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ADDITIONAL EXPLANATION FOR OPERATI~G COSTS 

Brookhaven ~ational Laboratorv 
Lc1boratory 

1. Contractor: 
Associated Universities, Inc. 

RZ-Ooerational Safety 
Program 

Cont r ac t ~ o . : Task No.: 

AT(30-l)-16 

2. Proiect TitLe: 189 :-lo.: 
Safety ~tudies and Development of Operational Guidelines 
~arshall Islands Radiological Safety Program RZ-1 

3. Bud~et Acti~icv ~o.: 4, Date Preoared: 
RZ-03 ~y 1974 

5. Method of Reoort~n~: 6. ~orking Location: 
Annual re?ort to Division of Operational 
Safety 

Brookhaven National Laborator 

7. Person in Char2e: 
C. B. :1einho1d 

Principal Investigator: 
:-:. Greenhouse 
F. Haughey 
A. Hull 

9. !fan-Years: 

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

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

10. Coses (In Thousands of Dollars): 

Labor (incl~ding benefits) 

Total 

Mats., Trav., Dev. Subcont., Spec'l Proc. 
Reactor, Accel., and/or Computer Usage 
Allocated Technical Services 
Gen. & Adm. 0verhead 

Total Research Cost 

Equipment Obligations 

8. Proiect Term: 

From: To: 

Project ~ill be initiated in 
FY 1975. 

FY 19i::. FY 1975 ;:-y ~976 

l. 0 l. 0 
0.5 0.5 
l.) l. J 

l. 0 ~. 0 

2 • .5 ) -_,J 

FY 19i~ FY l 0 .. -- I ) FY L976 

0 30 66 
0 75 3i 
0 2 l 
0 3 l 
0 15 J2 
0 125 137 

0 20 0 

11. ~eac:or Conceot: 12. :iaterials: 

RZ· 



Safety Studies and Development of Operational Guidelines 
?roject Title: ~arshall Islands Radiological Safety Program RZ-0~ 

13. Publications: 

None 

14. Scooe: 

Now that ~icronesians are returning to the islands affected by ~eapo~s 
testing, a comprehensive, continuing radiation safety program is required. 
Such a program would be developed for tl1e Division of Operational Safety 
using the facilities and personnel of the Brookhaven National Laboratory 
Health Physics and Safety Division. This project is intended to provide 
Operational Safety with a single focal point for their needs in this area. 
Areas needing scientific investigation will be suggested to the Division 
of Biomedical and Environmental Research, and other support activities to 
t~e Division of Operational Safety. 

The ~pecific 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 establishing a continuing environmental monitoring program. 
1:sing this !.nfor.nation, annual surveys in the islands will be designed and 
?erformed :.n conjunction with the Brookhaven Medical Survey. Environmental 
samples will be returned to Brookhaven National Laboratory for analysis. 
:n addi:i~n to those samples required to estimate the accuracy of the dose 
?redictions, specific 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. Relationship to 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 
islands 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 cooperation 
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 and Safety Division staff members will assist in the 
~arch 19i4 medical survey in the islands in order to familiarize these 

(See Continuation Sheet) R2( 
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Saiety Studies and De•1elopment oi Operational Guideiines 
Project Title: ~arshall Islands Radivlogical Saiecy Program ?.Z-03 

16. Technical ?regress in FY 1974: (Conc'd) 

personnel with the area and enable them to anticipate technical and 
administrative difficulties. 

17. Expected Results in :Y 1975: 

The project will be initiated i.n FY 19'75 when the first decailed 
surveys in the islands will be designed and performed. 

18. Expected ~esults in FY 1975: 

A radiation protection program for the islands will be fully implemented 
with the expectation that this project is to be continued for an indefini:e 
period. 

19. Description and Exolanation of :'!aior ~aterials, Eauioment and 
Subcontract rtems: 

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

20. Prooosed Obli2ations for Related Construction Projects: 

~one 

RZ-J 
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ADD :t:'!ONAL E..'<\?LA.NA!!ON ?OR OPEP.A'r::N"G COSTS 

3:-ookhaven ~at ional !...aborator: 
:.a:,ora:ory 

RW-O?erational Safety 

Con:.~ac:o!:': Ccr::rac: ~o.: 

Associated Universi:ies, !nc. E(30-l)-16 

Safety Studies anci Development of Operational Guidelines 
~arshall :slands Radiological Safe~y ?rogram 

4. 2a:e ?re~a~ed: 

RW-03-(a) ~.ay 1976 

:ask :l'o.: 

189 No.: 

•• ~e:~oci oi Re'OortinE: ~. worki~g Location: 

Annual Report to Division of 
Operational Saiety, monthly visi:s 
:o DOS, Scien:i:ic ~eetings anci 
Journals 

Brookhaven National Laboratory 

C. B. Meinhold 

?rinci'Oal rnves:igator: 

~. A. Greenhouse 
.:. R. Naidu 
.-\. ?. Hull 

Direct ~~n-Years 

Scientific ~ Professional 
Others 
G~ests ~ Research Collaborators 

:.::i. Costs :'I~ :"housand.s oi 8ollars): 

~esea::-ch Costs 

~qui?ment Obligations 

:\eac:::r Conce'Ot: 

Total 

S. ?:-oiec: Ter:n: 

Continuing 

From: 

Transition 
FY 1976 Period FY 1977 FY 

2.5 0.5 2.0 
1.0 0.3 1.0 

3.5 0.8 3.0 

Transition 
FY 1976 Period FY 1977 FY 

140 30 140 

30 10 15 

1:. Y..aterials: 

197~ 

2.0 
1.0 

3.0 

io-c • I '-

150 

LO 

R~-3 



Safety Studies and Development of Operational Guidelines 
?=c2ec: 7i:le: ~arshall Islands Radiological Safety ?rogram RW-03-(a) 
13. Publications: 

Greenhol!se, :; • A. and :1cCra..-, ! . : • :ia:-shal: :s 1.ancis Radiological 
Followup. ?roe. ~int~ ~idvear :ooical Svr.ioosium. Ooe:-at:onal ~ealtn ?hvsics. 
:·enve:-. ?ebr-.;a:-· :9i€:, ?. :.. C:a:-sor., :::c., ;::ip. 7.:.2-i, rieal:h ?hys:.cs Soc:.e:y, 
Central Rocky ~oun:ai~ Chapter, Boulder, Colorado, 1976. 

14. Scooe: 

A comprehensive and continuing radiological safety program is required 
for the Bikini and Enewetak people who desire to reinhabit their home atolls. 
7he program include~ analyses of external radiation levels, soil and ground 
water contamination levels, and radioactivity in terrestrial and marine biota 
which comprise the human food chain. From these data, both external and in­
ternal doses and dose commi:::tents will be :nade. In addition, projections of 
future radiological conditions will be postl!lated in order to provide appro­
priate guidance on projected land use and living patterns. Earlier dose as­
sessments will be revised and updated, and dosi:net::y ~odels will be refined to 
reflect actual trends as deter.:.ined from :he ~onitoring program. 

Project personnel will provide a resource of expertise for establishment 
or independent review of radiation protection programs associated with cleanup 
and rehabilitation efforts i~ the northern Marshall :slands, and =or related 
ical:~ physics interests of :he Division of Cperational Safety. 

Field operations will be closely coupled with those of Brookhaven Medical 
Survey in the :ia=shall Islands, and Radiological Safety Program personnel will 
be of direct assistance to the Medical Survey whole body counting activities. 
Ancilla:-y environmental radiological assessments will be made at Rongelap and 
~tirik atolls on an alternate year basis. 

, -
-~. Relationshio :o Other ?roiec:s: 

a) Surveys will be :ade in close conjunction with the B~"L ~edical Survey 
!eam. Assistance will be given to thei= 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 (I.R.E) is antic­
i?ated on Division of Operational Safety environmental programs in the Pacific 
basin. c) Extensive use will be ~acie oi ?rior survey data. Consultations 
will be held with other ?artici?ating agencies in developing the bases for the 
survey requirements. 

16. Technical ?ro£ress in :Y 19i6 and Transition ?eriod: 

A major survey was conducted at Bikini and Eneu Islands in February 1975 
in response to Department of the Interior's request for guidance on the siting 
oi the second increment of housing construction at Bikini. This survey re­
vealed unacceptable radiation levels at ttast of the proposed sites, suggested 
alternate sites, and laid the groundwork £or a larger :nultiagency survey in 

(See Con:inuation Sheet) 
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Safety Studies and LJevelopment of Operational Guidelines 
?:-o 2 ~cc: 7i. c: le: :O.!arsnall Is lands i\adiclogical Safety ?rogram RW-03 - (a) 
16. Tech:-..ical ?:-02::-ess i:i. ~ 1976 ar.d '!'ra:i.sit:ion ?er:.cci: (Cont ci.) 

June-July 1973 in whic~ BNL ~ar:ici?ated. Data f:-om bot~ :~ese surveys are 
currently being used to refine dose and dose commi::nent predictions for :-e­
:u:-:-.ing Bikini :-esidents. 

B:."L ccllabo:-ateci wi:h :he Unive:-si:y 0£ Washington I.RE i:i a regional 
radiological background study in Micronesia, ~ove~ber-December 1975. Data 
£rem t~is study will be used as a reference base against which radiological 
data from the nor:her:i ;1arshall Isla:i.ds can be coc.pared. 

!he first routine followup study for Bikini and Eneu is scheduled for 
April 1976. This survey will include detailed radiological profiles of the 
~am-Bokata complex of islands which are the next areas scheduled :or agricul­
tural development: in the Bikini atoll :naster plan. 

li. Exoec:ed ~esul:s in FY ~9i7: 

G:-ound survey support will be provided for a planned int:eragency aerial 
:-adiological survey cf al!. ;:ireviously unsu:-veyed atolls in -che nor:her.i 
:<.arshall :slands which :nai· have received local fal.lou: fr0t:1 :he t:.S. a:::ios­
?heric nuclear tests. 

Enewetak will be visited by the ?rogram princi?als in order :o es:ablish 
a =ou:i~e envi:-o:i.::ienta: ~oni:oring ?rogram :or that atoll. 

Continued :echnical supper: will be ?rovided by BNI. for the ERDA-funded 
?aci!ic 3asin radiological program cf the University of Washington :RE. 

:3. E:-::)ec:ec ~esu::s in IT l9i8: 

Con:inuation of programs described in 'FY 1977. 

19. Descr:.~cicn anci Ex~lanation of ~aicr ~aterials, Ecui:~ent anc Subcontrac: 
.:..::e~s: 

Caoital ~cui:::mient Fiscal Year 1977: 

Additional =e~ory and an x-y plotter ($9,000) for :he Ge(Li) spectrometer 
system is needed to i~prove sample analyses and data processing capabilities 
on large nu=bers of environmental sa~ples collected during :ield sur~eys. 

Peripheral electronics ($6,000) for a :hin intrinsic ge~anium detector 
a~ray is needed :o ;:irocess soil samples for heavy elements. 

Caoital Eoui:r.::ent ::seal Year 1978: 

In FY l9i9 a s:andard c:o:npatible magnetic :ape unit (Si ,O:lJO) will be 
ne~ded fer ciata storage, which will enable :he scientific stat: :o transfer 

(See Continua:icn Sheet) 
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Safety Studies and Developmen: of Operational Guidelines 
?:-:-ie:: :::le: Marshall :slands Radiological Safety Program ?.~-G3-(a 

;.9. :'.)esc::-i!:)tion and :::x;:,lanation of :!aicr :!a:::-:als. ::c·..:i~~.~n: anci Suoco~trac: 
~-Q .... - • i--on- •a· ' .:...:.:..-::.-:.. . '· - .. - . ' 
Ca'.)i:al :::auioment ::..seal Year 19 ... S: <.:o"lt'd.) 

spec:::-a data fron-. presen: analyzer equi?aten: :o the Cen:ral Scientific Comp~:­
i:l.g Facili:y. 

20. ?rcoosed Obli~ations fer ?.:lated Cons:ru~:ion ?roiec:s: 

None 

(. 



ADDITIONAL =:XP:.A.'iATION !OR OPER.A:I~G COSTS 

Brookhaven National Laboratorv 
Laboratory 

RK-Environmental Research and Develoo~e' 

Program 

1. Con::ractor: Cor::rac:: ~o.: Task ~o.: 

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

2. Project Title: 189 ~o.: 

Surveillance of Facili!ies and Sites 
Marshall Islands Radiological Sa:ety Program 

3. Budget Activitv No.: 

RK-01-05-02·3 
(600003) 

5. ~ethod of ReDorti~~: 

4. Date ?reoared: 

May 19ii 

6. ~orki~g Location: 
Annual Report to Division of Operational 
Safety, Standards and Compliance (SSC), 
~on:hlv V~sics to SSC, Scien::i!ic ~eetings 

Brookhaven National :abora::ory 

7. Person in Charge: 8. 

c. :3. Meinhold 

Princioal Investi2ator: 

~. A. Greenhouse (664-4250) 

9. ~an-Years: 

Sci.,Res.Assoc.(Ph.O or ~quiv.) 
Prof. (B.S. or Equiv.) 

Sci. & Prof. - Total 
Others 
Gues:s & Research Collaborators 

!otal 

:o. Costs (In Thousancs ~= Jollars): 

Labor (including benefits) 
Mats., Tr av. ,Dev. 
Subcont.,Spec'l. Proc. 

Reactor, Accel., and/or 
Computer Usage 

Allocated Technical Services 
Gen. & Adm. Overhead 

Total Research Cost 

Equipment Obligations 

:1. aeac~or Conceot: 

FY 19i7 

1.0 
0.5 
1.5 
l.O 

2.5 

r·: 1977 

63 

44 

0 
2 

31 

140 

10 
I A 
.J.~. 

and journals 
?roject Ter-:n: 

Conti-:lui:-:.g 

From: :'o: 

Pres. Bud. Rev. Req. 
FY 19i8 FY 10""~ , I 0 :Y 1979 

2.0 2.0 1. ~ 
1.0 1.0 :.J 
3.0 3.0 2.0 
1.5 1.5 1. 5 

4.5 I • .... _, 3.5 

Pres. Bud. Rev. Req. 
FY 1978 IT 1978 ~- 1979 ... 

79 87 83 

32 62 6i 

0 0 0 
1 1 l 

38 42 60 

150 192 211 

10 10 5 

~ater=..aJ..s: 

A){-11; 



Surveillance of Facilities and Sites 
?~oject Ti:le: Marshall Islands Radiological Safety ?rogram RK-01-05-0: 
13. ?ublic.ations: 

Greenhouse, N. A., Levine. G. S., Kraner, :i. W. and ~aiciu, .J, R. A :hi:l 
intrinsic germanium detector array for direct counting of soil samples. Pre­
sented at the 21st Annual ~eeting of Health Physics Society, San Francisco, 
California, June 1976. 

14. Scooe: 

(a) 200 word Su:rur.arv: Environmental and personnel monitoring programs 
for the Marshallese people living at Bikini, Rongelap and Vtirik Atolls oust 
continue indefini:ely in order to assess dose contributions to these people 
from the residual radioactivity originally produced by V.S. nuclear weapons 
tests in the Pacific. Detailed assessments of the contributions of external 
gamma radiation have been made over the past two years, but the identification 
of internal exposure pathways and determination of their radiological s1gnifi­
cance are subject to many variables which will require 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 the inhala­
tion pathway for ?lutonium and other radionuclides resuspended :ram local soils 
and establishment of urine excretion rates for plutonium, strontium 90 and 
cesium 137 for individuals if possible, and :he averages for atol: ?Opulations. 

From these data, assessments of both external and inter:ial doses and do~ 
commit.:nents will be made. In addition, projections of f~ture radiological co 
ditions will be postulated in order to provide appropriate 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 
determined from the ~onitoring program. 

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

15. Relationshic :o O~her ?rejects: 

a. Field surveys will be made in close conjunction with those of the 
BNL ~edical Survey !eam, and assistance will be given to their efforts. 

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

16. Technical Progress in FY 1977: 

During a field trip in September-October 1976, visits to Wotje, Ailuk, 
Utirik, Rongela~ and Bikini provided opportunities to collect urine samples 

(See Continuation Sheet) 
( 



( 

Surveillance of Facilities and Si:es 
?:-ojec: 7itle: ~arshall Islands Radiological Sa.tet~: P=:ogram RK-01-05-02-: 
16. Tec~nical ?=o~:-ess in ?Y 19ii: (Cont'd) 

:-epresentative of contai:?:inateci and uncontaminated locations in the region as 
par: of a plutonium excretion study. Definitive measurements of external ex­
posure rates were made at Utirik and Rongelap, and :he incremental exposure 
rates from Bravo fallouc were deter~ined for the village islands and several 
ot~ers at ·:~ese atolls. 

Analyses of environmental samples collected from past surveys are nearly 
completed, and reports of :he results are in progress. 

17. Ex~ec:ed ~esul:s in :Y 1978: 

Installations of air sampling stations will be completed at Kwajalein, 
3i~ini, Rcngelap.and Utirik; and initial results of air monitoring and inten­
sified urine bioassay programs are expected. 

Grau? survey supper: will be provided for a planned interagency sponsored 
ae:-ial radiol=gical su:-'Jey of all previously unsurveyed atolls in the northern 
~arshal: :sian~s wh~c~ ~ay have received local fallout f=om V.S. atmospheric 
nuclear :es::.o. 

Ccntinua:icn ct ?rog:-acs described for FY 1977 and 1978. 

19. ~esc=~~:i~~ =~d Sx~lana:~on of Maior ~aterials, Ecuioment and Subcontrac~ 
!:ems: 

Caoi:al Scuioment, :Y 1978: 

Peripheral electronics (Sl0,000) for the Safety and Environmental Pl"otec­
:ion Jivision analvtical laboratory is needed to process the increasing load 
of environmental samples collected on field surveys. 

A supplemental budget request was made for FY 1977 to initiate the air 
monitoring and expanded urine bioassay program for plutonium. It will be nec­
essay to extend :he contracted peak load analyses of :hese samples into FY 197E 
because of the lengthy set up and processing times for amounts of radioactivit: 
which are below conventional limits of detection. Anticipated cost is Sl0,000. 

Caoital Eouioment. :Y 1979: 

Peripheral electronics equipment ($5,000) is needed to provide depth in 
the Safety and Environmental Protection Division analytical laboratory to han­
dle peak loads of environmental samples which must otherwise be subcontracted 
to a commercial laboratory. 

(See Continuation Sheet) 
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Surveillance of :aci!:::es and Sites 
?roiec: Ti:le: ~arshall Islands Radiological Safet:r ?!.-onam RK-01-05-0~ 

20. Prooosed Obliza:ions :or Related Construc:icn Projects: 

~one 

/1){·/I~ 
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SCHE:lt:l.Z l. 39 
ADD!T:C~AL EX?I-.\..~A!:C~ ?OR G?::~.) ... T:~G OBL!GA!:.::rs 

3roo~haven ~ati.onal taborator•' 
:.aooratory 
l. Cont:-actor: 

Associated Universities, Inc. 

2. ?reject Title: 

Cont:-ac: ~o. : ,. ' \ .. .as;< .• o.: 

-::£-76-C-02-0016 

189 So.: 

Surveillance of Facilities and Si:es 
~rshall Islands ?..adiological Safety Progra~ 

3. Bud2et Activitv ~o.: 

GK-01-01-32-3-(a) 
(60000.3) 

5. ~ethod of ~eQor~in~: 

4. Jate Pre~areci: 

~!arch 19 78 

6. ;;orki:i2 Locat:.:in: 

Annual Re?or: to Division of Saia::' 
Standards and Co~pliance (SSC) 
'.-!ont!ll:.; 7is i:s :o SSC 

Brookhaven Sational tacorat~ry 

Scientific Jour.-.. a:s and :!eeti:lgs· 

7. ?er son i:l c::iar2e: 

C • :a • Mei:-.ho l d Conti:i.ui:i.g 

From: !o: 

~. A. Greenhouse (66~-4250) 

9. ?erscn-·~ears: Pres.Bud. ?.ev. 3.eq. 
FY l978 FY 1 o-o ~ 1979 -:'l :;ac ..,.; I~ ... 

Direct Pe.!'son-Years 
Scient:..::.c S& P:-ofessional 2.0 3.0 3.0 3. '.J 
Ot!lers 2.5 2.0 4.0 4.0 
Guests i ;.esearch C~ll.aborators 

Total 4 ;: 
• J 5.0 7.0 i.O 

:a. Costs (In Thousands of Dollars): Pres.Bud. :tev. ?..eq. 
IT 1978 FY 1979 ...... 19 79 FY l98C .... 

Research Costs 150 211 400 420 

:'otal Research Obligations 198 213 369 427 

Equipment Ob l.i.ga. tions !.l 20 20 50 
, , Reactor Ccnceot: '., ~teri..als: ·-· ~-· 

'"·//. 



Su:"":e:.:.:ance oi ?acil!.':ies anc =>U:e;;; 
'.-!arsha:l :.slands :\adiol~gi~al Sa£ec'.' ?:-:gra::: :;:-:-·Jt-·Jl-52< 

13. ?~bli:ac:.:::s: 

Greenhouse, ~. A. and ~il:enber3er, ~. ?. Radiological analyses of 
~arsnall :slands envi:-orunen:al sa~ples £rom 1974 t:i.rougn L976, 3XI. ~epor: 
(in ;Jress). 

Greenhouse, )f. A. and :1il tenoer3er, R. P. ::xtemal :-ad ia: ion survey 
and dose predictions for Rongelap, Ctirik, Rongerik, Ailuk, and ~otje Atolls. 
3Nl. Report (in press). 

(a) '.?00 r..:ord Sur.:rn.ar·:: A cotn?t'ehensive radiological sa!ety progra:n will 
je ::".aintained :or :~e innaoi:ants of atolls in the northet"n ~arshall Islands 
c:n:3:inated as a resul: of tie ~.S. ?acific !esting programs. !~e following 
ite:ns and se:--rices ·.o1ill :ie ?rovi.ded: 

ing: 

~nviror.:::ental and ?ersonnel oonitoring to provide data for 
dose assess~encs and cece!"::li~ation or radiological :rends. 

:ndi·1idual and ?O?l.!l.ati.:in ciosi:netry based on actual :ieasu::e­
::e:::.;, :~ese ca:~ ·..;1..:_l ':ie '..lSed ':O :::i.odify dose COII'lmit::ient iJre-
.i i.: :·:.·1e =.cde :.3 30 :::.a: ::i.ey ac =~rately reflect future :rends. 

via 
Suggestions based on £ield experience to mitigate doses 
the ~ore cri:ical pathways. 

~. A fl:xible resource of radiological expertise to independently 
review radiation ?rotec:ion ~rograms associated with rehabili­
:ation effor:s in :he r.or~hen ~arshalls, and for related '.-ieal:h 
?hysics interests of ~ES ~n the Pacific 3asin. 

?rogram activities :er tie co~i~g fiscal year will eopnasize :he fol:cw-

l. ::i. vivo cou::.ting of 3i:<i:li and Enewetak residents. :hese 
effo~s will define Jaseline body burdens of gamma-emit:i:g 
nuclides for ~ew residents at both atolls, and will ?eriod­
ically assess c~anges in oody ourdens over ti=.e whic~ ~ig~: 
rasul: £rom various exposure ;Jat~ways. 

2. Urine bioassay to define radionuclide excretion ?at:er.is 
:rem individuals, and to estimate 90sr and transuranic 
:i.uclide burdens. 

(See Conti~uation Sheet) 
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Su::-:eiEance of ? .JCil:..:<es ar-.d S ~.':as 
'.-!ars:-tal: :..s:a::ds ?.adiologi.:al sa:e::r ?:-::gram :K-Jl-·Jl-52-J-:, 

~::+.. Scne: (cccci::.ued) 

3. Defini:ion cf :he a::.nual ccnc=i~utions :o dose via :he 
i:ihalation pa:h .... a:r at 3i.~dni, Rongelap, and ::cirik. Special 
emphasis will be placed on continuous ai= sampling for ~ind­
~ediated resuspension of radionucLides in local soils; and 
on special ~easuremencs :o cefi.::.e aerosol contributions re­
sulcing from human ac:ivi:y. 

4. Development of radiological dose predictive ~odels which 
i:l"JolT1e ~oc:i h!..:.man and ~~" .. ·:.:-.:n."T:.e~i:al :ioni::::-:.:i.g dat:a. 

(b) Suocl~!!tent =~ :co ~ .. :c:-d Su~.a!""': :he ;"'! 1979 Jud gee requesr: contains 
a significant i.ncrease over :::.e ~y 1978 allocation. This increase reflects a 
realistic assessmecc of c~er'.l:i::.g :ost.s i..=posed ~'.' ::he l3 ..:::.i:!.£ counting, bio­
assay, and air :coni:or:..ng ac:i.·::.::..as !:Jegun in:·~ l9i8. Addi:ionally, field 
trip accivicies and ana::r:ical la~oraco:-y services have .substantially exceeded 
origi:ial esc:...:iacas :::::: :he ~as:.: =-~dio~o~i:aL safec:r ;irograi=., and :hese coses 
are e:<;:iec:ed :o cont:'..~~e. ::.~a::::, :::er= are a :i.~ber 0£ ?eri?heral ?rograos 
of ::".u:ual :'..nce:-es: :o 3:;:. ~nd ·:ES ·:':1ic:-t '..i:'..:: :e cosc-e::ec:i·:e i.: :'..ncluded 
~i:h :ie ~as:'.: e::or:s, ~a~?=~a= ~~i :~c5ec ~er:'.i.::i~g. :=-.ese :'..ncluce :'..n 
orde:- or :=;:ior:anc=: 

1 -· 
and 

~e£:.:i!:!.on c£ LJc..i:. :.::.;c ?a::.a=:ls ac ali a:.Jl.:s o: ::.:lcarest, 
:cntinuous =o~i:or:'..::.~ ;: i:..acs :or 3easonal c~anges anc long-

2. Incor?oration o: ;:iuol:'..c :..n£o't":laticn and education programs 
inl:o ::he ::ocal. 3NL et::or-= :o ::.ini::iize :he aci•1ersa psychological 
and sociological i~pacts cf :ocal radiological condi:ions and 
oi our ei:=r~s :a understand :~em. 

3. 1er:rospec:ive assess~~nc or :he rad:'..ological ?ic:ure :'..n :he 
cor:her:i ~~arsnall.s ?rior :o :'.:le esr:ablisC-~enc 0£ :he 3NI.. ?ro-
6ram in~ 1975. 

4. Concinued collaboracion ~i:h LW/LRE: on OES radiolog~cal 

?rograms. 

!his ?rogram will be logistically ccupled wherever possible co :he 3~'1. 

~edical ?rogram in :he ~arshall Islands. Technical collaborai:ion will con­
tinue on mac:ers of =utual interesc. !he radiological safety program will also 
bear directly on a rer:rospec:ive reassessmeni: of thyroid and whole body doses 
:o :he BRAVO fallout victims at Rongelap and Utirik, a new program :or which 
funding is expec:ed in FY 1978. The program will also inceract cooperatively 
wi:h related ef:or:s at the ~niversi:y oi ~ashington (t:U:) and at Lawrence 
Livermore Laboratory. 

(See Continuacion Sheer:) 



Su:-":eil!.ance ot E'acili:!.es and Si::es 
'.·!arsnall !slands ~aciiobgical sa:e:::r ?:'ogra=t 7::-·JL-.Jl-52 

Several re?or::s are in press or in progress :or ?Uoli=a::ion in :Y l9i3. 
These reports will su~.marize all 3~"1 radiological ?rogram ac:~vi::ies :o date 
and identify ::!i.e :ec:utical issues ::o be addressed in !Y 1979 and 1?80. ~.;o 

field ::rips were ~ade in Oc::ober 1977 ::o ini::ia::e the 3~"1 air ~oni::oring ?ro­
grams at Bikini, ~ongelap, and Utirik; and ::o establish the in~ counting 
program. Sufficient tield ~onitoring data ~ill become availacle :o assess 
average radionuclide body burdens for residents of Sik!.ni, ~cn5ela?, and 
Utirik, and to ::iake a ?rel!.::iinar1 analysis of :~e inhala:ion ;::a::':..;ay a: :!i.ese 
atolls. 

Personnel and analytical laboratory resouroes are Je~~g ~coi:ized :o 
provide ::echnical ?rograo sup9ort for :!Le ·•:.3 A.::oll 5u::-1e:r" ·..:hi:i is .:x;:iec::.:d 
duri::ig IT•l978. 

At least ~~o additional field ::ri?S are ?lanned for FY 1973 :o ccn::inue 
environmental su:-veillance ?rograms at Utirik, ~ongelap, anci oi~ini, and :~e 

study of t~ends in 137cs bcdy burdens at 3ikini. !iel~ :riJ 3che~uli~3 :cn­
t::inues ::o be ha:::.pered, ~oweve:-, '.':ly unce:-::ai:::.c:ies over :03:.~:i:;; ~'.:;~::":. 

Ac least :~~ee field :~i~s ~ill be =tade :o Biki~i, Ronge:3~, i~= ~=i~:. 
Atolls ::o conduc: rou:ine envi=onmental su:-1ei:lance anc personne: ==~i:orin~ 
ac: ivi: ies. I::i add it:: ion, t"'.Jo or :nore f ielci :ri?s will :ie .=.ade :o :::newec:ai.< : o 
concinue baseline in vi•10 counting and bioassay accivities begun i:::. :Y ~978, 

and t::o initiate a new---e?lVironmenc:al sur-1eillance progra:n consisc:enc: ~:.=~ :~e 
return of control of the atoll to c:he ~rshallese. 

Average baseline radionuclide body burdens Nil: be esc:aolished for 
cypical residents c: uncontaminated acolls. Additional contributions :o ~ody 
burdens from envircn:nenc:al pac::iways en ·:ontaminaced atolls • ..,ill =e deter-.ined 
for individuals and populations at 3ikini, Rongelap, and Ctirik. :efin!:ion 
of :~e inhalation ?at::~~ay at :::ie aiore~enticned acolls will be cc~?leted, a~ci 
a working p!'edicti·Je :nodel ':oli:.l be cie•1eloped whic:i incor?oraces enviror-.=i.:nc:al 
and ?at:n.tay analyses with ac:ual human uptake eX?erience. 

18. :::x~ec:ed ?..esul.:s in :-: :98C: 

Continuation of programs described in FY 1979. 

(See Continuacion Sheet) 



Pro jeer Ti de: 

I:a:s: 

Caoi:al Eouioment - FY 1980: 

!;;o ?hanto:ns ($10, 000) are required :o ?rovide adequate cal!.'.:lrations :or 
t~e ~ars~all ~slands f!!_ ~ C~unti~g ?rogr~. A computer-based ?Ulse heig~t 
analyzer ($40,0CO) is needed to maintain the division counting laboratory ac 
state-of-the-ar:, and to provide independent analytical :acilit!.es fer 
ultra-lo~-level sample counti~g. 

ZO. ?ro~osed Obli2acions :or ~elated Ccnscr~c:~cn ?ro~ec:s: 

~one. 

·------------------ - ··-----·. --



SC:iEDt.":.::: l. 39 
ADDI!!O~AL ::X?L~lAT!~~i ?OR. OP::~.i..!I~G OBLI~.G!:~iS 

3rookhaven National :..aborao:or·.r 
:.aborator~r 

l. Contrac:or: 

Associated ~niversities, Inc. 

2. Project !itle: 

Cont:-ac: ~o. : 

E:Y- 76-C-02-0016 

Su~1eillance of Facili:ies and Si:es 
Jose ~eassessmenr: !or Po?ular::ons on Rongela~ and ~t:ri~ 

Following Exposure to Fallout 

!ask );o. : 

189 ~lo. : 

3. Budget Activio:y ~o.: 4. Date ?re~ared: 

GK-Ol-Ol-SZ-3-rb) 
(600160) 

5. ~ethod of Reoortin2: 

March 1978 

6. Worki:lg ~ocation: 
Annual Report to Division of 
3iomedical & Envi=ot".I:lental Researc~ 
Scientific ~eeti~gs and :our~als 

Brookhaven ~iar:ional Laboratory 

i. Person i:l Charze: 

c. 3. Meinhold 

?ri:lcipal Investigator: 

J. ~. ~aidu (664-4210) 
~. A. Greenhouse (664-4250) 

9. ?e:son-Years: 

Jirect ?erson-Years 
~cient~:ic ~ ?roiessional 
Others 
Guests £ Researc~ Collaborators 

Total 

10. Costs (In Thousands of Dollars): 

Research Costs 

Total Research Obligations 

Equipment Obligations 

ll. ~eac:~r Conceot~ 

8. ?roiec: ~er-::i: 

FY 19 78 

FY 1978 

0 

0 

0 

12. 

From: To: 

Project to be ini:iated and 
ter:ni~ated in =~ 1979 

?-:es.3ud. 
FY 19i9 

?res.3t!d. 
FY 1979 

0 

0 

0 

}'.aterials: 

1.ev.Req. 
':'V 19i9 

0.5 

0.3 

Rev.?..eq. 
FY 19i9 

25 

25 

0 

T:"'I :.930 

0 

0 

0 

~ii·/~ 



Su:-:ei!.l.ance :if ?acili:ies and 5 it:es 
Jose ~eassessment tor ?o?u!.at:iJns Jn ~ongelap acd ~=i=~~ 

.. ::-oll..,wi· ..... ~ ::':(;,_ osure :o ?al:.out: G:-(·•J!.-·)l-32-J-· 
?:--:-'~c: ::..c:Lc: ..., ~ -
13.. ?ublica:ior:.s: 

~one 

14 Scooe: 

(a) 200 Word Su:r.rna:-r: Incidences of :hyroid nodules, benign and ~alig­
nant, in the exposed ?Opulations of Utirik and Rongelap have indicated critical 
differences in cor:-espondence betlNeen nodule incidence and thyroid dose :er 
che ~NO populations. !he esci~aced exte~al dose received :rom c~e :i=e :all­
out began to the ti:ne .of evacuation shows that :he Rongelap population re­
ceived an external dose ( 175 rads) which ~as about thirteen cimes :ha: for 
the utirik population (14 rads), and che thyroid dose was about ten ci~es 
larger, whereas the incidence of thyroid nodules in the t~o populacions wer~ 
not signficantly dif£erent • 

.;, preli:ninar; study has indicated that :he c:-i.tical area cf i:ives:igat:ion 
:hat could shed light is the period during fallout and evacuat:ion for bot~ :he 
islands. !n addition, the fact t:~ac t:he ~cirik population ret~r:ied ~i:hin 120 
days following evacuati:n, whereas :he Rongelap population retu~eci only after 
::-iree years, :-equi:-es that ·;1e took closely at :~e L"ti:-:.k ?Of:lulat!.on i.n te:-:!ls Qf 
a longer exposure period, both inter.i.al and ext:e~al. Further studies ~ould, 
therefore, have to concenc:ate on the re-examination of all available data i.: 
:-eports issued by various agencies during that ?eriod, consul:ations ~ich sci­
entific personnel :.nvclved at t:hat cime, identifying the areas of uncer:aincy, 
and using appropriate computer ?rograms co analyze the data. !he end :-esult 
will enable us co look for cor:"elations bet~een the incidence of thyroid 
nodules and the reassessed dose estimates. 

(a) !his study •;1ill hel;> es tab Li.sh dose esci:iates !rom c:i.e :i:ne o: the 
:.ncident :o the p:-esent, and ~ill complement the aeri.al su:-Jey, for exte~al 
radiation ~easurements, over :hese islands, ~nich is scheduled soon. !ogeche:­
:hey should present a reliable ,?icture of doses recei·Jed by :he ?Opula::.ons 
and also enable dose :sci:::.ates to be projected into :he future. 

(b) This scudy ~ill be in close conjunction with the 3~rt Radiolog!.cal 
Safety ?rogram i.n t:he ~arshall :~lands and wich :-elate.d p:-ograms of the 3~"!. 
:!eciical ::lepart:nent. C.:::n:i.:u..:.ed collaboration •..;i:.h the Cniversicy of Washington, 
Laboratory of Radi.ation Ecology, in che area of environmencal radioacci.vity 
will be maintained. 

16. Technical ?regress in =~ :973: 

Preliminar1 li:erature search and consultations with Dr. C. A. Sandhaus, 
University of Califor-:iia, have been completed. This has resulted in def:!.ning 
areas of uncertainty in infor~tion and establishing the procedural steps :hat 
should be carried out to~ards elucidating t~is problem. 2:og:-ess is bei~g ~ade 

(See Contin~acion Shee~) 0-K. • I';,,/ 

- ----- -.- -· -- .. ------·····-- ..... ------- ·----·- ·-- ~ ·-·--·-- .. . --- -- . ---



5ur:eil:ance :; ?ac~l~:~:s a~d Si:es 
Jose ~eassessment :or ?o~ula:ions on ~ongelap and ::i~i~ 

:i -· · -.-oll.owina :::~..,osure :o ?aLlout .,;~-Ol-Ol-5Z< .. !9-:jecc .. :.:~~: ~ t'"' 

' . . " ' ~ : (cont i :n~ ec ;-

i:i ::ie analysis of historical samples (dated ~!arch 1, 1954 ::-om ~ongelap a::ld 
rtirik rslands). ~~ever, delay in funding for ':l 1978 has caused :he ?reject 
to be sec aside until such time that the !unding is appropriated. Conse~uently 

i: is expected that studies will have to be conti::lued into ?Y 1979. 

17. Exoec:ed Resul:s in:'! 137?: 

The literature search, consultations and :he analysis or cata ~ill be 
completed, and will lead to comprehensive discussions and !inal dose assess­
ments for both the islands. These results will be used to test the hy?othesis 
that radiation ef!ects can be translated into meaningful dose estimates. !he 
?rognosis of the FY 1978 study should also per=iit validation of the ltodels 
used in arriving at the dose estimates in ter.ns of present day exposures. 

18. Exoected Results in :Y 1980: 

Program cocnpleted. 

19. ~escriotion and ~xolanati~n of ~aior ~aterials. ~cuio=ent and Suocontr3ct 
::ems: 

~one • 

. ZO. ?rooosed Obligations for ~elated Construction ?:-o;ects: 

~one. 
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S CHE!l L'1.Z 18 9 
ADD!:'!ONAl E:a'L.;.'U\T!CN FOR OPERA.':!!~G OBL:G..;:r:o~s 

3rookhaven ~ational LaboratO!:"'' 
:.aoo r a :o r-1 

Contractor: 

Associated Universities, Inc. 

2. Project title: 

Contrac: ~o. : !as 6- ~;c. : 

EY-i6-C-02-•J0l6 

189 :.;o. : 

Sur-1eillance of Facilities and Sites--St1~:\.RY 

3. Sud2et Ac:ivitv ~o.: 4. Date ?reoared: 

GK-01-01-52-3 March :.9i8 

5. ~ethod of ~eoorting: 6. Working ~ocation: 

See sub-activities Brookhaven ~ational Laboratory 

7. Person in C~ar2e: 

See sub-activities 
Princi~al Investigator: 

See sub-activities 

9. ?erson-"lears: 

Sci.,les.A.ssoc.(?h.D. or Equiv.) 
?rof. (3.S. or Equiv.) 

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

Total 

10. Costs (!n Tho 1.!Sancis of Joll.ars): 

tabor (including oenefits) 
!-fats., !rav., Dev. 

Subccnt., Spec'l P~oc. 
~eactor, Accel., and/or 

Computer Usage 
Allocated technical Services 
Gen. £ Adm. Overhead 

Total Research Cost 

Total ~esearch Obligations 

Equipment Obligations 

~l. ;\eac:or Conce~t: 

8. ?ro~ec: !er:i: 

Conci:iui.."lg 

From: 

?res.3uci. 
FY 1978 FY 1979 

1.0 l.O , 
I ::i .., 

~ 
2.0 3.0 
2.5 2.0 

4.5 5.0 

?res.3uci. 
IT 19i8 IT 1979 

96 116 

6 32 

0 0 
1 5 

!J. 7 58 
l.SO 211 

198 218 
, , 
~- 20 

12. Materials: 

Rev.~eq. 

F"'! 1979 -:v 1980 
, -..... .:> l. J .., 

"" ' ::J , -
-' • .:> J.J 
i+. 0 !J..0 

7.5 7.0 

;\ev.3.e~. 
-:v !.9 79 :Y 1980 

164 . -, 
J.. I ... 

135 1:5 

4 0 
5 5 

11 i ll.~ 
425 420 

394 42i 

20 50 

""'-'' j 

--- ---- - ----- -·- -------- ---·-·-- .. ----·-·- ·- ---·-



Project Title: Sur·rei::a.nce ~ f :a.c:.::::.es 

GK-Ol-Ol-52-3-(a) 

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

c:, - .:a -- ---:::> GK-·Jl-·J:-5 2-

Ti:le 

:!arshal! :slands Radiological 
Sa£et? ?:-ogra::i 

Jose ieassess~enc ~or ?opulac!ons 
~n icngela? and Ccir!~ 
~X?osure :o :all~ut 

(See Continuation Sheet) 
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sau.-nuu: 189 
ADDITIONAL EXl'Ul.rATION FOR OPERA!I~IG OBLIGATIONS 

Brook.haven National Laboratorv 
!..lboratorv 

GK-Multi-Resource 

l. Contractor: Contract ~To. : Task ~o.: 

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

2. Project Title: 
External Radiation ~easurements and 
"Ground Truth" for ~Iorthern ~rshall 
Islands Regional Radiological Survey 

3. Budget Activity No.: 
GK-Ol-01-52-3 

5. Method of Renorti:l.g: 

189 ~io. : 

4. Date Pre~ared: 
7.'!ay l9i3 

6. Workicg Locati~n: 

Written Report to D.O.E.S. Brookhaven National Laboratory 

i. Person in Chars:e: 8. Proiect Ter:n: 

c. B. Me inhold 

Princinal !nvesti£ator: 
From: To: 

~. A. Greenhouse (664-4250) 8/78 12/31/i8 

9. Person-Years: Pres.Bud. Rev. a.ea. 
FY 1978 FY 1979 FY 1979 FY 

Sci.,Res.Assoc.(Ph.D. or Equiv.) 
Prof. (B.S. or Equiv.) 0.5 0.5 

Sci. & Prof. - Total 0 . .:> J.;; 
Others 
Guests & Research Collaborators 

Total 0.5 0.5 

l.O. Costs (In :housands of !Jollars): Pres.Bud. Rev. 3.eq. 
FY 1978 FY 1979 IT !.9 79 CY 

Labor (including benefits) 12 0 ~I 

!1.ats. , Trav., Dev. 
Subcont., Spec'l P:-oc. 7 0 12 

Reactor, Accel., and/or 
Computer Usage 0 0 0 

Allocated Technical Services 0 0 0 
Gen. & Adm. Overhead 6 0 11 

Total Research Cost 25 a ... o 
Total Research Obligations 33 0 45 

Equipment Obligat~ons 0 0 0 

... 1. 1eactor Conce~t: l' ~terials: 

1980 

1980 
iJ 

0 

0 
0 
0 

0 

i) 



External Radiation :!easure!Ilents and 
"Ground Truth" for ~!ort:hern :!arshall 

J ?!'~ject Title: Islands Re~ional Racii:)log:icJ.l Sur1ey 
13. Publications: 

Greenhouse, ~.A. and :Ultenberger, R.P. Radiological analyses of 
~rshall Islands environmental s3.Illples from 1974 through 1976. BNL Report 
50796 in press. 

Greenhouse, ~.A. and Miltenberger, R.P. External radiation survey and 
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and ~otje Atolls. 
SNL Report 50797 in press. 

l4. Scot)e: 

(a) 200 ~ord Summa.~1: A comprehensive external radiation survey program 
~ill be conducted on each of the approximately 13 atolls or islands in the 
~orthern Marshall Islands ~hich could have received tropospheric fallout from 
~.s. nuclear weapons tests in the Pacific. The surveys will provide "ground 
truth" data on ambient external gamma radiation levels on-island. This data 
~ill be used as the basis for calibration and nor:nalization of aerial radio­
logical monitori~g by E.G.&G. Corporation. The program will include detailed 
external radiation measurements ~1th pressurization chamber and scintillation 
survey instruments, and in situ gamma spectrometry on all islands of interest. 
Surface soil samples wi:l be collected and analyzed for significant gamma 
emitters in order :o ~ake cecay corrections for long-ter:i dose ?!'edictions via 
t::e e."<ternal radiation e:~posure ?athway. 

BNL field trip staff and analytical lab facilities ~ill be availaole for 
other environmental sample collections and analyses as needed ~y the overall 
scientific program. 

1 ~ ... .J • Relationshi~ ~o Other P=oiec:s: 

This program is directly related to our continuing environ:nencal and per­
sonnel :nonitoring ei:fvr:s i;nder :he 3m. :1arshall Islands ?..adiologi.::al Sa.f ety 
?rogram. It will also interact cooperatively with related efforts at the 
Universit:r of Washi:igton (!.RE) and Lawrence Liver:nore La1::>orator:1. 

16. Tec~nical ?ro~ress in :: l973: 

Personnel and analytical laboratory resources ~ill be nobili=ed in support 
of this program. If the regional survey begins on schedule, the firs: of the 
three survey legs should be completed by the end vi :Y 19i8. 

17. ~x:iec:ed ?..esul:s in :Y 1979: 

l'he remaini~g :~o survey legs ~ill be cc~pleted, data analyzed, and a 

(See Continuation Sheet) 
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Sxternal Radiation ~easureoents and 
"Ground "I'r·.it:i" for :ior:hern ~..arshall 

Project Ti:le: Islands Re~ional Radiological Sur1ev 

li. C:x:iected Results in FY l.979: (Continued) 

repor~ of BNL activities in support of this effort will be written for inclu­
sion ia the overall project report. 

ld. Exuecteci ~esults in FY 1980: 

Project will be completed in FY 19~9. 

19. Jescri~tion and ~x~lanation of ~ajor ~aterials, Eauioment and Subcontract 
Items: 

Caoital Eaui~ment, :Y 1979: 

Cauital Ecuioment, FY 1980: 

~one required. 

:o. Pro~oseci ubli5ati~ns for ~elated Constr~ction Proiects: 

~one. 



. . -­... DE1'AR'I~}i'T OF E!-fERGY 

:S~ERGY - OPE::\..1.T:~<G E:C?ENSES A..'ID CA.PI7AL ACQUISI7!0N 
SCHEDTJLE 189 ,- ADDITIONAL EXPL\..~TION FOR OPERATI~G OBLIGATIONS 

_,:ook!'laven National taboratorv 
L.J.boratorv 
l. Contractor: 

Associated Universities, Inc. 

2. ?roject Title: 

G~-:!ulti Resource 
Mission Resource 

Cont:-act ~o.: Task No.: 

E"!- i6-C-02-0016 

189 !-to.: 

Special In-vivo Counting and Bioassay Program for 
the Bikini People. Supplement to the BNL !1.arshall 
Islands Radiological Safety Program. 

3. Sudget Activitv ~o.: 

GK-01-01-52-3 

;. ~ethod of Re~orting: 

~ritten report to D.O.E.S. 

.. ?erson i~ Char~e: 

C. B • ~!einho ld 

PrinciDal !nvesti~ator: 

N.A. Greenhouse 

9. Person-Years: 

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

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

Total 

10. Costs (In Thousands of Dollars): 

Labor (i..~cluding benefits) 
Mats., Trav., Dev. 

Subcont., Spec'l Proc. 
Reactor, Acee!., and/or 

Computer Usage 
Allocated Technical Services 
Gen. & Adm. Overhead 

Total Research Cost 

:otal Research Obligations 

Equi?me~t Obligations 

.l. ~eactor C~nce~c: 

4. Date PreDared: 

July l.978 

6. Working Location: 

Brookhaven National Laboratory and 
Marshall Islands 

8. Proiect Term: 

Continuing 

From: 8/01/78 

Pres.Bud. 
FY 1978 FY 1979 

Pres.Bud. 
FY 1978 'F'Y 19 79 

0 0 

20 0 

0 0 
0 0 
0 0 

20 0 

20 0 

0 0 

12. =·!aterials: 

To: 9/30/78 

Rev.Bud. 
FY 1979 

Rev.3ud. 
FY 1979 

0 

0 

0 
0 
0 
0 

0 

0 

FY 1980 

FY 1980 
0 

0 

0 
0 
0 
0 

0 

0 
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Special In-vivo Counting and Bioassay Program for the 3i~ini 
People. Suppla~ent to the 3NL Y~rshall ~slands ~adiological 

?roject Title: Safetv ?roqra~ G~-01-01-52-; 

13. Publications: 

Greenhouse, N.A. and Xiltenoerger, R.P. Radiological analyses of 
Marshall Islands environmental samples from 1974 through 1976. SN'!. Report 
50796. 

Greenhouse, N.A. and Miltenberger, R.P. External radiation survey and 
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and Wotje Atolls. 
SNL Report 50797. 

14. Scooe: 

(a) 200 Word Summarv: A special field trip will be made in August 1978 
to do in-vivo counting and urine bioassay at Kwajalein Atoll on 20 to 30 
Bikini residents before their anticipated 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 fli6ht which will bring the in-vivo counting subjects to K~ajalein. 

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 
compartment 137cs clearance rates from the Bikinians may differ 
significantly from those for the ICRP standard man. Deter:uina­
tion of these parameters is essential to the accurate assessment 
of total dose co'l:II: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 Projects: 

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

16. Technical Pro~ress in 1978: 

Assessments of body_?i:_r?~n~ _a~d-~learance par~meters an~ ~he detet"ll~natiol 

(See Continuation Sheet) 
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Special In-vivo Counting and Bioassay Program for the Bikini 
People. Supplement co the 3~rt ~arshall Islands ~adiological 

?-:-eject Title: Safet•1 ?rogram. GK-Ol-•Jl-52-3 
16. Technical Progress in 1978: (Cont'd) 

of dose commitments for individuals living on Bikini Atoll will Je completed 
by the end of the F"Y 1978. 

17. Expected Results in FY 1979: 

Project Yill be completed in :'! 1978. 

18. Exuected Results in ?Y 1980: 

i ~/A 

19. Oescri~cion and ~x~lanac~cn of ~aior ~aterials, Eaui~menc and Subcontract 
Ice:ns: 

The :unding request includes S3,0CO for ~Jo round trip charter flights 
~et~een Bikini and K~ajalein to cransFort the 3ikini people for in-vivo 
counting. 

Caoital Saui~~enc. ~ :978: 

'::l/ A 

20. Pronosed Obli2ations for Related Construction Proieccs: 

'jone. 
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i TASK ;;o. REV O ~:O. 

:7. Task Description (Cont.) 

3. ~eplicate deteniinations of ultra-low level Pu and Am urinary 
excration :-ates among ~ior:hern Marshalls inhabitants and among 
Ma.rshallese cont::-ol groups who reside outside the fallout areas. 

4. - bl" · ~ 137c d 90 - i ...,_ ~sta isncent or s an ~r excret on rates among na.r-
shallese control groups. 

19a. Facilitv Reauire~ents. 

!t is antici?ated that •.;erk :or this proposal will use existing !..abora­
~ory :acili:ies and site utility services. 

:9b. ?~~lications. 

Fiscal !ear 1973 

Greenhouse, ~. A., ~ltenberger, R. ?., and Cua, F. T. External Radiation 
3urvey and Jose ?reciictions for Rongelap, Utir!.k, Rougarik, Ailuk and ~otje 
Atcl.ls. 3NL 50797, :ecember 1977. 

Greenhouse, ~. A., ~ltenberger, R. P., and Cua, R. T. 
Analyses of Marshall Islands E:ivirotU11ental Samples 1974-1976. 
:ecembe:- 1977. 

Fiscal Year 1979 - lst Quarter 

Radiological 
BNL 50796, 

:!.iltenberger, R. ?., Greenhcuse, N. S., and Cua, F. T. Whole Body 
Count~~; ~esults for !nhabitan:s of the ~orthern ~rshall Islands: 1974-1978. 
Sealth ?hysics Jour:ial (sub:ii::ed). 

~ltenberger, R. P., Greenhouse,~. A., Cua, F. T., and tessardi E. T. 
Dietary ?..adioactivity Intake f=om 3ioassay Data: A ~~del Applied to 37cs 
:ntake ~y 3ikini Island Residents. Health Physics Journal (submitted). 

Greenhouse, ~. A. Follow-up Radiological Sur1eillance, !1arshall Islands. 
?:-esented at the 1978 Annual ~eeting of the Health ?hvsics Society, 
~~neaco:is, ~nnesota, Ju:ie 19i8. 
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This program is opera:ed :o ?rovide continuously updated data on ionizing 
radiation doses and dose cc!:l!!l.i:~en:s received JY the residents of islands in 
:he ~orther;i !-!arshalls ~hich have :een ccntai.:iinated by U.S. at~ospheric 
::uclear :ests. These data ·..rill :ie used :o develop predic:i•re dose modelling, 
and c:o ?rovide a basis for remedial ac:icns ~hen necessary. 

This r..rork. r..ras begun in 1.974 :o pro•:ide radiac:ion safety t'elated infor:na­
:ion c:o :he A.E.C. conce~in; :~e :eside:::s of 3i~ini, ~ongelap, and Utirik 
Ac:ol:s, and the i:npending re:~:.-:i Jf :~e ~newe:a~ ?eople. 

::?e. Aooroach. 

Field trips to t~e ~=shall :slands ~i:l ~e conducted :·.JO :o three t!:nes 
~er ::ear :o do :::.n ~ :::::~::::::.::~ a.::.~ •.ir:::.::.: collec:icns fo:: raciioassay and for 
=~·ri:on::iental sampl:....,,g. Sa:::ipl=s a.::d i:l ·:"..·ro count:::.ng ::aca ·..rill be anal;n:ed 
;::-•..,arily at 3~1.. Resul:s · ... -:::.:.: :e :..-:cor;;o:-a:ed :'..:lo a .:o::.;:u::e:-izeci data base 
:,r ::.an!?ula:~o~, ::ioCel:~~; ~~~~~=s, ~~~ ~~=~~?c=a:~~~ ~~to :a~or:5 for 
?ublication. 

Three field trips ~ere ccnduc:ed during ::Yl9iS for environmental sa:npli:lg 
and ?ersonnel monitoring. 

!he Spring 1977 whola bQi;iY count:!...-:g t:'i? to 3iki:li demonstrated dramatic 
and U!le:t?ected i:Jcreases in l.J 1 cs ~ody ~urdens a:nong i:he resider.ts. These 
::::..•dings led to a ~epar~ment of c:he !nte;ior dec:;0ion :o move :he BilC.ni people 
.:it= :hei= home atoll. The ci.ecli:.e i:l 1.3, Cs anci 'j Sr :iody burdens among the 
3i~inians 'IJill be :ionitored ~uring FY19i9. A detailed ~ie~ and living patter::i 
3tudy of :-esidents of :he ~:or-::i.er::i ~rshalls i3 e~ec:ed :o :::.:::iprove uncierstand­
:.:ig of intenal and exte~al radiation C."C?osure ?at:l'ways. !his study and 
ast:!.:iates of radionuclide excrgtion rac:es derived from follow-up personnel 
:oonitoring on the Biki:lians are expected :o i::lprove ?redictiYe ~odelling and 
:educe the probability of uneJC?ec:eci occ~rrences such as t~t a: 3ik:L."'li last 
:-·ear. 

E::lphasis on personnel ~onitoring is e~ec:ed c:o con:i:lue through FY1980 
and ::Yl98l. Development at ultra-lor..r level analytical capabilities :or trans­
~=anic radionuclides and the establishmer.t of corroborative bioassay progra:ns 
::i cooperation ~ith other laboratories are ex;:ec:ed to clarify and quar.ti:ate 
:ow Level plutonium and americium bod7 burdens among the 3ikinians and :longe­
lapese. Similar dete~nations among a ~rsha::ese con:rol population are 
e~ec:ed to demonstrate cii:ferences, if an7, jet~een t~e residents of ~onta.:n­

~:la.ted atolls and regional bac~grocr.d. 

c 
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Systematic personnel and enviror.mental :ionitoring programs are e.."<Pected 
to be initiated at Ene•.retak in FY 1980 and to :ie well established by FY 1981. 

l9g. Future Accomolishments. 

These studies are expec:ed to ?rovide a better understanding of the 
radiological i:lpac: on man resulting from habitation in an enviroru:ient contami­
nated with man-!Ilade raci.ioacti:;e :naterials. They are further expected to 
provide a basis for corrective actions where needed and to minimize through 
better understanding the fears of the people living in these areas. 

l9h. Relationshio to Other ?roiec:s. 

This program will function in cooperation with the BNL ~edical Research 
Program in the :13.rshall Islands and •.;ill occasionally share the same logistical 
support resources for field trips. !t will also function cooperatively with 
various Paci!ic research programs at :he Lawrence Liver:iore La.borator'7; and 
especially ·nth progral:ls to de•1elop predicti•;e dose esticates !or present and 
future residents on contaminated islands. !he oNL program ·..rill provide retro­
spective dose infor:nation to aid in :he development of prospective dose models 
by UL. 

191. Environmenta.l Assessment. 

Work done under this task proposal has either no environmental i:npact or 
has impacts similar to those described in and covered by 3N!.'s Envircc.:nenta.l 
Impact Statement (ERDA 1540). 

l9j. E;olanacion of ~:cstones. 

~one 

19i<. Ot:ter. 

~one 
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An i:i-de?i:::. st::..d'.' of al.:. i:ifor::iat:.on ::ar:ai..~i::ti :o ::i.e 3P-~~:o ::es:: :a.1.:..:ut 
~:l 3.on~e lap and ~: !.:i~ ·.ri.J.: :ie :a.de. ::i a..:di: :.:n, ·~s i:ig a.c:!•.ra.nced. a.~a.:.:;:::.:a: 
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::ie ?opula.tions of 1cn~el.ap and C'ti=i~. ::-:.e ~osa est:!::la:es ·.ril.:. ~· e•tal~a:ed. i.:l 
:a~ of :~e ::~y-:oid ~odula incidences i:i :~esa ::opu.:.ations ::o test :~e ~'.J'?Othesis 
:~a: =adiat~on ef!ec:s can :e ::=anslatad ~~:o =ea.ni.~;!ul :ose est~=a:as. 
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It is anticipated that ~ork for this proposal ~ill use existing Labora­
tory facilities and si:e utility services. 

19b. Publications. 

~one 

l9c. ?unose. 

To look for cor":'elat:!.ons bec~.ween t!i.e incidence of thyroid nodules in :he 
inhabitants of Rongela? and Utirik Is:ands (Marshall Islands) and the 
reassessed dose esti~ates. 

:his study ~i:l :use together all available information on fallout from 
the 3RAVO test and '..lSing advanced a.na.:..:11:ical :echniques (noTJ available) deri•;e 
realis:ic dose :sti::::i.ates :o t~e i.~habi:ants of Rongelap and Gtirik. !he re­
sul:s should ;Jrovi.ie inf onation towa:-:is elucidating the ;;hole question of low­
level eifeccs cf :aciiac!on. 

19d. 3ackiround. 

Incidence of :hyrcid nodules, benign and malignant, in the exposed popu­
:ations of Ctiri~ and Rongelap has indicated critical differences in correspon­
dence between nodule incidence and thyroid dose for the populations. 'n:.e 
esti::lated exter:ial dose received from :he cime fallout began to the t!.:ne of 
evacuation shows :hat the Rongelap population received an external dose (li5 
rads) which was abou: 13 :i:nes that for the ~tirik population (14 rads), and 
:he thyroid dose was about 10 times larger, ~hereas the incidence of thyroid 
nodules in the t~o ;JOpulat1ons were not signi!icantly different. 

A preli:ninar:1 study has indicated :hat the cri:ical area of L.1vestigation 
that could shed light is the period during the :allout and evacuation for both 
the islands. ~n addition, the fact that the Utirik population returned within 
120 days following evacuation, whereas the Rongelap ?Opulation returned only 
after three years, requires that we look closely at the Utirik population in 
tar~ of a lcnger exposure period, both internal and exter:ial. Fur:her studies 
~ould, therefore, have to concentrate on :he re-examination of all available 
data in reports issued 1::1 •1arious agencies during :hat period, consultations 
"'1th scientific personnel involved at that ti:ne, identifying the areas of un­
certainty, and using appropriate computer ?rograms to analyze the data. The 
end result will enable '.lS to look for ;:orrelations between the incidence of 
thyroid nodules and the reassessed dose esti:nates. 

(rl('. ,,, 3 
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Fiscal control will be exercised t~rough the use of monthly com?arisons 
1Jetween actual e:qenses incurred and corresponding !.ine ite:ns in the budget. 

The st~dy ~ill comprise: 

a. Li:erat~re search for all available data concer:'ling :he BRAVO 
test, such as, ~eteorological conditions and radiation ~easurements. 
Jisc~ssions #ith scientific and technical personnel involved in the 
3?--.i.:;o test. 

~. ::se of ~i~;5ric samples and teeth samples to determine 
129r, 90

sr, 
and 239, ~~ ?u concentrations to derive concentrations of other 
rad.i:muclides. 

Diet and :i:e ~tyle studies to ~rovide infor:iation for dose 
assess::!er.t. 

..... C.::?:.!Hicer '5:.~ulaticn t~ deter-:nine the ::-ansport and deposition 
c: ::aci:::ac :i·:e :all.out :ollo'loling the 3RAVO test. 

?reli~inary li:erature search and consultations with D~. C.A. Sondhaus, 
'..:niversity of California, has been completed. This has resulted in defining 
.a.:-a.a.s of '.mcarta!nty in infor.:iation available and establishing the procedural 
ste;:is :hat should be carried out towards elucidating the proble:i. All avail­
i~l= data on ex:er~al radiation ~easurements, radionuclide concentrations in 
soi.!., water, vegetation, animal and food items have been collated. lZ~storic 
sa~;:i:es collected from Rongelap and Gtiri~ have been submitted for I analysis. 
?:r:inen: ::teteorological infor::iation ·;:iertainic.g to :he 3&..\'10 tast have been re­
searched and :he inf or-...ation provided to Lavrence Liver:nore Labora:ory so that 
::::a:; can go ahead ·.;i:h :he computer simulation of the cransportation and C.epo­
s~:ion of fallout:. 

Technical ?ro2ress in BY-2 (:Y 1979). 

- 129·d ........ , l 'll"- l d Th -~e ~ etar:u.~ations o! :~., 9soi- samp es ~i ~e comp ete . 4.ese 
sa::r;i.:.es •.;ill also be analyzed for ·- I and 99Tc if required. In add!.cion, ·..;e 
are eX?loring :he ?OSsibil!.ty of analyzing "3ikini-.~h'' - the fallout that 
set:lad on the Japanese fishing vessel. TI1is sample should ?rovide the :uost 
.a.c=:iraca d.esc:-i;ition of the fallout. The computer simulation of the trans­
~or:ati~n and deposition of fallout: •Jill also be cot:ipleted. Final analysis of 
a racent diet and lifa style study will on completion provide an internal and 
:x:ernal e:qosure asti::ate. All :he data so gathered ~ill be used to generace 
a ::iodel(s) for arr~.:ring at the dose esti=ate in tents of exposu:-e at :i:ue of 
f.a.l:..out. Jiscussi·ons ·..;i:!i. scientiscs and technical ;:ieople who ·,;ere involved 

(.- ti(· I o tJ. 



t BL~GE: ~~D :\.EPCR:!~G CODE · DA!~ ?RE?ARED 

Jose Reassessment :or Rongelap and 
titirik 

i 
I G"l-01-02-0l-l(b) 

(003010) 
04/0.2;' 79 

CO~TRAC70R ~IA}!E ; CODE 3!~ ~t:!BER 
Associated t:'ni•.rersHies. !nc. I B~'1. 

19f. Technical ?regress in 3Y-2 (:Y :9i9) (cont.) 

•.rich che BRAVO cesc will be continued. 

Techn.ical Progress in 3Y-l (FY 1980). 

I T.\.S i( REV. ;.;o. 
0 

Dose estimates derived for exposure duri:ig fallout, will be extrapolated 
to ?resent times and the model(s) used ~ill be tested for their validity based 
on current observed dose deter~nations. 

l9g. :~cure Accomolishments. 

The techniques and expertise de•.reloped in the course of this study could 
be used :o reassess doses to ?Opulation in other areas subjected to exposure 
from :allout or even occupational sit~ations in :he ?ast. 

i9h. ~elationshi~ co Other ?rciec:s. 

a. This st:;dy will help establish dose esti:nates from the ti.me 
of the :..~cident to the present, a.nd will complement che aerial 
survey for external radiaton measuremencs, over these islands, 
which has been completed. Together they should present a re­
liable ?icture of doses received by :he populations and also 
enable dose esti:nates to be projected into the future. 

b. This study will be in close conjunction with the BNL Radio­
logical Safety Program in the !1.arshall Islands and with re­
lated programs of the BN!. ~edical Depar:~ent. Continued 
collaboration with the University of ~ashington, Laboratory 
of Rad~ation Ecology, and :~e Battelle ?acific ~orthwest 
Labora:ory nil 1Je ~intained !.n che area of sample analysis 
and data interpretation. 

:9i. ::::w!.:::inmental Assessment. 

~ork done under this task proposal has either no environmental i:npact or 
:-ias icpac:s si:nilar to :hose described in and covered by BN!.' s !nvi:-::mmental 
~l:lpact Statement (~RDA 1540). 

:9j. ::::rola.~ation o: ~lestones. 

~one 

l.9k. Other. 

~one 



( 

C"OE ~ ~lZ~.Z 
(1~791 

U.S. CiPA.RTMC.NT OF ENERGY 

FIELD TASK PROPOSAL/AGREEMENT 

I. WORK PACKAGE NUM8EA 12. TASK NO. ll. AEV. f 4. PROJECT NO. f fl. OATE PRE? AA ED, 6. 
j NO. (mm dd Y}'.i 

CONTAAITOR NUMBER 
H? c.:. 0 

,, 0J'°J11 . .,o : 1'1"1(\(\•"\' l 

7. TASK TITLE !!arsnall I:; Lands :\aJ102.ogical I a. WORK i'ACKAGE TITLE 

.:: ,.; . ,..., :l ,.. ...... ~ - ...., 

SI. BUDGET ANO REPORTING COOE 10. TASK TEAM 11. CONTRACTOR NAME j 12. CODE 
... 1n: Eftd: ''" 1ntrNt:r101uJ Auociatcd L

0

ru\"Crsitics, Inc. 
:iA-02-01-02-0 (mmdd lflfl cmmoo lfVI 

C-~nt '!.~ 1 li~1:.! 1o~n I S~L 

I J. CONTRACTOR TASK MANAGER IN•m•. L. .. r. Firrt, 41/J !F'TS No.J 14. PRINCIPAL.INVESTIGATORS IN¥n•: L.Mt. F1rrt. Mii 

C.B. ~le inhold Greenhouse, N.A • 
.,66-4209 666--.250 or 4207 

I~ WORK L.OCATION IS..1nirNt:t1onaJ. N.,.,,• of fK1/1t'(. C1rv, St•tt. Zio Coo. 16. 11 tl,,1 talk , 7. Ooea rl\11 ~'" 1nci1.1ac 

incluoeo '" 1ne env mAneg•ment 
lnnitut1onei Plan' Nt1o11a1 tH~ru7 

UvEs C YES 
ONO UNO 

18. TASK DESCRIPTION IA/lorr»r:lt, t•l•t1Qlt ro ._,,, o.i;uve. in 200 JNOrd• Ol IHIJ 

A comprehensive radiological safecy program will be maincained :or t~e 
inhabi:ants of atolls in the ~orthern ~arshall rslands contaminated as a result of 
::he U.S. Pacific Testing programs. The following items and services will be ;>ro­
·:ided. 

a. ?ersonnel ~onitoring and environmencal sampling co provide data for 3NL 
Jose assessments and determination of radiological trends. 

b. Individual and populacion dosimetry based on accual measure~ents. 7he 
cesulting data will be used to modify dose commic~ent rredictive models so chat 
:hey may ~ore accuracely reflecc future trends. 

c. Continuation of diec and living pattern assessments co update relevant 
~aramecers in long range predictive dose efforts. 

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

a. In vivo counting and urine bioassay of Rongelap and Ucirik residents co 
de te r.uine dose cornmi c:nents from en vi ronme ntally-der i ·1ed rad!onuc ldies at chese 
~tolls, and to beccer understand excretion kinecics among the Marshallese. 

b. Followup personnel ~onitoring at Enewetak co evaluate any change in 
radionuclide body burden associated wieh ·.l year of residence on !:newetak Atoll. 

c. A final decermination of radionuclide body burdens among :te former re­
sidents of Bikini Atoll. 

d. Concinuation of analyses of transuranic nuclide excrecion races among 
·;orthern '.·1arshall Islands residents, and of transuranics and fission and ac:ivacion 
~roducts among ~arshallese concrol groups who reside oucside oi the fallout area. 
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.) I I 
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It i~ anticipated that ~ark for this proposal will use existing Laboratory 
facilities and site ucilicy services. 

20b. Publications. 

Greenhouse, ~.A., ~iltenberger, R.P., Lessard, E.T. External Exposure 
~teasuremencs at Bikini Atoll, B~IL 51003, January 1979. 

Greenhouse, ~.A. Dosimetry Mechods and Results for the Former Residents of 
3ikini Atoll, BNL 26797, ~ovember 1979. 

Miltenberger, R.P., Greenhouse, N.A., Lessard, E.T. Whole Body Counting 
~esults for Inhabitants of che ~orthern Marshall Islands: 1974-1978, Health 
?hysics, in press. 

~ilcenberger, R.P., Lessard, E.T., Greenhouse, ~.A. Dietary Radioactivity 
:ncake from Sioassay Ja:3: A ~odel Applied co 137cs Intake by Bikini Island 
~esidents, Health Physics, in press. 

20c. Punrnse. 

The primary purpose of this program is co ~easure and evaluate the inter~al 
~nd external doses co people living on those islands in the Marshalls group which 
~ere impacted by tropospheric fallout from United States atmospheric nuclear tests 
Ln the Pacific. Its objectives are: 

a. Direct or indirect ~easuremenc of radionuclide body burdens and resultant 
loses and dose commit~encs. 

b. Measurement of external radiation environments and their contributions co 
the total doses to individualg and island populations • 

. :-
c. Evaluation of dietary habits and living patterns insofar as they relate 

~o the elucidation of exposure pach~ays and the deteL"!llination of doses. 

This program ~as i~itiated in 1974 at the request of the AEC (DOS) in anti­
~ipacion of potential :adiation exposures to the returning Bikini population • 

.:ue. Approach. 

~nternal and external doses ~ill be ~easured and evaluted using accepted and 
u?-to-dace health physics practices. 
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Diecarv and living pattern information will be derived from direct observa­
tions of island residents, and from standardized inc~rviews with island residents 
~uring programmatic field trips. 

~anagemenc Controls 

Fiscal control will be exercised in the form of monthly comparisons, over the 
:ask ter~, of actual costs incurred against corresponding line items of the budget. 
Tecnnical results shall be monitored through a perioJic review, by the Contractor 
Task :-tanager, of accomplishments by measuring actual performance as compared to ex­
pected progress. All work shall be conducted in coneormance 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 
5rookhaven ~fational Laboratory (BNL). 

20f. Technical Progress. 

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

External and internal dose equivalents received during residency on Bikini 
:sland and internal dose equivalents co be received post residency were evaluated 
:'.:Jr former Bikini residents. Bioassay results from ~amples collected in January 
~~d :1av 1979 and prior bioassay results were used co construct individual 
:Usr-90y body burden histories. Whole body counting results during 1979 and 
results obtained in prior years were used to establish 137cs - l37msa in-
dividual body burden histories. Daily activity ingestion rates were calculated 
from the body burden data. Uptake regimes which best fit the activity ingestion 
race data were; constant continuous uptake for 90sr and stepwise increasing up­
:ake for 137cs. Dosimetric models which described the upta~e scenario were de­
~ived and individual dosimetric results for persons residing on Bikini Island some­
:ime during the years 1969 and 1978 were determined. In addition, doses due to 
residual radioactivity in persons after departure from Bikini were calculated. In­
iividual body burdens, urine activity concentrations and dose equivalents have been 
~ecorded or scored in a computer data base. Publications and reports describing 
~~simecric methods and results, whole body counting results and biological removal 
race constants for Bikinians have been written. 

~outine personnel monitoring ~as provided for 1ongelap and Vtirik residents. 
A statistical analysis was performed to determine th~ minimum saaple size needed to 
establish the mean 137cs body burden at the 90: confidence level. Male and fe­
male adult, adolescent and child categories were counted at each atoll and many 
~ersons who participated in prior whole body countin~ visits were recounted. In 
addition, urine bioassay samples were collected from adult and adolescent popula­
:ion groups. Body burden histories and dosimetric r~sults have been completed for 
half the resident populations for· years following rehabicacion of the atolls. 

jJ, 
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Data collection on types and amounts of food consumed by the Marshallese was 
done by actually living with them. Simul:aneous observations on their living pat­
terns were 3lso made. These studies were part of :he ~orthern Marshallese Islands 
Radiological Survey (13-Atoll Survey) 

Exoected Pro~ress in BY-2 (FY 1980), 

Baseline radionuclide body burd~ns will be evaluated for the returning En­
ewetak population. Svaluation of the post residence decline of body burdens among 
for.nee 3ikini residents will continue. The data base on dietary habits and living 
patterns will be updated for all relevant atolls and/or islands. 

Exnected Progress in BY-1 (FY 1981). 

Personnel monitoring and related demographic assessment activities will con­
tinue at Rongelap, ~tirik, Enewetak and other areas of interest to DOE. Monitor­
ing of former Bikini residents will be phased out unless circumstances dictate 
Jtherwise. 

Exoected ?ro3ress in BY (FY 1982). 

Personnel ~onitoring and related demographic assessment activities will con­
cinue in all areas of interest in the Xarshall Islands. 

10g. Future Accomolishments. 

A running account will be maintained of individual and population dosimetric 
information for the residents of islands affected by the Pacific Testing Programs. 
:'':lese data ·.11ll provide an empirical basis for ioproving the accuracy and value of 
:ong-range predictive dose assessments from aian-made radionuclides in the environ­
::ent. 

:Oh. aelacionshio to Other Projects. 

This program operates and interacts directly with the Brookhaven ~edical Pro-
3ram in the ~1arshall Islands, and provides contempory data to be factored into the 
Retrospective ~ose Reassessments for Rongelap and Utirik (and other islands af­
:ected by weapons test fallout). It also ~rovides empirical bases for upgrading 
:Jng range predictive dose nodelling activites such as those of the Lawrence 
~iver~ore Laboratory. Coordination of this program with related programs within 
JOE and its contractors will be accomplished through timely exchange of program 
findings and related information • 

.... . 1. 
- ..... 1. Environmental Assessment. 

~ork done under this task proposal ~as either no environmencal impact or has 
i~pacts ~i~ilar to c~ose described in and covered by 3NL's Environmental Impact 
Stace~ent (~RDA 15~0). 

( 
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An in-depth study of all infor~ation perc:aini~g to BRAVO test fallout on 
::.ongelap and Utirik ·..;ill be :nade. ln addit:ior., •;Si:lg advanced analytical and com­
:uc:er techniques, a comprehensive fallout: ~ocel ~ll! ~e developed. Using this mod­
-::.!. i;i. conjunction •..;il:h dietary and life style :.a::erns prevalent at time of ex­
?Osure, a reassessed dose es:imac:e--~r.ter::al a:.:.:!. ~:<cer:i.al--•..;111 be :nade for the 
:opulac:ions of Rongelap and ~tiri~. ~hese dos~ :sc:i~ates will be evaluac:ed in 
:er~s of c:he thyroid nodule incidences in these populations, and the results ob­
tained ~ill provide infor~ati0n C:owards correlati::~ doses and radiac:ion effects. 
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Ic is ancicipated chat work for chis proposal will use existing Laboracory 
facilities and site ucilicy services. 

20b. Publications. 

Data generated in this study has been used in ocher reports • 

.:.oc. Puroose. 

To look for correlations between the incidence of thyroid nodules in cte 
!.nhabicants of Rongelap and L'tirik Islands (!1ar3hall Islands) and c:he reassess~d 
Jose estimates. 

This study will fuse together all available inf or-:nation on fallout from cte 
:Hl.WO test and using advanced analytical techniques (now available)· derive real­
~stic dose estimates to the inhabitants of Rongelap and Utirik. The results should 
~rovide information towards assessment of the risk coefficients for radiation­
~~duced thyroid disease. 

:ad. Background. 

Incidence of thyroid noau~es, benign and malignant, in the exposed popul3-
:~ons of Lltirik and Rongelap has i~dicated critical differences in correspona-
~nce between nodule incidence and thyroid dose for the populations. The esti~ac­
cd external dose received from the time fallout began to the ti:ne of evacuation 
shows that the Rongelap population received an external dose (175 rads) which was 
aoout 13 times that for the Utirik population (14 rads), and the thyroid dose . .,as 
a~out 10 times larger, whereas the incidences of thyroid nodules in the cwo popula­
::ons were not significantly different. 

A ?reliminary study has indicated that the critical area of investigation is 
=~e period starting from the beginning of fallout to the completion of evacua­
::on for both the islands. In addition, the fact that the Utirik population re­
curned within 120 days following evacuation, whereas the Rongelap ?Opulation re­
=~rned only after three years, requires that we look closely at the L'tirik popula­
c ion in ter.ns of a longer exposure period, both inter~al and external. Further 
scudies would, therefore, have to concentrate on the ~e-examination of all avail-
1~le data in reports issued by 1arious agencies during chac period, consultations 
Jith scientific personnel invol~ed at chat time, idenci~ying the areas of uncer­
:3inty, and using appropriate c~mpucer pr~grams to ana:yze che data. The end 
~~su!t will enable us to look ~er correla~~ons between the incidence of thyroid 
~cc~l~s and the reassessed dose estimates. 

( 
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a. Literature search for all available data concerning the BRAVO 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 l29r, 90sr, 
and 139, 240pu concentrations to derive concentrations of other radionucldies. 
In addition, excised thyroid glands from exposed Marshallese will be analyzed for 
129r and 99rc and data so generated will be used to estimate the concentracions 
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 determine the transport 
and deposition of radionuclides. 

~ana~ement Controls 

Fiscal control will be exercised in the form of monthly comparisons, over the 
task term, of actual costs incurred against corresponding line items of the budget. 
7echnical results shall be aionitored through a periodic review, by the Contractor 
Task Manager, of accomplishments by measuring actual performance as compared to ex­
pected progress. All work shall 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) • 

.:Of. !ech~ical Progress. 

Technical Progress in BY-3 (FY 1979). 

A preliminary literature search and consultations with Dr. C.A. Sandhaus, 
University of California, have been completed. This has resulted in defining areas 
of uncertainty in information available and establishing the procedural steps that 
shou:d be carried out to reassess the dose estimates. All available data on ex­
:er~a~ radiation ~easurements, radionuclide concentrations in soil, water, vegeta­
:ion, animal and food items have been collated. Historic samples collected from 
~ongelap and Utirik have been submitted for 129r analysis. Pertinent meteoro­
:ogical data perta~ning to the BR.}..VQ test has been researched and the infor:nation 
supplied to Lawrence Liver~ore Laboratory so that they can go ahead with the com­
?Uter simulation of fallout transportation and deposition. 

The 129r det~rminations of the soil samples have been completed for those 
~istoric samples chat were available. Some of these samples will also be analyzed 
~ar 99rc. In addition, ~e are exploring the possibility of analyzing "Bikini-
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ash" the fallout material that settled on the Japanese fishing vessel. These 
samples should provide the most accurate characterization of the fallout. Prelim­
inary computer siculations of fallout transportation and deposition have been com­
pleted. Data analysis of the recent ·diet and life style study has been completed. 
Discussion with scientists and technical people who were involved with the BRAVO 
:est is being continued. Analysis of the Marshallese teeth samples for Pu isotopes 
is in progress. 

Exoected Pro~ress in BY-2 (FY 1980). 

A final report on the diet and life style for the Marshallese will be com­
?leted. The computer si~ulation of fallout will also be com~leted. Thyroid glands 
:ram the exposed ~arshallese will be analyzed for 99rc and 1.91. Analysis of 
:he "Bikini-ash" will be done as soon as we get an aliquot of the sample. It is 
also expected that <lata on the exposed Japanese fishermen will be made available at 
:hac ti~e. Preliminary analysis of the data generated so far will be :nade using 
:xisting models. The results will be extrapolated to present times so as to test 
: he validity of the mociels •.ised. 

Exnected Progress in BY-1 (1981). 

Final dose estimates to the exposed inhabitants of Utirik and Rongelap should 
~e completed. The methodology developed •.1ill be extended to Likiap and other 
islands which were on the ·fringe· of the fallout pattern. 

20g. Future Accomolishments. 

' The techniques and expertise developed in the course of this study could be 
used to reassess doses to population in other areas subjected to exposure from 
Eallout or even those resulting from occupational situations in the past. 

~Oh. 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 ~tedical Departmt!nt (HA-02-01-01-0). Cuntinued collaboration 1o11th the Univer­
sity oi ~ashington, Laboratory of Radiation Ecology, and the Battelle Pacific 
:iorthwest Laboratory will be maintained in the area of sample analysis and data 
!.nterpretation. 

l 
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A cocpre~ensi~e !"adiologica: safecy ?rogra~ ~ill ~e mai~:ai~ed for :~e 

:~~abi:ancs of acolls in :he ~or:~ern ~arshall ~slands ~s a resulc of :he ~.s. 
?ac1fi= 7es:1~g ?rogra.i:is. :he folloW'ing ~c=~s and ser-11:es ~111 ~e ?rov1de~: 

l. ?ersonnel ~onicoring and envi=on::ient:al sa~?li~g co provide daca for dose 
assess::ients and det:er:iination of radiological c:-ends, 

2. indi·1idual and ?Opu.!.acion dose-equivalent: assessoent: ~ased on -:easur-!d 
bc~y buriens, recent:ion func:ions, and radioactivicy uptake ?ac:erns. :hese dac3. 
·.;: ~: ~e used to :odify ?redict:ive dose-equi·:ale':lt: cca.::li:~enc ,ad.els so ::iey :::iay 
-:o:'e a~equacely !"ef:ect future trends, and 

J. :~e colleccion of ?hysiologi.:, anchropomor?hic, diet and livi~g ~ac:ern 
dai:a :o apply accurat:e paC"a:net:ers co conceoporar7 and '.'redicci•;e dose assesst:encs. 

?rogra:i 1cti•1i:ies in :he co:ning fiscal ;rear r1ill e"lphasize :he follor..ri:'lg: 
..!.:!. ~ count:ing and r1dioc:-:e::iica: anal7sis of ~iological sa::iples for 

::-:.e~e:1~ A:ol: :-eside':lts, 
'.!. i:i ·1i•10 :ount:i:-:.g 3.nd radioc!'leoica: analysis of 'iologi=al 3a::ipl-es :or 

fo~er 3i.~i.:-:.i :sland residents, 
3 . ..!.:!. ~ count:ing and C'3.dioche~ica: ina:ysis of 'iological sa~ples for 

:!a:-5na1:ese .:o::::.?arison grou?S who have not: s:.ibsi.sced froo food 6rown on ::c1:-1;c; 
~0~gelao, 3i~1ni or 2newe:ak Acolls, and 

sa.::i;:ili::g and anal:;sis of coconuts and coconut: t:-ee food ;:iroduc:s ?bt:ai::ed 
f:" "'.:t:l :::e'...re :ak. 

::-:e ::·~cl.:des .Jf ;:iri:iary iosi.::::.e::-:..: i:-:.teres: are :s-~37, Sr-~O and ?·J .;39-2::.J. 
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20. Jetail A::::ac~~e~::s: 

a. :acili::y Requi:e:ents. 

c::oc: 
3Nl 

C3/31.'31 

It: is an:ici?ated that ~ork :or ::his ?C'Oposal will '.lSe erlst!.:tg t.aboC'atory 
:ac!.li:::!.es and site util!.::y services. 

:essa:d, ::::.:., ~il:en~er3er, R.?., lnd GC'eenhouse, ~.A. D!.etar:1 radio­
ac:t:!.vi!:.:,.. !:i.t:ake fro::i :i1oassay data: A. :nociel applied :o Cs-137 i:i.t:a~e ·:y 3i'.<.:..:i! 
Island :esidents. Seal::h ?hys. 39, 177-133 (1980). 

~·til:~nber_Jer, R.P., Greenhouse,~ ... .;., 3.nd 'r..c!ssari, :.:-. ~..,bole '.:JcC.y .::iu:i.:i:i.~ 

resul:s fro:n 197~ ::o ~9i1 for 3i~:!.:ti Island t'esidents. Healt~ ?~ys. 39, 395-~07 
'.1.?80). 

:!i.!.:~nbe::'~er, ::t.?., !..assard, !.:'., 3.nd GC'een~ouse, ~; . .A. ~.:,--)0 3.~C. :3-!.Ji 
:.:i~s :er::. :iiolog:!.cal :e:noval t'ate constants !or :he '.farshallese ?0? 1.Jla:io':1.. :Ieal.:h 
?hys. (in press). 

tessa:-:i, ::::.:., Greenhouse, ~.A., and ~!iltenberger, :t.?. A recons:r'..!ction of 
:hnnic dose equivalents :or longelap and Utirik :'esic:!ents - US~ to ~98•). 3~{!.-
3:1Si, Jc:ober :980. 

Lessard, ::.!. Rate constants foe' biological eli~inat:ion of 3cron:i:.!:l a:i.d 
·'.:esiu.-n in the !-tarshallese population. Presented at :he 15th Annual Confet'ence on 
3ioassay, Analytical and En.vi:"onmenc:al Quality, Las 7egas, ~evada, October, 1979. 

!..essard, !. ! . Body ':Jurden :ieasureo:ents as :iete~i:!ed fi:om whole ·:iod? 
:ounC:i':1.g and urine :iioassay. ?resented a: :he 15th Annual Confet'ence ~n 31:iassay, 
.:...::ial;1tical and :::n•J'it'oru::iert:al. Quality, I.as 'legas, ~evada, Jc.t:ober, 1979. 

Jose assesscent for ?-ongelap 
?-:-esen::. ?:-esented ac :he 2.S:h Annual ~~eeting of 
.3eact:le, ~lashing:on, July, 1980. 

:.es sa :-:! , ':"' ... -··· 

c. ?'..1:'4.:)0Se. 

and ~ciri~ residents :15~ :o 
:he ~ealch ?hysics Soci:cy, 

T':le ?ri::lacy ?Ur?ose ·:if :his ?rograz:i is t:o '.:lea.sure a.::id avalua:e :'":e !.:ttH"::a.:. 
and e:<:tenal .:!ose equi·ral:nc:s :o ?ersons '..i·1i':1.g :in :':tose !. slancs i.:t :he '.!a::-s~a.:..:.s 

5:-:iu;:> ·.•hie'.'\ :.;ere i::ipac:ed ~Y :::-opos?heric fallout: f:-om :::iited 3:::.ac:es at'.:los:i':teric 
:tuc:ear ::~:::.s in t:he ?aci:ic:. I::s objectives are: 

direc: or i:idi::-ec: ~easure:enc: 0f radionuclide ':Jody burdens, 

z. '.:leasure~ent of :he exter~al radiation enviro:cent:, 

.i../ A -::: .... - 'J? ,... ~ ~ 
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c. P~r~ose cone. 
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~EV .'<C 
0 

~. evalua:ion of die: and living ?ac:erns insofar as :hey :elace co che 
ide:::::.:ica:io~. of exposu::e ?a::-,ways and :he det::r':lina:ion o: .Jose :qui·1a:en::s, 

4. assess prospeccive dose equivalents for ?ersons recur~i~g ~o atolls 
con:a::iinaced duri~g c~e ~ea?ons ces:ing ?er!od, and 

5. :naincain co::iparison da:a a:i.d ?e::-sonnel ::ioni:.ori:i.g and .:!ose equi•nle::tt 
daca :or indi·1i..:iuals exposed c:o :1ssion and act:'...vacion ?roduc:s and :::-ansu::-anic 
nuclides in :he :1.a::-shall ~slands. 

7~is ?rog::-a::i ~as ini:iated in :9i~ at che request of the Acomic Zner~y 
Co:::ii3sion (JCS) in ancici?ac!on of ?Oten:i.al :adiation e~?osures :o c~e ::ec:u:ning 
3i~i~i ?O?ula:!on. 

rncenal and e:i:te::nal dose equi•ralen:s •.Jill ~e evalua:ed using acce?ted and 
u?-::=-1.ace heal:~ ?hysics ?rac::ices. 

Jietary and living ?a.Cter:i infor::iac:.on ;;ill 'be de:i•red !:-:ll:i di:ec: .,oserra­
:ion .a~d i::tcarrie~ lolic:h ?ersons residi:ig on atolls of i::terest. :~ese inte':"1iews 
·.n1: Je s::andardized and conducted dur:.ng ~holo!-body .:ounting :iel:i :ri?S· 

A:'!alysis of soil and ~ood chain related ?:ants ~1:: :cnti:iue i:i order :o 
rela:e :aCioa.ctivi::'.' i:i :ood crops · .. i.::t body bur=ens. Cvconuts, soil, sap :ro::i 
:oco~-.;:: :rees at'.d oc:-.e: diet i.Ce::ls ~..rill Je co!..!.ec:ed ::co :eside:'lce .or :ood so;.irce 
isla::is. 

~ana~e~ent Controls, 

?iscal concrol '""ill '.Je exercised i:: :he fo:":l of :ont~l7 co:npa.risons, o•rer :he 
c:as~ :er:l, of ac::ia.l coses incurred against .:orresponding line i:e~s of :~e budgec. 
:ec:-::'lical :-esults shall be ::ioni::ired :hrough a ::ieriodic review, ':i:r :he Contractor 
7as~ :-~::ager, -:if accomplish:!e~c:s 'oy ::!:!easuri:'!g ac::Jal ::er:o:::ance as :oopa:-ed :o ex­
?ec::i ;ir-:i3:ess. Al:. ·.;or~<. shall ·,e conducted in confor-ance ·.ri:'i ~e::teral.!.? 

a.cce=::-l sc:an:ia::.:!s :oC' 1S.J a::td ocher invest!.~ac:i•1e or analy:i: ?r-:icedures, as ob­
se::·:~i JY universities and large i~de?endent :esearch facilities includ::!.:-.g 
3-:oo~:-.aven ~ac:.onal :.aboratocy (3Nt). 

t../A_,,.., .. -70 
I I 'f ;.,.;- / l 
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:~chnical ?rozress in FY 1980. 

03/31./Sl 

<:·, ~c. 

0 

r:i February 1980, a field tri? was 'lnder:a~en :o Japtan and Sneweta'.< Islands, 
~newecak Atoll and Ujelang !sland, Ujelang Ato:l to obtain baseline body-ourden 
iata on :he ~newe:ak ?Opulation ?r!or to :he• ::a?atr!.a:ion of ~newetak Atoll in 
.i.pr:.:. :9~0. ?ersonnel ::ioni:oring ~as acccillp!.ished ::-:rough whole-oody counting and 
.:ol:ec::.on o: one liter urine sat:iples ::-oo al: ?ersons ::.ve years of age and ·')lder. 
A: ~jelang, ~onpar:ic:i.?ants in t~e lilhole-oody counti~g program ~ere i:ivited to 
?r~vi:e urine sazples. Approxi::iately 400 urine samples were collected and are 
.:~:"::n::..7 oei~g s?ec:::oc.et:'ically anal?zed for ~ac.::a e::i:te!'s and radioche::ii-
.:ally ar.a:..:::ec :::ir 3r-9G •. :..ddi:.fonal:.:.•, ;::ar:i:i;:iants ;:iro·.,ided ;>hysical and 
!eQogra?ni.: ia:a. 

·~~ole-;,ocy coun:i~g #as conc~c:ad ~~=n t~o inde?endent c~air counting systeQS 
~:i. ".Jt-!.:!..:h a sodiu::i iocii:!e datec:or ·.;as ?Os: ::!.o~ed !.:: ::-:J:tt of a shield.ed person. 
:·:'le sol.i:i a.n~.:.e of t!'le :iecec:oC' ;:i.ani:::ed collec:ion of ?hocons e::ii:ted :rom t:he 
::-uni< of an ad•..i:: :,ody. !his 3eo!l1et::y al:·owed safe ent:'7 and egress "'1.th com­
?arab:e sensi:!·1:.:7 -celat111e to t'.'le bed geomet:ry \lsed in prior field :rips. 

Approxi~ately ~00 spect?'a were obca::.~ed ::o~ !:'ld!vi~uals on Japtan, ~newetak 

and G~e:ang :3la~ds. !hese spect:-a we?'e analyzed :~r Cs-l3i and ~-40 using 
:al::.~=at!on s:anca::s :.;hich :iest =atched ::~e sex, ~eight and ~eighc of :~e ?er­
son. Ad:i:ional anal;rses •.;ere pe:-:or::ied :o dete::::ii:ie :!'le f::eq~ency discri!:iuc:ion 
statistics for various age and sex subgroupings of :he ~ody bur:ens. Q-uality as­
surance ·.;as obtained through duplicate #hole-~ody cour.:s and repeciti•1e point 
source s:anda:-: counts t::i de:e::::iine che ?rec!sion anc acc~:-acy of the syste~. 

~u:-:..ng :~e :uly and August :980 fieU :-ri?, 4'hol~bod:: counts and u::-i:-te 
sa::t?lcs ·.Jere c:>l:ec:ed ai: ~·!ajuro .. ~coll and ~il.!. !sJ.a":ld ::-o~ for:e ~ 3ik!.:ii. .l.t~l.:. ::-~-

3 ::.:en:s a.nc :::cm a ·.:C'tllparison popul.lt!.on. A?proxi=a:e.:.y :so spect:ra ·.;ere obcained 
and LJO ur:..ne sa!:lples collec:ed. :if:y percent: ~f :~e S?ec::a .... ere ::-om ?ersons 
..1ho .,..ere residents and ·.;hole-body counted on 3i'.<:ini Atoll :..:i. Aoril 19130, 10 ?e-ccent 
·..:e:-a f=.:o :o ::::e !:' 3i:d:ii Atoll res iden:s :iot coun:ad 'efore and the !:'em.ai::i.ing 
S?ec::-a •ere ==o~ a c01i1parison 6roup ~ho ~ad ::i.ever :"esided on 3ikin1 Atoll. 

:\ qua:::? assur3.:lce ?rogra.m s:..:::ii:a-r :o '::-.at a:~loyed ~: !:ie~e:ak ·;as useci. 
~e7iaw Jf :~e ii~toric 3i~i::i.i ~hole-~ody :oun:!:g ia:a i:d.icated no ef~ec:s o, 
jod:1--,u~:e:i assess:ien: li.!e :~ recon:.!.~ura::on ~f :~e s~i:!:di:i~ and decec:~r. :~~­

secu:ive ~easure~en:s of a for::er 3i~ini resident's ~ody ~urden allowed co~puta:io:i. 
o: i~di·1id".lal !.ong-:eni 1:liological re:oval !"3.te cons:ants. :'his data along •.Ji th 
:~e =et:~odology ~ere •..rrit:e:i up and :..ssueci in a ?t"i:ar; scient!f:..c ?Ublica::..on. 

At 'i<il.i :i:s.:.and there ~ere for::ier 3i'-:in1 :-esidents •..rhose Cs-l.3i ood:' bu:-:ien 
=e=ai:ied u.,changed or increased. 1easons :or :~is ~uc:ide ~eing ?resent i::i. t~ei:-

.: '..ll:'':'ent diet •Jere i :lVeS t i3a tad• I°~iS WO r~ snowed ':~at ::-iese ·our.:ie!lS ·,,rere :.ti thin 
:~r:e s:anc!a:C de•.ri.ations Jf ::i.e :-:ean ·:ur:ien J: ::.,e .:~~arison ~o~ulacion r!..~ce~c !..:! 

I I A _.., .. - i:J 
r7 /""/" -..,., -
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a :e'.; c.lSes. 3urdens ele•1ated above t:his le•tel could °:)e at::-i':Jut:ed to recen: 
i~ges::.on of 3i~ini Atoll food ~hich had ':Jeen t:r~nspor:ed :::i ~ili Island. 

::·..:.:an ::dl.:<. sa::ples had :,eea obtai~eC troc :~ur lac:a:'!..:-.g adu.!.: foner ~i:<.!.:i:. 

:e~a:~s ~hose Cs-137 ':Jody burden had '.:leen defined ':Jy ~hole-body c~un:ing and 
:-ad~oc~eQical analysis of urine. :tilk saQples along wit:~ Bi~ini !sland coconut 
::-e-= .:J.:> and nuts •Jere analyzed ':Jy gam1I1a spec:roscopy and at:omic absorption co de­
:er-:.:"'.: :·:;e ::iresence of C,;-~Ji and K-40. ::tesult:> ~1ere •.ised :o esti::iat:e t:he C's-lJi 
·::oC::: : .. :-.:en :::ir :·~a:-shallese "..:"..fa~cs ·..;hose ;:ir""..=ar:: :ood sup9l7 '.;as '.1u::ian =il'.< and 

.:...c:i.,i::r ingestion ::a:es and fut:·.ire ~ody :,._.:-dens for Cs-137 •..;et'e esc:!.=aced 
:or :~e ~a?ula:i::in ~ho Qay recur~ co ~nue !J:and, 3:!.~ini Acoll. !his ?rojec:ion 
:.::::;:. :·:d a :!.ecer::.inacion cf ac:!.vi :y :::ans.fa:- fac:ot"s calc'.lla:ed !:roci ?.ongela? and 
3L·.:.::: ·.o:-:o:a-·oody counci:ig da:a and f:-:::m ?.c:i·1i:? conce:1t:::'atio:'l analyses of coconu: 
:re: ;::=::i='.lc:s. !hese factor's were com?a::aole for ':Joe~ a:::ills and dose-equivalent 
====::~e:::s ~ere ?rojeccad for adul:s. 

~.::::-:::s;::ec::i·:e and con:e::iporal:'y eic::e:'nal ex?osure :-a:e :ia:a, i;;hole-bod:t coun-
: :.:-:; .::::a, a::C radioc~e:::.ical analysis of :..:.rine a=-:.d ~1.ood .:.a:a ·Je:"e ::eviewed :or ':he 
:'..::t:a:·:a:.. :;.me :95.:0 co :lece:nber 1980 for :he 3.onge.!.apese and '.::irikese. '.Josi::iecric 
::iode:.3 ··'hich '::ies: descri~ed :he U?take ::egi:ie :.>ere const::''.lc:ed for t:he ::'luclides of 
:.::te:'es::. Jai:y ac:ivicy inges:ion races, ~hole-~ody dose-equivalent: :'aCes and 
:ose -=~·.i:!.-:a.!.en: coollli:::ents co •1arious oqans :.>e:-e de:er-::iine:i. ?o?ula:ion dosi::e­
::':"~' :-es·.:.l::s a:id ::echods were ·..rrit:t:en up a':'ld ::'i!?O::'t:ed in a 3NL ?Uolic.:ation. 
:::d.!.·::..:.·.;al dcsi::ietric da:a ::ecords al:'e ::iai:::ai:ied at che ::.aboracor: ... 

?:t'~onnel ~oni:oring and relat:ed de~og::a?hic data ~ill ~e obcai:ied f:-oc :-es­
ide::'lt:s ;: ~o::'lge:ap, ~:irik and Enewecak a~d o:her" areas of interest: :o DO~. !he 
data ·:ase :in diet and living ?at::er-:'ls ·,.rill ~e updated for all relevant at:o1.ls 
an:i.1 

::i r : s:..ands. 

:::nluat:ion of c':le decline of ':Jod? ~ur:iens a!!long fo:-::ie r 3i~i.:ii !sland 
r"esi;!e:::s ·•ill continue fol:' c:~a: ;ior:i.on oi :'.'le ;::opu.:acion i::i ::esi::i:!nce ?n ·ra.:~::o 

At::il: ~" ~i:i :aland. ?erso:'lnel ~onitot'~~g ~ill con:inue at: ~:!e~ec~~ At:oll. 

( 
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aadionuclide body burdens will be evaluated for the ?Opulation in residence 
at Znue Island, Bikini Atoll. Personnel ~onitoring and related deoogr:aphic 
assessment activities will continue in all areas of inc:erest in the :·!arshall 
:slanc!s. 

g. Future Accomolishments. 

A dosi:iec:ric hisc:or/ •ill be :ia.inc:ained for individual residents of :he 
:·!arshal.: !sla:1dS ar:ected ;y t:he ?aci.:ic :"est:i ng ?r-ograms • '!':1ese data ·..ril!. ;>r~­

;i;!e inio~a:ion rega:-.:ii:'!.g :he u;ita~e, t'e':enc:ion, a~d exc:-etion of. :-adioacti·1e 
::ac:erial and ;rill i:iprove the accuracy and value of long-r:ange ;:ired!.c:i·1e dose as­
sessoen:s from ~n-::ade radionuclides in :he environmenc:. · 

:'his ?rogra::i O?erac:es and interacts directl7 with the 3rookhaven '.·!eciical ?ro­
~r:ai:i in c.he :farshal:. Islands, :t:lC. ?rovides contem?ora:-y data to be :ac:o:-ed into 
:he Ret~os;:iecti7e ~ose Reassessmen:s for longela? and ~tirik (and oc:he:- islands a:­
fec:ed "oy ·...-eapons c.esc: fallout).. :t also provides e!'l?irical bases fo::- U?gr:adi:'!.g 
:Jng r:ange ?redictive dose ~odeling accivi:es such as ::iose of the ta~::-ence 
:.!ver::ore ~aboracory. Coordination of t~is program '41.th related ?rogr:a::l.S :.richin 
JOE and i:s concrac:ors ~111 be accoinplisned through :i:::ely exchange of ?rograa 
::ndings and related infor:iacion. 

:!.. :::nviro:t:nen:al Assess:ienc:. 

~ork done under :his ::ask ~roposal ~as either ~o :nviron:nental i:pac: or ~as 
:!.:::?ac:s si:ilar c:o those described in and covered by 3m.'s :::nviron:ien:al ~=pac: 
S:a::ment (21.DA 1.340). 

1.. O:her. 

Caoital :'.qui?~ent in F: ~983. 

An :!.n::-i::.s:!.c Ge(:.:!.) ·.;hole :Jody coun::!.::i.g sys:e:::i i..s ~eeded :o ;>r-ov:.je "o::-: 
::::!..::!.enc and effec:i•1e ::iperation in t'.ie '.-!a:.-shall rsl.inds ''...aci:!.ol~gi::al Sa::i::r 
?rog:.-a~ :or counting :ow :ner~y ?ho:ons e~i::ed ::.-o~ ::-ansuranic nuclides. :~!s 

s?stem (SlSO,:OO) ar-.d associated shielc!i::.g and bed equi?Cenc (S25,QOO) '.;ill be 'lSeci 
:o ~eas~re body burdens of ::-ansurani: nucliies :!.n ?ersons a: ::ne~e:ak A:::ill ~c 

:e•1els below :he :naxi:::u:i ai:otJable for :leobe:-s of c:he 3e!'teral ?Ub!..!.c. ?:-::>s?ec:i•:e 
dose equ.!.valen:s for blood :or::iing organs ;rill be assessed based on c:hese 
~easureinenc:s. 
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1. Ot~er cont. 
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A tJord ;:irocessor ( S2~ ,000) for r:he ~1a::shall Islands 3.adiologi.cal Safe::' ?ro­
gram :o ;:irovide ::iore efficienc and ef:eccive operar:ion '..rill be needed :o ;:irepare 
;iri::ia::y sc.:.enr:ifi.c pl!blications and co ;>repare, ::.odify and store ind.!.·1i::!l!al 
dos i::e:ry, ':Jody ·::>ur:.eri., hioassa? ~nd de::iog::-a~hic ::-ecor:is or: ::-ie :.:lnaoi :an cs ·Jf ::-te 
'.1a::s:-tall !slands i.ncl.uded :.:i ·:JUr s::udy. :''.-le ;:irocessot' · . .-e,1 ':Je ~sed also :.:1 :~e 

preparJ.t'ion of :ri;:i :eports, schedules and oc!-ter ado:!.n:!.scracive w-ri.:ing. 
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~aidu, :ana~i=a~ ~. - 666-~263 
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Oc.es rn1s ·1s.< ~C\'.JOe 

J,,., :-nanaqer-~..,r 
~e,.vice• :irtons; 

- "E'3 
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.:..n in-~e;:ch s:'...ldy -,: info:':lac:.on ;:er:ai:i.bg :::i 3?,A.':IJ :es: :al.lout Jn ?,on~e:.a" 
.l'.':d ·.::i:!!< .... ::.:. :ie ~a<ie. ::1 addi:i.o~. a coi::-:>r~he:is:!.·:e :a1.:.:iut :::iodel :.ril: :,e 
=~7el..,ped ~s.!.'.'lg advanced analytical and cooputer :echn!ques. ~s!:i.g ::iis ~orlel in 
:J:i.:• . .mc:ion • .. -::.:h j!,eca::7 and li•11:i.g ;:iacterns ?revalen:: ::!uri::g and :01:owi:1si; :':e 
ex;iosu:e of Y.arch l.95'-, in:er-:tal and ex::arnal :hyroid absor-:ied ::!ose ::s::i:::iatas ·..;:!.::.: 
·:e :::iade for various age and sex 3:-oupi:1gs of :he ;:-opula:!ons. :·.;o oc'.':er 
~~dece~dent a??t'Oac~es invo:ving calcu:ation of :h?ro!d a~so::~ed iose °Jased :n :':e. 
"-:.:.si:~rical soil sample anal.]'Sis and !::ased on che ::aC:i:ii..:ici'.'le a::al:rs!.s of :'.1e single 
;J~~osi::ed uri::e sa:ipla repor:ad :..:ir :~e 1ongelap ?O?u:a::!on are :o Je uncer:a~en. 
7:-iese resul::s coupled ·..rt::h :he :1or:hern :-rarshall !:sl~nds Rad.!.~1.-:i;ical Su::vey 
'.'.:}!;:3.S) and conce:uporary ;:-ersonnel :::ion:!.::or!.ng ac:ivi::.!.es .... 1:1 ?ro•1ide a :ech:-iical:.'.' 
sound basis for recrospec::i•1e ::hyroid a":isorbed dose es::i::iaces :or the atoll 
~o?·~l.H!ons i:l ::ie '.;o:::he:-71 '.·!ar3hall. :sl3.nds. These :sti:ia::es :,;i.!.l °Je e·13l:.;a::d '.::: 
:~:-:-:.s -:i: thyroid :-iodule i.nci::!ences i:i. :hese ?Opuhc!ons, and ::'":e -::-esul:s ::i°:lta!.=:.ed 
·.;:.:.:. ::ir:ivide i:lf:ir::iaci"n :owa:::is :::>:::-ela:.i:i.~ a;,sor:ied :iose ~nd '.::iol::gi:.al ~ffec:s. 
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20. Jec:ai: Ac:ac~~encs: 

a. ?acili:v leauire~en:s. 

:c is antici;:iated :hat work for this proposal ~11!. use e:<.!.sti=i.g :.a':iorat'.)r:r 
:acilit1\'!s and sice utili::y services. 

~. ?ubl~:~tions. 

~:aiciu, .J .1., Greenhouse, ~;.A., and ::night, .J. ~!arshall Islands: A 5cud:r of 
Jiec: a:1d :..:.·1i:1g ?a.cter:'ls • .am. 31313, July, 1980. 

':.essa:::1, :::.:.,Greenhouse, ~.A., and ~il:enbe:::3~r, !.?. A !econstruccion of 
::-:r'.)ni= :as~ :::qui·Ja.lencs ::ir ?.ongela;:i and t:'tiri~ aesiie:u:s - 195~ to 1980, 3~:L 
;:.257, ::c:o:er, l.980. 

::-:e :i~r=cse of chis research is co rerine :he est.:.:::aced chyroid a~sor,ed 
ioses recei.,~'.i :,y ::e:i'jers of the ~ongel.ap and Utirik Atol.l ?Opula.:!ons !.~ t!i.e 
~arsha:l :Elands. :~ese doses ~1!1 be =oopared co :he chyr'.)id nodule incidence :o 
:ir:•1::..:ie i:1f:: :":lat:i.on ::iwa::::is assessmenc of :he risk coeff'icie::ics for radiation 
!~duc~d :~yr'.)i:i disease. 

::ici:ience of :hyroid nodules, benign and ::iali5:1ant, in :he exposed popula­
::.ons Jf :ci=i~ ind 1ongela? has indicated critical :iiff~rences in correspondence 
·:ie:·.;een :iodu:e incidence and chy?'oid absorbed dose for these populations relative 
::i :::a: =~?or:eci 'Jy :~e ..;a?aro.ese :umor :tegiscry Life S;:ian S:udy or the ocher popu­
~i::.~:-.s ·.lnder study as repo::-ted 1:1 3!:::R r:r. ::,e es::.:iaced e:<:ernal ,fose recei'led 
::=: :~e :i:::.e :allouc jegan ::i che :i::ie of evacuation shews :~at :he adult aonge:ap 
:o~u!ac:ion r~ce!v~d an external absorbed dose (!.75 :ads) which ~as about lJ ci:es 
:~ac ~Jr che :ci:::i~ ;:iopulacion (14 rads). :he ch~roij absorbed doses ~ere 
Hti::.a:eci ori~:i.:1ally :o ~e .:;e•1era.l :i:::.es c:i.ese external doses. 

A ?!"eli::U.nar:1 study ~as indi:.ated :hat c~e .!.::ipor:ant dosio.etric area ·of 
:.::·1es::.;acion is the ?eriod starting :rom :he 'Jegi::ni:::.g of :allout :o :he cCT!lple­
:.!.on J: e·:a.:uacion ::ir both :!'le islands. :n addi:ion, the :act chat :he :.'ti.::-:!.'.-;. 
:=o?u.:a:::.o:: ret·.ir':'l.ed ·..ti :hi:i 1:·J :a'.'S :01:0\oo·i:ig ~vac'.la:ion, ~•her~as :~e ?.ongelao 
:0?ulation :eturned a~:ar :hree fears, req'.lires :ha: :he :cirik po?ula:ion 'Je 
exa=.:.::ed ~osi=ecri=a:l:: :.:i :e~s ::;f a longer e:<?osu:::e ;Jerio~, :io:::i :.::::er::al 1rtd 
:x:er::al. ?ur:her studies ~ould, therefore, have :o c:>ncentrsca on :~e ~aexa~i:'la­

:ion ~f ill available ~aca !n :e?or:s issued ~y various ~~encies dur:f.:1g c~ac 

?er:.od, ~o:'lsul::a.:ions ·.;"!,:,h scienci:ic personnel !:ivoh·ed at ::~ac ::.::e, :.:.enc.:.::~:.:-ig 

::-.e 1:::eas of unce:-::ai::cy, and '..!si:i.g appropri.ace coci!Juter progracns :o anal?=e ::ie 
.ia:a. 7:':e end resu.:.:: ·.;1:.: a:iable comparisons ':et::':leen :'.-le incidence '.)f ::i•:i:oic! 
'oc~:as inc! :he reassessed :ose es::::.=aces. 
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I I~ _. 

~--



Dose ~eassessoent :o: ~on~e:~? 
and ·;:: :.r:~<. 
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.i.. uQc·-:~ec Un1vers,t1es. lnc4 

e. A::ioroach. 

:~e study ~ill comprise: 

--~= ,__WI,_ 

3NL 

JJ:J:. 3: 

•,:.51( :-.o. 

'!.. lH:eracure searc~ for all a·:ailable da :s concer:-;i :L~ ::;e 3RA'.'0 :es:::, s uc'.-t 
as, :ie:::eorological conditions and radiation =eas~reoe~:::s, l:Ld iisc~ssions ~i:'.-t 
e:t?os-=:i ~-!a::shal:~se a!'l.d · .. -t:.1:\ sc.!.anc.:.:::.c 3.~ci :=c:-:::i:a: -:a:-3~:-:~a~ ::i\.·ol":ed !.:i. :':'le 
3;t.\.',''J : ;:s:::, 

'.!Sta of :iis:o=!.:. soi:. sa:ipl:s, .::)oc! -sa:!l?:~s =:~-~ ==~::1 ;;~~?!.dS ::~ i-ai:~r::i:-.c 
I-'!.29, 3r-90, and ?u-239, 240 concen':ra::.::ns :o .:er:·:~ :::-.:~:-.::l::.o::s of oc~er 

3. diet a:1d 

co:ipt.:cer si:::ulatio:i -,f ::.':-.e 3(?_!SG ::es: ::;.::o•i: • ..., :.e:~~i::e :'.-le :::-a:-.S?c:-: 
a:1c ie:osition of ::-adionuc:i~es, 

.... "'."~ .,.. or .-~-- a~oos per 

:~seal conc::-ol '"11!: ~e exer:ised i::l ::-ie :o~ of ::.o::::-:.::.:: :c~?a:isons, ever ::-.e 
:::asK :e:-:i, or actual coses inc~r:ed agai:1st corresponding li~e i:e~s of :~e 'ud5e:::. 
:echnical resul::s shall ~e ~onic::ored c::hrough a ?eriodic review, ':Jy :~e C~n::ac::or 

:'as'.< :!a::1ager, of ac::Oc?lish:ien:s ~JY ::easuring ac:ual ?e:-:or":::ance as co::i~ared :o 
ex?ec:~d ?regress. .~l ~or~ sha!l ~e co:'ldt.:c:e~ i::1 cc:'lfor-=a:1ce ~~=~ 5enerally 
ac:::-::: :d s::a:1ciar:!s :or R&D and o::!"le::- i::.ves:i6a::i•:e or a:'lal:--i::ic ?t'Ocedures, as 
obs.::·:-:-i :iy universi:::ies and laqe :.::1C.e?ence:'l: :esea=c:i. :acili::ies i.::1cl•.idi::.5 
3roo;c:-.. r:e:1 ::ac::ional :.abora:::ot'"/ (3~'1.). 

:echnical ?ro~ress in :'"! l98C. 

A re?or: on c::~e .:iiec:: and living ?at::ern of :::e ?onge:a?ese and :tiri~ese ~~s 

·:::een : :~olec::ed. !~e co:::pute:- si:iula:ior:. Jf :allcu: is ":ei::.g :e:o':".:ulac::ed ·11::: 
a~~:.::J::al iac::a :~at has 'Jeen acquired. !~yroid i:ands ~roo :~e exposed 
:~arsha.:.:.ese :tave 'Jeen anal:rzed :or !c-99 and :-1:9, Ap?rox::.:ia:::ely ;o historic ;o:.._ 
sa=.ples ":-:a·1e ':Jeen analyze::! :or lZ9:: and ocher .:iosi::iec:-i.:all? i:ipo:-:ant :-:uclides. 
?re2.i::i.::ar? dose assess~ent :or :he '.·!arch 195;. ex::iosed ?Ooula:ion '.-las 'ee:'I 
?er:o:-::ec 'Y :::·.wo i:1de?endenc:: :::ec~ods (soil analysis and :aciioc'.":.eoical analysis ·Jf 
ari:1e) ~er residents of 1or:.gelap Island, iongelap Atoll. Acdi:!onall?, a =~aor: 
~as ":een C-:O.?le:ad on ::ie dose equi•1alenc:: :ol.lowi:"l.g :-eha"oi:ation of 3.on~elap a.::id 
::::.r:.:.- .;.:o:.:s af:ar :~e :!a:-c:i l.95.4 e•1ac~a:!on. :"'.<is ·..,or:-: !.::-..vol·:ed dete=::i::ia:i:n J: 
?Ost ==c:.ir:1 :~y:oid and ot~e= or~a::i iose equi7ale::ic3 !or !::i~i~i~~a!s :?.n.:i ?Oau:3:::!J:1 
~:-ou:::s ":ased. ·O:". ·:-.::..;;c::ori.~ :?.nd ~on:a~~ora=:r ·..;no:e ·:od;.' coun:!.::g a:;.d :.iri=ie "oioassa:r 
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Additional saQples of soil, food and ash ~ill be analy:ed for I-1:9. Sr-90 
and Pu-239, 240 analysis .-;if :eeth saaples, especiall:r :hat: f:-.-;im exposed 
i.~di•1iduals, '.Jill be done. :Ja:a !eri·1ed from the "3L<ini Ash" s::udies Wil!. be 
factored into the ref!neoent of c:he dose esti::iate. :Jiet and living ~at:ern s:udies 
w1l l be updated. 

~xpec:ed Progress in :'! 1982. 

:ac:ors such as solubili:? of iodi:le isotopes in fal!.out:, ::he ,,ossible con­
C::'ibution f:-om neutron induced ac:ivity, ::he i~pac: -:if thyroid seekers other :han 
i..:idine isotopes on dose, and ::onfi::ence levels for ·1al·.Jes of der1'.·ed quanc:i:ies 
such as airborne ac:!vic:y concent:-a:ions during fallou: ..,ill be invescigaced. Diet 
and living ;iac::ern studies ..,ill ~e '.!~dac:ed. 

~x~ected Progress in:'! 1983. 

Diet: and livi~g ?a::ern studies and 1ose reassessoent: •ill continue until 
~omple:ed for all a=eas lf inceres: in che ~arshalls. 

g. Future Ac::o~~lisr.men:s. 

:'he techniques and expertise developed in c:he course of this scudy could ~e 
~sed :o reassess doses :o ?Opula:ions i:i other areas ~ubjec:ed co exposure !:-oo 
:allout: or e•1en c!'lose resul:ing :roll!. occu?acional si::iat!.ons in :he ?ast. Addi­
:iona:ly, :his s:udy ~ill provide a bec:er es:i~ace of :he :rue 7alue :or thy­
roid nodule incidence per uni: rad enabling cechnica:ly sound risk faccors co be 
associated ~i:h !oni:ing radiac:ion ex?osure. 

1. :bis study will hel~ ~s:abl!sh e..~:ernal and internal dose esti~ates f~om 
~~e ~1=e of the incident :~ :~e ~~esenc, a~d ~11: coa~le~enc c~e aerial surve~ :~r 
e:c:er:ia: :-.aciia:ion :i.easure'=ler-.cs, -,ver :hese islands, ·-1hi::h :-tas ':een colllple:eci. 
7ogecher chey should ?resent a reliable ?i~:ure of doses received ~Y :~e 
;o?u:3~1ons and also enable !ose es:i~a:es :o be ?rejected i:lCO :he future. 

:. !~is scuCy ~il~ ~e i~ ~lose c~n:unction wi:~ :~e 3Y: ~arshall :slands 
3.adiological 3afec:r ?rogra::i. ~:~A-):-·n--n). Continued col!.~"oor.ac!.on ·.ii.ch ::-ie 
·.:n1·1ersi:y of :.;'ashingcon, :.abori:ory of ::taci!acion ~colcgy, and the Ba.::elle ?ici:i:: 
:for::i1o·esc Laboraeor; will ~e ::iaint:ai:ied in t~e area ~f Satl?le ~nalysis a!'ld data 
:. :i:a :.-;:ire :acion. 
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·;orl<. ~one undei:- ':':iis t3.sk propos.:il ~as ei::'ie:- :-lo 12n·ri:-on.r:ie:i.::al il'lpacc: ')t" ';as 
:.::i!'ac:s si::iilar :o chose iesc:-i~ed i:i. and covere::. ~Y ~~it's ::n-,i:'O:'.".::ien::al :::ipac:: 
Scace~en:: (:'.?.DA 1540). 
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