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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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TABLE 1

THYROID TUMOR RISK Vs DOSE

(Cases/ mslradlyr)

Chi ldlfeu

(Age <€ 10 at cxposure) (Age > 10 htjegposigr;) E

Yys.of
GCROWP  Follow-up

Thyroid Duse
BENIGN®

Thyroid lllogie__

€A\weuge

L
1}
g
—_—
Joted
y]
=
»

Average i 1l
PEFEREY SRR
Ronge lap 1010 337 TR TTE T ML cE 6
Allingnac 22 382 40 135 - - L0 a2 -3
Utirik 83 9.5 " 3% - .7 .8 = 26.4
a1l n? 29 : B ¢ R U - 30.5
16 LYz iEcT R -l
Ruchester 17 315 64 : R : e
1° - - M - - o~ :- .’ -
Ann Arbor 1? .20 24 T 2.2 . S I - -~ =T - L=
17 ; R E -
UNSCEAR 17 100 - 300 - C s 2 I0:57-R.5 ] . ~
18 7 - z g
ABCC. 20 20 - 1000 I X ! . oo
T T - -=-F % . Tenriiio:lIoiig B
*Corvected for coatrol fmcidence. . T < -0 0 DL T - .
Gsure to

Reference BNL-21924 - Summary of Thyroid Findings in Marshallese 22 Years After Exposure
Razdiozctive Falloutr — Rchert A. Cc::atjd '
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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 Consequent To The “Bravc" Shot, March 1, 1954
Rongelap - 115 Miles From GZ
Nat 4 + Hours Dose Rate (mR/hour) Total Dese (Fidsd Comments Rueferernce
31 H+ 4 .
to Fallout Began 2
H+ 6 - TLlIr LT .-
E H~ 24 3500 T . 6
3300 Estimated 1
H+ L6
) (U + 4B)
to (1:00) 175 Evacuated 1
“H+ 50 S . e L
3 it H+ 240 200 T e e FromPlot Lo E R
H+ 330 160 R ,Sg;iuga_ll After This 1
‘ ) Period .
3 21 3- H + 480 80 (50) - Reduction in actual 1,2,4
H+ 240 ‘ ' measurgments vhen com-
to pared €6 T-1-2 curne.
H~+ 60C ) ~ The actual readings in
L .brackets ( ), indicating
- reductions of 20-407%, due
- to rainfall.
331 - H+ 720 50 (30) T S 1
H + 960 38 (20) o M
4L 1% =, H + 1200 30 17 1,6
: 28 e
H+ 1440 25 (16) ¢ P TR AT T s e e i
€ 152 H+ 2400 14 - B) ewidavr ron OIS 1.
10 1 5% H + 4800 b (1,5) 1
1 1 3¢ H <+ 7200 4 (0.85) : 1.
3.2 10.60) 4
H + 8088 (0.7) ) ) 3
H + 14400 1.5 (0.2) 4
H+ 16848 (0.09y 3
7 156 8 + 21864 ~0.1) 1
3257 H + 26288 {~0.13 1
S 533 H + 48180 {C.T3) ) Univ, of
(0.04) Washingtor
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Date

3/1/54

3/2/54

3/4/54

3/8/54
3/9/54

-

1/18/56 -

-y sy

7/1/54

2/1/58

6/1/54

6/1/55
2/1/864

ol SF F ¢

7/1/54

1

Dose Rates Conseqﬁeqt»To The "Brave" Shot, March 1, 1954
Ucirik - 300 miles from GZ

H + Hours Dose Rate (mR/hour) Total Dose (R) Comments
H+l ' ' ’

- H+22
| He24 340 Fallout begins
extrapolated
H+28 350 _
H+36 End of lallouq
H+55 Evacuation
‘ started
H+78 110 14 Evscuation
< . o ‘ : completad
_H+28 K , .
To ] . 9.76 Based on plot
H+78 |} v ‘ of data
H+90 B
H+168 , ' . Decay curve ¥
g follows 712
H+192 40
H+1336 . . Decay curve
% ow follows 7-1°3
H+2160 ' ‘Return to Utirik
H+2880 4 w ‘Retura to Utirik
H+8088 0.14
a+216° ] \m‘ [(EOERI R
To 5
H+10928 J |
H+16848 0.05
H+2880
To ‘ 3.10 Based on plot
#+100000 of data , =
H+190000 0,004 BNL data
Sept 1976
11124 1
D TVe
= | e L
H+2160 ]
To 17
e

P gt gt b w
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Diet and' Li!estzle Study

a. All available repotgl"cqucming faquc on- Mlingtnu., Rongcl.ap, e
o Rongerik and Utirik‘have'bgen ewiqﬁ:!and pertineng*information: ~
has been collated into gpe, locs 7 Jhe data colhmud concerns

external radiation msunpentsn mq;uclido conccq;ntlom tn
soil, water, vegetation;!aninalg;and,food itens,. '

g efforts are being made to! "éolloét %:@E %b: n wb.
iu ‘B g

analysis and bioasway, sqmgles. 8

b. A recent diet and ltfcsgyl‘# stuéy ‘gmﬂ#@ ,j.lé‘uoveupeg 1978 will
~ provide a firm bnsis--’i-to.eqtimtg ut;n w guseryal doses.

[

2 129 Ry VN
a. Historic samples col.lec:@ql, by"!,g}%gtt j;qquu.';ha'
period 1954-1974 have-bge yzg 5 ¢ 149 i
samples are also being’ am; ziﬁ (Fi7d éltem 8

(Methods of Study) ‘will bg. redpﬁ:a .\td‘ég : ‘
Additional samples ttom"thegci‘a 248" (Ron perik; U.t\ 1k) e
will be analysed for-1291: up*9;m: §f fYequite d@.;év*;n;ad 1tipn, we '
are exploring the pogn:uﬁlity pii apalyeing’ "Bk {ntres lmthe” t'allout
that settled on "Theducky Dragoa!{! " This-gaip ogt q}, 3prov1de che
most accurate desctiptibn' ot ghg; f@%)lg?tr,ﬁ a0y g G

uﬁ

4, 'State-of-the-Art' Cou_t_nuter smulatigg' L 9 '3 :.e. =
o '~'~ -6 ;,' % i- ,;s- «_“ b: S
: " st} RIS IS

- a. All available data pcrtaining to’ peteorg;bgtct f:c
] during and after the BRAVO test. have been;cpll q,l:?slr sund transmitted
i to Lawrence Livermore Laboratory for' thé cmgt@y,\-’w« U 'l‘hese
| results should ‘be available by Pebruary/March<1979%~ = ‘ [
Y "} L
r b. A recent Marshall Islands Radiological survey’ cqnplqnd 19
‘ December 1978 should provide iso-dose lines for recent tilues. Con-
parison of the two plots should be very. vpluable j,p ﬁpesg}ug 1956

observations. P
! H +

sfmé

2G
WOIE" g

opg:l;}m befote.

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




Table 4

129[ Radiochemwical Analysis Results*

. 1-129 PCT 1-129 PCT - T . S T
DATE " ATOMS/G ERROR ATOMS/uG ERROR . ~:_cb:m'r's .: LT -
32654 4 LLE+10 3.4 2.77E+09 4.5 ISLAND SOIL, (smn), “TOF 1. INCH, RONGELAP- LABARDZ = - - -
71654 4.80E+10 3.6 3.88E+09 5.8 ISLAND SOIL, (SAND),” ALMOST ¥Q HUMUS) 2 mucw—muu: z
12955 1.33E411 4.2 3.65E+09 6.8 ISLAND SOIL, (SAND),” RONGELAP-KABELLE . : B
12555 1.53E+11 3.4 7.77E+09 6.9 ISLAND SOIL, (SAND), BONGELAP-RONGELAP. ;. - o g
102255 2.24E+11 3.1 1.52E+10 6.5 SOIL, ASAND), SUBSAMPLE SPECIMAN A-12) RONGELAP - . - =
102255 173410 4.2 1.596+09 5.7 3GILg {SAND, ‘FROM JUTTON-GF .Hm.). BONCELAP ATOLYL % © & >
102255 2.98E+10 3.5 9.72E+08 6.1 BoIL, "ismn JBSAMELE AN A-9) , MQBGELAR. ~ =~ © _ %
72456 4.73E+410 © 3.7 2.60E+09 6.4 MID ISLAND son., (smio“-z.") Wm T3
72356 2.02E+10 3.3 1.10E409 6.3 SOIL, ISAND 0-2", POSS. FALLOUT CONTAM.)S noucsm-mncm.ar
72356 1.128+10 3.2 4.58E408 5.6 SOIL, (SAND 0-2", MID ISLAND" CLEARING), RONGELAP-RONGELA?
71857 7.60E+10 3.8 4.17E+09 6.6 ISLAND SOIL (mn,rmnon:mr JNCH), BONGELAP-KABELLE - °
71757 2.13E+10 3.5 1.90E+09 4.6 SOIL™ (SAND, RANDOM.TGPE. INCH,: & 1/2 or;wn) “aoxcm o
12355 4. 14E+09 7.5 1.52E+08 10.9 ISLAND SOIL (Sa¥D)Y UTIRIK ATOLL TS i~y iR
12355 9.31E+08 6.7 4.45SE+07 8.3 BEACK BEACH sm,fnun&m Y T := : $so
112874 3.82E+09 3.3 2.22E+08 4.3 BSURF, ‘-75011&, 0-2.5 M, SW TRANSECT, nomnm—;sm'r_ax, ISLAND
112874 6.13E409 3.4 3.73E+08 5.2 smuf %on.. o:z’?shl; ‘NE TRANSECT, RONGERIK-ENEWETAK LSLAND
Done by PNL, -Hanford, Washington~ & > 2 . o T I R e
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- | October 1980
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BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YORK 11973
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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 RECONSTRUGTION?OF CHRONIC DOSE EQUIVALENTS FOR RONGELAR.

' I
AND:UTIRIK RESIDENTS - 1934 70°1980:. - :
E. T, Luuu_lf,: N. A. Greenhouse, R. P, uilz».nbgt;‘uf;‘i ‘
| sSTRACT o
From June 1946 to August 1958, the U.S. Department of Nfﬂ.‘“ and Atomic
Energy Commission conducted-nuclear wuponi tests in {:,_hg»; Northe 'ju‘g‘uhau
Islands. BRAVO, an aboveground test in the Castle series, ;ug;t,g:g; in
radioactive fallout contaminating Rongcl‘p and Utirik 'Qt?\'.l'lo; ;
1954, the inhabitants of these atolls were velocated uptiltqd&wmn exposure
rates declined to acceptable levels. aniromntal~an¢-éggggqm}} .:;'adiologfc il
monitoring programs were begun in the wid 1950's. by Brookhiyo;f*zglg;'ioval La' ra-
tory to ensure that dose equivalents received or committed repq.i:nedl within ¢ .S, )‘
Federal Radiation Counc‘il Guidelines for members of the ﬁeneul public. & '
burden and dose equivalent Vhistories along with activity ingestion pattern: st
return are presented. Dosimetric methods, results, and internal dose equi . ent '
distributions for subgroups of the population are also described.
g
B%

it
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On Mazch 1, 1954, a¢ Bikini Atoll, BRAVO, the elcet of {s'nidtdir veapdag’
Poonthment gd e ![I\-‘Nt\gq Yrecdeaede U Tenstand rruvaddo uif TTRITITN Ay 2
tescs in the Castle serigs, was detonsted. The BRAVO device caused uubltuntxal
DR HE I 3( DXL B TIN | )U]f)’xq [Isi.] mlrrs‘y[ 1130 bsfis 15,1,“4 fain J6 IHJTE N !“ . 'y P
surface contamznation onjnhabited atolls vithin . 2,000" oquatqf le Qrea. The: /3¢
I TS ST TR I *1‘(’ bt QﬂI‘Yl' 1o 3""‘."(1” fne )Jlli')l"')(}[hg,\ Litg "‘i Ay \,., R ,i,\;‘_g
contnmxnaced region was cigar shaped and included Ailinginai ‘Rougelap, *
coodl o ghod i nb snangyq ousw sady rebilaunoibng o) Vlitngup Lns o o
Rongerxk, and Utirik Atolls which lay east of ground zevo’at éﬁocances from 60
i ,,;Jn?i vhait Yo wargey ni Ny iy aTR A0 M a0Esnm TR ifoihoy 9 e
:o JOO miles. The fallout on Rongelap, initially visibic at Htﬁ ura, "had
8 Loty ars waiti tasupi Yo wtiin add v gng s i) Juﬂddbu7; » & by £
thinmd out to the extent: that it was no. lou;or seen at H+10 hom:s t0162).

! # e griiood eani ot ‘“ij 103 Pt dfsiw sag VOT fiey ﬁaaf, GYR )fﬁk(ﬂ DT :
on March 3, 1954, the 64 residents:of Ron;olqv toll an WIO residents of L
e roue ~";xt IRER 2 RRE ff‘, '1’()‘} IONRRYY) as hanay 9Jd o I“TQ‘JP,))H 9“{5 b‘qa q(” . ({{‘
SLfo Island, Axlxngznae A&oll, ere evacuated. On: March an¢ 4. evacuation of :
creries B N A ST R K 'ﬂi' £ nobyod vhad hﬂnu' SenmarAi s 4 E:
157 Utxrxk Atoll residents also :ook place. During the first few.weeks and at.; il
: ; UERLTTIN 1 RW PEIURSL ”fggnl, an ey np H“ b4 5!
leust once every year from: 1957 to the present, a: Brookhavcn'“i:ional Labcratqgg
LR LY coectaed B0 wev b oaaTr wys ardy ol e aew 'lwi rv.s.: 8yl
medical team, otganxzed by’ the Deparcncnc of Defense aud by"¢ ﬁ tomic Energy
Dot t( . . b gy ot i T i:'l” ,f ")’“‘(HT YAy { ai .
Commission and xcs SucCcessor organincions, has prov doci n’cﬁqil, lekanidations “ta
Y S & <f ROy e
monitor the health of thc persono xnitially affccccde%§ % fcfﬁout fiom the nua{
o : BRI A O MR/ iy 1‘:‘ _,
clocr :escins program, pluo a comparilon populltion. iﬂpJJco ot thoir fxndlng|
are ngen in Cr56, Co58, 0059 Co60, Cob62, 0063, CoéS, CO67, 6070, Co7S, and
Co80. T qelmgaed peay o "
. S L
The Utirikese and Rongelapese returned to their home atolls in June 1954
and in June 1957 respectively. The earlier repatriatxon of Uc;tik Atoll was 353

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

3 month observation period (March to June 1954). The Utirik bbpulétibn was not..q :
examined by a Brookhaven medical team until March, 1957 when 144 people re-

ceived comprehensive physical examinations. Following the'1957, wedical survey,
two men, removed from Utirik for medical ressons, were whole' body counted at

Argonne National Laboratory and provided urine séﬁpled“for Qidfbghemical anal-
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and " 8. Suboeqnenc Brogkhaven Nacionll Laboratory expedition mnubers of
Tetigetadue baguns «o) ";bg AR il bi3suotab anw {aa:g:d sy ,!}?gm Wi oo

e Med;cal DPepartment Safety and Environmental Protection Diyision utxlzz‘)
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whole body counting and chemical: anal sis of ‘yrine and hlood:gsmples to
¢ O Iex‘mu,? n&t mgni&; babulnng bas: ?aqm{e TERE S denm,;ﬂybtn(?nun P

and quantif: chc, adionuclides: that were present in <hody.« The ie-
3“ rnt*'rf"ym:mrs}ﬂ e 1ot agr;umg Yu 1889 (" dbfdwpelfnm :tx;uci‘:? ban y( Vi

sults of these radiological’ ncasuremcnto are ‘given: An s: of ‘body buyden in -
bed L svuod 40 e q?drv v vilaittat; ,qnfnn‘oﬂ ne - a:n:;f.i ﬁ:*’rpé’.gmfrfftl

Tables | & . roughout'-this. paper ‘the uni:o“o vangitiesiare/81 derived -
,’.‘»-}!f\rds*‘nsndxall *o?‘m noa n}:v& ot apw 1i wrf“x qum:ixi m{; hj"}un Aoy
and those uhicp are acce §¢d for use with:the-81: for:the: time-being.: Thus bot
§n #inehidat 81 bys 101 gel wanofl Yo atnableay. 88" arfy (PEEFS L dayaM )
the Curie and the Becqucr’} nay bo used ‘a8 units for the' quanctty sctiviey.
O T Lt aussve axdw (TatA eanignll EA" b Thi

. The aforementxonad:?ody burden tabloaﬁilluccrpsc ‘sdultimsanivalues for
Firi . Huow Yo Fagid L 90slq o0y ‘c‘w!n’ﬁnsb‘i‘m'f"!‘tmﬁ. »fru“

Ron ela and Uc rxk. dult, as clagsified here, was: er 90
PR%P Kt ’J%E i ﬁ'uvesrq 501 a3 \c@&'mqwi wgzizv;zvajé3qa

og age., kawme‘F,bﬁd’ mags ‘in this age ‘intervalvas '60-kilograms,’:The observ
RN et Phnsvagnnl o0 1o nsmitpqeq edr gd hoxugsyranpngt o ¢ !

, body mass versus age di%;tibucion is shown in Figure l:for. Ron;hlap ‘Tegidents,
WLt 16 2h Lo GLIRSIAB YT YheRwhupe gkl i ke S

The same body mags vet:uf age distr:bugxon vas. obsetvedx%c Utirik. ,
LLitint snneTeq odd, 1o dyised -as :,6»0
JBecauge of the paucity of measuren@nca at. Utirik,»iuiorlqtion on  Co,

6,5:;.:~ R R R R A I e i 1 R L
20, and °Fe was in souq instances derived from the ratic of’ gdulc mean body, ..
it . f" :'{v‘} 4\; HAREHAR

burdens between Rongelap and Utirik. A wmean ratio of 2.6 was 0bacrved in body

burdens for 65Zn, 908: cnd 13705 after they tcacbed :hoir naxi-un values, Theiif
T uiE Aaa w}t;m\i ol

standard deviation of this ratio was 15%.

N KR AL \-"'f‘f N1 SEE

In the following analysis, personal body bqrdon hiotorica and rosxdence B

RO Rl R ‘

tervals, in conjunction with contemporary dosimttie mdclo, cre used to esti=
iRy s H

mate internal dose. Dosimetric dutributxom were conutucted from the results
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and 8 summary of the derived activity i.ngntion rateo and dou equwalenls was

Clraraife i

provided for various subgt_qups of the poyplatiqn. Addxuonally, exposute rate

history curves were constructed for each atoll for the penod follow;ng the
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inacantaneous fractiou of atoul docayiu; pst unf étn‘f1d:f'”“" ' THiSg

initial atom m;-moaf:'decﬁddny.%n

instantaneous fractxon of atoms removed from compartment. i by

giwoliol acinmey 3ads =1 omly 28 v3iviios suosnuineda
. vinetant iy,
physiological mnchgnilun, day”™ f

R

‘compartment i deposition fractiom,

the nuuber,oﬁb;éggj)inxéédﬁggsggpg(l*giiagtq7359 the number in all
o i* . S

compurtmcncn qcicho onset of ‘declining continuous uptake, (t=0),

cortier Rt o1 emEd n ¢ HIVETIR BUOSIREING. 1 e
i AL 3 Jodr ewollo?
1natantaneouo urin. activity. conccutrat on, Bq z‘f, PR

subject urine exg;qcxou vate, & day” 1, BET guanuboge

fraction from(GI;}t’g: to blood'(A*dx)- T .
LV R
fraction excreted by the utiné pathway, ! dL e

instantaneous fraction of atoul renovcd or added to the: acom uptake

sl g ' Cpue Iergre . c {ptaal { ‘}
per unit tzme, day~!, due t faétoroaoc"tgiﬁauntﬁdiz"‘give decay,

v RS ¥ S 11, alqgmeys 3 gn(n;}gh s

1nstantaneous body burden, Bq,
ot gt g

body burden at the onset of}uptakc, ﬁﬁ,

syl Ty jgnng Lasil Tegre

the number of disintegrations in all compartments occq;fingfduiing

the uptake interval, Bq days. . IR R R

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

lution integral. At some variable tiwe, T, defihed‘dutih;‘l'fi%iésdﬁtake

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

it

tract to blood is given by

~(kgtM)T

1]
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Thus, - the instantaneous activﬁcy at gi-o t=T that remains. tcllowing“input«duting
Yﬂb .ameinuﬂaem I&z:got‘ 2y

dt is
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A additional fixed post upcakowigéorvol, " .
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As previously stated, Eq, (2) applied at Rongclap au% Ucﬁgik, ft ‘was
Feore wen th vie i ant

for the situation that variable time t was the upcakc iut?tvol., Additionnlly,
Y vk ‘1 [

persons who returned to the atolls in June 1954 and June 1957 did g0 vich an inx-
vl e gy heald oy

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

p——
s

q, was embodied in the q° term of Eq. (2). A similar model was used to relate

L R A g D R Y it +
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integracingquQ (2).

Bquations (1) and (2) ‘ere used to determine the instnntuncoul~fractxon of

atoms removed or added to thg atom uptake per unit time,: ‘E' andﬁth;n the ini-
tial dp;ly activity 1ngest£on\r¢te’toquirodvcosproduco tho-unaautgisorsderzved
body burden. Equation (3)“uu| used to: docoruino the' nunbor ot diliutcgratxons

that occurred in|the' body " dﬁriug the ros;&onéi idto:&al‘ot iu 'udividunl living

on Rongelap or Utxrzk Atollo B

i

1f the meah recxdeucofginc in thc dict is much nuch*louzﬁrQCbcn;che resi~

1 / ‘\ﬂ"’ A
(2) can be converted ;oﬁggxt 5qq,fgptinuous equa;io 9 by .

-\, Single uptaka«efpre-niqno are obtained by setting

the waturing of coconut trees during residence on Bikini) Qioll.cpulcd a con-

4

tinuously xncreasxng dietary uptake o of l37Cc, Thuo, Kgiyhg foyu@’to have a aega-fi
vy AR 3 pag
tive value. In the case of Rongelap and’Uc;::k. KB vas found Q- have 8 positive

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

radioactive decay, some other removal mechanism decreased .the. ragipactivity in

ss?e, only oue mea-:“{

dietary items during the residence interval., For the nuclide
surement was published by the BNL Medical Program (Be72); thus an estimate of Kg
was not possible, '

Kg was determined by using Eq. (1)'0t (2) and the population subgroup wean
body burden or urine activity concentration. Portions of these bioassay data
are illustrated for adult males ﬁnd females in Pigures 2 to 6, Two consecutive

N

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

R
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rate from the equation. This method yields n-l estimates of Kg vhere 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

cy-

Suﬁmary_of Dietary Rate Constants (Ka’id;;) g
eoqg 9Q§t o 6S£§“‘ o 137é£?7 .
Rongelap 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™

O Sl ol AL a0 oLl b oo i B O b i B B e G b e A F e SO DL T S o G

N.D. 2 No data sufficient for analysis.

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

90

Rongelap and Utirik. For “"Sr on Rongelap a factor of 2 difference betwe - y

values was observed for males and females., The female parameter for Rong
Atoll compares with that obtained from the Utirik data. A paired t-test »
Rongelap male and female data indicates that the male/female difference -

highly probable and therefore not significant. This difference leads t.

15

ERUN WS v, IR A P e I




Be g craths Y e woegl tea 1o Cos hedcem e il Con b ragpe il e . 14
L
o oy R O * A v G aeh g iy
e ty N R .
' { ' ! ' ' gt i !
b ; : N YRR ) ! \ . cote i b bt
1§ e " . ‘ .
' aty . . e
1T R -
. Totel Body Dasimetric end Physiologic Date
Conparcment Conpartmant / Gl Trast . fesctlow 7 ERETITIN
Deposition © Rewmave to Blood Sxcreted in Decsy Significens Brenching
Nuciide Prectios’ Rate Constenp. Teaneler v Urise Constant Progeny fatio
G ] t U
o Y ah 1 v p :I L
e 0.3 0.50 1.0 0.90 6.3x10° % 0.945
0.8 0.008) : el
8320 0.3 0.058 0.3 0.5  2.8m07 o )
0.75 0.0022 :
Tsr 0.0 0.2 0.20 0.85 6,35107° 4 1.0
~4
0.059 7.1%10 .
0.081 1.0x10™ -4 0.0202
1]
4% 0.3 14 0,08 0.9 2.exi0™ ol 19
0.3 0.12
0.1 0.012
0.4 9. 7810%¢
W 1.0 3om07¢ 0.1 0.0 7.081077
3
j.
|
{
7
.
16 A
. i
: ]
i
MRS S+ LTSRN AR ISR M A e e ey T




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

SSFe contributed less than 1,0% to the ;otél dose equiva-

future ones, Since
lent, an arbitrary assignment of KE based on observed value? for 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 impaét 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 curve for 998:. rdcon@;ructod from rvaw dati‘aud-EQw-l. wq(3c9nc1dcr¢d a

more accurate history. A detsiled presentation of the greater Qltiltion in
radiochemical analysis of urine versus direct body burden measurements can be

found in Mi8l.

Figure 9 illustratep. the varigtion exhibited in the boSy burden of 5
{

randomly chosen subjects Pv.g::he 25 year monitoring pf:xod. These individual
variations may have had a;d;;p;;tc impact on cho mean dctn. In Figure 2, which
illustrates the adult malf, adult female, and adule populat;ou nean 13705 bo iy
burden for the 25 year exposure peviod, & degrease tollowod by an increase uaa
seen during the years 1958 through 1963, Althou;h thc]Caotlc 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 codegmxnation equal to that
responsible for the Figure 2 body burden pattetn (Co63).w FPigure 9 suggests ri:at
most individuals counted in those years had body butdens wh:ch remained the : 1a
or declined; however, one individual's bu;den (#3881 Mx rose and fell‘quite
differently from the others., Several faciors 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 int . 4-

uals were not monitored consistently throughout their residence intervals o ot

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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-fo% 911 Ronselap

residents and is referenced co June 1. 1957. The - individual naxiuuu‘137

Cs daily
activity ingestion rate was approximately 4 times the population mean G;lue.
The standard deviation observed for the adult activity ingtltioqr;at;-diqtribu-
tion was 41X of the mean value, 39% of the mean value for yoﬁks ;dpltl, 48% for
adolescents, ?szlfo; cgildé;;:>aad'gﬁzm&orriﬁfaaéi;wMAJdiQscent.%.ud infants
exihibited a b;oadet distribueionth3?1§§9¥%£;?§§$§935hil?ﬁqu o?g"pd:a fractional
variation inéactivicy ingest;ou rate similar to that of '1"1:'5’ Breast feeding L
versus cocon%t sap supplements would hcvc‘contribuccd to §hq 3toaccr variation
observed in énfancs. Adolescents and young adultu vere ;Hc populntion subgroups
which have been observed to move frequentl.y between’ l!o]:l‘l. Thio lobility would
lend to greatet variations in the datly.actzvxty 1n3¢otio§ ratgo tclattve to
those observed in the move otltxonary population subgrqip? 1: ,' : )
Fxgure {12 also exhibited § wave pattern; howcver, a diocincc difference be-.ﬁ
twezn males and females was fpdlcated. This diffetenqe a;ooe ‘;Ol‘thc use =f
vaiues for KE listed in Table 3 which were derived fton u:xne-4¢ta“for male and
fezale residents at Rongelap Atoll, Its major impact was. on E@e dose equivalent
rate, not on the total dose equivalent; and its effect was t0'§aulc the dose
equivalent rate for males to rise and decline more rapidly than for females. il
Figures 13a and 13b summarize thé_individual data for 08¢ for all
Rongelap residents and were referenced to June 1, 1957. A bimodal shape was
abserved for the distributions which contained both sexes, again reflecting the
difference in the '8t dietary rate constants. Data from urine biocassay
indicated that the observed difference between the male and female values for ¥,

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

data during the 23 year residence interval. The results indicate that because
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of urine’ 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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tion rate for the populat;ou ?ulq be adopt

uous uptake model was used.
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instantaneous d ose enuwnlent rates for the t:’c;g_;g"l, body

vvvvvvvvv - Y

Fden data illustrated in Figures 7 and 8 and

(] f I

from the following equation

i Ve '7";“%!" g, : BN

H s B TS ] A : e EEEE B T

H=ql, o (4)

t,c'sf"l e T C o : ) . €

where

HY S T R L E IR

e
[ L[]

. the total body dose, squivalent rage, mRep \y';l

-

FRI sy 1;,,-.“

()]
i

Z equilibrium dose eqpivalent rate to the total body per umit body

burden, mRem y~! u;:i,';l,

£
m

instanteous body burden, UCi.

The approximate nature of the estimate was due to the nvsunpti'o'n that t! -

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

residence time for the total body. In the case of 903:, 86% of equilibrium «

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

equivalent, In addition, since mean adult body burdens were computed, a fact
of 1.2 was needed to adjust for differences in body mass relative to 8 70 kil
gram adult, Table 5 lists values of I which were determined from information

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

Total Body Equilibrium Dose Equivalent Rate
per Unit Body Burden

Ly
?( mRem y~! pci=! -
55pe 2.x 10°
P4 i
v : RELN F1 5 HE
606, | 6 x 10
H n'
o ,
g | 1 x 102
90 C3xw? |
8 Lo
i t
137, 2x100  f

i

4

‘Figure 15 i}lustrates the relative cghtributicn to the ?onégsite dose
equivalent rate for each dosiqetrically ofgnificanc internally dgposited nu-
clide. For the average Ionge}ap adul:; the residence intervqi}p;gins June |,
1957; however, many adults were repovtedICO have resettled du;ing the next 3 ta--
6 months (Co80b). The composite dose equivalent rate indicatéd that a broad

maximum of approximately several hundred millirem per year peilioced for several®

hundred days. Most of the dose rate is attributable to the !

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

for populations returning to a contaminated environment years after a fission

type initiating event,

Figure 16 illustrates two possibilities for the Utirik dose equivalent
rate resulting from the 652n body burden history during the first three ycars

post-return. The higher body burden resulted from use of the two measuvcd
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‘body burden means £orihdv 5850 ‘ﬁ;irik~iqd tﬁi«éhqntved}er: gg!guﬁg}from

Rongelap. It was obaervedﬁon,nongelap that .031250£ GSZn'unoﬁggggygd?frou the

diet pathway each day in addition to radioactive decay. Additionqlly, reduction
in dietary radioactxv;ty on Rongelap had been ob.crved fqr 13700, goSr and 60 Co
to be greater tWan that predicted by radioactive decay alone. Ingtantaneous re-

duction fractxons v;;yni i%iizﬁfﬁﬁ‘ §§0’oﬁicﬁi J#Oro'oblorvodéq:fUtirik for

90 137

Cs nuclides. The lower cutvo.yu ‘Pigure 16! reflects the dose

the °"8r, and

equivalent, dose equxvaleut tctg, Aand body burden which yould haye:occurved lad

STV 5
1 65!

radioactive decay alone'adcdﬁutcduforitha rqiovcl of Z? from thczUtirxk envi-
o

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

Utirik and for the 9 Zn nuglgdc‘gn‘a nearvy acollqﬂthe,u petbcutvc .was chosen as
the most likely body burden-history for qdultl post recufn to Utx:;k Atoll.

Figure 17 indicates the Utirik adult’mnan total body ¢gse equxvalenc vate
[(‘.( *

for each nuclide. An obvious diffetencp relative to thﬂ Ronge;ap hittOty
exists; 652n not 13708 was the major nqglxde couttxbutxnp to thc*doae equivalent
rate., This was due to the Utirik popuiation returning i to 4 months after the
initial contaminating event, and the Rongelap population returning after 3
years, The age of the fallout had a dramatic influenccton the iwportan;e of
each nuclide contributing to the internal dose equivale@t. In fact 6000 any
652n played major roles during the first 3 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 exaiina-
tions for people on Utirik Atoll were not done, Additionally, pooled and/cr in-
dividual radiochemical analysis of urine'was not performed during this period.

.
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 Ddae Equivalents

Disintesra:ionq occurring' in the'toc¢IVbodyro£}an individual during resi-
dence following repatrtatzon‘vgrc determined by ncveTal methods. Equatxon (3),
together with personal Body;iurden histories nnd aco}l specific K; tgte con=
stants from Table 3, pravided“an initial cotimnto of}dxsxn:egrationo -between coun-
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 meaapred points, The chfrd wethod qrodéa lineay}p}gtlof the
subject's body burden history. The area under’thc*curve vas cut’oud‘wnished and
comraved to a standard weight of kndﬁn-.tca. Qualicy control procedurca
required that all three methods agrae within +10% bcforc 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

ti E A8 (zicini + n2/2)
ciDi(ziAiBi + 1n2/3)

where
F = the fraction of total body disintegrations occurring in the organ of
Y
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. “

} LA :
The dose equivale s to a specific organ or the total bddy‘ﬂoro deCarminedxi

pri
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 Fo;,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 period., The standard:devistion was in genersl 30% o(fthofnngpfviluo for all

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

65 i1e 9%,

the fact that ~Zn measurements took place over a 3 year interval while

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

homogeneous population than were the longer lived nuclides.

. S R R ! T ,'!
Figures 22 and 23a an& 23b summarize the 908: dose equivalent results for

individuals at ?ongelap. ' E
In this aﬁalysis, only the ingestion pathway was considdred gpportant.
Some radtoactxvity would enter the body via the resuspension and direcc inhala-

tion pathways. ‘It is known that for a given soil concenttocion of‘}he stable
#
naturally occurring analogs .to the radiogucdidcs considered here, the ratios

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

as follows: 7 : ,

Co > 3000 Zny 130 oo
Pe > 550 . se>10,000 .,
Cs > 400 3 o

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 interest per rontgen, measured in aiv 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 discribution 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-
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tern veri&?ien?ﬁe;nce the atq&le present -a

L

ment (G¥7]).
Excernelfixposure calculstions ave beeedioT Figures 24 to 26 which were

derzved f;om dece listed in Cr36, 8h57, Un39, ?“ﬂ Gr77. The ares under straight
5| -

lxne'por;}ons o£ the curve was-determined by ; »% ' . . ra o aeigesn

. i R ou AL R b Rl L T B T T
. - ]
1N i : .:‘ f 4 i (6)

X= n+l

. !
where | - ;Q

{ 1

‘ )
Ryt, _ Rlc1§
1

X g extetnel expooure duting straight li?e intervel, ®R,

R, S exposure rate at the end of the tntegval. uxh-;,

RL'E exposure rate e:Jthe~begxnngng pf‘the xpte;ve},.nnﬁ:£44v44
t, ¥ time post detonation at the end of interval, hour??’ﬁ- «

o
—
Hi

time post detonation at the beginning of interval, houtl;
! S .

[ERR IR

n 3 elope of a straight line. L

Data from 1]l detonations during May, June, and 3uly o£.1958:18h51}gipdiceted 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. Thiegtﬁme compares well with the

original observations reported by the Marshallese and by U,S., Navy personuel

stationed in the avea (Sh57), Initial dose equivalents on "acute doses"

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

u‘”

ries,

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

.

SUMHAIY
t ’ ]
The Castle BRAVO shot of March 1954 caused the contau;ncrxon of the
inhab ited 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 Ucirikeuo apd Ronsel,peooloccutred resper -
tively. Body purden data for dosimetrically ciguificant quclidel dhre obtain.d

throughout the residence interval post rctu;n primarily by dzrpct ip vivo gan it
I

b
spectroscopy and by indirect rcdxochemic;l analysis of urtPe apd bfpod.

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

1 v
Ead

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

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

§
i

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

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

i
!

were comparable for both atolls,
Variation in body burden history data for a particular nuq}ido on & ps

ular atoll was observed in whole body counting data and urine bioaésay resul-

This was attributed principally to the statistical variation encountered whe .

small groups are sampled from a heterogeneous group of body burdens in pecp!

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

laboratory analysis of samples,
Paily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40

50

....... . .:'. RIS " 7?.'@_." et “,""\ ot % W e Jﬂ,,!.'u.;!}?g'

-external oxpolur¢=followini’thc11958t£cuting so~

8ince veturn to Ronsof;p followed 3 years after the BRAVO contaminatioun,
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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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. 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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