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1. INTRODUCTION

1.1 T@

Rongelap Atoll was accidentally 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 Rongelap people 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 Harshallese.

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 Hajieto 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:
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“[The referee snaii] review the data collected by the Department

of Energy relating to the radiation levels and other conditions on

Rongeiap Island resultlng fror. the thermonuclear test...The

purpcse. . . shail 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 stsps need?d to restore habitability. ..”

1.2 Procedure

The DOE-1982 bcok now under review was discussed with its senior

author, Dr. Williarc Bair (Pacific Northwest Laboratories, Richland,

Washington 99352), and Dr. Bair has read the parts of this Report

referring to it. Dr. William Robison (Environmental Sciences Division,

. Lawrence Livermore Laboratory, Livermore CA 94550), who supplied the

field data was also interviewed.

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) and Mr. E. Lessard (Safety &

Environmental Protection Division). The citation of their work in this

Report has been checked by them.
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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.

Other sources of information in the international literature have

been used and are cited in the text.

We have also discussed from time to time various matters relating to

the Report, or the progress made in developing it, with the Rongelap

people or their representatives, including Senator Jeton Anjain, P.O. Box

1006, Majuro, Republic of the lfarshall Islands, 96960.

We have also consulted Hr. Peter Oliver, Special Assistant for

Compact Affairs, Republic of the Marshall Islands, P.O. Box 15, l!ajuro,

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 employing an international panel of

experts, selected so as to represent a variety of overlapping specialties

that would cover the problems under examination.

If they chose to do so, the consultants who were still in

disagreement with the final draft of the Report (having discussed earlier

versions with Dr. Kohn), were asked to write brief notes on their own

views to be mentioned in the text and to be included as footnotes or

among the “Notes to the Text”.



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)

Consultants

S. J. ADELSTEIN, H.D., Ph.D. (nuclear medicine) Professor of
Radiology, Harvard Hedicai School; Director of Joint pro%ram in
Nuclear Hedicine at Beth Israel Hospital, Brigham and Women’s
Hospital, Children’s Hospital and Institute, and Dana Farber Cancer
Center; Vice-President, National Commission on Radiological
Protection and Measurements; 25 Shattuck St., Boston, HA Ozlls
(617-732-1535)

H. J. DU??STER.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, OX1 lSU, United Kingdom
(0865-251-716)

A. S. KUBO, Ph.D., HBA, P.E. (civil and nuclear engineering)
Vice President, Technical Applications, The BDH Corp. 7915 Jones
Branch Drive, McLean VA 22102 (703-848-7294)

H. G. PARETZKE, !i.sc., Ph.D. (radiation risk analysis) Head, Radiation
Risk Analysis Section, GSF Institut fiir Strahlenschutz (Institute
for Radiation Protection), Ingolst~dter Landstrasse 1, D-8042,
Neuherberg 2225 Federal Republic of Germany GE-055 (893-187-2225)

F. L. PETERSON, Ph.D. (hydrology and geology) Professor of
Hydrology and Chairman, Dept. of Geology and Geophysics, University
of Hawaii, Honolulu, HI 96822 (808-948-7897)

W. 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), or Radiation Effects
Research Foundation, 5-2 Hijiyama Park, l!inami Ward, Hiroshima
City 732, Japan (082-261-3131)



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 RongelaR 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 H5R-3G1 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) .

BERND FRANKE, ?!.SC. Executive Director (Washington Office),
Institute for Energy and Environmental Research,
6935 Laurel Ave., Takoma Park, HD 20912 (301-270-5500)

Others have informally helped in the production of this report.
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2. BACKGROUND-- THE RONGELAP EXPERIENCE

Rongelap Atoll is located about 2,500 miles southwest of Hawaii, at

120N, 1670E (Fig. 2 #l). It comprises more than 50 low-lying islands and

islets, total area

The largest and by

of 0.3 sq. miles.

3.07 sq. miles, which bound a lagoon of 400 sq. miles.

far the most important island, Rongelap, has an area

The geological structure of the atoll is that of a coral reef atoll

resting orI 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 population 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 193S, 11O

in 1920, 100 in 1906, 120 in 1860.



However, Hr. Peter Oliver, the Republic’s Special Assistant for

Compact Affairs, has informed me that the Rongelap Distribution Authority

now makes per capita pafients 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.
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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; its 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 #l). 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

was made to separate it from food or clothing. No warning was or had

been issued by the military.
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The Bravo test posed new dosimetry problems, only vaguely sensed

before. Owing to the gigantic energy-yield ●t ground level, great

quantities of coralloid radioactive material were generated (Hiroshima

and Nagasaki had involved

involved whose radiations

eventual effects depended

high air-bursts): 142 radionuclides were

and zates of decay varied greatly, and whose

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 thyroid 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

wti 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 ●l, 1985; Lessard, 1984a), based on a comprehensively

planned attack on the problem (Bond et al, 1978), put the Bean adult
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whole-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).

(
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2.2 Return to ROD9elaR - 1957

The AEC (Atomic Energy Commission)ll decision that Rongelap had

become safe was based on

University of Washington

AEC staff. For 1957 the

was estimated to be less

field data by the Radiation Ecology Laboratory,

College of Fisheries, and dose calculations by

annual external gamma dose at Rongelap Island

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’s Medical Division to establish

the Marshall Islands Medical Program, whose staff has visited the

Rongelap people once or twice a year since 1957. 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-body counting). Since 1978
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the counting program has been operated by Brookhaven’s Safety &

Environmental Protection Division.

2.3

led

RonuelaD: 1957-1987

The ●edical findings were summarized or updated by R. A. Conard, who

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). In

sequence of health-related events occurred over

brief, the following

the past 30 years.

1957-63. General health was improved compared to that prior to the

Bravo shot, owing to the medical attention received. Among the usual

problems in the Marshall Islands were parasitism, chronic skin disease,

diabetes adult-onset type II, and bad teeth in adults, and 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

parents as would be expected normally. Second, two boys

stunted growth, suggesting thyroid deficiency.

the exposed

showed markedly
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1964-75. Unquestionable damage to the thyroid gland, especially to

those ●xposed 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 #

follows:

Age below 10 in 1954: 17

including 1 cancer.

Age 10-18 years in 1954:

1), the thyroid tumor record was as

tumors in 19 persons examined,

2 tumors in 12 persons examined.

Age above 18 years 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 waa 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 Brookhaven medical services were boycotted during 1972, but they were

●ccepted later in the year after a favorable report on the matter by an

international committee.
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1976-79. The general health of the population remained good,

although more thyroid nodules appeared. The Rongelap people 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 NE then funded (Lessardl

1984a; Lessard et al, 1984c; Lessard et al, 1985). Independently NE

initiated a “Northern Marshall’s Survey” based on an aerial survey by

EG&G and some terrestrial work by Lawrence Livermore National Laboratory

(Robison et al, 1980; Robison et al, 1982b: Tiptonk Heibaum,1981)”

1980-84. DOE summarized its survey results in 1982 with a report in

Marshallese, embellished with colored illustrations. (This is the DOE-

1982 book under review in the present report. See Note 1.) The

conclusion, that Rongelap Island was safe, was not accepted by all of the

people. 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”.

x—
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yMJ. The Rongelap people abandoned Rongelap and sailed for Hajieto

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).

~ 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 ( 3.5 rem or less to 1978).

(b) The original dose estimates for the 1954 exposure were much too

low, especially for the thyroid gland. The necessity for major

correction later on weakened or destroyed Rongelap confidence in DOE.

The residual radiation doses during the first years of resettlement may

also have been underestimated, but the corrections would be 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. In 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). The finding, however, is limited by the small number

of persons at risk (81 exposed).
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:.

Figure 2.3 #1.

(Figure courtesy

Latency period for appearance of thyroid nodules
related to thyroid dose received in 1954 at
Rongelap & Ailingnae, and Utirik. Details on
thyroid dosage ●re given in Table N.4 #2.

of W. E. Adams, Brookhaven National Laboratory)

....,
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(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 residence on Rongelap since

1957 (Note 4(b)). These studies are admittedly exploratory and cover

only a small part of the health spectrum. However, the average dose over

the period 1957-78 is quite small (3.5 rem or less), and will be

accumulated at lower rates in the future.
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FIGURE 2.3 #2 Survival as a function of time after 1954.

The numbers exposed and whole-body doses were: Rongelap, 67
persons, 190 rem; Ailingnae, 19 persons, 110 rem; Utirik, 167
persons, 11 rem. The unexposed group of 86 Rongelapese was matched
(age, sex) in 1957 to the Rongelap-Ailingnae group and has been
followed for survival annually.

‘(

(Figure courtesy of W. H. Adams, Brookhaven National Laboratory.)

.
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3. REASSESSMENT

Uith the foregoing as background, let us now attempt to answer the

questions which the Congress has asked: Uere the doses calculated by DOE

for 1978 correct? 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 published so that the original meager sampling

has become more robust. In addition, we shall consider the findings of

tbe Brookhaven National Laboratory, using an important method which

DOE-1982 failed to consider, and also our own findings.*

c;

The data base employed by DOE-1982 comprised the results of the

Northern Harshall Islands Survey of 1978 (September-November) which bad

been planned as an aerial reconnaissance to map external gamma-ray

exposure rates (normalized to 1 meter above ground level) (Tipton &

Neibaum,1981). Two helicopters were employed, operating from a major

support vessel, tbe U.S.N.S. Wheeling.

● B. Franke states that the enabling legislation calls for study of

only tbe original findings and report. A second committee should

consider subsequent findings, and a third group should execute its

recommendations.
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Subsequently the Livermore Laboratory prosram was added to obtain

soil, water, vegetation and fish samples at each atoll “as time and

facilities might permit” (Robison et al, 1982, 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

distributed throughout

plutonium-239.-24O and

dealt with were four: cesium-137, which is

the body; strontiurn-90, a bone seeker;

americium-241, which have very long half-lives and

which are tightly bound by bone, liver and

The Liverrnore group took soil samples

testes (Table 3 #l).

from some 20 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,

This soil

0.9 (Table 3 #2).

contamination provided the basis for hwan exposure in two

ways. Radiations emanated from the ground or standing vegetation leading

to external dose. Radiations that emanated from food and water after

entering the human body were responsible for internal dose.
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TABLE 3 #l SOURCES OF FALLOUT R4DIATION AT RONGELAP

Radionuclide

Cesium-137

Strontium-90

Plutonium-239

-240

Americium-241

Half-
life aj

years

30

29

24,065

6,537

432

Principal radiations
a/

&b’ /$c’ c,d/

MeV MeV MeV

0.187

1.13

S.23 -

5.24 -

5.57 -

.66

ICRP-derived
limit on da~ y
oral intake )

f/
pCi/d

9860 ●

5920 **

2470 ●

1480 ● *

30 ● * (60)

30 ● * (60)

37 ● * (67)

Fraction
absorbed

fr:t:u},in

1.0

.3

.001

.001

.001

a’ ICRP Publication 38.

b’ Quality factor, 20
c/

Quality factor, 1

(Radionuclide transformations)

d/
X and gamma rays are omitted whose total contribution to dose would

be less than 10%.
e/

Derived from ICRP Publications 30 and 48. The ICRP limit on intake for
workers was divided by 30 (*) to bring the annual committed effective
dose-equivalent to 170 mrem, or by 50 (**) for 100 mrem. The ICRP limit
includes a factor of 2 to prevent any one tissue receiving more than 50
rem. That factor is unnecessary in the present low-dosage case. The
numbers in parentheses give the applicable guide without such
correction.*

f/
ICRP Publication 30. Supplement to Part 1. (Annals, Vol. 3), and ICRP
Publication 48 for transuranics.

●John Dunster adds: The intake limits ●pply to adults. For children,
the strontium linit should be divided by a factor of about 3, and those
for plutonium and americium by about 2. (National Radiation Protection
Board G 87, Aug 81.)

.
.:
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TABLE 3 #2

Depth
(cm)

1978 1987

0-5 0-1o

5-1o

10-15 10-20

15-25

25-40

0-40

Number of
profiles

RONGELAP ISLAND: RADIONUCLIDE SOIL PROFILES~ibi

Average specific activity for dry soil (pCl/%)

Cesium-137 I Strontium
-90

1978 1987 ] 1978 1987

15 10.1(7) 6.9

9 7.7

5.4 1.2(1) 6.7

2.6 4.5

1.8 2.1

5.0 4.6

27
I

20

Plutonium
I

-239,-240

1978 1987

3.2 ,

2.0

1.1

.35

.07

.89

18

mericium
-241

1978 1987

1.0 1.7(3)

.78

.41

.18

.08

.35

17

●I The 1978 profiles are from Robison et al, 1982, Part 4, Appendix B.

bt The 1987 values are from Boikat and Paretzke (Note 8). The number of
samples is given in parentheses. They are corrected back to 1978.



27

The total dose received was the sumI of the external and internal

doses. The external whole-body dose was estimated by ●easuring the

exposure in air (e.g., at 1 meter above ground) and applying a factor

based ultimately on measurements with phantoms to the ●eter 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 products 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. The Livermore

_Laboratory calculated its doses as integral doses, i.e., for a stated

period of time, the annual dose for each year was summed.
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4. DOSE

PDOE-1982 r{ported three doses for the Rongelap people living on h

,we~ /
sland for the period 1978-2008, tacitly assuming a constant

diet.

.

(1) The “highest average amount of radiation the people might

receive in any part of the body” was 2.5 rem. I take this to be

Livermore’s “integral dose” in which each year’s delivery is summed over

30 years (Robison et al, 1982b, Table 17). I will compare it to the

committed whole-body dose (rem) over 30 years (i.e., the committed

effective dose equivalent for a standard man).

(2) The corresponding bone marrow average

et al, 1982b, Table 14). I take this to be the

would be 3.3 rem (Robison

“tissue dose” and it is

approximately equal to the committed dose equivalent.

(3) The highest dose to any one person was set at 0.4 rem, this

being three times the average dose.

For orientation, it may be said immediately that DOE’s whole-body

and bone-marrow doses are for all practical purposes confirmed by

recalculations employing the original data and assumptions, and by those

employing subsequent findings on additional field samplings.
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The independent assessment by the Brookhaven National Laboratory,

based on whole-body counting for cesium and urinary analysis for

strontium, lowers the whole-body dose significantly. This estimate, in

,<
my opinion, is the definitive one.

.

Brookhaven’s estimate of the transuranic dose (plutonium, americium)

has raised the question of the size of its contribution to dose--a matter

which is under discussion--but in any case, not great enough to prevent a

decision from being made.

The question of infant dosage, neglected previously, has been dealt

with specifically (or will be).
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4.1 External Dose

The aerial survey (Tipton & I!eibaum, 1981) provided DOE with

important information on exposure to fallout in the Northern Marshall

Islands. As the survey proceeded south and east from Bikini Atoll, the

seat of the Bravo shot, the external exposure rate fell ( Table 4.1 #l).

It was calculated for 1 meter above ground level.

At Rongelap Atoll (Figure 4.1 #l), the islands fell into four

exposure groups (microreoentgens per hour) from north to south: Naen,

Yugui, Lomuilal (28-43 ~R/h), Eniaetok, Kabelle, Gogan (10-27 ~R/h);

Busch, Borukka, Gabelle, Tufa (5-9 pR/h); Rongelap and Arbar (4.1-4.5

~R/h) .

The external dose (whole-body), was calculated from exposure by my

assuming 1 roentgen = 0.7 rem (Kerr, 1980). 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 #l).

There is also a shallow dose to be considered, that due to beta rays

which travel for short distances 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 9).
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TABLE 4.1 #1 AVERAGE EXTERNAL EXPOSURE AND EXTERNAL DOSE RATES
(gamma ray) FOR ISLANDS AFFECTED BY BRAVO FALLOUT

Atoll and
Reference

Bikini Atoll
Tipton & Heibaum

Singleton et al

Rongelap Atoll
Tipton & Meibaum

(1981)

(1987)

(1981)

Paretzke (Note 8)

Greenhouse & Xilten-
berger (1977)

-Ailingnae Atoll
Tipton & ?feibaum(1981)

Paretzke (Note 8)

Utirik Atoll
Tipton & lleibaum(1981)

Island

Eneu
Bikini

Eneu
Bikini

Rongelap

Arbar

Busch, Tufa,

Year

1978

1986

1978

Borukka,Gabelle

Eniaetok,Kabelle,
Gogan

Lukuen,Naen,Yugui,
Lomuilal

Rongelap

Rongelap

Sifo

Uogiri
Enibuk

Utirik

1987

1977

1978

1987d/

1978

a/
Exposure

(gamma)

Oicroroent-
gens/hour

2.7
35.0

--
--

4.5

4.1

5-9

10-27

28-43

bl
Dose

whole-body)

rem/year

.017

.215

.018

.160

.028

.025

.031-.055

.061-.166

.172-.264

4.1 (7)cdl .025

3.6-4.5

1.4

1.3 (1)
2.2 (1)

0.8

.022-.028

.009

.008

.013

.005

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

bl
Annual, whole-body dose (millirem/year) calculated as equal to
6.13 x yR/hour. For the epidermal dose, see Note 9.

c1
The average of 7 locations ranging from 2.2 to 4.6 ~R/hour.

d/
Corrected for decay back to 1978.
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Figure 4 #1 PRINCIPAL ISLANDS O? RONGELAP ATOLL

The numbers in parentheses are the external whole-body exposure-rates in
microroentgens/hour,corrected for cosmic radiation,as determined in 1978
by aerial survey (Tipton & Heibaum, 1981).
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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).

Other annual contributions to external dosage which are p@ 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 it by 25% or more. 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 ●ore, but was not allowed for.
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4.2 Internal Dose -~

Lawrence Livernore 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 #1.
.

Ingestion. The major uncertainty

precisely what it is, although several
-—- .-2-./-’-

lies in the diet--no one knows

P2
attempts have been made to define $A
—....—_ .—.

~—”” 4

it. To be on the safe side, ‘WE-1982 chose the BNL community B diet,

‘\ /
i.e., one involving a greater amount of food and also a greater input of

contaminated food (Note 11). 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, 5 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, the Laboratory took additional samples

(Robison 1988), and in 1987 this project also collected some which were

analyzed independently. The results, summarized in Table 4.2 #2, show

remarkable agreement for the Livermore cesium data on the foods

contributing the major part of exposure and reasonably

the smaller independent confirmation. (?) (Expand this

available?)

good agreement for

when more data
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TABLE4.2 WA
~CN

FACIUiS‘IO ~ “INITIAL DAILYINTAKE(~/d)” TO

“iU3UKlW’( X’TISSWI IXE(resn)KR DIFflXWf~ClX5(F~y_’/

Radimuclide
& pried

‘ ~137
initial year,

0-30 ywlr

3&70 year

mtcmnl+w
initial year

CE30 year

30-70 per

mJ’mnm-239.-24o
initial year

0-30 year
!

I

I 3&70 year

Nmwnlf-wl
initial year

0-30 year

30-70 ~

C.E.D.E.b/

1.7 E*[

3.7 E-4

2.2 E-4

4.7 H

9.2 E-4

5.6 R-4

1.3 E-3

3.9 E-2

5.1 E-2

1.3 E-3

3.9 E-2

Rd

1.8 E-5

3.8 E-5

2.4 E+

2.4 E-4

5.0 E-3

3.0 B-3

1.9 E-3

5.7 E-2

1.4 E-2

=

!urrkes

Like C.E.D.E

1.8 E+

3.6 E-5

2.2 E+

1.0 E-8

3.1 E-7

4.1 E-7

Like plutmiuu

5.7 E-2
I

1.6 E-6

~

5.3 E-4

1.1 E-2

6.6 E-3

2.4 E-2

7.3 E-1

9.6 E-1

7.3 E-1

Liver

1.8 E-6

3.6 E-5

2.2 E+

4.2 E-3

1.3 E-1

1.7 E-1

1.3 E-1

- SPCXI~lY. W me~ - f- h IXS@-dday. It is,-
m lE@B (1987) uhicb pvvides factors in Sv/Bq (= 3.8 x redpimcurie), d is mm.sten t
uith ICS@~tiats (ICRFI.986, 1987) .~fwtors aUwforthefractimof
~ABSl@K) FPK14t&gut, its distri&tim 8mfmsiderce timeinti lxxiy, tbe

-i~ ~ effe~ d its zadiaticn in the lxxly, md iti rate of p@sical ~.

bj CXsmitted effective &se equivalent (wlmle-body dose). Other dcses are ccamitted &se
equivakats (tissue&se). The C.E.D.E. is~smof tidcxwequivalents till tissues of
tbebody ofastardard aan, eachueighted bytkm2risk resulting frmaunit&3etn that
t~asmto tirigkfrwn aunit betotb tile body.

c1 E+ signifies: x 1V5.
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W 4.2 #lB
ImlA’rm

FACIKRSTO CXNVBW’“INITTALIMILY IM’AKE QCi/d)” TO

“UKiUKIDY’’CR’TISS!Wm(rmI)KR D~Pl!fUCXXCFDA3LY-’l

Radimuclide
& paid

mlllf-137
initial year

*3O ysar

30-70 year

smumnm-90
initial year

0-30 year

3&70 year

FWKNIW239.-24O
& MWKIUH-241

initial year

0-30 year

3&70 year

.—— -- .. —

C.E.D.E.b/

1.0 E-$/

2.2 E-4

7.7 E-5

1.6 E-3

1.5 E-1

4.5 E+)

6.0 E-O

.- .- —--—-

Red

9.9 E-6

2.0 E-5

4.2 E-4

8.7 E-3

2.3 E-1

6.9 EiI

9.2 E-O

1.1 E+’

2.2 E-4

4.6 E-+

9.5 E-5

2.3 E-2

6.9 E-1

9.2 E-1

Slufaes

9.4 E-6

2.0 E-4

9.2 E-4

1.9 E-2

2.8 E*

8.4 E-1

1.12 E-2

Liver

1.0 E-5

2.2 E-4

3.1 H

6.4 E-5

5. E-1

1.5 E-1

2.0 E-1

●fItisasmd thattbe daily diet remairs ccnstant, but that the mdicmdides in it

CJXW SW@J@U@. W Wle X* e f- in -pi_*/~. It iS ~
- m lE@8 (1987) which provides factors in 8v/Bq (= 3.8 x remdpiamrie), and is cmsistent

tith UXP mamendatims (IW 1986, 1987). Itese factors allow for the fractim of
radhudide akmrhed fran tbe gut, its distributica and residence time in the bdy, w
abSOrPtiUI ad effectiveness of its raiiatim in the My, ad its rate of p@ical decay.

bt -tted effective - equivaled (uble-kdy -). Otk &ses are caunitted dose
ES@valents (tissue &%e) . h C.E.D.E. is tbe m of the be equivakts to 11 _ of
tbelxxty ofastdazd mhezd tighted by~risk result~f rmauoitdcse ti that
tisswas ~totbexisk~ aunit &3etotiwbole body.

CJ E-5 @ies: x 1(F3.
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Ihble 4.2 #2 CCNP— CFACITWIYMDWUMMS (Refermi to 1978)
~137 d SKNITWW

am bl b/c/

IiWrlKre LiWz’mre ltl.iSRqKJrt

(adlecM in 1978) (cdl- in 1986) (cmlkted in
1987)

aJ -1
Iten w f @2i/ w # pd/ m Pcil

eaterl samples gram day samples m day
(fresh) (fresh) (fresh)

@ra nut

~ 293
DrirMrq nut:

neat ml
Juice 514

Par&w juice %
Bredfnit 36

F&k 1.4
U&ken
Fhh 14
h rut o
titaab 1
b

@pra nut:
mat 168

125

& ~t:
Meat 100
Juice 514

Par&nus juice %
wmit 36
Ikxk 1.4
mckerl 3
Iish 194
Armxra)t o
*tCrab 1—

(18) 6 1758

(3) 2.6 260
(3)
(2) J:: 172
(1) 2.7 97
(2) 8.5 32
(1) 2.5 8

(98) .025 5
0 0

?

3926

(4) 6.2 1817
I

(86) 2.3 230
(85) 1.3 668
(26) 10.9 1M6
(13) 3.4 222

—

3883

(6) 4.4
(7) 1.5
(1) 31.4
(1) 5.3

(1) 25.

(1) 2.3

(8) .022 4 II To b&ne
(lo) .m 0.5

(3) .m14
(3) .181d/ 1::~
(1) .095 3.4
(2) ,~* 0.1
(1) ●m 0.1

(98) .O1* 1*9

B.i

——
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TABLE 4.2 #3

PLUTONIUH-239,-240 AND MERICIUZ!-240 IN 1978 FOODS

AT RONGELAP ISLAND BASED ON BNL TYPE B DIET”I

r —-—
I

Drinking

I coconut juice

I Copra nut
I products

Pandanus juice

I Fish (reef)

—- .. . . . .

Grams
>er day

514

293

96

194

-.— ———

Plutonium
-239.-240

pCi/gram-fresh

2.7 x10-5 (2)

6.5 X 10-5 (5-9)

6.0 X 10-5 (5)

24 X 10-5 ( 98)

Americium Picocuries
-240 per day

pCi/gram-fresh

2.5 X10-5 (3) .027

6.8 x 10-5 (7-9) .039

2.7 X 10-~ (3) .008

4.3 X 10-5 ( 98) .060

‘1 Livermore has revised the transuranic data of Robison et al (1982b),
and the present doses are about 50% higher. The entries in the table
above are based only on chemical determinations (number of samples in
parentheses). They are responsible for about 25* of the total dose which
Livermore now attributes to plutonium-239,-240 (.37 pCi/day) and
americium-241 (.13 pCi/day). The rest of the dose was estimated by a
ratio method of extrapolation: it was assumed that the Rongelap ratio,
specific activity of food to that of soil (chemically determined) would
equal the Bikini ratio (based on chemical determinations for both soil
and food).
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Inhalation. It is the transuranics that are of consequence. The

original estimates of dust intake were very much too high (Shinn et al

1980) and they have been reduced to make them more realistic (Robison

1988) . The daily intake for adults is estimated now at .0037 picocuries

for plutonium-239,-240, and .0012 for americium-241. Their contribution

to the effective whole-body dose would be about .023 rem in 30 years, and

about 0.35 rem to the bone marrow, .075 rem to liver, and .42 rem to bone

surface. The matter is discussed in Note 10.

Summary. Using the input method, the calculations of dose are

in practical agreement with those of DOE-1982. It should be noted that

these are for adults. It should also be noted that the estimates depend

directly on the assumed diets. The following tabulation is a summary:

Source

Inhalation

Internal doses:
-cesium-137
-strontium-90
-transuranics

External dose

Totals

DOE-1982

30-year ~ (type B diet)

Whole-body dose Red marrow dose

(rem) (rem)

.023 .035

1.63 1.67
.032 .175
.02 .029
.590 .590

2.295 2.499

2.500 3.300
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For comparison, this project sampled three sites at Ailininae Atoll,

which is not inhabited except for visits to gather food (Note 8).

Landings were made on Hogiri, Gerea-Knox, and Enibuk Islands. The

cesium-137 averages for the three sites for drinking-coconut meat and

juice, and for the first 10 cm of soil, were less than 15% of the

corresponding Rongelap averages. Two coconut crabs averaged 1.15

pCi/gram. The plutonium-239,-240 content was less than .006 pCi/gram.
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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 (Hiltenberger, 1980).

.

In the case of strontium, we shall take the 1980 findings at face

value. The annual whole-body dose, based on urine analysis, was about

.001 rem, from which I calculate a 30-year dose of .021 rem. The

corresponding tissue doses are: red marrow .11 rem; bone surfaces, .25

rem.

In the case of the transuranics, the background of the problem is

worth mention. The quantity of plutonium-239 in the urine is minute,

. being something like .1 to 1 x 10-s picocuries/liter. It has only been

during the past several years that the Brookhaven group has felt able to

do accurate determinations using the new fission track method. Here than

250 Rongelap samples have been analyzed, but none of these has been

reviewed with repect to the history of

residence on island, occupation, etc.,

down support for the project which has

the donor, i.e., age, period of

owing to the fact that DOE cut

now been closed.
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At my request, the Brookhaven

for a brief survey. From a random

median urinary output was found to

Laboratory gave Dr. Lessard the time

sample of 35 determinations, the

be about .03 x 10-3 picocuries/day,

equivalent to a dietary consumption of .13 pCi/day (Note 7). However,

the exceptionally broad distribution of the individual determinations

calls for a detailed review which might reveal technical error, but could

equally well point to hitherto unresolved or unsuspected physiological

factors that influence the results.

The 30-year doses associated with a urinary output of .03 x 10-3

pCi/day of plutonium-239 are:

rem; bone surfaces, .153 rem;

of the doses for plutonium-240

measured, would increase them,

whole-body, .0082 rem; red marrow, .012

liver, .027 rem. The addition to these

and of americium-241, which were not

by perhaps a factor of two.
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*

**

The Brookhaven results may be summarized as follows:

30-year dose (type B diet) 1978-2008*

lihole-body R- marrow

.

Cesium-137: .620 rem

Strontium-90: .021

Plutonium-239 .008

Plutonium-240

1

( .008
**

hericium-241

External dose: .59

Total: 1.25 rem

Not including inhalation

Estimated

.620 rem

.110

.012

< .008

.59

1.34 rem

The Brookhaven group summarized its results by calculating a 50-year

dose from 1957 to 2008 (Lessard et al 1984c), based on a curve fitted to

the observations through 1980 and extrapolated to 2008 (Note 7, Tables #2

and #3). Adding up the annual doses thus obtained gives a total of .66

rem (external + internal, but not including transuranics or inhalation).
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4.4 Infant Dosage

The following factors should be taken into account. The infant

during the first six months may absorb from the gut a much greater

fraction of radionuclide than the adult. The residence time of

radionuclide in the body may be shorter than in the adult. For longer

residence times, the amount retained is diluted by growth. The infant

eats less than the adult.

In the case of cesium-137, which is completely absorbed from the gut

in both infant and adult and whose residence time is short, the

difference between adult and infant dose factors will be small. For

plutonium-239, whose absorption by the infant is much greater and whose

residence time is long, an appreciable difference can occur. However,

because the transuranic contribution to the adult dose is so small, even

if it be increased very appreciably in the infant, it will not

necessarily be quantitatively important.

Balancing these variables against one another leads to the following

cofiitted dose factors (rem per picocurie daily intake) for whole-body

exposure:

Radionuclide Factor at specified aae (rem/DCi/daY)

O-1 yr 5 yr 10 yr 0-10 yr

Cesium-137

Strontium-90

Transuranics
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4.5 Dose Summary

A-”

DOE-1982 stated

period 1978-2008,

based on the type

:he whole-body dose (integral) to be 2.5 rem for the F
&

of which 1.63 rem stems from cesium-137. That dose,
/#zL

B couununity diet, is about 1 rem too high for the

following reasons.

Whole-body counting is the superior method for the determination of

the cesium-137 whole-body dose. Based on 1978 conditions at Rongelap

Island, the cesium dose by that method for 1978-2008 would be .62 rem

(committed effective dose equivalent).

For strontium-90, the urine-derived dose of .021 rem is 608 of that

calculated from the diet (.035 rem). The difference is in the same

direction as that for cesium, and is small enough in absolute terms so

that it will not materially affect the outcome one way or the other.

For plutonium-239, the estimates based on urine (median value) and

diet are close enough for practical purposes (.005 rem and .009 rem,

respectively; total transuranic, .016 and .020 rem respectively).

However, as noted above, the wide spread of the urine data do call for

further investigation.
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TABLE 4.5 #1

PROJECTED ADULT COHNITTED DOSES (1978-2008)
FOR RESIDENCE ON RONGELAP ISLAND

Radionuclide

Internal:
Cesium-137

Strontium-90

Transuranicsbl

External:

Totals

{hole-
body” I

rem

.62

.021

.016

.59

1.25

Red marrowbl

.

rem

.62

.110

.024

.59

1.34

Bone surfaces b

rem

.62

.250

.300

.59

1.76

Liverb I

rem

.62

( .001

.054

.59

1.26

Committed effective dose equivalent (standard man) = whole-bodv dose.
The current guide in the U. S. is 5 rem in 30 years. The type”B diet
is assumed.

I would employ a guide of not more than 30 rem to any one tissue over
30 years, but due allowance must be made for the doses received by
other tissues (ICRP No. 30).

Plutonium-239, -240 and americium-241.
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I therefore conclude that the doses in Table D.4 # 1 fall well

within the present EPA guide for the general population of the U.S.A. (5

rem for 30 years, committed effective dose equivalent, standard man; I

also take 30 rem in any one tissue except lens). They also satisfy the

ICRP and NCRP guides (3 rem).

Uhether or not these estimated doses guarantee that no one in any

one year will exceed the individual guide of 0.5 rem, I cannot say. By

and large that should be so. But if someone were determined that his

intake should exceed the guide, I suppose that he could make it do so by

changing his diet, or by eating a great deal of foods grown on highly

contaminated islands (e.g., Naen).

The increase in cancer mortality resulting from the dosages of Table

4.5 #1 can be calculated as follows. Suppose that 500 persons were to
.

live continuously on Rongelap Island for the period 1978-2008. On the

average each would accumulate a committed dose (whole-body) of 1.25 rem

over that 30-year period. For simplicity, I will assume that each

receives the dose all at once. Then, taking an overall cancer mortality

factor of 5 x 10-4 per rem (Shimizu et al, 1987; Preston and Pierce,

1987), I find the increment to be:

500 x 1.25 x 5 x 10-4 = .31 extra cases.
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The factor for first generation genetic defects is smaller than that

for cancer mortality (National Academy of Sciences, 1972; NCRP, 1987a),

being approximately 1 x 10-4.

The foregoing comments apply to the future. But what about

past? The Rongelap residents exposed to the Bravo shot received

the

an acute

dose of 190 rem in 1954 and during 1957-1978 they received a chronic dose

of 1-3 rem. Hy opinion is that the addition to these past doses of

something like 1.25 rem during the next 30 years will not appreciably

increase detectable health and genetic risks in a way that should

preclude return to Rongelap Island.
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5. DISCUSSION AND RECOHHENDATIONS

The conclusions reached and the issues raised by the body of this

report are quite straightforward. The dose received is due to radiations

from (a) soil and vegetation externally, and (b) from the food eaten.
/’---)

The review has shown thaf’DOE-l erestimated the 1978 adultise. P
la

The whole-body dose reported
/7

now (1.25 rem, 30-year) is one-half of

theirs; for the red marrow it is 40% (1.34 rem). Both sets of values

(DOE-1982 and ours) are well below the current U.S. whole-body guide of 5

rem. I conclude that a return to residence on Rongelap Island is

permissible.

(The doses in this report are for 1978. The current dose, 10 years

later, would be about 20% less.)

5.1 Assumptions

Within the simple statement on return are several tacit assumptions.

Living conditions on return should be equivalent to those prior to

leaving in 1985. In particular, the diet should be equivalent to the

former one and thus should meet the following conditions.

(a) The food

purchased when the

that as much money

consumed was in part raised locally, but was also

supply ship visited at regular intervals. I assume

would be available now as was available then.

(b) In addition, the families received foods distributed by the USDA

Special Food Assistance Program, but which has only one more year to go.
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In the final year, the allotment will be one-quarter of what it has been.

I understand that a request for a 3 or 5 year extension is being asked

for. The extent to which this program, or an equivalent one, could

continue into the future will require discussion.

(c) I have been told that it was only in 1982 that the people

became aware of the restriction on food gathering in the more northern

islands (e.g., Naen). That restriction should remain in force.

(d) Looking at the map in Fig. 4 #1, one can see how the external

exposure rate (i.e., that from soil and vegetation) increases on both

sides of the lagoon as one goes from the southernmost islands of Rongelap

and Arbar toward the north. Por the time being I would consider as

forbidden territory all islands to the north of Borukka and Eniaeto)c.

All to the south are suitable for food gathering and residence.

(e) There are no restrictions on fishing, annhere. Clams,

lobsters and terrestrial crabs are restricted like other foods.

(f) There are no restrictions that apply to Ailingnae Atoll.

(g) I would also add to these restrictions that no arrow root be

consumed. None was consumed during the 10-15 years prior to leaving thin

1985 because, as I understand it, there was none on Rongelap Island.

Since then the plant has returned. The plant is troublesome to prepare,

and I would suppose that as long as supplies of flour and rice are

available, it will not be used.
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5.2 Infant Dosage

To be done. This section stay or may not be necessary.

5.3 Plutonium

Plutonium poses a special

dosage of plutonium calculated

agree with many doses based on

problem that has two facets. First, the

from the type B community diet does not

urinary excretion. Second, the

determination of plutonium

from subject to subject.

The problem should be

the data in Table 4.5 #1.

americium-241) contributed

Suppose that they had been

in the urine has been exceptionally variable

approached from the perspective provided by

The transuranics (plutonium-239,-240 and

less than 1.5% to the total whole-body dose.

underestimated by a factor of 100. Their

contribution would thus rise to 1.6 rem; added to the 1.25 rem from

other sources would give a total whole-body dose of 2.85 rem. This dose

is-still within the guide.

As noted in Section 4.3, the great variations among the individual

plutonium determinations do merit investigation and I urge DOE’s support.

I suggest that they are not entirely methodological, but stem from

physiological variations due to age or other factors. It would be

especially important to study the people before they return to Rongelap
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to determine how rapidly the body content is excreted, as well as after

their return for purposes of monitoring.

Once the variation in the urine determinations is understood, their

agreement or lack of agreement with the calculated output from an assumed

diet could be attacked.

I understand that DOE is now considering the matter.

5.4 Monitoring @ Health Programs

I recommend that the whole-body counting program to determine

cesium-137 should be resumed as soon as practical. (It was discontinued

in 1985.) It

strontium and

essential for

radionuclides

should be supplemented at the same time by studies on the

plutonium content of the urine. These studies are

the control of the population’s exposure to the

that contaminate the atoll.

Carried out properly, such studies. are also of prime interest to

scientists throughout the world who are interested in preserving the

health of people who have been exposed to nuclear radiations. I know

that the Rongelap people do not want themselves to be “guinea pigs” to

satisfy the curiosity of research workers. But that is not the case

here. The work done would help the Rongelap people themselves, and its

results at the same time would also help others.
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I expect the Rongelap people to receive routine medical care. But I

would also expect certain groups of them to be part of surveys for the

appearance of cancer, to undergo blood tests that their physicians may

consider to be important, and to help in providing accurate records of

vital statistics. All of this cannot be done unless their physicians are

allowed to examine them at regular intervals whether or not they feel

ill.

5.5 Rehabilitation ~ ~

After the Rongelap people have settled on Rongelap Island, a

reexamination should be made of the levels of contamination at the other.

principal islands of the atoll, for the reasons given in Note 12. At

present, the best estimate of their relative degrees of contamination is

obtained from a comparison of the external exposure rates determined by

aerial reconnaissance (Table 4.1 #l). Based on the results Of the

resurvey of the atoll and a consideration of the field trials at Bikini,

a long-term plan should be drawn up.

The methods now available to combat the radionuclide contamination

of soil are essentially two -- remove the upper layer of soil in which

the contaminants concentrate, or treat the soil with potassium salts

which block its uptake by plants. A variant of the latter is to wash the

soil with sea water. A long-term plan might employ all three.
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These methods have been under investigation at Bikini Atoll for some

years (BARC 1987). Fig. 5.4 #1 illustrates for 4 coconut trees on Eneu

Island (Bikini Atoll) how the application of potassium chloride to the

soil decreased the contamination of the coconuts. Fig. 5.4 #2

illustrates the results for Bikini Island where the contamination is

about ten times as great.

islands of an intermediate

habitable. Their complete

as at Naen, is still under

should become available by

Such treatment could be administered to

level contamination in order to make them

effectiveness against the highest levels, such

investigation, but a report on the matter

next year.



.

.

+ *+

+*

+

+ ++

11
+-4+ +- o

VQ*+ n
*+-O

AK
+%7-

15Q-:
.-OU

sQ/L_

1O/&

De/2 I

00/8



.

o
0
m



60

REFERENCES

Adams, W.H., J.A. Harper, R.S. Rittmaster, P.M. Heotis, W.A. Scott.
(1982) . Hedical status of ?!arshallese accidentally exposed to 1954
Bravo fallout radiation: January 1980 through December 1982. BNL
51761 (Biology & Hedicine-TIC 4500) (Available from National
Technical Information Service.)

Adams, W.H. (1985) Letter Report to U. S. Department of Energy.

Adams, U.H. (1987) Personal communication to H. I. Kohn.
.

Adams, W.H., J.R. Engle, J.A. Harper, R.S. Rittmaster, P.M. Heotis,
U.A. Scott (1984). Medical status of Uarshallese accidentally
exposed to 1954 Bravo fallout radiation: January 1983 through
December 1984. BNL 51958, Medical Dept., Brookhaven National
Laboratory, Upton, NY 11973

Bikini Atoll Rehabilitation Committee, (1987). Report No. 5, Status
Harch 31, 1987. 1203 Shattuck Ave., Berkeley CA 94709

Bond, V.P. et al. (1978). Surveillance of facilities and sites,
dose reassessment for populations on Rongelap and Utirik following
exposure to fallout. DOE Contract # EY-76-C-02-0016, 189# 6K-121

Christy, H., R.W. Leggett, E.E. Dunning, K.F. Eckerman (1984). Age
dependent dose conversion factors for selected bone-seeking
radionucli.des. ORNL/TH, 8929. Oak Ridge National Laboratory, Oak
Ridge TN 37830

Conard, R.A., L.U. Meyer, J.E. Rail, A. Lowery, S.A. Bach, B. Cannon,
E.I. Carter, H. Either, H. Hechter (1958). Xarch 1957 medical
survey of Rongelap and Utirik people three years after exposure to
radioactive fallout. BNL 501. Brookhaven National Laboratory,
Upton, NY 11973

Conard, R.A., L.M. Meyer, W.U. Sutow, A. Lowrey, B. Cannon, U.C. ?foloney
A.C. Watne, R. E. Carter, A. Eiicking, R. Hammerstrom, B. Bender, I.
Lanwi, E. Riklon, J. Anjain. Medical survey of the people of
Rongelap and Utirik Islands nine and ten years after exposure to
fallout radiation (Mar. 1963 and Mar. 1964). BNL 908 (T-371)
Medical Division, Brookhaven National Laboratory, Upton NY 11973

Conard, R.A., K.D. Knudsen, B.l!. Cobysn, et al (1975). A twenty-year
review of medical findings in a Marshallese population accidentally
exposed to radioactive fallout. BNL 50424, Brookhaven National
Laboratory, Upton NY 11973

Conard, R.A. et al (1980). Review of medical findings in a
Harshallese population twenty-six years after accidental exposure to
radioactive fallout. BNL 51261 (Biology & Medical TID-4500) Medical
Dept., Brookhaven National Laboratory, Upton, NY 11973



61

Cronkite, E.P., V.P. Bond, C.L. Dunham, editors (1956). Ionizing
radiation: a report on the Marshallese and Americans accidentally
exposed to radiation from fallout and a discussion of radiation
injury in the human being. U.S. Atomic Energy Commission,
Washington, D. C. TID-5358 (Superintendent of Documents,
Washington, D.C.)

Dunning, G.H. (editor) (1957). Radioactive contamination of certain
areas in the Pacific Ocean from nuclear tests. U. S. Atomic Energy
Commission. (Superintendent of Documents, Washington, D.C.)

Eisenbud, H. (1987). Personal communication to Henry I. Kohn for
inclusion in the Rongelap Reassessment Report, dated Dec. 13, 1987.
H. Eisenbud, 711 Bayberry Drive, Chapel Hill, N.C. 27514.

Federal Radiation Council (1960). Background material for the
development of radiation protection standards. Report No. 1.
Hay 13, 1960. Washington, D.C.

Federal Radiation Council (1960). Radiation protection guidance for
Federal agencies. Federal Register, Hay 18, 1960, pp. 4102-4103.

Federal Radiation Council (1965). Radiation protection guidance for
Federal agencies. Federal Register, Hay 22, 1965, pp. 6953-6956.

Greenhouse, N.S., R. P. Hiltenberger (1977). External radiation survey
and dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and
Wotje Atolls. BNL 50797. Brookhaven National Laboratory, Upton, NY
11973

ICRP (1979). International Commission on Radiological Protection.
Limits for intakes of radionuclides by workers. ICRP Publication
30, Part 1. Pergamon Press, NY

ICRP (1984). Principles for limiting exposure of the public to natural
sources of radiation. ICRP Publication 39. Pergamon Press, NY

ICRP (1985). Quantitative bases for developing a unified index of harm.
- ICRP Publication 45. Pergamon Press, NY

ICRP (1986). The metabolism of plutonium and related elements. ICRP
Publication 48. Pergamon Press, NY

ICRP (1987). Data for use in protection against external radiation.
ICRP Publication 51. Pergamon Press, NY

James, R.A. (1964). Estimate of radiation dose to the thyroids of the
Rongelap children following the Bravo event. UCRL 12273. Lawrence
Livermore National Laboratory, Livermore CA 94550





63

National Academy of Sciences (1980). The effects on Populations of
exposure to low levels of ionizing radiation. Report of the

Advisory Committee on the Biological Effects of Ionizing Radiations,
Division of Medical Sciences, National Academy of Sciences,
Washington D.C. 20006

NCRP (1957). National Council on Radiation Protection and Measurements
Permissible dose from external sources of ionizing radiations.
Insert to National Bureau of Standards Handbook 59, National Council
of Radiation Protection and Measurements. 7910 Uoodmont Av.,
Bethesda, MD 20814

.

NCRP (1987a) Genetic effects from internally deposited radionuclides.
NCRP Report No. 89. NCRP. 7910 Uoodmont Av., Bethesda MD 20814

NCRP (1987b) Recommendations on limits for exposure to ionizing
radiation, NCRP Report No. 91. June 1, 1987. National Council on
Radiation Protection and Measurements. 7910 Uoodmont Av., Bethesda,
ND 20814

NCRP (1987c) Ionizing radiation exposure of the population of the
United States. NCRP Report No. 93, National Council on Radiation
Protection and Measurements, 7910 Uoodmont Av., Bethesda HD 20814

National Radiological Protection Board (1987). Interim guidance on
the implications of recent revisions of risk estimates and the ICRP
1987 Como statement. NCRP-GS9. Chilton, Didcot, Oxon OX1l ORQ,
United Kingdom

Noshkin, V.E., R.J. Eagle, K.H. Wong, T.A. Jokela, W.L. Robison (1981).
Radionuclide concentrations and dose assessment of cistern water and
groundwater at the Harshall Islands. UCRL-52853, Part 2. Lawrence
Livermore National Laboratories, Livermore, CA 94550

Preston, D.L., D.A. Pierce (1987). The effect of changes in dosimetry
on cancer mortality risk estimates in the atomic bomb survivors.
Radiation Effects Research Foundation Technical Report RERF TR 9-87.

Roblson, W.L. (1983) National Academy of Sciences conference.

Robison, W.L. (1988) Personal communication to H. I. Kohn. These
data should be published by LLNL in 1988.

Robison, W.L., V.E. Noshkin, W.A. Phillips, R.J. Eagle (1980).
The Northern Marshall Islands radiological survey: radionuclide
concentrations in fish and clams and estimated doses via the marine
pathway. UCRL-52853, Part 3. Lawrence Livermore National
Laboratory, Livermore CA 94550

Robison, W.L., C.L. Conrado, R.J. Eagle, H.L. Stuart (1981). The
Northern Marshall Islands radiological survey: Sampling and
analysis summary. UCRL 52853, Part 1. Lawrence Livermore National
Laboratory, Livermore CA 94550



64

Robison, U.L., I!.E. Hount, W. A. Phillips, U.L. Stuart, S.E. Thompson,
C.L. Conrado, A.C. Stoker (1982a). An updated radiological dose
assessment of Bikini and Eneu Islands at Bikini Atoll. UCRL 53225,
Lawrence Livermore National Laboratory, Livermore CA 94550

Robison, W.L., M.E. Xount, W.A. Phillips, C.A. Conrado, ?f.L. Stuart,
C.E. Stoiker (1982b). The northern Harshall Islands radiological
survey: terrestrial food chain and total doses. UCRL 52853, Part
4. Lawrence Livermore National Laboratory, Livermore CA 94550

Sharp, R., U.E. Chapman (1957). Exposure of Marshall Islanders and
American military personnel to fallout. Operation Castle-Project
4.1 addendum. Armed Forces Special Weapons Project. Sandia Base,
Albuquerque, N?!. Document WT-938

Shimizu, Y., H. Kate, U.J. Schull, S.L. Preston, S. Fujita, D.Pierce
(1987) . Life Span study report 11, Part 1. Comparison of risk
coefficients for site-specific cancer mortality based on the DS86
and T65DR shielded kerma and organ doses. Radiation Effects
Research Foundation RERF TR 12087

Shingleton, K.L., J. L. Cate, lf.G. Trent, H.L. Robison (1987). Bikini
Atoll ionizing radiation survey, Hay 1985-14ay 1986. UCRL-53798.
Lawrence Livermore National Laboratory, Livermore CA 94550

Shinn, J.E.,D.N. Boman, Robison,W.L. (1980). Resuspension studies
at Bikini Atoll. UCID-18538, Lawrence Livermore National
Laboratory, Livermore CA 94550

Tipton,W.J. , R.A. Meibaum (1981). An aerial radiological and
photographic survey of eleven atolls and two islands within the
northern Harshall Islands. EG&G Energy Measurements Group, Document
EFF-1183-1758 (Available from the National Technical Information
Service, Springfield VA 22161.)

U. S. Congress. Compact of Free Association Act of 1985, U.S. Public
Law 99-239, Section 103(i)

U. s. Department of Energy. (1982) . The meaning of radiation for
those atolls in the Northern Part of the Marshall Islands that were
surveyed in 1978. Washington, D.C.



N.1

65

NOTES CITED IN THE TEXT

The following is quoted from “The Meaning of Radiation for
Those Atolls in the Northern Part of the Marshall Islands That
were Surveyed in 1978”, U. S. Department of Energy, Washington, D.C.,
November 1982, page 39:

I;forrnation That Has Boon Obtained from the Mmsuromonts

Madein 1978

H 233 pe@e l,we on Rongelsp Island ●nd eal IDCSI fWd Onb from ROWlelSD

Island

sc!enl,sts sst!melc lhm theIargetl amount of radiatmn ● person might mcewe

mont vearfromrbdtoactwe s!om$ ma! cbme from the U S bomb tests IS

400m,ll,rem Bu!us.allv !Mlar@eslamount 8Wtson mtghtrecewewvuldbe

Iesslhsnlh,s Th!$amounl drsdlsl!on tiroa=s euewwsr. hmwr. !l

*teases we-slowly

Thehqhestewerege Smounlofredi?l!on peookmqhtrecewe ,nlfwC~lW30

years IS 2503 m!ll!rem In any oar! of the body ●rd 33C0 mdkrem m jum the
bonemarmw

Inlhe tomono 30vea~s, setenrtsts efltmfefhaT 10~p4em*v dfeff0moncers
Caused bvthmgsolher then rad,elmnf~omlhe ●tomec bomb tet!s Ineddn, on lo

lhts from O 1 1006 mwle meve,e onm.s future from unmrscauMbvltita.

lion !ecewed m the com!ng 30 vests from !he @lomlc kmb tests

lnrhecomlng30ye#rs w~enl!sts esrlma$e lhel~chtldren couldk bOrnwllII

hesl!h Oefec!s caused bV lh!no$ other lhsn rti!at,on from the ●tomtc bomb

tests lnadO,l,on !olhls. OW?to O 1 chidren mayeventually kkfnwtth

hea!lhdefecls ceusedh red,at,on lklr~rents r~etvetn the C0M,V30vearS

fromlhta!em,c Smmblesls

If people Iwe on Eneoe!oh and not on Rongelsp Island, Dnd ●s! ices! food onlv

fromEnebetok tMawunl ofrW,at,ont~rew,ti vmuldbe aboullhesamt

HPoplt~to Naenfrm Ro~elaplslati ●tia@tlti from Naen. ttiym$hl

r~we ●bout fowtlmes more r8dt8t,on whtlelhev are there

ff peoglt BO to Nsmen w Melu from Rongelsp Islend. ●nd eat food from those

swotslends ttivcou~remiwttiut~ot!m- mweradutiontillettivsre

there
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.

COMPACT OF FREE ASSOCIATION
ACI’ OF 1985

* .
PUBLIC LAW 99-239-JAN. 14, 1986 99 STAT. 1783

department or agency of the United States or by contract with a
United Sta& firm) shall continue b rovide special medical

\,. care and logistical support thereto for t e remaining 174 rnem-
bem of the population or Rongelap and Utnk who were exposed
to radiation resulting from the 1954 United States thermo
nuclear “Bravo” test, pursuant to Public Laws 95-134 and
96-205. Such medical care and ik accompanying logistical support
shall total $22,500,000 over the first 11 y-n of the ~rnpact.

(2) AGRICULTURAL AND POOD wmc~hss.-Notwitktandmg
any other provision of law, upon the request of the Government
,of the Mamhall Islands, for the first five yea= afk the eff=-
tive date of the @npact, the President (either through an
appropriate department or agency of the United Stites or by
contract with a United States find shall provide technical and
other assista.ne

(A) without reimbu-inent, to coptinue the Ismt.ing and
iagricultuml maintenance program on Eneweta ;

(B) without reimbursement, to continue the food re-
belgrams of the Bikini and Eneweti people descri in

section l(d) of Afiicle 11 of the Subsidiary Agreement for
the Implementation of %tion 177 of the bmpact and for
continued watertmme transposition of agricultural prod-
ucts to Enewetak including operations and maintenance of
the vessel d for such purposes.

(3) PArrwzm%-Payments under this subsection shall be pre
vialed to such extint or in such amounts as are necessa for

Lservices and other assistance providd pursuant to this su -
tion. It is the sense of C2mgr- that aftir the periods of time
speci-fi@ in paragraphs (1) and (2) of this suba@ion, consider-
ation wdl be given to such additional, funding for these p-
grarns as may be n~ry.

(i) RorwmAP.--tl) -use Rongelap was directly affixted by
fallout from a 1954 United S~tes thermonuclear test and because
the Rongelap people remain unconvinced that it is safe to continue
ta live on Rongelap Island, it is the intent of Con ess to take such

Kste (if any) as may be necesa w overcome e effects of such
fad%ut on the habitability of Kc)ngelap Island, and to are
Rongelap Iaiand, if n=essary, m that it can be safely inhabited.
Accordingly, it is the ex~tion of the Congress that the Gover-
nment of the Mamhall Islands shall use such portion of the funds
s

r
ified in Afiicle II, =tion l(e) of the subsidiary agreement for

t e implementation of section 177 of the Corn act as are mxessa
J

w
for the purpose of contracting with a qualifi scientist or

r
up of

scientis~ to review the da- collti by the Depatiment o Energy
relating to radiation levels and other conditions on Ronge!ap Island
resulting from the thermonuclear Wst. It is the expectation of the
Cmgress that the Government of the Marshall Islands, after con-
sultation with the people of Rongelap, shall select the party to
review such data, and shall contract for such review and for submis
sion of a report to the President of the United States and the
Con = as b the reaulta thereof.

(2~The PUITKW of the review refe~ed b in paragraph (1) of this
su~tion shall be ti estiblish whether the dab citi in support of
the conclusions = ta the habitability of Rongelap Island, as set forth
in the Department of Energy rePort entitled: “The Meaning of
Radiation for Th- Atolls in the Notihern Part of the Ma=hall
Islands That Were Sunew4 in 1978”, dated November 1982, are

91sat. 1159.
94SUL 84.

PraidmtofUS.

h; p.1812

&rdous

II18terids.
Cmtrads.
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99 STAT. 1784 PUBLIC IAW 99-239-JAN. 14, 1986

Hazarciow
materials.

Antep.1781.

91 Smt.1159.
94SW-.84.

Wou
ameriah.

adequate and whether such conclusions are fuIly supported by the
data. If the party reviewing the data concludes that such conclusions
as to habitability are fully suppcuted by adequate data, the report b
the President of the United States and the tingress shall so state. If
the patiy reviewing the dab concludes that the data are inadequate
to support such conclusions as to habitability or that such conclu-
sions as b habitability are not fully supported by the data, the
Government of the Mamha.11 Islanda shall contmct with an appr~
pnati scienti~t or group of scientists to under@ce a complete sumey
of radiation SJId other effecU of the nuclear testing program relat-
ing to the habitability of Rongelap Island. Such sums as are nec-
-ry for such survey and repoti cxmceming the restdta thereof and
as ti steps needed to restore the habitability of Ronge]a Island are
authorizd b be made available to the Government of J e Marshall
Islands.

(3) It is the intent of Qmgress that such steps (if any) as are
necessary to restore the habitability of Rongelap Island and return
the Rongelap people ta their homeland will be taken by the United
Staks in consultation with the Government of the Marshall Islands
and, in accordance with ita authority under the Constitution of the
Mamhall Islands, the Rongelap local government council.

(j) FOUR AmLL HML7-N CARE PROGW.-(1) Services protidd by
the United States Public Health Service or any other United S~t.es
agency pursuant ta section l(a) of Article XIof the Agm?ement for the
Implementation of Section 177 of the @mpact (hertxafter in this
subsection referral to as the “Wtion 177 A.g-reernent”) shall be only
for mwkes b the people of the Atolls of Bikini, Eneweta.k,
Rongela , and Utnk who were affded by the consequen= of the

1Unitd tates nuclear testing progTam, pursuant to the program
deacribd in Public Law 9$134 and Public Law 96-205 and their
descendants (and any other pe~ns identified aa having been so
affected if such identitietion occum in the manner describd in
such public laws). Nothing in this suktion shall be construed as
p=judicial b the views or policies of the Government of the Mar-
*hall Islandsas to the pemcma affded by the consequences of the
United States nuclear testing program.

(2) At the end of the first year after the eff~ve date of the
timpact and at the end of each year thereafter, the providing
agen

z
or agencies shall return to the Government of the Marshall

Islan WY unexpendd funds to be returned b the Fund Manager
(as desmbed in Atiicle I of the Section 177 Agreement) to be covered
into the Fund<ta be available for future use.

(3) The Fund Manager shall retain the funda netumdp${2~o~
Government of the Marshall JsIanda pursuant ta
this subsection, shall invest and man e such fun

xof 15 years after the effective date of e Compac&shd make from
the total amount so retainsd and the proceeds thereof annual
&sbumemen@ su~cient to continue to make paymenta for the
provision of h~th sernces as s

R
ified in paragraph (1) of this

subsection to such extent as may provided in contrati between
the Govemrnent of the Marshall Islands and appropriate Unitd
States provide= of such health aern-.

(k) ENJSZUCC)MMUN~ TRusr Furm.-Notwithstandin any other
%revision of law, the Secrets of the Treasury shall esta lish on the

L ks of the Twury of the 3 niti States a fund hafi the status
Fs ified in Article V of the subsidiary agreement or the i.m-

rp ementation of Section 177 of the CompacG b be know-n as the
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N-3 The following comments relate to the timing of the evacuation
of the Rongelap people.

(a) According to C. L. Dunham, Director of the AEC Division of
Biology and Medicine, (Cronkite et al, 1956), “unexpected changes
in the wind structure deposited radioactive materials on inhabited
atolls and on ships of Joint Task Force 7, which was conducting the
tests. Radiation surveys of the areas revealed radiation levels
above permissible levels: therefore evacuation was ordered, and was
carried out as quickly as possible-with the facilities available to
the Joint Task Force”.

(b) According to Herril Eisenbud (personal communication, see
references) a scientific member of the Task Force, “There are many
unanswered questions about the circumstances of the 1954 fallout.
It is strange that no formal investigation was ever conducted.
There have been reports that the device was exploded despite an
adverse meteorological forecast. It has not been explained why an
evacuation capability was not standing by, as had been recommended,
or why there was not immediate action to evaluate the matter when
the Task Force learned (seven hours after the explosion) that the
AEC Health & Safety Laboratory recording instrument on Rongerik was
off scale. There was also an unexplained interval of many days
before the fallout was announced to the public”.

(c) Since the Rongelapese had been evacuated prior to previous
tests, it is inot clear why the usual procedure was changed. In
February 1954, Dr. Bertell has told me, Magistrate John Anjain of
Rongelap was told about the Bravo test, but was not given the date.
He said that “there are no orders from Washington to evacuate the
people”.

(d) Rongelap was evacuated on March 3, 1954, approximately 50-55
hours after the shot.
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N-4
Part A of this Note deals with thyroid dosage relating to the Bravo

event in 1954. It comprises two tables.

Part B consists of a letter from Dr. W. H. Adams of Brookhaven
National Laboratory to Dr. Roger Ray of DOE. It deals with the question
of whether or not prolonged residence on Rongelap since 1957 has resulted
in an increase in thyroid neoplasia. It also considers changes in
longevity and blood counts.

TABLE N.4A #1 THYROID DOSE FROM INDIVIDUAL RADIONUCLIDES
IN FALLOUT TO THE ADULT HALE ‘b

Source Half-life Per cent physical Dose
decay in 3 weeks rads

Internal exposure

Iodine-135 6.6 h

Iodine-134 53.2 min

Iodine-133 21 h

Iodine-132 2.3 h

Iodine-131 8.04 d

Tellurium-131 30h + 8.04 d

Tellurium-131m 25 min + 8.04 d

External exposure

Total dose— —

100$ 190 rad

100% 3

100% 550

100% 7

84% 130

79$ 120

84$ 13

190

1203

‘1 Lessard et al, (1985)

b~ Exposure to the fallout on Rongelap Island occurred for about 45

hours. The fallout fell for about 7 hours.
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N-4B

The following letter is from Dr. W. H. Adams of Brookhaven National

National Laboratory to Dr. Roger Ray of DOE.
—

21(!3

~ly 10, 1985

Mr. Roger Ray
Deputy for Pacific Operations
Nevada Operations Office
Department of Energy
P.o. Box 14100
Las Vegas, NV 89114

Dear Roger:

In view of the recent evacuation
precipitated by concern about harmful

of Rrmgelap, which appears to have been
residual radioactivity on the ato~l, we

have reviewed our medical records to see if there 1s any cllnical evidence
that supports this conclusion and course of action.

Since 1957 an unexposed population of Ilarshallese of Ronqelap ancestry
has been examined periodically by the Urcokhaven medical team. This
population (the Comparison group) is similar in age and sex distribution to
the exposed people of Rongelap. The reason for examination of the unexposed
group has been to obtain baseline lncidences of diseases in the general
Narshallese population as an aid in detection of previously unfdentlficd
radiation hazards which might affect the exposed group.

Collected data on the unexposed people are sufficient to assess the
effect of residence.on Rongelap (since 1957) on longevity, thyroid neoplasia,
and blood counts. We have done a retrospective analysis of their medical
records; 133 of the group are living and 54 are deceased. We have arbitrarily
selected for analysis the following dlvislons of years of residence on
Rongelap:

Short-term - <3 years (averages 1.0 years)
Intermediate - 4 - 14 years (average, 7.5 years)
Long-term - >15 years (average, 20.9 years)

The place of residence for a given year is defined as the place where an
individual received his medical examination. Since there is considerable
mfgratlon of Marshallese among the atolls, the site of examination may not
always be the same as the site of residence. OveralJ, however, there should
be a good correlation between the two.
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Mr. Roger Ray
~ly 18, 1985
Page 2

Effects on Longevity

There 1s no evidence that prolonqed residence on llongelap since 1957 has

resulted in a shortening of life expe~tancy:

Residence Category Number of Deaths
Short-term 20
Intermediate 27

Long-term 5’
Total P*

● Does not include 2 accidental deaths.

Effects on Thyro!d Neoplasla

Mean age at Death
61.4 years
66.6 years
70.0 years

Average 64.9 years

There 1s no evidence that prolonged residence on Rongelap since 1957 has
resulted In an fncrease in thyroid neoplasia. Nine unexposed persons in the
Comparison group have had surgery for thyroid nodules:

Number wfth
Residence Number Mean Aqe Thyroid NoduJes tlunber of
Category of Persons in 1985 (yr) Rmoved Thyroid Cancers
Short-term 58 47.1 4 (7%) 1
Intermediate 46 46.4 3 i7ij c)
Long-term 29

Total ~
46.9 2 (7%)

T

1
-2-

These figures apply to the 133 unexposed persons in the Comparison group who
are living. All of the 9 persons who had thyroid nodules removed are still
allve.

Effects on Blood Counts (1985 data)

There-ls no detectable effect of residence on Flongelap on blood counts: :

Residence Number Neutrophils/ul Lymphocytes/ul Platelets/ulx103
Category Tested S) *so *SD
Short-term 24 4851*2U89 2754*1OU6 279*jjl

Intermediate 40 ~ 3838* 992 2835* 906 292* 59
Long-term 26 4366t1551 2612* 78.7 262* 51

A test of equality of means showed no statistically slgnlflctmt differences
among the three categories. Note that the number of blood tests performed
(90) is less than the numberof persons in the Comparison group. This is
because not all were seen in the Narch-Aprl], 1985, survey.
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Mr. Roger Ray
Wy 18, 1985
Page 3

{.
—

We have also considered thyroid nodules and current blood cell counts as

they may relate to early resfdence on Rongelap, s$nce a greater radiation risk
would have existed during the early years after the 1954 fallout. Thirty-four
persons in the Comparison group resided in Rongelap for 4-6 years conmnclng
with the return to the atoll in 1957. Only 1 nodule, an “occult carclnoma”t$
has occurred in this subgroup (3.0%), whereas the other 8 nodules, includlng
the two true thyroid carcinomas, occurred in the other 99 persons in the
Comparison group (8.1%). There was also no difference in blood cell counts:...

Ti;e of Number Neutrophlls/ul Lymphocytes/ul PlateIets/ulx103
Residence Tested (1985) H.) *SD *W
Early 29 4032*1543 2713*836 %67*57
Late 77 4349*1599 2756*951 Z(jl}iao

If you wish us to examine any other parameters do not hesitate to ask.

Sincerely yours,

( WHA/elr

‘J’l]liam H. Adams, H.l?.

;

● ✍
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N-5
The sequence of safety recommendations and guides has run as follows.

(a) In 1954 the National Bureau of Standards Handbook 59 presented
the recommendations of the NCRP. The maximum permissible dose to the
bone marrow (and hence to the entire body) was 0.3 rem per week.

(b) In January, 1957, the whole-body dose for the general
population was lowered to .5 rem per year by the NCRP. This was
published as an insert into Handbook 59. The AEC also published this and
other recommendations in Appendix 10, p. 400 of its 22nd Semiannual
Report to the Congress.

(c) In 1960, the Federal Radiation Council defined two guides for
the general population. The “radiation protection guide” for the usual
case of protection was .170 rem per year. The “protective action guide”,
to cover spills and other accidents, was .2 rem per year to the bone
marrow. These regulations, now administered by EPA, are still in force.

(d) In the period 1985-87, the ICRP (1985) and the NCRP (1987)
dropped their recommendations for the general population to .1 rem per
year.

When the Rongelap people returned in 1957, therefore, the guide
employed by the AEC was 0.5 rem per year. It is not clear to me that
this guide was met, although it may have been approximately, i.e., within
a factor of two. The external dose was stated to be less than 0.5
R/year, and strontium-90 was considered to be the only significant
radionuclide determining the internal dose (Dunning 1957). Lessard
(Note 7), by extrapolation, found the committed effective dose equivalent
to be about 0.7 rem in 1957, .44 rem in 1958, and .36 rem in 1959. These
estimates do not allow for the contributions of plutonium and americium.
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N-7

The whole-body counter measures the quantity and the energy of
the gamma ray photons that have been emitted by cesium-137, or other
radionuclides, and that escape from the body. In principle, the
machine is calibrated by measuring the escape of gamma rays from a
phantom which has been loaded with the radionuclides in question.
Obviously, the whole-body counter comes closest to giving a direct
measurement of the body-burden. The collected data obtained with it
are presented in Tables N.7, #l, #2, and #3.

.

In the case of radionuclides that emit beta rays (strontium-90 or
alpha particles (transuranics), whose range in tissue before
absorption may be at most a centimeter or so down to some
micrometers, another method must be used. Recourse is had to
measuring the daily radionuclide excretion in the urine. The body
content is then calculated from knowledge of the metabolism of the
radionuclide in question. This method is not as reliable as
whole-body counting. Fortunately in the present case, the detection
of strontium and the transuranic elements is not as important as the
detection of cesium.

The dose can also be calculated from the diet. The primary
obstacle here is that the diet is very difficult to ascertain
accurately, and in addition more assumptions must be made regarding
the metabolism of the radionuclide than would be the case above.
The Livermore results are based on this method.

Conversely, knowing the daily urinary output of a radionuclide,
it is possible to calculate the daily intake by ingestion. For
example, based on the work of Jones et al (1985), Skrable et al
(1987) and Moss (1988), Dr. E. T. Lessard of the Brookhaven
Laboratory has calculated the factors for plutonium-239 given in
Table N.4 # 4. Uhen the daily intake is multiplied by the factor,
the urinary output is obtained. Conversely, when the urinary output
is known, dividing it by the factor will predict the daily intake.
The dories and Moss alternatives are offered; at 20-30 years on a
constant diet, they differ by a factor of 1.75. I used the
Moss-based factor for the calculations used in the text, Section
4.3, because it corrects for earlier errors in the data base which
Jones did not know about.

(Cont.)



Note 7 (cont.)

The distribution of the data supplied by Dr. Lessard was not
normally distributed:

(a) Below 30 x 10-s pCi/day (the method’s limit) = 19
(b) 30 - 499
(c) 500 - 999
(d) 999 - 3400

= 11
=2
= 3

were being tested. I
the whole group--which

Perhaps two or more unrecognized populations
therefore took the median value to represent
would be no more than 30 x 10-6 pCi/day. Among the causes for the
wide distribution might be technical error, but also abnormal or

hitherto unrecognized physiological factors which would be of interest to
define.

I would also note that the predicted daily oral intake of
plutonium-239 based on urine is .13 picocuries/day, not much
different from the dietary estimate of .23 picocuries/day.
The factor of two tends to parallel the ratio of their cesium
determinations. (The activity radio plutonium-240/plutonium-239 is
0.6.)

I understand that DOE is formulating plans to look into the
matter.
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TABLE N.7 #l AVERAGE RADIONUCLIDE CONTENT AND TIHE SINCE
MEABILITATION POR RONGELAP ADUL7S

Adult Males (>15a) Mule F-ales (>1Ss) Adulto (>1$s)
%y Mmber Body tibtr Body Umber
Burden

Ti= ?ost
of Burden of Burden of

Bq
tihabitstion

Individ~ls Bq Individtula Bq Individuals Dsvs Year

●

137C,

.
.

I.lxloo
3.7X102
9.3X101

1.9XI03
z.hlo~
1.6x104
2.3x104
3.s%103

1.6x106

7.OX1OO
1.7X101

. 4.7%101
6.3x101
3.OX1O2
2.IX102
2.IX102
7.7XI01
1.s%102
I.6x102
5.SX101
1.4X102
9.6x101
3.2x102
1.7X102
2.5XI02
3*IX1OI’

5.2X102
2.9X204
2.9xlo~
3.5X104
;.;:;::

l:lxlo~-
607x10~
6.7X103
1.0a104
8.9X103
3.9X103

(A)
37
45

4(B)

;
32
36

28

(A)
11
26

9
13
12
11
12
11
11
9

:
4

10
26
25

“ (A)
3a
47
31
44
22
w

:
29
23
43

6.3x10-1
2.9x102
7.4X101

6.::;03
1.6X104
1.9XI04
3.1X103

l.sxlo~

5.2X1OO
1.1X101
2.9x101
2.SX101
1.8XI02
1.9xlo2
2.OX1O2
1.6x102
1.2X102
1.3X102
I.5X102
1.2X102
8.7XI01
2.IXI02
8.5X101

(c)
2.6x101

3.1X102
I.9X104
l.sxlo~
1.7X104
l.uxlo~
l.lxlo~
?.oxlo~
S.6X103
7*OX1O3

7.OX1O3
7.(IX103
3.4X103

(A)
37
4s

(c)
8

12
21
23

32

(A)
4

16

1:
13 .

7
12
11
13
11

;
7

(c:
19

(A)
“ 13

49
37
45
24
21

K

H
35

9.3xlo-~
3.3X102
801X101

J.::;04
l.sxlo~
2.1X104
3.4X103

I.SX104

6.3x10°
1.4%101
4.1%101
S.lxlol
2.41102
I.9X102
2.IX102
1.3XI02
1.3X102
1.5X102
1:1X102
1.31tlo2
9.6xiOI
2.SX102
1.5X102

(c)
3.3xlo~

. 4;1X102
2.7x104
2.1X104
2.5X104
2.s%104
1.4X104
9.3xlo3
6.3XI03
6.7X103
9.4X103
O.3X1O;
3,7X1O

(A)

z
(c)

25
b2
S9
61

60

(A)
15 “
60
13
28
25
16
26
22

:“
1s
12
13

(:
44

(A)

:
“ 74

89
46
51
37
66
47
52
78

0
1370
2631

J!
w
639

1370

4626

W“
639

1370
1696
2100
2466
3S61
3927
4292
46S7
5022
S388
57s3
6118
7579
80s7

%0
.,:;;

2831
Clla
7213
805?
8613
9180
9s40
9910

1957
1961
1965

1957
19s8
1958
19s9
1961

1970

1957
19sa
19s9
t961
1962
1963
196:
1967
1968
1969
1970
1971
i972
1973
19711

, 1978
1979

1957
1958
1959
1961
196S
197&
1977
19:9
198!
1982
1983
1984

A- Number of lndfviduale xot ruorded,
8 - ~mred ●t Argonne Natimal bborato~.
c m G g~lem ●ea-red.

.

(This table was supplied by Dr. E. T. Lessard, Brookhaven. National Laboratory).

i ,,
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..

3
&
5
6
7
8
9
10
11
12
13
lb
15
16
17
18
19
20
21
12
23
2k
25
26
27
28
29
30
31
32
33
36
35
36
37
38
39
40
41
42
43
44
b5
46
47
48
b9
50
51
52
53
56
55

Table N-7 #2

BROOKHA1’END}.TAFOR INTERNALDOSE G EXTE~AL EXPOSURE

Year

19s7
1958
1959
1969
1961
19b2
1963
la~~
1965
1966
1967
19b8

1969
1970

1971
1972
1973

19714

1975
1976

1977
1978

1979

bngelap Adult Comltted Effective Dore %ufWslefit,
(1)

Average Vslue Committed Each Year

● rem -1

60C0

19.8 199

8.35 181

3.53
. .

L.L9 149
164

6:63 136
0.27 123

0.11 112
0.05 102
0.02 34 ‘- “9Z.4

83.9
76.2
69.2
62.9
57.2
51.9
47.2
62,.9
38.9
35.4
32.1
29.2
26.5 Iql’
-..
24.1

65zn 9osr

196P 21.9

1901 19.9

1982 19.1
1983 16.4
198A 14.9

1°85 13.5
1906 12.3
1987 11.2
lgp~ 10.2
1989 9.22
1990 8.38
1991 7.61
1992 6.92
1993 6.2I3
199L 5.71
1995 5.19
1995 4.71
]997 4.28
1998 3.89
1999 3.53.
2000 3.21
2001 2.92
2002 2.65
2003 2.61
2oo~ 2.19
2005 1.99
2006 1.60
2007 1.64

4 2008 1. &9 A~5

2009 1.3s V*W.

8icroR/year

Ateran8 -al
ss~= External I!x-c.osuratics—

151 4.32 10.9 290

33.8 3.97 8.46 210

7.56 3.6L 6.51 170

1.69 3.3~ S.02 ~40

0.3s 3.06 3.88 l~o

2.99 100

::;! (q5 ;::! 2.31 90
1.78 80

2.17 1.38 73

1.99 1.06 66

1.83 0.02 61

1.68 0.63 56

1.54 Q.49 52
1.41 0.38 49

1.29 0.29 46

1.19 0.22 &3

1.09 0.17 41

1.00 0.13 38

0.92 0.10 36

0.84 0.08 35

0.77 0.06 33

0.71 45 0.05 47. b 3? I 30 a
I@

0.65 O*OL 30
29 millire~

0.60 0.03

0.55 0.02 28

0.50 0.02 27

0.46 0 01 26

0.42 0.01 25

0.39 Jbol .1+ Zk

0.36
23

0.33
23

0.30
22

0.28
21

0.25
21

0.23
20

0.21
19

0.20 19

0.18 18

0.16
18

0.15
17 .

0.16 17

0.13 16

0012 16
0.11 15
0.10 15
0.09 15
0.08

16

0.08 “ 14
0.07

14

0.06
14

0.06 ;; 4/0
0.05 7
n nc 13 millire

llhlltiplybyl&5 to~b Sv.
~ lAlltiplybyo.7to*m (llbl~).

s to1918 = 2233+1.302 = 3535
*197+2U38 = 252+ Uo = 662

ThistableuassuppliedbyIk.E.T. bsardof&~wmNatimalIakmra~.
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Table N-7 #3

al

SUMMARYOF BROOKHAL’ENRESULTS FOR INTERNAL& EXTERNALDOSE

Radionuclide 19S7-78 1979-08

mrem mr em

Internal dose

1911 245
cesium-137

7
strontium-90 45

34 0
cobalt-60

iron-55 48 0

zinc-55 195 0

Tot a 1 2,233 252

External dose 1,302 410

a/
Based on the data in Table N-7 S2. The external exposure rates were

multiplied by 0.7 to obtain the whole-body dose.
The transuranics

are omitted.
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TABLE N.7 #4

PLUTONIUM-239: FRACTION OF ORAL DAILY INTAKE EXCRETED IN URINE ~i~i

It is assumed that the daily intake is constant
over the period specified. FI = .001.

Elapsed interval Jones ?fOss
(years) (old) (new)

1 3.62 X 10-5 5.42 X 10-5

5 6.2 x 10-5 .-

10 8.61 x 10-5 1.71 x 10-4

20 1.31 x 10-4 2.3 x 10-4

29 1.67 X 10-4 2.92 X 10-4

~1 The table’s data were supplied by Dr. E. T. Lessard of the Brookhaven
National Laboratory. I have used the Moss factors (Moss, 1988).

bl The intake can be calculated by dividing the urinary excretion by the
factors given. For example, after 20 years of intake, the daily
excretion is found to be 3 x 10-5 picocuries. Then the intake is:
(3 x 10-8)/ 2.3 x 10-4 = .13 picocuries/day.
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N-8 Give the details of the December 1987 visit to Rongelap and
Ailingnae. Include the samples taken, the detailed analytical
results, (which might be used elsewhere in the Report, and the
persons who attended or who did the work, including the analyses.
This Note can thereafter be cited when dealing with vegetation and
soil.

N-9 The external gamma-ray exposures of Table 4.1 #l affect all of
the tissues of the body. In addition, beta rays (cesium-137 and
strontium-90) emanate from soil, but have only a limited range in
air and very poor penetration into the body; they might affect the
body’s surface in those regions which are closest to or are actually
touching the ground. Shoes and clothing provide complete or almost
complete protection.

External beta-ray dose is considered to be unimportant on the
basis of the following. For gamma rays, the Rongelap Island/Eneu
Island external-dose ratio is 1.6 (Table ). The beta-ray dose
ratio at .007 mm depth (basal cell layer, skin) should be
approximately the same. Therefore, by extrapolation from the
determinations at Eneu (Singleton et al) the Rongelap basal-cell
dose would be 46 mrem/y, and at 1 cm depth practically zero (ICRP
51, Table 26). Since the radiation protection guide for skin is 5
rem/y (NCRP 1987b), the skin dose is a trivial one.

Query: I/here does the citation go?



N-10

Studies on intake by inhalation concentrated on
plutonium-239,-240 at Bikini Island (Shinn et al 1980). In
calculating the results, it was assumed that a person would be
exposed to maximum dust conditions for 5 hours per day throughout
life (tilling fields), an unrealistic assumption bound to give very
high exposures (tilling deposits 1.5 x 10-s picocuries per hour in
the lungs).

To obtain the Rongelap dose, it was assumed by Robison et al
(1982b) that the distribution of particle sizes and of radionuclides
was practically the same on Bikini and Rongelap Islands. Therefore,

the inhalation-dose on Rongelap would be to that on Bikini as the
transuranic specific activity of Rongelap soil (O-5 cm) was to that
of Bikini Island.

Island Specific activity in Inhalation 30-year
top 5 cm of soil dose to

in 1978 bone marrow c/

pCi/g rem
Bikini a/

plutonium-239,-240 11 .033
americium-241 8.7 .035

Rongelap b/
plutonium-239, -240 3.2 .010
americium-241 1.0 .005

a/ Robison et al (1982a, pp. 8, 12, 44, 56).
b/ Robison et al (1982b, pp. 12, 14, 47, B1O, B13).
c1 The dose throughout the bone would be about 4 times as great.

The dose is greater for a growing child. Robison et al (1982a) used
a factor of 2.8 to convert the adult inhalation dose to that for the age
period 0-30 years (.042 rem). The dose to the adult lung is considered
to be about 2.5 tines that to the marrow.

Dr. Robison (personal communication, 1988) has reviewed these dose
estimates according to the more recent ICRP factors. lie has reduced dust
consumption by a factor of 3.5, which would reduce the dose
proportionally. This is still a liberal allowance for every day of life
from birth to death, but in any case a much more reasotile one. The net
result is a reduction in dose for plutonium by a factor of about 3, and
for americium by a factor of 4.

83
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N-11

~. The major uncertainty in estimating the dose 1s the
diet - no one knows precisely what it is. Two efforts have been
made to delineate it. The first by Naidu et al (1980) (BNL 51313)
was based on living experiences over the years on various Northern
Marshallese Atolls and, clearly demonstrated the effects of living
patterns orI it. Rongelap fell into their B class, one in which
there was a low availability of local foods (excepting fish),
overpopulation, and a good supply of imported foods (SUPPIY boat
comes in regularly, say, every three weeks). Naidu et al reported
the quantities of food prepared, but-emphasized that they did not
know how much was eaten. In any event, Robison and DoE-1982 used
this estimate as the maximum level of consumption for a population.

The lfLSC diet was elaborated by H. Pritchard of the Hicronesian
Legal Services Corporation in 1979 when he visited the Enewetak
people for 2.5 weeks on Utirik Atoll (Robison et al, 1982a,

UCRL-83835). His diets assumed that the supply ship came regularly,
making it possible for the people to eat relatively large amounts of
imported foods (rice, flour, sugar, canned goods, etc.), or that the
ship did not come at all. Robison selected the adult female
subgroup of the population for calculation because its consumption
was greatest. DOE-1982 took this calculation for the minimal level
of contaminated-food consumption.

For the HLSC diet it has been found that cesium-137 accounts
for about 95% of the whole-body dose and 85% of the bone marrow
dose. Strontium-90 accounts for 5% and 158, respectively, and the
transuranics for less than 1% during the first 70 years. When the
supply ship is on schedule, coconut accounts for 80% or so of the
radionuclide intake.

In summary, then, DOE-1982 used the Naidu type B community
diet for its dose calculations. Uhen it wished to indicate a range,
it used both the type B community (high) and the ?!LSC diet (low).
The diets are given in Table N-n #l.

An additional fact about the preparation of fish is worth
noting. The skin and bones of fish may have 50-100 times the
strontium-90 specific activity of the meat. Also, the contents of
the intestinal tract ●ay be high. What is the effect of all this on
dosage? First, Noshkin et al (1981) found the strontium-90 specific
activities of all tissues to be below 1 pCi/g. Robison et al
(personal communication, 1988), have confirmed this for mullet
caught off the reef of Bikini Island (contamination levels 5-10
times those at Rongelap Island). Roast mullet and stewed mullet
were tested. For stew, neither the meat, nor broth, nor skin and
bones exceeded .01 pCi per gram (Table N 11.~ 2). The cooking was
done by natives in the customary way (the intestines were
discarded).



DAILY FOODCONSUMPTION-- TWO DIETS
a/

TABLE N-n S1

:ood

4rrowroot

Breadfruit

Banana

Coconut
Drinking meat
Drinking fluid

Copra
Milk
Sprouting

Coconut “fluid”
Coconut “meat”

Papaya

Pumpkin

Pandanus

Fish

Eggs

Poultry

Wild birds

Domestic meat

Pork

clams

Crabs

octopus -

Turtle

Snails

Coconut crab

Lobster

Shellfish

Total

Community B
(adult)

grams/day

o

36

19

100
514

68
125
100

--
--

0

0

96

194

--

3

9

--

1.4

15

--

20

.1

12

1

.14

1313.64

gram5/day \

3.9

27.2

0.02

--
--
--
--
--

142
63.3

6.6

1.2

9.2

41.s

10.7 .

--

4.2

21.2

-.

8.9

3.1

4.s

4.3

--

--

--

5.1

356.92

a/
Imported foods are not included in the lists. The data are from
Tables 4 and 11 in Robison et al, UCRL S2835 (1982b). Imported

i staples include rice (especially), sugar, flour, canned meat,
\ can;ed drink<, and baby foods.
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TABLE N.11 #2

STRONTIUN-90 DISTRIBUTION IN NULLET; FRESH, ROASTED,
AND AS A STEW’I

Strontium-90, pCi/g wet weight

Roast mullet Mullet stew Fresh mulletbi

Muscle (meat) 9.5 E-4 --- 5.2 E-4

Bones 5.4 E-2 4.2 E-2 1.8 E-2

Duplicate bones 6.0 E-2 -- --

Skin 8.0 E-2 -- 2.7 E-2

Broth -- 4.5 E-4 -.

Skin + meat -- 1.8 E-3 --

● l The table was supplied by Dr. U. L. Robison of the Lawrence Livermore
National Laboratory.

~1 From V. Noshkin et al, UCID-20754, 1986, “Concentrations of
.

Radionuclides in Fish Collected from Bikini Atoll between 1977 and 1984”.
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.4 r.aj,cr weakness in the DOE-1982 dose calculations was the
s~,aj] nu~ke: of sar,ples on which it was often based (URCL-52853, Pt.
1). Fcr sxanple, IL the case of Rongelap Atoll the number of
vegetation sar,pies per island were as follows: Rongelap 35, Aibar
6, Borukka 4, Menu 6, Kabelle 6, Naen 7. On Ailingnae Atoll, there
wer 7 on Sift and 2 on Uwanen.

To nake u? for this deficiency, vegetation specific activities
were at times calculated by applying a factor to the soil’s specific
activity. Robison has subsequently found that such a method may
give erroneous results (personal communication to H. 1. Kohn).

Table N.12 #1 shows some of the inconsistencies that arise when
such data are tabulated. For example, pork has the same cesium
specific-activity on all islands in Rongelap Atoll; the total dose
on Kab~lla and Hellu Islands is 4.4 rem (30-yearl, but the internal
exposures are 5500 and 8000 pCi/day, respectively.
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