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ABSTRACT
Three body burden measurements of the Bikini Island population
were conducted from 1974 to 1978 at Bikini Island. During this time,

the mean 137

Cs body burdep 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

137

population mean Cs 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. government 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.

ThHe radioactive cloud from this test moved eastward depositiﬁg
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 3apanese fishing boat Fukurju - Maru (Lucky
Dragon)iwith 23 fisherman aboard was also contaminated (CO 75).

The exposure of individuals to radioactive 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 respounsible 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 performed4by S. Cohn et al. (CO

63, CO 75).



In recent years (1974 to present), the medical services pro-
vided by R. A. Conard and the Brookhaven Hedicai 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). In August 1977, the responsibility for
providing body burden measurements was transferred from the Medical
Division to the Safety and Environmental Protection Di&ision at
Brookhaven National Laboratpory. 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 of Marshallese reside there; and
the population has risen 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 va& 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 in the Marshallese. 1In,
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 pef-
formed by two different organizations, 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 célibrated in the same manner
(CO 63). Third, the operational procédures 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 em thick, sodium iodide thallium
activated scintillation crystal Nal(Tl). 1t 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 connected 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 reduction,
minimization of the sum of squares technique (TS 76).

B. Calibration

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

To accomplish this, a review of the previous whole body
counting data (CO 75, CO 77) indicated the neeg to calibrate for 4OK,
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 radioac-
tive material located pfincipally in the thorax, so positioning of
the phantom and the in vivo counting subjects must be as similar as
possible. To facilitate reproducible counting geometries, each

subject and the standard phantom was positioned such that the central



axis of the crystal intersected the central axis of the body about 25
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, 60 137

Co and Cs are listed in Table 1 as are typ-
ical minimum dete;tion limits for these nuclides.
c. 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 #5% for all radionuclides. Other
quality control mechanisms employed were repetitive counting of
secondary point sourxce 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 13703 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 137Cs + 60Co point source,
was used for zero and gain determination.

Table 2 lists the results of Brookhaven persomnel counted in
the field and at the Brookhaven Medical Department Whole 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) 137Gs, 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 fieid 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

13765 result (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
"122 yearly decrease in the Rongelap population.
RESULTS

Tables 3 and a‘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 thaq 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 137¢s 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 phanfom. This will have a minimal effect on adult
data (10-15Z possible error) (MI 76). Body burdens of the children
reported in Tables 5, 6 and 7 have been corrected for geometric dif-

ferences between adult standard man and the average Marshallese

child.

13706 data that is presently available.

Table 7 summarizes the
It presents the mean (X), standard deviation from the mean (0), and
range of values reported for the sampled population. The data are
segregated by sex and age.

137

Table 8 compares the observed reductidn in Cs body burdens

from April 1978 to January 1979 with the reduction in 13703 body bur-
den that was expected as a result of relocating the Bikini Population
in late August 1978. ﬁalues 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 various components in the Bikini
diet did not adequately describe the dietary patterns that existed be-
tween 1974 and 1978. As certain local food crops, coconuts, 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—i
centrate make from jekaru) and waini (dripking coconuts).” The matura-
tion time of the coconugz/free 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 137

Cs body burden from April
25, 1978 to January 24, 1979 with the expected reduction in ﬁhe 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 data inlicaktes that {he,137cg bo&y Yudeus dil not
increase between April and September 1978, =" °~ .. . s et
the body burdens would not have increased when new dietary items like

pandanus and breadfruit became available for daily comnsumption.

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 inrthe
adult male 13703 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
equilibfium or near equilibrium had been reached for the population

137

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

mean value.



Finally, the data clearly illustrates that at least 19% of the
Bikini residents would have received a dose eﬁuivalent in excess of

5m Sv (0.5 rem) due to the ingestion of 13706 had the April 1978

137

activity ingestion rate of Cs continued. This dose equivalent

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

13703 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 MDﬁ Time
1374 662 eV 8.7 x 107> 37 Bq (L nCi) 900 sec
0o 1173 & 1334 RV 6.7 x 107> 37 Bq (1L nCi) 900 sec
40g 1460 KeV 7.0 x 10> 222 Bq (6 nCi) 900 sec

12
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I1.D.# Date

O NN NS EPFLWWNNN e -

2.

3.

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

4/25/18

4/77
4/24/78

MDL for

137

T

able 2

Bikini 1978 QC Data of Non-Bikinians

Location

Potassium grams 137¢s Nei Bq

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 (3)
Bikini~S&EP

Rongelap-Medical (3)
Bikini-S&EP

Cs = 3(cts)1/2

141
122
113
151
152
151
131
118
150
122
111
111
106
105
112

= 0.7
900x370x8.6x10 >

t 10% moL(1) mpL (1)
t.lo% MDL MDL
+NA(2) 2,00 £+ NA 74.0 £ NA
+ 102 MDL . MDL

t 147 MDL MDL

+ NA 2.1 tNA 78 &

+ 127 2.0 £ 507 74.0 ¢ soz
+ NA 4,9+ NA 181 + NA

+ NA 3.0 £+ NA  111.0 :t NA
+ 102 MDL MDL

+ NA 1.9t NA 70 £ NA

+ NA 1.1+ NA 41 * NA

£ 10% MDL MDL

+ NA 371 £+ NA 14000 % NA
+ 117 291 £ 52 11000 & 5%

nCi or 26 Bq, S&EP Field System

NA ~ Results reported without counting error

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

13
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Bikini WBC Results 1974 and 1979, Adult Male Population

Table 3

1974} 19772 1978 1979
Weight
Med- in Years Potas~ Potas- Potas- Potas-
ical Kilo- on sium 13703 sium 137(:; sium 6000 13705 sium 60 13703
m grams Age Bikini grams WGi kBq .grams WCi kBq grams nCi Bq MnCi kBq grams nCi Bq uCi kBq
80 61 69 0.75 - - - - - 97.6 1.42 53 1.14 42 - - - -
6006 63 37 0.75 - - - - - 4l 2.39 88 1,47 54 - - - - -
863 67 27 4 - - - 146 0.729 27 156 4.93 180 2,34 87 179 2.5 93 1.1 41
6070 85 28 10 170 0.093 3.4 167 1.51 56 152 8.17 300 3.92 150 137 3.0 111 1.6 59
6004 95 28 0.25 ~ - - - - - 167 1.88 70 1.33 49 - - - - -
6033 79 27 6 148 0.095 3.5 136 1.52 56 132 8.65 320 3,84 140 - - - - -
6018 89 34 6 198 0.22 8.2 - - - 180 14.3 530 5.88 220 - - - - -
6069 61 32 8- - - - - - - 132 4,01 150 1.17 43 - - - - -
6068 79 56 6 165 0.051 1.9 144 0.778 29 141 6.17 230 3.07 110 - - - - -
6067 74 56 7 - - - - - 151 5.9 220 2.99 110 137 2.4 89 1.0 37
6066 94 32 3 - - - - - - 168 2.04 75 0.820 30 171 1.2 44 0.48 18
6017 80 49 8 - - - - - - 153 13.9 510 5.72 210 - - - - -
6019 60 48 S - - - 119 0.791 29 107 3.95 150 1.03 a8 135 2.9 107 0.39 14
6001 85 66 7 143 0.078 2.9 - - - 126 3.33 120 1.73 64 132 1.9 70 0.77 28
6073 85 24 7 - - - 132 0.775 29 127 4.19 160 2.18 80 - - - - -
6005 70 58 1.5 - - - - - - 133 3.40 130 2.08 77 - - - - -
6008 S5 32 4 - - - 153 1.99. 7% 125 5.00 190 1.94 72 148 3.2 118 1.3 48
6086 78 46 8 170 0.17 - 6.2 149 2,14 79 151 7.92 290 3.51 130 179 2,8 104 0.86 32
6071 78 32 0.75 - - - - - - 136 2.26 84 1.72 64 136 1.2 44 0.93 34
6076 69 a9 3 - - - - - - 163 6.64 250 3,44 130 m 2.9 107 2.4 89
6072 55 20 0.67 - - - - - - 128 2,96 110 1.75 65 - - - - -
813 58 23 4 - - - 143 0.995 37 138 3.65 140 1.69 62 154 1.8 67 0.61 23
6118 S5 22 (3 126 0.7 2.9 - - - 108 1.92 71 0.631 23 144 1.6 59 0.75
6126 55 35 2 - - - 149 2.21 82 137 7.79 290 3.30 120 - - - - -
6003 77 22 8 168 0.076 2.8 161 0.923 34 139 5.60 210 2.44 90 - - - - -
6117 80 22 6 - - - 169 1.15 43 148 6.09 230 2.68 99 172 2,9 107 0.90 33
6128 52 3t 7 - - 149 1.29 48 119 4,79 180 1.85 69 155 2.7 100 0.92 34
6125 64 35 9 159 0.10 3.8 150 1.54 57 144 5.65 210 2.52 93 - - - -
6007 82 35 0.58 - - - - - - 127 2.58 95 1.49 55 144 0.67 25 0.32 12
6130 69 29 0.42 - - - - - - 143 2,20 81 1.46 54 156 1.5 56 1.5 56
54 17 7 - - - 138 0.641 26 124 4,58 170 2,13 79 - - L - - -

6119
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Table 3 (cont'd)

c 75

o 77

550

1974 1977 1978 1979
Height
Med- in Potas- Potas~ Potas~- Potas~-
ical Kilo- eium 137 sium 137 sium 6000 137 sium
I grams Age Bikini grams pci grams  WCi grams nCi Bq uci kBq grams kBq
864 90 51 7 163 0.29 133 3.23 136 5.99 220 3.05 110 - -
966 15 56 7 - - 162 2.22 176 14.8 550 5.71 210 - -
6135 81 35 1 - - - - - 142 3.30 120 2.12 78 - -
6096 66 48 3 - - - 145 1.93 146 4,32 160 1.91 71 146 48
‘6002 66 65 2 - - - 130 1.04 116 2.21 82 1.26 46 - -
% 72 38 161 0.13 4 146 1.43 139 5.25 190 2.42 90 153 37
o 12 14 19 0.077 . 2 13.0 0.687 18.6 3.39 130 1.32 49 16 - 19
Range 52-95 17-69 126 0.051 1 119 0.641 97.6" 1.42 53 0.631 23 132 12
198 0.29 1 169 3.23 180 14.8 5.88 220 179 89
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Table &
Bikini Female Adult WBC Results 1974 through 1979
1974} 19772 1978 1979
Weight
in Years Potas~ «as Potas- PN Potas- L e Potas
Kilo- on sium ey sium l'”Cs sium 6060 13703 sium
grams  Bikini  Age grams  uCi kBq grams  uCi kBq grams nCi Bq uci kBa gram
83 0.78 28 - - - - - - 95 1.79 66 1.15 43 -
90 1 35 - - - - - - 9% 2,18 81 1.76 65 9
S4 - 075 32 - - - - - - 79 1.40 52 0.818 30 102
84 0.5 32 - - - - - - 100 2.11 78 1.31 49 107
73 10 70 94 0.033 1.2 - - - 86 3.20 120 1.34 49 93
77 4 50 - - - 107 1.53 57 99 3.81 140 1.41 52. 126
45 1 i9 - - - - - - 80 -1.33 49  0.861 32 -
49 4 24 - - - 89.6 0.799 30 81 3.16 120 1.52 56 - - - -
53 3 32 - - - 96.4 1.88 70 100 5.4 200 3.07 ii0 94 83 0.77 28
53 0.58 54 - - - - - - 71 127 47  0.957 35 - - - -
86 & 2% 9% 0.029 - | 28,0 0.708 26 23 2,48 92 0.729 27 114 59 0.53 28
66 5 18 106 0,077 2.9 88.8 0.690 26 92 4.63 170 2,08 77 - - - -
sS4 4 ] - - - 91.7 0.534 20 91 2.3 86 1.03 as 107 41 0,30 11
52 4 19 - - - 101 0.734 27 93 2.39 88 1.06 39 96 48 0,36 13
53 4 19 86 0.036 1.3 88.9 0.468 17 90 2.15 80 1.27 47 95 17 021 11
50 4 15 - - - 110 0.621 23 88 1.49 55  0.411 15 106 :53 20 0.060 2
85 1.75 43 - - - 9.3 0.833 k) | 100 3.81 140 2.10 78 - ‘ - - -
60 3 16 - - - 91.4 0.706 26 93 2.38 88 .891 33 66 1: &4  0.47 17
55 2 22 - - - - - - 81 2.00 77 1.39 51 105 0.86 31 0.18 T 6.
56 0.3 27 - - - - - - 73 1.54 57 1.53 57 - - - - -
n” 8 32 11 o.11 4.0 - - - 9% 3.98 150 1.50 56 - = - - -
78 0.75 37 - - - - - - 106 2.96 110 2.36 87 - - - - -
60 7 30 - - - - - - 83 2.5 9 0.907 3 7% 1.6 59 0.42 i6
65 6 32 - - - - - - 81 3,62 130 2.22 82 - - - - -
50 S 19 - - - 95.9 0.545 20 88 2,25 83 1.44 53 - - - - -
74 6 43 - - - 98.8 2.23 83 110 10.8 400 5.48 200 - - - - -
54 4 21 - - - 96.8 0.840 31 79 2,53 9% 1,44 53 - - - - -
77 6 20 - - - ii3 0.573 Zi i06 4.9 180 .78 100 100 2.3 85 0.65 24
56 7 43 95 0.058 2.2 85.9 1.15 43 80 4.16 150 2,28 84 84 1.8 67 0.48 18
76 7 46 102 0.12 4.3 93.7 ©.%%5 37 92 6.92 260 3,89 150 - = - - -
54 7 45 59 0.018 0.67 89.4 0.558 21 78 1.70 63 1,31 49 - - - - -
62 2 22 - - - - - - 81 .42 130 1.40 50 - - - - -
65 31 93 0.059 2.2 96.1 0.911 34 89 3,15 120 1.68 62 98 1.4 0.44 16
132 13 - 16 0.037 1.4 7.6 0.492 18 9.9 1.92 7n 1.0 37 15 0.59 0.24 8.
45-90 16-70 59 0.018 0.67 85.9 0.468 17 n 1.27 47  0.411 15 66 0.32 0. 06 2.
100 0.12 4.3 113 2.23 83 110 10.8 400 5.48 200 126 2.5 0.98 36
co 75

.
~
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Bikini 1978 and 1979 WBC Results of Children AGES 5 - 10

Table S

1978 1979
Medical Weight Years on AGE Potassium 60¢o 137¢,4 Potassium 60co 137¢,

1)) kilograms Bikini Grams nCi Bq uci kBq grams nCi Bq Hei kBq
Males
6009 20 4 6 35.6 0.98 36 1.26 47 - - - -
6049 23 2 8 46.9 2.7 99 1.71, 63 - - - - -
6042 23 0.25 7 43.1 1.0 38 1.07 39 - - - - -
6014 20 1.34 5 41.1 1.7 64 1.50 56 - - - - -
6012 24 7 7 40.5 1.7 63 1.27 47 - - - - -
6023 28 4 8 51.6 1.7 63 1.28 47 43 0.91 k] 0.16 5.9
6016 27 7 10 53.2 2.5 93 1.43 . 53 - - - - -
6013 18 2 5 32.6 1.3 50 1.00 37
X 23 7 43.1 1.7 63 1.3 49
g 3.5 2 7.3 0.62 23 0.229 8.5
Range 18-28 5-10 32.6-53.2 0.98-2.7 36-99 1.00-1.71 37-63

Females
6094 k! 6 10 51.0 .3 86 2.02 75 - - - - -
6092 29 6 8 52.1 .8 100 2.25 83 - - - - -
6080 34 0.58 7 50.3 .35 13 0.543 20 - - - - -
6010 29 7 8 55.6 .8 67 1.41 52 50 0.49 18 0.17 6.3
6038 21 2 6 41.7 .3 47 1.00 37 - - - - -
6105 22 3 5 30.7 .2 43 0.967 36 65 - - 0.053 2.0
6103 - 3 9 47.9 o 53 1.40 52 - - - - -
6028 25 5 7 52.0 4 51 1.26 47 - - - - -
6030 34 3 10 54.1 .0 110 2,38 88 34 0.35 13 0.26 9.6
6027 22 3 6 .35.6 .6 210 1.16 43 58 0.42 16 0.042 1.6
6044 18 5 6 35.1 +h z40 1.15 43 - - - - -
6025 21 3 5 43.6 .97 36 1.03 38 45 0.59 22 0.13 4.8
6081 26 0.67 9 49.3 .57 21 1.02 38 - - - - -
6106 22 3 6 32.3 48 18 0.622 23 3 - - 0.077 2.9
% 26 7 45.1 .1 78 1.30 48 48 0.46 17 0.12 4.4
g 5.6 2 8.51 .8 68 0.558 21 12 0.10 3.7 0.080 3.0
Renge 18-34 5-10 32.3-55.6 0.35-6.4 13-240 0.543-2.38 20-B8 34 0.35 13 0.042 1.6
65 0.59 22 0.26 9.6
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Table 6

Bikini 1978 and 1979 WBC Results of Children AGES 11 - 15

1978 1979
Medical Weight Years on AGE Potassium 60¢, 137¢, Potassium 60co 137¢g
b o] kilograms Bikini Grams nCi Bq uci kBq grams nCi Bq uci kBq
Males
6132 33 2 12 58.0 3.45 130 1.85 68 - - - - -
6131 38 6 14 69.0 3.40 130 1.69 63 108 2.1 78 0.76 28
6011 40 6 1t 53.2 1.34 50 0.830 k) | 59 1.0 37 0.055 2.0
6127 32 7 13 53.3 2.17 80 0.732 27 95 2.0 74 0.21 7.8
6133 27 7 11 52.8 3.42 130 2.09 78 - - - - -
6015 29 1.42 11 56.5 1.18 44 1.28 47 37 0.5 19 0.071 2.6
% 33 12.0 57.2 2.50 92 1.41 52 75 1.4 52 0.27 10
o 5.0 1.3 6.2 1.07 40 0.557 21 33 0.78 29 0.33 12
Range 27-40 11-14 52.8-69 1.18-3.45 44-130 0 .732-2.09 27-78 37 0.5 19 0.055 2.0
108 2,1 78 0.76 28
Females
6129 48 4 13 69.0 1.32 49 . 764 28 13 1.2 44 0.27 10
6048 40 0.25 13 70.4 2.61 96 2.05 76 - - - - -
6091 43 6 13 68.6 2.20 82 1.17 43 103 1.4 52 0.15 5.6
b3 44 13 69.4 2,05 76 1,32 49 88 1.3 48 0.21 7.8
o 4.0 — 0.9 0.66 24 0.665 25 21 0.14 5.2 0,080 3.1
Range 40-48 13-13 68.6-70.4 1.32-2,61 49-96 .744-2.05 28-76 713 1.2 44 0.15 5.6
) 103 1.4 52 0.27 10
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Table 7

Sumary of 13703 Body Burdens for Bikini Inhabitants, 1974 to 1979
Range of Mean Range of Mean Range of Mean Range of Mean
Number 13cs 137¢q Rumber 137¢cg 137¢, Number Cs 137¢, Number Dice 137¢q
Counted Results Result Cpunted Results Result Counted Results Result Counted Results Result
Population  1974(5) 1974(5) 1974(5) 1977(5) 1972(5) 1977(5) 1978 1978 1978 1979 1979 1979
Adult Male 18 1.6 kBq 4.7 kBq 22 21 kBq 48 kBq 36(” 23 kBq 90 kBq 17 12 kBq 37 kBq
(0.043uci) (0.13uci) (0.57uct) tt.3uci) . (0.63rci) 2.4uci) (0o.32uci) (1.0uci)
to + to S to t to t
15 kBq 3.4 kBq 120 kBq 27 kBq 220 kBq 49 kBq 89 kBq 19 kBq
(0.40p ci) (0.0093 uci) (3.2uci) (0.73uct) (5.9uci) 1.3uci) (2.44cCi) (o.51uci)
Adult Female 13 0.67 kBq 2.7 kBq 20 20 kBq 34 kBq 32 15 kBq 62 kBq 16 2.2 kBq 16 kBq
(0.018uci) (0.073pci) (0.53nci) (0.93uci) (0.41uci) (1.7uci) (0.060u ci) (0.44¥ci)
to k1 to E to % to t
9.3 kBq 2.3 kBq 83 kBq 17 kxBq 200 kBq 37 «Bq 36 kBq 8.9 kBq
(0.25u ci) (0.063 pci) (2.2uci) (0.471nc¢i) (5.5uci) (1.omnci) (0.98uci) (0.24Y1)
Male Children 0 N ND 3 24 kBq 30 kBq 6(2) 27 kBq 53 kBq [ 2.0 kBq 10 kBq
11-15 yrs (0.65uct) (0.821ci) (0.73uci) (l.4avci) (o.055uci) (o0.27Mci)
to t to t to *
39 kBq 7.6 kBq 77 kBq 21 kBq 28 kBq 12 kBq
(1.0uci) (0.21 uci) (2.1uci) (o0.56uci) (0.76 M i) (0.33K1ci)
Female Children 0 ND ND 3 20 kBq 25 kBq 3 28 kBq 46 kBq 2 5.6 kBq 7.8 kBq
11-15 yrs (0.56 uci) (0.68uci) (0.76uci) (1.3mci) (0.15 ¥ ci) (0.21¥ci)
to E to t to t
35 kBbq 8.5 kBq 76 kBq 25 kBq 10 kBq 3.1 kBq
(0.94 uci) (0.23uci) (2.1uci) (o0.66HcCi) (0.27uci) (0.080 KHCi)
Male Children ©0 WD D ) N W 8 37 upq 50 kBq 1 5.9 ksq 5.9 kBq
5-10 yrs (1.ouci) (l.Jtllci) (0.16 1ci) (0.16 i)
to
64 kBq 7.6 kBq
(1.7uci) (0.21 nci)
Female Children O ND ND 0 ND ND 14 20 kBq 47 kBq 6 1.6 kBq 4.4 kBq
5-10 yrs (54 nci) (1.3uci) (0.042Hci) (0.12Mci)
to E to z
92 kBq 21 kBq 9.6 kBq 3.0 kBq
(2.4 pci) (0.56 pci) (0.26 uci) (0.080 ycCi)
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Table 7 (Cont'd)

Range of Mean Range of Mean Renge of Mean Range of Mean
Number 13;00 137¢q Number 13§cs 137¢, Number 13’00 137¢cq Number Cs 137¢,
Counted Results Result Counted Results Result Counted Results Result Counted Results Result
Population 1974(5) 1974(5) 1974(5) 1977(5) 1977(5) 1977(5) 1978 1978 1978 1979 1979 1979
All Adults 21 0.67 kBq 3.9 kBq 42 20 kBq 42 kBq 68 15 kBq 77 kBq 33 2.2 kBq 27 kBq
(0.018 uci) (0.11 uci) (0.53 uci) (1.1 uci) (0.41 wci) (2.1 vci) (0.060 Hci) (0.73 Mci)
to £ to % to kS to L '
15 kBq 3.1 kBq 120 kBq _24 kBq 220 kBq 46 kBq 89 kBq 18 kBq
(0.40 uci)  €0.085 uci) (3.2 pci) (0.64 pci) (5.9 uci) (1.2 uci) (2.4 vci) (0.49 uci)
All Children 0 ND ND 6 20 kBq 28 kBq 3 20 kBq 50 kBq 13 1.6 kBq 8.3 kBq
(0.56 uci) (0.75 uci) €0.54 uci) (1.4 uci) (0.042 wci) (0.22 uci)
to E 4 to t to k4
39 kBq 7.8 kBq 92 kBq 18 kBq 28 kBq 7.8 kBq
(1.0 uci) (0.21 uci) (2.3 uci) (0.49 uci) (0.76 wci)  (0.21 Mci)
Total Average 21 0.67 kBq 3.9 kBq 48 20 kBq 40 kBq 99 15 kBq 68 kBg 46 1.6 kBq 22 kBq
(0.018 uci) (0.11 uci) (0.53 uci) (1.1 uci) (0.41 vci) (1.8 Hci) (0.042 Mci) (0,59 MCi)
to E : to - to i to t
15 kBq 3.1 kBq 120 kBq 22 kBq 220 kBq 38 kBq 89 kBq 18 kkBq
(0.40 uci) (0.085 nci) (3.2 uci) (0.61 uci) (5.9 wci) (1.0 wuci) (2.4 uci) (0.49 uci)
. »

ND -~ No Data available for the

specific colum,

(1) One adult, counted at Bikini, was a visitor from Rongelep Atoll. He remained on ship with our staff while at Bikini and returned at Ebeye with

us. His body count was no

(2) One male child in this age group was counted twice to determine what effect showering prior to the body count had on the final result.

t used in this table,

result was used for this individual since both results were similar.

(3) ‘A six month old child's data has not been included in this table and category due to the difference in geometry between a baby and our calibration

phantom.

(4) The 1978 mean value for all individual count includes the 5~10 year age group vhile the 1977 mean value has no representation in this sample
section and the 1974 mean value has no child representation.

(5) The 1974 (€O 75) and 1977

137

Cs body burden data were obtained from S. Cohn, Brookhaven National Laboratory, Medical Department.

Only one



Table 8

Can@arison of Observed
Versus Expected Reduction Factors

' . # of Mean Reduction

Description Persons Factor
Expected Reduction Factor for Adult Males(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 Bikiﬁi Females 16 3.8
Expected Reduction Factor for Children Ages 5-14(2) NA 5.9
Observed Reduction Facﬁor for Children Ages 5-14 12 12.

NA = Data Not Available

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

(2) Effective half time obtained from NCRP Report 52 (NCRP 77).

21
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. The
’ " document is undated, but the presenc= of data from 1975ﬁfﬁgi~aues that
it must have been prepared in the period of 1977 to 1979 when w2
received it. It was noted that there are apparent inconsistencie
several of the different tzbles. For example, Table III-1 zives
for the Marshall Islands for the period 1955-1975 and Table III-
data for the infant mortality rate for 1976. 1In Table III-1, %
death rate per 1000 births for 1970 through 1975 is given as 28.
25.4, 86,4, 21.1 and 37.0. However, Table III-5 indicaites the infar
mortality rate to be only 17.04. We hagwe used the data of Table III—?
in the following estimates, because it is more complete and it proviiss
a self-consistent set of data. However, in view of the discrepnnc;es, .
the results can only be considered as approximations. In—my—riew pqﬂs ):nﬂf%
makes little real d%ff6281 1n view of the uncertainties in the risk
estimeting coefficishis, ™ TH&te is also a bias built into the dats
because of the inclusion of Zhye and Majaro in the overall Marshall
Island rates. This arises from the different death rates (particulzarly
infants) at’ these two locations. b ot g Aoyt VSN A Doy -
//)&\u« MQ} T 4(’,(_‘,4,. CChta, e 7 Bl ‘-‘, m(,;, ,yctﬂm Phien frtrne, be pbyre 0
; 4 i 2 idr r/a—f_'w«lw‘ﬂw/”

[e N7

Ut yrres .-/'

o o Laney

For the estimates we—ssad the last 5 or § year vavefzgs o1 thallzlz .
,/1.4’(-(4(// ba
/,cah Han tre as—eeé%% most representative of current conditions. From this, =ke z/ ~4PN..:J\

obtained:

\

A

/éd,' ‘/Q‘ - "f u;‘
Rate of increass o., the populatlon,f 3. 8 /yr.
" Infant death rau-ln 3.2% per birth.
Overall death rats 4« 0.54% per year.
Birth rate 4 4.2% per year.
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& population of 550 was assunsd ito=be=the one that wey move back 29- ’

<islemd- Values for other initial populations may—be/obtainad by
of the results. At

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

P30 = 550 (1+0-038)30 = 1684 -
The number of births in 30 years are given by:

30

P

0.0&2x550.}/ (1.0383% dx

0

B

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

+

0.042%550

] 30_.5 .
B = 71,038 [1.038°7~11 = 1277

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

1

39
Deaths = 0.0054x550 (1.038)% dx
0
) _ 0.0054x550 30 ...
Deaths = Tir—22222~ [7.0387-1] = 164

One other kgzé?aeeded is the reduction in 30 y=z2r dose to those
born after the return because of the decrease in radiztion levels and
the smaller amount of time in the 30 year period that is spent on the
island. For this, the total population dose for thoss born after
yea



30
c-kx
1] ¢
0

P = 550 D (1.038%) dx -

A is the h=lf-life of decrease of the radition dose, takan here as 30
years. R

igé&f;;; integral cznnot 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

' 550 ( -t

P 1-e Y = 11,902 rads

For those born after the return, the population would be the
difference between the total population in 30 yéars, the number of
deaths and the original 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 thess two to give an
estimate of the fractlon 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 simplieity and the lack of good death rate data.

wit :

Falso egok-a_b;46£—keek'at th° age characteristics of the
Marshallese from Table IV-3 and éhe U.S. population in 1970._ This
comparison is given in the attached curve. -A8-—you-oen-see the slopes
are similar above age 35 but the magnitudes are distorted by the high
birth rate in the Marshall Islands., However, in terms of the *elatwvij Eon

s o P P /hmﬁu

risk the similar slopes meah.fo. me.that if the twe naztural cancer réfbs.(

are similar, the relative risk for people above 35 in both populations

would be similar because most of the cancer occurs at age$sabout 40 and

above, Howsver, 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 peopls who

have a relatively low natural cancer incidence.



8

18r

e =

¥
|

I
1

\.
a6 _c
|

S SN /s 7 . :
et ecn?” ofe v palytion 1 S yr Age Fratp
0q 1 '

e e v

a\

.,..-.-.r-...-—.-—-.-n.-.-.-.-,.' [P

N

|

e e em——————t——ater i @ e

CeMPARISON OF AGS CHARACTERISTICS

P

CF Mz"rp..s FriiZs5 0D 1470 LS.
S0 PULA,T_{M/: o e

————marshilese L

L 8F e

- b .
—_——- .S Pl
.. . . - « 2
- . - M . A '1 RS
- .- o i
Yoo o, . :
RN SO T S
e
Tt -
- .
. - .
L4 .
. .
<
A}
.
\
-
-

FePulilien dbzve 18

B g R
4. ¢ 0 ¢,

e = =

-
) -
-
-
(&
o
J
~

o




e
o

550 | caledlin o ammde fo Hho gt

/

P prthni $50 Lferprety)l

Deaths in 30 years = 164 ~160
Births in 30 years = 1277 =~ 1300

Froa poedete X [ LA b W,umwa/r L) L

T 186 x '
: 220 . 41.7 = 40
Deaths im 30 years 550 140 X =

:

Births in 30 years éi? '1'}6 , X = 325. = 300

/f,»/l A ﬂ/m{»’é\ ;Z >335 ‘

b 164

Deaths in 30 years, z2p = ?—% , 70.07 = 70

>
]

Births in 30 years, TEg =735 o X = 545.62 =~ 550

fﬁ A Population of 350

"o,

Deaths in 30 years, g5 = o%5 » X = 104.36 ~ 100

Births in 30 years, 350 =355 0 X = 812.63 = 800

At
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‘3z Cancer (Tables 3-3 and 3-4)

Derived
Cancer Deaths/year in U.S. 6 person rem
~ from 0.1 rem/year Cancer Deaths/10° P o
(pop-197 863,000) T
Absolute Re]ative Absolute Relative
Leukemia 515 738 . 26 37
"Other Cancers
30 year elevated risk 1,210 2,436 61 123
Tifetime elevated risk- 1,485 8,340 75 A

87-101  160-458

Range 1,726-2,001 3,1 74-9,078
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In additionwa few chromosomal defects
and recessive diseases and a few e

congenital defects due to single gene
defects and chromosome aberrations

74« Total incidanch,is 100 to 27,000/year, 74
at equilibrium ibrion A
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X Cancer (Table V-4)

’ Lifetime Risk of Cancer Death

(deaths/los/rad)
~ Single exposure to Continuous Exposure

r 10 rad . to 1 rad/yr

Mode1l Absolute Relative Absolute Relative
L-Q, LQ-L 77 226 67 182
L-L, LT 167 501 158 430
Q-L, Q- 10 28 - -

;ﬁ, Bfrth Defects--pages 166-160
(mean parental age = 30 years)
1 rem per generation (1 rem parental exposure} per 106 Tive
offspring — 5 to 75 birth defects, this is 0.90005
g --0.0075%--First generation e
Simae A Rl U (T oS
A Spontaneous rate”is,10.7%, sthere 1 rem will increase the rate
from 10:7% to 10.7005--10.7075% -
or L o Jtlbm s et B el oo 4ﬂﬁv:£é=_,bmbx/LA;?4“¢.~Zi Sews.

‘2. 0005 _ o AT
0.7 - 0.000047 = 0.0047/% GM—:(
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SN . | ESTIMATED RADIATION DOSES TO RESIDENTS OF '
S ENEU AND/OR BIKINI ISLANDS ASSUMING VARIOUS LIVING PATTERNS'E

;i:ﬁeiidence Years on/ Time on Time on Imported Food Maximum Annual 30 Year Do

se ’
¥ _Island Years off Eneu (%) Bikini (%) (50% of Diet) Dose (HIllirem}=* - (Willirem)G&d .
o T to Bone Marrow '
. Whole Bone
. X - . _Body Marrow
4 Bikin{ Pernanent 0 100 L No : 6200 : 44,000 47,000
3 Bikini Permanent 0 ‘100 Yas J3oo . 24,000 25,000
~ 2, Eneu S Permanent ‘100 0 No , 780 5,400 . 6,000
) Eneu ' - Permanent 100 -0 Yes . 350 2,800 3,000
¢ Eneu Permanent 90 10 Ho ' . 830 5,000 6,500
5 Enzu Permanent 90 10 Yes 440 3,200 3,400
o Eneu /1 : 100 0 No_ 540 2,800 3,100
-, Eneu ' N 100 0 Yes' 280 1,400 1,500
/0 Eneu . 1/1 : 50 10 Mo 590 3,000 3,300
g Eneu BN VA 90 10 Yas : 330 1,600 1,700
/[~  Eneu 1/2 100 0 to 540 1,900 . 2,100
11 Eneu 1/2 100 0 Yes | 280 9560 1,030
Iy - Engu 1/2 90 10 No 530 - 2,000 2,200
/3 Eneu 172 90 10 Yes 330 1,100 1,200
/¢ Eneu 1/3 ' 100. 0 Ho 540 1,500 1,700
. /5 Eneu 1/3 100 0 Yas 280 760 810
Eneu S V£ 90 10 Mo - 530 1,600 1,800
Eneu 1/3 50 10

Yos 330 860 920

9 Dosas are rounded off.

v Federat-Radiation-Counctl-exposure-limt t=1s~ 500~ H{remr-per-year-to the mexinun-ex posed~ind ividual
Rliiﬁzgzrical value given Is thrae times the averag .

¢ These values are best estimates based upon_the most complete inforMation avallable? Furthermore, these \are
average values based ugon averaged narameters. (e.g., soi}; concentration of radfdnudiides, food concentrations

-

4 . e /. P .
®** Faderal Radiztion Council expssure Vimit is an asvérage of 5{500 mi1lirém to 2 bgﬁﬁfq;iﬂh. /( e “\\g

of radionuclides, diet); any specific individual might receive radiation exposure higher or VYower than these
values depending upon islands vis{ted, amount of various foods consumed, etc. (Ho claim 1s made as tn



. Risk Estimates based on BFIR-IIIF

75

l)r‘ l:jﬂ: }143 t.‘f/w&a
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BASES FOR CALCULATION OF RISK ESTIMATES USED IN
"THE MEANING OF RADIATION AT BIKINI ATOLL"

L1 Assumgtions{&ﬂgb — (e

| 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 scientis;s including members of

the BEIR committees.

%

Yﬂﬁf&#']. Risk :coefficients from BEIR-I were used because BEIR-III
had not béen 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.

Q%j%% 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
spontanéous 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 fhe BEIR-I risk of 0.2% rem was based on both parents being
irradiated. Also because we believed the risk coefficient from BEIR-I
was already conservative based on comparisons with BEIR-III, 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 lived 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 1ive births from BEIR-III.

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

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



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

exposed to much lower limits of environmental carcinogens than people
living in the U.S. and because 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 than in the U.S. population.
We also suspected the average life span'was less than in the U.S. popu-
lation, which might tend 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 that the highest individual dose is more than twice the average but

less than three times.

II. Population Estimate (QN’S)"“"‘C@\W

P o S A A’

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 Islandsiiivé‘gear hea]th E]an prepared by the Trust Territories’
Department of Health Servic;;’Offize 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 rate per 1000 births for 1970 through 1975 is given as 28.3, 33.6,
25.4, 46.4, 21.] and 37.0. However, Table III-5 indicates the infant
mortality rate to be only 17.04. We used the data of Table III-1 in the

\‘v



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 arisés 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 death 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 population 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:

Pyg = 550 (1 + 0.038)30 = 1684



The number of births in 30 years are given by:

/30
B = 0.042 x 55?////;;.038)x dx
0

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

_ 0.042 x 550 30

B = 15 T1.038

[1.038°" - 1] = 1277

Similarly, the number of deaths in the 30 year period would be:
36

0.0054 x 550 | (1.038)* dx
0

it

Deaths

Deaths = $:0091.X 550 1y 03830 _ 17 = 164
One other datum needed is the reduction in 30 year dose to those born
after thé 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 this, the total population dose for those born after
returning assuming an initial dose rate of 1 rad/year is given by:

30
P = 550 D e (1.038%) dx
0

A is the half-1ife 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

é%L/55g !/ 1y

)‘// .ra’

B0 () gty —

p = 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 8949/1134 = 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 compared 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, in 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 moét 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, calculations

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



164 ~ 160

Deaths in 30 years

Births in 30 years 1277 ~ 1300

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

Deaths in 30 yeargx lg%-= T%ﬁ" x = 4l1.7 7 40
. . 1277 x
Births in 30 years = 3= 5, X = 325. ~~300
J\55O 140 =2
For a population of 235:
Deaths in 30 years, %g%—= §§§<, x =70.07 ~70
Births in 30 years, $60l = %o, x = 545.62 ~ 550

For a population of 350:

. 164 _ x . _
Deaths in 30 years, TEp " 35p 0 X T 104.36 —100

—
~IJ

E7 - X-, x = 812.63~ 800

|

Births in 30 years,

[S4)

o
I11. Risk Coeffigients ca N CAFS

i
Es =T

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.
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3

,; ;
,,-,'\—A:‘_ -

BEIR-1

—mm

3
l.

Cancer (Tables 3-3 and 3-4)
Derived

Cancer deaths/year in U.S. Cancer deaths/]O6 person rem

T .
from 0.1 rem/year Ve
(pop = 197,863,000)

Absolute Reljative Absolute Relative

Leukemia 516 738 26 37
Other Cancers

30 year 1210 2436 61 123

elevated risk

Tifetime 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 87/10

rem.

6 person rem and the maximum by 458/106 person

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

estimated cancer deaths.

™

2.

Génetic Effects (from Page 1 & 2 BEIR-I)

4.

@. Based on specific defects ?ﬁ

fffETFEB7§6"}ear reproducf?ﬁé generation would cause in the
€® 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.

q|



PN

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.
Tetotal Ancidencel arkauitlibrign is 1000tk 22000/ gare.

e The total incidence at equilibrium is 1100 to ZG(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 i11 health: 5% - 50% of i11 health is proportional to the

mé}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 111 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

{
i
\\

\-

first generation recognizing that it was probably very conservative.

B.BEIR-IIL
/,——n————!———v_‘\

Y. T Cancer z?%ble V-4)



Lifetime Risk of Cancer Death

(deaths/loﬁ/rad)
Single exposure to Continous Exposure
10 rad to 1 rad/yr
Model Absolute Relativg_. Absolute Relative
L-Q, T&E 5/ 226 67 182
L-L, T-C 167 501 158 430
Q-L, Q-L 10 28 S -

2. Birth Defects--pages 166-169 B
g//(méan parental age = 30 yea{s) :
e L/
¢ 1 rem per generation (1 rem parenEET”exposure) per 106 live offspring

o
5 to 75 birth defects, this is 0.0005--0.0075%--First

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 Qfggg§43f

0.000047 = 0.0047% increase and °°?g7§ = 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.

QH?HRISKS FOR 14 DIFFERENT LIVING CONDITIONS

1. Cancer Risks
ST

—— e

Table 3 sﬁfws the calculations for estimates of increased cancer risk

for 14 di;Frent 1iving conditions.

LS. ]



Jable-2—for=the-—relative-pisk-modelv—-The—tomest

2. Birth Defects,Risks.-
CRE =gl GOt ~_

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

B. RISK ESTIMATES BASED ON BEIR-III

Table 4 gives risk estimates based on BEIR-III risk coefficients. These
1S

were calculated for comparption purposes only and was not used in the

Bikini book. The highest estimates for cancer risk result from using

the Tinear relative risk model and are about the same as those given in

Table 2 for the relative risk model. The Towest estimates result 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@ﬂed, 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-III. If BEIR-III

risk factors for bith defects represent a more enlightened assessment
of this potential consequence of radiation exposure than the factor
taken from BEIR-I for overall health defects, then the estimates given

in the Bikini book may be conservative by a factor of three.

4
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~Ruben Zackhras, Acting President and Minister of Transportation and

Communications

~Kinja Andrike, Secretary, Education

vJerry Bennett, Department of Education
Carmen éig]er, Secretary, Internal Affairs
vAlfred Capelle, College of Micronesia Extension Services
Director and Staff, Marshallese Community Action Agency
Milliam Graham,~Ch1ef“of Curriculum Development
vDr. Isaacs, Medical Doctor, Health Services
Tony Johns, Clerk of the Cabinetv
+-Phillip Kabua, Acting Chief Secretary
“Marie Maddison, Chairwoman, Pub]fc 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
\//j%m 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 Islands
Billiet Edmohd.and ouise E. Wohl, Pacific Area Language Materials Development
Center, University of Hawaii
Marje Terpstra, University of Hawaii, former instructor in teacher training
at the C011ege of Micronesia at Ponape.
In the United States, during special work on Marshall Island information book-
lets, the following peop]é were consulted:
Alice Buck, Kwajalein, Marshall Islands

Long-time Marshall Islands resident and Marshallese translator

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

0



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
+"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

Chigf 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, Acting Director and 10 staff)

Retired

University of Hawaii, Energy Project

Professor of Anthropology, University of Hawaii
Pacific Language Materials Development Center
Pacific Language Materials Development Center.

14



8/13/80

Bill:
Bruce's secretary called this morning and gave me names of people you

should discuss with Alice:

Tom Kijiner - Minister of Education ?f1°“?

Kinje Andrike - Secretary of Education el 5 relaTre

W11]1am Graham - Chief, Programs and Development, Department of Education
Dr. Ezra,B1k]on - Secretary of Health

Carfén Bigler - Director of Public Affairs
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Bill--

Here is a list of people who are officials in the Marshallese
Government. They are in our files but I honestly don't know

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, Councilman

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
vt
J
P

o

\5)E\fi\
Casarett (George)
Conway (John)

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)
7son (B1

~B—Wachtiol (Bruce
JM-Weisgall
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June 10 -
e Determine what paragraphs are XxraX in final form

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

Procedure for AXxzaxxRayxxxMaisxanxamdx trans]at1on work on paragraphs requ1r1ng small

"‘“*-—-‘..H —

amount Of WOY‘k Wv&u fagm ‘A w“",:f? s ﬁ.rg~ s gont oo T /m_.ﬁ*"“'}
0~Ray~wi11~gﬁve—the~trans%ated‘mater1alAto “Martha.

¢ 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 versién (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?

7 f Mo 3
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PROCEDURES FOR SECRETARY

folders
Pick up material from outXXKa¥X of transi:=tors and scientists

Type material from translators and distribute

Type material from scientists and distribute

When a paragraph has been retyped draw a line through the previous draft
Insert retyped paragraphs into file

Mark on chart when

4%



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

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

Put your initials onh 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.

a4



"PROCEDURES FOR WORK ON BIKINIZBOOK

Each person will receive a looseleaf notebook for stor1ng material with numbers up to 62
F hlrn sl Y2 34 it o B Lo - A Rz o LT

RMXBAA XK e EACR sl A farcom e 25

HEHBXIK

R

Ray Baalman

Bill Bair \3(

el X KAM XA XK

Alice Buck

Jack Healy

Meleran Jelke

Keorong Sam

Martha Stifter

1. UWhen you are given a new piece of material please initial and put in your looseleaf
notebook ‘urider appropriate number.

Nk



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

A11 €inat 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 latest 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.

When a paragraph has been finalized, mark it with a gold star.
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Jonan radiation ec elaptata bwelen juon armij

emaron boke iumin juonyio .. ... ... ... e Mmoo e e e e e e e e millirem
Proe aangest atneant ol 12 Satid e parsain mugtd teo ive -
At oyt .
Jonan radialion eo iolap {average) bwelen juon armij -
emarof boke iumin 30 yio:
||oao|ebenenbmnmn(whotebody)....'......... LT, miflem
ilo nonnonmej iloan dri (bone marrow) - . - - ... . ... milrem] L e e s e e e e e millicem
Averafe ambn T o e on 2 S on g ! gee e of gt 3 yveeae
Jonan 18nlok in cancer ko bwelen remaroit 0 0
walok floyiokein30iman .. ... ................ % %
The i os ome 080 er 0t Lyl arltor,
R

Melelen, bwe elane enaj wor 73 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijeliokin cancer

ko rej walok jen radiatron eo ef walok jen atomic bomb.
emaron bar kobatok *  ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen alomic bomb.

Toos s, bt igre angdd e &3 people e aghmn

neat <0) st atty £oancer gthet than tnot Caed Ly tala

Tty o 11 Vattae Broemb e Mere ST De A g i At

Melelen, bwe elane enaj wor & 3 arml‘; remij ilo
{IO kein 30 iman jen jabrewot cancer ijellokin cancer
o rej walok jen radialion eo e walok jen atomic bomb,
emaroh bar kobatok ro rej mij jen cancer ko rej walok .
jen radiation eo ej walok jen afomic bomb. v
Ity means (et d there woutd b F 2 acople die within the
neal 30 years from any cencet other than that caused by rada-
wan eft Bom alosnc bumbs, thete might be an additional who die
oy cancer that 18 caused by tadiation tet! from atomic bombs

fn s e 1 g e Iy pardiat e 88 b nh
L)
: i !
Jonan Jonfok in ajiri ro bwelen remaroii lotaktok 5 0
kmnamnmumutamwelloynokem30|man ....... 7 %

Tre, ot et At e et T

A ..::,, ot e,

Melelen, bwe elane enaj wor 550 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ¢ej walok jen atomic bomb ito yio
kein 30 iman, emaron bar kobatok ajiri rej lotaktok
kin naniamij in utamwe walok jen raciation eo ej walok jen
atomic bomb.

Doy e s bt ttete were 550 Bicdren b atn tegith
JeleCls oo Lt Bant any raue Giter Cradeat O el g
Al Lot AdR e et 3 yeats, Mg B e ot
asthiatos 0 Stren b0en wath defests Caanted By fa figton et
Hom 2t 1t

Selelen, bwe elane enaj wor S50 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo e| walok jen atormc bomb ilo yio
kein 30 iman, emarofi bar kobatok *  ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

Thus moans (hat o there wete S0 cintdren harn with hea'th
aefects vceurtng trom anv Cause ather than (adiation et from
somig dombs. within the nead 30 yeors, there maght be an
atutionat  chiddren botn with delec!s caused by radation

lett team atanue bombs
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Jonan radiation ec elaptata bwelen juon armij

emaron boke jumin juonyio .. .. .. ... ..., MO | « v v o e e e et e e e mllirem
Tre ratpes] amontd of tadatton ane person mgeh! tcee -
dating | yoar
Jonan _radiation ¢0 iolap (average) bwelen juon armij
emarofl boke iumin 30 yio:
ito aoleben enbwinnin (whole body) . .. .......... MEM] o oo s ettt e millem
ilo nonnonmej iloan dri (bone marrow) - . . ... ..., L PN miflirem
Avarage afgn ol t20h it @ peton upd o técsnge of spesp H) vears
Jonan 18nlok in cancer ko bwelen remaron o -
walok ito yio kein 30iman . . ... ... ............. % %
Thie g eease 0 0 o ottt Sehl ong e arliug .
e et o) yee
Melelen, bwe elane enaj wor 73 armij remij ilo Melelen, bwe elane enaj wor F£3 anm{ remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer . (lo kein 30 iman jen jabrewot cancer ijellokin cancer
ko rej walok jen radiation eo ej walok jen atomic bomb, o rej walok jen radialion to ej walok jen atomic bomb,
emaron bar kobatok * 1o rej mij jen cancer ko rej walok emaron bar kobatok 10 rej mij jen cancer ko rej walok
jen radralion eo ej walok jen atomic bomb. jen radiation eo ej walok jen alomic bomb.
Taies mieany ihe o Thpre aautd be &3 poople der aniin the Itws means that f there wooid be &3 neople die within the .
neat 31 peare t any Canger ofhiet thate e Caed Ly taba niext 30 years from any concer other thao that caused by fadia-
tion bt e atemee bembel thete Suphit Ge ain aditbionat atie b won et frem atomic bornbs, there might be an addional who tie
foean © anrer Mgl e epe By fareatines S0 g wn e 1 e, wom cancer that s caused by 1adiaton lelt from atomic bombs
Jonan 1odlok in ajiri ro bwelen remarof lotaktok D“ 0
kmnamnmlpmutamwuloytokem30|man.,......... ) %

Ctatthen bt 4 tead e et

Meleler, bwe elane enaj wor 3'5‘0 ajiti ¢o tej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijeltokin radiation eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok .  ajiri rej lotaktok
kin naniamij in utamwe walok jen radiation e =j walok jen
atomic bomb.

RS ettt ke were 550 “hrsdeon b adu Mo gt
Je.’c'cts GLLOIN BOM 3Ny CaULe Clver e aaifat on el Nt
AN PUME, Al e dert 30 years, i ang e ol
anignal | cedieen Lo with detegts caased B, o tighon hedt
oM %D bt

20 -a
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Melelen, bwe elane enaj wor ‘S50 ajiri co rej lotaktot
kin naninmij in utamwe walok jen jabrewot un ko
ijetiokin radiation eo e) walok jen alomic bomb ilo yio
kein 30 iman, emarofi bar kobatok * . ajiri rej Iotaktok
kin naninmij in utamwe walok jen radiation o ¢j walok jen
atomic bomb.
s means that i there werz S50 ciuidren born with héaith
aeleCts wecarnng iom any cduse ather than radiation lett from
tomit Domby, withun the neat 30 years, there might be an
santioral  chikdren boto with defects caused by radiation
tetd trom gtomue bombs
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Melelen, bwe elane enajwor & 3 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer

ko rej walok jen radiation eo ej walok jen atomic bomb,
emaron bar kobatok * 1o rej mij jen cancer ko rej walok
jen radiation eo ej walok jen alomic bomb.

Tos means, b of thgre aaulif be &3 peopite die aritun the

neel 30 gttt any Cancer othet thar 1 canted Ty pada

Bnn bl bt homtel there saght e an aditbona ane e
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Melelen, bwe elane enaj wor &3 a[mi{' remij ilo
lio kein 30 iman jen jabrewot cancer ijellokin cancer

jen radiation eo ej walok jen atomic bomb.

This means that o there would be &2 neople die within the
neat 30 years trom any cancer other than that caused by rada
tan el 1om atonec bombs, there might be an additional
stnin cancet that s caused by tadiation telt from atomic bombs

%

o rej walok jen radiation eo ej walok jen atomic bomb,
emarofi bar Xobatok ro cej mij jen cancer ko rej walok

who die

Jonan lonlok in 2jiri ro bwelen remarofi totaktok
kin naninmij in utamwe ilo yio kein 30 iman. . . . .. ... ..

P byt a™ Mot o fetee

Melelen, bwe elane enaj wor 550 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok .  ajiri rej lotaktok
kin naniamij in utamwe walok jen raciation eo ej walok jen
atomic bomb.
s mear s st o there wele 550 Bany oo b wedn regith
JeleCly vl Urhiny 1O any Cause oler than radedt on fell tigm
AoTC LAty within the ert 30 years, tere nught te an
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kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ej walok jen alomic bomb ilo yio

atormic bomb. )
Itis means that f there were 5 5@ ciuldren barn with health
aelects vecurning from am cause ather than radiation ieft Tlom
aiomic ombs, ithin the nest 30 years, there might be an
adbtional  chikiren born with defects caused by radiation
lett tram wlomee bombs
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Melelen, bwe elane enaj wor S50 ajiri 1o rej lgtaktok

kein 30 iman, emaron bar kobatok * . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
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Melelen, bwe elane enaj vior §3 armij remij ilo Melelen, bwe elane enaj wor 53 atmi{' remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer Ito kein 30 iman jen jabrewot cancer ijellokin cancer
ko rej walok jen radiation eo ej walok jen atomic bomb, . o rej walok jen radiation eo J) walok jen afomic bomb,
emaron bar kobatok ' ro rej mij jen cancer ko rej walok emarofi bar hobatok 10 rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb. jen radiation ec ¢j walok Jen atomic bomb.
Tras = iyt e egte aaitld b 53 g =iple (e antin 1 Ttis means that 4 there aould be 53 accple die withen the
fenl 50 T Vg r OO ottt ttar 1t Canved by padie nieat 30 years from any cancer other than that caused liy 1ad:a-
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kin naninmij in utamwe walok jen jabrewot un ko kin naninmij in utamwe walok jen jabrewot un ko .
ijellokin radiaticn eo ej walok jen atomic bomb ilo yio ijelloXin radiation ec e| walok jen atomic bomb ilo yio
kein 30 iman, emarof bar kobatok ° ajiri rej lotaktok Kein 30 iman, emarofi bar kobatok *  ajiri rej lotaktok
kin naniamij in utamwe walok jen radiation eo ¢j walok jen ’ kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb. atomic bomb.
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Melelen, bwe elane enaj wor 350 ajiri 1o rej totaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok ° ajiri rej lotaktok
kin naniamij in utamwe walok jen radiation eo ej walok jen
atomic bomb. .
i i RSN T I 35‘0 Bt on st ade teddin
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Lonambt. it i doe pest 3 years, et nughi e ot
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Melelen, bwe elane enaj wor 350 L ajiri 1o 1ef Iémtok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radiation eo ¢j walok jen alomc bomb ilo yio

kein 30 iman, emaron bar kobatok ~  ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

Ty means that ¢ there were 3f0_ children barn with hea'th
detects cocurning trom any cause other than radiation left from
atomic bombs, aitun the nex! 30 years, there might be an
adhtional children horn with delects caused by radiation

fett iom ot bombs
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Jonan radiation co elaptata bwelen juon armij

emaron boke ivminjuonyio . . .. ... ... MM | « o v oo v nnilitem
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Jonan radiation eo iolep (average) bwelen juon armij
emaron boke iumin 30 yio:
ilo aoleben enbwinnin (whole body) . ............ millitem} . ... e e millrem
ilo nonnonme1 |Ioan dn (bone MATOW) « o v v e v v e e millirem| ... e . e e e milhrem

Avetape o et Clet el et peeage g 30 vear .
Jonan 15Alok in cancer ko bwelen remaroil o
waloklloylokemmnman..... ...... % PN e e e %
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Melelen, bwe elane enaj wor 35 armij remij ilo Melelen, bwe elane enaj wor 3 5 armi? remij ilo

yio ken 30 iman jen jabrewot cancer ||ellokm cancer {lo kein 30 iman jen jabrewot cancer ijellokin cancer

ko rej walok jen radiation eo ej walok jen atomic bomb, o rej waloX jen radialion eo ej walok jen atomic bomb,

emacon bar kobatok * (0 rej mij jen cancer ko rej walok emarofi bar kobatok 10 tej mij jen cancer ko rej walok

jen radiation eo ej walok jen atomic bomb. jen radiaion eo ej walok jen atomic bomb.

I N T R { g (e aclion e s medns inal 4 there wogta e 3 5 neopte e atthin the

el 40 g T sy st other Higr St Canted By Taha ttal 30 voary trom .m{ ¢ ncer other tnan that caused by rada-

it S a  heent et singhd Ge g e S Stnna T P ton deft tom atom: burebs, there mgpht pe an addiioral who Jie

[ TR 7001 LR L TSR PP et Y tra canCer thatas causett by rahaton feft trom atomic bombs
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Jonan 1dflok in ajiri ro bwelen remarod lotaktok N

kin naninmij in utamwe ilo yio kein 30 iman. .. . ... .. ..
Phe o ne [T TS T T EOR SO TR TR R .

adtan e et e,

Mefelen, bwe elane enaj wor »35 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radraion eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok . * ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atormic bomb.

s Mee 0 20 Vel Aufe )3’--:'1:.:1 »n hoin wida heaith
delact, L Ltun, ot any 404 Otner than radeat.on ‘et trom
PHE 1T i tie nest 30 gears, there tugt e an
EROAHI trer Lot mth detects Caused He caduation et
HOM AT LDy

Meleten, bwe elane enaj wor >33 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijeliokin radratron eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok . ajiri ref lotaktok
kin naninmij in utamwe walok jen radiation o ¢j walok jen
atomic bomb.

Ttis means that « there wete 33; chifdren born with heaith
delects occurnng from any cause other than radiation teft trom
atomic bomts aidin the nest 30 years, there aught be an
adational  chddren born with defects Caused by radiation

letf lom stomic dombs

?0 .
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Jonan radiation ea elaptata bwelea juon armij
emaron boke iumin juon yio . . .. .. ... ... ... .. e miihrem
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Jonan radration eo iolap (average) bwelen juon armij
emaroii boke iumin 30 yio:
ilo aoleben enbwinnin (whole body} . ... ......... millirem

ilo nonnonmej iloan dri (bone marrow) . . . o v ... milirem

Avstafe e Tl b s e en gt e e v binng 3 vears

millieem

e

millrem

Jonan 1oalok in cancer ko bwelen remaron 0
watok iloyiokein 3Qiman ... ... ... ... L L /o
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Melelen, bwe elans enaj wor 35 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer

ko rej walok jen radiaton ec ej walok jen atomic bomb,
emaron bar kobatok * o rej mij jen cancer ko rej walok
jen radhation eo ej walok jen atomic bomb.

Ire i emen e e anaghd e K4 {ople the adlun ff

et 4y 00 Aty et Ot that Ul Caceet Ty farha
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Melelen, bwe elane enaj wor 3 5T armij remij ilo

io kein 30 iman jen jabrewot cancer ijellokin cancer

o rej walok jen radralion eo ej walck jen atomic bomb,
emarofi bar kobatok o rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb.

This means that of thete weutg b 3 Ly negpte gie arithin the

e at 30 years trom au{ Lencet ather than that caused by raha.

o dett am atom, burbs, there nught be an addibonal © who e
troan cancer thetas caused by radiaton left fom atamic dombs

Jonan 18dlok in ajiri ro bwelen remaroii lotaktok
kin naniamij in utamwe ilo yio kein 30 iman._ ... . ... ...

Pootwetregy fratse A T ettt et

%
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Melelen, bwe elane enaj wor >35 ajiri ro rej lotaktok
kin naninmij in wamwe walok jen jabrewot un ko

ijellokin radialron eo ej walok jen atomic bomb ilo yio

kein 30 iman, emaron bar kobatok ~ ajiri rej lotaklok

kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb. .
The e 5 it d thiere ante 235 “he en bzn wain heali
detecty Lo utany T any Caue Giher (nan st an et tiom

at e bomby el the nert 30 pears, there rugit Be gn

andlgny. Castten born attiv defedts camsed By tadiation bt
HOM Al T Dty

Melelen, bwe elane enaj wor >335 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radration eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emarof bar kobatok * . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomnic bomb.

Itus means that # there wete 335 chudren born with heaith
defects occutnng lrom any cauwse other than radiation lell from
atomic bombs, wmithin the ner{ 30 years, (here tught be an
akntionat . cmldcen born with defects caused by radiation

left rom atormic bombs
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Jonan radiation eo iolap (average) bwelen juon armij
emarohl boke iumin 30 yio: .
ilo aoleben enbwinnin (whole body) . ... ......... milbreml L e e millirem
ilo nonnonmej iloan dri (bone matsow) + .+ - v - .- . mileml . e e e e e milheem

Averape o0t te g D e h FED e iy fepny 30 oveed
Jonan |37lok in cancer ko bwelen remaron 0
walok ilo yio kein 30iman . .. ... % %
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Melelen, bwe elane enaj wor F armij remij ilo Melelen, bwe elane enaj wor 3 5 a;_mi‘j remij ilo

yio ken 30 iman jen jabrewot cancer ijeltokin cancer o kein 30 iman jen jabrewot cancer ijel okin cancer

ko 1] walok jen radiation eo ¢j walok jen alomc bomb. o rej walok jen radiation eo ej walok jen atomic bomb,

smaroR bar kobatok *  fo 1¢j mij jen cancer ko tej walok emarof bar kobatok 10 rej mij jen cancer ko rej walok

jen radration eo ef walok jen atomsc bomb. jen radiation e ej walok jen alomic pomD.

Por e ot Pipre A il e ORI RO N A Thes means that + there would be 3 neople gie athin the

nest A1 ae + 0 ang sateer othet that Tael 0 MLty b sl 30 yedrs tront any csncer other than that Caused by «‘a-J.a-

N T T EE T R A “itral e e ton et e atoong b Bs thete nght te an additorl who die

T et et ety rad NIRRT I8 tioin cancer thet s causet! by 1adistion lel trom atonuc pombs
Jonan loAtok in ajiri 1o bwelen remarod fotaktok ; . o
kin naninmij in utamwe ilo yio kein 30 iman. . ... ... % %
Bro g, e i bt A et et

atthan e e et

Melelen, bwe elane enaj wot >33 ajiri ro rej lotaktok
Xin naninmij in ulamwe walok jen jabrewot un ko
ijellokin radiation eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok  ajiri rej lotaktok
kin naninmij in utamwe waloX jen radiation eo ej walok jen
atormeg bomb.
T Mirs o Uit tete avre }3f St <0 Lot ade headt
detects oC gt Hor any £au e 61hes j62a raddeat.on el trom
astru the nert 30 gears, there nugnt te an
Coaetdten LOID it defects cassed by tadiaton teft
from atcse Gav's

Melelen, bwe elane enaj wor 235 ajiri ro rej lotaktok
kin naninmij in ulamwe walok jen jabrewot un ko'
ijellokin radiation eu ej walok jen alomic bomb ilo yio
kein 30 iman, emaron bar kobatok " . ajiri rej fotaktok
Kin naniomij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

s means that f there were 235 chidren born with heaith
delects occurting from any cause ather than 1adiation left ltom
atomic bambs, «ithin the nest a0 years, there might be an
atintional . chidaren botsi with delects caused by radation

lett from atomic boimbs
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Jonan radiation eo elaptata bwelen juon armij

emaron boke iumin juonyio . ... ... ... ... BT B B I LI I IR T S S millirem
The farest amieont af 12 ahnl e PAELOI 0NN e e -
dutm, ! oyear
Jonan radialion eo iolap (average) bwelen juon armij
emaron boke iumin 30 yio:
ilo aoleben enbwinnin {whole body) .. ........... militem}  © . e e i it e e e millicem
ilo nonnonmej iloan dri (bone marrow) -+« o o oo oot millem] . o s e e e et e et e millirem
AVBIAFE Pl t el et At g feet e Rt d aee v o iy ) pe s
Jonan 13dlok in cancer ko bwelen remaron 0
wauoklloylokelnmlm:n‘........ ..... % %
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Melelen, bwe elane enaj wor §3 armij remij ilo Melelen, bwe elane enaj wor . $3  armij remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer {o kein 30 iman jen ;abrewot cancer ijellokin cancer
ko rej walok jen radialion eo ¢j walok jen atomic bomb. o rej walok jen radiafion eo ej walok jen alomic bomb,
emaron bar kobatok *  ro rej mij jen cancer ko rej walok emaron bar kobatok ro rej mij jen cancer ko rej walok
jen rad:at:on eo ¢j walok jen alomic bomb. jen radiation eo ej walok jen atomic bomb. .
Toas ez, thgt o Supre anuhg be 53 1 =ople e it P Itus means that 4 there apuld be 53 necple die within the
P | ORI g 0ancor et that 0t coused by tade ot al 30 years from an{) cencer other than that caused by tada-
B it 6 atemi homle e il Ge g el tiona At e won et fom atomec bombs, there mght be an additonat who die
oot rrrne gt e e by cadiat e W b e e |l frann cancer that is caused by cadalion lelt ‘rom atomic bombs
L3
Jonan 16Alok in ajiri ro bwelen remarofi lotaktok ‘; 0
kmnznmmt;mutamwelloylokem30|man..... ..... % %
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Melelen, bwe elane enaj wor 350 ajiri ro rej lotaktok

kin naninmij in utamwe walok jen jabrewot un ko

ijeitokin radiaticn eo ej walok jen atomic bomb ilo yio

kein 30 iman, emaron bar kobatok ajiri rej lotaktok

kin naninmij in utamwe walok jen radiation eo cj walok jen

atomic bomb.

Prel mea bt D ere aere Sfd fit
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Melelen, bwe elane enaj wor 350 3jifi ro rej lotakiok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ¢j walok jen atomrc bomb ile yio
kein 30 iman, emaron bar kobatok ~  ajiri rej lotaktok
kin naninmij in ytamwe walok jen radiation eo ej walok jen
atomic bomb.

Ttus means that o there were 35‘0, childten barn with hea'th
aetects Lecutnng from aney cause other than radiation ieft trom
atome 0ombs a:thin the ngit 30 years, there mught be an
adtional  cheddren born with delects caused by radiation

fett om stoime broubs
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emaron boke iumin juonyio . .. ... . ... e e milirem
The 13108t a2 ctnnt oo aten ane person mipht e ove

LOTIH T

[ T mullirem

Jonan radiation eo iolap (average) bwelen juon armij s
emaron boke tumin 30 yio:
ilo aoleben enbwinnin (whole body} . ... .. .. e mlirem

ilo nonnonmej iloan dri (bone marrow} . - . ... ... millirem
Avorape oot e dhun A per an et D geeanee g 30 years

millirem

millirem
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Jonan 13ilok in cancer ko bwelen remarod 0
walok iloyiokein 30iman . . ... ... ... .. ... ... %
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Melelen, bwe elane enaj wor 35’{ armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer

ko rej walok jen radiation eo ej walok jen atomic bomb. R
emaron bar kobatok ' ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb.

Vs Greete gt o Uit anntd be 2 teople the wiltun the

et 40 v v e any Cataer other than that caned by cada

fnn bt Y s gt beande, tete angeht Ge g addiional whe e

P I T I S S IR

Melelen, bwe elane enaj wor 357 armij remij ito
{io kein 30 iman jen jabrewot cancer ijellokin cancer
o rej walok jen radialion eo ej walok jen atomic bomb,
emarofi bar kobatok 0 rej mij jen cancer ko rej walok
jen radiation o ej walok jen atoric bomb.
Ttws means that o there woutd be 3 5 aeople die within the
neat 30 years from any cancer other than that caused by radia-
won lett fram atoaug bumbs, theie might be an addtional who die

fron et e e ey ppfuatine I s shanae famiy,

trom ¢ancer that 1 caused by radiaton et from atomic bombs

. ]
Jonan 15ilok in ajiri to bwelen remarod fotaktok y
kin naninmij in utamwe ilo yio kein 30 iman. . .. .. ... .. (!
Fhige e, o S tmnhieq bt b Meati dety

abuan thee o0t e

Melelen, bwe elane enaj wor »35 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radration eo ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok . ~ ajiri rej Jotaktok
kin naninmij in utamwe walok jen radiation eo ¢j walok jen
atomic bomb.

This Mes o U2 there were )3)—,‘»,,,‘[, o0 bora wdit freatth
detects weournn, from any cag-¢ otner thana ad-at.on left fsom
atemig tomby, adthan the nert 30 years, therg nnght be an
anmlina. Cradren born wilh defedts caused by radiation tett
feom alo e bakds,

Melelen, bwe elane enaj wor 235 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radiation eo ej walok jen alomic bomb ilo yio

kein 30 iman, emarof bar kobatok ~ . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation ec ¢j walok jen
atomic bomb. :

This means that o there wete &3 § chugren born with hea'th
defects occutning lrom any cause other than radiation left from
atomic bombs within the nexd 30 years, there nught be an

adational  chldien born with defects caused by radiation

left om atomsg bombs
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Jonan radiation eo iolap (average) bwelen juon armij
emarofl boke iumin 30 yio:
ilo aoleben enbwinnin (whole body) . ........... MIreMy . L e e e e e e e milleem
ilo nonnonmej ifoan dri (bone marrow) . .. - . ... ... milirem] . e e e e e e millirem
Average amond ot tad 3on 2 Pet on gt $rer e onmg 30 e -
Jonan I6Alok in cancer ko bwelen remarof 0 0
watok ilo yio kein 30 iman .. ... ............... % %
Proe atcre ore a0 e Tt iy oot ailiub
1ot by
Melelen, bwe elane enaj wor & 3 armij remij ilo Metelen, bwe elane enaj wor &3 armij remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer lw kein 30 iman jen jabrewot cancer ijellokin cancer
ko rej walok jen radiation eo ef walok jen atomic bomb, o rej walok jen radialion eo ej walok jen atomic bomb,
emaron bar kobatok °  ro rej mij jen cancer ko rej walok emaron bar kobatok ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb. ) jen radiation eo ej walok jen atomic bomb.
115 snreattyy i of thpre aauld be &3 [ e e anidun e Thiy means that f there would be F 3 neople die within the
et slh years o any Cancer othet than e canced by tada et 30 yeats from any cancet other than that caused by radia-
fon bt Lo atarte humbr, there sopht Ge an adddional - ahe e von jeft fron, atonie bombs, there nught e an additional who die
sy ¢ asred Mgt v aeped iy fadiatioos W e an o 1omh st cancet that s caused by radiaton left from atomic bombs.
e .
Jonan 15iilok in ajiri 1o bwelen remarofi lotaktok Ny .
N hgn N . . R % %
kin naninmij in utamwe ilo yio kein 30 iman. . .. ... .... (! .

Proe e, oree 0 o taten bpt aa et b

A e st e

Melelen, bwe elane enaj wor 550 ajiri 1o rej lotakiok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radration eo ej walok jen atomic bomb ilo yio
%ein 30 iman, emaron bar kobatok .  ajiri rej Jotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
alomic bomb.

s meets o laere were 550 Shideen biva watn hedith
detects occurning from any cause olher tnan radeat.on et trom
atnmuc bombs, athin the nert 30 years, there nugnt be an
andignal . chidten Bor with delects Cannad by racdiaton et
f1om ataeme b

Melelen, bwe elane anaj wor 550 ajiri ro rej Jotaktok
kin naninmij in utamwe walok jen jabrewot un ko,
ijellokin radiation eo ej watok jen gtomic bomb ilo yio
kein 30 iman, emarofi bar kobatok ~ . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

Ttus means that o thete wete S50 children born with health
detects occurning trom any cause ather than radiation left from
stomic bombs, within the nexd 30 years, there might be an
adintionat — ¢hildren born with defects caused by radiation

{eft from aforne bombs
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Jonan I3alok in cancer ko bwelen remaron
walok ilo yio kein 30iman .. ... .........
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Melelen, bwe elane enaj wor §3 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer

ko rej walok jen radiation eo ej walok jen atomic bomb.
emaron bar kobatok ' ro rej mij jen cancer ko rej walok
jen radiahon eo ¢j walok jen atonuc bomb.

Ttas s, ihgt 0! tagre annhy b 53 { ople the wiilon the

exd 40 yeart Wity Canger other that that cauced Ly radie

ton it fean gtomne bombey Mt bt Lo g additionad PRSI
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Melelen, bwe elane enaj wor 532 armij remij ilo
{io kein 30 iman jen jabrewot cancer ijellokin cancer

o rej walok jen radiation eo ¢j walok jen atomic bomb,
emarofi bar kobatok ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb.

Ttus means that o there would b 53 neople de withi the
neat 30 years from any cencer athes than that caused by rada-

tion delt trem alome Dombs, there might be an additional = who die
frn cancet that s caused by radiation fett trom atomic bombs

Jonan loilok in ajiri ro bwelen remarofi lotaktok
kin naninmij in utamwe ilo yio kein 30 iman. . . . ... .. ..
Tte g, oo B T TIO T PO S I R I
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Melelen, bwe elane enaj wor 350 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijeliokin radiatron eo ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok .~ ajiri rej lotaktok
" kin naninmij in utamwe walok jen radiation eo ef walok jen
atomic bomb.
Py e s Dot tnere were 35-0 Sl en heri st beaith
detects o urnmg n any Cause tiier toan raidiaton lett trom
g pomb . st tive et 30 years, then: ought be an
atihitighal cradeen Lot with defects caced by vadiation et
from alvene o,

Melelen, bwe elane enaj wor 350 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijeltokin radiation ev ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok *  ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

This means Lhat o there were 35'9, children born with hea'th
defects uccutning from any cause other than radiation left from
atomic bombs, within the nest 30 years, there might be an
adastional — children born with defects caused by radiation

left Hom gtomic bombs
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ilo nonnonmej iloan dri (bone marrow) . .. ........ millirem e e e e millirem
Avetare 11 cabren ot 3 per e mptd eceice g W vea
Jonan ldalok in cancer ko bwelen remaron
waloklloynokemSOIman... ...... e . % e e e %
Im Mete e I R YR T TS T ERT HITTH
e et 0y
Melelen, bwe elane enaj wor armij remij ilo Meleten, bwe elane enaj wor . armij remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer {lo keln 30 iman jen |abrewot cancer ijellokin cancer
ko rej walok jen radiation eo ej walok jen atomic bomb, o rej walok jen radiation eo & walok jen atomic bomb,
emarofi bar kobatok ' ro rej mij jen cancer ko rej walok emarofi bar kobatok ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb. jen radiation eo ej walok jen atomic bomb.
This sran, ibat o dngre woald be poaple die widun the This means that f there would be aeople die within the
fest 4 yeur s any Cander oftier thare thed catned by tadia ntat 30 yeass from an{ cancer other than thal caused by radia-
von et Lo gtomee bomby, there anght e an additonal whe dwe ton left from atone bombs, there mught be an additonal = who die
bt €aiorer et s canced by tadation Wit foa sonne Lamb, from cances that 1y caused by radiston feft from atomic bombs
Jonan 1ofilok in ajiri ro bwelen remarofi lotaktok 0 .
kin naninmij in utamwe ilo yio kein 30 iman. . . ... ... .. % %

o gy o g o tddeen bute adn heaitledetects
withon the 1eat 4y o

Melelen, bwe elane enaj wor ajiri 10 rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijellokin radiation eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok .  ajiri rej lotaktok
kin naniamij in utamwe walok jen radiation eo ¢j walok jen
atomic bomb.

Fris mesns thatl there were chindeen horn with health
defects occutnmy from any cause other than radiation feft trom
atomie bomtyr,, within the nert 30 years, there night he an
anditiongl  chkilren born with defects caused by radiation left
from atomu hainty,

Melelen, bwe elane enaj wor ajiri ro rej lataktok
kin naninmij in utamwe walok jen jabrewot un ko j
ijellokin radiation eq ej walok jen atomic bomb flo yio
kein 30 iman, emarofi bar kobatok * . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jem
atomic bomb.

Huis means that of there were . children born with health
defects occurnng from any cause other than radiation feft from
atomic bombs, within the nexl 30 years, there might be an
addibonal — children horn with defects caused by radiation

left om alomes boinbs
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From Ray Baalman Via Telephone, 4/8/80

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

2. 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 abdut 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 Bill Call Jack if not too tied up
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BTIKTNI ATOLL TODAY

INTRODUCTION

In 1986, the Bikini people agread to leave their homes atoll to permit the
U.3. to teat astomie bomba. In 1968 President Johnson announced the peaple
could return following cleanup of debris left from the tests. Bafore the
peaple returned the U.S. planted thousands of food-bearing trees and built H0
concrate houges for the people. In 1978 the U.S. government asked the paople
to leave, Thia book explains th§ reason for this requeat (action) and ths
presant information on the condition of the atoll,

The U. 8. Goverpaount has prepared Lthis booklet to aasxiat the Bikini
people {n underatanding ths effect of the atom bomb testing on their atoll und
what that means to the paople.

Tha Marshallaae teit is a dynasie equivalent translation of an original
Engliah deaft, and the English text i3 a modified literal translation of ths

Maprshallean text.
TINY THINGS THAT ARE RADTOACTIVE
Everything on earth is formed from many many tiny things that we cannct

gea. (Thess are callad atoma.) Some of these thinza are zot apart (distinct)

and are alike in a cartain way bacauss they change and becomn other kinds of

tiny things that do nok change. We 8ay that thase tiny things (atema) that

ara sat apart are radioactive because they do changs.

-1-
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A3 each tiny thing ..(a!-om) changea it produces a kind of energy which wa
cannot 88 and whioh {2 called "padiakion.® ¥hen they have completely
changed, thia aenargy 1s gone from them. (Further -explanation of pradiation
appeara on page 4.) | |

Of the thinga that are radioactive some have always been a part of the
world, 'fn;aae are God-made and they will not go away. They are in soil, in
water, In food-bearing planta and other .plar»u.s, in animals, and in our bodies.

There are sl=sp radioactive things that came from the atomic bombs., Some
of thess changed quickly - during just a few minutes or days. But the othera
change slowly and are still present on the ialands in the Bikini Atoll. The
names of aome of the important r-.-ndioactive things are cobalt, ce=ium,
atrontium, plutonium, and aﬁerlelum. One<half of the oobalt will diaappear
after § years. Of the part that romains, one=half will disappear after
another § yeara and Lhis proceas will continue indefinltely., One-halfl of the
cealum and one-nalt. of the atrontfum will disappear after 30 yeara. Of the
part that remains, one-half will diaappear arfter another 30 yearsa, Thia
procaas will again continua indefinitely. Plutonfum and americium will not

change over hundreds and hundreds of years.
ENERGY CALLED RADIATION
The energy from radicactive materiala i3 similar to hoat of fire and

light of th&e aun in that it travela from where it i3 formed to other places;

however, wa cannot aee it, hear it, tasts it, amell jt, or feel it.

1ok



There are threes kinda of radiation that come from the earth:

1. alpha radiation = the place it reaches from where it is made ia short,
perhaps 3 laches sucrounding it In alr, and a paper can atop it {its
movement. },

2. beta radiation -« the plaée it reaochas from where it i3 made 1ia farther,
perhaps 4 yards surrounding it 1in alr,l and Lthings thicker than paper,

" 3uch as plyweod, are needed Lo stop it.

3. gamma radiation = the place it reaches from where it 1s formed is very.
much farthar, parhaps 300 yards aurrounding it {n air, and only thoze
things that are thick and dense, such as cement, huge rocks, and metal,
can stop it,

Alpha radiation cannot paas into the akin of peoplﬂ/. fiata radistion ean
pass through the skin and reach about one inch into the body. However, things
that are radleactlive may eater the body with food and air and e¢an reach the
blood, bhonea, lunga and other parts of Lkhe body. ¥hen these thinga that are

radipactive change they produce alpha and bata radiation that can reaeh the

internal organa.

¥When gamma radiation hits people it goes through their badiex, but some‘

of the energy of this radiation remains in their bodies.

Just like in other places around the world, alpha, beta, and gamma
radiation have ocrureed on Bikinl Atoll frem radioactive things that have bensn
a part of the world sinoe the beginning. 'fhere are alao ldnda of radiatten
that come from tha aky khat pana l:h'raugh peopla'’s bodies,

At Bikini Atoll some alpha radiation also comea froam plutonium and

amaricium. Beta radiation also ouvmes from strontium, o¢esium, and coball.

3
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Gamta radiatfon alzo comes from cesium and eobalt, and a little comes from

amerieium. At Bikind Atoll, the amounts of plutonium and amerlcium are far

laan than on khe Enewetak Atoll.
TINY PARTICLES AND ASHES Of ATOM BOMBS [FALLOUT]

When an atemic bonb explodes, it takes zip materials, suoh aa rack, =oil,
water, and a0 forth, which Jjoin with the thinga that are radioactive from the
bamh. They rises rapidly into the air, and later fall back down to the sarth.
The tiny particles and ash of the bombs fell in tha lagoon, in the ocoan, on
the islands, and the wind3 blew sote Lo placex that are far away.

There wers 23 atomic bombs tested at Bikini Atoll. Only a faw of the
atem bomb tésts abt Bikini ovcourred on the ialands. Most took place in or 6ver
tha water with 3zome on the reef betwesn the islanda. In two stom bomb testa
small pisces of the islands of Nam and Enirik were deatroyed. In additjon,
there are 11 U.8, ships sunk in the laguon at Bikini as a .rc:!ult of an Atom
bomb teal involving ships. The map on page 7 shows the izlands whera ths U.S,
governmant taated theas bomba, thse portions of the islandas Lthat were

destroyed, and the lqcation of tha sunken shipa.
THE PCLACES WHERE THE THINGS THAT ARE RADIOACTIVE ARE AT BIKINI
The pieture at Lthe right shows the places where the radioactive thinga

are within the 30il., Plutonium and smericium are in the upper part of the

30il., Caajum ahd atrontium are in the 20il that is shallow and also in that

4
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which ia deep, At Bikinl cesium and strontium are the radicactive thinga that
praduce the hijghast amount of radiation. On the northern izlanda of Enewetak
Lhéve was more plubtonfum and americium than at RBRikint and the U.S, Goverament
could 3orape‘soma of them off becauss they were near the surface. Howaver,
they could not remove the strontium and oesiutt becauaes they ars dsaper in the
g0il.

At Bikini the U.S. Government did pick up all scrap metal and rsmoved
scrub growth bafore the people returned in 1970. The scrap matal was .moved to
deep water in the ocean and lagoon.

The nap on page _ shows where the radioactive thinga are at the Bikint
Atoll, MWe aee that all of the 1islands in the Bikini akoll have radldﬁctlve
thingx. Next to tha map of Bikinl i3 a map of Enawatak Atoll showlang whéare
the radiocsctive thinzs are at thia atoll. Hers we 389 that the amounts of
‘rndioactive things aras smaller than at Bikini. The islanda in the =guth of

the Enawatak Atoll hava a very mmall amount of radioactivity.
TAE WAYS RADIATION ENTERED PEQPLE'S BODTES

People received radiation from radioactive things at Bikini Atoll whilse
they ljved thare in 2 waya., 1 = radiation that came from the 30il and

penetrated peopla's skin and eéntered the body; 2 - the things Lthat are
radioactive in aocme of the foods that peopla ate, in sctte of the water thay
drank, or in the air thaey breathed produced radiation inside the bady,

The padiabtion that came up out of the =x0il came from the gesium and

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

S5



LwUalL LOAL WA3 046D wWas unable .to raach paople becauae of tha thickneas of
the =oil.

As iz shown in Lhe picture on page 9, there wara radioactive matarials in
Lhe soil, =mcme in the places where Lhe reots of plants grew. All planta gst
their food from the soil through thefr ruets. Now, as thesma planta get thair
food, acme of the thipgs that are radiosctive in the 2011 go up the tpunka to
the branchea and to the rhuita;

¥Whan people ate the fruits, they also ate the radjoactive thinga thera.
We can consider that thess foods were radiocasctive, Also, if animals ate theas

tha th

1.‘..’!!. b [£44 14 ¥ 8

than alan
~3 R &g

p hey also ate
thase animals; they al=so ate the radioactiva things that were in the meat.
Even If people had cookad food thab containsd thinga that are radioactive, the
radioactive things in the food would not have fone away.

Since thare are radigactive things in the lagoon, there may also be amall
amount3s in the [rish. If people ate fish, the amount of radioaetjvity they
received was very small bécauae of the small amounta of radioactivity in the

fizh.

If radiocactive things ontered the body, 3cme of them have left it by now

and scme remains in it, and radiation will continue to cone from thosa left §n

the bady.

THE POSSIBLE EFFECT3S OF RADIATION IN FEOPLE®S RBODIES

Mapahallese peaple have called radiation "poison.®  However, the way

poison works and the way radiation works are differenk. Uaually, when poison

G
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Gneulrd A parlona’ poay (ilke arinking Dl23oh, Kerosene, DDT, eto.) his bady ia
quickly harmed - it can be within a taw minutes or daya, However, if harm
wars Lo come from radiation, {t would u=ually take a long tima for it to
appear -« 1t could be after many years.

The body oontéina 3 number of ¢rgans 3uch as lunga, 1liver, =kin. FRach of
these organs has very :mau_ pax;r.a ocalled cells that join together to form (all
parts of) t.hé body. Rememlmﬁ that there ix radiatfon that haa always been a2
part of ;.he world, and tLhere i3 radiation that come from atomie bombs.
Scientistx balieve that the more radiation a porson receives the more harm he
might have. Both the radiation that has been a part of Lthe world and Lhat

from atomic bomba can ocause harm to the cella of the body. In addition there

are other things such as smoking that cause the same kind of damage to cslla

in the body. Sometimes this kind of damage can come just from the body
ftaelr. Ir this kind of damage ocecurs, it can ocause disesasss ealled cancer,

All oells increaze by dividing., It is through this npormal praoceas of
dividing that growth and repair of the budy qecur. Cancer happens when cells
in the body ars damaged and rapidly grovw and increass in nuﬁmer more than they
ahould, By doinz this, Lthey destroy the healthy parts of the body and can
make prople get aiok. Some paople can recover from cancer, but others may not.

Canoer oagourred all over the world before there were atomic bomba. For
axample, if there were 100 people who died around the world from any cause,
about 15 of theam would have died from cancee. The dinnanes of caneer continue
to oecur around the world.

The oancers thal are caused by radiation are no different from the

cancers that are caused by other things. If kthe dissases of cancer appear

3%



among the peopls who have raceived radiation, thay would bo no diffarent from
thoas that appear in other paople around tha world. The solentists have found
that =a radioaabive elemant that came from the atomlic bomb tests can cause
canger in tha throat (in the thyroid). Thia radioactive material remains only
a fow month3, 20 that itk is :gcme from Bikini Atoll today,

Amang the paople of any country there are children born with diseasss and
infirmities that are inherited. Soms of thess ara: deafness, blindneas,
malformat.fons, mental rpetardation, ets. These kinds of defects gccurred in
the Marahall Ialands before the atomic bomb tests and they continue to oceur
today. lIn a comu;unit.y in which people have peceived radiakion, there might be

a increa=e in the number of ohildren borm with defeotas,
THE WAYS THAT SCIENTI3TS KNOW THE. AMOUNT OF RADIATION A PER3ON RECEIVES

Everybody in the world has aome radioactive materlaia in their body.
People cannot know by themaslves how such padiatfon ia in any thing or in
their hodlea becauss they cannot 3ee L, hear it, ﬁaste it, smell it, or fasl
it, Only 1hstrlﬁenta can raveal Lthis. There are instrumenta for measuring
thingas that are radiocactive in the go0oil and in food; there are thoas for
measuring the radiation that comes from the soil. Scinntists use Lﬁeae
instrumenta to gaot information in order to be able to eatimate the amount of
radiation that people can receivae if they live ia an area containing
radioactive things.

The picture At the 1lert shows tha instrumant that sclientiats use to

moasure the anount of gamma radiation that comes from radicactive materiala in

8
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the body. Soleatista have brought this iastrument to Bikinl to aeasure the
amounts of radioscLive things in the bodies of tha Bikini people.  The
scientists found that as the food-bearing traas began te produce fruit, Lthe
amount -of padioact{ve thinga in the bodiss of the people increased. By 1978,
the amounts of radioactive things in peoples bodies were higher than
scientists had estimated whon the people were told that they could return.
This i{a the reason that they 'uere removad from Bikini Atell,

Scientists can uas this machine to measure the amoﬁnt .o!‘ cesium and
~cobalt in a person, but thia devies is not able to measure plutonfum,
americium, and strontium., The way they measure these three things, they take
urinre and measure the amount of Lthings that are radioactive in it. From doing
thias they are able to estimate how much plutonium, americium, and strontium i

in a persown's body.

THE AMQUNT OF RADTATION THAT HAS REEN ESTARLISHED (A LIMIT IS IMPLIED)

(RADIATION STANDARDS)

No one ia absolutsely certain how much radiation a peraon can recniva and
not have harm to his body. Around the world, many groupa of scientista and
doctors are studying this subjéck. The names of 3ome of these organizabiona
are: International Commisaion on Radiological Protection, U.S. Bnvironmental
Protection Agenay, and the International Atomie Enargy Agency. To protect
people from the harm they might receive from radiation, and based upon the
information they have found, theas organizationa have recommended =ome amounts

of radiation that people should not excead. Thass organizations 3150
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recommend ‘bhah people try to take care thak the amount of radiation that
eantera thelr bodles éhould ba az small as possible. This meana that people
stwuld stay away from areas where the agount of radiation ia known to be high
and should not aat foodas grown in such areés. Many governments have approved
thess recommandations,

Tharefore, the U.38. governmsnt haz eatablished an amount of radiation for
the American people that thoy should not exosed. This amount i3 the 2ame as
the amoun! that organizations above have recommended. They call thia amount
that they have established a "radiation atandard,” and the astandard is
exprasacd in "millirem.®

The U.3. government has established that a person should not receive more
than 500 millirem in one year., Also theay eatablished that the averags amount
of radiatiun a man or a woman who ljves ia the United Statea may recaive over
a 30-y2ar period ahould not ﬁe more than 5000 millirem. The U.S. government
Lries to enaure as muoch as possible thak the amount of radiakion jt3 citizens
receive in avaryday living or working i= iouer than the figures ahove.

The measuraments of the Bikinl paople made by the scientiats in 1978
jndicated that soma of the Bikinl peopls wers receiving more radiation 2ach
year than Lhia standard. A few of tha people were receiving amounts of
radiation about twice as large as the atandard. Because this amount of
radiation waa received for a short tims, ths harm expectad will be veary amall.

Howavar, the U,.S. government belfeved that it was in the best 1nt§resb of tha
Bikini people to move them mo that the poasible harm that could result fram

additional amounta of radlation will not occur.

[
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THE WAYS THAT SCIENTI‘STS ARE ABLE TO ESTIMATE THE AMOUNT Of RADIATION A PERSON

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

Ax a result of many. studies and measurements, 3clentists are nbl.e to
eatimate the amount of radiakion that people might rebaive if they live on an
atoll where radiation from the atomie bomb is present.

They dig many holea, some shalloWw and same daep, take portions of 30il
from them, and measurs the amount. of radiation in each of these portions of
n0il. Thay examine aalt water f{rom the ocean and the lagoon and water from
brackish wella. They take fisn and other 3ea life and study them, They also
examine the amount of radioactive thinga that food~bearing trees and other
plants take from tha =all. They alzo examine the radioactivity in the .duat in
the ale.

This i3 tha information that the =ciaentiats find as a result of the
activitiea above,

1. The amount of things that are radioactive on eaeh of the ialanda.

2. What kind of radicactive bﬁim_r,a are on each of thess §alands.

3. Vhare in the pil Lheae mdioactlye alémentx aras,

k., Tno amount of radiation that comea from the =a0il,

9. The amount of things that are radiocactive in the s0i)l that will enter
fooda, plants and anfimals,

6. How mucﬁ tha lagoon and the ocean are radioactive and alzse faod from
them, such a=s t‘lah,'cvaba, lobsaters, olama, ete.

7. How muoh tha brackian wells and drinking water are padiocactive.

I
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8. How many radioactlve things are in the dust in the air that people will
braatha,
Even with all of this i(nformation it is difficult to know the amount of

radiation a person will receive becauzs we do not know how much of sach kind

. of foad each person eats. Somse foods have mors of things that are radioackive

than other foada. A person who eats more of the foods that have mors of the
things that are radioactive will recefve mors radiation. A peraon who eata

smaller amounts of theae foods will recaive laas radiation,
WHY THE PEDPLE WERE ALLOWED TO RETURN TO BIRINI ATOLL

In 19 the Bikini people asked Lhe U.S. government to permit them to

——

return to their homeland. The U.S. govornment claaned up tha acrap laft from

the testas and the sclentists measured the amounts of radfoactivity in the
301ls, water, and fish. From tnis information they estimated the amounta of
radiation that the people aight racaive when they returaned. Becausza these

oatioates wnre lower Lhan the standard, the psople were allowad to return in

1970.

In these estimates measursments of radjoactive things in foodstuffs were

nut posaible on the iaslanda bacause foad-bearing traes were nobt present.
Eatimates of the mmount of radioactive things in fruits from theae Lrasa were
made from laformation from other places around thw world. Because the soiln
of tha Bikini Atoll (and other atolls) ara diffecent from soil at these other

places, it was found that the fruits contalned more cesfum than was

anticipated. In addition, estjmates of the amounts of food from thasse treea.

12
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that would be eatan by the paople have sinos besn found to bs low. Thus, whea
o smam s menrs Uiy [ Y ", F 3 S [ 1 » r hond v  Peced b
tha cocaonut trees and obher foodebearing plants reach &N 386 WwWisle 1rudic3
138 €1 aht Sl 4. - m Pt d b ke hadd oam AP Ble saoanT? o
bagams availabla, this qga3ium was transfarrad to the bodiaes of the people.

When these high radiation lavala were found {n the people in 1978, it wax

renlfzed that tha initial estimates of the amount of radiation were low and

tha people were removed from the atoell.

Some people Wonder why the U.S. sovemment.did not alaan up Blkinl Atell
the way they did Enawatak Atoll.

The reason i3 that the atom bomb tests had different affects on the two
atollx. Some of the differences are gjven below.

1. The northern {xlands on the Enewatak Atoll had much mors plutonium -and
americium in the soils than doea Bikini Atoll. This waa becauze of the
differeace in the typses of tasts at the two atolls. It was nokad earlier
that plutonium and americium remain radioactive for many, many years and
that the plutonium and americium resain near the surface of the =ofl
Therefore, gsome of the plutonium and amoricium at Enewetak could be
removad by shalleow =zcraping vihhou.t destroying the island. This meant
that when the atrontium and ceajum disappsared, the island could ba uaed.
¥Without the olsanup, tha northern islands of the Enewekak Atoll would
naver have baon usaed, However, the atrontium and the ceaium on the

northern islands of Enewebtak Atoll remajned sven after the cleanup.

13
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2. At Enewetak, the atom bomb tests were done in the northern ialanda, A3 a
reault, the things that are radiovaotive are moatly in these northern

islands and the southern 13lands have fow thinga that are radioactive,
At Bikinl Atoll, the things that ars radiocactive are on 1311 of these

ialanda. Thera 13 no island that i3 free from radiation.

THE UNDERSTANDINGS THAT HAVE BEEN ACHIEVED FROM THE MEASUREMENTS

From the measuraments that have been explained earlisr in this book and a
better undsrstanding of the loods people eat, soclentists have eatimabed again
the amounts of radiation that paople might receive {f thay lived on Bikintg

Atoll. The reaults of thaas atudies are given on pages through __. The

information on thesn pagea glves the amount of radiation paople mignt recelve
if thay wers to apend differant amounts of time each year on the islands of
Eneu and Bikini. This information shown the smount of radiation thak would be
raceived if no food camea from other places and also if shipa arrived regularly
with food from outside. Thiainformation also shows the amount of radiation
people would receive if food lrom oubaide did not arrive 251 of the time. All
of thia information {2 given 2o that the Blkiﬁi people can better underatand
the importance of the fooda and the placges they live.

Some people may ask why they cannot return and live on Eneu only bagauas
the amount of radiation people might raceive 13 below the =tandard if food
from the outside is available. The U.S. government believea that livinz an

the =mall island of fnau and nobt viatting Bikini and other ialanda would ba

very difficult for the paople. To proteat Lhe hsalth of the people, the U_S.

14
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fFovernment believes that return to the atoll 3hould be delayad until people
can g0 to tha i3land of Bikinl and other islands of the atell. The eatimated
times until the amount of radiation a3 person will receive at Bikini atoll will
be below the standard are given on pags __ .

Scientista wafng this [and other] informtion can eatimate the numbers of
peopln who might geb =xick or unhealthy aceording to the amount of radiatfion
they reseive. A solentific organization in the United Statea named The
National Academy of Seiences - National Research Council's Commitbtee on the
Biological Effacts of Tonizing Radiation has estimated the number of paaple
who might die from cancer and the number of infants who might be born
physatoally or mentally defective as a raault of radiation. Tf people lived on
Enau or Bikini, the number of people who might dis from oancers causad by
radiation and the number of infants wvho might be bora with hsaltn defsacls
caused by radiation ars given on pages __ to _. These numbers depend upon
the information of the ascienkists in the organization named ahove. |

All the numbers on pagea __ to ___ depend upon ﬁhe information the
sgientists obtained, Howe?ér. furthar studies sre being done un thaze
matters. If new information eauses aignificant changes in these numbers, the

people of Bikinl will be informed.
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THE AMOUNT OF RADI

N~

If People Live

1. 'All the time
on Eneu.

2. 11 montha per

‘ yaar on Eneu
and 1 month on
Bikini. All

food from Eneu.

3. & montha on
Encu per year

and 6 montha on

Bikini.

4, All the time
on Bikial,

If they will eal
food from their
atoll only

714 millirem

768 millirsm

3270 millirem

5323 millirenm

Remember that the U.5, standard ia 500

If they will eat
food from thelir
atoll with food
from the outalde

358 millirem

405 millirem

1689 millirem

3021 millirem

milliram in one year.

I~

-v‘ﬁ—

ATTON THAT A PERSON MIGHT RECEIVE IN ONE YEAR
IF HE LIVED o BIKINI ATOLL

Food from outside
dosa not arcive 25%
o the tLimsa

44 millirem

496 millirom

2084 millirem

3722 millirem



THE ESTIMATED ADDITIONAL NUMBER OF PEQPLE WHO MIGHT GET CANCER AS
A RESQLT OF THE RADIATION RECEIVED IN THE FTRST 30 YBARS

If they will eat If thay will eat Food from outside
If Peuple Live food from thelr food from their - daes not arriva 253
' atoll only atoll with food of tha time
from the outaide

1. All the time 0.46 0.22 0.28
Ensu
2. 11 months per 0.49 0.26 0.31

year an Eneu
and 1 month on
Bikini.

3. 6 montha on .2 2.1 2.6
Eneu per year
and 6 montha on
Bikini.

'.."I
o

4. All the time 9.2 h.6
on Bikini. ’

For numhers 1 and 2 acientists beélieve that 200 people would live on
Eneu,

For number 3, scientists balieve that 200 people would live on Eneu and
200 paople would liva on Bikini Taland.

‘ For numbar 4, acientista baliava that 500 people would live on Bikini
Island. '
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THE AMOINT OF RADIATIGN THAT A PERSON MIGHT RECEIVE IN 30 YEARS
IF HE LIVED OH BIRINI ATOLL

If Poople Live

All the time

Ensu..

11 months per
year on Enau
and 1 month on

Bikini.

food from Eneu.

All

6 montha on

Eneu per year

and 6 sunths
on Bikinl.

All the time

on Bikini

If they will eat
food from their
atoll only

Whole
Body

4,600
millirem

3,000
millirem

22,000
millirem

40,000
milliren

Bone
Marrow

5,800
millirem

-6,100
millirem

26,000

millirem

46,000
milliren

If they will eat
food from their
atoll with food
from the outside

¥hole
Rody

2,400
millirem

2,800
millirem

12,000
millirem

21,000
mnillirem

Remambar that the U.8. standard is 5000 millirem

Bune
Harrow

2,800
millirem

3,200
millirem

13,000
millirem

23,000
millirem

Foad from outatde
dosa not arrive 2si

of tha time

¥holae
Body

2,950
millirem

3,3%0
millirem

14,500
nillirem

25,750
millirsm

in 30 years.

Bone
Marrow

3,550
#1]1iren

3,925
millirem

16,250
milliram

0

28,750
milliraom

14



THE ESTTMATED ADDITTONAL NUMBER OF CHIULDREN WHO MIGHT BE BORN. WITH HEALTH
- OR MENTAL DEFECTS AS A RESULT OF THE AMOUNT OF RADIATION
RECEIVED IN THZ PIR3T 30 YEARS

If Paopls Live

1. All the time
on Eneu.

2. 11 months per
year on £nau
and 1 month on
Bikini.

3. 6 months on
Eneu per year
and 6 months
on Bikini.

B, All the time
on Bikini.

If they will eat

food from their
atoll only

If they will =2at Food from outsaids
food from their dues not arrive 25%
atoll with faod of the time

from the autaide

)
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FINAL REMARKS

The scientists who wrote this book realize that many of the concepta
doscribed here are difficult to underatand. But bnéy hope that the
information in the baok will help the prople to understand why the U.S.
government believes that the people should not return to Bikini Atoll unkil

the amount of radiation that people will receive is helow the atandard.
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HARVESTING COCONUT STEMS

By: Alfonso M.R. Mendoza*

Summaxry

Coconut in the Philippines dates back to pre-Spanish time and
since then, has developed intq 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,
the government has launched a massive replanting programme to
cover the 2.3 million hectares devoted to coconut, which will
involve the cutting down of 6 million trees annually.

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.

Introduction

The coconut, Cocos nucifera L. has been cultivated in the

Philippines even before the coming of the Spaniards. The
Spanish authorities, realizing the economic importance, required
the planting of coconuts in 1642. From thereon, the coconut
industry grew to become a major crop of the country. By 1910,
millions of trees were bearing. Coconut now occupies 2.3 million
hectares, providing livelihood to about 14 million people. The
Philippines is the leading coconut producer and contributes about
70% to the internaticnal trade in coconut products. .
: T R, MR ¢
oconut belongs to the palm family, growing favourably within
20° north and south of the eguator. It can thrive in altitude

11
¢s high &s 900 meters. As a monocotyledon, coconut has mneither /

*S§n§0r Deputy Administrator, Philippine Coconut Authority
Diliman, Quezon City, Philippines
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60,000 hectares a year. At this rate,

< Toproot nor a rootstock, but instead thousands

a
roots ranging from 1500 to 11,360. The

.
o lgom~

root may extend
laterally to about 25 meters while vertical penetration

ES

[Xe;
a depth of 6 meters depending on soil conditions.

The
trunk or stem .attains a considerable height, 20 meters or
more depending upon variety, age and environment. With
tall coconuts, the base is markedly swollen, whose
diameter may reach 1 meter but rarely exceeds 30 to 40 cxms
at man's height. The crown has some 30 opsned leaves

supporting fruit bunches at different stages.

The coconut industry is characterized by low productivity.
This is due largely to poor quality planting materials,
aging palms, and the lack of thé~necessary cultural
requirements. The growing number of o0ld unproductive trees
requires the launching of a massive replanting program
utiliizing high yielding prscocious hybrids.

o N e

The Replanting Program o

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

it will take about
40 years to cbmplete the cycle, thus makingAthe replanting
program a perpetual activity; At the end of the cycle the
earliest replants may then be ready for replanting. It is
expected that much improved hybrids shall be developed as we

progress in the implementation of this replanting program.

Aside‘f;om'the use of highly productive hybrids, the
replanting program will involve the adoption of the required

cultural practices and inputs. The mechanics and the

criteria in determining priority areas will be set up, to

be supplemented with the expériences fo be gained in the
pilot replanting project being undertaken. The replanting
proper commences in 1980, with 1,700 hectares to be replanted.
gradually increasing to 60,000 hectares annually beginnind

1985. Land preparation which include clear cutting of old

e
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ORIGIN OF RISK COEFFICIENTS

I. BEIR-I
A. Cancer (Tables 3-3 and 3-4)
BEIR-1 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 516 738 . 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



IT. BEIR-III

A. Cancer (Table V-4)
Lifetime Risk of Cancer Death

.-(deaths/]OG/rad)
Single exposure to
10 rad
Model Absolute Relative
L-Q, LQ-L 77 226
L-L, L-L 167 501
Q-L, Q-C 10 28
B. Birth Defects--pages 166-162

(mean parental age = 30 years)

Continuous Exposure

to 1 rad/yr
Absolute Relative
67 182
158 430

1 rem per generation (1 rem parental exposure) per 106 live
offspring——¥ 5 to 75 birth defects, this is 0.0005

--0.0075%--First generation

Spontaneous rate is 10.7%, thus 1 rem will increase the rate

.0005
10.7

. 007
10.7

from 10.7% to 10.7005--10.7075%

= 0.000047 = 0.0047%

= 0.0007 = 0.07%

4
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Risk Estimates based on BEIR-III

Total A Cancer Risk - Birth Defects
Person Relative __Absolute 30-yr Whole (5-15/106/rem) Spontaneous %
rem T L-QF T L-L L-Q L-L body dose (rem) : Number Increase
182 430 67 158 | ' '
1 3054 .556 1.3]1 .205 .483 2.8 .0019-.,029 139 .02
2 6108 1.11 2.63 .409 .965 5.4 .0038-.056 139 .04
3 25450 4.63 10.94 1.71 4,02 24.0 .0167-0.25 139 .18
4 47846 8.71 120.57 3.21 7.56 44.0 .0306-0.46 . 139 .33
5 3461 .63 1.49 .23 ;547 3.2 .0022-.033 139 .024
6 - 6617 1.20 2.85 .44 1.05 5.9 .0041-.062 139 .045
7 957 174 41 .064 .15 1.4 ,0006-,009 85.6 011
8 1978 .36 .851 L33 1 .313 2.8 .0012-.018 ~ 85.6 .021
1085 197 | 467 073 | .17 1.6 .00068-.0103 85.6 |  .012
2105 .383 . 905 141 .33 3.0 .0013-.0193 85.6 .023
446 .081 .192 .0298 .0705 .96 ., 00028~.0042 58.85 .007
910 .166 .39 .061 144 1.9 -.00056-.0084 58.85 .014
520 .095 .224 .035 .082 1.1 .00032-,0049 58.85 .0083
953 173 .41 .064 .151 2.0 . 00059-, 0088 58,85 .015
*Risk coefficient .eg 2.8 rem x 5 x 139
10.6

eg 182/106 man rem
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ESTIMATED RADIATION DOSES TO RESIDENTS OF !
EREU AND/OR BIKINI ISLAHDS ASSUMING VARIQUS LIVING PATTERNS®*

Residence Years on/ Time on Time on Imported Food Maximum Annual 30 Year Dose. "
Island Years off Eneu (%) Bikini (%) (50% of Diet) Dose (Millirem)**  (Millirem)*v*
, to Bone Marrow . ’,
WHhole Bone
: . Body Harrow
Bikint Permanent 0 100 _ Mo : 6200 44,000 47,000
Bikini Parmanent 0 100 Yes : 3300 24,000 25,000
Eneu b Permanent 100 0 No ‘ 780 5,400 ~ 6,000
Eneu Permanant 100 ] Yes 390 2,800 3,000
Eneu Permanent S0 10 Ko - 830 5,900 6,500
Ensu Permanent 90 - 10 Yes 440 3,200 3,400
Eneu N 100 0 No. 540 + 2,800 3,100
Eneu 171 100 0 Yes- 280 1,400 1,500
Enew 171 S0 10  Ho 590 3,000 3,300
Enau R VA 50 10 Yas ' 330 1,600 1,700
Eney /2 100 0 Ho 540 1,900 2,100
Eneu 172 100 0 Yes 280 950 1,030
Eneuy 1/2 90 10 No 590 - 2,000 2,200
Eneu 1/2 90 10 Ves 330 1,100 1,200
" Eneu 1/3 100 0 No 540 1,500 1,700
Eneu 1/3 100 o Yas 230 160 810
Eneu 1/3 90 10 Ho 590 1,600 1,800
Eneu 1/3 %0 10

- Yes 330 860 §20

¥ Dosss are roundsd off.

¥ federal Radiation CLouncil axposure limit is 500 millirem per ysar to the maximum exposaed individual
(numerical value given is three times the average) . ]

®%* Federal Radiztion Council exposure Vimit is an sverage of 5,006 miliirem to a population.

¢ These values are best estimates based upon the most complete information available. Furthermore, these are
average values based upon averaged parameters. (e.g., soil concentration of radionuclides, food concentrations<§§?5
of radionuciides, diet); any specific individual might receive radiation exposure higher or lower than these
values depending upon 1slands visited, amount of varfous foods consumed, etc, (@o claim {s made as to
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Island Code

Bl

B2
B3
B4
B5
B6
Bl1O
Bl2
B13
B15
B16
B17
B18
B19

Island Average - pCi/g 0-5 cm

Island Name 9OSr . 239+240Pu 241Am
Nam 10 2'(( 2 60 (25) 20 (32)
Iroij Lo 5ANE) N 8.3 (1) 7 (9)
Odrik N ‘\(“ 805?\_65)“..ﬂki 8.5 (11) c 3.3 (5)
. rIomilik ¥y Fon W3S (16) 17 (16) © 4.9 (16)
S ,Aoﬁﬁni SASE“ ) 3 4. (9) 3.2 (9)
VP e (13) ¢ 12. s (13) 8.2 (13)
THESE ““ Rogkere 17 (3) = 4.1 (3) 2.9 (3)
oNEsET : 2 (4) 0.37 (4) 0.22 (4)
Aerokojlol 0.74 (13) 1.4 (13) 3 0.35 (13)
Lele 2.8 (4) ! 1.2 (4) ¥ 0.19 (4)
Enemon 17 (6) 2 10 (5) 7 1.5 (6)
Enidrik 11 (32) = 6.1 (31) Y 1.3 (32)
LukSj "116 (3) 20 (3) Y o4.5 (3)
Jelete 179 (2) “ - 13 (2) 47 (2)

47 12 4.4

Bikini Atoll Average

*

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