
~uso Uesssessimc for Yopulstfono( on Rmeiiap :and %ti;rlk 
.fallorrt’ from ,Clw BRAVO incident~()larch 1, 1954). 

, 
; 

I. 
: 

Inrroduction: , i 

rg , ‘> j *” , :i :. 

Incfdences of rhyrvid noduls$, benign, and 
of Utirik and Hongulap has lnd$ocfted critical d 
nodule incidensc and thyroid doge Pot th 
external dose mcelvad from th&ue fallo 
that ‘the Rongelap population rrc ‘Lved an 
13 t$mes that for the Utirlk pop 
10 times larger, whereas rho iv deny of,thwo 

*i 

e 
lrtion (1 

wdrei not slgiificsntly diffeteng 7 8 t-1 

:A prelimlnaty study has Qu$cated th 
could shed light is the yerlo 

3 

ting fsllout.mji.. 
In’ailditfon, the ‘fscc that the- $tik populstfow FB 
evacuation, whereae the Ronyel 

“% 
populatloa tstw 

that we look closely at the UtL ik p?pulatlon inr.tr 
both internal and external. Pu~thws t udirs would 
OR. the reexamination of all av?Sleble data-in rep 
during that ~period,consultntionpwithscientitiap 
identifying the area% of uncertiCinty, and using a 
ariai. the data. The end result will enable us 
the’incidence of thyroid noduiy add the Fea8sess 

--A-- 
Ob ectlve: 

To examine the snternal and internal d 
populations following the %avo” test in 0 

a, increase the col)fidsner in the reported values 
b. test the .hypothesfs that rsdiatlon‘eff~cts can be:ttanslatad 

into meaningful dose estinmtev 
c. look for correlatLonohlp between the thy 

reaseessmer~t Jose estlrnat8s (If 8ny). 

Hethod of Study: 

1, Literature Search: This would require sxsmfning the VSriou8 research F8port.e 
such 

a. 
b. 
C. 

as: 

Weapon Test (WI’) 
Naval Research Defense Laboratory (NRDL) Reports 

:’ t;gg 

Reports frtill; vurious other laboratories (University of Washington, erc). f : ‘ii‘s 
e ?$ 

2, Personnel Cuntdcts: efforts will be mad8 co contact 88 msny of rhe ScSentiats 
and technica 1 persons, who were Lnvolved In the early years for informati~~rl 
on measurcntent tllchrliqueo and analytical procedures. 
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4. 

9. 

6, 

7, 

8, 

Status of StudI: 

1. External Radiation Measurement 

a. Figure 1 shows a plot of the &mme dose rate la to&gene pei 
hour at three feet above ground at 24 hours after the’W!AVO-*ieer 
explosion, Figure 2 shows the estimated total dose contours in 
roentgens at 96 houru after the BRAVO test explosion fudicating 
175 rads of whole body gampla radlstion for the Rongelap inhabitants 
and 14 rads for the Utirik inhabitants. In view of these observac 1 ms, 
an exhaustive search of all reports generated Tables 2 and 3 for 
Rongelap and Utirik respectively. This data has been plotted in 
Figures 3 and 4. These plots will be further examined when results; 
from Item 8 above will be received. 

i . . 

Determine the fJ/v retW$nd thus evuluap the contribution of-8 dose in 
estimating the Y depth 
Neptunium-239. 4p 

~0; for em@&, the B actMty dose:dus’to 
1 $, _- r. C’ ‘I : l 

is * . ..9 

Plot all the available external raakfon an&?ietermina decay fnct 
The question to be Do the data result, in a curve similar 
the estimates T-l*S 
as T’o983, T-1.2 

and deposition of. rad$ 
ehould give: : 



. . 



-I. 

Table 2 

The Rates Conseqwn? To The ‘*Brad’ Shot. P!!rch 1. 1954 

“jg 
'..;i 
'I& 
!f+? 

Rongelap - 115 Miles From CZ ..j 
-_ $ 

2.1 1 !i + Hours ..__ 
.:$$ 

. _ ilose Rare (mR,'hour) T.,tdI CC-W (r ;d :: Clx2ner.t s Pzfcrer!c~ 4 
‘, ,..‘I 

” + J i 

. . 
-’ - 

. , 

3 II . 

3 21 5- 

H+4 
to 

Ii+6 
H * zr, 

Fallout Began '2 
&$$ 
ir;T& 

-_ _I ._, I ._ _ 
--I. -_‘- .____ - . 

3500 
3300 

. 

H + Lb 

(!! + Gti) 

to 
'H+50 
H+ 240 
ii+ 3:6 

Estimated 

Evacuated 

200 
Ifir) 

(1 !OG) 175 
I. . ~ S-l!. 3. ----.--- ._-.. .-...__... _l‘:________ 

. , 
. . . . c 

H + 480 
H+ 240 

to 
At 6GC 

80 (50) - 

-&*.&tL_._ : 

,&&tf~~ll After This 
Period c_ll _ 
Reduc t ia%’ in actual 
measu&+j ts when con- ‘.?; $4 

pared t% T-1-2 curne. ._ 
‘+,a* 
.:;. ;,I _.*.: 

T&c actiiat rc3dirxg in 
.brackets ( ), indicating 

',.$GK~ 
.zc,$ 

reductions of 20-W& due 'Cs 
to. rainfall. 

$. ;+ 
_ ..-- .I - ..4 . ,” I* j 

3 31 :" 

L 19 3- 

6 1 5L 
IO 1 5s; 

1 155 

H+ 720 
H-t 963 
H + 1200 

?I+ l&GO 
It+ 2400 
H + 4800 
H+ 7200 

H+ 8088 
H + 14400 
H+16840 
H + 21864 
Rc 262138 
"rI + 4818c.l 

50 
38 
30 
20 
25 
14 
5 
4 

3.2 

_. 
‘.4_ 

-.-.__._ _- 
.-._ _, .._..._ __” _ 

_- ‘-. 

(30) 
-_ - - 

(20) 
17 

I. _. -----.--A-_.-. - __. _ ,_ 

(14) 3 * :v I ._-_._ _ - . _ ;. ;; :; rd 
-i.( s>.- %U:..lnY” &yt+ a. .“4*~ 
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Dose Rates Consequent To The %~OYO” Shot, Match 1, 1954 

Utitik - 300 miles from CZ 

Doso Rate (u&/hour) Total Dose (RI Comment8 Rsf Date ?I + Hours 

3/l/54. ; Ii+1 
j Ii+22 

3/2/Y+ Ht24 340 

. ..J . 

. . 

Fallout begiar 
extrapolated 

1,4 
4 ,;, 

Ht28 
Ht36 
w55 

350 
End ;of fallout 
Evrcurt ion ii 
wwtrd , 
Evrcurt ton :;. 
completed : 

::; 

1,t 3/4/54 Htn 

‘ ii+28 

wTPe 
: Ht90 

1 

3/S/54 PI68 

,: 

5 .$ surd’ 00 p+oa., 
of drtr :. t . 

Decay cud ‘it 
follovs T.-l’ 2 

pr*: 

40 3/9/N ~ I¶+192 
3/ lS/ 54 H+336 Decry- curve 

followr T-l’3 
aotuti to Utltik 

“r ‘Betutn to Utirik 
Ht2160 
Ht2880 
Ht8088 
II+2160 

To 
lit10928 I 
Ht16848 
lit2880 
To 
Ht100000 I 
Ht190000 

0.14 

5 

il.05 

3*10 

0.004 

6/l/55 
2/l/56 
7/l/54 

Based oa p,l?t 
of d8t+, _i 
BNL data 
Sept 1976 

7!1/65 
j/25/76 

Decry cuwe 
follows T-1*4 

1 

17 4 i’ To To 
* cl Hici 
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aa A&l available 

3. Is91 Study 

a. 

4. 3t 

a 

ate-of-the-Art’ Computer”‘Simulation~~I :_“! 2z ;. g .i: . ;, <j ‘3 N Y-A ‘r;: ,y;;.+,;_,~~;y$: -t 

;*- LT 0. I :I> iy ‘L. :. c $; p *.g g p$L’g !$ ., :I_! 

l 

All available data p&&g t6; ~tet&&&~~&&&?ms beford, 
during and after the’~@&$VO tiqt, j@jre.< ~fBe8g..p+j..q~~pdc tr4ql)PLit@ 
to Lawrence Livermorr Lapo,rbtoFy: @t! th#j cpm~~@,g~~~si~r j,‘;. The? 
results should ‘be aviilablei’by Pebr&~Aci’rdh’~lW~ c4 4, I’ ’ ‘. :.? : 

b. A recent Marshall Islands Radiolo@cal ‘quxvay:$m&t$ S!, ‘1: i: 
December 1970 should provide iso-dose lines for recent tirpeo. Cd- 
parison of the two plots should be very.v@wble k.#~8s@$WB 19?4, 
observations. 1 . . i ;’ 

; :i . i fi ! . 

5. Discussions are being continued with the scientists and’technic$,ipeople who 
wereinvolvedduring Operatlon Castle, a-. 

“.. 

: 
,... .,c ,‘_.,‘... i 

: 

1. 
,r,: -’ ., : : 
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DATE 

32654 
71654 
12955 
12555 
102255 
102255 
102255 

77456 
7;356 
72356 
71857 
71757 
12355 
12355 
112874 
112874 

Table 4 

129 1 Radiochemical Analysis Result@ 

. - _. 
e 

I-129 PCT I-129 PCT -: +; 

ATOMS/G ERROR ATOMS/uG ERROR _ .: 1 
-- I _ :y- i 

1 - _ 2 
^ I. 

..: ._ - ;;_ .- __, ..*' ;-' - 
4.44ls.10 3.4 2.77E909 4.5 1sLAm SOIL, (SAND)~%P..x~&, ltoNGh-w 1 .: z - 
4.8OE-eiO 3.6 3,88E+O9 548 IS$A$D"wSOIL, (SA?lD>J@@ST ~iiOHOS)~~NG~+??&~ : 
1.33E+'il a.2 3.65E+O9 6.8 ISLAtiD SOIL, .(S@) ,mi!+!a= 1 Y. .; '- ' '.: '. :; . ^ :-I 
l.S3E+ll 3.4 7,77E+09 6.9 I!%WD SOIL, (Sm, @'&~+k!O==J% :: r: - __ _ .- - 
2.24E+ll 3.1 1.52E+lO 
1,73E+lO 4.2 1,59E+O9 
2.98E+lO 3.5 9*72E+O8 
4.73E+lO 3.7 2,6OE+O9 
2.02E+lO 3.3 l,lOE+O9 
1 12E+lo 
7:6OE+lO 

3.2 4.58E+O8 
3.8 4.17E+O9 
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prom June 1946 to &qurt 1958, the U. 8. Uepertmeat;.-of; ‘U$@y and At rle ic 

En&rgy Cmission conduct,@-uuelrer weapons tests tia the, Uerthem.MarsholL 
.., : .: .I.,1 , , II .s,’ :, ,% r :,A; 

Islands. BRAVO, an above&Vound test in the Castle series,,~~ ~e,suJted~’ in 
I ‘L, , 

radioactive fallout contas@ating Ronplap and Utirik ‘nt~.~!?ti!::::~;~rch 3, 
. 9. ,, .:’ 

1954, the inhabitants of these atolls were relocated upt~.&~;ted’i$tio!t ,erposure 
i 

rates declined to scceptrb)e levels* Environmentel~ and- pe:seq~e$~ xadiolog i c 1 I 
., ‘, I 

monitoring programs were begun in the mid 1930’s. by Broekheve$~Ifqtioual La’ 

tory to ensure that dose equivalents received or Codttf$’ te&ned within : . S. : 

Federal Radiation Council Guidelines for stembets of the general public. P II 

burden and dose equivalent histories along with activity ingestion patterr. 1 ,,at 

return are presented. Dosimetric method., results, and intemrl dose equi _I ‘ant 

distributions for subgroups of the population are also described, 



. 

Argonne National Laboratory and provided urine aaaipler”for &d&chemical allal- 

. 1 



provided fot.vatious s<bgrFupr of the, poF@!tt?p., 

history curves were constructed for hach atoll for 
. 

2 
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0 16 24 32 40 40 c)6 
&GE, YEARS 

c Fig, 1 Body Mass as a Function of Age for 
Residents of Rongefap Atoll 
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l4lmifmg- .: ;- 

Exponentially drclfni~~wtivfcy couce.~ttrtioru,:hrvrc 
: 

and Utirik Atolls. 

in vqetation at a 

general 

and 

Xi 
D - ‘lXP” Ci K ( 

i E 

where 

6 

I’ il, 

(2) 



PO f 

us f 

fl 5 

fu f 

KE f 
‘3. : : 

q z 

9 Of 

D 3 

compartment i deeqoition fraction, 

,1.) )i 
the number,o~&@ io kk&,?~na*~i*ririrj&p $ thq qUIPbet in all 

I I 1’ 

compertamte eC$the onret. of * deelining- couthwuo ypteke, (too) r 

f ‘. 

instantaneous ftqction of atom temvrd or added to thgb.etom uptake e ‘, I 

the number of dirintegrationr in all compertwnte occurcing’Cdukinrr : ., 
\ : i 

the uptake interval., Bq days, 

The development of Eqs. ( 11, (2 ), and (3) wao based on the following COIIVO- 

lution integral. At some variable time, T, defined’ during 8’ &c$u$trkc 
/ 

interval, T, the daily activity ingestion rate crossing the &&&testinal I 
I” 1% r, 

tract to blood is given by 
. .! . i 

7 



input duriug T is 

:,i i’ j!;il C:iL .j :. :i ! : 

the uaet defining t 9 

persons ho returned to the rtoll8 in J 

tie1 body burden, 9’. 

q, was embodied in the q* term Of Eq- (2) l 



integratifqp Bq, (2) l 

..’ , ; :‘+ : -, 
\:a. 

Equations (1) and (2kwto wed to- dotomiar thr inrtrat?nr9u~:frrctioll of I ,’ 5 / :. .1 . . . 

atoms removed or added to tb? atom uptekr. per unit. time, ::I$, .y8d:&jnn:,thr ini- “..: :. . 8,. : ;,._ * ’ 

tial daily activity 

body burden. 

that occurred in 1 ~hei’-bod~Td&~&’ 

I ,:: 
on Bongelap or UFirik AtolJ,!,: 

/ i 

If the wab reridea&iow 
, ..l. , 

sane cases only radioactivegjecay may remove the’nuqlid 

these casea S$ would equal .qqro* In the ca8e ‘of the. fo 

tive value. In the case of Ronge lap 

value for ‘3’Cs P 65Zn 8 6oCo P and “St 9 This indicated that in &itgion to 
‘. 

rad ioact ive decay, some other remova 1 mechanism d~Fr:eae,e$,,fhsY rpppact ivity 

dietary items during the reridance interval, For the nuclide 
55 Fe, only 011t3 

surement was published by the BNL Medical Program (Be72); thus au estimate o 

in 

mea 

was not possible. 

KE was detetmined by wing Lq. (1) or (2) and the population subgroup mean 

bocty burden or urine activity concentration. Portions of these bioassay dil ta 

are illustrated for adult males and female8 in Figures 2 to 6. TWQ concrecrlt ive 

urine OI- body burden data points were used to eliminate the unknown in$tRt icin 

9 



Fig, 2 Me&‘Adult 137 Ca Body B&d&n Hks tory a6 ’ ’ !” 

Ronwlap J-44, ,? i ; ,;‘I i?!li’, $? .% 

.: ., 
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Fig. 3 

DAYS POST RETURN 

I i 

Mean Adult 
65 Zn Body Burden His tory at’ : !’ 

Rongelap Atoll ’ 
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Fig. 5 Mean 

n4vS POST RETURN TO RONGELAP 

Adult 
90 

Sr Urine Activity Excretion 
Rate at Rongelap Atoll 

13 
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Fig, 6 Mean Adult Male 
137 Cs Urine Activity 

Concentration History at Rongelap 
Atoll 



rate from the equation. Thie method yield8 n-l ertimater of Kg where n was 

the number of data point,. An average value of 
Kg was arrigned for each nrl- 

elide, and the results for the Kongelap and Utirik populationr are given it, 
L 

Table 3. For the evaluation of KK from Eq. 1 and 2, radiological-and 

physiological parameters were obtained from the open literature (ICKPS9, I(‘i(1’68, 

ICKP69, ICRP79, Ki78). A teptesentativr sample of theae parameters is prel;rilted 

in Table 4. 

Table 3 
1. .,(. ..I 

S&nary of Dietary Rate Conrtants (K,, !d,?) .,” . _ 

%O 

.,*.,< 
_ ,‘gos Y*:” $. .* i -;:’ 137,. 

r n - 
Ronge lap Adults 

Males 

Fema lea 

Adults 
Utirik Adults 

1 .5x10w3 1.8~10~ 3.1x1o-2: 1 .4x10;4 

1.6~10-~ 4.lx1o-4 3 ,5~io-3 1 ,4x1o-4 

1 .5x1o-3 1 .9x1o-4 3.lac1o-3 1.4xc4 

Males N.D. 4.6x10 
-4 

N.D. 1.4x10 
-4 

Females N.D. 4.0x10 
-4 

N.D. 1.4x10 
-4 

Adults N.D. 4.2x10 -4 
N.D. 1.4x10 

-4 

N.D. 2 No data sufficient for analysis. 

. The values of KR were similar for males and females and for reaidct, 

Rongelap and Utirik. For 90 Sr on Rongelap a factor of 2 difference bectit- 

values was observed for males and females. The female parameter for ROW 

Atoll compares with that obtained from the Utirik data. A paired t-teat 

Rangelap male and female data 

11 igh ly probable and there fore 

indicates that the male/female difference ,. 

not significant. This difference Leada t<, 

15 
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birPoda1 ectivity ingeetion rrte diitribution for 90 Sr in thr Rongelap POPUIO- 

tion. 

Data for 6oCo and 65 Zn wer@ not rufficirnt for analyrie for the Utirik 
I 

Atoll residents, Valuer for RR observed at Rongelap were reeigned- to Utirik 

males and female8 and body burden hietoriee for population eubgroupr were 

reconstructed’ using Eq. 1 or-‘2: Figure; 7 and 8 illuetrate( the derived mean 
.:;t I 

adult body burdens for, a$1 %i&ficant nuclidee studied on (Iongelap and Utir ik. 
, .: ! 

‘i’h is method &ovidee a_ best”’ fit of the dete show in Figure 
t 

2 through G, arid 

provides a body burden history during the early years poet ieturn at Utirik, n 
I 2 , )) 

time when body burden meeeurcmente were not made. Actual data points are nlm 
.i 

plotted to demonstrate the fit! 

The curves shown for 55 ?e in Figures 7 and 8 were ob tainqd by setting KE 
. . 

equal to zero. This undereetimated the initial body burdena ,~yd overeetimatcd 

future ones. Si’nce 55 Fe contributed leer than 1,0X to the to& dose equivg-, 

lent, an arbitrary assignment of Kg based on obeerved values for the other i:tl - 

elides was not attempted. During 1974, another series of blood eemplae wa6 

obtained from Rongelap and Utirik (Co75). Analysis for 55Fu .hae -yet to be 

reported. A recalculation of 55 Fe body burden and ite impact on early dosf> 

equivalent rates will be conducted when the deta is made available. A suhntan- 

tial change in dose equivalent is not to be expected, 

Figure 4 and Figure 6 illustrate the observed adult histories of 
90 

Sr nnd 
. 

137 Cs mean urine activity concentrations. Mean values for adult males or nl! 

. . 137 . adults were plotted. Measured values for Ce body burdens were also show:\ i.11 

Figure 7, A much smoother curve was plotted in Figure 7 and it was determir~~fl 

that the collection and analysis technique for urine 

tional variations. Cn the basis of this observation 

17 

samples introduced the :rrId i- 

for 137 Cs, a smooth b~1.1 



Fig. ‘I Composite Nuclide Body Burden History 
For Adults at Rongelap Atoll 
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Fig, 8 Composite NucliJo Body Rurden History For 
Adults at Utirik Atoll 
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burden curve for go ’ ” Sr, trcoqtructed from raw d& 
2 

more rccutrto history. A drteildd preoentetion of 

radiochemical analysis of urine versus direct body 

found in Mi81. 

Figure 9 illustretep, Chc veriptioa e,xhib+d 

‘aid Eq+ 1) wr’;%9ll#iderrd a 

the greeter variation in 

burden olsaruremente can be 

in the boiy burden of S 
! 

randomly chosen subjects &&ihe 23. year monitoring p)riod, There individua I 
! nP 4 I 

variations may have had ai d$$tic impact OR the’amen iate, In Figure 2( which 

illustrates‘ the adult male, adult female, and adult population emn 13’Cs bo I;< 

burden for the 25 year expoeute period, a dr@rerre 

seen during the years 19$8 through 1963, Afthough 

tially contaminated Ron&lap in March 19S4/ it had 

Hardtack Phase I series added to this en amount of 

foliowed by l inuteese WOZA 

thei Castle SW0 test ini - 
2 

beep proposed (that the 
* f!’ 

cor\te&rtion equal to that 
, 

responsible for the Figure 2 body burden pttern (Co63$.$ Figure 9 suggests T:~JC 
: ; $ 

most individuals counted in those years had body burdenetwhich remained the : -H 

or declined ; however ., one individual ‘8 burden 

differently from the others. Several factors 

variation from the mean such as departure and 

dietary contribution of imported foods, etc. 

(is81 M)! rose and fell quite 

could hqve contributed to thi.. 

return to the atoll, ricknerr. ‘.C 

Since the mean values are bae 1 

on small numbers of persons who were chosen at randus, it is conceivable th , t ln- 

dividuals like 881 M influenced the mean body burdens: to a greater degree c! 4 L 

recontamination of the inhabited atolls, The impact of the individual body 

burden pattern on the true mean value is moot since body burdens of all intj . A- 

uals were not monitored consistently throughout their residence intervals P ?c 

in the few cases exhibited in Figure 9. 
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1369 2830 6117 7213 8127 
DAYS POST RETURN 

Fig 9 Individual Male and Female Body Burden 
Histories Randomly Chosen From The 

Rongelap Atoll Population 
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@MILTS 

Daily Activity Ingacrtion Rater 

AND DISCUSSIOW 

Daily activity ingestion rates were calculated for dosimetrically signifi- 

cant nuclider poet return. An exponential decline wag propoe!d for the inges=a 

tion rate within a population, rubgroup and initial reference valuer’ are given in 

Figures 10 through 14 (June 1, 1951, waa arrigned ao a return date to Rongelap) . 

Figure 10 demonrttrter the diffrrenceo in ‘ingestion of 137 Co tot vrrioucl popula- .. 

t ion subgroupr . This undulating pattern wao exhibited by 137C#, “SC, end ‘5%~~, 
-. 

nuclides for iwhich sufficient data exfrted for l nolyri8. ! 

Differences in ingertiou rate. of the rtrble element &tithe #ame geo- 

graphic location have been ohon, to occur mong mmberr of a ‘bopyl@tion (ICRP 

23). 
! 29. fil 

Age dependent diet studier for ingeotfon of Co for ur!@ .S~pm~hava valuaa 
*- 

I 
I 

. 

varying from 11 pg d -’ for adultr to 8.6 lrg d 
‘. 

“‘f& :childi+ ’ 1 
.“&. (,.... (“. , 

i{ in a weeterti 

type diet rose fr,om 600 pg dI>: for infants, to 6bOWpg’dF’ fo” b year olds to 
Til .’ ,* i .‘\ j 

3,600 pg d -’ 
, :v&_.: 

for 13 year olda and fell to a mean of 1,900 Ug/p ,ifor adults. Z~I 

in the United Kingdun rose from 2 to 40 mg d -1 
, the higher vhlue of Zn being 

: : 

observed in adult tea drinkers. Fe ingestion in a western type diet has a mini - 

mum at age 3 and maxima at ager 1 and 20 years. Co is ingested at a rate of 20 

pg d -’ for Japanese adults and half this anrount for children, The Marshallem 

population also exhibits dietary changer 88 a function of age* The authors of 

the Marrhall Islands Diet and Living Bsttotn ,Study 0?080) obrorvad coconut ~311 

being used as a major food supplement for infants, and later in adult life BS !I 

major source of daily fluid intake, Since coconuts and coconut tree eep pro-- 

137 
vided the major source of Cs on Bikini Atoll (Le80, Mi801, the shape of Fig.2 

ure 10 was in agreement with the observed diet pattern. 
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AGE DURING 1957, yews 

Fig. 10 Age and Sex Group Mean Values For l”Cs 
Activity Ingestion Rate Referenced 
To Mid 1957 for Rongelap Atoll 
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137 
Fig. 11 Cs Dally Activity Ingestion Rate For 

(A) All Residents (8) Adults (0 Adult 
Males (D) Adult Females (E) Young Adults 
(F) Adolescents (G) Children and (H) Infants 
on Rongelap - Referenced to June 1957 
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AGE OURING 1967, y.arS 

Fig. 12 Age and Sex Group Mean Values For 9osr 

Activity Ingestion Rate Referenced To 
Mid 1957 For Rangelap Atoll 
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residents and ir referenced.,jr, June 1, 1957, me.,individ,,a$ &~‘!137(V~ daily 
., 

., ‘; 
activity ingestion rate was approximately 4 time8 the population wq G.alue. ._ : 

.!I 

The 8 tandard 

tion was 41% 

adolercente, 

deviation observed for the adult activity ingertj,on! rate diytribu- ...‘$ :.:t c 
of the mean veluel 39% of the mem.vrlue for young l dul$o, 48% for : : a .5 ._. _. 

e‘xhibited a bioader distribution thbu#@{< ‘&#~k$j~hil$&n shpwrd, 8 fractional 

1 
) .‘1( ;;I, w 

variation in ;activity ingert&,Qn rate rimilor to that of a ultrii 
! 4 

Breaet feeding 
:J 

versus coconu) crap .eupplemeqtr would have’ contributed to qq gkqrkr variation 
f 

:,.:ti ( 

observed in i;nfants. Adolraegntr and young adult. were {he po&fion subgroups 
jdj “i 

which have b?en observed to move frequently b~tuqWW!o~lt. TliW:m?bility would .**. . ( ‘1 4 

lcld to greater variations ia the daily,.ac”tivity ingestioq, rat& re_lcrtive to L 
1 : 1% 

those observed in the more etationfry populrtioa aubgr?pt. ,< ,’ 

Figure!12 also exhibited Q wave pattern; however, a;dfrtinct difference be- I ),S, I / 

twcm qrales and females was ipdicated. This differmaSh ajose @a the ut?e of 
! : 

vaiues for Kg listed in Tabqe 3 which were derived from urine !&tr <for mmle nnd 
.1 

femle residents nt Rongelap Atoll, Its major impact wasion the dose equival.ant 

rnt.c, not on the total dose equivalent ; and itr effect we? to crure the dose 

eqrrivalent rate for males to rire and decline awe rapidly than for frmalaa. 

Figures 13a and 13b suaarrize the. individual data for ‘*Sr for all 

Rongelap residents and were referenced to June 

observed for the distribution8 which contained 

difference in the 
90 

Sr dietary rate consWater 

indicated that the observed difference between 

1, 1957. A bimodal shape was 

bo!h (sexe#l again reflecting tht! 

Data from urine biorrray 

the mele and feele values for Kg 

was not significant. A t-test was performed for 

data during the 23 year residence interval. The 
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consecutive urine P168eurement 

results indicate that because 



of u*i”b’iih~~“~~d’~~~~~~t~~t~~~~~*~;ldb~yj~g~i~~r;;l;A”ei”j”dOX~ prob4~,2\Xty thet 7 ‘3 ‘I’)*{1 ‘) 1 4 i)P'rt" 

the mi’l’b’ vhibe fbi 
!y ;a;~~“$fy~‘f~f&n~v fg&’ th&.“r&&b;~lur bj;‘: #&&,& : 

observed. Thus 
‘, , 

differences iri”t)he’!deri&d acti$iri ingirtioh’ $atecl‘!&d’dose 

equivalents were not signi’ficant. 
. 918 I.‘, , ;I:tf:: 

Figure 14 shows a semi-log plot of the 65 Zn and :’ 13,7~*?!~ct’iv~~~!~,,iiigietion 

rate histories for a&its on’i&&lap. 
h curve dab Vd’r~Ll ‘jiiit&.# $$lta’, iid 

I,!) 137, 
the appearance of an inci&iCing ce ii\kert’~on g&i;’ d~;ing~!$~d”‘lQ~pgf kibicatcd 

the possibility of another contaminating event. The Iiardt’akk Phe&“Z”series wna 

conducted just prior to the obmrved inctepI,a i,p the curve end fellgut from the 

Cactus, Yellow .Wood, and Hickory experiments detonated at Bikini and Enewotek 

wou Id have reached Rongelap. However, oevrtol obrervrtionr fail LO rupport the 

conclusion that recontamination weh significant. + ‘Thcrii ‘cite&ii’ fiil~obi’r’ 1) tlln 

increase in 13’Cs ingestion rate was not in conju&t’i& with’&‘ttici;eLe’of 

65 Zn; however, since 65 Zn is an activation product iti &iy’ hev’e’ not ‘b&a ‘produc cd 

in the same proportions. 137 
2) The peak Cs body burden’ at’ ‘Ut irik’ &c&ed 

nearly three years after the initiating event, Csetle BMVO, while ,!w~ peak bo:lv 
I 

burden at Rongelap followed six years after the potentia,lly contsm@sing expp~i-- .I 

ments of the Hardtack series in 1958. 3) The activity ingestion tat!, gt Utirik 

demonstrated a cant inuously declining pattern versus the humped ‘pattern obeervo!\ 

at Rongelap, This occurred even though there was an equal external exposure 

rate history following t,he Hardtack series es measured by the U.S. Public Healill 

Service on both Rongelap and Utirik (Un59). 4) The peek exposure rate on 

Rongelap following the Hardtack series was 10,000 times less than the peak exp(>” 

sure t-a ta following BRAVO. These facts suggest that the Hardtack series was tloi 

a major factor influencing the Rongelap body burden patterns. Thus it is 

postulated that body burden variations were caused by trevei away from the at’11 1 
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where 

I 5 equilibrium dose ec#yaie,nt 
-J 

burden, mRem y’l #Ii,~l, 

rate to th,e to&al body p*r u,~+t. body 
, 

: 8 ,: 

l : ; 1.: 9 1 instanteous body burden, PC i 

The approximate nature of the estimate was due to the l rrumption that cl 

radioactive atome were distributed amon the body tirsuer aa they”utild’ba Eel 
I. 

lowing constant continuous uptake for periods of time much greater th‘an the aw 

residence time for the total body. In the case of 9oSr 1 86% of equilibrium v: 

assumed. These assumptions were not used in the estimate of the toial dose 

equivalent. In addition, since mean adult body burdens were computed, a fact 

of 1.2 was needed to adjust for di 

gram adult. Table 5 lists values 

given in ICRP59 and corrected for 

fferencerr in body ~18s relative to a 70 kil 

of I uhich were determined from infdmatior~ 

body ma88 differences. 
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. Table 5 

total Body Equilibrium Dose Equivalent Rat8 
per Unit Body Burden 

I 

5 m&m y’l ;Ci-l ” 

3 x lo2 / .,! 

i ::: 
I 

2 x 102 1 ; 

! i 
! ’ 

I .I , 

I 
i _: 

Figure 15 i~lustrrtrr the relative contribution to the ’ 0” site dose 
i f op !: 

equivalent rate for each dosiqetricrlly rfgnificrnt internally dtposited nu- 

elide. For the average Dongelep adult i the residence intervc)~~rb&inr Juno 1, :! 

1957; however, many adults were reported to have resettled during the next 3 to 
‘ 

6 months (CoBOb), The canporite dose equivalent rate indicatdd that a bt.ond 
I 

maximum af approximately eeve’ral hundred millirem per year pe{rieted for wveral 

hundred days. Most of the dose rate ir attributable to the 427 Co canpori~~r t Ce- 

aium dominated over the entire post return period and would be of prime ?tWern 

for populatians returning to a contaminated environment yesrr after a fienion 

type initiating event. 

Figure 16 illustrates two possibilities for the Utirik dose equivnlrnt 

rate resulting from the 
65 Zn body burden history during the first three yrnrs 

post-return. me higher body burden resulted from use of the two measurctl 65Zn 

l 
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Fig, 15 Adult Mean Total Body Dose Equivalent 
Rata at Rongelap Atoll 

Post Mid 1957 



RATE 80.6 REM/YEAR - i 

OAYS POST RCfURN 

Fig. 16 Mean Adult 
65 Zn Body Burden, Peak Dose 

Equivalent Rate and Dose Equivalent 
For utirik Atoll 



body burdm’wans 

Rongelap. It was 

diet pathway each day in add$tion to radiorctivr decay. Additionally, reduction >:;I 
r-al. -, a137 

in dietary radio:activity ou ,Bd&lap had ‘been observed ftjr Cs,.%r, and 6CCo r 

rad ioac t ive deciy a 1oW 

ronmsnt. Since i addit ionAX#ahanisms 
“tirik and for Che 65 

the most likely body burdea,bistory for 

obssrvad& Ut itik for 

have-occurred hnd 

Figure 17 indicates the Utirik sduit’1DiaF total body d$se equivalent rate 
jf.:,!, 2 

for each nut lide. An obvious difference .‘relrt’~vo’ to ths/ Rod;le~Cp,htstory 
.’ “T 

exists; 
65 

Zn not 137 Cs wss.the iaojor n&ids contributing to thr.dore equivnlent 

rater This was due to the Utirik population returning 3 to 4 months after tlrr! 

initial contaminating event, snd the Rongrlrp populrtion returning rfter 3 

years* The age of the fsllout had a dtarratic influence an the iarportrnce of: 

eecll nuclide contributing to the intern81 do88 equivslent. In fact 6oCo and 

65 Zn played major roles during the first 3 yearst a time’iperval that 

corresponded to the period during which field whole body counting facilitieti 

were being developed at Brookhaven Nations1 Laboratory and when. medical ewililtii\a- 

t ions for people on Ut irik Atoll were not done. Additionally, pooled and/or in- 

dividual radiochemical analysis of urine was not performed during this periotl. 

The impact of 65Zn and 60 Co was such that even if the least conservative rtlt‘(l 
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Fig. 17 Adult Mean Total Body Dose Equivalent 
Rate at Utirik Atoll 

Paot Mid 1954 
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., i’ 

conotant- t8E~O)'~war 

adult war’in excess 

years following the 

wed for Z$ thr dose rquivrlret ratr for the$~a~aga 

of Bedatal Radiation Council Guideliner for tIw”‘fitrt 2 

return to Wtirik. 

Internal Dooe Equivalents 
. 

Diaintegratioq O~CUrfiu8’ in the 8toC&1~-bodyrof;lan individual,.duting resi- 
I 

dence following repeiri&oa,yg.re determined by aeve ‘at metho&. ~J&urtion (3)) 
<.I .?. . . . f 

together with person+ F,yy-burden historier 
. I... 

ayd*ata, 1 rpec/fic JCa:'Fte con- 
t. t 

a: , 

rtants from Table 3,: pro&Mb-an initial rotfimate of~diointegratioa~:between con- 
I 

eecutive body burden! meaoutemente. The se 
p i 

and amtho(I ucled wao a; log~log plot of 
: 

rhe subject’s body burden hirtoty and an plgebraic d&$natiou #:area between 
t ‘, . 

tt.:o consecutive measured poiatr. The th rd method ukdia linear’Ip)&t of the 
I’ 

sitb jtxt ‘I body burden history. The are? under the .&vi war cut ,.aad. weighed and 
t’ 

camnared to a standard weight of known;area, 4Ju+i$%&trol pto$qdurer 
,, i 

required that all three method8 agree hithin *:10X btjfor’i a ,subject was asoigtled 

his or her total body disintegrationr during teridet)ce post return. In general, 

the methods &pared to within tS%, ’ 

After the. total number of disintegrationa occurring 

was assigned, they were apportioned among the body organs 

lowing equation 

in a subject’s body 

according to the fol- 

where 

F f the fraction of total body dirintegrationa occurring in the orgnn of 
l 

interest, 

Ai 3 organ compartment deposition fraction for the element, 
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Bi 3 organ cooPpar_nt biological half time for tho l l-nt, 

‘i 
5 total body compartment deporftion fraction for the element, 

Di 3 total body compartment biological half time for the element, 

i; E fracti 

7 

n of-the element frool blood to organ of ‘eferkce. 

1 1 
Equation (5) japplied where significant decay occurred at the deposi(:ion 

site, and not duriqe transit or re-tranrit to the oram of 

1 

.’ 
nterert. Valuce for. 

caapartment deposifion &c&&r’ ind coap~tmeht half time8 were obtained from 
4 

Ki78, Valuea for dhe r &ng@qum&tier were from ICRPSO ’ 

“b 

! [, 

i 

i 
1: I 

The doae equivsle to a rpecific organ or the total ddy $/ere determined., 
iti 

by using the sourca to taqet doee equivalent per unit cu& tedtfictivity 

i 

pr~sa~ 
! 

eers from Ki78, TN: total+grgeF dose equivalent wae ghobtain d by$nanatiorl .of 
.a 

rhe dosimetric contributi 
P 

ek’ffom all rouqe ‘organs. Severe im&tant mot1 i fica* ! >. ! L i 
I 

tions to the general procedure wera aude in order to compute! indi$dual 

doaimetric resultsr’ For* $,+I &son 
I. 

, the source to target d 
!.I, ‘, & ’ 

e 
er.‘eqtivalent per 

unit cumulated activity WII .weightdd d$ the ratio of a rtandird mm’s body mass 
I ! j :I; 

relative to the actual arin body UUW~ during the interypl fof whidh the dorJr? 
i 

equivalent was de tatmined, In the coae of 137 Ce, the “n8 t$ln biological re- 
I! 1 

moval rate conlttant for the Marshallese population wab ‘hiqhlq dependent up011 

bady mass (Mi81). Appropriate modificationr to Eq. (2), (3),! and (5) were lr;sde 

to reflect this dependence. Finally, for 
90 

Sr deposition in bone, 28X of the! 

source to target dose equivalent per unit cumulated activity wa8 assumed frc!m 

cancelloua bone and 72% from cortical bone, 

Figure 18 demonstrates the mean dose equivalent froaa 137 C8 for varicug age 

and sex graupings. The residence interval was frola 1957 to 1980 for this p(,,)ula- 

tion. The adolescents and persans above 50 years of age in 1957 maintaineLi the 

lowest dose equivslene. Persons who died during this period were not iricItltit?d 
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’ MEAN’ AGE OF GROirP 
DURING 1957, year8 

Fig. 18 137 Cs Mean Dose Equivalent For Various 
Mid 1957 Age Groups for the Interval 
1957 to 1980 at Rongelap Atoll 
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. reported in the pub licationo by Conard et al. 

in the figure nor ware’ tb#$ iaoluded’% my’ doe&e tric diatrib,$fbaa for any of 

the nuclidea. Thus all pwaona considered, regardless of initial age in 1957, 

experi-cad a 23 year exposure interval. 

137. 

Figure 19 shows doer. equivalent distributions according to- age and WII for ..‘;i._. ..,,.i i 
. . I.. 

Rongalape 4.i 
, 

Ce among the 

skewed with a inaan of l.liF @nd a$+ximum of 9+0 Rem. ppa t#b ‘i 

The ‘sh#e or thi”podulation dia’ti”‘bu;ion was 
(! /: : ) I P * 

uIexilnuln was 
., : 

5.3 times the ,*an valu_TI# 33%~ onf Rongelap. 
: ! 

An eacam+iai&iii tha subgroup 

distributions revea,la ‘thii /peraonB; Thy were infants a! itpj 
‘[Ii : ; ’ I 

&f+,/>f rehabitztion 
! i j / 

at Rongelap alao were ‘tI&rcipientlr $qf &h~:h$&&?dpa&.,j. !I’hii~‘~aa due to the .,, ::‘.(L ,_ 
. 1. 

combined effects of 10w~~~-averaga body mass, a higher average’ i,, eation 
/ IL Is 

rnrn, 

ii 137 ! I 
and more rapid turnover ;ofi Ca than that for adulta;qr even cki_ldran. ‘HIP pa- 

:i 
s i' 

rameter having the grea&e$ impact on the infant dgaei c/qujj.lenk :tiaa body IIMSS. : 
; ; i , !. 

The standard deviation fpk:; the adult male d,iat,$+ti?n,,jyiji 498, bf the mean dose /P *’ ; 

equivalent, for adult females 43% of the meau dose equivalent, .end for adoles- !/i : 
I, 

cents 47%. Within a subgroup, the mrrximum observed dose equiv$lo;nt was Ftp\jroxi- 
’ , 

mately twice the mean value for all distributions considered hfra. 

Figure 20 shows man dose equivalents a8 a function of &urning agt? 

groups for 
65 

Zn on Rongelap. Adolescents, young adults, and qdulta 50 am1 IIP 
]. 

were the groups receiving lower total dose equivalents, Nile @Qldren antI mid- 

dle aged persons received higher dose equivalents during; the t);idence in!orval. 

Measured 
65 

Zn data for persons who were infants at the return date were nut 

: 

Ronge 

distr 

Figure 21 shows the doeimatric distributions obe+?rved for members ni the 

ap popu,lation for 6s2n . Again the population overall. exhibited a sicr,:wd 

bution ol dose with a maximum value nearly three time8 the mean. CI\r ldrea 

demonstrated higher doses than persons who were adults during the entire ?! 
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Fig. 19 13’ca wee Equivalent to (A) All 
Residents (8) Adults (C) &fUlt Males 
(D) Aduit’ Females (E) Young Adults 
(F) Adolescents (G) Children end 
(H) Infants on Rongelap 
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MEAN DOSE EQUIVALENT, m tam 

-CHILDREN (5-100) _/E 

-ADULTS (20-500) 
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-ADULTS (31~400) 
-ADULTS ~?hOa) 
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ooog 8oynabc*l. *mm 

Fig 21 65 Zn ~oso Equiv;3ltsnr to (A) All Resldenes 
.(B) Adults (C) Adult Males and Females 
(D) Adolescents (E) Children and (F) In- 

fants on Rongelap Atoll 
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4 value of ,73 radr in tissue of intsrrat par rijntgen, amoured. in nir ~1: 

one meter above the surface, wan used to convert exposure in air to absorb&l close 
1 +a7 

I. 
in tissue. The source was osrumed ts be an exponential dirtribution of “‘(1s ac- 

;;’ 
1 : .;,s 

,, p: 

tivity with depth in soil , typical of aged fallout (Be70). Because of the :. d t;, 
I .?Zd.,” 

:3<: :,I’ 
multidirectional nature of the source , variation of absorbed dose with deptll of ?: 

J *j-<. ,>1) 
Additionally, external doses were adjurted for living pat- 

“.r? J 
organ was minimal. 

year period. The rtmdrrd6~~vfrtion wri .ia general 30% of;~.tbr~ #qql’value for all 

and sex subgroup dirtributionr, Thir lrm pronounced variation may!.be due to 

the fact that 65 
Zn meeeuremente took place over Q 3 year iatervrl while “Sr 

and 137 Cs occurred over a 23 year interval and thus was contained in a more 

homogeneous population thau were the longer lived nuclides. 
i ! ‘Jli’i: / ! , ‘:I i 

Figures 22 and 238 aa A 
1: :go : I 

23b suumarire the 
I 

Sr docre ‘equiv)alent results for 

ind ividuale at flr>nge lap. i 
! 

In thie anrlyair, only the ingertion pathway was considered $JIportant. 
/ ‘n 

Some radioactivity would enter the body vir the resurpenrion a,nd dikect inhnln- 
.j.. I, 

t ion pathways. ‘It is known that for a given roil concen~~atiqn”~~~~~he stable 
.9 ,z.., 

naturally occurring analogs $0 $$q rrdiovuo#idA considered here, $e retioo 
::F P 

of food and fluid intake to blood rolatfve to airborne intake ito blood, are 
I. 

ns follows: 
I i: 

4 
>’ ; #. 

co a 3000 Zn::>I30 ,, i 111 I 
i 

Fe > 590 St I 10,000 .:I i ” 

Ce > 400 Ii 
I 

Thus, dietary intake of radioactive materiel ir the prinoipel ipathway lesdirtg t? 

internal deposit ion. ‘This applies to most nuclidea in the eniifopment, however, 

there are notable exceptionr including I, U, and Pu. 

External Exposure 
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Fig. 22 Age and Sex Groups Mean Valuee for 9OS, 

Dqse Equivakmt For The Interval 1957 
co 1980 at Rongelap Atoll 

. 
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i 1 . ._.. 
/ ,:f 
iI I 

x ‘$, 
i ,‘j 

external expomrr during rtraight 
i : ,, 

% 
3 exposure rate at ‘the end of the 

R,, 3 e$sure rate a&:t~.e beotnnipo , 
I&C., s 

“2 
3 time post detonation at the end of interval, houri”:“‘::.‘, 
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c 

pata frarp 11 detonations during May, June, and ‘$1~ of. 1958:.(Sb5~):.:.~dicated a 

mean fallout deposition exponent of 18.8, Thir mean value wae obrenred at 

Utirik, Rongelap, Parry, and Wotho and was applied to early time port detonnt ion 

of BRAVO, to obtain the initial increasing exposure rate hirtory rhown on 

Figures 24 and 26. This method yielded a fallout deporition.period of, 5.3 

hours on Rongelap and 12 hours on Utitik. Phi:; t’ima comparer well with the 

original obeervations reported by the Harshalle~e and by U.S. Nevy personnel 

stationed in the area (Sh57). Initial docle equi?alents on “acute doeer” 

are developed in greater detail in another report. 
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greater than 40 years of age, lfaximum deviation from the average vrluq~of the 

daily activity 

9 factor of 3* 

tot ,of 5,~it.iws 
;I: 

. ;:. ) ., ( ! - : :! I 

ingest ion rate ,@+merabelrs. ok aq.:oa.q_!_rubgroup was no xe>_FtFr _tharj ..*...,,. ,I.. 

, ,however, the population din+ribuMons illurtrrted a +mum fac- 
* 

the mean,activity ingeetio~~wte value. -‘i ,f II; 
: *. ! ] /ii :. -: : I I ;, /; r .. 

Dose equivalent rater post return were datemined ‘for memberi‘*&& both 
: ,!‘I ,,. ;. ,i. 

atolls* For Rongelap Atoil, tho recridenta received ap&%mately 100 to 200 ” 
t I r.i ,!’ 

mgem per!,year during the, f irrt 5000 dsyr (post return from .&ternal e~ittsrW~+ 
i I 

‘S37 
I 

The principal contributing cnuclide was i OS. For Utirik &oll, the re&kmtr 
/ c. . f’ \ 1!“,,‘, 

received up to 15 Rem per year during the first 400 days p,o:qt return, That qmjor 

65 
cantributing nuclides were I Zn and 6oC0 . Dm equ iv&w tyqew to the - ..-, . . ..a_. _ 

Ut irikese from ,internal emittetr\fe44 below SOQ mRem per yeat, at appro&a.tely 
t . lis ! * ‘I 30, ,i .y 

1200 days post return. I ;I : I. : * I :. 
1 : ; Ii 

The dose equivalent foripopulation eubgtoupr and for individuals, wag .detcar-- 
:. !I> :. 

mined. Table 6 sunanarizes &results for the total body, thyroid, red!,mgrrow, 

testes, ovari.es, lower large intestine wall, and liver. The crtenery compart- 

ment model of Bernard ahd Hayes (Rer70) wae used to determine dose8 to various 

segments of the gastrointestinal tract. The Utirikese received significantly 

mre radiation dose from 65Zn, 
60 

Co, and 
55 

Fe than did the bngelapere because 

of ehort mean residence time, of these nuclider in the envioonmentr “8, .doae N . 

137 Ii, I 

to the Ronge lepese were 2.5 time greater and Cs doses 1.5 times greater than 

doses received by persons at Utirik. This ocmrred even though Utirik residenr;s 

returned to their atoll 3 years earlier and somewhat 

to which Utirik was less contaminated than Rongelap. 

reflects the degree 
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