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ABSTRACT 

An estimate 

children following 

i s  made of t he  radiation dose t o  the  thyroids of 

the  Bravo event of March 1, 1954. The available 

706726 

Rongelap 

experi- 

mental data  are used t o  estimate the  dose under two alternate assumptions of 

,mode of Intake: (a) all of the  intake w a s  by inhalation, and (b) all of the  
’ \  

intake was by o r a l  ingestion. - It i s  concluded t h a t  t h e  most probable dose t o  

. t h e  thryoid of a 3 - 4 year old g i r l  i s  i n  the  range 700 - 1400 rad. 
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General Information 

The cloud arrival time i s  given(') as H + 4 t o  6 hours. The duration 

c l a d  passage is l e s s  well  known but probably l i es  i n  t h e  range of 

hours. I n  'all calculations we w i l l  assume t h a t  cloud passage was i n  

t h e  in t e rva l  H + 6 t o  H + 18. 

The residents  of Rongelap were evacuated a t  H + 51 hours. Reliable 

dose r a t e  measurements , w e r e  not obtained at t ha t  time but t he  gamma dose rate 

3 f ee t  above the  ground was measured as 375 mr/hr seven days after the  deto- 

nation. Assuming t decay the  H + 24 hour dose r a t e  was then -3.8 H/hr. 

The sources of exposure t o  the  thyroid which must be considered are: 

-1.2 

(1) Whole body gamma dose. 

(2) In te rna l  depositfon of i o a n e  isotopes. 

5 

Whole Body Gama Dose. 

The whole body dose was estimated'') t o  be 175 + R. The 

making t h i s  estimate is not given, so an independent estimate 

Ln par t icu lar ,  it appears t h a t  t h i s  estimate does not include 

t h e  cloud but only from fa l lou t .  

If we assume a linear buildup of fallout from H + 6 t o  

exact method of 

i s  made below. 

the dose from 

-1.2 H + 18, t 
decay during t h i s  in te rva l  and use .the reading of 375 mr/hr at seven days, 

t he  estimated dose from fa l lou t  during cloud pas'sage is  47 R. The dose from 

the  fa l lou t  from H + 18 t o  evacuation at H + 5 1  i~ 114  R. 

Sedan indicates  t h a t  t h e  dose from ;he clnud, i t s e l f ,  I s  approxlmteiy equal 

Experience from 

. .  
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t o  t h e  dose from fa l lou t  during cloud p s s c g e .  The t o t a l  estimated dose is 

. , then 47 + 47 + 114 2 208 R. 

tMthin t h e  e r ro r  of the  measuren?ents and ,the eccuracy of t h e  assump- 

t i o n s ,  t h i s  estimate, which goes not contain any correction f o r  t h e  small 

. (1) e f fec t  of t i m e  indoors, does not d i f f e r  significantly f romthe  vaiue of 175 R. 

W e  will, therefore,  take the wcrage whole body gmma dose as 175 k 25 R. 

In te rna l  Deposition of Iodine Isotopes . 

Unfortunately, no d i rec t  .measurenent was possible on t h e  rsdioactive 

Urine samples were taken from iodine content of individuals from Rongelap. 

which t h e  average thyroid burden of 1131 has been estimated. The Los Alamos 

Scient i f ic  Laboratory col lected pooled 2Phour  samples 15  days post detona- 

t i o n  and estimated(2) t h e  1-day thyroid content a s  11.2 )LC of I131. USNRDL 

col lected samples from each nicmber of the exposed group 43 and 46 days post 

detonation and, by an indirect  method, estimated t h e  average thyroid content 

as 6.4 pc 1 ~ 3 ~  at 1 day. (3'4) The LASL estimate of 11.2 pc was obtained by 

d i r ec t  counting of II3l i n  the  ur ine and should be more r e l i ab le  than t h e '  

NRDL estimate. 

ing considerations. 

t h e  maximum thyroid burden being excreted i n  the ur ine on the  15th day. 

Variation i n  t h e  biological  ha l f - l i f e  and other factors  indicate  t h a t  a range 

of 0.05 - 0.2s should be placed on t h i s  numb'er(5) (see appendix). We, there- 

t 

The value of 11.2 pc will be used a s  a bas i s  fo r  all follow- 

Thie estimate w a s  based on the  assumption of O.l$ of 

fore, take 5.6 - 22.4 )LC a8 the  r a e  of adult IL3L thyroid burden. 

The pooled samples repreoent a l l  q e  groups. The number of hdiVidUal8 

i n  these age groups and the  Volume of urine from each age group i s  approxi- 

(3,4) 'mately as follows: 

I 
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Inhalation 

t 

x133 ,135 
/1131 - II13l 

Number of Volume of $ of Total  
Age GrouE Individuals . Urine - (m1.1 Volune 

7 1155 4.8 

> 16 31 18011 75 -0 

' < 5  
20.1 5 - 16 11 4829. 

The ur ine samples a re  typ ica l  of adul ts  and the  calculated thyroid burdens are  

O r a l  Ingest ion 

,133 ,135 
4 1 3 1  4 1 3 1  

presumably a l so  those of adults.  

Decay 0.68 0.31 0.&7 
I 1.38 1.23 1.38 ( 6 )  Fission y ie ld  

Energy 2.00 1.50 2.00 

132 1'33 and Associated with t h i s  1131 are t h e  shorter l ived  isotopes I , 

' 0.148 

1 ;23 
1.50 

! 1'3~. If the  iodine entered byway of inhalation, the tlme of intak? w a s  H + 6  

to H $. 18. On the  other  hand, i f  water (and food) were the  pr inc ipa l  source, 

t he  time of ingestion would be extended from K + 6 t o  H + 51. 

Three items contribute t o  the differences i n  dose from t h e  various 

- iodine isotopes. These are: (1) radioactive decay before inhalation o r  oral 

lngerrtion, (2) differences i n  the  f i s s ion  ylelds  of the  chains,(6) and (3) t h e  

I 
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The dose t o  the  thyroid i n  rads from all three isotopes is ,  thus,  3.4  times 

t h e  dose due t o  alone fo r  inhalation and 2.6 t lEes  the  Il3I dose fo r  o r a l  

ingestion. 

lower these factors  somewhat. 

has been neglected and would approximately compensate f o r  decay of 

Delay i n  reaching the  thyroid a f te r , inha la t ion  o r  ingestion. would 

132 5 However, the  1132 daughter of t h e  78 h r  Te 

and 

before reaching the  thyroid. 

We can now proceed t o  estimate t h e  dose t o  the  thyroids of 3 - 4 year i 

old  g i r l s  assuming (1) inhalation as t h e  mode of intake and (2) o r a l  ingestion. 

1. 

t o  t h a t  of an adult can be estimated i n  two ways: (a) from the  m a x i m  r a t e  

Inhalation: The r a t i o  of volume of air  respired by a 3 - 4 year old g i r l  

' of oxygen intake(') and (b) 'from tkie vi ta l  capacity(') andmeximum respira- 

. t i o n  rate .  (7) Both methods give a r a t i o  of -0.3. The thyroid burden of these 

children would  then be -3.4 pc with a range of' 1.7 - 6.8 pc. 

I Assuming t h e  Rongelap children are  similar t o  those of New York 

( 9 )  - children, t h e  mass of the  thyroid of the  children i s  2.5 f. 0.6 grams. 
I 

5 The most probable dose from 1131 is then 150 rad and the  dose from a l l  

isotopes i s  510 rad. 

and t h e  var ia t ion i n  thyroid weight (1.9 - 3.1 gms), the  dose i s  i n  the range ' 

If w e  consider the  range of thyroid burden (1.7 - 5.8 pc) 

c 

of 203- 1350 rad. 

2. O r a l  Ingestion: A t  the  time of' the  event t he  Rongelap people were on a 

I water r a t ion  of one p in t  per day, They were warned not t o  drink water a f t e r  

t h e  event but most of them admitted they drank water anyway. 0-0) me method . 

of collecting water- by m o f f  krm roofs into c l o t e r n b  Hf&tkos St vow l'LL6aly 

1 t h a t  t h i s  was the  main source of o ra l  ingestion. There are reports t h a t  it 

"rained a l i t t l e "  on <he afternoon of March 1 (D-Day). The v i l lage  docZbr 

reported t h a t  the "water turned yellow." 

most l i k e l y  source i s  dried fish. 

As far (2s fofood i s  concerned, the  
. .  

Fish were dried on 'open racks. However, . . .  
I .  . .  
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i n  t h e  interviews none of them l i s t e d  dried fish as having been eaten during 

the  tiine before evacuation. (lo) Under these circmstances it i G  reasonable 

t o  assume t h a t  children drank t h e  s m e  mount of, water and, therefore,  had 

t h e  same intake as adults;  i.e., t h e i r  thyroid burdens were also 11.2 ).IC of 

1131 (range 5.6 - 22.4 yc)  . 
The most probable dose from i s  then 490 rad and the  t o t a l  dose 

Considering a range i n  the thyroid burden (5.6 - 22.4 pc) and a 1270 rad. 

thyroid weight range of 1.9 - 3.1 gms, t he  range of t o t a l  dose is 520 - 3300 
rad. 

Incidentally,  LASL assumed th i s  mode of intake and calculated a dose 

Q f  150 rad.(2) The $hyroid weight used was not given but was probably 20 ' 
I 

grams. 

estimate. 

We would calculate  160 rad, i n  very good agreement w i t h  t h e  LASL 

Sumnary 

b 

Thyroid Dose (Rads) t o  Rongelap Girls Ages 3 - 4 
1% 

Inhalat  ion Oral Ingestion 

Min M a x  Most Probable Min - -  Max Most Probable - -  
150 200 175 150 200 175 Whole Body 

1270 - 520 3300 -- Radioiodine 200 1350 510 -- - 
Tota l  350 1550 685 670 3500 1445 

The ac tua l  intake w a s  undoubtedly a carbination of t he  two modes of 

Ant ake . The most probable dose is, therefore,  i n  the range 700 - 1400 rads. 
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' Calculation of Urinary Radioiodine Excretion 

YOOk C a  Ng * 

Radioiodine appearing i n  urine,  except f o r  t h a t  during a r e l a t ive ly  

short period following exposure, or iginates  from the  thyroid. 

t i o n  f o r  ur inary radioiodine it was assumed t h a t  iodine i s  released f romthe  

thyroid only as thyroxine, and t h a t  the  release of thyroxine and i t s  subsequent 

degradation i n  t h e  extrathyroidal hormonal space can be adequately described 

assuming f irst  order kinetics.  

iodine i n  the  thyroid and normal turnover r a t e  of extrathyroidal thyroxine 

were selected from t h e  best  available data i n  the  l i t e r a tu re .  

rad3oiodine was assumed t o  be exponential with a half-period of increase of 

4.5 hours, and 60% of t h e  iodine released when extrathyroidal thyroxine is 

degraded w a s  assumed t o  be excreted i n  urine.  

I n  t h e  calcula- 

Ranges f o r  normal biological  h a l f - l i f e  of 

The uptake of 

Rates of ur lnary radioiodine excretion were calculated from the  reoul-t- 

ing expkession sham below. I 

i 

. .  

% 
L 

= radioiodine content of urine 

r a t e  of turnover of extrathyroidal thyroxine 

IC 

Gf = peak radioiodine content of the thyroid 

u r a t e  constant f o r  t h e  release oi$odine from the thyroid 

131 physical decay constant f o r  I 

J = r a t e  constant fo r  t he  uptake of radioiodine i n  the  thyroid I 

t = time 
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A summary of the calculat iocs  made t o  d e t e d n e  the  normal range of 

! at 

ur inary radioiodine excretion at 15 days.appears below. 

1 2 

Urfnary I Rsdfoiodine Excretion at 15 Days ' 

! 

! 

, ,  

1 

aay-l I day-' x 10 1 aay-l x 10 1 Q of ITf/d.Y i 

7.2 0.050 3.7 
3.7 4.85 . I .  I 13.8 0.066 

3.7 . 1701.5 i 7.2 0 -16 

I 4.85 i 1 

1 '  

3.7 17.15 13.8 0.21 ! ! , ' .  ! 
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