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A RECONSTRUCTIONOF CHRONIC DOSE EQUIVALENTS FOR RONGELAP

AND UTIRIK RESIDENTS - 1954 TO 1980

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

ABSTRACT

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

Energy Coumission 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. On March 3,

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

rates declined to acceptable levels. Environmental and personnel radiological

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

tory to ensure that dose equivalents received or coumitted 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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On March l, 1954, at Bikini Atoll, BRAVO, the. ‘first of dix’ nuclear weapons,

‘ Prose gaye rein d be Sane Motta My vpeterg tae!

tests in the Castle series, was detonated. The BRAvO“device caused substantial
7 Spy ey ee Pe cope ier hind ALTE psy .

surface contamination on inhabited atolls within’ a2)000aquare!wile area. The.
. ae Do fl fea gibt sta tnoagmontcns be ee 7 :

contaminated region was cigar shaped and ine luded Ailinginaé, Rongelap, "

cyber fh mt te emetq cue Jedd pend unorbhes oid vii dugep ga
Rongerik, and Utirik Atolls which lay east of round zero at distances’"from 60 i

Mer eb hy ce waned Ad mete win etn meeracnem Lia) boy be
to 300 miles. The fallout on Rongelap, initially visible at we‘hours, had

fot - dap Pe tieit og any bet Paget ‘ |
thinned out to the extent that it was no longer seen at. elo. hours(6162),

‘ wef adj TOs , at HogwWwo over ors bee SOR STK ilrradthet ‘

On March 3, 1954, the 64 residents of Rongelap Atolt and18 residents of
ip M3 TOS te an bee ad yer Lapappost cefa bee .

Sifo Leland, Ailinginae. Atoll, were evacuated. On March3 and 4, evacuation of
ber e@terts 0 afdes sebead pan bre apes poy

157 Utirik Atoll residents also took place. During the first few weeks and at
“hw it iments ae Vig on

least once every year from ‘1957 to the present, a Brookhaven; National ‘Labovatory§
RB area Oe Up wg

medicalteam, organized by the Department of Defense ‘and‘by the“Atomic Energy
“ot ' i fers 1 J ef Moder pioarh

Commission and its successor organizations, has provided medical ‘eviaminat ions’tof!

monitor the health of thepersons initially ‘affected ‘by ‘the ‘“fallout from the nun’

clear testing progran, plus” a comparison ‘population.“Reports:“of‘their.‘findings:

are given in Cr56, Co58, C059, Co60, Co62, Co63, C065, Co67, Co70, Co75, and

Co80. aes :

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 low level of external radiation exposure measured after the bitiab,

3 month observation period (March to June 1954).

examined by a Brookhaven medical team until March, 1957, when 144 people re- 4

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 anal-

Amp: 1 , a Negaae lee. uae - tb adie a.



  

 

ysis of 137, Four person ‘visited onne’from:Rongelap’andjip,addition,
13

pooled urine samples from.‘both atolls were analysed radiochemically for Os
Pore} IN GATEDos YOVARA oTlotés dardif oan pheOE Sf (s3aK nt

and 5, Subsequent Brookhaven National Laboratory expeditions by members of
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the Medical Department|and. Safety and Environmental Protection Division utilized: 4

ate Sete oo Pac eriegra Soe oarlitey elloin betsdeda!d po roidenimesanoa Se .

whole body, counting and radiochemical analysis of urine and blood:samples to
leune , "ad ottch becuf om bar PeQRAR IKBIS ABW OGTESY betenion

identify and quantify the radionuclides that were present in the body.- The re-
we mer asgnn ss sb Teo esas bauty Yo gees yal doidw elloth AisisW ban (ti
sults of these radiological measurements are given in terms of body burden in

seared cs dteiv vilsittnts yqriesaof no tuolfet sat c.astim & '

Tables | apd 2.  Tproughout this paper the units of quantitiesare 81 derived|
SOMO ed Ot mage Teint on anw sb ety tnetxe ada ng tin)

and those which are accepted for use with the SI for the time being. Thus both.
Vee Bae py et A es:sqok Jeo atugsbteor Ae sat acer Lf Horvat i

_ the: Curie and theBecquerel may be used as units for the quantity: activity.
a “pM nl PU RU ORY ot vibosa BBN catia hit wipe

|, The aforementioned body burden tables illustrate adult:mwean values for
WE ete Adoamvitl .996tq Woo male einestiesr Masa Arie

Rongelap and Utirik. An adult, as classified here, was @ person over 16 years
Poet ve ‘ rngyG 1 Oty dt a3 wel NODE.“YAY VIOVS Ser.

of age. The._mean body mass in this age interval was 60 kilograms. The observ
aie Poe aenet sd co Ioumisaysd alt ve bosineyta yas f.

body mass versus age distribution is shown in Figure 1 for Rongelap residents,
SPIVOIN  - SOROD ISLE ARMIO Weve EF Haw wore:

The, same body mass versus abe distribution was observed: at Utirik.
Tha. tint ancereg via to ny dass! wilt on 0

_ . Because of the paucity of measurements at Ucirik,: information on Co,
6s ae ceo eg eet g@ yee tgeccy pris .

en, and 73Fe was in some instances derived from the tatio of adult mean body. -aa
a fay ls Hey

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

65 90 137
burdens for ~“Zn, Sr, and Cs after they reached their maximum values. Th ‘ok

(oresia

standard deviation of this ratio was 15%.
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tervals, in conjunction with contemporary dosimetric models,are used”to esti= ©
é Co

mate internal dose. Dosimetric distributions were constructed frow the results —
f,

and a summary of the derived activity ingestion rates and dose equivalenis was
sorbe. Wager

provided for various subgroups of the population. Additionally, exposure rete
. , roe. 1

history curves were constructed for each atoll for the period following the
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BRAVO test. These data, ‘eogerterwith“appropriateconversion’tasters‘and:Living’

hte

pattern models, provided an eutimate of external dose ‘equivalent.

METHODS

Exponentially declining activity concentrations have been observed in sur-

90
face soil for 137, 129, ond Sr from 1954 to the present on Rongelap

and Utirik Atolls. Dec lining:activity concentrations have: also been observed

in vegetationat a rate greater than that predicted by radioactive:‘decay.
poe RRPTTepmeneame ata ry

Thus exponential decline in dietary activity was assumed andthe folowing

 

 

 

 

 

 

  

general equations were derived. “|
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The development of Eqs. (1), (2), and (3) was based on the following convo-

  

Ipidini “to no}ssex4 arta “te.9rs ‘emia yon 16 noisiess1 xbod: a ow
‘time post onset: ofuptake, days,

ri i ett t TO%4- rept

instantaneous fraction of atoms decaying per unit time, day”~t

initial atom ingestion ‘rate, “atoms day~!,
toy

instantaneous fraction of atoma removed from compartment. i by

snived ot ee ramay Jad sina ums de Vai vidun euosne sandend
physiological mechanisms, day

compartment i deposition fraction,

the number, of,atdas /in“compartmenti‘ relative, to the number in all
4 i

compartments at+the onset of declining continuous uptake, (t*0),
tour gE Pd werd oy. Witob ete bth tbaa uf! gpalds @eoiie!

instantaneous urine activity concentration, Bq &

- maT Quatk |
subject urine excretion rate, & day 1, a

fraction from:Gl; FEaSt, to dloods s+,pe +
8G ba 5

fraction excreted by the urine pathway, | st

instantaneous fraction of atoms removed or added to the atom uptake

ma. Pray! a ett 7 : Yo i? atu de i

per unit time, day~*, due todactore®ot er.than radioactive decay,

wet (ype ery ed utah sey
instantaneous body burden, Bq,

cat ee ee
body burden at the onset of uptake, ‘Bq,

the number of disintegrations in all compartments occurring ‘during

the uptake interval, Bq days, . :

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

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

tract to blood is given by
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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 stom uptake per unit time, Ker 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 inthe bodyduring the residenceinterval ‘ofanindividual living

on Rongelap or Utirik Atoll. |

:

If the mean residence time in the diet is wuch wuch’ eee‘than the resi-

oa AM
dence interval, then constifbitcontinuous“uptakeis achigved. Halen (1) and

ed
-

a se
(2) can be converted to: thg’sonstant.continuous saverions by rapaing kK with

-\. Single uptake expressions sre obtained by setting ” equalsbolero, In

‘
some cases only radioactive decay may remove the nuclide feom/aihsy items; for ~.:

these cases K would equal zero. In the case of the tox

 

£pinevident,
i

the maturing of coconut trees during residence on Bikini MOLT)caused a con~

tinuously increasing dietary uptake of es, Thus, Ky,as Eound! to have a nege= 1
Yo pA Bat

tive value. In the case of Ronge lap and’ Utirix, Ke was found to have a positive

value for 1376. 6570, 600, and 905°, This indicated chat in addition to

radioactive decay, some other removal mechanism decreased the radipactivity in

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

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

was not possible.

K, was determined by using Eq. (1) or (2) and the population subgroup inean

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

TON RTE ween TERNLLeyere 



ata,FeeeeaSePRLeTighpraes ..waPet.of.as.i

*

  

     

  

ot

TToqydejtssucy
qeA2048TqHUapangApog89etITNpyuesZ‘3t4

 

 

       

   

 

meerygEmanraeketebya.Tur

saintHoapapryPpVeRO?THposee.ts ie

        

kw

cAyhSTLETAGTbOTAWYACuutoaC.r.paqe

   

 

pobyhal SugreesroueMEEoOpraruedqfacaURdoad1 waey;Pun
.Se

aiCUARKLay|hySeSTsCyto.CUE@OmepsPe
“enon©taaeoooh?”

itv]?Pied<gAgY.
ao.
2

onyetytevPaGitesTMTHCYRQreétrawaey)BerFookuaelitepeed.

  
    

3

9”
‘N30uNNe

AGOs

 

   

~Ld
OOneaneem,

 

a.tc

 

  

      
       

OBWkABIRIKyropr:+4

’ond

ayMiptyrypagegpyeLySGa(geticgTYCSLARTOTpusaysaqaaypba
   

 

     

waeBONSras72)saeeeqroQSLSSUPUBCieMAMrtPPPEkePOs

 

    
  

rhoqeefarcAcufsetiocucocaLedareaqcobecomesgpemeataneoyOLdatines

  

   
  

+

wl|OfMaqedcocescamabcansbe:ane,erme?x

  

PoyteystifpsAug

     

SETTOMACyTegOTBbLGAREYCOGorteritsCieTHerrgyeeatpoGhEOOy)

  

  

muyrs($)°

   

siarehcobesurtzfroucopagkparqsusgdnecrom.4MIPoprernegpa

   



“
e
k
e

ee

M
E
A
N
B
O
D
Y
B
U
R
D
E
N
,
«
C
i

0.01

TTT TT t ent y T T

La em MALE {

a —eee ADULT 4

—-— FEMALE

|

C !
|

|
x |

Pa

[
at

:
|

\

! Lisl | Lop 1 L 1

100 1000 10000

Fig.

°

  

 

   
DAYS POST RETURN

3. Mean Adult 0578 Body Burden History at
Rongelap Atoll
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rate from the equation, This method yields n-l] estimates of Ky where n was

the number of data points. An average value of KE was assigned for each m-

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, ICKI'68,

ICRP69, ICRP79, Ki78). A representative sample of these parameters is presented

in Table 4,

 

 

 

 

 

 

Table 3 a

Summary of Dietary Rate Constants (Kee d~) . “y

60., 90, 6574 _ 137, __ 3

Rongelap Adults ‘

Males 1.5x107> 1.8x10~ 3.1x107> 1.4x10-" 3

Fema les 1.6x10> 4.1el0™ 35x10 4x0 "

Adults 15x10” 1.910" 3dxd0 eat a
Utirik Adulte a

- ~ eS
4 4 ie

Males N.D. 4.6x10 N.D. 14x10 “

Females N.D. 4.0x10~" N.D, L.4xl0~” is
_ eu

Adults N.D. 4.2107" N.D. 14x10“ .
ue

N.D. = No data sufficient for analysis. 1s
 

The values ofK, were similar for males and females and for residents of

Rongelap and Utirik. For 906, on Rongelap a Factor of 2 difference betwers Ke

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

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

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

highly probable and therefore not significant. This difference leads to :
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Data for ‘Co and 6525 were not sufficient for analysis for the Utirit

=
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ie
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s
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Atoll residents. Values for Ke observed at Rongelap were assignedto Utiril

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 os 
adult body burdens for all significant nuclides studied on Ronge lap and Utirik.

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

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

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

plotted to demonstrate the fit,

The curves shown for 99 Fe in Figures 7 and 8 were obtained by setting Ke

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

55  future ones. Since ~““Fe contributed less than 1.0% to the tocal dose equiv: ‘i

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

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

obtained from Rongelap and Utirik (Co75). Analysis for 7356 has yet to be a

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

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

tial change in dose equivalent is not to be expected.

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

137 . coe . t
Cs mean urine activity concentrations. Mean values for adult males or «1! oa

adults were plotted. Measured values for Lio. body burdens were also shown in ij

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

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

; ar . . . 137
tional variations. On the basis of this observation for Cs, a smooth braid.
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burden curve for 905, recongtructed from raw data and Eq. 1, was considered @

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

radiochemical analysis of urine versus direct body burden measurements can be

found in Mi8l.

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

randomly chosen subjects over: the 25 year monitoring period. These individual
rat 4

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

137
illustrates the adult male, adult female, and adult population mean Ca body

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

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

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

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

on small numbers of persons who were chosen at random, it is conceivable chat 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- t

uals were not monitored consistently throughout their residence intervals except ._

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

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signifi-

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

tion rate within a 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 demonstratee the differences in ingestion of 1376, for various popila-

1376, 905, and Orn,tion subgroups. This undulating pattern was exhibited by

nuclides for which sufficientdata existed for analysis.

Differences in ingestion rates of the stable element at: the same geo~

graphic location have been shown to occur among members of a population (ICRI
+tay etd

23). Age dependent diet studies for ingestion of Cs for urbah' Japan have valuen

varying from 1l yg av} for adults cto 8.6 ug a”for children, Sein a westein

type diet rose from 600 pg a7!for infants to 690'ugd7 fox 5 year olds to

3,600 yg a7} for 13 year olds and fell to a mean of 1,900 isa"*tor adults. 2n

in the United Kingdom rose from 2 to 40 mg al, 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 2()

ug avi for Japanese adults and half this amount for children. The Marshallese

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

the Marshall Islands Diet and Living Pattern Study (Na80) observed coconut sap

being used as a major food supplement for infants, and later in adult life as 4

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

vided the major source of 13705 on Bikini Atoll (Le80, Mi80), the shape of Fig:

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

1Q Age and Sex Group Mean Values For 13766
Activity Ingestion Rate Referenced
To Mid 1957 for Rongelap Atoll
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Figure 11 shows the individual datacalculatedfor 137¢, forall Ronge | ap

137
residents and is referenced to June 1, 1957. The individual maximum “~ Cs daily

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

The standard deviation observed for the adult activity ingestion rate 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. Adol¢ecents and infants

exhibited a broader distribution than adits;‘wpilechildren showed a fractional

variation in ‘activity ingestion rate similar to that of aqultsy. Breast feeding

versus coconut sap supplements would have contributed to chegreater variation

observed in infants. Adolescents and young adults were rhe population subgrouy:s

which have been observed to move frequently between atojle. This mobility 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 pattern; however, a distinct difference he-

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

vaiues for Re listed in Table 3 which were derived from urine data for male and

fezale 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 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 (he

difference in the 706, dietary rate constants. Data from urine bioassay

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

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

data during the 23 year residence interval. The results indicate that becauye
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of urine activity concentrationvariability, there was a 60%probability that

4 we L cet bee Sabo ty i al Py ty Pee Subic.

the male value for Ke would’ be‘different from’ the female value by’ thefactor

observed. Thus differences in the derived activity ingestionrates and dose

‘ . e e 4 gt.

equivalents were not significant.

13?65 "Ca activity’ ingestionFigure 14 shows a semi-log plot of the “Zn and

rate histories for adults on Rongelap. A curve was drawnbetween’ points, and

the appearance of an increasing >’Cs ingestion rate duringthe1960's' indicated

the possibility of another contaminating event. The Hardtack Phase1 series was

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 are as follows: 1) the

increase in !3’cg ingestion rate was not in conjunction with an increase of

6570; however, since 6575 is an activation product it may have not been produce}

in the same proportions. 2) The peak 1370, 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 experi -

ments of the Hardtack series in 1958. 3) The activity ingestion rate at Utirik  demonstrated a continuously declining pattern versus the humped pattern observe. 3

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 Healtl

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 woi

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

postulated that body burden variations were caused by travel away from the atv] |

29

et AMET _



 

or sickness ang ather factore,.Regardless of the,couse of indiyidue),gi ffer-
ences from the wean, a smooth,degcription, of the body burden and activity inges-

tion rate for the population could be adopted. Onthie basis a declining contin
, . 4 . to of + 1 . : me

vous uptake model was used. ; oa,
a

Internal Dose Equivajent Rates ue de bes co, Dog,

The spproximate 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|, vad

it = ql, (4)

where to

the total body doseequivalent rate, aRen y~!,= i
a

Tee

I = equilibrium dose equivalent rate to the total body per unit body

burden, mRem y~! yen,i

instanteous bady burden, pCi.

m=
) m

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 mean

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

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

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

of 1.2 was needed to adjust for differences in body mass relative to a 70 kilu~

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

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

  
Total Body Equilibrium Dose Equivalent Rate

per Unit Body Burden
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Figure 15 illustrates the relative contribution to the composite dose if

equivalent rate for each dosimetrically s}gnificant internally deposited nu- a

clide. For the average Rongelap adult, the residence interval begins June |, of
ie

1957; however, many adults were reported to have resettled during the next 3 ta 8

6 months (Co8)b). The composite dose equivalent rate indicated that a bioad os
ae

maximum of approximately several hundred millirem per year persisted far several

hundred days. Most of the dose rate is attributable to the 1376, component Ce- us

—

2
B
B
e
e

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

for populations returning ¢o a contaminated environment years after a finsion -

type initiating event. ou

Figure 16 illustrates two possibilities for the Utirik dose equivalent

rate resulting from the 6570 body burden history during the first three years

post-return. The higher body burden resulted from use of the two measur: c:! 0504
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‘body burden means for edulte-on Utirik and the observed kerate:‘constant frou

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

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

in dietary radioactivity on Rongelap had been observed tor)?"cs, 905, and 0065

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

phat

duction fractions very:simikee. to, those,abpongelap”were)‘observed st Utirik for

137 G4 nuclides. The lower curve on Figure 16: reflects the dose

equivalent, dose equivalent rate, and body burden which yould have occurred liad
y

the 90Sr, and

radioactive decay alone aceounted:iforithe removal of *°Zn from the Utirik envi-

ronment. Since additionalimechanisms could be measured for other nuclides at
BAQIV Mad po jlae

Utirik and for the °2n nuclideoon a nearby sto]1,°*the upper,curve was chosen as

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

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

for each nuclide. An obvious difference relativeto the Rongelap history

exists} 6508 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 of

each nuclide contributing to the internal dose equivalent. In fact 60., ani

6975 played major roles during the first 3 years, a time intervel that

corresponded to the period during which field whole body counting facilities

were being developed at Brookhaven National Laboratory and when medical exaiu!na-

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

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

. 65 . .
The impact of °~Zn and 606, was such that even if the least conservative rate
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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 occurring’ in the ‘total-bodyof :an individual during resi-

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

together withpersonal body-burden histories and atoll specific Kp rate con-

stants from Table 3, provided-an initial estimate of disintegrations between cun-

secutive body burden measuremants. The second method used was a log-log plot of

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

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

commared to a standard weight of known area. Quality control procedures

required that all chree methods agree within +10% before a subject was assigned

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

the methods compared to within t5%.

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

 

. £) 0,A,5. (ZC. D, + Ind/d)  rT .0D.CEAB, * Ina/a) Om)
iiivibii

where

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

. ® ia
interest, fe

A. = organ compartment deposition fraction for the element,

36 o r tes weer ONT oe pe. “per 8 pyaar ,EE CORESRYSe et eteere ssseisenyee | (ete. ae t ' aa Sr ee ~ ae . my



   

organ compartment biological half time for the element,
‘

Cc. = total body compartment deposition fraction for the element, oN

vig
D, = total body compartment biological half time for the element, aM
:

ar

fo = fraction of the element from blood to organ of reference. sid

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

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

compartment deposition fractions and compartment half times iwere obtained [rom
4

Ki78. Values for the remaining quantities were from ICRP59.

The dose equivalents to a specific organ or the total body ere determined |
oi

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

the dosimetric contributigps from all source organs. Several important modi ficas
.

 

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 cumlated activity was weighted by the ratio of a standard man's body mass

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

equivalent was determined, In the case of 137o6, the Long term biological re-

 

moval rate constant for the Marshallese population was highly dependent upon
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body mass (Mi81). Appropriate modifications to Eq. (2), (3), and (5) were wade

3
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to reflect this dependence. Finally, for 905, deposition in bone, 28% of tlie }
4

source to target dose equivalent per unit cumulated activity was assumed from 3
‘i

: idcancellous bone and 72% from cortical bone. a
; ; 137 ; onFigure 18 demonstrates the mean dose equivalent from Cs for various age

oat
es

' . . . “ratand sex groupings. The residence interval was from 1957 to 1980 for this popula- “ta

tion. The adolescents and persons above 50 years of age in 1957 maintaine:! the °#)
ad
OF

lowest dose equivalent. Persons who died during this period were not ine tuded 4
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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 1957,

experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for

L37¢, among the Rongelapese. The shape or the population distribution was
; dive
| . t . .

skewed with a mean of 1.7!/Rem and a maximum of 9.0 Rem. Thus the maximum was

5.3 times the mean value-for }?"cs on Rongelap. An examination ‘of the subgroup

distributions reveals that persons. who were infants at the time lof rehabilation
e

at Rongelap also were the:recipients of the higheydoses. This was due to the

combined effects of lower average body mass, a higher average ingestion rate,
' . i¢

13766 than that for adults or even children. The pa-and more rapid turnover of

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

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

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

cents 47%, Within a subgroup, the maximum observed dose equivalent was 4pproxi- vt

mately twice the mean value for all distributions considered here.

Figure 20 shows mean dose equivalents as a function of returning agr

groups for O57 on Rongelap. Adolescents, young adults, and adults 50 an) up

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

dle aged persons received higher dose equivalents during the residence interval,

Measured 62H data for persons who were infants at the return date were not

reported in the publications by Conard et al.

Figure 2] shows the dosimetric distributions observed for memberg of the

Rongelap population for 6500. Again the population overall exhibited a skewed

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

demonstrated higher doses than persons who were adults during the entire ?)
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13766 Dose Equivalent to (A} All
Residents (B) Adults (C)} Adult Males
(D) Adult Females (E) Young Adults
(F) Adolescents (G) Children and
(H) Infants on Rongelap
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Fig. 20 6575 Mean Dose Equivalent for Various

Mid 1957 Age Groups for the Interval
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Fig 21 O57, Dose Equivalent to (A) All Residents r

-(B) Adults (C) Adult Males and Females *.

(p) Adolescents (E) Children and (F) In-

fants on Rongelap Atoll
"
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and sex subgroup distributions. This less pronounced variation may be due tu “a

the fact that ©>7 measurements took place over a 3 year interval while 905,

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

homogeneous population than were the longer lived nuclides.

90; ede. ! uy

Figures 22 and 23a and 23b summarize the ~’Sr dose equivalent results for

individuals at Ronge lap.

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

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

tion pathways. It is known that for a given soil concentration of ‘the Stable
*

s

naturally occurring analogs to the radionuclides considered here, the ratio:
: 5 | * i

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

as follows:

Co > 3000 Zn > 130 a

Fe > 550 Sr > 10,000

Ce > 400  Thus, dietary intake of radioactive material is the principal pathway leadiig to

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

there are notable exceptions including I, U, and Pu. 
External Exposure ag

A value of .73 rade in tissue of interest per rontgen, measured in air at A

. one meter above the surface, was used to convert exposure in air to absorhei dose

137,
aein tissue. The source was assumed to be an exponential distribution of

tivity with depth in soil, typical of aged fallout (Be70). Because of the mo

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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te: fh =

ment (Gr77). «| ;

External:exposure calculations are based ‘on Figures 24 to 26 which were

derived: from data listed in Cr56, S8h57, Un59, and Gr77, The area under straight
t

i 1

line portions of the curve was-determined by) | ws toe,

3 RtnA (6)
x* n+} so}

where bey i

X = external exposure during straight line interval, mR,

exposure rate at the end of the interval, gh,Ry =

R, = exposure rate at the beginning ofthe interval, meh),
aw . , . Capen

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

t; = Cime post detonation at the beginning of interval, hours,

n = slope of a straight line.

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

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

Utirik, Rongelap, Parry, and Wotho and was applied to early time post detonation  of BRAVO to obtain the initial increasing exposure rate history shown on aed

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

Bi

hours on Rongelap and 12 hours on Utirik. This time compares well with the oH
Ah

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

stationed in the area (Sh57). Initial dose equivalents on “acute doses" at
im
ey

are developed in greater detail in another report. a
“
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Figure 25 demonstrates:the external exposure following the 1958 testing se~

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

this 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 RongeLap commenced 50

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

1954 and June 1957 the return of the Utirikese and Rongelapese, occurred resper-

tively. Body burden data for dosimetrically significant nuclides Were obtained

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

spectroscopy and by indirect radiochemical analysis of urine and blood.
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The dosimetric models gsed in this analysis were representative of a

ee

  
declining continuous uptake fesine. Dietary decline of radioactivity included

radioactive decay of the source and a conglomerate of other factorawhich might “G

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

etary loss rate constants were estimated from sequential body burden data ani a

were comparable for both atolls. ‘e

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

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

This was attributed principally to the statistical variation encountered when es

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

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

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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years of age ingested more activity each daythendidadolescents_andpersona

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

daily activity ingestion rate for.menbers of: an.1 agesubgroup wasnogreater than

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

tor of 5 times the mean activity ingeat ion:vate value. 25:31
, pat ff nt

Dose equivalent rates post returnwere determined for membersfrom both
oad '

atolls. For Rongelap Atoll, the residents received approximate ly 100 to 200

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

The principal contributing nuclide was 137G4, For Utirik Atoll, the residents
' ‘ 1:

received up to [5 Rem per year during the first 400 days post return, Themajor

contributing nuclides were 652, and 6000, Dose equivalent rates to the

Utirikese from internal emitters fell below 50Q mRem per year at approximately
. * ran,

{200 days post return. i oo
i 1.

The dose equivalent for ipopulation subgroups and for individuals was deter:

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 (Ber70) was used to determine doses to various “oNs

segments of the gastrointestinal tract. The Utirikese received significantly Bs
“ol

e 4 65 60 55 e re

more radiation dose from “Zn, Co, and “Fe than did the Rongelapese because RS

of short mean residence cimes of these nuclides in the environment. 9055 doses a

. 137 : ae
to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater than HS

mt

doses received by persons at Utirik. This occurred even though Utirik resident<: hy

. ae
returned to their atoll 3 years earlier and somewhat reflects the degree Uo

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

Utirik =! Rongelap' Ucirik -Rongelap
Nuc lide Adults Adults Adult du a

90s 012 027 00075 0017
55Fe .033 .023 059 042
\37¢g 1.1 1.7 1.6 2.4
60¢o 5) 014 36 -010
6524 13. 076 ll. .067
Incernal 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:

In, 054 12 .00075-,00075 .0017+.0017
33 ¥e 060 042 -058-.062 -074-.043
137g 1.7 2.6 1.5-1.7 2.3°2.6
Bi-ng 63 .018 4471.8 0,.12-.050
644 17. 10 ll.~16. .069-,099

Inc. -nal 20. 2.9 13.-20. 2.5-2.8
External 3.2 2.0 3.2 2.0

Tost 23, 4.9 17.-23, 4.5-4.8

Lower Large

Intestine Wall Liver

90s, ak} 57 .00067 0015
55Fe .067 047 12 .080
137 cs .59 .90 1.8 2.7
60, 4.7 013 79 .022
6525 1S, .091 17. 14

Internal 21. 1.7 19, 3.0

External 342 2.0 3.2 2.0

Total 24. 3,8 22. 5.0
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