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HISTORICAL SYNCOPSIS

Schedule 189's and Field Task Proposals

Marshall Islands Radiclogical Safety Program
and Rongelap/Utirik Dose Reassessment Project
-A Historical Synopsis
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ADDITIONAL EXPLANATION FCR CPERATING COSTS

RZ-dperational Safety

Laboratory Program
1. Contracetar: Contract No.: Task No.:

Associated Universities, Inc. AT(30-1)-16

2. Protect Title: 188 No.:
Safety Studies and Development of Operational Guidelines
Marshall Islands Radiological Safety Program RZ-1
3. 3udget Aczivisv No.: 4. Date Prepnared:
RZ-93 May 1974
5. Method cf Reoortiagz: o. Working Location:
Annual repor: o Division of Operaticnmal Brookhaven National Laboratory
Safety
7. Perscn in Charze: 8. Prciect Term:
C. B. Meinheold
= . .
Principal Investigator: From: To:
N. Greenncuse Project will be iniciated in
F. Haughey FY 1975,
A. Hull
9. Man-Years: FY 1974 FY 1375 ™ 1874
Sci., Res. Assoc. (Ph.D. or Equiv.) o =e- 1.0 1.0
Pref, (B.S. cor Equiv.) -== 0.5 0.5
Scil. & Prof. - Toctal --- 1.3 1.3
Qthers - .= 1.0 1.9
Guests & Research Collaborators .- -—- ---
Toctal == 2.3 2.3
10. Costs (In Thcusands of Dollars): FY 1974 FY L8753 Y 376
Labor (including benefits) 0 30 6o
Mats., Trav., Dev. Subcont., Spec'l Proc. 0 75 37
Reactor, Accel., and/or Computer Usage 0 2 L
Allocated Technical Services 0 3 L
Gen. & Adm. Overhead 0 15 32
Total Research Cost 0 125 137
Equipment Cbligations 0 0 0
L1, Reactor Concapt: 12. Materials:




Sarfety Studies and Development of Operational Guidelines
Project Title: Marshall Islands Radiological Safetv Program R2-07

13, Publications:

None

1l4. Scope:

Now that Micronesians are returning to the islands affected by weapons
testing, a comprehensive, continuing radiation safety program is required.
Sucn a program would be developed for the Division of Operational Safety
using the facilities and personnel of the Brookhaven National Laboratory
Health Physics and Safety Divisioms 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
the Division of Operational Safety.

The specific goal of this project is to gather and evaluate previous
and current data on the radiological situation as they relate to actual and
projected land use, Significant exposure pathways will be identified as a
basis for establishing a continuing environmental monitoring program.
’sinz this information, annual surveys in the islands will be designed and
serformed in ccnjunction with the Brookhaven Medical Survey. Envirommental
samples will be returned to Broockhaven National Laboratory for analysis.

In additicn to those samples required to estimate the accuracy of the dose
oredictions, specific samples relating to the Medical Survey Group's interest
will be collected and analyzed. OQur close relationship with the Medical
Survey Group will permit us to respond rapidly to their needs.

15. Relationship to Qther Proijects:

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. '

E) Mutual assistance will exist with the Brookhaven Medical Survey Team,
The annual radiological survey would be conducted during their visits to the
islands when possible.

¢) 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 Livermore Laboratory, Southwest Radiological
Health Laboratory, AEC Health and Safety Laboracory, 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
March 1974 medical survey in the islands in order to familiarize these

{

LAY

(See Continuation Sheet)



Safecy Studies and Development of Operational Guidelires
Proiect Title: Marshall Islands Radiological Safety Program

16. TIechnical 2rogress in FY 1974: (Conc'd)

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

17. Expected Results in 7Y 1975:

The project will be initiated in FY 1975 wnen the first detailed
surveys in the islands will be designed and performed.

18. Expected Results in FY .97%§:

A radiation protection program for the islands will be fully implementad
with the expectation that this project is to be continued fcr an indefini:ze
period,

19, Description and Explanation of Major Materials, Equipment and
Subcontract [tems:

In FY 1975, capital equipment funds of $20,000 is requested for a 200
channel analvzer and its associated hardware, The equipment is required t»
briang our environmencal monitoring facilities to the 'state of the art."

20. Provosed Cbligations for Related Construction Projects:

None
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SCHEDULE 189
- ADDTTIONAL IX2PLANATION TOR CJPERATING CCSTS
Sraokhaven Naticnal Ladoratorw Rw-Operaticnal Salety
-accrataTy Prograx
.. consractor: Conzract Ne.: ~asx No.:
Associated Universizies, Inz. Z730-1)-16
2. Proiect Tirla: 129 Neo.
Safetv Studies and Cevelopment of COperaticnal Guidelines
Marshall Islands Radislogical Safaty Program : .
. Budzert Activiz No.: ~. -ate Prepared:
W-03-(a) Mav 1976
2. Mezhod ¢f Rencrting: 2, working Location:
Annual Rfeport ¢ Div's‘on of o N ' :
: : e
Jperational Sa:e:y, nenly visic 3rocikhaven Naticnal Laboratory
20 20§, Scienmtiiic Ee erings and
Journals
7. Ferson ia Charge: 2. Proiect Term:
C. B. Meinhold
Continuing
2rincival Investigator: From: -
N. A. Greenhouse
S. R+ Naidu
A, 2. Bull
3., Man-Years:
Transition
Direct Man-Years FY 1976 Deriod FY 1877 FY 1978
Scientific « Professicnal 2.3 0.5 2.0 2.0
Others 1.0 0.3 1.0 1.0
Guests & Research Collabhorators .- -—= ——- a—-
Total 3.5 0.8 3.0 3.0
~<. <osts (Ia Thousands of Dolilars):
Transition
FY 1976 Period Y 1977 v 1978
Research Costs 140 30 150 120
Zquipment Cbligacions 30 10 13 10
- ~



Safety Studies and Development ¢f Cperational Guidelines

-

tle: Marshall Islands Radiclogiczal Safetvy Program RW=03-7a)

Greennouse, XN, A. and McCraw, I. F, Marshnall Islands Radicloegical
rollowups. 2roc. Ninch Midvear Tcoical Svmposium. Ooerational Heal:sh 2avsics.
enver. Februar- 187F 2, L, larson, I¢., 2n. 7el-7, Heal:h 2hvsizs Scoietv,
lentral Recexky Mouncain Chapter, Boulder, Colorade, 1976,

A comprehensive and ccatinuing radiological safety program is required
for the 3ikini and Znewetak peoplie who cesire to reinnabit their hcme acolls.
The program incliludes analyses of extermal radiation levels, soil and grecund
water contamination levels, and radioactivity in terrestrial and marine biota
wnich comprise the numan food c¢hain. From these data, both extermal and in-
ternal doses and dose commitmenzs will be made, In addition, projectioms of
Suture radiological conditions will be postulated in corder to provide appro-
priacte guidance on projected land use and living patterns. Earlier dose as-
sessments will be revised and updaced, and dosimetry mcdels will De rezZined o
reilect actual trends as determined Zrom che Zonitoring program.

Prcject personnel will provide a resource of expertise for establishment
er independenz review of radiation protection programs associated with cleanup
and vehabilitation efforzs ia the northern Marsnall Islands, and fcr related
aezl:h physics interests of the Division of Cperational Safervy.

Field operations will be closely coupled = .:h those of Brookhaven Medical
Survey ia the Marsnall Islands, and Radiological Safety Program personmel will
be of direc:t assistance to the Medical Survey wnole body counting activities.
Ancillarv environmencal radioclogical assessments will be made at Rongelap and
Usirik atolls on an altermate vear basis.

15, Relationshio =¢ Qther Proieczs:

a) Surveys will be made :in close conjunction with the BNL Medical Survey
Team, Assistance will be given to their effort. The annual survey would be
conducted during their visits to the Islands. b) Continued collaboration with
the University of Washington, Laboratory for Radiation Ecology (LRE) is antic-
ipated on Division of Operational Safaty environmental programs in the 2acific
basin. <¢) Extensive use will be made of prior survey data. Consultations
will be neld with other participating agencies in developing the bases Zor the
survey vequiremencts.

16. Technical Prcogress in TV 1876 and Transition Period:

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
cf the second increment of housing construction at Bikini. This survey re-
vealed unacceptable radiation levels at most of the proposed sites, suggested
alternaze sites, and laid the groundwork Zor a larger mulciagency survey in

{See Conzinuaticn Sheet) RN
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Safacy Studies and Develcpment of Operactional Guidelines
Marsnall Islands Radiclogical Safety Program RAw=03-ra)

r 4 e
14, Te=paical 2rogress in TV 1874 and Transisticn Pericd: (Cent'é.;

June=-July 1873 in wnich BNL parzicipaces, Zatz Itom both these survevs are
currently being used to refine dose and dose ccmmiiment predictions Ior re-
surning 3ikini resicents.

3VL ccllaborated wizh zhe University o Wasnington LRZ in a regicnmal
raciclogical backzround study in Hic*onesia, Nevember-December 1975, CIaca
Zrom this study will be used as a relerence base agaiast whizh radiological
daca frem the nertzhern Marshall Islands can be compared,

The Zirst routine followup studw Zor 2ikini and Zneu is scheduled for
April 1976, This survey will include detailed radiological profiles of the
Nam-3okata complex ¢f islands which are =“he next areas scheduled for agricul-
tural developmen: in the Bikini atoll mas:ter pilan.

Zxneciad Xesulzs in TY L977:

-
~1
-

Ground survev suppors will be previded Zor a plannec inceragency aerial
radiologizal survey oI all previously unsurveyed atclls in the nerthern
Marshall Islands whnich may nave received local Zallouz from zhe U,S. atowos-
cheric nuclear cescts.

Znewetak will be visited by the »srogram princinals in order :tc esctablish
a2 rouzine environmental monitoriag pregram Ior that acell,

tinued -echnical supporc will be rrovicded by BNL Zor the IRDA-funded
Paciiic Basin raciological program c¢f the University of Wasningrton LRE.

+

13, Expeczed Resu.cs in TY 1978:

Conzinuaticn of programs described in FY 1977,

19. Desczizcicn and Zxplanation of Maijecr Materials, Ecuizsment ané SubcomtTac:
Lsems:

Capcital Eguipment Fiscal Year 1977:

Additional zemorwv and an x-v plotter (§9,000) Zor the Ge(Li) speccrcomecsr
system is needed to improve sample analvses and data processing capabilities
cn large numbers of envirommencal samples collected during field surveys.

Peripheral electronics ($6,000) for a thin intrinsic germanium detector
array is needed :to process soil samples Zcr heavy elements.

Capiral Fauiocment Tiscal Vear 1978:

In TY 1973 a szandard compacible magnectic tape uni:z ($7,200) will be
ne2ded far dara starage, which will enable zhe scientific staff to transler

(See Continuaticn 3heet) Aw=3



Safety Studies and Development of Qperatiocnal Guidelinss
2rz:zzt Title: Marshall Islands Radiclogical Safetv Program Ww-C3-7a
19, Nasc=idticn and Zxolanacion of Maijcr Maztarials. ITccisment and SupesntrTass
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ADDITIONAL ZXPLANATION FOR CPERATING COSTS

Brookhaven Naticnal Laboratory
Laboracory

RK-Znvironmental Researzh and

Develcoment

Program

1. Consracter:

Associated Universities, Inc.

fask do.:

2. Protect Ticle:

Conctract No
EY-76~C-02-0016
13

Surveillance of Facilities and Sites
Marshall Islands Radiological Safety Precgram

0

3. Budget Activicy No.: 4. Date 2revared:
RK-01-05-02-3 Mav 1977
(600003)

3. Method of Reporting: 6. Working Location:

Annual Report to Division of Cperational
Safetry, Standards and Compliance (SSC),

3rookhaven National Laboractcry

Monzhly Visits to SSC, Scien=iii> Meerings and Jcurzmals
7. Person in Charze: 8., Project Term:
C. 3. Meinhold Continuing
Principal Investizator: From: To:
N. A, Greenhouse (0684=4250)
9. Man-Years: Pres. 3ud. Rev. Req.
FY 197 FY 1978 FY 1978 TV 1879
Sci.,Res.Assoc.(Ph.D or Equiv.) 1.0 2.0 2.0 1.2
Prof. (B.S. or Eguiv.) 0.5 1.0 1.9 1.0
Sei. & Prof. - Total 1.5 3.0 3.0 2.0
Others 1.0 1.5 1.5 1.3
Gues:zs & Research Collaborators -—- S ——- ———
Total 2.5 4.5 4.5 3.3
10. Costs (In Thousands of Dollars): Pres. 3ud. Rev. Regq.
7Y 1977 TY 1978 TY 1978 TY 1879
Labor (including benelits) 63 79 87 83
Mats.,Trav.,Dev.
Subcont.,Spec’'l. Proc. 44 32 62 67
Reactor, Accel., and/or
Computer Usage 0 0 0 0
Allocated Technical Services 2 1 1 1
Gen. & Adm. Overhead 31 38 42 80
Total Research Cost 140 150 192 211
Equipment Obligations 10 10 10 s
11. React=or Concept: La Matar.a.ls:




Surveillance ¢f Facilities and Sites
izle: Marshall Islands Radiclegical Safety Program W ~01-25-02

Greennouse, N. A., Levine, G. S., r, 4. W. and Naidu, J. R. A =hin
intrinsic germanium detector array for t counting of soil samples. Pre-
sencted at the 2lst Annual Meeting of He n Physics Society, San Trancisce,

California, June 1976,

14, Scove:

(a) 200 Woré Summarv: Eanvironmental and personnel monitzcring programs
for the Marshallese peovnlie living at Bikini, Rongelap and Utirik atclls oust
continue indefinitely in crder 2o assess dose contributions to these pecple
from the residual radiocactivity originally produced bv U.S. nuclear weapons
tests in the Pacific. Detailed assessments of the comtributions of external
gamma radiation have seen made over the past two years, but the identiiication
of iaternmal exposure pathways and determination of their radiclogical signifi-
cance are subjec: to many variables which will require environmental and diet
monitoring and biocassay programs for many years. The focal points of the next
vear's efforts will be guantification of the average annual diet and its radio-
nuclide content of each atoll; determination of the significance of the inhala-
tion pathway for olutonium and other radionuclides resuspended Irom local soils,
and establishment of urine excretion rates Zor plutonium, strontium 90 and
cesium 137 for individuals iZ possible, and the averages Ior atoll pcpulations.

Trom these data, assessments of both extermal and intermal doses and dos
commitments will be made., In addition, projections of Zuture radiclogical co
ditions will be postulated in order to provide appropriate guidance on pro-
jected land use and living patterms. Earlier dose assessments will be revised
and updated, and dosimetry models will be refined to reflect actual trends as
determined frcm the nonitoring program.

Project personnel will provide a resource of expertise for establishment
of independent review of radiation protection programs associated with cleanup
and rehabilitation efforts in the northern Marshall Islands, and Zor related
health physics interests of the Division of Safecy, Standards and Ceompliance,

15. Relationship to Other Projects:

a, Field surveys will be made in close conjunction with those of the
3NL Medical Survey Team, and assistance will be given to their elforts.

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

16, Technical Progress in FY 1977:

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

(See Continuation Sheet)
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Surveillance of Facilities and Sites
Marsnall Islancds Radiological Safetw Program RX-QL1-25-02-3
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representative of ccataminated and uncontaminated locations in the region as
parc of a pluctonium excretion study. Definitive measurements of external ex-
posuré rates were made at Utirik and Rongelap, and :the incremental exposure
rates Irom 3ravo Zallcut were determined Zor the village islands and several
others at *these atolls,

Analvses of envircnmental samples ccllected Irom past surveys are nearly
completad, and reporss of the results are in progress.

Installacions of air sampling stations will be completed at Kwajalein,
ind, R:ngela:,and Ctirik: and initial results of air amonitoring and ianten-
iec¢ urine bicassay programs are expected,

Groud survev suppor:t will be provided for a planned interagency sponsored
aerial radiolcgical survey of all previously unsurveved atolls in the northern
Marshall s which may have received local fallout from U.S. atmospheric
nuclear :e

. - - P

-2 L.icectec

Centinuaticn c¢f »rograms described for FY 1977 and 1978.

19, Descriotion =nd Exwlanaction of Major Materials, Zcuioment and Subconcrac:
Items:

-

Capizal! Scuioment, ¥V 1978:

Peripheral electronics (S10,000) for the Safety and EZnvironmental Procec-
tion Division anmalytical laboratory is needed to process the increasing load
oI environmental samples collected on field surveys.

Major Subccntract Trems, TV 1978:

A supplemental budget request was made for FY 1977 to initiate the air
monitoring and expanded urine bicassay program for plutonium, It will be nec-
essay to extend the contracted peak load analyses of these samples into FY 19878
because of the lengthy set up and processing times for amounts of radiocactivi:y
which are below conventional limits of detection. Anticipated cost is $10,000.

Canital Equipment, TY 1979

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

(See Continuation Sheet)
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Surveillance of Facili:zies and Sites
Dmmigme T . . - . - X A .
Project Title: Marshall Islands Radiclogical Safervy Program RX-01-05-27
20, Pronmosed Oblizacions for Related Construct-icn Proiects:

RA-1/6
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ADDITICONAL "YP_AXATZCN TCR CPIRATING CBLIGATIONS

Irao<haven National Laboratorse X V"’:‘-’es*'-~e

Ladboratorvy Mission Rescur

1. Contractor: csntrac: Yo.: Task N0.:
Associated Tniversitiss, Ime. Z{-76-C-02-C015

[
o
O
e
[¢]

2. 2roject Titla:

Surveillance
sl

ot ’ac*li:ies and Si:zes
Marshall Islan

ands Radiclogical Safscy Progran

3. Budget Activitv No.: 4. Date Preparad:
. - \" -
GK-01-01-52-3-(a) March 1978
(800003)
5. Method of Reporctinz: 8. lsorkiag Locat:mon:
val - - NSy o4 s Jaf - . ” : R
Aanual 3e?°rj =2 D}(ls‘on‘?: Saraty 3rcokhaven National Latorazary
Standards and Compliance (338)

fonthly Visizs o 33C
Scieacific Journals and Meetings'

7. Person ia Charze: 3. Projacz Tarm:
et - T N .
C. 8. Meizhold Continuiag
Priancizal Investigatcr: From: To:

N. A. Greenhouse (664-425Q)

9. 2arscn-Years: Pres.3ud. ev. Req.
FY 1978 TY 1979 Y 197 77 1:3C
Diract Person-Years
Scientific & Professional 2.0 3.0 3.3 3.9
Others 2.5 2.0 4.0 4.9
Guests 3 Regearch Collaborators -—— --- .-- ---
Total 4.3 5.0 7.0 7.2
10. Costs {In Thousands of Dollars): Pres. 3ud. ev. Req.
FY 1978 FY 1979 TY 1979 7 1920
Research Costs 150 211 400 420
Total Research Cbligzations 198 o2l 363 427
Zquipment Obligaticas il 29 29 39
Ll. Reactor Cconcenc: -2. Macgerials:

EK- 115



Surveillanca o7 Tacilities and Sites
Jrasaas Tiela: Marsznall Islands Radiological Safecv 2zograsm 3X-21-21-3

Greennouse, ¥, A, and Mil:zenperzer, R, ?, Radiological analvses of
Marsnall Islands envircaomenzal sampias f:om 1974 tarcugn 1976, =IL1 Resscr:
(ia press).

Greennouse, N. A, and Miltencerger, R. 2. Ixtermal radia:=izn survev
and dose predictions Zor Rongelap, Ttirik, Rongerik, ailuk, and wWotje Azolls,
3NL Report (ia press).

‘a) 200 Werd Summazv: A comorenensive radiological saZety pregrazm will
maintcained Ior thne ianaoilan £ acolls in the tortherm Marsnall Islands
ccazam:naced as a resulz af the 7.3, Pacific Testing programs. The foilowing
c2ms and services will se provided:

v
®
i

L. ZIavirommencal aand personnel zonritoring to provide dacta for
3. dose assessments and cetermination of radiological trends.

2. ITndividuyal and pfcozulacticn Zosizetry based on actual measure-
wen:s, These Zazz will ce ised 20 modify dose commitment pre-
2izzive nedels 50 that zlev accurately reflect future trends.

S. 3uggestions dased on Iield experience to mitigate doses

via che aore critical pataways.

5. A flexible resource of radiological expertise to independently
review radiation prctaction programs associatad with repabili-
zation afforzs in the northerm Marshalls, and for related 21eal:zh
anysics iLacaerescs cf CES ia the Pacific 3asin.

11

Jrogram activities Ior tle coming Siscal year will empnasize :the Iollcw-

l. Ia vivo couatiag of 3ikini and Enewetak residencs. These
afforcs will define Jasaline bodv burdens of gamma-emict=ziz
nuclides for new residents at both atolls, and will periac-
ically assess changes in dody bdurdens cver tizme which z=iznt
result Zrom various axposure patiways,

2., Urine bicassay to define radionuclide excreziom patcterms
from individuals, and to estimate Sr and transuranic
auclide burdens.

&x-116

(See Continuation Sheez)



Surreilliance 32 Tuicilizias and Sites
Sroiezz Tizlae vMarsnall Tsiands Radiclogizal Saferny 2wvogram IX-JL-301-32-3-
L4, Scone (zenzinued)
3. QDefinizisn 2I =he annual centroi :u: ons to dose via the

{nhalaticn pazhway at 3ikial, Romgelap, and Utirik, Special
empnasis will Se placed on zontinuous air sampling for wind-
nediated resuspension 2I radionuclides in lacal soils; and

on special measuramenss %o cdefine aercsol comcributicas re-
sulting ZIrom uman ac=i-

4., Development of radiclogi:zal dose sradictive models which
involve Soth aumar anvirzamental nonitcring daca,

a
w
o ]
n.

{b) Supplement 12 200 Werd Summars: The IY 1972 Hudget request contains
a significant increase over z:ne allocartion, This :iacrease raflects a
realistic assessment 3 cperatin izposed >v the {2 wivQ ccuacing, bio-
assay, and air monizoring activ: ‘onally, £ield

un n 7 1978, aAddizi
7 sarvices nave substancially exceeded

trio activities and amaiv=izal L
original sstizatss I2r zhe hasi: io.zgical safety srogram, and these costs
are axpected to centinue, Tinally, thers are a aumber of peripheral osrograms
of muctual iaterest =3 N1 znd CES howill he costc-effactive I included
wiih the 2asic eifcrts, manpiwer :nd cudgec cermiiciang, Thesa include in
orier I izporzanca:

L. Zefinigticm ¢f locali dia2t tazzarms 3L a.l 3zolls of iacarast,

and :zconctiznuocus zonizcoring 2f zi2cs Ior seasonal changes and long-

terxz Itrends wiich aizat l=pazt on realistic dose pradiczions.

2. Incorporation of public informacticn and education programs

into the :toral 3NL efior: o zmininize the adverse asychological

and sociological impacss cf Lcocal radiological condizionms and

o our efisris o understand :zhem.

3. Recrospective assassrent o the rac:olegical picture iz the

rthera Marsnalls prior o0 zhe =2scablisnmenc of cthe 3NL aro-

3:am in 7Y 1375,

4, Continued collaboration with UW/LRE on OES radiological

programs.,
3. Relacicnusinis <2 Zther Zrsiac:s:

This program will be logistically cocupled wherever possible to the 3NL
Yedical Program ian the Marsnall Islands. Technical collaboration will con-
tinue on macsers of =zutual interest., The radiclogical safaty program will also
bear directly on a retrospeczive raassessment of thyreid and wiole bodv doses
5 the 3RAVO fallouz victims at Rongelap and Utirik, a new program for whicia
funding is expected ia FY 1978. The program will also interact cooperatively
with related ef3orzs at the University of wWashington (LRE) and at Lawrence
Livermore lLaboratory,

Gx-111

(See Ccntinuaction Sheer



ancs oI Facilities and Sites
lands Raciclogical Safecy 2rogram  X-Il-31-32
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Several rT2p0rIs are ia press or ia progress for publizacion
These reports wWill summarize all 3NL radiclogical program aczivisi
and identcify zhe technical issues Zo be addressed in FY 1979 and
field :rips were made in Cctober 1877 to iniziace the 3NL air =
grams at 3ikini, Rongelap, and Utirik; and 2o astablish che L3 vivo co
program, Suffiicienz Zieid ﬂoni'cring data will teccme availa:le 13 ass
average radionuclide body burdens Zor residents of 3ikini, 2wnzelap, and
Utirik, and t> make a preliminary analysis of za -nnaxa:;:n saznway at these
atclils,
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Personnel aad analytical laboracory resources are Seing mcsilizsed =

3
provide technical srogram support Zor 'He "13 Azoll Survev' whiin 13 expecctad

during T 1978.

At least =Two addizicmal Zield crip
environmental surveillance programs at {
study of tyends in L37¢s beéy Surdens at
tinues o de hamperad, towever, Jy uncerta

17.

Lot

xJecstes @su.t3 Ln T7 373

At leasz three figld trips will De =made zo Bikiai, Rongeiaz, nd Jziz:
atolls o conduct rToutine envircamental surveillance and personnel =monitarin
activitiesg, In additicn, two or more Zfield zrips will De zade :: Izewerak
conciaue baseline in vivo counting and bicassay accivities degun in Y 1378,
and to imiciace a aew environmental surveillance program consiscent with :tle
return ¢f concrol of the acell to che Marshallese,

Average baseline radionuclida body burdens will be estcaplished for
typical residents ¢ unconcaminated atolls., Additional contributicas
burdens Itom emvircnmental pathways con <ontaminaced acolls will e :e:er:-.eﬂ
for individuals and populaticms. ac 3ikini, Rongelap, and Utirik. Zefinitisn
of zhe inhalaciom pathwav at the aforemencticned atolls will ze complszed, and
a working prediccive model will bYe developed which incorporaces environmental
and pathway analyses with actual human uptake experience,

3. Sxnecz=ad 2esul:s in I¥ 138C:

——

Continuation of programs described in FY 1979.

é,(—//l(

(Sea Contzinuacion S-cect)
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Project Title:  Marsaall Islancs Radizlzcgizal fafazy 2rograz IX=dL=lle30-0 02
i . ® - RN . . I, 2 2 -
3, Descricrtiasn snd Zxolanacgiazn 37 Madfsr Matarizls, Taouisment and Jusesmoracs
Izams:

Canizal Zzuipment - TY 1980:

Two phantcms ($10,000) are raguired =2
tie Marshall Islands Ia Vive Counzizg pregr
analyzer ($40,2C0) is needed to maiataia zh

state-of-the~ars, and to provide iadependen
ultra~-low-level sample counting.

analytical Zfaci

13 me
-—-

2s

rovide adequacte calibracisns 7
. A& computar-hasad pulse heig
divisicn counting laboratory a

ier

20. 2roncses Oblizacions for Relatsd Conscrucsicn P2roiacss:

None.
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CPEZRATING QBLIGATIZUS

2rookhaven National laberazary TKeMlzi-agaurna
_adoractory Mission Resour:zz
1. Contragsar: Centrac: No.: Task No
Associated Universities, Inc. TY-78-C-02~0015
2. Project Title: 189 ‘o,
Surveillance of Facilizies and Si:es
Jose Reassessment Ior Pooulacions 2n Wwngalap and Trizik
Following Exposure %o Tallout
3. Budget Activizy No.: 4., Data Pranared:
GK-01-01-32-3-1b) March 1978
(60015Q)
5. Method of Reporting: 8. Working locaticn:
Annual Report to Division oI . . .
3iomedical & Zavironmental Research Brookhaven Naclezal Laboratory
Scientiiic Yeetings and Journals
7. Person in Charze: 8. Profect Tarm:
i
C. 3. Meinnold
Principal Investigator: From: To:
. , jegt iniciaz
2. R Naidu (664-4210) Froject o e Ialstated and
P i ] a TV
N. A. Greenhouse (§64-4250) raza ra
9, Persocp-fears: Pres.3ud. Rev.Req.
FY 1978 7Y 1279 TV 1979 Y L1330
Direct Person-Years
Scientific & Professional .- - 0.3 ---
Others --- --- --- ---
Guests & Research Collaborators --- == .- ---
Total --- --- 2.5 ---
10.. Costs (In Thousands of Dollars): °res.3ud. Rev.Xeq.
IY 1978 FY 1979 Y 1979 TV 1830
Research Costs 0 Q 23 J
Total Research Obl:igations 2 ) 25 Q
Equipment Obligacioas 0 0 -0 o
1i. Reactor Concent: 12, Marerials: 1




© Ah e e

Surverllanca >Z2 Tacilizias and 3ices
Dose Reassassment Ior Posulacions so Rongeiapn apd UiiTixk
-~iria: Tollowing Zxposure =z Fallout GRedledl-31-2-

r=|'y

e
£~

Sccoe:

(a) 200 word Summars: Incidences of ~hyroid nodules, benign and nal‘g-
nant, in the exposed populacions of Utirik and Rongelap have indiczatad crizical
differences in correspcndence between nodule incidence and =znyrcid dose I3

the zwo populations., The estimatad external dose received from the tize Zall-
out began %o the time of evacuation shows thatc the Rcngelap :oou‘aci:n Ta-
ceived an external dose ( 175 rads) which was about thnirzeen times zhat Ior

the Utirik populacion (14 rads), and the thyrcid dose was about tea cites
larger, whereas the incidence of thvroid nodules in the two populations were
not signficancly diZferent.

A preliminary study nas indicated that the critical area cf izvestigaticn
that could shed light is the eriod during £allout and evacuation Zor doth :the
islands, In addizion, the Zact thac the Utirik populacicn recurned wizhia 12
days follcwing evacuatica, whereas che Rongelap population recurned only alczar
three vears, requiras that we look closely at cthe Uzirik populacion in terms of
a longer exposure period, both iaztermal and external, Further studies would,
therafore, have to concentrate on the re-examination of all available data in
reports issued by varicus agencies during that period, comsultacicns wizh sci-
entific personnel iavclved at thact time, idencifying the areas of uncer:a;n::,
and usiag appropriate ccomputer programs to analyze che data. The end result
will enable us to loock for correlacions between che incidence of .uyro*d
nodules and the reassessed dose estimates,

O

13. Relationsnio =9 Nther 2-3ieccs:

(a) This study will help establish dose escimates Zrom cthe zime of tae
incident to the present, and will ccmplement the aerial survev, I2r excermal
radiation measurements, over :chese igslands, wnich i3 scheduled soon, Togeczer
they should present a reliabls piczure of doses received by :he »sopulacioas
and also enable dose astizaces to be projected iace the future.

(b) This study will be in close ccnjuncction with the 3VL Radiolog:
Safacy Program in cthe Marshall Islands and with relacad programs of the 32N
Medical Department. Ccntinued collaboration wizth the Tniversizy of Wasai
Laboratory of Radiation Zcology, in the area of environmental radiocaczivi
will be maintained. '

16, Technical 2rcgress ia FY 1973:

Preliminary lizerature search and consultations with Dr. C. A. Sondhaus,
University of California, have been completed., This aas resulted iz deiiningz
areas of uncertainty ia infcrmacion and establishing the procedural steps thac
should be carried out cowards elucidating this problem. 3Jrogress is Deing made

(See Continuation Sheer) SK-12]



Surveillance I Faciliztias and 3izes

Sose eassessment 15T 2apulazicas In Rwongelan and Utirix
Se-iac= Ti=la: <Tailowing Ixposure Io Fallouc FK=01-01-32-1
ln, .2¢anica. 2rograss . o-: L2 3! (ConIinued

ia the analysis of nistorical samples (daced Marsan 1, 1956 Zrom Rengelap an
Uririk Islands). However, delay in Iundiag Ior IY 1978 nas caused the project
to be set aside until such zizme that the funding is appropriaced. <Consequently,

it is expected that studies will have to be continued iats TY 1979,

1

7 1379:

17. Expeczed Resul=zs ina

2]

The liceracure search, consultatcions and the analysis of daca will be
completed, and will lead co comprenensive discussions and £final dose assess-
ments for both the islands. These results will be used to test the avoochesis
that radiation effects can be translacted into meaningiul dose estimatas, The
prognosis of the 7Y 1978 study should also permiz validacion of the models
used in arriving at the dose estimates in terms of present day exposures.

18. Expected Results in 7Y 1980:

Program completed,

=)
‘O

. Degcriscion 3nd Zxolamacizn 3f Masor Mataerialis., Scuizment and SuccontrTact
z-ems:

Jone.

. 20. Proposed Oblizations Zor Relatad Construction Pwoiacts:

None.

a1
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SCHEDULE 139

ADDITICONAL ZXOLANATICN

Srookhaven National Laboratorv

Ladboratarv

TOR QPERATING 2BLIGATIONS

GX=ihylei-Jascurz
Missicn Rasour:za

3

-

Contraceor:

Associated Universities, Inc.

Contrac: No.:

Tasg No.:

2. Profect Tizle: 189 Neo.:
Surveillanca of Facili%ies and Sites--SUMMARY
3. 3Budzez Activizv Yo.: 4. Date Prenmared:

GK-J1-01-52-3

March 1378

Mechod of Reporting:

See sub=-aczivicies

v

6. Workiag Locationm:

Brookhaven National Laboratory

7. Person in Charze: 3, Proiacz Tarm:
See sub-activizias Contizuing
rincisal Invescigzator: Trom: o~
See sub-aczivicies
9. Person~Tears: Pres.3uc. Rav. laq.
FY 1978 fY 1979 T7 1979 71980
Sci.,Res.Asscc. (Ph.D. ar Equiv.) 1.0 1.0 1.5 1.9
Prof. (3.3. or Zguiv.) 1 2.0 2.0 Re!
Sci. & Prof. - Total 2.9 3.0 3.3 3.9
Others 2.5 2.0 4.0 4.0
Guests § Research Collaboracors iy —— ~—— -—
' Total 4.3 5.0 7.3 7.9
10. Costs (In Thousands of Jollars): Pres.3ud. Rev. laq.
TY 1978 TY 1973 £Y 1979 FY L28Q
Labor (including benefits) 36 115 164 17
Macs., Trav., Dev.
Subcent., Spec'l Proc. 5 32 135 125
Reactor, Accel., and/or
Computer Usage a 0 4 0
Allocataed Technical Services 1 3 3 3
Gen. § Adm. Overhead 47 58 1.7 113
Total Research Cost 150 211 425 4290
Total Research Cbligacions 198 218 394 427
Equipment Obligaticns 1l 20 20 30
2l. Reaczar Concent: 12, Macerials:




Project Title:  Surveillanc
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DEPARTMENT OF ENERGY
ENSRGY - OPERATING EZXPENSIS AND CAPTTAL aCQUISITION

SCAEDULE 189
ADDITICNAL EXPLANATION FOR OPERATING OBLIGATIONS

Brookhaven National Laboratory

GK-Multi-Resouyrcse

Taboratory Proeram
1. Contractor: Contract Yo.: Task No.:

Associated Universities, Inc.

EY-76-C-02-0016

Project Title:

External Radiation Measurements and
"Ground Truth" for MNorcherm Marshall
Islands Regiomal Radiological Survev

189 ‘o.

Budget Activity No.:
GK-J1-01-52-3

Date Prevarad:
May 1973

Method of Reporcing:

Written Report to D.O.E.S.

. WAorking Location:

Broockhaven National Laboratory

Person in Charge:

C. 3. Yeinnhold

Principal Investigator:

N. A. Greenhouse (664=42530)

. Proiect Term:

To:
12/31/78

From:-
8/78

Person-Years:

Sci.,Res.Assoc. (Ph.D. or Equiv.)
Prof. (B.S. or Equiv.)
Sci. & Prof. - Total
Others
Guests & Research Collaborators
Total

FY 1978

Pres.3ud.
FY 1979

Rev. Req.

F? 1979 FY 1980

J.D

Costs (In Thousands of Dollars):

Labor (including benefits)
Macs., Trav., Dev.
Subcont., Spec'l Proc.
Reactor, Accel., and/or
Computer Usage
Allocated Technical Services
Gan. & Adm. Overhead
Total Research Cost

Total Research Oblizations

Equipment Obligations

FY 1978

Pres.3ud. Rev, Req.
FY 1979 FY 1879

12

3
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Reaczor Concept:

1.

Materials:



\

Zxtarnal Radiation Measurements and

"Grouad Trzucth' for Northera Marshall
?rojece Titla: Islands Regional Radiological Survev
13. Publicacions:

Greenhouse, N.A. and Miltenberger, R.?. Radiolecgical analyses of
Marshall Islands eavironmental samples from 1974 through 1976. BNL Repor:
50796 ia press.

Greenhouse, N.A. and Miltenberger, R.P?. ZIxtarnal radiatiom survey and
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and Wotie Atolls.
BNL Report 50797 in press.

3

14. Scove:

(a) 20Q Word Summarv: A comprehensive extarnal radiation survey program
will be conduczed on each of the approximately 13 atolls or islands in the
Norchern Marshall Islands which could have raceived tropespheric f£allout from
U.S. nuclear weapons tasts in the Pacific. The surveys will provide "'ground
truch' data on ambient external gamma radiation levels on-island. This daca

w1ll be used as the bSasis for calibratcion and normalization of aerial radio-

logical monitoring Sy Z.G.&G. Corporation. The program will include detailed
axternal radiation measurements with pressurizaticon chamber and scincillation
survey instruments, and in sicu zamma spectrometry on all islands of interest.
Surface soil samples will be collected and analyzed for significantc gamma
emirtars in order zo make decay corractions for long-term dose predizstions via
the extarnal radiation exposura pataway.

BNL fi=ld trip staff and amalytical lab facilities will %e available for
other environmmental sample collections and analyses as needed Sy the overall
sciencific program.

15. Relariomnshiz =o Cther Proiects:

This program is directly related to our continuing eavircnmencal and per-
sonnel monitoring efforts under the 3NL Marshall Islands Radiological Safety
Program. Lt will also inceract cooperatively with ralated efiorzs it the
University of Washington (LRE) and Lawrence Livermore Laboratory.

. Technical Progress in ¥ 1678:

'_ 4
a»

Personnel and analytical laboratory rescurces will be mobilized in suppor:
of this program. If the regional survey begins on schedule, the first of the
three survey legs should be completed by the end of FY 1978.

Py

17. ZIxpected Resulzs ia 7Y 1979:

The remainiag =wo survey legs will be ccmpleted, data analyzed, and a

(See Continuation Sheet)



Sxzarnal Radiacion Measurements and

"Ground Truth' :2r Northerm Marshall
Proisct Title: Islands Regicmnal Radiological 3urvev ~w_A1_AT_37_1

17. Zxpectad Results in ¥Y¥ 1979: (Continued)

repors of 3NL activicies in support of this effort will be written for inclu-
sion iz the overall project repor:c.

13. Zxpecrted esulzs in FY 1930:

Project will be completed in FY 1979.

19. Description and Zxplanacicn of Maior Materials, Zguizment andé 3Sudbconcrac:
ltems:

Capital Zquipment, TY 1979:

None requiread.

Capital Zzguircment., TY 1980:

None required.

20. Proposed Oblizations for Related Comstrucztizn Proiects:

None.
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- OPERATING EZIPENSES
SCHEDULE
ADDITIONAL EXPLANATION FOR

AND C
189
OPERATING OBLIGATIONS

: DEPARTMENT QF ENERGY

ITAL ACQUISITION

GR=-YMulzi Resourcs

Laboracory Mission Resource
.. Contractor: Contract No.: Task YNo.:

Associated Universities, Inc.

TI-76=-C-02-0016

ra
.

Project Title:

Special In-vivo Ccunting and 3iocassay Program for

the Bikini People.

Supplement to the BNL Marshall
Islands Radiological Safety Program.

l. 3udget Activity No.: 4. Date Preparad:
GK-01-01-52-3 July 1978
3. Method of Reporting: 6. Working locatiom:

Written report to D.0.E.S.

Brookhaven National Laboratorv and
Marshall Islands

7. Parson ia Charge: 8. Project Term:
C.B. !'.ein'nold Concinuiug
T .
Principal Investigator: Trom: g8/01/78 To: 9/30/78
N.A. Greenhouse
9. Person=-Years: Pres.3ud. Rev.Bud.
FY 1978 FY 1979 Y 1979 FY 1980
Sci.,Res.Assoc. (Ph.D. or Equiv.) _— — — —_——
Prof. (B.S. or Equiv.) . — — — —
Sei. & Prof. - Total —_— — - —_—
Qthers - — —— -—
Guests & Research Collaborators -— —— — —
i Total —_— - -— -—
19. Costs (In Thousands of Dollars): Pres.Bud. Rev.3ud.
FY 1978 FY 1979 Y 1979 FY 1880
Labor (including benefits) 0 0 0 0
Mats., Trav., Dev.
Subcont., Spec'l Proc. 20 Q 0 0
Reactor, Accel., and/or '
Computer Usage 0 0 0 0
Allocated Technical Services 0 0 0 0
Gen. § Adm. Overhead 0 Q o] N
Total Research Cost 20 0 0 .0
Total Research Obligations 20 Q 0 0
Equipmernt Cbligatiens 0 Q 0 ]

Reactor Cancenc:

12.

Materials:



Special Ian-vivo Counting and 3iocassay Program for the 3ikini

People. Supplement o :the 3NL Marshall Islands Radiclegical
Project Title: s3fecv Progran GX-Q01=-0Q1-32-"
13. Publications:

Greenhouse, N.A. and Miltenbergzer, R.?. Radiological analyses of
Marshall Islands environmental samples Irom 1974 chrough 1976. 3NL Report
50796.

Greeahouse, N.A. and Miltenberger, R.2?. External radiation survey and
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and Wotje Atolls.
BNL Report 50797. .

14. Scove:

(a) 200 Word Summarv: A special field trip will be made in August 1978
to do in-vivo counting and urine bicassay at Xwajalein Atoll on 20 to 30
Bikini residents before their anticipated exodus frem Bikini ian late August.
In addition, a separate field trip party will proceed to Bikini to collect 24
hr urine samples from those Bikini residents who cannot be accomodated cn the
charter fl1°zht which will 5ring the in-vivo counting subjects to Xwajalein.

The raticnale for this effort is as Sollows:

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

(2) There is evidence that both the short-term and long-term
compartiment 137¢cs clearance rates from the Bikinians may differ
significantly from those for the ICRP standard man. Determina-
tion of these parametars is essential to the accurate assessment
of total dose commitments.

(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 nmonitoring activities should help to alleviate
some of their fears.

15. Relationship to other Projects:

This program 1s directly related to our on-going environmental and per-
sonnel monitoring effcrts under the 3NL Marshall Islands Radiological Safecry
Program.

16. Tachnical Progress in 1978:

Assessments of body burdens and clearance parameters_and the determinacion

(

(See Continuaticn Sheet)



Special In-vivo Counting and 3ioassay Program Zor the 3ikini

People. Supplement 5 the 3NL Marshall Islands Radiological
?roject Ticle: 3afecv Program. GK-01-21-32-3
16. Technical Proegrass in 1978: (Conc'd)

of dose commitments for individuals living on 3ikini Atoll will Se complated
by the end of the Y 1978.

17. Expected Resulzs ia 7Y 1979:

Project will be completed in FY 1973.

18, CExpec-ed Resul:zs =n 7Y 1980:

N/A

19. Descristion and Zxplanacicn of Maior Mararials, Zquioment and Subcontrac:
ltems:

The funding raquest includes $3,CC0 Zor two round trip charter flignts
Setween 3ikini and Kwajalaia to ctransgor: the 2ikini peovle for in-vive
counting.

d

Capital Zqui=-ment. 7Y 1978:

N/A

20. Prooosed Obligacicns for Related Comstruction Proiects:

None.
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JOE T wm N3 Pme D TASK AECUIREMENTS FCR CPERATING ECUIPMENT
] COSTS ANC C8LIGATICNS

SSNTAAST IR nAME

Assgcilatad Uaiversiiies, Inc.
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TASK TITLZ + BUDGET AND REPCRTING CODE | DATEZ PREPARED
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o Safecy Program | GK=01-01-08=-4 | 0e/02/79
‘ (500003 ?
CCNTRACTOR NAME "CCDE |, 31N WOMBER  TASK NO. . REV. NO.
Associacad Tniversicies. Inc. [ BNL | 5 Q

17. Task Descrintion (Cont.)

3. Replicate determinaticns of ultra-low level Pu and Am urinary
excration rates among Northern Marshalls inhabitants and among
Marshallese contral groups wno reside outside :the falloutr areas.
; .t it 137 90.

4. GEZstablishmenrt of Cs and Sr excretion rates among Mar-

s

1

nallase contrel zZroups.

-
9
-

acilitv Requirements.

It is anticipatad that work Zor this proposal will use existing Labera-
“orv Zacilitlaes and size utility services.

Greenhouse, N. A., Miltenberger, R. P., and Cua, F. T. Extermal Radi{ation
urvey and Dcse Predictions for Romgelap, Utirik, Rongerik, Ailuk and Wotje
z2.ls. 3YNL 33797, Cecember 1977.

- U

-
-
S

Grsenhouse, N. A., Miltenberger, R. P,, and Cua, R. T. Radielogical
Analyses of Marshall Islands Eavirommental Samples 1974-1976. BNL 50796,
secember 1977.

Fiscal Year 1979 = lst Ouarter

Miltenberger, R. P., Greenhouse, N. S., and Cua, F. T. Whole Body
Counting Results for Inhabitancs of the Northerm Marshall Islands: 13974-1978.
Sealzh Physics Journal (submicced).

¥Milcenberger, R. P., Greenhouse, Y. A., Cua, F. T., and Lcssardi . T.
Dietary Radiocactivity Intake from 3icassay Data: A Model Applied to 3¢s
Intake By 3ikini Island Residents. Health Physics Journal (submitted).

Greenhouse, ¥. A. Follow-up Radiological Surveillance, Marshall Islands.
Presentad at the 1978 iAnnual Meeting of the Health Zhvsics Society,
Minneapolis, Minnesota, June 1978.
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CONTRACTOR NAME jeCCE . 3IW NOMBER TASK NO. 0 REV. uC.

Associated Universizias. In:z, ;3L ! ‘

L3¢, D2urpose.

is program is cperated o :T
radiation doses and dose ¢cmmizments
the Northerm Marshalls which have e 1cgiminated by U.S. atmospheric
auclear tests. These data will Se used :o develop predictive dose modelling,
and to provide a basis for rezedial aczicns when necessary.

de continuocusly updated data cn {onizing
c2ived 5y the residents of islands in
Lo Bad

.%d. 3acxkzround.

This work was begun Iz 1374 3 provide radiacion safety related {nfcrma-
tion zo the A.Z.C. concerming txe residensts of 3ikini, Rongelap, and Utirik
Atolls, and the Impending returm 37 che ZInewezak Deople.

“Je. Approacn.

Field trips to the Marsnall Islands will e conductad zwo to three times
cer vear 9 do Ia wivo 23uniing znd urins ccollecticns Ior radieassay and for
:avironmencal sampling. Sazplas and Iz wivo zounting data will be analyzed
cTimarily at 3¥WL. Resul:s w= imgsrTorazed Inco 3 comzuterized data bhase

-

e o0
LI (P )

v
-
-
- -

Ior =manipulacion, =odellizn:z s 5, ind ilagarserasisn inte ra2ports for
sublicacion.
19f., Technical Prozrass.

Three field trips were conducted durizng TY1978 for envirommental sampling
and personnel monitoring.

The Spring 1977 whole ?ggy counting trip zo 3ikini demonstratad dramacic
and unexpected iacreases in -~‘Cs Hody bur*ens among the residencs. These

Zindings led to a Department of the Interior dec| aion to move the Bikini people
2£f their home atoll. The ceclize ia -3/Cs and Sr nadv bSurdens among the
3ikinians will be monitored Zuring FY19379. A detailad 4iac and living pattarm
study of residents of the Northern Marshalls I3 expected o improve understand-
iag of internal and externmal radiacion exposure pathways. This study and
astinates of radionuclide excretion rates derived frcocm Zollow-up personnel
zonitoring on the Bikinians are expeczad to improve predictive modelling and
ceduce the probability of unexpected occurrences such as chat at 3ikini last
vear.

Eaphasis on personnel zonitoring is expectad to conctinue througn rYl980
and TY1581. Development at ultra~low level analytical capabilities Ior <rans-
yranic radionuclides and the establishment of corroborative biocassay pragrans
3 ¢ooperation with other laboratories are axrected to clarify and quantitate
low level plutonium and americium bedvy burdens among the 3ikinians and Ronge-
lapesa. Similar determinations among a Marshallese control population are
etpec*ed to demonstrate diffarences, if anv, Yetween the residents of founcam-

inated atolls and regional background.

&K-39
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19f. Technical Progress ‘cent.)

Systematic personnel and environmental zonitoring programs are axpected
to be initiated at Enewetak in Y 1980 and =o se wall established Sy 7Y 1$81.

19g. Future Accomplisnmencs.

. These studies are expected to provide a better understanding of the
radiological impac:z om mam resulting from habitation ia an environmeat cconcami-

nated with man-made radicactiwve nacerials. They are further expectad to

. provide a basis for corrective actions where needed and to minimize through

-

1 better understandinzg the fears of the people living in these areas.

19h. Relacionship to Other 2Toiscts.

This program will function in cooperation with the BNL Medical esearch
Program in the Marshall Islands and will occasiormally share the same logistical
support resources for field trips. It will also functiom cooperatively with
various Pacifiz research programs at the Lawrence Livermore lLaboratory; and
especially witch programs to develop predictive dose estimates Zor preseat and
futuyre residents on contaminated Islands. The 3NL program will provide retro-
spective dose information to aid in che development of prospective dose models
by LLL.

191i. Eavironmental Assessment.

Work done under this task proposal has either 10 environmental impact or
has impacts similar to those described in and covered by 3NL's Zavironmental
Impact Statement (ERDA 1540).

19j. Explanation of Milestones.

Nene

19. Qther.

None
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, boa 134 N2
o AR TITLA b S AR PACKAGE TITLE

lose Faassasszen: Io7 Ronzelis ang UInoii !

1. AUOGLT ANG REMCARTING SSCE 1.0, TASK TTAM Lie SONTRACTSA NAML | 3d. 23CL
L g Laa: | (o - rPtiOng
J\‘J"‘)’-')l-;-(b) [[mm d r7) (mm dd yy1 Assoclated CTniversisiag, Inag. 3NL
O-u g\ 1.q --_-g Loen | [
3. CoMNTRAC SR TASK MANAGEA Jane, /23 ., ! 4. NG P, ~NVEST SATSAS
. 3. Meizhold | J. R. Vaidy
666-4209 { N. A. Graeancuse
]
!
{

L6, SO NS T3k ,Ciude
QY minagement
amncas ¢ ety

(3. NQAK SCATICN 'Ser SUMUCTIORS). Namae 37 fecuscy. C.oy. S¢ate, LiP CToae

— s
_--: NG
LD TASA SESCAISTICN (A JPPOGEA, FHALIQA 13 JOrR Jacrage, A 120 vortl 37 e
An in-daeptt szudv of all infsrmacisn carsaiziag 3o the 3RAV0 zast Jall:sue
s Rongelap and Tcizik will >e =zace. Ia acdizica, using advansed anmalyzizal
ingd ssmputar tachalicces, 3 compreiensive I3lloul model Wwill te zevelsvmed. Using
12is mecel Lo coanjuncsisn Wit diacary and Lifa scvle paczarms fTevalanns at tize
s exposura, 2 Tdassessec icsa astizata-— 232Tmal and axtarnal--will be zace Iov
e povulatioans of ongelap and Utizix. The dosa estizatas will Se a'ra-' az2d i

2ras 37 cthe ayrsid nodula lncidences ia znesa :ocu-a:.:ns 20 tast zhe hvooghesis
ma: -adiation effact3 can te Cranslatad izco zeaningiul Josa escizatas.

1. ISMTRACTIA TASK WANAGEIA

~rio L
L V. -~ -
u/ ~ _'//'—_-‘-‘—.- NN IAR TS
J. X, dL34 T L. X. ALY Sumerwe, ins .. -. :C23nncCUsSa@ Jere
3. SETAIL ATTACHMENTS: (Jee Meuciond)
T4 Ticlity Requmcens 2 d. 3acigouad Z g Pt iccomplistmess = i. Zxstanacen 3if
3. Mslicadess Ze Approacs 03 Lacoacupe 1 o@er promcs _ Cdescas
S Purpose I L Tenai yropem . Izvcoameziu mmesumest — b Cuer specty)
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TasSK TITLZ " BUDGET AND REPCORTING ICZDE : JATZ 2REPARTD
: i
Jose Reassessment :or Icngelap ang ‘ GK=01-02-0L-1=-n) ; G4s02/79
Ueirik (00301 |
CCNTRACTOR SAME , CCDE . 3I¥ NUIBER TASK NC. . REV. Q.
Associatad Taiversitias. Inc. . 3NL ! : 1 3
1%a. Zacilicv Regquirazents.
It {s anticipated that work for this proposal will use existing lLabora-
cory facilicies and size ucility services.
19b. Publicacicms.
None
1%¢c. 2Puroose.

To lock for correlations bdecwzen the incidence of thyroid nodules in zhe

inhabicants of Rongelap and

reassessac dose estimates.

T 4 v
SReD Dl

%X Islands (Marshall Islands) and the

This study will Zuse together all available information on fallout Irom

the 3RAVO
realistic
suits sfhould provia
level effec:s

-~
=

o]

-t
e}

ne

Pt

innabizants of Rongelap and Uetirik.

test and usiag advanced analvcical techniques (now available) derive
dose astizates

The re-

information towards 2lucidating the whole question of low-

raciacion,

:9d, 3ackzround.

tncidence

of zhvrecid nodules, benign and malignant, in the exposed popu-

lacions of Utirix and Rongelap nas indicated crizical differences in correspon~-

dence between nodule incidence and chvroid dose for the populationms.

The

estimated external dose received from :the cime fallout began to the tize of
evacuation shows that che Rongelap population received an extermal dose (173
rads) which was abouz 13 zimes chat for the Utirik populacion (14 rads), and

zhe thyroid decse

aodulas in the two populations were not significancly differenc.

was about 10 zimes larger, whereas the incidence of thyroid

A preliminarvy study has Indicacted that the critical area of investization
that could shed lizhc is the period during the fallout and evacuation for both

the islands.

In additioan,
120 days following evacuation,
afrer chree years, requires chat we lcok closely ac the Utirik

the

fact thatc the Utirik population
whereas the Rongelap oopulation

tarms of a lenger exposure period, both iaternal and external.

would, therefore, have to concentrate cn -he re-examinacion of
data in reports issued v various agencies duriag that peried,

returned within
recurned only
populaticn in
Turcher studias
all available
consulzatcions

with scientific personnel involved at that time, identifying che areas of un-

certaintv, and using appropriate computar programs co analyze the data.

The

end result will enable us to look for correlations between the incidence of
thvroid nodules and the r2assessed dosa astimaras.

GK-123
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CONTRACTOR NAME p CCZE - 3IN NUMBER  ; TASK NO. ;| REV. 0.
Assceiated Tniversizies, Ing. [ 3NL ‘ ] 0

.9e. Apnroagh.

al zontrol will bSe axercised through the use of monchly comparisons
<

<
be:wee“ actual expenses incurred and corrasponding line items in the budgert.

The study will comprise:

a. Literzcure search for all availsble data concarning the 3RAVO
nasz, such as, zet20rological conditicns and radiation nmeasursments.
Jiscussions with scientific ancd technizal perscanel iavolved ia zhe
32AV0 cascz.
. - C o ’ : . 129_ 9Q,

5. Use gsg%i;iar:: samples and teeth samples 9 determine L, St,
and =77 *772u concencracions to derive concentrations of other
radiznuclides.

2. Dier and lile style studies to nrovide informacion for dose
assassoent.

i. ({omputer sizulaticn to Jetermine the transport and dJeposition
ci radicaczive Zallout Zollowing che 3RAVO test.

?Preliminary lizarature search and consultations with Dr. C.A. Sondhaus,
Caiversitvy of California, has been completed. This has resulced in defining
of uncarctaincy in information available and establishing the procedural
s that should bSe carried out towards elucidating che problem. All avail-
data on ex:tarnal radiation measurements, radionuclide concentcrations in
water, vegetaticn, animal and food items have been collated. §stor1c
mples collectaed from Rengelap and Utirik have been submictad Eor 1 analysis.
inent detz20Tologic information pertaining toc :he 3RAVO tast have been rae-
rened and the information provided co Lawrence Livermore Laboratory so chat

y can go aneaq with the computer simulacion of the traansportation and depo-
A of Z2alloyct.

[N
7]

s Y »owowm
[ I (1) m O O v oy
-'mm " B b
ll b= b 3 o
-

4
[¢]
o ]

w
e

Y
s

:2

197
The 1291 detarainations of ;g95011 samples will be zompleted. These
samp.2s will also be anmalyvzed Zor 771 & 997Tc if raquired. In addicion, we
are axploring zhe possibility of analvzin; "3ikini-Ash'" - the fallout chat
setzled on :He Japanese fishing vessel. This sample should provide the 3osc
accurate descrigcion of the fallout. The compucer simulacion of the trans-~
sorzation and depositiom of fallout wil1 also be ccupleted. 7Final amalysis or
3 recent diet and lila scyle study will on completion provide an internal and
axzernal exposure estizata. All the data so gathered will be used to gzeneraca
2 dodel(s) Zor arriving at the dose estinate in teras of exposure at tlme St
Zallouz. DJiscussions with scientists and techmical people who were Iavolved

Y

Tachnical Progress ia BY-2 (

GK-/o &



TASK TITLEZ ; B3UTGET AND REPCRTING CICDE -~ 2aTf PREPARED

Jose Reassessment Zor Ronzelap and L GL~-21-02-01-1(b) ; 04;02,/72
Ceirik | (003010) |
CCNTRACTICR NAME , Co2E IN NUMBER TASK NC. ' REV. NC.

Associatad aiversziziasg,
19f. Technical 2zzgrass in 3Y¥-2 (TY 1979) ‘cenc.)

with the 3RAVO test will be continued.

Technical Prograss in 37-1 (TY 193Q).

Dose estimates derived for exposure during fallout, will be extrapclatad
to prasent times and the model(s) used will be :t2srad for their wvalidity based
on currenat observed dose detaruinations.

15g. Future acccomplishments.

The techniques and axpertise develcped in the course of this study could
be used =0 reassess doses to population ia acther areas subjected to axposure
Srom Zallout or even occupational situaticns ia the pasct.

i3n. alacicnshiz zo Jcher 2roiacss.

ul

a. This study will help establish dJdose estimates Irom the time
of the incident 5o the present, and will complementc the aerial
survey for external radiaton measurasments, over these islands,
which has been completed. Togecher they should present a ra-
liable picture of doses received >y zhe populations and also
enable dose estimatas to be projected into the future.

b. This study will be in close coniuncsion with the BNL Radio-
logical Safety Program in the Marshall Islands and with re-
lated programs of the BNL Medical Deparctz:enc. Continued
collaboracion with the University of Washington, Laboratory
of Radiation Ecology, and zhe 3actalle Pacific Northwest
Laborazory will Se maintained in the area of sample analysis
and data imterpracaction.

19i., Zavironmental Assessmenc.

Work done under this task proposal has either ao environmental impact or
hmas impacts similar to those described in and coverad by BNL's Znvironmental
Topact Statementc {ERDA 1540).

293i. Zxplanation of Milastones.

None

L3k. Qther.

None

GK-108
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1. WORK PACKAGE NUMBER 2. TASK NO. [). REV. 4. PRCJECT NO.§5. ODATE PREPARED | 6. CONTFIA(‘: CAR NUMBER

i NO. {mm ag yy) 42 2.1

| - 033120 CRANAG
7. TASK TITLE Marsnall Islancs Radiclogical 8. WORK PACXAGE TITLE

I3 _rer DV e
? BUDGET AND REPORTING COOE{ 'Q. TASK TERM 1. CONTRACTCR NAME 12. CO0QE
| TIGE Ena: .. (so@ 1NETAICIIONS)
“02=)1=02-0 (mm a4 vy) (mm ad yy) Associated Universiues, Inc.
~-ncinogine pen | 3NL

13. CONTRACTOR TASK MANAGER (Neme. Last, Firr:, M) (FTS5 No,)

14. PRINCIPAL INVESTIGATORS (Neme. Last, First, Mi)

C.B. Meinhold Greennouse, N.A.
260-42C9 H6E==250 or 4207
15 WORK LOCATICN [See instrucrions). Neme of fecuity. City, State, 2ip Coge 18, 16 this waex 17. Qoes this Wask ngiuge
Inciuceq in the any mansgement
Infututions: Plan? servicas e orts?
Bves Cves
Cno Zno
13. TASK DESCRIPTION rAgoroach, reiation 1o work pacxage. .n 200 words or 18ss/
A comprehensive radislogical safety program will he maintained for the

inhabitants of atolls in the Northera “arshall Islands contaminated as a result of
the U,S. Pacific Testing programs, The ZIollowing {tems and services will be pro-
vided.

a. ?Personnel nonitoring and environmental sampling to provide data
Jose assessments and determination of radiological rtrends.

b, Individual and population dosimetry based on actual measurements. The
tesulting dacta Wwill be used to modify dose commitmenc prediccive models so that
they may more accurataly reflectc Zyture treads,

¢. Continuation of diet and living pattern assessments to update relaevant
carameters in long range predictive dose zfforts,

for 3NL

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

a, [a vivo counting and urine biloassay of Rongelap and Utirik residents to
determine dose commitments from environmentally-derived radionucldies at these
atolls, and to better understand excretion kinetics amoang the Marshallese.

b. Followup personnel monitoring at Enewetak to evaluate any change in
radionuclide body burden associated with -1 year of residence on Enewetak Atoll.

c. A final determinaricn of radionuclide body burdens among cthe foramer re-
sidents of Bikini Atoll,

d. Continuation of analyses of transuranic nuclide excretion rates among
torchern Marshall Islands residents, and of traansuranics and fission and activation
sroducts among Marshallese control zroups who reslde outside or the fallout araa.

. CONTRACTIR TASK MANAGER - .
o !

! -
' N.A. Greenhouse

. - { /) O et
03/31/80

Charles 3. Meinhold
ISignanres Dare)
sJ. DETAIL ATTACHMENTS. (See instructions)
<. Facllity Reguireamants T 4. sacxsrouna Em Future accomelishments Ol exousnation ot
milestones
Z 0. Publeations e Approsch a n. ROWIONAINIDS 10 OLNEr DrOjects Z x. ZBA8 Oenl
:J . Purgase E !, E .. EAviconmental assestment -l Other (Soecily):

TeacnNICAl Or Ogress



“GTLE . 3UDGET amO REPCRIING CoOE SATE SREPARED

“arshall Islands Radiological : [1A=J2-)1-32-0 0331 7aC

J:iciryg Dwesrea. ;
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2la. Facilicv Requiremencs.

t work for this proposal will use existing Laboratory

It is5 anticipared tha
ity services.

Zacilicies and size util

-3b. Publicaticns.

Greenhouse, MN.A.,, Miltenberger, R.P., Lessard, £.T. External Zxposure
“easurements at S3ikinl Acoll, BNL 51003, Januarv 1979,

Greenhouse, N.A. Dosimetry Methods and Results for the Former Residents cf
3ikini Ataoll, BNL 26797, November 1979.

Miltenberger, R.P., Greennhouse, N.,A., Lessard, E.T. Whole Body Counting
Resulcs for Inhabitants of the Northern Marshall Islands: 1974-1978, Health
’hysies, in press.,

Miltenberger, R.P., Lessard, Z.T., Creenhouse, N¥.A. Dietary Radicactivicty
ntake from Biocassay Daza: A YModel Applied to 137¢s Incake by Bikinl Island
Re: leats, Health Physics, in press.

20¢. 2urpose.

The primary purpose of this program 1s to neasure and evaluate the {nternal
and external doses to people living on those islands in the Marshalls group which
~ere ilmpacted by tropospheric fallout from United States atmospheric nuclear tests
in the Pacific. Its objectives are:

a. Direct or indirect measurement of radionuclide body burdens and resultant
ioses and dose commitments.,

b, Measurement of external radiation environments and their coatributions to
the total doses to individuals and island populations.

.-
Iy

¢. Evaluaction of dietary habits and living patzerns inscfar as they relate
to the elucidation of exposure pathways and the determination of doses.

<<d. 3ackzround.

This program was initiated in 1974 at the request of the AEC (DOS) in anti-
cipaction of potential radiation exposures to the returning 3ikini populacion.

RIS

8. AEEroach.

Internal and external doses will be measured and evaluted using accepted and
un—to-date health physics practices,
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Z.e., Apprcach zoat.

Dietarv and liviang pattern information will be derived from direct observa-
tions of island residents, and from standardized i{ntzrviews with {sland residents
zuring prograamacic field trips,

anagement Controls

Fiscal control will te exercised in the form of monthly comparisons, over cthe
task term, of actual costs {ncurred against corresponding line items of the budget.
Tecnnical results shall be monitored through a pericdic review, by the Contractor
Task Manager, of accomplishments by measuring actual performance as comparad to ex-
pected progress. All work shall be conducted in conformance with generally ac-
cepted standards for R&D and other investigative or inalvtic procedures, as ob-
served by universities and large independent researcn facilities including
Srockhaven YNational Laboratory (BNL).

-Jf. Tachnical Progress,

Technical Progress in 8Y-3 (FY 1979),

External and internal dose equivalents received during residency on 3ikini
lsland and internal dose equivalents to be received post residency were evaluated
or former Bikinl residents. Bioassay results from samples collected in January
ind Mav 1979 and prior bicassay results were used to construct individual
7Ugr-90y body burden histories. Whole body counting results during 1979 and
results obtained in prior years were used to establish 137¢cg - 137m85 4p-
dividual body burden histories. Daily activity ingestion rates were calculated
from the body burden data. Uptake regimes which besc fit the activity ingestion
rate data were; constant continuous uptake for 90sr and stepwise increasing up-
-ake for 137Cs. Dosimetric models which described the uptake scenario were de-
rived and individual dosimetric resulcts for persons residing on Bikini Island some-
time during the years 1969 and 1978 were determined. In addition, doses due to
residual radiocactivity in persons after departure from Bikini were calculated. In-
iividual body burdens, urine activity concentrations and dose equivalents have been
racorded or stored in a computer data base., Publicacions and reports describing
sosimetric methods and results, whole body counting results and bioclogical removal
rate constants for Bikinians have been wricten.

Routine personnel monitoring <as provided for ongelap and Ltirik residents,
A statistical analysis was performed to decermine the minimum sample size needed to
establish the mean !37Cs body burden at the 90X confidence level, Male and fe-
male adult, adolescent and chi{ld categories were counted at each atoll and many
nersons who participated in prior whole body counting visits were recounted. In
addicion, urine bicassay samples were collected from adult and adolescent popula-
tion groups. Body burden histories and dosimetrric results have been completed for
nalf the resident populations for years following rehabitation of cthe acolls.
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2.t. Technical Progress :ont.

Data collection on types and amounts of food consumed by the Marshallese was
done by actually living with them. Simultaneous abservacioans on their living pact-
terns were ilso made. These studies were part of zhe Nor:zhern Marsnallese Islands
Raclological Survey (13-aAroll Survey)

Excected Progress in BY-2 (FY 1980).

8aseline radiocauclide body burdens will be evaluated for the recurning EZn-
ewetak population. Zvaluation of the pos: residence decline of bodv burdens amcng
tormer 3ikini residents will continue. The data base on diecary habits and living
patcerns will be updated for all relevant atolls and/or i{slands.

Expected Progress in 3Y-1 (FY 1981).

fersonnel monitoring and related demographic assessment activities will ccn-
tinue at Rongelap, Utirik, Tr2wetawx and other areas of interest to DOE, Monitor-

ing of former 8ikini residen:z. will be phased out unless circumstances diczate
Jtherwise,

Expected Progress in BY (FY 1982).

Personnel zmonitoring and related demographic assessment activities will con-
tinue {n all areas of ifaterest in the Marshall Islands.

20g. Fucure Accomplishments.

A running account will be maintained of individual and population dosimetric
information for the residents of islands affected by the Pacific Testing Programs.
These data will provide an empirical basis for {mproving the accuracy and value of
long-range predictive dose assessments from man-made radionuclides in the environ-
nent.

-0n. Relationship to Ocher Proijects.

This program operates and interacts directly with the Brookhaven Medical Pro-
2ram in the Marshall Islands, and provides contempory data to be factored into the
Retrospective Dose Reassessments for Rongelap and Ucirik (and ocher {slands at-
“acted oy weapons test fallout). It also provides ampirical bases for upgrading
ong range predictive dose modelling activites such as those of the Lawreance
Livermore Laboratory. Coordination of this program with related programs within
SO0E and {ts contractors will be accomplished through timely exchange of program
rindings and related {nformation.

22i. EZavironmental Assessment.

wWwork done under this task proposal has either no environmental impact or has
iapacts similar to those described in and covered by 3NL's Snvironmental Impact
Scacement (ZRDA 1540).
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-Ja. rTacilitv Requirements.

It is ancicipated that work for this proposal will use existing Laboratory
facilicties and stte utilitcy services.

-2b. Publicacions.

Data generated in this study has been used in other reports.

-J¢. Purpose.

To look for correlations between the incidence of thyroid nodules ia the
tnhabicants of Rongelap and Utirik Islands (Marshall Islands) and the reassessed
lose estimates.

This study will fuse togecher all available information on fallout from the
3RAVO test and using advanced analytical techniques (now available) derive real-
istiz dose estimates to the inhabitants of Rongelap and Utirik., The results should
.rovide information towards assessment of the risk coefficlents for radiation-
induced thyroid disease.

~Jd. Backzround.

Incidence of thyroid nodules, benign and malignant, in the exposed populi-
tions of Utirik and Rongelap has iadicated critical differences in correspona-
znce between nodule incidence and thyroid dose for the populations. The estimat-
2d external dose received from the time fallout began to the time of evacuaticn
snows that the Rongelap population received an extermal dose (175 rads) which was
asout 13 times that for the Utirik population (1% rads), and the thyroid dose was
isout 10 times larger, whereas the incidences of thyroid nodules in the two popula-
tions were not significanctly different.

A preliminary study has indicated that the critical area of {investigacion is
tne period starting from the beginning of fallout to the completion of evacua-
zion for both the islands. In addition, the fact that the Utirik populacion re-
zurned within 120 days following evacuation, whereas the Rongelap population re-
—urned only after three years, requires that we look closely at the Utirik popula-
rion in terms of a longer exposure period, both internal and external. Further
studies would, therefore, have to concentrate on the re-examination of all avail-
isle data in reports issued by vsarious agencies duriag that period, consultations
71th sclentific personnel involved at that time, identifyving the areas of uncer-
=iiaty, and using appropriate compucer programs to analyze the data. The end
rasult will enable us to look €or correlat‘ons betwean the incidence of thyroid
~cdules and the reassessed dose estimates.
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-Qe, Approacn.

The study will comprise:

a. Literacure search for all available data concerning the 3RAVO test, such
as, meteorological conditions and radiation measurements. Discussions with scien-
tific and technical personnel involved in the BRAVO ctest.

b. Use of historic samples and teeth samples to determine 12 91 905:
and 239, 240py concentractions to derive conceatrations of ather raaionucldies.
.n addition, excised thyroid glands from exposed Marshallese will be analyzed for
I and 99T¢ and data so generated will be used to estimaze the conceantrations
of short lived iodine isotopes.

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

d. Computer simulation of the BRAVQ ctest fallout to determine the transportc
and deposition of radionuclides.

Management 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.
Technical resulcs shall be monitored 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
National Laboratory (BNL).

<2f. Technical Progress.

Technical Progress in BY-3 (FY 1979).

A preliminary literature search and consultations with Dr. C.A. Sondhaus,
University of California, have been completed. This has resulted in defining areas
of uncertainty in information available and establishing the procedural steps that
should be carried out to reassess the dose estimates. All available data on ex~
sterral radiacion measurements, radlonuclide concentrations in soil, water, vegeta-
-ion, animal and food {tems have been collated. Historic samples collected from
Rongelap and Uctirik have been submitted for 129y analysis. Pertinent meteoro—-
logical data pertaining to the BRAVO test has Heen researched and the information
supplied to Lawrence Livermore Labaratory so that they can go ahead with the com-
suter simulaction of fallout transportation and deposition.

The !291 det2rminations of the soil samples have been completed for those
ic samples chat were available. Some of these samples will also be analyzed
7?7Te, In addition, we are exploring the possibilitv of analyzing "Bikini-
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--f. <ecnanical 2rcsress cont.

ash” the fallout naterial that settled on the Japanese fishing vessel., These
samples should provide the most accurate characterization of the fallout, Prelim-
inary computer siaulations of fallout transportation and depcsition have been com-
oleted. Data analysis of tne recent diet and life style study has been completed.
Discussicn with scientists and technical people who were involved with the BRAVO

zest is being contiaued. Analysis of the Marshallese teeth samples for Pu isotopes
{3 in progress.,

Expected Proeress in B3Y-2 (FY 1980),

A final report on the diet and life style for the Marshallese will be com=
dleted. The computer simulation of fallout will also be ccmpleted. Thyroid glands
irom the exposed Marshallese will be analyzed for 997Tc and 12971, Analysis of
the "Bikini-ash” will be done as soon as we get an aliquot of the sample, It is
also expected that data on the exposed Japanese fishermen will be made available at
that time. Preliminary analysis of the data generated so far will be made using
2xisting models. The results will be extrapolated -o present times so as to test
the validity of the models used.

Expected Progress in 3Y-1 (1981).

Final dose estimates to the exposed {nhabitants of Utirik and Rongelap should
e complected. The methodology developed will be extended to Likiap and other
islands which were on the "fringe™ of the fallout pattern.

20g. Future Accomplishments,

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

20h. Relationship to Other Proiects.

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

b. This study will be in close conijunction with the BNL Radioclogical Safety
Program in the Marshall Islands (HA-02-Q1-02-0) and with related programs of the
3N8L Medical Department (HA-02-01-01-0). Continued collaboration with the Univer-
sity of Washington, Laboratory of Radiation Ecology, and the Battelle Pacific
Nortnwest Laboratory will be maintained in the area of sample analysis and data
interpretazion. ’
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.Ji. =nvironmental Assessment.

Work done under this task proposal has either no environmental {mpact or has
{mpacts similar to those described {n and covered by BNL's Environmental Impact
Statement (ERDA 1540).

20j. Explanation of Milestanes.,

None

201. Qther,

None
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22, Jet3il Attacnmencs:
i. Facilitvy Requiraments.

It i ansicipared that wori oz this proposal will use axistiag laboratorw
agilizies and site utillicy serviczes.

(A1)

9. Pybiizacians.

Lessard, I.T7., Milzenberzer, ?., 11d Grazenhouse, N.A. Diacarr radis-
zczivizy Lntake from Sicassay data: A model applied =3 Cs-137 iatake Ty 3ikind
Island residencs. Heal:ca Zhys. 39, 177-133 (1380).

“{ltenberzer, R.?., Greenhouse, N.i., and Lessard, Z.T. “hole >cdy zounting
sasulss from 137% %o 1373 for 3ikianl Tsland residencs. Health Phys. 39, 393-307
“L3R0).

tilg=z-terzer, 7., Lessard, I.7., and Gresazhouse, N.A. =99 aad Ts~-137

.ang tar: bialogical removal rage constants fcr the Ha:shallese popu-a-.on. Jeal:zh
( .

Lessard, Z.7., Greenhouse, N.A., and !Y{ltenberger, R.?. A recoanstruction of
zhranic dose z2quivalents Zor oangelap and Jrizik rasicdenrs =~ 1334 zo 1989, NL-
3.257, 2czober 1380.

Lessard, 2.7. 3Racte constants for biological elimination of 3treazium and
Zasium in the Marshallese population. Presented at the 25th Annual Conference oa
3icassay, Analytical and EZawirommental Quality, Las Vegas, Nevada, October, 1379,

Lessard, T.T. Body burden leasurements as detarmined Srom whola %ody
tountiag and urine Siscassay. 2resented az the 25t Annual Conference 2~n 3i2assay,
Azalvtical and Zavironmenczal Quality, Las Vegas, Nevada, Jctober, 1979.

Lessa:d, Z.7. Dose assessment f{or iongelap and Utirik residencs 1354 oo
aiae

?rasen Presented it :the 25zh Annual Meering of the Teal:th Physizs Socliatv,
Seattl Washiagzton, July, 1980.
a. Puroose.
———————

The prizary surcsose of thils program is %o 2easure aad avaluacte tRe Ilagarzal
nd extarnal dose 2quivalancs zo persocns living on those fslands {a the lMatsnalls
37wy whizh wera i{apaczad v =ropossheric fallout Zrom United 3tatas atlosoneri:s

tuc-ear tasts in the Pacific. Iis objectives are:
L. diraez ar iadirac: neasursement of radionucllide “ody Surdens,

-

2. measurement of the external radiation anviromment,

L//4 =< ;'_‘/7?
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<. Pairacsa cont.
3. evaluation of die:z and liviag patteras lasofar as zhev rTelata to zhe
identificarisn of 2xposure pathwavs and zhe detarminacion of dose 2quivalencs,

4., agsess prospective dose equivalents for persons razuralag 20 atolls
contaz=inacaed d4urizg the weasons testiag period, and

3. maiataia coaparison 4zta and zersonnel zonizdring and dose gquivalant

data far iadividuals exposaed o ‘fission and activation produccs aad =ransuranic
nuclides ‘a the Marshall Islands.

1]
w

ZalC.

e

f.‘

This porogran was iaitiated La 1974 at che request of the Acsmic Zaergy
Zs=zaission {“CS) ia antizipation of poreatial radiacion exposuras o cthe racurning
3ikins ponulazion.

2., Asoazrzacn.

Incernal and extarnal dose aquivalents will be avaluated using accepted and
up=tc-dace nMeal:l pshysics practices.

Dierary and living pjattern Iinfarmation will be derived frca direc: suserva-
tion and iatarview with persons residing on atolls of laterest. These iaczrviaws
will Se standardized and czonductad during whole—body counting 2ield zrips.

Analvsis of soll and Zood chain related plants will zeatiave ia order :ts
elaza racioactiviiv ia Iood z2rops wizh Sody burZeas. Coconuts, soil, sap from
ocznur zrees and scther diet izems will bYe zollacraed Frem rasidencs or food source
3.anis

L3

l" o

Management Controls,

Tiscal contral will Ye axerzised in the form of =mont:ly ccamparisons, over tle
cask 273, of actual costs incurred agaiasc carTaspondinag line items s the bdudgzet.
Technical Tesults shall bde zonizaoraed through a periodic .-v*ew, Sv the Contiractdr

33« “Manager, 2f accomplishmentcs by neasuring ac:ual -erfaormance as zoaparad o 2x~
tect:s srogress. AlL worl shall e conduczad in conforzanmce with gzenerally
aczest2d standards for 8§D aad other iavescizacive or analvti: proceduras, as <bd-
servad by unlversitlas and large izdependent research facilities including
3rockmavaen National Laboragory (3NL).
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273, cerairl Attach=ments. <cont.
<. Tachnizal Prograss.

2¢chnizal ?r

)

grass in Y 1980,

{a February 1380, a field trip was undertakan 3 Japtan and Inewetak Islands,
Inewetak Aroll and Ujelang Island, Ujelang Arolill t> cbtainz baseline bodv-Surden
jdata on the Inewetax zopulation prior o the’rzratriation of Inewerak Aroll In
ApTril L38%0. ZPa-sonnel aoni:isring was acccmplished :through whole-=dody 2cunting and
‘cLL ¢zizn 53 sne litar urine samples Irom all »ersons Jive vears of age and older.
ielang, nonparticipants in the whole=dody countizg program were lavitad to
ide urize saanles. Aporoxizately 400 urine samples were collected and are
anzly eing spec:trometrically analvzed for zam=a anitters and radischexi-

v analvzed Iar 3:-30. Addizionmalilw, zarti:izancs provided paysizal and
mogragnicz dazs.

Thola—-bvody cou 2dapendent chair countinag systazs

nsé 2 ithotwo i

in which a sodiun isdide datactar was positioned {n froar of a saielded person.

The solii aagle of the Zercaczor permizted collaztisn of chotons emiitad Irom :he
o This Zecrmetrty allawed safe ancry and egrass with com=

trunk of an adult dodv.
sarable sensi:zlivicy ralative to the “ed zeomectrv used in prior fiesld <trips.
Aporoxinately 400 speczra were obtained Irom Iadividuals on Japtan, Inewetak
aad Ulelang Islaads. These specira were ainaivzad for Cs=137 and X-40Q usin
zalidration standacds whizh Sest =atched the sex, height and waight of =he Jer—
son. Addi:tional analvses were periormed no decaraize the Iraguency discribution
scacistics for various age and sex subgrouplngs of zhe Sody burdens. Quality as-
suranc2 7as odttained through durlicate whole-hodv counts and repetitive point
sourse standard counts to determine the srecision and aczuriacy of the systam.

Suriag the July aad August 1380 field trip, whole=body counts and urize
sadoles were collacted at Majuro Atoll and Xill Islaad freom former 3ikinl ALall ra-
sidents and rem a comparison population. Approxizataly 2C0 spectra were cobtalined
and 100 urine samples callectad. FTifty sercenr 3f <he spectra wera Sram persons
sho were rasidents aad whole=body countad sn 3ikind Azoll 12 April 1930, 10 percent
vare from former 3ikini Atoll residents aot countad Yefore and the remain-ag
spectra were ‘rom a comparison zroup who had never resided onm 3ikinil Atoll.

A quallicv assuyrance gragram siailar o thac 2oploved a3t Inewetax wvas used.
Xeriaw 3f the aistorviz 3Lkini whola=body :ounziag daza iadizated ne eifeczs 20
Jady=surien assass2ent due 15 reconiiguration o3I zhe shialdiag and decsczor. Tom
saguzive leasuraments of a farmer 3ikial rasident's bhodv Surden allowed compucta:l
3% individual long-tarm Hiolagical removal Tate constants. This daca along with
the zethodolaogy wWere writtan up and issuecd in a prizary sclentilfic pubdblication.

ian

At Xili 1
ramained unchan
zurTant diec we
zhr2a standazd

sland chere were former 3ikini residents whose Cs-137 body bdur
gad or increased. Reasons Zor Inis aucllde deing present Izt
re investizazad. This work showed :that :tiese Surdens were Witk
deviacions of =-he zean Surdisn 3f the zomparison population exc
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£. Tachnlical 2rograss cont.
Ta2canical Preogress in FY 1980 conc.

a ‘2w zases. 3urdens elevatad above this level zould %e at:srivutad to recanc
ingestizn of 3ikini Atoll food which had “e2n transporzed 25 Xi{li Island.

izzan 2ilc samplas had been obrainesd Irem Isur lactating adult former 3ikial

famalz:s wnecse (3-137 Sody burden ~ad Seen defined by whole=hodv counting and
radizcnemical analysis of urine. Milk samplas along with 3ikial Island coconuc
Zc22 17 and nuts were analvzed Sv 3amma spectroscopy and acomic absorption to de-
mar=_=3 17e 9rasence of <s3-137 and X-40. 2Rasulzs were used 20 astinata the 7Ts5-117
socdr s.rien Iar la allese iafanzs whese srizars 504 supoly was huezman =ilk and
JTetaus cra2e sraduclss.

Lztivisy ingestion racas and future Hody surdeas for Cs-137 wera sstizaczed
Izr z-2 zosulazisn who 2@y racurn o Iaua Island, 3ikini Atell. Thils orojectlon
: w22 3 Zdagarzination of 2etivity transfar faczors calculazed fram 2oageiap and
a1l wnole—hody countinag daca and frsm ozctivicy conecentrazisa analvses of coconus
' These factors were comparaple Ior bDoth atdlls and dose—-equivalant

orojectad Zor adulss.

zective and contemporary external axposure rate data, whole=body coun-
=d radiochenmical analwvsis of urine and »lood data ware raviewed Zor the
une 354 ro December 1980 for the Rongelapese and Ttirikese. Josizetric
nich Sest descridbed the uptake regine were coastructad Ior the auclides of
st. 2ailv activicy ingestion rates, whole-dody dose~squivalentc ratas aad
zuivalant commicsnents to various orzans were determined. 2opgulation dosize-
52135 a1d methods were written up and raported in a 3NL publication.

- i:al desinecric data records are maliatained at the Laboracory.

RN W

Ixseczed Progress fa 7Y 1981,

Jarsonnel monitoring and relatad demographic data will Se obtained Zrom res-
g g

ideats 57 loagelap, Utirik and Eaewetak and other areas of interest =0 DOE. The
dati case 2a dlet and liviag natzeras will Ye updatad for all relavant atolls
ans/ar Lslands.
Ixoeczad 2zagtess in 77 L9871,
Zvaluation of the decline »f Yodv bSurdens among Zormer 3ikini Island
residenzs will concinue Sor thaz cortion of The copulition 12 rasidance 2n 'laiuTo
Atsll 27 Xili Island. Perscanel =onitsrizg will continue 3t Inewetax Acoll



TITLE JUCGET aND EPCRTING ICZCE SATE 2R334252

Marshall Islands Radisrlogical ZA-122-01-32 373102

S3fagr Program

TONTRACTCR NamE ! ClCe AP NUMBER | “ASK NC. REV ~NC
Assaciares Uriverunes, inc. INL i 2

2. Cazail Actachzents. cont.

H Technical Progress cont.

Zxpec=ad 2rogress in 7Y 1983,

Radionuclide body burdens will be evaluacted fSor the populazisn la residence
it Znue Island, 3ikini &toll. Persoanel 3on1:oring and related denmcgraphiz
assessment activities will continue in all areas of lacarast {n zhe arshall
. i
slands.

2 future Accomolisnments.

A dosinetric hiscory will be =maincaized Zor iadividual residents ol :he
Mfarshall tslands affacted 5y the Facifi:c Tasziag ?rogramns. These daza will ore-
side information ragardizg =he uptake, razenzisn, and axaretisa of radiocagriva
zacarial and Jill {aprove the accuracy and value of long—-range prediczive dose as-
sessmencs Irom nan~=made radionuclides ia zhe 2avironmment.

1. Ralatisznsnis =5 Cthar 2¥3-aczs.

This program operacss and iacaractcs directly with the 3rookhaven 'fed
Islands, and srovides zontemporary data to be factsred in
s

zram in che YMarshall )
zhe Racrogpective Cose Reassassments for Rongelap and Utirik (and octher islands 3Zf-
facted 5v weapons tast fallouZz). It also providas empirical bases Sor upgrading

.onz range Jredicrive dogse nmodeliag activites such as those of the lawrernce
Livermore Laboratory. Coordination of this program with related orograns witiin
20E and it3 contrac-ors will be accsmplisned through sizely exchange of progran
fiadiags and ralated iaformacion.

i Zavironmnental Assesszent.

work done under =his task proposal aas either 1o 2navirommental izpact ar has
ixracts sizmilar to those described ia and covered v 3NL's Zanvirommenzal Izpac:
Szacament (IRDA 1340Q0).

l. Jzher.

Capital Squipmenz in ¥ 1982,

in {atzinsic Se(ll) whole Hodv counzing svstem is5 zeedad 5 proviie =ora
filziant and effec: 've operation in the Yarshall Islands Radiolsgical 3afarzy
vograx for councing low anerzy pnctons amitzad frea traasuranic nuclides. This
systea (3130,200) and associatad snielding and bed equipment (525,200) will Se used
23 measure body bYurdens of transurani: nuclides in persons at Zaewetak Aioil 2
levals elow the maxizua allowable for znembers of che zeneral public. ?Prospec
iose equivalencs for Slood forailag organs will be assessed bYased on these
2easuraments.

I

|4
-
.

ive
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Zaoizal Tgquismens in TY 1383, :zonc.

A word processor (327,000) for the farshall Islands Radiolsgical Safz-y 2rs~
zram =3 provide mors afiizlent and affective operatlion will be needed :to orepar2
orizmarv scienzific oublications and to prapare, zodify ind scorve ;“c1v~iual
dosizazry, Yody durden, 9ioassav and demograchis records on the iznabitancts I the
Marsnall Islands ineluded ia sur study. The groca2ssor will be used 213595 In the
sraparation of =ripy raeports, schnedules and other adainistrative wriiinz.
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An im=<d2zth studv o2 Lnformation zertaialiag oy 2
P PR
L 1li

and Trirsik W De zade. 12 addizinn, a comoreheasive Jallzu:r aod2l w
t2valoped using advancaed analvtical and comtutar tecnhnniques. TUsizg Ik
t2ajuncsion with 2dietary and liviag pattarns orevalenc duri=zg and Zol
axposure of Marzh 1954, inzarnal aad axtarnal :thyroid aspsorbed fose =3
e 1ade Zar variscus age aand sex zgroupings of =he sopulations. Two oct
i3 absorted dase

nderendant aporcaches i{avolwvinag calzulation of zhvroid
<sr

~.3torical soil sample analysis and tased on the racdisziodi
is@positad urine sample reportad Zor the Rongelap nooulacion are 2

\ 0

2@ analrysis

Thesa results coupled with the borthara Warsna;‘ Isiinds Radislogical
will
inates

-
<32

"YMIRS) and contemporary cersonnel aonizoring aciivicia
sound Yasis for rerrospective cthyroid aasorbed dose ast
seozlations ia zhe YNorthera Marshall Islands. These =s

S

-7 -
- -

tarmis o7 thyrsid acdule {ncidences in these jopulacions,

- p Ayt

“i.2 oravide {afsraacisn zoward

aad

correiacing sisorded dose aad

2f the 3iagle
De undarctaxken.
Survay
aravide a zachalzazlly
for the atall
will me 2valugzad iz
the rasults sdtzized
olagizal affeczs.
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3. Fz2ilizv 2equiranents.

1s anticipated :hat work Ior this proposal will use existing lLadaoratory
s and sita utllizy services.

Gaidu, J.R., Graenhouse, Y.A., and Taizht, J. Marshall Islands: A 3tudv of
2iac 3nd Liviag Pattarns. 3NL 51313, Julw, 1380.

~essard, I.T., Greenhouse, H.A., and Miltenberger, R.?. A Reconstruction af
Throcis ZTosa Tguivalents far fongelap and TUetirik Residencs - 1953 oo 1980, L
ILliT, :c:::e:, 231

z. 223332,

The purgcose of this research is to refine :the aestizatad thyroid absorbed
izses racaived Hv aembders of the Rongelap and Utirik Atoll populations I the
Yarshall Islaads. These ddses will be compared o zhe chyrsid nodule incidence 13
sraviie infzrmatisn towards assessment of the risk coefficients Zor radiation
inducsd thvroid diseasa.

nce 3f thyroid nodules, benizn and aaliznan:, in the exposed popula~
ix and Rongelap has iadlcaced critical diZferances La correspondence
e incidence and thyroid absorbed dose Zor these pooulations ralative
4 9y tRe Japanese Tumor Registry Life Soan Study or the other poou-
study as reperted ia 3TIR III., The estizarad a2xszernal dose racaived
al.:u: Jegan =5 the :tine of evacuation shews that the adul: Rongelap
ived an extarnal abYsorbed dose (175 rads) which was abour 13 tizes
ik populacion (14 rads). The thvroid absorbed doses wera
¢ osrizinally 22 %e several ~izes :these axtarnal doses.

sions 2
heswaen nodu
73 Tnacs Tao

3

A sraliminary szudy has i{adizated zhat the Iiaportant dosimetric ar 3
invesiization i3 the neriod starting from the begi:ni—g 2f Zallout o the com
sion 37 a2vacuation far both the islands. In addi:zic the fact that zhe Utl
ZTcpulation Taturned withia 129 davs Jollowing evacua:ian vheraas e Ronzel
opusacion returnad altar thrse wvears, raguivres :tha:t :he ::;-ii scoulazion Se
2xazized Jdosizecrizally in zems of 1 Longer exposure jeriod, deth Internal and
axzarmal. Turther scudles would, thersfore, have Io concentTal2 on Ine r2axanine-
mion 37 21l availabla data i1 raporss issued 5y varisus agencies during cthat
seriod, :zonsuliations with scientciiic personnel Iavolved at thar tize, idenci :
z=e 3araas 5f uncersaintv, ind :siag appropriate computar programs IO 3nalvie Ine
iaza. The and resul: will enable comparisons tetween :the iLacidence oI Ihrraid
~edulas 2nd the -2assaessed jose a2stilazas.
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The study Will comoprisae:

L. literacure search for all avafla®la daza 230carning =ha 3RAVD zes:z, such
as, zmer20rologizal zondizions and radiaxion zeasur2menzs, :ad Zlscussions wizth
ax7Tos2i Marshallase 2nd with sciaatilic and zacshnizal carzcnnal lavolved L the
IRQTT zast,

1. use
1-12%, 3p=-30,
radiz-zalilas
Te ainzlvzed I

1. diac

ar sizulation 3% zhe 32AVT test fzllout o dzcarming rhe Iransacr:

=put
and izctasitisn of radisnucliies,

. use of historis 3IRAVO I
atundznze of I-122 azoms per uni:

Tiscal contiral will Se exerczised {z zhe Ior= of =cniiiv zcmpariscns, sver the
Tasx :er:, Of actual <28ts incurTad agaliast corvasponding line ita2ms 5% zhe Sudge:r,
Technizal Tesulis shall be —oanitsred chrough a periodic reviaw, Bv th2 Toalracecor

o acsomolishaenss Yy zeasuriag actual perisrmance as comcarad 9

R

f
$s. ALl work snall De conduczad ia ccniorzance with genarally

»
axzeczad :ogr 2 ith 32 )
3ez2z-2d standards for R&D 3"d ocher investizative or analwzic zrocedures, 2s
Dserw:id v unliversitias and larze ladajendent resear:h Iacilitlies Iacluding
T30

«niven National Laboratory (3WL).

agnnical 2raogress,.

azhnical Progress ia Y 194C,

A Tazors oa the diet 3nd living fsatiarn of zhe Rongelavese and Utirikese "as
ad. The computar siaulazisen 3f Fallcu:z is heing vaf 12!
azdizzoaal daca thac has Seen acguirad. Thyraoid zlands it
3nz.l2se aave “een analvzed for Te=99 and I-119. Apor
a=plas have been analyzed for -291 and scher dosizecricall:
r2lizinary dose assessz=ent Zor the March 19353 axdosad ;ou;la: on 1as Seen
m=ed YSv two iadependant =eathods (soil analysis and radiochemical znalvsis 37
rasidents 35 onzelap Island, Rongelap Aroll. addisiocnallv, 3 ra2nor:

seen zsmpletad an the dose z2quivalent following rehadizacion of Rengelap aad

taly 50 niscoric soil
+ imporzant fucllides.
4
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nhas ad

C1iTik izalls after the March 1934 avacuation. This work iavolved deter=inazion of
30s¢c Tarura 1uvraid and ot-er organ ifosa aguivalanecs Zor fadividuals znd zooul:ziion
ZTouss tased 9 misgoris 2ad zont2mperary wnole tedr 2suncing and urize Sisassav
T2sLlzs.
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2C. Decall Attachments. cont.

z. Technical 2rogress cont.

Zxpected 2rogress ian TV 1981,

Additional samples of s30il, f90d and ash will bSe analvzed %a2r I-123., 3Sr=-3C
and Pu=239, 240 analysis of zeeth sanples, especially that Izm a2xposed
tadividuals, will be done. 3Jaza Zerived Irom the "3ikini Ash” studies will 2e
Zactored {naco the rafinemeat 2f rhe dose 2sctimats., DJiet and liviag paczzern szudies
will bSe updated.

Zxpected Progress in TY 1932,

}o ]

Taczors such as solubility of icdine isotopes ia fallsu:t, the possidle zon-
tribution Irca neutroa induced aczivity, the {apacz 3 thvroid seexers other than
lodine isotopes on dose, aad zoniidence lavels Zor values oI derived quantities
such as airborne activily concentrations duriang fallouz will be Investigated. DOJlet
3ad iiving pactarn studies will Se updacted.

-ty

Expectad Progress in T¥ 1983.

Diat and living sattern studies and Zosa reassessment 7ill contiaue until
soupletad for all areas >f {atarest in the Marshalls.

FL future Accouplishments.

The techniques and expertise developed in the course of this study could e
1sad to reassess doses o populatisns i1 other areas subjezzad to exposure Iron
fallout or 2ven thecse resul:ing from occupational situations ia the past. Addi-
cionally, this study will provide a betzer 2stimate of the :rue value for thv-
=3id nodule incidence pger unit rad =2nabling technically sound risx faccors o e
assoclatad with loaiziag radiation exposura.

Q. Reiationship to Other ?Toieczs.

1. This study will help aszablish external and iatarnal dose estizates from
ize of the incident %2 the presentc, and will complemenc che aerial survey 3o

the = T
axzaraal radifaction 1easuraments, sver :nese islands, which has teen complatad.
Togecner they should presenc a rTeliadle piczure of doses rTecaived Sy the

copulicions and also aenable dose astizatas %o de aroiectad iats zhe futura.

2. Thisg study will be in zlose conjunctcion with the 3NL Marshall Islands
Radiological 3afac¥ Progran (34-31-31-32). <Contilauved zollaboraziza with the
Taiversizy of Wasniagton, Laborazsry of Radlation Igology, and the 3azzelle Pacific
Northwest Laboratory will Se maintained in the area of sample 2nalysis aad daca
Lazarpraczacion.



T 3LSCIT ANC FE30RTING C2CF SATE PRE3ARED
- . - . . e e A ae an

Zose “eissassment IorT Tongalip REC It DD J3 731038

and Ttiriz

IONTRAZTZA Name 2Z2 MR N MBER . TASK NC REV. NG
45502703 Averunes, iac. Nt 2

29, Janail Azzachments.  zzac.

s07% 2oane under znis task proposal has 2ither o envi
siailar zo thesa Zescribed fa and coverai Ty 2WL's
(Z3DA 1340).



Y
stor
i

H

X



Marshall I[slands Radiological Safetv Program
and Roagelap/Jtirik Dose Reassessment Project
- A Historical Synopsis
Preface

From the mid.1940's to 1958, the United States conducted its' high-vield
nuclear weapons tests at 3ikini and Enewetak Atolls in the tropical ?acific.
These remote groups of small islands lie about 2,300 miles southwest of
Hawaii, and are part of the 'larshall Islands District of Micronesia. At that
tine, most of !Micronesia was the political ward of the United States which
actad as trustee under a United Nations mandate establishing the Trust Ter-
ritory of the Pacific Islands (Micronesia) after World War II. Currently,
this region, known as the YMarshall Islands, intends to entgr into a Compact of
frz2 Association with the United States.

The largest of the nuclear tests was the "BRAVO" event which took place
at 3ikini Atoll on March 1, 1954. Radiocactive fallout from this detonation
was carried eastward by prevailing winds, and resulted ia radiation exposures
to Marshallese people living at Rongelap and Utirik Atolls a few hundred miles
away. The exposed population of these atolls plus a comparison population are
frequently examined by Brookhaven Nationmal Laboratory Medical personnel to de-
tect and care for long-term health effects due to their exposure to radiation

rom the weapons testing program.

In addition to the high-level radiation exposures to the Rongelap and
Utirik people, the nuclear tests also left a legacy of environmental radio-
activity which, because of its lower level, is not expected to cause adverse
health effects. However, residual radiocactivity in the environment will
contribute radiation exposures above natural background levels to people

living in these areas.



In 1968, President Johanson authorized the ratura of 3ikiai Atoll =0 i-s
orizinal inhabitants, most 7% whom were living on Xili Island abour 300 ailes
to zhe south of Bikini Atoll. A similar authorization was ziven for the EZa-
ewetak people who had been mnoved to Ujelang prior to th .esting at their home
atoll. Because of the residual radiocactivity at 3ikini and Znewetak, en-
viroanental monitoriag programs were established to assure the people that the
low-level radiation exposuras (which residents would resceive from liviag in
these places) remain within acceptable limits. The dose-equivalent limits are
those recommended by the International Commission on Radiological Protection
(ICR2) for people not occupationally exposed to radiation.

The U.S. Department of Znergy had assumed the old Atomic Energy Con-
mis:ion's commitment to provide continuing followup for the medical aad en-
vironmental problems caused by the Pacific testing programs. 3egianing in
Yarch 1954 to the present, the Brookhaven medical team has provided medical
care and radiatiocn protection guidance to the exposed population. They
studied internal radiocactivity levels through radiochemical analysis of urine
and blood and through whole-body counting. Since the logistical support for
3rockhaven medical team visits to Rongelap and Utirik had been established, it
seemed reasonable to have the environmental and radiological safeﬁy assess—
ments done by the Safety and Environmental Protection Division of Brookhaven
Vational Laboratory as well.

The Safety and Environmental Protection Division undertook environ-—
mental measurements for radioactivity as early as 1974. In 1978, whole-body
counting and radiochemical analysis of biological samples were transferred

from the Medical Department to this division. At present, the program



iavolves up to 3 field trips a vear to the Northern !larshalls. “easuraments
ars made of externmal and in vivo radiation levels. Samples are collected for
laboratory analysis at Brookhaven National Laboratory to assess the radioac-
tive content in soil, food products and humans. A major component of the
fi=ld work involves having representative individuals monitored for radio-
activity content in their bodies. The following is a brief description of the
Safety and Environmental Protection Division's programs in the “Marshall
Isiands starting from 1974 and covering current activities.
FY 1974

Negotiétions between the Division of Operational Safety of the old
Atomic Energy Commission (AECDOS) and the old Health Physics and Safety‘Divi-
sicn of Brookhaven National Laboratory (BNLHPS) resulted in a proposal submis-
sion to begin the Marshall Islands Radiological Safety Zrogram (MIRSP). Law-
rence Livermore Laboratory (LLL) had and still has a parallel program, Mar-
shall Islands Radioecology, which concentrates on Enewetak and Bikini Atolls.

An orientation field trip was arranged for Greenhouse and Ash of BNLHPS.
They accompanied the BNL Medical Department's spring medical survey to Utirik,
Rongelap and Bikini, in April 1974. Nelson, of the University of Washington's
Laboratory of Radiation Ecology (UWLRE) also participated in this fileld trip.
Plans were made to collaborate with UWLRE in the future. This fleld trip
included physical examinations, in-vivo whole-body cdunting and urine bioassay
sampling of all three atoll populations by the BNL medical team. Fxternal
radiation measurements and sampling of groundwater, soil, plants, fish and

coconut crabs were performed by Greenhouse and Nelson.



The Marshall Islands Radiological Safety Program was formally initiated.
funding levels were 5125,000 for operating and $20,000 for capital equioment.
Staffing levels were 1.5 man years scientific and professional and 1.0 nan
yeir technical support. Greenhouse directed the program. Arrangements wera
made to upgrade the BNLHPS analytical lab with the additions of a computer
basad multi-channel analyzer and 3 high efficiency GeLi detector.

Greenhouse and Nelson, ia a joint UWLRE/BNLIPS field trip to the
Northern Yarshalls in December 19734, collected environmental samples and made
extarnal radiation measurements at Rongelap, Utirik, Rongerik and Bikini Atol-
ls. Greenhouse, Williams, and Kuehner of BNLHPS, Reilly of the State of Pen-
nsvlvania, Davis of Pacific Gas and Zlectric, and Nelson of UWLRE participated
in an April 1975 field trip to Bikini Atoll. They collected samples and de-
fined the external radiation enviromments of Bikini and Enue Islands. Limited
soll and vegetation sampling were done at Bikini and comparison envirounmental
sanples were collected at Wotho and Kwajalein Atolls. This field trip es-
tablished the groundwork for a major interagency survey of Bikini and Enue
Islands in June in which Greenhouse participated. This survey included soil,
groundwater and some vegetation sampling. It was performed jointly by LLL,
UWLRE, the Environmental Protection Agency, and BNLHPS. Thelr primary ob-
jective was selection of locations for the second increment of house con—
struction on Bikini and Enue Islands by the Department of the Interior.

FY 1976
Funding levels were $172,000 operating and $20,000 capital equipment.

Staffing levels were 2.0 man years scientific and professional and 1.0 man



vears technical support. Major equipment purchases included 4 Lawrence
Livermore Laboratory Portable Gamma Spectrometer and two Reuter Stokes En-
vironmental adiation Monitors. Naidu (BNLHPS) joined Greenhouse to form the
program’'s principle staff.

Yielson and Greenhousa collaborated on a field trip to Majuro, Ponape,
Truk, Guam, and Palau, as part of the UWLRE Pacific Basin Study. Greenhouse,
Naidu, and Kuehner of 3NLHPS, Haughev of Rutgers University, Terpilak of the
Department of Health, Education and Welfare, Buraau of Radiological tealth
and Xastens of University of New York at Stony Brook, Marine Science Center
participated in a ﬁarch—April field trip to Bikini Atoll. Their primary ob-
jectives were beta and gamma dose rate measurements on Bikini Island and a
general radioLogical survey of Nam Island in the northwestern sector of the
atoll. This survey included limited soil and vegetation sampling. A joint
BNLIPS and UWLRE survey with the BNL Medical Department was undertaken in
September. The BNLHPS objective was to perform an envirommental radiation
survey at Wotje, Ailuk, Utirik, Rongelap and Bikini Atolls. Special efforts
focussed on several northern islands at Rongelap.

PUBLICATION: Marshall Islands Radiological Followup, N. A. Greenhouse

and T. F. McCraw, BNL #20767.

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

house, Presented at the ¥inth Midyear Topical Symposium, Operational Health
Physics, Denver, Colorado, February 1976.
FY 1977
Funding levels were $207,000 for operating and $80,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional



and 1.25 man vears tachnizal. An addizional N.25 man rears far zachnisal sup-
Dort vas ontained from the new Safetv and Zaviroomental Procection Division
{3NL3ZP formerly BNLHPS). Milcenberger (BNLSEP) reolaced Naidu and joined
Greenhouse as principle staff. A request from the Znergy Research and De-
velopment Administracion, Division of Safety, Standards and Compliance
(ERDADSSC formerly AECDOS) to add air sampliag equipment to the radislogical
surveillance program at Bikini was raceived. Z=RDADSSC also requested ia vivo
councing of the Bikini and Znewetak people. Major equipment purchases ina-

cluded four wind-powered elactrical zenerators, three aultichaannel analvzers

and :wo sodium iodide (Nal) detectors.

During a September 1976 BNL medical survey to Rongelap, Knudsen, a Medi-

cal Nepartne-~r physician, was requested by the residents of Rongelap to have
Naidu of 3NLSEP stay on Rongelap Island and instruct the people in radiation
sciences. Naidu was funded bv the Znergy Research and Development Administra-
tioa's Division of Biomedicine and Environmental Research (ERDADBER) and spent
six weeks during January and February 1977 educating the Rongelap people on
matters pertainiag to the effects of :adiatién on mane.

During April and May of 1977, BNLSEP's Greenhouse, Miltenberger and
Levine went to Utirik, Rongelap and Bikini to do site planning for wiad-
powered electrical generators and air sampling stations. Together with a con-
ventionally powered comparison air sampling station, which they iastalled at
Ywajalein Island, Kwajalein Atoll, these stations initiated the long-term sam-
pling program for air activity coacentrations of plutonium. Fossil-fueled
zenerators were judged incapable of supplying continuous year round power oa

outar atolls. Wind-powered generators were thought to be capable of supplying

AT



nower for a 12 nonth period without needing repairs. 1Ia addition, wiad-
powarad a2lectrical generators were virtuallv noiseless compared to gzasoline
powered elaectrical generators. They offered the possibility of collectiagz a
larze volume air sample without disruption >f gquiescent village living pat-
teras on outear atolls. A plutonium excretion studv was also undertaken by
collezting pooled large-volume urine samples from three to five families at
edch atoll except Xwajalein.

Zarly ia 1977, the question of the past dose aquivalent to the Marshal-
lese who have lived on Rongelap and Utirik, had become an important scientific
and nealth ralated question with considerable political overtones. Bond,
Borg, Conard, Cronkite, Greenhouse, Naidu and ‘“einhold, all members of 3NL,
and Sondhaus of the University of California, College of !ledicine (UCCM)
initiated technical evaluation of the issue.

FY 1978
MIRSP funding levels were $207,000 for operating and $10,000 for capital

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

o

«3 man years technical support. Greenhouse and 'liltenberger made up the pro-

t

0Q

ran's principle staff, Cua and Knight joined the program staff part time.
“lajor equipment purchases consisted of peripheral alpha spectroscopy equipment
for plutonium anatyses of environmental and biological samples. As a result
of earlier discussions by Bond, Meinhold, Naidu and others of BNL, a proposal
for Rongelap and Utirik Dose Reassessment (RUDR) had been forwarded to the De-
partment of Energy's Division of Biological and Znviroamental Research
(DOEDBER formerly ERDADBER) and the program was funded with an operational

budygar of 377,000, Staffing levels were 0.5 man vears scientific and profes-

sional, Naidu and Greenhouse were the RUDR program's primary staff.



Ia October 1977, three wind~powered electrical zenerators and long tern
air sampling stations were ianstalled at Utirik, Rongelap and Bikini Islands by
nembers of BNLSEP and the owner/operator of Znertech Corporation, the seller
of the wind-powered systems. A second comparison station was I.stalled at
Roi-Namur Island, Kwajalein Atoll. 1In addition, large volume urine samples
were collected under controlled conditions from five to seven Marshallese mal-
es at Utirik, Rongelap and Bikini. All of this work was performed by Green-
housea, Levine, Dillingham, DeAngelis and Cua of BNLSEP and by Sherwin of Ea-
ertech Corporation. Also in October 1977 Miltenberger of BNLSEP and Cohn,
Rothman and Clareus of BNL medical atteméted to whole-body count the Marshal-
lese population residing at Japtan Island, Enewetak Atoll. Due to an un-
certain political and social atmosphere, it was decided by the new Department
of Znergy's Division of Safety, Standards and Compliance (DOEDSSC formerly
ERDADSSC) that BNL refrain from involvement with the Marshallese on Japtan Is-
land. At that time, the focus of the field work was switched to counting 35
Holmes and Narver employees who were residents of Enewetak Island.

In January 1978 Balsamo and Sherwin returned to Bikini, Rongelap and
Utirik to complete wind-powered electrical generator installation and repair.
In April 1978 Miltenberger, Lessard and Naidu of BNLSZIP participated in a
joint field trip with BNL Medical on Rongelap, Utirik and Bikini Atolls. At
Utirik, the BNLSEP team collected urine, soil, vegetation and fish samples for
radiochemical analysis. They also collected 5 day high-volume air samples and
Anderson cascade impactor air samples. The wind-powered electrical generator
at Utirik was not working and could not be repaired. Naidu remained behind on

Utirik for several weeks to teach the biological effects of radiation, a nro-



gram similar to the one given on Rongelap in 1977. Lessard and Miltenberzer
proceeded t0 Rongelap to collect additional urine and envirommental samples
and conducted an external exposure study at the northern islands of Rongelap
Atoll. The wind-powered electric zenerator had malfunctioned here too. An
attempt to repair the wind-powered generator also was made, however, no long
tern successful operation of the system could be achieved. 'Greenhouse and
Xuehner of BNLSEP joined the field team at 3ikini. O©Of the 143 persons re-
sidiag on Bilkini, 99 were whole-body counted. Additionally, urine samples and
environmental soil, air and vegetation samples were collected. Samples of
locally prepared indigenous food items such as jekaro (coconut sap), jekami
(coconut syrup) and powdered taro flour (a starchy tuber based flour) were ob-.
tained. The wind-powered generator on Bikini was not working nor could it be
repaired. The Bikinians were made aware of the fact that their prior body
burdens had increased to new levels and many of them knew they exceeded the
intarnationally accepted annual guidelines for dose—-equivalent commitment.

In June 1978, the RUDR program contracted the meteorological group at
LLL, headed up Gudiksen, to provide a computer simulation of the dispersion,
transport and deposition of fallout from the 1954 atmospheric nuclear test,
BRAVO. Also, a contract to provide neutron activation analyses of environ-
mental samples for I-127 and 1-129 resulting from the deposition of fallout on
Rongelap and Utirik Atolls was given to the Radiological Sciences Department,
Battelle-Pacific Northwest Laboratory (BPNL) under the guidance of Brauer and
Ballou. Historic soil samples from Rongelap and Utirik Atolls were provided
by Seymour, the director of UWLRE. In August, Sondhaus of UCCM was asked to

collaborate on the dose reassessment project (RUDR).



In September 1973, Naidu, Craighead and Greenhouse of BNLSEP began a
diaz and living pattern study of Rongelap, Utirik, Likiep and Ailuk Atolls.
Inizial observations had been performed hy Naidu during prior visits (Rongelap
6 weeks, January-Februarv 1977 and Utirik 2 weeks, April 1978) and bv Xnight
duriag FY 78. Basic data was gathered on age distribution, family size,
seasonal variations of locally zrown food, food from other islands, individual
diat patterns and iadividual daily activity patterns. Greenhouse also per-
forned zround level exposure rate measurements and surface soil sampling.

This work was performed in support of the Northern Marshall Islands Radiologi-
cal 3urvey and expenses totalling $37,000 were reimbursed through Robison of
LL and Liverman of DOE.

PUBLICATIONS: External Radiation Survey and Dose Predictions for

Rongelap, Utirik, Rongerik, Ailuk and Wotje Atolls, N. A. Greenhouse and R. P.

Miltenberger, BNL #50797, December 1977.

Radiological Analyses of Marshall Islands Environmental

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

#50796, December 1977.
FY_1979
MIRSP was funded with $281,000 operating and 325,000 capital. RUDR was

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

scientific and professional and 1.6 man years technical support. Lessard, a
prior collaborator on MIRSP joined with Greenhouse, Miltenberger and Naidu as
principle staff for MIRSP and RUDR. Major equipment purchases included a
portable Davidson multi-channel analyzer and tower extentions for the wind-

powered electrical generators.
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Twelve two week Marshallese comparison urine samples were collected ina
Jctober 1973 by Shoniber, Department of Health Service . Trust Territorv of
rhe 2acific Islands and forwarded to BNL Zor analvses. TZach sample was to
have bean analvzed for Sr-90, Cs—-137, Pu=-239 and Pu-240 from world-wide fall-
aut and for natural X-40. The results were to be u:sed to establish the baée-
line excretion rates for these radionuclides so that a reference against which
urize samples from the atolls contaminated with troposheric fallout could be
compared.

Juring November 1978, Marshall Island's whole-body counting, environ-
mental, demographic, physiologic and biocassay data bases were initiated by
ilcanberger. Preliminary diet and living pattern reports were submitted to
Robison (LLL) by Naidu. Under the RUDR program, 62 teetr samples from Bikini,
Rongelap and Utirik were collected by 3NL Medical for future analvses of
Sr-90, Pu=-239 and Pu-240. Naidu invited The Institute of Physical and Chemi-
cal Research of Japan to contribute some Bikini ash to RUDR research.

During January and February 1979, Lessard constructed appropriate dosi-
metric models and determined retrospective and prospective dose equivalents to
various body organs for all former Bikini residents. This work also compared
urine bioassay derived body burdens to whole-body counting measured body bur-
dens for Cs-137.

In January, a whole body counting field trip to Majuro to examine the
former Bikini Island residents was undertaken by Miltenberger, Greenhouse and
Craighead. They whole~body counted 101 persons and collected 49 urine sam~
ples, 64 whole-body counts were from the relocated former 3ikini residents.

Miltenberger and Greenhouse continued to cross the Trust Territory to finish

11



the Pacific Basia Studv, a collaborative effort with Nelson of UWLRE whizh had
commenced in 1975. During Mav, another fileld trip to 'fajuro and Xili was com—
pleced by 'Miltenberger and Lessard. They whola-body counted 129 persons, 79
nf which had been relocated from Bikini Island in August of 1978. The whole-
bods counts on Yarshallese persons other than the former 3ikinians provided
baseline body burden and urine radionuclide excretion rate data for comparison
DUrDOSES.

During August and September 1979, Miltenberger, Lessard, 3alsamo, Hunt
and Jillingham of BNLSEP, Sherwin of Enertech Corporation, and Rademacher of
St. Marv's College, participated in a field trip. They re-established the air
sampling programs at Kwajalein, Rongelap and Utirik, continued the routine en-—
viraamental monitoring program at Rongelap and Utirik and continued the whole-
body counting programs formerly performed by BNL medical. At Utirik and
Rongelap, Brown of DOE Pacific Area Support Office (PASO) restated a former
BNL promise. He said that the electric generating windmill apparatus would be
given to the people in working order following collection of air sampling data
for one year. During this trip, 150 whole~body counts and 146 urine samples
had been collected. In addition, the windmills were left generating elec-
tricity. Coconut, pandanus and breadfruit had been obtained from traditional

seleztion sites. Brown of DOEPASQO, Otterman of US Oceanography, and

iltenberger and Lessard of BNLSEP prepared sketches and plans for a new
whole~body counting trailer. The new design incorporated two chair type coun-
tars. Their design maximized the use of available equipment and space,
mininized the discomfort of the Marshallese and eliminated many of the pre-

vious trailer design deficiencies.

12



3y August 1979,‘members of the RUDR program completed a drafs of the
diet and living pattern studv. Also, results of the soil analyses for I1-129
on samples collected during the 1950's indicated samples from recent times
could be analyzed. 1In addition, soil samples from Likiep wers submitted for
analvses. Efforts were initiated to procure excised thyraid glands taken from
the Marshallese who were resident on Roagelap and Utirik. These sanples were
to be analyzed for Tc-99 and 1-129. The computar simulation of fallout data
was enxpected to be completed by September. McInroy of Los Alamos Scientific
Laboratory had begun analyses of “arshallese teeth samples for Pu, U, Th and
Sr radionuclides.

A September 1979 visit to Rongelap and Utirik was performed by US Ocean-
ograpny. They reported the wind-powered electrical generators were not wWork-
ing and according to the run time indicators, they had failed shortly after
their repair in August. It was becoming apparent that to keep the wind-
powerad generators operational, routine maintenance by a trained individual
equipped with spare parts and proper tools was required.

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

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

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

N. A. Greenhouse, Presented at the Chemical Physics Section, Health and Safety
Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, Janu-
ary 1979.

The Anatomy, Physiology, and Radiobiology of The

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

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

funding levels were $351,000 operatiag and 350,000 capital equipment for
MIRS?. An operating budget of $50,000 was provided for RUDR. Staffing lavels
were 3.8 man years scientific and professional and 2.2 man years tachnical
support. Major equipment purchased was a computer based multi-channel pulse
height analyzer to replace and upgrade the existing BNLSEP analytical labora-
torv equipment. By September 1980, Greenhouse, Cua and Xnight had left the
progran and Miltenberger, Naidu and Lessard performed as primary statf with
Lessard as program director.

During October 1979, Miltenberger and Lessard finalized plans for the
new whole-body counting trailer with Dillingham, Otterman and Brown. ZThair
construction began at BNL. Cnertech was ianformed in October of the failure of
the wind-generators supplied and repaired by them. During the next few
months, the whole-body counting chairs were built, disassembled, packed and
forsarded to Kwajalein along with the new trailer. Naidu and Greenhouse, of
BNLSZP and Pratt of BNL Medical prepared an educational program on the effects
of fallout from nuclear tests for the inhabitants of Bikini, Enewetak,
Ronzelap and Utirik Atolls. This effort documented the original training pre-
sented to the Rongelapese and Utirikese by Naidu during 1977 and 1978.

In February 1980, a personnel monitoring field trip was undertaken to
Japtan and Enewetak Islands, Enewetak Atoll and Ujelang Island, Ujelang Atoll
to obtain baseline body-burden data on the Enewetak population prior to the
repatriation of Enewetak Atoll in April 1980. Miltenberger, Levine and Greea-
house of BNLSEP and Manalastas, a Phillipine national and a fellow of the

International Atomic Znergy Agency performed whole-body counting and collected



urine samples from persons 5 vears of age and older. At Ujelang, non-
parcticipants of the whole-body counting program were invited to provide urine
samplas. Approximately 400 urine samples were collected and are curently
being spectrometrically analyzed for gamma emitters and radiochemically an-
al-zed for Sr-90. Addi-ionally, participants provided phvsical and demo-
zraonic data.

As previously mentioned, whole-body counting was conducted with two
indzpendent chair counzing systems in which a sodium iodide detector was posi-
tioned in front of a sitting person. This geometry allowed safe entry and
egress with comparable sensitivity relative to the bed geometry used in prior
field trips. Approximately 400 spectra wera obtained in this way and analyzed
for Cs=137 and X-40 using calibration standards which best matched the sex,
height and wefght of the individual. Additional analyvses were performed o
determine frequency distribution statistics for various age and sex groupings
of the data. Quality assurance was obtained by duplicate whole~body counts
and repetitive point-source standard counts.

During January and February 1980, Lessard undertook retrospective as—
sessment of chronic external and internal dose equivalents to the residents of
Rongelap and Utirik. The dose interval assessed was after they returned home
following the BRAVO test and evacuation and prior to January 1, 1980. Les-
sard, Miltenberger and Greenhouse also completed the Sr~90 and Cs-137 dose
equivalent-commitment estimates for former residents of Bikini Atoll. Ad-
ditionally they determined dietary radioactivity intake for Cs-137 in the
Bikini population and compiled whole-body counting results for the years 1974
to 1979. These Bikini related works were prepared as 3 primary scientific

publications.
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In January 1980, Naidu, Greenhouse, Craighead and Yaight summarized
infornacion on diet and living patterns for the larshailese. The data was de-
rived from literature, from personnel observations through living with the
“larshallese for periods extending from months to vears, from answers to
questionnaires and from direct participation in their activities. It was re-
cognized at that time that the study needed to be extended ia order to ident-
iiv trends in local food consumption and living patterns.

During March 1980, at the request of McCraw of the Department of Ia-
ergv's Division of Health and Znvironmental Research, Lessard and “tiltenberger
identified individual Bikinians who exceeded the recommended 500 mRem per year
limit to the whole body and red bone marrow. Thev also explained the dis-
continuit? which appeared in the Sr-90 estimated body burden between residence
and post residence periods for B3ikini adult females and Bikinl youths. Ad-
ditionally, they evaluated LLL's calculations relating body burden, dose
equivalent and activity ingestion rate.

In March, Public Law 96-205 was enacted which authorized the Secretary
of the Interior to provide for certain people medical care and treatment and
environmental research and monitoring for any injury, illness or condition
which may be the result directly or indirectly of the Pacific Nuclear Weapon

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

associated with the development and implementation of the program. Later that
vear, at the request of Robison of LLL, Lessard and Greenhouse ralated to him
an outline of MIRSP and RUDR program history and costs. Roblson would draw
upon this information in order to set forth a general plan for the periodic

comprehensive survey and analyses of the radiological status of the atolls,
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the development of an updated radiation dose assessment and an estimate of the
risks associated with the predicted human exposure.

In April, Greenhouse began to summarize external exposure rate data for
the Yicronesian islands outside of the Northern Marshalls. Much of this dacta
was collected in collaboration with Nelson of UWLRE duriag 1975 and 1976,

During the summer months Xaplan, an undergraduate student from Yale Uni-
versity, and Lessard performed :he‘initial analysis relating I-129 activity in
soil to acute thyroid dose equivalents in persons on Roagelap and Utirik Atol-
ls in March 1954. The analysis accounted for I-129 atom distribution with
depth of soil and the kinetic relationships between the iodine isotopes, time
post detonation and fission neutron energy. The dosimetry accounted for dif-
ferences Iin uptake, excretion and cetention of iodine as a function of age of
the individual. Preliminary estimates of thyroid dose from the March 1, 1954
exposure were determined for Rongelap and Utirik residents.

.

During July and August 1980, whole~body counts and urine samples were
obtained at Majuro Atoll and Kili Island by Greenhouse, Moorthy, Watts and
Rivera of BNLSEP. Former 3ikini Island residents and a comparison population
contributed approximately 200 spectré é;& ioE uriﬁé';aﬁples. Fifty percent of

: B T -
the April 1978 population at Bikini were recounted. %;nsecutive measurements
of a Bikini residents body burden post departure allowed for computation of
individual long-term biological removal rate constants. This data was re-
viewed and written up by Miltenberger, Lessard and Greenhouseband submitted to
a scientific journal.

In September, a meeting of RUDR was held between Bond, Borg, Conard,

Cronkite, Hull, Lessard, Meinhold, Miltenberger and Naidu of BNL, and Sondhaus
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of UCCM. The meeting centered on dose reassessment ind was conducted ia two
parts iimed at reviewling past accomplishments and assigning future tasks. A
review of the circumstances that led rto the studv was presented by Naidu who
also discussed the status of the Sr and Pu in teeth samples. Lessard pre-
sented a draft of the chronic phase dose-ecuivalent estimates for Rongelap and
Utirik residents and reviewed the acute phase dosimetric methods and dose-
equivalent astimates based on the I-129 s0il analysis. The second stage of
the neeting led to detailed discussions on the chronic and acute dosinmetry.
Tae outcome was to define specific tasks in order to further substantiate the
dose estimates to the thyroid.

During September, as part of the ongoing quality assurance program for
MIRS?, an interlaboratory analysis for 5r-90 in urine samples from the Mar-
shall Islands was initiated.

PUBLICATIONS:

Dosimetric Results for the Bikini Population, N.A. Greenhouse, R.P.

Miltenberger and E.T. Lessard, Health Physics, Vol 38, pp. 846-851, iay 1980.

Marshall Islands: A Study of Diet and Living Patterns, J. Naidu, N.A.

Greenhouse, J. Knight, BNL#51313, July 1980.

Dietary Radioactivity Intake from Bioassay Data: A Model Applied to

Cs-137 Intake Bz,Bikiniiigéaag;zesiggnts, E.T. Lessard, R.P. Miltenberger,

and N.A. Greenhouse, Health Physics Vol. 39, pp.177-183, August 1980.

Whole Body Counting Results from 1974 to 1979 for Bikini Island Re-

sidents, R.P. Miltenberger, N.A. Greenhouse and E.T. Lessard, Health Physics,

Vol. 39, pp. 395-407,. August 1980.
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Co-50 and Cs=-137 Long Term Biological Removal Rate Constants for the

Marzhallese Population, R.P. Miltenberger, E.7T. Lessard and N.A. Greenhouse,

Heal=1 Physics (In press).
PRESENTATIONS:

Rate Constants for Biological Elimination of Strontium and Cesium in the

Marshallese Population, E.T. Lessard. Presented at the Twenty-Fifth Annual

Bioassay Conference, Las Vegas, Nevada, October 31-November 2, 1979.

3advy Burden Measurements as Determined from whole-B8ody Counting and

Urine Biocassay, E.T. Lessard, Presented at the Twenty-Fifth Annual Bioassay

Conference, Las Vegas, Nevada, October 31-November 2, 1979.

Dosimetry Methods and Results for the Former Residents of Bikini Atoll,

N.A. Greenhouse, Presented at the IRPA Congress, Manilla, Phillipines,

November 53-9, 1979,

An Educational Program on the Effects of Fallout from Nuclear Tests for

the Inhabitants of Bikini, Enewetak, Rongelap and Utirik (Marshall Islands),

J. Naidu, Presented at the Thirteenth HMidyear Symposium of the Health Physics
Society, Honolulu, Hawaii, December 10-13, 1979.

Dose Assessment for Rongelap and Utirik Residents 1954 to Present, E.T.

Lessard, Presentad at the Twenty Fifth Annual Meeting of the Health Physics
Society, Seattle, Washington, July 21-25, 1980.

FY 1981 (Progress to Date)

Funding levels were $415,000 operating and $5,000 capital equipment for
MIRSP. In November, $30,000 operating were withheld by DOE, thus reducing the
MIRS? operating dollars to $385,000. An operating budget of $53,000 was

directed to RUDR. Lessard, Miltenberger and Naidu form the primary staff.
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During October Lessard complerad the reconstruction of chronic dose
2quivalents for Roagelap and Utirik residents for the tine interval 1954 to
1350. Retrospective and contemparary external =2xposura rate data, whole—-body
counting data, and radiochemical analysis of urine aad blood data were re-
viewed. Dosimetric models which best described the uptake regime were con-
structed for the nuclides of interest. Daily activity ingestlon rates,
whole=body dose~equivalent rates and dose-equivalant commitments to various
orzans were determined. Population dosimetry rasults and methods were written
up and’reported in a BNL publication. Individual dosizetric records are
maintained at the Laboratory.

At the request of McCraw (DOEDHER), Lessard and Miltenberger analyzed
former Bikini and Rongelap personnel monitoring data in order to estimate
Cs-137 body burdens for the population who may return to Enue Island, Bikini
Atoll. This projection iavolved a determination of activity transfer factors
calculated from Rongelap and Bikini whole-body counting data and from activity
concentration analyses of coconut tree products. These factors were
comparable for both atolls and dose-equivalent commitments were projected for
adulits.

Ia December, Naidu contacted Dr. Shinjl Okano of Japan regarding an-
alyses of thg "Bikini Ash of Daigo~Fukuryumara”. Lessard, Miltenberger and
Moorthy outlined a radiochemical separation/neutron fission radioassay tech-
nique to bYe used on urine collected from Marshallese exposed to tropospheric
weapons-test plutoanium. Sondhaus (UCCM) visited Lessard to discuss his work
related to acute phase dose reassessment for Rongelap and Jtirik residents.
Thiessen, the new Director of the Human Health and Assessments Division of the

Department of Energy was appraised of the RUDR program's activities. Also in
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December, Lessard, Naidu, Miltenberger, Baum and Olmer began preparations for
site review scheduled for’May 1981,

During October through ‘larch, Miltenberger, Lessard and Steimers of
BNL3EP summarized the data regarding human milk samples which had been ob-
tained from four lactating adult former Bikini females whose Cs-137 body
bgrien had been defined by whole-bpdy'counting. Also, coconut t¥ee sap and

auts were analyzed by gamma spethOSCOﬁi to determine the presence of Cs-137

- -..'lF

W ,
and X-40. Results were used to estima:e the Cs=137 boqy hurden

forned a heal:h;phx§i 
Liktanur II. ﬁiaiy‘r’si’
out of several hundred : -
Cs—L37, noted in all individuals{examined the year before, had declined during
this first year in residence on Enewetak Atoll. The survey of the x-ray
machine prévided an estimate of the operator and patient dose equivalent.‘
During January and February, McCraw (DOEDHER) requested a review and re-
sponse to questions posed by Johnson of the Micronesia Support committee re-
garding repatriation of Rongelap and Utirik Atolls. Additionally, McCraw re-

quested a reanalysis of dose equivalent due to ingestion of coconut crab from

the northern islands of Rongelap Atoll. Conard and Cronkite of BNL Medical
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ind Hull, Naidu, Miltenberger and Lessard of 3NLSEP prenared the formal re-
snonses.

A whole~body counting protocol by Miltenberger and radiochemical an-
alyses protocol by Olmer were prepared in March. A review of quality
assurance data for the Marshall Islands was also prepared by Miltenberger,
Naidu and Lessard. Brauer of BPNL and Naidu prepared radiochemical analysis
and analytical procedures for determination of I-129 in soil. Lessard
prapared 3 historical synopsis, a summary of MIRSP and RUDR highliéhts and a

collection of publications and protocols.
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PUBLICATIONS FY 81 to date: éﬁslg: i

Reconstruction of Chronic Dose Eguivalents for Rongelap and Uérpik

e%@use and R.P. m L %%*3 :

e P T e
v : .

r'Rong_elap and L‘tir‘!:k D@:ﬁ_s_,

nI“L V. Kaplan,

ReSLdents-IQS& to 1956 u.I. Lesa;rd»

BNL ’fsn’t‘ﬂ Octohgt 19%_-—.' A

E-Tl Lessard, J-Rl Naidu, RIPU Miltenb

BNL #28939, Draft.
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Balsamo, S Cohn, E. Craighead F Cua, N.A. Greenhouse, A. Hunt, S. Johnson,
A, Yuehner, E.T. Lessard, G. Levine, R.P. Miltenberger, A. Moorthy, J. Naidu,
N. Rivera, J. Steimers and K. Watts, BNL Report, Draft.

Cs-137 in Human Milk and Dose Equivalent Assessment, R.P.

Miltenbergzer, E.T. Lessard, J. Steimers, and N.A. Greenhouse, BNL Report,

Drafct.

22



Whole=Body Counting Ovperations Manual, R.?. Milrenbarger, 3NL Pryrs-

col, Drafe. ‘?" 1_:‘
Standard ﬁ§ =

e fbr'Air Sampling, F. Cua, B3NL Protocol, Draf:.

" "i“-ﬁ-.aq'

Protocol !ar Rggéozﬁbhical Analysis of Urine Teeth and Milh, Ediror:

B
g

L.Z. Olner, Contrihuto D.M., Henze and J.R. St&ﬁners, BNL Protbcol, Drafs,
v'r:-i~

An Evaluatieﬂ of - Physiological Parameters and Their Influence on Doses

i‘g'

Calculated from Twu AlEQpnntive D&!fﬂitric %odei: for the Gasgrointestinal

uSk"gﬁfe ”rocﬂedings of the Thir§$~nternaczonal

Tract, E.T

‘..:7

Radiation Level® ' aansik, E A. Greenhouse, and R.7. Mil:auﬁ!!ger, L3L
- \ v:*

Report, Draft.

nual Bioassay

5 ) e — e T R O O : 3 ;
An Evalu T ¥ ive Dosimetric

Models for the Gastrointestinal Tract, E.T. Lessard. Presented at the Third

International Radiopharmaceutical Josimetry Symposium, Oak Ridge, Tennessee,

October 6-10, 1980.
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Expected Yan Made Radionuclides to bSe
fncouncared i1 the VarsHa_* Islands

Source Nuclide Origin Source Nuclide Origin
Soil BH Unfused fuel  Animals 3H Unfused fuel
Soil 14C Activation Animals Ss?e Activation
Soil Sre Activation Animals ®Cco Activation
Soil 60Co Activation Animals 9OSr Fission
Soil f;;63Ni' Activation Animalsrm’ 13733 Fission
Soil i 90s; Fission . M:i:llls s 20731 ' '?_ Ny
Toil 102Rh A:Zivation fQAninals "

Soil' é?i%§§5. Tission %‘Anlmalsq
SaiIVéL‘TI&7Pm Tission ‘

Soil Sm Fission . o~ = F

Soil
Soil P
Soil - Y *Cs Fission
- + “‘: N I) =
Soil 2'_ . 20794 Activation
238 4 i, 239 P
Soil i zrdmfisswned; *Fish Pu I'mfissioned fuel
g, F . g
238 o .f.‘zﬁl e Fish ) "AOPu?. Unfissdoned fuel
Soil U % U&sloned z P
, 238 . - . B
Soil Pu Unfissioned -
fuel
239 N
Soil Pu Unfissioned fuel
2
Soil ”AOPu Unfissioned fuel
2
Soil 'alAm Unfissicned fuel
Plants 3H Unfused fuel
Plants 60Co Activation
Plants 905: Fission
Plants loth Activation
Plants 13.iCs Fission
Plants 239Pu Unfissioned fuel
240

Plants Pu Unfissioned fuel
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Movement of the Marshallese People

Following the Weapons Testing Programs

at Bikini and Enewetak Atoll
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External Radiation Measurements
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Collection of Demographic, Anthropometric
~and Physiologic Data and Selection of
Individuals for the Biocassay Programs



Whole~Body Counting in One of the
New Chair Geometry Systems. Two Independent
Systems are Used Throughout a Field Study



BNL REPORTS

i

Loy SwED



BNL REPORTS
Marshall Islands Radiological Followup
Radiological Analyses of Marshall Islands Envirommental Samples 1974-1974

Exrernal Radiation Survey and Dose Prediction for Rongelap, Utirik, Ailuk
and Wotje Atolls

External Exposure Measurements at Bikini Atoll

A Reconstruction of Chronic Dose Equivalents for Rongelap and Utirik
Residents - 1954 to 1980

Marshall Islands: A Study of Diet and Living Patterns
Thyroid Dose Assessment for Rongelap and Utirik Residents-Draft
Body Burdens and Dose Assessment for Bikini Island Residents-Draft

Review of Quality Assurance Data - Marshall Islands Radiological Safety
Program-Draft
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-
WARSHALL I5LANDS RADICLOGICAL MLLIWUP
N.A. Greenhouse iand T.T. Yclraw
deaiza Phyeics waq 3afacy Jivisica, 3rockhaven .laticnai L400racorv, Tocoa, gew Yorx L1372
and
Ci{visicn of Oceraciosnal iafecy, U.5, Inergy asaarch and Javelsoment idminiscracion, ~asaingosa, J.C. 12543

ADSECTICS

I Augusec, 13683, ?resicent Jonnson apnounced chat e Jeopla of 3ikial atoll wouid be aple 37 racura o
their homeiand. Theresrzar, 3wmilar aoproval vas Jiven Jor tne cazurm of the zecples of Ineweraxk. These
rTegions, valch comprised e ?3ciliic luclear Tescizg areas T L340 3 953, will provaoly >e Tesovu-

Lacacg orizinal ianaocitfancs and thelr Immiliss w1illz The IeXT vear. As >ar: of iIs coamcinuiag
Tass iasure ne cuolis neaizl and safacy L2 connecton vizd the auclear sTograms .3ger .S
socasorship, IRJA (fcrmerly AZC) aas concraczed 3rookhavea Jacicnal Laporacsry 2o escaplish radioiogical

jazacy aod eavironmencai I0NLCITIAZ JTograms Iof the resturning 3ikial and Inewetak Jeoolaes. These aro-
ITams are cascribed 1a tie following daver. Thev are designed zo jefine the excernal radiatioa eavirsne
Ienz, assess rtadtaticn joses <Towm lagarnal emuzters ia the auman food chaian, nake .ong range sradizsiong

3¢ zotal i0ses and i0se commicRencs T3 izdividuals and to aaca populacioa Toup, and 0 suggest acticus
wnnch willi jainize 20ses Tia the oore Jignisicant Jacoways.

tagroducsion

The J.5. juciesar tescizg programs o7 the (2403 and (950s 2aq sigaificane local eaviroomental impacts oz
zne zoral acolls of 3tkiar and Zzewecaxk 2 the Marshall Zslands. The high level close~in Zallouc nade
nese arolls uninnapicaole 9r =anmy ears. Tallout ITom che 3IRAVO event, wmich cook 3iaca it 3ikinl 2
L3314, v7as lzaavertently ievosited ca ine 1eardy actolls of longeiao, ougesix ama Jeizik. la 2il, some
LTTsen 1COLLS 13 the 10TTREr: Marshai.s vere drooaoly affacted I3 a jreatar JT lasser axtent >y Zalloug
23 zSese “uciear zests. DJf these, 1owever, :he cost significanc long term radiclogical ifavact was
n :2e cest acolla, 3ikiali and Igewecax, and oo cagelap Atoil.

-

la 1357, Rongelav was Teoccupiad dv LT3 original Llahabitcanss who tad >een evacuaced -wo days arfzer
2RAYC. Juring the 7ast several vears, defizizive 3lans have Jesn Zade =2 repacTiace che origizal izpasize
inzs of 3ikini ana Sxewetax Atolls, and cheir Zamilies. IZ i3 hoped that zheir return can :“ike Ylace soon.

18 order =3 idencisy radiological proolems from residual radiocactivisy ia the eaviroaoment, aand =0
srovide a daca dase or Jose dredictions applicaole zo the recturaing populace, IRDA ‘and {ts rredecessor,
ke AEC), has spousored zany radiological surveys in cthe Marshall Islands. Thesa surrevs 2egan suring
zast oDeracicas and lave deen cmductad periodically up co the present Zime. esults of che surveys cave
Seen cuclished in sumerocus zeports and scienctific ‘ourzais. Referencas ! chrough 12 are jublished -epores
3% AEC/IRDA supportad survevs > these acolls. Rerferencas L3 :nrough 19 are a portiom of the junlisied
Tesarss o work wigh ollected environmental sampias supportad by AEC/ZRDA,

Zvaluation of survey rtesults Sor 3ikiai Azoll, the consideracion of >redicced exposurss zompared with
iopiicapole radiacion standards, and the aciknowiedgemenc of the Zsay Senerizs to the peovie i ey could
ragurn, .ed 0 the jecision co clean o and rehanilicace chat acoll. The Jepar=menc of Dersnse, Jepartt-
zent 3f the lacarior 201, and AZC (now ZROA) pargicipaced .2 a oint acflort of cleanm 4o and rehaoilica-
sica 3% 3ikiai Acoll scarziang in Teoruary, .969. Clean up was coumplecea {a ke Zail 3£ zhat vear. Agri-
suizaral Tenabilicacion and housing comscruccion is being conductea 5y J0I.

The decision =0 Tetura she tnewetakese 20 cheir atoll led t5 1 comprehensive sufvey conducted at
Iaewetak in 1972-1972.(-0) cegionai survey olanned Zor 19786 will provide jaseline radtological laca
ior Zucture d0se assessments ~hrougnout 1ear'y all of the zorcthern Marsnall [siaacs wnich sy have Deen
afiacted by the cesting srogram. Zavironmencal evaluaciouns ac Rwageiap aad Utirik Atolls have Seen under-
zaken jeriodicaily iz associacion with ZRDA's medical evaluacicns program :there over zle pasc 0
7.:::.“30'“2)

Trom all of these earlier surveys, iz bacame apparent zhat periodic eavironmencal doaitoring and dose
assessments must Se nade Zor 3ikini, Isewerak, Rcangelap and perhaps ocher acolls ia che 1orthern Marshalls
=5 caigctain 3 curTent Tadiclogical Zaca dase and to jrovide currene f{aformacica on iadividual and sopu-
Laczon Jjoses. This Zollcwup mowizoriag is Jeing serformed 3y 3rookhaven Vacional Laboracery at tae

raguest of =nhe Sivision of Operacionai 3afety, U.3. Zaergy lesearch and Jeveicpment idminiscTacion.

*Researca carried cuc at 3rcoxhaven acicnal Liboratory uader zhe ausopices of the U. 3. Icergy 1¢af
earza and Jeveloomenc Aaminiscracion. 3V accepcanca of :this article, =he juolisher and/or recipienc
acknovieages :he J.3. Gavarmmenc's Tignt 20 Tataia i lomexciusive, TOValty-(Tee ilicsnse in aaa cO aoy
iooyTright coveriag "3is Daper. -



adiological Conceras

The orizary radiological proolems are e Tesult of residual fission ind activaciom proeduccs ia tna
sarrestTial snvirorment. They 1ave deen ldentiliad dv Jravious anvironmeancal survevs as Sollows: 1) ZIxe
teraal ciciagion leveis significanclv aigher Sn jome i3lanas i an acoll zcmoared o Lavels on lignrgly
isarimimacea tsiands. o) Tlasion and acIivation Ircauct £aqloactiviiT L1 I8rtiia terTEsSCTiai food Lrams
10w ITSwiag 9a Lslands of these acolls and tne@ dossioility thac dnaccencaoie levels af znese radionuclides
2av iccear .2 sods, plants and anidnaL3 tewiv LacToduced Lacd chese agdils, 3D Ragicactivizy ia zie
Zround wacar, 1 cossidle source o irinkiag vacer ana wacer Ior Lrrigzacion. ) 2luconium and americium
Liotcoes .1 tne syurface 301l. These Iactors are llluscTaced by daca 1a Taoles L tarougn 4 taken Zrom
Irevicds Tadiolcgirial jurvey renporss.

Tabie .. Jamma agiaczcn laces .a 3ikial acoil

=R/ R
Ixposure race
T3land linga M3197 2ontribucaTs
3ikia ,old=, .22 03
Weathered areas .J10-.030
Zlose o0 3nore .J20=-.040
i3land cencer .050-.080
ioc spocs .380=-, 120+ 137
Zneu ,302-,010 t“ MR
Nam .C10-.330 005,374
Jucer adge .210-.020
Zsland cencer .J15-..50
N.Z. corner .210-.330
3okancuak, lomelan, .003-.010 bt
ojkere, Zoujedi
Aeroka}-Zmemnan cowmnlex:
aeroko], ierckajlol ,J01-,310 -
3ikdrin, lala .c06=,J10 - -
Zaenan .20L-.370 : Wy, 233y, 2%y
Zast Ioeman .001-,010
‘4est Zneman .320-.370 T '
Zaidrik .003-.238 50cs, P55y, 023y,
Zasc Zaidrik .303-.030
west Zaidrik .010-.235 1 1
“aka -260~.200 8005,%235p, 1020y
Jeieta .060-.130 bl
Oreken .015-,0453 bt
3Jokaecoktok .010-,035 fald
3okdroiul .02%-,050 $0. 137
3okbaca .0l:-,030 Ca, "'Ca
Aomen-irolj complex:
Acamen .005=-.020 3'5 125
Lomilik .020-.330 2o, sb
ldrik, Iroif .010-.040 baad

'3“ ref. 9.

”:(a so{l smwple or field spectra neasuremsncs.

la soms cases, the predicted doses aud dose commitmencs derived from survey informacicn for 3iking
and Zaevecak Acolls spproach or evea excaed 2acional and iazernacional tadiaciom procection scandards for
cartaiz living and diegary pacterus. Corracrive acrions or rescrictions musc Se placed on use of chesa
acolls ind their Tssources to assure thac che aopiicable radiacicn scandards are oot exceeded. Jerein
lies zhe primary ustificacion for the concinuiag envirommencal followup surveys sponsored by ERDA.

Egvironmental Moaicoriag

The —ost importaat sourcas of exposure 0 jeovle living on Rongelap and o future residents of 3ikini
and Enevecak Azolls are Srom incernal dapositcion of radioisotopes “rom cartain elements ia cthe humac
diet, and Irom che long :tarm occupancy of islands aaviag external radiacion dose rates higher than
natural dackground., Aside Srom dertodic re-evaluacions zo estaolish crends ia exteraal dosa race
Teduction, external radiacicn monitoricg will issume less siguificance, compared to monicoring of the
food chaig, s <ime passes. AL prasenc, annual visits are beiang zade co (dentily and collect repre~
sentac.ve smmoles of local dilets for lascoracory malysis and dose commitment upcactes. New locaily
growvn Iood ltems ire Secomizg availadle ia smail quancizias oo 3tkint Island as 3 result of the exper:i-
2eactal igricultural sractices of a small 3group of carecaker families .iving chers. Neither 3ikini aAcoll,
“here riaaiologicai cleanuyp has been completed, 20r Znewetax Acoll whers clean up has not yec degua,
have a1 subsistencs agriculture rasourca ia deing vnicin is sufficienc 0 support the anticisaced jopula-
iions wnich ll one cay live chere (thougn sucn cTops are curreacly Seing ceveloped or plaoned).
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Jokeroiul Pass Particulace 4083 6.3=7.3 RH 5.4wl.2 NS J.axill
‘abo :ide) Soluble 4088 1.470.5 <l.0 <2.3 3.3+ 0.5 <2.3
JokcTolul ass Parziculace 4321 .10,/ NS 1.5+0.8 NS L.3+2.9
fliod zize) Soiudle 4921 NS N3 ¥s 2.5 L7 NS
3ikiai Island Particulace 1620 [ - RH s 1.0+ 2.3 N3
‘seaward reed) Soludie 1620 3.275.% NS W3 s N8
3ikizi Island 2arziculace 2271 3.8mL.0 NS us 0.76= 0.38 l.irl.l
{lagoon) Soluble 27N 9.2:4.5 s ¥s s NS
Jcean jecween articulace 4898 Ns 7.7+1.0 3s NS s
3iki2i and Soluble 4898 ¥s NS N3 §s RE
Zaswecaxs
3ikini lslagd ?arsiculace 1393 2l o3 i =t M NS NS
(fzesowacer Soluble 1893 56 = 390 =0 < <7 b =0

N

el

-
See Tuf. ll.

“Irrors are Tso-sigms, propegaced, counting errors.

“2arziculaces-thac portion recained by che 0.1 4 filtar.

“Soluble==chac nortion which passes chrough the 0.3 . #ilter and {3 sorbed by che Al,0, deds.

INS--not significanc. The nec sample counc i3 less chan the :wo-sigms, provagaced cSuiting error.

IThis sampie was collected over a2 6 ar jeriod between che followirng positions: L11929'3" oy
L2a753'0" 2 e 11924'S" ¥ Yy lédOl8'Q”



Tiole . ~=7.e®uby, ~wdDyg 3ng -veam 13 Surizce 3oLl Sampues Collaczea it 3ikizl Acoil ita L972,
icgivizies ‘a Ciig = ~”
©icasion 239,249, 2334, e im -=3,240,, 238, 239,220, <el

lie-li, luruxaen 3.3 =3 B P 2.3 T2 .36 -.33

15i=10, lokoatokucoku P T 1.3 =0 4.3 =al 3.37 3.371

s5l-22, 3Jokcaezowucoxu 2.1 2.5 3.7 =12 7.3 =020 3,31 3.0
?is0nLa Grove

lore JoxarorrTury, Isi-3l S6.e =I.3 7.2 .3 3.0 =l 3.33 .73
zcwm canter 2% lilang

Vama, sest 2ad - 130 vds L=l 50.23+2.32 4.0 M. 35.7 L.3

Vama, 230 ras W 3£ dunxer  10.1 )3 e O T 33.3 .08
320 ra3s I 3f west i

Namu, oo of jun<er cencer 12,3 =1.7 2.2132.3% 3.0 .38 73.2 L7
Jf .3iland

vamu. 1IN ras I oof dunker, L7.4 0.3 2,570,000 1000 2.3 10.3 L.3d
zancar of ilslana

31z, ow 16 center 3L co 3.3 0.1 2.45=),24 1.2 =9.3 7.33 L.50
st 3L

3tkini, ¥ corner of cer. 3L 3.%1x0.36 N3, 377,12 .- 4,01
ana lLagoon 3each .

3ikiz1, Row 14 cemcer 3L co 3.0 0.2 3.0670.34 .1 0.2 30.0 L4l
3t 3L

3tkizy. Row 38 2ad 3LY to 2.5 =0.2 2.3740.24 L2092 35.7 2.08
~4gcca leacn 3.

3ikias, %ow 15 or 16 sand- 0.30%0.05 N.3.2 - -- .-
sil2 samole, L00 yds 3
3f Jz2d 3LN

3ikin., low 14 ccr 3L o 10.8 #0.06 1.2 1.3 9.3 - 3.27
L3t 3LS

3ikiz:, low 1% ctr 3L <o 1.2 5.3 q.3. 3.4 =.35 -~ 1.8
PRS- ) 4

3ikini, low 14, lst 3LN %o 9.3 0.4 3.2949.37 .1 M2 23.3 .27
Laigcocn leach .

3ikizi, low 14, ilsc 3LS zo  LL.§ 0.4 2.0%9+0.02 5.3 =0.% 128.2 2..3
lac ILS

3ikizi, ow 14, lst 3LY co 7.8 =0.2 3.2941.03 3.5 0.3 39.0 2.23
lae WY

Zaoeman, YW end of i{slaad 209.2 5.9 97.5 =%.3 6.0 =L.5 2.4 3.57
500-730 aRk/hr area

Zneman, 300-700 aR/hr aresa 360.3 =3.3 174.3 =2.3 45.0 »L.0 2.07 9.25

LR 2

Sing.a samole erTar values ire one-sigms, Jropagaced, countiag ervors. Sea Ter. 29.
J.2, Nog Tesoived by alpha spectroscooy,
H.3. ot sigmificanc.

As a resuit, soma of the dietary icems likely =5 h1ave the nigher radionuclides coucent, e,.3. >andacus
and dreacfruic, aire 20t actual proolems zo dace. They sy or may 1ot Je of concerm ia che future as the
slancizgs zacure and che ZTuit decomes availadle in tuancicy. Thus, the diets of people liviag in :these
TWO atolls are expeccad 0 change over the comng vears Teflectiag zhe Teiative iaflusnces of imporzted
and _ocally growa food items. JAllovance has >een =ade Zor chis i1n development of radiacion dose
ascimaces. Ixperimeacal studies ac Zaewetax zay yield Cecaniques cO ingerrupt or break che racyeling
9f ragicuucliides zhrough the vegetaciocn, 30il, and ground wacer syscems, and theredy raducs the radio-
aczivicy contsat of some Lmporrant diecary items. All of the aforememcioned Zactors will anecessitacs
cangizuing onitoring of che diet for many yesars. 2eriodic samplinog and analysis of o1l and ground
water 1.l Se aecesssry ia order to escadlisa cTends in che changes of radicaccivicy comcenc of these
asdgia.

ia the northern Marshalls, drinking wacer (s obcaized primarily from rain vacer catchmencs., Whilae the
radionuclide contene of collectad rain wvater will oot bde zero, this source {3 oot expected 0 contribucte
signiicancly to =he radiaciom exposurs jicrure Zor Surure 3ikiai, Inewvetak, and Rlongelap Acoll cesidencs,
dowever, rain water which drains from che viadward side of building rooftops may >rovide useful data oo
resusvension af radicactivity in the soil. The collecciom of raig water 5y fucurs 3ikini md Inewetak
resideacs L3 Yeing factlicaced by iacluding guccers and wacer scorage cacks in plans Ior houses and
communizy s$ITUGTUres., Some of the larger islands Lave ITesh 3gTouand wacer locaced only a few Zmec dalow
The sjurcace. Analysis of this vacer Zor izs radicnuclide concteac has Jeen 'imited =0 date and =he
capacity 3f this resourcs ©© serve Che needs of {sland Tesidexts (s nor vell jefined, More scudy of
this wager ‘s Seizg supported by IADA.

2ersonnel Monizoring

Dose sredictions for 3ikinl and Zaewetak A¢oll residencs derived Zrom envirommantal daca ave bSeen
isliberately conservacive, and ascidliin srocable uoper Limics oa <oses CO Je axpected for iladividuals.



eliddia assessmencs Oof acTlal Joses Just Se decar=iied through perscnnel sonitoriag. Ixcermal radlacionm
josizecers 40 Qo€ appear 9 >4 a JTAacLicai Ieans Irf Jersonne. 3Ionitoriag Zor .Laaividual axcernali :0se
neasursmencs, alcthougn zertain lagfividuals 7ithin Ziven s0Duiations =av Je reiied iDoa 22 wear =shem.

A "liZastvle moqel' wnich iacludes 2stiiaces JL occudancy ZacIors I3r various .ocations in a given agoll
<33 Jeen ICubled Wil 2nVironmencal TOQLIATLAZ lata 12 23Cizace iverags axcernal Tadiaticn doses =2
iagivizuals. Thi3l 7ogel Will je ravised Jis needeg 30 INAt LI I.9selYy soproximates :le accual .iZascvie
of zhe Jecpie.

The —or2 imporTanc .aterlal Jattway can Je donizcred iirectly Jv conveacional tecaniques of ticassav
ind wno.e  2J0dy ssuating Jf Lne@iviiuals., A Joretiol: snadow snield wnois sodv ssuczer has deen i3astTuctad
ana nounced {2 a shipooard c-ailer Ior :se in :he “arsnail Islands. It is zadaole of quancizacive
tec2czicn of very sma.l quantllias of cervail radionucliizes L2 Ine J0aY such i3 s and 50Ca, The
JCi:ary inviconmentai jamma emictars it 3ixini, Zoeweatask ind longelap atoils. The system cl2arly ildenci-
Iias individuals iz zhe dongeilao populacion vno are 0C foilowing cne racocmended diecary rescriciicns
sn 2ating coconult ITaps ITom certaia Locac;cn:.»‘zv"’ 3ody surdens ot 905:/9OY, -39,23093 aga =*iam
ire 2st.zated 5y the radicchemical analvsis of urize sampies. Jrine sampl2 collaczions and wnole hocy
22uncing “l1.. Se persorTed avery lne 30 WO rears it 31kKial ind Zaesweraxk AtoL.s When Zne Jeopla reTuimy,
ind svers ~wo 20 2hree vears at ongeiap AColl uncil the Cesults varrant l2ss Irequent ZeasureTent
LaTarvaus.

Summarr

varsrall Islands Radiclogical Tollowup has counsiscted of iatersive eavironmenctal studies ac 3ikini,
Zoewetax. 4nd wegelao Atolls 29 gacher radiological daca on zhe external Tadiacion eavironmeat and oa
ragicaczi7iiy ia food chaians., Radiacion and raalcactivitcy Lavels in these acolls are Seing ceduced wich
siZe. Tisse changes 3ire Donicored L1 aanual oF dtanoual environmencal survays. Updacted Laformacica Ls
ised =2 2axe conservative ascimaces of pooulaticn doses ind dose commitoencs. When secvle have recurned,
1cTuai .acernal joses o iadivtduals are decerz=ined Ior wvhole body zountiag and d{ocassay daca. These
redu. I3 ire zomolined with eavironmencal iaca In ths external radiacica envirooment 0 compiece Ins zotal
dose issessmentc HLcTure,
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3rookhaven National Laboratory commenced eavironmental monitcoring of the
Marshall Islands for radiocaczivity in April 1974, Since then, members of :the
3XL staff have made a total of six field trips to the Marshall Islands to
collect a representacive cross-section of vegetation, animals, fruits, soil
and water found om the islands for the purpose of assessing the radiological
efliects of the U, S. Pacific Testing Programs.

The surveys covered Kwajalein, Wotho, Bikiani, Rongelap and Utirik Atolls.

A cocal of 1200 analyses were performed on 400 samples. Ia zeaeral, all samples
were analyzed for Sr-90, Pu-238, Pu-239/240 and any gamma emitters which may
have been present at the time of analyses.

Most of the fleld sampling work was done in conjunction with aad ia cooper-
ation with a related envirommental monitoring program operated by the Laboratory
for Radiacion Ecology (LRE) of the Universizy of Washiagton. The cesults of both
programs will be published in a series of joint and separate reports, with empha-
sis on the terrestrial environment from BNL, and emphasis on the marine food chain

from LRE.



Samoling Proceduras

The dajority of the sampling was done on 3ikiai, Rongelap and Utirik
Acolls. Data obtained from Wotho and Xwaialein provide baseliae izforma-
tion concerning the radiocactive content of soil, flera and fauna ‘{adigenocus
to the Norchern Marshall Islands,

The sampling procedures atc Wotho, Kwajaleia, Rongelap and Utirik acolls
were essentially similar. Sacples were obtained in the areas which were
inhabited by the Marshallese or in locations which were actual or poctential
food gathering resources,

Because the Bikinians were only beginning to return to their atoll, the
inicial monitoring of Bikini Island required a program with a wider scope.

At the time 3BNL scarted its sucveys of Bikini Atoll, two questions required
further elucidation. The first was in reference to the external dose :that one
would receive while living con 3ikini Island. The second question dealt with

the predicsion of internal dose commitcaencs due to iagestion of food products
grown on the atoll. Consequently, the monitoring program was designed to thor-
oughly examine Bikizi Island and seve;al other islands in the atoll, Sampling

on Bikini Island was coanducted in a grid pattern which corresponds o Ifuture

areas of habitacion and food production., Other islands in the atoll were exa-
mined in a similarly thorough way to veriZy inizigl assumptions regarding the radioc-
logical concerns at these locatioas.

The Bikini Aroll sectiocn of che Marshall Islands envirommental moniteoring
program provides the predominant bulk of data presented in this reporc. Various
{slands within thi{s atoll were sampled and surveyed in relative proportiom to

the projected development according to the Bikini Atoll Master Plan (1).



This repor:z concentraces on the results of the enviroamencal mogiszorin
orogram. The external dose measurements with the use of {ecn chamber and
field zarmma spect-oscopy will be raportzed separately as will dose commiczear
estimares via variocus incerz=al exposure pachways.
3ikini Aroll

Eavironmental surveillance of Bikini Atoll was achieved 5y sampiing vege-
zation, scil, fish, catchment water and sediment. Eneu Island was surveyed
for extermal radiation and sampled for marine fauna, soil and vegetation con-
sisting of Scaveola leaves, vesserschmidia leaves, coconuts and pandanus. Eneu
had previously been identified as a porential village island, since it received
the least amount of radicaczive fallout during the atemic bomb tescing. Iaeu
has also been suggestad as che zain source of food production for zhose iadivie-
duals liviag on 3ikini Island (2,1), Consequently, thorough sampling of zhis
island was essential to establish radionuclide quantities wizain the Zood

chain.

The island of Nam was considered to be heavily contaminated bSecause of its
sroximizy to the 1954 3RAVO event. Eavironmencal momitoring to dare ou this
island includes samples of =ullet and snapper fish, six inch soil cores and seoil
orofiles, scaveola and messerschmidia leaves.

Several food items zrown on Bikini Island have been suggesced {or exclusiocn
from the local diet 2,2). Samples of coconuts, pandanus, breadfruis,
arrowroot, scaveola leaves, messerschmidia leaves, pumpkins, squash, bananas
and papaya, %oil samples in the form of 15 cm cores and 0-100 em soil profiles,
nackerel (fish) and tridacna (clams), plus cacchment sediment and water have been
collected in an affort co determine their radiological impacts as local narine and

cerrestrial Zfood items,



Renzelan Acsll

Most of the people liviag on Rongelap Island nave Yeen there siace their
Tezurn taree vears afta2r the 3RAVC incident., They have well established
dietary patteras based on availabilicy of various vegetation. The =monizoring
pregram for Rengelap actaszpes co reflect the main constituents of the Rongelap
diet. As such, samples were collected from areag where the local {nhabitancs
collected their food.

The three islands of iaizial incerest in Rongelap Atoll were Rcagelap,
Kabelle and Eniaitok. Samples of Scaveola leaves were taken from all three islands.
Other samples at Zafaitok include breadfruit, pandanus and Masserschmidia leaves.
On Rongelap Island, samples consisced of parrot fish, pandanus, Guerrarda,
breadfruiz, arrowroot and coconuts., Soil samples ia the Zorm of snallow ccre§ and
vertical profiles were also collected,

Ueizrix Aroll

Previous studies have concluded that Utirik Afoll has received the least
amount of radicactive contamination following the 3RAVO iacident (&, 2, 3)

The 3NL monitoring program ceflected the results of these studies. Consequencly,
Utirik Island was the only location within the atoll wheres the food chain was
sampled. Samples collected ac Utirik consisted of pandanus, breadfrui:t, arzow-
root, coconut, copra and messerschmidi{a leaves,

Rwaialein and Wotho Atolls

Rwajalein and Wotho Atolls were not iavolved with close-in radicactive
fallout as were other atolls of :the Marshall I[slands. Consequently, samples
from -hese atolls served as controls. Soil, pandanus, coconut, breadfruit and
cbconut crabs were collected from Wotho and Xwajalein for purposes of compari-

son with similar samples collected at 3ikini, Rongelap and Utirik Atolls,



Sample Presaration and Analvseis

Soil samples were dried st l109C far a pericd of 1-2 days. The dried
ma:er;al was then pulverized in a bdall =mill for approximately 2% davs, and
then sieved through an SO mesh screen. The =material which passed throwgh
the sieve was used for analysis. An aliquot was packaged ia an alumiaum
can and an;lyzed for gamma emizters by Ge(Li) or Yal (Tl) gacma spectrome=-
Ty, 2luconium and 9OSr/goY analyses were pericrmed on aliquots of pul-
verized soil ashed at 900°C for 12 hours. The ash was dissolved :in HNC3
and the solution evaporated to near dryness (several times, Lf necassary, to
produce a elear solution). The residue was redissolve in HNO3 and this solucicn

ased for the radiochemical isclation of Pu and Sr.

Vegeration was first weighed, dried at 1109C for 1-3 davs (depending on
sample size and type). The dried material was weighed and pulverized ia a
5lender. Afser the sample was reduced to a powder, aliquots were packaged
for gamma pulse-height analysis. Vegeracion samples destined for radiochemical
‘analysis were dry ashed at 4859C. The temperature of the oven was Taised slowly
over a three day period to 4859C ia order :o prevent burning of the sample.

The ash was dissolved in HNOj and evaporated to dryness. The residue was redis-
solved in HNO3 and put aside for Pu and Sr analyses, 2luzonium was separaced
from an acid solution of the sample by two ion exchange separacion proceduras
followed by electrodeposition on stainless steel discs., The Pu isotopes are
determined by alpha pulse-neight analysis and recoveries measured by the use of
2422y tracer added to the samples prior to analysis.

Strontium~90 content was determined by dlechylhexyl phosphoric acid ex-
tzaction of 90Y from an acid solution of the samples. The 90Y was scripped
irom the organic phase, separated as the oxalate and couanted in a low bdackground
beza councer. Yields are Jetermined gravimetTically thrcough the use of rt:iTium

carzier added at the start of the analysis.



JaTma S7ecIToscodv

Cnce dried, soil samples were placed in a plastic pecri dish and countad
on eitzher a YaI(Tl) or Ge(Ll) dececzor. Vegetation, water ar¥ animal samples
were placed in an aluminum tuna can and counced. Counting time was 4000 sec-
onds for most samples. Both systems were originally calibrated for the tuna
can geometry, Corraction faczors were developed to normalize all petri dish
Tasulcs 29 the standard tuna can counting zZeomecry. All counting scandards
are traceable to NBS sourcges.

Samples counced prior to the middle of 1976 were counted on the Nal(Tl)
detector, Samples counted after these dates were counted on the Ge(Ll) system.
This accounts for the capability to ideatify the presence of radionuclides such
as am=241,+5b-125, 3alLa-140 and Ce-144 in samples where previously only Co-560,
C3-137 and X-40 were positively identified,

Cualiswvr Conecrol

3NL operates its own QC prégram consistiag of blind duplicares. 3NL alse
participates in iaterlaboratory ccmparisons with HASL, the University of Washiag-
:on'and the IAEA. Results from our program are listed in Table l7.

The £irst part of thil table illustrates all the daca from the 3NL bliad
duplicate studies, These data appear o be in reasonable agreement with each
other, The second section presents daca from a split sample project with the
Health and Safety Laboratory (BASL) in New York. These results compare less
favorably, but are also in most cases, in reasonable agreement.

Discussion of Resulrs

Reported results of the analyses performed on the Marshall Island samples are
sresencted in Tables 2 through 9 with associaced 2-sigma erzor. The cables have
been divided ianto two sections: resulcsof gamma speczral analvses and 90sr olus
srinsuranic elements Yy radiochemistrzy~ Tables 2 :hr:g&h 5 present

daza on gzamma emizsing radicnuclides <Zfound in vegetation, soil, water



and animals, while values Zfor 9OSr-and the decectadle transuranic elements ZIor
the same samples are reported ia Tables 5 =hrcugh 8. The data have Seen ordered
50 that like samples from the same {sland are reporzed together. The results
ire not arranged by date of sample colleczica.

In general, there i3 a wide range of resulrs for each radionuclide within
a given sample type. The variacion is due to spatial differences in sample
site selection and to biological variabiliry betwsen individual organisms sam-
oled. Because the exacz sampoling sites varied from year to year, there is no
correlation between radicmuclide conceacracion and date of sampling. The rasul:s
{n this report provide an aereal evaluacion of the islands surveyed. For 3ikini
Island, vegetation resulrts indicate a radiomuclide concentracion distcribution
similar to that reporzed by Lawrence Livermore Laboratory in their survey repor:s
{3,3,7,3,9).

Soil profile samples confirm the erracic nature of the radionuclide concan-
zrations ia soil ac the Bikini Atoll. Figures . through 14 provide a depch pro-
file for the soil samples rtakem at Bikini, Nam and Eneu Islands, Soil take from
sics 7, ¥, J and K at Bikiai, sca:ions!:-ladz W=2 at Nam and stacions 2 and 2 ac
Ineu indicate some degree of mmchanical turmover in the s0il (tilling, plowing,
suilding, etc.) as indicaced by the nonexponenrial discribution of activicy
withia zhe soil, differences in the depth profile and depcth of saxizum concen-
zracion. Normally, the top layers comtain the greatest amount of radicaccivity
iue o inictal deposicion, otherwise, the strata concaining zaxizum orgaaic mazier
zeand o be che most significant sources.

Soil collected at pits B, G, L and M at Bikini, statiom #2 at Nam and pit

11 at Eneu display characteristics of typical radicnuclide distribution ia soil.



here 13 apparanclir a decraase ig activizv in near-surface sttata due 3

!

aigration iacs lower soil levels and soill erosion. Peak concemtrations cccus
saveral centizmercers helcw the surface, while the lquest soil strata disolav an
exocnential decline of radionuclide concentration similar to patterns examined
in chg USA at the Hanford Laborateory and cheuNeva§a testing grounds: Figure 15
is a2 mao of Bikini-desizna:inz the soil saynlinz_lqcations.

Tables 9 through 16 correlate results from samples common to sgvgral loca-
tions. The data reported in these :ahle; are average congen::acions_for all
similar samples on;an;islané. ‘No erzor is rego::ed‘dge ;ovthe wide range of.
values enccuntered wi;h%p :he_values‘selec:?d‘:n§ due to the relatively few
values available for qye;agiag. N . : L .

Examination of the comp;r;;on data :gyeal{ :h;: :he ratio pf averages
between one island and ancther varies relative to the nuclide seleczed for a
specific sample type. The range of ratios does tend o converge around a single
ralue., TFor exampla, if the average results for Bikigi Island are used as :hg

aumeracor of the ratic, and the dencminator is chosen to be the resulcs from

Rongelap, Zaeu and Utizik, the followiag racios are observed:

B Islands Ratio
Bikini/Rongelapn 4
3ikini/Eaeu 10

Bikiail/Utirik 20

These ratios corrvespoad to relacive concentration differences betweean 3ikini and

other islands in the Marshall Islaﬁds previously reported by other laboracories.
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Table 2

lLocatiun by lulunﬁéAtoll

: 3‘-‘)‘. K-40 . Cl"l;,7 Co-60
Dascription ) ID Data pCt/g i pci/g pCi/g
ofl; “Rtkint oL
Sample series A, Pit M 4N «
26-35 A6 . 11,64 ' 2,980+0.320
. 36-70 : L Al : 18.26109.97 2.00010.320
' 71-100 , - A8 ~ 13.91107.28 ' 3.40010,330
Sawplo scrios E, PLt K,0-2.5 cm E-1 : I 22,20112.40 | 102.900£1.740 1.1210.61
2.6-5 o E-2 ’ Loy 20.90il3.79 © . 112.000¢t1,850 1.5910.68
6-10 : . CE-3 P 25.20017.17 . ' 158.00042.690 2.6510.87
11-15 Yo g4 ' { S ' 120,000F+1,920
16-25 It B-S ' © 91.900£3.130
26-50 g6 ' o 1.52010.440 <0. 884
o 51-78 ' " Ee) f . ro 1.88010.340 :
Sample scries F, Pit L,0-2,5 cm  p-1 ' . : . 146.00042,480 3.9510.84
2,6-5 R Y : 1 135,00012,420 4,5410.84
6-10 . F-3 i 139,00042,440 7.2410.93
11-15 o F-4 ! <24.38 . - 104.000+1,930 4.9510.79
16-25 Do L F-5 46.74422.37 85.100113. 380 3.5311.39
26-50 F-6 ., <12.65  8.31010.410
51-75 ' S 2 IR C T 0.93410,324
76-100 R 2T , : B . 0.4410,41
Sample scries G; Crab sauples G-1 C ¥ i ,.26.37108.88 © 38.60010.690
Sawple series N; Pit F,0-2.5 cm H-1 '4/16/15 © 74.55436.94 1 255.00044.800 5.4911.75
.6- v A [ B L o 271.00014 120 6.9541.35
6-10 b TP b | 1 290.00014.520 8.1211.49
1115 : ATV <28.56 225.00043.700 7.2541.26
16-30 - : s ) .. .183.00012.850 4.1611.01
6" coro betwcen houses 14 & 15 | 5-5 ‘413116 + - 8.42100.13 . 54.30010.770 0.8410.13
6" core 30 yds N.of house #24 ‘ 5.6 B 38.80010.620 0.2210.17
6" core N.of hot area , 5.7 . 1.18400.59 ©  '169.000+1,59Q 2,1910.23
ltousa 440 Dust © D=l 3 : i . 19.70010.630



Table 2 (Cont'd.)

Locatlon by Island-Atoll

Sample K-40 Cs-137 Co-060
Descriptiea (] Date pcl/g pCi/g pCi/g
Sotl: Bikiat; Bkiat
lipyse #35, Dust i D=2 4/5/16 89.60+2.01
llouse IJS. Dust © o D-2A . 90.60+1.44
fﬂ'uouse 430, Dust -+ D=3 SR 79.4011.39
' louse #25, Dust " D-4 59.80r1.65
' Mouse 420, Dust - D-5 . 53.1015.71
* MNouse #15, Duat D=6 J 92.6013.90
Nouse #10, Dust - D-2 g 141.0012.57
Sanplc scrics I, Pic B 0-2.5 cm -1 4/6/16 ' 263.0013.72  6.5241.210
L 9. ge8 e 4t B2 B 419.0016.66 10.7012.160
6-10 B-3 371.0016.08  9.4111.800
o 11-15 B-4 e 369.0045.45  4.1141.400
" 16-25 . B-5 78.07104.58 ., . . 42.8010.83
26-35 - B-6 L 3.3010.32
_ Semple series J, Plt G 0-2.5 o J-1 24.541410.14 o 66.1010.92 0.9510.442
2:6-5.0 - J-2 - 10.14105.56 - . - . 46.3010.66 0.9910.308
.. 610 33 18.68107.70 . . 45.1010.70  0.9910.361
1-15 L J-4 32.08109.38 ; 25.0010. 54
; 16-30 S J-5 29.07109.97 . 4.6810.35
i .31-50 J-6 J 8.0010.20
51-25 J-7 <0.55
Slﬂple series K, PIc H 0-2.5 cm K-1 . 4/17/75 <49.76 240.0014.49
C2.6-5 k-2 <31.25 198.00¢3.15  2.1810.990
" 6-10 k-3 <3451 192.0012.97  2.3910.960
11-}5 : K4 - ©<22.95° 186.00¢2.63  3.2710.830
16-25 ' k-5 38.53115.66 123.0041.96  2.0510,740
26-35 .. K-6 62.99422.45 . . .. 154.0042.51  2,32+1.000
36-60 v K=7 41.88417.42 132.00¢2.09 1.8410.820
61-75 K-8 26.89113.74 120.89+1,98  2.6440.760
Sauple series L, Pit J 0-2.5 cm [L-1 37.41+15.50 86.4011.66
2,6-5 L-2 42,97+15.66 80.2011.59
6-10 L-3 ©21,78113.99 45.9010.73  0.9810.400
1-15 L-4 L <16.50 94.0011.33  2.1610.520
16-25 L-5 45.90124.96 276.00140.5 4.7611.260



Table 2 (Cont'd.)

Location Ly lsland-Atoll

Sample K-40 Ce-137 Co-60
Pescription . D Date pCi/gm_ pCi/en pCLlgm -

Sofl; Bikial-Btkipt (Cont)
Sample Scrfosl, PitJ (o) 26-35cw  L-6 4711715 32.67411.48 60.30+1,300

36-50 L-7 44.56112.13  27.2010.780
51-70 L-8 12.0010.520
foil; Eneu-Bikiol _
Sample serios B; Plt, #3 A/14/75
z.:-s.o 3-6 "1.5140.263
5.1-7.5 B-4 1.5340.241 0.5340.29
7.6-10 B-3 2.0010.250 -
"Sumple series C; Pit #2 2,6-5cm c-1 4/14/13 5.30410.340
5.1-7.5 c-2 4.5130.340
50-33 c-3 3.9770.360
. c-5 2.2643.210
ZZ-?f c-6 2.1410.330
Snmp:; ;f;lon D; Pic #1 D11 3.3410.360
ce .23+0.380
5.1-7.5 ¢cm D-14 7.2310.38
7.6-10 -7 4.2510.330
l.l-ls p-1 1.9910.270
16-20 D-6 1.5210.310
21-25 D-3 0.8410.280
44-48 D-12 : 1.2610.320

49-53 D-4 <0.33
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Table 2 (Gont'd.)

Location by laland-Atoll

tiampla K-40 Cs-137 Co-60
Description 1 pCil/g pCt/g pCt/g
Soll; Nam-pBlkinl (Gout)
6" Cora noar W-2 5-8
6" Core naar W-1 -9 10.0040,340 2,.70040.220
0-40 cm profile; Soll Pit W-1 0-5cm 5-10 12.0010.450 3.06040.290
6-10 8-11 03.3010,220 3.37010.250
11-15 8-12 04.1410.290 5.71010,390
16-25 5-13
26-40 s-14
0-50 cm profile; Soil Pit W-2
11-20 , §-17 17.1010.470 4.82010.314
21-25 5-18 2.4190.180 0.67010.119
- 35-50 5-19 0.6910.095 0.21910.075
6" core, cnd of east transit £-20 79.0041,020 157.00010.564
6% core, Station E-1 §-21 5.210+1. 140 9.3810,350 7.40010.380
0-50 cm Composite statfon E-1 §8-22 9.9210.3480 3.89010.290
6" core betwesn statfon 1 snd 2 8-23 9.4910.340 3.94010.280
5 cm composite-] samples bet.50.162 §-24 23.4010.520 6.71010.350
6" core, Station #2 3-25 10,1010.390 1.39040.190
5 cm composite-3 samplcs at Sc. #2 5-26 13.8010,420 2.91010.240
26.7010.700 5.73010.410
0-5 §-27
6-10 8-28 0.92710.679  9.7410,380 1.31010.180
11-20 §-29 4.5210.240 0.76810.135
21-35 5-30 3.5810.220 0.67710.121
36-45 5-31 1.6310.149 0.16110.064
46-50 5-32 1,510,150
51-60 5-1 0.9610.106 0.13510.056
61-70 5-34 0.9410.107 <0.0807
6" core between shore & St. #H-1  5-35 5.8710,260 1.38010.160
6" core between 5t. #W-1 & W-2 5-36 17.9010.440 3.36010. 240
5 cm compasite-~-3 samples St.#l §-37 11,.3040,340 1.43010,155
and shore
6" cure betveen St. #1 and 5-38 8.1710.311 1.42010.162

shorel ine



Table 2 (Cont'd.)

Locatlion by Island-Atoll

Gample K-40 Ca-137 Co-060
Deacription D Date pCi/p pCi/p pCi/g
Soll; Rougelap-Ronpalap ]
9-10 profile (150-200 yds) 5-1 4/1/16 16.5040,380 0.47010.085
12" profile last house cast end 8-2 10.5010.462 0.64710.165
12" profile behifud Jabue's houss §-3 13,4010.40) 0.37810.090
12" profile last housa &-4 7.0810.334 0.11010.065



Table 3

Location by [sland-Atoll

8apply K-40 Ce-137 Co-60
Dcecription 1D Date pCi/g pCl/g pCL/p
Veg. Bikini; Bikini .
- Coconut Troe-leavas/Norch-2ad BL v-66 4711714 321,000102.780
Coconut Treec-lesaves/South-lat ML v-72 154.00+060,50  301.000102. 080
Coconut Tree-leaves/South-2nd BL v-73 J/ <11.00 318.000401. 320
Coconut Treeo-leavea/Centexr-Row 34 v-74 411.00+4122.00 838.000105.110
Coconut Frond North-lst BL v-82 4/1714 178.001045.40  343.000102.120
Coconut Frond-Horch of Housa #37. v-38 4/16/15 < 9.47 28.200100.484
Coconut-Frond Pit C v-40 55.500100.78)
Cocanut-Frond Pit M v-42 l 424.000¢18.100 204.0412.50
Caconut Heat V-120-A V-120A 3.334001.31 10.800100.455
Coconut Meat V-120-8 v-1208 26,304005,91 177.000103,.120
Coconut i1k V-121 v-121 1.174000.61 J.593100.082
Pandanusrleaves North 3rd BL v-67 4/12/74 18.514001,.47  46.600100.519
Pandanus-lcaves Pic 4 v-90 1 16.60+009.42  196.000101,370
Pandanus frond lagoon voad-Houses 35 & 36 v-31 4714475 159.000102,130
Pandanus frond 3rd BL - Saa v-32 4/18/15 32.274011.73 46.200100.837
Pandanus frond houses #30 v-34 L 10.55+001.07 115.7001i01.600
Pundanus fruic-northeast
Edible V-B0A - 4/12/24 327.000102. 340 21.2¢ 3.43
Inedible v-898 284.000102. 460 11,1+ 3.62
Core v-89C 76.80+ 12,80 549.000105.690
Pandanus fruic-Pit #4
, dsanbl; V-91A 4712774 425.000102. 330 12.04 3.31
andanus fruit-lagoon Rd bet. v-30 4/14/15 14.91+ 2.24  945.000¢1}.800
Mouses #35 & 36 - -
Pandanus fruit-house #30 v-15 4/18/75 422.000105.210
Pandanus frult-lagoon road v-36 4/16/15 43&.006205.070

behind house #30



Table 3 (Cout'd.)

Locatlon by Island-Atoll

K-40 Ca-117 Co-60
Deacription Date pCl/ﬂ pCifg pCt e
e k - Cant
Scavala Jcaves-North 4112714 110.0 #01.030
Scavcola leaves llouse #1310 4/16/15 ‘111.00102.060
Scavcola leaves Plt A 4/18/15 <12.82 137.00402.070
Scaveola leaves Pit B 1460.00¢21. 800
Scaveola leaves Pit C 483.00t06.860
Scaveols leaves Pl D 418.00105.790
Scaveola leavea Pit E 352.00104.980
Scaveola leuves Pit F 2"]'00103'3170
Scaveola leaves Pit G -~ Row 14 393.00105.740
Scaveols leaves Pit N = 3rd b/1-N 1103.00116. 300
Scavewla leaves Pit L 25.97413.99 179.001062,430
Scaveols lesves Pit M 27.48+10.89 098.20101,440
Scaveola leaves Pit N + 16.75106.76 092,130401.290
Scaveola leaves ncar Palm Troe 4/16/15  13.99407.84 130.004+01.720
Scavcola lcaves near USGS Woll .L 14.41109.52 172.00102.350
Imaature Pandanus-llouse #35
Fruft 475716 649.00105,790 17.4015,50
Core 1120.00110.700
Stem <48.50 706.00108. 280
Inedible 648.00106.170 11,7016.35
Pumpkin-llouse #40 h
Flesh 4/5/16 25.70107.9% 326.00102.510  11,5042.61
Seed 126.00+01.070
Skin L 20.90105.87 228.00301. 740 4.3242,13
6quash-liouse #29 4/14/15  37.208110.81 232.00103.510
Arrouv Root Tubers K of Housa #4 411715 1250.00+19,800
Bsnana Fruit behind House #24 11.73402. 24 30.20400.330
Banana Skin behind llouse #24 <+ 32.08405.44 56.90100.973
Breadfruit leaves Pt 1 4/18/15  65.84113.24 29.70100.985
Tumature breadfruit Ldiind louse #34 4/5/16 17.60405.27 153.00101.370
Iswmature breadfrult bet, M, 16417 13.60102,85 85.30100,730
Breadfrult-composlte of samples 4/6/16 191.00101.860

between Housew #8 & 9



Table 3 (Cont'd.)

Location by Island-Atoll

Semple K-40 Cs-137 Co-60
Description h Date pCi /g pCL/g pCi/p
Hessersclimidia leaves- 3 BL N. v-15 4/12/24 543.00423.00 132.010.905
Hesserschumidia leaves Pit N v-76 3/18/15 713.016.100 25.816.10
Hesucrschmidia lecaves Pit A v-17 4/18/15 9.80103,90 27.140.480 <0.622
Hessecschinidia leavas PRt C v-18 544.017.980
Mesuevschuatdia leaves Pit G v-19 227.0413,370
Mcssersclumidia leaves Plt I v-20 448.016.540
Hesserachmidia leaves Plt H v-21 <71.04 493.016.880
Hesserschmidia leaves Pit M v-22 R 535.016.650
Masserschmidia leaves v-23 715.049.540
South road NW of Bunke
Hesserschmidia leaves - USGS well V-24 4/16/15  33.80110.30 204.012.570
Papsya Meat vV-102 414114 155.0¢1.610
Papaya (Tumature) N of Mouse #25
Frule V-5A 4157176 32.40106.32 98.7+1.020
Skin v-51 § 87.641.520
Papaya Skin & Seeds v-103 Li4]14 <25.00 153.0%1.670
Papaya Scedas - behind llouse #24  v-48 4114715 447,016,030
Papaya Seeds - behind House #24 V-50 <22.87 308.014.520
Papaya Frult - behind Wousa #24 V-4) <31.08 762.0112,10
<27.64 677.019.570

Papaya Fruft - behiud llouse #24 V-49



Location by lsland-Atoll

Table 3 (Cont'd)

& E-1

K-40 Cs-137 Co-60
Description Sampla Dute pCl/g pCL/x piit/g
Nepetotion; _Eugu-Bikini

Scavcola leaves Pit #1 v-14 4/14/15 16.9246.53 41,4010.614 <0.489
Scaveola leavea Pit #2 v-15 13,2444 .89 16.3010.450 <0,529
Scaveola lecaves Plit #3 v-16 < 5.78 9.15t0.302 <0.446
Mcaserschuidia leaves Pit #1 v-25 9.8814,47 48.7010,670 | 6.67210,331
Messerschmidia loaves Pi¢ 42 v-26 17.4249.39 78.3011.140 -
Mcaserschmidias leaves Pit #3 v-27 18.0948.45 57.4010.854

Messerschmidia fruft Pic #1 v-28 16.9214.60 54.8010.819

Messerschwidia frult Pie #3 v-29 ) 24.5418.48 85.10¢1.39%0 <t.000
Pendunus-frond: Cowp Blardy, lagoonroad V-56 41535 <15.33 29.0010.711

Nepetatdons  MHom-Bikind :

Scaviola near gotl pit at St #U-2 v-8 4/1/16 332.0012.970 1.37013.440
Scuv gln between Se, #U-1 & W-2 v-10 213.0012.000 5.18012,5130
Scavedla near gotl pit at St. -1 v-14 501.0015.170 22.90014, 980
Scaveols mldway between beach & St. v-15 10.3042.39 35.6010.474

#u-1

Scavcola beyond E-2-end of east tl. v-17 l2.00i5.65 M0.00_#_I.S(;O 6.]00L2.020
Scaveola ncar E-2; east transect v-19 11.9013.72 83.1010.721

Scaveola between E-1 & E-2 v-20 54.3010.740 5.04041.070
Scaveola near E-1 (East transect) v-23 + 7.954+3.96 56.6010.876 5.08011.,220
Scaveola between shore & E-1 v-24 4/8/76 11,2042.79 54.4010.645 <L.049
Messerschmida at St. W-2 V-9 4111176 262.0012,970 8.500¢3. 500
Messersclhwmida between W-1 & W-2 v-11 15.40+9.48 334.,0013.290

Messerachmida near St. #UW-1 v-12 572,001,640 12,20043. 660
Messerschmida near soll pic, W-1 v-13 585.0014.580

Hesserachmida widway between buach v-16 11.0014.85 24,6011,160 <2.040

& W-1

Mewscrschmida East transect ncar E-2 v-18 12.5016.70 112,001, 780 6.74042.320
Mcsserschmfda " betlwcea E-18E-2 v-21 8.6414.20 95.7011.060

Hesserschuida " pnear E-1 v-22 { 15.20145.37 93.4011.130

Meascrschmida *  between shore v-25 4/8/16 8.3913,52 60,2010.768 <1.930
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Table 3 (Conc'd)

locatioa by lsland-Atoll

Sample K-40 Ce-137
Deacription 1D Date _ pCile woilg

Vegetagyton; Bigej-Kwajalein
Coconut Hilk v-109 4/1’2/75 2,5610,734 <o0.048
Coconut Meat v-110 10.704+1.950 0.13410,072
Vegetation: Rongelap-Rongelap
Scaveola leaves dea side, church  V-77 4141174 9.4511.720 9,13040.210
Guetturda leaves sca sido, church V-63 12.1512,370 7.81010.227
Bresdfrult leaves, Trea #2,airofvil V-64 ‘ 13.0743.040 42,60010,500
Breadfrult leaves westend V-65 415714 10. 80010, 365
Breadfrult lcaves caatend v-29 474774 8.09+1.830 23,90010, 300
Breadfruit skin & core westend v-95 19,200141,030
Breadfrult skin & core castend v-97 10.2012,480 23,50010,350
Breadfruit skin, core: Tree #2 v-99 10.8042.040 47.80040,431
Breadfrult Heat: Tree 2 v-100 6.5442.300 41,70010,459
Breadfruic Meat: eastend v-94 6.8641.820 19.80040. 265
Breadfrult Heat: westend v-96 4/5/14 20.5044.3510 22,90040.541
Breadfrult v-27 4/13/176 10.4011,860 35.300t0.372
Arrouroot V-101A  4/4/74 19.90010.470
Arrouroot v-l01s 41.60041.410
Coconut copra v-70 04.8941.520 15.90010,200
Coconut frond; Tree #1 castend v-43 < 10.70010.220
Coconut Meat v-114 4712715 14,6014, 540 08.25010,781
Coconut Meat v-116 37.3049.660 36.80012,120
Coconut Heat v-122 12,7042,480 12.00010,540
Cocanut Milk v-115 2.1910.750 ‘1.00010.110
Coconut M1lk v-116 LR 3.1410.8%0 1.79010,163
Pandanua leaves; Trea #1 eastend V-62 4/4114 14.2412,840 65.30010.570
Pandanus Frult v-26D1 4/3/16 19.9015.760 08,00010.930

Cora V-26D2 1.4411,930 21.000¢2,050

Incdible v-26D13 1 61.90010.430




Table 3 (Cont'd.)

Location by lsland-Atoll

Samplo K-40 Cs-137 Co-60
Deascviption Db hate pCt/g pCi/g pCLle
Veg, Ropgelap-Rongelap {Cong) -
Pandanus Fruft v-26C1 4/3/16 117.0041,270 6.2341.65
Stem v-26C2 120.0011.170
Core v-26C) 31.60409.04 235.0012,060
Inedible v-26C4 11.10105.04 89.30¢1.040
Pandanus Frult v-261l 15.00101, 84 69,9010.430
Stem v-26p2 31.90105.90 56.2010,820
Core V-2683 63.40F17.00 96.6011.540
Inedible v-2684 12.10102,26 39.2010,400
Pandanus Frult V-26A1 3.17101.18 18.7010.200
Sten V-26A2 35.30t1.650
Care V-26A3 50.7041.290
Inedible V-26A4 4 6.09402.50 10.8010.200
Pandanus Fruit - edible Tree #2 V-H6A 414714 9.65101.25 23.5010.240 <0.87
Inedible - Tres #2 v-868 4 7.54101.88 12.3010.240
Pandanus Fruit Edible V-85K  4/5/7 6.63101.37  38.2010.300
Inedible V-850 i . 11.00702.29  25.6010.340
Pandanus Fruit Edible Tree #1 E V-84 414174 <4.13 72.4010, 640
Inedible V-84A L 28.5010. 600
Pandanus Frult Edible V-26E1  4/3/76 10.80£03.30 72.3010.670
Core V-26E2 29.80109.80  112,0011.230
Inedible v-26K3 ! 11.00102.60  50.6010.440
Vegpetation Enfaitok-Rongelap
Scavcola leaves; oceanside vV-69 4/6/74 9.30101.69 3.7310.124
M.sscrachuidla leaves; oceanstde V-78 7.48102.36 22,6010.310
Bread Fruft leaves vV-80 8.23101.81 14.9010.243
Pandanus Frult-Edible V-48A J 191,001 1,410 13.742.03
Coconut HMeat v-118 4712775 6.65101.60 5.2610.320
Coconut Milk v-119 4 1.0110,14)
Vegeration Kabelle-Roagelap
Scaveola lcaves v-81 4167114 17.80101.72 15.7010.240
Vepetation Ut irdk-UOcirik
Pandanus Frufc-Edible v-87 N Vi 1.58101,32 20.2010.214 <0.89
Inedlble V-87A ¢ 7.69402,53 21.2010.310



Table 3 (Cont'd.)

Location by Island-Atoll

Sample K-40 Ci-137
Deacxiption 1D Date pCi/p pCl/e
Veg. Ueteik-Ueirik (Cont)
Breadfruit skin & core: v-92 4/5/74 17.70+2.26 11,9010.265

Jakas liouse
Breadfruit Edible: Jakas lNouse v-93
Arrvowroot - skin east end 1sland V-94A

Coconut Copra v-104
Yegecatfon Wotho; Wotho

Pandanus Frult - edible V-106A
Breadfruit akin & core v-107
Breadfruit meat v-108
Coconut milk v-111

Coconutl weat v-112

4/5/74 13.00t1.06
4/1/74

]

7.68+42.80

4/19/75
[ 9.55+1.92
. 3.7441,04

9.3710.144
16.2013.840

6.7110.210
3.4610.262
1.0410.143

1.3610. 260
1.1010.120



Table 4

Location by Island-Atoll

Sanplea K-40 Cs-137

Description Iy Date pCi/g pCifg
Cntclmena Scdiment-Bikind 19.20 42.04

llouse #35 " . 76 .20 42,
Mousa #30 dcdlazaedd 473/ 63.00 41.93
llouse #25 Sediment #3 38.40 43.09
llouse #15-1 Sediment #21 36.30 11.21
llouse #20 Sediment #4 18.00 10.172
Sediment §6 20.50 11,20

Nousa #10 -20 21,

WATER - nikinl l pCi/1

H-
u-ls. -4 4/6/16 1.92010. 346
o W-5 0.68110.315
W-1 4/4/16 1.06 x 10"%49.71 x 1073




Table 4 (Cont'd)

Location by island-Atoll

Sample
~escription D Date Co=40
Caschment Sediment - Bikint
Youse #33 Sadiment #1 4/5/76 Not detectanle
Housa 430 Sedimenc #2
Sousa #.5 Sediment #5A
House #10 ~ Sedimenc #6
douse #20 Sedimentc #4
House #15-1 Sedimenc #5B
3ikint ac EZaeu
“acar w=l W=-1 4/4/76
Soil; 3ikini ac 3ikiai E=4 4/17/75
Sample Series E, ?ic X E-3 |
-6 v
Animal; 3ikini-3{ikiai
Mullat (Viscera) r-1C 12/8/74

- 25 -



Table 5
locatlon by 1sland-Atoll

Sampla K-40 Cs-137 Co-60
Descriptfon 1D Date pCi/y potl e pltdy
Anlwal, Biking - Bikipl
Mackerel (Scales) Lagoon F-6A 12/8/174 10.6043,02 1.61010.461
Hackerel (Flesh) Lagoon F-61 19,4013.47 0.60840.126 2.57040.31/
Mackerel (Viscera) Lasgoon F-6C 11.,9041.95 5.07010,91)
Mackerel (bones, gills, head) Lagoon F-6D ’ 5.4912.21 1.58010.452
Tridacna Lagoon k-1 4/16/15 11.4042.4Y 1.210802, 210
nfmal ik <Ene
Flsh (Scales) F-3A 4/14/715 11,9042.35 1.42040, 288
11.5012.17 1.32010.206
Anfmal, Bikini-Nam
Hullet (Flesh) ¥-1A . 12/8/ 0 9.3441,97 2.39040.349
10.1012. 14 2.61010. 341
Hullet (Bone) F-18 1.65040.456
Hullet (Viecera) F-1C 7.004+3.00 8.820i1.120
Hullet (¥Fin, Scaler) F-1D ¥ 4,0541.62 0.43310,161 1.32010.480
12/8/14 4.3841,76 0.48110.170  3.06010.440
Snapper (Scales) ¥-4A B.0511.48 1.63040, 241
Soapper (Flesh) F-48 16.9042,.22 1.12010.21)
Snspper (Viscera) F-4C 7.2241.68 4.52010.445
h 6.6741.55 4,17010,411
Snapper (Bone) F-4D 3.54%1.14 0.90110.174
Animal, Bikinti-Endfxrik
Conv, Surg (Scales) West End Reef F-5A 12/9/74 4,38+1.2) 1.98010, 264
Conv, Surg (Flesh) » F-5h 15,0012.04 ‘ 1.77010.254
Conv, Surg (Viaceya) » ¥-5C 5.7811,44 3.33010, 350
Conv, Surg (Bones) " F-50 3.03H.29 1.65010.263
Animal, Kwajalein, Kusi
Coconut Crab (Shell) ¥-0A 12/9/14
Coconut Crabh (Meat) ¥-0b 13.4042.56 0.67410.139
Cocouut Crab (Viscecra) F-8C 8.3411.96 0.48140.112
Animal . Rongaelap-Rongelap
Parvot ¥ish (Fleah) F-2A 12/8/74 12.70+2.58
Parvot Flsh (Scales) F-21 9.3642,33
Parvot Fish (Bone) F-2¢ J 5.29+1.72
Farrot Pish (Viscera) P-2D 4.6011.42
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Table 6

Locatton by luland-Atoll

Sample Sr-90 Pu-218 Pu-219/240 Am-241
Description mn Date pCt/e pCi/y pCi/g pCt/e
fall; bkini-Bikint
Sample serles A, PLEH 0-2,5 cm  A-] 4/12/715  81.3410.81 16.0942.20
2.6-5.0 A-2 67.1610.74 09.0411.80
6-10 » A-] 39.7640.40 04,181 80
1-15 A-4 37.6210.38 02.2910.46
15-25 A-5 30.3240.30 0.521) 15
26-35 A-6 21.1410.27 0.3210.10
36-70 A-1 21.7210.22 0.101) ()
71-100 A-8 8.5410.12 0.041) (4
Sample seviea E, PIt K 0-2.5 cm E-] 94.0140.94 10.2315 g7
2,6-5 E-2 120.3641,21 1.181n 94
6-10 E-] 150.9941.51 14,9412 .98
11-15 E-4 101.5111.02 4.7510.96
16-2% E-5 131.6211.32 4,881, 94
26-50 E-6 54.0510.54 0.1981p 06
51-25 E-7 1.6110.07 0.0924) .09
76-100 E-8 0.1610.01 0.01410 )
Sample series F, Pit L 0-2.5 cm F-1 162,6611.63 22.564) 59
2,6-5 F-2 216.8512.19 29.0315 g
6-10 F-3 323.1143.23 42,322 40
11-15 ¥-4 25).2542.57 27,501y .50
16-25 F-5 159.2811.59 6.8911 .38
26-50 ¥-6 21.3510.36 0.10238,03
51-75 k-7 6.0510.15 0.02510.02
76-100 F-8 1.8610.09 0.01410.01
Sumple sevies G; Grab aawples G-1 v 14.3910,17 2.02010.40
Sample serics W; Pit F 0-2.5 cm 1I1-1 4/16/75 520.2745.28 44.9212.01
2.6-5 N-2 527.5245.73 48,2412 .60
6-10 n-3 573.4215.73 46.9412 40
11-15 H-4 562.6115.61 40,691, 00
16-30 n-5 394.5913.95 23,012 22
31-50 u-6 | 10.6710.17 0.04210 .40
51-70 -7 g 4.6610.12 0.0161).20
6" core¢ betweea houses 14 & 15 5-5 415176 45.0610.49
6" core 10 yds N, of house §24 S$-6 77.0010.61 '
6" core N of hot avea -7 123,6810.24 7.4110.96
Nouse #40 Dust . b-1 N 7.1610.15 0.10610.021 1.82910,082




Table 6 (Cont*d.)

Locatlon by luland-Atolld

Pu-239
Sr-90 Pu-240
Description Date pti/g pCi/g
Soil: Bikial; Bikini
L/5/76
llouse #30, Dust D-3 26.41+1.08
Nouse #2535, Dust D-4
llouse #20, Duat D-5 29.11+1,69 .28310.066 1.720:0.20
House #15, Dust D-6 J
Nouse #10, Dust n-7 - 43.0410,67 .02710.020  3.56910.41
Sample serles I, Pl B 0-2.5 cm -} 4/6/16 578.8315.79 39.81012 90
2.6-3 ' b-2 535.1445.35 53.600¢2 71
6-10 -3 869.3418.69 60.18012 1)
11-15 B-4 565.3215.65 21.73012 )5
16-25 -5 2642,7242.43 1.32040 .50
26-35 b-6 22.1010,22 0.22010, 20
36-50 -7 0.46F - 0.009 -
51-75 u-8 0.361 - 0.014 -
Sample series J, Pit G 0-2.5 cm  J-1 34.8410.139 6.53040 .53
2.6-5.0 J-2 45.5010.46 7.1404) 14
6-10 J-3 35,5410, 36 6.03040_ 72
11-15 3-4 42.18¢41.01 4.76040 .50
16-30 J-5 37.3610.41 5.92010.66
31-50 J-6 . 14.82i0.34 -
51-75 J-7 1.80+ - 0.0234),03)
Sample serles K, Plc U 0-2.5 c K- 4717715 198.3311.98 16.25011 .25
2,.6-5 K-2 191.8511.92 17.3004) 55
6-10 K-3 175.32%1.75 15,7304, 94
11-15 K-4 193.8711.94 19.1004) 81
16-25 K-5 180, 361 1. 80 14.6201) .15
26-15 K-6 206.4412.06 15.2801) 00
36-60 K-1 205.14142.05 12,9104 .83
61-75 K-8 191.5811.92 12. 14013 ()2
76- 100 K-9 24,1510, 24 0.13% .
Sumple sevies L, Pic J 0-2.5 cm  L-d 135.5441,6 .89y, 77
2.6-5 1-2 88.4210.83 2.48304) 9y
6-10 1.-3 60.4510,61 5.1204) 0,8
1-1s L-4 i 108.65¢1,09 1304010 .52
16-25 L-5 373.6913.74 24,9700 .09
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Table 6 (Cont'd.)

Locatfion by Island-Atull

Pu-239
Sawmple Sr-90 Pu-238 Pu-240
Dencription 11)] Dat ¢ pCi/p pCL/g pCt/p

Sotl: nikinl-niktng (Cont)

Sample Serdes b, LD ¢an) 26-35cm L-6 4112715 251.9412.520 2.000t0.03
J6-50 1.-7 149.0011.490 0.0681 -
51-70 L-8 20.8010,290 0.0121 _
71-100 L-9 0.3640,020

. '0.5740.040 0.0041 -
101-120 L-10 0.90t+ - 0.009r -
Soll; Encu-Rikint
Sample series B; Pit, #3 30-35cm h-1 4/14/75 0,41+ - 0.004+ -
0-2,5 B-2 1.2410,074 0.16040,10
61-66 B-3 0.451 - 0.0054 -
5.1-7.5 B-4 1.0840,06 0 0.2701 95
7.6-10 B-5 1.6140.070 0.2501(),20
2.6-5.0 n-6 - 1.1610.0680 0.18019" 10
Sample scertes C; Pit #2 2.6-5ca C-1 4714715 3.1810,110 0.67010.55
5.1-7.5 c-2 3.1610.100 0.56010,25
50-55 c-3 1.8210.070 0.8401y) 24
J.u410.130
7.6-10 C-4 J.0010.080 0.64010, 30
4.1210.140
61-66 c-5 3.9140.070 0.0901 -~
4.3010,160
66-71 c-6 10.4410.120 0.050+ -
9.7810,.t80
86-91 c-7 8.3810,150 0.009¢ -
5.3810,120 0.0081 _
0-2.5 c-8 4.1310,080 0.71010,60
4.4610,130
35-40 c-9 d 6.2110,110 1.28010.33

5.3210.132
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Tuble 6 (Cont'd,)

lLocation by Island-Atoll

Pu-219
Sawple Sr-90 Pu-238 Pu-240
Descript lon 1 Dat ¢ pCil /g pCi/g pCifg
Soll: Blktat-Bikiul (Cont)
Sample veries D; Plt #1 11-15cm D-) 0.34510.27
3.9210,070 0.21010.1%
86-91 n-2 0.45F - 0.004+F -
59-63 D-1 1.3410,060 0.0141 -
49-5) D-4 2,6410.090 0.045¢ -
21-25 n-5 5.4110,010 0.35410,93
16-20 D-6 5.3240.010 0.30240.130
7.6-10 n-7 10,5140.170 1.670k) 1o
6.3410,150
2.6-5.6 n-8 7.4240.150 0.56210., 3y
54-58 D-9 1.9010,100 0.023¢+ -
38-43 b-10 4.2810,110 0.11640.,12
0-2.5 p-11 7.6510,150 0.92310.44
44-48 D-12 3.3610.100 0.080+ -
Not “,rcannt. D-13 - -
5.1-7.5 cu D-14 11.8010,390 L. 93030 .67




Table 6 (Cont'd.)

Locatlon by

Island-Atoltl

i Sample Sr-90 Pu-239/240 Am-24]
Description 1l Date pCi/g pei/p
Soll: Naw-Bikinl (Cept) re2d
6" Core ncar W-2 5-8 4/1/76 53.8910.53
A 55.5710.79
6" Core ncar W-1 §-9 35.2510,42 11.9010.58
0-40 cm profile; Soll Ple W-1 0-5cm 5-10 22.7410,50 108010 69
6-10 5-11 22.1710.54 11,3010, 56
11-15 5-12 56.4710.76 21.9010.92]
16-25 5-1) 261.5911,17 )
26-40 S-14 57.1910.54
0-50 cm prcfite; Sotl Ple W-20-%m 5-15 S51.7440.79
49.5210.50
48.6310.50
6-10 5«16 69.4310.60
11-20 5-17 68.0410.57
28-25 5-18 47.5110.50
35-50 5-19 17.4510.44
6" core, end of ecast transit 5-20 143.8011,00 50.1011.35
6" corc, end of cast trausit §-20 186.74+1 .45 HA
6" core, Station E-1 §-21 S4.5910.56 11.2010.62
0-50 cm Composite statfon E-1 §-22 67.2410.61 11.00t0.71
6" core between station 1 and 2 $-23 54.1010.51 15.7010.70
9 cw composite-) samples bet.SL. 162 §5-24 105.5710. 74 19.72010.487
6" core, Station #2 5-25% 75.3010.64 01.6210.45
6" cure, Station #2 $-23 J 44.2211.02 NA
S cm composlte-3 samples av St. #2 $-26 94.7010. 21
)-70 cwm profile; St, #2 soll pict §-27 4/8/76  75.3010.62
N-5cu ' 77.0110,64
0-5 §-27 83.8011.41
6-10 5-28 14,6210.39 2.7410.48
11-20 §-29 14.6910.39
21-35 s-31o 9.9310.33
136-45 5-31 4.5410.22
46-50 5-32 3.3310.19
51-60 s-133 3.0010.47
61-70 5-34 2,7210.16
6" corec hictuecen shore & St. #-1  §-35 24.4610.51 10.6010.56
6" core between St. #W-1 & W-2 5-36 25.4810,50 9.3310.55
5 cm composfie-3 vamples Sc.#l 5-17 15.1010.41 0.3210.45
and shove ' J ,
6" core between St.. #1 and $-38 4 14.2210.36 -1510.37

shoveline




Table 6 (Cont'd.)

Locatfon by lsland-Atoll

: Sample $r-9%0 Pu-238 Pu-239/240 Am-241
Deacription : ‘ 1D Data pCi/g pCi/p pCil/g pcL/g
- e ' v .
Soll; Bige|-Kuajaleln ‘ .
Sawply series M . M-1 4/12/75 0,41t - 0.002+ -
Soll; Rongelap-Rongelap ; ~
9-10 profile (150-200 yds) s-1 4/3/7} 20.8910.34 -
' k 21.2640.59
12" proffle last housc east end §-2 i 20,0910.33 1.8210.443
12" profile beldand Jabue's house §-3 - 12.9610.26
12 profile last house S-4 6.2710.18

' oot : . ‘ +



Table /
peeo . Lacation by Island-Atol]

o - . Sample | . Sr-90 Pau-238 Pu-2739/240

bescelpeton i Date _pCH/E pitfg pCi/y
Coconut Froyd-North ¢f Hopsq #37. . .V-38 . 4/16/15 34.2110.620 0.12510.10
Coconut-Frond Plt € . ' ' V-40 ' 13.8510.300 0,094 _
Coconut-Frond Pic N V-42 ' 34.7310.450 0.029+
Pandanus frond lagoon road-lousceg 35 & 36 V-3l 4/14775 402.1614.020 0.0441 -
Pandanus frond 3Ivd pL - Sca v-132 4718775 260,272,600 0.031t -
Pandanus frond lLiouse #30 V-3 ] . 'ﬁl,k6zﬂ.456 0.074t _
Pandanus Frult-laguon Rd bet. , vV-30 . 47147715 199.3241.990 0.0100 -
llousen #35 & 36 ' : - o
Pandanus frult Jrd-baseline v-33 4718775 193.6041.936 0.001t -
Pandanus frult-louse #30 . V=15 ! . . 38.3210.380 ., 0.002¢
Pandanus €fruit-}agoon road . v-36 [ 4/16/715 34.1710.342 , Q.0104

behind house #30 L : .

Messerschmidia leaves Pit A V=17 v 4/18/73  14.6210.16 . 0,070+ -
Mosserschmidia leaves Pit C - v-14 ; 113,6011.14 . 0.18210,12
Messerschmidia lecaves Pit G v-19 ; . 35.2010.35 0.41710,29
Mcsserschmidla leaves Plt 1 v-20 97.7540.98 0.45910,2]
Messerschmidfia leaves Ple M v-21 304.05¢3.84 0.85310. 18
Messerschmidia leaves Ple N : v-22 . < 104.1911.04 v 0.67110.71
Messersclmidia leaves v-21 - 56.6710.57 0.18l114) 1}
South road NW of Bunker
HMesserschmldia leaves - USGS well .0 V=24 4/16/75 110.5441,11 . 0,98510 .60
Papaya (luwmaturc) N of Nouse #25

Frulc o V-5A 4/2/76 7.0910.20
Papaya Frult - behind Mouse #24 R 'Y 4714715 79.1910.87 : 0,001+ -
Papaya Fruit - behind louse #24 v-49 . 74.2810.14 - 0.009¢ -



Table 7 ((:ulll.\l.)

Location by Island-Atoll

Pu-239
Sample §r-90 Pu-218 Pu-240
Description _ 1b Dat ¢ pCi/g pCl/p pCifg
c Ve, Blkind-hikind (Cont)
Scaveola leaves Pt A v-1 4/18/715  41.0740.47 0.11540.12
Scaveola leavos Pic B V-2 168.56+1.69 0.18Cy ., 18
Scuveols lcaves Plt C V-3 162,93¢t1.63 - 0,15064), 16
Scaveunla leaves Plt D V-4 127.3911.27 0.070! -
Scaveola leaves Pt E V-3 80.9010.81 0.522y) 53
Scaveola Jeaves Pit F V-6 37.6410.38 0.3664}_40
Scuveola leaves It G - Row 14 V-7 50,5440.51 0.2484 25
Scaveola leaves Pir Il - 3id b/1I-N v-8 166.8911.67 0.3589, 139
Scavusla lcaves Pl L v-9 124,6011.25 0.1480.15
Scaveula leaves Pit & v-9-1 155.0511.55 0.1450.15
Scaveols leaves Ple M v-10 49.2310.49 0.931 ) 54
Scaveola leaves Pitc N v-il -+ 38.6410.139 0.014¢+ _
Scavcola leaves near Palm Tree v-12 4/16/15  31.3510.31 0.0804
Scaveola Ycaves near USCS Well v-13 l 39.6610.40 0.2054), 20
Tumature Pandanus-House #1335
frult V-3A 4757176 172.3611,09
Tnedtble v-3p l 64,0840, 64
Puapk fn-luuse #40
Flesh V-2A 4/5/16 9.6210,22
Squash-llouse #2Y v-51 4714725 5.3110.14 0.003+ -
Arvoy Root Tubers E of llouse #4 Vv-52 47117715 9.6940.85 0.23940.15
Banana Fruit behind House #24 v-53 J 9.3310.2) 0.002+ «
Banana Skin behind House #24 V-S54 : 90.0010,90 0.018% -
Breadfeutt leaves ¥ic 1 v-55 4718725 377.8813.78 0.14810 ]2
Tuswature breadfrult hind llouse #34 V-4 4/5/16 80.9710,65 -
Jumature breadfrole ber. W. 16417 V-6 41.3110.35
Breadfradt-composite of samples v-2 416716 48.0910.58

between Houses #8 & 9
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Table 7 (Cont'd.)

Location by lsland-Atoll

& E-1

S¢-90 Pu-239/Pu-240
Description Sample Date nCi /e AV
Negctotden: _Encu-Uikiul
Scaveola leaves Pit 41 v-14 4/14/15 14.6910.210 0.0074
Scaveola leaves Pit 92 v-13 6.1140,150 0.009¢ -
Scaveola leaves Pit #) v-16 1.8240.075 0.023%+ -
Hevsecrschmidia Jeaves Pit #1 v-25 19.4210.290 6.001+ -
Hesserschmidia leaves Pl #2 v-26 50.8140.510 -
Mcsserachmidia lcaves Pit #) v-27 37.2440.370 0.010+ -
Hesserschmidia frulc Pic 41 v-26 . 4.3810.1350 0.004t -
Messerschmidia fruic Pic #) v-29 16.7810,500 o.o18+ -
Pandanus-frond; Cewp Blardy, lsgoonroad V-56 4/15/15 6.1010.210 0.005+
Negetacton:  Naw-Bikind.
Scaveola near soil pit at Sc -2 V-8 41116 104.2910.830 -
Scaveols between St. -1 & W-2 v-10 198.09+1.450
Scaveolanear soll pit at Sc. dU-1 v-14 89.3840.980
Scaveolamldway betweea beach & Sc, v-15 98.23+1.040
u-i
Scaveols beyond E-2-end of east t/s v-17 175.21+41.320
Scaveola near E-2; ¢ast transect v-19 103.19+1.040
Scaveola between E-1 & E-2 v-20 93.5310.960
Scaveala nesr E-1 (East transect) vV-2) L 111.96+1.110
Scaveola between shore & E-1 V-24 4/8/16 62,1210.840
Messerschmida at Sc, #W-2 V-9 4/1/16 321.8141.520
Mesuerschuida betueen W-1 & U-2 v-11 258. 321,800
Messerschwida near St, #4-1 v-12 74.8310.820
Hesserschwida near soll pic, W-1 v-13 167.93¢1.410
Henserschmida widway betwcen beach v-16 191.65+1.500
& u-1
Messerschuida Bast transoct near E-2 v-18 301,5041,900
Mcuserschmida “ between E-16E-2 v-21 J
Hevserschmida " near E-1 v-22 g
Messerschmlda *  between shore v-25 418l76 133.6241,240
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Table 7 (Cunt'd.%

t
Location by Islund-Atoll

Sr-90'

Bauwple ! .
Descript ton . 1D Date ¥9’13 .
Vegecatfon; Roagelap-Rongelap o
Breadfruft ' V-21 1 4/3/76  1)8640.14.
Pandanus Frufg Inedible” vV-26D3 i4/3/75 2,1740.16
Pandanus Fruft " V-26CY . 4/3/16 3.4440:20 -
Stem V-26C2 |
Core Unedible v-26C3 ; 1.9740.13
Inediple : v-26c4 o
Pandunus Frujc v-26n1 6.0510.26
Stewm v-2682 . ' R
; Core V-2683 2.5110.IB‘
‘ . Inedjb)e \ V-26B84 ., Lol
Pandapus Fruft V-264A1 0.9810.12
L ‘Stem . V-26A2 Y
' "Core , V-26A3 | J 1.4510.13
' Inedible V-26A4 ' 4 e
Pandanus Fruit Edible V-26EL i4/3/76 RN
Core V-26E2 2.0510.16 S
Incdible v-26e.3 !} 0NA16-

[ I LY BN
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Table 9

Soil Cores

‘s, Average Coucentratica ia pCi/g Drv Weighs

ij Sr-30 Pu«2139/240 Am=24]  Xes0 Ce=-137  Ca=40
3tkind $3.5 1.4 7.4 12 77.2 1.3

" Nam 71.2 - 14.0 3.1 17.4 16.1
Rwngelap 15.3 - 1.82 - 11.9 0.4
Table 10

Soil Profile
ISL Highesc Concencrazioca in pCi/g Dry Weight

A“D Sr=-30 23-239/240 am=241 =40 C3=137 Ca=40
Bikin{ 3zs 32.2 - 45.3 228 5.4
Nam 138 - - 0.93 18.5 3.9
Eaeu 7.9 0.93 - - 4.9 0.5

Table 11

Messerschmidia
IS, Average Conceacracion imn pCi/g Dry Weighe

ANU Sz=30 33=2239/249 Am=241 L=dd Cs=-117 Ca=9d
3ikiat 114.6 ) 0.5 - - 426 25.3
Nam 207 - - 11.9 238 9.5
Eaeu 25.7 Q.01 - 17.46 64.9 6.7
Zniaicok - - - 7.5 22.6 -

Table 12

Pandanus - Edible
‘SL Average Concencration in pCl/z Dry Weight

A“? St-30 >1=239/240 Ame24l  %-sQ Cs=137 _ Co=nV
3ikind 235 0.50 - 14,9 402 16.5
Rongelap 2.51 - - 10.4 55 6.2
Saiasitok - - - - 191 13.7
Teizik - - - 1.5 20 0.3
Wwotho - - - 7.9 .S -




Table 12

Scaveola Leaves

“SL Average Concentration ia 2Ci/g Dry Weighs

A“D Sr-3Q 2-239/24Q Ame241 Cead) Cs=137 Za=4Q
3tking 91.5 0.25 - 19.7 365.4 -
Nam 115 - - 12.5 77.7 10.4
Zaeu 7.5 0.01 - 15.1 22.13 -
Roangelap - - - 9.1 9.1 -
Kabelle - - - 7.3 15.7 .
Eaiaicoik - - - 9.3 3.7 -

Table 15

Coconut Meat

s, Average Concentration in pCi{/g Dry Weighe

AHD Sr-3Q Pee239/240 AmeliLl =l Cg-137 Ca=90
3ikiag - - - 14.8 34 -
Taiaitok - - - 6.7 5.3 -
Rongelap - - - PR 19,2 -
Jeizik - - - - 6.7
3ige]) - - 10.7 0.13
Wotho - - 3.7 i.1 -

Table 15

2readfruls
ISL Average Concencracion ia pCL/g Dty Weight

AYD Sr=90 Pu=239/240 Am=241  X=al Cs=137  C9-40
3ikini 56.8 - 15.6 116 -
Rongelap 1.6 - - 10.38 24.8 -
Eniaicok - - 8.2 14.9 -
Ueirtik - - - 15.4 10.6 -
Wotho - - 9.6 1.2 -

Table 16

ATTowroot
Is, Average Concencraction in pCil/g Dry Weight

AND Sr-30 Pu=239/240 Am=25%1 L=wi) Ca=137 Co=4Q
3tkini 9.7 0.24 - - 1280 -
Rongelap - - - - 0.8 -
Ceirtk - - - - 15.2 -

-39 =



Table 17

Suseanry of Quality Concvol Pute for Heiuhal) Islaud Project

locatlon by Lslaud-Atull Ptu-239
Sowple K-40 8¢-90 Ce-113? Pu-240 Pu-218 Dthere
I Samplo Type-Descpipgion 1 Date pCifg pCI/R pCH/g G /g »Cilg pCilgm
Studge: Bikini-Bikiul from Housa 13 Sludge SA A/5/26 A42.841.09
Sludge 59 " 07.8410.31 36.3t1.21 4.390+ 1.19 0.099:0.10 -
Sufl: Bikini-8ikint, Sevica L, PIt J L-9 ANIYS 006.3610.02 - - -
L- " 00,5740.04 _ _ _ -
Sutl: Encu-Bikinl, Serles C, Plt 2 c-3 4714775 0).8210.07 -
c-3 “ 03.8410.13 - - - _
c-4 " 03.0040.08 - - -
C-4 " 04.1210.14 -
c-3 “ 01.9110.067 - - - -
c-3 " 04.3010.16 - - -
c-6 “ 10.4440.12 -
c-6 “ 09.7810.18 - - -
c-? o 08.3810.15 - 0.009+ _ -
c-2 “ 05.3810.12 0.008¢ -— -
c-0 " 04.1210.08 - -
c-¢ “ 04.4610.13 - - - -
c-9 “ 06.2130.11 - _ _
c-9 “ 03.3710.13 - - - -
Soil Eneu: Bikint, Sevies U, Pic M) p-1 " 0.34%¢ 0,30 -
D-1 “ - - 0.2106 - - _
D-1 A/14115 10.5110.17
-7 " 06.1910.13 - - -
Soil: MNam-Btkini, 6" Cove near W-2 5-8 4/11726 53.8910.5) - - - _
5-8 . 55.5710.79 - -
0-50ca Proflle at Phg W-1 s§-15 " 48.6310.79 - - - -
1. 1410.19 - - - -
s-13 . 49.5210.50 - - - _
6" Cure East Transect-Soll Nom $-20 " 18).8041.00 = ot = -
186. 2411 .45 - - Z
Sull: Naw-bikinl, 0-70cm Profile ac St. #2 5-27 4/8/26 83.80¢1.4) - - - -
17.0140.64 - - -
§-0 75.3240.62 - _ _
6" Core Statfun #2 8-25 75.3010. 64 -
84.2241.02 - - - -
Soil: Rougclep-Rongelap, 12* Profile 3-1 4137716 46.3810.75 - - - _
_ ) _ 3-1 " 41.2011.32 - - - 1.41100. 288 (Co-t0)
Auiumal;  Encu-Btklal-Flsh Scalow F-3A 4714415 11.9012.3% - - - - 1.32100. 266 {Co-60)
_ F-3A " 11.5012.17 - 2.39400. 349 (Co-6u)
Fuduws); Hau-Bikiaf-Mellee Pish t-1A 12/8/174 09.3411.9) - - - - 2.619100. 381 (Co-60)
K- " 10,1042, 14 - - - - e
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FTigure 1. Bikini Island soil samples.
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Tigure 3. 3ikini Island soil samples.
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Figure 2. 32ikini Island soil samples:
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ABSIRACT

External radiation measurements were made at several atolls in the
northern Marshall Islands, which are xnown or suspected to have been the
recipients of tropospheric fallout during the Pacific Testing Programs.
Sufficient data were available to ascertain realistic dose predictions for
the inhabitants of Rongelap and Utirik Atolls where the 30 vear integral
doses from external sources exclusive of background radiation were 0.65
and 0.06 rem respectively. These estimates are based on realistic life-
style models based on observations of each atoll community. Ailuk and
Wotje Atolls were found to be representatives of regional background radia-
zion levels,



Introducticn

In 1976, Brookhaven Nationmal Laboratory initiated a program of extermal
radiation survey for the Rongelap, Rongerik, Ailuk, Wotje and Utirik Atolls.
The purpose of these surveys was to provide sufficient information concerning
the ambient radiation levels resulting from the mid 1950's weapons testing
program to make external dose calculations for the individuals living in the
surveyed areas. During the last two years, sufficient measurements were made
to provide external dose information for most of the populations in the region.

The data from Rongerik, Ailuk, Wotje, Rongelap and Utirik Atolls were
acquired during trips in September 1976, May 1977 and Cctober 1977. All the
exposure rate information gathered from these atolls was obtained with a pressu-
rized ion chamber.

The equipment used in these studies comnsisted of a Reuter Stokes Environ-
mental Radiation Monitor, Model RSS-11ll and a gamma spectroscopy system consisting
of a sodium iodide detector coupled to a portable multichannel analvzer. Eaviron-
mental exposure levels were assessed via the RSS-111, and the Nal gamma spectro-
meter was used to determine the energy dependence correction factors for the
RSS-1ill imstrument.

The field trips were staffed by BNL personnel and guest sc.entists from other
institurions. Participants are listed later in the report.

This report represents all of the axternal exposure data collected to date dy
3NL from these atolls. From these data, we have made external exposure estimates

for the people living on Rongelap, Ailuk, Wotje and Utirik Atolls.



Iascrumencation and Mechods

A) Ion Chamber Measurements

All environmental exposure rate neasurements were cbtained using a Reuter
Stokes environmental radiation monitor model RSS-111. The instrument is
designed to measure envirommental radiacion as low as 100 -Rad/year. The
RSS=-11l consists of a spherical high pressure iom chamber filled to 25 atmos-
pheres of argon. Incident radiation produces ion pairs within the active
volume of the chamber which result in a current flow. The current flow is
measured by an electrometer and is directly related to the free air exposure
rate (1).

The acrive volume of the stainless steel ionization chamber is knowm to
+01%. The current prcduced in the chamber is a function of incident radiation
from an external field, cosmic rav-response and contamination found in the
stainless steel. The equation relating instrument résponse to energy of the
incident radiacion is:

Rj = Kj I} +Rx +Ke Ic

where Rj = current produced in the chamber by the incident

gamma fileld

Kj = proportionality constant stacing the variability of
instrument response to the .energy of the incident
gamma field

I} = intensity of the gamma field ian <R/hr

Re = current produced by activity in the stainless steel

Ke = proportionality constant for cosmic rays

Ic = intensity of cosmic rays



For a given area, the values of Xc and Ic will be constant along with Rx.
Since we measure RT, the only unknown are Kj and Ij. The value of Xj can be
determined once the ambient gamma spectrum is known. Data from the manufacturer
indicates an error of as much as 6 to l0% could rasult if energy corrections are
not made to the gross readings.

The RSS-11lls wused in this study were calibrated at the factory using radium
sources whose calibration is traceable to the National Bureau of Standards. Cali-
bration of the instruments were also checked by EML (formerly HASL) prior to field
use.

Energy -Denendence Corrections

In the 1977 surveys, BNL used a sodium iodide detector, whose output was
coupled to a multichannel analyzer. The purpose was to enable the BNL team to
acquire spectra of the terrestrial background radiation at one meter above the
surface. This was done at the same height and in the same areas where the RSS-11l1
measurements were taken. Consequently, energy dependence factors could be cal-
culated by examining the envirommental zamma scan for the energies of those nuclides
most predominant in the terrestrial environment.

The equipment used to accomplish this part of the work was a computing Gamma
Spectrometer, Model LEA 74-008 #11 built by Lawrence Livermore Laboratory (2).

The system uses a Harshaw 5.08 cm diameter x 5.08 cm thick NaI(Tl) scintillation
detector. The spectrometer can be operated from AC power or on intermal batteries.
Spectra are visually displayed on a CRT, and transferred to magnetic tape for
storage. Using the math package with the system, each spectrum was examined in

100 KeV increments, and folded into the R}SS-111 energy response curve to determine
the energy depeqdence factors.

The range of factors needed to compensate the RSS-1l11 response due to energy



dependence was 1.0l to 1.05. The mean correction was approximately 1.02. Conse-

quently, we felt no need to correct the remaining 1976 or 1977 data for the

minor energv dependence encountared.

Results

A total of 112 RSS-111 measurements were taken on five atolls. Each data
point is the average of at least 20 individual readings. This assures the
precision of the value while the initial calibration guarantees accuracy. The
one sigma error is on the mean exposure rate. All exposure rate values include
natural background except where otherwise noted. Figure 1 graphically presents
the data obtained at Eniwetak Island, Rongerik Atoll. On this island, random
measurements were taken along a central northsouth transect. Table 1 presents
the raw data collecced with one sigma error. The average exposure rate for this
island is 6.3 =R/hr., This is about 1.5 times higher than the cosmic/terrestrial
date rate found on uncontaminated coral islands. Eniwetak was the island surveyed
in che Rongerik Atoll due to presence of U, S. servicemen at the weather station
there at the time of the BRAVO fallout i{ncident.

Tables 2, 3, 4, 5 and 6 present the raw data from Rongelap Atoll. The islands
surveved were Kabelle, Naen, Eniaetok and Rongelap. Naen 1is located at the
northwest corner of the atoll, and Kabelle at the northeast cormer. Kabelle is
a significant copra resource; and both of these islands may be used for brief
visizs, but neither of them is permanently inhabited. These islands received a
significant amount of fallout debris and consequently, are still substantially
mere contaminated than the islands of Rongelap and Eniaetok, located in the south-
2ast and easterm parts of the atoll. The current values for external exposure rates

on rhese islands are listed below and in Table 14. The entire population presently

Island Average Ixpcosure Rate in -R/hr
Naen 23.1
Kabelle 21.7
Eniaetok , 9.9
Rongelap 7.3



lives on Rongelap Island. The people obtain most of their food from Rongelap
with occasional supplemental trips to Eniaetok and to other southerm islands

in the atoll. Liccle or no aczivities currently takes place on Naen or Kabelle,
or other islands in the norch.

Figure 2 is a graphic presentation of the measurement points and exposure
rates along the main road of Rongelap Island. The exposure rate is fairly
uniform averaging 7.3 wR/hr over the island. This is about twice the background
radiation level of uncontaminated atolls in the Marshall Islands.

Tables 7, 8 and 9 present the data for the islands surveyed in the Utirik
Atoll. These islands, Aon, Eorukku and Utirik, represent the major islands within
the atoll. Aon, located in the southwest corner and Utirik located in the south-
east corner of the atoll, are the major areas for living and food ptoduction.A The
external exposure rate for all these islands is about % .R/hr, i.e., very near
the regional background level.

Tables 10, 11, 12 and 13 present the RSS-111 survey results for Wormej and
Wotje Islands of Wotje Atoll and for Bigen and Ailuk Islands of Ailuk Atoll. These
islands were surveyed to determine whether they were representative of baseline
external exposure rates for the Marshall Islands. The individual island averages
are found in Table 14, Sut range from 3.7 -R/hr to 3.9 _R/hr. These exposure rates
are about the same as that for Xwajalein and other areas not exposed to gross con-
tamination from fallout; we assumed them to be representative of ambient background
radiation levels for the region.

Discussicn of Results

The average exposure rare as measured for each island is listed in Table 14,
In all areas, except for Rongelap aAtoll and Rongerik Atoll where only Eniwetak
Island was visited, there is essentially an uniform exposure rate within the islands

of a given atoll. For hvpothetical inhabitants of Eniwetak Island at Rongerik atcil,



and for the people living at Utirik Aroll, external dose estimates were made, and
the results are presented in Table 15. These dose estimates were made based upon
the following assumptions or observations:

1) The exposure rate was relatively uniform throughout the atoll.

2) The average exposure rate represents the average for all islands within

the atoll.

3) Wotje and Ailuk Atolls are representative of the natural backgrouad in the

Northern Marshall Islands.

It is difficult to estimate an external dose for the inhabitants of Rongelap
Atoll apart from typical residents who spend most of their time on Rongelap Island.
The reason lies in the nonuniform distribution of radicactive material from island
to island within the atoll. While the southern islands of Rongelap were determined
to have uniform exposure rates oan a per island basis, there were significant dif-
ferences in the exposure rates between islands and substantial heterogeneity in
exposure rates on any given island in the northern sector.

In UCRL 51879 Rev. 1 (3,4), this problem was approached by estimating the
fraction of the time that an individual spends on various activities. This esti-
mate is reprinted here as Table l6. Using this as a basic assumwytion, we have
constructed external exposure rate estimaces for the varicus living activities
based upon our measurements reported in Tables 1-13. The value for the lagoon
exposure rate was assumed to be the same as that for uncontaminated atolls in the
region (~3.7 wR/hr). The value for "other islands" was obtained by assuming that
the Marshallese would spend an equal amount of time on each of the other islands
which we surveyed. All other estimates are made by taking the average of all

measurements made within the area of interest.

~4



Table L7 represencs the exposure rate at each pattern of activity as listed
in Table 16 calculaced assuming 00T occupancy for Rengelap Atoll. Table 18
presents an estimate of the expcsure rate for each age group, weighted by the
percent of time spent in each area for inhabitants of Rongelap Atoll based on
the Lawrence Livermore lifestyle Model (3,4). Summation of the exposure rates in
each area provides the average exposure rates to the Rongelapese.

Using the average hourly exposure rates, the long term external dose was cal-
culated. These data, presented in Table 9 for Rongelap Atoll, have been cor-
rected for background (terrestrial and cosmic) radiation by using the average
exposure rate of Wocje and Ailuk Atolls as a representative sample of the normal
(unexposed) Marshall Island environmenc.

We feel that this is a very cecnservative estimate for Rongelap Atoll since
the people rately visiz the more heavily contaminated islands in the north, and
tend to restrict their "other islands' wvisits to the southern sector where exposure
rates are similar to that on Rongelap Island itself. This observation was supported
by an independent living pattern assessment from which data became available in
the fall of 1977 (5).

Specific living pacttern information for Rongelap was obtained on a field trip
in October 1977 (5). This information is presented in Table 20. It should be
noted that as previously mentioned, the Rongelap "lifestyle" involves very little
time away from Rongelap Island where a constant exposure rate-of 7.3 .R/hr is
assumed. Revised external dose predictiocns based on the observed Rongelap living
pattern are given in Tables 21, 22 and 23, These doses include corrections for
phvsical decay for 137Cs and 90¢s which are responsible fer >997% of the total
external exposure rate above dackground. The cesium and cobalt ratios were cbtained
using the averages of soil sample activities from analyses bv BNL (6) and che

University of Washington (LRE) (7). It was assumed for this assessment :zhat no

radicnuclide loss mechanisms are operative other than physical decay.

-8 -



ICRP #9 suggests that in 20 years, the general public should receive a dose
of less than 5.0 rem from tocal bodv sources other than medical or natural bacik-
ground (8). In all cases examined here, this requirement is met. The croblem
arises that the external gamma radiacion is only one source of exposure to the
Marshallese. The diecary pathway could contribute a substantial increment as an
incernal dose commitment.

Reviewing all atoll dose commitments in this light, we feel that inhabitants
of Yongelap Atoll may have difficulty meeting the ICRP #9 criterion of 5 rem in
30 years, but should be within the 0.5 rem/year standard for individuals. The
irnceral dose assessment for the people of Rongelap will be the subject of a sepa-
rate report. At this time, we do not recommend any remedial action until a complete
dose commitment can be determined by means of examining the external, dietary and
whole body counting data available to date.

The other islands and atolls surveyed are well within the ICRP recommended
levels. As such, little more than minimal followup should be done on these atolls.
The main task of the environmental programs should be one of detecting significant
changes in the environment or lifestyle which might warrant a reassessment of these

dose predictions.
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Taocle L

ENIWETAK ISLAND - RONGERIK ATOLL

RSS-111
EXPCSURE SURVEY
May 1977
Expospge Race"’
Location v -R/HR
Cross Island transectc, 100 m from the ocean in a sandy 5.26=0.28
open area
Cross Island cransect, 120 m from the ocean in a wooded 6.47=0.22
grove :
Cross Island transect, 170 m from the ocean in a sandy 5.8570.22
area
Cross Island transect, near center of the island near the 8.33+0.36

lone standing pole
Cross Island transect, 50 @ from lagoon om top of organic 8.42+0.15

debris
Cross [sland transect, 20 m from lagoon in clearing 4.8 =0.25
Cross Island transecz, 20 m from lagoon under shrubbery 3.11-0.42

Table 2

YABELLE ISLAND - RONGELAP ATOLL
RSS-111
EXPOSURE SURVEY

Seocember 1976

Exposure Rate

in

Location ~-R/hr
Cross Island transect beginning at the water catchment

Innermost penetration along this transectc 220 m from lagoon 13.0+0.3

30 m west of innermost penecration 16.3+0.3

55 m west of innermost penetration 18.1-9.3

90 m west of innermost penetration 12.9+0.4

115 m west of innermost penetration by water catchment 22.140.3

125 m west of innermost penetration inareaof sand and 34,003

scavecla scrub

20 m south of water catchment 29.7+0.5

170 m west of innermost penectration 31.3»0.3
Second transect 275 m south of Cross Island transect

First level messerschmidia canopy 18.2+0.2

Scaveola clearing 20.3=0.3

Scaveola clearing ~30 m to the lagoon bSeach 26.930.4

- 12 -



Table 3

ENTIAETOK ISLAND - RCNGELAP ATOLL
R8s-1l1
EXPOSURE SURVEY

Sencember 1975

Zxposure Rate

in

Locaticn -R/hr
Eascwest cross island transecc - Middle Island

50 m due west of Ocean Beach 5.8+0.4

85 m due west of Ocean 3each - clearing south of path 11.470.3

85 @ due west of Ocean 3each - clearing norzh of path 12.470.2

135 m due west of Ocean 3each 11.7+0.5

175 2 due west of Ocean Beach 11.370.3

215 = due west of Ocean 3each near cluster of three houses. 8.6+0.2

Area has patchy coral gzravel. ’

265 m west of Ocean B3each: 40 @ from Lagoon Beach 5.8+0.4
Second transect: 250 2 due north of Middle Island trapsect

70 m due east of lagoon 11.5+0.3

Adjacent clearing returning toward Lagoon Beach 12.0%0.4
Third transect near south end of the island

80 m due east of the lagoon 12.0+0.2

30 m from Lagoon 3each near a house: some gravel present 6.7m3.4%

Table 4

NAEN ISLAND - RONGELAP ATOLL
RSS-111
EXPOSURE SURVEY

Septemper 1976
Exposure Rate

in
Locaticn _R/hr

Tirst transect due Wwest £o0 northwest from near southeast corner
of zhe island
clearing 40 m in from the beach

22.3+0.%
150 @ inland due west to norchwest 55.310.6
recarning to beach due southeast, 25 m to next clearing 42.1=0.5
southeast ~40 m to next clearing 40.6-0.5
Midisland second transect due north from the lagoon cencer of 62.2+0.7
island
25 = south of center island towards che lagoon 43.340.7
30 m south of center island rowards the lagoon 44,770,535
90 m south of center island towards the lagoon 59.0+0.0
120 = south of cencer island towards the lagoon 33.1-0.5
130 m south of cencer island towards the lagoon 70.7+3.4
sandy head land on southeast ccrner of the island 5.0+=0.2
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Table 3

RONGELAP ISLAND - RONGELAP ATOLL
RSS~-111
EXPOSTRE SURVZIY

September 1976
Exposure Rate

in
Location wLR/RE

Cross Island transect on path near church

70 m from Ocean 3each 6.3+0.5
140 m north frem Ocean 3each 7.0+0.3
200 = nortn from Ocean 3each 8.510.3
270 m north from Ocean 3each 3.5+0.2
350 @ north from Qcean 3each 9.1+0.5
420 m north from Ocean Beach 7.710.4
500 m aorth from Ocean 3each . 7.5+0.3
.370 = norch from Ocean 3each 4.9+0.4
Village rcad transect starcing at western end of the village
100 m west of first house in cthe village 8.2+0.3
front of first house: lagoon 3site of the road 7.8+0.4
100 m due east of first house 7.3+0.4
200 m due east of Zirst house: past houses 3, & and 5 8.9+0.3
300 m due east of first-house: near houses 6, 7, 8 and 9 5.9+0.%
{area covered with crusned coral)
100 m part church 7.1+0.3
200 m past church near co-op 5.7#0.3
in frenc of Jerry Xnignt's house 6.070.3
in fromt cf 2 houses near the dock 5.5+0. %
100 m east of the bock ’ 6.5+0.4%
170 m east of the dock 6.6+0.7
Observacion tower at west end of the island in open field 5.1=0.3
0.5 km east near main rcad in clearing 9.6%0.3
1.0 km east near main road about 50 m from the lagoon 8.3x0.3
1.5 km east near main road in the middle of the road 5.8%0.3
in coconut grove adout 1.2 «km 2ast of observation tower 8.1+90.2
1.9 km east near main road on lagoon side of the road 7.8+0.2
2.4 ¥m east near main road, lagoon side on grass covered coral 8.3+0.3
2.9 km east near main road, lagoon side of grassy area 7.1=0.2
3.+ xm east near main road, grassy area on the ocean side 8.8-0.+
3.8 xm east near main voad, grassy area on the ocean side 8.3+0.4
4.3 km east near main road, grassy near trees lagoon side 7.1+0.3
4.8 km east near main road, grassy area on ocean side 6.1+0.4
5.3 km east near main road, grassv area on lagoon side 7.470.2
5.8 km east near main road, a grassy area with Pandanus at edge 6.6-0.3
of village
5.3 km east near main road in the village Sy the school and 3.0%0.2
cemetery
along side church in =il wvillage 8.3+0.%
5.7 km east near main road, east of village in grassy area 6.0+ 2
Seneath coconut zrees, ocean side of the road
8.3 xm east near main road near Japanese cistern T.9=.2
8.3 km northeast beneach Gueczarda grove, ocean side 7.3=3.2
9,3 km nor=heast approaching north end of island 9.3=0.%
3.8 «m northeast on main road, ocean side ian a coconut grove 9.5m).3
] 5.070.+

0.2 «m northeast near end of island in grassy area and scaveola
trees



Location

Table »

RONGELAZ ISLAND - RONGZLAZ ATCLL
RSs-1ill
EX20SURE SLRVEY

October 13977
Zxposure Rata
in
~R/nr

Cross Island transect on path behind Taraud's (Jerry Knight's) house

shrub line, ccean side

118
138
197
237
276
316
353
395
434

513

3.9-0.3

39 m lagocnward (scaveola grove) 4.6+0.2
30 m lagoonward fedge of coconut grove) 4.3+0.3
lagoonward 5.8+0.2
lagoonward 5.8+0.4
lagoonward 5.9+0.3
lagoonward 6.170.2
lagoonward 6.4+0.1
lagoonward 7.0+0.1
Lagoonward 6.2+0.3
lagoonward 7.340.4
lagoonward 7.8+0.3
lagoonward 7.310.4
lagoconward (near rear of Tarbud's house) 5.3+0.3

Main island rocad, ZIront of Tarbud's house 5.3%0.3
Lagoon Beach near 3oas' house 2.2=0.2

BEdd gy dd

Table 7

AON ISLAND - UTIRIK ATOLL
RSS-111
ESPOSURE SURVEY

Seprember 1976

Exposure Rate

in
Location -}/ht
100 m from the (Ocean 3each 4.1+0.3
220 = from the Ocean Beach 4.2+0.3
30 m from Lagoon Beach near middle of the island 4.170.3

Tabie 3

EORUKKU ISLAND - UTIRIK ATOLL
Rss-111
ZXPOSURE SURVEY

Seotemper 1975

Exposure Rate

in
Lecation -R/hr
Middle Island +,240.5
Southwest L.lr008

]
‘-—A
W

)




Table 9

UTIRIX ISLAND - UTIRIK ATOLL
RSs-111
EXPOSURE SURVEY

September 1976

Exposure Rate

in
Location ~R/hr
Easctwest transect across island near south end of village
60 m west of Ocean Beach 3.780.3
150 m west of Ocean Beach 4.34+0.3
10 m east of village road 4.1+0.8
L00 o west of ocz2an near che middle of the village 4.1+0.2
200 m west of ocean near che middle of the village 4.2+0.2
3OO0 m west of ocean near large hollow and taro patch 4.5+0.9
l0C = from large hollow and taro patch ‘ 4.540.4
200 2 from large hollow and taro patch near the middle of village 3.9+9.7
village road by the cemetery 4.0%0.2

Table 10

WORMEJ ISTLAND - WuWTJE ATOLL
RSS-111
EXPOSURE SURVEY

Sepcember 1976

Exposure Rate

in
Location -R/hr
Middle of the village 3.9+0.3
transect due norch ~150 m north of the church 3.7#0.3
transect due north ~250 m north of village 3.670.3
transect due north ~3530 m north of village 3.8+0.3
transect due north ~430 m north of village 3.740.2
transect due norch ~330 m north of village and ~30 m south of 3.9+0.2

of Ocean Beach

Table 11

wOTJE ISLAND - WOTJE ATOLL
RSS-111
EXPOSURE SURVEY

September 1976

Exposure Rate

in
Locacion -R/hr
northsouth air strip, 2/2 of the distance from the lagoon to the 3.7#0.2
oczan '
100 o west of air strip 3.7+0.2
200 =m west of air serip 2.370.3
300 m west of air strip 3.870.3



Table 12

BIGEN ISLAND - AILUK aTOLL
RSS-111
EXPOSURE SURVEY

April 1976

Location

Exposure Rate

in
R/hr-

150 m from the Lagoon Beach, north end of the island
North end Lagoon 3each

Table 13

AILUK ISLAND - AILUK ATOLL
RSS-111
EXPOSURE SURVEY

September 19754

4.

2+0.3

Exposure Rate

in

Location ~R/hr

50 m from Ocean Beach 3.0+0.5

130 m due west of Ocean B8each 3.770.3

350 m due west of Ocean Beach 3.920.5

430 m due west of Ocean B8each, ~100 = from village 3.740.4

Aflluk village near intersection of village road and Cross 3.720.5
Island road

Table 14
Average Exposure Rates (Mavy 1977)

Island Atoll a Average Exposure ata ~1- error
Kabelle Rongelap 11 21,7 -&/hr = 7.3 ~R/hr
Naen Rongelap 11 43.1 -R/hr =18.5 «R/hr
Eniaetok Rongelap i 9.9 -}/hr = 2.7 =R/hr
Rongelap Rongelap 57 7.3 «wR/hr * 1.5 =R/hr
Aon Ueirik 3 4.0 4R/hr = 0.3 _&/hr
Scrukku Utirik 2 s.1 =R/hAr = 0.1 «R/hr
Ueirik Ueirik 9 4.1 «R/hr £ 0.2 =R/hr
3igen Ailuk 2 3.9 -R/hr = 0.3 «R/hr
Ailuk Ailuk 3 3.7 «R/hr = 0.1 =R/hr
wormej Wot je 5 3.7 «R/hr = 0.1 ~R/hr
Wotie Wot ie 4 3.7 =R/hr = 0.1 <R/hr
Taiwetak Rongerik 7 6.3 «R/hr = 1.7 =R/hr

“Corrected for energv dependence of RSS-111. (Tvpical
factor was 1.05).

speccral correction
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“Table 15

External Exposure Rates and Dosce Predictions
Persons Living on Surveyed Atolls '»
(Exclusfve of Rongelap Atoll)

Ave, Gross Exposure Rare Net Exposure Rated 10 yr. lntegralJ 30 yr. IntcgralJ 50 yr. lntugral]
Aloll April 1977 April 1977 Dose in Rem Dose in Rem Dose fn Kem
utivik® 4.07 uk/hr 0.32 uR/hr 0.024 0.056 0.077
Atluk 3.80 uR/hr - - - -
HWot je ) 3.70 ,i/hr - - - -
Rongerikd 6,30 uRk/hr 2.55 pR/hrx 0.199 0.484 0.661
TCRP 9 Population
bose Limit - 1.700 5. 000 8. 300

1. Doses were calculated from average exposure rates for each atoll,

2. Multiple ycar dose calculations were made on the backyround substracted exposure rate,
assumed to be the average of exposure rates detected at Al luk aod Wotje Atolls,

hose represents increase over background,

Conscrvatively assumes 100 percent of time spent on Ueirik lsland,

Basced on a superficial survey of Enfwetak Island only.

[ I~ Y

Background was



Table 16

Population 3reakdown by Age and Gecgrapnical Living Patterns

‘Ref. 3)
InZfancs and Children and
small children adolescents Men Women
Age 3racker {years) O=a 5-19 20+ 20+
Fraccion of population (%) 16 41 22 21
Fraccion of time spent in
respective areas (%):
Inside Home 50 30 30 30
Within 10 m of home 15 10 5 10
Elsewhere in village 5 10 5 10
Beach 5 5 S 3
Interior of island 5 15 20 15
Lagoon 0 10 10 5
Other Islands 20 20 25 23
Table 17
Assumed Exposure Rate for
Each Living Pattern*
Pattern Rongelap Atoll
+R/hT
Inside home 7.3
Within [0 = of home 7.3
Elsewhere in village 7.3
Beach 7.3
Interior Island 7.3
Lagoon** 3.7
O-her Islandsv* 24.9

“Values lisred are mean exposure rates.

ki

Lagoon value is assumed to be the same as regiocnal background at uncontaminated

..3tolls,

" "Values used for other islands assumed equal distribution of time spent on
cther islands within the atoil.

- 19 -



Table 18

Rongelap Exposure Rates Based on Living Pattern Assumed for 3ikiai "2, )

Descriotion Infan=s Children Men Women
Q=u TS 5-19 vrs 20+ vrs 20+ vrs
Fraction 16% 417 22% 21%

of populaction

Dose rate due to
Time spent with-
in these areas

(sR/hr)
Inside Home 3.65 .19 2.19 2.19
Within 10 m of 1.0 0.73 0.37 0.73
home
Elsewhere invik 0.37 0.73 0,37 0.73
lage
Beach ' 0.17 0.37 .37 0.37
Interior Island 0,37 1.10 1.48 1.10
Lagoon 0.00 0.37 0.37 Q.19
Other Islands 4$.98 4.98 4,23 6,23
Total (-R/hr) 10.84 10.47 11.26 11.34

(inci bkgd)

Table 19

Exposure Rates and Dose Predictions for Persons Living on
Rongelap Atoil Based on Assumed 3ikini Living Pattern

Net Weighted

Race in ~R/hr Externai Integral Dose in Rem (3kgd Sudbt)
Age Group Mav 1677 10 vr. 10 vr. 30 vr.
[nfants (0-4 vrs) T.09 0.56 1.33 1.84
Children (3-19 vrs) 65.72 0.52 1.27 1.75
Men (20 vrs+) 7.61 0.60 1.44 1.97
Women (20 vrs+) 7.79 0.82 1.49 2,03

- 20 -



Tabla 20

Living Patzern Model for Rongelap
(Octcber 19779

Infancs & Children &

Small Children Adolescents Men Women  Old People
Age 3rvacket (vrs) 0«4 3-19 20-59 20-39 50+
Tracction of time spent
in respective areas(%)
In village (including 100 84 77 94 100
inside home)
lncerior of island - 3 13 4 -
Jeach - 3 2 -
Lagoon - - 4 - -
Other islands - - ) - -

Table 21

Rongelap Exposure Rates Based on Observed Living Pattern (5)

Infants Children Men Women Old Peonple
Description 0-% yrs 5-19 yrs 20-39 vrs 20-39 vrs >60 vrs

Dose rate due to
time spent within
~hese areas (-R/hr)

In village (includ- 7.3 5.13 5.62 5.36 7.3
ing home)

3each - 0.58 - 0.15 -
Interior Island - 0.38 3.95 J.209 -
Lagoon - - 2,13 - -
Other islands - - 1.9 - -
Tortal .R/hr 7.3 7.3 3.21 7.3 7.3

(inci bkgd)



Average Zxposure ates and Dose Predictionms for
Persons Living on Rongelap Acroll Based on
Rongeiap Living Pattern (1977)

Weighted Net Net Integral External Dose in Rem

Age Group Exposure Rate in -R/hr L0 vr 30 vr 50 yr
Iafanes (0-9) 3.6 0,27 0.55 0.90
Children (53-19) 3.6 " " "

Men (20-39) 4.5 0.34 32 1.12
Women (20-39) 3.5 0.27 .63 0.90
0ld People (60+) 3.6 " " "
Additional Concribuction 3.7 2.32 0.97 1.62

Frem 3ackground Radiacion

Table 23

Total DJoses Including Background 3ased on
Rongelap Living Patcern (l977)

Weighted Total Exposure Rate Total Integral Dose in Rem
Group -R/hr 10 yr 30 vr 30 yr
Rongelap Men 8.3 0.66 1.79 2,74
(ages 20-34)
all ochers 7.3 0.59 1.582 2.34
(Rongelap)
veirik, all +.1 0.34 1.03 1.70
residengs™

“Assumes (conservatively) 1007 occupancv on-island.
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ABSTRACT

External exposure rate surveys from 1975 to 1977 on the islands Nam, Eneu
and Bikini of Bikini Atoll gave average external exposure rates of 24, 5.7 and
32 yR/hr respectively. The exposure rate on Eneu Island is uniform, whereas
those on Bikini and Nam range from 7.0 to 80. UR/hr. Based on an assumed living
pattern at Bikini Island, the adult male Bikinian is estimated to be in the pres-
ence of an external radiation field corresponding to 16 WR/hr due to debris and
fallout from the 1954 BRAVO incident. This corresponds to a 30 year dose equiva-
lent of 2.8 rem. :

- iii -



INTRODUCTION

In April 1975, Brookhaven National Laboratory initiated an external survey
of Bikini Atoll in order to obtain information concerning the ambient external
radiation levels resulting from the mid 1950's weapons testing program and to
make dose equivalent commitment determinations for the individuals living in the
surveyed area. From 1975 to 1977, measurements were made to provide sufficient
information on the external exposure received by the Marshallese people.

Most of the information concerning Bikini and Eneu Islands was obtained in
April 1975, when environmental ionization chamber measurements were made. In
addition, thermoluminescent dosimecers (TLDs) were placed in the field and ex-
nosed for six months at Bikini Island to verify the uniformity of the exposure.
Other groups assisted in these surveys. The team from Lawrence Livermore Labora-
tory (UCRL) made a detailed survey of Bikini and Eneu Islands in June 1975%4,9,
and they refer to the information presented in this report as BNL unpublished
data. In ‘general, their results are substantiated by the exposure and dose
equivalent commitments calculated here.

The equipment used in 1975 consisted of a Reuter Stokes envirommental
radiation monitor model RSS-111 and a Baird-Atomic scintillation detector con-
sisting of a sodium iodide detector (2.5 c¢m in diameter by 3.9 cm in length)
connected to a ratemeter readout. Portable survey meters were used to help
locate gross changes in the external exposure rate. Lithium fluoride
thermoluminescent dosimeters were left on Bikini Island and retrieved in
December 1975, ‘

Envirommental exposure levels were assegssed via the RSS-111 and a Nal
gamma spectrometer whose purpose was to determine the photon energy distribution
and to compensate for the nonlinearity in the RSS-111 instrument response.

This report presents all of the external exposure data collected to date
for Bikini Atoll by BNL. These data have been used to make external exposure es-
timates for the people living on Bikini Island, and the BNL data have been com-
pared with UCRL data? for Bikini Atoll.

INSTRUMENTATION AND METHODS
A) Ion Chamber Measurements

All environmental exposure rate measurements were obtained with a Reuter
Stokes envirommental radiation monitor model RSS-111, which is designed to
measure environmental radiation as low as 100 uR/yr. The RSS-1l1 consists of a
spherical high pressure ion chamber filled with argon to a pressure of 25 atm.
Incident radiation produces ion pairs within the active volume of the
chamber which result in an ionization current. The current flow is measured by
an electrometer and is directly related to the free air ionization rate®.

The active volume of the stainless steel ionization chamber 1is known to
+1%. The ionization current produced in the chamber is a function of incident
radiation from an external field, cosmic-ray response, and contamination present



in the stainless steel. The instrument response is energy dependent, and data
from the manufacturer indicate an error of as much as 6 to 10% could result if
energy corrections are not made to the gross readingsS8.

The RSS-1lls used in this study were calibrated at the factory against ra-
dium sources whose calibration is traceable to the National Bureau of Standards.
The calibration of the instruments was also checked at the Environmental
Mon:toring Laboratory (formerly Health and Safety Laboratory) before and after
fie.d use.

In the report on external exposure for all other atolls surveyed by BNL3,
energy dependence corrections were calculated for data from Rongelap and
Ronzerik Atolls. The factors needed to compensate the RSS-111 response for
energy dependence ranged from 1.01 to 1.05. The mean correction was approxi-
mately 1.02.

B) Thermoluminescent Survey

Lithium fluoride (LiF) thermoluminescent dosimeter chips l/4-inch square
wer= used®, for several reasons. LiF is approximately a tissue equivalent mate—
rial, and its response is essentially energy independent for photon energies
greater than 20 keV up to several MeV. The system is precise to *2% and has a
lon: term retention of 5% loss at room temperature for one year. These
qualities made the LiF ideal for use in the Marshall Islands.

All TLDs were cleaned with analytical grade methanol before departure for
the Marshall Islands and prior to analysis. Prior to irradiation, the TLDs were
annealed at 400°C for one hour and them at 100°C for 2 hr. After field exposure
and before reading, the TLDs were annealed at 100°C for 10 min.

In addition to the TLDs exposed in the field at Bikini and Eneu, several
sets of TLDs were assembled for use in correcting field measurements for back-
ground, fading and air transportation contributions. Several TLDs were annealed
and then immediately stored in a lead pig in the BNL analytical counting area.
An cqual number of TLDs were irradiated to 100 mR and stored with the background
TLDs to determine fading losses. Four other TLDs were sent to Kwajalein and
stored there in a lead pig to determine in-transit contributions to the re-
sponse. All TLD results have been corrected for these parameters.

The TLDs were calibrated at BNL with 137Cs gamma and 90Sr/90Y betas. Re-
sults are directly related to the external exposure and beta absorbed dose that
would be received by individuals living on Bikini and Eneu Islands.

Because the total response must be differentiated into beta and gamma
components, a TLD holder was developed that would eliminate nearly 100X of the
90Y beta of 2.27 MeV (Figure 1). Four TLDs are used per holder. Two are
covered by 1100 mg/cm? of aluminum and Mylar which is of sufficient mass density
thickness to eliminate beta response; these provide the gamma response. The two
other TLDs are shielded by v 15 mg/cm2 Mylar to respond to the total gamma-beta
contribution at one meter above the earth's surface. The difference between the



responses of the two TLD sets gives the beta response. TLDs placed in the
field were positioned with the open windows facing the soil.

Because shielding part of the dosimeter may bias the data, an attempt was
made to predict the resulting error by randomly placing four of the dosimeters
{16 TLDs) together, open windows facing the soil, in a series of tests using
905r-90y a5 a source, placed 30 cm from the TLDs. The open and closed windows
were varied to cover all combinations of field positioning. The error using a
point source and a source-to-detector distance of 30 cm was <2.5%. Because the
field situation represents a distributed plane source, and the source-to-
dosimeter distance was between 50 and 100 cm, the field situation should have a
minimal positioning error assoclated with the results (Figure 2).

RESULTS

A total of 203 RSS-11l measurements were made on Bikini Atoll. Each data
point is the average of at least 20 individual readings. This assures the preci-
sion of the value, and the initial calibration guarantees accuracy. The mean ex-
posure rate is reported with one standard deviation calculated by assuming that
the data obtained from a specific site follow a Gaussian distribution.

Tables | througn 5 represent all data taken on Bikini Atoll. Table 2
lists the data from Nam Island, located at the northwest corner of the atoll,
closest to ground zero of the BRAVO device. The average external expcsure rate
sver the land areas monitored is v* 24 uR/hr. This is six times higher than the
background levels at Wotje, Ailuk or Utirik Atolls3. This average value should
not be interpreted as a true value for the Nam island average, since dense
vegetation prevented a representative sample of readings over the whole island.
Nam is uninhabited at present and is not used for food production. The exposure
rate is non-uniform and varies significantly as a function of location.

Table 3 presents the data from Eneu Island, located south and west of
Bikini Island. Eneu received the least fallout contamination as evinced from
the average external radiation exposure rate of 5.7 uR/hr. This value is 1.5
times the natural background and is the lowest external exposure rate on any of
the islands surveyed. Figure 3 shows the sample sites and the exposure rate
measured at each site. These data demonstrate the uniformity of exposure rate
on this island.

The external exposure rate on Bikini Island is a stromg function of loca-
tion (Figure 4A-E). It is the lowest in the areas closest to the lagoon and
current housing®, highest in the center of the island and intermediate in other
areas. The average exposure rate for the island, based on an average of all the
data is 32.1 uR/hr. Table 4 lists exposure rate measurements made in the living
areas of the available housing. Table 5 lists all other exposure rate
measurements made at Bikini Island.

*In 1978, the Department of Interior made the decision to relocate the inhabit-
ants of Bikini Atoll to either Ejit Island, Majuro Atoll, or Kili Island. The
relocation took place in August 1978.



The TLD data for Bikini Island (Table 1) agree with. the RSS-111
measurements, but no constant relationship is seen between beta dose and gamma
exposure. Non-uniform deposition of fallout material in the areas surveyed and
transiocation of material are major factors governing this result.

DISCUSSION OF RESULTS

The average exposure rate as measured for each island is listed in Table
6. Estimation of the dose equivalent for the inhabitants of Bikini Atoll is
debatable due to the nonuniform distribution of radioactive material within
given areas of the atoll. The exposure rates measured on Eneu Island are fairly
uniform, but those on Bikini Island showed significant differences between areas
(Table 5 along with Figure 4A - 4E). In the UCRL work®, this problem was
approached and a solution derived by estimating the fractions of an individual's
time -pent in various areas. These estimates® are used here (Table 7) to
construct external exposure rate estimates for the various activities based on
the measurements reported in Tables 2 through 5. The exposure rate for the
lagoon was obtained by assuming that it would be less than or equal to that in
the areas of continual habitation. The values for other islands were obtained
by assuming that the Marshallese would spend an equal amount of time on each of
the other islands surveyed. All other estimates were made by taking the average
of all measurements made within the area of interest.

Table 8 shows the estimated exposure rate for each pattern of activity in
Table 7 based on continuous occupancy of Bikini Atoll. Table 9 shows the esti-
mated exposure rate for each age group as weighted by the percent of time spent
in each area, for inhabitants of Bikini Atoll. Summation of the exposure rates
in all! the areas provides the average total-body exposure rate for each age
group.

Using the average hourly exposure rate, the long term external dose equiva-
lent was calculated (Table 10). The data were corrected for background
(terrestrial and cosmic radiation) by using the average exposure rate on Wotje
and Ailuk as representative samples of the normal Marshall Island enviromment”.
These data for Bikini residents are lower than UCRL data? for living patterns 2
and 3, which give the estimated integral external gamma dose equivalent for 30
years as 4 rem, because the present estimates include the measured exposure rate
for habitation of the newly constructed housing. These indoor values are 397
lower than those previously reported and their use reduces the total estimated
reduction in the 30 year dose equivalent commitment by 32%.

The ICRP suggest36 that population groups should not receive a 30-year
dose equivalent of more than 5.0 rem to the whole body from sources other than
medical equipment or natural background. For the external radiation component
at Bikini Atoll, this requirement is met; the problem is that external radiation
is not the sole source of radiation exposure to the Marshallese. The dietary
pathway, based on UCRL datag, could increase the 30-year total body dose equiva-
lent commitment by a factor of 4.

Whole-body counting data taken in 19741, 19772 and 19787 indicate that the
dietary pathway became the prime source of radiation exposure after January



1977. Current in vivo data indicate that the equilibrium body burdems for 137Cs
will range from 3 UCi to 30 MCi in the Bikini population. This corresponds to

a 30-vear internal dose equivalent that falls in the range of 1l to 110 rem.
3ioassay data obtained from Bikinians during 1978 indicate that bone marrow dose

equivalents for 30 years of habitation would be between 0.4 and 1.0 rem from
90§ ,-90vi0

Reviewing the Bikini dose commitment in this light, one immediately
realizes that the inhabitants would receive a total body dose equivalent
exceeding the ICRP criteriaf. Thus, for Bikini Atoll, we concur with the UCRL
recommendation? that more must be done to lower the total body and bone marrow
radiation exposures so that the Marshallese can live within the population dose
2quivalent recommendations.
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Table 1

Bikini Island TLD Exposure Survey (129 days), Dec. 7, 1974, to Apr. 15, 1975
Total
Y Exposure B Dose,
Location UR prad
House 4 - inside 28400%* -
fouse 4 - outside 20 in. above ground 36200* -
House 20 - inside 29900+* -
House 20 - outside mid backyard 27800%* -
House 38 - inside 48600%* -
House 38 - outside mid backyard 41000% -
Big twin coconut trees, west side of tree near USGS well 194300* -
Bohind house 40, cookhouse at 18 in. off ground 26800 1500
Behind house 35, behind living area at 22 in. off ground 45300 25800
8-+hind house 30, behind living area at 20 in. off ground 32800 10300
Zast/west road by house 30 about 30 yd. north of bunker 35600 11000
“»hind house 25 near banana and papaya patch, 22 in. off ground 54000 29800
3ehind house 21, 20 in. off ground 26300 14700
Behind house 15 29900 4700
2ehind house 10 73000 62800
Bahind house 6 36200 8400
By USGS well and twin cocomut trees 79100 85100
Control 1 2900 2400
Control 2 5100 0
Control 3 6300 0
*Total unshielded response,
Table 2
Nam Island, Bikini Atoll, RSS-111 Exposure Survey, April 1976
Location uR/hr
West Transect - 200 meters from soil pit 33.4 £ 0.6
West Transect - 100 meters from soil pit 16.7 £ 0.4
East Transect - 200 meters from soil pit 17.6 £ 0.5
East Transect - 100 meters from soil pit 15.2 £ 0.4
East Transect - 245 meters north of lagoon beach 44.9 £ 0.7
East Transect - 150 meters north of lagoon beach 23.1 £ 0.5




Table 3

ENEU ISLAND RSS-11l EXPOSURE SURVEY APRIL 1975

Location HR/hr

South road to ocean near middle of island 7.2 £ 0.62
2nd coconut row, ocean side of runway adjacent to marker % 5.6 * 0.25
2nd coconut row, ocean side of runway adjacent to marker 1 4.2 £ 0.17
2nd coconut row, ocean side of runway adjacent to marker 2 4.9 £ 0.37
2nd coconut row, ocean side of runway adjacent to marker 3 8.2 £ 0.10
lst coconut row, ocean side of runway adjacent to marker 1 5.3 £ 0.16
Midway north of runway apron and coconut row 6.1 £ 0.32
5th coconut row up the road from north corner of runway apron 8.7 + 0.23
16th coconut row by 2nd large nature tour 6.1 £ 0.14
Group of old buildings, south of church, ocean side of road 6.9 + 0.12
West bend in road just north of old church, ocean side 8.1 ¢+ 0.31
North 1/3 way up road to Camp Blandy, ocean side 4.9 + 0.30
North 2/3 way up road to Camp Blandy, ocean side 6.5 £ 0.20
Blandy area just.south of soil pit 3, 100 yd from lagoon beach 6.1 £ 0.15
Blandy area just south of soil pit 3, 100 yd from ocean beach 5.6 £ 0.31
North end of Camp Blandy near middle of the island 5.9 £ 0.29
North end of Camp Blandy near lagoon road, ocean side 6.0 £ 0.21
Lagoon road south of Camp Blandy, 100 yd west of church 5.7 £ 0.15
Lagoon road about 150 yd north of Camp Blandy 5.0 £ 0.35
Bunker near dock 5.0 ¢+ 0.22
Old bldg. frame work due west of runway marker ! 6.1 £ 0.27




Table 4

Measured Exposure Rates Within Permanent Housing Constructed on Bikini Island

Exposure rate Exposure rate
Location MR/hr Location UR/hr
House 21 6.6 £ 0.13 House 4 7.5 + 0.15
House 22 7.3 £ 0.37 House 6 7.8 £ 0.28
House 23 7.2 = 0.10 House 7 10.5 £ 0.28
House 25 7.3 + 0.28 Outside house 7 :
House 26 7.3 £ 0.25 north side on gravel [2.9 £ 0.20
School House 9 10.7 £ 0.16
middle of the room 7.2 £ 0.10 House 10 I1.1 £ 0.25
House 30 8.4 £ Q.14 Housge 11 9.3 £ 0.23
House 31 8.9 £ 0.10 House 12 9.7 + 0.49
House 32 10.0 £ 0.37 House 13 13.3 £ 0.19
House 33 9.6 t 0.45 House 15 11.6 + 0.23
House 35 15.8 £ 0.19 House 16 11.5 * 0.60
House 36 13.1 £ 0.17 House 18 8.2 + 0.17
House 37 11.9 £ 0.30 House 19 7.8 £ 0.26
House 40 11.1 £ 0,15 House 20 7.2 £ 0.13
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Table 5

Bikini Island RSS-1l1 Exposure Survey, April 1975

Location uR/hr

Column 1, due east of house 30 57.3 +
Column 10, due west of bunker 31.8 =+
Column 20 50.0 =
Column 30 46.6 *
Column 40 26.4 ¢
Column 50, due west of twin coconut Ltrees 36.6 *
Column 58-59, intersection with lst baseline south 44.5 =

North/south transect between lst baseline south and

2nd baseline south

Column 1 59.5
Column 10 78.4 *
Column 20 64.7 *
Column 30 49.2 *
Column 40 45.0 ¢
Column 50 53.8 #+
Column 60 48.0 ¢
Column 70 48.9 ¢

North/south transect from 2nd to lst baseline north
Column 2, 10 yd due south of soil pit A 47.7 ¢
Column 10 54.2 ¢
Column 20 41.2 ¢
Column 30 39.1 ¢
Column 40 55.1 *
Column 50 41.3 ¢
Column 60 53.4 ¢
Column 70 g2.1 ¢
Column 77, 2 rows due east of soil pit E 31.6 ¢

South/north transect north from lst baseline north

(continuation of USGS-bunker rd.)

Column 1 52.7 ¢
Column 10 43.2 ¢
Column 20 44,0 ¢
Column 30 58.2 ¢
Column 40 46.6 *
Column 50 34.3 =
Column 60, due west of small bunker on ocean rd, 31.6 ¢
Column 70 31.2 ¢
Column 77, and intersection of 2nd baseline north 26.6 ¢
40 yards north of lst baseline north 22.3 ¢
Across lagoon road from house 37 20.0 %
Across lagoon road from house 38 24.0 ¢
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Table 5 (Cont'd)

Bikini Island RSS-11l Exposure Survey, April 1975

Location UR/hr
Across lagoon road from house 39 22.9 £ 0.6
10 columns north of house 40 28.5 + 0.6
South on ocean beach road from 2nd baseline north
Column 1 23.6 £ 1.0
Column 10 38,3 £ 1.3
Column 20, 3 columns south of small bunker 25.9 £ 0.4
Column 30, 3 rows east of ocean beach road 22.4 £ 1.1
Column 4G, 6 rows east of ocean beach road 49.4 ¢ 0.8
Column 50, 1 row in from ocean beach road 33.4 + 0.4
Column 60, 3 rows Ln from ocean beach road 33.4 = 0.3
Column 70, 1 row in from ocean beach road 37.0 £ 0.7
Column 78, at intersection of ocean beach road and
lst baseline north ' 33.2 + 0.5
North/south transect along road separating (1972 designation
of rows) rows 24 & 25 from center baseline to lst baseline north
Column 1 22.6 * 0.3
Column 10 62.0 * 0.2
Column 20 26.7 £ 0.4
Column 30 52.9 £ 1.1
Column 40 ‘ 42.6 * 0.3
Column 49 and the intersection of lst baseline north 48.0 £ 0.3
North/south transect along breadfruit row starting at 2nd baseline north
Column 4 of older plantings behind house 40 49.2 * 0.9
Breadfruit planting east of house 39 59.0 ¢ 0.4
Breadfruit planting east of house 38 40.9 *+ 0.5
Breadfruit planting near small bunker between houses 37 & 38 29.9 * 0.5
Breadfruit east of house 37 28.0 £ 0.8
2 columns of coconut trees north of lst baseline north 23.0 £ 0.3
lst breadfruit south of lst baseline north by soil pit D 42.0 * 0.7
Sth breadfruit east of house 36 33.1 £ 0.6
9th breadfruit near banana garden, house 35 34.1 £ 0.6
12th breadfruit east of Japanese memorial and house 34 38.8 * 0.3
15th breadfruit north of center baseline and east of house 3l 22.4 £ 0.2
North/south transect along breadfruit row from center baseline
Due east and house 30 18.4 * 0.2
Breadfruit near house 26 and 30 yards east of papaya patch 26.2 + 0.3
Breadfruit 8 near house 4 and main garden 48.4 £ 0.5
Due east of houses 20 and 21 19.2 £ 0.3
Due east of house 17 25.6 * 0.5
Due east of house 16
just north of center baseline and soil pit 30.3 £ 0.2
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Table 5 (Cont'd)

Bikini Island RSS-111 Exposure Survey, April 1975

Location UR/hr
Due east of house 14 32.4 £ 0.2
Due east between houses 12 & 13 40.3 £ 0.6
Due east and between house 10 and breadfruit row 24.7 £ 0.3
Due east of house 8 next to breadfruit row 46 .4 + 0.4
Due east of houses 7 & 8 near vegetation depression 16.3 ¢ 0.2
Due east of houses 5 & 6 34.5 £ 0.5
Due east of houses 3 & &4 7.7 £ 0.4
North/south transect between 2nd baseline north (pit B) and
lst baseline north (pit D) :
Column 2, 15 yd due south of soil pit B 44.5 £ 0.4
Column 10 52.3 £ 0.3
Column 20 due east of house 39 56.9 * 0.4
Column 30 66.8 * 0.2
Column 40 41.5 * 0.4
Columm 50 33.2 £ 0.4
Column A0 due east of house 36 42,5 £ 0.3
Column 70 32.8 £ 0.4
Columm 77 45.1 £ 0.4
North/south transect between lst baseline north and center
baseline, sample locations proceed due south
Column 1 28.5 + 0.2
Column 10 41,0 £ 0.3
Column 20 51.8 *+ 0.4
Column 30 56.6 * 0.2
Column 40 61.5 £ 0.2
Column 48 {last column before crossing center baseline) 15.2 £ 0.2
Row 20 50.9 ¢+ 2.1
Row 30 60.1 * 1.4
Row 40 46.7 * 2.2
Row 50 55.1 ¢ 2.4
Ocean road just behind row 59 34,4 £ 2,0
South on ocean beach road from 2nd baseline south,
measurements taken on lagoon side of road
Column 10 36.9 £ 0.6
Columm 20 38.0 £ 0.4
Column 30 29.2 £ 0.5
Column 40 19.6 * 0.6
Column 50, gbout 100 yd from ocean 27.7 + 0.6
Column 60, about 150 yd from ocean 27.8 + 0.7
Column 67 16.2 + 0.4
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Bikini Island RSS-111 Exposure Survey, April 1975

Table 5 (Cont'd)

Location uR/hr
Camnp area
Bldg. 1 12.2 £+ 0.2
Bldg. 3 13.8 + 1.0
Near church on northward bemd..of road halfway between 17.3 £ 0.3
equipment shed and house 1 (ocean side of road) 26.3 £ 0.5
Lagoon road north, measurements taken on ocean side of road
Open area between houses 3 and 16.0 + 0.1
Open area between houses 5 and 6 18.5 ¢ 0.4
Open area between houses 7 and 8 28.4 * 0.6
Open area between houses ¢ and 10 23.9 £ 0.3
Open area between houses 12 and 13 24.9 + 0.3
Open area between houses l4 and 15 37.8 + 1.8
Open area between houses 16 and 17 28.1 ¢ 1.6
Open area between houses 34 and 35 13.9 £ 0.9
Open area between houses 35 and 36 14.0 + 0.3
75 yd north of house 36 23.0 £ 2.0
3rd baseline north starting at thQe lagoon road
Row 1 i 30.9 = 0.1
Row 5 40.4 + 0.3
Row 10 44.7 * 0.4
Lagoon road
100 yd south of north beach o 19.6 * 0.3
Near house 40 - ocean side road 13.5 + 0.5
Near house 38 - lagoon side of road 17.0 + 0.3
50 yd south of house 37 20.4 ¢ 0.4
Near house 35 - lagoon side jl.6 0.4
Village center - near intersection of lagoon road and
center baseline 9.4 0.4
Soil pit G 22.5 + 0.4
Near house 25 - lagoon side 18.5 t 0.1
Near house 20 - lagoon side 18.2 £ 0.2
Near house 15 - lagoon side 24,7 £ 0.2
Near intersection of lst baseline and lagoon road
Near house 10 - lagoon side 17.5 £ 0.2
Near house 5 - lagoon side . 26.0 £ 0.3
Near house 1 - lagoon side 11.8 £ 0.1
Second baseline south starting behind house 7
Behind house 7, breadfruit row 10 yd to row 1 27.0 £ 0.9
Row 10 ’ 54.9 £ 1.7
Row 20 50.5 * 1.4
Row 30 5.0 + 1.8
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Table 5 (Cont'd)

Bikini Island RS5-111 Exposure Survey, April 1975

Location uR/hr
Row 40 47.3 £ 0.2
Soil pit between rows 42 & 43 40.8 + 1.4
Row 50, 100 yds from ocean beach 50.8 ¢+ 5.1
Row 50, 30 yds from ocean beach 25.0 £ 0.3
Pandanus 118 benind house 15 27.4 * 1.4
Behind agriculture area
Row ! 44.5 £ 1.9
Row 10 51.5 £ 1.9
North face of bunker 21.5 £ 0.5
North-south road midway between bunker and USGS well 66.5 t 0.2
North-south road, column 5 from lst baseline south 56.8 £ 1.1
North-south road, column 15 from lst baseline south 43.4 + 0.3
North-south road, column 25 from lst baseline south 32.7 £ 0.6
North-south road, columm 35 from lst baseline south $58.0 + 1.1
North-south road, column 45 from lst baseline south 27.2 £ 0.3
Lagoon road, end of center baseline behind house 30 18.7 £ 0.3
Row 10, south side of baseline 25.0 £ 0.2
Row 20, 30 yd from fork to bunker 20.4 £ 0.8
Row 30, 50 yd north of bunker 20.1 £ 0.4
Row 40 12.3 * 0.2
Row 50 30.8 + 0.5
Row 60 29.5 * 0.3
Row 69-70 18.4 * 0.4
East-west transect
Lagoon road and lst baseline north 44.4 * 0.2
Soil Pit D 40.3 £ 0.3
Row 10, east from lagoon road 36.3 + 0.5
Row 20 38.3 £ 0.4
Row 30 35.7 * 0.2
Row 40 42.3 * 0.4
Row 50 58.1 * 0.6
Row 60 41.8 £ 0.1
North side of 2nd baseline north (near house 40)
Row 1 17.5 £ 0.2
Row 10 30.6 * 0.3
Row 20, near soil pit B 3.9 £ 0.3
Row 30 3.9 £ 0.3
Row 36-37, near soil pit A 23.3 £ 0.3
Row 40 29.6 * 0.2
Row 50 30.6 * 0.2




Table 6

Average Exposure Rate Corrected for Decay to May 1977

Av. exposure rate

Island No. of Observations UR/hr
Nam 6 23.5 £ 11.0
Eneu 21 5.7 £ 1.1
Bikini 203 32.1 + 16.3
Table 7
Population Breakdown by Age and Geographical Living Patterns’
Infants and Children and
small children adolescents Men Women
Age, yr 0-4 5-19 20+ 20+
Percent of population 16 41 22 21
Percent of time spent in
following areas:
Inside home 50 30 30 30
Within 10 m of home 15 10 5 10
Elsewhere in village 5 10 S 10
Beach 5 5 S 5
Interior of island 5 15 20 15
Lagoon 0 10 10 5
Other islands 20 20 23 25

S P e S
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Table 8

Assumed Mean Exposure Rate for Each Activity Area

Bikinl Atoll

Pattern uR/hr
Inside home 9.7
Wwithin |0 @ of home 15.8
Elsewhere in village 25.3
Beach 15.8
Interior 1sland ) 44 .9
Lagoon 15.8%
Other islands 15,5%%

*Value assumed to be less than or equal to value
for beach.

**Based on assumption that equal amounts of time
are spent on other islands within the Atoll.

Table 9

Exposure Rate Estimates for Bikini Atoll Inhabitants

Infants Children Men - Women
0-4 yr 5-19 yr 20+ yr 20+ yr
Percent of population 16% 41% 22% 21%
Exposure rate (uR/hr)
during time within
following areas:
Inside home 4.85 2.91 2.91 2.91
Within 10 m of home 2.37 1.58 0.79 1.58
Elsewhere in village . 1.27 2.53 1.27 2.53
Beach 0.79 0.79 0.79 0.79
Interior island 2.25 6.74 8.98 6.74
Lagoon 0.00 1.58 1.58 0.79
Other islands 3.10 3.10 3.88 3.88
Total 14.63 19.23 20.20 19.22
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Table 10

External Dose Equivalent to Inhabitants of Bikini Atoll

Ext. integrated dose equiv., rem

Net ext. (background subtracted)
exposure rate,

Age Group WR/hr, May '77 10 yr 30 yr 50 yr
Infants (0-4) 10.27 0.80 1.90 2.59
Children (5-19) 14.60 1.12 2.69 3.66
Men (20+) 15.52 1.20 2.85 3.88
Women (20+) 14.60 1.12 2.69 3.66
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A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS FOR RONGELAP

AND UTIRIK RESIDENTS - 1954 TO 1980

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

| ABSTRACT

From June 1946 to August 1958, the U.S. Department of Defense and Atomic
Energy Commission conducted nuclear weapons tests in the Northern Marshall
Islands. BRAVO, an aboveground test in the Castle series, resulted in
radioactive fallout contaminating Rongelap and Utirik Atolls. On March 3,
1954, the inhabitants of these atolls were relocated until radiation exposure
rates declined to acceptable levels. Environmental and personnel radiological
monitoring programs were begun in the mid 1950's by Brookhaven National Labora-
tory to ensure that dose equivalents received or committed remained within U.S.
Federal Radiation Council Guidelines for members of the general public. Body
burden and dose equivalent histories along with activity ingestion patterns post
return are presented. Dosimetric methods, results, and internal dose equivalent

distributions for subgroups of the population are also described.
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INTRODUCTION

On March 1, 1954, at Bikini Atoll, BRAVO, the first of six nuclear weapons
tests 'in the Castle series, was detonated. The BRAVO device caused substantial
surface contamination on inhabited atolls within a 2,000 square mile area. The
contaminated region was cigar shaped and included Ailinginae, Rongelap,
Rongerik, and Utirik Atolls which lay east of ground zero at distances from 60
to 300 miles. The fallout on Rongelap, initially visible at H+6 hours, had
thinned out to the extent that it was no longer seen at H+10 hours (Gl62).

On March 3, 1954, the 64 residents of Rongelap Atoll and 18 residents of
Sifo Island, Ailinginae Atoll, were evacuated. On March 3 and 4, evacuation of
157 Utirik Atoll residents also took place. During the first few weeks and af
least once every year from 1957 to the present, a Brookhaven National Laboratory
medical team, organized by the Department of Defense and by the Atomic Energy
Commission and its successor organizations, has provided medical examinations to
monitor the health of the persons initially affected by the fallout from the nu-
clear testing program, plus a comparison population. Reports of their findings
are given in Cr36, Co58, Co59, Co60, Co62, Co63, Cob65, Cob67, Co70, Co75, and
Co80.

The Utirikese and Rongelapese returned to their home atolls in June 1954
and in June 1957 respectively. The earlier repatriation of Utirik Atoll was
based on the low level of external radiation exposure measured after the initial
3 month observation period {March to June 1954). The Utirik population was not
examined by a Brookhaven medical team until March, 1957, when 144 people re-
ceived comprehensive physical examinations. Following the 1957, medical survey,
two men, removed from Utirik for medical reasons, were whole body counted at

Argonne National Laboratory and provided urine samples for radiochemical anal-



ysis of 137¢s. Four persons visited Argonne from Rongelap and, in addition,

pooled urine samples from both atolls were analyzed radiochemically for 137Cs

and 9OSr. Subsequent Brookhaven National Laboratory expeditions by members of
the Medical Department and Safety and Environmental Protection Division utilized
whole body counting and radiochemical analysis of urine and blood samples to
identify and quantify the radionuclides that were present in the body. The re-
sults of these radiological measurements are given in terms of body burden in
Tables 1 and 2. Throughout this paper the units of quantities are SI derived
and those which are accepted for use with the SI for the time being. Thus both
thevCurie and the Becquerel may be used as units for the quantity activity.

The aforementioned body burden tables illustrate adult mean values for
Rongelap and Utirik. An adult, as classified here, was a person over 16 years
of age. The mean body mass in this age interval was 60 kilograms. The.observed
body mass versus age distribution is shown in Figure ! for Rongelap residents.
The same body mass versus age distribution was observed at Utirik.

Because of the paucity of measurements at Utirik, information on 60Co,

Zn, and 5-51“e was in some instances derived from the ratio of adult mean body
burdens between Rongelap and Utirik. A mean ratio of 2.6 was observed in body

652n, 9OSr, and 137Cs after they reached their maximum values. The

burdens for
standard deviation of this ratio was 15X%.

In the following analysis, personal body burden histories and residence in-
tervals, in conjunction with contemporary dosimetric models, are used to esti-
mate internal dose. Dosimetric distributions were constructed from the results
and a summary of the derived activity ingestion rates and dose equivalents was

provided for various subgroups of the population. Additionally, exposure rate

history curves were constructed for each atoll for the period following the



Table |

Rongelap Bodv Burdens

Adult Males Adult Females Adults
3ody Numper 3ody Nuaber dody Number Days Post
Burden of Burden of Burden of Retutn
~C1i Persons uC1 Persons uCi Persons Days
KR :.9x10-5 NA 1. 7x1075 NA 2.3x1075 NA 1
1.0xi0™4 37 7.8x1073 37 9.0x10"? 74 1370
2.5x1073 a5 2.0xi0"3 45 2.2x10™3 90 2831
634 4.3x1072 A 1,8x1072 A a.1x1072 NA !
A axlomd 10 3.9x10°¢ i 4.1xi0"t 42 304
5.2x107} 32 5.0x10~1 27 s.6x10°1 59 639
9.5x1072 38 8.5x1072 23 3.0x1072 61 1370
e o 3xlo-! 8 4.0x107t 12 4.1xlo"l 60 4626
30, 1.9x10™¢ NA 1.6xi0™4 NA 1.7xl07¢% NA 1
1,7x1073 il 2.8x1073 4 3.4xt0"3 15 304
3.7x1073 % 3,5x1073 16 4.8x10°3 40 539
3.7x1073 3 1.6x1073 4 3.0x10"3 13 1370
8.8x103 H 7.9x10"3 13 8.4x10°3 25 2100
7.9x1073 11 7.4x10"3 7 7.7x1073 18 24066
2.8x1073 12 4.6x1073 12 3.7x10"3 2% 1561
3.9x10™3 1t 3.1x10"3 11 3.5x10"3 22 1927
w.1xto=3 1 3.3x1073 13 3.6xt0"3 2 4292
1.3x10"3 8 3.3x10-3 i 2.5x10-3 19 4657
3.1x1073 8 2.8x1073 7 3.0x1073 15 5022
2.0x10"3 5 1.4x10~3 7 1.6x10"3 12 5388
5.6x1073 4 4.2x1073 7 4.3xl073 13 5753
1.3x1073 1 t.7xl0"3 4 2.8x1073 14 6118
4.4xio3 23 Y 0 NA NA 7579
6.3x107% 2% 4.6x107% 19 $.5x107% 43 8097
137, 1.4x10"2 NA 8.6x10™3 NA l.ix10™2 NA 1
8.7x10"1 NA 5.2x10~1 NA 6.8x10°1 A 304
7.9x10-! 47 4. 1xto~1 4“9 5.7x10"1 96 639
9.5x10"} 17 4.7x10"1 37 6.7x107! 7% 1370
9.4x10"! A 4.9x107! 45 6.8x10~1 89 2831
4.8x1071 22 3.0x10~1 2% 3.9xl0"! 46 6118
3.0x107E 30 1.9x10™1 21 2.5x107! 51 7213
1.8x10"1 19 1.5x10"} 18 1.7x10"1 3 8097

NA = Not available




Table 2

Utirik Body Burdens

Adult Males Adult Females Adults
Body Number Body Number Body Number Days Poat
Burden aof Burden of Burden of Recurn
pCl Persons €1 Persons uCL Persons Days
50,
) 4.0x10°3 3.ixl0-3 3.5x10"3 2464
D 9.7x10~% 7.6x1074 8.7x107% 3926
55:q 3.5x1071* : - -
2.7x10°} 14 1.6x10"t 15 2.1xl0"t 29 173
b 3.7x10"2 3.3x1072 3.5x10°2 2464
See
b 1.7x10°!} 1.6x1071 1.6x10-! 6114
QOSr
1.ex10"3 5 2.4x10°3 2 1.7x10°3 7 173
1.2x10"3 5 1.3x103 6 1.3x10"3 11 7213
NA 12 NA 12 NA % 8669
1.521074 4 1.5x10~% 17 1.5x10~% 31 9225
137,
4.1xto~l NA 2.7x1071 NA 3.3x10°} NA 1004
2.9xl10-} 15 2.0xi0"! 15 2.5x107! 30 1734
2.6xl10°! 9 1.3x1071 13 1.8xi0~} 22 7213
t.2xlo"L 27 7.8x102 21 1.0x10°1 48 8309
6.2x10"2 19 4,3x10°2 17 5.3x10"2 36 9225

0 = Ratic derived body burden
NA = Not available
# = Measured at Argonne National Laboratory
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BRAVO test. These data, together with appropriate conversion factors and living

pattern models, provided an estimate of external dose equivalent.

METHODS
Exponentially declining activity concentrations have been observed in sur-

137Cs, 129I, and 9OSr from 1954 to the present on Rongelap

tace soil for
and Utirik Atolls. Declining activity concentrations have also been observed

in vegetation at a rate greater than that predicted by radioactive decay.

Thus exponential decline in dietary activity was assumed and the following

general equations were derived.

T—(A+K
\Po = — us/Ey - @ (g Kixi e A0
! (1)
K. -(A+Kg)t -(A#Kj)t
gl Kii(e MREIE L TIATRUE

1 1 Ki-KE
or
L. ' =(+K)t
AP° = q-q° [ iXje i'7) ’
2
£ Xi  (e"OKE)E _ Okt (2)
1 Lz L (e e JJ
i K.-K
i1 E
and
b= ez, —d KiTKe “OKi) e"AYKEE + (3 ikp) e‘<Ki+k)tJ
B i - {
X -(x¥Kj)t -
*a0r o U Y
1
where



t <= time post onset of uptake, days,

A = instantaneous fraction of atoms decaying per unit time, clay'l

P® = initial atom ingestion rate, atoms day~!,

K; = lnstantaneous fraction of atoms removed from compartment i by
physiological mechanisms, day~l,

Xi I compartment i deposition fraction,

X; = the number of atoms in compartment 1 relative to the number in all

compartments at the onset of declining continuous uptake, (t=0),

U = instantaneous urine activity concentration, Bq 2_1,

Us = subject urine excretion rate, £ day'l,

fl = fraction from GI tract to blood,

fu = fraction excreted by the urine pathway,

Kg = instantaneous fraction of atoms removed or added to the atom uptake
per unit time, day‘l, due to factors other than radioactive decay,

q I instantaneous body burden, Bgq,

q° = body burden at the onset of uptake, Bg,
D = the number of disintegrations in all compartments occurring during

the uptake interval, Bq days.

The development of Eqs. (1), (2), and (3) was based on the following convo-
lution integral. At some variable time, T, defined during a fixed uptake
interval, T, the daily activity ingestion rate crossing the gastrointestinal

tract to blood is given by

-(kp+A)T
o E
kflP e .



The whole body retention at any time t-T of the fraction of initial radioactivity

inputed at time T is

Z -X .e'()\ﬂ(i)(t-‘f)

11

Thus, the instantaneous activity at time t-T that remains following input during

dt is

~(Kg*A)T Zixie-umi)(m) 4

Af P°e
1
It follows that the instantaneous activity at time t=-T that remains following
input during T is

T =(Kg*\)T1 -+ (e-1)
J Af P I.x.e dt .

o iti
The solution of the integral yields a general expression that depends on
the user defining t. For example, if t is the fixed uptake interval, T, plus an
additional fixed post uptake interval, @#, then the body burden at T + @ is
given by
=(A+Kg)T =(A+K{)T e-(X+Ki) g

AP°fL  xi (e -e ) .

<
= . - K
¢ Kl E

As previously stated, Eq. (2) applied at Rongelap and Utirik, it was
for the situation that variable time t was the uptake interval. Additionally,
persons who returned to the atolls in June 1954 and June 1957 did so with an ini-
tial body burden, q°. The behavior of this contribution to body burden,

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



urine activity concentration to body burden. Equation 3 was obtained by
integrating Eq. (2).

Equations (1) and (2) were used to determine the instantaneous fraction of
atoms removed or added to the atom uptake per unit time, KE, and then the ini-
tial daily activity ingestion rate required to produce the measured or derived
tody burden. Equation (3) was used to determine the number of disintegrations
that occurred in the body during the residence interval of an individual living
on Rongelap or Utirik Atoll.

If the mean residence time in the diet is much much longer than the resi-
dence interval, then constant continuous uptake is achieved. Equations (1) and
1) can be converted to the constant continuous equations by replacing KE with
-<. Single uptake expressions are obtained by setting P° equal to zero. In
some cases only radioactive decay may remove the nuclide from dietary items; for
these cases KE would equal zero. In the case of the former Bikini residents,
the maturing of coconut trees during residence on Bikini Atoll caused a con-

137C

tinuously increasing dietary uptake of s. Thus, K. was found to have a nega-

E

tive value. In the case of Rongelap and Utirik, Kp was found to have a positive

137Cs, 652n, 60Co, and 90Sr. This indicated that in addition to

value for
radioactive decay, some other removal mechanism decreased the radiocactivity in
dietary items during the residence interval. For the nuclide SSFe, only one mea-
surement was published by the BNL Medical Program (Be72); thus an estimate of KE
was not possible.

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

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

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

urine or body burden data points were used to eliminate the unknown ingestion
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rate from the equation. This method yields n-l estimates of Kp where n was

the number of data points. An average value of KE was assigned for each nu-
clide, and the results for the Rongelap and Utirik populatioms are given in
Table 3. For the evaluation of KE from Eq. | and 2, radiological and
physiological parameters were obtained from the open literature (ICRP59, ICRP6S,
ICRP69, ICRP79, Ki78). A representative sample of these parameters is presented

in Table 4.

Table 3

1

Summary of Dietary Rate Constants (K_, d )
60, 90 65, 137,
Rongelap Adults
Males 1.5x10  1.8x107% 3.1x107° 1.4x107%
Females 1.6x10"° 4.1x107% 3.5x10"> 1.4x10"%
Adults 1.5%x10> 1.9x10 "% 3.1x10 > 1.4x10"
Utirik Adults
-4 =4
Males N.D. 4.6x10 N.D. 1.4x10
-4 -4
Females N.D. 4.0x10 N.D. 1.4x10
Adults N.D. 4.2x10"° N.D. 1.4x10-4

N.D. = No data sufficient for analysis.

The values of KE were similar for males and females and for residents of
Rongelap and Utirik. For 90Sr on Rongelap a factor of 2 difference between KE
values was observed for males and females. The female parameter for Rongelap
Atoll compares with that obtained from the Utirik data. A paired t-test of the
Rongelap male and female data indicates that the male/female difference was

highly probable and therefore not significant. This difference leads to a

15



Table 4

Total Body Dosimetric and Physiologic Daca

Compartment Compartment Gl Tract Fraction
Depasition Removal to Blood Excreted in Decay Significant Branching
Nuciide Fraction Rate Constant Transfer Urine Conscant Progeny Ratio
A . '
. ; A
Z'( xx :Ll fl fu a-1 Z%(
e 0.13 0.50 1.0 0.90 6.3x107° Le%a 0.946
0.87 0.0051
o 6.25 0.058 0.35 0.2 2.8x107° Sa¥cu 0.49
0.75 00,0022
90;, 0.89 0.21 0.20 0.85 6.5x1070 90y 1.0
18 39
0.059 7.1x107% 30+
0.051 1.0x10™% Ir 0.0002
40
59 0.5 " 0.05 0.70 3.6x107% ;’:'ui 1.0
0.3 0.12
0.1 0.012
0.1 8.7x10°%
Soe 1.0 3.3x107% 0.1 0.0 7.0x1073

16



bimodal activity ingestion rate distribution for 9OSr in the Rongelap popula-
tion.

Data for 6000 and 65Zn were not sufficient for analysis for the Utirik
Atoll residents. Values for KE observed at Rongelap were assigned to Utirik
males and females and body burden histories for population subgroups were
reconstructed using Eq. 1 or 2. Figures 7 and 8 illustrate the derived mean
adult body burdens for all significant nuclides studied on Rongelap and Utirik.
This method provides a best fit of the data shown in Figures 2 through 6, and
provides a body burden history during the early years post return at Utirik, a
time when body burden measurements were not made. Actual data points are also
plotted to demonstrate the fit.

The curves shown for 55Fe in Figures 7 and 8 were obtained by setting KE
equal to zero. This underestimated the initial body burdens and overestimated
future ones. Since 55Fe contributed less than 1.0% to the total dose equiva-
lent, an arbitrary assignment of KE based on observed values for the other nu-
clides was not attempted. During 1974, another series of blood samples was
obtained from Rongelap and Utirik (Co75). Analysis for 55Fe has yet to be
reported. A recalculation of SSFe body burden and its impact on early dose
equivalent rates will be conducted when the data is made available. A substan-
tial change in dose equivalent is not to be expected.

Figure 4 and Figure 6 illustrate the observed adult histories of 9oSr and
137Cs mean urine activity concentrations. Mean values for adult males or all
adults were plotted. Measured values for 137Cs body burdens were also shown in
Figure 7. A much smoother curve was plotted in Figure 7 and it was determined
that the collection and analysis technique for urine samples introduced the addi-

137

tional variations. On the basis of this observation for Cs, a smooth body

17
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burden curve for 9OSr, reconstructed from raw data and Eq. 1, was considered a
more accurate history. A detailed presentation of the greater variation in
radiochemical analysis of urine versus direct body burden measurements can be
found in Mi8l.

Figure 9 illustrates the variation exhibited in the body burden of 5
randomly chosen subjects over the 25 year monitoring period. These individual
variations may have had a dramatic impact on the mean data. In Figure 2, which

illustrates the adult male, adult female, and adult population mean 137

Cs body
burden for the 25 year exposure period, a decrease followed by an increase was
seen during the years 1958 through 1963. Although the Castle BRAVO test ini-
tially contaminated Rongelap in March 1954, it had been proposed that the
Hardtack Phase I series added to this an amount of contamination equal to that
responsible for the Figure 2 body burden pattern (Co63). Figure 9 suggests that
most individuals counted in those years had body burdens which remained the same
or declined; however, one individual's burden (#881 M) rose and fell quite
differently from the others. Several factors could have contributed to this
variation from the mean such as departure and return to the atoll, sickness, the
dietary contribution of imported foods, etc. Since the mean values are based

on small numbers of persons who were chosen at random, it is conceivable that in-
dividuals like 881 M influenced the mean body burdens to a greater degree than
recontamination of the inhabited atolls. The impact of the individual body
burden pattern on the true mean value is moot since body burdens of all individ-

uals were not monitored consistently throughout their residence intervals except

in the few cases exhibited in Figure 9.
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RESULTS AND DISCUSSION

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signifi-
cant nuclides post return. An exponential decline was proposed for the inges-
tion rate within a population subgroup and initial reference values are given in
Figures 10 through 14 (June 1, 1957, was assigned as a return date to Rongelap).
Figure 10 demonstrates the differences in ingestion of 137Cs for various popula-

137Cs, 90Sr, and 652n,

tion subgroups. This undulating pattern was exhibited by
nuclides for which sufficient data existed for analysis.
Differences in ingestion rates of the stable element at the same geo-
graphic location have been shown to occur among members of a population (ICRP '
23). Age dependent diet studies for ingestionvof Cs for urban Japan have values
varying from 11 ug d—l for adults to 8.6 uUg cl-1 for children. Sr in a western
type diet rose from 600 ug d-l for infants to 690 ug d.1 for 5 year olds to
3,600 pg d-l for 13 year olds and fell to a mean of 1,900 ug d—l for adults. Zn
in the United Kingdom rose from 2 to 40 mg d-l, the higher value of Zn being
observed in adult tea drinkers. Fe ingestion in a western type diet has a mini-
mum at age 3 and maxima at ages 1 and 20 years. Co is ingested at a rate of 20
ug d“1 for Japanese adults and half this amount for children. The Marshallese
population also exhibits dietary changes as a function of age. The authors of
the Marshall Islands Diet and Living Pattern Study (Na80) observed coconut sap
being used as a major food supplement for infants, and later in adult life as a
major source of daily fluid intake. Since coconuts and coconut tree sap pro-

-vided the major source of 137Cs on Bikini Atoll (Le80, Mi80), the shape of Fig-

ure 10 was in agreement with the observed diet pattern.
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Figure 1l shcws the individual data calculated éor 137¢s for all Rongelap
r2sidents and is referenced to June !, 1957. The individual maximum 137Cs daily
avtivity ingestion rate was approximately 4 times the population mean value.

The standard deviation observed for the adult activity ingestion rate distribu-
tion was 41%2 of the aean value, 39% of the mean value for young adults, 482 for
acolescents, 38% for children, and 54% for infants. Adolescents and infants
exnibited a broader distribution than adults, while children showed a fractional
vuriation in activity ingestion rate similar to that of adults. Breast feeding
versus coconut sap supplements would have contributed to the greater variation
chserved in infants. Adolescents and young adults were the population subgroups
which have been observed to move frequently between atolls. This mobility would
ivad to greater variations in the daily activity ingestion rates relative to
tnose observed in the more stationary population subgroups.

Figure 12 also exhibited a wave pattern; however, a distinct difference be-
tween males and females was indicated. This difference arose from the use ~f
values for KE listed in Table 3 which were derived from urine data for male and
fzmale residents at Rongelap Atoll. Its major impact was on the dose equivalent
rate, not on the total dose equivalent; and its effect was to cause the dose
equivalent rate for males to rise and decline more rapidly than for females.

Figures 13a and 13b summarize the individual data for 9OSr for all
Rongelap residents and were referenced to June 1, 1957. A bimodal shape was
ovserved for the distributions which contained both sexes, again reflecting the
difference in the 9OSr dietary rate constants. Data from urine bioassay
indicated that the observed difference between the male and female values for KE

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

data during the 23 year residence interval. The results indicate that because
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of urine activity concentration variability, there was a 60% probability that
the male value for KE would be different from the female value by the factor
observed. Thus differences in the derived activity ingestion rates and dose
equivalents were not significant.
. . 65 137 . . .
Figure l4 shows a semi-log plot of the Zn and Cs activity 1ingestion
rate histories for adults on Rongelap. A curve was drawn between points, and
. . 137 . . . v
the appearance of an increasing Cs lngestion rate during the 1960's indicated
the possibility of another contaminating event. The Hardtack Phase I series was
conducted just prior to the observed increase in the curve and fallout from the
Cactus, Yellow Wood, and Hickory experiments detonated at Bikini and Enewetak
would have reached Rongelap. However, several observations fail to support the
conclusion that recontamination was significant. These are as follows: 1) the

137

increase 1n

65

Cs ingestion rate was not in conjunction with an increase of

Zn; however, since 65Zn is an activation product it may have not been produced
in the same proportions. 2) The peak 137Cs body burden at Utirik occurred
nearly three years after the initiating event, Castle BRAVO, while the peak body
burden at Rongelap followed six years after the potentially contaminating experi-
ments of the Hardtack series in 1958. 3) The activity ingestion rate at Utirik
demonstrated a continuously declining pattern versus the humped pattern observed
at Rongelap. This occurred even though there was an equal external exposure
rate history following thg Hardtack series as measured by the U.S. Public Health
Service on both Rongelap and Utirik (Un59). 4) The peak exposure rate on
Rongelap following the Hardtack series was 10,000 times less than the peak expo-
sure rate following BRAVO. These facts suggest that the Hardtack series was not
a major factor influencing the Rongelap body burden patterns. Thus it is

postulated that body burden variations were caused by travel away from the atoll
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or sickness and other factors. Regardless of the cause of individual differ-
ences from the mean, a smooth description of the body burden and acfivity inges-
tion rate for‘the population could be adopted. On this basis a declining contin-
uous uptake model was use

Internal Dose Equivalent Rates

The approximate instantaneous dose equivalent rates for the total body
were determined from the body burden data illustrated in Figures 7 and 8 and

from the following equation

H = qI, (4)

where

the total body dose equivalent rate, mRem y-l,

m.
1

I = equilibrium dose equivalent rate to the total body per unit body
burden, mRem y'l uCi'l,

instanteous body burden, uCi.

LD
11}

The approximate nature of the estimate was due to the assumptibn that the
radioactive atoms were distributed among the body tissues as they would be fol-
lowing constant continuous uptake for periods of time much greater than the mean
residence time for the total body. In the case of 9OSr, 86% of equilibrium was
assumed. These assumptions were not used in the estimate of the total dose
equivalent. In addition, since mean adult body burdens were computed, a factor
of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo-
gram adult. Table 5 lists values of I which were determined from information

given in ICRPS59 and corrected for body mass differences.
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Table 5

Total Body Equilibrium Dose Equivalent Rate
per Unit Bodvy Burden

1,
mRem y~! pci~l

g

55Fe 2 x 10o
26

60Co 6 x 102
27

6570 1 x 102
30

905, 3 x 10°
38
137Cs 2 x 102
55

Figure 15 illustrates the relative contribution to the composite dose
equivalent rate for each dosimetrically significant internally deposited nu-
clide. For the average Rongelap adult, the residence interval begins June 1,
1957; however, many adults were reported to have resettled during the next 3 to
6 months (Co80b). The composite dose equivalent rate indicated that a broad
maximum of approximately several hundred millirem per year persisted for several
hundred days. Most of the dose rate is attributable to the 137Cs component Ce-
sium dominated over the entire post return period and would be of prime concern
for populations returning to a contaminated enviromnment years after a fission
type initiating event.

Figure 16 illustrates two possibilities for the Utirik dose equivalent

65

rate resulting from the ~~Zn body burden history during the first three years

. 65
post-return. The higher body burden resulted from use of the two measured Zn
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body burden means for adults on Utirik and the observed Kg rate constant from
Rongelap. It was observed on Rongelap that .031% of 652n was removed from the

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

137C 30 60

in dietary radioactivity on Rongelap had been observed for s, Sr, and Co

to be greater than that predicted by radioactive decay alone. Instantaneous re-
duction fractions very similar to those at Rongelap were observed at Utirik for
the 9OSr, and 137Cs nuclides. The lower curve on Figure 16 reflects the dose
equivalent, dose equivalent rate, and body burden which would have occurred had
radicactive decay alone accounted for the removal of 65Zn from the Utirik envi-
ronment. Since additional mechanisms could be measured for other nuclides at
Utirik and for the 65Zn nuclide on a nearby atoll, the upper curve was chosen as
the most likely body burden history for adults post return to Utirik Atoll.
Figure 17 indicates the Utirik adult mean total body dose equivalent rate
fcr each nuclide. An obvious difference relative to the Rongelap history
exists; Zn not 137Cs was the major nuclide contributing to the dose equivalent
rate. This was due to the Utirik population returning 3 to 4 months after the
initial contaminating event, and the Rongelap population returning after 3
years. The age of the fallout had a dramatic influence on the importance of
each nuclide contributing to the internal dose equivalent. In fact 6000 and
5Zn played major roles during the first 3 years, a time interval that
corresponded to the period during which field whole body counting facilities
were being developed at Brookhaven National Laboratory and when medical examina-
tions for people on Utirik Atoll were not done. Additionally, pooled and/or in-
dividual radiochemical analysis of urine was not performed during this period.

The impact of 65Zn and 60Co was such that even if the least conservative rate
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constant (KE=0) was used for Zn, the dose equivalent rate for the average
adult was in excess of Federal Radiation Council Guidelines for the first 2
years following the return to Utirik.

Internal Dose Equivalents

Disintegrations occurring in the total body of an individual during resi-
dence following repatriation were determined by several methods. Equation (3),
together with personal body burden histories and atoll specific KE rate con-
stants from Table 3, provided an initial estimate of disintegrations between con-
secutive body burden measurements. The second method used was a log-log plot of
the subject's body burden history and an algebraic determination of area between
two consecutive measured points. The third method used a linear plot of the
subject's body burden history. The area under the curve was cut and weighed and
compared to a standard weight of known area. Quality control procedures
required that all three methods agree within *10% before a subject was assigned
his or her total body disintegrations during residence post return. In general,
the methods compared to within #5%.

After the total number of disintegrations occurring in a subject's body
was assigned, they were apportioned among the body organs according to the fol-
lowing equation

fi ziAiBi (ziciDi + 1n2/X)

F = ,
£.C.D.(Z.A.B. + 1n2/A)
111 111

(5)

where
F = the fraction of total body disintegrations occurring in the organ of
interest,
A. = organ compartment deposition fraction for the element,
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[=2]
1]

Z organ compartment biological half time for the element,

Ci = total body compartment deposition fraction for the element,
Di Z total body compartment biological half time for the element,
'
£ = fraction of the element from blood to organ of reference.

Equation (5) applied where significant decay occurred at the deposition
site, and not during transit or re-transit to the organ of interest. Values for
compartment deposition fractions and compartment half times were obtained from
Ki78. Values for the remaining quantities were from ICRP59.

The dose equivalents to a specific organ or the total body were determined
by using the source to target dose equivalent per unit cumulated activity parame-
ters from Ki78. The total target dose equivalent was obtained by summation of
the dosimetric contributions from all source organs. Several important modifica~
tions to the general procedure were made in order to compute individual
dosimetric results. For each person, the source to target dose equivalent per
unit cumulated activity was weighted by the ratio of a standard man's body mass

relative to the actual mean body mass during the interval for which the dose

equlivalent was determined. In the case of 1370

s, the long term biological re-
moval rate constant for the Marshallese population was highly dependent upon
body mass (Mi8l1). Appropriate modifications to Eq. (2), (3), and (5) were made
to reflect this dependence. Finally, for 905: deposition in bone, 28% of the
source to target dose equivalent per unit cumulated activity was assumed from
cancellous bone and 722 from cortical bone.

137Cs for various age

Figure 18 demonstrates the mean dose equivalent from
and sex groupings. The residence interval was from 1957 to 1980 for this popula-

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

lowest dose equivalent. Persons who died during this period were not included
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in the figure nor were they included in any dosimetric distributions for any of
the nuclides. Thus all persons considered, regardless of initial age 1in 1957,
experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for
137Cs among the Rongelapese. The shape or the population distribution was
skewed with a mean of 1.7 Rem and a maximum of 9.0 Rem. Thus the maximum was
5.3 times the mean value for 137Cs on Rongelap. An examination of the subgroup
distributions reveals that persons who were infants at the time of rehabitation
at Rongelap also were the recipients of the higher doses. This was due to the
combined effects of lower average body mass, a higher average ingestion rate,
and more rapid turnover of 137Cs than that for adults or even children. The pa-
rameter having the greatest impact on the infant dose equivalent was body mass.
The standard deviation for the adult male distribution was 49% of the mean dose
equivalent, for adult females 43% of the mean dose equivalent, and for adoles-
cents 47%. Within a subgroup, the maximum observed dose equivalent was approxi-
mately twice the mean value for all distributions considered here.

Figure 20 shows mean dose equivalents as a function of returning age
groups for 652n on Rongelap. Adolescents, young adults, and adults 50 and up
were the groups receiving lower total dose equivalents, while children and mid-
dle aged persons received higher dose equivalents during the residence irterval.
Measured 652n data for persons who were infants at the return date were not
reported in the publications by Conard et al.

Figure 2! shows the dosimetric distributions observed for members of the
Rongelap population for 65Zn. 'Again the population overall exhibited a skewed
distribution of dose with a maximum value nearly three times the mean. Children

demonstrated higher doses than persons who were adults during the entire 23
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vear period. The standard deviation was in general 30% of the mean value for all age

and sex subgroup distributions. This less pronounced variation may be due to
- 65 . . 90
the fact that Zn measurements took place over a 3 year interval while Sr
137 . . .
and Cs occurred over a 23 year interval and thus was contained in a more
homogeneous population than were the longer lived nuclides.

Figures 22 and 23a and 23b summarize the 30

Sr dose equivalent results for
individuals at Rongelap.

In this analysis, only the ingestion pathway was considered important.
Some radioactivity would enter the body via the resuspension and direct inhala-
tion pathways. It is known that for a given soil concentration of the stable
naturally occurring analogs to the radionuclides considered here, the ratios

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

as follows:

Co > 3000 Zn > 130
Fe > 550 Sr > 10,000
Cs > 400

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

External Exposure

A value of .73 rads in tissue of interest per rontgen, measured in air at
one meter above the surface, was used to convert exposure in air to absorbed dose
. . ’ . . . . 137
in tissue. The source was assumed to be an exponential distribution of Cs ac-
tivity with depth in soil, typical of aged fallout (Be70). Because of the

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

organ was minimal. Additionally, external doses were adjusted for living pat-
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tern variations since the atolls present a heterogeneous exposure rate environ-

ment (Gr77).

External exposure calculations are based on Figures 24 to 26 which were
derived from data listed in Cr56, Sh57, Un59, and Gr77. The area under straight

line portions of the curve was determined by

co2f2-fh (6)
n+ 1
where
X = external exposure during straight line interval, mR,
R2 = exposure rate at the end of the interval, mRh—l,
Rl Z exposure rate at the beginning of the interval, mRh-l,
t2 = time post detonation at the end of interval, hours,
£ = time post detonation at the beginning of interval, hours,
n = slope of a straight line.

Data from 11 detonations during May, June, and July of 1958 (Sh57) indicated a
mean fallout deposition exponent of 18.8. This mean value was observed at
Utirik, Rongelap, Parry, and Wotho and was applied to early time post detonation
of BRAVO to obtain the initial increasing exposure rate history shown on

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

hours on Rongelap and 12 hours on Utirik. This time compares well with the
original observations reported by the Marshallese and by U.S. Navy personnel
stationed in the area (Sh57). Initial dose equivalents on "acute doses"

are developed in greater detail in another report.
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Figure 25 demonstrates the external exposure following the 1958 testing se-
ries. Since return to Rongelap followed 3 years after the BRAVO contamination,

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

SUMMARY

The Castle BRAVO shot of March 1954 caused the contamination of the
inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50
hours after detonation and from Utirik 55 hours after detonation. During June
1954 and June 1957 the return of the Utirikese and Rongelapese occurred respec-
tively. Body~burden data for dosimetrically significant nuclides were obtained
throughout the residence interval post return primarily by direct in vivo gamma
spectroscopy and by indirect radiochemical analysis of urine and blood.

The dosimetric models used in this analysis were representative of a
declining continuous uptake regime. Dietary decline of radiocactivity included
radioactive decay of the source and a conglomerate of other factors which might
have included increased use of imported foods and weathering of the source. Di-
etary loss rate constants were estimated from sequential body burden data and
were comparable for both atolls.

Variation in body burden history data for a particular nuclide on a partic-
ular atoll was observed in whole body counting data and urine bioassay results.
This was attributed principally to the statistical variation encountered when
small groups are sampled from a heterogeneous group of body burdens in people,
and in the case of urine bioassay additional variation was introduced during the
laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40
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years of age ingested more activity each day than did adolescents and persons
greater than 40 years of age. Maximum deviation from the average value of the
daily activity ingestion rate for members of an age subgroup was no greater than
a factor of 3. However, the population distributions i1llustrated a maximum fac-
tor of 5 times the mean activity ingestion rate value.

Dose equivalent rates post return were determined for members from both
atolls. For Rongelap Atoll, the residents received approximately 100 to 200
mRem per year during the first 5000 days post return from intermal emitters.,

The principal contributing nuclide was 137Cs. For Utirik Atoll, the residents
received up to 15 Rem per year during the first 400 days post return. The major
contributing nuclides were 65Zn and 60Co. Dose equivalent rates to the
Utirikesé from internal emitters fell below 500 mRem per year at approximately
1200 days post return.

The dose equivalent for population subgroups and for individuals was deter-
mined. Table 6 summarizes the results for the total body, thyroid, red marrow,
testes, ovaries, lower large intestine wall, and liver. The catenary compart-
ment model of Bernard and Hayes (Ber70) was used to determine doses to vérious
segments of the gastrointestinal tract. The Utirikese received significantly

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

. . . . . 0
of short mean residence times of these nuclides in the environment. 9

Sr doses
) 137 .

to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater than

doses received by persons at Utirik. This occurred even though Utirik residents

returned to their atoll 3 years earlier and somewhat reflects the degree

to which Utirik was less contaminated than Rongelap.
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Table 6

Chronic Ph
Dose Equivalent §

ase
ummary, Rem

Total Body Thyroid
Utirik Rongelap Utirik Rongelap

Nuc lide Adults Adults Adults Adults

90se .012 .027 .00075 .0017

Fe .033 .023 .059 .042

13704 1.1 1.7 1.6 2.4

60¢o .51 .014 .36 .010
6574 13. .076 1. .067
Internal 14, 1.9 13. 2.5
External 3.2 2.0 3.2 2.0
Total 17. 3.9 16. 4.5

Red Marrow Testes-Ovaries

90, .054 .12 .00075-.00075 .0017-,0017

53re .060 .042 .058-.062 .074-,043
137¢5 1.7 2.6 1.5-1.7 2.3-2.6
60, .63 .018 4418 0.12-.050
65:n 17. .10 11.-16. .069-.099
Internal 20. 2.9 13.-20. 2.5-2.8
External 3.2 2.0 3.2 2.0
Total 23. 4.9 17.-23. 4.5-4.8

Lower Large
Intestine Wall Liver

905, .23 .57 .00067 .0015
55Fe .067 047 .12 .080
137¢s .59 .90 1.8 2.7
60, 4.7 .13 .79 .022
65zn 15. .091 17. 14
Internal 21. 1.7 19. 3.0
External 3.2 2.0 3.2 2.0
Total 24. 3.8 22. 5.0
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Abstract

This study summarizes information on diet and living patterns for the
Marshallese. The data was derived from literature, answers to questionnaires,
personal observations while living with the Marshallese for periods extending
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