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ADDITIONAL EXPLANATION Fr:R OP::RA7I~G COSTS 

Srouknaven ~ac:..onal Laooratorv 
L.aooratory 

~Z-0oerational Safety 
Program 

1. Contraccor: Contract No.: Tasit No.: 
Associated Universities, Inc. 

AT(30-l)-l6 

2. Pro1ecc Title: 189 ~c.: 

Safety Studies and Development of Operational Guidelines 
~arshall Islands Radiological Safety Program 

J. 3ud~ec: Ac::..·1i:v ~;o,: ~. Date Preoared: 

~y 1974 

5. ~et~cd of Re~or::~z: 6. ~orking Location: 

RZ-1 

. ..\nnual re?orc co Division of Operational 
Safety 

Brookhaven National Laboratory 

7. Perscn in Charze: 

C. B. :1einhold 

Principal !nvestigator: 
N. Greenhouse 
F. Haughey 
A. Hull 

9. !ian-Year s: 

Sci., Res. Assoc. (Ph.D. or Equiv.) 
Prof. (B.S. or Equiv.) 

Sci. & ?rof. - Total 
Others 
Guests & Research Collaborators 

10. Costs (In Thousands of Dollars): 

Labor (including benefits) 

To cal 

~ats., Trav., Dev. Subcont., Spec'l Proc. 
Reactor, Accel., and/or Computer t!sage 
Allocated Technical Services 
Gen. & Adm. Overhead 

Total Re&earch Cost 

~quipment Obligations 

8. Prciect :erm: 

Fr cm: 

Project ·..;i 11 be 
FY 1975. 

FY 1 o- ! 
... ~ .r - FY 

fY : 9 7'.:. FY 

0 
0 
0 
0 
0 
0 

0 

Ll. ~eac:or Concaoc: 12. ~aterials: 

To: 

~ni:iaced in 

l Sl7 5 - ' ~976 

l. 0 l. 0 
0.5 0.5 
l. J I "' -. _, 

l. 0 l . () 

2.5 2.5 

io--
• I J FY ~?"'6 

JO 60 
75 3i 

2 L 
J 

15 32 
125 Li -~I 

::o 0 



Saiety Studies and Development 0£ Operational Guidelines 
?rc.Jject Title: :-!arshall Islands Radiological Safetv Program :\:::'.-IJ~ 

13. Publications: 

None 

14. Scope: 

Now that ~icronesians are returning to the islands affected by weapo~s 
testing, a comprehensive, continuing radiation safety program is required. 
Such a program would be developed for the Division of Operational Safety 
using the facilities and personnel of the Brookhaven National Laboratory 
:-tealth ?hysics and Safety Divisiotn This project is intended to ;:irovide 
Operscional Safety with a single focal point for their needs in this area. 
Areas needing scientific investigation will be suggested co the ~ivision 
of Siomedical and Environmental Research, and other support activities to 
the Division of Operational Safety. 

The specific goal of this project is to gather and evaluate previous 
and current data on the radiological situation as they relate to actual and 
projected land use. Significant exposure pathways will be identified as a 
basis for estab~ishing a continuing environmental monitoring program. 
::sing this inicr.nation, annual surveys in the islands will be designed and 
~erfonied in conjunction with the Brookhaven ~edical Survey. Environmental 
samples ..,ill be retur':'led to Brookhaven ~ational Laboratory for analysis. 
:n additi~n to t~ose samples required co estimate the accuracy of the dose 
?redictions, suecif:c samples relating to the ~edical Survey Group's interest 
will be collected and analyzed. Our close relationship with the ~edical 
Survey Group will permit us to respond rapidly to their needs. 

15. Relationshio co Other Projects: 

a) The facilities and personnel of the Brookhaven National Laboratory 
Health Physics and Safety Division Environmental Monitoring Group will be 
the basic element in the project. 

b) ~tual assistance will exist with the Brookhaven Medical Survey Team. 
The annual radiological survey would be conducted during their visits to the 
:slands when possible. 

c) Extensive use will be made of the data and experience of previous 
studies in the islands. This will include consultation as needed with the 
personnel from the Lawrence Liver:nore Laboratory, Southwest Radiological 
Health Laboratory, AEC Health and Safety Laboratory, etc. Close cooperatiun 
with the University of Washington is anticipated for the radiological 
analysis of marine biota in the Marshallese diet. 

16. Technical Progress in FY 1974: 

Health Physics ~nd Safety Division staff members will assist in the 
~arch 1974 medical survey in the islands in order to familiarize these 

(See Continuation Sheet) 
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Safec:y Studies and De .. ·e lopmenc: of Ope:-ac: ional Guide L ir:es 
Pro:ecc: Tic:le: ~arshall Islands Kadiological Safec:y Program ?-Z-•JJ 

16 • rec h n i c a l ?r ogre s s i n FY ~ 9 7 4 : \ Con c: ' d ) 

personnel wi:h :he area and enable :hem co ancicipace cechnical and 
administrative difficulties. 

17. Expected Results in :Y 1975: 

The project will be initiated in FY 1975 when che firsc dec:ailed 
surveys in the islands will be designed and perfonned. 

18. Expected ~esults in FY :975: 

A radiation proc:ection program for che islands will be fully implerne~~ed 

with the expectation that this projecc: is to be continued fer an indef:ni:e 
period. 

19. Descrioc:ion and Exolanation of >!ajor :1aterials. Eauiomenc: and 
Subconcracc: [terns: 

In FY 1975, capital equipment funds of $20,000 is requested for a 800 
channel analyzer and its associated hardware. The equipment is required co 
bring our environmental monitoring facilities co the "state of :he art." 

20. Prooosed Obligations for Related Construction Projects: 

~one 
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ADD:: :oNA:.. E...\.?!..ANAT !ON ?OR ::?:::RAr :~;G C.::iSTS 

: :- ~o khaven :<at icna 1. :..a ::o:-a tor~ ?.W-Ooerat:i.cnal Safetv 

Ccr:::-ac: ~c.: 

Safety Studies anci :evelopment of Operac:i.cnal Guidelines 
~arshall :slancs ?.aciiologi=al Safety ?rog:-am 

3ud2et Ac:ivi:~ So.: 

Rw-03-(a) !-4..a.y 1976 

?:-ogra::: 

:asK ~o.: 

189 ~o. : 

~. working ~ocation: 

Annual ~epor~ :o Division of 
Jpera:ional Saie:y, ~onc~ly visi:s 
:o ::as, Scien:if:i.o: ~eet:.:1.gs anc 
.Jou ma l.s 

Brookhaven National Laboratory 

C. B. :!einhold 

?:-incioal Investi~ator: 

~. A, Greenhouse 
?.. ~aidu 

A. ?. ~ll 

9. ~!an-'{ears: 

Jirect ~n-Years 

Scientific ~ Professional 
Others 
Guests ~ Research Collaborators 

:J. ~osts <In Thousands of Jollars): 

?.esea:-ch Cos ts 

~qui?ment Obligations 

:<..eac:or Conce-::it: 

Total 

S. ?:-:: ~ ec: Te::::n: 

Conti.nu ing 

From: :o: 

Trans it ion 
FY 1976 ?eriod FY 1977 FY 

2.5 o.s 2.0 
l.0 0.3 1.0 

3.5 a.a 3.0 

Transition 
FY 1976 Period FY 1977 '?? 

140 30 140 

JO 10 15 

i:. Y..a.terials: 

1978 

2.0 
1.0 

3.0 

'0-Q ~ .... I <..,J 

1.50 

LO 

:\.'.-: - 3 



Safecy Scudies and Developmenc of Operational Guidelines 
?:-:ie-:: :ii:~e: :!a::shal:. :slands !\adio:ogical Safec~: ?-::ogram RW-03-ra) 
:3. Publications: 

Greenhot.!se, ::. A. anci :icC::-a;.;, :. ?. ::a::shal:. :s:.ands Radiological 
P'o llowup. ?-:-oc. ;\inc:-t :!idvea:: :ooica l S~oosiurr' .. Ooe:-aciona l :!eal :~ ?'.ws ics. 
- o~""·a-
-- .... .J -- • 

:i • - -,.J .,, - - •• 1 . ... . _ . .._a:- so r. " .:.. -.. • ~ ? p . / ._,, ~ - .' , u.e a .. ::: ?h,:s:..::s Sc:::.e:y, 
:ec::-aJ. Rec~: ~oun:ain Chap:er, 5oulcie::, Colorado, 1976. 

14. Scooe: 

A comprehensive and ccntincing radiological safety prog:-am is reqci:-ed 
for the 3ikini and 2newecak people who cesi:-e to reinhabit chei:: horr.e acolls. 
:he program includes analyses of external ::adiation levels, soil and ground 
water contamina:ion levels, and ::adioac:ivi:y in terrestrial and marine bio:a 
which comprise the human food chain. Fro~ :hese daca, both external and in
:e!"!lal doses and dose cornn-.i':::len:s will be :nade. In addition, projections of 
futu::e :-adiological conditions will be postulated in order to provide app-::o
?riate guidance on projected land use and living patterns. Earlier dose as
sessments will be revised and •.ipdaced, and dosi::let:-y models will be :-efined :o 
::e::ect actual t-::ends as dece~ined from :he ~onitoring program. 

?reject personnel will provide a resource of expertise for establishment 
er independen: review of radiation protection programs associated with cleanup 
and ::ehabili:ation efforts i~ the northern :!.trshall :slands, and for related 
ieal:h physics interests of :he ~ivision of Operational Safety. 

Field operations will be closely coupled ~.:h those of Brookhaven ~eciical 
Survey in the ~=shall :slands, and Radiological Safety Program personnel will 
je of direc: assistance to the Medical Survey whole body counting activi:ies. 
Ancilla:-y environmental radiological assessments will be made at Rongelap and 
~:irik atolls on an altercate year oasis. 

13. Rela~ionsni~ :o C:~er ?~c;ec~s: 

a) Surveys will be =ade in close conjunction with the BNL ~edical Survey 
:eam. Assistance will be given to their effort. The annual survey would be 
conducted during their visits :o the :slands. b) Continued collaboration with 
the University of washington, Laboratory for Radiation Ecology (!.RE) is antic
i~ated on Division of Operational Safety environmental programs in the ?acific 
~asin. c) Extensive use will be ~ade of ?rior survey data. Consultations 
will be held with other ?ar:ici?ating agencies in developing the bases for :he 
survey requirements. 

16. Technical ?rc2ress in ~ 1976 and :::ansition ?eriod: 

A ~ajor survey was conducted at Bikini and Eneu Islands in February 1975 
in ::esponse to Depart~ent of :he :nterior's request for guidance on :he si:ing 
of the second increment of housing construction at Bikini. This survey re
vealed unacce?table radiation levels at :I:Ost of the proposed sites, suggested 
al terna:e s i:es, and laid :he ground,,,.iork for a larger :nu.ltiagency sur•1ey in -

c 
~See Con:inuaticn Sheet) 
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Saier:y Studies and Developmen: of Operational Guidelines 
?:--21e:c :-:.:1.:: ~!a:-shall :slancis ~adi:icgicaL Safety ?rogram ~¥:-OJ- 1'a) 

16. Te'=h~ical ?:-~~:-ess i:i.:: 1975 a~~C. :'!"a':ls:.::.-:n ?~:-:..:ci: (C~n:.'C.) 

:une-ju~y :.9~5 !.:i. ·...;hie:: B~9L ~a:-::i.ci~a:e::. :ata ::-:r:. bo~:i :~ese surveys are 
cu:-ren:l:: bei:i.; useci to :-efine close anci dose cccu:::ienc preciic:ions :o:- :-e-

3XL ccllabo:-ateci wi:h :he .:nive:-si:y o: :.;asi°'.i:'.gton :.R::: i:-i a :-egional 
raciological baci<;:-ound study in ~!ic:-onesia, ~1ove-:nber-Dece::ibe:- 1975. i:ar:a 
from this study ~ill be used as a :-e:erence base agai:-ist whic~ radiological 
da:a :rem :~e nor:~e:-n ~rshall Islands can be cocpared. 

The ::..:-s: :-ou:ine followup study :o:- 3i1<ini and ?:neu is scheduled for 
April 1976. !his survey will include detailed radiological pr~:iles cf the 
~am-3oka:a complex 0£ islands which are :he next areas scheduled ~or agricul
tural _developmen: in :he Bikini atoll ::-.as:er plan. 

li. ::x~ec:ed ~esuL:s in FY ~9ii: 

G:-ound su:-vey support will be provided :or a planned in:eragency ae~ial 
:-adiologi:al sur•:ey c: all ?reviousl:: unsu::-·:eyeci atolls in -:he nor:hen 
:<.ars:ia2.l :sl.ands w:i.ic:t :nay have :-ece:.veci local .:allout .:::-or:t ::ie C.S. a:~s
?he::-ic nuclear :es:s. 

E:ne~etak ~ill be visited by :he ?rogram ?rinci?als in order :c establish 
a :-:u:ine envi::-c:-.:nen:al ::-.oni:.:::iring ?rcg::-am :or :hat ar:cll. 

Ccnti:'lueci tec~nical support will be ?rovicied by BNl for the ERDA-funded 
?aci!ic ~as:.n radiological program cf :he University of Washington :.RE. 

:.3. E:<oec:ec ?..es .... :.:s i.n FY l9i8: 

Continuation of ?rograms described in FY 1977. 

19. Descr:.oticn and Exolanation of ~aicr ~aterials, Ecui~rnen: anc Subcc~trac: 
~:e!!!S: 

Cacit:al Eauioment F:.scal Year 1977: 

Additional =e:nory and an x-y plotter ($9,000) for ~he Ge(Li) spec:rcrneter 
system is needed to i::iprove sam?le analyses and da:a processing capabili:ies 
en large nir.::bers of envir.onmental sair.pl.es collected during :ield sur·;eys. 

Peripheral electronics ($6,000) :or a ::iin intrinsic ge~anium detec:o:
a~ray is needed :o ?recess soil samples !or heavy elements. 

Caoital Eoui~ent ::.seal ?ear 1978: 

:n FY 1973 a s:anciard co:npatible :-.a~net:.c :ape uni: (Si ,·J::lO) W1.ll be 
ne~ded fer cia:a stcrage, whic~ will enable :he scienti!ic staf! to trans!er 

(See Continua::c~ Snee:) 



Safecy Scudies a:id Jevelopme:i: of Opera:ional Guidelines 
'.1arshall :slands Radi:logical Sa:ety ?rogram Ri-:-·JJ-,·a 

:9. ~esc=i~:icn and Ex~lana:ion of ~aicr ~a:~rials. ~=~i=rn~n: and Su6c:~crac: 

... ::~s: :c~ .. :'d. ----

soec ::-a ca ca :rO!!'. ;:ire sen: analyzer eqt..: :;n:ie:i: 
i:ig ?acili:y. 

:o. ?r=ocseci Obliiacions :er ~elaced :=ns::-uc::cn ?rc•ec:s: 

;;one 

( 

t I 



sCHnc: . .:: :89 
ADDITIONAL ::'.XP:A..\'A.:':o~ :"OR CPERA:!~G COS':S 

Brookhaven Naticnal Laborato!'V RK-~nvironmental Resear:h and Develcc~e~:: . 
:.aboratory P:-ogram 

l. Con:ractcr: C.:ir::::-ac: ~o.: 

Associated Universities, Inc. EY-76-C-02-0016 

:. Projec: !i~:e: 

Surveillance of Facilities and Sites 
Marshall Islands Radiological Sa:e::y Program 

Tasi< ~io.: 

1:9 So.: 

3. Budget Activi:v ~o.: 4. Date ?re~ared: 
RK-01-05-02-3 
(600003) 

=· ~ethod of Reoort!~£: 6. 

May l9ii 

~orki~g ~oca:ion: 

Annual Report to Division of Cpera::ional 
Safety, Standards and Compliance (SSC), 

3rook~aven ~ational :abora:;ry 

~on::hlv r::.sits to SSC, Scien::.:i= ~eetings and .Icu:-::als 
7. Person in Cha:-3e: 8. ?:-ojec:: 7erT.: 

C. 3. ~einhold 

Princi~al !nvesti2ator: 

~. A. Greenhouse (664-4250) 

9.·"'.>1an-Years: 

Sci.,Res.Assoc.(Ph.J or Equiv.) 
Prof. (B.S. or Equiv.) 

Sci. & Prof. - Total 
Others 
Guests & Research Collaborators 

'!'otal 

:o. Costs (In Thousands of Jollars): 

Labo~ (including bene:ics) 
Mats., Tr av. ,Dev. 
Subcont.,Spec'l. Proc. 

Reactor, Accel., and/or 
Computer Usage 

Allocated Technical Services 
Gen. & Adm. Overhead 

7otal Research Cost 

Equipment Obligations 

:1. aeac:or Conceot: 

FY 

F"'f 

From: 

Pres. Bud. 
19i7 FY l9i8 

1.0 1.0 
0.5 1.0 
1.5 3.0 
1.0 1.5 

2.5 4.5 

Pres. Bud. 
1977 IT 1978 

63 79 

44 32 

0 0 
2 l 

3l 38 

l~O 150 

10 10 

' ' -- . ~cer:.al.s: 

Rev. R.eq. -, 
I: - 1978 ~..,~ 10·0 

- ""I.; 

2.0 1. ~ 
1.0 ~.J 

3.0 ::.o 
1.5 l. 5 

4.5 1 -.. ) 

Rev. R.eq. 
FY 1.9i8 :y 197? 

87 83 

62 6i 

0 0 
l l 

42 60 

192 :: 11 

10 5 

AJ<-113 



Surveillance c£ Facili:ies and Sites 
?-=-~2ect :'i:le: ~arshall Islands Raciiclcgical Safet:y ?-::-ogram ?-.,'{ -o l -;J 5 - .J :.. 
lJ. ?ublicati~ns: 

Greenhouse, ~. A., :evine, G. S., Kraner, S. w. and ~aidu, :. R. A :~l~ 
in:rinsic germanium detector array for direct count:ing of soil samples. Pre
sented at :he 21st Annual ~eeting of ~eal:h Physics Society, San ?rancisco, 
Cali:ornia, June 1976. 

14. Scooe: 

(a) 200 word Su::ur.arv: Environmental and personnel ~oni:cri~g programs 
fo-: the ~arshallese people living at Bikini, Rongelap and i:..r~:..:-:.~ • .;.:cl:s oust: 
continue indefini:ely in crder :o assess dose contributions to these people 
from the residual radioactivity originally produced by ~.S. nuclear ~ea?ons 
:ests in the Pacific. ~etailed assessments of the con:t'ibutions of external 
gamma radiation have been made over :he past two years, but :he iden:ification 
of inter:ial exposure pathways and determination of their radiological slgnifi
cance are subject :o many variables which will requit'e environmental and diet 
monitoring and bioassay programs for many years. The focal points of the next 
year's efforts will be quantification of the average annual diet and i~s radio
nuclide content of each atoll; determination of the significance of :he inhala
tion pathvay for ?lu:onium and other radionuclides resuspended from local soils, 
and establishment of urine excretion rates for plutoniw::i, strontium 90 and 
cesium :37 for individuals if possible, and :he averages for a:ol: ?Opulations. 

From these data, assessments of both external and inter:ial doses and do~ 
commit=nents will be made. !n addition, projections of f~:ure radiological co 
ditions will be postulated in order to provide appropria:e guidance on pro
jected land use and living patterns. Earlier dose assessments will be revised 
and updated, and dosimetry models will be refined to reflect actual trends as 
detero..ined from the ~onitoring program. 

Project personnel will provide a resource of expertise for establishment 
of independent review of radiation protection ?rograms associated with cleanu? 
and rehabilitation efforts in the northern :-!arshall Islands, and for related 
health physics interests of the Division of Safety, Standards and Compliance. 

15. Relationshio to Other ?rojects: 

a. Field surveys will be made in close conjunction with those of the 
BNL ~edical Survey Team, and assistance will be given to their ef£orts. 

b. Continued collaboration with the University of ~ashington, Laboratory 
for Radiation Ecology is anticipated in SSC-sponsored environmental programs 
in the Pacific Bas in. 

16. Technical Progress in FY 1977: 

During a field trip in September-October 1976, visits :o Wotje, Ailuk, 
~tirik, Rongelap, and Bikini provided opportunities to collect urine samples 

(See Continuation Sheet) 
(· 



Surveillance cf Facilities and Si:es 
?rc:ec: ::.tLe: :1arshal.l :slands Radiological Safet~: ?!"ogram 

~epresentative of ~cnta:::ina:ed and uncontaminated locations in the region as 
?ar: o! a plutonium excretion study. Definitive measurements of external ex
posure rates were T.ade at Utirik and Rongelap, and :~e incremental exposure 
rates from 3ravo fallout •.;ere deter:::ined for tile ·.rillage islands and several 
ot:iers at •t:;ese atolls. 

Analyses of env'i:ronmental samples collected f:-om past surveys are nearly 
completed, and reports of the results a:-e in progress. 

l ~ 
·' . 

:nstallations of air sampling stations will be completed at Kwajalein, 
3i~i~i, Rcr.3ela?,and ~tirik: and initial results of air ~onitoring and inten
sifiec urine ~~oassay ?rogra=s are expected. 

Grou? su!'vey suooor: will be provided for a planned interagency sponsored 
aeria: raciol=g:.:al su:-:ey of all previously unsurveyed atolls in the northern 
~arsha:: :s~.an~s wh~c~ :nay ~ave received local fallout f=om V.S. a~spheric: 
::iuclear :es::s. 

Ccntinua:ic~ cf ?rog=aos described for FY 1977 and 1978. 

:9. ~esc=:~:io~ =~c Ex~lana:ion of Major !Ute~ials, Ecui~ment and Subcon~~ac: 
Items: 

Ca~i:al ~cui~ment, :Y 1978: 

Peripheral electronics (Sl0,000) for the Safety and Environmental ?:'otec
:ion Jivision analy~ical laboratory is needed to process the increasing load 
o: environmental samples collected on field surveys. 

~a1or Subccr.trac: :tems, :Y 1978: 

A supplemental budget request ~as made for FY 1977 to initiate the air 
monitoring and expanded urine bioassay program for plutonium. It will be nec
essay to extend the contracted peak load analyses of these samples into FY 1978 
because of the lengthy sec up and processing times for amounts of radioac:ivi:y 
which are below conventional limits of detection. Anticipated cost is Sl0,000. 

Caoital Eauioment, :Y 1979: 

Peripheral electronics equipment ($5,000) is needed to provide depth in 
the Safety and Environmental Protection Division analytical laboratory to han
d le peak leads of environmental samples which Qust othe~ise be subcont:-acted 
to a commercial laboratory. 

(See Concinuation Sheet) 
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Surveillance o: :ac::i:ies and Sites 
?-:oie-:: Ti:le: ~arshall :slands R.adi..cl>J2:.:al Safety ?':'o~ram 

20. Prooosed Obliza:ions ·:er Related Ccns:~~c:icn ?roieccs: 

~one 

I?){-//~ 
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3roo~"laven ~at:.onal :.abo:-a.::o:-·,. 
'....a:::ioratory 
l. Cont:-a.ctor: 

Associated ~aiversities, Inc. 

Conc::-ac: ~io. : 

2!.-76-C-02-C016 

1. 89 ~o. : 

Sur"leil:ance cf :acili:~es and Si:es 
~rshal.! Isl.a:iC.s ?..aciiclogical Safety ?!"og:-a.:i 

3. Bud2et Activitv ~o.: 

GK-Ol-Ol-32-3-(a) 
<600003) 

5. :!ethoci or 1eoor~inz: 

4. ~ate ?repareci: 

!-!arc!i. l9i8 

6. ' . .forkin2 :.ocat:on: 

Annual 3.e?or: ::::i Di·rision of Sa.fe::1 
Standards and Compliance (SSC) 
:!o~.thl:t 7 is i.:s :o SSC 

Brookhaven :-iationa.: I..acora:o:-? 

Sc ie nt if ic .: ou r:la l .s and :feet ings' 

7. ?erson i=i C~ar2e: 

C • .a. Mei:tl:old Continuing 

?rinci=al Investigator: From: !'o: 

~. A. Greenhouse (66~-4250) 

9. ?erscn-·~ears: ?res. 3ud. 1ev. 3.e~. 
F'! :978 :y 19 79 :Y 1?79 -:"'l :;ac 

Direct Person-Years 
:Sciaut:.!ic ~ Professional 2.0 3.0 3.0 3 . 'J 
Ot~ars 2.5 2.0 4.0 4.J 
Guest.s i ~esearch C.::ll..abora.tors 

Total 4. 5 5.0 7.0 7.J 

:o. Costs (In !ho us ands of Dollars): Pres.3uci. 3.ev. ?..eq. 
FY 1978 FY 19 79 ":"! 1979 ";"V :9eo ... 

Research Costs 150 211 400 420 

:'otal Research Obligations 198 213 369 4"'7 .. ; 

~quipmenc: 'Jb ligations 1.1 20 20 50 
, , ;(eactor C.:::nceoc: . ., 

~c::ri..als: --· 
'"·//.{ 



Su:-:e::.::a::ce o: ?aci.1.i.:ies and 3i:es 
:!ars~a:l :~lands ?..ad:."1~5:.~al Sate:? ?-=-:~:-a:: ~;:-,;~-·,J~-s:-: 

lJ. ?uoli.:ac:.:::s: 

Greennouse, :L A. ar:d :·~i.l:enoer5e:-, C\.. ?. ?..adiological ana:::ses J: 

~arsnall :slands envi:-onmen:al sa:iples ::-om 1974 :~rougn 1.976, 3::t ~e?or: 
(i:l ?l:'ess). 

Greenhouse, :i. A. and :·1il:enoer5er, :t. ?. :::xte:"':1al :-adi.a:ion su:-·:e:t 
and dose ?redic:ions :or ?..ongelap, ~c:i.:-ik, ?..ongeri.k, Ailuk, and ~oc:je A:oLls. 
3~IT.. ?..eporr: (in press). 

,·a) ~00 '..:c!'d Sui::ma:-·.·: A como;:::-enensive radiological sa:ety prog:-a:r. will 
:e ~ain:ai:::ed :or :ne i.n~aoi:an:s of atolls in the northern ~rsnall :slands 
:on:aII::.:::aced as a resul: of :ie ·.: .S. ?acific !esti.ng programs. !!'le foilowing 
::.::'.:ls and se:--1i.ces ·.;ill 'Je ;:irovi.-:ed: 

ing: 

::::::·:iror.!llenc:al and ?ersonne!. :ionir:oring to provide dac:a for 
dose assess~en:s and ce:e:-=.i.::ac:ion or radiological :rends. 

::::di·1i.dual and ?O?u:a:i:n :iosi:r.ei:ry based on ac:aal ::easu:-e
::.e:::5. ::i.ese ca:.a ·,,;:.:~ :e ~sed :o ::iociify dose commit::ient ;>re
~::..::·:.·;e :icciels so :iar: :iey ac.::.irately reflect future :.rencs. 

*• 5ugges:ions based en field experience to mitigate doses 
via :he ~ore cri:ical pa:iways. 

.... A flexi!::Jle resource of radiological expertise to i::.dependenr:l:1 
review radiation ?ror:ec:ion ?rograms associated wit~ rehabili
:ar:ion e::or:s in r:he ~~r:her.1 ~arshalls, and for related ieal:h 
?hysics interescs cf ~ES :~ :he ?acific 3asin. 

?rogram activities fer :ie comi~g fiscal year ~ill e~pnasize :~e :o::cw-

1. ::i 11i.vo counr:ing of 3i:<ini and Enewetal< residenr:s, :hese 
effo~s--wril defi~e baseli~e body burdens of gamm.a-emic::i~g 
nuclides for new residents ar: both ar:olls, and will ?eriod
ically assess changes i~ body burdens over :i::ie ~nicn ~i~nt 
resulr: from various exposure ?at~ways. 

2. Urine bioassay to defi~e l:'adionuclide excretion oat:er.is 
from individuals, and to esr:imate 90sr and i:ransuranic 
nuclide burdens. 

(See Conc:i:::uac:ion Sheet) ~-''' ( 
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Su:-~·ei::.anc~ ~= ?'..:c:..::..::.es 3.~C S~:~s 

:!a:"S:-\al~ :3~a:-:C3 :\aci:.~:~g:!..:a1. 5a:a~? ?-:-~g:-am ::.(-J~-,J:-5:-J- a 

~4.. Sc ne : (:en: ::-:.ued) 

J. 2efi:ii:i.on ci :he annual :cnc=i.:iuci.ons :o dose ~i.a :he 
i:lhalacicn ?a::i'#a? at: 3i.ki.:l:, ~on~ela?, and ·::i.ri.k. S;iec:al 
e~pnasis will ~e ?laced on :onci.n~ous ai= sampling for #i.nd
:nec:ii.aced :-esuspension .:: ::adi.:inucL.des i.n Local soils; and 
on special :neasure~en:s :o ccf i.:-:.c aerosol con:r!.bucicns re
sul:ing from human ac:i.~::?, 

4, Developmenc o: raci:..:~:igi:al dose ;iredi.c:i.·:e JlOdels T.olhi.:h 
i.:wol·1e :ioch h·..::.an anc en'::.::-.::'1..7.ental ::10ni:.:=i.:ig ca:a. 

(b) Suocl.:~e~t: :' :so ~\j·c:-: 3u::r:'.a:"".": :~'2 :·: 1979 ·Jucigec :-equesi: :ontai:i.s 
a significant: increase over =~e ~~ ~978 allocaci.on. This increase ::ef:eccs a 
real:::.scic assessl!le:::c .:i :?e:-?.:i.:-:.~ :.:sc.s i.=.posed ·cy :he .l:! ~ ccu:iting, bi.o
assay, and ai:- ~oni.:cr:.n; ac:i.~:.:i.es jc~un ::i ?7 1978. Addi.:i.onally, field 
:ri? ac:i~i:ies and ana~?:i:al :a:.:=aco=y se::vi:es have subs:ancially exceeded 
ori.~inal esci.~ac:s i::- :ie ~asi: =~d:..o::~i:al safecy ?rOi=ac, and :hese coses 
are e:qec:ed :o :cnti::.i.;e. ::.::.a::::, :::er: are a '.1.l!!Il.Cel:' oi ?eri;:iheral ;irograms 
of ::u: 1~al :.:ite!9es: :~ 3:::.. ~nd :::s ·:~:..::-t ~~::: ':e ~-=si:-ef:ac::."/e :..: ~:i.ctuded 

•..;i:.:: :.ie ·Jas!..: e:: . .=r:sJ ::.a::~:·...,·== ~--- :·~cs·ec _:er::.:.=::.::~. -=::ese :.:icl'..J.C.e :.:i 
~~=e~ :£ ~=~or:~~~=: 

, 
-· 
and :cnti::.uous =oni:c=i.::.~ :i :~ec: :or seasonal c~anges anc ~ong

:e::= :rer.cis whi.:~ ~i~nc ~~~a:: on realistic dose ?redi:::.ons. 

2. I~cor,>oracion o: ?UOlic infor""'-ation and educacion programs 
inco :he :ocal 3m, ef:or': :o ~ini~ize :h.e aci.,erse ;>sychological 
and sociological i~pac:s cf :ocal radio:ogi:al condi:ions and 
oi our etfor':s :o understand :hem. 

3. 1ecrospec:ive assess~Ant: oi :he rac:olcgical ;:ii.c:u:-e ;- :he 
corther:i ~arshal:s prior :o :he escablishmenc of :he 3N!. ?ro
g:-am in ?Y 1975. 

4. Continued collaboration ~i:h Lw/tRE on OES radiological 
programs. 

:5. Relaticnshi~ :: ::~e= ?~o~ec:s: 

This ?rogram will be logist:i:ally coupled ~herever possible co :he 3~"1. 
~edical ?rogram in :he ~arshall Islands. Technical collaboracion will con
tinue on mat:ers or :::ucual interesc. ~e radiological safet:/ program ~ill also 
bear direccly on a :-ecrospec:i·;e reassessctent of chyroid and 1.Jhole bod? doses 
:o the BRAVO fallouc victims ac Rongelap and Utirik, a new program :or whic~ 
funding is expec:ed i.~ 7Y 1978. !!le program will also interact cooperatively 
1.1ich related ef::::ir:s at the t:niversi:y of ~.:ashi~gton (L~) and at Lawrence 
~ivermore ~aboracory. 

(S~e C=nci::.uaci.on Shee~) 



Su:--:ei.llance o: :ac:.::.::.es anci Si:es 
:-~a:-s.::all :sla:1.ds ?.aC::.:::::::gi.cal sa:e::1 ?:-og:-a::l :..:-::-:t-5: 

1. 
-0. 

Seve:-al :-eoo:--.:s are :.:: ;:iress ::::::- i.:i. ;:irog:::-ess :or ;iuoli:ac:i..:Jn :.:i. ?Y :g;3, 
These :::-epo:-:s ·..;:.11 summar:.ze all 3~"!. :-adi.ologi.cal ?rog:-am ac::.vi:i.es :o C:a:e 
and identify :ie :eci."1.ical i.ssues :o be add:-essed :.:i. !{ ~979 and 1?80. :'-..;o 
:::.eld ::-ips ~e:-e :iacie i.n Cc:ooer 1977 co i.:i.i:ia:e c~e 3~"L ai:- ~cni:ori.ng ;i:-o
grams ar: Bikini, ::\ongelap, and l.:ti:-:.'.<; and :o establish :ne i.:l ·::·:o ::::1.;n::.ng 
program. Suffi.cien: field ~oni:oring da:a ~:l: become availacl~ assess 
average radionucli.de body burdens for :::-esidents of Siki:i.i, ?.cn5ela?, and 
Uti.:-:.;c, and to :iake a ?rel:..:ii.nar; analysis of :ie i.:i.hala::.:m ;ia:::·..;ay a: :iese 
ac:olls. 

Pe:-sonnel and analy:ical laoorac:o~; 

?rovide :echn:.cal ;:irograc supper: for :~e 
duri.ng ?Y 1978. 

::-e sou:::-:es 
''?..3 . .;.~ol 1 ··-. .... ... . -

""~·--·· -~ 

At leas: ~~o addi:i.onal fi.eld ::::-i?s a:::-e ;ilanned for FY 19i8 :o :o:i.c:::i.~e 

envi:::-orunental su:"'1eillance programs ac: Cti=:.;c, ?.ongela?, and Bikini., ~nd :::e 
st~dy of :~ends i:l 13 7cs bcdy ourdens ac 3i~ini. Field :=i.o 3che~a::.::-.g :on
ci:n:.es :o ~e :•a=?ered, ~oW"ever, 'Jy unce:--:ai::-.: :..es over :: ~:.s: :: ~ ;·..:.;:::: :::-: . 

Ar: lease :~ree :ield ::-i:is •..Jill be ::iade :o 3i.ki:i.i, ::\onge :a;:, J::::i ·_·::. ::-:.· 
Atolls to conduce :-ou:~ne envi=onmenc:al sur-1eillance and ?e:-son~e: ~=~i::r:..n~ 

ac':ivicies. r:l additl.On, t".JO Or ::!Ore field Crl.;:lS will °:le.=.acie :o :::::e•.;ec:al< :: 
conr:i:iue baseline in vivo counr:ing and bioassay accivicies begun i.n :: :9i8, 
and co initiac:e a ;ew--en"Vironmencal sur-1eillance ?rogra~ consisc:enc Ni.:~ :~e 
return of concrol of Che acoll co :he ~rshallese. 

Average baseline radionuclide body burdens will be escaolis~ed :~r 

cypical residents o: unconr:aminated atolls. Additional concribur:i.ons :o ~ody 
burdens !:-om envi=or.:nenr:al ?at:1:ways on conr:aminac:ed ac:olls will be iecer:ni::ied 
for inciividuals and po?ulacicns- ac: 3iki.ni., aongelap, and ~tirik. :efini:i.on 
of :~e inhalation ?at~ay ar: c:~e afore~encicned ac:olls will be cc~?:e:ed, a~d 
a •.;or:<ing predicci·;e :nodel will be de•1eloped whic:i incor;:iorar:es .e:wi:::-:::m.::::.enc:al 
and ?at:hway analyses •.;ich actual human ·.ipr:ake ex?eri.ence. 

:a. ~x~ec:eci ~esui:s ~n :Y :980: 

Concinuat:ion of programs desc=ibed in FY 1979. 

(See Conc:inuacion S~ee:) 



Project Tide: 
':!,.. ... ___ _ .... -~ . .;. __ 

r:e~s: 

Ca~i:al ~cuioce~t - :Y :980: 

T·.;o ?hanco:ns (SlO ,000) are rea.1,,;i:-ed :o ;:iro·r:.~e a.C.equace :al.i'.:lr.acions :o:-
c:ie ~a:-s::a.:..: :!:slancis 2 ~ C.:iu::.:i::.g ;:::-:::g:-a.::i. A cot!!'put:e:--~aseci ?ulse heig::c: 
ar.a!.y:er (S40 ,CCC) is c.eedeci co ::::.a.::.::.cai::. :::e ci·1ision counci::.g :aoora:or:' ac 
state-of-t~e-arc, and co provide i::.ciepencient analytical :acili:ies fer 
u:c:-a-low-level sacp!.e counti::.g. 

?:-c~cse~ 0bli2aticns for le:aced :ccsc:-~c::cc ?ro~ec:s: 

:lone. 



sc::.:::t.-.. ~ :. 3 9 
.~or::c~AL :::G'!..~t.;.r:~~; :c?'" C?::3..-1.::r~G OBL:~A:: :~iS 

:.a.oorai:::cr~' 

l.. Contrac:or: c~nt:-ac:. ~o. : 

Associated :=c.iversities, Inc. =:"'!- "'.'6-C-02-0016 

2. Project !it:e: 

Su~:eillance of Facili:ies and Si:es 
Jose ~eassessQent: :or Po?ulai:::ions on ~ongela? and ~:i=i~ 
Following Exposure :.o :allout: 

189 ~lo. : 

3. Budget Ac:1vi:v :io.: 4. Date ?recared: 

GK-01-01-52-3-rb) 
(600150) 

5. ~ethod of Recor~in2: 

!-!arch l9i8 

6. ~orki.:lg :ocat:icn: 

Annual Re?or~ t:o !Hvision of 
3iomedicaL ~ Envirot"J:lent:al Researc~ 
Scientific ~eet:i:gs and :ournals 

Brookhaven ~rai:::io~al Laboratory 

1. Person i.:l Charze: 

c. 3. :feinhold 

Principal !nvestigator: 

~. ~aidu r664-~2:0) 
~. A. Greenhouse (664-4250) 

9. ?e:son-Years: 

Direct ?erson-Years 
~cienti!ic ~ Professional 
Others 
Guests & lesearc~ Collaborators 

Total 

10. Coses (In Thousands ~f Jollars): 

3.esea.rch Cos ts 

Total Resear~h Obl~gacions 

Equipment Obligations 

~·· ~eac:or Conceot: 

--- -- --· -· . --- ·-- -- -·---

::: !.9 78 

IT l9i8 

0 

J 

0 

12. 

From: To: 

Project to be init:ia:ed and 
ter.:ii~ated in ?? 1979 

P:es.3ud. 
:Y 19 i9 

?res.Sud. 
F'! 19i9 

0 

0 

0 

Maceri3.ls: 

Rev.Req. 
":V 19i9 

0.5 

0.5 

Rev.Req. 
FY 19 i9 

25 

25 

0 

":'V :.930 

J 

0 

a 

\ 
4Jit·ltA' 
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Su:-:e!.:lanca J: ?aci.li.:i.as a:id 5i.t:es 
Jose ~eassessmec: :or ?~~ula:ions =c ~ongeia? acd ::i.=~~ 

:J. P...iol:::.ca:i.:::~s: 

~one 

~4 Sccoe: 

(a) 200 ·,.;ord Su:nrna:-1: !ncicences of :hyro:::.d nodules, oenign acd :ial::.3-
nant, in the exposed ?Opulacions of Ct:::.r:::.k and Rongelap have indicated critical 
differences in cot"":espondence ~etween nodule incidence and :hyroid dose :~r 

:he ~#O populations. :he esti~aced ex:er~al dose received :rco :he :i~e :a1:
out began co che t:i.:ne .of evacua:!.on sho...,s chat :he ~ongelap ?Opulac:.on :-a
ceived an external dose ( 175 rads) which ;;as about thir:een ti~es :ha: :or 
the ~tirik population (14 rads), and the thyroid dose was about ten t:::.~es 

larger, whereas the incidence of thyroid nodules in the c~o ?Opulat:ions ~er~ 
not signficancly di=ferent. 

A preli~inary study has indicated chat :he critical area c£ :::.nves:igat!.cn 
:hat could shed light is the ?eriod during fallout and evac~ation :or ooth :he 
islands. !n addition, the :ace char: the (;r:irik popular:icn ::-et:i~ed ;;i:hi:i. 120 
days following evacuation, whereas :he Rongelap popular::::.on recu~ed only a::er 
three years, requires :~ac ~e looK closely at the C:irik ~o~u~acion in :e==.s ~= 

a longer exposure period, both i~ce!":lal and exr:e:-:ial. Further studies ~ould, 
therefore, have co concencrace on the re-examination of all available data i:l 
reports issued by various agencies during chat ?eriod, consul:acions ~i:h sci
entific ?ersonnel involved at ctiar: r: i.me, identi!ying the areas of uncertain:'.', 
and usi~g appropriace compur:er ?rograms to analyze the data. !he end result 
will enable us to looK for cot"'?'elacions bet"#een r:he incidence of :hyroid 
nodules and the reassessed dose estimates. 

l!. ielationshi~ :o ~t~er ?ro1ec:s: 

(a) !his study ~ill hel? establish dose esci=ates :rom c~e :i~e o: :he 
incident to the present, and ;;ill complement the aerial sur-1ey, :or exce~al 
radiation ~easuremencs, over :hese islands, whic~ is scheduled soon. !ogec~e= 

they should present a reliable ,?icture of doses recei·1ed by :he ?Opulac:.ons 
and also enable dose esr:i:iaces co be ,?rojected inco t~e future. 

(b) This study ~ill be in close conjunction ~it:h :he 3~1!. ~adiological 
Safety ?rograci in :he ~arshall :slands and wi:h related programs o: c~e 3~~"'!. 

~fed ica l i)e?art:nent. Cent i:r.~ed collaboration •.ii:...'1 che '.:ni ·1ers i :y of i:..'ashing::n, 
Laborator-, of Radiation Ecology, in ch.e area of envi:-onmental radioac:ivi:y 
will be maintained. 

16. Technical ?regress i:i. :Y :973: 

Preli~inar:r li:eracure search and consultations with Or. C. A. Sandhaus, 
Universir:y of Califo~ia, ~ave been completed. This ~as ~esulced i~ det:::.ni~~ 
areas of uncertainty in infcr:nation and establishing r:he procedural ste?S :~at 
should be carried out to~ards elucidar:ing t~is problem. ?~ogress is oei~g ~ade 

(Sae Continuation Sheec) o·"- - I :,. / 

------·--··-·· ----·--



3·.l::"':ei.::ance :: ?ac:.~i::.:s ar.d 3i.:es 
:ose ?..eassessme~c :or ?o~~la:ions :n ?..ongeLa? and • ~ .. ~ - .j ... -........ .. :-.... 

,;:.z-Jl-2:.-5:-: 
'·con:: :.::t;eC. 

i:i. :he analvsis o: ':1is:o:-:.cal sarr.ples (daced >~arch l, 1954 ::-om ?..ongeLap a:i.d 
L"cirik !.slands). :io<.Jever, delay i.n fundi:i.g :or::{ 1978 ::.as caused :he ?rojecc 
:o be set aside until such :i=e c~at the :undi:i.g is appropriated. C~nse~uently, 
i: is ex?ected cha: studies ~11: have to be cont:.:i.ued i:i.co ?Y 19/g, 

17. Ex.iecced ~es•.llts ~n =~ 137?: 

:'he literature search, consul:ations and :he analysis or :ata ~ill be 
comple:ed, and will lead to comprehensive discussions and :inal dose assess
ments for both :he islands. These ::-esults ~ill be used to test :he hy?othesis 
chat radiation ef:ects can be translated into meaningful dose estimates. !he 
prognosis of the FY 1978 study should also pe:-::ii: 'lalidation of the :nodels 
used in arriving at the dose estimates i:i ter.:is of ?resent day ex?osures. 

18. Ex~ec:ed ~esul:s in ::-v 1980: 

?rogram coa:pleted. 

19. Jesc::-iocion and ~xolanation of ~a~or ~aterials. ~cuio~enc and Subcont::-ac: 
::e:ns: 

~one • 

. 20. ?rooosed Ob:isations :or ~elated Const=uccion ?::-o;ects: 

:ione. 
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scantn.:: 189 
. .\DDI::cNAL ::::a>L;..'\A:'IGN' ?OR iJPEll::~;G JBL:GA::o~s 

3roo~haven ~ational Laborator-1 
:.a~o ra :o r·1 

Coc.c:-ac :or: 

Associated Gniversities, Inc. 

C..Jntrac: ~o.: 
~ssicn ~esour~: 

:as~ ~:o. : 

189 :·io. : 

Sui-re:i.llance o: ?acili:ies and Sites--S~~~.\RY 

3. 3ud2et Ac:ivi:v ~o.: .:.. Jate ?reoared: 

GK-·Ol-Ol-5 2-3 March :.9i8 

5. ~echod of ~eoortL.i.g: 6. working :ocation: 

See sub-ac:!vi:ies Brookhaven ~ational Laboratory 

7. Person in C~ar2e: 

See sub-ac:ivi:ies 
Princ!~al !nvesr:igator: 

See sub-ac:ivi:ies 

9. ?erson-·l'ears: 

Sci.,Res.Assoc.(Ph.O. or Equiv.) 
?rof. (3. S. or Equiv.) 

Sci. £ Prof. - Total 
Others 
Guests ~ Research Collaborators 

Total 

10. Costs (!n rhousands of Jollars): 

tabor (inc:ludin~ benefi~s) 
~r:s., !rav., ~ev. 

Subcont., Spec 1 l P~oc. 
~eaccor, Accel., and/or 

Computer Usage 
. .\.J.located Technical Services 
Gen. £ Adm. Overhead 

!otal Research Cvst 

Total ~esearch Obligations 

Equipmen~ Obligations 

~l. Reac:or Conce~r:: 

Conr:i::iui.i.g 

From: 

?res.3uci. 
FY 1978 FY 19'79 

LO l. 0 
l I ::l ") :::i 
2.0 3.0 
2.5 2.0 

4.5 5.0 

?res.3ud. 
IT 1978 IT 1979 

96 H5 

6 32 

0 0 
l 3 

4 7 58 
150 211 

198 218 

ll 20 
12. Materials: 

-~· ..... 

~.ev. ?.eq. 
:! 1979 

:.5 
") '"' 
1 -.... ::J 

"'. 0 

7.5 

~ev.3.eq. 

FY :!..9 79 

16~ 

135 

4 
3 

i1-... ( 

425 

394 

20 

-=-'' l980 
l. J ., 
J.J 
~.J 

i.O 

?'f l.980 

1 -· 1.:.. 

1:5 

0 
5 

ll3 
.:.20 

I")-..... , 
50 

&. Jl-1( j 



Project Title: 

Sub-ac :i·1i :·r 

GK-01-01-32-3-(a) 

GK-Ol-01-52-3-(b) 

GK-.J 1-·J :.-5 2-

Ti::e 

~a:3hal: :s:a~cis Radiological 
Sa.£e:'.' ?::gn.::i 

~ose ~eassess~e~: :o: ?opulacions 
:n ~cngsla? anci ~:i:i~ ?ol:owi~g 
~xposure :o ?allout 

(S~e Continuation Sheet) 
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DEPA .. ~ OF ~RGY 

::~~~CY - iJP:'.? .. ATt~G ::X?::~s::s ASD CAP:'!' • .lJ. ACQC:sr::JN 

S CHJ:."DULE 18 9 
ADDI:'ICNAL EXP!.A11ATIO!i FOR OPERA!I~!G OBL:GATIONS 

Brookhaven National Laborator1 
:.ioorator-v 

:.. Concractor: Cont-:-act: :10. : Task :io. : 

Associated Oniversities, Inc. EY-76-C-02-0016 

Project Titla: 
External Radiation ~easureme~ts and 
"Ground Truc:i" for :forthern ~rshall 
Islands Regional Radiological Survey 

3. Budget Activity :~o.: 
G'K-·J 1-01-5 2-3 

5. Method of ~eoorting: 

189 ~io.: 

4. Date Pre~arad: 
:-!ay 1978 

6. ~orkicg Locat:!.~n: 

Written Report to D.O.E.S. Brookhaven ~at:!.onal Laboratory 

7. Person in Charge: 

C. B. ~einhold 

Princioal Investigator: 

~. A. Greenhouse (664-4250) 

9. Person-Years: 

Sci.,Res.Assoc.(Ph.D. or Equiv.) 
Prof. (B.S. or Equiv.) 

Sci. & Prof. - Total 
Others 
Guests & Research Collaborators 

Total 

:a. CJsts (In !housands of Dollars): 

Labor (including benefits) 
~ts., !rav., Dev. 

Subcont., Spec'l Proc. 
Reactor, Accel., and/or 

Coaq>uter Usage 
Allocated Technical Services 
Gan. & Adm. Overhead 

Total Research Cost 

Total Researc~ Obli6ations 

Equipment Obl!gat~ons 

:1. 1eac:or Conce~t: 

8. Pro1ect :'er.:i: 

From:· 
8/78 

FY 1978 

0.5 

0.5 

FY 1978 
12 

7 

0 
0 
6 

25 

0 

Pres.Bud. 
FY 1979 

Pres.Sud. 
FY 1979 

0 

0 

() 

0 
0 

0 

0 

12. ~terials: 

To: 
12/3:./78 

Rev. Rea. 
FY 1979 

0.5 
J . .J 

0.5 

Rev. ;\eq. 
FY !.979 

.. , 

12 

0 
0 

11 

45 

0 

FY 1980 

FY 1980 

0 

0 
0 
0 

0 

.) 



.·- External ~diation :!easure!Ilents and 
"Ground :ruth" :or :lor:her-:i. :!arshall 

?-::-oject: Tit:le: Islands Regional ::\ad:.olo~i.cal Su:-:ev 
lJ. Publications: 

Greenhouse, ~.A. and ~ltenberge=, R.?. Radiological analvses of 
~rshall Islands environmental samples from 1974 through 1976. S~ Repor: 
50796 i:l press. 

Greenhouse, ~.A. and ~ltenberger, R.?. ~xternal radiation sur•1ey and 
dose predictions for Rongelap, Utirik, Rongeri~, Ailuk, and ~ot:je Atolls. 
SNI. Report 50797 in press. 

:.:... Scooe: 

(a) ZOO '..lord SU!llmarr: A comprehensive external radiacion survey program 
Nill be conducted on each of the approximately 13 atolls or islands in the 
~orthern ~rshall Islands ~hich could have received tropospheric fallout from 
:". S. nuclear weapons tests in che Pacific. The surveys will provide "ground 
truth" data on ambient external gamma radiation levels on-island. This data 
·.rill be used as the 'asis for calibration and nonialization of aerial radio
logical monitori~g 'Y E:.G.&G. Corporation. r.,.e program will include detailed 
external radiation measurements ~ith ?ressurization chamber and scincillation 
survey instruments, and in sicu 3amma spectrometry on all islands of interest. 
Surface soil samples •i:l be collected and analyzed for significant 3amma 
emitters in order to make ~ecay corrections for long-cer:i dose preciic:ions via 
c~e e.~ternal radiacion exposure ?athway. 

BNL field trip staff and analytical lab facilities •..;ill be avai:.aole for 
other environmental sa::iple collections and analyses as needed by the overall 
scientific program. 

15. ~elationshi~ ~o Other ?ro~ects: 

This program is directly related to our continuing envircn~encal and per
sonnel :nonitor!n~ eiforts under the 3m. :!arshall Islands ~adiological Safecy 
?rogram. It will also interact cooperatively ~ich related efforts at che 
University of Washington (Lil) and Lawrence tiver:nore ta!:lorator:1. 

15. Tec~nic&l PTo~ress in ~ :973: 

Personnel and analytical laboratory resources ~ill be oobi:ized in s~pport 
of this program. If the regional survey begins on schedule, the fi=st of the 
three survey legs should be completed by che end vf P'Y 19i8. 

' -..... , . ~x~ecteci 1esul:s i~ :Y 1979: 

The remaini~g :~o survey legs ~ill be ccapleted, data analyzed, and a 

(See Continuation Sheet) 
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~xter:ial Radiati.Jn ~easurenents and 
"Ground 7r·..iti" : Jr ::::or:t':.er:i '.A..arshall 

?r~2ect !i:~e: Islands Re~i~nal ~adiJlogi.cal Sur:ev 

li. C:r.iecced 1esults :.n :Y ::_979: (Conci:-:.ued) 
·"":·"' -.1, _,"":., - ~ -i - ~ 

report of 3Nt acci•1ities in support of this eifort wil! Je written for incl·..i
sion in the overall ?reject report . 

.l.8. Ex~ectea ~esul:s in ~: .l.980: 

Project will be compleced in FY 19(9. 

19. Jescriotion and Ex~lanati:n of ~aior ~terials. ~oui~ment and SujcJntrac: 
Items: 

Caoital Eoui~ment, :Y 1979: 

Caoital Ecui=ment. :: 1980: 

~one required. 

:o. Pronosea Obli~atians for ielated Constr~c:i:n ?roieccs: 

~one. 
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ADDITIONAL E:-a'!.A.'\ATION ?OR OPERAT:NG OBLIGATIONS 

... :~ok~aven ~fational Laborator1 
I...lborat:orv 

Cont:ra.ctor: 

Associated Universities, Inc. 

2. ?roject Ticle: 

G"-:·rulci i\esource 
filssion Resource 

Tasi<. No. : 

r:I-i6-C-02-0016 

189 No.: 

Special In-vivo Counting and 3ioassay Program for 
the Bikini People. Supplement to the B'N'L ~rshall 
Islands Radiological Safety Program. 

•. 3udget Activity ~o.: 4. Date Preoared: 

GK-01-01-52-3 July 1.978 

~· ~ethod of Re!>Orting: 6. ~orkin2 Location: 

~ritten report to D.O.E.S. Brookhaven Nat:ional Laboratory and 
~rshall Islands 

?~rson :~ Char~e: 

C. 3 • ~'!einho ld 

Princioal Investigator: 

~.A. Greenhouse 

9. Person-Years: 

Sci.,Res.Assoc.(?h.D. or Equiv.) 
Prof. (B.S. or Equiv.) 

Sci. & Prof. - Tot:al 
Others 
Guests & Research Collaborators 

Total 

10. Costs (In Thousands of Dollars): 

Labor (including benefits) 
!'tats., Trav., Dev. 

Subconc., Spec'l Proc. 
Reactor, Accel., and/or 

Computer Usage 
Allocated Technical Services 
Gen. S Ad.:n. Overhead 

Total Research Cost 

:otal Research Obligations 

Equi?me~t Obligations 

::1.eactor C.::nce-,c: 

3. Project Term: 

Continuing 

From: 3/01/78 

Pres.:aud. 
FY 1978 FY 1979 

?res.Bud. 
FY 1978 FY 1979 

0 0 

20 0 

0 0 
0 0 
0 Q 

20 0 

20 0 

0 0 

12. :·!aterials: 

To: 9/30/78 

Rev.Bud. 
FY 1979 

Rev. Bud. 
FY 1979 

0 

0 

0 
0 
0 
0 

0 

0 

FY 1980 

FY 1980 
0 

0 

0 
0 
I) 

0 

0 

0 
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.- Special !:i-vivo C.Junti::g and Bioassay ?:-ogra:n :or t::.e 3i~ini 
People. Suppl.e:nent ::J ::ie 3~/L :!arshall Islands :\adiol.cgica.:. 

?reject Title: Safetv ?roqra~ GK-01-01-52-: 
13. Publications: 

Greenhouse, ~.A. and ~iltenberger, R.?. Radiological analyses of 
~rshall Islands environmental sa~ples from 1974 through 1976. 3~rt. Report 
50796. 

Greenhouse, ~.A. and !-tiltenberger, R.?. External radiation survey and 
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and ~otje Atolls. 
3~ Report 50797. 

14. Scooe: 

(a) 200 Word Summar-1: A special field trip will be made in August 1978 
to do in-vi·10 counting and urine bioassay at t<waj ale in Atoll on 20 to 30 
Bikini residents before their antici?ated exodus from Bikini in late August. 
In addition, a separate field trip party will proceed to Bikini to ~ollect 24 
hr urine samples from those Bikini residents who cannot be accomodated en the 
charter f:'~ht which will Jring the in-vivo counting subjects to Kwajalein. 

The rationale for this effort is as f-ollows: 

137 (1) Accurate internal dosimetry for Cs body burdens in the 
Bikinians requires an assessment of extant body burdens just 
prior to the departure of the ?eople from Bikini. 

(2) There is evidence that both the short-term and long-term 
compart~ent 137cs clearance rates from the Bikinians may differ 
significantly frOlD those for the ICRP standard man. Deter:nina
tion of these parameters is essential to the accurate assessment 
of total dose cot:l!:litments. 

(3) During the past several years the Bikinians have become 
apprehensive about potential health effects which they feel 
might result from their having lived in the contaminated Bikini 
environment. The personal attention that they 'Will receive in 
these personnel ~onitoring activities should hel? to alleviate 
some of their fears. 

15. Relationshio to other P~ojects: 

This program is directly related to our on-going environmental and per
sonnel monitoring efforts ~nder the 3N1. ~rshall Islands Radiological Safety 
Program. 

16. Technical P~o~~ess i..~ 1978: 

Assessments of body burdens and clearance oarameters and the decer.:iinat:~n - . - . - . ( 

(See Cont:nuation Sheet) 



!'
! 
I 

. .... 

Special In-vivo Counting and 3i.oassay P:-ogram for t~e Bikini 
People. Supple~ent =~ :~e 3~TL ~arshall Islands ~adiological 

?-:-ojec: :'i.cle: Safet•1 ?rogram. GK-01-.Jl-52-J 
.!.6. Tec!'mical P:-oizr:ess i:l 1978: (Cont'd) 

of dose commitments for i.ndividuals living en 3ikini Atoll ~ill ~e completed 
by the end of the :Y 1978. 

17. Expected :\esul:s i.::1 :Y 1979: 

Project ~ill be completed in ~ 1973. 

18. Exnec:ed ~esul:s :.n =--1 :.930: 

~IA 

19. Jescrintion and ~xPlanacicn of ~aior ~acerials, !auinmenc and Subcontract 
Items: 

The :u:!di:'lg request :!.;:i.cludes S3, :co :or t"..;o rcund trip charter flights 
~et~een 3:!.kini and K~ajalei:l :o c=a~s~~=: :~e 3ikini ?eople for in-vivo 
counting. 

CaDital !aui~~en:. -::v :978: 

( I ~A 

20. Pronosed Obl!~acions for Related Const=uction Proiects: 

~one. 
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(600003 

0,~/02;-9 

_cc:~n.Ac:oR :1A.'1E C8DE 
I 3~ 

I : • .\.SK 
Associat:ed Cnive!"sit:ies. 

:.i. :ask ;)escri:it:ion <'Cone.) 

• 0 _,a. 

3. ~eplicate dece~inat:ions of ultra-low level P~ and Am urinary 
exc:-:cion :aces among ~lor-::ier.i. ~arsha.lls i.nhabicancs and a:nong 
~r:sriallese cont::ol groups who reside out:side :he fallout areas. 

I - 'l'' f 137c d 90 ~ i v. ~. ~stac ~sr.cenc o s an ~r excret on rates among ~-r-
shallese control groups . 

Facil.itv Reaui=e~ents. 

:tEV. :;o. 
0 

It is antici?ated ~hat #Ork :or this proposal will use existing Labora
:o:-~' :aci.1.i:ies and si:e ut:ili.:y services. 

:.Sb. ?~blicacions. 

Greenhouse, !i'. A., ~lceuberger, R. P., and Cua, F. !. Ex1:erual Radiation 
3ur.,ey and Jose ?redict:ions for R.cugelap, Utir!k, Rougerik, A.iluk. and ~otje 
~:::.:s. 3YL 50797, :ecember 1977. 

Greenhouse, ~. A., ~ltenberger, R. P., and Cua, R. T. 
Analyses of ~rsh.all Islands Environmental Samples 1974-1976. 
:ece?!l.be:- 19i7. 

F!scal ~ear 19i9 - lst Ouarter 

Radiological 
BNI. 50796, 

~ltenberger, R. P., Greenhouse, N. s., and Cua, F. T. Whole Body 
Count~g ~esults for !nhabitan:s of the ~orther.i Marshall Islands: 1974-1978. 
~eal:h ?hysics Jour.ia.l (sub:i.:i::ed). 

~tenberger, R. P., Greenhouse,~. A., Cua, F. T., and Lessardi !. T. 
Dietary S&dioactivity Intake f=om 3ioassay Data: A ~del Applied co 37cs 
:~take by 3iki:l.i Island Residents. Health Physics Jourrual (submitted). 

Greenhouse, ~. A. Follow-up ~diological Surveillance, '!-!arsh&ll Islands. 
?:-esented at :he 1978 Annual ~eet~ns of the Health ?hysics Society, 
~~neaoo:!s, ~nnesota, June 1978. 
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l'h:!.s program is cperaee:i :::i :;::rcv:!.de cone:.nuously •.ipdated dai:a en ionizing 
radiation doses and dose cc~:~en:s rec:iveci ~y e~e residents of islands in 
:~e ~orther:i ~rshalls ·..;hich '.1a·1e :een ccn:a~::.ai:ed :iy t.'. S. at:iospheric 
nuclear :ests. '!:hese data ·.;ill ':e used :o develop predicti•1e dose :nodel.:.ing, 
and co provide a basis Eor =e~edial ac:icns ~~en necessary . 

.:.9d. 3ac~~rcund. 

I':lis work was begun :.:: .:.;74 :o ?rov:.de radiac:!.on saiet7 related infor.na
:ion :o :he A.2.C. conca:-::in; :~e :eside:::s oi 3i~ini, ~ongela?, and ~tiri~ 
Aeol.:.s, and the ::.::?e::ding re:".:.::"71 ::i: :::e ::newe:a~ ;ieople. 

Aooroac:t. 

Field trips eo t~e :!arsha:: :slands wi:l ~e conductad :·.;o to :hree ti::ies 
:;er ;:ea:- :o do :..n •1i·:o ::::~::.::.::.~ a.::.:. ·.i:-:..n: co:.:ec::..cns :::ir raciioassay and for 
~~vi:-on::iencal sai::pli.:-.g. Sa::pl:s a.::d ~ ~ count:!.::g :ia:a. ·.;ill be analyzed 
;:r=.::i.ar:.:y at 3m.. Resul:s ·--:..:.:. :e ~c::r-;=ora:ed ::l:o a co:::;:u:e:-ized data ';:lase 
:,r ::.an!?ula:~o~, :oCel:~~; ~~~~~=s, ~~= ~~=~=~c~a:~~~ ~~:o ;~?or:~ for 
;:iuolication. ~\ 

Three field trips were conduc:ed dur:!..~g :!'1979 for environmental s~li:lg 
and personnel monitoring. 

!he Spring 1977 whole ~ogy count:!..~g t:-i? :o 3ikini demonstrated dramatic 
and u.:ieX?ected increases in 13 1 cs ~ody ~ur~ens a.:nong ehe residents. These 
:i=ldings led to a ~epart::ient of e:ie !nte:ior dec~0 ion :o !!IOVe the 311C.ni people 
ot= ::iei= home atoll. The decli.:le in lJ, Cs and ~ Sr ':Jody ~urdens among ':~e 
3ikinians W'ill be ::ionitored :uring :!'1979. A detailed ~iet and living patter:i 
3tudy of residents of :he ~Ior-;~er:i. :-tarshalls i3 e~ec:ed :o :::iprove understand
~g ot inter::l&l and exter:tal radiation e."C'?osure ;:iat!iways. This study and 
est::!.:la.tes of radionuclide exc:-etion rates derived from follow-up personnel 
JJOnitoring ou the Bikinians are ex;iec:ed :o i::lprove predictive codelling and 
reduce t~e probability of uner;iec:ed occu:-rences such as e!'la.t a: 3ikini last 
:··ear. 

E:i~hasis on personnel :!Onitori~g is ~"'<';lec:ed to con:i~u• :hrough FY1980 
and :Yl98l. Development at ultra-low le.,el ana:::tical capabilities :or :rans
~ranic radionuc!ides and the establishme~e of corroborative bioassay progra~s 
:.:i cooperation with other laboratories are ex;ec:ed eo clarify and quar.:i:ate 
:.ow :evel plutoniu:i and americium body bu:-~ens a:nong ehe 3ikinians and :longe
:apese. Similar deter:U~ations among a ~rs:ia:.:ese control ?Opulation are 
e:it?ec:ed to demonstrate di!!erences, if an:, jet·.:een t~e ':'esidents oi ::onta:n
:.:-..ated atolls and reg:.onal ~ac~grol.X.d. 
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Systelnatic ?ersonnel and enviro~.mental :ionitoring ?rog=a:ns are e.'Cpected 
to be initiated at Ene•,.;etak in FY 1980 and. to ·:::e ·..;el.:. established '::ly FY 1981. 

l9g. Future Accomolishments. 

T!lese studies are ex-pected to ?rovide a better understanding of the 
radiological i:lpac: on z<in resulting from :-.abitation in an envirom:ient contami
nated. '#it!i can-!::!a.de radioacti:;e J1.aterials. They are fur:~er expec:ed to 
provide a basis for cot'Tective ac:ions where needed and to m.i:limize through 
better understandi!lg the fears of the ?eople living in these areas. 

19h. Relationshio co Ot~e= ?=oiect3. 

This program '#ill function in cooperation with the BNL ~edical lesearch 
P=ogram in t!ie :12.rshall Islands and ·.rill occasionally share the same logistical 
support resources for field trips. It will also function cooperatively with 
various ?aci!i: research ?rograms at the LaYTence Liver:::iore LaboratOt7i and 
especially 'Ni.th programs to develop ?redicti•;e dose estii:ates for present and 
future residents on contaminated islands. !he 3NL ?rogram ·..rill provide ret=o
spective dose i:lfor:uation to aid in t~e development of ?respective dose code.ls 
by UL. 

191. Envircinme!ltal A.ssesS11tent. 

Work done under this task ?rcposal has either ~o environmental i:npac: or 
has impacts s!m:ilar to those described in and ~overed by 3N1.' s Environ:nental 
Impact Statement (ERDA 1540). 

19j. E:olanation of :!i:est~nes. 

~cne 

l9i<. Other. 

~one 
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It is antici?ated :~at #Ork for :his proposal #ill use existi:-.g :abora
tory facilities and si:e utility services. 

19b. Puolica:ions. 

:-ione 

l.9c. ?·.Jnose. 

To look fo-r cor~elat:.ons ~et:•..raen the incidence of thy-roid nodules in :he 
inhaoi:ant:s of Rongel.ap and ~tirik !s:ands (~rshall Islands) and the 
reassessed dose esti~at:es. 

:his study -1:1 :use together all available information on fallout from 
:he 3RA'i0 test and :.isi:ig advanced ana.2.:;tical :echniques (nOTJ available) deri•1e 
realistic dose est:i::.ates :o :~e i:-.habi:an:s of Rongelap and Gtirik. !he re
sults shou:d ?rovije i:-.for:I:ation :owaris elucidating the ·.mo:e question of low
level ei£ec:s cf radiation. 

Incidence of :hyrcid nodules, benign and malignant, !.n the exposed popu
lations of Ctirik and Rongelap has indicated critical differences in cor~espon
dence between nodule incidence and t:h;r::-oid dose for the populations. The 
esti:lated exter:ial dose received from :he time fallout began to the ti::ie of 
evacuation shows :hat the Rongelap population received an exter:ial dose (li5 
rads) which was abou: lJ :i~es t~at for the Ctirik population (14 rads), and 
:he thyroid dose ~as about 10 times larger, ~hereas the incidence cf thyroid 
~odu:es in the t~o ?Opulations were not significantly different. 

A preli:ninary study has indicated that the cr!:ical area of investigation 
that could shed light is the period during the :allout and evacuation for bot:h 
the islands. ~n addition, :he :act that the utir!k population returned within 
120 days following evacuation, whereas the Rongela.p ?Opulation returned only 
after three years, requi=es that we look closely at the utirik population in 
ter~ of a longer e~osure period, both internal and exter:i.al. Further studies 
#Oul.:i, therefore, have to concentrate en :he re-examination of all a•1ailable 
:iata in reports issued by •1arious agencies during :hat period, consultations 
.rith scientific personnel involved at that ti~e, identifying the areas of un
certainty, and usi~g appropriate computer ?rograms to analyze the data. Tbe 
end result will ena.b le •.is to look for correlations be tween the L.,cidence of 
thyroid nodules and the reassessed dose esti:nates. 

G-~- 10 3 
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Fiscal. :ont:::ol •.ri.:.l 'tie e:<ercised t:-.rough c:-.e '.lSe or :nonc:i.ly com\:)arisons 
~e:·..-een acc:ial e:<;enses incurred and corresponding :ine ite:ns in the budget. 

The st:idy ~ill comprise: 

a. Li:era:·.lre search for all available data conce:-:iing :he 3RAVO 
::s:. such as, ::ieteorol·ogical condi:icns a.'ld radiat:ion :neasure~ent:s. 
Jisc·.;.ssions wi::i. scienti:ic and t:ec:mi::al ;:ierscnnel invol·:ed in :he 
3?...~'.'0 :::s:. 

·o. ::se o: ':li~c.:iric sam'Oles and :eech sam'Oles :o det:e?:T.:ine 129r, 90
sr, 

and 239, -~u?u conc~ncrat!ons co deri~e concentracions of other 
ra.ci:nucl.:..des. 

Jiec and :i:e $t/le studies to ~rovide !.nfor:iation for dose 
assess::!er'.:. 

C~~t)UCer 5!=ul.aticn CO iet:eni.ine Che :ransport and deposition 
c: :-aC.i:ac ::.·:e :al.:.out :allowing che 3RAVO t:est. 

?reli~inary li:erature search and consultations ~=~ Dr. C.A. Sondhaus, 
'.:niversit::: of California, has been complet:ed. This has resulted in defining 
areas or ·.:.:-.certainty in in!or-ation available and establishing :he procedural 
st:a?S :hat should ~e car~ied out towards elucidating the proble~. All avail-
3.o.:..; data on ex:er-:1.al radiation ~easurements, radionuclide concent~ations in 
.;oi.!., 'Mat: er, vegetaticn, animal and food items ~ave been collated. lZ~stori~ . 
.;a~p:es collected from ~ongelap and Gtiri~ have been submit:ted for I ana~ys1s. 
?::-::nen: ::i.eteorological !.nfor.nation ·?ertainicg :o :he 3RA'/O :est have been :-e
searched and :he inror::iacion provided co !.&WTence tiver:nore Labora:ory so that 
:~ey can go ahead 'Mith :he comput:er simulat:ion of the cransportation and depo
s~:icn of :allout. 

!ec:mical Pro~ress in BY-2 (:Y :979). 

:'he 129r decer::U.nations of :~' soil salXl?les ~ill be completed. 'I:lese 
.;a~?:es will al~o be analyzed for ·-9r and 99Tc if required. !n addit:ion, #e 
are er,:loring :he possibility of analyzin~ "3ikini-Ash'' - the fallout that 
3et:led on the Japanese fishing vessel. :'his sample should provide che ~ost: 
3.C~:irat:e .iescri;:ition of Che fallout, The comput:er simulat:ion or t:he t:rans
;o:-:ation and aeposi:ion of fallout: 'Mill also ~e cetipleted. Fi~a.l analysis of 
a :-ecent diet and life style study will on complet:ion ?rovide an inter:tal and 
;x:er~al e:x-:::iosure est:i::at:e. All :he dat:a so gat:~ered 'Mill be used to ~enerate 
a ::iode1 (s) ~or ar-:-i·:ing at che dose es ti=at:e in t:e~ of ex-posu~e at ::!.:ne ::if 
:a::.out. JiscussicJns 'Mi Ch scientis cs and t:echnical ;:ieople who ·.o1ere i:wo: ·:ed 

<...- <-10 ~ 
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Dose esti:na.c:es derived for e:qiosure duri::.g :allout, will '.:le extrapola:ed 
to ?resent: :i:nes and c:::.e model(s) useci :.ri.:.l ':le :esc:ed :or their ·1ali.Ci.:7 based 
on current: observed dose deter:U::iat:ions. 

:9g. :~cure Accomolishments. 

:'he :echniques and ex;ier:ise de·1eloped in c:he course of this study could 
be used :o reassess doses to ;rnpulac:ion in ot=-.et' areas subjected co e:qosure 
~rom :allout or even occupational si:~aticns in :he past:. 

:?~. ~elationshi~ :o Ot~er ?roiec:s. 

a. ::-i.is st~dy will hel? establish :iose est:i:naces ::-olll the time 
of the i.~cident :o the ?resent, and Yill complement: :he aerial 
survey for external radiacon ~asuramenc:s, over these islands, 
which has been completed. Together they should present a re
liable ?icture of doses received oy :he populations and also 
enable dose esti:naces co be ?rojec:eci into t:he future. 

b. This study t.lill be in close conjunction t.lit:h the BNL Radio
logical Safety Program in the ~rshal! Islands and t.rt.ch re
lated ~rograms of the BNL ~edical Depart~ent. Continued 
collaboration ~it:~ the University of Nashington, Laboratory 
of ~adiation Ecology, and ::ie 3a::al!e ?acific ~orthwest 
Laboratory ·..n:: ~e :na.int:ained in c::ie area of sample analysis 
and data interpretation. 

:.9i. 2nvi=onmenc:al Assessment:. 

Wor~ done under this task proposal has either ::io environmental i:npac~ or 
~as icpacts si:ni!ar co :~ose described in and covered ':ly B~'s ~nvironmental 
:~pact State~enc (~1WA l340). 

:.9j. ~xtilanation of ~!estones. 

:ione 

:.3lc. Ot:ier. 

~one 
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la. TASK DESCi':i IPTIQN l~or<»cll, re1•t1on ro -'" O«lf4,,_. ,,, 200 "'°rdl o' IHI/ 

A comprehensive r3diological safecy program will ~e ma1ncained ~or :he 
inhabi:ancs of atolls in the ~orcnern ~arshall [slands contaminated as a result of 
:'."le C.S. ?acific 7escing programs. ":'he follo....,ing ice:11s :ind services will be ;fro
·:ided. 

a. ?~r3onnel ~onicoring and anvironmencal sampling co provide daca f~r 3NL 
Jose assessments and dece~inacion of radiological crends. 

b. Individual and ?Opulacion dosi~etry based on actual ~easure~ents. 7he 
::-esulcing daca '.Jill be used to moai:y dose commit:::ient rrediccive models so chac 
:hey may nore accurately reflect future trends. 

c. Continuation of diet and living ?attern assessments co update relevant 
~aramecers in long range ?redictive dose efforts. 

Program activities in the coming fiscal year will emphasize the following: 

a. In vivo counting and urine bioassay of Rongelap and Ucirik residents co 
1ecer:u1ne dose commit:nents from environmentally-der~·1ed radionucldies at these 
~tolls, and to better understand excretion kinetics among the Marshallese. 

b. Followup personnel :nonicoring ac Enewecak co evaluate any change in 
radionuclide body burden associated with -.l year of residence on ::newecak Atoll. 

c. A final deteniinaticn of radionuclide body burdens among :~e for:uer re
sidents of Sikini Atoll. 

d. Continuation of analyses of transuranic nuclide excretion r3Ces among 
'iorthern ~arshall Islands residents, and of cransuranics and fission 3nd ac:ivacion 
;:;reduces among ~larsnallese control groups <Jho reside outside of the fallout area.. 
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Ic i::; ancici?ated :hat ~ork for chi::; ?roposal ~ill use exisci~g Laboratory 
:acilicies and si:e utili:; services. 

~Jb. ?ublicac!0ns. 

Greenhouse, ~:.A., ~ilcenber5er, R.P., Lessard, E.'I'. External ::xposure 
'.'.easuremencs at: 3ik!ni A.coll, B~IL 51.003, .:anuary :i.9i9. 

Greenhouse, ~.A. Qosimetry ~echods and Results for cne Former Residents cf 
3i~ini Atoll, BNL 2679i, ~ovember 1979. 

~ilc~nberger, R.P., Greenhouse, ~.A., Lessard, E.T. Whole Body Counting 
~esulcs for Inhabit:ancs of che ~or:hern Marshall Islands: 1974-1978, Health 
?hysics, in press. 

~iltenberger, R.?., Lessard, E.T., Greenhouse, ~.A. Dietary Radioactivity 
:ncake from Sioassay Ja:a: A ~odel Applied co 137cs Intake by Bikini Island 
~e: :ents, Health Physics, in press. 

Pur:iose. 

The primary purpose of this program is to ~easure and evaluate the intern41 
~nd external doses to people living on those islands in the Marshalls group ~hich 
~ere impacted by tropospheric fal~ouc from United States atmospheric nuclear tests 
!n the Pacific. Its objectives are: 

a. Direct or indirect ~easurement of radionuclide body burdens and resultant 
ioses and dose commic~ents. 

b. ~easuremenc of external radiation environments and their contributions co 
che cotal doses to individuals and island populations. 

c. Evaluation of dietary habits and li'ling pacterns insofar as they relate 
~o the elucidation of exposure pathways and the detet"'mination of doses. 

2Jd. 3ack3round. 

This program was initiated in 1974 at the request of the AEC (DOS) in anti
ci~acion or potential radiation exposures co :he returning Bikini population. 

2Ce. Approac!"!. 

:nternal and external doses will be ~easured and evaluted using accepted and 
~o-co-dace health physics practices. 
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~ietarv and living pattern information will be derived from direct observa
cions of island residents, and from standardized inc~rviews with island residents 
.:uri:1g progra::unacic field t:i?S. 

~anagemenc Controls 

Fiscal control •..;ill 'o<! exercised in the for.:i of monthly comparisons, over :!"le 
:ask cer~, of actual coses incurred against corresponding line items of the budget. 
:ecnnical results shall be monitored through a periodic review, by the Contractor 
Task :-tanager, of accomplishments by measuring actual performa:i.ce as co::ipared co ex
~ecced ?regress. All ~ork shall be conducted in conformance with generally ac
.:epced standards for R&D and ocher investigative or ~nalytic procedures, as ob
:;erved by universities and large independent researcn facilities including 
Srookhaven '.lacional Laboratory (BNL). 

:af. Tec~nical ?regress. 

Technical ?regress in SY-3 (FY 1979). 

External and internal dose equivalents received during residency on Bikini 
:sland and internal dose equivalents to be received post residency were evaluated 
:Jr former Bikini residents. Bioassay results from :;amples collected in January 
.rnd :fav 1979 and ?rior bioassay results were used to construct individual 
~Gsr-90y body burden histories. \./hole body counting results during 1979 and 
results obtained in prior years were used co establish 137cs - 137msa in-
dividual body burden histories. Daily activity ingestion rates were calculated 
from the body burden data. Uptake regimes which best fie the acti.vity ingestion 
rate data were; constant continuous uptake for 90sr and stepwise increasing up
:ake for 137cs. Dosimetric models which described t~e uptake scenario ~ere de
:ived and individual dosimetric results for persons residing on Bikini Island some
ci~e during the years 1969 and 1978 were determined. In addition, doses due to 
residual radioactivity in persons after departure from Bi~ini were calculated. In
iiv1dual body burdens, urine activity concentrations and dose equivalents have been 
:ecorded or stored in a computer data base. Publications and reports describing 
.:osimetric methods and results, whole body counting results and biological removal 
rate constants for Bikinians have been 1nicten. 

Routi~e personnel monitoring ~as provided for longelap and Utirik residents. 
:\ statistical analysis was performed to determine the minimum saciple size needed to 
establish the mean 137cs bodv burden at the 90! confidence level. ~ale and fe
male adult, adolescent and child categories were counted at each atoll and :nany 
~ersons who participated in prior whole body countin~ visits were recounted. In 
addition, urine bioassay samples were collected trom adult and adolescent popula
:ion 6roups. Body burden histories and dosimetric results have been completed for 
half the resident populations for years following rehabicacion of che atolls. 



'!.lrsi"lal.l Islands itd1HoL0;~.::.ll 
S fet.•1 uro •r:i.m 

c::Nrl!A.CTCR NAME 
A.ssoc1ared Un1-.iers1ties. :.,c 

c::ce -NP NlJM8ER 
3NL 

J j, '1 30 

TASK NO. ~EV °"0 
0 

Data collection on types and ~mounts of food consumed by the ~arshallese was 
done by .lctually living with chem. Si~ul:aneous u~servacions on their living pac
terns were Jlso made. 7hese studies ~ere part of :he ~or:hern ~arshallese Islands 
RdCiologi.::al Survey (13-Atoll Survey) 

Exoected Progress in BY-2 (FY 1980). 

Baseline radionuclide body burdens Ji!l be evaluated for the returning En
ewetak population. Evaluation of the pas: residence decline of body bur~ens among 
:or.ner 3ikini residents will continue. T~e data base on dietary habits and living 
patterns will be updated for all relevant atolls and/or islands. 

Exoected Progress in 3Y-l (~Y 1981). 

?ersonnel monitoring and related demographic assessment activities will ccn
:inue at Rongelap, :.!tiril<, E:-::wetait and other areas of interest to DOE. ~onitor

~~g of former Bikini resider.:_ will be phased out unless circumstances dictate 
Jther'W'ise. 

Exoecced ?regress in BY (FY 1982). 

Personnel ~onitori~g and related demographic assessment activities will con
tinue in all areas of interest in the Xarshall Islands. 

20g. Future Accomolishments. 

A running account will be maintained of individual and population dosimetric 
i~for:nation for the residents of islands affected by the Pacific Testing Programs. 
:~ese data 4ill provide an empirical basis for ioproving the accuracy and value of 
~ong-range predictive dose assessments from man-made radionuclides in the environ-
:lent. 

:Oh. aelationshio co Other Projects. 

This program operates and interacts directly with the Brookhaven ~edical Pro
~ra~ in the ~rshall Islands, and provides contempory data to be factored into the 
Retrospective Dose Reassessments for Rongelap and Utirik (and ocher islands af
:ecced ay weapons test fallout), It also ?rovides empirical bases for upgrading 
~ong range predictive dose ~odelling activites such as chose of the Lawrence 
~iver~ore Laboratory. Coordination of this program with related programs within 
~OE and its contractors will be accomplished through timely exchange of program 
rindings and related i~for:n.ation. 

' I . 
- _, l. Environmental Assessment. 

~ark done under this cask proposal ~as either ~o environmental i~pact or has 
i~oacts ~i~ilar to c~ose described in and covered ~Y BNL's Environmental :mpacc 
Scace~enc (~RDA 15~0). 
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An in-depth study of all i.nfor~ation pertai~i~g to BRAVO test fallout on 
;,on5eLap and t.:tirik ·..;ill ':le ::i.ad.:. In add'...t.i•..J:i., ;si:-:g advanced analytical and com
:ucer techniques, a =cmpr.:hensL~e fal~out =c:.:l .,.:l! ~e developed. Using this ~od
::l in conjunction '"'ith di.:tar:1 and life style :~::er::s prevalent at titne of ex
Josure, a reassessed dose es:::!.::iate--~:i.Ce!."::-.al a:-. .: ..::<cer:1al--• .. lil!. be :nade for the 
:opulacians of Rongelap and ~ciri~. :hes.: dos~ dSCi::iac~s ~ill be evaluated in 
:e!."~S of Che thyroid nodule incidences in these populations, and the results ob
:ained ~ill provide inforndtion co~ards correlaci:i.~ doses and radiation effects. 
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le is anticipated that work for this proposal will use existing Laboratory 
facilities and site utility services. 

2~b. Publications. 

Data generated in chis study has been used in ocher reports. 

~ ..:c. ?uroose. 

To look for correlations between the incidence of thyroid nodules in c~e 

1nhabitants of Rongelap and L:tirik Islands (:1ar3hall Islands) and che reassessd 
Jose estimates. 

This study ..,ill fuse together all available information on fallou: fror:i :?-.e 
:.R..WO test and using advanced analytical techniques (now available) derive rcal
'..st1c dose estimates co the inhab1tants of Rongelap and Utirik. The resul:.s shot.:lJ 
_rovide information towards assessment of the risk coefficients for radiation
~~duced thyroid disease. 

Incidence of thyroid noau1es, benign and malignant, in the exposed ?opul~
:~ons of Utirik and Rongelap has 1~dicated critical differences in correspona-
~nce between nodule incidence and thyroid dose for the populations. :he esti~ac-
6d external dose received from the time fallout began to the ti::ie of evacuaticn 
snows that the Rongelap population received an external dose (175 rads) which was 
aoouc 13 times that for the Utirik population (14 rads), and the thyroid dose ~as 
;oout 10 times larger, whereas the incidences of thyroid nodules in the c.~o popula
:~ons were not significantly different. 

A preliminary study has indicated that the critical area of investigation is 
:~e period starting from the beginning of fallout to the completion or evacua-
: !.on for both the islands. In addition, the fact that the Utirik population re
c.urned 1o1ithin 120 days following evacuation, whereas the Rongelap population re
:urned only after three years, requires that we look closely at the Ut!rik popula
~ Lon in tcr1118 of a longer exposure period, both internal and external. Further 
scudies would, therefore, have to concentrate on the re-examination of all avail
~olc data in reports issued ~Y 1arious agencies during chat period, consulcatio~s 
..11<:~ scientific personnel invol·:ed at that ti:ne, ide:1c.:.:y1ng the areas of uncer
:~incy, ~nd using appropriate c~mputer pr~grams to ana:yze the data. The end 
~~sulc ~ill enable us co look :0r correla~~ons between c~e incidence of :hyroid 
~cc~l~s and the reassessed dose estimates. 

( 
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a. Literature search for all available data concerning the 3R.AVO test, such 
as, meteorological conditions and radiation measurements. Discussions with scien
tific and technical personnel involved in the BRAVO test. 

~ b. Use of historic samples and teeth samples to deter~ine 1291, 90sr, 
and ~39, 240pu concentrations to derive concentrations of ocher radionucldies. 
:n addition, excised thyroid glands from exposed ~arshallese will be analvzed for 
1291 and 99Tc and data so generated will be used to estimate the concentr~tions 
of short lived iodine isotopes. 

c. Diet and life style studies to provide information for dose assessment. 

d. Computer simulation of the BRAVO test fallout to deter~ine the transport 
and deposition of radionuclides. 

~ana~ement Controls 

Fiscal control will be exercised in the form of monthly comparisons, over the 
task ter-m, of actual costs incurred against corresponding line items of the budget. 
:echnical results shall be monitored through a periodic review, by the Contractor 
Task !'!anager, of accomplishments by measuring actual performance as compared to ex
t)ected progress. All work sh.all be conducted in conformance with generally ac
cepted standards for R&D and other investigative or analytic procedures, as observ
ed by universities and large independent research facilities including Brookhaven 
~at!onal Laboratory (BNL) • 

.:.~f. !ech~ical Progress. 

Technical Progress in BY-3 (FY 1979). 

A preliminary literature search and consultations with Or. C.A. Sondhaus, 
:]niversity of California, have been completed. This MS resulted in defining areas 
of uncertainty in information available and establishing the procedural steps that 
shou:d be carried out to reassess t:he dose estimates. All available data on ex
:er~al radiation ~easurements, radionuclide concentrations in soil, water, vegeta
:ion, animal and food items have been collated. Historic samples collected from 
~ongelao and Utirik have been submitted for 1291 analysis. Pertinent meteoro
!.ogical data pertaining to the BRAVO test has '.leen researched and the infoniation 
supplied to ~awrence Live~ore La'.loratory so that they can go ahead with the com
Juter simulation of fallout transportation and deposition. 

The l29r det~rminations of the soil samples have been completed far those 
~isca•1c samples :hat ~ere available. Some of these samples will also be analyzed 
:i:.r 99;:-c. tn addition, ·.-e are exploring t:he possibility of analyzing "Bikini-
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ash" the fallout ~aterial that settled on the Japanese fishing vessel. These 
samples should ?rovide the ~ost accurate characterization of the fallout. Prelim
inary computer si~ulations of fallout transportation and deoosition have been com
?leted, Data analysis of t~e recent ·diet and life style st~dy has been completed. 
Discussion with scientists and technical people who were involved with the BRAVO 
:est is being continued. Analysis of the ~arshallese teeth samples for Pu isotopes 
:.s in progress. 

Exoected Pro2ress in BY-2 (FY 1980). 

A final report on the diet and life style for the ~arshallese will be com
?leted. The computer si~ulacion of fallout will also be com~leted. Thyroid glands 
:rom the exposed ~arshal:ese will be analyzed for 99Tc and l.9I. Analysis of 
:he "Bikini-ash" will be done as soon as ·.;e get an aliquot of the sample. It is 
also expected that Jata on the exposed Japanese fishee"J1en will be made available at 
:hat ti~e. Preliminary analysis of the data generated so far will be aiade using 
~x:sting models. The results will be extrapolated to present times so as to test 
:he validity of the models used. 

Exoected ?regress in BY-1 (1981), 

Final dose estimates to the exposed inhabitants of Utirik and Rongelap should 
~e completed. The methodology developed .,111 be extended to Likiap and other 
islands which were on the "fringe• of che fallout pattern. 

20g. Future Accomolishmencs. 

The techniques and expertis~ developed in the course of this study could be 
used to reassess doses to population in other areas subjected to exposure from 
:al!out or even those resulting from occupational situations in the past. 

20h. Relationshio to Other Proiects. 

a. This study will help establish dose estimates from the time of the inci
dent to the present, and will complement the aerial survey for external radiation 
~easurements, over these islands, which has been completed. Together they should 
?resent a reliable picture of doses received by the populations and also enable 
Jose estimates to be projected into the future, 

b. This study will be in close conjunction with the BNL Radiological Safety 
Program in the :-tarshall Islands (HA-02-01-02-0) and with related programs of the 
3NL ~!edical Depart:nt:?nt (HA-02-·Jl-Ol-O), C.:intinued collaboration with the Uni·1er
~ity of washir.gton, Laboratory of Radiation Ecology, and the Battelle Pacific 
:;ortnwest Laboratory will be maintained in ~he area of sample analysis and data 
~ntar?reta:ion. 

l 
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' . .fork done under this task proposal has either no environmental Lr:ipact or has 
impacts similar to chose described Ln dnd covered by BNL's Environmental Impact 
Sta cement (E.RDA 1540). 

20j. Exolanacion of ~ilest~nes. 

None 

201. Otner. 
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a. ?acili:v 1eaui=e:enc:s. 

I: 1.9 an:ici;:iac::ed :~a: 'JOrk :-:ir ::his ?rO!'OSal wil: ·.ise e:tlst!'.!g :.aboratO::''.f 
:ac!.li:!es and sic:e uc:ili:y ser""11::es. 

:essa=d, !.:., ~il:!n~er5er, 1.?., and Greenhouse, ~.A. ~iec:ar:r :adio
ac:!vi:y inc:a~e f=oo ~ioassay :iata: A ~ociel a;:i;:ilieci :o :s-l3i inc:a~e :y 3i~ini 
Island =esidents. '.-ieal:;; ?hys. 39, lii-133 (1980). 

~il:~nber~er, l.?., 
:esul:s E=o~ ~97~ :o ~979 
::?~O). 

Greenhouse, ~.A., and :assari, 
for 3i~ini Island resi~enc:s. 

:.. • . ·,1101.e jcc!;r :::iu:::i::~ 

~ea::~ ?~ys. 39, 395-~J7 

:!i:.::~-.-:e:~er, ~.? •• :.t!ssa.::~, !.-:'., and Gt'ee~!"touse, ~: . ....\. '::.:-.;·J 3.:':C ·:s-:3i 
~or.~ :a~ j:.o:ogical :e:ioval :ace cons:anc:s :er ::1e '.1a:shallese ;:io;:i•Jla:ion. :tea::~ 

?~:rs. ( 1.n ;:iress). 

Lessar:i, z.:., Greenhouse, ~.A., and :!il:enberge:-, l.?. A :-ec.ons::-'..!c:!on of 
:~nnic dose eauivalents fo: ?.ongelap and '.!ti:ik :esic!en:s - us~ :o ~98·). 3:;:.-
: ::Si, 'Jc:ober :990. 

Lessard, ::.!. lace constants :or biologi~al eli~ination of 3t:-o:::!;.i::i and 
'.:esiu:n in :he :-tarshallese ;:iopulation. Presented at :he !5th Annual Con:e:-ence on 
3ioassay, Analytical and E:uri:-oomental Quality, ~s 7egas, ~evada, Occ:ober, 1979. 

;.essar::i, ::. ! . Bod? ':lurden ~easure'!!ents as ::ieteniined :rom whol.! ·:iod7 
:ounting and urine ':lioassay. ?resented a: :he !~ch Annual Confe:ence en 31-:iassay, 
.~:la.lytical and !nvi:oru:ien:al Quality, :as 'legas, ~evada, Jctober, ~979. 

:essar::i, ::.:. ~ose assesscen: for ~ongelap and ~c:iri~ residents :15~ :o 
?~esen:. ?resented ac: :he ZS:h Annual ~eeting of :he ~eal:h ?hysics Society, 
5eat:le, ~ashi:lgton, July, 1980. 

'--. p '.lt'';)OI e • 

The ;>?'1:1arj ?ur;:ose of :his ?rogra.:i is to ~easure and evalua:e :'-.e .!.:::a:::a: 
3.:" .. d. exca:"':'lal dose e~u:.·1a1.:n.cs ::J ~er3ons :i~1i~.g ~n ::i.ose i.slanCs i:i. :~e :!a:-s~a::.; 

5:ou? •~ic~ were i~pac:ed ~y :ropos?heric fallouc: from ~ni:ed 3c:ac:!s ac:~o~:i~eric 

::uc:~ar ':!~:s in che ?aci!ic. I:s objec:!7es are: 

z. ~easure~enc of :~e exter~~l radiation anvi~o:menc, 

1../ A -::: .. - 'Jf"'l 
,... I" t 
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evalua:ion of diec and !!ving ?atcerns i~sofar as Chey =elace co :he 

~. assess ?rospec:ive dose equivalents eor ?ersons rec~rning ::o ato!ls 
con:~=inac:ed iuri~g :~e ~ea?ons :es:ing ~eriod, and 

S. -:ai:ic:ain co:J.par-ison -:a:a a.7'..d ~e:-sonnel. ::.oni::Jri::g and. -=o$e equi·1ale:i.i: 
data :or i:i.di·:t.iuals ex?osed :o :ission and acc::.·1ac:ion ;>roduc:s and ::ransu:-anic 
nucli.:!es i:i. :he :1.arshall :slands. 

'~ ... 
:o:~ijS~Jn (:CS) i:i. anci:!?ation of 
3i~~~: ~o?u:a:!on. 

:97~ at: the request: oE ::he AcJmic Zner;y 
;:iocen:ia: :aciiation ex?osures :o the re::urning 

!ncenal and e:tt:ernal dose equi•1a:en:s •Jill ~e evalua:ed using ac::e?ted and 
'-1?-Co--!a.c:e ':1eal::t ;:ihys i::s ;:irac::ices. 

Jie::ar:: and '.;.iving ?attern infot":lac::.on ;rill ~e derived !:--:Q direc: )ose:-1a
::ion and incer1ie•• wt:h ;:iersons t'es:.di:ig on at:ol.ls of interest:. :::ese inc:~:-1iews 

-.ril.:. ':le s::andar'di.:ed and conduct:ed during 4'hola-body .:ounti:'lg !ield ::-i?S· 

A:'1alysis of soil. and :ood chai:'l related ?:a.nt:s ~1:: ccnti::tue in order ::a 
-:el.a:.: :acioact:i•:i:::r i:i :ood .:rops · .. "i.::t ':lody bur:iens. Coconuts, soi:, sap ::-o::i 
:oc-=~~= :::-ees and Jc:~e: diet i::e~s ~:.:1 be col.lec:ed ::co :esiJe:'lce or :ood source 
:.s-.a::.:s. 

~anaae::ent: Controls. 

?!.seal cont:r-ol ••ill ':le exer::!sed i-n :::te fo::'::l of ~n:':-..!.y ccl!parisons, 0•1er :he 
:as~ :er:::i, of ~ct:ua.l coses i:'lcurred agai:'lst: cor:-espondi:ig li:ie ice::s ot :he budget. 
:ec~n::.cal :esu.!.:s shall be ~oni:ored :hrough a ;:ier!.odic review, by :he Con::ractor 
:'as:<. :'.3.:-.ager, of acc011plish:!.e:'?.C:S ·oy :ieasur:.:ig ac:~l ::er:o::lance as .:o::pa=ed :o ex
~ec::~ ?r-:g:-ess. ...u: ~.-or~<. 3hal!. 0Je r:~nduc:ed ~~ conf~r-anc.a A"i:, 3ene:-al::." 
3.CCe'::a-! sr:an:iards :or 3.S::J a::id ocher investigac.!.•1e or' an.al'.'ci.: ?roce-dur'es, as cb
se:·:~-: 'oy un.!.versit:ias and large !.::de?endent: researc!i :acili:ies ir.cludi:-.5 
3:."oo-..:·:-.,aven ~at:on.a'.;. :.aboracory (3NL). 
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::l Febnla:-y :?80, a .71e!.d tri;:i was ·.inder:a~en :o .:a;:>tan and =:neweta'.< :slands, 
~ne~ecak Atoll and Ujelang !sland, Ujelang Ac:o:.1 :o obcain baseline body-':lurden 
iaca on :he ~newe:a~ ?Opu::..a::!.on ?r:!.or :o :,e• ::'!?acria:!on of ~ne1o1e:ak Ac:oll in 
.:...o':':..'.. :.?~O. ?::-sor.nel ::ioni::H:!.;i.g ·..ras acc:::mplished :::rough i:.;hol~':>ody ·:ounr::ing and 
::::::.:.ec:i:::n :i: :ine :.:.:er urine sa::ipl.es ::-oc al.:. ?ersons five years of age and :i.'..de:-. 
A: ~je!.ang, nor.par:ic.:.;:iants in c:~e •Jhole-body counC:!:lg program ~ere invited to 
?r.,vi:ie •.irine sa:iples. Approxi:::.ac:ely 400 ur:!.ne sa.:iples were collected and are 
::~=':'~r.:!.; ':i.:::.::g soec::-ocec::-:!.cal::r anal:n:eci for ;ac::a :::li:::e=s and -:-adi:iche:ii-
cal:.y a!".a.'..:;.:ed ::ir .3:--9G. .!..ddi:ional.:.:r, :ar::.::::.-,:an:s ?rovided ;inysi.:al and 
i~:og~a~r.~~ da:a. 

't!'lo .:.:-':Joey coun::. ::g ·.oas c::: ni:i·..ic: ;d ·..;: :':l. :·..;o inde;iendenc ::Cai:- coun c: ing sys t·e:s 
~:-l ~...,.,_:..:~ a sod.i~ i-:.C!.~e da:ac::Jr ·..1as ?Os:.. :!o~ed ~:: ::-~~c of a. s:-tiel·=!ed ;>e:-so!i.. 
:~e sol.!.:i ang:e :if :.~e :e:ec:or ?~C":li::ed coll;c:ion o: ?hocons e'Jli::ed :rem :he 
:r·..ini<. of an ad·.l.:.: :iody. ::i.:.s 3eor:iecry al.'..:i'..red safe -!nt:-y and egress wic:h collt"' 
:;a=.ao.:.e sens!.:!.·:i:y relaC:i'le to che ':ied geocecry ;.ised in prior !!.eld :rips. 

AiJprcxi::ia :el:1 .:. 00 s pee:':' .a •..rere o be: a.:. :-.ed ::- Ot!! !. :-.di ·:i-:ua: s on J a pt an, :::-:. e•..re c.ik 
.and ~je.:.ang Isla~ds. ~~ese spec:ra #e:'e analyzed :or Cs-137 and ~-40 usin~ 
:al.'..':l:-ac:::.on s:anC.a:-:!s ·..-tt.'..ch ':esr: =ac:c:i.ed :.·'.'.e sex, '.ieight and ·..;ei~hc of :he ?er
son. A.ddi:ional anal:rses 1Jere per:oned :o dec:er:iine :he :req·..iency distribur:ion 
scacistics for ·:arious age and sue subgroupings .:if :he ':lody bur:!ens. Qo.ialHy as
surance ·..;as o"utaineci :.hroug~ du:;ilicate ;.rhole-,ody coun:s and repeti:i·1e ;:ioint 
source standa:-:! counts to dete:-:iine c:~e ?recision and .ac~~r.acy of r::he sysc:eo. 

:u:ing :he :uly and ~ugust :.980 field :ri?, 1Jhola-':iody ~aunts and ur!.ne 
sa::iples ·..rere col.:.ec:ed ar: '.·!ajuro Atoll and !(il,.!. !s!.and :ro'Jl f:ir::er '3ikini .\1:01: :-e
s !.:!en:s anc :rem a compar:!.son ;:iopul.ar:::!.on. A;i;iroxi:a:ely '.:SO spectra ·..;e:-e obc:a.!.:-.ed 
.and :JO urine Sa!:!ples collected. !i!:y ;:iercent ~f :~e spec::-a 1Jere f:-om ?ersons 
.Jho ·..rere resi:ient3 and ·.mol~!:lody countad on 3i'.dni Atol!. ::t Aoril 19~0, 10 ;iercen:: 
·..:e=e fr~ :o::ier 3i:d:ii Atoll residents noc: countad ':iefore and :he remai:'ling 
s;:iec:ra •ere from a cCl:llparison 6roup ~ho ~ad never resided on 31~in1 Atoll. 

A quali:y assu:-ance ?rogram 3i::ii:.ar :o :!".ac: ~=~1.:iyed a: ::ne•..re:a~ '.Jas '.!sec. 
~e?iew Jf :he ~i3tori: 3i~ini ~ho!.e-~ociy ::oun:i:-.g ia:a ~ncicated no ef:ec:s o, 
·~od:1--,u:-:e:i assess:ien: ice ::J i:ec.~n:i5u:-~::.on :;f ::i.e s!1ia::ii~~ a:ld dei:ec:~t"'. :::~-

3ecu::·:e ~easure:ients of a for::er '31icini ::esidenc 's body )urden allowed cor.ipuca:io:i 
o: i::d:.·11:!~.!. !.ong-cer:n 1Jiological ::e:o11a.:. ':'at:e cons:anc:s. :'':\is dac:a along ·..;i :h 
:::e =ec:::odology ·..;ere •..rri:::en •.ip and issued i:l a :;iri:a-:7 scientific ;:iuolicacion. 

At ~ili rsland ::~ere •ere for:ner 3i~ini :'eside~:s ~hose Cs-137 ~ody bur:en 
::'e!:!ai:i.ed :.m-chan~ed or !.nc::eased. ?..easons ::i r ::1.:.s =-~c .'..ide ':leing ?re sen: ~:: chei:: 
.::·..irre!'.t: :iiec ·.,ere inves::!.~ated. :::is ·.ror'..- shoi..·eci :::a:: ::-tese ·:iurdens ·.Jere :.rt:~i:-. 
:'.-.ree s:anda::-d d.e•1ia::ions :if ::-te ::ean ":u:-:i:n Jf :::e cO'::l?arison ?O.,ulation O:.."Cc:;:ic !:'. 
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!""'! /-f' J' -



:u.-•J :-J :-·J: 

::r--.-:-~ ..... ..::-:~ ~--~= 
.Ir. !iS,:)C: .J"eO :...;l'\1'Veti1rres. inc:. oNl 

a :aw c3ses. 3urdens elevated a~ove chis level could 'e ac:=i,uced co recen: 
i::ges:::n of 3i~ini Aco:l :ood ~hich ~ad ~een cr~nspor:ec :o :Cili Island. 

:~:::an ~:~ sa:ples had 'ee~ ob:ai::ec :roo :our :ac:a:i::g adu.!.: :o"C"::.er 3i~i~i 
:e~3:!s ~nose Ss-i37 body burden had been define~ by ~hole-,ody coun:ing and 
=ac~:-.::-.e:::ical anal:rsis of urine. :1111< sa::i;:iles along •.;i:'.1 3i~ini !sland coconut: 
:=e:: : l:l a:ld nu:s ·..,rere anal:;zed ':iy g3.0ma s;:iec:roscopy a:'ld acomic absoqH:ion co C.e
:e:-:-·.: :':-.e :iresence of C3-lJi and :c-.:.o. ?,esul:; '.•ere 1.ised :o esci::ia:e c:-.e Ss-137 
·:oc: : -==-e:'l :o: :'.a:shal:ese :n:ac::s -.•hes.: ::r:.:::ar:· :ooci su?c::l:,r ~;as '.11..::an :::il'.<. and 

~=:ivi:y ingescion races and fuc~re body burdens :or Cs-137 ~ere esc!:a:ed 
--- :-~ ~O?:.!la::!.~n ...... ho :Jay :et'.Jr~ t:J =::'lue :3:a.nd, 3'!..~<.i:i.i Ai:oll. :-:.,is ~roje~:~on 

:.::·:·< :-:d a C.ece:-::inac!.on cf ac:ivi:y :::ansfer :ac:on calcula:ed fr-oc ?.ongela;i and 
3L·.:.:-.:. •:-:o:e-·Jociy counc:!.:1g da:a and ::-:m ~c::'...,i:: .. concenc:a::'..on anal?ses of coconut 
:::-: ::::::i:..:c:s. These :acr:ors were com?araoLe :or ':loch a:ol.ls and c!ose-equi•1alenc 
.:::::::.:.:-.-::-.:.;·•ere ?rojecc:ed :or ,id1..1l:s. 

-.:::::s::ec:i·:e and con:e::lporary exc:ern.al e~?os1..1re :a:e :.a:a, who!..a-bod:t coun-
:: :.:-::; :~:.a., a.:-.d :-.adioc.~e::ic:~l anal.ysis of ·.:.ri.ne a~d ':>!.~od .~a:a ·.Je:-e :-aviewed :o?:' :he 
i::::e:·:a.:. ~·1..1ne ;,.35:. co ::lece:nber 1980 :or :he 3.ongela.?ese and '::ir:'..kese. Jos!.::ie::-ic 
~ode:s -~!.ch '::ies: descr!.~ed che u?cake regi::ie '..olere consc::..:c:ed :or the nuclides of 
:n:e:-:s:. :ail; ac::'..vicy inges:ion races, '..olhole-,ody dose-equivalent races and 
:.os: ~-=·l:'..·ra:eci: coomi:::iencs co •1arious or!ans :..1ere dec:er::iined. ?opul,i:ion dosi:e
::::7 :-:s·~:.:s a:id :::ec:to<is •Jere ·..;ric:en '..lP a:'ld r.apo:-:ed i:'l a 3NL ;>ublicac!.o':l.. 
:::c!. ::..:·.:a: dcs::.:Jecric da:a. :-ecords are :ai:1cs.ined ac che :.aboraco C:"· 

?:rson:1el ~oni:oring and related de~og:-aph!.c data ~ill ':le obtained :roe res
:'..ie:l:s ;; ~ongelap, Ctirik and Enewec.ak a~d ocher areas of inc:eresc :o DO~. :he 
ia:a ·:ase ;n diet a.nd living ;:>ac:erns •Jill ':le U?ciaced :or all relevanc: acol.ls 
an:..'or :..;:ands. 

::.nluac:ion of r:~e decline -of ':lad;- '::iurdens among :O~er 3i'.<.:i:1i ~s:and 

res:'...:e~:s "Ji.:: conc::.nue :or: c~ac ;ior":ion ;,f :'.:e ?Opu:,ic:!on i:l resi:!::::.cs ;n '!a:u:--o 
A~=:: ~~ ~i:i :sland. ?ersonne~ ~on!t~r:~; 4ill con::~ue at ~~eYet~~ Ac~ll. 
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"!a:shall :slands ::\adi Jlog.!.~al 

~-=N~~..i.CCR NAMe 

. .., -~. 
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•• :echnical Prosress cone. 
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a.adionuclide body burdens will ':le e•raluaced ::n :he ;iopulat!.o:'l i::i :es idence 
a: !nue Island, Bikini Acoll. Personnel ~oni:oring and :elated de~og::aphi~ 
~ssessmenc activi:ies wtl: concinue in all areas of inceresc in :he '.·!arshall 
:slands. 

g. Fucure Accomolishmencs • 

. .\ dos:!..::ecric histoc-1 ·.;ill ':le ~i:ic.a:'..ned :n· i:idiv·idual residents of ::ie 
>ta:shal.:. !_:;!.a:ids a.£:ected ~Y che ?aci.:1= :es:!.:i.g ?!"'ogracs. 7~iese da:J. :iil.: Jr.:
:iie :'..:ifot"!:la:ion :ega:-ii:ig :!-le U?ta~e, t"e:en::'..on, and eicc:-e:!.?n :Jf :-adioacc::.·1e 
=acerial and ·.o1Ul !.:iprove che accuracy and valu.e of :ong-:ange ;ired.!.c:i·re dose as
;essnencs :rom ~n--::.ade :ad.!.onuclides ::.n :he e:ivi:-onmenc. 

:'~is ;irog:a:n o;ier-aces and i::iceraccs direccl7 .r_:h the 3rookhaven :·!eciical ?::-o
~::-ao in che :farshal: :::ilands, and ;irovides ~oncem?ora:y data :o be :ac:o:ed ::..:i:o 
:he Recros?ec:ive =ose leassessmen:s :or longelao and ~:ir-ik (and ache: isLands ~:

fec:ed ·:Jy ·.;eapons i::esi:: fallou:).. :c also prov:~es e~!:)ir!.cal bases :o: upgraJi::g 
J..or.3 range ?redic:ive dose ~odeli~g activi:es such as :~ose of the :a~rence 
::ve~ore :aboracory. Coordinacion of t'.'!is program ·.rith :elated ?ro5:a=i.s :.n.:~!~ 

JOE ar.d il:3 contrac:ors ~ill 'be acc:)tllplisned through :i::ely exchange of ?rog:aa 
::~dings and r-al4ted i~for:nai::ion. 

::nviron:nencal Assess~enc. 

:.'ark done under ::..13 :ask proposal ·:ias ei:her '.'\O envirom:ie:tcal ::.:pac: or '-:as 
!.::;:ac:s s!.::ila: co :!':ose iesc:-ibed .!.:l and cove:ed ·:Jy 3m_• s ::nvi:on::ien:al :::pac: 
3:a:::menc (2?.DA 1.340). 

:... o::i.er. 

Capital E9ui2~e:tc in ?': ~983. 

A.n inc=i~..sic ~e(::) ~hoie 'ody coun:!.ng sys:e:i !.~ ~eeded :o ?rovije ~o:: 
:::!.:.ient and effec:i.•re operacion !.n t'.'!e \!a:-shall !slands ''...ad!.ologi::al Sa:::? 
?:-ogra:i: for .:.ouncing :..:iw ener~y ?hocons e!!U::ed ::-c::i. ::-ansuranic :iuclides. :'":.!.s 
S'.'s:eo (3130,JOO) ar.d associated shieldi~g and 'betl equi;'.'C!enc: (S:S,'JOO) '.;il: ':le .!Sed 
:o ~eas:.ire 'body 'burdens of ::ansurani.:. nucliies i.:t persons a: ~ne~e:ak A:o::. ii: 

:.evels ~elow :he :naxi::uo ai:.owable for ~e:ibe:-s of che 3e!'l.eral ;:iubl!.c. ?'!:'os;ie·.:.:i 1re 
fose equivalen:s for ':llood :o t":li~g organs •.o111.: be assessed. based on t:hese 
~easuramencs. 

... L' f _,.. ---
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:... 0t~er cone. 

·:aoi:al ::cui::i~en:: i:i ::: ~?SJ. :one. 

:;::·1 "c 
J 

A r..10:-d ;irocessor (SZ·J,000) for c:te :·!a:-shal:. :slands 3.adiolo3:.cal Sa::-::r ?:-o
gram :o ;:irovide ::iore .af:!cienr: and ef!ec::i•;e opera::!.o::'. •.Ji.12. be need.ad ::o ;:ire~a:-e 
;:iri:::ia:y sci.en::ifi.c ?t!bl!ca::ions a:i.d ::o ;:irepare. -:odi::r and sco::-e i:1Ci?i:!1,;al 
:!os!.:e::y, ~ody jur:!en, jioassay 1nd ie~og=z~hic :-ecor:!s on :~e i:1hahi:an:s J: :~e 
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:acili:ies and si:e utili:y services. 

:;aL:u, :.::t., Greenhouse, ::.A., a:'.d ::::i~ht, 

:ie: l:'.d :.:: . .-1::-:g ?a::::er:is. 3YL 51313, ..:ul:r, :.980. 

'..essa:-~, :.:., Greenhouse, ~.A., and ~il:enberger, i.?. A Reco~struc:ion of 
::-.:-,r.i;: :o;;.: ::~ui· .... a:.en:3 :o:: ?.o::~e:.a;i and '.:ti::i'.< ~esi.:ie:-:::3 - .:.95.;. :o :980, 3~;1 
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:'-.e :1...:::::se of ::i.is :-esearc!:-. i3 to :efi::e :he esti=ated thy":oid. a~sor'::led 

i:ses rece:?ed by ~e~~ers of :he ::tongelap and ~:iri~ Ato:.:. ;:iopula:ions i:: c!\e 
~a:-sha:: :31.ands. :~ese i~ses ~ill be :oopared ::o :he c~yroid nodule incidence :o 
:ir:·T:ie i:::';:; ~a ti:n :or..;ards assessl7len:: of :he t'is~ coef:icients for rac!iatio!"l 
~:".due~~ =~?ro:d. disease. 

::lcidence oi : h;:roid nodules, ':ienign and :::i.alignant, in :!\e exposed po!Jula-
: ions Jf ~ci:-i~ and ~ongela? has indicated critical iif:erences in correspondence 
·:ie:·.reen :".odule incidence and thyroid absorbed dose :or :hese ?O!)ula::ions relative 
:) :::a: :e?or:ed 'Y :he ;apanese :umor 1egist:-y ~ife S:::ian s:~dy Ot' the Ot~et' poou
~.3.::'..0:".S ·.:.nder H~dy as :epc't'ted i:l 3!Z:R !:L ::1e es:i::iat.ad e.:<:et"-:!al dose t"ecei•:ed 
~=== :ie :i:e :allout ~egan :o che :i::ie oi evacuacion shews :~at :he adult ~onge:a? 
~c-=u.:.a:::.on :-ecei·:'!d an ex:ernal abso:-bed iose ( ::-s :-ads) •.rhich ·•as about !.3 ::.::es 
:~ac :ot' :he ~t:!.ri~ ?Opulation (14 :ads). :he thyroid absot'bed doses ~ere 
-:s: ::.=a: ed ori;inall? :o be s e•Teral : i:::es :hese e.:<:er:'.al :ioses. 

A ;:reli~nar:r s:udy has indicated :hat :~e i::ipor:ant dosioetric ~t"ea :if 
~:-:7es:::.;a:ion is the ?eriod starting :ram :he beginning :if !allou: :o :he com?le
:::.on o: e•1ac~t:!.on :or both :he !.slar:ds. :n add:i:ion, :he :act chat ::ie '..::!::-::, 
~c?~.:.acion ::'5t~rned ~i:h!:i ::~ :iavs :ol:owing evac~a:ion, ~he:-eas =~e ~oniela= 

:0-Jula:iJn :ec~rned af:er :h:-ee yea::-s, :-equires :ha: :he~:::.:::.~ ~c~u.:.a:i.Jn 'e 
-::<a=i::ed :!osi::ecr!.;:all.y ::.n :e:":'.ls oi l :.Jnger ex;:iosure ;ie::.c<:, ·:ioc~. ::.:::er::al ~nd 
~.:<:er":·.a.:.. ?urcher st:uci!es ·.;ould, therefore, have :o concent:-a:e on :~e :eexa::ii:i.a-
: icn Jf ~ll available data in :-e;or:s issued jy various a~encies :!~ri::g ~'.1at 

;ie:-iod, ;:o:-.sul:a:ions · .. ~t'.'! sc::.encific ?ersonnel !:woh·eci at ::-.ar:: :i::e, ::.:.enr::.::.::-·i::5 
=~~ 1r~as of uncer:ai::ty, and ~si:ig appro?ria:e computer pr~g:-3ms :o ~nalv:e :~e 

.:a:a. ::-:e enci resu:.: ·.r11:. e:lable com~al:'isot".S ':et·.reen :he i:icidenc2 Jf :'.1:-·!'::iic 
~o~~:es !nd :~e :-eas3essed iose es:~::a:es. 
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a~c i~:os!:~::n of :ac!Jnuc:!~es, 

?!sea: con::ol ;;1:: '::e e:ter:.::.se::i i:: :~e :-:>:-:: of =c:-.:::;.:: ::cr:pa:!scns, ::ve:- :~.e 

:asi< ::~. of ac::u.al c::s::s !nc'.lr:ed a~a!:?SI: cor-:es;:iondi:".g !.i:".e !:e:ns o= ::-ie '='uc~e:. 

:ec~n!:a: -:esul::s shal: ~e ~oni:'.lred c:.rough a ,er.!odic :ev:ew, ~Y :~a CJ:i::ac::r 
:as'.< :'.a::age:, of acc~i::jl:..s'r.::e:".:s ~:>y ::easur:.:?g ac::.ial ;:e::'.l::-::a::ca as :::::::a:-a::i :::> 
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a=~:..::J~a.:. :a:a ~~a:: ~as ~ee:1. acquired. :'~y:-:iid 5.:.a~ds ::oc :~e ax:)osed 
'.~a:s:'\a:.:ese '.1ave ~een anal:rzetl :or :c-99 and :-1:9. .l.pprox:.::ia:ely 50 :;i.stor:!.c -so:_ 
sa=;i.:.as :1a·1e '=ee:i analyze::! :'.lr ::9;: and :>c!ier dos:..:ie:::-!..:al:;t i.::po:-:an:: nuc.:..!.:ies. 
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_. Technical ?rogress cont. 

Ex?ec:ed ?regress in:? 1981. 

.:.:ce 
9NL 0 

Additional saoples of 3011, food and ash will ~e analy:ed :or ~-129. S:--?C 
and P·.i-239, 240 analysis of :eeth H • .cples, especial:? :ha::. ::-:im exposed 
!.:-:di·1iduals, ·.;ill be done. Ja:a ::er!.·1ed ::-om the "3i~i:i.i Ash'" s::Jd!.es -:.ri.l: ':le 
:ac:o:-ed !.n:o ::.he ref!ne:::ieoc ·:if ::.he :lose esci::i.ace. J!.ec and living ?a::ern s::Jd::.es 
will ':le updated. 

~x:~ec:ed ?regress in :Y 1932. 

?ac:ors s:.ich as solubi.l!.::r of iodi::ie i.soto9es i:i :allou:, :he ?Ossible co:-.
tributi.Jn from neutron !.ndu.c:ed ac: i·1H:y, ::.he i::ii;iac: of thyroid seei<ers ocher :han 
i.Jdine isotopes on dos~, and :onfi~en:e levels :or ?al:Jes of derived quan:i:!.es 
such as airborne ac:!.?iCy concencra:!ons during :allou: will be !nvest!.~ated. Jiec 
and livi:lg ;iac:er::i studies .. 1:1 be ·;;:idaced. 

Ex~ected Progress in"!"! 1983. 

Jiet and living ?at:er~ studies and 1ose reassess~ent •ill continue tmtil 
:ocpleted Eor all areas Jf i~terest in :he ~arshalls. 

g. Future Accomolishme~ts. 

:he techniques and ex?ertise developed in the course of this study could ~e 
~sed :o reassess doses :o ?O?ulat!.ons in other areas ~ubjec:ed to exposure ~r:::io 
:a1:out or e'len those resul:!.::g ::-oai. occu?at!.onal si::Jat!.ons !.n Che ;:iast. Addi
:!.ona:ly, this s:udy ~ill provide a bec:e:- esti~ate af :he :rue ?alue for thy
roid nodule incidence per uni: rad enabling technica::y sound risk :accors :o ~e 
assoc!.a:ed ~i:h ionizing radiation ~~posure. 

!his study will help es:abl!.sh e~ternal and internal dose esci~a:es from 
the t i:e of the incident :o ::-:.e ??'es enc, a:id . .,ill cot:l;:ile!:!enc :he aerial s·.JrveY' :or 
e:w::t:rna: :3.Ciia::.ion :leas·.Jre~encs, .,ver ::1ese i.3lands, ·Jh.!.ch has '.::een :omolateci. 
:agecher they should ??'esent 1 re:.!.a~ie ?i:t:Jre of doses rece1~ed ~Y :~e 
~09u:~:ions and also enabie iose es:i:a:es :o oe ?ro:ec:ed i::co :he :ucura. 

~. :~is study ~11: 'e in close conjunction w!.:h the 3~w ~arshall :slands 
1adiological 3a!ec;1 ?rogra::i ~:L\.-JZ-·J!.-J2). Cont!.nued :oEa.'ooca:!..:in ·.ri:!': :'.1.e 
·.:n1·1en.!.:y of :."ashingcoa, :.abora::::iry of ?..ad.!.acion Zcolagy, and the 3a::elle ?aci:!.c 
:<or:ho;.;esc Laborator; w-ill ';,e 11a!.ncained in the area of 3at:!?le analysis a:id daca 
i:-.:ar;:ir-a:acion. 
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'.farshall Islan.:is ~adiologic.al Safety Program 
and ~ongelap/Utirik Dose Reassessment Project 

- A Historical Synopsis 

?reface 

From the mid 1940's to L958, the United States conducted its' high-yield 

nuclear #eapons tests as 3ikini and Enewetak Atolls in the tropical ?acific. 

These remote groups of small islands lie about 2,500 miles southwest of 

'.Iawaii, and are ;:iart of the '!arshall Islands District of '.1icronesia. _.\t that 

ti~e, ~ost of 1icronesia was the political ward of the United States which 

acted as trustee under a Cnited ~ations ~andate establishing the Trust Ter-

ritory of the Pacific Islands (~icronesia) after World War II. Currently, 

this region, known as the ~arshall Islands, intends to enter into a Compact of 

Fr2e Association with the ~nited States. 

:'he largest ·of the nuclear tests was the "BRAVO" event which took place 

at 3ikini Atoll on ~arch 1, 1954. 1adioactive fallout from this detonation 

was carried eastward by prevailing winds, and resulted i~ radiation exposures 

to ~arshallese people living at Rongelap and Utirik Atolls a few hundred miles 

away. The exposed population of these atolls plus a comparison population are 

frequently examined by Brookhaven National Laboratory ~tedical personnel to de-

tect and care for long-term health effects due to their exposure to radiation 

from the weapons testing program. 

In addition to the high-level radiation exposures to the Rongelap and 

Utirik people, the nuclear tests also left a legacy of environmental radio-

activity which, because of its lower level, is not expected to cause adverse 

health effects. However, residual radioactivity in the environment will 

contribute radiation exposures above natural background levels to people 

living in these areas. 

l 



!, 1968, ?resident Johnson dUt~orized t~e return of 3i~i,i \toll :o its 

or~~i,al inhabitants, ~ost ~~ whom were living on Kili :sland about 300 ~iles 

to :he sout~ of Bikini Atoll. A similar authorization was ~iven for the En

ewetak people who had been ~oved to Ujelang prior to t~ ~esting at their hooe 

atoil. Because of the residual radioactivity at Bi~ini and 2newetak, en

viron~ental monitoring programs were established to assure the people that the 

low-l2vel radiation ex?osures (which residents would receive from living in 

these places) remain within acceptable limits. The dose-equivalent limits ~re 

those recommended by the International Commission on Radiological ?rotection 

(IC1?) for people not occupationally exposed to radiation. 

The U.S. Department of ~nergy had assumed t~e old Atomic Energy Com

mis~:on's commitment to provide continuing followup for the medical and en

vironmental problems caused by the Pacific testing programs. Beginning in 

~arc~ 1954 to the present, the Brookhaven medical team has provi~ed medical 

care and radiation protection guidance to the exposed population. They 

studied internal radioactivity levels through radiochemical analysis of urine 

and blood and through whole-body counting. Since the logistical support for 

Broc~haven medical team visits to Rongelap and Utirik had been established, it 

seemed reasonable to have the environmental and radiological safety assess

ments done by the Safety and Environmental Protection Division of Brookhaven 

~ational Laboratory as well. 

The Safety and Environmental Protection ~ivision undertook environ

mental measurements for radioactivity as early as 1974. In 1973, whole-body 

counting and radioche~ical analysis of biological samples were transferred 

fr0m the :1edical Department to this division. At present, the program 
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i:lvol'1es up to 3 field trips a year- to the \'orther-:1 '.larshalls. :!easur~'llent~ 

are ~ade of external and in vivo radiation levels. Samples are collected for 

Llb,Hatory analysis at Brookhaven :fational Laboratory to assess the radioac

tive content in soil. food products and humans. A major component of the 

fl~lj work involves having representative individuals monitor-ed for- radio

activity content in their bodies. The following is a brief description of the 

Satei:y and Environmental Protection Division's programs in the ~1arshall 

Is:dnds starting from 1974 and covering current activities. 

FY 1974 

~iegotiations between the ~ivision of Operational Safety of the old 

Atocic Energy Cocmission (AECDOS) and the old Health Physics and Safety Divi

sic'.l. of Brookhaven :lational Laboratory (BNLHPS) resulted in a proposal submis

sion to begin the :tars hall Islands Radiological Safet:: ?rogram C1IRSP). Law

rence Livermore Laboratory (LLL) had and still has a parallel program, ~ar

shal l Islands Radioecology, which concentrates on Enewetak and Bikini Atolls. 

An orientation field trip was arranged for Greenhouse and Ash of BNLHPS. 

They accompanied the BNL ~edical Department's spring medical survey to Utirik, 

Rongelap and Bikini, in April 1974. Nelson, of the University of Washington's 

Laboratory of Radiation Ecology (UWLRE) also participated in this field trip. 

Plans were made to collaborate <.rtth UWLR~ in the future. This field tri~ 

included physical examinations, in-vivo whole-body counting and urine bioassay 

sampling of all three atoll populations by the BNL medical team. F.xternal 

radiation measurements and sampling of groundwater, soil, plants, fish and 

coconut crabs were perfor:ned by Greenhouse and Nelson. 
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FY 1975 

The ~tarshall Islands Radiological Safety Pro5ra:n :..ras fornally initiated. 

Funding levels were $125,000 for operating and S20,000 for capital equionent. 

Staffing levels were 1.5 man years scientific and professional and 1.0 ~an 

year technical support. Greenhouse directed the program. Arrangenents wer~ 

made to upgrade the B~HPS analytical lab with the additions of a computer 

based nulti-channel analyzer and a high efficiency GeLi detector. 

Greenhouse and Nelson, i:1 a joint UWLRE/BNLIIPS field trip to the 

Northern :O!arshalls in December l97.:., collected environmental samples and :iade 

ext~rnal radiation measurements at Rongelap, Ctirik, Rongerik and Bikini Atol

ls. Greenhouse, Williams, and Kuehner of BNLHPS, Reilly of the State of Pen

nsyl":ania, Javis of Pacific Gas and Zlectric, and Nelson of UWLRE ;iarticipated 

in an April 1975 field trip to Bi~ini Atoll. They collected samples and de

fined the external radiat!on environments of Bikini and Enue Islands. Limited 

soil and vegetation sampling were done at Bikini and comparison environmental 

samples were collected at Wotho and Kwajalein Atolls. This field trip es

tablished the groundwork for a major interagency survey of Bikini and Enue 

Islands in June in which Greenhouse participated. This survey included soil, 

groundr.rater and some vegetation sampling. It was performed jointly by LLL, 

UWL~E, the Environmental Protection Agency, and BNLHPS. Their primary ob

jective was selection of locations for the second increment of house con

struction on Bikini and Enue Islands by the Department of the Interior. 

FY 1976 

Funding levels were $172,000 operating and $20,000 capital equipment. 

Staffing levels were 2.0 man years scientific and professional and 1.0 man 
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years technical support. ~ajar equi?ment ~urchases include~ d Lawrence 

Liver::iore Laboratory Portable Gam:na Spectrometer and two Reuter Stokes En

vironoe'1tal 3.adiation :·lonitors. ~aidu (BNL:-l:PS) joined Greenhouse to form the 

program's ?rinci?le staff. 

::elson and Greenhouse collaborated on a field trip to ~ajuro, Ponape, 

Tru'<., ']uam, and Palau, as part of the UWLRE Pacific Basin Study. Greenhouse, 

~aid~, and Kuehner of 3NLHPS, Haughey of lucgers University, Terpilak of the 

Depart~ent of Health, Education and ~elfare, Bureau of Radiological Health 

and ~astens of University of ~ew York at Stony Brook, ~arine Science Center 

participated in a March-April field trip to Bi~ini Atoll. Their primary ob

jectives were beta and gamma dose rate measurements on Bikini Islanrl and a 

general radiological survey of ~am I3land in the northwestern sector of the 

atol:. This survey included limited soil and vegetation sampling. A joint 

B~L:i?S and UWLRE survey with the B~ ~edical Department was undertaken in 

September. The BNLHPS objective was to perform an envi~onmental radiation 

survey at Wotje, Ailuk, Utirik, Rongelap and Bikini Atolls. Special efforts 

focussed on several northern islands at Rongelap. 

PUBLICATION: ~1arshall Islands Radiological Followup, ~. A. Greenhouse 

and T. F. McGraw, BNL #20767. 

PRESENTATIONS: Marshall Islands Radiological Followup, N. A. Green

house, Presented at the ~inth Midyear Topical Symposium, Operational Health 

Physics, Denver, Colorado, February 1976. 

FY 1977 

Funding levels were $207,000 for operating and $80,000 for capital 

equipment. Staffing levels were 2.0 man years scientific and professional 
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and ~.25 -:tan years :~chn!cal. An addi:ional 1.25 -:ian year3 for :ec,ni~~t sua

port ~as obtained fro~ t~e :1eW Safetv and Environmental ?rotec:ton 1ivi3io~ 

(3\'....S~.i? Eor-:ierly B~~L:-!PS). '1i l tenberge r ( BNLS C:P) renlaced ::a idu J.:d j0 L :-ied 

Greenhouse as ?rinciple staff. A request from t,e Energy ~esearc, and De

velop~ent ;dministr3tion, Di~ision of Safety, Standards and Compliance 

(E'.\JADSSC for::ierly AECDOS) t::i add air sar.ipling equipnent to the radi0logical 

sur·:eillance program at Bi'.<ini was received. :":RDADSSC also requested i.:1 vi·:o 

counting ~f the Bi~ini and Enewetak people. ~ajar equipment purchases in

cluded four wind-powered electrical generators, three ~ultichannel analyzers 

and :·.Jo sodiu::n !odide (NaI) detectors. 

During a September 1976 BNL medical survey to Rongelap, Knudsen, a ~edi

cal lepart~e~: physician, was requested by the residents of Rongelap to have 

~a!du of 3NLSEP stay on Rongelap Island and instruct the people in radiation 

sciences. Naidu was funded by the Energy Research and Jevelopment Ad~inistra

tion' s Di·;ision of Biomedicine and Environmental Research (ERDADBER) and spent 

six weeks during January and February 1977 educating the Rongelap people on 

~atters pertaini::ig to the effects of ~adiation on man. 

During April and ~ay of 1977, BNLSEP's ~reenhouse, ~iltenberger an~ 

Levine went to rtirik, Rongelap and Bikini to do site planning for ~ind

powered electrical generators and air sampling stations. Together wit, a con

ventionally powered comparison air sampling station, which they i~stalled at 

~wajalein Island, Kwajalein Atoll, these stations initiated the long-t~r~ sam

pli::ig program for air activity concentrations of plutonium. Fossil-fueled 

generators were judged incapable of supplying continuous y~ar round power on 

out~r atolls. Wind-powered generators were thought to be capable of supplying 
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power for a 12 ~onth period without needin~ re?airs. In addition, wind

powered electrical ~enerators were virtuall~ noiseless compared to gasoline 

powered electrical generators. They offered the possibility of collecting a 

lar~e volume dir sample ~ithout disruption lf quiescent village li~ing pat

terns an outer atolls. A plutonium excretion study was also· undertdken by 

colLe~ting pooled large-volume urine samples from three to five families at 

each atoll except Kwajalein. 

~arly in 1977, the question of the past dose equivalent to the Marshal

lese who have lived on longelap and Utirik, had become an i~portant scientific 

and ,ealth r~tated question wi.th considerable political overtones. Bond, 

Borg, Conard, Cronkite, Greenhouse, ~aidu and ~einhold, all ~embers of 3~L, 

and Sond~a~s of the University of California, College of ~ledicine (UCC~) 

initiated technical evaluation of the issue. 

FY 1978 

~IlSP funding levels were $207,000 for operating and $10,000 for capital 

equipment. Staffing levels were 2.0 man years scientific and professional and 

2.j oan years technical support. Greenhouse and ~liltenberger made up the pro

gra~'s principle staff, Cua and Knight joined the ?rogram staff part time. 

~ajar equipment purchases consisted of peripheral alpha spectroscopy equipoent 

for plutonium anaiyses of environmental and biological saraples. As a result 

of earlier discussions by Bond, ~einhold, Naidu and others of BNL, a proposal 

for Kongelap and Utirik Dose Reassessment (~UDR) had been forwarded to the De

partment of Energy's Division of Biological and EnviroOI'lental Research 

(DO[DBER formerly ERDADBER) and the program was funded wi.th an operational 

bud~et ,,r ~~~.ooo. Staffing levels were 0.5 man years scientific and profes

sional, Naidu and Greenhouse were the RUDR ?rogram's primary staff. 
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ln October 1977, three wind-?owered electrical ~enerators and long ter~ 

air 3ampling stations were installed at Utirik, Rongelap and Bikini Islands by 

~em~ers of BNLSEP and the owner/operator of Enertech Corporation, the seller 

of the wind-powered syste-ns. A second comparison station was :.. .. stalled at 

Roi-~amur Island, Kwajalein Atoll. In addition, large volume urine samples 

wer~ collected under controlled conditions from five to seven ~arshallese mal

es at Utirik, Rongelap and Bikini. All of this work was perfor:ned by Green

house, Levine, Dillingham, DeAngelis and Cua of B~LSE? and by Sherwin of En

ertech Corporation. Also in October 1977 ~iltenberger of BNLSEP and Cohn, 

Rothman and Clareus of SNL :nedical attempted to whole-body count the ~1arshal

lese population residing at Japtan Island, Enewetak Atoll. Due to an un

certain political and social atmosphere, it was decided by the new Department 

of Energy's Division of Safety, Standards and Compliance (DOEDSSC formerly 

ERDADSSC) that BNL refrain from involvement with the '.farshallese on Japtan Is

land. At that time, the focus of the field work was switched to counting 35 

Holmes and Narver employees who were residents of Enewetak Island. 

In January 1978 Balsamo and Sherwin returned to Bikini, Rongelap and 

Utirik to complete wind-powered electrical generator installation and repair. 

In April 1978 ~iltenberger, Lessard and Naidu of BNLSZP participated in a 

joint field trip with BNL ~edical on Rongelap, Utirik and Bikini Atolls. At 

Utirik, the BNLSEP team collected urine, soil, vegetation and fish samples for 

radiochemical analysis. They also collected S day high-volume air samples and 

Anderson cascade impactor air samples. The wind-powered electrical generator 

at Ctirik was not working and could not be repaired. :faidu remained behind on 

Utirik for several weeks to teach the biological effects of radiation, a oro-
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gr3m similar to the one given on Rongelap in 1977. Lessard ~nd ~iltenberger 

proceeded to Rongelap to collect additional urine and environmental samples 

and conducted an external exposure study at the northern islands of Rongelap 

Atoll. :~e wind-powered electric generator had malfunctioned here too. An 

attempt to repa~r the wind-?owered generator also was ~ade, however, no long 

ter.i successful operation of the system could be achieved. Greenhouse and 

~uehner of 3NLSEP joined the field team at 3ikini. Of the 143 persons re-

s icing on Bikini, 99 were whole-body counted. Additionally, urine samples and 

environmental soil, air and vegetation samples were collected. Samples of 

loc3lly prepared indigenous food items such as jekaro (coconut sap), jekami 

(coconut syrup) and powdered taro flour (a starchy tuber ~ased flour) were ob

tained. The wind-powered generator on Bikini was not working nor could it be 

repaired. The Bikinians were ~ade aware of the fact that their prior body 

buriens had increased to new levels and many of them ~new they exceeded the 

internationally accepted annual guidelines for dose-equivalent commitment. 

In June 1978, the RUDR program contracted the meteorological group at 

LLL, headed up Gudiksen, to provide a computer simulation of the dispersion, 

transport and deposition of fallout from the 1954 at~ospheric nuclear test, 

BRAVO. Also, a contract to provide neutron activation analyses of environ

mental samples for I-127 and I-129 resulting from the deposition of fallout on 

Rongelap and Utirik Atolls was given to the Radiological Sciences Department, 

Battelle-Pacific Northwest Laboratory (BP~L) under the guidance of Brauer and 

Ballou. Historic soil samples from Rongelap and Utirik Atolls were provided 

by Seymour, the director of UWLRE. In August, Sandhaus of UCCi was asked to 

collaborate on the dose reassessment project (RUDR). 
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In September 1973, :faidu, C:raigheod and Gree:i.house of BNLSEP began d 

die'.: and living pattern study of Rongelap, :Jtirik., Li:<.iep and Ailuk Atolls. 

Ini:ial observations had been ?er~~H"11ed hy :laidu during prior visits (:longelap 

6 '.Teeks, Ja'1.uary'-February 1977 and !Jtirik 2 <.veeks, April 1978) and by Knight 

duri~Hs F'l 78. Basic data was gathered on age distribution, family size, 

sea::>onal variations of locally grown food, food from other islands, individual 

diet patter:i.s ~nrl individual daily activity patterns. Greenhouse also per

for-Jed 5round level exposure rate measure~ents and surface soil sampling. 

T'.1.i.:; .Tor:.:. c•as perfor:ned in support of the ~forthern ~1arshall Islands Radiologi

cal 3urvey and expenses totalling $37,000 were reimbursed through Robison of 

LLL and Livenian of DOE. 

PCBLICATIONS: External Radiation Survey and Dose Predictions for 

Ron~elap, Ctirik, Rongerik, Ailuk and Wotje Atolls, ~. A. Greenhouse and R. ?. 

~iltenberger, BNL JS0797, ~ecember 1977. 

Radiological Analyses of Marshall Islands Environmental 

Samples 1974-1976, s. A. Greenhouse, R. P. Miltenberger and F. T. Cua, BNL 

if50796, December 1977. 

FY 1979 

XIRSP was funded with $281,000 operating and $25,000 capital. RUDR was 

funded with $50,000 operating. Total staffing levels were 3.4 man years 

scientific and professional and 1.6 man years technical support. Lessard, a 

prior collaborator on MIRSP joined with Greenhouse, Miltenberger and Naidu as 

principle staff for MIR SP and RUDR. ~ajor equipment purchases inclttded a 

portable Davidson oulti-channel analyzer and tower extentions for the wind

powered electrical generators. 
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T~elve two week ~arshallese cornoarison urine samples were collected ~~ 

October 1978 by Shoniber, Department of 1ealth Service . Trust Territory of 

the ?acific Islands and fot"T'1ar:ied to B~L :or analyses. Sach sample «las to 

have been analyzed for Sr-90, Cs-137, Pu-239 and Pu-2.'.+0 from •.,ror:-ld-wide fall

out 3nd for natural K-40. The results were to be ~sed to establish the base

line excretion rates for these radionuclides so that a reference against which 

uri~e samples from the atolls contaminated ~ith troposheric fallout could be 

COCT:Jdred. 

~uring :fovember 1978, ~tarshall Island's whole-body counting, environ

~ental, demographic, physiologic and bioassay data bases were initiated by 

'.filtenberger. Preliminary di~t and living ;:iattern reports were subrnitted to 

Ro bi ;on (LLL) by ~aidu. Under the RUDR program, 62 teet'.1 sanples from. Bikini, 

Rongelap and Utirik were collected by SNL ~edical for future analyses of 

Sr-90, Pu-239 and Pu-240. Naidu invited The Institute of Physical and Chemi

cal ~esearch of Japan to contribute some Bikini ash to RCDR research. 

During January and February 1979, Lessard constructed appropriate dosi

metric ~odels and determined retrospective and prospective dose equivalents to 

various body organs for all former Bikini residents. This work also compared 

urine bioassay derived body burdens to whole-body counting measured body bur

dens for Cs-137. 

In January, a whole body counting field trip to ~1ajuro to examine the 

for:ner Bikini Island residents was undertaken by ~iltenberger, Greenhouse and 

Craighead. They whole-body counted 101 persons and collected 49 urine sam

ples, 64 whole-body counts were from the relocated fomer 3ikini residents· 

~iltenberger and Greenhouse continued to cross the ~rust Territory to finish 
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:::-:e ?ac:.~ic Basin Studv, a collaborative effort '.Yith '.;elson of ;..:~JLRE ,,,hi.:11 '1ad 

CO':lienced in 1975. During :fa?, another field tri? to '.1ajuro and '.<ili :..ras co::t

pleted by '.1iltenberger and I..essard. They whole-':lody counted 129 penons, 79 

0f :..rhic':l had been relocated from Bikini Island in August of 197B. The whole

bod:: counts on ~1arshallese ;:iersons other than the for:ner ~i'.d:lians [Jrovided 

~aseline body burden and urine radionuclide excretion rate data for comparison 

pur;-ioses. 

During August and September 1979, :1iltenberger, Lessard, 13alsa1'Jo, Hu:1t 

and Jillingham of BNLSEP, Sherwin of Enertech Corporation, and Rademacher of 

St. ~ary's College, participated in a field trip. They re-established the air 

sampling programs at Kwajalein, Rongelap and Utirik, continued the routine en

virJ"l!:lental ~onitoring program at ~ongelap and Utirik and continued the whole

bod/ counting programs formerly performed by BNL medical. At 'Jtirik and 

Rongelap, Brown of DOE Pacific Area Support Office (PASO) restated a former 

BNL promise. He said that the electric generating windmill apparatus would be 

given to the people in working order following collection of air sai:ipling data 

for one year. During this trip, 150 whole-body counts and 146 urine samples 

had been collected. In addition, the windmills were left generating elec

tricity. Coconut, pandanus and breadfruit had been obtained from traditional 

selection sites. Brown of DOEPASO, Otterman of US Oceanography, and 

~Hltenberger and Lessard of BNLSEP prepared sketches and plans for a new 

whole-body counting trailer. The new design incorporated two chair type coun

t~rs. Their design maximized the use of available equipment and space, 

~ini~ized the discomfort of the ~arshallese and eliminated rnany of the pre

vious trailer design deficiencies. 
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3y August 1979, ~embers of the ~~DR program completed a dr~~t of the 

diet dnd living pattern study. Also, results of the soil analyses for I-1:9 

on sa~oles collected during the 1950's indic~ted samples from recent ti~es 

could be analyzed. In addition, soil samples from Likiep were submitted fJr 

anal~ses. Efforts were initiated to procure excised thyroid glands taken from 

the :!arshallese who were resident on Rongelap and :Jtirik. These saoples were 

to be analyzed for Tc-99 and I-129. The computer simulation of fallout data 

·..;as e::;'.)ected to be completed by September. '.1cinroy of Los Alamos Scientific 

Labor.J.tor/ had begun analyses of ~farshallese teeth samples for Pu, U, Th and 

Sr radionuclides. 

A September 1979 visit to Rongelap and Ut i rik was performed by VS Ocean-

03raphy. They reported the wind-powered electrical generators were not work

ing lnd according to the run time indicators, they had failed shortly after 

their repair in August. It was becoming apparent that to keep the wind

powered generators operational, routine maintenance by a trained individual 

equipped with spare parts and proper tools was required. 

PUBLICATION: External Exposure Measurements at Bikini Atoll, N. A. 

Greenhouse, R. P. Miltenberger and E. T. Lessard, BNL #51003, January 1979. 

PRESENTATIONS: 137 Cs Body Burdens at Bikini: To Move or Not to ~ove, 

~. A. Greenhouse, Presented at the Chemical Physics Section, Health and Safety 

Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, Janu-

ary 1979. 

The Anatomy, Physiology, and Radiobiology of The 

Gastrointestinal Tract; E.T. Lessard, Presented at the Twenty-Fourth Annual 

Meeting of the Health Physics Society, Philadelphia, Pennsylvania, July 1979. 
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F! 1980 

?unding levels were $Jjl,000 operati~g and $50,000 capital equi?ment ~or 

'.!I~.i?. An operating budget of $50,000 ~as provided for RCDR. Staffing !~vels 

#ere 3.8 ~an years scientific and professional and 2.2 man years technical 

su?port. Major equipment pur~hased was a computer based ~ulti-channel pul3e 

hei;ht analyzer to replace and upgrade the existing BNLSEP analytical labora

ta~y equi?ment. By September 1980, Greenhouse, Cua and Knight had left the 

pro~raa and Miltenberger, ~aidu and Lessard performed as ?rimary staff with 

Lessard as program director. 

During October 1979, Miltenberger and Lessard finalized ?lans for the 

new whole-body counting trailer with Dillingham, Otter.nan and Brown. ~hair 

construction began at BNL. Enertech was informed in October of the failure of 

t~e ~ind-generators supplied and repaired by them. During the next few 

~onths, the whole-body counting chairs were built, disasse~bled, packen and 

for~arded to Kwajalein along with the new trailer. Naidu and Greenhouse, of 

BNLS~P and Pratt of BNL Medical prepared an educational program·on the effects 

of fallout from nuclear tests for the inhabitants of Bikini, Enewetak, 

Rongelap and Utirik Atolls. This effort documented the original training pre

sented to the Rongelapese and Utirikese by Naidu during 1977 and 1978. 

In February 1980, a personnel monitoring field trip was undertaken to 

Japtan and Enewetak Islands, Enewetak Atoll and Ujelang Island, Ujelang Atoll 

to o~tain baseline body-burden data on the Enewetak population prior to the 

repatriation of Enewetak Atoll in April 1980. ~iltenberger, Levine and Green

house of BNLSE? and ~analastas, a Phillipine national and a fella~ of the 

International Atomic ~nergy Agency performed whole-body counting and collected 
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urine samples from persons 5 years of age a:1d older. \t !Jjelang, '.10'1.

participants of the whole-body counti:1g program were invited to ?rovide urine 

3a~oles. Approximately 400 urine samples were collected and are curently 

be i '1g spectrometrically analyzed for gamma emitters and radiochemical 1/ an

alyzed for Sr-90. Addi:ionally, participants provided physical and demo-

3ra::>hic data. 

As previously mentioned, whole-body counting was conducted wi:h two 

independent chair coun:ing systems in which a sodium iodide detector was posi

tioned in front of a sitting person. This geometry allowed safe entry and 

egr~ss with comparable sensitivity relative to the bed geometry used in prior 

field trips. Approximately 400 spectra were obtained in this way and analyzed 

for Cs-137 and K-40 using calibration standards which best matched the sex, 

hei5ht and weight of the indi·1idual. Additional analyses were perforaed :o 

determine frequency distribution statistics for various age and sex groupings 

of :he data. Quality assurance was obtaine~ by duplicate whole-body counts 

and repetiti·:e point-source standard counts. 

During January and February 1980, Lessard undertook retrospective as

sessment of chronic external and internal dose equivalents to the residents of 

Rongelap and Utirik. The dose interval assessed was after they returned home 

following the BRAVO test and evacuation and prior to January 1, 1980. Les

sard, Miltenberger and Greenhouse also completed the Sr-90 and Cs-137 dose 

equivalent-cOlllJllit~ent estimates for former residents of Bikini Atoll. Ad

ditionally they determined dietary radioactivity intake for Cs-137 in the 

Bikini population and compiled whole-body counting results for the years 1974 

to 1979. These Bikini related works were prepared as 3 primary scientific 

publications. 
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I:1 ~anuary ~980, Naidu, Greenhouse, Craighe:id 3nd ::ni5ht .;1m'.".1ari::ed 

i:"1:')Mation on diet and living patterns Ear t:1e '.1arsha.i.lese. :'he data was de-

ri'>·ed from i.iterature, from personnel obser:ations thr,ugh living '-¥ith t'.1.e 

'!arshallese for periods extending fro1'1 '.'!l.Onths to ::ears, from answers to 

questionnaires and from direct participation in their activities. It was re

cognized at that ti~e that the study needed to be exte:1ded in order to ident

i ~v trends i:1 local food consumption and living patter:1s. 

Duri:1g ~arch 1980, at the request of Mccraw of the Department of Z:1-

erg:;' s Division of Health and Environmental Research, Lessard and '.Hltenberger 

identified individual Bikinians who exceeded the recommended 500 m.Rem per year 

limit to the whole body and red bone marrow. They also explained the dis

cont i.:i.ui ty INhich appeared in the S r-90 estimated body burden bet•.Jeen residence 

and post residence periods for 3i~ini adult females and Bi~ini youths. Ad

ditionally, they evaluated LLL's calculations relating body burden, dose 

equivalent and activity ingestion rate. 

In aarch, Public Law 96-205 was enacted which authorized the St:!cretary 

of the Interior to provide for _certain people medical care and treatment and 

environmental research and monitoring for any injury, illness or condition 

.Jhich may be the result directly or indirectly of the Pacific Nuclear ~Jeapon 

Testing Program. The Secretary of Energy was authorized to assume all costs 

associated with the development and implementation of the program. Later that 

year, at the request of Robison of LLL, Lessard and Greenhouse related to hi:n 

an outline of :flRSP and RUDR program history and costs. Robison would draw 

upon this information in order to set forth a general plan for the periodic 

comprehensive survey and analyses of .the radiological status of the atolls, 
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the ievel0pment of an updated radiation dose assessment and an esci~ate of the 

ris'~s associated with the predicted human exposure. 

In April, Greenhouse began to summarize external exposure rate data for 

the ~icronesian islands outside of the Northern ~arshalls. Much of this data 

was collected in collaboration with Nelson of ~'"WI.RE during 1975 and 1976. 

During the summer :nonths '.<.aplan, an undergraduate student from Yale ~ni-

versity, and ~essard perfor::ied the initial 1nalysis relating I-129 activity in 

soi: to acute thyroid dose equivalent3 in persons on ~ongelap and Utirik Atol-

ls in ~arch 1954. The analysis accounted far I-129 atom distribution with 

depth of soil and the kinetic relationships ~et~een the iodine isotopes, time 

post detonation and fission neutron energy. The dosimetry accounted for dif-

ferences in uptake, excretion and retention of iodine as a function of age of 

t~e individual. Preliminary esti:nates of thyroid dose from the ~farch 1, 1954 

exposure were deter:nined for Rongelap and Utirik residents. 
/ 

During July and August 1980, whole-body counts and urine samples were 

obtained at ~ajuro Atoll and Kili Island by Greenhouse, Moorthy, Watts and 

Rivera of BNLSEP. Former Bikini Island residents and a comparison population 

contributed approximately 200 spectra and 100 urine samples. Fifty percent of 
·' ·, .~· ~c· 

the April 1978 populatton at Bikini were recounted. Consecutive measurements 

of a Bikini residents body burden post departure allowed for computation of 

individual long-term biological removal rate constants. This data was re-

vie«.red and written up by Miltenberger, Lessard and Greenhouse and submitted to 

a scientific journal. 

In September, a meeting of RUDR was held between Bond, Borg, Conard, 

Cronkite, Hull, Lessard, ~einhold, Miltenberger and ~aid~ of BNL, and Sandhaus 

(_ 
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of ~CC~. The ~eetin~ centered on dose reassess~ent 1nd was ~onducted i~ two 

?arts 1i~ed dt reviewing ?ast accomplishments dnd 3ssig~ing future tasks. A 

rev~ew of the circumstances that led to the study was presented by ~aidu who 

also discussed the status of the Sr and Pu in teet~ samples. Lessard pre

sen~cd a draft of the chronic phase dose-ecJivalent estimates for Rongelap and 

Utirik residents and reviewed the acute phase dosimetric methods and dose

equi~alent estimates based on the I-129 soil analysis. The second stage of 

the ~eeting led to detailed discussions on the chronic and acute dosimetry. 

T:1e .)utcome •..ras to define specific tasks in order to further substantiate the 

dose estimates to the thyroid. 

During September, as part of the ongoing quality assurance program for 

'.HRS?, an interlaboratory analysis for Sr-90 in urine samples from the '.1ar

shall Islands was initiated. 

PUBL 1:CATIONS: 

Dosimetric Results for the Bikini Population, N.A. Greenhouse, R.P. 

Miltenberger and E.T. Lessard, Health Physics, Vol 38, pp. 846-851, ~fay 1980. 

~arshall Islands: A Stµdy of Diet and Living Patterns, J. Naidu, N.A. 

Greenhouse, J. Knight, BNL#51313, July 1980. 

Dietary Radioactivity Intake from Bioassay Data: A-!i;odel Applied to 

Cs-137 Intake By Bik.ini.-lf!a!f R«siSents., E.T. Lessard, R.P. Miltenberger, 

and ~.A. Greenhouse, Health Physics Vol. 39, pp.177-183, August 1980. 

Whole Body Counting Results from 1974 to 1979 for Bikini Island Re

sidents, R.P. Miltenberger, N.A. Greenhouse and E.T. Lessard, Health Physics, 

Vol. 39, pp. 395-407,.August 1980. 
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Co-60 and Cs-137 Long Ter~ Biological Removal ~ate Constants for the 

~ars~allese Population, R.P. ~iltenberger, E.T. Lessard and ~.A. Greenhouse, 

Heal:j Physics (In press). 

P~SENTATIONS: 

Rate Constants for Biological Elimination of Strontium and Cesium in the 

~arshallese Population, E.T. Lessard. Presented at the Twenty-Fifth Annual 

Bioassay Conference, Las Vegas, ~evada, Oct~ber 31-November 2, 1979. 

3odv Burden ~easurements as Determined from '.~'hole-Body Counting and 

Urine Bioassay, E.T. Lessard, Presented at the Twenty-Fifth Annual Bioassay 

Conference, :as Vegas, ~evada, October 31-November 2, 1979. 

Dosimetry ~ethods and Results for the Former Residents of Bikini Atoll, 

~.A. Greenhouse, Presented at the IRPA Congress, ~anilla, Phillipines, 

November 5-9, 1979. 

An Educational Program on the Effects of Fallout from Nuclear Tests for 

the Inhabitants of Bikini, Enewetak, Rongelap and Utirik (~arshall Islands), 

J. Naidu, Presented at the Thirteenth Midyear Symposium of the Health Physics 

Society, Honolulu, Hawaii, December 10-13, 1979. 

Dose Assessment for Rongelap and Utirik Residents 1954 to Present, E.T. 

Lessard, Presented at the Twenty Fifth Annual ~eeting of the Health Physics 

Society, Seattle, Washington, July 21-25, 1980. 

FY 1981 (Progress to Date) 

Funding levels were $415,000 operating and $5,000 capital equipment for 

~IRSP. In November, $30,000 operating were withheld by DOE, thus reducing the 

XIRS? operating dollars to $385,000. An operating budget of $53,000 was 

directed to RUDR. Lessard, Miltenberger and Naidu form the primary staff. 
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During October L@ssard completed the reconstruction ~f chronic dose 

equivalents for Rongelap and ~tirik residents for the ti~e interval 1954 co 

:?SO. ~etrospective and ~ontemporary external ex?osure rate data, whole-~od! 

counting data, and radioche!llical analysis of urine and 'Jlood data were re

vi~·..;ed. Dosi:netric models ·..;hic'.1 best described the uptake regi::'le were con

structed for the nuclides of interest. Daily activity ingestion rates, 

whole-~ody dose-equivalent rates and dose-equivalent commit~ents to various 

or5dns were deter:nined. Population dosimetry results and methods were written 

up and reported in a BNL publication. Individual dosi~etric records are 

maintained at the Laboratory. 

At the request of McCraw (DOEDHER), Lessard and ~iltenberger analyzed 

fot:"'::'.er Sikini and ~ongelap personnel monitoring data in order to estimate 

Cs-:37 body burdens for the population who oay return to Enue Island, Bikini 

Atoll. This projection involved a deter:uination of activity transfer factors 

calculated frOtll Rongelap and Bikini whole-body counting data and from activity 

concentration analyses of coconut tree products. These factors were 

comparable for both atolls and dose-equivalent commitments were projected for 

adul.t s. 

In December, Naidu contacted Dr. Shinji Okano of Japan regarding an

alyses of the "Bikini Ash of Oaigo-Fukuryumara". Lessard, Miltenberger and 

Moorthy outlined a radiochemical separation/neutron fission radioassay tech-

nique to be used on urine collected from Marshallese exposed co tropospheric 

weapons-test plutonium. Sandhaus (UCOi) visited Lessard to discuss his work 

related to acute phase dose reassessment for Rongelap and Jtirik residents. 

Thiessen, the new Director of the Human Health and Assessments Division of the 

Depart~ent of Energy was appraised of the RUDR program's activities. Also in 
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Dec~~b2r, Lessard, ~aidu, ~iltenberger, Bau~ and Olmer ~e~an preparations ~or 

sit~ revie~ 5cheduled for ~av 1981. 

Juri~g October through ·~rch, ~iltenberger, Lessard and Steimers of 

BNL.3F.:? su:nmarized the data regarding human rnilk samples which had been ob-

taine:i from four lactating adult former Bi'dni fe:nales whose Cs-137 body 

burien had been defined by whole-b.ody counting. Also, coconut ti'ee sap and 

this first year in residence on Enewetak Atoll. The survey of the x-ray 

mac~ine provided an estimate of the operator and patient dose equivalent. 

During January and February, McCraw (DOEDHER) requested a review and re-

sponse to questions posed by Johnson of the Micronesia Support committee re-

garding repatriation of Rongelap and Utirik Atolls. Additionally, t1cCraw re-

quested ~ reanalysis of dose equivalent due to ingestion of coconut crab :rom 

the northern islands of Rongelap Atoll. .Conard and Cronkite of BNL Medical 
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3.n::i ·-iull, 'faidu, ~·1iltenberger and Lessari of '3NLSEP prenared t:ie fonal ::-~-

l whole-body cou~ting protocol by ~iltenberger and r~diochemical an-

alyses pr~tocol by Olrner were prepared in ~arch. A review of quality 

assurance data for the '.!arshall Islands was also prepared by :!iltenberger, 

Naiju and Lessard. Brauer of BP~L and ~aidu prepared radiochemical analysis 

and analytical procedures for deter:nination of I-129 in soil. Lessard 

pr2pared a historical synopsis, a Sl.lI:l.mary of :!IRSP and RUDR highlights and ti 

collection of publications and protocols. 

~ ... r.. • l • 

BNL 

PUBLICATIONS FY 81 to date: 

Reconstruction ~f Chronic for Ronge.lae and ~f.1.rik 

to 

.• 

1980. 
-- . .-:...,__. __ ~-· 

-~~ 

Balsamo, S. Cohn, E. Craighead, F. Cua, N.A. Greenhouse, A. Hunt, s. Johnson, 

A. ~uehner, E.T. Lessard, G. Levine, R.P. Miltenberger, A. ~oorthy, J. Naidu, 

N. ~ivera, J. Steimers and K. Watts, BNL Report, Draft. 

Cs-137 in Human ~ilk and Dose Equivalent Assessment, R.?. 

Miltenber5er, E.T. Lessard, J. Stei~ers, and N.A. Greenhouse, BNL Report, 

Jraft. 
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col, 

Standard Air Samolins, F. Cua, 1~L ?rotJcol, Draft . 
.. 

Protocol -~-~~~~o~~fcal . .\nalysis of l'.rine Teeth and M1lk, Editor: 

--~~,q 
0!.::ier, ContribucoJI'! !).!·t. Henze and J .R. Ste:t.ers, B;IL Profocol, 1raft. 

'""t' ;::"". ..... ~· -
..-'& ,,_ . 

..\n Evaluatictn o(·Phy_siological Para:neters and Their Influence on '.:loses 
L • • ~!; ~ • 

Calculated from Two Alttma«ve O~ric '1ode~ for the Gas.tfointestinal 

Tract, E. -r. Les~~r~~~?.w~~~S:kJlr:. Pro~edtng: of the ThirJ;:nternat ion al 
F~~- •• • 

Rad iopharmaceuti.o4'l• P't•'f .. try Sym~·osium. <1iK RHfge·, Tennesse~~ October 1980 
-:-. -

(In Press). "A 

Review 

P r o gr am , :: • T • 

I-129 

nual Bioassay 

· Of lfatural and Technologically Enhanced~ackground 
·.~ 

Greenh.)use, and '.l.?. 'tilte~er, LBL 
·~ 

Report, Dra.:t. 

6th An-

osimetric 

~odels for the Gastrointestinal Tract, E.T. Lessard. Presented at the Tnird 

International Radiopharmaceutical Josimetry Sr.nposium, Oak Ridge, Tennessee, 

October 6-10, 1980. 
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Jr1Nl1 :ood ~c- are ~•CO!Bi~ avu.laola ill s-ll ~uaatit!H oa 31k!111 r.sland u a ruu.Lc of :ha •Xll•r:.
~•acal l~t"'!.c:ulcural ?r&CCice1 or a Sii.all JrOU!I of c:~1ca&er fam1liea •ivl.AI :here. ~ei.:her 31kinl. Atoll, 
·olftan ?:"aoiolotic:&l cl1anu11 !la• been c:~lac1d, :ior ?:t-cu Acoll ·.mar• clean u11 !las :iac yac J8'Wl, 
~ave a >uo11Jcanca atrtc:ulcura rasourc:e ia ~ei..cg vil1ci1 ill .sui!ic:!enc :o '~"°~ c~• anc!cioaced ~o!lula
:::.011.1 "JU1c::t ·.nl.!. one day live i::hare (:hougn sucn ;:ro~1 a.re c-~rrancly ~•inc develo11ed or ;il.umed). 
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. u a ::uule. some of ch• di•caJ:'Y !.c_. likely :o ':tav. :lie ·n.1gner raciioaucl!.dH couc1ac, e. i· ?endanus 
<111d !::Jr1ao~ic, £re :oc acc:1al proi:ll- eo dace. ~•Y :IAIY or =--r n.oc !:le of conceni. iu c!:le i:ucure as :ha 
?imc~iS ::acure and ch• :::Ute !::Jecaaaes avat:.iOL• i.n ~ancicy. -:hua, el1e di1cs ot people tivtct.t ~11 :.'l.ese 
~"° acol:s are ex;iecc1d :o cl1~• over che c01111~ rears ::•ilecci.:ig :!le :-elaciva !.~rl.uauces of i.ll:qlorl:•d 
111d :ocally grOVll food it.... &llovance has beau :lad• for :his ui :evelo~c of raciiaciou dose 
esc1.:lac•s. ::z;ier1Jleuca1 s~i•• ac !u..,.c~ ::iay 7ield eeC:.:UU.que1 co Uicerrupc or break :he rec:ycli.c.g 
ot ~ao!.oauclide1 ~~ ~ vacacac1011, soil, &1id 1ro1111d vac•r sy1c11111S, and :her•oy :-educe eh.a radio• 
ac:'!.•1tcy ;011ce11c of s- tmpo~~ diecary ic.... All of e!:le afornimicio11ed ~accon Will aecessicace 
coaci:u1~ :1:111icortns of clle diac for maziy ;ear:11. i?•rtodic S&9'tlil1C md .uual.yns of .1011 mci it'OUlld 
~acer ·.11.:l be aaces•a&T ill order co ••cablish :~eiid• iu cha cilazll•• ot radioacc1vtcy conceuc of e!:ie1a 
::ie<1ia. 

:: :he :o.o~eni :ianhalb. dri.11k:1q vacer l.s oi:lcaiaed ;ir'..mar1l1 t==m rain vacer cacc!me11cs, \lhile eh.• 
radionuclide co11c111c of collecced ral.11 vac1r -.rl.ll coc J& :ero. :his source is cioc •JC?•cced :o coucribuce 
tiiUi.iicmcl; :o :!:!• racliacioa espoaure ;itci:ure :or :Ucure 31ld.:U., !nevacax, and loftcelap ~coll r1sideucs. 
aovever, rain vac•~ vtl.ich drains ~=m ch• ~il11ivard side of Juildiuc =oofco~s :ay ?rovl.de ~seful daca oa 
resu1oe111iou ot radioacciV'icy in eh• sotl. !be coll•ctioa of rain vac•r oy future 3lkini .md !n .... c&Jit 
:-esideacs is !:!•ill.I facil!.caced JY iacludille guc:ers &ad ~acer scorac• :auir.s ill ?lanl :or houaes and 
~a:.:T scr.iccures. Some of. :!'le lart•r i.slaada ~ave !resil i:-OUad ~acer :ocaced only a f- :eec ·,elev 
:~• Jur:ace. Analysis ot :his vac1r :or i:s radionuc~id• :onceac na1 Jeea :iml.:e<i :o dace and :he 
caoact=r ~: :his :-uourcs ~ ser-re ch• aeads or !.slmd ::-esideacs is aoc ·.1ell :lef~ed; ~re sc:1dy of 
:h~s ~•c:•r ~s Jei~ su~po~1d Jy !ADA. 

?ersonnel ~oni:ortns 

:lose ?r•ciiccioas for 31k1:U md !ncvecaic .\coll :-esideucs der..ved :=oat •avi.ronmaucal daca hav. beau 
ieliberac1ly coa1er·vac!:re, .ind 111caoli.1h ?rooa.OL• ·~pper ~:.:Ucs 011 ;01e1 co ::ie ucpec::ed Ear ~div~duals. 
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'tei.iaoi.• a•aess111u1es oc ac::-.ia.i. ;icses ::nae .,. :ie:er-J.::ted :::rou~h ;ierscruiel ::icuieor:.~. !.'teer::.al raciac::.011 
;icsi::ecers do ace ao11ear :o :ie a 'racc:.c:&i. ~ans or Jencn.o.ei. ::icnJ.cor:.~ :or ~:iaJ.·r:..iuai ~'<Cernai.. .:ose 
':leasuremencs, Jlc~cu~n :eri::ain ~naiv1.duais ·.nchi:i ~i.·1en JCOl.l~at:.:ins :av ,. :-ei.Le<:I .;0011 eo "•ar :hem. 
A. ''~i=~s:?L-! 'l:oael" ·..rn.ic=:. ~:icL".J.cies <!SC:..:l&C!!S JC occu:>.a.nc·1 :.ac:::~r! ::;r ·:ar:ous :ocac:.ons :.n a ~Lv•n a.col.:. 
~as ·,e<tn :ouoi.ed ·.-1.e:t enn::-on.ce11t1• =u:.:or:.::.~ Jaea :o ·Ut:.:::.ace averJ~e -!~Ce~al :-adiat:.cn :ioses ::i 
:.:"!ai·1~~ua.Ls. :'!1:.J ~a•i ·..il.~l. ~• :-eV"lseCl •s u.eeaea 30 :=:ac :...:: ;.o:iei'." .iOproxl.:.a.tes ::ta ac:".lai ~~.:i!s~yi..e 

ot :t1e ?•ooi.e. 

::.e ::CC'! ~OCC'C&D.C: ~:tce:-:tai. ?aC::.IJ4V :an Je :ioni:::-ea .!1.:"ec::_7 JV :onvent:.onal :ecnniques or '.::iC&S3&V 
1~: ·.;no,.14 Joay :ounc~:.; Ji -.~ai·.·:.::'.la.il. -~ ~or~lC~! ~r.adow :ihl.t!:_i ·.:noLi! ~oa~r .::uc:e~ has ·:Jeen :~nse~~c::!ci 

aaa :icunted L:i a 3hi.pooara :-:ai.Ler :or ae ~n ::i.e :1arsnai.: :stands. :: ~l ::aoaole -:ic qu.anc:.c.ic::.·1e 
:ec!c::.~n or ·rer; ;1111..i.: quanti.:;..as oc ~e:-:a:.:i raa~;in'.lc:~:.::es •n :ne ~oay ;ucn u ~2;i:.; and ;oi:;i, ::ie 
,r:..:i.ar-1 ~nvl.ronmancai. ~aJllll& ~mic::ars at 3i~:.:i:., ~nr••t.ilA ana !lon,ei.ao ~coi.:1. :~e >ysce~ c:.aar::r ~denc~
:'.ies i.nd:.·11.duals in :he ilo~e.ao ooouLacion -.no are :ioc :oi.:owin~ cne reco=ended :Hecar-r rasc-::.::::.ons 
~n eac:.~~ ~ocoauc .::-aoa ::=o= ::ert~J.11 i.ocac:.ons •. ~Z.-31 3odv ourdens or ~Osr;j()y, :J9,~~0~~ ana ~~l.\.:11 
ue H~~=:ated ~y :::e :adiocne!!licai anai.·;sl.s o: ·.;ri:ie >a::oies. :::-ine 3az:iola col:ec:::.ons and ·•ncle :iocy 
.::unc:.:lil ·..:1:: ·:Je per::ir:ea averj .::n• :o ::-;10 ::ears ~c 3~it•:il ~ad :=::ir••ca..; ~~t.o~:s ·..rnen ::i.e ?eopLa :et'.l:'":'I., 
md ~vei:--r ':'WO :o :hree ;tears ac !lou~eiao A:oi.l ·.;nc:.l :he ;esui.::s war-race :.ess £:=1~uenc :11aa1urmi:enc 

:-!ars~all :sland• 'tadialo1ical :ollowu11 ~aa consiseed of i.ncec.si.ve 1aVironme11cal scudies ac 3ikini, 
~n11Veca~. and '.'U:iat•i.ao Atolls co ~ac:ier raoiolo1ical daca on ::ie 1xcerual radiaeion eaVL:-cnmaae and 011 
:-aaioac::.·r.:7 i:i ::Ood c!l.ai:i.s. !tadiae!on and raaiaacc:.·11.::-r i.avel.s i..11 ::iue a.cells are eel.At reduced ·.rteh 
~=•· ~ ... ::h&lliU are =n.i.eoreo :.:i anl1\olal ;ir ot.annuai.. eavtro11111enc&l J\U".,.ys. U'pdaeed !.D.for:iaeiou Ls 
ised :o '1&JI:• ::onseC'"1aeive eseimaces of ?Ooulaeiou doses and dose c:oaaic::.nes. \lhe11 -eo~l• nave recurued, 
ic:·.iai. . .:lceru.ai ;Josu ::o i:idi·rt.duals ua deear--i.c.ed :or ·•hole be~ :ou11c:..:i1 a.c.d :,icaaaay daca. Thu• 
:!!su.:s 1r • :01Din:ied ·.rt:!! <!l1Viromuaca.i. :iaca ;in :ne exeer::ial :-a<:1iacio11 envtroam.11c :o CC1111)i.ece :::e :ocal 
dose iSsessmenc ?1.C:~re. 
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!ntroduc:ion 

3rookhav.n ~ational Laboratory commenced environmental :onicoring of the 

~rshall Islands for radioac:ivity in April 1974. Since :hen, members of the 

3~'L staff have ::iade a total of six field trips :o the !1.arshall Islands co 

collect a representative cross-section of vegetation, animals, fr~its, soil 

and water found on the islands for the pur;>ose of assessing the radiological 

ef :ects of the U. S. Pacific resting Programs. 

The surveys covered Kwajalein, Wotho, Bi~ini, Rongelap and Utirik Atolls. 

A total of 1200 analyses were performed on 400 samples. I: i•neral, all samples 

were analyzed for Sr-90, Pu-238, Pu-239/240 and any gamma emitters which m.ay 

have been present at the ti:1e of analyses. 

!'fost of the field SCl!l>ling work was done ~ conjunction with and in cooper• 

ation with a related environmental monitoring program operated by the t.aboratory 

for Radiation Ecology (I.liE) of the University of Washi:gton. The results of both 

programs will be published in a series of joint and separate repor~s. with empha

sis on the terrestrial enviroamenc from BNL, and emphasis on the marine :ood chain 

from L..1.!. 
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Sallml~n~ ?~ocedur~s 

'nle ::iajorit7 of :he Sam?li=g ~as done on 3ikini,.Rongelap and Ctirik 

Atolls. Data obtained from ~otho and ~wajalein provide baseline in!or::ia

tion concerning the radioactive content of soil, flora and !auna indigenous 

to the ~orthern ~arshall Islands. 

The sampling procedures at Wotho, Kwajalein, Rongelap and Utirik atolls 

were essentially similar. Sat:r?les were obtained in the areas which ~ere 

inhabited by the Marshallese or in locations which were actual or ?Otantial 

food gathering resources. 

Because the 3ikinians were only beginning to =eturn to their atoll, the 

initial monitoring of Bikini Island required a program with a wider scope. 

Ac the tice !NL started its su:veys of 3ikini Atoll. t'"#O questions required 

further elucidation. The first was in reference to the external dose :hat one 

-ould recei7e ·.thila living on Bikini Island. The second question dealt with 

the ?redic:ion of internal dose ccmmit::encs due to ingestion of food products 

growu on the atoll. Consequently, the :ionitoring program was designed :o thor

oughly examine Bikini Island and several other islands in :he atoll. Sam;iling 

on Bikini Island was conducted in a grid ?&ttern which corresponds to future 

areas of habitation and food production. Other islands in the atoll were exa• 

mined in asi:Dilarlythorougb 7ay to ver1!7 initial ass~tions regarding :he radio

logical concerns at these locacions. 

The Bikini Atoll section of the Marshall !slands enviroameacal :onitoring 

program ?rOVi.des the predominant bulk of data presenced in this report. Various 

islands 71Chin this atoll were sam;iled and surveyed in relative proportion :o 

the projected developmenc according to the Bikini Atoll Master P~an (1). 
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:'his repor: concenc=ates on the results of the envirom:lencal ~oni:~ri~g 

?rogram. :he ex:er~al dose ~easuremencs with :he use of ion chamber and 

field iamm.a specc=oscopy will be repor:ed separately as will dose coix:mi:~ent 

esti:nates via various inter~al e~posure pathways. 

3ikini Atoll 

Environmental surveillance of Bikini Aco 11 ·.o1as achieved by sampl.ic.g ·1ege-

:ation, soil, fish, catchment ~ater and sediment. Eneu Is land '#as surveyed 

for exter:'lal radiation and sampled for oarine fauna, soil and vegetation con

sisting of Scaveola leaves, :.1esserschmidia leaves , coconuts and pandanus. Eneu 

had previously been identified as a potential village island, since it received 

:he least amount of radioac:ive fallout during the atc~ic bomb testing. Eneu 

has also been suggested as :he ~aic. source of food production for :hose ic.divi-

duals living on 3i~ini Island (2,1). Consequently, thorough sampling of :his 

island ~as essential :o establish radionuclicie quantities ~i:hin :he :ood 

.:hain. 

:"he island of ~am was considered co be heavily contaminated because of its 

?roxi:n:!.cy to the 1954 3RAVO event. Environmental ~nicoring co dace on :his 

island includes samples of :ullet and snapper fish, six inch soi~ cores and soil 

?refiles, scaveola and ~esserschmidia leaves. 

Several food ite:z.s irown on Bikini !sland have been suggested for e~clusion 

f=om che local diet (~,2). S&m';)les of coconuts, pandanus, breadfrui:, 

arrowroot, scaveola leaves, :essersch:Didia leaves, ?WDpki~s. squash, bananas 

and papaya, soil S&m9les in the for.:a of 15 cm cores aed 0-100 c:m soil ?refiles, 

oackerel (fish) and :=!dacna (clams), plus catchment sediment and water have been 

collected in an ef:ort to deter.nine their radiological i~pac:s as Local ::tarine and 

:er=escrial food ita?11.S. 

- 3 -



~ost of t~e ?eo?le :iving on Rongelap :sland have ~een chere since :heir 

=ecurn :~ree years af:er :he 3R.AVO incident. They have well escaolished 

dietary pat:erns based on avai:aoility of various vegetation. The =oni:ori:i.g 

?rog=am for ~ongelap at:eepcs co reflect che ~ain constituents of :he aongelap 

diet. As sue~, samples ~ere collected f=om areas ~here the local inhabitants 

collected their food. 

!he three islands of ini:ial interest in Rongelap Atoll were Rongelap, 

Kabelle and Eniaitok. Sa:nples of Scaveola leaves were taken from all three islands. 

Ocher s,amples ac Eniaicok include breadfruit, pandanus and ~esserschmidia leaves. 

On Rongelap Island, samples consisted of parToc fish, pandanus, Guettarda, 

breadfrui:, ar=oWToot and coconuts. Soil samples in the form of shallow cores and 

vertical profiles were also collected. 

reir!~ Atoll 

Previous studies have concluded :hat Utiri~ Atoll has received the least 

amount of radioactive contamination folloving the 3RAVO incident (4, 2, 5) 

!he 3NL inonitoring program reflected the results of these studies. Consequently, 

Uti=ik Island was the only location within che acgll where c~e food chain ~as 

sampled. S~les collected at Utirik consisted of pandacus, breadf=~i:, ar=ov

root, coconut, copra and messersc~idia leaves. 

K~aialein and wotho Atolls 

Kvajalein and wotho Atolls ~•r• not involved wit~ close-in radioac:iv• 

fallout a1 .,,.re other atolls of :he Marshall tslands. Consequently, sam;>les 

from ~~es• atolls served as controls. Soil, pandanus, coconut, breadfTUit and 

coconut crabs v~re collected from ~otho and ~ajalein for purposes of compari• 

son vit~ sicilar s~les coll.acted at 3ikini, Rongelap and Utirik Atolls. 
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SaI?mle ?'!"e-,aration and Anal''! is 

Soil sa:nples were dried at ll0°c for a ?eriod of 1-Z cays. !he dried 

~aterial ~as then ?ulverized in a ball ~ill for ap?roxi~ate~y 2~ days, and 

then sieved through an 30 ~esh screen. !he material which ?assed through 

the sieve was used for analysis. An aliquot was ?ackaged i~ an alu:ninuo 

can and analyzed for gaa:m.a emitters by Ge(Li) or ~aI (!l) gac:na spectrome-

?lutonium and 90sr/90y analyses were per:or.:ied on aliquots of ?Ul· 

verized soil ashed at 900°c for 12 hours. Ihe ash was dissolved in HNC 3 

and the solution evaporated to near dryness (several ti~es, if necessary, to 

?:'Oduce a dear solution). The residue was redissobe in H~i03 and this solution 

~sed fer the radiochemical isolation of .?-~ and Sr. 

Vegetation was first weighed, dried at ll0°c for l-3 days (depending on 

Sam?le size and type). !he dried material was weighed and ?ulverized in a 

~lender. Af:er the sample was reduced to a ?OWder, ali~uots were ?•ckaged 

for gamma pulse-height analysis. Vegetation s~les destined for radiochemical 

analysis wen! dry ashed at 4asoc. nte temperat~re of the oven was raised slowly 

over a three day ?eriod to 48S°C in order to prevent bur.ting of the Sam?le. 

:he ash was dissolved in HN03 and evaporated to dryness. !he residue -:.ras redis

solved in HN03 and put aside for Pu and Sr analyses. ?lutonium was separated 

fr01D an acid solution of the sample by c-~o ion exchange separation ?roceduras 

followed by electrodepo1iCiou on stainless steel discs. Th• ?u isotopes are 

determined by alpha pulse-height analysis and recoveries measured by the use of 

24~?u tracer added to Che s~les ?rior to analysis. 

Strontium-90 content was determined by diethylhexyl phos9horic acid ex

c=action of 90y from an acid solution of the samples. The 90y was strip9ed 

==om the organic phase, se9arated as the oxalate and counted in a low ~ack;:-ound 

beta counter. "!!.elds are determined g:ravii:•t=ically :hrough :he use of :'~:=i.ut:1 

car:ier added at :~e star: of th• analysis. 
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Cnce dried, soil samples were ?laced i~ a ?lastic ?etri dish and counted 

on ei:her a ~aI(!l) or Ge(ti) de:ec:or. Vegetation, water att@ ani~al samples 

were placed in an alw::inu~ tuna can and counted. Counting :ice was 4000 sec

onds for most samples. Boch systems were originally cali~rated for :he :una 

can geometry. Correc:ion fac:ors were developed to nor.:ialize all petri dish 

r:sul:s :o the standard tuna can counti~g 6P.ocetry. All counting standarjs 

a=e traceable to ~SS sour:es. 

S~les counted ?rior co the middle of l9i6 were counted on the ~aI(7l) 

detector. Samples counted after these dates were counted on the Ge(Li) system. 

7his accounts for the capability to identify the presence of radionuclides such 

as Am•24l,•Sb-l25, 3aLa-l40 and Ce-144 in samples where previously only Co-60, 

Cs-137 and K-40 were positively identified. 

Ouali:~ Contr~l 

3~1. operates i:s own QC ?rogram consisting of blind duplicates. 3~1. also 

participates in interlaboratory comparisons ~th H..\SL, the University of Washing

ton and the :.u:A. ~esult_! fr01n our program are listed in !able li. 

The first ?art of thr! table illustrates all the data from the 3:n. ~lind 

duplicate studies. These data appear :o be in reasonable agreement with each 

other. ~e second section ~resents daca from a spli: sample projec: ~ich :he 

Health and Safety ~boratory (RASt) in ~ .. J York. These results compare less 

favorably, but are also in most cases, i~ reasonable agreement. 

Discussion of Resulcs 

Reported results of the analyses ?•rfor:ned on the ~arshall Island s~les are 

?resen:ed in 7ables 2 through 9 ~ch associaced 2-sigma er=or. The cables have 

been divided inco eve sec:ions: res~ltsof gamma spec:ral analyses and 90sr ?lus 

=~~~suranic alamencs ;y radioche~isc:-r. !ab1~.3 ~ :~r=~~h 5 ?resent 

da:a ~n gairana cmi::ing ~adionuclides :ound :n vegetation, soi:, ~acer 
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and ~ni::ials, while values :or 90sr and :he decec:aole t:=ansuranic elements :or 

:~e same sacples are =eporeed i~ :ables 6 :hrcugh 8. !he data have been vrdered 

30 :hat like sample-s froui :he same island are :e-;>or:e<i together. !he results 

are not arranged by date of s~le collec:ioa. 

In general, there ta a vide ra!!1e of reaults for each raciioauclide within 

a ~i·1en sample t:flle. !he variation is du. to SJtatid differences in sam;:ile 

site selection and to bioloeical variaoility betvieen individual organism.s sam-

?led. Because :he exact s~ling aites varied from year to year, there is no 

~orrelation bet~een radionuclide concescration ~d date of sampling. :'he resul:s 

~n this re~ort ?rovide an aereal evaluation of the islands surveyed. :or 3ikini 

:sland, ve~etation reaulca iocii~t• a radiOftuclicie concentration discrioucion 

3imilar co :hat re?orted by t.avr•nc• Livermore t..ooratory in :heir sur1ey re~or:s 

d,5,7,d,9). 

Soil ?rofile samples confirm t~• erratic nature of :he radionuclide concan-

:rations in soil at t~ 3ikini Atoll. Fiiures ~ through 14 ?rovide a de~t~ ?=o-

:il.e :or che soil s~l•• Caketl at Bikini. ~am and Eneu Islands. Soil cake f=om 
. 

?it:s : , :i, J and k at 3ik.i:li. station• ';.;-l and W'-2 ac ~am and scacions 2 and J at: 

~:ieu i~dicace SOiie dear•• of ~chaciC-'l c~ri:over ia the soil (tilling, plowing, 

~uilding, etc.) as indicaced oy che ao .. xponencial distrioucion of ac:ivicy 

·Jichic :he soil, differences in the depth profile and depch of :s.aximum conce:i
~ 

:=ation. Mons.ally, th• top layers coccain :he greatest amount of radioac::.·r:.:y 

iue :o inic1al deposition, otherJise, :he strata containing ~i~um organ:c ~a::er 

:end :o ~e che :nose significant sources. 

Soil collected at pits B, G, L and M at Bikini, station ~2 ac Nam and ?it 

:ll ac E:neu display characteristics of typical radionuclide dist-=i!>ucion in soil.. 

- 7 -



=i~=acion :~:o lowe= soil le•re:s and soil erosion. ?eak concent=ations cccur 

seve=al cent..:~ecers below the su=:ace, ~hile the lowest soil strata disolay an 

exocnential decline of radionuclide concent=ation si.m.i:ar co ~atter:ls ex.a.mi~ed 

in the ~SA at the Hanford Laboratory and the ~evada testing &rounds. Figure i5 

i~ ~ :':lao of 3iki~i desi~aci~~ :he soi: saim>lin2_locations. 

Tables 9 through 16 correlate =esults from samples c01mllQn co several loca-

tions. ~e data reported in ~hese tables are average concentrations for all 

similar sampl~s on_ an. isl.and. ~o er=or i~ re~orted_due to the wide range of 

values encountered ·..within :he 'lal•.ies selec:ed and due to the :-elatively few 

values available for ~yeragi~~. ·-
Examination of the cot:ll)ar_ison data reveals that the ratio of averages 

~etveen one island and another varies relative to the nuclide selected for a 

specific sample type. ~e range of ratios does tend to conver;e around a single 

·ral!.le. For example, if th• average results for Bikini Island are used as :he 

~u:erator of the ratio, and the denominator is chosen to be the results :rom 

Rongelap, ~neu and Utiri,, the follovi~g ratios are observed: 

Islands 

Bikini/Rct1.3ela~ 
3iitini/Eneu 
Bildni/Utirik 

~ 
4 

10 
20 

':'hese ratios correspond to relative concencration differences between 31kini and 

other islands in che ~rshall Islands ?reviously reported by other laboratories. 
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Tabl~ 2 

l.ocatJ014 by hlanJ~Atoll 

~a•pla ~-40 . C•-ll7 Co-60 
Do•crtpUon , ID Dato p~t/8 ; pCf/g pCl/11 

fiol)i llhlol-B!!U.!l!. 
8at11plc aerlea A, Ptt H 

·26-lS A-6 
A·1 16-70 

11-100 
l I 

8a•plo 1erto1 E, 
2.6-S 

A .. 8 
Ptt ~ .. o .. 2.5 C• E-l 

' £ .. 2 

'' .. 

6-10 
ll-U 
16-U 
26·SO 
st-H 

Sa111ple urt•• 
2.6-S 

6-IO 
11-15 
16-2S 
26-SO 
Sl-7S 
76-100 

E-l 
E-4 
E-5 
E-6 
£•1 

r, Ptt L,0-2,.5 ca r-t 
r-2 
F-3 
F-4 
r~s 
F..:6 
F-7 

Sa•ple aertH Ci 
Salllfl le ael"loa Iii 

2.6-S 

.... a 
Crab aampl•• G-1 
J'lt r,0-2.s c• 11-1 

I I 11-2 
6-10 

11-lS 
16-30 

611 coru between houau 14 & lS 
611 core 30 yda N. of bouu 12~ 
6" core N.of hot area 
llouu 140 Du•t 

; 11-3 l 

11..,4 
11 .. s 
s-s 
s .. 6 
S-7 
n .. 1 

4/J 7/7S 

'41'6/75 

; I: 
;4/S/76 ' 

;L 

!(ll. 64 
18.26_!_09.97 
J).!H!_07.28. 
22.20_!:12.40 
20.90tl1. 79 . 
2s.10T11.11, 

' -

<24.l8 
l.6.14_!.22.17 

<t2.6S 

I 

.. 26.37.:!_08.88 
74.55,!:16.94 

I 
<28.56 

' ' 8.42100.11 : 
- I 

1.18.!.00.,9 

2.980!_-0.120 
2.000.!_0. 320 
3.40010.llO 

I 102.900:fl. 71.0 
. 112.000_tl.UO 
' 158.0001-2.690 
: 120.000+1.920 
'91.900J'.l.ll0 

l. 52010.440 
i. 9a0Io.140 

146.oOO_t2.480 
1 llS.000_!.2.420 

139,000_!:2.440 
. I04. 000_!1. 930 

OS. lOOJ). 380 
8.110 t-0. 4 IO 
o. 9l{[o. 124 

I 

38.600.!_-0.690 
! 2SS. OOOU.. 000 

271.000li1.12d 
: 290.ooo]!t.s20 

225.000.tl.700 
' 18.l.000_!:2.850 

54. 300 .!.-0. 770 
38.80010.620 

' 169.ooot:i. 590 
' 19. 10010.630 

1.1210.61 
l. ~910.68 
2.6sio.01 

<o.aBta 

l.95-I0.84 
4.54.!_0.!14 
7.211_!0.9] 
4.9510.79 
3.5l_!Ll9 

0.44..!_0.41 

5.49..!_l. 75 
6.95!1.35 
8.12_!:1.49 
7.25_!:1.26 
4.16_!:1.0l 
0.84..!_0.ll 
0. 72!_0. l 7 
2.19.!_0.23 
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1'aLlc 2 (Cont'd.) 

Location by hlanJ-Atoll 

Sa•ple IC-40 Ca-137 Co-60 
Poacrtetl!! ID Date pCA/s pCi/R pCl/1~ 

... ·· 

Soil: ltktnfi ltklnl 
·._ Hp1,1ae hs. Duat 
. UouH IU, Puat 
;· · 110\lae no. Du•t 

JIQUH 125, Duat 
I Uo~ae 1201 Duat 

Houae 115, Duet 
Houto 110, Duat 

Sample •~rte• I. Plt I 0-2.S c~ 
2.6-S .,. .; 

6-10 
11-U 
16-25 
26-U 

D-2 
D-U 
D-l 

1· D-4 
D-S 

. D-6 
. D-1 

1-1 
D-2 
1-l 
1-4 
D-S 
1-6 

Sample aerit:• J, rtt Q 0-2. 5 ca· 
. • • j 

.. ··2;6-S.O . 

' 6-10 
'" 11-15 

. 16-lO 
' . ll-50 

.. ·. . ,1-n 
,&ample 1eri•• IC 1 Pit H 0-Z.5 c:-. 

J-1 
J-2 
J-l 
J-4 
J-S 
J-6 
J-1. 
l-1 
IC-2 
IC·l 
IC-4 · 
K-S 

. 2.6-5 
,, 6-10 

11-is 
16-25 I 

26-35 
36-60 
61-n 

I.. IC-6 
IC-7 
k-8 

Sample aerie• L1 Plt J 0-2.5 c• L-l 
2.6-S L-2 

6-10 L-l 
ll-15 L-4 
16-25 L-S 

4/5/16 

l 
4/6/16 

, ... 

4/11/75 

(, ,,- ' . 
: , I 

,J' I 

•I.:; .I · 

. ' 
11.01..!_14.se .'I j' 

J•'l 

24.S4tl0.14 "' 
lo. 14ios. 56 
l8.68f07. 7() ' 
12.08Io9.38 
29.07.!.09.97 

' ~ : 

<49. 76 
<ll. 25 
<34.51 
<22.9S. 

38 .51115.66 
~2.99!22.45 ... 
41.88H7,112 
26.89])1. 74 

37.41+15 • .50 
42. 97tl5.66 
21. 78tll. 99 

<:t6. so 
4S.90_!:24.96 

,, 
;I 

89.60!:2.0I 
90. 60 t-1. 4'1 
19.40I1.19 
59.80_tl.65 
Sl. IO_!_S. 71 
92.6013.90 

141.00I2.n 
263.0013.72 
419·.00 !6. 66 
371.00_!.6.08 
369. 00 t-5.45 
42.a0Io.a1 

l.l0.!.0.32 

66. JOIO. 92 
1,6.30}:0.66 
0.1010. 70 
2s.oo±o.s11 
4.68!_0.35 
8.00tO. 20 
<o.s·s 

240.00~11.49 
198. ooj). u 
197.00!2.97 
186.00_!:2.63 
123.00H.96 
1~4.ooj).n 
132 .00_!:2.09 
120.89_!:1.98 

86.401_1.66 
80. 20H.59 
45. 90l0. 7l 
94.00ll. ll 

216.00I4o.s 

6.52H.210 
l0.70t2.160 
9.41•1.800 
4.llll.'100 

0. 95_!_0.lt42 
0.99_!_0.308 
0.9910.361 

2.18_!_0. 990 
2.l'J..!_0.960 
3.27_!_0.830 
2.05i_0. 740 
2. 32_!:1.000 
l.8/il_0.820 
2.64..!_0.760 

0.91110.400 
2.16-10.520 
4. 76}_1. 260 



.... 
~ 

,,-.. 

Table 2 (Cont'J.) 

Location Ly ldlanJ-Atoll 

SAmph K-40 C•-137 Co-60 
l!uscrlRtlpo . JD Data nt:l/gm cC:L/e11 pr.1Ji;m 

~!lL!illn!:!!tlnl (Cont} 
Sa•ph Sorto. L, PkJ C4it) 26--l'Jc• L-6 

l6-'JO L-7 
'Jl-70 L-8 

l~JI• lory·IJ1lnl.... 
S•mple ••rfe• I; Pit. fl 

2.6-),0 
'J.l-1 • .S 
1.6-10 

l••pl• aerie• C; Pl& 12 2.6-'Jc• 
'j,l-7.5 

50-'J.5 
61-66 
66-11 

Sample ••rl•• D& Pit 11 
0-2.'J 

•.l•J,S CM 

7.6-10 
ll-U 
16-20 
21-25 
'·4-48 
0-51 

1-6 
B-4 
1-'J 

c-1 
c-z 
C-l 
c-5 
C-6 

D·ll 
D-14 
D-7 
D-1 

D-6 
D-'J 
D-12 
D-4 

4/11/75 

1 
4/14/U 

4/14/J'J 

l2.67tll.48 
44.;6!12. ll 

60.30.tl. 300 
27.201_0.780 
12.0010 • .520 

. l. '1:!_0. 26' 
l. 55 J.O. 241 
2.00J.0.2'JO 
'J.l0!.0.340 
4.'Jli0.340 
l. n!o. l6o 
2.26.tl.210 
2.14.:!,.0.350 

).)4!_0.]60 
7.25.!_0.)80 
4. 25i0. ll0 
1. 99.!,0. 270 

l. .52.:!.0. llO 
(J.84.!_-0. 280 
l.26.!_0.320 

<o.n 

0 • .51!,0.29 
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Tah le l (t:oul 'J.) 

l.ocatiou Ly lljlauJ-Atoll 

lia•plo K-110 Cs-137 Co-60 
___ _,D:;.;:c;.::•~crtptlon m u.1te rct/s pCl/t,i pCl/g 
WI: H1Jm-ftlU11I (Ce11t) 
6" Coro noar U-2 S-8 4/7/76 

S-9 611 Core near V-1 
0-40 c• profile; 

6-10 
11-15 
16-U 
26-110 

Soll fit W·l 0-Sca S-10 
S-11 
S-12 
S-ll 
:l-14 

0-50 ca profile; Soll fit W-2 
11-20 S-17 
21-25 S-18 

w JS-50 S-19 
611 coro, cnJ of ea1t tranalt 6-20 
611 core, Statton l·l S-21 
0-50 cm Compoalta atatfon 1-1 8-22 
611 core betve~n atatton 1 and 2 8-21 
5 c• compoaite-l aamplea b~t.St.1'2 S-24 
611 core, Station 12 3-25 
S cm coapodu-l aa11plca at St. 12 S-26 

0-5 
6-10 

11-20 
21-15 
36-115 
46-50 
51-60 
61-10 

6" core botwetin ahore & St. fll-1 
611 core betwe~n St. IW-1 & W-2 
5 c .. com1•01illo-l 11a111ple1 St.fl 

and 'horo 
6" co&·c bct.1e1m St. fl and 

1houllne 

s-21 
S-28 
S-29 
S-10 
S-ll 
S-32 
S-ll 
S-34 
S-lS 
S-36 
S-31 

S-18 

4/8/76 

s. 210.:t 1. 140 

0.927!0.679 

10.0010.140 
12. 0010.450 
01.1010.220 
04.14_!_0. 290 

17.10..!_0.470 
2.41~.o.180 
0.69_!.0.095 

79.00_!_1.020 
9.ltl_!_0.350 
9. 92..!_0. ltlO 
9.49_!_0.340 

21.40_!_0.520 
10.10..!.0. 390 
ll.80_!_0.420 
26.10.!_0. 700 

9. 74 W. JUO 
4. s2}0. 240 
l.56_!.0.220 
l.6J_!.O. J/19 
1. 511 IO. 150 
o. 96i0. I06 
o.9{!:o. 101 
5.8710.260 

l7.9o:Io.44o 
l l. lO_.!.O. l/10 

8.17..!_0. lll 

2.700:!_0.220 
l.Obll_~0.2')0 

3. 170_!.0. 250 
:i.110.!_0. l90 

4.820t0.ll'• 
0.670IO. l 19 
o.219Io.015 

157.000_!.0.564 
7.400..!_0.380 
l.89010.290 
J. 91.ow. 280 
6.7IOIO.lSO 
1. 190}<>. 190 
2.910_.!.0.240 

5 • 130 !. 0. 4 I O 

l. ]1010.180 
o.16t1Io.115 
0.677_.!.<l. 121 
o. 161..!_0.064 

0.13510.056 
<0.0807 

1. 380..!_0. 160 
l. 360 IO. 240 
l.4lo:Io. I 55 

J.11:.!0_.!.0. 162 



.... 
°' 

~ 

Table 2 (Cont'd.) 

Location by lulond-Atoll 

&ample K-40 
De•frtptfo9 JD Dotg pct/a 

Solli Ro11gehe-llon11ot9e 
9-10 profile (150-200 yda) s-1 4/ J/76 

1211 profllo lut houae eHt end 8-2 1 12" profile bchtml JaLwo•a houoo s-3 
12" ptoftlo laat houao &-4 

Ca-137 Co-60 
pCt/t.. pGl/i; 

16.50J.O.l80 

10.50!0.462 
IJ.40.!_0.403 
7.08!_0.334 

0.470.!.0.085 

0.647.!_0.165 
0.378_!_0.0')0 
0.110..!_-0. 06) 



-:--~ 

1'uLJl! l 

Location by l~lauJ-Atoll 

.... pi.. K-40 C•-137 Co-l.O 
JD Dntc ec•/a e£•ls .t~~u~ 

Vea. Btklnt; ltktnl 
Coconut Troc- leavoa/Hortla-2n• IL V-66 4/1 l/71t 321.000J.02. 780 
Coconut Treo-leavoa/South•lat IL v-12 

L 
154.00!060. 50 301. 000 I 02. 08tl 

Coconut Tree-leavea/Sout:la-2d IL V-71 <ll.00 318, OOOiOl. 320 
Coconut Tree•leovH/Centor-Rov 34. y .. 74 411.00_!122.00 8l8.000!05.110 
Coco1111t t·cond North- I at BL V-82 4/l/14 118. OO_t 045. 40 341.000!02.120 
Coconut Frond-North of llouae 111: V-38 4/16/75 < 9.47 28.200!00.484 
Coconut-Frond Ptt C V-40 I 55.500.!_00.78) 
Coconut-Frond Pit II v-42 424.000_!.18.100 204.0_!12.50 
Coconut Heat V-120-A V-120A l.ll!OOl.31 I0.800J.00.455 

t-.. Coconut Hoat V-120-1 V-1208 26,30_!_005.91 l77.000i03.120 .._ .. -Coconut 111 lk V-121 V-121 l .17t000, 61 J.593100.082 
Pandanua"leavea Hortla lrd IL V-67 4/12/74 18.511001.47 46.600}00.519 
l'and•nua-leavea Ptt 4 V-90 J. 16.6ofo09.42 196.000101.370 
Pandanua frond laaoon road-Uouaoa JS ' 16 V-ll 4/14/7S 159.000-102. uo 
l'anJanua froa\J led IL - Sea v-12 4/18/75 52.27t0ll. 7l t.6.100100.811 
PanJanua frond houae llO V-14 ! 10.s5Ioot.01 115. 100I.ot. 600 
Pundanua frult-nort:he~•t 

t:Jlblo V-80A 4/ 12/74 127 .000102. 340 21.21- J.4) 
Inedible V-898 l 2B4.000Io2.460 11.1.! l.62 
Core V-89C 76. 80.:t l2. 80 549.000..!_05.690 

Pandanua frult-Pit 14 
t:Jlble V-91A 4il2/74 42S.000_!.02.JJO 12.0.!_ l.31 

tandanua fruit-lagoon Rd bot. V-JO 4/l4/7S 14.91.:t 2.24 !)4 5. UOO ..!_ l l • dUO 
Hou•u US 6. 36 
l'anJanua frutt-houae 110 V-lS 4/~8/7S 422.000IOS.210 Pa1ulanu• fcutt 4 Jaaoon road V-36 4/.16/75 434.ooo}o5.o70 behind liouae f 30 



~4 
OD 

-

TaL le J (Cuut 'J.) 

I.ocation Ly folu11J-Atoll 

Sm11pl o K-40 
Do1cl'let1on JD O.ite eCt/g 

Ve~. llklol·ll~IDI {Cont} 
sc.vwh loavee-Hol'tla V-68 4/12174 
Scavcul• leavoa llouao IJO v-11 4/16/15 
Scavcol• havea l'lt A V-1 4/18/75 <12.82 

Scaveot. lc•vea Pit B V-2 
Scavco~ leave• Pit C V-l 
Scaveola leave• Pit D v-4 
Suveob leavea Pit £ V-5 
Scaveola luvea Pit r V-6 
Scav4:ola leavoa Pit G - llow 14 V-7 
SovooL& leavu PJt II - lrJ b/l-N V-8 
&ca\iWI• leavaa Plt L V-9 25.97,:!_ll.99 

Scavaola leavea Plt H V-10 27.l,8+10.89 
Scaveola leavea Ht N V-11 16. 7St06. 76 
Scavoola leavca near Pal• Troe V-12 4/16/75 13. 99101. 84 
Sc•vcola le•v4:a near USGS Well V-11 1 14.41.:!_09.52 
l•HLure P.and•nurllouao IJS 

l"a:ult V-lA 4/5/16 
Core V-ln 

l Stea V-lC <48.50 
Inedible V·lD 

PUlllpkln-JlouH 140 
nula V-21 4/5/16 25.70!07.94 
Seed v-21 .l Skin V-2C 20.90105.87 

&quaah-Jlou~e 129 v-n 4/14/15 37.28])0.01 
Arrov koot Tubcre I of llouaa 14 V-52 4/17/15 
lana1t• Fruit behind llouae 124 V-53 l ll.7lt02.24 
Banana Skin behtnd Uouae 124 V-54 J2.08t05,44 
Breadfruit leave• Plt I V-55 4/18/H 65.841°ll.24 
hn•ture breadfruit l.J1tnd 1loo1el34 V-4 4/5/76 17.60!<>5.27 
buaturc breadfruit bot, 11.166.11 V-6 4/6~76 ll.60_!_02.85 
lr~qJfa:utt-co•~oaltu of •••plea V-7 

between Jlouuc• 18 & ' 

C11-ll7 Co-60 

-------- pct/ 11;!11~ -

110.0 !01.0lO 
l ll. OO-t02. 0110 

·111.00±:02.010 
1'160. 00 _t2 l. 800 
L.Bl.00106.860 
4ta.oo:Io5.790 
352. OOi04. 980 
2111.00tOl. 370 
391.00.05. 7110 

1101. 00} 16. JOO 
119. 00_! 02. 430 

098. 20101.440 
092.10!:01. 290 
llO.OOI_Ol.110 
172.00__!_02.350 

649.00_.!_05.790 17. "0 ..!.. 5. 50 
1120.00+10. 700 
106.oo}ou.2ao 
648.00_.!_<>6.170 ll.70_.!_6.35 

126. 00102. 510 11. 50_.!_2. 61 
126. oo!ot. 010 
228.00-tOl. 740 4.32_!:2.ll 
212.00}:01. 510 

1250. 00_:!) 9. 800 
JO. 20f-OO. ll0 
56.9o.!oo.9n 
·29. 70 I 00. 985 

159.00!0t.370 
85. lO-_!.OO. 730 

191. 00 _.!_01. 860 



,-

1'ablu 3 (Cont'd.) 

Location by hiland-ALoll 

SU1ple 1-40 Ca-ll7 Co-60 
PeacrJetlon Jh P11~e pCf [r,. l!Cllg l!c • lr. 

Heueuch•ldl • havu- l IL N. V-75 4/12/74 543.00_!.23.oo 132.010.905 
tleueucl11&ldh leave• Pit II V-76 3/18/15 71l.016.100 25.0lli. IO 
tleoeuchaaldh leavoa Plt A v-11 4/18/75 9.80_!.0l.90 21.(fo.400 <-0~622 

t; 

tluui:nchaaldh leavaa rtt c V-18 

.l 
544. O_!). 980 

He111cucl11atdh le.avu l'lt G V-19 227.013.370 
Hi:ueuclualdh leavu Pit I V-20 44o.o_I6.51,o 
tloucnch1aldh leavu Plt H V-21 <71. 04 49l.OJ:6.880 
Heuerachialdh havea Pit H V-22 535.0_!6.650 
H~•1en1ch11ldla leave11 V-21 115.0_!9. 540 
South road NW of Bunke 
Hcsaeuch1aldh leavu - USGS well V-24 4/16/75 )3.80!10.30 204.0_!2.570 
Papaya Heat V-102 4/4/74 15!».0J:l.610 
Papaya (lu•ature) N of l101110 f2S 

Frnlt V-5A 11/ 'J/16 12.40..!_06. 32 98. ]!:l.020 
Skin V-511 J, 87,6_!J.520 

Papaya Sktn & Seeds V-101 4/4/74 <25.00 153.0_!:1.670 
hpaya Suda - bt:hlnd House 124 V-48 4'1'" 1.47.0.!_6.010 
Papaya Seed• - behind House 124 v-so <22.87 108.0.!_4.520 
Papaya Fruit - behind llousa 124 V-47 <31.08 762.0_!:12.10 
Pupaya t'rult - h'1hhld House 124 V-119 <27 .64 617.0.!_9.570 



fJ 
0 

1'4Llu) (l:onl 1 J) 

LocaLJon Ly J~lawl-Ato) l 

K-40 Ca-ll7 
Deacrfptfon Snmple •. rl lu -·~~l/~ ---_!!ute r-·, t' . n-

.l!£"ut.1!!11LJ.utu-1 Us •n.1 
Scavcola leave• Pit 11 
Scaveol• leave• Pit 12 
Scaveola leavos Pft ll 
Hcuurach1uldta le•vea Pft 11 
tfoueuch•ldia loavu Ph 12 
tfouerscluddta leave• Pit 11 
H<!saerach•ldta frult l'lt II 
H..:ueracluatdta fcutt Pft 11 
Pa11J11nu1-fcond: Cauip Bhrdy, lagoon road 
~~tatJno• Hom-liklul 

.--

Scav~ola near aotl ptt at St IW-2 
Schvjpla between St. IW-1 & U-2 
Scavcol11. nca1· sotl pit oat St. IW-1 
Sc.avcol.1 •Id.lay between beach 6. St. 

IW-1 
Scavcola beyond E-2-enJ of east t/• 
Scavcol• near E-2; e•ot transect 
Scaveola between E-1 & E-2 
5caveola near E-1 (East tran•ect) 
Scaveola between ahoru & E-1 
H..:ueuchmlda •t SL. IW-2 
Hs:sseracludda between U-1 & U-2 
tlcucucl1111fda near St. IW-1 
tlcuecschmida near aoll pit, W-1 
Ho sacrach111ld• •ldway between buach 

& W-1 
tluueclich111lda E111t transect near E-2 
Hc~~er&chmf da " between E-l&E-2 
1ic:.;u:rach111fJ• 11 near E-l 

l1csu:n1cl11u1Ja 11 between ahoro 
t. t:-1 

V-\4 
v-u 
V-16 
V-2.5 
V-26 
V-27 
V-26 
V-29 
V-.56 

V-8 
V-10 
v-11, 
V-15 

V-17 
V-19 
V-20 
V-23 
V-24 
V-9 
V-11 
V-12 
V-ll 
V-16 

V-18 
v-21 
V-22 
V-25 

4/14/1.'J 

i.)15/JS 

4/7/76 

4/8/7b 
4/7/76 

11/U/76 

16.92t6.5l 41.40_!_0.614 
13. 24'!4 .69 16.30_!_0.4~0 

< 5.78 9.15.!_0.302 
9.88_!_4 .47 '•fl. 70_!_0.670 

17 .42_!:9. J9 "/8.30.!_l.140 
18. 09_!8 .115 57.4010.854 
16.92_!_11.60 54 . 80 L 0 . 8 I 'J 
24.54_!_8.48 85. IO!l. 390 

<15. 33 29.00_!_0.711 

312. 00_!_2. 970 
211. 00 ! 2. 000 
501. OOJ.5. 170 

10.30_!:2.)9 lS.60.!_0.474 

12.00_t5.65 140.00_tl. 560 
11. 90_!.). 12 83.10.!_0. 721 

54. 30t0. 740 
7.95±1.96 56.60Io.816 

11.20_!:2.79 54.40_!.0.645 
262.0012. 970 

15.40_t9.48 l34.00I1.290 
572.00!J.MO 
585. 00111, 580 

ll. 00.!_4. 85 2'· · 60}). 160 

12.501-6. 70 112.00_tl. 780 
8. 6111"1 •• 20 95. 70tl.060 

15.201:5.37 93.40]). llo 

8.39_!:3.52 60.20.!_0.768 

Co-60 
pCl/r. _ 

<a.4.89 
<0,529 
<0.446 

6. 672_!_0. lll 

<1.000 

7.37011.4110 
5. 180 I 2. 5 )0 

22. 900111. !.1110 

6.3001.!.020 

5.04011.070 
5. 06011 • 270 
< l. O/,t) 

8. 900 I). 500 

12.700_!_3.660 

<2.040 

6. 740.!_2. 320 

<1. 930 



,.-. ·~ 

'fdhlt! J (Cont'd). 

•~cation by llilJuJ-Atoll 

Samplo K-40 C•-137 
Des er I pt to9 ID Date l?r.tlg 1•.illil---

V'!Jl£!!l ton: llla!l·Kw•l•letn 
Cot;onut Hl lk V-109 4/12/15 2.56.!_0.734 <o.o4o 
Coconut H11•t v~uo 10,70_!:1.950 0.134_!.0,072 
V•!6£t!t!.2!li~8o!•r-Rons!!!I!... 
Sc•vcola loavoa aea aldc, claul'ch V-11 4/417'• 9.4511.120 9. llO_!.O. 210 

J. --Gueuarda loavc:a aoa aiJo, church V-6) 12.15_!.2. 370 7.810_!_0.;l27 
Breadfruit leavc11 Tree 12.a~rofvtlV-64 ll.07.:!}.040 42. 600~0. 500 
Breadfruit leave• wcatend v-u 4/:i/74 10.80010,~65 

ll'e•dfrult leaves castend V-19 4/417'• 8.09.!_l.830 23.90010.100 
Breadfruit likln & core weetend V-95 

1 
19. 200 _!_l.030 

Breadfruit ektn & core eastcnd V-97 10.20_!.2.480 21.500_!_0.l'iO 
l·.l 
~ Breadfruit •kl111 corc; Tree 12 V-99 lO .110 .!:2. 040 4 7. 800 _!_ 0 • '• l I 
I Breadfruit Heat:' Tree 12 v-100 6.54.!_2.JOO 41.700.!.0.459 

\ . 
Breadfl'Ult Heat: eastend V-98 6,86_!:1.820 19.800!0.265 
Buadfrult Heat: welitend V-96 4/S/74 20. 50_!.'•. :j lO 22.900_!_0.541 
Breadfruit V-27 4/l/76 10.40_!.l.860 lS. 300!_0. J72 
Arrowroot V·lOlA 4/4/14 19. 900!0,1170 
Arrowroot V-1018 l 4 I. 6onI l. 4 to 
Coconut copra V-70 04. 89.±l. 520 15.900_!.0,200 
Coconut trouJi Tree ll eaateud V-83 JO. 70010. 220 
Coconut Heat V-114 4/ 12/75 l4.60.!_4.S40 08. 75010, 781 
Coconut Heat V-116 

1. 
37.3019.660 36.800!2.120 

Cocouut Moat V-122 12.10}).480 12. 000_! o. 51.0 
Coconut Hilk V-llS 2.19_!._0. 750 l.000.!_0. llO 
Coconut Hll k V-116 l.14_!0.890 I. 790_!_0.163 
Pandanu• leave•& Tree fl eaatend V-62 4/4/74 14. 24!_2.8/iO 65.300_!0.570 
Pandanua rrult V-26Dl 4/l/76 19.90t-5. 760 08,000.!_0.930 

Coro V-26U2 1 7. 41, ]) • 9 30 21. 000_!:2. 050 
Inedible V-2601 61. 900 _!.0.11]0 



'l'.aLlc J (CouL'J.) 

l.ocatJou Ly lailc.111J-Atoll 

Sa111plo K-110 Ca-137 Co-60 
.lli:!.£!:.!ll t t on JD n.1tc pCf[g eCf /& t!Glfe ___ 

V1!s. 11°os•le11-leouhe f1; 0 11tl 
l'and.:uw• FruU V-26Cl 4[3/76 117. 00 tl. 270 6,23!1.65 

Ste• V-26C2 120.ooJ) .110 
Coro V-26C1 3l.60t09.04 235.0012.060 
Inedible V-26C4 ll. lol05.04 89. lO}l.OliO 

Pandanu• •·rutt V-26bl 15. ooiot. 84 69. 90 _!. O. 4 JO 

Stc:ia V-26B2 31.90105.90 56.20t0.820 

Coro V-268l 63.401'.17.00 96. 6011. 540 

lneJiblo V-2684 12.10!02.26 39. 2010.1,00 

PanJanua fcult V-26Al 3.17.!_01.18 18.10Io.200 

Steia V-26A2 35."JO.!_l. 650 

Core V-26Al 50. 70_.!_l. 2!.10 

JneJtblo V-26A4 6,09102.50 J0.80_!.0.200 

Pandanus •·ruh - edible Treo 12 V-86A 4/11/74 9.65.IOI.25 23.50t0. 240 <o.BJ 

Inedible - Treu 12 V-860 -.J, 
7.54!_01.88 12.lOf0.240 

N 
Pandanu• Fruit Edible V-85A 4/5/74 6.63101.17 10.2010.100 

u lncJtble V-85b J. 11.00I<>2.29 25 ~ 60i 0. 31,0 

Pandanua fruit Edible Tree II E V-84 4/li/74 <4. ll 72.40!_0.640 

Inedible V-84A 1 56.5010.600 

Pandanu• fcult Edible V-26U 4/3/76 10.80103.30 72.30f0.670 

Core V-261!2 l 
29.801"09,80 112 .ool t. 210 

lneJlblo V-26Hl 11.00Io2.60 50.6oio.440 

VefSo?tatlo11 t:nhttok-Rongehe, 
Scavcola l~avca; occanaldc V-69 4/6/74 9. )0.:!_01. 69 l. 7310.174 
~-Mijcrachwldla leaveu; oceanatdo V-78 

l 
7.48_!.<>2.36 22.60t0.310 

Bread Fruit leaves V-80 8. 23_.!_0l. 81 14.9010.243 
randanu& fruit-Edible V-U8A 191.00j).410 ll.7!_2.0l 

Coconut Heat V-118 4/12/75 6.65_!.01.60 5.26_!_0.120 
Coconut tU I k V-119 i l.Ol_!.0.143 
Vc6et .1t I on _!';ahe 11 e-Ronue lap 
Scaveola lcuvua V-81 4/6/74 17. 80_!_ Ol. 72 lS.70..!_0.240 
Vci;etat Ion IJt I rlk-Utt rlk 

~~nJanua Yrult-Edtble 4/1/7'• 
• 1.58101.32 V-87 20.20.!_0.214 <0.89 

lncdlblo V-87A : 7. 69lO~·. Sl 21.20_!0.llO 

,.,--. 
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Table 3 (Cont'J.) 

Location Ly luJ.mJ-Atoll 

S1unple K-110 C:t-117 
~lptJon JO r>atc pC:l/.a pCl/c 

'lll:..__!!t!!il.:!!t!!.1 k {Cont) 
lruadfrult akin & core; 

Jaka• llouao 
Buadfrult Edtt.h: Juku Hou•'= 
Arcovroot - akin eaut enJ taland 

Coconut Copra 
VJ:acutton Wotho: W••tho 
P.1nd.uua Fcult - edtble 

Breadfcult akin & core 
BceaJfrult •eat 
Coconut atlk 
Coconut •oat 

V-92 

V-91 
V-94A 

V-104 

V-106A 

V-107 
V-108 
V-111 
V-112 

4/5/74 

4/5/74 
4/1/74 

1 

4/19/H 

J 

17.70_!2.26 

l ). 00_!:1. 06 

7.68!2.80 

9. 55.:t l. 92 

l. 74.:tl. 04 

11. 90_!.0. 265 

9. 1110.141, 
16. 20_!:).8110 

6.1110. 210 

l. 46.!_0. 262 

l.04:!,0.143 
l.36_!.0.260 
l.10.!_0.120 
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Table 4 

l.ocallon by ldhnd-Atoll 

--~!et ton Saaa:la K-40 Cs-ll7 
Cntcl11nent Sudfaacnt-Dlldnl J Date t•Cf/c 11.!!!LH 

llouu US llouu UO ~~~l:=~f U 4/S/76 19.20 _!2.04 
llouao '25 Sedliaentll 63.00 .H.93 
llou1a 115 Sedliaentl5A 38.ltO -t).09 
llouu 115·1 Sedt 111entf2ll 42.80 "+I .09 
House 120 Sedliaentl4 36.lO It.21 
lloulio fl0 Sedl111entf6 16.00 .:!_0. 72 20. 50 !l. 20 

.!!A!f_I\ - Bikini 

ll-4 
'1-5 
w .. 1 

W-4 
w-s 
11· l 

4/6/16 
J, 

4/1,/76 

pCl/l 

l.920_!_0.3116 
0.6tH 10.315 

l.06; 10-419.71 x 10-5 



( 

:esc:-i::>e:ion 

Catc~~ent Sedi~ent - Bikini 
~ouse ,, 33 
House r;)Q 

!iouse 'l :.s 
House ;ilO 
House 'lZO 
House !115-l 

3ilc.i=ti at E:ieu 
·.;acer ·.;-!. 

Soi!; 3ikini at 31kini 
Sample Series E, ?it 

Ani::.a:: 3ikini-3ik1ni 
~ui:ac (7isceraJ 

!( 

!able 4 (Cont'd) 

Location by :sland-Atoll 

Sample 
tD 

Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

W-l 

E-4 
E-.5 
i-6 

r-lC 

- ZS -

H 
!12 
4.5A 
1/6 
,;4 
dSB 

Co-60 

4/5/76 Sot detac:taol<l 

1 
4/4/76 

4/ 17 /7.5 

i 

12/8/7.:. 



Table 5 

l.ocal1un hy I t>laoJ-Atoll 

Snmrlu K-1,0 C'.11-137 Co-60 
nc~!!r~ton JO 1111 I t' pC I / 1! 1·C1/J'. 1•L I .'i: 

~!111.) l t llillu~f..lln!. 
- ----· 

Hackarel (Scalea) Lagoon F-6A 12/8/74 10. 6on. 02 l . 610_~ 0. 1, 6 l 
Hackerel (l'lo•h) Lagoon F-6B 

J. 
19.40}).47 0.608!_0.126 2.57010.llJ 

Hackerel (Vlacera) L•soon F-6C ll.901]. 95 5.0JO-lu. 9l1 

Hackercl (lt•in••• &llh, bead)Laaoon F-60 5.49}). 21 l. 'ltSll~0.11'".2 
TriJ11cna L111ouu ,,_ 7 4/16/75 11.40_!:2.49 l. 210_!_2. 210 

~nl•al. !l~lnt-geeu 

Fhh (ScalH) ···JA 4/14/75 ll. 90!2. 35 1.420_!_0. 286 
11.50.!:2.17 l,l20l_0.21'..6 

~ql•ol 1 Blklnl-H•• 

Hui let (Fle»h) l'- lA 12/8/71: 9. 34:!_1. 97 2.190.!0.14') 

1 
10.10_!.2. l/1 2.610_!_0.lUI 

Hu 11 et ( llono) F-18 l.650.!_ll.456 
ttullet (Vtacer•) l'-IC 7.0013.00 8.870_.'._I. LW 

Hui ht O'tn. Scaler) ··-10 4. O'ltl. 62 0.43110.161 l. 320_!_0.lifHI 
12/U/14 4.38!1.76 0.481_!.0. l JO J. Ol'..Ol_0.'1t,11 

N Sn•pper (Scale•) •"-4A 

l 
8.05_.!_l.48 1.6lOi0.2t,l 

CJ\ 
Snapper (Flub) •·-4a 16.90_!2.22 1.120•0.2)) 
Snapper (Vlacera) F-4C ·7.22fl.68 4. 520~.0."45 

6. 67H. 55 4.17010.411 
(Bono) F-40 l.54!1.14 0.901:!_0.174 

In t-Kndl!' fl\ 

Conv, Surg (Sc11lo•) Wut Ind loef l'-5A 12/9/74 4. l8tl. 23 I. 98010. 2611 
Conv, Sura (Floah) .. F-SB i 15 .oo}). Olt l.770I0.25fi 
Conv, Suri (VJacera) .. •·-sc 5,78H.44 l.330.!_0.150 
Conv, Surg (Bon~•) II F-50 3.03]). 29 1. 650.!_0. 26J 

Anl••l, Kvalaleln, ~uat 
Coconut Cr .. b (Shut l) l'-OA 12/'J/74 
Coconut Cub (Hut) F-811 ! ll.40_t2. S6 0.674.!_0.139 
Coconut Cub (Vllcera) F-8C 8. 34!1. 96 0.481,:!.0. l 12 

~!! l•u 1~~ t!fil-n~~I!... 

Parrot flih (Pleah) F-2A 12/B/74 l1.70i;2.S8 
~arrot Fl~h (Scalea) F-20 l 

9.36_!:2.ll 
Par~ot ~l•h (Bone) •·-2c s. 29_±1. 72 
Purrot PJsh (Vt,ccra) P-2D 4. 60_.!.l.112 

,,-._ 



,,.,..,.. 

T.11.lc h 

l.ocatJou l1y li;l4111J-Atoll 

Sa11111' lo Sr-90 Pu-2111 1'11-2J'J/2/i0 A111-'2/1 I 
Ile.script ton JI) Ila t '~ p<:I fo 1~~!lc ____ff!/!L___ ___ L'~J fr. -· 

ful! l &_JUk!Jt!:J!!tlu!. 
Smia1•le lierle• A, •lt H 0-2.5 c111 A-1 11/17/JS 0 l. )/1 .!. 0 . 81 It.. OIJ _!.:l. 20 

2.6-5.Q A-2 67 .16.!_0. 711 09.0li_t_l .HO 
6-10 A-1 )9.76:.!_0.40 04. lff~l.HO 

11-15 A-4 17. 62.!_0. )8 02.21JHl.46 
15-25 A-5 30.12_!0. JO 0.52.!Jl.1') 
26-lS A-6 21.14_!.0. 27 0 . 32 _!$). 10 
16-70 A-1 21.12_!0. 22 0. IO_tj) .ffl 
71-100 A-8 8.51110.12 0. Ola_~ll. 0/1 

Sample ~c~lea K, Plt K 0-2.5 c• li-1 94. 01 !_0. 9l1 10.21_!0.01 
2.6-S £-2 120.J6_tl.21 l. lU .!fl . 2le 

6-10 E-J l~0.99.!_l.51 lla.94_!_2.98 
ll-15 £-4 101. Sl_!.l.02 4. 75~1. % 
l6-2S £-5 111.6211.32 '•· 611~1. 'JH 
26-50 1::-6 54.0S IO. 54 O • I 9 H!j). ()(1 

Sl-75 1::-7 l .61_!_0.07 0.092~11.0'J 
N 76-100 £·0 0.16_!.0.0l 0. Ol/1~{l.O1 '--' 

Sa111ple aerlu F, Plt L 0-2.5 c111 1''-1 162,66_!1.63 22. %tz. 52 
2.6-5 ··-2 216.8512.19 29.01_~2.80 

6-10 ··-J 121.11}). 21 42.12~.110 
11-15 ··-4 ·2 ~I . 2 5 .! 2 • 5 7 21 • 50 .!J • 511 
16-25 •·-s 159. 28!1. 59 6. IJ9 !l . 3H 
26-50 l'-6 21.151_0. 36 o.102~g.01 
51-75 

··- 7 
6.05_!.0.15 0.0251 .02 

76-100 1-·-a l.88_!_0.09 0. 0141').(ll 
San1plu ael"ioa Gi Grab aample11 G-1 14.3910.17 2.0201iL/iO 
Sample •edea Iii Pit F 0-2. 5 cm 11- l 4/16/75 520. 2ij). 28 la4. I) i"~2 • Ill 

2.6-5 11-2 

l 
527.52.!_5.73 4U. 21._~'.!. 60 

6-10 11-1 5B.la2_!_5. 7l 46. 911_!). 1.0 
11-U 11-4 562.61_!..5.61 40. 69y •. 00 
16-10 II- 5 391 •. 591).95 23.0J~:!.22 
ll-50 11-6 10.67.!_0.17 O . 01t 2 tO . '1 0 
51-70 11-7 4.66.!_0.12 o.ornj11.20 

6" core ~ct\lcen houaea 14 &. 15 s-s 4/5/76 45.06_:!_0.49 
611 core :to yJli N. of houso 124 s-6 

l 
n .01110. 61 

6" core ti. o (- hot ort:a S-1 123,61110. 74 7.41_!_0.% 
110111111 ll1U Dutil D-1 1.16Io.H 0.106.:!_0.021 l.829_!_0.0U2 



'1'<1lilc 6 (l:1111l 'J.) 

l.uL:Jl full l>y l;;)JuJ-ALol l 

l'u-2J9 
S11111ple Sr-90 Pu-218 l'u-21,0 

Dtilicrl~tlon ID fla~_c pCt/& p£!.1£ l'ClfJL 

Sol I: Blklnli Bikini 
4/'.J/76 

Hou•• ll0 1 D111t D-l l 26.41_!1.08 
Hou1e l2S 1 Duat D-4 
Hotaee 120 1 Duat 0-5 29.llll.69 .281!0.066 1. Ho10. 20 
Hou1e IU 1 Duet D-6 
llo111e 110. l>tHt 0-7 41.011_!.0.67 .027_!.0.020 l.569!_0.41 

Sa•ple aer-le11 I. l'lt B 0-2.5 cm 11- l 4/6//6 Htl.81_!.5. 79 J9.8l0_!_2.90 
2.6-S ll-2 535. 14 t 5. J5 51. 600_!:2. 71 

6-IO 8-l ll69.J4t8.69 60.180_!.2.H 
ll-lS ll-4 565. 12_Is. 65 21 . 7 JO .!.2 • J 5 
16-25 II- 5 21t2.72!_2.4J I. l20_!J). 511 
26-35 11-6 22.IOI0.22 0. 220_~(1. :w 
16-50 U-7 o. 1,6 I- - 0.009 

51-15 11-11 0. 161 - 0. 011, 
f-.) 

Sampla aerie• J, Pit C 0-2.'i cm J-1 llt.84f0.]9 6 • 'i JO t() • 5 ') Q> 

2.6-5.0 J-2 45. 50_!.0.46 7. I 4tllJ • J '• 
6-IO .1- l JS. 511IO.16 6. 010_!.0. 72 

11-15 J-4 42. 18tl .Ol 4. 760_!0. 50 
16-lO J-5 J7.J6.!.0.41 5.9W~l.66 

JI -SO .J-6 ' . 14.8210.34 
51-75 J-7 I. 80+ - 0.02]!_1).ILJ 

Saatple 11er-lea K1 Pit II 0-2. 5 c111 K-1 4/17/75 l':.18. ]]I l.'Jtt 16. 250.!.1. 2'i 
2.6-5 K-2 19l.85J_l.92 17. ]00.!J • 5 5 

6-10 K-1 175.32.!_l.75 15.710.!jl.IJH 
11-15 K-4 19 J. 8 7 I I . 94 19. IOO~l. ll I 
16-25 K-5 IHO. 36.!.l.80 14 . 6 20 .!J • 1 5 
26-JS K-6 206.41t.!_2.06 15.2tW~ .00 
16-60 K-7 20'). "" 2. 05 12. ')IO~:i. 8) 
61-H i.:-8 l'JI. SH_!l .':.12 12.11.0~.02 

76-1110 K-':.1 ·1.1 •• I 5t0. 2't 0. I 1'l -

S11111ple ~&irle11 L1 Plt J 0-2. ') CIK 1.- l IV).51t_!_l.'J6 7 .11%~1. 77 
2.6-5 1.-2 tilt. 42 _!_0. It~ 7. tno~1.1Jt, 

b-10 1.-1 60.115_!_0.61 5.120~1.(,8 

1 l -15 1.-4 IOH.65.!_l .O':.I 11. 1>'1 0 ii . 'i 2 
16-25 1.-5 373.69_!.1.74 21 •• 9 70 !_I .11'.J 

,,,,...._ 
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'l'alJlc b (Cout'J.) 

l.ocalfou lJy hda11J-Atull 

S Qllap) c 

___ .::;P£!!£.!!et I on 1 ll lint I? 

~!..! ;~~~nl-" lk l_!!!J~ua~) 
!id11111l c !ic.-1 tHi I., l'Jl J f :.ut) 26-l5c11 1.-6 

16-~0 1.-7 
Sl-70 L-8 
71-IOO L-9 

101-120 L-10 

la/IJ/J'j 

1 
Sol I j 1'.:ocu-Ulklnl 
Sam1ale i;cdca B; Pit. fl ]0-l5ca 11-l 4/14/75 

0-2.~ B-2 
61-66 B-l 

S.1-7.S B-4 
7.6-10 h-5 
2.6-5.0 U-6 

J 
Sa111plu lil!rlu C; Pit 12 2.6-5caa C-l 4/ lla/75 

5.1-7.5 C-2 
50-55 C-l 

7.6-lO C-4 

61-66 C-5 

66-71 C-6 

86-91 C-1 

0-2.5 C-8 

15-40 C-9 

Sr-90 
pr.1/u __ 

2Sl.9412.520 
lla9. oo}). 490 

:.rn. 80.!_0. 290 
0.36:!_0.020 
0.57.:!_0.040 
0.90_!_ -

0.41+ -
1.24Io.011a 
0.45! 
l.08:!_0.060 
l.6)!_0.070 
l. 1610.080 
J.18_Io.110 
3.16J.0.100 
l.82_!.0.070 
J. llial_O. llO 
3.0010.0llO 
11.12_!.0.140 
3. 91:~0.010 
4. 30_!.0.160 

10.1,1,.!_o.120 
9. 76_!.0.180 
8. 38~0.150 
5.Jfll_0.120 
11. I l_!.0.080 
11.46_!_0.130 
6. 21.!._0, llO 
5.37.!_0.lJJ 

Pu-239 
Pu-238 Jlu-240 
pCf/g J•C:lfo 

2.000_!.0.0l 
0.068_!_ -
0.012.!_ -

0. 0011.!_ -
0.009_!. -

0.004+ -
0.160J:o. JO 
0.005.!. -
o. 270_!.o. 25 
0.25010.20 
o. 10o_fo'. IO 
0.670..!_0.55 
0.560.!__0.25 
0.81iO!J1.24 

0. 6110.:!_0. ]() 

0.0901 -

0.050t -

0.009_!. -
0.008.!_ -
0. 710 _!!I. 60 

1.280_!!).)) 
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,-

~~~~'~)~~·~•~c~rlpllo1L 

Sol I: lllkhil-llt1d11! JC011r> 
Samplo ~ertea D; Pit It 11-lSc• 

86-91 
.59-61 
lt9-.51 
21-U 
16-20 

7.6-10 

2.6-5,6 
~4-~6 

36-43 
0-2.5 

lt4-118 
Not l'c cu ent 

5.1-7.5 CUI 

TuLlc b (CunL'J.) 

l.m:atJ011 l1y )t;)a11J-Atoll 

Pu-2J9 
Saia11h Sr-90 Pu-:l3tl l'u-240 

ID ll111u pCl/g pCl/.11 pCl/g 

D-1 

h-:t 
D-l 
D-4 
h-5 
D-6 
D-7 

D-8 
h-9 
D-10 
D-11 
D-12 
D-ll 
D-111 

l.92_!_0.070 
0.45.!: -
1. 34..!_0.060 
2.64_!0.090 
.5.41:!_0,010 
5. lH0.010 

lo. s1.:fo. 110 
6,)4..!_0,l.50 
7.42-t0.150 
1.90Io.100 
4. 78.!_0 .110 
7. 65_~-0. 150 
J.36_!_0.100 

11. 80_!.0. 390 

o. 34.5_!_0. 27 
0,210..!_0.l~ 
0 .004_!: -
O.Oll.t -
o.o4sI -
O. H'•..!.O.]] 
0.)02.!_0.]0 
1. 670..!_0. llO 

0.56210 ]'J 
0.023£ _:_ 
0.116_!.0.12 
0.923_!_0.44 
0.080.!. -

I. 9'JO_!_O. b 7 
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~ 

Tah Jc t1 ( Co11 l 1 ti . ) 

l.tu.:<1L1011 hy bland-Aloll 

S11u1p I u Sr-90 Pu-230 l'u-:l"J!.l/240 A111-241 
. llescl"lptlon 111 

§ !.!!LJil!!!!: .D.!U 11 L ( Copt) 
6" Core near M-2 S-8 

6" Core near M-l 
0-40 c111 pro ft le; 

6-10 
11-IS 
16-H 

S-9 
Soll PJt W-1 0-5cia S- IO 

S- ll 
S-12 
S-ll 

26-110 S- l/1 

0-50 c111 1•n:.fUc; Soll Pit W-2 0-'.l:ia :;-n 

6-lo s-16 
11-20 S-17 
2l~25 S-16 
JS-50 S-19 

611 core, enJ of ea~t tran1alt S-20 
6 11 core, cnJ of ealit transit S-20 
6" core, Station £-I S-21 
0-50 c~ Compouf te litatton E-1 S-22 
611 core betueen station 1 anJ 2 S-21 
~ cm composite-) liilmplc& bct.~.1&2 S-24 
611 core, Stal ton 12 S-25 
6" core, Station 12 S-2j 
5 cm compoliltc-l samples at St. 12 S-26 
0-70 cm profile; St, 12 iiOfl pit S-21 
0-5cia 

o-.s s-27 
6-10 S-28 

11-20 S-29 
21-15 S-10 
36-45 S-11 
46-50 S-12 
51-60 S-11 
61-10 S-311 

6" core l1cl ucen 1il1ore & St. Ill- I S-15 
6" core l>clwccn SL. IW-1 6. W-2 S-36 
5 cna t:umpoullc-) 11a111plc:> St.fl S-17 

a11J i;hoac 
6" .:ore l>crw1:en St .. fl and 

1il1<ff..: 11 oe 
S-18 

_ _.ll_...it c pC I ! ll eC t /g pC •ls ~:!LJL_. 

4/7/76 51.89!0.51 
H. 57 l_0.19 
3~. 25~0.112 

21. ]/1!_0.50 
2 7. 11!0. 51, 
56.4710. 76 

261. 'j'} ~I. 17 
'>7.1'>_!.0.54 
~I. /l•_!O. 79 
4'J. 52_~0. '.>O 
41l.6]~0.'>0 

6'J.4H0.60 
{,tl. (I/it 0. 'j 7 
47.5110.'>0 

]7 .11 '> '°· '·'· 
I U 1 . IHI! I • 00 
186. ·11. ~I .45 
~II. '.>9_~0. 56 
67.7/il0.61 
54. IO!O. SI 

105. 57~0. ,,, 
75. ]II I 0. 611 
8li. 22 !.l. 02 
91t. 70.!_0. 7l 

4/U/76 J'j, ]11!0. 62 
17 .01~0. 64 
81.80~1 ·'·l 
14,62_!_0.19 
14. 6')_"!_0. 39 
9. 91!_0.)) 
4.54!0.22 
J.H!_0.19 
l. 00_!.0.17 
2.72~0.16 

211.46~_0.51 

2'>.tHl~0.~0 

l'->. l0!_0.41 

14.22_!_0.36 

11. 9010. 58 
IO.HUI0.69 
11. :11110. ,_,b 
21.9010.921 

50.1011.Y> 
llA 

ll.21110.6:.! 
11.00!0.71 
) '). 711!0. JO 
19.7010.UJ 
01. 62io.1,5 

tlA 

2.14!0.48 

I0.60!_0. 56 
9.11~0.')5 

b. 12_!_0.4') 

. U!O. 17 
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Table 6 (~uut'J.) 

l.ocaL1ou Ly blun~-Alull 

&ample Sr-90 ru-218 Pu-219/2J10 Am-241 
D1~1crf Lit. on JP lldl 0 eC I/.& pCf /& ,.ct /Ji pCI I & __ 

~!& Ptsel-~wal!.l.£..!n.. 
~111111>l1t. aertu t1 

I J 

H-1 4/12/15 

Solt; Ronsme-Ronstl!e.. 
9-10 profile (150-200 yd•) S-1 

12" profile h&t hou50 eo•t end S-2 
12" profile bcldnd Jabwc 1

• house s-3 
12" proftle la:.t hou•e S-4 

' . 

... 

4/3/7~ 

1 

0,41J: -

20.89..!,0.34 
21. 26.:!_0. 59 
20.0910.ll 
12.96}0.26 
6.27_!..0.18 

., 

O.OOH 

l.8210.t.41 



l., 
w 

. .-.. 

I. 

Hc1serach111ldla leave• Pft A 
tllu1scrschmldla lcavea Pit C 
Heuencluddla lcavea Pit G 
Heuersch1111Jla leaves Pft I 
Hcs:;c:r:1clu•tJJ11 leaves l'lt H 
HclilienchailJla leave1 Pit N 
Hcsscrscl1111Jdla lc11vc:1 
:>outh road NW ot Bunker 
He6scruchmldla leaves - USGS well 

Papaya (l~aaturc) N of Uouae 125 
l"ru it 

Pa~ay~ fruit - b~hlnd Uouae 124 
Papaya 1''naft - bchlnd lluuae 124 

'1'.1h I c I 

l.uc&illu11 hy Is I 1.111<1-Alo I J 

Sample 
Ill 

iV-38 
V-40 
V-42 

35 & 36 V-ll 
V-32 

. V-311 
V-JO 

V-31 
V-15 
V-16 

V-17 
V-IH 
V-19 
V-20 
V-21 
V-22 
V-21 

, V-24 

V-5A 
V-117 
V-49 

4/ 16/75 

I 
34. 2110.620 
IJ, 6 5 I 0. 30 0 
34.J)f0.lt50 

T' 

Ii/ 111/15 1102.16_!.4.020 
4/lU/75 ~60.~7t2.600 

I . . <•• .• 461n.4s6 
lt/14/75 199.32_!.l.990 

4/18/75 19l.60tl.9J6 
i ... 38.32t0.380 

4/16/7'5 34.17!0. 342 

4/lU/7' 14.62_!.0.16 

l 
. u 1_. 60 _!. l. 14 

•, 35. 2Q_!.0. l5 
97. 75:!_0. 98 

364.0Hl.84 
. 104 • 19 t l. 04 

. 56.67!0.57 

4/l6/7S 110.54_!.l.ll 

4/5/16 7 .09t0. 20 
• 

4/14/IS 79.19t0.87 
.J, 74.28:.!:0. 74 

0.125_!.0. IO 
0,097! 
0.029_!: 

0.01111'!_ 
0.011 t 
0.07'·l 
0,010_!. 

O.OOlt 
0.00H 
Q,010}:: 

0,070_!: 
0,182_!_0.12 
0,417_.!.!).ltJ 
0.459~1.21 
o. 851~p. 'JH 
0. 6 71 _!!l • l 1 
O. IHllJl, 11 

0.985~1.60 

0,001!: -
0.009.!: -



'l"1l1 l c 7 (Coul',I.) 

l.ucaLiou lty loli.in.l-Aloll 
Pu-239 

Sa111.-le Sr-90 l'u-2 38 1'11- 21,0 

l>&!11crlpt Ion ___ HI D~·~-·· ___ J.r. t I Ii ~!!J~ pr.t It___ 

. yell,, 11a I nJ :lt!ti!!L{!!!!ntl 
Scauvola I cavcli l'Jt A V-l 4/ 111/J'j 4 7 .07.!.0,47 0. l l '.> ~). J:l 

Scav~da leavoa rlt ll V-2 16U.5li_tl.69 O. lllCjJ). 18 
Scaveub lcav~a Pit C V-1 162.93!_1.61 0.1%~).16 

Scavcul11 leavea l'lt D V-4 127. 19 _! l. 21 0.070~ -
Scaveol11 l eave11 P lt E V-'j 80.90_!_0.81 0. 'j22_t1. 51 
Scaveol.a I eave a l'lt f' V-6 17. 64_!.0. 38 0.366~J.40 

Sc11vcola leave• l'I t G - ltov 14 V-7 50. 511:!_0. 51 o. 21111.!J. 25 
Scavi:uld leave» Pit ll - J1·J b/l-N V-8 166.89_!:1.67 0. HUtl. ]') 
Scautula lcavca I'll J, V-9 12t..60..!_L25 o. ll,tl_ll. J s 
Scavcola lt!avcit I'll I v-9-1 155.05_!.l.5') 0. I Ii '.>.!I. I 5 

IJ Scaveola I t!Jvea I'll H V-IO li9.:DI0.49 o. 911J). 5li 
p. Scavt:ola leaves l'lt N V-11 . 311.lil,_!.0. ]9 0.0lli_t _ 

Scavc~a lcavea near Palm Tree V-12 Iii 16/75 31. n_!O, ll 0.0801:. 
Scavt.-ol.a leilVl!ll llt:lll" uses Uel l V-ll l 39.66_!.0.t.O o.20'.l..!u.20 
lu111aturt! Pa11d11n111i-Uo11au: 115 

•'£ult V-lA li/5/76 172.36_!.l.09 

Jnet.ilble V-1U l 64.08_!_0.64 
l'u111pkln-lluu11e lliO 

•·toh V-2A 4/5/76 9.62_!.0.22 
Squuh-lloui;e 12'J V-51 '•ll '·17 'j 5.31.!_0.14 0.00)1 
Anow llOot Tubcra E of Uouae 14 V-52 t.117/75 9.6910.85 0.219.!_0.15 
Banana hult behtnJ llouae 124 V-53 J. 9.1110.23 O.OOH 
Banana Skin LchlnJ Um11ie 124 V-51, 90.0010,90 0.01111· 
llrcadfrutt leave:; l'ft I V-5!\ 4/ ltJ/75 177.8U:!l. 78 o.11.t1Io.12 
I11111at11re t.a·eadfrult W1lnJ lluu11cll4 V-t. 11/)/76 ll0.97_!.0,65 
IH111•1l Ul"e bl"ca•lf nil t bet. II. 161.11 V-6 416~ 76 

4 I . 3 l _!_0 . l 5 
lln:a•Jtru IL -co1111w:a ft e of liilllll' I cli V-7 118. 09 J.O. 58 

bclwi:cn llo1111c11 ll:t 6. 9 

~ 
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Table 7 (Co11t 1 J.) 

l.ocatlon by 11:1la1ul-Aloll 
Sr-90 l'u-7. )'J/ ru-2110 

!!.!:..!£rl11tl<JD • !~le n11tc 1!r.1/g .1!~!1 1~---

..V&:&J:ULJmu Emm-UUul 
~caveola le~v•• PJt ll 
Sc•veola leavua PJt 12 
Sc•veola leave• Pit ll 
Hc•••raclualdia leuvea Plt fl 
Heaacrach•ldla leavca Pit 12 
Hc1•eiach•ldta lcavea Pit ll 
Heuerachmldla fruit rtt 11 
Heuereclualdh fruit Pit ll 
Pandanua-flond; Ca111p Blar:dy0 haoon road 

Jfu.claUou: Na11-U!Unl. 
Scaveola near aoil pit at St IW-2 
Scaveola betwaen St. IW-l & W-2 
Scavaolanear aoll pit at St. IU-l 
Scavc:ola alJway betwuen beach & St. 

111-1 
Scaveola beyond !-2-enJ of eaat t/a 
Scaveola near E-2i •••t transect 
Scaveola betwae" £-1 6. £-2 
Scaveola near E-l (!aat transect) 
Scaveola between ahore 6. E-1 
Huacuch•lda at St. IW-2 
tleuend11al da between U-1 & \1-2 
tlc:ueucl1111I Ja near St. IW-1 
tlo.11uud1ialda near 11oll pit• W-1 
tleuerscludJa 1aldw11y betwoen beacb 

& W-l 
Hcuaerac:l1uilda Ealit tranaoct near E-2 
ttcuencludda .. bc:tween 1!-16.Jl-2 
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:'able 9 

Soil Cons 

Avera,• Concenr::ar:::.011 i:i. pCi/ g :lry Weighr: 

31.killi 
Mna 
~ngelap 

Sr-~O 

53.5 
71. 2 
15.3 

Soil Prof!le 

?u·ZJ91Z40 

l.4 

Table 10 

A:n-24 l :<-.. o 

7.4 l2 
14.0 3.l 
l. a2 

Hi.ghesc Concenr::ar:ion in pC1./g Ory Weight 

31.kid 
Sam 
!neu 

Sr-90 

328 
138 

7.9 

~usersc!tmidia 

?-..1-239/:40 Am-24.l !<-<.O 

32.J 4.5.3 
0.93 

0.93 

:'able ll 

Cs-lJi 

11.2 
17.4 
11. 9 

Cs-137 

22S 
18.S 
4.9 

IS 
T 

Average Concenc:-acion in ;iCi/g Ory Wei.ghc 

·~.., 
s:-~o 

31.ldni 114.6 
~ .. 207 
Eneu 2.5.7 
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?andaau• - !di.bl• 
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0.01 
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~n Sr-?O ?-.J· Z39 1 2:.o A:i- z:.1 ~:-..:.u Cs-L3i 

31k1ni 91. s 0.2S 19.7 J6S.4 
~am llS 10.S i7. i 
!:ieu 7.5 0.01 lS. l 22.J 
Rongelap 9.1 9. l 
!<abelle 17.3 15. 7 
Enidcoi< 9.J 3.i 

Table 14 

Coconut !'!eac 

Average ~ncenc:-acion in ?Ci/g Dr; ~eighc 
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Sr-90 
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~.:-ZJ91 z~o A:i-4"-l 
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Conceacrac!on in ,c1/g 

?-..i-2391240 ..u:-14 l 

!able 16 

;i,: ... o Cs-:Ji 

14.3 94 
6.7 S.3 

21.S 19.2 
6.7 

10.7 O. lJ 
J. i l. l 
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:<-.. o Cs- l3i 

1.5. 6 116 
10.8 :s.s 
a.2 14. 9 
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Average Concencracion in pCi/g Ory Weighc 

Sr--?O 

!ikini 9.7 
!longe.!.ai) 
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External radiation measurements were made at several atolls in the 
northern ~rshall Islands, which are known or suspected to have been the 
recipients of tropospheric fallout during the Pacific Testing Programs. 
Sufficient data were available to ascertain realistic dose predictions for 
the inhabitants of Rongelap and Utirik Atolls where the 30 year integral 
doses from external sources exclusive of background radiation were 0.65 
and 0.06 rem respectively. These estimates are based on realistic life
style models based on observations of each atoll community. Ailuk and 
~otje Atolls were found to be representatives of regional background radia
:ion levels. 
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Introduction 

In 1976, Brookhaven National Laboratory initiated a program of external 

radiation survey for the Rongelap, Rongerik, Ailuk, Wotje and Utirik Atolls. 

The purpose of these surveys was to provide sufficient infor:nation concerning 

the ambient radiation levels resulting from the mid 1950's weapons testing 

program to make external dose calculations for the individuals living in the 

surveyed areas. During the last two years, sufficient measurements were made 

to provide external dose information for most of the populations in the region. 

The data from Rongerik, Ailuk, Wotje, Rongelap and Utirik Atolls were 

acquired during trips in September 1976, May 1977 and October 1977. All the 

exposure rate infer.nation gathered from these atolls was obtained with a pressu

rized ion chamber. 

The equipment used in these studies consisted of a Reuter Stokes Environ

mental Radiation Monitor, ~odel RSS-111 and a gamma spectroscopy system consi3ting 

of a sodium iodide detector coupled to a portable multichannel analyzer. Environ

~ental exposure levels were assessed via the RSS-111, and the ~aI gamma spectro

~eter ~as used to determine the energy dependence correction factors for the 

~SS-111 instrument. 

The field trips were staffed by BNL personnel and guest sc.entists from other 

institutions. Participants are listed later in the report. 

This report represents all of the external exposure data collected to date JY 

3NL from these atolls. From these data, we have ::nade external exposure esti::iates 

for the people living on Rongelap, Ailuk, Wotje and Utirik Atolls. 

- 2 -
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Inst=u~encation and ~et~ods 

A) Ion Chacber ~easuremencs 

All environmental exposure rate ~easurements ~ere obtained using a Reuter 

Stokes environmental radiation monitor model RSS-111. The instrument is 

designed to measure environmental radiation as low as 100 -Rad/year.· The 

RSS-111 consists of a sphertcal high pressure ion chamber filled to 25 atmos

pheres of argon. Incident r~diation produces ion pairs within the active 

volume of the chamber which result in a current flow. The current flow is 

measured by an electrometer and is directly related to the free air exposure 

rate (1). 

The active volume of the stainless steel ionization chamber is known to 

...,.):._'~. The current produced in the chamber is a function of incident radiation 

frQm an external field,cosmic ray-response and contamination found in the 

stainless steel. The equation relating instrument response to energy of the 

incident radiation is~ 

where 

Rj • Kj Ij + Ra + Kc le 

Rj ,. current produced in the chamber by the incident 

gamma field 

Kj a proportionality constant stating the variability of 

instrument response to the energy of the incident 

gamma field 

Ij • intensity of the gamma field in ~R/hr 

Rei ,. current produced by activity in the stainless steel 

Kc ,. proportionality constant for cosmic rays 

le a intensity of cosmic rays 

- 3 -



For a given area, the values of Kc and Ic will be constant along with R.:l. 

Since we measure Rt, the only unknown are Kj and Ij. The value of Kj can be 

determined once the ambient gamma spectrum is known. Data from the manufacturer 

indicates an error of as much as 6 to 10% could result if energy corrections are 

not made to the gross readings. 

The RSS-llls used in this study were calibrated at the factory using radium 

sources f#hose calibration is traceable to the ~ational Bureau of Standards. Cali-

bration of the instruments were also checked by EML (formerly HASL) prior to field 

use. 

Energv ·De~endence Corrections 

In the 1977 surveys, BNL used a sodium iodide detector, whose output was 

coupled to a ~ultichannel analyzer. The purpose was to enable the BNL teax:i to 

acquire spectra of the terrestrial background radiation ac one 'lleter above the 

surf ace. This was done at the same height and in the same areas where the RSS-111 

measurements were taken. Consequently, energy dependence factors could be cal-

culated by examining the environmental gamma scan for the energies of those nuclides 

most predominant in the terrestrial environment. 

The equipment used to accomplish this part of the work was a computing Gamma 

Spectrometer, ~odel LEA 74-008 ;;U built by Lawrence Livermore Laboratory (2). 

The system uses a Harshaw 5.08 cm diameter x 5.08 cm thick NaI(Tl) scintillation 

detector. The spectrometer can be operated from AC power or on internal batteries. 

Spectra are visually displayed on a CRT, and transferred to magnetic tape for 

storage. Using the math ?ackage with the system, each spectrum was examined in 

100 KeV increments, and folded into the R.SS-111 energy respons·e curve to determine 

the energy de?endence factors. 

The range of factors n~eded to compensate the RSS-111 response due to energy 

- 4 -
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dependence was 1.01 to 1.05. The ~ean correction was approximately 1.02. Conse

ouently, we felt no need to correct the remainin~ 1976 or 1977 data for the 

minor energv deoendence encountered. 

Results 

A total of 112 RSS-111 measurements were taken on five atolls. Each data 

point is the average of at least 20 individual readings. This assures the 

precision of the value while the initial calibration guarantees accuracy. The 

one sigma error is on the mean exposure rate. All exposure rate values include 

natural background except where otherwise noted. Figure l graphically presents 

the data obtained at Eniwetak Island, Rongerik Atoll. On this island, random 

measurements were taken along a central northsouth transect. Table l presents 

the raw data collected with one sigma error. The average exposure rate for this 

island is 6.3 ~R/hr. This is about 1.5 times higher than the cosmic/terrestrial 

date rate found on uncontaminated coral islands. Eniwetak was the island surveyed 

in the Rongerik Atoll due to presence of U. S. servicemen at the weather station 

there at the time of the BRAVO fallout incident. 

Tables 2, 3, 4, 5 and 6 present the raw data from Rongelap Atoll. The islands 

surveyed were Kabelle, Naen, Eniaetok and Rongelap. Naen is located at the 

northwest corner of the atoll, and Kabelle at the northeast corner. Kabelle is 

a significant copra resource~ and both of these islands may be used for brief 

visits, but neither of them is permanently inhabited. These islands received a 

significant amount of fallout debris and consequently, are still substantially 

more contaminated than the islands of Rongelap and Eniaetok, located in the south

east and eastern parts of the atoll. 7he current values for external exposure rates 

on these islands are listed below and in Table 14. The entire population presently 

Island Averase 2xoosure Rate in ~R/hr 

~aen ~3.1 

Kabel le 21.7 

Eniaetok 9.9 

Rongelap 7.3 
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lives on ~ongelap :sland. ~he people obtain most of :heir food from Rongelap 

•i:h occasional supplemental trips to Eniaetok and to other southern islands 

in the atoll. Little ·;r no ac:ivities currently takes place on ~;aen or Kabelle, 

or other islands in the north. 

Figure 2 is a graphic ?resentation of the measurement points and. exposure 

rates along the main road of Rongelap Island. The exposure rate is fairly 

uniform averaging 7.3 .R/hr over the island. This is about twice the background 

radiation level of uncontaminated atolls in the Xarshall Islands. 

Tables 7, 8 and 9 present the data for the islands surveyed in the Utirik 

Atoll. These islands, Aon, Eorukku and Utirik, represent the major islands within 

the atoll. Aon, located in the southwest corner and Utirik located in the south

east corner of the atoll, are the major areas for living and food production. The 

external exposure rate for all these islands is about 4 -R/hr, i.e., very near 

the regional background level. 

Tables 10, 11, 12 and 13 present t~e RSS-111 survey results for ~or:nej and 

Wotje Islands of Wotje Atoll and for Bigen and Ailuk Islands of Ailuk Atoll. These 

islands were surveyed to determine whether they were representative of baseline 

external exposure rates for the ~!arshall Islands. The individual island averages 

are found in Table 14, ~ut range from 3.7 -R/hr to 3.9 -R/hr. These exposure rates 

are about the same as that for Kwajalein and other areas not exposed to gross con

tamination from fallout; we assumed them to be representative of ambient background 

radiation levels for the region. 

Jiscussion of Results 

The average exposure race as measured for each island is listed in Table 14. 

In all areas, except for ~ongelap Atoll and Rongeri.k Atoll where only Eniwetak 

Island '.Jas visited, t!:lere ~s essentially an unifor::i exposure race within c:.-.e islands 

of a given atoll. ?or hypothetical inhabitants of Eniwetak :stand at Rongerik Atcll, 

( 
- 5 -



and for the ?eople living at Ct4rik Atoll, external dose estimates were made, and 

the results are presented in Table 15. These dose estimates were made based upon 

the following assumptions or observations: 

1) The exposure rate was relatively uniform throughout the atoll. 

2) The average exposure rate represents the average for all islands within 

the atoll. 

3) Wotje and Ailuk Atolls are representative of~ qatural background in the 

~orthern Marshall Islands. 

It is difficult to estimate an external dose for the inhabitants of Rongelap 

Atoll apart from typical residents who spend most of their time on Rongelap Island. 

The reason lies in the nonuniform distribution of radioactive material from island 

to island within the atoll. ~nile the southern islands of Rongelap were determined 

to have uniform exposure rates on a per island basis, there were significant dif-

ferences in the exposure rates between islands and substantial heterogeneity in 

exposure rates on any given island in the northern sector. 

( In UCRL 51879 Rev. l (3,4), this problem was approached by estimating the 

fraction of the time that an individual spends on various activities. This esti-

mate is reprinted here as Table 16. Using this as a basic assumption, we have 

constructed external exposure rate estimates for the various living activities 

oased upon our measurements reported in Tables 1-13. The value for the lagoon 

exposure rate was assumed co be the same as that for uncontaminated atolls in the 

region (-3. 7 o,1.R/hr). The value for "other islands" was obtained by assuming that 

the ~arsb.allese would spend an equal amount of time on each of the other islands 

which we surveyed. All other estimates are made by taking the average of all 

~easurements made within the area of interest. 

( 



Table 17 represents :he ex?osure race at each pattern of acti•1ity as listed 

in Table 15 calculated assuming 100% occupancy for Rongelap Atoll. Table 13 

presents an estimate of the exposure rate ~or each age group, weighted by the 

percent of time spent in each area for inhabitants of Rongelap Atoll based on 

the Lawrence Liver:nore lifestyle ~odel (3,4). Summation of the exposure rates in 

each area provides the average exposure rates to the Rongelapese. 

Using the average hourly exposure rates, the long ter:n external dose was cal

culated. These data, presented in Table 9 for Rongelap Atoll, have been cor

rected for background (terrestrial and cosmic) radiation by using the average 

exposure rate of ~ocje and Ailuk Atolls as a representative sample of the nor:nal 

(unexpo~ed) ~arshall Island environment. 

We feel that this is a very conservative estimate for Rongelap Atoll since 

che ?eople rately visit: the more heavily contaminated islands in che north, and 

tend co restrict cheir "other islands" visits to the southern sector ·..rhere exposure 

rates are similar to that on Rongelap Island itself. This observation was supported 

by an independent living patcern assessment from which data became available in 

the fall of 1977 (5). 

Specific living pattern information for Rongelap was obtained on a field crip 

in October 1977 (5). This information is presented in Tabie 20. It should be 

noted that as previously mentioned, the Rongelap "lifestyle" involves very little 

ti~e away from Rongelap Island where a constant exposure rate· of 7.3 .R/hr is 

assumed. Revised external dose predictions based on the observed Rongelap living 

patcern are given in Tables Zl, 22 and 23. !hese doses include corrections for 

physical decay for 137cs and 50co ~hich are responsible for >991. of the total 

external exposure rate above Jackground. The cesium and cobalt ratios #ere obtair.ed 

using t~e averages of soil. sample activities from analyses by BNL (6) and che 

University of ';.;ashington <:.RE) (i). It: was assumed for chis assessment: :hac :io 

radionuclide loss mechanisms are operative other than physical decay. 

- a -
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ICRP ~9 suggests that in 30 years, the general public should recei~e a dose 

of less than 5.0 rem from total oody sources other than medical or natural bac~

ground (8). In all cases exami~ed here, this requirement is met. The ~roblem 

arises that the external gamma radiation is only one source of exposure to the 

'.-!arshallese. The diecary pathway could contribute a substantial increment as an 

internal dose commitment. 

Reviewing all atoll dose commitments in this light, we feel that inhabitants 

of 3.ongelap Atoll may have difficulty meeting the ICRP ;!9 criterion of 5 re!ll in 

30 years, but should be within the 0.5 rem/year standard for individuals. The 

interal dose assessment for the people of Rongelap will be the subject of a sepa

rate report. At this time, we do not rec01I1111end any remedial action until a complete 

dose commitment can be deter-:nined by means of examining the external, dietary and 

whole ~ody counting data available co date. 

T~e other islands and atolls surveyed are well within che ICRP reconmended 

levels. As such, little more than minimal followup should be done on these atolls. 

The main task of the environmental programs should be one of detecting significant 

changes in the environment or lifestyle which might warrant a reassessment of these 

dose predictions. 

- 9 -
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Taole L 

ENI~~TAK ISLA~'D - RO~G~RIK ATOLL 
RSS-L~l 

EXPCSt:RE SC:RVEY 
~fay :977 

Ex:iosure Rac:e 

Location 
Cross Island t:ansecc:, LOO !II from the ocean in a sanay 

open area 
Cross Island c:ransect, 120 m from the ocean in a •,,.rooded 

grove 
Cross Island transect, 170 !II from the ocean in a sandy 

area 
Cross Island c:ransecc:, 

Lone standing pole 
Cross Jsland cransecc:, 

debris 

near center of the island near the 

Cross Island c:ransecc:, 
Cross Island transect, 

so '::I 

20 '!I 

20 m 

from lagoon on top of organic 

from lagoon in clearing 
from lagoon under shrubbery 

Table 2 

~AaELLE :SI.AND - RONGELAP ATOLL 
RSS-111 

EXPOSURE SURVEY 

Se?tember 1976 

Location 

Cross Island transect beginning at the ~acer catchment 
Innermost penetration along this transect 220 m from lagoon 
JO m west of innennost penetration 
65 m west of innermost penetration 
90 m west of innennost penet:ation 
115 m west of innermost penetration by water catchment 
125 m •,,.rest of innermost penetration in a,..ea of sand and 

scaveola scrub 
20 m south of water catchment 
170 m west of innermost penetration 

Second transect 275 m south of Cross Island transect 
First level messP.rschmidia canopy 
Scaveola clearing 
Scaveola clearing -JO m to the lagoon 'each 

- 12 -

. :.n 
.R/HR 
5.26:;J.28 

6.47y.22 

6.SSy.22 

8. J3y. J6 

8. 42::0. 25 

4.8 '"°.25 
3.ll~.42 

Ex?osure Rate 
in 

-R/hr 

13.°=°.J 
16. J+U. J 
18. l~.J 
12. 9::0 . .:. 
22.l~.J 

J4.8.J 

29.7:_0 . .:. 
Jl. J:::o. J 

ta.2::0.2 
20. 3-•J. J 
26.9~ . .:. 



\. 

Location 

: ab le J 

~~!AETOK !SL~~'D · RC~GEU? ATOLL 
itSS-111 

EXPOSt."RE SL"RVEY 

Se?tember 1975 

Eascwesc cross island transect - ~iddle Island 
50 m due west of Ocean Beach 
85 m due west of Ocean Beach - clearing south of path 
85 m due west of Ocean 3each - clearing ~or:h of path 
135 ~ due west of Ocean 3each 
175 m due west of Ocean Beach 
Z15 m due west of Ocean Beach near cluster of three houses. 

Area has patchy coral gravel. 
265 m west of Ocean Beach: 40 m from Lagoon Beach 

Second transect: 250 m due north of ~iddle Island crapsect 
iO m due east of lagoon 
Adjacent clearing returning :award Lagoon Beach 

Third :ransect near south end -0f the island 
90 m due east of the lagoon 
30 m from Lagoon Beach near a house: some gravel present 

Locat::.on 

Table 4 

'.1AE.'l' !SUND - RONGEUP ATOLL 
RSS-111 

EXPOSURE SURVEY 

September 1976 

?irst :ransect due ~est co northwest from near southeast corner 
of :he is land 
clearing 40 m in from the beach 
150 m inland due west co norc!lwest 
rec~rning to beach due southeast, 25 m to next clearing 
southeast ""'40 m co next c!earing 

~idisland second transect due norch from the lagoon center of 
is Land 
25 m south of center island towards :he lagoon 
60 ~ south of center island ~owards the lagoon 
90 m south of center island cowards the lagoon 
~20 m south of center island towards the lagoon 
150 m south of center island towards the lagoon 
~andy head land on southeast corner of :he island 

- 13 -

:::xposure ~ace 
in 

-R/hr 

5. 6:::0. 4 
11. 4::0. J 
12. :.::o. 2 
11.7-:!J.5 
11. 5-:!J. J 
8.6=\).2 

5.8:o.:. 

l l. 5:::0. J 
12.~.4 

12.~.3 
6.7:-J.4 

Exposure Rate 
in 

_R/hr 

22. s:o.::. 
55. J+o. 6 
42.1=o.s 
40.~.5 
6Z.z!<J.; 

:..5. S+O. i 
.:....:... i=o. s 
59.o+o.o 
33.l~.5 
i0.7:,J.4 
6.Q=). 6 



:'able 3 

RONGEU.P rsU.ND - RONGEUP . .\!Ot:.. 

Location 

RSS-111 
EXPOSL'RE SL"RV"2·: 

September l9i6 

Cross !sland transect on path near church 
70 m from Ocean 3each 
140 m north from Ocean 3each 
200 m nortn from Ocean 3each 
270 m north from Ocean 3each 
350 m north from Ocean 3each 
420 ~ north frOlll Ocean 3each 
500 m north from Ocean 3ea~h 
570 m north from Ocean 3each 

Village read transect starting at western end of the village 
100 m west of first house in the village 
front of first house: lagoon site of the road 
100 m due east of first house 
200 m due east of :irst house: past houses 3, 4 and 5 
300 m due ~ast of first·house: near houses 6, i, a and 9 

<area covered with crushed coral) 
~00 m part church 
ZOO m past church near co-op 
in front vf Jerr; Knight's house 
in front of 2 houses near :he do~k 
LOO m east of the bock 
170 m east of the dock 

Observation tower at west end of the island in open field 
0.3 km east near main road in clearing 
1.0 km east near main road about 50 m from the lagoon 
1.3 km east near main road in the middle of the road 
in coconut grove about 1.2 km east of observation cover 
1.9 km east near main road on lagoon side of the road 
2.4 ~ east near :nain road, lagoon side on grass covered coral 
2,9 km east near !!lain road, lagoon side of grassy area 
3.~ ~ east near main road, grassy area on the ocean side 
J.3 ~m east near ~ain road, grassy area on the ocean side 
4,J km east near main road, grassy near trees lagoon side 
4.8 lcm east near main road, grassv area on ocean side 
5.3 lcm east near main road, grassv area on lagoon side 
5.8 laa east near :nain road, a grassy area ~ith Pandanus at edge 

of village 
5.3 km east near main ::oad in the village ·,y the school and 

cemetery 
along side church in ~il village 
6. 7 km east near !!lain road, east of 'Jill age in grassy area 

Jeneath coconut :rees, ocean side of :he road 
8.3 ~meas~ near ~ain road near Japanese cistern 
8.3 km ~orLheast beneath Gue::arda grove, ocean side 
9.J :.:m nor:heasc approaching nor:h end or island 

Exposure Rate 
i.n 

~R/'1r 

6.8!').6 
7.°=°.J 
8. 5!'). J 
3.5!').2 
9. l..-0. 5 
7. 7!<J . .:. 
7.S~.3 

4.9!o.4 

8.2~.3 

7. 8:+:o."' 
7.J!<J.4 
3.9::-J.3 
5.9+0.!+ 

1.1::0.J 
6.7_:0.J 
6.0::0.J 
5 • .S::t:O . .:.. 
6.0_:0.4 
6.6-H).7 
5.l:=J.3 
9. 6-i-Q. 3 
a.s3J.J 
5. 8!'J. 3 
8.1!').2 
7. 8-;-0. 2 
6.J?J.J 
i.l-0.2 
8.8..-o • .:. 
8.J!0.4 
7.l_:o.J 
6.l:0.4 
7.~TQ._2 

6.63J.3 

3.~J.2 

8. 9!0 . .:.. 
ti. 6:;0. 2 

~.8 ~~ northeast on main road. ocean side in a coconut grove 
10.2 ~m northeast near end of island in grassy area and 3caveola 

;- • 9:0. 2 
7. 3=·). 2 
9. 5=•),..:. 
9. 3::<L 3 
6. J-;-0 ... 

trees 
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!able 6 

RONGEI..-\2 ISU..'iD - RO~:GE:..A? A!CL:.. 
RSS- :11 

Ex.?051:?.E 3l'R1:r: 
October ~97i 

:;;,posure Rate 
i.n 

-R/hr 

Cross Island transect on path ~ehind Tar~ud's (Jerry Knight's) house 
shrub line, ocean side 3.9-0.J 

4.6~.2 
:. . 9•0. 3 
s.s+o. 2 
j. 3::;0.:. 
5.~.3 
6.1:';.J. 2 
6.4+o. t 
1.o+o.1 
6.z=o.3 
7.J+o . .:. 
1. s'.;o. 3 
i . 5'.;-0 . 4 
s.9+D.3 
5.5~.3 
~. 2:0.: 

39 :n lagocnward (scaveola grove) 
50 :n lagoonward redge of coconut grove> 
118 :n la.goonward 
~38 m lagoonward 
197 m lagoonward 
237 m lagoonward 
2i6 :n lagoonward 
316 m lagoonward 
355 m lagoonward 
395 :n lagoonwa.rd 
434 :n lagoonward 
~74 :n lagoonward 
513 m lagoonward (near rear of Tar~ud's ~ouse) 
~a.in island road, front of !ar~ud's house 
'...a.goon Sea.ch ~ear 3oas' house 

'..._,cation 

100 m from the Ocean oeach 
:00 :n from the Ocean Beach 

Table 7 

AON ISI.\...~D - UTIRIK ATOLL 
RSS-111 

ES20SURE SURVEY 

Sepce!:lber 1976 

30 m from Lagoon Beach near middle of the island 

'...ccar::.on 

:fiddle Island 
Southwest 

: ai:l Le 3 

EOR~KKU !St.A~D - L-:":RI~ A70LL 
RSS-Lll 

::XPOSL:\E Sl'R\"EY 

- l.S -

Exposure Rate 
in 

-R/hr 

4.1::0.3 
:..2:::0.J 
:..1::0.J 

Exposure Rate 
in 

-Rf hr 

.:.. • .3_!(). j 

.:.. ~::o . .:. 



Table 9 

l~!RI~ !SU.ND - ui!RIK ATOLL 
RSS-111 

EXPOSt:RE Sl:RVEY 

Sept:ember 19i6 

Location 

Eascwest transect across island near sout:h end of village 
60 m west of Ocean Seach 
150 m ~est of Ocean Beach 
10 m east of Ti. llage road 
100 m west of oc~an near the middle of the village 
200 m west of ocean near t:he middle of the village 
300 m west of ocean near large hollow and taro patch 
100 m from large hollow and taro patch 

Eiqiosure Rate 
in 

.. R/hr 

200 m from large hollow and taro pat:ch near the middle of village 
village road by the cemetery 

3.i::').3 
4.J:;J.3 
4.1::0.a 
4. l-+-0. 2 
4. 2=0. 2 
4.S!o.9 
4.5+o.4 
3. 9!'J. 7 
4.0:<J.2 

Location 

Middle of the village 
transect due north -150 
transect due north -250 
transect due north -350 
transect due north -450 
transect due north -530 

of Ocean Beach 

Location 

Table 10 

'..;OR.'1EJ !SU.ND - W1,TJE ATOLL 
RSS-11 l 

EXPOSURE SURVEY 

September 1976 

!11 north of the church 
rn north of village 
:n nor::h of village 
rn north of village 
m north of village and -30 m south 

Table ll 

~OTJE !SL.\.'ID - WOTJE ATOLL 
RSS-111 

EXPOSURE SURVEY 

September l9i6 

of 

northsouth air strip, 2! 3 of ::he distance from the lagoon co the 
oct!an 

100 m ~est of air strip 
ZOO :n ~est: of air st:r!.? 
300 m ~est of air strip 

- 16 -

Exposure Rate 
!.n 

-R/hr 

3.9!().3 
3.7!(l.3 
3.6=G.3 
3. a+o. 3 
3.7+0.2 
3.9!o.2 

E:<posure Rate 
in 

-Rlhr 

3. 7~.2 
3.3-0.J 
J.s:o.J 



Location 

Table,,., 

BIGEN ISU:W - AIL::K ATOLL 
RSS-111 

EXPOSL1tE SL"RVEY 

Aoril 19i6 

150 m from the Lagoon Beach, north end of the island 
North end Lagoon Reach 

Table 13 

AILUK !St.AND - AILL1< ATOLL 
RSS-111 

Location 

50 m from Ocean Beach 
150 m due west of Ocean Beach 
350 m due ~est of Ocean Beach 

EXPOSURE SL"RVEY 

September 19i6 

450 m due west of Ocean Beach, -100 m from village 

Exposure Rate 
in 

.Rlhr· 

4. z::o. 3 

Exposure Rate 
in 

-R./hr 

Ailuk vil!.age near intersection of village road and Cross 
Island road 

~.o-+-0.~ 

3.i'.;o.3 
3.9!0.5 
3. '.'"""() . .:. 
3.i!o.4 

Table 14 

Average E:q~osure Rates (~av 1977) 

:sland ~ .!1 Averaae Exoosure :I.ate ... 1 :-

i<abe lle Rongelap 11 Zl. 7 -Rlhr • i.3 ~R/hr 
~aen Rongelap 11 43.1 -R/hr =l!i. 6 .. R;:,r 
Eniaetok Rongelap 11 9.9 -R/hr - :?. 7 .. R/hr -
Rongelap Rongelap 57 7.3 .R/hr • L. 5 .. R/hr 
Aon Utirik 3 4.0 ,,.R/hr : 0.3 _R/hr 
:=::cr-.Jkku Utirik 2 .:. . l -R/hr .... 0. 1 .. R/hr -
L"tirik L'tirik 9 :.. . 1 .R/hr ~ 0. 3 -R/hr -
Bigen Ai!.uk 2 3.9 -R/hr - 1). 3 -R/hr 
Ailuk Ailuk 5 3.7 .R/hr 0.;, -R/hr 
:.;or.:iej Wotje 6 3. 7 ~Rlhr 0. 1 .. R/hr 
:.;ot je Wotje 4 3. 7 .. R/hr .,. 0. t -R/hr -
E:1iwetaic: Rongerik i 6.3 .R/hr - 1 - .. R/h:-- "• I 

er'!:'or 

Cor'!:'!!Cted fer energy dependence of RSS-111. (!~pical specc:-al correction 
factor was 1.05). 

- :..7 -



~ 

00 

,,.,..... 

Tub I e 15 

Extt:r11al t:xposure Hate:; 1i11J llost: PrcJlctlous 
l'cl"IWllli l.iving ou !iu1·vcyeJ Atolls 1,2 

(ExLluslvc of Kongclap Atoll) 

Ave. Cross t:xposurc l<aLc 
3 ) j j 

Nt!t J::xposui-e Rate IO yr. Integral 30 yr. Integral 50 yr. 1111 egr<d 
A!._o_.t!_!_ _______ .kU I 1977 ~II 1977 1lt1se in Rem Dnse i11 l:em llose 111 l<e111 

Ill i 11 kl1 

Al I uk 
Wot je 
Ko11ge1tk5 

JCIU' 9 Population 
IJ11se Limll 

4. 07 µl(/hi
J. 80 1•R/hr 
3. 70 1•1</h r 
b. 30 1~1</hr 

0. :.12 111</hr 0.024 

2. 55 1•R/hi- 0. 199 

l. 700 

I. l>oscs wei-e calculatt:d from average exposure ratt!s for t!uch ittol l, 

0.056 0. 077 

0.484 0. bb'I 

5.000 8. 'j()() 

2. Hulliple year dust! calculutlons were made on the buLkt;rounJ s11h1aracted expos111"t! l"ate. 811ckg101111J wai> 
assumed 10 lie Lht! 11ve1"age o{ exposure rates Jt!LCLteJ at Al luk unJ Wot je Aud ls. 

3. llos~ rt!1H'ese11t s i 11ci-ettse over Liackgrou11J, 
4. Conscrv11Llvely assumes 100 percent of lime spent 011 lltldk I11la11J. 
5. llai;eJ on a superficial survey of Enlwetak Islaud 011ly. 



"".'able ~6 

Population oreakdown by Age and Gccgraphical ~iving Patterns 
, '1.ei. 6) 

rnianr:s and Children and 
small children ad0lescencs :-ten ~omen 

Age 3rackec (yearsJ o-.:. 5-19 

Fraction of population C'.) 16 

Fr act ion of time spent in 
re9pective areas (~): 

:nside Home 50 

;.;ithin 10 m of home 15 

Elsewhere io villag-e 5 

Sea ch 

In.cerior of island 

I.agoo'.'l 

Ocher Islands 

?actern 

Inside home 

~ithin 10 ~ of home 

Elsewhere in village 

3each 

Interior Island 

Lagoon*'* 

O·her Islands**"' 

.. 

5 

5 

0 

20 

Table 17 

Assumed Exposure Rate for 
Each ~iving ?atcern* 

Values lisred are mean exposure races. 

41 

30 

10 

10 

5 

15 

10 

zo 

20+ 

22 

30 

5 

5 

5 

20 

10 

ZS 

Rongelap Atoll 
.-R/hr 

i.J 

7.3 

7. 3 

i.3 

i.J 

3.7 

24.9 

20+ 

21 

30 

10 

10 

5 

15 

5 

25 

Lagoon value is ass1.aned to be the same as regional background at uncontaminated 
....... Atolls • 
..... Values used for other islands assumed equal distribution of ti:ne spent on 

ocher islands within the atoil. 
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Tab Le L 8 

Rongelap Exposure Rates 3ased on Living Pattern Assumed for 3i~i~i , -. 
Descrioeion 

Fraction 
of ;:iopulacion 

Dose rac:e due to 
Time spent ~ith
in c:hese areas 
(,oR/hr J 

Inside Home 

Within 10 m of 
home 

!nfan:s 
o-.. ·:rs 

16'7. 

3.65 

1. :o 

Elsewhere in vii:- O. J7 
Lage 

Beach 0.37 

Interior :stand 0.37 

Lagoon 0.00 

Other :stands 4.98 

Total <-R/hr) 10 . .94 
(1ncl. bKgd) 

Children 
5-L9 'f?'S 

411.. 

2.19 

0.73 

0.73 

0.37 

l. 10 

0.37 

4.98 

10.~7 

Table 19 

221.. 

2.19 

0.37 

0.37 

0.3i 

0.37 

"· :3 

11. 36 

~ 
20+ ·:rs 

21".'. 

2. L9 

0.73 

O.i3 

0.37 

1. LO 

0 .19 

6.23 

11.34 

E~posure Rates and ~ose Predictions for Persons Living on 
Rongelap Atoll Based on Assumed Bikini Living Pat:ern 

~et Weighted 
Rac:e in -R/hr External Inc:e~ral '.)ose in Rem (Skgd 

. .\Sje Grouo ~av l0i7 LO ·:r. JO vr. jQ vr. 

Infants (0-4 yrs) 7.09 0.56 t. 3 5 1. 84 
Children (5-19 yn) 6. 72 0.52 l.27 l. iS 
:'ten r20 yrs+\ 7.61 0.60 1. !o4 1. 97 
'..'omen <20 yrs+) 7.i9 0.62 i..:.9 2.03 

- 20 -
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Age 3rackec (yrs) 

?rac:ion or time spent 
in respective areas(%) 

!n village fincluding 
i.nsice home) 

:ncerior of island 

3each 

Lagoon 

1Jther islands 

:'able 20 

Living ?ac:er~ ~odel for iongelap 
\Octcber l9i!) 

lnfancs & Chi:dren & 
Small Children Adolescents 

0-4 

100 

5-19 

84 

Table 21 

B 

:l 

~en 

20-59 

77 

i.3 

6 

Women Old People 

20-39 

94 100 

4 

2 

Rongelap Exposure Races Based on Observed Living Pattern (5) 

Infants Children ~en Women Old ?eople 
Jescription 0-4 yrs 5-:9 yrs 20-59 '.JrS 20-59 yrs >60 yrs 

Dose race due to 
::ime spent ~ithin 
:hese areas (-R:hr) 

:n ·1i llage (includ- 7.J 6.U 5.62 6.36 7. 3 
ing home) 

!3each 0.58 0. 15 

Interior Island 0.58 0.95 o.:9 
:.agoon ,] . 15 

Ocher islands l. 49 

Total _R:hr 7.J 7 ] 8.21 7.3 7.3 
(incl bkgd) 
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Table 22 

Average ~xposure ~aces and Dose Predictions for 
?ersons Living on Rongelap Acoll oased on 

RongeLap Living Paccern (19i7) 

Weighted ~et ~et Integral External Jose in Rem 
Age Group Exposure Race in -Rf hr LO yr 30 yr SO yr 

Infants (0-9) 

Children (j-19) 

~en (20-59) 

'./omen ( 20-59) 

Old People (60+) 

J. 6 

J.6 

4.5 

3. 5 

3.6 

Additional Contri~ution 3.i 

~ram oackground Radiation 

0.27 0.65 

" 
0.34 0.82 

o. 27 0.55 

o. 32 0.97 

!able 23 

Total Joses Including Background Based on 
Rongelap Living Pattern (1977) 

0.90 
,, 

l. 12 

0.90 

" 

l. 62 

Weighted Total Exposure Race 
-R/hr 

Total Integral Dose 
Group 

Range lap ~!en 
<ages 20-54) 

All others 
(RongeLap) 

'..:tirik, all 
-:esidencs* 

.. 

8.J 

i.J 

.... l 

Assumes (conservatively) 100~. occupancy on-island. 

- 2: -

10 yr 30 yr 

0.66 l. i9 

0.59 l. 62 

0. 34 \..03 

in Rem 
30 yr 

' _, -·, .. 
2.54 

l. 70 



( 

OCEAN © - R!AOING IN .. R/hr 

0 ~00 1000 1~00 
METERS 

Fi~re l. Eniwetak Island Rongerik Atoll. 

1..AGOON 

.. IOOL! ISi.ANO ROAD •MAIN ROAO 

"\ 

© 

OCEAN 

Figure ... 

0 
! 

I 

0 

@-1NOICATES RSS•lll READING IN .. R/ftr 

~AP orr RONGEL.AP ISl..ANO'ISl..ANO 15 NOT 
OAAWN 'T'O SCALE. APPROlCIMATE SCALING 
•OA THIS MAP IS 1/2 INCH EQUAl..S 1/3 liollLE 

Rongelap Island. 
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' I 
• MOUSING i>llf:SENT ON THE ISLAND 

® "IE!>llESENTS "IESULTS orr llSS•!ll 
MEASUREMENT'S IN ,..Rthr 

'llLl..AGE "!CAD~ 

LAGOON 

OCEAN 

0 

Figure 3. Ut1r1k Island. 
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ABSTRACT 

External exposure rate surveys from 1975 to 1977 on the islands Nam, Eneu 
and Bikini of Bikini Atoll gave average external exposure rates of 24, 5.7 and 
32 µR/hr respectively. The exposure rate on Eneu Island is uniform, whereas 
those on Bikini and Nam range from 7.0 to 80. µR/hr. Based on an assumed living 
pattern at Bikini Island, the adult male Bi~inian is estimated to be in the pres
ence of an external radiation field corresponding to 16 µR/hr due to debris and 
fallout from the 1954 BRAVO incident. This corresponds to a 30 year dose equiva
lent of 2.8 rem. 
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INTRODUCTION 

In April 1975, Brookhaven National Laboratory initiated an external survey 
~f Bikini Atoll in order to obtain information concerning the ambient external 
radiation levels resulting from the mid 1950's weapons testing program and to 
make dose equivalent commitment determinations for the individuals living in the 
surveyed area. From 1975 to 1977, measurements were made to provide sufficient 
information on the external exposure received by the Marshallese people. 

Most of the information concerning Bikini and Eneu Islands was obtained tn 
April 1975, when environmental ionization chamber measurements were made. In 
addition, thermo luminescent dosimecers ( TLDs) were placed in the field and ex
?Osed for six months at Bikini Island to verify the uniformity of the e'Xl'osure. 
Other groups assisted in these surveys. The team from Lawrence Livermore Labora
tory (UCRL) made a detailed survey of Bikini and Eneu Islands in June 19754,9, 
and they refer to the information presented in this report as BNL unpublished 
data. In 'general, their results are substantiated by the exposure and dose 
equivalent commitments calculated here. 

The equipment used in 1975 consisted of a Reuter Stokes environmental 
radiation monitor model RSS-111 and a Baird-Atomic scintillation detector con
sisting of a sodium iodide detector (2.5 cm in diameter by 3.9 cm in length) 
connected to a ratemeter readout. Portable survey meters were used to help 
locate gross changes in the external exposure rate. Lithium fluoride 
thermoluminescent dosimeters were left on Bikini Island and retrieved in 
December 1975. 

Environmental exposure levels were assessed v1a the RSS-111 and a NaI 
gamma spectrometer whose purpose was to determine the photon energy distribution 
and to compensate for the nonlinearity in the RSS-111 instrument response. 

This report presents all of the external exposure data collected to date 
for Bikini Atoll by BNL. These data have been used to make external exposure es
timates for the people living on Bikini Island, and the BNL data have been com
pared with UCRL data9 for Bikini Atoll. 

INSTRUMENTATION AND METHODS 

A) Ion Chamber Measurements 

All environmental exposure rate measurements were obtained with a Reuter 
Stokes environmental radiation monitor model RSS-111, which is designed to 
measure environmental radiation as low as 100 µR/yr. The RSS-111 consists of a 
spherical high pressure ion chamber filled with argon to a pressure of 25 atm. 
Incident radiation produces ion pairs within the active volume of the 
chamber which result in an ionization current. The current flow is measured by 
an electrometer and is directly ~elated to the free air ionization rates. 

The active volume of the stainless steel ionization chamber is known to 
±1%. The ionization current produced in the chamber is a function of incident 
radiation from an external field, cosmic-ray response, and contamination present 
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in the stainless steel. The instrument response is energy dependent, and data 
from the manufacturer indicate an error of as much as 6 to 10% could result if 
energy corrections are not made to the gross readingsB. 

The RSS-llls used in this study were calibrated at the factory against ra
dium sources whose calibration is traceable to the National Bureau of Standards. 
The ·:alibration of the instruments was also che~ked at the Environmental 
Monctoring Laboratory (formerly qealth and Safety Laboratory) before and after 
fie~d use. 

In the report on external exposure for all other atolls surveyed by BNL3, 
energy dependence corrections ~ere calculated for data from Rongelap and 
Ron~erik Atolls. The factors needed to compensate the RSS-111 response for 
energy dependence ranged tram 1.01 to l.OS. The mean correction was approxi
mately 1.02. 

B) Thermoluminescent Survey 

Lithium fluoride (LiF) thermoluminescent dosimeter chips 1/4-inch square 
wer~ useds, for several reasons. LiF is approximately a tissue equivalent mate
ria~, and its response ts essentially energy independent for photon energies 
gre1ter than 20 keV up to several MeV. The system is precise to ±2% and has a 
lon2 term retention of 5% loss at room temperature for one year. These 
qualities made the LiF ideal for use in the Marshall Islands. 

All TLDs were cleaned with analytical grade methanol before departure for 
the ~arshall Islands and prior to analysis. Prior to irradiation, the TLDs were 
annealed at 400°C for one hour and them at l00°C for 2 hr. After field exposure 
and before reading, the TLDs were annealed at 100°C for 10 min. 

In addition to the TLDs exposed in the field at Bikini and Eneu, several 
sets of TLDs were assembled for use in correcting field measurements for back
ground, fading and air transportation contributions. Several TLDs were annealed 
and then immediately stored in a lead pig in the BNL analytical counting area. 
An ~qual number of TLDs were irr~diated to 100 mR and stored with the background 
TLDs to determine fading losses. Four other TLDs were sent to Kwajalein and 
stored there in a lead pig to determine in-transit contributions to the re
sponse. All TLD results have been corrected for these parameters. 

The TLDs were calibrated at BNL with 137cs gamma and 90sr/90y betas. Re
sults are directly related to the external exposure and beta absorbed dose that 
would be received by individuals living on Bikini and Eneu Islands. 

Because the total response must be differentiated into beta and gamma 
components, a TLD holder was developed that would eliminate nearly 100% of the 
90y beta of 2.27 MeV (Figure 1). Four TLDs are used per holder. Two are 
covered by 1100 mg/cm2 of aluminum and Mylar which is of sufficient mass density 
thickness to eliminate beta response; these provide the gamma response. The two 
oth~r TLDs are shielded by~ 15 mg/cm2 Mylar to respond to the total gatmDa-beta 
contribution at one meter above the earth's surface. The difference between the 
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responses of the two TLD sets gives the beta response. TLDs placed 1n the 
field were positioned with the open windows facing the soil. 

Because shielding part of the dosimeter may bias the data, an attempt was 
made to predict the resulting error by randomly placing four of the dosimeters 
(16 TLDs) together, open windows facing the soil, in a series of tests using 
90sr-90y as a source, placed 30 cm from the TLDs. The open and closed windows 
were varied to cover all combinations of field pos1t1oning. The error using a 
point source and a source-to-detector distance of 30 cm was <2.5%. Because the 
field situation represents a distributed plane source, and the source-to
dosimeter distance was between 50 and 100 cm, the field situation should ,ave a 
~inimal positioning error associated with the results (Figure 2). 

RESULTS 

A total of 203 RSS-111 measurements were made on Bikini Atoll. Each data 
point is the average of at least 20 individual readings. This assures the preci
sion of the value, and the initial calibration guarantees accuracy. The mean ex
posure rate is reported with one standard deviation calculated by assuming that 
the data obtained from a specific site follow a Gaussian distribution. 

Tables 1 through S represent all data taken on Bikini Atoll. Table 2 
lists the data from Nam Island, located at the northwest corner of the atoll, 
closest to ground zero of the BRAVO device. The average external exposure rate 
·wer the land areas monitored is ..r 24 u R/hr. This is six times higher than the 
~ackground levels at Wotje, Ailuk or Utirik Atolls3. This average value should 
not be interpreted as a true value for the Nam island average, since dense 
·1egetation prevented a representative sample of readings over the whole island. 
~am is uninhabited at present and is not used for food production. The exposure 
rate is non-uniform and varies significantly as a function of location. 

Table 3 presents the data from Eneu Island, located south and west of 
Bikini Island. Eneu received the least fallout contamination as evinced from 
che average external radiation exposure rate of S.7 uR/hr. This value is 1.5 
:imes the natural background and is the lowest external exposure rate on any of 
the islands surveyed. Figure 3 shows the sample sites and the exposure rate 
neasured at each site. These data demonstrate the uniformity of exposure rate 
on th is is land. 

The external exposure rate on Bikini Island is a strong function of loca
tion (Figure 4A-·E). It is the lowest in the areas closest to the lagoon an:! 
current housing*, highest in the center of the island and intermediate in other 
areas. 'nle average exposure rate for the island, based on an average of all the 
data is 32.1 uR/hr. Table 4 lists exposure rate measurements made in the living 
areas of the available housing. Table S lists all other exposure rate 
measurements made at Bikini Island. 

*rn 1978, the Department of Interior made the decision to relocate the inhabit
ants of Bikini Atoll to either Ejit Island, Majuro Atoll, or Kili Island. The 
relocation took place in August 1978. 
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The TLD data for Bikini Island (Table 1) agree with. the RSS-111 
measurements, but no constant relationship is seen between beta dose and gamma 
exposure. Non-uniform deposition of fallout material in the areas surveyed and 
translocation of material are major factors governing this result. 

DISCUSSION OF RESULTS 

The average exposure rate as measured for each island is listed in Table 
6. Estimation of the dose equivalent for the inhabitants of Bikini Atoll is 
debatable due to the nonuniform distribution of radioactive material within 
given ~reas of the atoll. The exposure rates measured on Eneu Island are fairly 
uniform, but those on Bikini Island showed significant differences between areas 
(TablP 5 along with Figure 4A - 4E). In the UCRL work4, this problem was 
approached and a solution derived by estimating the fractions of an individual's 
time ~pent in various areas. These estimates4 are used here (Table 7) to 
const~uct external exposure rate estimates for the various activities based on 
the measurements reported in Tables 2 through S. The exposure rate for the 
lagoon was obtained by assuming that it would be less than or equal to that in 
the areas of continual habitation. The values for other islands were obtained 
by assuming that the Marshallese would spend an equal amount of time on each of 
the other islands surveyed. All other estimates were made by taking the average 
of al: measurements made within the area of interest. 

Table 8 shows the estimated exposure rate for each pattern of activity in 
Table 7 based on continuous occupancy of Bikini Atoll. Table 9 shows the esti
mated ~xposure rate for each age group as weighted by the percent of time spent 
in ea~h area, for inhabitants of Bikini Atoll. Summation of the exposure rates 
in all the areas provides the average total-body exposure rate for each age 
group. 

Using the average hourly exposure rate, the long term external dose equiva
lent was calculated (Table 10). The data were corrected for background 
(terrestrial and cosmic radiation) by using the average exposure rate on Wotje 
and Ailuk as representative samples of the normal Marshall Island environment3. 
These data for Bikini residents are lower than UCRL data9 for living patterns 2 
and 3, which give the estimated integral external gamma dose equivalent for 30 
years as 4 rem, because the present estimates include the measured exposure rate 
for habitation of the newly constructed housing. These indoor values are 39% 
lower than those previously reported and their use reduces the total estimated 
reduction in the 30 year dose equivalent commitment by 32%. 

The ICRP suggests6 that population groups should not receive a 30-year 
dose equivalent of more than S.O rem to the whole body from sources other than 
medical equipment or natural background. For the external radiation component 
at Bikini Atoll, this requirement is met; the problem is that external radiation 
is not the sole source of radiation exposure to the Marshallese. The dietary 
pathway, based on UCRL data9, could increase the 30-year total body dose equiva
lent commitment by a factor of 4. 

Whole-body counting data t~ken in 19741, 19772 and 19787 indicate that the 
dietary pathway became the prime source of radiation exposure after January 
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1977. Current in vivo data indicate that the equilibrium body burdens for 137Cs 
will range from""'3 µCi to 30 µCi in the Bikini population. This corresponds to 
a JO-year internal dose equivalent that falls in the range of 11 to 110 rem. 
3ioassay data obtained from Bikinians during 1978 indicate that bone marrow dose 
eauivalents for 30 years of habitation would be between 0.4 and 1.0 rem from 
9dsr-90yl0. 

Reviewing the Bikini dose coaanitment in this light, one iIIDDediately 
realizes that the inhabitants would receive a total body dose equivalent 
exceeding the ICRP criteria6. Thus, for Bikini Atoll, we concur with the UCRL 
recoaanendation9 that more must be done to lower the total body and bone marrow 
radiation exposures so that the Marshallese can live within the population dose 
equivalent recommendations. 

- 5 -



ACKNOWLEDGEMENTS 

The field portion of the radiological survey of the Marshall Islands was 
accomplished by a very intense and thorough effort by people representing differ
ent organizations. The number of samples collected and the amount of informa
tion 1btained during each survey was a direct result of the cooperation and 
diligent effort of the following individuals: 

Owen H. Davis Pacific Gas and Electric Company 

Francis J. Haughey Rutgers University 

Kim S. Kastens Marine Science Center, SUNY at Stony Brook 

Alan V. Kuehner Brookhaven National Laboratory 

Janakiram R. Naidu Brookhaven National Laboratory 

Victor A. Nelson University of Washington, LRE 

Margaret A. Reilly State of Pennsylvania, 
Bureau of Radiological Health 

Michael S. Terpilak DHEW, Bureau of Radiological Health 

Richard D. Williams Medi-Physics, California 

We are also deeply indebted to the following BNL personnel who 
complemented the field work by performing TLD analyses on the numerous samples 
that were collected and by pretesting all equipment prior to use in the field: 

Joseph Balsamo 

James Gilmartin 

George Hughes 

Leigh Phillips 

Francis Stepnoski 

The survey crew extends its thanks to the Nevada Operations Off ice and Pa
cific Area Support Office for support services that resulted in a smooth and ef
ficient survey. Support from the Kwajalein Missile Range and the site 
contractor, Global Associates, and from the crew of the R. V. Liktanur is 
greatly appreciated. 

The outstanding cooperation of personnel from the Trust Territory of the 
Pacific Islands and from the Office of the District Administrator of the 
Marshall Islands, as well as that of the Bikini people, played an important part 
in the successful completion of the survey. 

- 6 -

( 

.,,,fl 



REFERENCES 

1. R. A. Conard et al, A Twentv Year Review of Medical Findings in a 
Marshallese Population Accidentallv Exposed to Radioactive Fallout, BNL 
50424, 1975. 

2. S. Cohn, Medical Department, BNL, Personal Communication. National Labora
tory (Upton, New York 11973). 

3. N. A. Greenhouse and R. P. Miltenberger, External Exposure Survey and Dose 
Predictions for Rongelap, Rongerik, Ailuk, and Wotje Atolls, BNL 50797, 
1977. 

4. P. H. Gudiksen, T. R. Crites, and W. L. Robison, External Dose Estimates 
for Future Bikini Atoll Inhabitants, Lawrence Livermore Laboratory, UCRL-
51879 Rev. 1, 1976. 

S. TLD Materials and Systems, Harshaw Chemical Company, Solon, Ohio, undated. 

6. Recommendations of the International Commission on Radiological Protection, 
ICRP Publ. 9, (Pergamon, New York, 1965. 

7. R.P. Miltenberger, N.A. Greenhouse and E.T. Lessard, Whole-Body Counting Re
sults from 1974 to 1979 for Bikini Island Residents, submitted to Health 
Physics, 1979. 

8. Environmental Radiation Monitor Model RSS-111 Operational Manual, Reuter 
Stokes Instruments, Inc., Cleveland, Ohio, undated. 

9. W. L. Robison, W. A. Phillips and C. S. Colsher, Dose Assessment at Bikini 
Atoll, Lawrence Livermore Laboratory, UCRL-51879 Part S, 1977. 

IO. N. A. Greenhouse, R. P. Miltenberger, E. T. Lessard, Dosimetric Results for 
the Bikini Population, Submitted to Health Physics, 1979. 

- 7 -



Table 

Bikini Island TI..D Exposure Survey (129 days), Dec. 7, 1974, to Apr. 15, 1975 

Location 

House 4 - inside 
!Liuse 4 - outside 20 in. above ground 
House 20 - inside 
House 20 - outside mid backyard 
H.ruse 38 - inside 
House 38 - outside mid backyard 
Bl~ twin coconut trees, west side of tree near USGS well 
B~hind house 40, cookhouse at 18 in. off ground 
BPhind house 35, behind living area at 22 in. off ground 
o, .. hind house 30, behind living area at 20 in. off ground 
::::1st/west road by house 30 about 30 yd. north of bunker 
~""hind house 25 near banana and papaya patch, 22 in. off 
3ehind house 21, 20 in. off ground 
Behind house 15 
3ehind house 10 
Behind house 6 
Bv USGS well and twin cocorrut trees 
CJntrol 1 
Control 2 
Control 3 

*Total unshielded response. 

Tab le 2 

y 

ground 

Total 
Exposure e Dose, 

µR µrad 

28400* 
36200* 
29900* 
27800* 
48600* 
41000* 

194300* 
26800 1500 
45300 25800 
32800 10300 
35600 11000 
54000 29800 
26300 14700 
29900 4700 
73000 62800 
36200 8400 
79100 85100 

2900 2400 
5100 0 
6300 0 

Nam Island, Bikini Atoll, RSS-111 Exposure Survey, April 1976 

Location µR/hr 

West Transect - 200 meters from soil pit 33.4 ± 0.6 
West Transect - 100 meters from soil pit 16. 7 ± 0.4 
East Transect - 200 meters from soil pit 17.6 ± o.5 
East Transect - 100 meters from soil pit 15 .2 ± 0.4 
East Transect - 245 meters north of lagoon beach 44.9 ± 0.7 
East Transect - 150 meters north of lagoon beach 23.1 ± 0.5 
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Table 3 

ENEU ISLAND RSS-111 EXPOSURE SURVEY APRIL 1975 

Location 

South road to ocean near middle of island 
2nd coconut row, ocean side of runway adjacent to marker 4 
2nd coconut row. ocean side of runway adjacent to marker 1 
2nd coconut row, ocean side of runway adjacent to marker 2 
2nd coconut row, ocean side of runway adjacent to marker 3 
1st coconut row, ocean side of runway adjacent to marker 1 
~idway north of runway apron and coconut row 
5th coconut row up the road from north corner of runway apron 
16th coconut row by 2nd large nature tour 
Group of old buildings, south of church, ocean side of road 
West bend in road just north of old church, ocean side 
North 1/3 way up road to Camp Blandy, ocean side 
North 2/3 way up road to Camp Blandy, ocean side 
Blandy area just. south of soil pit 3, 100 yd from lagoon beach 
Blandy area just south of soil pit 3, 100 yd from ocean beach 
North end of Camp Blandy near middl~ of the island 
North end of Camp Blandy near lagoon road, ocean side 
Lagoon road south of Camp Blandy, 100 yd west of church 
Lagoon road about 150 yd north of Camp Blandy 
Bunker near dock 
Old bldg. frame work due west of runway marker 

- 9 -

µR/hr 

7.2 ± 0.62 
5.6 ± 0.25 
:. . 2 ± 0. 17 
4.9 :!: 0.37 
8.2 ± 0. 10 
5. 3 :!: 0 .16 
6. l :!: 0.32 
8.7 :!: 0.23 
6. 1 ± 0. 14 
6.9 ± o. 12 
8.1 ± 0.31 
4.9 ± 0.30 
6.5 ± o. 20 
6. l ± 0.15 
5.6 ± 0.31 
5. 9 ± 0.29 
6.0 ± 0.21 
5. 7 ± o. 15 
5 .o :!: 0.35 
5.0 ± 0.22 
6. 1 ± 0.27 



Tab le 4 

Measured Exposure Rates Within Permanent Housing Constructed on Bikini Island 

Exposure rate Exposure rate 
Location IJR/hr Location \JR/hr 

House 21 6.6 :!: 0 .13 House 4 7. 5 :!: 0 .15 
House 22 7.3 ! 0. 37 House 6 7.8 ! 0 .28 
House 23 7.2 ! 0 .10 House 7 10. 5 :!: 0.28 
House 25 7.3 :!: 0. 28 Outside house 7 
House 26 7.3 :!: 0.25 north side on gravel 12.9 :!: 0 .20 
School House 9 10.7 :!: 0 .16 

middle of the room 7.2 :!: 0 .10 House 10 11.1 :!: 0 .25 
House 30 8.4 :!: 0 .14 House 11 9.3 :!: 0.23 
House 31 8.9 :!: 0 .10 House 12 9.7 :!: 0.49 
House 32 10 .o :!: 0. 37 House 13 13 .3 :!: 0 .19 
House 33 9.6 :!: 0.45 House 15 11.6 :!: 0 .23 
House 35 15.8 :!: 0 .19 House 16 11.5 :!: 0.60 
House 36 13.1 :!: 0 .17 House 18 8.2 :!: 0 .17 
House 37 11.9 :!: 0.30 House 19 7.8 :!: 0.26 
House 40 11.1 :!: 0 .15 House 20 7.2 ! 0 .13 
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Table 5 

Bi~ini Island RSS-111 Exposure Survey, April 1975 

Location 

Column 1, due east of house JO 
Cobmn 10, due west of ~unker 
Column 20 
Column 30 
Column 40 
Column 50, due west of twin coconut trees 
Column 58-59, intersection with lst baseline south 

North/south transect between 1st baseline south and 
2nd baseline south 

Column 1 
Column 10 
Column 20 
Column 30 
Column 40 
Column 50 
Column 60 
Column 70 

North/south transect from 2nd to 1st baseline north 
Column 2' 10 yd due south of SIJ i 1 pit A 
Column 10 
Column 20 
Column 30 
Column 40 
Column 50 
Column 60 
Column 70 
Column 77, 2 rows due east of soil pit E 

South/north transect north from 1st baseline north 
(continuation of USGS-bunker rd.) 

Column l 
Column 10 
Column 20 
Column 30 
Column 40 
Column 50 
Column 60, due west of small bunker on ocean rd. 
Column 70 
Column 77, and intersection of 2nd baseline north 
40 yards north of lst baseline north 
Across lagoon road from house 37 
Across lagoon road from house 38 

- 11 -

µR/hr 

s 7. 3 ± 0.2 
31. 8 ! 0.4 
50.0 ! 0.4 
46.6 ± 0.4 
26.4 ± 0. 1 
36.6 ± 0.2 
44.5 ! 0.3 

59.5 ± 0.3-
78.4 ± 0. 5 
64. 7 ± 0.2 
49. 2 ± 0.3 
45.0 ± 0.2 
53.8 ± 0. l 
48.0 ! 0. l 
48.9 ± 0.4 

47.7 ± 0.2 
54. 2 ± 0.6 
41. 2 ± 0.3 
3 9. 1 ± 0.2 
5 5. 1 ± 0.2 
41. 3 ± 0.7 
53.4 ± 0.4 
82. 1 ± 0. 5 
31. 6 ± 0.3 

52. 7 ± o. 1 
43.2 ± 0. 1 
44.0 :: 0.3 
58.2 .± 0.2 
46.6 .± 0.2 
34.3 .± O.J 
31.6 t 0.3 
31.2 t 0.3 
26.6 ± 0.2 
22. 3 .± 1.4 
20.0 ± 0.7 
24.0 .± 1. 1 



Table 5 (Cont'd) 

Bikini Island RSS-111 Exposure Survey, April 1975 

Location 

Across lagoon road from house 39 
~O columns north of house 40 

South on ocean beach road from 2nd baseline north 
Column l 
Column 10 
Column 20, 3 columns south of small bunker 
Column 30, 3 rows east of ocean beach road 
Column 40, 6 rows east of ocean beach road 
Column SO, l row in from ocean beach road 
Column 60, 3 rows in from ocean beach road 
Column 70, l row in from ocean beach road 
Column 78, at i.ntersect1on of ocean beach road and 

1st baseline north 
North/south transect along road separating (1972 designation 

of rows) rows 24 & 25 from center baseline to 1st baseline north 
Column l 
Column 10 
Column 20 
Column 30 
Column 40 
Column 49 and the intersection of 1st baseline north 

North/south transect along breadfruit row starting at 2nd 
Column 4 of older plantings behind house 40 
Breadfruit planting east of house 39 
Breadfruit planting east of house 38 

baseline 

Breadfruit planting near small bunker between houses 37 & 38 
Breadfruit east of house 37 
2 columns of coconut trees north of lst baseline north 
1st breadfruit south of lst baseline north by soil pit D 
5th breadfruit east of house 36 
9th breadfruit near banana garden, house 35 
12th breadfruit east of Japanese memorial and house 34 
15th breadfruit north of center baseline and east of house 31 

North/south transect along breadfruit row from center baseline 
Due east and house 30 
Breadfruit near house 26 and 30 yards east of papaya patch 
Breadfruit 8 near house 4 and main garden 
Due east of houses 20 and 21 
Due east of house 17 
Due east of house 16 

just north of center baseline and soil pit 

- 12 -

north 

µR/hr 

22.9 !: 0.6 
28.5 ! 0.6 

23. 6 !: 1. 0 
38.3 !: 1. 3 
25. 9 !: 0.4 
22.4 !: 1. 1 
49.4 !: 0.8 
33.4 !: 0.4 
33.4 !: 0.3 
37.0 ! 0.7 

33.2 ! 0.5 

22.6 ! 0.3 
62.0 ! 0.2 
26. 7 ! 0.4 
52.9 ! l. 1 
42.6 ! o. 3 
48.0 ! 0.3 

49.2 ! 0.9 
59.0 i: 0.4 
40.9 0.5 
29.9 ! o.s 
28.0 ! 0.8 
23.0 ! 0.3 
42.0 ! 0. 7 
33. 1 ! 0.6 
34 .1 ! 0.6 
38.8 ! 0.3 
22.4 !: 0.2 

18.4 !: 0.2 
26.2 !: 0.3 
48.4 !: 0.5 
19.2 !: o. 3 
25.6 !: 0.5 

30.3 !: 0.2 



( 

\ 

Table S (Cont'd) 

Bikini Island RSS-111 Exposure Survey, April 1975 

Location 

Due east of house 14 
Due east between houses 12 & 13 
Due east and between house 10 and breadfruit row 
Due east of house 8 next to breadfruit row 
Due east of houses 7 & 8 near vegetation depression 
Due east of houses 5 & 6 
Due east of houses 3 & 4 

North/south transect between 2nd baseline north (pit B) and 
1st baseline north (pit D) 

Column 2, lS yd due south of soi 1 pit B 
Column 10 
Column 20 due east of house 39 
Column 30 
Column 40 
Column 50 
Column 60 due east of house 36 
Column 70 
Column 77 

North/south transect between lst baseline north and center 
baseline, sample locations proceed due south 

Column 1 
Column 10 
Column 20 
Column 30 
Column 40 
Column 48 (last column before crossing center baseline) 
Row 20 
Row 30 
Row 40 
Row SO 
Ocean road just behind row S9 

South on ocean beach road from 2nd baseline south, 
measurements taken on lagoon side of road 

Column 10 
Column 20 
Column 30 
Column 40 
Column SO, about 100 yd from ocean 
Column 60, about 150 yd from ocean 
Column 67 
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\JR/hr 

32.4 ± 0.2 
40.3 ± 0.6 
24.7 ± 0.3 
46.4 ± 0.4 
16.3 ± 0.2 
34. 5 ± 0. 5 
7.7 :t 0.4 

44.5 ± 0.4 
52.3 ± 0.3 
S6.9 ± Q.4 
66.8 ± 0.2 
41.5 ± 0.4 
33.2 ± 0.4 
42.5 ± 0.3 
32 .8 ± 0 .4 
4S .1 ± 0 .4 

28. 5 :!: 0. 2 
41.0 :!: 0 .3 
41.8 :!: 0.4 
S6. 6 :!: 0. 2 
61.5 :!: 0.2 
15.2 :!: 0.2 
S0.9 ± 2.1 
60 .1 :!: 1.4 
46. 7 :!: 2. 2 
SS. 1 ± 2.4 
34.4 :!: 2.0 

36.9 ± 0.6 
38.0 :!: 0.4 
29.2 :!: 0.5 
19.6 :!: 0.6 
27.7 ± 0.6 
27 .8 ± 0. 7 
16.2 ± 0.4 



Table 5 (Cont'd) 

Bikini Island RSS-111 Exposure Survey, April 1975 

Location 

C.:i:np area 
Bldg. l 
Bldg. 3 
Near church on northward bead,:of road halfway between 

equipment shed and house l (ocean 
Lagoon road.north, measurements taken on 

Open area between houses 3 and 4 

Open area between houses 5 and 6 
Open area between houses 7 and 8 
Open area between houses 9 and 10 
Open area between houses 12 and 13 
Open area between houses 14 and 15 
Open area between houses 16 and 17 
Open area between houses 34 and JS 
Open area between houses 35 and 36 
7S yd north of house 36 

3 r:d base line north starting at t' lagoon 
Row 1 
Row S 
Row 10 

Lagoon road 
100 yd south of north beach_.. 
Near house 40 - ocean side di' road 
Near house 38 - lagoon side of road 
SO yd south of house 37 
Near house 3S - lagoon side 

side of road) 
ocean side of road 

road 

Village center - near intersection of lagoon road and 
center baseline 

Soil pit G 
Near house 25 lagoon side 
Near house 20 - lagoon side 
Near house 15 - lagoon side 
Near intersection of 1st baseline and lagoon road 
Near house 10 - lagoon side 
Near house 5 - lagoon sidP-
Near house 1 - lagoon side 

Second baseline south starting behind house 7 
Behind house 7, breadfruit row ~10 yd to row 1 
Row 10 
Row 20 
Row 30 

- 14 -

µR/hr 

12. 2 = 0.2 
13.8 = 1. 0 
17.3 t o. 3 
26.J t 0.5 

16.0 = 0. l 
18. 5 t 0.4 
28.4 t 0.6 
23. 9 t o. 3 
24.9 t 0.3 
3 7. 8 t 1. 8 
28.1 t 1. 6 
13. 9 t 0.9 
14.0 t 0.3 
23.0 t 2.0 

30.9 t 0. l 
40.4 t 0.3 
44. 7 t 0.4 

19.6 t o. 3 
13.S t o.s 
17.0 ~ 0.3 
20.4 ' 0.4 
31. 6 0.4 

9.4 0.4 
22.S 0.4 
18.5 0. l 
18.2 t 0.2 
24. 7 t 0.2 

17.S ± 0.2 
26.0 ± 0.3 
11. 8 t 0. l 

27.0 ± 0.9 
54. 9 t 1. 7 
so. 5 ± 1.4 
54.0 ± l. 8 



Table 5 (Cont'd) 

Bikini Island RSS-lll Exposure Survey, April 1975 

Location 

Row 40 
Soil pit between rows 42 & 43 
Row 50, 100 yds from ocean beach 
Row 60, 30 yds from ocean beach 

Pandanus 118 behind house 15 
Behind agriculture area 

Row l 
Row 10 

North face of bunker 
North-south road midway between bunker and USGS well 
North-south road, column S from lst baseline south 
~orth-south road, column 15 from 1st baseline south 
North-south road, column 25 from 1st baseline south 
North-south road, column JS from 1st baseline south 
North-south road, column 45 from 1st baseline south 
Lagoon road, end of center baseline behind house 30 
Row 10, south side of baseline 
Row 20, 30 yd from fork to bunker 
Row 30, SO yd north of bunker 
Row 40 
Row SO 
Row 60 
Row 69-70 
East-west transect 

Lagoon road and 1st baseline north 
Soil Pit D 
Row 10, east from lagoon road 
Row 20 
Row 30 
Row 40 
Row 50 
Row 60 

North side of 2nd baseline north (near house 40) 
Row l 
Row 10 
Row 20' near soil pit B 
Row 30 
Row 36-37' near soil pit A 
Row 40 
Row so 
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µR/hr 

47.3 ± 0.2 
40.8 ± 1.4 
50.8 ± s. l 
25 .o ± 0.3 
27.4 ± 1.4 

44.S ± 1. 9 
SI. s ± 1.9 
21.5 ± 0.5 
66.5 ± 0.2 
56.8 ± 1.1 
43.4 ± 0.3 
32. 7 ± 0.6 
58.0 ± 1.1 
27.2 ± 0.3 
18. 7 ± 0. 3 
25.0 ± 0.2 
20.4 ± 0.8 
20 .1 ± 0.4 
12.3 ± 0.2 
30.8 ± 0.6 
29.5 ± 0.3 
18.4 ± 0.4 

44.4 ± 0.2 
40.3 ± 0.3 
36.3 ± 0. s 
38 .3 ± 0.4 
35.7 ± 0.2 
42.3 ± 0.4 
58 .1 ± 0.6 
41.8 ± 0 .1 

17.5 ± 0.2 
30.6 ± 0.3 
') .9 ± 0.3 
_ _:3 .9 ± 0.3 
23.3 ± 0.3 
29.6 ± 0.2 
30 .6 ± 0.2 



Tab le 6 

Average Exposure Rate Corrected for Decay to May 1977 

Island 

Nam 
Eneu 
Bikini 

No. of Observations 

6 
21 

203 

Table 7 

Av. exposure rate 
UR/hr 

23.5 :t 11.0 
1.1 

:!: 16. 3 
5. 7 :!: 

32 .1 

5 Population Breakdown by Age and Geographical Living Patterns 

Infants and Children and 
small children adolescents Men Women 

Age~ yr 0-4 5-19 20+ 20+ 
Percent of population 16 41 22 21 
Percent of time spent i.n 

following areas: 
Inside home 50 30 30 30 
Within 10 m of home 15 10 5 10 
Elsewhere in village 5 10 5 10 
Beach 5 5 5 5 
Interior of is land 5 15 20 15 
Lagoon 0 10 10 5 
Other islands 20 20 25_,., .,------ 25 
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Table 8 

Assumed Mean ~xposure Rate for Each Activity Area 

Pattern 

Inside home 
'.;ith1n lO :n of home 
Elsewhere in village 
Beach 
Interior island 
Lagoon 
Other islands 

Bikini Atoll 
\.JR/hr 

9. 7 
15. 8 
25. 3 
15. 8 
44.9 
15.8* 
l 5. 5** 

*Value assumed to be less than or equal to value 
for beach. 

**Based on assumption that equal amounts 0f time 
are spent on other islands within the Atoll. 

Table 9 

Exposure Rate Estim"ltes for Bikini Atoll Inhabitants 

Infants Children Men 
0-4 yr 5-19 yr 20+ yr 

Percent of population 164 4lt 22k 

Exposure rate (UR/hr) 
during time within 
fo 11 owing areas: 

Inside home 4. 85 2.91 2.91 
With in 10 m of home 2. 37 l. 58 0.79 
Elsewhere in village 1. 27 2.53 l. 27 
Beach 0.79 0.79 0.79 
Interior is land 2.25 6.74 8.98 
Lagoon o.oo 1. 58 1. 58 
Other islands 3. 10 3.10 3.88 

Total 14.63 19.23 20.20 

- 17 -

Women 
20+ yr 

21% 

2.91 
l. 58 
2. 53 
0.79 
6. 74 
0.79 
3.88 

19. 22 



Table 10 

External Dose Equivalent to Inhabitants of Bikini Atoll 

Age Group 

Infants ( 0-4 ) 
Children (5-19) 
Men (20+) 
Women (20+) 

Net ext. 
exposure rate, 
µR/hr, May '77 

10. 27 
14.60 
15. 52 
14.60 
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Ext. integrated dose equiv., rem 
(background subtracted) 

10 yr 30 yr 50 yr 

0.80 1.90 2.59 
1.12 2.69 3.66 
1.20 2.85 3.88 
1.12 2.69 3.66 
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FRONT SIDE WITH 1.6 cm 
OUTER DIAMETER TAPPERED 
CUT-OUTS. 

• • 
• • 

FRONT SIDE WITH I cm 
DIAMETER INSETS TO 
HOLD TLDS. 

FRONT PANEL 

REAR PANEL 

• 
• 

REAR Si DE WI TH I. I cm 
INNER DIAMETER AND 
COVERED WITH A THIN 
LAYER OF MYLAR. 

REAR SIDE, SOLID ALUMINUM. 

Figure 1. Aluminum TLD holder. 
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CONFIGURATION #I 

IGG[G ~)I 
I 

0 G!G) G 
G 8\8 81 
IGGi00I 

CONFIGURATION #2 

[08[801 
1001108' 
80108 
0800 

CONFIGURATION #3 

80 80 
08108 
80 80 
08 08 

90
Sr/ 

90
Y SOURCE PLACED 12 INCHES FROM THE 
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Figure 2. Determination of Beta calibration factor. 
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A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS FOR RONGELAP 

AND UTIRIK RESIDENTS - 1954 TO 1980 

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

ABSTRACT 

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

Energy Commission conducted nuclear weapons tests in the Northern Marshall 

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

radioactive fallout contaminating Rongelap and Utirik Atolls. On March 3, 

1954, the inhabitants of these atolls were relocated until radiati0n exposure 

rates declined to acceptable levels. Environmental and personnel radiological 

~onitoring programs were begun in the mid 19SO's by Brookhaven National Labora

tory to ensure that dose equivalents received or committed remained within U.S. 

Federal Radiation Council Guidelines for members of the general public. Body 

burden and dose equivalent histories along with activity ingestion patterns post 

return are presented. Dosimetric methods, results, and internal dose equivalent 

distributions for subgroups of the population are also described. 
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INTRODUCTION 

On March 1, 1954, at Bikini Atoll, BRAVO, the first of six nuclear weapons 

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

surface contamination on inhabited atolls within a 2,000 square mile area. The 

contaminated region was cigar shaped and included Ailinginae, Rongelap, 

Rongerik, and Utirik Atolls which lay east of ground zero at distances from 60 

to 300 miles. The fallout on Rongelap, initially visible at H+6 hours, had 

thinned out to the extent that it was no longer seen at H+lO hours (Gl62). 

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

Sifo Island, Ailinginae Atoll, were evacuated. On March 3 and 4, evacuation of 

157 Utirik Atoll residents also took place. During the first few weeks and at 

least once every year from 1957 to the present, a Brookhaven National Laboratory 

medical team, organized by the Department of Defense and by the Atomic Energy 
i 
I 

CotIDDission and its successor organizations, has provided medical examinations to 

monitor the health of the persons initially affected by the fallout from the nu-

clear testing program, plus a comparison population. Reports of their findings 

are given in Cr56, Co58, Co59, Co60, Co62, Co63, Co65, Co67, Co70, Co75, and 

Co80. 

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

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

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

3 month observation period (March to June 1954). The Utirik population 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, were whole body counted at 

Argonne National Laboratory and provided urine samples for radiochemical anal-

1 



ys1s of 137 cs. Four persons visited Argonne from Rongelap and, in addition, 

137 
pooled urine samples from both atolls were analyzed radiochemically for Cs 

and 
90

sr. Subsequent Brookhaven National Laboratory expeditions by members of 

the Medical Department and Safety and Environmental Protection Division utilized 

whole body counting and radiochemical analysis of urine and blood samples to 

identify and quantify the radionuclides that were present in the body. The re-

sults of these radiological measurements are given in terms of body burden in 

Tables 1 and 2. Throughout this paper the units of quantities are SI derived 

and those which are accepted for use with the SI for the time being. Thus both 

the Curie and the Becquerel may be used as units for the quantity activity. 

The aforementioned body burden tables illustrate adult mean values for 

Rongelap and Utirik. An adult, as classified here, was a person over 16 years 

of age. The mean body mass in this age interval was 60 kilograms. The observed 

body mass versus age distribution is shown in Figure 1 for Rongelap residents. 

The same body mass versus age distribution was observed at Utirik. 

60 
Because of the paucity of measurements at Utirik, information on Co, 

65 z d 55 · · d · d f h · f d 1 b d n, an Fe was in some instances er1ve ram t e ratio o a u t mean o y 

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

burdens for 65zn, 90sr, and 137cs after they reached their maximum values. The 

standard deviation of this ratio was 15%. 

In the following analysis, personal body burden histories and residence in-

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

mate internal dose. Dosimetric distribu.tions were constructed from the results 

and a suumary of the derived activity ingestion rates and dose equivalents was 

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

history curves were constructed for each atoll for the period following the 
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T•b le l 

Ron ela 8odv Burden• 

Adult M.ale! Adult f'em• le1 Adults 
Body Numoer 3odv ~mber Sodv ~mber Day1 Post 

Burden of Burden of Burden of Re turn 
•Ci Persons JC1 Persona L->Ci Per:!on1 Day11 

o0Co :.9x10-s NA l. 7ido-S NA 2.Jx10-5 NA 1 
i .ox :i.o-2 ]7 7.8xlo-3 )7 9 .Ox iO-l 74 1370 
2.Sx!O-J ~s .Z.Oxio-3 45 2.ix10-J 90 28Jl 

6 5, 

"" ..... Jx.10-2 NA J .8x 10-2 NA 4.lxlo-2 NA 1 
... )xlo-i JO 3.3xJO-l 12 4.lx!0-1 42 304 
o.:x10-l 32 s.ox10-l 27 5.6x10-l 59 639 
9.s.10-2 l8 8.Sx!0-2 23 9.0x10-2 61 1370 

55 
Fe • .JxJ0- 1 :a 4.0xJ0-1 12 4. lx la-1 60 4626 

90Sr : . 9xl0°"" SA : .4xlo-4 NA !. 7x 10-4 NA l 
3. 7x io-J " 

2.Bx10-l 4 J .4x!O-J lS )04 
; . 7x10-J 24 J.sx10-J 16 •.8xlo-l 40 639 
J.7<10-J 9 l .6xl0- 3 4 J.Ox10-l 13 1370 
8.8xlo-J !2 7.9x10-J 13 8.4xlo-3 25 2100 
7 .9xio-l ll 7.4xl0-3 7 7. 7x lo-l 18 2400 
2.ax10-J 12 4.6xl0-3 12 J.7xl0-3 24 356 l 
J .9x 10- 3 ll 3.lxio-3 11 3.Sx10-J 22 3927 
•. 1x10-l 11 3.3xlo-3 lJ 3.6xlo-3 24 4292 
l .Jxlo-3 8 3 .3x I0-3 ll 2 .5xio-3 19 4657 
J .1x10-3 8 2.8xl0-3 7 3.0xio-3 15 5022 
2.ox10-J 5 1.4x10-3 l .6x IO-J 12 5388 
6.6x10-l 4 4.2.10-J 4. Jx!O-J 13 575) 
] .3x lo-J lO l .7xlo-3 4 2.8x10-J 14 6118 
4 .4x!O-J 23 !IA a NA NA 7579 
6.Jxl0-4 24 4.6xJo--4 19 S .5x J0-4 43 8097 

137 Cs l .4xl0-2 NA 8.4xl0-3 !IA 1.lxl0-2 !IA l 
8.7x10-i !IA s.2:x10-1 NA 6.B:xJ0-1 NA 304 
7 .9x10-l 47 4.lx!0-1 49 5. 1x10-l 96 639 
LSxio-1 37 4. 7x!O-l 37 6.7x10-l 74 1370 
9 .4x10-l 44 4.9xJO-l 45 6.Bxlo-l 89 l83l 
4.hlQ-1 22 J.Ox10-l 24 3.9xlo-l 46 6118 
J.o.io-1 JO I.9xl0-l 21 2.5x10-1 51 721) 
l .8x10-l 19 l .5x10-l 18 1 .7x10-l )7 8097 

NA • Not avu l•ble 
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Table 

Utirik Bod Burden• 

Adult PUies Adult Fnaalu Adu Its 
Body Number Body Number Body Number Day1 Poat 

Burden of Burden of Burden of Re turn 
p1CL Peraons ,:CL Per1ona ~CL Pertont1 Daya 

"
0

co 
G 4.0.10-J J.lxlo-3 J.5x10-l 2464 
G 9. 7xl0"°" 7 .ox10-" 8. 1.10-4 3924 

°' 5zn l.Sxl0-1* 
2.7xlo-l 14 l.oxl0-1 15 2.1.10-l 29 1734 

G J.1.10-2 ).Jxl0-2 J.5xl0-2 2464 

' 5re 
D L 7x 10-l l .6xlo-l 1.6xl0-I 6114 

oo 
Sr 

l .4x J0-3 2.i..10-l 2 l.7xl0-J 7 17)4 
1.i.10-J l.Jxl0-3 6 !. 1.10-J I! 721 J 

"" 12 NA 12 NA 24 8669 
I. 5x!0-4 l4 l.5x!O-" 17 I. 5x!O-" JI 9225 

! 37 Cs 

4.1x10-l NA 2. 1x10-l NA J.3xl0-l NA 1004 
2.9xJO-l 15 2.0.10-l 15 2 .5x10-l 30 1734 
2.6xlO-l 9 l. 1.10-l 13 l.8xl0-l 22 7213 
l .2x lo- 1 27 7.8xJ0-2 21 I .Oxto-1 48 8309 
6.2.10-2 19 4.Jxlo-2 17 5.Jx!0-2 36 9225 

0 • Ratio der1ved body burden 
~A • Not available 

• Hea•ured at Ar1onne N•tional Laboratory 
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BRAVO test. Tilese data, together with appropriate conversion factors and living 

pattern models, provided an estimate of external dose equivalent. 

METHODS 

Exponentially declining activity concentrations have been observed in sur-

·1 f 137 face so1 or Cs, 129 90 
I, and Sr from 1954 to the present on Rongelap 

and Utirik Atolls. Declining activity concentrations have also been observed 

in vegetation at a rate greater than that predicted by radioactive decay. 

Thus exponential decline in dietary activity was assumed and the following 

general equations were derived. 

(1) 

or 

(2) 

and 

(3) 

where 
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t _ time post onset of uptake, days, 

A - instantaneous fraction of atoms decaying per unit time, day-1 

p0 
_ initial atom ingestion rate, atoms day-1, 

Ki _ instantaneous fraction of atoms removed from compartment i by 

physiological mechanisms, day-1, 

Xi - compartment i deposition fraction, 

X· - the number of atoms tn compartment i relative to the number in all 
l 

compartments at the onset of declining continuous uptake, (t=O), 

U _ instantaneous urine activity concentration, Bq i-1, 

U _subject urine excretion rate, i day-1, 
s 

f 1 _ fraction from GI tract to blood, 

f - fraction excreted by the urine pathway, 
u 

KE - instantaneous fraction of atoms removed or added to the atom uptake 

per unit time, day-1, due to factors other than radioactive decay, 

q - instantaneous body burden, Bq, 

q0 
_ body burden at the onset of uptake, Bq, 

D _ the number of disintegrations tn all compartments occurring during 

the uptake interval, Bq days. 

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

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

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

tract to blood is given by 

7 



Tiie wholE body retention at any time t-T of the fraction of initial radioactivity 

inputed at time T is 

-0 .. +K· Ht-T) 
~-x.e 1 • 

l l 

Thus, the instantaneous activity at time t-t that remains following input during 

dt is 

It follows that the instantaneous activity at time t-T that remains following 

{nput during T is 

T -(KE+.Ut 

J )..f/
0

e 
0 

-0.+KiHt-r) 
r.x .e 

l l 
dT , 

The solution of the integral yields a general expression that depends on 

che user defining t. For example, if t is the fixed uptake interval, T, plus an 

additional fixed post uptake interval, ~' then the body burden at T + 0 is 

given by 

4 

As previously stated, Eq. (2) applied at Rongelap and Utirik, it was 

for the situation that variable time t was the uptake interval. Additionally, 

persons who returned to the atolls in June 1954 and June 1957 did so with an ini-

tial body burden, q0 • The behavior of this contribution to body burden, 

q, was embodied in the q0 term of Eq. (2). A similar mod'el was used to relate 
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urine activity concentration to body burden. Equation 3 was obtained by 

integrating Eq. (2). 

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

atoms removed or added to the atom uptake per unit time, I);' and then the ini

tial daily activity ingestion rate required to produce the measured or derived 

bndy burden. Equation (3) was used to determine the number of disintegrations 

t~at occurred in the body during the residence interval of an individual living 

on Rongelap or Utirik Atoll. 

If the mean residence time in the diet is much much longer than the resi-

dence interval, then constant continuous uptake is achieved. Equations (1) and 

2) can be converted to the constant continuous equations by replacing KE with 

Single uptake expressions are obtained by setting P° equal to zero. In 

SJ!lle cases only radioactive decay may remove the nuclide from dietary items; for 

:·:-:ese cases K... would equal zero. In the case of the former Bikini residents, 
l!. 

the maturing of coconut trees during residence on Bikini Atoll caused a con-

· 1 · · d · k f 137c t1nuous y increasing ietary upta e o s. Thus, KE was found to have a nega

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

137 65 60 90 
value for Cs, Zn, Co, and Sr. This indicated that in addition to 

radioactive decay, some other removal mechanism decreased the radioactivity in 

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

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

was not possible. 

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

~ody burden or urine activity concentration. Portions of these bioassay data 

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

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

9 
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rate from the equation. This method yields n-1 estimates of KE where n was 

the number of data points. An average value of ~ was assigned for each nu-

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

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

physiological parameters were obtained from the open literature (ICRP59, ICRP68, 

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

in Table 4. 

Table 3 

Sumnary of Dietary Rate Constants (KE d -1) 

60Co 90Sr 65Zn 137 
Cs 

?.onge lap Adu 1 ts 

~ales l.SxlO -3 1.8xl0 -4 
3.lxlO 

-3 
l.4xl0 

-4 

Females l.6xl0 
-3 

4.lxlO 
-4 

3.SxlO 
-3 

l.4xl0 
-4 

Adults 1.5xl0 
-3 

1.9xl0 
-4 

3.lxlO 
-3 

l.4xl0 
-4 

Utirik Adults 

Males N. D. 4.6xl0 
-4 

N.D. l.4xl0 
-4 

Females N.D. 4.0xlO 
-4 

N.D. l.4xl0 
-4 

Adu 1 ts N. D. 4.2xl0 
-4 

N. D. l .4xl0 
-4 

N.D. = No data sufficient for analysis. 

The values of ~ were similar for males and females and for residents of 

Rongelap and Utirik. For 90sr on Rongelap a factor of 2 difference between ~ 

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

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

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

highly probable and therefore not significant. This difference leads to a 
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Table 4 

Total 8ody Dosi.eerie and Phy1iolog1c Data 

Ca.~rtment C~p.1rtment GI Troct Fracti.on 
Depo1 Lt Lon Re.ova I to Blood Excreted in Decay Significant Branching 

Nuc i J.de Fr act Lon Rate Con1tant Trana fer Urine Constant Progeny A.It 10 

~ .. x K· fl f l. ~ l d!.l u rl 

1J7 .. 0.13 0. 50 1.0 0.90 
-5 l37"'a 0.946 55 .... 6.JxlO 56 • 

0. 87 0.0051 

65. 0.25 0.058 0. 35 0.25 
-J 65* 0.49 Jo-" z .8xl0 29 Cu 

0. 75 0.0022 

90. 
0.89 0.21 0.20 0.85 

-5 90y l.0 J8"r 6.5xl0 
0.059 7.lxlo-4 39 

0.051 1.0.10-4 90* 
0.0002 40 Zr 

60 
0.5 0.05 o. 70 

-4 60*11. 1.0 
27

co l .4 J.6x IO 28 l 
0.3 0.12 
O. l 0.012 
0.1 8. 1.io-4 

55 
lb Fe 1.0 3.5:xl0 

-4 
0.1 o.o 7 .O:xlO 

-3 
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bimodal activity ingestion rate distribution for 90sr in the Rongelap popula-

tion. 

60 65 
Data for Co and Zn were not sufficient for analysis for the Utirik 

Atoll residents. Values for KE observed at Rongelap were assigned to Utirik 

mal2s and females and body burden histories for population subgroups were 

reconstructed using Eq. l or 2. Figures 7 and 8 illustrate the derived mean 

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

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

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

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

plotted to demonstrate the fit. 

The curves shown for 55 Fe in Figures 7 and 8 were obtained by setting KE 

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

future ones. Since 55 Fe contributed less than 1.0% to the total dose equiva-

lent, an arbitrary assignment of KE based on observed values for the other nu-

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

obtained from Rongelap and Utirik (Co75). Analysis for 55 Fe has yet to be 

reported. A recalculation of 55Fe 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. 

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

137cs mean urine activity concentrations. Mean values for adult males or all 

adults were plotted. Measured values for 137cs body burdens were also shown in 

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

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

tional variations. On the basis of this observation for 
137

cs, a smooth body 
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burden curve for 90 sr, reconstructed from raw data and Eq. 1, was considered a 

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

radiochemical analysis of urine versus direct body burden measurements can be 

found in Mi81. 

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

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

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

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

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

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

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

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

responsible for the Figure 2 body burden pattern (Co63). Figure 9 suggests that 

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

or declined; however, one individual's burden (1881 M) rose and fell quite 

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

variation from the mean such as departure and return to the atoll, sickness, the 

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

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

dividuals like 881 M influenced the mean body burdens to a greater degree than 

recontamination of the inhabited atolls. The impact of the individual body 

burden pattern on the true mean value is moot since body burdens of all individ

uals were not monitored consistently throughout their residence intervals except 

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 l, 1957, was assigned as a return date to Rongelap). 

Figure 10 demonstrates the differences in ingestion of 
137

cs for various popula

tion subgroups. Tilis undulating pattern was exhibited by 137cs, 90sr, and 65zn, 

nuclides for which sufficient data existed for analysis. 

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

graphic location have been shown to occur among members of a population (ICRP 

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

-1 -1 
varying from 11 µg d for adults to 8.6 µg d for children. Sr in a western 

-1 -1 
type diet rose from 600 µg d for infants to 690 µg d for 5 year olds to 

-1 -1 
3,600 µg d for 13 year olds and fell to a mean of 1,900 µg d for adults. Zn 

-1 
in the United Kingdom rose from 2 to 40 mg d , the higher value of Zn being 

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

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

µg d-l for Japanese adults and half this amount for children. 1be 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 a 

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

vided the major source of 137 cs on Bikini Atoll (Le80, Mi80), the shape of Fig-

ure 10 was in agreement with the observed diet pattern. 
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Figure 11 shows the individual jata calculated for l3 7cs for all Rongelap 

r~sidents and is referenced to June 1, 1957. The individual maximum 137cs daily 

3ct:vity ingestion rate was approximately 4 times the population mean value. 

~he standard deviation observed for the adult activity ingestion rate distribu-

t~·)n was 41% of the uiean value, 39% of the mean value for young adults, 48% for 

aG0lescents, 38% for children, and 54% for infants. Adolescents and infants 

ex-1ibited a broader distribution than adults, while children showed a fractional 

v~riation in activity ingestion rate similar to that of adults. Breast feeding 

versus coconut sap supplements would have contributed to the greater variation 

c~served in infants. Adolescents and young adults were the population subgroups 

which have been observed to move frequently between atolls. lbis mobility woul~ 

i~ad to greater variations in the daily activity ingestion rates relative to 

chose observed in the more stationary population subgroups. 

Figure 12 also exhibited a wave pattern; however, a distinct difference be-

t~een males and females was indicated. lbis difference arose from the use ~f 

values for KE listed in Table 3 which were derived from urine data for male and 

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

race, not on the total dose equivalent; and its effect was to cause the dose 

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

Figures 13a and 13b sunmarize the individual data for 90sr 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 
90

sr dietary rate constants. Data from urine bioassay 

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

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

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

the male value for ~ would be different from the female value by the factor 

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

equivalents were not significant. 

65 137 
Figure 14 shows a semi-log plot of the Zn and Cs activity ingestion 

rate histories for adults on Rongelap. A curve was drawn between points, and 

the appearance of an increasing 137cs ingestion rate during the 1960's indicated 

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

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

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

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

conclusion that recontamination was significant. These are as fryllows: 1) the 

. . 137c . . . . . . h . f increase in s ingestion rate was not in conjunction wit an increase o 

65zn; however, since 65 zn is an activation product it may have not been produced 

in the same proportions. 
137 

2) The peak Cs body burden at Utirik occurred 

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 observed 

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 Health 

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

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

sure rate following BRAVO. These facts suggest that the Hardtack series was not 

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

postulated that body burden variations were caused by travel away from the atoll 
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or sickness and other factors. Regardless of the cause of individual differ-

ences from the mean, a smooth description of the body burden and activity inges-

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

uous uptake model was use . 

Int~rnal Dose Equivalent Rates 

The approximate instantaneous dose equivalent rates for the total body 

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

from the following equation 

. 
H = qI, (4) 

where 

H _ the total body dose equivalent rate, mRem y-l, 

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

burden, mRem y-1 µCi-1, 

q _ instanteous body burden, µCi. 

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

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

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

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

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

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

of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo-

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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137Cs 
55 

Table 5 

Total Body Equilibrium Dose Equivalent Rate 
per Unit Body Burden 

Figure 15 illustrates the relative contribution to the composite dose 

equivalent rate for each dosimetrically significant internally deposited nu-

elide. For the average Rongelap adult, the residence interval begins June 1, 

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

6 months (Co80b). Tite 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 
137

cs 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 65zn body burden history during the first three years 

65 
post-return. Tite higher body burden resulted from use of the two measured Zn 
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body burden means for adults on Utirik and the observed KE rate constant from 

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

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

137 90 60 in dietary radioactivity on Rongelap had been observed for Cs, Sr, and Co 

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

du:tion fractions very similar to those at Rongelap were observed at Utirik for 

90 13 7 . 
the Sr, and Cs nuclides. TI-ie lower curve on Figure 16 reflects the dose 

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

65 
radioactive decay alone accounted for the removal of Zn from the Utirik envi-

ronment. Since additional mechanisms could be measured for other nuclides at 

Utirik and for the 65zn nuclide on a nearby atoll, the upper curve was chosen as 

c:;e most likely body burden history for adults post return to Utirik Atoll. 

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

fer each nuclide. An obvious difference relative to the Rongelap history 

. 65 137 
exists; Zn not Cs was the major nuclide contributing to the dose equivalent 

rate. TI-iis was due to the Utirik population returning 3 to 4 months after the 

initial contaminating event, and the Rongelap population returning after 3 

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

each nuclide contributing to the internal dose equivalent. In fact 60co and 

65 zn played major roles during the first 3 years, a time interval that 

corresponded to the period during which field whole body counting facilities 

were being developed at Brookhaven National Laboratory and when medical examina-

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

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

Th . f 65 60 . f h 1 . e impact o Zn and Co was such that even l t e east conservative rate 
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constant (KE=O) was used for Zn, the dose equivalent rate for the average 

adult was in excess of Federal Radia~ion Council Guidelines for the first 2 

years following the return to Utirik. 

Internal Dose Equivalents 

Disintegrations occurring ln the total body of an individual during resi-

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

together with personal body burden histories and atoll specific KE rate con

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

secutive body burden measurements. Ute second method used was a log-log plot of 

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

two consecutive measured points. Ute third method used a linear plot of the 

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

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

re~uired that all three methods agree within ±10% before a subject was assigned 

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

the methods compared to within ±5%. 

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

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

lowing equation 

F = 

where 

£
2
' r.A.B. (L.C.D. + ln2/A) 

l l l l l l 

L .C.D.(r.A.B. + ln2/A) 
l l l l l l 

(5) 

F _ the fraction of total body disintegrations occurring ln the organ of 

interest, 

A. _ organ compartment deposition fraction for the element, 
l 
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- B. - organ compartment biological half time for the element, 
l 

c. -
l 

total body compartment deposition fraction for the element, 

D. - total body compartment 
l 

biological half time for the element, 

f2 - fraction of the element from blood to organ of reference. 

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

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

compartment deposition fractions and compartment half times were obtained from 

Ki78. Values for the remaining quantities were from ICRP59. 

The dose equivalents to a specific organ or the total body were determined 

by using the source to target dose equivalent per unit cumulated activity par~me-

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

the dosimetric contributions from all source organs. Several imoortant modifica-

tions to the general procedure were made in order to compute individual 

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

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

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

equivalent was determined. In the case of 137cs, 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 made 

to reflect this dependence. Finally, for 90sr deposition in bone, 28% of the 

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

cancellous bone and 72% from cortical bone. 

Figure 18 demonstrates the mean dose equivalent from 137cs for various age 

and sex groupings. 'Ille residence interval was from 1957 to 1980 for this popula-

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

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

experienced a 23 year exposure interval. 

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

137
cs among the Rongelapese. The shape or the population distribution was 

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

137 
5.3 times the mean value for Cs on Rongelap. An examination of the subgroup 

distributions reveals that persons who were infants at the time of rehabitation 

at Rongelap also were the recipients of the higher doses. This was due to the 

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

137 
and ioore rapid turnover of Cs than that for adults or even children. The pa-

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

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

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

cents 47%. Within a subgroup, the maximum observed dose equivalent was approx1-

mately twice the mean value for all distributions considered here. 

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

65 
on Rongelap. Adolescents, adults, and adults SO and groups for Zn young up 

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

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

65 
Measured Zn data for persons who were infants at the return date were not 

reported in the publications by Conard et al. 

Figure 21 shows the dosimetric distributions observed for members of the 

1 . f 65 Rongelap popu at1on or Zn. Again the population overall exhibited a skewed 

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

demonstrated higher doses than persons who were adults during the entire 23 
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year period. 1be standard deviation was in general 30% of the mean value for all age 

and sex subgroup distributions. 1bis less pronounced variation may be due to 

the fact that 
65

zn measurements took place over a 3 year interval while 90sr 

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 sun:marize the 90sr dose equivalent results for 

individuals at Rongelap. 

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

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

tion pathways. It is known that for a given soil concentration of the stable 

naturally occurring analogs to the radionuclides considered here, the ratios 

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

as follows: 

Co > 3000 Zn > 130 

Fe > 550 Sr > 10,000 

Cs > 400 

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

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

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

· · Th d · 1 d. ·b · f 137c in tissue. e source was assume to be an exponent1a istr1 ut1on o 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 variations since the atolls present a heterogeneous exposure rate environ-

ment (Gr77). 

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

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

line portions of the curve was detennined by 

x = 
(6) 

where 

x - external exposure during straight line interval, mR, 

R2 - exposure rate at the end of the interval, mRh -1 

the beginning of the interval, 
-1 

Rl - exposure rate at mRh 

t2 - time post detonation at the end of interval, hours, 

t l - time post detonation at the beginning of interval, hours, 

n - slope of a straight line. 

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

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

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

of BRAVO to obtain the initial increasing exposure rate history shown on 

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

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

original observations reported by the Marshallese and by U.S. Navy personnel 

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

are developed in greater detail in another report. 

{ 
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Figure 25 demonstrates the external exposure following the 1958 testing se

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

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

SUMMARY 

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

inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50 

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

1954 and June 1957 the return of the Utirikese and Rongelapese occurred respec

tively. Body burden data for dosimetrically significant nuclides were obtained 

throughout the residence interval post return primarily by direct in vivo gamma 

spectroscopy and by indirect radiochemical analysis of urine and blood. 

The dosimetric models used in this analysis were representative of a 

declining continuous uptake regime. Dietary decline of radioactivity included 

radioactive decay of the source and a conglomerate of other factors which might 

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

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

were comparable for both atolls. 

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

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

This was attributed principally to the statistical variation encountered when 

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

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

laboratory analysis of samples. 

Daily activity ingestion rates were determined for all measured 

radionuclides. In general, infants, children, and adults between 20 and 40 
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years of age ingested more activity each day than did adolescents and persons 

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

daily activity ingestion rate for members of an age subgroup was no greater than 

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

tor of 5 times the mean activity ingestion rate value. 

Dose equivalent rates post return were determined for members from both 

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

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

Th 
. . "b . . 137 e principal contr1 ut1ng nucltde was Cs. For Utirik Atoll, the residents 

received up to 15 Rem per ye.Jr during the first 400 days post return. The major 

65 60 
contributing nuclides were Zn and Co. Dose equivalent rates to the 

Utirikese from internal emitters fell below 500 mRPm per year at approximately 

1200 days post return. 

The dose equivalent for population subgroups and for individuals was deter-

mined. Table 6 su1I111arizes the results for the total body, thyroid, red marrow, 

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

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

segments of the gastrointestinal tract. The Utirikese received significantly 

d . · d f 65z 60c d 55 F h d1·d h R 1 b ioore ra iat1on ose rom n, o, an e t an t e onge apese ecause 

of short mean residence times of these nuclides in the environment. 90sr doses 

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

doses received by persons at Utirik. Tilis 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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Tab le 6 

Chronic Phase 
Dose Equivalent Su1I1Dary 1 Rem 

Total Body Thyroid 

Utirik Ronge lap Utirik Rongelap 
Nuclide Adu 1 ts Adu 1 ts Adu 1 ts Adults 

90sr .012 .027 .00075 .0017 
SS Fe .033 .023 .059 .042 

137cs 1.1 1. 7 1.6 2 .4 
60co .51 .014 • 36 .010 
65zn 13. .076 11. .067 

Internal 14. 1.9 13. 2.5 
External 3.2 2.0 3.2 2.0 
Total 17. 3.9 16. 4.5 

Red Marrow Tes tes-OVaries 

90r.r .054 .12 • 00075-. 00075 .0017-.0017 
55 Fe .060 .042 .058-.062 .074-.043 

137cs 1. 7 2.6 1.5-1.7 2.3-2.6 
60c:0 .63 .018 .44-1.8 0 .12-.050 
65zn 17. • 10 11.-16 • .069-.099 

Internal 20. 2.9 13.-20. 2.5-2.8 
External 3.2 2.0 3.2 2.0 
Total 23. 4.9 17.-23. 4.5-4.8 

Lower Large 
Intestine Wall Liver 

90sr • 23 .57 .00067 .0015 
55Fe .067 .047 .12 .080 
137 Cs • 59 .90 1.8 2.7 

60co 4.7 .13 .79 .022 
6Szn 15. .091 17. .14 

Internal 21. 1. 7 19. 3.0 
External 3.2 2.0 3.2 2.0 
Total 24. 3.8 22. 5.0 
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Abstract 

Marshall Islands: A Study of Diet and Living Patterns 

J.R. Naidu, N.A. Greenhouse, G. Knight* and E.C. Craighead** 

Brookhaven National Laboratory, 
Safety and Environmental Protection Division 

Upton, New York 11973 

TI1is study sumnarizes information on diet and living patterns for the 
Marshallese. The data was derived from literature, answers to questionnaires, 
personal observations while living with the Marshallese for periods extending 
from months to years, and from direct participation in their activities. The re
sults reflect the complex interactions of many influences, such as, the 
gathering of local foods, the receipt of food aid through programs, such as, 
school-lunch; typhoon-relief, food distributed to populations displaced as a re
su 1 t of nuclear testing, and in recent times the availability of cash for the 
purchase of imported foods. The results identify these influences and are there
fore restricted to local food diets while recognizing that the living patterns 
are changing as local food gathering is replaced by other food supplies. The 
data will therefore provide the necessary information for input into models that 
wi'.l assess the radiological impacts attributable to the inhabitation of the 
Marshall Islands. It is recommended that this study should be continued for at 
least two to three years in order to more accurately identify trends in local 
food consumption and living patterns. 

Obi~ctive 

The goal of this study is the evaluation of dietary and living patterns 
among the inhabitants of the Northern Marshall Islands. These data will be used 
as input to the dose estimation models (external and internal) that are being 
developed for the Marshallese who continue to inhabit or will inhabit areas 
previously contaminated by radioactive fallout from U.S. Pacific Nuclear tests. 

Int::-oduction 

This study, by the Safety and Environmental Protection Division (S&EP) of 
the Brookhaven National Laboratory, is a continuation of work which began in 
1974 as part of environmental monitoring programs for Bikini, Rongelap and 
Utirik. The Northern Marshall Islands Radiological Survey (NMIRS) of 1978 pro
vided an opportunity to carry out a study in extensive detail, since the role of 
S&EP was devoted exclusively to diet and living patterns. Since then, two of 
the authors, (G. Knight and J.R. Naidu), have continued the study in order to in
crease the data base obtained through this work. As pointed out in a prelimi-

*P.O. Box 782, Majuro, Marshall Islands 
**8 Platt Street, East Norwalk, Connecticut 06855 
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:-iary report to the Nl-IIRS group, one of the key requirements for reliable data 
5athering is the isolation of the islanders from the "outside" influence of • 
field trip ships and from scientists conducting environmental or medical 
studies. This stems from the fact that the ~!arshal lese tend to give such in-
quires answers which they think are being sought, rather than to provide the ob
jective information desired. Thus the NMIRS program, wherein three of the au-
thors spent short periods of time in residence at each island, served to provide 
a basis for comparisons with past observations, and to establish a foundation 
for subsequent studies following the N?-1.IRS. "These studies have now been 
extended through 1979 and are expected to continue indefinitely. 

Methods 

A thorough review of all existing literature was performed ll-6). Earlier 
studies ll,2) had as their goals the quantitative and qualitative assessments of 
food intake, and the establishment of its nutrient value. However, it became ap
parent during the current study that the earlier studies suffered from certain 
unintended biases which were the result of inquiries made during short field 
trip visits. We have ascertained that these biases can be minimized by 
utilizing an observer who has become integrated into the local community to the 
extent that his or her presence has a negligible impact on community life. 'Ibe 
authors of this report have spent periods extending from months to years on the 
various islands in the ~arshalls, during which time they have become an integral 
?art of the island communities, partaking of the local food and participating in 
(as well as observing) community living patterns. On the basis of this experi
ence, the authors developed a questionnaire which was used to generate much of 
the dietary information presented in this report. ~ 

The generalized information presented in the main body of this report rep
resents a synthesis of the direct observations of the authors, and of the survey 
data from the questionnaire. Most of the detailed information, which forms the 
basis for these generalizations, pertains to the following: Islands/Atolls stud
ied, specific aspects of island living patterns, seasonal phenomena, types of 
fish and methods of fishing, edible birds, individual family food consumption 
patterns, (imported) food subsidy programs, community cooperative store stocks, 
and satistics on the edible fractions of local foods. All of the above informa
tion· is included in the Append ices. 

The following dietary interview was prepared in an attempt to determine 
the local diet by posing questions to the islanders themselves. It was taken to 
a number of communities at Rongelap in Rongelap Atoll, Utirik in Utirik Atoll, 
~ejit, Ailuk, Wotho, Jabor in Jaliut Atoll, at Killi Island and Majuro. 

The questionnaire of the dietary interviews, which is in Marshallese but 
presented here as a literal English translation, was as follows: 
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Marshall Islands Dietary Interview 

In answering these questions, please answer in respect to those of your family 
who presently live at your house and in respect to only those who eat with you 
every day. 

How many people of school age or over are in your family and eat with your fam
ily every day? 

w~at is the name of the island where you presently live. 

1) How many mature coconuts do you use to prepare coconut milk to mix into 
your family's food in a typical week? 

2) How many mature coconuts do you grate to mix into your family's food in a 
typical week? 

J) If you are an adult and 18 years or over, other than the mature coconuts 
mixed into your family's food, how many other coconuts do you eat in a typical 
weeK? 

4) With respect to your children or brothers and sisters of ages 10 through 
18, other than the mature coconuts mixed in the family's food, how many would 
you expect one of them to eat 1n a typical week? 

5) If you are an adult, how many drinking coconuts do you consume 1n a typical 
week? 

6) And if you are an adult, how many of these coconuts that you drink will you 
also eat the soft meat thereof? 

7) With respect to your children or younger siblings of ages 10 through 18, 
how many unripe coconuts would you expect one of them to drink in a typical 
week? 

8) And in respect to these children, how many of these unripe coconuts that 
one of them would drink would you expect him to also eat the meat thereof? 

9) If you are an adult, how many of the kenawe coconuts (in a similar fashion 
as pandanus, the entire husk is sucked and chewed and a considerable portion is 
eaten) do you eat during a typical month? 

10) In respect to your children or younger siblings from ages 10 to 18, how 
many of the kenawe coconuts would you expect one child to eat during a typical 
month? 

11) How many of the sprouted coconuts do you cook the iu (haustcrium) thereof 
in preparing traditional dishes to be served at family meals in a typical week? 

12) Other than the iu prepared for the family meals, how many iu do you eat in 
a typical week? 

- 3 -



'.3) In respect to the children, how many iu 
week? does one child eat 1n a typical 

L4) If you are a man who makes iekaru (tapped nectar of the coconut flower), 
how many half-gallon bottles does your family use to drink or mix with the fam
ily food each day? 

l5) How many pandanus do you cook and make into pulp to mix with the family 
food or to preserve into Jankwon in a typical week during pandanus season? 

16) Other than the pandanus you mash into pulp, how many will you eat yourself? 

17) In respect to the children, on a typical day how many pandanus does one 
child eat? 

18) During breadfruit season, how many of the bukrol or batakatak varieties do 
you prepare for your family in a typical week? 

19) How many of the bukrol or batakatak varieties do you use to preserve into 
~wido to be eaten by your family during a typical year? 

20) During the season for the mejwan variety of breadfruit, how many do you pre
pare for your family in a typical week? 

21) Other than the mejwan you cook for the family, how many of the ripe fruits 
do you eat in a typical week when this variety of breadfruit is in season? 

22) In respect to the children, how many of the ripe fruits do you think one 
child eats in a typical week? 

23) How many of the mejwan variety of breadfruit do you preserve into jankwon 
for your family to eat during a typical year? 

24) Other than the mejwan breadfruit itself, how many nuts of this variety do 
you eat in a typical week when it is in season? 

25) In respect to the children, how many nuts of the mejwan do they eat in a 
typical week when it is in season? 

26) How many blocks of arrowroot starch (about 10 lbs) do you dig and prepare 
for your family to eat during a typical year? 

27) How many (pounds of) fish do you cook during a typical week for your 
to eat? (A good sized rijin species weighs about 2 lbs.) 

28) How many pumpkins do you cook for your family during a typical year? 

29) How many stalks of starch bananas do you cook for your family during a 
cal year? 
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30) How many stalks of sweet bananas does your 
year? 

family eat during a typical 

3 ' \ 
1 ) If you are an adult, how many papayas do you eat during a typical month? 

32) In respect to the children, how'many papayas would you expect one child to 
eat during a typical month? 

33) How many (pounds of) sweet potatoes do you cook for your family during a 
t::;:i ica 1 year? 

34) In respect to any other locally grown foods not previously mentioned, 
please list the foods and the amount eaten by the family during a typical mont~ 
or year. 

35) How many chickens do you kill and prepare for your family during a typical 
month or during a typical year? 

36) In respect to wild birds, how many times do you make a meal of them during 
a typical month or year? 

37) How many times do you make a meal of pig during a typical month or year? 

38) How many times do you eat turtle during a typical month or year? 

39) How many times do you eat lobster during a typical month or year? 

40) How many times do you eat giant clam during a typical month or year? 

41) How nany times do you eat the various types of ocean snails during a typi
cal month or year? 

42) How many times do you eat octopus during a typical month or year? 

43) How many times do you eat the coconut crab during a typical month or year? 

44) How many times do you eat clams (other than giant) during a typical month 
or year? 

45) Please circle the months that breadfruit_ is in season. 

Jan.--
Feb.--
March-
Apri 1-
May---
June--
Ju ly--
Aug.--
Sept.-
Oct.---
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Nov. --
Dec. ---

~6) Please circle the months that pandanus is in season. 

Jan.--
Feb.--
~a rch-
Apri 1-
May---
June--
July--
Aug.--
Sept.-
Oct.--
Nov.--
Dec. ---

The .feasibility of obtaining a total profile of a typical diet from an in
:erview stems from the prevailing environmental conditions in which the varietv 
)f available foods is quite restricted. There is also a very limited trading, 
-'conomy - both the variety and availability of impor~ed foods being restricted 
)y the limited capital of those who import and retail such goods. fhus the lim
_ted availability of cash affects both the variety of traditional foods and the 
lmount of contemporary imports as well. Thus, the typical diet is very "day to 
day". This makes it possible to obtain relatively accurate estimates on a ques
t ion and answer basis. 

Traditionally, one of the most respected talents is the ability to quickly 
iivide large amounts of local food equitably among large numbers of families at 
island celebrations. The authors have observed the skill of both men and women 
at this task. Therefore, due to these environmental, economic and cultural fac
tors, it appears that the islanders themselves may eventually produce more accu
~ate estimates of the foods they eat than those likely to be obtained by outside 
observations. 

A crucial problem for an outside observer is that of finding the "typical" 
family upon which to base his observations, since individual families consume 
variable amounts of local foods. Some appear to eat primarily a local diet, 
while that of others contain many imported foods. An analysis of the individual 
answers of the interviews shows the scope of this variability. However, observa
tions indicate a large variance about the average which reflects wide variations 
in personal preferences for foods. This is not to suggest that direct 
observations, especially if made during a complete 365 day cycle, would not 
yield significant results - but only that such results could not be considered 
"average" unless observations of a large number of individuals were made. Such 
a study would show a "typical maximum" or "typical minimum" diet of such 
families, due to the fact that they would represent such extremes from the norm 
that they would stand out to the observer whereas the "typical average" diet of 
the normal family does not. Therefore an outside observer would have no way of 
choosing which typical family to observe. 
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The interview data does not prov1ae the "typical average" of the local 
~:od consumed by the islanders of the various corrmunities. Rather they provide 
Pstimates which approach the "tvpical average." An interview of forty-four ques
c:~ons cannot provide a direct and straight forward "typical average" of local 
::-ood actually consumed. The islanders provide better estimates on food they~
~ rather than on food actuallv eaten. Within the interview, emphasis was 
?laced on the amounts of food prepared for the family on a weekly basis, since 
this was felt to be the most easily answered question to pose concerning the 
'ocal diet. Since the Marshallese are by culture food gatherers they know more 
Jr less how much food they regularly gather and how much they have to cook to 
~eep their families adequately fed. However, not all the food cooked for the 
family is eaten. Since there is no refrigeration, an undetermined quantity of 
\~ft-overs is probably on many occasions wasted or more likely fed to pigs or in 
some cases chickens. Most families keep a pig or two and at least half the diet 
Jf these pigs consists of left-overs. Thus, the present study provides a more 
1sable indication for food cooked but not necessarily eaten by the family. 

Another problem in obtaining accurate estimates of food consumption is due 
to food sharing, which introduces a significant variable into the calculations 
~ased on the outside observer and interview methods. Food sharing is a 
~ulturally induced readiness to feed not only family members, but anyone present 
3S well. An island society is quite open and islanders roam freely from one 
house to another at leisure. Thus there is a tendency to prepare a larger 
~mount of food then needed for ones immediate family. The problem then is to es
t ~mate the amount of food given away. This is a difficult estimate to make, 
even for an Islander, as it is by no means a consistent amount. What is known 
,s that the Marshallese cook regular amounts, and that they can provide reasona
~ly accurate estimates on how much they prepare. It is not clear how much of 
t~is the family actually consumes. To try and pin the islanders down on this 
q•.Jestion during an interview is difficult. Every man knows from habit how much 
food he needs to regularly gather to provide for his family. He can only guess 
how much of this food he occasionally gives away. It was this circumstance that 
prompted us to concentrate our interview questions on the amount of food regu
larly prepared, even though it appears that some portion of this food is given 
away. In the authors' judgement, it seemed be~t to start with the most reliable 
estimates possible, and then to proceed from there with further study and compar
ison. 

It should be noted then that the averages obtained from the answers to the 
various questions of the interview are in many cases based on food prepared for 
family members. Such averages are labeled per family member (PFM). They were 
computed by dividing the total amount of food prepared by all families by the 
total number of family members associated with the individual adults inter
viewed. Had each member of the family been interviewed (an obviously important 
step in future studies) the amount cooked (less the amount wasted) should be 
roughly equal to the total amount eaten. Thus, the problem of food sharing 
could have been successfully by-passed. However, due to time limitations, the 
inability to interview those reluctant to participate, and a concern not to in
convenience the islanders in any way meant that an inclusive study of all family 
m~mbers (which would entail active cooperation at all levels of the government 
of the Marshall Islands) has yet to be completed. 
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Therefore, this attempt to seek estimates from the islanders t~emselves 
concerning the actual amounts of local foods in their contemporary diet should t 
be used not as a definitive answer to the question of what constitutes the 
"typical average." Rather it should be regarded as a feasibility study on the 
possibility of obtaining the desired information in this way. In the authors' 
judgement, the averages obtained from the in~erview study represent 
overestimates. Tiiey should be so considere 1til such time as further study 
~roves them accurate or (more likely) prov1u ~ representative estimates of food 
sharing and wastage, which could be folded into the study to provide more accu
rate consumption estimates. Until such time as the factors involved are more 
thoroughly understood, the feasibility of obtaining a "typical average" estimate 
from the interview method is in question. However, the present study 
establishes an upper limit, which has been confirmed by (a) an estimate of the 
~alorie intake based on calorie value of foods ll, 2j, and (b) the quantity of 
cood that is available and is gathered on the islands. 

t;'.esults 

The data obtained from the interviews and observations made by the authors 
31nce 1970 suggests that the diet patterns can be divided into three typical 
categories or communities. Tiiese communities have the following 
~haracteristics: 

Community A: 

a. Maximum availability of local foods 

b. Highly depressed local economy - living within income provided by 
se 11 ing copra 

c. Low population 

d. Little or no ability to purchase imported food 

Community B: 

a. Low availability of local foods - except fish (which can form as much 
as 33% of the total diet as a result of excellent fishing in the 
area). 

b. Overpopulated - resulting in low per capita availability of local 
foods. 

c. A good supply of imported foods (supply boat comes in every two to 
three weeks) along with the availability of jobs. 

Community C: 

a. Low availability of local foods, even the fishing is poor 

b. Large government food program 
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'-. Overpopulated 

d. A good supply of imported foods and availability of cash to buy them. 

The results of the interviews and observations are therefore categorized 
according to the three communities defined above and are tabulated as follows: 

Table - 1: For Community A indicating the quantities of local foods 
consumed 

Table - 2: For Community 3 indicating the quantities of local foods 
consumed 

Table - 3: For Community C indicating the quantities of local foods 
consumed 

RP~ults and Discussion 

One of the most significant results of the dietary interview was the deter
mi-~tion of the relative portions of local foods in the islander's diet. Tables 
l t~ 3 show that the amounts of local foods prepared and eaten varies consider
~bl y in each community, but that the relative proportions of the local foods 
w+_ch are prepared and eaten are strikingly consistent, regardless of the respec
t~'·e availability of imported foods in each of the three communities. With re
SP·'Ct to imported foods, Cormnunity (A) was chosen on the basis of low availabil
i t·1. All islanders of this community are primarily copra producers and retain 
th~ir traditional food gathering Lifestyle in an area of correspondingly maximum 
lo,:il food availability. Community (B) was chosen because of high availability 
oi imported foods due to the presence of a well stocked co-op store and the E_E£

li:·:ration of government jobs. No copra is made at community (B) and as noted 
elsewhere in the Marshall Islands the development of a "westernized" economy re
sults (primarily due to the limited land area) in a corresponding minimizing of 
local food availability. Community (C) was chosen for its large food subsidy 
and the low availability of local foods resulting from high population density. 
It is assumed that imported foods are highly available at (C), moderately avail
ab'.e at (B) and of limited availability at (A). From Tables 1, 2 and J it ap
pe~rs that the consumption of local foods is 100% for Conmunity A, 33% for Corranu
nity Band 25% for Community C, of the total diet (local and imported food). 
There is a tendency for the islanders to prepare and cook less local food as 
imported foods become more and more available. Nevertheless, the relative por
ti.'ns of the local foods eaten appear to remain constant _regardless of the avail
ability of imported foods either from a "westernized" economy or a food subsidy 
pr,··gram. This is dramatically evident when we compare the amount of coconuts 
(in all stages of growth and in the different modes of preparation) consumed, 
for example, they constitute: 55% of total local diet in Conmunity (A), 58% in 
Cor:imunity (B) and 47% in Community (C). Uie relative portions of the various 
other local foods seems only to change significantly due to environmental 
conditions. For instance, the fishing at community (B) is widely reputed to be 
the best in the Marshalls. This explains why fish accounts for 36% of the local 
diet at (B) as compared to 29% at (A); whereas the islanders at (C) (where there 
exists limited opportunity for fishing) estimate fish to be only 19% of the 
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10cal food they prepare for their families to eat. It mav therefore be 
concluded that the local diet is basically quite uniform ~nd that it changes pr1- ~ 
marily due to environmental conditions. Ille effect of imported food is not so 
much to change the elements of the local diet but simply to reduce them 
proportionately. Ille only exceptions to this tendency towards proportionate 
over-all reduction are Jekaru (coconut s~pl, Mokmok (arrowroot), and Jankwon 
(preserved mejwan breadfruit and preserved pandanus). Tiiis may be due to the in
tense labor involved in the processing and preparation of these three foods. 
They appear to be the first traditional foods to be replaced from a total local 
food diet by imported sugar, rice and flour. However, further studies are 
needed to conclusively demonstrate this. 

With respect to community (A) where estimates showed the food prepared and 
eaten to be nearly 100% of the total diet, it is clear that these estimates ex
ceed the actual amount that could conceivably be consumed, even by all the fam
ily members. Tiiis is especially so considering the fact that this group of fam
ily members includes women and children who could not possibly consume all that 
food on a daily basis when we know that they are eating significant quantities 
of imported foods as well. 

Table 4A and 4B represent a typical maximum diet. It represents the most 
conservative estimate on the total gram weights of the various local foods which 
could conceivably be consumed under the assumption of a 100% local diet. 

These estimates are based on the assumption that all the Marshallese liv
ing on outer islands regulate their dietary habits to a certain extent to a pat-
tern parallel to environmental conditions and the natural food gathering cycles ~ 
that are governed by these conditions. It is based on a general observation .. 
that most islanders do eat local foods. These estimates also indicate how much 
of a particular food is eaten (by a typical adult and child) during a given 
foods' peak season or seasons. They do not consider those periods when a partic
ular food is scarce or otherwise difficult to obtain. Since these estimates are 
based on a cycle of one year, it seems reasonable to assume that this method 
could provide an estimated maximum. It has also the advantage of being based on 
principles and assumptions which are scientifically verifiable. The various 
growing seasons are subject to yearly change. Also the length and production of 
each growing season varies somewhat from year to year. In calculating the maxi-
mum diet the tabulations reflect a somewhat higher percentage of jekaro, coconut 
and pandanus than could reasonably be expected. 

It should be noted that an individual existing totally on such a diet 
would have to be carrying out a very active food gathering existence, and would 
therefore have very little time for other endeavors. In short, he would have to 
return to the premodernized state his ancestors were living 200 years ago. It 
should also be noted that a higher maximum consumption of any one type of food 
is conceivable though it would be unlikely for two reasons. One, is the fact 
that the premodern Marshallese society as well as the contemporary society is 
very communal in its food consumption patterns. This means that food sharing is 
extremely important, and therefore if any one person gathers a great deal of any 
one particular type of food, he is more likely to divide it up and give it away 
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Interview Marsha 11 t'SP 
Question grams/ No. of grams/ namt" f t>r En~ I 1 sh 

No. weeks Wf"f"kS --~ f <>od ---- _____ t"~~J-~~~l~!~.!__ ---- - -- --- ------ -----·-

192 52 '1'184 el C'l.)C011Ut gratt>cf for coconut mi I k 
2 480 52 24%0 Waini <.:oconut r i pP fi)r copra 

) 1248 52 64R96 Waini CC>COnut ripe fnr copra 

4 1104 52 574011 Waini coconut ripe f 1>r co pr a 

5 7199 52 17414R c1rt>n in n1 coconut watt-r 
6 1820 52 94640 Mt>di. tender coconut mt" at 

7 6440 52 314R80 drt>n 1 n 111 Ct>Cl)llll t Wet[ t:'r 

8 2197 52 114244 Mt'di t t-ndPr coconut lllt"J[ 

9 160 52 8320 KPnawe coconut variety-can ht> PaCe11 raw 
JO 230 52 I I '160 Kenawe cnconur variPty-can he eaCPn raw 
II ll80 52 71760 Ill COCl.>1111( f appl t" I 

12 2140 52 1216110 i u cor on11t I appl t" I 

13 1740 52 904RO i11 coconut . dppl~' 
14 2646 52 ))7592 Jekaru nt•ctJr t rc1m cnc1H1ut h11d 

15 225 52 11700 Jank won pan.Janus p11lp 
16 4158 12 4911% Roh pandanus 

17 4126 12 51912 Boh pandanus 

18 2500 11 27500 Ratdkalak or brt>adfr11it di f I .. rent var 1 r'I y 

18 1500 II 16500 ( Buk ro I ) hreadfr11it <litfer .. nt variety 

t-' 19 2000 I 5 )0000 ( R11k ro I) breadfruit di ff,.renr vari~ty 
...... 20 1496 12 17952 Mejwan breadfruit wi ch Sf'PdS 

21 720 6 4320 Mejwan brradfr11i t wi rh sr .. ds 
22 315 6 1890 Mejwan hreadfruir with sepds 

23 JOO JO 3000 Mejwan hrPadfrui t with seeds 

24 248 6 14118 Kole Nut speds of brea,1fr111t 
25 261 6 15711 Kole Nut seeds of hreatffrui t 

26 278 7 !946 mokm,)k arrowroot 

27 JOll4 52 16036R i k ti sh 
211 2000 punk i pumpkin 
29 7500 hinana banana 
JO wct:kly consumprion not posslble 7500 binana banana 

31 12120 k anapu pa pa ya 

12 to deten11ine as such only annual 12600 kanapu papaya 
)3 164 potato swef>t potatl>e 

J4 figur.,s given. 71R2 local veg<>CablP foods local Vt'V'lah le foods 
35 500 hao I ol pn11 It rv 

36 2017 bao I in wi Id hi rd 
n 1150 pik pork 
38 !000 won cur t I e 

19 500 wor I ohs I er 
40 750 kahor giant c I am.s 

41 11400 jerol sna i Is 

42 '113 kwid oc c opus 

43 4500 harolab coc onnt c rah 

44 2150 clams clams ( sma 11) 



Table 2: Con111111n1 t y 8 

Interview Marshal Iese 
Question graaa/ No. of grams/ name for English 

No. week• weeks ---1.!__ foorl t"~)ent 
·-

I 49.4 52 2569 El coconut grated for coconut milk 
2 264 52 13728 Waini coconut ripe for copra 
3 216 52 11232 Waini coconut ripe for copra 
4 144 52 7488 Waini coconut ripe for copra 
5 3611 52 187772 drenin ni coconut water 

6 702 52 36504 Medi tender coconut meat 
7 2300 52 119600 drenin ni coconut water 
8 416 52 21632 Medi tender coconut mPat 

9 o. 25 52 13 KPnawe c oc onu t variety-can be eaten raw 
10 0.5 ')2 26 l<enawe coconut vari~tv-can he Paten raw 
11 350 52 18200 iu coconut 'apple' 
12 700 52 36400 i u coconut 'app IP• 

11 830 52 41160 I U coconut 'apple' 
14 - - - jakaru nectar from coconut bud 
)') 1200 13 15600 Mak on (jankwon) pandanus pulp 
16 2688 13 34944 !lob pandanus 
17 1680 13 21840 Bob pandanus 
18 450 12 5400 Bukrol or breadfruit different variety 

19 - - 1750 Batakatak breadfruit difff'rf'nt variety 
....... 20 245 12 2940 Hejwan breadfruit with Set>d N 

21 380 8 3040 Mejwan breadfruit wi ch seed 
22 272 8 2176 Hejwan breadfruit with seed 
23 - - - Mejwan hrearlfruit wirh seed 
24 18.3 8 146 kole nut seeds of breadfr111t 
25 40.8 8 326 kole nut seeds of hreadfruit 
26 - - - moktnok arrowroot 

27 1364 52 70928 ik fish 
28 - punk i pumpkin 
29 2800 binana banana 
30 weekly consumption not possible 

4000 binana banana 
31 - kanapu papaya 
32 to detennine as such only annual - kanapu papaya 
33 - potato sweet potatoe 
34 figures given. - local vegetable foods I oca I vegetable foods 
35 1200 bao lol poultry 
36 3250 bao Jin wi Id birds 
37 500 pik pork 
38 41 won tu re le 
39 50 wor I ohs ter 
40 4250 kabor ~iant clam 
41 4250 jerol snai 1 s 
42 7125 kwid octopus 

43 350 barolab coconut crah 
44 1075 clams clams ( sma 11) 

......... .-. ..... • 
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iah If> 1: CCllOOltlll~ 

Interview Mdrshal 1 .. se 
Q1Jestion grams/ No. of grams/ name for fngl1sh 

No. weeks weeks _I!_ food ~valent 

874 52 45448 El coconut grat .. d for coconut milk 
2 264 52 1)728 Waini coconut ri P" for copra 
) 112 52 16224 Waini coconut ripe for copra 
4 336 52 17472 Waini coconut ripe for copra 
5 2139 52 111228 drenin n1 coconut water 

6 936 52 48672 Medi tendt-r coconut meat 
7 1035 52 53820 drenin ni coconut watt"r 
8 286 52 14872 Medi tender coconut mt"at 
9 12. 5 52 6~0 K .. wane coconut variety-can be ~at~n raw 

10 55 52 2860 Kewane coconut variety-can be ealen raw 
II 100 52 5200 I u coconut 'apple' 
12 460 52 23920 llJ coconut 'apple' 
J) 240 52 12480 I u coconut 'apple' 
14 - - - jeka ru nee tar trom coconut Lud 
I 5 200 1) 2600 Mnkon ( jankwon) pandanus pu Ip 
16 1806 11 23478 l\ob pandanus 
17 1680 I 3 21840 l\ob pandanus 
18 800 12 1)600 l\uk rol or br .. adfruit diflerPnt variety 

1--' 19 3300 l\atakatak hreadfru it dif fer .. nt variety 
w 20 408 12 48% Me jwan breadfruit wi Ch seeds 

21 225 8 1800 Mejwan lneadfru it with seetfs 

22 225 8 1800 He jwan breadfruit with seeds 
23 - - - Me jwan breadfruit with sPeds 
24 56 8 448 kole nut seeds of breadfruit 
25 42 8 336 kolP nut seeds of hreadfruit 
26 - - - mokmok arrowroot 
27 590 52 30680 i k fish 
28 1700 punk in pumpkin 
29 2800 binana banana 
30 weekly consumption not possible 3200 binana banana 
JI 1120 kanapu papaya 
32 to determine as such only annual 2880 kanapu papaya 
33 - potato sweet pot a toe 
34 figures given. - I ocal vegetable foods local vegetable foods 
15 - bao lol pou It ry 
36 200 bao l in wild bird 
37 250 pik pork 
38 125 won t urt I e 
J9 150 wor lobster 
40 - kabor ~iant clams 
41 5325 jero l snai Is 
42 1013 kwid oc ttlpus 
43 638 harolab coconut crab 
44 1'150 clams clams ( sma 11) 
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Table 4B: Surrmarv of 'faximum Diet (Annual Consumption I 

011estion Grams I ~o. Grams/ 
'lo. Week t.t'~eks Year 'farshallese En~lish 

266 52 13812 EL coconut graated for coconut milk 
2 Waini coconut ri oe : .)?' copra 
3 1610 52 8) 720 Waini coconut ripe for copra 
4 Waini coconut ripe for copra 

6440 v; ~11 R40 dren in ni coconut water 
10465 !5 16 7.'.+40 drenin n1 coconut water 

Ii 910 2'i 227 50 'fed i tender coconut meat 
Ii 2275 ~7 Ii 1425 'fed i tender coconut meat 
7 drenin ni coconut water 
i3 'iedi tender coconut iie at 
9 300 52 15600 Kenawe coconut var1etv-can be eaten raw 

10 Ken awe coconut varietv-can be eaten raw 
! l lU coconut 'apple' 
l 2 2000 4 8000 tu coconut 'apple' 
12 2500 20 50000 lU coconut 'apple' 
·3 lU coconut 'apple' 
':. 6300 52 127600 if>karu nee tar from coconut bud 
l 'i :ino q 7200 'fakon (jankwon) pandanus pulp 
•i; 32110 !Ii 'i2480 !lob pandanus 
. 7 Bob pandanus 
18 2350 12 28200 Rukrol or breadfruit different varietv 
l 9 450 l'i Ii 7 50 Ratakatak breadfruit different var1etv f 20 3500 Q 11500 Mejwan breadfruit with seed 
21 700 3500 'iejwan breadfruit with seed 
'2 400 7 2800 Me jwan breadfruit with seed 
:3 Mejwan breadfruit with seed 
24 700 5 3500 kole nut seeds of breadfruit 
25 kole nut seeds of breadfruit 
26 560 14 7800 mokmok arrowroot 
:7 2200 so 110000 ik fish 
:8 1250 4 5000 punki pumpkin 
~9 875 4 3500 binana banana 
10 875 4 3500 binana banana 
31 100 52 5200 kanapu papava 
32 kanapu papaya 
33 100 52 'i200 potato sweet potatoe 
14 local ve11;etable foods local vegetable foods 
15 weekly consumption not 4375 bao lo! poultry 
JI) 1750 bao lin wild bird 
37 possible to determine 3500 pik pork 
38 1750 won turtle 
l9 as such onlv annual 7000 wor lobster 
40 7000 kabor 11:iant clam 
41 figures given. 8679 jerol snails 
:.2 5250 kwid octopus 
43 7000 barolab coconut crab 

e 1 
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r:ither than consume a large portion of it himself. Second, the acceptance of 
:0<ld offered is also a very important part of the culture, and therefore it 
would be very difficult for an individual to isolate his food gathering and con
s11motion patterns from those of the society at large. This latter point is espe

pump
Co-

cially true for foods which have limited availability, such as, breadfruit, 
~tn, papaya, bananas, potatoes and during certain times, pandanus and fish. 
conuts and jekaru on the other hand can be gathered in significant quantities at 
all times. It is therefore much more likely that a maximum Ca totally local) 
dtet would be based on them. 

If it is assumed that Tables 4A and 48 represent the maximum amount of 
local foods consumed, and that whatever imported food is eaten will have a ten
d~ncy to displace proportionate amounts of local foods, then in princiole a 

"typical average" diet could be established. This could be done by s. tracting 
the caloric content of imported food from the total calories of local food 
consumed per year as shown on the maximum table, and then converting the differ
ence to gram weights using calorie to gram conversion factors for the local 
f >ods. By using this method, one can derive the typical amount of local food 
that could be expected to be consumed in addition to the imported food eaten. 
T~6le 5 derives this diet pattern and also presents the averages for the differ
ent age groups and sexes. 

In su!Tlllary the results of the study establish maximum estimates of the con
sumption of local foods, based on the amount of local food that an islander liv
i~~ a traditional life and a totally local diet could consume. These estimates 
could be further refined by the use of calorie conversion factors specific to 
the ~arshall Islanders and specific to the local food they consume. With refer
ence to the contemporary diet or "typical average" we are continuing our study 
i~ two ways. One is by the utilization of the interview method in an attempt to 
d~termine the full range of local food consumption in combination with studies 
of food wasting and food sharing. A second is by the determination of the quan
tity of imported food consumed in these same communities. In other words, we 
are suggesting a double approach which would attempt to determine the contempo
rary diet from opposite directions. This could produce either two corresponding 
figures or more likely, two reliable figures between which the contemporary or 
"typical average" diet of the islanders in the coumunity in question would lie. 

- 17 -
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Question 
No. 

4 
5 
6 
7 
8 
9 

10 
II 
I 2 
J) 

14 
15 
J6 
17 
18 
19 
20 
21 
22 
2) 

24 
25 
26 
27 
28 
29 
)0 

11 
)2 
)) 

34 
)5 

16 
37 
38 
)9 
40 
41 
42 
41 
44 

• 
~ 

Maximum 
Diet 
g/yr. 

(Table-4) 

13832 

83720 

199280 
84175 

15600 

58000 

327~00 

7200 
52480 

28200 
6750 

)1500 
3500 
2800 

1500 

7840 
110000 

5000 
3500 
1500 
5200 

5200 

4175 
1750 
1500 
1750 
7000 
7000 
8679 
5250 
7000 

Table '): Typica_I Average Di~t a,_ a Functi~.£.!-~-~~ct SeJ1 ~~-i:_~1~~ !_~__!~-~im1an__!:!.~~~...:. 

H.!e Hale 
(11-22 yn.) (2)-50 yra.) 

J2864 

77860 

37 i 330 
78293 

14508 

53940 

104668 
6696 

48806 

26226 
6278 

29295 
1255 
2604 

3255 

7291 
J02)00 

4650 
4650 
1255 
4816 

48)#> 

4069 
1628 
3255 
1628 
6510 
6510 
807J 
4881 
6510 

J2449 

75348 

159152 
75758 

J4040 

52200 

27420J 
6480 

47212 

25)80 
6075 

28150 
1150 
2520 

1150 

7056 
99000 

4500 
3150 
lJ50 
4680 

4680 

1418 
JH5 
lJ50 
J575 
6100 
I.JOO 
781 J 
4725 
6100 

Hale 
(51-70 yr1.) 

Woman 
(ll-14 yra.) 

Child 
0-10 yra.) 

11066 

66976 

1J4420 
67)40 

12480 

46400 

262080 
5760 

41984 

22560 
5400 

25200 
2800 
2240 

2800 

6272 
88000 

4000 
2800 
2800 
4J60 

4J60 

)500 
J400 
1800 
1400 
5600 
5000 

6941 
4200 
5600 

Woman 
(I 5+) 

Woman Woman Child Child 
(15-22 yra.) (2)-50 .r~l ~~~~ ~yr:!..:J. 

9682 

58604 

279496 
58921 

10920 

40600 

229120 
5040 

167)6 

J9740 
4725 

22050 
2450 
1960 

2450 

5488 
77000 

1500 
2450 
2450 
1640 

1640 

106) 
1225 
2450 
J 225 
4900 
4900 
6075 
16 75 
4900 

QJ29 

55255 

16 I 7 54 
55556 

JM% 

18280 

2J62 J6 
4752 

)46 l 7 

J86 I 2 
44 55 

107'10 
2110 
J848 

2110 

51 74 
72600 

1100 
2110 
2310 
1412 

1412 

2888 
1155 
2110 
1155 
4610 
4610 

5728 
1465 
4620 

-

8299 

50212 

214568 
505115 

9160 

14800 

1%51'0 
4170 

11488 

l6Q20 
4050 

18900 
2100 
1680 

2100 

4704 
66000 

1000 
2100 
2100 
J 110 

JI 20 

2625 
1050 
2100 
J050 
4 26'1 
4200 
5207 
lJ50 
4200 

5948 

16000 

171640 
16 195 

~JOA 

24940 

140868 
10% 

22566 

Ill 26 
2902 

IH4S 
J50\ 
1104 

!SOS 

1171 
4 7 JOO 

2150 
1505 
1505 
2236 

22 )6 

188J 
751 

J50S 
75) 

JOJO 
1010 

ln2 
2258 
JOJO 

El 

Harsha I Iese 
nem~ of 

Food 

Waini 
Waini 
Waini 
dren1n ni 
Hedi 
drenin ui 
Hrd1 
Kt'nawr 
ken awe 
i11 

i u 

i u 

jekaru 
Makon (jankwon) 

Bob 
Bob 
Buk ro l or 
n.r1katak 
H~jwan 

Mejwan 
Hejwan 
Me )wan 

kole nut 
kole n11t 
mokmok 
ik 
punki 
binana 
binana 
kanapu 
k•n•pu 
pocato 
local vegecahle foods 
bao Joi 
hao lin 
pik 
won 
wor 
kabor 

ierol 
kwi d 
barolab 
clams 

English 
_____ E~valenc -------

coconut grated for coconut milk 
coconut ripe for copra 
coconut ripe for copra 
coconut ript> for copra 
coconut w•ler 
tender coconut meat 
coconut water 
t~nder coconut meat 
cocontJ[ vari~ty-can he eat~n raw 
cocon11t var1Pty-can he eaten raw 
coconut 'applt' 1 

coconut 'apple' 
coconut 1 applP 1 

nt>ctar from cocnnut bud 
pandanus pulp 
pandanus 
pandanu!t 
breadfruit d1fterent variety 
bre-adfruit different var1ecy 
breadtru1t with seed 
breadfruit with se..-d 
breadfr111C w1rt1 seed 
hreadfr1J1t with SPPd 
seeds of breadfruit 
seeds of hreadfru1t 
arf"owroot 
fish 
ptanpk1n 
banana 
banana 
papaya 
papaya 
swt>et potatoe 
local vegetable food~ 

poultry 
wi Id btrd 
pvrk 
turtle 
Joh~ter 

g i an r c I am 

sna 1 I~ 

oc t opu~ 
coconut crah 
c I tam~ ( ~m• 1 I ) 

• 
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List of Local Foods and Conversion Factors 

1) Coconut milk - el - One nut produces 38 grams of milkl at 2.6 cal/g.2 A so
lution produced by squeezing freshly grated coconut. Often water is mixed 
with the coconut gratings to enhance the extraction process. Coconut milk 
can be used to enrich all traditional dishes and is normally mixed into 
food before cooking. EL is produced from waini (the mature nut). 

:) Coconut meat - wa1n1 - one nut = 240 grams 3 at 3.1 cal/g.4 (12 months 
stage). Often grated and mixed into food but more often eaten as a side 
dish with breadfruit or fish. 

J) Coconut water~ dren in ni - 230 grams/nut at .109 cal/gram.5 The water of 
the immature coconut at its 7 to 9 month stage is consumed by islanders of 
all ages regularly when available. The ni must be cut from the tree as 
opposed to waini which falls by itself. -Certain varieties of ni are pre
ferred among others for regular drinking, some varieties being~eldom or 
never consumed. 

41 Coconut Flesh - medi - 130 grams/nut at l cal/gram.6 Medi is the soft 
flesh which forms inside the shell of the ni stage. It is seldom used in 
cooking and eaten primarily as an in between meal snack. 

5 ) Kenawe - 100 grams/nut at .109 
riety of coconut palm of which 
sweet to the taste and edible. 
like raw cabbage. The husk in 
The lower portions of the husk 
these portions are discarded. 
above are estimates as no data 

cal/gram. Kenawe comes from a particular va
the immature, 3 to S month stage fruits are 
The shell is soft at this stage and eaten 

its upper portion at the eye is also edible. 
are chewed and the juice sucked and then 
Both gram weight and calorie content listed 
on kenawe have been published. 

6) Sprouted embryo - iu - 100 grams/nut at .78 cal/gram.7 The embryo begins 
to form around the 15th month of the waini stage, and normally takes two to 
three months to sprout. When the sprouted nuts are used in copra making 
the iu is first removed before the nut is set out to dry. It is often 
cooked in a pot with flour and coconut milk. Sometimes it is baked still 
within the shell. More often it is simply eaten raw mixed with sugar 
water or jekaru as a meal or plain as a snack. 

7) Jekaru - .45 cal/grams.a Jekaru is the sap of the tree tapped from the 
flower while still at the bud (4 week) stage. Up to one gallon of Jekaru 
can be produced from one tree per day. Jekaru is used as a sweetener in 
cooking and it is drunk by children and adults fresh in a solution of 50% 
water. Fermentation begins immediately. It is often boiled and given to 
babies as a substitute of mother's milk. Unless the fermentation process 
is arrested it turns into a wine by about 36 hours. Fresh jekaru is often 
boiled into a syrup called Jekami. 

8) Pandanus (preserved) - Jankwon - 9.93 cal/gram.9 Jankwon is produced by 
mashing the cooked pandanus keys into mokon, straining out the fibers which 
were loosened from the cores in the process, baking the resulting mash into 
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a deep brown paste like substance and drving this under the sun until it is 
dehvdrated to the point where preservation is possible. It is then wrapped t 
in rlrv pandanus leaves and tied into a neat roll until needed. 

O) Pandanus keys - boh. There are two basic types pf pandanus. One is used to 
~ 10 

mash into mokon and averages about 50 grams per kev; another type is sel-
dom cooked, contains little oulp and onlv about 30 grams of juice. This 
latter tvpe is tvpically eaten raw by chewing and sucking and then 
d;scarding the inedihle core. There are about 40 keys to a stalk. No 
known reliable calorie comparison factors for this latter type of pandanus 
kev exist so we have used .58calories/g. 11 for both types has been assumed 
even thou?,h this is an overestimation for the latter. Depending on loca
tion (island/atoll) pandanus is eaten consistently for 4 months. 12 

10) Breadfruit - batakatak, hukrol. These are the seedless varieties of 
breadfruit. Thev contain about 500 grams of cooked edible portion at 1.3 
cal/gram. 13 Three tvpes of breadfruit are eaten consistently over a period 
of about 12 weeks per vear.1 4 

!1) Preserved breadfruit <hatakatak and bukrol) - buido - 1.3 cal/gram with one 
fruit equal to 500 processed ~rams of buido.1s--:ri:;;-breadfruit is picked in 
1arge numbers at the peak of season, skinned, and decored, sliced and 
soaked within a copra sack in the lagoon for a period of hours or days. The 
sliced fruits are then mashed and allowed to sit and ferment underground 
within breadfruit leaves where drainage can take place. Before eating it 
is often rinsed in fresh water to reduce the salt content. 

l2) Rreadfruit (variety 1o1ith seeds) - Meiwan - 272 grams/fruit at 1.12 
calories/gram, cooked and 1.22 calories/gram eaten raw. 16 Me~wan is always 
cooked in its unripe stage though unlike other varieties ofreadfruit when 
ripe it can be eaten raw. It can also be prepared into Jankwon by baking 
the ripe fruits and then drying them under the sun. The jankwon so 
produced contains about 2.83 calories/gram. 17 Mejwan is eaten consislBntly 
for about 9 weeks/yr. in its unripe stages and for about 5 weeks/yr. 

13) Breadfruit seeds (from meiwan) - Kole - each nut weighs about 2.5 grams and 
contains about 1.5 cal/gram.t~ The nuts must be cooked to be eaten, and can 
he considered as a significant portion of the diet for only about 5 weeks 
per vear. 

14) Arrowroot - Mokmok - 3.5 calories/gram. 20 The tubers are dug up in the win
ter months when the plant itself dies. ;rhey are dumped into a copra sack 
and rinsed of dirt in the lagoon. They are then grated into pulp which is 
mixed with salt water and strained to separate the starch out of the solu
tion. The solution containing the starchy material is usually trapped in 
a canvas lined pit which permits the sa 1 t water to seep through the canvas 
into the sand leaving the chalky starch behind which resembles plaster of 
Paris. The starch is then wrapped in a towel and hung up to drain and dry. 
It can then be used in cooking without further processing. 
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Footnotes for List of Local Foods and Conversion Factors. 

1. Murai, Mary. Some Tropical South Pacific Island Foods, University of Hawaii 
Press, Honoiulu, Hawau, 1958;118. 

2. Ibid 118 

3. Ibid 52-7. (Murai documents the average weight of the mature coconut at 
350 grams. However, as most of the coconut eaten is grated and as only 2/3 
of this amount ts actually extracted from the shell, we have reduced 
Murai's figure by 1;3 to 240 grams/nut.) 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Ibid 52-7 

Ibid 52-4 

Ibid 52-4 

Ibid ·52-8 

Ibid 58 

Ibid 76 

Ibid 67-82 
(Murai documents the average edible portion of a pandanus key at 75 grams • 
There are many dozens of variety of pandanus eaten in the Marshall Islands, 
however, though the two varieties used in Murai's study happen to be the 
largest. We feel 50 grams/key for the variety which produces mokon and 30 
grams/key for the other type to be more accurate overall average:-f"" 

11. Ibid 58 

12. See page (5 & 6) of Dietary Interview. 

13. Murai, Mary. Some Tropical South Pacific Island Foods, University of 
Hawaii Press, Honolulu, Hawaii, 1958;24-30. 

14. See page (5 & 6) of Dietary Interview. 

15. Murai, Mary. Some Tropical South Pacific Island Foods, University of 
Hawaii Press, Honolulu, HawaiL, 1958;24-30. 

16. Ibid 24-30 

17. Ibid 24-30 

18. See page (5 & ·6) of Dietary Interview. 

19. Murai, Some South Pacific Island Foods, University of Hawaii Press, 
Honolulu, Hawaii, 1958;34. 

20. Ibid 104. 
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Living Pattern Studv: 

The living patterns among the ~arshall Islanders vary somewhat from atoll 
to atoll. However, due to the consistency of an atoll environment and its lim
ited land area, as well as the limitations it presents to economic development, 
reliable estimates can be produced if based on the average amount of time spent 
at the various tasks necessary for subsistence. Tables 6, 7, 8 list the time 
spent in various activities by males (ages 15-50 years), females (ages 15-50 
years) and children (ages 6-14 years). 

From information provided by the Tobolar Copra Plant which keeps copra pro
duction works for the various atolls in the Marshalls, it has been determined 
that the islanders of Utirik Atoll produced about 113 short tons of copra be
tween the Fall of 1957 to the Fall of 1978. Thus this averages to about 90 
lbs./week per person. This copra production represents the output of 48 males 
from ages 14 to 95. As all of these individuals are not involved in copra pro
duction to the same extent, it is estimated that those actually working produced 
about one bag (between 100 and 125 lbs.) per week. This per capita production 
at Rongelap seemed to be considerably less, while at Ailuk it proved somewhat 
more. At any rate copra production - the main island commercial activity - could 
not possibly exceed that possible during the hours taken for coconut collecting 
and husking per week which we have used as the basis for island activities 
estimates. It has been estimated that plantation clearing (for undergrowth) 
adds another 4 hours per individual per week to inland activities associated 
with copra production. In addition to copra production, another two hours per 
day of inland activity has been estimated for food gathering. 

This is not to say that some individuals do not spend considerably more 
than 26 hours/week inland. The apparent range over the entire male population 
is very broad, with some individuals spending in excess of 40 hours and others 
as little as 7 or less. 

The living patterns of women on the other hand, are noteworthy in the rela
tive lack of inland activity. Some of the younger women are involved in coconut 
gathering, and, to a limited extent, food gathering. Some of the elderly women 
are engaged in activities related to handicraft production, (such as gathering 
of pandanus leaves). 

Female activities on the lagoon, at the shoreline and on other small is
lands of the atoll appear to be an insignificant portion of their living 
patterns. An exception to this is found only when actual settlement of a small 
island for copra making purposes takes place. In general, women do not go along 
on the two to three day trips which the men periodically make for cleaning up of 
the coconut plantation area. 

In respect to male activities in the area of ship repair, a direct rela
tionship was apparent between the number and state of repair of traditional 
canoes and other vessels and the amount of time spent on the lagoon and at other 
islands. 
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Shore time activities for men are primarily limited to fishing with throw 
nets, long nets and cane poles. 

On the other hand children spend long hours playing on the beach and in 
the sand. It was estimated that as a minimum, they occupy this area during two 
hours of daily activity. 

From the above discussion it can be seen that by far the largest amount of 
ttme in the living ?attern of the islanders is spent within the village area. 
During the largest proportion of it (45 to 49 hours), they are involved in child 
r]ising, handicraft fabrication and relaxation. Indeed it is a rare instance 
when one stops at an islander's house to find no one there. Such situations 
occur only during major celebrations or during the arrival of a trading vessel. 

To under5tand the leisurely pace of life on the outer atolls of the 
Marshalls, it is perhaps best to pay attention to the subsistence activities, 
and the life and culture supporting functions which are based upon the coconut 
palm. The palm has been said to be the mother of Pacific man and truly it is 
t~e pillar upon which island life revolves. From the preceding section on diet, 
it is apparent that by the islanders own estimate, the coconut palm provides 
from 48 to 58 percent of th~ food for the traditional as well as the contempo~ 
rary local diet. Fish, which can also be gathered quickly and in great abun
d1nce constitute the second major portion of the diet and the other main support 
[1r island life and culture. Together these two items provide from 78 to 84 per
c2nt of the local food diet. It is upon the availability of these staples, 
which the environment provides abundantly, that atoll life, as we know it today 
was established. Even though many of the subsistence skills which enabled the 
a~cestors of the present islanders to thrive and establish their once self-
re liant culture have been lost, and though the islanders can in no sense be 
considered or expected to be totally self-sufficient in terms of their diet, the 
local food resource foster and support this leisurely pace of life. They can be 
expected to turn to it in lean times, when for one reason or another the much 
preferred rice, sugar and flour imports become scarce or unattainable. 
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Table 6: ~ale Activities 

ClS-50) 

A. Inland activities - (26 hrs./week) 

1. Brushing plantation 

2. Coconut collecting 

3. Coconut husking 

4. Food gathering of pandanus, breadfruit, 
~' ~' Jekaru 

B. Ac ti vi ties on lagoon ( 9 hrs. /week) 

1. Fishing on lagoon 

2. Inter atoll travel (0-2 hrs.~ 

C. Activities at shoreline (7 hrs./week) 

total (A) 

total (B) 

1. Fishing at shoreline total (C) 

D. Activities on other island (2 hrs./week) total (D) 

E. Activities in Village area (124 hrs./week) 

1. Canoe and net making and repair 

2. Clean up of living area 

3. Coconut cutting and drying 

4. Church activities, meetings, celebrations 

5. Sleeping 
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4 

4 

4 

14 
26 

7 

2 
9 

7 

2 (0-2 hrs.) 

4 

7 

4 

8 

56 
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Table 6: ~ale Activities (Cont'd) 

05-50) 

6. Child rearing (and monitoring), handicraft, 
relaxation 

hrs. /week 

45 

total (E) 124 

Total (A-E) 168 
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Table 7: Female Activities 

(15-50) 

,. -------------------

A. Inland activities (8 hrs./week) hrs. /week 

1. Coconut gathering and splitting, gathering total (A) 8 
pandanus leaf 

B. Activities on lagoon (none) total (B) nil 

C. Activities at shoreline (insignificant~ total (C) insignificant 

D. Activities on other islands (insignificant) total (D) insignificant 

E. Activities in village area 

1. Preparation of food 28 

2. Splitting coconut shells and drying 4 

3. Clean up of living area 7 

4. Washing clothes 8 

S. Church activities, meetings and celebrations 16 

6. Sleeping 56 

7. Child rearing, handicraft, relaxations 49 

total (E) 160 

Total (A-E) 168 
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I ) Table 8: Children (ages 6-14) 

A. Inland Activities hrs. /week 

1. Collecting LU, gathering coconuts total (A) 10 

B. Activities on lagoon -------

1. Inter Ato 11 travel (0-2hrs.) total (B) 2 

c. Activities at shoreline 

l. Play to ta 1 ( c) 10 

D. Activities on other islands (0-2 hrs.) total (D) 2 ---------

E. Ac ti vi ties 1n village area 

' If 
1. School 30 

2. Clean up of living area 4 

3. Washing clothes or drying copra or household 26 
chores, etc. 

4. Slee;,ing 52 

5. Play and relaxation 32 

total (E) 144 

Total (A-E) 168 
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A. Seasons: l. Local foods 
11. Seasons of the year 

B. Marshallese (local) foods 

C. Other Islands used for food gathering 

D. Data on edible portions of Marshallese foods 

E. Fishes: Types of fishes and methods of fishing 

F. School children - lunch program 

G. Typhoon relief 

H. Food supply ships - trip reports 

I. Private or community stores - types of foods available 
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Apoendix A 

SE:ASO:; (:,:0'.·1'.':) - Loc;:i. l i:-oo2s 

Pandanus - various observations 

SpoKesman ~ipens 

\<lz:J.1 - Ailuk 

Cement - Ailuk 

P,.lUl - Rongelap 

Jc t:::ii - Rongelap 

Ailuk 

Eenas - Rongelap 

Ailuk 

L1) June - July, b) :.lovember - January 

2a) June - July, August, September, b) ~ovember, December 
January, February 

3a) April, ~!ay, June, July, b) December, January, February 

4) all year June - December 

5) 8 months September/October - April/May 

6) ~ay, June, July (begins growing January) 

7a) June, July, b) ~ovember, December, January 

S) October, December, January but some ripens throughout year 
in small numbers 

9) December be~ins to grow/:1arch, April ready to eat 

10) January, February, April, ~ay, June, July, August, 
September 

Cor.ments: during a drought-smaller and s~~ller fruits 

Dreadfruit - various observations 

Spokesman 

Henas - Rongelap 

Nagal - Ailuk 

Cement - Ailuk 

Ailj en - Ailuk 

Rongelap 

Ripens 

1) ~fay, June, July, August, September, (little October) 

2a) June, July, b) December, January 

3) April, ~!ay, June, July, August 

4a) June, July, August, September, b) December, January 

Sa) June, July, b) December, January 

6a) summer, b) ~ovember, December 

7a) July, August, September, b) December, January 

8) May - September, peak :fay through July some be nay be 
present until December 

*Bryan Jr., E. H., Life in the :tarshall Islands, p. 129. 
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9) December, January, February, April, ~1ay, June, July 
(mokan) 

Corr:.':lents: .\fter a breadfruit season, pandanus follows. --::'hey alternate seasons. 
(:.iagat - Ailuk) 

Bananas - various ohser~atians 

S po;.,•' srnan 

:-:agal - Ailuk all year around 

Hemos Rongelap all year - more in rainy season 

Arro 1 ... Toot 

Hemo.; - Rongelap ~ovember, begins growing, Jecember and January ready to eat 

:.iagal - Ailuk December, January, February 

* October through January 

Rongelap January, February, ~rch, April 

Cocor.•l t - iu (flowering coconut) 

S po ke__:;man 

Nagal - Ailuk whenever anybody wants to find and eat it 

Pumpkin 

Spokes;nan 

~agal - Ailuk all year 

Cement - Ailuk all year 

Sue - Rongelap all year 
1 month for pumpkin to become large 

*Bryan Jr., E. H., Life in the Marshall Islands, p. 129. 
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C-=rnent - Ailuk 

Pandanus Season - Januarv, ~ebruary, ~arch, April, ~ay, June, July, August, 
September 

~irst pandanus season 
beginning ~arch-end 
0 f '.fay 

Second pandanus season 
~eginning of June
end of . .\ugust 

' ird pandanus season 
beginning of September
end of ~;overnber 

Fourth pandanus season 
Jeginning of January
·~nd of '.-!arch 

Pandanus Tvpes 

Jab lower 
Kobarwa 

Lejokrer 
Lokotwa 
Lebo 

Edrnerma 
Leorntur 
Ailuk 
Kerne 1 ij 
Lerno en 

Le km an 
Lejmou 
Lirnan 
~oj el 
\fot t et 
'.'libun 

The information given by the ~arshallese seems to show two seasons for 
bcch breadfruit and pandanus. This is a widely accepted fact and tends to 
support our own observations made during our extended stay on the isla~ds in the 
~1arshalls. According to the above figures, one would expect that the summer 
season, which bears the largest crop and is the time when preserving is normally 
done, begins around the second week of ~ay and continues progressively until 
July--the month when the preserving is traditionally done and continues on 
i~:o the second or third week of August. The second or winter breadfruit crop 
fails in December and January. 

It should be noted that the ?andanus season is markedly different in the 
Northern Marshalls where due to lack of rain in the winter months, the summer 
crop is normally much larger. To some extent, this holds true for breadfruit 
as well--the winter crop being much smaller. 
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Taro 

Nag.J.l - Ailuk 

rainy ~eason on Ailuk 

Ra in f.::11.l 

Winter 

T~mpera~:ire 

grows all year 

season of maximum rainfall in the year* 

:.Jay, June, July, August; slows down September, October, 
November, December 

decreases as you go north 
average rainfall: Jaluit - 160" 

'1ajuro - 120" 

Wake Island 30 to 50" 
(350 miles further north) 

t"jelang - 30" 
Eniwetak - 60 to 70"* 

December - April, season of strong winds from the northeast. 
Dry period of the year.* 

range varies less than 10-12°* 
Minimum: 68° 
Maxi.mum: gro 

*Eryant Jr., E. H., Life in the ~1arshall Islands, p. 135-36. 
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.-\opendix B 

~~rshallese Foods 

a: ~arshallese names for foo~ tvpe~ 

Local Foods 

breadfruit - ma 
coconut 

drinking - ni 
copra - waini 
oldest stage - iu (sprouted) 

pandanus - bob 
arrowroot - mokmok 
taro - iaroj 
pumpkin - baanke 
papaya - keinabbu 
banana - pinana 
sweet potatoe 
coconut sap - jekeru 
chicken - bao 
pig - piik 
turtle - won 
fish - ek 
clams - kapwor 
lobsters - war 
birds - bao 
coconut crabs - barulep 
eggs - ~ 

turtle 
bird 
chicken 

Imported Foods 

rice - raij 
flour - pilawa 
can - kuwat 

tuna - bwebwe 
chicken - baa 
beef - cow 
mackerel 
cornbeef 
sardine 
vienna sausage 
spam 
beef hash 

biscuits - ship, 
Ramen soup 
peanut butter 
kim chee 
shortening 

crab 

sugar 
soy sauce 
mayonnaise 
yeast 
baking, powder 
candy - ~&M's, gum, chocolate bars 
coffee 
tang 
tea 
milk - Carnation Instant 
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b: Cooking ~·lodes 

(l) Ground oven - l'M - The ground pit is fueled by a coconut shell or husk 
fire. Rocks are then added to cover the coals. When the 
rocks have been warmed the food is placed in. The pit is 
covered over with banana leaves, canvas or a heavy rubber 
sheet. Weights are added. 

(2) Stove Type Cooking - is always done either over a kerosene stove or an 
open fire fueled by coconut shells or husks. 

a) boiling - using rainwater, brackish water when rainwater 
supply is low. 

b) frying - using Crisco, other shortenings, occasionally 
pi; grease, rarely if, ever coconut oil. 

c) steamed -
(3) Roasting - is done over a coconut shell or husk fueled fire, when it 

has turned to coals. 
c: Description of the Food Types 

1. Breadfruit - MA 

(ll ~wanjin - green breadfruit roasted on coals until skin is black. The 
outside is then scraped with pieces of broken glass or 
shell. Approximately l~ hours to cook. 

(2) Steamed - fill the iron pot with water up to metal disk. Cooking time 
varies according to type being cooked. 

a) bwiro - 2 hours to steam on fire 
b) raw breadfruit (whole) 30 minutes by stove 

(3) Boiled - wash green breadfruit leave whole and boil. 

(4) Kopjar - baked breadfruit in ground oven. 

(5) Jokkwapin Xa - Breadfruit soup is made by removing the core and skin, 
cutting the rest into pieces which are boiled, mashed, 
mixed with coconut milk and salted to taste. 

(6) Fried - Cut the ripe breadfruit into slices removing the outer green peel. 
Soak the wedges in salt water or salt them before frying. 
Cooking time approximately 10 minutes on each side until 
brown or french fried. 

(7) Kalo - very ripe breadfruit mixed with coconut milk. 

(8) Mijiwan - a type of breadfruit which is eaten raw when it is very ripei. as is 
or with coconut milk. 

(9) Kwolejiped - name of nuts (kwole) cooked. They are roasted on coals or 
taken out of a steamed, baked, or boiled Mijiwan Breadfruit. 
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\ 10) Bwiro - preserved bread fr:.Jit or ~-~arshallese cheese. The skin is re!'loved f 
from the ripe sreen breadfruits then cut in wedges and placed 
in a burlap ~ag and taken to the lagoon. The bag is anchored 
for one or two days in the saltwater or stomped on for an hour 
or so to hasten the fermentation. The bag is then taken from 
the water and left on coconut leaves in the open air for one 
or two days. The breadfruit is then placed in a pit lined with 
breadfruit leaves. Leaves, a cloth cover and weights are then 
placed over the breadfruit. The breadfruit leaves are changed 
after every month and the bwiro is ready for cooking after two 
months. Supply can be kept six ~onths to a year or two. (Type 
of breadfruit used--bakrol, batatak, koutroro.) 

Bwiro Food Preparation 

The quantity of preserved breadfruit that is needed to cook with 
is taken from the pit or box and thoroughly washed in fresh water 
Coconut milk is then mixed with the rainwater. Sugar is also 
added along with flour which is optional. A ladle full of the 
mixture is then placed in a breadfr:.Jit leaf and is either steamed, 
boiled, or baked. Another method of cooking is to roll the bwiro 
into balls and then steam or boil. 

(11) Baked - The inside stem of a ripe breadfruit is removed and coconut milk 
replaces it. The breadfruit is then wrapped in leaves and baked. 

(12) Jankwin - ~ijiwan seeded breadfruit is picked green; allowed to ripen; seeds, 
core and skin removed; placed in a coconut leaf basket; baked in 
earth oven all night; taken out; unwrapped; flattened and allowed 
to dry in sun. When dry, it is rolled, wrapped in pandanus leaves, 
tied with sennit twine and preserved as a roll. ;,r: 

' ··~ 
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Coconut 

The coconut was traditionally and still in some circumstances continues to 
be the focal point upon which the Islander's diet revolves. Indeed nothing is 
fo•md in greater abundance ar.:on11; the atolls than coconut. The tree itself was 
an ~~portant foundation upon ~hich Island life evolved. The leaves being woven 
int~ shelters and the fibrous strands of the husk twisted into sennit rope for 
the lashings of houses and outrigger canoes. The bud-sheath was used as a bowl 
in ·:rich to pour ingredit'nts to bake in ground ovens. Baskets woven from t'.1.e 
le3r~ets of the tree were, and occasionally still are, commonly used for eating 
an.1 ,:isplaving and transporting rood. 

Ihe coconut fruit requires approximately 12 months to ripen and usually falls 
off Ltself after an additional few months due to stem decay. At this stage it is 
reac~ to be husked, broken open and dried under the sun or in a smoke-house into 
copr3, the major island export. And at this stage it can be opened and the nut 
cut ~rom the shell and eaten as jiral (with something else) fish, for instance or 
breadfruit or both. It has a high oil content however and a two to four ounce 
por:ion is seldom exceeded unless there is a scarcity of imported or other local 
foocs. Children seem to eat considerably more of it than adults do. The elderly, 
on Lie ot!ier hand, especially those lacking teeth, eat it normally only when it 
is :~ i:<ed into the family food. '.?iinbin is a term that is used to describe the 
preparation of a variety of dishes in which mashed banana or tarro or breadfruit 
or r.:ore likely rice, is formed by hand into a ball and rolled over coconut gratings 
whic~ stick to the surface and help preserve its shape. These gratings are pro
duc~,: in a process called ranke whereby the nut is scraped from its shell by a 
rounJed, tooth edged blade normally screwed onto a stool on which one can sit while 
enga~ed at the grating or ranke ?recess. 

~he water of the mature coconut or waini is sometimes drunk. ~ore often, 
howe~er, it is mixed with food as an ingredient before cooking or not being as sweet 
or flavorful as the water in the unripe nuts discarded altogether. The earliest 
stage at which the water begins to sweeten and is used for drinking is termed 
obleb--around its sixth month of growth. The shell is still soft enough to break 
with the fingers and the nut itself--if it has started to form at all--is but a 
thin ~elatin lining the bottom of the shell that can be loosened with a thumbnail 
and drunk. The next sta~e when the gelatin hardens as does the shell allowing 
itsel~ to be husked is called ni. This is the stage at seven to nine months when 
the nut is normally used for drinking. During this period, the nut continues to 
form though its texture remains soft and removable from the shell by the thumbnail. 
\..'hen ~t becomes too hard for this and begins to become cemented to its shell at 
around nine to ten months, it is called mejob. The meat of the nut is hard though 
not quite as hard as in the mature, waini, stage and not as oily. Mejob is seldom 
eaten today though it was in the past and may one day again be a staple to ward 
off hunger in times of famine. This is due to its abundance and to the fact that 
the lower oil content allows for a larger quantity to be eaten before bringing 
distress to the bowel. It can be grated by the ranke process and is sometimes 
used in this way mixed as an ingredient into food or put in a bowl with jekaro 
and eaten as a sort of cereal called jekbwa. 

Jekaro is a nectar collected by binding and repeatedly (morning and evening) 
cuttin~ the budding composit flower of the coconut tree. As the tree produces one 
bud a month and as a bud can be tapped for a period of up to four months, a good 
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tree can have up to four bottles containing up to a gallon of iekaro hanging and • 
~<liting to be collected each morning. The tree will produce a similar quantity ~ 

t~at must be collected in the evening. It is very sweet and is usually mixed with 
~acer for drinking and very nutritious, especially after four to six hours at 
~hich point the yeast content is greatest. After this it begins to become notice-
a~ly alcoholic and at ]6 hours when the fermentation process stops, it can be drunk 
as a wine. In its swee4 unfermented stage it has been used as a substitute for 
~other's milk. When available, it can be used as a sweetener in any or all of the 
tcaditional dishes. \,~en it is boiled down, it yields on an eight to one ratio a 
~elicious syrup ter.ned iekami which is used as a sweetener in drinking and also 
eaten with coconut at its various stages. It can be mixed and further cooked with 
coconut gratings to produce a type of coconut candy, much prized, called amitama. 

At around the 15th to 18th month, the coconut begins to sprout. At this time, 
the inside of the nut turns gradually to a sweet apple-like, spongy substance called 
~ou. A side product in copra making, it is eaten in the interior islands by those 
~athering the nuts. Then again eaten by those while husking. When the nuts are 
~racked, children ~lock to the area to scoop out the soft iou before the nuts are 
Layed out under the sun. Iou is sometimes crushed and mixed raw with jekaro and 
~hickened with flour into a pudding--aikiou. Also it can be steamed or baked in 
A basket (iutur) or even while still in the nut (~ ilo lot). 

To the aikiou dish el is often added. Indeed it is through the el or famous 
'coconut milk" that the coconut can be seen as the central ingredient in all tradi

: ional cooking. El is obtained by mixing the grated coconut or waini with a little 
water and squeezing. ~fuch of the oil and a great deal of flavor is thereby re
~eased into solution--pure white in color. El can, and often is, mixed into every 
~ish conceivable. When available, it is normally mixed into the rice on a daily 
~asis at the rate of about one coconut per two cups of rice. 
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Coconut - ni 

ni - l to S months growth 

~) young drinking 
nethod - drink through hole in husk, shell too fragile to husk, gelatinous 

coconut r::ieat 

~) nature drinking coconut 
nethod - hus~ coconut before drinking coconut neat firm, use knife to cut 

fro:n side 

1) waini - 6 to 7 months growth 

copra-producing coconut 
use of liquid - usually 
use of neat - eaten a) 

b) 
c) 

thrown away, children drink occassionally 
cut in wedges-with fish or by itself 
grated and squeezed for coconut milk 
use gratings in cooking, rice balls, nokan 

.'. ) i u - S t o 3 l I 2 ::10 n t :--, s gr o wt h 
spongy food inside sprouted coconut 
use of iu a) eaten raw 

b) cut up and boiled with sugar or jekeru 
c) cut up and boiled with flour, sugar or jekeru 
<l) raw iu cut up and sweetened with sugar or jekeru 
e) iuwunum - spongy meat of sprouted coconut baked in its shell 
f) iutir - baked spongy meat 

?ood from coconut sap 

jekeru - sap from coconut blossom 
uses - a) drinking 

b) used as a sweetener in place of sugar, i.e., donuts, bread 

jakamai - boiled jekeru into a syrup 
uses - a) used mixed with cold or hot water as a drink 

b) used for pancake syrup 
c) used as a sweetener 

amedama jakamai syrup mixed with grated coconut rolled in a ball - coconut 
candy 

coconut milk - produced from wa1n1 
method of extracting grated coconut from coconut meat is called roanke. 
Then coconut milk is squeezed out of these coconut gratings. 

uses - rice - Coconut milk squeezed into water at sturt of cooking. 
Amount - coconut milk squeezed from one or two grated 

coconuts per 500 g of rice. 

mokan - cooked pandanus meat that has been removed from the 
key (kilok) 
a) coconut milk added to mokanas as gravy 

gravv - with clams, fish, breadfruit, pumpkin, used with all 
foods available. 
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J. Pandanus 

The Pandanus fruit resembles a huge pineapple at superficial external glance. 
l{owever, a closer inspection shows it to be made of large, individually extractable 
kernels surrounding a central inedibl.e core, much like corn does on its cob. A 
pandanus fruit can weigh up to thirty pounds and consist of up to forty kernels 
0r keys. These keys themselves are stringently fibrous in nature (indeed, a spent 
Jnd dried key makes an excellent paintbrush), the inner portion of which contains 
t~e flavorful though somewhat stringy pulp which when raw has the consistency of 
1 carrot and likewise can be mashed upon being cooked. The bulk of the pandanus 
fruit and a considerable portion of its weight is attributed to the upper inedible 
?~rtially external portion or the keys. This external portion, which is particularly 
~ibrous, is capped by d tough and nobby rind. 

Pandanus is traditionally a very important staple for the Marshall Islanders, 
especially among the northern atolls where due to lack of sufficient rainfall 
J~pend less on Breadfruit, tarro, bananas and papayas then do those Islanders 
living in the southern ~arshalls. All over the islands it is eaten when ripe 
uncooked and in suffici~nt quantity to be considered a staple. Because of its 
Jvailability throughout the interior or most islands and because it grows on even 
the distant unpopulated islands on all atolls, it is often used to ward off hunger 
•!uring copra harvesting, brushing, fishing and inter-atoll travel. It is con~idered 
t.J offer relief from "morning sickness'' and is sought by pregnant women who often 
,··it tremendous quantities of it. Said to be good for sea-sickness it is piled 
onto vessels of all types and destinations and eaten by nearly everyone aboard 
c·..1ring the entire length of the trip. The fact that it can be knocked about a 
sreat deal without danger of spoilage (due to its particularly tenacious rind) 
~3kes it especially suitable for inter-atoll export where it brings a good price 
in the district center and on Ebeye. 

There are many diff~rent varieties of pandanus, some of which are always eaten 
raw. Others are normally boiled, steamed or baked in a ground oven before eating 
or processing because they are more starchy, very difficult to chew in their raw 
state and much more tasty and in particular sweeter after being cooked. These 
later are the varieties used in the preparation of mokon--the mashed pulp once 
it has been separated by mechanical means from the fibrous core using an apparatus 
called the bakan--in the process called kilok. Cooking allows pandanus to be eaten 
even in its unripe stage~ though generally speaking the more ripe the fruit the 
more mokon is produced in the kilok process. The varieties of pandanus are seemingly 
endless. Each variety has a characteristic shape, consistency, and flavor. 

Jankwon is prepared from mokon by baking it to further reduce its water content 
and then by spreading it out usually on leaves to dry in the sun. The final pro
duct is then traditionally wrapped in pandanus leaves and tied with sennit. Though 
jankwon production is nearly a lost art over much of the Marshalls, it is still 
continued among the northern atolls, including Rongelap and Utirik where it is 
apparently a more firmly rooted tradition. 
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Pandanus - bob 

fresh - eat when ripe or uncooked 
eroum - boiled pandanus 
ba~~- bake keys in ground 
peru - Pandanus pulp and juice mixed with grated coconut dnd coconut oil and 

optionally with arrowroot starch, wrapped in breadfruit leaves and boiled 
or baked. 

mokan - !he pudding from a cooked pandanus key. The food is removed from the 
key by a process known as kilok. The cooked pulp is then mixed with 
other foods or eaten as is. 
Examples: a) often mixed with grated coconut 

b) mixed with coconut milk 
c) served with fish 
d) by itself as a dessert 

jankwin - Cooked pandanus, extract from keys keys--mokkay, dry in sun, wrap 
in. pandanus leaves and tie with sennit twine. 

unripened pandanus - mashed with sugar or jekeru and water. 

4. Arrowroot - mokmok 

The arrowroot is dug up from the oceanside of the island, placed in a 
burlap bag, and washed until white. Each separate piece is then grated with 
a rock. The arrowroot is placed in a wanliklik made of sennit (from fibers of 
coconut husk)used for straining arrowroot starch. It is then rinsed with two 
bucKets of saltwater. The arrowroot powder is then saved from the canvas or 
wanliklik, wrapped in a cloth and tied in a tree to dry. The powder is then removed 
from the cloth (bag), dried in the sun and then stored for future use. 

ways of cooking - a) 
b) 

boiling with waini 
Beru Pandanus and mokmok 

S. Taro - iaraj 

Stem and leaves are cut off and the remaining roct and sugar (optional) added to 
boiling water. Cook one hour. 

The root is also baked. 

- 41 -



banana - binana 

6. Fruit - kwale 

eaten when ripe 
baked, when not ripe 
fried 
boiled in skin 

when consumed and cooking method a) 
b) 
c) 

d) 
e) mashed and mixed with coconut milk and 

coconut syrup, when ripe 

?apaya - keinabbu 

raw when consumed and cooking method a) 
b) 
c) 

boiled and added to meat gravy 
boiled 

pumpkin - baanke 

when consumed and cooking method a) 
b) 
c) 

s·.-eet potato 

boiled 
cooked in gravy 
with coconut milk 

when consumed and cooking method a) baked 

7. ~feat - kanniok 

chicken - bao 
eaten: 
methods: 

meat, liver, kidney, heart 
cleaned, boiled 
cleaned, boiled, fried 
cleaned, fried 
baked (rarely) 

~.fuen eat en 

special occasions--birthday, 
Christmas, Easter, parties 

gravy - flour, shoyu, pumpkin, ma, 
soup rice, same fruits as above 

keinappu bopmade leftover 
chicken 

fish - ek 
eaten: most meat on head, eyes, suck on bones 
methods: not cleaned - cooked in skin on coals 

fried with salt 
cleaned, wrapped in coconut leaves ~ boiled 
baked (rarely) 
gravy - flour and fruits 
soup - rice, fruits 
cleaned, salted, dried in sun 
fresh or sashmi 

whenever the man in house 
goes fishing depending on 
productive nature of man 

salted - 2 days in sun - meat good for 3 or 4 days 
fry with coconut milk - stays good for months (preserves) 

~ote: one can eat fish for three days if it is cooked everyday 
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'ig -pik 
eaten: ~eat, ~at, heart, kidney, ~rai~. 

methoJc;: fried 
salted 
gravy - flour, shoyu 
baked (rarely) 

s1~ck on hones 
and skin 

\{hen eaten 

special occasions--birthday, 
Christmas, Easter, parites 

boiled - 20 minutes, add seasonings such as 
onions, sarlic, vinegar, shoyu, salt 
if availabh 

t_rtle - won 
eaten: meat 
:netho<ls: baked - most common method of cooking 

fried - when there is grease 

wild birds 
eaten: meat, suck on bones 
methods: cook on coals 

fry if grease available 
gr0und oven baking 

clams - kapwor - killer clams 
:::et~h>ds: boil 

fry t eat with el - coconut milk 

lobste::-s - war 
eaten: tail and legs 
methods: cook on coals 

boil 

coconut crab - barulep 
eaten: tail, claws 
methods: cc0k on coals 

wild bird eggs 
method: boil 

chicken eggs 
methods: boil 

fry 
used in other cooking 
ground oven baking 

turtle eggs 
~.iet hoes: boil 
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the whole island eats when a 
turtle is caught-no special 
time 

mostly when overnight on other 
island, enroute to other islands, 
or special food gathering, trip 
made 

whenever diving for them mostly 
in conjunction with fishing 

on fishing trips, when full moon 
is out and man goes to oceanside 
to get it. 

on fishing trips, overnights 

Easter time and when special food 
gathering trips may have been made 

not eaten much, reserved for 

production of chickens; eggs, 
generally thought to be for sick 
and pregnant people 

eaten when found - usually no 
special trip is made to get them 



S. Rice 

Rice is cooked with coconut milk ~l) which has ~een squeezed from coconut 
gratings. These gratings come from the copra producing coconut (amounts
one or two coconuts used per SC·!) grams of rice. 

rice jokkwop - soft rice soup--water, rice flour, sugar, coconut milk 

rice balls - cooked rice rolled in balls with grated coconut on outside used 
on special occasions, size of tennis ball. 

9. Flour 

bread - yeast 
sugar or jekeru - coconut sap 
flour 
water 
shortening 

Dou8hnuts - yeast or baking soda 
sugar or ieKeru - coconut sap 
flour 
shortening 
water 

cakes - flour 
baking soda 
sugar 
water 
egg (occasional) 
milk 

gravy - flour 
water 
sugar 
additional food: pig, chicken fish, pumpkin, papaya, iu) 
optional: shoyu 

spices 

pancakes - flour - 7 cups 
shortening - two tablespoons 
baking soda 
milk - 13 oz. can 
water 
sugar - 1 cup 
eggs - r~~A 6 oz. (1 package) 
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No. of Times a 
Ye:ir "requented 

4 

2 I+ Jays 

24 days 

12 days 

12 ,i,lVS 

12 J,JVS 

h d,:i-s 

6 davs 

6 ddVS 

6 davs 

6 davs 

6 days 

4 days 

4 days 

Appendix C 

Other Islands Csed for Food Gathering 

RONGELAP 

'-;ame of Island Foods gathered and Copra 

Eniutok pandan..is, breadfruit, coconut crab, iu, fish, turtlE 
and copra 

*people are apt to stay over while they make copra 

Ed bot 

Luwataki 

Likarnan 

coconut crab, pandanus, iu, fish, lobster, 
turtle, coconuts, copra 

pandanus, coconuts, fish, iu, turtle, coconut crab, 
copra 

coconut, iu, pandanus, turtle, coconut crab, 
copra 

*people stay over 2 weeks a year 

Ar bar 

Keruke 

Burok 

Kapelle 

Naen 

Ailaiiinai 

Rongerik 

Malu 

Jokrak 

Einablar 

coconut crab, fish, pandanus, iu, turtle, coconuts 

fish, iJ, coconut crab, arrowroot, turtle, pandanus 
breadfruit, clam, copra 

coconut crab, pandanus, breadfruit, fish, iu, 
turtle, coconuts, copra (but not presently 
making it) 

coconut crab, pandanus, breadfruit, fish, iu, 
turtle, coconuts, copra (but not presently 
making it) 

fish (reef, lagoon), turtle, eggs, coconut crab, 
coconuts, copra (but not presently making it) 

Birds, bird eggs, coconut, coconut crabs, clams, 
turtle 

birds, birds eggs, coconut, pandanus, turtle, clams 

no information 

fish, iu, turtle, coconut crab (don't normally eat), 
birds, eggs 

no information 

Nott:: Now they have five outrigger canoes plus their community boat which they had before 
(often times not working). They are more mobile now and have more money to use the 
community boat so these figures are sure to change. 
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UTE RIK 

Awan - pigs, iu, breadfruit, pandanus 
occasionally drinking coconuts, fish 

Bekrak - iu, fish, pandanus, breadfruit, coconuts 

:aka - birds, turtles, fish 

Bikar - turtles 

~alap - fish, pandanus, coconut 

~ate - fish, pandanus 

Sllikiki - fish, pandanus, breadfruit, coconuts, coconut trees for planting 

Biki - fish, pandanus, breadfruit, coconuts, coconut trees for planting 

?eople livin~ on 

\j ikik - 2 

.\iluk - 250 

Enej elar - JS 

Enejabrok - 12 

Kaben - 8 

Bikan - 8 

Baojen - 2 

Aliej - 2 

Akilwe 

AILL'K 

They go to all of the islands in their atoll to gather food. 

Rarely visited: Jaeo, Binajrak, Bikrak, Enen Arno, Bokek.an 

Fishing only: Marme, Jebamit, Jirankan, Bak.anneaken, Alirok, Eense 

Island Food Gathered 

Kaben breadfruit, fish pandanus 
Enejabruk 
Enejelar 
Bikon 
Aj ilep 
Aliej 
Akulwe* 

coconuts, pigs 
coconut crabs 
arrowroot 
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13:..c;kin - birds } 
.'11ibling - birds especially during Christma~ and other special occasions 

Kapen - breadfruit, pandanus 

: 1c.•Jron - breadfruit, panc'.anus 

F.~eobinek - breadfruit, pandanus 

all islands - coconuts, ~oconut crab, turtle, lobster 
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.\op enc' ix '\ 

:iata on ":C:ihle Portions uf '·'3.rs'1allese i:-ooJs ') 
COCO~l'TS - DRI:n<:I:iG 

S.cn gelap 

\',·lume (cc) Meat ( g) Volur.ie (cc) :feat (g) Volume (cc) ~!eat r g) 

250 100 260 l15 480 230 
260 62 300 120 230 90 
0 00 110 550 240 240 130 
; so 152 500 160 370 100 
J50 so 350 124 580 220 
JOO 46 350 80 260 144 
500 130 f>OO 130 260 150 
250 75 350 46 350 125 
230 80 300 130 

Average 358 124 
Standard deviation +116 + 56 

r·cerik 

\' l) 1 UL'.€ (cc) :-feat (g) Volume (cc) ::1eat ( g) 

340 100 350 115 
240 so 220 60 

370 125 300 70 

260 110 270 140 

260 l15 270 130 

350 130 220 70 

300 llO 290 125 

200 60 260 72 

260 115 260 80 

260 125 250 100 

270 140 260 115 

240 125 270 150 

250 110 JOO 150 

250 125 260 140 

250 130 250 100 

260 110 290 150 

290 135 350 145 

250 110 440 150 

240 100 270 62 

300 150 260 126 

350 130 350 110 

440 140 280 125 

280 125 
250 105 
290 130 

Average 283 . 115 • Standard deviation + 51 + 26 
-

- 48 -

..... 

~4 
~--



x 
s 

::' 38 
+13 

~s 

.:!:_18 
Average 
Standard ,~eviation 
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Coconut ':'ata (~.Jain i or Gratin2 Tvpe) 

f, 
!.]eight \.Je ight of '--'eight of '{ei~ht of 

':o. coconut (o) coconut "":eat (o) \Jo. ,...--onut (g) coconut meat (g) 

1 340 2~7 29 494 343 

2 30.., , I 255 30 416 277 

3 300 205 31 340 236 

4 360 253 32 465 282 

5 446 267 33 49n 1sn 

6 5 00 312 34 476 28 0 
.., 490 288 35 433 259 I 

8 280 200 36 346 237 

9 400 250 37 490 306 

10 420 262 38 510 319 

ll 4 6 () 270 39 496 282 

12 440 293 40 355 237 

13 4Wl 267 41 418 271 

14 480 300 42 455 292 

t 15 360 225 43 515 30 3 

16 320 229 44 316 226 

17 380 238 45 296 206 

18 410 263 46 314 209 

19 354 - 230 47 356 244 

20 395 271 48 294 216 

21 375 257 49 456 n5 

22 330 ~~4 50 399 256 

23 440 268 51 482 313 

24 472 311 52 509 299 

25 426 284 53 365 235 

26 386 280 54 492 319 

27 349 253 55 515 334 

28 420 24 7 56 338 241 

Average 410 265 
Standard deviation + 68 + 36 - -

f' 
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?.~:=iA::'. . .'S 

Weight (g) 
1. Pandanus ~;e ignt ( g) Weight ( g) of food 

:-iumber before* after* eatt>n 

1 144 93 51 
2 165. 5 98. 5 67 
3 148.5 103. 5 45 
4 204. 5 140 64. 5 
5 139. 5 83 56. 5 
6 151 107.5 43.5 
7 137. 5 90 47.5 
8 139. 5 88 51. 5 
9 154 107 47 

10 157 108. 5 48.5 
11 161 109. 5 51. 5 
12 177 127 50 
13 133. 5 87 46. 5 
14 289(double:) 188 101 
15 148 104 44 
16 155.5 105.5 so 
17 164 117. 5 46.5 
18 189. 5 131 58.5 , t 19 152 109.5 42.5 
20 131. 5 89.5 42 
21 160.5 113. 5 47 
22 171. 5 123 48.5 
23 153.5 105.5 48 
24 142 102.5 39.5 
25 151 105.5 45.5 
26 156.5 116. 5 40 
27 151.5 115. 5 36 
28 127.5 91. 5 36 
29 114 .5 83.5 31 
30 134. 5 82 52.5 
31 178 132 46 
32 186 139. 5 46.5 
33 149 131 18 
34 168.5 122.5 46 
35 106 69 37 

*weight before + after process known as kilok method of extracting pudding 
from cool(ed panda nus 

Average 156 106 46 
Standard deviation +20 +17 +9 

-
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DA'~ i' A \;T_'S • 
2. Panda nus Weight Weight '~et 

:1u::lbt2 r be fore (~) aft~r (g) consumed ( g) 

1 171 99 -, , 
I -., 

173 114 59 
3 175 116 59 
' 182 123 59 -+ 

5 164 101 63 
6 14 3 81 Fi" 

Avera2e LAP 1 (\~ ""2 
Standard deviation +14 +15 +5 

3. Pandanus Weight Weight :Iet 
number before (g) after ( g) consumed (~) ---

1 98 63 JJ ., 
94 66 23 

3 74 51 23 
4 90 64 26 

t 5 85 56 29 
6 84 52 .,., 

.)_ 

7 81 51 30 
8 84 55 29 
9 89 69 20 

10 78 52 26 
11 88 59 29 
12 91 63 28 
13 81 55 26 

Average 86 58 37 
Standard deviation +7 +fi +3 

•• 
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SREAJF'RUT JA"A 

'·De Total wt. (o) Center ( 1medib le) (g) '.':dib le '"'t. (g) 

~at 2 kat ak li93 63 1130 
964 33 9 31 
30.R 14 '.29~ 

820 30 790 
104() 23 1017 

440 11 429 
1856 51 130 5 

Average 903 32 913 
Standard deviation + 51 +19 +497 

see.::'.s 

'fe j ·..:an 520 23 387 11'1 
(1,· it~ seecs) 490 18 276 96 

320 14 264 102 
!., 76 19 365 92 
505 18 365 122 

' t 396 12 289 95 
I 350 15 24 7 SG 

412 21 290 101 

Average 441 18 310 41 
Standard deviation + 64 + 4 + 56 +11 -
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Marshallese ~ame 

Ik kadre 

Utot or dibab 
or wut wot 

Paj rok 

Balle 

Jome 

Jo 

Momo 

Tinar 

Kalemeej 

Kuro 

Ettou 

Iool 

Aker 

Tak 

Mao or Mera 

Appendix E 

Types of Fish and ~ethods of ~ishing 

1. NET FISHING - LONG NET, TiiROWN NET 

Scientific 'fame 

A fish 
Chelon vaigiensus 

butterfly fish 
Chaetodon anriga 

chub or rudder fish 
Kyphosus vaigiensis 

starry flounder 
Platichthys stellus 

goat fish 
Mulloidichyhys aurif lama 

goat fish 
Mulloidicthys samoensis 

grouper 
Epinephelus hexagonatus 

small grouper 

blue spotted grouper 
Cepahalopholis argus 

grouper 
Epinephelus fuscogultatus 

mackerel 
Trachurops crumepthalmus 

mullet 
Crenmugil crenilabis 

mullet 
Chelan vaigiensis 

needle fish 
Belone platyura, Raphiobelone robusta 

parrot fish 
Scarus jonesi/sordidus 
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Island ~et hod 

Rongelap - long net 

Uterik - long net 

Rongelap, ~otho, Ailuk 

Ailuk - long net 

Rongelpa, Uterik - thrown 
net 

Rongelap - long net 
Rongelap - thrown net 
Wotho - not specified 
Ailuk -

Rongelap, Ailuk - long net 

Ailuk -

Ailuk -

Ailuk -

Rongelap - thrown net, 
long net 

Rongelap, Wotho - long net 

Uterik - long and thrown net 

Rongelap, Ailuk - long net 

Wot ho, Ailuk 

I 

•i 
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t 
:...ala or Lolo 

Ik mouj 

Ellek or ~ole 

Ek-Airik 

Ka.bro 

Bad et 

Kwarkwar 

Kupkup 

Jetaar 

Kur 

Mon 

Mone or eanrok 

-

parrot fish 
Callyodon pulchellus 

white parrot 
Scarus harid 

rabbit fish 
Sigannus rastratus or poellus 

rainbow runner 
Elagatis bipinnulatus 

rock cod 
Anyperodon leucograrmnicus 

Sergeant ~jor 
Abudefduf stemfasciatus 

moo mo a 
Abudef duf abdominals 

Sardines 
Sardinella sp. 

skip jack (immature form) 
Carant lessonii 
needle fish 
Belone platyura, Raphiobelene robusta 
snapper 
Lutjanus kasmira forskal 

spuirrel fish 
Holocentrus binotatus/scythraps 

squirrel fish 
Myripristis berndti 

sturgeon fish 
Naso unicornis 

- SS -

Ailuk, Rongelap 

Ailuk 
Wot ho 
Uterik - long net 

Rongelap - long and thrown 
net 

Vterik - long net 
Wot ho 
Ailuk 

Uterik - long net 

Ailuk 

Wot ho 

Wot ho 

Rongelap - long net 

Ailuk 

Rongelap - long net 

Ailuk 

Ailuk 

Rongelap 
Uterik - long net 
Ailuk 

Ailuk 



Ku pan 

Tiepdo 

Bub 

Ael 

Bataklaj 

Ki bu 

Jo rot 

Akuba 

Debijdreka 

Ebil 

banded sturgeon fish 
Acanthurus triostegus/linnaeus 

black sturgeon fish 
Acanthurus nigicans 

black trigger fish 
Melichthys ringens 

unicorn fish 
Hepatus divaceus;scheider Bloch 

orange spot tang 
Acanthurus olivaraceus 

unicorn fish 
Naso brevirostris 
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Rongelap - long and 
thro1o"11. net 

Cterik - long net 
Wotho -

Ailuk 

Ail uk, Rongelap 

Ailuk 

Ailuk 

Ailuk 

Uterik - long and thrown 
net 

Ailuk 

Uterik - thrown net 

Ailuk 

Ailuk 

Ailuk 

• 



t 

r ' 

~arshallese name 

~iitwa or 
Jure 

Lejabwil 

Koko 

Al 

Ikaidrik 

Jilo 

Bwebwe 

FISHING LINE* 

Scientific name 

barracuda 
Sphyraena forsteri 

bonito 
Katsuwanus pelamis 

dolphin 
Coryphoena hippurus 

kingfish 

rainbow runner 

dogtoothed tuna 
Gymnosarda nuda 

tuna 
~eothunus macropterus 

*method used at oceanside (off the reef) 
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Island 

Ailuk, Wotho, Rongelap 

Ailuk, Rongelap 

Ailuk 

Ailuk, Rongelap 

Ailuk, Rongelap 

Ailuk, Rongelap 

Ailuk, Rongelap 



Marshallese name 

Kuro 

Lejebjeb 

Perak 

Dij in 

Jato or Ikonbon 
or Jaap 

Jera 

Ewae or Loom 

Lane or Ikbwij 

Bwilak 

Weo 

3 · FISHI~G LINE* 

Scientific name 

caught in deep water by lagoon or ocean 

grouper 
Epinephelus fuscagultatus 

rock grouper or rockhind 
Epinephulus adscenscionis 
Epinephulus albofasciatus 

scavanger 
Lethrinus kollopterus 

scavanger 
Lethrinus variegatus 

red snapper 
Lutjanus gibbus 

squirrel fish 
Holocentrus sp./Myrispistis sp. 

streaker 
Aprion virescens 

skip jack 
Caranx lessoni/crevally 

unicorn sturgeon 
Naso lituratus 

*used in deep water (lagoon or ocean) 
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Island 

Ailuk, Rongelap, Uterik, 
Wot ho 

Ailuk, Rongelap (bottom 
fishing), Uterik, 
Wot ho 

Ailuk, Rengel- . Uterik 

Ailuk, Rongelap, Wotho 

Ailuk, Wotho, Rongelap 
(bottom fishing) 

Ailuk, Uterik 

Ailuk, Uterik, Rongelap 

Uterik, Rongelap, Ailuk 

Ailuk 

Wotho, Uterik, Ailuk, 
Rongelap 

• 

t' 



Ku pan 

Tiepdo 

Bub 

Ael 

Bataklaj 

Ki bu 

Jo rot 

Akuba 

Debijdreka 

Ebil 

banded sturgeon fish 
Acanthurus triostegus/linnaeus 

black sturgeon fish 
Acanthurus nigicans 

black trigger fish 
Melichthys ringens 

unicorn fish 
Hepatus divaceus/scheider Bloch 

orange spot tang 
Acanthurus olivaraceus 

unicorn fish 
Naso brevirostris 

- 56 -

Rongelap - long and 
thrown net 

Uterik - long net 
Wotho -

Ailuk 

Ailuk, Rongelap 

Ailuk 

Ailuk 

Ailuk 

Uterik - long and thrown 
net 

Ailuk 

Uterik - thrown net 

Ailuk 

Ailuk 

Ailuk 

,, 



'1ars:ull~se name 

At-kadu 

Kanbok 

Kie 

Dibab 

Pajrok 

Jojo 

Jo 

Jome 

~mo 

Pako 

Lap po 

roo1 

Ikuut 

b 

3. FISHING LINE* 

Scientific name 

A fish 
Moi polydactylus 

bass 
Variola louti 

big eye or burgy 
Monotaxis grandoculis 

butterfly fish 
Chaetodon ocellatus 

chub ro rudderfish 
Kyphosis vaigiensis 

flying fish 
Exocoetidae sp. 

goat fish 
Mulloidichthy samoensis 

goat fish 
Mulloikicchys samoensis 

grouper 
Epinephelus hexagonatus 

ground shark 
Carcharhinus melanopterus 

hog fish 
Chelinus undulatus 

mullet 
Crenmugil crenilabis 

pilot fish 
Haucrates ductor 

- 59 -

Island 

Uterik 

Rongelap 

Rongelap, Uterik 

Uterik 

Uterik, Rongelap 

Rongelpa, Uterik, Ailuk 

Uterik 

Uterik 

Rongelap, Uterik, Wotho 

Uterik, Rongelap 

Rongelap, Uterik 

Uterik 

Uterik 



Imim 

~n or Aron 

Kupkup 

Lojkan 

Jetaar 

Bal\ 

Kejwar 

Lele 

Jebos 

Ki bu 

Melij 

Januron 

Boklim 

3. FISHI~G LINE* 

reef triggerfish 
Balistopus retangulus/oculeatus 

squirrel fish 
Myristis berndti 

skip jack (immature form) 
Caranx lessonii 

shell fish 

snapper 
Lutjanus kasmira/forskal 

snapper 

triggerfish, 
Rhinecanthus aculeatus 

*used in deep water (lagoon or ocean) 
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Uterik, Rongelap 

Rongelap - trolling 

Uterik 

Rongelap 

Uterik, Rongelap 

Rongelap, Wotho 

Rongelap 

Wotho, Rongelap - bottom 
fishing 

Uterik 

Uterik 

Rongelap 

Wot ho 

Wotho, Uterik, Rongelap -
bottom fishing 

I 
.1 

; 
I 

.1 



0 
~arshallese name 

Pajrok 

Balle 

Jo 

Tinar 

~omo 

Kura 

Tak 

KupKup 

Kur 

Mon or 
(Aron) 

Ki bu 

Akuba 

Ebil 

'4. FISHING LINE* 

Scientific name 

chub ro rudderfish 
Kyphosus vaigiensis 

starry flounder 
Platichthys stellatus 

goatf ish 
Mullaoidichthys samoensis 

small grouper 
Lutjanus kasmira forksal 

grouper 
Epinephelus hexangonatus 

grouper 
Playichthys stellus 

needlefish 
Belone platyura, Raphiobelone robusta 

skip jack (immature form) 
Caranx lessonini 

squirrel fish 
Holocentrus binotatus/scythrops 

squirrel fish 
Myristis berndti 

*pole fishing in shallow water 
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Island 

Ailuk 

Ailuk 

Ailuk 

Rongelap 

Ailuk 

Ailuk 

Ailuk, Rongelap 

Ailuk 

Ailuk 

Ailuk, Rongelap 

Ailuk 

Ailuk 

Ailuk 



~arshallese name 

Dep or 
Eddeup 

Kie 

Utot or Dibab 
or Wutwot 

Kanbok 

Jawe 

Pajrok 

Monaknak 

Bale 

Jo 

Jome 

Tinar 

Momo 

5. SPEARING FISH 

Scientific name 

A fish 

big eye or burgy 
~onotaxis grandoculis 

butterfly fish 
Chaetodon onriga 

bass 
Variola louti 

giant sea bass 
Promicrops lancelatus/truncatus 
Plectropomus truncatus 

chub or rudder fish 
Kyphosus vaigiensis 

file fish 
Amansis carolge 

starry flounder 
Platichthys stellatus 

goat fish 
Mulloidichthys samoensis 

goat fish 
Mulloidicthys samoensis 

small grouper 
Lutjanus kasmira/forskal 

grouper 
Epinephelus hexagonatus 
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• 
Islands 

Uterik 

Rongelap, Uterik 

Uterik 

Rongelap 

Rongelap, Uterik 

Rongelap, Uterik, Wotho 

' Uterik 

Rongelap, Uterik 

Uterik, Wotho 

Uterik 

Ailuk, Rongelap 

Uterik, Wotho. 

continued 

• 



0 
Kure 

Kalemeej 

Lap po 

wla 

~o or Mera 

[llek or Mole 

~.oramor or 

• c:-.urmor 

K.ibro 

Lojebjeb 

Perak 

Mon or Moned 

Jera 

., 

5. SPEARING FISH 

grouper 
Epinephelus adscenscionis 

blue spotted grouper 
Cepahalopholis argus 

hogfish 
Cheilinus undulatus 

parrot fish 
Callyodon pulchellus 

parrot fish 
Scarus jonesi/sordidus 

rabbit fish 
Sigannau rostratus/puellus 

rabbit fish 
Siganus sp. 

rock cod 
Anyperodon leucogrammicus 

rock hind 
Epinephelus albofasciatus 

grouper 
Epinephelus adscenscionis 

scavanger 
Lethrinus kollapterus 

squirrel fish 
Myripristis berndti 

squirrel fish 
Holocentrus sp./Myripistis sp. 
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Ailuk, Rongelap, Wotho, 
Uterik 

Ailuk, Uterik 

Rongelap, Uterik 

Ailuk, Rongelap 

Rongelap, Wot ho, 
Uterik, Ailuk 

Ailuk, Rongelap, 
Uterik, Wotho 

Rongelap 

Ailu, Rongelap 

Uterik, Wotho, 
Rongelap 

l1terik 

Uterik 

Uterik 

Rongelap, Uterik 

continued 



Bad et 

Jetaar 
(Jetaad) 

Bonej 

1001 

Tiepdo 

Ku pan 

Mone 
eanrok 

Imim 

Bub 

Lele 

Baraklaj 

Ael 

5. SPEARING FISH 

sergeant major 
Abudef duf 

snapper 
Lutjanus kasmire/forskal 

snapper 
Lutjanus vitta 

mullet 
Crenmugil crenilabis 

black surgeonfish 
Acanthurus nigicans 

banded surgeonfish 
Acanthurus triostegus/linnaeus 

surgeonf ish 
~aso unicornis 

reef triggerfish 
Balistapus retangulas/aculeatus 

black triggerf ish 
Melichthysringens 

trigger fish 
Rhinecanthus aculeatus 

unicorn fish 
Naso brevirostris 

unicorn fish 
Hepatus olivaceuiy'schneiner Bloch 

orange spot tang 
Acanthurus divaceus 

- 64 -

•• Wot ho 

Ailuk, Rongelap 

Uterik 

Wot ho 

Ailuk 

Watha, Uterik 

Rongelap, Uterik 

Rongelap, Uterik 

Ailuk 

Rongelap 

Ailuk 

Rongelap, Ailuk, Wotho 

Ailuk 

continued 



• Bwilak 

Ik mouj 

Jiborbor 

Kibuj 

Jonuron 

Boklim 

Ieo 

Ikenae 

• Pebijdreka 

Kar las 

\. 

5. SPEARI:lG FISH 

unicorn - surgeon 
Naso lituratus 

white parrot 
Scarus harid 
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Rongelap, Uterik 

Ailuk, Rongelap, 
Uterik, llotho 

Rongelap 

Uterik 

Wot ho 

Wotho, Rongelap 

Uterik 

Wot ho 

Ailuk 

Uterik 



RONGELAP 

Fish poisoning from 

imim - reef fish, trigger fish 
Balistapus retangulu71'oculeatus 

jaliia - a fish scavanger, Lethrinus miniatus 

jowe - giant sea bass, Promicrops lanceolatus/truncatus 
bass, Plectropomus truncatus 

iool - mullet, Crenmugil crenilabis 

WOTRO 

Fish poisoning from 

mao 
ekmouj 
iol 
ael 
lele 
ikenae 

- 66 -

• 

•\ 

,. 



0 

• 

Appendix : 

School Children's i:-eedin~ Program 

1. The school children's feeding pro~ram requires that each child should receive: 

Break:ast 

F'ruit - 1/2 cup 
or 

Fruit juice - 1 cup 

Bread - 1 slice 

Mil;.;. - 1 cup 

Meat - 1 ounce (optional) 

Substitutions: 

Tvpe A ~enu 

Lunch 

:feat - 2 ounces 

Fruit and vegetables - J/4 cup 

Milk - 1 cup 

Bread - 1 slice 

Butter - 1/2 teaspoon (optional) 

For c::_eat we can use any canned meat, fish, pork, chicken, shell fish, jokra, clams, 
turtle, eggs, and peanut butter. 

Instead of bread we can use 1/2-3/4 cup of rice, taro, breadfruit, coconut meat, 
bananas. 

Fruit and \•egetables can be any of the canned fruits and vegetables, papaya, pumpkin, 
taro leaves, sweet potato, Chinese cabbage. 

Note: Each school is allowed $100/rnonth for purchase of local food . 
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.. 

2. Lunch program as carried out at the different ~tolls/islands. 

I: 

a. ~umber of school davs a week - S 
b. ~:umber of school davs a vear - 210 
c. Items and quantities 

Rreakfast 

Basic 

1. Fruit 

or 

Fruit juice 

2. Bread 

or 

Rice 

3. '.1ilk 
(powdered) 

4. Sugar 

5. Meat (canned) 
(fresh) 

or 
Fish (canned) 
or 

Fish (fresh) 

Substituted bv 

Fruit cocktail, peaches 
apple sauce, pineapple 

orange, grape, apple 

flour 

macaroni, oatmeal 
or 

taro, breadfruit, 
coconut ~eat, hananas 

eggs (processed), 
peanut butter, spam, 
beef stew, chicken, pork 
mackerel, tuna 

or 
fish, turtle, shellfish 
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Amount 

57 g 

240 cc 

30 g 

115-200 g 
(cooked weight) 

230 g 

15-30 g 

30 g 

• 

• 



t II. Lunch 

Substituted bv 3asic Amount 

a. :1eat - canned spam, beef stew, 
or - fresh* pork, chicken 
or 

Fish - canned mackerel, tuna 57 g 
or - fresh* fish, shellfish, turtle 

or 
p~anut butter 

b. Fruit and Fruit cocktail, peaches 57-85 g 
vegetable applesauce, pineapple 

or 
mixed vegetables, peas, 
tomatoes, corn, green beans 

c. :filk 241) cc 

d. Bread 29 g 
or 
Oatmeal 114-170 g 
or 
Rice taro, breadfruit 114-170 g 

coconut meat, bananas (cooked weight) 

·{.· I l e. butter 8 g 

- 69 -



. , .......... -- . 
r~., .. :, 

--..J 
0 

Appendix G 

T,pJioon Relief 
('a_in !_ly _ __!l_lst r !but io~-ct;iles-fOrrlonated Commod it !es 

COHHOD-'I-'TY-C------· l'.!J_!_'!:_ ____ !'_ER J'!Jlj_Dc'l_f~Q!:l.!.!l ___ l ____ : ___ 2 __ 

BUTTf.R/MARCARINF. 

POULTRY fANNF.fl 

Bf.f.F CANNED 

f.CC MIX 

Fl.OUR A/P 

OR.~-ir:r II' 1 "f 

f'F/\S 1·.\~J' 1 FD 

RI',\"<; CA~INFP 

"11.K F\'AJ'C1RA''f.f) 

MILK l'J'l·\'ff 

PFA'Jl'l Rl'T'"FP. 

''.,\l'.ARil'l I 

'HORH'lINr; 

r:c1R~l SYRl'P 

R!C:F 

311 C'l 

2Q 07.. 

~9 07. 

~ nz 

I n11 pyr; 

(,I, l·I. •I, 

fl JI) ' ! ~) 

111()1 rt! 

14. ~ PZ C:i'I 

411 p:\1 

'l. L'N 

)ii PKC 

1U r.111 

16 "' ,-,z 

2- PYG 

111 (I 1.R) 454 R 

f'J (29 OZ) R10 g 

r.N ( 2 9 07 ) ll 10 g 

PKC (h OZ) 17() ~ 

511 (5 LBS) 2290 R 

C:AN (4h FL OZ)l)~O 
re 

CAN (! I h) 4 54 g 

CAN (l lh) 454 g 

CAN (14.5 OZ) 
4 J5 cc 

I 11 (1 LB) 4 54 g 

J# (1 LB) 454 g 

1 PKC (l LB) 454 g 

I H (l I h) 4 54 g 

I BT!, (16 fL OZ) 
480 er 

2nfl (20 LBS)90RO g 10 

POTATC1FS OEllYORATED 1# PKG PKH (I LB) 454 g 

COR'J CANNF.D 24/µ]0J CN CAN (l lb) 454 g 

Source: Trust Terr~(HajuroJ. 

• ,_,~.--.1'-....... ~~ . .......,__ 

2 

2 

20 

2 

'lumber of persons in family 

4 5 6 

2 2 2 

4 5 6 

) 4 5 6 

4 5 6 

2 2 

4 5 6 

4 5 6 

4 5 6 

1 4 5 6 

2 2 

2 

4 5 6 

2 2 

J 4 6 

10 40 50 60 

4 5 6 

4 5 6 

• 

8 9 10 

3 4 

8 9 IO 

7 8 9 IO 

8 9 10 

4 4 5 5 

8 9 10 

8 9 10 

8 9 10 

7 8 q 10 

4 4 5 5 

8 9 IO 

) 4 

8 9 10 

70 BO 90 100 

8 9 10 

8 9 IO 

• ···,t::i;..y;r;:ri.·;;f 



• 
MONTH SOUTIIERN ATOLLS 

OCT 1- FTS 

NOV 1- FTS 

DEC 2- FTS 

JAN -0-

FEB 1- Spc 

HAR 1- Spc, 1- FTS 

..._, 

...... APR 1- FTS 
. 

MAY 1- Spc-Kili, 1-
FTS,1- Spc-Kili 

JUN 2- FTS 

JUL 1- FTS,1- Spc 
1- Spc-Kili 

AUG 1- Spc, Kili, Jabor 
1- Kili, 2- FTS 

SEP 1- Spc, Jabor-
Kili 

OCT 1- FTS 

13 - FTS 

7- Spc 

• 
Appendix H 

Food Supply Ships - Trip Schedule 

(as carried out during 1977-1978) 

WESTERN ATOLLS EASTERN ATOLLS 

1- FTS -0-

-0- 2- FTS 

1- FTS -0-

1- FTS -0-

-0- -0-

1- FTS -0-

-0- 2- FTS 

1- FTS -0-

1- FTS 1- FTS 

1- FTS 1- FTS 

-o- 2- FTS 

1- FTS 1- FTS 

1- FTS 1- FTS 

q_ Regular 10-Regular 

~--- ·-· -
CENTRAL ATOLLS NORTHERN ATOLLS 

2- FTS 1- FTS 

1- FTS 1- FTS 

-0- 1- FTS 

-0- 1- FTS 

1- FTS 2- FTS 

1- FTS -0-

1- FTS 1- FTS 

-0- 1- FTS 

1- FTS 1- Spc 

1- UN Mission 1- Spc 
1- H-Pick up 1- FTS 

1- FTS 1- FTS 

2- FTS 1- FTS 

1- FTS 1- FTS 1 1-Spc, Utirik, 
Rongelap 

I I -Regular 11- Regular 

2-Special 2 -Special 



Rice 

Flour 

Sugar 

Yeast 

Biscuit 

Peanut butter 

Corned 

Tuna 

Appendix I 

Private or Communitv Stores 

Types of Food Available* 

beef Tang 

Milk 

. . .• . ......,.. .. ~ ..... ._. .V.J 

Shoyu 

(powdered) Shortening 

Sardines Coffee Iodized salt 

Mackerel Tea 

Milk (canned) 

Baby food 
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Thyroid Dose Assessm't for Rongelap and Utirik Residents-Draft 



' ' ' :: 
. , , ~"' ·: 3~IL-23939 
.:/Ill R .,,. .,...,. 

Th:1roid Absor::ied Do::;e Assessment fur Rongelap and l:tirik Resicents 

E.~. Lc~sard, J.R. ~aidu, ~.P. ~iltenberger 

3rookhaven ~ational laboracory 
Safety and ~nvi~on:nental P~oteccion Division 

Cpton, ~ew York ~1973 

& 
::-l. A. Greenhouse 

University of Califor~ia 
Lawrence Berke~ey Laboratory 

Berkeley, California 94720 
& 

L. V. K.lp lan 
Brookhaven Summer Student Program 
3rookhaven ~ational :aboratory 

and Yale University 

ABST!U.C'I' 

The internal thyroid absorbed dose from Castle Bravo fallout affect-

:.:lg Rongelap and U tirik Atolls, ~arshall Islands, is reassessed •.is ing 

~ndependent approaches encompassing 1) the single ?Ooled urine radio-

~hemical analysis of ~arch 1954 and current uptake, retention and excretion 

::iodels, 2) airborne concentrations and areal activities of the iodine 

isotopes derived from historic soil samples and, 3) airborne concentrations 

and areal activities of the iodine isotopes derived from weather data ob-

~ained during the thermonuclear test experiment at Bikini Atoll and current 

fallout deposition models. Factors such as solubility of iodine isotopes, 

the possible contribution from neutron induced activity, the impact of thy-

raid seekers other than iodine isotopes on dose, and confidence levels for 

·1a.:.ues of derived quantit:ies such as airborne accivity concentrations are 

also considered. Additionally, these thyroid absorbed dose estimates are 

compared to the incidence of thyroid nodules reported for che accidentally 

.:::<posed people. 

~esear~h carried out under che auspice of the U. S. De~artment of Energy 
~nder Contract ~o. DE-AC~2-76CH00016. 



-,-- ,--r--r-r --- T -- --r -- r- 1 --r ----.-- I I 1 I I -r-.--

-
I 

E 
u 

~- 100~ PARTICLE SIZE RANGE 
FOR RONGELAP 

u 
0 
_J r PARTICLE SIZE RANGE w 
> FOR UTERIK \ z I 

0 -..__ 10 -
U) 

0 
0... 
w 
0 

L-----L-----&.-_.__l I I I/ I l I I I I 11 I I L ___ L _L_L 

1.0 10 100 
PARTICLE RADIUS, µ. 



_J 

0 
(f") 

0::: 
w 
Q.. 

• 
1011 • 

• 

• • 

I 
I 
• 

j 
2000 40(J0 6000 8000 10000 12000 

DAYS POST MARCH I, 1954 



1012, 
~ 

I 
I 

r-

~ 
I 

~ 
10111 

(\J 
I 

~ 
'-u 
<./') 

E 
0 

I -a 
- 1010~ Cf) 

2 
~ 0 

~ 
<l I 
_j r <l I 

\ 
\ 

w 

I 0:: 
<l 

109 : 
r-
I 
I-

8 

\ 
\ 
\ 
\ I-134 
\ 
\ 
\ 
\ 

16 

I-131 

I-129 

I-132 

24 32 40 48 
HOURS POST DETONATION ON MARCH 1,1954 

54 

I 
I 

I 
I 

1 
I 

..... 

I _. 
I _. 
I 

1 
I 
! 

--4 
! 

I 



I 
l 

106 I-133 J 
r0 -' I 

I -I 

E -; 
u _, 
(/) 

E 
0 -0 

0:: -
<! 

1 z 
i 

z 
0 

( I- 105 I • <! --, 
0:: :J 
I-

~ z 
w 
u 

\I-134 z -
0 
u 
~ 
0 
I-
<! I-132 

4 10 --~_._--~~....__~~-'--~~-'--~~--~__..._.___, 
5.66 6.96 8.26 9.56 10.86 

HOURS POST DETONATION, hours 

( 



10 5 
-

r-- _,; 

r-
I-131 

--j 

-4 
I ! - --- I 

I 

I ............... 
I-133 

I - ............. -
~ Ii 

.............. I 
.............. I 

I-129 
-1 

I I 
I I/"" '-..... 

r<) 

I I/ 
............... I I '-..... E "' ......... 

u I I J en 104 ~/ 
""" 

E 
0 ~ii "" ~ -0 

~I 
""" 

-n::: 

"' -1 -
<t LI __. 

"'I-135 
I 

z ~I I 

- \ 
_, 

I I 

""' 
I z 

\ ~ 0 r I I-

\ "" 
<t ' L ' n::: I-132 -I 
I-

I \ I 
I z 

w I 

"" 
u I z 10 3 ~ \ 

""' 
0 
u r-

L 

\ 
"" 

I 

......J ~ I..-
I I 

0 

~ \r-134 ""' 
1 I-

<t ....... 

I 

""' 
~ r 

r \ '\ 
1 

.....J 

1 

\ i 
~ 1 ! 
I 

\ i I 

I I 

102
1 I I \ I I I I I I I I I I I I I I 

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 
HOURS POST DETONATION, hours 



... 
;) 

0 
_c_ 

... 
Q) 

u .,, 
c 
Q) 
{JI -c 
0 
a: 

l - ·1 - 1 -1 13. - T l I I T-1 rr - I I - I - l j --- r·-- ---T - I ---

200R 

\. 
\. 

'\ 
90. R '\ 

10° -

.._ 
z 
w 
~ 
(.) 

10- 1 z 
w 
~ 
~ 
0 z u 0 .._ .._ 
:::> <t 
0 :::> 
_J u 
_J 

~ ~ w 

10-
2 I ..... _J. ······. L.1 .JI . ···- .L .... J. 
H+I H•IO 

2.3 

1.0 

50 R 

UPPER VALUE 

LOWER VALUE 

MEAN VALUE 

TOTAL EXPOSURE 

250 R 

110 R 

180 R 

\ 
\ 

EXTERNAL MONITORING OF RONGELAP PEOPLE'S 

'\ 
\. 

20R \. 

CLOTHING 

J_ J __ L _'\ l _____ L_J ___ J_J~-- __ l_ ______ J__ L J L -- __ L 
-H + 100 H + 1000 H + 10000 

HOURS POST IJ\STLE BRAVO 

--- L_LJ 

~ 



140 

t 
I 
I 
I-

Lower L1m1t 
Cloud Top He19l'll 

Upper Limit 
Cloud Ht11~nt 

120 
114 000 fl -.\ 

1--------'-
I 

- t • • \&.. 

- -
i 

"'2 I 
• 100' ... ~ • 
• ~ 
& ~ 0 

i 
,_ 

10 

t50 

J 
1 zoo 

VI r-
"O f-c 

~ 0 

...J ~ Vl 
~ 01omet1r 

171,400ft. 
I ' i 

~ 10 150 

- t .z:. 
~ • :I: Cl~d Bottom Ht19ht 

55,300H .,, 
:.) 

~ 
u 

100 

Stem Otomtter 
23, 4'00 ft 

I 
j50 

o!--....... --~._.+--i.__,~....._~~L...-....,........11..-.+--.......r.~4.-....1...___..~'---'---1~~0 
S 4 t IO 

T1mt, M1nut11 

• • I.I. .. 
0 
. ... 

• -• e 
0 

0 

.,, 
:.) 
0 

u 

Cloud Dimensions: Op~ration CASTLE - Shot l - Bravo. 

( 



SCALE 

I 1 I I I 1I1I1 JI 1, I 1 I 1 I I I 
0 zo 40 60 80 100 

mllt1 

RI It ra tt; 5000 ff/hr 

22.5 

7.5 -----1©,_ __ _ 
H-Hour H+3 H+6 

Hodcsr~phs for C;e~tion CAS7:.E - Shot 1 - Eravo. 



•Ori ~~~~~--1~~~~~--ir---i~lf-"+°-f-~~-f-~~~-t-~~~~~-+~~~~~--t~~~·~ 

. 
• 
i 
• 

~ 

~ I 
~ 5~~~~~~--~~~~--0~~+-+-+--11~~~~~ ....... ~---,~~~-t~~~~~-+-~~--J . ..., 
~ 

I 

10 I 0 I 10 

O~rat1on CAST"-E - Shot l - Ersvo. 

•5 

• I 

On-site dose r.ite contours in r/ht at H+l hour. 

ao 



Operation CASTLE - Shot l - Bravo. 
Ott-site dose rate contours in r/hr at H+l hour (RA..VD). 



.... 

I. 
I 
I 

~o ......_ ___ __ 
---T- ---+--------------_.._ ___ _ 

i-
i 
I ..... 
L 

~ 
I 
I-

L 

; 

I 

I 

II - ~ - - L - _. t- - -
I 

i ~of 1-----i-.+-+--+--+--'--
o r I 

~ ·- --t 
I •o .... , ----1-----..--\----+-__.,.___.1---___.,.__ ......... _~_...-

L i 

~ I 
r s- ~ - -

40 

0 

..... 
j 

I ..... 

I .... 
I 

..... 
I 

-1 
i 

J 
I 

-; 

I . ~ 
40 _..,,_......._..~ I I ~I I ~--'--'--' I ~' I I __.___.__I ............__.! ~~~ 
~ .. o 10 «> o 40 10 120 

Oiatonc1 From GZ ,Statute MllH 

Oper~tion CASTLE - Shot l - Bravo. 
Off-site dose rate conto~rs in r/hr et H+l hour (NF.:L). 



"' • -= 
~ 

• -:i -0 -(J1 

-N 
<!) 

E 
0 .. 
~ 

• u 
c 
0 -"' 0 

( 

400 

I 

350 
~ 

81kor ~ 

U t1rrk A1tuk 

~ 
300 

Toko 
i 
I 
1 R1kuroru 

f- I L I-
I 

250 
'1-

\ f- 10 
f-
r-

200 

L 
' ~ 
I 

~ ......, 
150 

1 l 
' ~ 
I 

.....J 

-1 
-4 ! Ron9e1op ' 100 I 

~ -.., 
I 

I- ....... 
i I 
I- -i 
~ _J 

Wott'lo I 

50 --4 

~ 
0 

-.., 
I 

~-i 

50 
100 ~o a 50 100 150 

01stone1 From GZ, Statute Miles 

Oper~tion CAS7~E - 3hot : - =ravo. 
Off'-s-i:e dose nt~ :::o:-.:o·.;rs °!..:'. r/'.:-.":' 'l':. H+l ~01.lr (AF::· ... r:). 



-• • IA.. 

.., 
0 
. 

• 
• 

.. ~ I 

~ I 
i.. I 

lo' I 

~ 
~ 
I 

Upper Limit 
. Cioud Top He19M 

_LL~I. lJ ... 
\_~loud Top '"1ei9~· 

21,•00 ,, 

I I I I 

i i 
I j 

E ~o~-+--1------+~--~..__-+~-+----;~--~+-_.._,,,. __ ~.._~~+--~ 
0 

0 

./ 
'.../ /1 
I v i 

~ 

,~J---1~:~----------~-------------~~-----------
/I 

o __ ,~l .......... ......__~--.:...~_-...-J.-'---.a......i........_._._...__...__ _______ _ 

0 Z 4 I I 10 12 14 11 11 20 Z! 24 ZI ZI SO 52 

Time,'9tif_..s 

Cloud Dimensions: Operation SAN!STJ~E - Shot 3 - Zetra. 

( 



41.S 

42.5 

f 

( 

SC.Al[ ,,,,,,,,,,, 47. 
0 ZO 40 IO 10 100 

9 

2.5 

H-Hour 

"'ii •• 

Aiu rote: SOOO rt/hr 

31.S 

s 
Z.5 

H+2 

-©-
2.S 

H+3 

Hodographs for ~ni.tion SANDSTONE - Shot 3 - Zebrg 



240 

Cloud Top Height 
t4,000 ff. 

- I 00 zoo c 
• '4.. 

_., 
0 

... 
Cl eo 110 

• -E • • 0 '4.. -
0 "' Cloud Oiome ter 0 
E 110,000 ft. 
c 10 120 ... • -

~-t-
VI • -
"O • 
c E 

<l 0 

0 

...J Hei;ht 
I 0 "' VI 

40 
~ 

~ 
0 

u 

.&:. 
OI - Stem Diameter 
~ 

: 20 II 500 ft 40 

"O 
~ 
0 -u 

0 s • 
Time, Minutes 

c:::..o·..:d :ii.oer.s.ions: rm •. -,_,~era~ 10 .. 



/'""'. 

it' 67 6 

•re 

!e 6 

e 1.s •2 g 

.,2 s 

71. 6 
"' e 

,, 6 

175 

t 
li

5 
Ht3 

22 &Q 7& 

'•6 115 

"1-How 
f 6 

176 

t2 -6 

Sco1, 

~411.-t~ 
0 2 0 40 60 80 100 

m11e1 

Rise rote 50oo ft1t,, 

87 5 

,, 5 

---®--

H .. 1.,,.,..,p1,, f,,r I<,..,,""· 1· '·'f'/f· • :·1,,,, I, . 11,, '"·· 

42 ei 

315 

H + 8 
25 



-0-

L 
I-

3 
lo 

N 

~ 

2 

"' 

0 

"' 

"' ~ 
~ 

GI -:I 
0 -(,/) 

N 
<.:> 

E 
0 ... 

l.L 

., 
v 
c: 
E 
"' c5 

l.J 

•1 
I - J... ·- :l 

:) 

-3 + - ::: -..::: .., 
ll 

J... 
~ --~ 
...; ;.., 
•:: 

~ 
. l ·-

I ·-~ ..... 
:...J 

·S ...... 
E- -' 
'") i.: 
·"( 0 
u u 

c <1J 
0 -·- .tl - ... ,., 
..... l.J 
<: ·11 

(~~ 

( 



ZIO 

L-

- rOO • 200 

• "-

" 0 
. ,_ ... 
• 10 110; 
• 
E ~ • w.. 
0 .., 

0 0 

e ... -
• • -10 (/) 120 • e 
"' Cloud So tTom H1i9ht 0 
c 
~ 

11,300 ft. 0 

"' ...J 
Ill 8 
2 0 - 40 10 
I:. 
0 

• x Stem Oiom .. tr 

"' 17,400fl { R et No. 
;:, --,g - -
u 20 40 

Time, Minutts 

Cloud Dimer.s~or.s: ~ere.tion CAS7~E - Sho~ 5 - Ya,~ee. 

( 



\ 
\ 

,,-.... 

475 

\ 
\ 
\ 
\ 

12 5 

H-Hour 

SCALE 

l11.l11.l11d11d 
0 20 40 60 80 

mllu 
Riu rate: 500011/t.r 

22' 
22 5 \ b115 

l2.5 .,, 

H+3 

57 5 

52.5 

37.5 

37.5 32.5 

27.5 

I 02 5 

2251/15 

175 
.. 

H+6 
® 

llodogrnphs for Oper& ti on CM>'l'LE - Shot 5 - Yankee. 

47 ~ 

\ s Xu2 5 

115y1.5 

12.5 

H+9 



0 

-----4--

\ l ~o 

........ 
I 

-I ._, 
' I -

I 
50 i-----~---~~---~-T-~"\---+-__.,.----+----t-t--r---------<, 

I JO 100 50 0 

Distance From GZ, Statute Miles 

Operation CASTLE - Shot 5 - Yankee. 

~ 
50 

Cff-site dose rate contours in r/~r at H+l hour. 

?'. 



Kili Island. In 1968 ?resident Johnson declared Bikini Island safe for 

resettlement. 

Rehabilitation efforts of Bikini Atoll began in 1969. These activities 

required persons to reside on Bikini Island. By April 1978, the population 

numbered 143 persons and consisted of caretakers and agriculturalists employed 

by the Trust Territory plus a few Bikini land owners and their families who 

found their way back via Trust Territory trade ships. This population remained 

on Bikini Island until they were relocated in August 1978 to Kili Island in the 

southern Marshalls and to Ejit Island, Majuro Atoll. 

During the rehabilitation and repopulation years, the medical services al

ready provided by Robert Conard, M.D. and the Brookhaven ~edical Team on otqer 

atolls of the !iarshall Islands were expanded to include sick call and body 

burden measurements on Bikini Islands. '!'nis team made body burden measurements 

in 1974 (CO 75) and ~n 1977 (CO 77). In August 1977, the responsibility for pro

viding body burden measurements was transferred from the Medical Department to 

the Safety and Environmental Protection Division (SEP) at Brookhaven National 

Laboratory. The 1978, 1979 and 1980 body ~urden measurements of the Bikini popu

lation were conducted by the SEP organization. 

Tilis report summarizes all personnel monitoring activities which were con

ducted on the Bikini Atoll residents from 1970 through 1980. Using the body bur

den data along with the reported residence interval, individual dose equivalents 

have been calculated and are also reviewed. 

A. Body Burden Measurements - Radiochemical Analysis of Urine 

Prior to the assumption of responsibility for the total personnel 

monitoring program by the SEP Division in 1977, analysis of urine samples for 
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-··~:Jn 7=oduccs and :=1nsuran:c elemencs was :onducted under :ontraccs co 

5attelle Pacific Northwest Laboratories (Sm.~) and ~nvironmental Measurements 

La6oratory (E~). Analytical procedures for processing and analysis are similar 

and can be found in OL 81. 

Urine data collected after 1977 were processed by the SEP Division. 

Sample collection dnd analysis procedures used by this division are outlined 

belcw. 

1. Urine Collection Protocol 

Twenty-four hour and five day urine samples were collected from 

Bi~ini Atoll residents. Twenty-four hour samples were used to define fission 

product body burdens while the five day urine samples were used both to deter-

mine fission products and transuranic body burdens. The normal procedure was to 

cistribute the urine collection bottles just after the individual received a 

whole-body count. Individuals were informed to collect all urine excreta in the 

bot~le for the specified collection period. Sample containers were collected 

after the selected sample period had elapsed. 

Once collected, acidification procedures were followed to inhibit 

biological degradation of the sample. From 1977 to 1978, urine bottles were 

precreated with 15 ml of a 10: thyinol-alcohol solution. After urine collection, 

10 ml of HN0 3 was added. This procedure was halted because of skin discomfort 

caused by thymol contamination during urine collection. In 1979 and 1980, lSg 

of boric acid was added to each one liter urine bottle after sample collection. 

Both acidification techniques minimize sample degradation. After acidification, 

samples were packaged and shipped to BNL for analysis. 

Twenty-four hour urine samples are analyzed for gamma emitting nu-

1 . . 90 l . . . c iaes and Sr. Samp es are first placed in an ultrasonic cleaner to loosen 
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dra•.m for gamma analysis. Gamma spectroscopy is perfor.:ied with a 125 cc active 

volume, 26: relative efficiency Ge(Li) detector which is connected to a computer 

based ~ulti-channel analyzer. Samples we"e counted from 4000 to 10000 seconds 

depending on the activity in the sample. When gamma analysis was completed, the 

aliquot was returned to the initial sample and the total volume was analyzed for 

90Sr _ 90Y. 

The sample is acidified to a pH of 1, stable strontium and yttrium 

carrier along with 85 sr tracer are added to the sample. nte sample is chemi-

cally processed according to the procedure reported in Appendix A. The final 

processing step results in a 9oy precipitate which is used to determine the 90 sr 

urine activity concentration. Sample results are corrected for chemical yield 

and radiological decay of 901 post separation from 90sr. Because of the dura

tion between sample collection and sample analysis (in excess of two months) 90Y 

and 90sr are in secular equilibrium at time of sample analysis. 

13 7 c d 90 s . . . . f l l 1 d s an r urine activity concentrations or a poo e sam-

l d . T bl l 137c d 90s . . . . d p es are reporte in a e • s an r urine activity concentrations an 

90 
the Sr body burden at time of removal are reported in Tables 2 through 5 for 

Bi~ini Atoll residents sampled between 1973 and 1980. 
00 

The • Sr data were used 

to calculate the bone marrow dose-equivalent commitment. 

Five day urine samples were also collected from 1974 to 1978. 

These samples were analyzed by Battelle Northwest Laboratory (BNWL), Environmen-

tal Monitoring Laboratory (EML) and Loa Alamos Scientific Laboratory (I.ASL) for 

fission products and transuranic nuclides. The results are presented in Table 

6. All transuranic analyses were carried out by alpha spectroscopy. nte mini

mum detectable limit was 3.7 x 10-S Bq for all analysis systems. 
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Five samdes .,.,ere obt::i.ined 3eqnent:ially fr""ll :6 ;iersons "!u:-i:i~ ::'::e 

January 1979 field trip to determine the variability inherent in the 24 hour 

uri~e sample program. The results of this study are listed in Table 1. For 

lJiCs, the mean Jiological and counting variability Cone standard deviation) 

associated with a single urine sample is 32:. For 90sr, most of the results 

were less than the minimum detection limits of the system or the average of the 

5 urine sample results had an associated standard deviation which was larger 

than the result. Consequently, only 6 sample results were used to determine the 

biological and counting variability of the 
90

sr urine data. Tile mean standard 

deviation associated with this result is 65%. The counting error contributes 

15% of the variability while other sources of variation account for so:. These 

other sources are most likely related to the day to day metabolic changes nor

ma~~y exhibited by an individual. 

B. Whole-Body Counting 

Whole-body counting measurements on the Bikini population that were 

conducted in 1974, 1977, 1978, 1979 and 1980 are presented. The body burden mea

surements were performed by two different organizations; consequently, the exper

imental design included a mechanism to ensure that previous and current results 

are directly comparable. Key detection components were duplicated and the sys

tems were calibrated in the same manner (CO 63). The operational procedures and 

counting geometries were basically similar, and an intercomparison study was 

conducted using Marshallese and Brookhaven personnel to ensure system 

comparability. 

1. Instrumentation 

The detector chosen for field use by both Brookhaven organizations 

is a Z8 cm diameter, 10 cm thick, sodium iodide thallium activated scintillation 
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magnecically shielded, photomulti?lier tubes. The signal output from each 

phocomultiplier tube is connecced in parallel and the combined output routed to 

a preamplifier/amplifier and then to a microprocessor-based computer/pulse 

height analyzer (PHA). The PHA data is stored on a magnetic discette, and the 

results may be analyzed either in the field or at BNL using a matrix reduction, 

minimization of the sum of squares technique (TS 76). 

2. Calibration 

Analysis of 3pectra by the matrix reduction technique requires 

that the computer library contain individual standards for each radionuclide 

that is expected in the field measurements and that the field measurements and 

standards be the same geometry. 

To accomplish this, a review of the previous whole body counting 

d (c 75 77) . . .b f 40 6oc d l37c ata 0 , CO indicated the need to cali rate or K, o an s. 

The present system was calibrated in 1978 using an Anderson REMCAL phantom (CO 

63) and in 1979 using a BOMAB bottle phantom. Each radionuclide was introduced 

into the phantom's organs in an amount equivalent to the fraction in organ of 

reference of that in total body as defined by the ICRP in Publication 2 (ICRP 

59). Under conditions of continuous exposure where equilibrium has been reached 

these fractions are correct. This is achieved for the nuclide 4°K. The nu

clides 60co and 137cs are in non-equilibrium throughout the exposure and post ex-

posure intervals. Cesium is taken up principally in cells with 80% to muscle 

and 8% to bone (SP 68) where the mean residence times are both 160 days. Tilis 

implies a nearly uniform distribution of the nuclide throughout the whole body. 

Thus, with 88% of the uptake spread throughout the body with a long halftime and 

with the remaining 12% of the uptake in the extracellular fluid, which retains 
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-~~~·!t!l ·..rith a s~ort ':i:o.l:~i:ne (~.~day), ::::i.e source geomet:::• • .. :i'l r-.ct: be 

significantly affected with respect to an ingestion/excretion equilibrium of ce

sium within the body. 60co is not distributed uniformly throughout the body 

with 20: of an oral intake being retained ln the liver with a very long biologi-

cal halftime and about 80i. being cleared from the extracellular fluid to out of 

the body with a biological halftime of•one day or less. Thus source geometry 

will be significantly effected with respect to ingestion/excretion equilibrium 

of cobalt within the body. 

To verify the activity in the phantom prior to use as a standard, 

an aliquot of the phantom solution was counted on a lithium drifted germanium de-

tector which was calibrated with NBS standard sources. The phantom was then 

counted in a shadow shield whole body counter (WBC) (PA63). The whole body 

counting system consists of a stationary crystal and stationary bed. The 

counter detects radioactive material located ?rincipally in the thorax, so 

positioning of the phantom and the in vivo counting subjects must be as similar 

as possible. To facilitate reproducible counting geometries, each subject and 

the standard phantom was positioned such that the central axis of the crystal 

intersected the central axis of the body about 25 cm below the sternal notch. 

The distance between the surface of the bed and the bottom of the detector is 

32.4 cm. The total system efficiencies for 4°K, 60co and 137cs are listed in 

Table 8 as are ty,ical minimum detection limits for these nuclides. 

In 1979, a shadow shield chair geometry replaced the shadow shield 

bed configuration. The chair whole-body counter used the same electronics as ln 

the past. The system was calibrated using a 3omab bottle phantom. Uniformly 

d . . b d . . . f 40 60 13 7 f istri ute activity concent=ations o K, Co and Cs were used or system 

calibration. Verification of phantom activity was accomplished as previously 

( . 7 



de"'cri'bed. The chair ~eomecr:' der:eccs radioaccive materiai located bet..,een :he 

neck and the knee. The total system efficiencies are the same :or the chair and 

bed ge01D.e tries. 

3. Quality Control 

The quality control (QC) program consisted of a cross comparison 

of the radionuclide amounts estimated to oe in the phantom volume versus NBS cal-

ioration standards. Agreement between the two activity concentrations is within 

plus or minus 5% for all radionuclides. Other quality control mechanisms 

employed were repetitive counting of secondary point source standards, multiple 

counts of Brookhaven personnel, repetitive counting of the Marshallese (blind 

duplicates) and an intercomparison study. 

. . . 11 137c Two point sources were used in the QC program. Initia y s 

source, which has been used by the BNL medical surveys in previous years, was 

used to monitor potential changes in system resolution and efficiency as func

tion of time. In subsequent years, a 137cs + 
60 co point source, was used for 

zero, gain, resolution and efficiency determination. 

Replicate counting of Marshallese was conducted on 5% of the 

subjects. Results indicate that the data obtained from the field whole body 

counting system is reproducible to within ?lus or minus 6%. Almost all of this 

error is due to variable subject position. When subjects remain stationary, the 

difference between sequential results is ?lus or minus 1%. 

An intercomparison of whole body counting systems was conducted be-

tween the field system and the whole body counter operated by s. Cohn for the 

Brookhaven ~edical Department. Persons used in the study included 13 

~arshallese with measurable 137cs body burdens plus several Brookhaven employees 

with current whole body counting records at the Medical Department. The results 
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of the study indicate that 
137cs and 

4
°K body burdens which exceed the min1mum 

sensitivity of both systems are in agreement to within ?lus or minus s:. 

RESULTS 

Persons listed in Tables 9 through 12 have been identified as medically 

registered residents. This terminology means these individuals reported to BNL 

doctors for sick call during the April 19i8 field survey and were assigned a reg-

istration number. For continuity, these numbers were retained by SEP for 

radiochemical analysis of urine identification. Individuals who donated urine 

for analysis of 90sr and 137cs in 1979 and did not report for sick call during 

the April 1978 survey at Bikini Atoll have been ter:ned non-medically registered. 

Persons who had not resided at Bikini Atoll for more than three years as of 

January 1979 or had never resided at Bikini Atoll are labeled as comparisons. 

Tables 9 and 10 present a list of adult individuals who were counted in 

1974 (CO 75), 1977 (CO 77), 1978, 1979 and 1980. There is a general increase in 

body burdens of adult males fr0tn 1974 to 1977 by a factor of 13.3, and from 1977 

to 1978 by a factor of 1.8. The general increase for adult females from 1977 to 

1978 was slightly higher than that for males over the same period. In most 

cases, the January 1979 data are significantly lower than the 1978 with an 

d d . . h 137 d average re uction in t e Cs bo y burden by a factor of 2.9. The :-1ay 1979 

and August 1980 data follow the expected decreasing trend. 

bl 11 d 2 . 137 Ta es an l summarize the Cs body burden data collected for adoles-

cents and children. It must be noted that data reported here are uncorrected 

for height and weight differences between subjects and the standard, up to 15~ 

deviations have been reported for adult data (MI 76). Body burdens of adoles-

9 



cen:s and childr~~ re?ort~d ~~ 7abies 11, 12 and 13 ~ere computed uslng 

efficiencies obtained from standard adolescent and juvenile Bomab phantoms. 

Table 13 swmnarizes the 
137 cs data that are presently available. It shows 

the ~ean standard deviation from the mean, and range of values reported for the 

sampled population segregated by sex and age, as it has changed from 1974 to 

1980. 

Table 14 compares the observed reduction in 137cs body burdens from April 

13 7 
19i8 to January 1979 with the reduction in Cs body burden that was expected 

as a result of relocating the Bikini population in late August 1978. Values for 

the ~iological removal rate constants were obtained from NCRP Report 52 (NRCP 

77) and ICRP Publication lOA (ICRP 71). 

Table 15 presents the long term biological removal rate constants for indi-

viduals in the Bikini population as determined from sequential measurements Ln 

1979 and 1980. 137 Table 16 presents population subgroup mean values for the Cs 

long term biological removal rate constant. The data are in good agreement with 

ICRP publication lOA (ICRP 71) and NC'RP report 52 (NCRP 77). 

In addition to the followup whole body counts performed on persons who 

were initially counted in April 1978 on Bikini Atoll, persons who had resided at 

Bi~ini Atoll and were concerned about their current body burdens were counted. 

Dependents of adult Bikini Atoll residents were counted regardless of their resi-

dence history. Results of this work conducted in January 1979, May 1979 and 

August 1980 at Majuro Atoll, Kili Island and Jaluit Atoll are presented for 

adult males, adult females, adolescents and juveniles in Tables 17 through 20 re-

spec:ively. 137 Most of the Cs body burdens are at levels which are consistent 

with world fallout contamination. Some dividuals have higher than anticipated 

137cs body burdens. Interviews with these subjects revealed that they either 
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~~ --~ :00d ?~=ducts f==m co~~~minacad atolls 0r had recently visited chese 

atolls. 

Po?ulation Census and Residence Atolls 

137cs body burdens from May 1979 of individuals whose residence history on 

Bikini was minimal and who had not recently (within 2 years of August 1978) 

resided at Bikini Atoll were grouped together to form a c;mparison population. 

In August 1980, a second comparison population was selected from !1ajuro Atoll 

and Kili Island residents who had never resided on Bikini Atoll. The whole-body 

councing data for this group is presented in Tables 21 through 24. Table 25 sum-

. h 137 f b h h V- 1979 d 1980 • marizes t e Cs data or ot t e •'14.Y an August comparison 

populations. The comparison population data were used in the computation of the 

137
cs long tenn biological removal rate constants reported in Table 15. 

Table 26 shows the number of April 1978 Bikini residents that were 

recounted on subsequent field trips. Column 2 lists the total number of people 

counted on each field trip. Column 3 lists the total number of persons who 

resided at Bikini Atoll in April 1978. Column 4 lists the number of persons who 

were medically registered in April 1978. The difference between column 3 and 4 

ref:ects the presence of Rongelap or Utirik residents who had moved to Bikini 

Atoll between 1970 and 1978. Column 5 lists the number of ?ersons counted that 

belong to the medically registered population listed in Column 3. Column 6 

lists the number of persons counted who reportedly resided on Bikini Atoll at 

the time of relocation in August 1978. Column 7 lists the number of non-

relocated former residents counted. 

Table 27 presents the number of adult males, adult females, adolescents 

and juveniles which composed the medically registered, relocated population sam-

pled in 1978 and 1979. Table 28 presents the same sample breakdown for the 
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~ed:i.cally register:d 

on l / rn l 9 7 9 . 

Table 29 summarizes the residence locations of all persons counted. 

!a':::iles 30 and 31 break this data down by sex, age and registry status for the 

January 1979 and ~ay 1979 field trips. Tables 32 through 39 provide individual 

counting dates and residence atoll or island at time of counting. Table 40 

lists registry numbers, age, name, sex and last known location of individuals 

who have not been whole body counted since their departure from Bikini Atoll. 

DOSl~TRY 

The dose equivalent to Bi~ini Atoll residents during their residency pe-

riod was the result of internal and external source_ of radiation. In 1975, ex-

ternal exposure measurements were performed (GR 79) at Bikini Atoll. Using 

t~ese data and an estimate of the Xarshallese living pattern developed by 

Gudi~sen (GU 76), an estimate of the mean yearly net exposure rate for adult 

males, adult females, adolescents and juveniles was developed and reported in a 

previous publication (GR 79). The net external dose equivalent for each individ-

ual was determined as the product of the mean ne: exposure rate, the residency 

interval and a correc:ion factor for radiological decay and is presented in Col-

umn 5 of Table 41. 

90 The dose equivalent commitment for bone marrow due to Sr has been calcu-

lated for individuals from urine data reported in Tables 2 through S. The 

symbols, constants and equations used are ?resented in Appendix B. The retro-

spective dose equivalent was determined using several assumptions. First, per

sons returning to Bikini Atoll returned wi:h an initial 90sr body burden a~ base-

line levels. Second, while residing on Bikini Atoll, individuals were subjected 

· · k • 90s h · h · · h to a constant ana continuous upta e ot r t rougn t e ingestion pat way. 

12 



90 
Finally, once strontium is ingested and a~sorbed into the blood, Sr disintegra-

tions are evenly distributed 1n cortical and cancelous bone tissues. Each indi-

. d d . . d. ff 90s . . vi ual was assume to exhibit i arent r 1ngest1on rates. The daily activ-

ity ingestion rate was determined from urine data. The prospective dose equiva-

1 . . . . . f 90 d . h ent was deter.nined with the assumption t~at ingestion o Sr cease wnen t e 

individual departed from Bikini Atoll. Disintegrations resulting from residual 

strontium-90 in bone post departure were calculated for an infinite post resi-

dence interval versus a fifty year period cOtIJmonly chosen for radiation workers. 

The dose equivalent commitment, the sum of the retrospective and prospective 

dose equivalents, are listed in Table 41, Column 3. 

The retrospective and prospective dose equivalent resulting from the inges-

137 tion of Cs have been calculated for members of the Bikini Atoll ?Opulation. 

The s:nnbols, constants and equations used are presented in Appendix C. Data 

used for these calculations were obtained from Tables 9 through 12 of chis re

port. Because the 137 cs body burden data dramatically increased between 1974 

. 137 
and 1978, constant and continuous uptake of Cs could not be assumed. Conse-

quently, the dose equivalent during the uptake interval was calculated using a 

monotonic increasing upta~e regime. The total residency period, was divided 

into three intervals during which constant and continuous ingestion of 137cs was 

assumed. These periods, January 1, 1970 to December 31, 1975, January l, 1976 

to April S, 1977 and April 6 to August 31, 1978, were determined based on the 

bioassay data and the maturation period for vegetation planted in the early 

1970's. It was also assumed that the initial 137 cs body burdens of individuals 

returning to Bikini Atoll were at baseline levels. The prospective dose equiva-

l d . d . h h . h . . f 137 ent was etermine wit t e assumption t.at the ingestion o Cs ceased after 

13 



an :~dividu~l de?arted r~om 31~:~i Atoll. :he dcse equivalent C01I'lllit~ent as je-

termined from these calculations are listed in Table 41, Column 4. 

The total body dose equivalent commitment listed in Column 6, Table 41 is 

the sum of Columns 4 and S. The total bone marrow dose equivalent commitment re-

ported in Column 7 was obtained by summing the data in Columns 3, 4 and S. 

Figures l through 3 illustrate the distribution of the dosimetric informa-

tion obtained from Table 41. Figure l describes the distribution of residence 

90 interval, net external exposure, Sr bone marrow dose equivalent commitment, 

137cs total body dose equivalent commitment, th~ total bone marrow and total 

whole body dose equivalent commitments for the Bikini ?Opulation sampled in 

April 1978. Figure 2 presents this infer.nation for males only while Figure 3 

presents the female dose distribution. 

Discussion of Results 

90sr body burdens do not appear to be significantly different for males, 

females and adolescents; however, the 137 cs body burden as summarized in Table 

13 indicates that male versus female adult body burden means are significantly 

different. There was also a small difference between the body burdens of the 

adult females and all children. These differences suggest that dietary and liv-

ing patterns char.ge as an individual matures thus effecting the body burden. 

This problem was addressed for external exposure in an earlier report (GU 

77) and an estimated living pattern was developed for children, adult females 

and adult males. This information indicates that the adult males spend s: more 

of their time in an environment which is radiologically substantially higher in 

activity than do the adult females. If one assumes that 5% more of the dietary 

uptake of radioactive materials occurs due to the longer duration of time spent 

in the interior section of the island, then one would expect that the mean adult 
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tor of 1.2. The 
137 cs data collected in April :978 indicates that the mean 

adult male body burden is 1.5 times higher than the mean adult female body 

137 burden. Likewise, the mean child body burden for Cs would be expected to be 

lower by a factor of 1.8. Our data indicates that the mean child 137cs body 

burden is a factor 2 less than the mean adult male body burden. 

Other factors which influence the body burden include the age of the indi

vidual, the residence interval on Bi~ini Island and family relationshi?s• 137cs 

body burden results weighted by the individual's body potassium and ordered by 

sex, age and residence interval were tested to determine the influence of age 

and residence interval on the body burden. The Bartlett test for homogeneity of 

var~ance was used to determine if the sample populations under consideration had 

the same variances. If the sample variances were the same then a one way anal-

ysis of variances was performed on each data set. If the sample variances were 

not equal, then the data was transformed by taking the log (ln or square root) 

of the activity and the test for homogeneity repeated. When the data passed the 

Bartlett test for homogeneity, the one way analysis of variance was performed. 

The data were grouped by sex because the mean of the adult male and adult female 

137 cs body burden were significantly different. 

The result of the one way analysis of variance with age of the individual 

b · h · bl d f · £1 · h · h d 137c b d b d eing t e varia e suspecte o in uenc1ng t e we1g te s o y ur en re-

sults indicates that no age or age group significantly influences the results. 

This implies that indigenous food ?roducts are consumed at a uniform rate by all 

individuals and that one age group does not have a preference for a type of food 

not found in the diet of other generations. 

15 



i:'he resul.t ~£ the cine way ana:ysis .;f variance ...-ith residen-:e c:..me en 

Bi~ini as the variable of conce=n is unclear. The statistical analysis for 

adult males indicates that persons with residency periods greater than 6 years 

h h . . . d 137 1 ave igher we1gnte Cs resu ts than the rest of the male population. For 

adult females, the group residing on Bikini for 3-6 years have lower weighted 

137
cs results than the rest of the adult female population. Residency once past 

1 year, was expected to have no effect on the 137 cs body burden. This expecta-

tion was based on the mathematical models used by !CRP Publication lOA (ICRP 71) 

which indicate that equilibrium with the environment would be reached within the 

first 2 years of exposure to a constant uptake of 137cs. 

Data for these analyses were grouped in age and residency intervals that 

would provide a minimum sample size of five data points per sample interval. 

The small sample size and large variance of the grouped data cast serious doubt 

as to the significance of the results generated by our statistical analysis. 

The last variable considered was the impact of the social structure in the 

Marshallese society. This factor seems to be highly significant. Table 42 

1
. 137 . 
ists the Cs body burden results ordered by family ranking. The family rank 

was accomplished by assigning the family placement number to the adult male's 

lJiCs body ·ourden. E · · f h' · 1 1 h h f ·1 - ·1 xam1nat1on o t is tao e revea s t at t e ami y tot ows 

the pattern set by the adult male-. This pattern does not follow a direct one to 

one relativnship; however, the trend is apparent. 

There are several possi~le reasons for this trend. First, individuals 

f=om the same family have a similar philosophy regarding the quantity of 

indigenous food crops that they want to consume each day. Second, the family 

only uses locally grown food products that are obtainable from that family's 

land. The family wato is also listed in Table 35. Finally, the significance of 
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listed above and the willingness of the family to purchase food. 

!he whole-body counting data also indicates that previous estimates of the 

type of food and amount of various components in the Bikini diet did not ade-

1uately describe the dietary patterns that existed between 1974 and 1978. As 

certain local food crops, coconuts, became available in 1976, they were incorpo

rated into the diet in the form of jekaru (the water sap of the coconut tree), 

jekomai (a syrup concentrate made from jekaru) and waini (drinking coconuts). 

The maturation time of the coconut tree is 5-7 years. Consequently, one would 

expect to observe a steady increase in the 137cs body burden through 1978 at 

which time an equilibrium body burden would be reached. Comparison of the 

observed reductior.· in the 
137cs body burden from April 25, 1978 to January 24, 

19i9 with the expected reduction in the body burdens f=om September 1, 1978 to 

January 24, 1979 yields almost identical results for the adult male and adult fe-

f ma.le groups as shown in Tables i and 8. Tilis implies that the Bikini population 

could have attained equilibrium and that the body burdens on September 1 1 l9i8 

were not significantly different than those measured in April 1978. The child 

data do not agree with the expected value; however, the difference is not beyond 

the =ange of half-times listed in NCRP Report 52 (~CRP 77). Although NCRP Re

port 52 lists a mean half-time for children ages 5 through 15, it does not spec

ify the age distribution of the sample. ~st of the Bikini children were in the 

5-10 year category; hence, one would expect the observed reduction factor for 

this group to be somewhat higher than the expected value. 

Although the data indicates that the 137cs body burdens may not have in

creased between April and September 1978, this is not assurance that the body 
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l.:l•.i"::"ie~s would not have increased i:..;hen new dietary items like pandanus and 

breadfruit became available for daily consumption. 

Furthermore, while the population may have been near equilibrium with 

·their April dietary uptake, individuals within the population may not have been. 

This was apparent in the adult male 137cs body burden data where two individuals 

show no decline in activity between the April 1978 and January 1979 whole body 

count. In one case, the individual was present on Bikini for only S months 

prior to the April 1978 count. This places the individual at approximately 60% 

of his equilibrium body burden value. In the second case, there seems to be no 

clear explanation for the lack of any reduction in the body burden, however 

1. the individual may have lived away from Bikini prior to the April 

count; hence, equilibrium was not established at the time of counting, or 

2. the individual changed his diet pattern between April and September. 

These deviations from the norm do not alter the conclusion that equilibri-

um or near equilibrium may have been reached for the population as a whole for 

137
cs. Indeed, they illustrate variations about a mean value. 

Data collected between January 1979 and August 1980 also indicate that cer-

. . d" "d 1 b . . 137 . d f h tain in ivi ua s have een ingesting Cs at a rate which excee s that o t e 

sample population. This could in large part be due to visits to Bikini or other 

contaminated atolls between measurement dates. 

The individual dosimetric data presented here clearly illustrates that at 

least 19% of the Bikini residents would have received a dose equivalent in ex

cess of S mSv (0.5 rem) due to the ingestion of 137 cs had the April 1978 activ-

. . . f 137 . ity ingestion rate o Cs continued. This dose equivalent level does not in-

elude the dose equivalent from external radiation or other internally deposited 

radioactive material. Removal of the Bikini population from Bikini Atoll 
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1 . . 137 d i · . e iminated the Cs source ter:n from the diet an im1ted the dose equivalent 

received by this population. 

Th . b . . 90 h b d . 1 . e contri ution or Sr to t e one marrow ose equiva ent commitment was 

small relative to the contribution from external exposure and 137cs. As resi

dence intervals increased, and food products with higher 
90

sr concentrations 

became more available, then the body burdens and bone marrow dose equivalents 

would have correspondingly increased. 

The total body and bone marrow totai dose equivalent commitments have a 

standard deviation of 40% in the adult subgroups. For residence periods between 

the years 1969 and 1978, a maximally exposed person received a total dose equiva-

lent commitment of 30 mSv (3 rem) and the population average total dose equiva-

lent commitment was 12 mSv (1.2 rem) due to man-made radioactivity on Bi~ini Is-

land. 
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and Stanton H. Cohn, Ph.D., Brookhaven National Laboratory, Medical Department 
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and transfer of responsibility for bioassay services to our Division. 

The field portion of the radiological survey of the Marshall Islands was 

accomplished by an intense and diligent effort on the part of the contributors 
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pretesting equipment prior to use in the field. 
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Appendix A 

Urine Bioassay Chemistry Procedures 

137
cs and 

90
sr Assay of Urine in the Absence of Fresh Fission Products 

A. Reagents 

Strontium carrier solution: 20 mg Sr/ml 

Yttrium carrier solution: 20 mg Y/ml 

Calcium chloride: 0.1 M 

Diethylhexylphosphoric acid: 20% in toluene 

Nitric Acid: 16N 

Hydrochloric: 0.08 N 

Amnonium hydroxide: 15 N 

Ammonium hydroxide wash solution: 1 ml 15 N in 500 ml H 0 

Sodium hydroxide: 6 M 

B S l P · for 13 7c A 1 · • amp e reparation s na ysis 

1. Loosen cap on sample bottle and place into ultrasonic cleaner for 

approximately 10 minutes to loosen and disperse solids. 

2. Pour suspended sample into a 2 liter graduated cylinder and record 

total sample volume. 

3. Measure 300 ml of sample into an aluminum can. Seal on lid. 

4. Analyze sample with Ge(Li) detector system. Count for 4000 

seconds. 

5. When gamma analysis is completed and data is verified, return sam-

ple to analytical laboratory. 

C. Procedure for 90sr Analysis 

1. Remove urine from aluminum can and pour into 2 liter bea~er. 

Rinse can and cover and add rinses to beaker. 
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2. Pour remai~ing sample from =ottle into the z liter ~eaker, add SO 

ml concentration HNO to bottle to rinse walls, add to beaker. 

Rinse with water and add to sample. 

3. Adjust pH to approximately 1 and heat sample to 80°C. Stir. 

4. Add to sample 

Strontium carrier: 40 mg 

Yttrium carrier: 40 mg 

90sr tracer: 1 ml (Xl0,000 dpm) 

CaCl 0.1 M: 50 ml 

5. Digest sample at 80°C for 30 minutes while stirring. 

6. Adjust pH = 4. 

7. Add 40 ml saturated oxalic acid solution and mix well. 

8. Drop add 6 M NaOH to adjust pH • 4. 

9. Digest (with stir=ing) for 30 minutes. 

10. Remove from heat, remove stirring bar, let settle overnight. 

11. Filter entire sample through a 2 inch Whatman 42 filter paper 

mounted in filter assembly. Wash the precipitate once with ammo

nia wash soluiion. 

12. Transfer filter paper and precipitate to a 150 ml beaker. Dry at 

125°C in a muffle furnace. Slowly raise the temperature (over an 

eight hour period) to a maximum of 500°C. Continue heating at 

500°C overnight. 

13. Cool the sample and add small volumes of concentrated HNO. Evapo

rate slowly to dryness. Dissolve residue in 60 ml of 0.08 N HCl. 

Adjust pH • 1. 
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14. 4:-.J.r.sfer :sam:;le soL1ci.:n ::o a ::5 ol separat=ry f~nn-=l and exo::-ac: 

the yttrium with 60 ml of 20: HilEHP solution. Note time of extrac

tion. Save aqueous phase for possible future reanalysis. 

15. Wash the organic phase twice with 60 ml of 0.08 N HCl. Save the 

first wash and combine the aqueous phase from step 14. 

16. Extract the yttrium from the organic phase with
0

2, 60 ml volumes 

of 3 N HN0
3

• Shake for 2 minutes for each extraction and then com

bine 3 N HN0 3 solutions in a 150 ml beaker. 

17. Evaporate the sample solution to a volume of approximately 3 ml 

and quantitatively transfer to a 50 ml centrifuge tube with sever

al volumes of water. 

18. Adjust the pH to 8-10 with ~tti40H to precipitate Y(OH)
3

. 

19. Centrifuge, decant and discard supernatant liquid. 

20. Wash the precipitate with water, centrifuge, discard wash. 

21. Dissolve the precipitate in 1:1 HCl (a few drops), slurry and add 

25 ml water. 

22. Add saturated oxalic acid (2-3 ml), then 2-3 drops of NH40H. Di

gest at 85°C for l hour. 

23. Filter through a preweighed glass fiber filter disc, wash with 

water and ethyl alcohol. Dry at 110°C for 15 minutes. 

24. Weigh the dried precipitate and filter paper. Mount on nylon 

disc, cover with o.:5 ~l mylar and beta count for 60 minutes using 

low background anti-coincidence counters. 

25. Correct for gravimetric yttrium yield and yttrium decay single 

separation. 

26. Report data in pci/l urine at time of collection. 
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90 90 Svmbols, constants and eguations used to calculate Sr- Y bone marrow 

dose equivalent during the uptake interval and the committed dose equivalent 

The following definition, syinbols, constants and equations describe the 

mathematical ~odel used to calculate dose equivalent during and post the uptake 

interval. Intermediate steps can be used to determine body burdens or daily ac-

tivity ingestion rates. n.e equations were developed with the assumption that 

the measured quantity from a bioassay program would be the urine activity concen-

90 90 
tration. Constant continuous uptake of Sr- Y through the ingestion pathway 

90 was assumed for the entire residence period. For Sr, the uptake interval 

l h • d • d A~ • d • d • l 90s d • • • equa s t e resi ency perio • ~ in icate previous y r isintegrations are 

divided equally between cortical and trabecular bone. 

Mathematical Model 

N~ 
l 

N. 
l 

?. 
l 

K. 
i 

q. 
i 

E. 
l 

Symbols, Definitions and Units of Physical Quantities 

-
-

the number of atoms of species of concern present at time zero in com-

partment i, atoms, 

the instantaneous number of atoms of species of concern present at time 

t in compartment i, atoms, 

-1 atom intake rate into compartment i from blood, atoms day 

the instantaneous fraction of atoms removed from compartment i per unit 

time by physiological mechanisms, day-l, 

the instantaneous fraction of atoms removed from compar:~ent i per unit 

-1 time by radiological mechanisms, day , 

the instantaneous activity in compartment i at time t, Becquerels, 

the instantaneous activity excretion rate from compartment i at time t, 

-1 Becquerels day , 
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q 

p 

x. 
l 

r: 

u 

D 

~ 

~N 

~ 
c 

HBN 

s. 
J. 

-

-
-
-
-

the fracr:ion of GI cracr: activity entering blood, 

the instantaneous activity in the body, Becquerels, 

-1 the atom ingestion rate, atoms day 

the fraction of atoms entering blood deposited in compartment i, 

upr:ake interval, day, 

-1 instantaneous urine activity concentrar:ion, Becquerels liter , 

-1 
male urine excretion rate, lir:ers day , 

-1 
female urine excretion rate, liters day , 

quality factor, 

disintegrations due to 
90

sr remaining in body following upr:ake inter-

val, Becquerel days, 

disintegrar:ions due r:o 90sr in r:he body during uptake interval, 

Becquerel days, 

the dose equivalent to red marrow during uptake inter•1al, mrem, 

the dose equivalent to bone during uptake interval, mrem, 

the dose equivalent to red marrow post uptake, mrem, 

the dose equivalent to bone post uptake, mrem, 

the absorbed dose to red marrow ?er disintegration of 90 sr ln cortical 

-1 bone, rads dis , 

h b b d d d . . . f 90 . t e a sor e ose to re marrow ?er disintegration o Sr in 

-1 trabecular bone, rads dis , 

the absorbed dose to red marrow ~er disintagrar:ion of 9oy in cortical 

-1 bone, rads dis , 

the absorbed dose to red marrow ?er disintegration of 9oy in trabecular 

-1 bone, rads dis , 
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- ' - the absor!:>ed dcse ... 
rads dis 

-1 

' 

55 - the absorbed dose 

rads dis -1 
' 

s6 - the absorbed dose 

rads dis 
-1 

' 
s7 - the absorbed dose 

rads dis -1 . 

EQUATIONS 

AP • 

(_ 

to 

to 

to 

to 

dN. 
l 

dt 

bone ;:ier dis integration 

bone ?er disintegration 

bone per disintegration 

bone per disintegration 

.. -0. + K.) N. + P., 
l l l 

q. •AN., 
l l 

E. • K.N . .\, 
l l l 

uu 
m 
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~ ;! 
~ .. 90sr l:l cort:.::al bo~e, 

90Sr in trabecular bone, 

of 90y in cortical bone, 

of 90y in trabecular '!:lone, 

(1) 

(2) 

(3) 

(4) 

(5) 



Xz (1 -(.A+Kz)t. - -e ) + 
.A +i< 

2 

x 
~ (l-e-(.A+K3)t)), 

3 

( 6) 

fl A PX1 
(t -

(1-e -(.A+K1) t) 
D • A+K

1 
A+Kl ) 

+ 

fl APX 2 
Ct -

(1-e -(.A+Kz) t) 

X +K ) + 
A+K

2 2 

fl .A PX
3 (t -

(l-e-(.A+K3)t)) 

X+K A+K
3 J 

(7) 

( 8) 
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( 9) 

7 
+ s6 + s7 +Sa), (10) ~N = 4.32 x 10 D Q (SS 

~ 
7 

(Sl + s + s + s ), (11) • 4.32 x 10 DCQ 2 3 4 

c 
HBN 

7 
• 4.32 x 10 DCQ (SS + 56 + 57 +Sa), (12) 

Values for Constants 

Symbol Value Reference 

Kl 3.33 x 10-l d-l w. s. Snyder, M. J. Cook and 

:-! • R. Ford, Health Physics, 

10, 171 (1964). 

K 2.27 x 10-2 d-l II 
,.. 2 
~ 

x 10-4 d-l KJ 2.s " 

xl 0.73 " 

x2 0.10 II 

X3 0.17 II 

.:\ 6.54 x 10-s d-l 12th Edition, Chart of the 

Nuclides (1977). 

f 0.85 ICRP 1.0 ( 196 7). 
u 

fl 0.20 ICRP 73/C2-34; ICRP 20 (1972). 

u 1.4 .2. d -1 ICRP Reference Xan m 

uf 1. 0 i d -1 ICRP Reference Man 

Q 1. 0 NCR.P 
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~,?J.: ...lCS :or G.::nstants ~:vnt'J) 

Svtnbol Value Reference 

s1 9.8 x 10-15 rads dis 
-1 

MIRD 11 

s2 7.3 x 10-13 rads dis -1 
!-IIRD 11 

SJ 2.s 10-13 rads dis -l MIRD 11 x 

S4 4.3 x 10-12 rads dis -1 
MIRD 11 

SS 6.3 x 10-l3 rads dis -l 
MIRD 11 

s6 4. l x lo- 13 rads dis 
-1 

MIRD 11 

s7 3.0 x 10- 12 rads dis 
-1 

MIRD 11 

58 1. 7 x 
-12 10 - rads dis -1 

MIRD 11 
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. 13 7 D7m 
Svmbols, constants and eouations usea to calculate the Cs - Ba 

total body dose equivalent during the uot~ke interval and the committed dose 

eouivalent 

The following definitions, symbols, constants and equations describe the 

mathematical model used to calculate the dose equivalent and the committed dose 

equivalent. Intermediate steps can be used to determine urine activity concen-

trations or daily ingestion rates. The equations were developed with the 

assumption that the body burden as determined from whole body counting, would be 

the measured quantity from the bioassay program. Three intervals of 

monotonically increasing, but constant and continuous uptake throughout an 

interval were assumed. Consequently, the equations must be repeated 3 times in 

oder to obtain the total dose equivalent during the uptake interval. For 

137 
Gs, the uptake interval corresponds to the number of days out of the resi-

dence period that an individual maintained the proposed daily activity ingestion 

rate. 

Mathematical Model 

Symbols, Definitions and Units of Physical Quantities 

N: - the number of atoms of species of concern present at time zero in 
l 

N. 
l 

p. 
l 

K. 
l 

-

-

compartment i, atoms, 

the instantaneous number of atoms of species of concern ?resent at time 

t in compart::ient l, atoms, 

-1 
atom intake rate into compartment 1 from blood, atoms day , 

the instantaneous fraction of atoms removed from compartment l per unit 

-1 time by physiological mechanisms, day , 
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q. 
l 

E. 
l 

f 
u 

0 
q 

p 

x. 
l 

t 

Q 

M 

D 

HM 

~B 
x~ 

l 

s 

-

-

-

-

-

che instantaneous £raccion :f ~cons removed from com?art~e~t i per ~nit 

-1 
time by radiological mechanisms, day , 

the instantaneous activity in compartment l at time t, Becquerels, 

the instantaneous activity excretion rate from compartment i at time t, 

-1 Becquerels day , 

the fraction of body activity excreted in urine, 

the fraction of GI tract activity entering blood, 

the instantaneous activity in the body, Becquerels, 

the initial activity in the body, Becquerels, 

-1 the atom ingestion rate, atoms day , 

the fraction of atoms entering blood deposited in compartment i, 

uptake interval, day, 

quality factor, 

com:nitted disintegrations due co 137cs remaining in body following 

uptake interval, Becquerel days, 

mass of individual, kg, 

disintegrations due to 137cs in the body during uptake interval, 

Becquerel days, 

the dose equivalent co the total Jody during the upta~e interval, mRem, 

the dose equivalent to the total body post uptake interval, mRem, 

the fraction of radioactive atoms in the total body remaining in com-

partment l at the end of the uptake interval, 

the absorbed dose to the total ·body per disintegration of 137cs- 137maa 

-1 
in the total body, rads dis , 
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dNi 
-dt = (A.+K.)N. + P., 

l l l ( 1) 

(2) 

(3) 

E. • K.N·A· 
l l l l 

(4) 

X' • . i 
(5) 

( 

~ L'x• -<K1+A)t , -<Kz+A)t) 
1 e + x2 e ( 6) 

D • 
APX1 fl 

( t -
(Ae-(A+K1)t); 

+ 
K

1 
+X Kl+A 

) 

APX
2 
fl ( -(A+K2) t) 

(t - 1-e ) 
K

2
+A K

2
+A ( 7) 

( 33 



I ~ 

Xiq -r\+K,)t 
De = K +,\ C 1-e ' ... ) + 

l 

(8) 

~ • 8.64 x 10
7 

DQS , ( 9) 

(10) 

34 



.a .-2S :or Ccnst:ant:s 

Svmbol Value Refet'ence 

K 
l 

0.7 d-l ~CRP 

K2 0.006 d 
-1 ICRP 10 

x l 0.15 ICRP 10 

x 
2 

0. 85 ICRP 10 

X' 0.002 Uptake interval >> 140 days 
1 

X' 2 0.998 Uptake interval >> 140 days 

A 6.3.3 x 10-s d -1 Nuclear data tables 

fl 1.0 ICRP 10 

Q 1.0 ICRP 26 

s l.05 10-lJ rads dis 
-1 MIRD 11 lC 

( 
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Table 1 

Pooled or Mean Urine Activity Concent=ation for 90sr and 137cs 

90Sr 13 7 Cs 
Year of Urine Cone Urine Cone 

Collection pCi/.t nCi/ 1. Comment 

1970 1.2 0. 10 3640 ml - pooled 

1970 1. 3 0.13 3365 ml - pooled 

1970 2.2 1100 ml - pooled 

1970 1. 9 930 ml - pooled 

1971 o. 96 0. 22 3920 ml - pooled 

1971 0.89 0.20 2960 ml - pooled 

1971 1.2 0.21 3300 ml - pooled 

1971 J.9 0.11 500 ml - pooled 

1972 4.2 0.91 2700 ml - pooled 

1973 6.7 1.3 mean of 14 people 

1974 2.3 1.3 mean of 21 people 

1975 7.3 1.8 pooled 

1975 3.1 1.3 pooled 

1976 5.3 2.2 mean of 26 people 

1977 3.9 7.7 mean of 4 people 

1978 6.1 14. mean of 35 people 

1979 ~.6 1.3 January, mean of SO people 

1979 2.8 .87 ~y, mean of 40 people 

1980. NA NA August 

NA • Not Analyzed 



,,..... 

l'.111 ------ ----·-
90:;, llJ l.:11 

U1 inc Udn"' 
C"utt: .. Cunc. 

Ill ' ~!./.! nC!J! --------
·runnc (Al 11.9 2.1 

J.IW•! I (A I ., • 1 I. I 

A.:111<! (A) 'J. ~ 2.6 

A1•ri"i (A) LO 0.40 

s .. 1110:11 (A) I. !.I 0.40 

Juucc8 (A) 1.11 2.0 

t:nl ik (A) 

lloae (A) 

llt.l 

bll 70 

(,I I '.I* 

'~ 

I 

'fdlt I c l 

U1ine Activity t:,111ce11l11ttiu11a tna ~·.,uucr AJ111L H.dc ll1kani 111la11J llceiJcnl11 

1910 - l'HIO 

1914 l'J/b l'J17 I 'J Ill I '.119 - Jan. -- -- - -------- ------ ·---~- ~ - --- ----- ------ ~- -- ----~--

'.los, llJ c .. 9os, I l 1 t:
11 'JO Sr I}) C11 90:;, IHCa 90Sr I 11 Ce 

U1 inc Uriuc 111 inc Ua inc Ua· inc Ur inc ll• ine lit int" U1 ine U1 inc 
Cuuc. Cone. (;,uu;. Cunc. Cone. Cun..:. Cuuc. Con<:. Cunc. Cuuc. 

1'~~!! !.'IJ!!! ,.c. !! nC!/! ~!.!!.. !'Ci!!_ ti.:~!! !.'t:~/! .. i'~U!_ ~~!IL 

<U.4 0.40 

2.4 0.110 

2.11 J.'Jt NA 0.'.>8 
0.2 0.2 

8. / t w. t 
2.6 0.4'1 

I. i 1.0 111. I 1.0 l II l I(, 1 2. ll 1 b. I t 
II. L 0.1 l.L II. I, I 0.10 0.14 

HA It. t 
0.44 

- !~~-=--!!~ . -- - ~~~'.!. :: ~·~i;: 
!JO IH !JO I JI . s .. C:> Sa: (,; 

lldnc U1 iuc u. ith.: Ut 110.: 

Cone. t.:unc. (;uuc . t;"O'-, 

J'(;i/!_ -~~~· ~L I.'.~:~ I! ~t:1 / ~ 



.. 

Table 2 (Cont'J) 

191_1 __ 1914 1976 1971 1918 1919 - Jan. 1979 - Hal _!980 - ~=--

90&r 111 Ca 9051' 111ca 90Sc 111ca 908r 111 Ca 90Sr ll1 Ca 90Sr 111c. 9051' 111ca 90
51

_ 1l1 t:• 

Udne Uirine U1 ims Udnc Uri1u: Urine Udne Urine Urine U1ine Uirine Urine Urine Udne Ua ine Ua in" 
Cone. Cone. C...ue. C.mc. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I pCi I_! uCi/l ~i/l nCi/l ~1! nCi/l pCi/!_ nCi/l ~!_!!_ nCi/ l f£!.L!_ ~i/l fCi/ l ~i/l ec:i/t nC!f ! 

6011 12 t NA 
I. 2 

6018 1.0 0.60 1.11 2.8 t 1.6 t HA 
0.6 0.2 0.91 

b069• NA 16 t l.2 t 1.2 t 
0.44 l. 2 .12 

6068 2.H 0.29t 2.9 t 9.1 t 
0.2 0.06 l.6 O. ll 

6061 s .61 l.9 t 2.1 t NA O.S4t S.2 t o.su 2.0 1 

0.6 0.2 O. Jl o.2s 0.10 0.9~ 0.09 

6061 2.8t 1.0 t 
0.4 0.2 

6011 6.2 0.90 l2 t 11 t 4.6 t 1.4 t 

2.1 0.61 2.0 0.11 

6019 l.61 I. l t 10 t NA ) • l t 2.1 t 

0.2 0.2 l.) l.2 0.11 

bOOI 4.81 2.9 t 

0.11 0.2 

12 1 6.9 t O.S6t 4.1 t 

I. l 0.4 0.01 0.21 

r-



,,,-. -. 

lable 2 (Cont'd) 

1971 -- . 1974 ___ 1916 1917 I 'J 111 191') - )di\. -·~~2_::._~}' ___ I '.1110 - A .... ----- - ----- - ---· - --- -- --- ---~·------ --- ---- ---- ·---- ----------- - ~ -- - - -- w --

'JllSr I 11 Ce '.IOSr 1)1 c. 9.0Sr 111 Ce 90Sr 117C
8 90Sr ll1C

8 90Sr 111c. 90Sr 1}7C
8 

'.Ill 
Sr IJIC• 

Urine Urine U1 iue Urine Urine Urine Urine Urine lh ine Urine Urine Ua ine Urine Urine Ur inf! l1111u• 

Cone. Cone. Cone. Cone. (;unc. Cone. Cone. Cone. Cone. Cone. Cone. Ccme. Cone. Cone. Cone. Cone. 
_ _!E__! __ £0_/l nC!f ! r~Y! nCi / _! ~L! ~~i/! pCi/ l nCiL!._ ~!/!._ 11C!J!._ ec ii_!. _ . 11Ci£!_ e£!!.!_ nci I!__ £!'.~l! ~~!!. 

6011 <0.2 1.5 

60M 2.0 1 6.9 1 -1. 2 t t.1 t 

1.1 o. 26 16 0.01,5 

6008 5.'.>1 1.1 t 1.1 t 6.1 t 

1.4 0.2 0.62 o.n 

6086 5.4 0.50 4.6 1.2 5. ')t 0.9 t 9.4 1 16 t 0. 11 t 2.9 t 5 .9 1 2. I t 

0.4 0.2 1.6 0.40 0.52 0.17 I.) 0.09'.> 

601l• NA 16 t O.'.>H 4. '.> t 
0.44 1.0 0.21 

6076 t.2t I. 2 t 0.911 18 t 0. 17 t 6_2 t 

0.2 0.2 2.0 o.4J 0.80 o.n 

6072• 2.5 0.50 NA 16 t 
0.1,4 

811 NA 7.8 2. 5 1 2.9 t 

1.0 O.ll 

6118 1.8 1 NA 1.4 t 1.5 1 0.671 0.46 t 

0. 70 0.59 0.085 I. I 0.076 

6126 4. Jt ). 2 t 6.1 t II t 

0.4 0.2 2.6 I). 15 



Teble 2 (Cunt 'd) 

1973 1914 1976 1911 I 'HU 1979 - Jun. _!'!!_'!_::.. ~~- _ 1 '.ltlO _:_ ~lllL ---·----- --- -·------- ----~----- --- ---------- --
'JO Sr 111c. 90S1· 111c. 9051" 111c. 90Sr 111c. 90Sr lllC• 90Sr 111c. 90Sl" 111 Ca 90s .. 131 Ca 

Udne Urine Urine Urine U1 ine Urine Urine Urine Urine Udne Urine llr i ue Urine U1ine Ur Int: Unne 
Cone. Cone. Cone. Cone. Cone. Cone. Cune. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Conr. 

JP ' 
pCi/!, nCi/l cci/l nCi/t ~It nCi/t pCi/l nCi/t l'f.!{!_ nCi/!._ pCi/l nCi{!_ ~- nC~L!_ ££~!_! nCUJc 

6001 9.8 t 11 t 
1.9 0.41 

6111 4.)t 1.9 t <0.62 NA 8.4 t NA 1.4 t 4.) t 1.2 t 2.l t 
0.4 0.2 1.0 O.H 0.21 I. l 0.16 

6128 1. H 2.7 t 4.2 t NA 21.0 t 5. I t 0.17t I. 5 t 
0.4 0.2 2.0 6.0 0.21 0.41 0.1) 

6125 4. I t 8.) I. 2 t NA -0.4 t I. 7 i 
I. 5 0.64 1.4 0.059 

6007 4.8 t 10 t J. 2 t J.4 t 
I. I o. )2 0.69 0.12 

0.04t 8.0 
0.68 0.29 

6066 1.5 t l. l t 
II 0.16 

864 ll t 5. I t NA 12 
1.4 0.2 

966 6.81 - 6.6 t 16 
0.6 I. 8 

6115 2.4 t NA 
0.88 

r-' 



I:-

I"' 

1911 

90Sr 

Urine 
Cone. 

_ID_!__ 2Ci/ l 

6096 

G002 

6161 2.2 

6166 

6184 

6210 

6190 

620S 

6211 

6218 

6219 

111c. 

Urine 
Cone. 
nCi/ l 

0.60 

1914 ---·---------
90Sr 111 C• 

Udn1: Urine 
Cone. Cone. 
tiCi/l nCi/l 

1.2 1.1 

I 'J 1G ---- - ------ -- -
908.-

Urine 
Cone. 

f.£!!! 

I. It 
0.2 

2 .0 t 
0.2 

I l 1 C• 

Udne 
Cone. 

!!~!I l 

0.9 t 
0.2 

1.0 
0.2 

T•ble :l (Cunt'J) 

1917 I 'J 18 ------- ------ ~--

90Sr 111c. 90Sr 111c. 
Urine Urine Urine Urine 
Cone. Cone. Cone. Cone. 

2£![!_ nC!f!_ l'~U!_ ~{!_ 

4.l t 6.1 t 
1.6 0. 2'.i 

I. I t NA 
0.19 

l'H9 - .1 .. 11. _!~!!'!1_ _!280 _::_ .!·~1:. ---------
90Sr Ille., 90Sr Ill Ce 'JU Sr 111c .. 

Urine Urine Urine lh ine Urine Ila ine 
Cone. Cune. Cone. Cone. Cone. Cone. 
~i/l -~!1!. pCi/!_ _!'_<::!_l!_ ~!!! !!~.!!! 

0 t 4.0 t 1.1 t 2.1 t 

0.12 o. 20 I. I 0.15 

0.86t 0.]) t 
0.40 O.OlU 

o. 291 NO 0. 191 Im 
O. S2 0.9 

0.22t 0.10 t 2.8 t 0.099t 
O.H 0.049 J.O 0.011 

0 t 1.4 t 

J. 9~ 0.12 

0.4 t ND 

1.6 

J.) t NO 
5.1 

0.9 t NO 
2.s 

).8 t NO 
5.4 



T•ble 2 (Conl 'J) 

l'Jll 1974 I 'J16 I 'J11 I 'J /ti 1979 .ldll. _!1~2_ __ _!'181_! _ A"Jl: __ ------- ------- ---- -------- -----
'JO Sr 131 c. 90Sr lllC• 90Sr 1)7 c. 90

sr Ill c. 90Sl ll1 c. 90Sr 111c. 90Sr Ill C• 90Sr 117 (;e 

Urine Urine Urine Urine Urine Urine Urine Ut· i ne Urine Udne Urine Urine Urine Urine Urine Urine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Con.:. 

ID I pCi/ _! nCi/ l pCi/ l 11Ci/ l pCi/_! nCi/ l 2£!.L!_ nCi/ !_ ffiL~ !.'£!L!_ ~i/l _ uCi/ l pCi/ l nCi/ !_ .e£!L! 11Ci / _! 

6220 0.2H ND 
l.1 

6221 -.06 ND 
1.0 

6136 2.9 t 0.01'J 
1.6 0.041 

6138 0.2)! 2.6 t 
0.47 0.66 

6U1 ' 0 t O. ll t -0.06t NO 
1.6 0.041 1.6 

6168 1. 1 ! till 

5.6 

6180 1.1 t 0.16 t 
O.H 0.047 

6182 0.16t 1.2 t 
o. 19 0.19 

110 12 t NO 
1.1 

l••w NA 1.1 

Steve NA 7.8 

~ 



,--.. 

'fable 2 (Conl 'J) 

191) 1974 I 'Jlb l'J11 1918 197'J - Jan. . __!2.!~!!~L-- _! ~80 _:: _!·~11 · -------- ------- ---------
'JO Sr 111c. 'JO Sr llJC.J 90Sr 111c. 90

sr l}J Ca 'JO Sr Ill Ce 'JO Sr 131c, 90Sr ll1Ca 90Sc I JI t.:a 

Urine Urine Urine Urine Urine Ur inc Urine Urine Urine Ur in" U1 ine U1 lne Urine U1 ine Ur io" U1104• 

Cone. Cone. Cone. Cone. Cone:. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cooe. Cone. Cunc. l:(Hll. • 

ID I pCi/! nCi/l fCi/l nCi/l fCi/~ nCi/l 1!£i/l 11Ci/ l 1'~!!!_ ~~il !:_ pCi/l _ nCi I l _ pCi/~- ~U.!__ p~i It 11t:1;_/ ~ 

6004* NA 16 1 

0.44 

S••ple Size 9 9 8 a 19 18 4 1 21 17 24 22 22 12 

Hean ').I 1.2 2.2 0.96 'LO 2.') ).9 1.1 6.1 l'i 1.0 ].} I. 9 1.4 

SlnJ Dev 2. ') 0.84 I.') 0.47 ). ') 1.1 2. ') ').') ').4 7.l 0.9') 2.2 2.9 0. 14 

Low 1.9 0.4 0.2 O.'i I. l 0. 29 .62 0.')8 0.91 ').I 0 0.10 -1. 2 0.0'J9 

Iii gh 8.9 2.6 4.6 1.1 ll 'i. I 6.6 16 2l l1 l.1 6.l 12 2. l 



Table l 

Udne Activity f.011ce11t1ationa for .-u, • .,, AJull fc••I" Bikini lalaud lleai.l.,11llt 

l911 - l9110 

1911 1914 1916 1918 1919 - Jan. _1!!9 - Hay 1980 - Aul· 

90Sr u1c. 90sr ll1 Ce 90
sr u1c. 90Sr ll1Ce 90Sr IHC• 90511" 111c. 90Sr 111c. 

Urine Urine Urine Urine Urine Urine Uri nc Urine Urine Urine Urine Udne U1 ine Udne 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I pCi/l nCi/l .e£U! oCi/l pCi/l nCi/l ~!{! nCi/! ~/l nCi/l pCi/ l nCi/l ~i/l ~~iJ! 

Ruth ll.6 2.1 l.I ).2 

Pe lapel 4.1 l.2 

Wanna - - <O. l l.O 

Wener - - - - Z.l t 1.4 t 
0.4 0.2 

Koba je - - - - 9.6 t l.4 t 
1.0 o.z 

604') l.61 l1 t 

I. 9 0.42 

6112 ).9t II t 0.0821 6.') t 2.~ 1 l.) 1 
2.0 0.42 0.89 O. ll l. I 0.076 

6114 6.01 NA I. I 0.11 
2.7 0.69 0.09'i 

6111 ).\11 19 t 0.19 t 4.9 t 
).4 o.so 1. l 0.21 

.---



Tai> le } (Cont 'J) 

1911 1914 1916 19111 I '11'l - Jdll. _!91') - Hny ---'-~~_:_____!·!~:____ ------·---- _____ ,. ____ ---· ---- -~--. --- -· -- ----·--
90Sr 111c. 90Sr 111c. 90Sc 111c. 90Sr I Hca 9USc 111c. 90:;r 111c. 90

51
_ 1:i1c. 

Urine Urine Urine U1 ine Udne Udne Urin-. U.-i ne Ucine Ucine Urine Urine Uo ine Ucine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I ~i/l nCi/l pCi/l nC!_l_! pci /_! nC!.1! ~i/l nCl/l ~~1.! nC_!i_! ~1_!__ nCii_!__ ~/l nc~f! ----
6122 3.81 8.')t 0 t 1.1 t l.8 t 0.66 t 

2.4 0.40 0.'.>4 0.12 1.4 0.089 

6121 ).8 t '.).0 t 

2.1 0. 2) 

60'.>9 4.81 1.6t 
2.2 0.29 

6061 I.~ t 1.6 t 

0.4 0.2 

6012* 2.0t 16 t 0 1 2.8 t 1. "> 1 0.61 t 

.91 0.44 O.'.>I 0.11 3.4 0.069 

618'.> o. 261 O.Olo6t 
O.'i'.I O.O}') 

6108 7.6 1 0.9 t 4. ~1 7.0t 2.1 t 4.8 1 
1.8 0.2 2.9 0.27 0.8'1 0.21 

6206 -0.061 ND 
I. 2 

6111 2.01 6. 7t 4.'.> t 2.6 t 0.8 t 0. '.>7 t 

I. 2 0.26 ~ ,1, 0.18 l.6 0.083 

606'.> ll t 1.61 2.4 t 2.6 t 

2.0 0.19 2.4 o. 21 



·r.ble ) (Cont'd) 

I 91l 1914 19 U. 19111 1979 Jau. 19n - H•y 191!0 - Aus: ------- ------ ------
90Sr IHC• 905 .. I He, 90Sr 111c. 90Sr 131 Ca 90s .. ll1C• 90Sr 111c, 905 .. 111c. 

Udne Urine Urine U1ine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

lD I pCi/l nCi/l pCi/ l nCi/ 1 pCi/ l nCi/1 pCi/ l nCi/l ~!L! nCi/ l pCi/ !__ nCi/l pCi/! ~!L! 

6091* HA 16 t 0.)6 t 0.l} O.Blt 0.81 t 
0.44 0.98 0.064 I. I 0.091 

6109* HA 16 t 1.9 t 0.11 t 
0.44 I.} 0.041 

6046 5.61 I} t I. 9 t 0.11 t 
1.2 o. )1 I.) 0.041 

6098 0.11 t 0.69 t 
0.69 0.20 

6060 I. 2 t 1.1 t 1.9 t 0.)9 t 

0.82 0.20 1.4 0.08) 

6222 0. ~II t ND 
I.) 

6110 4 .4 t 0.61 t 
1.8 0.088 

525 2.2t NA 1. 1 t 0.11 t 

0.82 1.6 0.0)9 

6064* NA 16 t 0.91 t 2.0 t 2 .1 t 1.8 t 

0.44 0.4) 0.066 0.91 0.088 

6061 4.6t 14 t 
0.91 0.18 

r'· 



.-..-. ~ 
( 

) 

Table) (Cont'd) 

Hill 1914 1916 1918 191') - Jeu. _ _!~ !1_:_~-- __ 1980 - _A~g :__ ------··---- -------- -------- -------
~OSI Ill Ca 90sr Ill Ca 90Sr Ill Ca 90Sr IHC• 9051 111c. 90Sr Ille• 90Sr I l1 C• 

Urine Urine Uri1ae Udne Udne Urine U1 ine U1ine Urine Urine U1 ine Urine Urine Urine 
Cone. Co11e. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I pCi/ l ~i/l pCi/ ! uCi[! pCi / l nCi/ l pCi/ l nc~[! pC:i/! nCi/ l ~LL nCi/!._ P0_[! nC!{! -----
60'.>l 0.991 0.201 

0.84 0.014 

914 S.4 t NA 8.2t NA 2.6 t 2. I t 
0.4 1.4 I. s O. lb 

6062 10 t I. s t 
4.1 O. ll 

601'.> 9.91 14 t 4.l 1 2.1 t 
2.0 0.11 2.9 0.11 

61U '.>.I t ). 2 t 6.0t 10 t 0.61 t 4. 2 t 
o.a 0.2 2.) O.ll 1.0 0.21 

6014* NA 16 t I. 1 t 0. '.>1 t 
0.44 1.6 0.U8l 

86'.> 4.0 t 1.4 t l.4 t 0.11 t 

0.4 0.2 I. I 0.0~9 

6016* NA lb t 
0.44 

6111 0.11 t o. )bi 

0.81 0.11 

6119 I. I t ND 
12. l 



Tat.le J (Cout 'd) 

1911 1974 1976 1916 1 '179 - Jen. _!919__:_~ _!'!_80~JL_----·-- --------- ------ --------
90Sr 111c. 90Sr 111 Ca 905 '° Ill Ca 90Sr 111ca 90Sr 111c. 90Sr 111ca 905, 111 c. 
Urine Urine Urine Urine Urine Urine Urine Urine Urine Uri.ne Urine Urine U1ine Urine 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 

ID I .e£!LI nCi/ l fCi/ \ nCi/ !, f.£!lj nCi/_! r.£!.Lj nCi/ & e.<:W nCi/& e.<2!.H_ nCi/ 1, pC i 1J. nCi/ 1 

6140 S.1 t 0.11 t 
6.9 O. ll 

6144 0.82 t O. llt 
0. 76 0.0'.>0 

6148 O.llt O. llt 0.22 t 0.10 t 
o. n O.OSI 0.98 0.0')0 

6UI l. I t 0.96t l. 1 t l .9 * l. s O. ll l.O 0.091 

6U2 2. l t ND -O.lS ND 
2.S l. 2 

6l">S 1.4 t O.SOt 1.1 t 2. s t ]_9 t 0-.82 t 

0.6 O. IO o. 71 0.16 1.2 0.94 

6U9 2.4 t l.2 t O. l 7t O. llt 0 t 0.0'>9t 
0.2 0.2 o. 21 0.022 I. n 0.021 

6160 s. 1 t 2.8 t 0.27t 0.11 t 
0.9') 0.11 0.81 0.066 

6161 O. l8t O. l6t 
0.42 0.0')4 

6l6S 0.8St o.ont 
0.89 O.Oll 

r:- ; 
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Table 1 (Cont 1 d) 

1911 1914 1976 19 /II I') 1 'J - Jan. _1212 _:: ~- _ !~80 _::_ ~'l:__ ---·------- ------ - --- -- --- ----- -- ----- --- ------· - --~ 

'JO Sr ll1Ca 90Sr I Hc
8 911Sr 137c. 90Sr IHCa 'Jll :,, I l; <:a 'JO Sr 111c. 'JO Sr 1111,;

8 

Udne Ua inu Udne U1 inc Udne U1ine Urine Urine If r i llC U1 ine Urine Urine U1 ine thine 
Cone. Cone. Cone. Cone. <:one • Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cooc. 

JI) ' pCi/! nCi /I. pCi/! nCil! l'Ci/! !!_Ci/l l'~Y! 11Ci/l ~L! nCil! l'~i/l_ ~U!_ r~il! ncy~ -------
6161 0.02t 0.081t I.~ t ND 

O.H 0.04) I. 2 

6l1~ 2.1 t ND 
l.4 

6181 B.2 t tm 
11.) 

Ss,.ple Sise 2 2 1 2 9 B 16 18 28 26 27 21 

Hean 8.2 1.1 l.8 2. I 6.0 1.) ).) ll 1.6 2 .1 2.4 0.14 

StnJ. Dev. 4.8 0.64 - 1.6 ).2 0.19 l.O 4.6 1.1 l.9 2.6 0.61 

I.ow 4.11 1.2 - 1.0 l.) o.~o 2.0 l.6 0 .01) -0.l~ 0.046 

Iii gh ll.6 2.1 - ).2 9.6 l.2 ll 19 ).1 6.S 10 2.1 
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. "' ' . ~s i. 

3ody Burdens and ~ose Assessment for 3i~ini Island Residents - 1969-1980 

Editors 

Robert P. Miltenberger and ~dward T. Lessard 

Contributors 

Joseph Balsamo, Stanton Cohn,* Evelyn Craighead, Florence Cua, 

Nathanial Greenhouse, Allen Hunt, Allen Kuehner, Sheldon Johnson, 

Edward Lessard, Gerry Levine, Robert ~iltenberger, Anant ~1oorthy, 

Jan Naidu, Nancy Rivera, Joseph Steimers and Karen watts* 

Saiety and Environmental ?rotection Division, Brookhaven National Laboratory 

*'!iedical Department, Brookhaven National Laboratory 

137cs and 90sr body burden measurements were conducted on the residents ot 

Bi~ini Atoll from 1970 to 1980. During this time, the mean adult 90sr body bur

den rose to 78 Bq while the mean adult 
137 cs body burden rose to 78 kBq. Follow

ing the departure of the residents from Bikini Atoll, body burden measurements 

were conducted in January and May 1979 and August 1980 to deter.nine the eliQina

tion rate of 137cs and 90 sr for the Marshallese ?Opulation. Using these data, 

t~e dose equivalents during and post the residence period on Bi~ini Atoll 

(committed dose equivalent) have been calculated. The mean adult total body 

dose equivalent from internal and external sources of radiation was approxi

mately 10 mSv (1000 mRem). The mean adult total ;ody cotm11itted dose equivalent 

~as 11 mSv (1100 mRem). 

I~noouc:roN 

Bikini Atoll was one area used by the U.S. government to test nuclear 

weapons from 1946 to 1953. Prior to cotm11er.cement of the testing program, all 

l 



Table S 

Urine Ac~ivity Concent~ations for Fonner Children 

Residents of Bikini Atoll - 1979, 1980 

:-fav 1979 August 1980 

90Sr 137Cs 
!!) if Sex oCi/t nci/t 

617:: M 3.9 :: 1. s N.D. 

6156 M 2.7 :!: 1.3 N.D. 

6009 M 6.8 :!: 3.8 O. lS ::0.052 

6012 M 11 :!: 3.4 0.31 ±0.060 

6014 M 3.5 :: 2.2 0.093!0.030 

6043 M 22 ::23 N.D. 

6202 M 6.8 :!: 9.4 0.071::0.049 

5208 M -.43! Ll N.D. 

Sample Size 8 4 

Mean 7.0 0.16 

Stnd. Dev. 6.9 0 .11 

Low -0.43 0.071 

High 22 0.31 

6203 F -. 32:!:15 N.D. 

5204 F - . 22:: 1. 7 1.0 ::o .11 

6213 F ~.15± 1.8 N.D. 

6217 F -.08± 3.7 N.D. 

Sample Size 4 1 

Mean -0.19 1.0 

( 



Table 5 (Cont'd) 

~av 1979 August ~?80 

90Sr 137Cs 
!D :.~ Sex oC i I 2. nCi/ 1 

Stnd. Dev. .10 

Low -0.33 

High -0.08 
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Summary of System "::f ficiency and :-IDLS for Field WBC Syst:em 

Nuclide Ener~·J' Efficiencv ~L Time 

137 Cs 662 KeV 8.7 x 10-3 
37 Bq (1 nCi) 900 sec 

60Co 1173 & 
10-3 

1334 KeV 6.7 x 37 Bq (1 nCi) 900 sec 

40K 1460 KeV 7.0 x 10-3 
222 Bq (6 nCi) 900 sec 
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Name 

Table :2 (Con:'d) 

• ;:~om Ki li ·_,du 1 t :ema ~es - • r:'omoa!' is on " 

137 Cs 
uCi 

Auszust 1980 

Potassium 
Grams 

2119 45 2.sx10-3 

PRIVACY ACT MATERIAL REMOVED 
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Expected 

Observed 

Expected 

Observed 

Expected 

Observed 

Tab le 14 

Comparison of Observed 
Versus ~xoected Reduction Factors 

.. 
1r of 

Description Persons 

Reduction Factor for A.dul t ~ales 
(l) 

NA 

Reducdon Factor for Adult Bikini ~ales 17 

Reduction Factor for Adult Females 
(2) 

NA 

Reduction Factor for Adult Bikini Females 16 

Reduction Factor for Children Ages 5-14( 2 ) NA 

Reduction Factor for Children Ages 5-14 12 

NA = Data Not Available 

~ean Reduc:ion 
Factor 

2.4 

2.3 

3. s 

3.8 

5.9 

12. 

(1) Effective half time obtained from ICRP Publication lOA (ICRP 71). 

(2) Effective half time obtained from NCRP Report 52 (NCRP 77). 
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T•ble 15 (Cont'd) 
117 . I . 
__f.!~ti~··al ReB1ovd Rllle ConetM1ll• for- Hanhal leee AJull t'e••le• 

111c. 111c. I l1 l:• IC IC K 
JD# fl11te __ !!f_i_ Dale J£!._ O.re _l!f~ -- d-1 d-1 d-1 ---- ------ ----- --- ---- --- ---
6112 I /24 /19 .'J8 ':>/lb/ 19 .46 7/10/80 2. l111U-2 6.711!0-J 7.1>110-1 /.:lxto-1 

6114 I /21/19 .12 8/l/80 5.5.io-l 8.71110-l 

6111 1/21/79 .SJ 8/4 /80 2.hl0-2 6. 1x10-l 

6122 1/22/79 • JI 5/16//9 . II 7/11/80 5.01110-l 9. hJ0-1 l.19al0-2 l.26al0-2 

6121 1/22/79 .62 'j/11/19 .n 7/ll/80 l.hl0-2 7.861110-l 8.15xl0-l 8.21.10-l 

6012 1/22/79 .11 S/ l<1/7'J .26 7 /JI /110 4.tuio-l 9.5x1o·l NA 

61118 I/ 21/19 .SJ 8/1/80 2.2.10-2 6.0711!0-) 

6111 I/ 21/79 .JO 'j/lb/79 • II 8/2/80 6.411!0-) 8.9xl0-l 9.1xao-l 'J.21i10- 1 

6065 I /22/79 .]6 8/'J./liO 8.01110-l 8.lx10-l 

6097 I /21/79 .ll 5/16/79 .16 7/11/80 1.71110-2 S .811!0-) HA 

6109 1/21/79 .060 5/lb/ 79 .018 7/ll/80 1. lx 10-l I. 2.10-2 NA 

6046 ')/ 15/79 .16 8/2 //It) 2.21110-2 6. 7xl0-} 

6098 I /22/79 .47 'j/ 11 /19 .18 7/11/IJO l.01110-l 8.lxlO-) NA 

6060 l/24/79 • llJ 5/11/19 .059 9.Bato-l 

6110 ')/21 /79 . II 1/11 /llO 8.lxlO-l 7.71110-l 

S2'i S/21/79 . 12 8/4/80 1.41110-2 1.9x10-1 

6064 1/24/79 .lt2 5/15/'19 .22 7/11/IJO I. Ix 10-2 S. llx io-l 1. 'ix ao·l 1.'JalO·l 

60'H 5/15/79 .045 1 /11 /110 l.9xl0-l HA 

914 5/15/79 .411 7/ll/110 2.21110-2 7 .411 IO-l 

6062 5/16/79 .0811 7/ll/110 ). 5xl0-l NA 

6115 1/21/79 .411 5/lb/79 .11 7/10/80 6.8xl0-) 9.2xw-1 9.6xao-l 9.1111 lo-l 

6011, S/21/J'J . 15 11/ I I ttll 7.5..10-} 8.9xlo-l 

,-. 
:::! 



. 
' 

.r' 

H>I 
6161 

6l'i9 

61411 

6l'il 

61l1 

6140 

6144 

6152 

6Pl5 

6160 

617'> 

6181 

6185 

()ate ----
I /24 /79 

1/24/79 

l/'J.l/19 

l/2l/79 

1/22/79 

1/22/19 

l/22/19 

l /21/79 

l/23/79 

I /24 /19 

l/2lt/79 

l/2'>/19 

I /25/19 

Table 1) (Conl 'J) 

I )]Ce -~!~lo5ic•! ~~al Rare Co1111 ""!! -~""!:~~~1,.ee A<!~~!._!~ (Cont 'J) 

I JI Ce I He, 111 Ce IC K IC 

__tf!_ IJJI e -1£~-- lleL u _lf! _ J-l J-1 J-1 
----- - ---- ---- --------

.015 5/ 16//'J .0079 7/11/80 1.21110-1 6.hlO-) HA 

.028 5/11/l'J .012 8/2/IJO 2.J.10-2 8.2.10-J NA 

.OH 5/16/79 .015 7/)1/80 'i.hto-l 8.'ixlO-) 6.t.x10-l 6. 1a10-l 

.121 'i/11/79 .O'i9 6.4xl0-) 

1.8.10-1 '>/Ill l'J 1. 1xl0-) 8/1/80 2.4xto-1 2. 7x10-2 NA 

27x10-l <,/11/l'J 8.6xto-l 7/ll /80 <,. 6x 10-4 1.1 .. 10-2 NA 

11.10-l '>/17/79 JlxlO-) 8/1/80 2.0.10-l 9.ftxl0-1 NA 

2.4xl0-) 'i/lb/19 ).9lll0-l 8/2/80 4 .11.10-l NA 

1•.w.10-1 ":>/16/79 l'>Oxto-1 8/2/80 7 .lxto-l 8.4xl0-) 8.9xto-l 'LOx ao-l 

)611xl0-) 5/17/19 140xl0-l 8.4xl0-l 

11x10-l '>/ 17 /79 5.2110-l 8.4x10-1 

8.5xl0-) 5111/19 i..t.x10-1 7 .4x10-l NA 

'/..1xl0-) ":>/16/'/9 l.4xl0-l tlA 



Table IS (Cont'd) 
117c . . I • B1olo~1cal Rt:•oval llale Coo11tanl• foe H111ehallc•e A1lo eaccnt• 

inc, ll7c. ll1c
8 I K K 

JOI Ode l•Ci Ddlt: ~- Datt1 ~-i- .. -1 d-1 .. -• ----- --- ----
Hale• 

614/ I /21/79 .204 'l/16/19 .OH 7/ll/80 1.s.io-l 8.9al0-l NA 

6111 1/21/19 .16 5/16/79 .l2 8/1/80 1.s.10-2 1.6-10-l 1. 711 IO-l 7. hto-1 

6011 1/21/79 .OS5 ">/ lb/79 .017 7/11/80 9.o.iu-4 I. Jx)0-2 NA 

6127 I /22 /79 • 21 5/lb/19 .on 8/1/80 l.Jxao-1 1. 2x I0-2 NA 

61ll 'JI 16/19 .022 7/11/80 6.6al0-4 NA 

61115 l/24/79 .071 5/l //79 .016 1.4xl0-2 

6118 1/24/79 2.0.10-l S/17/79 I. 7xlO-l NA 

Feiaalea 

6129 1/22/79 .27 S/17/19 .016 1/ll/80 4.4xao-l I. Ix 10-2 NA 

6048 'J/21/19 .014 8/'>/80 l.4al0-l NA 

6091 1/24/79 .15 S/ 17 //'J .OH 1.1.10-2 

6111 I /24 /7'J 4.0al0-1 8/1/80 2.2xw-l NA 

6110 1/24/19 2.11.10-l ~/I I/ l'J 1.a.10-1 7/11/80 9. hl0-4 NA 

6141 1/22/19 :l.7xl0-l ">/lb/19 I .'Jal0-1 NA 

,,-..._ 



~I 
:::1 
~1 C..l 

111 •• 
!! 

(, 

I 

I 
":II 

I 

I 
::;! 
'9 

I 

I 

cil 
-· ~, 

• l C..l-
... C..l .., i 

~t _, 
~l 

< z 

..,, 
I 
Q 

• 
"° ... 

ii ...... 
...... 
IC 

.... 

< z 

..,, 
I 
Q .. 
Q 

~ 

.., 

...... 

< 

< z 

N N 
I I 
Q 0 

z ... 
0 "' ... 

..,, ..,, 
I I 
Q 0 .. . 
Q Q 

..., ... 

Q Q 
co = ............ 
Q .... ..., 
...... ...... ....... 

..,, .... .., 
I I I 
0 Q Q -• • • Q ... ..,, 

"° '° ... 

< z 

... 

..,, 
I 
0 .. 
N 

_, 

0 
IC ...... 

.., 
I 
0 

• .0 

N 

0 

.., 
I 
Q 

..., 
I 
Q 

.., ........ 
I I • 
Q 0 0 

•I 

• co • ... • 
"' 

"' "' "' ... ... ... 
...... ...... -
""' 111"\• ~ 

...... - ...... ... "' ... 

UI _,.., 
•Io 
z: I '° 

"' "' ... ... ...... ...... ..,, ..... 
"' ..... ...... ...... 

"' Q 

'° 

"' .... ...... .... ,.. 
...... 

,... 
0 

.0 

< z 

..,, 
I 
Q .. ... ... 

... 
I 
0 

• 
"' 

.... 
I 
Q .. ..,, 

0 = 
.... ..... ... 

< z 

.., .... 
I I 
Q 0 .. . 
<:'I 0 

Q 
0 = 
co -...... .... - ...... co ... 

..., .... 
I I 

Q '° . .. 
..,, "' ..; 

........ 
I I 
Q Q 

"' "' "' "' ,..., ...... ,.... ..... 
............................... 
N """' 4 ~ 
N r"~ N ' ..................... 

"' 

... ... 
• .. 
• ! 11 
;.. 

< z 

·~ 

..,, 
I 
Q 

• -

'° = -.., -... 
..., 

I 

'° • 

"' ,... 
...... 
.0 

...... .... 

.., 
I 

'° .. 
"' 

... 
I 
0 .. 
e - ... 

.... ..,, 
I ' '° 0 

Q 0 = co --..., 
...... ...... 
CO IO 

~ ~ ~ ~ 
I I I I 
Q Q Q 0 

• • lC • 
...,, N tt"'I O'\ 

"' "' "' e ...... ,.... ,.... = ............. ........ 
........ ~ ,Q ... • ,..., 
....... ...................... 
~ lit"\ "'"' ""' 

..., ..., 
I I 
Q Q 

.... 
I 
Q 

..., 
I 

.. .. 
Q "' ..,, 

:.' °' ~ °" C"I ........... ,.... ,...., ,..., 
....... ............. '' ..:r ..:r ~ f""I ~ 
N N N N N 
.................................... 

Q ,... 

N 
I 
0 

..., 
I 
Q 

• ..,, 
,..: 

< z 

..,, 
I 
0 

• ..,, 
... 

.... 
I 
0 

"' <:'I ... .... ..... ..... ..,, 

.., 
I 
Q 

• .... 

..., 
I 
0 

• -... 

"' ..... 
...... ,.., ,.. ,.. ... 

...... ...... ...... 
"' 

... 
I 
Q 

..,, 
I 
Q .. ..,, 
...; 

Q 
IC ...... 
0 .., 
...... ... 

..., 
I 
0 

• ..,, 
... 

"' ,... 
..... 
...... ..... 



Table IS (Cont'd) 
117

c._ Biolol~! 11.,moval 11.ite Conatanta for Har•hal le~~~~ (Cont 'J) 

IH 
C• 111c .. 117 

C• IC k IC 
1111 Date -1!E!.__ llatc _!!£!__ Uare ~-

d-1 d-1 J-1 --- ----- ---- ----- --- ---
~!!.! (Cont 'J) 

6028 'J/IS/79 .OIS 1/11/HO 1.a.10-1 

6010 I /22/79 .26 'j/16/79 .064 1/31/80 1.a.10-l 1.21110-2 I. hl0-2 l.Oxl0-2 

602'J l/21/19 .11 'J/16/79 .021 l.4x10-2 

6160 I /21/19 .071 S/16/79 .Oil 7/ll/80 2. 11110-4 1.11110-2 NA 

6142 1/22/19 2.111rn-1 ":J/16/19 1.01110-l 7/)1 /80 1.0xlo-1 NA NA 

,,,..,-. 
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Table 20 

Budy llu£den D•l11 f~!_ Hon-H.:Jic•l!~&i•le£ed Chll.la·en Pdo£ 11.:aidenra of B~ldni Atoll 

January_ li•Y _.\Iii'!!~ --

1979 1979 1979 1979 1960 l9HO 
Yra. Yn. l11c. Potaaaiua ll7ca Pot•••iua Ille. Pot a1111i11111 

A11e 111: i ght Weight On Ott lie au It 11.:•ult lle11ult Reault Reau It Rtunlt 

~l ~t!l (u1) _ _!~1L. K1kini Bikini nCi Gn1• nCi Gra,. nCi Grdra ---- -----
Hale• 

61S6 9 110 34 6 1.0 2.0 53 J.4 59 1.9 1'j 

6164 5 115 15 -- l.S 8.0 40 

6112 IO lJO JO 1 1.0 2.11 40 1.9 74 1.0 1J 

6202 6 100 19 5.l .12 -- -- 1.8 n 

6208 10 ll6 ll 4 4.5 -- -- -- 76 

6145 5 I IO 21 -- -- 1.0 46 

61116 5 104 20 -- -- -- -- -- 22 

........... 
6179 8 JI') 22 4 I I. 2 -- -- ')9 

6171 6 IOl 16 -- 6 -- -- -- 16 

6176 8 144 24 -- 6 -- -- -- 16 

6111 6 96 15 2.ll7 1.0 4.0 16 I. I 47 -- 29 

6151 5 106 20 '· 1.0 1.2 12 -- 54 l.4 44 

bl56 6 ltll 20 4 1.0 l.5 12 I. 2 46 6.5 51 

,,,-. 
;_ 

{l 



r', 

T•Llu 20 (Cont'J) 

J1u~11a1·l Hal Aua~---

1979 1979 1979 1979 1980 19110 
Yrs. Yr•. ll7c. Pot•••ium ll1c• Potu•i .... I l1c8 Pota•aium 

Age Height Wd ght On Off Re•ult Re•ul l Bt:•ult Re•ult Re•ult Re•ult 
ID I !l.!l ( ···> _QJL_ lliki ni Bikini nCI Gram nC:i Gr a.a nCi Gru1D ------
Pt:~ (cont 'J) 

6no 8 120 n 4 0.42 4.0 42 1.5 40 .9S 4S 

6149 s 99 19 4.l 0.42 1.6 H -- l2 -- 42 

6201 'j '12 I') 1,. J • 72 -- ~4 

6204 5 104 21 I .12 -- -- I. I 51 

6142 lO 126 26 0 -- 2.1 H 1.0 12 1.0 67 

6141 4 1114 19 0 -- 1.2 41 -- )) 

6191 6 II l 21 0 -- -- -- I. I 61 

6211 10 121 2S I l -- -- -- 56 

6217 10 l:lb 25 1 9 -- -- -- 44 



:a.o:e =~ 

Comoariscn Adult ~a~es f!'om :<i l i 

.Au3ust 1980 

137cs Potassium 
~fame ID~F Age uci Grams 

_., 
164 s 2102 30 l. 2xl0 .. 

2103 20 l.3x10-2 173 

2104 37 l.lxlo-2 166 

·2105 38 9.5xl0-3 170 

2107 38 1. Sxl0-2 177 

2114 35 6.2xl0-3 172 

2116 45 8.lxlo-3 134 

2117 49 7.2xlo-3 158 

2118 27 7. 3xl0-3 162 

2100 so 9.4xl0-3 152 

PRIVACY ACT MATERIAL REMOVED 2101 54 9. lxl0-3 156 

1109 22 1.3xlo-2 176 

1111 34 l. 5xl0- 2 191 

1098 34 8.4xlo- 3 191 

1101 37 1.6xlo-2 188 

1102 39 3. lxl0-3 112 

1103 53 6. 5xl0-3 121 

1104 26 5.7xlo-3 135 

1105 22 3. 9xl0-3 136 

.L 1107 36 2.8x10-3 180 

! 1106 26 l. 4xl0-3 184 

.: 1108 23 7.Sxl0-3 189 ( 



Co:noariscn Adult ~!ales f!":itn !(ili (Cont'd) 

Au~ust 1980 

137cs Potassium 
Name !D'F Age UCi Gr a.t!1S 

, ... 1110 40 1. 3xl0-2 156 

2120 34 6.0xl0- 3 158 

21:1 46 5. 4xl0-3 152 

2122 56 9.4xlo-3 138 

2123 25 1. 7xl0- 2 180 

2124 22 3.7xl0- 143 

2125 28 3.4xl0-3 14 7 

PRIVACY ACT MATERIAL REMOVED 

( 



Table :1 (Con::' ::i) 

Comtiarison Adul~ ;.!ales f:-om ;.fa iuro 

Ausust 1980 

137 Cs Potassium 
~fame ID# ~ uci Grams 

1047 31 6.lxlo-3 184 

2084 32 8.3xlo-3 168 

2085 55 3.2xlo-2 112 

2087 62 l.7xlo-2 134 

2089 21 3.Sxl0-3 149 

2019 26 l.4xlo-2 152 

2060 so 3. Oxl0-2 122 

2065 44 l. 2xl0-2 137 

1048 70 9. lxl0-3 144 

1056 62 8.2xlo-3 131 { 

1074 34 5. 2xl0-3 143 

1076 35 8 .2x10-3 174 

1084 80 6.3xlo-3 155 

PRlVACY ACT MATERIAL REMOVED 1088 19 4 .4xl0-3 191 

1089 21 5.4x10-3 168 

1090 27 l.6xlo-2 179 

1091 34 3. 2xl0-3 169 

1092 29 8.Sxlo-3 183 

1004 44 4. 8xl0-3 136 

2028 17 2.2x10-3 136 

2050 17 2.5x10-3 133 

~ 



Table :2 

Comoarison . .1..dul t Females ~ \.( . 
~rom .. aiuro 

AUll:USt 1980 

13 7 Cs Po ta.s s it..m 
'7ame ID'• Ag'! uCi Grams 

2015 36 2.3x10-3 97 

2091 40 4.oxio-3 117 

2055 38 4. 7x10-3 Sl3 

2059 32 9.6xlo-3 86 

PRIVACY ACT MATERIAL REMOVED 
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1'11blo: 21 

~of ""·li.:•lly Regletered, Whole llody C:ounlt:11_ Rcloc•lcJ llildnl lleeiJenl• 

Ht-•tic.tly l of 
lr9i•UreJ Hedlc•l ly 

H11le Fe••le H•h ,., .... Tor al Pupuhl ion RcK-ielrre•I 
A•lult AJult A•lolt:eCt!lllll AdoleecenU Cl1 i Ide-en Children l'eceone Tout In l'opuletlon 

Piiie Counted H11le11 ........ .,. ~!'_~!.!:!.L Aae• 11-15 !J~IO !J~• S-IO C.011111 ed A1°dl 19111* C.011111.,d --- -----·--
April U18 )6 12 6 ) 8 14 99 141 69 

J•nu11ry 1919 II 16 4 2 6 46 141 H 

Hay 1919 14 19 " ) 4 6 51 141 16 

J•11u111·y 1>11111 1 II 4 2 0 4 28 14) 20 
Huy 1919 
1111.,licate 
C:u1111l 11 

• Bill Scolt-Hedical Dept-llNL 

....--. 
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"fable 211 

Ce11•11! _2!_ Nou-Htuti,·•!JJ. llt:K t!!~n:d J't;;UOll• •nd H<!dica 1 !.l_~i elo:c"d Chi ld1o:n. Uhole lo•ly. ~ounted Only In 1979 

ll•le Count.,•I/ 

f! !!!!!H~t!.!!!L 

Janu..-y 1911J/ 

Non-re locato:J 
re•ldenra. 

kc toe •lt:d .-.,., i
Jcul a, no_l 
-Jiully 
n:11iate.-.:d. 

11 .. 1uc•l••I 
residunla 
-dically 

'"" iar.,.-11J. 

Nun-re• id1111l •. 

TOTAL 

A•lult 

~!!! 

I 

2 

ti 

0 

10 

Hale 
A•lu Ir Adoleacenta 

•·,·aa.1 I•~• ~!-1!..:!.L -----

II ) 

~ I 

0 0 

0 0 

16 4 

t'e•• le Hale l'c•ale 
AJolo:•cenl• Chi ldu:u t:hil<h"n 

!l~L!!...:!.~. A11,ea _2:_~ ~'.:!.~~ 

2 l 6 

I 0 "/. 

0 4 )• 

2 

4 8 n 

·1· .. 1 •I 
1•c r »t.U\e 

Count c1I -----

)) 

II 

, ,. 

4 

'.)'.) 



T•ble 28 (Conl 'd) 

H•le •. ., •• ae Hal., ....... 1 .. y,,,.1 
bate Counlcd/ AJult A•lnll AJolcaccnta A.lol.,a.:cnl• Children Childrt:n rt:r•on• 

Cl au i fi ~!l loWl ~!.!! !~lea Agu ll-1~ A1t:11 11-1~ Agu ~-10 Aisc•.J.:!!! t: ...... , '~·· ----

""' 1979/ 

Nuo1-rc l OCMCCd l2 12 ~ 2 1 8 42 
rc•ide:nh. 

Ile located 1 ~ 2 I l 4 16 
rc•idcuta not 
11w•li <a 11 y 

rcll iatcn:J. 

ll.:l ocarcd re•l- 0 0 0 0 1 ~ 12 
J.:nta -Jically 
••& latere:•I. 

Tl'Mnalcnt. 2 0 0 0 0 0 2 

Non-raai denl. 0 II 0 2 l 1 6 

lllTAI. 11 11 1 ~ 12 20 111 

Jamtary and H•y 6 1.l 4 1 6 l2 41, 

I 1H9 Dup liutc 
Count a 

--------------- - --------- - - -- - -- ---

* All but one inJ i" iJu., I in tlai• cl"""iti ..... tiou l'c:counteJ in Hay 1919. 

r'· 



Surnmarv of Residence Location for ?:!?:SOnS ~fuo le 3ody Counted :.:i. 

Januar·1 and ~'av 19i9 

Residence Atolls - Islands 

Majuro- '.<i l i Jaluit- Total 
E 1 it Rita Jaber Counted 

Group/Class 

Relocat:ed ~arsha llese/ Jan :?6 37 1 0 64 

;tes idents of Bikini Atoll ~ay 34 30 15 0 79 

~onrelocated ~arshallese/ Jan 4 29 0 0 33 

~esidents of Bikini Atoll 3 24 0 17 

Controls Jan l 3 0 0 4 

May 3 3 0 0 6 



:'able JO 

Freauencv Jist~ibution of Residence Location in Januarv 1979 

Residence Atol:s - Islands 

Majuro- Kili Jaluit- Total 
Ejit Rita Jaber Counted 

Relocated Medically Registered: 

Adult ~ales 8 8 1 0 17 

Adult Females 8 8 0 0 16 

Adolescent Males 1 3 0 0 4 

Adolescent Females l 1 0 0 2 

~ale Children 1 0 0 0 l 

Female Children 3 3 0 0 6 

Relocated Nonmedically Registered: 

Adult !'fales 0 2 0 0 2 

Adult Females 2 3 0 0 5 

Adolescent Males 0 l 0 0 l 

Adolescent Females 0 1 0 0 l 

Male Children 1 3 0 0 4 

Female Children l 4 0 0 5 

Other Nonmedically Registered: 

Adult ~ales 2 6 0 0 8 

Adult Females 2 9 0 0 11 

Adolescent ~les 0 3 0 0 3 

Adolescent Females 0 3 0 0 3 

Male Children 1 3 0 0 4 

Female Children 0 8 0 0 8 
; 

\ 



Table ~ 1 

Freouencv Jistribution of ~esidence Location in ~ay 1979 

Residence Atolls - Islands 

Majuro- Kili Jaluit- 1'otal 
Ejit Ri:a Jaber Counted 

Relocated ~edically 1egistered: 

Adult Males 6 5 3 0 14 

Adult Females 9 7 3 0 19 

Adolescent !1ales 3 2 0 0 s 

Adolescent Females 1 1 1 0 3 

~ale Children 1 0 3 0 4 

Female Children 3 3 0 0 6 

Relocated Nonmedicall;.' Registered: 

Adult Males 1 l l 0 3 

t 
Adule: Females · 3 2 0 0 s 

Adolescent Males 1 l 0 0 2 

Adolescent Females 0 1 0 0 1 

Male Children 3 4 1 0 8 

Female Children 3 3 3 0 9 

Other Nonmedically Registered: 

Adult Males l 4 0 9 14 

Adult Females 2 8 0 2 12 

Adolescent ~ales 0 3 0 2 s 

Adolescent Females l* 2** 0 1 4 

Male Children 1* 2 0 l 4 

Female Children l* 3** 0 2 11 

*individual is part of the control population. 

( **one or more individuals participated in :he program as a control. 



Name 

80 

6006 

863 

6070 

6004 

6033 

6018 

6069 

6068 

6067 

6066 

6017 

6019 

6001 

6073 

6005 

6008 

6086 

6071 

6076 

6072 

:aol~ ..,, 

~edicallv Regisc:ered Relocated Adult 7'!ale !!) ~Tumber, 

e 

eo 

1 

~ace and Residence Location 

Count 
Date 

1/ 23 

1/ 24 

1/24 

1/24 

1/22 

1/22 

1/23 

1/23 

1/23 

1/22 

Januarv 19'7? 

Reside:ice 
Ato 11-I s land 

iiajuTo-Rita 

Majuro-Rita 

Majuro-Rita 

Majuro-Rita 

Majuro-Ejit 

Majuro-Eji: 

Majuro-Rita 

Majuro-Ejit 

~ajuro-Ejit 

Majuro-Ejit 

Count 
Date 

5/21 

5/15 

5/17 

5/18 

5/21 

5/15 

5/21 

5/16 

~av 1979 

Residence 
Atoll-Island 

Kili 

Kwajalein-Ebeye 

Majuro-Ejit 

Maloelap 

Jaluit 

Majuro - (Rita?) 

~otje 

Majuro-Rita 

Majuro - (?) 

Majuro-Rita. 

Majuro-Rita 

Kili 

Majuro-Ejit 

Majuro-Ejit 

Majuro-Ejit 

Kili 

~ajuro-Ejit 

Majuro-Ejit 

Kili 

Majuro-Ejit 

Kili 

( 



813 

6118 

6126 

6003 

6117 

61:8 

61:5 

6007 

61 :o 

6119 

864 

966 

6135 

6096 

6002 

!able JZ (Conr:'i) 

~edicalb :-Zezi.sr:ered ~elocated Adult ~ale !J 'iul:lber. 

~ame and ~esidence Lccar:icn (cont'd) 

1/22 Majuro-Rita Kili 

1/24 Majuro-Rita 5/17 Majuro-Rita 

Kili 

Ugelang 

1/24 Majuro-Rita 5/16 Majuro-Rita 

1/25 Kili Kili 

5/18 Majuro-Ejit 

1/23 Majuro-Ejit Kili 

1/22 Majuro-E:jir: 5/15 Majuro-Ejir: 

Majuro- (Rita?) 

Majuro-Ejit 

5/15 Majuro-Ejit 

Lib 

1/22 '!ajuro-Ejit S/16 Majuro-Ejit 

!<i 1 i 



6045 

6 1 , ., ··-
6114 

6111 

6059 

6063 

6032 

6124 

6108 

6058 

6065 

6097 

6109 

6098 

6060 

6036 

6110 

:'able ~J 

~edicallv Re2istered ~elocac:ed Adult Female !D ~umber, 

Name 

Name and Residence Location 

Count 
Date 

1/24 

1/23 

1/23 

1/22 

1/22 

1/22 

1/23 

1/23 

1/22 

1/23 

1/23 

1/22 

1/24 

Januarv 1971 

Residence 
Atoll Island 

'1'fajuro-Rita 

~ajuro-Ejit 

~ajuro-Ejic 

Majuro-Ejit 

~ajuro-Ejit 

Majuro-Ejic 

Majuro-Rica 

~ajuro-Rica 

~ajuro-Ejic 

Majuro-Rita 

~ajuro-Rita 

Majuro-Ejit 

Majuro-Rica 

PRIVACY ACT MATERIAL REMOVED 

Count 
Date 

5/16 

5/16 

5/17 

5/16 

5/16 

5/16 

5/16 

5/15 

5/17 

5/17 

5/21 

~av 1979 

Residence 
Atoll-Island 

Kwajalein-::beye 

:1ajuro-:\ica 

Kili 

Kili 

Majuro-Ejic 

Majuro-Ejit 

Kili 

Deceased 

Majuro-Ejit 

Kili 

Majuro-Rita 

Kili 

~ajuro-Rita 

Kili 

Majuro-Rita 

Majuro-Rita 

Majuro-Ejit 

Majuro-Ejit 

Majuro-Rita 

Jaluit 

Kili 

( 



525 

6064 

6061 

6051 

934 

6062 

6035 

6115 

6034 

865 

( 6050 

( 

7ab:e 33 \Cvnc'd) 

~edicallv ~egiste~ed Relocated Adul~ Female :D ~umber, 

Name and Residence tccation (cont'd) 

5/21 Kili 

1/24 Majuro-Rita 5/15 Majuro-Rita 

Wotje 

5/15 Majuro-::jit 

5/15 Majuro-Rica 

5/16 Majuro-Ejit 

1/24 Majuro-Rita Maloelap 

l/ 23 Majuro-Ejit 5/16 Majuro-Ejit 

5/21 Kili 

5/15 ~ajuro-Ejit 

Kili 

PRIVACY ACT MATERIAL REMOVED 



:'able ~' 
..;~ 

~edicallv Registe:-ed Adolescents (Ages 11-14) !D ~umber. 

~ame and ::i,es idenc~ Location 

Januarv 1979 ~~av l9i9 

Count Residenc~ Count Residence 
IT'\:• _.r Name Date and Island Date Atoll-Island 

Males: 

6122 Kili 

.6131 1/23 :-!ajuro-Ri::.a 5/16 :-fajuro-Ejit 

6011 1/23 ~ajuro-Ric:a 5/16 Majuro-Rita 

6127 1/2~ Majuro-Ejit 5/16 Majuro-Ejic: 

6133 5/15 Majuro-Ejit 

6015 1/24 ~ajuro-Ri:a 5/17 ~juro-Ri::.a 

Females 

6129 1/22 Majuro-Ejit 5/17 Majuro-Eji::. 

6048 5/21 Kili 

6091 1/24 ~ajuro-Ri:a 5/17 Majuro-Rita 

PRIVACY ACT MATERIAL REMOVED 

( 



:"able ::s 

~edicallv t:t.e3 i.s t<!red Chil fren (Ages 5-10) :n ~umber. 

~1ame and ~esi;!ence Location 

Januarv 1979 ~av 1979 
Count Residence Count Residence 

ID•.: ~fame Date Atoll-Island Date Atoll-Island 

~ales: 

6009 5/21 Kili 

6049 Kili 

6042 Jaluit 

6014 5/21 Kili 

601Z 5/21 Kili 

6023 1/22 Majuro-Ejit ~ajuro-Ejit 

6016 5/15 ~ajuro-Ejit 

6013 !<ili 

Females: 

6094 Wotje 

6092 Wotje 

6080 :<i 1 i 

6010 1/23 Majuro-::jit Majuro-Ejit 

6038 '.'<ili 

6105 Cl 1/23 Majuro-::jit 5/16 Majuro-Ejit u..I 
> 
C> 

Maloelap 6103 ~ 
u.I a: 

5/15 ~ajuro-Ejit 60ZS _..J 
<C 

6030 a: 1/22 ~ajuro-Ejit 5/16 ~ajuro-Ejit LU 

!cc 
Majuro-Rita 6027 ~ 1/23 Majuro-Rita 

f-
6044 c...:> 5/15 Majuro-Rita ~ 

>-
6025 c...:> 1/23 Majuro-!Ht:a 5/16 Majuro-Ri::a 

( ~ 
6081 a: Majuro-Ejit 

0-

6106 1/23 Majuro-Rita 5/16 Majuro-Rita 



Table :6 

~onmed i ca 11" Reizistered Adult Female ID ~umber, 

~lame and Residence Location 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
!:'.)# ~ame Date Atoll-!3land Date Atoll-Island 

6137 1/22 Majuro-::jit 5/17 Majuro-Ejit 

6139 1/22 Majuro-::jit ~ajuro-Ejit 

6140 1/22 Majuro-Sjit 5/17 !'fajuro-Eji~ 

6144 1/22 Majuor-::jit 5/17 Majuro-Ejit 

6148 1/23 Majuro-:tita 5/16 Majuro-Ejit 

6151 1/23 Majuro-:Uta 5/17 Majuro-Rita 

6152 1/23 ~juro-:Uta 5/16 Majuro-Rita 

6155 1/23 Majuro-!Uta 5/16 Majuro-Rita 

6159 1/24 Majuro-Rita 5/ 17 Majuor-Rita 

6160 1/24 Majuor-Rita 5/17 ~.ajuro-Rita 

6163 1/24 Majuro-aita Majuro-Rita 

6163 1/24 Majuro-Rita Majuro-Rita 

6167 1/24 Majuro-~ita 5/16 Majuro-Rita 

6175 Cl 1/24 Majuro-!Uca 5/17 Majuro-Rita LU 
:::::> 
c:::> 

6181 
:2E 

1/25 Majuro-Rita 5/17 Majuro-Rica LU 
a: 

6185 
__. 

1/25 Majuro-::Uta 5/16 Majuro-Rita :s; 
a: 

6187 LU 5/16 Majuro-Ejit t:c 
6189 

:aE 
5/16 Majuro-Rita t-

c:...:> 
6206 < 5/21 Jaluit-Jabor >-c:...:> 
6222 ~ 5/21 Jaluit-Jabor 

a: 
a... ( 



:"ablo! 3i 

~lonl!ledicallv ~egiscered .\cult: ~ale I!) ~ur::ber, 

~ace and ~esicience Location 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
IDi~ Name Date Atoll-Island Jate Atoll-Island 

6136 1/22 Majuro-::jit Majuro-Ejit 

6138 1/22 ~ajuro-Ejit Majuro-Ejit 

6153 1/23 Majuro-Rita 5/16 Majuro-Rita 

6161 1/24 Majuro-Rita 5/17 Majuro-Rita 

6166 1/24 ~ajuro-Rita 5/16 Majuro-Rita 

5168 1/24 Majuro-Rita 5/16 Majuro-Ri:a 

61 i~ 1/24 ~ajuro-Rita Majuro-Rita 

6180 1/25 Majuro-Rita Enewetak-Enewetak 

6182 1/25 Majuro-Rita 5/16 Majuro-Rita 

6184 1/25 Majuro-Rita 5/17 Majuro-Ejit 

6190 5/16 Majuro-Ejit 

6205 5/21 Jaluit-Jabor 

6210 5/21 Kili 

6211 5/21 Jaluit-Jabor 

6218 5/21 Jaluit-Jabor 

6219 5/21 Jaluir:-Jabor 

6220 5/21 Jaluit-Jabor 

6221 5/21 Jaluit-Jabor 

6223 5/21 Jaluit-Jabor 

6224 5/21 Jaluit-Jabor 

6226 5/21 Jaluir:-Jabor 

PR\VACY ACT MATER1AL REMOVED 



Table 38 

Nonmedicallv Re2istered Adolescent rn ~umbe!'. 

Name and Residence Location 

Januarv 1979 :'-!av 1979 

Count Residence Count Residence 
ID:.' ~fame Date A.to 11-!s bnd Date Ato 11-Is land 

6200 5/17 ~ajuro-Rita 

6207 5/21 Jaluit-Jabor 

6225 5/21 Jaluit-Jabor 

6188 5/16 Majuro-Ejit 

6212 5/21 Jaluit-Jabor 

6147 l/23 Majuro-Rita 5/16 Majuro-E:jit 

6169 1/24 Majuro-Rita 5/16 ~juro-Rita 

61i8 1/24 ~ajuro-Rita 5/17 Majuro-Rita 

6183 1/25 Majuro-Ri:.a 5/16 Majuro-Rita 

6173 1/24 Majuro-Rita 5/17 Majuro-Rita 

6170 1/24 Majuro-Rita 5/17 ~juro-Rita 

6162 1/24 ~ajuro-Rita Aur 

6141 l/22 Majuro-Ri:a 5/16 Majuro-Rita 

PR\VACY ACT MATERIAL REMOVED 

( 



:'able 39 

.-. Nonmedicallv Re$iste!"ed Juvenile !D ~umber . 

Name and ~esidence Locations 

Januarv 1979 ~av 1979 

Count Residence Count Residence 
ID~F ~fame Date Ato 11-!s land Date Atoll-Island 

6186 5/16 Majuro-Ejit 

6202 5/21 Kili 

.6208 5/21 Xajuro-Ejit 

6191 5/16 Majuro-Ejit 

6203 5/21 Kili 

6204 5/21 Ki li 

6213 5/21 Jaluic:-Jabor 

6217 5/21 Jaluic:-Jabor 

; 6156 1/24 Majuro-Ric:a 5/17 Xajuro-Ric:a . 
6164 1/24 Majuro-Ric:a Aur 

6172 1/24 Majuro-Rita 5/16 Majuro-Rita 

6179 1/24 Majuro-Rita 5/17 Majuro-Ri:a 

6177 1/24 ~ajuro-Ri:a 5/17 ~ajuro-:Hta 

6176 1/24 Majuro-Ric:a 5/17 Majuro-Ri:a 

6171 1/24 Majuro-Rita 5/16 Majuro-Rita 

6157 1/24 Majuro-Rita 5/17 Majuro-Rita 

6158 1/24 Majuro-Rita 5/18 Majuro-Rita 

6150 1/23 Majuro-Ric:a 5/16 Majuro-Rita 

6149 1/23 Majuro-Rita 5/16 Majuro-Rita 

51.;.2 1/22 Majuro-Rita 5/16 '!-!ajuro-Rita 

6143 1/22 Majuro-Rita 5/17 ~ajuro-Rita 

PR\VACY ACT MATER\AL REMO~ED 



:'able 39 (Ccnr:'d) 

~onmed i.call v ~egistered Juveni.le !D Number, 

Name and ~esidence Loca::ions 

Januarv 1979 ~av 1979 

Count Residence Counr: Residence 
T'r'l1! 
... .,J .. Name Date Atoll-Island Date Atoll-Island 

6145 .. 1[22 ~ajuro-Ejit ~ajuro-Ejit 

6031 5/15 Majuro-Ejit 

6049 5/15 Majuro-Ejit 

6100 5/15 Majuro-Rita 

6021 1/24 Majuro-Ri:a 5/16 Majuro-Rita 

6020 1/22 ~ajuro-Ejit 5/16 ~ajuro-Ejit 

6107 1/23 ~ajuro-Ri:a 5/16 Majuro-Rita 

6074 1/24 Majuro-Rita S/17 Majuro-Rita 

6078 1/23 Majuro-Ejit Kili ' ,., 

6088 5/15 Majuro-Ejit 

6090 5/15 :-tajuro-::jit 

6101 1/24 Majuro-Rita 5/15 Majuro-Rita 

6056 1/24 ~ajuro-Ri:a 5/16 Majuro-Ejit 

6057 5/21 Kili 

PRIVACY ACT MATERIAL REMOVED 



7ablc .:..o 

~edicallv Re$istered Relocated 3i~ini Atolt ~esidents 

~ot ~1lole 3odv Counted Since 1978 

ID :: Age ~fame Sex Location 

6132 12 ,,.. -- . . M Kili 

6049 8 ~ Kili 

6042 7 M Jaluit: 

6013 5 M Kili 

6094 10 F Wot:je 

6092 8 F Wotje 

6080 7 F Kili 

6038 6 F Kili 

6103 . 9 F Maloelap 

6081 9 F ~ajut'o, Ejit 

6006 37 M Kwajalein, Ebe ye 

6004 28 Cl M Jaluit: 
~ 

6033 27 C> M Majut'o 
~ 
LU 

6013 34 a:: M Wotje 
__J 

6068 56 
~ 

~ Majut'o a:: 
LU 

6072 20 t:c M Rili 
~ 

35 
t-

Kili 6126 C..:> M 
~ 

6003 22 >-
M Enewet:ak C..:> 

§ 
6119 17 a: M Majuro 

a_ 

864 51 M Majuro, Ej it 

6135 35 M Lib 

i 
6002 65 M Kili { 



Table ~O (Ccnt'd) 

Medicallv Re2istered Relocated Biki~i Atoll Residents 

~ot ':Yhole Rodv Counted Since 1978 (cont'd) 

ID ;p Ase ~ame Sex Location -
6045 28 F Kwajalein, Ebe ye 

6059 19 F Kili 

6124 54 F Kili 

6058 18 F Majuro, Ejit 

6036 27 F Jaluit (Rongelap) 

6061 32 F Wotje 

6050 22 F Kili 

Total ~issed • 30 

PRIVACY ACT MATERIAL REMOVED 

( 



Column 

1 

2 

3 

4 

; 

6 

7 

8 

l 

Table 41 

Individual Dosimetry Data for Biki~ians -

!x?lanation of Column Headings 

Ham or Derived Oualit•r 

Name 

ID ~umber 

Residence Inverval 

90 sr and 90
y Bone Marrow Dose 

Equivalent During and ?ost 
Residence Interval 

137cs + lJ?moa Dose ~quivalent 
During and Post Residence 
Interval 

~et External ~ose Equivalent 
During Residence Interval 

Total oody Dose Equivalent 

Total Bone ~arrow Dose 
Equivalent During and Post 
Residence Interval 

~easured Ouantitv 

Urine Activity 
Concentration 

Body Burden 
Measurements 

Ex:ernal Exposure 
Rate ~easurements 

Coomenc:s 

Personal Intervie~ 

BNL ~edical Dept. 
& S&EP Div. Records 

Personal rnterviews 

Three Compartment 
Model, Constant 
Continuous Uptake 

-:Vo Compartment 
~odel, ~onotonically 
Increasing Uptake-

Assumed Living 
Patterns 

Sum of Columns 5 & 6 

Sum of Columns 4, 5, 
and 6 



INlllVll>UAL llOSIHt:TllY DATA •·011 lllCINIANS 

90Sr- a. 90y 
111 Ca • ll1•la lloue Har-row Net IExh1n1al Total loJy Total lone Her-cow 

lloel! t:qui v. Doeo: !qulv. Doeo: Equiv. Do•e 1!1'11 Iv. Doe11 E•111iv. DurinH 
lhoeldence lh1r i ng a. Poet Dudn1 ' Poat lludng llo:el•l.,nc• Dud111 a. Po•t and l'oel 11 ... i.t .. nce 

ID lnt.,rval 11.,aj 1l11nce Int. 11.,eiJence Int. lnlelv•I 11 .. etd.,nce Int. lnt .. rv•I 

"- ............ ___g. __ 111R"• . ..... ---~--- ...... . ..... --

6001 1.1 110• 480 9~0 1400 1600 

6ll7 1.1 )9 S80 9~ I SOO 1600 

61)0 .12 49 200 94 100 )00 

60/b ·1.·1 'l.'J 91NI 4 }() I JOO I IOU 

a.11 4.l 11* 600 560 1200 1200 

6019 5.l 190 420 690 1100 1100 

6111 • llO 1.1 ISO 100 2SO 260 

6091 4.l SI* 410 S20 950 IOllO 

6115 1,) 97 760 8llO 1600 1700 

6I09 4.l SI* 240 520 760 810 

6091 6.1 14* uo 1b0 1)00 1400 

6112 2.1 62 ' 1200 100 ISOO 1600 

6046 2.0 21 400 240 600 700 

6061 6.l 6~ 610 160 1.400 I '>Oii 

,,. 
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INlllVlllUAL OOSIHl!'rRY DATA •un llllCIHIANS (Cont'd) 

9CI S1 I. "°y 
111c. • 111 ... 

"'"'" Hurrov Nu E•t.,rn•l 1'ot • l lllod ll' Tot• I B""" H•r row 
D•>lle t.:11ulv. Dn•e Equiv. Do•c E11ulv. lloH Equiv. Doee t.:11uiv. Dor i1111 

lle•ldence 11111 i11g I. Poet lluri111 I. Pod Durin1 lleeiJence llurl n1 I Poet •n•I l'oet llo:•i•lo:nce 
ID lnterv•I Reei•kllcl! Int. la•idl!nc·e Int. lnt.,avel le•ldence Int. lnto:ov•I 

"·- llu•b"r n_ IHICl-· .. 11.,. -- .. n.,. --••R•·•-- ----~1M,·1• -------- ---- -- ---------
6011 1.0 Ill* 220 110 no ) 111 

86) 4.1 120 610 600 1200 I 1110 

6086 8.1 240 990 1100 2100 2100 

f10i>'J 8.l I 'ill~ ')1111 I IOU I 1011 1 •1110 

6011 1.1 110* 490 950 1400 1600 

6012 1.0 18* )JO 110 460 480 

6119 1.1 1111* 710 9'$0 1700 1800 

1164 7.1 110* 960 9~ 1900 2000 

1166 1.1 llO* 1400 9~ 2100 HOO 

6059 I.) 15* 240 160 400 410 

6124 .88 IO* . 180 110 190 4110 

60511 5.1 l>'I* 550 6110 1200 
. I 11111 

611)6 .64 1.6* 260 11 140 140 

6110 8.) 911* 4"10 IOOU 1400 1500 

60';1 5.J 61* 520 611() 1200 12110 
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Table 42 

137 
of Bikini ans Ordered by Family 1973 Cs Bodv 3ur~en Grouo 

Status of 
Rank ~edical !D WATO Familv ~ember Bodv 3urcen \<Bo 

1 6018 unknown H 220.0 
6061 w 82.0 
6094 C(F) 75. 0 
6092 C(F) 83.0 

2 966 EI.AK H 210.0 
934 t-1 200.0 

6016 C(M) 53' 0 
6044 C(F) 43.0 

3 6017 ~N EI.AP H 210.0 
6034 w 140.0 
6009 C(M) 47.0 

4 6070 unknown H 150.0 
6035 w 100.0 

5 6033 unknown H 140.0 
6058 w 77 .o 

6 6126 unknown H 120.0 
6050 w 50 .o 
6132 C(M) 68.0 
6038 C(F) 37.0 
6049 C(M) 63.0 
6013 C(M) 37.0 

7 864 BAT I TEN H 110.0 
865 w 49.0 

6119 C(M) 79.0 
6133 C(M) 78 .o 
6028 C(F) 47.0 
6091 C(F) 43.0 
6090 C( ) 

8 6068 ~IBOT H 110.0 
6112 w 65.0 
6118 C(M) 23 .o 

9 6117 JANAI H 99.0 
6063 w 56.0 

10 6125 BAT I TEN H 93.0 
6062 w 53.0 

' ( 
' 



INOIVllll.IAL DOSIHl!TllY DATA FOR lllCINUNS (Cont 'J) 

90Sr ' 90y 
111 c •• 111.118 llome Haruw Nut l!aterna l Tulal llody Total Bon• Harcow 

p.,,.., l!qu~v. Doae l!quh. Do•e Equiv. DuH l!quiv. Do•e l!:qu i Y. llu c i n11 
1.,ald1onca ll<1d111 ' Pnat 1>urln11 ' Pou ~·~ing Re•id~nca lludn1 ' l'o•t •11J l'o•l Re11 i dt:nc.e 

ID lnt.,cval II.:• i.1.,nce Int, l1:aiJence Int. lnt.erval Re•idence Int. luterv•I 

"- ~ Q __ ...,_A".,"' .11.,. ·----~--- •Rea ---- .. 11., .. _____ 

606) 4.) 1)0 )90 )20 910 1000 

6004 ,)) IO" no 12 200 210 

6018 6.) 1)0 1100 120 1900 21011 

6126 2.) 4S 1100 100 1400 11,1111 

6001 8.1 no )60 1100 1100 1900 

6114 1.0 12" 110 120 290 )00 

6096 l.l 46 6190 410 1100 I IOO 

80 1.0 18* 200 llO ))0 no 

6011 8.l ) JO 1200 1100 2100 :.!700 

604) l.O 9.0 l)O 120 210 2Hll 

6108 4.1 41 210 )20 no 110 

6061 4.l 19 
' 

620 )20 llOO I lflll 

5:15 l.O 5.6 HO 120 470 1,80 

914 6.1 120 IJOO 760 2100 211111 

fl061t 6.1 60 610 1120 l )00 I MIO 

6I06 ].) )')• no 400 1100 IWll 



INlllVIDUAL 0081Ht:TllY DAU l'llll lllKIHIAHS (Cont 'J) 

YOlir a. 90Y 
111 Ce • l l1•ll• lluaus H•rrow Net bternal Tut •I loJy Tut• I llone H•r row 

Ooee l!fluiv. PoMC l!'lulv. Pu•e l!'lu Iv. Doae E11uiv. Po•e 1!11uiv. Porin11 
lleeidenc•. lluri ng ' Poet Purl RI a. Po Mt lludn, lle•iJomce llud 1111 a. Poet •n•I l'o•t lle•id1:11ce 

ID lntel'V•I lloa i olen.:e Int. lht•iJeni:e Int. lnlel'v•I lle•iJence Int. lnlerv•I 

"·- !!!.!!!'l!! ··~ ....... de• .Rt• lhllc• .. 11.,. 

602!1 l.l )9* 900 400 1100 1100 

6064 1.1 116* 400 900 1100 1400 

6021 4.l 11• 990 SbO HOO 1600 

6111 6.) 110• 9SO 820 1800 1~00 

CIOll 6.l 110 S)O uo 1400 1600 

6011 .91 12* 490 120 610 . 620 

6111 J,l llO• 1900 9SO 21100 )000 

6041 .ss 6.S* S90 12 660 610 

*l't.eH value• Wei'• d•riv11J fr ... aver•&" ••le or •verag• t-•I• J•lly •i:tlvity i11ge.tio11 l'•l•• for s .. -90. 

r-. 



Table ~2 (Coac'a) 

Stacus of 
Rank ~edical ID WATO Familv ~ember Bodv Burden kBq 

11 6003 H 90.0 
6097 w 47.0 

12 863 H 87.0 
6113 w 38 .o 
6025 C(F) 38.0 

13 6073 H 80 .o 
6051 w 53.0 

14 6005 H 77 .o 
6046 w 78.0 
6014 C(~) 56.0 

15 6008 H 72.0 
6108 w 27.0 
6027 C(F) 43.0 

16 6128 H 69.0 
6131 C(M) 63.0 
60H C(M) 31.0 

17 6072 H ' 65.0 
6059 w 32.0 

18 6001 H 64.0 
6122 w 49.0 
6076 C(M) 130.0 

19 6071 H 64. 0 
6111 w 49.0 
6081 C(F) 38 .o 

20 813 H 62.0 
6065 w 39.0 

21 6007 R 55.0 
6114 w 30 .o 
6080 C(F) 20.0 

22 6130 K H 54.0 
6098 w 33.0 

23 6006 R 54.0 

l 



Tabla 4Z (Cont'd) 

Status of 
Ran~ ~edical !D WAT() Fami l v ~feober Bodv 3llrden <~a 

24 6004 R 49.0 
6036 w 57.0 
6042 C(~) 39.0 

25 6069 H 43.0 
6064 w 34.0 
6103 C(F) 52.0 

26 80 H 42.0 
525 w 87.0 

6048 C(F) 76.0 
6012 C(M) 47.0 

27 6019 H 38.0 
6123 w 52.0 
6065 C(F) 39.0 
6023 C(M) 47.0 

28 6066 R 30.0 
606.0 .,., 51.0 

29 6110 w 56.0 
6127 coo 27.0 
6010 C(F) 52.0 



>- 15 ~ 
u ,. 
z t 
LU 10-
::::l ; 
0 : 
LU 5,-
0:: r" 
i... r 

0 r-'" -+-+-+.--,~--4---1-~--l--

o 5 10 
RESIDENCE INTERVAL (yrs) 

ri 
>- 10:- \ u .. 
z ~ 
w 
::::i l-
o 5 r
L.U I a:: ~ 
i.... ,.. 

so5 , soy 
RADIATION TO 
BONE MARROW 

o~_._~_._~_._-i-+-~~-

o 

~ 
>- 15~ 

~ 1ot 
5 EI 
~ 5~ 
i... ~ 

100 200 300 
DOSE EQUIVALENT (mRem) 

TOTAL BONE 
MARROW 
RADIATION 

0 I-~ 4--4_._~----- ---
0 1000 2000 3000 

DOSE EQUIVALENT ( mRem) 

0
15t n 

z ~ I I 
wlO- I 
::::i ~ ! 

~ 5fl 1 l I 
1 

NET EXTERNAL 
RADIATION 

i.... t If I u 0 I.__._, -+-I -I- +--..--..,___.._.._~-~--

0 500 1000 1500 

>-15 
u 
z 
~10 
0 

~ 5~ 

DOSE EQUIVALENT ( mReml 

137c 137mB s- a 
RADIATION TO 
TOTAL BODY 

500 1000 1500 2000 
DOSE EQUIVALENT (mRem) 

TOTAL BODY 
RADIATION 

QOL--+--+-~--+-+-+-;.--+-+-+-+-+-+~ 
1000 2000 3000 

DOSE EQUIVALENT ( mRem) 

Fig. I. TOTAL MALE AND FEMALE DISTRIBUTION OF DOSE EQUIVALENT 
(DURING AND POST RESIDENCE) OR RESICEf'iCE INT;RVAL FOR 
INHABITANTS OF BIKINI ISLAND, BIKINI ATOLL 

( 



n nn 
o' -1.~ q I 

0 5 . 10 
RESIDENCE INfERVAL (yrs) 

>-I 0 ~ 
u ~ z . 
Lu ~ => ' 
0 5r w ~ a:: I 

905 , 90y 

RADIATION TO 
. BONE MARROW 

~ ~ 

0 ,..__...._..._ - I I I =l- l n. ' r P-, 
0 100 200 300 

DOSE EQUIVALENT ( mRem) 

TOTAL BONE 
MARROW 
RADIATION 

NET EXTERNAL 
r RADIATION 

>-15 f u ,.. 
z t 
~10F 
0 c 
Li..: ~ 
er 5 ... 
~ r 

r 
o~~-+-+-+-+-+-~-+-+-i-+-+-+--T-i 

0 500 1000 1500 

10~ 

>- r 
u r 

~st 

DOSE EQUIVALENT (mRem) 

13 7'.c 1 37mB s - a 
RADIATION TO 
TOTAL BODY 

o I I 

E o Un 1 ...... 1 -+-+---+--~~+-+-~~ 

>-10 
u z 
w 
=> 
05 
1..1.J 
~ 
i.. 

0 500 1000 1500 2000 
DOSE EQUIVALENT (mRem) 

TOTAL BODY 
RADIATION 

o~-4-+--i..-...._._-+--l-+--+--f-+--+--+-t 

1000 2000 3000 0 1000 2000 3000 
DOSE EQUIVALENT t mRem) DOSE EQUIVALENT (mRem) 

Fig. 2 TOTAL MALE DISTRIBUTION OF DOSE EQUIVALENT (DURING 

ANO POST RE SI DENCE) OR RESIDENCE INTERVAL FOR 
INHABITANTS OF BIKINI ISLAND. BIKINI ATOLL 



>-10 ~ 
u I z r 
UJ r-

6 5~ 
w r I Cl: r- _ __.I 

~ -
o ..... ~ _,__~ -LLr-~ ... ~-+--+--+---
o 5 10 

RES I DENCE INTERVAL (yrs) 

90s r _90y 

·RADIATION TO 
-BONE MARROW 

Or-t--+-~--+-4----------~~ 

0 100 20Q 300 . 
DOSE EQUIVALENT (mRem) 

,..10 
u 

TOTAL BONE 
MARROW 
RADIATION z 

L.&J 
:::> 
o 5r 
L.&J 
a:: 
i... 

Or-+---+--+--lr--+--+-·~-+-4-~-.-........... 

NET EXTERNAL 
RADIATION 

o~-+-+-+-+--+-+...-;.-+--1-+-4--.--.--. 

0 

10 

500 I 000 1500 
DOSE EQUIVALENT (mRem) 

137c 137m 8 s- a 
RADIATION TO 
TOTAL BODY 

Oi-+-~-+-+-+-t-+-+-+-~_.,.~_,.....,....,_., 

0 

>-10~ 
u r 

~ 5~ 
w r-a:: I 

~ t 

500 1000 1500 2000 
DOSE EQUIVALENT (mRem) 

TOTAL BODY 
RADIATION 

o~r .......... ~-+-...__... ........ +-+--+--+-_...,..~ 
0 1000 2000 3000 0 1000 2000 3000 

DOSE EQUIVALENT (mRem) DOSE EQUIVALENT (mRem) 

Fig. 3. TOTAL FEMALE DISTRIBUTION OF DOSE EQUIVALENT (DURING 
AND POST RESIDENCE) OR RESIDENCE INTERVAL FOR 

INHABITANTS OF BIKINI ISLAND, BIKINI ATOLL ( 



..-

(. 

( 

Review of Quality Assurance Oata-M.I. Radiological Safety Program-Draft; 
I ----------



, 
4 

REVIEW OF QUALITY ASSURANCE DATA DRAFT 
MARSHALL ISLANDS RADIOLOGICAL SAFETY PROGRAM 

The quality assurance program for the Marshall Islands Radiological Safety 

program consists of replicate sampling, participation of inter-laboratory compar-

isons and repetitive activity determina.tions of calibrated sources. The follow-

ing report summarizes the results of the first two activities since the incep-

tion of the program. Calibrated source determinations are recorded in the data 

logbooks. An example of this data is presented in Figure 1. 

I. Environmental and Biological Samples 

A. Replicate Sampling: bioassay and environmental samples are split 

processed and analyzed. The results listed in Tables 1 and 2 define the error 

associated in the sample analyses due to random fluctuations in analytical tech-

nique. Individual 5-day, 24 hour urine samples were collected to determine the 

,.... biological fluctuation associated with repetitive single urine sample results in 

the same individual. Table 3 describes these results. 

B. Inter-laboratory Comparisons: Other laboratories have participated in 

this quality assurance program since 1974. Samples are split at BNL and then 

forwarded to each laboratory. Samples may be genuine or purposely spiked 

with a known aDX>unt of radionuclide before processing (Tables ~and 5). 

II. Whole Body Counting 

A. Replicate Sampling: Replicate sampling commenced in 1978. Currently 

5% of the sample population are repetitively examined. Replicate results are 

presented in Tables 7 and 8. 

Inter-laboratory Comparisons: BNL personnel and Marshallese visiting BNL 

are counted using the field equip".l'!nt and the whoie-body counter of the BNL Medi-

1 
cal Department. Tables 8 and 9 summarize these results. 

' 
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' l'aLlc I 

~icale Sample Su1DU1ary of Quality Control Dal.J 1111 H;;~;!.!!_!blJ11d• kJ"-!..:!.!~~!~~ l'rolj~ 

l'u-2J9 
Co 1 lect ion K-40 Sr-'JO Cao-117 l'u-2.40 l'u-218 Co-60 

----~'"' Type; Loe at ion s.uap le Ill Date -~- --~-- pCi/g pt;i/g ~'-- ----..f£!l g -------
SluJge: Bikini -Bikini from llouae IS SluJgc SA 4/S/76 - 42.811 .09 

SluJge SB .. - 7 .li4 tO. ll 16. l1I.21 4. 191 I .19 0.09910.10 

• Soi I; Bikini-Bikini, Seriea L, Pit J L-9 4/17/lS - O.J6 t0.02 
L-9 .. - 0.57 t0.04 

Soi I; Eneu-Hikini, Serie• C, Pit 2 C-l 4/ 14/7S - ).82 t0.07 
C-J .. - 3.84 tO. ll 

C-4 .. - 3.00 t0.08 
C-4 II - 4.12 10.14 

c-s .. - ].91 t0.07 
c-s .. - 4. 30 t0.16 

C-6 .. - 10.4 10. 12 
C-6 .. - 'L 78 10.18 

C-1 .. - 8. 38 10.15 - 0.0091 -
C-1 .. - s. 38 t0.12 - 0.0081 -

C-8 .. - 4 .12 t0.08 
C-8 II - 4.46 10. ll 

C-9 .. - 6. 21 10. 11 
C-9 .. - s. )7 10.13 

Sui I: lncu-bikini, Seriea D, Pit fl D-1 .. - - - o. '145 tO- 30 
D-1 .. - - - 0.2101 -

D-1 4/ 14/JS - 10.S tO. 17 
D-1 .. - 6.39 tO.IS 

Soi I: Nam-Uikini, 6" Core near W-2 S-8 4/1/16 - 53.9 tO.H 
S-8 II - ss.1 t0.19 

Soil; Naa-Uikini, 0-SOc• Profile at Pit W-1 S-IS .. - 48.6 tO. 79 
recount II - 51. 7 t0.79 

s-15 .. - 49.S 10.SO 

Soil; Nam-Uikini, 6" Core Ea•t Tran»ect s-20 .. - 184. 11.00 
recount " - 187. 1 I .4S 

Soi I; Nam-bikini, 0-10ca Profile, Station f2 S-27 4/8/76 - 83.8 t 1.41 
recount .. - 71.0 10.b4 

S-27 " - 7S. 3 t0.62 

Soi I: Nam-Uikini, 6" Core Station 12 S-2S " - JS.} t0.64 
recount .. - 84. 2 t I .02 



,, 

Tat.I" I (t:u11L 'J) 

Rep I icate Same!'! Su-dry ~~~ontrol Dal a_ I ur H.n sha 11 I~ I""''" ll.1J 1olog1ca I Sal dy 1'1 ugram 

Pu-lJ'l 
Co 1 lect ion K-40 Sr-90 t:11-I J7 Pu-240 Pu-218 Co-60 

Sample Type: Location Sample ID Date pt:i /11 pC1/11 __ pt:i/g p!.:1/g _£':.!ti __ -- ~(;~[& ------ -
Soi I; llungelaj>-Ron11.elap, 12" Profile S-1 4/l/16 - 46.4 !-0. n 

S-1 .. - 47.2 11. 32 

Aniaal: Eceu-Bikini, Fiah Scalea F-lA 4/ 14/7'; 11. 9 !2. ~.., - - - - l .4}t0.288 
F-)A .. II.'; t2. 17 - - - - I. 12 tO. 266 

Aniaal: Na111-Bikini, Hullet Fiah F-IA 12/8/74 9. 34tl .97 - - - - 2. 39 tO. 34'1 
F-lA .. 10 .1 t2.14 - - - - 2.6110.181 

An1111al: Na111-Bikini, Hullet Skin F-ID 12/8/74 4 .OHi .62 0.4llt0.161 - - l.J2!-0.4il0 
F-ID " 4.38tl.76 0. 48110. 170 - - ).0610.440 

Animal; Nam-Bikini, Snapper Yiacera F-4C .. 7. 22tl .68 - - - 4.)l10.44) 
F-4C .. 6.6711. ..,.., - - - - 4.1710.411 

Range of Ratio• of Replicate Sa111ple1 -- -- 1.01-1.oa 1.00-1. ';8 1.18 1.-1.64 - 1.08-1.09 



Table 2 

Sr-90 Replicate Sampling in Soil, Vegetation and Urine 

Date Type ID First RunCa) Second Run (a) Ratio Comment 

First Run 
Second Run 

1976 Soil S-1 21 ± .J4 21 ± .S9 LO 1976 Soil 
1976 Soil S-8 54 ± .5J S6 ± .79 .96 Mean 
1976 Soil S-15 so ± .so 49 ± .49 1.0 Ratio • .98±.052 
1976 Soil S-20 180 ± .99 140 ±1.S .95 
1976 Soil S-2S 7S ± .64 84 ±1.0 .89 
1976 Soil S-27 77 ± .64 75 ± .62 1.0 

1977 Soil S-51 .67± • lS .90± .14 .74 
1977 Soil S-5J 10 ± .JS 9.J ± .J3 1.1 
1977 Soil S-55 S.4 ± • 29 6.0 ± • 31 .90 
1977 Soil S-57 7.1 ± .J3 7.0 ± .J2 1.0 
1977 Soil S-59 21 ± .52 22 ± .S4 • 95 
1977 Soil S-61 12 ± .4J 12 ± .41 1.0 1977 Soil 
1977 Soil S-6J 22 ± .s2 23 ± .52 .96 Mean 
1977 Soil S-6S 1.1 ± .16 1.2 ± .17 .92 Ratio ""' • 98± .10 
1977 Soil s.:..75 79 ±L2 78 ± .87 1.0 
1977 Soil S-85 11 ± .JS 10 ± .36 L l 
1977 Soil S-95 2.7 ± .19 2.3 ± .20 L2 
1977 Soil S-105 18 ± .44 18 ± .48 LO 
1977 Soil S-108 L3 ± • 26 L5 ± .28 .87 
1977 Soil S-115 1.0 ± • 30 6.8 ± • 26 LO 
1977 Soil S-125 11 ± .40 12 ± • 35 • 92 

1976 Veg V-3 170 ±1. l 170 ±1.3 LO 1976 Veg 
1976 Veg V-9 320 %1.5 320 ±1.8 1.0 Mean 
1976 Veg V-11 260 ±1.8 260 ±2.0 LO Ratio• l.00±.011 
1976 Veg V-14 89 ± .98 87 ± .92 LO 
1976 Veg v-21 84 ± • 72 85 ±1.1 .99 

1978 Urine 22 6.7 ± .83 6.5 ±LO LO 
1978 Urine 23 8.2 ±LO 9.8 ±1.4 .84 
1978 Urine 24 10 ±Ll 10 ±L3 LO 
1978 Urine 25 8.3 ± .91 9.0 ±LO • 92 1978 Urine 
1978 Urine 26 5.0 ±L l 3.6 ±1.1 L4 Mean 
1978 Urine 27 3.3 ±L2 3.8 ± .89 .87 Ratio • .93±.28 
1978 Urine 28 3.4 ± .67 3.8 ± .81- .89 
1978 Urine 29 3.2 ± .82 3.0 ±1.2 1.07 
1978 Urine 30 .41± .82 L2 ± .68 .34 

(a) pCi per gram analyzed for soil and vegetation, pCi per amount analyzed for 
urine. 
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Table ] 

Hean, One ~~nJa!:_'!_ Pev~iOf!i.J:~~'!!:.~'.!.15. hror anti Nangy~ o( Cs-117 anJ Sr-':10 

lnttivi1JuJI llriut..· At.'l ivily_ ~:ti~h.:t:n!rat~on:, ill S.amp~_ Col ll" lt.:d S'-'·l'•t:Ul aJ~!.1.-~_i1_~.ti l~a_!t1J!__i' ~~79 

Cs-I H* Sr-90* 

Sundard Count in& Standard Count iug 

~!.2 -.!.!.!:.~ Range ___ Dt.·viat ion Error R~l!Jl'-' ------ -----..... t t I.ow High • · Hean 1 t Low lligh 
ID I ~ ..Ci/t nCi/t nCi/t !!,Ci/t pCi/l pCi/l pCi/l pCi/l e£i/t 

55 0.12 O.ll 0.015 0.21 O.'.>O 0.41 0.41 0.12 0.12 I. I 

58 0.40 0.16 0.016 0.21 0.60 -0.0l o.n 0.12 -0.41 o. ~o 

6159 O.ll 0.039 0.011 0.064 0.16 0.17 0.47 0.12 -0.19 0.92 

6118 3.5 l.O 0.043 2 .1 4.9 1.4 1.6 O.lO 0.48 4.2 

57 0.18 0.039 0.012 0.12 0.21 0.27 0.65 0.17 0.86 o. 78 

6066 1.1 I, l 0.082 0.41 l. l 1.5 2.~ 5.5 0.10 5.8 

6112 6.5 2.9 0.064 2.0 9.8 .082 0.57 0.45 -0.71 0.11 

6060 I. 7 0.49 0.10 1.2 2.5 1.2 0.47 0.41 0.86 I. 

6064 2.0 0.36 O.Oll 1.5 2.4 0.91 1.4 0.22 0.14 l.2 

6067 5.2 0.47 0.052 4.5 5.8 0.54 0.42 O. ll 0.00 I. 2 

6015 2.7 0.19 0.069 2.5 2.9 4.l 2.1 1.4 2.4 6.5 

6161 0.33 0.11 0.015 0.23 0.48 0.66 o. 79 0.20 0.12 2. l 

254 0.26 0.067 O.Oll 0.19 0. 34 0.16 0.21 0.14 -0.60 0.45 

255 0.23 0.11 0.011 0.10 0.19 -.20 0.46 0.37 -0.81 0.48 

257 0.19 0.044 O.OIO O.ll 0.25 -.26 0.22 0.18 -0.02 0.49 

6070 6.3 I. I 0.070 5.0 7.0 2.8 0.90 0.15 2.1 l.8 

Average 
of .tl 
•••ple1 2.1 .74 0.019 I. l 2.6 0.88 0.85 0.64 0.29 2. I l 

*Ba1ed on five •~quential d1ily voids. 



Table 4 

Apr1l 1976 Sua111arv of Intercomcarison Data for the ~arsnall Islands Radiological Saietv ?rogram 

Sample 
Ducri.ption 

?lg Sit in 
Pig Skin 

P1g ~eat 
Pig ~eat 

Pig Bone 
Pig 3one 

Pig ~ose 
Pig ~ose 

P1g Brains 
Pig 3ra1ns 

Pig ~uscle 
Pig ~uscle 

Coconut Crab Shell 
Coconut Crac Sheil 

Coconut Crab Meat 
Coconut Crac ~eat 

Coconut Crao Viscera 
Coconut Crab Viscera 

Coconut Crab Shell 
Coconut Crao Shell 

Coconut Crab Meat 
Coconut Crab Meat 

Coconut Crab Viscera 
Coconut Crab Viscera 

Coconut Crab Shell 
Coconut Crab Shell 

Coconut Crab Meat 
Coconut Crab Meat 

Coconut Crab Viscera 
Coconut Crab Viscera 

Average Ratio 

Standard Deviation 

Location 

8ikin1 
Bikini 

Bikini 
Bikini 

Bikini 
B lk in1 

Bik1ni 
Bikini 

Bikini 
Bikini 

Bikini 
Bikini 

WOtJe 
WOtJe 

Wotje 
Wotje 

Wotje 
WotJe 

Kabel le 
K.belle 

K.abe l le 
Kabelle 

Kabelle 
Kabe lle 

Arbor 
Arbor 

Arbor 
Arbor 

Arbor 
Arbor 

Laboratorv 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
HASL 

BNL 
!iASL 

BML 
!!ASL 

BNL 
HASL 

Sr-90 
nCi/kg 

0. 38 t .050 
0.48 t .050 

0 .44 t .060 
0.39 t .oso 

25. t .34 
65. t 2.0 

1.3 t .090 
2.1 t . 20 

2. l t . 14 
2.6 t .20 

0.45 t .060 
0.86 t .10 

l.l t .11 
l. l t .10 

0.10 ± .060 
0.080 t .010 

0.030 ± .060 
0.13 t .010 

210 t 3.0 
140 t 14. 

7 .4 t • 31 
6. 7 t . 50 

10. t .23 
11. t .so 

92. t l.4 
58. t 3.0 

3.0 t .15 
2.8 t .JO 

8.6 ± .78 
7 .4 t • 70 

Sr-90 
Ratio 

BNLIHASL* 

o. 79 

l. l 

0.38 

0.62 

Q.81 

o.s2 

l.0 

l. 3 

Q.2J 

1.5 

l. l 

0.91 

l.6 

1.2 

0.94 
t0.39 

Cs- LJ7 
nCilk5 

120 :!: 2 .o 
130 :: 6.0 

230 t 3. 0 
220 :!: 9.0 

63. :!: l.0 
69. t 3. 0 

210 t 4.0 
170 t 9.0 

180 :!: s.o 
140 t 7.0 

66. t 2.0 
150 t 8.0 

0.40 t .20 
0.80 t .20 

2.8 t .29 
1.5 t .10 

0.25 t .070 
O. 70 t . LO 

17. t 1.0 
18. t 1.0 

66. t 1.2 
74. t 4.0 

44. t 1.0 
47. t 2.0 

4.7 t .10 
6.0 t .so 

25. t .70 
16. ± 1.0 

11. t .50 
29. t l. 0 

Cs-13 7 
Ratio 

BNLIHASL* 

0.92 

1.0 

0.91 

1.2 

l.3 

Q.44 

a.so 

Q.36 

0.89 

0.94 

o. 78 

1.6 

0.38 

*Currently the Health and Safety ~boratory tHASL) is named the Environmental Mea•urements ~boratory (EML) 



Table 5 

Laboratorv tntercomparison of Soil, Air, Vegetation, Tissue . 

and Water Radiochemical Analvses 

Date BNL* EML** Ratio 
Yr ~lo Tvpe Nuclide Value Value BNL/EML 

76 10 Air Be 7 0.170E 04 0.187E 04 0.91 
76 10 Air Mn 54 0.500E 03 0.145E 03 3.5 
76 10 Air Co 57 O. 187E 03 0.252E 03 o. 74 
76 10 Air Co 60 0.810E 02 0.838E 02 0.97 
76·10 Air Fe 59 O. 240E 03 0.279E 03 0.86 
76 10 Air Sr 90 0.370E 01 0.300E 01 1.2 
76 10 Air Zr 95 0.157E 03 0.179E 03 0.88 
76 10 Air Cs 134 0.105E 03 0.103E 03 LO 
76 10 Air Cs 137 0.258E 03 O. 286E 03 0.90 
76 10 Air Pu 238 0.450E-Ol 0.600E-Ol 0.75 
76 !O Air Pu 239 O. lSOE-01 0.600E-01 0.25 
77 01 Air Be 7 0.540E 04 0.590E 04 0.95 
77 01 Air Na 22 O. 420E 03 O.SOSE 03 0.83 
77 01 Air Mn 54 0.430E 03 0.473E 03 0.91 
77 01 Air Co 58 0.460E 03 0.509E 03 0.90 
77 01 Air Co 60 O. 380E 03 0.427E 03 0.89 
77 01 Air Fe 59 O. 700E 03 0.725E 03 0.97 
77 01 Air Sr 90 O. llOE 02 0.982E 01 1.1 
77 01 Air Nb 95 O. 560E 03 O. 581E 03 0.96 
77 01 Air Ru 103 O. 580E 03 0.550E 03 1.1 
77 01 Air Ru 106 O. 490E 04 O. 541E 04 0.91 
77 01 Air Sb 125 0.500E 04 0.541E 04 0.93 
77 01 Air Cs 134 O. 500E 03 O.SOOE 03 LO 
77 01 Air Cs 137 0.980E 03 0.982E 03 1. 0 
77 01 Air Ce 144 O. 874E 04 0.987E 04 0.89 
77 01 Air Pu 238 0.220E 01 0.990E 00 2.2 
77 01 Air Pu 239 O. 200E 01 O. llOE 01 L8 
77 04 Air Mn 54 Q. 255E 03 0.252E 03 1.0 
77 04 Air Co 60 0.244E 03 0.264E 03 0.92 
77 04 Air Sr 90 0.170E 02 0.122E 02 1.3 
77 04 Air Zr 95 O. 220E 03 O. 232E 03 0.95 
77 04 Air Ru 103 0.289E 03 0.275E 03 1.1 
77 04 Air Cs 137 O. 213E 03 0.203E 03 1.1 
77 04 Air Pu 239 0.220E 00 0.590E 00 0.37 
77 07 Air Na 22 0.134E 03 0.142E 03 0.94 
77 07 Air Co 57 0.146E 03 0.158E 03 0.92 
77 07 Air Zn 65 O. 223E 03 0.218E 03 LO 

*BNL Brookhaven National Laboratory 
**EML Environmental Measurements Laboratory 

( 



Table 5 (cont'd) 

Date BNL EML Ratio 
Yr :-to Tvt>e Nuclide Value Value BNL/EML 

77 07 Air Cs 134 O. l93E 03 O. l 96E 03 0.99 
77 07 Air Cs 137 0.191E 03 0.178E 03 1. 1 
77 07 Air Ce 141 0.576E 03 O. 606E 03 0.95 
77 07 Air Pu 239 0.125E 01 0.162E 01 0.77 
76 10 Soil K 40 O. 210E 00 0.810E 00 0.26 
76 10 Soil Sr 90 O. 280E 00 0.234E 00 1. 2 
76 10 Soil Cs 137 0.410E 00 0.473E 00 0.87 
76 10 Soil Pu 238 O.SOOE-02 0.600E-02 0.83 
76 10 Soil Pu 239 O. 330E-Ol 0.450E-Ol 0.73 
77 01 Soil K 40 0.130E 01 0.221E 01 0.59 
77 01 Soil Co 60 O. 730E 00 0.860E 00 a.as 
77 01 Soil Sr 90 0.620E 01 0.263E 01 2.4 
77 01 Soil Cs 137 0.490E 02 0.586E 02 0.84 
77 01 Soil Pu 238 0.230E-Ol 0.270E-Ol 0.85 
77 <) 1 Soil Pu 239 O. 359E 00 0.5SOE 00 0.65 
77 04 Soil K 40 0.240E 01 0.223E 01 1. 1 
77 ')4 Soil Co 60 O. 680E 00 O. 780E 00 0.87 
77 04 Soil Sr 90 0.460E 01 0.263E 01 1.8 
77 04 Soil Cs 137 Q. SJOE 02 O.S86E 02 0.90 
77 04 Soil Pu 238 0.230E-Ol 0.270E-Ol 0.85 
77 <J4 Soil Pu 239 O. SOOE 00 O. 6 lOE 00 0.82 
77 07 Soil K 40 0.152E 01 0.24SE 01 0.62 
77 07 Soil Co 60 Q. 793E 00 0.870E 00 0.91 
77 07 Soil Sr 90 0.258E 01 0.264E 01 0.98 
77 07 Soil Cs 137 0.595E 02 0.637E 02 0.93 
77 07 Soil Pu 238 0.230E-Ol 0.320E-Ol o. 72 
77 07 Soil Pu 239 0.472E 00 O. 600E 00 o. 79 
76 10 Tissue Sr 90 0.320E 01 0.419E 01 0.76 
77 01 Tissue K 40 0.230E 01 0.173E 01 1. 3 
77 01 Tissue Sr 90 0.220E 01 0.286E 01 o. 77 
77 04 Tissue K 40 0.400E 01 O. 860E 00 4.7 
77 04 Tissue Sr 90 0.440E 01 0.297E 01 1. 5 
77 07 Tissue K 40 O. 820E 00 O. 560E 00 1. 5 
77 07 Tissue Sr 90 0.300E 01 0.331E 01 0.91 
77 07 Tisaue Cs 137 O. 960E-01 O. 370E-01 2.6 
76 10 Veg Sr 90 0.170E 00 0.176E 00 0.97 
76 10 Veg Cs 137 O. 320E 00 O. 252E 00 1. 3 
77 04 Veg K 40 0.186E 03 0.20SE 03 0.91 
77 04 Veg Cs 137 O. 220E 00 O. 230E 00 0.96 
76 10 Water H 3 0.530E 02 0.406E 02 1.3 
76 10 Water Mn 54 0.140E 01 0.139E 01 1. 0 
76 10 Water Co 57 0.150E 01 0.157E 01 0.96 
76 10 Water Co 60 0.580E 00 O. 6SOE 00 0.89 
76 10 Water Fe 59 0.170E 01 0.160E 01 1.1 
76 10 Water Sr 90 0.600E-Ol O. SOOE-01 1. 2 

( 



Table s (cont'd) 

Date BNL EML Ratio 
Yr ~o Txpe Nuclide Value Value BNL/EML 

76 10 Water Cs 134 O. 870E 00 O. 920E 00 0.95 
76 10 Water Cs 137 O.lOOE 01 O.lOOE 01 LO 
76 10 Water Ce 144 O. 840E 00 O. 9 lOE 00 0.92 
76 10 Water Pu 238 0.800E-04 0.400E-03 0.20 
76 10 Water Pu 239 0.300E-03 0.860E-03 0.35 
77 01 Water H 3 0.268E 02 0.406E 02 0.66 
77 01 Water Mn 54 O. l 77E 01 O. l 78E 01 0.99 
77 01 Water Co 58 0.220E 01 0.232E 01 0.95 
77 01 Water Co 60 0.550E 01 O. 572E 01 0. 96 
77 01 Water Fe 59 O. 250E 01 0.228E 01 1.1 
77 01 Water Sr 90 O. 164E 01 0.216E 01 o. 76 
77 01 Water Cs 134 0.230E 01 0.232E 01 0.99 
77 01 Water Cs 137 0.250E 01 O. 252E 01 o. 99 
77 01 Water Ce 144 Q.460E 01 0.518E 01 0.89 
77 01 Water Pu 238 0.120E-02 0.240E-02 a.so 
77 01 Water Pu 239 0.800E-03 0.230E-02 0.35 
p 04 Water H 3 0.407E 02 0.406E 02 1. 0 
77 04 Water Mn 54 0.114E 01 0.113E 01 1.0 
77 04 Water Co 57 0.140E 01 0.177E 01 0.19 
77 04 Wai;er Co 60 0.180E 01 0.189E 01 0.95 
77 04 Water Fe 59 O. l 90E 01 0.201E 01 o. 95 
77 04 Water Cs 137 0.200E 01 0.204E 01 0.98 
77 04 Water Pu 238 O. 400E-03 0.122E-02 0.33 
77 04 Water Pu 239 0.400E-03 0.150E-02 0.27 
77 07 Water Ii 3 0.430E 02 0.406E 02 1.1 
77 07 Water Be 7 0.427E 02 0.403E 02 1.1 
77 07 Water Na 22 O. 978E 00 0.118E 01 0.83 
77 07 Water Zn 65 Q.499E 01 0.523E 01 0.95 
77 07 Water Sr 90 0.115E 01 0.113E 01 1. 0 
77 07 Water Cs 137 0.170E 01 0.174E 01 0.98 
77 07 Water Ce 141 0.459E 01 0.518E 01 0.89 
77 07 Water Pu 239 0.298E-02 0.450E-02 0.66 
77 10 Air Be 7 0.171E 04 0.171E04 1.0 
77 10 Air Co 57 0.755E 02 0.856E 02 0.88 
77 10 Air Co 60 0.139E 03 0.149E 03 0.93 
77 10 Air Sb 125 0.153E 04 O. 208E 04 0.73 
77 10 Air Cs 134 0.230E 03 O. llSE 03 2.0 
77 10 Air Cs 137 0.165E 03 0.144E 03 1.2 
77 10 Air Pu 238 0.270E-Ol 0.140E-Ol 1.9 
77 10 Air Pu 239 0.826E 00 0.126E 01 0.66 
77 10 Soil Pu 238 0.3JOE-Ol 0.800E-Ol 0.41 
77 10 Soil Pu 239 0.230E 01 0.356E 01 0.65 
77 10 Tissue K 40 0.199E 01 0.135E 01 1.5 
77 10 Tissue Sr 90 O. 374E 01 0.364E 01 1.0 
77 10 Tissue Cs 137 0.182E 00 0.140E 00 1.3 

( 



Table 5 (cont'd) 

Date BNL EML Ratio 
Yr ~o Type Nuclide Value Value BNL/EML 

77 10 Veg K 40 0.159E 02 0.17SE 02 0.91 
77 10 Veg Co 60 0.569E 01 0.507E 01 1.1 
77 10 Veg Cs 137 0.140E 02 0. 12SE 02 l. 1 
77 10 Water H 3 0.444E 03 0.460E 03 0.97 
77 10 Water Co 60 O. 303E 00 0.310E 00 0.98 
77 10 Water Sr 90 0.361E 00 0.390E 00 0.93 
77 10 Water Pu 238 O. 260E-03 O. 340E-03 0.76 
77 10 Water Pu 239 0.197E-03 0.160E-03 1. 2 
78 01 Air Na 22 0.755E 02 0.766E 02 0.99 
78 01 Air Mn 54 0.194E 03 0.137E 03 1.4 
78 rn Air Co 60 0.127E 03 0.105E 03 1.2 
78 01 Air Zn 65 O. 263E 03 0.183E 03 1.4 
78 01 Air Sr 90 O.S38E 02 0.4SOE 02 1.2 
78 01 Air Sr 90 O. 542E 02 0.4SOE 02 1.2 
78 01 Air Cs 137 0.144E 03 0.102E 03 1.4 
78 01 Air Cf 144 0.433E 04 0.330E 04 1.3 
78 01 Soil K 40 O. 185E 02 0.214E 02 0.86 
78 01 Soil Cs 137 0.3SOE 00 0.480E 00 0.73 
78 01 Sail Ra 226 0.240E 01 0.130E 01 1. 9 
78 Cl Soil Am 241 O. 230E 00 0.350E 00 0.66 

f:' 
78 01 Tfssue K 40 0.221E 01 0.140E 01 1.6 
78 01 Tissue Sr 90 0.131E 01 0.36SE 01 0.36 
78 01 Tissue Sr 90 0.146E 01 0.365E 01 0.40 
78 01 Tissue Cs 137 0.104E 00 0.140E 00 0.74 
78 01 Veg K 40 O. 212E 03 0.177E 02 12. 
78 01 Veg Co 60 0.603E 01 0.505E 01 1.2 
78 01 Veg Sr 90 0.161E 02 0.150E 02 1.1 
78 01 Veg Sr 90 0.156E 02 O. lSOE 02 1.0 
78 01 Veg Cs 137 0.157E 02 0.125E 02 1.3 
78 01 Veg Th 228 0.154E 01 0.970E 00 1.6 
78 01 Water H 3 0.213E 02 0.215E 02 0.99 
78 01 Water H 3 0.223E 02 0.21SE 02 1.0 
78 01 Water Mn 54 0 .133E 01 0.127E 01 1.1 
78 01 Water Co 58 0.270E 01 0.253E 01 1.1 
78 01 Water Co 60 0.430E 01 0.392E 01 1.1 
78 01 Water Sr 90 0.490E 00 0.450E 00 1. 1 
78 01 Water Sr 90 0.530E 00 0.450E 00 1.2 
78 01 Water Cs 137 O. llSE 01 0.113E 01 1. 0 
79 04 Air** Sr 89 O. SUE 01 0.815E 01 1.0 
79 04 Air** Be 7 0.152E 04 0.160E 04 0.95 
79 04 Air** Na 22 0.123E 03 0.177E 03 1.1 
79 04 Air** Zr 95 0.896E 02 0.878E 02 1.0 
79 04 Air** Cs 137 0.126E 03 0.132E 03 0.95 
79 04 Water** Sr 89 0.112E 00 0.120E 00 0.93 
79 04 Water** Co 60 0.116E 01 0.121E 01 0.97 



Table 5 (cont'd) -... 

Date BNL EML Ratio 
Yr Mo Tvpe Nuclide Value Value BNL/EML 

79 04 Water** Cs 134 0.121E 01 Q. ll7E 01 LO 
79 04 Water** Cs 137 0.116E 01 0.121E 01 0.96 
79 04 Water** Ce 144 0.196E 02 0.204E 02 0.96 
79 04 Soil** Sr 90 O. 20 E 00 Q.225E 00 0.89 
79 04 Soil** Cs 137 0.592E 00 0. 577E 00 1.0 
79 04 Soil** K 40 0.312E 01 0.280E 01 l. l 
79 04 Tissue** Sr 90 0.397E 01 0.337E 01 1.2 
79 04 Tissue** Cs 13 7 0.300E 01 o.310£ 01 0.96 
79 04 Tissue** K 40 0.846£ 01 0.833E 01 1.0 
79 04 Veg** Sr 90 0.110£ 01 0.108£ 01 1.0 
79 04 Veg** Cs 137 0.232E 00 0.205E 00 1.1 
79 04 Veg** K 40 0.204E 01 0.167E 01 1.2 
80 10* Water H 3 0.140E 02 0.149£ 02 0.94 
80 10* Water Co 60 0.125£ 01 0.197£ 01 0.63 
80 10* Water Sr 89 0.205£ 00 Q.218E 00 0.94 
80 10* Water Sr 90 0.160E-Ol 0.216£-01 0.74 
80 10* Water Cs 134 0.159£ 01 Q.244E 01 0.65 
80 10* Water Cs 137 0.145£ 01 0.226£ 01 0.64 
80 10* Air Be 7 0.294£ 04 0.230£ 04 1.3 
80 10* Air Co 60 0.237E 03 0.200E 03 1.2 
80 10* Air Sr 90 0.994£ 01 0.107£ 01 0.93 
80 lO* Air Cs 134 0.254£ 04 0.247£ 04 1.0 
80 10* Air Ce 141 0.435£ 03 0.404E 03 l. l 
80 10* Air Ce 144 0.338£ 04 0.346£ 04 0.98 
80 10* Soil Sr 90 0.434E 00 0.490£ 00 0.94 
80 10* Veg Sr 90 0.126£ 02 0.138£ 02 0.91 
80 10* Veg Sr 90 0.963£ 02 o.138£ 02 7.0*** 
80 10* Veg** K 40 0.735£ 01 0.225£ 02 0.33 
80 10* Soil** K 40 0.135£ 01 0.207£ 02 0.65 
80 10* Soil** Co 60 0.073£ 00 0.10 E 00 0.73 
80 10* Soil** Cs 137 o. 775! 01 O. llOE 02 o. 70 
80 10* Soil** Ra 226 0.44 E 00 0.66 E 00 0.67 
80 10* Soil** Th 228 0.66 E 00 0.66 E 00 1.0 
80 10* Tiaaue** K 40 0.231£ 01 0.17 E 01 1.4 
80 10* TiaaU.** Cs 137 0 .195£ 02 0.275E 02 0.71 
80 10* Ti•aue** Co 60 o. 60£ 01 o.874£ 01 0.69 
80 10* Tiaaue** Sr 90 0.358£ 02 o.387£ 02 0.93 

*Reanalyzed on 81 03. 
**BNL Result Not Reported to EML. 

***Result erroneously reported as vegetation instead of tissue. 

( 



Tab le 5 ( con.t 'd) 

SUMMARY 

Standard Number 
Mean BNL/EML Deviation of of 

Year Type Ratio Ratio Samples 

1976 Air Ll 0.8 11 
1977 Air l. l 0.4 38 
1978 Air 1.3 0 .15 8 
1979 Air 1.0 0.06 5 
1981 Air l. l 0 .14 6 
1976 Soil 0.78 0.34 5 
1977 Soil o.n 0.43 20 
1978 Soil 1.0 0.56 4 
19 79 Soil 1.0 0 .11 3 
1981 Soil 0.78 0.15 6 
19 76 Tissue 0. 76 l 
1977 Tissue l. 7 1.2 10 
1978 Tissue o. 77 0.57 4 
19 79 Tissue 1.1 0.13 3 
1981 Tissue 0.93 0.33 4 
19 76 Veg l. l 0.21 2 
1977 Veg 1.0 0.11 5 
1978 Veg 3.0 4.4 6 
1981 Veg 3.4 4.3 2 
1976 Water 0.90 0.33 11 
1977 Water 0.87 0.23 32 
1978 Water 1.1 0.058 7 
1979 Water 0.96 0.03 5 
1981 Water 0.76 0.15 6 

( 
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Tab le 6 

90s u · r · o 1981 r rine ntercomparison ata -

S~iked BNL(a) 
Osr 90sr Report 

Cone. Cone. 
Sample !D:fl: pCi/ t pCi/1 

1056 0.51 1.2 ± 0.60 

1074 10 10 ± o.7 

2085 31 32 ± 1.5 

P oo 1 ed Urine ( e) 0.37 :!: o.11Cd) 
0.58 ± o.21(e) 

Spike Assay llxl03(f) 

(a)Brookhaven National Laboratory 
(b)Environmenta~ Measurements Laboratory 
(e)Kili Composite, 10 Liters 
(d)2x Background Variations at Time of Count 
(e)Based on Decay Count 2-3 Days Later 
(f)Amersham Searle Ampoule 53/67/51 

l lxl03 

EML(b) 
90sr Report 

Cone. 
pCi/t 

1.6 ± 0.06 

13 :!: 0 .13 

37 ± 0.24 

o.s1 ± 0.01 



Table 7 

Replicate Results of Marshallese 

137 Cs Potassium 
137

Ratio 
Description ID U rCi Grams Cs K 

April 1978 Survey 6132 2.3 74 1.0 1.0 
2.3 71 

May 1979 Survey 6069 0.43 ± 0.0013 170 :!: 6. 0 1.1 1.0 
o. 38 ± 0. 0015 170 ± 6. 0 

966 0.51 :!: 0.0013 140 ± 6. 0 1.1 0.93 
0.48 ± 0.0016 150 ± 6. 0 

September 1979 Survey 911 0.14 ± 0.00099 120 ± 5.0 1.0 1.0 
0.14 ± 0.00098 120 ± 5.0 

939 0.21 ± 0.0012 150 ± 5.0 1.0 1.0 
0. 21 ± o. 0012 150 ± 5. 0 

8022 0.057 ± 0.00068 140 ± 5.0 1.0 1.0 
0.057 ± 0. 00068 140 ± 5.0 

2125 0.060 ± 0.00070 160 ± 4.8 1.0 1.0 

( 
0.059 ± o. 0069 160 ± 4. 7 

2248 0.069 ± 0.00072 130 ± 5.0 1.0 1.0 
0.069 ± 0.00072 130 ± 4.0 

882 0.12 ± 0.0009 150 ± 5.0 1.0 1.1 
0.12 :!: o. 001 140 :!: 5.0 

nCi Grams 

January 1980 Survey 1021 15 :!: .48 230 ± 6.2 1.2 1. 2 
13 ± .45 700 ± 5.7 

1045 21 ± .49 170 ± 5.7 1.1 1.0 
20 ± .49 170 ± 5.6 

1057 4.3 ± • 37 180 ± 5.8 1.1 1.1 
4.1 ± • 36 170 ± 5.9 

1081 8.3 ± • 33 63 ± 4.0 1.0 0.93 
8.1 ± .34 68 ± 4.0 

1101 14 :!: .45 190 ± 5.7 0.93 0.95 
15 :!: .46 200 ± 5.8 

( 



Table 7 (cont'd) 

137Cs Potassium 137Ratio 
Descriotion m t~ nCi Grams Cs K 

January 1980 1119 36 ± • 62 190 ± 6.2 1.0 1.0 
Survey (cont'd) 36 ± .62 190 ± 6.2 

1139 14 ± • 49 140 ± 5.7 1.0 1.0 
14 ± .49 140 ± 5.7 

1160 19 ± • 52 120 ± 5.6 1.1 o. 92 
18 ± .51 130 ± 5.7 

1181 12 ± .47 190 ± 6.2 o. 86 0.95 
14 ± .49 200 ± 6.2 

1200 11 ± .47 150 ± 6.0 1.0 1.0 
11 ± .46 150 ± 6.0 

1221 4.4 ± • 30 54 ± 3.8 1.1 1.2 
4.0 ± • 30 47 ± 3.7 

.1239 20 ± .53 170 ± 6.0 0.95 1.0 
21 ± .53 170 ± 6.0 

2021 11.4 ± 3.8 130 ± 4. 3 
Data Lost Data Lost 

2035 6.0 ± o. 37 100 ± 6.0 0.98 1.0 
6.1 ± 0.36 180 ± 5.9 

2046 24 ± o. 58 61 ± 6.3 1.0 1.0 
23 :t o.58 61 ± 6.2 

2059 27 ± o. 35 180 ± 5.1 0.90 1.1. 
30 ± 0.35 160 ± 5.1 

2081 5.8 ± o. 35 89 ± 4.4 0.97 o. 94 
6.0 ± 0.35 95 ± 4.4 

2103 21 ± 0.48 110 ± 5.5 1.1 1.2 
20. ± 0.47 94 ± 5.5 

2121 4.8 ± 0.29 35 ± 4.0 0.94 0.97 
5.1 :!: 0.29 36 ± 4.0 

2141 11 ± 0.45 170 ± 6.4 1.1 1. 0 
9.7 ± 0.44 170 ± 6.5 



Table 7 (cont'd) 

137Cs Potassium 
137Ratio 

Description m;; nci Grams Cs K 

January 1980 2162 11 :!: 0.44 93 ± 5.8 1.1 1. 2 
Survey (cont'd) 10. :!: 0.44 81 ± 5.7 

2183 13 :!: o. 47 100 ± 6.0 1.1 1.0 
12 :!: 0.47 100 :!: 6.0 

2202 lO. :!: 0 .41 66 ± 4. 5 LO 0.81 
10. :!: 0.41 81 ± 4. 7 

2222 8.4 ± 0.44 120 :!: 6. 2 0.98 1. 0 
8.6 ± 0.44 120 ± 6.1 

2240 14 ± 0.47 140 ± 5.8 1.1 1.3 
13 :!: 0.47 110 ± 6.1 

August 1980 Survey 6090 Spectrum Not Analyzed 
47 ± 3.5 

6028 1.1 ± o. 26 75 :!: 4 0.85 1.1 
1.3 ± 0.27 70 ± 4 

1048 9.1 ± 0.40 140 ± 6 0.97 0.93 
9.4 ± 0.40 150 ± 6 

6114 5.5 ± o. 50 120 ± 5.0 0.95 1.0 
5.8 ± 0.38 120 ± 5.2 

6073 160 ± 1.0 160 ± 4. 3 1.0 0.94 
160 ± 1.0 170 ± 6.8 

6173 2.2 ± 0.29 74 ± 4.2 0.96 1.0 
2.3 ± 0.30 73 ± 4.2 

2107 15 ± 0.46 180 ± 5.9 o. 94 1.0 
16 ± 0.47 180 ± 5.8 

January 1981 Survey 1133 4.5 ± o. 38 110 :t 5.1 o. 94 1.0 
4.8 ± 0.38 110 ± 5.1 

2088 1.2 ± o. 26 57 ± 3.7 1.4 1.0 
0.86 ± 0.26 57 ± 3.7 

1147 0. 35 ± o. 23 51 ± 3.4 o. 39 0.89 
o. 89 :!: o. 25 57 :!: 3. 5 

( 



Table 7 (cont'd) 

137 Cs Potassium 137Ratio 
Description mu nci Grams Cs K 

January 1981 1124 11 ± 0.43 120 ± 5.6 1.0 1.0 
Survey (cont'd) 11 ± 0.43 120 ± 5.5 

2025 17 ± 0.5 170 ± 5.5 1.1 0.94 
16 ± 0.4 180 ± 0.4 

1119 24 ± 0. 5 170 ± 5.4 1.0 1. 0 
24 ± 0.5 170 ± 5.4 

1232 1.8 ± 0.31 68 ± 4 .1 0.82 1.1 
2.2 ± 0.32 61 ± 4.1 

1036 17 ± 0.46 110 ± s.o 0.94 1.0 
18 ± 0.48 110 ± 5.6 

2101 55 ± 3.3 1.1 
0.29 ± 0.24 so ± 3.5 

2194 4.4 ± o. 34 63 ± 4 .1 o. 92 0.90 
4.8 ± 0.30 70 ± 3.9 

1220 3.9 ± o. 37 130 ± 5.6 0.85 1.0 
4.6 ± 0.38 130 ± 5.7 

2193 7.3 ± o. 38 170 ± 5.4 0.94 0.94 
7.8 ± 0.39 180 ± 5.4 

2054 8.1 ± 0.39 180 ± 5.4 1.1 1.1 
7.5 ± 0.41 160 ± 5.7 

1265 7.6 ± 0.41 140 ± 5.6 o. 96 0.93 
7.9 ± 0.38 150 ± 5.2 

2268 5.8 ± 0.36 120 ± 5.0 1.1 1.1 
s.s ± 0.37 110 ± s.o 

2184 7.3 ± 0.40 94 ± 5.4 1.0 1.1 
7.3 ± 0.40 87 ± 5.3 

2235 3.8 ± o. 33 110 ± 4.9 1.6 1.1 
2.4 ± 0.35 100 ± 5.2 

1074 4.2 ± o. 38 130 ± 5.5 0.70 0.87 
6.0 ± 0.36 150 ± 5.2 

( 



Table 8 

Whole Body Counter Intercomparison Results 

S&EP/Medical 
S&EP Results Medical Results Ratio 

137Cs K 137 Cs K 
137Cs Name Date µCi grams µCi grams K -

6/29 /79 Q.017 93 Q.017 72 1.0 1.3 

6/29/79 Q.043 177 Q.043 13S 1.0 1.3 

6/29/79 Q.019 160 0.019 114 1.0 1.4 

6/29/79 Q.017 71 o.a2a 73 a.as a.97 

6/29/79 0.072 la3 a.a62 7S 1.2 1.4 

6/29/79 a.o4a 1S3 a.a37 128 1.1 1.2 

6/29 /79 0.018 la6 o.a22 78 0.82 1.4 

6/29/79 a.17 93 a.17 7S i.a 1.2 

r 6/29/79 a.OS9 117 a.ass la3 l. l l. l 

<: la/23/79 o.aa21 llS .aa39 100 O.S4 1.2 

10/23/79 a.aa21 96 a.aa44 89 a.48 l. l 

la/23/79 a.aa1s 110 o.oa19 77 a.79 1.4 

10/23/79 a.0015 106 a.ao2s 82 a.6a 1.3 

la/23/79 a.0016 94 a.oa41 la4 0.39 0.9 

9/26/80 o.al4 72 Q.014 71 i.a La 

1/8/81 .ao30 98 o.oa26 92 1.2 1.1 

1/8/81 .aOJO 96 a.a024 71 1.3 1.4 

1/8/81 .0030 124 o.a029 97 i.a 1.3 

l 



Table 9 
........ 

S&EP/Medical 
S&EP Results Medical Results Ratio 

137 Cs K 137Cs K 
137Cs Name Date µCi Grams Date µCi Grams K -

10/6/77 0.001 110 10/77 0.002 110 0.5 LO 
4/25/78 110 

4/24/78 120 2/16/78 Q.003 150 a.so 

3/14/78 0.002 130 3/14/78 Q.0049 120 0.41 1.1 

3/14/78 150 5/18/78 0.0021 150 LO 
4/23/78 150 
5/15/79 0.00078 180 
5/16/79 170 
5/18/79 0.0014 170 
8/22/79 120 
9/2/79 0.0024 190 
9/2/79 0.0022 150 

3/14/78 140 5/23/78 0.0022 
4/15/78 120 

r- 1/20/79 0.0015 140 
1/25/79 0.0015 130 
5/15/79 0.0013 140 
5/16/79 0.00034 140 
5/18/79 0.0019 140 
8/26/79 0.002 160 
1/31/80 0.0021 150 
2/6/80 180 
2/8/80 0.0019 170 

2/12/80 0.0008 160 
2/13/80 0.0009 150 
1/27 /81 0.0021 150 1/13/81 0.0013 130 1.67 1.2 
1/21/81 0.0005 150 

1/20/79 0.002 140 
1/25/79 0.0013 150 
1/31/80 0.0014 190 
2/1/80 0.0016 180 
2/6/80 0.0016 190 
2/8/80 0.0014 170 
2/12/80 0.0023 160 
8/1/80 0.0011 160 
8/5/80 0.0014 120 
8/9/80 0.002 130 

( 



Table 9 (cont'd) 
~~ 

S&EP/Medical 
S&EP Results Medical Results Ratio 

.137 137 Cs Cs K K 
137Cs Name Date uCi Grams Date uci Grams K 

9/2/79 o. 0026 200 

9/ 2/ 79 0.013 170 
1/ 31/80 0.012 190 
8/1/80 0.022 150 

9/2/79 o. 0011 160 
1/ 31/80 0.0027 120 
8/ 1/ 80 0.0031 130 

9/ 2/79 0.0031 120 
1/ 31/80 0.0028 64 

10/77 

9/2/ 79 0.0067 200 
1/ 31/ 80 0.0064 170 
8/1/80 0.0095 210 

1/31/80 140 
1/26/81 0. 0025 150 

0.0027 

as 1/ 31/ 80 110 
2/6/80 130 

1/ 31/80 0.0023 200 
2/1/80 0.0019 200 
2/ 12/ 80 0.0016 190 

i 1/20/79 0.003 110 
5/ 18/79 0.0019 120 
7/30/80 0.007 120 
8/1/80 0.007 130 
8/5/80 0.0013 150 
8/1/80 0.0005 130 

1/21/81 0.0016 170 1/31/81 . 0.0024 160 0.67 1.1 

1/21/81 0.0014 200 1/13/81 0.0016 160 0.88 1.3 

1/26/ 81 15. 9 210 

,,1 
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The bar graph (Fig. I) shows the average 
equivalent exposure the respondents were willing 
to accept instead of the specified bodily injury. 

Ii:i genera!, the data collected indicates a 
reasonable trend with an expected increase of 
acceptable equivalent exposure as the severity of 
the bodily injury increases. ~ost respondents 
would prefer an exposure greater than ZOO rad 
rather than accept the loss of a limb. 

The extremes in some of the replies are 
disquieting and may indicate significant problems 
in the credibility or a lack of knowledge of the 
generally accepted risk coefficients. The respon
dent who would rather lose a finger than receive a 
dose of 0.5 rad may not realize that many diag
nostic procedures involve this order of whole body 
dose <UNn). A significant number (~9%) of res
pondents would rather be exposed to 300 rad than 
lose a finger. Using published experimental data 
(Ki61: Hu78), the risk of fatality from an acute 
exposure of 300 rem may be deduced to be be
tween 15 and 25%. The persons concerned either 
are not aware of the risk or do not accept the 
value. Either of these possibilities seems more 
reasonable than the assumption that the in
dividuaJs would prefer a one in five chance of 
losing one's life than the loss of a finger. 

The authors intend to extend this work to 
determine responses of a broader segment of pro
f essionals involved in radiation and also to survey 
the rationale leadina to some of the replies. 

Safety Savica Dtpaitmast 
Ontario Hydro 
700 Uniffnity Aoeniu 
Toronto, Ontario 
Ca11ada MSG IX6 

0oNALD A. WATSON 
MURRAY L WALSH 
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Dosimetric Results for the Bikini Population 

(Received 1 May 1979: accepted 24 September 1979) 

DURING the mid 1940s through 19S8. the U.S. 
conducted high yield weapons tests at Bikini and 
Enewetak Atolls. These areas were contaminated 
with fallout from the tests. A restoration program, 
concencrating on the main residence islands of 
Bikini and Eneu Islands at Bikini Atoll, bepn in 
1969. Approximately 30 Trust Territory residents 
includins some former Bikini Atoll inhabitants 
participated in the initial cleanup and redevelop
ment of the Atoll. During subsequent years. the 
Bikini population increased to some 140 in
dividuaJs at the time of their departure in August 
1978. 

Between 1969 and 1974, scrub vegetation on 
Bikini and Eneu Islands was cleared and in
diaenous food crops were planted. These crops 
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consisted mainly of coconut. pandanus and bread
fruit trees but included a garden development 
where squash. papaya, bananas and other crops 
were grown (Rom. During the maturation interval 
for most of the tree crops (5-7 yrl. the majority of 
the food consumed on Bikini Island was imported 
by Trust Territory supply vessels. As the local 
vegetation developed. the diet ~ame less res
tricted to imported foods so that by 1978, the diet 
contained substantial quantities of locally grown 
items. 

Bioassay and external exposure monitoring pro
grams were initiated for Bikini Island residents in 
anticipation of the changing dietary 5ituation, and 
with the realization that it was essential to do 
personnel monitoring on those individuals living 
on Bikini Island. 

E.ittensive external radiation monitoring was 
performed in 1975 through the joint efforts of 
Brookhaven National Laboratorv and Lawrence 
Livermore Laboratory. Data wer~ collected using 
an environmental ionizacion chamber to quantify 
exposure rates. portable Nal scintillation survey 
meters to map the external radiation fields. a 
portable gamma spectroscopy system to define the 
major energy components of the external field and 
to determine energy dependence correction factors 
for the ion chamber. and LlF thermoluminescent 
dosimeters to measure long term integral 
exposures. External exposure estimates were 
developed based on these measurements and an 
assumed living pattern (Gui6; Gr79). 

Urine samples for radionuclide bioassay were 
collected during BNL medical field trips to Bikini 
between 1970 and 1976 (Co75. unpublished 
results). This program was reinstated by BNL 
Safety and Environmental Protection Division in 
1978 with systematic 24-hr urine collections from 
all adult Bikinians. Urine bioassay results were 
used to calculate 90Sr-'°Y and mcs-m .. Ba body 
burdens and resultant radiation dose equivalents 
for all Bikinians from whom a satisfactory urine 
sample was obtained. 

Whole body counting was performed in 1974 
and 1977 by the BNL Medical ~artment (Co7.5; 
Co77). and the program continued in 1978 under 
the BNL Safety and Environmental Protection 
Division along with the follow-up whole body 
counting of former Bikini Island residents cur
rently residing on Ejit or Majuro Islands. ~lajuro 
Atoll and on Kili Island ( Mi80), Field measurement 
of y-emitting radionuclide body burdens was ac· 
complished with a trailer-mounted shadow-shield 
whole body counter. Dose commitments were 
calculated from the measured body burdens 
for many persons residing at Bikini Island dunng 
the years 1969-78. 

In addition to retrospective dose equivalents. 
whole body counting and bioassay techniques pro
vided the data base from which dose equivalent 
commitments were calculated. These calcuJations, 
together with extemaJ radiation measurements, 
provided a complete assessment ot dose to the 
Bikini popuJation from chronic exposure to im
portant fallout radionuclides in their home atoU 
environment. 

Results 
In the following tables, the dose equivalent dur

ing the residency interval and dose equivalent 
commitments to bone. bone marrow and the total 
body are presented. The means for the dose 
equivalent and dose equivalent commitment were 
determined from individual data points which 
represent a wide distribution of residence intervals. 
The mean value corresponds to residence interval 
(years) for the population described. Residence 
intervals were determined through verbal inter
rogation of participants in the personnel monitoring 
program. 

Tables I and 2 represent the bone and bone 
marrow mean doses and ranges in mrem which 
were the result of ingestina ~r-'°Y during the 
residency interval. These data were derived from 
measured urine activity concentrations during the 
uptake period. Constant continuous ingestion or 

Tobi• I. 9'sr-'°Y s-~ G-,,,, BildAU..U 

D...- lqui"8lesc Doaria1 DoM ""'i ... l•C 
laei'8oc• IaceTYel, .._ c-i_c, .... 

P°"'leci .. 1'omlter ii.a laeidesce ..... ..... 
Doecri1ci• of Pen- ta.cerval z Teare Kea llil!! L- lie- 11~ Low 

.W•lt •l• It 4.2 ZI 1%0 ·" .. 230 7.l 

... 1c r-1" " 4.1 u 42 .lS 42 110 
,_. 

l'lale cbildn• 
(11-U ,.er• 

120 ll 130 llO 2t of a .. ) s.l 47 



( 

'""' latioa 
DHcr\~tiOll 

Ma 11 cllitdret1 
(ll-l5 , .. re 
of 111) 

Po11Ulatiot1 
~1cr1pcioa 

1.1h1h ulu 

Adoalt t ... 1 .. 

Cbildr" 
('-l4 yHro) 

NOTES 

Tab/• 2. "°Sr-;oy Bo<t. ''"""'w dos.,..dric • ._for Bikift1<l1U 

DDH !quinlaac Oo•• lqu1••leac Ourin1 
laeidaaca Int1"al, .a... c-iC"maat, ..... 

"-Mr M••a a.1 idanc• 
at Poroon1 InC•"•l. Yurt 

19 i.. 2 

15 4. l 

,.3 

R .. 119r 
of Per1ot11 

17 

16 

ll 

o~....._...._..._....._....._..-1-....._..._~ 

0 5 10 
RES10£NCE INTERVAL (yrs I 

90sr 90y 
RADIATION TO 
BONE MARROW 

100 200 300 
DOSE EQUIVALENT (mReml 

TOTAL BONE 
MARROW 
RAOIATla.I 

...... .... .. 
Meaa Rip t. ... Meat !lip t.ow 

21 l20 .'7 61 210 6. 7 

14 41 .34 34 ,. ,.l 

47 l20 13 l20 290 26 

Oo1• !quiv1let1t Dur1•1 
leeidaac1 Iace"al, .... 

II••• llleid•nca 
!11t1"1l, 

4.9 

4.l 

4.4 

Yuro 

NET EXTERNAL 
RADIATION 

o--+-1-.;....i_.._._._......_..._--+ ....... ~ 
0 500 1000 1500 

DOSE EQUIVALENT ( mReml 

137Cs _ 137m
80 

RADIATION TO 
TOTAL BODY 

500 1000 1500 2000 
OOSE EQUIVALENT (mReml 

TOTAL BODY 
RADIATION 

Maat1 

600 

,00 

500 

OO IOOO 2000 3000 OO 1000 2000 3000 
DOSE EOUIVAl.ENT ( mReml COSE EQUIVALENT ( mReml 

Flo. l. Total male and female distribution of dose equivalent (during and post residence) or 
residence interval for inhabitants of Bikini Island, Bikini Atoll. 
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activity was assumed in the models used to calcu
late the dose equivalents and dose equivalent 
commitments. 

Table 3 depicts the net external dose equivalent 
resulting from living on Bikini Island. The dose 
equivalent during the residency interval varies for 
subgroups within the population acording to the 
assumed living pattern selected. Since these values 
were obtained from ion chamber measurements 
and hypothetical living patterns, no range of 
results has been provided. In this report, l 
Roentgen is assumed equal to I rem. 
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Table 4 presents the average whole body doses 
due to the ingestion of 137Cs. Data were derived 
from whole body counting measurements made in 
1974. 1977 lnd 1978. Constant continuous uptake 
of mes in the diet was not assumed. For these 
caJcuJations. the uptake period was divided into 
three intervals during which the 137Cs activity in
gestion rate for a given interval remained constant, 
but increased stepwise with time to account for 
observed increases in 137Cs body burdens. 

Table 5 summarizes the total body dose 
equivalent during the residency period from in· 
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C RADIATION 
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FIG. 2. Total maJe distribution of dose equivalent (during and post residence) or residence 
intervaJ for inhabitants of Bikini Island, Bikini Atoll. 
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ternal mes and man-made external radiation. and 
the total body dose equivalent commitment upon 
departure from Bikini Atoll in August 1978. A 
standard deviation for these quantities of approx. 
:: 40% of the mean was observed in adult sub
groups. Internal dose equivalenl distributions in 
figs. 1-3 were constructed by first calculating 
mean daily activity ingestion rates for different 
subgroups of the Bikini Island population 
based on the individual measurement data from 
which Tables I. 2 and 4 were derived. Secondly, 
these mean activity ingestion rates and individual 
residence internal values we used as input data to 
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mathematical models applied to inhabitants who 
did not participate in our personnel monitoring 
programs. The models describe various regimes 
for the uptake. retention and excretion of inter
nally deposited radionuclides. Finally, dosimetric 
models which allow for constant continuous up
take of 90Sr and stepwise increasing uptake for 
'"Cs were chosen to determine the internal dose 
equivalent and dose equivalent commitment for all 
inhabitants. Thus for residence periods between 
the years 1969 and 1978. these figures evince a 
ma.x.irnally exposed person receiving a whole body 
dose equivalent and commitment of 3 rem. and a . 
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Fro. 3. Total female distribution of dose equivalent (during and post residence) or residence 
intervaJ for inhabitants of Bikini Island. Bikini Atoll. 
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population average dose equivalent and commit
ment of 1.1 rem from man-made radioactivity on 
Bikini Island. 

Safetv and Environmental 
Prouction Division 
Upton, NY 11973 

N. A. GREENHOUSE 
R. P. MILTENBERGER 

E. T. LESSARD 
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Neuuon Quality Factor Measurements at 
tbe Oak Ridge National Laboratory's 

Dosimetry Appllcadoas .Research Facility• 

(R«eiHd 13 July 1979: accepted 17 Sqtember 
1979) 

THE Oak Ridge National Laboratory's (ORNL) 
Dosimetry Applications Research (OOSAR) facil
ity is used for a wide range of dosimetry studies 
by the staff. Research in cooperation with 

experimenters from medical centers. the academic 
community and industry is also an integral part of 
the DOSAR facility mission. The primary research 
tool at the facility in the Health Physics Research 
Reactor <HPRR). The HPRR is a small, un
moderated fast reactor which may be operated in 
the steady state or the pulse mode (Au65). Since 
the HPRR is frequently used for personnel dosi
metry applications research. the effective neutron 
quality factor tQF> of the reactor spectrum is of 
interest. Quality factors calculated by Monie Carlo 
methods for the HPRR have been published in this 
journal (Mu74: Si78). The effective neutron QF 
has recently been measured for the HPRR in the 
unshielded condition as well as behind each of 
three of the most commonly used shields: 12-cm 
thick Lucite, 13-cm thick steel and :!<km thick 
concrete. The measurements are described and the 
results are presented below. Three types of detec· 
tors were used in the QF measurements: 

( 1) SNOOPY -This remmeter is the com
mercialt version of the Andersson-Braun portable 
neutron monitor (An64). The sensor is a BF1 
counter surrounded by a boron-loaded polyethy
lene moderator. Details are available in the lit
erature tHa75; Te75). The SNOOPY was calibrated 
using rhe OOSAR NSD-60 232Cf source which 
produced 6.45 mrem/hr at I m. This dose rate was 
determined from the well-known source ftux using. 
a conversion factor of 3 x 10-• rad· cm::/neutron 
(St70) and a QF of 9.6i for the ::ncr. 

(2) RD-I-The RD-I sensor is a 7.3 -cm
diameter spherical ionization chamber filled with 
tissue equivalent (TE) gas and having 0.16-cm
thick walls made of Shonka A-150 TE plastic 
(Go78l. The sensor is part of a new on-line dosi
metry system§ installed at the DOSAR facility to 
monitor experimental irradiations at the HPRR It 
has been calibrated using standard gamma sources 
as well as with the accurately known HPRR mixed 
radiation fields. The RD- I sensor measures total 

*Research sponsored by the Division of Pollu
tant Characterization and Safety Research, U.S. 
OepL of Energy under Contract W-7405-ENG-26 
with Union Carbide Corp. 

tManfactured by Tracerlab (Richmond, Cali
fornia). 

IThe QF for =ct was determined by multiply
in1 the fractionaJ ftuenc:e in various energy inter
vals (St70) by the average QF for neutrons of 
those energies as reported in Table 2 of NCRP 
Report 38 <NCRP71). 

§Manufactured by Diaital Data Dosimet~ 
(Tulsa, OK). 
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DlET ARY RADlOACTIVlTY INT AKE 
FROtvf BlOASSA Y DATA: A rvfODEL 

APPLIED TO wCs INTAKE BY 
BIKINI ISLAND RESIDENTS* 

E.T. LESSARD. R. P. \llLTE\BER(;ER and\ . .\. GREE'<HOl"SE 

Safety and Environmental Protection Divi'iion. Brookhaven National Laboratory. lJ pt on. 
!'IY 11973 

<Received I Mav 1979: accepted IO December 1979) 

A~tract-Several publications of the ICRP and NCRP r ICRP59: ICRPti8: ICRP7 I: 
NCRP'77 l de~cribe mathematical modds relatln!l total radionuclide bodv burden. urmarv 
activity excretion rate and uptake interval. This paper pre'ients an equation with which 
the cun•;tant Jailv activity inges11on rate mav be calculated from 'iequentially ()blamed 
whole bodv counting and urine bioassay daca. The model '.I. as developed 10 relate whole 
body councing re\ults to urinary activity excreiion data for '"C~ in !he ~lar~hallese 
popula11on at Bikini hland for whom accurale dietary intake and residence interval 
informa11on were no! available. The iechnique is applicable to radioactivie material wh.o~e 
hiological and physical removal mechanisms are linear tirsl order processes described hy 
approp1a1e rate constants which give the inscantaneous fraction of acorns lransferred from 
compartments in !he body to urine per unit time. and the instantaneous fraction of atoms 
Jeca~mg per unit 11me. 

I :-.iTRODUCTIO"'i 

ICRP PLBLIC.HIO~ IOA !ICRP71) specifically 
describes the mathematical modelling used 
for several radionuclides. In these models. 
the constant continuous uptake of radioactive 
material has been assumed to cease during 
the acquisition of the bioassay sample. A 
problem arises in the case of enviromental 
exposures. such as those which occur in the 
contaminated atolls of the Northern Marshall 
Islands. where activity uptake continues dur
ing the sampling period. 

For at least the past 4 years, the 137Cs body 
burdens of people living on Bikini Island, 
Bikini Atoll have been rising (Figs. I and 2) to 
levels which have-approached and in some 
cases exceeded the nonoccupational maximum 
permissible body burden of I JO kBq (3.0 µ.Ci) 

•Research carried out under the auspices of the 
U.S. Dept. of Energy under Contract DE-AC02-
76CH00016. 

dCRP65). Previous diet studies <Mu54; No77) 
and 137Cs dose estimates performed by Robi
son ( Ro77) assume a 1

i
1cs dietary intake rate 

of 1073-1850 Bqd- 1 (29-50 nCid- 1
). Current 

metabolic information for mes predicts that an 
equilibrium 137Cs body burden would be 
reached at sufficient time ( - 2 yr) post onset of 
constant continuous dietary intake <NCRP77). 

Figures I and 2 depict the 1974-78 male 
and female 137Cs mean body burdens <Coh75: 
Coh77: Mi79). The data suggests that the 
population mean mes body burdens may not 
have attained an equilibrium value. The food 
product presumed responsible for the dramatic 
rise in body burdens. namely, coconut, became 
available in significant quantities in 1976. Prior 
to this time, the individual body burdens should 
have assumed relatively low equilibrium value 
for residents whose stay time on Bikini was 
greater than two years. During the April 1978 
field trip to Bikini Atoll, whole body counting 
and urine sampling were performed on 68 adult 
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FIG. I. mes Mean weighted result and range for adult male Bikinians. 

subjects. The following section summarizes 
the development of a mathematical model 
which relates body burden, urinary activity 
excretion rate and daily activity ingestion rate. 
An understanding of this latter parameter is 
crucial to the predictive modeling of dose 
commitments to people living in contaminated 
environments such as that at Bikini Atoll. 

\IETHOD 

Appendix A of ICRP Publication JOA 
(ICRP7l) describes the relationship between 
body burden, q(t) and activity excretion rate 
E(t) at some time t: 

E(t) = k q(t) (I) 

where k = the instantaneous fraction of 
activity leaving the body per unit time, d- 1

• 

Thus, E(t), the activity excretion rate, is 

. ' .. ,. 
· .. i 

'.t. ,, 
.. ~ ... , . 

. ~ .... : 

directly proportional to the body burden. 
q( n. With this equation, either q( t) or EU l 
can be calculated from a single bioassay 
measurement provided that ( 1) the mean 
residence time of the radionuclide in the 
body, which by definition is the inverse of the 
total removal rate constant for the radionucl
ide, is known, and (2) the excretion rate can 
be described by a single rate constant. 

Similar equations are developed here to 
determine the daily activity ingestion rate for 
ll1Cs assuming that two compartments m the 
body release 137Cs radioactivity to the urine. 
These equations assume a constant continuous 
uptake during the whole body count and 
urinary sampling interval, and relate the con
stant continuous daily activity ingestion rate, 
AP, to the measured body burden at time of 
measurement, and the urinary activity 
excretion rate one day later. 

The equations have been developed using 

.... ,. 
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the following set of definitions and assump
tions: 

Definitions 
N° the number of atoms of species of 

concern present in the body at time 
of in vivo measurement. atoms 

N~ the number of atoms of species of 
concern present in compartment i 
at time of in vfro measurement. 
atoms 

N;(t) the instantaneous number of atoms of 
the species of concern present at 
time t in compartment i. atoms 

P; atom intake rate to the i th compart
ment. atoms d- 1 

k; the instantaneous fraction of atoms 
removed per unit time from com-

. ' .. 
r • .. ' 

.. : . 
.. ., . ; . 

I. • .. 
. , . . ' 

• ' .... 1 •• 

'·.·'. .. · 

partment i to urine by physiological 
mechanisms, d- 1 

A the instantaneous fraction of atoms 
removed per unit time by radioac
tive decay, d- 1 

q;(t) the instantaneous activity in com
partment i at time t, Bq 

£,(t> the instantaneous activity excretion 
rate from compartment i at time t. 
Bq d- 1 

X; the fraction of radioactive atoms in 

blood reaching compartment i 
x; the fraction of radioactive atoms in 

the total body which are in com
partment i at the time of in L'il'O 
measurement 

F. fraction of atoms eliminated from the 
· total body via the urine 
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.. . .. '· . 
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U It l instantaneous urine activity concen
tration. Bq 1- 1 

f 1 fraction of atoms in G l tract reaching 
blood 

U, male or female urine excretion rate. I 
d-1 

Assumptions 

dN, =_<A + k) ,"/ + p 
dt I I ' 

q(t) = 2:., q,(t) 

F = k, 
' p 

k+.A--1. ' ,v, 

E (l) = -F dq, It> 
I ' dt 

E<t) = 2:.,E, <t> 

p =2:.,P, 
f, 

UUl U, = F.E(tl 

.\ "IAL YTICAL SOLLTIO"I 

(3) 

(4) 

(5) 

(6) 

The instantaneous atom rate of change in 
compartment j is described by assumption I. 

·Solving the differential equation for an 
analytical solution yields. 

N(t) =N°e-••·•· 11 + P, (l -e-<A+•,>1 ) (2) 
I I (.,\ + k,) 

and the body burden contribution from the 
ith compartment is. 

q;(t) = AN,(t) = .AN~e-<•••,11 
+ AP, (I - e-<••t,11) (3) 

(A+ k,) ' 

From assumptions 3 and 4, the activity 
excretion rate from the i th compartment is 

E,(t) = A+ k; ~ P,/ N; ( q~(.A + k,) - AP,) e-•A+t,11. 

(4) 

Assuming a two compartment model for 
137Cs, the following values are obtained from 
ICRP Publication lOA OCRP71) and ICRP 
Publication 23 (ICRP75): 

k~ = 0.7 d- 1 

x, = 0.85 
x~ =o.1s 
.A = 6.33 x 10- 5 d- 1 

U, =IA l.d- 1 (male) 
U, = 1.0 ld- 1 !female) 
F. = 0.9. 

Given the previously described assumptions 
let t =Id. X; =I - X;, and X; = 0.002. 

Substituting the above values into equation 
(4) and summing over two compartments 
yields an expression which relates the daily 
activity ingestion rate for mes to the 1"Cs 
body burden and excretion rate at the times 
of counting and sampling respectively. The 
daily activity ingestion rate cannot be alge
braically isolated from the resulting equation 
with ease. Therefore the r. h. s. of the equa
tion is evaluated by using an estimate for this 
quantity. This evaluation is compared to the 
urine activity excretion rate and if they are 
unequal the r.h.s. is reevaluated after changing 
the estimate for the activity ingestion rate. The 
process is repeated until the evaluation of the 
r.h.s. and the urine activity excretion rate differ 
by less than 0.1%. Table I lists the individual 
daily activity ingestion rates as calculated by 
this method. 

RESlJL TS AND DISCUSSION 

If the loss of 137Cs via perspiration and 
insensible losses is neglected during the 
counting interval and a 24-hr urine sample is 
begun immediately after counting, then there 
exists a mechanism to calculate the uptake 
during the 24-hr sampling period without full 
knowledge of the uptake interval. 

Of the 68 urine samples collected in April 
1978. only 26 samples were determined to be 
of sufficient volume to be considered 24-hr 
samples. The measured daily excretion rates. 
measured body burdens and calculated daily 
activity ingestion rates are presented in Table 
l. The total error on the body burden 
measurement is estimated to be :::t25% while 
the error on the excretion values exclusive of 
sample ftuctuations is :::!:: 10%. The mean daily 
ingestion rate as calculated from the body 
burdens and excretion rates in Table 1 is 
2100 Bqd- 1 (57 nCi d- 1). 
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lDI 

61 ll 
6112 
6046 
6005 
6068 
6007 
6017 
6086 
6128 
t.096 
6070 
6003 
6011 
6132 
6126 
6061 

863 
6045 
6076 
6059 
6115 
6111 
6122 
6108 
6065 
6035 
•e•n 
•ean 
•ean 

Sex 

F 
F 
F 

" " H 

" " H 

" " " " H 
H 
F 

" F 
H 
F 
F 
F 
F 
F 
F 
F 

H•F 

" F 

. ~-

Table I. 1978 Total body 11cti1·ity, 11cti1 ity nat'li1111 1111d 1icti1iity i11>:nti1111 rain 

117 c& Body Bu~d•n 

l.8 x 104 Bq( 1.0 µCi) 
6.5 x 104 Bq(l.8 µCi) 
7.8 x 104 Bq(2.I µCd 
7 • 1 x l o4 Bq (2 . I µC i ) 
11 x 104 Bq().O µCi) 
5, 5 x 104 Bq ( I . 5 µCi ) 
21 x 104 Bq(5.7 µCi) 
ll x 104 Bq(l.S µCi) 
6.9 x 104 Bq(l.9 µCi) 
7.1 x 104 Bq(l.9 µCi) 
IS x 104 Bq(4.0 µCi) 
9.0 x 104 Bq(2.4 µCi) 
3.9 x 104 Bq(l.I µCi) 
8. 7 x 104 Bq(2.4 µl:i) 
12 x 104 Bq().2 µCi) 
8.2 x 104 Bq(2.2 µCi) 
8. 7 x 104 Bq(2 .4 µCi) 
4.3 x 104 Bq(l.2 µCi) 
ll x 104 Bq(3.5 µl:i) 
3.2 x 104 Bq(.86 µC1) 
8.4 x 10 4 Bq(2.l µCi) 
4.9 x 104 Bq(l.3 µCi) 
4.9 x 104 Bq( l. l µCi) 
2. 7 x 104 Bq (. 7l µCi) 
3.9 x 104 Bq( I. I µCi) 
10 x 104 Bq(2.7 µl:i) 
8.1 x 104 Bq(2.2 µLi) 
10 x 104 llq(2.7 µl:i) 
5.7 x 104 llq(l.5 µCd 

137
1... IJully U1111e 

~.!._~-~~!;:xLre!_~!~ Kale 

250 llq/J 
bSO llq/J 
500 Bq/d 
)60 llq/d 
470 llq/J 
540 Bq/d 

1900 llq/J 
810 Bq/d 
270 llq/d 
310 Bq/d 
1150 Bq/d 
860 Bq/d 
950 llq/d 

1600 llq/d 
580 Bq/d 
520 Bq/d 

1000 llq/d 
630 Bq/d 
940 llq/d 
280 Bq/d 
390 llq/d 
710 Bq/d 
HO llq/d 
260 llq/d 
130 llq/d 
500 liq/ d 
b40 liq/ d 
1120 Bq/d 
430 Bq/d 

(b.I! nCi/dl 
( 18 nC 1 Id) 
( 14 nLi /d) 

( ~. 7 nli I J l 
(I 3 nCi /d) 
(IS nCi /ll) 
(SI nCi /ll) 
( 2 2 nC i I J l 

( 7. 3 nC 1 I J) 

(8.4 nC1/d) 
(23 nC1/d) 
(2) nl:1/d) 
(26 nC1/d) 
(41 nCi/d) 
( 16 nC1 /d) 
(14 nCi/d) 
(27 nl:i/d) 
(17 nCi/d) 
(25 nt:i /d) 

( 7. 6 nC i Ill) 
(II nC1/d) 
( 19 nC i /d) 

(b.9 nl:i/d) 
( 7.0 nC i /d) 
(3. 5 nC i /d) 

(14 nCi/J) 
(17 nLi/d) 
(22 nl.:1/d) 
( 12 nC i / J J 

<"~ ... \)... 
t_,,. :-. ·: 
·~~ ... ~-

1)7 
L• IJJ I 1 y 

Ac l 1 v :_!_t__!!~1i~~_!__~~~~~ 

)10 llq/ll 
J1>UO llqtd 

4 IU Bq/ll 
Bq/J 
Bq/J 

2900 llq/d 
11900 liq/ J 

450 llq/ll 
llq/d 
llq/d 
llq/d 

44UU llq/d 
9900 llqtd 

I 5000 llq/d 
llq/d 

400 Bqtd 
bbOO llq/d 
SIOO llq/d 
2200 11<1/J 
1200 Bq/J 

llq/ll 
5700 Bq/d 

510 llq/d 
1400 llq/d 

llq/d 
Bq/d 

JI uo llq/d 
]100 11<1/d 
1200 llq/d 

lll.4 nC1 /J) 
('i I 11Li /J) 

l 13 nC I Id) 
(-- nl:11dJ 
(-- nt:i /J) 

(lb nCi /di 
(240 nLi/d) 

(12 nCi/J) 
(-- nCi/d) 
( -- nl: i / d) 
(-- nCi/d) 

(120nt.:i/JJ 
(270 nL1 /J) 

(400 nCi/J) 
l-- nCi/J) 
( ·- nC l /J) 

( lt!O nCi /d) 
l 140 nL1 td) 

lbO nL1/d) 
l J2 nt: i /d) 
( -- 11Li /d) 

(I '.>0 nCi /dJ 
l 14 nci Id) 
( 311 nli 1.J) 

(-- nl:i/d) 
( -- nl:i /d J 
(SI nCi/dJ 
(114 nC 1 /ll) 
l J2 nCi/dJ 

rn 
-! 

r 
rn 
VJ 
VJ 
:s
:;t"l 

0 
~ 

(JO 
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ID v 

Bl 

B ll 

BJS 

B45 

BSl 

mean 

DIETARY RADIOACTIVITY INTAKE FR0\.1 BIOASSA Y DATA 

Table :!. 1974 Tow/ bodv tJctirity: tJctit·it.v excretwn tJnd tJctit·itv in'!estion rates 

S<!X 

F 

M 

F 

M+F 

137 
Cs Body Burden 

2.2 x to 3 
BqL059 ucil 

5 . 8 x l 0) Bq ( , lb ~c il 

).4 x l0
3 

Bql .092 ~ci) 

3 . 4 x lO ) Sq ( , 0 92 _c il 

6.2 x lOl Bq (.17 µCi) 

8. 2 x lO J Bq (. 22 uCi l 

4 • 9 x lO J Bq ( • 13 UC i ) 

137 cs Daily Urine 
Activity Excretion Rate 

19 Bq/d (510 pCi/d) 

88 Bq/d (2,400 pCi/dl 

52 Bq/d (l,400 pCi1d) 

120 Bq/d (3,200 pC1;d) 

83 Bq/d (2,200 pCi/d) 

31 Bq/d (840 pCi/d) 

66 Bq Id ( l , 800 pC i Id l 

lJ7 
Cs Daily Activity 
Ing<!stion Rate 

8 7 Bq Id ( 2 , 400 pC i Id ) 

750 Bq/d (20,000 pCi/d) 

430 Bq/d ( 12,000 pCi/d) 

l400 Bq/d (34,000 pCi/d) 

630 Bq/d (17,000 pCi/d) 

Bq Id ( - pC i Id) 

500 Bq/d (14,000 pCi/d) 

This is greacer than the previous escimace 
of 1073-1850 Bq d- 1 C29-50 nCi d- 1)(Ro77) and 
indicaces chac the dietary model currently used 
to predict the dose committment under
estimates the intake of 137Cs by ingestion. 

calculated from available data for 1974 
(Con75). This value indicates the availability of 
dietary items containing 13'Cs at this time. 
Appropiate changes in the uptake regime 
used for internal dose calculations have been 
made to reflect the increasing uptake exhi-Table :! shows the mean daily ingestion as 

Table 3. Sequential urine activity concentrations for ll7Cs and ""K in sin~/e 
void samples 

ID I 
Samp l<! 

137 c. 401( Date 

6118 1-23-79 121 Bq/ l ( 3280 pCi/ f.) 83.4 liq/ l (2250 pCi/ 1) 

1-25-79 119 liq/ l (3210 pCi/ 1) 34.4 llq/1 ( 930 pCi/ t) 

1-26-79 79.2 liq/ 1 (2140 pCi/t) 43, 3 liq/ 1 ( 1170 pCi/ 1) 

1-27-79 148 llq/1 (4010 pCi/1) 38 ,9 liq/ 1 (1050 pCi/ 1) 

1-28-79 182 liq/ 1 (4910 pCi/ 1) 57 .4 liq/ 1 ( 1550 pCi/ f.) 

6112 1-22-79 12.2 llq/1 (1950 pCi/1) 35.8 llq/1 ( 968 pCi/t) 

1-23-79 298 lq/1 (8060 pCi/t) 72.9 lq/ 1 ( 1970 pCi/ 1> 

1-24-79 229 llq/1 (6190 pCi/ 1> 56. 2 liq/ 1 (1520 pCi/1) 

1-27-79 179 liq/ 1 (4850 pCi/ t> 109 liq/ 1 (2950 pCi/ 1) 

1-28-79 234 llq/1 (6330 pCi/1) 65. 5 liq/ 1 (1770 pCi/ 1) 

6064 1-22-79 66.2 liq/ 1 ( 1790 pCi/ 1) 54.0 liq/ 1 ( 1460 pCi/ 1l 

1-23-79 55.1 llq/1 (1490 pCi/1) 43.7 lq/f, ( 1180 pCi/ f,) 

1-25-79 90.7 llq/f, (2450 pCi/ f,) 41.8 llq/f, (1130 pCi/ f,) 

1-27-79 77. 7 lq/ .. (2100 pCi/f,) 54.4 llq/f, ( 14 70 pCi/ f,) 

1-28-79 77. 7 liq/ 1 ( 2100 pCi/ f,) 38.9 liq/ .. ( 1050 pCi/ f,) 
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b1ted by the Bikinians during their residence 
interval 1Gr79). 

Fluctuations in an individual's urine 
activity concentration will have significant 
impact on the daily activity ingestion rate 
determined by this method. A low urine 
activity concentracion will cause the daily 
activity ingestion rate to have a negative 
value. This implie~ that the body burden 
alone without activity production -;hould be 
diminated through the urine pathway at a 
higher concentracion than is measured. The 
true value for the daily activity ingescion rate 
for an individual may be estimated with 
greater accuracy by collecting sequencial 
single void urine samples and averaging. An 
example of ffuctuation in sequential urine 
activity concentrations for 137Cs and 40K are 
presented in Table 3. An estimace of the true 
value for the daily activicy ingestion rate for a 
population can be obtained by using the mean 
value for body burden and urine activity 
concentration for a group of ~imilar in
dividuals as done in Tables I and :!. 

In summary. the equations presented here 
provide a '>imple technique to determine the 
dai.ly ingestion rate of an individual exposed 
co a conscant continuous uptake of radioac
tive macenal from direct measurement of the 
body burden and excretion rate. Once the 
daily ingestion rate is calculated. it can be 
used to verify the accuracy of dietary 
pathway principles. These equations can be 
applied to any radionuclide whose biological 
and physical removal mechanisms are linear 
first order processes. 
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WHOLE BODY COUNTING RESULTS 
FROM 1974 TO 1979 FOR BIKINI 

ISLAND RESIDENTS* 
R. P. \llLTE:'liBERGER. 'I . .\. GREE".;HOLSE and E.T. LESS.\RD 

Safetv and Environmental Protection Division. Brookhaven National Laboratory, Upton. 
NY 11973 

(Received I .\fav 1979; uccepted I 0 December 1979} 

~b~tract-Three bodv hurden measuremenh of the Bikini Island population were con
ducted from 1974 to 1978 at Bikini hland. During thi'> time. the mean "'Cs body burden 
of the .u.lult Bikini population in.:reased by a factor of 20. This dramatic elevation of the 
hody burden appear'> to be solely attributable to increased availabilitv of locally grown 
food products. ~pecitically coconuts and coconut plant products. In January 1979. 45% of 
the mdmduals that were whole hodv counted in April 1978 were recounted approx. 145 
davs ..ifter the Bikini Island population departed frorri Bikini Atoll. These results -;how 
that the adult population "'Cs bodv burden decreased by a factor of 2.9 between the 
April 1978 and January 1979 in t•ivo measurements. 

l:'liTRODl:CTIO:"ll 

B1K1~1 ATOLL was one area used by the U.S. 
Government to test nuclear weapons from 
1946 to 1958. Prior to commencement of the 
testing program. all Bikini Atoll inhabitants 
were moved first to Rongerik Atoll and then 
finally to Kili Island. On I March 1954 a 
thermonuclear device. code named Bravo. 
was detonated at Bikini Atoll. 

The radioactive cloud from this test moved 
eastward depositing fallout on several of the 
Northern Marshall Island Atolls: Bikini Atoll 
(all Marshallese inhabitants had been moved), 
Rongelap with 64 people, Ailinginae with 18 
people. Rongerik with 28 people and Utirik 
with 157 people. The Japanese fishing boat 
Fukurju-Muru (Lucky Dragon) with 23 
fishermen aborad was also contaminated 
(Con75). 

The exposure of individuals to radioactive 
fallout 6-24 hr post detonation of "Bravo" 
resulted in external total body gamma dose 
equivalents ranging from 20 to 200 rem (Con 
75). This incident initiated the involvement of 

*Research carried out under the auspices of the 
U.S. Dept. of Energy under Contract DE-AC02-
76CH00016. 

Conard et al. who for rhe past 24 years has been 
responsible for the ongoing medical surveil
lance of the inhabitants living on the con
taminated atolls. those Marshallese who were 
initially exposed to the fallout and have been 
moved. and to a control Marshallese popu
lation. 

The medical history by R. A. Conard in
cluded total body burden measurements of 
radioactive material inhaled or ingested by 
the Marshallese. This work was performed by 
Cohn et al. (Coh63: Con75). 

Rehabilitation efforts of Bikini Atoll began 
in 1969 which required persons to reside on 
Bikini Island. By April 1978. the population 
numbered 138 persons and consisted of 
caretakers and agriculturalists employed by the 
Trust Territory plus other Bikini families who 
found their way back via Trust Territory 
trade ships. This population remained on 
Bikini Island until they were relocated in 
August 1978 to Kili Island in the southern 
Marshalls and to Ejit Island. Majuro Atoll. 

During the rehabilitation and repopulation 
years, the medical services provided by 
Conard and the Brookhaven Medical Team 
were expanded to include sick call and body 
burden measurements. Body burden 
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396 WHOLE BODY COUNTING RESULTS FRO~l 1974 TO 1979 

measurements were made in 1974 1Con75) 
and in 1977 1Coh77). In August 1977. the 
responsibility for providing body burden 
measurements was transferred from the 
Medical Department to the Safety and 
Environmental Protection Division at Brook
haven National Laboratory. The 1978 and 
1979 body burden measurements of the Bikini 
population were conducted by the latter 
organization. 

In this report. the results of four whole 
body counting measurements on the Bikini 
population that were conducted in 1974 and 
1977-79 are presented. Because the body 
burden measuremencs were performed by 
two different organizations. the current 
experimental design included a cross check 
mechanism to ensure that previous and cur
rent results are directly comparable. The ap
proach to che problem was multidirectional. 
First, key detection components were dupli
cated. Second. the systems were calibrated in 
the same manner ((oh63 ). Third, the opera
tional procedures and counting geometries 
were basically similar. and an intercom
parison study was conducted using Mar-
5hallese and Brookhaven personnel to ensure 
system comparability 

EXPERIMENT AL DESIGN 

Instrumentation 
The detector chosen for field use by both 

Brookhaven organizations is a 28-cm
diameter, 10-cm-thick, sodium iodide thallium 
activated scintillation crystal Nal(Tl). It is 
optically coupled to seven. 7 .6-cm-diameter 
low background magnetically shielded, pho
tomultiplier tubes. In the current system the 
signal output from each photomultiplier tube 
is connected in parallel through a summing 
box with the combined output routed to a 
preamplifier-amplifier and then to a 
microprocessor-based computer/pulseheight 
analyzer (PHA). The PHA data is stored on a 
magnetic diskette, and the results may be 
analyzed either in the field or at BNL using a 
matrix reduction. minimization of the sum of 
squares technique (TP76). 

Calibration 
Analysis of Nal(TI) spectra by the matrix 

reduction technique requires that the com
puter library contain a '\Candard for 
each radionuclide that is expected in the field 
measurement and that the field measure
ments and standards have the same geometry. 

To accomplish this. a review of the pre
vious whole body counting data <Con 75: Coh Ti) 
indicated the need to calibrate for '°K. "°Co 
and ll7Cs. The current sy'\tem was calibratt:d 
using an Anderson REMCAL phantom 
(Coh63l. Each radionuclide was introduced 
into the phantom's organs in an amount 
equivalent to the fraction in organ of 
reference of that in total body as defined by 
the ICRP in Publication 2 ([CRP59l. To 
verify the activity in the phantom prior to use 
as a standard. an aliquot of the phantom 
solution was counted on a lithium drifted 
germanium detector which was calibrated 
with NBS standard sources. 

The phantom was then counted in a 
shadow whole body counter 1WBCl (Pa65). 
The whole body counting system consists of 
a stationary crystal and stationary bed. The 
counter detects radioactive material located 
principally in the thorax. so positioning of the 
phantom and the in civo counting subjects 
must be as similar as possible. To facilitate 
reproducible counting geometries. each sub
ject and the standard phantom was positioned 
such that the central axis of the crystal inter
sected the central axis ·of the body about 
25 cm below the sternal notch. The distance 
between the surface of the bed and the bot
tom of the detector is 32.4 cm. The total 
system efficiencies for '°K. 60Co and 137Cs are 
listed in Table I as are typical minimum 
detection limits for these nuclides. 

Quality control 
The quality control (QC) program consisted 

of a cross comparison of the radionuclide 
quantities estimated to be in the phantom 
volume vs NBS calibration standards. 
Agreement between these two activity con
centrations is within :t:5% for all radionucl
ides. Other quality control mechanisms 
employed were repetitive counting of secon
dary point source standards, multiple counts 
of Brookhaven personnel, repetative counting 
of the Marshallese (blind replicates) and an 
intercomparison study. 
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Table I. Summarv uf \vstem efficiencv and \fOLS for field WBC svslf'm 

Sue 1 ide Energy Efficiency MDL Time 

l 37 Cs 662 Kev 8.7 x 

60co 1173 & 1334 KeV 6.7 x 

40!( 1460 Kev 7.0 x 

Two point sources were used in the QC 
program. A 137Cs source, which had been 
used by the BNL medical surveys in previous 
years. was used to monitor changes 
in system resolution and efficiency as func
tion of time. A -;econd source, a 137Cs + 60Co 
point source. was used for zero and gam 
determination. 

Replicate counting of Marshallese was 
conducted on 5% of the subjects. Results 
indicate that the data obtained from the field 
whole body counting system is reproducible 
to within plus or minus 6 percent. Almost all 
of this error is due to the variability of sub
ject position. When subjects remam 
stationary, the difference between sequential 
results is 1%. 

An intercomparison of whole body count
ing systems was conducted between the field 
system and the whole body counter operated 
by S. Cohn for the Brookhaven Medical 
Department. Persons used in the study in
cluded nine Marshallese with measurable 
137Cs body burdens plus six Brookhaven 
employees with current whole body counting 
records at the Medical Department. The 
results of the study indicate that 137es and the 
potassium body burdens which exceed the 
minimum sensitivity of both systems are in 
agreement to within :!: 5%. 

RESULTS 

Table 2 is a sumrAary of the whole body 
counting data for 137es body burdens. Adult 
individuals were measured in 1974 (Con75), 
1977 (eoh77), 1978 and 1979. It represents the 
mean, standard deviation and ranges of 
values obtained from the sample population. 
There is a general increase in the body bur
dens of adult males from 1974 to 1977 by a 
factor of 13.3, and from 1977 to 1978 by a 

10 - 3 37 Bq (l nCi) 900 sec 

10-3 37 Bq (l nC i) 900 sec 

to- 3 222 Bq (6 nCi) 900 sec 

factor of 1.8. The general increase for adult 
females from 1977 to 1978 was slightly higher 
than that for males over the same period. In 
most cases. the 1979 data are significantlv 
lower than the 1978 data with an average 
reduction in the 137es body burden by a factor 
of 2.9. 

It must be noted that data for adults repor
ted in Tables 2-4 are uncorrected for height 
and weight differences between subjects and 
the phantom. This will have a minimal effect 
on adult data ( < 15% possible error) (Mi76). 
Body burdens of the children and adolescents 
reported in these tables have been corrected 
for geometric differences between adult 
standard man and the average Marshallese 
child. 

Table 3 represents the mean. standard 
deviation and range of 60eo body burden 
reported in 1978 and 1979. In prior years. 60eo 
was detected but body burdens were not 
computed due to the insignificant contribu
tion of 60eo to the total body burden relative 
to 137es. Table 4 presents the mean, standard 
deviation and range of body potassium masses 
reported from 1974 to 1979. 

Table 5 compares the observed reduction 
in 137es body burdens from April 1978 to 
January 1979 with the reduction in 137es body 
burden that was expected as a result of relo
cating the Bikini Population in late August 
1978. Values for the expected biological 
removal rate constants were obtained from 
NeRP Report 52 (NCRP77) and IeRP Pub
lication lOA (leRP71). 

RESULTS AND DISCUSSIONS 

The whole body counting data indicate that 
previous estimates of the type of food and 
amount of various components in the Bikini 
diet did not adequately describe the dietary 
patterns that existed between 1974 and 1978. 
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398 WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 

foh/e 2. Summarv of "'C~ hodv hurJen1 

Range of ~ean Range or 
Number lJ, Cs 137cs Number 13ics 

Counted Results Res u It Counted Results 
Popu la tton 1974( 5) l 9 7:.( 5) l ~74( 5) 19 7 7 ( 5) 1977 ( 5) 

Adult Male 18 l. 6 kBq 4. 7 kBq 22 21 kBq 
(0.043 ~Ci) (0. 13 uCi) (0.57 UC i J 

to ! to 
15 kBq 3 .4 kBq 120 kBq 

(0.40 µC1) ( .093 µCi) (3.2 uc1J 

Adult Fema :e IJ 0.67 kBq 2.7 kBq 20 2'· .kBq 
(0.018 uCi) (0 .073 µCi) co. 53 uciJ 

to ! to 
9.3 kBq 2.3 kBq 83 i<Bq 

(0. 25 µCl) (0.063 µCi) (2.2 ;.iCi) 

Male Children 0 ND ND 24 kBq 

11-15 yrs (0 .oS µCi) 
to 

39 kBq 
( 1.0 µCi) 

Female Children 0 1'1l ND 20 kBq 

l l-15 yrs (0. 56 UC>) 
to 

35 kBq 
(0. 94 UC i) 

Male Children 0 ND ND 0 ND 

5-10 yrs 

Female Children 0 ND ND 0 ND 

5-10 yrs 

I. 
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\ for Bikini inhahitanH 1974-79 .1 

~ 
t Mean Ranse of 

J i37cs :-.lumber l3' Cs 

Result Counted Results 

j 1977( 5) l 9 78 1978 

48 kBq 36 ( l) 23 kBq 
( 1. 3 ucil \0 .o) \.JCtl 

:t to 

-~ 27 kBq 220 kBq 
(0. 73 uctl l 5. 9 i..ci i 

,-~ 
34 kBq 32 15 kBq . tJ. (0.93 uC1) (0 . .:.1 uctl 

"' 

~1 
to 

l 7 kBq 200 kBq 
(0.47 '-'Ci) ( 5. 5 .. c 1) 

tl ( 2) 

~ 
30 kBq 27 kBq .. \0.82 'µC1 J (0. 73 ;.:Ci) 

to 
7.6 kBq 77 kBq 

·1 
(0. 21 uci ! ( 2. l UC1) ' , -

... -... ~ .. 
25 kBq 28 kBq . , 

(0.68 uCLl (0. i4 J.JCi) 
:!: to ..... { 8.5 i<.Bq 76 kBq 

··' (0.23 µCi) (2 .1 ilCi J 

ND 8 ( 3) 37 kBq 
< 1.0 · uci l 

to 
64 kBq 

(1.7\JCi) 

ND 14 20. kBq 
(0.54 UCi) 

to 
92 kBq 

(2 .4 uCi) 

.. 
·.'° 

.. 
· .. ·' 

.• 

R. p \Ill.TE~ BERG ER .·t ul. 

Mean 
l3 l Cs 

Resu~t 

1978 

90 kBq 
( 2.4 .,iCll 

:t 

49 kBq 
(1.3 µCi) 

'>2 kBq 
(1.7 µCi) 

37 kBq 
(1.0\JCi) 

53 kBq 
( 1.4 uci) 

21 kBq 
(0.56 ilC1) 

46 kBq 
( 1. 3 \.lC i) 

:!: 

25 kBq 
(0.66 UCi) 

SO kBq 
(1.3 J.JCi) 

:!: 

7.6 kBq 
(0.21 J.JCi) 

47 kBq 
(1.3 UCi) 

:!: 
21 kBq 

(0.56 uCi) 

Number 
Ran~!! of 

l3 Cs 
Counted Results 

1979 1979 

l7 12 kBq 
(0.32 J.JCi) 

to 
89 kBq 
(2.4 J.JCi) 

lb 2.2 kBq 
(0.060 UCil 

to 
36 kBq 

(0.98 ucil 

4 2 .0 kBq 
(0.055 J.JCi) 

to 
28 kBq 

(0. 76 \JCi) 

2 5.6 kBq 
(0.15 µCi) 

to 
l O.kBq 

(0.27 uCi) 

S.9 kBq 
(0.16 µCi) 

6 1.6 kBq 
(0.042 UCi) 

to 
9.6 kBq 

(0.26 uCi) 

'": ·:-.. ~: . ' ,• 

! ''~- ~~·:.. ~ ;• ; .'. J ,.._ 

~.-,!' ~l~<: 1,' ••• · • .. 

, . .' ,'' .. ~· ... 
'.·: .. 
. . : 

"!.' ,J 1 ... 

Mean 
13 lcs 

Re su 1 t 
1979 

37 kBq 
< l.O ucll 

:!: 

19 kBq 
(0.51 J.JCi) 

lb kBq 
(0.44 UCi) 

:!: 

8.9 kBq 
(0.24 J.JCi) 

Fl .kBq 
(0.27 UCi) 

:!: 

12 kBq 
(0.33 .ell 

7.8 "ilq 
(0.21 µCi) 

! 
3.1 k3q 

(0.080 J.JCi) 

5. 9 kBq 
(0.16 \JCi) 

4.4 kBq 
(0.12 UCi) 

:!: 
3.0 kBq 

(0.080 uCi) 

' .. . , . .. 
, ~''I 

' ··~ '· . ,· . 
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400 WHOLE BODY COUNTING RESULTS FROM 1974 TO 19'79 

Tuhle 2. (Contd) 

Ran~e of Mean Range of 
Number 13 Cs l37cs Sumber 13, cs 
Counted Results Result Counted Results 

Po2u la tLon 1974( 5) l 974 ( 5) 1974 ( 5) i 977 ( 5) 1977 ( s) 

Ail Adu! ts 3 l 0.67 kBq 3. 9 kBq 42 20.kBq 
(0.018 \JCil (0. l l uCi) ( 0. 5 3 uCi) 

to to 
15 kBq ).1 kBq 120 kBq 

(0.40 uCi) (0.085 '1Ci) 0.2 uCll 

All Children 0 ND ND 6 20.kBq 
(0.56 uCi) 

to 
39 kBq 

(1.0 UCl) 

Total Average 31 0.67 kBq 3.9 kBq 48 20. kBq 
(0.018 uCi) (0.11 uCi) (0.53 uCi) 

to ! to 
15 kBq 3. l kBq 120 kBq 

(0.40 µCi) (0.085 uCi) 0.2 well 

~D--No Data available for the specific column. 
(I l One adult, counted at Bikini. was a visitor from Rongelap Atoll. He 

remained on ship with our staff while at Bikini and returned to Ebeye with us. 
His body count was not used in this table. 

12) One male child in this age group was counted twice to determine what 
effect showering prior to the body count had on the final result. Only one result 
was used for this individual since both results were similar. 

(3) A six month old child's data has not been included ·in this table and 
category due to the difference in geometry between a baby and our 
calibration phantom. · 

(4) The 1978 mean value for all individual count includes the 5-10 year 
age group while the 1977 mean value has no representation in this sample 
section and the 1974 mean value has no child representation. 

!5) The 1974 <Con75) and 1977 137Cs body burden data were obtained 
from S. Cohn. Brookhaven National Laboratory, Medical Department. 
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Mean 
13 7 Cs Number 
Result Counted 

l 977 ( 5) 1978 

42 kBq 68 
( l. l µCi) 

t 
24 kBq 
(0.64 µCi) 

28 kBq 31 
(0.75 µCi) 

t 
7.8 kBq 

(0.21 µCi) 

40 kBq 99 
(l.l µCi) 

t 
22 kBq 

(0 .61 uCi) 

,. 

... 

Ran~e of 
13 Ca 

Results 
1978 

15 k8q 
(0.41 µCi) 

to 
220 kBq 
(5.9 µCi) 

ZO kBq 
(0.54 µCi) 

to 
92 kBq 

(2.3 µCi) 

15 kBq 
(0.41 µCi) 

to 
220 kBq 
(5.9 µCi) 

R. P. \11LTENBERGER er al. 

Mean 
137cs 
Result 

1978 

77 kBq 
(2.l µCi) 

t 

46 kBq 
( l.2 µCi) 

50 kBq 
(l.4 µCi) 

t 

18 kBq 

' 

Number 
Counted 

1979 

33 

13 

(0.49 µCi) 

68 kBq 
(1.8 µCi) 

t 

38 kBq 
(1.0 µCi) 

•·· 

. 1• 

' .. 

. ·~ . 

. . : . 
. ·'''' ~ '.. . 

Ran~" of 
lJ Cs 

R"sults 
1979 

2. 2 kBq 
(0.060 ucil 

to 
89 kBq 

(2.4 UCi) 

l. 6 kBq 
(0.042 UCi) 

to 
28 kBq 

co. 76 µcll 

l.6 kBq 
(0.042 µCi) 

to 
89 kBq 

(2.4 IJCi) 

Mean 
137cs 
R"aul t 

1979 

27 kBq 
co. 73 µci) 

t 
18 kBq 

(0.49 µCi) 

8.3 kBq 
(0.22 µCi) 

t 
7.8 kBq 

(0.21 uCi) 

22 kBq 
(0.59 IJCi) 

t 

18 kBq 
(0.49 UCi) 

t, ~ .:. 

··• 

. '~ . 
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WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 

Table 3. Summary of ""Co bodv burdens 

Population 

Adult Male 

Adu 1 t Female 

Male l..l.ildren 
11 - 15 yrs 

Female Children 
11 - 15 yrs 

Male Children 
5 - 10 yrs 

Female Children 
5 - 10 yrs 

All Adults 

All Children 

Total Average 

Number 
Counted 

1978 

32 

30) 

14 

68 

31 

99 

Range of 
bOco 

Result 
1978 

53 Bq 
( 1.4 nCtl 

to 
550 Bq 

( 15 nC1) 

47 Bq 
( l. J nC L) 

to 
400 Bq 

(11 nCi) 

44 Bq 
(1.2 nC1) 

to 
130 Bq 

(J. 5 nC1 I 

49 Bq 
(l .J nCi) 

to 
96 Bq 

(2.6 nCi). 

36 Bq 
(0.98 nCi) 

to 
99 Bq 

( 2. 7 nCil 

l3 Bq 
(0.35 nCi) 

to 
240 Bq 

(6.4 nCi) 

47 Bq 
(1.3 nCi) 

to 
550 Bq 

(11 nCi) 

l3 Bq 
(0.35 nCi) 

to 
240 Bq 

(6.4 nCi) 

l3 Bq 
(0.35 nCi) 

to 
550 Bq 

(ll nCi) 

(See Table 2 For Explanation of Footnote&) 
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for Bikini inhabitants 1978 and 1979 

Mean Ran~e of :-J:ean 
t>Oco !<umber ° Co oOco 

Result Counted Result Result 
l978 l 979 1979 1979 

190 Bq 17 25 Bq 81 Bq 
(5.J nCi J (0.67 nCi) (2.: nC i) 

to ~ 

130 Bq 120 Bq 28 Bq 
(3 .I+ nCil () .2 nCi) (0. 77 nCil 

.. 120 Bq 16 12 Bq 52 Bq 
(3 .2 nCi) (0.32 nCi) (1.4 nC1) 

to 
~ 71 Bq 93 Bq 22· i!q 

4 ( l. 9 nC1) (Z. 5 nCi) (0.59 nC1) 

.; 
92 Bq 19 Bq 52 Bq 

·:~! (2.5 nCi) (0.5 nCi) (1,4 nCi) .. 
! :'j to 

40 Bq 78 Bq 29 Bq 
.... :. ( 1.1 nCi) ( 2. l nCi) (0. 78 nCi) -. --'1 

76 Bq 2 44 Bq 48 Bq 
'~ 

··~ 
(2 .1 nC1) ( l.Z nCi) (1.3 nCi) 

• k :!: to 

• 24 Bq 52 Bq 5.2 Bq 
J. (0.66 nCil (1.4 nCi) (0.14 nCi) 

-~ .. 63 Bq 34 Bq 
t 

:J (l.7nC1) (0.91 nCil 

.... :!: 
. ' 23 Bq 

' (0.67 nCi) 

.. 78 Bq 4 13 Bq 17 Bq ~ 

I 
(2.1 nCi) (0.35 nCi) (0.46 nCi) 

:!: to :t 
68 Bq 22 Bq 3.7 Bq 

·~ . (1.8 nCi) (0.59 nCi) (0.1 nCi) 

. :i 160 Bq JJ 12 Bq 67 Bq 

(4.3 nCi) (0.32 nCi) (1.8 nCi) 

:!: to :t 

110 Bq 120 Bq 29 Bq 

1~ 
(J.O nCi) (3.2 nCi) (0.79 nCi) 

' 77 Bq 11 13 Bq 37 Bq .-, 

~ 
(2.1 nCi) (O.JS nCi) (1 nCi) 

:t to :!: 

51 Bq 78 Bq 23 Bq 

(1.4 nCi) ( 2. 1 nCi) (0.62 nCi) 
. -,,. 

~ 130 Bq 44 12 Bq 60 Bq 

(3 .6 nCi) (0.32 nCi) ( 1.6 nCil 

:t'"" :!: to :!: 

'·~ 100 Bq 120 Bq 31 Bq 
.~ .;.: 

(2.8 nCi) (3.2 nCi) (0.83 nCi) 
)t.\V 
-'~-~ 
; ~;-
'' -
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WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 

Tt.ihle 4. Summurv of hodv Potassium mu\.\ f<>r 

Range of Mean 
Number Potassium Potassium 

Counted Result Result 
Population l974 ( s) 1974 1• s) 1974\Sl 

Adult Male 18 lJOg 160g 
to ! 

200g 19g 

Adult Female lJ S9g 93g 
to ! 

110g l6g 

Male Children 0 ND ND 
ll - 15 yrs 

Female Children 0 ND ND 
11 - 15 yrs 

~ale Children 0 ND ND 
5 - 10 yrs 

Female 0 ND ND 
Ch lldren 
5-10 yrs 

All Adults 31 59g 130g 
to + 

200g )5g 

All Children 0 ND ND 

Total Average 31 59g l30g 
to + 

200g )Sg 

See Tab le 2 for Explanation of Footnotes. 

,. 
1·. 

•. ~. 

Range of 
Number Potass l um 

Counted Result 
l 977 ( s) l 977 ( 5) 

22 

20 

J 

0 

0 

42 

6 

48 

120g 
to 

l 70g 

86g 
to 

llOg 

84g 
to 
96g 

84g 
to 
9lg 

ND 

ND 

86g 
to 

170g 

84g 
to 
96g 

84g 
to 

170g 

"~ .. 

'1"i, '· 
.• j 
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R. P. \llLTENBERGER <'t 11/. 

Bikini inhahitant1. 197~~9. Jdamtnt'J fmm '"K 

Mean 
Potassiwn 

Result 
l 977 ( 5) 

lSOg 

l)g 

96g 

7.bg 

90g 

S.7g 

89g 

4. Jg 

ND 

ND 

!20g 

27g 

89g 

4Jg 

120g 

2ag 

Number 
Counted 

1978 

36 ( l J 

32 

J 

14 

68 

31 

99 

Range of 
Potassium 
Resuit 

;973 

98g 
t.J 

180g 

7lg 
to 

l !Og 

53g 
to 

69g 

o9g 
:o 

70g 

33g 
to 

SJg 
)Jg 
to 
56g 

7lg 
to 

!80g 

)Jg 
to 
70g 

33g 
to 

l80g 

Mean 
Potassium Number 
Result Counted 

l978 1979 

l40g l 7 

19g 

89g 

!Cg 

57g 

6.2g 

69g 

0.9g 

4Jg 

7.3g 
45g 

a Jg 

120g 

+ 
29g 

49g 

lig 

95g 

40g 

16 

4 

2 

6 

33 

13 

46 

Range of 
Potassium 

Result 
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l30g 
to 

180g 

66g 
to 

!JOg 

37g 
to 

l !Og 

7Jg 
to 

lOOg 

34g 
to 
65g 

66g 
to 

!80g 

34g 
to 

l lOg 

34g 
to 

180g 

.t05 

Mean 
Potassium 
Re•ult 

1979 

lSOg 
! 

16g 

98g 
! 

!Sg 

75g 

}Jg 

88g 
! 

2lg 

4Jg 

48g 

+ 
12g 

!30g 

+ 
32g 

62g 

26g 

llOg 

+ 
42g 

,, 
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406 WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 

Tuhle 5. C11mr>ari1·on o; oh>ened n exrectt'd reductw11 fuctorf for "'C, hodv hurdens 

ft of Mean Reduction 
Descri2tion Persons Factor 

Expected Reduction Factor for Adult Males 
(!) 

NA 2.4 

Observed Reduction Factor for Adult Bikini Males 17 2.3 

Expected Reduction Factor for Adult Females 
(2) 

NA 3.5 

Observed Reduction Factor for Adult Bikini Females l6 3.8 

Expected Reduction Factor for Children Ages 5- l4 ( 2 ) NA 5.9 

Observed Reduction Factor for Children Ages 5-14 12 12. 

\A \ot appl1~abl@. 

(1) Effective half time obtained from ICRP Publication IOA (ICRP 71). 

(2) Effective half time obtained from NCRP Report 52 (NCRP 77). 

As certain local food crops, coconuts. became 
available in 1976, they were incorporated into 
the diet in the form of jekaru (the water sap of 
the coconut tree) jekomai (a syrup concentrate 
made from jekaru) and n1 (drinking 
coconuts). The maturation time of the coconut 
tree is 5-7 yrs. Consequently, one could expect 
to observe a steady increase in the 137Cs body 
burden through 1978 at which time a peak 
body burden would be reached. Com
parison of the observed reduction in the 137Cs 
body burden from 25 April 1978 to 24 January 
1979 with the expected reduction in the body 
burdens from 1 September 1978 to 24 January 
I 979 yields almost identical results for the adult 
male and adult female groups as shown in 
Table 5. This implies that the Bikini population 
near equilibrium with their environment and 
that the body burdens on 1 September 1978 
were not significantly different than those 
measured in April 1978. The child data do not 
agree with the expected values; however, the 
difference is not beyond the range of half-times 
listed in NCRP Report 52 (NCRP77). Although 
the report lists a mean half-time for children 
ages 5-15, it does not specify the age dis
tribution of the sample. Most of the Bikini 
children (9) were in the 5-10 yr category; 
hence. one would expect the observed reduc
tion factor for this group to be somewhat 
higher than the expected value. 

... I'~\ I • i -~ • ... :: J·· . • ; 
.~ . 

Although the data indicates that the 137Cs 
body burdens did not increase between April 
and September 1978, this is not assurance that 
the body burdens would not have increased 
when new dietary items like pandanus and 
breadfruit became available for daily con
sumption. 

Furthermore, while the population may have 
been near equilibrium with their April-Sep
tember dietary uptake, individuals within the 
population may not have been. This was ap
parent in the adult male. 137Cs body burden 
data where two individuals show no decline in 
activity between April 1978 and January 1979 
whole body count. In one case, the individual 
was present on Bikini for only 5 months prior to 
the April 1978 count. This places the individual 
at approx. 60% of his equilibrium body burden 
value. In the second case, there seems to be no 
clear explanation for the lack of any reduction 
in the body burden. Several possible explana
tions include: (1) the individual may have lived 
away from Bikini prior to the April count; 
hence, equilibrium was not established at the 
time of counting, or (2) the individual changed 
his diet pattern between April and September. 

These deviations from the norm do not alter 
the conclusion that equilibrium or near equili
brium had been reached for the population as a 
whole for mes. Indeed, they illustrate varia
tions about a mean value. 
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Finallv. the individual data. not pre<>ented 
here. clearly illustrates that at lease J 9£7,. of the 
Bikini re<>idents would have received annual 
dose equivalents in excess of 5 mSv (0.5 rem) 
due to the ingestion of 111Cs had the April 1978 
activity ingestion rate of 137Cs continued. This 
dose equivalent level does not include the dose 
equivalent from external radiation or other 
internallv deposited radioactive material. 
Removal of the Bikini population from Bikini 
Atoll eliminated the ll7Cs source term from the 
diet and limiced the dose equivalent received 
by this population. 

Acknowledt.?ement-We would like to express our 
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Brookhaven National Laboratory. Medical 
Department. for his advice and assistance during 
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ABS:'R..\CT 

Residents of Bikini Atoll were moved from their home Atoll ou 31 August 

1978. Si~ce that time, they have been relocated either to Kili Island, or to 

Majuro and Ejit Islands at Majuro Atoll. Whole body counting and urine ~ioassay 

were performed ou this population i~ January and May 1979, and body burdens for 

nuclides positively identified were determined from both techniques. Data from 

these measurements have been used to calculate long term biological removal rate 

1J7 60 1.37 constants for Cs and Co and to relate the long ter.n rate constant for Cs 

to total body mass. 
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L'r!RODUCT!ON 

Body burden measurements performed on the Bikini Island population in 1978 

(Mi.79) and external exposure surveys conducted in 1975 (Gu76, Gr79a) of Bikini 

Atoll provided data which indicated that many of the individuals living on 

3ikini Atoll would receive an annual dose equivalent in excess of 5 mSv (.5 rem) 

(Gr79b). 

This information was reported to the United States Depar~ents of Energy 

and Interior. The decision was made by the latter agency to relocate the 3iki~i 

Atoll population. This action was accomplished bet'"•een August 28-31, 19i8. The 

:ormer Bikini Atoll residents were moved to Kili Island in the southern Marshall 

Islands, and to Majuro or Ejit Islands in Majuro Atoll. Tile Department of 

Energy, responsible for the radiologic follow up of this population, requested 

t.1-iat whole body counting and urine bioassay measurements be made on this 

po~lation at approximately six month intervals for the first year to confi:":ll 

t~e elimination rates of radioactive materials in order to accurately assess in-

ter:i.al doses and dose commit:ients for individual Bikinians. 

Whole body counting and urine bioassay services were provided to this 

Marshallese population in January and May, 1979. From these data, long term bio

logical removal rate constants have been measured for 137cs and 60co. 90sr 

has been measured in both urine sample series; however, additional sampling 

points in ti.me will be required in order to estimate the intermediate and 

long term biological removal rate constants for this radionuclide. 

EXPERIMENTAL DESIGN 

1.37 60 Cs and Co body burdens were measured using a shadow shield whole body 

counter. The system design, analysis techniques and aspects of the quality con-

trol program are described in a previous report (!U.79). Urine bioassay samples 

3 
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were ~a en to provide Sr body burden esti::iates and an independent esti~ate of 

137c b d • d · s o y our ens. Cesi um body burdens calculated frcm uri~e bioassay data 

are used for comparison •.rith the whole body counting esti~ates as an additional 

parameter of our quality control program. 60co was rarely detected in the urine 

thus a si:nilar comparison is not possible for this radionuclide. Tile o.athemati-

cal technique used for deter.:a:i.nation of the body burden can be derived frcm a 

pr~vious publication (Le79). 

Figures 1 through 4 show relative results between comparisous of· paired 

urine bioassay results, and whole body counting data collected from the Rongelap 

and Utirik population in 1977 (Co77) and the 3ikini population in 1974 (Co75), 

1978 and 1979 (Mi.79). Figures 1 through 3 nave samples plotted rand0C1ly; figure 

4 has the samples plotted in the same sequence as the urine was analyzed. T~e 

results show excellent agreement bet'".Ween the two body burden evaluation 

techniques. The standard deviation plotted on figures 1 through 4 reflect the 

fluctuation in the individual's dail7 urine activity concentration used to 

137 
calculate the Cs body burden. 

!be ~ational Council on Radiation Protection and ~easure!llents in Report 52 

(~CRP1i) and t!le !nternational Caimission on Radiation P~otection report of com

mittee IV publication 10 (ICRP68) suggest that 137 Cs has a biolo.gical long term 

compart::::lent with a removal rate constant ~hich is on the order of 

6 x 10-3 d-1 • ICltP publication 10 suggests that there may be long ter.n biolog

ical =etention of 60co (ICRP68), and studies performed on humans report that the 

retention function for 60co can be described by multiple ccmparements with bio-

logical mean residence ti~es t:hat range between .37 days and 880 days 

4 
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(Le72, Sm72). The data p=esented here provide long term biological removal rate 

constants for 137cs and 60co determined f=om the Marshallese population ex-

posed to t:!iese nuclides primarily through dietary pathways. 

When the Bikini population was relocated, their new residence islands were 

essentially free of radioactive contamination due to t..~e United States weapons 

testing program. Persons having lived exclusively in contamination f=ee environ

ments were used as controls. Their 137cs and 60co body burdens during the May 

survey were assumed to be representative of ~he baseline body burden status o: 

the Bikini population prior to their return to Bikini. The equation used to 

calc-~late the long term biological removal rate constants for both radionuclides 

is of the form 

where 

(A-C) • (B-C)e - (k+A)t Ci) 

A - ~easured body burden in May, 1979, Bq 

3 - measured body burden in January, 1979, Bq 

C - averaged measured body burden of the control population in May, 1979 

k - instantaneous fraction of radioactive atoms removed per unit time by 

biological mechanisms, d-l 

A - instantaneous fraction of atoms removed per unit time by radioactive 

-1 decay, d 

t - elapsed time between measurements, d. 

Values of the radiological decay rate constant for each nuclide were ob

tained from the Atomic Data and Nuclear Data Tables (AD76) and are 6.3 x 10-S 

d-l for 137cs and 3.6 x 10-4 d-l for 60co. 

The baseline mean 137cs body burden is 60 Bq as determined from 47 

measurements with results ranging from the system detection limit (37 Bq) to 
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several hw:cred bequerels. Cobalt 60 was not detected in t~e control 

population. 
137 60 . 

The average ratio bet~een Cs and Co body burdens in the ex-

n d 1 t" 490 """' 137c 60c . . . d b ~ose popu a ~on was • •ue s to o actiVl.ty ratio was assume to e 

of :he same magnit~de for the control population. Because the baseline 60co 

body burden was estimated to be well below the !-IDL, it was assumed to be .2: of 

h l b d · · f 137c · h d · · - h 1 t e centre group o y activity or s in t e eter:m.c.ation or t e ong term 

biological remove rate constant. 

137 Tables 1 through 4 present the January and ~ay 1979 Cs body burdens, 

-elapsed time and long teni biological removal rate cons tan ts a.s m!!asured in 

Marshallese adult males, adult females, adolescents and juveniles. Data pre-

sented in these tables are for individuals whose body burdens in January and May 

· · ::· 1 · h b 1. 137c b d b d f h l are signi_icant y aoove t e ase ~ne s o y ur en or t e contro 

population. A body burden was included in the data set if it exceeded the mean 

137cs body burden of the control population plus three standard deviations of 

the mean. 

Table 5 presents similar data for 60co. Because 60co waa not detected in 

t!ie control population, no acceptance criteria were applied to the body burden 

in this table other than the quantitative presence of two consecutively 

d . 60 ecreasing Co body burdens. 

RESULTS 

Table 6 sum1arizes the individual data presented in Tables 1 through 4 for 

137cs and ccmpares Che data with values listed in ICll.P publication 10 (ICU'68) 

and NCR!' report 52 (NCRP77). The biological removal rate constants for adult 

male and adult female Mars~llese are in agreement with previously reported 

data. The biological removal rate constant for adolescent Marshallese is 

similar to the value reported in N<:aP ~eport 52 (NCRP77) for juveniles. The 
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long term biological removal rate constant for juvenile Marshallese did not 

agree with reported data.. This appears to occur because of the difference 

in the age distribution of the juvenile data reported in NCRP report 52 and 

that of the Marshallese juveniles. 

The 137cs long term biological removal rate constant for the Marshallese 

population is highly dependent on body mass. This relationship is best de-

scribed by a simple logarithmic equation of the form 

k • a + b ln(m) (2) 

The coefficient of determination for this equation is 0.79 for fem.ales and 0.89 

for males. The regression coefficients a and b are respectively 19 and -3.9 for 

males, and 14 and -2.6 for females. The units for the quantities mass, m, and 

-1 biological rate constant, k, are kg and year respectively. The impact of mass 

on the rate constant is ~eatest for body masses less than 60 kilograms. 

Similar results were reported in studies by Lloyd (Ll73) which related body mass 

to biological half-life for 137cs. 

Several investigators have reported that 60co exhibits a long term biolog-

ical removal rate constant for both inhaled insoluble cobalt (Jo6S, Si64) and 

CoCl administered orally or intravenously (Le72, Sm72). These investigators 

agree that the retention function for cobalt should have several canpart:ments 

whose retention is characterized by linear first order removal mechanisms. For 

ingestion, four and five canpartment models have been postulated to describe the 

retention of soluble CoCL 

Using the average of values reported by Smith (Sm 72) and rounding to 

significant figures, the single intake retention function would be of the form 

R(t) • 0 •5e-l.4t + O.Je-l.2t + O.le-0.12t + O.le-0.00087t, (3) 
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where 

R(t) - frac:ion or initial acc:ns administe=ed wilich remain ln the body at 

ti.::ie c not corrected for radioactive decay • 

... h i: • • 60 . \.. ' f ... e -=act:.ons or Co atoms ln eac~1 ccmpart:12eut at ::ie end o each 

individual's residence i~ter7al ~ere calculated assuming a constant conti~uous 

k . f 60 up ta e reg i..:ne o-r Co. Individuals were assumed not to have an initial body 

burden at the onset of residence on 3ikini Island. Tile parameters for biolog-

ic3l removal race co~stants and fractions of activity 

distributed to each of cbe four compart::nents are ob-

tained from equation 3. For the eight individuals, eighty-four to eighty-eight 

percent of the total body 60co atoms would be in the long ter:n compart::ient, nine 

co ~..relve percent in the intermediate ccmpart:::lent and three ?ercent in the ~Jo 

remal.Zl:.ng sho-rt ter.::i com.par::nents. 

In Januar:r, approx:i::iately 140 days after departure from 3ikini, C"'Jo ?er-

cent of :he atoms would have been in the inter:nediate ccmpart::nents and 98 per 

cent in the long term compart:nent. In ~ay, the relative contribution of atoms 

from each com.part::nent to the total atom content in the body ~ould have been .7 

percent and 99.3 percent respectively. r.tis corresponds co a change in the 
60

co 

body burden between January, 1979 and May, 1979 of 14 percent. !he observed 

decline in the body burden was 44 percent. 

The intermediate and long term biological removal rate constants deter

mined by Smith and Letourneau (Sm72, Le72) do not describe the retention of 
60

co 

for the Marshallese population. From the Marshall Islands data, one cannot 

. 60c . esti:nate the numbe-r of compart:tlents that should be used in the o retention 

model, but an estimate of the long term biological removal race constant was cal-

c~lated using equation 1. 
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Table 7 sumn.ari:es the long :en:i biological remo~al rate coruitants of 60co 

as measured in Marshallese adult males, adult females and one adolescent. All 

values listed are in reasonable agreement with earlier animal study data and 

fall within the range of results reported for human data (ICRP68, Jo65, Si64, 

Le72 and Sm72). 

SUMMARY AND CONC!.OS IONS 

Fran urine bioassay and whole body counting performed for the Marshallese 

population who had been relocated from Bikini Atoll, long tenn biological remov

al rate constants have been calc~lated for 137cs and 60co. The values presented 

137 
for Cs are in agreement with previously reported values for adult males, 

adult females and adolescents. More data has been added for the 5-10 year old 

juvenile data base. Our data provides st:ong evidence that the biological remov-

al rate constant is related to the body mass by a simple logarithmic equation. 

Th · · · · h h · d · f 137c :s is consistent with the concept t at t e mean resi ence time o a s atan 

in the body is proportional to the (total body mass in which it is present) 

size of the body it passes through. 

Finally, the 60co long term biological removal rate constants reported 

here are few in number but indicate that a long term cc:mpartment exists for 

60 c Th' · 11 h · d · d h · · f 
60c o. is 'Wl. ave an impact on the ose as signe to t e Lnges ti.on o o. 

The significance will depend on the number of ccmpartments selected to descri.be 

the retention function and the parameters used to describe the biological remov-

al 
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Table 1 

137 Adult ~ale C3 ton3 ':e:-::i 3iolo~ical 1emoval Rate Constants 

Jan. 1979 Mav 1979 
137cs l37cs Elapsed Biological Renoval 

Body Burden, 3ody Burden, T i:::ie, Rate Constant, 
!Def> kB a k~a d d-1 

6067 37 23 113 4.2 x 10-3 

6182 45 23 113 5.9 x 10 
-3 

6086 32 15 113 6.i x 10 -3 

6113 28 15 113 5.5 ::t 10 
-3 

6117 33 16 112 6.4 x 10-3 

6130 56 36 113 3.9 x 10-3 

6096 48 26 114 5.3 x 10-3 

6161 4.0 1.8 113 7.2 x 10-3 

6166 a.as 0.41 112 7.2 x l0-3 

6184 2.s o. 93 112 9.1 x 10-3 
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Table 2 

137 Adult Female Cs Lou3 Term Biological Removal Rate Constants 

Jan. 1979 Mav 1979 
137cs 137cs .Elapsed Biological Removal 

Body Burden, Body Burden, Time, Rate Cons tauts, 
ID4 kBa kBo d d-1 

6112 36 17 112 6 .7 x 10 -3 

6122 11 4.1 114 8.7 x 10 -3 

61:3 23 9.3 115 7 .a x 10 -3 

6032 28 9.5 114 9.4 x lo-3 

6113 11 4.1 113 a.a x 10-3 

6097 11 5.9 113 5.5 :t 10-3 

6109 2.2 0.67 113 1.1 x 10-2 

6098 17 6.5 115 8.3 x 10-3 

6060 6.i 2.2 113 1.0 x 10-2 

6064 16 a.1 111 6.1 x 10-3 

6115 la 6.3 113 9.3 x 10-3 

6167 0.56 0.29 112 6.9 x 10-3 

6159 LO 0.44 113 a.o x 10-3 

6148 1.4 0.56 113 8. 7 x 10-3 

6151 4.5 2.2 114 6.3 x 10-3 

6140 LO 0.32 115 1.1 x 10-2 

6144 1.4 0.48 115 LO x 10-2 

6155 15 5.6 113 8. 7 x 10-3 

6160 13 5.1 113 8.3 x 10-3 

6175 0.41 0.19 113 8. 7 x 10-3 

6181 0.31 0.17 112 7.3 x 10 -3 

, 
I 
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Table 3 

137 Lons Ter"JS 3iolo5ical Removal Rate Constants Adolescent Cs 
r 

Jan. 1979 Mav L979 
137cs 137cs Elapsed Biological Removal 

Body Burden, Body 3urden, Tice, R.aca Cons tan cs, 
!!>4 kBa k.Ba d d-1 

M 6147 7.6 2.8 112 9.0 % 10-3 

M 6131 28 12 113 7.5 % 10-3 

M 6011 2.0 0.63 113 l.lx 10-2 

-? 
M 6127 7.8 2.0 114. l.2x 10 -

M 6015 2.6 0.60 113 1.4 x 10-2 

F 6129 10 2.8 115 1.1 x 10-2 

F 6091 5.6 1.4 113 1.2 x 10-2 
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Table 4 

Juvenile 137 c . l . 1 s Long Term Bi.o 051 ca Removal Rate Constants 

Jan. 1979 Ma! 1979 
137cs l 7cs Elapsed Biological Removal 

Body Burden, Body Burden, Time, Rate Constant, 
!DI k!ci kBa d d-1 

. M 6021 1. 7 o. 23 112 2.0 x 10-2 

M 6020 2.1 0.27 114 2.0 x 10-2 

M 6107 0.59 0.096 113 2.4 x 10-2 

F 6101 1. 9 0.26 111 2.0 x 10-2 

_., 
F 6056 1. 7 0.27 112 1.8 x 10 -

F 6105 2.0 0.27 113 2.0 x 10-2 

F 6030 9.6 2.4 114 1.2 x 10-2 

F 6025 4.8 1. 0 113 1.4 x 10-2 

F 6106 2.9 .48 113 1. 7 x 10-2 

r • 
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Table S 

3iolosica.l lemoval 3.ate Constants 
60 

:or Co 

Jan. 1979 !fay 1979 
Age Categor7 60co oOco Zlapsed Biological lemoval 

and 3ody Burden, Body Burden, Ti.me Race Cons cant 
!Di> Se:t 3<2 Bo d d-1 

6067 Adul c ~ale 89 44 113 5.9 x 10 -3 

6086 Adul c Male 100 70 113 3.1 x 10-3 

6113 Adul c :-tale 59 33 113 4.8 x 10-3 

6lli Adult Male 110 56 112 5.4 x l0-3 

6096 Adult Ma.le 93 33 114 a. 7 x 10-3 

6131 Adolescent 78 52 113 3.2 x 10-3 

Male 

61:1 A dul t 1 en ale 70 41 114 4.3 x 10-3 

6032 Adu 1 t: F ena. l e 63 37 114 4.3 x 10-3 
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Table 6 

Sumaary of Long Te~ Biological Removal 
137 -.... Rate Constants for Cs 

Number 
Age, in Biological Removal Standard 

Pooolation a Grou~ Samol e Race Constant. d-1 Deviation. d-1 

Adult Males It:m' .006 
( 23-55) NCltP 4 .0051 
( 23-55) NCRP 26 .0066 0.0016 
(22-59) BNL 10 • 0061 0.0016 

Adult Females (20-51) NCR.P 15' .0082 0.0020 
(19-70) BNL Zl .0084 o. 0016 

Ad.cl es cents (11-15) :SNL 7 • OU 0.0021 

Juveniles (5-17) NCllP 7 .012 0.0043 
(5-10) BNL 9 .018 0.0034 

• 
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Table 7 

60 
Sumnary of Lon~ Ter:n Biolosical Removal Rate Constants for Co 

Biological Removal 
Age, Sanple Rate Constant, Standard Deviation, 

Pomilation a Size d-1 d-1 

Adult Males (22-59) 5 5.6 x 10-3 
2.0 x 10-3 

Adult Females (19-70) 2 4.3 x 10-3 

Adolescents (11-15) l 3. 2 :t 10-3 
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DRAF1 
A~ st:- 3.C t 

:n ~ay 1979, human ~ilk samples were obtained from four lac:ating adult 

137 
~arstailese f~ales, whose Cs body burden haci been cefineci JV whole-bcdy 

counting and analysis of urine samples. r:-:e samples, ranging tn ·1clume frcm ~O 

:nl to 30 I'll, were analyzed 1:>y gamma spec:roscopy and atomic absor?tion to deter

mine the ?resence of 137 cs and potassium. Results were used to estimate :he 

d . • . . f 137 f . 11 . f h . f d 1 aiLy ingestion race o Cs or Xarsna ese tn ants w ose primary oo supp y 

· · 1 • • f l · l - 1 13 7c b d · ~ ~as ~uman mi~~. Concentrac1on actors re acing adu t ~ema e s o y uur-ens 

13 7 - . . . . . . . to 1,.,s activit:r concentrations in numan ;::ul~ were det:enn1ned. A. range of 

'~ 7 1 ~ Cs body ~urdens and dose commitments resulting from ingestion of human mil~ 

and/,r coconut products (human milk subsitutes) :rom l September 1977 co 31 

Aug~st 1978 were calculated for a hypothetical i~fant resident on Bikini Atoll 

during this final year residence interval cf the Eon:ier Bi~ini population • 

. \uthors: R.?. :-!ilt:enberger, E.T. Lessard, J. Steimers, and ;1.A. Greenhouse. 



Int::~cuc: ion 

The ~arshall Islands Radiological Safety Program at orookhaven ~aticnal 

Laboratory, under contract with the U.S. Department of Energy, provides whole-

body counting and urine analysis services to residents of the ~arshall Islands 

whose atolls were affected by radioactive fallout from the U.S. nuclear weapons 

testing program conducted in the mid-Pacific during the 1950's. Individuals 

five years of age or older are monitored under the current program. This age 

li~itation was imposed to assure willing participation by infor:ned persons as 

137 
well as t~ select individuals whose body burdens of Cs and potassium ~ere 

large enough to be detected in a 15 minute whole-body count. Children under 

five years of age were not expected to have 137cs body burdens which exceeded 

the 
137

cs body burdens of the five year old children, based on review of previ~ 

ous ~hole body counting data (Co5i, Co59, Co60, Co62, Co63, Co65, Co67, Co70, 

Co i5). 

A retrospective dose assessment prepared for the Rongelap and Utirik resi-

dents (Le80) has indicated that individuals who ingested radioactive material as 

infants (age 0-4 years) received a higher dose-equivalent commitment than ether 

seg<:nents of the sample population. In addition, these individuals had the 

h . . d ·1 . . f 137 d h l"d h' h . . 1 1gnest ai y ingestion rate o Cs an ot er nuc i es w ic. were pos1t1ve.y 

identified in the sample program. These data on inf ants were determined from 

body burden and urine activity measurements conducted at age five or older and 

extrapolated to the infant age group. !he Bikini Atoll resident dosimetry (Gr 

80) demonstrate that the sampled children received higher dose-equivalent commit-

. d · 1 · · f 13 7c h d · d h d 1 1 ments and had higher ai y ingestion rates or s t an i t e a u t popu a-

tion. 

l 
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Dose-equivalent cocni::::!ent is a func:ion of ';,od·1 !!lass and -:-adionuclide ::-e-

moval rate ccns::ants. Absorbed fractions ~re different for ::he adul:: and child 

and :hus also effect the dose. Consequen:::y, it should not be sur?rising, that 

for equal body burdens, a child may receive a different dose or dose rate than 

an 3dulc due to different values for body ~ass, absorbed fractions and removal 

rate constants. The higher daily activity ingestion rate ~as not anticipated be-

. . h . - 137 . . h h . d cause lt requires t e lnrant to consume more Cs actlV~t:r t an t at 1ngeste 

bv t~e adults and/or to consume substantially larger quantities of food. 

Infor::iation conce~ing diet and living style patterns observed in the 

~arshall Islands from the mid 1950's to the present (::a81, Sh57, ~u54) indicates 

"bl f 137 . h . - . . two ?OSSl e sources o Cs ln c.e 1nrant diet: human milk and coconut 

prod~cts. :':1is report examines the dose-equivalent, dose-equivalent rate, and 

1r 
~ 1 Cs body burden for a hypothetical infant residing en 3ikini Atoll from 1 

September 1977 to 31 August 1978 whose principle diet consisted of these sources 

f 137c 
0 s. Dosimetric projections were deter:nined froti human milk collected dur-

ing ~ay 1979, and from coconut tree sap and coconuts collected in April 1978. A 

concentration factor relating adult female 
137

cs body burdens to 
137

cs activity 

concentrations in human milk has been determined and is reported along with the 

dosimetric infor:nation. 

Limited coconut product samples from the Bikini Island camp area were col-

lected in April 1978 (:igure 1). Tilese sacples have been analyzed but consti-

. 137 . 
tute a sample size large enough to accurately estimate the true mean Cs ac:~v-

ity concentration with only iO: confidence. Additional sampling of this food 

source and an assessment of the quantity that an infant typically ingests are 

questions to be addressed in future field trips. 

2 



A list of partici?ants in the :~ay 19i9 whole-body counting and '..lrine col-

lection program was reviewed with the intent of identifying adult wcoen who were 

currently lactating. Of the population participating in this program, four fe-

males were identified as potentially capable of providing the required samples. 

Whole-body counting results, urine activity concentrations and residence inter-

vals on Bikini Atoll for tnese individuals are listed in Table 1. TI1ree of the 

. . ~ 1 1 . d . h . d l 13 7 b d . d aauit ~ema es were ong term resi ents wit resi ua Cs o y our ens, •..;hi le 

one individual (No. 6187) was identified as having a baseline 
137

cs bodi burden. 

The sample population had been exposed to 137cs in their diet during their 

resiience at Bikini Atoll frOtD. as early as 1970 up to August 1978. By ~ay 19i9, 

they had been relocated from Bikini Atoll for more than 250 days. Residual 

137
cs body burdens thus represented activity associated with the long te:-m reten-

tion compartment of the body. Although several former Bikini residents have 

?eriodically returned to Bikini Island after August 1978, the adult females who 

participated in the milk sample program had not returned to or eaten food fr=m 

Bikini Atoll prior to the ~ay sample dates. Consequently, it has been assumed 

h h d . d"d . l d . ·-· 137 . . d f d d d t at t e iet 1 not inc u e signiticant Cs contaminate oo pro ucts ~r-

ing their residence on ~ajuro Atoll. 

The selected individuals were requested to report to a female research as-

sociate who was responsible for sample collection. Samples were obtained by 

either hand expression into a sample container or through the use of a mechani-

cal )reast pump. The mechanical pump was thoroughly cleaned after each use to 

minimize cross contamination of the samples. Once collected, samples were 

stored in polyethylene bottles which were pretreated with 7.5 ml of 10~ thymol 

solution and then refrigerated until analysis. 

3 
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Samp 1 ~ .-\.-ia ly s i 3 

P=ior to preparation for anaiysis, the four human mil~ samples had oeen 

ref=igerated for approxi~ately one year. During this time the samples had 

coagulated. T!'lerefore, each sample bottle was placed in an 1.iltrasonic oath 

until t~e sample was thoroughly homogenized. Samples were then transferred from 

the ori6inal polyethylene bottle iQtO a teflon lined aluminum sample container. 

Tiie sample bottles were rinsed with distilled water and residual sampl~ re~oved. 

The sample plus rinse water was diluted to lSO ml, counted for 50,000 seconds on 

a 25~ relative efficiency lithium drifted germanium detector and analyzed for 

photon emitting radionuclides which exceeded background levels. The decay 

corrected results and one sigma counting errors are presented in Table 2 along 

wit~ specific sample infon:iation. 
137

cs was the only radionuclide positively 

identified in three of the four samples. 

Using the above technique, no potassium was detected in any of the 

samples. However, the ex?ected potassium concentration in human ~ilk (ICRP75) 

as shown in Table 3, is at least a factor of 10 smaller than the minimum detect-

able potassium concentration for the sample size and selected counting time. Tile 

~easurement of potassium at the .S mg/ml concentration would require a Qinimum 

counting interval of one week and even then would have a two sig'!lla counting 

err~r in excess of 90%. 

Tile potassium values listed in Table 2 were obtained by atomic absorption. 

An ~liquot of the diluted milk sample was used in the evaluation. This analysis 

technique is more sensitive than ga11111a spectroscopy and has a lower detection 

limit of 0.2 µg/ml • 

.,.,_ . b 137 . . . h . .,, d . 
~ue ratio etween the Cs activity concentrations in t eir mi.~ an tne 

137 . f . h . h 1 l ~ Cs body burden of the adult lactating emale is s own in t e ast co umn or 

4 



TabL~ 2. Thls ratio is in good agreement ~it~ t~e =atio of the mean ?otassi~rn 

concentration in human milk and the mean adult fe~ale potassium body burden at 

3 v 10-6 -1 age 0 of 5.5 ~ ml (ICRP 75). 

nose Calculations 

137 . 137 
The Cs daily ingestion rate of the infant is related to: the Cs ac-

tivity concentration in human milk (which is dependent on the mother's 
137

cs 

body burden), the milk uptake =a~e and mass of the infant. ~ilk uptake for 

breast fed inf ants is assumed to equal the milk secretion rate of the lactating 

:emale (~e 55). Table 3 lists the mean value and .ranges of anatomical and 

radiological parameters (:CRP75, Ki75) used in the computation of 
137

cs body 

burdens and dose equivalents. 

Dose equivalents for the infant were based on dose equivalent per unit 

cumulated activity for an average in£ant (mass 7,000 gm, trunk length 23 c~). 

The absorbed dose per unit cumulated activity •..;as det:emined from a eotal body 

source and target absorbed fraction, 0, of .17 (Table 3) for the .662 ~eV pho

ton (Ya 75) and was calculated for 137cs as follows 

where 

S • 51.2 (r F. E. + E G. H. 3.) 
l l l l l 

(1) 

E. • average energy of the ith particulate radiation ~eV, 
l 

F. • average number of ith particulate radiation with 
l 

energy Ei per disintegration, 

G. • discrete energy of the ith photon, MeV, 
1. 

H. • average number of ith photons with discrete energy 
1. G. per disintegration, 

1. 

m •mass of the target, g. 

5 
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- 3 .., 109 . . . . ··c:-1~-1 1 c. ,o-6 -1 - 1 .., ·- ~ QlS1ncegrac:ons - • ~ ~ .~ ~ ~· erz ~eV ) ·- = ____________ _;_;.,,.,;,__~-~_;;~~;__;,;,,.,;;..;;..__;; __ __;.,:__:..;,...:_~..:_:--__;::..:.;~;,,,,;,,::..,;__ 
-1 -1 

100 ergs g :l.ad 

The quality factors and the distribution or other ~odifying :actors ~ere 

k . i= 13ics . ... . ta en as unity _or in t.ie total oody. The dose equivalent ?er unit 

cumulated activity total body source to total body target value is 2.4 x 10-
3 

.-l -l - 3 Rem 'UC1'-ld-l Rem uC1 d for the male infant and 2.6 x 10 for the :emale in-

fant. Formulation of the male and female value requires the assumption that the 

body organs and tissues of the infant a·re shrunken ·1ersions of an adult. This 

approach is acceptable for the total body target and total body source configura-

tion but may lead to significant differences from the true value if applied to 

speci:ic tissues, especially active bone mar:-o'°". This is due to large differ-

ences in active bone ~arrow distribution in the infant relative to the adult. 

Although human ~ilk samples were not taken while the ~arshallese resided 

on Bikini Atoll, body burden measurements were conducted on the adult population 

from 1974 to 1978 (Co7S, ~i80). 
137 

The relationship of t~e mean adult fe~ale Cs 

body burden with respect to time can be des=ribed by a simple exponential model 

of the for.n 

where 

be 
q • a e 

q • adult female 137cs body burden, WCi, 

t • time post onset of uptake, d, 

a• 1.75 x 10-2 µCi, 

b. 2.16 x 10-3 d-1• 

( 2) 

The values of a and b were determined from a regression analysis of the adult fe-

male ~hole body counting data. The coefficient of determination for this model 

6 



lS 0.?9. 
, ~ ... 

Equation t~o was usad to estimate the ~ean ad~l: fe~ale ·~'Cs oody 

burden as of 1 Se?te~ber 1977. Tilis value (1.13 ;Ci) was then ~ul:i?lied ~y t~e 

. . l' I.. d b . - - 13 7 d I.. d . 1 nurnan mi ~ to ~o y urde~ convers1on tactor tor Cs an t.1e average a1.y con-
137 

sumption rate of human milk to calculate the mean i~fant Cs ingestion rate. 

. . 137 . . . ~ E A comparison ot the ~ean Cs daily ingestion rates .. or adul: ~ales, adult e-

males and infants on April 26, 1978 and September 1, 1977 is shown in Table 4. 

Tile 
137

cs body burden at any poi~t in time and number of disintegrations 

occurring during the uptake interval can be determined from the following equa-

t ions (Le 80) : 

= ,...,o. (... xi (e-0 .. +KE)t_e-O.+Ki.)t)j+qol:.. x I -0.+K;)tJ' 
q -u r l l '- i K. -:C... - i · i e .. 

(3) 

and 

where t • 

A • 

Po • 

K. • 
l. 

l :. 

+ qo ~ Xi (l-e-(A+K1.)t) 
"i A +K. 

l 

time post onset of uptake, days, 

(4) 

-1 
instantaneous fraction of atoms decaying per unit ti~e, day , 

-1 
initial atom ingestion rate, atoms day , 

instantaneous fraction of atoms re~oved :rom compartment t by 

-1 
physiological mechanisms, day , 

7 
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. , 
,\ i. = :=mpart=ient i deposition ==ac~ion . 

X'. = ::he :-iur.Wer of at.Jms in compar:=ient i. relat:.·1e to the nu-:nb~::- i:: all 
l 

ccmpar:men:s at t~e onset o: inc::-easing continuous uptake, (t=0), 

= instantaneous fraction or ato~s removed (or added i: ne;acive) t.J 

-1 
the atom uptake ?er unit time, day , due to fac:ors other than 

radioactive decay, 

q = instantaneous body burden, uci, 

= body burden at the onset of uptake, ~Ci, 

the nucber of disintegrations in all compart~ents occurring during 

the upta~e interval, ~Ci days. 

"'h 137 . • b d b . . . Q d 1.. _ e Cs inrant o y uraen at onset o: upta~e, q , ~as assuce to ~e 

zero in this re?ort. Also, the fraction transferred from the gastrointestinal 

tract to the blood, f,, was assigned a value of unity (Ki 75). The environmen
.i. 

tal removal rate constant, KE' as listed in table J ~as determined froo the 

adult female Bikini population. - 137 The value reflects the_addition or Cs to the 

diet (thus the negative sign) between April 1977 and April 1973. Tile value of 

K_ fer adult males and for adult females were found to be equal. Since K_ 
~ c 

appeared tc be constant for the adult ?Opuia:ion, it was assumed tc be applica-

ble for the infant population. 

.... l f 137 . . l l K .ne va ue or the long term Cs physiologica remova rate constant, , 2 

(see Table 3), is variable and a function of body cass and sex. An equation 

relating these parameters to K2 was developed for the Bikini population ages 5 

to adult (Ni 81) and is of the foni: 

k • a + b ln (m) 

-1 
where k = the long term physiological removal rate constant, yr 

8 
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a = r~zressicn ~oe::~~'~nr: ~q"a1 ~o ·o ~.~r ~a·~s -nd 1 · r·or ~ 1 _ - - -.. ~ - ... - - '- ,_, .•• -'- - ... • • -+ • ema es , 

b =regression coefficienc equal to -3.9 for males and -2.6 for females, 

~ = ~ass of ~oay, ~g. 

In t~is report, K~ ~as computed using equation 4 and the ~ean body oass for t~e 

infant's first year of life, leading to a =ean biological half time of 22 days 

for male infants and 28 days for female infants at age 6 months. T~ese half 

time compare ".;ell to the value reported in ~{CRP77 of 19 days :: 8 days for in-

£ants ages 17-143 days. 

1.3 7 
Using equations 3 and 4, the Cs body burdens and the total number of 

disintegrations occurring in the body of the infant during the 365 day uptake in-

ter<Jal concluding on 31 August 1978 •.;ere calculated. The ?arameters in Table 3 

and the values of :< 2 obtained from equation ~ were also used. !he total body 

dose equivalent was then detercined, using the result from equation 1. In the 

137 
adult, red marrow absorbed dose exceeds the total body absorbed dose from Cs 

by a factor of 1.5. 'nlis is due to the scattered photon contribution along the 

cidline of the body and due to irradiation of red marrow from all sides. In the 

infant, the red marrow distribution is significantly different relative to the 

· i · · d u 7c · £ · d adult and therefore this factor cannot be app ied. ProJecte s in ant oo y 

burdens are reported i~ Table 3. !his table also sul!mlarizes the dose equivalent 

commited during the residence year on Bikini to an infant from the ingestion of 

1J7c . h . s in .uman milk. 

Discussion of Results 

The mean values presented in Table 5 were computed using equations Z and 

3 and the mean values of the quantities listed in Table 3. The ranges were 

t37 b . 
computed by substituting the upper and lower limits of adult female Cs cay 

burden on 1 Septemb~r 1977. I~ the estimate of a range of dose it may seem rea-

9 
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ingestion rates since :~ere 
, . . . 13 7 . . 

is no re1at1onsn1p ~et~een Cs ~ngest1on ra:e and 

:ioa:J mass in the oi~ini, Rongelap or t:tiri:-<. data. However, it was re;:ior:ed :hat 

the ~aximum ~ody :,urden ~as :hree ci~es gr~ater than the oean value for popula-

tion subgrou;:>s (adult males, adult feoales, female children etc.) and :he ca:ci-

mum daily activity ingestion rate was 5 tices the mean value for population 

subgroups for Rongelap, Utirik and 3ikini ~easured data (Gr60, LeoO). Conse-

quently, the excre~e values for body ~ass and cil~ ingestion race which leads to 

a :nax1mum body burden of 13 tices the mean and a maxioum dose equivalent of 13 

times the mean are not consistent with observations in the field. 

As stated earlier, a review of the Rongelap daily activity i~gestion rate 

data (LeSO) indicates that the population a3es 0 to 4 years, (cean age 2 years) 

h · 137c · · · · h , h · · l · · , aa an average s ingestion rate ~nic, was ~arger :.an tne aau t ingestion 

rate by a factor of 2. From the 3ikini data presented in table 4, this seems 

possible only if other dietary iteos are used as a food source for the 

~farshallese child. For the infant, several sources (Na81, Wi41, :-1u54, and Ba77) 

indicate that natural food supplements are frequently given. Furthermore, 

Bayliss - Smith (3a77) suggests that weani~g takes place in Pacific cultures be-

tween 6 and 12 months of age. oased on the data of table 6, an intake of a 

liter per day of coconut fluid obtained from Bikini drinking coconuts during 

-1 
April, 1978 could have increased the activity ingestion rate to 160 nCi d • 

Small children drinking fluic from Z to 3 coconuts each day could have achieved 

this level of intake. 'nlus it seems reasonable to assume that the infant's diet 

consists of human cilk and coconut by-products in varying proportions during the 

first year of life and that the dose estimates should be adjusted upward in pro-

portion co the increased activity ingestion rate that is postulated. 

10 



Secause of the low soil activity concentration and the uni:~r::i con-

ta!llination of the atolls, individuals resiiing on these atolls are not re-

quested to shower or change tnco disposal clothes prior co the '#hole body 

count. Tests conducted in the 19i8 field survey indicate this practice is 

acceptable under the environmental conditions present at these atolls. 

Persons par~icipating in whole body counting programs should be re-

quested to answer the following questions: 

1) Full name (first and last) 

2) ID D ~ome people (Rongelap and Utirik residents) may have been assigned 

BNL ~edical IDU and will have ~edical cards to verify this number. Other 

individuals will not. Operator should use historic ID# in these cases if per

son have participated in the program before]. 

3) Father's full name 

4) Mother's full name 

5) Residence Wato, Island and Atoll 

6) Recent (last tvo year's) travel history 

7) Height 

8) Weight 

5 



Electr~nic Setuo 

These setup ~rocedures have ~een ;,rri~ten '..rith the intent that the~ could 

Je used in the event that the ~hole body counter had to be re:ocated. O?era-

tors should disregard steps that obviously do not apply to the routine ~oni-

toring application. 

P~rt A Cable Connec:ions and Swttch Settings 

l. Should the detector need to be installed into the crystal shield, check 

:or physical damage while installing detector. 

2. Connect signal cables and HV cable to detector. 

3. Connect signal and HV cable from detector to summing/dividing box or 

cable. 

~. Connect BV supply to sum box. 

*' Connec: preamp to sw:u:U.ng cable. 

6. Connect preamp power to the back of the ORTEC 485 amplifier. 

i. Set preamp capacitance at 0 pf. 

8. Connect signal output of ?rearnp to signal input of amplifier. 

9. Connect signal output of amp to lOV signal input of ADC. 

10. Make sure a::iplifier swttches are initially set as follows: 

Course Gain -16 

Fine Gain - 7 

Input Polarity - Neg. 

Unipolar/!ipolar - Unipolar 

6 
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t=.r·t - -·· -J . 
.:; - .. : - :: .. ..;.:"': :- 1J t ~ r 

i: :a:-:·~·..::~:- ·..:a.s~ · .. ·.-::i -:u:-::.. :!141.:-:~~~~ ,1:--:..J.:/::~r ~a~ ::~~:i .-:o\.e.:., 1;:-:e 
;:r-e:-at::.r .s!"J<L.!...! exe:ute c:-:e r::.;t s:.·~ 5'"";'5. 1. t:"i.:at".,l_,e :;e . .,::-er:it r 
s~~~!= s:~:; ~t .;:~~ j:.~ Jr 0t~er a~pil~acle scec. 

, -· 

5. ~e~lace :overs. 

6. C~eck to see if unit :s plu~~ed intc \.~. r.ower. If not, t~en ~l~5 in 
unit. ( l!O volts - 15 ar.p :ir:t:it) 

7. Fush :ialt but tun. 

g• Depress 3oot button ( c:ie r:uncer 173;Jn() shl,;ul.: .appear on the jispby 
sc:?en~. 

l:J. ~elea.se Halt 'co.!ttOr.. I~se:-: "'!'P1..,;5 I/TP - .50 .»aster Uislc" intv .••.• 
~lac~ t ~ ~is~e::e i~to disk re~~er sc chat ~ini floppy la.eel is in 
u~~e= =i~ht :orner an~ fa:tng cowarjs ~~e :eili~~. 

; i """"-. r"' ., ........ -- ~ . 

l.!.. ,epress a .. ot cutt1Jn. 'iote: Upon release of the boot l:uttun, t·~e ;-:i~i 
flc.i;py will surt :iiovi:i~ ar.d i1 lic:le red L5ht on the :"lini flcr.-ry will 
t~rn on. Boot will halt ilt a location !0350. This is nor~al. 

12. For AL.':-IAT use, :onte'1t of lo::"ticns 17'0 and 1704 sh<.uld ce 3.'):IJ il.nd 10'1 
res;:iectivel·: il.r.d t~e :onte!"lt vf lo:ations 323-12 a:-d 32350 shoulJ te 16;240. 

Locaticn '.:'es:=i~tion 

173~ i:hans ( -1.\r'C 
C~annels> 

t"."n E ::-.d :ore 

1724 Suffer 2 

32342 ,1.llcws lo r-s 

323.5;} 1..'ata ·\cq • 

:urren t 
Content 

•v.t/10 

161'1002 

2220 

!a3~35~ 

30352 

Correct 
Co!"lte!"lt Corrt!'!ents 

These contents :an te 
changec onlv prier to 
s t e p 9 • 13 ·.is in g C·DT 
Emulatcr l•~gua5e. To 
:~ar.~e :onte!"lt in a loca
t1Qn, trpe in lo:~tion 
~um~er, I CF~ ty=es out 
:urre!"lt lo~ation and co~
tent. To :han6e conte!"lt 
type in new val~e c~. 
otherwi~e. TY?~ li~e feed 
to 1L0k •t ~ex~ lacati:n 
or CR tu ter..i:--a'te GDT •.ise'..!., 



13. T!'::-'E eit!":er ''P" or "lG". =iYSte:i ·..,.1 ~:. :es;:cnc .... ~:-'':'Fi S-l:"':0lv" ;u:-i -=~e 
?JO H ~0.:10. 

15. T:ts~rt ":-.;~'.l'." diskette i:ito :nini flo-:-v. 

lo. "r"t"'FE ":. T 19;L I C:-..:R.i.tU\,, 3. Systel'l . ..,.ill respond wi:~ 728 ;t .2!0,2~. T~i.s 

1 .. .. . . 
. ' lS "1 r.•r:::ta .... 

TYPE "'I'' ""'.R. • 

Shl.1uld the operator or svsten eve:- ;et =~nf'.Jse""! tc: t:-:e poi·: wt:ere not!iing 
see:is :c wor~. reinitiate t~e systel'l s:~:t:n~ it s;ep s.s. 

19) 09eratioa of Function&.! Coacrol Panel ( (( ( 

a) At the end o! step B.18, the system is capable of acq~iring and d!spl~Jing 
data, overlay data and cursor movement. !he initial program content~ 
for certain key parameters are: 

ADC'• 
ADC Origin 
ADC ~de 
Live Time 

Deacript ioa 

Display Main Origin 
Display Overlay Origin 
Display Length 
Overlay Off set 
Overlay and Main Trace Counts 

Full Scale {CFS) 

Initial Content 

l 
l 

ADO-ONE 
Infinity 

l 
l 

l/2 of Total Chan• Alott~ent 
l 

8192 

b) To change any NON-ODT variable (those noted on FCP) do the followin~: 

FCP Button 

Map, Main 

Map, ~in, Region of 
Intereac ( (-. 1 1 1 

, 
Map, Overly 

Map, Main, Overly 

Main or Overly Orig. 

Allowable Resconses 

Both depressed turns on main trace of preset 
origin for preset length. 

Displays main trace and area between cursors. 

Both depressed turns on overlay display at 
preset origin for length equal to main trace. 

Turns both display traces on. , ~oie: 
map off will not reset TLain or overly 
These muse be initiali4ed when map is 

Turning 
switchE"s. 
t":Jrned on. 

CPU types on screen ~!NORG or OVORC: Opera:: or I · 
respons from Trf or key pad with numer:c valu'
betW'een 0 - C:1an1' followed by CR. 



\ 

Ovrly Offset 

DSP Length, Main 
crs, Ov!'ly cFs 

w' .:t 

'{ 

z 

Start: 

Stop 

Zero (both buttons) 

. -·- - -

CPU types "OV OFFSET:" On screen. Opera cor 
responds from TT'l or key pad #ith desired 
digital offset followed by CR. 

All three buttons work in conjunction with 
right:nosc rotary switch Q2. nepressing any 
of these switches sets len2th OT counts full 
acale equal to the value represented by the 
pJSition of rotary switch 112 (see below). 

No function. 

Square root display. 

Log diS"play. 

Starts all ADC'• addressed throu~h rotary switch 
11 posit ion 12. 

Stopa addressed ADC's. 

w'hen main display in on, zeroes what is being 
displayed. When main trace is off, prompts 
operator for area to be zeroed. Response is 
from TTY or key pad . 

Rotary Switch ~l & 
DO button directly 
below it 

See following cable for all functions. Basic operation 
is to select desired conunand. Position switch. Push DO. 
Either a statement of execution or question will appear 
on Che screen. Respond from TTY or key pad. 

Rotary Switch 12 

DO Beneath Rotary 
Switch 12 

Selects display length and counts full scale. 

Undefined. 

Rotary Switch Ill Rotary Switch 112 

Position Function Position Display Length/Cts full 
scale ~ain and overlav 

l ADC ADD l Mode l 128 
2 ADC Sub l Mode 2 256 
3 ADC in MCS Mode 3 512 
4 ADC List Mode 4 1024 
5 ADC in MSS Mode 5 2048 
6 Non-Ale er 6 4096 
7 Sec Live Time 7 8192 
8 Sec Real Time 8 16384 
9 Origin 9 J276& 

10 Preset Counts lO 66536 
ll Level ll 131072 
12 Select ADC 12 262144 

lJ 524288 
14 t048576 

15 E;c!c FCP 15 2097152 
16 Exit and Delete 16 4194304 

Trace 



il. '.-fake sure ADC secti:'.gs are :.:ii:::i.all:r as follows: 

LL!) - 0.1 

UL;) - 9.99 

Group Size - 256 

Conversion Gain - 20~8 

Analyze/off - Analyze 

Coinc/Anticoinc - Anci~oinc 

Zero Level - 0.~8 

12. Check to make sure that hi6h voltage supply is plugged into A.C. power. 

13. Check to make sure that ~i:n.Bin (if operator uses external nicbin) is 

plugged in and power to ~i~bin in ON. 

l~. Set HW supply to positive lOOOV and turn on HV supply. 

~ .,~-
... ---- zC Program 

There are five programs currently available for use on the TP-50: 

1. Alphal 

2. Curmov 

3. STA..'iDARJ 

4. STA..'lDAR4 

5. P~L\DJ 

Alphal, CL"R..~OV, STA..'lDA.R3 and 4 plus P~.\DJ are all located on one 

diskette. Programs can be loaded in the following way: 

*L T 19 CJ. 

*L I File Name CR 

Alphal and ST.~'lDAl 3 and ~ are auto start programs while the other pro-

grams ::i.ust be told ':o start wi:h a "G" CR. 

7 
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l. ?~-~..; 

Loaded and star:ed as desc:-:!."!:led above. ?rog:-sm acquires indi•ridua.!. 

spectrum for each pm tube. ~aits :or operator to ccopare photopeak. If tubes 

need ad]ust:ent, p:-ogra:!l loops until ad:ustment is completed. ?rog:-3.!:l docu

mented. Operator need only to follow inst:uct:!.ons in program. See Part E of 

this section for specific instruc:ions. 

2. C::R.!-!OV 

Loaded as stated in steps 3.14 through B.17. Loaded only into buf

fer 12 and executed when cursor cove push button is selected or when button 

below rotaey s'Co71.tch 112 is pressed. After ?ushing button, system asks "ADCll:··. 

Operator respo~ds with the nu::iber l or 2 tr.en CR. System will then print out 

the cur:-ent U.·.re ti:ne and ;ireset live time of selected ADC and the channel ij 

plus content of the cursors plus 3 channels above and below cursor. 

3. STANDA.U 

Program loaded as stated in the introduction to this section. Pur

pose is to create standards which can be used in the oatrix reduction program 

Alphal from e."'tisting spectra. Special instr".lc tions for use follow in ne."'tt 

section. 

4. STA.'1DAR4 

Program loaded as stated above. Purpose is to create standard 

spectrum at time of data acquisition. Program operation is selfexplanatory. 

5. .U.PSA.l 

Program is loaded as stated in section instruction. Pur?ose is to 

analyze ;:aI spectra acquired on :1'-50. Spect:-al length cannot e~ceed 256 

channels. Program operation is not well documented. See operation procedures 

Part C for specific operational instruc:!ons. 

8 



r~~ ~hol.e ~cJv :cu,...ting sce~::a are t~ ~e 256 =~annel.s in le~gt~ an~ ~ave 

1n l'~e::§;',' :a.l.:.t:l:'at·cn cf l"'i '.<ev ;e:: channel. E::eC'gv c2li!:n.t.:.on al0~; · ... ith 
svste'.'1 e~·fi:ie:'lcies shcul.·j '-:~ c:-:ecke1 at least 3 tl::<es ~e:.: ho·J: =av. :.i;rs-:!ci 
reso:~tion shc•..il.: te ::ieclce·j e4c:1 ti:ne a cor:i['Oneri~ i.s :~:an~ed or ove;i. T!"le 
cpel:'ator s:iculd tire :h~ f:illow1:-:5 cr:r:inana se~ue~:e :.:-:co t!'le :on,...Uti!::: 

u~e:ator C:Pt.'. Resoonse 

1) x FORG( l, l) CR .. 
;;, ) x FC..::l( l, oo) CR .. 
3) x fO.:R ( 2 , 13 3 ) .. 
4) CpeC'ator 1e~resses .>tai:i Origin tutton •. "ilHG: 

5) l C3. 

6) Operator de~resses .'wt.~? a:id t~e~ .\tAI'l push t:uttor.s. 
60 137 

7) ?l.1ce c!':ec!t Co and 

8) !:lepress . .\JJ~ su:t button or type X F'\X( l,lJC10) ~. 

Q) Ccmr'!uter s·.·ste!"l now dis:lavs :;,oint sour:e sr.:e:trum. T!ie !"'ea:.: c!iannel -,f 
137 

Cs should a~rear as :~e 1st point to the right of t~e left cursoricursor ~1) 1 

while the ~i;h ene:gv peak of Co ( 1.33 mev) sho•:ld apc-ear as t!-e lst 
channel to the ri~!"lt of t,e ri;ht cursor (c~rsor ~2). If cu:sors do not 
i~dica.e prorer location of i-eak channels, then &nplifier fi:ie ;ai~ and 
.!.DC zero r.;.a·1 ~ave tu be adjusted. 'tote: See :.iectic:i. :3 tn lear::. ho1" to 
adj1.:st the horizor.tal ar::: vertical lir.its of the 1ispl;i.y sc:ee~. 

:~) Operator shc1.:ld adjust a.nplifier gain u~til the c62 kev 
oo 

aratea from the 133~ kev Co peak b' 67 c~ar:ne ls. 

137 
Cs peak is se P-

ll) .~hen a;nrllf ier gain is correct, AOC zero s!"lould be adjusted until the 662 
~ev photopeak is fou~d i:i. charnel 66 and the 1334 kev pnotopea~ is fou~d 
in c!'lan:-:el 133. 'lote~ vpe:-ato: must zero the displaved s:·e:trur: after 
eac~ adj~st~ent t. gain or zer~. 

12) .~hen pro,·er e:-l!rgy calibration has been ac!':ieved, c!:ec!c syste::l resol•.!tio n. 

13) Stop Ai.1.: ac.1uisition by pu.shi~g ADC st.::r t:uttcn. 

14) Zero s~e:t:~m. 
137 

15) Place Cs ;:ioi:i.t sour:e along the central a.."<i.s <.'t t!°'.e ..:!ete:tor a=prc:cinately 
0.3 to 1 ~eter fr:~ the ~ete:tor. 

~., ·- '• ( 



( 

17) Ulo·.~ d.1t;i to 1.::~ui:e fur 'lt:out 1;·1 secC'~·:3 • .5i:L!' . .\UC ty de~ress:.:i3 
.\.'.)':: stop but:on or ty;:-i'."!g X F3TP( l) C'.i.. 

19) 

20) 

21) 

~·love :eft ;.:-:d ri_,~,t c·Jrsors ·J:itil t~ey :ire positior~ed at t!"!~ :!'u~nel.s 

which are at half the :ou:its of t~e ;e1k channel. 

Obtain c~a:i:i~l nurncer cf eac, c~rscr bv de~ressi~g button u:id~r 
rtotary .;iwi tc'.l 2 u1d r-espondin;; to .:?'C question w1 th the .\OC :1'..l.'!lt:'e:: 
( l to 4) foll.o\~ed t;,., ;. :ar::ia;e ::etu::i. 

:ornpute :esGl~tion at full wi~th at half ~aximurn: 

~ rtesulu ti on ~ 
Kev at :=1.'f-.:.\1) x LJIJ 

Resolutions of 9 to .:.:~are acceptable. ~igher resnlutions re~uire 
that the pro~r~ ?~1. 1.w ·ce r'.:n and photomultiplier tuce adj•;St'1te!"tS :e 
made. Design li~its of the ~ete:tor orohibit resolutions of less t~~"'! 

9 "'o• 

Part E - ~~oto~ulti~tier .\dj~st~e:it 

l) I:lsert :he pro:sra.m diskette i:'l:o ::.i:"li floppy '.J"'!it. 

2) Ty~e LT l9;L I ?X~JJ ":.1. 

3) System will respond ~~th ?28 at ~o.oo. 

'4) Opera tor t·:pes '"G .. -::R. 

S) Disconnect all ::Ut one sig~al cable from the photomultiplier tubes of 
the detector :inc follow all instructions in t~e pro6ram. 

t'.l) Increase amplifier gain by a factor of 4. 

7) . .\cquire :i s;-ectrum of eac~ P~ tuce outcut usi:ig pro;sram. 
137 

d) Adjust e,ch P~ tube gai~ sr that the Cs peaks overlav each ot~er a~ain 
following ins:ructior:s as outline! in P:>t\DJ. 

9) If peak hei$hts vary cnce all peaks overlay the adjust, the focus of the 
P~ tubes t::i ~et t!:le :na:ci?llut!l co•Jnt rate i:i t~e Cs-137 pi-1oto pealc are1. 

!..)} Attach all si~nal cable tc P~I tu~s. reduce a.mplifie: ~ain tc origi:ial 
position and com~ute resolution. Repeat until resolutio~ is as :lcse 
to Q ~ as possible. 



o~erational ?rocedu~es 

?a.rt A - Personnel De~ographic Data 

l. When a person repor:s for a whole body cou:-.::, the opera.t~r shou11 

obtain the followtng infor::i.ation: 

a. Complete name 

b. BNL ID ~ of person 

c. Height 

d. Weight 

e. Father's full name 

f. Mother's full name 

g. Residence Waco Island and atoll 

h. Recent travel history (prior 2 years) 

2. Count indi·1idual for 900 seconds. ~ote: Individual :nust sit •.Jith 

good posture. Do not per:nit individual to slouch. 

3. After counti:ig period, store data on diskette and analyze data using ( 

procedure to analyze data using Alphal. 

4. Release person. 

S. Record results in log book. 

Part B - QC Procedures 

The typical QC program should include four parts: background, 

standards, repetative counts on subjects and counting subjects with known body 

burdens. All four aspects shall be included in this program. 

l. 900 sec-Backgrounds should be taken at least three ti~es per day: 

a. Morning prior to counting. 

b. Noon (or mid-counting schedule). 

c. Evening after counting is done. 

9 



2. 60 sec-?oint source standa~ds should be taken just prior to che 

backgrounds to verify ~ero and gain and overall syste~ stability. T~e 

integral over a S?ecific energy range should always be constant ~:. 

3. Persons in the operational group ~ho have kno•..m body burdens shall 

be counted during the counting period at least once. 

4. 5% of all patients ~ill be recounted. 

Part C - Procedure to Analy=e wata Using Al?hal 

Alphal allows the user to acquire data while the previous data acquisi

tion is being analyzed. All data (background QC and samples) ~ be ac

quired, stored and analyzed with ALPS.Al. There are several basic comt:lands: 

files, background, analyze, standard and sa~ple. Each command runs a ~ini 

program under Alphal. To load Alphal, insert correct diskette and then type L 

T 19; L ! Ar..PHAl CR. The program is auto starting so read the initial 

,·- Qessage; it appears only once. Note: All yes and no response requires the 

full wor~ to be typed not just the first letter: 

( 

1. I~itial Startup 

a. Set the clock by typing the day of year (1-366) then a space, 

the hour and a space then the minute of the day CR. 

b. Type STA.\1'ARD for the next command. 

The standard program :rust be called 2 times before proceeding 

further with ALPH.Al. The first time is set up the standard into a 12 to 250 

channel matrL~. The ne~ time is to select which standards should be used. 

Enter standard ntl!llbers appropriate to the detector being used. Use standards 

from the 1,000 series for detector 11 and standards from the 2,000 series for 

detector #2. 

Under ST, the next r~sponse should be Recall or RE.C~. 

10 



d. Cocputer t:.7es Operator t:??es Commeni: 

Chair 
Geometry 

Bott.!.e Phantom 

Adult 

Adolescent 

Juvenile 

Insert: diskett:e CR 
t:ype retur:l .,hen 
=eaciy 

STD ~fo 

~trix Full 
Command 
RECALL, LIST, 

Select: 
Delet:e Stncis? 
Sr.mti 
sr.rori 
STIID# 
ST~1)1J Cocim.and 

1023 (;~015) 
1020 (2007) 
1010(2001) 
1026 (2017) 
loisc:oo9) 
1012(2003) 
1024(2019) 
1016(2011) 
1015(2005) 
1030(2020) 

ST 
SE 

~o 

1023 or 
1020 or 
1010 or 

CR 

1026 
1018 
1012 

CR 

t:ype ~:ucliie 

Adult 
Chair 
Geometry 
Adolescent: 
Chai:
G.aome t::-y 
Juvenile 
Chair 
Geometry 
Point 
Source 
Chair 

or 1024 
or 1016 
or 1015 or 

CR 
1030 

CR 

Co-60 
Cs-137 
?otassi~ 

Co-60 
Cs-l.37 
Potassiu::i 
C..J-60 
Cs-137 
Potassiu::i 
Co-60, Cs-137 
Pt Source 
Geometry 

~ote: Under standard selection, if detector ~2 is used, sub
stitute appropriate Adult, Adolescent or Juvenile stand
ard nu:nbers for those listed above. The follawing tabla 
lists total standards available to user. If above spec-
tra cannot be recal:ed, substitute with appropriate standard. 

1J7Cs 60co Potassium Point CsCo 
Det. 1 Dec. 2 Det. 1 Det. 2 Det. l Det. 2 Det. l Det. 2 

1020 2007 1027 2014 1009 2001 1022 2013 
1021 2008 1028 2015 1010 2002 1030 2020 
1018 2009 1025 2016 1011 2003 
1019 2010 1026 2017 1012 2004 
1016 2011 1023 2018 1013 2005 
1017 2012 1024 2019 1015 2006 

11 
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I 
\" 

~I 

"' a. aackc;:-ound Acquire 

CPU ?.esccnse 

Command 
Acquire, store or print? 
De vie!' ;t 

. Time 
Conmand 

b. Sack ground Store 

Command 
Acquire, Store or print? 
Device • Compress 
Number 

Cce:-3t~r ~esconse 

BA 
AC 

1 
900 

BA 
ST 

l 
No 
lC< 

3) Sample 

a. Acquire 

b. Store 

4) Analysis of Sample 

CPU 

Is Bk9 ok 

CPU Resconse Ooerator 

Command SA 
Acquire, store or print? AC 
Device # l 
Time 900 
Conwnand 

Conmand SA 
Acquire, store or print? ST 
Input # l 
Sal!lpl e it XXX 
Sample Weight l 
Days since sampling a 
Compress NO 

Operator 

yes or no 
if no 

Bkqround on disk or tape? yes or no 

Bkq number 
Sample Spectrum on tape? 

S&mple I.D. • 
Compressed 
SW:ltr3ct Skq 
Region to analyze 
Start • 
End • 

i! no program goes to background acq. 
if yes program asks for nl.llntler 
xx 
yes or no 
if nc and count finished 
system will analyze just finished 
coun~. If yes then; 
xx 
NO 

NO 

:?O <100) 
100 (:200) 



Sa:!l.pl~ is :tr.alvzed and results ;:-r:~ted out. F<·r •Jnif~r::1 activity 
sa:nr;les. start ar.d e:id can !:e c!":ailrels ;:Q-2:~·0 res1.'e:tivelv. 

\ ty~i:~l proc~du:e t~ follow would b~ tu set ~o the syste~, ac~uire 

a ~ack~round ar.d store the result3. ~ext acquire a sa~ple s~e:tr~m a:id 
store resulu. :onti:iue to ac.:iuir<" ti1ird spectrur.i. A:ialyzc s:u::ple ~1, 

usir.g bk;. •l. ~ne ~use alsa :enenber to jeselect and re~elect :~e 

1•·:-r<..:rir~ate st~ndar:i.s based on t!":e i:idividual e.xa.-ir.ec. 

( 
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l. ST • .\..'IDARJ 

To load program insert di~kette wit~ S7A.~DARJ file. 

a. Type L r 19 CR 
b. Type L I STAN'DAR.3 CR 
c. Prcgram is auto starting so it will type out a message when ?rogram is 

running. Read message. 
d. Type CNTL C twice. System should respond with ?00 at 76.2 

* e. Type LT 19; LA File name; X FLR (257,512}; L CR 
Note: File name ia the name of the appropriate background file. 

f. Syatem responses with *· Type L ! 19 0 LA File name: X :ta (l,Z56): L C CR 
Note: the above statement ~ust be on 1 line. Also the file name is 

the name of the standard file. 
I· Type G CR 
h. Anaver first question concerning Bkg (Is Bkg correct?) NO CR 
1. Ansver yea to ne~t question (!kg on disk or tape?) 
j. An.aver any four digit number to next question (Bkg number?) 
k. Enter acquisition ti~e of Bkg in seconds 
l. Enter acquisition ti=e of standard 
m. Enter nuclide name, mass number, activity, halflive and days standard 

ia to be decayed. ~ote: Use s?ace base to teC'l:linate data entry. 
n. Ansver. No to compress standard 
o. Assign and I.D. ~ co standard type CR. 
p. System aeks 1f another STD is to be created. Anaver yes or no. 
q. If yes, system asks if Bkg is okay. If yes, respond YES if no, type 

C~ C cvice and repeat ate?s E through p. 
r. lf Bkg is okay, response !?S then type Cncl C twice and repeat steps 

f throush p. 



1) De: pres~ HAL 7 but ::1.rn 
:) Tur~ power Jf: ::0 7P SO 
3) Turn H.V. supply off 
~) Tur~ volca~e co 0 voles 

5) Tur~ on H.V. supply. 
6) Increase H.V. to 1,000 volts. 
7) Allow H.V. to scabilize for ac l~ast JO minutes before acquiring 

standards or back~rounds. 
8) Turn TP SO on. 
9) Depress thert--release aOOT button. 

10) Release HALT button. 
11) Type~ G. Com~uter r~sponds with? 00 at a line number. 
12) Push~ but:on on. (If ic was on when operator started procedure, tur~ 

it off then back on). 
13) ?ush main trace button on. (If it was on ac seep 8, turn lt off t~en 

back on again). 
t.:i) Type 0 G (CR). 
15) Computer resµonds with COM.'1.AND: 
lo) Operator is now running the ALPHA l program. 

NO:E: If the computer doesn't respond as indicated in step ll, the system 
must be rebooted from !?OS-I. 
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.:ut i~vesti;ation oi the avai:abie in:o~acion abo~t :he ~utritio~al r2-

~uirements of iniants revealed a :'?54 :!arstlall Islands study oy '.·lurai C!u5:'.+.). 

Intakes oi breast oil~ were ~ot recorded, however her data :or three infants 

indicated 31 gd-l of coconut ::uici :or a 3 ~ont~ old, 56 gd-i oi coconut sa? :or 

a 6 oonth old and 100 gd-l oi coconut fluid ?lus 150 
.-1 

ga of coconut ~mbryos for 

an 11 month old. This inior:nation and the observed coconut ?reduct acti·.rity con-

cencration shown in Table 6 provided an estimated coconut product mean and range 

- . - d . 1 . . . . - 13 7c ot :n:ant a1 y activity lngest:on rate rcr s. lt is also known that cer-

tain components of the diet, such as doughnuts and r1ce, are made with coconut 

fl . d h h. f 13 7 h I.. • f. d ul , owever, t is source o Cs as not Jeen quant1 ie • Dose equi•1alenc: 

13 7 
coc::::iiti:::.ent and ·body burden estimates f:-om coconut product ingest ion of Cs are 

also listed in Table 5. 

Finally, one whole body count of a four ~ant~ old infant was attempted ln 

April 1978 at the parent's request. Although the infant would not remain sta-

tionary during the counting interval and a calibration ;eometry had to be 

estimated for such a small subject, the infant's 
137cs body burden of O.ZO ~Ci 

137 
falls within the range of expected Cs body burdens as reported in Table 5. 

Summary 

numan milk and coconut products have been examined to deter-=iine their 

dosimetric significance as a dietary source term for the infant residing on 

Bikini Atoll. The data indicates that a hypothetical maximum 
137 

Cs body burden 

. -~· . l37c in the mother could not cause an ir.fanc of this acoll to lngest sur.1c1ent s 

activity from human milk alone to yield an annual dose equivalent commi:~enc 

that would exceed 500 mRem. 
137 

However, the additional ingestion of other Cs 

contaminated material such as coconut sap or the fluid of the nut increases the 

projecte.d dose equivalent commitment estimates such chat the hypothetical aver-

11 
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age ~~rant exceeds an an~ual dose equivalent ~f 500 mRem. :'he data indicate 

. ., _137 d'l .... 
t~at a ~ice range oc Cs a1.y act1v1ty 1~gest1on rates are possibl~ and that 

human r:iil~ is most likely not the major dietary item contributing to tl1e infant 

' . 137~ d 'l . . . . 
popu~at1on ~s a1 y act1v1ty ingestion rates. 

In addition to the dose equivalent ccnmitment calculated :or the ingestion 

of 
137cs, the external dose equivalent for the residence interval must be added 

to deter::tine the total dose equivalent commitment. Based on ioni=ation chamber 

measurements conducted from l9i5 through 1977 (GR79), an infant (age 0-4 years) 

would have been exposed to a net average external exposure rate of 10.l UR/hr 

during the residence interval l September 1977 to 31 August 1978. This ccrre-

spends to a dose of 77 mrem due to external exposure. 

Finally, through use of the methods presented here, it is possible to eval-

uate the expecte_d body burden and dose equivalent ccmmit:::ients that infants, age 

0 to 1: months, will or have received through adequate sampling of the adult :e-

male ?Opulation and the food products to be consumed. 
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Table l 

13 7 
~ay 1979 Cs 3ody 3urden and ~rine Accivity Concentrations for 

Laccatir.g Female ?opulatio~ 

:fay lS> 7 9 
Residence !nterval Date 

137Cs 
:1ay 1979 Urine Activit:: 

on Sikini Relocated to Body 3urden Concentration 
ID{: Atoll, Year ~-lajuro Ato 11 \..:Ci ::iC i/ l 

6062 3 8/31/i8 0.088 2.0 

6098 4 8/3 l /78 0.18 N.J. 

6110 8 8/31/78 0.11 N.D. 

6187 .08 8/31/78 0.0016 ~r. D. 

N.J. = No data available. Urine sample not provided 1n ~ay 1979 or sample 
too small for analysis. 
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6062 

6098 

6110 

6187 

N.A. = 

~adionuclide Concentrations in ~arsnallese ~uman ~il~ Samples 

Sample 
Volume, 

ml 

18 

30 

10 

27 

Sample 
Data 

5/16/79 

5/17/i9 

5/21/79 

5/16/79 

Potassium 
Concentration, 

mg/ml 

0.69 

0.51 

0.41 

0.45 

137 
Cs 

i1-
-1cs Activity 
Concentration 
in :-!uman :~i l ~ 
to l3 7cs Body 

Activity Concentration, Burden Ratio, 
pCi/ml ml-1 

0.53::6.4i. 

0.26::21~~ 

<0.057 

4.6xl0-6 

") 0 10-6 ......... x 

-6 2.4xl0 

:~.A. 

Noc applicable. Control 
quantity of 137cs. 

human cilk sample contai~ed no measurable 

18 



Table 3 

?hysiologi=al and aadiological ?3ramet2r3 ~sed to :ecer~ine 
137cs Sody Burdens and Jose Equivalencs 

Quantity 

Infant :1i lk 
Ingestion Rate 

Potassium in Ruman ~ilk 

~ass of ~ale at Birth 

~ass of Female at Sirth 

~ass of ~ale at Age One 

Xass o~ !emale at Age One 

Radio logical Removal Race 
Constant 

Environmental le!Iloval Race 
Cons cane 

Compartment Jeposition 
Fractious 

Physiological Re!Iloval Rate 
Constant:s, ~ales 

Fe!Ilales 

'd , - 1 137c d ,,. u. t : e!Ila e s 3o y 
Bur.ien on 9/1/77 

137c , . . . . s ,,.ct:v1ty Concentration in 
Human :·lil~ to 137cs Lactating 
Fe:nale 3ody Burden Ratio 

Absorbed !raction in Total Body 
for 137cs .6616 MeV Photon 
Emission in Infants 

Sy:::bol 

' I\ 

q 

0 

19 

:!ean 

350 

0.51 

3.5 

3.4 

10.~ 

9.5 

-l.67xl0 

.13 

.87 

.s 

.031 

.025 

l. 13 

-3 

3.28xlo-6 

.175 

?ara:neters 
Range 

500 to 3000 

0.37 to 0.63 

2.3 to 4.7 

2.2 to 4.6 

9.1 to ll.3 

8.2 to 10.3 

6.2xl0-5 to 
6.5xl0-5 

-4 -4. 68xl0 _4 to 
9.97xl0 

.02 to .22 

.78 to .97 

.33 to 1.4 

.026 to .043 

.021 to .033 

0.27 to 3.66 

Z. 36xl0-6 to 
4. SSxl0-6 

.15 to .20 

Units 

cl/d 

mg/ml 

kg 

kg 

kg 

-1 
d 

~lo Uni ts 
No Units 

lJCi 

1-1 
:n -

No t'nits 
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Tao le ... 

137 Instantaneous Cs Ac~ivity I~gest~on ~ate on 1 September 1977 
and 26 April l9i3 

l September 1977 26 April 1978 
13 7cs Ac:i·;ity 137 Cs Activi:7 

Ingestion Rat a nCi/d Ingestion Rate nCi/d 
Population Mean High Low ~ean High Low 

Adult ~ale 58 270 8.2 85 400 12 

Adult Female 22 100 5.7 32 150 3 • .'.+. 

I:ifants 
ingesting only 
human milk 3.2 10. 0.75 4.7 15 l. l 

I:if~nts 

i:'lgesti:ig only 
coconut produc:s 9.6 13 0.32 14 27 l.~ 
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Table 5 

Total Body Dose ~quivalent Commit~ent and Body Burden at t~e 

End of ~esidence :rom l September 19i7 to 31 August 1978 
for ~ypothetical 3ikini Island Infant 

Human : 1i 1 k Cons ur:ip ti on On 1 y 

137cs Body Burden, µci 

137 cs Total Dose Equivalent 
Cammi t:nent, Rem 

~ean :tean Low 

~al: Infants 0.15 0.036 o.~9 0 .11 0.025 0.34 

Female Infants 0 .19 0.045 0.62 0.14 0.034 0.43 

Coconut Product Consumption Only 

~ean Low High ~lean Low 

:!ale Infants 0.46 0.040 0.87 0.32 o.o:s 0.61 

Female Inf ants 0.57 0.049 1.1 0.43 0.037 O.Sl 

l ·1 l C d · a Tota ~h k P us oconur: Pro uct Consumpr:ion 

~1ean Low High Mean Low High 

Male Infants 0.62 0.076 0.43 0.053 0.94 

Female Infants 0. 76 0.094 1. 7 0.58 0 .Oil 1.3 

a 
Does not include contribution to dose equivalent from food products made 
with coconut fluid, meat or sap. 
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Table 6 

·1 io-a 137~ . . . .. A;:>r::. , / 1..s Average Act::.vity in C..::conut ?roduc::s at 3i~::.:!i Island 

Coconut Fluid Coconut ~teat Coconut Sap 

Act i ''i ty per unit 160 70 22 
mass or volu:ne t>C i mi-1 pCi -1 pCi m1-l gm 

Sample Size 12 coconuts 12 coconuts 2 liters 
from 3 trees from 3 trees from 2 trees 

( 22 
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PROTOCOLS 

Whole Body Counting Operations Manual 

Standard Procedure for Air Sampling 

Protocol for Radiochemical Analysis of Urine, Teeth and Milk 

Radiochemical Analysis and Analytical Procedures for Determination of 
I-129 in Soil 
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-( r"''"hole 3odv C.:iuntin~ r'Ji:ier~tions ~anual 

!ntroduc:ion 

!he enclosed ~terial is desi5~ed to ?rovide basic info~ation con

cer!ling :he routine whole :iody count!::ig ;irogram at 3rook~aven ~lational :.a.bora

tot"'J cam.). The document is di•1ided into several sec:ions: selection crite

ria, participant notification and prepar~:ion, electronic set-up, operational 

procedure, progral:l error diag~ostics, results-records, and syste~ cali~ration. 

Eac~ section has :een W't'itten :o per::dt system evaluation and operation under 

nor::nal conditions. Li~ited discussion is given to unusual occurrences in the 

follovtng sec:ions: participant preparation and prograi:i error diagnostics. 
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!he '#hole body counting and uri::.e anal:rtic.3.l ser·1ice ;:iro1:-:3.::ls are con

ducted under contract 'M'i :h t:he :.J .s. Depart:nent of E:neqy for i:'lcii·1i.!uals li·1-

ing on atolls or islands in :he ~arshall Islands chai::. which were radiolo5i

c1lly contami:<ated by t:he t: .s. ~d Pacific ~uclear ':-ieapon :'esci:::g P:-cgra::i. 

Individuals currently ;:iar:icipati::.g in the ;:irogram are residents of ::newetak, 

C jel.ang, Rongelap and Utirik Atolls plus :or::ier r\?sidents of 3i~ini Atoll 

currently residing on Majuro Atoll, Jaluit Atoll and Kili Island. 

Each atoll is ~onitored di!ferently. At Rongelap and Utirik, the size 

oi the population participating !.:i the progra:n is approici::i:ately :?O indi•r!.duals 

;:>er age and sex subgroup. n.ere are si:t subg:-oups consistL-ig of ::iale adul:s, 

ado le scents and ju•1eniles plus f eoale :idults, adolescents and juveniles. ~!'le 

nu::iber :o is the nu:nber of individuals required in the sample to provide an 

esti::iate of the :nean body burden at the 90i: confidence li::U.t. ~for.:iall;r, the 

sa:ne population is sample overti~e to dete:-:nine any trends in the data. 

For the for:::er oikini Atoll population, individuals who resided on 

Bikini Island during the final cvo year residence interval ~ere ::ionitored 

until July 1980 :o follow the decline of l37C3 in their bodies. Special 

i~teresc was given :c individuals present on Bikini !sland during the 3~i1. 

April 19iS field survey and to individuals who were ;:>resent at the ti:ne of the 

Bikini population resettle:nent in September 1978. It is unlikely that these 

individuals ~ill be monitored again relating to the 3ikini ~xperience 

1969-1978. Howe•rer, persons par~ici;iati~g in the repatriation of Eneu Island 

which is to commence in 1981 will be monitored initially on a six :onth jasi3 

2 



~hich is to coincide wi:h the ?ro~osed si~ ~onth :-esidency ?eriod on Zne~ 

Island for the fot"::ler 3ikini Islanders. :'':le ?reci.se :nonitoring :requenc:; of 

:he Eneu population subg=oup will be deter:::iined :rom che inicial ~ody burden 

levels by the Depar~:ent of Znergy. 

At ~nevetak and Ujelang Atolls, the entire ?Opulation is :nonitored. 7he 

:requency of monitoring is once per year and this :nonitoring schedule is ex

pec:ed to continue at least until the indi~enous food products ::i.ature. 

3 



Partici~ant ~ocification and ?re~aration 

The 3!IT. ~arshal.!. Is:.a.:1ds ~a.C.:!.ol5ical Safety ?rogra::i advises JOE and JOI 

as Co the fr~quency that per3ons residing on contaminatad atolls should be 

::ionitored. Once the frequency is decided, the prograo. is impla~entad. T~e 

following table lists the atoll, frequency of monitoring and nutlber of 

individuals in the population that are monitored. 

Atoll 

Enewetak-Ujelang 
Rongelap 
~tirik 

3i~ini 

:'able l 

F:-eouenc:r 

Yearly 
3i-yearl:r 
Bi-yearl.y 
Se:ni-annual 

Number in .\toll 

400 
100 
100 

~lumber ;1ot detar
mined but would con
sist of population 
residing on Sneu 
Island 

The nor:ial ?rocedure to initiate a :llssion is to register the proposed 

t:-ip plan to the Pacific Area Support Office of the Oepartt1ent of Ener~7. 

Once informed of the proposed schedule, PASO will notify the appropriate local 

and federal authorization of the ~arshall Islands gover'!'lment. If changes in 

scheduling are necessar:r, they are usually accomplished at this ti~e. !he 

? . .\SO representat:ive is al'.iays the official link bet·..;een B~TL and t!'le ~rshall 

Islands people and government both prior co and during a field trip. 

Upon arrival at the designated atoll, a local meeting with atoll author-

i:ies is required to i~:or::i the local personel of the field trip plans and 

scheduling. This serves as a ques~ion and ans'.ier period for the people par:!-

cipating in the ~onitoring prog=am and is an i~por~ant aspect of the success-

ful completion of the field t=!p. 
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P:oce~ure :o ~~~v Jaca or ?roz:l~ Jiske::es 

:'he ooe:-ac.Jrs iiave ~een provided ..,.i::t 2 copies Ot al:. prograo. and SCJ.nd
J.:ds Jiskec:es. 7hese dis~ec:es or all data diskec:es can be copied usi~g cha 
follo~i~g procedure. Oaca dis~ec:es should be filled with 65 spect:a before 
reoui:ing iuplicacion (che phys1ca:. l~~ic is iZ spec::a). A cooplete explana
tion af the disk duplication process :an be found in cext, "!?OS :!/!PSO 3asic 
~se," Appendix E Dtsk dupl~:acian: 

l) Depress nALT buc:on 
2) Insert TPOS rr diskette 
J) Release HALT button 
~) Depress aOO! button then 1~mediately r:l~ase button 
5) ~aic for !POS ~I co re~d into. the computer 
6) Aiter disk unit has been addressed C#ice (red light goes on and off 
twice) type Control C twice 
7) Compucer responds ~ith ~~N > 
;j) Operator type:>: S~T ?AR• 18 (CR) 
9) Disk unit is addressed twice 

10) ~hen disk light goes off for the second time, type Control C twice 
l l ) ..-mpute r res ponds ~tmr > 
12) Operator types: ICO?Y (CR) 
13) The comoucer now reads in the pro~ra~ co copy inror:nation 
14) Operator now follows this sequence 

CPL' 

ICOPY > 

!~lSRT I~:PUT 

I~lSRT OUTPL'T 

I~SRT INPUT 

INSRT OUTPL'T 

INSRT INPUT 

!~lSRT OUTP!.i'T 

ICOPY > 

Ooerator 

TX: • TX: (CR) 

[Operator inserts data or ?rogram diskette ~hich 
is to be copied and then ~/pes (CR).J 

(Operator inserts a zeroed ~iskette a~d ty~es ~~) 

(Operator inserts diskette to be copied and ~/pes 
(CR).] 

[Operator inserts zeroed diskette a second ti=e 
and then type (CR).] 

[Operator inserts diskette to be copied and cypes 
(CR).) 

[Operator inser:s zeroed diskette for third ti~e 
and types (CR).J 

15) The ICOPY program takes 3 passes to copy one disketce to another. 
16) The operator can copy another diskette ~1th ICOPY by just repeating the 
process in step 14. 
17) When finished, operator can either power the unit down or load in !POS I, 
CUR..~OV, ALPHA l and standards. 

NOTE:: .1.ny diskette •.;hich is to be copied should be •.rrit.e protected. A second 
comQent is that :he disket:e ~hie~ shall be used as the copy ~use be zeroed 
but not Eon!ated. 

F'or::iac=d diskettes are :.ised exctusively by t!"-•4:! ALPHA l progr<im •.1hile 
zeroed di:>kt!CCo:!s are us ... d rw Tr"""1C>Y .• P •·-- ~ 



Procedure co ~ove Cursors 

The procedure per::iits che oper3tor to move the cursors lar~e discances 
quickly and should be used prior to loadb3 A.!..?HA l. 

1) With computer in t~e in:erac:ive ~ode (computer has respo~ded ~i:~ an 
asterisk) type the following series of coc:imands: 

CPU 

* 

* 

x 

Ooerator 

FCUR (2, 1157) (CR) 

Fct:R ( l, 1090) (CR) 

:!) Continue loading ALPHA l program. If ALPHA l was running ~hen the 
o~erator decided co ~ave the cursors using these commands chen type: G (CR). 
T~is returns the operator to ALPHA l at the COMM.AND position. 

~ote: The general foniat to ~ave cursors is X FCUR (Cl, CH) (CR) 
where Ol • cursor number (l • left, 2 • right) 

CH • memory location where operator wants the cursor. 
Cursor 2 can never ~e to the left to cursor 1. Likewise, cursor l can 
never be to the right of cursor 2. If the operator accidentally 
positions the cursors illegally, the operator will receive an error 
code. 

I 
' ' 



Procedure to :or.:iat Qisket:es 

This procedure ::iust be executed before TIL progra~s or data can be 
stored on the diskett~: 

1) ~ith computer in the interactive mode-(rf operator is running ALPHA 1, 
t~e operator can get into t~e i;:'lterac:ive mode by !:"/ping C.Jntrol C se11eral 
ti::ies. '.-.'hen the operator gees an asterisk instead of the ·.;ord command, the 
conpucer is in the i;:'lteracci~e ~ode). The operator insercs a zeroed diskette 
into the disk drive then cy~es the following command sequence: 

CPU Ooerator 

* t r 19 (CR) 

L F ~ (CR) 

disk drive turni:; 

* 
2) Repeat process to Eoti:!at as :nany diskettes as desired. 

3) To retur:i to program, type: G (CR) 



~roccdure co Zero ~ew Diskec:es 

This procedure Ls n~cessary co allow ne'-1 diskettes co !:le used for 
copying or formating with TIL programs or data: 

l) ?ress HAI.7 button on computer. 
~) [nsert TPOS II diskette into the dlsk unlc. 
3) Release fl.ALT button. 
4) Press booc !:iuc::on. (This is .J momentary S\o/i.tch. Press it in, then 

release it). 
5) Wait for computer to instruct operator to cyp~ Control C twice. 
6) Typ~ CNTL C twic~. 
7) Cumputer response •.iith ~tO~ >. 
8) Type the following s~quence (~or a complete description, see TPOS 

II/7?-50,Basic use manual Appendix E"). 

CPU 

'.10N > 

ZER > 

ZER > 

ZER > 

Oner.Jc or 

1J:: R (CR) 

(Operator now inserts diskette to he zeroed then 
ty?e). TX:/CLR/DSZ:2/FOR (CR). 

(Operator now inserts the next diskette to be zeroed). 
TX:/CLR/DSZ:2/FOR (CR). 

9) The process is repeated until all diskettes are zeroed. 
10) \/hen finished, type CNTL C t•..t1ce. 
11) Computer responds ••1th '.10N >. 
12) Operator aiay now run other TPOS !I programs or reBoot the systera ~1th 
TPOS !. 

. '· 
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E rr::i:- "l·..:rr-bers fer i?OS are organized in ar(")ur>s. Errnrs i' thrnuqh 19 are 
'.IL errors, errors 20 chrounh ?Oare Library error~. anrl errors 3~ and uo 

are 7?0S errors. (Far discussion of TIL and Library errors, see sections 
3.3.l.i and 3.8.1.2, respectively, of the TTL User ''anual.) TPns errors 
are· 

?3~ Il1eoa1 numerical argument (too large, too small, 
or wr::mg base). 

?31 !1 le -: l "ti" command (may al so cause ?~ti.). '1ay be 
cau::. .. by an attempt to issue the "!J E n" command 
while list mode is turned on. 

732 ~Dn-1 ADC error. 
733 "UZ" command not understood. 
734 More than 20 FnLY's pendina. 
?35 Isotvoe tahle exceederj, 

When an error is encountered in a FOCAL program, an error message is typed 
on the teletype in the fol lowing format: 

?01 AT 3.52 

The first number given is the error diagnostic. The second number is the line 
number at which the error was encountered. The fol lowing is a list of the 
standard FOCAL error diagnostics, followed by diagnostics for the HYCCUPS 
extensions and the library. Note that diagnostic: numbers 23 ·through 27 are 
used in both the Library software and the HYCCUPS software. 

FOCAL- l 1 Standard Error Diagnostics 

?00 Monuof restart from location 0 or by CTRL/C 

?01 Illegal line number 

?02 1 lle;al variable or function name 

?03 Unmatching parentheses 

?04 Illegal command 

?05 Non-existent line number 

?06 Non-existent group or line number in *00* 

?07 Illegal format in *SET* or *FOR* 

?08 Double or missing operaton in expression 

?09 Stack overflow or non-existent device 

?10 Core filled by text or command line too long (o) 
15 

" ,. ' 
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,i. 1 (Continued) 

~ 

FOCAL-11 Stcndcrd Error Dicgnostics 

? 1 J 

?12 

?13 

?14 

?JS 

?16 

?17 

Core fil~ed by variables or no room for vcricbles (o) 

Exponent range greater then E-: 38 {o) I 

Oiscllowe~ bus cddreu in "FX" (o) ( 

Division by zero attempted (r) 

Attempt to exponenticte to a negctive ~wer or power too Jorge (r) 

Too many characters in input dote (r) "' 

Square root of negative number (r) 

·-?-18 -- - Input bufferoverffcw ______ --

.,. ... 
(~) indicates operational error 

(r) indicates a run-time errcr 

.. 
• HYCCUPS Oicgnostics 

?23 Cursor number rot 1 or 2 
?24 ''Unrealistic arguments i.n "FZER" 

?25 Illegal thumbwheel or rotOf'y switch 

?26 Run time given too large For 25 bit~ 

?27 I Origin given is too large or ADC input not 1 to a 

' Library D iagnosti c:s .::..------· 
?JO f 

,/ 

Attempt to recd a program line longer than allowed 

?20 Non-existent library func:ticn,-

?21 Open or store with previously used flle name 

• .. 

?22 
?23 

Open, store, ask, or in commend when a fife is already open for outpu· 

library function containing non-existent n le 

?24 

?2S 
?26 

?27 

?28 

?29 

Attempt to kill or write when file )s net open for output 

File ncme missing on library function 

Directory fuJi (no more opens or deres allowed) 

Hardware error on read or write 

No more storage space, or attempt to read beyond end of fife 
(normal entry for "in 11 on file not terminated with an asterisk) 

Hardware error on write, or attempt to write beyond end of medium 

16 
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~ JO ac 

? en at 

"' 02 at 

? 03 ac 

•].:+ at. 

? 0 5 ac 

,-

? 06 at: 

? J7 at 

? 08 at 

? 09 at 

( 

(ncer~rec~cion 3nd sug~esc~J r~scun~~. 

" 
~anudl resc~r: frcm Q or by c:~L!C. [f ooeracor exic~d 
,\lpha l, recur;, cu progr::.m 'Jy cyp:.:13 C (CR). 

Illegul line nu~ber. Operucor hd~ cried co ~rice a 
pro~ra~ line ac dn illegal line numner, Check avail
ub!..e LL1e t1uml:ier3 in T?US manua13. 

(lle~al variable or f11nccion .1arne. uµer..i.cor has used 
dn non-existent tunccion. Check function cable !POS 
manual. 

Unmatching parenthesis. Oper.:icor has not: closed all 
open parenthesis in arithe~dtic or function statement. 
Try again. 

( l legal CummanJ. 
agai:1. 

0 pe ra car should t .... . ' inc.ended command 

~on-exisc~nt line number. Operator ~as told program co 
execuce a line chat does not exist. Check line number. 
lf line number should be t:here and is. not:, reload pro
grac. 

Non-exist: group or line number in "DO'" loop. Check for 
line number. IE present, try "DO" s ta cement again 
otherwise reload program. 

Illegal format in ''set" or "for" statemenc. Operacor 
has not followed programming foc::iac. Check FOCAL pro
gram book for for:nat. 

Double or missi:1g operators in expression. Operator 
should check program line for program errors. 

Stack overflow or non-existent device. There are only 
2 error codes which should cause major concern. this 
is one of them. There are infinice possibilit:!es ~hen 
this coulJ occur. the ~ore li~e ones are listed below: 

a) \./hen chis error occurs at step 14 of the startup 
inst~uctions it means a device (ADC, mini-Floppy or 
memory) is n~t responding co the unibus signal. 
Usually you know i! the ~ini-Floppy is working since 
chat is how TPOS ! was loaded or ii core memo~/ is 
bein~ addressed (T?OS 1 #on't load if the memory does 
noc resptH1d co c!1t:! uni bus signal). Also the display 
and TTY pdd 1Jork •>r again you r.;oul J not: have loaded 
rpos r. fhis leaves the ADC. ~•hen ? 09 uccurs at s ccp 
~~. chc~~ the ~ar!.jble dip swit:c~es on che 1505 and 
~501' boards. If these a re sec: i "'!cor!'ec c:.!.y or if c~e 
tSG4 ~hnugh l'ilJ6 '.loards are bud, :1ou ,;e!: the 7 09 at 
• l"" s ':i,. ·" • 



' 1)9 dt 

10 at 

? 11 at 
through ? 19 

? 20 at 

? 21 at 

? 22 at 

'l 3 at 

b) .\ :ne!!lory bl.)ar:i, .:ont:oller board, :\DC board, etc., 
fail:> and then che de•1ice is addressed ""ill also cause 
a ? 09. C0ncencraceJrepa1r ef torcs on che dev:ce se
lected chac 5av~ ? 09. 

c) A non-destructive and acceptable ? 09 occurs when 
you manual:.y zero . .WC :nemory frorn channel 1281 to 1536 
using the zero butcon and the visual display. Return 
to the program by cyping G (CR). 

Core filled by text or command line too long. This er
ror occurs f:equentlf due :o operator errors. If the 
operator fails co execute step 18 in the instruction 

\,. 

maual before loading in Alpha l, an error 10 ~ill oc-
cur. The only way to correct this problem is to start 
over again ac seep 8. The other occurrence of che er
ror is •hen ~emor; fails during execucion of Alpha l. 
Replace bad oemo~/ board. 

These are standard errors not nonually encountered. If 
encountered, they ~ould occur duri~g analysis of data 
under the Alpha l program. The problem would ~osc 
likely be chat the spectrum being analyzed is composed 
of all zeros. This would occur if the operator stored 
the spectrum from Input 12 instead of Input Jl. The 
solution is co verify the existence of a valid spec
trum. If one exists analyze spectrum on second system. 
If you get the same error code then the spectrum is 
faulty. Acquire a new one. If the spectrum is cor
rect, reload !POS I, CUR.~OV, ALPHAl and standards on 
syste~ #here error occurred. 

Non-existent Library function. You should never en
counter this error. 

Open or store with previously used file name. !his is 
a common error and simply means that the operator has 
attempted to store 2 separate data files (spectra) with 
the same 4 digit ti:,numbers. Solution: lst, the 
operator should ty~e0o (CR). This will put the 
operatcr back into the Alpha 1 program at the CO~~~~D: 
location. The operator can now type "Files'' (CR) and 
determine •hen the duplicate number occurred or t:1pe 
"SAMPLE" or "BACKGROUND'' (CR) and attempt to "STORE" 
the data file again, but •.rith a different number. 

Open, store, ask or in command when a file is already 
open for input. Operator will not see this error. 

Library function cuntaininv, non-existent file name. 
This is a common ;rror made by all operators. The 
error code simply means: a) the diskette in the disk 
drive is the Jrong one ur b) the operator never 
stored a f!!e with the soecified nunber on it. Solu
tion: First ~·heck to Jecermine if the correct disk.
t!Cte ha::o bec11 :.ri::oerted in che tape drive. 



? ::J at 

? ::.:. a c 

: 26 ac 

? 27 at 

? 28 ac 

? 29 H 

? JO 

31 :::- ? JS 

7his is the ~osc common uperacur ~istdke. Insert che 
cor:-ecc .:iiskecte then Cf pe "G (CR)." This W'ill place 
the operator back ~n Alpha 1 C0~-0l.1.:W: :node. The o~e:-

ator c~en cries co r~call the spectrum again. lf the 
cor:r:c: diskette is in the disk drive, then either che 
operator entered the wrong :ile number or never re
corded the file. Check to see lf the file exiits on 
the diskette by typing "G (C&)" (which places op~racor 
back in the CG:!~!..~ID: mode) and then :II.ZS (CR):. 

.-\tteopc to K:~.L or '.iRITE 1o1he::i on f Ue i.s open for ouc
puc. This error should not be ex~erienced. 

Directory i~ full. The operator aiay encounter chis 
error iE he(she) attempts co score ~ore than i2 files 
(spectra) on a diskecce. ~or~all~. chis error means 
chat the file which the operator cried co store has not 
been scored and ~use be scored on che new diskette. 

Hardware error indicated on read or . .,.rite. This error 
occurs under several cases: l) Operator tried to 
store data on ~rice protected diskette. ?lace unpro
cec:ed diskette in disk unH. Type "G (CR)" and ":.":'/ co 
score or recall data again. 2) Operator has inserted 
disk with wrong oriencacion. Remove diskette and 
insert ?roperly. 7ype "G (CR)" and try ::o score or 
recall daca again. 3) :'he d!sk controlled is 

.... , ..... 
malfunctioning (board by c.u:..i bin). Operacor should 
cype "G (CR)" and cry co score or recall daca again. 
The controller board occasionally malfunctioning on ics 
ovn. There is no real significance to che problem un
less it becomes a nuisance. (For example. one or c~o 
error 27s per 14 hr day is nor.nal). The firsc solut!on 
is co open che TP-30 cop and allow ~ore air flow to the 
controller. tf this does not sol•1e the proble~, re
place controller board. Nace: An error 27 means no 
data was scored or recalled. 

Acte~pc to read file beyond last character or program 
file not auto starting. Operator should see this error 
when readi~g in P~J and C~R.~OV programs. 

Hardware error or write or act~~pc to write beyond the 
end or med!um. Operator ~ill see this error if he(she) 
cries co score ~ore than 72 daca files on a diskette. 

Lllegal ~u~erical argument. Operator will frequent-
ly see chi::> error in Program P!1ADJ. Error code jusc 
indicates c~ac several D~U devi~e$ required daca trans
fer si~ulcaneously and one device received err3nC daca. 
7o conc!:1>1Je cype "G (CR)". 

~rrar codes nae applicable :o current use. 



~esults 

The results generated by the com.puter indicate the microcurie quantities 

of the radionuclides that are present in/on the individual. The computer an

alysis technique used to resolve photo peaks from a Na! (Tl) detector is a 

weighed least squares fitting technique. This approach has been chosen over 

manual spectrum stripping or photo peak regression analysis because the tech

nique provides operator inde?endent results, sufficient infon:iation to de

tet"Jline if a significant radionuclide has been missed and accurate results for 

positively identified radionuclides when all nuclides present in the s<ll:lple 

are not present in the nuclear library. 

There are limitations of this analysis software (Alpha T). It is a 

nuclide specific analysis technique with a limited nuclide library (12 

nuclides). This ~eans that to properly analyze a spectrum, the operator ~ust 

first know what are the possible components of the spectrum, have calibration 

standards for those nuclides, and then select the proper nuclid~s to be part 

of the analysis package. The system is also somewhat geometry sensitive. ~o 

geocietric corrections are applied to the data other than those =ade by selec

tion of proper calibration phantom size. Consequently, individuals who 

significantly differ from the standard man, adolescent or juvenile phantom 

used for system calibration may have their body burdens be in error by several 

percent. This error is not included in the counting error which is reported 

with each result. 

In addition, under routine operation, any positively ide~tified nuclide 

is assumed to have entered the body by the ingestion pathway. For purpose of 

dosimetry, the exposure is assumed to follow a constantly increasing or de

creasing uptake scenario and the committed dose equivalent is computed based 

on the measured body burden, retention functions 3nd cumulated ac:ivity 

12 

( 

( 



•1al:.ies (S) found :!.:i '.~?.!) 11 or o~n.;~rL'R.::G/~·!-!.90. 

( 



Rec~rds 

Whole body canting results are repor:ed to the ~epart~ent of Energ7 

Within 45 days following a field trip. Dose equivalent coocit~ents are re

ported periodically as the need arises. 

Whole body counting results are recorded in the daily equipment opera

tions log, in an individual record log and in the personnel dosimetry data 

base. All resul:s are to be considered as private, but are avaiable t~ the 

individual upon request. 

14 
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.., -. Port.'.lble Hi Vol Sa11oles 

Tilese samples will be used to assess 10cal resuspension mediated by 
human activity. The air sampling equi?ment is usually operat~d at 
selected sites in the field while the su~1ey team is on station, and 
removed when the survey team leaves. The equipment consists of A. C. 
operated high-volume blower coupled to 8 x 10 inch filter media (usually 
glass fiber). 

Tilesamplers should be installed as close as possible to people work
ing in a defined area, and they should be biased toward the down~ind side 
of the work area. If ~ossible, the samples should be operated only duri~g 
periods of human activity. Flow rates and operating times must be logged 
to determine the total volumes of air samples. This equipment must be po~ered 
by portable electric g~nerators in the fiel~. 

3. Aerosol Particle Sizi~g Sa~~les 

Two high-volumeAnd~rsen cascade impactors are available for particle 
size-selective air sampling. These samples ~ill be used for assessments 
of the res[Jirable fractions of resuspended aerosols. !•.Jo cascade imp-actors 
are available: a 4-stQge unit coupled to a standard Hi Vol blower, and 
a 5-stage sampling head ~hie~ ~ust be operated with a positive displace-
ment pump (such as the Roots blowe~. in the Eixed-station sampling equipment). 
The specifications for the cascade impactors are listed in the table below; 

Jet Place No. 
1-1 
2-3 
3-4 
4-5 

"Special·• (5-s cage only) 
5-8 

Backup Fi.lter 

Effective Cut-off (µm-M?-t.\D) 
7 .0 
3.3 
2.0 
1.1 
0.43 

Collection Plate Only 
1.1 (4-stage) or 
0.43 (5-stage) 

The 4-stage unit must b1: operated as a portable air sampler while the survey 
team is on-station; and it is generally operated in association with the 
portable Hi Vols. The S-stage i~pactor has anodized jet plates, and may be 
operatea in the field for extended periods of time. Long-term sampling is 
desirable to perform raJioassays of aerosols at very low activity concen
trations. 

C. Setup and Calibration or Instruments 

1. Andersen Cascade Impac~or 

(a) Cleaning of the Orifice Collection Plates 

i. clean each plate with a mild detergent and warm water , 
ii. rinse the plates ~ith acetone or alcohol to remove t 

the 11ac:2r 
iii.. h<indl..:! c:~,e plate.:s ,1c: al"!. tim.:s by the ~<lges to prev.:nt 

gct:ti:1g <.;.~a oil o:-\ t'.1e ·.:irifi...::.; anJ collectiun pl.:ites; 
make St!r, the holes ar~ noc ?:·~gged 
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A. Purpose 

Standard Procedure for Air Sampling 
Marshall Island's ~adiological Safecy Program 

An air sampling program has been established to identify and quantify 
radioactive aerosols on th~ village islands of ;ikini, Rongelap and Utirik 
Atolls. It is felt that these aerosols are gen.:rated primarily through 
resuspension of radioacciv~ materials in local .. oils; and that resuspension 
processes are mediated by the ~ind and by human activities. The program is 
designed to characterize seasonal variations in airborne radioactivity, and 
to determine annual averag~ concentrations from which dose commitments via 
the inhalation pathway can be derived. 

B. Sample Types 

Three types of air samples and associated s. Lmpling equipment •Jill be 
used in the air sampling prograo. They are (1) fixed station high-volume 
samples, (2) portable high-voluoe samples and ,3) aerosol particle sizing 
samples. Each of these is disc~ssec below~ 

1. Fixed S cation Hi Vul (or "H..;.St") Samole:~ 

These samples will be used to assess ti1.1e averaged concentrations 
of down-coming fallout and ~ind ~ediated re:;uspended aerosols. The 
sampling equipmenc con::; is cs of a Roots posit 1.ve displacement blower and 
a 1 hp mo car powered by 110 \'AC line source:;, or by D .C. bactery banks 
charged by wind-powered eleccric generators This equipment is an 
adaptation of the HA.SL desi~ned air sampler used for world-wide fall
out monitoring. The s~mpli~g head consists of an 8 11 x ld'inch filter 
holder coupled co four par~:.lel t:nico cyclo:1e preseparators which remove 
particulates greacers than about S µm ~IMAI>. A dry gas meter in the 
sampling line incegraces c~e cocal flow durLng the sampling periods. 
The samplers are designed t:o run semicontin11ously for 1 to 3 months 
between sample changes 

As of Oc;; caber 1977, fixed station sampl.~rs were installed at the 
following field stations: 

Location 
Kwajalein Is., Bldg. 815 
Roi-Namur Is., LOCB 
Bikini Is., Community ~ente= 
Rongelap Is., Athletic Field 
Utirik Is., Athletic Field 

Purpose 
Control 
Control 
Expt'l 
Expc'l 
Expt'l 

Power Source 
A.C. 
A.C. •· 
o.c. 
o.c. 
o.c. 

A sixth air sampler moJified for aerosol particle sizing is available 
co be operaced as a temporary fixed-station sampler. This A.C. unit 
is powered by a diesel electric generator. 
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(b) Arranging c~e Assembly 

i. Place a circular gasket on the interface; pl~ce 
dusting talc on the top and bottom side of all 
gasket to minimize adherence to the collection 
paper. 

ii. Place place 5 on top of the gasket. 
iii. Next place a tared collection disc (configuration 

#2) on place 5. Be sure all coll=ction substances 
are placed on the plates with the rough side .!!E.· 
Next, place another gasket, plate 4, a tared 
collection disc (configuration 01), and so on until 
plate l is in place. 

iv. Next, place the thick washer, recessed side dow-n on 
the bolt. On top of chis washer, place the thin 
flat washer and then the speedball handle. 

v. the ~ampler is now ready to be interfaced with the 
standard High Volume Sampler. 

vi. Place a cared 8 x 10 backup filter in the high volume 
holder, place the rectangular gasket on top of the 
filter and interface with the impactor. 

vii. Hand tighten all four corners of the interface plate 
with the wing nuts so that no leakage occurs. 

(c) Adjustment to 20 cfm 

i. Open both ends of the manometer and connect one end 
to the brass fitting on the inte=:ace plate with the 
rubber cubing applied. 

ii. Adjust the manometer reading to 6.0 inches (verify) 
by the use of the variac. This pressure differential 
corresponds to 20 cfm 

2. High Volume Air Sampler 

(a) Calibration at the Shop 

i. The manufacturer calibration curve may differ by as 
much as .± 104 from calibration curves generated by 
using-the calibrator set at BNL. 

ii. Tile field flowmeter previously used will be changed 
to a magnehelic pressure gauge with range from 0-2 
in Hg. A calibration curve will be generated for 
will be generated for the latter. 

(b} Out in the field, just observe the pressure reading once 
in the morning and once in the afternoon daily. This is 
to record the effect of loading. If there reason to doubt 
the flowrate due to special occurrences, e.g. power shut
off, read the pressure reading again. 

(c) The power to be used ouc in the f i.eld will be either t~te 
gas firE;d gencr.:itor, ship power, or conventional A.C. 
•Httlets. Ae -~·J!"C Ch•:: ni.:L·<:!s::>.JC"'l c.1hlt~S anc.1 adaµturs .• 1rc.: 

·• r.:.-:;enc. 



(d) The fuel for the gas fired generator is supplied by two 
5 gallon tanks of gasolin~; ic ~as found chac chis 10 gallons 
of fuel could provide the generator with power for dpproxi
mately 16 hours. ~ace: Check daily oil level; make sure 
the oil is clean; and thac the ~=~erator is not overheating, 
etc. 

(e) The Hi Vol is equipped wich an elapsed time meter to indi
cate the amount of time the sa~pler was run. Note that 
after each operation. 

(f) From preliminary data, it was fou~<l that continuous Hi Vol 
sampling at the indicated time for each island could provide 
the necessary amount of Pu activi::: in the f ilc:ers. 

Bikini--at least 2.5 days total 
Rongelap--at lease: 4 days total 

If the filc:ers are only to be ana:yzed gravi~etrically, 
2.5 day samples at each i~land ~ould be sufficient. 

3. HASL Sampler 

(a) Record che reading on c:he Drv ;_:as :·!et er. Also record the 
· pressure gauge reading an~ f il: o~ c: the information asked 

for in the index card, e.g. dace, oil change, etc. AFTER 
REMOVING A t;SED FIL:'E::l A.'lD UPO~: ?u.cr:-.rc A NEW FILTER. 

(b) The filter to be used is microsor:an with a backing paper 
between the filter and the screen of the blower unit. It 
has a plastic frame to prevent aci~erence of the filter 
paper to the gasket. Upon re~oval of a used filter, care
fully remove the plastic frame and fold the filter in half 
then in quarter and place in a pre~eighed glassine enve
lope. Attach the index card wit~ the necessary informa
tion and place in a plastic bag. 

(c) To verify optimum time for HASL sampling, the caretakers at 
Rongelap, Bikini and Utirik will have to be requested to 
note the pressure gauge reading once a ~eek. This informa
tion plus the requirements of mini~um detection limits will 
decide optimum sampling time. 

(d) Tentatively, HASL samples will be left at the following 
places for chis length of time for both the cyclone separator 

Bikini 
Rongelap 
Utirik 
Kwajalein 

1-3 c.o:i.ths 
2-3 months 

3 ccnths 
1-3 =onchs 

and the f il cer pap.::rs. Place the contents of the cyclone 
scpar~tors ln separac~ glassine envelopes. 

(. 
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D. Air Filters 

Only th~ glass fiber fil~ers are weighed. !hey are assayed gravi
mccrically for mass loading as well as ch~~ically for Pu activity. The 
microsorban filcers are just evaluaced radioche~ically for Pu activity. 

Weighing Procedures: 

1. Place che air filters on the racks and heat overnight in che 
large oven in Joe Stei~ers' lab (set at 80°C). 

2. Let oven cool for at least 4 hours wit~ dessicant at the bottom 
before ueighing the filters. 

J. Use the baffles attached to both side lindows of the Hett1.er 
balance in Joe Sceimers' lab. Weigh the f Llcer, the necessary 
glassine envelopes. 

4. Hake sure to weigh and store in a safe and clean place CO:ffROL 
samples of all types of filters and glassine envelopes. 

Note: The rationale for the glassine envelope is as follows: 

Should the sample fla~e off from the filter while 
handling and shi?ping i~ sizable amount, the enve
lopes are analyzed along with t~e filter. 

5. The sa~e ?rocedure is used for analysis of filters after use in 
the field. 

E. Soil Sampling AS$OCiated with the Air Sampling Program 

l. HASL Sampling 

Take two 2.5 cM downwind and in front of the sampler for soil 
moisture determination. Label ~ith date, location, etc. 
Package sample securely in a plastic bag. Place bagged sample 
and label in a second plastic bag. 

2. Hi Vol Sampling 

(Same as above) . 

3. Andersen Cascade I~pactor 

Do the same as above only if the ACI will be sacpling for an 
adequate amount of ti~e for radioassay for Pu activity. 



F. Criteria for Location: (Tentative--before F.C. comes up with her 
extensive design of experiment) 

1. High Activity 

2. Where People Are; Human Activity 

3. Downwind of Highly Contaminated Areas 

G. Suggestion for Hi Vol and ACI sampling for this March trip 

Bikini--see LLL soil activity data sheet (esp. Pu activity) 
Area 4 and Area 1 interface will give high Pu activity 
and high human activity. ~fake sure sampler is do~.rnwind 
of highly contaminated area. 

Rongelap--Norther~ Island if possible or else Rongelap Island 
where the women bring their cloches to wash while they 
chat. 

Utirik--place where t~e church and council bui.lding and where 
people live is located 

Kwajalein--anywhere there except the first sampling sice--by 
the Reef Bachlor/s quarter 

( 
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A. Purpose 

Protocol for Urine Bioassay Sample Collections 

Marshall Island's Radiological Saf,:ty Program 

Radiochemical analyses of urine are used to determine the exc=etion rates 
of radionuclides from individuals living in area~ affected by the Pacific 
Testing Programs, The results of these analyses will be used to: 

(1) estimate body burdens of 90sr, 239,240Pu, and other radionuclides 
which cannot be deter:nined with in vivo counting techniques. 

(2) provide independent estimates of body burdens of gamma ~mit:ers 
(such as 137cs) which can be determined by in vivo councing, and 

(3) provide an indication of the extent to which restrictions on 
certain local food items are being followed. 

B. Sample Types 

ThrP.e types of urine samples will be used in the bioassay pr0gram. They 
ara (1) single void "grab sar.lples 11

, (2) 24-hour urine samples, and (3) 
large-volume samples comprised of several 24-hour samples. Each of ~hese is 
di.:icussed below. 

(1) Single-void "~rab samole" 

This is the least desirable type, but it is also the ea.:iiest type 
to collect. Grab samples are useful for estimates of Sr and Cs excre
tion rates, but 24-hour samoles are definitelv preferred. Laboratory 
limits of detection are, in part, a function of sample volume (total 
activity per sample). A practical minimum sample volume is 200 inl. 
Attempts should be made to collect more than one voiding, if possible. 

(2) 24-hour urine samole 

This is the preferred type of sample for routine urine oioassay 
(except for alpha-emitters). The sample volume (500 to 1500 ml) should 
be adequate for Sr and Cs radio-assay, and analytical results can be 
directly compared with published excretion rate data for esti:nation of 
body burdens. 

(3) Large-volume samole 

Because of the limitations of radiochemical and counting procedures, 
large-volume samples (>5000 ~l) must be collected for bioassay oi trans
uranic nuclides. Typically, these samples will consist of five or more 
days of aggregate 24-hour urine collections. Special precautions must 
be followed to minimize the possibility of sample contamination with 
extraneous material (primarily "local" dust and dirt). 

C. Sample Collection Procedure 

(1) 24-hour urine samoles and single-void samoles 



Provide subject with a one-liter or larger plastic bottle which 
has been pre-treated with thymol preservative. Note subjects name, 
location, date and ti~e on sample bottle. Instruct subject to void 
and empty bladder just before beginning sample collection, and to 
wash hands before each successive voiding into the sample container. 
Collect all urine for the next 24 hours in the sample container, 
including a final voiding to empty the bladder just before returning 
the container to the field-trip team or its representative. ~ate 
date and ti~e of final voiding. 

The sa~e container ~ay be used for single-void samples. Ask 
subject to wait until he or she has to urinate, wash hands, then 
void into container until bladder is empty. 

(2) Large-·1olume sa.'Tloles 

Provide subject with a 2~ gallon or 5 gallon "cubitainer" or simi
lar plastic container which has been pre-treated with thymol. Note 
subject's name, location, date and time on container. Instruct subject 
to void and empty bladder just before beginning sample collection, and 
to wash hands before each successive voiding into the sample container. 
Collect all urine for the next 120 hours (5 days) or longer if possible 
(maximum: 10 days). Just before returning the container to the field
trip team at the end of :he sampling period, the bladder should be 
emptied in one final voiding. ~ate the date and time of the end of the 
sampling period on the container. 

D. Sample Container Preparai:ion, and Post-Collection Treatment 

All sample containers should be "pre-treated" by adding 15 ml of 10~ 
thymol solution in alcohol. The solution should be swirled in the container 
to completely coat the sides, and the top should be left off until the alco
hol evaporates leaving a dry thymol residue coating its inner surfaces. 

After sample collection, 10 ml of concentrated HN03 should be added to 
each container per liter of ~rine collected. Samole volume may be estimated 
The amount (volume) of HN03 added and data should be noted on the sample 
container. The container may then be sealed and packe9 for shipment to BNL. 

Upon arrival at BNL, the sample volume and pH should be measured, and 
additional concentrated HN03 added to adjust the pH to -2.0. The samples 
ma.y then be submitted for analysis. 

( 
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RADIOCHEMICAL A .. ~ALYS!S OF UR:NE, TEETH AND ~ILK 

URI:lE 3!0ASSAY SAMPLE COLLECTION A.'ID RECE!VI~JG 

Radiochemical analyses of urine are used to determine the excretion rates 

of radionuclides from individuals living in areas affected by the Pacific 

Testing Programs. The results of these analyses will be used to: 

l. estimate body burdens of 90sr, 239?u, 240?u, and other radionuc:ides 

which cannot be determined with in vivo counting techniques, 

2. provide independent estimates of body burdens of gamma emitters 

(such as 137cs) which can be deter.:iined by in vivo counting, 

3. provide an indication of the extent to which restrictions on certain 

local food items are being :ollowed. 

Sample Types 

Three types of urine samples used i:i the bioassay program are: 

1. si:igle-void "grab sample". This is the least desirable type, but it is 

also the easiest type to collect. Grab samples are useful for esti-

mates of Sr and Cs excretion rates, but l liter samples are definitel:r 

preferred. Laboratory limits of detection are, in part, a function of 

sample volume (total activity per sample). A practical minimum sample 

volume is 200 ml and attempts should be made to collect more than one 

voiding if possible, 

2. one liter urine sample. This is the preferred type of sample for rou-

tine urine bioassay (except for alpha-emitters). The l liter sample 

volume is required for Sr and Cs radioassay and analytical results can 
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be directly compared with ?ublished e~cretion rate data for estimation 

of body burdens, 

3. large-·1olume sample. Because of t~e li:ni::ations of radiochemical and 

counting procedures, lar6e-volume sacples (>5000 ml) must Je collected 

for ~ioassay of transuranic nuclides. Ty?ically, these samples will 

consist of five or more ~s of l liter urine coll~ctions. Special 

precautions :nust be followed to ::iinimize the possibilit:' of sample con

tamination with extraneous =iaterial, ?ric.arily "local" dust and dirt. 

Sample Collection and Receiving 

Provide the subject with a clean l liter polyethylene bottle. Instruct 

him/~er to empty the bladder just prior to sample collection, to wash his/her 

hands ~efore each successive voiding into t~e sample container and to collect 

all urine passed until the sample container is filled. 

The 1 liter container may also be used for single-void samples. Instruct ( 

the subject to wait until he/she has to urinate, then give instructions to wash 

hands and void into the container until bladder is empty. For large-volume sam-

ples provide the subject with 5 or more l liter bottles, using the collection 

procedure as indicated above. The subject must collect all urine voided for t~e 

next 5 - 10 days until all of the bottles are filled. 

After samples are submitted to the field trip team 15 grams (l Tablespoon) 

of boric acid are added to each liter. 

Large-volume samples intended for plutonium analysis must be acidified with 

10 ml of concentrated HN0
3 

per liter of urine and the date noted on the bottle. 
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Containers are to be labeled ~ith the following information at the time of 

collection: 

1. name of individual submitting spec::nen, 

2. date of collection, 

3. person's identi.:ication number, 

4. location of sampling, 

5. sex. 

P~ior to laboratory analysis, all sample information must be entered in the 

bioassay log and samples are to be assigned a sample analysis identification num-

ber. 

URI~lE SA..'1PL~ ?RE?ARAT!ON FOR PHOTON SPECTROSCOPY 

Sample volumes and pH are measured and recorded. The pH should be adjusted 

(.,.- to 2.0 with concentrated nitric acid. If sample volume is sufficient then 300 

ml of each sample is to be placed in a 300 ~1 capacity sealable can (8 cm diame-

I 
I 

\ 

ter x 6 cm height), labeled and gamma scanned. If sample is less than 300 ml, 

dilute premeasured volume to capacity with distilled water and scan. 

Samples are counted on a large volume lithium-drifted germanium detector. 

Data output for each sample is processed, stored and analyzed using a computer 

based multichannel analyzer. Sample counting time, usually 6,000 to 10,000 sec-

onds is determined by the sample activity concentration. Data are analyzed by 

standard nuclide identification software for phot~n emitting radionuclides. 

Data analyzed prior to 1981 used a peak search rou~ine as developed by Cast of 

!.ASL and Aebersold of Tennecomp Systems. Subsequent data have been analyzed 

using soft·.1are developed by ~iuclear Data (Report {;48-0004). The MI.D's for a 
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10,000 second count for 13 7cs and 40K are 2.5 and 35.0 pCi res?ectively. 

Potassium-40 is a naturally occurring radionuclide and is normally found in 

urine at concentrations of 1500 pCi/i ~ 30: (one standard deviation). Following 

gamma analysis, sample aliquots are returned to the original sample 

230 
and/or 'Pu analyses. 

SAMPLE ?REPARATION FOR 90sR ANALYSIS OF TEETH AND MILK 

Reagents 

as
5 

. tront1um Tracer 
Strontium Carrier 
Yttrium Carrier 
Cation Exchange Resin 
Nitric Acid 
Nitric Acid 
Hydrogen Peroxide 
Hydrochloric Acid 
Hydrochloric Acid 

sow x 8 
Cone. 
8N 
30~ 
Cone. 
0.08N 

for 90~ ~r 

Care should be taken to record all fresh and dry weights on all samples 

from which water is removed. The following procedur~ is to be performed on mil~ 

samples: 

1. to a 1 liter sample of milk add 1 ~1 of 85sr tracer, 40 mg of strontium 

carrier, 40 mg yttrium carrier and stir, 

2. add ~O grams of washed SOW x 8 cation exchange resin and stir for at 

least 30 minutes, 

3. allow the resin to settle overnight, 

~. remove the mil~ with suction, taking care not to disturb the resin, 

S. wash the resin with 400 ml of distilled water and remove it with sue-

tion, discard the milk and wash water, 

4 
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6. 

7 • 

8. 

add 400 ml of 8N HN0 3 to the resin and stir for at least 30 minutes, 

filter the acid through a What:n.an ,_:42 paper and wash the res in •.Ji th 

three SO ml volumes of 8N HNO , 
3 

evaporate the acid solu:ion to dryness, add SO ml of 30% H?O? and eva~o-.. -
rate to dryness, 

9. coo~ and dissolve in SO ml of l:l HCl; if any insoluble material re-

mains at this point filter through a double glass fiber filter paper, 

transfer to a lSO ml beaker and evaporate to dryness, 

10. dissolve in 60 ml of 0.08N HCl and proceed to step #1 of the HDEHP 

procedure. 

The following procedure is for the pre?aration of teeth samples for 

radiochemical analysis: 

l. due to the small sample size and the fact that in most cases strontium 

242 85 and plutonium results are requested add both P~ and Sr tracers, 40 

,;-- mg strontium carrier and 40 mg yttrium carrier to the sample, 
I;_ 

( 

'-

2. dissolve sample in l:l HN0
3 

and wet ash to yield a clean white residue, 

3. dissolve residue in dilute HN0 3 and proceed to plutonium al~aline earth 

phosphate method, strontium analysis is perfo?"l!led by the HDEHP method 

on the column effluent. 

s 



SEP . .\.~UION OF 90 STRONTIID1 FROM t:RINE SA}fPLES l t:T::R OR LE:SS 

Reagents 

85 . Strontium T:-acer 
Octyl Alcohol 
Nit:-ic Acid 
St:-ontium Carrier 
Yttrium Carrier 
Calcium Chloride 
Oxalic Acid 
Sodium Hydroxide 
Hydrochloric Acid 
Hydrochloric Acid 

Cone. 
20 mg/ml 
20 mg/ml 
0 .l~ 
Saturated Solution 
6M 
Cone. 
0.08N 

T:le procedure is as follows: 

l. measure sample into a 1.5 liter beaker, 

., 
-· place beaker on a stirring hot pla:e and heat slowly to 80-85°C, 

J. acidify sample to pH l wit~ nitric acid (add acid in small amounts to 

prevent excessive foaming, use a few drops of occyl alcohol if neces-

sary), 

:. . 85 add 40 mg each Sr carrier and Y carrier, 1 ml Sr tracer and 50 ml 

O.l~ CaC1
2

, 

5. digest with stirring at 80-85°C for 30 minutes, 

6. adjust to pH 4 with 6M NaOH, 

7. add 40 ml saturated oxalic acid solution and ~ix well, 

8. readjust to pR 4 with 6M NaOH and digest, with stirring, at 80-85° for 

30 minutes, 

9. remove from heat, remove stirring ~ar and let settle overnight, 

10. filter sample through a wnatman ffo42 ashless filter paper llSing dilute 

NH
4

0H wash solution to rinse beaker and ?reci?itate, 

6 
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11. transfer filter paper and precipitJ.te to a 150 ml ?yrex oeai<er and dr•r 

at 125°C f~r 1-2 hours, 

12. place sample beaker in a muffle furnace and slowly raise the tempera-

ture, over an eight hour period, to S00°C and muffle at 500°C 

overnight, 

13. remove from furnace and allow to cool, 

14. dissolve residue in 1:1 HN0
3 

and we~ ash to a clean white ash, 

!5. convert to chloride oy the add~tion of 10-15 ml cone. HCl and oai<e dryi 

16. dissolve residue in 60 ml 0.08N HC: and stir 10-15 minutes, 

17. proceed with Step 1 of HDEHP procedure. 

SEPA;\ATION OF 90 sa FROM URI~E SA.l.!PLES 7.5 TO 15 LITERS 

Reagents 

85strontium Tracer 
Octyl Alcohol 
Hydrochloric Acid 0.08N 

-------------------------Hydrochloric Acid Cone. 
-------------------------Nitric Acid SN 

Phosphoric A-c~i-d--------------------------~ 6M 
--------------------------~ Strontium Carrier 20 mg/ml 

Yttrium Carrier 20 mg/ml 
--------------------------~ Calcium Chloride O.lM 

Ammonium Hydroxide 58: 
HDEHP 20% & 5% in 

Toluene by weight 

This procedure is designed for 90sr analysis on composite urine samples. 

It is usually a batched sample obtained from persons who have been relocated 

away from contaminatad ato~ls. The contribution of 90sr to urine from the diet 

to blood to bladder. pathway is eliminated. Thus, the 90sr passed to urine is 

contributed only from ~one at the rate of .as: of the bone burden per day. For 

7 
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typical ~one ~urdens in the ~arshallese, th~s ~eans the levels in urine ~ould oe 

~et~een 0.1 to 1.0 pCi/liter. The sam~les ~re grouped :or analysis accor~ing to 

age, se~, and location. A ten liter sample is often required to obtain results 

greater than the system's mini~~'lll detectabl~ limits. 

Tite procedure is as follows: 

1. measure sample aliquots of 2.5 litars into a 4 liter ~eaker, 

z. add cone. HCl co the sample to make the urine 0.2N in HCl and yield a 

clean solution, 

3. heat sample, with stirring, to a temperature of 85-90°C, 

4. add 40 mg strontium carrier, 40 mg yttrium carrier, 1 ml 85 sR tracer, 

5. continue stirring for 30 ~inutes, 

~. slowly add ammonium hydroxide unci: a basic phosphate precipitate is 

visi~le. Continue t~e addition until the solution is basic to a pH of 

9 or greater, 

7. allow the precipitate to settle overnight, 

8. aspirate the supernatant liquid to the lowest possible level such that 

the precipitate is not disturbed, 

9. filter the sample through a ~'batman #42 ashless filter paper ~si~g di

lute NH
4

0H wash solution to rinse the beaker and precipitate, 

10. transfer the filter paper and precipitate to a 150 ml pyrex beaker and 

dry at 125°C for 1-2 hours, 

11. place sample beaker in a muffle furnace and slowly raise the tempera

ture, over an eight hour period, co S00°C and muffle at S00°C 

overnight, 

12. remove from furnace and allow to cool, 

a (. 



13. dissolve residue in 1:1 HN0 3 and wet ash to a clean ~hite ash, 

14. convert to chloride form ~y the addi~ion of 10-15 ml cone. HCl and bake 

dry, 

15. dissolve residue in 40-50 ml of O.J8N HCl and stir for 10-15 ~inutes, 

16. adjust the pH to 1.1 ± 0.1, 

17. if any solids remain at this point, filter sample through a glass fiber 

paper using 0.08N ~Cl as a ~ash solution, 

18. transfer sample solution inco a 125 ml separatory funneli 

19. rinse the sample c~ntainer with 60 ml of 207. HDEHP and add to 

separatory funnel, 

20. extract the sample by shaking vigorously for 2 minutes. Allow the 

phases to separate and drain off t~e lower aqueous phase into a second 

125 ml separatory funnel containing 60 ml of 20% HDEHP, 

21. extract the sam?le again by shaking for 2 minutes and allow phases co 

separate, 

22. drain off the aqueous phase. The aqueous phases of 3 co 6 samples may 

be combined to make a composite sample of 7.5 to 15 liters, 

23. evaporate the combined sample slowly until salting out occurs. Dilute 

to 40-30 ml with distilled H20 and adjust pH to 1.1 ± 0.1, 

24. if any solids remain at this point, filter sample through glass fiber 

paper using O.OSN HCl as a ~ash solution, 

25. transfer sample solution to a 100 ol polyethylene bottle, add ~O mg of 

· · f ass · d f ·.Ls yttrium carrier, gamma count or trontium recovery an store or 

d f 90.'{ . • 1.. ays c:>r trrium ingrowta, 

26. proceed to Step 6 of the HDEHP procedure. 

( 9 



90sn.ONT!!JM CET!R!-!I:TAT~ON 3Y HDEHP (:)!-(2-:'.THYLHEXYL) ?~CSP~ORIC ACID] :-fET:toD 

~eage:its 

1ydrochloric Acid 
HDEHP 
HDEHP~~~~~~~~~~~~~~~~~~ 

~itric Acid 
Yttrium Carrier (Purified) 
Ammonium Hydroxide 
Oxalic Acid 

0.08N 
20~ ln Toluene ~y weighc 
s: in Toluene ~y ~eight 
3~ 

20 mg/:nl 
53~~ 

Saturated Solution 

If ?reli:ninary results are desired, s:e?s 6 c~rough 9 can ~e carried out on 

the two 60 ml aliquots of 10% HDEHP. 

The ?rocedure is as follows: 

l. transfer 60 ol of 0.08N HCl sample solution into a 125 cl se?aratory 

funnel, add 20 mg yttrium carrier, 

2. rinse sample container ·..;ith 60 ml of '.!O~ HDEHP and add to separator:' 

funnel, 

3. extract the sample by shaking vigorously for 2 minutes, allowing phases 

to separate, then drain off the lower aqueous phase into a second 125 

ml separatory funnel containing 60 ml of 20~ HDEHP, 

4. extract the sample again by shaking for 2 :ninutes, allowing phases to 

separate and recording the time of second extraction, 

5. drain off the lower aqueous phase into a 100 ml polyethylene bottle, 

add 1 ml of yttrium carrier, gamma count for 85strontium recovery and 

18 d f 90 . . h store. ays or Yttrium ingrc~t , 

6. transfer sample to 125 ml separatory funnel and extract with 60 ml of_ 

5% HDEHP. Note the time of extraction. Save the aqueous phase for fu-

ture extractions if cecessary, 

7. wash the organic phase by sha~ing with 60 ml c: 0.08N P.Cl, 
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8. repeat ste? 7, 

9. 

10. 

e:~trac t 901 . f h - ., . 0 ttrium rom t e J,. HDEF.? 'Nl~h t•..;ro 60 ml volumes of JN HN 3 . 

Shake 2 minutes for each extracticn and combine the JN H~o 3 solutions 

in a 250 ml beaker, 

evaporate the JN H~0 3 sol~tion to a volume of a few ml and 

quantitatively transfer to a SO ml centrifuge tube with several small 

volumes of distilled H
2
0, 

11. place centrifuge tube in a not wat=r bath and adjust pH tc 8-10 'Nith 

NH40H to precipitate yttrium hydro~ide, 

12. centrifuge and decant supernatant liquid, 

13. wash precipitate with 10 ml distil:ed H20, centrifuge and discard wash, 

14. dissolve precipitate in 1:1 HCl (1-2 ml), slurry and ~ri~g volume t~ 25 

ml with distilled H
2
0, 

15. add 2-3 ml saturated oxalic acid, 0.5 - l ml NH,OH, stir and digest at 
.;;. 

85-90°C for 1 hour, 

16. filter through preweighed glass fi~re filter and dry at 100-110° for 10 

minutes, 

17. weigh sample and paper and determine gravimetric yield of 
90

Yttrium, 

18. mount and beta count, 

lo . . 8 . - 90 . d 
1• count again in 24-4 hours to verity Yttrium ecay. 

Counting Equipment 

905 . . d . d . . 90v • · t • trontiu:m is counte as its augnter proauct .ttrium using an an i-

coincidence low background beta counter. r.te system has an absolute 51% 

~ounti:tg efficiency and a· background range of 1.0 - 1.5 cpm. Recovery of the 
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gamma-emitting 35 sr tracer lS deter.:::iined us~ng a ~a! (Tl) crystal and 

multichannel anaiy=er. 

DETE:\..~INAT!ON OF PLUTONIL'M I~ URINE, ~ATER -~'ID ~ISCELL.~~EOUS SA.~PLES SY 

ALK..-U.!~-~ARTR ?HOSPHATE P:U:CIPITATION 

Reagents 

Sodium Nitrate 
Octyl Alcohol 
Nitric Acid 
Phosphoric Acid 
Potassium Hydroxide 
Hydrochloric Acid 
Eluting Solution 
Calcium ~itrate 
Hydrogen Peroxide 
Anion Exchange Resin 
Sodbm 3isulfate 
AII:monium Hydroxide 
Sodium Sulfate 
242Plutonium T_r_a_c_e_r--------~-----------

Cone. and 7.2:l 
85~ 

4N 
Cone. 
30 ml HCl, 0.3 ~l HF/Liter H~O 
Saturated Solution (Filtered) 
30~ 

AG1x4 50-100 cesh 

sa: 
is;; (Filcered) 
4 d/m/ml 

Plutonil.!I:l is co-precipitated with urine sales by alkaline earth phosphates. 

The organic ~acerial carried ~y the precipitate is dry ashed in a muffle f~r-

nace. Plutonium and urine salts are dissol,1ed in 7.2!7 nitdc acid. The pluto-

ni~m fraction lS absorbed once an anion exchange resin and eluted with 0.36N HCl 

- 0.008N HF. Plutonium is electrodeposited onto ~" diameter stainless steel 

discs and its activity determined by alpha pulse height spectrometry. 

The ?rocedure is as follows: 

1. add sample to an appropriate size ~eaker recording aliquot volume. 

Rinse sample container with 7.2N HN0
3 

and add to sample beaker, 

2. add an additional S ml of cone. HN0 3 , place sample on a stirring hot 

1 d d . 80° +_ S0 c, p ate an a JUSt temperature to 

12 



3. add 242Pu tracer, 1 ml of 85! H3PC.:;., 0.2 ml of saturated Ca (N0 3)
2

• 

I ... = b 90_ . 1 . . 
r SU Seq~ent ~trontlum. ana ysis ~S to be perfor.ned on sample acid l 

ml strontium carrier, l :nl yttrium carrier and 1 :nl of 85 strontitim 

tracer to the sample as well, 

4. when sample has reached 80°C, add :o :nl of 30~ a2o2 and stir sample JO 

minutes. If the sample is allowed to stand overnight, all reagents ex-

cept a2o
2 

should be added imm.ediat~ly after aliquoting, 

5. add 100 :nl of 58: NH
4

0H and allow sample to digest for one ho.ur. If ex

cessive foaming occurs add 1-2 drops octyl alcohol, 

6. remove sample from hot plate, remove stirring bar and after 1-2 hours 

check for complete precipitation b:r adding a few drops of m1
4
oH, 

7. allow precipitate to settle over~i;ht, 

8. aspirate supernate taking care not to disturb precipitate, 

9. wash down the sides of the beaker ~ith 25-30 ml of cone. HN0 3 and bring 

,- to complete dryness on a hot plate at 150°C, 

10. repeat step 9, 

11. place sample in a 500°C preheated muffle ,furnace for 2 hours, 

12. remove sample and cool to room temperature, 

13. add enough cone. HN0 3 to cover the salts and bring to dryness at l50°C, 

14. repeat step 13 five times, 

15. dissolve salts in 70 ml of 7.2N HN0 3, 

16. add 25 mg of ~aN0 2 , cover and heat at 80°C for 10-15 :ninutes, 

17. allow solution to stand 24-43 hours, 

r 13 
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18. ?re?are AGlx4 anion exchange resi~ by filling resin bottle with 

distilled water, sha~e by inver:in; several times and allow to set:~e 

20-30 cinutes. Carefully ?Our off the fines and repeat this procedure 

three times. Store resin in disti:led water, 

19. prepare exchange column by placi~g a glass wool plug at the bottom of 

a glass column (stem lOOmm x lOmm ·J.D. and reservoir 120mm x ~5mm) fill-

ing the stem of the column to the ~eek with washed resin, 

20. condition the resin ~ith 200 ml of i.2~ HN0 3 , 

21. add sample to the column with mini~al disturbance to the resin bed. !f 

any crystals remain in the sample ~t should oe filtered through a 

Nhatman ¥140 paper before introduct:.on to the coh1mn, 

22. wash do'W?l the sides of the sample )eaker with j-10 cl of 7.2~ HN0 3, 

23. when sample has drained add the beaker wash to the column, 

24. repeat steps 22 and 23, 

25. when the washes have drained, wash the column •..rith 250 ml of 7.2:~ n~rn 3 . 

1 h . b 90 . l . h l On samp es t.at require su sequent Strontium ana ysis t e co umn e:-

fluents from steps 21 through 25 should be combined and evaporated to 

dryness. Proceed with standard chloride conversion and dissolve in 60 

ml of 0.08N HCl and continue with step l of the HDEHP procedure, 

25. add 2 ml of j% ~aHso4 to a 30 ml beaker and place the beaker under the 

column, 

27. elute the plutonium by adding 30 ml of 0.36N HC1-0.C08N HF to the col-

umn. 

28. e•1aporate eluent to dr:r.tess at 120°<: or under infrared lamps. 

14 
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Electrodeposition Procedure 

l. Add 4 ml of 15: ~a 2 so4 electrolyte solution to the sample and allow to 

stand at least 30 mir.utes, 

2. assemble and leak test the plating cell, 

3. add the sample to the electrodeposition cell, 

4. rinse the beaker with distilled water and add wash to cell filling cell 

to within 1/4 inch of the top, 

5. attach the cathode lead to the bottom of the cell. Anode to cat~ode 

distance should be 5 mm, 

6. electrodeposit ?lutonium at 500 mi:liamps for 3 l/Z hours, 

7. at end of the plating period, fill the cell with 4N KOH and continue 

plating for 30 seconds, 

8. remove the cathode lead and cell from the rack and discard the solution 

carefully washing the cell with distilled water. This step should be 

carried out as quickly as possible to prevent dissolution of the pluto-

nium from the plated disc, 

9. handling the disc by the unplated edge only, wash with distilled water 

and dry under infrared lamps for 20-30 minutes, 

10. determine the plutonium activity by alpha pulse-height spectrometry. 

Counting Equipment 

The alpha counting is performed using silicon surface barrier detectors 

coupled to a computer based pulse height analysis system. The detector has a 

242 
relative counting efficiency of approximately 20% using a ?u standard. The 

~IDL for 239Pu has a range of 7-35 femtocuries. Samples are counted for 200,000 

seconds and all peaks are manually integrated. 

15 
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It is noted that ar1ne activity concentrations :~r 
239'.) .. .u corresponaing to 

5 Rem in 30 years to ~one sur:aces and liver tissue are 0.3 and L.3 fentoc~ries 

per liter respectivel?. T:lus for radiation ?rotection ;mrposes in the :1a:-sha~l 

Islands, large volume samples are required in order for t~is method to have ~rac-

t:ical application. This procedure has an ov'!!rall chemical recover:' of 60-80t. 
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The editor would li~e to thank S. Lessard, R. Xiltenberger, and J. ~aid~ 

:or t~eir valuable time and comments given in the preparation of this protocol. 
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Analytical and Qual.ity Assurance ?!"ocedures 

F.P. 3rauer·~ and J.R.. :-laidu''~ 

~eut!"on activation analysis is used for trace level ~easureoents of iodine 

1n Jiological and envirorn:iental ~aterials. Both mono-isoto?ic natural iodine 

~27.,. . . 1 ~ • ,,. i 
( i) ana :ne long-11ved (1.0 x 10 years) .. . d d 129T . :1ss1on-?ro uce _ occ~r 1n sam-

?le ~aterials and can be analyzed by neut~on activation analysis (1,2,J). Since 

1..,7 12.9 . --the environmental sources of - I and rare ditrerent, ~hich ;:iay !"esult 1n 

.. - - . . l - . . . l ' - I.. 129 !/ :2 7 -
~l:terenc ..:ne:1ca :or-::ns ana eco.L.ogic.3. ?ac:-:.ways, measurement: or t.1e J.. 

. . . . . . . . _ 129T (
2 

, ) 1sotop1c r~t10 is essential 1n studies of :he radioecology or _ ,~ . 

. . . l i: l.'.:9 1.. • 'la!"1cus ;:>recesses ccntrioute to the re ease o.. !: :o t,1e environmenc:: 

' =: 6 7 ° ) ,. 11 . l Z 9 I l i: ;: • . • . ,, .J, , , ~ • .~at:ura y occurrt:'lg resu ts .. roo sponc::aneous .. 1ss1on ot uranium 

and :rom cosmic-r3y produced spall.ation ::eactions with at:!llospneric xenon. :-Lan-

• l f 129 I h l d - l . . 1 ~aae re.eases o ave resu te :rom nuc ear weapon tests ana rrom nuc .. ear 

installation operations. 

A~:..l . .L"CS!S :!::THOD 

Dec::ermination of the 129 1 concentration and the 129 r; 127 r ratio tn most en-

·1ironmental and biological :naterials requires init:ial separation of :he 

contained iodine. Once separated, the iodine is irradiated ~ith neu:rons in a 

nuclear reactor, purified f~rther to reduce levels of interfering radionucliies, 

and t~en determined b~ gamma-ray spectromet=ic measurements. 

*Bat:telle ?acific ~orthwest Laboratories, iichland ~ashing~on 
**Brookhaven ~ational ~aboratory, Upton, ~ew York 
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modi:ication of :hat of Studier (l.9). The soil sample co be ?recessed may 'e 

a filter, activated charcoal, ion-exchange =esin, animal ?arts, vegetation or 

soil. Freeze d:-?i:tg can ·Je used as appropr:.ate :o remove moist:..:re from t!'te sac

ple ?rior ~o analysis. The sample is spi~ed with a ~nown amount of lZSI for es-

:ima:ion of the overall procedure yield. The iodine is separated by placing the 

sa~ple in a quartz combustion apparatus and igniting the sample at high tempera-

tut"e (up to l000°C) in a stream of OX"'/gen. The off-gases are passed through a 

small bed of activated charcoal that retains the iodine. 

The iodine is further purified by ~urning the original charcoal trap in ox-

ygen and t:-apping the released iodine on several oilligrams of activated c~ar-

coal. T~e iodine is then removed from the charcoal 'Y heating the charcoal in 

a vacuum system, trapping the iodine in a quartz tube at liquid nitrogen tempera

ture, and sealing the tube to make a quartz irradiation ampoule. !he 125 r in 

the ampoule is determined by gamma-ray spectrometry to estimate the pre-

ir~adiation processing yield. Typical yields range from 90% to 100:. 

Quartz ampoules containing the iodine separated from the samples are 

ir~adiated with :-eactot" neutrons for 8 to 24 hours. Comparator standards 

. . . . - 12 5 I ' 12 7 I and 12 9 I . d . d . . h or-c on ta 1n 1 ng ~nown t"atios or are irra iate w1tn eac set 

samples. The neutron capture reactions used for the iodine activation analysis 

are: 

( 1) 

(2) 

2 ( 



::9.( )1J0
1 :.. n' '( 

Inte:-:ering ::-eacc:ions i.ncLud~: 

~ - . ' 
'... . .__ ... :ir 

'"" 5 .... '( . e 

l Z 7 T ( ' ) 12 3 T ( ) 12 9 I ( . ) ~ J 0 I 3 - . 'I 13 0 .,, _ n , ( .. n , y n , ( .\,e 
12.~ hr 

( J ) 

( 4) 

( 5) 

Inter:erence from reaction (4) is mini~ized by use of small ac:ivity 

, 1 - 125 ,_ 126 T d · , ( ) _eve.s ot I so t.iat ~ ?rO uce1on oy :-:acc:ion 2 ?redominates. ~eacc: ion 

(5) :i:ics :he i=provemenc 1n sensitivity t~ac can .,e obtained by i:icreasing the 

exposure time and neutron flux. ~eucron exposure conditions are sele=ted on the 

.,asis of expected stable iodine content of 5i·1en sample ty?es in or::ier co li!:li::: 

the corre=tion required due to reaction (5) to less than 107.. 

Following irradiation the quartz ampoules are cleaned, frozen with liquid 

nicr~gen and crushed into a reaction vessel containing a dilute H
2

so
4 

solution 

~f i.Jdine and 1:lromine carriers and ::a..,s,o. ( sodi..mi pyrcsu lfice). ::xcess so., :.s 
.. - :::i 

removed by sparging with nitrogen. The bromide and iodide ions are then 

oxidized to bromine and iodate by the additi-:in of !O!n0
4 

and the bromine 

distilled from the solution. The iodate remaining in the reaction vessel ts 

::-educed to iodide wi::h :ta,s ... o
5 

and then oxidized c-:i iodine wich H2o .... .. - ... 
7!'1.e io-

dine is distil!ed from the reaction vessel into a ~a,s.,o. solution. - .. ) 

.,..... . . . 
• ne tea :ne 

:::-ac:i-:in ts further ?urified by oxidation with H
2
o 2, extraction into CC1 4 , and 

Jack extraction with Na
2
s

2
o5 solution. The extractions are repeated as neces-

3 



~odine de=onta:ninati~n. ; - ; ; - ~ .. .. ~ - ....... a. - .: . -. .... :, -
mounted on t~in plastic scintillators for counting. 

The 128! . lJOI .. · d · h ana activities ?rO ucea in t e sample and ccm?arator 

standards during irradiation are deter.:iined ~y 3amma-ray spectrometry ::om sev-

eral spectra collected over a period of time. Low-level, beta-gated, multiple 

gamma-coincidence spectrometric techniques (10) are used when required co ~ea-

sure very small amounts of activity. 125 . . 
Tile I act1v1ty is also :neasureci in the 

sample and comparator standard by gamma-ray spectrometry. 

The components in the time-dependent gamma-ray spectra of samples and the 

comparator standard are calculated by a weighted lease-squares :nethod (il). The 

amounts of 127I d 129~ . h · d an ~ in t e comparator stanaar are deter:nined from the 

:.:s. 
~' 

127! 129! . b - \.. , ratios y :neasurement or t: .. e 1, <: 
•JI. Th 130! :29. 

• e I J.., 

128 :1 l::
7 

l and 126
1; 

127 ~ :acios are Chen caiculaced for the comparator scandard. 

The 
l.2 7 . -

1 content ot the sample is detet":lined from either h 126. - 12.8! . 
t e ~ or act1v-

ity produced in the sample, the induced 
130 r accivity is used to deter::iine the 

129
1 concentration, and the 125 1 activity is used to calculate the overall proce-

dure yield. Corrections are :nade for interferences, procedure yield, laboratory 

blanks and sampling blanks where applicable. The results obtained are the 
127

1 

· ::9 I t t. uni't ot- 1 and the 119 • 127 r t' ana concen ra ions per amount samp e ~; ra ::.o. Io-

d . . . . f 129 ,127 l 10-12 h b d (2.) i~e isotopic atom ratios or !1 ! as ow as ave een measure . 

The overall procedure yield for iodine recovery is about SOi.. 

COMPARATOR STANDARDS 

We have used several different comparator standards for iodine activation 

anaiysis. Elemental iodine (I
2

) standards were rirepared oy isotopic dilution 
.. ,7 

with ~nown amounts of ~atural iodine c• 4 !) of mass spectrometrically analyzed 

4 (_ 



( 

'"IQ -
~-- :'Jlo 1 as. 

. . . l - 1 . 1 ' 1 - z ' , o-3 - l.. :op 1: ratios cypica oc cost ana yti:a samp1es. A va4~e oc .~ x l cor :.1e 

127 . 
! atom ratio was deter.:ii~ed the dilutions and mass spectromet::i: 

data f~r one of these isotopically diluted iodine ~ixtures; this ~ixture is 

sci 11 used in our laboratory for long-term ceasurement control. This isotopic 

'.llix:~re has also been used as a routine comparator standard. A l-to-10 '.Ilg ali-

quot of the elemental iodine isotopic ~ixture is irradiated with samples or 

other standards to be analyzed. After irradiation the iodine is further 

~uri:ied by solvent extraction and ?recipitated as Ag!. The iodine content is 

dete:;:iined from the weight of the AgI. The 128 r; 127 r, 126 r; 127 r and 130 r; 1Z9r 

acti·1ity-to-mass ::-atios can the!'. be ::ieter:ni::"led from the Ag! weight, the known 

129 127 . . 
:/ ! ratio and the gamma-ray spectrometric data. :-!easurement o: the amount 

of Ag! radiometrically with 
llOm 

Ag t::acer has also been satisfactory. :n this 

case, excess Ag+ containing llOm a known Ag/Ag ratio is used to precipitate :he 

llOm 
iodine and the total iodine is dete:-:nined from the Ag content of the AgI as 

'Jleasured by gamma-ray spectrometry. 3oth methods depend upon stoichiometric Ag! 

· · · Th llOmAg d' · '- d h . ff d b . precipitation. e ra iometri.c met.io , owever, is not a ecte y moi.s-

ture, as are the Ag! weight measurements. 

Another standard material ~e have used for 127 r activation analysis cali-

brat.ions of our comparator standard is hexaiodobenzene <c 6r6). The results of 

this :nethod agreed with the Ag! calibration methods. Hexaiodobenzene is avail-

able 1s high purity (99.9%), weighed ?ellets of abouc 1.55 g each. Low neutrcn 

exposures are required due to the large amounts of iodine in Che pellecs. 

125 127 129 A mixed I, I, ! comparator standard has also been prepar~d to sio-

l ·- . d fl27I p iry analysis and to re uce the amount o in the standard. This reduces 

1Z8 . . . the I activity to measurable levels within a few hours of reactor discha=ge 

5 



and ~~so reduces the i.nf:uence on the 3tandard 0: ~ultiple ~eutron capcures on 

127 
I to produce 

130 r. ~is standard ~as prepared i.n solution for::i so that l to 

!0 L!l '..;ould produce sufficient activity for iodine activation analyses. It ~as 

d - k -
12 7 

I ( l O g) , 
12 5 t ( l 0 me l. ) and - 0 l" -ma e ;:rom un nown amounts or ~' rrom . • 'Jt the 

..... 

solution contained in an ampoule of (NBS) 129 1, Standard Reference ~aterial 

(SR..~) number 4949 in 100 ml of aqueous solution. 
125 . . 

The t solut1on had oeen 

aged 6 months to eliminate any 126 r activity. The solution composition per '.1L 

at ma~e-up is shown in ~able I. 

TABLE I 

Cumposition of Cvmparacor Standard 
for Iodine Activation Analysis 

125 I 

1271 

129 I 

129I/127 I 

320 dps/µi 

87. 5 µg/\d 

11 
6.0 x 10 atoms/ui 

1.45 x 10-6 atom ratio 

... h 125 127 129 . 
~.e I, I, I standard solution requires the addition 

60 d ) b Th d 125 . . . l = ays a out once a year. e adde I LS contained in ess 

f 125! ( ... 
0 .I.~ 

than 100 i,.:Z 

to minimize dilution of the standard. Annually after the 125 1 addition the com-

position of the standard solution is compared by activation analysis to that of 

the older mixed elemental iodine standard, to the c
6
r

6 
standard, and to sealed 

ceasured aliquots of ~S-SRM-4949. Sufficient sealed quartz irradiation 

ampoules of the standard solution are then prepared for use over a year's time. 

The mean 129 r; 127 r atom ratio of the original elemental iodine isotopic 

standard (nominal 2.1 x 10-a atom ratio) based on the standard solution isotopic 

6 



coo::-osi:ion :.::; :.OL.. :< ~o-a :roo i9 activation ana~:rsis :::easuret:"tents .:ver a 10 

The observed standard deviation is =O .::.6 
-8 x 10 and the standar1 

deviJtion of :~e mean is ::a.as x 10-a. 

Interlaboratory standards containing 
'. 19 • - .,. d 

.1.. an 
1: 7 . 1 • • ~ • I 1n a oas1c ~I sotution 

at c~ree different isotopic ratios were received at the Battelle ?acific 

Norc:-:west Laboratory (PNL) fr~m Dr. O.K. :-tanuel of t:.e !.:niversi:::t of ~1issouri 

(12). These standards were analyzed at ?NL JY the activation analysis method 

descri~ed in this ?aper and in Or. ~anuel's laboratory by an activation analysis 

method that uses mass spectrooetric Xe isotope ratio determinatior:s ( 13). :-rea

sure~ents at ~oth laboratories were based on the NBS 
129 r standard (SR.~-4949). 

129 . Good 1gree~enc ~et~een the laboratorjes was observed over a ~ concentrat1on 

rang~ of 10
5 , as shown in Table !I. 

!ABLE !I 

Interlaborator:1 Comparison of Activati.on Analysis Results 

Samo le Lab* 

L:-!R-!0-(129,53)~0. 1 U~R 10.0 (gravimetric) 

PNL llt3 

l':!R-I0-029 ,53)No. 2 L'MR 1.0 (gravimetric) 
PNL l.Ot0.3 

l"XR-I0-(129,53)No. 3 l'MR 
PNL 

1.0 (gravimetric) 
o.a::o.J 

*l~!R.: 

PNL: 
University of ~issouri, Rolla 
Pacific Northwest Laboratory 

7 

129 r 
(atoms) 

129I/127 r 
(atom ntio) 

- i9·0 "9 io-5 '·- = ... x 

s.4xio-7 
2.7t0.lxl012 5.7t0.6xl0-7 

5.4x10-9 
2 • 2 ::o . 7 x 10 l 0 - 7•1 8 1 0- 0 ) . - • x... ; 



Quality control of iodine activation analysis requires the use of standard 

materials sicilar to the sample :naterials analyzed. Such standard ~aterials are 

needed to check the total procedure from iodine separation to final ~easure-

ments. The materials should be hol:logeneous, easy to store, and available ~n 

quantity over a period of years. 

Several biological and environoental standard samples were obtained from 

NBS and I . .\EA. These included orchard leaves (NBS-SR.~-1571), river sediment 

(~S-SR.~-4350), clam (L.U:A-~A-3-1), hu::ian blood serum (IA.EA-~-6), and wheat 

flour ( IAEA-V-5). Also, grass collected free the Hanf~rd 1eservation ·..1as dried 

and :ni:<ed for use as a standard. Replicate iodine activation anal?ses •..1et"e ::iade 

on t~~se ~ateri.als, for which ?reliminary results are summarized in Tab:e I!!. 

The ·1alues are given as :=ieans of replicate :neasurement:s :95~ confidence inter-

vals (SD • t). 
I~ 

h 1 . d. ( 127 ) h . ~ d T.e natura io ine I measurements on t ese samples were ~oun to 

agree with the assigned values to within measurement uncertainties. Larger 

uncertainties were observed for the concentration values than for the isotopic 

ratio values, as expected from an evaluation of the error sources in the ?~oce-

dure. Additional replicate analyses are expected to reduce the uncertainties. 

8 
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7ABLZ III 

Iodine Activation Analysis :tesul:s on Standard Xaterials 

Concentration 
Isotopic 

Ratio 

~aterial 

Orchard Leaves, SR.'1-1571 
~BS Value 

River Sediment, SR.'1-4350 

Clam, ~-3-1 

Human 3lood Serum, 
LAEA Value 

Wheat ?lour, V-5 
rAEA 'lalue 

Grass, Pm.-56593 

acry ~eight basis 

H-6a 

129 ! 

Atoms/g 

18 8 ± 2 6 1. 6 :!:O • 3 x l O 8 
170 

5L..00:!:5000 8. 6±10. Oxl0 8 

5500±1300 3.2±0.3xl09 

590± 90 :.s:o . .:.ic109 
800± 129 

<10 4..8±2.9icl07 
2.88±1.23 

200± 70 4.l!0.8xl010 

(dry/·.o1et weight ratio • 0.0826). 

129I/121 r 
Atom Ratio 

6.0±2.Sxl0-6 l.7±0.7xl0- 1 

3.2±J.7xlo-3 3. 2 ±0. 9xl o-8 

l. 2 ±0 • 2x l o-4 l.3±0.lxlo-7 

9.3±1.4.xlo-5 8. 8:!:0. 2xl0-7 

i. s.:: l. ix I 0-0 

1 ··o 3 io-3 .~.J·-o.sx10-s .)- • x ... 

~arshall Island soil samples have been analyzed at the Battelle Paci:i~ 

~orthwest Laboratories and Table IV presents the data. Included in this table 

are analyses of samples from locations other than the ~arshall Islands. 

Comparisons, however, have to be made with reference to the effect of storage of 

samples prior to analyses. Data from samples analyzed at Sanford indicate that 

129 losses of I from samples is mini~al. 

9 
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~lJl'.'1.ARY or 129, M1D c.;.~-1.A-RAf-2.LC_!~IJHflRIC AJ•-'LY~IS RESULTS 

G•n~~ Rad1o•ctlvlty 
u of 7/lZ/18 On At - ------------

S•n.p le PNL 129 ! ll5:t> 1 37 ($ l!:.5 bOCo 7/1Z/71J Coll l!c t ton 
Col lecuon Eu 

129,lll7($ 1291Lt37cs llurrtJer Nur~er _o~ AtOO".>/.L ~~1~ ~t.Q!."~o A ton~/.1 ~.!~ LocattJn 
7~00 87lbl )/54 1.llalO 5. lxlO 1. hlO 9.8.-10 L11:>1rdz, Aon9el•P 
7501 8716Z 3/54 6.ll.t. lO lO 1.i.107 2.!.£10 10 1.5.107 5.511107 2.7 1.5 labardz, Ron9el•P 
9772 87163 7/54 4. 8• IO I 0 1. o. 107 l.7&1010 5.'h.107 6.4-10

7 
2.8 1.6 ~belle, Ron9el1p 

917) 87164 7/54 1.h107 4.hl09 ). 2.110 7 7 .0.110 7 labelle, Rongel•P 
19Z93 87165 1/55 1. )110 11 6.9Al06 1. 1.11 o9 1.1.1107 1.7.1107 17. 9.9 K4belle, Rongelap 
19297 87166 1/55 1.5.clOll l.S.1108 1000. 5&0. Aongehp 
19500 87167 10/55 2.2.11011 2.hl08 6.2 .. 105 3. 2.106 920. 540. Rongelap 
19505 87168 10/55 2.5.11010 1.21109 1. 7al06 4 .8.1106 21. 12. Rongelap 
19497 87169 10/55 3.0.11010 9.6.1108 32. 19. Rongehp 
5539 87170 7/56 4.7.11010 1.4&106 1.9.1109 1. h107 25. 15. Kabellt, Ron~l•P 
5554 81\71 7/56 1.5.1109 2.5.c106 4.6a106 Rongelap 

55S8 8711Z 7/56 2.0.11010 5.4&109 1.6.1109 1. 311106 2.7xl06 13. 7.1 Rongelap 

5562 87173 7/56 1. hl010 4. 7a108 2 .2.106 5.a.106 23. 14. Rongelap 

5728 87174 7/57 1.6&109 5.8xlo6 9.a.106 Kibe Ile, Ronge I ap 

5729 87175 7/57 7.6JIJ010 J.3.106 7.3x109 l. h107 2. l.aJ07 10. 6.2 ~belle, Ron9el1p 

5753 87176 7/57 3.9.1010 1.011109 l.8al06 3.611106 39. 24. Rongelap 

19289 87177 l/55 4.11109 1.0.1107 59. )4. Utertk 

19290 87178 1/55 9.3.1108 1.4.a106 Utertk 

37256 17179 11/74 4.21109 l.7x101 J.0.1106 J.6&106 4.1 4.4 Enlh!eUk, Ronge hp 

37330 17180 11/74 6.61109 J.7x101 6.4.1106 4.9&106 11. 16. [ne111et1k, ROt1gel1p 

111 5/55 l.61101 •.1x101 1.0.107 .7J .43 Nev1dA Test Stta 

111 5/SS 9.bl07 5.6&106 11. 11. Ntv1d1 Ttll Stte 

1450 1/57 2.111101 5.oa101 J.3&107 .4' .ZI llev1d1 Tt$t Stte 

90680 1/67 2.h10
10 EntnNA. llktnt 

90681 5167 8.6.clOll Aolen Yu"°"'t• !tktnt 

9951 87217 12/54 1.1111011 1.Z&l07 4.bto5 15000. 8100. Pon1pe 
5591 87211 7/56 2.a.10'0 1.Za10' 2.6&105 23000. 14000. 1tus1t• 

4645 8/i7 l.1&107 nortda 

IJ60 5/66 5.hl07 H1•1ti 
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RELATED ~UBLICATIONS 

BRAVO Fallout - A Meteorological Analysis-Draft 

An Evaluation of Physiological Parameters and Their Inf:~ence on 
Doses Calculated for 1'.ro Alternative Dos1metri~ ~oc2:3 ~~r ~he 
Gastrointestinal Tract 

An Intercomparison of Natural and Technological Enhanced Bac~~round 
?.adiation Levels in Micronesia-~raf t 



'' 

"Bravo Fallout - A Meteorological Analysis - Draft" was not available as 

of May 4, 1981. 
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'.i.A. ,;:eenhouse and :'. :. '.·!(;C:3•J 
~eat~:i ?hysi;:.s a.c.d 3..i:ac:r Ji·1:.s~~n. 3C'oot<llaven ::.a.c:.::na:. :..ajorar:o:-y, ".."?coo, :;~w ·:Jr~< ~:97J 

~nd 

:i,rt.Jioti oi 8~H!l':'aCi.Jnal .5a.:ac:1, ::.s. !:ie-r;7 ~esea.rcii .and ~e·1e:.c?::enc AC::::n.::is;:-acicn, :.."asni:t~:~a. J.C. :05.::..3 

::i Ai.;gusc, :?'Sa, ?=~si.ien:: .. :.:nr...soo. -iQ::.O'..!~C'!d :=.at. :::e ;>ii!ool~ -:it 3.i'::i.:ii Ac:ol: ·...rcul.:! :,a aoLe ::J ?:'i!:·~r:i :o 
:!:e:.:- :-:coel.and. :1:.e:-aa::~r, >~i~.lr a:J~r<J·~·aL ·..1as J1·1e!l :.:r ::O.e :~0: 1..in ot :=--..e ;ieo?lcs a: :!:n.!!' .. ·ei:.a:t. :~ese 
:-.... "'O :'5!it!..Ons, -..·nic:i :om;:>r:.Jea :~e ?1c:.::.;: ~:uc~ear :'~st:ic.~ . .\raas i=':'m ~?40 :o L35d, ·.r_!.~ ??:":ioaOi..:r ~e :-e?O~u

:.aca-1 :i·r :::e Ot"~_;:'!.~.al :..:..na.oi:J.n:s ..ino :~e!.:- :.l::l:..::.e~ ~..,1..::0..:~ ~:".e ~e:<r:: ~:e.ar. As ?art: =i ~:3 :~n.::.::.u!.:"..~ 
r~s~.:>::isib1~!.:? :~ :.:uu=-a :=-:.e ~u:L~:. :'l.e11:·:1 l:ia icl.:!'=~' ~!l ~.:n:'l.e-:::..::n ·•1.::i :!':.e n.~c:~ar ~t"~;=a.::is ~net!::- :.:s 
J;>O~.sorshi;i, ::.UA (:o=erl7 .~C) '.-.as con::::ic:ad 3rcci<havea :lac::.onai. C.aooracor-/ co :scabliJh i:a<iic::.og!.cal 
;Ja.i~:·1 and -!nv'_:-on.:enc:~: ::oni:o~:.:;~ ;:>rc~::-a:i.s ::le- :!i.e ~e:'.Jrn~~~ 3i.k.:.:J.i and !::-..e•..:eca.~ :eot.'le5. :::ese ~:":>
~ra=:s are ,JescriJed ~::i :::e :c::.:.:i.r.n~ ?a!)ei:. 7he:r ;i.r~ cesi~::ea :o iefi::e :::ie e:ccer~l :aa~ac::.=n :::v~::':ln· 
~•ac, ~ssess ::adiacioa doses :ro~ i::i:er::al r.ii::ers ia c~e human :ood :nai:i, ~e long =~ge oredic:ions 
or :ocai Joses aaa '.lose cc=il::'.:leacs :o ~:.ai•:::.o'-lal.s md :o '!ach ?O'?uiacioa ~rouo, and :o Jui!;gesc 1c:::.ons 
•mi;n '"1.ll ::u.ni=lize doses ·n.a :he :::gr11 ll.i'::.l.:ic=c ;i~cn•Jays. 

!:t~:ioduc::.:irt 

~. ;.s. a'.lcl•ar :esci::~ oro~ra:ns of :~e ~140s ana l?SOs had Jiin~:icanc "ocal eav•:oa:::enc3l ~ac:s oa 
=~• coral acol:s o: 3ik::.n::. ~ad ~nevec3k :.;i :~e ~rshal~ :Jlands. :'he ~igh ::.~7el close-~:: :a:l~uc =aae 
:=:ese acoll.1 ·..ini:1h•!li.:ao:e !:1=- ::!U!" 7'!ar3. ?2l::uc :=:m :!":e 3R.AVO ieve:i:, ·.mi-:.:i t:~ok ~i.ace a: 3::...:::..=.l. ~:i 
:950:.., ·.ras !.::.J.civer:en.c.'...i· :e?>ost.:!d J!1 :::.e :!9&r::::~ acol:s ~t ?..cn~elact 1on;s!:-~:.C a.o.d :J'ti.:~~- ::i al!.., 1coe 
ctti=:aea. icoil~ :.:: ~h~ ".'lO!"':~en :-!arshai:l .,e:-9 ?C'::ioaoi..7 .itfec:!d :.:i a 1::~3cer :::r ~~s.se:- ~~:aa.: ·'J:' .:.i~:vuc 
===~ :~ese :-:ucl.ear :escs. ~E :::~:se, =icve,rer, ::ie :est Jl;=ll.::!..:3rtC :on~ :e!":1 :-.ld!.oic!!:ai :..:pac: "J'&S 

on :~e cesc acoils, 3i~i~:. lw:i 2::ieveta.(, a.t:d ~ti lougelap AcoLl. 

:::i 1.!l~i, lo~elao ·..-as reoc:::u1:1i.ed ·Jy ::.:s or..ii::ial ~:lilaoi:ancs •.Jho ~ad 'Jeeu evacuac:ad ::-."'O days 1i:ar 
3a,i.·;c. ~r't.:!g :he ?asc ~e·reral ;r~ars, :e::.a:.c::.·1e ? LQ.Qs have ·:een ::iade :o :-t9ac:-iaca ::is or:.g:.:iai ~:Ula.Di c
anes Jf 3ikin1 an<i ~::ievec:ak ~coi:s, #ad :ha:.r :a:i;.lias. ~- iJ ~O';)ea :hat :~air recurn ;an :a~• ;lace >ooa. 

:::i order :o idenct=:r radiolo§ical ?t'OOit!l:ls ;re= :esicual radioaccivi:7 '..!? c:he environ:neac, and :o 
;irov-'.de a data oase :or lose ?redi::::ioas a9pLica.Dle :o :he recurning ?Opulace, ::3DA (and i:s ;irea•cessor, 
:he .U:Cl, has sponsored ::ia.ay racHological >Urveys ~!1 :he ~rshall Islanas. !hes• surrevs :egan dun.::i; 
:esc operacioQs and ]ave beea con<iuccad ?•riodic.al:y u9 :o :he ?reseat e:.=e. lesul:~ of :!le Jurreys :iave 
been ~ubliJhea in :1Umerou.s •e;>or-:s ~d Jciencific 1our.ials. lefarences : :hrougn ~2 are ?Ublished =etl<lr-':3 
oi .U:C/!ru)A suopor:ed s\Z'7eys of :hes• acoi.13. :tefereac:es LJ :!trough :9 are a ;ior:ioa of ::ie j)uolished 
re;ior:s en ".JOrk ·.n.c.~ col~ec::ed eavt:oameacal Jazll!'les Jupporced ~y .UC/ZADA. 

!valuacion of Jurrey :-esul:s :or 3ilc.iQi Acol:, :he consideration of ?redic:ed er,iosures .:o~arad ·.rt:h 
~apti.:aola :-adiation scanc:iar:is, and :he acicnovle<i§eaumt af :he :::iaay ~eneii:s :o c::ie ?•O!'i.• if :!iey couLd 
:-ecur-:i, ~ed :o :he decis:.on :o clu.a ·.ip ~d i:ehabili:a:e :!::ac ~coll. ~· :Je;iuc:iea: or :Jetaose, ~e;iarc
~•nc , i :he I::icerior •:DOI), and AZC (:iov ~Al j)&r.:ici;:iaceci :a a ;01.:ic eHor: or .:lean up and rehabi.lica
:ioa of 3ilc.i::ii Acolt sc~ing in :"ebrua..."7, :S~9. C:•an I!? wu c=Leced :n ::ie =:.all of :~ac 1ur. .-4-ri• 
culc:.ral r1ilaai.li:~c:.on and :iousin.g coa.scruccioa :..s !:Jeii:g ;oaducceci ~y ::OI. 

:'?le decision :o recur.i ~· ?n11Vecaicese :o cheir atoll led co a COllll'r•hens:.ve sur7•Y .:ondu:::csd 1c 
~:i-eo::u ~ ~972-t9i3. ( :o) .<!. ::e113.ona.I. surrey ?lamied :or :!l76 ·.rill provide ':laHliae ::adiolo§ical daca 
for :=acure dose asaessaeacs ~rouchouc ~early all of :he ~orcher.i ~rshall Islands ·<ltlicll :::iay have 'leen 
~ffecced by che :escins ?rogTam. ~Vi.roc:::eacal eval~acioa• ac ::toagela;i and Jc:ri~ Atolls have !:Jee:i '.l!lder
cakeu oer:.odically in ,..sociacioa ':oli.ch ?1DA's :edical eval1.1acion• j)rOiram :~er• over :::ie ?&St :o 
years. ;30-2) 

i:'l°Olll all of chese earlier s~eys, ic Jecame a;:iparmu: :!:lat periodic eavironmeacal ::ioai:or:.:g ~nd jose 
aasessmencs :mac '• ::u&de for 3iki:U., ~=.,,•=~. loagelap and ?•rhap• ocber acolls i!l :he ::ior<:heru ~rsnalls 
:o :11&1.ncai.n a cur:"!!1C radio Logical :jaca :ase &nd :o ;:rcvtde cur=eat :.n.tornacioa oa ~adi•1idual. and ?O;>u
:acicn doses. ~is tollovup =nl.Cor!.:ic ~s ,e:.ng ?•r=~=-c:i Jy 3rookhavea '.luioa.al :.acorar:or: ac :!:le 
rel:!UHt of :he Divt.sioa. ot J;>erac::.onai Saf•cy, ::.s. ::nergy lesearc!i uid :eveloameac .-l.d::l1!1UC:'at:.oa • 

.. Research :ar=i•d ouc ac 3:-ooicb.aven :raci:aal. :..tooracory ·.mder :!:le auspices of c!:t• 'J. 3. !ner;y les• 
earcn uid ~evelopmenc Adlll:i.nisc=aciou. 3y 3CCllpcance of :!:lis lt":i:l•, :!:te ;:u.Dlisher ind/or ~!c:.~iaac 
u:.lr.novle<iges :~• :J.5.~en:meac's :-:.~c :o r•c~i!:. a ::.ouexclusive, ::oyel:y-f:-ee :tcen,se !.n 3:d :o a;iy 
copy-r:!.gnc coveri::ig :~is ?•P•r. 
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Ti:·:= :..:nitcd S~a:-es ~.,cici_:_:..1.;,- \··,~ 1 "'"1· ..,..~--:~1·na T"' • ..... "'~res ltd - - _._ __ - - . -~-.J.'-co 1 (:._ L ;:, t'l'.Jg~~•o.• U C· i.f1 

loca: and regional fallout canta~ination of islands in the 

cen:ral Pacific basin, in an area ~hich is generically kno~n 

as :-:icronesia. ~!ost cf this cont.:imination affected the ~forth-

ern :-fars~.:ill Islands o:: i.:astern ;.ricr'.Jncsia, '•ihich either sen·cC. 

as the actual test sites 0r which were in Yelatively close 

praxinity to them. S i n c c a 11 o f t h e :. r .'.l r s h a 11 I s 1 .'.l n d s a r e l o '.·; 

coral islands or atolls, the natural radioactivity content of 

their soil is among the lowest on earth; and their natural 

:-.'.ldiation enviror.r.:ent is G.or.1inated by the contribution of cos-

nic rays. I:-i contrast, the high isla:-ids of the Caroline groups, 

to t:ie west of the :.;arshetlls, are cl:aracteri:ed by volcanic 

soils having a signific:.nt complement of radionucliJes .in the 

uraniun and thorium cr.2ins. Sever.:il field trips by S&EP 

Division personnel to Micronesia between 1975 and 1980 have 

afforded ouoortunities to studv the natural radiation environ-. . , 

ments of the coral atolls of the Marshalls and several high 

islands in the Carolines; and to evaluate the contributions of 

fallout fission and activation products to the inventories 

of soil radioactivity in these locations. The analytical CTethods 

employed included in situ gamma spectrometry and exposure rate 

rneas~rements with pressuri~ed ion chamber survey instruments. 

These measurments were sup?lernented by laboratory analyses of 

soil samples. The results of these studies have indicated th~t 

significant contri~uti:ns from radioactive fallout can be evalu-

ated in situ with relative ease on coral islands. In contr.:ist, 

~~e hioher natural radioactivitv content of hi2h island soils, 
~ ' " 



3reas, combi~e :a 2val1-1J.ti.ons of lJ:al fallout contr:bu-

t ions fro 1.1 U . S . Pac i .: i c t e '.) t s i :id is t i n,;; :_: i s ha b le fro ;71 th c 

contributicns of th~ ~orld-~ide fallout. 

DiT:<.C DUCT 10': 

: ·I any s ra a 11 - s c a 1 e radio l o g i c a 1 s u r ,_, c y s ·.,- e :- e c on du c t e d du r in :5 

the 1950's a~d 1960's at or near the ?acific testing areas in 

the northe~n ~arshall Islands; ho~ever, definitive evaluations 

of the impacts of residual fallout radioactivity were not made 

Un t l- 1 • h 1 () - 0 I ( 1 - \ '-• e _1 s ~-.))· These evaluations were conducted on 

those islands known or suspected to be cJnta~i~ated by trope-

spheric fallout ~ro~ the tests at Bikini and Ene~e:ak Atolls. 

~nvironnental studies of peripheral areas in the central Paci~ic 

~ere conducted on a s~all scale during !~e testing years (1946-

1958) by the University of Washington, a~d thereafter in 1975, 

1 9 7 9 , and 19 8 0 by Bro o k haven ~\at ion a 1 L .s. b o rat o r y as we 11. Th~se 

studies yielded significant data on bac~ground radiation levels 

in these areas, and forCT the basis for this report. 

The Marshall Islands are all coraprised of coral atolls or 

partially drowned atolls formed by coral limestone accretions 

on subsiding volcanic bases. Drilling studies at Enewet~k 

established that the limestone cap may exceed 1280 meters in 

thickness (6). As a result, the contributions of the uraniu~ 

::ind thariur.: series to :he racHcition en\·irJ1,1.1e!1t in the :'-larshal ls 

are virtuall;-

those isl.Jnds 

. , 
n1 •. 

by cosmic r.J~iation 

External backgroun~ radiation levels on 

t2st sites are dominated 

b \" - ~ ~ ' 1 ,- J n t ,... i· b 11 t ; o '1 ..:: f i· '' .,., ~ ° K 
::: 11.- - - ._ • ....... ~ ! - v .• .. ' 



In c::'."'.t:-2.s:, th~ C:1r'Jlin~ Isl:rnC.s, i:n!1:ediat2ly .. .-est of the 

.. i ~h -;.ri;1,,;in,g coral Y'2ef:o, as ;;ell as car-al atclls <:"<nc islc.::ds. 

n~e ;i_igr: island soils c::rnt3in 232 Th and zn U and their da·;.g~ters. 

T n e a J. C: i t i c :l J. 1 c o n t r i c '-! t i o n s o f g J. 1. ... "71 a e :.1 i t t e r s a r;10 n g t h e s c 

racionuclides result in backgr~u~d expos~re rates (at 1 meter 

aba~e th~ ground) whici are nearlv a factor of two higher than 

t~ase si=ilarly aeasured on the coral atolls (Table 1). Con-

tributicns of stratasp~eric and tropospheric fallout are, of 

cJ:;r:oe, s~;:ieri~;iosed ::::1 these nc.tural bad:ground r.'.ldiation sources. 

MEIHODS 

Data ror this study ~ere obtained during three field tri;i ye~rs 

(19 -- io-a ~"d 198n) : .:;; ' ..,,. • - Cl.!• u • The first of the field trips ~as 

conducted jointly ~ith the University of Washington, Laboratory 

of RadiatiGn Ecology (LRE), ~hich was responsible for deter~i~ing 

background concentrat:ons of fallout radionuclidcs in soil and 

in terrestrial and marine biota (7). Brookhaven Nation~l 

LatJor::.tor:.· (B;.;L) was :asked with the 11easurement of external 

~ack;rou~~ radia~ion. Subsequent field trip activities focused 

c~ exter~al r3diation ~easureme~ts only . 

. -,, .... ~='-'"S -L" -L. 1'='- Tru~t 'er.,..itC' .. \. 0.: t:-ie ":icific Islar1ds ~ecau;:;e or 
--··~-.. >J- ... "" - ,. . ~ ·~ .... J. ...... 

t>ei:- a:.:.:'~si.bility via com;r.F:rci~l airline. The T~u~t Tcrrito~y 
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D:Jt 3. 

Islands which ~er~ reached bv U. S. De~art~cn: of Energy field 

trips ships. 

Field measure~ents of extern~! radiatio~ ~ere conducted with 

a pressuri:ed ion chanber en¥ironnen:a: !"adiatian ~onitor, and 

by in situ gawma spectrometry with (S er:: X S er..) sodium iodide 

scintillation detecto:s. Soil sa~ples ~ere also collected at 

most of the measure~ent sites. These ~ere later analy:ed in 

the ln~oratory for ga~~a emitters by hig~ resol~tion gamna 

spectronetry; an~ for 90 Sr/ 90 Y, 2 i. o Pu 

by radiochemical seoaration and counting. Data on strontium 

and transuranics are not inc:~ded in this report. 

The primary purpose of the in sit~ ga;;-...~a spectral neosurements 

was to provide a data base for energy dependence corrections 

for the stainless steel-walled io~ cha~~er detector. As a 

result the measure~e:-its were nade at loK resolution (100 KeV 

per channe 1) fron 0 to 2. 5 ~·le V. A progra~maole calculator 

was used to fold the gamma spectra into the ion chamber 

response characteristic to cor-!"ect for e::ergy depencence in 

the environ~ental rad~ation monitor. Correction factors were 

typically about +5%. 

The ion cha~ber instr~nent presented t~e in~tan:aneous exposure 
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Table 1 ~resents the means er exposure rate ~easurc~cnts 

at \-?..r1ous loc.:.tions in ~·'.i·:ro:-:esiJ.. (Table 2) 

fro~ these areas wcr? analy:ed for ga~rna-e~itting radionuclides 

by tr:-: U;-ii'.-ersity of ·,·,'ashingto:-., Laborator:.r foc- :\.'.1.diation 

Ecology (3, 7) a:-id by Erookhaven ~:ation'11 LabCJratory. The 

vertical distribution of fallout nuclides in the soil was 

Ceter::JineC. c:: \'ertiC2.l Sa::r;Jling profiles to a depth of 50 Cr.1. 

Acti¥ity co~centr3tians of 137 Cs tended to decr~asc exponentially 

.-\real 

~epositions of 137 Cs were calculated by integration of the depth 

~istributicn deter~ined ~re~ the vertical sarapling ?refiles. 

EX?OS~re rates were then calculat2d by applying the coefficient 

These samples were 

also analy:ed for ~°K and for the uraniu~ and thorium chains 

£or i•hic:h the vertical profile data were a\·eraged .:it each sa1:1ple 

location. The respective e:qosurc rate contributions were calcul-

ated fro~ coefficients in ~~SL-193 (9). The cosmic ray contribu-

tion ;,-as assumed to be 3. 2 'JR/hr. (10). 

Atte~?tS ~ere made to reconstruct ambient backgrou:'ld exposure 

rates fro= soil analyses ~nd the cosmic ray contribution at 

'.-!3.jt.:ra, F::-:~pe and Truk. These cat.a are presented in Tables .:i, 

_; and 5 . -· 1 . : .-: :.-s e oca t 1C:15 are suf~icien:ly dist3nt (> 500 b:l) 



6 

J.t thc:3c si:es. 

;, ! zi.. j u r o '.·i it h tho s 2 J. t 1\ •.;a j a 1 c i. n , ~" J t j e and. .;. i l u k . .\to 11 s in the 

:encl to support t11is 

contcr.tior:.; hoi;e\«=r, f:.rr.1 conclusicr.s ~:1:..ist a•.,·ait the pub· ~ca-

Survey, J. large-scale env1ran~e~t~l assess~ent of the regional 

of t:--.e in 1973. 

I: should be noted that exposure :-2.tes ~easured at ~ongclap 

anC. Utirik Atolls, in the noTt~cn and nor:r:eastern ~farsh:ills 

ar~ significantly , .. 
J'"l 3.. g.'1 er ::-:an those i:-i the c2n-:r:i.l 

and sout~ern islands. Rongelap and Cti:-ik are kno~n to have 

beer. conto..sinated by the Eravo 7est on ;.!arch 1, 195.+, and 

virtually all oi ti1e conte:-rrporary ~nc:-e::ie'"1.tal exposure rates 

above background at these sites is attributable to residual 137 Cs 

contamination in the soil and vegetation. 

The reconstructed exposure rate at ~<ajuro (Table 3) is reasonably 

close to the measured value. The difference is attributed to 

the exposure rate contribution from ~JK in biota (for which no 

assessment was included in the calculated value), and to uncertain-

ties in the soil analyses. Tables ~ anc 5 ?resent similar analyses 

for Ponape and Truk, both high volca~ic islands in the Caroline 

.;roup to the west of the :'.--!arshalls. T~ese islands differc<l 

frcm ~-:ajur::i by i.-irtue of the cont:-ibutions of the uraniuiil .::rnd 

thorium chains i:-i t!-:eir volcanic: soils, anc their higher annual 

e xn o s u re r a t e s 

at Tru~ were e~c:lle~t. The sig::.i~L.:s.::: difference bct·.:cc!1 



CO~<CL :JS 1c:~s 

c~r2::.i1 a:-~J.l.yses o: soil g::iml.1.J. e8i~ters an::.l the cof'_tributi2:i. 

!n situ ra2~sur2sen:s of exnosure rates ~ill 

:-c~lect si;:--,i~icant contribution:: abo'.·2 bac:.Cgrou;i.d of f::i.llout 

ga~~s e~i::ers, especi~lly in lcc~tions where contribu:io~s 

of t'.-:e ur.::.ni 1...;m and t;10riu::i c:12.ins c.:in be ig;;.ored. It is 

i ::: t u i t i '/ e l :: o b vi o u s t l:. :i t a c o n : i !1 l! u r.i e x i s t s g e o :; r et p :-.. i c J. 11 y 

anc t~ose ~::ich r2cei~eJ only stratospheric (or worldwide) 

fa :.1~1-..: t .· continuu;.i s ;.ic!". 

th::i.t beyo~d about five hundred kiloneters fro~ the test sites 

i ~ 
- l.. ~ay be i~possible to distinguish between the contributions 

to c~nte~porary environmental exposures fron U. S. Pacific 

nuclear tests and those attri~utable to multinational world~ide 

fallout. 
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LC.~ ..... :-10~; 

~'_:j~:-o, 

-"'. _ i :.iro 

::.~:-~-~~~-r 
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1', : : j ~ ' 
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_\ i ~ '_.:.:-( 

r ' - ~ - - ~- ( 3.) 
_, - - ... - .... ' -· . . .. . .... ... ._ ... -

\J ... ..L.. - - ......... 

• - (a) ."\o .. , 
Cti:-ik 

Ro~g-:la?~b) 
Ro~;ela;i 

Bi}..:irli~c) 

TA3:...c · 1 

EXFOS 1Ji~E ::Z.-'.. -:'E DAT.\ FOR 
VARIOUS ~JC\TIO\S ::; :.1rc?c:ESL\ 

ISL\\'D ~v;J1: 
l.' - AUG. 

(d::ite) LOC.-\ T~O:~ R.-\TE 

Coral Atoll Souti-.ern .) . 7 
(11/75) ~!J.rs!-i..:ill Is 

Coral .\to 11 Ce:-itral - ~ 
.) • 4 

(9/76) >iarshall Is 

Coral .-\to 11 East c~ntr::tl .) . 7 
(9/76) >Ia:-shall Is 

Coral .; to 11 EJ.3t Ce:!tral 3.3 
(9/76) >!a rs hJ.11 Is 

Coral Atoll E:ast Ce11trJ.l - ,., 
.) • l) 

(9/76) ~!J.:-sh::;.11 Is 

Coral Atoll \orhteastern 4. l 
(9/76, 10/77) '.-!3.rshall Is 

Coral Atoll >iortheas ter!"l 4.1 
(9/76) ;.1arsh<lll Is 

Coral Atoll \orthern 7 .1 
(9/76, 10/77) ~la rshal 1 Is 

Coral Atoll i\orthern 

EXPOSURE 
Ci.JR/hr.) 

± 0. 3 

± o.: 

± 0.3 

.;. 0.3 

:!: 0.4 

± 0. 5 

± 0. 3 

± 1.1 

-40 
B: :.: ini (9/75) ~!a rs hall Is (range - 10-100) 

( '.1 
r '-.. 
', -

:: ~ 1 ~ :1 i 3. , High Volcanic Eastern 6. 5 :: 0. 5 
?o :-. :::.;ie (11/75) C1roline Is 

'. High Volcanic Central 6. 5 ... 0.6 .•i0 7:1, -
Tr·•L .. - -~'- (11/75) Caroline Is 

:Jnta~::-ia:~~ by Br:ivo Tes:, 195~. 
::=2-.·i:-.· c::mta~inate<l l:J\' 3r'.l'."C Test, 195.+ 
?==.c:::: \ucl~:ir- Test s·itc. Data f:-om B:iL 51003 ( 5) :ind 

r~v.1. ( : ) . 

~;r_r~.~3[ ~ c;: 
:-.!E.-'..S ;_; l~E:~E >:TS 

65 

lSO 

lSO 

119 

1 - ~ 
... .::: .J 

270 

90 

380 

> 1000 

90 

30 



.-\\"E] __ .\GE CA'.'·'.>L·\-E:'.ITTI>;G r\:".DIO\UCLIDE C.Y/~E\1 OF 
so:-lE :-:ICR'J':;:sr.\\ SOILS 

~·!::.jt!~o, ~·~:i:-shall 
Islands 

'.faj uro, :.!ars::al l 
Is lands 

Pona.::;=, Easter:i. 
Carcli:-le Islar:.:is 

?'J:!~;;e, E::..s~e:-:-t 
Ca~oli:i.e Is1a~a3 

? ·J :-i a~ e , Ea s t e r~ 
Caroline I3la;;.ds 

Po::.ap=, Eastern 
C~roli;-i.e Isla:-td.s 

Tr'..lk, Coen t ra 1 
Caroli.::e Islar.cs 

Truk, Central 
Caroli~e IslaP.ds 

Truk, Cent:ral 
Ca:-oli!le Isla11ds 

Truk, Central 
Caroli:;.e Isla~ds 

i 3 1 Cs 

u 

Th 

i 3 1 Cs 

u 

Th 

I\TEGR~TED AREAL DfPOSI.~IJ\ 

04 - -·;., • · .) p1_,1 ::;n~ 

0.70 pCi/g 

2.51 pCi/cm 2 

< 0.22 pCi/g 

1. 81 ppi.1 

9.17 P?r71. 

4.71 pCi/cm 2 

< 0.22 pCi/g 

2.18 ppm 

5.62 ppm 

(a) Data derived from soil sample analyses by University of ~ashington 
LRE, NV0-269-35(7), and Brookhaven National Laboratory (unpublished 
data). 
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L\SLE .) 

CALCU~ATED EX?OSU2E R~T~ FO~ 
;!_.\JlIF.O, >r. I. B.-\SED o:~ SOIL 

C-\LC' 'L. ~r:-:. (b) 
<I u .. \ l L.. i .. ) 

SJU!\CE BASIS EXP. K.\TE (;..iR/hr.) 

i 3 1 Cs 

.. 0 ,. 
!\. 

Cosmic 

Avg. Depos:tion 
0-10" ;,;. Lat. (a) 

:::.1 pCi/c:-:; 2 

Soil Sa::ii::i:i.e 
, 1 " 1:. c· i ~ ~n::i yses: c.~~ p i, cm-

Soil Sa1".ple 
Analyses: 0.7 pCi/g 

(a) 

Tot::il Calc'...llateG. 
Total >Ieasured 

(a) U~SCEAR (11) 

(b) D!L- 3 7 S ( S ) , K\S L -19 3 ( 9 ) 

s.9 x 10- 2 

3.0 x io- 2 

3. 2 

3.3 uR/hr. 
3.7:: 0.3 µR/hr. 



(b}, 

-Cf:' 

'Th c b.J. in - - ~ 

~ '-
' - ·,;~:· 

T.-\3 L2 

. fi··. \cj 

Total 
Total 

.. 
''~--.. . ..;_ 

.~i 

·.~' 

1. 2 
.. -· 

2. s 

-in_ -•. _.;.:p.::o 

·•·· .w.--; .. 
~-· .. 

- . ~~·. -~ 
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SOURCE 

U ch?.iTl 

Th Chain 

i. () •• 
•'\. 

137Cs 

Cosoic 

T A:S LE :i 

C\LCUU.TED EXPOSLJ~E R..;TE fOR 

TRU'.( ( J.) BAS=D 0\ 

SOIL RADIO~\ALYSES 

3.-\S IS (b) 

S ~- : 1 :\ n a 1 vs 2 s 
2. 3 3 r . 2 2 ·s "'a 

v' ... \. 

Soil .~:i.alvses 
232r·· 2~s 1.\., 

IL' u. 

(d) 

Soil Analyses 
.+.7 pCi/cm2 

( d) 

C ' L ,..Ur 'T >- D ( C) .-i. \... L.-\ ._. 

::x?. F~.\TE (µR/hr.) 

1. -+ 

1. 8 

< 0 .1 

0.2 

3. 2 

Total Calculated 6. 7 µR/hr 

Total >leasured 6.5 ± 0.6 uR/hr. 

(a) Data ave:-aged fo!" Fefan, :.teen and Dublon Islands. 
(b) Soil data fro~ University of ~ashing:on, LRE . 

.\VO - 2 6 9 - 3 3 ( 7 ) . 
( c) E>!L - 3 7 3 ( S ) , H . .\S L - 19 5 ( 9 ) . 
(d) UXSCEAR (11). 



. 1. 

, 

3. 

' -T • 

.) . 

-I 

E:--.:·.,·et::.~ :-:::._:iol'Jgicctl Survey. U. S . .-\toii,ic Energy Co~mission, 
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Introduction 

Large numbers of scientists and students from all parts of tile Unitt .i 

States and many otlier count1 ic.:s are appointed as visitors to 81uo~. 

haven Nationdl Laboratory each year. Tliese visitors come frorn tlic 1r 
own institutions for periods of a few weeks, for the summe:r, for r 
year or two, or on an interniitti::nt schedule. Every attempt is m.Jdl: 1., 

see that the transition from campus and research institute to 8100~ 
haven is easy, convenient and productive. Thus, this booklet de::,crib1 
some fedtures of B1ookhaven ..ind Ille environs t11at hdve bl!en fo11nd 1., 

be of µarticuldr inluest to t110::,t.: unaL(jUdllilt.:d w1tl1 llit: LcibOr<Jtor. 
Scientific policies, personnt;I µioccd111es ..ind insurancL::, drc d1;,,. 

with in ol11er publiccilions. Qut;strons not ;:.ir1swLred by, and co111111t.:ill 
about, tl1is Guide, m<Jy be addressed to the Office ot SL1e11lil1. 
Personnel. 

Before Arrival 

Brookl1avl!n National L.iboratory rs in tile approximate geo- location 
graphic center of Long Island, about 100 kilometers (65 
miles) east of New York City. (See map at back.) The Laboratory rs ir 
an isolated area and does not offer tt1e normal services of city, town 01 
village. The nearest villages are more than 8 kilometers (5 miles) away. 

Brookhaven's climate is typical of mid-latitude locations on Climak 
eastern continental shores. The nearby ocean modifies the 
general climate, reducing to a marked degree the temperature ex 
tremes found inland and assuring a reldtively even distribution of µrt.: 
cipitation throughout the year. Unlike western Europe, however, tire 
prevailing westerly winds occasionally bring periods of harsh conti
nental weatl1er with departures from normal temperatures and pro 
longed periods of strong winds. 

Fall is usually considered Long Island's finest season and October the 
most pleasant month. There are m..iny clear, mild days with temrn~ra· 
tures ranging from 7' to 21 C (45 to 70 Fl and with low hurn1dit:1 
The bodies of water su1rounding Long Island usually remain surtdblt 
for recreation until early in November. 
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Winter and spring are often an almost continuous season at Brook
haven. Frt..:liut:nt C.UdStdl slo1111s prov1Lle di.Juul lO(J 111111 (4 i11ches) uf 
precipitation per month, wt1icll may be either snow or rain depending 
on the course and nature of the individual storms. In 1952-1953, for 
example, only 300 mm ( 12 inches) of snow fell during the entire sea
son whereas the 1966-1967 winter produced 1900 mm (75 inches). 
Four to five-day periods of extremely cold, windy weather are often ex
perienced, and below zero temperatures (-17 Cl occur almost every 
winter. Because of the low ocean temperature, the month of April is 
frequently more like winter than spring. 

Brookhaven's summers are normally fairly cool because of vigorous 
sea breezes, although maximum temperatures above 32 C (90' fl do 
occur with persistent winds from the interior of the continent. The 
relative humidity tends to be quite high and oppressive days are often 
encountered from late June through August. 

Hurricanes occasionally pass close to Long Island, generally in August 
or September. They are now carefully followed by radar and aircraft, 
so that adequate warning is assured. 

Travel In some cases, partial or all travel expenses will be reimbursed 
by the Laboratory and will be so noted on the Appointment 

Allowances form. Requests for financial assistance in the purchase of 
travel tickets should be directed to the Office of Scientific Personnel. 
When the cost of tickets is reimbursed by the Laboratory, government 
regulations require that an American carrier be used. 

Household Information as to the shipment of personal belongings and 
Goods household goods will be sent at the time of appointment. If 

household goods are involved the Laboratory will arrange for 
a moving company to contact the visitor at his home. 

Personal Personal belongings are assumed to fit in an automobile, if 
Belongings the visitor drives to the Laboratory. If it is necessary to ship 

them, any allowance toward this cost will be stated in the 
Appointment Allowances form. Visitors from abroad should not ship 
their personal effects too far in advance of their arrival as they will not 
be sent to the Laboratory, but will be held by Customs in New York 
and will be subject to storage charges. 
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Vi~1tors ::up1,orkd 11, ;Jtl,, 1 1n:,t1l1d1uw. rm1 .. t L, :.!ill: 11,, 11 Co~I or 
11.;11,.ldl :.iif•tJL.iil ll1t:1 .ill. I•.' 1,1i1:_, .. 111 IJ• . .:.hi< •111.Jlc u11dL r IU Ll~ll'I 

ing co11J1t1u11:.. 111 l111s dfLu. I lie rLl.Jllve 1sol,H1u11 ul ll1e L.Jl.JUr 
d(Ory rldl!CL:.. llite fdlibt: Of l1uU:>ll1g ,JV,Jii;,lJIL; clfld llldkCS lidfl':,f,...Jfl.JtlOr 
expensive and troublesome. Tl1e typical cost of various aLCG•rirnoda 
tions is $100 pt:r monlll for a single room, $250 to $-100 pu 1n .nlh fo1 
furnished apartments. For a fdm1ly of four, food costs v,ut.lu t;e dl 
least $60 per week. A used car costs between $800 and :j,2,0L.J; gaso 
line about 13¢ per litre (60¢ per gJllon). Curnpulsory l1at.ii11; 1 ins1u 
ance to operate a car is $160 or more per year. Rt.:ntal , ars arl 
availabll: from local Jgenc1es on d daily, weekly and nwr1tl1if basis 

No stores, shops or µublic restdLHdnts may be found on ur 11Ldf tl1t 
site. Tile Laboratory maintains a CdfelE:rid on site. lnfur111dl1G1, •Jr1 rt.:'.J 

taurants may be obL11111.:d from tl1e Public Reldtions Oll1ce. i«.J regu 
larly scl1eduled µublic transpo1L.il1on is avJilable. For t.:xlcr.u .J star 
an automobile is a necessity. 

No private vehicle may be drivt:11 unless tl1e op.:rator pus- A•itomobill 
sesses a valid state operator's or chauffeur's license. Lung License'. 
term visitors should Jpply for a ~JL.w York State, license uµ-
on arrival. A New York State operator's license is not r1~qu1re. if legd 
residence is in .:rnoth..:r stJk. lnkrnat1ondl liu:rbt:'.:>, accomp .. 11. dJ by, 
national driver's license, are valid from one yL·Jr of date of i~,'.. ·. tl1°Jw 
ever, many countries have a reciprocJI agreemtenl ·111tl1 Nuv y,,•k Sidi• 
and, in such cases, national licL:nses are honoruJ for om: 1 .Jr, pru 
vided they are stamped by tile American Automobile.: As'.:>oci,111un. 

A number of furnistied apartrnt:::nts for married scientists <:tnd Housint 
dormitory rooms for single persons are availi.Jble on the Lab- . On S1t1 
oratory site. The period tt1ese accommodations are m<Jde 
available will be d<:tcrmim·d at the t11ne of tile appui11tn1u i. Rcn1 
charges for periods of le'.:>s than one niontll ll1dy bt..: pro1ct!eU 

The apartments are supplied with furniture, towels and lJ, I linefl 
kitchen facilities ancJ utcnsils. Irons, toast..:: rs and othe1 tclU.i• 1Lal ap 
pliances are not supplied. Tl1e electricrty available is 100 vol1 A':, N1 
provision can be made for larger appliances that require e11' 1u 22r 
volt supply or plumbing alterations, or both. Coin-opcrdtec.J ·1asli1n1 
and drying machines art~ localt'd in the Apartnknt Area. l · :.·v1sior 
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connectt0ns are available in apaitments, but not in dddct1eLI units or 
dormitory rooms. 

Pets Prior approval to harbor pets in apartments must be obtained 
from the Housing Office. Pets are prohibited in dormitories. 

Schools Children living on the Laboratory site may attend a public 
elementary school (Grades Kindergarten through 6), or a 

Junior-Senior High School (Grades 7 through 12) at no cost. Students 
at both schools are transported to and from the Laboratory by school 
bus. Generally, the school term begins a day or two after Labor Day 
(first Monday in September) and ends late in June. 

Nursery For pre schoolers, a cooperative school (with parent partici
School pation), known as the Upton Nursery School, has been or-

ganized on the Laboratory site for children ages 3 and 4. 
School begins about the second week in September and ends the 
second week in June. Classes are small and children attend one-half 
day for usually 2 or 3 days per week. At present, the fee is $32 per 
month for 3 days, $22 for 2 days. Enrollment is limited and it is ad
visable to pre-register well before arrival. 

Personal Personal mail should be sent in the visitor's name c.ro the 
Mail Department, Brookhaven National Laboratory, Upton, Long 

Island, New York 11973. Letters will be delivered to the de
partment address; there is no mail delivery to the Apartment Area. 
Packages can be picked up at the Laboratory mail room. Packages 
sent prior to arrival should be marked "Hold for Arrival". Post Office 
boxes may be rented at the on-site U.S. Post Office. 

Transportation 
to the 
Laboratory 

The First Visit 

Most overseas visitors arrive via J. F. Kennedy Inter
national Airport, or by ship docking at a New York City 
pier. If the Office of Scientific Personnel has received 
prior notice, a car and driver will be sent to bring the 

visitor and family and hand luggage to the Laboratory. This service is 
available during regular working hours (8:30 a.m. to 5 p.m., Monday 
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llilllt1; 1 /1 f 11d.i1/ ,l11d I'., fu1 ll>l < lo1dh1,,. ,111 l:.1li.il I• ·I• lu lJJl, Jt 1 .. 1 

v,110 Lile 11111.11111/1.11 1".1l11 1:1c .,,, .1 f 1"; d11.u ,'\Ill lJL: 1;l<1d lu .1 •.• 

qu1:st1ons Jilli will slup t:n ruuk lo t__11,dJI" 1111; ·Jis1lu1 tu Liuy luulJ :,1,, 

plies. Tl11~ d11ver 1s not pt;tllliltuJ lo lru11spu1t ld1ge ~11cu·s of 111)'.,'.·· ,. 
or trunks. A11dngements cdn blC rnau1.; to l1ave tl1ese sl i1ppu.J to 1 "; 

Labordtory by commercial carrier. 

. Long Island Limousine St.:rvict: IS i.lvaiL.ibk from rnt::lropol1tzrn alrJJ(., :::i 

to the Laboratory. 

Fo1 tl1ost: driving tl1t:ir own dtilomob11Ls, tn.:: map 111 this boohld ir1tll 
cates tl1e best routt.: w ttw l abcr..Jtory. 

Some visitors to Brookt1av.::n will find 1t convenit::nt to takt: " 11 .• :1 t:! 
from Nt:w Yo1k City. A Long Island Railroad train prt::scr1lly le .. r,• _, 
PennsylvJnia Station ever1 weekday mo1 ning at 8:30 a.m. dnd ci111i,," 
dt Patcl1ogue dt 10:06 a.m. Tl11s t1J1n 1:0 rnd !)ya lJIJOrdtury Ltis a ,J , 
passengers en rouk to BNL are orougl1t to lhe site. Tl1e tr .. :11r1 ei1 .u Mi 
stops at JamJica (ttie station clust:st tu J.r. K~nne:dy Airport) <it b •,J 
a.m. The Long Island Railroad scliedule cl1ctnges seasoncilly. 

Visitors will not be reimbursed for tile rental of automob1/cs w1tl1u d 
prior approval. 

If a housing reservation hds been mude on t11e Lciboratory Hou~iag 

site, the first thing to do on arrival is to pick up a kt'Y JI tl1e 
Housing Office, 2 Center Stred. For arrivals after 5 p rn. or or1 a wt:L •. -

end, keys are held at the Pulice and Security Office, 2~ lJµlufl Rc,ci J. 

On the initial visit, every visitor holding an appointment of Chech tnftr 
any hind must check in at the Pusonnel Otfice, 58 Brook- ProctlJIJle ~ 
haven Avenue. This is necc'.:lsary to activate tt1e appoint· 
ment and to ensure that ce1tain required procedures a1e folluv.uJ. An 
identification card and automobile sticker are also pruvid,;d. Rt::gul•r 
working hours are from 8:30 a.rn. to 5 p.m., Monday through Fndu/. 

While at Personnel, those visitors on long·term sal.:uied ap- lnsuranvs 
pointrncnts will be briefed as to l11e Laburatory's medical, 
life and retirement programs. For tl1ose not eligible for tllese µr.J-, 
grams, or who are not otherwise protected wl11le here, µrivdtt: nH:Lli. I 
insurance coverage should be arranged. ·~ 

s· 
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Travel The department secretary will assist in the preparation of a 
Expenses voucher for rumbur~unu1t of dllowoble l1avL:l e>-µenses. 

All receipts and ticket stubs should be attached to the 
vo.ucher. 

Salary Salary checks are distributed monthly on the last day of the 
.Checks month and reflect the pay period which ends on tile 25th of 

each month. Arrangements can be made through the Payroll 
Office to have salary checks sent directly to a bank for deposit to an 
account. 

Loans Personal loans, repayable by Payroll deduction, may be ar-
ranged through the on-site branch of a local, privately-run, 

full service bank. 

Services 
and 

While You Are Here 

Please refer to the site map at back for the location of sci
entific departments and administrative offices. In addition, 

Facilities Laboratory services include a cafeteria (schedule below), 
the Brookhaven Center, a Post Office, and a service station 

for automobiles. 

Cafeteria 
Schedule 

Monday - Friday 
7:30 a.m. - 10:30 a.m. Breakfast 

10:30 a.m. - 11: 15 a.m. Coffee, Snacks 
11:15a.m.- 1:30p.m. Lunch 

1:30 p.m. - 5:00 p.m. Coffee, Snacks 
5:00 p.m. - 6:30 p.m. Dinner 

Saturday, Sunday & Holidays 
9:00 a.m. - 2:00 p.m. Brunch 

Brookhaven The Brookhaven Center is open from 5:00 p.m. until 11 :30 
Center p.m. every evening Sunday through Friday. Light dinner, 

bar service and other amenities are available. 

Recreation The recreational facilities at the Laboratory are as varied 
as the activities it supports. They include the swimming 

pool and gymnasium, the Recreation Building, tennis courts and soft-
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ball fields. Specific announcements concerning act1v1ties and spec• ti 
lvt 11b c11,; Cc1111c:.J i11 tl1e ""'' 1,:,, p...ipl.'I ll1c Gruukhc111c11 lJ.il1d111 ur1LJ 
various office bullet111 bo.JrJs. In add1L1on, good ~v11111111111g, lJucil1. ·t.: 
and fisl1ing are w1tl1in 16 k1lometc:rs ( 10 miles) of tl1L: LaburatGr/. 

According to tile nJture and length of an appointment, it may Off 511e 
be necessary for the visitor to find housing in tile !:>urround- Hou~111g 

· ing communities. Off-!:>ite l1st1ngs may be co11sulted in the 
Housing Office and notices a1 e carried 111 tile Brookhaven Bullctrn A 
list of suggested real estate agents is available from the Offic1.; uf Sl 1-
entific Personnel. 

The Industrial Med1c1ne Cl1r11c of the Mt:d1cal Departmu1t is Med1,.c1l 
responsible for required medical exan11nations of personnel C.11e 
and for first aid. For tile u'.:>u.JI pt:ison .. il <HHJ fJmily mul1cal 
problems, employees are expected to use physici.:ins and facllit1t:s 111 
their communities. Physicians at the Clinic may be consulted for 111 
formation on physicians prdct1cing in tl1t:: v;.irious res1denti ... d an..:.-.). 

Expert assistance and a variety of services are provided by Radiat:on 
the Safety and Environmental Protection Division on all Saltly 
matters of radiation safety. Rult:s on radiation safety, in-
cluding the use of personnel monitoring equipment and the w1~ari·1g 
and handling of protective clot111ng and L'quipment sl1ould tJe follovv·. d 
In addition to normal fire and safety requirements, tile Labordtory lids 
established standards appropriate to its operations. These are made 
known to newcomers shortly after arrival through i:l safety orientati"n 
interview. Investigators planning to bring equipment or apparatus w1ll1 
them should determine in advance whether any of the fire or saf, ty 
standards apply. This may be done through direct contact with Pl011t 
Protection and Safety Audit, 20 N. Technology Street. 

For those without their own transportation, a car leaves the Shopp111g 
children's shelter in the Apartment Area every Tuesday and T11ps 
Friday at 9 a.m. upon request. It arrives in Patchogue at 9:30 
a.m. and leaves at noon, returning to the Apartment Area by 12 30 
p.m. Please call the ntrmbe:r listed in t11e Directory at back undu Sl1uµ
ping Trips the day before you wish to use this service. In addit10n, 
there is a limited bus service available to certain local areas from 111e 
BNL Main Gate. Bus srlH:dule:s may be obt.:i1ned at tile Travel Oft1 .. L, 

2 Center Street. 
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Hospitality The Hospitality Committee, composed of the wives of staff 
Committee members, offers help in the orientation of newcomers. A 

staff nlt.;lfiC.J<..:r 111 Iii..: Per::.u11nel ult11.t:: act::. a::. l1a1son for 
this group. 

On Departure 

Termination On termination of a Laboratory appointment, a check-out 
Procedure sheet is prepared by the department secretary and involves 

stops at the Library, Personnel Office and the Cashier for 
the return of books, identification cards, payment of bills, receipt of 
final checks, etc. Alim visitors returning to their llome countries 
should have the proper documents for their departure from the United 
States. (See section Of Special Interest to Aliens.) 

Transportation As was the case for arrival, the Laboratory will, on ad-
vance notice, arrange for the transportation of the visi

tor and family and hand luggage to the airport or pier during regular 
working hours. 

Shipping The Laboratory cannot be expected to ship goods, books or 
of Goods belongings accumulated during the stay. Visitors should make 

arrangements for shipping large pieces of luggage and trunks 
by private carrier. The crating and shipping of goods are considered 
private matters and should not involve Laboratory equipment, materi
al or labor. 

Of Special Interest To Aliens 

Visas The visa stamped in a passport at a U.S. Embassy or Consu-
late grants permission to enter the United States during the 

period of its validity. The number of times the visa may be used is in
dicated before the words "application(s) for admission into the United 
States". Usually a non-immigrant visa is valid for either one or unlim
ited (multiple) applications. 

8 

The period of authorized !>lay in the United States is en- form I 1~ 

tt'.rl:j Llll for111 I CJ-1 (.Ji::O kr 'J:.ri ,J;; Ar11v"I u,1,.11lU1c i<L.__..,1JJ 
v,111L.l1 1:. !>Ldf.-11 d 111 Ille pa:o:.ijJU•L ll 1s 1111po1l..Ji1l lli<..it l11e !Jlui)tr 111all1 ~ 

addrt::t.s {8rookl1aven Nat10nal Laborci!Ory, Upton, L.1., Nc.v Yurk 
11973) be entered lt:gibly on this form. Any extensions of stay arf: 1 ::
corc.Jt:d on the 1t:verse sidt: of 1111!> for111 by an immigration insµccto1 

The Laboratory sponsors an Excl1ange Visitor Program for 
temporary appointments, not to oceed three years. Infor
mation concerning limitations and other conditions of this 
visa may be obtained at any U.S. Consulate. In order to ob

Exchaur e 
V1silo1s 

(J II 

tain a J-1 visa the Office of Scientific Personnel will mail Form DSl'-
66 with tl1e letter of aµpo1ntmt:nt; to apply, tlie form 111usl bt· pre::.,t!llluJ 
to a U.S. Embassy or Consul.Jte 111 lilt: home counl1y. If till!> ty1,e ul 
visa is obtained, the stay in the United States must be extendu..J .Jnn•1 
ally. T11irty d.Jys to two weds bdort! tl1e .:·xpiration of an aut11011L• 1 
stay, tile Otfice of Scientific Personnt·I <o.l1ould lJe contc1cted fo1 a nt ,, 
DSP-66 form wl1ich must be comµlekd Jnd sent, together will• Fo1111 
1-94, to the Immigration Office in New York City. 

Each time the visitor leaves tile United States on a busint:ss or vac, 
ti on trip, copy 3 of Form DSP 66 should be taken. Also, p3sspor 1:, 

should be checked to ensure t11at the visa is still valid and that 1t mu; 
be used for more than one entry. 

Permission to continue practical training must be rt:newed Studenr; 
every six mont11s. Before the first six months expire, the v1si- (f 1) 

tor sliould (I) get a lr:tter in dupl1c<.Jte f1orn tl1e Office of Sci-
entific Personnel stating the terms of tl1e appointment; (2) compltt· 
Form 1-538 and send it, together with tile above letter, to tile For(;ig11 
Student Advisor at the visitor's scl1ool tor !>ignature; (3) take or mail t , 
the Immigration Office in New York City the following: Form 194. 
signed Form 1-538 (application to accept employment, and letter fro111 
the Laboratory. 

A type 8-1 visa (temporary visitor for business) is avdilable 
for those coming from abro<ltl wl10 will not lJ,; ru:eiving a sal
ary from a U.S. institution. Pumission lo slay L<lfl be granted 
for periods of up to two years. 

Vi~ilOI; 

(8 II 

For the purpose of opening a U.S. banh L1ccc.u11t, s11cl1 v1s1tors sl1ot1I< 
obtain a special social security number by contdcting tt1L: local S0c1.i 
Security Administration Office in Patcti;.1,;:ue. 

', 
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Sailing When an individual holding any type of visa (including immi
Permits gr ant) leaves t11e Unikd Sldll:S, or deµ<H L~ for reasons of va-

cation or business, a sailing permit should be obtained sev
eral days, but not more than three weeks, in advance of departure. 
(See also section on Exchange Visitors.) However, a sailing permit is 
not required for an individual with a B-1 visa who has been in the 
United States for less than 90 days. If the appointment at the Labora
tory has been salaried, a statement of earnings should be requested 
from the Fiscal Division, 37 Brookhaven Avenue, and taken with pass
port, copy of last U.S. income tax return (if any) ;ind return ticket (if 
any) to a local office ot the U.S. Internal Revenue Service, whose lo
cation can be recommended by the Internal Audit Group, 37 Brook
haven Avenue. In the case of unsalaried appointments, a letter stating 
the conditions of appointment should be requested from the Office of 
Scientific Personnel. 

Alien When corresponding with the Immigration and Natural-
Registration ization Service, the Alien Registration Number (if any) 
Number should be stated to expedite the handling of the request. 

This number, sometimes designated as a File Number, is 
not issued upon arrival in the United States unless a "file" exists at 
that time. It is usually an eight-digit number prefixed by the letter "A". 
A permanent file is made upon application for extension of stay or any 
change of visa status. File numbers issued in previous years should 
also be stated. 

Alien During January of each year, all aliens in the United 
Address States must report their addresses to the Commissioner 
Registration of Immigration and Naturalization Service. Alien address 

report cards are available at the U.S. Post Office, 2 Cen-
ter Street. 

INS 
New York 
Office 

10 

The address and telephone number of the Immigration and 
Naturalization Service office having jurisdiction over Brook
haven National Laboratory is as follows: 

U.S. Department of Justice 
Immigration and Naturalization Service 
20 West Broadway 
New York, N.Y. 10007 
Telephone: Area Code 212, 349-8735 

Aliens are required to pay U.S. income tax, New York State in· J., ~s 

come tax and U.S. Social Se .. urily tax on income derived from 
sources within tl1e United States. However, ttwse individuals with l·-1 
or J-1 visas are exempt from U.S. Social Security taxes. Otherwise, 
tax rates, exemptions and exceptions vary with type of visa, duration 
of appointment, residency, and tax treaties. Aliens should inquire at 
the Alien Tax Bureau of the Internal Revenue Service for informati0n 
concerning their particular tax situation. Other information may be ob
tained from publications tt 518 (Foreign Scholars and Educatio11al 
and Cultural Exchange Visitors) and ;:;. 519 (United States Tax Gui.Je 
for Aliens), available from the U.S. Government Printing Office, Wa~ll
ington, D.C., for 75¢ per copy. 

Individuals filing tax returns for previous years, after having left tne 
United States, may obtain the appropriate forms from a U.S. Eml.Ja~·,y 
or Consulate. 

11 
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BNL Telephone No. 
Area Code: 516, 3~52i2J 

For Information On 

Automobiles: government 
vehicles, Stony Brook 
Univ. parking permits 

Brookhaven Bullc.:l1n 

Guest & Rescarcti 
Collaborator appts. 

Hospitality Committee 

Housing Office 
Identification cards 

& auto stickers 

Insurance - medicdl 

Mail 
Medical check-up 

Medical emergencies 

Notary Public 

Nursery School 

Personnel Records 

Plant Safety 
Recreation Office 

Salary Checks 

Sailing Permits 

Shopping trips 

Taxes 
Transportation -

arrival & departure 

Travel policy 

Travel Reservations 
Visas 
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Directory 

Who Where Tel. Ext. 

J. Cross 2 Center 2535 

B. Petersen 40 Brooktiaven 23~5 

G.A. Price 40 Brookhaven 3336 

J. Garron 58 Brookhciven 2113 

D. Metz 2 Ct:nter 2541 

Personnel 58 Brookhaven 2882 

Personnel 58 Brnokt1avE:n 2877 

Mail Room 2 Center 2534 

Ind. Med. Clinic 30 Bell 3670 

Ind. Med. Clinic 30 Bell 2222 

S.W. Eriksen 40 Brookt1aven 3332 

R. Flack 40 Brookl1aven 3316 

G. Callister 30 Bell 3694 

B. Laskee 58 Brookhaven 2873 

M. Austin 58 Brookhaven 2875 

R.W. Young 20 N. Technology 4271 

B. Laskee 58 Brooktidvcn 2873 

0. Vario 37 Brookhaven 2487 

F. Federmann 37 Brookhaven 2482 

J. Cross 2 Center 2535 

F. Federmcinn 37 Brooktiaven 2482 

Office of Scien-
tific Personnel 40 Brookhaven 3336 

Office of Scien-
tific Personnel 40 Brookhaven 3336 

Travel Office 2 Center 2531 

G.A. Price 40 Brookhaven 3336 
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~,Jr""''I & Enwonrr"O'nrai Prcrecr:on Cwrsrcn 

Jr. Bruce Wachholz 
:Jffice of Health & 

Environmental Research 
':. S. Department of Energy 
'.;ashington, D.C. 20545 

Dear Dr. Wachholz: 

~SSCC:ATED UNlvEPS/TiES, INC. 

__ oron '.~\v '·er~ ',--;~3 

May 5, 1981 

The enclosed material is submitted to help you in the May 21 and 22 re
'Jiew of Brookhaven's Marshall Islands Radiological Safety Program. Included 
are 

1) Guide for Visiting Staff, 
2) Schedule, and 
3) Publications and Drafts Package. 

The maps in the Guide for Visiting Staff will assist you in travelling 
to the Laboratory and during your stay. A room has been reserved for you at 
::he Laboratory site. Louisa :lorrison, ITS 666-4208, will assist you in making 
any arrangements. 

If you have questions, please do not hesitate to call either myself or 
Louisa. 

ETL/slg 

Enclosure 

Sincerely, 

Edward T. Lessard 
Program Director 
~farshall Islands Radiological Safety Program 



Marshall Islands P.adiological Safety Program Review Scheriule 

!.Ja ., ~ * 
~ c.rne 

Disu:Aasion 
Lt.ade"t' Location 

Thursday 
May 21 

0830-
1000 

Br>uce Waehho lz Bldg. 535 
Conference 
Room 

Friday 
'fay 22 

1001)-
1100 

ll00-
1200 

1200-
1300 

l '300-
~I isoo 

_j 1500-
~700 

1715 

1900 

Andrew Hull 

Edward Lessarid 

Bldg. 535 
Conference 
Room 

Bldg. 535 
Conference 
Room 

Cafeteria 

Robert Miltenberger Bldg. 535 
Conference 
Room 

Jan Naidu Bldg. 535 
Conference 
Room 

Bldg. 535 
Lobby 

Room A 
Berkner Hall 

- - - - - - - - - - - - - -
0900-
1200 

Edwa.I'd Lessard Bldg. 535 
Conference 
Room 

* The time allotted is approximate 
and will deviate according to the 
desire of the Review Conunittee. 

Preliminary Review Committee meeting to be 
followed by a welcome by Char'Z-es Meinhold 

Marshall Islands radiological safety 1954 
to 1981. An overview of the i'~ec:.cai Depart
ment and Safety & Environmental Protect.~on 
Division programs. 

Marshall Islands Radiolo~ical Safety Program 
Highlights 1974 to Present. Shor:ly before 
lunch a tour of the whuie-boJy cuunt.ing anJ 
bioassay facilities will be given for 
interested Review Committee members. 

Whole-body counting and hioassay instrumen
tation, quality assurance and resuits. Will 
include a summary of the relevant ?Ortions 
of the previous B~L medical prcgram and 
cover our measurements of Sr-98, Fe-55, 
Cs-137, Pu-239, Zn-65 and Co-6~. The air 
sampling program will also be discussed. 

Exposure rate, vegetation, animal, and soil 
measurements, instrumentation, and quality 
assurance. Nuclides included are I-129, 
Cs-137, Sr-90, and Co-60. Diet and living 
pattern studies including Marshallese 
foods, food gathering, food supply s~ip
ments, copra production, fisjing a~: 
other activities. 

COCKTAILS 

GUEST DINNER 

Dosimetry models and methods. Results of 
dose assessment for Rongelap, Utirik, 
Enewetak, and Bikini populations. Nuclides 
include Cs-137, Sr-90, Co-6C, Fe-55, 
Pu-239, iodine isotopes and =~-65. Data 
storage, records, publicatio~s and 
transmission of information. 



Castle-Bravo Air Concentration and Deposition 
Patterns from a 3-D ?<.lrticle-in-Cell Coce" 

by 

Kendall R. Peterson 

May 18, 193 l 

ABSTRACT 

UASG 81-20 

The .\IATriEW-ADPfC code suite has been extensively modified to give the 

total external dose from the detonation of the Castle-Bravo nuclear test at Bikini 

. .\toll until evacuation of the inhabitants of nearby atolls. The advant.'.lges of thi::> 

code suite is that it uses all the observed ·.vines (in a mass-conservation sense) at and 

'.'lfter the detonation to provide dose rates and doses due to passage of the debris 

cloud and to the time-integrated deposition up to evacuation time. Previous 

assessments have given the fallout pattern (deposition only) at time H+l hours. 

The present code formulation gives excellent agreement with the estimated 

total external dose (based on measurements) to people on Rongelap and Ailingino.e 

atolls . 

.. i,1, or~ perform Ni under the auspices o{ the C'. S. Depi:irti71enc of Energy under 
Contr:ict ~o. W-740:1-ENG-48. 
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INTRODUCTrO ~~ 

Operation Castle was an atmospheric nuclear test series conducted i:-i the 

.\larshall Islands from March to May of 195 4. The most notorious test of the series 

was Bravo, a 15 megaton(l J thermonuclear explosive. The top of the resultant 

debris cloud reached to nearly 35 km at stabilization time.[ 1] 

Because of an unexpected shift in mid-tropospheric wind directions following 

detonation of Bravo, the fallout pattern, instead of heading in the predicted 

northeast direction, had an easterly alignment. As a result, persons on the atolls of 

Rongelap and Rongerik were exposed to relatively high levels of fallout from the 

n11clear explosion. Prompt action was taken by U. S. Task Force personnel to 

evacuate the natives of these islands. Some of the natives on Rongelap, the closest 

to the detonation point, suffered temporary nausea and minor skin burns. None 

exhibited a!!Y medium or long term effects from their exposure. 

However, after about l 0 years, those Rongelap natives, who were young 

children in 1954 developed non-rnaligment nodules on their thyroid glands. Since 

then the occurrence of similar nodules among the Utirik natives has been reported. 

The rate of occurrence tias been higher than would be expected statistically. The 

purpose of this report is to calculate deposition and surface air concentration plots, 

using a th.-e~imensional particle-in-cell suite of codes to estimate the doses at the 

islands from which the natives were evacuated. We will also consider the dose fror:i 

rair.out as part of the debris cloud crossed the atolls. Finally, the calculated time 

history of air concentrations on the downwind islands will be presented for several 

nuclides. 
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Sever,..tl fallout p·nte:-ns for C:as~le Sr:wo \'/erP prepared i:i t"le lat~ l~;jO's. 

Some of t:1e better known patterns ap9ear in Ret. I and were pr~~Hred ay (~) the Air 

fore€ Speci:3.l Weapons Project, (b) the Niiv.il Radiological Deferise Laoor'itory, a.nd 

(c) the Rand Corporation. A comparison of these three patterns sho.vs siE-;nificant 

differences in the maximum dose rates, as well as the shapes of the contours. This 

is due in large part to the subjectivity involved in the calculations. Portions of the 

AFSWP A.r.d NRDL contours were based on dose rate measurements at Rongelap, 

Rongeri!<, and Utirik, as well as a crude estimate of the dose rate received by the 

Japanese fishing ship, the Lucky Dragon. The remainder of these patterns were 

obtained using the observed winds in a subjective manner to bend the pattern and 

achieve an approximate mass balance. 

The Rand contours used estimated winds between Bikini and Rongelap. These 

winds were obtained from interpolation of streamline analyses at several levels at 

different times. 

By contrast, the altered versions of the MATHEW-ADPIC codes used in this 

report allow us to use the observed winds at difforent locations and different times 

after detonation. No artificial bending of the pattern is required4 The only 

subjectivity lies in the selection of code input parameters. At all times, the codes 

automatically assure conservation of mass. 

COMPUTER CODES 

The suite of codes develoi;>ed for the Atmospheric Release Advisory Capability 

(ARAC) werl:! extensively modified in order to incorporate a larger number of upper 

air wind levels. All pr.ior uses of the codes have been to handle calculations for 

releases that did not rise higher than a few kilometers. Also, the standard ARAC 

codes do not involve sophisticated gravitational fall velocity calculations, nor do 

they include time-integrated deposition. 
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·HJj•Jst Jbse!'ved wines, usin~ variational analysis methor.s, so :i.s to conser•:e m·bs 

from cell to cell. After rr.odification, all observed uoper air wind data from 1 f) m to 

:~5 km were entered o . .5 input. This ·.v1s done for four time periods, using winc!s for 

one to th:-ee observing stations for each time. The oiJvious advantages of thi::> cocie 

(over most other fallout codes) is that mass is not permitted to accumulate in any of 

the cells and winds are available for each 3-D cell intersection for four times. 

The :\l.~ THEW winds are used then by the modified ADPIC( 3J particle-in-cell 

code to calculate the transport, diffusion, and deposition of an instantaneous 

source. Modifications required of ADPIC, to handle the Bravo test, consi.:>ted of 

allo·.ving more upper air input than is used in typical ARAC assessments. 

Furthermore, since particles falling from the stratosphere undergo a large increase 

in air density, it was necessary to add a turbulent wake correction to the larger 

r 4] 
particles; this correction follows th~ method set forth by :'.IcDonald: Other 

modifications were to incorporate a tropical atmosphere into the fall velocity 

calcuations and to make the particle activity increase as the cube of particle 

<adius. Finally, time-integrated deposition was added; this allows calculation of the 

total dose from detonation time to evacuation. 



- -t -

INPC'T DATA 

Surface meteorologic:..i.l o~servations ·.vere a v1il..10le from some atoll::> anc from 

the U.S.S. Curtiss which cruised south of Bikini; :iowever, since the larger pa~t:ct~s 

fall rapialy from the debris cloud to the surface and spend little time n~ar the 

surface, not many surface reports were used. Of far greater importance are the 

upp~r air wind observations taken at four sites near Bikini atoll. Other significant 

input data consisted of a flat topography, cell sizes of 34 km (elist-west) by 17 km 

f:!orth~outh}, and l km in the vertical, stem and cap debris cloud geometries at 

stabilization time, source rates for both gross fission products and selected 

individual nuclides, and particle size spectrum parameters. 

CALCCLATIONS 

Gross Fission Produc~s 

Tne time-integrated external dose pattern (in rads) due to gross fissiori 

products from deto.-:ation time to evacuation time of Rogelap atoll {51 hours) :J.re 

shown in Fig. 1. Ti1e numbers next to Ailinginae, Rongeri~<, and Utirik atol.8 are 

integrated values up to the time people were evacuated from those atolls. 

f . D . (51 d For comparison, the value o total dose, estimated by unnmg an 

Strauss[G] are given in Table 1. Note that the agreement is very good for 

Rongelap and Ailinginae atolls. However, calculations for Rongerik and Utiri!< :.t<e 

at odds •.vith earlier estimates. The code calculations for Rongerik are higher, while 

those for Utirik are lower. This variation appears to be in part a p:-obiem of 

"tuning"; also a possible variation in wind directions and speeds at late times when 

the only wind observations were from the U.S.S. Curtis, south of Bikini (3ome 

distance from the atolls of concern) may be an explanation. 



T~bLe !. Co mpiirison of gros3 fis3icn product total external doses fJt· 
computer calculations vs. estimat:;s by 01mnin'.5.J:5J ancJ 
S trausst 6 l 

Present Previous 
Evacuation Time Calculations Estimates 

:\toll (hours) (racs) (roentgens) Ref. 

Rongelap 
(northern part) 51 1300 2000 [6] 

Rongela;> 
(sout.1ea.stern part) 51 110 l 75 [5] 

.-\ilinginae 
(Si fa ls tand) 58 24 <100 [5] 

Rongerik 
(southed.stern part) 30 340 78 [5] 

Ctirik 78 0.33 '\, 1 0 [5] 

l\'ith the modified MATHEiv-ADPIC code suite, it is possible to calculate the 

·-
instantaneous immersion dose rate from gross fission products as a function of 

time. Tbis can be done for any time inteval. Figures 2a to 2f show surface 

i:nmersion dose rate contours for every three hours from one hour after Bravo cloud 

s~abilization time to H+l 6 hours. Note that after an easterly traverse, most of the 

cebris reaches the trade wind level; the contour pattern moves south and finally 

toward the southwest. 

Individual Nuclides 

Calculations were made of instantaneous and time-integrated concentrations 

at 2 m a::>ove the surface for the several a tolls affected by Castle-Bravo. The 

nuclides considered were Te-129, I-131, I-133, Cs-137, and Eu-155. These 

c:ilculations agree well with observations at Rongelap and Ailinginae atolls, but are 

too high at Rongerik and too low at Utirik atoll. The surface concentrations for 

~ :Jng;2l2c·. joth the northern and southeastern parts of the 1toll, and for :\iligin:ie 

. .\toll° a::-e presented in Figures 3a to Se. The time of arri'!al of the first Bravo debris 

is in agreement with reports made by the inhabitants. 
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REPORTS OF RAIN Dt.::U:-I 1-: SRA.VO fALLOt:T 

Transcript> of post-Cetonation briefing:; suggest that sei.f-induced r<'-inout 

cc·~urred for a short time aft~r Bravo was deturiated. The c:-e•.•1 of the Japcrnese 

fishing ship, No. 5 Fukura '.\Iaru (Luch.-y Dragon), while fishing down-.vind just outsiGa 

the exclusion zone, noted that the initial fallout on their ship was accompanied by "a 

light rain or drizzle.'!7] It is unlikely that this was a continuation of the 

self-induced rainout, some two or more hours after Bravo's cetonation; it was 

probably a natural rain system superimposed on the debris cloud. 

Another report of rain during Bravo fallout was made by a group of Rongelap 

:iatives after evacuation.[ S] They lived in Rongelap Village, on the southern part 

of Rongelap Atoll, and stated that it "rained a little" during the afternoon of March 

l st. 

h . . . . A. F d. {S] h d Anot e_r rnterv1ew with an Amerr~n ir orce ra 10 operator w o ha 

'Jeen on Ro:1gerik Atoll prior to evacuation disclosed that "rain commenced about 

2100 (LST] at:i.d continued for 30 minutes." 

Finally, the S. S. Roque, owned by !\Iicronesian Lines, left Kwajalein at 0345 

LST and arrived at Utirik at about noon on :\1arch 2, 1954. The ship left Utirik 

(apparently a few days later) and arrive at ~;lajuro Atoll on ~larch 7. A radiological 

survey at Majuro disclosed radiation readings of 10 to 30 mr /h on March 7. The 

ship's captain mentioned that he had encountered rain squalls during his voyage, but 

·.·1as not specific about where or when. It appears certain that the S. S. Roque 

encountered Bravo fallout, possibly accompanied by rain showers, either whil~ 

approaching or while in harbor at Utirik. If 10 mr/h are "grown back" to five or six 

cays earlier (when the Bravo debris cloud passed near Utirik), the dose rate is 

~stimated at about 100 mr/h. 
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Extensive modification of the ~IATHEW-ADP£C code suite ha.s prndi:ced 

contours of Castle Bravo accumulated and time-integrated deposition for gros;; 

fission products. Through the use of dose conversion factors, these c0ntours have 

been converted to cose !'ates and total doses up to the time of evacuation from the 

a tolls affected by the debris cloud. In adcition, ho th instantaneous and 

time-integrated surface concentrations have been cnlculated. For the nearest 

atolls, the calculations agree well with the measurements and total dose estimates 

based on these measurements. At the more distant atolls the agreement is not as 

good, indicating the need for more "tuning" of the code input parameters. 

The internal dose to the inhabitants of the affected :itolls have not been made 

i r. th is report. Interviews with natives of Rongelap Village and A ilinginae[ SJ 

indicate that many people ate fresh seafood and drank water from cisterns following 

contamination of their islands. Although there is no direct evidence that those lit 

Utiri~' ate and drank contaminatP.d food and water, it seems likely that they did 

since the dry deposition from Bravo was considerably less than at atolls to the we.st. 

However, the previous section indicated that rain probably nccurred during th~ time 

of fallout. This would result in wet deposition, producing local doses 10 to 50 times 

greater than in those areas where rain did not occur. This effect could h>1ve 

resulted in develo9ment of thyroid nodules in those tJtirik residents who cor.sumed 

contaminated food and water. 
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REEVALUATION OF ASSESS~1ENT OF 
RADIATION HEALTH EFFECTS OF THE 

RESETTLEMENT OF ENEWETAK 
ATOLL 

STATEMENT ON BEEALF OF 

THE PEOPLE OF ENEWETAK 

to 

SUBCOMMITTEE ON INTERIOR AND RELATED AGE~CIES 

by 

Michael A. Bender, PhD 

and 

A. Bertrand Brill, PhD, MD 

May 13, 1981 



Our earlier Assessment (National Cytogenetics, 

October 12, 1979) was based upon the "Preliminary 

Reassessment of the Potential Radiological Doses for 

Residents Resettling Enewetak Atoll (Robison, et al., 

UCID-19219, July 23, 1979, draft) also used by the Department 

of Energy for its own health effects assessment (Ailin 

in Enewetak Rainin, Washington, D.C., September, 1979). 

For our Assessment we also adopted the genetic effects 

and cancer risk esti~a:es given in the May 1979 draft of 

the National Academy of Sciences-National Research Council 

Report of the Committee on the Biological Effects of Ionizing 

Radiation (the BEIR III Report). Since that time final 

versions of both drafts have become available, and each 

contains revised values for estimates we used in 1979. 

We have examined these changes and revised our numerical 

health·effects estimates for the resettlement of Enewetak 

Atoll accordingly. In summary, though there are increases 

in both the dose estimates and the cancer risk coefficients, 

they are relatively small. The resulting changes in our 

numerical health effects estimates in no way affect our 

earlier conclusions regarding the safety of the Enewetak 

People upon return. 

Radiation Doses. The refined dose estimates given in 

"Reassessment of Potential Radiological Doses for Residents 
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Resettling Enewetak Atoll" (Robison, et al. (1980), 

UCRL-53066) corresponding to those we used from their 

earlier draft appear in Tables 30, 42 and 44. 

The changes are sununarized in Tab 1. It may be seen 

that the pertinent final estimates are somewhat higher 

than the earlier ones; in the important cases by roughly 

20%, thus our calculated 30 year whole body dose for Enjebi 

people is increased from 5.6 rem to 6.8 rem, or from 186 

to 226 mrem per year (page 4). Similarly, our calculated 

30 year whole body dose for people returning to Enewetak 

and the southern islands is increased from 0.23 rem to 

0.38 rem, or from the old estimates of 8 mrem per year 

to 13 mrem per year (page 5). The resulting revisions 

of the average doses to the whole Enewetak people increase 

the whole body dose from 2.36 rem to 2.9 rem, or from 79 

mrem per year to a revised estimate of 98 mrem per year 

(page 5) . For the case of a child born eight years after 

the return to Enjebi, the situation expected to cause the 

largest risk of genetic effects, the former calculated 

4.9 rem 30 year whole body dose is revised to 6.1 rem, 

or from about 163 to about 204 mrem per year. 

Cancer Risk Coefficients. The 1980 BEIR III Report contains 

substantially revised cancer risk estimates. We have 

incorporated these in our reevaluation. Thus the coefficients 
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given in Table 1 of our 1979 Assessment (page 30) for the 

linear-quadratic dose-response model become 2.81 and 7.70 

for the absolute and relative risk projection models 

and those for the linear dose response model become 6.58 

and 18.19 under the absolute and the relative projections 

respectively. These are not large changes (indeed one 

constitutes a small decrease), but the largest is roughly 

two fold. 

Genetic Risk Estimates. The dose estimate revisions make 

very little difference in the numerical genetic effects 

estimates given in our 1979 Assessment (page 25). For 

example, the first generation increased risk estimate 

upper bound estimate is changed from 177 to 218 cases per 

million live births or, more meanfully perhaps, from about 

0.08 to about 0.1 cases among the roughly 49 cases expected 

from other causes in the next Enewetak generation if the 

population just replaces itself. Similarly, the absolute 

upper limit of credible risk of genetic ill health (page 26) 

for a child born on Enjebi eight years from now who has 

a child at age 30 is increased only from roughly 3 to 4.5 chances 

in 10,000, which must still be compared with the roughly 

one chance in ten normal risk, a very small increment indeed. 

Cancer Risk Estimates. The effect of the newer dose 

and cancer risk coefficients is also small. A comparison 

of the new with the old estimates is shown as Table I. It 
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may be seen that the earlier upper bound estimate for the 

people returning to the souther islands of a.as added 

cancers above the 41 cases expected from other causes 

(page Ja) is increased only to o.a9 added cases. Similarly, 

the upper bound estimate for the people returning to Enjebi 

of a.66 case added to the normally expected 27 cases 

is changed to a.99 case. We emphasize, however, that 

these are upper bound estimates, that the actual risk is 

probably smaller, and may actually be zero. 

Conclusion. We have reexamined our earlier Enewetak 

health effects estimates in the light of more recent 

dose and cancer risk coefficient estimates, find the risks 

still small. We note that our revised estimates remain 

in remarkably good agreement with those provided by the 

DOE. We still conclude that it is entirely possible 

that the radiation exposures of the Enewetak people 

resulting from return of the dri-Enewetak to the southern 

islands and the dri-Enjebi to their home "will never result 

in even a single case of disease among either the returning 

population of their descendents." 
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Table 1. Comparison of Pertinent 1979 and 1981 Whole 
Body Dose Estiillates 

Dose (rem) Average 
30 yr. 50 yr. 30 yr. 

• I ....... f'"lp ...... :"'1-··~·-~- ..... -~~ ....... - _ __., ... J. 

Southern New 0.38 0.55 13 
Islands Old 0.23 0.33 8 

Enjebi- New 6. 8 10.l 226 
Northern Old 5.6 8.0 186 
Islands 

Average New 2. 9 4.3 98 
(total Old 2.4 3. 4 79 
population) 

Dose (mrem/yr) 
50 yr. 

11 
7 

201 
159 

87 
68 

Table 2. Comparison of No. of added Cancer Deaths Due to 
Lifetime Exposure (50 years) - Enewetak Atoll 
Linear-Quadratic (best) and Linear (Highest) Models 

Group Absolute Risk Relative Risk 
LQ Lin LQ Lin 

Southern New .02 .03 .04 .09 
Island Old .01 .02 .01 .04 

Enjebi- New .15 .36 .42 . 9 9 
Northern Old . 09 .30 .17 .62 
Islands 

Total Group New .17 .39 . 4 6 1. 08 
Old .10 .32 .18 .66 



BROOKHA.VEN NATIONAL L.ABCR,A.TC1RV 

ASSOCIATED UNIVERSITJES. INC. 

:~'oron. :·Jew rork ',1 (' .... 1 
I ~ I '..I 

Safetv & Environmental f:•otecrion Division \ 5161 3.:15-4207 

April 9, 1981 

'.Ir. T. F. :--tccraw 
Division of Health and 

Environmental Research 
U.S. Department of Energy (DOE) 
~<lshington, D. C. 20545 

Dear Tommy: 

The following schedule is submitted for the upcoming site review of 
Erookhaven's Marshall Islands Radiological Safety Program. It is tenta
tive and can be adjusted to meet the needs of the Review Committee. 

Date 

::,;2us1 

5/21/81 

5/21/81 

5/21/81 

5/21/81 

5/21/81 

Time 

0900-
1000 

1000-
1100 

HOO-
1200 

1200-
1300 

1300-
1500 

1500-
1700 

'-:... ·--- ... ~·-- ,/ 

Discussion 
Leader 

Bruce 
Wachholz 

Andrew 
Hull 

Edward 
Lessard 

Robert 
Miltenber-

ger 

Jan 
Naidu 

Location 

Bldg 535A 
Conf. Rm 

Bldg 535A 
Con£. Rm 

Bldg 535A 
Conf. Rm 

Cafeteria 

Bldg 535A 
Con£. Rm 

Bldg 535A 
Con£. Rm 

Comment 

Preliminary Committee Meeting 

MIRSP Program Synopsis 1974 
1981. 

Program highlights and tour of 
the whole-body counting and 
bioassay facilities. 

LUNCH 

Whole-Body counting and bioassay 
instrumentation, quality assur
ance and results. Will include 
a summary of the relevant portions 
of the previous BNL medical pro
gram and cover our measurements 
of Sr-90, Fe-55, Cs-137, Pu-239, 
Zn-65 and Co-60. The air sampling 
program will also be included. 

Exposure rate, vegetation, animal, 
and soil measurements, instrumenta
tion, and quality assurance. Nu
clides included are I-129, Ga-137, 
Sr-90, and Co-60. Diet and living 
pattern studies including Marshal
lese foods, food &athering, food 
supply shipments, copra production, 
fishing and other activities. 



~~ssard to ~cCraw 

Date 

5/21/81 

5/22/81 

Time 

2000 

0900-
1200 

Discussion 
Leader 

Charles 
Y!einhold 

Edward 
Lessard 

Location 

Stony Brook 

Bldg 535A 
Conf. Rm 

April 9, 1981 

Comment 

Dinner at Three Village Inn 
for committee members, BNL 
members and their spouses. 

Dosimetry models and methods. 
Results of dose assessment for 
Rongelap, Utirik, Enewetak, 
and Bikini populations. Nu
clides include Cs-137, Sr-90, 
Co-60, Fe-SS, Pu-239, iodine 
isotopes and Zn-65. Data 
storage, records, publications 
and transmission of information. 

Under the ?reposed format, the various discussion leaders will be 
~repared to present slides and overheads on topics related to their 
ciscussion area. An open round table consideration of the topics presented 
~v each discussion leader will follow. On May 4, 1981, I will forward 14 
copies of our publications and drafts package to you. The package will 
~lso include copies of our schedule 189's, work package authorizations, 
.. .rnd a synopsis of the program history. I will also forward a package to 
Sill Robison for his information. 

I look forward to the review and would appreciate your suggestions 
concerning any aspects of the schedule or format. 

ETL/ slg 

cc: V. P. Bond, M.D., Ph.D. 
C. B. Meinhold 
Dr. B. Wachholz 

Best regards, 

Edward T. Lessard 

. ... :_ 

~~ ... '· 



'.·Ir. T. F. Mc Craw 
Jivision uf Health and 

Environmental Research 
::.s. Department of Energy (DOE) 
~ashington, DC 20545 

8t:a r T onuny : 

hl2C<:·KHAVEl\J ~JAflONAL tABORAfC)R'I 
-- ----·----~ ·--------- -

ASSOCIATED UNIVERSITIES. 1r~c 

(516J 3~S 4250 

April 23, 1981 

Enclosed are the figures you requested for the Bikinians and other 
?Opulations. Drafted figures are included for Sr-90 and Cs-137 for 
~ongelap, Bikini and Utirik residents. Bikini mean adult body burdens 
;.,thich equal. the minimum detection limit for the procedure are es~imated 
for Pu-239. Figures illustrating Co-60, Fe-55 and Zn-65 are being crafted 
µresently. Hand drawn copies are included with this letter. 

The figure with Pu-239 results illustrates our upper limit estimate 
of the body burden. These estimates are different for the ingestion or 
inhalation pathways. The two curves illustrate the results obtained when 
one assumes that the urine activity corresponds to (a) an inhaled uptake 
or (b) an ingested uptake. The minimum detectable inhalation burden 
corresponds to an average derived air concentration of 300 fCi m-3, much 
greater than that observed by Robison (UCRL-52176). The minimum detectable 
ingestion burden corresponds to 4 ~Ci yr-1. This is much g~eater than 
[hat predicted by Robison. Our opinion is that our minimum detectable 
results can be many times larger than the actual ~ody burden 0: ?~-239 in 
this population. 

If you need further illustration of our data or require additional 
information, please do not hesitate to ask. 

ETL/slg 
Enclosure 

cc: B. Wachholz 

Best regards, 

Edward T. Lessard 



_\l'ULL UKlNE COLLECTION DATE WHOLE BODY COL'NT DATE 

1\.UNCEL\l> MARCH 195.'.. APRIL 1958 

MARCH 1956 APRIL 1959 

JUNE 1957 APRIL 1961 

APRIL 1958 APRIL 1965 

APRIL 1959 APRIL 1974 

APRIL 1961 APRIL 1977 

APRIL 1963 ATJGU ST 19 7 9 

APRIL 1964 

APRIL 1967 

APRIL 1968 

APRIL 1969 

APRIL 1970 

APRIL 1971 

APRIL 1972 

APRIL 1973 

APRIL 1974 

APRIL 1978 

AUGUST 1979 

UTIRIK APRIL 1959 APRIL 1959 

APRIL 1974 APRIL 1974 

APRIL 1978 APRIL 1977 

AUGUST 1979 AUGUST 1979 

BIKINI APRIL 1974 APRIL 1974 

APRIL 1977 APRIL 1977 

APRIL 1978 APRIL 1978 

JANUARY 1979 JANUARY 1979 

MAY 1979 MAY 1979 

AUGUST 1980 AUGUST 1980 

ENE WE TAK FEBRUARY 1980 FEBRUARY 1980 

JANUARY 1981 JANUARY 1981 



CONFERENCE ROOM RESERVED FOR: 

MARSHALL ISLANDS RADIOLOGICAL SAFETY PROGRAM RJ:.:VIF.H ME!:TPIG 

Thursday, May 21 and Friday, May 22, 1981 

Participants 

W il 1 i am Ba i r 
Norman Cohen 
Chet Francis 
Richard Gilbert 
Jack Healy 
Roger McClellan! 
Tommy Mccraw 
Jacob Thiessen 
Roy Thompson 
Bruce ~lachhol z 

Robert Conard? 
Stan Cohn 
F11922g CP&Ahitie 
Andrew Hull 
Edward Lessard 
Charles Meinhold 
Robert Miltenberger 
Jan Naidu 5 p!Jc,7 

Ananf Morthy ·R.11to1o~f.#S. "'" ~-~ ~- · 
Linda Olmer - A1t11•c«61\• 1r•t- -t.J~•IWlft&."I' ''' {r--.tiTll'/111 .. ~ 
Joseph Steimers- CH611ur1t.7 
Joeseph Balsamo- 111,r. 
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Append l:< 1/1 --
DOSC: .\SSC:SS~E!'lT 

---------------------------------------------
T~bl~ l. Estimated gamma exposure (measurements in a1r). 

-------~-------------------------------------

Instrument Es c. '( 

~o. Approx. ::1me Time of read::.ngs exposure 
ACJ L ~ ?eoole f~Llouc: bepn evacuation ( :nR I 'H' ) (R) . 

Rongelap 64 H-t-4 co 6 hr H-t-50 hr (16 people) 2i 5 t H+7 days 175 
H-t-5 l hr (.:+8 people) 

. 1. ... 1.1•gnJ.t.' 18 H-t-4 co 6 hr H·d8 hr :oo, H+9 days 69 
:\onger1k 28 H-t-6 .8 :ir H-t-28. 5 hr (8 iuen) 280, H-t-<; days i8 

H-t-34 hr (ZO men) 
'J tl n< 157 H-t-Z: hr St.lrted ac H+55 hr 40, H-+-S days 14 

Table 2. Estimated body burden (µCi) of Rongelap people. 

Max. perm. 

89sr 
l.+Osa 

Rare earth group 
lJlr (ia thyroid gland) 
1·13au 
.. sea 
fissile material 

Accivity* 
a. c day l 

l. 6 - 2.2 
0.34- 2.7 
0 - 1. 2 
6. :+ -11. 2 
0 - 0.013 
0 - 0.019 
0 - 0.016 

Activity** co cal bo<ly 
a. t day 82 burden 

0.19 40 
0.021 9 
0.03 

0.7 
50 

o.o 200 
(µg) o.o 0.4 

~From U.S. Naval Radiolog1cal Defense Laboratory. 
,...From Los Alamos Scientific Laboracorv. 

Table 3. Esci~ated whole-body (gamma) and thyroid doses Cra.fl 

Whole-body 
Population ~o. dose 

Rongelap 65 175 
Ailingnae 18 69 
Utirik 158 14 

Thyroid dose (incl. gamma), 
at ex:>osure age: 

<10 10-18 > 18 

810-1800 335-810 335 
275-450 190 135 
60-95 30-60 JO 

"A ,.;~ation of the early 'Jhole-body and internal organ dose~ is in prog
::-~s~ a..: Brookhaven :iational Labor.itory. Incomplete results gi\-~ souie indic.i
~~o~ ~ 4t the ?reviously estimated thyroid doses may oe too lo~. Since the 
:~su!t~ are preliminary, they a.re noc includ~d in this report. 



Marshall Islands 
Whole Body Counting 

1958-1977 BNL Medical Department 1978-1981 BNL S&EP 

Bikini Enewetak Rongelap 

1957 
d 

9 

1%0 
l 
2 
3 
~ 

5 
6 
7 
8 
9 

1970 
l 
2 
3 
4 31 
5 
6 
7 48 

a 99 
9 lOl(M) 

129 (K) 

1980 200 (M&K) 

l 

:::xplanation 

:( - Kili 
::1 - MaJuro 

35 (H&N) 

402 

378 

H&N - Holmes & Narver employees 
LV - Large Volume Samples 
R - Rongelap 

4A 

100 
227 

110 

158 
169 

46 

66 

75 

Utirik Control 

2A 

30 

22 

66 

12(M) 
75 

73 (M&K) 

Remarks 

At ANL 
Steel Room-Chair 

" " " 

Steel Room-Chair 

Shadow Shield-Bed 
Shadow Shield-Bed 

Shadow Shield-Bed 
Shadow Shield-Bed 

Shadow Shield-Bed 

Shadow Shield-Bed 
Shadow Shield-Bed 
Shadow Shiela-Bed 

Shadow Shield-Chair 
Shadow Shield-Chair 



Marshall 
... 

--~-

1956-1977 BNL :1edical Der::a.rt..11ent i':37c3-198l BNL S&EP 

1954 
1954 
l95ci 

0 

7 
a 
9 

1960 
l 

3 
4 
5 

7 
8 

9 

1970 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1980 

1 

Bi1'inl. 

\:·larch) 
(April) 
(June) 

?ooled + 2 
?ooled + 7 
2ooled T 4 

14 
21 

2 Pooled 
8 +Pooled 

5 Pooled 
49 + 5 (LV) 

Em,wc:tak 

35 (H&N) 

400 

335 

Rongelasi 

Pooled (15) 
51 

Pooled 
Pool.c:d 

Pooled 
15 

174 

19 

38 
27 

28+2 Pooled 

24 
22 
23 

20 
15 
18 
11 
14 

5 (LV) 
5 (LV) 

73 

Utirik 

lJ 

18 

11 

5 (LV) 
5 (LV) 

73 

Explanation of Symbols 

uw 
HASL 
LASL 
NRDL 
H&N 

LV 

University of Washington 
Health & Safety Laboratory (Now EML) 
Los Alamos Scientific Lab 
National Radiological Defense Lab 
Holmes & Narver 
Large Volume Samples 

Other 
Ccmpdrison Atolls 

5-Pooled 9-Likiep, 
(NY-HASL) 5-Majuro 

14-Kili 

Pooled Ebeye, Wotje 

12-Majuro 
49-MaJ•.;.ro 

129-.Ki::..J. 
100-Majuro,Kili 

Analysi.s 
By 

NRDL & LASL 
NRDL 

NRDL & LASL 

NRSL & HASL 
? 
? 
l!W 

BNL-Med 

BNL-Med 
HASL 
HA.SL 

HASL 
HASL 
HACT ~,_, 

HASL 
HA.SL 
HA.SL 

~SL 

HASL 

HASL 
HASL 

BNWL, LASL 
3NL S&E? 
BNL S&EP 
.dNL S&EP 
BNL S&EP 

BNL S&EP 



MARSHALL ISLANDS RADIOLOGIC~L SAFETY PROGRAM 
FIELD TRIPS 1974-i981 

I. Dose Assessment-Environmental Food Chain Survei I lance 

4/74 - Greenhouse, Ash, Nelson - Utirik, Rongelap, Bikini 

Orientation Field Trip (with Medical) 

-External radiation measurements 

-Sampling groundwater, soi I, plants, fish, coconut crabs 

12/74- Greenhouse, Nelson - Rongelap, Rongerlk, Bikini 

-External radiation measurements 
-Sampling Fish 

4175 - Greenhouse, Williams, Reilly, Davis, Nelson - Bikini (Enue) 

-External radiation levels 

-Soi I and vegetation (also Watha, ~wajalein) 

Guidance on Siting of Second Increment of ~ousing 

6-7/75-Greenhouse, LLL, UWLRE, EPA - Multiagency - Bikini (Enue) 

-Soil, groundwater and vegetation (to UW) 

Guidance on Siting of Second Increment of Housing 

I 1112/75-Greenhouse, Nelson - Majuro, Po!'liPpe, ·Truk, Guam, Polau 

Regional Radiological Background Study 

3-4/76-Greenhouse, Naidu, Kuehner, Haughey, Terpilak - Bikini (Enue) 

Fol lowup of Previous Study 

-S-y dose rates 

-Soil and vegetation 

9/76 - Greenhouse, Nelson with Medical - Wotje, Ailuk, Utirik, 

Rongelap, Bikini 

-Environmental surveys 



I I. Augmented Program: Pu Air Sampling, Residency, Dose Assessment, 

Diet and Life Style Study 

1-2/77-Naidu - Rongelap 

-Residency, effects of radiation on men 

4-5/77-Greenhouse, Levine, Miltenberger - Utirik, Rongelap, Bikini, 

Kwajalein 

-Site planning, wind-powered generators and air samplers, 

also conventional, Kwajalein-Pu excretion sampling 

10/77 - Greenhouse, Levine, Dillingham, DeAngelis, Cua - Utirik, Rongelap, 

Bikini, Kwajalein 

-lnstal lat ion of windmi 1 ls 

-Large volume urine sampling collection 

10177 - Miltenberger, Cohn, Rothman, Clareus, WBC - Japtan 

-WBC-Japtan Marshal lese (unseccessful) 

-WBC-Enewetak (Holmes and Narver employees) 

1/78 - Balsamo, Sherwin - Bikini, Rongelap, Utirik 

-Complete installation of wind generators and repairs 

3-4/78 - Miltenberger, Lessard, Naidu - Rongelap, Utirik, Bikini 

-Collect urine, soil, vegetation and fish 

-5 Day Hi-Vol Air Sampling 

-Residency-Utirik (Naidu) 

-WBC, urine, vegetation, local foods 

9178 - Greenhouse - Nor Marshall Islands Radiological Survey 



) 

1/79 - Mi I tenberger, Greenhouse, Craiyhedd - Majuro (former Bikinian) 

-WBC \Of 64 former Bikinians), 49 urine samples; 37 Majuro residents 

-Complete Pacific Basin Study (UWLRS) 

5179 - Miltenberger, Lessard - Majuro, Kili (former Bikinian) 

-WBC (of 79 former Bikinians, 50 Ki Ii) 

8-9/79-Miltenberger, Lessard, Balsamo, Hunt, Dillingham, Sherwiri, Rademacher -

Kwajalein, Rongelap, Utirik 

-Reestablish air samplers, Kwajalein, Rongela, Utirik 

-WBC 150 persons (Rongelap, Utirik) 

-Environmental Monitoring (EM), Rongelap, and Utirik 

-146 urines 

-local foods 

2/80 - Miltenberger, Levine, Greenhouse, Manalastas - Japtan, Enewetak 
Ujelang - Baseline data, prior to repatrition 

-wBC 400 

-Urine samples (400) 

7-8/80-Greenhouse, Mcarthy, Wells Rivera - Majuro, Kil i 

-WBC (200 persons) 

-urine (100 persons) 

1-2/81-Mil tenberger, Roesler, Bennett - Enewetak 

-WBC 

4:.. 
-x-ray machine survey 

WBC - who.I e body counting 



l '.?55 

l.356 

1957 

1958 

1961 

l962 

1964 

~965 

1969 

l.972 

1973 

4/74 

12/74 

o/75 

-1/76 

-1/78 

8/79 

8/81 

AARSHALL ISLAND RADIOLOCIC.11.L .:iAFETY PROGAA.1¥1 

Environmental Samoling 

Water Vegetation 

30 

2 

2 

R - Rongelap 

U - Utirik 

50 

120 

100 

50 

50 

* 

Soil 

130 

130 

'llr 

Animal 

7 

7 

2 

2 

? 

3 

3 

l 

2 

2 

3 

3 

25 

2 

10 

Crabs - R 

" " 

Coconut Crabs - R 

" " 

" " " 

" " " 

" " It 

" " 

" " 

" It 

" " " 

" " " 

* Planned R & U 



~arshall Island5 Radiological Safety Program 

Scientific & Professional Staff 

Proqram Directors 

MIRSP 

1974 - Sept 1980 Nathaniel Greenhouse 

Sept 1980 - Present Edward T. Lessard 

(Dose Reassessment) 

1978 - Sept 1980 
Sep~ 1980 - Present 

Janakiram R. tlaidu & Nathaniel Greenhouse 
Jcl.Ilakiram R. Naidu & Edward T. Lessard 

Principal Support Staff 

1974 - 1975 

1976 - Present 

1977 - Present 

1979 - Present 

Part-Time Staff 

1978 - 1980 

1978 - 1980 

Adjunct Staff 

1974 - Present 

Ronqelap & Utirik 

Frances J. Haughey 

Janakirarn R. Naidu 

Robert P. Miltenberger (WBC,Data basis) 

Edward T. Lessard 

Florence Cua 

Jerry Knight 

Andrew P. Hull 

Dose Reassessment (OBER) 
(Part-Time} 

1978 - Sept 1980 

1978 - Present 

1979 - Present 

r::onsultants 

8/78 

Nathaniel Greenhouse 

Janakira.m R. Naidu 

Edward T. Lessard 

Charles Sandhaus (UCCM) 

Diet and Living Pattern Study 
(LLL, DOE} 

<j/78 Janakiram R. Naidu 
Evelyn Craighead 
Nathaniel Greenhouse 



'.·~ar:oha.ll. ::slands P.adiolca1cal '.::a~et'i Proqram 

Budqet 
Person-Years Scientific Prag Capital 
Sci - ?ref Other (Sl,JJO~ (Sl ,QOC) 

l C.:1 75 l. 5 l. 0 $125 20 

2.0 l. 0 172 20 
(inc Trans 8) 

l
a,_ 
- I I 2.0 l. 25 207 80 

1973 2.5 2.5 207 + 10 
+SO (RUDR) 

3.4 l. 6 281 25 
+51) (RUDR) 

1981) 3.8 2.2 351 50 
+50 (RUDR) 

1981 3.4 3.1 415 5 
-30 
385 
+50 (RUDR) 



FY 1975 

1976 

1977 

1978 

1979 

1980 

Marshall Isldnds Radioloy1cal Safety Program 

Maior Ca~1tal E1uicment Acauisitions 

Computer Based Multi-channel (and Ge-Li) 

Portable y Spectrometer, two Reuter-Stokes RS-111 

Wind powered generators (air sampling), three multi-channel 
analyzers, (two NaI detectors) 

Peripherals alpha spectrometry (Pu) 

Davidson mutli-channel, tower extension for windmills 

Computer based, multi-channel P.H.S. 
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':" .-. '-=--
:-'8-

78-

;ii.-. 
I -=·-

78-

727'4 

ID 

JrHr4rt (UTIRIK) 

I· 1010 (UTIRIK) 

!·'JOTO (UTIRIK) 

."11'10: (UTIRII<) 

fi I U. (RON GE LAP) 

r11 U ( RONGELAP) 

?8- 73(14 EL1r·l!L (RONGELAP) 

?8- 730? T.:=tr;·It!E: (RONGELAP) 

?8- 7314 J~~py (RONGELAP) 

?8- 7 31 ·;. Ji=lrJ ( RONGELAP} 

78- ?402 0C :AMPLE 0.18 PC 

O PC 

?8- 7404 OC :AMPLE 0.45 PC 

1 3- 7405 QC :AMPLE 0 PC 

'8- 7406 QC SAMPLE .90 PC 

'3- 7407 QC :AMPLE (1 PC 

'8- 7324 EVIE (RONGELAP) 

':3- 7'32·;. f:08: (BIKINI) 

. 8- ? :;: :;: 4 _,=:I= r" ( ( BI K IN I ) 

·a- 7339 HA~OLD (BIKINI) 

: lfO. EI·tf· ,:;;: 0:_1P 

0 o;:· E:rfL 

0 OF· E:flL 

0 OP f:IH ... 

0 OF' :t:rtL 

0 OP :E:r H ... 

0 OP E:rfL 

0 OP Btil 

(1 OP I:riL 

0 OP f:rlL 

0 OF' f:r·iL 
\REC. 
100 

100 

100 

0 OP E:rlL 

0 OP .E:rtL 

u OP f:ifl 

1 0 ··' 1 c;: • .. · 77 

10--15.-77 

1 (I ··' 2 1 . -'i' 7 

~ ·"1 '? .· 77 

( o. o::: p( 

•.. 0. 1) :;: F·C 

< 0. 1) 3 PC 

< 0.03 P( 

< 0. (I;: FC 

< O. 03 PC 

< O. o::: PC 

( (I. 1)3 i:·r.:: 

O. 18' PC 

< 0. 0 :;: PC 

< 0.03 PC 

O. ·~(I PC 

< 0.03 PC 

< 0.1);: PC 

( 0.03 F'C 

< 0.03 F'( 

87 

0 
; 

90 

89 

96 

87 

59 

96 

83 

85 

80 

89 

89 

95 

95 

97 

97 

92 

95 

94 

98 



FY 1975 

FY 1976 

FY 1977 

FY 1978 

FY 1979 

FY 1980 

FY l 981 

BNL Radiological Safety Program Budget ($) 

Operating 

125,000 

172 ,000 

207,000 

207,000 

281 ,000 

351 ,000 

415,00G* 

Ca pi ta 1 Egui pment 

20,000 

20,000 

80,000 

10 ,000 

25,000 

50,000 

5,000 

* Reduced to 385,000 in November 1981. 

Rongelap and Utirik Dose Reassessment 
Budget ($) 

FY 1978 

FY 1979 

FY 1980 

FY 1981 

50,000 

50,000 

50,000 

53,000 
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