





involves up to 3 field trips a year 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 radioac-
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
Islands 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-
sion of Brookhaven National Laboratory (BNLHPS) resulted in a proposal submis-
sion to begin the Marshall Islands Radiological Safety Program (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 biocassay
sampling of all three atoll populations by the BNL medical team. External
radiation measurements and sampling of groundwater, soil, plants, fish and

coconut crabs were performed by Greenhouse and Nelson.



FY 1975
The Marshall Islands Radiological Safety Program was formally initiated.
Funding levels were $125,000 for operating and‘SZ0,000 for capital equipment.
Staffing levels were 1.5 man years scientific and professiomal and 1.0 man
year technical support. Greenhouse directed the program. Arrangements were
made to upgrade the BNLHPS analytical lab with the additions of a computer
based multi-channel analyvzer and a high efficiency GeLi detector.

Greenhouse and Nelson, in a joint UWLRE/BNLHPS field trip to the
Northern Marshalls in December 1974, collected envirommental samples and made
external radiation measurements at Roagelap, Utirik, Rongerik and Bikini Atol-
ls. Greenhouse, Williams, and Kuehner of BNLHPS, Reilly of the State of Pen-
usylvania, Davis of Pacific Gas and Electric, and Nelson of UWLRE participated
in an April 1975 field trip to Bikini Atoll. They collected samples and de-
fined the external radiation environments of Bikini and Enue Islands. Limited
soil and vegetation sampling were done at Bikini and comparison enviroumental
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 by 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 Bikinl and Enue Islands by the Department of the Interior.
FY 1976
Funding levels were $172,000 operating and $20,000 capital equipment.

Staffing levels were 2.0 man years scientific and professional and 1.0 man
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years technical support. Major equipment purchases Included a Lawrence
Livermore Laboratory Portable Gamma Spectrometer and two Reuter Stokes En-
vironmental Radiation Monitors. Naidu (BNLHPS) joined Greenhouse to form 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 BNLHPS, Haughey of Rutgers University, Terpilak of the
Department of Health, Education and Welfare, Bureau of Radiological Health
and Kastens of University of New York at Stony Brook, Marine Science Center
participated in a March—April field trip to Bikini Atoll. Their primary ob-
jectives were beta and gamma dose rate measurements on Bikini Island and a
general radiological survey of Nam Island in the northwestern sector of the
atoll. This survey 1included limited soil and vegetation sampling. A joint
BNLHPS and UWLRE survey with the BNL Medical Department was undertaken in
September. The BNLHPS objective was to perform an envirommental radiation
survey at Wotje, Ailuk, Utirik, Rongelap and Bikini Atolls. Special efforts
focussed on several northern islands at Rongelap.

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

and T. F. McCraw, BNL #20767.

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

house, Presented at the Ninth Midyear Topical Symposium, Operational Health
Physics, Denver, Colorado, February 1975.
FY 1977
Funding levels were $207,000 for operating and $80,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional



and 1.25 man years technical. An additional 0.25 man years for technical sup-
port was obtained from the new Safety and Environmental Protection Division
(BNLSEP formerly BNLHPS). Miltenberger (BNLSEP) replaced Naidu and joined
Greenhouse as principle staff. A request from the Energy Research and De-
velopment Administratién, Division of Safety, Standards and Compliance
(ERDADSSC formerly AECDOS) to add air sampling equipment to the radiological
surveillance program at Bikini was received. ERDADSSC also requested in vivo
counting of the Bikini and Enewetak people. Major equipment purchases in-
cluded four wind-powered electrical generators, three multichannel analyzers
and two sodium iodide (Nal) dete;tors.

During a September 1976 BNL medical survey to Rongelap, Knudsen, a Medi-
cal Department physician, was requested by the residents of Rongelap to have
Naidu of BNLSEP stay on Rongelap Island and instruct the people in radiation
sciences. Naidu was funded by the Energy Research and Development 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 Bikini 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 installed 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
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terns on outer atolls. A plutonium excretion study was also undertaken by
collecting pooled large~volume urine samples from three to five families at
each atoll except Kwajalein.

Early in 1977, the question of the past dose equivalent to the Marshal-
lese who have lived on Rongelap and Utirik, had become an important scientific
and health related question with considerable political overtones. Bond,
Borg, Conard, Cronkite, Greenhouse, Naidu and Meinhold, all members of BNL,
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
2.5 man years technical»support. Greenhouse aﬁd Miltenberger made up the pro-
gram's principle staff, Cua and Knight joined the program staff part time.
Major equipment purchases consisted of peripheral alpha spectroscopy equipment
for plutoﬁium analyses of environmental and biological samples. As a result
of earlier discussions by Bond, Meinhold, Naidu and others of BNL, a proposal
for Rongelap and Utirik Dose Reassessment (RUDR) had been forwarded to the De-
partment of Energy's Division of Biological and Enviroumental Research
(DOEDBER formerly ERDADBER) and the program was funded with an operational
budget of 3$50,000. Staffing levels were 0.5 man years scientific and profes-

sional, Naidu and Greenhouse were the RUDR program's primary staff.
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Twelve two week Marshallese comparison urine samples were collected in
October 1973 by Shoniber, Department of Health Services, Trust Territory of
the Pacific Islands and forwarded to BNL for analyses. Each sample was to
have been analyzed for Sr-90, Cs-137, Pu-239 and Pu-240 from world-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, demographiec, physiglogic and bioassay data bases were initiated by
Miltenberger. Preliminary diet and living pattern reports were submitted to
Robison (LLL) by Naidu. Under the RUDR program, 62 teeth samples from Bikini,
Rongelap and Utirik were collected by BNL Medical for future analyses of
Sr-90, Pu~-239 and Pu-240. Naidu invited The Institute of Physical and Chemi-
cal Research of Japan to contribute some Bikini ash to RUDR research.

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

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

Miltenberger and Greenhouse continued to cross the Trust Territory to finish
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By August 1979, members of the RUDR program completed a draft of the
diet and living pattern study. Also, results of the soil analyses for I-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
analyses. Efforts were initiated to procure excised thyroid glands taken from
the Marshallese who were resident on Rongelap and Utirik. These samples were
to be analyzed for Tc~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-
ography. They reported the wind;powered electrical generators were not wWOrk—
ing and according to the run time indicators, they had failed shortly after
their repair in August. It was becoming apparent that to keep the wind-
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. Greénhouse, Presented at the Chemical Physics Section, Health and Safety
Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, Janu-

ary 1979.

The Anatomy, Physiology, and Radiobiology of The

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

Meeting of the Health Physics Society, Philadelphia, Pennsylvania, July 1979.
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urine samples from persons 5 years of age and older. At Ujelang, non-
participants of the whéle—body counting program were invited to provide urine
samples. Approximately 400 urine samples were collected and are curently
being spectrometrically analyzed fér gamma emitters and radiochemically an-
alyzed for Sr—-90. Additionally, participants provided physical and demo-
graphic 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 gpectra 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 coﬁpleted 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 XKnight summarized
information on diet and living patterns for the Marshallese. The data was de-

rived from literature, from personnel observations through living with the
Marshallese for periods extending from months to years, from answers to
questionnaires and from direct participation in their activities. It was re-
cognized at that time that the study needed to be extended in order to ident-
ify trends in local food consumption and living patterns.

During March 1980, at the request of McCraw of the Department of En-
ergy's Division of Health and Environmental Research, Lessard and Miltenberger
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 Sr-90 estimated body burden between residence
and post residence periods for Bikini adult females and Bikini vouths. Ad-
ditionally, they evaluated LLL's calculations relating body burden, dose
equivalent and activity ingestion rate.

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

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

associated with the development and implementation of the program. Later that
year, at the request of Robison of LLL, Lessard and Greenhouse related to him
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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of UCCM. The meeting centered on dose reassessment and was conducted in two
parts aimed at reviewing past accomplishments and assigning future tasks. A
review of the circumstances that 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-equivalent estimates for Rongelap and
Utirik residents and reviewed the acute phase dosimetric methods and dose-
equivalent estimates based on the I-129 soil analysis. The second stage of
the meetinglled to detailed discussions on the chronic and acute dosinmetry.
The 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
MIRSP, an interlaboratory analysis for Sr-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. 346-851, May 1980.

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

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

Dietary Radioactivity Intake from Bioassay Data: A Model Applied to

Cs=137 Intake By Bikini Island Residents, E.T. Lessard, R.P. Miltenberger,

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

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

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

Vol. 39, pp. 395-407, August 1980.
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Co-60 and Cs-137 Long Term Biological Removal Rate Constants for the

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

Health Physies (In press).

PRESENTATIONS:

Rate Constants for Biological Elimination of Strontium and Cesium in the

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

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

Body 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,

N.A. 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, E.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. 1In November, $30,000 operating were withheld by DOE, thus reducing the
MIRSP operating dollars to $385,000. An operating budget of $53,000 was

directed to RUDR. Lessard, Miltenberger and Naidu form the primary staff.
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structed for the nuclides of interest. Daily activity ingestion rates,
whole~body dose-equivalent rates and dose—equivalent commitments to various
organs were determined. Population 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.

In 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-
aique to be used on urine collected from Marshallese exposed to tropospheric
weapons—test plutonium. Sondhaus (UCCM) visited Lessard to discuss his work
related to acute phase dose reassessment for Rongelap and Utirik residents.
Thiessen, the new Director of the Human Health and Assessments Division of the

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

During October through March, Miltenberger, Lessard and Steimers of
BNLSEP summarized the data regarding human milk 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 tree 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 for Harshal-
lese infants whose primary food supply was human milk and coconut tree pro-
ducts. Dose estimates for a hypothetical infant resident on Bikini Island
during August 1977 to August 1978 were derived from the Cs-137 body burden es-
timate.

During January, Miltenberger and Roesler of BNLSEP and Benpett of BNL
Medical conducted a personnel monitoring field trip to Enewetak Atoll and per-
formed a health physics survey of the x-ray machine located aboard the
Liktanur II. Analysis of the Enewetak results indicated Bi-207 in one person
out of several hundred who were spectroscopically examined. Body burdens of
Cs-137, noted in all individuals examined the year before, had declined during
this first year in residence on Enewetak Atoll. The survey of the x-ray
machine 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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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 publications and protocols.

PUBLICATIONS FY 81 to date:

Reconstruction of Chronic Dose Equivalents for Rongelap and Utirik

Residents—1954 to 1980, E.T. Lessard, N.A. Greenhouse and R.P. Miltenberger,

BNL #51257, October 1980.

Thyroid Absorbed Dose Assessment for Rongelap and Utirik Residents,

E.T. Lessard, J.R. Naidu, R.P. Miltenberger, N.A. Greenhouse and L.V. Kaplan,

BNL #28939, Draft.

Body Burden and Dose Assessment for Bikini Island Residents—1969 to

1980. Editors: R.P. Miltenberger and E.T. Lessard, Contributors: J.
Balsamo, S. Cohn, E. Craighead, F. Cua, N.A. Greenhouse, A. Hunt, S. Johnson,

A. Kuehnef; E.T. Lessard, G. Levine, R.P. Miltenberger, A. Moorthy, J. Naidu,

N. Rivera, J. Steimers and K. Watts, BNL Report, Draft.

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

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

Draft.



Whole-Body Counting Operations Manual, R.P. Miltenberger, BNL Proto-

col, Draft.

Standard Procedure for Air Sampling, F. Cua, BNL Protocol, Draft.

Protocol for Radiochemical Analysis of Urine Teeth and Milk, Editor:

L.L. Olmer, Contributors: D.M. Henze and J.R. Steimers, BNL Protocol, Draft.

An Evaluation of Physiological Parameters and Their Influence on Doses

Calculated from Two Alternative Dosimetric Models for the Gastrointestinal

Tract, E.T. Lessard and K.W. Skrable, Proceedings of the Third Intermnational

Radiopharmaceutical Dosimetry Symposium, Oak Ridge, Tennessee, October 1980

(In Press).

An Intercomparison of Natural and Technologically Enhanced Background

Radiation Levels in Micronesia, N.A. Greenhouse, and R.P. Miltenberger, LBL

Report, Draft.

Review of Quality Assurance Data-Marshall Islands Radiological Safety

Program, E.T. Lessard, R.P. Miltenberger, and J. Naidu, BNL Report, Draft.

I-129 Analysis of Marshall Islands Environmental Samples, Analytical

and Quality Assurance Procedures, F.P. Brauer and J.R. Naidu, Draft.

PRESENTATIONS FY 81 to date:

Cs—137 In Mother's Milk, R.P. Miltenberger. Presented at the 26th An-

nual Bioassay Conference, Ottowa, Canada, October 14-15, 1980.

An Evaluation of Physiological Parameters and Two Alternative Dosimetric

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

International Radiopharmaceutical Dosimetry Symposium, Oak Ridge, Tennessee,

October 6-10, 1980.
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Movement of the Marshallese People

Following the Weapons Testing Programs

at Bikini and Enewetak Atoll






External Radiation Measurements
at Bikini Atoll
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