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D"ac Reassess111ent for 1-'opulations on Rongelap and Utirik folluwin~ expoi;urP to 
f.lllout from tht! bR.AVO inddt!ut (March 1, 1954). 

Introduction: 

Incidences of thyrl'id nodules, benign ~nJ malignant, in the expo&ed populations 
"! Utirik and kongt:lap has indicated critical differences ln correspondence between 
nodule incidenc~ LJnJ tt1yroiJ dose for the populations (Table 1). The estimated 
external dose r~ceiv~J from the tim~ fallo11t began to the tillle of evacuation shows 
th.at the Rongelap population received an external dose (175 rads) which was about 
1 l times that for the Utirik populntion (14 rads), and the thyroid dose was abuut 
10 times larger, wh~r~as the incidence of thyroid nodules in the two populatlo11~ 
w~re not significantly rlitferent. 

A preliminary study has indicated that the critical area of investiKation that 
could shed light is th~ period during fallout and evacuation for both the islands. 
ln addition, the fact that the Utirik population returned within 120 days following 
evacuation, wherea~ tile Rungelap population returned only aftef three years, requires 
th3t we look closely at the Utirik population in L£rms of a longer exposure period, 
buth internal and ~xtern~l. Further studies would, therefore, have to concentrat(: 
un the reexamination of all availabl~ data in reports issued by various agenci~s 
1o1urin& that period, consultation• with scientific personnd involved at that time, 
identifying the areas of unc•rtainty, and using appropriate coMputer programs to 
analyze the data, The end result will enable us to look for correlations between 
the incidence of thyroid nodules ana the reassessed dose estimates. 

Ob),ective: 

To examine the external and internal dose estimates to the R.ongelap and Utirik 
populations fotlowing the "Bravo" test in order to: 

a. increase the conf iJence in the reported values 
b. test the hypothesi& that radiation effects can be translated 

into meaningful dose estimate¥ 
c. look for correlationship between the thyroid cancer cases and the 

reaasess~ent dose estimates (if any). 

Method of Study: 

1. Literature Search: This would require examining the various research reports 
such as: 

a. Weapon Test (WT) 
b. Naval Research Defense Laboratory (NRDL) Reports 
c. Reports froJa; various other laboratories (University of Washinl!ton, etc). 

2. Personnel Contd~ts: Efforts will be made to contact as many of the scientisls 
and technical p~rsons, who were involved in the early ye4rs for information 
on measurement techniques and analytical procedures. 
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3. Ua~ ui iilm badg~ datu at Rong~rik to quantify the fallout building curve­
upalope anJ downdope, and to extrapolate t.his information to Ronatslap an<.l 
Utirik. 

4. Determine thtt IJ/-r ratio and thus evaluate the contribOtion ot' S dosL' in 
estimating the y d~pth dose; for example, the B activity dose due to 
Neptuniwn-239. 

5. Plot all the availabl~ data on external radiation and determine decay factor~. 
The question to b~ raised will be: Do the data res~lt in a curve similar to 
the est iruatt!s r-1. 5 rt!lationship, or doe1:1 it e.xhibit different values, such 
as T-0.83, T-1.2 dut! to weathering or other factors? 

6 ••. Jixamine tht! questiun on internal dose estimations from, urine analysis, 

7. 

8. 

food inge11tion, .inhalation and data from animal studies. In this procoss cill 
• available intormat.ion on Jiet and lifestyle would b~ compil~u wo as to <lcriv~ 

realistic dose estimat~s from external and internal sources. 

Examin1o1 other studieli <Jone elluwhere un Gile thyroid nodules, for example; thL° 
Chicago Group Study, and also thu use of '1.291 to determine the early thyroid 
dos~s. Historic samples collected soon after fallout will be used in determin­
in~ the 1291 concentrations. In addition, 99Tc would also be determined since 
it is known to be retained in the ~hyroid gland. If possible, excised thyroid 
glands would also be stucUec;t for 1 9I concentrations. 

Use a "state-of-the-a-rt" compuler simulation program to determine the transport 
and deposition of radio4ctive fallout following the BRAVO test. This study 
ahould qive: 

a. plots of integrated' air concentration isopleths for fission products 
iodine, cesium and strontium 

b. deposition isopleths for the aforementioned fission products, plus 
239Np/239Pu if possible, and 

c. time plots of the buildup and decline of airborne fallout concentra­
tions near sea level at the points of interest, and/or the building 
of around deposited fallout. 

Status of Study: 

1. External Radiation Measurement 

a. Fia~re 1 shows a plot of the gamma dose rate in roentgens per 
hour at three feet above ground at 24 hours after the BRAVO test 
explosion. Figure 2 shows the estimated total dose contours in 
roentgens at 96 hours after the BRAVO test explosion indicating 
175 rads of whole body gamma radiation for the Rongelap inhabitants 
and 14 rads for the Utirik inhabitants. In view of these observations, 
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 receiv~d. 
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Tablt! 'j 

Dose Rates ConattquP.nt ·ro The "Bravo'' Shot, March 1, 1954 
I 

Utirik - 300 miles from GZ I 
! 

.bi!. H + Hours Dos~ Rate !mR/~our) Totnl Dose !Rl Comments Reference I 

3/1/54 H+l 
H+22 

3/2/54 H+24 340 Fallout begins l, 2 
extrapolated 4 

H+28 350 
H+36 End of fallout 1, 2 
H+SS Evacuation 1.2 •· a tarted 

3/4/54 H+78 110 14 Evacuation• 1,2 
conapletud 

H+28 l To 9·76 Based on plot 5 
H+78 • of data 
H+90 

3/8/54 11:!:1§8 Decay curve 1 
follows T• l • 2 l 

3/9/54 H+l92 40 l 
3/15/54 H+336 Decay curve 1 

follows t-1· 3 
H+2160 B.eturn to Utirik 

) 7/1/54 H+2880 Return to Utirik 
I 2/1/55 H+8088 0.14 3 
l 6/1/54 B+2160 J ~ 

I To 5 4 ~ 

6/1/55 H+10928 
2/1/56 H+l6848 o.os 3 
7/1/54 B+2880 ) 

To 3·10 Based on plot s 
i!l/65 H+lOOOOO of data 
1/ 25/76 8+190000 0.004 BN'L data 

Sept 1976 
3/15/54 

W» 1 To To Decay curve l 
a W2 follows T-1·4 

6/1/54 B+2160 ] 
'To To 17 4 
I 

H~ a 
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2. Diet and Lif~HtYl~ StuJy 

a. All available reports concerning fallout on Ailinglnau, Rongelap, 
longerik 3nd Utirik have been examined and pertinent lnfunuation 
has been collatt!d into o"u location. The data coll~cted concerns 
external radiation measuremt!nt..;, radionuclide conct?ntrations in 
•oil, water, vegetation, animals and food items. In addition, 
efforts are being mad~ to collect information on whole body 
analysis and bioasHay sarupl~s. 

b. A recent diet and lift!style study complett!d in Novt!mber llJ78 will 
provide a firm basis to estimate internal and external doses. 

1~ 1291 StuJy 

a. Historic samples collected by Univenity of Washln~ton during tht! 
period 1954-1974 have been analyzed for 1291 (Table 4). These 
samples are also being analyzed for 99-fc. Information from Item 8 
(Methods of Study) will be required to correlate the findings. 
Additional samples from th~se areas (&ongelap, Ronerik, Utirik) 
will be analysed for 129I and ~9Tc if required. In addition, we 
are exploring the possib'ility of analyzing "Bikini-ash"-.:the fallout 
that settled on "The Lucky Dragon". This sample should provide the 
moat accurate description of the fallout. 

4. 'State-of-the-Art' Computer Si~ulation 

a. All available data pertaining to meteorological conditions before, 
during and after the BRAVO teat have been collected and transmitted 
to Lawrence Livermore Laboratory for the computer analysis. These 
results ahould be available by February/March 1979. 

b. A recent Marshall Ialands Radiological survey completed in 
December 1978 should provide iso-dose lines for recent times. 
parison of the two plots should be very valuable in assessing 
observations. 

Com-
1954 

5. Discussionsarebeing continued with the scientists and technical people who 
were involved during Operation Castle. 

't .. ,. 
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Table 4 

• 1291 Radiocheailic.al Analysis Results* 
t 
i 

I-129 PCT I-129 PCT 
DATE ATOMS/G ERROR ATOMS/~G ERROR COMMENTS 

32654 4.44£+10 3.4 2. 77E+09 4.5 ISLA.ND SOIL, (SAND), TOP 1 IHCR, RONGELAP-1.ABARDZ 
71654 4.80£+10 3.6 3.88E+09 5.8 ISLAND SOIL, (SAND), AU«>ST BO RUMUS), RONGELAP-IABELLE 
12955 l. 33E+ll 4.2 3.65£+09 6.8 . ISLAND SOIL, .(SAND), RORGELAP-liBELLE 
12555 l.SJE+ll 3.4 7.77E+09 6.9 ISLAND SOIL, (SAND), IOMCELAP-RONGELAP 

1!:>2255 2. 24E+ll 3.1 l.52E+10 6.5 SOIL, (SAND), SUBSAMPLE SPECDWI A-12) RONGELAP 
102255 l. 73E+l0 4.2 l.59E+09 5.7 - SOIL, (SAND, FROM BOTTOM or WELL), RONGELAP ATOLL 
102255 2.98E+l0 3.5 9. 72E+08 6.1 SOIL, (SAND, SUBSAMPLE SPECDWl A-9), RONGELAP 

72456 4. 73E+l0 3.7 2.60E+09 6.4 MID ISLAND SOIL, (SAND 0-2"), llONCELAP-ICABELLE 
72356 2.02E+10 3.3 l.10E+09 6.3 SOIL, 1SAND 0-2", POSS. FALLOUT CONTA!f.), RONCELAP-R.ONCELAP 
72356 1.12E+10 ).2 4.58£+08 5.6 SOIL, (SAND 0-2", HID ISLAND Q.EARINC), llONCELA.P-RONGELAP 
71857 7.60E+10 3.8 4.17E+09 6.6 ISLAND SOIL (S~D, RANDOM TOP INCH), RONC£LAP-KABELLE 
71757 2.13E+l0 3.5 l.90E+09 4.6 SOIL (SAND, RANDOM TOP INCH, E 1/2 OF ISLAND) RONGELAP 
12355 4.14E+09 7.5 1.52E+08 10.9 ISLAND SOIL (SAND) UTIRIK ATOLL 
12355 9. 31E+o8 6.7 4.45E+07 8.3 BLACK BEACH SAND, UTllUK ATOLL 

112874 3.82E+o9 3.3 2.22E+08 4.3 SURF, SOIL, 0-2.5 CM, SW TRANSECT, RONCERlK-ENEWETAIC. ISLAND 
112874 6.13E+09 3.4 3.73E+o8 5.2 SURF, SOIL, 0-2.5 01, NE TRANSECT, RONGERIK-ENEYE.TAK ISLAND 

* Done by PNL, Hanford, Washington 

. , '·utlrt~;,~~v"y .. 1'_-r!((:f/\_\ ~~.~J.~ /,," . 
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A RECONSTRUCTION or CHRONIC DOSE EQUIVALENTS FOR RON<:Y.LAP 

AND UTlltK RESIDENTS - 1954 TO 1980 

E, T. Le11ard, N. A. Greenhouse, a. P. Miltenberger 

ABSTRACT 

From June 1946 to Augu1t 1958, the U.S. Department of Defense llJld Atomic 

Energy Cdalisaion conducted nuclear weapons tests in the Northern Marshall 

Islands. BRAVO, an above1round test in the-Castle series, resulted in 

radioactive fallout contaminating Rongelap and Utirik Atolls. On March J, 
• 

1954, the inhabitants of these atolls were relocated until radiati~n exposure 

rates declined to acceptable levels. Environmental and personnel radiological 

monitorina programs were beaun in the mid 1950's by Brookhaven National Labora-

tory to ensure that dose equivalents received or c0111Ditted remained within U.S. 

Federal R.adiation Council Guidelines for members of the general public. Body 

burden and dose equivalent histories along with activity ingestion patterns post 

return are presented. Dosimetric methods, results, and internal dose equivalent 

distributions for subgroups of the population are also described • 
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INTRODUCTION 

On March 1, 1954, at Bikini Atoll, BRAVO, the first of Rix nucl('nr wen.,ons 

teats in the Cattle aeries, was detonated. The BRAVO device caused aubstant ia l 

1urface contamination on inhabited atolls within a 2,000 square mile area. The 

contaminated region was cigar shaped and included Ailinginae, Rongelap, 

Ron11rik, and Utirik Atoll• which lay ea1t of around zero at distance• from 60 

co 300 mile1. 1be fallout on Rongelap, initially visible at H+6 hours, had 

thinned out to the extent that it was no longer seen at H+lO hours (Gl62). 

On March 3, 1954, the 64 residents of Rongelap Atoll and 18 residents of 

Sifo Island, Ailinginae Atoll, were evacuated. On March 3 a«d 4, evacuation of 

157 Utirik Atoll residents also took place. During the first few weeks and at 

lea1t once every year from 1957 to the present, a Brookhaven National Laboratory 

medical team, organized by the Department of Defense and by the At01Bic Energy 

Co1111ission and its successor organizations, has provided medical examinations to 

monitor the health of the persona initially affected by the fallout from the nu-

clear testing program, plu1 a comparison population. Reports of their findings 

are given in Cr56, Co58, Co59, Co60, Co62, Co63, Co6S, Co67, Co70, Co75, and 

Co80. 

The Utirikeae and Rongelapese returned to their home atolls in June 1954 

and in June 1957 respectively. The earlier repatriation of Utirik Atoll was 

based on the low level of external radiation exposure measured after the initial 

3 month observation period (March to June 1954). The Utirik population was not 

examined by a· Brookhaven medical team until March, 1957, when 144 people re-

ceived comprehensive ~hysical examinations. Following the 1957, medical survey, 

two men, removed from Utirik for medical reasons, were whole body counted at 

Argonne National Laboratory and provided urine samples for radiochemical anal-

1 
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y1i1 of 137ca. four per1on1 vi1ited Araonn• from Ron11lap and, in addition, 

pooled urine 1aaple1 from both atoll• were analyzed radiochemically for 137ca 

and 90sr. Sub1equent Brookhaven National Laboratory expeditions by members of 

the Medical Department and Safety and Environmental Protection Division utilized 

whole body countina and radiochemical analysis of urine and blood samples to 

identify and quantify the radionuclide• that were.present in the body. The re-

1ult1 of thue radiological •asurements are given in terms of body burden in 

Table• l and 2. Throughout this paper the units of quantities are Sl derived 
• 

and thoH which are accepted for use with the Sl for the time being. Thu• both 

the Curie and the Becquerel may be used as units for the quantity activity. 
• • 

The aforementioned body burden tables illustrate adult mean values for 

Rongelap and Utirik. An adult, aa classified here, was a person over 16 years 

of age. The mean body mass in thia age interval was 60 kilograms. The observed 

body 11a11 versus age distri~ution is shown in Figure l for Rongelap residents. 

The same body mas• versus age distribution was ob1erved at Utirik. 
' ; •,I 

Becau1e of the paucity of measurements at Utirik, information on 60co, 

65 zn, and 55re wa1 in some instances derived from the ratio of adult mean body 

burdens between Rongelap and Utirik. A mean ratio of 2.6 was observed in body 

burdens for 65zn, 90sr, and 137cs after they reached their maximum values. Tile 

standard deviation of this ratio was 15%. 

ln the following analy1is, personal body burden histories and residence in-

tervals, in conjunction with contemporary dosimetric models, are used to esci-

mate internal do1e. Doaimetric distributions were constructed from the results 

and a su111114ry of the derived activity ingestion rates and dose equivalents was 

provided for various subgroups of the population. Additionally, exposure rate 

history curves were constructed for each atoll for the period following the 

2 
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Table I 

lon11112 lo4z lvr41n1 

A~!!lC t!llu 4!M& [•!fl!! ~!i!IE• 
lody Nu•hr '"' Nu911er '"Tod"Y Nuilbtr D•u Pott 

lurd•n of lurden of lurdln ot a.t1.rn 
llCi E1uon1 l&l Ppton1 I.Ci Per1on1 Dau 

60Co a.t110-s M 1.1110-s M 2.1110·5 M I 
1.0 .. 10-J l7 1.1110-l l1 •• 0.10-l • 74 1310 
2.sa1o·J 45 z.o.1o·J 45 z.2110-l 90 2131 

0 zn 4,Jal0•2 NA 1.a.10·2 NA 4.1110-l ~ I 
•· 3110·1 lO 3,1110-1 u 4.1110·1 42 304 
6.2110·1 l2 s.0110-1 27 5.6a1o·l 59 639 
t.s110-2 ll 1.5110-2 23 9.0110·2 61 1310 

n,, 4.3110-l ZI 4,0.10-1 l2 4.lalO·I 60 4626 

90Sr l.9110-4 NA l .4110-4 NA l. 1.10-4 M I 
l.7110-l 11 2 .1a&o-1 4 J.4s1o·l IS 104 
s. 1110-l 24 3. sa10·3 16 1o.1s10·l 40 639 
].7110-l 9 l .6110-l 4 3 .0.10-l ll 1370 
1.1110-l l2 7.9110-l ll a.•s1o·l 25 2100 
7 .9110-l ll 7.4.io-l 7 7.7a10-l 11 24611 
2.1a10-l l2 4.6110-l u 1.1ato·l 24 3561 
].ta10-l ll l.1110·3 ll 1.s110-J 22 l9Z7 
1t.ia10-J ll l.1110-1 1l ].h10-l 24 4292 
1.l110·l • l.3110·3 l1 2.s11o·J 19 4657 
l. lal0-3 • 2.1110-3 7 1.0.10-l 15 son 
2.0110-l s 1.4110-~ 7 l .6s 10-3 12 HIS 
.... 10-J 4 •.2110-1 7 4.3110-l l3 5753 
3.3110-l 10 1.7a&o·3 4 2.1a10-J 14 6111 
4.•110-l 23 M 0 "" M 7579 
6.3110-4 24 4.6110-4 l9 s .s.10-4 43 8097 

ll7c, l .4110·2 M 1.4110-J M 1.i.10·2 NA I 
1.7a10-1 M s.2110-1 M 6.1a10-1 M 304 
7,9110-l 47 4.1110-l 49 s. 1110-l 96 639 
9.5110-l 37 4.7a10-1 37 6.7a10·1 74 lJ70 
9.4110-1 ... 1t.ta10-1 4S ••• 110·1 89 2831 
.... 10-l 22 1.0110-1 24 l.ta10-l 46 6118 
J.0110-l 30 l.ta10·1 21 2.s.10-1 51 721 l 
1.1110-l l9 1.5110-1 18 1.hlO·I l7 1097 

NA • Not 1nHebl1 

••• 
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BRAVO te•t. The•• data, together with appropriate conv•r•ion factor• and living 

pattern models, provided an eatimate of external dose equivalent. 

METHODS 

Exponentially declining activity concentrations have been observed in sur­

face aoil for 137ca, 1291, and 90sr from 1954 to the preaent on Rongelap 

and Utirik Atolla. Declinina activity concentration• have also been observed 

in vegetation at a rate areater than that predicted by radioactive decay • . . 
Thu1 exponential decline in dietary activity was a11umed and the following 

general equations were derived. 

01· 

and 

where 

• 

;.,J 

• t. X~ 8 -(AtX,)t) 
q-q111 .. AP• • ______ __._..__.. ___ ~. ,.-._...._ ______ --'...._~~ 

+ q• I:· 
l 

' x. -(~ +'i.)t 
-...!:..... Ll-e ;, 
~+K. 

l 

6 

• 

(l) 

J 

(2) 

(3) 
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---· 
t - till• po1t onset of uptake, days, --
A - in1tantaneou1 fraction of atoms decaying per unit time, day-1 

p• - initial atom ingestion rate, atom• day-1, -
K· - in1tantaneou1 fraction of atoms removed from compartment i by -1 

physiological mechanisms, day-1, 

Xi - compartment i deposition fraction, 

X· -l 
the number of atom• in compartment i relative to the number in all 

compartments at the onset of declining continuous uptake, (t•O), 

U · • • · • Bq o-1, - 1n1tantaneou1 urine act1v1ty concentration, ~ 

U - eubject urine excretion rate, L day-1, • 
f 1 - fraction from CI tract to blood, 

f - fraction excreted by the urine pathway, 
u 

KE - inetantaneous fraction of atoms removed or added to the atom uptake 

per unit time, day-1, due to factors other than radioactive decay, 

q - inatantaneous body burden, Bq, 

q0 
_ body burden at the onset of uptake, Bq, 

D - the number of disintegrations in all compartments occurring during 

the uptake interval, Bq days. 

The development of Eqs. (1), (2), and (3) was based on the following convo-

lution intearal. At some variable time, T, defined during a fixed uptake 

interval, T, the daily activity ingest~on rate crossing the gastrointestinal 

tract to blood i1 given by 

7 
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'Ille wholt body retention at an7 time t"""T of th• fraction of initial radioL:tivity 

inputed at ti.M t ii 

Thu1, the in1tantaneou1 activity at time t-T that remain• following input during 

dt ii 
• 

. . 
It follow• that the in1tantaneous activity at time t-1' that remains following 

input during T is 

T -(KE+~ )-c 
J >.f 1 r•e 

0 

• 
-0. +Ki) ( t-r) 

t.x.e 
l. 1 

dt • 

The 1olution of the in~e1ral yield• a 1ener1l expres1ion that depend• on 

the user defining t. For example, if t i1 the fixed uptake interval, T, plus an 

additional fixed post uptake ~~terval, f, then the body burden at T + f ia 

given by 

A8 previou1ly 1tated, Eq. (2) applied at Jlongelap and Utirik, it was 

for the 1ituation that variable ti.lie t was the uptake interval. Additionally, 

per1ons who returned to the atoll• in June 1954 and June 1957 did so with an ini-

tial body burden, q•. The behavior of this contribution to body burden, 

q, was embodied in the q0 term of Eq. (2). A similar model was used to relate 
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urine activity concentration to body burden. Equation 3 was obtained by 

integrating Eq. (2). 

Equation• (1) and (2) were used to detet'llline the instantaneous fraction of 

atoms removed or added to the atom uptake per unit time, ~, and then the ini­

tial daily activity ingestion rate required to produce the measured or derived 

body burden. Equation (3) was used to determine_ the number of disintegrations 

that occurred in the body during the residence interval of an individual living 

on Rongelap or Utirik Atoll. 

If the mean re1idence time in the diet i1 much much longer than the resi-

dence interval, then con1tant -continuous uptake is achieved. Equations (1) and • 
(2) can be converted .to the constant cpntinuous equations by replacing KE with 

-A. Single uptake e1'pre11ion1 are obtained by aetting t" equal to zero. In 

some ca1e1 only radioactive decay may remove the nuclide from dietary item1; for 

these ca1e1 ~ would equal zero. In the caae of the former Bikini residents, 

the maturing of coconut trees during residence on Bikini Atoll caused a con­

tinuously increasing dietary uptake of 137ca. Thus, 11 was found to have a nega-
,. 

tive value. In the case of Iona• lap and Utirik, KE WH ·found to have a positive 

137 65 60 90 value for Cs, Zn, Co, and Sr. ntis indicated that in addition to 

radioactive decay, same other removal mechanism decreased the radioactivity in 
55 . 

dietary itea1 during the residence interval. For the nuclide Fe, only one mea-

surement wa1 publi1hed by the BNL Medical Program (Be72); thus an estimate of Kg 

was not possible • 

~ was detet'lllined by. using Eq. (1) or (2) and the population subgroup mean 

body burden or urine activity concentration. Portions of these bioassay data 

are illustrated for adult males and females in Figures 2 to 6. Two consecutive 

urine or body burden data points were used to eliminate the unknown ingestion 

9 
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rate froa the equation. Thia method yield• n-1 e1timate1 of KE where n was 

the taamber of data point1. An average value of ~ wa1 aeaigned for each nu­

clide, and the re1ult1 for the Rongelap and Utirik populations are given in 

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

phy1iological parameter• were obtained from the open literature (ICRP59, 1CRP68, 

ICRP69, ICRP79, li78). A repreaentative aample of these parameters is presented 

in Table 4. 

Table 3 

Su•a!:X of Dietaa Rate Conetanta CK11 
d-1) 

60Co 90Sr 65Zn 137C
8 

Ronaelap Adult• 

Male1 l.5xl0 -3 l.8xl0 -4 3. lxlO -3 l.4xl0 -4 

Fmalea l.6xl0 -3 4.lxlO -4 3.5xl0 -3 l.4xl0 -4 

Adults l.5xl0 -3 l.9xl0 -4 
3.lxlO -3 

l.4xl0 
-4 

Utirik Adult• 

Male a N. D. -4 4.6xl0 N.D. l.4xl0 -4 

Female a N.D. 4.0xlO -4 N.D. l.4xl0 -4 

Adultl N.D. 4.2xl0 -4 N.D. l.4xl0 
-4 

N.D. E No data 1ufficient for analy1is. 

The valuee of ~ were 1imilar for males and females and for residents of 

Rongelap and Utirik. For 90sr on Rongelap a factor of 2 difference between ~ 

values wa1 observed for males and females. The female parameter for Rongelap 

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

Rongelap male and female data indicates that the male/female difference was 

highly probable and therefore not significant. TI\is difference leads to a 

15 
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bimodal activity in1e1tion rate distribution for 90sr in the Rongelap popula-

tion. 

Data for 60eo and 65zn were not sufficient for analysis for the Utirik 

Atoll re1ident1. Valu11 for Kg ob1erved at aon1elap were a11igned to Utirik 

male1 and feaale1 and body burden hi1torie1 for population subgroups were 

reconstructed u1ing Eq. 1 or 2. Figures 7 and 8 illustrate the derived mean 

adult body burdens for all 1ignificant nuclide• studied on Rongelap and Utirik. 

This method provides a be•t fit of the data shown in Figures 2 through 6, and . . : 

provides a body burden history during the early years post return a~ Utirik, a 

time when body burden measurements were not made. Actual data points are also 

• plotted to demonstrate the fit • . , 

The curve• 1hown for 55te in Fiaurea 7 and 8 were obtained by setting KE 

equal to zer~. This underestimated the initial body burdens and overestimated 

future ones •. Since 55re contribUted less than 1.0% to the total dose equiva-

lent, an arbitrary assignment oiJ(E based on observed values for the other nu­

clide& was not attempted. During 1974, another series of blood samples was 

obtained frca Rongelap and Utirik (Co75). Analysis for 55Fe has yet to be 

reported. 55 A recalculation of Fe body burden and its impact on early dose 

equivalent rates will be conducted when the data is made available. A substan-

tial change in dose equivalent is not to be expected. 

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

137ca mean urine activity concentrations. Mean values for adult males or all 

adults were plotted. Measured values for 137cs body burdens were also shown in 

Figure 7. A much smoother curve was plotted in Figure 7 and it was determined 

that the collection and analysis technique for urine samplee introduced the addi-

137 tional variations. On the basis of this observation for Cs, a smooth body 

17 
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burden curve for 90sr, recon1tructed from raw data and Eq. 1, was considered a 

more accurate hi1tory. A detailed preaentation of the greater variation in 

radiochemical analy1i1 of urine versus direct body burden measurements can be 

found in Mill. 

Piaure 9 illu1trate1 the variation exhibited in the body burden of 5 

randomly chosen 1ubject1 over· the 25 year monitori~g period. These individual 

variation• may have had a dr•Glil'tic.impact on the mean data. In Figure 2, which 

ill\Ntratea the adult male, adult female, and adult population mean 137cs body 

burden for the 25 year exposure period, a decrease followed by an increase was 

seen durina the years 1958 through 1963. Although the Castle BRAVO test ini-
• 

tially contaminated longelap in March 1954, it bad been proposed that the 

Hardtack Pha1e t 1erie1 added to thi1 an amount of contamination equal to that 

reaponsible for the Figure 2 body burden pattern (Co63). Figure 9 suggests that 

most individual• counted in tho1e years had body burden• which remained the same 

or declined; however, one individual'• burden (#881 M) rose and fell quite 

differently from the others. Several factors could have contributed to this 

variation from the mean such as departure and return to the atoll, sickness, the 

dietary contribution of imported foods, etc. Since the mean values are based 

on Slllall number• of per1on1 who were chosen at random, it is conceivable that in-

dividuala like 881 M influenced the mean body burdens to a greater degree than 

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 individ-

uala were not D>nitored consistently throughout their residence intervals except 

in the few cases exhibited in Figure 9. 
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llSULTS AND DISCUSSION 

Daily Activity In1•1tion Rate1 

Daily activity ingestion rates were calculated for do1imetrically signifi­

cant nuclide1 po1t return. An exponential decline wa1 propo1ed for the inges-

tion rate within a population 1ubgroup and initial reference values are given in 

Figure• 10 throu1h 14 (June 1, 1957, was asaigned· as a return date to Ronge lap). 

Figure 10 demon1trate1 the differencea in ingeation of 137cs for various popula­

tion subgroup1. 'lbi1 undulating pattP.rn was exhibited by 137cs, 90sr, and 65zn, 

nuclide• for which sufficient data existed for analy1i1 • 
• 

Differences in ingestion rates of the •table element at the same geo-

graphic location have been shown to occur among member• of a population (ICRP • 
23). Aae dependent diet studies for ingestion of Cs for urban Japan have values 

-1 -1 varying fr~ 11 µ1 d for adult• to 8.6 µg d . for children. Sr in a western 

type diet ro1e ftam 600 µ1 d-l ~for infants to 690 µg d-l for 5 year olds to 

-1 -1. 
3,600 µg d for .13 year old• and fell to a mean of 1,900 µg d for adults. Zn 

in the United Kiaadom rose from 2 to 40 mg d-l, the higher value 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 a1e• l and 20 year1. Co is in1e1ted at a rate of 20 

µg d-l for Japane1e adults and half this amount for children. The Marshallese 

population allo exhibits dietary change1 as a function of age. The authors of .. 

the Mar1hall Island• Diet and Living Pattern Study (Na80) observed coconut sap 

being used as a major food supplement for infants, and later in adult life es a 

major source of daily fluid intake. Since coconuts and coconut tree sap pro­

vided the major source of 137cs on Bikini Atoll (Le80, Mi80), the shape of Fig-

~ ure 10 was in agreement with the observed diet pattern. 

22 



-la 
c:r m 
~102 
~ 
0: 

z 
0 -~ 
f3 
(!) 
z 

~ 102 

-> -t3 
4( 

f!!-z O v if I 
zo --

FEMALES 

MALES 

2345 10 20 60 
AGE DURING 1957, years 

Fig. 10 Age and Sex Group Mean Values For 137cs 
Activity Ingestion Rate Referenced 

To Mid 1957 for Rongelap Atoll 

23 

• 



•· 
CCI 

• 

I: 
• 

10 "' 
• .. 

1· 
!• 

Fig. 11 

• 

··~------------....... tll ,, 

" 
• 

lllO '"° 1400 

tDI 

• 
• 
• 
' -., 4GO -.. "'° - 00 11111 100 IDO - toll MIO 

IFI 

137 Cs Daily Activity Ingestion Rate For 
(A) All Residents (B) Adults (C) Adult 
Males (D) Adult Females (E) Young Adults 

roo 

(F) Adolescents (G) Children and (H) Inf ants 
on Rongelap - Referenced to June 1957 

24 

• 



... • 

-------:-~y-;-

1 . ._..;;... 
..,...- ; I 

--~--· 
-:- I 

- - --- - -------~------ ------ - - ---
- ! r ......... . .... ,.. 1' .... 

I 

101 .. • • • •• FEMALES 

~ ..... .. MALES 
I ,, 
fl m 

LIJ 10° I-
4 
a: 
z 
0 
I-
en -LIJ 0 
C> - en z 0 

in I ............. _........_ -> lo-' 0 .L "' 0 0 0 0 - 0 ooo I- 0 0 -- ¢ j' en ff') ¢ in"' > - I I I I I It) ~ I- 0 - 0 - --
u - ~ 5 N ff') ¢tn 

4 z ............. ....,....., 
en LIJ ~ ca: en en enen I- a: C> !:i !:i !:i !:i z Q 

~ 
z 4 ~ J J J JJ 

~ - Q QQC 
~ ~ 0 

u > 4 4 44 

10 102 

AGE DURING 1957. years 

Fig. 12 
. 90 

Age and Sex Group Mean Values For Sr 
Activity Ingestion Rate Referenced To 

Mid 1957 For Rongelap Atoll 

25 



N 
(7\ 

• f .. '~1:' . / •. : ·.,., ·'· f.,1. 

40.-......--.--..--....-~......--..--..-.....-~....--.--..--. 

.. 
u • 

M 

II 

,. 
14 

I• 
i 1• 

IZ 

• 
• 

IA) 

'.· 

40r-.-..-...-....-.......................... ~--.--. ................. 

181 
M 

II .. 
14 

IO 

•• 
II 

• 
4 

\, 

0
1 , , , , 1 1 1 1 1 1 , , , , 

0 
O U Z.4 U U U .,.a a4 0 lZ IA -U U Mt fl a• 

lOi I I i I I I I i I i i I I I IDr-"T""""T"--.--,r-.-..--.--..-.-------

1e 

lio 

14 

IZ .. .. • ... 
~10 ... 
c ... • 

• 
4 

2 

00 

cct cot 
•• .. 
14 

IZ 

10 

• 
• 
• 
z 

10 zo so 40 !llO eo 10 °0 
ACflVlf Y ... Gt:ITIOlll UTI. 94 _-t 

oz 14 56 4.1 a.o ".Z 14 

41CT"'""' -IT- UTI. 94•"1 

Flg. 13a 
90 

Sr Daily Activity Ingestion Rate For 
(A) Adults (B) All Residents (C) Inf ants 

and (D) Adolescents on Rongelap 

11<.~-~i·" rry, i1'....;~:··:~ ·:}J.,.{~\~J~~f;~!~i)-i!li?ilYi\/ ~ ·:;;~'.;~:-:~·t,:A~:~·i·~tt·J.;) ,i;. 

' 

l'Ot I I I I I I I ; I I I I I a 

~l 
J01 I I I I I I I I I I I I I i 

•• 
•• 
... 
IZ 

i 
I'° 
I ... • 

• 
4 

z 

00 

IO 

•• 

•• 
14 

.. •I 

¥ 
a'° : ... • 

• 
4 

z 

00 

CAI • 18t 
II 

II .. 
II 

IO 

• 
• 
4 

I 

oa l6 14 u 40 ..... 
0o ... u u ... •.• - et.a 

CCI 
I I I I I I I I I I I IOI f i f i i t I t t t I I I I 

• 

•Z 14 Se 41 eo 1Z 
6'T•VIT" .... STIOtl lllATI. a. ··I 

• 

cot 
II 

II 

14 

II 

10 

• 
• 
.. 
I 

o' . , . . , , , 1 , , , , , , 

0 IZ 1.4 91 48 U .,_. M 
ACTIVIT'i tllllaf- hTI. a.<" 

.,. __ .· 
·:-:-, 

I 
I 

~ 
t 

Fig. 13b 90 
Sr Daily Activity Ingestion Rate 

for (A) Adult Males (B) Adult Females 
(C) Young Adults and (D) Children on 

Rongelap 

'1'' 

.. 



r:r~----.. l!,,,.,.,..,,·~~,.._:'. ------

1 ......... 

- -----~~~-- - --.- -
f. -

! ... : 

-; ,,..HARDTACK PHASE I 
-v (DAYS 300-404) 

u 
c 

"" 10' ~ 
a: 
z 
2 
t­
U) 

"" C> z 
> 
t-

> 
;: 10° u 
4 

> 
..J -4 
Q 

z 
4 

"" 2 

• 

\ 
&!zn 

\ 
\ 

2000 4000 6000 8000 10000 
DAYS POST RETURN BEGINNING JUNE 1957 

Fig. 14 Adult Mea9 Daily Activity Ingestion Rate 
For lJ Cs and 65zn at Rongelap 

Referenced to Mid-1957 

27 



.-~ . 
> 

.. , 

Fipare 11 1how1 the individual data c1lculated for 137c, for all Rongelap 

r1»id~nt1 and it referenced to June 1, 1957. Th• individual maxiinum 137ca daily 

1ctivity inae1tion rate wa1 approximately 4 ti.me• the population mean value. 

The standard deviation observed for the adult activity inge1tion rate di.stribu-

tion was 41% of the mean value, 39% of the mean value for young adult1·, 48% for 

adolescents, 38% for children, and 54% for infanta. Adolescents and infants 

exnibited a broader distribution· than adults, while children showed a fractional 

vlriation in activity ingestion rate similar to that of adults. Breast feeding 

v~~su1 coconut 1ap supplement• would have contributed to the greater variation 

ob~erved in infants. Adoleacenta and youni adults were the population subgroups 

wh:ch have been obaetved to move frequently between atolla. tbia mobility would 
• 

1~1d to greater variations in the daily activity ingestion rates relative to 

tho~e observed in the more station'ry population subgroupa. 

Figure 12 also exhibited 4 wave pattern; however, a distinct difference be-

tw~~n males and females waa indicated. tbi1 difference arose from the use ~f 

valuea for 'E liated in Table 3 which were derived from urine data for male and 

fe=ale residents at longelap Atoll. Its major impact was on the dose equivalent 

r3te, not on the total dose equivalent; and ita effect waa to cause the dose 

eqll ivalent rate for ma lea to rise and decline more rapidly than for females. 

Figures lla and llb auumarize the indiv.idual data for 90sr for all 

Rongelap reaidents and were referenced to June 1, 1957. A bimodal shape was 

observed for the distributions which contained both sexes, again reflecting the 

difference in the 90sr dietary rate conatants. Data from urine bioassay 

indicated that the observed difference between the male and female values for KE 

was not significant. A t-test was performed for consecutive urine measurement 

data during the 23 year residence interval. The results indicate that because 
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of urine activity concent~ation variability' there wa1 a 60% probability that 
I 

the male value for Kg would be different from the female value by the factor 

ob1erved. 'lbu1 difference• in the derived activity inaestion rates and dose 

equivalents were not significant. 

r . 14 h · l 1 f h 65z d 137c · · · · 1gure 1 ows a semi- og p ot o t e n an 1 act1v1ty 1ngestton 

rate histories for adults on Rongelap. A curve was drawn between points, and 

the appearance of an increasing 137cs ingestion rate during the 1960's indicated 

the possibility of another contaminating event. The Hardtack Phase I series was 

conducted just prior to the observed increase in the curve and fallout from the 

Cactu1, Yellow Wood, and Hickory experiments detonated at Bikini and Enewetak 

would have reached Range lap. However, several observations fai 1 to support the 

conclusion that recontamination was significant. These are as follows: l) the 

. . ll7c . . . . . . h . f increase in s ingestion rate was not in con3unction wit an increase o 

65z h · 65z · · · d · h b d d n; owever, since n 1s an act1vat1on pro uct 1t may ave not een pro uce 

in the same proportions. 2) The peak 137cs body burden at Utirik occurred 

nearly three years after ~he initiating event, Castle BRAVO, while the peak body 

burden at Bonaelap follCY1ed six years after the potentially contaminating experi-

ments of the Hardtack series in 1958. 3) The activity ingestion rate at Utirik 

demonstrated a continuously declining pattern versus the humped ·pattern observed 

at Rongelap. This occurred even though there was an equal external exposure f 
~· 

rate history following the Hardtack series as measured by the U.S. Public Health 

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

' Rongelap following the Hardtack series was 10,000 times less than the peak expo- ~, 

sure rate following BRAVO. These facts suggest that the Hardtack series was not 

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

.postulated that body burden variations were caused by travel away from the atoll 
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or 1ickne11 an4 ~t~~~ .. factof•~. a.,ardles1 of;~• cauH of individual differ­

ences from the •an, a •110o~~ 1 .. de1cription of the body burden and activity inges­

tion rate for the populatio~ 1 could be adopted. On this baais a declining contin­

uous uptake model vat uaed, 

Internal Dote Eqyiy1l1nt @It•• 

The approximate inst~~t~neout dose equivalent rates for the total body 

were detemined from the bo~lb burden data illustrated in Figures 7 and 8 and .. 
from the followina equation, .. :: 

where 

: 11· • H • qI, (4) 

• 

H: the total body do~~.e~uivalent rate, mRem y-1, 

I: equilibrium dose,~~iv~lent rate to the total body per unit body 

burden, mJlem ,y:-~ .. rMFi.-;l ,1 

q _ instanteous ~ody ~~~d~n, µCi. 

, I , ~. i 1 ; ! 

The approximate nature of the estimate was due to the assumption that the 

radioactive atoms were disttibuted among the body tissues as they would be fol-

lowing constant continuous uptake for periods of time much greater than the mean 

residence time for the total' body, In the case of 90sr, 86% of equilibrium was 

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

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

of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo-

gram adult. Table 5 lists values of I which were determined from information 

given in ICRP59 and corrected for body mass differences. 
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Table 5 

Total Body Equilibrium Dose Equivalent bte 
per Unit Body Burden 

t, 

~ mRem y-1 µCi -1 

ss,e 2 x 10° 
26 

60Co 6 x 102 
27 

65zn 1 x 102 
30 

90sr 3 x 102 
• 38 

137 Ca 2 x 102 
55 

Figure 15 illustrate• th.e relative contribution to the composite dose 

equivalent rate for each doai'l8trically sjgnificant internally deposited nu­

clide. For the average Ronge,ap adult, the residence interval begins June 1, 

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

6 months (Co80b). The compos~te dose equivalent rate indicated that a broad 

maximum of approximately seveTal hundred millirem per year persisted for several 

hundred days. Moat of the dose rate is attributable to the 137cs component Ce-

sium dominated over the entire post return period and would be of prime concern 

for populations returning to a contaminated environment years after a fission 

type initiating event. 

Figure 16 illustrates two possibilities for the Utirik dose equivalent 

rate resulting from the 65zn body burden history during the first three years 

65 post-return. The higher body burden resulted from use of the two measured Zn .... 
31 
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body burden meana for adult• on Utirik and th• obaerved Kg rate constant from 

Ronaelap, It va1 obeerved on llonaelap that .031% of 65zn was removed from the 

diet pathway each day in addition to radioactive decay. Additionally, reduction 

in dietary radioactivity on llongelap had been ob1erved for 137c1, 90sr, and 60co 

to be areater than that predicted by radioactive decay a lone. ln1tantaneous re-

duct ion fract ion1 very ·.•imilar to tho1e at longelap were observed at Ut ir ik for 

the 90sr, and 137ce nuclidea. 'lbe lower curve on Figure 16 reflects the dose 
•· 

equivalent, dose equivalent rate, and body burden which would have occurred had 

65 radioactive decay alone' accounted for the remval of Zn from the Utirik envi-

ronment. Since additi.onal' .. chanta .. could•be measured for other nuclides at 
.. 'j 

Utirik and for the 65zn nu~lide on a nearby atoll, the upper curve was chosen as 
.l '; 

th~ most likely body burden history for adult• poet return to Utirik Atoll. 

Figure 17 indicates the Utirik adult mean total body dose equivalent rate 

for each nuclide. An obvious difference relative to the Rongelap history 

. 65 137 exl.sts; Zn not Ca was the major nuclide contributing to th.e dose equivalent 

rate. Thia was due to the Utirik population returning 3 to 4 months after the 

initial contaminating event, and the Rongelap population returning after 3 

years. The age of the fallout had a dramatic influence on the importance of 

each nuclide contributing to the internal dose equivalent. In fact 60co and 

65 Zn played major roles during the first 3 years, a time interval that 

corresponded to the period during which field whole body counting facilities 

were being developed at Brookhaven National Laboratory and when medical examina-

tions for people on Utirik Atoll were not done. Additionally, pooled and/or in-

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

'nle impact of 65zn and 60eo was such that even if the least conservative rate 
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con1tant (11•0) va1 uaed for Zn, the do1e equivalent rate for the average 

adult waa in exce11 of Federal ladiation Council Guideline• for the first 2 

years followina the return to Utirik. 

Internal Do•• !9uival1nt1 

Di1inte1ration1 occurring in the total body of an individual during resi­

dence followina repatriation were determined by 1everal method1. Equation (3), 

together with per1onal body burden historie1 and atoll specific K1 rate con­

stants frOll Table 3, provided an initial estimate of disintegrations between con-

secutive body burden maaurements. 'lbe second •thod used was a log-log plot of 

the subject's body burden hiatory and an ali41braic determination of area between 

t1,o consecutive masured pointa. 'lbe third method used a linear plot of the 

sub)~r.t'1 body burden history. The area under the curve was cut and weighed and 

c01ll~ared to a standard weight of known area. Quality control procedures 

reGuired that all three methods aaree within ±10% before a subject was assigned 

his or her total body disintearations during residence post return. In general, 

the me thoda compared to with in ± 5% • 

After the total number of disintegrations occurring in a subject's body 

was assigned, they were apportioned among the body organs according to the fol-

lowing equation 

where 

f 2' t.A.B. Ct.C.D. + ln2/A) r • 1 1 1 1 1 1 

t.C.D.(t.A.B. + ln2/l) 
111 111 

' (5) 

~::. 
~-
-.~ 

~ 
F 

~-

- the fraction of total body disintegrations occurring in the organ of ~L 
l~~· 
(.: 

interest, ~ 

A. _ organ compartment deposition fraction for the element, 
1 
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Bi ! oqan ccmpartment biolo1ical half tim for the element, 

c. - total body compart•nt deposition fraction for the element, --1 

D. - total body cmpa rtment biological half time for the element, -1 -
' f 2 - fraction of the element from blood to organ of reference. --
Equation (5) , applied where 1igni ficant decay occurred at the deposit ion 

site, and not during tran1it or re-transit to the organ of interest. Values for 

compartment deposhion fractions'-:and compartment half times were obtained from 
! 
I 

Ki78. Values for ~he remaining~qlqntitiea were from ICIPS9. 

The do1e equ~valent1 to a 1pecific organ or the total body were determined 

by using the sourc~ to target dose equivalent per unit cumula-ted activity par~me-
t ~ 

tera from Ki78. ~ total tara~f,doae equivalent wa1 obtained by 1u11111ation of 
! 

the dolime tric contributio111"'·from all 1ource oraans. Several im~rtant modi f ica-
'. ~ 4 

tion1 to the general procedure w~rJ made in order to compute individual 
I .. , 

doaime tric results.: For. ta~h P*•on, the source to target dose equivalent per 
,) 

unit cumulated actiyity vas wei&h~d by the ratio of a standard man's body mass· 
.- -

relative to the actual mean body ~sa durina the interv~l for which the dose 
.. \ ' . ~ . 

equivalent vas determined. ln'.:~he :Jase of 137ca, the long term biological re-

moval rate constant for the Mar1halleae population va1 highly dependent upon 

body mass (Mi81). Appropriate modifications to Eq. (2), (3), and (5) were made 

t fl h . d d F' 11 f 90s d . . ' b 28% f h o re ect t 11 epen ence. i.na y, or r epoa1t1on in one, o t e 

source to tar1et dose equivalent per unit cumulated activity was assumed from 

cancellous bone and 72% from cortical bone. 

Figure 18 demonstrates the mean dose equivalent from 137cs for various age 

and sex groupings. nie residence interval was from 1957 to 1980 for this popula-

tion. The adolescents and persona above SO years of age in 1957 maintained the 

lowest dose equivalent. Persons who died during this period were not included 

• 
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in the fiaure nor were they included in any doaimetric diatributid'hs for any of 

the nuclide1. Thul all persona considered, regardless of initial age in 1957, 

experienced a 23 year exposure interval. 

Pi1ure 19 1how1 dote equivalent di1tributiona according to a1e and s~x for 

137c. amona the Ronaelapeae. The •hape or the_population dietribution was 

skewed with a mean of 1. 7 Rem and a maximum of 9 .• 0 Rem. Thus the maximum was 

S.3 times the mean value for 137cs on Rongelap. An examination of the subgroup 

distributions reveal• that persona who were infants at the time of rehabitation 

at Rongelap also were the recipient• of the hiaher do•~•· This was due to the 

combined effects of lower average body mass, a higher average ingestion rate, 

and mare rapid turnover of 137ca than that for adults or even children. nie pa-

rameter havina the 1r••t••t impact on the infant dose equivalent was borty mass. 

The standard deviation for the adult male distribution wa1 49% of the mean dose 

equivalent, for adult females 43Z of the mean dose equivalent, and for adoles-

cents 47%. Within a subgroup, the maximum observed dose equivalent was approxi-

mately twice the mean value for all distributions considered here. 

Figure 20 1how1 mean doae equivalents as a function of returning age 

65 groups for Zn on Rongelap. Adolescents, young adults, and adults 50 and up 

were the groups receiving lower total dose equivalents, while children and mid-

dle aged peraona received higher dose equivalents during the residence interval. 

Measured 
65

zn data for persons who were infants at the return date were not 

reported in the publications by Conard et al. 

Figure 21 shows the doaimetric distributions observed for members of the 

Rongelap population for 65zn. Again the population overall exhibited a skewed 

distribution of dose with a maximum value nearly three times the mean. Children 

demonstrated higher doses than persons who were adults during the entire 23 
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year periocl. The 1tandard deviation wa• in general 30% of the mean value for all age 

and •ex aubaroup diatributiona. Thi1 le11 pronounced variation may be due to 

the fact tbat 65zn mea1urement1 took place over a 3 year interval while 90sr 

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

homogeneoua population than were the longer lived nuclide&. 

· 22 23 d 23b · h 90s· -d • i 1 f F1gure1 and a an 1uaaar1ze t e r 01e equ1va ent resu ts or 

individual• at longelap. 

In thia analysis, only the ingestion pathway was considered important. 

Some radioactivity would enter the body via the resuapen•ion and direct inhala-

tion pathway1. It is known that for a given soil concentration of the stable 

naturally occurring analogs to the radionuclide• considered here, the ratios 

of food and fluid intake to blood relative to airborne intake to blood, are 

a1 follows: 

Co > 3000 Zn > 130 

Fe > SSO Sr > 10,000 

Ca > 400 

Thus, dietary intake of radioactive material i1 the principal pathway leading to 

internal deposition. This applies to most nuclidea in the environment, however, 

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

External Expo1ure 

A value of .73 rad• in tisaue of interest per rontgen, measured in air at 

one meter above the surface, waa used to convert exposure in air to absorbed dose 

in tissue. 'nle source was as1umed to be an exponential distribution of 137cs ac- f· 
tivity with depth in soil, typical of aged fallout (Be70). Because of the 

multidirectional nature of the source, variation of absorbed dose with depth of 

organ was minimal. Additionally, external doses were adjusted for living pat- ;; 
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tern v1ri•tlon1 1ince the atoll• pr•••nt a heteroaeneou1 eapoture rate environ-

ment (Gr77>. 

External expo1ure calculation• are ba1ed on Figure• 24 to 26 which were 

derived tram data li1ted in Cr56, Sh57, Un59, and Gr77. The area under straight 

line µortions of the curve wa1 determined by 

t 
( 6) .. 

where • 

l ! external expo1ure durina 1traight line interval, mR, 

R2 - expo1ure rate at the end of the i~erval, mllh-1, 

R\ -
-1 

expo1ure rate at the be1i.nnin1 of the interval, mRh , 

L2 - time post detonation at the end of interval, hours, 

tl - time po•t detonation at the beginnina of interval, hours, 

n - 1lope of a straight line. 

Data frOll 11 detonation• during May, June, and July of 1958 (Sh57) indicated a 

mean fallout depo1ition exponent of 18.8. 'lbi1 aean value was observed at 

Utirik, Ronaelap, Parry, and Wotho and was applied to early time post detonation 

of BRAVO to obtain the initial increaaing expo1ure rate history shown on 

Figures 24 and 26. 'lbis method yielded a fallout deposition period of 5.5 

hours on Ronaelap and 12 hours on Utirik. 'lbia time compares well with the 

original ob1ervations reported by the Marshallese and by U.S. Navy personnel 

stationed in the area (Sh57). Initial dose equi':'alents on "acute doses" 

are developed in greater detail in another report. 
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Fig. 24 Rongelap External Exposure Rate History 
Post Bravo 
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riaur• 25 d8110n1trate1 the external expo1ur• following the 1958 testing se-

rie1. Since return to Rongelap followed 3 year1 after the BRAVO contamination, 

thi1 series contributed in large part to the external exposure post return. 

SUMMARY 

The Ca1tle BRAVO shot of March 1954 caused the contamination of the 

inhabited atoll• Rongelap and Utirik. Evacuation from Rongelap connenced 50 

hou~• after detonation and from Utirik 55 hours after detonation. During June 

1954 and June 1957 the return of the Utirike1e and longelape1e occurred respec-

tively. Body burden data for do1imetrically significant nuclide• were obtained 
• 

throughout the residence interval poet return primarily by direct in vivo gamma 

apeclroscopy and by indirect radiochemical analysis of urine and blood. 
1 

The doaimetric models used in th.is analysis were representative of a 
' 

declining continuous uptake fegime. Dietary decline of radioactivity included 

radioactive decay of the source and a conglomerate of other factors which might 

have included increaaed use o·f imported foods and weathering of the source. Di-

etary loaa rate constants were estimated from sequential body burden data and 

were comparable for both atolls. 

Variation in body burden history data for a particular nuclide on a partic-

ular atoll was observed io whole body counting data and urine bioassay results. 

This was attributed principally to the statistical variation encountered when 

small group• are 1ampled from a heterogeneous group of body burdens in people, 

and in the case of urine bioassay additional variation was introduced during the 

laboratory analysis of samples. 

Daily activity ingestion rates were determined for all measured 

radionuclides. In general, infants, children, and adults between 20 and 40 
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year• of aa~ in1e1ted more activity each day than did adolescents and persons 

greater than 40 years of age. Maximum deviation from the average value of the 

daily activity ingestion rate for members of an age 1ubgroup was no great~r than 

a factor of 3. However, the population distributions illustrated a maximum fac-

tor of 5 times the mean activity ingestion rate value. 

Dose equivalent rates poRt return were determined for members from both 

atolls. For Rongelap Atoll, thl' residents received approximately 100 to 200 

mRem per year during the f irRt 5000 days post return from internal emitters. 

""" · · 1 · b · t · 1 
137c ~ne pr1nc1pa contr1 uting nuc l<e wnR s. For Utirik Atoll, the residents 

received up to 15 Rem per year during the first 400 days post return. The major 

. b . l 'd 6 5z d 60 contr1 ut1ng nuc 1 es were n nn Co. Dose equivalent rates to the 

Utirikete frQll internal emitters fell below 500 mRem per year at approximately 

1200 day,e·post return. 

Tbe dose equivalent for 1population subgroups and for individuals was deter-

mined. T.Ole 6 su1111arizes the results for the total body, thyroid, red marrow, 

testes, ovaries, lower large intestine wall, and liver. The catenary compare-

ment model of Bernard and Kayes (Ber70) wa1 u1ed to determine doses to various 

segments of the gastrointestinal tract. The Utirikese received significantly 

d • • d f 65 60c d 55 . a>re ra 1at1on ose ram Zn, o, an Fe than did the Rongelapese because 

of short aean residence times of these nuclide& in the environment. 90sr doses 

137 to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater than 

doses received by persons at Utirik. This occurred even though Utirik residents 

returned to their atoll J years earlier and somewhat reflects the degree 

to which Utirik was less contaminated than Rongelap. 
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Nuclide 

90sr 
" 55re 

t31cs 
. 60co 

6'izn 
Internal 
External 
Total 

90r,t" 
55fe 

1:3 7 •.:. 
611 ~0 
6'.:i·~n. 

Inc. ·nal 
Extet"n&l 
Tot.:.i 

90sr 
55re 
137c8 
60co 
65zn 

Internal 
External 
Total 

Utirik 
Adultl 

.012 

.033 
1.1 

.51 
13. 
14. 
3.2 

17. 

Table 6 

Chronic Phase 
Do1e Equivalent Sumaary, Rem 

Total Body 

Rongelap Ut irik 
Adults Adult! 

.027 .00075 

.023 .059 
1.7 1.6 

.014 .36 

.076 11. 
1.9 13. 
2.0 3.2 
3.9 • 16. 

Thyi-oid 

Rongelap 
Adults 

.0017 

.042 
2.4 

.010 

.067 
2.5 
2.0 
4.5 

Red Harrow Testes-ovaries 

.OS4 
,060 

1.7 
.63 

17. 
20. 
3.2 

23. 

.12 

.042 
2.6 

.018 
• 10 

2,9 
2.0 
4.9 

Lower Large 
Intestine Wall 

• 23 
.067 
.59 

4.7 
15. 
21. 
3.2 

24. 

.51 

.047 

.90 

.13 

.091 
1.7 
2.0 
3.8 
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• 
.00075-.00075 

.058-.062 
1.5-1.7 
.44-1.8 
11.-16 • 
13 .-20. 

3.2 
17.-23. 

.00067 

.12 
1.8 

.79 
17. 
19. 
3.2 

22. 

.0011-.0011 
.074-.043 
2.3-2.6 

0.12-.050 
.069-.099 
2.5-2.8 

-2.0 
4.5-4.8 

Liver 

.0015 

.080 
2.7 

.022 

.14 
3.0 
2.0 
5.0 
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