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Status faport eo

Duse Reassessment for Populationson Rongélap‘and ‘uetrsh followingexposure tu
fallope from the BRAVO incident(March 1, 1954). ©

|

Introduction:
ornamental ea a

Incidences of thyroid nodules, benign: and naiignant, in!‘che:'exposed ‘populationg
of Uticik and Rongelap has indicated critical differences injcok gspo ence: between:
nudule incidence and thyroid doge for the populations (Table/1) xothe eatimated ‘a
external dose received from thestime fallout’ begantp the t Nevacuatton shows:
that ‘the Rongelap population received an external doge (175 fadg)“which: was: about:-
13 times that for the Ucirik popylation (14 rads), and tiie ¢ yest Ose was abuut -:
10 times larger, whereas the incidence of.athyzoid.,nodules” i ‘heBiePspputactons ,

2were not significantly different nm ‘1 re - | A.i
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A preliminary study has indicated thac the erstcitsFer@e Of: dnvegetgetion thai
could shed light is the period: ving fallout.and. cuation:nfo&sboch: thevlelands
In addition, the fact that che Utirik population:re urned'withint20"daya:followings:
evacuation, whereas the Rongels population returnedonly a ter’threeiyears, require
that we look closely at the Utisik population in,tepmafof a}‘Lpngerexpogure perio
both internal and external. Fuyther’studies would, |therefo te“pave;corcongent race
on. the reexamination of all aveslable data in reports ‘$ssuedby:‘vayioug agencies
during that period, consultations with scientific pergonnel i volvedi‘ateshat: tine,

  
analyze the data, The end result will cnable us to look for ‘correlario
the incidence of thyroid "ut and the reasscosed:dgee sacdnaces “

Oe Ge

: mo .. 7.&
Objective: a ye

To examine the external and internal dose estimates ‘9 che wonaeheni«
populations following the "Bravo" test in order to;

ya *
a. increase the confidence in the reported values.
b. test the hypothesis that radiation effects can be: translated -

into meaningful dose estimates
ce. look for correlationship between the thyroid cancer cases and the

reassessment dose estimates (if any).

Method of Study:

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

such as;

a. Weapon Test (WT)
b. Naval Research Defense Laboratory (NRDL) Reports
c. Reports frou various other laboratories (University of Washington, ere),

2. Personnel Contacts: Efforce will be made to contact as many of the scientists

and technical persons, who were involved in the early years for information

on measurement techniques and analytical procedures.
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TABLE

THYROID TUMOR RISKVSDOSE .-

(Cases/10°/rad(yc) : , |

Children ee Adults” 6 = -
(Age <210 at exposure) (Age >> 10 atexposure) =

Yrua.of : mo

GROUP Follow-up Thyroid Dese . Thyrotd Dose_ : “-

Ave rage BENIGN® = §$CANCER . —[. Average “oT: ;
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UNSCEAR i 100 - 300 - a-3.5 4 oe Et ~

18 Ze S scl bse Rs Saiinr: a
ABCC. 20 _ 20 - 1000 oe 13Cad epesy + 7

a eeee
*Corrected for contro! incidence. Fo 2 es nn yt ~Ss BEES fs Ss

Reference BNL-21924 ~ Summary of Thyroid Findings in arshallese 22 Years ‘After Exposure to
Redieactive Failour — Rebert A. Conard  
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6.

7.

8.

Status of Study: ot Ge!

1.

Neptunium-239,

External Radiation Measurement pa

Usu osfilmbadge data. Bongerik to quantify the: allous. building curve~
wpelope and downslope, and?eo: extrapolate this“ information: to*‘Rongelap and
Ucirdk, "

 

Determine the 6/y ratio ‘and thus evaluage the contribution of8 dose in
estimating the y depth dpees for example, the 6 activity dosea dug to

* ‘ 5 1 tag ee

T
G
s

p
c
a
n5 « ».

Plot all the available besQn external ‘radfation and‘Netermine decay factors,
The question to bestats will be: Do the data result: in a curve similar to
the estimates T~! 5 relationship, or, does it exhibic different. es, such.
as 770.83, T-1.2 duetee’‘weathering or other: factors? -,

Examine the question on internal dose estinations fron, rine nalysis,
food ingestion, inhalation and data from animal studies. “oy rocess all
available information onvdiet and lifestyle would: be: ¢ hed ‘to derive
tealiatic dose estimates: fron external ¢andinternal sour es. ae oe

.+ %}

Examine other studies dope elsewhere on the thyroid nodu eS)._ocniample: the 2h
Chicago Group Study, and:also the use of 1291 to determi, @:the ‘early thyroid:
doses. Wistoric samples.collected soon’ after fallout:wt leheeyin determin:
ing the! !297 concentrations. -In addition, “99T¢' would!algo-be Feruined gine
it is known to be retainedinche bbyyroid gland. Tf.ere ae thyrod,
glands yould also be aL,for I TLconcentrations, : wd

Use a "state-of-the-art puter simulationprogram‘to‘alors ‘te transpert
and deposition of. radlogegive ffettout following the mpANP es sain study. -
should give: 58 : a g 6

os : * [ #3! Aa * be !

a. plots of integraged?air concentration isopleths.for! fleafos!ppoducr:
fodine, cesium and gtrontium ey i

b. deposition iso let for the aforementioned fissior | prodcts. plus
239Np/239Pu ifposs ble, and Oe iy |

c. time plots ofthe buildup and decline of airborne falloug Goncentra~
tions near sea level at the points of interest, and/or’ therpullding
of ground deposited ‘fallout, ! tad 28

 

D
e

y
8

ws

a. Figure 1 shows a plot of the gamma dose rate in rogntgens per
hour at three feet above ground at 24 hours after theBRAVOtest
explosion. Figure 2 shows the estinated 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 furrher examined when results
from Item 8 ahove will be received.
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Table 2

mare

Dose Rates Consequent To The “Bravo" Shot. March 1, 1954

Rongelap - 115 Miles From GZ

   
 

 

. mat i + Hours Dose Rate (mR/hour) Total Bese (Pid si Comment 5 Rvfererce

3 64 H+ 4 .

to Fallout Began - 2
H+ 6 . “ELLER LOT nee

22 H+ 24 3500 6
3300 Estimated i

H+ 46

(i+ 48)

to (1 i0G) 175 Evacuated ,_*

H+ 50 ~ a a3 * ” - : o
3 in H+ 240 200 Dr mere nace scene eenwoes” =SpgmPlet2: ‘S$!

H+ 336 160 ” ‘Rainfall After This 1
Period  ._

3°21 3- H+ 480 80 (50) . Reduction in actual 1,2,4
H+ 240 measurements when com-

to pared to T7}-2 curze.
H+ 660 : ~ The actual readings in

Me _brackets ( ), indicating
. reductions of 20-49%, due
a torainfall].

3°41 2% + 720 50 (30) Ses ae 1
H+ 960 38 (20) oe 2

412 3. H + 1200 30 17 1,4

28 og |
H+ 1440 25 (14) * Tees i.

é 1 £ a + 2400 14 ~r 5). CRAAWT 2itte wt Mat 1 .

10 1 5; H + 4800 5 (2,5) 1

1 1°55 H + 7200 4 (0.85) Les

H + 8088 (0.7) ° , 3
H + 14400 1.5 (0.2) 4

H+ 16848 (0,097 3

7 1 56 H + 21864 (0.1) 1

302 37 H+ 26286 (~0. 15 1

§ 3 33 (0.83) , Univ. of
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Date

3/1/54.

 

Dose Rates Consequent ‘To The "Brave" Shot, March 1, 1954

H+Hours
- H+l
: +22

3/2/54

3/4/54

an
y

3/8/54

3/9/54
3/15/54

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

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

7/1/65
#/25/76

3/15/54
To
Qa

6/1/54
| To

a

H+24

H+28
H+36
H+55

H+78

H+28 7
To

H+78
H+90
H+168

” we192
H+336

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

H+10928
H+16848
W+2880
To
#r100000
H+190000

teas

To

Ari60

Ara

Ucirik - 300 miles from GZ

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

340

350

110 14

9:76

40

a
0.14

0.05

3°40

0.004

   
Fallout begins 2

extrapolated 6.

' End-of fallout 1, 2:
Evacuation | 1,2;
etarted ‘
Evecuation
completed

Basedon ploe. 5.
of data

Decay curve “
follows T°!+2

Decaycurve
follows t7!°3
‘Return to Utirik
‘Return to Utirik

rnOe"

Based on“plot
of data.
BNL data
Sept 1976

Decsy curve
follows T-l°4
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a. ALL‘available reportaredndgrning’tattogton: Atlinginae ‘Rongelap,
Rongerik and Utirik'have! been sxaningdvend pertinentinformation
has been collated into one, loca Fhe data collagted: concerns
external radiation messurepents/tadgohuclide concengretiong dn

    
soil, water, vegetation,aninalg;etmeitens... dition, «=:
efforts are being wade to‘ollestal itni:eh BS body“
analysis and bioassay,squgles.. 3awee ba Pa ae

b. A recent diet and litesis stubegy‘ baajetuovensey 1978 will
provide a firm bawdereoptfinaes‘onesze.eam

aw EY ~ Peres

a. Historic samples cttectedwyaniontnaey Poet
period 1954-1974 have-bée yeetSertLAE (Tad
samples are also being’Spayene Pie64Inter
(Methods of Study) ‘will,.be. eauites tectcorrelate: ¢
Additional samples from*chegea eas”(Ron apne

 

will be analysed for+1291:apd? es$ff f¥equt rea>>nada:
are exploring the possibility«9&analyzing*8Bikintres mth”fallout
that settled on "TheLuckyDragon!’ s}* This -“$auip.Le selipui< provide the:
most accurate descriptign’,of:Rh: foylqub Ss,ay Vee oe,

o
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a. All available data pertaining te meteorabogicaeasons“before,
during and after theBRAVO test, have been;colle ees8 “ transmitted
to Lawrence Livermore Laboratoryfor’ the computer‘enad paises‘These
results should ‘be availableby Pebruary/March“197% ~ fh

"9

b. A recent Marshall Islands Radiological gurvey:completed ip | i
December 1978 should provide tso-dose lines for recent times. Canm~-
parison of the two plots should be very.valuable in.pasenging 299%
observations. yay
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Discussions are being continued with the scientists and‘technical,people|who

were involved during Operation Castle,
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129, Radiochewical Analysis Results*

. 1-129 PCT 1-129 PCT me a Sots
DATE ’ ATOMS/G ERROR ATOMS/G ERROR COMMENTS ~, - - (7 UE

32654 4.44E+10 3.4 2.776409 4.5 ISLAND SOIL, (SAND),TOP2 INCH, RONGELAP-LABARDZ = =
71654 4.80E+10 3.6 3-88E+09 5.8 ISLAND’SOIL, (SAND),ALMOST NO:RUMUS),* RONGELAP-KABELLE =
12955 1, 338411 4.2 3.65E+09 6.8 ISLAND SOIL, (SAND),-RONGELAP-KABELLE - = ae
12555 1.53E+11 3.4 7.77E+09 6.9 ISLAND SOIL, (SAND), RONGELAP-RONGELAP: ;. woe td

102255 2.24E+11 3.1 1.526410 (6.5 SOIL, SAND), SUBSE. z aoe A-12} RONGELAP | © | - =
* 102255 L.73E+10 4.2 -1.59E+09 5.7. SCIL,SAND, FROMBOTTOM-GeWELL), -RONGELAP ATOLL = = = >

102255 2.98E+10 3.5 9.72E+08 6.1 $0IL, SAND, SUBSAM: AN £-9),ROBGELAPTSS
72456 4.73E+10 3.7 2.606409 6.4 MID ISLAND SOLL, (SAND: 6-2")>RONGELAP=KABELLE. == = = _
72356 2.02E+10 3.3 1.10E+09 6.3 SOIL, {SAND 0-2", ‘POSS; FALLOUT CONTAM.); RONGELAP-RONGELAP
72356 1.12E+10 3.2 4.58E+08 5.6 SOIL, (SAND 0-2", MID ISLAND CLEARING)’, ‘RONGELAP-RONGELAP
71857 7.60E+10 3.8 4.17E+09 6.6 ISLAND. SOIL (SAND3RANDOM SOP @NCH), BONGELAP-KABELLE = ©.
71757 2.13E+10 3.5 1.90E+09 4.6 SOIL”(SAND, RANDOM-TOB. INCH,: B1/2 OFZS.4ND) SRONGELAE. i
12355 4.14E+09 7.5. 1.52E+08 10.9 ISLANDSOIL (SAND) UTIRIK ATOLL FE. SEE?FE
12355 9.31E+08 6.7 4.45407 8.3 BLACK BEACH SAND, DEIRIK ATOLL = * ze5.3 5-

112874 3.82E+09 3.3 2.22E+08 4.3 SURF, BOIL, 0-2.5 OM, ‘BW TRANSECT, RONCERIKENEWETAK ISLAND
112874 6-13E+09 3.4 3.736108 5.2 SURE, Sot, 0-25 OH,2 MEmaser, RONGERIK-ENEWETAX, ISLAND

“Done by PNL, ‘ianford, Washington= “2 fe 5. FL. SR on SD 72 le
. oe -. . - a et Nee —~ ow OT . '
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"RECONSTRUCTIONOFCHRONIC’ DOSEEQUIVALENTS
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A RECONSTRUCTION°OF CHRONIC DOSE EQUIVALENTS VOR RONGRLAP.

ANDYFIRIK RESIDENTS - 1954 T0'1980%.

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

ABSTRACT ;

From June 1946 to Auguat 1958, the U.8. Department:-of.Defense and Atomic

Energy Commission conducted:-nuclear weapons tests:in the: Worthern.Marshall
Mlk eeLae

Islands. BRAVO, an aboveground test in the Castle series,- Feaulted in

Op*Harch 3,

1954, the inhabitants of these atolls were relocated watil-tedietion exposure

 

radioactive fallout contaminating Rongelap and Utirik Atolls

trates declined to acceptable levels. Environmental. and. personnel: radiologic 1

monitoring programs were begun in the mid 1950's. by Brookhaven’Natioval La' -ra~

tory to ensure that dose equivalents received or comnitted' remained within ..S,

Federal Radiation Council Guidelines for members of the general public. & :

burden and dose equivalent histories 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,
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On March 1, 1954, a¢:‘Bikini Atoll, BRAVO, the eleat of

4th Gal

‘nuclear weapde  “ale

  

   

Pp a tidderepe gd oer - tebanee Yrronreds | feastial muvadi ada He puesnip dye

tests in the Castle series, was detonated. The BRAVO devicecaused eubacanéiat8
ld gerbe pad flare f 171077 [as beneGinny ysacho bye ¢19448 hare JosUd TES ry be

surface contamination on:jahabited atolls within a: 2,000 ‘equaretnadie” a:ares. The’)
wioenfanee boald ben anda da oreyvlene ts ohana he Lise ad dies se if iyi! a

contaminated region was cigar shaped and: included Ailinginad; ‘Rouge lip, ot

neti. ybod ft nb soemgaq ois Jedd eebilaunothnr add Witngup Low vy: By
Rongerik, and Utirik Atolls which lay eastof: ground zero’ at “tafanen from 60
wioasbiusd ebudl to vaneay “ai oevly ate an maesem Lexis Hoe hot ue
to 300 miles. The fallout. on Rongelap, initially visible at Werhoure, ‘had 2:
vert bo be 94 eat titasupelo ting add geqng ai arto +S oy ty
thinned out to the extentithat it was no. longer seen at H+10 hours (6162),

‘ a gerd omit ad“103 boat tiv gay rot fey 9098 BR.*fakite trey fs
‘On March 3, 1954, the 64 residents: of Rongelap’ toll enc 1B. residents of:
Tpyetee sttpin OAS? ga) odie as bed ad Yeu far aunnt nHbre ate : :

Sifo Island, Ailinginae,Atoll, were evacuated. OnMarch3 - ang:‘4s evacuation of e

Posscie. me Sf eha OIBI4>: | mabey nebrod vhad beng) ever bia tea ie

437 Utirik Atoll residents also took place. During the. first few:weeks and at. r
: Tbe Rs aRwW gttosl SEtt ae Alo an ,dlebs nA Ak 4 : ’

least once every year from: 1957 to the.‘present, a: BrookhavenWetton)Laboratory’ :
vas de ‘ wot fra Og apy fs “hry "4H arg avy # sat qhod yt aif

  medicalteam, organized bythe Department of Defense andby't ne: onic enerey’
Pp peg oe + Pobre sg picrahe at wybmidiy rd Uy Bueyoy ‘

Commission and its successor organizations, has prov de medical:exaninatiions"ta

fo

aye BYy¢ a

monitor the health of the’ pereons initially‘affected by.‘tiveEeTtoutfrom the ‘mug

clear testing program, plus a comparisonpopulation."dpeSeeesfindings?

are given in Cr56, Co58, 6059, C060, Co62, Co63, CobS, Co67; "to7d, Co75, and
re

i id sauteA’ heat io

Co80.
ae id

; 8

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

and in June 1957 respectively. The earlier repatriationofUtirik Atoll: was.

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

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

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

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

two men, removed from Utirik for medical reasons, werewholebody’ counted at

Argonne National Laboratory and provided urine samples for radiochemical anal-
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and 905... subsequent Brogkhaven Nations] Laboratory: expeditions by members of

ne’‘ean 6 from
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whole body counting and chemical:‘anal sisof:urine and’ bloodzgamples to
iq j $ount "§,adhe bebuiogd:bap beqade: yagi s _antbleed‘eareagm tee

ide uantif the/vadionuclides: that:were present ‘inthe: body.: The re~
af encifyand,guyib sec tasSsbaGo7 3: tu ‘dees yet:stieltonAELAUspody. yh

sults of these radiologica}:‘ measurements are ‘given-in: eof:body :burden in;
bed ,gruod Gti ya opica v yilaiatat :tereresie neSettee‘ashpeapereen us

Tables } a . roughout’this. paper‘the unite‘of uantities:are/St derived
op. b ops2s yer 99% Tignat on saw dk tadty’quagrie‘aly Sus:egy!

and those which sre accepged, for use with:the.8J. ‘forthe: tine being, : Thus both:
fy einehiaar § bie nee qelegaol Yo aingbtany. saang PACERSredays a
the Curie and thehe Becqueren:may be usedasunits for ‘che’‘quantity!ectivicy.
“HOT IRIE go fire raM nO UviAwoeve ataw (EE Qté santgnt thy!Sybits Cae
_,.. The aforementioned.pedy burden tables:illustrate:‘adultsmean:ivalues for

Pig oo Magw werd feo Part bet »9aatq aot ‘ata’ dinebteer U4aga?Atti

Ron ela and Ue} Fike dult, as clagsified-here, Wasa; person:
nee? Poet a “a 6 inate aft a3 ACOL(aontayettve a
of age. The mean body magg ‘in this age‘intervalwas60°kilograms The observ
Peel nar he Poe DAB VagnAlad ia dtamttaysd ody yd.Dosineyta:Mist fee Fale

body massvergus age digteibution is shownin Figure1for,;Rongelap residents,Diet Pert Vor el OLIBSTABYIO- Voeewhope’ ps.fireWOLHE ‘

_The, same body|mags versus: age distributionwas. observed:ae.Utirike’. !, he Tihstint anaerag ait, to Agesads a)
sae, BeGause Of the paucity of measurements at. Ucirik,’informationon Co,6s. Gomme rameo pw seta: Aorbal ie ut ot

2ny and >Fe was in someinstances derived from the ratio ofadultmean body
: Peed Pgscd oad we UnW.

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

  

  

    
      

       

       

   
     
     

     
       

        

      
      

  

  

 

  

burdens for 657,, 90,., and 77s after they reached their naxinun velues, The:
Sy oastk saad tal a fF,

standard deviation of this ratio was 15%.

 

i feog es rye veer,MEET,

In the following analysis, personal body burden histories and residence “inn j
seovdoverfeat cent

tervals, in conjunction with contemporary dosimetric models, ate used to esti-..
t hoe ey Gh oo .

mate internal dose. Dosimetric distributions were constructed from the results
hu rt. ? ey yo if poy Os

and a summary of the derived activity ingestion rates and dose equivalents was
t iy vite Spe .

provided for- various subgroups of the population. | Additionally, exposure rate |
rots ‘ moss Cee bg

history curves were constructed for each atoll for the period following the
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#"inetantaneous fraction of atous: decaying per unitdatagyet int

initial atom ingagtion ‘ate,7avons,dey},

instantaneous fraction of atoms removed from compartment. i by va
adiwollot acinmay jads 1 omly Je Vaiviton evosaninetant arf:
physiological nechanisus, day”at, : ’

wt

‘compartment i deposition fraction,

the numberofvatdgen*tdlpgremqnt\L*aélagiye, fo the number in all

conpartwente asthe onset ofdecliningcontinuous uptake, (t*0),
cutter At TP emt tp vtivivss euosnstiuas. “Ud t dads: @wolieat
instantaneous ‘urine activity. concentration, Bq gi?
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= body burden at the onset ‘of‘uptake, ‘ia,

the number of disintegrations in all compartments occurring‘during

the uptake interval, Bq days, 2 Co pd RES

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

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

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

tract to blood is given by
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q, was embodied in the q° term of Eq. (2). A similar model was usedto relate
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Equations (1) and (2):were used todetermine the instantaneous:fraction of

 

atoms removed or added to the atom uptake per unittime, ‘Ke, andithen:the ini-
  

tial daily activity ingestign rate required:toiproduce themeasured‘oriderived

body burden. Equation (3) .wae used to:deteruine. the:‘number: ofdisintegrations

that occurred in| the!body©being theHasidende™dicervallot:‘ia?‘individual living ©

on Rongelap or Uririk Atolls.

aee ofh ese

(2) can be convertedSethesonseanecpontiowcsguests by.®

~\, Single uptake-expressiqns ave obtained by. setting

the maturing of coconut trees during residence on Bikini},peditanuneea con-

tinuously increasing dietary uptake oof Mee, Thus, myvas. toyndl-to have a nege=28

aay yey AS PAB a
tive value. In the case of Rongelap atid Utirik, ke was ‘found to‘have a positive '

value for \37o8, 6575, 6064, and 9065, This indicated that in addition to

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

Re, only one mea~vildietary items during the residence interval. For the nuclide

was not possible.

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

body burden or urine activity concentration. Portions of these bioassay data

are illustrated for adult males and females in Figures 2 to 6. Two consecutive
y

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

. ete :  
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rate from the equation. This method yields n-l estimates of Ky where n was

the number of data points, An average value of K, was assigned for each nu-

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

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

physiological parameters were obtained from the open literature (ICRP59, I¢K/'68,

ICRP69, ICRP79, Ki78),

in Table 4.

A representative sample of these parameters is presrited

 

Summary of Dietary Rate Constants (Ky

Table 3
she

sigs

 
»dz})

137.
 

 

60,, 905, 65,0 co
Rongelap Adults

Males 1.5x107> 1.8x10 3.1x107 1x0

Females 1.6x107>4dxl0™ 35x07 to

Adults Le5xl0”? 1.9107" eixto™ eax
Ucirik Adults - |

Males N.D. 4.6x10°" N.D. 14x10"

Females N.D. 4.0x1074 N.D. Laxlo”

Adults N.D. 4.2x107" ND. Ledxho
 

N.D. = No data sufficient for analysis.

The values of Ke were similar for males and females and for reside: t

Rongelap and Utirik. For
90

values was observed for males and females.

Sr on Rongelap a factor of 2 difference betwe

The female parameter for Rore

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.
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bimodal activity ingestion rate distribution for 905, in the Rongelap popula-

tion,

9c and 6525 were noc sufficient for analysis for the UtirikData for

Atoll residents. Values for Ke observed st Rongelap were assigned’ to Utirik

males and females and body burden histories for population subgroups were

reconstructedusing Eq. 1 or'2. Figures 7 and 8 illustrate| the derived mean

adult body burdens for all significant nuclides studied on fongelep and Utirik.

This method provides abast’ fit of the data shown in Figures 2 through 6, and

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

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

plotted to demonstrate the fit,

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

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

35p¢ contributed less than 1,0% to the total dose equiva~future ones. Since

lent, an arbitrary assignment of Kp based on observed values for the other in-

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

obtained from Rongelap and Utirik (Co75). Analysis for 73re hae yet to be

reported. A recalculation of 5556 body burden and its impact on early dose

equivalent rates 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 905, and a
"a

137 06 mean urine activity concentrations. Mean values for adult males or al! oe

adults were plotted. Measured values for 1376, body burdens were also shown in

 

Figure 7. A much smoother curve was plotted in Figure 7 and it was determinc:  that the collection and analysis technique for urine samples introduced the iddi-

137. . : “O
tional variations. On the basis of this observation for Cs, a smooth brady aa
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burden curve for 90g,,

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

radiochemical analysis of urine versus direct body burden measurementscan be

found in Mi8l.

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

randomly chosen subjects oveye the 25 year monitoring ppriod, These individual
; nt «4

variations may have had a| drapatic impact on the’ mean data, In Figure 2, which

illustrates the adult male, adult female, and adule population mean 137¢, be fy

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

seen during the years 1958 through 1963. Al though the| Castle BRAVO test ini-

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

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

responsible for the Figure 2 body burden pattern (0063) .§ Figure 9 suggests «!:ac

most individuals counted in those years had body burdens:swhich remained the : .

or declined; however, one individual's burden (#881 M) rose and fell quite

differently from the others. Several factors could have contributed to thi.

variation from the mean such as departure and return to 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 thit in-

dividuals like 881 M influenced the mean body burdens to s greater degree ¢)..

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 . i-

uals were not monitored consistently throughout their residence intervale « 2c

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 valuesare given in

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

1376, for various popula-

1375, 90

Figure 10 demonstrates the differences in ingestion of

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

nuclides for ‘which sufficientdata existed for analysis.

Differences in ingestion rates of the stable element aciche: same geo-

graphic location have been shown to occur among members of a poryletion (ICRP
ol?

23). Age dependent diet studies for ingestion of Cs for urbsh“dpan.‘have values

-1~
varying from 11 ug d“1 for rae to 8.6 ug d bfchildre H $yin &@ western

tsyear olds totype diet rose from 600 yg q1tor infants to 60"ugFee fo,
ay!

3,600 yg d“ for 13 year olds and fell to a mean of 1,900 hig) dwhiSgor adults. Zn

in the United Kingdom rose from 2 to 40 mg at » the higher value of Zn being

observed in adult tea drinkers. Fe ingestion in a western type diet has a mini~

mum at age 3 and maxima at ages 1 and 20 years. Co is ingested at a rate of 20

Hg aq! for Japanese adults and half this amount for children. The Marshallese

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

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

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

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

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

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

Fig. 10 Age and Sex Group Mean Values For
Activity Ingescion Rate Referenced
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fog9ld Ronge lap Us

370, dailyresidents and is referenced.to June a1957, “the:individual maxigua

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

The standard deviation observed for the adult activity ingestion rate distribu- 2.4!

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

 

adolescents, ex for children, and 34g|for’‘infante." Adolgecents: and infants

exhibited a broader distribution ehhalte,aifenterfn showed: a fractional

variation in activity ingestion rate similar to that of aqutey, Breast feeding . . 48
1 ee

versus coconut sap supplements would have contributed to Ae,sreater variation

observed in intancs. Adolescents and young adults were tie pojulation subgroups
igi

which have been observed to move frequently between‘atojle. Thismobility would

 

leid to greater variations in the dailyactivity ingestion rates relative to

| . Y
those observed in the more stationary population subgrqupe. a

 

Figure‘12 also exhibited @ wave pattern; hovever, a distinct difference bew.-

tween males and females was indicated. This ditference sore fromthe use of

vaiues for Ke listed in Tab}e 3 which were derived tron urine deta for male and

female residents at Rongelap Atoll. Its major impact was.on the dose equivalant

rate, mot on the total dose equivalent; and its effect was to cause the dose

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

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

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

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

difference in the 205, dietary rate constants. Data from urine bioassay

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

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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observed. Thus differences inthe derived activity ingestion tates and dose

equivalents were not significant. cr Tones

65, - 137,
Figure 14 shows a semi-log plot of the Zn and Ce‘activityingestion

rate histories for adults on Rongelap. A curve was'drawn’ between” pointe, and

the appearance of an increasing’ 1°"Cs ingestion rate ‘ daring’ 'the'1960"s" kidicated

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

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

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

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

conclusion that recontamination was significant. Thesésre'as follows1) the

increase in }9’cg ingestion rate was not in conjunction with an’ increase of

6570; however, since 657, is an activation product it may havenot ‘been produces

in the same proportions. 2) The peak 1376, body burdenat Utirikcccurred

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

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

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

demonstrated a continuously declining pattern versus the humped pattern observe:

at Rongelap. This occurred even though there was an equal external exposure

rate history following the Hardtack series as measured by the U.S. Public Healii,

Service on both Rongelap and Utirik (Un59). 4) The peak exposure rate on

Rongelap following the Hardtack series was 10,000 times less than the peak expo

sure rate following BRAVO. These facts suggest chat the Hardtack series was voi

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

postulated that body burden variations were caused by travel away from the atri!|
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or sicknesseBEhey.FROraaessrttensofa19 insaysdyghgtffer-
ences from thepean, #ppooth,degeription, of, che, bodyburden.ong acpivity, inges-

tion rate forthe populationcould be adopted. . Onn this basis a Geclining contin -

uous uptake model was used,
tere ot se ew fe ogee te

Internal Dose Equi tRetee uy ie Neb gid ba pene a

The approximate instantaneous<dose equivalentrates for,the total body

 

were decermined,fromthe body, burden data ijlustrated inFigures7,and8 and

from the following equation oggé hey. se ca Pea bay pa : Cte.

iy tt @ aa . we sy ge

H= ql, (4)
freetype yt poe od .o4 ‘ : os t

 

where ‘aye rTeT “ig

s
*

t
a _ the total body dose,aquivalent: rate, open y™!, awe t. a

th ‘ia

~ ut equilibrium dose equivalent rate to the total body perunit body 4

- burden, mRen y7! nein,

= instanteous body burden, wCi.«
2 it

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

 

radioactive atoms were distributed among the body tissues as theywould be fo!

lowing constant continuous uptake for periods of time much greater than the ar 4

residence time for the total body. In the case of 05, 862% of equilibrium «- 4

assumed. These assumptions were not used in the estimate of the total dose 4

equivalent, In addition, since mean adult body burdens were computed, a fact JJ

of 1.2 was needed to adjust for differences in body mass relative to a 70 kil |

gram adult. Table 5 lists values of I which were determined from information 4

given in ICRP59 and corrected for body masse differences.
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Figure 15 i}lustrates the relative contribution to the fomposite dose

a

equivalent rate for each dosimetrically sjgnificant internally deposited nu

clide. For the average Ronge lap adult, the residence intervah,begins June {,

1957; however, many adults were reported to have resettled during the next 3 ta: 6 months (Co80b). The composite dose equivalent rate indicated that a broad

maximum of approximately several hundred millirem per year persisted for several

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

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

for populations returning to a contaminated environment years after a fission

type initiating event,

Figure 16 illustrates two possibilities for the Utirik dose equivalent

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

post-return. The higher body burden resulted from use of the two measurcil 65
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Zn was-tengyed. from theRongelap. It was observed-ieatRongelap that .031%"0

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

8005
peat rd

in dietary radioactivity on Rongelap had been observed fF137Gq,We, and

to be greater than that predicted by radioactive decay al ONE». Ingtantaneous re-

duction fractions verysi nbigs Ro,baddgbRandApoar observed:st: Utirik for

90 d 0the *'Sr, an Ce nuclides. The lower. curve..ph‘Pigure 16) reflects the dose

equivalent, dose equivalent Fale,and body burden which outa have: occurred liad
ftp ats rays

radioactive decay alone‘adcdutited:forithe1 Faso of 65‘y frou the: Utirik envi-

ronment. Since.\addit ionotisechanisns eould be measured fogother:nuclides at
65 BAQVNMAge. paw P

Utirik and for the in gn, nuclideonanearly atoyty-the per,curve.was chosen as

the most likely body burdenhistory for qdulte post Fecurn taUtirik Atoll.

Figure 17 indicates the Utirik adult ‘aden total body dgee equivalent rate
ry *

for each nuclide. An obvious difference| relative to the Ronge}ep. history

exists; $325 not 137Cs was. the major nyclide contributing to the dose equivalent

rate, This was due to the Utirik population returning 3 to 4 months after the

initial contaminating event, and the Rongelap population returning after 3

years, The age of the fallout had a dramatic influence on the importance of

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

657, played major roles during the first 3 years, a time: interval that

correspondedto the period during which field whole body counting facilities

were being developed at Brookhaven National Laboratory and whenmedical exaii!ina-

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

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

The impact of 6525 and 606, was such that even if the least conservative rate

34
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constant.(hy=0)was used for zn, the dose equivalent rate for theaverage .

 

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

years following the return to Utirik,.

Internal Dose Equivalents

Disintegrations occurring’ in theveouelrbedyrofjen individualduring resi-

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

together with personal bodyburden histories and.reta}t specific Ky. Fate con-

stants fromTable 3, provided~an initial eotinate of| disintegrations.-between cuon-

secutive body burden measurements. The segond method used was @. Logrlog plot of

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

two consecutive measured points. The third method upedsa linear plot of the

subject's body burden history. The area underthe curve was cut and weighed and

comnared to a standard weight of knownarea, Quatity®control procedures

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

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

the methods compared to within £52, |

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

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

lowing equation

f £iA,8, (2,0, D, + In2/d)

CDs(E AB, + 1n2/d)

where

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

e
interest,

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

Q a total body compartment deposition fraction for the element,

o
+

a= total body compartment biological half time for the element,
n
h

t
w

-

at= fraction ofthe element from blood to organ of reference.

le the depositionEquation (5); applied where significant decay occurred
.

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

compartment deposition frdctions and compartment half times vere obtained from
t

Ki78. Values for the r ningquentities were from ICRP59

The dose equivale s to a specific organ or theiWere determined .:
yi

ters from Ki78, The total.terges dose equivalent was obtained by “summation ‘of

by using the source to target dose equivalent per unitchewee parame:

i
i

the dosimetric contributiqps*from all source “organs. Severa} important modificar

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

dosimetric results. For, Rech person, the source to target apsseidqhivalent per

unit cumulated activity vas weighted by the ratio of a standtrdnan’ s body mass

relative to the actual mean body mass during the inceryal fox which the dose

437
equivalent was determined, In the case of Cs, the Long term biological re-

¥

moval rate constant for the Marshallese population was highly dependent upon

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

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

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

eancellous bone and 72% from cortical bone.

137
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 pupula- —

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

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

37
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in the figure nor were: they! inetuded”inany‘dosimetric distribytions for any of

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

experienced a 23 year exposure interval.

Figure 19 shows dose: equivalent distributions accordingto.age and sex for.

1376, among the mere The shape or the population distribution was
|

skewed with a mean of 1.7/Rem and a’‘mgxinum of 9.0 Rem. Thys chemaximum was

(137
5.3 times the mean valuefor., Cs on,; Rongelap. An cxanjnation [nf the subgroup

distributions reveals:‘thee [persons; wvho were infants at |“h time lof rehabitation
ips

ac Rongelap also were thesrecipients of the: higher’ dosesi. This |ves due to the

combined effects of lower, average body mass, a higher average’“ipgeation rate,

1376, than that for adults:‘gr even children. lhe pa-
% 7

rameter having the greatept impact on the infant dose! qqujvalent‘was body mass.

The standard deviation for: the adult male distributionvas 492.af the mean dose

and more rapid turnover of

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

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

mately twice the mean value for all distributions considered here,

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

groups for 6325 on Rongelap. Adolescents, young adults, and adults 50 and up a

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

dle aged persona received higher dose equivalents during: the residence luterval.

Measured OF20 data for persons who were infants at the return date were nui

 

reported in the publications by Conard et al.

Figure 21 shows the dosimetric distributions observed for membere of the

 

Rongelap population for 6570, Again the population overall exhibited a skrwed

distribution of dose with a maximum value nearly three times the mean. (iiidren *}

 

demonstrated higher doses than persons who were adults during the entire ?}  
39
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‘ Fig 21 6575 Dose Equivalent to (A) All Residents
-(B) Adults (C) Adult Males and Females
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fants on Rongelap Atoll
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year period. The standard:deviation was in general 30% ofthemeqn-value for all a ea

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

the fact that 65

137
- and Cs occurred over a 23 year interval and thus was contained in a more

homogeneous population than were the longer lived nuclides.

Figures 22 and 23a and’:23b ‘summarize the

individuals at Rongelap.

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

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

tion pathways. ‘It is known thet for a given soil concentration ‘of phe stable

naturally occurring analogs .to the radiouelides considered here, the tatios

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

as follows:

Co > 3000

Fe > 550

Ce > 400

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

internal deposition. This applies to most nuclides in the environment, however,

te

90.

Zn:> 130

Sr > 10,000 .

there are notable exceptions including I, U, and Pu.

External Exposure

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

one meter above the surface, was used to convert exposure in air to absorbe: dose

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

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

multidirectional nature of the source, variation of absorbed dose with depth of

organ was minimal. Additionally, external doses were adjusted for living pat-

43.
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External fpocsrs calculations are based Figures 24 to 26 which were

  derived’‘ffom data listed in Cr56, 8h57, Un59,tnd Gr77, The ares under: straight
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n = slope of a straight Line. !  
   

 

Dats from 1] detonations during May, June, and July of. 1958 :(8h57) .indicated a

  

 

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

  

 

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

of BRAVOto obtain the initial increasing exposure rate history shown on    
   

 

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

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

     original observations reported by the Marshallese and by U,S. Nevy personne!

stationed in the area (Sh57), Initial dose equivalents on "acute doses”
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are developed in greater detail in another report.
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   Figure 25 demonstrate external exposure:following, the 1958testing se~

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

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

.

, SUMMARY -

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

inhabited atolte Rongelap and Utirik. Evacuation from topaetapcommenced 50

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

1954 and June 4957 the return of the Utirikese apd Bongelpese| occurred respec -

tively. Body burden data for dosimetrically significant puclides: vere obtained

throughout the residence interval post Fetuyn primarily dirpet ip Vivo gan it

spectroscopy and by indirect radiocheuical analysis of uripe ond,biped.

The dosimetric models gsed in this analysis were reppeseheative ofa
i a

declining continuous uptake gegime. Dietary decline of rafiouseivity includ: :
I ¥

radioactive decay of the soufce and a conglomerate of other factorg, which vi,
‘

‘

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

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

\
:were comparable for both atolls,

Variation in body burden history data for a particular nuclide on a pa

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

This was attributed principally to the statistical variation encountered whe

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

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

laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

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

50
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years of age ingested more ac it each day than di ents antticcegge_inges| re activity. ach daythendidadolescentsandpergons.

greater than 40 years of age. Max imum deviation from the average value of the
gi? i ight

daily activity ingestion rate fox.menbers. ofan.‘gmsubgroup, wasnogreater than

a factor of 3. ..However, the population distributions illustrated & maximum fac-

tor of §.:times the mean.activity ingeation ‘wate value. "tir it "

Dose equivalent rates post returnwere determinedtoe seubers” fron'boen
¢

atolls. Yor Ronge lap Atoll, the residents received arpeoninately 100 to 200

mRem per:‘year during the: tient §000 days post return fram ‘internal evittevay’’

The principal contributing:‘uelide was AWN. For Utirik Atoll, the renidenta

received up to 15 Rem per year during theFirst 400 days past return, Themajor

contributing nuclides were 6524 and 6000, Dose equivalentrates to the

Utirikese from internal emitters fell below 500 mRem per year, at approximately
2 13, ae

1200 days post return. i ' no ef
!

The dose equivalent fox ipapulation subgrqupe and for ‘individuals was deter~
nye [-

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

testes, ovaries, lower large intestine wall, and liver. The catenarycompart-

ment model of Bernard and Hayes (Ber70) was used to determine doses to various

segments of the gastrointestinal tract. The Utirikese received significantly

65 60 55
’more radiation dose from “Zn Co, and “"Fe than did the Rongelapese because

of short mean residence times of these nuclides in the environment. 905, doses
hyPay

to the Rongelapese were 2.5 time greater and 1376, 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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Chronic Phase

Dose:Equivalent! Sumery, Rem
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' ‘Total Body '' ' «°° Thyroid |

Utirik ol Rongelap’'' ¢' ° Utirik = + -Rongelap
Nuc lide Adults Adults Adults Adults

; sot 7 4 tecpegn poth og ger? on . ty ! . : sage +f

90gr 012 027 00075 s0017 ©
55¥e¢ £0333 023: £059 042

137¢, 1. 1.7 1.6 2.4
+ 60¢9 Shot 0016" 6365 010
6 Zn 13. 0076 ll. 2067

Internal 14, mM 1.9 13. 2.5
External 3.2 / 2.0 3.2 2.0

Total 17. ‘ 3.9 ‘16. poet , 4.5

‘Red Marrow’ Testes-Ovarics:: we

905, 054 12 :00075~.00075 -0017+.0017
55 rr@ 060 042 -058-.062 -074=,043

137 isg 1.7 2.6 1.5-1.7 2.32.6
Bing 63 018 44-1 .8 0.12-.050
65g 17, 10 ‘IL.~16, * 069.099
Inc. -nal 20. 2.9 13.-20. 2,572.8 i

External 3.2 2.0 3.2 ' 2.0:

Tota 23. 4.9 17.-23. 4.5-4.8

Lower Large
Intestine Wall Liver

905, £23 .57 00067 .0015 4
55Fe 067 047 12 080
137 G5 59 90 1.8 2.7
60¢q 4.7 13 79 022
6525 15, 091 17. 14

Internal 21. 1.7 19, 3.0

External 3.2 2.0 3.2 2.0 "4
Total 24. 3.8 22, 5.0 “t

Al
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Be/2

Ber70

Co57

C059

Co60

C062

Ca63

C065
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