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ARSHALL ISLANDS RADIOLOGICAL SAFETY PROGRAM REVIE

May 21 and 22, 1981

Safety and Environmental Protection Division

Brookhaven National Laboratory  

 

 

e
e
t
a
l
a
h
al
le
R
a
ie
e
e
T

   
  



Ototerere my

' Ly

we

8 tN

“¥.
rele
ARON¥ t

HISTORI

on

CUST COPY AVAILABLE

Byoo8 -: opeery fo ee oe .
ras 7 . * ws t - wt okEBS BE TS avis re,

ve - - : : Sa. a a . Lote .

toe sr : >" . . tere of ae x “S 3 4 : MeoS ye eet . ty 2 . . . .
. wee ee < * 1 aca. re Oe fe ary tag ry wot: : 37.7: } . ; ‘ rt" 2 nS .
‘ae ros , . na ey .

Bae ’ . . ‘ 'a wo ' - “4. Lo!



HISTORICAL SYNOPSIS

Schedule 189's and Field Task Proposals

Marshall Islands Radiological Safety Program
and Rongelap/Utirik Dose Reassessment Project
-A Historical Synopsis
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ADDITIONAL OXPLANATION FCR OPERATING COSTS

  

 

 

 

 

 

  

 

 

 

 

  

  

 

 

   

  

Brooknaven National Laooratorv AZ*"perational Satety

Laooractory Program

1. Contractor: Contract No.: TasKx No.:

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

2, Proiece Title: L839 No.:

Satety Studies and Developmenc of Operational Guidelines

Marshall Islands Radiological Safety Program R2-1

3. Budgec Activity No.: 4. Date Preoared:

RZ =3 May 1974

5. Method sr Revortina: o. Working Location:

‘Annual report to Division of Operational Brookhaven Nacional Laboratory
Safety

7, Person in Charze: 8. Proitece Term:

C. B. Meinhoid

r ‘ .

Principal Investigator: «rom: To:

N. Greenhouse Projece will be iniciaced in
F. Haughey PY i975,
A. Hull

9, Man-Years: FY LOTS FY L375 ™ 19745

Sci., Res. Assoc. (Ph.D. or Equiv.) cee 1.0 1.0
Prof, (B.S. cr Equiv.) --- 0.5 0.5

Sei, & Prof. - Tocal -7- .5 i.2
Others --- 1.0 1.9

Guests & Research Collaborators “-- --- “7°

Tocal -<- 2.3 2.5

10. Costs (In Theusands of Dollars): FY 1974 FY 1975 FY 1376

Labor (including benefics) 0 30 60
Mats., Trav., Dev. Subcont., Spec'l Proc. 0 75 37

Reactor, Accel., and/or Computer Usage 0 2 L
Allocated Technical Services 0 3 |

Gen. & Adm. Overhead Q L5 32

Tocal Research Cost 0 L125 Lit

=Quipment Cbligations 0 -0 0

 

Al. Reactor Concent: Ll2. Materials:



Safety Studies and Development of Operational Guideiines

Project Title: Marshall Islands Radiological Safety Program 22-97

13. Publications:

None

 

14. 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 Safecy

using the tacilities and personnel of the Brookhaven National Laboratory

wealth Physics and Safety Division, This project is intended to provide

Operational Safety with a single focal point for their needs in this area.
Areas needing scientific investigation will be suggested to the Division
orf Biomedical and Environmental Research, and other support activities to
che 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 idencified as a
basis for establishing a continuing environmental monitoring program. —

ising this inrormation, annual surveys in the islands will be designed and
serformed in conjunction with the Brookhaven Medical Survey. Environmental

samples will te returned to Brookhaven National Laboratory for analysis.
in addition to those samples required to estimate the accuracy of the dose
oredictions, svecific samples relating to the Medical Survey Group's interest
will be collected and analyzed. Our close relationship with the Medical

Survey Group will permit us to respond rapidly to cheir needs.

 

15. Relationship to Other Projects:

a) The facilities and personnel of the Brookhaven National Laboratory
tealth 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.

c) Extensive use will be made of the data and experience of previous

studies in the islands. This will include consultation as needed with the
personnel from the Lawrence Livermore Laboratory, Southwest Radiological
Health Laboratory, AEC Health and Safety Laboratory, etc. Close cooperation

with the University of Washington is anticipated for the radiological

analysis of marine biota in the Marshallese diet.

 

16. Technical Progress in FY 1974:

Health Physics and Safecy Division scaff members will assist in the
March 1974 medical survey in the islands in order to familiarize these

{Ad(See Continuacion Sheet)



Satecy Studies and Development cf Operational Guidelires
Project Title: Marshall [slands Radiological Safety Program 22-93

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

personnel with the area and enable tnem to anticipate technical and

administrative difficulties.

 
17. Expected Results in FY 1975:

The project will be initiated in FY 1975 wnen the first detailedra

surveys in the islands will be designed and performed.

 
19. Expected Results in FY 1975:

A radiation procection program for che islands will be fully implemented

with the expectation that this project is to be continued fer an indefinite

period.

 
19. Description and Explanation of Major Matertals, Equipment and

Subcontract [tems:

In FY 1975, capital equipment funds of $20,000 is requested for a 800
channel analyzer and its associated hardware, The equipment is required to

bring our environmental monitoring facilities to the "state of the art.”

 
20. Pronosed Cbligations for Related Construction Projects:

None



SCHEDULE 189

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

   

 

 

 

  

 

ADDITIONAL EXPLANATION FOR OBERATING COSTS

Rrooknaven National Lteboratory aW-Operational Saltetv
~ds0Taisty stax

a. contractor: Cenzvrac: Ne. Tasx No.:

Asso¢iatec Universities, Inc. = f30-1) -16

-. 2rotect Tinie: L139 No.

Safety Studies and Development of Operational Guidelines
Marsnall islands Radisiogical Safety Program ‘

oc. Buczet Activity No. +, late Prepared:

RW-03-(a) Mav 1976

>, Method of Reverting 9. working Location:

annual Report co Division of ch N + a:
- . 4 a =Operational Safeev, monthly visits Srockhaven Nationai Ladoratory

zo BOS, Scientirltis Meetings ane

Journals

7. person in Charge: 2, Protect Tern:

¢. B. Meinhold

Concinuing

Princioal investigator: From: 7O!

N. A. Greenhouse

oc. 2. Naidu

A. F. Bull

3, Man-VYears:

Transition

Direct Man-Years FY 1976 Period FY 1977 FY 1978

Scientific «a Professicnal 2.5 0.5 2.0 2.0

Others 1.0 0.3 1.0 1.0
Guests & Research Collaborators o-- -<- --- ---

Total 3.5 0,8 3.0 3.0

~J. Costs (In Thousands of Dollars):

Transition

FY 1976 Period ry 1977 FY 1978

Research Costs 140 30 1490 120

=cuipment Obligacions 30 10 L535 LO

wae R@BCtSr Concett 2. Materials
 

 



Safety Studies anc Developmence of Cpoerational Guidelines
roiect Tithe: Marshall Islands Radiclogical Safecy Program RWe03-/a)

=

A. amd McCraw, T. F. Marsnall islands Radiological
vimcn Midvear Tepical Svmvesium. Coerational Sealsn 2:

7
.

i
h

‘Y
W

oo be CATSON, Io., De. Pete’, Healsn Pavsics Seocretr,=. 2

al Roc«y Mouncain Chaocter, Boulder, Colorade, 1976,
 

 

A comprehensive and continuing radiological safety orogram is reauired
for the Bikini and Enewetak people who cesire to reinnabit their nome atolls.
The program includes analyses of external radiation levels, soil and ground
water contamination leveis, and radioactivity in terrestrial and marine biota

woich comorise the human food chain. From these data, both external and in-
cernal doses and dose commitments will be made. In addition, projections of
Suture tadiological conditions will be postulated in order to provide appro-
oriate guidance on srojected iand use and living patterns. Earlier dose as-

sessments will be revised and updaced, and dosimetry medels will be refined to
. .

rellect actual trends as detertined from the monitoring program.

Prejecce personnel will provide a resource of expertise for establishment
er independent review of radiation protection programs associated with cleanup
anc renadilitation efforzts in the northern Marsnall Islands, and for related

nealtn physics interests of che Division of Cpoerational Safercv.

Field operations will be closely coupled «..2h those of Brookhaven Medical
Survey in the Marshall Islands, and Radiological Safety Program personnel will
de of direct assistance to the Medical Survey whole body counting activities.
Ancillary environmencal radiclogical assessments will be made at Rongelap and

Veirik acolls on an alternate vear sasis,

 

_ t
a . m@lacionsnis to Other Orsiects:

a) Surveys will be made in close conjunction with the 3NL Medical Survey

Team, Assistance will be given to their effort. The annual survey would be
conducted during their visits to the Islands. 6b) Continued collaboracion wita
the University of Washington, Laboratory for Radiation Ecology (LRE) is antic-~-
ipated on Division of Operational Safety environmental programs in the Pacific
basin. c¢) Extensive use will be mada of orior survey data. Consultations
will be held with other participating agencies in developing the bases for the

survey rtequiremencs.

 

16. Technical Progress in TY 1976 and Transition Period:

A major survey was conducted at Bikini and Eneu [slands in February 1975

in response to Department of the Incerior's request for guicance on the siting

of the second increment of housing construction at Bikini. This survev ve-
vealed unacceptable radiation levels at most of the proposed sites, suggested

alternate sites, and laid the groundwork for a larger multiagency survey in

(See Continuation Sheer) RWee
(
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Safecv Studies and Development of Operational Guidelines
Marsnall Islands Radiclogical Safety Program RW-O3 26a)

! FeC.)

> C @

lé, Teennical Progress in FY 1975 anc Transition Serice: (Cont

cSunme-Juiv 1973 in which BNL sarciciseacec, Data Irom botn these surveys areé
”

w

currently being usec to refine cose anc dose commitment precicctions for re-

turming Sixini resicents.

BNL ecllaborated with the University of Wasnington LRE in a regional
radiological dackzround study in Micronesia, November-December 1975, Cata
from this study will be used as a reference dase against whicn radiological
data frem the nertnern Marshall Islands can be compared,

The first routine followup study for Bikini and Eneu is scheduled for
April 1976. This survey will include detailed radiological protiles of the
Nam-sokata complex cf islands which are the next areas scheduled for azricui-

tural cevelopmen: in the Bikini atoll master plan.

 

L7. Expected xesuits in FY 1977:

Ground survev support will be previded for a plannec interagency aerial
radiological survey cf all previousi+ unsurveyed atolls in tne northern

Marshall Islands wnica may nave received Local fallouz from tne U.S. atmes-
shevic nuclear tests.

Znewetak will be visited ty the sregram orincisals in order <tc establish
@ routine environmental monitoring orcegram for that acell.

Continuec technical suppors will be srovidced by BNL for the ERDA-tunded
Paciiic Basin racislogical program cr she University of Wasnington LRE.

 

O78:t
e18. Expectec Results in FY

Continuation of programs described in FY 1977.

 

t
t19. Deseriscion and Explanation o

Tlems:
eee

Maier Materials, Ecuioment anc Suoconttact

Caoital Equiomenct Fiscal Year 1977:

Additional zemory and an x-y plotter ($9,000) for the Ge(Li) spectrcemeter

system is needed to improve sample analyses and data processing capabilities

on large numbers of envirommental samples collected during Sield surveys.

Peripheral electronics ($6,000) for a chin intrinsic germanium detector

array is needed to process soil samples for neavy elements.

Capital Fauiomenrc Fiscal Year 1978:

In FY 1973 a standard compatible magnetic tape unit ($7,209) wiil be

neaded fst data starage, which will enable che sciencitic starts to ctansler



Safety Studies and Develooment cf Operational Guideli

Priigiio Titie: Marshall Islands Radislogical Satety Program

 

19, Raserioticon and Exslanacion of Maier Martarials. Tevisment and Suocctneractz

Ziems font’.
 

Casiztal Fouloment Fris¢eal Year 19°52: “lont'd.)
 

 

spectra data from presen= analyzer ecuigmen=t tc tne Central Scientily

ing Facilicyv.

20. Frepesed Oblizgacions for Relacec Ionstructicon Frotects:
 

None
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ADDITIONAL IXPLANATION FOR CPERATING COSTS

Brookhaven Naticnal Laboratorv
 

RK-Environmental Researcn and Develcoment
 

 

 

 

Laboratory Program

1. Contracter: Contracz No Task No.:

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

2. Protect Title: 189 No

Surveillance of Facilities and Sites

Marshall Islands Radiological Safety Program

3. Budget Activity No.: 4. Date Predarec:
 

RK-01-05 -02-3

(600003)
May 1977

 

s
e Method of Reporting:

Annual Report to Division of Cpe
Safecy, Standards and Compliance

Monthlv Visits to SSC, Setensisi
7, Person in Charze:

 

 

6. Working Location:
razional

(SSC),

2 Meetings

8. Project Tern:

and Jourtals

Brookheven National Laboratsrv

 

 
 

 
 
 

 
  

 

 

 
  

 
 

 

C. 3. Meinnold Continuing

Principai Investizator: From: TS:

N. A. Greennouse (666-4250)

9.°Man-Years: Pres. Bud. Rev. Req.

FY 1977 FY 1978 FY 1978 ry 1979

Sei.,Res.Assoc.(Ph.0 or Equiv.) 1.9 2.9 2.0 1.2

Prof. (B.S. or Equiv.) 0.5 1.0 1.9 1.2
Sei. & Prot. = Total 1.5 3.9 3.0 2.0

Others 1.0 1.5 1.5 1.3
Guests & Research Cellaborators --- --- --- ---

Total 2.5 4.5 4.5 3.5

2.0. Costs (In Thousands of Dollars): Pres. Bud. Rev. Rea.

FY 1977 FY 1978 FY 1978 FY 1979

Labor (including benefits) 63 79 87 83

Mats.,Trav.,Dev.

Subcont.,Spec'l. Proc. 4a 32 62 67
Reactor, Accel., and/or

Computer Usage 0 0 0 0
Allocated Technical Services 2 1 L 1

Gen. & Adm. Overhead 31 38 42 60

Total Research Cost 149 1596 192 2ll

Equipment Obligations 10 10 10 5

ti. Reactor Concept: be Materials
 

 



Surveillance of Facilities and Sites
itle: Marsnail Islands Raciciegical Safety Program QWe91-95-02
 

 

Greennouse, N, A., Levine, G. S.

intrinsic germanium detector array to
sented at she 2lst Annual Meeting of :
Califormia, June 1976.

r, ad. W. and Naidu, J. R. aA china

ect councing of soil samples. Pre-
hn Physics Society, San Francisco,

r
h

n
o
n
e
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14. Scooe:

(a) 200 Word Summarv: Eavironmental and personnel monitecring programs
for the Marsnallese peopie Living at Bikini, Rongelao and Vtirix atclis aust
continue indefinitely in crcer to assess dose contributions to these pecple
trom che residual radioactivity originally produced by U.S. nuclear weapons
tests in the Pacific. Detailed assessments of the contributions of external

gamma radiation have deen made over the past two years, but the idenscitication
of internal exposure pathways and determination of their radiological signifi-
cance are sudject to many variables which will require environmental and diet
monitoring and bioassay programs for many years. The focal points of the next
vear's efforts will be quantification of the average annual diet and ics radio-

nuclide content of each atoll; determinacion of the significance of the inhala-

tion pathway for slutonium and other radionuclides resuspended <rom local soils,
and establishment cf urine excretion rates for plutonium, stroncium 90 and

cesium 137 for individuals i= possible, and she averages for atoll sopulations.

From these data, assessments of both external and internal doses and dos

commitments will be made. In addition, projections of future radiclogical co
ditions will be postulated in order to provide appropriate guidance on pro-
jected land use and living patterns. Earlier dose assessments will be revised

and updated, and dosimetry models will be refined to reflect actual trends as

determined from the monitoring program.

Project personnel will provide a resource of expertise for estabdlishmenc
of independent review of radiation protection programs associated with cleanuc
and rehabilitation efforts in the northern Marshall Islands, and for related

nealth physics interests of the Division of Safecv, Standards and Compl:ance,.

 

15. Relationship to Cther Projects:

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

b. Continued collaboration with the University of Washington, Laboratory

for Radiation Ecology is anticipated in SSC-sponsored environmental programs
in the Pacific Basin.

 

16. Technical Progress in FY 1977:

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

(See Continuation Sheet)
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Surveillance af Facilities and Sites
: Marshall islancs Radiological Safety Program RK“O 1-305 -02-3
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representative of contaminatec and uncontaminated locations in the region as
parc of a plutonium excretion study. Definitive measurements of external ex-
posure tates were made at Utirik and Rongelap, and the incremental exposure

rates =rom 3ravo fallout were determined for the village islands and several
others at-tnese atolls.

Analvses of environmental samples ccllected from past surveys are nearly
completec, and reports of the results are in progress.

 

17. ‘ExMaected Rasults in FY 13978:
 

Installations of air sampling stations will be completed at Kwajalein,
ini, Renzelas,and Vtirik; and initial results of air monitoring and inten-
tec urine Dicassay programs are expected,

GrouDd survey support will be provided for a planned interagency sponsored
aerial radioicgical survey of all previously unsurveved atolls in the northern
Marshall ancs which may have received local fallout from U.S. atmospheric
muclear te

 

~5e Line tted

Centinuation ef srograms described for FY 1977 and 1978.

 

19, Deseriostion anc Exsilanacion of Major Materials, EZcutoment and Subcontract

1 Ecuioment,FV 1978:

Peripheral electronics ($10,000) for the Safety and Environmental Procec-
tion Division analytical laboratory is needed to process the increasing load

o= environmental samples collected on field surveys.

Maior Subcontract Tfems, FY 1978:

A supplemental budget request was made for FY 1977 to initiate the air
monitoring and expanded urine bioassay program for plutonium, [It will be nec-
essay to extend the contracted peak load analyses of these samples inco FY 1978
because of the lengthy sec up and processing times for amounts of radioactivity
which are below convencional limits of detection. Anticipated cost is $10,000.

Capital Equipment,FY 1979:

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

to a commercial laberatory.

(See Continuation Sheet)
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Surveillance of Faciliztie

Project Title: Marshall tslands Radiclogicail Safety Program Re 1-08-07

eg Chlizations for Related Construction Bretects:
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Taooratorv 2ssion Resource

Ll. Coneractor: vomcract No.: Tasx NO.:;:

Associated Universities, Inc. E¥-76-C-02-CO16

2. Project Title: 1329 No.:

Surveillance of Facilities and Sites

Marshall Islands Radiclogical Safacv Progran

3. Budget Activity No 4. Date Preparad:

GX-01-01-32-3-(a) March 1978

(600003)

5. Mechod of Renorting: 6. working Location:

3 1a] - *5 Aivisi = Safar: . woe .
and. Repors <9 Division ofsates Brookhaven Nacional Lateoratery
Standartds and Compiiance (35)
Monthly Visits co $$c

Sciencifie Journals and Meetings’

7. Person in Charze: 3. Proiact Tarn:

Meinkolad tema a

Princical Investigator: rrom: T9

N. A. Greenhouse (664-4250)

9. ?arson-Years: Pres.3ud. Rev. req.

FY 1978 TY 1979 TY 1979 27 1330

Direct Person-Years

selencirt Professional 2.9 3.9 3.9 3.3
Others 2.5 2.0 4.9 4.9

Guests & Xesearch Collaborators --- 777 *-- 777

Total 4.5 3.9 7.9 7.9

10. Casts (In Thousands of Dollars): Pres. 3ud. Rev. Req.
Y 1978 FY 19793 TY 1979 ry 19289

Research Costs 150 211 400 429

Total Research Cbiigacions 192 " 2h 369 427

Equipment Oblizgatisns al 29 29 39

aa. Reactor Conceoc: 2. Materials:
 

 

ENS
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Sumveillanca ot Facilirties and Sites

Descase Tista- Marsnal! rslands Radiological Safety Grszram ix-71-21-i2-
 

Greennouse, NY. A. and “Miltanbderger, 2. 2. Radiological analvses of
Marsnall Islands envircnmenztal sampies Irom 1974 cthrougn 1976, S1L Resort
(in press).

Greennouse, N. A. and Milcencerzger, 2. 2. Extemal radiation survey

and dose predictions for Rongelap, Vtirix, Rongerik, siluk, and wotje Atolls.

3NL Repore (in press).
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(a) 200 werd Summaz*r: A comorenensive radiological satiety oregran will
te manntained for the innaoitancs of acolls in the northern Marsnall Islands
contaminated as a resulz of tne 7.5. Bacific Testing programs. The foilowing
teamsand services will 3e arov

1, iInvironmencal and versonnel sonitoring to srovide data for
ENL dose assessments anc cetarminacion of radiological crends.

-. indivi

tenis, Th

dual and pooulacisn cosimetry based on actual neasure-
ese carta wil used to modify dose commitment >ore-

aiertive models 530 inact they accurately reflece fucure ‘trends.

3. Suggestions oased cn field experience to mitigate doses
via che more critical natnways.

4, aA flexible resource of radiological expertise to independently
review radiation sreCection srograms associated with renabili-
tation efforts in the northern Marshalls, and for relaced teaiczh

mnysics interescs of CES in the Pacific 3asin.

Program activities fer the coming fiscal year will empnasize the Iollow-

Ll. Ia vivo counting of 3ixini and Enewetax vesidents. These
afforcsWill define 3aseline body burdens of gamma-emiczing
nuclides for new residents ac beth atolls, and will perisc-
ically assess changes in 30dy ourdens over time wnica mizgnt

result from various exposure pathways.

2, Urine bioassay to define radionuclide excretion satterns
Srom individuals, and to estimate Sr and transuranic

nuclide burdens.

Sad-1 1b (
(See Continuation Sheer)



 

sumvelllance of Facilizzes and Sites

Peatetz Title marsnal. ls.ancs Radiological Satecy Orogram TX-)1-51-32-3-

14. Sede (genisnved)
 

3. Ceriniution of the annual contributions to dose via the
inhalation pathway at 3ikin:, Romgelap, and Yeirik, Spsecial
empnasis will be placed on sonmctinuous air sampling for wind-
mediated resuspension of radionuciides in lLacal soils; and
on special measurements 9 celine aerosol cometribucicns re-
sulting from Auman activity.

4. Development of radislogical cose sredictive nodels which
involve Sotn Auman anc anvircnmencal nonitering data.Fe

(2) Seoolement 22 200 “ers Summary: The FY 1979 sudget requesc contains
a significant increase over tne iv 19738 allocation. This increase reflects a

 

realistic assessment 22 coerating :oscs imposed Sv the in vivo counting, bio-
assay, anc air monitoring activities segun in FY 1978. additionally, field
trip activities and anaivtical laccratory sarvices have substancially exceeded

Original ¢stinates far the basic rediolsgical safety srogran, and these coscs

are expected 29 continue, Finalls, thers are a number of serisneral srograms

Of mutual interest £5 2NL and TES -:nicna will se cesc-eflactive if included

er

 

WLInA ine sasic efforts, a miccting. These incluce in

Qrcer of importanca:

lL. Cerinicion ¢f isca, ciat tazttamms ac 411 ataiis of incereasc,
and continuous monitoring cf 21ats Iar seasonal changes anc long-

tearm irends waich aignt impact sn realistic dose oracictians.

2. [Incorporation of puodiic informacion and education oroegrams
into the tocal SNL efftorc <o tinimize tne adverse sasychological
and sociological impacts of local radiological conditions and

OZ our efisrts to understand then.

3. Retrospective assassment of che racziological picture in the
Merthern Marsnalls sarior so the establismmenc of tne SNL sro-
gram in FY 1975.

4, Continued collaboration with UW/LRE on OES radiological
programs.

i3. Relacionsnis i5 cther irsiects:

This program will be logistically coupled wherever possible to ne 3NL
Medical Program in the Marsnall Islands. Technical collaboration will con-
tinue om matters of mutual interest. The radiclogical safety program will also
bear directly on a retrospective reassessmenc or thyroid and whole dodv doses
ta the SRAVO fallout victims ae Rongelap and Utirik, a new program for whica
funding is expecced in FY 1978. The program will also interact cooperatively
with related efforcs ac the Universicy of Nasnhingcon (L2£) amd at Lawrence

Livermore Laboratory,

Suef17
(See Continuacion Sheez}



u tance og: Facilities and Sitas

farscall islands Rac.olsgical Safety Program HK-UL-TL-i2
 

 

2 - =“N

is, Tecnaniia. Prteress in FY 1373

Several oorts ar@ in press or in progress for suolisacion in FY 1973,

These reports Beit summarize all 3NL vadiclogical program activitias 7t9 date
and idencifv the technical issues to be addressed in FY 1979 and 1280, Two
-iteld scrips were made in Cetoder 1977 to iniztiace che 3NL air nonicorin -P
grams act Bikini, Rongelap, and Utirikx; and 29 establisn tne 2

program. Sutiiciens fieid monic oring daca will beccme availacla <5 assess
average radionuclide cody burdens ior residents of Sikini, Re nm
Utirix, and ts make a areliminary analysis of tin anal tion
atcils.

 

Personnel and analytical lLaboracory resources are being - 3

provide technical srogram support far =ne "3 Acoll Survev" whith 13s axvectead
during FY 1978.

At least two additicnal field trins

environmental surveillance sroagrams at Ut

t
i ie, songelas, iximi, amd tne

study of trends in Live; becéy burdens at Bikini Field urioa setneculing <con-

Timues [0 de Namnerad, nowever, Jy uncertainties over Lozg.siics surtcrt,

 

Ac lease three field crips will 5e made co Bikini, Ronmgeias, anc Viir
Atolls to conduct routine envircnmental surveillance anc sersonne. aonitoria
activities. [In addition, two or nore field trias will De made zs Inewetax :

continue baseline in vivo counting and bioassay activities degun in IY 197
and to initiate a new environmencal surveillance asrogram consisten Loh

return cf control of the acoll to che Marshallese,

J oa

Average baseline radionuclide body burdens will be estaolisned for
typical residents srt unconcaminated acolls. Additional contributions 15 socv
burdens irom environmental pathways on contaminated acolls will be determined
for individuals and populaticns. ac 3ikini, Rongelao, and Vtirik. Tefinictisn

of the inhalacion pathway at the aioremencioned acolls will be comoleced, and

a working prediccive model will Se develooed which incorporaces environmental

and pathway analyses with actual numan uptake experience,

 

13. Txpectad Zesuits in FY 198C:

Continuation of programs described in FY 1979,

Snel |
(Sae Continuacion =-ee%)
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Capital Zcuioment - FY 1980:
 

rovide adequate calisracions for
. A computer-dasad sulse heighc

me division counting iaboratory 4
ef analytical facilicies for

Two phantoms ($10,000) are required to

the Marsnail islancs in Vivo Counting sregr
amalyzer ($40,0C0) is needed to maintain

é

ultita-low=ievel sample counacing.

 

oO. 2raneses Jblizations far Related Construction Pratvaccs:
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SCHEDULE 129

ADDITIONAL EXPLANATION FOR OPERATING OBLIGATIONS

37soknaven National Laboratory sins .sa738 r22
Ladoractery s29n Res 22

iL. Comeracsor: Contract No.: —sask No.

Associated Universities, Ine. tv- -02=-0015

2. Project Title: 1389 ‘No.:

Surveillance of Facilizies and Sizes

Dose Reassessmenc ior Posulacions on Rongelap and Vtirix
Following Exposure £95 Faliourc

3. Budget Activizy No.: 4. Date Praoared:

GK -01-01-52-3-(5) March 1978
(600150)

5. Method of Reporting: 6. workingLocation:

Amnual Resort to Division of .
B3iomedical & Zavironmmental Research Brookhaven Nacional Laboratory
Sciancific Meetings and Journals

7s Person in Charze: 8. Projecs Tarn: :
i

C. 3. Meinnold

Principal tnvestigator: From: To:

apy) ject iniciasI. OR. Naidu (664-4210) Project fo * ait 335 and
» i 2 a FYN. A. Greenhouse (664-4250) cermiaacted ia

9. ?Paerson-Zears: Pres.3ud. Rev.Req.
FY 1978 sY 1979 FY 1979 FY 1380

Direct Person-Years

Selentific & Proressional owe “-- 0.5 ---

Others --- --- --- ---
Guests & Research Collaborators 2-7 --- +7° “7°

Total --- =-- 9.5 ---

10.. Costs (In Thousands of Dollars): Pres. 3ud. Rev.red.
zY 1978 FY 1979 rY 1979 FY 1930

Research Costs Q 0 25 2

Total Research Obligations 0 “ 0 25 0

Equipment Obligations Q 0 0 o

Li. Reactor Concent: 12. Materials: 4
 

Gw-112
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SurveLllanca 22 Facilizias and ites
Dose Reassessmenc for Posulations om Asngeiaad anc ViIirix

Deriaee Tieta: Fallowing Hxsosure is Fallous GxedL-31L-52-+2- 2

13. Puolicaiions

none

14 Sgo0e:

(a) 200 ‘word Summary: Incidences of thyroid nodules, benign and maliz-
nant, in the exposed populacions of Utirik and Rongelap have indicsatec cricical
differences in corvespondence vetween nodule incidence and tnyroic dose fs
che two pogulations. The estimated external dose received from the size fali-
out began to the time of evacuation shows that tne Rongelap sepulatiscn re-
ceived an external dose ( 175 rads) which was about thirteen times tnact for

the Utirik populacion (14 rads), and the thyroid dose was about ten tines

larger, whereas the incidence of thyroid nodules in the two sepulations were
mot signiicancly diitferenc.

A preliminary study nas indicated that the critical area ci investigation

that could shed Lignt is the seriod during fallouc and evacuation iar dota the
islands. In addition, the face thac the Vririk population vecurned within 120

days following evacuatisa, whereas che Rongelap scoulaction returned only aice
chree vears, recuiraes that we look closely ac the Usiscik sopsulacion in terms 32

a longer exposure period, both internal and external. Further studies would,

therefore, have to concencrate on the re-examination of all available data in

reports issued by varicus agencies during that seriod, consultacions with sci-
encific sersonnel invelved ac shac cime, idencifving the areas of uncertainszy,

and using appropriate computer srograms to analyze the data. The end ule

will enabie us to look for correlacions between the incidence of cthyroiid
nodules and the reassessed dose estimates,

"

 

lz. Relationsnis 19 Other 2Prsieccs:

(a) This study will help establish dose escimates irom che time of the
incident to the present, and will complemenc the aerial susvev, ior external
radiation neasuremencs, over chese islands, wnich is scheduled soon. Together

they should present a reliabla sicture of doses received ov the sopulations
and also enadle dose astimates co be srojected ince the fucure.

(6) This study will be in close conjunction with the 3NL Radiologica!
Satety Program in the Marshall Islands and with related orograms of the 2NL
Mecical Department. Continued collaboration with the University of Wasning=ca,

Laboratory of Radiation Ecology, in the area of anvironmental radioactivit;
will be maintained. .

 

L6. Tecnnical Brozress in FY 1973:

Preliminary Literature search and consultations with Dr. C. a. Sonahaus,

University of California, nave been completed, This nas resulted in ceiininz
areas of uncertaincy in infcrmacion and establishing the procedural steps that
should be carried suc cowards elucidating this proolem. Progress is being nade

(See Continuation Sheers) Ge- 1 >/



 

SurmveLlllance cf Facilities and jistes
Sose Reassessment ior Paculazions son Rongelas and Vtirix

Pesiact Titte: Fallowing Ixposure 2 Fallout BN201-401-52-2

Id, .a¢amica. Frozgress in FY 1373: ‘concinuec
 

in the analysis of nistorical samples (dated Marcn 1, 1986 from Rongelao an
Veirik Islands). However, delay in funding cor FY 1973 nas caused the saraject

to be sec aside until such time that che funding is appropriated. Consequentiv,

it is expected that studies will nave Co be continued into FY 1979,

 i

“1379:17. Exoected Results ia t
a

The literature searcn, consultations and the analysis or cata will de
completed, and will lead co comprenensive discussions and final dose assess-

ments for both che islands. These resules will be used to test the hnysochesis
tnat radiation effects can be transiacted into meaningful dose estimates, The
prognosis of the FY 1978 study should also permit validation of the nodels

used in arriving at the dose estimates in terms of dresent day exposures.

 

18, Expected Results in FY 1980:

Program completed,

 

4 ‘O
o

. Deseriacion and =xolanacion af Mator Materiais. Zeuisment and Succontract

Ttems:

None.

 

20. Proposed Obligations for Relatad Construction Proiacts:

None.

euce iv
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SCHEDULE 189

ADDITICNAL EXPLANATION FOR OPERATING JBLIGATIONS

Sroexhaven National Laboratory BKoeNulets Rascurce

Laboratory Missicn Resourcz2

.. Coatractor: Contracz No. Task “O.:

Associated Universities, Inc. EY= 76=C-92 29015

2. Protect Ticle: L889 No.

Facilities and SitSurveillance of esw=SUMMARY

 

3. 3Sudzet Activity No.:

Gk-91-01-52-3

4. Date Prenarad:

Marcn 1378

 

5. Mechod of Reporting:

See sub-activicies

6. Working Location:

Brookhaven National Laboracary

 

 

 

 

   

  

  

 

 

  

   

7. Person in Charze: 3. Protect Tarn:

See sub-activicies Coneiauing

rincisal investigator: ron: mn

See sub-activitias

9. Person-fears: Pres. 3uc. Rev. 2eq.
FY 1978 Fy 1979 ry 19793 rY 1980

Sei.,Res.Assoc. (Ph.D. or Equiv.) 1.0 1.9 143 1.9
Prof. (3.5. or fauiv.) 14 29 23 2

Sel. & Prot. = Tocal 2.9 3.9 3.5 3.3
Others 2.35 2.0 4.0 4.9
Guests s Researca Collaborators ~*~ ——- --" --

Total 4.5 5.0 7.3 7.9

19. Costs (in Thousands of Dollars): Pres.3ud. Rev.3ec.
TY 1978 ry 19793 ev 1979 FY 1980

Labor (including benefits) 36 116 Léa LTl
Macs., Ttrav., Dev.

Subcent., Spec'l Proc. 6 32 13§ 124
Reactor, Accel., and/or
Computer Usage 0 0 4 0

Allocated Technical Services l 5 5 5

Gen. §& Adm. Overhead 47 58 1Li7 133
Total Research Cost 150 211 425 420

Total Research Cblizacions 198 213 394 427

Equipment Obligations li 20 20 30
 

al. Reactor Concent: 12. Materials:

4 M-i(3

oeae ee ee eee ee



 

 

Project Title: Surveillance 37 Facilities anc Sizes SKeJL-o1-i2-

SUMMARY

Sub-acrivicy Title
 

GK~01-01-52-3-(a) Marsnail Islands Radiological
Sarfecv Progran

Gk~-91-+01-52-+3-(5) wlacions
TV agen
tied oadsn Renzgalad and Vririx

Exposure 239 TFalicut

Dose Keassessment Isr Pop
ZO

(See Continuation Sheet) &- wh
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DEPARTMENT OF ENERGY

ENERGY - OPERATING EXPENSES AND CAPITAL ACQUISITION

SCHEDULE 189

Gk-Multi-Resource
 

 

 

Taboratoryv Proeram

lL. Contractor: Contract MNo.: Task No.;

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

-. Project Titla: 189 No.:

External Radiation Measurements and

"Ground Truth" for Northern Marshall
Islands Regional Radiological Survey

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

3. Budget Activity No.: 4. Date Prevarad:

GK-91-01-52-3 May 1973

53. Method of Reporting: 6. WorkingLocarion:

Written Report to D.Q.E.S. Brockhaven National Laboratory

7. Person in Charge: 8. ProfectTera:

C. 8. Meinnold

Principal Investigator: Frou:. To:

N. A. Greenhouse (664-4250) 8/78 12/32/73

9. Person-Years: Pres. Bud. Rev. Req.
FY 1978 FY 1979 FY 1979 FY 1980

Sei.,Res.Assoc. (Ph.D. or Equiv.) --~ --~ 7s --~
Prof. (B.S. or Equiv.) Q.5 --- 9.3 ---

Sei. & Prof. - Total J.5 --- Ves -~-
Others -_—- —— _—- -—-

Guests & Research Collaborators --- --- —- ---

Total 0.5 --- 0.5 -~--

10. Costs (In Thousands of Dollars): Pres. 3ud. Rev, Req.

FY 1978 FY 1979 FY 2979 ry 1980
Labor (including benefits) 12 0 7; J

Mats., Trav., Dev.

Subcont., Spec'l Proc. 7 0 12 C
Reactor, Accel., and/or

Computer Usage 0 0 0 0
Allocated Technical Services 0 0 0 Q
Gan. & Adm. Overhead 6 0 Ll 0

Total Research Cost 35 0 WJ uv

Total Research Obligacions 33 0 45 0

Equipment Obligations 0 Q 0 a

-l. Reactor Concent: 12. Macertals:
 



\

Extarmal Radiation Measurements and

"Ground Trutn’ for Northera Marshall

Projece Title: Islands Regional Radiological Survev

13. Publications:
 

Greenhouse, N.A. and Miltenberzer, &.?. Radiological anaivses of

Marshall Islands environmental samples from 1974 through 1976. 8NL Report
50796 in press.

Greenhouse, N.A. and Miltenberger, 2.2. External radiation survey and

dose predictions for Rongelap, Utirik, Rongerix, Ailuk, and Wocte Atolls.
BNL Report 50797 in press.

 

14. Scove:

(a) 200 Word Summary: A comprehensive external radiacion survey program
will be conducted on each of the approximacely 13 arslls or islands in the
Northern Marshall Islands which could have received tropospheric fallout from

U.S. muclear weapons cests in the Pacific. The surveys will provide "ground
truch’ daca on ambient external gamma radiation levels on-island. This daca
will be used as the dSasis for calibracion and normalization of aerial radio-
iogical monitoring by £.G.&G. Corporation. The program will include detailed

extermal radiation measurements with voressurization chamber and scintillation
survey instruments, and in situ zamma spectrometry on all islands of interesc.
Surface soil samples will be collected and analyzed for significance gamma
amictars in order to make decay corrections for long-term dosa sredictions via
tne external radiation exposure oathway.

BNL field trip start and analytical lab facilities will be avatiaole for
other environmental sample collections and analyses as needed dv the overall

gciencific program.

 

15. Relarionshis to Other Projects:
 

This program is direcely related to our comtinuing envircnmencal and per-
sonnel monitoring efforts under the 3NL Marshall Islands Radiological Satety

Program. Le will also interact cooperatively with related efiorts ac che
University of Washington (LRE) and Lawrence Livermore Laboratory.

 

7
. Technical Progress in FY 1973:t

e

a
y

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

 

+

Ly. «Expected Results in FY 1979:

The remaining two survey legs will be completed, data analyzed, and a

(See Continuacion Sheet)



External Radiation Measurements aad

"Ground Trsth’’ :or Northern Marshall

Proiece Title: Islands Regicnal Radislogical Survey nwo aAt $727
 

ta
y
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17. Expected Results in FY 1979: (Continued)

report or 3NL aceivicies in support of this effort will be written for
sion in the overall project report.

inclu-

 

13. Expected Results in FY 1930:
 

Project will be completed in FY 1979.

 

i9. Descriocion and Uxslanacieon of Maior Marariais, Zauizment ane Sudconer

Items:

i
d

t
+

‘
o
O

4 o
OCapital EZauioment,

None reduired.

Capital Ecuismenc, FY 1980:
adios:

None required.

ace

 

~9. Proposed Oblizations fsr Related Constructisn Projects:
 

None.
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ADDITIONAL EXPLANATION TOR OPERATING OBLIGATIONS

Ga-Mulci resource
 

 

 

EiboTacory Mission Resource

~. Contractor: Contract No.: Task No.:

Associated Universities, Inc. Ei=76-C-92-0016

2. Project Title: 189 No.:

Special In-vivo Counting and 3ifoassay Program for
the Bixini People. Supplemene to the BNL Marshall
Islands Radiological Safety Program.
 

 

 

  

2. Budget Activity No.: 4. Dace Prepared:

Gk-01-01-52-3 July 2978

3. Method of Reoorting: 6. Working Location:

written report to D.O.E.S. Brooknaven National Laboratory and

Marshall Islands

 

. Person in Charge: 8. Project Term:

C.3. Meinhold

Principal Investigator:
Continuing

N.A. Greenhouse

From: 8/01/78 To: 9/30/78

 

 

  

  

  

 

9. Person-Years: Pres. Bud. Rev. Bud.

FY 1978 FY 1979 FY 1979 FY 1980

Sci.,Res.dAssoc. (Ph.D. or Equiv. ) —_— << —— -—
Prof. (B.S. or Equiv.) -— --- -_—~ ---

Sei. & Prof. - Toral -_—- —_— -- —_—

Others -—— -— --- ---
Guests & Research Collaborators --- --- -— ---

Total —- -—- -_— -——

13. Coses (In Thousands of Dollars): Pres. Bud. Rev. 3ud.
FY 1978 FY 1979 FY 1979 FY 1980

Labor (including benefits) 0 0 0 0
Mats., Trav., Dev.

Subcont., Spec'l Proc. 20 0 0 QO
Reactor, Accel., and/or

Computer Usage 0 0 0 0
Allocated Technical Services 0 0 0 0

Gen. & Adm. Overhead 9 9 0 9

Total Research Cost 20 0 0 0

Total Research Obligations 20 0 0

Equipment Cbhligations 0 0 0

 

  

 

 

Reactor Coneeot: 12. Materials:
 



Special In-vivo Counting and Bloassay Program for the 3ixini
People. Suppiement 22 the 3NL Marshall Islands Radiological

Project Title: safety Progran GK-01-91-32-°

13. Publications:

Greenhouse, N.A. and Miltenderger, 2.?. Radiological analyses of
Marshall Islands environmental samples from 1974 chrough 1976,
50796.

3NL Report

Greennouse, N.A. and Miltenberger, 2.?. External radiation survey and
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and Wotije Acolis.
BNL Report 50797.

 
14. Scose:

(a) 200 Word Summary: <A special field trip will be made in August 1978
to do in-vivo counting and urine bioassay at Xwajalein Atoll on 20 to 30
Bikini residents before their anticivated exodus from Bikini in 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 fl'zht which will bring the in-vivo counting subjects to Kwajalein.

The rationale for this effort is as Sllows:

(1) Accurate internal dosimetry for 13765 body burdens in the
Bikinians requires an assessment of extant body burdens just
prior to the departure orf the people from 3ikini.

(2) There is evidence that both the short-term and long-term
compartment l3/cs clearance rates from the Bikinians may differ
significantly from those for the ICRP standard man. Determina-
tion of these parameters is essential to the accurate assessment

of total dose commitaents.

(3) During the past several years the Bikinians have become

apprehensive about potencial health effects which they feel

might result from their having iived in the contaminated Bixini
environment. The personal attention that they will receive in
these personnel monitoring activities should help to alleviate
some of their fears.

 

15. Relationshio to other Projects:

This program is directly related to our on-going environmental and per-
sonnel monitoring efforts under the 3NL Marshall Islands Radiological Safercy

Program.

 

16. Technical Progress in 1978:

Assessments of body burdens and clearance parametersand thedetermination

(
(See Continuation Sheer)



Special In-vivo Counting and Bioassay Program for the Bikini
People. Supplement <9 the 3NL Marshall Islands Radiological

Title: Safecy 2roeram. GK-901-91-52-3

mical Progress in 1978: (Cont'd)

-
=roje
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of dose commitments for individuals living on Bikini Atoll will be completed
by the end of the FY 1978.

 

17. Expected Resulzs in FY 1979:
 

Project will be completed in FY 1978.

 

18. Expected Resulzs in FY 1980:
 

N/A

 

19. Deserincion and Ixplanaticon of Major “Macarials, EZquioment and Subcontract

Items:

The funding request includes $3,°C9 for two rcund trip charzer flights
between 3ikini and Kwajalein 20 transport the 3ikini people for in-vivo

counting.

d
t ‘ t
e

‘o
O
J o
o

Capital Zquicmenc.

N/A

 

20. Provosed Obligations for Related Construction Projects:

None.
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TASK TITLE | BUDGET AND REPCATING CODE , SATE PREPARED

Marshal. [Islands Raciological

 

Safecy Program ; GK-01-91-08-4 ,  G8F02i-9
| (600002)_ !

CONTRACTOR NAME CODE , iN NUYBER TASK NO. , REV. NC.

Associated Universities. Inc. |; 3NQ0 | Q
 

17. Tas« Deserincion (Cone)
 

3. Replicate determinations of ultra-low level Pu and Am urinary
excretion rates among Northern Marshails inhabitants and among

Marsnallese contral groups who reside outside the fallout areas.

; ~ + yet 137 2. 90.
4. Establishmenc of Cs and Sr excretion rates among Mar-

Snailase control groups.

 

_
-
7 acilityv Recuirements.
 

Ie is anticipated that work for this proposal will use existing Labora-
sory Zacilizctes and sita ucility services.

 

 

Greenhouse, N. A., Miltenberger, R. P., and Cua, F. T. External Radiation

survey and Dese ?rediccions for Rongelap, Ucirik, Rongerik, Atluk and Wocje
Atcils. SNL 50797, December 1977.

Greenhouse, N. A., Miitenberger, R. P., and Cua, R. T. Radiological

Analyses of Marshall Islands Environmental Samples 1974-1976. B8NL 50796,

Vecember 1977.

Fiscal Year 1979 - lst Ouarter

Milcenberger, R. P., Greenhouse, N. $., amd Cua, F. T. Whole Body
ting Results for Inhabitanes of the Nerthern Marshall Islands: 1974-1978.

th >
oun
eal hysics Journal (subnitzed).I

n
O
m

Miltenberger, 2. P., Greenhouse, N. A., Cua, F. T., and Lessard, ©. T.

Dietary Radioactivity [Intake from 31leassay Data: aA Model applied to ‘Cs

Zatake ov Sikini Island Residencs. Health Physics Journal (submitted).

Greenhouse, N. A. Followup Radiological Surveillance, Marshall [slands.
Presented ac che 1973 Annual Meetingof the Health Physics Society,
Minneavolis, Minnesota, June 1978.
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Marshall Islands Radiolog-cal Safety {9 GK-91-91-09-4 i g4s02/ 78 ~

22¢gtan (600003) :
~~ NTRACTOR NAME cOsE, Sly NUMBER | TASK NOD RET. NG.

Associated Universitias. Ine | BNL | ; 0
 

a3c. Purpose.

This program is cperated 22 zrovide continuously updated data on ionizing

radiation doses and dose eccmmiznents recaived sy che residences of islands ia

the Northern Marshalls which have te eontaisinated by U.S. armospheric

nuclear tests. These data will se used «9 develop predictive dose modelling,

and to provide a basis for treredial acticns when necessary.

 

3d. Bacxzround.

This work was begun in 1374 23 provide radiacion safety related iaferna-~
tion co the A.=.C. concerning tne residents of 3ixini, Rongelao, and Utirik

Atolls, and the impending retum 35 the Inewertax seople.

 

“de. ADDdrodacnh.

Feld trios co the Marshall islands will te conducted cwo to three tines
rer vear 29 do in vivo iSunting anc urine collectiicns ist radioassay and for
zavironmencal sampling. ‘Samples and in vivo sounting <ata wate Se analyzed
otimarily ac BNL. Results will te ineccrtorated ints a comsucerized data base

Zor tanipulacion, nmedellinz scucias, and incorteration into ramores for
publication. ™,

 

- =a —_ * 2

19f. Teennical Orceress.
 

Three field trips were conducted during FY1973 for environmental sampling
and personnel monitoring.

Tae Spring 1977 whole 29dY Counting trip to 3ixini demonstrated cramacic
and umexvected increases in -~‘Cs dedy burdens among the residencs. These

findings led to a Department of che Unterior decision to move the 3ikini people
off theiz home atoll. The decline in +4°Cs and Sr body Surdens among the
3ixinians will be monitored suring Fvi979. A derailed diet and Living pattem
study of residents of the Norshern Marshalls is axpected to improve understand-

tag of internal and external radiation exposure sathways. This study and

estimates of radionuclide excretion rates derived from follow-up personnel

monitoring on che Bikinians are expectad to improve predictive modelling and

reduce the probability of unexpected occurrences such as thac at 3ikini last

vear.

Emphasis on personnel sonitoring 4s expected to continue through rvi980
and TFY198l. Development at ultra-low level analytical capabilities for trans-

uranic radionuclides and the establishmenc of corroboracive Sioassay prograns

22 cooperation with ocher laboracories are axtected to clarify and quantitate

Low Level plutonium and americtium body burdens among the 31kinians and Ronge~

tapese. Similar decerminations among a “Marshaliese control population are

expecced to demonstrate differances, if any, setween the residents of coucam-

inated atolls and regional background.

OR-39
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Marshall islands Radiological Sartecy | GK=-01-91-08-4 | 04,0279

CONTRACTOR NAME CODE © 3IN NUMBER | TASK NO. ° REV. NC.
Associated Universitias, Inc. BNL 9
 

LOf, Technical Proeress ‘conc.)

Systematic personnel and environmental monitoring programs are axpected

to be initiated ac Enewetak in FY 1980 and to se weli established by FY 1981.

 

19g. Future Accomplishments.

These studies are expected to provide a better understanding of the
radiological impact on man resulting from habitation in an environment concami-

mated with man-made radioactive macerials. They are further expected to
provide a basis for corrective actions where needed and to minimize through

%

better understanding the fears of the people living in these areas.

 

13h. Relarcionshio co Orher Froiecss3.

This program will function in cooperation with the BNL Medical Research

Program in the Marshall Islands and will occasionally share she same logistical
support resources for field trips. [t will also function cooperatively with

various Pacific research programs ac she Lawrence Livermore Laboratory; and
especially with programs to develop predictive dose estimates for present and

future residents on contaminated islands. The 3NL program will provide retro-
spective dose information to aid im the development of prospective dose models

by LLL.

 

194. Eavironmental Assessment.

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

 

193. Exolanation of Milestones.

Nene

 

19x. Other.

VYone
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27. VASA SESCAIPTICN  AQPPOSCA, /tigtign (2 work saceage, ALcc words sr eas)

am ja-deoes study of all inicrmation sersaining 29 the 3RAV0 cast Fallcuc
| Rongalap and Veirix will 5e mace. Ia acditicn, using advanced analytical
ama computer tachnoicuces, a comorenetsive fallout model will be cevelsced. Tsing
tnigs BOGeL ia Coniumcsisn wisn dlecary and lita stevie paczarns sTevaiant act tite

Tt e@xposura, 2 reassessed icse esctimata—-:ntarnai and exctarmal-=will be cacea ist
ume sovulatitons of Rongela> and Ueirix. The dose estinacas will se avalwacad in

tarms of the cayrsid acdule incidences in rnese 2oousations so cese che Syvotnesis

tnaz -adiation effaccs can te cransiacad inca seaningful cosa estizateas.
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TASK TITLE ‘BUDGET AND REPORTING ISDE . SATE 2REPARED

 

 

Jose Reassessuient for Rongelap anc | GK-91202-9L-1-"8) | 04/92/79

Veirik (003010)

CONTRACTOR NAME /SCDE , 3IN NUMBER ; TASK NO. ; REV. OC.
Associated Universities. Inc. / 3NL 0

L9a. Facility Recuiracents
 

icipated tnat work for this proposal will use existing Labora-

 

 

L9c. Purpose.

To look for correlations secwaen the incidence of chyroid nodules in she

snhabitancts of Rongelap and Utirik Islands (Marshall Islands) and the
reassessec dose estimates.

This study will fuse cogether all available information on fallout from
the 3RAVO test and using advanced analiveical techniques (now available) cderive

realistic ¢ose ascinates 29 the inhabitants of Rongelap and Uttrik. The rte-
suits should sroviae information towards alucidating the whole question or Low=

level erfeccs ¢f vraciacion.

 

~9d, Jackzround.

incidence of thvrcid nodules, benign and malignant, in the exposed popu-

lations of Urcirix and Rongelap nas indicaced critical differences in corvtespon=

dence between nodule incidence and thyroid dose for the populactons. The

estimated external dose received from =the cime fallout began to the time of
avacuation shows that che Rongelap population received an external dose (175
tads) which was abouc 13 cimes chac for the Utirik popularion (14 rads), and
she thyroid dese was about 10 times larger, whereas the incidence of thyroid

nodules in the two sopulations were not significantly different.

A preliminary study has iadicaced thac the critical area of invescization

that could shed Lizhe is the period during the fallout and evacuacion for boch

che islands. In addition, the face thac the Ucirik population returned within

120 days following evacuacion, whereas the Rongelap copulation returned only
after three years, requires cthae we Lcok closely ac the Utirik papulaticon ia

tarms of a lenger exposure period, born incernal and external. fFurcher studies

would, therefore, have to concentrate on the re-examination of all available
data in reports issued bv various agencies during thac period, consultations

with seientific personnel involved ac thac time, ideneifying the areas of un-
certainty, and using appropriate computer sroegrams co analyze the data. The

end result will enable us to look for correlations berween the incidence of

thyroid nodules and che raassessed dosa estimatas.

 

GR. 103



 

 

TASK TIILS .BLIGET AND REPCRTING CODE : DATE PREPARE

~ose Reassessment isr Rongelap and GK=-901-92-01-1-%5) 04.92/79
Urirds ! (€03010) 3
CONTRACTOR NAME » COLE = 3IN NUMBER | TASK NO. , REV. NO.

Asseciated Universities, inc. p ane | | 0
 

23e@. Apnrosach.

iscal concrol will be exercised through the use of monchly comparisons
nerweenactual expenses incurred and corresponding line items in the budgec.

The studv will comprise:

a. tT@ search for all available data concerning the 3RAVO

uch as, metzorological conditions and radiation neasurements.

ions with scfancirtic anc cechnical personnel involved in the

; , . . 129_ 90.
ic samples and teeth samples 29 decermine L, Sr,
u concentrations cto derive concentrations or otherfu

a
a. '

m
r

racicnuclides

2. Diat and lita seyle studies to srovide informacion for dose

assessmenc.

si 2 derermine the transport and ceposition

I tadicactive fallouc following che 3RAVO test.

 

Preliminary Litaracure search and consultations with Dr. C.a. Sondhaus,

Cniversity of California, nas been completed. This has resulted in defining
3araas of uncertainey in information available and establishing the procedural

scacs that should be carried ouc towards elucidating che probiem. all avail-

3512 data on external radiation measurements, radionuclide concentrations in
a«.4t
DS te teoil, water, vegecacicn, animal and food icems have been collaced. zgstoric

. : - vt - 12
anpies collected From Rongelap and Utirix have been submitted for i anaivsis.

ariinenc netaorologis informacion pertaining to tne 3RAVO tast have been re-

rened and the informacion provided co Lawrence Livermore Laboratory so chat

v can go ahead wich che computer gimulacion of the cramsportation and depo-

ton of fallout.

v
d

o
e

‘o
O

~
4

w
o
—Tacnnical Progress in BY-2 (

Tne 129, decerminations of =7698soil samples will be completed. These

samples will also be analvzed for ~“"'I and 99ts {1f raquired. In addition, we

are exploring the possibility of analyzing "3ikini-Ash" ~ che fallout chac

setziad on che Japanese fishing vessel. This sample should provide the most

aczurate descristion of the fallout. The compucer simulacion of the trans~

sortation and deposition of fallouc wilt also ze completed. Final analysis or

a recent diec and lita style study will on completion provide an internal and

axternal exposure estimate. Ail the faca so gachered vill De used to zenerace

a nmodei(s) for arriving at the dose estimate in terus of exposute at cme ot

fallout. Discussions with scientists and cechnical people who were tavo-ved

CK-/g &



 

TASA TITLE _SULGET AND REPCRTING CCDE DATE PREPARED

 

Dose Reassessment for Rongelap and G&-91-292-91-1 (05) , 8604/02/72
Ctirik : (003010) |
CONTRACTOR NAME ,CODE | BIN NUMBER , TASK NC. °° REV. ONC.

Associated ‘Iniversities. Ine. _3NL 0

 

 

L9f. Technical Progress in 3r-2 CFY 1979) fesne.)

with che SRAVO test will be continued.

Technical Drozrass in 37-1 (FY 1980).

Dose estimatas derived for exposure during fallout, will be extrapolated
to present times and che model(s) used will be crested for their valicizy based

Qn current observed dose deteruinations.

 

1Sg. Future accomplisnments.

The techniques and expertise developed in the course of this study could

pe used 20 reassess doses to sopularcion in other areas subjected to exposure

from Fallour or even occupacional situaticens in the oasc.

 

a2h. ul
)

Paalationshiz to Other ?roiects.

a. This study will helo establish dose estimates irom the tine

of the incidence to the presenc, and will complemenc the aerial
survey for external radiacon neasuremencts, over these islands,

which has Seen completed. Together they should present a re-

iiable picture of doses received sv che populations and also
enable dose estimates to be projected into che future.

db. This study will be in close conjunceion with the BNL Radio-

logical Safecy Program in the Marshall Islands and with re-
lated programs of the 8NL Medical Department. Conrcinued

collaboration with the University of Washington, Laboratory
of Radiation Ecology, and the Battelle Pacific Northwesc
Laboratory will be naintained in the area of sample analysis

and data interprecation.

 

L3i. EaviraonmentCai assessment.

Work done under this task proposal has elther no environmental impact or
nas impaces similar to those described in and covered sy BNL’s invironmental

Impact Statemenc (ERDA 1540).

 

W923. Explanation of Milestones.

None

 

w3k. Other.

None
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1d. TASK DESCAIPTION (Aporonch, reration to work pacaage. 1 200 words or fess)

A comprehensive radislogical safety program will he maintained for the

inhabitants of atolls in the Nortnern Marsnall [slands contaminated as a resule of

the U.S. Pacific Testing programs. The following items and services will be pro-

vided.

a. Personnel nonitoring and environmental sampling to provide data for 3NL

dose assessments and determination of radiological trends,
b. Individual and population dosimetry based an actual measurements. The

tesulting data will be used to modify dose commitnenc prediccive models so Chat

they may nore accurately reflect fucure trends.

ce. Continuation of diet and living pattern assessments to update relevant

caramecers in Long range predictive dose efforts,

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

a. La vivo councing and urine bioassay of Rongelap and Utirikx residents to

determine dose commitments from environmentally-derived radionucidies at these

atolls, and to better understand excretion kinetics among the Marsnallese.

db. Followup personnel nonitoring at Enewetak to evaluate any change in

radionuclide body burden associated with -1 year of residence on Snewetak Acoll.

c. aA final determination of radionuclide body burdens among che former re-

sidents of Bikini Atoll.

d. Continuation of analyses of transuranic nuclide excretion rates among
Northern Marshall [Islands residents, and of tramsuranics and fission and activation

sroducts among Marshallese control groups who reside outside or che fallout area.
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-J3d. Publications.

~
iLGreenhouse, “.A., “Miltenberger, 2.P., Lessard, =.

Measurements at 3ikini Acoll, 3NL 51003, January i979,

» External oxposure

Greenhouse, N.A. Dosimetry Methods and Results for tne Former Residents cf

3ikint Atoll, BNL 26797, November 1979.

Miltenberzer, R.P., Greennouse, N.A., Lessard, E.T. Whole Body Counting

Resulcs for Inhabitants of the sorthern Marshall Islands: 1974-1978, Health

Physics, in press.

Miltenberger, R.?., Lessard, =.T., Greenhouse, N.A. Dietary Radtoactivitcy

<atake from 3ioassay Data: A Model Applied co 13/cs Incake by Bikini [sland

x@: i:enes, Health Physics, in oress.

 

-Oc. Purzvose,

The primary purpose of this program is to neasure and evaluate the internal

and external doses to people living on chose {slands in the Marshalls group wnoich
were impacted by tropospheric fallouc from United States atmospheric nuclear tests

sn the Pacific. Its objectives are:

a. Direct or indirect measuremenc of radionuclide body burdens and resultanc

Loses and dose commitments.

b. Measurement of external radiacion environments and their contributions to

che tocal doses to individuals and island populacions.

c. Evaluacton of dietary habits and living patterns insofar as they relate

ro the elucidation of exposure pathways and the determination of doses.

 

oud. jgackzround.

This program was initiated in 1974 at the requese of the AEC (DOS) in anti-

sipacion of potential radiation exposures cto the returning Bikini population.

 

a 4

wu. Approach.

Internal and external doses will be measured and evaluted using accepted and

uogtcordate health physics practices.



 

TILE.
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--@, <Aporosacn tone.

Utetary and living pattern information will be derived from direct observa-

tions of island residents, and from standardized interviews with tsland residents

curing programmacic field trios.

Managemenc Controls
 

Fiscal control will be exercised in the form of monthly comparisons, over the
cask term, of actual cosets incurred against corresponding line items of the budgec.

Tecnnical results shall be monitored through a periodic review, by the Contractor
Task “Manager, of accomplishments by measuring actual performance as compared to ex-

gected progress. All work shall be conducted in conformance with generally ac-

cepted standards for 8&) and other investigative or analytic procedures, as ob-

served Dv universities and large independent researcn facilities including

Srookhaven Nacional Laboratory (BNL).

 

~Jt. Teecnnical Progress.
 

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

External and internal dose equivalents received during residency on 3ikini

island and internal dose equivalents to be received post residency were evaluated

for former Bikini residencs. Bioassay results from samples collected in January

and Mav 1979 and prior bioassay results were used to construcc individual

7Ug7-90y body burden hiscories. Whole body counting results during 1979 and

results obtained in prior years were used to establish l3/cg + 137Og2 in-

dividual body burden histories. Daily activity ingestion rates were calculated

from the body burden data. Uptake regimes which bese fit the activity tngesction

cate data were; constanct continuous uptake for 90S¢ and stepwise {ncreasing upo-

sake for 137cs,. Dosimetric models which described the uptake scenario were de-

tived and individual dosimetric resulcs for persons residing on Bikini Island some-

cime during the years 1969 and 1978 were determined. In addition, doses due co

residual radioactivity in persons after departure from Bixini were calculated. [n-
iividual body burdens, urine activity concentrations and dose equivalents have been

recorded or stored in a computer data base. Publicacions and reports describing

sasimetric methods and results, whole body counting results and biological removal

rate constants for Bikinians have been written.

Roucine personnel monitoring was provided for Aongelap and Utirik residents.

A statistical analysis was performed to decermine the minimum sample size needed to

establish che mean !3’c¢ body burden ac the 90% confidence level, Male and fe-
male adult, adolescent and child categories were counted at each atoll and many

.ersons who participated in prior whole body counting visits were recounted. [n

addiction, urine bicassay samples were collected from adult and adolescent popula-

cion groups. Body burden histories and dosimetric results have been completed for

nalf the residane populations for’ years following rehabicacion of che arolls.
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~/t. Tecnnicai Proyress ron.

Data collection on types and amounts of food consumed by the Marshallese was
done by actually living with chem. Simulcaneous ooservactions on their living pat-
cerns were also made. These studies were part of the Norzthern Marsnallese Islands
Radiological Survey (1l3-Acoll Survey)

Excected Progress ia BY-2 (FY 1980),

Baseline radionuclide body burdens will be evaluated for che recurning Zn-

ewetak population. ivaluation of the pos: residence decline of body burdens among

cormer 3ikini residents will continue. The data base on dietary habits and living

patcerns will be updated for all relevane atolls and/or islands.

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

Personnel monitoring and related demographic assessment activities will con-

tinue at Rongelap, VUcirix, Eneawetax and other areas of interest to DOE. Monitor-

sng of former 3ikini residen:. will be phased out unless circumstances dictate
ycherwise.

Expected Progress in BY (FY 1982).

Personnel monitoring and related demographic assessment activities will con-

rinue in all areas of interese in the Marshall Islands.

 

20g. Future Accomolishnents,

A Tunning account wtll be maintained of individual and population dosimetric

satormation for the residents of islands affected by the Pacific Testing Programs.

These data will provide an empirical basis for improving the accuracy and value of

~Ong-range predictive dose assessments from man-made radionuclides in the environ-

nent.

 

~Oh. Relationship to Other Projects.
 

This program operates and interacts directly with the Brookhaven Medical Pro-

2vam in che Marshall Islands, and provides contempory data to be factored into the

Retrospective Dose Reassessmencts for Rongelap and Ucirik (and ocher {slands af-

Tected oy weapons test fallouc). It also provides empirical bases for upgrading

Long range predictive dose nodelling activites such as those of the Lawrence

Livermore Laboratory. Coordination of this program with related programs within

JOE and its contractors will be accomplisned through timely exchange of program

tindings and related informacion.

 

jli. Environmental Assessment,
 

work done under this task proposal has either no environmental impacc or has

impacts similar to chose described in and covered by BNL's Environmental impact

Scacemenc (ZRDA 1540).
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An in-depch study of all informarion pertaining to BRAVO cese fallout on:
songelap and Utirik will be made. [n addition, ising advanced analytical and com

3 techniques, a comprehensive fallout secel will be developed. Using this nod-

1 in conjunction with dierary and life stvle catterns orevalene at time of ex-

sosure, a reassessed dose estimater-inrernal ani external--will be made for che
topulatioaons of Rongelap and Jcirix. These dose estinates will be evaluated in

terms of the thyroid nodule incidences in these sopulacions, and the results ob-
tained will provide information Cowards correlating doses and radiation effects.

Tuter
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-tas. facilitcv Requirements.

It ts ancicipated that work for thts proposal will use existing Laboratory

Facilities and site ucility services.

wy

eb. Publicacions.

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

 

w~vC., Purpose,

To Look for correlations between the incidence of thyroid nodules in the

inhabitants of Rongelap and Utirik Islands (Marshall Islands) and che reassessed

jose estimates.

This study will Fuse together all available information on fallout from the
4RAVO cest and using advanced analytical cechniques (now available) derive reai-

istic dose estimates to che {nhabitants of Rongelap and Utirik. The results snould

-rovide information towards assessment of the risk coeffictants for radiation-

~iduced thyroid disease.

 

awd. Backzround.

Incidence of thyroid nodules, benign and malignant, in the exposed dopuli-

tions of Uctrik and Rongelap has tadicated critical differences in correspona-

=znce between nodule incidence and thyroid dose for the populations. “The estinat-

ed external dose received from the cime fallout began to the time of evacuaticn
snows that the Rongelap populacion received an external dose (175 rads) which was
apouct 13 times that for the Ucirik population (14 rads), and the thyroid dose was
z20ut 10 times larger, whereas the tneidences of thyroid nodules in the cwo popula-

tions were not significantly different.

A preliminary study has indicated thar the critical area of investigation is
tne pertod starting from che beginning of fallout to the completion of evacua-

tion for both che islands. In addicion, the fact that the Ucirik populacion re-
curned within 120 days following evacuation, whereas the Rongelap population re-

curned only after three years, requires that we look closely at the Utirik popula-
rion in terms of a longer exposure period, both tneernal and external. Further

studies would, therefore, have to concentrate on the re-examination of all avail-

adle data in reports issued by various agencies during that perfod, consultations

with selenctific personnel involved ac that time, ideacifving the areas of uncer-

caiacy, and using appropriate compucer programs to adaiyze the data. The end

rasuit will enable us co look f2r correlat‘ons between the incidence of thyroid

rodules and the reassessed dose estimates.
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cJe. Approacn.

The study will comprise:

a. Literature search for all available data concerning the BRAVO test, such

as, meteorological conditions and radiation measurements. Discussions with sciten-

tific and technical personnel involved in the BRAVO cesc.

6b. Use of historic samples and teeth samples to determine lo IT, 90s, ,

and “39, 240pu concentracions to derive concencrations of other radionucidies.

-m addition, excised thyroid glands from exposed Marshallese will be analyzed for

1297 and 99T¢ and data so generated will be used to estimate the concentrations

of short lived todine isotopes.

c. Diet and Life style studies to provide informacion for dose assessment.

d. Computer simulation of the BRAVO cest fallout to deternine the transport

and deposition of radtonuclides.

Management Concrols

Fiscal control will be exercised in the form of monchly comparisons, over che

cask term, of actual costs incurred against corresponding line items of the budget.

Technical results shall be monitored through a periodic review, by che Contractor

Task Manager, of accomplishments by measuring actual performance as compared to ex-

pected progress. All work shall be conducted tn conformance with generally acm

ceoted 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).

 

Of. 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 thac

should be carried out co reassess the dose estimates. All available data on ex-

ternal radiacion measurements, radionuclide concentrations in soil, water, vegeta-
tion, animal and food {tems have been collated. Historic samples collected from

Rongelap and Utirix have been submitted for L29y analysis. Pertinent meceoro-

logical data pertaining to the BRAVO test has been researched and the informacion

supplied to Lawrence Livermore Laboratory so thac they can go ahead with the com-

outer simulacton of fallout cransportacion and deposition.

The !29r determinations of che soil samples have been compleced for those

ie samples chat were available. Some of these samples will also be analyzedcori

Te, Ln addition, we are exploring the possibility of analyzing “Bikini-39*

A
w
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-Jt. Teconnical ?rcearess cone.

ash” the fallouc aaterfal thac sertled on the Japanese fishing vessel. These
samples should provide che nost accurate characterization of the fallout. Prelin-

imary computer siqulations of fallout transporcation and deposition have been conm~
oleced. Daca analysis of tne recenc diet and life style study has been completed.

Discussion witn scientists and technical people who were involved with the 3RAVO

test is being continued. Analysis of the Marshallese ceecth samples for Pu isotopes

is in progress.

Expected Proeress in BY-2 (FY 1980),

A final report on the diet and life style for the Marshallese will be com
dleced. The compucer simulacion of fallout will also be completed. Thyrotd glands

trom the exposed Marshallese will be analyzed for 99to and 1491, Analysis of

the “Bikini-ash"” will be done as soon as we get an aliquot of the sample. [ce is
also expected thac data on the exposed Japanese fishermen will be made available at

chac cime. Preliminary analysis of the data generated so far will be made using

existing models. The results will be extrapolated to presenc times so as to test

tne validity of the mocels used.

Expected Progress in 3Y-1 (1981).

Final dose estimates cto the exposed inhabitants of Uciritk and Rongelap shouid
te complered. The methodology developed will be extended to Liktap and other

islands which were on the “fringe” of the fallout pattern.

 

2Og. Future Accomplishments.

The cechniques and expertise developed in the course of this study could be

used to reassess doses to population in other areas subjected to exposure from

tallouc or even chose resulcing from occupational situations in the past.

 

2Oh. Relationship to Other Proiectg.

a. This study will help establish dose estimates from the time of the inci-
dent to the present, and will complemenc che aerial survey for external radfation

measurements, over these islands, which has been completed. Together they should

oresenc a reliable picture of doses received by che populations and also enable
dose estimates to be projected into the fucure.

b. This study will be in close conjunction with the BNL Radiological Safety

Program in the Marshall Islands (HA~O2-01-02-0) and with related programs of the

3NL Medical Department (HA-O02-91-01-0), Coneinued collaboracion with the Univer-

sity of Washington, Laboratory of Radiation Ecology, and the Bacrelle Pacific

Nortnwese Laboratory will be maintained in the area of sample analysis and data

{nterpretaction.
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eJl. =nvironmenctal Assessment.
 

work done under this task proposal has either no environmental tmpact or has

impacts similar to those described in and covered by SNL's Environmencal Impact

Stacemenc (ERDA 1540).

 

20}. Exoulanacion of Milestones.

None

 

2Ol. Otner,

None
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acility Requirements.

+
- t tgs anticinated that work for this sroposal will use axisting Laboratory

acilicies and sice utilicy services.

 

%. Pudiicacions.

Lessard, i.7., “ilsenberger, 2.2., and Greenhouse, N.A. Otecary radis-

activity intake from sioassay data: A aodal applied =5 C3127 intaxe Sv 3ixiat
island sesidents. dealsh Phys. 39, 177-133 (1980).
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fiileeccterger, 2.27., Lessard, =.7., and Greenhouse, N.A. -30 and 73-137

~omMg tam 3.alegical removal rate constants fer tne “darshallese podulazion. dealin

Phvg. “in press).

Lessard, =.7., Greennouse, N.A., and 'iltenberger, 2.2. A reconstruction of

shranic dose aquivalents for Roagelap and Jtirik residencs ~ 1354 25 198). NL-

F257, Jesober 1330.

Lessard, =.T. Rate constants for biological elimination of Strenacium anc

Tesium in the Marshallese population. Presented ac che 25th Annual Conierence oa
3ioassay, Analycical and Environmental Quality, Las Vegas, Nevada, October, 1979.

Lessard, 2.T. Body surden measurements as determined from whola tod7

zounting and urine Siosassay. Presented at the 25th Annual Conterence on 3itassav,

Anmalvtical and Zavironmental Quality, Las Vegas, Nevada, 2ctober, 1979.

Lessard, =.7T. Dose assessment for Rongelap and Veirix residents 1754 to

Prasent. Presented ac the 25h Annual Meeciag of she Zealth Physics Society,

Seattle, VYashiagton, July, 1980.

 

c. Purgose.
~~

The orimary surcose of this crogram is to teasure? and avaluace she intarnal

ad extamnal dose aquivalancs 729 ser3ons Living oan those tsiancs in the

group which were impacted doy czropessheric fallouc from Vaiced 3cacas atrosone
auclear tasts in the Pacific. Its objectives ara:

w. divace sr indiract seasurement of radionuclide body Durdens,

y

2. 06m@asurement of the external radiation anviroment,

Af4A -<= a—/?
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20. Vetarl Attacnments. cont.

Cc. Pursese conc,

3. evaluation of dias and living satterns insofar as they valata ¢o the

igentification of axposura sathwavs and the detarminaction of dose aquivalents,

4. assess prospective dose equivalents for sersons returning to atoll

conlaminacead during the weasons tascing seriod, and

3, maiatain conparison data and sersonnel toniztoring and dose equivalent

data far individuals exposed to fission and activation products and transuranic

nuclides in the Marshall islands.

 

This orogram was initiated in 1974 at che request of the Acsmic Zaergzyv

Tenmaission “2CS) ian ancicisation of aocentiai radiation exvosures 29 the returning
3ixins ropuiacion.

 

 

Taternal and external dose equivalents will be avaluated using accesoted and

wupeccedace Nealon onysics oractices.

Dietary and living sattercn informacion wili be derived frcm divec= 2.o0serva-

tfon and iatarvilew with gersons residing on atolls of interest. These iat2rviaws
will Se standardized and conducted during whola-dsody counting field criss.

Analvsis of soil and food chain ralated plants will centinaue in order co

tat2 racioactivity in fiood sroos with body burdens. Coconuts, soil, sap fron

oectmut trees and ocher diet items will be collected from residence or food source

$.an:

qa
or
g ip

uw *e
o

Management Controls,
 

al control will be exerctised in the form of nontnly comparisons, over the

cask tam, of actual costs incurred against corrtasponding line items sf =he Sudzgec.

Tecnnical results shall be aonitored snrough a neriodic raview, by the Contractor
asx “Manager, of accomselishtencs sy aaasuring actual cerfommance as compared 295 ax-

Pect3i aragtess. ALL work shall de conducted in conformance with generally
Ctetted standards for 250 and other investigzgacivea of anaivei: procedures, as sd-

erred by universitias and iarge indesendent vesearch facilities including
Toocnaven National Laboratory (3NL).

WHA-o6.-7 7
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3. vetarl Attacnments. cone.

€, Tachnical Proereass.
 

Technical 2 "
4 oO i
Q rass in FY 1980,

ta February 1980, a field trio was undertaxan 29 Japtan and Enewetak Islands,

Emewetak Atoll and Ujelang island, Uijelang Atosii ts obtain baseline bodv-3urden

data on the Znewetax sopulation ortor to chet rasatriation of Einewecak Atoil in

ApTiL 1920. Pacsonnel sonitariag was accomplished snrough whole-dody counting and

*o4.ecilsn oi sne Litar urine samples irom ali versons five vears of age and old

‘elang, nomrarcticipants in the wholewSedy counting program were favited to

@ urine samples. Aporoximataly 400 urine samples were collected and arev
e
s

» +

- ~

orovicte
*

ewan

.

so ay 3eing speccrometricalliy analvyzedq for gamma anitters and vradiocheai-

ally analvzad far 32-90. addistionallv, tartiziztaats sravided paysical and

amogrtaonic darat
a

(+
da

nting was conducted with two indasendenc chair councing svstens

acide datectar was nvositioned in front of a snlelded person.
The solid angle of the decector sersisted collection oF shotons amitted from fhe

ttunkx of an adult body

tartabie sansicivicy ra

» This geometry allswed safe anezy and agrass with com

lative to che ded zeometry used in prior Iiald trios.

Aporoxiaately 1:00 spectra were obtained from individuals on Japtan, inewecak

nd Uielang Islands. These spectra were anaivzad for Cg-i37 and 4-40 usin

calibration standards which best matched the sex, neisht and weight of the ser

son. aAddisional analyses were veriormed to detammine the iraquency distribution

scacistics for various ag@ and sex sudgroupings of the Sody burdens. Quality as-

surance was odtained through duslicate whole-sedv counts and renecitive point
source Standard counts to determine the srecision and accuracy of the systen.

During the July and Auguste 1980 field sris, whole=Sody counts and urin

anoles were collected at ‘fajuro Atoll and Sili Isiand from former 3ikiat Atsli ren

sidencs and from a comparison sopulacion. aAporoxizataly i200 svectra were obcained
and 100 urine samples collected. fitty sercenc sf che snectra vera from oersons

dno were residents and whole-bod7 counted oan 3i%ini Atoll in April 1980, 10 sercenc
were from former 3ikiai Atoll residents noc counted DSefore and the remaining

soectra were from a comparison group who wad never resided on 3ixtai Atoli.

A qualicy assurance srogram sintiar to inact tape syed at Inewetax vas usec.

Review of the aistoric 3Lxini whole-s0dy sounting data indicated no aifacts 32
sody~surden assassaenc due <5 reconfiguration of ine shielding and decactor. 7:

secucive teasuramencs of a former 3ixini resident's Sodv Surdéen allowed computa:
a2 individual long-carmm Siolagical removal tate constants. This daca aiong wich

the techodology ‘were written up and issued in a orisary scientilic pudiicacion.

=o

fan

Z sland there were former 3izini residents whose Cs-i37 ody c

Tamainedneese or increased. Reasons iar rnis nuclide Seing aresen=t in =

va inveszizacad. This work showed chat these durdens vere vit
daviations of the tean Surdan of ine somstarison sooulation exc
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tackments. cont,
 

O Progress cont.
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m iDroeress in FY 1980 conc.
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3urdens elevated above this level could be attributed ta racent

fon of Bixini Atoll food which had Sean transvorted t5 <ili Island.rt a
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du fe

«% Samples had Seen odtainec From fisur iactating adult farmer 2ikini

37.37 Sedy burden nad seen defined Sy vhole-hody counting and

analysis of urine. “ilx samoles along with 3ixinil Island coconut
muts were analyzed bv gamma ssectroscopy and acomic absorption to den

tne orasence of Cs-137 and K-40. Rasults were used to estimate she Ts-12w
w

oo t ‘
J

o
s

(
a a
O

fe
mm
.

le
:

a '

sosuiazion who aay

snOla~so0dv counting data and £f

ar3hallese infants wnese srimar’ is0d suscly was Auman silk and

ingestion vratas and future dody surdens for Cs-13/7 were estimated
raturn £9 = a Sixini Acoll. Thais orojection

camninacion of activity * zo factors calculated from Rongeias and
<7 tivity concentratiaa analvses of coconut

Zar doth atolls and dose-equivaleanct

4
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These factors were comparaole

vere orojectead for adulss.
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ezive and contemporary external axcosure rate data, whole-body coun-

radiochemical analysis of urine and sisod data were raviewed for the

~355 to December 1989 for the Rongelasese and Vtirikese. Josimetric
shich sest deseribed che ustake regime were constructed for the nuclides of
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Livy aceivity ingestion rates, whole-sody dosemsquivalent vtatas aad

commicments to various organs were deterained. Pooulation dosine-
mechods were written up and reported in a 3NL pubdlication.

desinecric data vecords are ntaincained at the Laboratory.

 

sonnel nonitoring and related danographic data will be obtained ‘from res-

tongeiap, Usirik and Enawetak and other areas of interest 26 DOE. The

tase oa diet and living satternus will be usdatad for all relevance atolls

O@
f
e
r f
a

c
o
®

fi
.

ixpectad Prseress in F% 1992.

asauatson af the decline of body Suridens among former 31xini tsland

concinue for chat serztion of tne sopulation in rasicance on ‘fafurs

Zsland. Personnel stonicsring will continue at Inewerax Acoli.
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a7. Ceatail Attachments. conc.
 

ze Technical Progress conc.
 

Expected Progress in rY 1983,

Radionuclide body burdens will be evaluaced for che sopulation ia residence

at Snue Island, 31kini Atoll. Personnel nonitoring and related demograohiz
assessment activities will continue in all areas of ifacarasc in the Marshall
-
tslands.

 

g. Fucure Accomolisnments.

A dosimetric history will be saincained for iadividual residents of the

Marsnaill islands arfected dv che Pacific Tas
a

n

223 Programs. These data will srs-
rida infommation ragariing the uptaxe, tate an, and axcretion of radisactiva
taterial and will taprove the accuracy and value of Long-range sredictive dose as-

segsments from aanwtade tadionuciides in she anvironment.

 

ae Relatisonshis <3 Ceher 2rs-acts.
Sen

This orogram oceraces and interaces directly with the Brookhaven “Medical 2ra-

gram in che Marshall Islands, and srovides contemporary data £3 be factsre

3
@ ints

the Retrospective Cose Reassessments for Rongeias and utirix (and cther islands afi-
facted ov weavons tes¢ Fallout). ie also providas empiricai bases for upgrading

Long vange arediceive dose sodeling activites such as ctiose of the Lawrence
vavermore Laboratory. Coordination of this program with velated orograms withia
DOE and its contractors will be accomplisned through cimeiv exchange of progran

Sindings and related information.

 

i. Znvironmental Assessmenc.

work done under this task proposal nas either nto enviromental inpacs or “as

imsacts similar to chose deseribed ian and covered sy 3NL's Enviromental impact
Stacemene (Z2DA 1540).

 

ay Qtner.

Capital Equisment in FY 1983.

An intrinsic Ge(Li) whole body counting system is needed 23 arovide ‘tora
fiiziane and effeccive speracion in che Marshall Islands Aadiolsgicai Safer

rogram for counting Low enerzy onetons emitzed frem transuranic nuclides. Tis

system (3130,200) and associatad shielding and bed equioment (525,900) will Se :sed
23 Measure body burdens of transuranis nuclides in persons at Inewetak At

Levels selow che maximum allowable for aenbers of che general sub.ic. ?F
dose equivalents for blood forming organs will be assessed Sased on chese

measurements.

‘
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1. Deher cont.
ee

Capital Ecuioment in TY 1383. tone.

A word orocessor (323,900) for the Marshall Islands Radiological Safacty ?rs-

zram 19 orovide mora efiteienc and effactive operation wil. be needed to orepar2
Srimary sciencific audlicacions and co araepare, codify and store individual

Zosimetry, dSody surden, sioassay and demograchic records on the ‘anaoiztants 932 the

Marsnal. Islands included in sur study. The srocessoe will be usec 2.59 in the

oraparcacion of iris resorts, schedules and other acai

121
nistvative wriczing.
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7232 Zeassessment for Ranzgelaa

ini titi
2 FLIGET ANG REPCR™ NG COTE! OD Tas< TEAM ') SONTRACTCA NAME hil imse

| aeqin: ina: | yee osirucr ons)

tae t2-tle2i : continuing ~pen ! tes _ . are| Associated Umiversicies, inc. | I
‘DT LITRACTIA TASK MANAGER Name. case, foe, Wis ETS a, | [a FSINGD PAL SIVEST GATIAS Name Cast, forse, ay

Meintold, Charlas 3. | Naidu, Janadcizvam 2. - 24923253

27 h-4279 | Lassari, idward T. = 744-4252

BF .. TAK LIGATION See csemerons; Name at cacwty. ly, Stace 2a lace “S'S Ing tase [17 Doas ns case a7 soe

se sued ase anv Tanagermet

nsictunaca: Fan?! iarwices Thor's?

ves 83

poe eG a VO

2 -5K DELS IT SN Aooroac “ewation 20 wore JacKay@, 1 650 words ar ass:

An inedasth stucv of information sertaining 22 2R7AYTO cass fallour on Ronge tas

and Teivix will se trace. In addition, a comorehensive Jalisur aodei will de ,

savaloped using advanced analytical and comtuter techniques. Tsing rhnis asdel in
tondunetion with dietary and Living satterns srevaienc during and follawing ine

axvosure2 of Marsh 1954, intarnail and axtcernai thyroid aosorded dose 2stinates will

te aade for various age anc sex zroupiags of the topulations. Two other
wndacendent aovroaches involving caiculation of thyroid absorted iose sased cn ithe

sistorteal soil samola analysis and based on the racisiodine analysis of tne single

22apesited urine sample resortad for the Rongeiad 200uLation ara 29 Se uncertaxen.

Tnese results coupled with the Northern tarsnall Islands Radislagica!l Survey

“SMIRS) and sontempotary zersonnel monitoring activitias will orovide a techaisalivy
sound DYDasis for retrosvective shyroid absorbed dose astimaces for the atoll

ceoclations ia the Northern ‘farshall Islands. These 2stiztates wili 3e 2valuatad in
tamtis of thyroid acdule incidences in these sopulacions, and she tasults 33tained

will oravide tafornacion towards correlacing absorbed gose and siolsgiscal artfects.

19. LCINTRACTCAR TALK MANAGER |
oo

ftON ms | o> —es 3. Meinhoid JR3. 34
ie — tne care:

eo DETALL ATTACHMENTS. (See ictrruevons/

wea. Fag.ty @equirements = 3. Seckgrouna Cle. Future sccomonsnmencs mi. Explanation of
Rieti ones

m0. FL seatians a. Agoroscn Za. Retanensmics to other srajects 4. 238 Seta

ct. Sursose —t. Technical orogress <5. fawwonmenra: assessment — . dther Soec.‘¥):
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TOMTIACTIR Name TUTE we NL MSE “ASK NG 2EvV NO

Asiccigteg Saivarsices, me. . aNd 2

7” “ _ " -- a=_+7t ~@74AL. albltacnments3:

2. Facilizcv Requirements.
 

fs anticinated shat work tor this arovosal will use existing Laboratory

s and site utilicy services.

 

 

w
hGreenhouse, “.A., and Znight, [. Marsnall Islands: A Stud? 9

arms. BNL 351313, July, 1980.

 

w@essard, =.7., Greenhouse, N.Ad., and Milsenberger, &.?. A Reconstruction of

Thranis Tose Zsuivalenzs far Rongelap and Veirix Residences - 1955 t9 1980, INL
Plli”, lerster, 128%.

2. PuttIsa.

The suricse of this research is to vefine the estinatad thyroid adsorted

aises recaived ov menders of the Rongelap and Utirik Atolt copulactons in th
Marsntall islands. These doses will se compared to the thyroid nodule ineicence 29
gtsviie infsrmmatisn towards assessment of the risk coefficients for radiation

saduced invroid diseasa.

 

~acidence of thyroid nodules, Senign and aalignant, in the exposed popula~

sions oF Yeirix and Rongelas nas indicated critical diiferances La correspondence

detween nodule incidence and thyroid adsorbed dose for these sonulations ralacive
23 thar raportad Sy the Japanese Tumor Registry Lite Soan Study or the other poou-

lations under study as reverted in 3TER III. The estimaced axcternal dase racaived

3 che tina fallouc segan t9 the time of evacuation snews chat the adult Ronge lao
ulation received an external absorbed jose (175 rads) which ‘vas abouc 13 tines

t for the Veirik sopulacion (14 rads). The thvroid absorbed doses wera

iztaztad originally <2. Se several times these external doses.

A sreliminary study has indicated that che importan:s dosimetric area of

investigation 4s the seriod starting from the pegtenas1g 2 fallous 29 the comple-

tion of avacuation for both the islands. In addisis the fact that the Vsirisx
segulation raturned withia 129 davs fallowing wvacuatlaa, wheraas ime Ronzgelas

topusation teturned altar three vears, requires that the Ttirikx ceoulation je

2xazined dosimetrisaliv in tems sf a Longer exposure seriod, 30th internal anc

2xiacnal. Turther scuctes would herefore, nave 29 concentrate on the Taaxanmina-

3
c

corts issued >2v varisus agencies furing ftnat
4

+

rion of ail availlabie2 gata in tes
seriod, consultations with scienecifiic sersonmnel involved at thac tine, identiivin:g
tne areas of uncersaincy, and using appropriate comouter programs 22 analyze <cne

iata. The and resuls will enable comparisons Setween the incidence ar favroic

redules and the vaassessed iose astinatas.

-
A-scan e



 

 ~_o amCONTRA LT OR Name Tite WPMBER “ASK NOG. wv ONC
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@. Atorcach.

iterature arch for all avafiabia data tancerning the 32479 test, sucn
¢ ame ~ . m4 = ‘ wy ‘tadiaztion measurements, and discussions with

= 4 = : - d 2a? = ai = * mA * : . _ °axrvos2s “larsnal @e and with sciantiric and tacennical cteracnnal iavolved in the
.

BRATS 7280,

“ = a ow om” ~ * = * a - - ‘ . :~>. Se 2F nAistoric soil sancleas, fsod samtilas ani teath sansiesg 19 iatectine
v 19 - “” “ad . * dias - se a ” he“129, Sre30, and 2u-239, 240 concentrations ta sericea ittsentrations of seher

. some vo: * - - as ne - * =. , sao =e eo as . wf _ 7" * ~ <7 TSaditcvicliies. In addition, axcisec invriid glans 3 frim amctis2i Marstallase will
es a san maa

S@oanaivied for 2-123 ana Ta-s:,

3 4 “3 2 «yt “ - - . aoe - = - ~— ae : = =a a ae2. diet and lite styla sctacies rs trovide infctrmmaticn itr isse 23$3esatenct,

7 Te Pr ate 7 ad = ny 3 ach” - - - , ue 7 a. 7 mt = i “-"4- =o
+. SStOuUtTar S2n5NLatT Ion 32 1ne See's 22@S2 Tal. 02 It tsetse rmind ime I7ansder:

nd feragic: = at atiand istasitsan af radisanuclides,
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ze Taecnnical Proeress.

Technical Progress in FY 199C.

A rasort oa the diet and Living sattarn of the Ronzgelasese and Teirinese a8

sean riatlacad. The computer sinmulacion 2f failcur is teing rT2afosmulated vitn

acditional daca that has Seen acquired. Thyrsid glands from the axposec
Margsnallese have Seen analvzed for Te-99 and i-129. Aporoxzaataly 30 aiscoric soit

sazsles nave seen analyzed for *-91 and ocher dosimecrically important rxuclides.

Preiininary dose assessment for the March 1994 axsosed sopulazion has Seen

periscted Sy two independence tetheds (soil analysis and vracfochemical analysis 3°
utina) for residents 32 Rongealap Island, Rongelap Atoll. aAddisionaliv, a vasart

has ten completed an the dose aquivalence following renabiztation of Rongeiap and

Ttirix Azolis after the March 1934 avacuation. This work involved decerminazisn 27

sose taturn thvroid and other organ jose eaquivalanzs for individuals and scoulasian
Zroucs tased on nistaris and sontenseramy wnole todyv counting and urine 2icassav

T2sults.
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z. Technical Progress cont.

Expected Progress in TY 1981.

Additional samoles of soil, fo0d and ash will Se analyzed far 2-129. S$r-90

and Py-239, 240 analysis of teeth samples, especially thac from exposed
individuals, will be done. Data fJerived from the "B3ixini Ash” studies will se

factored ints the refinemenc of the dose astinata. DJier and Living sattern studies

will be updated.

Factors such as solubility of icdine tsotaves in Fallout, the vossidle con-

ribution from neutran faduced acsivity, tne fanact af thyroid seexers other than

todine isotopes on dose, and conzicence lavels far values oF derived quantities
such as airdsorne activity concentrazions during fallout will be investigated. Jtlet
and living sattern studies will Se usdated.

o
m

Expected Progress in FY 1983.

Siat and living sattern studies and dose reassessment will continue until

sompleted for ali areas of ftaterest in the Marshalls.

-
Zz. Fisture Accomplishments.

The techniaues and expertise developed in the course of this study could se

‘sed to reassess doses to soaulations in other areas subjected to exposure fron
Fallout or aven these resulting irom occupational situations in the past. Addi-
tionally, this study will provide a better estimate of the crue valua for thy-

roid nodule incidence ser unit vad enabling technically sound risk faccars to Se

associatad with ltoaizing radiacion exposure.

 
Re Relationshios to Other Protects.

+

:@ time of the incident *9° the oresenc, and will complemenc she aerial survey

extarnal tadiation teasuraments, »2ver these islands, which has Seen complatad.

Togecher they should oresenc a reliable aiczure of doses received Sv the
sooulacions and also anabie iose estimates 29 be projected ined the fucura.

L. This study will helo ascablish external and internal dose estinates from

ie) =
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2. This study will be in close coniunccion with the 3NL Marshall tslands

Radialogical Safactv Progran (ZAw)2I-J1-92). Coneiaued collasorarisn with che

Taiversity of Wasniagcan, Laboratory of Radiation Zcology, and the 3attelie Pacitic

Northwest Laboratory will be maincained in the area of sample analysis and data

waratorartacion.
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Marshall Islands Radiological Safety Program

and Rongelap/Utirik Dose Reassessment Project
- A Historical Synopsis

From the mid.1940's to 1958, the United States conducted its’ high-vield

nuclear weapons tests at Sixini and Enewetak Atolls in the tropical Pacific.

These remote grouos of small isiands lie about 2,500 miles southwest of

dawaii, and are part of the Marshall Islands District of Micronesia. At that

tine, most of “ficronesia was the political ward of the United States which

acted as trustee under a United Nations nandate establishing the Trust Ter-

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

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

erz2 Assoctation with the United States.

The largest of the nuclear tests was the “BRAVO” event which took place

at 3ikini Atoll on March 1, 1954. Radioactive fallout from this detonation

was carried eastward by prevailing winds, and resulted in radiation exposures

to Marshallese people living at Rongelap and Utirik Atolls a few hundred oiles

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

frequently examined by Brookhaven National Laboratory Medical personnel to de-

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

from the weapons testing program.

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

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

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

health effects. However, residual radioactivity in the environment will

contribute radiation exposures above natural background levels to people

living in these areas.



tn 1968, President Johnson autrorized the raturna of 3ikini Atoll <o its

orizinal inhabitants, nost 2f whom were living on Kili Island about 500 niles

to the south of Bikini Atoll. A similar authorization was ziven for the Ea-

ewetak people who had been aoved to Ujelang prior to th -:esting at their home

atoil. Because of the residual radioactivity at Bixini and Enewetak, en-

viroamental monitoring programs were established to assure the people that the

low-level radiation exposures (which residents would receive from living ina

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

those recommended by the International Commission on Radiological Protection

(IC22) for people not occupationally exposed to radiation.

The U.S. Department of Energy had assumed the old Atomic Energy Con-

mis-ion's commitment to provide continuing followup for the medical and en-

vironmental problems caused by the Pacific testing programs. 3eginning ia

March 1954 to the present, the Brookhaven medical team has provided medical

care and radiation protection guidance to the exposed population. They

studied internal radioactivity levels through radiochemical analysis of urine

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

Brocxhaven medical team visits to Rongelap and Utirik had been established, it

seemed reasonable to have the environmental and radiological safety assess~

ments done by the Safety and Environmental Protection Division of Brookhaven

National Laboratory as well.

The Safety and Environmental Protection Division undertook environ-

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

counting and radiochemical analysis of biological samples were transferred

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



involves up to 3 field crips a vear to the Northern Marshalls. “Measurements

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

laboratory analysis at Brookhaven National Laboratory to assess the vradioac-

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

field 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

Negotiations 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-

Sioa to begin the Marshall Islands Radiological Safet. ?rogram (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 field trip.

Plans were made to collaborate with UWLRE in the future. This field trip

included physical examinations, in-vivo whole-body counting 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’$125,900 for operating and $29,900 for capital equinoment.

Staffing levels were 1.5 man years scientific and professional and 1.0 nan

year technical support. Greenhouse directed the program. Arrangements wer2

made to upgrade the BNLHPS analytical lab with the additions of a computer

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

Greenhouse and Nelson, in a joint UWLRE/BNLUPS field trip to the

Northern Marshalls in December 1974, collected environmental samples and nade

external radiation measurements at Rongelap, Utirik, Rongerik and Bikini Atol-

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

nsvilvania, Davis of Pacific Gas and tlectric, and Nelson of UWLRE participated

in an April 1975 field trip to Bixini Atoll. They collected samples and de-

fined the external radiation environments of Bikini and Enue Islands. Limited

soil and vegetation sampling were done at Bixini and comparison environmental

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

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

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

groundwater and some vegetation sampling. It was performed jointly hy LLL,

UWLRE, the Environmental Protection Agency, and BNLHPS. Their primary ob-

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

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

FY 1976

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

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

{
~



years technical support. Major equipment purchases included a Lawrence

Livermore Laboratory Portable Gamma Spectrometer and two Reuter Stokes En-

vironmental Radiation Monitors. Naidu (BNLHPS) joined Greenhouse to forn the

program's principle staff.

Nelson and Greenhouse 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, Haughey of Rutgers University, Terpilak of the

Department of Health, Education and Welfare, Bureau of Sadiological Health

and Xastens of University of New York at Stony Brook, Marine Science Center

participated in a March-April field trip to Bixini Atoll. Their primary ob-

jecctives were beta and gamma dose rate measurements on Bikini Island and a

general radiological survey of Nam Island in the northwestern sector of the

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

BNLU?S and UWLRE survey with the BNL Medical Department was undertaken in

September. The BNLHPS objective was to perform an environmental 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 Ninth Midyear Topical Symposium, Operational Health

Physics, Denver, Colorado, February 1974.

FY 1977

Funding levels were $207,000 for operating and $89,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional



and 1.25 nan vears technical. An additional 9.25 aan vears Sor ~zachniz2t sun-

port vas odtained from the new Safety and Environmental Procection Division

(3NL52P forderly BNLHPS). Milcenberger (BNLSEP) reolaced Naidu and joined

Greenhouse as principle staff. A request from the Energy Research and De-

velooment Administration, Division of Safety, Standards and Compliance

(ERDADSSC formerly AECDOS) to add air sampling equipment to the radiological

surveillance program at Bixini was received. E=RDADSSC also requested in vivo

councing of the Bixini and Enewetak people. Major equipment purchases ia-

cluded four wind-vowered electrical zenerators, three aultichannel analyzers

and tvo sodium iodide (Nal) detectors.

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

cal Jenartme-t 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 by the Energy Research and Jevelopment Administra-

tion's Division of Biomedicine and Environmental Research (ERDADBER) and spent

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

matters pertaining to the effects of radiation on man.

During April and May of 1977, BNLSEP's Greenhouse, Miltenberger and

Levine went to Utirik, Rongelap and Bixini to do site planning for wind-

powered electrical generators and air sampling stations. Together with a con-

ventionally powered comparison air sampling station, which they iastalled at

Xwajalein Island, Kwajalein Atoll, these stations initiated the long-term sam-

pling program for air activity concentrations of plutonium. Fossil-fueled

generators were judged incapable of supplying continuous year round power on

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

WAN



power for a 12 nonth period without needing repairs. Ia addition, vinad-

powered alectrical generators were virtually noiseless compared to zasoline

powered electrical generators. Thev orfered the possibility of collecting a

larze volume air sample without disruption 2f quiescent village living dat-

rer ns on outer atolls. <A plutonium excretion study was also undertaken by

collecting pooled large-volume urine samples from three to five families at

eacn atoll exceot Kwajalein.

Early in 1977, the question of the past dose equivalent to the Marshal-

lesa who have lived on Rongelap and Utirik, had become an important scientific

and nealth related question with considerable political overtones. Bond,

Borg, Conard, Cronkite, Greenhouse, Naidu and Meinhold, all members of 3NL,

and Sondhaus of the University of California, College of ‘Medicine (UCCM)

initiated technical evaluation of the issue.

FY_1978
MIRSP funding levels were $207,000 for operating and $10,000 for capital

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

t
o +3 aan years technical support. Greenhouse and ‘filtenberger made up the pro-

t

o
Q ram's orinciple staff, Cua and Knight joined the program staff part time.

‘fajor equipment purchases consisted of peripheral alpha spectroscopy equioment

for plutonium anatyses of environmental and biological samples. As a result

of earlier discussions by Bond, Meinhold, Naidu and others of 83NL, a proposal

for Rongelap and Utirik Dose Reassessment (RUDR) had been forwarded to the De-

partment of Energy's Division of Biological and Environmental Research

(DOLDBER formerly ERDADBER) and the program was funded with an operational

budyear of 259,000. Staffing levels were 0.5 man vears scientific and profes-

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



in October 1977, three wind~vowered electrical zenerators and long tera

air sampling stations were installed at Utirik, Rongelap and Bikini Islands bv

members of BNLSEP and the owner/operator of Enertech Corporation, the seller

of the wind=-powered systems. A second comparison station was i.stalled at

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

were collected under controlled conditions from five to seven Marshallese nal-

es at Utirik, Rongelap and Bikini. All of this work was performed by Green-

house, Levine, Dillingham, DeAngelis and Cua of BNLSEP and by Sherwin of En-

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

Rothman and Clareus of 8NL medical attempted 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 Energy'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

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

In April 1978 Miltenberger, Lessard and Naidu of BNLSEP participated in a

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

Utirik, che 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 oro-



gram similar to the one given on Rongelap in 1977. Lessard and Miltenberzer

proceeded to Rongelap to collect additional urine and environmental samples

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

Atoll. The wind-powered electric generator had malfunctioned here too. aAn

attempt to repair the wind-vowered generator also was made, however, no long

term successful operation of the system could be achieved. Greenhouse and

Xuehner of BNLSEP joined the field team at Bikini. Of the 143 persons re-

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

environmentai 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

burtens had increased to new levels and many of them knew they exceeded the

internationally accepted annual guidelines for dose-equivalent commitment.

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

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

transport and deposition of fallout from the 1954 atmospheric nuclear test,

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

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

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

Battelle-Pacific Northwest Laboratory (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 che dose reassessment project (RUDR).



In September 1973, Naidu, Craighead and Greenhouse of BNLSEP began a

diac and living pattern study of Rongelan, Jtirik, Likiep and Ailuk Atolls.

Iniztal observations had been performed by Naidu during prior visits (Rongelap

§ weeks, January-February 1977 and Utirik 2 weeks, April 1978) and by Knight

duriag FY 78. Basic data was gathered on age distribution, family size,

seasonal vartations of locally grown food, food from other islands, individual

diet patterns and individual daily activity patterns. Greenhouse also per-

forned ground 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. >.

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.

10



Twelve two week Marshallese comparison urine samples were collected in

October 1973 by Shoniber, Departmenc of Health Service . Trust Territory of

the Pacific Islands and forwarded to BNL Zor anaivses. Cach sample vas to

nave bean analyzed for $r-90, Cs-137, Pur239 and Pu-240 from vorld-wide fall-

out and for natural K-40. The results were to be used to establish the base-

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

urine samples from the atolls contaminated with troposheric fallout could be

compared.

During November 1978, Marshall Island's whole-body counting, environ-

mental, demographic, physiologic and bioassay data »ases were initiated dy

Miltenberger. Preliminary diet and living vattern reports were submitted to

Robison (LLL) by Naidu. Under the RUDR program, 62 teeth samples from Bikini,

Rongelap and Utirik were collected by 3NL Medical for future analyses of

$r-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 nodels 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 Bikini residents.

Miltenberger and Greenhouse continued to cross the Trust Territory to finish

ll



the Pacific Basia Study, a collaborative effort with Nelson of UWLRE which ad

comtnenced in 1975. During Mav, another field trip to ‘fajuro and Xili vas com-

pleted by ‘filtenberger and Lessard. They whole-body counted 129 persons, 79

of which had been relocated from Bikini Island in August of 1978. The whole-

bod counts on Marshallese psersons other than the forner 3ikinians provided

Saseline body burden and urine radionuclide excretion rate data for comparison

purnoses.

During August and September 1979, Miltenberger, Lessard, 3alsamo, Hunt

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

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

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

vironmental monitoring program at Rongelap and Utirik and continued the whole-

bod; 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

selection sites. Brown of DOEPASO, 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 Auguste 1979, members of the RUDR program completed a drafts of the

diet and Living pattern study. Also, results of the soil analyses for [1-129

on samples collected during the 1950's indicated samples from recent times

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

analvses. Efforts were initiated to procure excised thyraid glands taken from

the Marshallese who were resident on Rongelap and Utirik. These samples were

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

was expected to be completed by September. McInroy of Los Alamos Scientific

Laboratory had begun analyses of Marshallese 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 work-

ing and according to the run time tndicators, they had failed shortly after

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

powered generators operational, routine maintenance by a trained individual

equipped with spare parts and proper tools was required.

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

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

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

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

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

ary i979.

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 operating and 350,000 capital equipment for

MIRG?. An operating budget of $590,900 was provided for RUDR. Staffing levels

were 3.8 man years scientific and professional and 2.2 man years technical

support. Major equipment purchased was a computer based multi-channel pulse

height analyzer to replace and upgrade the existing BNLSEP analytical labora-

tory equipment. By September 1980, Greenhouse, Cua and Knight had left the

proyram and Miltenberger, Naidu and Lessard performed as orimary starf 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. ‘hair

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

tne wind-generators supplied and repaired by them. During the next few

months, the whole-body counting chairs were built, disassembled, packed and

forwarded to Kwajalein along with the new trailer. Naidu and Greenhouse, of

BNLS=P and Pratt of BNL Medical prepared an educational program‘on the effects

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

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

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

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

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

to obtain baseline body-burden data on the Enewetak population prior to the

repatriation of Enewetak Atoll in April 1980. Miltenberger, Levine and Green-

house of BNLSEP and Manalastas, a Phillipine national and a fellow of the

International Atomic "nergy Agency performed whole-body counting and collected



urine samples from persons 5 years of age and older. At Jjelang, ron-

participants of the whole-body counting program were invited to provide urine

samples. Approximately 400 urine samples were collected and are curently

being spectrometrically analyzed for gamma emitters and radiochemically an-

al-zed for Sr-90. Additionally, participants provided physical and demo-

graonic data.

As previously mentioned, whole-body counting was conducted with two

independent chair counting 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 were obtained in this way and analyzed

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

height and weight of the individual. Additional analyses were performed to

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 “nizhe summarized

information on diet and Living patterns for the ‘farsnailese. The data was de-

tived from literature, from personnel observations through Living with the

“Marshallese for periods extending from nonths to vears, from answers ta

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

cognized at that time that the study needed to be extended in order to ident-

ify trends in local food consumption and living patterns.

During Maren 1980, ac the request of MeCraw of the Department of Ca-

ergv's Division of Health and Environmental Research, Lessard and ‘tiltenberger

identified individual Bikinians who exceeded the recommended 500 mRem per year

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

continuity which appeared in the S$r-90 estimated body burden between residence

and post residence periods for Bikini adult females and Bikini 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 whicn 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 Neapon

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

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

veat, at the request of Robison of LLL, Lessard and Greenhouse related to hin

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

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

comprehensive survey and analyses of the radiological status of the atolls,
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the 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 Micronesian islands outside of the Northern Marshalls. Much of this data

was collected in collaboration with Nelson of UWLRE during 1975 and 1976.

During the summer months Kaplan, an undergraduate student from Yale Uni-

versitv, and Lessard performed the initial analysis relating I-129 activity in

soil to acute thyroid dose equivalents in persons on Rongelap 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, tine

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

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

the individual. Preliminary estimates of thyroid dose from the March 1, 1954

exposure were determined for Rongelap and Utririk 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 Bikini Island residents and a comparison population

contributed approximately 200 spectra and 100 urine samples. Fifty percent of

the April 1978 population at Bikini were recounted. Consecutive measurements

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

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

vieved and written up by Miltenberger, Lessard and Greenhouse and submitted to

a scientific journal.

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

Cronkite, Hull, Lessard, Meinhold, Miltenberger and Naidu of BNL, and Sondhaus
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of VCCM. The meeting centered on dose reassessment and was conducted in two

parts aimed at reviewing pasc accomplishments and assigning future tasks. <A

review of the circumstances chat led to the study 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 soil analysis. The second stage of

the meeting led to detailed discussions on the chronic and acute dosimetry.

Tne 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 S$r-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, May 1980.

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

Greenhouse, J. Knight, BNL#51313, July 1989.

Dietary Radioactivity Intake from Bioassay Data: AModel Applied to

Cs-137 Intake By BikiniIglaadResidents, E.T. Lessard, R.P. Miltenberger,

and N.A. Greenhouse, HealthPhysics Vol. 39, pp.177-183, Auguse 1980.

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

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

Vol. 39, pp. 395-407,. August 1980.

18



Co~60 and Cs-137 Long Term Biological Removal Rate Constants for the

Marshallese Population, &.P. Miltenberger, ©.T. Lessard and N.A. Greenhouse,
 

Healtna Physics (In press).

PRESENTATIONS:

Rate Constants for Biological Elimination of Strontium and Cesium in the

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

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

3ady Burden Measurements as Determined from Whole-Body Counting and
 

Urine Bioassay, 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,
 

NeA. Greenhouse, Presented at the IRPA Congress, Manilla, Phillipines,

November 5-9, 1979.

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

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

J. Naidu, Presented at the Thirteenth Midyear Symposium of the Health Physics

Society, Honolulu, Hawaii, December 10-13, 1979.

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

Lessard, Presented 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

MIRSP operating dollars to $385,009. 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 completed the reconstruction of chronic dose

equivalents for Roazgelap and Utirix residents for the tine interval 1954 to

13950. Retrospective and sontemporary external exoosure rate data, whole-body

counting data, and radiochemical analysis of urine and blood data were re-

viewed. Dosimetric models which best described the uptake regime were con-

structed for the nuclides of interest. Daily activity ingestion rates,

whole-body dose~equivalent rates and dose-equivalent committents to various

orzans were determined. Popularion dosimetry results and methods were written

up and reported in a BNL publication. Individual dosimetric 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 involved 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

adults.

Ia December, Naidu contacted Dr. Shinji Okano of Japan regarding an-

alyses of the “Bikini Ash of Daigo-Fukuryumara”. Lessard, Miltenberger and

Moorthy outlined a radiochemical separation/neutron fission radioassay tech-

nique to be used on urine collected from Marshallese exposed to tropospheric

wWeapons-test plutonium. 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, Baun and Olmer vegan preparations for

site review scheduled for May 1981.

During Oetober through ‘larch, Miltenberger, Lessard and Steimers of

BNLSEP summarized the data regarding human nilk samples which had been ob-

tained from four lactating adult former Bikini females whose Cs-137 body

burden had been defined by whole-body counting. Also, coconut t®ee sap and

nuts were analyzed by gamma spectroscopy to determine the presence of Cs-137

* --*
and X-40. Results were used to estimate the Cs-137 body: burden-£qj

gm ict je

lese infants whose primary food supply=human nilkage?‘CeeOmueChew.
uf git?

   

ducts. Dose estimates tora_bypothetteat”‘Tagase restdentea.itpe

 

Cs-137, noted ‘tn all individuals examined the year before, had declined during

this first year in residence on Enewetak Atoll. The survey of the x-ray

machine provided an estimate of the operator and patient dose equivalent.

During January and February, McCraw (DOEDHER) requested a review and re-

sponse to questions posed by Johnson of the Micronesia Support committee re-

garding repatriation of Rongelap and Utirik Atolls. Additionally, 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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and dull, Naidu, Miltenberger and Lessard of 3NLSEP orenared the fornal re-

snodses.

A whole~body counting protocol by Miltenberger and radiochemical an-

alyses protocol by Olmer were prenared in March. <A review of quality

assurance data for the Marshall Islands was also prepared by Miltenberzer,

Naidu and Lessard. Brauer of BPNL and Naidu prepared radiochemical analysis

and analytical procedures for determination of I-129 in soil. Lessard

prepared a historical synopsis, a summary of MIRSP and RUDR highlights and a
+

collection of sublications and protocols.

¥. .PUBLICATIONS FY 81 to date: WE.

Reconstruction of chronic Dose Equivalents for Rongelap and Upietk

2esidents-1954 to"1980,"$.T, Lesgacd, 3 = and R.P. ubgbenbigeaead.
7ang ot

NL 854987, Octoher 198Qe.“nd“

Thyrascoredcetsewéed

E.T. Lessard, J.R. Naidu, R.P. Miltenbelte
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BNL #28939, Draft.

 

1980. Edita
weet he - 2 aSEC Res od! a: oF

Balsamo, S. Cohn, E.“Craighead, F Cua, NeAe Greenhouse, A. Hunt, S. Johnson,

A. “uehner, 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, &.?.

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

Draft.
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whole-Body Counting Overations Manual, &.9. Miltenberger, 3NL

col, Draft.

F. Cua, 3NL Protocol, Drafe
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L.o. Olmer, Contribucast 9.4. Henze and J.R. Statmers, BNL Protocal, Jrafe.

2
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Program, " _R. Peles - . Madde BRL Report, Draft.
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Models for the Gastrointestinal Tract, E.T. Lessard. Presented at the Third
 

International Radiopharmaceutical Dosimetry Symposium, Oak Ridge, Tennessee,

October 6-19, 1980.
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MARSRALL ISLANDS 2ADICLOGICAL TOLLOWUP

NvA. Greenhouse and 1.7. “Mcuraw

Yeaisa Phytics ina Satacy Jivisizea, 3rockhaven Nacicnai Vaooracory, Jocon, Siew Yore 11971
and

Tivistoa of Osearacional iatecty, V.5. inergy Research and Caveicoment Adminiscracion, Wasningtona, 9.0. 298435

AQSCrTacs

In auguse, 1944, ?resicent Jannson ammounced chac ine seopla of Jikiai acoil would be aple <9 ractura 72

the.e homeland. Therearctar, aimilar approval was given for sne reeurn of the secoles of inewecax. These

swe tagionas, wnich comprised tna Pacwiic Nuclear Testisg areas ir 3744 39 1953, stil sronaoly 2e cvesonu-
wacad ov ime original .anaoicames ang their immslies wicthia tne wext vear. As art of i583 coneinuiag

TASTOMSTILIis’ 13 unsure ine suolis neaich and gacaty sa comnection visn che nuclear srograms cager its

spensotshio, 223A (formerly AsC) nas coneracced Jrookhaven Jacicnal Laneracory to estadlish ractoiogical
3aiacy and environmencai sonicoring oregrams for che returning 3ik:a1 and inewetak secolas. These ircs-
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3¢ total acses anc 3to9e@ commicmencs <3 indivicuais and Co aacn population group, and 20 suggese actions
wnicn wii. minimize doses Tia the a0re 4Lgniticane cacnways.

latreduction

The 7.3. auclear tesgeing orograms 327 che 19403 and 1950s nad significane tacal environmental impacts of

tna coral accils of 3ik:a1 and Zsewecak in the “Marsnall islands. The tigh level close-in fallouc nade
tmese acolis uninmabitaole for samy rears. fallouc irom che 3RAVO event, mich cook siaca at 3ixini ia

Laisa, was isaavertencivy iesosited 21 ine 2eardy atoilis of Rongeias, Rongerix ana Jeisik. Ia ail, some
InLsteen atoils ia che cortmern Marshai.s vere srocaoly affacted =3 2 greater ar Lasser extanc oy fallout

istm these suclear tests. 24 chese, nowever, the cost significance long term radiclogical ‘avace vas
am ime case atolls, Jisxia:. and inewecax, ana om Rongelap Aco...

la L987, Rongelao was veoccupiea ov its original inhaoitanss who nad Seen evacuated rvo days after

ZRAYO. During <Me cast several vears, <etizicive slags nave Jeen tade 22 repactiace the original -snasize-

angs 32 3ikini amd Snewerax Atolls, amd thetic iamiizres. I5 is hoped thar their return cam <axe piace socn.

la order 29 tdenciSy sadiological proplema from residual radioactivicy in the envirooment, and :9

orovide a daca dase sor jose sredictions applicable co the caturming gopulace, SRDA ‘and its 2redecessor,
the AEC), nas sponsored namy radiological aurveys in she Marshall Islands. These survevs Segan suring

last overacsconas and Tave Jeen comductad seriodically up co the sresent cime. asules of the surveys cave

seen cuolished in aumercus resorts and scientific journsis. References | chrough 12 are sublished cvesercs
df AECEROA sucported surveys of thease acolls. References 13 snrough 29 are 4a porrion of she auolisned

Tenarts cn work vien colleceaed environmental samples supported by AEC/ZRDA.

tvaluation of sumvey results for 3ikiai Acoll, che consideracion of srediccad exposures commared with
appiicaole radiation standards, and che acknowledgemene of =he mecy Senerizs to she seocie if cney could

tacura, ied to the decision co clean zo and rehapilicace chat atoll. The Jeoarsmenc of Jerense, Separc-

tenc 2£ che Ingertor “3015, amd azC (now ZROA) sarticipaced .2 a joint aclore of claan ao and rshaoilicta-

trem 22 3ikina Aecoll scarting in Teoruary, 1969. Clean up was complecea in the fail of shat vear. AgT.-

tu.cural rtemabilication and housing consctuccion is being conducted 37 30L.

The decision to reeurna che Snewetakese oO cheir acoll ed co a comprehensive survey conducted at

Znewetak in 197201972.6-9) 4 regional survey alanned for 1975 will srovide vaseline vadtological iaca

zor Siscure dose assessments shrougnouc teary all of che cercshern Marsnali [siancs wmich aay aave Seen
afiacced by che ceeting sregram. iZavironmencal evaluations ac Rongeiap and Jeirik Atolls have Deen under-

sakeo aentodicaily in association wich RDA's medical evaluaeions srogram <here over ine pase 70

years, \24e™

From all of these earlier surveys, 1c became apparent chac seriodic environmental nonicoring and dose

aSsessments must 3e nade ‘or 3ikini, inewecak, Zongelap and zerhaps ocher acolis ia che 20rcthern Marshalls

"2 taintain a curvenct radiological ¢aea Sase and to srevide currence ‘aformationa on iadividuai and  200u-

-atron doses. This follewup nomiucoring is Jeing sertormed 3y Jrockhaven Nacional Waboracory ag coe
requese of tne livision of Gperationa. safety, U.35. Zaergy Research and Jeveicoment sacminiscttaciong.

“Researca carried cuc act Jrcoxhaven Jational Laboratory under =he ausoices of the Vv. 3. icersy ies~
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acknowleages -he J.3. srvermmenc’s cignt ¢o Tatain a sonexc:.usive, rovyalcy-Cree .icense {mn ana co any
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Radiological Concerns

The srimary radiological proolems are <n@ tesult of residual fission and act:vacion oreduccs ia ine
tarresttial environment. They aave Seen wdentiiiad sv orevious anvironmencal surveys as follows: +

saema. cadiarion leveis significanc:y aighert cn some .slanas in an acol. :cmpared to Levels on Ligneiy
gmtaminatea :siamas. 2) Flasion and activation 2reauct radioactivity in tertain tarteasetial food rams
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ground vatar, a sossi3le gource ot irinking water ana wacer for .wrrigation. =) 2lucsonium and ameticiun

wscecdves .4 he surface 301.. These factors are illustracea ov data .n Taples 1. througn 4 taken irom

previcus Tadsolcgicai survey cesorss.
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"0 soil sample or field spectra measurements.

7a some cases, the predicted doses and dose coumitmencs derived from survey information for 3ikini
and inewerak Acolls approach or even exceed nacional and incernacional radiacion procection standards for

cattaig Living and dietaxy pacterns. Corrective actions or rescriccions musc Se slaced on use of Chesa

acolls and cheir resources to assure chac che aopiicadie radiation scandaras are noc exceeded. Jere:a
lies the orimary iuseificaeion for che conaciautag environmencal followup surveys soonsorad by 20a,

Egvirommental Monitoring

Tne zost important sources of exposure to seopvle Living on Yongelap end to fucure vesidenes of 3ikini
and Enewetak Acolls are 2rem internal decvosicion of radioisotopes from cartain elements in che Auman

diet, and from che iong cerm occupancy of islands Aavinog external radiacion dose rates higher than
natural jJackground. Aside Grom seriodic re-evalustions co estaolish crends in external dose race
reduction, external radiation monitoriog vill assume less significance, comoared co monicoring of the
Food cnain, a8 time passes. Af prasenc, annual visics are being made co identity and collect repre-

sentat.e samples of local diets for laboracory mialysis and dose cowmrment upcates. New locaily

grown cod ‘tems are Secoming avarlaoie in smail quamticies on Sikiat (sland as a resuic of she exper:-
sental agriculcural sraccices of a small group of carecaxer families iiving thera. Veisher 3ikini Acoli,
where tadiologicai cleanup has Seen completed, tor inewecax Acoil where clean up has sot yet Seguo,

have 2 supsistence agriculcure resource ia >e1ng which is suffictenc co support che anticigaced sopula-

tions «smicn will one cay live chere (though 3sucn crops are currently being developed or planned).
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As a resuic, some of che diecary icems Likely <5 nave che nigner tadionuclides courent, 4.3. 2andanus

and Sreaqfruic, are ace actual problems co dace. They aay of amy not 38 of concern ia che future as -he

aiame:sgs aacure and che cmuic Decomes available in tuanmtity. Thus, che dliecs of secpie Living in =hese

“wo atolls are expecced co change over che coming vears reflecting the reiative influences of imported

and Locally grown Zsod items. allowance has Seen nade for chis in development of radiacion dose
estimacas. ixperimeacal studies ac Znewetax asy yield techniques co incerfupe or break the recyeling
Qc radionuclides through the vegetation, soil, and ground vacer systems, aad cheresy reduce she radic~

activicy concenc of some taporcant diecary icems. <All of che aforemencioned Zactors will secessicate

contisuisg monitoring of che diet for many years. 2eriodic sampling and analysis of 3011 and ground

‘wacer vi.l Se aecessary in order to establish srends in che changes of radicaccivicy comtenc of chese
media.

+a the sorthern Marshalls, drinking wacer is obcainzed primarily from tain vwacer cacchmencs. While che

radionuclide contene of callected rain vater vill soe be zero, this source {3 noc expected to contribute

signizicamely to the radiation exposure sicrure for ‘ucure 3ikisi, Inewecak, and Rongelap Acoll residencs.

deowever, vain water which drains ‘rom che windward sida of Suilding rooftops may srovide useful daca on

fesusvension of radioactivity in the soil. The collection of rain water oy Tucure 3ikint md inewecak
Tesidencs is being factlicaced Sy including gueters and vater storage tacks in plans for houses and
communs:cy seructures, Some of che Larger islands have ‘resh ground vacer ‘ocaced only a few ceec >elow

the surtace. Analysis of chis vater for ics radionuclide contene has 3een Limited to dare and che

Gapacity af this cesource = serve che needs of ‘sland restdeacs is ace well defined, More seudy of
rais wacer is Seing supported Sy ZADA.

Personnel Mon:soring

Dose sredictions for 3ikiat and Znewetak Acoll residencs dertved irom environmental data Save Seen

deliberately conservative, and ascadlisn srooanle upper Limits om <oses co 5e axzpected for individuals.



Reliaopia assessments Of actual coses susc 3e Jecearsined through sersonnel monitoring. iIxcernal cadiacion

dosimecers 20 aoc apcear 29 24 a Dracticai Tans Of Jersonne: monLcoriag for .naiviauai axcernal cose

measuremenc3, alchougn certain .caacfividuals wicnia given sonulatzions sav .e ralied inea co wear chem.

aA ‘lizastyvle moaei' ‘snica .acluaes astimaces Jf occusancy faccors Isr varsous locations in a given acol.

sag Deen icuniea VitN emvironmenca. monitors.ag ata 79 2s¢:mace average axcernal tadiaticn doses 73

sadivisuals. This mogei will s@ revised as Meedeg 30 inact .5 <.0s@iy aporoximaces cine accual Liiestvie

of she v2ecv0Le.

The =or2 wumpottanc wacermal oatnway can Je aoniccred iirect.y av conventional tecnarques of >icassav

amg wmo.e  20Gdy sOunting Jf wadiviscuais. A 20rtaol2 smacow snieid ~nole .0av7 sounter has seen constructa2a
ana nounced in a shipooard trailer for ise in the “arsnail islands. Ic is cavagle of quancicaczive

secacticn of very sMa.l quamtlis.as Of certain Tagionuc..ces La ine s0ay sucn as 2?c3 ana wes, ime

oewmar’ 2nvironmentai gamma emicters ac 3ix.uni, ZSnewetax ana Rongelap acoils. The syseem claariy idene:-
iies individuals .a the donge.ao gonulacion vno are 30¢ following cne cacommended dietary rescriccions

om eating coconuc scrape <ctom certaia wocacszons. 42,3) Zoav surdens cr 705 2/30, 759, 2400, ana -**ag

are est.cated oy the rtadiocnemicai amaivsis of urine samples. rine gamolea collactzons and wnole 30cy

stunting Will se performed every sne co swo years ac 3.4ia1 and Zaewecak Atolls wnen tne veople return,

and every two to three vears at Zongeiap Acoil unetzil che results varcranc Less frequent seasurement
-ofatvass.

Summarr

Marsnall Islands 2aatclogical Followuo has consisted of iacernsive environmental studies ac 3ikini,

Zneweeax, ang Roageiao Acolls so gacner radiological daca on che external radiacion environmene and on

taciLoacrivisy ia foed chains. Madtacion and radioactivity ievels in these acolis are cseing reduced with
cime. These cnanges 3are monitored .2 annual or Jiannuai environmental surveys. Upaaced ‘aformacica {s
3sed <2 taxe conservative estimaces sf rooulation doses and dose commicmencs. ‘When secole have recurned,

actuai -acermal doses co ‘adividuals are decerainea cor whole body count:ag and Sicassay daca. These

tagu.cs are comoined vith environmental jaca om che extermal radiacion enviromment 20 compiece ine cocal
cose assessmenc d1cture.
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3rookhaven National Laboratory commenced environmental monicoring of the

Marshall Islands for radioactivity in April 1974. Since then, members of the

3NL statf have made a total of six field trips to the Marshall Islands co

collect a representative cross-section cf vegetation, animals, fruits, soil

and water found on the islands for the purpose of assessing the radiological

efiects of the U. S. Pacific Testing Programs.

The surveys covered X<wajalein, Wotho, Bixini, Rongelap and Utirik atolls.

A cocal of 1200 analyses were performed on 400 samples. Isa general, all samples

were analyzed for Sr-90, Pu-238, Pue259/240 and any gamma emitters which may

have been present at the time of analyses.

Mose of the field sampling work was done in conjunceion with and in cooper-

ation with a related envirormencal monitoring program operated by the Laboratory

for Radiacion Ecology (LRE) of the University of Washiagton. The results 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 onthe marine foed chain

from L2E.



Sampling Procedures

The majority of the sampling was done on 3ikini,, Rongelap and Usirik

Atolls. Data obtained from Wotho and Xwaialain provide baseline in‘forna-

tion. concerning the radioactive contenc of soil, flora and Sauna fadigenous

to the Northern Marshall Islands.

The sampling orocedures ac Wotho, Kwajaleia, Rongelap and Utririk atolls

were essentially similar. Sammles were obtained in the areas which were

inhabited by the Marshallese or in locations. which were actual or pocantial

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,

Ac the cime S8NL started its surveys of Bikini Atoll, two questions required

further elucidation. The firse was in reference to the external dose shat one

would receive while living on Bikini Island. The second question dealt with

the orediction of incernal dose commitments due to ingestion of food products

grown on the aroll. Consequenely, the monitoring program was designed to thor-

oughly examine Bikiai Island and several other islands in the atoll. Sampling

on Bixini Island was conducted in a grid pattern which corresponds to future

areas of habitation and food produceion. Other islands in the atoll were exa-

mined in a similarlythorough way to verify initial assumpcions regarding the radio-

logical concerns ac these locacions.

The Bikini Atoll section of che Marshall islands environmental monitoring

program provides the predominance bulk of data presented in this repors. Various

islands within this atoll were sampled and surveyed in relative proportion so

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



This reports concentrates on the resules of the environmental monitorin

program. The external dose measurements with the use of ion chamber and

field gamma specettoscooy will be reported separarely as will dose commicamenc

estimates via various ineernal exposure pachways.

Bikini Acoil

Environmental surveillance of Bikini Acoll was achieved by sampiing vege-

tation, soil, fish, cacchmene water and sediment. Eneu Island was surveyed

for external radiation and sampled for marine fauna, soil and vegetation con-

sisting of Scaveola leaves, Messerschmidia leaves , coconuts and pandanus. Eneu

nad previously been idencified as a potential village island, since it received

che lease amount of radioactive falloue during the atomic bemo testing. EIneu

has also been suggested as the main source of food produccion for shese indivi-

duals living on 3ixini Island (2,1). Consequentiy, thorough sampling of this

island was essential to establish radionuclide quantities wishin the food

chain.

The island of Nam was considered to be heavily contaminated because of its

stoximizy co the 1954 3RAVO evenc. Eavirommencal monitoring to dare on this

island includes samples of muilee and snapper fish, six inch soil cores and soil

oroftiles, scaveola and nesserschmidia leaves.

Several food {rems grown on Bikini Island have been suggested for exclusion

from che local diet (2,2). Samples of coconuts, pandanus, breadfruic,

atrowroot, scaveola leaves, messerschmaidia leaves, sumpkins, squash, bananas

and papaya, soil samoles in the form of 15 cm cores ard 0-100 cm soil profiles,

mackerel (fish) and cridacna (clams), plus caechment sediment and wacer have Seen

collected in an effort co decermine cheir radiological impacts as local marine and

cerrestrial food items.



Ronzelas Acoli

Mose of the seoole Living on Rongelap Island nave been there since their

Teturn ¢nree vears after che 32AV0 incident. They have well established

dietary patterns based on availadilicy of various vegetation. The monitoring

program for Rongelap acteepes co reflect the main constituents of she Rongelao

diec. as such, samples were collected from areas where the local inhabitants

collected their food.

The three islands of inizial incerese in Rongelap Atoll were Rengelap,

Kabelle and Eniaitok. Samples of Scaveola leaves were taken from all three islands.

Other samples at Enfaitok include breadfruit, pandanus and Messerschmidia leaves.

On Rongelap Island, samples consisted of parroe fish, pandanus, Gueccarda,

breadfruit, arrowroot and coconuts. Soil samples in the form of snallow cores and

vertical profiles were also collected,

Ueiréix Aroll

Previous studies have concluded that Ucirik Atoll has received the least

amount of radioactive contamination following the 3RAVO incident (4, 2, 5)

The 3NL monitoring program reflected the results of these studies. Consequencly,

Utirik Island was the only location within che acoll where the food chain was

sampled. Samples collected ac Utirik consisted of pandanus, breadfruit, artow-

roet, coconut, copra and messerschmidia leaves.

Kwajalein and Wocho Atolls

Kwajalein and Wocho Atolls were noc involved with close-in radioactive

fallout as were other atolls of she Marshall [slands. Consequently, samples

from these atolls served as controls. Soil, pandanus, coconut, breadfruit and

coconut crabs were collected from Wotho and Xwajalein for purposes of compart-

gon with similar samples collected at 3ikini, Rongelap and Ucirik Atolls.



Sampie Presaration and Analvsis

Soil samples were dried ac LLO°C fsr a period of 1-2 days. The dried

material vas then pulverized in a ball mill for aporoximate!y 2% davs, and

then sieved through an $0 mesh screen. The material which sassed through

che sieve was used for analysis. An aliquoc was sackaged in an aluminum

can and analyzed for gamma emitters by Ge(Li) or NaI (Tl) gamma speccrome-

cry. Pluconium and 205 2/90y analyses were performed on aliquots of sul-

verized soil asned at 900°C for 12 hours. The ash was dissolved in HNC 3

and the solution evaporated to near dryness (several times, if necessary, to

produce a elear solution). The residue was redissolve in HNO3 and this solucicn

ased for the radiochemical isolation of 5 and Sr.

Vegetation was first weighed, dried at 110°C for 1-3 davs (depending on

sample size and type). The dried macerial was weighed and sulverized in a

Slender. After che sample was reduced to a powder, aliquots were packaged

for gamma pulse-heighe analysis. Vegeracion samples destined for radiochemical

analysis were dry ashed at 485°C, The temperature of che oven was raised slowly

over a three day seriod to 485°C in order co prevene burning of the sample.

The ash was dissolved in HNO, and evaporated to dryness. The residue was redis-

solved in HNO3 and puc aside for Pu and Sr analyses. 2luconium was separaced

from an acid solucion of the sample by ewo ion exchange separation srocedures

followed by electrodeposition on stainless steel discs. The Pu isotopes are

determined by alpha pulse-neight analysis and recoveries measured by che use of

24224 tracer added to the samples prior to analysis.

Stronctium-90 content was determined by diechylhexyl phosphoric acid ex-

traction of 90Y from an acid solution of the samples. The 90Y was seripped

fzrom the organic phase, separated as the oxalate and counted in a low Sacksround

beta counter. Yields are decermined gravimetrically shrough che use of ytrriun

carrier added at the start of the analysis.



jammma Soectroscoov

Once dried, soil samples were alaced in a alasctic petri dish and counted

on either a Nal(Tl) or Ge(Li) decector. Vegetation, water arf animal samples

were placed in an aluminum tuna can and counced. Councing cime was 4000 sec-

onds for most samples. Boch systems were originally calibrated for the suna

can geometry, Corraction factors were developed to normalize all petri dish

resulcs to che standard tuna can counting geometry. All counting standards

are traceaole to N3S sources.

Samples counced prior to the middle of 1976 were counted on the NaI (Tl)

detector, Samples counted after these dares were counted on the Ge(Li) system.

This accouncs for the capability co identify the presence of radionuclides such

as Ame241,°Sb-125, 3aLa-140 and Ce-144 in samoles where previously only Co-60,

C3-137 and K-40 were sositively identified.

Oualisvy Conerol

BNL operates its own QC program consisting of blind duplicarces. 3NL also

particioates in interlaboratory comparisons with HASL, the University of Washing-

con and the LAEA. Results from our program are Listed in Table 17.

The firse pare of thfS table illustrates all the daca from che 3NL 5liad

duplicate srudies, These data appear to be in reasonable agreement with each

other. The second section presents dara from a split sample project with she

Health and Safety Laboratory (HASL) in New York. These results compare less

favorably, bute ere also in most cases, in reasonadle agreement.

Discussion of Resules

Reported results of the analyses performed on the Marshall Island samples are

aresented in Tables 2 through 9 with associated 2-sigma error. The cables have

been divided into two sections: resulesof gamma spectral anaivses and 90, plus

transuranic elements by radiochemistr~. Tables 2 TArough 5 present

daza on gamma emizting vadionuclides ‘found in vegetation, soi, water



and animals, while values for 90sr and che decectadle eransuranic elemencs for

the same samples are reported in Taples 6 threugh 8. The daca have been ordered

so that lixe samples from che same island are reported together. The resulcs

are not arranged bv date of sample collectioa.

Ta general, there is a wide range of resules for each radionuclide within

a given sample type. The variarion is due to spatial differences in sample

sire selection and to biological variabilicy berween individual organisms sam-

sled. Because the exace sampling sites varied from year to year, there is no

correlation between radionuclide cancearracion and date cf sampling. The rasulss

in this report provide an aereal evaluacion ef the islands surveyed. For 3ikini

island, vegetation resules indicate a radionuclide concencracion diserisucion

similar to thac reperted by Lawrence Livermore Laboratory in their survey reports

(3,3,7,3,9).

Soil srofile samples confirm the erracic nature of the radionuclide concen-

crations in soil ace the Bikini Atoll. Figures i through 14 previde a depch oro-

file for the soil samples taken at Bikini, Nam and Eneu Islands, Soil take from

pics F, 3, J and K ae Sikiat, stations W-1 and wWw=2 at Nam and stacions 2 and 7 ar

Zneu indicate some degree of mechanical turnover in che soil (tilling, plowing,

ouilding, etc.) as indieaced by the nonexponenrcial discribucion of activicy

withia che soil, differences in the depch profile and depch of saximum concen-

<tacion. Normally, the top layers contain the greates= amounc of radioactivity

jue to inietal deposition, otherwise, the strata containing maximum organic matier

tend to be the mosc significant sources.

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

tl ac Eneu display characteristics of typical radionuclide distribution in soil.



here is apparanciy a decraase in activicy in near-surface sttata due <5

!
migration incd lower soil Levels and soil erosion. Peak concentrations cccur

several centineters below the surface, wiitle the lowest soil strata disolay an

exocnential decline of radionuclide concentration similiar to natterns examined

in the USA at the Hanford Laboratory and the Nevada testing grounds. Figure i5

is a map of 3ixini desianating she soil sampling. locations.

Tables 9 through 16 correlate results from samples common to several loca-

tions. The data reported in these tables are average concentzations for all

similar samples on an. isiand. No error is reported due to the wide range of.

values enccuntered within tne values selected and due to the relatively few

values available for averaging. . . Lo. .

Examination of the comparison data reveals thac che ratio of averages

between one island and another varies relative to the nuclide selecced for a

specific sample type. The range of ratios does tend to converge around a single

value. For example, if the average results for Bikini Island are used as the

numerator of the cratic, and the denominator is chosen to be the results from

Rongelap, Sneu and Utirix, the following ratios are observed:

. islands Ratio

Bikini/Rongelap 4
3ikini/Eneu 10.
Bikini/Utirix 20

These ratios correspond to relacive concentration differences between 3ikini and

other islands in the Marshall Islands previously reported by other laboratories.
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Location by Igland-Atol)

 

 
 

Sampla K-40 Ca-137 Co-60
Description ; ID Data pci/a ; pci/g pci/y

Boll;Bikini-Rikial .
Sample series A, Pit M AAWTIIS .

26-35 : A~6 "  <11.64 '  2,98040.320
' 36-70 As] | 18.26109.97 2.00010.320

71-100 . . | AB. 13.91407.28 | 3.40010, 330 |
Samplo scrice E, Pit K,0+2.5 cm E-L  i 1 5 22,20012.40 | 102. 900#1. 740 1.1210.61

2.6-5 Moy E-+2 i} > 20,90413.79 ° =, 112. 000+1, 850 1.5910.68
6-10 a ;  25.70817.187 , | 158.0001-2,690 2.6540,87
11-15 : £-4 , t Lt : $20,000+1,920
16-25 fo + BS ' : 91,900¢3.130
26-50 "peg a 1.52010,440 <0. 884

‘* " §$8-75 ' Bey i fo 1.88010. 340
Sample series F, Pit L,0-2,5 cm F-1 - ' - 146,00042.480 4.9510. 84

2.6-5 4 F-2 | 135,00012,420 4.5410.84
6-10 R-3 | i 139, 0001-2.440 7.2410.93
10-15 F-4! <24.38 . - 104.00041,930 4.9510,79
16-25 m4 F-5 46.74422.37 85.10013. 380 9.5331, 39
26-50 F-6 / , $12.65 8. 31010.410
51-75 Pod RD? pot - 8 893410, 324
76-100 ee i! pap sot ; 0.4410,41

Sample series G; Grab samples G-1 7 Wt a ,,26,37408.88 : 38.60010.690
Sample series H; Pit F,0-2.5 cw lel 'h/ 16/75 © 74.55436, 94 _ 1 255.000i%. 000 5.4941.75

.6- pO eg Cf, mo 1: 271,00014, 12d 6.951,35
6-10 Po te | 4 ' 290,00014.520 B,1202.49
11-15 : Med “28.56 225.00043.700 7.25+1, 26
16-30 NA5 a , , . 183,00012,850 4,161.01

6" core between houses 14 & 15 | 5-5 ‘4/3/76 ©. 8.42100.13 : 54.30010.770 0,6440.13
6" core 30 yde N.of house #24 * $46 Bo 38. 80010. 620 0.721017
6" core N.o€ hot area ' S-7 1.18100.59 | 169.000+1.599 2.1910.23
louse #40 Dust ' Del wv . 19.70010.630
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Location by IsJand-Atoll

 

 

 

 

Saaple K-40 Ca-137 Co-60

Descripties ID Date pci/g pci/g pci/s

Soil: Bikiat; Bikint
Heyse #35, Dust i. D-2 4/5/16 89.60+2.01

ltouse #35, Dust "+ D-2A 90.60+1.44
+ Molse #30, Dust -  D-3 lad 79.4019. 39
' Mouse #25, Dust ' Deh og 59. 801.65
| House #20, Dust - D-5 Led. 53.1015.71
‘ Mouse #15, Dust . D-6 92.6013.90

House #10, Dust . D-7 141.0012.57

Sanple sertes I, Pit B O-2.5 cm p-1 4/6/76 mo 263.0013.72 6.5248, 210
Egbeg ee a n-2 ey 419.0016.66 10.7042.160

6-10 n-3 371.0016.08 9.41%1.800

. Ves B-4 ae 369.00#5.45 4.2141.400

16-25 / B-5 78,07124.59 - ., ,- 42.8060.83
26-35 B-6 Ly 3.3010. 32

| Semple series J, Pit G 9-2. 3 cm J-1 24.54410.14 hoy 66.1010.92 0.9510.442
2:6-5.0 © 5-2 10.14405,56 - i, 46.3010.66 0.9910. 308

, 6-10 a3 18.68107.70. 45.1010.70 0.9910.361
Abed — dH4 32.08109, 38 , , 25.0040. 54 7

: 16-30 SS 29.07109.97 4.6810.35
3-50, (3-6 iL 8.0010. 20
51-75 J-? <0.55

"Sample series K, Pic H 0-2.5 cm K-1 4/17/75 49.76 240,004.49

. 2.665 K-2 <31.25 198.00+3.15 2.1810.990
" 6-10 K-3 <34,51 197.0012.97  2.3910.960

, 11-]5 cs K-4. | <22,95' 186,00+2.61  3,2710,830
16-25 °° K-5 36.53115.66 123.00#1.96 2.0510. 740
26-35 y, K-6 62,99122.45 154.00+2.51 2.32+1.000
36-60 1: Ke? 41.88417.42 132.0042.09 1.8410.820
61-75 k-8 26.89413.74 120.89+1.98  2.64+0.760

Sauple series L, Pit J O0-2.5 cm L-1 37.41415. 50 86.4011.66

2.6-5 L-2 42,97+15.66 80. 2011.59
6-10 L-3- po 28, 78913.99 45.9010.73 0.9810.400
b-15 L-4 1 <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.)

Locution by Itslund-Atoll

Sample K-40 Ce-137 Co-60
Pescription . Ip Date pci/ew pci/ew pCt/gm _

Soll; Bikial-Atkigt (Cont)
Semple Sorlosl, Pit (at) 26-35cm L-6 4/17/75 32.67411.48  60,30+1.300

 

16-50 L-? 44.56412,13 27.2010. 780
51-70 L-8 12.0010, 520

Soil;Eneu-Bikind
Sample serioe B; Pit. #3 4/14/75

2.6-5.0 3-6 “1.5140. 265
5.1-7.5 B-4 1.5540. 241 0.5340. 29
7.6-10 B-5 2.0010. 250 ~

Sample series C; Pit #2 2,6-Scm c-l 4/14/15 5.3010,340

5.1-7,5 C-2 4.5140,340
50-55 c-3 3.9740. 360

- c-5 2.2643. 210
soo c-6 2.1440. 350

Semple pastes D; Pile #1 bell 5.3410. 360

“ee . 2540. 380
$.1-7.5 cm p-34 7.2340.381 6-10 p-? 4.2510. 330
11-15 D-1 1,9910.270
16-20 p-6 1.5210. 310
21-25 D-5 0.8440. 280

44-48 D-12 1.2640. 320
49-53 D-4 <0.33
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Location by Island-Atoll
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Samplo K-40 Cs-137 Co-60
Description 1D Date pei/g pci/g pet/p

Solli_Nam-Albtal(Cont)
6" Cora noar W-2 s-8 4/7/76

6" Core near W-1 3-9 10.0010, 340 2.70040. 220
0-40 ca profile; Soll Pit W-1 0-5cm S-10 12.0010,450 3.66040, 290

6-10 8-11 03,3010, 220 3.37010. 250
11-15 3-12 04.1410. 290 5.71010,390
16-25 8-13

26-40 GS-14
0-50 cm profile; Soil Pit W-2

11-20 5-17 17.1010.470 4.82040.314
21-25 S-18 2.4110,180 0.67010,199

35-50 §-19 0.6910.095 0,21910.075

6" core, cnd of east transit &-20 79.00+1.020 157.00010, 564
6" core, Station E-1 8-21 5.21041, 140 9.3010, 350 7.40010, 380

0-50 cm Composite station E-1 §-22 9.9210, 380 3.69010, 290

6" core between atation 1 and 2 8-23 9.4910.340 3.94040. 2480

5 cm composite-3 samples bet.5.162 8-24 23.4010,520 6.71010. 350

6" core, Station #2 3-25 10,1010, 390 1, 390t0. 190

5 cm composite-3 samplca at St. #2 S-26 43.6010.420 2.91010, 240

4/6/76 26.2010. 700 5.73010.410

0-5 5-2)
6-10 8-28 0.92740.679 9.74+0, 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 0.16140.064

46-50 5-32 1,5410.150

51-60 $-33 0,960, 106 0.13510.056

61-70 s-34 0.9410. 107 <0. 0807
6" core between shore & St. #W-1 §-35 5.8710, 260 1.38010. 160

6" core between St. @W-1 & W-2 S-36 17.9010,440 3.36010, 240

5 cm composite-3 samples Sc. fl &-3) 11,3010, 440 1.430t0,155

and shore

6" core between St. #1 aad 8-38 “7 8.1710. 321 1.42010. 162

shoreline



Table 2 (Cont‘d.)

Location by Island-Atoll

 

 

Gample K-40 Ca-137 Co-60
Deacription 1b Date pci/p pcise - pct/p

Soil; Rongelap-Rongalap

9-10 profile (150-200 yds) 8-1 4/4/76 16.5010, 380 0,47010.085

12" profile last house cast end §-2 10, 5010.462 0.64740.165
12" profile behind Jabwe's house §-3 13,4010.403 0.37810.090
12" profile last house 5-4 7,08t0.334 0.11010. 065



Table 3

Location by Island-Acoll

 

 

behind house #30

Ganply K-40 Ce-137 Co-60

Deacript{ion 1D Datc pci/g pcis/p petly

Ver. Bikini; Bikini
Coconut Trac-leaves/Norch-2ad BL vV-66 SALVA 321,000102.780
Coconut Trea-leavea/South-lac BL V-72 154,00+060.50 301.000102. 080
Coconut Tree-leaves/South-2ad BL V-273 | <1).00 318000101, 320

Coconut Tree-leavea/Conter-Row 34. V-74 411,.004122.00 8638.000105.110
Coconut Frond North-ltet BL V-82 4/1/74 178.001045.40 343.000102.120

Cocouut Frond-Horth of Mouse #37: v-38 4/16/75 < 9.47 28, 200100. 484
Coconut-Frond Pit C v-40 | $5. 500100. 783
Coconut-Frond Pit H y-42 424, 000t18. 100 204 0412.50

Coconut Meat V-120-A V~-120A 3.334001. 31 10.800100.455
Coconut Heat V~120-8 V-1208 26.301005,91 177.000103, 120
Coconut NHilk V-122 v-121 1.174000, 61 J.593100. 082
Pandanusrleaves North Ird BL V-67 4/12/74 18.511001,47 46.600100.519
Fandanus-leaves Pit 4 v-90 4 16.60t009.42 196.000101.370
Pandanus frond lagoon road-Houses 35 & 36 v-31 4/14/75 159,000102,130
Pandanus frond ird BL - Sea V-32 4/18/75 52.274011.73 46. 700100. 837
Pandanus frond houae #30 v-34 10.55400t.07 =115.700101. 600
Pundanus fruit-northease i

Edible V-80A 4/12/74 327.000102.340 21.24 3.43
Inedible vV-89B 284000402. 460 Ll.1+ 3.62
Core v-89C 76.80+ 12,80 549.000105.690

Pandanus fruic-Pit #4
Edible V-91A 4/12/74 425.000+02, 330 12.04 3.31

Pandanus fruit-lagoon gd bet. v-30 4/14/75 4.914 2.24 945. 00001). BuO 7
Mouses #35 & 36 ~ ~
Pandanus fruic-house #30 V-15 4/18/75 422.000105,210Pandanue fruit-lagoon road V-36 4/16/75 434.000105.070



Table 3° (Cont'd. )

Location by Islaud-Atoll

 

 

K-40 Ca-137 Co-60

Deacription Date pci/g pci/g pote

e k - Cont

Scavoola leavee-North 4/12774 110.0 401.030
Scaveola leaves Mouse #30 4/16/75 111.00402,040
Scavoola leaves Pit A 4/18/75 “12.82 137,00+02.070
Scaveola leaves Pit B 1460.00t21. 800
Scavoola leaves Pit C 483.00106.860
Scaveols leaves Plt D 4\8.00105.790
Scaveola leavea Pit E 352 .00104. 980
Scaveola leaves Pit F 243,00403, 370
Scaveola leaves Pit G ~ Row 14 393,00105, 740
Scaveolu leaves Pit it = 3rd b/1-N 1103. 00416, 300Scavoola leaves Plt L 25.97413.99 179,00102,430
Scaveole leaves Pit H 27.4B8+10.89 098. 20101,440
Scaveola leaves Pit N + 16,75106.76 092. 30401,290
Scaveola leaves near Palm Troe 4/16/75 13.99+07.84 130.00+01.770
Scavcola leaves near USCS Well 14.41409,52 172.00102.350
Tesaature Pandanus-Wuuse #35 l

Frute 4/5/76 649.00105.790 17.4015.50
Core 1120.004+10.700
Stem <48.50 706.00108 , 280
Inedible 648,00106.170 11.7016,35

Pumpkin-lMouse #40
Flesh 4/5/76 25. 70107.94 326.00102.510 11, 5012.61
Seed [ 126.00+01.070 ~
Skin . 20.90105.87 228.00401, 740 4.32+2,13Gquash-House #29 4A/V4/75 47. 20110.81 232.00103. 510 ~

Arrow Koot Tubers E of House #4 4/17/75 ~ 1250,004+19, 800
Banana Fruit behind House #24 11. 73402, 24 30. 2000, 330
Banana Skin behind Mouse #24 32.08405.44 56.90100.973
Beeadfruit leaves Pit I 4/18/75 65.84113. 24 .29.70100.985
Tumature breadfruit ldiind Nousa #34 4/5/76 17. 60105, 27 159.00t01. 370
Immature breadfruit bet. M. 16417 13.60102.85 85. 30100, 730
Breadfruit-compoalta of samples 4/6/76 191. 00101660

between Houses #8 & 9



Table 3 (Cont'd.)

Location by Island-Atoll

 

Sample K-40 Ca-137 Co-60

Description Th Date pli/g poi/g pci/p

Hesserschaldia leavea- 3 BL N. V-75 4/12/74 543.00423,00 132.010.905
Heaseracluaidia leaves Pit ll V-76 3/18/75 713.016.100 25.016.10
Hesuccschaidia leaves Pit A V-1? 4/18/75 9.80103,90 27.140.480 <O.622
Hesserechaidfia leavas Plt C v-18 544.017.9860
Mesucrscluaidia leaves Pit G V-19 227,013,370
Nesseracluaidia leaves Pic I V-20 448.016.540
Hesscrachwidia leaves Pic H V-21 <71.04 493.016.8800
Heeserachmidia leaves Pit W V-22 . 535.016.650
Meeserschmidia leaves V-23 715.09. 540
Souch road NW of Bunke
Hesaerschaidia leavea - USGS well V-24 4/16/75 33.804:10.30 204.012.570
Papaya Meat v-102 4/4/74 155.0t1.610
Papaya (lumature) N of House #25

Fruit V-5A 4/5/76 32.40106.32 98.7+1.020
Skin V-5u e 87,641,520

Papaya Skin & Seeds V-103 4/4/74 <25.00 153.011.670
Papaya Sceds - behind Mouse #24 V-48 AJA4/75 447,.016.010
Papaya Seeda - behind House #24 V~50 <22.87 308.014,520
Papaya Fruit - behind Wouse #24 V~4? <31.08 762.0112.10

V-49 <27.64 677.019.570Papaya Fruit - behind Mouse #24



Location by Island-Ato]l

Table 3 (Wont 'd)

 

& E-1l

K-40 Ca-137 Co-60

Description Sample Dute pct/, pceti/x pei/e

Negetation;EneucBikint
Scaveola leaves Pit #1 V-14 4/14/45 16.9246.53 41.4010. 614 <0.489
Scaveola leaves Pit #2 v-15 13.24% .69 16. 3010.450 <0, 529
Scaveola leaves Pit #3 V-16 < 5.78 9.15t0,302 <0.446
Messerachmidia leaves Pit #1 V-25 9.8014 .47 48.7010.670 | 6.67210,331
Messerechmidia loaves Pit #2 V~26 17.42+9.39 78.3011.140
HMesserschmidia leaves Pit #3 V-27 18.0948.45 57.4010.854
Messerschmtdia frutt Pit él V-28 16.9214.60 54.8010.819
Messerachmidia frutt Ple #3 v-29 ° 24.5448.48 85.10+1.390 <t.000
Pandunus~frond: Cawp Blardy, lagoonroad V-56 4/15/75 <15.33 29.0010.711

NenstationsNom-Bikint
Scavyola near sotl pit at Sc #W-2 v-8 4/7/76 332,00+2.970 7.37013,440

Scavepla between St, @W-1 & W-2 v-10 213.00#2.000 5.18012, 530

Seaveola neat gott pit at Se. dW-1 V-14 501.0015.170 22. 90014, 980

Scaveola mlbvay between beach & St. v-15 10.3012.39 35.6010.474
éw-l

Scaveola beyond E-2-end of east t/s V-17 12.00+5.65 140.00+1.560 6.30012.020

Scaveola near E-2; east transect V-19 11.9013.72 83.1010,721

Scaveola between B-1 & E-2 V-20 54.3010. 740 5.04041.070

Scaveola near E-l (East transect) V-23 7.9543, 96 56.6010.876 5.08001, 270

Scaveola between shore & E-1 V-24 4/8/76 11,2042.79 54.4010. 645 <1. 040

Messerschmida at St. éw-2 y-9 4/7/76 262.001-2.970 8.90043. 500

Messerschmida betweacn W-) & W-2 V-11 15,40+9.48 334.0013, 290

Messerschwida neac St. #W-1 v-12 572.0013, 640 12.700+3,660

Messerschuida near soll pit, W-1 V-13 585.0014,580

Messerachmida midway between beach V-16 11,0014,85 24.6041,160 <2.040

& W-l

Meesecschmida East transect near E~2 v-18 12,50#6.70 112.0011, 780 6.74042,320

Messerschiuniida « between E-1&E~-2 V~-21 §.6414.20 95.7041. 060
Hesserschuida “ near E-1 V-22 15,2015.37 93.4011,130

Messerschmida “ between shore v-25 4/8/16 8.394-3,52 60.2010.768 <1,930
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Table 3° (Cont'd).

Location by Island-Atoll

 

 

 

Sample K-40 Ca-137
Description 1p Date __pile rCt/g

Vegetation; Higej-Kwafaletn

Coconut Hilk v-109 4fyai7s 2.5610,734 <0.048
Coconut Heat V~110 10, 7041.950 0.13410,072
NMegetation; Rongolap-Rongelap_

Scaveola loaves wea side, church V-77 414/14 9.4511.720 9,13010.210
Guettarda leaves sea sidc, church V-63 12.1512, 370 7.81010. 227

Beresdfruic leaves, Tree #2, ctrofvil V-64 “ 13.0713.040 42.60010. 500
Breadfruit leaves weatend V-65 4/5/24 10, 80080, 965
Breadfrutt lcaves ecastend V-29 4/4/74 8.09+1,830 23.90010, 300
Breadfruit skin & core westend V-95 19, 200:+1,030
Breadfcult ekin & core castend V-97 10,2012,480 23, 50010, 350
Breadfruit skin, core: Tree #2 v-99 10, 80+2.040 47, 80010.451
Bread fruit Heat: Tree #2 V-160 6.5442.300 41,70010,459

Breadfruit Meat; V-98 6.8641.820 19, 60010, 265
Breadfruit Heat: V~-96 4/5/74 20.5014.510 22.90010.541
Breadfruit V-27 4/31/76 10,4011, 860 35.3000. 372
Arrouroot V-101A 4/4/74 19.90010.470
Arrowroot V-101B 41.60061.410
Coconut copra v-70 | 04.894+1.520 15.90010, 200

Coconut frond; Tree #1 eastend v-83 10. 70016.220 ©
Cocoanut Heat V-114 4/12/75 14.6014. 540 08.75010.781
Coconut Meat V-116 37.3019. 660 36 .80012,120
Coconut Heat V~122 12.7042,480 12.00010,540

Cocoanut Milk V-HLS 2.1910.750 1.00010. 110

Coconut ML1k V-116 ' 3.1440. 890 1.79010, 163
Pandanua leaves; Trea #1 eastend V-62 Af4f/14 14.2412,840 65. 30010.570
Pandanus Frutt V-26D1 4/3/76 19.9065, 760 08, 00010.930

Core V~-26D2 7,.4411,930 21.000+2,050
Incdible V-26D3 | 61.90010.430



Table 3 (Conc‘d.)

Location by lsland-Atoll

 

 

 

 

 

Samplo K-40 Ca-137 Co-60
Description 1D Date pct/¢g pei/r peiie

Veg, Rongelan-Rongel ap (Cont)

Pandanus Fruit V-26Cl 4/3/76 117.00t1,270 6.2341.65
Stem V-26C2 120.0011.170
Core V-26C3 33.60109.04  235,0012.060
Inedible V~2604 11.10105,04 89,30t1, 040

Pandanus Frult V-26bl 15.00101, 84 69.9010.430

Stem V-26B2 31.90105.90 56.2010,820
Core V-26B3 63.40+17,00 96.6011,540
Inedible V-26B4 12.10102,26 39, 2010,400

Pandanua Fruit V-26Al 3.17101,18 18.7010.200
Stew V~26A2 35§.30+1,650
Core V-26A3 50. 70t1 - 290

Ineditble V-26A4 4 6 ,.09#92.50 10,8010, 200
Pandenus Fruit - edible Tree #2  V-H6A 4/4}74 9.65101. 25 23.5010. 240 “0.87

Inedible - Tres #2 V-868 Lb 7.54401. 88 12.3010. 240
Pandanua Fruit Edible V-@5A 4/5/74 6.63101.37 48, 2010. 400

Inedible V~85H i _ 11.00102.29 25.6010.340

Pandanus Frutt Edible Tree #1 E  V-84 4/4/14 “4.13 72.400. 640
Inedible V-B4A | 58.5010, 600

Pandanus Fruit Edible V-26EL 4/3/76 10.80103. 30 72,3010.670Core Y-26E2 29.80109.80  122,0011.230
Inedible v-2683 11.00402, 60 50.6010. 440

Vegetation Entfaitok-Rongel ap

Scavcola leaves; oceanside V-69 4/6/74 9. 30101.69 3.7310.174
MH sccrachuidla leaves; oceansido V-78 7.46102. 36 22,6010,310
Bread Fruit leaves v-80 8.23101. 81 14,9010, 243

Pandanus Fruit-Edible V-HBA 191,0011.410 13,742.03

Coconut Meat v-118 4/12/75 6.65101.60 5.2610.320
Coconut Hilk V-119 4 1.0110,143

Vegetation Kabel le-Rongelap
Scaveola leaves V-81 4/6/74 17, 80101,72 15.7010.240

Vepetation Uttrik-Ucitrik

Pandanus Fruit-Edible v-87 ANT * 1, 58101, 32 20.2010, 214 <0.89
Inedible V-H7A £ 7.69102,53 21.2010, 310



Table 3 (Cont‘'d.)

Location by Tuland-Atoll

 

 

Sample K-40 Ca-137
Description 1D Dore pcai/r pet/g

Veg. Uctrik-Ucirtk (Cont)
Breadfruit skin & core; V-92 4/5/74 17.7042.26 11,9010.265
Jakas louse

Breadfruit Edible; Jakas Mouse v-93 4/5/74 13.00#1.06 9,3710.144
Avcowroot - skin east end island V-94A 4/1/74 16.2043. 840

Coconut Copra v-104 | 6.7140.210
Veectatiog Worho; Wotho
Pandanua Fruit - edible V~ 106A 7.08+2.80 3.4610.262

Breadfrutt akin & core Vv~107 4/19/75
Breadfruit meat v-108 9.5541.92  1.0410.143
Coconut al lk Vv-1it | 1.3610, 260
Coconut meat Vv-12 . 3.7441.04 1,1010,120



Table 4

Location by Island-Atoll

 
 

 

 

Sauplea K-40 Cs~137
Description yo Date pet/p pci/y

Catchment Scdiment -Biktal 19.20 42.06
House $35 «ed time 5/76 40 42.
MewesP30 gedtasnesy 4/4/ 63.00 41.93
Nousea #25 Sediment #3 38.40 43.09

Mouse #15 Sediment @5A 42.80 +1.09
House #15-1 Sediment #20 36,30 41.21

House #20 Sediment #4 18.00 10.72
Sediment #6 20.50 41.20HNousa #10 oT

MATER -Dthint Jf pest
-~us W-4 4/6/76 1.92010. 346
st W-5 ; 0,68110.315“1 Wl 4/4/76 1.06 x 10°°49.71 x 1075



Table 4 (Cone'd)

Location by island-Acoll

 

 

 

 

Sample

tescriotion tD Sate ca-60

Catenment Sedimenc - Sikint

mouse #35 Sedimenc #1 4/5/76 Not decectasle

House #30 Sedimenc #2

Yousa #15 Sediment #5A

House #10 Sedimenc 76

douse #29 Sediment #4

House #15<i Sedimenc #5B

3ikini at Eneu

‘waCar weal Wel 4/4/76

Soil; 3ikini ac Bikini E=4 4/17/75

Sample Series —, Pic XK E=-5 |
z~-6 ”

Animal: 3ikini-3tkiai

Muilae (Viseera) Felc 42/8/74

-~ 25 -



Table 5

location by leiund-Atoll

 

 

 

Sample K-40 Ce-137 Co-60
Description TD Pate peisy petl/ep podly

Anutwal, Biking - Afkint

Mackerel (Scales) Lagoon F-6A 12/8/74 10.60#3,02 1.61010,461
Mackerel (Flesh) Lagoon F-60 19,4013.47 0.60840.126 2.57010.337
Hackerel (Viscera) Lagoon F-6C . 11,9043.95 5.0/010,93)
Hackerclh (bones, gille, head) Lagoon F-6D 5.4942.21 1, 58010,452

Tridacna Lagoon F-) 4/16/75 11.4012.49 1.21082, 210

Animal, Bikjui-Eneu

Fish (Scales) F-3A 4/14/75 11,9042. 35 1.42010. 288
1).50#2.17 1.32010, 266

Animal, Bikini-Naw

Hullet (Plesh) F-1A _ 12/8/7¢ 9.3411.97 2.39010, 349
10,1042.14 2.61010. 3a!

Maller (Hone) F-1B 1,.65010,456

Mublec (Viecera) F-1¢ 7.0043,00 B.B70ib L120

Hullec (fin, Scaler) F-1D 4,05¢1.62 0.43310,161 3,32010.480
12/8/74 4,3841.76 0.48110.170 3. 06010.440

Snapper (Scales) F-4A B.0541.48 1.63010, 241
Snapper (Flesh) F-48 16.904#2,22 1.82010.233
Snapper (Viecera) F-4C ‘7.2211. 68 4,.52010.445

6.6741.55 4,17010.411
Snapper (Bone) F-4D 3.547114 0.90L10.174
nimal, Rikini-¥nd

Conv, Surg (Scales) Waeet End Recf F-5A 12/9/74 4,36+1.23 1.98010, 264
Conv, Surg (Flesh) “ F-58 15,0012.04 1.77010, 254%
Conv, Surg (Viacera) " F-5C 5, 7841.44 3.33010, 350

Conv, Surg (Bones) " F-50D 3,031, 29 1.65010.263

Animal, Kwajalein, Kuaj

Coconut Ceab (Shell) ¥-6A 12/9/74
Coconut Crab (Meat) F-6b 13.4042, 56 0,67410.139
Cacouut Crab (Viacera) F-8C 8.3441. 96 0.481410.112

Antal , Rongelap-Rongelap|

Parrot ¥ish (Flesh) F-2A 12/8/74 17.7042 .58
Parrot Fish (Scales) F-2n 9.36+2.33
Parrot Fish (Done) F-2¢ | 5.29t1.72
Parrot Pish (Viscera) F-2D 4. G011.42
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Table 6

Locattou by Loland-Atol |

 

Sample Sr-90 Pu-2 38 Pu-239/240 Am-241

Description Ib Date pei/y pol/y pei/p petfe

Holl,Dikind-pikint
Sample series A, Pit M 0-2,.5 cm A-1 4/17/75 1.3410, 81 16,0912. 20

2.6-5.0 A-2 67.1610, 74 09.0401.80
6-10 A-3 39, 7610,40 04.1819) HO
LL-15 | A-4 37.62410.38 02.2950.46
15-25 A-5 30,3210. 30 0.524) 45

26-35 A-6 21.1410, 27 0.3210°10
36-70 A-] 21.7210. 22 0.10)4

71-160 A-8 8.5410,12 0.04%) (4
Sample series E, Pile K 0-2.5 cm E-1 94.0110.94 10.23) 97

2,6-5 E-2 120, 3641.21 L.18tn 94
6-10 E-3 150.9941.51 14,9412 ,98
11-15 E-4 101.5361.02 4.751096
16-25 E-5 V31.6241.32 4,81), 98
26-50 E-6 54.0510, 54 0.19819 06

51-275 E-? 1.6110.07 0.0924) Og

76-100 E-O 0.1610.01 0.014190)
Sample series F, Pit L 0-2.5 cm F-1 162,6641,63 22.5619 592

2,6-5 F-2 216.8542.19 29.0349 gh
6-10 r-3 323.1163.23 42,3212 40
1-15 F-4 257,.25#2.57 27.5015 50
16-25 F-5 159, 2641.59 6.8912. 38
26-50 ¥-6 21,3510, 36 0.1024 .03
51-75 K-? 6.0510,35 0.02519 .02
76-100 F-8 1.8810,09 0.01410.01

Sample series G; Grab aamplea  G-1 ¥ 14,3910,17 2,02010.40
Sauple series WH; Pie FO-2.5 cm i-l 4/16/75 520.2745. 28 44.9212.01

2.6-5 i-2 §27,524+5.73 48.2417 60
6-10 H-3 574.4215.73 46.9412 40
11-45 M-4 562.6115.6 40.6914 00
16-30 N-5 394, 5913.95 23.0819 22
31-50 N-6 | 10.6710.17 0.04210.40
31-70 il-7 “ 4.6640, 12 0.01810, 20

6" core between houses 14 6&6 15 8-5 4/5/76 45,0610.49
6" core 0 yde Nof house #24 S-6 77.0010.63
6" core H.of hot area u-? 123, 6810. 274 7.4140, 96
House #40 Duse -b-} Ni 7.1610.15 0.10640,021 1.82910.082 



Table 6 (one'd.)

hocution by Luland-Atoll

 

 

 

 

Pu-239

Sample Sr-90 Pu-238 Pu-240
Description 1D Date pci/p pct/, pci/g

Soil: Bikink; Bikini

4/5/76

House #30, Dust D-3 26.41+1.08

Nouse #25, Dust D-4

House #20, Duat D-5 29.00t1.69 .28310.066 1.720+0.20
House #15, Duat D-6 J
House #10, Dust D-) ° 43.0440,67 .027410,020 3.56910.4)

Sample series I, Pie B O-2.5 cm ne] 4/6/16 578.6345.79 39. 81082 90

2.6-5 H-2 535.1445, 35 53.6002 7}
6-10 &-3 669. 3448.69 60.1802, 44
bb-85 b-4 565. 3245.65 21.7382 95
16-25 h-5 242.7262.43 1.32019. 50
26-35 -6 22.1010, 22 0.22010. 20
36-50 H-7 O.46+ - 0.009 —
51-75 u-4 0.36) - 0.014 —

Sample series J, Pic G O0-2.5 cw J-1 36.8410.39 6.530t0.53
2.6-5.0 J-2 45. 5010.46 7.14047 4

6-10 j-j3 35. 5410.36 6.030#0, 72
11-05 3-4 42. 18+1.01 4.76040. 50
16-30 J-5 37.3660.41 5.92010.66
31-50 J-6 mF 14.8210.34 -
51+75 J-7 1.80+ - 0.0234).03

Sample uerlea K, Fle Wo O-2.5 cm k-t A/VT/75 198.3211.98 16.25011,25

2.6-5 K-2 191.8511, 92 17. 3008) £55
6-10 K-3 175. 3201.75 15.7304), 98
i-15 K-4 193.8741.94 19.1004), 81
16-25 K-5 1BO, 3641.80 14.6204) 45
26-35 K-6 206.44+2,06 15.2801) 00
36-60 K-? 205. 1442.05 12.9104), 63
61-75 K-8 9b. 5811.92 12.1400 Q2
76-100 K-9 24.1510, 24 0.135 -

Sample series L, Pit J) 0-2.5 cm L-d 135.5440. 46 7.6904) 77
2.6-5 L-2 64.4210.83 7.8304) 94

0-10 1-3 60.4510,61 5.1204).68
bb-05 1-4 L 108,65+1.09 13.00.52

L-516-25 373.6913. 74 24.9701t 09



Table 6 (Cont'd.)

Location by Island-Atoll

 

 

Pu-239

Sample Sr-90 Pu-238 Pu-240
DNeacription Ip Date poise poi/s poisp

Sotl; Wihinl-hiktud (Cont)
SampleScrfewh, PJ Cau) 26-35cm L-6 AINI/15 251. 9412.520 2.000t0.03

36-50 1-7? 149.0011.490 0.0681 -
51-70 L-8 28.8010, 290 0.0121 —
71-100 L-9 0,3640,020

0.5740,040 0.0044 -
101-120 L-10 0.90% - 0.0091 —

Soll; Eneu-Hikint
Sample series B; Pit. #3 30-35cm h-1 4/4/75 O.41+ ~- 0.004+ -

0-2,5 h-2 1,.2410,074 0.16040.10
61-66 B-3 0.451 - 0.0051 -

5.9-7.5 h-4 1.0810,060 0.2701, 25
7.6-10 W-5 1.6110.070 0.25010, 20

2.6-5.0 N-6 1. 1610.080 0.18019) 10
Sample sectes C; Pit #2 2,6-Sem C-!1 444/75 3.1840,210 0.67010.55

5.1-7.5 C-2 3.1610,100 0.56019), 25
50-55 C-3 3.4210.070 O.B40%) 24

3.410.130

7,6-10 C-4 3.0010,080 0.64010, 30
4.1210.140

61-66 c-5 3,91410.070 0.090) ~
4.3010, 160

66-71 C-6 10,4410,.120 0.0504 -
9.7010,180

46-91 C-~7 8.3010,150 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 ad 6.2110,110 1.28000. 33 
5.3710.130
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Tuble 6 (Cont'd,)

Location by ITsland-Atoll

 

 

Pu-239

Sauple Sr-90 Pu-~238 Pu-240

Deacriptton mW bate pci/e, pci/g pcify

Sell: Ublkénd-Nikinl (Cour)
Sample secfles DB; Ple #1 B1-bScm D-1 0.345190.27

3.9210,070 0.,21010.15
86-91 D-2 O.45+ - O.004t -

59-6) D-3 1.3410.060 O.014t —

49-53 D-4 2.6440.090 0.0454 ~

21-25 D-5 5.4110,010 0.35410,93

16-20 D-6 5.324#0.010 0.30210. 30

7.6-16 D-? 10,5140.170 1.670+(0, BO

6.3440, 150

2.6-5,6 b-8 7.4210.150 0.5621g, 39

54-58 n-9 1,9010, 100 0.023¢ -

38-43 b-10 4,7810,110 O.1L16t0.82

0-2.5 D-11 7.6510, 150 0.92310.44

44-48 D-12 3.36#0, 100 0.080% —

Not Pecauent D-13 - ~
§5.1-7.5 cw D-14 11,6010, 390 1. W049 67 



Table 6 (Cont'd. )

Locatlouw by Island-Atoll

 

 

- Sample Sr-90 Pu-238 Pu-239/240 Am-241
Nescripeton TD Date pei/p pci/g pci/g pei/g_

$011;Naw-Dikin£(Cont) oO
6" Core near W-2 s-4 4/7/76 53.8910,53

; 55.5710.79
6" Core near W-l 5-9. 35.2510.42 11.9010. 58
0-40 cm profile, Suil Pie W-1 O-ScmS-10 22. 7410.50 10 /4010,69

6-10 S-11 27.1740.54 11.3010, 56
11-15 S-12 56.4710. 76 21.9000.92)
16-25 s-1) 261.5908.17 -
26-40 S-14 57.1910.54

0-50 cw prefile; Sofl Pic W-2 O-Xcm $-15 SL. 7400.79
49,5210.50
40.6310,50

6-10 S-16 69.4510.60
11-20 S-1? 68.0410.57
24-25. 5-18 47.5110. 50

35-50 §-19 B7.4510.44

6" core, end of east transit 5-20 183.6001 .00 50.1001.35

6" core, end of cast transit — §-20 HH. 7441.45 NA

6" core, Station E-1 §-21 54.5910. 56 11.2010.62

0-50 cm Composite station E-1 §+22 67.7410.61 11.00+0.71

6" core betwecn station 1 and 2 $-23 54.1010.51 15.7080,70

5 cm composite-3 samples bet. St.162 $-24 105.5710. 74 19,7010.8)

6" core, Station #2 §-25 75. JOt0. 64 01.6210,45

6" core, Station #2 $-23 dL 84.22¢1.02 NA

5 cm composite-3 samples at St. #2 $-26 94.7010.71
9-70 cw profile; St, #2 soll pit S&-27 4/0/76 75. 3010.62
0-3 cu 77.0110, 64

0-5 8-27 | 83.8011 41
6-10 5-28 14,6240. 39 2.7410.48

1t-20 §-29 14,6940. 39
21-35 S-30 9.9310,33
36-45 $-31 4.5410. 22
46-50 $-32 3.331019
51-60 s-33 3.0010.17
61-70 S~34 2.7210,16

6" core between shore & St. #W-1

=

S-35 24.4610.51 10.6010.56

6" core between St. #W-) & W-2 $-36 25.4810, 50 9.3310.55

5 cm composite-3 vamples Sc.#h S-3] 15.3000,41 6, 3210.45

and shore . J

6" core between St.. #1 and $-38 a“ 14,2210. 36 .1510.37

ahoreliae

 



Table 6 (Cont'd.)

Location by Islund-Atoll

 

Sample Sr-90 Pu-238 Pu-239/240 Am-241
Deacripeion ‘ ID Date pci/g pci/e pei/g peil,

a ; ;
Soll; Bigej-Kwajalely | oo.

Saoply series M , M-1 4/42/75 O,4tk - 0.002+ -

Sot]; Rongelap-Rongel ap

9-10 profile (150-200 yds) S-1 4/3/76 20.8910.34 -
21.2610,59

12" profile last house east end S-2 i 20,0910, 33 1,8210.443
12" profile behind Jabwe's house §-3 - 12.9610. 26
12° profile last house 8-4 6.2710.18

tog . ‘ ,



Toble 7

foo . Lacation by Island-Atoll

va . , Sample , . Sr-90 Pa-238 Pu-299/240

 

Description In Pate bGtly pois, peile

Veg.Wiktuty Bikdnd ,
Coconut Froyd-North € Hopsg #37. . :V~38 , 4/46/75 34.2110.620 0.125t0.10
Coconut-Frond Pit € . , v-40 13,8540, 300 0.0974
Coconut-Frong Pic Ul V-42 34.7310,450 0.029  _
Pandanus Frond lagoon road-Nousea 35 & 16 V-31 4/14/75 402,1614.020 0.04441 -
Pandanua front 3rd oh - Sea v-32 1 4/18/75 260, 2712.600 O.03l8  -
Pandanus frond house #30 V3 . . ~41,4610.456 O.O74+ —

Pandanus Frudt-lagoon Kd bec, , V-30 ~ 4/14/75 199.3241.990 0.0100 -
Houses #35 & 36 : ~
Vandanus fruit IJrd-baseline . v-33 4/18/75 193.6041,936 O.001+ -
Pandanus frutt-house #30 LABS L .- 38.3200.380 | 0.002¢
Pandanus €cuit-}agoon road V-36 { 4/16/75 34.1740.342 : Q.010+
behind house #30 oo

Messerachmidia leaves Pit A V-17 1 4/18/73) 14.6210.16 . _ 0,0708 —
Nesserschmidia leavea Pit C V-l8 ; 419, 6001,14 , 0,16210.12
Messerschmidia leavea Pit G V-19 i .  395.2940.35 0.49710, 29
Messerschuidila leaves Pit I V-20 97.7510. 98 0.45910), 2]
Messerschmidia leaves Pile M v-21 384.05+3. 84 6.65310. 48
Messerschmidia leaves Pic N V~-22 . - 104.19181.04 » 0.67100.31
Messerschuidia leaves V~23 -  $6.6710.5) O.1B1NY). DY
south road NW of Bunker
Hesserschaldia leavea - USCS well . 1 V=26 4/16/75 110. 54t1 11 _ 0,98510.60

Papaya (luanaturc) N of House #25
Feait . V-5A 4/5/76 7.0910. 20

Papaya Fruit - behind Mouse #24 -" V-47 4/14/75 79.1980.87 0.001t -

Papaya Fruit - behind House #24 v-49 . 74.2810.74 0.009t -



Vablde 2 (Cont'd. )

location by Istund-Atol]

 

 

Pu-239
Sample Sr-90 Pu-238 Pu-240

Description Tb Date pci/g pel/p pei/p

Yep,Biking -Bikial(Cone)

Scaveola leaves Pit A V-1 4/18/75 47.0710.47 O,VISIO.E2

Scaveola leavos Pit B V-2 160.56+1.69 O.18C 4g). ta
Scaveols leaves Pit C V-3 162,93t1.63 © 0.1564), 16
Scaveua leaves Pit D v-4 127. 3941.2? 0,070! ~
Scaveola leaves Pic E V-5 80.9010.81 0.5224).54
Scaveola Jeavea Pit F V~-6 37.6410. 38 0.3664).40
Scaveota leaves Pit G - Row 14 v-7 50, 5410.51 0.248), 25
Scaveola leaves Pit Ut - 3rd b/I-N V-8 166.8911.67 0.3500, 39
Scaviwwla leavea Plt L vV-9 124,6011.25 0.1480.15

i Scavevia leaves Pit | v-9-1 155.0581. 55 0,1450.15
ta Scaveola Jeaves Ple M v-10 49.2310.49 0.931) 548
& Scaveula leaves Pit N v-i1 + 38.6410,39 O.014t_
‘ Scaveola leaves near Palm Tree V-12 4/46/75 31... 3500,31 0.0801 —

Scavecla leaves neue USCS Well v-13 L 39,6610.40 0.2054), 20
Tumatuce Pandanus-House #35

Frule V-3A 4/5/16 172. 3611,99

Ineatble v-3) | 64.0810.64
Pumpkin-Muuse #40

Flesh V-~2A 4/5/16 9.6210,22
Squash-lMouse #29 V-51 4/14/75 5.3110.14 0.003% -
Arrow Hoot Tubera E of Mouse #4 v-52 4/17/75 9.691085 0.23910.15
Hanana Fruit behind House #24 v-53 | 9. 3310.23 0.002+

=

-
Banana Skin behind Mouse #24 V-54 , 90.0010,90 0.018t ~
Wreadfeutt leaves Vit I V-55 4/86/75 377,813,786 0.14810.12
Tusnatuce breadfrult tehind Mouse #34 V-4 4/5/76 60.9710,65
Immature breadfrule bee. W.16417) V-6 | 41. 3110.35
Ureadfrutt-composite of samples  V-? 4/6/76 48,0910.58

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

Location by Island-Atoll

 

& E-1

Sr-90 Pu-239/Pu-240

Description __Sawple Nate peify pele

Neectotieni__Encu-btkiol
Scaveola leaves Pit #l V-14 4/14/75 14,69%0.210 0.007+
Scaveola leaves Pit #2 V-15 6.1140,150 0.009F -
Scaveola leaves Pit #3 V-16 1.6240.075 0.023+ -
Hesserschaidia leaves Pit #1 V-25 19.4240. 290 G.O01+ -
Hesserechmidia leavca Piz #2 V-26 50.8140,510 -
HNesscrachmidia leaves Plt #3 V-27 37.2410, 376 O.010+ -
Messerachnidia frulc Pit #) V-28 . 4.3810, 350 0.004t -
Messerachuwidia fruic Pic #3 V~29 16.7810, 500 O.0)18t ~
Pandanue-frond; Comp Blardy, lagoonroad V-56 4/15/75 6.1040. 210 0,005+
Vegetation;Naw-bikiol.
Scaveola near soil pit at St #W-2 v-8 4/7/76 104.2910, 830 -
Scaveola between St. éW-L & W-2 v-10 198 ,09+1,450
Scaveolaneary soll pit at Sc. dW-l V-14 89.3810. 980
Scaveolamidway between beach & &t. V-15 98.23+1.040

au-t
Scaveolsa beyond E-2-end of east t/s V-17 175.2141, 320
Scaveola near E-2; east transect V-419 103.19+1.040
Scaveola between E-]) & E-2 V-20 93.5310.960
Scaveala near E-l (East transect) V-2) ° LIE, 9641,130

Scaveola between shore & E-~1 V~-24 4/6/16 62,1240.840
Hesserschwida at Sc, #W-2 v-9 4/7/76 321. 6141.520
Meaverachaida between W-1 & W-2 v-il 258.3241, 800
Hesserachwida near Sc, #W-1 V-12 74.8310.820
Heaserscheida near soll pit, W-1 V-13 167.931.4110
Heaserschmida midway between beach V-16 191,6541.500

& wW-1
Mesgerschuwida East transect near E-2 v-18 301,501), 900
Hevserschmida “ between E-~T&E-2 vV-21
Heuserschuida * near E-1 V-22

Messerachmida * between shore V-25 4/8/16 133.62+1. 240

 



-
-

Of
-

i. . . .; rep .. : ey too . ‘

i
oyu : sh Table 7 (Cont*d.)

t

Location by Island-Atoll

Sr-90

 

 

"hte, Bawple ,

Deacript ton ID Date pei/e ~

Venetation:Rongelap-Rongelap |Breadfrult |: | V-27 1 4/3/76 1. 8640,14.
Pandaous Fruit TInedible’ V-26D3 | 4/3/76 2,1740.16.,
Pandanus Fruit os V-26CL = 4/3/76

=

3.444020
Stem V-26C2 |
Core Unedible V-26C3 1.9740.15
Inediple . V-26C4 SU

Pandanua Frujt V-26n1 6.0510. 26‘Stew V-2682 ||: : woea a. Core V-2603 2.5140.18—
,. Inedthble : V-2684 ., a

Pandanus Fruit V-26Al 0.98+0.12 |oyStem Lo V-26A2 | Htsa ‘Core ; V-26A3— | 1.4510.13
. Inedible os V-26A4 | ’ Tes

“ leh Pandanus Fruie Edible . . V-26E1 yer ns
| 4a 4 Core V-26E2 | 2.0510.16 |,des Incdtble D4 V-26E3

poo ad ya
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Table 93

Soil Cores
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*S, Average Concentracicon in pCi/g Orv Weight
ine

‘Ny $r-30 Pu\229/ 240 Am-241 <-40 Ca=137 G9-40

3ikini $3.5 1.4 7.4 L2 77.2 1.3
"Nam 71.2 - 15.0 3.1 17.4 L6.1
Rongelap 15.3 - 1.32 - 11.9 0.4

Table 10

Soil Profile

*s. Highese Conceneracion in pci/g Ory Weighe

‘ty $r-90 3-239/240 Am= 24/1 Koi Cs-137 Ca+40

Bikini 328 32.3 - 45.3 228 5.4
Nan 138 - - 0.93 18.5 3.9
Eneu 7.9 0.93 - - 4.9 0.5

Table il

Messerscamidia

+s Average Concengracion in aCi/g Ory Weighe

‘ty §2-90 232239/ 25) Ame24] <4) Cs-1i7 3-90

3ikini 114.6 0.5 - - 426 25.93
Nam 207 - - 11.9 238 9.5
Eneu 25.7 Q.01 - 17.4 64.9 6.7
2niaicok - « - 7.5 22.6 -

Table 12

Pandanus - Edible

“s, Average Concencration in pCi/g Dry Weighe

AG §r-30 32 229/ 240 Ame 241 {00 Cs-l37 Ca=50

3ikini 235 0.50 - 14.9 402 16.5
Songelap 2.51 - - 10.4 65 6.2
Eniaitok - - - - 91 13.7

Teirik - - - 1.§ 29 0.9
Wotho ° - = 7.9 3.5 ”

 



Taole 12

Scaveola Leavas

 

 

_ Average Concentration in sCi/g Ory Weighe

“Y $r=30 me 229/240 ame 241 Rend Cseiit 79230

3ikiad 91.5 0.25 - 19,7 365.4 -

Nag 115 = - 10.5 77.7 10,4

Eneu 7.5 0.0L - 18.1 22.3 -

Rongelap - - - 9.4 9.1 :
Kadelle - - - 17.3 1$.7 -

Eaiaicok - - - 9.3 3.7 -

 

Table 14

Coconut Meac

 

 

 

 

 

 

 

 

 

 

“Ss. Average Concentration in pCi/g Dry Yeighe

“Ny $r+30 Die 229/249 AgeZal {-40 Csei37 29-90

Sixiat - - - 14.3 34 -

Eniaicok - - - 6.7 §.3 -

Rongelap - - - 21.5 19.2 -

Seirt - : * ° 6.7 -
Bige j - - - 19.7 0.13 -

Wocho - - ° 3.7 i.l -

Taole 15

Sreadfruis

tS Average Concentration in 9Ci/g Sry Weigne

“ty 5r-90 P20239/240 Am=241 X-a0 Cael? Co-40

3ikini 56.8 - - 15.6 116 -
Rongelap 1.6 - 10.8 23.8 -
Eniaitok - - 8.2 14,93 -
Ueirik - - - 15.4 10.6 -
Wotho ° - 9.6 L.2 -

Table 16

Arrowreot

te Average Concencration ‘tn pCi/g Ory Weight

Ny Sr-30 Pure 259/ 240 ame 251 f-60 Ca2i37 co-50

3tkial 9.7 9.24 - - L250 -
Rongelap - - - - 20.3 =
Ueirik - - - * 16.2 «

 

- 39 -



Table 17

Sumsnary of Quality Conceal Pure for Hor ehall Isteng Project

 

focation by leleud-Atull fu-239

Saouple K-40 8c-90 Ce-13) Pu-240 Pu-218 Othere
_ Sample Type-Desceipelon yp Date plily peilg pci/y pcifa plily eC /ae

Sludge: Bikint-Bikdnd from Mouse 15 Sludge SA 4/5/76 42,641.09
Sludge 5B 0/.6410.31 36,361.21 4.3904 1.19 0.09910.10 -

Sutl: Bikint-@bhlal, Sevtce Lb, Ple J L-9 A/NIITS 00, 3610.02 - ~ -
L- “ 00, 5740.04 _ _ _ ~

Suil; Eneu-Bikind, Sectes C, Pit 2 c-3 4ING/T5 0}. 8210.07 -
c-3 “ 03.8440.13 - ~ ~ _
c-4 “ 03.0010.08 - ~_ -

c-4 “ 04.1210, 16 -
C-5 “ 03.9140.67 - - - -
c-3 " 04. 3010.16 - - -
c-6 “ 10.4640.12 -
C-6 . 09.7840.18 ~ ~ ~ -
c-? “ 08. 3810.15 ~ 0.009% — -
c-7 “ 05. 3010.12 0.008+ — ~

c-8 ” 04.1210.08 ~ ~ -
c-8 ” 04.4610.13 - - - -
c-9 a 06.2140.11 _ . _
c-9 " 05.3710.13 - - - ~

Soil Eneu: Bikint, Suctes U, Pie a) D-1 “ 0.3454 0.30 -
b-1 “ - - 0.210% — _ _
D-? A/V4/75 10.5140.17
b-? " 06.3910.15 ~ - - ~

Soil; Nam-Bikinf, 6° Cove asar W-2 5-8 4/73/76 53.89t0,53 - - - _
5-8 " 55.5740.79 - -

O-S0cea Profile at Pie W-) s-15 ” 46.6310.79 - - - ”
51. 410.79 = = = _

s-15 ” 49,5210.50 - - ~ _

6" Coce East Transect-Soil Nom $-20 " 183.0011.00 = = = _
186, 2411.45 = = =

Sull: Naw-bikind, O-JOcm Profile ac St. #2 §-2) 4/0/}e 63.80t1. 6) - - - -
77.0110.64 _ _ _
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ABSTRACT
External radiation measurements were made at several atolls in the

northern Marshall Islands, which are known or suspected to have been the
recipients of tropospheric fallour during the Pacific Testing Programs.

Surficienct data were available co ascertain realistic dose predictions for

the inhabitants of Rongelap and Utirik Atolls where the 30 year inregral

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

Wotie Atolls were found to be representatives of regional dackground radia-

zion levels,



Introduction

In 1976, Brookhaven National Laboratory initiated a program of external

radiation survey for the Rongelap, Rongerik, Ailuk, Wotje and Utirik Atolls.

The purpose of these surveys was cto provide sufficient information concerning

the ambience 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 Ocrober 1977. All the

exposure rate information gathered from these atolls was obtained with a pressu-

rized ion chamber.

The equipment used in these studies consisted of a Reuter Stokes Environ-

mental Radiation Monitor, Model RSS-111 and a gamma spectroscopy system consisting

of a sodium iodide detector coupled to a portable multichannel analyzer. Environ-

mental exposure levels were assessed via the RSS-111, and the NaI gamma spectro-

meter was used to determine the energy dependence correction factors for the

RSS-ill instrument.

The field trips were staffed by BNL personnel and guest sc.entists from other

institutions. Participants are listed later in the report.

This report represents all of the external exposure data collected to date dy

3NL from these atolls. From these data, we have made external exposure estimates

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



Instrumentation and Methods

A) Lon Chamber Measurements

All environmental exposure rate measurements were obtained using a Reuter

Stokes environmental radiation monitor model RSS-lLI1L. The instrument is

designed to measure environmental radiacion as low as 100 .Rad/year. The

RSS-LLL consists of a spherical high sressure ion chamber filled to 25 atmos-

pheres of argon. Incident radiation sroduces ion pairs within the active

volume of the chamber which result in a current flow. The currene flow is

measured by an electrometer and is directly related to the free air exposure

race (1).

The active volume of the stainless steel ionization chamber is known to

+025. The current produced inthe chamber is a function of incident radiation

from an external field, cosmic tay-resvonse and contamination found in the

stainless steel. The equation relating instrument response to energy of the

incident radiarcion is:

Rj] = Kj Ij} + Ra + Ke Ic

where Rj * current produced in the chamber by the incident

gamma field

Kj = proportionality constant stacing the variability of

instrument response to the energy of the incident

gamma field

Ij = intensity of the gamma field in -R/hr

Ra = current produced by activity in the stainless steel

Ke = proportionality constant for cosmic rays

Ic = intensity or cosmic rays



For a given area, the values of Ke and Ie will be constant along with Rw.

Since we measure Rr, the only unknown are Kj and Ij. The value of Kj can be

determined once the ambient gamma spectrum is known. Data from the manufacturer

indicates an error of as much as 6 to 10% could resule if energy corrections are

not made to the gross readings.

The RSS-llls used in this study were calibrated at the factory using radium

sources 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,

EnergyDevendence 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 ac one meter above the

surface. This was done at the same height and in the same areas where the RSS-l1ll

measurements were taken. Consequently, energy dependence factors could be cal-

culated by examining the environmental gamma scan for the energies of those nuclides

most predominant in the terrestrial environment.

The equipment used to accomplish this part of the work was a computing Gamma

Spectrometer, 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(T1) scintillation

detector. The spectrometer can be operated from AC power or on internal batteries.

Spectra are visually displayed on a CRT, and transferred to magnetic tape for

storage. Using the math package with the system, each spectrum was examined in

100 KeV increments, and folded into the RSS-111 energy response curve to determine

the energy dependence factors.

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



dependence was 1.01 to 1.05. The mean correction was approximately 1.02. Conse-

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

minor energy dependence encountered.

Results

A total of 112 RSS-111 measurements were taken on five atolls. Each data

point is the average of at least 20 individual readings. This assures the

precision of the value while the initial calibration guarantees accuracy. The

one sigma error is on the mean exposure rate. All exposure rate values include

nacural 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 | presents

the raw data collecced with one sigma error. The average exposure rate for this

island is 6,3 +R/hr. This is abouc 1.5 times higher than the cosmic/terrestrial

dace rate found on uncontaminated coral islands, Eniwetak was the island surveyed

in the Rongerik Atoll due to presence or U, S$. servicemen at the weather station

there at the time of the BRAVO fallout incident.

Tables 2, 3, 4, 5 and 6 present the raw data from Rongelap Atoll. The islands

surveyed were Kabelle, Naen, Eniaetok and Rongelap. Naen is located at the

northwest corner of the atoll, and Kabelle at the northeast corner. Kabelle is

a significant copra resource; and both of these islands may be used for brief

visits, but neither of them is permanentiv inhabited. These islands received a

Significant amount of fallout debris and consequently, are still substantially

more contaminated than the islands of Rongelap and Eniaetok, located in the south-

aast and eastern parts of the atoll. The current values for external exposure rates

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

 

Lsland Average Exposure Rate in -R/hr

Naen 43.1

Kabelle 21.7

Eniaetok 9.9

Rongelap 7.3



lives on Rongelap island. The people obtain most of sheir food from Rongelap

wich occasional supplemental trips to Eniaetok and to other southern islands

an the acoll. Licele cr no activities currently takes place on Naen or Xabelle,

or other islands in the north.

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 »#R/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 production. The

external exposure rate for all these islands is about 4 w~R/hr, i.e., very near

the regional background level.

Tables 10, 11, 12 and 13 present the RSS-l11 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, but range from 3.7 -R/hr to 3.9 -R/hr. These exposure rates

are about the same as thac for Kwajalein and other areas not exposed to gross con-

tamination from fallout; we assumed them to be representative of ambient background

radiation levels for the region.

Discussion of Results

The average exposure rare as measured for each island is listed in Table 14.

In all areas, except for Rongelap Atoll and Rongerix Atoll where only Eniwetak

Island was visited, there is essentially an uniform exposure rate within the islands

of a given atoll. For nypothecical inhabitants of Eniwetak Island at Rongerik Atcil,



and for the people living at Utirix Aroll, external dose estimates were made, and

the resules are presenced in Table 15. These dose estimates were made based upon

tne following assumptions or odservations:

Ll) The exposure rate was relatively uniform throughout the aroll.

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

the atoll.

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

Northern Marshall Islands.

Te 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 decermined

to have uniform exposure rates on a per island basis, there were significant dif-

ferences in the exposure rates between islands and substantial heterogeneity in

exposure rates on any given island in the northern sector.

In UCRL 51879 Rev. 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 16. Using this as a basic assumption, we have

constructed external exposure race estimates for the various 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 sR/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.

™



Table 17 represents the exposure rate at each pattern of activity as listed

in Table 16 calculated assuming 100% occupancy for Rongelap Atoll. Table 18

presents an estimate of the expesure rate for each age group, weighted by the

percent of time spenc 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 che normal

(unexposed) Marshall Island environmenc.

We feel that this is a very conservative estimate for Rengelap Atoll since

the people racely visit the more heavily contaminated islands in the north, and

tend to restrice their “other islands" visits to the southern sector where exposure

rates are similar to that on Rongelap [sland itself. This observation was supported

by an independent Living pattern assessment from which data became available in

the fall of 1977 (5).

Specific living pactern information for Rongelap was obtained on a field crip

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 predictions based on the observed Rongelap Living

pattern are given in Tables 21, 22 and 23. These doses include corrections for

phvsical decay for 137¢, and 99¢5 which are responsible for 799% of the coral

external exposure rate above >ackground. The cesium and cobalt ratios were obtained

using the averages of soil sample activities from analyses bv 3NL (6) and che

University of Washington (LRE) (7). It was assumed for this assessment chat a0

radionuclide loss mechanisms are operacive other than physical decay.

-a-



ICRP #9 suggests that in 20 years, the general public should receive a dose

of less than 5.0 rem from tocal body sources other than medical or natural bacx-

ground (8). In all cases examined here, this requiremence is met. The sroblem

arises that the external gamma radiacion is only one source of exposure to the

Marshallese. The dietary pathway could contribute a substantial increment as an

incernal dose commitmentc.

Reviewing all atoll dose commitments in this light, we feel that inhabitants

of Rongelap 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

inceral dose assessment for the people of Rongelap will be the sudject of a sepa-

Tate 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 che 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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Taole |

ENIWETAK ISLAND = RONGERIK ATOLL

 

RSSeLil

EXPCSURE SURVEY
May i977

Exposure Race’

Location * wR/HR

Cross [slane transecr, LOO m from che ocean in a sanay 5. 2670.28

Joen area ~

Cross Island transect, 120 m_ from che ocean in a wooded 6,47+0.22

grove ~

Cross [sland cransect, 170 m from the ocean in a sandy §.35+0.22

area ~
Cross Island transect, near cencer of the island near the 8.3320. 36

lone standing pole

Cross Island transect, 50 a from lagoon om t0p of organic 8.42+).25
debris

Cross [sland cransect, 20 nm from lagoon in clearing 4,8 0.25

Cross Island transect, 20 m from lagoon under shrubbery 3.11-0.42

Table 2

YABELLE ISLAND - RONGELAP ATOLL

RSS-L1LL

EXPOSURE SURVEY

Seorember 1976

Exposure Race

 

in

Location =-R/hr

Cross [sland transect beginning at the water catchmenc

Innermost penetration along this transece 220 m from Lagoon 13.0+0.3

30 m west of innermost penecration 16.3+0.3
65 m west of innermost penetracion 18.1-0.3
90 m wese of innermost penetration 12.9*0.4

115 m west of innermose penetration by water catchment 22.1+0.3
125 m wese of innermost penetration in areaof sand and 34,04). 3
scaveola scrub

20 m souch of water catchment 29.7+0.4
170 m west of innermost penecration 31.3+0.3

Second transect 275 m south of Cross [sland transecc
First level messerschmidia canopy 18.2+0.2
Scaveola clearing 20.3-0.3
Scaveola clearing ~30 m to the lagoon Seach 26.9-0.4
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Table 3

ENTAETOK ISLAND - RCNGELAP ATOLL

RSS-ill

EXPOSURE SURVEY

Sencember 1975

axposure Rate

 

in

Locarion ~R/hr

Eastwest cross island transect - Middle [sland

50 m due wese of Ocean Beach 5.4 &

85 m due west of Ocean Beach - clearing souch of patch 11.4 3
85 m due west of Ocean 3each - clearing north of pach L2.470.2

135 2 due wese of Ocean 3each 11.7? 5

175 = due west of Ocean Beach Li. 3

215 2 due west of Ocean Seach near cluster of three houses. 8. 2

Area has patchy coral gravel.

265 m west of Ocean Beach: 40 m from Lagoon Beach
Second transect: 250 a due north of Middle Island transect

70 m due ease of lagoon

Adjacent clearing returning toward Lagoon Beach

Third transect near souch end of che island

30 m due east of the lagoon

30 m from Lagoon 3each near a house: some gravel sresent

Table 4

NAEN ISLAND - RONGELAP ATOLL

RSS-L1L1

EXPOSURE SURVEY

Sepcemper 1976
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Exposure Rare

 

in

Location aR/ AT

First tranmsece due wesc ©£O northwest from near southeast corner

of the island
clearing 40 m in from the Seach 22,540.54
150 m inland due wesc to norchwese 35.3+0.6
recurning to beach due sourhease, 25 m to next clearing 42.1=0.5

southeast “40 m to next clearing 40. 6r0.5
Midisland second transect due north from the Lagoon center of 62.2+0.7

island
25 a south of center island towards che Lagoon

a0 m south of center island «owards the Lagoon

90 a south of center island towards the lagoon

120 m souch of cencer island rowards che lagoon

150 m south of cencer island towards the Lagoon

sandy head land on southeast ccrner of the island
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Table 3

RONGELAP ISLAND - RONGELAP ATOLL

RSS-Lil

EXPOSURE SURVEY

September 1976

Exposure Rate

in

Location uk/ RE

Cross island transect on path near church

70 m from Ocean 3each 6.a+0.6
140 m notch from Ocean Jeach 7.0+0.3
200 m2 nortn from Ocean 3each 8.570. 3
270 m north from Ocean 3each 3.5+0.2

350 m north from Ocean 3eacn 9.1+0.5
420 m north from Ocean Seach 7,740.4
300 m north from Ocean 3each . 7.5+0.3
_970 m noreh from Ocean 3eacn 4,940.4

Village read transect starting at western end of the village

100 m west of first house in che village 3.2+0.3
front of first house: lagoon site of the road 7.8+0.4
100 m due ease of first house 7.3+0.4
200 m due east of firse house: past houses 3, 4 and 5 3.99.3
300 m due ease of firse house: near houses 6, 7, 8 and 9 3. 940.4

‘area covered with crusned coral)
100 m part churen 7, 1+0.3

200 m pase church near co-op §.7+0.3

in frence of Jerry Knigne'’s house 6.0r0.3

in front of 2 houses near the dock 3.5+0.4
100 m east of the bock ° 6.570.4
170 m ease of the dock 6.6+0.7

Observation cower ac west end of the island in open ‘field 3.1-0.3
QO.5 km east near main road in clearing 9.6+0.3
1.0 km east near main road abouc 50 m from the Lagoon 8.5270.3
L.5 km east near main road in che middle of the road 3.8*9.3
in coconut grove about 1.2 km aast of observarion tower 8.10.2
1.9 tm east near main road on Lagoon side of the road 7,840.2
2.4 «m @ast near main road, lagoon side on grass covered coral §.3+0.3

2.9 km east near main road, lagoon side of grassy area 7,1=0.2

3.4 «m east near main road, grassv area on tne ocean side 8.8-0.+

3.3 «m east near main road, grassv area on the ocean side 3.34+0.4

4,3 km east near main road, grassv near trees lagoon side 7,140.3
4.3 km east near main toad, grassy area on ocean side 6.10.4
5.3 km ease near main road, grassv area on lagoon side 7,440.2
5.8 km east near nain road, a grassy area with Pandanus ac edge 6.6—).3

of village
5.3 km east near main road in che village Sv the school and 3.04).2

cemetery
along side church in mil village 3. 9+0.+
5.7 km east near main road, ease of village in grassy area b.9r).2

deneach coconuc trees, ocean side of she road

8.3 xm east near nain road near Japanese cistern

8.3 km northease beneach Guettarca grove, ocean side
9,3 am northeast approaching north end or island

7,8
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Taple 94

RONGELAP ISLAND - RONGELAP ATCLL

RSS-i11

EXPOSURE SURVEY

October 1977

Exposure Rata

 

in

Location aR/ ar

Cross Island transect on path Sehind Tardud's (Jerry Knight's) house

shrub Line, ocean side 3.90.3

39 m Lagocnward (scaveola grove) 4,670.2

30 m Lagoonward ‘edge of coconut grove) +.3940.3

L118 n Lagoonward 3.9320.2
138 m lagoonward 3.870.4

197 m lLagoonward 5.940, 3
237 m Lagoonward 6.170.2

276 m Lagoonward 6.4+0.1

316 m Lagoonward 7,040.1

355 m Lagoonward 6.2+0.3
395 m lagoonward 7,320.4
434 n Lagoonward 7.8+0.3
+74 m Lagoonward 7.370.4

513 m lagoonward (near rear of Tardud's rouse) 3. %60.3
Main island road, front of TarSud's nouse 3.370.3
,agoon Beach near 3oas' nouse a,2<0.2

Taole 7

AON ISLAND - UTIRIK ATOLL

RSS-LIL

ESPOSURE SURVEY

Seprember 1976

Exposure Rate

 

Location -R/hr

100 m from the Ocean 3each 4,1+0.3
-20 m trom the Ocean Beach 4+.2+0.3
30 m from Lagoon Beach near micdle of the island 4,120.3

Tadie 3

EQRURKU ISLAND - UTIRINX ATOLL

RSS-L11

EXPCSURE SURVEY

Setremoer 1975

Exposure Rate

 

in

Lecation Wa/ner

Middle Island 4,340.5

Soucthwesc +.170.+

‘
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Table 9

UTIRIX ISLAND - UTIRIK ATOLL
RSS-111

EXPOSURE SURVEY

September 1976

Exposure Rate

 

in
Location ~R/her

Eastwest transect across island near souch end of village
60 m west of Ocean Seach 3.7+).3
150 m wese of Ocean Beach 4,3+0.3
10 ma ease of village road 4.1+0.8
100 m wese of oc2an near the middle of the village %.1+0.2

200 m west of ocean near che middle of the village 4, 2+0.2
300 m west of ocean near Large hollow and taro patch 4,35+0.9
LOC m from large hollow and taro patch . 4.5+0.4
200 a from large hollow and taro patch near the middle of village 3.9+0.7
village road by the cemetery 4,0+0.2

Table 10

WORMEJ ISLAND - WWTJE ATOLL

RSS-111

EXPOSURE SURVEY

September 1976

Exposure Rate

 

in

Location -R/hr

Middle of the village 3.9+0.3
transect due north ~150 m north of che church 3.70.3
transect due north ~250 m north of village 3. 670. 3
transect due north “350 m north of village 3.8+0.3
transecc due norch ~450 m norch of village 3.7+0.2
transece due norch ~550 m norch of village and ~30 m south of 3.940, 2

of Ocean Beach

Table Ll

wOTJE ISLAND - WOTJE ATOLL

RSS-i1l

EXPOSURE SURVEY

Sepcember 1976

Exposure Rate

 

in

Location -&/hr

nerthsouth air strip, 2/2 0€the distance from che lagoon cto the 3. 7+0,2
ocean ,

100 a wese of air strip 3.7+0.2
200 m wesc of air seris 2.3-0.3
200 m west of air strip 3.870. 3



Table i2

BIGEN ISLAND - ALLUK ATOLL

RSS-111

EXPOSURE SURVEY

April 1975

Exposure Rate

 

in

Location wk Ar:

150 m from che Lagoon Beach, north end of the island 4,2+0.3

North end Lagoon Seach

Table 13

AILUK [SLAND - ALLUK ATOLL

RSS-Lil

EXPOSURE SURVEY

Sepcemoer 1974

Exposure Rate

in

 

 

 
 

Location waar

350 m from Ocean Beach 4.00.4
130 m due west of Ocean Seach 3.770.3
350 m due west of Ocean Beach 3.9+0.5
+30 m due west cf Ocean Seach, ~1L00 m from village 3.7+0.4
Ailuk village near intersection of village road and Cross 3.7+0.4

tsland road

Table 14

Average Exposure Races (May 1977)

tsland atoll a Average Exoosure Rate rl? error

<abelle Rongelap Ll 21.7 -a/hr + 7.3 -R/hr

Naen Rongelap Ll 43.1 -R/he =18.5 eR/ar
Eniaetok Rengelap L 9.9 -R/he - 2.7 wR/hr

Rongelap Rongelap 57 7.3 eR/he + 1.5 eR/Ae
Aon Uririk 3 4.0 sR/hr + 0.3 .8/hr
Eorukku Ucirik 2 a,l -8/hr = O.1 =R/hr
Veirik Ueiriaz 9 4.1 -R/hr + 0.3 washer
8igen Ailuk 7 3.9 wR/ he + OL] eR/dr
Ailuk Ailuk 5 3.7 eR/hr ~ O11) eR/her
Vorme j Wotie § 3.7 -R/he = OO.) -@/her
Wotie Wocie 4 3.7 -R/her + O11 =R/hr
Eniwetak Rongerik 7 §.3 sR/hr = 1.7 eR/he

“Corrected for energy dependence of 255-LIL1. (Typical spectral correction

factor was 1.05).
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“Table 15

External Exposure Rates and Dose Predictions

Persous Living on Surveyed Atolls 2

(Exclusive of Rongelap Atoll)

Ave. Gross Exposure RaLe Net Exposure Rated IO yr. Integral?

 

30 yr. Integral?

Dose io Rem

50 yr. Integral?
Dose btn Rea
 

Atoll _ April 1977 April 1977 Dose inRem

eich’ 4.07 wit/er 0.32 wk/br 0,024
Aftluk 3.860 eR/he - -

Wotje | 3.70 ywk/he - -
Koper ik? 6,30 wk/he 2.55 pR/be 0.199

TCRP 9 Population
bose Limit - 1,700

1]. Doses were calculated from average exposure rates for each atoll,
2. Multiple year dose calculations were made on the background subst racted

0,056

0.484

5. 000

exposure rate.

assumed to be the average of exposure rates detected at Ailuk and Wot je Atolls.

Dose represents increase over background,

Conservatively assumes 100 percent of time spent on Utirik Islaud,

. Based on a superficial survey of Eniwetak Island only.w
e

u
e

0.077

0.663

8. 300

Background was



Table ‘6

Population S3reakdown bv Age and Gecgraonical Living Pacterns

 

 

 

 

 

Ret. 4)

Imrcants and Children and

small children adolescents Men Women

Age 3rackec (years) Ow4 5-19 20+ 20+

Fraccion of population (%) 16 SL 22 21

Fraccion of time spent in
Tespective areas (%):

inside Home 30 30 30 30

within 10 m of home 15 10 5 10

Elsewhere in village 3 10 5 LO

Beach 5 5 5 5

Interior of island 5 L5 20 15

Lagoon 0 10 LO 5

Other [slands 20 20 25 25

Table 17

Assumed Exposure Rate for

Each Living Patctern*

Pattern Rongelap Atoll!
aR/hr

Inside home 7.3

Within 1O a of home 7.3

Elsewhere in village 7.3

Beach 7.3

Interior [sland 7.3

Lagoon** 3.7

Orher [slands*** 24.9

 

“Values listed are mean exposure races.
hale

“Lagoon value is assumed co be the same as regional background at uncontaminated

atolls,
"Values used for other islands assumed equal distribution of time spene on

ether islands within the atoil.

- 19 «



Table 18

Rongelap Exposure Rates 3ased on Living Parcrern Assumed for 3ikini 72, .°

Descriotion Infants

Qeu vts
Eee

Fraction L6%

of population

Dose rate due co

Time spenc with-

in these areas

(eR/hr)

Inside Home 3.65

Within LO m of 1.10

nome

Elsewhere tavik 0.37

lage

Beach 9.37

Interior island 0.37

Lagoon 9.00

Other islands 4.98

Total (-R/hr) 10.94
{ineil begd)

Children

5-19 vrs

41%,

2.19

0,73

9.37

1.10

9.37

10.47

Table 19

 

Men Women

20+ vrs 20+ vrs

22% 21%

2.19 2.19

0.37 9.73

0,37 0,73

3.37 0.37

1,46 1.10

Q.37 0.19

4,23 5,23

L1L.36 11.54

Exposure Rates and Dose Predictions for Persons Living on

Rongelap Atoil Based on Assumed Bikini Living Pattern

Net Weighted
Race in -Rihr External Integral Dose in Rem (S3kgd Subdc)

 

Age Group Mav 1977 LO vr. 30 ve. 50 vr.

Infants (0-4 vrs) 7,09 0.56 1.35 1.84

Children (3-19 vrs) 6.72 0.52 1,27 1.75

Men (20 vrs+) 7.61 0.60 1.44 1.97
Nomen (20 vrs+) 7.79 0.42 1.49 2.03

- 290 -



Tabla 20

n. Model for RongelaoLiving 2atter

(Octeber 1977)

 

Infancs & Children &

 

 

u r

Small Children Adolescencs men Women Old People

Age 3rackece (yrs) Q<46 3-19 20-59 20-59 50+

Fraccion of time spene

in respective areas(%)

In village ‘including 1090 84 77 94 100

inside home)

Ineerior of isiand 3 i3 4 -

3each - 3 2 -

Lagoon - - 4 - -

Other islands - - 46 - -

Taole 21

Rongelap Exposure Rates Based on Observed Living Parcern (5)

 

 

Infants Children Men Women Old People
Description 0-4 yrs 5-19 yrs 20-59 vers 20-59 vrs >60 vrs

Dese rate due cto

time spent within

rhese areas (-R/hr)

In village (inelud- 7.3 ®.13 3.62 6.36 7.3

ing home)

Seach - 0,58 - 0.15 -

Incertor Island - 0.38 2.95 o.29 -

Lagoon - - 9,15 -

Orher islands - - 1.49 -

Total .8/hr 7.3 7.3 3.21 7.3 7.3

(incl bked)



Average =xposure Races and Dose Predictions for

Persons Living on Rongelap Acoll Sased on
Rongelap Living Pattern (1977)

 

 

Weighted Net Net Integral Excernal Dose in Rem

Age Group Exposure Rate in -R/hr 10 vr 30 vr 50 yr

Infants (0-9) 3.6 0,27 0.45 0.90

Children (5-19) 3.6 " " "

Men (20-59) 4.5 0,34 82 1.12

Women (20-39) 3.4 0,27 65 0.90

Qld People (60+) 3.6 " " "

Additional Conrribucion 3.7 0,32 0.97 1.62

From Background Radiacion

Table 23

Total Doses Including Background 3ased on

Rongelap Living Patcern (1977)

 

Weighted Total Exposure 3ate Total Integrai Dose in Rem

 

Group -R/hr 10 yr 30 vr 30 yr

Rongelap “Men 3.3 0.66 1.79 2.7%

(ages 20-54)

All ochers 7.3 0.59 1.42 2.34

(Rongelap)

Veirik, all +1 0,34 1.93 L.70

residents*

 

“assumes (conservatively) LOQ0% occupancy 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 pR/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 Bixinian is estimated to be in the pres-
ence of an external radiation field corresponding to 16 uR/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-
posed 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 19754,9,
and they refer to the information presented in this report as BNL unpublished
data. In‘general, their results are substantiated by the exposure and dose
equivalent commitments calculated here.

The equipment used in 1975 consisted of a Reuter Stokes environmental

radiation monitor model RSS-111 and a Baird-Atomic scintillation detector con-
sisting of a sodium iodide detector (2.5 cm in diameter by 3.9 em in length)
connected to a ratemeter readout. Portable survey meters were used to help

locate gross changes in the external exposure rate. Lithium fluoride
thermoluminescent dosimeters were left on Bikini Island and retrieved in

December 1975.

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

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



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

The RSS-llls used in this study were calibrated at the factory 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 1/4-inch square
were 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
lonz 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 equal number of TLDs were irradiated co 100 oR and stored with the background
TLDs to determine fading losses. Four other TLDs were sent to Kwajalein and
stored there in a lead pig to determine in-transit contributions to the re-
sponse. All TLD results have been corrected for these parameters.

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

Because the total response must be differentiated into beta and gamma
components, a TLD holder was developed that would eliminate nearly 100% of the
90Y beta of 2.27 MeV (Figure 1). Four TLDs are used per holder. Two are
covered by 1100 mg/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 “ 15 mg/cm? 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 as 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-lil 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 | through 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 expesure rate
aver the land areas monitored is“ 24 uR/hr. This is six times higher than che

background levels at Wotje, Ailuk or Utirik Atolls?. 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
crimes 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 strong function of loca-

tion (Figure 44-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.

“tn 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 44 - 4E). In the UCRL work4, this problem was
approached and a solution derived by estimating the fractions of an individual's
time =pent in various areas. These 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 al. measurements made within the area of interest.

Table 8 shows the estimated exposure rate for each pattern of activity in
Table 7 based on continuous occupancy of Bikini Atoll. Table 9 shows the esti-
mated 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 environment”.
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 39%
lower than those previously reported and their use reduces the total estimated

reduction in the 30 year dose equivalent commitment by 32%.

The ICRP suggests® 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 data?, 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 1978’ indicate that the
dietary pathway became the prime source of radiation exposure after January



1977. Current in vivo data indicate that the equilibrium body burdens for 137Cs
will range from 3 UCi to 30 UCi in the Bikini population. This corresponds to
a 30-year internal dose equivalent that falls in the range of Ll 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
96.5,--90y10 |

Reviewing the Bikini dose commitment in this light, one immediately
realizes that the inhabitants would receive a total body dose equivalent

exceeding the ICRP criteria®. 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
equivalent recommendations.
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Bikini Island TLD Exposure Survey (129

Table 1

days), Dec. 7, 1974, to Apr. 15, 1975

 

 

 

Total

Y Exposure Dose,
Location wR urad

House 4 - inside 28400* -
louse 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* -

Behind house 40, cookhouse at 18 in. off ground 26800 1500
Behind house 35, behind living area at 22 in. off ground 45300 25800
8hind 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
Behind house 21, 20 in. off ground 26300 14700
Behind house 15 29900 4700
2ehind house 10 73000 62800
Behind house 6 36200 8400
By USGS well and twin coconut trees 79100 85100
Control | 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 j

ENEU ISLAND RSS-ill EXPOSURE SURVEY APRIL 1975

 

Location UR/her

 

South road to ocean near middle of island
2nd coconut row, ocean side of runway adjacent to marker

2nd coconut row, ocean side of runway adjacent to marker

2nd coconut row, ocean side of runway adjacent to marker
2nd coconut row, ocean side of runway adjacent to marker
lst coconut row, ocean side of runway adjacent to marker
Midway north of runway apron and coconut row

5th coconut row up the road from north corner of runway apron
l6th coconut row by 2nd large nature tour

Group of old buildings, south of church, ocean side of road

West bend in road just north of old church, ocean side
North 1/3 way up road to Camp Blandy, ocean side
North 2/3 way up road to Camp Blandy, ocean side
Blandy area just.south of soil pit 3, 100 yd from lagoon beach
Blandy area just south of soil pit 3, 100 yd from ocean beach
North end of Camp Blandy near middle of the island
North end of Camp Blandy near lagoon road, ocean side
Lagoon road south of Camp Blandy, 100 yd west of church
Lagoon road about 150 yd north of Camp Blandy
Bunker near dock

Old bldg. frame work due west of runway marker |!
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Q.17
0.37
0.10
0.16
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0.14
0.12
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0.31
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Table 4

Measured Exposure Rates Within Permanent Housing Constructed on Bikini Island

 

 

Exposure rate Exposure rate

Location UR/hr Location UR/he

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 i0.5 + 0.28

House 25 7.3 + 0.28 Outside house 7
House 26 7.3 + 0.25 north side on gravel 12.9 + 0.20
School House 9 10.7 + 0.16

middle of the room 7.2 + 90.10 House 10 li.1 £ 0.25

House 30 8.4 + 9.14 House 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 + 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 li.l ¢ 0.15 House 20 7.2 + 0.13
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Table 5

Bikini Island RSS-lll Exposure Survey, April 1975

 

 

Location uR/hr

Column 1, due east of house 30 $7.3 + 0.2

Column 10, due west of bunker 31.8 + 0.4

Column 20 50.0 + 0.4

Column 30 46.6 + 0.4

Column 40 26.4 + 0.1

Column 50, due west of twin coconut trees 36.6 + 0.2

Column 58-59, intersection with lst baseline south 44.5 + 0.3

North/south transect between lst baseline south and
2nd baseline south

Column 1 59.5 ¢ 0.3-

Column 10 78.4 20.5

Column 20 64.7 + 0.2

Column 30 49.2 + 0.3

Column 40 45.0 + 0,2

Column 50 53.8 + Q.i

Column 60 48.0 + 0.1

Column 70 48.9 + 0.4

North/south transect from 2nd co lst baseline north

Column 2, 10 yd due south of snil pit A 47,7 + 0.2
Column 10 54.2 + 0.6

Column 20 41.2 + 0.3

Column 30 39.1 + 0.2

Column 40 55.1 * 0.2

Column 50 41.3 © 0.7

Column 60 53.4 0.4

Column 70 82.1 4 0.5

Column 77, 2 rows due east of soil pit E 31.6 *0,3

South/north transect north from Ist baseline north
(continuation of USGS-bunker rd.)

Column 1 $2.7 + 0.1

Column 10 43.2 + 0.1

Column 20 44.0 + 0,3

Column 30 58.2 + 0.2

Column 40 46.6 + 0.2

Column 50 34.3 + 0.3
Column 60, due west of small bunker on ocean rd. 31.6 £ 0.3

Column 70 31.2 + 0.3

Column 77, and intersection of 2nd baseline north 26.6 + 0.2

40 yards north of lst baseline north 22.3 + 1.4
Across lagoon road from house 37 20.0 + 0.7

Across lagoon road from house 38 24.0 = 1.1
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Table 5 (Cont‘d)

Bikini Island RSS-111i Exposure Survey, April 1975

 

 

Location uR/hr

Across Lagoon road from house 39 22.9 + 0.6
'9 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 19 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 + i.t

Column 40, 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 in 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 4 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 + ll

Column 40 42.6 + 0.3

Column 49 and the intersection of Ist 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 31 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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Bikini Island RSS-ll1 Exposure Survey, April 1975

 

 

Location uR/hr

Due east of house 14 32.4 + 9.2

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
Ist baseline north (pit D)

Column 2, 15 yd due south of soil pit B 44.5 + 90.4

Column 10 §2.3 + 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

Column 50 33.2 + 0.4

Column 60 due east of house 36 42.5 + 0.3

Column 70 32.8 + 0.4

Column 77 45.1 t 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 41.8 + 0.4

Column 30 56.6 + 0.2
Column 40 61.5 + 0.2

Colum 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 t 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
Colum 10 36.9 + 0.6
Column 20 38.0 + 0.4

Column 30 29.2 + 0.5
Column 40 19.6 + 0.6

Column 50, about 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

-13-



 

Table 5 (Cont'd)

Bixini Island RSS-l11 Exposure Survey, April 1975
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Location uR/hr

Camp area

Bldg. 1 12.2 + 9.2
Bldg. 3 13.8 + 1.0

Near church on northward bend.of road halfway between 17.3 + 0.3
equipment shed and house Ll (ocean side of road) 26.3 + 0.5

Lagoon road north, measurements taken on ocean side of road
Open area between houses 3 and 4 16.0 + 0.1

Open area between houses 5 and 6 18.5 + 0.4

Open area between houses 7 and 8 29.4 + 0.6

Open area between houses 9 and 10 23.9 + 0.3
Open area between houses 12 and 13 24.9 + 0.3

Open area between houses 14 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 the lagoon road

Row | 4 30.9 + 0.1
Row 5 40.4 + 0.3

Row 10 44.7 + 0.4

Lagoon road

100 yd south of north beach, 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 31.6 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 © O.l
Near house 20 - lagoon side 18.2 £ 0.2
Near house 15 - lagoon side 24.7 0.2
Near intersection of Ist 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 $4.9 $1.7
Row 20 50.5 £ 1.4
Row 30 54.0 + 1.8



 

Table 5 (Cont'd)

Bikini Island RSS-l11 Exposure Survey, April 1975

 

 

Location uR/hr

Row 40 47.3 + 0.2

Soil pit between rows 42 & 43 40.3 + 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 + 0.2
North-south road, column 5 from lst baseline south 56.8 t+ L.l

North-south road, column 15 from Ist baseline south 43.4 + 0.3

North-south road, column 25 from lst baseline south 32.7 + 0.6

North-south road, column 35 from lst baseline south 58.0 + 1.1

North-south road, column 45 from 1st baseline south 27.2 + 9.3

Lagoon road, end of center baseline behind house 30 18.7 + 0.3

Row !0, 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 + 0.6
Row 60 29.5 + 0.3

Row 69-70 18.4 + 0.4

East-west Cransect

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 t 0.4

Row 50 58.1 + 0.6
Row 60 41.8 + 0.1

North side of 2nd baseline north (near house 40)
Row | 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
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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 §-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 5 10
Beach 5 5 5 5

Interior of island 5 15 20 15

Lagoon 0 10 10 5
Other islands 20 20 ~: 25 25

lh ep ners ie
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Table 8

Assumed Mean Exposure Rate for Each Activity Area

 

Bikini Atoll

Pattern uR/hr

Inside home 9.7

within 1|O m of home 15.8

Elsewnere in village 25.3

Beach 15.8

Interior island , 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 162A 41k 224% 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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External Dose Equivalent to Inhabitants of Bikini Atoll

Table 10

 

 

 

Ext. integrated dose equiv., rem

Net ext. (background subtracted)
exposure rate,

Age Group WR/hr, May ‘7? 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+l0 hours (G162).

On March 3, 1954, the 64 residents of Rongelap Atoll and 18 residents of

Sifo Island, Ailinginae Atoll, were evacuated. Om March 3 and 4, evacuation of

157 Utirik Atoll residents also took place. During the first few weeks and at

Least once every year from 1957 to the present, a Brookhaven National Laboratory

medical team, organized by the Department of Defense and by the Atomic Energy

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 Cr56, Co58, Co59, Co60, Co62, Co63, Co65, Co67, Co70, Co75, and

Cco80.

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¢8, Four persons visited Argonne from Rongelap and, in addition,

pooled urine samples from both atolls were analyzed radiochemically for 13705

and 905, Subsequent Brookhaven National Laboratory expeditions by members of

the Medical Department and Safety and Environmental Protection Division utilized

whole body counting and radiochemical analysis of urine and blood samples to

identify and quantify the radionuclides that were present in the body. The re-

sults of these radiological measurements are given in terms of body burden in

Tables 1 and 2. Throughout this paper the units of quantities are SI derived

and those which are accepted for use with the SI for the time being. Thus both

the Curie and the Becquerel may be used as units for the quantity activity.

The aforementioned body burden tables illustrate adult mean values for

Rongelap and Utirik. An adult, as classified here, was a person over 16 years

of age. The mean body mass in this age interval was 60 kilograms. The observed

body mass versus age distribution is shown in Figure | for Rongelap residents.

The same body mass versus age distribution was observed at Utirik.

Because of the paucity of measurements at Utirik, information on 600,

Zn, and 5556 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

6524, 905, and 13766 after they reached their maximum values. Theburdens for

standard deviation of this ratio was 15%.

In the following analysis, personal body burden histories and residence in-

tervals, in conjunction with contemporary dosimetric models, are used to esti-

mate internal dose. Dosimetric 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 1

Rongelap Sodv Burdens

 

 

Aduit Males Adult Females Adults

Body Number Body Number aodv Numb er Days Poser
Burden of Burden of Burden of Re turn

~Ck Persons “Ci Persons wCL Persons Days

3954 2.9xl079 NA b.7eLa75 NA 2.341075 NA 1
1.0x.077 7 7.8x1073 37 9.0x1073 7 1370
2.5x1073 a5 2.0xi073 45 2.2x1073 90 2811

6554 atx i072 NA 3.81072 NA 4.11072 ba !
«.3xlo7! 30 3.9xi07! i &.ixiorl 42 304
n.tx lon} 32 5.0x1o~! 27 $.6xto7! 59 639
9.5x1974 38 8.5xi07¢ 23 9.0xt072 61 1370

33 -! 5 =I «1Fe «Ja l0 28 40x10 32 &.lxld 60 4626

906, L.9elo7™ NA 1. axl074 NA L.?xla74 NA 1
1.7x1974 ul 2.a8x1073 ‘ 3.4x10°5 15 304
3.7x1074 24 3, 5x1073 16 «.8xia73 49 539
3.?x1074 3 1.6x1073 4 3.0x1073 13 1370
@.axio74 t 7.9xl074 13 8.4x1074 25 2100
7.9x1073 1 7.4x1l073 7 7.9x1073 18 2660
2.8x1074 12 4.6x1073 12 3.7xt974 24 1561
3.91073 Lk J.ixio73 ie 3.51074 22 3927
«.ixta74 il 3.3%1073 13 3.6xto73 26 4292
t.3xi073 a 3.3x1074 il 2.51074 19 4657
ditxiors 8 2.ax1073 7 3.0x1073 15 5022
2.01073 5 L.4x1073 ? | .6x1073 12 5388
6.6x1073 4 4.2x1073 7 &.3x1974 13 5753
2.3x1073 \ 1.7?xi0743 4 2.8x1074 16 6118
4 .4xi073 23 NA a NA NA 7579
6.3% 107% 4 &.6"1074 19 $.5xi074 43 8097

1370, 1.4x1072 NA &.4x1074 NA L.ixlor? NA l
8.7xlo7! NA 5.2xlo7! NA 6 .8xlo7! NA 304
7.9107! 4a? &.1lxiow! 49 5.?xlo7! % 639
9.5x107) 7 &.7x107! 7 6.7x1071 74 1370
9.4x107! bt 4.9x107! 45 6.8x197! 89 2831
4.8107! 22 3.0x1071 2% 3.9x107! 46 6t1a
3.0x107! 30 1.91074 2k 2.5x107! 51 7213
1.8x107! 19 L.5al074 18 L.7x107H 7 8097

NA = Not evallable

 



 

Table 2

Utirik Body Burdens

 

Adult Males Adult Females Adults

Bady Number Body Number Body Number Days Post
Burden at Burden of Burden of Reecurn

pol Persons —pCl Persons wy. Persons Daya

50.4

3 4.0x1073 3.1x1073 3.5x107) 2464
9 9.721074 7.6x1074 8.7x10-4 3924

3555 3.5xL07l* 2 - -
2.7x107) 14 t.6xLo7! 15 2etxiocl 29 1734

D 3.7"1072 3.341072 3.5x1072 2664

See

D 1.7x1074 1.6x1071 1.4x107! 6114

305,

1.ax1073 5 2.4x1073 2 1.7x1074 7 1734
1.21074 5 1.3x1073 6 1.3xl074 ll 7213

NA 12 NA 12 NA 2% 8669
1.52107 16 1.5xi0~ 17 L.5x1074 31 9225

Le,

4.1xto7! NA 2.?x1o71 NA 3.3x107! NA 1004
2.9107! 15 2.0n1071 LS 2.5x107! 30 1734
2.6x107! 9 1.31071 13 1.8xi07! 22 7213
L.2x107! 27 7.8x1072 21 1.0x107! 48 8309
6.2x1072 19 &.3xl072 7 S.3z19072 6 9225

 

0 = Ratio 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-

13706, 129, and 905, from 1954 to the present on Rongelapface soll 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.

1 =(\ 4K
pe = — us/fy - a2 (5; Rix; @ OPK,

’ (1)
7K. -()\+Kp)e ~(\+K 3 )t

é tg Mini [e AMEE - eNAMAATT)
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f X_ (@TOAMKEIE © QrOAPKYE (2)
1 (2. 1 (e

e
J,

i K.-K
iE

and

p= ¢.,pe yg. ei Kivke (O*Ki) eAKEIE + (y 4p) oe
- i k.-K.. |1 i K-K, (KEtA) (K; +X)

X: -(,+Ks )t

G3)

+a 2; Tr? (ine reds
1

where



t = time post onset of uptake, days,

X = instantaneous fraction of atoms decaying per unit time, day7l

p° = initial atom ingestion rate, atoms day”,

K; = instantaneous fraction of atoms removed from compartment i by

physiological mechanisms, day7l,

Xj = compartment i deposition fraction,

x; = the number of atoms in compartment i relative to the number in all

compartments at the onset of declining continuous uptake, (t=0),

U = instantaneous urine activity concentration, Bq gol,

US = subject urine excretion rate, 2 day7!,

fy = fraction from GI tract to blood,

f = fraction excreted by the urine pathway,

Ke = instantaneous fraction of atoms removed or added to the atom uptake

per unit time, day7l, due to factors other than radioactive decay,

q = instantaneous body burden, Bq,

q° = body burden at the onset of uptake, Bq,

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

-(kptA)T° EAfP e .



The whole body retention at any time t-T of the fraction of initial radioactivity

inputed at time Tt is

rz X (geATK) (t-1)

tou

Thus, the instantaneous activity at time t-T that remains following input during

dt is

-(Kptid)t EyeCAtKi(et) dt
e214

oOAfP e

It follows that the instantaneous activity at time t-tT that remains following

input during T is

T “(Keth)t ~(X+K;) Ct-1)
J A£, Pee E.x.e dt .

i*i

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+tKp)T “OFRDT, a(ATK? 9g
AP°f, yxy Ce -e .

2 K K
£ 1 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, Kee and then the ini-

tial daily activity ingestion rate required to produce the measured or derived

body 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

'2) can be converted to the constant continuous equations by replacing Ke with

-.. Single uptake expressions are obtained by setting P equal to zero. In

some cases only radioactive decay may remove the nuclide from dietary items; for

these cases K would equal zero. In the case of the former Bikini residents,

the maturing of coconut trees during residence on Bikini Atoll caused a con-

137,
tinuously increasing dietary uptake of s. Thus, K, was found to have a nega-

E

tive value. In the case of Rongelap and Utirik, K, was found to have a positive

1370 600, 60.00, and 905, This indicated that in addition tovalue for

radioactive decay, some other removal mechanism decreased the radioactivity in

dietary items during the residence interval. For the nuclide 35Fe, 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 K.. was assigned for each nu-

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

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

physiological parameters were obtained from the open literature (ICRP59, ICRP68,

ICRP69, ICRP79, Ki78). A representative sample of these parameters is presented

in Table 4.

 

 

 

 

 

Table 3

Summary of Dietary Rate Constants (K_, a7)

60. 90, 65,0 137,

xongelap Adults

Males 1.5xl07> 1.8x10° 3.1x1077 1.4x10¢

Fema les 1.6x10-> 41x10" 3.5x10> 14x10"

Adults 1.5x10> 1.9x10? 3.1x10> 14x10
Utir1ik 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. 4.2107" N.D. 14x10~~
 

N.D. = No data sufficient for analysis.

The values of K.. were similar for males and females and for residents of

Rongelap and Utirik. For 905, on Rongelap a factor of 2 difference between K,

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 Dosimecric and Physiologic Data

 

 

Compartment Com partment GI Tract Fraction

Deposition Removal ta Blood Excreted in Decay Significant Branching
Nuc iide Fraction Rate Conatanct Transfer Urine Constant Progeny Ratio

A .
a

A xi mhy fy fy a7! x

ice 0.13 0.50 1.0 0.90 63x10? mua 0.946
0.87 6.0051

Sazn 6.25 0.058 0.35 0.25 2.8x10°> $3" cu 0.49
0.75 0.0022

Maer 0.89 0.21 0.20 0.85 6.5"107> oY 1.0
0.059 7.1<L07 90*
0.052 L.Oxni074 Zr 0.000240

ooo 0.5 tat 0.05 0.70 3.6x10~" oaNi 1.0
0.3 0.12
0.1 0.012
0.1 8.7x1074

ere 1.0 3.5x107° 0.1 0.0 7.02107?
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bimodal activity ingestion rate distribution for 905, in the Rongelap popula-

tion,

Data for 6005 and 675 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 53 Fe in Figures 7 and 8 were obtained by setting Ke

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

future ones. Since >> Fe contributed less than 1.0% to the total dose equiva-

lent, an arbitrary assignment of Ke based on observed values for the other nu-

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

obtained from Rongelap and Utirik (Co75). Analysis for Fe has yet to be

reported. A recalculation of >>Fe 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 70, and

1365 mean urine activity concentrations. Mean values for adult males or all

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

Figure 7. A much smoother curve was plotted in Figure 7 and it was 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 905, 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 M181.

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

randomly chosen subjects over the 25 year monitoring period. These individual

variations may have had a dramatic impact on the mean data. In Figure 2, which

illustrates the adult male, adult female, and adult population mean 137Cs body

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

seen during the years 1958 through 1963. Although the Castle BRAVO test ini-

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

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

responsible for the Figure 2 body burden pattern (Co63). Figure 9 suggests that

most individuals counted in those years had body burdens which remained the same

or declined; however, one individual's burden (#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 1370, for various popula-

13765, 905, and 67a,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 ingestion of Cs for urban Japan have values

varying from 11 yg at for adults to 8.6 Ug at for children. Sr in a western

type diet rose from 600 ug at for infants to 690 pg a} for 5 year olds to

3,600 pg al for 13 year olds and fell to a mean of 1,900 ug at for adults. Zn

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

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

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

ug a? 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 13766 on Bikini Atoll (Le80, Mi80), the shape of Fig-

ure 10 was in agreement with the observed diet pattern.
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Fig. 10 Age and Sex Group Mean Values For 1376,

Activity Ingestion Rate Referenced

To Mid 1957 for Rongelap Atoll
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Figure 11 shows the individual data calculated for 137%cg for all Ronge lap

residents and is referenced to June |, 1957. The individual maximum 13760, daily

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

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

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

acolescents, 38% for children, and 54% for infants. Adolescents and infants

exiibited a broader distribution than adults, while children showed a fractional

Variation in activity ingestion rate similar to that of adults. Breast feeding

versus coconut sap supplements would have contributed to the greater variation

onserved 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 populacion 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 7f

values for Ke listed in Table 3 which were derived from urine data for male and

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

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 905, for all

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

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

difference in the 906, 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

28



—
~

of urine activity concentration variability, there was a 60% probability that

the male value for K 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 woe . .
Figure 14 shows a semi~log plot of the Zn and Cs activity ingestion

rate histories for adults on Rongelap. A curve was drawn between points, and

. . 137 . . . 1. eae
the appearance of an increasing Cs ingestion rate during the 1960's indicated

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

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

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

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

conclusion that recontamination was significant. These are as follows: 1) the

137
increase in

65

Cs ingestion rate was not in conjunction with an increase of

Zn; however, since 6525 is an activation product it may have not been produced

in the same proportions. 2) The peak 1376, body burden at Utirik occurred

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

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

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

demonstrated a continuously declining pattern versus the humped pattern observed

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

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

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

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

sure rate following BRAVO. These facts suggest that the Hardtack series was not

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

postulated that body burden variations were caused by travel away from the atoll
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or sickness and other factors. Regardless of the cause of individual differ-

ences from the mean, a smooth description of the body burden and activity inges-

tion rate for the population could be adopted. Om 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 = ql, (4)

where

the total body dose equivalent rate, mRem yt,m
e

u
t

I = equilibrium dose equivalent rate to the total body per unit body

burden, mRem y7l ucim!,

instanteous body burden, uCi.2 r
T

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

radioactive atoms were distributed among the body tissues as they would be fol-

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

residence time for the total body. In the case of 05, 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 ICRP59 and corrected for body mass differences.
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Table 5

Total Body Equilibrium Dose Equivalent Rate

per Unit Body Burden

tT,
mRem y~! ucim!

“
N
e

 

25 F6 2x 10°
26

6005 6 x 107
27

655, lx 107
30

90... 3 x 107
38

13706 2x 10°
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 l,

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 1376, component Ce-

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

for populations returning to a contaminated environment years after a fission

type initiating event.

Figure 16 illustrates two possibilities for the Utirik dose equivalent

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 Cwo measured zn
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body burden means for adults on Utirik and the observed K, rate constant from

Rongelap. It was observed on Rongelap that .031% of 6575 was removed from the

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

137, 90 60in 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 906. and 1376. nuclides. The lower curve on Figure 16 reflects the dose

equivalent, dose equivalent rate, and body burden which would have occurred had

radioactive decay alone accounted for the removal of era from the Utirik envi-

ronment. Since additional mechanisms could be measured for other nuclides at

Utirik and for the 6575 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

for each nuclide. An obvious difference relative to the Rongelap history

exists; Zn not 13766 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 606, and

>on 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 6575 and 600, was such that even if the least conservative rate
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constant (K,=0) was used for Zn, the dose equivalent rate for the average

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

years following the return to Utirik.

Incernal 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 generai,

the methods compared to within t5%.

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

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

lowing equation

f., £.A.B. (Z.C.D. + 1n2/d)
F = Lil Li. ,
 

D.¢.D.(£,A,B, + 1n2/X) >)

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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b
e ti= organ compartment biological half time for the element,

Cc. = total body compartment deposition fraction for the element,

D. = total body compartment biological half time for the element,

t

£> = 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

equivalent was determined. In the case of 1376s, the long term biological re-

moval rate constant for the Marshallese population was highly dependent upon

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

to reflect this dependence. Finally, for 90... 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.

1376, for various ageFigure 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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Mid 1957 Age Groups for the Interval
1957 to 1980 at Rongelap Atoll

Cs Mean Dose Equivalent For VariousFig. 18
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in the figure nor were they included in any dosimetric distributions for any of

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

experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for

1376, 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 1370, 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 1376. 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 O25 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 interval.

Measured 6525 data for persons who were infants at the return date were not

reported in the publications by Conard et al.

Figure 21 shows the dosimetric distributions observed for members of the

Rongelap population for 65on. 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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1957 to 1980 at Rongelap Atoll

Fig. 20 6570 Mean Dose Equivalent for Various

Mid 1957 Age Groups for the Interval
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year 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 906, dose equivalent results foi

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

in tissue. The source was assumed to be an exponential distribution of 1376. acu

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

ye eer, (6)
n+i

where

X = external exposure during straight line interval, mR,

R, = exposure rate at the end of the interval, mh”? ,

Ry = exposure rate at the beginning of the interval, mh! ,

t, = time post detonation at the end of interval, hours,

ty = 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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Fig 25 Rongelap External Exposure Rate History

Post Cactus

10* io?
HOURS POST CACTUS

104 197

E
X
P
O
S
U
R
E

R
A
T
E
,
m
a
n
e
!

 

wil

9
, r

Ph

0
.
0
2

ei
nc

e
Ju
ly

1
/
9
5
7
 

 
  

—
q
i
i
m
e
7
T
3

©
s
a
t
e
s

O.
7F

w
+
1
4
§

°
C
h
a
r

2
5
H
o
2
4
l

 

   
 

C
e
e

e
e
e
e
O
N
S

4
9
O
T

-
=
—

-
-
-
—
-
-
-

io
.
1
4
1
2

8
8
1

Y
e
l
l
o
w
o
o
d

+
1
0
0
h
o
u
r
s

 
O
0
5
H
e
1
0
5

  

NATURAL BACKGROUNDS.

 

  <
m
o

0.
4
H
e
t
Z
T
3

Hi
ck
or
y

+
1
0
0
ho

ur
s

=
Q
0
4
W
e

1
5
6
!

p
f

0
0
4
W
+
1
9
4
5

F
a
e
-
T
H
O
A
A
M
O
O
B
E

TOTAL

AREA SLOPE EXPOSURE, ma

Q
0.306
“1.354

2.03

“1.29
(4,?
1.3

“1.14

3.0)

130
28
aa

0
.
0
0
7
6
H
e
1
6
0
8
4
8

S
e
p
t
e
m
b
e
r

15
,
1
9
7
6

J
u
l
y

6,
2
0
7
2

 

1
.
2
H
+
8
?

C
a
c
t
u
s

¢
1
O
0
h
o
u
r
s

 



M
E
A
N

E
X
P
O
S
U
R
E

RA
TE

,
m

R
h
!

oO
h
o

I
T
]

 

T
T
T

T
T

T
T
T
T

T
O
R
T
]
F

T
T
T
y

T
T
T
y 

 

 
i

i
1

r
i
t
l

1
1

u
i
t
h

4
»

yp
au
al

4
¢
a
y
g
l

t
u
a
l

i 
 

_tL _t1 l l

Tere) 1000 io4 lO>
HOUR POST MARCH |, 1954 0645

Utirik External Exposure Rate History

Post Bravo

49



Figure 25 demonstrates the external exposure following the 1958 testing se-

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

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

SUMMARY

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

inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50

hours after detonation and from Utirik 55 hours after detonation. During June

1954 and June 1957 the return of the Utirikese and Rongelapese occurred respec-

tively. Body burden data for dosimetrically significant nuclides were obtained

throughout the residence interval post return primarily by direct in vivo gamma

spectroscopy and by indirect radiochemical analysis of urine and blood.

The dosimetric models used in this analysis were representative of a

declining continuous uptake regime. Dietary decline of radioactivity included

radioactive decay of the source and a conglomerate of other factors which might

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

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

were comparable for both atolls.

Variation in body burden history data for a particular nuclide on a partic-

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

This was attributed principally to the statistical variation encountered when

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

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

laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40
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years of age ingested more activity each day than did adolescents and persons

greater than 40 years of age. Maximum deviation from the average value of the

dailyactivity ingestion rate for members of an age subgroup was no greater than

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

tor of 5 times the mean activity ingestion rate value.

Dose equivalent rates post return were determined for members from both

atolls. For Rongelap Atoll, the residents received approximately 100 to 200

mRem per year during the first 5000 days post return from internal emitters.

The principal contributing nuclide was 13708, For Utirik Atoll, the residents

received up to 15 Rem per year during the first 400 days post return. The major

contributing nuclides were 6574 and 6000. Dose equivalent rates to the

Utirikese 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 various

segments of the gastrointestinal tract. The Utirikese received significantly

more radiation dose from 6574, 6000, and >> Fe 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 Phase

Dose Equivalent Summary,Rem

 

Total Body Thyroid

Utirik Ronge lap Utirik Ronge lap
Nuc lide Adults Adults Adults Adults

90c,y .012 .027 .00075 .0017
53 re 033 £023 .059 042
137g 1.1 1.7 1.6 2.4
60Co 51 014 . 36 .010
6227p 13. .076 ll. .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

90c, .054 12 .00075-.00075 .0017-.0017
55 Fe .060 042 .058-.062 .074-.043
137¢5 1.7 2.6 1.5-1.7 2.3-2.6
60, 63 .018 .44-1.8 0.12-.050
652n 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

90sy .23 57 .00067 .0015
25 Fe .067 .047 .12 .080
137cs 59 90 1.8 2.7
60¢5 4.7 13 79 022
652n 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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Be70

Be72

Ber/0

Co5?7

Co59

Co60

Co62

C063

C065
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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

from months to years, and from direct participation in their activities. The re-

sults reflect the complex interactions of many influences, such as, the

gathering of local foods, the receipt of food aid through programs, such as,

school-lunch, tyvphoon-relief, food distributed to populations displaced as a re-
suit of nuclear testing, and in recent times the availability of cash for the

purchase of imported foods. The results identify these influences and are there-

fore restricted to local food diets while recognizing that the living patterns

are changing as local food gathering is replaced by other food supplies. The
data will therefore provide the necessary information for input into models that

wiil assess the radiological impacts attributable to the inhabitation of the

Marshall Islands. It is recommended that this study should be continued for at

least two to three years in order to more accurately identify trends in local
Food consumption and living patterns.

Ob jective

The goal of this study is the evaluation of dietary and living patterns
among the inhabitants of the Northern Marshall Islands. These data will be used
as input to the dose estimation models (external and internal) that are being
developed for the Marshallese who continue to inhabit or will inhabit areas

previously contaminated by radioactive fallout from U.S. Pacific Nuclear tests.

Introduction

This study, by the Safety and Environmental Protection Division (S&EP) of
the Brookhaven National Laboratory, is a continuation of work which began in

1974 as part of environmental monitoring programs for Bikini, Rongelap and

Utirik. The Northern Marshall Islands Radiological Survey (NMIRS) of 1978 pro-
vided an opportunity to carry out a study in extensive detail, since the role of
S&EP was devoted exclusively to diet and living patterns. Since then, two of
the authors, (G. Knight and J.R. Naidu), have continued the study in order to in-

crease the data base obtained through this work. As pointed out in a prelimi-~

*P.O. Box 782, Majuro, Marshall Islands
**8 Platt Street, East Norwalk, Connecticut 06855



 

dary report to the NMIRS group, one of the key requirements for reliable data

gathering is the isolation of the islanders from the "outside" influence of
field trip ships and from scientists conducting environmental or medical
studies. This stems from the fact that the Marshallese tend to give such in-
quires answers which they think are being sought, rather than to provide the ob-
jective information desired. Thus the NMIRS program, wherein three of the au-

thors spent short periods of time in residence at each island, served to provide

a basis for comparisons with past observations, and to establish a foundation
. for subsequent studies following the NMIRS. These studies have now been

extended through 1979 and are expected to continue indefinitely.

Methods

A thorough review of all existing literature was performed (1-6). Earlier
studies (1,2] had as their goals the quantitative and qualitative assessments of

rood intake, and the establishment of its nutrient value. However, it became ap-

parent during the current study that the earlier studies suffered from certain

unintended biases which were the result of inquiries made during short field
trip visits. We have ascertained that these biases can be minimized by
utilizing an observer who has become integrated into the local community to the
extent that his or her presence has a negligible impact on community life. The
authors of this report have spent periods extending from months to years on the

various islands in the Marshalls, during which time they have become an integral
part of the island communities, partaking of the local food and participating in

(as well as observing) community living patterns. On the basis of this experi-

ence, the authors developed a questionnaire which was used to generate much of

the dietary information presented in this report.

The generalized information presented in the main body of this report rep-

resents a synthesis of the direct observations of the authors, and of the survey

data from the questionnaire. Most of the detailed information, which forms the

basis for these generalizations, pertains to the following: Islands/Atolls stud-
led, specific aspects of island living patterns, seasonal phenomena, types of
fish and methods of fishing, edible birds, individual family food consumption

patterns, (imported) food subsidy programs, community cooperative store stocks,

and satistics on the edible fractions of local foods. All of the above informa-

tion’ is included in the Appendices.

The following dietary interview was prepared in an attempt to determine
the local diet by posing questions to the islanders themselves. It was taken to

a number of communities at Rongelap in Rongelap Atoll, Utirik in Utirik Atoll,
Me jit, Ailuk, Wotho, Jabor in Jaliut Atoll, at Killi Island and Majuro.

The questionnaire of the dietary interviews, which is in Marshallese but

presented here as a literal English translation, was as follows:
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Marshall Islands Dietary Interview
 

In answering these questions, please answer in respect to those of your family

who presently live at your house and in respect to only those who eat with you
every day.

How many people of school age or over are in your family and eat with your fam-
ily every day?

What is the name of the island where you presently live.

1) How many mature coconuts do you use to prepare coconut milk to mix into
your family's food in a typical week?

2) How many mature coconuts do you grate to mix into your family's food in a
typical week?

3) If you are an adult and 18 years or over, other than the mature coconuts

mixed into your family's food, how many other coconuts do you eat in a typical
syweek?

4) With respect to your children or brothers and sisters of ages 10 through

18, other than the mature coconuts mixed in the family's food, how many would

you expect one of them to eat in a typical week?

5) If you are an adult, how many drinking coconuts do you consume in a typical

week?

6) And if you are an adult, how many of these coconuts that you drink will you

also eat the soft meat thereof?

7) With respect to your children or younger siblings of ages 10 through 18,

how many unripe coconuts would you expect one of them to drink in a typical
week?

8) And in respect to these children, how many of these unripe coconuts that
one of them would drink would you expect him to also eat the meat thereof?

9) If you are an adult, how many of the kenawe coconuts (in a similar fashion

as pandanus, the entire husk is sucked and chewed and a considerable portion is
eaten) do you eat during a typical month?

10) In respect to your children or younger siblings from ages 10 to 18, how

many of the kenawe coconuts would you expect one child to eat during a typical
month?

11) How many of the sprouted coconuts do you cook the iu (hausterium) thereof
in preparing traditional dishes to be served at family meals in a typical week?

12) Other than the iu prepared for the family meals, how many iu do you eat in
a typical week?



 

 

13) In respect to the children, how many iu does one child eat in a typical
week? — ©

i4) Lf you are a man who makes jekaru (tapped nectar of the coconut flower),
Now many half-gallon bottles does your family use to drink Or mix with the fam-
ily food each day?

15) How many pandanus do you cook and make into pulp to mix with the family

food or to preserve into Jankwon in a typical week during pandanus season?

[6) Other than the pandanus you mash into pulp, how many will you eat yourself?

i7) In respect to the children, on a typical day how many pandanus does one
child eat?

18) During breadfruit season, how many of the bukrol or batakatak varieties do
you prepare for your family in a typical week?

19) How many of the bukrol or batakatak. varieties do you use to preserve into
Dwido to be eaten by your family during a typical year?

20) During the season for the mejwan variety of breadfruit, how many do you pre-

pare for your family in a typical week?

21) Other than the mejwan you cook for the family, how many of the ripe fruits

do you eat in a typical week when this variety of breadfruit is in season?

22) In respect to the children, how many of the ripe fruits do you think one ¢

child eats in a typical week?

23) How many of the mejwan variety of breadfruit do you preserve into jankwon os
for your family to eat during a typical year? -

24) Other than the mejwan breadfruit itself, how many nuts of this variety do
you eat in a typical week when it is in season?

25) In respect to the children, how many nuts of the mejwan do they eat in a
typical week when it is in season?

 

   
  

  

26) How many blocks of arrowroot starch (about 10 lbs) do you dig and prepare

for your family to eat during a typical year?

27) How many (pounds of) fish do you cook during a typical week for your family “ae
to eat? (A good sized rijin species weighs about 2 lbs.) :

28) How many pumpkins do you cook for your family during a typical year?

29) How many stalks of starch bananas do you cook for your family during a typi-a

cal year?

 



) @

30) How many stalks of sweet bananas does vour family eat during a typical
year?

31)

32)

eat

33)

tip

34)

or

35)

36)

37)

38 )

39)

40)

41)

cal

43)

44)
or

45)

If you are an adult, how many papayas do you eat during a typical month?

In respect to the children, how many papayas would you expect one child to

during a typical month?

How many (pounds of) sweet potatoes do you cook for your family during a
ical year?

In respect to any other locally grown foods not previously mentioned,

please list the foods and the amount eaten by the family during a typical month

year.

How many chickens do you kill and prepare for your family during a typical

month or during a typical year?

In respect to wild birds, how many times do you make a meal of them during

a typical month or year?

How many times

How many times

How many times

How many times

How many times

month or year?

How many times

How many times

How many times
vear?

do

do

do

do

do

do

do

do

Please circle the

Jan.---

Feb.~---

March--

April--
May--~-

June---

July---

Auge--"

Sept.--

Oct .~---

you

you

you

you

you

you

you

you

make a meal of pig during a typical month or year?

eat turtle during a typical month or year?

eat lobster during a typical month or year?

eat giant clam during a typical month or year?

eat the various types of ocean snails during a typi-

eat octopus during a typical month or year?

eat the coconut crab during a typical month or year?

eat clams (other than giant) during a typical month

months that breadfruit. igs in season.



 

bee

Nov.---

Dec To

+6) Please circle the months that pandanus is in season.

Jan.-7--

Feb.---

March--

April--
May----~

June---

July---

Aug. 777

Sept.--

Oct .---

Nov.---

Dec.-7~-

The feasibility of obtaining a total profile of a typical diet from an in-

cerview stems from the prevailing environmental conditions in which the variety
»£ available foods is quite restricted. There is also a very limited trading

-conomy - both the variety and availability of imported foods being restricted
ry the limited capital of those who import and retail such goods. Thus the lim-

.ted availability of cash affects both the variety of traditional foods and the
amount of contemporary imports as well. Thus, the typical diet is very "day to

day". This makes it possible to obtain relatively accurate estimates on a ques-

clon and answer basis.

Traditionally, one of the most respected talents is the ability to quickly
divide large amounts of local food equitably among large numbers of families at

island celebrations. The authors have observed the skill of both men and women
at this task. Therefore, due to these environmental, economic and cultural fac-

tors, it appears that the islanders themselves may eventually produce more accu-
rate estimates of the foods they eat than those likely to be obtained by outside

observations.

A crucial problem for an outside observer is that of finding the “typical”

family upon which to base his observations, since individual families consume
variable amounts of local foods. Some appear to eat primarily a local diet,

while that of others contain many imported foods. An analysis of the individual
answers of the interviews shows the scope of this variability. However, observa-

tions indicate a large variance about the average which reflects wide variations
in personal preferences for foods. This is not to suggest that direct

observations, especially if made during a complete 365 day cycle, would not
yield significant results - but only that such results could not be considered
‘average’ unless observations of a large number of individuals were made. Such
a study would show a "typical maximum" or "typical minimum" diet of such

families, due to the fact that they would represent such extremes from the norm
that they would stand out to the observer whereas the "typical average" diet of
the normal family does not. Therefore an outside observer would have no way of

choosing which typical family to observe. i:
a
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The interview data does not provide the "typical average" of the local
t.od consumed by the islanders of the various communities. Rather they provide
estimates which approach the "typical average." An interview of forty-four ques-
tions cannot provide a direct and straight forward ''typical average" of local
cood actually consumed. The islanders provide better estimates on food they pre-
pare rather than on food actually eaten. Within the interview, emphasis was
placed on the amounts of food prepared for the family on a weekly basis, since
this was felt to be the most easily answered question to pose concerning the

‘ocal diet. Since the Marshallese are by culture food gatherers they know more

yc less how much food they regularly gather and how much they have to cook to

xeep their families adequately fed. However, not all the food cooked for the
family is eaten. Since there is no refrigeration, an undetermined quantity of

left-overs 1s probably on many occasions wasted or more likely fed to pigs or in

some cases chickens. Most families keep a pig or two and at least half the diet

of these pigs consists of left-overs. Thus, the present study provides a more
isable indication for food cooked but not necessarily eaten by the family.

Another problem in obtaining accurate estimates of food consumption is due

to food sharing, which introduces a significant variable into the calculations
based on the outside observer and interview methods. Food sharing is a

culturally induced readiness to feed not only family members, but anyone present

as well. An island society is quite open and islanders roam freely from one

house to another at leisure. Thus there is a tendency to prepare a larger

amount of food then needed for ones immediate family. The problem then is to es-
timate the amount of food given away. This is a difficult estimate to make,
even for an Islander, as it is by no means a consistent amount. What is known

.§ that the Marshallese cook regular amounts, and that they can provide reasona-

sly accurate estimates on how much they prepare. It is not clear how much of

tnis the family actually consumes. To try and pin the islanders down on this

question during an interview is difficult. Every man knows from habit how much
food he needs to regularly gather to provide for his family. He can only guess

how much of this food he occasionally gives away. It was this circumstance that
prompted us to concentrate our interview questions on the amount of food regu-

larly prepared, even though it appears that some portion of this food is given

away. In the authors' judgement, it seemed best to start with the most reliable

estimates possible, and then to proceed from there with further study and compar-
Lson.

It should be noted then that the averages obtained from the answers to the

various questions of the interview are in many cases based on food prepared for
family members. Such averages are labeled per family member (PFM). They were

computed by dividing the total amount of food prepared by all families by the

total number of family members associated with the individual adults inter-
viewed. Had each member of the family been interviewed (an obviously important

step in future studies) the amount cooked (less the amount wasted) should be
roughly equal to the total amount eaten. Thus, the problem of food sharing

could have been successfully by-passed. However, due to time limitations, the
inability to interview those reluctant to participate, and a concern not to in-

convenience the islanders in any way meant that an inclusive study of all family
members (which would entail active cooperation at all levels of the government

of the Marshall Islands) has yet to be completed.



Therefore, this attempt to seek estimates from the islanders themselves
concerning the actual amounts of local foods in thelr contemporary diet should

be used not as a definitive answer to the question of what constitutes the

"typical average." Rather it should be regarded as a feasibility study on the
possibility of obtaining the desired information in this way. In the authors'
judgement, the averages obtained from the interview study represent

overestimates. They should be so considere itil such time as further study

proves them accurate or (more likely) provig:s representative estimates of food

sharing and wastage, which could be folded into the study to provide more accu-
rate consumption estimates. Until such time as the factors involved are more

(horoughiy understood, the feasibility of obtaining a "typical average" estimate
from the interview method is in question. However, the present study
establishes an upper limit, which has been confirmed by (a) an estimate of the

calorie intake based on calorie value of foods jl, 2), and (b) the quantity of
.ood that is available and is gathered on the islands.

Results

The data obtained from the interviews and observations made by the authors

since 1970 suggests that the diet patterns can be divided into three typical
categories or communities. These communities have the following

-haracteristics?:

Community A:

a. Maximum availability of local foods

b. Highly depressed local economy - living within income provided by
selling copra

c. Low population

d. Little or no ability to purchase imported food

Community B:

a. Low availability of local foods ~ except fish (which can form as much

as 33% of the total diet as a result of excellent fishing in the

area).

b. Overpopulated - resulting in low per capita availability of local

foods.

c. A good supply of imported foods (supply boat comes in every two to

three weeks) along with the availability of jobs.

Community C:

a. Low availability of local foods, even the fishing is poor

b. Large government food program
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c. Overpopulated

d. A good supply of imported foods and availability of cash to buy them.

The results of the interviews and observations are therefore categorized
according to the three communities defined above and are tabulated as follows:

Table - 1: For Community A indicating the quantities of local foods
consumed

Table - 2: For Community 8 indicating the quantities of local foods
consumed

Table - 3: For Community C indicating the quantities of local foods
consumed

Results and Discussion

One of the most significant results of the dietary interview was the deter-

mivatton of the relative portions of local foods in the islander's diet. Tables

| to 3 show that the amounts of local foods prepared and eaten varies consider-

ably in each community, but that the relative proportions of the local foods

wh .ch are prepared and eaten are strikingly consistent, regardless of the respec-

tive availability of imported foods in each of the three communities. With re-

spect to imported foods, Community (A) was chosen on the basis of low availabil-

itv. All islanders of this community are primarily copra producers and retain

their traditional food gathering lifestyle in an area of correspondingly maximum

local food availability. Community (B) was chosen because of high availability
or imported foods due to the presence of a well stocked co-op store and the pro-

lizeration of government jobs. No copra is made at community (B) and as noted
elsewhere in the Marshall Islands the development of a “westernized' economy re-
sults (primarily due to the limited land area) in a corresponding minimizing of
local food availability. Community (C) was chosen for its large food subsidy
and the low availability of local foods resulting from high population density.
It is assumed that imported foods are highly available at (C), moderately avail-
ab.e at (B) and of limited availability at (A). From Tables 1, 2 and 3 it ap-
pears that the consumption of local foods is 100% for Community A, 33% for Commu-

nity B and 25% for Community C, of the total diet (local and imported food).
There is a tendency for the islanders to prepare and cook less local food as

imported foods become more and more available. Nevertheless, the relative por-

tions of the local foods eaten appear to remain constant regardless of the avail-

ability of imported foods either from a "westernized" economy or a food subsidy
program. This is dramatically evident when we compare the amount of coconuts
(in all stages of growth and in the different modes of preparation) consumed,

for example, they constitute: 55% of total local diet in Community (A), 58% in
Community (B) and 47% in Community (C). The relative portions of the various
other local foods seems only to change significantly due to environmental

conditions. For instance, the fishing at community (B) is widely reputed to be
the best in the Marshalls. This explains why fish accounts for 36% of the local
diet at (B) as compared to 29% at (A); whereas the islanders at (C) (where there
exists limited opportunity for fishing) estimate fish to be only 19% of the
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local food they prepare for their families to eat. It may therefore be
concluded that the local diet is basically quite uniform and that it changes pri-
marily due to environmental conditions. The effect of imported food is not s0
much to change the elements of the local diet but simply to reduce them
proportionately. The only exceptions to this tendency towards proportionate
over-all reduction are Jekaru (coconut sap), Mokmok (arrowroot), and Jankwon
(preserved mejwan breadfruit and preserved pandanus). This may be due to the in-
tense labor invoived in the processing and preparation of these three foods.
They appear to be the first traditional foods to be replaced from a total local
food diet by imported sugar, rice and flour. However, further studies are

needed to conclusively demonstrate this.

With respect to community (A) where estimates showed the food prepared and

eaten to be nearly 100% of the total diet, it is clear that these estimates ex-
ceed the actual amount that could conceivably be consumed, even by all the fam-

ily members. This is especially so considering the fact that this group of fam-
ily members includes women and children who could not possibly consume all that

food on a daily basis when we know that they are eating significant quantities
of imported foods as well.

Table 4A and 4B represent a typical maximum diet. [It represents the most

conservative estimate on the total gram weights of the various local foods which

could conceivably be consumed under the assumption of a 100% local diet.
,

These estimates are based on the assumption that ali the Marshallese lLiv-

ing on outer islands regulate their dietary habits to a certain extent to a pat-

tern parallel to environmental conditions and the natural food gathering cycles
that are governed by these conditions. It is based on a general observation

that most islanders do eat local foods. These estimates also indicate how much

of a particular food is eaten (by a typical adult and child) during a given

foods' peak season or seasons. They do not consider those periods when a partic-

ular food is scarce or otherwise difficult to obtain. Since these estimates are
based on a cycle of one year, it seems reasonable to assume that this method
could provide an estimated maximum. It has also the advantage of being based on

principles and assumptions which are scientifically verifiable. The various
growing seasons are subject to yearly change. Also the length and production of

each growing season varies somewhat from year to year. In calculating the maxi-

mum diet the tabulations reflect a somewhat higher percentage of jekaro, coconut
and pandanus than could reasonably be expected.

It should be noted that an individual existing totally on such a diet
would have to be carrying out a very active food gathering existence, and would
therefore have very Little time for other endeavors. In short, he would have to

return to the premodernized state his ancestors were living 200 years ago. It
should also be noted that a higher maximum consumption of any one type of food
is conceivable though it would be unlikely for two reasons. One, is the fact
that the premodern Marshallese society as well as the contemporary society is

very communal in its food consumption patterns. This means that food sharing is
extremely important, and therefore if any ome person gathers a great deal of any

one particular type of food, he is more likely to divide it up and give it away

_al



T
I

Interview

Question

No.|
S
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prams/ No. of

weeks— weeks

192 52

480 - 52

1248 52

1104 52

7199 52

1820 52

6440 5?

2197 52
166 52

230 $2

1380 52

2340 52

1740 52

2646 5?
225 52

4158 12

4326 1?

2500 if

1500 '

2000 15

1496 12

720 6

315 6

300 10

248 6

263 6

278 7

3084 52

weekly consumption not possible

to determine as such only annual

figures given.

ie,
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Table Qs Community a

Marshallese

grams/ name for

wE. woe eeFed

99B4 e]

24960 Waint

64896 Waini

57408 Wainl

374348 drenin ai

94640 Medi

334880 drenin at

114244 Medi
8320 Kenawe

11966 Kenawe

71760 tu

1271680 lu

90480 iu

137592 Jekaru

11700 Jankwon

49896 Bob

51912 Bob

27500 Ratakatak or

16500 (Bukrol)

30000 (Bukrol )

17952 Me jwan

4320 Me jwan

1890 Me jwan

3000 Me jwan

1488 Kole Nut

1578 Kole Nut

1946 mo kmok

160368 ik

2000 punk i

7500 binana

7500 binana

12120 kanapu

12600 kanapu
464 potato

7182 tocal vegetable foods

500 hao lol

2037 bao lin
850 pik

1000 won

560 wor
750 kahor

11490 jerol

9]3 kwid

4500 harolab

2150 clams

¢

English

equi valent

coconut grated for coconut milk
coconut ripe for copra

coconut ripe for copra

coconut ripe for copra

coconul water

tender coconut meat

cocoanut walter

tender coconut meat

coconut variety-can he eaten raw

coconut variety-can be eaten raw

cocunnt ‘apple!

coconut ‘apple!’

coconut ‘apple!

Nectar from coconut baud

panlanus pulp

pandanus

pandanus

breadfruit different variety

breadfruit different variecy

breadfruit different variety

breadfruit with seeds ,

breadfruit with seeds

breadfruit with seeds

breadfrurt with seeds

seeds of breadfruit

seeds of breadfruit

arrowroot

fish

pumpkin

banana

banana

papaya
papaya

sweet pofatuve

local vegetable foods

poultry

wild bird

pork

turtle

lobster

giant clams

snatls

ocbopus

coconut crab

clams (smal?)
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Interview

Question

No.

0
2
B
a
s
D
u
&
w
h
y
=

grame/ No. of

weeks =eee s

49.4 52

264 52
716 52
144 52

3611 52
702 52

2300 52
416 §2

0.25 52

0.5 §2

350 52

700 §2

830 52

1200 13

2688 13
1680 13

450 12

245 12

380 8
272 8

18.3 8
40.8 8

1364 52

weekly consumption not possible

to determine as such only annual

figures given,

Table 2: Community 8
 

Marshallese

 

grams / name for
yr f ood

2569 El

13728 Waini

11232 Waini

7488 Waini

187772 drenin ni

36504 Medi

119600 drenin ni

21632 Medi
13 Kenawe

26 Kenawe
18200 lu

36400 iu

43160 iu

- jakaru
15600 Makon ( jankwon)
34944 Rob

21840 Bob

5400 Bukrol or

1750 Batakatak

2940 Me jwan

3040 Me jwan

2176 Me jwan

- Me jwan
146 kole nut

326 kole nut

- mokmok

70928 ik

- punk i

2800 binana

4000 binana

- kanapu

- kanapu

~ potato

- local vegetable foods

1200 bao lol

3250 bao lin

500 pik

4l won

$0 wor

4250 kabor
4250 jerol
7125 kwid

350 barol ab

1075 clams

i.

English

equivalent
 

coconut grated for coconut milk

coconut ripe for copra

coconut ripe for copra

coconut ripe for copra

coconut water

tender coconut meat

coconut water

tender coconut meat

coconut variety-can be eaten raw

coconut variety-can he eaten raw

coconut ‘apple’
coconut ‘apple’

coconut ‘apple'

nectar from coconut bud

pandanus pulp

pandanus

pandanus

breadfruit different variety

breadfruit different variety

breadfruic with seed

breadfruit with seed

breadfruit with seed

breadfruit with seed

seeds of breadfruit

seeds of hreadfruit

arTrTowroot

fish

pum pk in

banana

banana

papaya

papaya

Sweet potatoe

local vegetable foods

poultry

wild birds

pork

turtle

lobster

giant clam

snails
octopus

coconut crab

clams (small)
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Interview

Question
No.

W
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grams / No. of

weeks weeks

B74 52

264 52

312 52

336 52

2139 52

936 52

1035 52

286 52

12.5 52

55 52

100 52

460 §2

240 52

200 3

1806 13

1680 13

800 12

408 42
225 8

225 8

56 8

42 8

590 52

weekly consumption not possible

to determine as such only annual

Figures gltven.
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Table 3: Communit y Cc

Marshallese

grams / name for

yr food

45448 Et

13728 Waini

16224 Waini

17472 Waini
181228 drenin ni

48672 Medi

53820 drenin ni

14872 Medi
650 Kewane

2860 Kewane

§200 1a

23920 tu

12480 iu

- jekaru
2600 Mokon ¢ jankwon)

23478 Bob

21840 Bob

9600 Bukrol or
3300 Batakat ak

4896 Me jwan
1800 Me jwan

1800 Me jwan
- Me jwan
448 kole nut

336 kole nut

- mokmok

30680 ik

1700 punkin

2800 binana

3200 binana

1320 kanapu

2880 kanapu

- potato

- local vegetable foods

~ bao tol

200 bao lin

250 pik

125 won

150 wor

- kabor

5325 jerol
1013 kwid
638 barol ab

1950 clams

Q

¢

Foglish

equivalent
 

coconut grated for coconut milk

coconut ripe for copra

coconut ripe for copra

coconut ripe for copra

coconut water

tender coconut meat

caconul water

tender coconut meat

coconut variety-can be eaten raw

coconut variety-can be eaten raw

coconut ‘apple’

coconut ‘apple'

coconut ‘apople'
nectar from coconut bud

pandanus pulp

pandanus

pandanus
breadfruit different variety

breadfruit different variery

breadfrait with seeds

breadfruit with seeds

breadfru:t with seeds

breadfrui¢ with seeds

seeds of breadfruit

seeds of breadfruit

arrowroot

fish

pumpkin

banana

banana

papaya

papaya

sweet potatoe

local vegetable foods

poultry

wild bird

pork

turtle

lobster

pliant clams

snails

octopus

coconut crab

clams (small)
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Table 4B: Summary of Maximum Diec {Annual Consumption!

Question Grams / No. Grams/

No. Week Weeks Year Marshallese English

l 244A 52 1383? EL coconut graated for coconut milk

2 Wainl coconut ripe for copra

3 1610 52 83720 Waint coconut ripe for copra
4 Wainl coconut ripe for copra

5 64409 3A 2491849 drenin nti coconut water
5 10465 1§ 167440 drenin ni coconut water

4 910 25 22750 Medi tender coconut meat

4 2275 27 61425 Medi tender coconut meac

7 - - ~ drenin ni coconut water

3 - - - Medi tender coconut meat

9 300 §2 15600 Kenawe coconut varLrety-can be eaten raw

10 - - - Kenawe coconut varietv-can be eaten raw

'] - - - Lu coconut ‘apple’

12 2000 4 8N00 Lu coconut ‘apple'

12 2500 20 59000 Lu coconut ‘apple'
‘3 - - - Lu coconut ‘apple’

4 4300 52 427600 yekaru nectar from coconut bud

15 ann 8 7290 “akon ( jankwon) pandanus pulp
‘A 3280 16 52480 Rob pandanus
7 - - - Bob pandanus

18 2350 12 28209 Bukrol or breadfruit differene variety

19 450 15 4750 Ratakatak breadfruit different variety

20 3500 9 31500 Me jwan breadfruit with seed
7k 709 5 3500 Me jwan breadfruit with seed
12 400 ? 2800 Me jwan breadfruit with seed
73 - - = Me jwan breadfrure with seed
24 700 5 3500 kole nut seeds of breadfruit

25 - - - kole nut seeds of breadfruic

26 560 14 7800 mokmok arrowroot

27 2200 50 110000 ik fish
28 1250 4 5000 punki pumpkin
29 875 4 3500 binana banana

30 875 4 3500 binana banana
31 100 52 5200 kanapu papava

32 - - - kanapu papava

33 100 §2 5200 potato Sweet potatoe
4 - local vegetable foods local vegetable foods

35 weekly consumption not 4375 bao lol poultry

34 1750 bao Lin wild bird
37 possible to determine 3500 pik pork
38 1750 won turtle
29 as such only annual 7000 wor lobster

4 7000 kabor giant clam

4] figures given. 8679 jerol snails
a2 5250 kwid octopus

43 7000 barolab coconut crab
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ratner than consume a large portion of it himself. Second, the acceptance of
rood offered is also a very important part of the culture, and therefore it

would be very difficult for an individual to isolate his food gathering and con-
sumption patterns from those of the society at large. This latter point is espe-
cially true for foods which have limited availability, such as, breadfruit, pump-
«in, papaya, bananas, potatoes and during certain times, pandanus and fish. Co-
conuts and jekaru on the other hand can be gathered in significant quantities at
all times. It is therefore much more likely that a maximum (a totally local)
diet would be based on them.

If it is assumed that Tables 4A and 4B represent the maximum amount of

local foods consumed, and that whatever imported food is eaten will have a ten-
dency to displace proportionate amounts of local foods, then in principle a
“typical average" diet could be established. This could be done by s. tracting
the caloric content of imported food from the total calories of local food

consumed per year as shown on the maximum table, and then converting the differ-
ence to gram welghts using calorie to gram conversion factors for the local

foods. By using this method, one can derive the typical amount of local food

that could be expected to be consumed in addition to the imported food eaten.

Taole 5 derives this diet pattern and also presents the averages for the differ-
enc age groups and sexes.

In summary the results of the study establish maximum estimates of the con-

sumption of local foods, based on the amount of local food that an islander liv-

ing a traditional life and a totally local diet could consume. These estimates
could be further refined by the use of calorie conversion factors specific to
the Marshall Islanders and specific to the local food they consume. With refer-

ence to the contemporary diet or "typical average" we are continuing our study
in two ways. One is by the utilization of the interview method in an attempt to

determine the full range of local food consumption in combination with studies
of food wasting and food sharing. A second is by the determination of the quan-
tity of imported food consumed in these same communities. In other words, we

are suggesting a double approach which would attempt to determine the contempo-
rary diet from opposite directions. This could produce either two corresponding

figures or more likely, two reliable figures between which the contemporary or
"typical average'' diet of the islanders in the community in question would lie.



-
S
T

-

 

 

Marshallese

 

name of English

Food __. Equivalent

El coconut grated for coconut milk

Waini coconut ripe for copra

Waini coconut ripe for copra

Waini coconut ripe for copra

drenin na coconut water

Medi tender coconut meat

drenin mi coconut water

Medi tender coconul meat

Kenawe coconut variety-can be eaten raw

Kenawe coconut variety-can he eaten raw

jiu coconut ‘apple’

iu coconut ‘apple’

iu coconut ‘apple'

yekaru nectar from coconut bud

Makon ()jankwon) pandanus pulp

Bob pandanius

Bob pandanus

Bukrol or breadfruict different variety

Batekarak breadfruit different variety

Me jwan breadtruit with seed

Me jwan breadfruit with seed

Me jwan breadfrouit with seed

Me )wan breadfruit with seed

kole nut seeds of breadfruit

kofe nut seeds of breadfruit

mokmok arrowroot
ik fish

punk pumpkin

binana banana

binana banana

kanapu papaya

kanapu papaya

potato sweet potatoe

local vegetable foods

bao lol

bao lin

pik

won
wor

kabor

terol
kwid
baral ab

Jocal vegetable foods

poultry

wild bird

purk

turtle
lobster

giance clam

snails

octopus

coconut crab

Table 5: Typical Average Diet as a Functionof Age and Sex inComparison totheMaximum Pret(g/yr).

Male

(51-70 yrae.)

Max imum Woman Woman

Diet {tl-14 yra.} (15+)

Question g/yr. Male Male Child Woman Woman Child Child
No. (Table-4) (11-22 yrs.) (23-50 yra.) (7-10 yre.) (15-22 yra.) (23-50 yrs.) (4-6 yrs.) (1-3 yra.)

! 13832 12864 12449 11066 9682 9129 8299 $948

2 -

3 83720 77860 75348 64976 §8604 §5255 50232 46000

4

5 399280 371330 359352 319420 279496 361754 27956R 171690

6 84175 78293 75758 67340 58923 55556 50595 36195
7 - - ~ - - - - -
8 - ~ - - - - _ ~

9 15600 14508 14040 12480 10920 19296 9360 6708

id

1
12 58000 53940 52200 46400 4600 JB2A0 44800 24940

13

14 327500 304668 274201 2462080 229320 216214 19#5460 140868

15 7200 6696 6480 5760 5040 4752 4320 1096

16 $2480 48806 47232 41984 36736 34649? 1488 2256

ei
1a 28200 26226 23380 22560 19740 18612 16920 127126

19 6750 6278 6075 5400 4725 4455 4050 2902

20 31500 29295 278350 25200 22050 20790 1a900 13545

21 3500 3255 3150 2800 2450 2310 2100 1905

22 2800 2604 2520 2240 1960 1848 1680 1204

23
24 3500 3255 3150 2800 2450 2310 2)00 1595

25

26 7840 7291 7056 6272 $488 5174 4704 437k

2? 110000 102300 99000 88000 77000 72600 66000 47300

28 5000 4650 4500 4000 4500 4300 00 2150

29 3500 4650 3150 27800 2450 2310 2100 1505

30 3500 3255 4150 7800 2450 2310 2100 1505

cat 5200 4836 4680 4160 3640 1432 3120 2236

32
3 5200 4836 4680 4160 3640 3432 3120 2236

34

45 4375 4069 3438 4500 3063 7888 2625 188)
6 1750 1628 1575 1400 1225 1155 1n50 753

3? 3500 3255 3150 3800 2450 2310 2100 1505

38 1750 1628 1575 t400 1225 1155 1050 753

39 7000 6510 6300 5400 4900 4620 4760 3010

40 7000 6510 6300 $000 4900 4420 4200 wma

41 8679 8071 7BE) 6943 6075 §728 $207 3742

42 5250 4883 4725 4200 3675 465 3150 2258
4) 7000 6510 6300 5600 4900 4620 4290 3010

44 - - - ~ - ” - -

An

clams clams (smali)
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List of Local Foods and Conversion Factors

Coconut milk - el - One nut produces 38 grams of milk! at 2.6 cal/g.* A s0-
lution produced by squeezing freshly grated coconut. Often water is mixed
with the coconut gratings to enhance the extraction process. Coconut milk
can be used to enrich all traditional dishes and is normally mixed into
food before cooking. EL is produced from waini (the mature nut).

Coconut meat - wainl - one nut = 240 grams? at 3.1 cal/g.4 (12 months
stage). Often grated and mixed into food but more often eaten as a side
dish with breadfruit or fish.

Coconut water - dren in ni - 230 grams/nut at .109 cal/gram.? The water of

the immature coconut at its 7 to 9 month stage is consumed by islanders of
all ages regularly when available. The ni must be cut from the tree as
opposed to waini which falls by itself. Certain varieties of ni are pre-
ferred among others for regular drinking, some varieties being seldom or
never consumed,

Coconut Flesh - medi - 130 grams/nut at 1 cal/gram.© Medi is the soft
flesh which forms inside the shell of the ni stage. It is seldom used in
cooking and eaten primarily as an in between meal snack.

Kenawe - 100 grams/nut at .109 cal/gram. Kenawe comes from a particular va-
riety of coconut palm of which the immature, 3 to 5 month stage fruits are
sweet to the taste and edible. The shell is soft at this stage and eaten

like raw cabbage. The husk in its upper portion at the eye is also edible.
The lower portions of the husk are chewed and the juice sucked and then
these portions are discarded. Both gram weight and calorie content listed

above are estimates as no data on kenawe have been published.

Sprouted embryo - iu - 100 grams/nut at .78 cal/gram.’ The embryo begins

to form around the 15th month of the waini stage, and normally takes two to

three months to sprout. When the sprouted nuts are used in copra making

the iu is first removed before the nut is set out to dry. It is often
cooked in a pot with flour and coconut milk. Sometimes it is baked still
within the shell. More often it is simply eaten raw mixed with sugar
water or jekaru as a meal or plain as a snack.

Jekaru - .45 cal/grams.8 Jekaru is the sap of the tree tapped from the
flower while still at the bud (4 week) stage. Up to one gallon of Jekaru
can be produced from one tree per day. Jekaru is used as a sweetener in
cooking and it is drunk by children and adults fresh in a solution of 50%
water. Fermentation begins immediately. It is often boiled and given to
babies as a substitute of mother's milk. Unless the fermentation process

is arrested it turns into a wine by about 36 hours. Fresh jekaru is often
boiled into a syrup called Jekami.

Pandanus (preserved) - Jankwon - 9.93 cal/gram.? Jankwon is produced by
mashing the cooked pandanus keys into mokon, straining out the fibers which

were loosened from the cores in the process, baking the resulting mash into
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a deep brown vaste like substance and drving this under the sun until it is

dehvdrated to the point where preservation is possible. It is then wrapped q

in drv pandanus leaves and tied into a neat roll until needed.

Pandanus keys - bob. There are two basic types pf pandanus. One is used to

mash into mokon and averages about 50 pgrams per key; /0 another type is sel-
dom cooked, contains little vulp and only about 30 grams of juice. This
latter type is typically eaten raw by chewing and sucking and then

discarding the inedible core. There are about 40 keys to a stalk. No

known reliable calorie comparison factors for this latter tvpe of pandanus

kev exist so we have used .58 calories/g.!! for both types has been assumed

even though this is an overestimation for the latter. Depending on loca-

tion (island/atoll) pandanus is eaten consistently for 4 months. 2

Breadfruit - batakatak, bukrol. These are the seedless varieties of

breadfruit. They contain about 500 grams of cooked edible portion at 1.3

cal/gram.!3 Three types of breadfruit are eaten consistently over a period

of about 12 weeks per vear.

 

Preserved breadfruit (hatakatak and bukrol) - buido - 1.3 cal/gram with one
fruit equal to 500 processed grams of buido. > The breadfruit is picked in

large numbers at the peak of season, skinned, and decored, sliced and

soaked within a copra sack in the lagoon for a period of hours or days. The

sliced fruits are then mashed and allowed to sit and ferment underground

within breadfruit leaves where drainage can take place. Before eating it

is often rinsed in fresh water to reduce the salt content.

 

Breadfruit (variety with seeds) - Mejwan - 272 grams/fruit at 1.12 @

calories/gram, cooked and 1.22 calories/gram eaten raw.! Mejwan is always
cooked in its unripe stage though unlike other varieties of breadfruit when
ripe it can be eaten raw. It can also be prepared into Jankwon by baking

the ripe fruits and then drying them under the sun. The jankwon so

produced contains about 2.83 calories/gram. |? Mejwan is eaten consistently

for about 9 weeks/yr. in its unripe stages and for about 5 weeks/yr.

Breadfruit seeds (from mejwan) - Kole - each nut weighs about 2.5 grams and

contains about 1.5 cal/gram.!° The nuts must be cooked to be eaten, and can

be considered as a significant portion of the diet for only about 5 weeks

per vear.

 

Arrowroot - Mokmok - 3.5 calories /gram. 79 The tubers are dug up in the win-
ter months whenthe plant itself dies, They are dumped into a copra sack
and rinsed of dirt in the lagoon. They are then grated into pulp which is
mixed with salt water and strained to separate the starch out of the solu-

tion. The solution containing the starchy material is usually trapped in

a canvas lined pit which permits the salt water to seep through the canvas

into the sand leaving the chalky starch behind which resembles plaster of
Paris. The starch is then wrapped in a towel and hung up to drain and dry.
It can then be used in cooking without further processing.
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14.

15.

16.

17.

18.
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Footnotes for List of Local Foods and Conversion Factors.

Murai, Mary. Some Tropical South Pacific Island Foods, University of Hawai
Press, Honoiulu, Hawair, 19583118.
 

Ibid 118

Ibid 52-7. (Murai documents the average weight of the mature coconut at
350 grams. However, as most of the coconut eaten is grated and as only 2/3
of this amount is actually extracted from the shell, we have reduced

Murai's figure by 1/3 to 240 grams/nut.)

Ibid 52-7

Ibid 52-4

Ibid 52-4

Ibid -52-8

Ibid 58

Ibid 76

Ibid 67-82
(Murai documents the average edible portion of a pandanus key at 75 grams.

There are many dozens of variety of pandanus eaten in the Marshall Islands,

however, though the two varieties used in Murai's study happen to be the
largest. We feel 50 grams/key for the variety whicn produces mokon and 30

grams/key for the other type to be more accurate overall average.)

Ibid 58

See page (5 & 6) of Dietary Interview.

Murai, Mary. Some Tropical South Pacific Island Foods, University of
Hawaii Press, Honolulu, Hawaii, 1958;24-30.
 

See page (5 & 6) of Dietary Interview.

Murai, Mary. Some Tropical South Pacific Island Foods, University of
Hawaii Press, Honolulu, Hawaii, 1958;24-30.
 

Ibid 24-30

Ibid 24-30

See page (5 & 6) of Dietary Interview.

Murai, Some South Pacific Island Foods, University of Hawaii Press,

Honolulu, Hawaii, 1958;34.
 

Ibid 104.
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Living Pattern Study:
 

The living patterns among the Marshall Islanders vary somewhat from atoll
to atoll. However, due to the consistency of an atoll environment and its lim-
ited land area, as well as the limitations it presents to economic development,
reliable estimates can be produced if based on the average amount of time spent

at the various tasks necessary for subsistence. Tables 6, 7, 8 list the time
spent in various activities by males (ages 15-50 years), females (ages 15-50
years) and children (ages 6-14 years).

From information provided by the Tobolar Copra Plant which keeps copra pro-

duction works for the various atolls in the Marshalls, it has been determined

that the islanders of Utirik Atoll produced about 113 short tons of copra be-
tween the Fall of 1957 to the Fall of 1978. Thus this averages to abour 90
lbs./week per person. This copra production represents the output of 46 males
from ages 14 to 95. aAs all of these individuals are not involved in copra pro-
duction to the same extent, it is estimated that those actually working produced

about one bag (between 100 and 125 lbs.) per week. This per capita production

at Rongelap seemed to be considerably less, while at Aiiuk it proved somewhat

more. At any rate copra production ~ the main island commercial activity - could

not possibly exceed that possible during the hours taken for coconut collecting
and husking per week which we have used as the basis for island activities

estimates. It has been estimated that plantation clearing (for undergrowth)
adds another 4 hours per individual per week to inland activities associated
with copra production. [In addition to copra production, another two hours per

day of inland activity has been estimated for food gathering.

This is not to say that some individuals do not spend considerably more
than 26 hours/week inland. The apparent range over the entire male population

is very broad, with some individuals spending in excess of 40 hours and others

as little as 7 or less.

The living patterns of women on the other hand, are noteworthy in the rela-
tive lack of inland activity. Some of the younger women are involved in coconut

gathering, and, to a limited extent, food gathering. Some of the elderly women
are engaged in activities related to handicraft production, (such as gathering
of pandanus leaves).

Female activities on the lagoon, at the shoreline and on other small is-
lands of the atoll appear to be an insignificant portion of their living
patterns. An exception to this is found only when actual settlement of a small

island for copra making purposes takes place. In general, women do not go along

on the two to three day trips which the men periodically make for cleaning up of

the coconut plantation area.

In respect to male activities in the area of ship repair, a direct rela-
tionship was apparent between the number and state of repair of traditional
canoes and other vessels and the amount of time spent on the lagoon and at other

islands.
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Shore time activities for men are primarily limited to fishing with throw
nets, long nets and cane poles.

On the other hand children spend long hours playing on the beach and in
tne sand. It was estimated that as a minimum, they occupy this area during two
hours of daily activity.

From the above discussion it can be seen that by far the largest amount of

time in the living pattern of the islanders is spent within the village area.

During the largest proportion of it (45 to 49 hours), they are involved in child
raising, handicraft fabrication and relaxation. Indeed it is a rare instance

when one stops at an islander's house to find no one there. Such situations

occur only during major celebrations or during the arrival of a trading vessel.

To understand the leisurely pace of life on the outer atolls of the

Marshalls, it is perhaps best to pay attention to the subsistence activities,

and the life and culture supporting functions which are based upon the coconut

palm. The palm has been said to be the mother of Pacific man and truly it is

tne pillar upon which island life revolves. From the preceding section on diet,

it is apparent that by the islanders own estimate, the coconut palm provides

from 48 to 58 percent of the food for the traditional as well as the contempo-
rary local diet. Fish, which can also be gathered quickly and in great abun-

dance constitute the second major portion of the diet and the other main support

ror island life and culture. Together these two items provide from 78 to 84 per-

cent of the local food diet. It is upon the availability of these staples,

which the environment provides abundantly, that atoll life, as we know it today

was established, Even though many of the subsistence skills which enabled the
ancestors of the present islanders to thrive and establish their once self-

reliant culture have been lost, and though the islanders can in no sense be

considered or expected to be totally self-sufficient in terms of their diet, the
local food resource foster and support this leisurely pace of life. They can be
expected to turn to it in lean times, when for one reason or another the much

preferred rice, sugar and flour imports become scarce or unattainable.
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Table 6: Male Activities
 

(15-50)
 

A. Inland activities - (26 hrs./week) 

1. Brushing plantation

2. Coconut collecting

3. Coconut husking

4. Food gathering of pandanus, breadfruit,

ni, iu, Jekaru total (A)

B. Activities on lagoon (9 hrs./week)
 

1. Fishing on lagoon

2. Inter atoll travel (0-2 hrs.>

C. Activities

total (B)

at shoreline (7 hrs./week)
 

1. Fishing at

D. Activities

shoreline total (C)

on other island (2 hrs./week) total (D)
 

E. Activities in Village area (124 hrs. /week)
 

1. Canoe and net making and repair

2. Clean up of living area

3. Coconut cutting and drying

4. Church activities, meetings, celebrations

5. Sleeping

W
O
r
o

i
m

[
r
o

56

/week

(0-2 hrs.)
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Table 6: Male Activities (Cont'd) 

(15-50)
 

Child rearing (and monitoring), handicraft,

relaxation

total (E)

Total (A-E)

~ 25 +

hrs./week

45

124

168



  

 

 

 

Table7: Female Activities «

_. (15-50)

Inland activities (8 hrs./week) hrs. /week

Coconut gathering and splitting, gathering total (A) 8

pandanus leaf

Activities on lagoon (none) total (B) nil

Activities at shoreline (insignificant) total (C) insignificant
 

Activities on other islands (insignificant) total (D) insignificant
 

Activities in village area
 

Preparation of food

Splitting coconut sheils and drying

28

£ &

Clean up of living area 7

Washing clothes 8

Church activities, meetings and celebrations 16

Sleeping 56

Child rearing, handicraft, relaxations 49

total (E) 160

Total (A-E) 168

é (
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Table 8: Children (ages 6-14)

Inland Activities
 

Collecting iu, gathering coconuts total (A)

Activities on Lagoon
 

Inter Atoll travel (0-2 hrs.) total (B)

Activities at shoreline
 

Play total (C)

Activities on other islands (0-2 hrs.) total (D)
 

Activities in village area
 

School

Clean up of living area

Washing clothes or drying copra or household

chores, etc.

Sleeving

Play and relaxation

total (E)

Total (A-E)

-~2?7 -

hrs. /week

10

10

30

26

32

144

168
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Seasons: lL. Local foods

11. Seasons of the year

Marshallese (local) foods

Other Islands used for food gathering

Data on edible portions of Marshallese foods

Fishes: Types of fishes and methods of fishing

School children - lunch program

Typhoon relief

Food supply ships - trip reports

Private or community stores - types of foods available
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Appendix A

SEASON (NWOTON) = Local Foods | q
 

Pandanus - various observations)

Spoxesman Ripens

la) June - July, b) November - January

Nagal - Ailuk 2a) June - July, August, September, b) November, December

January, February

Cement - Ailuk 3a) April, May, June, July, b) December, January, February

Cement - Ailuk 4) all year June - December

Paul - Rongelap 5) 8 months September/October - April/May

Jcetai - Rongelap 6) May, June, July (begins growing January)

Ailuk 7a) June, July, b) November, December, January

* 8) October, December, January but some ripens throughout year

in small numbers

Henas - Rongelap 9) December begins to grow/March, April ready to eat

Ailuk 10) January, February, April, May, June, July, August, é

September

Comments: during a drought-smaller and smaller fruits

Breadfruit - various observations

Spokesman Ripens

Henas - Rongelap 1) “ay, June, July, August, September, (little October)

2a) June, July, b) December, January

Nagal - Ailuk 3) April, May, June, July, August

Cement - Ailuk 4a) June, July, August, September, b) December, January

Ailjen - Ailuk 5a) June, July, b) December, January

6a) summer, b) November, December

Rongelap 7a) July, August, September, b) December, January

8) May - September, peak May through July some be may be

present until December @

*Bryan Jr., E. H., Life in the Marshall Islands, p. 129.
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SEASON (ONTOS) (Ceont'd)

9) December, January, February, April, May, June, July

(mokan)

Comments: After a breadfruit season, pandanus follows. They alternate seasons.
(Nagat - Ailuk)

BananasS ~ various vhservations

Sposesman

Nagal - Ailuk all year around

Hemos - Rongelap all vear - more in rainy season

ALTOWTOOEL

Hemos - Rongelap November, begins growing, December and January ready to eat

Nagal ~ Ailuk December, January, February

* October through January

Rongelap January, February, March, April

Coconut - iu (flowering coconut)

Nagal - Ailuk whenever anybody wants to find and eat it

Pumpkin

Spokesman

Nagal - Ailuk all year

Cement - Ailuk all year

Sue - Rongelap all year

1 month for pumpkin to become large

*Bryan Jr., E. H., Life in the Marshall Islands, p. 129.
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Cement - Ailuk

Pandanus Season - Januarv, February, March, April, May, June, July, August, «

September

Pandanus Types

First pandanus season Jablower

beginning March-end Kobarwa

of May

Second pandanus season Lejokrer

beginning of June- Lokotwa

end of August Lebo

T! ird pandanus season Edmerma

beginning of September- Leomtur

end of November Ailuk

Kemelij

Lemoen

Fourth pandanus season Lekman

seginning of Januarv- Lejmou

“nd of March Liman

Mojel

Wottet

Nibun q

‘

The information given by the Marshallese seems to show two seasons for

beth breadfruit and pandanus. This is a widely accepted fact and tends to

support our own observations made during our extended stay on the islands in the

Marshalls. According to the above figures, one would expect that the summer
season, which bears the largest crop and is the time when preserving is normally

done, begins around the second week of May and continues progressively until

July--the month when the preserving is traditionally done and continues on

into the second or third week of August. The second or winter breadfruit crop

fails in December and January.

It should be noted that the pandanus season is markedly different in the

Northern Marshalls where due to lack of rain in the winter months, the summer

crop is normally much larger. To some extent, this holds true for breadfruit

as well--the winter crop being much smaller.

ql:
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SEASONS CHONTON) ¢Ceont'd) 

 

Taro

Spokesman

Nagal - Ailuk grows all vear

OBSERVATIONS ON SEASONS OF YEAR

Summer season of maximum rainfall in the year*

rainv season on Ailuk May, June, July, August; slows down September, October,

November, December

Rainfail decreases as you go north
average rainfall: Jaluitc - 160" Wake Island 30 to 50"

(350 miles further north)

Majuro — 120"
Vielang - 30"
Eniwetak - 60 to 70"'*

Winter December ~- April, season of strong winds from the northeast.

Dry period of the year.*

QO
Temperature F range varies less than 10-12°%

Minimum: 689

Maximum: 80°

*Brvant Jr., E. H., Life in the Marshall Islands, p. 135-36.
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Appendix B

Marshallese Foods
 

a: Marshallese names for food types

Local Foods

breadfruit - ma

coconut {
drinking - ni

copra - waini |

oldest stage - iu (sprouted)
pandanus - bob

arrowroot - mokmok

taro ~ iaroj

pumpkin - baanke

papaya - keinabbu

banana - pinana

sweet potatoe

coconut sap - jekeru

chicken - bao

 

pig - piik
turtle - won

fish - ek

clams - kapwor

lobsters - wor

birds - bao q

coconut crabs - barulep

eggs - lep
turtle

bird

chicken

Imported Foods

rice - raij sugar
flour - pilawa soy sauce de
can - kuwat mayonnaise

tuna - bwebwe yeast ¥
chicken - bao baking, powder

beef - cow candy - M&M's, gum, chocolate bars

mackerel coffee
cornbeef tang

sardine tea

vienna sausage milk - Carnation Instant

spam
beef hash

biscuits - ship, crab

Ramen soup

peanut butter

Kim chee

shortening

 



(2)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

b: Cooking Modes

Ground oven —- UM - The ground pit is fueled by a coconut shell or husk

fire. Rocks are then added to cover the coals. When the

rocks have been warmed the food is placed in. The pit is

covered over with banana leaves, canvas or a heavv rubber

sheet. Weights are added.

Stove Type Cooking - is alwavs done either over a kerosene stove or an

open fire fueled by coconut shells or husks.

a) boiling - using rainwater, brackish water when rainwater

supply is low.

b) frying - using Crisco, other shortenings, occasionally

pig grease, rarely if, ever coconut oil.
c) steamed -

Roasting - is done over a coconut shell or husk fueled fire, when it

has turned to coals.

ec: Description of the Food Types

1. Breadfruit - MA

Awanjin - green breadfruit roasted on coals until skin is black. The

outside is then scraped with pieces of broken glass or

shell. Approximately 1 hours to cook.

Steamed ~- fill the iron pot with water up to metal disk. Cooking time

varies according to type being cooked.

a) bwiro ~ 2 hours to steam on fire

b) raw breadfruit (whole) 30 minutes by stove

Boiled ~ wash green breadfruit leave whole and boil.

Kopjar - baked breadfruit in ground oven.

Jokkwapin Ma - Breadfruit soup is made by removing the core and skin,
cutting the rest into pieces which are boiled, mashed,

mixed with coconut milk and salted to taste.

Fried - Cut the ripe breadfruit into slices removing the outer green peel.

Soak the wedges in salt water or salt them before frying.

Cooking time approximately 10 minutes on each side until

brown or french fried.

Kalo - very ripe breadfruit mixed with coconut milk.

Mijiwan - a type of breadfruit which is eaten raw when it is very ripe; as is
or with coconut milk.

Kwolejiped ~ name of nuts (kwole) cooked. They are roasted on coals or
taken out of a steamed, baked, or boiled Mijiwan Breadfruit.
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(10)

(11)

(12)

Bwiro - preserved breadfruit or Marshallese cheese. The skin is removed

from the ripe zreen breadfruits then cut in wedges and placed
in a burlap »ag and taken to the lagoon. The bag is anchored

for one or two davs in the saltwater or stomped on for an hour

or so to hasten the fermentation. The bag is then taken from

the water and lert on coconut leaves in the open air for one
or two days. The breadfruit is then placed in a pit Lined with

breadfruit leaves. Leaves, a cloth cover and weights are then

placed over the breadfruit. The breadfruit leaves are changed

after every month and the bwiro is ready for cooking after two

months. Supply can be kept six months to a year or two. (Type

of breadfruit used--bakrol, batatak, koutroro.)

Bwiro Food Preparation

The quantity of preserved breadfruit that is needed to cook with

is taken from the pit or box and thoroughly washed in fresh water

Coconut milk is then mixed with the rainwater. Sugar is also

added along with flour which is optional. A ladle full of the

mixture is then placed in a breadfruit leaf and is either steamed,

boiled, or baked. Another method of cooking is to roll the bwiro

into balls and then steam or boil.

Baked - The inside stem of a ripe breadfruit is removed and coconut milk

replaces it. The breadfruict is then wrapped in leaves and baked.

Jankwin - Mijiwan seeded breadfruit is picked green; allowed to ripen; seeds,

core and skin removed; placed in a coconut leaf basket; baked in

earth oven all night; taken out; unwrapped; flattened and allowed

to drv in sun. When dry, it is rolled, wrapped in pandanus leaves,

‘tiled with sennit twine and preserved as a roll.
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2. Ceconut

The coconut was traditionally and still in some circumstances continues to

be the focal point upon which the Islander's diet revolves. Indeed nothing is

found in greater abundance among the atolls than coconut. The tree itself was
an important foundation upon which Island life evolved. The leaves being woven

ints shelters and the fibrous strands of the husk twisted into sennit rope for

the lashings of houses and outrigger canoes. The bud-sheath was used as a bowl

in hich to pour ingredients to bake in ground ovens. Baskets woven from the

learlets of the tree were, and occasionally still are, commonly used for eating

anu cisplaving and transporting food.

The coconut fruit requires approximately 12 months to ripen and usually falls

off itself after an additional few months due to stem decay. At this stage it is

reacy to be husked, broken open and dried under the sun or in a smoke-house into

copra, the major island export. and at this stage it can be opened and the nut

cut “rom the shell and eaten as jiral (with something else) fish, for instance or

breadfruit or both. [It has a high oil content however and a two to four ounce

portion is seldom exceeded unless there is a scarcity of imported or other local

foocs. Children seem to eat considerably more of it than adults do. The elderly,

on tne other hand, especially those lacking teeth, eat it normally only when it

is mixed into the family food. B3inbin is a term that is used to describe the

preparation of a variety of dishes in which mashed banana or tarro or breadfruit ©

or more likely rice, is formed by hand into a ball and rolled over coconut gratings

whicn stick to the surface and help preserve its shape. These gratings are pro-

duced in a process called ranke whereby the nut is scraped from its shell by a

rounded, tooth edged blade normally screwed onto a stool on which one can sit while

engaced at the grating or ranke process.

The water of the mature coconut or waini is sometimes drunk. More often,

however, it is mixed with food as an ingredient before cooking or not being as sweet

or flavorful as the water in the unripe nuts discarded altogether. The earliest

stage at which the water begins to sweeten and is used for drinking is termed

obleb--around its sixth month of growth. The shell is still soft enough to break

with the fingers and the nut itself--if it has started to form at all~-is but a

thin :elatin lining the bottom of the shell that can be loosened with a thumbnail

and drunk. The next stage when the gelatin hardens as does the shell allowing

itselr to be husked is called ni. This is the stage at seven to nine months when |.

the nut is normally used for drinking. During this period, the nut continues to

form thougn its texture remains soft and removable from the shell by the thumbnail.

When it becomes too hard for this and begins to become cemented to its shell at

around nine to ten months, it is called mejob. The meat of the nut is hard though

not quite as hard as in the mature, waini, stage and not as oily. Mejob is seldom

eaten today though it was in the past and may one day again be a staple to ward

off hunger in times of famine. This is due to its abundance and to the fact that

the lower oil content allows for a larger quantity to be eaten before bringing

distress to the bowel. It can be grated by the ranke process and is sometimes
used in this way mixed as an ingredient into food or put in a bowl with jekaro

and eaten as a sort of cereal called jekbwa.

Jekaro is a nectar collected by binding and repeatedly (morning and evening)
cutting the budding composit flower of the coconut tree. As the tree produces one

bud a month and as a bud can be tapped for a period of up to four months, a good
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tree can have up to four bottles containing up to a gallon of jekaro hanging and

waiting to be collected each morning. The tree will produce a similar quantity

that must be collected in the evening. It is verv sweet and is usually mixed with

water for drinking and very nutritious, especially after four to six hours at

which point the yeast content is greatest. After this it begins to become notice-

ably alcoholic and at 26 hours when the fermentation process stops, it can be drunk

as a wine. In its sweet, unfermented stage it has been used as a substitute for

sother's milk. When available, it can be used as a sweetener in any or all of the

traditional dishes. ‘when it is boiled down, it vields on an eight to one ratio a

delicious syrup termed iekami which is used as a sweetener in drinking and also

eaten with coconut at its various stages. It can be mixed and further cooked with

coconut gratings to produce a type of coconut candy, much prized, called amitama.

At around the 15th to L&8th month, the coconut begins to sprout. At this time,

the inside of the nut turns gradually to a sweet apple-like, spongy substance called

wou. A side product in copra making, it is eaten in the interior islands by those

zathering the nuts. Then again eaten by those while husking. When the nuts are

cracked, children flock to the area to scoop out the soft iou before the nuts are
layed out under the sun. lou is sometimes crushed and mixed raw with jekaro and

thickened with flour into a pudding--aikiou. Also it can be steamed or baked in

a basket (iutur) or even while still in the nut (umum ilo lot).

To the aikiou dish el is often added. Indeed it is through the el or famous
‘coconut milk" that the coconut can be seen as the central ingredient in all tradi-
tional cooking. El is obtained by mixing the grated coconut or waini with a little

water and squeezing. “uch of the oil and a great deal of flavor is thereby re-

~eased into solution--pure white in color. El can, and often is, mixed into every
dish conceivable. When available, it is normally mixed into the rice on a daily

Sasis at the rate of about one coconut per two cups of rice.
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Coconut - ni

ai - 1 to 5 months growth

L) voung drinking
method - drink through hole in husk, shell too fragile to husk, gelatinous

coconut meat

-) mature drinking coconut

method - husx coconut before drinking coconut meat firm, use knife to cut

from side

3) waini - 6 to 7 months growth

copra-producing coconut

use of liguid - usually thrown awav, children drink occassionally

use of meat - eaten a) cut in wedges-with fish or by itself

b) grated and squeezed for coconut milk

c) use gratings in cooking, rice balls, mokan

+) iu - 8 to 3.1/2 months growth
spongy food inside sprouted coconut

use of tua) eaten raw
b) cut up and boiled with sugar or jekeru

c) cut up and boiled with flour, sugar or jekeru
d) raw iu cut up and sweetened with sugar or jekeru
e) iuwumum - spongy meat of sprouted coconut baked in its shell

Ff) diutir - baked spongy meat

rood from coconut sap

jekeru - sap from coconut blossom

uses - a) drinking

b) used as a sweetener in place of sugar, i.e., donuts, bread

jakamai - boiled jekeru into a syrup

uses - a) used mixed with cold or hot water as a drink

b) used for pancake syrup

c) used as a sweetener

amedama - jakamai syrup mixed with grated coconut rolled in a ball - coconut
candy

coconut milk - produced from waini

method of extracting grated coconut from coconut meat is called roanke.

Then coconut milk is squeezed out of these coconut gratings.

uses - rice ~ Coconut milk squeezed into water at start of cooking.

Amount - coconut milk squeezed from one or two grated

coconuts per 500 g of rice.

mokan - cooked pandanus meat that has been removed from the

key (kilok)
a) coconut milk added to mokanas as gravy

gravv - with clams, fish, breadfruit, pumpkin, used with all

foods available.
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3. Pandanus

The Pandanus fruit resembles a huge pineapple at superficial external glance.

However, a closer inspection shows it to be made of large, individually extractable

xernels surrounding a central inedible core, much like corn does on its cob. A

pandanus fruit can weigh up to thirty pounds and consist of up to forty kernels

or keys. These kevs themselves are stringently fibrous in nature (indeed, a spent

and dried key makes an excellent paintbrush), the inner portion of which contains

the flavorful though somewhat stringy pulp which when raw has the consistency of

4 carrot and likewise can be mashed upon being cooked. The bulk of the pandanus

truit and a considerable portion of its weight is attributed to the upper inedible

nartially external portion or the keys. This external portion, which is particularly

-ibrous, is capped by a tough and nobby rind.

Pandanus is traditionally a very important staple for the Marshall Islanders,

especially among the northern atolls where due to lack of sufficient rainfail

depend less on Breadfruit, tarro, bananas and papayas then do those Islanders

Living in the southern Marshalls. All over the islands it is eaten when ripe

uncooked and in surficient quantity to be considered a staple. Because of its

availability throughout the interior or most islands and because it grows on even

the distant unpopulated islands on all atolls, it is often used to ward off hunger

during copra harvesting, brushing, fishing and inter-atoll travel. It is considered

to offer relief from “morning sickness’ and is sought by pregnant women who often
vat tremendous quantities of it. Said to be good for sea~sickness it is piled

onto vessels of all types and destinations and eaten by nearly everyone aboard

curing the entire length of the trip. The fact that it can be knocked about a

ureat deal without danger of spoilage (due to its particularly tenacious rind) q
makes it especially suitable for inter-atoll export where it brings a good price

in the district center and on Ebeye.

There are many different varieties of pandanus, some of which are always eaten

raw. Others are normally boiled, steamed or baked in a ground oven before eating

or processing because they are more starchy, very difficult to chew in their raw
state and much more tasty and in particular sweeter after being cooked. These

later are the varieties used in the preparation of mokon--the mashed pulp once

it has been separated by mechanical means from the fibrous core using an apparatus

called the bakan--in the process called kilok. Cooking allows pandanus to be eaten
even in its unripe stages though generally speaking the more ripe the fruit the

more mokon is produced in the kilok process. The varieties of pandanus are seemingly

endless. Each variety has a characteristic shape, consistency, and flavor.
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Jankwon is prepared from mokon by baking it to further reduce its water content
and then by spreading it out usually on leaves to dry in the sun. The final pro-

duct is then traditionally wrapped in pandanus leaves and tied with sennit. Though

jankwon production is nearly a lost art over much of the Marshalls, it is still

continued among the northern atolls, including Rongelap and Utirik where it is

apparently a more firmly rooted tradition.
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Pandanus - bob

fresh - eat when ripe or uncooked

eroum ~ boiled pandanus

bane ~ bake keys in ground

peru - Pandanus pulp and juice mixed with grated coconut and coconut oil and

optionally with arrowroct starch, wrapped in breadfruit leaves and boiled

 

or baked.

mokan - The pudding from a cooked pandanus kev. The food is removed from the

key by a process known as kilok. The cooked pulp is then mixed with

other foods or eaten as is. s

Examples: a) often mixed with grated coconut

b) mixed with coconut milk
c) served with fish

d) by itself as a dessert

jankwin - Cooked pandanus, extract from keys keys--mokkay, dry in sun, wrap

in pandanus leaves and tie with sennit twine.

unripened pandanus - mashed with sugar or jekeru and water.

4. Arrowroot - mokmok

The arrowroot is dug up from the oceanside of the island, placed in a

burlap bag, and washed until white. Each separate piece is then grated with

a rock. The arrowroot is placed in a wanliklik made of sennit (from fibers of

coconut husk)used for straining arrowroot starch. It is then rinsed with two

bucxets of saltwater. The arrowroot powder is then saved from the canvas or

wanliklik, wrapped in a cloth and tied in a tree to dry. The powder is then removed
from the cloth (bag), dried in the sun and then stored for future use.

ways of cooking - a) boiling with waini

b) Beru Pandanus and mokmok

5. Taro ~ iaraj

Stem and leaves are cut off and the remaining roct and sugar (optional) added to

boiling water. Cook one hour.

The root is also baked.
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6, Fruit - kwale <E

banana - binana

when consumed and cooking method a) eaten when ripe

b}) baked, when not ripe

c} fried
d) boiled in skin

e) mashed and mixed with coconut milk and

coconut syrup, when ripe

papaya - keinabbu

when consumed and cooking method a) raw

b) boiled and added to meat gravy

c) boiled

pumpkin - baanke

when consumed and cooking method a) boiled

b) cooked in gravy

c) with coconut milk

Sweet potato

when consumed and cooking method a) baked 
7, Meat - kanniok q

When eaten

chicken - bao special occasions--birthday,

eaten: meat, liver, kidney, heart Christmas, Easter, parties

methods: cleaned, boiled

cleaned, boiled, fried

cleaned, fried

baked (rarely)
ravy - flour, sho mpkin, ma igravy - ur, Shoyu, pump » ma, keinappubopvde leftover
soup rice, same fruits as above

 
chicken

fish - ek whenever the man in house
eaten: most meat on head, eyes, suck on bones goes fishing depending on
methods: not cleaned - cooked in skin on coals productive nature of man

fried with salt

cleaned, wrapped in coconut leaves - boiled
baked (rarely)

gravy - flour and fruits

soup - rice, fruits

cleaned, salted, dried in sun

fresh or sashmi

salted - 2 days in sun - meat good for 3 or 4 days

fry with coconut milk ~ stays good for months (preserves)

Note: one can eat fish for three davs if it is cooked everyday q
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When eaten

special occasions--birthdav,

eaten: neat, fat, heart, kidnev, Drain, suck om bones Christmas, Easter, parites

methods: fried and skin

Salted

gravy - flour, shovu

baked (rarely)

boiled - 20 minutes, add seasonings such as

onions, carlic, vinegar, shovu,

if available

turtle - won

eaten: meat

methods: baked ~ most common method of cooking

fried - when there is grease

wild birds

eaten: meat, suck on bones

methods: cook on coals

fry if grease available

ground oven baking

clams - kapwor - killer clams

methods: boil

fry

¢ eat with el - coconut milk

lobsters ~- war
eaten: tail and legs

methods: cook on coals

boil

coconut crab - barulep

eaten: tail, claws

methods: ccok on coals

wild bird eggs

method:

chicken

methods:

boil

eggs

boil

fry

used in other cooking

ground oven baking

turtle eggs

Jee hods: boil

~ 43 -

salt

the whole island eats when a

turtle is caught-no special

time

mostly when overnight on other

island, enroute to other islands,

Or special food gathering, trip

made

whenever diving for them mostly
in conjunction with fishing

on fishing trips, when full moon

is out and man goes to oceanside

to get it.

on fishing trips, overnights

Easter time and when special food

gathering trips may have been made

not eaten much, reserved for

production of chickens; eggs, _
generally thought to be for sick

and pregnant people

eaten when found - usually no

special trip is made to get them

ak EnamelsSETAE
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S. Rice

¢
Rice is cooked with coconut milk (el) which has been squeezed from coconut

gratings. These gratings come from the copra producing coconut (amounts-

one or two coconuts used per 3(9) grams of rice.

rice jokkwop - soft rice soup--water, rice flour, sugar, coconut milk

rice balis - cooked rice rolled in balls with grated coconut on outside used

on special occasions, size of tennis ball.

9, Flour

bread - yeast

Sugar or jekeru - coconut sap

flour

water

shortening

Doughnuts - veast or baking soda

Sugar Or jeékeru ~ coconut sap

flour

shortening

water

cakes - flour

baking soda

sugar |

water

egg (occasional)
milk

gravy - flour

water

sugar

additional food: pig, chicken fish, pumpkin, papaya, iu)
optional: shoyu

spices

pancakes - flour - 7 cups y
shortening - two tablespoons

baking soda

milk - 13 oz. can ae
water .

Sugar - 1 cup

eggs - UFSDA 6 oz. (1 package)
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Appendix C

Other Islands Used for Food Gathering

 

RONGELAP

No. of Times a

Year Trequented Name of Island Foods gathered and Copra

4

Eniutok pandanus, breadfruit, coconut crab, iu, fish, turtle
and copra

*people are apt to stay over while they make copra

Fdbot ceconut crab, pandanus, iu, fish, lobster,
24 days turtle, coconuts, copra

24 days Luwaraki pandanus, coconuts, fish, iu, turtle, coconut crab,

copra

12 days Likaman coconut, iu, pandanus, turtle, coconut crab,

copra

kneople stay over 2 weeks a year

12 jays Arbar coconut crab, fish, pandanus, iu, turtle, coconuts

12 davs Keruke fish, iu, coconut crab, arrowroot, turtle, pandanus

breadfruit, clam, copra

6 das Burok coconut crab, pandanus, breadfruit, fish, iu,

turtle, coconuts, copra (but not presently

making it)

6 days ' Kapelle coconut crab, pandanus, breadfruit, fish, iu,

turtle, coconuts, copra (but not presently

making it)

6 days Naen fish (reef, lagoon), turtle, eggs, coconut crab,
coconuts, copra (but not presently making it)

6 davs Ailaninai Birds, bird eggs, coconut, coconut crabs, clams,

turtle

6 davs Rongerik birds, birds eggs, coconut, pandanus, turtle, clams

6 days Malu no information

4 days Jokrak fish, iu, turtle, coconut crab (don't normally eat),

birds, eggs

4 days Einablar no information

Note: Now they have five outrigger canoes plus their community boat which they had before

(often times not working). They are more mobile now and have more money to use the

community boat so these figures are sure to change.
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UTERIK

Awan - pigs, iu, breadfruit, pandanus €

occasionally drinking coconuts, fish

A
e
e

Bekrak - lu, fish, pandanus, breadfruit, coconuts

Taka - birds, turtles, fish |

Bikar - turtles

Nalap - fish, pandanus, coconut

Nate + fish, pandanus

Ellikiki - fish, pandanus, breadfruit, coconuts, coconut trees for planting

Biki - fish, pandanus, breadfruit, coconuts, coconut trees for planting

a
e
e

AILUK

People Living on

\jikik - 2

Alluk - 250

Enejelar - 35 «

Enejabrok - 12

Kaben -— 8

Bikan ~ 8

 Baojen - 2

Aliej - 2

Akilwe

They go to all of the islands in their atoll to gather food.

Rarely visited: Jaeo, Binajrak, Bikrak, Enen Arno, Bokekan

 
Fishing only: Marme, Jebamit, Jirankan, Bakanneaken, Alirok, Eense

Island Food Gathered

Kaben breadfruit, fish pandanus

Enejabruk coconuts, pigs

Enejelar coconut crabs

Bikon arrowroot

Ajilep

Aliej

Akulwe*
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Rigkin - birds '
anibling - birds

especially during Christmas and other special occasions

Kapen - breadfruit, pandanus

Medron - breadfruit, pandanus

Freobinek - breadfruit, pandanus

atl islands - coconuts, coconut crab, turtle, lobster
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Rongelap

250

-60

“30

$50

350

200

500

250

-30

’ Vrerik

<
a 

340
240
370
260
260
350
300
200
260
260
270
340
250

| 250
250
260
290
250
240
300
350
440
230
250
290
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—— se

Volume (cc)

‘olume (ec)

Nata on Edible Portions of Marshallese Foods

Appendix 7

COCONUTS - DRINKING

Meat (g) Volume (cc)

100 260

62 300
119 550
152 500
SQ 350
46 350

139 600
75 350
80 300

Meat (g)

100
80

125
110
115
130
110
60

115
125
140
125
110
125
130
110
135
110
100
150
130
140
125
105
130

Average

Standard deviation

Average

Standard deviation

Volume (cc)

350
220
300
270
270
220
290
260
260
250
260
270
300
260
250
290
350
440
270
260
350
280

Meat (2) Volume (cc)

115
120
240
1609
124
80
130
46

130

480
230
240
370
580
260
260
350

358
+116

Meat (g)

115 .
60
70

140
130
70

125
72
80
100
115
150
150
140
100
150
145
150
62

126
110
125

Meat -‘g)

280

90
130

190

220

144

150

125
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COCONUTS - DRINKING

e
w
e

:
A
A

we
y
n
h
a

se
me
n

 

Afluk

Volume (cc) Meat (g) Volume (cc) Meat (g)

430 119 430 129
380 35 620 165
430 L170 450 170
280 119 240 50

44 140 330 165

1s0 45 379 110
180 af 450 130
180 Ar)

loo 55

240 7

240 5

240 AS

240 AN

240 58

240 4&5

240 AN

Average 316 92
. Standard deviation +129 +46
‘otha _ _

Volume (cc) Meat (g)

330 . 95
310 85

340 1c
330 59

x ° 3g £5 Average

S +13 +18 Standard Jjeviation
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coconut Tata ( Yaini or Grating Type)
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Weight Weight of Weight of Veight of

coconut (2) coconut meat (2) - ev-ctonut (g) eoconut meat

340 227 : 494 343
2 397 ! 255 | 416 277
3 300 205 / 340 236

4 360 | 253 | 465 282

5 446 ! 267 | 490 350
6 500 | 312 | 476 280
? 490 : 299 : 433 259

|

: 280 200 346 237

400 | 250 490 306

420 ! 262 510 319
460 : 270 496 282
440 ! 293 355 237

! 409 2467 418 271
! 480 ! 300 455 292

360 225 515 303
320 229 316 226

380 238 296 206

410 263 314 209

354 - 230 356 244

395 271 294 216

375 257 456 275

330 24 399 256

440 268 482 313

472 311 509 299

426 284 365 235

386 280 492 319

349 253 515 334

420 247 338 241

Average 410 265
Standard deviation + 68 + 36

j ,
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PANDANUS

Weight ‘2)

1 Pandanus weignt (2) Weight (2) of food

aumber before* after* eaten

1 144 93 31

2 165.5 98.5 67

3 148.5 103.5 45

4 204.5 140 64.5

5 139.5 33 56.5

6 151 107.5 43.5

7 137.5 90 47.5

8 139.5 88 51.5

9 154 107 47

10 157 108.5 48.5

ll 161 . 109.5 51.5

12 L77 127 50

13 133.5 87 46.5

14 289 (double) 188 101

15 148 104 44

16 155.5 1905.5 50

1? 164 117.5 46.5

13 189.5 131 58.5

19 152 109.5 42.5

20 131.5 89.5 42

21 160.5 113.5 47

22 171.5 123 48.5

23 153.5 105.5 48

24 142 102.5 39.5

25 151 105.5 45.5

26 156.5 116.5 40

27 151.5 115.5 36

28 127.5 91.5 36

2 114.5 83.5 31

30 134.5 82 52.5

31 178 132 46

32 186 139.5 46.5

33 149 131 18

34 168.5 122.5 46

35 106 69 37

*weight before + after process known as kilok method of extracting pudding

From cooxed pandanus

Average - 156 106 46

tandard deviation +29 +17 +9
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PANDANTS

 

 

 

2. Pandanus Weight weight Nec
number before (2) after (g) consumed (g)

1 171 99 72
2 173 114 59
3 175 116 59
4 182 123 39
5 164 101 63
6 143 81 2

Average L468 104 AD

Standard deviation +14 +15 +5

Pandanus Weight Weight Net

number berore (g) after (g) consumed ‘g)

1 95 63 39
2 94 56 28
3 74 51 23
4 90 64 26
5 85 56 29
6 84 52 32
7 81 51 30
8 84 55 29

9 89 69 20
10 78 52 26
Il 88 59 29
12 91 63 28
13 81 55 26

Average 86 58 37

Standard deviation +7 +6 +3

-~ 52 =



; 9 BREADERUIT DATA

 

 

 

 

“De Total wt. (g) Center (unedible) (2) Edible wt. (2)

talakatak 1193 43 1139

964 33 931
408 14 294

B20 39 790)

1949 23 191?

449 ll 429

1856 51 1395

Average 903 32 913
Standard deviation + 51 +19 +497

seecs

Meiwan 520 2 387119
(with seeds) 490 18 276 96

389 14 264 102

476 19 365 92

505 18 365 122
| 396 12 28995
} q 350 15 247

©

88
412 21 290 LOL

Average 441 18 310 41
Standard deviation + 64 7 + 4 . +56 411

i
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Marshallese Name

Ik kadre

Utot or dibab

or wut wot

Pajrok

Balle

Jome

Jo

Momo

Tinar

Kalemee j

Kuro

Ettou

Tool

Akor

Tak

Mao or Mera

1.

Appendix E

Types of Fish and Methods of Fishing

NET FISHING - LONG NET, THROWN

Scientific Name

A fish

Chelon vaigiensus

butterfly fish

Chaetodon anriga

chub or rudder fish

Kyphosus vaigiensis

Starry flounder

Platichthys stellus

goatfish

Mulloidichyhys auriflama

goatfish

Mulloidicthys samoensis

grouper
Epinephelus hexagonatus

small grouper

blue spotted grouper

Cepahalopholis argus

grouper
Epinephelus fuscogultatus

mackerel

Trachurops crumepthalmus

mullet
Crenmugil crenilabis

mullet

Chelon vaigiensis

needle fish

Belone platyura, Raphiobelone robusta

parrot fish

Scarus jonesi/sordidus
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NET

Island Method
 

Rongelap - long net

Uterik - long net

Rongelap, Wotho, Ailuk

Ailuk - long net

Rongelpa, Urerik - thrown

net ‘

Rongelap - long net

Rongelap - thrown net

Wotho - not specified

Aliluk -

Rongelap, Ailuk - long net ¢

Ailuk -

Ailuk -  
Ailuk -

Rongelap - thrown net,

long net

Rongelap, Wotho - long net

Uterik ~ long and thrown net

Rongelap, Ailuk ~- long net

Wotho, Ailuk
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Lala or Lolo

[Ik mouj

Ellek or Mole

Ex-Airik

Kabro

Badet

Kwarkwar

Kupkup

Jetaar

Kur

Mon

Mone or eanrok

parrot fish

Callvodon pulchellus

white parrot

Scarus harid

rabbit fish

Sigannus rastratus or poellus

rainbow runner

Elagatis bipinnulacus

rock cod

Anvperodon lLeucogrammicus

Sergeant Major

Abudefduf stemfasciatus

moomoa

Abudefduf abdominals

Sardines

Sardinella sp.

skip jack (immature form)
Carant lessonii

needle fish

Belone platyura, Raphiobelene robusta

snapper
Lutjanus kasmira forskal

spuirrel fish
Holocentrus binotatus/scythraps

squirrel fish
Myripristis berndti

Sturgeon fish

Naso unicornis
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Aliluk, Rongelap

Ailuk

Wotho

Urerik - long net

Rongelap ~- long and thrown

net

Uterik - long net

Wotho

Ailuk

Uterik - long net

Ailuk

Wotho

Wotho

Rongelap - long net

Ailuk

Rongelap - long net

Ailuk

Ailuk

Rongelap

Uterik - long net

Ailuk

Ailuk



 

Kupan

Tiepdo

Bub

Ael

Bataklaj

Kibu

Jorot

Akuba

Debijdreka

Ebil

banded sturgeon fish

Acanthurus triostegus/linnaeus

black sturgeon fish

Acanthurus nigicans

black trigger fish

Melichthys ringens

unicorn fish

Hepatus divaceus/scheider Bloch

orange spot tang
Acanthurus olivaraceus

unicorn fish

Naso brevirostris

- 56 -

Rongelap ~ long and

thrown net €

Uterik - long net *
Wotho -

Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk

Uterik ~ long and thrown

net
Ailuk

Ucerik - chrown net q

Ailuk

Ailuk

Ailuk
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Marsnallese name

Niltwa or

Jure

Lejabwil

Koko

Al

Ikaidrik

Jilo

Bwebwe

-. FISHING LINE*

Scientific name

barracuda

Sphvraena forsteri

bonito

KatSuwanus pelamis

dolphin

Coryphoena hippurus

kingrish

rainbow runner

dogtoothed tuna

Gymnosarda nuda

tuna

Neothunus macropterus

emethod used at oceanside (off the reef)
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Island

Ailuk,

Ailuk,

Ailuk

Ailuk,

Ailuk,

Ailuk,

Ailuk,

Wotho, Rongelap

Rongelap

Rongelap

Rongelap

Rongelap

Rongelap



Marshallese name

Kuro

Lejebjeb

Perak

Dijin

Jato or Lkonbon

or Jaap

Jera

Ewae or Loom

Lane or Ikbwij

Bwilak

Weo

3. FISHING LINE*

Scientific name

caught in deep water by lagoon or ocean

grouper

Epinephelus fuscagultatus

rock grouper or rockhind

Epinephulus adscenscionts

Epinephulus albofasciatus

sCavanger
Lethrinus kollopterus

scavanger

Lethrinus variegatus

red snapper

Lutjanus gibbus

squirrel fish

Holocentrus sp./Myrispistis sp

streaker

Aprion virescens

skip jack

Caranx lessoni/crevally

unicorn sturgeon

Naso lituratus

*used in deep water (lagoon or ocean)

Island

Ailuk, Rongelap, Uterik, |

Wotho

Ailuk, Rongelap (bottom

fishing), Uterik,

Wotho

Ailuk, Rongel.. , Uterik

Ailuk, Rongelap, Wotrho

Ailuk, Wotho, Rongelap

(bottom fishing)

Ailuk, Uterik ¢g

Ailuk, Uterik, Rongelap

Uterik, Rongelap, Ailuk

Ailuk  
Wotho, Uterik, Ailuk,

Rongelap

 



 

Kupan

Tiepdo

Bub

Ae]

Bataklaj

Kibu

Jorot

Akuba

Debijdreka

Ebil

banded sturgeon fish

Acanthurus triostegus/linnaeus

black sturgeon fish
Acanthurus nigicans

black trigger fish

Melichthys ringens

unicorn fish

Hepatus divaceus/scheider Bloch

orange spot tang

Acanthurus olivaraceus

unicorn fish

Naso brevirostris

~ 56 -

thrown net

Uterik - long net

Wotho -

Rongelap - long and €

Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk

Uterik - long and thrown
net

Ailuk

Uterik - thrown net q

Ailuk

Ailuk

Atluk



3
Marshallese name

At-kadu

Kanbok

Kie

Dibab

Pajrok

Jojo

to

Jome

Momo

Pako

Lappo

lool

Tkuut

*

3. FISHING LINE *

Scientific name

A fish

Moi polydactylus

bass

Variola louti

big eye or burgy

Monotaxis grandoculis

butterfly fish

Chaetodon ocellatus

chub ro rudderfish

Kyphosis vaigiensis

flying fish

Exocoetidae sp.

goatfish

Mulloidichthy samoensis

goatfish

Mulloikiccthys samoensis

grouper
Epinephelus hexagonatus

ground shark

Carcharhinus melanopterus

hogfish

Chelinus undulatus

mullet
Crenmugil crenilabis

pilot fish

Haucrates ductor
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Island

Urerik

Rongelap

Rongelap, Uterik

Uterik

Uterik, Rongelap

Rongelpa, Uterik, Ailuk

Urerik

Uterik

Rongelap, Uterik, Wotho

Uterik, Rongelap

Rongelap, Uterik

Uterik

Urerik



Imim

Mon or Aron

Kupkup

Lojkan

Jetaar

Ban

Kejwar

Lele

Jebos

Kibu

Melij

Januron

Boklim

3. FISHING LINE *

reef triggerfish

Balistopus retangulus/oculeatus

squirrel fish

Myristis berndti

skip jack (immature form)

Caranx lessonii

shell fish

snapper
Lutjanus kasmira/forskal

snapper

triggerfish,
Rhinecanthus aculeatus

kused in deep water (lagoon or ocean)
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Utrerik, Rongelap

Rongelap - trolling

Uterik

Rongelap

Uterik, Rongelap

Rongelap, Wotho

Rongelap

Wotho, Rongelap - bottom

fishing

Uterik

Uterik

Rongelap

Wotho

Wotho, Uterik, Rongelap -

bottom fishing
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Marshallese name

Pajrok

Balle

Jo

Tinar

Moma

Kuro

Tak

KupKup

Kur

Monor

(Aron)

Kibu

Akuba

Ebil

4. FISHING LINE *

Scientific name

chub ro rudderfish

Kyphosus vaigiensis

Starry flounder

Platichthys stellatus

goatfish

Mullaoidichthys samoensis

small grouper

Lutjanus kasmira forksal

grouper
Epinephelus hexangonatus

grouper

Playichthys stellus

needlefish

Belone platyura, Raphiobelone robusta

skip jack (immature form)
Caranx lessonini

squirrel fish
Holocentrus binotatus/scythrops

squirrel fish
Myristis berndtt

*pole fishing in shallow water
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Island

Ailuk

Ailuk

Ailuk

Rongelap

Ailuk

Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk



Marshallese name

Dep or

Eddeup

Kile

Utot or Dibab

or Wutwot

Kanbok

Jawe

Pajrok

Monaknak

Bale

Jo

Jome

Tinar

 

5. SPEARING FISH

Scientific name

A fish

big eye or burgy

Monotaxis grandoculis

butterfly fish

Chaetodon onriga

bass

Variola loutl

giant sea bass

Promicrops lancelatus/truncatus
Plectropomus truncatus

chub or rudder fish

Kyphosus vaigiensis

file fish
Amansis carolge

starry flounder
Platichthys stellatus

goatfish
Mulloidichthys samoensis

goatfish

Mulloidicthys samoensis

small grouper
Lutjanus kasmira/forskal

grouper

Epinephelus hexagonatus

- §2 -

Islands

Uterik

Rongelap, Uterik

Uterik

Rongelap

Rongelap, Uterik

Rongelap, Uterik, Wotho

é
Uterik

Rongelap, Uterik

Uterik, Wotho

Uterik

Ailuk, Rongelap

Ucerik, Wotho.

continued



Kuro

Kalemeej

Lappo

Lala

Mao or Mera

Cllek or Mole

Moramor or

formor

Kabro

Lojebjeb

Perak

Mon or Moned

Jera

5. SPEARING FISH

grouper
Epinephelus adscenscionis

blue spotted grouper

Cepahalopholis argus

hogfish

Cheilinus undulatus

parrotfisn

Callyodon pulchellus

parrotfish

Scarus jonesi/sordidus

rabbitfish

Sigannau rostratus/puellus

rabbitfish
Siganus sp.

rock cod

Anyperodon leucogrammicus

rock hind
Epinephelus albofasciatus

grouper
Epinephelus adscenscionis

scavanger
Lethrinus kollapterus

squirrel fish

Myripristis berndti

squirrel fish

Holocentrus sp./Myripistis sp.
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Ailuk, Rongelap, Wotho,

Uterik

Ailuk, Uterik

Rongelap, Uterik

Ailuk, Rongelap

Rongelap, Wotho,

Uterik, Alluk

Ailuk, Rongelap,

Uterik, Wocho

Rongelap

Ailu, Rongelap

Uterik, Wotho,

Rongelap

Uterik

Uterik

Uterik

Rongelap, Uterik

continued



Badet

Jetaar

(Jetaad)

Bone}

lool

Tiepdo

Kupan

Mone

eanrok

Imin

Bub

Lele

Baraklaj

Ael

5. SPEARING FISH

sergeant major

Abudefduf

snapper
Lutjanus kasmire/forskal

snapper

Lutjanus vitta

mullet

Crenmugil crenilabis

black surgeonfish
Acanthurus nigicans

banded surgeonfish

Acanthurus triostegus/linnaeus

surgeonfish
Naso unicornis

reef triggerfish

Balistapus retangulas/aculeatus

black triggerfish
Melichthysringens

triggerfish
Rhinecanthus aculeatus

unicorn fish

Naso brevirostris

unicorn fish

Hepatus olivaceus/schneider Bloch

orange spot tang

Acanthurus divaceus
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Wotho

Ailuk, Rongelap

Uterik

Wotho

Ailuk

Wotho, Uterik

Rongelap, Uterik

Rongelap, Uterik

Ailuk

Rongelap

Ailuk

Rongelap, Ailuk, Wotho

Ailuk

continued

  



Bwilak

Tk mouj

Jiborbor

Kibuj

Jonuron

Boklim

Teo

Ikenae

Pebijdreka

Karlas

5. SPEARING FISH

unicorn - surgeon

Naso lituratus

white parrot

Scarus harid
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Rongelap, Uterik

Ailuk, Rongelap,

Uterik, Votho

Rongelap

Uterik

Wotho

Wotho, Rongelap

Urerik

Wotho

Ailuk

Uterik



RONGELAP

Fish poisoning trom

imim - reef fish, trigger fish

Balistapus retangulus/oculeatus

jaliia - a fish scavanger, Lethrinus miniatus

jowe - giant sea bass, Promicrops lanceolatus/truncatus

bass, Plectropomus truncatus

iool - mullet, Crenmugil crenilabis

WOTHO

Fish poisoning from

mao

ekmouj

iol

ael

lele

ikenae
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Appendix F

School Children's Feeding Program

1. The school children's feeding program requires that each child should receive:

Breakfast

Fruit - 1/2 cup
or

Fruit juice - 1 cup

Bread - 1 slice

Milk - 1 cup

Meat - 1 ounce (optional)

Substitutions:

Type A Menu

Meat - 2 ounces

Fruit and vegetables - 3/4 cup

Milk - 1 cup

Bread - 1 slice

Butter - 1/2 teaspoon (optional)

For meat we can use any canned meat, fish, pork, chicken, shell fish, jokra, clams,
 

turtle, eggs, and peanut butter.

Instead of bread we can use 1/2-3/4 cup of rice, taro, breadfruit, coconut meat,
bananas.

Fruit and vegetables can be any of the canned fruits and vegetables, papaya, pumpkin,

taro leaves, sweet potato, Chinese cabbage.

Note: Each school is allowed $100/month for purchase of local food.
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b
3

. Lunch program

+

as carried out at the different

Number of school davs a week - 5

Number of school davs a vear - 219

Fruit juice

Bread

or

Rice

Milk

(powdered)

Sugar

Meat (canned)

(fresh)

or
Fish (canned)

or
Fish (fresh)

Substituted bv

Fruit cocktail, peaches

apple sauce, pineapple

a.

b.

ec. Items and quantities

Breakfast

Basic

lL. Fruit

or

orange, grape, apple

flour

macaroni, oatmeal

or

taro, breadfruit,

coconut meat, bananas

eggs (processed),
peanut butter, spam,

beef stew, chicken, pork

mackerel, tuna

or
fish, turtle, shellfish

- 68 ~

AtolLls/isiands,

Amount

57 g

240 ce

30 g

115-200 ¢g
(cooked weight)

230 g

15-30 g

30 g



Lunch

Basic Substituted bv Amount 

a. Meat - canned spam, beef stew,

or - fresh*
or

pork, chicken

Fish - canned mackerel, tuna 57 g
or - fresh* fish, shellfish, turtle

or
peanut butter

Fruit and Fruit cocktail, peaches 57-85 g

vegetable applesauce, pineapple

or
mixed vegetables, peas,

tomatoes, com, greenbeans

Milk --- 249 ce

Bread -<-+ 29 ¢g

or
Oatmeal 114-170 g

OF
Rice taro, breadfruit 114-170 g

coconut meat, bananas (cooked weight)

butter --— 8 2g
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Appendix G

Tvphoon Relief

FamtlyDistribution Guidesfor Monated Commodities
 

Number of persons in family
 

 

1 CAN (1 1b)

COMMODITY UNIT

BUTTER/MARGAR INE 34 CN

POULTRY CANNED 29 07.

BEFF CANNED 29 O07.

ECG MIX £07.

FLOUR A/P Int PKE:

ORANGE IP LCF Gh Pon

PEAS CANUED hye cM

BRA‘S CANNED #4043 CH

“TILK FVAPORA TED 14,5 07 C8

MILK INSTANT at Pat.

PFANET BUTTER 2° UN

MACARON 14 PKe

SHOR FEN ING af oN

CORN SYRUP 16 FE «dé

RICE 24 PRC

POTATOFS DEHYDRATED 14 PKG

CORN CANNED 24/301 CN

Source: Trust Territory(Majuro)
 

Cott Amneaepeegeo
uo .

454 ¢ 1

____PERPERSON/MONTH lo: 2 : 3 1 4 : 5 > 6 7 8 9 10

1# (k LB) 454 g 1 : 1 : 1 : 2 : 2 : 2 3 3 3 4

I CN (29 O7} RIN g 1 2 3 4 5 6 7 8 9 10

1 CN (29 027) 830 g 1 : 2 : 3 : 4 : 5 : 6 7 8 9 10

1 PKG (6 02) 170 2 1 : 2 : 3 : 4 : 5 : 6 7 8 9 10

5 (5 LBS) 2290 2 i 1 2 2 3 3 4 4 5 5

I CAN (46 FL O2)1380 1 : 2 : 3 : 4 : 5 : 6 7 8 9 10

1 CAN (1 Tb) 454 ‘ 1 ; 2 : 3 : 4 : 5 : 6 7 B 9 10

1 CAN (1 Ith) 454 g 1 : 2 i 3 : 4 : 5 : 6 7 8 9 in

1 CAN (14.5 072) 1 2 3 4 5 6 7 a 9 10
435 cc

1# (1 LB) 454 2 t 1 l 1 2 2 2 2 3 53

14 (1 LB) 454g 1 1 2 2 3 3 4 4 5 5

1 PK (1 LB) 454 g 1 2 3 4 5 6 ? 8 9 1n

14 (1 Ib) 454 2 1 1 1 2 2 2 3 3 3 4

1 BTL (16 FL 07) 1 2 3 4 5 6 7 8 9 LO
480 cc

2n# (29 LBS)9ORO g 10 : 20 : 30 : 40 3 50 : 60 70 80 90 100

t PKH (1 LB} 454 2 1 : 2 : 3 2 4 : 5 : 6 7 8 9 19

 
 



MONTH

OCT

NOV

DEC

JAN

FEB

MAR

-
T
i

-

JUN

JUL

AUG

SEP

oct

SOUTHERN ATOLLS

l- FTS

l- FTS

2- FTS

-0-

1- Spe

l- Spc, 1- FTS

1- FTS

1l- Spe-Kili, i-

FTS,1l- Spc-Kili

2- FTS

I- FTS,1- Spe

1l- Spce-Kili

l- Spe, Kili, Jabor

l- Kili, 2- FTS

l- Spc, Jabor-

Kili

l- FTS
ns

13 - FTS

7+ Spe

Appendix H

Food Supply Ships - Trip Schedule
 

(as carried out during 1977-1978)
 

WESTERN ATOLLS

l- FTS

1- FTs

l- FTS

9- Regular

EASTERN ATOLLS

1+ FTS

l- FTES

2- FTS

l- FTS

l- FTS

10-Regular

CENTRAL ATOLLS

2- FTS

1- FTS

l- FTS

1- UN Mission

1~ B-Pick up

1- FTS

2~— FTS

1- FTS

11 -Regular

2-Special

. J

NORTHERN ATOLLS

l- FTS

1- FTS

1- FTS

1l- FTS

2- FTS

1- FTS

1- FTS  
l- Spc

1- Spe

1- FTS

l- FTS

l- FTS

1- FTS,1-Spc, Utirik,
Rongelap

11- Regular

2 -Special



Rice

Flour

Sugar

Yeast

Biscuit

Peanut butter

Appendix I

Private or Community Stores
 

Types of Food Available*
 

Corned beef Tang

Tuna Milk (powdered)

Sardines Coffee

Mackerel Tea

Milk (canned)

Baby food
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Neeete od
TO ae Bln ¥

Shoyu  
Shortening

Todized salt
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Thyroid Dose Assessm't for Rongelap and Utirik Residents-Draft



i 4

Nv ls .
tg eT 3NL=22939
=v tae rr a

Thvroic Absorsed Dose Assessment for Rongelap and Utirik Residents

m
H -t. Lessard, J.R. Naidu, 8.2. Miltenberzger

3reoknaven National Laboratory
Safety and Environmental Procection Division

Upcon, New York 11973

&

N.A. Greenhouse

University orf California

Lawrence Berkeley Laboratory

Berkeley, California 947290

&

L.V. Kaplan

Brookhaven Summer Studente Program

3rookhaven National Laboratory

and Yale University

ABSTRACT

The internal thyroid absorbed dose From Castle Bravo fallout affecc-

sng Rongelap and Utirik Atolls, Marshall Islands, is reassessed using

sidecendent approaches encompassing 1) che single zooled urine radio-

chemical analysis of March 1954 and currence uptake, recention and excrecion.

models, 2) airborne concentrations and areal activities of the todine

isotopes derived from historic soil samples and, 3) adrborne concentrations

and areal activities of the todine tsotopes derived from weather cata ob~

tained during che thermonuclear test experiment at Bikini Atoll and current

tallout deposicion models. Factors such as solubility of fodine isotopes,

the possible contribution from neucron induced activity, the impace of thy-

roid seekers other than iodine tsotopes on dose, and confidence levels for

values of derived quantities such as airborne activity concentrations are

also considered. Additionally, these thyroid absorbed dose estimates are

compared to the incidence of thyroid nodules reported for che accidencaliy

exposed people.

2esearch carried ouc under the auspice of the U. S. Departmenc of Energy

under Contract No. DE-AC92-74CHOO016.
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P..ini Atoll ishabitants vera moved first to Rongerik Atoll and tnen finally to

Kili Island. In 1968 President Johnson declared Bikini Island safe for

resettlement.

Rehabilitation efforts of Bikini Atoli began in 1969. These activities

required persons to reside on Bikini Island. Sy April 1978, the population

numbered 143 persons and consisted of caretakers and agriculturalists employed

by the Trust Territory plus a few Bikini land owners and their families who

found their way back via Trust Territory trade ships. This population remained

on Bikini Island until they were relocated in August 1978 to Kili Island in the

southern Marshalls and to Ejit Isiand, Majuro Atoll.

During the rehabilitation and repopulation years, the medical services al-

ready provided by Robert Conard, M.D. and the Brookhaven Medical Team on other

atolls of the Marshall Islands were expanded to inelude sick call and body

burden measurements on Bikini Islands. This team made body burden measurements

in 1974 (CO 75) and in 1977 (CO 77). In August 1977, the responsibility for pro-

viding body burden measurements was transferred from the Medical Department to

the Safety and Environmental Protection Division (SEP) at Brookhaven National

Laboratory. The 1978, 1979 and 1980 body Surden measurements of the Bikini popu-

lation were conducted by the SEP organization.

This report summarizes all personnel monitoring activities which were con-

ducted on the Bikini Atoll residents from 1970 through 1980. Using the body bur-

den data along with the reported residence interval, individual dose equivalents

have been calculated and are also reviewed.

A. Body Burden Measurements - Radiochemical Analysis of Urine

Prior to the assumption of responsibility for the total personnel

_ monitoring program by the SEP Division in 1977, analysis of urine samples for



Tf ct lom sreduets and <Irainsuranic elements was conducted under contracts to

Battelle Pacific Northwest Laboratories (3NWL) and Environmental Measurements

Laboratory (EML). aAnaiytical procedures for processing and analysis are similar

and can be found in OL 8l.

Urine data collected after 1977 were processed by the SEP Division.

Sampie collection and analysis procedures used by this division are outlined

belew.

1. Urine Collection Protocol

Twenty-four hour and five day urine samples were collected from

Bixini Atoll residents. Twenty-four hour samples were used to define fission

product body burdens while the five day urine samples were used both to deter-

mine fission products and transuranic bedy burdens. The normal procedure was to

distribute the urine coliection bottles just after the individual received a

whole-body count. Individuals were informed to collect all urine excreta in the

sottle for the specified collection period. Sample containers were collected

after the selected sample period had elapsed.

Once collected, acidification procedures were followed to inhibit

biological degradation of the sample. From 1977 to 1978, urine bottles were

precreated with 15 ml of a 10% thymol-alcohoi solution. After urine collection,

10 ml of HNO, was added. This procedure was halted because of skin discomfort

caused by thymol contamination during urine collection. In 1979 and 1980, 15g

of boric acid was added to each one liter urine bottle after sample collection.

Both acidification techniques minimize sample degradation. After acidification,

Samples were packaged and shipped to BNL for analysis.

Twenty-four hour urine samples are analyzed for gamma emitting nu-

a 9 . . .
clides and Ose, Samples are first placed in an ultrasonic cleaner to loosen



ar i 4isperse sciids. Trtal volume is rea_ur2ed eri a 200 ml alicneh is rhen

drawn for gamma analysis. Gamma spectroscopy is performed with a 125 ce active

volume, 26% relative efficiency Ge(Li) detector which is connected to a computer

based multi-channel analyzer. Samples were counted from 4000 to 10000 seconds

depending on the activity in the sample. When gamma analysis was completed, the

aliquot was returned to the initial sample and the total volume was analyzed for

90. . 90,

The sample is acidified to a pH of 1, stable strontium and yttrium

carrier along with $5 5. tracer are added to the sample. The sample is chemi-

cally processed according to the procedure reported in Appendix A. The final

processing step results in a 90y precipitate which is used to determine the 905,

urine activity concentration. Sample results are corrected for chemical yield

and radiological decay of 904 post separation from 905,, Because of the dura~

tion between sample collection and sample analysis (in excess of two months) 90y

90 . tage : .
and Sr are in secular equilibrium at time of sample analysis.

13764 and 905, urine activity concentrations for all pooled sam-

137 ”
ples are reported in Table l. Cs and “Sr urine activity concentrations and

the 905, body burden at time of removal are reported in Tables 2 through 5 for

Bixini Atoll residents sampled osetween 1973 and 1980. The 705, data were used

to calculate the bone marrow dose-equivalent commitment.

Five day urine samples were also collected from 1974 to 1978.

These samples were analyzed by Battelle Northwest Laboratory (BNWL), Environmen-

tal Monitoring Laboratory (EML) and Los Alamos Scientific Laboratory (LASL) for

fission products and transuranic nuclides. The results are presented in Table

6. All transuraniec analyses were carried out by alpha spectroscopy. The mini-

mum detectable limit was 3.7 x 10- Bq for all analysis systems.



Five samries were optained sequentially from 16 persons during the

January 1979 field trip to derermine the variability inherent in the 24 hour

urine sample program. The results of this study are listed in Table 7. For

13765, the mean biological and counting variability (one standard deviation)

associated with a single urine sample is 32%. For 905, most of the results

were less than the minimum detection limits of the system or the average of the

5 urine sample results had an associated standard deviation which was larger

than the result. Consequently, only 6 sample results were used to determine the

biological and counting variability of the 705, urine data. The mean standard

deviation associated with this result is 65%. The counting error contributes

15% of the variability while other sources of variation account for 50%. These

other sources are most likely related to the day to day metabolic changes nor-

Mal.y exhibited by an individual.

B. Whole-Body Counting

Whole-body counting measurements on the Bikini population that were

conducted in 1974, 1977, 1978, 1979 and 1980 are presented. The body burden mea-

surements were performed by two different organizations; consequently, the exper-

imental design included a mechanism to ensure that previous and current resuits

are directly comparable. Key detection components were duplicated and the sys-

tems were calibrated in the same manner (CO 63). The operational procedures and

counting geometries were basically similar, and an intercomparison study was

conducted using Marshallese and Brookhaven personnel to ensure system

comparability.

1. Instrumentation

The detector chosen for field use by both Brookhaven organizations

is a c8 cm diameter, 10 em thick, sodium iodide thallium activated scintillation



coi ctal. Tf is opticsil>; coupled t9 seven, 7.4 om diameter icw Daciground

magnetically shielded, pnotomultiplier tubes. The signal output from each

photomultiplier tube is connected in parallel and the combined output routed to

a preamplifier/amplifier and then to a microprocessor-based computer/pulse

heignt analyzer (PHA). The PHA data is stored on a magnetic discette, and the

results may be analyzed either in the field or at BNL using a matrix reduction,

minimization of the sum of squares technique (TS 76).

2. Calibration

Analysis of spectra by the matrix reduction technique requires

that the computer library contain individual standards for each radionuclide

that is expected in the field measurements and that the field measurements and

standards be the same geometry.

To accomplish this, a review of the previous whole body counting

data (CO 75, CO 77) indicated the need to calibrate for 40%, 606, and 137 Cs.

The present system was calibrated in 1978 using an Anderson REMCAL phantom (CO

63) and in 1979 using a BOMAB bottle phantom. Each radionuclide was introduced

into the phantom's organs in an amount equivalent to the fraction in organ of

reference of that in total body as defined by the ICRP in Publication 2 (ICRP

59). Under conditions of continuous exposure where equilibrium has been reached

these fractions are correct. This is achieved for the nuclide 40. The nu-

600, and 1376, are in non-equilibrium throughout the exposure and post ex-clides

posure intervals. Cesium is taken up principally in cells with 80% to muscle

and 8% to bone (SP 68) where the mean residence times are both 160 days. This

implies a nearly uniform distribution of the nuclide throughout the whole body.

Thus, with 88% of the uptake spread throughout the body with a long halftime and

with the remaining 12% of the uptake in the extracellular fluid, which retains



s2elum with a snort aalfcime (1.9 day), the source geometry wi'l rot be

significantly affected with respect to an ingestion/excretion equilibrium of ce-

sium withinthe body. 6004 is not distributed uniformly throughout the body

with 20% of an oral intake being retained in the liver with a very long biologi-

cal halftime and about 80% being cleared from the extracellular fluid to out of

the body with a biological halftime of’ one day or less. Thus source geometry

will be significantly effected with respect to ingestion/excretion equilibrium

of cobalt within the body.

To verify the activity in the phantom prior to use as a standard,

an aliquot of the phantom solution was counted on a lithium drifted germanium de-

tector which was calibrated with NBS standard sources. The phantom was then

counted in a shadow shield whole body counter (WBC) (PA65). The whole body

counting system consists of a stationary crystal and stationary bed. The

counter detects radioactive material located principally in the thorax, so

positioning of the phantom and the in vivo counting subjects must be as similar

as possible. To facilitate reproducible counting geometries, each subject and

the standard phantom was positioned such that the central axis of the crystal

intersected the central axis of the body about 25 em below the sternal notch.

The distance between the surface of the bed and the bottom of the detector is

32.4 cm. The total system efficiencies for 40, 606, and 1376, are listed in

Table 8 as are typical minimum detection limits for these nuclides.

In 1979, a shadow shield chair geometry replaced the shadow shield

bed configuration. The chair whole-body counter used the same electronics as in

the past. The system was calibrated using a Bomab bottle phantom. Uniformly

60
distributed activity concentrations of 40, Co and 1376, were used for system

calibration. Verification of phantom activity was accomplished as previously



deccribed. The chair zeomecry detecets radioactive material iocated between the

neck and the knee. The total system efficiencies are the same for the chair and

bed geometries.

3. Quality Control

The quality control (QC) program consisted of a cross comparison

of che radionuclide amounts estimated to be in the phantom volume versus NBS cal-

ibration standards. Agreement between the two activity concentrations is within

plus or minus 5% for all radionuclides. Other quality control mechanisms

employed were repetitive counting of secondary point source standards, multiple

counts of Brookhaven personnel, repetitive counting of the Marshallese (blind

duplicates) and an intercomparison study.

. : woe 137
Two point sources were used in the QC program. Initially Cs

source, which has been used by the BNL medical surveys in previous years, was

used to monitor potential changes in system resolution and efficiency as func-

. . 137 60 . z
tion of time. In subsequent years, a Cs + Co point source, was used for

zero, gain, resolution and efficiency determination.

Replicate counting of Marshallese was conducted on 5% of the

subjects. Results indicate that the data obtained from the field whole body

counting system is reproducible to within plus or minus 6%. Almost all of this

error is due to variable subject position. When subjects remain stationary, the

difference between sequential results is plus or minus 12.

An intercomparison of whole body counting systems was conducted be-

tween the field system and the whole body counter operated by S$. Cohn for the

Brookhaven Medical Department. Persons used in the study included 13

Marshallese with measurable 1376, body burdens plus several Brookhaven employees

with current whole body counting records at the Medical Department. The results



or the study indicate that 13705 and 40, body burdens which exceed the minimum

sensitivity of both systems are in agreement to within pius or minus 54.

RESULTS

Persons listed in Tables 9 through 12 have been identified as medically

registered residents. This terminology means these individuals reported to BNL

doctors for sick call during the April 1978 field survey and were assigned a reg-

istration number. For continuity, these numbers were retained by SEP for

radiochemical analysis of urine identification. Individuals who donated urine

90 137¢6 in 1979 and did not report for sick call duringfor analysis of Sr and

the April 1978 survey ac Bikini Atoll have been termed non-medically registered.

Persons who had not resided at Bikini Atoil for more than three years as of

January 1979 or had never resided at Bikini Atoll are labeled as comparisons.

Tables 9 and 10 present a list of adult individuals who were counted in

1974 (CO 75), 1977 (CO 77), 1978, 1979 and 1980. There is a general increase in

body burdens of adult males from 1974 to 1977 by a factor of 13.3, and from 1977

to 1978 by a factor of 1.8. The general increase for adult females from 1977 to

1978 was slightly higher than that for males over the same period. In most

cases, the January 1979 data are significantly lower than the 1978 with an

averaged reduction in the 13765 body burden by a factor of 2.9. The May 1979

and August 1980 data follow the expected decreasing trend.

1376, body burden data collected for adoles-Tables 11 and 12 summarize the

cents and children. It must be noted that daca reported here are uncorrected

for height and weight differences between subjects and the standard, up to 15%

deviations have been reported for adult data (MI 76). Body burdens of adoles-



cents and children resorted in Tables 11, 12 and 13 were computed using

efficiencies obtained from standard adolescent and juvenile Bomab phantoms.

Table 13 summarizes the 1374, data that are presently available. It shows

the mean standard deviation from the mean, and range of values reported for the

sampled population segregated by sex and age, as it has changed from 1974 to

1980.

Table 14 compares the observed reduction in 1376. body burdens from April

1978 to January 1979 with the reduction in 1376, bedy burden that was expected

as a result of relocating the Bikini popuiation in late August 1978. Values for

the diological removal rate constants were obtained from NCRP Report 52 (NRCP

77) and ICRP Publication 10A (ICRP 71).

Table 15 presents the long term biological removal rate constants for indi-

viduals in the Bikini population as determined from sequential measurements in

1979 and 1980. Table 16 presents population subgroup mean values for the 1376,

long term biological removal rate constant. The data are in good agreement with

ICRP publication 10A (ICRP 71) and NCRP report 52 (NCRP 77).

In addition to the followup whole body counts performed on persons who

were initially counted in April 1978 on Bikini Atoll, persons who had resided at

Bixini Atoll and were concerned about their current body burdens were counted.

Dependents of adult Bikini Atoll residents were counted regardless of their resi-

dence history. Results of this work conducted in January 1979, May 1979 and

August 1980 at Majuro Atoll, Kili Island and Jaluit Atoll are presented for

adult males, adult females, adolescents and juveniles in Tables 17 through 20 re-

spectively. Most of the 13765 body burdens are at levels which are consistent

with world fallout contamination. Some dividuals have higher than anticipated

1376, body burdens. Interviews with these subjects revealed that they either

10



we --2 Zood areducts from corcaminated atolis or had recently visited ctnese

atolls.

Pooulation Census and Residence Atolls

1376. body burdens from May 1979 of individuals whose residence history on

Bikini was minimal and who had not recently (within 2 years of August 1978)

resided at Bikini Atoll were grouped together to form a comparison population.

In August 1980, a second comparison population was selected from Majuro Atoll

and Kili Island residents who had never resided on Bikini Atoll. The whole-body

counting data for this group is presented in Tables 21 through 24. Table 25 sum-

137
marizes the Cs data for both the May 1979 and August 1980 comparison

populations. The comparison population data were used in the computation of the

13705 long term biological removal rate constants reported in Table 15.

Table 26 shows the number of April 1978 Bikini residents that were

recounted on subsequent field trips. Column 2 lists the total number of people

counted on each field trip. Column 3 lists the total number of persons who

resided at Bikini Atoll in April 1978. Column 4 lists the number of persons who

were medically registered in April 1978. The difference between column 3 and 4

reflects the presence of Rongelap or Utirik residents who had moved to Bikini

Atoll between 1970 and 1978. Column 5 lists the number of persons counted that

belong to the medically registered population listed in Column 3. Column 6

lists the number of persons counted who reportedly resided on Bikini Atoll at

the time of relocation in Auguste 1978. Column 7 lists the number of non-

relocated former residents counted.

Table 27 presents the number of adult males, adult females, adolescents

and juveniles which composed the medically registered, relocated population sam-

pled in 1978 and 1979. Table 28 presents the same sampie breakdown for the

11
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Table 29 summarizes the residence locations of all persons <ounted.

Tables 30 and 31 break this data down by sex, age and registry status for the

January 1979 and May 1979 field trips. Tables 32 through 39 provide individual

counting dates and residence atoll or island at time of counting. Table 40

lists registry numbers, age, name, sex and last know location of individuals

who have not been whole body counted since their departure from Bikini Atoll.

DOSIMETRY

The dose equivalent to Bixini Atoll residents during their residency pe-

riod was the result of internal and external source. of radiation. In 1975, ex-

ternal exposure measurements were performed (GR 79) at Bikini Atoll. Using

these data and an estimate of the Marshaliese living pattern developed by

Gudixsen (GU 76), an estimate of the mean yearly net exposure rate for adult

males, adult females, adolescents and juveniles was developed and reported ina

previous publication (GR 79). The net external dose equivalent for each individ-

ual was determined as the product of the mean net exposure rate, the residency

interval and a correction factor for radiological decay and is presented in Col-

umn 5 of Table 41.

The dose equivalent commitment for bone marrow due to 90. has been calcu-

lated for individuals from urine data reported in Tables 2 through 5. The

symbols, constants and equations used are presented in Appendix B. The retro-

spective dose equivalent was determined using several assumptions. First, per-~

sons returning to Bikini Atoll returned with an initial 90. body burden at base-

line levels. Second, while residing on Bikini Atoll, individuals were subjected

90
to a constant and continuous uptake of “Sr through the ingestion pathway.

12



Finally, once strontium is ingested and absorbed into the blood, 905. disintegra-

tions are evenly distributed in cortical and cancelous bone tissues. Each indi-

vidual was assumed to exhibit different 705, ingestion rates. The daily activ-

ity ingestion rate was determined from urine data. The prospective dose equiva-

lent was determined with the assumption that ingestion of 905, ceased when the

individual departed from Bikini Atoll. Disintegrations resulting from residual

strontium-90 in bone post departure were calculated for an infinite post resi-

dence interval versus a fifty year period commonly chosen for radiation workers.

The dose equivalent commitment, the sum of the retrospective and prospective

dose equivalents, are listed in Table 41, Column 3.

The retrospective and prospective dose equivalent resulting from the inges-

tion of 137 Cs have been calculated for members of the Bikini Atoll population.

The symbols, constants and equations used are presented in Appendix C. Data

used for these calculations were obtained from Tables 9 through 12 of this re-

port. Because the 13766 body burden data dramatically increased between 1974

and 1978, constant and continuous uptake of 1370, could not be assumed. Conse-

quently, the dose equivalent during the uptake interval was calculated using a

monotonic increasing uptake regime. The total residency period, was divided

into three intervals during which constant and continuous ingestion of 13765 was

assumed. These periods, January 1, 1970 to December 31, 1975, January 1, 1976

to April 5, 1977 and April 6 to August 31, 1978, were determined based on the

bioassay data and the maturation period for vegetation planted in the early

1970's. It was also assumed that the initial 13766 body burdens of individuals

returning to Bikini Atoll were at baseline levels. The prospective dose equiva-

. . . . . 137 :
lent was determined with the assumption that the ingestion of Cs ceased after

13



an individual departed from Bixini Atoll. The dese equivalent commitment as de-

termined from these calculations are listed in Table 41, Column 4.

The total body dose equivalent commitment listed in Column 6, Table 41 is

‘the sum of Columns 4 and 5. The total bone marrow dose equivalent commitment re-

ported in Column 7 was obtained by summing the data in Columns 3, 4 and 5.

Figures 1 through 3 illustrate the distribution of the dosimetric informa-

tion obtained from Table 41. Figure 1 describes the distribution of residence

interval, net external exposure, 905, bone marrow dose equivalent commitment,

137s total body dose equivalent commitment, the total bone marrow and total

whole bedy dose equivalent commitments for the Bikini population sampled in

April 1978. Figure 2 presents this information for males only while Figure 3

presents the female dose distribution.

Discussion of Results

905. body burdens do not appear to be significantly different for males,

1376, body burden as summarized in Tabiefemales and adolescents; however, the

13 indicates that male versus female adult body burden means are significantly

different. There was also a small difference between the body burdens of the

adult females and all children. These differences suggest that dietary and liv-

ing patterns change as an individual matures thus effecting the body burden.

This problem was addressed for external exposure in an earlier report (GU

77) and an estimated living pattern was developed for children, adult females

and adult males. This information indicates that the adult males spend 5% more

of their time in an environment which is radiologically substantially higher in

activity than do the adult females. If one assumes that 5% more of the dietary

uptake of radioactive materials occurs due to the longer duration of time spent

in the interior section of the island, then one would expect that the mean adult

14



nm: > Sody burden vould De higher then the mean adult female body Surden by a fae-

37 . Lae eae
tor of 1.2. The 13 Cs data collected in April 1978 indicates that the mean

adult male body burden is 1.5 times higher than the mean adult femaie body

burden. Likewise, the mean child body burden for 1376. would be expected to be

lower by a factor of 1.8. Our data indicates that the mean child 1376. body

burden is a factor 2 less than the mean adult male body burden.

Other factors which influence the body burden include the age of the indi-

vidual, the residence interval on Bikini Island and family relationships. 1376,

body burden results weighted by the individual's body potassium and ordered by

sex, age and residence interval were tested to determine the influence of age

and residence interval on the body burden. The Bartlett test for homogeneity of

variance was used to determine if the sample populations under considerationhad

the same variances. If the sample variances were the same then a one way anal-

ysis of variances was performed on each data set. If the sample variances were

not equal, then the data was transformed by taking the log (ln or square root)

of the activity and the test for homogeneity repeated. When the data passed the

Bartlett test for homogeneity, the one way analysis of variance was performed.

The data were grouped by sex because the mean of the adult male and adult female

1376, body burden were significantly different.

The result of the one way analysis of variance with age of the individual

being the variable suspected of influencing the weighted 13766 body burden re-

sults indicates that no age or age group significantly influences the results.

This implies that indigenous food products are consumed at a uniform rate by all

individuals and that one age group does not have a preference for a type of food

noc found in the diet of other generations.

15



The resuit of the one way ana.j;ysis c£ variance with residence time oa

Bikini as the variable of concern is unclear. The statistical analysis for

adult males indicates that persons with residency periods greater than 6 years

. - 137 \ .
have higher weignted Cs results than the rest of the male population. For

adult females, the group residing on Bikini for 3-6 years have lower weighted

7 . .
13 Cs results than the rest of the adult female population. Residency once past

l year, was expected to have no effect on the 13765 body burden. This expecta-

tion was based on the mathematical models used by ICRP Publication 10A (ICRP 71)

which indicate thac equilibrium with the environment would be reached within the

-: 7
tirse 2 years of exposure to a constant uptake of 13 Cs

Data for these analyses were grouped in age and residency intervals that

would provide a minimum sample size of five data points per sample interval. —

The small sample size and large variance of the grouped data cast serious doubt

as to the significance of the results generated by our statistical analysis.

The last variable considered was the impact of the social structure in the

Marshallese society. This factor seems to be highly significant. Table 42

137
lists the Cs body burden results ordered by family ranking. The family rank

was accomplished by assigning the family placement number to the adult male's

13765 body burden. Examination of this table reveals that the family foilows

the pattern set by the adult male. This pattern does not follow a direct one to

one relationship; however, the trend is apparent.

There are several possible reasons for this trend. First, individuals

from the same family have a similar philosophy regarding the quantity of

indigenous food crops that they want to consume each day. Second, the family

only uses locally grown food products that are obtainable from that family's

land. The family wato is also listed in Table 35. Finally, the significance of

16



srccarsed food on the family diet will be a function of the first twe items

Listed above and the willingness of the family to purcnase food.

The whole-body counting data also indicates that previous estimates of the

type of food and amount of various components in the Bikini diet did not ade-

quately describe the dietary patterns that existed between 1974 and 1978. As

certain local food crops, coconuts, became available in 1976, they were incorpo-

rated into the diet in the form of jekaru (the water sap of the coconut tree),

jekomai (a syrup concentrate made from jekaru) and waini (drinking coconuts).

The maturation time of the coconut tree is 5-7 years. Consequently, one would

137¢5 body burden through 1978 atexpect to observe a steady increase in the

which time an equilibrium body burden would be reached. Comparison of the

observed reduction in the 13765 Dody burden from April 25, 1978 to January 24,

1979 with the expected reduction in the body burdens from September 1, 1978 to

January 24, 1979 yields almost identical results for the adult male and adult fe-

male groups as shown in Tables 7 and 8. This implies that the Bikini population

could have attained equilibrium and that the body burdens on September 1, 1978

were not significantly different than those measured in April 1978. The child

data do not agree with the expected value; however, the difference is not bevond

the range of half-times listed in NCRP Report 52 (NCRP 77). Although NCRP Re-

port 52 lists a mean half-time for children ages 5 through 15, it does not spec-

ify the age distribution of the sample. Most of the Bikini children were in the

5-10 year category; hence, one would expect the observed reduction factor for

this group to be somewhat higher than the expected value.

Although the data indicates that the 137, body burdens may not have in-

ereased between April and September 1978, this is not assurance that the body

17



burdens would not have increased when new dietary items lixe pandanus and

breadfruit became available for daily consumption.

Furthermore, while the population may have been near equilibrium with

‘their April dietary uptake, individuals within the population may not have been.

This was apparent in the adult male 13766 body burden data where two individuals

show no decline in activity between the April 1978 and January 1979 whole body

count. In ome case, the individual was present on Bikini for only 5 months

prior to the April 1978 count. This places the individual at approximately 60%

of his equilibrium body burden value. In the second case, there seems to be no

clear explanation for the lack of any reduction in the body burden, however

1. the individual may have lived away from Bikini prior to the April

count; hence, equilibrium was not established at the time of counting, or

2. the individual changed his diet pattern between April and September.

These deviations from the norm do not alter the conclusion that equilibri-

um or near equilibrium may have been reached for the population as a whole for

1376,, Indeed, they illustrate variations about a mean value.

Data collected between January 1979 and August 1980 also indicate that cer-

tain individuals have been ingesting 1376, at a rate which exceeds that of the

sample population. This could in large part be due to visits to 3ikini or other

contaminated atolls between measurement dates.

The individual dosimetric data presented here clearly illustrates that at

least 19% of the Bikini residents would have received a dose equivalent in ex-

cess of 5 mSv (0.5 rem) due to the ingestion of 1376. had the April 1978 activ-

ity ingestion rate of 1376. continued. This dose equivalent level dees not in-

clude the dose equivalent from external radiation or other internally deposited

radioactive material. Removal of the Bikini population from Bixini Atoll

18
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eliminated the “" Cs source term from the diet and limited the dose equivalent

received by this population.

. . - 90 . .
The contribution of Sr to the bone marrow dose equivalent commitment was

1376,, As resi-smali relative to the contribution from excernal exposure and

dence intervals increased, and food products with higher 905, concentrations

became more available, then the body burdens and bone marrow dose equivalents

would have correspondingly increased.

The total body and bone marrow totai dose equivalent commitments have a

standard deviation of 40% in the adult subgroups. For residence periods between

the years 1969 and 1978, a maximally exposed person received a total dose equiva-

lent commitment of 30 mSv (3 rem) and the population average total dose equiva-

lent commitment was 12 mSv (1.2 rem) due to man-made radioactivity on Bixini® Is-

land.
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Appendix A

Urine Bioassay Chemistry Procedures

137

A.

Cs and 90. Assay of Urine in the Absence of Fresh Fission Products

Reagents

Strontium carrier solution: 20 mg Sr/ml

Yttrium carrier solution: 20 mg Y/ml

Calcium chloride: 0.1 M

Diethylhexylphosphoric acid: 20% in toluene

Nitric Acid: 16N

Hydrochloric: 0.08 N

Ammonium hydroxide: 15 N

Ammonium hydroxide wash solution: 1 ml 15 N in 500 ml HO

Sodium hydroxide: 6 M

Sample Preparation for 1376, Analysis

1. Loosen cap on sample bottle and place into ultrasonic cleaner for

approximately 10 minutes to loosen and disperse solids.

2. Pour suspended sample into a 2 liter graduated cylinder and record

total sample volume.

3. Measure 300 ml of sample into an aluminum can. Seal on lid.

4. Analyze sample with Ge(Li) detector system. Count for 4000

seconds.

5. When gamma analysis is completed and data is verified, return sam-

ple to analytical laboratory.

Procedure for 905, Analysis

1. Remove urine from aluminum can and pour into 2 liter beaker.

Rinse can and cover and add rinses to beaker.
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10.

ll.

12.

13.

Pour remaining sample from sottle into the 2 liter beaker, add 50

ml concentration HNO to boctle to rinse walls, add to beaker.

Rinse with water and add to sample.

Adjust pH to approximately 1 and heat sample to 80°C. Stir.

Add to sample

Strontium carrier: 40 ng

Yttrium carrier: 40 mg

905, tracer: 1 ml (X10,000 dpm)

CaCl O.1 M: 50 mi

Digest sample at 80°C for 30 minutes while stirring.

Adjust pH = 4.

Add 40 ml saturated oxalic acid solution and mix well.

Drop add 6 M NaOH to adjust oH = 4.

Digest (with stirring) for 30 minutes.

Remove from heat, remove stirring bar, let settle overnight.

Filter entire sample through a 2 inch Whatman 42 filter paper

mounted in filter assembly. Wash the precipitate once with ammo-

nia wash solution.

Transfer filter paper and precipitate to a 150 ml beaker. Dry at

125°C in a muffle furnace. Slowly raise the temperature (over an

eight hour period) to a maximum of 500°C. Continue heating at

500°C overnight.

Cool the sample and add small volumes of concentrated HNO. Evapo-

rate slowly to dryness. Dissolve residue in 60 ml of 0.08 N HCl.

Adjust pH = 1.
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15.

16.

17.

18.

19.

20.

2l.

22.

24.

25.

26.

~
ai separatecry funnel and excracczt

a

t
hTransfar samtle solucien to a 1

the yttrium with 60 ml of 20% HDEHP solution. Note time of extrac-

tion. Save aqueous phase for possible future reanalysis.

Wash the organic phase twice with 60 ml of 0.08 N HCl. Save the

first wash and combine the aqueous phase from step 14.

Extract the yttrium from the organic phase with 2, 60 ml volumes

of 3 N HNO... Shake for 2 minutes for each extraction and then com-
3

bine 3 N HNO. solutions in a 150 ml beaker.
3

Evaporate the sample solution to a volume of approximately 3 ml

and quantitatively transfer to a 50 ml centrifuge tube with sever-

al volumes of water.

Adjuse the pH to 8-10 with MH,OH to precipitate ¥COH) 4.

Centrifuge, decant and discard supernatant liquid.

Wash the precipitate with water, centrifuge, discard wash.

Dissolve the precipitate in 1:1 HCl (a few drops), slurry and add

25 ml water.

Add saturated oxalic acid (2-3 ml), then 2-3 drops of NH,OH. Di-

gest at 85°C for 1 hour.

Filter through a preweighed glass fiber filter disc, wash with

water and ethyl alcohol. Dry at 110°C for 15 minutes.

Weigh the dried precipitate and filter paper. Mount on nylon

disc, cover with 0.25 ml mylar and beta count for 60 minutes using

low background anti-coincidence counters.

Correct for gravimetric yttrium yield and yttrium decay single

separation.

Reporct data in pei/l urine at time of collection.
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Symbols, constants and equations used to calculate Sr-° Y bone marrow

dose equivalent during the uptake interval and the committed dose equivalent

The following definition, symbols, constants and equations describe the

mathematical model used to calculate dose equivalent during and post the uptake

interval. Intermediate steps can be used to determine body burdens or daily ac-

tivity ingestion rates. The equations were developed with the assumption that

the measured quantity from a bioassay program would be the urine activity concen-

. . 0 . .
tration. Constant continuous uptake of 3 sr- oy through the ingestion pathway

was assumed for the entire residence period. For 05,, the uptake interval

equals the residency period. As indicated previously 905, disintegrations are

divided equally between cortical and trabecular bone.

Mathematical Model

Symbols, Definitions and Units of Physical Quantities

Ne = the number of atoms of species of concern present at time zero in com

partment i, atoms,

N; = the instantaneous number of atoms of species of concern present at time

t in compartment i, atoms,

Ps = atom intake rate into compartment i from blood, atoms day},

Re = the instantaneous fraction of atoms removed from compartment i per unit

time by physiological mechanisms, day',

r = the instantaneous fraction of atoms removed from compartment i per unit

time by radiological mechanisms, day,

q; = the instantaneous activity in compartment i at time ¢, Becquerels,

ES = the instantaneous activity excretion rate from compartment i at time ¢,

Becquerels day|,
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fraction of bedy activity

the

the

the

the

uptake interval, day,

axcreatesd an cirine,

fraction of GI tract activity entering blood,

instantaneous activity in the body, Becquerels,

atom ingestion rate, atoms day|,

fraction of atoms entering blood deposited in compartment i,

. . . oe : . -i
instantaneous urine activity concentration, Becquerels liter ,

male urine excretion rate, liters day ,

. . : -1
female urine excretion rate, liters day ,

quality factor,

disintegrations due to

val, Becquerel days,

-o . 90
disintegrations due to

Becquerel days,

dosethe equivalent to

the dose equivalent to

the dose equivalent to

the dose equivalent to

the absorbed dose to red marrow

ia |
bone, rads dis ,

the absorbed dose to red marrow

trabecular bone, rads dis ',

the absorbed dose to red marrow

. 71
bone, rads dis ,

to red marrowthe absorbed dose

bone, rads dis+,
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bone post uptake, mrem,

ver disintegration

per disintegration

cer disintegration

per disintegration

0 . . - . :
Sr remaining in body following uptake inter-

Sr in the bedy during uptake interval,

red marrow during uptake interval, mrem,

bone during uptake interval, mrem,

red marrow post uptake, mrem,

90
of Sr in cortical

of 90. in

of 90, in cortical

of 905 in trabecular
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Sr in cortical bone,

in trabecular bone,

Y in cortical bone,

Y in trabecular bone,

(1)

(2)

(3)

(4)

(3)
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EAPX
l 2 (lee (A+K2)t, '

(A+K, )

£ A PX
l + (l-e (A+K3)t,

(A+K,) (8)
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P
R
s

H = 4.32 x10'0Q(S, +8. +8, +5), (9)

  

Hy = 4.32 x 107 DQ (S. + 5, + $5 + Sq), (10)

Hy = 4.32 x 10’ D9 ($, +S, +8, +58,), (11)

wo = 4.32 x 10’ DQ (8, +S, +S. + Sq); (12)BN ct 75 6 7 8

Values for Constants

Symbol Value Reference

K 3.33 x 10° g7 W. S. Snyder, M. J. Cook and

M. R. Ford, Health Physics, —

10, 171 (1964).

x, 2.27 x 107% a7} "

Ry 2.5 x10 a! tt

x 0.73 "

X, 0.10 "

X, 0.17 "

A 6.54 x 10? dt 12th Edition, Chart of the

Nuclides (1977).

f 0.85 ICRP 10 (1967).

E 0.20 ICRP 73/C2-34; ICRP 20 (1972).

vo 1.4 2 at ICRP Reference Man

Ue 1.0247? ICRP Reference Man

Q 1.0 NCRP

29



Valsaes for Constants (Cont'd)

  

Symbol Value Refarence

s, 9.8 x10)? rads dis! MIRD 11
-13 . 1

S, 7.3 x 10 rads dis MIRD 11

-13 . 7)
Ss, 2.5 x 10 rads dis MIRD 11

-12 . 1
S,, 4.3 x 10 rads dis MIRD il

S. 6.3 x 1072? rads dis”! MIRD 11

-13 . ol
S6 4.1 x 10 rads dis MIRD 11

, -12 . 1
S4 3.0 x 10 rads dis MIRD ll

S. 1.7 x 107°? rads dis! MIRD 11
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Agtendix C

Svmbols, comstants and equations used to calculate the Cs - i37m.

total body dose equivalent during the uptake interval and the committed dose

equivalent

The following definitions, symbols, constants and equations describe che

mathematical model used to calculate the dose equivalent and che committed dose

equivalent. Intermediate steps can be used to determine urine activity concen-

trations or daily ingestion rates. The equations were developed with the

assumption that the body burden as determined from whole body counting, would be

the measured quantity from the bioassay program. Three intervals of

monotonically increasing, but constant and continuous uptake throughout an

interval were assumed. Consequently, the equations must be repeated 3 timesin

orcer to obtain the total dose equivalent during the uptake interval. For

137 . .
Cs, the uptake interval corresponds to the number of days out of the resi-

dence period that an individual maintained the proposed daily activity ingestion

rate.

Mathematical Model

Symdols, Definitions and Units of Physical Quantities

Ne = the number of atoms of species of concern present at time zero in

compartment i, atoms,

Ne = the instantaneous number of atoms of species of concern present at time

t in compartment i, atoms,

P, = atom intake rate into compartment i from blood, atoms day '

RK. = the instantaneous fraction of atoms removed from compartment i per unit

time by physiological mechanisms, day,
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Hos

Xx!

at

the instantaneous fraccion =f atoms removed from compartment i per unit

time by radiological mechanisms, day,

the instantaneous activity in compartment i at time t, Becquerels,

the instantaneous activity excretion rate from compartment 1 at time ¢t,

Becquerels day|,

the fraction of body activity excreted in urine,

the fraction of GI tract activity entering blood,

the instantaneous activity in the body, Becquerels,

the initial activity in the body, Becquerels,

the atom ingestion rate, atoms day,

the fraction of atoms entering blood deposited in compartment i,

uptake interval, day,

quality factor,

committed disintegrations due to 1376, remaining in body following

uptake interval, Becquerel days,

mass of individual, kg,

disintegrations due to 1376, in the body during uptake interval,

Becquerel days,

the dose equivalent to the total sedy during the uptake interval, mRemn,

the dose equivalent to the total body post uptake interval, mRem,

the fraction of radioactive atoms in the total body remaining in com-

partment i at the end of the uptake interval,

the absorbed dose to the total body per disintegration of 1376.13 7m3,

in the total body, rads dist,

32



ECATIONS

 

N. = x0 —(A+K; )t + Ps (1- ~CA+Ki De,
i wy e XK. e , (2)

a,” AN, | (3)

E. = K.N.).
(4)i ii*i

Xi -(K;+h)t
a (Kita) lire i }

(5)
x: X

LZ L ’ -(K:s+aA)t
i TaD (le 1 }

Xf» “”yFy -(Ky+A)tq = APLSAD (lee SST") +

Xf . ,
2 (l-e (K3*A Jt) ) +

wy TAS
2

°
d fun ~(Ky+A)e ' “(K2rA)t\X} e +X, e (6)

- APX, fy ne (Atk) )e .
aero ns

AAPX,£, (.- (1 ( “2 ty,
ga

{8

oe 7)
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D
Cc

1

x.q°
1

= on (l-e
~(A+K) )¢

x5q

Rata

~(X+K>)
(l-e ) 3

Hes = 8.64 x 107 pas ,

7
Hos

34

= 8.64 x 10 DQs .

(8)

(9)

(10)



“oe
253 for Constants

 

Svmbol Value

. -1
K O.7 d

K 0.006 4
2

Ky 0.15

K, 0.85

x 0,002

wtXS 0.998

N 6.33 x10a

i 1.0

Q 1.0

S 1.05 x 10 '> rads dis?

35

Reference

ICRP

ICRP 10

ICRP 10

ICRP 10

Uptake interval >> 140 days

Uptake interval >> 140 days

Nuclear data tables

ICRP 10

ICRP 26

MIRD 11



Table |

Pooled or Mean Urine Activity Concentration for

Year of

Collection

1970

1970

1970

1970

1971

1971

1971

1971

1972

1973

1974

1975

1975

1976

1977

1978

1979

1979

1980.

NA = Not analyzed

90. 137,

Urine Conc Urine Conc

pci/z nCi/2

1.2 0.10

1.3 0.13

2.2 -

1.9 -

0.96 0.22

0.89 Q.20

1.2 0.21

3.9 O.11

4.2 0.91

6.7 1.3

2.3 1.3

7.3 1.8

3.1 1.3

5.3 2.2

3.9 7.7

6.1 14,

2.6 1.3

2.8 (+8?

NA NA

 

OS. and 13705

Comment

3640 ml - pooled

3365 ml - pooled

1100 ml - pooled

930 ml - pooled

3920 ml - pooled

2960 ml - pooled

3300 ml - pooled

500 ml - pooled

2700 ml - pooled

mean of 14 people

mean of 21 people

pooled

pooled

mean of 26 people

mean of 4 people

mean of 35 people

January, mean of 50 peopie

May, mean of 40 people

August



Toone (A)

Jamel (Ad

Acww (A)

Apeigs (A)

Santos (A)

Jormea (A)

Endik (A)

ioas (A)

bb)

o070

Gilby

90.

Urine

Conc,

reise
8.9

197d

mre

Urine

Conc.

wer/ek

2.1

Table 2

Urine Activity Concentiacions for Former Adult’ Male bikind Jedand Residents

19
0, 137

Us fae Urine

Come. Conc.

per{h  uti/e

<0.4 0.40

2.4 0.40

1.2 1.0

194e
906

Ma dave

Cone.

por/t

a.

o.b

37.
ca

Urine

Cone.

nci/k

1970 -

Ne
90, 1d?

Ucine Urine

Counc. Coac.

pEi/h nif kh

NA 0.58

1980

90.
ry

the ine

Cone.

1978

boise

147...

Un dae

Cone.

weese

20. t

0.45

lo 1

o.4i

iG i

0.44

1979 =Jaw.
0, Hi?

a tue Urine

Cone. Cone.

poise. nCr/R|

2.8 -4) 4

0.70 0.14

aee

Yaine

Coac.

poise

Uric

Cone.

NER

_1o80
tta

or

Uiine

Come.

eei/t

2 AUk:
157,

is

Ua dae

Come,

mai



Table 2 (Cont'd)

  

   

1973 1974 1976 197) 1978 1979 - Jan. 1979 - May 1980 - Aug. |

90... 137, 90, 1370, 900. a7 90. 137... 90. 137, 90. 7, 90... Le 90. re

Ucine Urine Urine Urine Ucine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine

. Conc. Conc. Conc. Conc. Couc. Conc. Conc. Conc, Conc. Conc. Conc. Cone. Conc. Conc. Conc. Conc.

ID ¢ pei/k uCi/t pci/Q ncift pci/t nci/h pei/t ncift pcei/e nCi/e pcist nCi/h pci/h =—senCi/t pei/t ni/te

6033 42 t NA

1.2

6018 3.0 0.60 y.at 2.8% 7.6 4 NA

0.6 0.2 0.91

60694 WA 16 i 1.2 t 1.2 &

0.44 1.2 12

6066 2.38 0O.29t 2.9 £ 9.1 t

0.2 0.06 1.6 6.31

606? 5.6! 1.92 2.3% NA 0.54 5.2 ft O.5i1£ 2.0 ¢

6.6 0.2 0.73 0.25 0.10 0.95 0.09

606? 2.8! 1.02

0.4 0.2

601) 6.2 0.90 12 t 3? t 4.6% 1.4 ft

2.7 0.61 2.0 0.13

60189 1.68 l.b ot 10 i NA 3.1 2 2.7 ¢t

0.2 0,2 1.3 , 1.2 0.17

6001 4.ut 2.9 t

0.8 0,2

? ae 6.9 £ G.56t 4&.t ¢t

1.2 0.4 @.0l 0.21



__lod
6073

6005

6008

6086

6071*

6076

6072*

813

6118

6126

90g,

Urine

Conc.

poise

1973
137...

Urine

Coac .

aci/t

0.50

Ui ine

Conc.

peist

<0.2

4.6

974

Ie, 905,

Urine Urine

Conc. Conc.

nci/k peist
1.5

5.52

1.4

1.2 5.54

0.4

.2¢

0.2

0.50

4.1

0.4

70,

Urine

Conc.

nci/t

o
-

e
n
]

e
o

w
D

W
O ra

o
n
e

Table 2 (Cont'd)

90...

Urine

Conc.

pci/t

Urine

Conc.

nci/

7.8

1978

90.

hine

Couc.

peise_

a
e

WT.

Urine

Conc.

weiJR

0.40

0.44

0.43

0.44

NA

i

o.k5

1979Jane

90, 37

Urine Us ine

Conc. Conc.

poise nish

yt 6.1 ¢t

0.62 0.25

O.7it 9 ¢t

0.52 7

0.55t 4.5 2

1.0 0.21

0.37% 6.2 ¢t

0.60 0.25

2.5 2 . i

1.0 O.tk

14t 3.5 2

0.59 0.085

1979
We

Urine

Conc.

pei/h nist

-b.2 2

16

e
w

e
d

S
O

+

May

nl,

Urine

Conc.

0.095

0.46 t
0.076

PYRO = Ay
90Ie Wie,

Urine Urine

Conc. Counc.

poise mist



1D @

6003

6117

6128

6125

6007

6066

864

966

6435

90.

Urine

Conc.

pci/e

A9Td
137.

Urine

Conc.

nci/t

90,

Urine

Conc.

poise

1914

Table 2 (Cont'd)

 

_ 96 No

i, 905. 1), 90, 1.

Urine Uiine Urine Urine Urine

Conc. Conc. Counc. Conc, Conc.

nci/t pci/e nCi/e pci/g nCi/k

4.3 1.9 ¢£ <0.62 NA

0.4 0.2

3.3% 2.3 ¢t 4.2 2 NA

0.4 0.2 2.0

4.1 ¢ 8.3

1.5

1} ot 5.1 t NA h2

1.4 0.2

6,82 - 6.6 £ 16

0.6 L.8

ee

o
w

Urine

Conc.

nci/a
17
0.41

NA

t

D979-Jone

90 Le

Urine Urine

Conc. Conc.

pei/t nCi/e

1.4 ¢ 4.3 2

0.57 0.2k

0.37t 1.5 ¢

0.41 0.13

L.2 ¢ 1.4 ¢

0.69 0.12

0,041 68.0 ¢

0.68 0.29

1.52 1.3 6ft

}} 0.16

_N99= May 1900Aug. |
904. 137. 906, 137,

Urine Urine Urine Urine

Conc, Conc. Conc. Conc.

pci/e _ndi/e pci/g nci/e



Gi
n

__e
6096

6002

616!

6166

6184

6210

6190

6205

6211

6218

6219

90,

Urine
Conc.

pci/t

2.2

1973
17,

Urine

Conc.

nci/t

0.60

19M
90, 137...

Ucine Urine

Counc. Counc.

pei/t aci/h

3.2 1.7

Table 2 (Cont'd)

Hyenu8979 ay
906 1370, 905, 137, 905, 170, 905, 170, 90. 137...

Urine Urine Urine Urine Urine Urine Urine Urine Urine Uine

Couc. Conc. Conc. Conc. Conc. Cone. Conc. Counc. Conc. Conc.

pci/e nci/t pci/e nish —pCi/h_ —aci/t_ —pcist nik peisd _ncist_
4.3 t 6.1 ¢ Go t 4.0 t 1.) 2.1 #1

1.6 0.25 0.72 0.20 1d 0.15

dt 0.9 t Tat NA

oO. 0.2 0.39

0.86% 0.33 ¢

0.40 0.030

0.29t ND 0.39% ND

0.52 0.9

0.22% 0.10 t 2.8 t 0.0992

0.53 0,049 3.0 0.037

2.0¢ 3.0 ¢ 0 + 14 ¢

0.2 0.2 1.95 0.82

0.4 t ND

1.6

2.5 ot ND

5.3

0.9 t ND

2.5

3.8 t ND

5.4

1980~ Auge
we, 137

Urine Urine

Counc. Conc.

pei/h  nci/h



Table 2 (Cont'd)

   

   

1973 1974 1976 1977 iyis 979 ta, 1979 - May 980Ang.

90, 137. 90. . 137, 90, Ir, 906. 137. 90... Tn, 904. 1370, 90. 137, me 37,

Urine Urine Urine Urine Urine Urine Ucine Urine Urine Urine Urine Urine Urine Urine Urine Urine

Conc. Conc. Conc. Conc, Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Cone.

ID # pei/k nCi/2@ pci/h ncif/t pei/’ nci/Q{ pci/t aci/t poise nci/ht pei/k uci/t poijt nCift_ eci/t nCift

6220 O.275t ND

1.3

6221 ~.06 ND

1.0

6136 2.9 t 0.079
1.6 0.04)

6138 0.25£ 2.6 ¢&

0.47 0.66

6153 ‘ o ¢ O.Lk t -0.06t ND
1.6 0.043 1.6

6168 3.7 ¢ ND

5.6

6160 1.3 4 0.16

0.53 0.047

6182 O.36t 3.2 t
0.39 0.19

60 . 12 i ND

1.3

laew NA 1.3

Steve NA 7.8



fable 2 (cont'd)

   

     

 1973 14974 1976 1976 1979 - Jan. 1979 - May

906, 1370, 995, 1370, 905, Nate, are Te, 5, I, 905. 7. 905, 0

Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine Urine

Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Counc Conc. Conc. Conc. Conc. Conc.

1D ¢ pei/t nci/t pcist ncis/t peist nci/t pcist avcist pcist oncist poise _ncist peist anci/t

60044 NA 16 fi

0.44

Sample Size 9 9 8 8 19 18 4 ? 21 17 24 22 22 12

Hean 5.) 1.2 2.2 0.96 5.0 2.5 3.9 7.7 6.7 15 1.0 3.3 1.9 1.4

Stad Dev 2.5 0.84 1.5 0.47 3.5 t.7 2.5 5.5 5.4 7.3 0.95 2.2 z.9 0.274

Low 1.9 0.4 0.2 0.5 L.l 0.29 »62 0.58 0.93 5.1 0 0.10 ~b.2 0.099

High 8.9 2.6 4.6 1.7 13 5.1 6.6 16 a3 3} 3.4 6.3 h2 2.3

1980 ~Aug.

906.

Urine

Conc,

pei/t

5
' ‘Ce

Usane

Coue,

ntsst



Table 3

Wrine Activity Concentrations for Former Adult Female Bikini Laland Reaidents

 

 

 

 

1973 - 1980

1973 1974 1976 1978 1979 - Jan.  —_:1979 - May 1980 - Aug.
90, 1370, 90... 137.) ae 137... 90, 137, 905, 1370, 90. 137, 90. 7.

Urine Urine Urine Urine Urine Urine Urine Urine Uvine Urine Urine Ucine Urine Urine

Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc, Conc. Conc. Conc. Conc.

10 # poise nCifh pci/R oCi/& pci/e ncist pci/k nei/t pci/t nci/t pcis/t nci/t pcist ncist

Ruth 11.6 2.1 3.8 3.2 - -

Pelapel 4.8 1.2 - - - -

Wanna _ - <0.4 1.0 - -

Wenac - - - - 2.3 t 1.4%

0.4 0.2

Koba je - - - 9.6 t 1.4 t
7.0 0.2

6045 3.61 hk?) Ot

1.9 0.42

6bl2 3.9% 168 6 0.082t 6.5 t 2.5 1% 1.3

2.0 0.42 06.89 0.13 | 0.076

6114 6.0t NA 1.1 0.7}

2.7 0.69 0.095

6Lil 3.92 19 «¢t 0.39 t 4.9 1

3.4 0.50 1.3 0.2)



4973
90,

Urine

Conc.

ID # pCci/t

1974

0
9 Sr

Urine

Conc.

pci/t
 

6122

6123

6059

6063

6032*

6185

6108

6206

6113

6065

7.

Urine

Couc.

nci/t

1976

We,

Vsine

Conc.

pei/t

e
e
-

&
w
a

o
n

Table 3 (Cont'd)

1978
Ii 906, Le

Urine Urine Urine

Conc. Conc. Conc.

nci/t pcise nc/a
3.8 8.98

2.4 0.40

4.8! 7.6t

2.2 0.29

1.6 2

0.2

2.0t 16 «6

91 0.44

0.9 t 4.54 7.a0¢

0.2 2.9 0.2?

2.0% 6.71

1.2 0.26

W199-San,

9U6 Wad

Urine Ucine

Conc. Conc.

pei/k  nci/e
o £ 1.3 2

0.54 0.12

3.6 ¢ 5.08

2.3 0.23

0 4 #2.8¢t

0.31 0.1)

2.3 t 4.8%

0.84 0.23

4.5 ft 2.61

5.4 0.18

2.4 t 2.8%

2.4 0,23

1999May N9BUAuge
Se 7A, 90. . 1d],

Urine Urine Urine Urine

Conc. Conc. Conc. Conc.

pei/t_  ni/t pei/e nci/t
16 0.66 t

1.4 0.089

7.5062 0.61 t

3.4 0.069

O,76f 0.046¢

0.99 0.035

-0.061 ND -
1.2

0.8 t 0.57 f

1.6 0.083



 

Table 3 (Cont'd)

 

 

1973 1974 1976 1978
90, 137, 90. 137... 905 137, 90. 137,

Urine Urine Urine Urine Urine Urine Urine Urine

Couc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.

1D # poei/k nCi/® pci/R nCi/h pci/® ntif/t pci/t nci/k

6097% NA }6 (t

0.44

61094 NA 16

0.44

6046 5.62 1}

1.2 0.3»)

6098

6060

6222

6110

§25 2.2% RA

0.82

6064* NA 14606¢«C<‘a&

0.44

6061 4.6t 4 «6t

 

 

1979 - Jan. i979 - May 1980 - Aug.

90. 370, 90. se, 90, M37

Urine Urine Urine Urine Urine Urine

Conc. Conc, Conc. Conc. Conc. Conc,

pcei/t ncis/t peijt ncift peist nci/t

0.386 1 6.33 0.815 0.83 ft

0.98 0.064 1.1 0.09)

1.9 t oO.bi tf

1.3 0,043

1.9 t O.11t

1.3 0.043

0O.71 2: 0.69%

0.69 0.20

$.2 &£ 8.7 8 1962 0.59 2

0.82 0.20 L.4 0.085

0.58! ND

1.3

4.4 t 0.61 t

1.8 0.088

3.7 2 O.17 ¢

1.64 0.059

0.91 t 7.0 4 2.7 t 1.8 +

0.45 0.066 0.9! 0.068



 

Table 3 (Cont ‘d)

 

 

197 1974 1976 19784979=Jone
90. Pn ®,. II, 906. 1370, 90. i, 90. 1370,

Urine Urine Urine Urine Urine Urine Urine Uiine Urine Urine

Conc. Couc. Conc, Conc. Conc. Conc. Conc. Conc. Conc. Conc.

1D @# poise nCi/R pCi/e uCif/h pci/R nCi/h pci/t acif/t poise aci/h

6051

934 5.4 ¢ NA a.2t NA
0.4 1.4

6062

6035 9.9L 14 1 4.3 2 2.7 t

2.0 0.3? 2.9 0.43

6115 5.1 ¢ 3.2 t 6.0% 10 6ft 0.65 £ 4.2 4

0.8 0.2 2.3 6.33 1.0 0.21

6034%* WA 6 Ot

0.44

665 4.0 t 1.4 t

0.4 0.2

60364 NA 16 2

@.44

6137 0.31 t O.30%

a.8? O.47

6139 1.1 i ND

1979=May _N9BO |Auge
90. 137, 90. 7

Urine Urine Urine Urine

Conc. Conc. Conc. Conc.

pci/t nCift —pi/h nci/t
0.992 O.203

0.84 0.034

2.6 t 2.1 2

1.5 0.46

10 4 1.5 f

4.1 0.13

/

17?ot 60.57 £

1.6 0.uB2

1.4 O.71 £

1.1 0.059



ID @

6140

6444

6146

6151

6152

6155

6159

6160

6163

6165

1973
90,

Urine

Conc.

pcei/t

1370,

Ucine

Coac.

nci/et

1974

90,

Urine

Conc.

pci/t

Wo,

Urine

Conc .

nci/f

Table 3 (Cout'd)

 

_ 1978

We 137,, 906. Li?

Urine Ucine Ucine Urine

Cone. Conc. Conc. Conc.

pci/e nCi/e pci/g ni/y

4.4 0.50¢

0.6 0.10

2.4 1.2%

0.2 0.2

0.

Urine

Conc.

pei/s

0.381
0.42

0.85t
0.89

979. Jan. 1979 - May 1980 - Aug.

137 90. 137.) We 137.)

Urine Urine Urine Urine Urine

Conc. Conc. Conc. Conc. Conc.

nCi/y pCi/g aCi/g plisy nCi/g

O.b7s

O.d)

0.32

0.050

O.b3¢ 0.22% 0.10 +

0.05) 0.98 0.050

0.96¢ 1.7 4 1.9 +

0.1 1.0 0.091

ND -0.35 WO

1.2

.5 ¢ 7.9 ¢ O.B2 ¢

0.16 1.2 0.94

O. 43% t 0.0594

0.022 1.33 0.027

8 ¢t 0.272 0.33 ¢

0.17 0.8} 0.066

0.164

0.054

0.075t

0.011



ID #

616)

6175

6181

Seuple Size

Mean

Stnd. Dev.

Low

High

90,

Urine

Conc.

pei/t

4.8

4.8

11.6

1
I,

Urine

Conc.

nci/gz

194,

056

Urine

Conc.

pci/t

re,

Urine

Cone.

aci/h

-. 1976
ud

9 Sc

Urine

Conc.

pci/t

1.5

9.6

Table 3 (Cone'd)

Maye,

Urine

Conc.

naci/e

. 1978
0

9 se

Urine

Conc.

pei/h

16

3.3

3.0

2.0

13

wre

Urine

Conc.

acift

18

13

4.6

3.6

19

1979
90
, Dt

Urine

Conc.

pei/t
0.02%

0.52

28

1.6

tans
J 3 é Ce

Urine

Conc.

aci/e

0.081It

0.045

26

2.1

1.9

-O75

6.5

1919 - May
40 Wa,

Urine Urine

Conc. Conc.

pci/e ciJk
1.52 ND

4.2

2.7 ¢£ WD

1.4

8.2% ND

11.3

27 21

2.4 0.74

2.6 0.63

-0.35 0.046

10 2.1

1980 = Auge
90, W374

Urine Ucine

Conc. Conc.

pei/t nci/h
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Joseph Balsamo, Stanton Cohn, * Evelyn Craighead, Florence Cua,

Nathanial Greenhouse, Allen Hunt, Allen Kuehner, Sheldon Johnson,

Edward Lessard, Gerry Levine, Robert Miltenberger, Anant Moorthy,

Jan Naidu, Nancy Rivera, Joseph Steimers and Karen Watts”

Sarety and Environmental Protection Division, Brooknaven National Laboratory

"Medical Department, Brookhaven National Laborator:

13765 and 9055 bedy burden measurements were conducted on the residents of

Bixini Atoll from 1970 co 1980. During this time, the mean adult 7° Sr body bur-

den rose to 78 Bq while the mean adult 1370, body burden rose to 78 kBq. Follow-

ing the departure of the residents from Bikini Atoll, body burden measurements

were conducted in January and May 1979 and August 1980 to determine the elimina-

tion rate of 13765 and 905, for the Marshallese copulation. Using these data,

the dose equivalents during and post the residence period on Bixini aAteli

(committed dose equivalent) have been calculated. The mean adult total dody

dose equivalent from internal and external sources of radiation was approxi-

mately 10 mSv (1000 mRem). The mean adult total body committed dose equivalent

was 11 mSv (1100 mRem).

INTRODUCTION

Bikini Atoll was one area used by the U.S. government to test nuciear

weapons from 1946 to 1958. Prior to commencement of the testing prcegram, ail



Table §

Urine Activity Concentrations for Former Children

Residents of Bixini Atoll - 1979, 1980

  

Mav 1979 August 1980

90. 137...

Ip + Sex pci/t nci/%

6172 M 3.9 + 1.5 N.D.

6156 M 2.7 = 1.3 N.D.

6009 M 6.38 = 3.8 0.15 70.052

6012 M ll + 3.4 0.31 +0.060

6014 M 3.5 = 2.2 0.09340.030

6043 M 22. £23 N.D.

6202 M 6.8 + 9.4 0.07120.049

6208 M -.432 1.1 N.D.

Sample Size 8 4

Mean 7.0 0.16

Stnd. Dev. 6.9 0.11

Low -0.43 0.071

High 22 0.31

6203 F -.32=15 N.D.

§204 F -.222 1.7 1.0 70.11

6213 F -.15+ 1.8 N.D.

6217 F ~.082 3.7 N.D.

Sample Size 4 l

Mean “0.19 1.0



TD it

Stnd. Dev.

Low

High

Sex

Table 5 (Cont'd)

90

oci/h

.10

-0.33

-0.08

Mav 1979

1376,

nci/z

August 1380
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Tabla 3

Summary of Svstem Zfficiency and MDLS for Field WBC System

 

Nuc lide Energy Efficiency MDL Time

13705 662 KeV 8.7 x 1073 37 Ba (1 nCid 900 sec

C5 1173 & 4
1334 KeV 6.7 x 10 37 Bq (1 nCi) 900 sec

40 ~3K 1460 KeV 7.0 x 10 222 Bq (6 nCi) 900 sec
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Table 22 Cont'd)

Comparison Adult Femates from Xili
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Name ID# Age uci Grams
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Table la

Comparison of Observed

Yersus Zxpected Reduction Factors

 

# of Mean Reduction

Description Persons Factor

Expected Reduction Factor for adult wales‘)? NA 2.4

Observed Reduction Factor for Adult Bikini Males 17 2.3

Expected Reduction Factor for Adult Females ‘~? NA 3.5

Observed Reduction Factor for Adult Bikini Females 16 3.8

Expected Reduction Factor for Children Ages 5-142? NA 5.9-

Observed Reduction Factor for Children Ages 5-14 12 12.

NA = Data Not Available

(1) Effective half time obtained from ICRP Publication 10A (ICRP 71).

(2) Effective half time obtained from NCRP Report 52 (NCRP 77).
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Table 15 (Cont‘d)
137 . . :

Ca BiologicalRemoval Rate Constants for Marshallese Children (Cont'd)
 

   

7, 76, re, K K K

ie _Date_ poi Date _pei Date pei a! _a! a!

Fewalea (Cont'd)

6028 5/15/79 O15 7/11/80 1etnto73

6030 1/22/79 -26 5/16/79 064 7/31 /a0 1.811073 1. 2xt072 be d1072 1.0%1072

6025 1/23/19 VW 5/16/79 .028 4x07?

6160 1/23/79 077 5/16/79 .013 7/31/80 2.71074 1.)xto72 NA

6142 1/22/79 2.3n1073 5/16/79 1.0xto73 7/31/80 1.0x1073 NA NA
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Age

we (ye)

6156 9

6164 5

6172 10

6202 6

6208 10

6145 5

6186 5

Femalea

6179 8

617? 6

6176 8

6171 6

615) 5

0158 6

Table 20

Body Burden Datu for Non-Medically Registered Children Prior Residents of Bikini Atoll

Height

fem)

130

as

130

100

136

110

104

$45

103

144

9b

106

103

Weight

bg)

34

15

30

33

21

20

22

18

24

15

20

20

 

   

January May Auguat

1979 1979 1979 1979 1980 1980
¥oa. Yre. We, Pot assius Ice Potassium Vee Pol angi
On ore Result Beeult Result Result Reault Result

Hikini Bikini nci Cram nCi Cram__ ni _Grae

i 1.0 2.0 33 3.4 59 1.9 7S

-- 1.5 8.0 40 -- -- -- “-

? 1.0 2.8 40 1.9 74 1.0 3

5.3 92 -- -- 1.8 33 -- --

4 4.5 -- -- -~ 76 -- --

-- -- 1.0 46 -- -- -- -~

-- -- as -~ -- 22 -- --

4 l 1.2 -- -- 39 --

-- 6 -- -- -~ 346 -- -

-- 6 - ro -- 38 -- --

2.07 1.0 4.0 16 i.| 47 -- 29

4 1.0 7.2 4 -- 34 3.4 44

4 1.0 3.5 32 1.2 46 6.5 53



we
Females (cont'd)

6150

6149

6203

6204

6142

614)

6191

6213

6217

Age

(yr)

5

10

10

Height

fem)

120

$9

104

126

104

13

$21

$26

Weight
(kg)

25

19

15

21

26

19

23

25

25

Tahte 20 (Cont'd)

  

   

January May August

1979 1979 1979 1979 1980 1960
Yrs. Yea. 137¢, Potassium 13, Pot assis 137¢, Pot aasiua
On off Reault Result Result Result Result Result

Riki Bikini nci Crso ni Gran nci Crum

4 0.42 4.0 42 1.5 40 95 45

4.3 0.42 1.6 7 _— 32 -- 42

4.5 72 -- -~ 54 _-

t 012 -- 7 1.1 5? -- --

0 o 2.3 52 1.0 72 8.0 67

0 -- 1.2 4) -- 35 -- ~~

0 -- -- -~ 1.1 61 --

i 3 ~- -- ~- 56 -- --

2 9 -- -- -- 44 --



Name

Tadile <2.

 

PRIVACY ACT MATERIAL REMOVED 510,

r
-
4

r
e

 

Comparison Adult Males Irom Zili

August 1980

1i7Gs Potassium
IDé Age uci Grams

2102 30 1.2x107* 164

2103 20 1.3x1074 173

2104, 37 L.ix1o7? 166

2105 38 9.5x1077 170

2107 38 L.5x107* 177

2114 35 6.2x107° 172

2116 45 8.1x1079 134

2117 49 7.2x1073 158

2118 27 7.3x1073 162

2100 50 9.421073 152

54 9.1x1073 156

1109 22 1.3x1074 176

LllL 34 1.5x107¢ 191

1098 34 8.4x1073 191

1101 37 1.6x1l07° 188

1102 39 3.1x1073 112

1103 55 6.5x1077 121

1104 26 5.7x107? 135

1105 22 3.9x1079 136

1107 36 2.8x107? 180

1106 26 1.4x1079 184

1108 23 7.5x1077 189



 

Table 71 (Conec'a)

Comparison Adult Males from Xili (Cont'd)

Auguse 1980

137¢, Potassium
ID# Age uci Grams

1110 40 l.3xio72 156

2120 34 6.0x107? 158

2121 46 5.41079 152

2122 56 9.4x107> 138

2123 25 1.7x107¢ 180

2124 22 3.7x107 143

2125 28 3.4x1073 147

PRIVACY ACT MATERIAL REMOVED



Table 21 (Conz'd)

Comparison Adult Males from Maiuro

Name Ipr

1047

2084

2085

2087

2089

2019

2060

2065

1048

1056

1076

1076

1084

PRIVACY ACT MATERIAL REMOVED “°°°
1089

1090

1091

1092

1004

2028

2050

31

32

62

21

50

70

62

34

35

80

19

21

34

29

17

17

Auguse 1980

live.

uCi

6.1x1073

8.3x1079

3.2x1074

1.7x107"

3.5x1073

1.4x107?

3.0x1072

1.2x107¢

9.1x1073

8.2x107>

5.2x1077

8.2x1073

6.3x1073

4.4x1073

§.4x1073

1.6x1072

3.2x10973

8.5x107>

4.8x1073

2.2x1079

2.5x1077

Potassium
Grams

184

168

112

134

149

152

122

137

144

131

143

174

155

191

168

179

169

183

136

136

133



Table 22

Comparison Adult Females from Maiur

August 1980

 

137 G5 Potassium
Name Ip Age uci Grams

2015 36 2.3x1073 97

2091 40 4.0x1073 117

2055 38 4.7x1073 B

2059 32 9.6x1073 86

PRIVACY ACT MATERIAL REMOVED
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Table 27

Ceneue of Melically Registered, Whole Body Counted, Relocated Bikini Residents

 
 

Medically X af
Registered Medically

Male Female Male Female Total Population Regietered
Adult Adult Adolescents Adoleacents Children Childcen Peraona Total in Population

Nate Counted Halee Females AgeuLE-85 Ages 11-15 Ages 3-10 Ages 5-10 Counted April 197a* Counted

April 1978 3% 32 6 3 8 14 99 143 69

January 1979 Vv 16 4 2 1 6 46 143 ry

May 1979 14 19 5 3 4 6 51 143 36

January plus } bh 4 2 0 4 28 143 20
May 1979

Duplicate
Couate

  

‘

Bill Scott-Medical Dept —-BNL



Census of Houn-Medicably Registered Persons and Medically Registered ChildcenWhole Body Counted Only in 1979

Vate Counted/

Classification

January 1979/

Non-re located

residents.

Relocated resi-

dcute, not

acdically

regietered.

Welocatad

residente

eedically

reg ietered,

Non-residenta.

TOTAL

Adult Adale

Males Females

8 ii

2 5

0 . 0

0 0

10 16

Table 26

 

Mate

Aduleecentas

Ages1-15

Fenale

Adolescents

Ages U1-15 |

Hale

Children

Agen 5-10

Female

Childcea

Agve 3-10

ya

3

Total

Persone

Counted

”

ys

55



Date Counted/

Classification

May 1979/

Non-relocated

residents.

Re lacated

Fesidenta not

meobicably

veg ietercd.

Relocated resi-
dente medically

regieteced.

Transieuc.

Non-resident.

TOTAL.

January and May

1979 Duplicate
Counte

Adult Adhellt

Males Females

42 12

3 5

0 a

2 0

oO i

17 i?

6 13

Table 28 (Cont'd)

Male Female

Adolescente Adolescents

Agee 11-45 Agew b1-15_

5 2

2 ‘

0 a

0 o

0 2

7 5

4 3

————

Hale

Children

Ages 5-10

12

Female

Children

Agee5-10

26

12

 

a
ALL buc one individual ia this classification recounted in May 1979.

Total

Persons

Counted

42

12

18

44



Table 23

Summarv of Residence Location for Parsons Whole 3odv Counted in

January and ‘fav 1979
 

Residence Atolls = Islands

Majuro- Siuli Jaluit- Total
Eyie Rita Jabor Counted

rouo/Class

Relocated Marshallese/ Jan 26 37 1 0 64

Residents of Bikini Atoll May 34 30 L5 0 79

Nonrelocated Marshallese/ Jan 4 29 0 0 33

Residents of Bikini Atoll May 3 24 0 1? 4d,

Controls . Jan 1 3 0 0 4

May 3 3 0 0 6



Table 30

Frequency Distribution of Residence Location in January 1979

Residence Atolls = Islands
 

 

Majuro~ Kili Jaluic=- Total
Eiit Rita Jabor Counted

Relocated Medically Registered:

Adult Males 8 8 1 0 1?

Adult Females 8 8 0 0 16

Adolescent Males l 3 0 0 4

Adolescent Females 1 l 0 0 2

Male Children L 0 0 0 L

Female Children 3 3 0 0 6

Relocated Nonmedically Registered:

Adult Males 0 2 0 0 2

Adult Females 2 3 0 0 5

Adolescent Males 0 1 0 0 1

Adolescent Females 0 l 0 8) L

Male Children 1 3 0 9 4

Female Children | 1 4 0 0 3

Other Nonmedically Registered:

Adult Males 2 6 0 9) 8

Adult Females 2 9 0 0 11

Adolescent Males 0 3 0 0 3

Adolescent Females 0 3 0 0 3

Male Children l 3 0 0 4

Female Children 0 8 0 0 8



Tadle i}

Frequency Distridution of Residence

Relocated Medically Registered:

Adult Males

Adult Females

Adolescent Males

Adolescent Females

Male Children

Female Children >

Relocated Nonmedicaily Registered:

Aduit Males

Adult Females -

Adolescent Males

Adolescent Females

Male Children

Female Children

Other Nonmedically Registered:

Adulc Males

Adult Females

Adolescent Males

Adolescent Females

Male Children

Female Children

*individual is part of the control population.

Residence

Location in May 1979

Atolls - Islands
 

Majuro-

Ejic Rita

6 5

9 7

3 2

l L

l 0

3 3

l 1

3 2

l 1

0 l

3 4

3 3

l 4

2 8

0 3

1* 2 tee

1* 2

1* 9 arte

 

Kili Jaluit- Total

Jabor Counted

3 0 14

3 0 19

0 0 3

l 0 3

3 0 4

0 0 6

l 0 3

0 0 5

0 0 2

0 0 L

1 0 8

3 0 9

0 9 14

0 2 12

0 2 3

0 ] 4

0 l 4

0 2 11

*kone or more individuals participated in the program as a control.



ID#_

80

6006

863

6070

6004

6033

6018

6069

6068

6067

6066

6017

6019

6001

6073

6005

6008

6086

6071

Name

Table 22

Medically Regiscered Relocated Adult Male ID Number,

Name and Residence Location

January 1979 Mav 1979

 

Count Residence Count Residence
Date2 atoll-Island Date Atoll-Island

_- -—- 5/21 Kili

--- --- -_- Kwajalein-Ebeye

1/23 Majuro-Rita _-- Majuro-Ejit

1/24 Ma juro~-Rita -— Maloelap

_-- _— -- Jaluit

--- -—- -—— Majuro - (Rita?)

-_-- _-- -_-- Wot je

--- —_ 5/15 Majuro-Rita

. _- -—- --- Majuro - (?)

1/24 Majuro-Rita 5/17 Majuro-Rita

e 1/24 Majuro-Rita 5/18 Majuro-Rita

-— -— 5/21 Kili

1/22 Majuro-Ejic —- Majuro-Ejit

20 1/22 Majuro-Ejit —_ Majuro~Ejit

_- _-- 5/15 Majuro-Ejit

-— -—_ 5/21 Kili

1/23 Majuro-Rita —- Majuro-Ejic

L 1/23 Majuro-Ejit 5/16 Majuro-Ejit

1/23 Majuro-Ejit _- Kili

1/22 Majuro~Ejit -—_ Majuro-Ejit

-- = _-- Kili



813

6118

6126

6003

6117

6128

6125

6007

5120

6119

864

966

6135

6096

6002

Medically Registered Relocated Adult Male

Name and Residence Location (cont'd)

1/22

1/24

1/24

1/25

1/23

1/22

Table 32 (Cone's)

Majuro-Rita

Majuro-Rita

Majuro-Rita

Kili

Majuro-Ejit

Majuro-E jit

Majuro-Ejic

5/17

5/15

5/16

ID Number,

Kili

Majuro-Rita

Kili

Ugelang

Ma juro-Rita

Kili

Majuro-Ejit

Kili

Majuro-Ejic

Majuro- (Rita?)

Majuro~Ejit

Majuro-Ejit

Lib

Majuro-ijic

Kili



 

6111

6122

6123

6059

6063

6052

6124

6108

6058

6112

6065

6097

6109

6046

6098

6060

6036

6110

Table 23

Medically Registered Relocated Adult Female ID Number,

Name and Residence Location

Count

Name Date

1/23

1/23

1/22

1/23

1/23

January 1973 Mav 1979

 

Residence Count Residence
Atoll {sland Date Atoll-tsland

--- —- Kwajalein=Efbeye

Majuro-Rita 5/16 Majuro-Rita

Majuro-Ejic _—- Kili

Majuro-Ejit -_ Kili

Majuro-Zjit 5/16 MajuroZjit

Majuro-Ejit 5/17 Majuro-Ejit

_-- _-- Kili

--- —_ Deceased

Majuro-Ejic 5/16 Majuro-Ejit

--- --- Rili

Majuro-Rita _- Ma juro-Rita

--- — Rili

Majuro-Rita 5/16 Majuro-Rita

Majuro-Ejic _ Kili

Majuro-Rita 5/16 Majuro-Rita

Majuro-Rita 5/16 Majuro-Rita

- 5/15 MajuromEjit

Majuro-Ejic 5/17 Majuro-Ejic

Majuro-Rita 5/17 Majuro-Rita

--- _ Jaluit

_- 5/21 Kili

PRIVACY ACT MATERIAL REMOVED

 



6050

Tabie 23 (Cont'd)

Medically Registered Relocated Aduit Female ID Number,

Name and Residence Lecation (cont'd)

1/24

1/24

1/23

_—- 5/21 Kili

Majuro-Rita 5/15 Majuro-Rita

-_— -— Wotje

_- 5/15 Majuro-Zjit

--- 5/15 Majuro-Rita

--- 5/16 Majuro-Ejit

Majuro-Rita -- Maloelap

Majuro-Ejit 5/16 Majuro-fiit

_— 5/21 Kili

--- §/15.  Majuro-Ejit

-—— --- Kili

PRIVACYACT MATERIAL REMOVED



r
t

Le m
l

Males:

6122

6131

6011

6127

6133

6015

Females

6129

6048

6091

Table i454

Medically Registered Adolescents

Name

(Ages 1ll=14) ID Number,

 

Name and 2esidenc2 Location

Januarv 1979 Mav 1979

Count Residence Count Residence
Date and Island Date Atoll-Island

--- --- —_ Kili

1/23 Majuro~Rita 5/16 Majuro~Zjit

1/23 Majuro-Rita 5/16 Majuro~Rita

1/22 MajurosEwit 5/16 Majuro-Eiic

--~ --- 5/15 Majuro~Ejit

1/24 Majuro=Risa 5/17 Majuro-Rita

1/22 Majuro-Ejit 3/17 MajuromE jit

-—- — 5/21 Kili

1/24 Majuro-Rita 5/1? Majuro-Rita

PRIVACYACT MATERIAL REMOVED



ID#
 

Males:

6009

6049

6042

6014

6012

6023

6016

6013

Females:

6094

6092

6080

6019

6038

6105

6103

6028

6030

6027

6044

6025

6081

6106

Table 25

Medically Registered Children (Ages 5-10) ID Number.

Name

PR
IV
AC
Y
AC
T
MA
TE
RI
AL

RE
MO
VE
D

Name and Wesidence Location

Count

Date

January 1979

Residence

Atoll=-Island

Majuro-cjit

_———-

MajuromZ£jit

Majuro~2jic

MajurowEfjic

Majuro-Rita

Majuro-Rita

Majuro-Rita

Count

Date

5/21

Mav 1979

Residence

Acoll=-Island

Kili

Kili

Jaluit

Kili

Kili

MajuromE jit

Majuro-Ejit

Kili

Wot je

Wotje

Kili

Majuro-Z}i¢e

Rili

Majuro-Ejit

Maloelap

Majuro-Ejit

Majuro-Ejit

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Ejit

Majuro-Rita



IDe

6137

6139

6140

6144

6148

6151

6152

6155

6159

6160

6163

6165

6167

6175

6181

6185

6187

6189

6206

6222

Name
 

PR
IV

AC
Y
AC
T
MA
TE
RI
AL

RE
MO
VE
D

Nonmedically Registered Aduit Female ID Number,

Name and Residence Location

1/23

1/23

1/24

1/24

1/24

1/24

1/24

1/24

1/25

1/25

Table 25

January 1979

Residence

AtoLll-tsland

Majuro-Zjit

Majuro=Zj1t

Majuro-fjit

Majuor-Zjit

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro=Rita

Majuro-Rita

Majuor-Rita

Majuro-aRita

Ma juro-R2ita

Majuro-Rita

Majuro~Rita

Majuro-Rita

Majuro-Rita

Counc

Date
3/17

3/17

5/17

3/16

5/17

3/16

3/16

5/17

3/17

5/16

3/17

5/17

5/16

5/16

5/16

5/21

3/21

Mav 1979

Residence

Atoll-Island

Majuro-Ejit

Majuro~Ejit

Majuro-Ejit

Majuro-Ejic

Majuro-E jit

Majuro-Rita

Majuro-Rita -

Majuro~Rita

Ma juor-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro~Rita

Majuro-Ejit

Majuro-Rita

Jaluit-Jabor

JaluiteJabor



TadDle 37

Nonmmedically Registered Acult Male ID Number,

Name and Residence Location
 

Januarv 1979 Mav 1979

Count Residence Count Residence
ID! Name Date Atoll-Island Date Atoll-Island

6136 1/22 MajuromEjit _- Majuro-E£jit

6138 1/22 MajuroE jit -_—_ Majuro-Ejit

6153 1/23 Majuro-Rita 5/16 Majuro~Rita

616i 1/24 Majuro-Rita 5/17 Majuro-Rita

6166 1/24 Majuro-Rita 5/16 Majuro~Rita

5168 1/24 Majuro-Rita 5/16 MajuromRita

6174 1/24 Majuro-Rita _-- MajuromRita

6180 1/25 Majuro-Rita _- Enewetak~Enewetak

6182 : 1/25 Majuro-Rita 5/15 Majuro=Rita

6184 1/25 Majuro-Rita 5/17 MajurowE jit

6190 --- -— 5/16 Majuro-E jit

6205 —_- —~ 5/21 Jaluit-Jabor

6210 -_— -_— 5/21 Kili

6211 —_—=- —- 5/21 Jaluit-Jabor

6218 —_- ~- $/21 Jaluit-Jabor

6219 _ -—_ 5/21 Jaluit-Jabor

6220 _- --- 5/2l JaluiteJabor

6221 _- -- 5/21 Jaluit-Jabor

6223 -_— — 5/21 Jaluit-Jabor

6224 _- -—- 5/21 Jaluit-Jabor

6226 --- --- 5/21 Jaluit-Jabor

PRIVACY ACT MATERIAL REMOVED



6169

6178

6183

6173

6170

6162

Nonmedically Registered Adolescent ID Number.

Name and Residence Location

Table 383

January 1979

Count

Name Date

1/23

1/24

1/24

1/25

1/24

1/24

1/24

1/22

PRIVACY ACT MATERIAL REMOVED

Residence

AtolLl=-Island

Majuro-Rita

Majuro-Ritza

Majuro~Rita

Majuro~Rita

Majuro-Rita

Majuro-Rita

Ma juro-Rita

Majuro-Rita

Count

Date

5/17

5/22

3/21

5/16

5/21

3/16

5/16

5/17

5/16

3/17

5/17

3/16

Mav 1979

Residence

Atoll-Island

Majuro-Rita

Jaluit-Jabdor

Jaluit-Jabor

Majuro~Ejit

Jaluit-Jabor

MajurowZjit

Majuro=Rita

Majuro-Rita

Majuro=Rita

Majuro-Rita

Majuro-Rita

Aur

Ma juro-Rita



o
o
,

Lot
 

6186

6202

.6208

6191

6203

6204

6213

6217

a
t

6156

6164

6172

6179

6177

6176

6171

6157

6158

6143

Nonmedicaliv Registered Juvenile ID Number.

Table 29

Name and Residence Locations
 

Count

Name Date

1/24

1/24

1/24

1/24

1/23

1/23

1/22

1/22

PRIVACY ACT MATERIAL REMOVED

January 1979

 

Residence Count
Atoll=tsland Date

--~ 5/16

-- 5/21

--- 5/21

— 5/16

-—- 5/21

— 5/21

--- 5/21

-_— 5/21

Majuro-Rita 5/17

Majuro-Rita -_——

Majuro=Rita 5/16

Majuro-Rita 5/1?

Majuro-Rita 5/17

Majuro-Rita 5/17

Majuro-Rita 5/16

Majuro-Rita 5/17

Majuro-Rita 5/18

Majuro-Rita 5/16

Ma juro-Rita 5/16

Majuro-Rita 5/16

Majuro-Rita 5/17

Mav 1979
wee

Residence

Atoll-Island

Majuro-Ejit

Kili

Majuro-Ejit

MajuroeEjit

Kili

Kili

Jaluit-Jabor

Jaluit-Jabor

Majuro-Rita

Aur

Majuro-Rita

Ma juro-Rita

MajurowRita

Majuro-Rica

Majuro-Rita

Majuro-Rica

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro~Rita



Table: 39 (Cont'd)

Nonmedicallv Registered Juvenile ID Number,

Name and Residence Locations
 

 
 

January 1979 Mav 1979

Count Residence Count Residence
TD# _Name Date| Atoll=Island Date Atoll-Island

6145 . 1/22 Majuro-Ejit —- MajuromE jit

6031 --- _ 5/15 MajurowEjic

6029 —_- _— 3/15 Majuro-E jit

6100 -— —_ 5/15 Majuro~Rita

6021 1/24 Majuro~Rita 5/16 Ma juro-Ricta

6029 1/22 Majuro-Ejit 5/16 Majuro-Ejit

6197 1/23 Majuro-Rita 5/16 Majuro-Rita

6074 1/24 Majuro-Rita 5/17 . Majuro-Riza

6078 “ 1/23 Majuro~Ejic _- Kili

6088 -_— — 5/15 MajurowEjit

6090 _- =< 5/15 Majuro-Ejic

6101 1/24 Ma juro-Rita 5/15 Majuro-Rita

6056 1/24 Majuro-Riza 5/16 Majuro-Ejit

6057 -— -— §/21 Kili

PRIVACY ACT MATERIAL REMOVED



o
e

Table +0

Medically Registered Relocated Bikini Atoll Residents

Not Whole 30dv Counted Since 1978

 

ID# Age Name Sex Location

6132 12 mee * M Kili

6049 8 M Kili

6042 7 M Jaluit

6013 5 M Kili

6094 10 F Wotje

6092 8 F Wotie

6080 7 F Kili

6028 6 F Kili

6103 - 9 F Maloelap

6081 9 F Majuro, Ejit

6006 37 M Kwajalein, Ebeve

6004 28 m M Jaluit

6032 27 S M Majuro

6013 34 ae M Wotje

6068 56 a M Majuro

6072 20 = M Rili

6126 35 S M Kili

6003 22 3 M Enewetak

6119 1? ae M Majuro

864 51 M -  Majuro, Ejic

6135 35 M Lid

6002 65 M Kili



Table 40 (Cene'd)

Medicallv Registered Relocated Bikini Atoll Residents

Not Whole Rody Counted Since 1978 (cont'd)
 

 

ID# Age Name _ Sex Location

6045 28 F Kwajalein, Ebeve

6059 19 F Kili

6124 54 F Kili

6058 18 F Majuro, Ejic

6036 27 F Jaluit (Rongelap)

6061 32 F Wotje

6050 22 F Kili

Total Missed = 30

PRIVACY ACT MATERIAL REMOVED



Table 41

Individual Dosimetry Data for Bikinians -

Explanation of Column Headings

  

Column Item or Derived Quality Measured Quantity Comments

1 Name - Personal Interview

2 ID Number - BNL Medical Dept.
& S&EP Div. Records

3 Residence Inverval - Personal Interviews

90 90 . .
4 Sr and Y Bone Marrow Dose Urine Activity Three Compartment

Equivalent During and Post Concentration Model, Constant
Residence Interval Continuous Uptake

5 13765 + 137ms Dose Equivalent Body Burden Two Compartment
During and Post Residence Measurements Model, Monotonically

Interval Increasing Uptake

6 Net External Dose Equivalent External Exposure Assumed Living

During Residence Interval Race Measurements Patterns

7 Total Body Dose Equivalent - Sum of Columns 5 & 4

8 Total Bone Marrow Dose - Sum of Columns 4, 5,
Equivalene During and Post

Residence Interval
and 6



 

Residence
1D Interval

Name Noeber Q.

6001 7.3

6127 7.3

6130 72

60/6 3.4

61) 4.)

6019 5.3

6ltt . 80

609) 4.3

6115 7,3

6109 4.)

6091 6.3

6832 2.3

6046 2.0

606) 6.3

 

INDEVEIDUAL DOSIMETRY DATA FOR BIKINIANS

 

| 90
cra 137 137m :

Hone Marrow Ce + Ba Nee External

Doge Equiv, Dose Equiv, Nowe Equiv.
Dociog & Poat During 6 Post During Realdence

Reaidence Int. Meaidence Int. Interval

_ whce eaien ace

1304 480 950

39 580 950

49 200 94

9.4 9M) 430

7}* 600 560

190 420 690

7.7 150 100

51* 430 $20

9) 760 880

5) * 240 520

74% 550 700

62 ‘  '200 wo

27 400 240

65 630 760

eeeeaeee

Total Body

Dose Equiv.

During & Post

Residence lot.

mRew

1400

1500

w0

1400

3200

1100

20

950

1600

760

1300

1500

600

1400

Total Bune Marcow

Dose Equiv. During
and Post Residence

Interval

aRem

6no

1600

300

byeu

1200

1300

260

ono

1700

aLo

1400

1600

700

soa



Ne
um
e:

I
p

N
u
a
b
e
r

W
e
s
i
d
e
n
c
e

I
n
t
e
r
v
a
l

te
 

6
0
6
6

6
0
7
0

6
n
s
e

6
1
1
7

61
28
6

6
1
2
2

6
0
1
5

6
0
3
0

6
1
2
9

6
0
2
?

6
u
1
0

6
1
0
5

6
0
3
3

o
u
?

6
0
0
8

3
.
3

1
0
.
3

6
.
3

7
.
3

1
0
.
3

1
7

1
.
3

4
.
3

7,
3

3
.
3 4
8

4
.
3

I
N
D
I
V
I
D
U
A
L

W
i

é
9
0
)

H
o
n
e

M
a
r
c
o
w

b
o
s
e

E
q
u
i
v
,

O
u
c
i
n
g

6
P
o
s
t

K
e
v
i
d
e
n
c
e

I
n
t
,

w
o
m

5
9
a

1
8
5
4

4
2

t
h
u
s

h
u
e

6
6 v
4

3
9
4

5
i
*

3
9
8

u
b
e

3
9
4

i
s
o

i
s d
d
s

D
O
S
I
M
E
T
R
Y

D
A
T
A

F
O
R

1
3
7
0
,

’
1
3
7
m
,

D
o
s
e

E
q
u
i
v
.

D
u
r
i
n
g

&
P
o
s
t

R
e
s
i
d
e
n
c
e

In
t.

a
k
c
a

4
0
0

8
7
0

4
2
0

o
l
o

a
l
o

38
0

6
5
0

4
2
0
0

3
3
0

71
60

f
l
o
w

T
t
u
o

"
9
0
0

1
9
0

6
5
0

B
I
K
I
N
E
A
N
S

(
C
o
n
e
*
4
)

N
e
t

E
x
t
e
r
n
a
l

D
o
s
e

E
q
u
i
v
.

D
u
r
i
n
g

R
e
a
i
d
e
n
c
e

I
n
t
e
r
v
a
l

w
R
e
w

4
3
0

$
3
0
0

8
2
0

B
2
0

9
5
0

1
2
0
0

2
2
0

4
0
0

5
2
0

4
0
0

9
0
0

4
0
0

1
1
0
0

1
0

5
6
0

T
o
t
a
l

B
o
d
y

D
o
s
e

E
q
u
i
v
.

D
u
r
i
n
g

&
P
o
e
t

R
e
s
i
d
e
n
c
e

I
n
t
.

a
t
c

8
3
0

2
2
0
0

1
2
0
0

1
4
0
0

1
8
0
0

1
6
0
0

8
2
0

1
6
0
0

8
5
u

1
2
0
0

2
0
0
0

1
5
0
0

2
0
0
0

3
0
0

1
4
0
0

T
o
t
e
l

B
o
n
e

M
a
r
r
o
w

D
o
s
e

E
q
u
i
v
.

D
u
r
i
n
g

a
n
d

P
o
u
t

R
e
s
i
d
e
n
c
e

I
n
t
e
c
v
a

a
R
e
m

8
4
0

2
4
0
0

4
3
0
0

5
0
0

1
9
0
0

1
7
0
0

9
0
0

1
6
0
0

9
0
0

1
2
0
0

2
3
0
0

1
5
0
0

2
1
0
0

J
n
o

'
5
0
0



INDIVIDUAL DOSIMETRY DATA FOR BIKINTANS (Cont ‘d)

nw 90

  

sya Y 137 137
Hone Marrow Ce + "ne Net External Total Body Total Bone Harrow

Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During

Keeidance cing & Post During & Post hiving Residence During & Post aad Poat Residence

ID Interval Residence Tat. Residence Int. Interval Residence Int. Interval
Noaber a. item aim __ Ree _ ance mR

6071 1.0 hue 220 10 150 30

6) 4.3 120 620 600 1200 1300

6086 8.3 240) 990 hida 21300 2300

6009 8.) tous SHO Pi 17a aaa

6073 7.3 bose 490 950) 1400 600

6072 1.0 18* 330 130 460 480

6119 7.3 ws 730 950 1700 1800

864 7.3 y+ 960 950 1900 z2nou

966 7,3 13u* 1400 9330 2300 2500

6059 1.3 154 240 160 400 410

6124 48 hae , -80 110 390 400

6use 5.3 o1* 550 600 1200 . 1300

6036 . 64 7.64 260 7 340 3y4u

6110 8.3 944 440 1000 1400 1500

6051 5.4] 6}4 $20 600 1200 1200
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Table 42

1978 Cs Bodv 3urden of Bikinians Ordered Sv Family Grouo

Medical [D

6018
6061

6094

6092

966

934
6016
6044

6017
6034
6009

6070
6035

6033
6058

6126
6050

6132
6038

6049

6013

864
865

6119
6133
6028
609]
6090

6068
6112
6118

6117.
6063

6125
6062

WATO

unknown

MWEN ELAP

unknown

unknown

unknown

BATITEN

MANTS30T

JANAI

BATITEN

Status of

Family Member

H

W

CCF)
CCF)

c(™)
C(F)

W
c(M)

Bodv Burden «kBa

220.0
82.0
75.0

83.90

~
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w
~
o
o

oO
o

o
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o
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To

Number
 

6065

6004

6018

6126

6003

6114

6096

80

6017

6045

6108

6063

325

934

#068

6106

Residence
Interval
a

4.3

-55

6.3

2.3

4.3

1.0

3.3

1.0

8.3

1.0

INDIVIDUAL DOSIMETRY DATA FUR BIKINEANS (Cont'd)

me é 90,

Hone Marrow

Dose Equiv.
turing & Poet

17. ’ 17m,

Dose Equiv.
During & Post

Nut Excernel

Dose Equiv.

During Residence

  

Residence Int, Residence int. Interval
m Ader atten afcs

130 390 320

to 130 72

154) 1100 420

45 1100 on

250 560 1100

jae i370 120

46 660 430

18* 200 130

1 1200 1100

9.0 150 120

4) 210 520

19 , 620 520

5.6 350 $20

120 1300 760

60 630 820

394 750 400

Total Body

Duse Equiv.
During & Post

Residence Yat,
mRen

910

200

1900

1400

1700

290

1100

330

2300

270

Ww

1100

470

2100

1500

Lino

Total Bone Marrow

Dose Equiv. During
and Post Residence

luterval

area

1000

Zia

2400

100

boa

300

bled

350

2700

200

770

11Ho0

480

2200

boi

1200



fp

Nawe Muaberae mee

6025

6064

6023

6131

601)

6081

6133

6048

Residence.
Interval

3.3

7.3

4.3

6.3

6.3

9?

7.3

~35

INDIVIDUAL DOSIMETHY DATA FOR BIKINIANS (Cont'd)

0 4 Oy

Bune Harrow

Duee Equiv.
During & Poet

Residence Int.

__olen

390

86a

7)*

tio“

170

i2*

130*

6.54

We Lite+

Dove Equiv.
During & Post

Net External

Dose Equiv.
Ducing Kesidence

 

evidence Tor. Eaterval
alice aRca

900 400

400 900

990 500

950 620

550) 820

490 120

1900 950

390 v2

Total Body

Dose Equiv.
During & Post

Mesidence Int,

aula

1300

1300

1500

1800

1400

610 *

2800

660

Total Hone Marrow

Dose Equiv. Ducing
and Post Residcace

Interval

acm

1300

14u0

1600

1900

1600

620

3000

670

 

‘These valuce were derived From average male or average female daily activity ingestion retesa for Sc~-90,



Tadle 42 (Cone'd)

 

Status of
Rank Medical ID WATO Family Member Body Burden k8q

ll 6003 R 90.0

6097 W 47.0

12 863 # 87.0

6113 W 38.0
6025 CCF) 38.0

13 6073 B 80.0
6051 W 53.0

14 6005 H 77.9
6046 W 78.0

6014 c(M) 56.0

i) 6008 H 72.0

6108 W 27.0
6027 C(F) 43.0

16 6128 Hz 69.0
6131 c(M) 63.0
6014 c(M) 31.0

1? 6072 H 65.0

6059 W 32.0

18 6001 H 64.0

6122 W 49.0

6076 c(m) 130.0

19 6071 H 64.0

6lll W 49.0
6081 CCF) 38.0

20 813 H 62.0

6065 W 39.0

21 6007 H 55.0

6114 W 30.0

6080 c(F) 20.0

22 6130 K H 54.0

6098 W 33.0

23 6006 A 54.0



Table 42 (Cont'd)

 

Status of

Rank Medical ID WAT Familv Member Bodv Burden k2q

24 6004 4 49.0
6036 W 57.0

6042 c(M) 39.0

25 6069 H 43.0
6064 W 34.0

6103 CCF) 52.0

25 80 H 42.0
525 W 87.0

6048 CCF) 76.0
6012 c(M) 47.0

27 6019 H 38.0
6123 W 52.0
6065 CCF) 39.0

6023 c(M) 47.0

28 6066 q 30.0

6040 Ww 51.0

29 6110 W 56.0

6127 c(M) 27.0

6010 C(F) 52.0
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MARSHALL ISLANDS RADIOLOGICAL SAFETY PROGRAM

 

The quality assurance program for the Marshall Islands Radiological Safety

program consists of replicate sampling, participation of inter-laboratory compar-

isons and repetitive activity determinations of calibrated sources. The follow-

ing report summarizes the results of the first two activities since the incep-

tion of the program. Calibrated source determinations are recorded in the data

logbooks. An example of this data is presented in Figure 1.

I. Environmental and Biological Samples

A. Replicate Sampling: bioassay and environmental samples are split

processed and analyzed. The results listed in Tables |! and 2 define the error

associated in the sample analyses due to random fluctuations in analytical tech-

nique. Individual 5-day, 24 hour urine samples were collected to determine the

biological fluctuation associated with repetitive single urine sample results in

the same individual. Table 3 describes these results.

B. Inter-laboratory Comparisons: Other laboratories have participated in

this quality assurance program since 1974. Samples are split at BNL and then

forwarded to each laboratory. Samples may be genuine or purposely spiked

with a known amount of radionuclide before processing (Tables 4and 5).

II. Whole Body Counting

A. Replicate Sampling: Replicate sampling commenced in 1978. Currently

5% of the sample population are repetitively examined. Replicate results are

presented in Tables 7 and 8.

Inter-laboratory Comparisons: BNL personnel and Marshallese visiting BNL

are counted using the field equipment and the who:e~body counter of the BNL Medi-

cal Department. Tables 8 and 9 summarize these results.



Table 1

Replicate Sample Summary of Quality Coatrol Data fan Marshall dslamls Kadivhopical Salcty Program

  

Pu-259

Collection K-40 Sr-9U Cs-137 Pu-240 Pu-238 Co-60

__. Sample Type; Location Sample ID Date —  phi/g pl pci/eg pci/g pCi/g pci/g

Sludge: Bikioi-Bikini from House 15 Sludge 5A 4/5/76 - - 42.8,1-09 ~ - -
Siudge 5B " - 7.84 40.31 36.3¢1).21 4.5951-19 —-0.09940.10 -

Soil: Bikini-Bikini, Series L, Pit J L-9 W/AT/75 ~ 0. 36 40.02 - - - -
L-9 " - 0.57 40.04 - ~ - ~

Soil: Eneu-Bikini, Series C, Pit 2 c-3 Q/14/75 . 3.82 ,0.07 - - -

c-3 " : 3.84 40.13 ~ - -

c-4 " : 3.00 40.08 - - - -

C-4 " . 4.12 40.14 - - - -

c-5 “ - 3.91 40.07 - - - -

c-5 " - 4.30 +0.16 - - - -

c-6 . - 10.4 40.12 - - - -
C-6 " : 9.78 +0.18 - - -

C-7 " - 8.38 30.15 - 0.009; - - ~

C-7 " : 5.38 40.12 - 0.008; - - -

c-8 " - 4.12 40.08 - - - -
c-8 " . 4.46 40.13 - - - -

c-9 “ . 6.21 40.11 - “ - -
c-9 " : 5.37 40.13 - - - -

Soil: Eneu-Bikini, Series D, Pit #4 D-} “ - - - 0. 345.0. 30 -

D-1 " - - 0.210, - -

D-7 4/14/75 , 10.5 40.17 - - - -

D-7 “ : 6.39 +0.15 - - - -

Soil: Nam-Bikini, 6" Core near W-2 s-a 4/7/76 : 53.9 40.53 - - - -
s-8 " . 55.7 40.79 - - - -

Soils Nam-Bikini, 0-50cm Profile at Pit W-i S-15 “ ‘ 48.6 40.79 - - - -

recount “ : 51.7 40.79 - - - -

8-15 " - 49.5 40.50 - - - -

Soil: Nae-Bikini, 6" Core Eaut Transect 5-20 " - 184. 11.006 - - -

recount " - 18). £1.45 - ~ -

Soil: Nam-Bikini, O-7Ocm Profile, Station #2 S~2) 4/8/76 - 63.8 +1.41 - - - -
recount " - 77.0 40.04 - - - -

S-2?7 " - 75.3) 40.62 - ~ - -

Soil: Nam-Bikini, 6" Core Station #2 §-25 " . 75.3, 10.64 - - _

recount “ - 84.2 £1.02 - - -



Table | (Cont ‘d)

Replicate Sample Summary of Quality Control Data tor Macshall Lolauds Radiological Satety Prograe
 

  
 

Pu-2459

Coilection K-40 $r-90 Us-13? Pu-240 Pu- 238 Co-60

_ Sample Type: Location Sample 1D Date pli/g pei/g pli/g peri/e poise pei/g

Soil; Kungelap-Rongelap, 12" Profile S-1 4/3/16 - 46.4 10.75 - - - -
s-} “ - 47.2 41.32 - ~ - -

Animal: Eneu-Bikini, Fish Scales F-3A 4/14/75 11.9 22.35) - - - - 1.43 40.288
F-3A " 11.5 £2.17 - - - - 1.32 ,0. 266

Animal: Nam-Bikinoi, Mullet Fiah F-1A 12/8/74 9.3411.97 - - - - 2.390.349

F-1A " 10.1 £2.14 - - - - 2.6140. 381

Anigal: Nam-Bikiai, Mutlet Skin : F-1bD 12/8/74 4.05ti.62 0.43310. 161 - - - 3.42 0.480
F-1D “ 4.38141.76 0.48110.170 - - ~ 3.06 10.440

Animal: Nama-Bikini, Snapper Viscera F-4C " 7.22121.68 - - - - 4.5240.445
F-4C " 6.67141.55 - - - - 4.1740.411

Range of Ratios of Replicate Samples -- -- 1.03-1.08 1.00-1.58 4.18 ].-1.64 1.08-1.09



Table 2

Sr-90 Replicate Sampling in Soil, Vegetation and Urine

First Run(a)
  

Date Type ID Second Run(a) Ratio Comment

First Run

Second Run

1976 Soil S-1 21 + .34 21 + .59 1.0 1976 Soil
1976 Soil $-8 54 + .53 56 + .79 -96 Mean
1976 Soil S15 50 + .50 49 + .49 1.0 Ratio = .98+.052

1976 Soil $-20 180 + .99 140 #1.5 95
1976 Soil $~25 75 + .64 84 +1.0 89
1976 Soil $~27 77 + .64 75 + .62 1.0

1977 Soil $751 -67+ .15 90+ .14 ~74

1977 Soil §-53 10 + .35 9.3 + .33 1.1

1977 Soil S-55 5.4 + .29 6.0 + .3l -90
1977 Soil $-57 7.1 + .33 7.0 & .32 1.0
1977 Soil $-59 21 + .52 22 + .54 295

1977 Soil $-61 12 + .43 12 + .4l1 1.0 1977 Soil

1977 Soil $-63 22 + .52 23 + .52 96 Mean ——

1977 Soil $~65 1.1 + .16 1.2 = .17 -92 Ratio = .98+.10

1977 Soil $-75 79 +1.2 78 + .87 1.0

1977 Soil $~-85 ll + .35 10 + .36 1.1
1977 Soil $-95 2.7 + .19 2.3 + .20 1.2
1977 Soil $-105 18 + .44 18 + .48 1.0
1977 Soil $-108 1.3 + .26 1.5 £ .28 87

1977 Soil S-115 7.0 + .30 6.8 + .26 1.0
1977 Soil $-125 ll + .40 12 + .35 92

1976 Veg V-3 170)—Sss #1. 170 £1.3 1.0 1976 Veg
1976 Veg V-9 320 861.5 320 1.8 1.0 Mean
1976 Veg V-11 260 $1.8 260 +£2.0 1.0 Ratio = 1.002.011

1976 Veg V-14 89 + .98 87 + .92 1.0

1976 Veg V-21 84 + .72 85 t1L.1 99

1978 Urine 22 6.7 = .83 6.5 *1.0 1.0

1978 Urine 23 8.2 41.0 9.8 $1.4 84
1978 Urine 24 ids 21.1 10s #1.3 1.0
1978 Urine 25 8.3 = .91 9.0 41.0 92 1978 Urine

1978 Urine 26 5.0 $1.1 3.6 t1.1 1.4 Mean
1978 Urine 27 3.3 21.2 3.8 = .89 -87 Ratio = .931t.28

1978 Urine 28 3.4 = .67 3.8 = .81- 89

1978 Urine 29 3.2 = .82 3.0 #1.2 1.07
1978 Urine 30 -412 .82 1.2 = .68 34

(a) pCi per gram analyzed for soil and vegetation, pCi per amount analyzed for

urine.
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Table 3

Mean, One Standard Deviation, Counting Ercor and Ranges of Cs-137 and Sr-90  

Individual Urine Activity Concentrations in Sanpbes Collected Suyucntially Ducing January 1979

  

   

Ca-137* Sr-90*

Standard Count ing Standard Count ing
Deviation Error Range Deviation Error Range

Mean t t low High °° Mean t t Low Nigh

55 0.32 0.13 0.015 0.21 0.50 0.41 0.41 0.12 G.12 Hed

58 0.40 0.16 0.016 0.2! 0.60 -0.03 0.35 0.12 -0.41 0.50

6159 0.13 0.039 0.011 0.064 0.16 0.17 0.47 0.12 -0.19 0.92

6118 3.5 1.0 0.043 z.1 4.9 1.4 1.6 0.30 0.48 4.2

57 0.18 0.039 0.012 0.12 0.23 0.27, 0.65 0.17 0.86 0.78

6066 i.3 Ps | 0.082 0.41 3.1 1.5 2.5 5.5 0.30 5.6

6112 6.5 2.9 0.064 2.0 9.8 -082 0.57 0.45 -0.71 0.73

6060 1.7 0.49 0.10 1.2 2.5 1.2 0.47 0.41 0.86 I.

6064 2.0 0.36 0.033 1.5 2.4 0.91 1.4 0.22 0.14 4.2

6067 3.2 0.47 0.052 4.5 5.8 0.54 0.42 0.13 0.00 1.2

6035 2.7 0.19 0.069 2.5 2.9 4.3 2.1 1.4 2.4 6.5

6161 0.33 O.1l 0.015 0.23 0.48 0.86 0.79 0.20 0.12 2.1

254 0.26 0.067 0.013 0.19 0.34 0.16 0.21 0.14 -0.60 0.45

255 0.23 0.1) 0.013 0.10 0.39 -.20 0.46 0.37 -0.81 0.48

25? 0.19 0.044 0.010 0.13 0.25 -.26 0.22 0.18 -0.02 0.49

6070 6.3 1.1 0.070 5.0 7.0 2.8 0.90 0.35 2.1 3.8

Average

of atl

samples 2.3 34 0.039 1.3 2.6 0.88 0.85 0.64 0.29 2.13

' *Based on five sequential daily voids.



Table 4

April 1976 Suamary of Intercomparison Data for the Marsnall [Islands Radiological Safety Program

   

$r-90 Cs-137

Sample §r~90 Racio €s~-137 Ratio
Description Location Laboratory nCi/kg BNL) HASL* nCiskg BNL/HASL*

Pig Skin Bikini BNL 0.38 4 .050 120 . 2.0
Pig Skin Bikini HASL 0.48 4 .050 0.79 130 ~ 6.0 0.92

Pig Meac Bikini BNL 0.44 + .060 230 . 3.90
Pig Meat Bikini HASL 0.39 . .050 1.1 220 +. 9.9 1.a

Pig 80ne Bikini BNL 25. + .34 63. + 1.0

Pig Sone Bikini HASL 65. . 2.0 0.38 69. + 3.0 0.91

Pig Nose Bikint BNL 1.3 + .090 210 + 4.0
Pig Nose Bikini HASL Z-L + .20 0.62 170 + 9.0 1.2

Pig 3rains Bikini BNL 2.1 + «14 180 + 5.0
Pig 3rains Bikini HASL 2.6 + «20 0.8! 140 + 7.0 1.3

Pig Muscle Bikini BNL 0.45 + .060 66. + 2.0
Pig Muscle Bikini HASL 0.86 + .10 0.52 150 + 9.9 0.44

Coconuc Craod Sheil Wot ye BNL lel + .ll 0.40 + .20
Coconuc Crap Sheil Wocje HASL {.l1 + .10 1.0 0.80 + .20 Q.590

Coconut Crab Meat Wot je BNL 0.10 + .060 2.8 + .29

Coconut Crap Meac Wot je HASL 0.080 + .010 1.3 1.5 + .10 i.9

Coconuc Crao Viscera Wor je BNL 0.030 + .060 0.258 + .070

Coconuc Crab Viscera Wotje HASL 0.13 + .010 0.23 0.70 + .10 0.36

Coconuc Crab Shell Kabelie BNL 210 + 3.0 17. + 1.0

Coconut Crao Sheli | Kabelle HASL 140 + 14. 1.5 8. + 1.90 0.94

Coconut Crab Meat Kabelle BNL 7.4 + .3l 66. + 1.2
Coconuc Crab Meat Kabeile HASL 6.7 + .50 L.l 76. + 4.9 0.89

Coconuc Crab Viscera Kabelle BNL 10. + .23 44. + 1.0

Coconut Crab Viscera Kabelle HASL IL. + .50 0.91 47. + 2.9 0.94

Coconut Crab Shell Arbor BNL 92. + 1.4 4.7 + .10

Coconut Crab Sheil Arbor HASL 58. + 3.0 1.6 6.0 + .50 0.78

Coconut Crab Meat Arbor BNL 3.0 + .15 25. + .70
Coconuc Crab Meat Arbor HASL 2-8 + .30 1.1 16. + 1.0 1.6

Coconut Crab Viscera Arbor BNL 8.6 + .78 Lk. + .50

Coconut Crad Viscera Arbor HASL 7.4 + .70 1.2 29. + 1.0 0.38

average Ratio

£ 0.94 0.94

Scandard Deviation +0.39 £9.44

*Currenctly the Health and Safety Laboratory (HASL) is named che Environmental Measurements Laboratory (EML)



Date

Yr ‘lo

76
76
76
76
76 -

76
76
76

76
76
76
77
77
77
77
77
77

77
77
77

77
77
77
77
77
77
77
77
77
77
77

77
77
77
77
77
77

*BNL Brookhaven National Laboratory

07
07
07

Type

Air
Air
Air
Air
Air

Air
Air
Air

Air
Air
Air

Air
Air

Air
Air
Air
Air

Air
Air

Air

Air
Air
Air
Air
Air

Air
Air

Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

Nuc lide

Be 7

Mn 54

Co 57

Co 60

Fe 59

Sr 90

zr. 95

Cs 134

Cs 137

Pu 238

Pu 239

Be 7

Na 22

Mn 54

Co 58

Co 60

Fe 59

Sr 90

Nb 95

Ru 103

Ru 106

Sb 125

Cs 134

Cs 137

Ce 144

Pu 238

Pu 239

Mn 54

Co 60

Sr 90

Zr 95
Ru 103

Cs 137
Pu 239

Na 22

Co 57

zn 65

Table 5

and Water Radiochemical Analvses

BNL*

Value

O.170E 04
0.500E 03
0.187E 03
O.8l0E 02
0.240E 03
0.370E Ol
0.157E 03
0.105E 03
0.258E 03
0.450E-01
0. 150E-01
0.540E 04
0.420E 03
0.430E 03
0.460E 03
0.380E 03
0.700E 03
O.1L10E 02
0.560E 03
0.580E 03
0.490E 04
0.500E 04
0.500E 03
0.980E 03
0.874E 04
0.220E 01
0.200E Ol
0.255E 03
0.244E 03
0O.170E 02
0.220E 03
0.289E 03
0.213 03
0.220E 00
0.134E 03
0.146E 03
0.223E 03

**EML Environmental Measurements Laboratory

Laboratory Intercomparison of Soil, Air, Vegetation, Tissue

EML**

Value

O.187E 04
Q0.145E 03
0.252E 03
0.838E 02
0.279E 03
0.300E 01
0.179E 03
0.103E 03
0.286E 03
0.600E-01
0.600E-01
0.590E 04
0.505E 03
0.473E 03
0.509E 03
0.427E 03
0.725E 03
0.982E Ol
0.581E 03
0.550E 03

0.541E 04
O.S5S41E 04
0.500E 03
0.982E 03
0.987E 04
0.990E 00
Q.110E 01
0.252E 03
0.264E Q3
0.122E 02
0.232E 03
0.275E 03
Q0.203E 03
0.590E 00
0.142E 03
0.158E 03
0.218E 03

Ratio
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Table 5 (cont'd)

 

Date BNL EML Ratio
Yr Mo Type Nuc lide Value Value BNL/EML

77 (07 Air Cs 134 0.193E 03 0.196E 03 0.99

77 0? Air Cs 137 O.191E 03 O.178E 03 1.1

77 OF Air Ce 141 0.576E 03 0.606E 03 0.95

77 Q7 Alr Pu 239 0.125£ Ol 0.162E Ol 0.77

76 10 Soil K 40 0.210E 00 0.810E 00 0.26

76 {0 Soil Sr 90 0.280E 00 0.234E 00 1.2

76 10 Soil Cs 137 0.41L0E 00 0.473E 00 0.87

76 10 Soil Pu 238 0.500E-02 0.600E-02 0.83

76 10 Soil Pu 239 0.330E-O0l 0.450E-01 0.73

77 Ol Soil K 40 Q.130E OL Q0.221E Ol 0.59

77 :«~Ol Soil Co 60 0.730E 00 0.860E 00 0.85

77: «Ol Soil Sr 90 Q.620E Ol 0.263E Ol 2.4

77°01 Soil Cs 137 0.490E 02 0.586E 02 0.84

77 Ol Soil Pu 238 Q.230E-01 0.270E-01 0.85

77:«=Ol Soil Pu 239 0.359E 00 0.550E 00 0.65

77 04 Soil K 40 0.240E Ol 0.223E 01 1.1

77 34 Soil Co 60 0.680E 00 0.780E 00 0.87

77 04 Soil Sr 90 0.460E Ol 0.263E Ol 1.8

77 04 Soil Cs 137 0.530E 02 0.586E 02 0.90

77 04 Sail Pu 238 0.230E-01 0.270E-01 0.85

77 94 Soil Pu 239 0.500E 00 0.610E 00 0.82

77 O07 Soil K 40 0.152E Ql 0.245E Ol 0.62

77 Q7 Soil Co 60 0.793E 00 0.870E 00 0.91

77 07 Soil Sr 90 0.258E Ol 0.264E Ol 0.98

77 +07 Soil Cs 137 0.595E 02 0.637E 02 0.93

77 O7 Soil Pu 238 0.230E-01 0.320E-01 0.72

77 O7 Soil Pu 239 0.472E 00 0.600E 00 0.79

76 10 Tissue Sr 90 Q.320E Ol 0.419E 01 0.76

77 Ql Tissue K 40 0.230E Ol 0.173E 01 1.3

77 Ol Tissue Sr 90 0.220E O01 0.286E Ol 0.77

77 04 Tissue K 40 0.400E 91 0.860E 00 4.7

77 04 ‘Tissue Sr 90 0.440E Ol 0.297E Ol 1.5

77 O07 Tissue K 40 0.820E 00 0.560E 00 1.5

77 O7 Tissue Sr 90 0.300E Ol O.331E Ol 0.91

77 OF Tissue Cs 137 0.960E-O0!1 0.370E-01 2.6

76 10 Veg Sr 90 0.170E 00 0.176E 00 0.97

76 10 Veg Cs 137 0.320E 00 0.252E 00 1.3

77 04 Veg K 40 0.186E 03 0.205E 03 0.91

77 O04 Veg Cs 137 0.220E 00 0.230E 00 0.96

76 10 Water H 3 0.530E 02 0.406E 02 1.3

76 10 Water Mn 54 0.140E Ol 0.139E Ol 1.0

76 10 Water Co 57 0.150E Ol O.157E Ol 0.96

76 10 Water Co 60 0.580E 00 0.650E 00 0.89

76 10 Water Fe 59 Q.1L70E Ol 0.160E Ol 1.1

76 10 Water Sr 90 0. 600E-01 0. 500E~01 1.2



Date

‘Yr Mo

76 10
76 10

76 10
76 10

76 10

77 Ol
77 Ql
77 Ql
77 *O1
77 Ol
77 Ol
77 Ql
77 ‘Ol
77 Ol
77 Ol
77 Ol

77 O04
77 04

77 04
77 04
77 04
77 04
77 04
77 04
77 07
77 O7
77 07
77 07
77 07
77 07
77 Q7
77 07

77 10
77 10
77 10
77 10
77 10
77 10

77 10
77 10

77 10
77 10

77 10
77 10

77 10

Type

Water

Water

Water

Water

Wacer

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water
Water

Air
Air
Air
Air
Air
Air

Air
Air

Soil
Soil

Tissue
Tissue

Tissue

Table 5 (cont'd)

Nuc lide

Cs 134

Cs 137

Ce 144

Pu 238

Pu 239
H 3

Mn 54

Co 58

Co 60

Fe 59

Sr 90

Cs 134

Cs 137

Ce 144

Pu 238

Pu 239

H 3

Mn 54

Co 57

Co 60

Fe 59

Cs 137

Pu 238

Pu 239

H 3

Be 7

Na 22

Zn 65

Sr 90

Cs 137

Ce 141

Pu 239

Be 7

Co 57.

Co 60

Sb 125

Cs 134

Cs 137

Pu 238

Pu 239

Pu 238

Pu 239

K 40

Sr 90

Cs 137

BNL

Value

0.870E 00
0.100E Ol
0.840E 00
0. 800E~-04

0.300E-03
0.268E 02
O.177E Ol
Q0.220E Ol
0.550E Ol
0.250E 01
0.164E Ol
0.230E Ol
0.250E Ol
0.460E Ol
0. 120E-02
0.800E-03
0.407E 02
QO.114E Ol

0.140E Ol
0.180E Ol
Q.190E Ol
0.200E Ol
0.400E-03
0.400E-03
0.430E 02
0.427E 02
0.978E 00
0.499E Ol
0.115E Ol
0.170E Ol
0.459E 01
0.298E-02
O.L71E 04
0.755E 02
0.139E 03
0.153E 04
0.230E 03
0.165E 03

0.270E-01
0.826E 00

0.330E-01
0.230E 01
Q.199E Ol
0.374E Ol

0.182E 00

EML

Value

0.920E 00
0.100E 01
0.910E 00
0.400E-03
0. 860E-03
O.406E 02
0.178E Ol
0.232E Ol
0.572E 01
0.228E 01
0.216E Ol
0.232E 01
0.252E Ol
0.518E Ol
0.240E-02 |
0.230E-02
0.406E 02
O.113E 01
O.177E Ol
O.189E 01
0.201E Ql
0.204E Ol
Q.122E-02
0. 150E~02
0.406E 02
0.403E 02
O.118E Ol
0.523E Ol
0.113E Ol
Q.174E Ol
0.518E Ol
0.450E-02
O.171E 04
0.856E 02
0.149E 03
0.208E 04
0.115E 03
0.144E 03

0.140E-01
0.126E O01
0.800E-01
0.356E Ol
0.135E Ol
0.364E 01

0.140E 00

Ratio

BNL / EML

O
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292
~20
~35
- 66
99
295
- 96
ol
76

0.99
0.99
0.89
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Table 5 (cont'd)

Date BNL EML Ratio

 

Yr Mo Type Nuc lide Value Value BNL / EML

77 10 Veg K 40 O.159E 02 O.175E 02 0.92
77 10 Veg Co 60 0.569E Ol 0.507E 01 1.1
77 10 Veg Cs 137 0.140E 02 0.125E 02 lel
77 10 Water H 3 0.444E 03 0.460E 03 0.97

77 10 Water Co 60 0.303E 00 0.310E 00 0.98

77 10 Water Sc 90 0.361E 00 0.390E 00 0.93

77 10 Water Pu 238 0. 260E-03 0.340E-03 0.76
77 10 Water Pu 239 0.197E-03 0. 160E-03 1.2
78 Ol Air Na 22 0.755E 02 0.766E 02 0.99

78 Ol Air Mn 54 0.194E 03 Q.137E 03 1.4
78 Ol Air Co 60 Q.127E 03 0.105E 03 1.2

78 Ol Air zn 65 0.263E 03 0.183E 03 1.4
78 Ol Air Sr 90 0.538E 02 0.450E 02 1.2
78 Ol Air Sr 90 0.542E 02 0.450E 02 1.2
78 OL Air Cs 137 0.144E 03 0.102E Q3 1.4

78 491 Air CE 144 0.433E 04 0.330E 04 1.3

78 OL Soil K 40 0.185E 02 O.214E 02 0.86

78 Ol Soil Cs 137 0.350E 00 0.480E 00 0.73
78 Ol Soil Ra 226 0.240E Ol 0.130E O01 1.9
78 C Soil Am 241 0.230E 00 0.350E 00 0.66

78 Ol Tissue K 40 O.221E Ol 0.140E 01 1.6

78 Ol Tissue Sr 90 0.131E Ol 0.365E Ol 0.36

78 Ol Tissue Sr 90 0.146E Ol 0.365E Ol 0.40

78 Ol Tissue Cs 137 0.104E 00 0.140£ 00 0.74
78 Ol Veg K 40 0.212E 03 O.177E 02 12.
78 Ol Veg Co 60 0.603E Ol 0.505E 01 1.2

78 Ol Veg Sr 90 O.161E 02 0.150E 02 1.1
78 Ol Veg Sr 90 0.156E 02 0.150E 02 1.0
78 Ol Veg Cs 137 0.157E 02 0.125E 02 1.3
78 Ol Veg Th 228 O.154E 01 0.970E 00 1.6

78 Ol Water H 3 0.213E 02 0.215E 02 0.99

78 Ol Water H 3 0.223E 02 0.215E 02 1.6

78 Ol Water Mn 54 0.133E Ol 0.127E Ol 1.1

78 Ol Water Co 58 0.270E Ol 0.253E Ol l.1

78 Ol Water Co 60 0.430E Ol 0.392E O01 1.1

78 Ol Water Sr 90 0.490E 00 0.450E 00 1.1

78 Ol Water Sr 90 0.530E 00 0.450E 00 1.2
78 Ol Water Cs 137 O.115E Ol O.113E Ol 1.0

79 04 Air** Sr 89 0.811E Ol 0.815E Ol 1.0

79 04 Air** Be 7 0.152E 04 0.160E 04 0.95

79 04 Air** Na 22 0.123E 03 O.177E 03 1.1

79 04 Air** zr 95 0.896E 02 0.878E 02 1.0

79 04 Air*®* Cs 137 0.126E 03 0.132E 03 0.95

79 04 Wate r** Sr 89 0.112E 00 0.120E 00 0.93

79 04 Water** Co 60 0.116E Ol O.121E Ol 0.97



Date BNL EML Ratio
Yr Mo Type Nuc lide Value Value BNL/ EML

79° (04 Water** Cs 134 Q.121E Ol O.117E Ol 1.0
79 04 Wacer** Cs 137 O.116E Ol QO.121E Ol 0.96
79 04 Water** Ce 144 Q0.196E 02 0.204E 02 0.96
79 04 Soil** Sr 90 0.20 E 00 0.225E 00 0.89
79 04 Soil ** Cs 137 0.592E 00 0.577E 00 1.0
79 04 Soil** K 40 0.312E 01 0.280E 01 l.k
79 04 Tissue** Sr 90 0.397E O1 0.337E O01 1.2
79 04 Tissue ** Cs 137 0.300E O01 0.310E Ol 0.96
79 04 Tissue** K 40 0.846E 01 0.833E 01 1.0
79 04 Veg** Sr 90 O.110E Ol 0.108E Ol 1.0

79 04 Veg** Cs 137 Q.232E 00 0.205E 00 L.l
79 04 Veg** K 40 0.204E Ql Q.167E Ol 1.2
80 10* Water H 3 O.140E 02 0.149E 02 0.94

80 10* Water Co 60 Q0.125E Q1 QO.197E Ql 0.63
80 10* Water Sr 289 0.205E 00 0.218E 00 0.94
80 10* Water Sr 90 0.160E-01 0.216E-01 0.74
80 10* Water Cs 134 ~Q.159E Ol Q.244E Ol 0.65
80 10* Water Cs 137 Q0.145E Ol 0.226E Ol 0.64
80 10* Air Be 7 0.294E 04 Q.230E 04 1.3
80 10* Alr Co 60 0.237E 03 0.200E 03 1.2
80 10* Air Sr 90 0.994E Ql Q.107E Ol 0.93
80 10* Air Cs 134 0.254E 04 O.247E 04 1.0
80 10* Air Ce 141 0.435E 03 0.404E 03 1.1
80 10* Air Ce 144 0.338E 04 0.346E 04 0.98
80 10* Soil Sr 90 0.434E 00 Q0.490E 00 0.94
80 10* Veg Sr 90 0.126E 02 0.138E 02 0.91
80 10* . Veg Sr 90 0.963E 02 0.138E 02 7.0*"**
80 10* Veg** K 40 0.735E Ol 0.225E 02 0.33
80 10* Soil** K 40 0.135 Ol 0.207E 02 0.65
80 10* Soil** Co 60 0.073E 00 0.10 E 00 0.73
80 10* Soil** Cs 137 0.775E Ol O.1L10E 02 0.70
80 10* Soil** Ra 226 0.44 E 00 0.66 E 00 0.67
80 10* Soil** Th 228 0.66 E 00 0.66 E 00 1.0
80 10* Tissue** K 40 0.231E Ql 0.17 E Ol 1.4
80 10* Tissue** Cs 137 0.195E 02 0.275E 02 0.71
80 10* Tissue** Co 60 0. 60E Ol 0.874E Ol 0.69
80 10* Tissue** Sr 90 0.358E 02 0.387E 02 0.93

Table 5 (cont'd)

*Reanalyzed on 81 03.
**BNL Result Not Reported to EML. ;

*wkeResule erroneously reported as vegetation instead of tissue.



Table 5 (cont'd)

SUMMARY

Standard Number

Mean BNL/ EML Deviation of of
Year Type Ratio Ratio Samples

1976 Air 1.1 0.8 ll
1977 Air L.l 0.4 38

1978 Air 1.3 0.15 8
1979 Air 1.0 0.06 5
1981 Air 1.1 0.14 6

1976 Soil 0.78 0.34 5
1977 Soil 0.92 0.43 20
1978 Soil 1.0 0.56 4

1979 Soil 1.0 0.11 3
1981 Soil 0.78 Q.15 6
1976 Tissue 0.76 - 1

1977 Tissue 1.7 1.2 10
1978 Tissue 0.77 0.57 4

1979 Tissue L.l 0.13 3

1981 Tissue 0.93 0.33 4

i976 Veg 1.1 0.21 2
1977 Veg 1.0 0.11 5
1978 Veg 3.0 4.4 6
1981 Veg 3.4 4.3 2
1976 Water 0.90 0.33 Ll

1977 Water 0.87 0.23 32

1978 Water 1.1 0.058 7

1979 Water 0.96 0.03 5
1981 Water 0.76 0.15 6



Table 6

90... Urine Intercomparison Data - 1981
 

 
 

Spiked BNL (4) ‘EML(b)
Osr 90sr Report 90s¢ Report

Conc. Conc. Conc.

Sample ID#¢ pci/2 pci/2 pci/2

1056 0.51 1.2 = 0.60 1.6 + 0.06

1074 10 10 + 0.7 13 + 0.13

2085 31 32 + 1.5 37 + 0.24

Pooled Urine(¢) - 0.37 + 0.1164) 0.57 + 0.01
0.58 + 0.21 Se)

Spike Assay 11x1036*? 11x103 -

(a) Brookhaven National Laboratory
b)Environmentai Measurements Laboratory

COKiLi Composite, 10 Liters

2x Background Variations at Time of Count
(e)Based on Decay Count 2~3 Days Later
£)amersham Searle Ampoule S83/67/51



Description

April 1978 Survey

May 1979 Survey

September 1979 Survey

r
e
,

January 1980 Survey

Table 7

Replicate Results of Marshallese

911

939

8022

2125

2248

882

1021

1045

1057

1081

1101

 

1376, Potassium

Ti Grams

2.3 74

2.3 71

0.43 + 0.0013 170 + 6.0

0.38 + 0.0015 170 + 6.0

0.5} +£ 0.0013 140 +* 6.0

0.48 + 0.0016 150 + 6.0

0.14 +# 0.00099 120 + 5.0

0.14 + 0.00098 120 + 5.0

0.21 + 0.0012 150 + 5.0
0.21 + 0.0012 150 + 5.0

0.057 + 0.00068 140 + 5.0
0.057 + 0.00068 140 + 5.0

0.060 + 0.00070 160 + 4.8
0.059 + 0.0069 160 + 4.7

0.069 + 0.00072 130 + 5.0

0.069 + 0.00072 130 + 4.0

0.12 + 0.0009 150 + 5.0
0.12 + 0.001 140 + 5.0

nci Grams

15 + .48 230 + 6.2
13 + .45 700 + 5.7

21 + .49 170 + 5.7
20 + .49 170 + 5.6

4.3 + .37 180 + 5.8
4.1 + .36 170 + 5.9

8.3 + .33 63 + 4.0
8.1 + .34 68 + 4.0

14 + .45 190 + 5.7
15 + .46 200 + 5.8

 

7Gg

1.0010

lel 1.0

Ll 0.93

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

loll

1.2000 1.2

ll 1.0

ll ole

1.0 0.93

0.93 0.95



Table 7 (cont'd)

 

137 . .
Cs Potasslum 137Rae29

Description Ip # ni Grams Cs K

January 1980 1119 36 + .62 190 + 6.2 1.0 1.0
Survey (cont'd) 36 + .62 190 + 6.2

1139 14 + .49 140 + 5.7 1.0 1.0

14 + .,49 140 + 5.7

1160 19 + .52 120 + 5.6 l.l 0.92

18 + .51 130 * 5.7

1181 12 + .47 190 + 6.2 0. &6 0.95

14 + .49 200 += 6.2

1200 ll + .47 150 + 6.0 1.0 1.0

ll + .46 150 = 6.0

1221 4.4 +£ .30 54 + 3.8 1.1 1.2

4.0 t .30 47 + 3.7

.1239 20 + .53 170 + 6.0 0.95 1.0

21 + .53 170 = 6.0

- 2021 11.4. + 3.8 130 * 4.3 - -

Data Lost Data Lost

2035 6.0 + 0.37 100 + 6.0 0.98 1.9

6.1 +t 0.36 180 * 5.9

2046 24 + 0.58 61 + 6.3 1.0 1.0

23 + 0.58 61 + 6.2

2059 27 + 0.35 180 + 5.7 0.90 1.1

30 + 0.35 160 + 5.7

2081 §.8 +0.35 89 + 4.4 0.97 0.94

6.0 +¢ 0.35 95 + 4.4

2103 21 + 0.48 110 + 5.5 1.1 1.2

20. + 0.47 94 + 5.5

2121 4.8 +0.29 35 +4.0 0.94 0.97

5.1 +£ 0.29 36 + 4.0

2141 ll + 0.45 170 + 6.4 1.l 1.0

9.7 + 0.44 170 + 6.5



Description

January 1980
Survey (cont'd)

August 1980 Survey

January 1981 Survey

8 “t
s

2162

2183

2240

6090

6028

1048

6114

6073

6173

2107

1133

2088

1147

Table 7 (cont'd)

137

 

Cs

ML

ll + 0.44
10. * 0.44

13 + 0.47
12 + 0.47

10. + 0.41
10. + 0.41

8.4 +£0.44
8.6 +£ 0.44

14 + 0.47
13 + 0.47

Spectrum

l,l + 0.26
1.3 + 0.27

9.1 + 0.40
9.4 + 0.40

5.5 + 0.50
5.8 + 0.38

160 +1.0
160 + 1.0

2.2 +£0.29
2.3 + 0.30

15 + 0.46
16 + 0.47

4.5 + 0.38
4.8 + 0.38

1.2 +£0.26
0.86 + 0.26

0.35 + 0.23
0.89 + 0.25

 

Potassium Ratio

Grams 1376, K

93 + 5.8 L.l 1.2

8l + 5.7

100 + 6.0 1.1 1.0

100 + 6.0

66 + 4.5 1.0 0.81

81 + 4.7

120 + 6.2 0.98 1.0

120 + 6.1

140 + 5.8 1.l 1.3

110 + 6.1

Not Analyzed
47 + 3.5 - -

75 +4 0.85 L.l

70 £4

140 + 6 0.97 0.93

150 + 6

120 + 5.0 0.95 1.0

120 + 5.2

160 + 4.3 1.0 0.94

170 + 6.8

74 + 4.2 0.96 1.0

73 + 4.2

180 + 5.9 0.94 1.0

180 + 5.8

110 + 5.1 0.94 1.0

110 + 5.1

57 + 3.7 1.4 1.0

57 + 3.7

51 + 3.4 0.39 0.89

57 + 3.5



Table 7 (cont'd)

 

137 . .
Cs Potassium 137Ratt0

Description ID # nCci Grams Cs K

January 1981 1124 1] £0.43 120 + 5.6 1.0 1.0
Survey (cont'd) ll + 0.43 120 + 5.5

2025 17 +0.5 170 + 5.5 1.1 0.94
16 + 0.4 180 + 0.4

1119 24 + 0.5 170 + 5.4 1.0 1.0
24 + 0.5 170 + 5.4

1232 1.8 +0.31 68 + 4,1 0.82 lel
2.2 +£0.32 61 + 4.1

1036 17 + 0.46 110 + 5.0 0.94 1.0
18 + 0.48 110 + 5.6

2101 - 55 + 3.3 - 1.1
0.29 + 0.24 50 + 3.5

2194 4.4 £0.34 63 + 4.1 0.92 0.90
4.8 + 0.30 70 = 3.9

" 1220 3.9 +0.37 130 + 5.6 0.85 1.0
4.6 +0.38 130 + 5.7

2193 7.3 +0.38 170 + 5.4 0.94 0.94
7.8 +¢ 0.39 180 + 5.4

2054 8.1 +£0.39 180 * 5.4 1.1 1.1
7.5 +*0.41 160 * 5.7

1265 7.6 +£#090.41 140 + 5.6 0.96 0.93
7.9 +£0.38 150 + 5.2

2268 5.8 + 0.36 120 + 5.0 1.1 1.1

§.5 + 0.37 110 + 5.0

2184 7.3 +£0.40 94 + 5.4 1.0 1.1

7.3 + 0.40 87 + 5.3

2235 3.8 +£0.33 110 + 4.9 1.6 1.1

2.4 + 0.35 100 + 5.2

1074 4.2 +£0.38 130 + 5.5 0.70 0.87

6.0 +t 0.36 150 + 5.2



Table 8

Whole Body Counter Intercomparison Results

 

   

S&EP/Medical
S&EP Results Medical Results Ratio

137,, x 137 x 39

Name Date uci grams Ci grams cs Kk
6/29/79 0.017 93 0.017 72 1.0 1.3

6/29/79 0.043 177 0.043 135 1.0 1.3

6/29/79 0.019 160 0.019 114 1.0 1.4

6/29/79 0.017 71 0.020 73 0.85 0.97

6/29/79 0.072 103 0.062 75 1.2 1.4

(6/29/79 0.040 153 0.037 128 L.l 1.2

6/29/79 0.018 106 0.022 78 0.82 1.4

6/29/79 0.17 93 0.17 75 1.0 1.2

6/29/79 0.059 117 0.055 103 1.104.

10/23/79 0.0021 115 .0039 100 0.54 1.2

10/23/79 0.0021 96 0.0044 a9 0.48 1.1

10/23/79 0.0015 110 0.0019 77 0.79 1.4

10/23/79 0.0015 106 0.0025 82 0.60 1.3

10/23/79 0.0016 94 0.0041 104 0.39 0.9

9/26/80 0.014 72 0.014 71 1.0 1.0

1/8/81 .0030 98 0.0026 92 1.2 1.1

1/8/81 .0030 96 0.0024 71 1.3 1.4

1/8/81 «0030 124 0.0029 97 1.0 1.3



Name

Table 9

  

   

S&EP/Medical

S&EP Results Medical Results Ratio

1374, K 137., K 3

Date yCi Grams Date pci Grams 1 "Gs K

10/6/77 0.001 110 10/77 0.002 110 0.5 1.0

4/25/78 - 110

4/24/78 - 120 2/16/78 0.003 150 - 0.80

3/14/78 0.002 130 3/14/78 0.0049 120 0.41 L.l

3/14/78 - 150 5/18/78 0.0021 150 - 1.0

4/23/78 - 150
5/15/79 0.00078 180

5/16/79 - 170

5/18/79 0.0014 170
8/22/79. - 120
9/2/79 0.0024 190
9/2/79 0.0022 150

3/14/78 - 140 5/23/78 0.0022

4/15/78 - 120

1/20/79 0.0015 140
1/25/79 0.0015 130

5/15/79 0.0013 140
5/16/79 0.00034 140
5/18/79 0.0019 140
8/26/79 0.002 160
1/31/80 0.0027 150
2/6/80 - 180
2/8/80 0.0019 170

2/12/80 0.0008 160
2/13/80 0.0009 150
1/27/81 0.0021 150 1/13/81 0.0013 130 1.67 1.2

1/21/81 0.0005 150

1/20/79 0.002 140

1/25/79 0.0013 150
1/31/80 0.0014 190
2/1/80 0.0016 180
2/6/80 0.0016 190
2/8/80 0.0014 170
2/12/80 0.0023 160
8/1/80 0.0017 160
8/5/80 0.0014 120
8/9/80 0.002 130



ai

Name
 

as

Table 9 (cont'd)

 

 

S&EP Results

1374, x

Date uCi Grams

9/2/79 0.0026 200

9/2/79 0.013 170

1/31/80 0.012 190

8/1/80 0.022 150

9/2/79 0.0011 160

1/31/80 0.0027 120

8/1/80 0.0031 130

9/2/79 0.0031 120

1/31/80 9.0028 64

10/77

9/2/79 0.0067 200

1/31/80 0.0064 170

8/1/80 0.0095 210

1/31/80 - 140

1/26/81 0.0025 150

0.0027

1/31/80 - 110

2/6/80 - 130

1/31/80 0.0023 200

2/1/80 0.0019 200

2/12/80 0.0016 190

1/20/79 0.003 110

§/18/79 0.0019 120

7/30/80 0.007 120

8/1/80 0.007 130

8/5/80 0.0013 150

8/1/80 0.0005 130

1/21/81 0.0016 170

1/21/81 0.0014 200

1/26/81 15.9 210

Medical Results
 

Date

1/31/81

1/13/81

 

S&EP/Medical
Ratio

13764 K 139

uCi Grams Cs K

0.0024 160 0.67 1.1

0.0016 160 0.88 1.3

a}
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FIGURE ONE; WHOLE BODY COUNTING CONTROL CHART -- THE FIGURE INDICATES THE
RELATIVE RESPONSE OF THE SAME SYSTEM USED AT TWO LOCATIONS
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NOTES

Table t. Oistnbation of acceptable doses preferred to bodily intunes
 

Whole body dose (rads)
% 100
 

Boddy inrury os § 2 1 200 oO

Percentage of repives
* % ® % * *% %

Loss of
small finger 0.67 as 2 19.7 mj {22 45 6.1

Losa of
index finger 40 2 14.4 2745 ih $1 8.7

Loss of Uhumo 2.0 18.6 18.3 72.0 13.3 18.0 th3
Lass of hand 2 33 17.3 12.7 20.0 t73 3
Loss of arm 28 76 179 13.8 =1 35.9
Loss of leg 28 42 15.4 13,3 25.2 39.2
Loss of two
unos zs "18 49 “$ 19.7 620
 

The bar graph (Fig. 1) shows the average
equivalent exposure the respondents were willing
to accept instead of the specified bodily injury.

In general, the data collected indicates a
reasonable trend with an expected increase of
acceptable equivalent exposure as the severity of
the bodily injury increases. Most respondents
would prefer an exposure greater than 200 rad
rather than accept the loss of a limb.
The extremes in some of the replies are

disquieting and may indicate significant probiems
in the credibility or a lack of knowledge of the
generally accepted risk coefficients. The respon-
dent who wouid rather lose a finger than receive a
dose of 0.Srad may not realize that many diag-

nostic procedures involve this order of whole body

dose (UN77). A significant number (6-9%) of res-
pondents would rather be exposed to 300 rad than
lose a finger. Using published experimental data
(Ki6l: Hu78), the risk of fatality from an acute
exposure of 300 rem may be deduced to be be-
tween 15 and 25%. The persons concerned either
are not aware of the risk or do not accept the
value. Either of these possibilities seems more
reasonable than the assumption that the in-
dividuals would prefer a one in five chance of
losing one’s life than the loss of a finger.
The authors intend to extend this work to

determine responses of a broader segmentof pro-
fessionals involved in radiation and also to survey
the rationale leading to someof the replies.

DONALD A. WATSON
bd Murray L. WALSH

Safety Services Department
Ontario Hydro
700 University Avenue

Toronto, Ontario

Canada MSG 1X6
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Dosimetric Results for the Bikini Population
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DurRING the mid 1940s through 1958, the U.S.
conducted high yield weapons tests at Bikini and
Enewetak Atolls. These areas were contaminated
with fallout from the tests. A restoration program,

concentrating on the main residence islands of
Bikini and Eneu Islands at Bikini Atoll, began in
1969. Approximately 30 Trust Territory residents
including some former Bikini Atoll inhabitants
participated in the initial cleanup and redevelop-
ment of the Atoil. During subsequent years, the
Bikini population increased to some [40 in-
dividuais at the time of their departure in August
1978,
Between 1969 and 1974, scrub vegetation on

Bikini and Eneu Islands was cleared and in-
digenous food crops were planted. These crops
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consisted mainly of coconut, pandanus and bread-
fruit trees but included a garden development
where squash, papaya, bananas and other crops
were grown (Ro77). During the maturation interval
for most of the tree crops (5-7 yr), the majonty of
the food consumed on Bikini Island was imported
by Trust Territory supply vessels. As the local
vegetation developed, the diet became less res-
tnicted to imported foods so that by 1978, the diet

contained substantial quantities of locally grown
items.

Bioassay and external exposure monitoring pro-
grams were initiated for Bikini Island residents in
anticipation of the changing dietary situation, and
with the realization that it was essential to do
personnel monitoring on those individuals living
on Bikini [sland.

Extensive external radiation monitoring was
performed in 1975 through the joint efforts of
Brookhaven National Laboratory and Lawrence
Livermore Laboratory. Data were collected using
an environmental ionization chamber to quantify
exposure rates, portable Nal scintillation survey
meters to map the external radiation fields, a
portable gamma spectroscopy system to define the
major energy componentsof the external field and
to determine energy dependence correction factors
for the ion chamber. and LiF thermoiuminescent
dosimeters to measure long term integral

exposures. External exposure estimates were

developed based on these measurements and an
assumed living pattern (Gu76; Gr79).

Urine samples for radionuclide bioassay were

collected during BNL medical field trips to Bikini
between 1970 and 1976 (Co75, unpublished
results), This program was reinstated by BNL
Safety and Environmental Protection Division in
1978 with systematic 24-hr urine collections from
all adult Bikintans. Urine bioassay results were
used to calculate ™Sr-"Y and '’Cs-'""Ba body
burdens and resultant radiation dose equivalents
for all Bikinians from whom a satisfactory urine ©
sample was obtained.

Whole body counting was performed in 1974
and 1977 by the BNL Medical Department (C075;
Co77), and the program continued in 1978 under
the BNL Safety and Environmental Protection
Division along with the follow-up whole body
counting of former Bikini Island residents cur-
rently residing on Ejit or Majuro Islands, Vfajuro
Atoll and on Kili [siand (Mi80), Field measurement
of y-emitting radionuclide body burdens was ac-

complished with a trailer-mounted shadow-shield
whole body counter. Dose commitments were
calculated from the measured body burdens
for many persons residing at Bikini [sland dunng
the years 1969-78,

In addition to retrospective dose equivalents,
whole body counting and bioassay techniques pro-
vided the data base from which dose equivalent
commitments were calculated. These caiculations,
together with external radiation measurements,
provided a complete assessment of dose to the
Bikini population from chronic exposure to im-
portant fallout radionuclides in their home atoll
environment.

Results

In the following tables, the dose equivalent dur-
ing the residency interval and dose equivalent
commitments to bone, bone marrow and the total
body are presented. The means for the dose
equivalent and dose equivalent commitment were
determined from individual data points which
represent a wide distribution of residenceintervals.
The mean value corresponds to residence interval
(years) for the population described. Residence
intervals were determined through verbai inter-
rogation of participants in the personnel monitoring
program.

Tables | and 2 represent the bone and bone
marrow mean doses and ranges in mrem which

were the result of ingesting Sr-Y during the
residency interval. These data were derived from
measured urine activity concentrations during the
uptake period. Constant continuous ingestion of

Table t. Se.¥ Some dosimetric averages for Bikinians

Dose Equivalent Ouriag

Residence Llaocerval, oies

Dose Equivelient
Comicmesac, sien

 

Fopual stica Nuaber Mees Residence Range Range

Bescrigtion of Persons Interval, feare Mesa High Low Mean Sigh Low

adult anles 19 4.2 28 129 39 Co 2% 7.3

Adult feusies 3 &.l 15 42 «35 42 110 5.8

Male childrea

ae 3 5.3 a7 120 t3 130 316 23
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Table 2. Sr-"Y Bone marrow dommetric uverages for Bikinans
 

Dose Equivalent During
Residence [nterval, allem

Dose Equiveleat
Commitmeat, nies

 

 

 

 

Popul atios Nunber Mean Residence Range Range

Deecription of Persons Interval, Years Mean High Low Mean igh Low

Adult asles 13 4.2 2? 120 23? $l 210 6.7

Aduit females [5 4.1 14 41 ro 38 $8 5.3

Male childrea
ClielS yeare

of age) 3 5.3 47 120 13 120 290 26

Table }. Net external totai body dosimetric average for Bikinians

Bose Equivalent During

Raaidence [atervel, alien
Population Number Maan Residence
Seacription of Persone taterval, Years Mesa

Adult males 17 4,9 600

Adule feusles 16 4.3 500

Childrea
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Fic. 1. Total male and female distribution of dose equivalent(duringand post residence) or
residence interval for inhabitants of Bikini Island, Bikini Atoll.
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Table « '7Cs'Bg Total body donmerne averceyrs for Bikiniaas

 

Dosa Equivalent Suring
Residence (nterval, aiem

Bose Equivalent
Commitment, sien

 

Population Wuanber Mean Residence Range Range
Description of Persons tneerval, Yeare Mean Righ Low “eaa High Low

adele aales i? 4.9 470 S10 120 110 200 43

Adult femsles 16 4.3 130 770 91° 190 29

Children

(S<l4 years
of age) 12 6.4 670 920 270 140 270 $7

 

activity was assumed in the models used to caicu-
late the dose equivalents and dose equivalent

commitments.
Table 3 depicts the net external dose equivalent

resulting from living on Bikini Island. The dose
equivalent during the residency interval varies for
subgroups within the population acording to the
assumed living pattern selected. Since these values
were obtained from ion chamber measurements
and hypothetical living patterns, no range of
results has been provided. [n this report, !
Roentgen 1s assumed equal to | rem.
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Table 4 presents the average whole body doses
due to the ingestion of '’Cs. Data were derived
from whole body counting measurements made in
1974, 1977 and 1978. Constant continuous uptake
of '"Cs in the diet was not assumed. For these
calculations, the uptake period was divided into
three intervals during which the ‘Cs activity in-
gestion rate for a given interval remained constant,
but increased stepwise with time to account for
observed increases in '’Cs body burdens.

Table 5 summarizes the total body dose
equivalent during the residency period from in-
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Fic. 2. Total male distribution of dose equivalent (during ard post residence) or residence
interval for inhabitants of Bikini [sland, Bikini Atoll.
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Table $. Total body dosmmetric average for external plas ‘alterna! sources for former Bikins rendenty

 

 

Popul ation Tkmber Mean Residence Dose Equivalent During Dose Equivalent
Desert pcioa of Persons Tacerval, Years Residence [aterval, ales Commitment, ales

adule asles 17 4. 1100 110

Adult females 16 4.) §30 a5

Caildeen
(5-14 years) 12 4.4 12090 140
 

ternal °’Cs and man-made external radiation, and
the total body dose equivalent commitment upon

departure from Bikini Atoll in August 1978. A
standard deviation for these quantities of approx.
+ 40% of the mean was observed in adult sub-
groups. Internal dose equivalent distributions in
Figs. 1-3 were constructed by first calculating
mean daily activity ingestion rates for different
subgroups of the Bikini Island population
based on the individual measurement data from
which Tables 1, 2 and 4 were derived. Secondly,
these mean activity ingestion rates and individual
residence internal values we used as input data to
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mathematical models applied to inhabitants who
did not participate in our personnel monitoring
programs. The models describe various regimes
for the uptake, retention and excretion of inter-
nally deposited radionuclides. Finaily, dosimetric
models which allow for constant continuous up-
take of “Sr and stepwise increasing uptake for
'7Cs were chosen to determine the internal dose
equivalent and dose equivalent commitmentforail
inhabitants. Thus for residence periods between
the years 1969 and 1978, these figures evince a
maximally exposed person recetving a whole body
dose equivalent and commitment of 3 rem, and a .
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Fic. 3. Total female distribution of dose equivalent (during and post residence) or residence

interval for inhabitants of Bikini Island, Bikini Atoil.
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population average dose equivalent and commit-
ment of l.2rem from man-made radioactivity on
Bikini Island.

N. A. GREENHOUSE
R. P. MILTENBERGER

E. T. LESSARD
Safety and Environmental
Protection Division
Upton, NY 11973
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Neutron Quality Factor Measurements at
the Oak Ridge National Laboratory’s

Dosimetry Applications Research Facility*

(Received 13 July 1979: accepted 17 September
1979)

THE Oak Ridge National Laboratory’s (ORNL)
Dosimetry Applications Research (DOSAR)facil-
ity is used for a wide range of dosimetry studies
by the staff. Research in cooperation with

851

experimenters from medical centers. the academic
community and industry is also an integral part of
the DOSARfacility mission. The primary research
tool at the facility in the Health Physics Research
Reactor (HPRR). The HPRR is a smail, un-
moderated fast reactor which may be operated in
the steady state or the pulse mode (Aué65). Since
the HPRR is frequently used for personnel dosi-
metry applications research, the effective neutron
quality factor (QF) of the reactor spectrum is of
interest. Quality factors caiculated by Monte Carlo
methods for the HPRR have been published in this
journal (Mu74:; Si78). The effective neutron QF
has recently been measured for the HPRR in the

unshielded condition as well as behind each of
three of the most commonly used shields: 12-cm
thick Lucite, 13-cm thick steel and 270-cm thick
concrete. The measurements are described and the
results are presented below. Three types of detec-
tors were used in the QF measurements:

(1) SNOOPY—This remmeter is the com-
mercialt version of the Andersson—Braun portable
neutron monitor (An64). The sensor is a BF,
counter surrounded by a boron-loaded polyethy- ©
lene moderator. Details are available in the lit-
erature (Ha75; Te75). The SNOOPYwascalibrated
using the DOSAR NSD-60 *"Cf source which
produced 6.45 mrem/hr at | m. This dose rate was
determined from the well-known source flux using.
a conversion factor of 3 10-* rad - cm*/neutron
($t70) and a QF of 9.6¢ for the *7Cf.

(2) RD-|—The RD-| sensor is a 7.3 -cm-
diameter spherical ionization chamberfilled with
tissue equivalent (TE) gas and having 0.16-cm-
thick walls made of Shonka A-150 TE plastic
(Go78). The sensor is part of a new on-line dosi-
metry system$ installed at the DOSARfacility to
monitor experimental irradiations at the HPRR. It
has been calibrated using standard gamma sources

as well as with the accurately known HPRR mixed

radiation fieids. The RD-1 sensor measures total

 

*Research sponsored by the Division of Pollu-
tant Characterization and Safety Research, U.S.
Dept. of Energy under Contract W-7405-ENG-26
with Union Carbide Corp.
tManfactured by Tracerlab (Richmond, Cali-

fornia).
tThe QF for 7"Cf was determined by multiply-

ing the fractional fluence in various energy inter-
vals (St70) by the average QF for neutrons of
those energies as reported in Table 2 of NCRP
Report 38 (NCRP71).
$Manufactured by Digital Data Dosimetry

(Tulsa, OK).
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DIETARY RADIOACTIVITY INTAKE
FROMBIOASSAY DATA: A MODEL

APPLIED TO "Cs INTAKE BY
BIKINI ISLAND RESIDENTS*

E. T. LESSARD. R. P. MILTENBERGER and \. 4. GREENHOUSE

Safety and Environmental Protection Division. Brookhaven National Laboratory, Upton
NY 11973

(Received | Mav 1979. accepted 10 December 1979)

Abstract—Several publications of the ICRP and NCRP (IiCRPS9: [ICRP68. ICRP7I;
NCRP77) describe mathematical models relating total radionuclide bodv burden. urinary
activity excretion rate and uptake interval. This paper presents an equation with which

the constant daily uctevity ingestion rate mav be calculated from sequentiaily obtained
whole body counting and urine bioassay data. The mode! was developed to reiate whole

body counting results to urmury activity excretion data for '"Cs in the Marshailese
population at Bikini [sland for whom accurate dietary intake and residence interval

informution were not avaiable, The technique is applicable to radioactivie matertal whose
brolugical and physical removal mechanisms are linear first order processes described by

uppropiate rute constants which give the instantaneous fraction of atoms transferred from
compartments in the body to urine per unit time, und the instantaneous fraction of atoms
decaying per unit time.

[INTRODUCTION

ICRP Pvstication LOA (ICRP71) specifically
describes the mathematical modelling used
for several radionuclides. In these models,
the constant continuous uptake of radioactive
material has been assumed to cease during
the acquisition of the bioassay sample. A
problem arises in the case of enviromental
exposures, such as those which occur in the
contaminated atolls of the Northern Marshall
Islands, where activity uptake continues dur-

ing the sampling period.
Forat least the past 4 years, the "Cs body

burdens of people living on Bikini Island,
Bikini Atoll have been rising (Figs. | and 2) to
levels which have~approached and in some
cases exceeded the nonoccupational maximum

permissible body burden of [10 kBq (3.0 nCi)
 

*Research carried out under the auspices of the
U.S. Dept. of Energy under Contract DE-AC02-
76CH00016.

(ICRP65). Previous diet studies (Mu5S4; No77)
and '’Cs dose estimates performed by Robi-
son (Ro77) assume a 'Cs dietary intake rate
of 1073-1850 Bqd™' (29-SO0nCid"'). Current
metabolic information for '°’Cs predicts that an
equilibrium '’Cs body burden would be
reachedat sufficient time ( ~ 2 yr) post onset of
constant continuous dietary intake (NCRP77).

Figures | and 2 depict the 1974-78 male
and female '’Cs mean body burdens (Coh75:
Coh77, M179). The data suggests that the
population mean ”’Cs body burdens may not
have attained an equilibrium value. The food
product presumedresponsible for the dramatic
rise in body burdens. namely, coconut, became
available in significant quantities in 1976. Prior
to this time, the individual body burdensshould
have assumedrelatively low equilibrium value
for residents whose stay time on Bikini was
greater than two years. During the April 1978
field trip to Bikini Atoll, whole body counting
and urine sampling were performed on 68 adult
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Fic. 1. '*°Cs Mean weighted result and range for adult male Bikinians.

subjects. The following section summarizes
the development of a mathematical model

which relates body burden, urinary activity
excretion rate and daily activity ingestion rate.
An understanding of this latter parameter is
crucial to the predictive modeling of dose
commitmentsto people living in contaminated
environments such as that at Bikini Atoll.

“METHOD

Appendix A of ICRP Publication 10A
(ICRP71) describes the relationship between
body burden, g(t) and activity excretion rate

E(t) at some time ¢:

E(t)=k q(t) (1)

where k=the instantaneous fraction of
activity leaving the body per unit time, d7’.

Thus, E(t), the activity excretion rate, is

directly proportional to the body burden,
q(t). With this equation, either q(t) or E(t)
can be calculated from a single bioassay
measurement provided that (1) the mean
residence time of the radionuclide in the
body, which bydefinition is the inverse of the
total removal rate constant for the radionucl-
ide, is known, and (2) the excretion rate can
be described by a single rate constant.

Similar equations are developed here to
determine the daily activity ingestion rate for
'7Cs assuming that two compartments in the
body release °’Cs radioactivity to the urine.
These equations assumea constant continuous
uptake during the whole body count and
urinary sampling interval, and relate the con-
stant continuous daily activity ingestion rate,
AP, to the measured body burden at time of
measurement, and the umnary activity
excretion rate one day later.
The equations have been developed using
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the following set of definitions and assump-
tions:

Definitions

N° the number of atoms of species of
concern presentin the body at time
of in vivo measurement, atoms

N* the number of atoms of species of
concern present in compartment i
at time of in vivo measurement,
atoms

Ni(t) the instantaneous numberof atoms of
the species of concern present at
time ¢ in compartmenti, atoms

P; atom intake rate to the ¢ th compart-
ment, atoms d7!

the instantaneous fraction of atoms

removed per unit time from com-

q(t)

E(t)

X;

xX;

partment i to urine by physiological —
mechanisms, d7'

the instantaneous fraction of atoms
removed per unit time by radivac-
tive decay, d7!

the instantaneous activity in com-
partment ¢ at time ¢, Bq

the instantaneous activity excretion
rate from compartment / at time f,
Bq d"'

the fraction of radioactive atoms in
blood reaching compartmenti

the fraction of radioactive atoms in
the total body which are in com-
partment i at the time of in civo
measurement

fraction of atoms eliminated from the
total body via the urine
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Uit) instantaneous urine activity concen-

tration, Bq 1"'
f, fraction of atoms in GI tract reaching

blood
U, male or female urine excretion rate, |

dq

Assumptions

dN, _
7 (A+k) N, P, (1)

gi(ty=3,4q,(t) (2)

F=—, 3)
k, +A-— N,

_ _p dq,tt)
E, (t)= Fa (4)

E(t)=%3,E,(t) (S)

=P,
P= 6i, (6)

U(t) U, = F,E(t) (7)

ANALYTICAL SOLUTION

The instantaneous atom rate of change in
compartmenti is described by assumption I.
‘Solving the differential equation for an
analytical solution yields.

= Oo artaArkt P, — Arigt 4Ni{(t)=N%e (Ark)! e ) (2)

and the body burden contribution from the
ith compartmentis,

gilt) =AN(t) = AN%e Oth
AP,

+ (A +k,)

From assumptions 3 and 4, the activity
excretion rate from the ith compartment is

k
EW) = VTE PIN,

a — etki) (3)

(q°(A +k) -AP,) ere,

(4)

Assuming a two compartment model for
'7Cs, the following values are obtained from
ICRP Publication 10A (ICRP71) and ICRP
Publication 23 (ICRP75):

fi
ky

I
0.006 d-'

 

k. =0.7d0°!

kK, =0.85

X, =0.15

. A =6.33x 10% d7!

U, = 1.41.d7' (male)
U, = 1.01d7' (female)
F, =0.9.

Given the previously described assumptions
lett =Id,X,=1-X3, and X; = 0.002.

Substituting the above values into equation
(4) and summing over two compartments
yields an expression which relates the daily
activity ingestion rate for "Cs to the '“Cs
body burden and excretion rate at the times
of counting and sampling respectively. The
daily activity ingestion rate cannot be alge-
braically isolated from the resulting equation
with ease. Therefore the r. h. s. of the equa-

tion is evaluated by using an estimate for this
quantity. This evaluation is compared to the
urine activity excretion rate and if they are
unequal the r.h.s. is reevaluated after changing
the estimate for the activity ingestion rate. The
process is repeated until the evaluationof the
r.h.s. and the urine activity excretion rate differ
by less than 0.1%. Table I lists the individual
daily activity ingestion rates as calculated by
this method.

RESULTS AND DISCUSSION

If the loss of '"Cs via perspiration and
insensible losses is neglected during the
counting interval and a 24-hr urine sample is
begun immediately after counting, then there
exists a mechanism to calculate the uptake
during the 24-hr sampling period withoutfull
knowledge of the uptake interval.
Of the 68 urine samples collected in April

1978, only 26 samples were determined to be
of sufficient volume to be considered 24-hr
samples. The measured daily excretion rates,
measured body burdens and calculated daily
activity ingestion rates are presented in Table
1. The total error on the body burden
measurement is estimated to be +25% while
the error on the excretion values exclusive of
sample fluctuations is +!0%. The mean daily
ingestion rate as calculated from the body
burdens and excretion rates in Table | is
2100 Bqd™! (57 nCid™').
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a Table t. 1978 Total body activity, activity excretion and activity ingestion rates

¢ 137 ae Darly Urine bay Daily

pt Sex __tsBodyBurden Activity Excretion Kate Activity Ingestion Kate

° 6113 F 3.8 x 104 Bq(l.0 yer) 250 By/d (0.8 nti/d) 310 Ba/d (8.4 nCi/d)
6112 F 6.5 x 104 Bq(i.8 Cr) 650 Bq/d (18 nei /d) $b00 Basd (9? nba/dd
6046 F 7.8 x 104 Bq(2.1 ycr) S00 Bq/d (14 nli/d) 420 Bq/d (13 als/d)

. 6005 4 7.7 x 10% Bq(2.1 cid 360 Bq/d (9.7 nbi/d) ~- Bq/d (~~ n€aya)
ete i 6068 M li x 104 Bq(3.0 ,Cid 470 Bq/d (13 nCi/d) -- Bq/d (-- nbisd)
fi . 6007 M 5.5 x 104 Bq(l.5 pci) 540 Bq/d (15 nCi/d) 2900 Bq/d (76 nGi/d?
wt OTs : 601) M 24 x 104 Bq(5.7 cid 1900 Hq/d (5) ni/d) 8900 Bq/d (240 nli/d)
. + : 6086 4 13) x 104 Bq(3.5 yi) 810 Bq/d (22 nCi/d) 450 Ba/d (12 nCi/d)d

, 6128 M 6.9 x 104 Bq(1.9 yCi) 270 Ba/d (7.3 nCi/d) -- By/d (-- nCi/d)
et 6096 M 7.1 2 104 Bq(1.9 yor) 310 Ba/d (8.4 nCi/d) -- Bq/d (-- n€i/d)

yt At 6070 4 15 x 104 Bq{4.0 yci) 850 Bq/d (23 nCi/d) -- Ba/d (-- nti/d)
oe eT 6003 4 9.0 x 10% bq(2.4 ,Ci) 860 Bg/d (23 n€i/d) 4400 Ba/d (120 nla/d)

rity fetin 6011 M 3.9 x 104 Bq(t.t Cid 950 Ba/d (26 n€i/d) 9900 Bad (270 nli/d)
:* ae 6132 M 8.7 x 104 Bqi2.4 yCi) 1600 Bq/d (43 nr /d) 15000 Bq/d (400 nCi/d)
a wt 6126 M 120 x 104 Bq(3.2 pCi) 580 Bq/d (16 n€i/d) ~- Bq/d (-- n€i/d)
me 6061 F 8.2 x 104 Bq(2.2 yCi) $20 Bq/d (14 ni/d) 400 Bqsd (-- na/d)
Sores, 863 M 8.7 x 104 Bq(2.4 pCi) 1000 bq/d (27 n€ifd) 6600 By/d (180 nCi/d)

eo ae 6045 F 4.3 x 104 Bq(1.2 yci) 630 Bafd (17 nCif/d) 5100 Bq/d (140 nCasd)
LCs fe 6076 P| 13 x 104 Bq(3.5 ycr) 940 Bq/d (25 nli/d) 2200 Ba/d (00 nbs /d)

or 6059 F 3.2 x 104 Bq(.86 YC) 280 Bq/d (7.6 nCi/d) 1200 Ba/d (32 na/d)
6115 F 8.4 x 104 Bq(2.3 pci) 390 Bq/d (1) nti/d) -- Ba/d (=~ nbi/d)
611) F 4.9 x 104 Bq(1.3 pei) 710 Bq/d (19 nCi/d) 5700 Bq/d (150 alisd)
6122 F 4.9 x 10 Bq(1.3 ci) 330 Bq/d (6.9 nUi/d) 510 Bq/d (14 nCi/d)
6108 F 2.7 x 104 Bq(.73 ycid 260 Bq/d (7.0 nCi/d) 1400 Bq/d (38 nlisd)
6065 F 9.9 x 104 Bq(1.) yci) 130 Bq/d (3.5 nCi/d) -- Ba/d (-- nCi/d)
6035 F 10° x 104 Bq(2.7 yCi) 500 Bq/d (14 nCi/d) -- Bq/d (-- n&i/d)

: mean M+E B.i x 104 Bq(2.2 lid 640 Ba/d (17 nvi/d) 2100 Ba/d (57 nCs/d)
-, mean NM 10 x 104 Bq(2.7 yci) 820 Bq/d (22 nbi/d) 3100 By/d (84 nei/d)

2 A - mean F 5.7 x 104 Bqli.5 Cr) 430 Ba/d (12 nti/d) 1200 Basd (32 nea/d)
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182 DIETARY RADIOACTIVITY INTAKE FROM BIOASSAY DATA

Tuble 2. 1974 Total body activity: activity excretion and activity ingestion rates

137 ties Daily Urine 13s Daily Activity
ID Sex Cs BodyBurden ActivityExcretion Rate Ingestion Rate

Bi F 2.2 x 10? Bq(.059 uci) 19 Bq/d (510 pCi/d) 87 Bq/d (2,400 pCi/d)

BLL 4 5.8 x 10? Bq (.16 Ci) 88 Bq/d (2,400 pCi/d) 750 Ba/d (20,000 pCi/d)

B35 M 3.4 x 10? Bq .092 uC1) 52 Ba/d (1,400 pCisd) 430 Ba/d (12,000 pci/d)

Bass F 3.4 x 10? Bq(.092 —ci) 120 Bqa/d (3,200 pCi/d) 1400 Bq/d (34,000 pCi/d)

B45 “ 6.2 x 10> Bq (.17 uci) 83 Ba/d (2,200 pCi/d) 630 Bq/d (17,000 pci/d)

BSL M 8.2 x 10? Bq (.22 uci) 31 Ba/d (840 pCi/sd) -- Bq/d ( — pCisd)

mean M+F 9 x 10? Bq (.13 uci) 66 Ba/d (1,800 pci/d) 500 Bq/d (14,000 pci/d)

This is greater than the previous estimate calculated from available data for 1974
of 1073-1850 Bq d7' (29-50 nCi d“')(Ro77) and
indicates that the dietary model currently used
to predict the dose committment under-
estimates the intake of ’Cs by ingestion.

Table 2 shows the mean daily ingestion as

(Con75). This value indicates the availability of
dietary items containing "Cs at this time.
Appropiate changes in the uptake regime
used for internal dose caiculations have been
made to reflect the increasing uptake exhi-

 

  

 

 

1

4 Table 3. Sequential urine activity concentrations for "Cs and “K in single
zs void samples

4
a Sample

é ID # Date 137 og 40x

6118 1-23-79 121 Ba/g (3280 pCi/e) 83.4 Ba/g (2250 pCi/e)

" 1-25-79 119 Sq/g (3210 pCi/g) 34.4 Base ( 930 pCi/p)

, " 1-26-79 79.2 Ba/g (2140 pCi/g) 43.3 Ba/pe (1170 pCi/g) "i

‘i " 1-27-79 148 Bqa/g (4010 pCi/g) 38.9 Ba/t (1050 pCi/s)

j " 1-28-79 182 Bq/g (4910 pCi/p) «57-4 Bafg (1550 pCi/g)
Pd

3 6112 1-22-79 72.2 Ba/g (1950 pCi/sg) 35.8 Bqa/g ( 968 pCi/e)

" 1-23-79 298 Bq/g (8060 pCi/ 2) 72.9 Ba/g (1970 pCi/g)

g " 1-24-79 229 «~Ba/e (6190 pCi/g) 56-2 Ba/e (1520 pCi/g)
4
“ " 1-27-79 179 Ba/t (4850 pCi/¢) 109 Ba/g (2950 pCi/g)

3 " 1-28-79 234 Bq/t (6330 pCi/L) 65.5 Ba/e (1770 pci/g)

; 6064 1-22-79 66.2 Ba/et (1790 pCi/g) 54.0 Bqa/e (1460 pCi/f)

" 1-23-79 55.1 Bqa/g (1490 pci/e) 43.7 Bq/g (1180 pCi/s)

. 1-25-79 90.7 Ba/g (2450 pCi/¢) 41.8 Bafg (1130 pCi/g)

" 1-27-79 77.7 Ba/g (2100 pCi/e) 54.4 Ba/g (1470 pCi/e2)

" 1-28-79 77.7 Ba/t (2100 pCi/g) 38.9 Ba/g (1050 pCi/g)

+.
ae

eeee ,* ate , a“ coo , " wae igedelat 7.

HG AESo ain oa
. - . vs * tb - ‘ : “ yee * . . ' . oy whe. ‘

wet RB. SOAS Sa eeae
ee eae 0 ss PgRieee
“sas L Tear. > ay . ; « . ye, ® pre vt , -} ts ‘

7 ‘ oats , . . ‘ + . * y ‘ ' ‘ . y \



h
e

oe
Se
a
m
i
e

oa
n

w
e
e
f
e
e
m
t
.
h
r

e
e

M
e

a
o

te
e
we
M
E
L
e
e
e

'
a
.

;
w
o
e

o
y

E. T. L ESSARD et al. 183

bited by the Bikinians during their residence
interval (Gr79).

Fluctuations in an individual’s urine
activity concentration will have significant
impact on the daily activity ingestion rate
determined by this method. A low urine
activity concentration will cause the daily
activity ingestion rate to have a negative
value. This implies that the body burden
alone without activity production should be
eliminated through the urine pathway at a
higher concentration than ts measured. The
true value for the daily activity ingestion rate
for an individual may be estimated with
greater accuracy by collecting sequential
single void urine samples and averaging. An

example of fluctuation in sequential urine
activity concentrations for"Cs and “K are
presented tn Table 3. An estimate of the true
value for the daily activity ingestion rate fora
population can be obtained by using the mean
value for body burden and urine activity

concentration for a group of similar in-
dividuals as done in Tables | and 2.

[In summary, the equations presented here
provide a simple technique to determine the
daily ingestion rate of an individual exposed
to a constant continuous uptake of radioac-
tive material from direct measurementof the

body burden and excretion rate. Once the
daily ingestion rate ts calculated, it can be
used to verify the accuracy of dietary
pathway principles. These equations can be
applied to any radionuclide whose biological
and physical removal mechanismsare linear
first order processes.
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WHOLE BODY COUNTING RESULTS
FROM 1974 TO 1979 FOR BIKINI

ISLAND RESIDENTS*

R. P. MILTENBERGER, N. A. GREENHOUSE and E. T. LESSARD

Safety and Environmental Protection Division. Brookhaven National Laboratory, Upton,
NY 1L'973

(Received 1 Mav 1979; uccepted 10 December 1979)

Abstract—Three bodv burden measurements of the Bikini Island population were con-

ducted from 1974 to 1978 at Bikini Island. During this time, the mean |'Cs body burden
of the adult Bikini population increased by a factor of 20. This dramatic elevation of the
body burden uppeurs to be solely attributable to increased avatlabilitv of locally grown

food products, specifically coconuts and coconutplant products. In January 1979, 45% of

the individuals that were whole body counted in April 1978 were recounted approx. [45
davs after the Bikini [sland population departed from Bikini Atoll. These results show

that the adult population '’Cs bodv burden decreased by a factor of 2.9 between the
Apri 1978 and January 1979 in vivo measurements.

INTRODUCTION

BIKINI ATOLL was one area used by the U:S.
Government to test nuctear weapons from
1946 to 1958. Prior to commencementof the
testing program, all Bikini Atoll inhabitants
were moved first to Rongerik Atoll and then

finally to Kili Island. On 1 March 1954 a
thermonuclear device. code named Bravo,
was detonated at Bikini Atoll.
The radioactive cloud from this test moved

eastward depositing fallout on several of the
Northern Marshail Island Atolls: Bikini Atoll
(all Marshallese inhabitants had been moved),
Rongelap with 64 people, Ailinginae with 18
people, Rongerik with 28 people and Utirik
with 157 people. The Japanese fishing boat

Fukurju-Muru (Lucky Dragon) with 23
fishermen aborad was also contaminated
(Con75).
The exposure of individuals to radioactive

fallout 6-24 hr post detonation of “Bravo”
resulted in external total body gamma dose
equivalents ranging from 20 to 200 rem (Con
75). This incident initiated the involvementof
 

*Research carried out under the auspices of the

U.S. Dept. of Energy under Contract DE-AC02-
76CH00016.

Conard et al. who for the past 24 years has been
responsible for the ongoing medical surveil-
lance of the inhabitants living on the con-
taminated atolls, those Marshallese who were
initially exposed to the fallout and have been
moved, and to a control Marshallese popu-
lation.
The medical history by R. A. Conard in-

cluded total body burden measurements of
radioactive material inhaled or ingested by
the Marshallese. This work was performed by
Cohnet al. (Coh63: Con75).

Rehabilitation efforts of Bikini Atoll began
in 1969 which required persons to reside on
Bikini Island. By April 1978. the population
numbered 138 persons and consisted of
caretakers and agriculturalists employed by the
Trust Territory plus other Bikini families who
found their way back via Trust Territory
trade ships. This population remained on
Bikini Island until they were relocated in
August 1978 to Kili Island in the southern
Marshalls and to Ejit Island, Majuro Atoll.
During the rehabilitation and repopulation

years, the medical services provided by
Conard and the Brookhaven Medical Team
were expanded to include sick call and body
burden measurements. Body burden

' ro { woos my rth des 1 5
‘ ‘ sf . ote ; . toon t oe at , “ya

, gyda more “ye NF
" ° ss a fag Doe i ng' ts : - 1

‘ f , ‘ : . . : , oft ‘ ‘¢ me We ' 4: . . cove : . : ad
, “he . how, roo. . 7? * ro. to4 ny

doa < e . “oa an .¥.' . k . sf Jobe " + : in Cy mo -} ‘ 44 ty * vF \5 « .
. me ia? yr 1 Oty . a . The ao a ee) ‘

t , . ' “ae . eo - , .
* .! * ' ” ry * re 1 . . f YY ey 1

- . ut i: ae fy ' 4 i . toe af. ’
+ Lm a . pas LR . 1 . = F 4

* ye ' Pale eeON ‘ . a4 - ‘
' 1 ~ » re .to4r . 1 aie TS t:

" Ry . id ror . a 7 . tne . .‘ a ‘ gaye s ot 1 4 ‘ .
. : , ad fu Ff, if 4 aeo«wtt . * -

“ . ee



a
no

a
n
g
e
a
t
e
:

*

o
n

396

measurements were made in 1974 (Con75)
and in 1977 (Coh77). In August 1977, the

responsibility for providing body burden
measurements was transferred from the

Medical Department to the Safety and
Environmental Protection Division at Brook-

haven National Laboratory. The 1978 and

1979 body burden measurements of the Bikini
population were conducted by the latter
organization.

In this report. the results of four whole

body counting measurements on the Bikini
population that were conducted in 1974 and
1977-79 are presented. Because the body
burden measurements were performed by
two different organizations, the current
experimental design included a cross check
mechanism to ensure that previous and cur-
rent results are directly comparable. The ap-
proach to the problem was muitidirectional.
First, key detection components were dupli-
cated. Second. the systems were calibrated in
the same manner (Coh63). Third, the opera-
tional procedures and counting geometries
were basically similar. and an intercom-
parison study was conducted using Mar-
shallese and Brookhaven personnel to ensure

system comparability

EXPERIMENTAL DESIGN

Instrumentation
The detector chosen for field use by both

Brookhaven organizations is a  28-cm-
diameter, 10-cm-thick, sodium iodide thallium
activated scintillation crystal Nal(TI). It is
optically coupled to seven, 7.6-cm-diameter
low background magnetically shielded, pho-
tomultiplier tubes. In the current system the
signal output from each photomultiplier tube
is connected in parallel through a summing
box with the combined output routed to a
preamplifier-amplifier and then to a
microprocessor-based computer/pulseheight
analyzer (PHA). The PHAdatais stored on a
magnetic diskette, and the results may be

analyzed either in the field or at BNL using a
matrix reduction, minimization of the sum of
squares technique (TP76).

Calibration
Analysis of Nal(Tl) spectra by the matrix

   

WHOLE BODY COUNTING RESULTS FROM1974 TO 1979

reduction technique requires that the com-
puter library contain a standard for

each radionuclide that is expected in the field
Measurement and that the fleld measure-
ments and standards have the same geometry.
To accomplish this. a review of the pre-

vious whole body counting data (Con75§; Coh77)

indicated the need to calibrate for “K. Co
and '"Cs. The current svstem was calibrated
ustng an Anderson REMCAL phantom
(Coh63). Each radionuclide was introduced
into the phantom’s organs in an amount
equivalent to the fraction in organ of
reference of that in total body as defined by
the ICRP in Publication 2 (ICRP59). To
verify the activity in the phantom prior to use
as a standard, an aliquot of the phantom
solution was counted on a lithium drifted
germanium detector which was calibrated

with NBS standard sources.
The phantom was then counted in a

shadow whole body counter (WBC) (Paé5).
The whole body counting system consists of
a stationary crystal and stationary bed. The
counter detects radioactive material located
principally in the thorax, so positioning of the

phantom and the in vivo counting subjects
must be as similar as possible. To facilitate
reproducible counting geometries, each sub-
ject and the standard phantom waspositioned

such that the central axis of the crystal inter-
sected the central axis ‘of the body about
25 cm below the sternal notch. The distance
between the surface of the bed and the bot-
tom of the detector ts 32.4cm. The total
system efficiencies for “K, “Co and '’Cs are
listed in Table | as are typical minimum
detection limits for these nuclides.

Quality control
The quality control (QC) program consisted

of a cross comparison of the radionuclide
quantities estimated to be in the phantom
volume vs NBS calibration standards.
Agreement between these two activity con-
centrations is within +5% for all radionucl-
ides. Other quality control mechanisms
employed were repetitive counting of secon-
dary point source standards, multiple counts
of Brookhaven personnel, repetative counting
of the Marshallese (blind replicates) and an
intercomparison study.

 

(
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Table {t. Summary of system efficiency and “(DLS for field WBC system

Nuc lide Energy Efficiency MDL Time

137 -3 .
Cs 662 KeV 8.7 x LO 37 Bq (1 nCi} 900 sec

6%y =—s«1173 & 1334 Kev 6.7 x 107? 37 Bq (1 nCi) 900 sec

40y 1460 KeY 7.0 x 1072 222 Bq (6 nCi) 900 sec
 

Two point sources were used in the QC
program. A '’Cs source, which had been
used by the BNL medical surveys in previous
years, was used to monitor changes

in system resolution and efficiency as func-
tion of time. A second source, a '""Cs+"Co
point source, was used for zero and gain
determination.

Replicate counting of Marshallese was
conducted on 5% of the subjects. Results
indicate that the data obtained from the field
whole body counting system is reproducible
to within plus or minus 6 percent. Almostall
of this error is due to the variability of sub-
ject position. When subjects remain
stationary, the difference between sequential
results is 1%.
An intercomparison of whole body count-

ing systems was conducted between the field
system and the whole body counter operated
by S. Cohn for the Brookhaven Medical
Department. Persons used in the study in-
cluded nine Marshallese with measurable
'7Cs body burdens plus six Brookhaven
employees with current whole body counting
records at the Medical Department. The
results of the study indicate that °’Cs and the
potassium body burdens which exceed the
minimum sensitivity of both systems are in
agreement to within + 5%.

RESULTS

Table 2 is a summary of the whole body
counting data for "Cs body burdens. Adult
individuals were measured in 1974 (Con75),
1977 (Coh77), 1978 and 1979. It represents the
mean, standard deviation and ranges of
values obtained from the sample population.
There is a general increase in the body bur-
dens of adult males from 1974 to 1977 by a
factor of 13.3, and from 1977 to 1978 by a

’ 2 TT,
. . “

' tes
ee) .

Z Mgt ;> 4 t+ me
ae tt co

a ce a . Cae -

tagh a eran
a my oy % try ‘
in wee,. . “4 bsg

. an)ml vo

'

factor of 1.8. The general increase for adult
females from 1977 to 1978 was slightly higher
than that for males over the same period. In
most cases, the 1979 data are significantly
lower than the 1978 data with an average
reduction in the '’Cs body burden by a factor
of 2.9.

It must be noted that data for adults repor-
ted in Tables 2—4 are uncorrected for height
and weight differences between subjects and
the phantom. This will have a minimal effect
on adult data (< 15% possible error) (Mi76).
Body burdens of the children and adolescents
reported in these tables have been corrected
for geometric differences between adult
standard man and the average Marshallese

child.
Table 3 represents the mean, standard

deviation and range of “Co body burden
reported in 1978 and 1979. In prior years. “Co
was detected but body burdens were not
computed due to the insignificant contribu-
tion of “Co to the total body burden relative
to '’Cs. Table 4 presents the mean, standard
deviation and range of body potassium masses
reported from 1974 to 1979.

Table 5 compares the observed reduction

in '""Cs body burdens from April 1978 to
January 1979 with the reduction in '"’Cs body
burden that was expected as a result of relo-
cating the Bikini Population in late August
1978. Values for the expected biological
removal rate constants were obtained from
NCRP Report 52 (NCRP77) and ICRP Pub-
lication 10A (ICRP71).

RESULTS AND DISCUSSIONS

The whole body counting data indicate that
previous estimates of the type of food and
amount of various components in the Bikini
diet did not adequately describe the dietary
patterns that existed between 1974 and 1978.
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WHOLEBODY COUNTING RESULTS FROM 1974 TO 1979

Table 2. Summary of '"Cs body burdens
 

 

Range of Mean Range ot

Number arcs l37¢5 Number l3ves
Counted Results Resulc Counted Results

Population 197405) 197405) 1974(5) 19775} 197705)

Aduit Male 18 1.6 kBq 4.7 kBq 22 zl kBq

(0.043 Ci) (O.13 wi} (0.57 ucil

to s ta

15 «Bq 3.4 kBq 120 kBq
(0.40 uci} {.093 uci) (3.2 uci)

Adult Femaie 13 0.67 kBq 2.7 kBq 20 2¢ .kBq

(0.918 ucid (0.073 wCi) (0.53 uci)

to £ to

9.3 kBq 2.3 kBq 83 kBq
(0.25 uci) {0.063 uci) (2,2 uci)

Male Children 0 ND ND 3 24 kBq

1i-i5 yrs (0.05 uci)
to

39 kBq

(1.0 uci}

Female Children 0 ND ND 3 20 kBq

L1-15 yrs (0.56 uci)
to

35 kBq

(0.94 wi)

Male Children 0 ND ND 0 ND

5-10 yrs

Female Children 0 ND ND 0 ND

5-10 yrs
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Mean . Range of Mean Range of Mean

137c5 Number lives \37¢s5 Number lives l37cs
Result Counted Results Resuit Counted Results Result

197705) 1978 i978 1978 1979 1979 1979

48 kBq yo? 23 «Bq 90 kBq i712 Ba 37 kBq
(1.3 uci) (Q.63 uci) (2.4 uli) (0.32 uci) (1.0 ui)

+ to £ to t

27 kBq 220 kEq 49 kBq 89 kBq 19 kBq
(0.73 uci) (5.9 LCi) (1.3 wei) (2.4 uci) (O.51 uci)

34 kBa _ 32 15 kBq 62 kBq lo 2.2 kBq lo kBq

(0.93 uc.) (0.41 uC.) C1L.7 wea) (0.060 uti) (0.44 uci)

+ to t to t

17 kBg 200 kBq 37 kBq 36 kBq 8.9 kBq
(0.47 wCi) (5.5 bC.s (1.0 uci) (0.98 uc.) (0.24 uci}

30 kBq 0?) 27 «Bq 53 kBq 4 2.0 Ba 10..kBq
(0.82 uli) (O.73 2Cid (1.4 uci? (0.055 uci) (0.27 uci)

t co t to t

7.6 kBq 77 «Bq 21 kBq 28 kBq 12 kBq
(0.21 uci) (2,1 uci) (0.56 uC1) (0.76 uci) (0.33 cr)

25 kBq 3 28 kBq 46 kBq 2 5.6 kBq 7.83 «aq

{0.68 uci) (0.74 yCi)d (1.3 nei) (6.15 pci) (0.21 uci)

+ ta + to *
8.5 «Bq 76 kBq 25 kBgq 1C.kBq 3.1 k3Bq

(0.23 pci) (2.1 uci) (0.66 Ci) (O.27 uci) (0.080 uci)

ND gi?) 37 kBq 50 kBq 1 5.9 kBq 5.9 kBq
(1.0 uci) (1.3 uCi) (0.16 pci) (0.16 uci)

to +

64 kBq 7.6 kBq

(1.7 wei) (0.21 uci)

ND 14 20.kBq 47 kBq 6 1.6 kBq 4.4 kBq

(0.54 uci) (1.3 uci) (0.062 uci) (0.82 «Ci?
to + ta +

92 kBq 21 kBq 9.6 kBq 3.0 kBq

(2.4 pCi) (0.56 pCi) (0.26 yCci) (9.080 yCid

‘ Fa ye . ” ean eu

. . . - ; ‘s 4 o ' .
4 . ay qa ‘

" “a * * “+ 2 - nol + ¥

. re . weet dye a ,

mY Ane i

. + if _ a4 ie ’ t
oe ae r .



   

    

a
d
a
y

p
e

fe
$0

h
a
e

*

“t
e

a
e
O
D

a
l
s  

WHOLE BODY COUNTING RESULTS FROM 1974 TO [979

Tuble 2. (Contd)

 

  

RISgeof Mean Range of

Number \37cg Number l3icg
Counted Results Result Counted Results

Posulation 1974(5) 1974(5) 1974(5) i97715) L977(38)

Ail Adults 31 0.67 kBq 3.9 kBq 42 20. «Bq

(9.018 pe.) (O.11 uci) (0.53 pci)

to. + to

15 kBq 3.1 kBq 120 Bq

(0.40 pci) (0.085 uci) (3.2 uci)

All Children 0 ND ND 6 20. kBq

(0.56 uci)

to

39 kBq

(1.0 pC.)

Total Average 31 0.67 kBq 3.9 kBq 48 20,kBq
(0.018 pci) (O.11 pCi) (0.53 pci?

to t to

15 kBq 3.1 kBq 120 kBq

(0.40 pCi) (0.085 uci) (3.2 uCr)

 

ND—NoData available for the specific column.
(t) One adult, counted at Bikini. was a visitor from Rongelap Atoll. He

remained on ship with ourstaff while at Bikini and returned to Ebeye with us.
His body count was not used tn this table.

(2) One male child in this age group was counted twice to determine what
effect showering prior to the body count had on thefinal result. Only one result
was used for this individual since both results were similar.

(3) A six month old child's data has not been included in this table and
category due to the difference in geometry between a baby and our

catibration phantom.
(4) The [978 mean value for all individual count includes the 5-10 year

age group while the 1977 mean value has no representation in this sample
section and the 1974 mean value has no child representation.

(5) The 1974 (Con75) and 1977 '°’Cs body burden data were obtained
from S. Cohn, Brookhaven National Laboratory, Medical Department.
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Mean Range of Mean Range of Mean

l37¢g Number Ise 137c5 Number Cs i3log

Result Counted Results Result Counced Results Result

1977(5) 1978 1978 1978 1979 1979 1979

42 kBq 68 15 kBq 77 kBq ‘ 33 2.2 kBq 27 kBq
(iL.1 pci) (0.41 pci) (2.1 pei) (0.060 wo.) (0.73 uci)

+ to z ta aa

24 kBq 220 kBq 46 kBq 89 kBq 18 kBq

(0.6% pci) (5.9 wei) (1.2 pei) (2.4 LCi) (0.49 uci)

28 kBq 3] 20 kBq 50 kBq 13 1.6 kBq 8.3 kBq

(0.75 uci) (0.54 ucid (1.4 pci) (6.0462 ucr} (0.22 pci)

t to + to t

7.8 kBq 92 KBq 18 kBq 28 kBq 7.8 kBg

(0.21 pc.) (2.3 uci) (0.49 uci) (0.76 uci} (0.21 uci)

40 kBq 99 15 kBq 68 kBq 46 1.4 kBq 22 kBq

(1.1 pci) (0.41 uci) (E.B uci) (0.042 uci) (0.59 pci)

t to t to t

22 kBq 220 kBq 38 kBq 89 kBq 18 kBq

(0.61 yc) (5.9 pci) (1.0 uci) (2.4 uci) (0.49 uci)

Toe g wea 7 nee
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Table 3. Summary of “Co body burdens
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Population

Number

Counted

i978

Range of

co

Result

1978
 

Adult Male

Adult Female

Male ciiidren

ll - 15 yrs

Femaie Children

ll - 15 yrs

Male Children

5 - 10 yrs

Female Children

5 - 10 yrs

All Adylts

All Children

Total Average

36 (4)

(2)

g(3)

68

31

39

53 Bq
(1.4 nCi)

cto

$50 Bq

(15 nC1)

47 Bq

(1.3 mCi)
to

400 3q

C11 nCi}

44 Bq
(1.2 nCi)

to

130 Bq
(3.5 nCi)

49 Bq

{1.3 nci)
to

96 Bq

(2.6 nCid

36 Bq
(0.98 nci)

to

99 Bq

(2.7 ni)

13 Bq

(0.35 nCi)
to

240 Bq
(6.4 nCid

47 Bq

(1.3 nCi)
to

550 Bq
(11 nci)

13 Bq
(0.35 nCi)}

to
240 Bq

{6.4 nCi}

13 Bq
(0.35 nCi)

to

550 Bq
(11 nCi)
 

(See Table 2 For Explanation of Footnotes)
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for Bikini inhabitants 1978 and 1979

 

 

  

Mean Range or Mean

0c, Number 8Uco 00¢6
Result Counted Result Result

1978 1979 1979 1979

190 Bq 17 25 Bq 81 Bq
(5.3 nCi) (0.67 n€1) (2.2 aci)

t to z

130 Bq 120 Bq 28 Bq

(3.4 n€1i) (3.2 nCi} (0.77 n€i)

a 120 Bq 16 12 Bq 52 Bq
. (3.2 n€i) {0.32 ni) (1.4 n€a)

t to +

a 71 Bq 93 Bq 22- Bq
4 {1.9 n€1) (2.5 nCi) (0.59 nC)

4 92 Bq 4 19 Bq 52 Bq
“F (2.5 nCi) (0.5 nCi} (1.4 nCi)
“af t Co t

of 40 Bq 78 Bq 29 Bq
oa (1.1 n€i) (2.1 nci} (0.78 nCi)
i,

J 76 Bq . 44 Bq 48 Bq
a (2.1 nCi) (1.2 n€i) (1.3 nci)
uy t to +

} 24 Bq 52 Bq 5.2 Bq
4 (0,66 nCi) (1.4 ni) (0.14 nCi)

" 63 Bq 1 34 Bq
a (1.7 n€1) (0.91 nC)

“4 +
. € ~~

Bi 23 Bq

4 (0.67 nCi)

4
£ 78 Ba 4 13 Bq 17 Bq

4 (2.1 n€i) (0.35 nCi) (0.46 nCi)
nf t to t

68 Bq 22 Bq 3.7 Bq
(1.8 nCi) (0.59 nCi) (0.1 nci)

160 Bq 33 12 8q 67 Bq
(4.3 ni) (0.32 nCi) (1.8 nCi)

+t to r

110 Bq 120 Bq z9 Bq

(3.0 ni) (3.2 nCi} (0.79 nci)

77 Bq lL 13 Bq 37 Bq
(2.1 nCi) (0.35 nCi) (i nCi)

+ to =

51 Bq 78 Bq 23 Bq
(1.4 nCi) {2.1 nid (0.62 nCi)

130 Bq 44 12 Bq 60 Bq

(3.6 nCi) (0.32 nCi) (1.6 nCi)

+ to =

100 Bq 120 Bq 31 Bq
(2.8 nCi) (3.2 nci) (0.83 nCi)
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Table 4. Summaryof body Potassium muss for
 

 

Range of Mean Range of
Number Potassium Potassium Number Potassium

Counted Result Result Counted Result

Population 197469) 197445) 197465) 197765) 197763)

Aduit Male 18 130g 160g 22 120g
co t Co

200g 19g 170g

Adult Female 13 59g 93g 20 86g
to t to

110g l6g llOg

Male Children Q ND ND 3 84g
ll - 15 yrs to

96g

Female Children 0 ND ND 3 84g
ll - 15 yes to

Jig

Male Children Q ND ND 0 ND

5 - 10 yrs

Female 0 ND ND 0 ND

Children
5-10 yrs

All Adults 31 59g 130g 42 86g
to + to

200g 35g 170g

All Children 9 ND ND 6 Sig
to

96

Total Average 31 59g 130g 48 84g
to + to

200g 35g 170g
 

See Table 2 for Explanation of Footnotes.

Sa
5

+"

i '

- 2
oN

i

?
os .

aa

“

: ’ “e ™ rr | 1 4 fat ‘ +
: we , :
AL weed BS os ‘oF t
mea “ey M

. ' Ae: : *. ».e ah ay4 hay, * --

Male type nee * og +
whaa ie: %, an,

Woo, wey tS aay $0: .
4 vt we , . 4

¥.- 7 “ . ‘
a) . Am. t ° : ™ “is “ ‘

' “e he Tae pp oe

, + Are yee : ee «|“4 a “” : a ee ey 1 ,
‘ at aot

a" .% roe t6 2 ro,  



R. P. MILTENBERGERer ul.

Bikini inhabitants, |974-79. determined from “K
 

 

 

Mean Range of Mean Range of Mean

Potassium Number Potassium Potassium Number Potassium Potassium

Result Counted Resuit Result Counted Resuit Resuit

1977/5) 1978 1978 1978 1979 1979 1979

150g 3661) 98g 140g 1? 130g 150g
+ ta t to t

l3g 180g 19g 180g lég

96g 32 7lg 89g 16 66g 98g
t to r to t

. 7.68 110g 10g 130g lg

90g 6 <2) 53g S7g “ 37g 75g
t to + ta t

5.72 49g 6.2¢ ildg s3¢g

89g 3 692 692 “ 73g 88g
t 10 £ to t

4.32 70g 0.92 100g lg

ND gis) 33g 3g
to + i aig

S3¢g 7.38

ND 14 33g 45g 6 342 48g

‘ : . to + co *

“ay 56g 8.5g 65g i2g

iy?

120g 68 7lg 120g 33 662 130¢

L + Co + to +

we 27g 180g 232 180¢ 32g

- 892 31 33g 49g 13 34g 62g

' + toa + co +

J 4.88 70g lIg 110g 263
ig

on 120g 99 33g 95g 46 34g 110g
st . to . te +
‘ 28g 180g 40g 180g 4ig
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. 406 WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979

" Fuble S. Comparison of observed vs expected reduction factors for |’Cs body burdens

| # of Mean Reduction

Description Persons Factor

4 Expected Reduction Factor for Adult Males‘)? NA 2.4

. Observed Reduction Factor for Adult Bikini Males 17 2.3

; Expected Reduction Factor for Adult Females) NA 3.5

Observed Reduction Factor for Adult Bikini Females 16 3.8

4

Expected Reduction Factor for Children Ages 5-14 °?? NA 5.9

Observed Reduction Factor for Children Ages 5-14 12 12.

, NA = Not applicable.

(1} Effective half time obtained from ICRP Publication 10A (ICRP 71).

(2) Effective half time cbtained from NCRP Report 52 (NCRP 77).

As certain local food crops, coconuts, became Although the data indicates that the °’Cs
available in 1976, they were incorporated into body burdens did not increase between April
the diet tn the form of jekaru (the water sap of and September 1978, this is not assurance that
the coconut tree) jekomai(asyrup concentrate the body burdens would not have increased
made from jekuru) and 7m (drinking when new dietary items like pandanus and
coconuts). The maturation time of the coconut breadfruit became available for datly con-
tree ts 5-7 yrs. Consequently, one could expect sumption.
to observe a steady increase in the '’Cs body Furthermore, while the population may have
burden through 1978 at which time a peak been near equilibrium with their April-Sep-
body burden would be reached. Com-_ tember dietary uptake, individuals within the
parison of the observed reduction in the '’Cs population may not have been. This was ap-
body burden from 25 April 1978 to 24 January parent in the adult male."Cs body burden
1979 with the expected reduction in the body data where twoindividuals show no decline in
burdens from 1 September 1978 to 24 January activity between April 1978 and January 1979
1979 yields almost identical results forthe adult whole body count. In one case, the individual
male and adult female groups as shown in was present on Bikini for only 5 monthsprior to
Table 5. This implies that the Bikini population the April 1978 count. This places the individual
near equilibrium with their environment and at approx. 60% of his equilibrium body burden
that the body burdens on | September 1978 value. In the second case, there seemsto be no
were not significantly different than those clear explanation for the lack of any reduction
measured in April 1978. The child data do not in the body burden. Several possible explana-
agree with the expected values; however, the tions include: (1) the individual may havelived
difference is not beyond the range of half-times away from Bikini pror to the April count;
listed in NCRP Report $2(NCRP77). Although hence, equilibrium was not established at the
the report lists a mean half-time for children time of counting, or (2) the individual changed
ages 5-15, it does not specify the age dis- his diet pattern between April and September.
tribution of the sample. Most of the Bikini These deviations from the norm do notalter
children (9) were in the 5-10 yr category; the conclusion that equilibrium or near equili-
hence. one would expect the observed reduc- brium had been reached for the population as a
tion factor for this group to be somewhat whole for '’Cs. Indeed, they illustrate varia-
higher than the expected value. tions about a mean value.
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Finally, the individual data. not presented
here, clearly illustrates that at least 19& of the
Bikint residents would have received annual
dose equivalents in excess of 5 mSv (0.5 rem)
dueto the ingestion ofCs had the April 1978
activity ingestion rate of ""Cs continued. This
dose equivalent level does not include the dose

equivalent from external radiation or other
internally deposited radioactive material.
Removal of the Bikini population from Bikini
Atoll eliminated the °’Cs source term from the
diet and limited the dose equivalent received
by this population.
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ABSTRACT

Residents of Bikini Atoll were moved from their home Atoll on 31 August

1978. Since that time, they have been relocated either to Kili Island, or to

'Majuro and Ejit Islands at Majuro Atoll. Whole body counting and urine bioassay

were performed on this population ia January and May 1979, and body burdens for

‘nuclides positively identified were determined from both techniques. Data from

these measurements have been used to calculate long term biological removal rate

137 60 137
constants for Cs and ~"Co and to relate the long term rate constant for Cs

to total body mass.

Jie



INTRODUCTION

Body burden measurements performed on the Bikini Island population in 1978

(Mi79) and external exposure surveys conducted in 1975 (Gu76, Gr79a) of Bikini

Atoll provided data which indicated that many of the individuals living on

Bikini Atoll would receive an annual dose equivalent in excess of 5 mSv (.5 rem)

(Gr79b).

This information was reported to the United States Departments of Energy

and Interior. The decision was made by the latter agency to relocate the 3ikini

Atoll population. This action was accomplished between August 28-31, 1978. The

Sormer Bikini Atoll residents were moved to Kili Island in the southern Marshall

Islands, and to Majuro or Ejit Islands in Majuro Atoll. The Department of

Energy, responsible for the radiologic follow up of this population, requested

that whole body counting and urine bioassay measurements be made on this

population at approximately six month intervals for the first vear to confirma

the elimination rates of radioactive materials in order to accurately assess in-

ternal doses and dose commitments for individual Bikinians.

Whole body counting and urine bioassay services were provided to this

Marshallese population in January and May, 1979. From these data, long term bio-

logical removal rate constants have been measured for 1376, and 6004. 90...

has been measured in both urine sample series; however, additional sampling

points in time will be required in order to estimate the intermediate and

long term biological removal rate constants for this radionuclide.

EXPERIMENTAL DESIGN

13704 and 6005 body burdens were measured using a shadow shield whole body

counter. The system design, analysis techniques and aspects of the quality con-

trol program are deseribed in a previous report (Mi79). Urine bioassay samples

3



were taken to provide 705, body burden estimates and an independent estimate of

"cs body burdens. Cesi um body burdens calculated from urine bioassay data

are used for comparison with the whole body counting estimates as an additional

parameter of our quality control program. 6004 was tarely detected in the urine

thus a similar comparison is not possible for this radionuclide. The mathemati-

cal technique used for determination of the body burden can be derived frem a

previous publication (Le79).

Figures 1 through 4 show relative results between comparisons of paired

urine bloassay results, and whole body counting data collected from the Rongelap

and Utirik population in 1977 (Co77) and the Bikini population in 1974 (Co75),

1978 and 1979 (Mi79). Figures | through 3 nave samples plotted randomly; figure

4 has the samples plotted in the same sequence as the urine was analyzed. The

results show excellent agreement between the two body burden evaluation

techniques. The standard deviation plotted on figures 1 through 4 ceflect the

fluctuation in the individual's daily urine activity concentration used to

calculate the 13705 body burden.

METHOD

The National Council on Radiation Protection and Measurements in Report 52

(NCRP77) and the International Cammission om Radiation Protection report of com-

137
mittee IV publicacion 10 (ICRP68) suggest that Cs has a biological long tern

compartment with a removal rate constant which is on the order of

6x 1079 at. ICRP publication 10 suggests that there may be long term biolog-

ical retention of 606, (ICRP68), and studies performed on humans report that the

retention function for 6000 can be described by multiple compartments with bio-

logical mean residence times that range between .37 days and 880 days



\Le72, Sm72). The data presented here provide long term biological removal rate

constants for 13765 and 60c5 determined from the Marshallese population ex-

posed to these nuclides primarily through dietary pathways.

When the Bikini population was relocated, their new residence islands were

essentially free of radioactive contamination due to the United States weapons

testing program. Persons having lived exclusively in contamination free environ-

137 606, body burdens during the Mayments were used as controls. Their Cs and

Survey were assumed to be representative of the baseline body burden status of

the Bikini population prior to their return to Bikini. The equation used to

calculate the long term biological removal rate constants for both radionuclides

is of the form

(anc) = (Bec)e 7 (H*4t (1)

where

A = measured body burden in May, 1979, Bq

3 = measured body burden in January, 1979, Bq

C = averaged measured body burden of the control population in May, 1979

instantaneous fraction of radioactive atoms removed per unit time dy

biological mechanisms, al

~

a
l

A = instantaneous fraction of atoms removed per unit time by radioactive

decay, ai

t = elapsed time between measurements, d.

Values of the radiological decay rate constant for each nuclide were ob-

tained from the Atomic Data and Nuclear Data Tables (AD76) and are 6.3 x lo?

at for 1376, and 3.6 x 10* a for 6000.

13765 body burden is 60 Bq as determined from 47The baseline mean

measurements with results ranging from the system detection limit (37 Bq) to

5



several hundred bequerels. Cobalt 60 was not detected in the control

population. The average ratio between 13765 and 604 body burdens in the ex-

posed copulation was 490. The 1370, to 8066 activity ratio was assumed to be

of the same magnitude for the control population. Because the baseline 6005

bedy burden was estimated to be well below the MDL, it was assumed to be .2% of

the control group body activity for 1370, in the determination of the long term

biological remove rate constant.

Tables 1 through 4 present the January and May 1979 13765 body burdens,

‘elapsed time and long term biological removal rate constants as measured in

Marshallese adult males, adult females, adolescents and juveniles. Data pre-

sented in these tables are for individuals whose body burdens in January and May

are significantly above the baseline 1376, body burden for the control

population. Abody burden was included in the data set if it exceeded the mean

13765 body burden of the control population plus three standard deviations of

the mean.

Table 5 presents similar data for 6960. Because 6065 was not detected in

the control population, no acceptance criteria were applied to the body burden

in this table other than the quantitative presence of two consecutively

decreasing 600, bedy burdens.

RESULTS

Table 6 summarizes the individual data presented in Tables 1 through 4 for

13765 and compares the data with values listed in ICRP publication 10 (ICaP6s)

and NCRP report 52 (NCRP77). The biological removal rate constants for adult

male and adult female Marshallese are in agreement with previously reported

data. The biological removal rate constant for adolescent Marshallese is

similar to the value reported in NCAP report 52 (NCRP77) for juveniles. The

§



long term biological removal rate constant for juvenile Marshallese did not

agree with reported data. This appears to occur because of the difference

in the age distribution of the juvenile data reported in NCRP report 52 and

that of the Marshallese juveniles.

The 137
Cs long term biological removal rate constant for the Marshallese

population is highly dependent on body mass. This relationship is best de-

scribed by a simple logarithmic equation of the form

k= a+b In(m) (2)

The coefficient of determination for this equation is 0.79 for females and 0.89

for males. The regression coefficients a and b are respectively 19 and -3.9 for

males, and 16 and -2.6 for females. The units for the quantities mass, m, and

biological rate constant, k, are kg and year! tespectively. The impact of mass

on the rate constant is greatest for body masses less than 60 kilograms.

Similar results were reported in studies by Lloyd (L173) which related body mass

to biological half-life for 13766.

60c, exhibits a long term biclog~Several investigators have reported that

ical removal rate constant for both inhaled insoluble cobalt (Jo65, $i64) and

CoCl administered orally or intravenously (Le72, 5m72). These investigators

agree that the retention function for cobalt should have several compartments

whose retention is characterized by linear first order removal mechanisms. For

ingestion, four and five compartment models have been postulated to describe the

retention of soluble CoCl.

Using the average of values reported by Smith (Sm 72) and rounding to

significant figures, the single intake retention function would be of the form

-0.12t4t e0 00087t (3)R(t) = 0.5e 174 + o.ge fe2* § Ole + 0.1



where

R(t) = fraction of initial atoms administered which remain in the body at

time t not corrected for radioactive decay.

The fractions of 6006 atoms in each compartment at the end of each

individual's residence iaterval were calculated assuming a constant continuous

uptake regime for 8000, Individuals were assumed not to have an initial body

burden at the onset of residence om Bikini Island. The parameters for biolog-

ical removal rate constants and fractions of activity

distributed to each of the four compartments are od-

tained from equation 3. For the eight individuals, eighty-four to eighty-eighte

percent of the total body 6065 atoms would be in the long term compartment, nine

to twelve percent in the intermediate compartment and three percent in the two

remaining short term compartments.

In January, approximately 140 days after departure from 3ikini, two per-

cent of the atoms would have been in the intermediate compartments and 98 ver

cent in the long term compartment. In May, the relative contribution of atoms

from each compartment to the total atom content in the body would have been .7

percence and 99.3 percent respectively. This corresponds to a change in the 8009

body burden between January, 1979 and May, 1979 of 14 percent. The observed

decline in the body burden was 44 percent.

The intermediate and long term biological removal rate constants deter-

mined by Smith and Letourneau (Sm72, Le72) do not describe the retention of 6004

for the Marshallese population. From the Marshall Islands data, one cannot

606, retentionestimate the number of compartments that should be used in the

model, but an estimate of the long term biological removal rate constant was cal-

culated using equation l.



Table 7 summarizes the long term biological removal rate constants of 6064

as measured in Marshallese adult males, adult females and one adolescent. All

values listed are in reasonable agreement with earlier animal study data and

fall within the range of results reported for human data (ICRP68, Jo65, Si6éd,

Le72 and Sm72).

SUMMARY AND CONCLUSIONS

From urine bioassay and whole body counting performed for the Marshallese

population who had been relocated from Bikini Atoll, Long term biological remov-

al rate constants have been calculated for 1376, and 6065. The values presented

for 1376 are in agreement with previously reported values for adult males,

adult females and adolescents. More data has been added for the 5-10 year old

juvenile data base. Our data provides strong evidence that the biological remov~

al rate constant is related to the body mass by a simple logarithmic equation.

This is consistent with the concept that the mean residence time of a 1376. atom

in the body is proportional to the (total body mass in which it is present)

size of the body it passes through.

Finally, the 6004 long term biological removal rate constants reported

here are few in number but indicate that a long term campartment exists for

8060, This will have an impact on the dose assigned to the ingestion of 6000.

The significance will depend om the number of compartments selected to describe

the retention function and the parameters used to describe the biological remov-

al .
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Table l

 

 

Adult Male 13765 Long Term 3iological Removal Rate Constants

Jan. 1979 Mav 1979

L37cs 137¢5 Elapsed Biological Removal
Body Burden, 3edy Burden, Time, Rate Constant,

ID# kBag k3q d q7!

6067 37 23 113 4.2% 107°

6182 45 23 113 §.9 x 10>

6086 32 15 113 6.7 x 1077

6118 28 15 113 5.5 x 10>

6117 33 16 112 6.4 x 107

6120 56 36 113 3.9 x 10>

6096 48 26 11s 5.3 x 107°

6161 4.0 1.3 113 7.2 x 107

6166 0.85 0.41 112 7.2.x 107

6184 2.5 0.93 112 9.1 10>



f
i
a

 

6112

6122

6123

6032

6113

6097

6109

6098

6060

6064

6115

6167

6159

6148

6151

6140

6144

6155

6160

6175

6181

Adult Female

Jan. 1979
l37¢s5

Body Burden,

kBa

36

li

17

16

18

0.56

1.0

1.4

4.5

1.0

1.4

15

13

0.41

0.31

137

Table 2

Cs Long Term Biological Removal Rate Constants

Mav 1979
137¢5

Body Burden,

kBa

17

4.1

9.3.

9.5

4.1

8.1

6.3

0.29

0.44

0.56

2.2

0.32

0.48

5.6

5.1

0.19

0.17

Elapsed

Time,
d

Ll2

114

115

114

113

113

113

115

113

lil

113

112

113

113

114

115

115

113

113

113

112

Biological Removal

Rate Constants,
al
 

6.7 x 10.

8.7

7.8

9.4

8.8

5.5

1.1

8.3

1.0

6.1

9.3

6.9

8.0

8.7

6.3

1.1

1.0

x

x

3

107

1077

107

war



Table 3

137
 

 

 

 

Adolescent Ca Long Term 31ological Removal Rate Constants

Jan. 1979 May 1979

l37¢s l37¢ Elapsed Biological Removal
Bedy Burden, Bedy Burden, Time, Rata Constants,

ID# kBa kBa d q7i

M 6147 7.6 2.8 112 9.0 x 10>

“M 6131 28 12 113 7.5210

M 6011 2.0 0.63 113 lel x 107"
=)

M 6127 7.8 2.0 114. 12x 10-

M 6015 2.6 0.60 113 1.4% 107"

F 6129 10 2.8 115 lel x 107

F 6091 5.6 1.4 113 1.2 x 107"
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Table 4

Juvenile 13764 Long Term Biological Removal Rate Constants

 

 

 

Jan. 1979 May 1979
1375 L3lcs Elapsed Biological Removal

Body Burden, Body Burden, Time, Rate Constant,
IDF Ba «Ba d q7i

“M 6021 1.7 0.23 112 2.0x10~

M 6020 2.1 0.27 114 2.0 x 107°

M 6107 0.59 0.096 113 2.4.x 1077

F 6101 1.9 0.26 111 2.0 x 10~-

F 6056 1.7 0.27 112 1.8 x 10-7

F 6105 2.0 0.27 113 2.0 x 1077

F 6030 9.6 2.4 114 1.2.x 107°

F 6025 4.8 1.0 113 1.4 x 10-2

F 6106 209 8 113 1.7 x 107°
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Table §

 

  

Biological Removal Rate Constants for 90.4

Jan. 1979 May 1979

Age Categor7 60¢4 50¢6 Elapsed SBioclogical Removal
and Body Burden, Body 3urden, Time Rate Constanc

ID# Sex 3a Ba d a7!

6067 Adult Male 89 als 113 5.92107

6086 Adult Male 100 70 113 3.1 x 107

6118 Adult Male 59 33 113 4.8 x 107

6117 Adult Male 110 56 112 5.4 x 10°

6096 Adult Male 93 33 L14 8.7 x 107
-3

6131 Adolescent 78 52 113 3.2 x 10
Mala

6122 adult Female 70 Ql 114 4.3.x 10°

6032 Adulte Female 63 37 114 4.3.x 107

16



Table 6

Summary of Long Term Biological Removal Rate Constants for 1376,

  

Number

Age, in Biological Removal Standard

Popul ation a Group Sample Rate Constant. qv Deviation. a7!

Adult Males ~ ICRP - .006 -

(23-55) NCRP 4 -0051 -

(23-55) NCRP 26 -0066 0.0016

(22-59) BNL 10 0061 0.0016

Adult Females (20-51) NCRP 15 -0082 0.0020

(19-70) BNL 21 . 0084 0.0016

Adolescents (11-15) BNL 7 O11 0.0021

Juveniles (5-17) -NCRP 7 012 0.0043
(5-10) BNL 9 .018 0.0034

17



Table 7

= ° . 60

Summary of Long Term Biological Removal Rate Constants for Co

Biological Removal

  

Age, Sanple Rate Constant, — Standard Deviation,

Povulation a _Size_ avi q~

Adult Males (22-59) 5 5.6 x 107 2.0 x io?

Adult Females (19-70) 2 4.3.x 107 -

Adolescents (11-15) 1 3.2 x 107? -

18
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a7 . an . . . ~~
“' 73s unm ctuman Miisx and Besertduivarant Assessmenrz aby

In May 1979, human milx samples were obtained from four lactating adult

ADstract

. - 137 . . stg . :
Marstailese famales, whose Cs body burden had been defined Sv wholewbcdv

counting and analysis of urine samples. The samples, ranging in velume frem 10/-

ml to 30 ml, were analyzed by gamma spectroscopy and atomic absorption to detar-

137
mine che odresence of Cs and potassium. Results were used to estimace the

ye ; 137 . . ;
daily ingestion rate of Cs for Marshallese infants whose primarv food supply

, oye . . : 137 ng
was human milk. Concentration factors relating adult female Cs body burdens

137, . oe . - ay . :
to Cs activity concentrations in human milk were determined. A range of

137
Cs body Surdens and dose ccommircments resulting from ingestion of numan milx

and/or coconut products (numan milk subsitutes) from 1 September 1977 to 3l

Auguse 1978 were calculated for a hypochecical infant residene on Bikini Atoll

during this final year residence interval of the former Bikini population.

Authors: 2.2. Miltenberger, £.T. Lessard, J. Steimers, and N.A. Greenhouse.
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Tnersauction

The Marshall Islands Radiological Safety Program at Brookhaven Naticnal

Laboratory, under contract with the U.S. Department of Energy, provides wnole-

body counting and urine analysis services to residents of the Marshall Islands

whose atolls were affected by radioactive fallout from the U.S. nuclear weapons

testing program conducted in the mid-Pacific during the 1950's. Individuals

five years of age or older are monitored under the current program. This age

limitation was imposed to assure willing participation by informed persons as

well as to select individuals whose body burdens of 13765 and potassium were

large encugh to be detected in a 15 minute whole-body count. Children under

. 7 . ae
five vears of age were not expected to have Cs body burdens which exceeded

the 1376, body burdens of the five year old children, based on review of previ-

ous whole body counting data (Co57, Co59, Co60, Co62, Co63, Co65, C067, Co70,

Co75).

A retrospective dose assessment prepared for the Rongelap and Utirix resi-

dents (Le80) has indicated that individuals who ingested radioactive material as

infants (age 0-4 years) received a higher dose-equivalent commitment than cther

segments of the sample population. In addition, these individuals had the

hignest daily ingestion rate of 13765 and other nuclides which were positively

idencified in the sample program. These data on infants were determined from

body burden and urine activity measurements conducted at age five or older and

extrapolated to the infant age group. The Bikini Atoll resident dosimetry (Gr

80) demonstrate that the sampled children received higher dose~equivalent commit-

. . 37 .
ments and had higher daily ingestion rates for i Cs than did the adult popula-

tion.



Cese-equivalent commitment is a function of body mass and radionuclide ra-

arant for the adult and childt
h

t
tmoval rata constants. Absorbed fractions ere di

and thus also erfect the dose. Consequently, it should not be surprising, thac

for equal body burdens, a child may receive a difference dose or dose race than

an adult due to different values for Dody mass, absorbed fractions and removal

rate constants. The higher daily activity ingestion rate was mot anticipated de-

cause it requires the infant to consume more 13765 activity than that ingested

by the adults and/or to consume substantially larger quantities of food.

Information concerning diet and living style patterns observed in the

Marshall Islands from the mid 1950's to the present (Na&l, Sn57, Mu54) indicates

137
two possible sources of C3 in the infant diet: human milk and coconut

products. This report examines the dose-equivalent, dose-equivalent vate, and

137 . . - . -_- oy: te
Cs Dodv burden for a hypothetical infant residing on 3ikini Atoll from 1

September 1977 to 31 August 1978 whose principle diet consisted of these sources

of 137, s. Dosimetric projections were determined from human milk collected dur-

ing May 1979, and from coconut tree sap and coconucs collected in April 1978. A

. . 137_ i, 137 -
concentration factor relating adult female Cs body burdens to Cs activity

concentrations in human milk has been determined and is reported along with the

dosimetric information.

Limited coconut product samples from the Bikini Island camp area were col-

lected in April 1978 (Figure 1). These samples have been analyzed but consti-

. . 137 .
tute a sample size large enough to accurately estimate the true mean Cs activ-

ity concentration with only 70% confidence. Addicional sampling of this food

source and an assessment of the quantity that an infant typically ingests are

questions to be addressed in future field trips.

h
m



Samole Coilection

A list of participants in the May 1979 whole-body counting and urine col-

lection program was reviewed with the intent of idencifying adult women who were

currently lactating. Of the population participating in this program, four fe-

males were identified as potentially capable of providing the required samples.

Whole-body counting results, urine activity concentrations and residence inter-

vals on Bikini Atoll for these individuals are Listed in Table 1. Three of the

wg . . . 137 : _:
adult females were long term residents with residual Cs body burdens, while

see . es . . 137 -,
one individual (No. 6187) was identified as having a baseline Cs body burden.

. . 137 . . . . .
The sample population had been exposed to Cs in their dieec during their

residence at Bikini Atoll from as early as 1970 up to August 1978. Bv May 1979,

they nad been relocated from Bikini Atoll for more than 250 days. Residual

137 woe . os
Cs body burdens thus represented activity associated with the long term retan-

tion compartment of the body. Although several former Bikini residents have

periodically returned to Bikini Island after August 1978, the adult females who

participated in the milk sample program had not returned to or eaten food from

Bikini Atoll prior to the May sample dates. Consequently, it has been assumed

: . . + ae 137, . . .
that the diet did noe include significant Cs contaminated food products dur-

ing their residence on Majuro Atoll.

The selected individuals were requested to report to a female research as-

sociate who was responsible for sample collection. Samples were obtained by

either hand expression into a sample container or through the use of a mechani-

cal Sreast pump. The mechanical pump was thoroughly cleaned after each use to

minimize cross contamination of the samples. Once collected, samples were

stored in polyethylene bottles which were pretreated with 7.5 ml of 10% thymol

solution and then refrigerated until analysis.



Sampl2 Analysis

Prior to preparation for analysis, the four human milk samples nad Seen

refrigerated for approximately one year. During this time the samples had

coagulated. Therefore, each sample bottle was placed in an ultrasonic bath

until the sample was thoroughly homogenized. Samples were then transferred from

the orizinal polyethylene bottle iato a teflon lined aluminum sample container.

The sample bottles were rinsed with distilled water and residual sample removed.

The sample plus rinse water was diluted to 150 ml, counted for 50,000 seconds on

a 25% relative efficiency lithium drifted germanium detector and analyzed for

photon emitting radionuclides which exceeded background levels. The decay

corrected results and one sigma counting errors are presented in Table 2 along

with specific sample information. 13766 was the only radionuclide positively

identified in three of the four samples.

Using the above technique, no potassium was detected in any of the

samples. However, the expected potassium concentration in human milk (ICRP75)

as shown in Table 3, is at least a factor of 10 smaller than the minimum detect-

able potassium concentration for the sample size and selected counting time. The

measurement of potassium at the .5 mg/ml concentration would require a aLlainum

counting interval of one week and even then would have a two sigma counting

error in excess of 90%.

The potassium values listed in Table 2 were obtained by atomic absorption.

An aliquot of the diluted milk sample was used in the evaluation. This analysis

technique is more sensitive than gamma spectroscopy and has a lower detection

Limit of 0.2 ug/ml.

The ratio between the 1376, activity concentrations in their milk and the

13765 body burden of the adult lactating female is shown in the Last column of



Table 2. This ratio is in good agreement with the ratio of the mean potassium

concentration in human milk and the mean adult femaie potassium body burden at

- es “6 -1 ,,
age 30 of 5.5 « 10 ml (ICRP 75).

Dose Calculations

137 oo, . oe, 137The “~‘Cs daily ingestion rate of the infant is related to: the Cs acm

ee i, . a ,. 137
tivity concentration in human milk (which is dependence on the motcher's Cs

body burden), the milk uptake rate and mass of the infant. Milk uptake for

breast fed infants is assumed to equal the milk secretion rate of the lactating

female (Me 55). Table 3 lists the mean value and ranges of anatomical and

radiological parameters (ICRP75, Ki75) used in the computation of 1376, body

burdens and dose equivalents.

Dose equivalents for the infant were based on dose equivalent per unit

cumulated activity for an average infant (mass 7,000 gm, trunk length 23 em).

The absorbed dose per unit cumulated activity was determined from a total body

source and target absorbed fraction, 9, of .17 (Table 3) for the .662 “eV pho-

 

ton (Ya 75) and was calculated for 13765 as follows

$= 51.2 (LF, £, + £6. a, J.) (1)
ii ii ‘i

mn

where E. ™ average energy of the ith particulate radiation MeV,

F. = average number of ith particulate radiation with

energy Ey per disintegration,

G. = discrete energy of the ith photon, MeV,

H. = average number of ith photons with discrete energy
G. per disintegration,

m * mass of the target, g.



Qa ?

oo. . .vwi wl 4 -
51.2 = 3.2 «x 10° disintegrations uCi 4 x 1.4 x 10 arz MeV

The quality factors and the distribucion or other nodifying factors were

: 137 . . . .
taken as unity for Cs in the total bodv. The dose equivalent per unit

. . . =3
cumulated activity total body source to total body target value is 2.4 x 10

el -l - - 3 ecl wl. .
Rem uCi d for the male infane and 2.6 x 10 Rem UCi 4d for the famale in-

fant. Formulation of the male and female value requires the assumption that the

body organs and tissues of the infant are shrunken versions of an adult. This

approach is acceptable for the total body targer and total dody source configura-

tion but may lead to significant differences from the true value if applied to

specilic tissues, especially active bone marrow. This is due to large differ-

ences in active Sone marrow distribution in the infant relacive to the adult.

Although numan ailk samples were not taken while the Marshallese resided

on Bikini Atoll, body burden measurements were conducted on the adult copulation

- . . . 137
from 1974 to 1978 (Co75, Mi80). The relationship of the mean adule female Cs

body burden with respect to time can be described ty a simple exponential model

ef the forn

qa et (2)

137 ome
where q * adult female Cs body Surden, wCi,

t = time post onset of uptake, d,

-2 :
a=1.75 x 10 pci,

-3 ,-!
b = 2,16 x 10 d.

The values of a and b were determined from a regression analysis of the adult fe-

male whole body counting data. The coefficient of determination for this model



. . . . - .. 137 oeis 0.29. Equation two was used to estimate the mean adulz femaie “"‘Cs s0dy

burden as of 1 September 1977. This value (1.13 uCi) was then multiplied by the

: say . - - 137 .
human milk to body burden conversion factor for Cs and the average daily con-

. ; ; 137 ;
sumption rate of human milk to calculate the mean iatant Cs ingestion rate.

. - 137 . . . ¢
A comparison of the mean Cs daily ingestion rates for adult males, adult fe-

males and infants on April 25, 1978 and September 1, 1977 is shown in Table 4.

137 . . . . .
The Cs bSody burden at any point in time and number of disintegrations

occurring during the uptake interval can be determined from the following equa-~

tions (Le 80):

 

 

fe i ~(A+% -(A+K. . “Cnet (3)
q * nP°EL(Z, ws om *KE) tg ( *ET) )ya0(s, Kite CAtKty (3)

and

. “CA+K) “(K. +A) t

p= 32° (2, od (oi KerkerOrke ))1 i Ki-K. (Ko+A)(K.+A) (4)

X! .
, 92 L . “C\+K.)t

q a 13K (l-e iv) ,y

where ¢ os time post onset of uptake, days,

\X  # instantaneous fraction of atoms decaying per unit cime, day ’

P = initial atom ingestion rate, atoms day ;

K. = instantaneous fraction of atoms removed from compartment i by

physiological mechanisms, day ’



X. = compartmenr i deposition fraczion,

x! # the number of atoms in compartment i relative to the number in all

cempartments at the onset of increasing continuous uptake, (t=9),

fraction transferred from GI trace to dlood,

o
y

‘Instantaneous fraction of atoms removed (or added if negative) toa
s

m
l

u

the atom uptake per unit time, day|, due to factors other than

tadioactive decay,

q = instantaneous body burden, UCi,

q° = body burden at the onset of uptake, uCi,

D = the number of disintegrations in all compartments cccurring duriag

the uptaxe interval, uCi days.

The 13705 infant body burden at onset of uptake, q°, was assumed to de

zero in this report. aAiso, the fraction transferred from the gastrointestinal

tract to the blood, fie was assigned a value of unity (Ki 75). The environmen-

tal removal rate constant, K., as listed in table 3 was determined from the
-

137
adult female Bikini population. The value reflects the addition of Cs to the

diec (thus the negative sign) between April 1977 and April 1978. The value of

Xk. for adulc males and for adult females were found to Se equal. Since x.

r
m

appeared tc be constanc for the adult population, it was assumed te de applica-

ble for the infance population.

_ 137 . .
The value for the long term Cs physiological removal rate constant, K,

(see Table 3), is variable and a function of body mass and sex. aAn equation

relating these parameters to Ko was developed for the Bikini population ages 5

to adule (Mi 81) and is of the form:

Kk *a+od ln (m) (3)

where k * the long term physiological removal rate comstant, yr ,



m
a

f
i
na 7 regression coeriictienct equal co 19 for males and 14 for females,

b = regression coefficienc equal to -3.9 for males and ~2.65 for females,

m = mass of Sodv, xz.

In this report, x4 was computed using 2quation 4 and the mean dod mass for the

infant's first year of life, leading to a mean Ddiological half time of 22 davs

for male infants and 28 days for female infanes at age 5 months. These half

time compare well to the value reported in NCRP77 of 19 davs = 8 days for in-

fants ages 17-143 davs.

+: . 137 . . -
Using equations 3 and 4, the Cs body burdens and the total number of

disintegrations occurring in the body of the infane during the 365 day uptake in-

terval concluding on 31 August 1978 were calculated. The oarameters in Table 3

and the values of x5 obtained from equation 4 were also used. The total body

dose equivalent was then determined, using the results from equation 1. In the

adult, red marrow absorbed dose exceeds the total dodv absorbed dose from 137.

by a factor of 1.5. This is due to the scattered photon contribution along the

midline of the body and due to irradiation of red marrow from all sides. In the

infant, the red marrow distribution is significantly difterent relative to the

1. Ls . . 37 . .
adult and therefore this factor cannot be applied. Projected Cs infant body

burdens are reported in Table 5. This cable also summarizes the dose equivalent

commited during the residence year on Bikini to an infant from the ingestion or

1376, in human ailk.

Discussion of Results

a

The mean values presented in Table 5 were computed using equations ¢ and

3 and the mean values of the quantities listed in Table 3. The ranges were

137 .
computed by sudstituting the upper and lower limits of adult female Cs body

burden on l September 1977. In the estimate of a range of dose it may seem rea-



a

sonable to assume that the extreme masses could 3e associated with “ne 2xtreme
V7

. . . . . . Lo 137 . .
ingestion rates since cner2 15 no relationsnip between Cs ungestion rate anda

ody mass in the Bikini, Rongelap or Utirix data. However, it was reported that

the 2zaximum dody Durden was three times greater than the mean value for popula-

tion subgroups (adult males, adulc females, female children etc.) and the maxi-

mum daily activity ingestion rate was 5 times the mean value for population

subgroups for Rongelap, Utirik and 3ikini measured data (GrS0, Led0). Conse-

quently, the extreme values for body mass and milx ingestion rate which leads toa

a maximum body burden of 13 times the mean and a maximum dose equivalence of 13

times the mean are noc consistent with observations in the field.

As stated earlier, a review of the Rongelap daily activity ingestion rate

data (Le80) indicates that the population ages 0 to 4 years, (mean age 2 years)

had an average 13765 ingestion rate which was Larger than the adult ingestion

rate by a factor of 2. From the 3ikini data presented in table 4, this seems

possible only if other dietary items are used as a food source for the

Marshallese child. For the infant, several sources (Na8l, Wi4l, Mu54, and Ba77)

indicate that natural food supplaments are frequently given. Furthermore,

Bayliss - Smith (3a77) suggests that weaning takes place in Pacific cultures be-

tween 6 and 12 months of age. Based on the data of tadie 6, an intake of a

liter per day of coconut fluid obtained from Bikini drinking coconuts during

; . - . awl
April, 1978 could have increased the activity ingestion rate to 160 nCid .

Small children drinking fluid from 2 to 3 coconuts each day could have achieved

this level of intake. Thus it seems reasonable to assume that the infant's diet

consists of human milk and coconut by-products in varying proportions during the

first year of life and that the dose estimates should be adjusted upward in pro-

portion to the increased activity ingestion rate that is postulated.

10



Secause of the low soil aceivity concentration and the uniform con-

tamination of the atolls, individuals residing on these atolls are not re-

quested to shower or change into disposal clathes prior to the whole body

count. Tests conducted in the 1978 field survey indicate this practice is

acceptable under the environmental conditions present at these atolls.

Persons participating in whole body counting programs should be re=

quested to answer the following questions:

1) Full name (first and lasec)

2) ID # Some people (Rongelap and Utirik residents) may have been assigned

BNL medical ID# and will have nedical cards to verify this number. Other

individuals will not. Operator should use historic ID# in these cases if per-

son have participated in the program before].

3) Father's full name

4) Mother's full name

5) Residence Wato, Island and Atoll

6) Recent (last two year’s) travel history

7) Heighe

8) Weight



Electronic Setup

These setup procedures nave Seen written with the intent that they could

ye used in the event chat the whole body counter had to be relocated. Overa-

tors should disregard steps thac obviously do not apply co the routine moni-

toring application.

Part A Cable Connections and Switch Settings

1. Should the detector aeed to be installed into the crystal shield, check

for physical

2. Connect

3. Connect

cable.

4. Connect

3. Connect

6. Connect

8. Connect

9. Connect

damage while installing detector.

signal cables and AV cable to detector.

signal and 8V cable from detector to summing/dividing box or

aV supply to sum box.

pteamp to summing cable.

preamp power to the back of the ORTEC 485 amplifier.

/. Set preamp capacitance at 0 pf.

signal output of oreamp co signal input of amplifier.

signal output of amp to 1OV signal inpur of ADC.

10. Make sure amplifier switches are initially set as follows:

Course Gain -16

Fine Gain - 7

Inpue Polarity - Neg.

Unipolar/Bipolar - Unipolar
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Ss - T¥2id lomtuter Set oun

Vy ocemtutear tase V.-fD sult: thacv2l amalszer Sas sean moved, the

ator stvuls execute tne Cigsst S24 $t2rs. .therwise tte uterat cx

al $t3Fy at gst2e 7 sik of sther arpiisacle ster.

cover cf TPein,

Uneack snhircing material in tornputer.

Yesert all boards (if necesssry),

“Make sur2a all covnectors ace solidly on IC ‘wards,

Renriace covers,

Checx to see if umit is plug led intc 1.2. mower. I¢

umit. (110 volts - 15 amp tirscuit)

not, tnen slug in

Fusn dalt buctun,

Turn mower VN.

Ceoress Soot button (the numcer 1730990 shculd appear on the display

screeni.,

Release Halt Sutton. Insert “"TPLUS I/TP - 30 waster Diskx" inte airi Flopev,

vlace t @ disketie into disk reacer sc that mini floppy Latel is in the

uorer right corner and facing towards cre ceilings.

weoress S.0t cucton. Vote: Upon release of the boot button, te miri

flcoepy will start moving and a little red light on the mini Florry will

turn on. soot will Rale at a location 30350. This is nornal.

ce 3979 and i0%*9For ALSHAT use, content of locsticns 17°C and 1794 shculd

 

tesoectiveivy and the content or lozations 32342 ard 32350 should be 165240,

Turrent Correct

Location Cescriotion Content Content Comments

173d Shans (#40C 4AAD 3882 These ¢ontents can be

Cnannels) changec onlv pricr to

step 8.13 using CDT

17A2 End :ore 16AGGT 10fA29 Emulator larguaze. To
change content in a loca-

174 Suffer 2 2228 LAAD tion, type in location
number, / CFU tyres out

323432 Allews lorz 234353 16 £244 current location and cone.
tent, To change content

32344 Lata Acq. 39352 16 $244 type in mew value <2,
otherwise, TYFL line feed

to liek at next Locatisn

or TR tu terriratve ODT usec,



rther "RP" or "26", systen will rescend witt "TR Se1LLv" ard the13. TY:

3

t
n . (inasert "“TURCk" diskette into mini flo-cv,

lo, TYFE "2 T 19;L I CURMU\™ CR, System will respond with 728 at AS.aA, This

is ermal.

7, j(TYPE "NY TR,

Should the operator or system ever 3et confused te the poist where nothing

Seems %¢ work, rainitiate the system starst:ng at step 5.8,

=. Move cussors, TYEE X rIOVAC 2, 1924"146)sX FCURC1L,1924+66) 22

19) Operation of Punctional Control Panel (f.7¢,

a) At the end of step B.18, the system is capable of acquiring and displzying
data, overlay data and cursor movement. The initial program contents
for certain key parameters are:

Descriptioa Inittal Content

ADC's 1
ADC Origin 1
ADC Mode ADD-ONE
Live Tine Infinity
Display Main Origin 1
Display Overlay Origin 1
Display Length 1/2 of Total Chans Aloctnent
Overlay Offset - 1
Overlay and Main Trace Counts

Full Scale (CFS) 8192

b) To change any NON-ODT variable (those noted on FCP) do the following:

FCP Button Allowabla Responses

Map, Main Both depressed turns on main trace of preset
origin for preset length.

Map, Main, Region of Displays main trace and area between cursors.
Interest (f£.1'°

Map, Overly Both depressed turns on overlay display at
preset origin for length equal to main trace.

Map, Main, Overly Turns both display traces on. , Note: Turning

map off will noc reset nain or overly switches.

These must be initialized when map is turned on.

Main or Overly Orig. CPU types on screen MNORG or OVORG: Operator, -

respons from TTY or key pad with numer‘c valu

becween @ - chans followed by CR.



a

CPU types "OV OFFSET:"' On sereen. Operator

responds from TTY or key pad with desired

digital offset followed by CR.

Ovrly Offsec

All three buttons work in conjunction with

DSFeengen,Mane rightmost rotary switch #2. MNepressing any

“"? rey of these switches sets length or counts full
7 scale equal to the value represented by the

position of rotary switch #2 (see below).

No function.
W, X

y Square root display.

2 Log display.

5 Starts all ADC's addressed through rotary switch
tart #1 position 12.

Stops addressed ADC's.
Stop

When main diaplay in on, zeroes what is being

Zero (both buttons) displayed. When main trace igs off, prompts

operator for area to be zeroed. Response is

from TTY or key pad.

Rotary Switch #1 & See following table for all functions. Basic operation
DO button directly is to select desired command. Position switch. Push DO.
below it Either a statement of execution or question will appear

on the screen. Respond from TTY or key pad.

 

Rotary Switch #2 Selects display length and counts full scale.

DO Beneath Rotary Undefined.
Switch #2

Rotary Switch #1 Rotary Switch #2

Position Function Position | Display Length/Cts full
scale Main and overlay Trace

1 ADC ADD 1 Mode 1 128
2 ADC Sub 1 Mode 2 256
3 ADC in MCS Mode 3 512
4 ADC Lise Mode 4 1024
5 ADC in MSS Mode 5 2048

6 Non-Alter 6 4096
7 Sec Live Time 7 8192
8 Set Real Time 8 16384
9 Origin 9 32768

10 Preset Counts LO 655 36
1l Level ll 131072
12 Select ADC 12 262144

13 §242938
14 1048576

15 Exit FCP 15 2097152
16 Exit and Delete 16 4194304



il.

12.

13.

Make sure ADC settings are inirially as follows:

LLO - 0.1

CULO =~ 9.99

Group Size - 256

Conversion Gain = 2948

Analyze/off - Analyze

Coinc/Anticoine - Anticotac

Zero Level - 0.48

Check to make sure thac high voltage supply is plugged into A.C. power.

Check to make sure that NimBia (if operator uses external nimbin)} is

plugged ia and power to Nimbia in ON.

14.

B56
i

Sec HW supply to positive l000V and turn on HV supply.

BC Program

There are five programs currently available for use on the TP-50:

Alphal

Curmov

STANDAR3

STANDARS

PMADJ

Alphal, CURMOV, STANDAR3 and 4 plus PMADJ are all located on one

diskette. Programs can be loaded in the following way:

4, T 19 CR

*L I Fille Name CR

Alphal and STANDAR 3 and 4 are auto start programs while the other pro-

grams must be told to start with a "G" CR.

~4



L. PMADS

Loaded and started as described above. Program acquires individual

spectrum for each pm tube. Waits for operator to compare photopeak. If tubes

need adiustment, program loons until adiustment is completed. Program docu-

mented. Operator need only to follow insecuctions in program. See Part = of

this section for specific instructions.

2. CURMOYV
 

Loaded as stated in steps 3.14 through B.17. Loaded only iato buf-

fer #2 and executed when cursor move push button is selected or when button

below rotary switch #2 is pressed. After >ushing button, system asks “ADC#:”.

Cperator responds with the number 1 or 2 then CR. System will then prinr our

the current Live cine and preset live tine of selected ADC and the channel #

plus content of the cursors plus 3 channels above and below cursor.

3. STANDAR3

Program loaded as stated in the introduction to this section. Pur-

pose is to create standards which can be used in the matrix reduction progran

Alphal from existing spectra. Special instructions for use follow in next

section.

4. STANDARS
 

Program loaded as stated above. Purpose is to create standard

spectrum at time of data acquisition. Program operation is selfexplanatory.

5. ALPSAL

Program {s loaded as stated in section instruction. Purpose is to

analyze Nal spectra acquired on TP-50. Spectral length cannot exceed 256

channels. Program operation is not well documented. See cperation procedures

Part C for specific operational instructions.

8



Part J - Svstem Enerav Calioraticon an Resolution Theck
 

2owhole cOdv courting srpectica ara t. ce 256 inannmels in lengtn and have

amo emecsy talscrat:cn cf 1% kev rer channel, Energy calicration along with

System erficsiencies snculd ‘te checked at Least 3 times der =: hour tay, Systen

Teso.ction shcula Ce shecked each time a component is chansed or ..oved, The

Cperator sncuid tvre the followirg command secuence into the comruter:

 

Unerator CPU Response

1) X FORGC1,1) CR *

=) X CUR 1,66) CR ©

3) X FCOURC2, 133) *

$4) Cperator decressesS Main Origin tutton. MGXG;

3) 1 cR

6) Operator denresses MAP and then MAIN push buttons,

990 137

7) Place check Co and Cs point sources beneath crystal.

8) Deoress ADC start button or type X FAOCE1, 1900) CR.

9) Commuter system now disclavs point sourte spectrum. The reak channel oF

137 .

Cs should a-pear as the Ist point to the right of the left ecursor( cursor #1)‘

while the high energy peak of Co (1,33 mev) should apcrear as the Ist

shannel to the right of the right curser (cursor #2), if cursors do not
indica.e prorer Location of reax channels, then anplifier fine gain and
4DC zero may have tu be adjusted. Note: See secticn 5 to learn Row to

adjust the horizortal arc vertical lirits of the display screen.
137

29) Operator shculd adjust amolifier gain until the ¢62 kav Cs peak is sep-
30

arated from the 1334 kev Co peak b’ 67 channels.

11) when amrlifier gain is correct, A&C zero should be adjusted until the $62
xev photoceak is found in charnel 66 and the 1334 kev pnotopeak is found

in channel 133, Vote: Cperator must zero the displaved srectrcum after

eaco adjustment ¢t. Zain or zers,

12) When prover erergy caliocration has been achieved, check systen resolution,

13) Stoc ALS acquisition by sushi-g ADC ster Cutten.

14) Zero srettrum,

137
13) Place Cs point source along the central axis or the detector asprcexinately

0.5 to l cetar From the setector.

. (~
ad16) Start ACC. ov deoressirg ADC Start cutton or typing X FAN 1,100)



19)

20)

21)

5)

5)

7)

3)

9)

a)

Allow data to accuise for atout Lt) seconis. Stun ADC ty deoressing

402 stop button or tyming X FSTPCL) CR,

Move tert and ri.ht cursors until ttey are positioned at the channels

which are at half the counts of the teak channel,

Obtain channel numter cf each cursor Sv denressing button under

Rotary switeh 2 and responding to “PU question with the ADC numter

(L to 4) followed bv a carriase return.

Compute resolution at full width at half maximum:

. €ev at Fukhy) x LOO

oc2 xev

Resolutions of 9 to 12% are acceptadle. Higher resolutions revuire

that the program PM.\ow ce ¢r and photomultiplier tute adj::stmerts we

made, Design limits of t tector prohibit resolutions of less than
”
ee

> Resolution 2

on

he de

E - Photomultistier idiustment

Insert the program diskette into mini Floopy unit.

Type LT 193% I PMADS CR,

System will respond with ?28 at 90,90.

Operator tvpes "G” CR.

Disconnect all tut one signal cable from the photomultiplier tuces of

the detector and follow all instructions in the program.

Increase amplifier gain by a factor of 4.

Acquire a spectrum of each PM tube outrut using program,

137

Adjust ech PM tube gain se that the Cs peaks overlay gach other asain

following instructions as outlinei in PMADJ,.

If peak heights vary ence all peaks overlay the adjust, the focus of the

PM tubes t2 get the maximum count rate in the Csei37 photo peak area.

Attach all signal cable tc PM tubes, reduce amnlifier gain tc original

position and comcute resolution, Repeat until resolution is as close

to 9% as possible.



Overational Procedures

Part A - Personnel Demographic Data

1. When a person reports for a whole body count, the operator should

obtain the following information:

a. Complete name

be BNL ID # of person

ce Height

d. Weight

e. Father's full aame

f. Mother's full name

g-» Residence Wato Island and atoll

h. Recenc travel history (prior 2 years)

2. Count individual for 900 seconds. Note: Individual muse sit with

good vosture. Do not pernit individual to slouch.

3. After counting period, store data on diskette and analyze data usiag

procedure to analyze data using dAlphal.

4. Release person.

5. Record results in log book

Part B - QC Procedures

The typical QC program should include four parts: background,

standards, repetative counts on subjects and counting subjects with known body

burdens. All four aspects shall be included in this program.

1. 900 secmBackgrounds should be taken at least three times per day:

ae Morning prior to counting.

be Noon (or mid-counting schedule).

ec. Evening after counting is done.

9



2. 60 secmpoint source standards should be taken just prior to the

backgrounds to verify cero and gain and overall system stability. The

tategral over a specific energy range should always be constant 73%.

3. Persons in the operational group who have known body burdens shall

be counted during che counting period at least once.

4. 5% of all patients will be recounted.

Part C - Procedure to Analyce Data Usiag Alphal

Alphal allows che user to acquire data while the previous data acquisi-

tion is being analyzed. All data (background QC and samples) aust be ac-

quired, stored and analyzed with ALPYAl. There are several basic commands:

files, background, analyze, standard and sample. Each command runs a nzini

program under Alphal. To load Alphal, insert correct

T 19; L I ALPHAlL CR. The program is auto scarting so

message; it appears only once. Note: all yes and no

full work to be typed not just the first letter:

Ll. Iaitial Startup

ae Set the clock by typing the day of year

the hour and a space then the minute of the day CR.

b. Type STANDARD for the next command.

The standard program aust be called 2 times

diskette and then type L

read the initial

response requires the

(1-366) then a space,

before proceeding

further with ALPHAlL. The firse time is set up the standard into a 12 to 250

channel matrix. The next time is to select which standards should be used.

Enter standard numbers appropriate to the detector being used. Use standards

from the 1,000 sertes for detector #1 and standards from the 2,000 series for

decector #2.

ec. Under ST, the next response should be Recall or RE.CR.

10



  

d. Computer tvoes Operator types Geometry Comment

type Nuclize

insert diskette CR

cype return when

ready

STD No 1023 (2015) Adule Co-60
1020(2007) Chair Cs-137
1010 (2001) Geometry Potassium
1026 (2017) Adolescent Co=-60

1018(2009) Chair Cs-i37
1012 (2003) Geometry Potassiua
1024 (2919) Juvenile Co~60

1016 (2011) Chair Cs-137
1015 (2005) Geometry Potassium
1030 (2020) Point Co-60, Cs-137

Source Pe Source

Chair Geometry

Matrix Full

Command ST

RECALL, LIST, SE
Select

Delete Stnds? NO
STND+# 1023 or 1026 or 1024
STND# 1020 or 1018 or i016
STND# 1010 or 1012 or 1015 or 1030

STND# Command CR CR CR CR

Note: Under standard selection, if detactor #2 is used, sub-
stitute appropriate Adult, Adolescent or Juvenile stand-

ard numbers fer those listed above. The following tabla

lists total standards available to user. If above spec-

tra cannot be recalled, substitute with appropriate standard.

Chair 137

Geometry Cs 60¢6 Potassium Poinse CsCo
Bottle Phantom Det. 1 Der. 2 Det. 1 Det. 2 Dec. L Det. 2 Det. 1 Det. 2

sdule 1020 2007 1027 2014 1009 2001 1022 2013
~~ 1021 2008 1028 2015 1010 2002 1030 2020
adolescent 1018 2009 1025 2016 1011 2003 - -
. 1019 2010 1026 29017 1012 2004 - -
Suvenile 1016 2011 1023 2018 1013 2005 - -

1017 2012 1024 2019 1015 2006 - -

ll
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o
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3)

4)

a. Background acquire

CPU Besrccnse Coeratcr Resconse

Command BA

Acquire, store of Print? AC

Device # l

’ Time 900

Command

b. Background Store

Command BA

Acquire, Store or print? st

Device # 1

Compress No

Number XX

Sample

a. Acquire CPU Response OQverator

Command SA

Acquire, store or print? Ac

Device # 1

Tim 900

Command

b. Store Command SA

Acquire, store or print? ST

Input # 1

Sample #4 XXX

Sample Weight i
Days gince sampling 0

Compress NO

Analysis of Sample

CPU Operator

Is Bkg ok yes or no

Lf no

Bkground on disk or tape?

Bkg number

Sample Spectrum on tape?

Sample I[.D. #

Compressed

Subtract Bkg

Region to analyze

Start =

End «

yes or no

if no program goes to background acq.

if yes program asks for number

XX

yes or no

if ne and count finished

system will analyze just finished

count. If yes then;

xX

NO

NO

2Q (160)

100 (200)



sample is analyzed and results orinted out. Fue uniform activity

Samnles, Start and end can Se chanrels cO-22°0 resivectively.

\ typical procedure te follow would be tu set up the system, acauire

a Dackground and store the cesults. ‘ext acquire a sample srectrum and

Store results, Continue to acyuire third spectrum. Analyze samole 71,

using tke, #1. ne must also ranember to Ataselect and reseiect tne

avcecoriate standards based on the individual exarined.

—
_
—

om



1.

art 9 - Procedures to create stander a srefttrn using STAN CARD orogroa

STANDAR3

To load program insert diskette with STANDAR} file.

2.

b.

c.

d.

e.

t.

g:
h.

1.
j.

k.
1.
na.

n.

QO.

pe

qe

rt.

‘Type L T 19 CR
Type L I STANDARS CR
Program ig auto atarting so it will type out a message when orogram is
running. Read message.
Type CNIL C twice. Syscem should respond with 700 ac 76.2

t

Type L T 19; LA File name; X FLR (257,512); LCR
Note: File name is the name of the appropriate background file.
System responses with *. Type LT 19; LA File name; X FLR (1,256); LC CR
Nota: The above statement must be on 1 line. Also the file name is

the name of the standard file.
Type G CR
Anawer firs¢ question concerning Bkg (Iga Bkg correct?) NO CR
Answer yea to next question (8kg on disk or tape?)
Anawer any four digit number to next question (Bkg number?)
Enter acquisition time of Bkg in seconds
Enter acquiaition time of standard
Encer nuclide name, mass number, activity, halflive and daya atandard
ia to be decayed. Note: Use space base to terminate data entry.

Answer. No to compress standard ‘

Aseign and [.D. # to atandard type CR.
System asks if anocher STD is to be created. Answer yes or no.
If yes, system asks if Bkg ig okay. If yes, respond YES if no, ctype
CNTL C twice and repeat steos E through p.
If Bkg is okay, response YES then type Cncl C twice and repeat steps

f£ through p.
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Procedure t2 Turn off Leursment and Receaver Withouc Loaaine Proerams

 

Az Nigzne

1) Depress HALT buccton

2) Turn power aff to Te 29
2) Turn H.V. supoly off
+) Turn volrage to ) voles

Ia che Morning

3)
0)
7)

Turn on K.V. supply.

Increase H.V¥. to 1,000 volts.

Allow H.V. to stabilize for at least 30 minutes before acquiring

standards oc backzrounds.

3)
9)

10)
Li)

12)
ic af

13)

L4)

15)
15)

NOTE:

Turn TP SO on,
Depress thenm--release 300T button.

Release HALT button.

Type 9G. Compucer responds with ? 00 ate a line number.

Push MAP button on. (Lf it was on when operator started procedure, turn

£ chea back on).
Push main trace button on. (If it was om at step 8, curn tr off chen

back on again).
Type @G (CR).
Computer responds with COMMAND:

Operator is now running che ALPHA | program.

If the computer doesn't respond as indicated in step 11, the system

must be rebooted from TPOS-I.



AN investigation of the available inZormacion abour the autritional re-

quirements of infants reveaied a 1954 Marshall Islands study ov Murai (tu54).

Intakes of breast milk were mot recorded, nowever ner data for three

Sts . -l cosa ge 2 ze ~i .
indicated 51 ged of coconut fiuid for a 3 month old, 36 gd of coconut sap for

-l. ey: = vio. . :
a 6 month old and 100 ged of coconut fluid plus 150 ge of coconut emorvos for

an 1l month old. This information and the observed coconut product activity con-

centration shown in Table 6 provided an estimated coconut product mean and range

= toe . . . . - 137 .: ; L
of infant daily activity ingestion rate fcr Cs. It is also known chat cer-

tain components of the diet, such as doughnuts and rice, are made with coconut

fluid, however, this source of 37 Cs has not been quantified. Dose equivalenc

. . - . . . 137
commitment and body burden estimates from coconut product ingestion of Cs are

also listed in Table 5.

Finally, one whole body count of a four aonth old infant was attempted in

April 1978 at the parenc's request. Although the infant would not remain sta-

tionary during the counting interval and a calibration geometry had to be

13765 body burden of 0.29 -Ciestimated for such a small subject, the infanc's

ae - 137 . <
falls within the range of expected Cs body burdens as reported in Table 5.

Summary

Human milk and coconut products have been examined to determine their

dosimetric significance as a dietary source term for the infant residing on

tyes - ae . . 137
Bikini Atoll. The data indicates that a hypothetical maxinum Cs body burden

. +s : . . ses: 137
in the mother could noe cause an infance of this atoll to ingest surficient Cs

activity from human milk alone to yield an annual dose equivalent commitment -

. toe . . 137
that would exceed 500 mRem. However, the additional ingestion of other Cs

contaminated material such as coconut sap or the Zluid of the nut increases the

projected dose equivalent commitment estimates such that the nypothetical aver-

Ll



age intant axceeds an annual dose equivalence of 500 mRem. The data indicata

. . . 137 + . . . ae :
tnat a wide range of Cs daily activity ingestion rates are possible and that

‘

human milk is most likely not the major dietary item contributing to the infant

- 137, . . . .
pooulation Cs daily activity ingestion rates.

In addition to the dose equivalent ccemmitment calculated for the ingestion

137 . . :
of Cs, the external dose equivalent for the residence interval must de added

to determine the total dose equivalent commitment. Based on ionization chamber

measurements conducted from 1975 through 1977 (GR79), an infane (age 0-4 years)

would have been exposed to a net average external exposure rate of 10.1 UR/hr

during the residence interval 1 September 1977 to 31 aAuguse 1978. This ccrre-

sponds to a dose of 77 mrem due to external exposure.

Finally, through use of the methods presented here, it is possible to eval-

uate the expected body burden and dose equivalent ccmmitments that infants, age

0 co 12 months, will or have received through adequate sampling of the adult fe-

male population and the food products to be consumed.
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le 1

27 . ; i. ; .
May 1979 Cs Body Burden and Urine Activity Concentrations for

Lactating Female Population

 

 

 

May 1979

Residence Interval Date May 1979 Urine Activity
on 3irkinti Relocated to Body 3urden Concentration

ID# Atoll, Year “Majuro Atoll LCL 1Ci/i

6062 3 8/31/78 0.088 2.0

6098 4 8/31/78 0.18 N.D

4110 8 8/31/78 O.11- N.D

6187 298 8/31/78 *C.0016 N.D.

N.D. = No data available. Urine sample noc provided in May 1979 or sample

too small for analysis.
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Table 2

Radionuclide Concentrations in Marsnallese Human Milk Samples

 

137 a
Cs Acsivity

Concentration

in Yuman Mil

 

 

. 137
Sample Potassium Cs to 13’¢z Body

Volume, Sample Concentration, Activity Concentration, Surden Ratio,

LD ml Date ng/ml pCi/ml mi~}

6062 18 5/16/79 0.69 0.40210% 4.6x107°

6098 30 5/17/79 0.51 0.5326.4% 2.9x107°

6110 10 §/21/79 0.41 0.26221% 2.4x10°°

6187 27 5/16/79 0.45 <0.057 Nea.

NVA, Not applicable Control human milk sample contained no measurable
: _ 135

quantity of Li7es,

18



Physiolog:s+ ca
13

i and Radiological Parameters

‘Cs B0dy Burdens and Dose Equivalents

ple 3

wsed to Dect arnine

 

 

Parameters

Quantity Symbol Mean Range Units

Infant Milk
Ingestion Rate - 350 500 to 3000 ml/d

Potassium in duman Milk - 0.51 0.37 co 0.63 mg/al

Mass of Male at Birsh M 3.5 2.3 to 4.7 ke

Mass of Female at Sirth M 3.4 2.2 to 4.6 Kg

Mass oft Male at Age One M 10.4 9.1 to il.8 kz

Mass oc Female ac Age One M 9.5 8.2 to 10.8 <2.

Radiological Removal Race A 6.3x107% 6.2x107? to a7!
Constance 6.5x197?

~ . -3 ~4 -1
Environmental aemoval Rate x. ~1.67x10 ~4.68x10_) to d

Constant ~ 9.97x10

Compartment Deovosition x .13 -02 to .22 No Units
Fractious K> 87 .73 to .97 No Units

Phystologicai Removal Rate Ky 25 -33 to 1.4 d7

Constants, Males Ka 031 -026 to .043 d
Females Ks 025 6021 co .033 qvl

Adult Female Cs Body
Burden on 9/1/77 gq 1.13 0.27 to 3.66 WCi

137 - . .
Cs Activity Concentration in ;

tiuman Milx to !3’cs Lactating - 3.28x107& 2.36x1078 to alm*
Female Sody Burden Ratio 4.55x107?

Absorbed Fraction in Total Body
for 137cs .6616 MeV Photon
Emission in Infants g 175 ~15 to .20 No Units

19
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Instantaneous

~

1973

137 . , “ . ~
Cs Activity Ingestion Rate on 1 September 1977

and 26 April

 

l September 1977

livcs ACtivity
Ingestion Rate aci/d

26 April 1978

"Cs Activity

Ingestion Rate nCi/d

 

Population Mean Hizh Low Mean Hign Low

Adult Male 38 270 8.2 85 400 12

Aduit Female 22 100 5.7 32 150 3.4

Infants

ingesting only
human milk 3.2 10. 0.75 4.7 15 il

Iatancts

ingesting only
coconut products 9.96 18 0.82 14 27 1.2

20



Table 5

Total Body Dose Zquivalent Commitment and Body Burden at the

End of Residence from 1 September 1977 to 31 Auguste 1978
for Hypothetical Bikini Island InZane

 

Human ‘Milk Consumption Only

 

 

137 . L376, Total Dose Equivalenc
Cs Body Burden, HC1 Commitmenc, Rem

Mean Low High Mean Low ign

Male Infants 0.15 0.036 0.49 0.11 0.025 0.34

Female Infants 0.19 0.045 0.62 0.14 0.034 0.45

 

Coconut Product Consumption Only

 

Mean Low High Mean Low High

Male infants . 0.46 0.040 0.87 0.32 0.928 0.61

Female Infants 0.57 0.049 1.1 0.43 0.037 0.81

 

* e a

Total Milk Plus Coconut Product Consumpticn

 

Mean Low, High Mean Low High

Male Infants 0.62 0.076 1.4 0.43 0.053 0.94

Female Infants 0.76 0.094 1.7 0.58 0.071 1.3

 

a . . e . =

Does not include contribution to dose equivalenre from food products made
with coconut fluid, meat or sap.



Table 6

 

 

; -~, 137 . ; . tes ;
April 1978 Cs Average Activity in Ceconut Products at 31xial [sland

Coconut Fluid Coconut Meat Coconut Sap

Activity per unit 160 70 22

mass or volume aci mlm! pc1 gn! pci m7

Sample Size 12 coconuts L2 coconuts 2 liters
from 3 trees from 3 trees from 2 trees

¢ 22
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Standard Procedure for Air Sampling
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whole 3odyv Counting Cnerations Manual

Introduction

The enclosed material is designed to srovide basic information con=

cerning the routine whole body counting program at Brookhaven National Labora-

tory (3NL). The document is divided into several sections: selection crite-

tia, participant norificarion and areparation, electronic set-up, operational

procedure, program errar diagnostics, results-records, and system calibracion.

Zach section has been written to permit system evaluation and operation under

normal conditions. Limited discussion is given to unusual occurrences in the

following sections: participane preparation and program error diagnostics.



Selection Criteria
 

The whole Sody counting and urine anal-tical service programs area can

ducted under contract with the J.5. Deparztment of Energy for individuals liv-

iag on atolls or islands in the Marshall Islands chain which were radiolozi-

cally contaminated by the U.S. Mid Pacific Nuclear Weason Testing Program.

Individuals currently particivating in the program are residents of Enewetak,

Gjelang, Rongelap and Ucirix Atolls plus former rasidents of Bikini Atoll

curtently residing on Majuro Atoll, Jaluit atoll and Kilt Island.

Each atoll is monitored differently. At Rongelap and Utirik, the size

or the population participating in the program is approximately 29 individuals

per age and sex subgroup. There ara six subgroups consisting of male adulscs,

adolescents and juveniles plus female adulcs, adolescents and juveniles. The

nuaber 20 is the aumber of individuals required in the sample to provide an

estimate of the mean body burden at the 90% confidence limit. Normally, the

same population is sample overtime to determine any trends in the data.

For the former Bikini Atoll population, individuals who resided on

Bikini Island during the final two year residence intarval were nonitorad

until July 1980 to follow the decline of 137Cs in their bodies. Speciai

interest was given te individuals present on Bikini Island during the 3NL

April 1973 field survey and to individuals who were present at the time of the

Bikini population resetclement in September 1978. It is unlikely that these

tadividuals will be monitored again relating to the 3ikini experience

1969-1978. However, persons participating in the repatriation of Eneu [Island

which is to commence in 1981 will be monitored initially on a six month basis



wnhien fs to coincide with the oroposed six nonth residency period on Eneu

Island for the forner 3ixini Islanders. The srecise monitoring frequency of

the tneu population subgroup will be determined from che inicial body burden

levels by the Department of Energy.

At Znewetak and Ujelang Atolls, the encire population is monitored. The

frequency of monitoring Ls once per vear and this zonitoring schedule is ex

pected to continue at least uncil the indizenous food oroducts amature.



Particioant Notification and Presararcion

The 3NL Marshall Islands Radiolgical Safety Program advises DOE and 201

as to the frequency that persons residing on contaminated atolls should de

monitored. Once the frequency is decided, the program is implemented. The

following table lists the atoll, frequency of monitoring and aumber of

individuals in the populacion that are monitored.

Table l

Atoll Frequency Number in Atoll

Enewetak-U jelang - Yearly 400
Rongelap Bi-yearly 100

Ucirik Bi-vearly 100

3ixint Semi~annual Number aoc deter-

mined but would con-

sist of population

residing on Eneu

Tsland

The normal procedure to initiate a mission is to register the proposed

trip plan to the Pacific Area Support Office of the Department of Energy.

Cnce informed of the proposed schedule, PASO will notify the appropriate local

and federal auchorization of the Marshall Islands government. £ changes in

scheduling are necessary, they are usually accomplished at this time. The

PASO representative is always the official link between 3NL and the Marshall

Islands people and government both prior to and during a field trip.

Upon arrival at the designated atoll, a local meeting with atoll author-

ities is required to inZorn the local sersonel of the field trip plans and

scheduling. This serves as a question and answer period for the people parti-

cipating in the monitoring program and is an important aspect of the success~

ful completion of the field trip.



Peocedure £9 Casv Data or Program Diskettes
~

The operators nave deen provided with 2 copies of all program and sctand-

ards diskettes. These diskettes or all data diskectes can be copted using the

following procedure. Oata discxettes should be filled with 65 spectra before

requiring duplication (the physical Limit is 72 spectra). A complece explana-
tion of the disk duplicarion process tan be found in text, “T2O0S Li/TP50 Basic

Use,” Appendix — Disk duplication:

) Oeoress HALT button
) Insert TPOS [I diskecte
}) Release HALT button
) Depress BOOT button then immediately raléase bucton
) Wait for TPOS tI cto read into the computer

5) After disk unic has been addressed twice (red light goes on and off
twice) type Control C twice
7) Computer responds with “ON >
3) Operator types: SET PAR = 18 (CR)
9) Disk unit is addressed twice

10) When disk light goes off for the second time, type Control C twice
tl) smputer responds MON >

D
u
o

&

 

l2) Operator types: {COPY (CR)
12) The computer now reads ia the progran to copy inrormacion
14) Operator now follows this sequence

CPU OQverator

iCOPY > TX: = TX: (CR)

INSRT INPUT (Operator inserts data or program diskette which
ts to be cepied and then types (CR).]

INSRT OUTPUT [Operator inserts a zeroed diskette and tynes CR)

INSRT INPUT (Operator inserts diskette to be copted and types

(CR).]

INSRT OUTPUT (Operator inserts zeroed diskette a second tine
and then type (CR).]

INSRT INPUT {Operator inserts diskette to be copied and types

(CR).]

INSRT OUTPUT [Operator inserts zeroed diskette for third cine
and types (CR).]

ICOPY >

15) The ICOPY program takes 3 passes to copy one diskette to another.
16) The operator can copy another diskette with ICOPY by iuse repeating the
process in step 14, .
17) When finished, operator can either power the unit down or load in TPOS I,
CURMOV, ALPHA 1 and standards.

NOTE: Any diskette which is to be copied should be write protected. A second
,commenc is that the diskette which shail be used as the copy must be zeroed
but noc formated.

Formated diskettes are used exclusively by the ALPHA | program while
Parenad Adsebsae rae sea ceed mee TOABVY 2m fc 2



Procedure £9 Move Cursors

The procedure peraits che operator to mave the cursors larzge distances

quickly and should be used prior to loading ALPHA 1.

1) With computer in the interactive mode (comouter has responded with an

asterisk) type the following series of commands:

ceu Operator

* X  FCUR (2, 1157) (CR)

* X  FCUR (1, 1090) (CR)

x

2) Continue loading ALPHA | program. If ALPHA 1 was running when the
ocerator decided to move che cursors using these commands then type: G (CR).

This returns the operator to ALPHA | at the COMMAND postition.

Note: The general format to move cursors is X FCUR (CN, CH) (CR)
where CN = cursor number (| = Llefc, 2 = right)

CH = memory locacion where operaror wants the cursor.
Cursor 2 can never Se to the left to cursor 1. Likewise, cursor | can
never be to the right of cursor 2. If the operator accidentally

positions the cursors illegally, the operacor will receive an error

code.



Precedure co Format Diskertctes
 

This procedure aust be executed before TIL programs or data can be

stored on the diskette:

lL) With computer in the interaccive mode-(If operator fs running ALPHA 1,

tne operator can get into tne faceraccive mode by cyping Control C several

times. ‘When che operator gecs an asterisk instead of the word command, che

computer ts in the interactive node). The operator inserts a zeroed diskette

idnco che disk drive chen types the following command sequence:

CPU Qperator

i
Lris (CR)

* L FM (CR)

disk drive turns

x

2) Repeat process to format as many disketces as desired.

3) To return to program, type: G (CR)



Procedure to Zero New Diskettes
 

This procedure Ls necessary co allow new diskettes to be used for

copying oc formating with TIL proyvcams or data:

1) Press HALT button on computer.
2) Insert TPOS LI diskette into che disk unit.
3) Release HALT button,
4) Press booc button. (This {Ss a momentary switch. Press it in, then

release it).
5) Wait for computer to instruct operator to type Control C twice.

6) Type CNTL C twice.
7) Computer response with MON >.
8) Type che following sequence (For a complete descripcion, see TPOS
II/T2-50,Basic use manual Appendix F).

CPY Overator

MON > ZER (CR)

ZER > (Operator now inserts diskecte to he zeroed then

type). TX:/CLR/OSZ:2/FOR (CR).

ZER > (Operator now inserts the next diskette to be zeroed).

TX: /CLA/DSZ:2/FOR (CR).

ZR >

9) The process is repeated until all diskettes ara zeroed.

10) When finished, type CNTL C twice.

11) Compucer responds with MON >.
12) Operator may now run other TPOS II programs or reB8ooc the system with

TPOS ft.



r
N

1.5 TEAS ZROG9 MESCAGTS

-
hcrregjs tumbers for TPOS are organized in arnuns. Errors 4 througn 19 are

Til errors, errors ¢@ through 79 ara Library errors, and errors 29 and uo

ara TF2S errors. (For discussion of TIL and Library errors, see sections

3.8.1.7 and 3.8.1.2, respectively, of the TIL User ‘tanual.) TPOS errors

ara’

239 Tl}lecal numerical argument (tco large, tea small,
or wrong base). .

73) [lle 7-1 "U" command (may also cause 774). May be
caus . by an attempt to issue the "!! E n" cammand
while list mode is turned on.

732 ADN-} ADC error,

233 "UZ" command not understood.

734 More than 20 FOLY's pending.

235 Isotype table exceeded.

When on error is encountered in a FOCAL program, an error message is typed
on the teletype in the following format:

701 AT 3.52

The first number given is the error diagnostic. The second numberis the line
number at which the error was encountered, The following isa list of the
standard FOCAL error diagnastics, followed by diognosties for the HYCCUPS
extensions and the Library. Note that diagnostic numbers 23 through 27 cre
used in both the Library software and the HYCCUPS softwore.

FOCAL-11 Stenderd Error Diagnostics

700 Monval restart from location 0 or by CTRL/C

201 legal fine number

702 legal variable or function name

703 Unmatching parentheses

204 Hlegel command

705 Non-existent line number

706 Non-existent group or line number in *OO*

"307 egal format in *SET* or *FOR*

708 Double or missing operators in expression

209 Stack overflow or non-existent device

210 Core filled by text ar command line too long (0)
15



4.] (Continued)

71)

212

213

714

215

716

217

—?18-- ~ Input bufferovedlow

FOCAL-11 Standard Error Dicqnostics
 

Core filled by variatles or no room for varicbles (0)

Exponent range greater than £2 28 (a) |

Disallowed bus address in "FX" (0) |

Division by zero attempted (r)

Attempt to exponentiate to a negative ower or power too large (r)

Too many characters in input data (r)

Square root of negative number (r)
eeeeee

se .

(0) indicates operational error

(r) indicates a run-time ermr

723

224

725

226

927

710

720

22)

. 722

723

224

725

2726

927

728

229

“ HYCCUPS Dicgnostics

Cursor number not | of 2

 

“Unrealistic arguments in "FZER"

Iegal thumbwheelor rotory switch

Run time given too large for 25 bits {

Origin given is too large or ADC input not 1 to 8

’ Library Diagnostics
aed

f ° Attempt to read a program line longer than allowed

Non-existent library function.

Open orstore with previously used file name

Open, store, ask, or in command whena file is already open for outcu'

Library function containing non-existentfile

Attemptto kill or write when file 1s not open for output

File name missing on library function

Directory full (no more opensor stores allowed)

Hardware error on read or write

No more storage space, or attempt to read beyond end of file
(normal entry for "in" on file not terminated with an asterisk)

Hardware error on write, or attempt to write beyond end of medium

(
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SULLEARY OF ARPGR CODES

Incerpretacion and sugsested respuase.
/

Manual restart from 9 of by CTRL, C. [fF operator exited

Alpha 1, return to program by typing U (CR),

Tllegal line number. OQperator has tried co write a

program line at an illegal line nummer, Check avail-

dbie Line numbers in TPOS manuals.

CLlegal variable or function name. Upercator has used

an non-existent function. Check function table TPOS

manual,

Unamatching parenthesis. Operator has noc closed all

Open parenthesis in arithematic or function statement.

Try again.

Tllegal command. Operacor should try incended command

again.

Non-existent Line number. Operator has told program co

execute a line that does not exist. Check line number.

Tf Line number should be there and 1s not, reload pro-

grag.

Non-exist group or line number in “DO” Loop. Check for

line number. If presenc, try “DO” scatament again
otherwise reload program.

[llegal format in “set” or “for” statement. Operator
has not followed programming formac. Check FOCAL pro-
gram book for formac.

Double or missing operators in expression. Operator

should check program line for program errors.

Seack overflow of non-existent device. There are only

2 error codes which should cause major concern. This

is one of them. There are infinite possibilities when

this could occur. The nore like ones are listed below:

a) When this error occurs at step 14 of the startup
instructions it means a device (ADC, mini-Floppy or
memory) {s aut resvonding to the unibus signal.

Usually you know if the nini-Floppy is working since

chat 1s how TPOS I was Loaded or if core memory is

being addressad (TPOS I won't load if the memory does

noc respond to che unibus signal). Also the disolay

and TTY pad work or again you would noc have loaded

TPOS L. This leaves the ADC. ‘shen ? 09 occurs at steo

check the variuodle dip switches on che 1505 and

s

te
any

1§0h boards. If these ara set incorrecetty or if the

1504 chrcugn 1506 20ards are bud, vou get the 7 09 at
edgy
a



> 39 at

? 10 at

? ll at

through ? 19

? 20 at

? 21 ae

b) A memory dvard, controller noard, ADC board, are.,

tails and then che device ts addressed will also cause

a ? 09, Concentrate’repair efforts on the device se-

lected thac gave ? 09,

c)} A non-destructive and acceptable ? 09 occurs when

you manually zero ADC memory from channel 1281 co 1535

using the zero button and the visual display. Return
co the program by typing G (CR).

Core Filled by texc or command line too long. This er-

ror occurs frequently due to operator earrorcs. If the

operator fails co execute step 18 in the ftastruction
maual before loading tn Alpha 1, an error 10 will ocm

cur, The only way to correce this problem {fs to start

over again ac step 8, The other occurrence of the er-

ror is when memory fails during execucion of Alpha l.

Replace bad memory board.

These are standard errors not normally encountered. If

encountered, they would occur during analysis of data

under the Alpha 1 program. The problem would aost
likely be thac che specerum being analyzed is composed

of all zeros. This would occur if the operator stored
che spectrum from Inpuc #2 tnstead of Inpuc #1. The
solution is to verify the existence of a valid spec

trum. [f one exists analyze spectrum on second systen.

tf you get che same error code then the specrrunm is
faulty. Acquire a new one. If the spectrum {fs cor-

rect, reload TPOS I, CURMOV, ALPHAl and standards on

system where error occurred.

Non~wexistene Library funetion. You should never en-

counter this error.

Open or store with previously used file name. This is

a common error and simply means that the operator has

attempced to store 2 separate data files (spectra) with
the same 4 digit [D,numbers. Solucion: Ist, the

operator should ty e°6 (CR). This will puc the
operator back into the Alpha 1 program act che COMMAND:

location. The operator can now type “Files” (CR) and
determine when the duplicate number occurred or type

“SAMPLE” or “BACKGROUND” (CR) and attempt co "STORE"
the daca file again, but with a different number.

Open, store, ask or in command when a file is already

open for input. Opverator will not see chis error.

Library funccion containing non-existent file name.

This {3 a common error made by all operacors. The

error code simply means: a) the diskette in the disk

drive is the wrong one or 6) the operator never

scored a file with che specified number on it. Solu-
tion: First check co dececmine if the correct disk-

eCte has heer inserted in the tape drive.



? 23 at

7 26 at

? 27 at

? 28 ac

7? 29 ac

2? 31 c- ? 35

This £3 the nost common operator aistake. Insert the

correct diskette then tyne “G (CR).” This will place

the operator back in Alpha 1 COMMAND: mode. The ooer-

ator then tries to récall the soectrum again. Lf the
correct diskette is in the disk drive, chen either the

operator entered che wrong file number or never ra-

corded the file. Check to see if the file exigts on
the diskette by typing “G (CR)” (which places operator
back in the COMMAND: mode) and then FILES (CR):.

Attempc fo KILL or WRITE when on file is open for ouc-

puc. This error should not be experienced.

=
Directory inf full. The operacor may encounter this

error if he(she) attempts to store more than 72 files

(spectra) on a diskette. Normally, this error means

that the file which che operator tried to store has not

been stored and must be stored on the new diskette.

dardware error indicated on read or write. This error

occurs under several cases: 1) Operator tried ta :

store data on write srotected diskette. Place unpro-

tected diskette in dis« unit. Type “G (C2)"“ and try to
scare or recall data again. 2) Operator has inserted
disk with wrong orientation. Remove diskette and

insert properly. Type “G (CR)” and try to store or
recall daca again. 3) The disk controlled is
malfunctioning (board by aua bin). Operator should
type "G (CR)” and try to store or recall data again.

The controller board occasionally malfunccioning on its

own. Thera is no real significance to the problem un-

less it becomes a nuisance. (For example, one or two

error 27s per 14 hr day is normal). The firse solution
is co open che TP~30 cop and allow nore air flow to the
controller. If this does not solve the problem, re-

place controller board. Note: An error 27 means no

data was stored or recalled.

Attempt to read file beyond last character or program

file not auto starting. Operator should see this error
when reading in PMADJ and CURMOV programs.

Hardware error or write or attempe co write beyond the

end of medium. Operacor will see this error if he(she)
cries to store more than 72 daca files on a diskette.

Lllegal numerical argument. OQperacor will frequent-

ly see this error in Program ®MADJ. Error code just

indicates that several OMA devices required data trans~

fer simulcaneously and one device received erranc data.

To concinue ctype “G (CR)”.

Error codes noc applicable to current use.



Results

The results generated by the computer indicate the microcurie quantities

of the radionuclides that are present in/on the individual. The computer an-

alysis technique used to resolve pnoto peaks from a Nai (T1) detecror is a

weighed least squares fitting technique. This approach has been chosen over

manual spectrum stripping or photo peak regression analysis because the tech-

nique provides operator independent results, sufficient informacion to de-

termine 1f a significane radionuclide has been missed and accurate results for

positively identified radionuclides when all nuclides present ia the sanple

are not present in the nuclear library.

There are limitations of this analysis software (Alpha T). It is a

nuclide specific analysis technique with a limited nuclide library (12

nuclides). This means that to properly analyze a spectrum, the operator aust

first know what are the possible components of the spectrum, have calibration

standards for those nuclides, and then select the proper nuclides to be part

of the analysis package. The system is also somewhat geometry sensitive. No

geometric corrections are applied to the data other than those made by selec

tion of proper calibration phantom size. Consequently, individuals who

significantly differ from the standard man, adolescent or juvenile phantom

used for system calibration may have their body burdens be in error by several

percent. This error is not included in the counting error which is reported

with each result.

In addition, under routine operation, any positively identified nuclide

is assumed to have entered the body by the ingestion pathway. For purpose of

dosimetry, the exposure is assumed to follow a constantly increasing or de~

creasing uptake scenario and the committed dose equivalent is computed based

on the measured body burden, retention functions and cumulated activity

7
s
,



values (S$) found in MZRD LL or ORNL/NUREG/TU-190
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Records

Whole body conting results are reported to the Department of Eners7

within 45 days following a field trip. Dose equivalent commitments are re-

ported periodically as the need arises.

Whole body counting results are recorded in the daily equipment opera-

tions log, ia an individual record log and in the personnel dosimetry data

base. All results are to be considered as private, but are avaiable to the

individual upon request.
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2. Portable Hi Vol Saiples

These samples will be used to assess local resuspension mediated by
human activicy. The air samoling equipment is usually operated ac
selected sites in the field wnile the survey ceam is on station, and
removed when the survey team leaves. The equiomenct consists of A. C.
operated high-volume blawer coupled to 8 x 10 inch filter media (usually
glass fiber).

The samplers should be installed as close as possible to people wark-
ing in a defined area, and chey should be biased toward the downwind side

of the work area. If possible, the samples should be operated only during

periods of human activity. Flow races and operating times musc be logged

to determine the total volumes of air samples. This equipment must be powered

by portable electric generators in the field.

3. Aerosol Particle Sizing Samsies

Two high-volumeAndersen cascade impactors are available for particle

size-selective air sampling. These samples will be used for assessments
of che respirable fractions of resuspended aerosols. Two cascade impactors

are available: a 4-sctage unit coupled co a standard Hi Vol blower, and

a 5-stazge sampling head which aust be operated with a positive displace-
menc pump (such as tne Roots Slower, in the fixed-stacion sampling equipment).

The specifications for the cascade impactors are listed in the cable below:

 

Jet Place No. Effective Cut-off (um-MMAD)
1-1 7.0 :
2-3 3.3
3~4 2.0
4-5 1.1

"Special (5-stage only) 0.43
5-8 Collection Plate Only

Backup Filter 1.1 (4-stage) or

0.43 (5-stage)

The 4-stage unit must be operated as a porcable air sampler while the survey

team is on-station; and it is genérally operated in association with the
portable Hi Vols. The S-stage impactor has anodized jet plates, and may be

operated in the field for extended periods of time. Long-cerm sampling is
desirable to perform radioassays of aerosols at very low activity concen-

tracions.

Secup and Calibration or Instruments

lL. aAndersen Cascade [mpactor

{a} Cleaning of the Orifice Collection Plates

i. clean each plate with a mild detergenc and warm water “

ti. rinse the plates with acetone or alcohol to remove (

the water
iit. handle the plates ac all times by che edges to prevent

gecting =xia oil on the orifice and collection places;

make sur. the holes ara noc plugged



4

Standard Procedure for Air Sampling
Marshall Island's Radiological Safety Program

A. Purpose

An air sampling program has been establishel to identify and quantify

radioactive aerosols on the village islands of iikini, Rongelap and UJcirik

Atolls. It is felt that these aerosols are gen:rated primarily through
resuspension of radioactive materials in local .oils; and that resuspension

processes are mediated by the wind and by human activities. The program is

designed to characterize seasonal variations in airborne radioactivity, and

to determine annual average concentrations from which dose commitments via

the innalation pathway can be derived.

B. Sample Types

Three types of air samples and associated s.mpling equipment will be
used in the air sampling program. They are (1) fixed station high-volume

samples, (2) porcable high-volume samples and .3) aerosol particle sizing

samples. Each of these is discussed below:

1. Fixed Scacion Hi Vol (or "HASL") Sample.
 

These samples will be used to assess tine averaged concentracions

of down-coming fallout and wind mediated re:iuspended aerosols. The
sampling equipmenc consists of a Rootspositive displacement blower and

a l hp mocor powered by 110 vac Line source;, or by D.C. bactery banks
charged by wind-oowered electric generators This equipment is an
adaptation of the HASL desizned air sampler used for world-wide fall-

out monitoring. The sampling head consists of an 8" x 10'inch filter
holder coupled to four parallel Unico cyclone preseparators which remove

particulates greacers than about 5 pm MMAD. A dry gas meter in the

sampling line incegractes the total flow during the sampling periods.

The samplers are designed to run semicontinuiously for 1 to 3 months

between sample changes

As of October 1977, fixed station samplers were installed at the

following field stations:

Location - Purpose Power Source
Kwajalein Is., Bldg. 835 Control A.C.
Roi-Namur Is., LOCB Control ALC.
Bikini Is., Community center Expe'l , D.C.
Rongelap Is., Athletic Field Expc'l D.C.
Utirik Is., Athletic Field Expe'1 D.C.

A sixth air sampler modified for aerosol particle sizing is available

to be operated as a temporary fixed-station sampler. This A.C. unit

is powered by a diesel eleceric generator.



(b) Arranging the Assembly

i. Place a circular gasket on the interface; place
dusting tale on the top and boctom side of all
gasket to minimize adherence to the collection
Paper.

ii. Place plate 5 on top of the gasket.

iii. Next place a tared collection disc (configuracion
#2) on plate 5. Be sure all collection substances

are placed on the plates with the rough side up.
Next, place another gasket, plate 4, a tared

collection dise (configuration #1), and so on until

plate 1 is in place.

iv. Next, place the thick washer, recessed side down on

the bolt. On top of this washer, place the thin
flat washer and then the speedball handle.

v. The sampler is now ready co be interfaced with the

standard High Volume Sampler.
vi. Place a tared 8 x 10 backup filter in the high volume

holder, place the rectangular gasket on top of the

filter and interface with the impactor.
vii. Hand cighten all four corners of the interface plate.

with che wing nuts so chat no leakage occurs.

(c) Adjustment to 20 cfm

i. Open both ends of che manometer and connect one end

to the brass fitcing on the interface plate with the

rubber tubing applied.

Li. Adjust che manomecer reading to 6.0 inches (verify)
by the use of the variac. This pressure differential

corresponds to 20 cfm

2. High Volume Air Sampler

(a) Calibration at the Shop

i. The manufacturer calibration curve may differ by as
much as + 10% from calibration curves generated by

using -che calibrator sec at BNL.

ii. The field flowmeter previously used will be changed

to a magnehelic pressure gauge with range from 0-2
in Hg. A calibration curve will be generated for

will be generated for the latter.

(b) Out in the field, just observe che pressure reading once

in the morning and once in the afternoon daily. This is
to record the effect of loading. If there reason to doubc
the flowrate due co special occurrences, e.g. power shut-

off, read the pressure reading again.

(c) The power to be used ouc in che Field will be either the
gas fired generator, ship power, or conventional A.C.
euclecs. Be sure the necessacy cables and adaptorsare

nresenc.



(d)

(e)

(£)

HASL

(a)

(b)

(c)

(d)

The fuel for the gas fired generator is supplied by two

5 gallon tanks of gasoline; it was found thac this 10 gallons

of fuel could provide the generator with power for approxi-

mately 16 hours. Noce: Check daily oil level; make sure

the oil is clean; and that the generator is not overheating,

etc.

The Hi Vol is equipped with an elaosed time meter to indi-

cate the amount of time the sampler was run. Note that
after each operation.

From preliminary data, it was found that continuous Hi Vol
sampling ac the indicated time for each island could provide

the necessary amount of Pu activizy in the filters.

Bikini--ac least 2.5 days tocal
Rongelap--at least 4 days total

If the filcers are only to be analyzed gravinecrically,

2.5 day samples act each island would be sufficienc.

Sampler

Record che reading on the Drv cas Yeter. Also record the

“pressure gauge reading anc fill o.t¢ the information asked
for in the index card, e.g. dace, oil change, etc. AFTER
REMOVING A USED FILTER AND UPON PLACING A NEW FILTER.

The filter to be used is microsorsan with a backing paper

between the filrer and the screen of the blower unic. It

has a plastic frame to prevent adherence of the filter

Paper to the gasket. Upon removal of a used filter, care-

fully remove the plastic frame and fold the filter in half

then in quarter and place in a preweighed glassine enve-
lope. Attach the index card with the necessary informa-

tion and place in a plastic bag.

To verify optimum time for HASL sampling, the caretakers at

Rongelap, Bikini and Ucirik will have to be requested to

Note the pressure gauge reading once a week. This informa-

tion plus the requirements of minimum detection limits will

decide optimum sampling time.

Tentatively, HASL samples will be lefc ac the following

places for this lengch of time for both the cyclone separator

Bikini 1-3 conchs
- Rongelap 2-3 months

Uctrik 3 nonchs

Kwajalein 1-3 zonchs

and che filter papers. Place che contents of the cyclone

separators in separate glassine envelopes.



D. Air Filters

Only the glass fiber filters are weighed. They are assayed zravi-

metrically for mass loading as well as chemically for Pu accivity. The

microsorban filters are jusc evaluated radiochemically for Pu acrivity.

Weighing Procedures:

l. Place the air filters on the racks and heat overnight in the

large oven in Joe Steimers’ lab (sec at 80°C).

2. Let oven cool for at least 4 hours witn dessicant at the bottom

before weighing the filters.

3. Use the baffles actached £0 both side vindows of the Mettler

balance in Joe Steimers' lad. Weigh the filter, the necessary

glassine envelopes.

4. Make sure to weigh and store in a safe and clean place CONTROL

samples of all types of filters and glassine envelopes.

Note: The rationale for the glassine envelope is as follows:

Should the sample flake off from the filter while
handling and shipping in sizable amounc, the enve-

‘lopes are analyzed along with che filter.

5. The same procedure is used for analysis of filters after use in

the field.

Soil Sampling Associated with the Air Sampling Program

l. HASL Sampling

Take two 2.5 cm downwind and in frone of the sampler for soil

moisture determination. Label with date, location, etc.

Package sample securely in a plastic bag. Place bagged sample

and label in a second plascic bag.

2. Hi Vol Sampling

(Same as above).

3. Andersen Cascade Impactor

Do the same as above only if the ACI will be sampling for an

adequate amount of tine for radioassay for Pu activity.



Criteria for Location: (Tentative--before F.C. comes up with her
extensive desizgn of experiment)

1. High Activity

2. Where People Are: Human Activity

3. Downmwind of Highly Contaminated Areas

Suggestion for Hi Vol and ACI sampling for this March trip

Bikini--see LLL soil activiry data sheec (esp. Pu acrivity)
Area 4 and Area 1 ineerface will give high Pu activity

and high human activity. Make sure sampler is downwind

of highly contaminated area.

Rongelap--Northern Island if possible or else Rongelap Island

where the women bring their clothes to wash while they

chat.

Ucirik--place where the church and council building and where

people live is located

Kwajalein--anywhere there except the first sampling site--by

the Reef Bachlor/s quarter



Protocol for Urine Bioassay Sample Collections

Marshall Island's Radiological Safucy Program

A. Purpose

Radiochemical analyses of urine are used to determine the excretion rates
of radionuclides from individuals living in areas affected by the Pacific
Testing Programs. The results of these analyses will be used to:

(1) estimate body burdens of 99sr, 239,240pu, and other radionuclides
which cannot be determined with in vivo counting techniques,

(2) provide independent estimates of body burdens of gamma emitzrers

(such as 137¢5) which can be determined by in vivo councing, and

(3) provide an indication of the extent to which restrictions on

certain local food items are being followed.

B, Sample Types

Three types of urine samples will be used in the bioassay program. They
ara (1) single void "grab samples", (2) 24-hour urine samples, and (3)
large-volume samples comprised of several 24-hour samples. Each of these is
discussed below.

(1) Single-void "grab sample"

This is the least desirable type, but it is also the easiesc type
to collect. Grab samples are useful for estimates of Sr and Cs excre-
tion rates, but 24-hour samples are definitely preferred. Laboratory

limits of detecrion are, in part, a function of sample volume (total

activity per sample). A practical minimum sample volume is 200 ml.
Attempts should be made to collect more than one voiding, if possible.

(2) 24-hour urine sample

This is the preferred type of sample for routine urine dioassay
(except for alpha-emitters). The sample volume (500 to 1500 ml) should

be adequate for Sr and Cs radio-assay, and analytical results can be

directly compared with published excretion rate data for estimation of
body burdens.

(3) Large-volume sample

Because of the limitations of radiochemical and counting procedures,
large-volume samples (>5000 ml) musc be collected for bioassay of trans-

uranic nuclides. Typically, these samples will consist of five or more
days of aggregate 24-hour urine collections. Special precaucions muse
be followed to minimize the possibility of sample contamination with

extraneous material (primarily "local" dust and dirt).

C. Sample Collection Procedure

(1) 24-hour urine samoles and sinele-void samples



Provide subjecre with a one-liter or larger plastic botrle which

has been pre-treated with thymol preservative. Note subjects name,

location, date and time on sample bottle. Instruct subject to void

and empty bladder just before beginning sample collection, and co

wash hands before each successive voiding inco the sample concainer.

Collece all urine for the nexe 24 hours in the sample concainer,
including a final voiding to empty che bladder just before returning

the container to the field-trip team or its representative. Note
date and tine of final voiding.

The same container may be used for single-void samples. Ask
subject to wait until he or she has to urinate, wash hands, then
void into concainer until bladder is empty.

(2) Larzge-volume samoles

Provide subjece with a 24 gallon or 5 gallon “cubitainer" or simi-

lar plastic container which has been pre-treated with thymol. Note

subject's name, location, dace and rime on container. Instruct subject

to void and empty bladder just before beginning sample collection, and

to wash hands before each successive voiding into the sample container.
Collect all urine for the next 120 hours (5 days) or longer if possible
(maximum: 10 days). Just before returning the container to the field-

trip team ac the end of the sampling period, the bladder should be
empcied in one final voiding. Note the date and cime of the end of the

sampling period on the container.

D. Sample Container Preparation, and Post-Collection Treatment

All sample containers should be "pre-treated" by adding 15 ml of 10%

thymol solution in alcohol. The solution should be swirled in the conrainer
to completely coat the sides, and the top should be left off until the alco-

hol evaporates leaving a dry chymol residue coacing its inner surfaces.

After sample collection, 10 ml of concentrared HNO3 should be added to
each container per liter of urine collected. Sample volume may be estimated

The amount (volume) of HNO3 added and date should be noted on the sample

container. The container may then be sealed and packed for shipmenc to BNL.

Upon arrival at BNL, the sample volume and pH should be measured, and
additional coneentrated HNO3 added to adjusce the pH to ~2.0. The samples

may then be submitted for analysis.
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RADIOCHEMICAL ANALYSIS OF URINE, TEETH AND MILK

URINE BIOASSAY SAMPLE COLLECTION AND RECEIVING

Radiochemical analyses of urine are used to determine the excretion rates

of radionuclides from individuals living in areas affected by the Pacific

Testing

1.

Programs. The results of these analyses will be used to:

estimate body burdens of 905, 2395y, 2405, and other radionuclides

which cannot be determined with in vivo counting techniques,

provide independent estimates of body burdens of gamma emitters

(such as 137Cs) which can be determined by in vivo counting,

provide an indication of the extent to which restrictions on certain

lecal food items are being followed.

Sample Types

Three types of urine samples used in the bioassay program are:

I. single-void "grab sample". This is the least desirable type, but it is

also the easiest type to collect. Grab samples are useful for esti-

mates of Sr and Cs excretion rates, but 1 Liter samples are definitely

preferred. Laboratory Limits of detection are, in part, a function of

sample volume (total activity per sample). A practical minimum sample

volume is 200 ml and attempts should be made to collect more than one

voiding if possible,

one liter urine sample. This is the preferred type of sample for rou~

tine urine bioassay (except for alpha-emitters). The |! liter sample

volume is required for Sr and Cs radioassay and analytical results can



be directly compared with sublished excretion rate data for estimation

of body burdens,

3. large-volume sample. Because of the limitations of radiochemical and

counting procedures, large-volume samples (>5000 ml) must Se collected

for bioassay of transuranic nuclides. Typically, these samples will

consist of five or more ys of 1 Liter urine collections. Special

precautions must be followed to minimize the possibility of sample con-

tamination with extraneous materiai, primarily "locai" duse and dirt.

Sample Collection and Receiving

Provide the subject with a clean 1 liter polyethylene bottle. Instruct

him/her to empty the bladder just prior to sample collection, to wash his/her

hands Ddefore each successive voiding into the sample container and to coliect

all urine passeduntil the sample container is filled.

The 1 liter container may also be used for single-void samples. Instruct

the sudject to wait until he/she has to urinate, then give instructions to wash

hands and void into the container until bladder is empty. For larzge-volume sam-

ples provide the subject with 5 or more 1 Liter bottles, using the collection

procedure as indicated above. The subject must collect all urine voided for cne-

next 3 - 10 days until all of the bottles are filled.

After samples are submitted to the field trip team 15 grams (1 Tablespoon)

of boric acid are added to each liter.

Large-volume samples intended for plutonium analysis must be acidified with

10 ml of concentrated HNO, per liter of urine and the date noted on the bottle.

n
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Containers are to be labeled with the following information at the time of

collection:

1. name of individual submitting specinen,

2. date of collection,

3. person's identification number,

4. location of sampling,

5. sex.

Prior to laboratory analysis, all sampie information must be entered in the

bioassay log and samples are to be assigned a sample analysis idencification num-

ber.

URINE SAMPLE PREPARATION FOR PHOTON SPECTROSCOPY

Sample volumes and pH are measured and recorded. The pH should be adjusted

to 2.0 with concentrated nitric acid. If sample volume is sufficient then 300

ml of each sample is to be placed in a 300 ml capacity sealable can (8 cm diame-

ter x 6 cm height), labeled and gamma scanned. Lf sample is less than 300 al,

dilute premeasured volume to capacity with distilled water and scan.

Samples are counted on a large volume lithium-drifted germanium detector.

Data output for each sample is processed, stored and analyzed using a computer

based multichannel analyzer. Sample counting time, usually 6,000 to 10,000 sec-

onds is determined by the sample activity concentration. Data are analyzed by

standard nuclide identification software for photon emitting radionuclides,

Data analyzed prior to 1981 used a peak search routine as developed by Cast of

LASL and Aebersold of Tennecomp Systems. Subsequent data have been analyzed

using software developed by Nuclear Data (Report #48-0004). The MLD's for a
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19,000 second count for !3’cs and 49K are 2.5 and 35.0 pCi respectively.

Pocassium-40 is a naturally occurring radionuclide and is normally found in

urine at concentrations of 1500 pci/2% = 30% (one standard deviation). Following

. . . . 90.
amma analysis, sample aliquots are returned to the original sample for Sr

w } ~ q o

9
and/or 23% 5K analyses.

SAMPLE PREPARATION FOR 7052 ANALYSIS OF TEETH AND MILK

Reagents

8 .
> strontium Tracer

Strontium Carrier

Yttrium Carrier

 

 

 

 

 

Cation Exchange Resin 50W x 8
Nitric Acid Conc.

Nitric Acid 8N
Hydrogen Peroxide 30%
Hydrochloric Acid Conc.
Hydrochloric Acid 0.08N
 

Care should be taken to record all fresh and dry weights on all samples

from which water is removed. The following procedure is to be performed on milk

samples:

85.1. to al liter sample of milk add 1 al of r tracer, 40 mg of strontium

carrier, 40 mg yttrium carrier and stir,

2. add 40 grams of washed 50W x 8 cation exchange resin and stir for at

least 30 minutes,

3. allow the resin to settle overnighte,

4+. remove the milk with suction, taking care mot to disturb the resin,

5. wash the resin with 400 ml of distilled water and remove it with suc-

tion, discard the milk and wash water,

_



oo
¥

LO.

add 400 ml of 8N HNO 5 to the resin and stir for at least 30 minutes,

filter the acid through a Whatman #42 paper and wash the resin with

three 50 ml volumes of 8N HNO

evaporate the acid solution to dryness, add 50 ml of 304% 4,0, and evano-

rate to dryness,

cood and dissolve in 50 ml of 1:1 HCl; if any insoluble material re-

mains at this pointe filter through a double glass fiber filter paper,

transfer to a 150 ml beaker and evaporate to dryness,

dissolve in 60 ml of 0.08N HCl and proceed to step #1 of the HDEHP

procedure.

The following procedure is for the preparation of teeth samples for

radiochemical analysis:

l. due to the small sample size and the fact that in most cases strontium

and plutonium results are requested add both 2425, and 85 5- tracers, 40

mg strontium carrier and 40 mg yttrium carrier to the sample,

dissolve sample in 1:1 HNO, and wet ash to yield a clean white residue,

dissolve residue in dilute HNO, and proceed to plutonium alxaline earth

phosphate method, strontium analysis is performed by the HDEHP method

on the column effluent.



SEPARATION OF 7°STRONTIUM FROM URINE SAMPLES 1 LITER OR LESS

Reagents

Tne

4 s

(
2

.

10.

Strontium Tracer

Octyl Alcohol

 

 

 

 

 

 

 

Nitric acid Cone.
Strontium Carrier 20 mg/ml

Yttrium Carrier 20 mg/ml
Calcium Chloride 01M

Oxalic Acid Saturated Solution
Sodium Hydroxide 6M

Hydrochloric Acid Conc.

Aydrochloric Acid 0.08N
 

procedure is as follows:

measure sample into a 1.5 liter Seaker,

place beaker on a stirring hot place and heat slowly to 80-85°C,

acidify sample to pH 1 with nitric acid (add acid in small amounts to

prevent excessive foaming, use a few drovs of octyl alcohol if neces-

sary),

add 40 mg each Sr carrier and Y carrier, 1 ml 8° 5. tracer and 50 ml

O.1M Cacl.,

digest with stirring at 80-85°C for 30 minutes,

adjust to pH 4 with 6M NaOH,

add 40 ml saturated oxalic acid soiution and mix well,

teadjust to pH 4 with 6M NaOH and digest, with stirring, at 80-85° for

30 minutes,

remove from heat, remove stirring 2ar and let settle overnight,

filter sample through a Whatman #42 ashless filter paper using dilute

NH,OF wash solution to rinse beaker and precipitate,



ll. transfer filter paper and precipitate to a 150 ml syrex beaker and drv

at 125°C for 1-2 hours,

12. place sample Ddeaker in a muffle furnace and slowly raise the tempera-

ture, over an eight hour period, to 500°C and muffle at 300°C

overnight,

13. remove from furnace and allow to cool,

14. dissolve residue in 1:1 HNO, and wet ash to a clean white ash,

15. convert to chloride by the addition of 10-15 ml conc. HCl and Sake dry,

16. dissolve residue in 60 ml 0.08N HC1 and stir 10-15 minutes,

17. proceed with Step | of HDEHP procedure.

SEPARATION OF 7053 FROM URINE SAMPLES 7.5 TO 15 LITERS

Reagents

83strontium Tracer

Octyl Alcohol

 

 

 

 

 

 

 

 

Hydrochloric aAcid 0.08N
Hydrochloric Acid Conc.

Nitric Acid 8N
Phosphoric acid 6M
Strontium Carrier 20 mg/ml
Yttrium Carrier 20 mg/ml

Calcium Chloride O.1M
Amnonium Hydroxide 58%
HDEHP 202 & 5% in
 

Toluene by weight

This procedure is designed for 905, analysis on composite urine samples.

It is usually a batched sample obtained from persons who have been relocated

away from contaminated atolls. The contribution ofsr to urine from the diet

to blood to bladder_pathway is eliminated. Thus, the 904, passed to urine is

contributed only from Sone at the rate of .05% of the bone burden per day. For



typical Sone burdens in the Marshallese, this means the levels in urine would 2e

vetween 0.1 to 1.0 pCi/liter. The samples are grouped for analysis according ‘to

age, sex, and location. aA ten liter sample is often required to obtain results

greater than the system's minimum detectadl2 Limits.

The

l.

2.

10.

procedure is as follows:

measure sample aliquots of 2.5 liters into a 4 liter >Deaxer,

add conc. HCl to the sample to make the urine 0.2N in HCl and vield a

clean solution,

heat sample, with stirring, to a temperature of 85-90°C,

add 40 mg strontium carrier, 40 mg yttrium carrier, 1 ml 85 52 tracer,

40 ml of O.1M Cacl, and 8 ml of #470, 5

continue stirring for 30 minutes,

slowly add ammonium hydroxide until a basic pnosohate precipitate is

visible. Continue the addition until the solution is basic to a pH of

9 or greater,

allow the precipitate to settle overnight,

aspirate the supernatant liquid to the lowest possible level such that

the precipitate is not discurbed,

filter the sample through a Whatman #42 ashless filter paper using di-

lute NH,OH wash solution to rinse the beaker and precipitate,
4

transfer the filter paper and precipitate to a 150 ml pyrex beaker and

dry at 125°C for 1-2 hours, :

place sample beaker in a muffle furnace and slowiy raise the tempera-

ture, over an eight hour period, to 500°C and muzfle at 500°C

overnight,

remove from furnace and allow to cool,



13.

16.

17.

18.

19.

2l.

22.

23.

25.

26.

dissolve residue in 1:1 HNO 4 and wet ash to a clean white ash,

convert to chloride form by the addition of 10-15 ml conc. HCl and dake

dry,

dissolve residue in 40-50 ml of 0.08N HCl and stir for 10-15 minutes,

adjust the pH to 1.1 = 0.1,

if any solids remain at this point, filter sample through a glass fiber

paper using 0.08N HCl as a wash solution,

transfer sample solution into a 125 ml separatory funnel,

rinse the sample container with 60 ml of 20% HDEHP and add to

separatory funnel,

extract the sample by shaking vigorously for 2 minutes. Allow the

phases to separate and drain off the icwer aqueous phase into a second

125 ml separatory funnel containing 60 ml of 20% HDEHP,

extract the sample again by shaking for 2 minutes and allow phases to

separate,

drain off the aqueous pnase. The aqueous phases of 3 to 6 samples may

be combined to make a composite sample of 7.5 to 15 liters,

evaporate the combined sample slowly until salting out occurs. Dilute

to 40-50 ml with distilled H,0 and adjust pH to 1.1 + 0.1,

if any solids remain at this poinc, filter sample through glass fiber

paper using 0.08N HCl as a wash solution,

transfer sample solution to a 100 ml polyethylene bottle, add 40 mg of

yttrium carrier, gamma count for 8. strontium recovery and store for 18

days for Oyerriua ingrowth,

proceed to Step 6 of the HDEHP procedure.



I0GTRONTIUM DETERMINATION 3Y HDEHP {DI-(2-ZTHYLHEXYL) P4YCSPYORIC ACID) METHOD

 

 

 

 

 

 

Reagencs

dydrochloric Acid 0.08N
HDERP 20% un Toluene by weight

HDEHP 7% in Toluene Sy weigne

Nitric Acid 3N
Yttrium Carrier (Purified) 20 mg/ml
Ammonium Hydroxide 58%

Oxalic Acid Saturated Solution
 

If preliminary results are desired, steps 5 through 9 can be carried out on

the two 60 ml aliquots of 10% HDEHP.

The procedure is as follows:

l. transfer 60 ml of 0.08N HCL sample solution into a 125 mi separatory

funnel, add 20 mg yttrium carrier,

2. rinse sample container with 60 mi of 20% HDEHP and add to separator?

€unnel,

3. extract the sample by shaking vigorously for 2 minutes, allowing phases

to separate, then drain off the lower aqueous phase into a second 125

ml separatory funnel containing 60 ml of 20% HDEXP,

4. extract the sample again by shaking for 2 minutes, allowing phases to

separate and recording the time of second extraction,

5. drain off the lower aqueous shase into a 100 ml polyethylene dotcle,

add 1 ml of yttrium carrier, gamma count for S 3strontium recovery and

store 18 days for Ove erium ingroywth,

6. transfer sample to 125 ml separatory funnel and extract with 60 ml of .

5% HDEHP. Note the cime of extraction. Save the aqueous phase for fu-

ture extractions if necessary,

7. wash the organic phase by shaking with 60 al cf 0.08N HCl,

10



10.

ll.

12.

13.

14.

15.

16.

17.

18.

19.

repeat stan 7,

90 . -w . . -
extract Yttrium from che 5% YDERP with two 50 ml volumes of 3N HNO,.

Shake 2 minutes for each extracticn and combine the 3N HNO, solutions

in a 250 ml beaker,

evaporate the 3N HNO, solution to a volume of a few ml and

quantitatively transfer to a 50 ml centrifuge tube with several small

volumes of distilled 4,0,

place centrifuge tube in a not water bath and adjust pH tc 8-10 with

NH,OH to precipitate yttrium hydroxide,

centrifuge and decant supernatant liquid,

wasn precipitate with 10 ml distilted H.0, centrifuge and discard wash,
2

dissolve precipitate in 1:1 HCl (1-2 ml), slurry and >ring volume to 25

ml with distilled 4,0;

add 2-3 ml saturated oxalic acid, 0.5 - 1 ml NH,OH, stir and digest at

85-90°C for 1 hour,

filter through preweighed glass fibre filter and dry at 100-110° for 10

minutes,

. . . . . 90 .
weigh sample and paper and determine gravimetric yield of Yttrium,

mount and beta count,

. - 2, 90 ‘
count again in 24-48 hours to verify 9 Yttrium decay.

Counting Equipment

90 oe 4 aa pe Ie pee es .
Strontium is counted as its daugnter product Yetrium using an anti-

coincidence low background beta counter. The system has an absolute 51%

counting efficiency and a’ background range of 1.0 - 1.5 cpm. Recovery of the

‘
\

ll



gamma-emitting 85g. tracer is determined using a NaI (Tl) crystal and

muicichannel analyzer.

DETERMINATION OF PLUTONIUM IN URINE, WATER AND MISCELLANEOUS SAMPLES 3Y

ALKALINE-2ARTH PHOSPHATE PRECIPITATION

Reagents

Sodium Nitrate

Oceyl Alconol

 

 

 

 

 

 

 

 

 

 

 

Nicric Acid Cone. and 7.2N

Phosphoric Acid 85%
Potassium Hydroxide GN

Hydrochloric Acid Conc.
Eluting Solution 30 ml HC1, 0.3 mi HF/Liter H,0
Calcium Nitrate Saturated Solution (Filtered)
Hydrogen reroxide 30%

Anion Exchange Resin AGLx4 50-100 mesh
Sodium 31sulfate Sis

Ammonium Hydroxide 58%
Sodium Sulfate 15% (Filtered)
242pluronium Tracer 4 d/n/ml
 

Plutonium is co-precipitated with urine salts by alkaline earth phosphates.

The organic material carried by the precipitate is dry ashed in a muffle fur-

nace. Plutonium and urine salts are dissolved in 7.2N nitric acid. The pluto-

mium fraction is absorbed onto an anion exchange resin and eluted with 0.36N HCl

- 0.008N HF. Plutonium is electrodeposited onto %"" diameter stainless steel

discs and its activity determined by alpha pulse height spectrometry.

The srocedure is as follows:

1. add sample to an appropriate size beaker recording aliquot volume.

Rinse sample container with 7.2N HNO, and add to sample beaker,
3

2. add an additional 5 ml of cone. HNO,, place sample on a stirring hot

plate and adjust temperature to 80° + 5°C,

12
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10.

ll.

12.

13.

a
add “42 py tracer, 1 ml of 85% HPC, 0.2 ml of saturated Ca (NO3)>.

- 90. . - .
IT& subsequent Strontium analysis ts to be performed on sample add 1

. . . . 385 .
ml strontium carrier, 1 ml yttrium carrier and 1 al of Strontium

tracer to the sample as well,

when sample has reached 80°C, add :0 ml of 30% #0, and stir sampie 30

minutes. If the sample is allowed to stand overnight, all reagents ex-

cept 4,0, should be added immediately after aliquoting,
2

add 190 ml of 58% NH,OH and allow sample to dizest for one hour. If ex-

cessive foaming occurs add 1-2 drops octyl alcohol,

remove sample from hot plate, remove stirring bar and after 1-2 hours

check for complete precipitation by adding a few drops of NH,OH,
4

allow precipitate to settle overniznt,

aspirate supernate taking care not to disturd precipitate,

wash down the sides of the beaker with 25-30 ml of cone. HNO, and bring

to complete dryness on a hot plate at 150°C,

repeat step 9,

place sample in a 500°C preheated muffle furnace for 2 hours,

remove sample and cool to room temperature,

add enough conc. HNO, to cover the salts and bring to dryness at 150°C,

repeat step 13 five times,

dissolve salts in 70 ml of 7.2N HNO,

add 25 mg of NaNO., cover and heat at 80°C for 10-15 minutes,
2

allow solution to stand 24-438 hours,

13



18.

19.

25.

27.

28.

prepare AG1x4 anion exchange resin dy filling resin bottle with

distilled water, shaxe by inverting several times and allow to settle

20-30 minutes. Carefully pour off the fines and reneat this procedure

three times. Store resin in distilled water,

prepare exchange column by placing a glass wool plug at the bottom of

a glass column (stem 100mm x 10mm 9.D. and reservoir 120mm x 45mm) fill-

ing the stem of the column to the neck with washed resin,

condition the resin with 200 mi of 7.2N HNO,,

add sample to the column with minimal disturbance to the resin bed. If

any crystals remain in the sample it should de filtered through a

Whatman #40 paper before introduction to the column,

wash down the sides of the sample Deaker with 5-10 ml of 7.2N HNO ,,

when sample has drained add the beaker wash to the column,

repeat steps 22 and 25,

when the washes have drained, wash the column with 250 ml of 7.2N NO ,.

On samples that require subsequent Serontium analysis the column efi-

fluents from steps 21 through 25 should be combined and evaporated to

dryness. Proceed with standard chloride conversion and dissolve in 60

ml of 0.08N HCl and continue with step 1 of the HDEHP procedure,

add 2 ml of 5% ‘1aHSO/ to a 20 ml beaker and place the beaker under the

column,

eluta the plutonium by adding 30 ml of 0.36N HC1-0.CO8N HF to the col-

ulin.

evaporate eluent to dryness at 120°S or under infrared lamps.

14



Electrodeposition Procedure

i. Add 4 ml of 15% Na,S0, electrolyte solution to the sample and allow to

stand at least 30 minutes,

2. assemble and leak test the plating cell,

3. add the sample to the electrodeposition cell,

4. rinse the beaker with distilled water and add wash to cell filling cell

to within 1/4 ineh of the top,

attach the cathode lead to the bottom of the cell. Anode to cathodew
a

*

distance should be 5 m,

&. electrodeposit plutonium at 500 miiliamps for 3 1/2 hours,

7, at end of the plating period, fill the cell with 4N KOH and continue

plating for 30 seconds,

8. remove the cathode lead and cell from the rack and discard the solution

carefully washing the cell with distilled water. This step should be

carried out as quickly as possible to prevent dissolution of the piuto-

nium from the plated disc,

9. handling the dise by the unplated edge only, wash with distilled water

and dry under infrared lamps for 29-30 minutes,

10. determine the plutonium activity by alpha pulse-height spectrometry

Counting Equipment

The alpha counting is performed using silicon surface barrier detectors

coupled to a computer based pulse height analysis system. The detector has a

relative counting efficiency of approximately 20% using a 2425, standard. The

239
MDL for Pu has a range of 7-35 femtocuries. Samples are counted for 200,000

seconds and all peaks are manually integrated.

L5

i
e



239ie is noted that urine activity concentrations for Pu corresponding to

5 Rem in 30 years to bone surtaces and liver tissue are 9.3 and !.3 femtocuries

per liter raspectively. Thus for radiation protection purposes in the Marshail

Isiands, large volume samples are required in order for this method to have srac-

tical application. This procedure has an overall chemical recovery of 50-80%.

16
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cv" 7 Amalvsis of Marsnualil island Tavironmencal Samp.i2s

Amalyvtical and Quality Assurance Procedures

Wwe
F.P. 3rauer and J.2. Naidu’

INTRODUCTION

Neutron activation analysis is used for trace level measurements of iodin

in Dbiological and environmental materials. Both mono-isotopic natural iodine

tr *te? y ok +: 1 oe 7 oes 129 .
( I) and the long-lived (1.6 x 10° vears) fission-oroduced I occur in sam-

ole materials and can be analyzed by neutron activation analysis (1,2,3). Since

: - l27,. 129. . ae Ls .
the environmental sources of I and “°I are diiferenc, whien Mav resulfe in

9 14129, 227,.
Ai r

h

t
t

2 "4 ent cmecical forms and ecological sachways, measuremenc of the

. . -, . . . - . . 129
Lsotopic ratio is essential in studies of the radiloecology of T (2,4).

™

Jaric ers: . la = 129, r 4 :aricus processes contrisute ¢o the rel2ase oz . £9 tae environoent

129
(5,6,7,3). Nacurally occurring I results from sponcaneous fission of uranium

and fr sosmic-ray produced spallation reactions with atmospheric xenon. (tfan-

9129 . .
made releases of I have resulted from nuclear weapon tests and irom auclear

installation operations.

ANALYSIS METHOD

129. . . 129, ,127
Decermination of the I coneeneration and the L/ I ratio in moset en-

vironmental and biological materials requires initial separation of the.

contained icdine. Once separated, the iodine is irradiated with neutrons in a

nuclear reactor, purified further to reduce levels of interfering radionucii<es,

and then determined by gamma-ray spectrometric measurements.

*Bactelle Pacific Northwest Laboratories, Richland Washington
**Brookhaven National Laboratory, Upton, New York

 
—
—

—
S
e
e
T
T
S

 



The grccedure used for iodin ‘solacion orior co neutron activation i3 2

modification or shat of Studier (1,9). The soil sample to be srocessed may de

a filter, activated charcoal, ton-exchange resin, animal parts, vegetation or

soil. Freeze drving can se used as appropriate to remove moisture from the san-

125; for es-ple orior to analvsis. The sample is spiked with a known amcunt of

timation of the overall procedure yield. The iodine is separated by placing the

sample in a quartz combustion apparatus and igniting the sample at high tempera-

ture (up to 1000°C) in a stream of oxygen. The off-gases are passed through a

small bed of activated charcoal that retains the iodine.

The iodine is further purified 5v Durning the original charcoal trap in ox-

vgen and trapping the released Lodine on several milligrams of activated char-

coal. The iodine is then removed from the charcoal dy heating the charcoal in

a vacuum system, trapping the iodine in a quartz tube at liquid nitrogen tempera-

. \ . as gs - 125. .
ture, and sealing the tube to make a quartz irradiation ampoule. The Tin

the ampoule is determined by gamma-ray spectromecry to estimate the pre-

irradiation processing vield. Typical yields range from 90% to 100%.

Quartz ampoules containing the iodine separated from the samples are

irradiated with reactor neutrons for 8 to 24 hours. Comparator standards

19 4125, 127, 129
containing known ratios of and I are irradiated with each set ofg ,

samples. The neutron capture reactions used for the iodine activation analysis

are:

~ L)12764 y}28; Buy, 128,, (
25 min

127 8° .y 126 (2)a 126.
n,2n) Tt Tin Xe



3

- s/f t

4 mtercering reactions include:

9 2° Le 4[25 2 yr 126, 3.4 +25, (4)

4

Interterence from reaction (4) is minimized by use of small activity

: - 125 125 . , ; . ;
-avels of Io so fhac I production by raaction (2) predominates. Reacrion

(3) limits the improvement in sensitivity that can be obtained by increasing the

exposure time and neutron flux. Neutron exposure conditions ara selected on the

Sasis of axpected stable iodine content of ziven sample types in order to limic

the correction required due to reaction (5) to less than 10%.

Following irradiation the quartz ampoules are cleaned, frozen with liquid

aitrogen and crushed into a reaction vesse! containing a dilute H SO, solucion
2

2f Lodine and Sromine carriers and Wa,5,9; (sodium pvresulfire). Excess $0, is

removed by sparging with nitrogen. The bromide and iodide ions are then

oxidized to bremine and iodate by the addition of Kind and the bromine

distilled from the solution. The iodate remaining in the reaction vessel is

reduced to iodide wich Na,$,0. and then oxidized to iodine with HO The io-
27255

dine is distilied from the reaction vessel into a Ya,5,05 solution. The iodine

a

=

t
h vaction is further surified by oxidation with A951 extraction into cel), and

9ack 2xtracCion with Na,5,05 solution. The extractions are repeated as neces-



l
a avy iar iodine decontamination. Tne icdine is finall; srecinitated as Ast and

mounted on thin plastic scintillators for counting.

126, 128 , 130
The ' IT and IT activities produced in the sample and ccemparator

standards during irradiation are determined by zamma-vray spectrometry from sev-

erai spectra collected over a period of time. Low-level, beta-gated, muitipie

gamma-coincidence spectrometric techniques (10) are used when required to mea~

. i25 oe . . .
sur2 very small amounts of activity. The I activity 1s aiso measured in the

sampie and comparator standard by gamma-ray spectrometry.

The components in the time-dependent gamma-ray ssectra of samples and the

comparator standard are calculated by a weighted least-squares method (il). The

- 127 i129, . . ‘ (ook .
amounts of I and T in the comparator standard are determined from the

' Lo5. (127 129 . - 125 130, 129,
amewn ~""L, L, I ratios by measurement of the “I. The I, L
74 ~ TA

i128. 127 . 126.,127. . . : os .
ey) IT and 1/ L ratios are then caiculated for the comparator standard.

’

79 . 1 oa “~

The ‘*’t concent of the sample is determined from either the 1267 ge 148, aceiy-

. . . 130 . . . . .
uty produced in the sample, the induced IT activity 1s used to determine the

129 125
were concentration, and the L activity is used to calculate the overaii proce-

dure yleld. Corrections are made for interferences, procedure yieid, laboratory

. . - og 127
blanks and sampling Dlanks where applicable. The results obtained are the Tt

. 129 . . . 129. 127 .
and “““I concentrations per unit amount of sample and the “1, I ratio. Lon

1129,127 -12
dine isotopic atom ratios for I as low as 10 12 nave been measured (2).

Tne overall procedure yield for iodine recovery is about 502.

COMPARATOR STANDARDS

We have used several differenc comparator standards for iodine activation

anaivysis. Elemental iodine (1,) Standards were prepared oy isotopic dilution

ts 127 - . og
with xnown amounts of natural iodine (*°'I) of mass spectrometricaily analyzed



140,

4-7  smoles. Verv larse dilution factors sere requir2d in order to achieve iso-

. . . = . . 1 = : 1 -3 = ~topic ratios typical orf most analytical samples. A value or 2.1 x 10 for the

+49 4-
i29. 127,

i; T atom ratio was determined from the dilutions and mass spectrometric

data Cor one of these isotopically diluced iodine aixtures; this aixture is

still used in our laboratory for long-term measurement control. This isotopic

mixture has also been used as a routine comparator standard. A l-to~10 mg ali-

quot of the elemental iodine isotopic mixture is irradiated with samples or

other standards to be analyzed. After irradiation the todine is further

puricied by solvent extraction and precipitated as AgI. The iodine content is

2 2 29128, 127 126_,1 7, 130, 1 t
/ I, I/ and /determined from the weignt of the aAgl. The

activity=to-mass ratios can then be determined from the Agl weight, the known

129_ 127-
z/ IL ratic and the gamma-ray spectrometric data. Measurement of the amount

- . . . 110m , . . .
of Agl radiometrically with Ag tracer has also been sarisfactory. in this

110m
case, excess Ag+ containing a known Ag/Ag ratio is used to precipitate the

‘
- ge . 4: . . 110m
Lodine and the total 1lodine is determined from the Ag content of the Agi as

measured by gamma-ray spectrometry. Both methods depend upon stoichiometric Agl

. . 1 . . . .
precipitation. The i Om. radiometric method, however, is not affected by mois-

ture, as are the Agl weight measurements.

. . 127 . . . .
Another standard material we have used for I activation analysis cali-

Drations of our comparator standard is hexaiodobenzene (c,1,). The results of

this method agreed with the Ag! calibration methods. Hexaiodobdenzene is avail-

able as hizh purity (99.9%), weizhed sellets of abouc 1.55 g each. Low neutron

exposures are required due to the large amounts of iodine in the pellets.

27 2125, t I 129
A mixed ’ ’ t comparator standard has also been prepared to sin-

- . 127. .
plifv analysis and to reduce the amount of I in the standard. This reduces

the “8; activity to measurable levels within a few hours of reactor dischargee
e



and 2.30 reduces the influence on the standard of multiple neutron capcures on

a7

12; 130 . ; , 2
I £0 produce I. This standard was preoared in solution form so thar 1 to

WM 19 » : - Se a a .+O ud would produce sufficient activity for iodine activation analyses. [t was

27 2 - v os
made from unknown amounts of NH, I( 10g), > (10 mCi) and from 0.1% of the

solution contained in an ampoule of (NBS) 129, Standard Reference Material

(SRM) number 4949 in 100 ml of aqueous solution. The 125, solution had been

. os 126 . , a
aged 5 months ‘to eliminate any I activity. The solution ccmposition per ut

at make-up is shown in Table I.

 

TABLE I

Composition or Comparator Standard

for Iodine Activation Analysis

 

 

I 20 dps/uzr

127, 87.5 ug/ur

129) 6.0 x to! atomsU2

1297127, 1.45 x 107° atom ratio

The 123 127) 129, standard solution requires the addition of 123) (Ty,

= 60 davs) about once a year. The added 123) is contained in less than 100 uz

125tO minimize dilution of the standard. Annually after the I addition the com-

position of the standard solution is compared by activation analysis to that of

the older mixed elemental iodine standard, to the Cel, standard, and to sealed

measured aliquots of NBS-SRM-4949. Sufficient sealed quartz irradiation

ampoules of the standard solution are then prepared for use over a year's time.

4
The mean 129,127, atom ratio of the original elemental iodine isotopic

Standard (nominal 2.1 x 1078 atom ratio) based on the standard solution isotopic



*

-= 204 x 1078 from 79 activation anaivsis measurements cver a 10

. m : - oo. ; 1A73
year gerilod. The observed standard deviation is 20.46 « 10 and the standard

oo, _ -3
deviation of the mean is 29.905 «x 10 ~.

composition is

Interlaboratory standards containing 29, and ‘I in a basic XI solution

at three difiterent isotopic ratios were received at the Battelle Pacific

Northwest Laboratory (PNL) from Dr. O.K. Manuel of the University of Missouri

(12). These standards were analyzed at 2NL 3y the activation analysis method

described in this paper and in Dr. Manuel's laboratory by an activation analvsis

method that uses mass spectrometric Xe isotope ratio determinations (13). Mea-

. . , 129 . ,
Surements at doth Laboratories were based on the NBS I standard (SRM=-4949),

129
+ . : . 4 .

Gocd agreement between the Laboratories was observed over a “““I concentration

range of 10 , as shown in Table fl.

 

TABLE LI

Interlaboractory Comparison of Activation Analysis Resuits

 

 

 

?127, 129, 129,127,

Sample Lab* (me) (atoms ) (atom ratio)

tMR=10-(129,53)No. 1 UMR 10.0 (gravimetric) 5.2920.29x107°

PNL 1143 3.040.7x1019 5,620.4x107>

UMR=10-(129,53)No. 2 UMR 1.0 (gravimetric) 5.41077
PNL 1.0+0.3 2.720.lx10l2 §,720.6x1077

oe:
UMR-10-(129,53)No. 3 UMR 1.0 (gravimetric) §.4x1079 ,

PNL 0.8+0.3 2.220.7x1019 5,741.8x107? -

*UMR: University of Missouri, Rolla | so

PNL: Pacific Northwest Laboratory a



EIOLOGTCAL AND ENVIRONMENTAL STANDARDS FOR QUALITY CONTROL

Quality control of iodine activation analysis requires the use of standard

materials similar to the sample materials analyzed. Such standard materials are

neeced to check the total procedure from iodine separation to final measure-

ments. The materials should be homogeneous, easy to store, and available in

quancity over a period of vears.

Several diological and environmental standard samples were odtained from

NBS and IAEA. These included orchard ieaves (NBS-SRM-1571), river sediment

(NFS-SRM~-4350), clam (LAEA-MA-3-1), human blood serum (IAEA~4-5), and wheat

flour (IAEA-V-5). Also, grass collected from the Hanford Reservation was dried

and mixed for use as a standard. Replicate iodine activation analyses were nade

on these materials, for which preliminary results are summarized in Table III.

The values are given as means of replicate measurements 295% conridence inter-

— evals (SD «

a
i
j
c
t

v

. as 127 1 eThe natural iodine ( I) measurements on these samples were found to

agree with the assigned values to within measurement uncertainties. Larger

uncertainties were observed for the concentration values than for the isotopic

ratio values, as expected from an evaluation of the error sources in the oroce-

dure, Additional replicate analvses are expected to reduce the uncertainties.



 

TABLE rit

Iodine Activation Analysis Resul=s on Standard Materials

 

 

  

Tsotopic
Concentration Ratio

7 149 2127, 129, : 129,127,

Material ng/2 Atoms/2_ oCi/g Atom Ratio

Orchard Leaves, SRM-!1571 188+ 26 1.629.3x102 6.0422.3x1079 1.7+0.7xi077
NBS Value 170

River Sedimene, SRM-4350 5400+5000 8.8+10.0x10% 3.243.7x107? 3.2+0.9x1078

Clam, MA-3-1 $500+1300 3.220.2x10? 1.220.2%1074 1.320.1xi07/

Zuman 3lood Serum, H-64 590 SO 2.540.2x102 9.341.4x%1079 8.8+0.2x1077
LAEA Value 800+ 129

Wheat Flour, V-3 <10 4.842.5x10/ 1.8+1.1x107?

IAEA Value 2.88+1.23

Grass, PNL-36593 200 70 4.120.8x1019 1.3+0.3x1073 4.3+0.8x1079

 

2Dry weighe basis
(dry/wee weight ratio = 0.0826).

Marshall Island soil samples have been analyzed at the Battelle Pacific

Northwesc¢ Laboratories and Table IV presents the data. Included in this table

are analyses of samples from locations other than the Marshall Islands.

Comparisons, however, have to be made with reference to the effect of storage of

samples prior tao analyses. Data from samples analyzed at Yanford indicate that

129 . .
losses of I from samples is minimal.



(i)

(2)

(3)

(8)

(9)

(10)

C11)

(12)

(13)
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_SURMARYOF 129, AND GAM4A-RAT SPECTROMETRIC ANALYSIS RESULTS
 

Ganng Radioactivity

 

On At
7/12/78 Collectton

 

Sanple PANE Collection 129) teary Vile. ara 6074 129.137 129. 137
Number Nurmter ——Oate Atons sy Atuni/g Atoins F Atons/g Atoms/9 ty cs \vanenS: Location

7500 @7161 3/54 16x10. S.tx10'? 71x10’ 9.8210 Labaraz, Rongetap
7501 87162 3646Ba10'® .twto? 2.5010'® y.se107 5.5x107 2.7 1.5 Labardz, Rongelan
9772 87163 7754 a.8al0!? 0x10? 1,7010'9 5.9xt0? 6.40107 2.8 1.6  kabelle, Rongetap
9773 87164 2/54 1.xnto? 4.7at0? 3.2210?) 7.0x107 Kabelle, Rongelap
19293 87165 1755 v ato! 6.9xt0® 7.72107 1.7010? d.7xt0? =, 9.9  Kabelle, Rongelap
19297 87166 55) 1. Sxto?! 1.52108 1000. 550. Ronge lap
19500 87167 10/852. 2x10"! 2.4x10° 6.2x10° 3.2x10° 920. 540. Ronge leap
19505 87168 10/55 .2.Sx10!9 1.20107 1.7alo® 4.axio® at, 12. Rongelep
19497-87169 10/55 -3.0x10!9 9.6x10° 32, 19. Rongelap
$839 87170 156 a.7xt0! 1.axr0® 4.92109 Lixlo? 25. 15. Kabelle, Rongelap
5554 87171 1/56 1.52107 2.10% 4.6x10° Ronge}ap
5868 87372 1756 —.2.0a80'9 5.4xl0® 1.62107 1.3xt0® 2.7x10° 3. 7.8 Bongelap
$562 87173 7/56 1,110!9 4.7x10® 2.2x108 s.ax10® 23. 14. Rongelap
$728 87174 1/57 1.6210? S.axio® 9.ax10° Kabelle, Rongelap
5729 a7175 787 7.6410! 3.3x108 2.3x109 1.6a107 2.10107 10. 6.2 Kabelle, Rongelap
5753 87176 57 -3,.9x10'9 1.0x107 1.a10° 3.6x10° 39. 28, Ronge lap
19289 87177 S84.xl? 7.0x107 59. ua. Uterik
19290 87178 vss) 9.3108 1.4x10° Utertk
37256 87179 1/74 4.2x10? 8.7x10° 3.0x10° 3.6x10° 4.8 4.4 Enewetak, Rongetap
37330 87180 1/74 6.610" 3.710% 6.4xt0® a.ox10° ta. 16. Enewetak, Rongelap

a7 5/583.6x0® a.sxi0! 1.02107 7 43 Nevada Test Site
8st 5/55 9. 8x10" 5.6x10° 18. 1. Nevada Test Site
1450 1/5? sz. axt0® S.ox10" 3. 3n107 wT 28 Nevada Test Sfte

90680 1672.tat! Entrman, Btkint
90681 5/67 8. 6x10"! Aomen Yurocht, Bikint

9951 87217 12/54 1.8x10"! V.2zxto? 4, 5x10° 15000. 8700. Ponape
$591 87218 1756 2. @x10°° 1.2x10° 2.6x30° 23000, 14000. Kusaie

4645 es? 1. tata? Flortda
8360 5/66. 14107 Hawa tt
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“Bravo Fallout - A Meteorological Analysis - Draft" was not available as

of May 4, 1981.
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ASSTPACT

Two dosinetris xaedals, che carenary comparcrantal medel (3e79) and she

slug flow mcdel (S75) are axaninead using three sets of thvsiological varas-

and (3) those obtained from the Taxczeok of Physioleey and Bischenistiry sv

‘ tT

tien rates for single, unabserted, carticlea emitting radionuclides with an at-

factiva anerzy tama cf unizr

The conclusions drawn iron chis intarcemparison of six diiterenc casas

ara: CL) Curvenr dasimecric medals which usa thysielogical saranerers descrited

an this article do noc signiZisancly disagree, and (2) for the determination of

average casa acuivalent rates ta sagmencs of the tracc due to cnronic, Long tam

iagestion ef any radionuclice, the catanary comparcnental redel is a mathemati-

cally simpler aporoach. The catanary mcdel in addiction has certain advancages

for the calcularion of the phocon dose coneribution to ome segment iron cumulactad

activicy (disiacegracicns) in another segment.



mementon 2M
wel ew ew et ee ewe

Dhuaetiatagtadi awe waee mses Eatte = wnat dae Magen Aa% tesgeadTAYSLOLOGLS4Z. DarTaaerears Bay LRIwssnce 248 s980TIec casa Tate c2l.verac

- * Ti. <= % : - wt = * 4 ° a - =22 the walls of tha gastrointestinal tract. Historicaliv, gnysicolsgical raraca-

@étars used t2 calsulaca the absorbed icsa rata to the walls of che trac= ver2

chosen from data cublished Sy "ICR? Commitsee IT on Permissibie Dose for Interna

considered a holding vessel which releases its comtenzs after one heur <9 the

the same pnysiological saraneters as wall as an alternative dosimerric =mcdel.

Our methed uses shysiological taramecars published Sy Eve and ICRP. Ad-

ditionally, a third sec of paysiclicgicat caramerers is selaccted largely iren

daca suolished by 2eil ez al. (32 72).

Inf is noted thac a chosen numerical value far a aonystologisal caramecar

applies omiy fcr thea surteose of ecnservartively esctinacing standards. I: cceas

net truly reflec: the actual siztuacion in a single human sudiact, even if the

subiect rasanblas standard san. Oftan shvsiclogical paramecers are <alined in

 

such way as to eliminate uncecassary mathematical detail in a conservasive

xucdel, aAddisitonally, actual numerical values for parameters ara Aa
. apendant upen

multitude of aver cf
a or axample, numan onysiolcgical cata des-
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Secmen+ ! Standard Mass | Transit Time (h) |
wees ; Content (sm} | Clean Residence Tine) |

ICR? VALUES

S | 250 1.0

SI ! 1100 | 4.0

; ULI | 135 | 8.0

POLLED | 150 | 18.0
|

‘

; |
| EVE'S VALUES

|

| S | 250 1.0
l

/ SI ! 450 (Sk73) 4.0
j '

| ULI | 220 13.0

LUI | 135 24.0
!

|—

PROJECT VALUES

S 240 1.0

SI 580 4.0

CA 165 9.0

; tier | 160 28.9
| | |
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MARSHALL ISLaNDS RAQTOLCGICAL POLLow2”

7 Metz awS.A. Greenhouse and .

ona. Lasoracsry, Tocoa, iow are Li973@alths Physics and Safacy Division, Srooknaven

and

Divisioa of Coeracional Salretvy, 2.5. inergy Research and Sevelcoagenc Acministracicn, Wasnington, 9.C. 29543
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ADStract

Ia dugusc, 1348, Presicens Jonnson amzounced that ine seo0le of 3ikiai Acail would de aole 23 rarura 70

the: : xcmeland., Thera rear, wallar avorcval waS given for the ratura of the seonoles of Enewetax, Thesa

cwO Degions, wmich compriseq the Paciiic Nuclear Testing areas crom 13946 to 1338, will arsoably se ras00u-
tated Ov the ariginal iahapicancs ang thesr families within cne next vear. As cart of its continuing

FesDIaAsiSaLiicy 29 ungsura the suzlic neaicn ana safany .n connection vion che auclaar srtgrans uncer its

spoasotsnis, ERDA (lormeriy A=C) has cometactad Jrccknaven Yatronai Caporacory to ascadlisa cadiciogical

3afacvy and anvironmencai tonitoring arcgrams for che veeurning 3ikini and Inewetax ceoclas. These 2r2-

gtams are Jescrived ia tne following paver. Thev are cesizgnea <9 ¢afine the axternal radiaciuo anviron-

meat, assess cadiacion doses irom internal emicsers in che human feed cnain, make long range oredictions

3t tocal doses ana dose csumicnents 15 isaiviaquais and te eacn sopulacion zgrouo, and to suzzgest actions

wnica will minimize doses via che more signizicant satnwars.

Tacroducrion

The 3.5, auclaar cascing arograms of the 17403 ana 1350s had signsZicans Local anvirsomencal impaccs oan
ehe coral atoillia of 3ikins ind Inewecax .n ihe Marshali Isiands. The high iavel close-in fallour tace

rhese acollsa uninhadicaoie far many years. falloue from the 3RAVO evens, whicn tsok glace af 3ékini in
1354, vas w.nadvercencl; ieposiz3d jn ine nesarsy acolis of Rongelan, Rangearix and Velssk. fa all, some

emiccteen accils .a the tortnera Marshalls weve grooagiy arfectad 23 a graacer cr Lasser axtent oy Zallouc
from these ntuclear tests. Jf these, acwever, ine zost significane Long term radfoicgical impace vas

om tha cese acolis, 3Jikin. and inewacax, and on Rongelap Acoil.

ta L987, Rongelao was reoccupied Sy irs original tanaotnancs who had 3een evacuated wo days aftar

3RAVG. During the sast several vsars, tefiaicive glans cave [een sade 59 repatriace she origina. ianabic-

ants 3f£ 3f{kini and Znewecax Atolls, and the1r camaiies. it (£3 hoped shat cheir rectum can take glace 300n.

In order +9 ftdeneiSy radiological prooiems frem vesiduai radicaceivity in che anvirsomenct, and fo
stovide a daca base for dose srediccions apolicaoble co =the returming pepulace, ERDA (and its orecacessor,

che azC), has svonsored many cadiological surveys in the Marshall [slands, These surveys segan during

‘est operaticas and iave Seen coucuctad periodically uo to she sresenc time. Jssulss of che surveys Aave

yeen sublishea in sumercus resorts and scientific ‘ournals. References \. shrougn 12 are sublished rsnorcs;
of AEC/ERDA asunported surveys of these acoils. References 13 shrough °9 are a portion of tne suolisned

tTeporcts ca work wich coliecced envirommencal samples supported 3v AcC/ERDA.

Evaluation of survey resulcs for 3ikini Atoll, she comsideracton of predicsad exposures compared wich

applisapla vadiacion scandards, and the ackmowledgemenc cf the many senefizs to che seoole if they could

return, .ed 29 che decision to claan uo and ranabilisace chac atoli, The Department sf Jefanse, Jepare-

ment of the Iarertor (DOL), and AzcC (now IRDA) parcicipaced ia a ‘oine effort of clean up and rehadilica=
sion of 3ikind Acoll starting in february, 559. Clean cp was compleced tn the iall of hac year. Agric

culcural renaorlitacion and aousing comseructisna is beicg conducted dy COI.

The decision ro recurn the Znewecaxese 79 cheiz acoll led to a comprenensive survey conducted ac

Zmewerax ta 197221973.6°9) 4 tegional survey slammed for 1975 will provide Saseiiae cadfalogical dara

Zor Sacure dose assessmencs throughout tearly all of the northern Marshall Islands which asy lave een

affected by che testing program. favircamencal evaluacions a¢ Rongelap and Jeirix Acolls nave Seen under-

taken veriodically {a agsocitarion with 732DA's medical evaluacitons program chere over the jasc 20

years, \-0-42)

From ail of these earlier surveys, 10 Secame apparenc hac periodic environmencal aontsoring and jose

assessments sust >¢ made Zor 3ikini, Zeewecak, longeiap 2nd serhaps ocher atolls ia che sottnern Marsaails
so meincain a currence radiological daca case and to srovide current iaformacion on iadividual and scpu-

sation doses, This iallowun momicoriag is 3e1ng verfovsed by 3rockhaven ‘iacional Laooratory 46 ine

reques¢ of the Jivision of Oserac:onal Jafaey, 5.5. faergy Research and Tevelooment Acuinisctratior.

Research carried ouc ac 3c0ckhaven Nacicnal Laboracory under she auspices of che J. 3. inerzy Ras-

@arcn and Tevelcoment Acminiscration. fy accepcance of chis artiste, the sublisher and/or veciptenc

acknowledges the J.5. Grvermmenc's vigne co cacaic a sonexclusive, foyaicy-free itcense in and co aay

cOvYTigne coveriag i513 Daper. -
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t ing Program resulted in

local and regional fallout contamination of islands in the

central Pacific basin, in an area which is generically known

as Micronesia. Most er this contamination affected North-the

ern Marshall Islands of eastern Micronesia, which cither served

as the actual test sites or which were in relatively close

m. Since all of the Marshall Islands are lowa oOproximity to t}w
e

coral islands or atolls, the natural radioactivity content of

their soil is among the lowest on earth; and their natural

radiation environment is cominated by the contribution of cos-

mic rays. In contrast, the high islands of the Caroline groups,

to the west of the MNarsnalls, are characterized by voicanic

soils having a significant complement of radionuclides in the

uranium and thorium chains. Several field trips by SGEP

Division personnel to Micronesia between 1975 and 1980 have

afrorded opportunities to study the natural radiation environ-

ments of the coral atolls of the Marshalls and several high

islands in the Carolines; and to evaluate the contributions of

fallout fission and activation products to the inventories

of soil radioactivity in these locations. The analytical methods

employed included in situ gamma spectrometry and exposure rate

measurements with pressurized ion chamber survey instruments.

These measurments were supplemented by laboratory analyses of

soil samples. The results of these studies have indicated that

significant contributicns from radioactive fallout can be evalu-

ated in situ with relative ease on coral islands. In contrast,

the higher natural radioactivity content of high island soiis,



as well as ths treat

areas, Combine to make evaluations of local fallout contribu-

‘lany small-scale radiological surveys were conducted during

the 1950's and 1969's at or near the Pacific testing areas in

lands; nowever, definitive evaluaticnsre
d

W
n 3the northern Marshail

of the impacts of residual fallout radioactivity were not made

until the 1270's {1-3}. These evaluations were conducted on

those islands known or suspected to be contaminated by tropo-

spheric fallout from the tests at Bikini and Enewetak Atolls.

Environmental studies of peripheral areas in the central Pacific

were conducted on a small scale during the testing vears (1945-

~~
]

“
/
11958) by the University of Washington, and thereafter in 19

r1979, and 1980 by Brookhaven National Laboratory as well. T O A @

studies vielded significant data on bacxground radiation levels

in these areas, and form the basis for this report.

The Marshall Isiands are all comprised of coral atolls or

partially drowned atolls formed by coral limestone accretions

on subsiding volcanic bases. Drilling studies at Enewet2k

established that the limestone cap may exceed 1280 meters in

thickness (6). As a result, the contributions of the uranium

and thorium series tothe radiation environment in the Marshalls

levels onc
t

F
A Oo a)are virtually nil. External background radia

remote from th2 tast sites are dominated

h
- a > 7) t tbthose islands w

: , Sane fea YORupplemented by small contributions fron k,
=

by cosmic raciati h
o GQ ~ u
i



t
l

- aee ne - a J a. 4 7 A 4 - ~~) —
losis gariec ractonuclices anc wortad-vide rallouc. riese corsl

.7 a d- ~~ x £ q = -tsilanizs enxemaliiry some of the lowost teorrestrial radiation

.

with grinzging coral reers, as well as coral atclls and islands.

T : . 2 ' 234 rr + : a “ ~The high island soils contain *°* Th and *7?*U and their daughters.

Ta (B
b gamma emitters among theset
t
y| _ 7 = * 4 ~@ddeiticnal contricutions a

radionuclide ive
) result in background exposure rates (at 1 meter

above the ground) wnich are neariv a factor of two higher than

tnase similarly measured on the coral atolls (Table 1). Con-

tributions of stratospneric and trovospheric fallout are, of

course, superimposed on these néetural background radiation sources

Data ror this study were obtained during three field trip years

(1975, 1973 and 1980}. The first of the field trips was

conducted jointly with the University of Washington, Laboratory

of Radiation Ecology (LRE), which was responsible for determining

background concentrations of fallout radionuclides in soil and

in terrestrial and marine biota (7). Brookhaven National

Laboratory (BNL) was tasked with the neasurement of external

background radiation. Subsequent field trip activities focused

=

Sn externai radiation measurements onlv.
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) iy accessibility via commerci2l airline. The Trust Territory

ed

4 u
a

r
t ‘

my

i

v
t

fn C
L rd

o
>

a
o
l

e
t
h o
O i w
d

t
h ‘

€
)

‘f
h

c
t

% C
y a

t W
w

r
i

D t
L

yy oO iFa
e)
-
i
e

o
O J i
d

-
_
—

a 2 o
O
5 n © “4 "
3 (3 U
w

U
a



most of Micronesia. It is presently being saazseli out with the

formation of soveral sovereign states within this region Data

are also included fer some of the central and southern Marshall

Islands which were reached by U. S. Department of Energy fieid

trips ships.

Field measurements of external radiation were conducted with

a pressurized ion chamber environmental radiation monitor, and

Dy im situ gamma spectrometry with (5 cm X 53 cm) sodium iodide

scintillation detectors. Soil samples were also collected at

most of the measuren © nt sites. These were later analyzed in

the laboratory for gamma emitters by high resolution gamma

spectrometry; and for ?°Sr/?°y, and in some cases 73%, **%*pu

by radiochemical separation and counting. Data on strontiui

and transuranics are not included in this report.

The primary purpose of the in situ gamma spectral measurements

was to provide a data base for energy depen§ d

for the stainless steel-walled ion chamber detector. As a

result the measurements were made at low resolution (100 keY

per channel) from 0 to 2.5 MeV. A programmable calculator

was used to fold the pectra into the ion chamberw a Fe u uv

ora 4 oO aoresponse characteristic to t for energy dependence in

the environmental radiation monitor. Correction factors vere

typically about +5%.

The ion chamber instrument presented the instantaneous exposure

netw
y Q r
n

c
e
= M g 3 a +2 awrate digitailiv in wR/hr based on samoiin

exposur2 rate a fow times per second. Tae average exposure

oO 9 QQ “4 4

'

C, Q rt - nm QO c
t
Q fi

.

rate data presented in this report renresont t
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several minctes.

 

raule 1 presents the means (tlo} orf exposure rate measurements

at various locations in Micronesia. Soil samples (Table 2)

from these areas were analyred for gamma-emitting radionuclides

ton, Laboratory for Radiation

Erooknaven National Laboratory. The

vertical distribution of fallout nuclides in the soil was

cetermined Sy vertical sampling profiles to a depth of 50 cn.

’

- concentrations of '*?’Cs tended to decrease exponentially

tr of about 3 cm?g7!. Arealwith depth, with a "relaxation length

cepositions of '?7Cs were calculated by integration of the depth

cistriduticn determined from the vertical sampling profiles.

Exposure rates were then calculated by applying the coefficient

for 177Cs at 4.8 cm*g”! from EML-578 (8). These samples were

also analycted for “°K and for the uranium and thorium chains

zor which the vertical profile data were averaged at each sample

location. Tne respective exposure rate contributions were calcul-

ated from coefficients in HASL-195 (9). The cosmic ray contribu-

tion was assumed to be 3.2 vR/hr. (10).

Attempts were made to reconstruct ambient background exposure

rates from soil analyses and the cosmic ray contribution at

Majuro, Ponape and Truk. These data are presented in Tables 3,

+ and 5. These locations are sufficiently distant (> 500 km)

irom the test sites (Bikini and Enewetak Atolls in the norther.

Marshalls, that no evidence could be found to sugsest that they



Aww q ~ ~ lo = Cw ~ = ~ =. ty .7 . nes
received troposvaAeric fallout fron the ztrmoespheric nuclear tesrs= ©

= = aw 25 ane Com = = + > wep eas -
at tnese sites. Comparisons of 2Pasurec ANvposure rares ae

”Majuro Wwitn those at Kwajalein, watje and Ailuk Atolls in the

central and eastarn Marsnalis (Tasle 1} tend to support this

Survey, a2 large-scale environmental assessment of the reyional

impact of the testing progran parrorned in 19753.

QIt should de noted that exposure rates measured at Rongelap

and Utirik Atolls, in the northern and northeastern Marshalls

2
ner than those in the centralry oO spectively, are@

)

u }
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been contaminated by the Bravo Test on March 1, 1954, and

virtually all or the contemporary incremental exposure rates

above background at these sites is attributable to residual '°’Cs

contamination in the soil and vegetation.

The reconstructed exposure rate at Majuro (Table 3) is reasonably

close to the measured value. The difference is attributed to

the exposure rate contribution from “°K in biota (for which no

assessment was included in the calculated value), and to uncertain-

ties in the soil analyses. Tables + and 5 present similar analyses

for Ponape and Truk, both high volcanic islands in the Caroline

roup to the west of the Marshalls. These islands differed

from Majuro by virtue of the conrributions of the uranium and

horium chains in their volcanic soils, and their higher annual

rainfail. Comparisons of measure2 and calculated exposure rates

at Truk were exczllent. The significant difference between

the two valueas at Benave is attridute? srimarily to uncertainties
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m7 a+, —y- ? = c ’care=rul anmaivses of soil gamma emitters and the contribution

GF mse je weve a ~ aye ~ £ a ~ ; ~~ ae > 44cf o3smic rays. En situ measurements of exposure rates will

reflect significant contribution: above bacxground of fallout

gamma emitters, especially in locations where contributions

of tne uranium and thorium cnains can be ignored. It is

antultively obvious that a continuum exists geovrapnically

3 . =~ an eh 7-7 momen tae — y,.4 2Hetween areas wWRICnA received worldwide fa nd tropospheric fallout

anc those which received only stratospheric (or worldwide)

me islanas or Micronesia exhibit this continuum such

that pevond about five hundred kilometers from the test sites

mpossible to distinguish between the contributionsI c
t bE] if
] " o
°

Q t
s

to contemporary environmental exposures from U. S. Pacific

nuclear tests and those attributable to multinational worldwide

fallout.
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EX? RATE

VARICUS TATIONS IN MICRONESIA

ISLAND TYPE AUG. EXPCSURE NUMBER CF
LOVATION (date) LOCATION RATE (uR/hr.) MEASUREMENTS

‘Neajuro, Coral Atoll Southern 53.7 + 0.5 63
MAPUTO (11/75) Marshall fs

ROoi-mamur Coral Atoll Central 3.4 + 0.2 1$0
Nwaiulein (9/76) Marshall Is

Crimi, Coral Atoll Fast Central 53.7 + 0.5 180
notie (9/76) Marshail fs

wolie, Coral Atoll cast Cantral 3.3 = 90.3 119

hoTie (9/763 Marsnall Is

Ailuk, Coral Atoll Fast Central 5.8 + 0.4 135
ALLUX (9/76) Marshail Is

’ -1 (3) 1 : %?Uririk; Coral Atoll Norhteastern 4.1 ¢ 0.5 270

Ctirikx (9/76, 10/77) Marshall Is

sor (4) Coral Atoll Northeastern 4.1 + 0.3 90
ULirik (9/76) Marshall Is

b . -
Rongelap! ) Coral Atoll Northern 7.1 #4 1.1 380

nonzselan ($/76, 10/77 Marshall Is

mniy:.-fe - oy
Bikini’ ) Coral Atoll Northern ~40 > 1000
Bikinl (9/75 Marshall Is (range ~ 10-100}

Nolonia, High Volcanic Eastern 6.5 + 0.5 90
Ponape (11/75) Caroline Is

Moen, High Volcanic Central 6.5 = 0.6 30
Truk (11/75) Caroline Is

(a. Isontaminatec by Bravo Test, i954.

(>> Heavily contaminated by Bravo Test, 1954

(ov Pacific Nuclear Test Site. Data from BNL $1003 (5) and

UCRL-31579, revel. (2



AVEAAGE
uae mare ~~ “~

GAMMAS EMMOTT bewg Merk

r
q

SOME MECRONES

ACTIVITY CONCENTRATION CR
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Marsnall

andsm
t
O

U
i

~
t
-
—

Ponape, Eastern
Carcline Islands

Ponape, fastern
Saroline Islands

Dp a Tosrtkanr

Caroline Islands

Ponap?, Eastern
Caroline Islands

Trax, Cantral
Ceroline Islands

Truk, Central
Caroline [slands

Central
Islands

Truk,
Caroline

Truk, Central
Caroline Islands

37-6

* IO

Li7cs

Th

0.70 pCi/s

2.51 pCi/em®

< 0.22 pCi/g

1.381 ppn

9.17 ppm {

4.71 pCi/em’

 

(a)
LRE, NVQ-
cata).

Data derived spon soil sample analyses by University of Washington

269- 5(7), and Brooxheven National Laboratory (unpublished



n
a
m

 

 

 

CALCULATED EXPOSURE RATE FOR
MAJURO, “MI. I. BASED ON SOTL

cALCULATED 6!
SOURCE BASIS EXP. RATE (uR/nr.)

137¢ Avg. Deposition 8.9 X 107?
0-10? N. Lat. (a)

2.1 pCifen?

137Cs Soil Sanmpie 1.9 X 1a7?
Analyses: 0C.43 pCi/cm?

+ OK Soil Sample 3.0 X 107?
Analyses: 0.7 »nCi/g

Cosmic (a) 3.2

Total Calculatec 3.3 uR/hr
Total Measured 3.7 ¢ 0.5 ER/hr

(a) UNSCEAR (211)
(b) EML-378 (8), EKASL-195 (9)
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TASLE \“
’

CALCULATED EXPOSU2E RATE FOR

taux) gasep ox

SOTL RADIQANALYSES
 

 

(>) CALCULATED S*?
SOURCE DASIS* ExX?. RATE (pR/ar.}

U chain Scvil Analysa2
“ 23a MPEaao° 1.4

Th Chain Soil analyses 1.8
-327Th, 778TH

"OK (d) < 0.1

37Cs Soil Analyses 0.2
4.7 pCi/em?

Cosmic (d) 3.2

Total Calculated 6.7 uR/hr

 

Total Measured 6.5 + 0.6 uR/hr.

(2) Data averazed for Fefan, Mcen and Dublon Islands.
(b) Soil data from University of washington, LRE&.

NVO-269-35 (7 ).
(c) EML- 3738 (3), HASL-195 (9).
(dj) UNSCEAR (11}.
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Introduction

Large numbers of scientists and students from allt parts of the Unitcu

States and many other countiics are appointed as visitors to Bruot.-

haven National Laboratory each year. These visitors Come from ther
own institutions for periods of a few weeks, for the summer, for 1
year or two, or on an intermittent schedule. Every attempt is Mude t..

see that the transition from campus and researchinstitute to Bruur-
haven is easy, Convenient and productive. Thus, this booklet describe

some features of Brookhaven and the environs that have been found to

be of particular interest to those unacquamited with the Laborators.

Scientific policies, personnel procedures and insurances atc dea
with in other publications. Questions not answered by, and cotnimicnt

about, this Guide, may be addiessed to the Office of Serentiln

Personnel.

Before Arrival

Brookhaven National Laboratory is in the approximate geo- Location

graphic center of Long Island, about 100 kilometers (65

miles) east of New York City. (See map at back.) The Laboratory is ir
an isolated area and does not offer the normal services of city, town a:

village. The nearest villages are more than 8 kilometers (5 miles) away.

Brookhaven’s climate is typical of mid-latitude locations on Climate

eastern continental shores. The nearby ocean modifies the

general climate, reducing to a marked degirve the temperature ex

tremes found inland and assuring a relatively even distribution of pre

cipitation throughout the year. Unlike western Europe, however, tht

prevailing westerly winds occasionally bring periods of harsh conti

nental weather with departures from normal temperatures and pro

longed periods of strong winds.

Fall is usually considered Long Island's finest season and Octoberthe
most pleasant month. There are many Clear, mild days with temperd-

tures ranging from 7' to 21°C (45 to 70 F) and with low humidity.

The bodies of water surrounding Long Island usually remadin suitable

for recreation until early in November.
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Winter and spring are often an almost continuous season at Brook-

haven. Frequent coastal storms provide about LOU min (4 inches) of
precipitation per month, which may be either snow or rain depending
on the course and nature of the individual storms. In 1952-1953, for
example, only 300 mm (12 inches) of snow fel! during the entire sea-

son whereas the 1966-1967 winter produced 1900 mm (75 inches).
Four to five-day periods of extremely cold, windy weather are often ex-
perienced, and below zero temperatures (--17 C) occur almost every
winter. Because of the low ocean temperature, the month of April is

frequently more like winter than spring.

Brookhaven's summers are normally fairly cool because of vigorous

sea breezes, although maximum temperatures above 32°C (90° F) do
occur with persistent winds from the interior of the continent. The

relative humidity tends to be quite high and oppressive days are often

encountered from late June through August.

Hurricanes occasionally pass close to Long Island, generally in August
or September. They are now carefully followed by radar and aircraft,

so that adequate warning is assured.

Travel In some cases,partial or all travel expenses will be reimbursed

by the Laboratory and will be so noted on the Appointment
Allowancesform. Requests for financial assistance in the purchase of

travel tickets should be directed to the Office of Scientific Personnel.
Whenthe cost of tickets is reimbursed by the Laboratory, government

regulations require that an American carrier be used.

Household Information as to the shipment of personal belongings and
Goods household goods will be sent at the time of appointment.If

household goods are involved the Laboratory will arrange for

a moving companyto contact the visitor at his home.

Persona! Personal belongings are assumed to fit in an automobile, if
Belongings the visitor drives to the Laboratory. If it is necessary to ship

them, any allowance toward this cost will be stated in the

Appointment Allowances form. Visitors from abroad should not ship
their personal effects too far in advance of their arrival as they will not
be sent to the Laboratory, but will be held by Customs in New York

and will be subject to storage charges.

2

Visitors Supporled by, Other mstitutions must be sure the ft Castor

Haiidad oiip poet Udey aie ce Mvtite, el be doe Gqeigte aidor dy Livin,

np CONditiGhs th this dieu. bbe pelative solute of the Labor:

atory reduces the rahe of buusing available god makes Uearisyortatio:

expensive and troublesome. The typical cost of various accommoda
tions is $100 per month for a single room, $250 to $100 per mi nth fo:

furnished apartments. For a family of four, food costs woula be al
least $60 per week. A used car costs between $800 and $2,000; gaso

line about 13¢ per litre (60¢ per gallon). Compulsory Nabthi,; insur

ance to operate a car is $]60 or more per year. Rental vars ar

available from local agencies on a daily, weekly and monthiy basis

No stores, shops or public restaurants may be found on ur near the
site. The Laboratory maintains a Cafeténa on site. Informatian on res

taurants May be obtained from the Public Relations Office. wo regu

larly scheduled public transportation is avallable. For extemu di stay:

an automobile is a necessity.

No private vehicle may be driven unless the operator pus- Automobile
sesses a valid state operator's or chauffeur’s license. Lung License:

term visitors should apply for a New York State license up-

on arrival. A New York State operator's license is not require. if lega

residence is in anothe: state. International licenses, accompat. cd by «

national driver's license, are valid from one year of date of ts: -. How

ever, Many countries have a reciprocal agreement with New York Stale

and, in such cases, national licenses are honored for one y ar, pro

vided they are stamped by the American Automobile Associaiiun.

A number of furnished apartments for married scientists and  Housin,

dormitory rooms for single persons are available on the Lab- . On-Sitt

Oratory site. The period these accommodations are made

available will be determined at the time of the appoiitrins i Rent

charges for periods of less than one month may be prorated

The apariments are supplied with furniture, towels and be t linen
kitchen facilities and utensils. Irons, toasters and other elecinical ap

pliances are not supplied. The electricity available ts 100 voli AC. Ne

provision can be made for larger appliances that require eiuer 220

volt supply or plumbing alterations, or both. Coin-operated vashiny

and drying machines are located in the Apartment Area. T. tevisiar
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connections are available in apartments, but not in detached units or

dormitory rooms.

Pets Prior approval to harbor pets in apartments must be obtained

from the Housing Office. Pets are prohibited in dormitories.

Schools Children living on the Laboratory site may attend a public
elementary school (Grades Kindergarten through 6), or a

Junior-Senior High School (Grades 7 through 12) at no cost. Students

at both schools are transported to and from the Laboratory by school

bus. Generally, the school term begins a day or two after Labor Day

(first Monday in September) and endslate in June.

Nursery For pre-schoolers, a cooperative school (with parent partici-
School =pation), known as the Upton Nursery School, has been or-

ganized on the Laboratory site for children ages 3 and 4.

School begins about the second week in September and ends the
second week in June. Classes are small and children attend one-half
day for usually 2 or 3 days per week. At present, the fee is $32 per
month for 3 days, $22 for 2 days. Enroilment is limited and it is ad-

visabie to pre-register well before arrival.

Personal Personal mail should be sent in the visitor's name c/o the

Mail Department, Brookhaven National Laboratory, Upton, Long

Island, New York 11973. Letters will be delivered to the de-

partment address; there is no mail delivery to the Apartment Area.

Packages can be picked up at the Laboratory mail room. Packages

sent prior to arrival should be marked “Hold for Arrival”. Post Office

boxes may be rented at the on-site U.S. Post Office.

The First Visit

Transportation Most overseas visitors arrive via J.F. Kennedy Inter-

to the national Airport, or by ship docking at a New YorkCity
Laboratory pier. If the Office of Scientific Personnel has received

prior notice, a car and driver will be sent to bring the
visitor and family and hand luggage to the Laboratory. This service is
available during regular working hours (8:30 a.m. to 5 p.m., Monday

4

Hirgegh baida,s and as fur die ce tedhta cer teitbal tiege Ge Otuurta 4

Who die wdibaiilige Wall) Ge aio Pieiver AME be glad te ain 4

questions and will slop en ruule fo cllable tie visitor tu buy ued ou a

plies. The diver is not permitted to transport large preces of lupe. +

or trunks. Arrangements can be Made to Nave these shipped to cic

Laboratory by commercial carrier.

‘Long Island Limousine Service ts available from Metropolitan airpe cs

to the Laboratory.

For those driving therr own automobiics, te map in this booklet acs

Cates the best route to the | abcrutary.

Some visitors to Brookhaven will find it Convenient to take a tia

from New York City. A Long Island Ratlioad train presently leave s

Pennsylvania Station every weekday morning at 8.30 a.m. and atitve o
at Patchogue at 10:06 a.m. This tain is met by a Laboratory bus ad gy

passengers en route to BNL are Drought to the site. The train ai.u ii

staps at Jamaica (the station Closest tu JF. Kennedy Airport) at 8.01

a.m. The Long Island Railroad schedule changes seasonally.

Visitors will not be reimbursed for the rental of automobiles with st

prior approval.

If a housing reservation hus been made on the Laboratury  Housnig

site, the first thing to do on arrival is to pick up a key at the

Housing Office, 2 Center Street. For arrivals after 5 pm. or on a ween:

end, keys are held at the Police and Security Office, 24 Upton Rou.

On the initial visit, every visitor holding an appointment of Check nly
any hind must check in at the Personnel Office, 58 Brook- Procedue**

haven Avenue. This is necessary to activate the appoint-

ment and to ensure that certain required procedures are followed. An

identification card and automobile sticker are also provided. Regular

working hours are from 8:30 a.m. to 5 p.m., Monday through Friday.

While at Personnel, those visitors on long-term salaried ap- Insurances

pointments will be briefed as to the Laburatory’s medical,

life and retirement programs. For those not eligible for these pry
grams, or who are not otherwise protected while here, private nicdn |

insurance coverage Should be arranged. 4

5 in

R
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Travel The department secretary will assist in the preparation of a
Expenses voucher for reimbursement of allowable travel capenses.

All receipts and ticket stubs should be attached to the

voucher.

Salary Salary checks are distributed monthly on the last day of the
Checks month and reflect the pay period which ends on the 25th of

each month. Arrangements can be made through the Payroll

Office to have salary checks sent directly to a bank for deposit to an

account.

Loans Personal loans, repayable by Payroll deduction, may be ar-
ranged through the on-site branch of a jocal, privately-run,

full service bank.

While You Are Here

Services Please refer to the site map at back for the location of sci-
and entific departments and administrative offices. In addition,
Facilities Laboratory services include a cafeteria (schedule below),

the Brookhaven Center, a Post Office, and a service station

for automobiles.

Cafeteria Monday - Friday
Schedule 7:30 a.m. - 10:30 a.m. Breakfast

10:30 a.m.- 11:15 a.m. Coffee, Snacks
11:15a.m.- 1:30 p.m. Lunch
1:30 p.m.- 5:00 p.m. Coffee, Snacks
5:00 p.m.- 6:30 p.m. Dinner

Saturday, Sunday & Holidays

9:00 a.m.- 2:00p.m. Brunch

Brookhaven The Brookhaven Center is open from 5:00 p.m. until 11:30

Center p.m. every evening Sunday through Friday. Light dinner,
bar service and other amenities are available.

Recreation The recreational facilities at the Laboratory are as varied
as the activities it supports. They include the swimming

pool and gymnasium,the Recreation Building, tennis courts and soft-

6

ball fields. Specific announcements concerning activities and spec: a

evitils ate Calficd dn (he weekly paper tee GroukNavel bulletin gad 4

various olfice bulletin bourds. In addition, good swimming, boar...

and fishing are within 16 kilometers (10 miles) of the Laboratory.

According to the nature and length of an appointment, it may Off Site

be necessary for the visitor to find housing in the surround- Housing
‘ing communities. Off-site listings may be consulted in the

Housing Office and notices ae carried tn the Brookhaven Bulletin A

list of suggested real estate agents is available from the Office of Sci-
entific Personnel.

The Industrial Medicine Clinic of the Medical Department is Medical

responsible for required medical examinations of personnel Cure

and for first aid. For the usual personal and family medical

problems, employees are expected to use physicians and facilities in

their communities. Physicians at the Clinic may be consulted for im-

formation on physicians practicing in the various residential arees.

Expert assistance and a variety of services are provided by  Radiat:on

the Safety and Environmental Protection Division on ail Safety

Matters of radiation safety. Rules on radiation safety, in-

Cluding the use of personnel monitoring equipment and the wearing
and handling of protective clothing and equipment should be follow: d

In addition to normal fire and safety requirements, the Laboratory has
established standards appropriate to its operations. These are made
known to newcomersshortly after arrival through a safety orientation

interview. Investigators planning to bring equipment or apparatus wilh

them should determine in advance whether any of the fire or safrty

Standards apply. This may be done through direct contact with Plunt
Protection and Safety Audit, 20 N. Technology Street.

For those without their own transportation, a car leaves the Shopping

children’s shelter in the Apartment Area every Tuesday and Trips

Friday at 9 a.m. upon request. It arrives in Patchogue at 9:30
a.m. and leaves at noon, returning to the Apartment Area by 12 30

p.m. Please call the number listed in the Directory at back under Stup-

Ping Trips the day before you wish to use this service. In addition,
there is a limited bus service available to certain local areas fromte

BNL Main Gate. Bus schedules may be obtained at the Travel Offi-e,

2 Center Street.



Hospitality The Hospitality Committee, composedof the wivesof staff
Committee members, offers help in the orientation of newcomers. A

Staff Meiiver in the Persuinel Utfice acts as larson for

this group.

On Departure

Termination On termination of a Laboratory appointment, a check-out
Procedure sheet is prepared by the department secretary and involves

stops at the Library, Personnel Office and the Cashier for
the return of books, identification cards, payment of bills, receipt of

final checks, etc. Alien visitors returning to their home countries

should have the proper documentsfor their departure from the United

States. (See section Of Special Interest to Aliens.)

Transportation As was the case for arrival, the Laboratory will, on ad-

vance notice, arrange for the transportation of the visi-
tor and family and hand luggage to the airport or pier during regular

working hours.

Shipping The Laboratory cannot be expected to ship goods, books or
of Goods belongings accumulated during the stay. Visitors should make

arrangements for shipping large pieces of luggage and trunks

by private carrier. The crating and shipping of goods are considered

private matters and should not involve Laboratory equipment, materi-

al or labor.

Of Special Interest To Aliens

Visas The visa stamped ina passport at a U.S. Embassy or Consu-

late grants permission to enter the United States during the
period of its validity. The number of times the visa may be usedis in-
dicated before the words “application(s) for admission into the United
States”. Usually a non-immigrant visa ts valid for either one or unlim-
ited (multiple) applications.

8

The period of authorized stay in the United States is en-  Formi :4

tercd on Form | 9-7 (aso hi cen as Artival Uc parture teeccurd)

Witt is Sldpa di tic pdsspurl, (tS wuporlunt that the proper math z

address (Brookhaven National Laboratory, Upton, L.1., New Yurk

11973) be entered legibly on this form. Any extenstons of stay are 1 :-

corded on the teverse side of this form by an immigration inspector.

The Laboratory sponsors an Exchange Visitor Program for  Exchanye

temporary appointments, not to exceed three years. Intor- Visilurs

Matton concerning limitations and other conditions of this 1)
visa may be obtained at any U.S. Consulate. In order to ob-

tain a J-1 visa the Office of Scientific Personnel will mail Form DS!-

66 withthe letter of appointment; to apply, the form miust be presented

toa U.S. Embassy or Consulute in the tome country. Ho thus type ut

visa is obtained, the stay in the United States must be extended anne

ally. Thirty days to two weeks before the expiration of an authoriz J

Stay, the Office of Scientific Personnel should be contacted for a me 4

DSP-66 form which must be completed and sent, together with For

1-94, to the Immigration Office in New York City.

Fach time the visitor leaves the United States on a business or vac.
tion trip, copy 3 of Form DSP-66 should be taken. Also, passport:
Should be checked to ensure that the visa is still valid and that it mu/

be used for more than oneentry.

Permission ta continue practical training must be renewed Students
every six months. Before the first six months expire, the visi- (F 1)

tor should (1) get a letter in duplicate fiom the Office of Sci-
entific Personnel stating the terms of the appointment; (2) complet

Form1-538 and send it, together with the above letter, to the Forcign

Student Advisor at the visitor's school for signature; (3) take or matt t»

the Immigration Office in New York City the following: Form 1-94.
signed Form 1-538 (application to accept employment, and letter from

the Laboratory.

A type B-1 visa (temporary visitor for business) is available Visitors
for those coming from abroad who will not be receiving a sal- (B-i)
ary froma U.S. institution. Permission to stay Can be granted

for periods of up to two years.

For the purpose of opening a U.S. bank account, such vistors shoul’

obtain a special social security number by contacting the local Sucia

Security Administration Office in Patchogue.
C
uf
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Sailing When an individual holding any type of visa (including immi-

Permits grant) leaves the United States, or departs for reasons of va-

Cation or business, a sailing permit should be obtained sev-
eral days, but not more than three weeks, in advance of departure.

(See also section on Exchange Visitors.) However, a sailing permit is

not required for an individual with a B-1 visa who has beenin the

United States for less than 90 days.If the appointmentat the Labora-

tory has been salaried, a statement of earnings should be requested

from the Fiscal Division, 37 Brookhaven Avenue, and taken with pass-
port, copy of last U.S. incometax return (if any) «nd return ticket (if

any) to a local office of the U.S. Internal Revenue Service, whose lo-

cation can be recommended by the Internal Audit Group, 37 Brook-

haven Avenue. In the case of unsalaried appointments,a letter stating

the conditions of appointment should be requested from the Office of
Scientific Personnel.

Alien When corresponding with the Immigration and Natural-

Registration ization Service, the Alien Registration Number (if any)

Number should be stated to expedite the handling of the request.

This number, sometimes designated as a File Number, is

not issued upon arrival in the United States unless a ‘'file” exists at

that time. It is usually an eight-digit number prefixed by the letter “A”.
A permanentfile is made upon application for extension of stay or any
changeof visa status. File numbers issued in previous years should
also be stated.

Alien During January of each year, all aliens in the United
Address States must report their addresses to the Commissioner
Registration of Immigration and Naturalization Service. Alien address

report cards are available at the U.S. Post Office, 2 Cen-

ter Street.

INS The address and telephone number of the Immigration and
New York Naturalization Service office having jurisdiction over Brook-
Office haven National Laboratory is as follows:

U.S. Department of Justice
Immigration and Naturalization Service
20 West Broadway
New York, N.Y, 10007
Telephone: Area Code 212, 349-8735

10

Aliens are required to pay U.S. income tax, New York State in- Ta es

come tax and U.S. Social Securly tax on income derived from
Sources within the United States. However, those individuals with F-1

or J-1 visas are exempt from U.S. Social Security taxes. Otherwise,

tax rates, exemptions and exceptions vary with type of visa, duration

of appointment, residency, and tax treaties. Aliens should inquire at

the Alien Tax Bureau of the Internal Revenue Service for information
concerning their particular tax situation. Other information may be ob-
tained from publications #518 (Foreign Scholars and Educatioial
and Cultural Exchange Visitors) and #519 (United States Tax Guide
for Aliens), available from the U.S. Government Printing Office, Wasnh-

ington, D.C., for 75¢ per copy.

Individuals filing tax returns for previous years, after having left tne
United States, may obtain the appropriate forms from a U.S. Embassy

or Consulate.

1
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BNL Telephone No. -

Area Code: 516, 349-2123

For Information On

Automobiles: government
vehicles, Stony Brook

Univ. parking permits

Brookhaven Bulletin

Guest & Research

Collaborator appts.

Hospitality Commiltiee

Housing Office

Identification cards
& auto stickers

Insurance - medical

Mail

Medical check-up

Medical emergencies

Notary Public

Nursery School

Personnel Records

Plant Safety

Recreation Office

Salary Checks

Sailing Permits

Shopping trips

Taxes

Transportation -

arrival & departure

Travel policy

Travel Reservations

Visas

12

Directory

Wha

J. Cross

B. Petersen

G.A. Price

J. Garron

D. Metz

Personnel

Personnel

Mail Room

Ind. Med. Clinic

Ind. Med. Clinic

S.W. Eriksen

R. Flack

G. Callister

B. Laskee

M. Austin

R.W. Young

B. Laskee

QO. Vario

F. Federmann

J. Cross

F. Federmann

Office of Scien-

tific Personnel

Office of Scien-

tific Personnel

Travel Office

G.A. Price

Where

2 Center

40 Brookhaven

40 Brookhaven

58 Brookhaven

2 Center

58 Brookhaven

58 Brookhaven

2 Center

30 Bell

30 Bell

40 Brookhaven

40 Brookhaven

30 Bell

58 Brookhaven

58 Brookhaven

20 N. Technology

58 Brookhaven

37 Brookhaven

37 Brookhaven

2 Center

37 Brookhaven

AO Brookhaven

40 Brookhaven

2 Center

40 Brookhaven

Tel. Ext.

2535

2345

3336

2113

2541

2882

2877

2534

3670

2222

3332
3316
3694

2873

23875

4271

2873

2487

2482

2535

2482

3336

3336

2531

3336
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SRCCKRAVEN NATIONAL ABCRATCRY
 

- . 28
fatey& Environmental Protection Cavision 5A eae 4907

May 5, 1981

Ure Bruce Wachholz

Qf€fice of Heaith &

Environmental Research

72S. Department of Energy

washington, D.C. 20545

Dear Dr. Wachholz:

The enclosed material is submitted to help you in the May 21 and 22 re-
view of Brookhaven's Marshall Islands Radiological Safety Program. Included

are

1) Guide for Visiting Staff,
2) Schedule, and

3) Publications and Drafts Package.

The maps in the Guide for Visiting Staff will assist you in travelling
to the Laboratory and during your stay. A room has been reserved for you at

the Laboratory site. Louisa ‘lorrison, FITS 666-4208, will assist you in making
any arrangements.

If you have questions, please do not hesitate to call either myself or

Louisa.

Sincerely,

Eau T trasand

Edward T. Lessard

Program Director

Marshall Islands Radiological Safety Program

ETL/slg

Enclosure



Marshall [stands Radiological Safety Program Review Schedule
 

May 21 and 22, 1981

  

Day Jtume*
OLSausston

Léader Location

 

 

Diseusston Toptus
 

Thursday 0830-
May 21 1000

bruce Wachholz2 Bldg. 535

Conference

Room

Preliminary Review Committee meeting to be
followed by a welcome by Charles Metnhoid

1900- Andrew Hull Bldg. 535 Marshall Islands radiological safery 1954
1100 Conference to 1981. An overview of the Mecicai Depart-

Room ment and Safety & Environmental Protection

Division programs.

1100- Edward Lessard Bldg. 535 Marshall Islands Radiological Safety Program
1200 Conference Highlights 1974 to Present. Shorzly before

Room lunch a tour of the whvuie-body cuunting anu

bioassay facilities will be given for

interested Review Committee members.

1200- Cafeteria LUNCH

1300

1300- Robert Miltenberger Bldg. 535 Whole-body counting and bioassay instrumen-
= 1500 Conference tation, quality assurance and resuits, Will

| Room include a summary of the reievant portions
of the previous BNL medical prcgram and

cover our measurements of Sr-99, Fe-55,
Cs-i37, Pu-239, Zn-65 and Co-5c. The air

\ sampling program will also be discussed.

—\ 1500- Jan Natdu Bldg. 535 Exposure rate, vegetation, animal, and soil

2790 Conference measurements, instrumentation, and quality

Room assurance. Nuclides included are I-129,

Cs-137, Sr-90, and Co-60. Diet and iiving
pattern studies including Marshallese

foods, food gathering, food supply ship-

ments, copra production, fishing anz

other activities.

1715 Bldg. 535 COCKTAILS
Lobby

1900 Room A GUEST DINNER
Berkner Hall

a ee ee . _—_— —_— 2S SF Ss = & |S | = =—=_— = S|] =] = —] &«& =| | | | = BS ee | Be ww |S | FSF | HF FEF SE SF El re — - -

Friday 0900- Edward Lessard Bldg. 535 Dosimetry models and methods. Results of

May 22 1200 Conference dose assessment for Rongelap, Utirik,

Room Enewetak, and Bikini populations. Nuclides

* The time allotted is approximate
and will deviate according to the
desire of the Review Committee,

include Cs-137, Sr-90, Co-6C, Fe-55,

Pu-239, iodine isotopes and 7n-65. Cata

storage, records, publications anc

transmission of information.



UASG 81-290

Castle-Bravo Air Concentration and Deposition

Patterns from a 3-D Particlein-Cell Coce™

by

Kendall R. Peterson

May 18, 1931

ABSTRACT

The MATHEW-ADPIC code suite has been extensively modified to give the

total external dose from the detonation of the Castle-Bravo nuclear test at Bikini

Atoll until evacuation of the inhabitants of nearby atolls. The advantages of this

code suite is that it uses all the observed winds (in a mass-conservation sense) at and

after the detonation to provide dose rates and doses due to passage of the debris

cloud and to the time-integrated deposition up to evacuation time. Previous

assessments have given the fallout pattern (deposition only} at time H+tl hours.

The present code formulation gives excellent agreement with the estimated

total external dose (based on measurements) to people on Rongelap and Ailinginae

atolls.

 

=Sorx performed under the auspices of the U. S. Department of Energy under

Contraet No. W-7405-ENG-48.
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INTRODUCTION

Operation Castle was an atmospheric nuclear test series conducted in the

Marshall Islands from March to May of 1954. The most notorious test of the series

(1)
was Bravo, a 15 megaton thermonuclear explosive. The top of the resultant

debris cloud reached to nearly 35 km at stabilization timel!

Because of an unexpected shift in mid-tropospherie wind directions following

detonation of Bravo, the fallout pattern, instead of heading in the predicted

northeast direetion, had an easterly alignment. As a result, persons on the atolls of

Rongelap and Rongerik were exposed to relatively high levels of fallout from the

nuclear explosion. Prompt action was taken by U. S. Task Force personnel to

evacuate the natives of these islands. Some of the natives on Rongelap, the closest

to the detonation point, suffered temporary nausea and minor skin burns. None

exhibited any medium or long term effects from their exposure.

However, after about 10 years, those Rongelap natives, who were young

children in 1954 developed non-maligment nodules on their thyroid glands. Since

then the occurrence of similar nodules among the Utirik natives has been reported.

The rate of occurrence has been higher than would be expected statistically. The

purpose of this report is to caleulate deposition and surface air concentration plots,

using a three-dimensional particle-in-cell suite of codes to estimate the doses at the

islands from which the natives were evacuated. We will also consider the dose from

rainout as part of the debris cloud crossed the atolls. Finally, the calculated time

history of air concentrations on the downwind islands will be presented for several

nuclides.



Several fallout patterns for Castle Bravo were prepared in tie late 1450's.

Some of the better known patterns apoear in Ref. | and were prepared oy(2) the Air

Force Soecial Weapons Project, (b) the Naval Radiological Defense Laooratory, and

(ec) the Rand Corporation. A comparison of these three patterns shows significant

differences in the maximum dose rates, as well as the shapes of the contours. This

is due in large part to the subjectivity involved in the calculations. Portions of the

AFSWP and NRDL contours were based on dose rate measurements at Rongelap,

Rongerik, and Utirik, as well as a crude estimate of the dose rate received by the

Japanese fishing ship, the Lucky Dragon. The remainder of these patterns were

obtained using the observed winds in a subjective manner to bend the pattern and

achieve an approximate mass balance.

The Rand contours used estimated winds between Bikini and Rongelap. These

winds were obtained from interpolation of streamline analyses at several levels at

different times.

By contrast, the altered versions of the MATHEW-ADPIC codes used ia this

report allow us to use the observed winds at different loeations and different times

after detonation. No artificial bending of the pattern is required. The only

subjectivity lies in the selection of code input parameters. aAt all times, the codes

automatically assure conservation of mass.

COMPUTER CODES

The suite of codes developed for the Atmospheric Release Advisory Capability

(ARAC) were extensively modified in order to incorporate a larger number of upper

air wind levels. All prior uses of the codes have been to handle calculations for

releases that did not rise higher than a few kilometers. Also, the standard ARAC

codes do not involve sophisticated gravitational fall velocity calculations, nor do

they include time-integrated deposition.
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One of the major coces that was modified is warHew?), its ourpose is to

adjust ooserved winds, using variational anaivsis methocs, 50 as to conserve miss

trom cell to cell. After modification, all observed voper air wind data from 19 mto

35 km were entered as input. This was done for four time periods, using winds for

one to three observing stations for each time. The ovvious advantages of this code

(over most other fallout codes) is that mass is not permitted to accumulate in any of

the cells and winds are available for each 3-D cell intersection for four times.

Tne MATHEW winds are used then by the modified appicl?l particle-in-cell

eode to calculate the transport, diffusion, and deposition of an instantaneous

source. Modifications required of ADPIC, to handle the Bravo test, consisted of

allowing more upper air input than is used in typical ARAC assessments.

rurthermore, since particles falling from the stratosohere undergo a large increase

in air density, it was necessary to add a turdulent wake correction to the larger

Other
. . . (4

particles; this correction follows the method set forth by SeDonald-

modifications were to incorporate a tropical atmosphere into the fall velocity

calcuations and to make the particle activity increase as the cube of particle

cadius. Finally, time-integrated deposition was added; this allows calculation of the

total dose from detonation time to evacuation.



INPUT DATA

Surface meteorological observations were avaltiaole from some atolls and from

the U.S.S. Curtiss which cruised south of Bikini; however, since the larger particles

fall rapicly from the debris cloud to tne surface and spend little time near the

surface, not many surface reports were used. Of far greater importance are the

upper air wind observations taken at four sites near Bikini atoll. Other significant

input data consisted of a flat topography, cell sizes of 34 km (east-west) by 17 km

‘north-south}, and 1 km in the vertical, stem and cap debris cloud geometries at

Stabilization time, source rates for both gross fission produets and selected

individual nuclides, and particle size spectrum parameters.

CALCULATIONS

Geoss Fission Products

Tne time-integrated external dose pattern (in rads} due to gross fission

oroducts from detonation time to evacuation time of Rogelap atoll (51 hours) ure

shown in Fig. 1. Tne numbers next to Ailinginae, Rongerix, and Utirik atolls are

integrated values uo to the time people were evacuated from those atolls.

. . [3
For comparison, the value of total dose, estimated by Dunning. j and

Strausst®! are given in Table 1. Note that the agreement is very good for

Rongelap and Ailinginae atolls. However, calculations for Rongertk and Utirik ave

at odds with earlier estimates. The code calculations for Rongerik are higher, while

those for Utirik are lower. This variation appears to be in part a prablem of

"tuning"; also a possible variation in wind directions and speeds at late times when

the only wind observations were from the U.S.S. Curtis, south of Bikini (some

distance from the atolls of concern) may be an explanation.



Taoie |. Comparison of gross fissicn product total external doses for
computer calculations vs. estimates by Dunning?! and

 

Strauss)?

Present Previous
Evacuation Time Caleulations Estimates

Atoll (hours) {racs) (roentgens) Ref.

Rongelao

(northern part) 51 1300 2000 {5]

Rongelao

(southeastern part) 51 110 175 (5]

Allingingae

(Sifo Is!and) 58 24 <100 (5]

Rongertk

(southeastern part) 30 340 78 [5]

U tirtk 78 0.33 vV10 [3]

With the modified MATHEW-ADPIC code suite, it is possible to calculate the

instantaneous immersion dose rate from gross fission products as a function of

time. Tnis ean be done for any time inteval. Figures 2a to 2f show surface

immersion dose rate contours for every three hours from one hour after Bravo cloud

stabilization time to H+16 hours. Note that after an easterly traverse, most of the

cebris reaches the trade wind level; the contour pattern moves south and finally

toward the southwest.

Individual Nuclidas
 

Calculations were made of instantaneous and time-integrated concentrations

at 2 m g2o0ve the surface for the several atols affected by Castle-Bravo. The

nuclides considered were Te-129, [I-131, I-133, Cs-137, and Eu-155. These

calculations agree well with observations at Rongelap and Ailinginae atolls, but are

too high at Rongerik and too low at Utirik atoll. The surface concentrations for

nongalac. Doth the northern and southeastern parts of the atoll, and for Ailiginae

Atoll ace presented in Figures 3a to Se. The time of arrival of the first Bravo debris

is In agreement with reports made by the inhabitants.



REPORTS OF RAIN DURING BRAVO FALLOUT

Transcripts of post-cetonation briefings suggest that seif-induced rainout

oevurred for a short time after Bravo was detonated. The crew of the Japanese

fishing ship, No. 5 Fukura Maru (Lucky Dragon), while fishing downwind just outsice

the exclusion zone, noted that the initial fallout on their ship was accompanied by "a

light rain or drizzle.t 7) It is unlikely that this was a continuation of the

self-induced rainout, some two or more hours after Bravo's cetonation; it was

orobabdly a natural rain system superimposed on the debris cloud.

Another report of rain during Bravo fallout was made by a group of Rongelap

(8]
natives after evacuation. They lived in Rongelap Village, on the southern part

of Rongelap Atoll, and stated that it "rained a little" during the afternoon of March

Ist.

(8] who hadAnother interview with an American Air Foree radio operator

2een on Rongerik Atoll prior to evacuation disclosed that "rain commenced about

2100 [LST] and continued for 30 minutes."

Finally, the S. S. Roque, owned by Micronesian Lines, left Kwajalein at 0945

LST and arrived at Utirik at about noon on March 2, 1954. The ship left Utirik

(apparently a few days later) and arrive at Majuro Atoll on March 7. A radiological

survey at Majuro disclosed radiation readings of 10 to 30 mr/h on March 7. The

ship's captain mentioned that he had encountered rain squalls during his voyage, but

was not specific about where or when. It appears certain that the S. S. Roque

encountered Bravo fallout, possioly accompanied by rain showers, either while

approaching or while in harbor at Utirik. If 10 mr/h are "grown back" to five or six

davs earlier (when the Bravo debris cloud passed near Utirik), the dose rate is

estimated at about 100 mr/h.



SUMMARY AND CONCLUSIONS

Extensive modification of the MATHEW-ADPIC code suite has produeed

contours of Castle Bravo accumulated and time-integrated deposition for zross

fission products. Through the use of dose conversion factors, these contours have

been converted to case rates and total doses up to the time of evacuation from the

atolls affected by the debris cloud. In addition, both instantaneous and

time-integrated surface concentrations have been calculated. For the nearest

atolls, the calculations agree well with the measurements and total dose estimates

based on these measurements. At the more cistant atolls the agreement is not as

good, indicating the need for more "tuning" of the code input parameters.

The internal dose to the inhabitants of the affected atolls have not been made

in thts report. Interviews with natives of Rongelap Village and Ailinginae! ®!

indicate that many people ate fresh seafood and drank water from cisterns following

contamination of theie islands. Although there is no direct evidence that those at

Utirixk ate and drank contaminated food and water, it seems likely that they did

since the dry deposition from Bravo was considerably less tnan at atolls to the west.

However, the previous section indicated that rain probably occurred during the time

of fallout. This would result in wet deposition, producing local doses 10 to 50 times

greater than in those areas where rain did not occur. This effect could have

resulted in develooment of thyroid nodules in those Utirik residents who consumed

contaminated food and water.
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Figures 4a. Castle Bravo instantaneous and time~integrated surface air concentrations for

southeastern part of Rongelap. The nuclide is tellurium-129.
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Figure 4d.

Time ~HRS

Sume aS Pig. 4a, except nuclide is cesium-137.
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REEVALUATION OF ASSESSMENT OF
RADIATION HEALTH EFFECTS OF THE

RESETTLEMENT OF ENEWETAK
ATOLL

STATEMENT ON BEHALF OF

THE PEOPLE OF ENEWETAK

to

SUBCOMMITTEE ON INTERIOR AND RELATED AGENCIES

by

Michael A. Bender, PhD

and

A. Bertrand Brill, PhD, MD

May 13, 1981



Our earlier Assessment (National Cytogenetics,

October 12, 1979) was based upon the "Preliminary

Reassessment of the Potential Radiological Doses for

Residents Resettling Enewetak Atoll (Robison, et al.,

UCID-19219, July 23, 1979, draft) also used by the Department

of Energy for its own health effects assessment (Ailin

in Enewetak Rainin, Washington, D.C., September, 1979).

For our Assessment we also adopted the genetic effects

and cancer risk estima:es given in the May 1979 draft of

the National Academy of Sciences-National Research Council

Report of the Committee on the Biological Effects of Ionizing

Radiation (the BEIR III Report). Since that time final

versions of both drafts have become available, and each

contains revised values for estimates we used in 1979.

We have examined these changes and revised our numerical

health effects estimates for the resettlement of Enewetak

Atoll accordingly. In summary, though there are increases

in both the dose estimates and the cancer risk coefficients,

they are relatively small. The resulting changes in our

numerical health effects estimates in no way affect our

earlier conclusions regarding the safety of the Enewetak

People upon return.

Radiation Doses. The refined dose estimates given in

"Reassessment of Potential Radiological Doses for Residents



Resettling Enewetak Atoll" (Robison, et al. (1980),

UCRL-53066) corresponding to those we used from their

earlier draft appear in Tables 30, 42 and 44.

The changes are summarized in Tab 1. It may be seen

that the pertinent final estimates are somewhat higher

than the earlier ones; in the important cases by roughly

20%, thus our calculated 30 year whole body dose for Enjebi

people is increased from 5.6 rem to 6.8 rem, or from 186

to 226 mrem per year (page 4). Similarly, our calculated

30 year whole body dose for people returning to Enewetak

and the southern islands is increased from 0.23 rem to

0.38 rem, or from the old estimates of 8 mrem per year

to 13 mrem per year (page 5). The resulting revisions

of the average doses to the whole Enewetak people increase

the whole body dose from 2.36 rem to 2.9 rem, or from 79

mrem per year to a revised éstimate of 98 mrem per year

(page 5). For the case of a child born eight years after

the return to Enjebi, the situation expected to cause the

largest risk of genetic effects, the former calculated

4.9 rem 30 year whole body dose is revised to 6.1 rem,

or from about 163 to about 204 mrem per year.

Cancer Risk Coefficients. The 1980 BEIR III Report contains
 

substantially revised cancer risk estimates. We have

incorporated these in our reevaluation. Thus the coefficients



given in Table 1 of our 1979 Assessment (page 30) for the

linear-quadratic dose-response model become 2.81 and 7.70

for the absolute and relative risk projection models

and those for the linear dose response model become 6.58

and 18.19 under the absolute and the relative projections

respectively. These are not large changes (indeed one

constitutes a small decrease), but the largest is roughly

two fold.

Genetic Risk Estimates. The dose estimate revisions make

very little difference in the numerical genetic effects

estimates given in our 1979 Assessment (page 25). For

example, the first generation increased risk estimate

upper bound estimate is changed from 177 to 218 cases per

million live births or, more meanfully perhaps, from about

0.08 to about 0.1 cases among the roughly 49 cases expected

from other causes in the next Enewetak generation if the

population just replaces itself. Similarly, the absolute

upper limit of credible risk of genetic ill health (page 26)

for a child born on Enjebi eight years from now who has

a child at age 30 is increased only from roughly 3 to 4.5 chances

in 10,000, which must still be compared with the roughly

one chance in ten normal risk, a very small increment indeed.

Cancer Risk Estimates. The effect of the newer dose
 

and cancer risk coefficients is also small. A comparison

of the new with the old estimates is shown as Table I. It



may be seen that the earlier upper bound estimate for the

people returning to the souther islands of 0.05 added

cancers above the 41 cases expected from other causes

(page 30) is increased only to 0.09 added cases. Similarly,

the upper bound estimate for the people returning to Enjebi

of 0.66 case added to the normally expected 27 cases

is changed to 0.99 case. We emphasize, however, that

these are upper bound estimates, that the actual risk is

probably smaller, and may actually be zero.

Conclusion. We havereexamined our earlier Enewetak

health effects estimates in the light of more recent

dose and cancer risk coefficient estimates, find the risks

still small. We note that our revised estimates remain

in remarkably good agreement with those provided by the

DOE. We still conclude that it is entirely possible

that the radiation exposures of the Enewetak people

resulting from return of the dri-Enewetak to the southern

islands and the dri-Enjebi to their home "will never result

in even a single case of disease among either the returning

population of their descendents."



Table 1. Comparison of Pertinent 1979 and 1981 Whole
Body Dose Estimates

Dose (rem) Average Dose (mrem/yr)
30 yr. 50 yr. 30 yr. 50 yr.

Southern New 0.38 0.55 13 11
Islands Old 0.23 0.33 8 7

Enjebi- New 6.8 10.1 226 201
Northern Old 5.6 8.0 186 159
Islands

Average New 2.9 4.3 98 87
(total Old 2.4 3.4 79 68
population)

Table 2. Comparison of No. of added Cancer Deaths Due to
Lifetime Exposure (50 years) - Enewetak Atoll
Linear-Quadratic (best) and Linear (Highest) Models

Group Absolute Risk Relative Risk
LQ Lin LQ Lin

Southern New ~02 -03 04 .09
Island old -O1 -02 01 ~04

Enjebi- New ~15 -36 -42 -99
Northern Old -09 30 -17 -62
Islands

Total Group New ~17 .39 46 1.08
Old -10 32 .18 -66



Satety & Environmental Frotaction Civision

‘Ir. T. F. McCraw

Nivision of Health and

Environmental Research

U.S. Department of Energy (DOE)

washington, D. C.

Dear Tommy:

20545

April 9,

BROOKHAVEN NATICNAL LABCRATORY

ASSOCIATED UNIVERSITIES, INC.

Wotton, New York ‘1073

(518) 245-4207

1981

The following schedule is submitted for the upcoming site review of

Erookhaven's Marshall Islands Radiological Safety Program. Tt is tenta-

tive and can be adjusted to meet the needs of the Review Committee.

Date

3/22/81

5/21/81

5/21/81

5/21/81

3/21/81

5/21/81

Time

0900~
L000

1000-
1100 ©

1100-
1200

1200-
1300

1300-
1500

1500-
1700

ek

 

Discussion

Leader Location

Bruce Bldg 535A

Wachholz Cont. Rm

Andrew Bldg 535A
Hull Conf. Rm

Edward Bldg 535A
Lessard Conf. Rm

Cafeteria

Robert Bldg 535A
Miltenber- Conf. Rm

ger

Jan Bldg 535A

Naidu Conf. Rm

~~ert

Comment

Preliminary Committee Meeting

MIRSP Program Synopsis 1974
1981.

Program highlights and tour of

the whole-body counting and
bioassay facilities.

LUNCH

Whole-Body counting and bioassay

instrumentation, quality assur-
ance and results. Will include

a summary of the relevant portions
of the previous BNL medical pro-

gram and cover our measurements

of Sr-90, Fe-55, Cs-137, Pu-239,

Zn-65 and Co-60. The air sampling

program will also be included.

Exposure rate, vegetation, animal,
and soil measurements, instrumenta-

tion, and quality assurance. Nu~

clides included are 1-129, Ce-13/7,

Sr-90, and Co-60. Diet and living
pattern studies including Marshal-

Lese foods, food gathering, food
supply shipments, copra production,

fishing and other activities.



Tessard to McCraw - t
e - April 9, 1981

 

Discussion

Jate Time Leader Location Comment

3/21/81 2000 Charles Stony Brook Dinner at Three Village Inn
Meinhold for committee members, BNL

members and their spouses.

3/22/81 0900- Edward Bldg 535A Dosimetry models and methods.
1200 Lessard Conf. Rm Results of dose assessment for

Rongelap, Utirik, Enewetak,

and Bikini populations. Nu-

clides include Cs-137, Sr-90,

Co-60, Fe-55, Pu-239, iodine

isotopes and Zn-€5. Data

storage, records, publications

and transmission of information.

Under the >roposed format, the various discussion leaders will be

prepared to present slides and overheads on topics related to their

ciscussion area. An open round table consideration of the topics presented

by each discussion leader will follow. On Mav 4, 1981, I will forward 14

copies of our publications and drafts package to you. The package will

also include copies of our schedule 189's, work package authorizations,

and a synopsis of the program history. I will also forward a package to

bill Robison for his information.

I look forward to the review and would appreciate your suggestions

concerning any aspects of the schedule or format.

Best regards,

~ 4 —_- » \

CAO VLA

Edward T. Lessard

ETL/slg

ec: V. P. Bond, M.D., Ph.D.

C. B. Meinhold =

Dr. B. Wachholz “os ahs \

 



BROOKHAVEN NATIONAL t ABORATORY
 

ASSOCIATED UNIVERSITIES, INC
5

Upton Piesw roth 11.7%

Pert POnM etal Frotechon wavision (514) 345- 4250

April 23, 1981

Mr. T. F. McCraw

Division af Health and

Environmental Research

U.S. Department of Energy (DOE)

Washington, DC 20545

Dear Tommy:

Enclosed are the figures you requested for the Bikinians and other
aopularions. Dratted figures are included for Sr~-90 and Cs-137 for

Rongelap, Bikini and Utirik residents. Bikini mean adult body burdens

which equal the minimum detection limit for the procedure are estimated

ror Pu-239. Figures illustrating Co-60, Fe-55 and Zn-65 are being drafted

presently. Hand drawn copies are included with this letter.

The figure with Pu-239 results illustrates our upper limit estimate

of the body burden. These estimates are different for the ingestion or

inhalation pathways. The two curves illustrate the resuits obtained when

one assumes that the urine activity corresponds to (a) an inhaied uptake

or (b) an ingested uptake. The minimum detectable inhalation burden
corresponds to an average derived air concentration of 309 fCi m-3, much
greater than that observed by Robison (UCRL-52176). The minimum detectable

ingestion burden corresponds to 4 uCi yr=l, This is much greater than

that predicted by Robison. Our opinion is that our minimum cetectable
results can be many times larger than the actual body burden of Pu-239 in

this population.

If you need further illustration of our data or require additional

information, please do not hesitate to ask.

Best regards,

booV dewwl

Edward T. Lessard

ETL/slg
Enclosure

ce: B. Wachholz
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RONGELAP

UTIRIK

BIKINI

ENEWETAK

URLNE COLLECTION DATE 

MARCH 1954

MARCH 1956

JUNE 1957

APRIL 1958

APRIL 1959

APRIL 1L96L

APRIL 1963

APRIL 1964

APRIL 1967

APRIL 1968

APRIL 1969

APRIL 1970

APRIL 1971

APRIL 1972

APRIL 1973

APRIL 1974

APRIL 1978

AUGUST 1979

APRIL 1959

APRIL 1974

APRIL 1978

AUGUST 1979

APRIL 1974

APRIL 1977

APRIL 1978

JANUARY 1979

MAY 1979

AUGUST 1980

FEBRUARY 1980

JANUARY 1981

WHOLE BODY COUNT DATE 

APRIL 19538

APRIL 1959

APRIL 1961

APRIL 1965

APRIL 1974

APRIL 1977

AUGUST 1979

APRIL 1959

APRIL 1974

APRIL 1977

AUGUST 1979

APRIL 1974

APRIL 1977

APRIL 1978

JANUARY 1979

MAY 1979

AUGUST 1980

FEBRUARY 1980

JANUARY 1981



CONFERENCE ROOM RESERVED FOR:

MARSHALL ISLANDS RADIOLOGICAL SAFETY PROGRAM REVIEW MEETING

Thursday, May 21 and Friday, May 22, 1981

Participants

William Bair
Norman Cohen
Chet Francis
Richard Gilbert
Jack Healy
Roger McClellan?
Tommy McCraw
Jacob Thiessen
Roy Thompson
Bruce Wachholz

Robert Conard?
Stan Cohn

Andrew Hull
Edward Léssard
Charles Meinhold
Robert Miltenberger
Jan Naidu

“Anant Morthy -RaprocHE mis 7ar A> SPCET7.
Linda Olmer = BADIOeHENISTAP —URIWALY s3(rear#/nitk)
Joseph Steimers= €@@nisrTrye
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Prom \ Pwonta-Sini year Review or Medieai Findings in a Marshallese

Pomriattonm Excosed to Pallour in tosd, ROY Canard et ul,
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Appendix VI _—

—- DOSE ASSESSMENT

4 Zariy Radiacion®

eee eee _

Table 1. Estimated gamma exposure (measurements in air).

 

Instrumenc Est. ¥

 

No. Approx. Clme Time of readings exposure

Aczil neople fallouc began evacuation (mR /hie} (R}

Rongelap 64 H+4 to 6 hr H+50 hr (16 people) 275, H+? days 175

H+5l hr (48 people)
ailingnee 18 H+4 co 4 hr 4H+38 hr "00, H+9 days 69
Rongerik 28 H+o.3 her H+28.5 he (8 men) 280, Hts days 78

H*34 ar (20 men)
Jerrix 157 H+Z2 hr Started ac H+55 hr 40, H+& days 14

 

Table 2. Estimated body burden (yCi) of Rongelap people.

 

Max. perm.

 

Activity* Activity**® tocal body
act day l at day 82 burden

89sr 1.6 - 2.2 0.19 40
140Ba 0.34~ 2.7 0.021 9
Rare earth group 0 - 1.2 0.03
*-*I (io thyroid gland) 6.4 ~ll.2 0.7
LI3Ry 0 - 0.013 - 50
“Ca 0 - 0.019 0.0 200
Fissile material Q - 0.016 (ug) 0.0 0.4

 

From U.S. Naval Radiological Defense Laboratory.

“™From Los Alamos Sctencifiec Laboratory.

anne a |

Table 3. Escimaced whole-body (gamma) and thyroid doses (rag)

-

 

Thyroid dose (incl. gamma),
aC exposure age:
 

 

whole-body

Population No. dose <10 10-18 >18

Rongelap 65 175 810-1800 335-810 335
Allingnae - 18 69 275-450 190 135
Utirik 158 14 60-95 30-60 30

 

 

tA veeve uation of the early whole-body and internal organ doses is in prog-

ress ac Brookhaven National Laboracory. Incomplete results give sowe indica-

-tonm ' at the previously estimated chyroid deses may de too low. Since the
cesults are preliminary, they are noc included in Cais report.



Marshall Islands

Whole Body Counting 

1958-1977 BNL Medical Department 1978-1981 BNL S&EP

Remarks

At ANL

Steel Room-Chair

Steel Room-Chair

Shadow Shield-Bed

Shadow Shield-Bed

Shield-Bed
Shield~-Bed

Shadow

Shadow

Shadow Shield-Bed

eeee teliteceta ee peee eeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeee

Bikini Enewetak Rongelap Ut

1957 a"
3 100

9 227 3

1960

L 110

2

3

4 158

S 109

6

7

3

9

1370

lL

2

3

4 31 46

5

6

7 48 35 (HEN) 66

3 99

9 101(M) 75

129 (K)

1980 200(M&K) 402

1 378

axplanation

X - Kili

M - Majuro

H&N ~ Holmes & Narver employees

LV - Large Volume Samples

R - Rongelap

A
2

0

22

66

12 (M)

75

73 (M&K)

Shield-Bed

Shield-Bed

Shiela-Bed

Shadow

Shadow

Shadow

Shield-Chair

Shieid-Chair

Shadow

Shadow



Marshall

 

1956-1977 BNL Medical Department

Islanas

-_——- -

1376-1981 BNL S&EP

 

Other Analysis
Bixinl FPnewet3x Rongelap Utirik Comparison Atolls By

1954 (March) Pooled (15) NRDL & LASL
1954 (April) 51 NRDL
1954 (June) Pooled NRDL & LASL

QO Pooled Lo 5-Pooled 9-Likiep,

(NY¥-HASL) S-Majuro NRSL & HKASL
7 Pooled ?
3 15 ?

9 174 is UW

1960

1 19 BNL-Med

3 38 BNL-Med

4 27 HASL

5 28+2 Pooled HASL

7 24 HASL

8 Z2 HASL

9 23 14-Kili HASL

1970 Pooled + 2 20 HASL

l Pooled + 7 15 HASL

2 cooied + 4 18 HASL

3 i4 1l HASL

4 21 14 li HASL

5 2 Pooled HASL

6 8+Poocled Pooled Ebeye, Wotje HASL

7 5 Pooled 35 (HEN) 5 (LV) 5 (LV) BNWL, LASL

8 39 + 5S (LV) 5 (LV) 5 (LV) 12-Majuro BNL S&EP

9 73 73 49-Majyuro BNL S&EP

129-Kiia BNL S&EP

1980 400 1LOO-Maiurc,Kili BNL S&EP

1 335 BNL S&EP

Explanation of Symbols

UW - University of Washington
HASL - Health & Safety Laboratory (Now EML)

LASL -~ Los Alamos Scientific Lab

NRDL - National Radiological Defense Lab
H&N = Holmes & Narver
LV - Large Volume Samples

 



MARSHALL ISLANDS RADIOLOGICAL SAFETY FROGRAM

FIELD TRIPS 1974-1981

i. Dose Assessment-Environmental Food Chain Surveillance

4/74 - Greenhouse, Ash, Nelson - Utirik, Rongelap, Bikini

Orientation Field Trip (with Medical)

-External radiation measurements

-Sampling groundwater, soil, plants, fish, coconut crabs

12/74- Greenhouse, Nelson - Rongelap, Rongerik, Bikini

~External radiation measurements
-Sampling Fish

4/75 - Greenhouse, Williams, Reilly, Davis, Nelson - Bikini (Enue)

-External radiation levels

-Soil and vegetation (also Wotho, Kwajalein)

Guidance on Siting of Second increment of Housing

6-7/75-Greenhouse, LLL, UWLRE, EPA - Multiagency - Bikini (Enue)

-Soil, groundwater and vegetation (to UW)

Guidance on Siting of Second Increment of Housing

11412/75-Greenhouse, Nelson - Majuro, Ponape, ‘Truk, Guam, Polau

Regional Radiological Background Study

3-4/76-Greenhouse, Naidu, Kuehner, Haughey, Terpilak - Bikini (Enue)

Followup of Previous Study

~B-y dose rates

-Soil and vegetation:

9/76 - Greenhouse, Nelson with Medical - Wotje, Ailuk, Utirik,

Rongelap, Bikini

Environmental surveys



i
)

11. Augmented Program: Pu Air Sampling, Residency, Dose Assessment,

Diet and Life Style Study

1-2/77-Naidu - Rongelap

-Residency, effects of radiation on men

4-5/77-Greenhouse, Levine, Miltenberger - Utirik, Rongelap, Bikini,

Kwajalein

-Site planning, wind-powered generators and air samplers,

also conventional, Kwajalein-Pu excretion sampling

10/77 Greenhouse, Levine, Dillingham, DeAngelis, Cua - Utirik, Rongelap,

Bikini, Kwajalein

-Installation of windmills

-Large volume urine sampling collection

10/77 “Miltenberger, Cohn, Rothman, Clareus, WBC - Japtan

-WBC-Japtan Marshallese (unseccessful)

-WBC-Enewetak (Holmes and Narver employees)

1/78 Balsamo, Sherwin - Bikini, Rongelap, Utirik

-Complete installation of wind generators and repairs

3-4/78 Miltenberger, Lessard, Naidu - Rongelap, Utirik, Bikini

-Collect urine, soil, vegetation and fish

-5 Day Hi-Vol Air Sampling

-Residency-Utirik (Naidu)

-WBC, urine, vegetation, local foods

9/78 = Greenhouse - Nor Marshall [slands Radiological Survey



1/79 - Miltenberger, Greenhouse, Craighead - Majuro (former Bikinian)

~WBC .of 64 former Bikinians), 49 urine samples; 37 Majuro residents

-Complete Pacific Basin Study (UWLRS)

5/79 - Miltenberger, Lessard - Majuro, Kili (former Bikinian)

-WBC (of 79 former Bikinians, 50 Kili)

8-9/79-Miltenberger, Lessard, Balsamo, Hunt, Dillingham, Sherwin, Rademacher

Kwajalein, Rongelap, Utirik

-Reestablish air samplers, Kwajalein, Rongela, Utirik

-WBC 150 persons (Rongelap, Utirik)

-Environmental Monitoring (EM), Rongelap, and Utirik

-146 urines

-local foods

2/80 - Miltenberger, Levine, Greenhouse, Manalastas - Japtan, Enewetak

Ujelang - Baseline data, prior to repatrition
-WBC 400

-Urine samples (400)

7-8/80-Greenhouse, Moorthy, Wells Rivera - Majuro, Kili

-WBC (200 persons)

-urine (100 persons)

1-2/81-Miltenberger, Roesler, Bennett - Enewetak

-WBC

“kh. .
-x-ray machine survey

2 ace se“we

WBC - whole body counting

A ln



1356

1957

1958

L961

1962

1964

~965

1969

1972

1973

4/74

12/74

0/75

4/76

4/78

8/79

8/81

MARSHALL ISLAND RADIOLOGICAL SAFETY PROGRAM
 

Environmental Sampling 

Water Vegetation

- 50

- 120

30 100

2 50

2 50

R - Rongelap

U - Utirik

Soil Animal

130 2

130 -

1O

* Planned R & U



Marshall [Islands Radiological Safety Program

Sclentific & Professional Staff

Program Directors
 

MIRSP

1974 - Sept 1980 Nathaniel Greenhouse

Sept 1980 - Present Edward T. Lessard

(Dose Reassessment)

1978 ~ Sept 1980 Janakiram R. Naidu & Nathaniel Greenhouse

Sept 19380 - Present Janakiram R. Naidu & Edward T. Lessard

Principal Support Staff

1974 - 1975 Frances J. Haughey

1976 ~ Present Janakiram R. Naidu

1977 - Present Robert P. Miltenberger (WBC, Data basis)

1979 - Present Edward T. Lessard

Part-Time Staff
 

1978 - 1980 Florence Cua

1978 - 1980 Jerry Knight

Adjunct Staff

1974 - Present Andrew P. Hull

Rongelap & Utirik

Dose Reassessment (DBER)

(Part-Time)
 

1978 - Sept 1980 Nathaniel Greenhouse

1978 ~ Present Janakiram R. Naidu

1979 - Present Edward T. Lessard

Cansultants

8/78 Charles Sondhaus (UCCM)

Diet and Living Pattern Studv

(LLL, DOE)
 

a/78 Janakiram R. Naidu

Evelyn Craichead

Nathaniel Greenhouse



Marshall Islands Padiolegical Safety Program

Person-Years

Bx Sel - Prof Other

Lo75 1.5 1.0

1476 2.0 1.0
{ince Trans 8)

1977 2.0 1.25

1973 2.5 2.5

1973 3.4 1.6

1989 3.8 2.2

1981 3.4 3.1

Budget

Scientific Prog

($1,9903
 

$125

172

207

207 +

+50 (RUDR)

281

+59 (RUDR)

351

+50 (RUDR)

415

=30
385

+50 (RUDR)

Capital

($1,000)

80

10

25

50



FY 1975

1976

1977

1978

1979

1989

Marshall Islands Radicloyical Safety Program

Major Capital Eyuirment Acquisitions
 

Computer Based Multi-channel (and Ge~Li)

Portable y Spectrometer, two Reuter-Stokes RS-1l11

Wind powered generators (air sampling), three multi-channel

analyzers, (two NaI detectors)

Peripherals alpha spectrometry (Pu)

Davidson mutli-channel, tower extension for windmills

Computer based, multi-channel P.H.S.
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DATE OF RFEFORT Faved 14

SUBJECT *, H-D BLO-AMNLTle itl Cael ite LECTION FerFOrT

WALVTE * AN-Ed4t We RHE FRADE 1 OF 1

m O
OTHE FOLLOWS LATA mee RETOrR DED Tt On HOTEFCOr HO. Ler’

PASE HO. 4+ ANALY IT Tir VERIFIED Be [KK
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POPS S EHH SSS HH HES HHSH HSH HHS STHSHHSHHESHSHHFHEHSHHESHSHHHHTEHEHHEHHHEHSEOEOHSEHOCEREVE TOF

-AE WO. Il DoHO. ENS GrOWe DATE REF RELUILT UNIT. S

S- PEP4 JALAN (UTIRIK) 0 OF ENL LOAS- FP < G.0e ee 87

PS- PeP3 FIO (uTIRIK) OOF BML $1577 € 0.05 FC 90

PS- 7es4 -IOTO (UTIRIK) G OF Bre LG-1S67? © 6.02 FC 89
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PS- 7304 ELMIL (RONGELAP) OOF BNL 1 aeeaeP? 60.03 FD 96

73- 7303 TAS INE? (RONGELAP) G OP EL 1021777 < 6.03 PC 83

?3- P3514 JEFFY (RONGELAP) GO OF ENL lovezi-?? £ 0.03 Fe 85

PS- F319 JAM (RONGELAP) Q OF BNL er S’?77 < G.05 Fc 80
@REC.

PS- P$He OC TAMPLE G.2e FC 100 41-78 Ute PL 89

73- P42 OC TAMPLE v Po -- 4415-573 < 0.05 Pl 89

7S- F404 Oh LAMPLE 0.45 PC 100 4713-72 0.45 FC 95

73- 7405 Cel TANELE OPC -- 4/13°75 < 0.US PL 95

'S—- F405 GS TAMFLE 90 FC 100 $413 °7% 0.90 Pe 37

"3- F407 GS TAMFLE RC -- 41-73 0.03 FO 97

’3- 7324 EVIE (RONGELAP) 0 OP EL 7720-77 « U.03 FC 92

‘'3- 7325 EQAD. (BIKINI) 0 OP ENL 412-77 € 0.03 PC 95

‘S- PES JsFeY (BIKINI) 0 GP EML $1377 £ g.03 FC 94

Q- 7333 HAFOLD (BIKINI) oOo OF ETL a1 2°77 < 0.03 FL 98



FY

FY

FY

FY

FY

FY

FY

1975

1976

1977

1978

1979

1980

1981

BNL Radiological Safety Program Budget ($)

Operating

125,000

172,000

207 ,000

207,000

281 ,000

351,000

415,006 *

* Reduced to 385,000 in November 1981.

Capital Equipment

20,000

20,000

80,000

10,000

25,000

50,000

5,000

Rongelap and Utirik Dose Reassessment

FY 1978

FY 1979

FY 1980

FY 1981

Budget ($)

50,000

50,000

50,000

53,000
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