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Lwc Reasnwssmeut for Populations On Rwwlap and Utlrik foil(jwing exposi~r(’ LO
fallout from the fdW’O iwidwt (March 1, 1954).

Introduction:

Incidence of lhyr~’id nodu~es, beni~n and malignant, in the expobed populations
of Utirik and Rongulap has indicated critical differences in correspondence between
rwdule incidence ond tt~yruid dose for the populations (Table 1). The estimated
external dose ruceivt!d from the time fallout began to the time of evacuation shows
ttl~t the Rongelap populucion received an external dose (175 rads) which was ubout
~1 times that fur ti]e Utirik population (14 rads), and the thyroid dose was iab(~uc
10 times larger, whereas the incidence of thyroid nodules in the two populations
wure not significantly dllierent.

A preliminary study has indicated that the critical area of Investigation that
could shed light is the period during fallout and evacuation for both the islands.
In addition, the fact chat the Utirik population returned within 120 days folluvtng
evacuation, whereas tl~e Rongelap population returned only afte~ three years~ req~lires
that we look closely at the Utirik popuiat~on in L=i~ts of a longer exposure period,
bu~h internal and external. Further studies wouM, therefore, have to concentrate
un the reexamination oi all ava$labie data Ih reports issued by various agencies
wring that period, consultations with scientific personnel Involved at chat time,
identifying the areas of uncertainty, and uelng appropriate computer programs co
analyze the diata. The end result will enable us to look for correlations between
the incidence of thyroid nodules ana the reassessed dose estimates.

Q#==:

To examine the external and internal dose estimates co the Rongelap and Utirfk
populations following the “Bravo” test in order to:

a. increase the confidence in the reported values
b. test the hypochesfs that radiation effects can be translated

into meaningful dose estimates
c. look for correlatiorlship between the thyroid cancer cases and the

reassessment dose estimates (If any),

Method of Study:
.-

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

a.
b.
c*

●s:

Weapon Test (~)
Naval Research Defense Laboratory (NRDL) Reports
Reports frm various other laboratories (University of Washington, etc).

2. Personnel Contdccs: Efforts will be made to contact as many of the scientists
and technical ptrsons, who were involved in the early years for information
on measurement techniques and analytical procedures.
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3,

4.

5.

USQ 01 iilu badii~ data at Rongertk to quantify the fallout building curve-
upe~opa anddomrnlope, and to extrapolate t,hia information to Rongelap and
Utirik, --

Detetmtne the b/v ratio ad thus evaluate the contrih~tion ot’ 8 dost’ in
estimating the y depth dose; for example, the B activity dose due to
Neptunium-239.

Plot all the available data on external radiation and determine decay factors.
The question to be raised will be: Do the data res~lt in a curve similar to
the estf~tes T-105 relationship, or doeti it e,xhibit different values, such
as T-0083, T-102 due to weathering or other factors?

6.. Examine the question on internal dose estimations from, urine analysis$
““ food ingestion, inhalation and data from animal studies. In thig ~JrOCUSS all

7,

8.

available intormat~on on diet and lifestyle would bc compiled so”as to dcrlve
realistic dose estimates from external and internal sources.

Ihtamine ocher studie~ done elsewhere on
Y

e thyroid nodules, for example; Khc

Chicago Group Study, and also the use of 291 to determine the early thyroid

doses , Histor+ samples collected soon after fallout will be used in determin-
ing the 12% concentrations. In addition, 99Tc would aluo be determined since
it is known to be retained in the
glands wuld also be studied for

~!~yroid gland. If possible, excised thyroid ,
I concentrations.

Use a “state-of-the-art” compuLer simulation program to determine the transport
and deposition of radioactive fallout following the BRAVO test. This study
should give:

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

b. de osztion isopleths for the aforementioned fission products, plus
23#Jp/239PU %f 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 ground deposited fallout.

Status of Study:

10 External Radiation Measurement

a. Figqre 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 ft. These plots will be further examined when results
from Item 8 above will be received.
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3/1/s4

3/2/54

● ✎

3/4/54

3/8/ 54

3/9/54
3/1s/54

I 7/1/s4
! 2/1/S5
! 6/1/54
<

6/1/55
2/1/56
7/1/54

3/15/54
To

a
6/1/54

‘ To
a

Table ~

Dose Rtitt!% Consequent To The “Bravo” Shot, March 1, 1954

Y + Hours

U+l
I’l+zz
H+24

H+28
H+36
H+55

H+78

H+28
To

H+78 1
H+90
~168

H+192
H+336

H+2160
H+2880
H+8088
H+2160

To
H+10928 1
H+16848
11+2880

To
H+looooo 1
E+190000

F

u I

1
H+2160 -

To
n-.

Utirik - 300 miles

Dose Race (mR/hr’wr~

340

350

110

from G?

Total Dose (R) ComuenC9

14

90J6

●

40

0.14

0.05

0.004

Fallout begins
extrapolated

End of fallout
Evacuation
started
Evacuation’
completed

Based on plot
of data

Decay curve
followsT-1”2

Decay curve
follows T-L”3
Return to Utirik
Return to Ucirik

5

3*io Based on plot
of data
BtW data
Sept 1976

Decay curve
follows T-1*4

17

[

I

I
1

Reference

1,2 ,
4

1,2 :
1,2

1*2

5

1
1
1
1

3

4

3

5

1

4

,1

4
—
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1. Joint Committ@e Report: U. S. Congress, 1957, Pga. 173, 174, 192, 198,
222, 224,

2. Glasctone: The Ef(ucts of Nuclear Weupons, 1957, pgs. 424, 426. Figures
12.106, 12.107, 12.1OH, p&S. 43?., 433.

3. Report: USAEC, pgso 206, 207s

4. Dr. Harley’s Letter of October 27, lY76 to Dr. Conard.

5. Plot of All Available Data - Figures I 6 II.

6. Dunning, G. PI., April 1958, vol. 19, #12, pg. 115? Industrial ~y~iene
Journal.

o

7. University of Washington Data, September 1959.
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a, All avai]able reports concerning fallout on Aflinginav, liongelap,
Xongerik and Utir~k huve been examined and pertinent li]ftirmation
has been collated into onu locatlon, The data collucted concerns
external radiation measuwnentso radionucllde concentrations iII
soil~ watero vegetation animals and food items. In addition,
●fforts are being made to collect information on whole body
analysis and biuastiay samples.

b. A recent diet and lifestyle study completed in November 1978 will
provide a firm basis to estimate internal and external doses.

3’1291 study

a. liistorlc samples cvllected by University of Washington during the
period 1954-1974 have been analyzed for 1291 (Table 4)0 These

samples are also being analyzed for ‘%c. Infomtion froa Item 8
(Methods of Study) will be required to correlate the findings-
Additional samples from these areas (Rongelap, Ronerik,. Utirik)
will be analysed for 1291 and 99Tc if required. In addition, we
are exploring the possibility of analyzing “Bikini-ash’’*he fal~out
that settled on “Tl\eLucky Dragon’t. This sample should provide the
most accurate description of the fallout.

4. %tate-of-the-Arc’ Computer Si&ulation

a. All available data pertaining to meteorological conditions before,
during and after the BRAVOtest have been collected and transmitted
to Lawrence Livermore Laboratory for the computer analysis. These
results should be available by FebruV/Mrch 1979*

b. A recent Marshall Islands Radiological survey completed in
December 1976 should provide iso-dose lines for recent times. Cora-
parlson of the two plots should be very valuable in assessing 1954
observations.

50 Discussions are being continued with the scientists and technical people who
weze involved during Operation Castle.
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A RECONSTRUCTIONOF CHRONICDOSE EQUIVALENTSFOR RON(;KLAP

AND UTIRIK RESIDENTS- 1954 TO 1980

E. T, Lesaard, N. A. Greenhousef R, P. Miltenberger

.
.

ABSTRACT
● ✎

From June 1946 to August 19581 the U.S. Department of Defense Md Atomic

Energy C~iosion conducted nuclear weapons tests in the Northern Marshall

Islands. BRAVO,an aboveground test in the.Castle seriesj resulted in

radioactive fallout contaminating Rongelau and Utirik Atolls. On March 3,
●

1954, the inhabitants of these atolls were relocated until radiation exposure I

rates declined to acceptable levels. Environmental and personnel radiological

monitoring programa were begun in the mid 1950’s by Erookhaven National Labora-

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

Federal Radiation 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 Subsroupe of the population are also described.

iii

IV.,
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INTRODUCTION

On March 1, 19S4, ●t Bikini Atoll, BRAVO,

tests in the Castle series, was detonated. The

the first of six nuclonr wenpons

BRAVOdevice caused sltbstantial

surface contamination on inhabited atolls Within ● 2?000 square utile area.

contaminated region was cigar shaped and included Ailinginae? Rongelap,

Rongerik, ●nd Utirik Atolls which lsy east of ground zero at distances from

to 300 miles. The fallout on Rongelap, initially visible at H+6 hours, had

thinned out to the extent that it van no longer seen at H+1O hours (G162).

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

The

60

of

Sifo island, Ailinginae Atoll, were evacuated. On Merch 3 afld 4, evacuation of

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

least once every yeer from 1957 to the present, a Brookhaven National Laboratory
Q

medical teem, organized by the Department of Defense and by the Atomic Energy

Co~ission and its successor organizations? has provided medical examinations to

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

clear testing programt plus a comparison population Reports of their findings

are given in Cr56r C058, C059$ co60j C062? co63~ C065) C067, C070, C075, and

C080 .

The Utirikese 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 10V level of external radiation exposure measured after the initial

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

examined by ●’ Brookhuven medical team until March! 1957! when 144 people re-

ceived comprehensive physical examinations. Following the 1957, medical survey,

two men, removed

Argonne National

from Utirik for medical reasons, were whole body counted at

Laboratory and provided urine samples for radiochemical anal-

1

..



——. —

ysis of J37CS. Four porsom visited Argonne from Rongelap and, in addition,

137c~
pooled urine s~les from both ●tolls were a-lyzed radiochemically for

and ‘“Sr. Subsequent Brooklmven National Laboratory expedition by wmbers of

the Medical Department and Safety and Environmental Protection Division utilized

whole body counting ●nd radiochemical analysis of urine and blood samples to

identify ●nd quantify the radionuclides that were, present in the body. The re-

sults of these radiological measurements are given in terms of body burden in
● .

Tablea 1 and 2. Throughout this paper the units of quantities are S1 derived
●

●nd those which ●re ●ccepted for use with the S1 for the time being, ‘ThUSboth

the Curie ●nd the Becquerel may be used 88 units for the quantity activity.
@

The aforementioned body burden tables illustrate adult mean values for

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

of ●~e. The mean body mass in this age interval was 60 kilograms. The observed -c

body mass versus ●ge distribution is shown in Figure 1 for Rongelap residents..,

The same body mess versus ●~,e distribution was observed at Utirik.

Because of the paucity of measurements

6S2n~ ●nd
55

Fe was in some instancee derived

burdens between Rongelap and Utirik. A mean

burdens for 65Zn, 90Sr, and 137C. after they

60C0
at Utirikt information on ?

from the ratio of adult mean body .&.
&

ratio of 2.6 was observed in body
~.

reached their maximum values. The

standard

h

tervalst

deviation of this ratio was 1S%.

the following ●nalysis, personal
.-

in conjunction with contemporary

body burden histories and residence in-

dosimetric models, are used to esti-
Z

*-..2.

mate internal dose. Dosimetric distributions were constructed from the results .
%

. s
and a suumary of the derived activity ingestion rates and dose equivalents was y

*.
:,..

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

history curves were constructed for each atoll for the period following the %
.-::
,..;-%
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60ti 1,9s10-5
1.OXJO-2
2.5C1O-3

6sZn 6,hi0-2
4.Jx10-I
6.2X1O-I
9$5X10-2

55?0 4.3s10-1

90Sr 1.9X104
3.7X1O-3
5.7XI0-3
3.71rlo-3
O.SII1O-3
7.9110-3
2JX1O-J
3.9S1O-J
4.lxlo-J
1.3X1O-3
3.1s10-3
2.0EIO-3
6.6x10-3
3.3110-3
4.6s10-3
6.3s10+

‘37C0 1.4x10-2
@.7xlo-l
7.9s10-1
9.SX1O-1 .-
9.WO-1
4.8XI0-1
3.oItlo-l
1.8XI0-J

21

m
11
24

[;
II
12
Ii
11
8
t
5
4
io
23
24

[,7810-5
l.hio-j
200s10-3

I08X10-2
J.#xiO-l
5.oalo-i
4*58J0-Z

4.oalo-i

1.4XI04
2,0s10-3
3.5X1O-3
i.6s10-3
7.9Bio-3
?.4Bio-3
4.6s10-3
3.lXIO-3
3.3s10-3
3.3X1O-3
2AX10-3
iAS1O-?
4.2s10-3
1.7s10-3

M
4.6siO+

8.4X1O-3
S.2X1O-L
6.1X1O-L
4.7xio-l
4.9xio-l
l.oxio-i
I09X10-L
i.sxio-i

M
37
4$

NA
la
27
13

12

NA

4
16
4
13

1;
Ii
i3
li
7
7
7
4
0

19

2.3s10-$
?.oxio-J
Z.2gi0-3

k,ialo-z
6.ixio-i
5.6s10-1
9.0aiO-2

~.isio-l

i.7xio-4
3!4xio-3
4.SK1O-J
3.oxio-3
O.4X1O-3
7.7110-3
3,7xio-J
3.ss10-3
3.6si0-3
2.5x10-3
3.OXIO-3
1.6xi0-3
4.IX1O-J
2.0110-3

S,5:04

1.1 X1O-2
6.8zi0-1
$.7X1O-L
6.7xi0-l
6.hiO-i
3.9xio-i
2.5s10-i
I.7X1O-L

u I
● illo

& 203i

‘U 1
U 304
59 639
6i 1310

60 &626

m i
15 104
40 639
i3 i370
25 2ioo
is 2466
24 3!6i
22 3927
24 6192
19 46$7
i5 5022
12 53M
i] 5753
14 6ii8
m 7579
43 8097

m i
304

2 639
1170

$ 283i
46 6118
51 7211
37 8097

U ■ Notwailoble

““●
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Adult M818C
*

It ?Wloc Multa
8ody mmbct hdar 2odY ~**r Dsyo POOt

&rd.n of &rOon of Burden of Rtturn
uCi Poroon4 Uct PeroonQ UCi Pcraorw DeY8

-‘co ●

4.!2XI0-3 3.lalo-J 3.ss10-3 246k

9. ?do~

.

2 7, 6810+ ●

8.7 XI0-4 3924

h:
!0 I. SSIO-1*

.

2.7XI0-I 1;
;D J.7X1O-2

-
1.6810-1
3.3X1O-2

Is 2.1s10-1
3.hlo-2

29

1 .5f*
!D 1*7X1O-1 1.681O-J 1.6810-1 6116

-“-
~ojc

>1 1.4810-3
1.2s10-3

I i . 5X30+

i 137C,

I 4.1110-1
2.9110-1
2.6X1O-1

t 1.2X1O-J
6.ti10-2

s
5
12
16

u
15
9
27
19

Z.481O-J
1.3X1O-3

1●s:o~

2*7X1O-J
2*OX1O-1
I*3S1O-J
7.8s10-2
&3XIO-2

21.
17

1.7s10-3
1.3X1O-3

1●5!!0=+

3*3X1O-1
2.SX1O-1
1.8810-1
1.OX1O-J
S.381O-2

7

11
24
31

M
30
22
48
36

llxt
7213

.-

8669
9225

!

1004
1734
7213

8309
9225

-.
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BMVO test. Thes. data? together with ●ppropriate conversion factors and living

pattern models, provided an estimate of external dose equivalent.

Exponentially declining activity concentrations have been observed in sur-

face soil for
137 ~s, 1291, and 90 Sr from 1954 to the present on Rongelap

,.

and Utirik Atolls. Declining activity concentration have also been observed

in vegetation at a rate greater than that predicted by radioactive decay.

Thu; exponential decline in dietary ●ctivity was assumed ad the foiiowiw
●

general equations were derived.

.

or

and

-(~+KE)t + (~+KE) e.-
-( Ki+A)t

Xi Ki-KE -(~+Ki) e
D = fl~Po z —t (KE+A) (Ki+k) ~i Ki-KE

+ qo Ei # ll-e-(X’Ki)tJ,

i

(1)

(2)

(3)

where



.-

,, .,

time post onset of uptake, days,

instutaneous fraction of atoms decaying per unit tima, day -1

initial atom ingestion rate? atoms day-~,

in8tantaneoua

physiological

compartment i

the number of

fraction of atoms removed from compartment i by

mechanisms day -1,

deposition fraction,

●toms in compartment i relative to the number in all
/

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

instantaneous urine activity concentration Bq L-l,

.ubject urine excretion rate, & day-l,

fraction from CI tract to blood,

fraction excreted by the urin; pathway?
t

instantaneous fraction of stoma removed or added to the atom uptake

per unit time, day ‘1, due to factora other than radioactive decay,

instantaneous body burden, Bq,

body burden at the oneet of uptake, Bqp

the number of disintegrations in all compartments occurring during

:he uptake interval, Bq days.

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

lution inti~ral. At some variable time, T, defined during a fixed uptake

.
interval, T, the daily activity ingestion rate crossing the gastrointestinal.

tract to blood is given by

AflPoe
-(kE+A)T

*

..
●
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The whol~ body retention ●t say time t_T of ths fraction of initial radioactivity ‘:

inputed ●t tin Twi8

Thust the instantaneous

dT ia

~ ~ ~-(~+Ki)(t~)
ii

●

activity ● time t+ that remains following input during ~

● ✎

It follows that the instantaneous ●ctivity at time t- that remains following

input during T is

●

-(KE+k h ‘( A+Ki)(t~)
J“T AfLPoe Zixii d? .

0 Q

The sohchm of the integral yields ● gener-1 expression that depends on

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

additional fixed post uptah ~nterval~ g? then the body burden at T + ~ is

given by

-(A+KE)T - e-(i+Ki)T ~ e-(~+lti) ~
lP”fl XiXi (e ●

Ki - ICE

As previously stated, Eq. (2) ●pplied at Rongelap ●nd Utirik, it was

for the situation that variable time t was the uptake interval. Additionally, .

persons who returned to the ●tolls 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 q“ te= of Eq. (2)0 A similar umdel was used to relate

8
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urine ●ctivity concentration to body burden. Equation 3 wan obtained by

integrating Eq. .f2).

Equations (1) ●nd (2) were used to determine the instantaneous fraction of

atoms removed or added to the atom uptake per unit time? i$, 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 RonSelap or Utirik Atoll,

If the mean residence time in the diet is

dence interval, then constant continuous uptake

(2) can be converted,to the constant continuous
●

much much longer than the resi-

is achieved.. Equations (1) and

equations by replacing KE with

-i ● Single uptake e~ressions are obtained by setting ~ equal to zero. In
c

some cases only radioactive decay may remove the nuclide from dietary item; for

these casea
%

wald equal zero, In the case of the former Bikini residents,

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

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

tive value. In the case of Rorqelap and Utirik, KE was “found to have a positive

137 65 60 90
value for Cs , Zn, Co, ●nd Sr. This indicated that in addition to

radioactive decay? some other removal mechanism decreased the radioactivity in

dietary iteme during the residence interval. For the nuclide
55Fe, only one mea-

.-

surement was published by the BNL Hedical Program (Be72); thus an estimate of. %“
.

was

w.

not possible.

KE was determined 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

“e 9
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rate fr- the equctiono This method yields n-1 estimates of Kg where n was

the tumber o~dats point8* An average value of $ was ●aaignod for each nu-

clidet ●nd the results for the Rongelap and Utirik populations are given Ln
?

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

. physiological parameters were obtained from the open literature (ICRP59! ICRp68?

IcRP69, ICRP79, Ki78). A representative sample of these parameters is presented

I

I

!

in Table 4.

Table 3

Sumry of Dietary Rate Constants (K-, d-l)

60C0 90~ 65Z i37c

●

Rmgelap Mults

3.1X10-3
-4

Males 1,5X10-3 1.8x104 1 ●4X1O

4 -3
Female@ 1.6x10-3 4.1X1O 3*5X1O 1.4X10-4

3.1X10-3
-4

Adult@ 1.5X10-3 1.9X10+ 1.4X1O

Utirik Mults
“4 -4

N.D. 4.6x1O N.D. 1 .4X1O
Males

-4 1 .4X1O
-4

Females N.D. 4.OX1O N.D.

4 1. 4X1O
-4

Adults N.D. 4.2x1O N.D.

I

I N.D. 5 No data sufficient for analysis.

I
+; value* of ~ were similar for males and females and for residents of

.
I 90,.

Rangelap ●nd Utirik. For Sr on Rongelap a factor of 2 difference between ~

d.
values was obsenred for males and females.

The female parameter for Rongelap

Atoll ccxapares 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.
This difference leads to a

15\
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0.35

O*2O

0.2s

0.05
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bimodal ●ctivity ingestion rate distribution for 90
Sr in the Rongelap popula-

t ion,

Data for 6*C0 ●nd
65

Zn were not sufficient for analysls for the Utirik

Atoll residents. Valuco for KE observed ●t Rongelap were assigned to Utirik

males and females and body burden histories for population subgroups were

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

adult body burdens for

This,method provides ●

provides a body burden

●~l significant nuclides studied on Rongelap and Utirik.

best fit of the data shown in Figures 2 through 6, and

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 fitt

The curves shown for 55
? e in Figures 7 and 8 were obtained

equal to zero, This underestimated the initial body burdens and

future ones. Since 55 Fe contributed less than 1.0% to the total
*

lent, an arbitra~ assignment o$$E based on observed Values for

by setting KE

overestimated

dose equiva-

the other nu-

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

55
obtained fra Rongelap and Utirik (COTS). Analysis for Fe has yet to be

A recalculation of
55Fe

reported.

equivalent rates will be conducted

body burden and its impact on early dose

when the data is made available. A substan-

tial change in tose equivalent is not to be expected.

Figure 4 ●nd Figure 6 illustrate the obsewed adult histories of
90

Sr and

137
Cs mean urine ●ctivity concentrations. Mean values for adult males or all

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

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

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

tional variations. On the basis of this observation for
137

Cs, a smooth body

17
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burden curve for 9*8E, reconstructed from raw data

more sccurcte histogy. A detailed pre8entatiott of

radiochemical ●nalysis of urine versus direct body

found in Mi81.

~igure 9 illustrates the variation exhibited

●nd Eq, 1, was considered a

the greater variation in

burden measurement can be

in the body burden of 5 ..

randomly chosen subjects over the 25 year monitoring period. These individual ..

variations may have had a dr~~tic impact on the mean data. In Figure 2, which

illustrates the ●dult male? ●dult fe=le? and adult population mean
137 Cs body

burden for the 25 year exposure period, a decreaae

seen during the years 1958 through 1963. Although
o

tially contaminated Rongelap in Harch !954, it had
●

Hardtack Phase I ssries ●dded to this an amount of

followed by an i~crease was

the Castle BRAVO test ini-

been proposed that the

contamination equal to that t

responsible for the Figure 2 body burden p8ttern [COGS)- Fiipre 9 suggests that

most individuals counted in those years had body burdens which remained the same -

or declined; hweverl one individual’s burden

differently from the others. Sweral factors

variation from the mean such as departure and

dietary contribution of imported foods, etc.

(#881 M) rose and fell quite

could have contributed to this
~f

return to the atoll, sickness, the

Since the mean values are based

on small numbers of persons who were chosen at random, it is conceivable that in-

dividual like 081 H inf~uenced 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-
4

uals were not umnitored consistently throughout their residence interwals except

in the few cases exhibited in Figure 9.

20
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RESULTS MD DISCUSSION

Dsily Activity Ingestion Rstes

Daily activity ingestion rateo were calculated for dosimetrically signifi-

cant nuclides post return, An exponential decline was proposed for the inges-

tion rate within ● population subgroup and initial reference values are given in

Figures 10 through 14 (June 1, 1957, was assigned as ● return date to Rongelap).

Figure 10 demonstrates the difference. in ingestion of
137

Ca for various popula-

tiofisubgroups. This undulating pattern waa exhibited by
137 90

Cs, Sr, and
65

Zn,

nuclides for which sufficient data existed for ●nalysis.

Differences in ingestion rates of the ~~able element at the same geo-

graphic location have been shown to occur among members of a popu~ation (ICRP

23). Age dependent diet studies for ingestion of Cs for urban Japan have values ‘

-1 -1varying fra 11 pg d for ●dults to 8.6 pg d for children. Sr in a western

-f
type diet rose fra 600 Mg d for infants to 690 pg d-l for S year olds to

3,600 Vg d-l for ~ year olda and fell to a mean of 1,900 pg d
-1.

for adults. Zn

in the United Kingdca rose from 2 to 40 mg d-l, the higher value of Zn being

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

mm at ●ge 3 and maxima ●t age~ 1 and 20 yearg. Co is ingested at a rate of 20

-1
~g d for Japanese adults and half this amount for children. The Marshallese

.-
population ●lso exhibits dietary changes as a function of age. The authors of

the Xarshall Islands Diet ●nd Living pattern Study (Na80) obsewed coconut sap ‘:

being used ●s a major food supplement for infants, and later in adult life as a ~

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

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

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

. 22
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Figure 11 shws the individual dattr calculated for 137CS for ●ll Rongelap

residmtts and is referenced to June l) 1957* The individual maximum
137

Cs daily

●ctivity ingestion rate was ●pproximately 4 time. the population mean value,

‘f’he standard deviation observed for the adult ●ctivity ingestion rate distribut-

ion was 41% of the mean value? 39% of the mean value for young adults, 48% for

adolescents?38% for children~ and 54% for infants, Adolescents and infants

exnibiteda broader distributionthan adulta}while children showed a fractional

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

VC?SUS coconut sap supplements would have contributed to the great~r variation

ob$etved in infants. Adolescentsand youn~ ●dults were the population subgroups

wb:ch have been obaetved to move frequently between atolls. This mobility would

lc~d to greater variations in the daily activity ingestion rate: relative to

those observed in the more stationary population subgroups.
.

Figure 12 also exhibited q wave pattern; however, a distinct differencebe-

tween uusles●nd femaleswas indicated. This difference arose from the use ef

vaiuea for ~ listed in Table 3 which were derived from urine data for male and

fe=le residents at Rongelap Atoll. Its major impact was on the dose equivalent

rate, not on the total dose equivalent; and its effect was to cause the dose

equivalent rate for males to rise and decline more rapidly than for females.
.-

Figures 13a and 13b su=arize the individual data for
90 Sr for all

Rongelap residents and were referencedto June 1, 1957. A bi.modalshape was

observed for the distributionswhich containedboth sexesl again reflectingthe

difference in the 90
Sr dietary rate constants. Data from urine bioassay

indicated that the observed differencebetween the male and female values for KE

was not significant. A t-test was performed for consecutiveurine measurement

data during the 23 year residence interval. The results indicate that because

28



of urine ●ctivity concentration variability, there was a 60% probability that

1
the male value for- 5 would be different from the female v81ue by the factor

observed~ Thus difference in the derived activity ingestion rates and dose

equivalents were not significant.

Figure 14 shows a semi-log plot of the
65

Zn and
137

Ce activity ingestion

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

137
the appearance of an increasing Cs ingestion rate

the possibilityof another contaminatingevent. The

conducted just prior to the obsetwed increase in the

during the 1960’s indicated

Hardtack Phase 1 series waa

curve and fallout from the

Cactus, Yellow Wood, and Hickory experimentsdetonated at Bikini and Enewetak

would have reached Rongelap, However, sederal observations fail to support the

f
conclusion that recontamination was significant. These are as fnllows: 1) the

increase in 137 Cs ingestion rate was not in conjunction with an increase of

65
Zn; however, since

65 Zn is an activation product it may have not been produced

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

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

burden at Bmgelap followed six years after the potentially contaminating experi-

ments of the Hardtack series in 19S8. 3) The activity ingestion rate at Utirik

demonstratedg continuouslydeclining pattern versus the humped pattern observed

at Rongelap. This occurred even though there was an equal external exposure ~1-X,,
-.

rate history folLowing the Hardtack series as measured by the U.S* Public Health .
. .
.A
.

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 influencingthe Rongelap body burden patterns. Thus it is

‘postulatedthat body burden variationswere caused by travel away from the atoll

29 .:
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or .icknass ●nd otlp~,,factopt Re~ard Ies$ of ,@e caust of individual differ-

ences from the -n? s moo$~,,deccription of th@ body burden a“nd activity inges-

tion rate for the populatiocj could be adopted. On this ba8is a declining contin-

uous uptake model was used.

Internal Mae Equivalent R8te ~

The ●pproximate insta~t~neouc dose equivalent rates for the total body

were determined frcm the bod~l burden data illustrated in Figures 7 and 8 and

f;b the following equation,, ,.

(4)

where r ●

ii= the total body doq~,e~uivalent rate, mRemy-l,

15 equilibriumdose,e~iv:lent rate to the total body per unit body

burden, mliem.yO!,#&-l,l

q= instanteous body bungden$ UCi.

! .,
The approximate natu~k:of the estimate

radioactive stoma were disttiibutedamong the

was due to the assumption that the

body tissues as they would be fol-

,-

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

90
residence time for the’ total body. In the case of Sr, 86% of equilibrium was

assumed. These ●ssumptions 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 ICRF59 and corrected for body mass differences.
-.

..

30

‘4:.



—-

$ Table 5

Total Body Equilibrium Do- Equivalent Rata
per Unit Body 13urden

Lt

mRSmy-l ~Ci-l

~~Fe 2 x 10°

60m
6 X 102

27

65Zn 1 x 102
30 “

9M0Sr 3 x 102
●

ycls ● 2 x 102

Figure 15 illustrates ths relative contribution to the c~posite dose

equivalent rate for each dosi
T

trically significant inter~lly deposited nU-

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

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

6 months (Co80b) . me cmposite dose equivalent rate indicated that a broad

maximum of approximately sevezal hundred millirem per year persisted for several

Mot of the dose rate is attributable to the
137

hundred days. Cs 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 illustratestwo possibilities for the Utirik dose equivalent

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

The higher body burden resulted from use of the two measured
65zn

post-return.

“e
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body burden means for ●dults on Utirik and the observed ICE rste constant from

Uongelap. It wa$ ~bserved on Rongelap that ●031% of 65Zn was removed from the

diet pathway each day in ●ddition to radioactive decay, Additionally? reduction

137 9Q~r and 60C0
in dietary radioactivity on Rongelap had been observed for C*, 1

to be greater than that predicted by radioactive decay alone. Instantaneous re-

duction fractions very’similar to those at ilongelap were observed at Utirik for

the 90Sr, ●nd
137 Cs nuclides. me lower curve on

equivalent? dose equivalent ratet and body burden

radioactive decay alone’ accounted for the removal

Figure 16 reflects the dose

which would have occurredhad

of 6’Zn from the Utirik envi-

ronment, Since additional- chanisms could*be measured for other nuclides at
‘.‘1

Utirik and for the
65

Zn nucl,ide on a nearb’y atoll, the upper curve was chosen as,,
9

the most likely body burden history for adults post 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
exists; Zn not Cs waa the major nuclide contributing to the dose equivalent

rate. This 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 influenceon the importanceof

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

65Zn 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.

The impact of 65
Zn and

60
Co was such that even if the least conservativerate
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constant (XB4) WM wed for

.—

Zn, the dose equivalent rate for the ●verage

.

adult was in excosa’ of Federal Radiation Council Guidelines for the first 2

years following the return to Utirik.

Internal Dose Muivalents

Di8integrationo occurrins in the total body of an individual during resi-

dence following repatriation were determined by severalmethods. Equation (3),

together with personal ~dy burden hietories and ●toll specific KE rate COn-

atants fr~ Table 3P prwided ●n initial estimate of disintegrations between con-

secutive body burden maaaureaents. The second mthod used was a log-log plot of

the subject’s body burden history

CJO consecutive measured points.

and an al~braic determination of area between

The third method used a linear plot of the

subj~ct’s body burden history. The area under the curve was cut and weighed and Q

com-ared to a standard weight of known area. Quality control procedures

required that all three methods agree within *1O% before a subject was assigned

his or her total body disintegrations during residence post re~rnc In genera~~

the methods compared to within 25%. ~.
?;

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
.-

f’ ~.A. B. (ZiCiDi + ln2/1)
~= 2111

X iCiDi(ZiAiBi + ln2/~) ‘
...

>7-

@

(5) g
:.>....-.
..

where
:?.>L.
iij

F: the fractionof total body disintegrations occurring in the organ of ~~.

interest,
“-...r-.,.

s organ canparfment deposition fraction for the elementl
>

Ai
..-~.
i.
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Bi 3 organ capartment biological half tiae for tho ●lement,

Ci 5 cots 1 body compartment depas it ion fraction for the element,

Di 5 total body compartment bio108ical half time for the element,

f; 5 fraction of the element from blood to orgsn of reference.

Equation (5) applied where significant decay occurred at the deposition

site? and not during transit or re-transit to the orgcn of interest. Values for

compartment deposi~ion fraction.-knd compartment half times were obtained from
t

Ki78. Valuss for ~he remainingwquantities were from ICRP59.

The dose equivalents to a specificorgan or the total body were determined

by using the eourca, to target doee equivalent per unit cumulated activity parame-

:>
ters from Ki78. % total targ.~.dose equivalent waa obtained by ourmnaticm of

●

the dosimetric contributions’ from all source organs, Seversl important modifica-,. w ‘e

tions to the general procedure wer- @ made in order to compute individual

dosimetric results. Forgach &sonl the source to target dose equivalent per
.;

unit cumltted actiyity was

relative to the ●ctual man

equivalent was determined.

moval rate constant for the

weigh@ by the ratio of a standard man~s body mass’
!.

body ~)ss during the interval for which the dose
I .,!.

In’the ~ase of
137

Cs, the long term biological re-

Marshallese population was highly dependent upon

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

90
to reflect this dependence. Finally, for Sr deposition in bone, 28% of the

source to target dose equivalent per unit cumulated activity was

cancellous bone and 72% from cortical bone.

Figure 18 demonstrates the mean dose equivalent from 137CS

and sex groupings. The residence interval was from 1957 to 1980

tion. The adolescents and persons above 50 years of age in 1957

assumed from k

for various age

for this popula-

ma”intained the

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

“*
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in tha figure nor were they included in any doci=tric diotributid!ns for any of

the nuclidea. Thus ail persons considered, regardless of initial age in 1957,

experienced a 23 year exposure intervsl.

Figure 19 shows do~e ●quivalentdiatributionaaccording to age and sex for

137
Cc rnng the Ron~elape.e. The shape or the population distribution was

skewed with a mean of 1.7 Rem and a maximum of 9*O Rem. Thus the maximum was

5.3 times the mean value for
137

Cs on Rongelap. An examination of the subgroup

distributions reveals that persons who were infants at the time of rehabitation

at Rongelap also were the recipient of the higher doses. This was due to the

combined effects of lower average body mass, a higher

137
and -re rapid turnover of Cs than tha~ for adults

rameter having the grestest impact on the infant dose

average ingestionrate,

or even children. The pa-

equivalent was body mass,

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

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

cents 472. Within a subgroup, the maximum observed dose equivalentwas approxi-

mately twice the mean value for all distributions considered here.

Figure 20 shows -an dose equivalents as a function of returning age

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

were the

dle aged

Measured

reported

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

persons received higher dose equivalents during the residence interval.

65
Zn data for persons who were infantsat the return date were not

in the publicationsby Conard et al.

Figure 21 shows the dosimetricdistributionsobserved for members of the

Rongelap population for
65

Zn. Again the population overall exhibiteda skewed

distributionof 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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ymr period. The ~tandtrd deviation WaO in general 30% of the mean value for all

and sex subgroup distributions. This less pronounced variation may be due to

the fsctthat
65

Zn measurements took place over a 3 year interval while
9ogr

●

and ’37 Cc occurred over & 23 year interval~nd thus was contained in a more

homogeneous population than were
●

Figures 22 ●nd 23a and 23b

individual ●t Rongelap.

In this ●Mlysis, only the

the longer lived nuclides.

wmsarize the
90Sr dose equivalent results for

ingestion pathway was considered important.

Some radioactivitywould enter the body via the resuspentiionand direct inhala-

tion pathways, It is known

naturally occurring analogs

of food and fluid intake to

as follows:

co

Fe

that for a given soil concentration of the stable

to the radionuclidea considered here, the ratios

blood relative to airborne intake to blood, are

> 3000 Zn > 130

> 550 Sr > 10,000

Cs > 400

Thus, dietary intake of radioactive materialis the principalpathwayleadingto

internaldeposition. This ●pplies to most nuclidesin the environment,however,

there are notable exceptions including 1, U, and Pu,

External Exgosure

A value of .73 rad# in tissue of interest per rontgen, meamred in air at
.-

one meter abwe the surface, was used to convert exposure in air to absorbed dose

The source was assumed to be an exponential distribution of
137

.“ in tissue. Cs ac-

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-

. 43
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va~qtion. since tho ●toll. present Q hetor~meous wcposure rate environ-

(Gr77) o

E%ternal ●xposure calculations ●re based on Figures 24 to 26 +ich were

derived from data listed in Cr56, Sh57P Un59,

line portions of the curve was determined by

~ = ‘Zt: ; :1 ‘1
● .

where

X Z ●xternal ●xposure during straight

snd Gr77. The ●rea under streignt

? (

line interval, mR,

‘2 =
●xposure rate at the

‘1 s
exposure rate at the

‘2 :
t i= post detonat ion

‘1 2 time post detonation

-1end of the i~erval, tsilh ,

-1
beginning of the interval, mRh ,

●t the end of interval, hourst

at the beginning of interval, houra$

n: slope of ● straight line.

(6)

●

Data from 11 detonations during Uay, June, and July of 1958 (Sh57) indicated a

mean fsllout deposition exponent of 18.8. This mean value was observed at

Utirik, Rongelap, Parry, and Wotho ●nd waa applied to early tiam post detonation

of BRAVOto obtain the initial increasing exposure rate history shown on

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

hours on Rotqelap and 12 hours on Utirik. This time compares well with the

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

stationed in the ●rea (Sh57). Initial dose equivalents on “acute doses”

are developed in greater detail in another report.
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Pigurc 2S deanstratoo the externsl exposuro following the 1958 testing IBe-

rie8, Sinco return to Rongelap followed 3 year. ●fter the BRAVOcontamination,

this serie. contributed in lar8e part to the external exposure post return.

SWRY

Tho Castle BRAVOshot of March 1954 caused the contamination of the

inhabited atolls Rongelap and Utirik. Evacuation from Rongelap coasnenced 50

hour8 after detonation and from Utirik 55 hours after detonation. During June

1954 and June 1957 the return of the Utirikeae and Rongelapese occurred respec-

tively. Body burden data for dosimetrically significant nuclides were obtained
o

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

spec~ruscopy and by indirect~radioch-ical anhlysis of urine and blood.

The dosimetric models ~sed in this analysis were representative of a

declining continuous uptake ~egime. Dietary decline of radioactivity included

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

have included increased use of imported foods and weathering of the source. Di-

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

were comparable for both atolla.

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

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

This was attributed principally

smell groups are sampled from a

to the statistical variation encountered when

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

50
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yeara of ●ge ingested more activity each day than did adolescents and persons

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

daily ●ctivity ingestion rate for membcrn of an age subgroup Was no greatrr 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 post return were determined for members from both

atolls. For Rongelap AtoLl, the residents received approximately 100 to 200

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

The principal contributing nucli(ie wos
137Cs. For Utirik Atoll, the residents

received up to 15 Rem per year during the first

65 60C0
contributing nuclides were Zn and , . Dose

Utirikeee from internal emitters fell below SOO

1200 dayt post return”

400 d4y8 post return. The major

equivalent rates to the

mRem per year at approximately o

The ’done equivalent for~population subgroups and for individuals was deter-

mined. Table 6 mmarizes the results for the total body, thyroid, red marrow,

testes, ovsries, lower large intestine wall, ●nd liver. The catenary compart-

ment mdel of Bernard●nd Hayes (Ber70)was used to determine doses to various

segments of the gastrointestinal tract. The Utirikeae received significantly

65Zn 60C0, and 55
umre radiation dose from 1 Fe than did the Rongelapese because

of short.aean residence times of these nuclides in the environment.
90 Sr 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 3 years earlier and somewhat reflects the degree

to which Utirik was less contaminated than Rongelap.

● 51
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Table 6

Chronic Phase

Dose Etluivalent Su-arY~ Rem

Total Body WEQ&!

Utirik Ronge lap Utirik Ronge lap

Adults Adults Adult8
Nuc lide

Adults

9os~
‘ 55Fe

r37c~
60c0

q 67Zn

Ineernal
External
Total

.012

.033
1.1
.s1

13.
14●

3.2
17.

.027

.023
1.7

.014

.076
1●9

2.0
3.9

.09075

.059
1,6

.36
11.
13.

3.2
0 16.

.0017

.042
2.4

,010
,067

2.5
2.0
4,5

9oq=

9osr
55Fe
137C*

60co
65zn

Internal
External
Total

●

fled Marrow
Testes-Ovaries

●

.054
●060

1.7

,63

17.

20.
3.2

23.

.12

.042
2.6
.018
.10

2.9
2.0
4.9

Lower Large
Qtestine Wall

.23

.067

.59
4.7

.-
1s.
21 ●

3.2
24.

.57

.047
● 90
.13
.091

1.7
2.0
3.8

,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 ●

t
.0017-.0017

.074-0043
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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