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ABSTRACT

The task has been to determine whether or not DOE's 1982 Report
proved that Rongelap Island is safe for habitation. The island was
contaminated in 1954 during the testing of nuclear weapons.

It should be borne in mind that the dosage under discussion is
current dosage, e.g., from 1990 to 2020, and not that from exposure in
1954. The current dosage over a 30-year period is a matter of 3 renm,
whereas the original exposure was one of 190 rem in 2 days.

The evidence used by DOE plus additional and more recent information
have been reviewed.

Rongelap Island is safe for habitation by adults provided that the
diet is equivalent to that formerly used. I do not believe that such a
diet would present any difficulty.

Measurement of plutonium excretion in the urine of Rongelap
residents (1981) shows very great variation. The matter is a potential
cause of concern and should be studied although it is not associated with
overexposure.

The dose to infants and small children is another potential cause of
concern. Preliminary findings from a diet survey indicate, however, that
the dosage is not excessive. This study should be continued.

The whole-body counting for cesium should be resumed to establish a
base line for later work at the time of resettlement.
o“
In the course of planning tofﬁresettlement, the fact that Rongelap
Island appears safe for resettlement now should not be lost sight of.

\
Planning fogf%esettlement should consider the possible use of
potassium-salt treatment of the soil and soil removal as studied at
Bikini.

To obtain a brief summary of the key facts of dosage and the more
general, but important human factors that will affect decision-making,
the reader is referred to Section 4.5 (Dose Summary) and to Section 5
(Discussion and Recommendations.)
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1. INTRODUCTION

Rongelap Atoll was contaminated with radioactive fallout in 1954 as
a result of the Bravo thermonuclear test-shot at Bikini, 130 miles away.
In 1978, to inform the people of the Northern Marshall Islands of the
extent of residual contamination 24 years later, and of its potential
effects upon their health, DOE (Department of Energy) surveyed the region
and subsequently issued a specially prepared book report in Marshallese.

The book was entitled, The Meaning of Radiation for Those Atolls in
the Northern Part of the Marshall Islands that were Surveyed in 1978,
and was published in 1982. (We shall refer to it as DOE-1982.) The first
part dealt in general with radiation and fallout, and how they might
affect plants, animals and man. The situation at Rongelap was dealt with
specifically on pages 38 - 39. (Note 1)

DOE's assessment of Rongelap Island was not accepted by the
Rongelap people, so much so that in 1985 the residents abandoned their
homes and moved to Majieto in Kwajalein Atoll.

The U. S. Congress, therefore, provided for an independent
assessment of DOE's conclusions for Rongelap Island in the Compact of
Free Association Act of 1985 (U.S. Public Law 99-239, section 103(i); see
Note 2). The functions of the present report are therefore as follows:

"[The referee shall] review the data collected by the Department
of Energy relating to the radiation levels and other conditions on
Rongelap Island resulting from the thermonuclear test...The
purpose...shall be to establish whether the data cited in support of
the conclusions as to habitability of Rongelap Island as set forth
in the [book] ...are adequate and whether such conclusions are
supported by the data....If...the data are inadequate to
support...habitabilty...the government of the Marshall islands shall
contract...[for]...a complete survey...[and for recommendations
of)...the steps needed to restore habitability..."

It should be noted that the law is quite specific in referring to
Rongelap Island, not Atoll, and accordingly this Report concentrates on
that Island, the chief residence of the Rongelap people. However, data
and comments on other islands of the Atoll are included.



1.2 Procedure

The sections of DOE-1982 that deal with Rongelap and are now under
revievw were discussed with DOE-1982's senior author, Dr. William Bair
(Pacific Northwest Laboratories, Richland, WA 99352), and Dr. Bair has
read, especially, the parts of the Report referring to them. It should
be noted that DOE-1982 is a statement by DOE and is always referred to as
such in this Report.

Dr. William Robison (Lawrence Livermore National Laboratory,
Livermore CA 94550), who supplied the field data and the dose
calculations for DOE-1982, has provided additional data for the present
report, and has discussed his findings with me.

Relevant Rongelap studies that were supported by DOE at Brookhaven
National Laboratory (Upton, New York 11973), were discussed with Dr.
William H. Adams, (Medical Department), Dr. Robert Conard and Mr. E.
Lessard (Safety & Environmental Protection Division).

It vas considered important and efficient to bring together all of
the data that are now available rather than to restrict this report to
the limited data on which DOE-1982 was based. With the concurrence of
the Marshallese Government, therefore, additional information from
DOE-supported laboratories that became available after DOE-1982 had been
written was made available to us by Adams, Lessard and Robison. Also,
we have taken a number of samples in the field and have had them analyzed
independently, in accordance with the wishes of the Rongelap people.

Other sources of information in the international literature have
been used and are cited in the text.

Ve have also discussed from time to time various matters relating to
the Report, or the progress made in developing it, with Rongelap Senator
Jeton Anjain, P.0O. Box 1006, Majuro, Republic of the Marshall Islands,
96960.

‘atr

The task has been greatly facilitated by Mr. Peter Oliver, Special
Assistant for Compact Affairs, Republic of the Marshall Islands, P.0. Box
15, Majuro, 96960.

The Reassessment Report (the present document) was written by Henry
I. Kohn in his capacity as Referee under contract with RepMar. The
opinions and statements made are therefore his responsibility. The task,
however, was greatly facilitated by discussions with members of an
international panel of consultants, selected to represent a variety of
overlapping specialties that would cover the problems under examination.
Owing to time constraints, none of the consultants has read the final
version of this Report. All have read the Preliminary Report (April 20,
1988), and I have discussed various parts of the present document with
various consultants by correspondence and especially by telephone.



The following scientists participated in the Project.

Referee

HENRY I. KOHN, Ph.D., M.D. (radiation biology) Gaiser Professor

Emeritus of Radiation Biology, Harvard Medical School; Chairman,
Bikini Atoll Rehabilitation Committee; 1203 Shattuck Ave., Berkeley
CA 94709 (415-526-0141)

Secretary: Irene K. Heller, Berkeley, CA

Consultants

S. J. ADELSTEIN, M.D., Ph.D. (nuclear medicine) Professor of

Radiology, Harvard Medical School; Director of Joint Program in
Nuclear Medicine at Beth Israel Hospital, Brigham and Women's
Rospital, Children's Hospital and Institute, and Dana Farber Cancer
Center; Vice-President, National Commission on Radiological
Protection and Measurements; 25 Shattuck St., Boston, MA 02115
(617-732-153%)

. J. DUNSTER.B.Sc., C.B. (health physics) Formerly Director,

National Radiological Protection Board (United Kingdom), Member,
International Commission on Radiological Protection; Residence: 52
Thames St., St. Ebbes, Oxford, OX1l 15U, United Kingdom
(011-44-865-251-716)

. S. KUBQ, Ph.D., MBA, P.E. (civil and nuclear engineering)

Vice President, Technical Applications, The BDM Corp. 7915 Jones
Branch Drive, McLean VA 22102 (703-848-7294)

G. PARETZKE, M.Sc., Ph.D. (radiation risk analysis) Head, Radiation

Risk Analysis Section, GSF Institut fir Strahlenschutz (Institute
for Radiation Protection), Ingolstddter Landstrasse 1, D-8042,
Neuherberg 2225 Federal Republic of Germany GE-055
(011-49-893-187-2225)

L. PETERSON, Ph.D. (hydrology and geology) Professor of

Hydrology and Chairman, Dept. of Geology and Geophysics, University
of Hawaii, Homnolulu, HI 96822 (808-948-7897)

J. SCHULL, Ph.D. (epidemiology: cancer, genetics, birth defects)

Director of Center for Demographic and Population Genetics and
Professor of Human Genetics, Univ. of Texas Health Science Center at
Houston; Formerly Director of the Radiation Research Foundation at
Hiroshima-Nagasaki, Japan. Address: Population Genetics, P.O.
Box 20334, Houston TX 77225 (713-792-4680)



E. L. STONE, Ph.D. (soil science) Pack Professor Emeritus of
Forest Soils, Cornell University; Adjunct Professor, Dept. of Soil
Science, 2169 McCarty Hall, Univ. of Florida, Gainesville, FL
32611 (904-392-1956)

Consultants nominated by the Rongelap people

ROSALIE BERTELL, Ph.D., G.N.S.H. (biometrician) Editor in Chief,
International Perspectives in Public Health; Commissioner,
International Commission of Health Professionals, Geneva;

President, International Institute of Concern for Public Health,
830 Bathurst St., Toronto, Ontario MS5R-3Gl Canada
(416-533-7351)

UTE BOIKAT, M.Sc., Ph.D. (radioecology), Executive of the Department
of Public Health, Freie und Hansestadt Hamburg, Tesdorpfstr.8,
D-2000 Hamburg 13, Federal Republic of Germany.
((011-49)40-44195334). Dr. Boikat has been a member of the
consulting firm of Kollert, Donderer and Boikat of Bremen which
assisted in some of the analytical work.

BERND FRANKE, M.Sc. (radiocecology), Executive Director (Washington

Office), Institute for Energy and Environmental Research,
6935 Laurel Ave., Takoma Park, MD 20912 (301-270-5500)
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2. BACKGROUND -- THE RONGELAP EXPERIENCE

Rongelap Atoll is located about 2,500 miles southwest of Hawaii, at
12°N, 167°E (Fig. 2 #1). It comprises more than 50 low-lying islands and
islets, total area 3.07 sq. miles, which bound a lagoon of 400 sq. niles.
The largest and by far the most important island, Rongelap, has an area
of 0.3 sq. miles.

The geological structure is that of a coral reef atoll resting on a
submerged volcanic mass. The islands are made of reef debris, primarily
of sand and gravel size, and reef organisms.

The atoll is typical in appearance, and the islands are covered with
vegetation. However, a major factor limiting the kinds of plants that
can be grown as staples is the long dry season.

The Marshall Islands Statistical Abstract of 1986, issued by the
Republic, lists the populatiocn of the atoll as totalling 235.
Previously, it was 165 in 1973, 189 in 1967, 264 in 1958. In 1954 at the
time of the Bravo incident, 84 persons were evacuated. (These
fluctuations reflect the need to work elsewhere.) Earlier records for
Japanese and German periods of control are: 99 in 1945, 98 in 1935, 110
in 1920, 100 in 1906, 120 in 1860.

However, Mr. Peter Oliver, the Republic's Special Assistant for
Compact Affairs, has informed me that the Rongelap Distribution Authority
now makes per capita payments from its Nuclear Claims Fund to 1,578
individuals. Currently, these amount to $1480 per year to those exposed
to fallout in 1954, and $480 to others. The Council has also determined
that 2,277 individuals qualify for the benefits of the Section 177 Health
Care Program as a result of their ties to Rongelap.

2.1 Bravo test -- 1954

The initial event occurred on March 1, 1954, when a 17-megaton-yield
thermonuclear device was set off at Bikini Atoll, the Bravo test. The
device was 1000 times as powerful as the bombs that destroyed Nagasaki
and Hiroshima; 1its cloud rose 25 miles above the earth, and after 10
minutes had a diameter of 70 miles.

It had been planned that the "cloud" would be blown to the west and
north (Fig. 2.1 #1). Unexpectedly for whatever reason (Note 3), it was
blown to the east so that at about 5 hours after detonation fallout began
at Rongelap Atoll, and during the ensuing 7 hours fell in such quantities
as to suggest to Rongelapese, who had never seen snow, that it was
snowing (Sharp & Chapman, 1957). Rather than avoiding contact, children
played in the powdery, finely granular fallout, and no particular effort
vas made to separate it from food or clothing. No warning was or had
been issued by the military.

11
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About 50 hours after the "shot", the Navy removed the 64 Rongelap
residents from the Atoll to the medical base at Kwajalein (Sharp &
Chapman, 1957; Cronkite et al, 1956) Also, eighteen visiting
Rongelapese were removed from Sifo Island, Ailingnae Atoll, and 157
Utirik people from Utirik Atoll. It was immediately recognized that the
surveillance and care of these people required far more professional
staff than the base could supply, and a special medical team hurriedly
organized for this purpose in the United States, utilizing naval and AEC
personnel, reached the base 8 days after the detonation.

Consistent with a whole-body dose of 190 rem (over two days),
two-thirds of the Rongelap group experienced nausea, 10% with vomiting
and diarrhea, which cleared within three days or so, and all showed
depressed white-blood-cell counts (Cronkite et al, 1956). As a result of
the skin dose from physical contact with fallout, about 70% developed
skin lesions of widely varying severity after a latency period of two to
three weeks. Most of these were to heal successfully but a few developed
significant scarring. There were no deaths within 60 days of exposure.

The most "significant" part of the initial exposure produced no
immediate signs or symptoms. A half-dozen thyroid-seeking radionuclides
entered the body through fallout-contamination of food and water. Over
the course of the following weeks these iodine and tellurium
radionuclides delivered doses that eventually caused thyroid hypofunction
and the appearance of thyroid tumors.

The Bravo test posed new dosimetry problems, only vaguely sensed
before. Owing to the gigantic energy-yield at ground level, great
quantities of coralloid radiocactive material were generated (Hiroshima
and Nagasaki had involved high air-bursts): 142 radionuclides were
involved whose radiations and rates of decay varied greatly, and whose
eventual effects depended on the weather conditions and the living habits
of the exposed population.

At the time of evacuation, the exposure rate in Rongelap village was
1.2 - 2.3 R/hour. The whole-body dose of “175 R in air" reported in 1956
was approximately correct. The dose estimate for the thyrcid gland,
however, was much too low because only iodine-131 had been considered in
the calculation. As a result, the appearance of thyroid disease later on
was quite unexpected.

An upwards revision of thyroid dose was reported in 1964 when
iodine-133 and iodine-135 were included. (James, 1964). The revisions of
1984 (Lessard et al, 1985; Lessard, 1984a), based on a comprehensively
planned attack on the problem (Bond et al, 1978), put the mean adult
vhole-body dose at 190 rem. The revised total dose to the thyroid gland,
including contributions from all seven important radionuclides was
greatly increased and varied significantly with age at exposure in 1954
-- from 5,200 rem for a one-year old to 1,600 rem at age 14, and 1,200
rem for the adult male. It was estimated that 95% of the thyroid dose was
received during the first three post-exposure weeks, and 100% within
three months (Note 4).

13



2.2 Return to Rongelap - 1957

The AEC (Atomic Energy Commission)!/ decision that Rongelap had
become safe was based on field data by the Radiation Ecology Laboratory,
University of Washington College of Fisheries, and dose ¢alculations by
AEC staff. For 1957 the annual external gamma"dose" at Rongelap Island
was estimated to be less than 0.5 roentgen, the maximum permissible for
the general population, and it was expected to decline owing to physical
decay. However, the AEC assessment was inadequate with respect to
internal dosage resulting from contaminated food (Note 5).

In 1957, therefore, the Rongelap people returned to Rongelap Island.
In March 1958 there were 81 persons there who had been exposed on
- Rongelap or Ailingnae, and approximately 100 others who had not.

To anticipate any late effects that might follow the acute exposures
of 1954, the AEC commissioned Brookhaven National Laboratory's Medical
Division to establish the Marshall Islands Medical Program, whose staff
has visited the Rongelap people once or twice a year since 1957 (Note 4).
Since Rongelap soil still contained low levels of radionuclides which
might enter the body through the food chain, the program included
equipment to measure radionuclides within the human body (whole-bhody
counting). Since 1978 the counting program has been operated by
Brookhaven's Safety & Environmental Protection Division.

«.3 Rongelap: 1957-1987

The medical findings were summarized or updated by R. A. Conard, who
led the whole program for many years {Conard et al. 1958; 1975; 1980) and
more recently by Adams et al (1984). The status of the dosimetry,
originally included in the Conard reports, has been more recently
reported on by Lessard et al (1984; 1985). 1In brief, on the basis of
these reports, the following sequence of health-related events occurred
over the past 30 years. .

1957-63. Among the usual problems in the Marshall Islands were
parasitism, chronic skin disease, diabetes adult-onset type II, and bad
teeth in adults, and a variety of infant and childhood diseases including
infant diarrhea.. The vast majority of skin reactions to radiation had
disappeared without sequelae, except for scarring in the most heavily
irradiated cases. No skin cancers were observed. Two possible examples
of radiation effects occurred. First, it was reported that about twice
as many abnormally terminated pregnancies occurred among the exposed
parents as would be expected normally. Second, two boys showed markedly
stunted growth, suggesting thyroid def. .iency.

1/ The AEC was the predecessor of DOE.

14



1964-75. Unquestionable damage to the thyroid gland, especially to
those exposed below the age of 10, made its appearance. A reexamination
of earlier estimates of dose to the thyroid gland led to their elevation
by a factor of about 2 for adults, and 5 or more for children. The
administration of thyroid hormone (interrupted on occasion) to the entire
exposed population was begun in 1965 as a prophylactic measure against
thyroid neoplasia (nodules, cancer), and also to correct for possible
losses in thyroid function.

By the end of 1974 (Fig 2.3 # 1), the thyroid tumor record was as
follows:
Age below 10 in 1954: 17 tumors in 19 persons examined,
including 1 cancer.

Age 10-18 years in 1954: 2 tumors in 12 persons examined.

Age above 18 vears in 1954 : 3 tumors in 33 persons
examined, including 2 cancers.

Almost all persons with thyroid nodules were sent for surgical
treatment to the Cleveland Metropolitan Hospital, Cleveland, Ohio. Each
one was compensated at the rate of $25,000 per surgery.

The occurrence of thyroid disease as well as a case of acute
leukemia worried the Rongelap people. The medical team was accused of
having deceived the Rongelap people and of using them as guinea pigs.

The Broockhaven medical services were boycotted during 1972, but they were
accepted later in the year after a favorable report on the matter by an
international committee.

1976-79. More thyroid nodules appeared. The Rongelap peocple
continued to be worried. They asked for an independent health review
which was not granted. A group of Brookhaven scientists proposed a
comprehensive dosimetry review (Bond et al, 1978), which DOE then funded
(Lessard, 1984a; Lessard et al, 1984c; Lessard et al, 1985).
Independently, DOE initiated a "Northern Marshall's Survey" Dbased on an
aerial survey by EG&G and some terrestrial work by Lawrence Livermore
National Laboratory (Robison et al, 1980; Robison et al, 1982b; Tipton
& Meibaum,b1981).

1980-84. DOE summarized its survey results in 1982 with a report in
Marshallese, embellished with colored illustrations. (This is the book,
DOE-1982, under review in the present report. See Note 1.) DOE-1982
stated that the U. S. radiation guide was 5 rem in 30 years, and that the
current whole-body dosage at Rongelap Island was 2.5 rem in 30 years. On
some other Rongelap-Atoll islands not used for permanent residence the
dose might be 2 to 5 times as much. The Rongelap people requested the
Government to transfer them to another atoll. Significant parts of the
anti-nuclear documentary film, Half-Life, were filmed at Rongelap. The
film suggested that the people had been used as "guinea pigs".

15
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1985. The Rongelap people abandoned Rongelap and sailed for Majieto
Island in Kwajalein Atoll. The U. S. Congress passed the Compact of Free
Association Act of 1985 (Public Law 99-239) of which Section 103(i) is
the basis for the present inquiry (Note 2).

1987 The following points are of major interest for the present

report.

{a) A clear distinction should be made between the late effects of
the large acute exposure in 1954 (190 rem whole-body) and the possible
{but as yet undetermined) effects of the much smaller chronic dose since
resettlement in 1957-1978 (~3.5 rem or less).

(b) The original dose estimates for the 1954 exposure were much too:
low for the thyroid gland (Cronkite,1954; Dunning, 1957). The necessity
for major correction later on weakened or destroyed Rongelap confidence
in DOE. The annual radiation doses during the first years of
resettlement may also have been underestimated, but the corrections would
be very much smaller.

{c) The occurrence of thyroid tumors { - 30%) 10 years or later
after returning to Rongelap (Fig. 2.3 #1; Note 4B) has been a confusing
experience for the Rongelap people. 1In addition, eight cases of
hypothyroidism have been observed (Adams 1988).

{d). No significant increase in tumors outside of the thyroid gland
has been seen (Adams et al, 1984), except for 1 basal cell epithelioma in
1987 (Adams 1988) in the 81 persons at risk.

{e) No obvious gross difference in survivorship between
1954-exposed and 1954-unexposed groups has occurred (Fig. 2.3 §2).
Although statistically significant decreases in some blood-cell types
have been noted (Adams et al, 1982), none has been clinically
significant.

(f) Based on four parameters (longevity, thyroid nodules,
carcinoma, blood counts), there is no evidence of effects from the
chronic low-level exposure associated with length of residence on
Rongelap since 1957 (Note 4(b)). These studies are admittedly
exploratory. However, the average dose over the period 1957-78 is quite
small (3.5 rem or less), and will be accumulated at much lower rates in
the future.

17
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3. REASSESSMENT

With the foregoing as background, let us now attempt to answer the
questions which the Congress has asked: VWere the doses used by DOE-1982
correct (Robison 1982b)? Does it follow that Rongelap is habitable? If
not, what should be done?

It should be noted that the technical position has changed since
1982. More data have been accumulated so that the original meager
sanpling has become more robust. In addition, we shall consider the
findings of the Brookhaven National Laboratory, using an important method
which DOE-1982 did not consider, and also our own findings.*

The data base employed by DOE-1982 comprised the results of the
Northern Marshall Islands Survey of 1978 (September-November) which had
been planned as an aerial reconnaissance to map external ganma-ray
exposure rates (normalized to 1 meter above ground level) (Tipton &
Meibaum,1981). Two helicopters were employed, operating from a major
support vessel, the U.S.N.S. Wheeling.

Subsequently the Livermore Laboratory program was added to cbtain
soil, water, vegetation and fish samples at each atoll "as time and
facilities might permit™ (Robison et al, 198], Part 1). The time spent
at Rongelap Atoll permitted 7 days for 9 islands, of which the major one
was Rongelap. Operating from a large ship that had to cruise at a
considerable distance offshore, and whose primary function was aerial
reconnaissance, restricted the terrestrial work significantly.

The radionuclides dealt with were five: cesium-137, which is
distributed throughout the body; strontium-90, a bone seeker; and the
very poorly absorbed plutonium-239.-240 and americium-241, which have
very long half-lives and which are tightly bound by bone, liver and
testes (Table 3: #1).

The Livermore group took soil samples from some 25 scattered
locations on Rongelap Island whose averages (picocuries/gram) for 0-10 cm
depth were: cesium-137, 12; strontium-90, 7.1; plutonium-239,-240, 2.6;
americium-241, 0.9 (Table 3: #2). These 1978 levels were about twice
those for Eneu, Bikini Atoll.

This soil contamination provided the basis for human exposure in two
ways. Radiations that emanated from the ground or standing vegetation led
to external dose. Radiations that emanated from food and water after
entering the human body were responsible for internal dose.

* B. Franke states that the enabling legjslation calls for study of
only the original findings and report. A second committee should
consider subsequent findings, and a third group should execute its
recommendations.
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The total dose received was the sum of the external and internal
doses. The external whole-body dose was estimated by measuring the
exposure in air (e.g., at 1 meter above ground) and applying a factor
based ultimately on measurements with phantoms to the meter reading. The
internal dose was estimated by the Livermore group on the basis of an
assumed diet and the analysis of the radionuclide contents of Rongelap
food producdts in it.

The lagoon and its fish were found to be a trivial source of dose.
Ground water (well water) was an unimportant source, since its activity
was very low and, in any case, the people relied heavily on catchment of
rain rather than wells (Noshkin et al 1981).

Before considering the data, the nonprofessional reader may wish to
consult Note 6 which explains the radiological usage of such terms as
exposure and dose, and the definition of their units. It may also be
noted here that my use of the term whole-body dose (internal) usually
signifies the committed effective dose equivalent; the tissue dose
{(internal) is usually the committed dose equivalent. DOE-1982 used
integral doses calculated by the Livermore group, i.e., the annual dose
(not committed dose) for each year was summed for the period of exposure.
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TABLE 3. §1

SOURCES OF FALLOUT RADIATION

Radionuclide Half- Principal Fraction | Annual dose (rem)
lifes/ Radiationae/ absorbed | per pCi/g in tissuef/
from gut
in soft bane
b/ e/ .4/ | adults*/ | tissue  marrow
A A7
Years MeV MeV MeV
Cesium-137 30 - 0.187 .66 1.0 .010 .009
(muscle)
Strontium- 29 - 1.1 - | - .005
90
Plutonium
-239 . 24,065 5.23 - - .001 1.93 0.63
(liver)
-240 6,537 5.4 - - .001 1.93 0.63
) (liver)
Americium
=241 432 5.57 - - .001 2.06 0.68
(liver)

s/ ICRP Publication 38. (Radionuclide transformations)
b/ Quality facter, 20.
¢/ Quality factor, 1.

4/ X and gamma rays are cmitted whose total contribution to dose would be less than 10%.
¢/ ICRP Publication 30. Supplement to Part 1. (1980), and ICRP Publications 48 and 51 for
transuranics. The half-retention time in liver is 20 years, in skeleton 50 years for the
transuranics.

f/ Dose in 1 year for an activity of 1 pCi/g maintained for that year in the tissues which
receive the highest dose wvhen the radionuclide is ingested. (Reference, See Footnote */.)
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TABLE 3 #2

RONGELAP ISLAND: RADIONUCLIDE SOIL PROFILES®’/ (1978)
Average specific activity for dry soil (pCi/g)
Depth Cesium-137 Strontium Plutoniua Americium

(cm) =90 -239,-240 -241

, 0-5 15 6.9 3.2 1.0
i 5-10 9 7.7 2.0 .18
E 10-15 5.4 6.7 1.1 .41
| 15-25 2.6 4.5 .35 .18
? 25-40 1.8 2.1 .07 .08
f 0-40 5.0 4.6 .89 .35

i Number of
profiles 1 27 20 18 17

a/ The 1978 profiles are from Robison et al, 1982, Part 4, Appendix B.
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4. DOSE

DOE-1982 reported doses for persons living on Rongelap Island
for the period 1978-2008; for the corresponding period 1990-2020, they
would be 25% less:

(a) The "highest average amount of radiation the people might
receive in any part of the body"” was 2.5 rem (over 30 years). I take
this to be Livermore's "integral dose” in which each year's delivery is
summed for 30 years (Robison et al, 1982b, Table 17). I will compare it
to the committed whole-body dose (rem) for 30 years (i.e., the committed
effective dose equivalent for a standard man).

(b) The corresponding bone marrow average would be 3.3 rem (Robison
et al, 1982b, Table 14). I take this to be the marrow "tissue dose" and
it is approximately equal to the committed dose equivalent.

DOE-1982 stated that the doses are based on the condition of "local
food only from Rongelap Island” (Note 1). However, the doses in fact had
been calculated by the Livermore team (Robison, 1982b) for the community
type B diet (Naidu et al, 1980). That diet involves the use of imported
foods brought in on a regular basis by supply ship to supplement local
produce. Without such imports, the doses would be higher.

DOE-1982 used the Livermore findings, but failed to utilize those of
Brookhaven Natiocnal Laboratory. These included whole-body counting to
determine cesium-137, a method superior to that which calcultates dose
from the diet.

More recently, Brookhaven's results with the fission track method to
determine plutonium in urine, and from it the committed effective dose
equivalent, have yielded doses which disagree with those of the Lawrence
Livermore Laboratory based on diet. This will be discussed.
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4.1 External Dose

The 1978 aerial survey (Tipton & Meibaum, 1981) provided DOE with
important information on exposure to fallout in the Nor~hern Marshall
Islands. As the survey proceeded south and east from B.:ini Atoll, the
seat of the Bravo shot, the external exposure rate fell ( Table 4.1 #1).
It was calculated for 1 meter above ground level.

At Rongelap Atoll (Figure 4.1 #1), the islands fell into four
exposure groups (microroentgens per hour) from north to south: Naen,
Yugui, Lomuilal (28-43 pR/h), Eniaetok, Kabelle, Gogan (10-27 upR/h);
Busch, Borukka, Gabelle, Tufa (5-9 pR/h); Rongelap and Arbar (4.1-4.5
pR/h) .

The external dose (whole-body), was calculated from exposure by nry
assuming 1 roentgen = 0.7 rem tissue dose (Kerr, 1980; U.N. 1982). For
Rongelap Island the annual dose was .028 rem, well below the EPA guide of
.170 rem/year; 8 other major islands were also below the guide (Table
-4.1 #1). The factor of 0.7 rem per roentgen was used to allow for the
smaller size of the Rongelap people and the many children. The
conventional value for the 70 kg standard man is 0.61.

There is also a shallow dose to be considered, that due to beta rays
which travel for short distances (¢ 1 cm) into those parts of the body
that are near or in close contact with the soil and that are unshielded.
Their contribution is considered to be negligible (Note 7).

These estimated external gamma-ray dose rates are maximal ones.
Indoors the rate is reduced by about 50%. Likewise, the rate is reduced
by about 50% in the immediate vicinity of houses owing to the coral
gravel that is spread around them (Shingleton et al, 1987 and Robison et
al, 1982b). This, of course, is important in the case of infants and
small children.

Other annual contributions to external dosage which are not included
come from cosmic radiation (.028 rem) and medical exposure.

In summary, the contribution of fallout to the total external
radiation dose at Rongelap Island in 1978 was approximately .028 rem per
year uncorrected for the shielding within or around buildings, which
would decrease the rate by 50%. The 30-year whole-body dose would be
.590 rem allowing for spontaneous decay, but not shielding.

Environmental decay such as leaching of radionuclides from the soil would
reduce this estimate still more, but was not allowed for.
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(5.3
ARBAR RONGELAP
“.n (4.5)
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(approx.)
Figure 4.41 PRINCIPAL ISLANDS OF RONGELAP ATOLL

The nusbers in parentheses are the external wvhole-body exposure-rates in
microroentgens/hour, corrected for cosmic radiation,as determined in 1978
by aerial survey (Tipton & Meibaum, 1981).
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TABLE 4.1 #1

AVERAGE EXTERNAL EXPOSURE AND EXTERNAL DOSE RATES

(gamma ray) FOR ISLANDS AFFECTED BY BRAVO FALLOUT
(The 1990 doses will be approximately 75% of those for 1978.)

a/ b/
Atoll and Island Year Exposure Dose
Reference (gamma) (wvhole-body)
microroent- rem/year
gens/hour
Bikini Atoll
Tipton & Meibaum (1981) | Eneu 1978 2.1 .017
Bikini 35.0 .215
Shingleton et al (1987) | Eneu 1986 - .018
Bikini -- .160
Rongelap Atoll
Tipton & Meibaum (1981) | Rongelap 1978 4.5 .028
Arbar 4.1 .025
Busch, Tufa, 5-9 .031-.055
Borukka,Gabelle
Eniaetok,Kabelle, 10-217 .061-.166
Gogan
Lukuen, Naen, Yugui, 28-43 .172-.264
Lomuilal
Paretzke (Note 8) Rongelap 1987 4.1 (7)cd/ .025
Greenhouse & Milten- Rongelap 1977 3.6-4.5 .022-.028
berger (1977)
Ailingnae Atoll
Tipton & Meibaum(1981) Sifo 1978 1.4 .009
Paretzke (Note 8) Mogiri 19874/ 1.3 (1) .008
Enibuk 2.2 (1) .0113
Utirik Atoll
Tipton & Meibaum(1981) Utirik 1978 0.8 .005

al/

Measured at 1 meter above ground level, corrected for cosmic rays.

b/

Annual, whole-body dose (millirem/year) calculated as equal to 6.13 x

10-3 x uR/hour.
c/

For the epidermal dose, see Note 7.

The average of 7 locations ranging from 2.2 to 4.6 pR/hour.

a/

Corrected for decay back to 1978.
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4.2 Internal Dose - Lawrence Livermore National Laboratory

Lawrence Livermore attacked the problem by determining what went
into the body by ingestion and inhalation (picocuries per day), and then
applying appropriate factors to such input (exposure) to obtain the dose
in rem. The particular ones I have used are given in Table 4.2 #l.

The major uncertainty of the "input" method lies in the diet--no one
knows precisely what it is, although several attempts have been made to
define it. DOE-1982 used the BNL community B diet, i.e., one involving a
greater amount of food and also a greater input of contaminated food
{Note 8). Naidu et al (1980) who originally described it commented that
the diet represented prepared, not eaten food, and that in fact it was
more than a person could eat. This results in overestimation of dose.
The Lawrence Livermore group that used it for dose calculations
concurred.

The 1978 specific activities measured by the Livermore team were
made on 21 samples of coconut, & of Pandanus, 1 of breadfruit, 1 chicken,
2 pigs and 98 fish, on the whole a barely adequate number (Robison et al,
1981a, 1982b). In 1986, however, that Laboratory took for analysis more
than 75 samples of coconut, more than 10 of breadfruit and soame others;
the results were in agreement with the earlier ones, and a summary of all
data is shown in Table 4.2 #1, calculated for 1990.

Since the Rongelap people have expressed doubt about the reliability
and honesty of Department of Energy scientists (e.g., those from
Brookhaven and Livermore), a comparison trial was carried out in December
1987 in which samples collected at Rongelap and Ailinginae in the
presence of Senator Anjain and others were divided among several
laboratories for analysis (Livermore, Bremen, Neuherberg (Munich) and
Berkeley). The results demonstrated agreement (Note 9).

Cesium. I am taking 3,400 pCi/d (in 1990) as the exposure due to
cesium-137, based on a total for foods listed in Table 4.2 #2 plus a 10%
allowance for a miscellaneous variety of others (Note 8, Table #1). The
vhole-body, red marrow and bone surface doses are just about equal,

1.26 rem (Table 4.2 #1).

Strontium. The strontium-90 estimates for 1990 are based on the
1978 samples; I have been unable to learn how much more work has been
done since then. I am therefore taking 21.8 pCi/d based on field samples
plus a 25% increment for other miscellaneous foods. The total exposure
is 27.3 pCi/d. The 30-year doses are: vwhole-body, .025 rem; red
marrovw, .137 rem; bone surfaces, .300 rem. (Scaled back to 1978, they
would be 33% more.)
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Transuranics. Based on Table 4.2 #1, the plutonium-239,-240
exposure is 0.293 pCi/d, and the 30-year doses are: whole-body,
.011 rem; red marrow, .0l17 rem; bone surfaces, ..14 rem. The americium
doses will be 35% of the plutonium-239,-240 ones. The total transuranic
dosage is therefore .015 rem, whole-body.

, Water. In the case of catchment water (Noshkin et al 1981), the
radionuclide levels are no higher than 3% of the guides. In the case of
ground water, the same is true except for strontium-90, whoge level is
about 25% of the guide (8 pCi/liter). (These levels have been scaled to
1990.)

Inhalation. It is the transuranics that are of consequence. The
original estimates of respired dust were very muc- too high (Shinn et al
1980) and they have been reduced to make them mor- -ealistic (Robison
1988). The matter is discussed in Note 10. Takin. -he daily intake to
be 0.006 pCi/d, the 30-year adult dose is .027 rem - 10le-body, .041 to
the red marrow, and .005 rem to the bone surfaces.

Summary. The individual doses have been multiplied by 1.33 to
scale them back from 1990 to 1978, the year in which DOE-1982's samples.
were collected. It should be recalled that the following estimates
depend directly on the assumed diet.

Livermore Adult 30-year Dose
(type B community diet) for 1978-2008*

Source Whole-body dose Red marrow dose
{rem) {rem)
Inhalation .027 .041
Internal dose
~-cesium-137 1.673 1.673
-strontium-90 .033 .182
-transuranics .015 .023
External dose .590 .590
Totals 2.34 *» 2.513%%x%
DOE~-1982 2.500 3.300

* To convert 1990 to 1978, multiply by 1.33
*x Committed effective dose equivalent
xxx Committed dose equivalent
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TABLE 4.2 #1A
INGESTION

FACTORS TO OONVERT ADULT "INTTIAL DAILY INTAKE (pCi/d)" TO COMMITTED

"WHOLE-BODY" OR ""TISSUE"” DOSE (rem) FOR DIFFERENT PERICDS OF DAILY INTAKE */

Radionuclide C.E.D.E.b/ Red Lungs Bone Liver
& period mATTOW surfaces
¢ TS S ———

CESTUMN-137

initial year 1.7 E%/ {1.7 E-5 Like C.E.D.E

0-30 year 3.7 E-4 |3.8 E-4

30-70 year 2.2 E-4 |24 E-4

STRONTTUM-90

initial year 47 B5 |24 E4 | 1.8 E6 | 53 E4 | 1.8 E6

0-30 year 9.2 E4 |50 E3 | 3.6 ES5 | 1.1 E2 | 3.6 ES

30-70 year 56 E-4 |30 E3 | 2.2 E5 | 6.6 E-3 | 2.2 ES
| PLUTONTUM-239.-240
; initial year 1.3 E-3 |19 E-3 | 1.0 E8 | 2.4 E-2 | 4.2 E-3
| 0-30 year 3.9 E2 |57 E2 | 31 E7 | 73 E1 ! 1.3 B
| 30-70 year 51 E2 (7.4 B2 | 41 E7 | 9.6 E-1 | 1.7 E1
i
. AMERICTUM-241
| initial year 1.3 E3 Like plutonium
|
| 0-30 year 3.9 B2 |57 B2 | 16 E6 | 7.3 E1 |13 E1

30-70 year Like plutonium
1

s/ It is assumed that the daily diet remains constant, but that the radionuclides in it
decay spontanecusly. The table provides dose factors in.rem/picocuries/day. It is based
on NRPB (1987) which provides factors in Sv/Bq (= 3.8 x rem/picocurie), and is consistent
with ICRP recommendations (ICRP 1986, 1987). These factors allow for the fractiom of
radionuclide absorbed from the gut, its distribution and residence time in the body, the
absorption and effectiveness of its radiation in the body, and its rate of physical decay.

b/ Comxitted effective dose equivalent (whole-body dose). Other doses are ccmmitted dose
equivalents (tissue dose). The C.E.D.E. is the sum of the dose equivalents to 11 tissues of
the body of a standard man, each weighted by the risk resulting from a unit dose to that
tissue as compared to the risk from a wnit dose to the whole body.

¢/ E-5 signifies: x 10-9.
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TABLE 4.2 #1B

INHALATION

FACTORS TO CONVERT ADULT "INITIAL DAILY INTAKE (pCi/d") TO COMMITTED

"WHOLE BODY" OR "TISSUE" DOSE (rem) FOR DIFFERENT PERIODS OF DAILY INTAKE o/

Radionuclide C.E.D.E.b/ Red Lungs Bone Liver
& period marrow surfaces
i#‘
CESTUM-137
initial year 1.0 E5%/ 199 E6 1.1 E5 | 9.4 E6 (1.0 E5 |
|
! |
; 0-30 year 2.2 E-4 |20 ES5 2.2 E4 | 20 E-4 |22 E4
;' 30-70 year "
| STRONITUM-90
initial year 7.7 E5 142 E4 4.6 E6 9.2 E4 (31 E6
0-30 year 1.6 E3 8.7 E3 95 E5 | 1.9 E2 6.4 ES
30-70 year ;
PLUTONIUM-239.-240 :
& AMERICTUM-241 |
initial year 1.5 E-1 {23 E1 2.3 E-2 %2.8 B0 15 E-l
0-30 year 45 EO (6.9 EO0 6.9 E1 | 8.4 E1 |1.5 E-1
I
30-70 year 6.0 EO0 |9.2 2.0 E-1

E-0 l 9.2 E-1

1.12 E-2

a/ It is assumed that the radionuclides in soil decay spontaneously. The table provides
It is based on NRPB (1987) which provides factors in
Sv/Bq (= 3.8 x rem/picocurie}, and is consistent with ICRP recormendations (ICRP 1986,
1987). These factors allow for the fraction of radionuclide absorbed, its distribution and
residence time in the body, the absorption and effectiveness of its radiation in the body,
and its rate of physical decay. See p. 24.

dose factors in rem/picocuries/day.

% Comitted effective dose equivalent (whole-body dose).
equivalents (tissue dose). The C.E.D.E. is the sum of the dose equivalents to 1l tissues of
the body of a standard man, each weighted by the risk resulting from a unit dose to that

tissue as campared to the risk from a unit dose to the whole body.

¢/ E-5 signifies:

x 103,
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TABLE 4.2 #2
FOOD SPECIFIC ACTIVITY IN 1990 &/

(Multiply the cesium and strontium values by 1.33 to scale them for 1978.)

Item pCi/qn wet pCi/day
Cs~137 ! Sr-90 239, | Amer-2411| Cs-137 {Sr-90 |Pu-239 | Amer—241
om/d 240 ; -240
102 |x10¢' x10°°
Arrowroot 0 3.2
Breadfruit 36 2.71 7.3 1.24 7.4 97.6 | 2.6 045 | .003
Banana ; 19 1.1 2.64 | 1.05 6.2 20.9 5021 .002 | .001
Coconut K .
Drin)d.mmeat; 100 1.81 39 1 .51 4.82 181 .39 .005 | .005
Drink. fluid | 514 1.07 Al .27 2.52 550 5711 .014 | .013
Copra ! 68 4.65 1.7 .56 6.32 316 1.16 004 | .004
Milk 1128 4.65 1.7 .56 6.32 581 2.13 007 | .008
Sprouting l 100 4.65 1.7 .56 6.3 465 1.70 006 | .006
Papaya Lo
Pumpkin 0
Pandanus 9% 8.63 11.8 .60 2.65 828 11.33 .006! .003
Fish 194 0192 .065 2.40 | 4.22 3.3 124 .o47| .008
Poultry k] 1.95 ‘45, .1 85 5.85 .0l 0 | .003
¥ild birds 9 ? i
Domestic meat 0 ;
Park 1.4 6.5 270 .36 2.5 9.1 . 0 0
Clams 15 .0012 A1 100 314 .02 .06 15 | 047
Crabs 0
Octopus 20 .0106 16 2.64 4.64 L2120 .03 .005 .001
Turtle 1
Snails 12 ?
Coconut crab 1 2.1 118 | 19.4 62.4 2.1 |1l.18 .002 |.0006
Lobster 14
Shellfish -
TOTALS 1310 3060 21.8 2931 .102

ymesedaufc:thetypenc:mmitydiet (Naidu et al, 1980) were supplied through the
courtesy of Dr. William L. Robison, Lawrence Livermore National Laboratory.
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4.3 Internal Dose - Brookhaven National Laboratory

Cesium. It is a curious fact that Brookhaven's studies were not
utilized by DOE-1982. Brookhaven had chosen whole-body counting, a
definitive method independent of assumptions concerning diet, to follow
cesium in the Rongelap population (Conard et al 1980; Lessard 1984 b,c;
Miltenberger et al 1980), and one of primary importance in the present
case where cesium accounts for 95% of the dose.

The cesium-137 body burden fell from about 670,000 pCi in 1958-65 to
about 175,000 pCi in 1979. It is of interest that body burden fell by
75% in 20 years, whereas the half-life of cesium is 30 years. Perhaps a
change in eating habits or a larger degree of environmental loss of the
radionuclide than has been established were at work.

In any event, the Brookhaven estimates for whole-body dose (1978)
are .027 rem, and for the ensuing 30-year period .245 rem (Note 11,
Tables 1,2). The 30-year dose was calculated by extrapolating the curve
for the previous dozen years.

A more conservative assumption would be that the dose will fall only
as a result of spontaneous decay by cesium-137. 1In this case, the
JO-year dose would be .56 rem for whole-body, red marrow and bone
surfaces.

We do not have an independent field check on the accuracy of
the whole-body field measurements. The point may be made, however, that
it was this team that discovered the precipitous rise in body-burden of
the Bikini settlers in 1977-78 and who therefore called for their removal
from Bikini Atoll (Conard et al, 1980; Miltenberger et al, 1980).

Strontium. Strontium-90 daily excretion was determined by urine
analysis and the committed effective dose equivalent calculated
therefrom. Three autopsies have confirmed such calculations {Conard et
al 1980, p. 115). The annual whole-body dose for 1978 was less than .001
rem (Note 11, Table 2); the subsequent 30-year committed effective dose
based on spontaneous decay alone whould be .015 rem. The corresponding
tissue doses are: red marrow, .079 rem; bone surfaces, .179 renm.

Transuranics. Although only 104 of some 270 determinations have
been looked at, it is clear that the results cannot be used as they stand
now. A full discussion is presented in Note 12; here we deal briefly
with the conclusions.

Plutonium-239 was measured in urine samples, collected in 1981 at
Rongelap, using the fission track method (ORAU, 1987). The data appear
to be bimodally distributed over a range extending from 1 x 10-% pCi/d
(the practical limit of detection) up to 5 x 10-3 pCi/d. Neither sex nor
age appears to play a primary role in determining this result.
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The oral intake associated with the maximum urinary output
would be 38 pCi/d of plutonium-239, or 76 pCi/d of the three transuranics
(plutonium-239,-240; americium-241). It would seem impossible to eat
this much; the minimum quantity would be 5.6 kg of clams every day (Table
4.2 #2). The-30-year whole-body dose from 76 pCi/d would be 2.96 rea.

On the other hand, the median excretion of about 1 x 10-4 pCi/d
would require eating 1.2 pCi/d of all three transuranics. This would be
about 3 times the currently estimated oral input used by Livermore, based
on the community type B diet, and presumably would be possible. The
30-year whole-body dose would be .045 rem. It is curious and may be of
some significance that the median of such an extended distribution should
be within a factor of three of the diet method's single estimate.

Summary. In summarizing the Brookhaven results, two estimates have
been made to cover the uncertainties surrounding the transuranic
determinations, one based on the median, the other based on the range
from minimum to maximum.

Brookhaven
30-year (1978-2008)* Adult doses
Source ¥Whole-body*= Red marrowx=#
{(rem) (rem)
Cesium-137: .560 .560
Strontium-90: .01% .079
Transuranics
-~ median .045 .068
- range .005 - 2.96 .008 - 4.33
External dose: .59 .59
Total: 1.21 1.30
- range 1.17 - 4.13a%x=s 1.24 - 5.49

*  Not including inhalation

*x  Commjitted effective dose equivalent

xx%x  Committed dose equivalent.

xxtx The estimate falls below the 5 rem guide tor 30 years, even when the
maxinum transuranic estimate is used -~ one which would appear to be
dietetically impossible.
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Figure 4.3 #l. Adult cesium-137 body burden as a function of time

since resettlement of Rongelap Island in 1957.

The maintenance of the body content depends on the radionuclide
intake from the diet. The physical half-life is 30 years; the
physiological half-life is 110 days in men, 80 days in women, and
less in youths and children. (1 Bequerel = 27 picocuries;

1 nanocurie = 1,000 picocuries) The maintenance of the specific

activity of 1 pCi/g in soft tissue for 1 year gives rise to a dose
of .0l rena.

(Figure courtesy of E.T. Lessard, Brookhaven National Laboratory.)
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4.4 Infant Dosage

The doses that have been under consideration are for adults. In the
case of children and infants, the doses might be different owing to
variations in (1) physical and physioclogical processes and (2) dust and
diet.

Physical and physioclogical factors. These variables affect the
conversion factors in Tables 4.2 #1A & #1B. For example, the smaller
size of children can diminish the fraction of gamma ray energy absorbed
in the body; the residence time of the radionuclide in the body may be
less than in adults; the fraction absorbed from the gut might be much
more. Furthermore, a long-lived radionuclide deposited in the body at age
6 months will be diluted by growth so that its "picocuries per gram of
tissue”, on which a dose depends, will fall significantly with time.

Table 4.4 #1, based on the United Xingdom NRPB report (1941b ), and
consistent with the recommendations of the ICRP (International Commission
on Radiological Protection), shows that the corrections for children are
vell on their way to disappearing by age 10 y, but are important in the
first year or so of life. The correction for cesium-137 is an increase
of not more than 20%, but that for strontium is about 3.6-fold. For the
transuranics, it is 2.4-fold for inhalation during the first year, but
for ingestion it is 22-fold for months 0-6, and 2.1-fold thereafter in
that year.

These factors are for committed doses which in the case of children
aged 10 and less are calculated to age 70 years rather than for the
standarized period of 50 years in adults. For radionuclides with short
physiological half-lives such as cesium-137 (less than 110 days), this is
of no consequence. But for the transuranics with half-lives in liver and
bone marrow of 20 and 50 years, respectively, the extra residence time
adds to the 50-year committed dose.

In general, it would be expected that the smaller intake of
children and infants will compensate for the increased size of their
dose-factors compared to the adult ones in Tables 4.2 #1A & #1B.

Since there are almost no directly pertinent Rongelap data on such
inputs, we have approached the problem in two ways. First, we have made
some calculations aimed at setting upper bounds. :

Second, we have attempted to obtain information from the
Marshall Islands on infant and small child diets.
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Table 4.4 #1

CHILDREN: FACTORS TO CONVERT ANNUAL OR 30-YEAR CONSTANT
INTAKE(pCi/d) TO DOSE (rem)

(The factors for adults in Tables 4.2 #1A & #1B are to be multiplied by
the relative values in this table)

Age at Exposure
30-year
Nuclide and route 2 20 yra/ 10 yrd/ 1 yrb/ 0-6 mod®/ exposurec’

Cs-137 Ingestion 1 1 1.1 1.1 1.02
Inhalation 1 1 1.2 1.2 1.03
Sr-90 Ingestion 1 1.4 3.6 3.6 1.54
Inhalation 1 1.4 3.7 3.1 1.56.
PU-239 4/ Ingestion 1 1.3 2.1 22. 1.63
Inhalation 1 1.3 2.4 2.4 1.35

&/ Adult. The adult dose commitment is for 50 years.

b/ For children the commitment is until age 70.

¢/ 30 years of constant "adult" intake, beginning at age 0. Since the
intake of children in fact is much smaller than of adults, the true value

will be much closer to 1.

4/  Also plutonium-240 and americium-241.
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Cesium-137 in mothers' milk. The cesium content of mothers' milk
vas determined on samples from three Bikini women in 1979, nine months
after leaving Bikini where they had been resident for 3-8 years
({Miltenberger et al, 198l1). The mean body burden of cesium-137 was .13
uCi (.09 - .18); the specific activity of the milk averaged .40 pCi/ml
(.26 - .53); the mean specific activity of milk was therefore 3.3 x 10-¢
times the body burden.

In 1977 on Rongelap the mean body burden of cesium-137 in women was
.251 uCi. Applying the Bikini factor gives .83 pCi/ml for the specific
activity of cesium-137 in Rongelap milk. Taking milk consumption to be 2
liters per day, the committed dose generated in months 0 - 12 would be

(2,000 x .83) x (1.1 x 1.7 x 10-3) = .030 rem.

Transuranics. We have no data for the consumption by children of
plutonium-239,240 and americium-241 and therefore estimate their dosage
as follows:

(a) For ingestion, suppose that infants and children eat as much of
the transuranics as do adults. Taking the worst case of no supply ships
for the entire year, so that only locally produced foods are consumed,
Livermore now estimates an adult intake of 1.8 pCi/d (Ref. Robison ).

For intake during the period 0-12 months of age the estimated
committed effective dose equivalent would be:

(1.8) x [(2.1 + 22)/2] x (1.3 x 10-3) = .028 rem (lst y, ingestion)

Of this committed dose, not more than .019 rem would in fact be received
during the first year.

(b) To this would be added the dose from inhalation (Section 4.2).
Taking .024 pCi/d as the adult exposure, which would be a liberal
allovance for the infant, the committed whole-body dose would be:

(.024) x (2.4 x .15) = .009 rem (0-1 year, inhalation)
On this somewhat special basis, the committed effective transuranic

doses would be 0.037 rem (lst year). The dose absorbed during the first
year presumably would be no more than .025 rem.



Diet. We have also attempted through the assistance of the Peace
Corps to find out quantitatively what infants and small children eat.
(Such information will be of value to the professional nutritionists in
the Marshall Islands as well as to ourselves.) The Corps volunteers, all
of whom speak Marshallese, carried out inquiries on their own islands of
residence where they are familiar with the local scene and people, and
have lived for at least one year. The diets were ascertained by living
with a family for one day on two separate occasions and recording what
was eaten by the child (Note 13).

At present we have only the returns from 5 islands ¢: '@ atolls,
comprising 21 children, 7 months to 4 years of age (but ch: 1y below
1 year). The principal finding, as might have been expect:i, is that
children are breast fed until well past 6 months of age, in fact often
into the first year.

A second important finding appears to be that additional foods
during the weaning period a: often, if not usually, imported. The diet,
however, varies greatly from family to family, as well as from day to day
{to judge by these two-day samplings).

I have used Table 4.2 #2 and related material in calculating the
daily intake of cesium-137, from the individual diet reports. The two
reports for each child were averaged, and then an average obtained for
the island. In the summary below, the island mean is followed by the
range, followed by the number of children, in parentheses.

1. 1Ine Island, Arno: 128 pCi/d (0-210; 3)
2. Buoz Island, Ailinglaplap: 113 pCi/d (0-215; 5)
3. Kaven Island, Maloelap: 212 pCi/d (58-343; 3)
4. Woja Island, Ailinglaplap: 405 pCi/d ( 7-995; 9)
5. Wotje Island, Wotje: 500 pCi/d (215-785; 2)

The maximum individual daily intake of cesium-137 indicated by these
samples was not a constant one, but may be used to estimate what is
probably an upper bound for daily consumption. For 1000 pCi/d of
cesium-137, the dose would be (1990):

{(1000) x (1.1 x 1.7 x 10-%3) = .019 rem (committed first year dose)

Scaled to 1978, it would be .025 rem. The strontium-90 dose would be less
than 5% of this.

It is not claimed that these results are definitive. Nontheless, I
believe that these data do provide at the very least significant
orientation to the problem. Accurate data are very hard to obtain,
according to the volunteers, and the investment in time -- about 2 days
per child -- has been a very large one, indeed. One difficulty
encountered was getting the mothers to understand what kind of
information was wanted and why. No brief interrogatory visits could
obtain reliable data. The study is still going on, and it is hoped that
more information will be available by October.
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Summary. A maximum type of internal dose estimate for age 0-12
months (1978) can be made by adding the three doses just developed:

Cesium-137 in breast milk (2 liters/d) .03 rem

Transuranics {(intake equal to that of

adults): .04 renm
Peace Corps cesium-137 estimates: .025 rem
Total: .095 rem

The estimate is therefore about .095 rem/day. However, it must be
recalled that infants do not drink 2 liters of breast milk per day -- a
better average might be 1 liter; the transuranic dose during the first
year (not committed dose) would be closer to .025 rem; the daily average
of non-milk cesium intake could be materially less than that stated. A
maximum total of .05 rem seems more likely at present.

Until we have a more extensive appraisal of what the infant and
small child diet is, it would be wise to withhold final judgement. The
information in hand, however, does provide specific orientation to the
methodology of the problem and the magnitude of the doses involved.






