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. identifying the areas of uncertainty, and using appropriat coqputcp- ozramn to

Status geggggt o “:ﬁ - ¥ :;”‘; A;: e 7
Duse Roassesomeut for Population&{on Ronsdlnp and Utttik tolLouinq;c;po&uro tu
fallqut from the BRAVO 1uoident“(March 1, 1954).
l !
Inttoduccion. : ; b |
e . o P L
Incidences of thyroid nodules. benign and malisnaut, 1n the:oxpoacd populationp
of Utirik and Rongelap has indicqted critical differqnqgo in;cop ;cpo ence: betveen::
nudule incidence and thyroid doge for the populationg (chlc}l} X Thq estimated 2
external dose rcceived from thestime fallout' began cp the t xcv:nuncton showg:
that ‘the Rungelap population rece¢ived an excernal doge (175 radg)”which-was about::
13 times that for the Utirik popylation (14 rads), apd this thyrdididose was about -
10 times larger, whereas the incjdence of, thy;oid nodules 1 thg«§g?j opulations '

were' not significantly dlffercnc 5o | R A

' A preliminaty study has 1udpcaced that the ctiétcal ’rqa qt 1nvoactgccton thai
could shed light is the period=during fallout .and. tton toiuboch theiislands
In addition, the fact that the agtrik population re rucd "within"120*days:: followtn;,
evacyation, whereas the Rongelap population tctutn¢4fonly a tcré‘thQ@yoqrn. requira
that we look closely at the Utimik population in tepmsiof a/ lgngoyﬁqqunurc perio
both internal and external. Fujther’studies would,|thsrefo 9 h‘VﬂgCO”GOﬂQCﬂCtdt&
on. the reexamination of all avaglable data in reports ;3ssued by Vltioua agencivs
during that period, consultations with scientific pergonnel ‘1 volwlvacﬂha: time,

5%

analyze the data., The end result will cnable us to' look for‘cerrelatio
the incidence of thyroid nodulc, and the :eaooesood}dqpc e#ggfggcs o
N
' "’* el . . R <)

Objective: : ’ ; ;.,;g %agﬁzx !

To examine the external and internal dose estimates tq thi Rbngqlop
populations following the "Bravo'" test in ordev to: ,

y 5T
a, increase the confidence in the reported values
b. test the hypothesis that radiation effects can be: :rannlaccd

into meaningful dose estimates
¢, look for correlationship between the thyroid cancer cases and the

reagsessment dose estimates (if any),

Method of Study:

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

a. Weapon Test (WT)
b. Naval Research Defense Laboratoty (NRDL) Reports
c. Reports from various other laboratories (Uptversity of Vashingcon, erc),

2. Personnel Contuacts: Efforce will be made to contact as many of the scientists
and technical persons, who were involved in the early years for informaticn
on measurement techniques and analytical procedures.
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6.

7.

8.

status Of Stud!. N . Y ; i

1‘

_Neptunium=239.

Use us-film badge data nongcrtk to quantity chov nllou; buildtns curve-
""“:5' and downslope, andito- cxtrapohu t.hil"intomciow to~ uugclap and
Ucirik, at o _ ‘

Determine the B/y raclo‘ind thus evaluage the contribution of B dose in
estimating the y depth q?sc. for exawplé, the 8 activity dose due to

’ al ’ 0 . 5

\MEN
(RN

' < 3
Plot all the available i%:a on external radiation and’ datetnine decay factors.
The question to be tais will be: Do the data result in a curve similar to
the estimates T-1 réfﬁtionship. or does it exhibit diffo:oa es, such .
as T-0.83, 1-1.2 dueucp 'woathering or other: factors?.; -

Examine the question on internal doap estimations from. :1ue ng}ysis.
food ingestion, inhalatign and data from animal studies. g; vocass all
available information onvdiet and leestyle would be ¢ iled ‘to derdi
tealiatic dose estimatas: from extetqal and intevnsl sout o8, < {g :

P )
Examine other studies done elsewhere on the thyroid nodu cs. fbi?piample, the 7 4ih
Chicago Group Study, and:also the use of 1291 to determi 8 th? ‘early thyroid:
doses. gistoric samples.collected soon' after fallout: wi 1ibelnsed /in determin
ing the‘ 9 concentrations~ «In addition,” 99r¢’ would alcoﬁb {Ee;mined sing
it is known to be retained in the EB yroid gland, - If: Epg,;g%hniﬂ *sed thyroi
glands would also be stu}énq gor 1 L conceutrlciouo x‘f g@* ’5&1}”

i

Use a “state-of-the-art putet simulation ptostan to'aii! 'é he transpct'*
and deposition of tadiqu31Ve fgIlout tollowinz the BBAVP 08¢-¢3Tb18 study
93

'G

*fv??fv

should nge % 7 g
58 N \“”3;

a. plots of 1nceg:a§pdgaXr conceu;ration isopleths . fotgfillﬁﬂ
iodine, cesium and gtrontium ES I

b. deposition iso lgc for the aforementioned filsi proiggts. plus
239Np/239py if?poqs ble, and Coiyy

c. time plots of the buildup and decline of airborne falloug goncentra-
tions near sea level at the points of interest, au&/or :ggjbuilding

of ground deposited ‘fallout, s tar 27

|
p#oducts
i

External Radiation Measurement . ; ig

a. Figure 1 shows a plot of the gamma dose rate in roentzcns pet
hour at three feet above ground at 24 hours after the BRAVO test
exploasion. Figure 2 shows the entimated 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 observatiuns,
an exhaustive search of all reports generated Tables 2 and 3 for
Rongelap and Utirik respectively. This data has been plotted in
Figures 3 and 4, These plots will be further exawined when results
from Item 8 above will be received.
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Table 2

Dose Rates fonsequent To The “Bravc" Shat. March 1, 1954

Rongelap - 115 Miles From GZ

Dat 4 + Hours Dose _Rate (mR/hour) Totul Bese (Fads) Corments Rufererce
31 H+ &4 .
to Fallout Began 2
H+ 6 ) ' o T TRLIER LT -
LR R+ 24 3500 o . 6
3300 Estimated 1
H+ L6
) (U + 4B
to (1:00) 175 Evacuated 1 -
" H+ 50 . 7 ~ oY << . .. . .
311 H+ 240 200 T e e Y FromPlot Lo “§
d+ 336 160 Rainfall After This v
‘ i Period _ .
321 3. H + 480 80 (50) ; , Reduction in actual 1,2,4
H+ 240 ‘ ' ‘ ' measurements vhen com-
to pared t6 T-1:2 curne.
H+ 60C ) ~ The actual vreadings in
L .brackets ( ), indicating
e reductions of 20-40%, due
T e to. rainfall.
9 11 - H+ 720 50 (30) T S 1
H + 960 38 (20) B 2
4 1% =. H+ 1200 30 17 , - 1,6
: 28 s , ‘
H+ 1440 25 (14) ¢ 2 TSR L s AT i
6 1 4 “ + 2‘500 14 ~}.( 5}*- CEIAN T LT 4 Pt l R
10 1 5% H + 4800 5 (1.5) 1
1 1 3% H + 7200 4 (0.85) - . 1
3.2 10.60) . ‘ ‘ &
H + 8088 0.7y ° - ) 3
H + 14400 1.5 (0.2) A
H + 16848 (0.09% 3
7 156 H + 21864 ~0.1) 1
3 57 % + 26268 ~0.13 1
S 5533 H + 48180 {C.T3) . Univ, of
Washingt




%

' [ EAN i
f e —l‘l"‘.'l-l ql — »—mﬂ
3 . $6 bt
i : grgeed ot [aM A6 il
) eanlaartixo
_ i o #e
g0w ¥ b b 3 41l
T - SR TR TR by T
- 8 m SR 2
T
oW W . .
_ e & i nvld . .
a o T i dYIIONOY
¥ & 04 NyNLIY -
- ~ . K ‘ PSR!
fe, 0« ' . . . N -
2 gy 3 MEEY
1 , W g M, gley 19
-
. o e @ ovs | :
. ! " Raftli 4 - =K
‘ I A "
! - Py
| o z
o oo . ) L o m
: o 48 3
- o v o t -G -
e § =R
& ) . 2 o
’ - P=Y x
¥ e 8 ®
! TIVINIVY —* « - - -
| - ﬂ <
;. q ;
; 2 Loneag.va mW .W.
4 - rﬂh ER R R - s —.H
2 { o '
a, . m _—
g NOILVNOVAT 3131dNOD ¢ L oy
. cot v
w — 1N01V4 40 LUVAS :
m SPRIPTLI -
__. vl : : R
j
| :
| i
| m
. i 3
1 L s
[N MU L H e b e 4

(o] -

(44 € 40 2u/ W) 31vy8 3500

1000
100
0.1

it b % S § it 4




Pt Py ot e £y R i ST T T Ao PO o)~

N

e v N T————
.. .

e il

© e (L PRAAAY £l e 4 g s ot RO Wit S

prTer oy

Date
3/1/54

Dose Rates Consequeqt»To The "Brave" Shot, March 1, 1954

B+ Hours

- H+l

. 422

3/2/54

3/4/54

-

3/8/54

3/9/54
3/15/5 -

7/1/54

2/1/55

6/1/54

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

7/1/65
+125/76

3/15/54
To
a
6/1/54
i'To
a

Hv24
H+28
H+36
H+55

H+78

He28 )
To

H+78
H+90

168

" Be192

H+336

H+2160
H+2880
H+8088
H+2160
To ]
H+10928
H+16848
H+2880
To
W+100000
H+190000

E:élﬁ ]

To

H+2160 }
R+

Dose Rate (mR/hour) Total Dose (R) Comments Ref

Utirik - 300 miles from G2

340 Fallout begins 1,2,

extrapolated 4.
350 _ g
End-of fallout 1,2
Evacuation 1,2

‘ started v
110 14 Evscuation 1,
: completed

9:76 Based on pgou 5.
of data

Decay curve ¥
follows T=1+2
40
. Decay curve
follows T-1°3
‘Return to Utirik
g ‘Return to Utirik
0.14

o rooiyl

™

0.05

310 Based on plot
of data .
0.004 BNL data
Sept 1976

Decay curve
follows T-1'4
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1 3.

S.

b.

1291 study o

All ‘available repotgl’canq’crnmg faquc on Mlinstnu., Rongclap.‘
Rongerik and Utirik have'bgen ewiqﬁ:!and pertinenttinformation:
has been collated into gpe, loca ¥ Jhe data colhmud concerns
external radiation msq;@entsntmmucudc conccq;ntiom in
soil, water, vegetation; aninalg; ,,tpod items

efforts are being wade to! "éolloét @E ? n ".'!. !
analysis and bioasway. sgmgles. : ;3 g o
1 &

-

ol
d

A recent diet and 1“08&1‘# stuéy

s‘i‘

;; Noveqyeg 1978 will
provide a firm bnsis*to-eqtimtt"u\

5

;%Qg? 3‘3 gxgctwlgdmn.

e 0O

8

B F:‘
period 1954-1974 have-bse 3'5 rl
samples are also being’ ami zéﬁ ot g
(Methods of Study) ‘will b, redpﬁ:ﬂ ~$0Y Cor¥ elate’ they:
Additional samples ftom"thegei‘a gu"(‘p Q.Emg}'zi
will be analysed far-1291:apd~9 g;:;fgqq & .~Jn.8¢d;
are exploring the pogn:uﬁlity pii analyeihg ¥Bik{nires -:he t'allout
that settled on "Theducky Dragoa!}“This: m{ggquq; ZProude che
most accurate desctiptibn' ot ghg; f@ﬁ)lg?tr, ey Qe AT

uﬁ

'State-of-the-Art' Coguter s:lmulatigg G - ,,; N3,8%4 E;_,‘;.g-; ,,_':". o

SRS L.‘ .r ,n- 's.. N :
e Ay g &

op@:l;}m befote,

¢
Y
26

All available data pcrtaining to’ peteorg;bgtct K
during and after the BRAVO test. have been;cplls ‘transmitted
to Lawrence Livermore Laboratory for' th# cmgt#y s:l.s.; 'rhese
results should ‘be available by Pebruary/March19794 : I
5 o
A recent Marshall Islands Radiological survey: cqnplqud 19
December 1978 should provide iso-dose lines for recent tiﬂ“. Caon~
parison of the two plots should be very. vpluable j,p ﬂpesg}ug 1956

observations. P
: . -

4‘3“
%‘
£ 3-

Discussions are being continued with the scientists and’ *technicgl people who
weye involved during Operation Castle,




Table 4

129! Radiochemical Analysis Results*

. I-129 PCT 1-129 PCT T o S
DATE " ATOMS/G ERROR ATOMS/uG ERROR . ~:_cb!m‘1"s - - ST L E
32654 4 LL4E+10 3.4 2.77E409 4.5 ISLAND SOIL, (smn), TP 1. mca mm&r LABARDZ = - -
71654 4.80E+10 3.6 3.88E+D9 5.8 ISLAND"SOIL, (SAND), ALMOST NQ HUMUS) - noucw—muu: z
12955 1.33E+11 4.2 3.65E+09 6.8 ISLAND SOIL, (SAND),” RONGELAP-FABELLE - : B
12555 1.53E+11 3.4 7.77E409 6.9 ISLAND SOIL, (SAND), RONGELAP-RONGELAP: ;. R g

102255 2.24E+11 3.1 1.52E+10 6.5 SOIL, ;(smm, sunsm ;Mn A-12) RONGELAP ; -~ | - =
102255 1738410 4.2 1.59E+09 5.7 . S01L; {SAND, ‘FROM 0, M),er;; >
102255 2.98E+10 3.5 9.728408 6.1 $0IL, {SAND, I AN A-9) , "RORCELAP. ~ & T _ &
72456 4.73E+10 ~ 3.7 2.60E+09 6.4 MID ISLAND SOIL, (SAND 0=2"), RONGELAP-KABELLE = : ¢ = _ .
72356 2.02E+10 3.3 1.10E+09 6.3 SOIL, YSAND 0-2;, POSS. FALLOUT CONTAM.); noucsm-mucw

72356 1.12E410 3.2 4.58E+08 5.6 SOIL, (SAND 0-2", MID ISLARD CLEARING), RONGELAP-RONGELAP
71857 7.60E+10 3.8 4.17E4+09 6.6 ISLMID SOIL (mn,rmnonm JNCH), BONGELAP-KABELLE =" ©.
71757 2.13410 3.5 1.90E+09 4.6 SOIL (SAND, RANDOM TGPE. INCH,: K 1/2 or;mm mm e
12355 4.14E+09 7.5 1.52E+08 10.9 ISLAND SOiL (SAMDY UTIRIK ATOLL L. ZFETEE
12355 9.31E408 6.7 4.45E+07 8.3 BLACK BEACH SAND, UEIRIK ATOLL. ax TEET =
112874 3.82E+09 3.3 2.22E408 4.3 BURF, ‘-3501 0-2.5 M, SW TRANSECT, nomnm-gsm'wz 1§uun
112874 6.13E+409 3.4 3.73E408 5.2 SURE, ?SOIL. o-*z*?shr im-inmszcr lmcmxm LSCAND

*Done by PNL, -Hanford, Washington~ & > 2 . o I ¢ S R
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof,
nor any of their employees. nor any of their contractors, subcontractors, o their em-
ployees, inakes any wagrantv, express or implied, or assumes any legal liability or re-
sponsibility for the accuracy. completeness, or usefulness of any information, appara-
tus, product, or process disclosed, or represents that its use would not infringe pri-
vately owned nights. Reference herein 1o anv specific commercial product, process. or
service by irade name, trademark. manufacturer, or otherwise, does not necessanily
constitute or imply its endorsement. recomimendation, or favoring by the United
States Government or any agency, contractor or subcontractor thereof. The views and
apinions of authors expressed herein do nat necessarily state or reflect those of the
United States Government of any ageney. cantractor ar subcontractor thereuf.

Printed in the United States of America
Available from
National Technical Information Service
U.S. Deparunent of Commerce
3285 Part Roval Road
Springtield, VA 22161
Price: Printed Copy $7.00; Microfiche $3.50
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A RECONSTRUCTIONOF CHRONIC DOSE BQUIVALENTS TOR mwM‘:«‘. |
AND JTIRIK RESIDEWTS - 1934 70 1980

E. T, Lecsard. N. A. Greenhouse, R. P, uilconbgtgor

ABSTRACT )
From June 1946 to Aygust 1958, the U.S. Dopartunutpotfb@?gg;glcnd Atomic

Energy Commission conducted-nuclear vespons tests:in the Northern -'ug‘uhau

Islands. BRAVO, an aboveggound test in the Castle series, rcluleod in

radioactive fallout contaminating Rongclap and Utirik Acgllo

: [jggtch 3,

1954, the inhabitants of these atolls were rolocaced uptil tadt;cgan ‘exposure
rates declined to acceptable levels. anxronnsnta1~an¢-gq§?9qnq§ffadiolog«c:x
monitoring programs were begun in the mid 1950's. by Brookhiyop*l;;ioval La' ra-
tory to ensure that dose equivalents received or couuittcd“reg@?nedlwithin .8,
Federal Radiation Council Guidelines for members of the ﬁeneral public, &
burden and dose equivalent histories along with activity ingestion patterrn: st
return ave presented. Dosimetric methods, results, and internal dose equi . ent

distributions for subgroups of the population are also described,
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On March 1, 1954, &t ‘Bikini Atoll, BRAVO, the elcet of ndé'u'a'r weapdng ik
Poonthmepr wd e - q,hqq!ﬁ wreodereda ! oot aad nuvaddo ol |“,ur,&d”
cescs in the Castle series, was detonsted. The BRAVO device caused uubmmual
et g iod9 e tnownatiend b 19308 _bus Joomdves R«
surface contammtion on:inhabited stolls within a:2,000 ‘square/n ilo ates. The ”%L
TN KN hoald boen 9”1’“' TR "‘.’i( ne In I,lm')f"?ﬂl;‘u,; Litg "‘i 1ty \/ TR ,,’,\;‘1 :
contlmxnated region was cigar shaped and included Ailinginai ‘Rougelap, *

coodl o ogbod by nb soeearq avsw dadl eehilaunoifng afld \litngup Los v
Rongerxk, and Utirik Atolls which lay east of gtound zevo’at éﬁocancos from 60

ni :.t;n?i whed Yo waryay ni naviy AR AI0 A TUE e Is'x iboihoy Y

:o 3_00 miles. The falloyt on Rongelsp, initially vuibic at lu-ﬁ un, "had

i bty e waidi Jusopi Yo wiing ada y gne s i Jun;l,,tm‘n » & by ¢

thinmd out to the extent: that it was no. lon;ot seen at H+10 hom:s t0162).

o e grii o4 cani 4 agd 103 b#oaidy dsiw say ol hey gaag LK ﬂﬁkfﬂ e, B

°". March 3, 1954, -the 64 vesidents:of Rnnulqp toll ang *il& residents of
i anenp 9d3TH0Y cding a6 baau ad e l“!?upu)ﬂ aifs, brs i : :

Stfo Island, Azlmgznae Atoll, ere evacuated. On March 3 and. 4, evacuation ot o
Crcies CEIIRE NTR Y 0?&11'; 'ﬂih(? nﬂbﬁud vhod hgn”';;qmﬂ,gkh 141

157 Utmk Atou vesidents also :ook place. During the. ti st faw: weeks and at.

' TR T A yot ol 1912 ala an el np $JL 1 :
leut once every year from: 1957 to the. prcm\t, a Brookhaven ‘l{’atioml Laboracq;g»'

S e .. [ TR iv ();, BRY )]a;[ LYH [”j ”} PR )‘U’! 1',‘&‘ 5,

medical team, organized by’ the Deparmnc of Defense aud by the: A;touic Bnergyr

R TR P AL Potay i pongdr ad IR IR IR IR ‘]a "
Commission and xcs successor organincions, hu prov doci n’diqg'l, Jexaminati ions t;a

IR TVe & LT =
monitqr the health of thc persono mitiauy affccccd el;'y ‘t fcinlout fiom the mm{

: e iy ¥ii] iy _,
clm :escins program, pluo a comparilon pspuhtion. uﬂpo’r’éo‘& 3tboiz’ fmdmn

are given in Cr56, Co58, 0059 Co60, Co62, Cob3, CobS, Co67; 5070, €075, and

Lt

RN ,(‘o’rqlt i ey v

Co80.

1% L

s

The Utirikese and Rongelapese returned to their home atolls in June 1954
and in June 1957 respectively., The earlier repitriatién‘of”bki;ik Atoll-wns'
based on the low level of extefnal radiation exposﬁr; méaéufé&séfter tﬁe initin;
3 month observation period (March to June 1954). The ﬁtirik“bbﬁuléiibn was not.,
e#amined by a Brookhaven medical team until March, 1957; whén”i44“péoplé re-
ceived comprehensive physical examinations. Following khe!i957,zhedica1 survey,
two men, removed from Utirik for medical reasons, were whole body counted at

Argonne National Laboratory and provided urine séﬁpled“for }idfbghemical anal-

5 ' S ‘ .
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et radue basune 1 'ub

tooqingiennsya 0 hne

oth.atolls vere's edy
50 badd OVAQK “5101& knyJin 38
and “"8c. Suboeqnenc Brog}havcn National Laboratory’ oxpcditiong by mnubers of
AR ol L b93suodab apw oo slvanY et 9k o .1
e Medical Department Safety and Environmental Protection Divisi tilize
l? « BITE ,,:mpwxr."pa O&&‘S rvf:’!’uw alioln bw:dndn: ne t'nrﬂxzipm:m;;;ma:‘ l.z

whole body counting and chemical: anal sis of: ‘yrine’ and hlood:esmples to
¢ € I‘J\‘;ﬂ“/? ng( ﬂIgﬂI,&,‘ ‘)le:’l"ﬂl b("l Qan{e ’33814 dawdnq'da-¥ tb“’?f?ﬂ;ﬂh o

uantif: chc, adionuclides: that were present in :body.: The re~
&d mmf %‘?Qﬂﬁj‘ﬂ i b H%yC‘ 19% ab‘tum';s Yo ’3359 ‘(5[ dbfdwpelfnjlr )ft“u‘::? bmxy.\lvw )

sults of these radiological’ nnasuremcnto are ‘given: An s: of ‘body burden in -
bpd gruod A0 a q?drtf v v”unmt ,qnfnn‘oﬂ ne - 3:::;"3 m"l‘p"!ﬂfrlfﬂ

Tables ] a . voughout'-this paper ‘the units:of quantitiesis 781 derived -
’4 }m Pd;*‘nmiq‘l *o?‘mw 29 1 ’}:mpl' on 0w u‘ wrfg 2::9:&2 m{g :;' s eyt

and those which ave acce gnd for use wichrcho»sx for- the time bciuz, Thus both:

to minehidatr 8 bn f!o1 Qd‘ﬂqnnﬂ 1o a1nabfaﬂ1 A asfy N Ayl al

, the Curie and the Becqucr’} nay bo used as units for the' qumetty sctiviey.
O T Lt ausve a3se TLath sanignl LEN" b Do

The aforementxonad ody burden tubloaﬁi Justrate adultimean:
b T AroTemen y,,a,y,w n bl vtnmlm'fnf%;ma ultimear

Rongelap and Ut;rxk. ‘gdult, as clagsified herey .vas
i SO 07 S Tt ady a3 \cex mqwi,ws«y vTave y -

of age, The mean body mags ‘in this age interval was 605kilogr¢-d ' The' observ

TR nan i Poobasagnal sl o dngmtgged ody v hoXinsyrapigat fo ¢ ol
, body mass versus age di%;tibucion is shown in Figure l:for. Ron;clap Tesidents,
P/ v Ve LGS SIABRYO YheRwdhpe B P woEHL e

.. The, same body mags vetsqf age distr:bugxon vas. ObOCtVCdt%t U:irik. ,
Fluitint annsreq adf 1o AL iasl ngy o,

, Because of the paucity of [easurements at. Utirik,'iuforlqtion on  Co,
Nty g osyig ¢ MEYROTY© eat iy oy

65%9, and Fe was in somg instances der;ved fron the ratio of adult mean body

PRSI el 4h Jiny.

burdens between Rongelap and Utirik. A mean ratio of 2.6 was 0ba¢rved in body

pexson

burdens for 65Zn, 908r, cnd 13705 after they tcacbed :hoir naxi-un values, The!
P T ?4&;&1\3 oo,

standard deviation of this ratio was 15%,

O TR EATEE “”:\" g,

In the following analysis, personal body burdon hictorica’lnd roszdence iy

v P oy Ligs [T BETTe .

tervals, in conjunction with contemporary dosimttie mdclo, cre used to esti=- -
b LA YL ’; v}

mate internal dose. Dosimetric dxstributxonn vere conottucted from the results

froog , R A T

and a summary of the derived activity ingntion rateo and dose equwalenls was

o fgragfe Hagi

provided for various subgtpups of the(popplatiqn. Addxtzonally, exposute rate
: bt pag st i it

history curves were constructed for each atoll fot the pettod follow;ng the

foge
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2 subject urine exg;thou rate, & dly ;,

inacantaneoua frastion of atoms docayin; per unit é1;2f1 ol

initial atom ingnqc$oﬁ’tdﬁ!}yldﬁﬂgléﬁvr4o

instantaneous fr.ctxon of atoms removed from compartment. i by

gotwollol acinmay Iads =1 smlg I8 v3ivitos AwosanInGIAng o
physiological mnchgnisma, day™ i '

R

‘compartment i depesition fractiom,

the number ofbacdgj)inhéédygxspgpc(i*adlagtqc 59 the number in all

compurtmcncl Qtﬁtht onset of declining continuous uptake, (t=0),

cvtiggsr Iy o1 emid e ¢ tivitos BUOMIRINB S, ]
i 0L 3 oJadr ewollo?
1natantaneouo urinn activity. concoutr tion, ‘ﬁ '

i Ylguxvun T

fraction from(GI;}t’Qt to b1°°d'<A*dX)- T .
i F30 1 VO T

= fraction excreted by the utino pathway, |

2 instantaneous fraction of atous renovcd or addcd to the: acom uptake

o TTREE L I : taygad { ?
per unxc txme, day’l &ue t faétoroaoc"tgiﬁauntﬁdig"fgiye‘decay,

R ‘ ! i \Y" S ' ,ﬁ{qmmf';) X! .j 8(‘[";}6“ Fuaugt

L .0
L
(1] L]

o
L]

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

;nstanCaneous body burden, Bq,
Pt oagdy g i sy i }{,qq Lani} Tose Do

= body burden at the onset of uptakc, 'Bq,

the number of disintegrations in all compartments occq;finzfduiiug

the uptake interval, Bq days, . DI S B

lution integral. At some variable time, T, defihed‘dutihg‘a'fiiiégdﬁtake

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

it

tract to blood is given by

'(kg*k)fl'

1]
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Thus, the instantansous accivj,;y at gi.u t=7 that remains. foll
zab .amainnﬂaem Teaige

dt is

ouo activity at cilo t‘t cha:’vcul
qnsanﬂq td;vinan Juxlu aposg 3ns

K jfiz’ favvit NEEEE [ SR :
w,-.—.q??hsx,??%“s*?" of the is&s&sﬁms‘z‘z m,&' !"" '.«“;f:k:}fm;q depends on

the user defining t. For le, if t is the f ‘ iut ¥vely. T, plus
: 8 m ! L gitshorad v nd gvsggguﬁman”" '9’ *p "

dditional fixed post uptake ipterval then the. 5 4 1
additional fixed p up .PR : ﬂ;!3r¢, h body ﬂbﬂtﬂ:? od ~.9

¥ is
19200 wd3 18 ok i
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As previously stated, Eq, | (2) applicd at Rongclap and Utirik, it vas

e wren She L fedgaini ani
for the situation that variable time t was the uptakc iutrtvol.v Additionnlly,
betosdy T o feer
persons who returned to the atolls in June 1954 and June 1957 did so. vich an inx-
v by Ut heald g

tial body burden, q°, The behavior of this coutribucﬁon to body burden,

q, was embodied in the q° term of Eq. (2). A similar model was used to relate
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tial dazly activity 1ngest£on rate toquirod toi producc thc -naautgéﬁor ‘derived

body burden. Equation (3)“v¢| used to: doccruino the' nunbor ot diliuecgratxons

that occurred in|the' body " dﬁrinz the res;&onéi idto:&al‘ot iu _udividual living

on Rongelap or Utxrzk Atoll.

l / ‘”" TR
(2) can be converted $°”F§8; gqq,fgptinuous equatio ’ by v

-A. Single uptaka«efpre-niqno are obtained by setting

shq nyﬂd‘to have a nega~ -
A LAg)
tive value, In the case of Rongelap and’Uc;:;k, KB vas found to-have a positive

value for 13703, 65Zn, 6000, and 908:. This indicated that in Qdﬂi;ion to

N B N
HAaY Ve

tinuously xncreasxng dietayy uptake o of ‘3730, Thuo, ‘E

vadioactive decay, some other removal wechanism decreased the. radipactivity in

ssie, only oue mea-';yit

dietary items during the residence interval. For the nuclide
was not possible,

Kg was determined by using Eq. (1) or (2) and the population subgroup wean
body burden or urine activity concentration. Portions of these bioassay data
are illustrated for adult males and females in Pigures 2 to 6. 7Two consecutive

N

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

- N
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rate from the equation. This method yields n-l estimates of Kg where n vas
the number of data points., An average value of KB was assigned for each nu-

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 rvepresentative sample of these parameters is prescuted

in Table 4.

Table 3
Suﬁmary_of Dietary Rate Co?agancs (K&{fgz;) s
60, N

Ronge lap Adults ' ' v

Males 1sx107 Lex10™ 3ax10” 1Lexi0™

Pemales 1621070 4.x107 3.5x1070  l.axio™

Adults 15x1070  1.ox10™ 3ax10” 1o
Utirik Adults - | ,

Males N.D. 4.6x10™ N.D. 1.4x10™

Females N.D. 4.0x10™* N.D. 1.4x10”™"

Adults N.D. 4,210 N.D. L4x1o™

N.D. 2 No data sufficient for analysis.

The values of KE were similar for pales and females and for reside:

908r on Rongelap a factor of 2 diffevence beiwe

Rongelap and Utirik. For
values was observed for males and females., The female parameter for Rong
Atoll compares with that obtained from the Utirik data., A ﬁaired t-test

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

highly probable and therefore not significant. This difference leads t.
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bimodal activity ingeacion.race distribution for 903: in the Rongelap popula-

tion,

60

Data for = Co and 652» were not sufficient for dnalyuis for the Utirik

Atoll rvesidents. Values for Kg observed st Rongelap were assigned  to Utirik
males and females and body burden histories for population subgroups were
reconstructedlusing Eq. 1 or '2. 'Pigurei 7 and 8 illuserate%the derived mean
adult body burdens fofléia significant nuclides studied on #ongelap and Utirik,
This method ﬁrovides afg;;tffit of the dats shown in Figure% 2 through 6, and
provides a bo%y burden hi;tory during the early years post éeturp at Utirik, a

“ [N

time when body burden measurements were not made. Actual dé:a points are also

plotted to demonstrate the fit,

The curves shown for SSEe in Figures 7 and 8 were obtéingg by setting Kp

equal to zero. This underestimated the initial body burdenivﬁdd overestimated

future ones. Since 35

Fe contributed less than 1,0% to the ;otél dose equiva-
lent, an arbitrary assignment of KE based on observed value? fér the other uu -
clides was not attempted. During 1974, another series of blood samples was
qbtainéd from Rongelap and Utirik (Co75). Analysis for ssii.hao'yet to be
reported. A recalculation of ssFe body burden and its impact on early dose
equivalent vrates will be conducted when the data is made available. A substan-
tial change in dose equivalent is not to be expected.

Figure 4 and Figure 6 illustrate the observed adult histories of 9OSr and

13703 mean urine activity concentrations. Mean values for adult males or al!

adults were plotted, Measured values for 137Cs body burdens were also shown in
Figure 7. A much smoother curve was plotted in Pigure 7 and it was determiucd
that the collection and analysis technique for urine samples introduced the addi-

137

tional variations. On the basis of this observation for Cs, a smooth bndy
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burden cutvolfor 998:.
more accurate history. A dc;ailéd presentation of the greater eriation in
radiochemical analysis of urine versus direct body burden measurements can be
found in MiBl,.

Figure 9 illustrates. the varigtion exhibited in the body burden of 5
randomly chosen subjects ov.;c:he 25 year monitoring pfrxod. These individual

f IS

variations may have had a’drgplttc impact on cho mean dcta. In Figure 2, which
illustrates the adult male, adult female, and adule populatxou mean 13705 boty
burden for the 25 year exposure peviod, & degrease tollawod by an ipcrease uaa
seen during the years 1958 through 1963, Althou;h thc]Caotlc BRAVO test ini-
tially contaminated Rongelap in March 19541 it had been proposed ‘that the
Hardtack Phase I series added to this an amount of codégmxnation equal to that
responsible for the Figure 2 body burden pattetn (Co63).w FPigure 9 suggests ri:ac
most individuals counted in those years had body butdenc vh;ch remained the : e
or declined; however, one individual's bu;den (#881 Mx rose and fell quite
differently from the others, Several facfors could h;ve contributed to thi-
variation from the mean such as departure and return éo the atoll, sickness. e
dietary contribution of imported foods, etc. Since the mean values are bas |

on small numbers of persons who were chosen at random, it is conceivable th .t in-
dividuals like 881 M influenced the mean body burdens to s grester degree t ..
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 ind . 4-

uals were not monitored consistently throughout their residence intervals ¢ »t

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 & veturn date to Romgelap).

13700 for various popula-

137c" 90

Figure 10 demonstrates the differences in ingestion of

tion subgroups., This undulltink pattern was exhibited by 8r, and 65Zn,

nuclides for which sufficientﬁﬁata existed for analysis.

Diftorcnceo in ingestion vates of the stable element at‘the same geo-

graphic location have been shown to occur among wembers ot a popglccipn (ICRP
o,
23). Age dependent diet studias for ingestion of Cs for urbab Jibcn ‘have valuea

-1-

varying from 11 g d -l for adul:o to 8,6 g d ’

for childre ! Stxin & western
}5 ym- olds to

type diet rose from 600 ug d ‘for infants .to 650 ug dfl £0;

:’}
3,600 ug 4 -1 for 13 year olda and fell to a mean of 1,900 pg}p %EfOt adults. Zn

in the United Kingdom rose from 2 to 40 mg at

s the higher vélue of Zn being
observed in adult tea drinkers. Fe ingestion in a western t;pe dieét has a mini-
mum at age 3 and maxima at ages 1 and 20 years. Co is ingested at a rate of 20
Mg d"1 for Japanése adults and half this amount for children, The Marshallese
population also exhibits dietary changes as a function of age. The authors of
the Mavshall 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 .
major source of daily fluid intake. Since coconuts and coconut tree sap pro-
vided the major source of .13703 on Bikini Atoll (Le80, Mi80), the shape of Fig-

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

;911 Rongelap

‘13763 daily

residents and is referenced co June 1. 1957. Tho individual naxiuu.
activity ingestion rate was approximately &4 times the population mean G;lue.
The standard deviation observed for the adult activity ingestion rate distribu-

tion was 41% of the mean value, 39% of the mean value for yoﬁks adults, 482 fqr

adolescents, 382 for ch;ldrcn, and 342 for' infanta. Adol#scentl and infants &
&

exiibited a broader distribution thhn;q§§l§§;jﬁﬂikdhchilﬂﬁeu ohqwcd a fractional
i
variation in activity 1ngestiou rate similar to that of ajulcsg) Breast feeding . .-
| s

versus cocondt sap -supplements would have coutributcd to qhq 3;oaccr variation

observed in gnfancs. Adolescents and young adultu were ;Hc populntion subgroups
{¢
which have been observed to move frequentl.y between” l!o],ll. Thio nobility would

lend to greatet variations in the datly.actzvxty 1n3¢otio§ ratqo tclattve to
I “

those observed in the morve scacionqry population oubgrqup? 1'

Fxgure {12 also exhibited § wave pattern; howcver, & diotincc difference be~ '

tween males and females was zpdxcated. This diffetenqe a;ooe from the use of

vaiues for KE listed in Table 3 which were derived fron u:xne-data*for wale and

ferale residents at Rongelap Atoll, Its major impact waafon E@e dose equivalent ¢,
rate, not on the total dose equivalent; and its effect was tO'éaule the dose
equivalent rate for males to rise and decline move rapidly than for females. B
Figures 13a and 13b summarize thé_individual data for 08¢ for sll
Rongelap residents and were referenced to June 1, 1957. A bimodal shape was
observed for the distributions which contained both sexes, again reflecting the
difference in the 908: dietary rate constants. Data from urine bicassay
indicated that the observed difference between the male and female values for g
was not significant. A t-test was performed for consecutive urine measurement

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

of urine’ aééivit&bconcint'”tfgd Varidbility ! theve waé ajdoziprablﬁiifey that
the male value for ité‘*déd’l‘d“i;’.‘-‘&’(‘it&é&né"t‘i‘dﬁ"ché’-’ fekale vilue by"thiefdctor’
observed. Tbus differences in'the derived éctiéii&ningébtioﬁ:iateb'%nd'dose

equivalents were not significant. e

65, 132

Figuré 14 shows a semi-log plot of the ~~Zn and '“/Cs'activity ingéstion

rate histories for adults on Rongelap. A curve was dravn between’ points, and
the appearance of an xncreaéiné'la703 ihgestion rate during the"1960"s indicated
the possibility of another contaminating event. The Hardtack Phase I ‘series was
conducted just prior to the observed incrgggq in the curve and fallout from the
Cactus, Yellow Wood, and Hickory‘experimcnto detonated aﬁ Bikini and Enewetak
would have reached Rongelap.' However, several observations fail to support the
conclusion that tecontaminat}on was significant, "Thesé dre-'as £ollows¥ 1) the
increase in 137Cs ingestion rate was not in conjunction with' ah inctease of
652n; however, since 652n is an activation product;it ﬁh; hevb‘hot‘b@eh'produced
in the same proportions. 2) The peak 13764 body burden at Utirik cccurred

nearly three years after the initiating event, Castle ﬁRAVO,_while(gbg;peak body
burden at Rongelap followed six years after the potentially contamipgging 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:
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 Healil
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 sugﬁest that the Hardtack series was uoi
a major factor influencing the Rongelap body burden patterns. Thus it is

postulated that body burden variations were caused by travel away from the ati|
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oF sicknmee,gudiather. fagtore,, e ,sm“!{! mmmn 8 ndiyidyah gt fer-
ences frop the mpean, a pmooth degeription, of, the hody burden ang scpivity inges-
tion rate for the pqgula;iqnxﬁ?u}qlpf,q¢ogggqgﬂh n this pqg}g'avdfglggﬁpg contin -

uous uptake model was used,

RN B B P A .

Internal se Equi t Rates, ..., Wl gin! ba p s B

The app:ox;q@;g ;n'cxngagggup doso eﬂuxvalpnt rates for thc total body

vere determined, from the body burden dars illustrated in Figures 7, and 8 and

from the following equation .

IR Yooy P v;‘u“!., R : Cvr
iy st e - L ‘e RN TR
H = ql, (%)

t,c'sf"l e T C o : ‘ . £

where

AR SRR TR IRT: L S R TIR

e
[ L[]

. the total body dose aquivalent: rage, qﬁgp\yfl, s .

.
T hi 2

()]
i

2 equilibrium dose eqpivalent rate to the total body per umit body .}
- burden, wRen y'1 uggﬁl,

£ instanteous body burdem, uCi.

£
n

The approximate nature of the estimate was due to the asiunptibn that ¢! -

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 me 1%
residence time for the total body. In the case of 903:, 86% of equilibrium w- é
assumed. These assumptions were not used in the estimate of the total dose ig
equivalent, In addition, since mean adult body burdens were computed, a fact - .~é
of 1.2 was needed to adjust for differences in body mass relative to a 70 kil 'é
gram adult, Table 5 lists values of I which were determined from information -%

given in ICRP59 and corrected for body mass differences.

L Y
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/ e
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-Figure 15 xllustratcs the relative contrtbucton to the fongpszte dose
equivalent rate for each dosimetrically lygntfxcanc 1ncernnlly d,?osxted nu-
clide. For the average Iongelap adult, the residence intervg} bchns June |,

1957; however, many adults were reported to have resettled du;ing the next 3 to:

6 months (Co80b). The composite dose equivalent rvate 1nd;cat$d that a broad
max imum of approximately several hundred millirem per yeasr peilioced for several
hundred days. Most of the dose rate is attributable to the 13700 component Ce~
sium dominated over the entire post return period and would be of prime cuncern 55
for populations returning to a contaﬁinated environment years after a fission
type initiating event,
Figure 16 illustrates two possibilities for the Utirik dose equivalent

rate resulting from the 652n body burden history during the first three ycars

post-return. The higher body burden resulted from use of the two measuvecd 652n
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‘body burden means £orihd§;; 'Q ‘ﬁ;irik~¢qd tﬁi qbletvod K!) ate cgg@g&uﬁﬂfrom

g 85

Rongelap. It was observed-on’Rongelap that 03120 Zn vas rcngvcd frou the

diet pathway each day in addition to radioactive decay. Add;tionqlly, reduction
60

| Simaadd v‘

in dietary radioactxv;ty on Rongelap had beeu observed fqr l37co, goSr and
to be greater tWan that prod;cted by radioactive decsy alone. Ing;gucaneous re=

duccion fractxons very.si £%£5£6?5ﬁ§1§?§§0’9ﬁ3055 chro'obnorvoﬁ;q:fvtirik for

90 d 137

Cs nuclides. The lower cutvo.yu Figurc lt'rcthccq the dose

the ° "Sr, an

equivalent, dose equxvaleut tctg, and body burdon which yould'hlv0~occurred liad

(4 #0 ; ‘!

radioactive decay alone'accdﬁutcduforitha r7iov¢1 of 63 Z? from thc Utirik envi-

ronment., Since. addztxonuliu.uhanisuu canld be measured fg; ochcr nuclxdeo at
65 BAFYNMIE o jlak f"'>

Utirik and for the 9 Zn nuglg’a‘on‘a_nearvy acollqﬂthe,u perbcutvc .was chosen as

2i8]
the most likely body burden-history for qdultl post reCan to Utx:tk Atoll,
Figure 17 indicates the Utirik adult’mnan total body ¢gse equxvalenc vate

(f‘( -

for each nuclide. An obvious diffetencp relltivc to thﬂ Rongelap hittory

13764 vas-the major nqclxde couttxbutxn; to the dose equivalent

exists; 6520 not
rate., This was due to the Utirik popula:xon returning q to 4 months sfter 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

6060 antl

each nuclide contributing to the internal dose equivaleﬁt. In fact
652n played major roles during the first J years, a time: ipterval that
corresponded—to the period during which field whole body counting facilities
were béing developed at Brookhaven National Laboratory and when medical exaisina-
tions for people on Utirik Atoll were not done, Additionally, pooled and/cr in-
dividual radiochemical analysis of urine'was not performed during this periad.

.
The impact of 6’Zn and 6000 was such that even if the least conservative rate
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constant (l =0) was ueed for Zu, the doao oquivalcnc rate for thc‘avctaso L

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

years following the return to Utirik.,

Internal Dose Equivalents

Disintesra:ionq occurring' in the 'tocllr'bodyrob}an individual during resi-
dence following repatrutzon.v.rc determined by uveTal methods. Eq\uuon (3),
together with personal Body;iurden histories nnd uo}l specific K; tgte con=
stants from Table 3, pravided“an initial cotimnto of}dxsxn:egrationo ‘between con-
gsecutive body burden measuremants. The seyond matho¢ used was & 103'103 plot of
the subject's body burden history and an flgebtatc dpqarnznat;ou o! area between
tvo consecutive meu_ured points, The ch/ird wethod qrodéa lin“rf':'p:}lgtl of the
subject's body burdenm history. The area under thc*-c'nwe vas cut"aud‘wcighed and
comraved to a standard weight of knd&n-uu. Qualit.y control procedurca
required that all three methods agrae within +10% bcfou a8 subject was assigued
his or her total body disintegrations during rettdcqco post return. In general,
the methods cobpared to within £5%, |

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

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

lowing equation

£ 5,AB, (5,00, + 102/A)

€0, (EAB, + 1n2/A) (5
where
F = the fraction of total body disintegrations occurring in the organ of
interest, )
A, = organ compartment deposition fraction for the element,
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B; = organ conpa:ﬁ..uc 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,

f2 = fraction of “the element from blood to organ of feference.

Equation (5) applied where significant decay occurred|at the deposition
site, and not duri%g trangit or re-transit to the organ of {ntereat. Values for?
compartment deposiéion gedcltions and comp%ftucht half times [vere obtained from

z . A
Ki78, Values for Qhe r niniﬁquonéﬁcieo were from ICRPS9. “

| LRI {'
The dose equivale s to a specific organ or the total bddy‘ﬂoro deCarminedxi

‘H
by uaing the source to target dose equivalent per unit cumul} tld?gctxv;ty parame

ters from Ki78, Thg tocal.tergef dose equivalent was obta;n d by ‘summation of

H
I

the dosimetric contrzbutw?p-~£rom all sourge organs. Severai 1mnortanc modlfxcaw
cxons to the general procedure werg made in order to compute xndrvndual
dosimetric resulcs.f Foy, gpch person, the source to target d? c‘wqhxvalent per
unit cumulated activity vlo welghted by the ratio of a stand?rd mln s body mass

relative to the actual meam body mass dut1n3 tho incetvpl foq which the dose

137

equivalent was determined, In the case of Cs, the }ong tﬁrm biological re-

¥

moval rate conatant for the Marshallese population waofﬁighl% dependent upon
body mass (Mi8l). Appropriate modifications to Eq. (2), (3), and (5) were wade
to reflect this dependence. Finally, for 908: deposition in bone, 28% of tie
source to target dose equivalent per unit cumulated activity was assumed fvom

cancellous bone and 72% from cortical bone.,

13

Figure 18 demonstrates the mean dose equivalent from Cs for various age

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

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

lowest dose equivalent. Persons who died during this period were not ircluded
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in the figure nor were thoy,iucluded’iu any doaiuntric dtsttibqtionc for any of i

the nuclides. Thus all persons considered, regardless of initial age in 1957,

experienced a 23 year exposure interval.

Figure 19 shows doui‘equivalent distributions according to—agg and sex for

13703 among the Rongelayolo.. The shape or the populatxon diutvﬁbutxon was
!

skewed with a mean of 1.7 |Rem and a! qutmun of 9.0 Rem. Thpo :qg maximum was

1137

5.3 times the mean value.for .. Cs on Rongolap. An exam*natxopibf the subgroup

distributions reveals ! chpt‘peruons who were infants at, trq t;me!of rehabitation

x!w

ac Rongelap also wurc chcu:ccipxentq Qf the: hi;hqr doccs., Thioiuuo due to the

combined effects of lowet average body uaso, 8 hxgher nverage i?scation rate,

13763 than thac for adultc qr even cbildren. e pa=

5 t

rameter having the greaqopt impact on the 1n£anc dqaergqu;vhleut ‘was body mass. .

The standard deviation fot the adult male dilt:xbucxon'wao 493 £ the mean dose

and more rapid turnover oﬁv

equivalent, for adult females 43% of the mean dose equtvnlen;,.and for adonles-

cents 47%., Within a subgronp, the maximum observed dose equivﬁlent was approxi-
mately twice the mean v31u§ for all distributions considered hérc.

Figure 20 shows mean dose equivalents as a function of ;éiurning agn
groups for 652n on Rongelap. Adolescents, young adults, and QQults S0 and up
were the groups receiving lower total dose equivalents, while ;ﬁjldten and mid-
dle aged persons received higher dose equivalents during the tgiidence interval,
Measured 652n data for persons who were infants at the return éace were not
reported in the pubiications by Conard et al,

Figure 21 shows the dosimetric distributions observed fét membere of the

Rongelap population for 65Zn. Again the population overall exhibited a sicwed

distribution of dose with a maximum value nearly three times the mean. (ii:ldren

demonstrated higher doses than persons who were adults during the entire ?}
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year parviod, The standar4<hgviaciou was ‘in genersl 30% o(ith!:ilqgfviluo for all i Q;;

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

65 90

the fact that St

- and 13703 occurred over 8 23 year interval and thus was contained in a more

Zn measurements took place over a 3 year interval while

homogeneous population than were the longer lived nuclides.

j i - .4
Figures 22 and 23a an& 23b sumnltize thc 908: d&se'equi%alent results for

individuals at gongelap. ' 2
In this a;nlyeis, only the ingestion pathway was considéred ipportant.,
Some radioactivity would enter the body via the resuspension and dfgecc inhala-
tion pathways. ‘It is known that for a given coil concenttocion of‘}he stable
naturally occurying analogs .to the radiogucdidcs considered here, the ratios

of food and fluid intake to blood relative to a;rborno xntake;to blood, are

' : i

as follows: 7 ! :

0

Co > 3000 Zn > 130 . L
Pe > 550  s>10000 L g
Cs > 400 ? S

Thus, dietary intake of radioactive material is the ptincipalépaﬁhway leading to
internal deposition. This applies to most nuclides in the enviropment, however,
there are notable exceptions including I, U, and Pu,

External Exposure

A value of .73 rads in tissue of intevest per rontgen, measured in air at
one meter above the surface, was used to convert exposure in air to absorbed dose
in tissue. The source was assumed to be an exponential distribution of 137 s 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

BT Y PR ey o . oy v weey \",f';:;‘y*
LY




P vaY wilay neme cd1 Yo YO Laynmay ut BBW fqiJnivel bisbaste 8¢
¥ : o B B
i §oe g4 . : Co R X-'
t oo e e hedauote g ek B cepo o b guoygding
i ! : [ ) i3
. e . A 3 L A T N B T B SRR TR TR T T/ U getos oy
4
| o Sy B TP s baaggnan e
; ST T T T DI IR st ey acgy i fiad s “’-”‘“3"3‘] BU - e
! 3 ‘
2 S 0 STAUNLONEL I B0 4 211 PO B URE
i : teea .-’ R A | AR R LA L (R R X T S ST S ST
H = P
H —ad -
i [ nind ey 1R eingdo
o - -J
. . s } o RV T R LRI e 1 bt i . ,,If,-.;i,"“ ,,‘:,'” s
: @ - -
ﬁ.; b oo pean gy e b 0 g ey w1 v seatte
: W,A20. . .
- 8,°E voeay Lo i b st el e ed sy 3E CAVRY T
] -
> Q o -—
> U Ll T O L T S e BT L I
g [ FEMALES i A
3 @ l od e a v *W“!Egt S AR TTAREE PRV T PO
r 4 . [-d
"’ o N — T i
k- - ‘ ) o T - :
2100 < i =z ve L
< - < T S0 3
u . ) n =0 :
-~ 2 Qo
- a -t
[72] w § 0
- - 14 O p ~
Z Q ZJ
4 o 323 -
W T o aQ .
€ (3] >

il I EET 5 - 1 oo
10 0%
AGE, yeors ' SRR

o
°

Fig. 22 Age and Sex Groups Mean Values for 908:
Dose Equivalent For The Interval 1957
to 1980 at Rongelap Atoll

44

. MRS LRI, SRUNE AT L\ Al b o ST R T LS PR <o




ACrTTTTTY T 23 Y v E]
- (A) - - (8) T [ o on M a s e s s e S S R 2E 4
E - 6} 4 ef - L (A) 4
5 L < - - (1] e
5:. -1 T T1 —1 s o o
= < L < L R 13 -
284 a4 < I -
A 171 ] o} ]
e} 4 2t ; 3 b
3t | ) ) 5&: — B
% 0} { wt 4 = 4
2 . 200k e
- - - o
< ! £ r
16} er g H h
s 1 . of .
. ot o ] ‘: .
L L ] i B
at 4r h ot
- A c}. l._l._ 4 k D - J
Y o e 24 32 % 0 8 & 3¢ RN @© @4 BN
- 20— 1T T Ty 20¢—v—T7Y R Wr—r LA JNNNA BN U Su B SUR RS MENL MR
* & L (C) : t o . -4C) - -
ot 4 et 4 et - 4
a (13 4 et p .t -
- 5 4 L 4 g E
[T} d 4 ¢ h Ty d b
2 4 wr - » ar.. S
2 4 2T .
! - -4 r < ; ol . i
4w} 4 w©r b - 2
-] | "2 o E
g E - b -
< - L 13 -
“ of 4 et : A
] B I T o 4
s 4 et 4 - ]
3 ) 1 o <
b at b - h o B
. r " - . 2% - - e
E 2+ ? - N - j
4 5 . X ol . Ak B h A | 4
- PP - - S 4 % & 70
o o A 0 84 % R T e e e T e - ey nnuu»uuu:mnunm-a—
o TOVAL 80DY DOSE EOUWALENT, wilem TOTAL BOOY DOBE EQUIVALENT, mhem 7 »
C ' ’ . 9 = 3 "
Fig. 23a = Sr Dose Equivalent for (A) All Residents 23b ~ Sr Dose Equivalent for (A) Adult“uales

(5) Adults (C) Infants and (D) Children on

wonpelap

(8) Adult Females (C) Adolescents and
(D) Young Adults omn Rongelap




tern vet'i. l!:10

ny q,

ment (Gr77). f“' ’

ngﬁexnce the aﬁg&}i present a

Excerner lxposure calculations are beeedio? Vigures 24 to 26 which were

derzved f;om duce listed in Cy56, 8hS57, Un59, qﬂ Gr77, The ares under: straight

line porcxone ot the curve was-determined by - AJL= P N Y

oo .
14 s

oy
.

] % ' r‘";"l'« LI S S I K: v~y v g e

- I .5 1 u,: -

S P X 'llJ. i . (6)
T ' n+l ' |

|

where | - ;éf v

Ryt, _ thlg
l

|

p .
Ao
N

H

{

!

i

»
[1]] -

extetnel expooure during straight li?e interval, umR,

!
exposure rate at the end of the tnteyval, uxh-;,

w
(L]

exposure rate at.the beginnipng 9f‘tht ‘Q;CFVQL,.‘B»:i!# "

M

swk e uH*»

time post detonation at the end of intervel, hours, . -

-
"

o
—
Hi

time post detonation at the beginning of interval, hourl;
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n 2 g9lope of a straight line, | |

Data from 1] detonations during May, June, and 3uly o£.1958718h51}¢ind£ceted a

mean fallout deposition exponent of 18.8., This mean value was obcefved 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

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

hours on Rongelap and 12 hours on Utirik. Thiegtﬁmc compares well with the

original observations reported by the Marshallese and by U,S, Navy personmnel

stationed in the avea (8h57), Initial dose equivalents on "acute doses”

[Ee = repra—

are developed in greater detail in another report.
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Figure 25 demonstrate

ﬂ%

ries, 8ince veturn to Ronsof;p followed 3 years after the BRAVO contaminatiou,

this series contributed in lavge part to tha external exposure post return.

.

SUMMAIY
t ’ ]
The Castle BRAVO shot of March 1954 caused the contau;ncrxon of the
inhabited atol}o Rongelap and Utirik. Evacuation from Rorgelar commenced 50

hours after deqonatxon and from Utirik 35 hours nttor detqnattpn. During Jun-

1954 and June 1957 the return of the Ucirikoue apd Ronsel,peooloccutted respec -
tively. Body putden data for dosimetrically cignificant quclidel ﬁhrc obtain.d

throughout the residence interval post retuyn primarily by dzrpct ip vivo gan 14

|
spectroscopy and by indirect rcdxocheuicql analysis of urtPe apd bipod.

The dosimetric models psed in this analysis vere represencative of a
1 Jl

LI ﬁs

radioactive decay of the soufce and a conglomerate of other fnptdrh,uhich i,

§

declining continuous uptake gegime, Dietary decline of ta?xoactxvihy includ. :

i

have included increased use ?f imported foods and weatherxqg of the source.

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

i
}

were comparable for both atolls,

Variation in body burden history dats for a particular nug}ido on a ps
ular atoll was observed in whole body counting data and urine bioaisay resul-
This was attributed principally to the statistical variation encountered whe .
small groupe are sampled from a heterogeneous group of body burdems in peop!
and in the case of urine bioassay additional variation was introduced during
laboratory analysis of samples,

DPaily 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 qﬂgix,;y each dqzuthenméid_sdslstesn&!.andﬁnnxnnnn

greater than 40 years of age, Haxzmum devxatxon from the average valuQ’ot the

o 1

it

daily activity ingestion rate ﬁgrsuembcqa oﬁ.an aqulubgroup was no greater than

a factor of 3. . However, the population disgributians xlluotrated 8 waximum fac-

-

tor of 5.:times the mean: act1v1ty Lngcnuton:vate value.- oy
s KI RELA [(,f:’ r,[..‘,“
Dose equivalent rates poot return were detetmtned tor members ftom boch
IRAE TN (H;

atolls. For Rongelap Atoll, the rea;dentu recetved appvoxunltely 100 to 200

mRem per: year during the: txrat 5000 dayl‘pout return trou intetnal mittcusv“‘
. » P
The principal contributing%nuclide was 1?703. For Utirik Atoll, the rcaxdenta
, . ) . TR
received yp to 15 Rem per year during che{first 400 days pqqt return, The major

contributing nuclides were QSZn and 60Co. Doge equivagqq;155§g§ to the

Utirikese from internal emttcevt\fell below SOQ mRem per year, at approxxmacely
. 30, G
1200 days post return. i ' o vt

'

The dose equivalent foﬁ;pqpulatlon subgrqups and for 1ndxv:duals wasg deter»

mined. Table 6 summarizes thq results for theztotal body, thy;oxd. red:mavtow,
testes, ovaries, lower large intestine wall, and liver. The éacenlry-conpafc-
ment model of Bernard and Hayes (Ber70) was used coideuetmine doses to various
segments of the gastrointestinal tract., The Utirikese veceived significantly

more radiation dose from 652n, 6°Co, and ssre than did the Rongelapese because

of short mean residence times of these nuclides in the envivonment. 9°8r,doa§a

[
b,

to the Rongelapese were 2.5 time greater and 137Cs 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.
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KL
. Table 6 -
AR (73 B BERTE A S B T E PR oy -
Chronic Phase
_Doge Equivalent’ Summary, Rew .
© ‘Total Body ' " " Thyroid ! :
Utieik o1 Rongelap it~ - Utirik- - : - Rongelap
Nuclide Adults Adults Adults Adults
3 Lo AR Py oo (IR A TN . 5ot t . ’}-,.:w’. -
90g, 012 ,027 00075 0017
S3pe 033 . o 023 059 . 042
137¢y 1.1 1.7 1.6 2.4
« 60co Sl 016 436 " 010
6 ’Zn 13. 007'6 110 ‘ 0067
Internal 14, o 1.9 13. Y 4 ]
Extetnal 3.2 ) 200 302 200
Total 170 i 309 16. ro ’ ‘0.5
.Red Marrow ' ' "réstes—w“iel“; 3
905, . 054 .12 +00075-.00075 .0017+.0017
3ire .060 042 .058-.062 074,043
13704 1.7 2.6 1.5-1.7 2,3+2.6
bung .63 .018 44=1.8 0,12-,050
6.q 17. .10 ‘11.~16. 069,099 ;
Inc. nal 20. 2.9 130’200 205"»208 ,l
Extevrnal 3.2 2.0 3.2 S 2,0
TOC.’;L 230 4-9 170-230 405"‘.08
Lower Large
Intestine Wall Liver
90g, .23 .57 .00067 .0015 i
55Fe .067 ,047 .12 .080
137¢4 .59 .90 1.8 2.7
60c, 4.7 .13 .79 .022
652y 15, .091 17. 14 4
Internal 21, 1.7 19. 3.0 x
External - 3.2 2.0 3.2 2.0 i
Total 24, 3.8 22, 5.0 “’
- 1
4
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