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WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 FOR BIKINI ISLAND !
RESIDENTS
R. P. Miltenberger, N. A. Greenhouse, E. T. Lessard

Brookhaven National Laboratory, Upton, New York 11973

ABSTRACT

Three body burden measurements of the Bikini Island population
were conducted from 1974 to 1978 at Bikini Island. During this time,
the mean 13705 body burden of the adult Bikini population increased
by a factor of 20. This dramatic elevation of the body burden ap-
pears to be solely attributable to increased availability of locally
grown food products, specifically coconuts and coconut plant prod-
ucts. In January 1979, forty-five percent of the individuals that
were whole body counted in April 1978 were recounted approximately
one hundred and forty-five days after the Bikini Island population
departed from Bikini Atoll. These results show that the adult
population mean 13703 body burden decreased by a factor of 2.9 be-

tween the April 1978 and January 1979 in vivo measurements.




Historical Development

Bikini Atoll was one area used by the U.,S. govermnment to test
nuclear weapons from 1946 to 1958. Prior to commencement of the test-
ing program, all Bikini Atoll inhabitants were moved first to
Rongerik Atoll and then finally to Kili Island. On March 1, 1954 a
thermonuclear device, code named Bravo, was detonated at Bikini
Atoll.

The radioactive cloud from this test moved eastward depositing
fallout on several of the Northern Marshall Island Atolls: Bikini
Atoll (all Marshallese inhabitants had been moved), Rongelap with 64
people, Ailingnae with 18 people, Rongerik with 28 people, and Utirik
with 157 peﬁple. The Japanese fishing boat Fukurju - Maru (Lucky
Dragon) with 23 fisherman aboard was also contaminated (CO 75).

The exposure of individuals to radiocactive fallout 6 to 24
hours post detonation of “Bravo" resulted in external total body
gamma dose equivalents ranging from 20 to 200 rem (CO 75). This
incident initiated the involvment of R. A. Conard et al. who for the
past 24 years has been responsible for the ongoing medical surveil-
lance of the inhabitants living on the contaminated atolls, those
Marshallese who were initially exposed to the fallout and have moved,
and to a control Marshallese population.

The medical history acquired by R. A. Conard included total
body burden measurements of radiocactive material inhaled or ingested
by the Marshallese. This work was performed by S. Cohn et al. (CO

63, CO 75).



In recent years (1974 to present), the medical services pro-
vided by R. A. Conard_andrthe Brookhaven Medical Team were expanded
to include sick call and body burden measurements of the returning
Bikini population. Body burden measurements were made in 1974 (CO
75) and in 1977 (CO 77). 1In August 1977, the responsibility for
providing body burden measurements was transferred from the Medical
Division to the Safety and Environmental Protection Division at
Brookhaven National Laboratory. The 1978 and 1979 body burden
measurements of the Bikini population were conducted by the latter or-

ganization.



PREFACE

Although Bikini Atoll has not been officially turned over to
the Bikinians, a significant number cf Marshallese reside there; and
the population has risem steadily since rehabilitation efforts began
in 1969-70. The population, numbering about 138 persons in April
1978, consisted of caretakers and agriculturists employed by the
Trust Territory, and other Bikini families who found their way back
to their atoll via Trust Territory trade ships.

At the time this report was written the Bikini residents had
been moved to Kili Island in the southern Marshalls and to Ejit

Island, Majuro Atoll, (September 1978).



INTRODUCTION

The Brookhaven National Laboratory Radiological Surveillance
Program in the Marshall Islands includes the quantitative assessment
of internally deposited radioactive material inm the Marshallese. In,
this report, the results of four whole body counting measurements on
the Bikini population that were conducted in 1974, 1977, 1978 and
1979 are presented. Because the body burden measurements were per-
formed by two different organizatioms, the current experimental de-
sign included a cross check mechanism to ensure that previous and
current results are directly comparable. The approach to the problem
was multidirectional. First, key detection components were
duplicated. Second, the systems were c;librated in the same manner
(CO 63). Third, the operational procedures and counting geometries
were basically similar, and dupficate counts were made on Brookhaven
personnel with known body burdens to ensure total system comparabil-
ity.

EXPERIMENTAL DESIGN

A. Instrumentation

The detector chosen for field use by both Brookhaven organiza-
tions is a 28 cm diameter, 10 cm thick, sodium iodide thallium
activated scintillation crystal NaI(Tl). It is optically coupled to
seven, 7.6 cm diameter low background magnetically shielded,
photomultiplier tubes. In the current system the signal output from
each photomultiplier tube is comnected in parallel through a summing

box with the combined output routed to a preamplifier/amplifier and



then to a microprocessor-based computer/pulse height analyzer (PHA).
The PHA data is stored on a magnetic discette, and the results may be
analyzed either in the field or at BNL using a matrix reductionm,
minimization of the sum of squares technique (TS 76).

B. Calibration

Analysis of NaI(Tl) spectra by the matrix reduction technique
requires that the computer library contain individual standards for
each radionuclide that is expected in the field measurements and that
the field measurements and standards be the same geometry.

To accomplish this, a review of the previous whole body
counting data (CO 75, CO 77) indicated the nee@ to calibrate for AOK,
60Co and 137Cs. The current system was calibrated using an Anderson
REMCAL phantom (CO 63). Each radionuclide was introduced into the
phantom's organs in an amount equivalent to the fraction of the total
body concentration as defined by the ICRP in Publication 2 (ICRP 59).
To verify the activity in the phantom prior to use as a standard, an
aliquot of the phantom solution was counted on a lithium drifted
germanium detector which was calibrated with NBS standard sources.

The phantom was then counted in a shadow shield whole body
counter (WBC) (PA65). The whole body counting system consists of a
stationary crystal and stationary bed. The counter detects radiocac-~
tive material located principally in the thorax, so positioning of
the phantom and the in vivo counting subjects must be as similar as
possible. To facilitate reproducible counting geometries, each

subject and the standard phantom was positioned such that the central

e



axis of the crystal intersected the central axis of the body about 25
cm below the sternal notch. The distance between the surface of the
bed and the bottom of the detector is 32.4 cm. The total system

efficiencies for 4OK, 6000 and 137

Cs are listed in Table 1l as are typ-
ical minimum detection limits for these nuclides.
Cc. Quality Control

The quality control (QC) program consisted of a cross compari-
son of the radionuclide quantities estimated to be in the phantom vol-
ume versus NBS calibration standards. Agreement between these two ac-
tivity concentrations is within #5Z for all radionuclides. Other
quality control mechanisms employed were repetitive counting of
secondary point source standards, multiple counts of Brookhaven per-
sonnel and the recounting of certain non-Bikini and Bikini residents.

Two point sources were used in the QC program. A 137Cs source,
which has been used by the BNL medical surveys in previous years, was
used to monitor potential changes in system resolution and efficiency
as function of time. A second source, a 13703 + 60Co point source,
was used for zero and gain determination.

Table 2 lists the results of Brookhaven personnel counted in
the field and at the Brookhaven Medical Department Whéle Body Counter
by S. Cohn. The results of this comparison of WBC data support our
thesis that the field counting system produces results that are con-
sistent with prior studies and that are accurate measurements of

radionuclide body burdens in people. From the 2 sigma counting error

on all data and the lack of the field systems's sensitivity to detect



less than 37 Becquerels (1 nCi) 137Cs, we can conclude that the
detection efficiency of the field system is less than that of the
whole body counter at the BNL Medical Department. However, once the
activity of an individual significantly exceeds the minimum sensitiv-
ity of the field system, the agreement between the results from the
two systems is within the 2 sigma counting statistic error. This is
seen from the body potassium measurements.

Finally, two Marshallese subjects were counted for quality con-
trol purposes. The first person was a recount to determine the ex-
pected variability from counting an individual more than once. The
replicate count was within 2% of the initial count. The second
Marshallese subject counted was from Rongelap Atoll. This

13705 resulr (11 kBq or 291 nCi) compared well with his

individual's
previous 13705 result in April 1977 (14 kBq or 371 nCi) (CO 77). The
difference of 22% is close to that which would be predicted from the
12% yearly decrease in the Rongelap population.
RESULTS

Tables 3 and 4 present a list of adult individuals who were
counted in 1974 (co 75), 1977 (CO 77), 1978 and 1979. There is a gen-
eral increase in the body burdens of adult males from 1974 to 1977 by
a factor of 13.3, and from 1977 to 1978 by a factor of 1.8. The gen-
eral increase for adult females from 1977 to 1978 was slightiy higher
than that for males over the same period. In most cases, the 1979
data are significantly lower than the 1978 data with an average reduc-

137

tion in the Cs body burden by a factor of 2.9.



Tables 5 and 6 summarize the 137cs body burden data collected
in 1978 and 1979 for children. It must be noted that data reported
here are uncorrected for height and weight differences between
subjects and the phantom. This will have a minimal effect on adult
data (10-15% possible error) (MI 76). Body burdens of the children
reported in Tables S5, 6 and 7 have been corrected for geometric dif-
ferences between adult standard man and the average Marshallese
child.

Table 7 summarizes the 137

Cs data that is presently available.
It presents the mean (%), standard deviation from the mean (C), and
range of values reported for the sampled population. The data are
segregated by sex and age.

Table 8 compares the observed reductitm in 13705 body burdens
from April 1978 to January 1979 with the reduction in 137Cs body bur-
den that was expected as a result of relocating the Bikini Population
in late August 1978. Values for the biological removal rate con-

stants were obtained from NCRP Report 52 (NCRP 77) and ICRP

Publication 10A (ICRP 71).



RESULTS AND DISCUSSIONS

The whole body counting data indicate that previous estimates
of the type of food and amount of varicus components in the Bikini
diet did not adequately describe the dietary patteras that existed be-
tween 1974 and 1978. As certain local food crops, cocoanuts, became
available in 1976, they were incorporated into the diet in the form
of jekaru (the water sap of the coconut tree), jekomai (a syrup con-
tentrate make from jekaru) and waini (drinking coconuts). The matura-
tion time of the coconugg/tree is 5-7 years. Consequently, one would

137

expect to observe a steady increase in the Cs body burden through

1978 at which time an equilibrium body burden would be reached. Com-
parison of the observed.reduction in the 13705 body burden from April
25, 1978 to January 24, 1979 with the expected reduction in the body
burdens from September 1, 1978 to January 24, 1979 yields almost iden-
tical results for the adult male and adult female groups as shown in
Table 8. This implies that the Bikini population was at equilibrium
and that the body burdens on September 1, 1978 were not significantly
different than those measured in April 1978. The child data do not
agree with the expected value; however, the difference is not beyond
the range of half-times listed in NCRP Report 52 (NCRP 77). Although
NCRP Report 52 lists a mean half-time for children ages 5 through 15,
it does not specify the age distribution of the sample. Most of the
Bikini children (9) were in the 5-10 year category; hence, one would
expect the observed reduction factor for this group to be somewhat

higher than the expected value.



Although the date inlisates thal fhe 137@; 'oogy purdeus 411 ot
increase between April and September 1978, <.° °~ .. . o A
the body burdens would not have increased when new dietary items like
pandanus and breadfruit became available for daily consumption.

Furthermore, while the population may have been at equilibrium
with their April-September dietary uptake, individuals within the
population may not have been in equilibrium. This is apparent in the
adult male 137Cs body burden data where two individuals showed no
decline in activity between the April 1978 and January 1979 whole
body count. In one case, the individual was present on.Bikini for
only 5 months prior to the April 1978 count. This places the
individual at approximately.GOZ of his equilibrium body burden value.
In the second case, there seems to be 'no clear explanation for the
lack of any reduction in the body burden. Several possible explana-
tions include
1. the individual may have lived away from Bikini prior to the April
count; hence, equilibrium was not established at the time of
counting, or
2. the individual changed his diet pattern between April and Septem-~
ber.

These deviations from the norm do not alter the conclusion that
equilibrium or near equilibrium had been reached for the population

as a whole for 137Cs. Indeed, they illustrate variations about a

mean value.



Finally, the data clearly illustrates that at least 19X of the

Bikini residents would have received a dose equivalent in excess of

137

5m Sv (0.5 rem) due to the ingestion of Cs had the April 1978

137Cs continued. This dose equivalent

activity ingestion rate of
level does not include the dose equivalent from external radiation or
other internally deposited radioactive material. Removal of the

)
*37Cs source term

Bikini population from Bikini Atoll eliminated the
from the diet and limited the dose equivalent received by this

population.
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Table 1.

Summary of System Efficiency and MDLS for Field WBC System

Nuclide Energy Efficiency MDL Time
137 -3 .

Cs 662 KeV 8.7 x 10 37 Bq (1 nCi) 900 sec
60c, 1173 & 1334 ReV 6.7 x 107 37 Bq (1 nCi) 900 sec
40y 1460 Ke¥ 7.0 x 1072 222 Bq (6 nCi) 900 sec

12



I.D.# Date

VMUV N EFLWLWRDRNDN -

3/14/78
4/25/78
5/23/78
3/14/78
4/23/78
5/18/78
3/14/78
3/14/78
2/16/78
4/24/78
10/77

10/77

4/25/78

4/77
4/24/78

MDL for

137

Bikini 1978 QC Data of Non-Bikinians

Location

Bldg. 535-S&EP
Bikini-S&EP

Bldg. 490-Medical (3)
Bldg. 535-S&EP
Bikini-S&EP

Bldg. 490-Medical (3)
Bldg. 535-S&EP
Bldg. 490-Medical (3)

Bldg. 490-Medical

Bikini-S&EP
Enewetak-Medical (3)

Bldg. 490-Medical

Bikini~S&EP
Rongelap-Medical (3)
Bikini-S&EP

Cs

=

3(cts)1/2

Table 2

Potassium grams

137¢s NCi

(3

(3)

141
122
113
151

152
151

131
118
150
122
111
111
106
105
112

= Q.7

900x370x8.6x10

3

nCi or 26 Bg,

NA - Results reported without counting error

10% moL(1)

H+ i+ H
w
o
ta

NA
NA

i+

* NA
52

+

+ 10% MDL
+ NA(2)  2.00  NA
+ 107 MDL
t 142 MDL
+ NA 2.1
+ 122 2.0
+ NA 4.9
+ NA 3.0
+ 107 MDL
+ NA 1.9
+ NA 1.1
+ 10% MDL
+ NA 371
+ 11% 291

Bq

moL (1)

MDL

74.0 = NA
MDL

MDL

78 + NA
74.0 & 50%
181 £ NA
111.0 £ NA
MDL

70 £ NA

41 * NA
MDL

14000 % NA
11000 % 5%

S&EP Field System

Data obtained from personal communications with S. Cohn (CO 77)
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Table 8

Comparison of Observed
Versus Expected Reduction Factors

: # of Mean Reduction

Description Persons Factor
Expected Reduction Factor for Adult Hales(l) NA 2.4
Observed Reduction Factor for Adult Bikini Males 17 2.3
Expected Reduction Factor for Adult Females(Z) NA 3.5
Observed Reduction Factor for Adult Bikini Females 16 3.8
Expected Reduction Factor for Children Ages 5—14(2) NA 5.9
Observed Reduction Factor for Children Ages 5-14 12 12.

NA = Data Not Available

(1) Effective half time obtained from ICRP Publication 10A (ICRP 71).

(2) Effective half time obtained fram NCRP Report 52 (NCRP 77).
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The
document is undated, but the presenc° of data from 1975 1nd1vates tmat
it must have been prepared in the period of 1977 to 1979 when w2

received it. . It was noted that there ares apparent inconsistencies zmonzg
. several of the differen® t2bles. For example, Table III.1 gives dzt

for the Marshall Islands for the period 1955-1975 and Table III-5 gives

data for the infant mortality rate for 1976. 1In Tadble III-1, the infant

death rate per 1000 births for 1970 through 1975 is given as 28.3, 23.6,

25.4, 46.4, 21.1 and 337.0. Howaver, Table III-5 indicates the infant

mortality rate to be only 17.04. We hpwe used the data of Table IZI-i

in the following estimates; because it is more complete and it proviiss

a self-consistent set of data. However, in view of thes discrepanciss,

the results can only be considered as approximetions. Ea—myzzzew'ﬁhis EXT e

makas little real dlffnr ence in view of the uncertainties in the risx
ssttmating coefflc-enus " THire is also a bias Hullt into the detsz

because of the inclusicn of Zbye and Majaro in the overazll Marshell <
Island ra*es. This arises from the different death rates (particulzriy ]
infants) at’ thess two locations. A e daec | 5Ll i 'nfr }

. p v
,»:(.-.*."'H (!rci -
:

// « fl"\‘ M /f —" 5&)"—' . ':o.’t.\ . [ Kv/‘ N . ~‘» T zp“:CM‘:Jg ..’»-' 2

i =z A ;(x.:q.'r—.. :/a_ P [;(/{4'1«.44 }1
. o toit FOr the estimates ﬁ*—vSéi the last 5 or § ysar vavafzga™dt ‘ <
-l . . v e o
{oran, Ma 2o/ 2s—Being most represaentative of current conditions. From this u;_ .

obtained: -
/, ’ e
Lo, O EERE AT

1. Rate of increase of, the popu’aclon,* 3.8%/yr.
2. Infant death rat "“"3._» per bir

3. Ovzarall death ratz % 0. 54% per year.

4. Birth rate 4 4.2% Der year.

AN @It e JLUSNAT LA SEEOTIUMly EMIG e

4.



P
A4 population of 550 was assumesd Loebe—the one that mey move back Lo ao=
isiemd. Values for other initial populations may—5e odtainad by ratios
of.the results. At

The total population at the end of 30 years is given by the
compounding equation:

P._ = 550 (1+0.038)° = 1684 -

30

The number of births in 30 years are given by:
30

o.ouexsso.j/ (1.038)° ax

0

B3 =

where x is the time between O znd 30. This gives

i3
=11 =

", _ 0.082%550

30
B = n1.038 8

[1.03 277

Similarly, the number of deaths in the 30 year pzriod would be:

39
% .
Deaths = 0.0054x550 (1.038)" dx
0
0.0054x550 30
Deaths = =222~ [T7.03877~1] = 154
n1.038 3
One other ibem needed is the reduction in 30 yz2r dose to those
born after the return because of the decrease in radiztion levels and
the smaller amount of time in the 30 y=ar period that is spent on the
island. For this, the total sonulation dose for thosz born after
returning assuming en initisl dose rats of 1 rad/ysar is given by:

P

- LS

ST



P -550D. | e ¥ (1.038%) dx -

o

A is the half-life of decrease of the radition dose, taken here as 30
years. , .

L/ f%ls integqral cznnot be solved analytical, An aoprox1nate solution
was obtained by calculating this function. for each of 30 ysars and
summing. This gave 8949 rads for the total population including the
original 550. The total dose received by the original 550, assuming
that all live for the 30 years, is

! 550 -t

P (1-e ) = 11,902 rads

For those born after the return, the population would be the
difference between the total population in 30 years, the number of
deaths and the original 550 people or 1134, Thus, the per capita dose .
for this group is 8949/113% = 7.9 rads. For the original 550, the per
capita dose is 11,902/550 = 22 rads. The ratio of these two to give an
estimate of the fraction of the full 30 year dose received by %ihe
children is 0.36.

The assumption of no deaths in the original 550 returning was made
for simp ity and th= lack of good death rate data.

V\/J— Do eAne ,/

-also beok-a—bﬁ+e£—%eok“zﬁ the age characteristics of the
Marshallese from Table IV-3 and the U.S. population in 1970. This
comparison 1s given in the attached curve. -As—you—oen—see the slopss
are similar above age 35 but the magnitudes are distorted by the high
birth rate in the Marshall Islands f However, in terms of the *=lat1ve}

risk the similar slopes ma.n_;g_ms_thab if the twe nzturzl cancer rates 4

are similar, the relative risk for people above 35 in bot“ populations
would be similar because most of the cancer occurs at =g=$§§50uu 40 and
above, Howsaver, the magnitude of the relative risk in the U.S. used for
the Marshallese will be high by a factor of somewhere around 2-3 because
of the distortion caused by the very high propor<ion of young peopls who
have a relatively low natural cancer incidence.

L
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Deaths in 30 years =—— = -—=—, x = 41.7 =40
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o
-

Bi , 1277 _ X
Births in 30 years =& = —-, x = 325. = 300
’ Y 550 140 e
For v el o 235

77 7

LN

Deaths in 30 years, %% = 3r s X = 70.07 = 70

n

. . 1277
Births in 30 years, TG = %5- > X = 545.62 = 550

ﬁq_ A Population of 350

. 164 ’
Deaths in 30 years, 550 = 357 » X = 104.36 =~ 100

T 1277
Births in 30 years, By = 7?’:'0' » X = 812.63 = 800
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Cancer Deaths[year in U.S, s/106 person rem
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(pop=]97,863,000)
' Absolute Relative Absolyte Relative
Leukemia 515 738 26 37
"Other Cancers
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In addition;ra few chromosomal defects
and recessive diseases and a few
congenital defects due to single gene
defects and chromosome aberrations
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. BEIR-III ,
K, Cancer (Table V-4)

Lifetime Risk of Cancer Death

(deaths/10%/rad)
> Single exposure to Continuous Exposure
: 10 rad . to 1 rad/yr
Model Absolute Relative Absolute Relative
L-Q, LQ-L 77 226 67 182
L-t, L-C 167 501 158 430
Q-L, Q-T 10 28 ——-- -——--

;E Birth Defects--pages 166-1¢
e:

a
(mean parental ag 3

0 years)

1 rem per generation (1 rem parental exposure} per 106 Tive
offspring — 5 to 75 birth defects, this is 0.0005
--0.0075%--First oennration

e P AT e s Sy

el - Jlos ‘;,
A Spontaneous rate’ 15 10 ,hEhes 1 rem will increase the rate

from 10.7% to 10. 7005--10 7075‘ -
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0.000047 = 0.0047%, ”a»w(

]O 7 = 0.0007 = 0.07%
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BASES FOR CALCULATION OF RISK ESTIMATES USED IN
"THE MEANING OF RADIATION AT BIKINI ATOLL"

LI A;sumgtions(&ﬂgs B CQ%KE%&
Estimates of cancer and birth defec;! risks for the Bikini populations
were based on a number of assumptions. Some of these assumptions re-
sulted from consultation with other scientists including members of
the BEIR committees.

e

Sﬂﬁ,%# 1. Risk coefficients from BEIR-I were used because BEIR-III
had not been accepted by any U.S. government agency. We elected to
use the values as given in BEIR-I rather than the revised values
based on increased age of the population shown in Table V-4 of

BEIR-III.

@%ﬁ%ﬁ 2. For estimates of cancer risk both the relative risk coef-

ficient and the absolute risk coefficient were used to give a range

of estimated risk. The absolute risk coefficient gives a lower value,
is less variable with the population and is not dependent upon the
spohtaneous cancer incidence, which is not known for the Bikini popu-
lation. The relative risk coefficient gives a high value, but since
it is based on the spontaneous cancer incidences, which is unknown for
the Bikini population, it is probably less reliable than the estimates

calculated from the absolute risk coefficients.

3. For estimating increased cancer incidences, the bone marrow
dose was used because it was slightly higher than the whole body dose.

This probably introduced a small element of conservation.



4. For estimating birth defects neither BEIR-I or BEIR-III is
very clear about what is meant by parental dose, thus it is not clear
whether birth defects should be based on the dose to one parent or both
parents. In the latter case, the 30-year whole body dose would be doubled.
We assumed the BEIR-I risk of 0.2% rem was based on both parents being
irradiated. ATso because we believed the risk coefficient from BEIR-I
was already conservative based on comparisons with BEIRjIII, we elected

to use the 30-year whole body dose as provided us--not doubled.

5. For the 140 persons who returned to Bikini and were removed in
August 1978, it was assumed that no children will be conceived by persons
above age 40, that 300 children will be born after August 1978, and that ,

all children born will be offspring of parents, both of whom returned to

Bikini. The parental dose was obtained as follows:

Average dose to males < 40 years old = 1.36 rem
Average dose to females < 40 years old = 1.08 rem
Total parental dose = 2.44 rem

Parental dose used in calculations = 1.22 rem

6. The average dose values for persons who 1ived on Bikini were
calculated from individual dose data (whole body and bone marrow) for

50 males and 49 females. These values are tabulated in thefkbpendix.

7. The spontaneous incidence of birth defects was taken to be

10.7% of all live births from BEIR-III.

8. The normal incidence of cancer deaths was assumed to be 15%.

A value less than the approximately 20% givén for the U.S. population



was uséd because the Bikini people have been and will probably be

exposed to much lower limits of environmental carcinogens than people
Tiving in the U.S. and bécause of limited medical services and prevalence
of other risks such as drowning, poisoning, etc. Other causes of death
are probably higher in the Bikini population thaﬁ in the U.S. population.
We also suspected the average life span was less than in the U.S. popu-
lation, which might ténd to reduce the number of cancers that would

occur in the elderly.

9. The largest dose a person might receive in a year was estimated
to be .three times the average dose. Data in the appendix for individuals
show thét the highest individual dose is more than twice the average but :

less than three times.

1 poptation seimate (0A5)— (GNEE
To estimate the number of births, deaths and the magnitude of the Bikini
population after 30 years, information was used from the final draft of the
Marshall Isltands jive year Eea]th E1an prepared by the Trust Territories)
Department of Health Servicé;’Offige of Health Planning and the Resources
Department. The document is undated, but the presence of data from 1976
indicates that it must have been prepared in the period of 1977 to 1979
when we received it. It was noted that there are apparent inconsistencies
among several of the different tables. For example, Table III-1 gives data
for the Marshall Islands for the period 1955-1975 and Table III-5 gives
data for the infant mortality rate for 1976. In Table III-1, the infant
death fate per 1000 births for 1970 through 1975 is giyen as 28.3, 33.6,
25.4, 46.4, 21.1 and 37.0. However, Table III-5 indicates the infant

mortality rate to be only 17.04. We used the data of Table III-T1 in the



following estimates; because it is more complete and it provides a self-
consistent set of data. However, in view of the discrepancies, the results
can only be considered as approximations. This probably makes 1ittle real
difference in view of the uncertainties in the risk coefficients that were _.
used. There is also a bias built into the data because of the inclusion of
Ebye and Majaro in the overall Marshall Island rates. This arises from the
different death rates (particularly infants) at these two locations. In
many respects the population of Ebye and Majaro are quite dissimilar from
the Bikini population because they have the advantages and disadvantages

of a more technical environment.

For the estimates the last 5 or 6 year average of the data were used
because they are probably the most representative of current conditions.

From this, the following were obtained:

1. Rate of increase of the population has been about 3.8%/year.
'2. Infant deafh rate is about 3.2% per birth.
3. Overall death rate is 0.54% per year.

4, Birth rate is 4.2% per year.

A popuiation of 550 was assumed for the one that might move back to
Bikini Atoll. Values for other initial populations were obtained by

ratios of the results.

The total population at the end of 30 years is given by the compounding

equation:

130 = 1684

P30 = 550 (1 +.0.038



The number of births in 30 years are given by:

P
B = 0.042 x 550 ///;1.038)X dx
-/

where x is the time between 0 and 30. This gives

_ 0.042 x 550

B = ThT1.038

(1.038%9 - 17 = 1277

Similarly, the number of deaths in the 30 year period would be:

3Q»
Deaths = 0.0054 x 550 | (1.038)% dx
0
Deaths = 220093 X 850 ry 03530 _ 13 - 164 ‘

in 1.038

One other datum needed is the reduction in 30 year dose to those born

after the return because of the decrease in radiation levels and the

smaller amount of time in the 30 year period that is spent on the

island. For fhis, the total population dose for those born after

returning assuming an initial dose rate of 1 rad/year is given by:

20
P = 550 D, e "X (1.038%) dx —
Q
A is the half-life of decrease of the radiation dose, taken here as -

30 years.

Because this integral cannot be solved analytical, an approximate
solution was obtained by calculating this function for each of 30 years
and summing. This gave 8949 rads for the total population including the

original 550. The total dose received by the original 550, assuming that



all live for the 30 years, is

1] 7

{ / L tBIE
Pl =20 (1 - &) = 11,902 rads ’

For those born after the return, the population would be the difference
between the total popu]étion in 30 years, the number of deaths and the
origina] 550 people or 1134. Thus,‘the per capita dose for this group
is 8949/1134 = 7.9 rads. For the original 550, the per capita dose is
11,902/550 = 22 rads. The ratio of these two to give‘an estimate of the

fraction of the full 30 year dose received by the children is 0.36.

The assumption of no deaths in the original 550 returning was made for

simplicity and the lack of good death rate data.

We also comparéd the age characteristics of the Marshallese from Table IV-3
and the U.S. population in 1970. This comparison is given in the attached
curve. The slopes are similar above age 35 but the magnitudes are distorted
by the high birth rate in the Marshall Islands. However, 1n.terms of the
relative risk the similar slopes suggest that if the natural cancer rates

in the two populations are similar, the relative risk for people above 35 in
both populations would be similar because most of the cancer ‘occurs at ages
from about 40 and above. However, the magnitude of the relative risk in

the U.S. used for the Marshallese will be high by a.factor of somewhere
around 2-3 because of the distortion caused by the very high proportion

of young people who have a relatively low natural cancer incidence.

Using the preceding calculations for a population of 550, ca1cu1ations

were made for other population sizes. For a population of 550 (from preceding):

6’.



Deaths in 30 years 164 ~ 160

1277 ~ 1300

fi

Births in 30 years

For a population of 140 (the number that returned to Bikini):

| Deaths in 30 yearsi}\E %%%— = 1—23 s X i; ~ 40
Births fn 30 yeari %%%Z-= Tlﬁ" X =2§%%i/\/300
For a population of 235?
Deaths in 30 years, 10& = X X = 70.07 A 70 :
Births in 30 years, gakl = 5z » X = 545.62 ~ 550

For a population of 350:
3 ] = asr— = —
Deaths in 30 years, £Ep © 350 ° X 104.36 ~100

Births in 30 years, ze~— = %= » X = 812.63.~ 800

: : Vil
I1I. Risk Coeffigients - e (AS

e € <

ol

At the time the Bikini book was prepared no agency in the U.S. government
had accepted the risk coefficients in BEIR-III. Thus we were constrained
to use risk coefficients from BEIR-I. While not included in the printed
book, risk estimates based on BEIR-III were calculated for comparison

purposes. The following gives the origin of the risk coefficients used.



A BEIR-I _
Naps——

— 1. Cancer (Tables 3-3 and 3-4)

Derived
Cancer deaths/year in U.S. Cancer deaths/lo6 person rem
from 0.1 rem/year ?if?wéif_w"—""-_w
(pop = 197,863,000)
Absolute Relative Absolute Relative

Leukemia 516 738 26 37
Other Cancers |

30 year 1210 2436 61 123

elevated risk

lifetime 1485 8340 75 421

elevated risk
Range 1726-2001 3174-9078 87-101  160-458

From the above the minimium estimate of cancer risk would be given by a

risk coefficient of 87/106 person rem and the maximum by 458/106 person

rem. Thus, these two risk coefficients were used to define a range of

estimated cancer deaths.

_— 2. Genetic Effects (from Page 1 & 2 BEIR-I)
& :
Based on specific defects A

T

—

e e N /

‘: % rem/30 year reproductive generation would cause in the
(&é first generation 100-1800 cases of dominant diseases and
defects per year (3.6 million births/year) or 5 times this
amount at equilibrium. The 1800 cases represent an increase

of 0.05% incidences per year first generation and 0.25% at -

equilibrium.



In addition there would be a few chromosomal defects and
recessive diseases and a few congenial defects due to a single

gene defectg and chromosome aberrations.
;! A A P . A :
The'total Ancidenceat Egpw1QEE)nQ’l§/M1QQwtdL21<ﬂQgLng;u_

e The total incidence at equilibrium is 1100 to Za(boo/year. These

at equilibrium, the maximum would be 0.75% or 0.15% in the first generation.

e These are equivalent to 0.15% per rem at equilibrium and 0.03%/rem

in the first generation.

b. Based on Overall I11 Health

Overall i1l health: 5% - 50% of i11 health is proportional to the
mq}ation rate using 20% and doubling dose of 20 rem, 5 rem per generation

would eventually lead to a 5% increase in i11 health.

Thus the rate of overall i11 health is 1%/rem at equilibrium or 0.2%/rem

in first generation.

For estimating the potential genetic derived health defects in the Bikini
population it was decided to use a risk coefficient of 0.2% per rem in the

{» first generation recognizing that it was probably very conservative.

TYCTCancer (Table V-4)

e



Lifetime Risk of Cancer Death

(deaths/]OG/rad)
"~ Single exposure to Continous Eprsure
10 rad to 1 rad/yr
Model Absolute Relative Absolute Relative
L-Q, & F 77 226 67 182
L-L, L-C 167 501 158 430
Q-L, Q-L 10 28 ——- ——-

2. Birth Defects--pages 166-169

g (mean parental age = 30 yeafé)

\

¢ 1 rem per generation (1 rem parenta1 exposure) per 106 1ive offspring

5 to 75 birth defects, this is 0.0005--0. 0075%-—#1rst

generation.

e Since the spontaneous rate is given as 10.7%, in the U.S. population,
1 rem will increase the rate from 10.7% to 10.7005--10.7075%.

e In terms of the spontaneous rate 1 rem per generation gives —nggi

0.000047 = 0.0047% increase and X ?37§ = 0.0007 = 0.07% increase.

IV. CALCULATIONS OF RISK

Table 1 gives the radiation dose values provided by Dr. Robison for use

in developing estimates of increased health risks in the Bikini population.

é';wRISKS FOR 14 DIFFERENT LIVING CONDITIONS

1. Can;er Risks

-

Table 3 shfws the calculations for estimates of increased cancer risk

for 14 d15$rent Tiving cond1t10ns



2. Birth Defects Risks.
T ~ -

Table 3 gives the calculations for the estimates of birth defects.

B. RISK ESTIMATES BASED ON BEIR-TII

Table 4 gives risk estimates based on BEIR-III risk coefficients. These
were calculated for compa#p;ion purpbses only and was not used in the
Bikjni book. The highest estimates for cancer risk result from using

the linear relative risk model and are about the same as those given in
thelTHear-quadratit

Table 2 for the relative risk model. The lowest estimates fesu]t from
the linear-quadratic absolute risk model and are slightly less than those
for the absolute model in Table 2. Thus, as far as estimates of cancer
risk are concd@ﬁed, those obtained using risk coefficients from BEIR-I
are in the same general range as those obtained using risk coefficients

from BEIR-III.

Risk estimates for birth defects obtained using the risk factor from
BEIR-I gives values about three times those obtained using the upper
value of the range of risk factors given in BEIR-IIT. [If BEIR-III
risk factors for bith defects represent a more en1ightened.assessment
of this potential consequence of radiation exposure than the factor
taken from BEIR-I for overall health defects, then the estimates giv:n

in the Bikini book may be conservative by a factor of three.
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.Ruben Zackhras, Acting President and Minister of Transpertation and

W

| Communications

L ~Kinja Andrike, Secretary, Education

vJerry Bennett, Department of Education
“Carmen Bigler, Secretary, Iﬁterna] Affairs
vAlfred Capelle, College of Micronesfa Extension Services
Director and Staff, Marshallese Community Action Agency
Milliam Graham, Chief of Curriculum Development
~Dr. Isaacs, Medical Doctor, Health Services
Tony Johns, Clerk of the Cébinet
t Phillip Kabua, Acting Chief Secretary
~Marie Maddison, Chairwoman, Public Service Commission
:Enid McKay, Secretary of Social Services
vHenry Samuel, Minister of Health Services
In Honolulu, Hawaii, the following people were visited and/or consulted and
contributed information that was used to formulate the plan:
. Sister Edna L. Demanche, retired, University of Hawaii, formerly teacher in
the Marshall Islands
- Jim Harpstrite, University of Hawaii, Energy Project, teacher training for
Micronesia teachers
Robert C. Kiste, Professor of Anthropology, University of HaWaii, anthropolo-
gist with extensive field experience and published work on Marshall Istands
"Billiet Edmond and‘fgzgse E. Wohl, Pacific Area Language Materials Development
Center, University of Hawaii |
Marje Terpstra, University of Hawaii, former instructor in teacher training
at the Coi]ege of Micronesia at Ponape.
In the United States, during special work on Marshall Island information book-
lets, the fo]1owﬁng people were consulted:
Alice Buck, Kwajalein, Marshall Islands

Long-time Marshall Islands resident and Marshallese translator

Meleron Jelke, Ebeye, Marshall Islands, Marshallese businessman and translator.

Al



Bill--

Here are the people that were listed in Carl Unruh's trip report.
I don't know if they are officials in the Marshallese Government,
so please put a check by the ones you want to thank. Carl's list
did not have any of the people from the first list I compiled.

 Ruben Zackhras

« Phillip Kabua
Kinja Andrike

.~ Dr. Issacs

- Henry Samuel

v Bill Graham
Jerry Bennett
Enid McKay
Alfred Capelle

Marie Maddison

Sister Edna L. Demanche
Jim Harpstripe

Robert C. Kiste

Billiet Edmond

Louise E. Wohl

Linda

Acting President (Minister of Transportation
and Communication)

Acting Chief Secretary
Secretary of Education

Doctor |

Minister of Health

Chiqf of Curriculum Development
CLT ‘
Social Services

Director of the College of the Marshallese Islands
(College of Micronesia Extension Services)

Chairwoman, Public Service Commission

The Marshallese Community Action Agency
(Director, Actinag Director and 10 staff)

-Ret{red

University of Hawaii, Energy Project

Professor of Anthropology, University of Hawaii
Pacific Language Materia]s Development Center
Pacific Language Materials Development Center.
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Bill:
Bruce's secretary called this morning and gave me names of people you

should discuss with Alice:

Tom Kijiner - Minister of Education e
I

Kinje Andrike - Secretary of Education el s e lnT e
William raham - Chief, Programs and Development, Department of Education
Dr. Ezra/B1k10n - Secretary of Health

Cargen Bigler - Director of Public Affairs
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Bill--

Here is a list ofbpeop1e who are officials in the Marshallese
files but I honestly don't know

Government. They are in our
if you met with them.

Iroij Joannes Peter

John Abraham, Magistrate
Sam Livai, Councilman
Abner Edward, Councilman
Benji Gideon, Councilman
Renton Joannes, Councilman
Iroij Benton Abraham
Saimon Samson, Councilman
Saul Abraham, Councilman
Lombwe Mark, Councilman
Sam Luke, Councilman

Moses Abraham, Councilman
Balik Paul, Councilman
Alik Jorem, Counciliman

A ata Kabua, President
Oscar DeBrum, Chief Secretary

Check this 1ist please and let me know if there are more names

I should add.

Linda
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List of People who helped (in any way) on the Bikini Book  (31)

PA Anderson
RW Baalman (Ray)
VE Bannick
DC Borg (Dr. Donald)
A Buck (Alice, Mrs. Elden)
MA Carlile
6 Casarett (George)
J Conway (John)
P Dunaway (Dr. Paul)
RO Gilbert

Lda Healy (Jack)

tRE€Kiste
HE Kreuger (Hank)
RO McClellan
T McCraw (Tommy)
S Marks (Sid)
RP Marshall (Bob)

Jan)

NT Nero (Norv)
JF Park
HS Pratt

—R Ray (Roger)

ison (Bill)™

JA Smith

We—Tempteton—<{B843+1)
RC—$hompson*€R?y}—
—eMtnruh—{Eael) -

SB*'wathhoTz“(Bruce
JM-Weisgall
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June 10
e Determine what paragraphs are £ixaX in final form

o NKit-paragraphs require-a-small-ameunt-ef-werk-{Alice-wild-start-en-those}
Determine what paragraphs require a small amount of work (Alice wi¥ixzxart-en- these}-
. Ray, meleran and keorong will star
on those)
e Bruce, Bill and Jack will start on new material.

Procedure for AXxiggxxRayxsxMeXexarxamrdx trans]at1on work on paragraphs requiring small
amount of work: S PPN SR ~~—/&r:;7'”

YT

e Ray will give—the—transtated mater1a1Ato Marth

¢ Martha will type the material, draw a line through the retyped material and put the draft
with the new version in the File (Date, time, paragraph number on all material)

e Martha will give out retyped version (when? without interrupting the material being ‘worked
on at the moment? Should we have a time of updating notebooks for everyone at the same
time and should I keep all retyped material until then?



PROCEDURES FOR SECRETARY

folders
Pick up material from outXXKX¥X of transl:tors and scientists

Type material from translators and distribute

Type material from scientists and distribute

Béen retyped draw a line through the previous draft
Insert retyped paragraphs into file

Mark on chart when

oS



PROCEDURES .FOR TRANSLATORS

Mark all translated copy with notation signifying who should receive
copies before giving to Martha for typing (put in MARTHA folder)

Be sure paragraph numbers are on all paragraphs

A1l work to be translated will be put in your TRANSLATORS folder.
A11 final copy will be put in your TRANSLATORS folder.

Put your initials on all pages received by you and put them in your

notebook behind the proper number. The latest version always goes on
the top.

When you have completed translating a paragraph, mark it on your chart.

When a paragraph has been finalized, mark it with a gold star.

50
z



PROCEDURES FOR WORK ON BIKINI BOOK

Each person will receive a looseleaf notebook for storing material with numbers up to 62

R e R L I W
RUXBAZ XKL K

EELESSS

R

Ray Baalman

Bill Bair \ %
MEXEX AN XAEXKE

Alice Buck

Jack Healy

Meleran Jelke

Keorong Sam

Martha Stifter

- =

-
LR [ J
AT e _.-j—',(/“L;ﬂ"«\.c ....... — [f/ '~
i : . :

1. When you are given a new piece of material please initial and put in your looseleaf

notebook urider appropriate number.




PROCEDURES FOR SCIENTISTS

° Mark all copy with notation signifying who should receive copies
before giving to Martha for typing (put in MARTHA folder)

° Be sure paragraph numbers are on all paragraphs

e A1l £inal copy will be put in your SCIENTISTS folder.

° Put your initials on all pages received by you and put them in your
notebook behind the proper number. The Tatest version always goes

on the top.

. When you reach a final version of a paragraph, mark it final and
initial it. '

° When you have completed a paragraph, mark it on your chart.

e When a paragraph has been finalized, mark it with a gold star.
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From Ray Baalman Via Telephone, 4/8/80

1. Why is Bikini hotter than Enewetak (They did not explain)

5. We don't know exactly what land is missing though we mention it in the
book. Not sure exactly where that is. The people wanted to know about it.

3. We didn't know whether or not coconuts were present on Bikini at the time
of the cleanup and if there were why weren't they used to make measurements?

4. We didn't know if we should discuss the 13-Atoll Survey in this book or not.
Maybe it is not a good idea. But if we are, we don't know what they found
out from it.

5. Have not dealt with the table that needs to be in that will show how much
time needs to elapse before they can go back.

What we did was--we went through the Enewetak Book and updated it and

changed it quite a but here and there so Bill will want to pay attention to
that. And also, we tried to address all of the questions which Tommy McCraw |
gave us. ’ :
We should receive by telefax about 10 pages and maybe more than that.

We tried to do a new thing in the back for the risk estimates. We decided -
to try some tables. It would be used to replace all the maps in the back.

Martha - make a copy for Ray before it is sent off with bill and one for the
file.

Have Bi11 Call Jack if not too tied up
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BTKTINI ATOLL TODAY

TNTRODUCTION

In 1986, thé Bikini people agread to leave their home atoll to permit the
U.3. Lo test atomie bomba. In 1968 Prasident Johnson announced the peopla
could return (ollowing cleanup of debris left from the testas. Bafora tha
people returned the U.S. planted thousanda of food-bearing trees and built U0
concrets houdes for the people. In 1978 the U.S. govarnment asked the peopls
to leave. Thia book explains the reason for this requeat (action) and the
preaant informatfion on the conditlion of the atoll,

The U. S. Govermment has praparsad this booklet ta aasiat the Bikint

3

peopla {in wnderatanding the affect of the atom bomb testing on thelr atoll and

what that means to tha paople,
The Marshallese text ia a dynamic equivalent translation of an original
English deaft, and the English text {a a modified literal translation of the

Marahallean teat.
TINY THING3 THAT ARE RADTOACTIVE

Everything on earth is formed from wmany many tiny things that we canaot
gea, (Thaesa are callad atoma;) Some of thess thinza are ant apart {diatinct}
and are allke Iin a ocertain way becauss they change and becomn other kinds of
tiny things that do naot change. We say bthat thase Liny thinzs (atams) that

ara get apart are radloactive because thay do change.

=l



Aa wach tiny bhlngmkatumj é;angoa it produoes a kind of energy which we
cannot aéa and whioh s called "radiakion." ¥hen they have complately
changed, thia anargy 18 gone from them. (Further explanation of pradiation
appears on page 4.)

Of the things that are radiocactive some have alwaya bean a park of the
world. These are Godemade and they will not go away. They are in soil, in
water, in food#bearing plants and other plants, in animals, and in our bodies.

There are al=so radiocactive thinga that came from the atomic bombs. Some
of thess changed quickly - during just a few minutes or days. Bubt the othera
change slowly and are still preasent on the ialands in the Bilkini Atoll, The
names of soma of the {mportant Endloactive things are cobalt, ceaiunm,
atrontium, plﬁtonlum, and amerieium. One-half of the oobalt will disappeatr
atter 5§ yeara. 0f the part that remaing, one=half wili disappear after
another 5 years and Lhis proceas will continue indefinltely, COne-half of the
ceajum and one-halt'or the satrontium will disappear after 30 yeara. Of the
part that remains, one-half will dizappear after another 30 yeara, Thisa
procesa will again continus 1indefinitely, Plutonium and americium wilil not

change over hundreds and hundreds of yaara.
ENERGY CALLED RADIATION
The energy from radioaective materinla {3 aimilar to haat of fire and

light of thae sun fn that 1t travela fceom where it i3 formed to other places;

however, wa cannot 3ee it, hear it, taste it, amell §t, or feel it.



Thére are three kinda of radiation that come from the sarth:

1. alpha cradiation = the place it raaches from where it 1s made is =hort,
pérhaps 3 lachea surrouading 1t in alr, and a paper can atop it (ita
movemant },

2. beta radiation = the place it reanhas from where it {3 made ia farcther,
perhapa 4§ yards surrounding it 1n air, and things thicker than paper,
3uch as plywood, are needed Lo 3stop it.

3. gamma radiation = the place it reaches from where it 1is formed i= very

much farthar, perhaps 300 yards aurrounding it {m Aair, and only those

things that are thick and densn, =such as cement, hugze rocks, and motal,
can stap it.
. . E

Alpha radiatlon cannot paas into the akin of peopl&; fiata radiation can
pass through tha ékm and reach about one inch into the body. Wowever, thinga
that are radlioactive may enter the boady with food and air and c¢an reach the
blood, honea, lunga and othar parts of hhe body, When these Lhings that are
radioackive change they produca alpha and.bﬁta’radlablon that can reaeh the
internal organa.

Whan gamha radiation hita people it goes through thelr bodiex, but 30mea
of the energy of this radiation remains in their bodies. |

Juat like in other places aroundb the world, alpha, beta, and gamma
radiation have occurped on Bikinl Atoll frem radioactive thinzs that have baen
a part of the world since the beginning. There are alszo kindas of radiatioen
that come from the aky that paas throusgh peopla'’s bodies,

At Bikinl Atoll some alpha radiation also comes from plutonium and

amaricium. Bota radiaticn also wovmes from strontium, oesfium, and cobalt.

|2
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Gamia radiakjon alxo comes from cesium and eobalt, and a littls ocomas from

americium. At Bikint Atoll, the smounts of plutonium and amerlcium are far

laaa than on the Ennwaetak Atoll.
TINY PARTICLE3 AND ASHES Of ATOM BOMBS [FALLOUT]

When an atemlie bowd explodes, It btakes up materials, 3uoh as roeek, =ail,
water, and 20 forth, which Join with the thinga that are radioactive from the
bamh. Thay rise rapidly into the air, and later fall back down to tha earth.
The tiny particles and ash of the bombs fell in the lagoon, in the gcoan, on
the ialanda, and the winda blew aﬁme to places that are far away.

There were 23 atomic bombs teated at Bikini Atol)l., Only a faw of the
ateam bomb Lests ab Bikini uccurred on the ialands., Most took place in or dver
the water with some on the reef betwesn the fslands. In two atom bombd teata '
small pisces of the ialands of Nam and EBnirik were dmatroysd. 1In addition,
there are 11 U.S. ships sunk in the laguon st Bikinl 23 a result of an atam
bodb taat, involving ships. The map on page 7 shows tha islanda whare tha (1,3,
goverﬁment taatad theas bomba, the portions of the 4slandas that were

destroyed, and the locakion of tha sunken shipa.
THE PLAGES WHERE THE THINGS THAT ARE RADILOACTIVE ARE AT BIKINI
The picture abt the right shows Lhe placea where the radioactive things

are within ths 30il. Plutonium and americium are {n the uppar part of the

30il. Cesium and sakrontium are in the %0il that 13 shallow and alao in that

4
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which is deep. At Bikinl ceaium and strontium are the radiocactive thinga that
produce the higheat amount of radiation. On the northern fslanda of Enewetak
Lhére wis more plutonium and americium hﬁnn At Bikint and the U.S. Goverament
could aasrape 3ome of them off beaauss they were near thn surface. Hownver,
they could not remove the strontium and ocesium because thay Aare deeper in the
3611.

Ab Bikini the U_.S. Government did pick up all scrap metal and removed
scrudb growth before the people returnad in 1970. The scrap metal waas moved to
daep water in the ocean and lagoon.

The map on page . shaws where the radicactive thingas are at the Bikini
Atoll. We gee that all of the islands in the Bikini atoll have radicactive
things. Next to the map of Bikini i3 3 map of Enewstak Atoll showing uheﬁp
the radioastive thinga ave st this atoll. Here we 3se that the amounts of
radioactive things ars smaller than at Bikini. The islands in the south of

the Enawetak Atell have a very mmall amount of radiocaotivity.
THE WAYS RADTATION ENTERED PEQPLE'S BODIES

Paople received radiation from radioactive thinza at Bikini Atoll vhile.
they lived thare in 2 waya. 1 - radiation that oame from the soil and
penatrated people’s skin and entered the body; 2 - the things that are
radicactive in nome of tha foods that people ate, In sewe of the water they
drank, or in the air they breakthed produced radiation inside the body,

The radiation that came up eut of the =20il asame from the oesium and

cobalt that was near the surface. Part of the radiation from the cesium and



Guudiu LNAL wA3d udgep wWas unable to reach paople because of the inicknens of
the =ail.

A3 ia ahown In Lthe plcture on page 9, there wara radioactive matartials in
Lhe =o0il, =ome in the placas whare the roots of plants graw. All planta egat
thair fooed from the 5oil through their ruvets. Now, as the=me plants get thair
food, 3cme or.thc things that are radioactive in the 201l go up the trunka to
the hranchas and te the fruits,

¥han paople ate the frults, they also ate the radioactive thinga thera.
We oan consider that‘thcne foods uare.radioactive. Alse, if animals ate Lheae
plants, thay also ate the thinga khat ars radloactive. And if pnople ate
these anlmala; they al=gp ate cné radioactive things that were in the meat.
Even If people had cookad food that contained things that are radicactivae, the
radioactive things in the fuod would not have gone away.

Since thare are radioantive things in the lagoon, therelmay also be ama{l
amounta in the rish. Il people ate fish, the ameunt 6? radioaetivity they
recaoived was very small beécause of the =mall amounts of radioachtivity in tha
rish.

If radiocactive thinga ontered the body, same of them have left ik by now

and some remains in 1it, and radiation will continue to come from those left in

the bady.

THE POSS(BLE EFFECTS Of RADIATION IN PEOPLE'S BQDIES

Marahallesa peaple have ealled radiation "poison,™ However, the way

poi3on works and the way radiatien works are differeat. Usually, when poison

G
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entara 3 pernona' bady (like drinking bleaah, keroswne, DDT, ato.) hiz Lady is

quickly hamaed - it can be within a fow minutea or days, Howevar, 1if harm
wera to come from radiation, {t would usually take a long tima ror it to
appear - 1t could b after many years.

The body nontains a number of organs 3uch as lungs, liver, skin. Fach of
thase organ3 haa very small parts called cells that join together to furm (all
parts of) the body. Remambar that there Is radiation that haz always been a
part of i:be world, and Lhere 13 radiation that come from atomie bomba.
Scientiats beljeve that the more radistion a peraon receives the more harm he
might have. Poth the radiztion that has been a parf. of the world and that
from atomic bomba can cause harm to the cells of the body. In addition there
are other things 3ucﬁ as amoking Lh;h cause the same kind of damage to cells
in the bady. Sometimes this kind of damage can come just from the body
ftaelfr, Irf this kind of damagé oceurs, it oan cause diseases ¢alled cancer.

"All oells increaae by dividiag. It i3 through this normal procesa of
dividing that growth and rapair of the body gecur. Cancer happens when cells

in the body are damaged and rapildly grovw and increase in number more than they

ahould, By deling this, thoey destroy the healthy parks of the body and can.

make prople get aiok. Some paople can recover from cancer, but others may not.
Cancer oacurred all over the world before there were atomic bombs. For
axample, if there wera 100 people who disd around the world from any cause,
about 15 of them would have died from cancer. The diananea of caneer continue
to cecur around tha world.
The cancers th?:t. are caused by radiation are no different from tha

cangeras that are caused by other thinga.  If Lthe diseases of cancer appear

wed



among ths peopla whé have received radiation, they wonld be no Ziffarent from
thoas that appaar in other paople around the world. The scientiata have found
that a radioaative alement that came from the atomic bomb tests can cau3s
canaer 16 tha throat. (in the thyroid). Thia radioactive material remains= only
a row month3, a0 that it iz gone [roam Bikinl Atoll teday.

Among the people of any country thera arn children born with disesases snd
fnfirmitiea that are inherited. . Soms of theas ara: deafneas, blindneaa,
‘malformationa, mental retardation, etc. These kinds of defects occurrad in
the Marshall Islands before the atomic bomb tests and they continue to occur
Eoday. In a cbmuﬁmity in which peaple have recelved radiation, there might be

an increase in the number of ohlldren born with dafeots.
THE WAYS THAT SCIENTI3ZTS KNOW THE AMOUNT OF RADIATION A PER3SON RECEIVES :

Everybody in the world has 3ome radiocactive materl.ﬁls in their body.
Pegple cannot know by Lthemaslvas how much radiatfon ia in any thing or in
Lheir bodies because they cannot 3ae L, hear {t, taste it, smell {t, ar feel
it. Only inatruments can roveal this. There are instruments for measuring
things that are radicactive in the a30il and in food; there are thoas for,
measuring the pradiation that oomes from tha soil. Sciontiats uae theas
tasteumenta to gat information in order to be able to estimate the amount of
radiation that people can recseiva {f they live in an arsa contalining
radioactive things.

The pictura At the left shows the {nstrument that scientiats use to

measures the amount of gamma radiation that comes from radicactive materiala {n

8



the body. Saofentiata have brought this ifnatrument to Bikinl to aeasure the
amounts of radloactive things in the bhodies cf‘» tha Bikini people. The
scizntists found that as the food-bearing f-rees begaa te produce [fruit, Lhe
amount -of radioactive things in the bodiss of the people increased. By 1978,
the amounta of radioactive things in peoples bodies were highar than’
scientists had asatimated when the peopls were told that thay oould return.
This {a the reason Lhat they were removad from Bikini Atoll.

Soientists can uae this machine to measure the amount of casium and
c.obalc in a peraon, but this davice i3 not able to measure plutonium,
americium, and strontium. The way they measure thesa three thinga, thay take
urim and measurs the amount of Lthings that are radioactive in it. From doing
thia they are able to estimats how muah plutonium, americium, and strontium is

&

in a pers3ovn's body. -

THE AMOUNT OF RADTATION TRAT HAS BEEN ESTARLISHED [A LIMIT IS IMPLIED)

(RADIATION STANDARDS)

No one 1s absolutely certain how much radlation a ‘peraon can recaive and
not have harm to his body. Around the world, many g2roups of aciantista and
doetors are atudylng Lhis subjeck. The names of some of these organizationa
~ara: Iaternationa! Commisaion on Radiological Proteckion, U.S3. Environmantal
Protectian Agzenoy, and the International Ateamic Enargy Agzency. To protect
people fram tha harm they might receive fram radiation, and baséd upan thae
information they have found, theae organizationa nhave recommended =ome amounta

‘'of radiation that people should not excaed. Theae organizationa alao



recommend that people try to take care that the amount of radiation ‘that
eaters thelr bodies ahould be az =small as possible. This means that people
should atay awa& from areas where Lhe adount of radiation {3 known to be high
and should not a2at fooda grown in suah areés. Many governmants have approved
these recommendations, | .

‘Tharefore, the U.3. governmant hax aatablished an amount of radiat{on for
Lhe Ameriean.people that they should not exoeed, Thia amount i3 Lhe same a3
the amount that organizations above have recommended. They call this amount
that they have »stablished a "radiation atandard,” and the atandard Iis
éxprca:ed in "millirem.'

The U.3. government has established that a person should not receive more
than 500 millirem in one year. Also they eatablished bthat tha average amouq}
of radiation a man or a woman vho livasa ia tha United Statea may receive Ovc;
a 30-year period ahould nat be amore than 5000 millirem, Thae U,S. govarnment
tries to ensmure as much as poasibles khat the amount of radiation jta citizens
receive in averyday living or working fs lower than the figures above.

The measuremsnta of the Bikinl paople made by }cne ~sclentists in 1978
jndicated that some of the Bikinl peopls ware receiving more radiation =ach
year than Lhis atandard. A faw of the people were raceiving amounta of
radiation about twice a3 large as the gatandard. Because Lhis amount of
radiation was received for a short time, the harm expectad will be vary =small.

Howavar, the U.3., government heélieved bthat it was in thé best interest of the
Bikini pemople Lo move them no that the posaible harm that could reault fraa

additional amounta of radlation will not occur.

&
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THE WAY3S THAT SCIBNTI.STS ARE ABLE TO BSTIMATE THR AMOUNT OF RADIATION A PER3ON

MIGHT RECEIVE IF HE LIVES WHERE THERE IS RADIATION FROM THE ATOMIC BOMB

Ax a reault of man; studies and maaaureménba, salentists are _nblg ta
astimats the amount of radiation that prople might receive Lf they live on an
atoll where radiation from the atomiec bomb 1s preaent.

They dig many holea, =ome shallow and sgme dsep, take porblon: of 30il
from them, apd meansurea the amount of radiation in each of these portiona of
 moil. Thay examine =aalt water from the aen%n and the lazoon and water from
braokish wells. They take fish and other zea life and study them, They also
axamine the amount of radioacti#e thinga that fogd~bearing trecas and otner
plants take from tha =0il. They alse examine Lhe»radioactivity in the .duat 1;
the air.

Thiz i3 the information that the =acientiats find as a result of the
activities above,

1. The amount of things that are radioactive on each of tha ialands.

2.  What kind of radiosctive things are on each of hhess jazlands.

3. Vhare in the 30ill theas radicactive alaments ara,

4, Tha amount of radiation that comea fram the =noil.

9. The amount of things that are radioactive in the soil that will enter
fooda, plants and animala,

b, How much the lagoon and the ocean ara radioactive and alse faod trom

them, such Aan fiah, craba, lobaters, aclama, ete.

7. How audoh tha brackish wells and drinking water are radioaative.

I




8. How many radloactive things are in the dust in the air that people will

braatha,
Even with all of this {(nformation (%t §s difficult to ¥now the amount of

radiation a person will raceive bacauzs we do not know how much of sach kind

. of foad each person eats. Soma foods have more of things that are radioactive

than other focda. A person Who eats more of the foods that have amora of the
things that are radiocactive will receive more radiation, A person who eats

amaller amounts of theaes fooda will recaiva laeas radiation.
WHY THE PEOPLE WERE ALLOWED TO RETURN TO BIRIRI ATOLL

In 19__ the Bikini people askad khe U.S. government to permit theam to
return to their homeland. The U.S. govarnment cleaned up tha scrap left n-c;n
the testa and ‘bha satentists measurad thae amounts of radiocactivity in tha
soils, water, and fish. Prom this information they estimated the amounts of

radiation that the people aight recaivae when they returned. Because thesze

eatimates were lower than the standard, the people ware allowed Lo return in

1970.

In these estimates measursments of radjoactive things in foodatuffs were

nut. poaaible on the ialanda because foad-bearing treea were not prasent.,
Eatimates of the smount of radivaetive thinga in fruita from theas Lregsa ware
made from laformation from okher places arcund thw world, Becausa the s0ila
of the Bikini Atoll (and other atolls) are different from soil ab thesa other
places, it waa founda that the fruits contained more cesium than was

antioipated. In addition, est{matas of the amouats of food from these treas

12
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that would be eaten by the paople have 3incs basn found to be low. Thus, when
tha coconut trees and other food-bearing plants reached an age where fruits
baoama’ availablse, this gesium was Fransfnrred to tha bodies of the people.

When these high radiation lavals were found in tﬁe people {n 1978, it was
realized that the inftial astimates of the amount of radiation were low and

the people were removed from the atell.
DIPPERENCES BETWEEN BIKINI ATOLL AND ENEWETAK ATOLL

Somg‘people wonder why the U.3. <overnment did not olean up Bikini Atoll
the way they did Enawatak Atoll,

The reaszon is that the atom bomb bLests had different affecta on the two

E

atolla. Some of the differencas are gfven below.

1. The northern islands on the Enewatak Atoll had much mére plutontum and
americium fn the 30ils than dosa Bikini Atoll. This was bdecauze of Lhe
difference in the types of tests at the two atolls. It was noted sariier
that plutonium and americlum remaln radioagtive for many, many years and

that the plutonium and americium remain near tha surface of tha aoil

Tharefore, some of the plutonfum and amoricium at Enewetak could be

removed by nhallow seraping withaut destroying the island. This meant
that when the atrontium and ceajum disappeared, the 1sland could ba used.

¥ithout the oleanup, tﬁe northarn {islanda of the Enewekak Atoll would
‘never have beon used, Howsver, the strontium and the ceajum on the

northern islands of Ennwabtak Atoll remained sven after the cleanup.

(3
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At Enewetak, the atom bomb tests were done in the northérn ialanda, A3 a
remlt, the things that are vadiuaotvlve are moatly in these noarthern
islanda and the southerun 13lands have roaw things that are radioactive.
At Bikvini Atoll, the things that are radicactive are on all of these

ixlanda. Thera 18 no island that i3 free from radiation.
THE UNDRARSTANDINGS THAT HAVE REEN ACHIEVED FROM THE MEASUREMENTS

Prom tha measursmsents that have benn axplained earlisr 'm thias book and a
better understanding of the foods people eat, soientists have estimated again
the ampunts of radiation that people might receive if they lived on Bikini
Atoll. The results of these studles are given on ,pages . through _ . Tha
information on thasa pages gives the amount of radiation people might recmive
if thay wera to apend different amounts of time each year on the fslands of
Eneu and Bikini. This informatipn ahows the amount of radiation that would be
raceived if no fgod came from other places and also I =hipa arrived ragularly
with food from outside. This information also showa the amount of radiation
peuple would reoeivé if food From outaide did aoct arrive 25% of the tima. All
of thia information ia given 20 that the Bikini paogple can better undaratand
the importanca of the foods and the plasces thay live,

Some people may ask why they cannot return and live on fneu only bacauaa
the amount of radiation people might raeceive 1a below tha =atandard 1if food
from the outside is available. The U.S. government believea that living on

the =mall island of Enau and not vialting Bikini and other islanda would ba

very difficult for the paople. To pmt.acr.‘ the hsalth of the people, tha U.S.

14



government believes that return to the atoll should be delayad until people
can g0 to the i3land of Bikini and other islands of the atoll. The eatimated
times until the amount of radiation a person will receivs at Bikini atoll will
ba below the standard are given on page _ .

Scientiata uafng this [and other] informtion can eatimate the numbera of

peoplne wvho might get =ick or unhealthy asecording to the amount of radiatlon

they regeive. A s3cientific organization in the United Stateaz named The
National Academy of Sclences - National Research Council’s Committee on the
Biological Effects of Ionizing Radiation has astimated the number of paople
¥ho might dise from cancer and the number of infants who aight be born
phyaiaally ar aentally defective as a raault of radiation. Tf people 1lived o?
Enau or Bikini, the number of peopla who might die from cancers caused b;
radiation and the number of infants who might be born Wwith haalth der=cta
caused by radiation are given on pa.gél:l —_ to __. These nuabera depend upon
the information of the scientisks in thcﬁ; erganization named abave.

All tne numbers on pagax __ to __ depand upon the information the
solentiats obtainad, Howover, further studiea are baing done oun tha3ze
mattera, If new information causes aignificant changes in tne;e numbera, tha

. people of Bikini will be informed.

15
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THE AMOUNT OF RADIATTON THAT A PERSON MIGHT RECEIVE TN CONE YEAR
IF HE LIVED off BIKINI ATOLL

If they will est If they will eat Food from outalde
If P=ople Liva © food fram their tood from their does nobt arcive 25%
atoll only ‘ atoll with faod o the time
-~ froa the odtalde

1. 'All the time
on Eneu. 714 millirem 354 millirem 544 millirvea

2. 11 moniha per 768 millirem g5 millirem 4196 m{llirom
‘ year on Ensu

and 1 month on

Bikini. All

food fCrom Eneu,

3. 6 montha on 3270 millirem 1689 millirem 2084% miliirem
‘ Encu per year ¥
and 6 montha on ’
~Bikini.

4, All the time 6823 millirenm 3021 millirem 3722 millivem
on Blkinl.

Ramember that the U.5, standard is 500 millirem in one ysar.

16
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THE ESTIMATRD ADDITIONAL NUMBER OF PEQPLE WHO MIGHT CET CANCER AS
A RESULT OF THE RADIATION RECEIVED IN THE FTRST 30 YEARS

If they will e=at If thay will eat

If Peuple Live food from thelir food from thelir
atoll only atoll with food
from the outaide

1. All the time 0.46 0.22
Ensu
2. 11 months par 0.9 0.26

year on Enzu
and 1 month on
Bikini.

3. 6 montha on .2 . 2.1
Eneu per year
and 6 montha on
Hilkini.

4. A1 the time 9.2 : h.4
on Blking.

Food from autaide
- daes not arrive 26%

of tha time

5.8

For numbera 1 and 2 =aclantista believe that 200 paople would - live on

Eneu,

For number 3, scientists believe that 200 paople would live on Eneu and

200 people would liva on Rikin{ Taland.

For numbar 4, acientisata baliave that 500 people would live on Biking

Island.



THE AMQUNT OF RADIATION THAT A PERSON MIGHT RECEIVE IN 30 YEARS
IF HE LIYED OH BIRINI ATOLL

If People Live

1. All the time
Enau..

2. 11 manths per
year on Eneu
and 1 month on
Bikini. All
food from Eneu.

3. 6 wontha on
Eneu per year
and 6 muntha
on Bikinl,

., All the time
on Bikint

Remeabar that the U.S. standard is 5000

If they will eal
food from their

atoll only

¥hole
Body

4,600
millirem

3,000
millirem

22,000
milliprem

40,000
milliren

Bone
Marrow

5,800
millirem

6,100
millirvem

26,000
milliren

u6,000
milliren

If they will eat
food from their
atoll with foad
from the outaids

Whole
Rody

2,400
millirem

2,800
millirem

12,000

millirem

21,000
millipem

millirem

Bune
Marrow

2,800
millirem

3,200
millirem

13,000
millirem

23,000
millirem

Foad from outside

doaa not arrive
of tha time

hole.
Body

2,950
millirem

3,3%0
millirem

14,500
aillirem

2%,750
millirem

in 30 yearas.

25%

Bona
Marrow

3,550
milliven

3,925
millirea

16,250
milliram

28,750
millirom



If Paopls Live

2.

THE ESTTMATED ADDITTONAL NUMBER OF CHILDREN WHO MIGHT BE BORN WITH HEALTH

OR MENTAL DEFECTS AS A RESULT OF THE AMOUNT OF RADIATION
RECEIVED IN THE PLR3ST 30 YEAR3

If they will eat
focd from their
atoll only

All thw time
an Eneu.

11 months per
year on Enau
and 1 month on
Bikini.

6 months on
Eneu per year
and & months
on Bikini.

All the time
on Bikini.

If thay will eat
food from their
atoll with feod
from the vubtaide

9

Food from outstide
does not arrive 29%
of the time

\%‘



FINA{, REMARKS

The scientiats who wrota this book realize that many of the concepts
doscribed here are difficult to underatand. ﬁut they hope that tha
information in the book will help the perople Lo underatand why the U.5.
govarnmant believes that the prople should not return to Bikini Atoll untid

the amount of radiation that pecple will receiva i3 bhalow tha atandard.
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- the government has launched a massive replanting programme to

103.

HARVESTING COCONUT STEMS

By: fonso M.R. Mendoza*

Summary

Coconut in the Philippines dates back to pre-Spanish time and
since then, has developed into a major industry with 14 million
people depending on it. It is however characterized by low
productivity because of the increasing number of aging palms
and the lack of adequate cultural management inputs. Hence,

cover the 2.3 million hectares devoted to coconut, which will
involve the cutting down of € million trees annually.

«—w-—-"*""

For technical and economic reasons, it is necessary to properly
dispose coconut trunks, hence the great desirability to develop
economic uses of the coconut logs. Investigations are now

going on along this line, and some limited experiences have been - |
obtained on coconut stem logging, as discussed in this paper. {

"
- .
M-‘.v‘....

Introduction

..‘ i,

The coconut, Cocos nucifera L. has been cultivated in the i
Philippines even before the coming of the Spaniards. The ;
Spanish authorities, realizing the economic importance, required
the pPlanting of coconuts in 1642. From thereon, the coccnut
industry grew to become a major crop of the country. By 1910,
millions of trees were bearing. Coconut now cccupies 2.3 million
hectares, providing livelihood to about 14 million people. The

-

Philippines is the leading coconut producer and contributes about -
7/

2 " . . -
/0% to the internaticnal trade in coconut products.

r\\'*-“ e S

!
i
|
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Cocenut belongs to the palm family, growing favourably within
o o .. . .
207 north and south of the equator. It can thrive in altitude

[
¢S high as 900 meters. As a mcnocotyledon, coceonut has neither /

*c q o e s N :
B?T}Or Deputy Administrator, Philippine Coconut Authority
1liman, Quezon City, Philippines
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roots ranging from 1500 to 11,360. Ths rco= may ex
laterélly to about 25 meters while vertica
a depth of 6 meters depending on soil conditio

o
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trunk or stem attains a considsrable height, 20 meters
more depending upon variety, ace and environment. With
tall coconuts, the base is markedly swollen, whose 3
diameter may reach 1 meter but rarely exceeds 30 to 40 c=s

at man's height. The crown has some 20 opaned leaves

supporting fruit bunches at different stages.

]
The coconut industry is characterized by low productivity. o
This is due largely to poor quality planting materials, %i
aging palms, and the lack of thé'necessary cultural | -
requirements. The growing number of old unproductive trees -
reguires the launching of a massive replanting program :

utilizing high yielding prescocious hybrids.

Jp— . e ———
The Replanting Program

The coconut replanting program of the Philippines‘is a =
massive undertaking to replace unproductive trees with
hybrids. It will cover the whole coconut area at a pace of
60,000 hectares a year. At this rate, it will take about
40 years to complete the cycle, thus making the replanting

program a perpetual activity. At the end of the cycle the i
earliest replants may then be ready for replanting. It is uY
expected that much improved hybrids shall be developed as we

brogress in the implementation of this replanting programn.

Aside‘fgom the use of highly productive hybrids, the

replanting program will involve the adoption of the reguired
cultural practices and inputs. The mechanics and the :
Criteria in determining priority areas will be set up, to 2

be supplemented with the experiences to be gained in the

ﬁh'a¢§

pilot replanting project being undertaken. The replanting
proper commences in 1920, with 1,700 hectares to be replanted,
gradually increasing to 60,000 hectares annually beginning

1985. Land preparation which include clear cutting of old

wﬁi:



ORIGIN OF RISK COEFFICIENTS
I. BEIR-T '
A. Cancer (Tables 3-3 and 3-4)
BEIR-I Derived |
Cancer Deaths/year in U.S. Cancer Deaths/106 person rem

from 0.1 rem/year
{pop=197,863,000)

Absolute Relative Absolute Relative

Leukemia 515 738 . 26 37
Other Cancers
30 year elevated risk 1,210 2,436 61 123
lifetime elevated risk 1,485 8,340 75 421
Range 1,726-2,001 3,174-9,078 87-101  160-458

B. Birth Defects (page 2)

5 rem/30 years —® 100-1800 cases of dominant diseases and
defects per year (3.6 million births/
year)=0.05% incidence per year
(5 X this at equilibrium)

In addition--a few chromosomal defects
and recessive diseases and a few
congenital defects due to single gene
defects and chromosome aberrations

Total incidence is 100 to 27,000/year
at equilibrium=0.75% at equilibrium
or 0.1% in the first generation

Overall i11 health: 5% - 50% of i1l
health is proportional to mutation
rate

Using 20% and doubling dose of 20 rem,
5 rem per generation—»5% increase
in i11 health

5%/5 rem in 30 years at equilibrium
or 1%/5 rem in first generation = 0.2%/rem - 30 year dose



IT1.

BEIR-1II
A. Cancer (Table V-4)

Lifetime Risk of Cancer Death

(deaths/]Os/rad)
Single exposure to Continuous Exposure
10 rad to 1 rad/yr
Model Absolute Relative Absolute Rejative
L-Q, LQ-L 77 226 67 ‘182
L-L, C-L 167 501 158 430
Q-L, Q-L 10 28 ———- -———

B. Birth Defects--pages 166-162

(mean parental age =

1 rem per generation (

30 years)

1 rem parental exposure) per 106 Tive

offspring —¥ 5 to 75 birth defects,
--0.0075%--First generation

Spontaneous rate is 10.7%, thus 1 rem will in
from 10.7% to 10.7005--10.7075%

. 0005

10.7 - 0.000047 = 0.0047%

.0075 _

0.7 0.0007 .=

0.07%

this is 0.0005

crease the rate
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Island Average

pCi/g 0-5 cm

Isiand Code Island Name Sx
*

Bl Nam 10 (2§‘
B2 Iroij e _,;gzit)'*(a)
B3 odrik - . 3 AN 8 @?UJE)
B4 ~Lomilik., ¥ \ c0 9 (16)
BS c *_‘Aoﬂéng-ﬁﬁgD )
B6 [ e (13)
B10O Vﬁﬁﬁ n Rogkere 17 (3)
Bl2 09‘ ' 2 (4)
B13 Aerokojlol 0.74 (13)
B15 Lele 2.8 (4)
B16 Enemon 17 (6)
Bl7 Enidrik 11 (32)
B18 LukJ) 116 (3)
Bl19 Jelete 179 (2)

Bikini Atoll Average 47

Q.
239+240,

241

Am
60 (25) 20 (32)
8.3 (1) : 7 (9)
8.5 (1) 3.3 (5)
17 (16) 4.9 (16)
4.6: (9) 3.2 (9)
12.8 (13) 8.2 (13)
4.1  (3) 2.9 (3)
0.37 (4) 0.22 (4)
1.4 (13) 7 0.35 (13)
1.2 (4) ' 0.19 (4)
10 (5) T 1.5 (6)
6.1 (31) 1.3 (32)
20 (3) 4.5 (3)
13 (2) 4.7 (2)
12 4.4 -

* Numbers in parenthesis are the number of samples analyzed for each island.

t » 75
I, J,-?y
A

2 /5 -2Y

”"
I [

-1 s
-9 peos

"

A

IA



