
 

   
Wet Ea ENAy:

(Health and Safety - siC-450¢

410200

A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS

FOR RONGELAP AND. UTIRIK RESIDENTS - 1954 TO 1980

E.T. LESSARD, NA. GREENHOUSE, AND R.P. MILTENBERGER

October 1980

BEST COPY AVAILABLE

SAFETY AND ENVIRONMENTAL PROTECTION DIVISION

BROOKHAVEN NATIONAL LABORATORY

UPTON, NEW YORK 11973

ee
OM
ns
ay

Aw
oy,

ve

og
ae
ae“ht

. 4

Ae

=
TRA

ay
ty
feit

”
we

*s

4

‘4

‘Wl
. of

8
t

Goded AS £3 50 /



 

    
gtoto? baa Atle if} oe

Pitre} GO Gipe di ft) Mali duhienog

*
~

ped. OTMade Meu GWA GALIGHON HE

UM SQitt curedABade hj

DISCLAIMER

This report was prepared asian aciount of work spunsured b+ an agency of the United
States Government. Neither the United States Government nor any agencythereof,
nor any al their employees. nor ans of their contractors, subcontractors, ar their em-
plovers, nakes anv warrants, express or implied, or assumes any legal liability or re-
sponsibility tor the accuracy. Completeness, or usefulness of anvinformation, appara-
tus, product, or process disclosed, or represents that its use would nat infringe pri-
vately owned rights. Reference herein to any specific commercial product, process, or
servive bs trade name, trademark, manulacturer. or otherwise, does not necessarily

consatute or unply its endorsement. rcecommendauon, or favoring by the United
States Goy ernment or any agency, contractor or subcontractor thereaf. The views and

opinions of authors expressed herein do nut necessarily state of reflect those of the
United States Government or any agency. contractor or subcontractor thereuf.

Printed in che United States of America
Available from

National Technical Information Service
US. Department of Commerce

3285 Port Royal Road
Springtield, VA 2216)

Price: Printed Copy $7.00; Microfiche $3.50

oe te Neem cme oy oe Seet -

 
a

4
cle

sn
d
e
t
o
i
l

be



 

A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS FOR RONGELAP

AND UTIRIK RESIDENTS - 1954 TO 1980

E. T. Lessard, N. A. Greenhouse, 2. P. Miltenberger

ABSTRACT

From June 1946 to August 1958, the U.S. Department of Defense and Atomic

Energy Commission conducted nuclear weapons tests in the Northern Marshall

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

radioactive fallout contaminating Rongelap and Utirik Atolls. OnMarch 3,

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

rates declined to acceptable levels. Environmental and personnel radiological

monitoring programs were begun in the wid 1950's by Brookhaven Natioval Labora~

tory to ensure that dose equivalents received or committed 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 subgroups of the population are also described.
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  ag hedPGOLtobts ce, brits qrisgnot Mow anger cA hoteaty annem wm) ok
ey INTRODUCTION

on March 1, 1956, ae Bikini !Atoll,' BRAVO, tthe ‘first of rive‘nuclear ueapons a

tests in the Castle series,was detonated. 7The BRAVO device’ caused substantial

surface contamination oninhabitedatoll withina!a 2,000° square‘mile area. The ies,
the grt Te ison safety . 4

contaminated region was cigar shaped and included ‘Ailinginae,’ Ronge lap, “a

 

“RSI vty S62 Pepi apopip gy “Ag yl, '

Rongerik, and Utirik Atolls which lay east of round zero‘atdistances frow 60 y
raat , yoy nd thot - Tob ow aes tiv gd Soy . \ om

to 300 miles. The fallout on Rongelap, initially visible atWee‘hours, had a
a Pedy Pe oe dp on epey eben ota ‘ “Tad

thinned out to the extent that it was no longer seen.‘at“yelo’ hours: (6162).
, , Vdd Yi sthyi as rt be teu an abeas

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

 

   

 

   

mee AP Ta a bee ad wee Loaood eft otra ,
Sifo Island, Ailinginae Atoll, were evacusted. On March 3 and 4, evacuation of -

atTRit> vba Whoa! road besaps tory Tne

157 Utirik Atoll residents also took place. During the first few weeks and at
ed Phe gh og wey

least once every year from "1957 to the present, a Brookhaven National Labovatory.

w aygit .

medical team, organized by ‘the Department of Defense ‘and’ ‘bythe”“Atonic Enerey tae
' 1tet ephadty

Commission and its successor organizations, has.provided medical ‘examinations’ tox

monitor the health of the persons initially affected ‘by‘the “fallout from the wun

clear testing program, plus a comparison population, ‘Reporte ‘of their fiwlings “3

are given in Cr56, Co58, C059, Co60, Co62, Co63, Co6S, C067, Co70, Co7S, and

C080. ee

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

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

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

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

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

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

two men, removed from Utirik for medical reasons, were wholebody counted at  Argonne National Laboratory and provided urine samples for radiochemical inal- &
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cvisited’ onne:£from: Ro ei a * addition meas

WOT TOUGORTEL ne o ad}!in 413
pooled urjne samples from both atolls were analysed radiochemically for Ce a

$0 via Ge gee add JOVANA | DlovA lasdil in , eet ilogloseh nf :

and ‘Sr. Subsequent Brookhaven National Laboratory expeditions by members of
Doo A boob OVAHE oti J batesetob ene pscrtee © lean? gta »

the Medical Department nd,Safety and Environmental Protection Division utilized ©
amcetiy alfete botisdedud no roiteatmeguay ; " ‘a

whole body. counting and radiochemical analysis of urine and blood samples to
OGE Goat TEA be ootoad barn beqsie magi aaw agiyaa hetenie :

identify|and quantify the radionuclides that were present in the body. The re-
Vp ‘ous Bauoiy to taee vel dofdw elfowA tierban , dhe , ot

yais of 137¢g, Four persogs

~A8 ts 1

sults of these radiological measurements sre given in terms of body burden in “4
arog od drary yvilnidtae pqarlesqafl no tuoffat sek vasfin « .

Tables 1 and 2. Throughout this paper the units of quantities ere SI derived
COTES ee PS fae, rbiol oa anw tio tea teatxo ody ny tim

and those which are accepted for use with the SI for the time being, Thus both»
t qer qed Yo atngbtaay Oe ag ,a2OP (6 dove ay:

the Curie andthe Becquere} may be used es units for the quantity activity.

     
 

reM HO bse ee Sige JLlota ennrgal rd phate des

The aforementioned body burden cables illustrate adult mean values for
Poem] .s961q Hoot male etnetiaer Masa dere

Rongel ap and Utirik. An adule, as classified here, was a person over 16 years
toy ' : MegTE Go, ou sure ad? aot Vo] ROVE ‘309 VIEWS oO <r . :

nee
of age. The mean body mass in this age interval was 60 kilograms. The observedarm
a? o8 genat vl oe imam raged] adit vio box ineyto pine ft ! ,

body mass versus age digtribution is shown in Figure 1 for Rongelap Fesideuts,
vor, POR TRL TRIO Yo@esoyue etl haw ce

The same body mass versus aiage distributionwas observed ac Utirik.
' Pa tut anys rag aad ea Bos ansat sriyt

Because of the paucity of measurements at Utirik, information on C0,
TE Beet y SFA TROE OMe

cn, and 736 was in some instances derived from the ratio of adult mean body
! whe ‘ \

65

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

65 90 1376, after they reached their maxiaum values. me ifZn,
“oop

burdens for Sr, and

standard deviation of this ratio wae 15%.
4 ay or.

In the following analysis, personal body burden histories and residence ines
booed i

tervals, in conjunction with contemporary dosimetric models, are used to esti-~
¥

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

 

and a summary of the derived activity ingestion rates and dose equivalent : was
sefes a f

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

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

 Rie Seer a oie OP ge EEepee, heron. eters
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BRAVO test. These data, cogerner with. appropriate ‘conversion:factors:and. Living UES

pattern models, provided an eotinate of external dose equivalent.

x at
e

METHODS mee

Exponentially declining activity concentrations have been observed in eure

. 137 129 90 ‘hg
face soil for Cs, I, and Sr from 1954 to the present on Ronge lap “oy

and Utirik Atolls. Declining: activity concentrations heave also been observe

in vegetation at a rate greater than that predicted by radioactive: decay. a
‘ POT Epp ep ek

Thus exponential decline in dietary activity was assumed and| the following

general equations were derived. |

boo
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Xi Kirke-OrK;) e~OMKEIE + (pane) enKitAE
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laisini to nolaaeat®«edd Yo 3 omi3 wns Je noijnaist1 “hod ytonw
time post onset: of:uptake, days,

instantaneous fraction of atoms decaying per unit time, day”a

initial atom ingestjon rate, “atoms day~!,
tf

instantaneous fraction of atoms removed from compartment. i by
ated a - ames dads -7 am db Vdivilvan eooune dun deni fe
physiological mechaniems, day™‘,

compartment i deposition fraction,

the number, of atéus ’in“compartment ‘i‘ gelat¢ive.to the number in all
is |

compartments atthe onset of declining continuous uptake, (c#0),
pes PP BA 8 SETCOS tha tote wy! VGalb wes

instantaneous urine activity concentration, Bq 2™*,

: ‘ . ~~] et Dana at
subject urine excretion rate, & day”*,

fraction fromGl; gest .to bloods; 4+..4,- ,

oo, " ee Gh |
fraction excreted by the urine pathway, / wt

instantaneous fraction of atoms removed or added to the atom uptale

* tao Ted 1G
per unit time, day”1 due to ‘ factors"other’ than’” padiogeive |‘decay,

: wit i at "EMA eng 3 elit sh 4

instantaneous body burden, Ba,

sit ‘ yet idgt a ara i

body burden at the onset of uptake, Bay

the number of disintegrations in all compartments occurring durin,

the uptake interval, Bq days.

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

lution integral. At some variable time, T, defined during « fixeduptake

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

tract to blood is given by

-(kgtA)to
Af P e .

eo i “ fre
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Thus, the instantaneous activity at time t-T that remains following
VO RBG ane inidisos Itai gelasagitg

ge
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dt is ; ; oy> ral ioagt iwitiaoqet t ingwsvegeas = oy

Clout rednan oa rePegMBBPABipiygHAREEREogge, restau aut 2 og

(fio CADIGU Bo OD QMkatisnh Yo ssanu add 1B F ineasragmen

Itc follows that the.ingtan ous activity at timet-t that remains following
ve gHOLIBTgon YI.vitos wotiu HOSAINGI aut zx

input during T is 4. .
¢ BD OSBE Nea ysIaxG waite Junedua DY

. %

T (Kgare 1S Wo(LoRgCeky We h-neizomrd 2/2
J AEPee tx .¢@ dt.
° ryewdo, cs Side ars yd bojsinas, mois ert 2

id bevoa HOUR ta WOTIIB11 BNMenkanddags- Ek
. . 1

Thesqlution of the integra yields #Bemprel,expresaton chat. depends on

the user defining t. For example, if ¢ie the fixed uptake interval, |t plus an
OH neh rid vbed anoemsinsgent &

additional fixed post uptake _interval, ¢, then thebody burdenatT.+ $ is

 

fe gabrad ybod & ve

given by
te Mabe opp 7 u

-(X\+Ke)T ~(A*K,)T “CAtk ) 6
AP’ E) Lixg Ce a e i de i chy ts

Ky - Ke

te ot AF WDE 8G

As previously stated, Eq. (2) applied at Bongelap and veirix, it was
és feve dps .

for the situation that variable time ¢ was the uptake interval, additionally,

persons who returned to the atolls in June 1954 and June 1957 did ‘80 with an ini~
' 4 Poady

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

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

integrating Eq. (2). .

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

atoms removed or added to the atom uptake per unit time, K,, and then the ini- Ss

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 bodyduring the Tesidenceinterval ‘ofan individual living

{

If the mean residence time in the diet is much much tenetthan the resi-

iiiM
dence interval, then constiiitcontinuous~uptakeis echigved. Falaftons (1) and

— ns 4
(2) can be converted to the-constant ‘pontinuous equantoys by seolagin Ke with

on Rongelap or Utirik Atoll,

-\. Single uptake expressions are obtained by setting ¥ equat tagero, In
e ¢
rh

some cases only radioactive decay may remove the nuclide trom/aié _ items; for

these cases K, would equal zero. In the case of the fo x/mibios residents,

 

the maturing of coconut trees during residence on Bikini Atolrcauses a con~
ae ‘

tinuously increasing dietary uptake of 137¢,, Thus, ad was toynd' to have 4 nege--:
> , fe *Bi

tive value. In the case of Rongelap and’ Utirik, Ky was found. to have a positive

137. 65, —-60 90 gs . ag
 

value for Cs, Zn, Co, and Sr. This indicated that in addition to er:
S33uk

radioactive decay, some other removal mechanism decreased the radipactivity in 4

Re, only one measdietary items during the residence interval. For the nuclide

surement was published by the BNL Medical Program (Be72); thus an estimate of Ke

was not possible.

Kp was determined by using Eq. (1) or (2) and the population subgroup sean

body burden or urine activity concentration. Portions of these bioassay data
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urine or body burden data points were used to eliminate the unknown ingestion
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rate from the equation. This method yields n-i estimates of Ky where n was

the number of data points. An average value of Kk was assigned for each nm

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

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

physiological parameters were obtained from the open literature (ICRP59, [CK!'68,

ICRP69, ICRP79, Ki78). A representative sample cf these parameters is preseuted

in Table 4,

 

 

 

 

 

Table 3

Summary of Dietary Rate Constants (Kes aot)

60, 90, 65, oe
Rongelap Adults

Males 1.5x107> 1.8107 3.1x107* st xo

Females 1.6x30> 4 ixlO™ 3,.5el07® Lx

Adults 15x10"? _1,9x107 3.1xlo> L.4xl0™
Utirik Adults

Males N.D. 4.6x107 N.D. L.axio”

Females N.D. 40x10" N.D. 14x07"

Adults N.D. 4.2xl0" N.D. Le4x}Q”
 

N.D. = No data sufficient for analysis.

The values of K. were similar for males and females and for residenis of
E

90
Rongelap and Utirik. For “"Sr on Rongelap a factor of 2 difference betwee Ke

values was observed for males and females. The female parameter for Rongei-ip

Acall compares with that obtained from the Utirik data. A paired t-test © { the

Rongelap male and female data indicates thac the male/female difference wis

highly probable and therefore not significant. This difference leads tu °
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90bimodal activity ingestion rate distribution for 7~Sr in the Rongelap popul::

tion.

60 65 + .Data for “Co and “Zn were not sufficient for analysis for the Uciri!:

Atoll residents. Values for K, observed at Rongelap were assigned’ to Utiril:
E

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 all significant nuclides studied on fonge lap and Utirik.

This method provides a best fit of the data shown in Figures 2 through 6, and

provides a body burden history during the early years post return at Utirik, 4

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

plotted to demonstrate the fit,

55The curves shown for “~Fe in Figures 7 and 8 were obtained by setting K r

equal to zero. This underestimated the initial body burdens and overestimated

future ones, Since 93 p¢ contributed less than 1.0% to the total dose equiv:

lent, an arbitrary assignment of Ke based on observed values for the other i -

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

obtained from Rongelap and Utirik (Co75). Analysis for 955 has yet to be

reported. A recalculation of 3p, body burden and its impact on early doar

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

tial change in dose equivalent is not to be expected.

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

I37 66 mean urine activity concentrations. Mean values for adult males or a1!

adults were plotted. Measured values for L376 body burdens were also shovi in

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

that the callection and analysis technique for urine samples introduced the wdi-

. . . . . 137 :
tional variations. On the basis of this observation for Cs, a smooth b«1:
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burden curve for 90¢,, recongtructed from raw data and Eq. 1, was considered « 4

more accurate history. A detailed presentation of the greater variation in

radiochemical analysis of urine versus direct body burden measurements can be

found in Mi81l.

Figure 9 illustrates. the variation exhibited in the body burden of 5

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

variations may have had a dramatic impact on the mean date. In Figure 2, which

1376, bodyillustrates the adule male, adult female, and adult population mean

burden for che 25 year exposure pariod, # decrease followed by an increase was

seen during the years 1958 through 1963, Although the Castle BRAVO test ini-

tially contaminated Rongelap in March 1954, it had been proposed thet the

Hardtack Phase I series added to this an amount of contamination equal to that

responsible for the Figure 2 body burden pattern (C063). « Figure 9 suggests that

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

or declined; however, one individual's 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, ihe

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

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

dividuals 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-

uals were not monitored consistently throughout their residence intervals except  
*
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RESULTS AND DISCUSSION

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signi! i-

cant nuclides post return. An exponential decline was proposed for the inges~

tion rate within a population subgroup and initial reference values are giver in

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

Figure 10 demonstrates the differences in ingestion of L37e, for various populsa-

1370,, 905., and Orn,tion subgroups. This undulating pattern was exhibited by

nuclides for which sufficient data existed for analysis.

Differences in ingestion rates of the stable element at the same geo-

graphic location have been shown to occur among wembers of a popylation (ICR!

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

varying from 11 yg a7? for adults to 8.6 ug a7)tor childreg,| Sr: in a western

- oe a :
type diet rose from 600 yg d 1 tor infants to 690 ug avi for 5 year olds to

3,600 yg a7) for 13 year olds and fell to a mean of 1,900 usd”tor adults. 2n

in the United Kingdom rose from 2 to 40 mg d™!, 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 ages 1 and 20 years. Co is ingested at a rate of 20

ug a? for Japanese adults and half this amount for children. The Marshallere

population also exhibits dietary changes as a function of age. The authors of

the Marshall Islands Diet and Living Pattern Study (Ne80) observed coconut si)

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

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

vided the major source of 1376, on Bikini Atoll (Le80, Mi80), the shape of Fig

ure 10 was in agreement with the observed diet pattern.
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To Mid 1957 for Rongelap Atoll

Fig. 10 Age and Sex Group Mean Values For 13766

Activity Ingestion Rate Referenced
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Figure 11 shows the individual data calculated for 137¢, for all Ronge/ a,

137¢, dailyresidents and is referenced to June 1, 1957. The individual maximum

accivity ingestion rate was approximately 4 times the population mean value.

The standard deviation observed for the adult activity ingestion cate distribu-

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

adolescents, 38% for children, and 54% ‘forinfants. Adolascenta and infants

exnibited a broader distribution than adilfs, while'children showed ¢ fractioual

variation in activity ingestion rate similar to that of aqults,, Breast feeding

versus coconut ssp supplements would have contributed to the greater variation

observed in infants. Adoleacents and young adults were the population subgroups

which have been observed to move frequently between atolls. This wobility would

lerd to greater variations in the daily activity ingestion rates relative to

those observed in the more stationary population subgroups.

Figure 12 also exhibited g wave patterns however, a distinct difference be~

tween males and females was indicated. This difference arose from the use of

vaiues for Ke listed in Table 3 which were derived from urine data for male aii

ferale 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 race for males to rise and decline more rapidly chan for females.

Figures 13a and 13b summarize the individual data for 906, for all

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

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

difference in the 906, dietary rate constants. Data from urine bioassay

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

was not significance. 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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the male value for Ke would be‘different ftom the female value by thefactor

observed. Thus differences in the derived activity ingestion rates and dose

‘ : ‘ge oe
equivalents were not significant.

Figure 14 shows a semi-log plot of the 6575 and 137c, activityingestion  
rate histories for adults on Rongelap. A curve was drawn betweenpoints, and

1376, ingestion rate duringthe’ 1960'sindicat«dthe appearance of an increasing

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

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

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

would have reached Rongelap. However, several observations fail to support the

conclusion that recontamination was significant, These dre as follows: 1) the

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

8500; however, since 652, is an activation product it may have not been produce!

in the same proportions. 2) The peak 1376, body burden at Utirik occurred

nearly three years after the initiating event, Castle BRAVO, while the peak bo.ly

burden at Rongelap followed six years after the potentially contaminating expr: -

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

demonstrated a continuously declining pattern versus the humped pattern observ:

at Rongelap. This occurred even though there was an equal external exposure  
rate history following the Hardtack series as measured by the U.S. Public Healii:

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 -

‘
g

ia
4

a
a

a4
?

2

‘4
2
’

sure rate following BRAVO. These facts suggest that the Hardtack series was tio:

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

postulated that body burden variations were caused by travel away from the ati i
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gouge of individua),4iffer~ 4or sickness ang ather factors,Regardlesg.of the,

ences from the mean, a smoothdegcription, of the body burden and activity inges:

tion rate for the population could be adopted. On this besis a declining contin -

uous uptake model was used, a

Internal Dose Equivalent Rates= a a . . 4

The approximate instantaneous dose equivalent rates for the total body

were determined from the body, burden data illustrated in Figures 7 and 8 and

from the following equation

= ql, (4) ;
b 3

where | ¥

H = the total body dose equivalent rate, mRep yt, a

I 2 equilibrium dose equivalent rate to the total body per unit body 4

burden, mRem y7! ucim!,

q = instanteous body burden, wCi.

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

radioactive atoms were distributed among the body tissues as they would be fol:

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

residence time for the total body. In the case of 905,, 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 ted
ia

of 1.2 was needed to adjust for differences in body mags relative to a 70 kil« - “e
4

gram adult, Table 5 lists values of I which were determined from information 3

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

Total Body Equilibrium Dose Equivalent Rate
per Unit Body Burden
 

 

q,
x mRem y~! ycim!

55 ie 2x 10°
26

606, 6x 102
27

6574 1x 10?
30

90¢_ 3x 10°
38

1376, 2x 10°
55

SPP yee

Figure 15 illustrates the relative contribution to the composite dose

equivalent rate for each dosimetrically sjgnificant internally deposited uu-

clide. For the average Rongelap adult, the residence interval begins Juic 1,

1957; however, many adults were reported to have resettled during the ne.! 3 to

6 months (Co80b). The composite dose equivalent rate indicated that a bicd

maximum of approximately several hundred millirem per year persisted for several -

hundred days. Most of the dose rate is attributable to the L376, compons-ut Ce-

sium dominated over the entire past return period and would be of prime cicern

for populations returning to a contaminated environment years after a Cin:ion

type initiating event.

Figure 16 illustrates two possibilities for the Utirik dose equivai-ut

rate resulting from the 6575 body burden history during the first three ; ars

post-return. The higher body burden resulted from use of the two measur: 37a
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body burden means for adults:on Ucirik and the observed Ke rate constant froin

65
Rongelap. It was observed on Rongelap that .031% of ““Zn was removed from tlie

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

137 s, 90
; . ,

in dietary radioactivity on Rongelap had been observed for 1Cc Sr, and Co

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

duction fractions very. similgr ko;those; qt"Rongelapwere j observed at Utirik for

the 705, and 137¢, nuclides. The lower curve on Figure 16: reflects the dose

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

radioactive decay alone adeounted:forthe removal of $525 from the Utirik envi -

ronment. Since additional!sechanisns couldbe measured for other nuclides at

Uririk and for the 52m nuclide on 8 nearby #to}l,* the upper.curve was chosen as

the most likely body burden history for adults post return to Utirik Atoll.

Figure 17 indicates the Utirik adult mean total body dese equivalent iate
i
tq

for each nuclide. An obvious difference relativeto the Rongelap history

exists; O20 not 1370, was 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 influence on the importance o!

each nuclide contributing to the internal dose equivalent. In fact 600, and

6378 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 exiuiina-

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

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

60
.

The impact of 6525 and Co was such that even if the least conservative rate

34
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constant (K,*0) was used for Zn, the dose equivalent rate for the average

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

years following the return to Utirik.

Internal Dose Equivalents

Disintegrations occurringin the total body: of an individual during resi

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

together with personal body—burden histories and atoll specific Kg Yate con-

stants from Table 3, provided-an initial estimate ofdisintegrations between con-

secutive body burden measurements. The second method used was a log-log plot vf

the subject's body burden history and an algebraic determination of area between

t-o consecutive measured points. The third method used.a linear plot of the

csunivet's body burden history. The area under the curve was cut and weighed and

commared to a standard weight of known srea,. Quality control procedures

required that all three methods agree within £10% before a subject was assigied

his or her total body disintegrations during residence post return. In gene:al,

the methods compared to within 15%.

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

was asSigned, they were apportioned among the body organs according to the fui-

lowing equation  
fo EAAB: (B5C;D, + Ind/r)
 Fs ; ’ (5) y:

C.D, +t hor 2 EAB In2/r) ’

itwhere "4

F = the fraction of total body disintegrations occurring in the organ of 4

: * 74
interest, i

A. = organ compartment deposition fraction for the element, .
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B; = organ compartment biological half time for the element,

C. = total body compartment deposition fraction for the element,

D; = total body compartment biological half time for the element,

£ = fraction of the element from blood to organ of reference.

Equation (5) applied where significant decay occurred at the deposil ion

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

compartment deposition fractions and compartment half times were obtained {rom

Ki78. Values for the reg#ining quentities were from ICRPS9.

. { ope wee :
The dose equivalents to a specific organ or the total body were determined

by using the source to target dose equivalent per unit cumulated'‘activity parame-.
be?

ters from Ki78. The total. target dose equivalent was obtained by summation of

the dosimetric contributigps from all source organs. Several important mod' Lica=

tions to the general procedure werg made in order to compute, individual

dosimetric results. For gach person, the source to target dose’ equivalent per

unit cumulated activity was weighted by the ratio of a standard man's body wass

relative to the actual mean body mass during the interyal for which the dose

13766, the long term biological] .e-equivalent was determined, In the case of

moval rate constant for the Marshallese population was highly dependence upon

body mass (Mi8l). Appropriate modifications to Eq. (2), (3), and (5) were sade

to reflect this dependence. Finally, for 905, deposition in bone, 28% of tie

source to target dose equivalent per unit cumulated activity was assumed [iin

cancellaus bene and 72% from cortical bone.

Figure 18 demonstrates the mean dose equivalent from 137¢, for varicis age

and sex groupings. The residence interval was from 1957 to 1980 for this ,..,.ula-

tion. The adolescents and persons above 50 years of age in 1957 maintaine:! rhe

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

37

“y - em gy : . ok 

m
e
e
t
e
a
e

la
te
ee
e
=
H
S

°
l
e
B
u
b

B
i
d

S
e
w
n
w
r
e
n



 

 

ra]
i : “thd J ' ta cod pores i ‘ ‘

:
etd

.

T a ’ -

“ye 1
oes

ee

..FEMALES

  

  

N
T
,
r
e
m

% T

 

M
E
A
N

D
O
S
E

E
Q
U
I
V
A
L
E

‘o

* p Be$83 |©.

C
H
I
L
D
R
E
N

(5
-1
0a
)}

A
D
O
L
E

-1
(5
a)

Y
O
U
N
G
A
D
U

A
D
U
L
T
S

(1

1

I
N
F
A
N
T
S

(
O
0
-
4
a
)

(
2
0
-
3
0
0

T
S
T
s

L
T
S  

| 2345 10 20
' MEAN AGE OF GROUP

OURING i957, yeors

Fig. 18 13706 Mean Dose Equivalent For Various
Mid 1957 Age Groups for the Incerval
1957 to 1980 at Rongelap Atoll

38

TTtty wy A POICM Rdatten of ke. ota TYTN MRI emt geen

i
p
Tt

ed
co

tl
t
e
na

 

¥ x
i
s a
.

W
o
e

o
S

ee
eh

2
R
N
B
a
r
a

e
e
t



  in the figure nor were they included in any dosimetric distributions for any of

the nuclides. Thus all persons considered, regardless of initial age in '°57,

experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age end «% for

Lic, among the Rongelapege. The shape or the population distribution wa:

skewed with a mean of 1.7 /Rem and a maximum of 9.0 Rem. Thus themaximum vas

5.3 times the mean value. for 1376, on Rongelap. An examination jof the surycoup

distributions reveals that persons who were infants at the cime/of rehabi: ation

at Rongelap also were the.recipiente of the higher doses. Thisiwas due tv the

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

and more rapid turnover og 137 Cs than that for adults or even children. [he pa-

rameter having the greatest impact on the infant dose equivalent was body wass.

The standard deviation for the adult male distribution was 49% of the meaii dose

equivalent, for adult females 43% of the mean dose equivalent, and for adiles-

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

mately twice the mean value for all distributions considered here.

Figure 20 shows mean dose equivalents as a function of returning ag.

groups for 6305 on Rongelap. Adolescents, young adults, and adults 50 au! up

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

dle aged persons received higher dose equivalents during the residence in: cval.

Measured 8520 data for persons who were infants at the return date were 4.1!

reported in the publications by Conard et al.

Figure 2l shows the dosimetric distributions observed for members of the

Rongelap population for 6575. Again the population overall exhibited a 2:ved

distribution of dose with a maximum value nearly three times the mean. (i): \Idrea

demonstrated higher doses than persons who were adults during the entire 7!
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year period. The standard deviation was in general 30% of the mean value for all age

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

65 90
the fact that “Zn measurements took place over a 3 year interval while Sr

and 1376, occurred over a 23 year interval and thus was contained in a more

homogeneous population than were the longer lived nuclides.

90
,

ys ”
Figures 22 and 23a and 23b summarize the Sr dose equivalent results for

individuals at Rongelap.

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

Some radioactivity would enter the body via the resuspension and direct inhilia-

tion pathways. It is known that for a given soil concentration of ‘the stab!

naturally occurring analogs to the radiopuclides considered here, the ratios
fe Lf

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

as follows:

Co > 3000 Zn > 130

Fe > 550 Sr > 10,000

Cs > 400

Thus, dietary intake of radioactive material is the principal pathway leadiiz to

internal deposition, This applies to most nuclides in the environment, howver,

there are notable exceptiona including I, U, and Pu,

External Exposure

A value of .73 rads in tissue of interest per rontgen, measured in aii 11

one meter above the surface, was used to convert exposure in air to absorbe! Jose

in tissue. The source was assumed to be an exponential distribution of a7, acu

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 pit -
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tern variations*'since the atolls present a heterogenequs-exposure rate enviroi~

ment (Gr77). °
. i

External exposure calculations sre based'on Figures 24 to 26 which were

derived from data listed in Cr56, Sh57, Un59, and Gr77. The erea under straight

line portions of the curve wasdetermined by

7 Rota RS) | (6)
ntl

where . tg j

X = external exposure during straight line interval, mR,

R, = exposure rate at the end of the interval, apn,

R, = exposure rate at the beginning of the interval, am”, |

ts = time post detonation at the end of interval, hours,

t; = time post detonation at the beginning of interval, hours, a
: mt

an = slope of a straight line. “3

Data from 11 detonations during May, June, and July of 1958 (ShS7) indicated a

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

Uririk, Rongelap, Parry, and Wotho and was applied to early time post detonation

of BRAVO to 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 Rongelap and 12 hours on Utirik. This time compares well with the

original observations reported by the Marshallese and by U.S. Navy personne/

 

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

are developed in greater detail in another report. "
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Figure 25 demonstrates. the external exposure following the 1958 testing a-~

ties. Since return to Rongelap followed 3 years after the BRAVO contamination,

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

SUMMARY

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

inhabited atolls Rongelap and Utirik. Evacuation from Rongel ap commenced 50

hours after detonation and frow Utirik 55 hours after detonation. During Jun:

1954 and June 1957 the return of the Utirikese andRongelapese; occurred tresper.~

tively. Body burden data for dosimetrically significant nuclides were obtained

throughout the residence interval post return primarily by direct ip vivo gama

spectroscopy and by indirect radiochemical analysis of urine and blood.

The dosimetric models psed in this analysis were representative of a

declining continuous uptake fesine. Dietary decline of radioactivity inc lude |

radioactive decay of the source and a conglomerate of other factorg which mighi

have included increased use of imported foods and weathering of the source. |): ~

etary loss rate constants were estimated from sequential body burden data anil

were comparable for both atolls.

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

ular atoll was observed in whole body counting data and urine bioassay resuli +

This was attributed principally to the statistical variation encountered when

small groups are sampled from a heterogeneous group of body burdens in peopl,

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

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

rae. a 1 ee gg fa ctw te aa GeCFLwe vet

e
t
e

<
s
a
n
t
a
s

“
a
e
s

e
h

pa
ce
d

ohe
s
a
a
a
g
e

 

 
Ba
ck
es

Se
em
:

s
g

2
we
ts
P
E
E

.
a

2
a
e
e

7
e@

+
w
o

oJ
r
o
n
a
l
,



years of age ingested more activity each day thandidadolescentsandpereons

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

daily activity ingestion rate for.members of an agesubgroup was no greater than

a factor of 3. However, the population distributiens illustrated a maximum fac~
‘

tor of 5 times the mean activity ingeation rate value. ©. :::
. mek

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 firse $000 days post return from internal emitters,

The principal contributing nuclide was 1370,, For Utirik Atoll, the residents

teceived up to 15 Rem per year during the first 400 days past return, The major

contributing nuclides were 6575 and 600, Dose equivalent ;ratas to the

Utirikese from internal emitters fell below 500 mRem per year at approximately
. a wh, .

1200 days post return, ' :

The dose equivalent for population subgroups and for individuals was det: +

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

testes, ovaries, lower large intestine wall, and liver. The catenary compart~

ment model of Bernard and Hayes (Ber/0) was used to determine doses to various

segments of the gastrointestinal tract. The Utirikese received significantly

more radiation dose from 6524, 606, and 4556 than did the Rongelapese because

905. dosesof short mean residence times of these nuclides in the environment.

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

doses received by persons at Utirik. This occurred even though Utirik residen::

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

to which Utirik was less contaminated than Rongelap.
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Total Body Thyroid

Utirik «| Rongelap Ucirik ‘Rongelap
Nuc lide Adults Adults Adults Adults

90g, 012 :027 .00075 0017
55p¢@ .033 023 059 042

137cy L.l 1.7 1.6 2.4
« 60¢9 51 016 +36 .010
6529 13. 076 ll. 067

Internal 14. 1.9 13. 2.5

External 3.2 2.0 3.2 2.0

Total 17, 3.9 16. 4.5

Red Marrow Testes~Ovaries

906, .054 12 .00075-.00075 .0017~.0017
33 re .060 042 058.062 :074~.043

130 isg 1.7 2.6 1.5-1.7 2.3°2.6
bi xg .63 -018 -44-1.8 0.12~.050
64 +4 17. 10 1L.=16. -069~-,099

Inc -nal 20. 2.9 13.-20. 2,572.8

External 3.2 2.0 3.2 2.0

Totes 23. 4.9 17.°23, 4.5~4.8

Lower Large

Intestine Wall Liver

90s 23 .57 .00067 0015
55 Fe .067 047 12 -080
137 U5 .59 90 1.8 2.7
60¢, 4.7 13 .79 .022
6525 15. 091 17. 14
Internal 21. 1.7 19, 3.0

External 3.2 2.0 3.2 2,0

Total 24. 3.8 22. 5.0
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Be70
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Ber70
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C059

7060

Cob2

Ca63

C065
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