly  b u r d e n s  o f  r o d lo n u c l id o a  i n  l a r g e  p o p u la t io n s  i a  

•  h e a l t l i  p h y s i c s  p r a b la a  o f  c o n s id e r a b l y  le p e r ta n c c  a t  p r e s e n t . I s c r e a s i n g  

p ro d u c t io n  a n d  e s s  o f  f i s s i o n a b l e  M a te r i a l s ,  s a d  ren ew ed  n u c le a r  t e s t i n g  

b o th  c o n t r i b u t e  t e  c o n ta e ln a t l e n  o f  t h e  a tn e e p h e re ,  w a te r  s u p p l i e s  and  s o i l ,  

and th u s  t o  i n c r e a s i n g  body b u r d e n s  o f  r a d io n u c l id e s  am ong l a r g e  p e p u i a t l e a s .  

C oncom itan t w i th  th e  a p p l i c a t i o n  o f  n u c le a r  e a t o r l a i s  i s  a a  e v e r - p r e s e n t  

p o s s i b i l i t y  o f  a c c i d e n t .  The im p o r ta n c e  a f  k e e p in g  t h e  l e v e l  o f  body b u r d e n s  

s f  v a r io u s  r a d i o n u c l i d e s  in  th e  g e n o r e l  p o p u la t io n ,  o s  w e l l  e e  i a  e p o c i f i c  

e sp o io d  g r o u p s  u n d e r s u rv e y , i s  m a n i f e s t .

For l a r g e  s c a l e  s u rv e y s , m easu rem en t w ith  w h o le -b o d y  g aaao  c o u n te r s  

(b o th  l i q u i d  s c i n t i l l a t i o n  d e t e c t  o r  s ( 1  ̂ and c r y s t a l  d e t e c t o r s ^ 2*! b a s  p rovad  

t o  b e  th e  m o st s a t i s f a c t o r y  t e c h n i q u e .  An snam ple a f  t h e  a u c c e a a fu l  a p p l i c a 

t i o n  o f  t h l a  t e c h n iq u e ,  u s in g  a  p o r t a b l e  «d»ele-bedy c o u n t e r ,  was th e  s tu d y  o f  

th e  M a r s h a l l e s e  p e o p le  o f  R e n g e la p  A t o l l  who were a c c i d e n t a l l y  exposed  to  

f a l l o t *  in  1 4 3 4 . E a r ly  e v a lu a t i o n  o f  t h e  body b u rd e n s  i n  th o s e  p e o p le  was 

c a r r i t d  o u t b y  ra d io c h e m ic a l  u r i n a l y s i s ,  w hich l a  t im e -c o n s u m in g  and d i f f i c u l t .  

In  195?, s e v e r a l  R engelap  p e o p le  w e re  b re e g h t t e  A rg en n e  I t a t l e n a l  L a b o ra to ry  

id le rs  I t  w aa d e m o n s tra te d  t h a t  t h e i r  body h a rd e n s  o f  gtumm e m i t t e r s  c o u ld  be  

o e a su r i 'd  i n  t h e  w ho le-body  c o u n t e r ^ . C sl3T end ZnM  w o re  shown t o  bo th e  

p rom inen t I s o t o p e s  in  th e  M arsh a l l o s e  a t  t h a t  t im e .

T ie  R o n g e ia p  p e o p le  o r i g i n a l l y  e v a c u a te d  t o  a n o th e r  i s l a n d  i n  1954, w ore 

r e t u r r e d  t o  t h e i r  home I s la n d  i n  J u l y  1957 . S in c e  t h e  i s  l e n d  and th e  i n d i 

genous fo o d  a o u rc o e  s t i l l  had a  la w  l e v e l  o f  p o r s i s t i ^  r a d i o n u c l i d e s ,  con

t in u e d  e v a l u a t i o n  o f  th e  body b u r  d o n s  i n  th e s e  p e o p le  m ao o f  c o n s id e r a b le

i n t e r e s t .



A p o r ta b le  oho l #-body co u n ter u aa  designed  and co n st
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uSmi L abera tary  and tra n e p e r te d  t e  th e  M arshal 1 Is la n d s  shore  I t  h a s  s in ce  been 

parleyed  d u r in g  th e  aramal n o d ica l su rv e y s  to  a s c e r ta in  th e  le v e l  a t  lnt< 

deposited  g a a n a - s u i t  t in g  iso to p e s . In  1931, 100 M a rsh a lle se  people vers  co u n ted , 

sod the  p ro ced u re  a s  rep ea tsd  one y e a r  l a t e r  to  o b ta in  gonna sp ec tra  on 227

people. D e ta i l s  o f  th e  exposure and f in d in g s  o f th e se  n o d ic a l  s tu d ie s  have
( 4 - 7 )been rep o rted

In F eb ruary  1941, ano ther survey  was conducted. At t h a t  t i e s  the  p o r ta b le  

sh ie ld  use itsori in  cor. ju n c tio n  v i th  an inprovod do t ac t ion  and d a te -ro co rd in g

a p p ara tu s . The gasesa-ray sp ec tra  o f  110 M arshallese  p eo p le  were o b ta in ed .

H alf o f th e  p e o p le  sea  our sd had been ox posed t e  the  f a l l o u t  i a  1954; th e  o th e r 

h a lf  o f th e  g ro u p  ware people (n e s t o f  oh on were r e la te d  by b le e d )  A s  had 

bean l iv in g  un d er th e  id e n tic a l  c o n d i t io n s  o f  the  exposed g r ou p fo r  the  p ast 

four y e a rs , b u t uho had net been in v o lv e d  in  th e  o r ig in a l  a c c id e n t .

T h is r e p o r t  d e s c r ib e s  eur e x p e r ie n c e  during  th e  1941 au rvey  o f the  Mar

sh a ll I s la n d e r s  u s in g  th e  p o rta b le  o tsele-bedy  covetC f, w ith  d e t a i l s  on th e  

a e e se re n e a is  e n d s , to e  netheds u sed , and th e  o u tc a s t ic  d a te -h a n d lin g  tech n iq u es  

developed f o r  re c o rd in g  and a n a ly s in g  th e  la rg e  aneunt  o f  d a ta  a s so c ia te d  w ith  

rnch a p r o je c t .

C
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S h ie ld in g  m i  provided  by i  2 1 -ten  roei

a te d  l / 4 " - t h i e k  i t e e l  p a n e ls  b o lte d  to g e th e r , t h i c k  cen be d isa ssem b led . The
.

in s id e  d im ensions o f th e  ro a n  a r e  5* x 5 ’ x 6 ’ h ig h .  In  1959 th e  ro e s  was 

i te d  on a 2 5 -ten  t r a i l e r  and  p o s itio n e d  w ith  a  t r e e  t e r  en th e  tank  d eck  o f 

l  V . I .  Navy 1ST (P ig . 1>. In  1961 th e  roen eas  s e t  up i s  th e  ca rg o  h o ld  o f  a 

c i v i l i a n  cargo  sh ip  (P ig .  2 ) .  A lteg  w ith th e  s t e e l  ro an , an a lr -c e n d f tt le o e d  

p r e f a b r ic a te d  wooden roen  7* x 8 ' x 10* was se t op t o  house th e  p v ls e -h e ig h t  

a n a ly s e r  and o th e r e le c t r o n ic  egolpnent (P ig . 1 ) .  The a i r - c e n d i t l e n i ty  and 

d e h u n id i- f ic s tie n  were o f c o n s id e ra b le  value in  o a ln ta ln in g  the  s t a b i l i t y  o f

th e  in s t r u o e n t  in  the  t r o p i c a l  c lU u te .

The s u b je c ts  were f e r r i e d  out to  the  sh ip  f o r  th e  co u n tin g . P r io r  t o  

being  c o u n ted , th e  s u b je c ts  showered and dom ed p ap e r c o v e ra l ls  and s i  in p a r a .  

T h is  p ro ced u re  was n ecessa ry  in  o rd er to  e i& is ix o  th e  p o s s ib i l i ty  o f c o u n tin g  

e x te r n a l  c e r ta n tn a t le n  from  th e  in lan d  eavlrem aent on th e i r  bod ies sod c l o t h 

in g . The su b je c t a were s e a te d  on a  fo lded  h o s p i ta l  c o t and placad in  a  s t a n 

d ard , f ix e d  p o s it io n  under th e  d e te c to r  ( see P ig . 2 ) .  A M arshallese  s u b je c t  

i s  seen  le av in g  the  c o u n tit*  ro o o  through th e  tmau— tic a l ly - d r iv e n  s l id in g

door ( P ig .  4 ) .

The co u n tin g  g tm e try  employed in  the  p o r ta b le  c o u n te r  i s  id e n t ic a l  to

th a t u sed  in  the  pernaaent w hole-body counter a t  BNL, in k in g  p o s s ib le  th e
<E>

c ro s s  c a l i b r a t i o n  of th e  two w r i t s .  The e f f ic ie n c y  and p re c is io n  o f th e  

p o r ta b le  co u n te r  fo r  th e  v a r io u s  iso to p e  ear* p re se n te d  in  Table 1 . The
1

v a lu es  o b ta in e d  a r t  very s i o i l a r  to  those o f  th e  u h o le -b ed y  ceun ter a t  BML.

The background observed i n  th e  M arshall I e la n d s  coun tin g  roan  in  th e  

range 100 Kev to  2 Mev was 1796 cpn, a value sows what h ig h e r  then th e  a v e ra g e  

background le v e l  observed a t  BML (1400 cp n ). The in c re a s e d  background coun t

I
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in the Marshall Islands was chiefly  in the vary law energy range and probably 

can be explained in terns of the thinner shielding in  the portable counter, 

and the omission of Fb lining fo r the ceiling of the counting roon. To some 

enfant the thinner shielding nos coupon sated for br the shielding provided by 

the not or under and around the ship.

Since, in previous years, d ifficu ltie s  wore experienced in identifying 

nnall phot opes ke of various i  sot ops s deposited ia  the Marshal lose is  the 

presence of relatively  large aaaunts of Cs*37 and Zn6 j , the counting time was 

inersasod for a nunber of subjects over that used in  previous years. In addi

tion, a larger crystal detector was substituted fo r the 5-inch detector 

formerly used. The majority of the subjecte uae counted for 10 ninetee; a 

large nunber uae counted for JO ninutee.

An 9r * 4M Ns I (Tl) c ry sta l (Ifcrahaw) detect cor uae used. The detector 

use placed above ths patient a t a distance of 19" (so* Fig 3). Pulses from 

three 3" photosultiplier tubes were fed into a Nuclear Data 256-channel 

transisto rised  pulse-height analyser (Model 120). The analyser fed the data 

d irec tly  to on IBM typewrit or and simultaneously to  a Tally paper punch u n it. 

Model 420. Prevision is  node in th is  analyser for transferring spectre rre

corded on paper tapes into the memory of the analyser ae that calibration 

spectra can be compared with the incesUng date uhen i t  is  ae desired.

The date recorded on the punched paper tapes were transferred to IBM cards 

and thence to  the aagnetic tape of e 704 computer. The task of "spectral 

stripping" uae carried out on the computer with a Fortran program. In th is  

operation the spectrum of each Individual isotope i s  r e s o w  from the to ta l 

spectrum obtained for the subject, which represents th4 combination of the 

contributions from a ll the lamtapea deposited in tha t subject.

Spectra for each of ths individual i out opes quantitated in th is  study 

were obtained with the use of an Alder sen phantom (K8MQAL). Solutions of



known concentration of each radiouwcllde wore placed in tkt phantom to appro*i- 

MOt* the affects of tissue absorption gad scatter. The inoctna of the phan- 

toa for each of the isotopes « i  obtained under conditions of counting goons try 

identical with that used in counting tho subjects. By this technique it * i  

pooaiblo ro simulate quite closely with tho phantom the multi-component opoctra 

of tho Narahallcse. A representative Marahollasa apactruo obtained by adding 

K, Cs137 and 2r65 at average levels (as dot e n d  nod In tbs nodical study of 1959) 

to the phantom to sisailots the nelti-compooent apactruo of the Marshallese it 

shown in Pig. 5. Tho K, C»117 and Zn*3 ware distributed hoaogonooualy through

out the pJvinton, while Oo60was placed in the liver only.

Analyses of the cooplox spectra ware performed by subtracting thecallbrated 

pulse-height apactruo for each gaunt eoittor to be quantified. Although these 

spectra era obtained ideally free a subject of identical beild, an approxima

tion is obtained with the use of the plastic phaatao. Oanputetlen was carried 

out by an IBM-704 couputer. Starting with the highest energy photopeak, that 

of B40, (after correction for background and nornalisatisn of tho K 40 phot spent 

to that of the subject), tho couputer perforce a choanal-by-chaanol subtraction 

of the norm Used K40 apactruo. Xn similar manner, the normalised spectra for 

Zn65, Co60 and Cs137 ware subtracted from tho total apactruo (see Pig. 5).

RESULTS

A spectrum for an average Mar shall a so adult male, obtained in tho 1941

study, la ahoun in Pig. 4. So the asms figure, the apactruo of a member of

tho U.S. nodical teac of tho aaoe body weight and ago lo aloe illustrated for

comparison. Almost identical amounts «f tho radionuclide I40 ore noted along 
—  137 45with large differences in the Cs and In levels between the two subjects. 

The sunnary of tho average levels of C*137, Zn65, K40 and Co60 determined in 

1941 far both the exposed and the non-expo sod Marshallese, according to age



and sax , i s  p re sen ted  l a  Table 2 . Tina fre q u e n c y  d i s t r ib u t io n  o f  v a lu e s  in  

v a r io u s  groups i s  i l l u s t r a t e d  la  P ig . 7 .

Cal 3 / . Tbs naan  v a lu e  f a r  a l l  the  g ro u p s  f a r  tb s  body burden  o f  Cs137 

u as  13.7 ntiC/Kg body w e iv h t. Although th e  a sa n  le v e ls  mi the  exposed a re  

s l i g h t ly  h igher than  th o s e  a f  the  unex posed groups, they e'o not d i f f e r  s ig 

n i f i c a n t ly  f r e e  each o th e r ,  v a r ia t io n  in  any  group i s  la rg e , a s  can  be seen 

f r o a  P ig . 7 and in  th e  v a lu e  o f s tandard  e r r o r .  As expressed h e re  La te rn s  

o f  body w eight, Ce137 body burdens in  th e  g ro u p s over lb  y ears  o f  ag e  and in
137c h ild re n  under 16 y e a r s  do n e t d i f f e r  s i g n i f i c a n t l y .  The seen  l e v e l s  o f Cs 

in  f s a a le s  tend to  bo somewhat lower than  th e  le v e l s  in  n a le e , b u t th e  d i f f e r 

ence dees not appear s ig n i f ic a n t  (P ig . 7 ) .

65 652n . Zn body burdens per kg body w eig h t appear to  be somewhat lower 

in  th e  younger p a p u la t io n  group b u t, a g a in , th e  d if fe re n c e s  a re  n o t s t a t i s t i 

c a l l y  s ig n i f ic a n t .  P a n a le s  a ls o  tend to  have  v a lu es  lower than th o s e  found 

in  th e  co rrespond ing  n a le  group (P ig . 7 ) .  No s lg n if ic a a t  d i f f e r e n c e  between 

th e  Zn65 c o n c e n tra tio n s  in  th e  exposed and im exposed groups co u ld  bo  d e te r -
i

m ined. The per cen t v a r ia t l e n  w ith in  each group  uas approx im ate ly  th e  sene 

a s  th a t  observed f o r  th e  Cs*37 le v e ls .

40K__. The mean K concent r a t  lone fo r  th e  younger groups were c o n s is te n t ly

h ig h e r  then th ose  f o r  th e  corresponding a d u l t  group. Hie n a le  a d u l t  group 

averaged  2.13 gn/Kg body w eight, w hile th e  f s e t t le  ad u lt group av erag ed  

1 .63  gn/Xg.

Co*0 . A nalyses o f  th e  re s id u a l s p e c tra  o b ta ined  a f t e r  s u b tr a c t io n  o f 

th e  th re e  above-sen t io n ed  photopeaks re v e a le d  th e  presence o f a  f o u r th  photo- 

peak, Co*°. The l e v e l s  a f  Co60 were g u l te  low (naan ■ 0 .148 a tic /K g ). but 

were n e v e rth e le ss  r e a d i ly  d e te c t ib le .  No s ig n i f ic a n t  d i f f e r e n c e s  between the
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Co level * in the exposed end unexposed groups, or on the basi s of age or 

sex, were observed.

Total residual gesso activity. The total residual gonna activity level 

present after subtraction of the four above-mentioned spectra are also shown 

in Table 1. The activity in c/m per Kg has no absolute significance, but la 

of value in indicating first that there is sene activity left, and, secondly, 

the nature of its distribution by groups. Nsnbers of the adult group have 

considerably higher levels of residual activity par unit body weight than do 

•embers of the juvenile group. No significant differences were observed, 

however, on the basis of sax, or between the exposed and non-exposed groups.

DISCUSSION

It ie Interesting to note that mo significant differences in the body 

burdens of the four gaase-cmittlag radioisotopes measured in the 1961 whole- 

body spect rogrephie study were observed between the groups of Mar she 11 ess 

expmssd to fallout in the 1954 accident and those living la the earns environ

ment as the exposed persons for the last four ysars. The original centanin-
.

at ion of the exposed population of these gams emitters has already been 

eliminated, and what we observe in this study is the radioactivity derived 

/ram the slightly contaminated environment.

The levels of radioactive cowtsmination appeared to be about the h u m  for 

juveniles as for sdults, for men as for women. Factors of age sod sax 

apparently do not influence significantly the deposition of then radio

nuclides. Wide variations in the level of contamination appear umeng indi

viduals of all groups, as night be expected where the source mi the contentn-
.

ation is via ingestion. Bven with a fairly limited diet, individual tastes

say dictate great differences in the feed concerned.
'



At fo r th e  t i o e  course  o f the  c o n tsw in a tio n  in  the  p o p u la tio n  a s  a whole, 

i t  ie  necessa ry  to  co n sider each r a d io is o to p e  in d iv id u a lly , a a  source of 

supply and d is c r lm ln a t io n  of the  s o i l ,  p la n t and animal l i / e ,  and the  human

body d i f f e r  fo r  each  is u to p e .
137 'The sean C* body burden o f th e  Range lap ad u lt o a le s  i s  14.7 mpc/lg as

cosoared t s  14.1 opc/K f in  1939. T hus, no s ig n if ic a n t  change h a s  occurred in

th e  past two y e a r s .  The high Csx '  body burdens of th e  M a rsh a lle se  re s u lt

from the high d i e t a r y  in tak e  through f o o d s tu f f s  produced in  th e  M arshallese

environm ent. They r e f l e c t  the  le v e l o f  r e s id u a l  f a l lo u t  on th e  is la n d , and
137a ls e  the h igher u p ta k e  and re te n tio n  o f  Cl by food p la n ts  grown in  a I -

X 37d e f ic ie n t  s o i l .  I t  appears th a t the  body burden of Ca4 h a s  reached an
ivy

approxim ate e q u il ib r iu m  with the  l e v e l s  o f  Cs in th e  d i e t  (a lth o u g h  th i s

i s  a  d i f f i c u l t  p o in t  to  s a c e r ta in ) .  The u n ifo rm ity  of th e  C s l  ,7 /g»  1C in  the  

e n t i r e  M arsh a llese  popu la tion  su g g ests  th a t  the Csl37 le v e l l i k e  iC*° i s  pro

port io n s l to  th e  leo n  body w eight.
137The mean C* body burden o f th e  Rongelap ad u lt (14 .7  Bt;ic/kg) s a le s  was

300 tim es th a t  o f  th e  oean of the a e d ic a l  team carry in g  out th e  study

(0.04® mpc/Kg) . T he le-»el of C*137 in  sHe world-wide p o p u la tio n  in  Ju ly  1961

appears to  have d e c lin e d  from the  Maximum le v e l observed in  1959. The avor- 
137age value fo r  Ct measured in  BNL p e rs o n n e l, fo r  example, d e c lin e d  from 

59 ppc/g t  in  Ju n e  1960 t e  30 ppc/g l  in  December 1961. The body burdens o f  

th e  M arshallese m i l l ,  o f  course , a ls o  be  a f fe c te d  by t h i s  w orld -w ide fa l lo u t  

a s  well aa by th e  f a l l o u t  re leased  in  th e  s e r ie s  o f  t e s t a  c a r r i e d  out by the  

USSR in  O ctober 1961. As the  e c c u o u la tio n  i s  gradwsl bo th  in  th e  environment, 

s s  world-wide f a l l o u t  s e t t l e s  o u t, and in  th e  huoan body, v ia  th e  in g estiv e

ro u te , i t  w ill  be  i» nnsber of months b e f o r e  a c le a r  p ic tu re  em erges. However,
137a f t e r  the m oratorium  of th re e  y ears , d u r in g  which time th e  Cs le v e ls  hsd an 

o p p o rtu n ity  to  s t a b i l i s e ,  i t  w ill be c l e a r  what th e  d ire c t  r e s u l t s  a re  of th a t 

p a r t ic u la r  s e r ie s  o f  t e s t s .
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The M a n  Zn&5 concent rat ion/Kg body weight at the Marshallese doe a not 

differ significantly between the exposed and unexposod groups, near does it 

differ on the basis of s*s or age. However, the mean was generally slightly 

higher usong adults than in Juveniles, and higher t w i g  adult sales than adult 

fern lea. In t\e period 1959-1961 the value at Zn65 body burden dropped by a 

factor of six. The value ef Zn65 in aale adult Marshallese dropped froai 

9.o "vc/Kg body weight in 1959 to 1.51 a^C/Kg in 1961. Ho clear reason 

emerges ae the basis for this difference, although it i« possible that dietary 

variation nay be responsible. It is known that the eowrce ef ZnW  in these 

people is from fish which selectively concentrate this element. Therefore, 

it is possible that the decrease in Zn65 levels noted may he due ta the fact 

that the people are eating more canned nests in place of fresh fish. It the 

ZnM  intake in the diet were decreased radically during that period, the ob

served fall in the level of Internally-deposited Zn65 would be consistent with 

the effective half-life of 7n65 which is approeciaatsly 120 d a y s ^ . The evi

dence that could be obtained on this subject is insufficient ts oaks any 

conclusive statement, however.

While levels of ZnW  body burdens equivalent to those found la the Mar

shallese (1.15 apc/Xg body weight) were observed in certain BNL reactor

workers^10', the values in the Rongelap population wcro about ton times those
65measured in the a sobers of the medical team. The mean level at Zn in the 

medical team was .015 htc/Kg body weight, Just slightly higher than the pre

cision of the counter, end therefore not statistically significant (Table 2).

The K content of thg adult Marahalltae aale averages 2.12 ga/Kg, com

pared to the aeam far the medical team ef 1.72. The average K is gm/tg at a 
large group of aale employees at BNL who have been studied is 1.84 ga/Kg body 

weight^10*. The higher value for the Marshallese males reflects their wall- 

developed musculature and low fat content, as tho value ef K is proportional
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te  the  l«»n  body w o o . Thao, th e  K v a lues fo r  ta o  M arsh a ll c m  / o m i t s  a r e  

g e n e ra l ly  low er, in  th e  range 1 .5 2 -1 .7 1  g/Xg body w e ig h t .  As expected , th e
f .

K concent r a t i o o s  Measured in  t h e  c h ild re n  a re  oasMuhat h igher than th e se  o f  

the  a d u l t s ,  and p a r t ic u la r ly  among fe rn  i t s .

A new and very in te r e s t in g  f in d in g  of t h i s  stwdy was the  d e te rm in a tio n
SO

of th e  p re sen ce  o f Co in  th e  h a r s h a l le s e  p o p u la t io n . The wean le v e l i s

f a i r l y  u n i f e r a ,  about 1/9 a f  t h e  Z«M le v e l , but th e  sp read  in  v a lues in  any

one group i s  la rg e .  There i s  a  f a i r l y  c o n s is te n t c o r r e l a t i o n  between th e

ZnM and th e  C*W values, Which cou ld  very w ell r e f l e c t  th e i r  coanon o r ig in

in  th e  f i s h ,  s n a i l s  and c la n s  o f  th e  M ardhallese d i e t .  The induced a c t i v i t y ,
SOCo , had n o t been d e tec ted  p re v io u s ly  in  t h i s  p o p u la tio n  because i t s  ve ry  

low le v e l  was aasked by the  r r i a t i v e l y  la rg e  peahs mi th e  e th e r ra d io n u c lid e s  

in  th s  r e l a t i v e l y  sho rt co u n tin g  p e rio d s  h i th e r to  u se d . I t  was to  re v sa l 

ju s t such secondary  le v e ls  t h a t  th e  longer counting  p e r io d  and la rg e r  d e te c 

to r  were adop ted  fo r  th e  1961 s tu d y .

The r e s id u a l  gaaaa a c t i v i t y  in  th s  sp ec tra  re w s in in g  a f te r  th s  s u b tra c 

tio n  o f th e  n e jo r  ceopenents i n d ic a te s  th a t  th e re  a r e  eons re s id u a l r a d le -  

n u c tid e s  n e t u reaen t in  s u f f i c i e n t  q u a n tity  to  re v e a l th e n se lv e a  v ia  t h e i r  

phe tepeaha. The ad u lt group# a l l  had a p p re e in a te ly  th e  earn  le v e l o f  r e s id u a l  

a c t i v i t y ,  w h ile  th e  Ju v en iles  had 23 to  30ft o f th e  l e v e l s  e f  th e  a d u l ts .  The 

re s id u a l a c t i v i t y  values in  th e  a d u l t  groups were a t  l a a s t  10 t in e s  th e  wean 

observed in  th e  0 .3 .  sod le a l  ts a a i .  U n fo rtu n a te ly  w hole-body counting  te ch 

niques have n o t boon devc.’ epod f o r  e x te rn a l b e ta  count la g  e f th e  very im p o rtan t 

f i s s io n  p ro d u c t S r ^ .  I t s  l e v e l s  can  only be e s t i a a ta d  f r e n  d a ta  ob tained  by 

rad  lock  c a l  c a l  a n a ly s is  e f  u r in e .  Undoubtedly the  B re n aa tra h lu n g  r e s u l t in g  /ra m  

the  S rW body burdens in  th e  M a rsh a lle se  c e n tr ib u ts s  t o  th e  re s id u a l a e t i v i t y

noted above.
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A study af  the  l e v e l s  of body burdens o f  tbo  i t v m l  f M e - a n i t t l a i  

ra d io n u c lid e s  in  t i e  M ira b e l lo o t people i n d ic a te s  haw th e  f i s s i o n  p ro d u c ts  

■eve through the  m v i r w aot  and a cc u n u la te  l a  n an . F u rth e r , th e  b io lo g ic a l  

tu rn o v e r r a ta  at th e s e  ra d io n u c lid e s  in  b e a u  b e in g s  can he s e t  l o o t e d . The 

su rvey  node w ith  th e  p o r ta b le  ubole-body c o u n te r  h a s  been in v a lu a b le  in  

non i t  o r lag  th e  le v e l  a a t  in te rn a l  c e n ta a i n a t io n  a t 0m m  s u i t  t a r  a i n  t h i s  

p o p u la tio n . The so p o r ie o c e  gained in  t h i s  s tu d y  shnuld bo a /  v a lu e  in  fu tu re  

su rv ey s  among e th e r  p o p u la tio n * .

No d i f f i c u l ty  u se  encountered  in  s e t t i n g  up th e  sh ie ld in g  f o r  th e  ML 

p o r ta b le  counter a a  equipm ent f o r  noving i t  i n t a c t  uas r e a d i ly  a v a i l a b l e .  

A lthough i t  uas not nocoooary  to  d ism an tle  th e  sh ie ld in g  betwe en su rv e y s , i t  

would not have been d i f f i c u l t  to  do so. how ever, because a t th e  w eigh t end 

b u lk  o f th e  sh ie ld in g , tho u g h t has been g iv en  t o  developing e th e r  ty p e s  of 

s h ie l d i i*  /o r  use in  th e  f i e l d ,  p a r t i c u la r ly  f o r  oeo in  p la ce s  w here weight 

m igh t g iv e  r i s e  to  t r a n s p o r ta t io n  d i f f l e a l t i o e .  M a te ria ls  o th e r  th a n  s to o l 

and in  n a i l e r  u n i t s  a t  w eight n ig h t p o s s ib ly  b e  u sed . The h i p a u i t  and 

o p e ra t io n  at th e  e le c t r o n ic  f a c i l i t i e s  p re se n t no p a r t ic u la r  p ro b lem . Ouse a 

s a t i s f a c to r y  coun ting  g eome t ry  has been worked out a t  th e '* h e u e ''in s ta l la t io n , 

i t s  d u p lic a tio n  p ro v id e s  th e  b e s t so lu tio n  t o  th e  p ro b lu i o f  s o t t in g  op e 

s a t i s f a c to r y  coun ting  geom etry fo r  f i e l d  u s e , o s  I t  enab les c a l i b r a t i o n  

n on our amen ts  t e  bo chocked  a t  Later t in e s  in  th e  "hane" L ab o ra to ry .

The whole-body go es*  spectrom eter can b o  v a lu a b le  in  th e  f i e l d ,  no t only 

t o  survey  s i tu a t io n s  in  « * ic h  po p u la tio n s  a r e  contam inated w ith  r a d ie a a c l id e o ,  

b u t a s  s  c l in ic a l  r e s e a r c h  t o o l k i t  i s  p o s s ib le ,  sod say ho d e s i r a b l e ,  to  

c a r r y  out in  th e  f i e l d  dem ographic s ta d ia s  w ith  th e  oss  o f  r a d io a c t iv e  t r a c e r s ,  

and i t  i a  a ls o  p o s s ib le  t o  c a r ry  w t  such c l i n i e e l  s tu d ie s  a s  th e  in v e s t ig a 

t i o n  o f  m etabolic and n u t r i t i o n a l  d is e a se s , w hich nay have th e i r  o r i g i n  in  

th e  p a r t ic u la r  lo c a l o u v ire n u e n t.
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Thu* the portable id»l*-bedy spsctreaetec 1* an instrument with eensider- 

(  t b i t  application 1* boalth physic* and c l in ic a l  research problems.

ODMCLDSIOM

The usefulness o f  a portable uhole body gmmm *pectren«ter in  the assay 

mf the body burden* o f nixed /le s io n  products and induced a c t iv i t ie s  i s  

illu stra ted  by the 1W1 f ie ld  study of the in ter  ee l contamination In a popu

la tio n  of Marshallese people at Rengelap A to l l .  The apparatus and the tech

niques of neasurenent, autenatic data-haudling and computer an a lysis of com

plex spectra are described. The result* of the spectral analyses are pre

sented end compared with a control group, end with the previous values 

ebteinsd .

In addition to i t s  applicetlen ia the doterninotice of body burdens of 

radioactive isotopes in  populations exposed to  fiss io n  products, numerous 

c lin ic a l  applications o f  tb* uhole-body gonna spectrometer nay be made. 

Studies of Urge scale health problem*, such a s epidemics by means o f  radio

a c tiv e  tracers and uhole-body counting, o ffer  o nev approach to a mndber af 

old  problems. By moans o f the portable uhole-body counter, thaee studios may 

bo carried out anyuhoro in the unrid.
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2 . - 5 n i u u  of th e  n d i a m c l i d M  la  N a r i t e l l t M  p o p u la tio n .

MOPRBS

1. -  P o rtab le  s te e l - s h ie ld e d  rooa and a i r - c o n d it io n e d  in s tru m en t

rooo mounted on 25-ton t r a i l e r  in  th e  hold of a Q .S . Navy 

LST ah ip  ao u sed  on th e  1559 su rv e y .

2 . -  Lowering th e  sh ie ld e d  room in to  th e  h o ld  of  the  sh ip  used in

the  1961 s u rv e y .

3 . -  Mar d ia l le s s  s u b je c t  in  the  s tan d a rd  c o u n tin g  p o s itio n  in  s t e e l

ream under th e  Mai (T l)  c r y s ta l  d e t e c t o r .

4. - Marshal lo se  s u b je c t  leaving  th e  c o u n tin g  roost on te rm in a tio n

of whole-body c o u n t. The p n e u m a tic a lly -d r iv e n  s l id in g  d o o r 

i s  I l l u s t r a t e d .

5 . -  Gamma spectrum  a£ th e  c a l ib r a t io n  phantom co n ta in in g  Ce137,

Zn*5 and I 40 in  th e  appr anim ate ra n g e  found la  M arshal lo s e  

s u b je c ts . The d o tte d  H ose  in d ic a te  th e  r e s u l t s  of  s p e c t r a l  

s tr ip p in g  a£ th e  h igher energy phot apeak a.

6 . - Spectrum o f t y p i c a l  M arshallese  a d u l t  s a le  compared w ith  t h a t

a f member ml th e  C .S . Medical Team.

7 . -  Frequency d l e t r l b u t i e n  af le v e l s  mi ra d io n u c lid e s  in  v a r io u s

M arshallese  g ro u p s .
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T able 1 . P r o p e r t ie s  o f  P o rtab le  WheK-Body Counter
f o r  M easuring S p e c ific  Sad lo re  e l i d e s

.

Photapeak energy 
(Me*)

Energy band 
nee so re d  (H er)

Backgr (epa)

C a l ib r a t io n  fa c to r  
(C .P . )  cpaa/pc

P re c is io n  (P ) o f 
c o u n te r*  (ape)

For c o a t  s tan d a rd  
d e v ia t io n  o f 
count ra te * *

I n te g ra te d  
background (epa) 
0 .2 -2  Me*

-

0 .4 *

0 .4 1 -0 .7 1  

75.5

4114

*

0 .2 4 0

t  0 .2 3

;

1.17

1.l i- l .22

29.4

*
4320

0 .224

* 10.0

1T44

1.12
■

1 .07-1 .17

23.7

1733

0.S44

t  1.73

■«*

'

1 .44

1 .4 1 -1 .5 1

4 0 .2

0 .2 4
(cpa/K g)

3 .2  (g )

t  3 .5 2

•P e r  70 Kg phantea in  s ta n d a rd  c o u n tin g s »try,

, .u ± )
C.P. /

••A verage  M arsh a llese  a d u lt  a a l e .
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Abstract--'Tbs evaluation of body burdens of radionuclides of large population! 

is a health physics problen of considerable importance. Measurement with the 

whole-body gaona spec true* ter provides the best technigue far this evaluation, 

but the number of such Instruments is ana 11. A "portable" whole-body counter, 

such as the BML model, makes it possible to study populations in any area.

The report presents the technique of carrying out a survey in the field 

of internal contamination in a population, and also pro seats the automatic 

date-handling procedures used and method of computer analysis of the complex 

spectre obtained. The study which il lust rotes the technique le the survey 

made in 1491 of the gamma-ray spectra af a group of Marshall#so poop lo, sous 

of whom had boon accidentally exposed to fallout from a nuclear detonation in 

1934. Previous field studies a song the Marshallese have boon nade in 1438 

and 1959. The results of tha latest study are presented in this report and 

cmooarsd to the findings from the earlier studies.

Possible direct ions in which the development af this tethnigue might 

proceed and at hex possible applications of whole-body comating in the field 

are alas discussed.
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