([, 339 ¢




Recewed wpP— 4173/21 Rm

H correliores maole. %7
faand Vo NP CELquM*g o

/1974 &
WHOLE BODY COUNTING RESULTS FROM 1974 TO 1979 FOR BIKINI ISLAND

RESIDENTS

R. P. Miltenberger, N. A. Greenhouse, E. T. Lessard

Brookhaven National Laboratory, Upton, New York 11973

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

the mean 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). 1In August 1977, the responsibility for
providing body burden measurements was transferred from the Medical

Division to the Safety and Environmental Protection Division at
Brookhaven National 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 source standards, multiple counts of Brookhaven per-
sonnel and the recounting of certain non-Bikini and Bikini residents.

Two point sources were used in the QC program. A 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 personnel 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-
centrate make from jekaru) and waini (dripking coconuts).” The matura-
tion time of the coconugg/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 equivalent in excess of

Sm Sv (0.5 rem) due to the ingestion of 137

137

Cs had the April 1978
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
Bikini population from Bikini Atoll eliminated the 13703 source term

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 KeV 8.7 x 107> 37 Bq (1 nCi) 900 sec
80c, 1173 & 1334 Rev 6.7 x 107> 37 Bq (1 nCi) 900 sec
40g 1460 Kev 7.0 x 107> 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

19741 19772 1978 1979
Weight
Med- in Years Potas-~ Potas~— Potas- Potas-
ical Kilo~ on sium 13703 sium 13705 sium 6000 13700 sium 6000 137
m grams Age Bikini grams VWCi kBq .grams WCi kBq grams nCi Bq Hnei kBq grams nCi Bq uCi kBq
80 61 69 0.75 - - - - - 97.6 1.42 53 1.4 42 - - - - -
6006 63 37 0.75 - - - - - - 141 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 4 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 5 - - - 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 12 - - - - -
6008 55 32 4 - - - 153 1.99. 76 125 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 39 3 - - - - - - 163 6.64 250 3.44 130 171 2.9 107 2.4 89
6072 S5 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 55 22 6 126 0.77 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 17 - - - 138 0.641 26 124 4,58 170 2,13 79 - - - - -

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 13703 sium Co 137 sium
I grams Age Bikini grams pci grams  WCi kBq grams Bq uci kBq grams kBq
864 90 51 7 163 0.29 133 3.23 120 136 220 3.05 110 - -
966 15 56 7 - - 162 2.22 82 174 550 5.71 210 - -
6135 81 35 1 - - - - - - 142 120 2.12 78 - -
6096 66 48 3 - - - 145 1.93 64 146 160 1.91 71 146 48
‘6002 66 65 2 - - - 130 1.04 38 116 82 1.26 46 - -
% 72 38 161 0.13 4 146 1.43 53 139 190 2.42 90 153 37
o 12 14 19 0.077 . 2 13.0 0.687 25 - 18.6 130 1.32 49 16 - 19
Range 52~-95 17-69 126 0.051 1 119 0.641 24 97.6° 53 0.631 23 132 12
198 0.29 1 169 3.23 120 180 5.88 220 179 89
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Table 4

Bikini Female Adult WBC Results 1974 through 1979

19741 19772 1978 1979
Weight

Med- in Years Potas~ Potas- Potas- Potas~
ical Kilo- on sium l”c; sium 13700 sium 6060 13703 sim: 6000 13703

i} grams  Bikini  Age grams  uCi kBq grams  uCi kBq grams nCi Bq pci kBq grams nCi Bq wuci kBq
6045 83 0.7% 28 - - - - - - 95 1.79 66 1.15 43 - - - - -
6112 90 1 35 - - - - - - 96 2.18 81 1.76 65 9% 1.6 59 0.98 36
6114 S4 075 32 - - - - - - 79 1,40 52 0.818 30 102 0.32 12 0.12 4.4
6111 84 0.5 32 - - - - - - 100 2.11 78 1.31 49 107 1.2 44 0.53 20.
6122 73 10 70 94 0.033 1.2 - - - 86 3.20 120 1.34 49 93 1.9 70. 0.31 11
6123 77 4 50 - - - 107 1.53 57 99 3,81 M0 1.41 52. 126 2.5 93 0.62 23
6059 45 1 19 - - - - - - 80 .1.33 49 0.861 32 - - - - -

. 6063 49 4 24 - - - 89.6 0.799 30 81 3.16 120 1.52 56 - - - - -
6032 63 3 32 - - - 96.4 1.88 70 100 5.49 200 3.07 110 94 1.7 63 0.77 28
6124 53 0.58 54 - - - - - - n .27 47  0.957 35 - - - - -
6108 86 4 24 9 0.029 1.1 98.0 0.706- 26 93 2,48 92 0.729 27 114 1.6 59 0.53 20
6058 66 5 18 106 0,077 2.9 88.8 0.690 26 92 4.63 170 2,08 77 - - - - -
6113 54 4 25 - - - 91.7 0.534 20 91 2.33 86 1.03 38 107 1.1 41 0,30 11
6065 52 4 19 - - - 101 0.734 27 93 2.39 88 1.06 39 96 1.3 48 0,36 13
6097 53 4 19 86 0.036 1.3 88.9 0.468 17 90 2.15 80 1.27 LY 95 1.0 37 o0.21 11
6109 50 4 15 - - - 110 0.621 23 88 1.49 55  0.411 15 106 0.53 20 0.060 2.2
6046 85 1.75 43 - - - 9.3 0.833 31 100 3.81 140 2.10 78 - - - - -
6098 60 3 16 - - - 91.4 0.706 26 93 2.38 88 .891 kX) 66 1.2 &4  0.47 17
6060 55 2 22 - - - - - - 81 2.00 77 1.39 51 105 0.84 31 0.18 T 6.7
6036 56 0.3 27 - - - - - - 73 1.54 57 1.%3 57 - - - - -
6110 77 8 32 111 o.11 4.0 - - - 9% 3.98 150 1.50 56 - -T - - -

$25 78 0.75 37 - - - - - - 106 2.96 110 2.36 87 - - - - -
6064 60 7 30 - - - - - - 83 2.55 9% 0.907 34 % 1.6 59 0.42 i6
6061 65 6 32 - - - - - - 8t 3,62 130 2.22 82 - - - - -
6051 S0 5 19 - - - 95.9 0.545 20 88 2,25 83 .44 53 - - - - -
93 74 6 43 - - - 98.8 2,23 83 110 10.8 400 5,48 200 - - - - -
6062 54 4 21 - - - 96.8 0.840 31 79 2.53 9% 1,44 53 - - - - -
6035 77 6 20 - - - 113 0.573 21 100 4.9 180 2,78 100 100 2.3 85 0.65 24
6115 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
6034 76 7 46 102 0.12 4.3 93.7 0.995 37 92 6.92 260 3.89 140 - - - - -
865 54 7 45 59 0.018 0.67 89.4 0.558 21 78 1.70 63 1,31 49 - - - - -
6050 62 2 22 - - - - - - 81 3.42 130 1.40 50 - - - - -
4 65 31 93 0.059 2.2 9.1 0.911 34 89 3.15 120 1.68 62 98 1.4 52 0.44 16
o 13 13 - 16 0.037 1.4 7.6  0.492 18 9.9 1.92 n 1,01 37 15 0.59 22 0.24 8.9
Range 45-90 16-70 59 0.018 0.67 85.9 0.468 17 " 127 47  0.411 15 66 0.32 12 0.060 2.2
100 0.12 4.3 113 2,23 83 110 10.8 400 5,48 200 126 2.5 93 0.98 36
1 w0 s

co 77



~~

, ->
h!’

L1

Bikini 1978 and 1979 WBC Results of Children AGES S - 10

Table S

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

m kilograms Bikini Grams nCi Bq ,,ci 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 1.3 5 41,1 1.7 64 1.50 56 - - - - -
6012 24 7 7 40.5 1.7 63 1.27 41 - - - - -
6023 28 4 8 51.6 1.7 63 1.28 47 43 0.91 k13 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 1.31 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 34 6 10 51.0 2.3 86 2.02 75 - - - - -
6092 29 6 8 52.1 2.8 100 2.25 83 - - - - -
6080 34 0.58 7 50.3 0.35 13 0.543 20 - - - -
6010 29 7 8 55.6 1.8 67 1.41 52 50 0.49 18 0.17 6.3
6038 21 2 6 41.7 1.3 47 1.00 37 - - - - -
6105 22 3 S 30.7 1.2 43 0.967 36 65 - - 0.053 2.0
6103 - 3 9 47.9 1.4 53 1.40 52 - - - - -
6028 25 5 7 52.0 1.4 51 1.26 47 - - - - -
6030 34 3 10 54.1 3.0 110 2.38 88 34 0.35 13 0.26 9.6
6027 22 3 6 35.6 5.6 210 1.16 43 58 0.42 16 0.042 1.6
6044 18 5 6 35.1 6.4 240 1.15 43 - - - - -
6025 21 3 5 43.6 0.97 36 1.03 38 45 0.59 22 0.13 4.8
6081 26 0.67 9 49.3 0.57 21 1.02 38 - - - - -
6106 22 3 6 32.3 0.48 18 0.622 23 ” - - 0.077 2.9
% 26 7 45,1 2.1 78 1.30 48 48 0.46 17 0.12 4.4
(] 5.6 2 8.51 1.8 68 0.558 21 12 0.10 3.7 0.080 3.0
Range 18-34 $-10 32.3-55.6 0.35-6.4 13-240 0.543-2.38 20-88 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¢, Potassium 60co 137¢g
b o] kilograms Bikini Grams nCi Bq uci kBq grams nCi Bq uci kBq
Males
6132 kk] 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 11 53.2 1.34 50 0.830 3 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 n $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
b4 33 12.0 57.2 2.50 92 1.41 52 75 1.4 52 0.27 10
aq 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

Surmary of 13703 Body Burdens for Bikini Inhabitants, 1974 to 1979
Range of Mean Range of Mean Range of Mean Range of Mean
Number 137¢ce 137cs Number 137¢g 137¢, Number Cs 137¢q Numberx Yce 137¢q
Counted Results Result Cpunted Results Result Counted Results Result Counted Results Result
Population 1974(5) 1974(5) 1974(5) 1977(5) 19772(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 kg 90 kBq 17 12 kBq 37 kBq
(0.043 uci) (0.13pci) (0.57uct) (t.3uci) . (0.63prci) 2.4uci) (0.321ci) (1.0 cCi)
to + to kS 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 p Ci) (3.2uci) (0.73uct) (5.9uci) 1.3uci) (2.4uci) (0.51uci)
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) (0.073nuci) (0.53nci) (0.93uci) (0.41vci) (1.7uci) (0,060 ci) (0.44Wci)
to E to %, to £ to i
9.3 kBq 2.3 kBq 83 kBq 17 kxBq 200 kBq 37 kBq 36 kBq 8.9 kBq
(0.25p i) (0.063nci) (2.2uci) (0.47u¢i) (5.5uci) (1.omnci) (0.98uCi) (0.24Y 1)
Male Children 0 ND ND 3 24 kBq 30 kBq 6(2) 27 kBq 53 kBq b 2.0 kBq 10 kBq
11-15 yrs (0.65 nct) (0.821ci) (0.73uci) (1.4uci) (0.055uci) (0.274ci)
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) (o.76 Mci) (0.331ci)
Female Children 0 WD ND 3 20 kBq 25 kBq 3 28 kBq 46 kBq 2 5.6 kBq 7.8 kBq
11-15 yrs (0.56 uci) (0.68 uci) (0.761ci) (1.3Hci) (0.15¥4ci) (0.21¥ci)
to S to S to £
35 kBgq 8.5 kBq 76 kBq 25 kBq 10 kBq 3.1 kBq
(0.94 uci) (0.23uci) (2.1uci) (0.66 Hci) (0.27uci) (0.080 HCi)
Male Children O WD D 0 N W 8 37 wpq 50 kBq 1 5.9 kBq 5.9 kBq
5-10 yrs (1.ouci) (l.Jtllci) (0.16 ¥ci) (0.16 i)
to
64 kBq 7.6 kBq
(1.7uci) (0.21 uci)
Female Children 0 ND ND 0 ND ND 14 20 kBq 47 kBq 6 1.6 kBq 4.4 kBq
5-10 yrs (54 nci) (1.3uci) (0.0421¢i) (0.12Mci)
to % to z
92 kBq 21 kBq 9.6 kBq 3.0 kBq
(2.4 pci) (0.56 pci) (0.26 uci) (0.080 yCi)
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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 presence of data from 1975 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 inconsistencie
several of the different tzbles. ¥or 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, the
death rate per 1000 births for 1970 through 1975 is given as 28.3
25.4, u6.4, 21.1 and 37.0. However, Table III-5 indicates the ir
mortality rate to be only 17.04., We hawe used the data of Table IZI-1
in the following estimates,; because it is more complete and it proviZss
a self-consistent set of data. However, in view of the discrepzancies, oo
the results can only be considered as approximations. ;n-ay=z$eu'ﬁhis g:#*f%
makes little real d%ﬁﬁqrenqi in view of the uncertainties in the risx
esttmating coefficisnts” Thsre is also a bias built into the datz
because of the inclusion of Zhye and Majaro in the overall Marsheall

U
[e N7
oy

3

obtained: )
: /éd,' . A/Qg - A f-in.}‘
Rate of increase of, the population A4 3.3%/yr.
" Infant death ra:gin 3.2% per birth.
Overall death rats £« 0.54% per year.
Birth rate 4 4.2% per year.

sEwWnN -

An greemyr o2 3CLOMONLE. CECOruMLy &M DIGyer

2 ™ : / ; s
o 'Lfl‘/ IR AT '///;//é”l ”'J /’{"’5[7/ /":I“'“‘““"“\ & (o I b, &’ /06—\:1‘:/
7 f’ ' \ )

Island rates. This arises from the different death r%Fes (part;culaflyﬂl \?
infants) at'tgfse two locations. ‘A& “1 ghors zLuftJt £, ;&,QJ;l;.'¢; c{?c - 3
, «AJ&,F°r the estimates we—ssed the last 5 or § yesar vavefzge"di ;he{:a:a,«ﬂuatk g
Ao, to tn U557 8T8 most representative of current conditions. From this, = 24 [, g

4q
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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.
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550 | caleklin wome il fo o et

/

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

-

N 164 >x '
' 220 e e, =41.7 =40
Deaths in 30 years 550 = 140 X
1277 _ _x = 325. = 300

Bwrths in 30 years —/—— 250 120 °

/fx/z A ﬂ/‘mé’é‘ 7’ >35 L

b 164

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

]

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

fﬁ A Population of 350

104.36 ~ 100

"o,

Deaths in 30 years, t55 = '523"('6 s X

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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ﬂ, Cancer (Table V-4)
vaet1me Risk of Cancer Death

(deaths/]OG/rad)
~ Single exposure to Continuous Exposure
K 10 rad . to 1 rad/yr
Model Absolute Relative Absolute Relative
L-Q, LQ-L 77 22¢ 67 182
L-L, T-T 167 501 158 430
Q-L, Q-C 10 28 -—— .

;& Birth Defects--pages 166-169
(mean parental age = 30 years)
1 rem per generation (1 rem parental exposure5 per 106 1ive
of fspring — 5 to 75 birth defects, this is 0.0005
. --0.0075%--First generation
:MLX* Y vt Lo :u-»é/w/":"’” (el )
'A Spontaneous rate”1sn10 7m,hthu$ 1 rem will increase the rate
from 10 7% to 10.7005--10. 7075 -

‘0. 0005 .
=5 0.000047 = 0.0047%; a~w(

i ?87§ = 0.0007 = 0.07% e~ v-



c,M-(—('»flg / &»/
& ) T /

I3
c-/ ' ,;/7 Fmtt e /N
J S
/”;}—' rude O,
) \

A (ool

. - r7d
7},{ "é / Cj _pramns LSy //’.—s’\é'-w*w'”“ f“-vhw M»wJ»*- j)'xﬂ-z
m e &‘Zc — Lb&d{.’n a.lf.. .""/ ,,x«-wcw\wf“-/ /‘M cam-s ;"LM:‘. e M f‘.fi‘nw

ka2
é/ 7 S ’s'; o
/ IJ“{&:@@ /"f’) 77 ,/A%/M,///‘.,,\Cfr L"é'*‘
£77‘*”“3 3‘ S AP  S ./-x:i e
) ' Y / 2 P ;/ .

=
d"
[T .
o s . 7,
e SRR P N -¢re‘/ﬁ;___ %
' 4

M‘éfwwe‘., f ',M\vf»#w.nv/
= I s
A ) ~'_;‘.

o T/

éc "\‘—'\-\ (:,.‘,I';‘..A r(mf (o . [
! - g
s fe N ey e g
" P T R T e SRy 2 ey = -
U ' FAE - Nagg T -
] 2 J
f“‘"‘ ')‘:;":m
el o 202 ¥
. Y TR R
6‘ ’ M&:‘-‘f?ﬁq /ued‘!u_, -
F A ._‘ / - / )
’é .. —J--)/ B 2 e ;
; pd ¢ = - ?&\ A, W(c_,_‘.‘_.‘ ‘7,
e ST /
L T g (41
Q ;
E 3 - '
T ey A e
AR AR O SR

Y
) ’ .
D Y -
~ 3 I
. : }.—-_ N . ¢ 7
P I e SRR ,,/57 Ntmanmf L

L]
L'I
; é"{é( S 2
. v ,
l' ;‘
[on .(:‘_',»,,;‘__:»u i

i N
/L"/L C?'L(/)//Lfd EXTI T e, cflv\—é‘c—ee« ‘»’r‘"c“" g
ey

Syl . A . - ;
f"“ R T - < . e A /e .'/ /L‘C*’ Cowl e
‘\3 } c s
L Ttentin ,M’.v«'u 2 twen L
2
. . 5
- L T /3,.,»« St .»-.\ ,-’;t{
5 .

. / 4 .2
7’/.4 A/C&\l{n’ / g S ORI 4
A A I bty A
/
- ; - .
; {_{K:, e u A oel )

o~ S
LUK 2w Fherg C-/'" ,{' e ‘_‘f

-/

" Al

> P
J4 o~ ;-f.'.g-:("

rf }a‘? Ny
ﬂwvu\ / -' i"”‘ Ftetd
I3 v - 2’
: 2 / 2R
) s e Y.<

+
e A -y 5 ~- {(
7 ».f-‘{: - 4»1 e w'- Leam 2 ot

Lo rtdtac tan o

51»- ot * é 7 & /
v - E - ¢ - N
e * ,C‘i)"(“‘n“ ﬁr("(’ - > "{ : / e > - é‘bh»‘-l’\_\ - X



‘ N . ‘ ESTIMATED RADIATION DOSES TO RESIDENTS OF
-sz‘ ENEU AND/OR BIKINI ISLANDS ASSUMING VARIOUS LIVING PATTERNS

Residence Years on/ Time on Time on Imported Food Maximum Annual 30 Year Do

se "
Island Years off Eneu (%) Bikini (%) (50% of Diet) Dose (KI1lirem)#* - (Millirem)&® -
- T to Bone Marrow
Whole Bone
’ . .. _Body Marrow
Bikin{ Permanent ' 0 100 L No . 6200 : 44,000 47,000
Bikint Permanent ] 100 Yes 3300 . 24,000 25,000
Eneu S Permanent ‘100 0 No ‘ 780 5,400 6,000
Eneu ' . Permanent 100 -0 Yes . 390 2,800 3,000
Eneu Permanent 90 10 Ho ' . 830 5,900 6,500
Eneu Permanent S0 10 Yes 430 3,200 3,400
Eneu N . 100 0 No. 540 2,800 3,100
Eneu ' 1/ ' 100 0 Yes' 280 1,400 1,500
Eneu 1/1 : 50 10 " No 590 3,000. 3,300
Eneu R VA 920 10 Yas ’ 330 1,600 1,700
Eneu 1/2 100 0 lo 540 1,900 - 2,100
Eneu 1/2 100 0 Yes | 280 960 1,030
- Ensu 1/2 90 10 No 590 - 2,000 2,200
Eneu 1/2 90 10 Yes 330 1,100 1,200
Eneu 1/3 100 0 Ho 540 1,500 1,700
Eneu 1/3 100 0 Yas 280 760 810
Eneu S V& 80 10 o - 590 1,600 1,800
Eneu 1/3 %0 10

Yos 330 860 920

% Dosas are rounded off.

L }-Radiation-Eouncidl~exposure~limi t=1s~500~mi1 i m*perwyear“tﬁ"tﬂu"mzxﬂmnn~expo&ad—dndividual
RLQ&#ﬁZZrical value given is three times the averag :

- / i
°ﬁf Federal Radiztion Council exposure limit is an averaao of 54 000 mtl]i"em to 2 ?6/fat16n /( T
¢ These values are best estimates bascd upon the most complete inforMation availqgle”' Furthermore, these \are
average values based upon averaged narameters (e.g., sol}; concenfrat1on of radiénuclides, food concentrations
of radionuclides, dietg any ¢pacif1c individual wight rece1Ve radiation exposure higher or Yower than these
values depending uoon 1slands visited, amount of various foods consumed, etc. (Ho claim 1s made as to



‘\ _ _ Risk Est1mates based on BEIR-1II. ]'5 '
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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 scientists including members of

the BEIR committees.

3

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.

@%#%* 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 1imited 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.

cggg;§t19n Est1mate(&RPS)’“’””’CCQQ?E3Z

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

M/L /550 it

)‘// ‘.ral

e 80 (1 - ™) = 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.



A, BEIR-I_

—== 1. Cancer (Tables 3-3 and 3-4)

Derived
Cancer deaths/year in U.S. Caqcer deaths/]O6 person rem
from 0.1 rem/year {é{%qéi i
(pop = 197,863,000)
Absolute Relative 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

6 person rem and the maximum by 458/106 person

risk coefficient of 87/10
rem. Thus, these two risk coefficients were used to define a range of

estimated cancer deaths.

—— 2. Genetic Effects (from Page 1 & 2 BEIR-I)

& o ‘
e e. _EE§¢d~on specific defects §$

& 5 rem/30 year reproductfﬁé generation would cause in the
A\

(® 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.



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, C-C 167 501 158 430
Q-L, Q-L 10 28 - —-

2. Birth Defects--pages 166-169 5
g//(méan parental age = 30 yea{s) :
S’ 5 /’;
¢ 1 rem per generation (1 rem parenEET”exposure) per 106 1ive 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 0‘3095 c

0.000047 = 0.0047% increase and 222975 = 0.0007 = 0.07% increase.

10.7

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
Phecy / o

e

Table 3 sﬁfws the calculations for estimates of increased cancer risk

for 14 di;Frent 1iving conditions.

LS. ]



Jable-2-forzthe—retative-pisk-model~—The-tomest=

2. Birth Defects, Risks.
R =gl G ~_

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
1 &

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

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

the Tlinear 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 givin

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

14
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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 W LG el Tore

W1111am Graham - Chief, Programs and Development, Department of Education
Dr. Ezra,B1k]on - Secretary of Health

CargEn 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 f }\ AL LN Y
Saimon Samson, Councilman RS AR v
Saul Abraham, Councilman g {L‘?.-ﬁ\
Lombwe Mark, Councilman ij’ 1L ‘g|;gflc*
Sam Luke, Councilman . OCb“Efﬁfiv:‘

\h

Moses Abraham, Councilman g
Balik Paul, Councilman
Alik Jorem, Councilman
A ata Kabua, President
Oscar DeBrum, Chief Secretary

Check this list please and let me know if there are more names
I should add.

Linda 5il° ; “;;;:3
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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 BIKINI BOOK

Each person will receive a loose1eaf notebook for stor1ng material with numbers up to 62
F il sl Ve L YR BTNy RS A N 7 bhilnln A Rt v o Gl

RIXEAX XK A e 4

HEHBXIK

R

Ray Baalman %

Bi1l Bair \

MEXEKANXARXKHE

Alice Buck

Jack Healy

Meleran Jelke

Keorong Sam

Martha Stifter

1. When 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

All #inaf*éopy 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
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millirem

Jonan radialion eo iolap {average) bwelen juon armij
emarof boke iumin 30 yio:
ilo aoleben enbmnmn {whole body) .........

ilo nonnonmej iloan dri (bone marrow) - . - - . ..

Averafe ambn T o e on 2 S on g ! gee e of gt 3 yveeae
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millirem

Jonan 18nlok in cancer ko bwelen remaroit
walok floyiokein 30iman . ... ... ... .......
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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.

Foos mivsns byt o e angld e &3 teople thes andun g
nat <) Conanyg Cancer pthet than T e et Ly tata
Tty s Y VAt bt WMere gt e ao adidtional At
tan e gt e gy gathat e S e e b by,

emaroh bar kobatok
jen radiation eo ej walok jen afomic bomb.

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,
ro rej mij jen cancer ko rej walok

Ity means that d there aould 0e F 2 neople die within the

el 30 year, from any cencet other than that caused by radis-
wan eft Bom alosnc bumbs, thete might be an additional
st cancer that is caused by radiation let! from atomic bombs
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Jonan Jonfok in ajiri ro bwelen remaroii lotaktok
kin namnmu in utamwe ilo yio kein 30 iman. . . . ..
T | (RN ETTT TRINTIN S VUL SR PICL T PR
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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.

Tty e s Dt d thete dore 550 Bidren tay s acn negith
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tle ot

JoteCts ooty front any raLe olen !
A Lomt At S et 3 peats, g tuy
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e Boen with defies iy Caased B fa Biaton fef!
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atomic bomb.

lott teom atonnee: hombs
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Selelen, bwe elane enaj wor S50 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radration e ¢j walok jen atomic bomb ilo yio

kein 30 iman, emarofi bar kobatok *  ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ej walok jen

iy means (et ! there were S 50 cidren harn with health
aefects vceurtng trom anv Cause ather than (adiation et from
£0ME Domby, within the aeat 30 yeors, there might be an

ahutipnat  chiddeen botn with delects caused by radation
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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
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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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Jonan radiation eo elaptata bwelen juon armij

emaron boke fumin juonyio . ... ......... milreml o e e e e e e e et millirem
Ahw iargest aount st a-halion ane paroon tuphl tecewe -
dunng 1 year
Jonan radiation eo iolap (average) bwelen juon armij
emaron boke iumin 30 yio:
ilo aoleben enbwinnin (whole body) ............. Mmirem] . . . e e et e e mithrem
ilo nonnonmej iloan dri (bone marrow) . .+ .. ... ... L) millirem
Average 4t ol L4l A0 2 Dot o0 gt Eecee oy 30 vedrs
Jonan 15dlok in cancer ko bwelen remarofn
wafok iloyiokein 30iman . ... ... ... .......... % %
Thi apgeeare ad oo et 30 dughd geoy? adding
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Melelen. bwe elane enaj wor & 3 armij remij ilo Melelen, bwe elane enaj wor £3 arm? remij ilo
yio ken 30 iman jen jabrewot cancer ijellokin cancer llo 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 atomic bomb,
emaron bar kobatok 1o rej mij jen cancer ko rej walok emarofi bar kobatok 10 ref mij jen cancer ko rej walok
jen 7adiation eo ej walok jen atomec bomb. jen radiation eo ej walok jen atomic bomb.
s mears, b o tpre anald be &3 paaple des witin e This means that f there would be F2 neople die within the
neet S0 gear e any Cander ofher thar e Canred Ly tadia neat 30 years fom any cancer other than that caused by rad.a-
nn b b gt hembes there qught e an aditongt ane fo toan el 1om atonec bombs, there might be an additional who die
[Ty A | U I T 217" 191 XY TELNC U PRVICRR P ST 1 stnin cancet that 1s caused by tadiation telt from atomic bombs
Jonan lonlok in 2jiri ro bwelen remarof fotaktok by

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

Iras mive’ & st o nere were 550 B o ban o weln regith
J“l-’ 15 Lo UL 1Ok 30y CauLe Ot et than cadest on fel] tiom
atome Loty aittin the ert 30 years, it mgnt te an

DU e dren Bor Ah dele s Caased Dy fa bation !
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Melelen, bwe elane enaj wor S50 ajiri ro rej lataktok
kin namnmu in utamwe walok jen jabrewot un Xo'
ijellokin fadla!/on eo ¢j walok jen alomic bomb ilo yio
kein 30 iman, emarof bar kobatok * . ajiri rej lolaktol
kin naninmij in utamwe walok jen radiation e ej walok jen
atomic bomb.

Ihis means that it there were 556 childien born with health
oetects vecarsng from amy cause other than radation iett from
H0miC DOMbs, within the nest 30 years, there might be an
adtional  children bora wih defects caused by radiation

left tram stomec bambs
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Jonan rachation eo elaptata bwelen juon armij
emaron boke iumin juonyio .... .. ... e e e aflem ] oo e e e millinem
Ihe darest aric st af o luation ane Peragis sl ey -’

Ay ) oyear

Jonan radiatron eo iolap (average) bwelen juon armij
emaron boke iumin 30 yio:

xloaolebenenbwmmn(wholebody)............. Y miffirem
ilo nonnonmej iloan dri {bone marrow) - .. -« ... millireml ..o e e e e millirem
Averars art .t Gl gl shent g etz e b pe s e o) ey BY vear
Jjonan 18flok in cancer ko bwelen remaron
% %
walokzloymkem:!o:man......... ..... (]
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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-
Wam i1 ot aleme nle Seete by e gt adtitioinel acwe e tinn et Pem atoans bombs, thete might pe an additvinat who de
L L TP MY I I D P BTN Nt cancer et s caused by tadiatan letl hom atomic hombs
L3
3
Jonan 10Alok in ajiri ro bwelen remaron lotaktok (;, o
kmnamnmumutamwelloylokemJOlman ...... 70 %
, R TR T BT S
Mefelen, bwe efane enaj wor 350 ajiti ro ref fotaktok Melelen, bwe elane enaj wor 3s5e ajiri ro rej fotaktok
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.
ER T N Y O T 3f0 Bt on ke Ak tedith - ftus means that o there were 3f0_ ctuldren barn with hea'th
TUTEING T any CaULE Gt T e PR R aefects yecurnng from any cause other then radiation eft irom
Loamt annd Ui pest 30 geary et nugnt te ot 410tmC pombs, adhun the nes! 30 years, thers might be an
Crodten Lgen witty detetis G ) B taligtn et .).mmnal children boin with delects ¢ aused b) ragiation
NIRRT lett from stonic hombs
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Jonan radiation eo elaptata bwelen juon armij

emaron boke iumin juonyio .. ... ... R R T mlirem
The saggest arieres ab o Ll atie Deraan nache e -
dunng § oyt et
Jonan fadalion eo iolap (average) bwelen juon armij
emaroii boke iumin 30 yio:
1loaolebenenbwmmn{wholebady)............. millrem| .. e e e i e milhrem
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Melelen, bwe elane enaj wor 53 armij remij ilo Helelen, bwe elane enaj wor . $2  amij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer I'o kem 30 iman jen 1abrewot cancer ijellokin cancer

ko rej walok jen radiation eo ¢j walok jen atomic bomb, 0 rej walok jen radialion o e] walok jen atomic bomb,

emarofi bar kobatok *  ra rej mij jen cancer ko rej walok emarofl bar kobatok t0 rej mij jen cancer ko rej walok

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

Taag creere gt tpere anuly b 53 { ople e eaitun e Ttis means that 1 there aouid be §3 faecple die within the

Beal 40 yeat Mo sy Cancer aiher fhae caved by dado neal 30 years from any cancer ather than that caused by radia.

fon it o e Loty tere gl foe dtionat ane D tion teft foom atosue bombs, there might be an adéitonal © who die

e ¢ g gt e e eaf ey ¢ adiat e N6 b e 1 enly eniy (ancer that s caused by radiaton fett from afomic bombs
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Jonan 16/ilok in ajiri ro bwelen remarofi lotaktok Iy

kin namnmu in utamwe ilo yio kein 30 iman. . . . .. .. ...
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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 ¢j walok jen atomic bomb ilo yio

kein 30 iman, emaron bar kobatok ° ajiri rej lotaktok
kin naniamij in ulamwe walok jen radiation eo ej walok jen
aloml' bomb. .

Lot it b ere apte 35‘0 Bt on Bosd ade bedldn
Gt ST Ay CadLe Lier e et g
LMt A icioe pest 3 years, then nugni te an

ter ot with defecis (a v ed fy radiatot el

Melelen, bwe elane anaj wor 350, _ajiri 10 fe} lomtok

kin nanmmu in utamwe walok j jen jabrewot un ko'

ijellokin radiation eo &j walok jen atomic 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.

Tay means that «f there were 3f0_ chitdren born with hea'th
detects vocurting trom any cause other then radiation left from
atmc bombs. aitiun the nex! 30 years, there might be an

adktional  cldten horn with delects caused by radialion

fett trom otom bombs
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Melelen, bwe elane enaj wor 25 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijelloXin cancer

ko rej walok jen radiation eo ej walok jen atomic bomb.
emaron bar kobatok * (o rej mij jen cancer ko rej walok
jen radiation e ¢j walok jen atomic bomb.

Pro cens s ete an g hie  ogHe e alin 0
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Melelen, bwe elane enaj wor 3 5 armi? remij ilo
{lo kein 30 iman jen jabrewot cancer ijellokin cancer

o rej walok jen radialion eo ¢ walok jen atomic bomb,
emarof bar kobatok 10 tej mij jen cancer ko rej walok
jen radiaion eo ej walok jen alomic bomb.

Iy means inat of there wouta e 3 5 negpie e atthin the

ttal 30 veary trom .m{ ¢ encer other than that caused by rada-

tot, el tom atome burebs, there st pe an addiional who e
T cancer that s causedt by radiaton lel trom atomic hombs

Jonan 1oilok in ajiri ro bwelen remarof Jotaktok
kin naninmij in utamwe ilo yio kein 30 iman...........

||.‘v':.‘ otaabeen bt ALt o Y fedy

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

ijellokin radralion eo ¢j walok jen atomic bomb ilo yio

kein 30 iman, emaron bar kobatok . * ajiri rej fotaktok
kin naninmij in ytamwe walok jen radiation eo ej walok jen
atormic bomb.

s Mee o0 20 T ele avfe ;3’--:!::.:! »n hotn wita begitn
delect, bl Lton, orr any C4e . Otner than 1ad aton ‘et Lo
alemie Dot st tie nest 30 gears, thwre cugmt te an

%

P Y T I T T S S

Meleten, bwe elane enaj wor >33 ajiri ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radralron ev ¢j watok jen atomic bomb ilo yio

kein 30 iman, emarofl bar kobatok * . ajiri rej folaktok
kin naninmij in utamwe walok jen radiation eo ¢j walok jen
atomic bomb.

Ttis means that « there were 33; chifdren born with heaith
delects occurnng from any cause other than radiation teft from
atomic bomts milhn the nest 30 years, there aught be an
wkitional  coikdren hore with defects Caused by radiation

Aiadian “tren Lot mth detects Cavsed He cadiation et
Hom At Ly

fett lrom atomic dombs
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Melelen, bwe elane enaj wor 35 armij remij ilo

yio ken 30 iman jen jabrewot cancer iiellokin cancer

ko rej walok jen radiation eo e| walok jen afomic bomb,
emaron bar kobatok o rej mij jen cancer ko rej walok
jen radiation eo ej walok jen alomic bomb.
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Melelen, bwe elane enaj wor 3 5 armij umu ilo

io kein 30 iman jen jabrewot cancer ijeliokin cancer
{o rej walok jen radialion eo ej walok jen atomic bomb,
emarofi bac kobatok 0 rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb.

This means that o there aputd be 3 S necute e aithin the

teat 30 years trom au{ Leticer ather than that caused by raha.

ton et rom atoma, burebs, thete nupght be an addioral © who de
oy qancer that s caused by tadiaton lett trom atomic dombs

Jonan Idlok in ajiri ro bwelen remarofi lotaktok
kin naniamij in utamwe ilo yio kein 30 iman. . e
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Melelen, bwe elane enaj wor >33 ajiri ro rej lotaktok
kin naninmij in wlamwe walok jen jabrewot un ko
ijellokin radialion eo ej walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok  ajiri rej totaktok

kin naninmij in utamwe walok jen radialion eo ej walok jen

atomic bomb.

The e 5 Uit there avre 235 “had en b wain healih
delecty Lo Utan Tom any Cause Giher (nan st an et fiom
atrmie oo et the nert 30 pears, there tagent Be an
PUBRIDLEN Crutdeeny Lotn Aty detig s Caned B tadiation beft
Hom Al bt
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Melelen, bwe elane enaj wor >335 ajiri ro rej lotaktok
kin naninmij in utimwe walok jen jabrewot un ko

uellokm rad:ation ev ¢j walok jen atomic. bomb ilo yio

kein 30 iman, emarofi bar kobatok * . ajiri rej lotaktok
kin naninmij in utamwe walok jen radiation eo ¢j walok jen
atomnic bomb.

Ihrs means that o thete wete 35 chudren born with heaith
defects occutnng lrom any cavse other than radiation lell trom
atormic bombs, within the nert 30 years, there nnght be an

antignat | emieen born with defects caused by radation

Yo

feft from atomic bombs
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Melelen, bwe elane enaj wor 25 armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer

%o rej wafok jen radiafion eo ef walok jen afomec bomb,
emaron bar kobalok " ro rej mij jen cancer ko rej walok
fen radiation eo ef walok jen atornic bomb.
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Melelen, bwe elane enaj wor 3 5 arma‘) remij ilo
{ao kein 30 iman jen jabrewot cancer ijellokin cancer

o rej walok jen radhation eo ej walok jen atomic bomb,
emarofi bar kobatok 10 tej mij jen cancer ko rej walok
jen radiation eo &j walok jen atomic pomb.

[he; means that o there wogtd e 3 5 neople Qe arthin the

aeal 30 years from any ¢ ahcer other than that Caused by rada-

Gon Seft ttam Alomng buti BS there mught be an additorsl © who de
taan cancer that s caused by 1adiation tek eom ataaue bombs

Jonan lofitok in ajiri 10 bwelen semarof fotaktak o
kin naninmij in vtamwe ilo yio kein 30 iman. ... .. .. e %
frop . ne C e ot A et e
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Helelen, bwe elane enaj wor >335 ajiri (o rej totaktok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radiation eo ¢j walok jen atomic bomb ilo yio

kein 30 iman, emarofl bac kobatok  ajiri rej lotaktok
kin naninmij in vtamwe waloX jen radiafron eo ej walok jen
a!omlc bomb.

Ny Mes 5 U0 tete aere }33’" Thund <0 Loto ade headty
detvch oCC gt from any Cau e Olher 1620 Ladaton feft tram
atemig gomts adta the nert M) gears, thete nugnt be an
addigna. . Coden Lorn mth defecty caused by tadaton et

frm atostwe Bty
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Meleien, bwe elane enaj wor >35 ajiri ro rej Jotaktok
kin napinmij in ulamwe walok jen jabrewot un o'
ijellokin radiation eo ej watoh jen alomuc bomb ilo yie
kein 30 iman, emarofi bar kobatok ~ . ajiri rej fotaktok
kin naniomij in utamwe walok jen radiation eq ef walok jen
atomic bomb.

tus means that o there were 335 chiidren born with heatth
defects occutrmg from any cause nthar than radiation fett lrom
atomic tombs, «athin the nest 30 years, there mght be an
atintignal  children boti with delects caused by radiation

let) from .nlmmc bombs
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Melelen, bwe elane enaj wor §3 armij remij ilo Melelen, bwe elane enaj wor . $32  armij remij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer {lo kein 30 iman jen ;abrewot cancer ijellokin cancer

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

emaron bar kobatok *  ro rej mij jen cancer ko rej walok emarofl bar kobatok 1o 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. .

Vit by o Pagre antt be § 3 [ eople e antig e Ttus means that 4 there apuld be 53 necple die within the

et ,o poett MO aftg Cancor (et Bear et canced by tade neal 30 years from ang cencer other than that caused by 1ad.3-

fin e G gt bl (e ingeht e Wetiom i At i ton et fom atoauc bombs, there mght be an additionat who die

B rarrar gt e caped oy cardiat e W S e e b enly frow cancet that s caused by cadialion lett tsom atomuc bombs
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Jonan I16/lok in ajiri o bwelen remarofi lotaktok o‘ 0
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Metelen, bwe elane enaj wor 350 ajiri o rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ko
ijeilokin radiaticn 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 cf walok jen
atomic bomb.
Pl Mea bt Y e aere 3fa Bl et boris aata Pedifit
ABRCty, ity 1Tat gny Cad e L et Tt a3 en e g

AT LM Akt te et 39 years, et aueng b an
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Melelen, bwe elane enaj wor 350 3jiri ro rej lotaklok
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 naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

Ity means that if there wete 35O ciuldren born with health
aefecty Leeutnng from any cause other than radiation left from
stome pombs a:thin the ngit 30 years, there mught be an
agntional  chddren born with delects caused by radiation

fett rom stosme brubs
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Melelen, bwe elane enaj wor 35’{ armij remij ilo

yio ken 30 iman jen jabrewot cancer ijeliokin cancer

ko rej walok jen radiation eo ej walok Jen atomic bomb,
emaron bar kobatok *  ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atormc bomb.

Phis freeme gt o thgte aotd be 2 teople e witun the

et A0 v e any Cateer other than that cauced By taha

Pt et Yo sCatiane beande Wiete angeht Ge g adddional whe die
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Melelen, bwe elane enaj wor . 25 amij remij ilo
{IO kein 30 iman jen 1abrewot cancer ijellokin cancer

o rej walok jen radialion eo ej walok jen atomic bomb,
emarofi bar kobatok 10 rej mij jen cancer ko rej walok
jen radiation &0 e} walok jen atoric bomb.

This means that o there would be 25 oeople die within the

neal 30 years from any cancer other than thal caused by radia-

uon tett from atome bumbs, there might be an addibonal ~ who die
from ¢ancer that i caused by radiation left from atomic bombs '

Jonan lodlok in ajiri ro bwelen remarod fotaktok
kin naninmij in utamwe ito yio kein 30 iman. ... .. ... ..
Fhige e o ey Bt adle et tel

Alart the © -0 s, e

Melelen, bwe elane enaj wor >35 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 naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

Tty Mes o Uit of there were 235, chid on born witit heatth
defects .mnn._ from any cau-¢ othwt than adat.on lett foom
ateme tomby, aithoan the nert 30 years, there nught he gn
anndmy. Conten Loty wilh deficts cansed hy tadiation et
feom alo o fands,
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Melelen, bwe elane enaj wor *35" ajiri ro rej Iotaktok
kin naninmij in utamwe walok jen jabrewot un ko'
ijellokin radiation e ¢j walok jen atomic bomb ilo yio
kein 30 iman, emarof bar kobatok ~ . ajiri rej fotaktok
kin naninmij in utamwe walok 1en radiation eo ej ‘ualok jen
atomic bomb.

Itus means that o there were &35 cinidren born with health
defects occurning lrom any cause other than radiation left from
atormic bombs within the nexd 30 years, there nught be an
adational  childiren born with defects caused by radiation

let! om atomeg bombes
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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 ef walok jen atomic bomb,
emaron bar kobatok * ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomb.

T awans i of tgre anutd be &3 { ople the il th

et sl years teon sty Cancer other than T‘-A' catced by tadia

Bty Jo 4 Loyt bombe, there Sopht Ge an adadional who te
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Melelen, bwe elane enaj wor £33 amij remij ilo
lw kein 30 iman jen jabrewot cancer ijetlokin cancer
o rej walok jen radialion eo e) walok jen atomic bomb,
emarof bar kobatok ro rej mij jen cancer ko rej walok
jen radiation eo ej walok jen atomic bomp.,
Yhuy means that f there would be £ 3 neople die within the
et 30 yeat from any cancer other than that caused by radia-
ton feft Pron, atonise bombs, these mught te an additionat who die

e cancet that s caused by cadiatoon tett trom atomic bambs.

Jonan 15ilok in ajiri 1o bwelen remarofi lotaktok
kin naninmij in utamwe ilo yio kein 30 iman. . .
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Melelen, bwe elane enaj wor 550 ajiri 1o rej lotakiok
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 naninmij in ytamwe walok jen radiation eo ¢j walok jen
alomic bomb.

Tl meens Lot o tavre were 550 nueon s wiin boaah
defects ocuurting from any cause othes tnan radeat.on el trom
atarme bombys, aittin the nert 30 years, there nugnt be an

anaignal . chidren Borm wath delects Cannad by radiaton et
from atore bants

%

Meielen, bwe elane enaj wor S50 ajiri ro rej Jotakiok
kin naninmij in utamwe walok jen jabrewot un ko

ijellokin radiation ev ej walok jen atomic bomb ilo yio
kein 30 iman, emarof bar kobatok * . ajiri rej Iotaktok
kin naninmij in utamwe walok jen radiation eo ¢j walok jen
atomic bomb.

s means that o there wete S50 children born with health
detects occurning from any cduse other than radiation left from
stomic bombs, within the nexl 30 years, there might be an

adintionat children horn with defects caused by radiation
tefl from afonng Gombs



¢/

Jonan radiation eo elaptata bwelen juon armij

emaronbokeaumm;uonyno.. ........... e millirem] e e e e e e e millirem
1he izl w&t aveenn of G i e LD TR e ye -
duung ! oyear
Jonan sadialion eo iolap (average) bwelen juon armij
emaron boke iumin 30 yio:
ilo acleben enbwinnin (whole body) . ........ e millitem] L. e e e miflirem
llononnonme;||oandn{bonemarrow)..‘......... MMy e e e e e e e e e millrem

Average Attt hei 3 feer en angtd g s ave oy Y voar
Jonan 15nlok in cancer ko bwelen remaron
waloklloylokemwlman......... ..... % %
To ateer vw 0t cr b o adine
LS T] I

Melelen, bwe elane enaj wor §3 armij remij ilo Melelen, bwe elane enaj wor 53 armij temij ilo

yio ken 30 iman jen jabrewot cancer ijellokin cancer {lo kein 30 iman jen )abrewot cancer ijellokin cancer

ko rej walok jen rachation eo ej walok jen atomic bomb. o rej walok jen radiation eo ej walok jen atomic bomb,

emaron bar kobatok ' ro rej mij jen cancer ko rej walok emarofi bar kobatok ro rej mij jen cancer ko rej walok

jen radiatron eo ¢j walok jen atormc bomb. jen radiation eo ej walok jen atomic bomb.

Tras s, ihgt o! e anhg b 53 {eople the wiidin the Ttus means thal 4 there would be 5.3 neople die within the

el 30 et 1 iy Cancer other that that caeced by radie neat 30 years from any cencer othes than that caused by rada-

tian it Tean gt Wombe, Weete pugehit Be g additionad wone e tinn left trem alome bombs, there might be an additonal = who die

Tyt ¢ iter gt e e pead iy rsedeatin W 0 e ) oanh tran cancet that ik caused by radiation fett trom atomic bombs
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Melelen, bwe elane enaj wor 350 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 radiation eo ej walok jen
atomic bomb.
Py e s Lot tnere were 35-0 Sl en herpaatic heath
detects oucornm Bon any Cause vtier toan radaton lett trom
Bt DML aiiten e et 30 years, ther: nught be an
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from aleene hoide,

Melelen, bwe elane enaj wor 350 ajm ro rej lotaktok
kin naninmij in utamwe walok jen jabrewot un ke
ijeltokin radiation eo ¢j walok jen atomic bomb ilo yio
kein 30 iman, emaron bar kobatok ' ajiri rej lolanoi
kin naninmij in utamwe walok jen radiation eo ej walok jen
atomic bomb.

This means hat o there were 35'9, children born with hea'th
defects occurning from any cause ather than radiation left from
atomic bombs, within the nest 30 years, there might be an
aqpional  children born with defects caused by radiation

lett hom gtomie bombs
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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
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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 Bil1l Call Jack if not too tied up

2t
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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 weach tiny thing ..(atom) changaa it produces a kind of energy which wa
cannot s8ee and whioh (2 called "padiakion.® When they have completely
changed, thia anargy 18 gone from thea. (Further -explanation of pradiation
appeara on page 4.) | |

Of the things that are radiocactive 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 'plaﬁLS, in animala, and in ouyr bodies.

There are also radioactive things that came from the atomic bombs. Some
of these changed quiokly - during just a few minutes or days. But the othera
changs slowly and are still present en the ialands in the Bikini Atoll. The
names of aomé of the important r-.-ndioactive things are cobalt, ce=ium,
trontium, plutonium, and aﬁerlelum. Oune=half of the oobalt will diaappear
after 5 yeara. Of the part that romains, one=half will disappear after
another 5 years and Lhis process will continue indefinlitely, Ome-halfl of the
ceaium and one-nalt. of the atrontfum will disappear after 30 years. Of the
part that remains, onse-half will diaappaar after another 30 years, This
process will again continua indefinitely. Plutonium and americium will not

change over hundreds and hundreds of years.
ENERGY CALLED RADIATION
The ensrgy Mrom radicastive materinla i3 similar to heat of fire and

light of bthe aun in that it travels from where it i3 formed to other places;

however, we cannot zee it, hear it, tasts it, amell L, 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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Gaomss radiakfon alao comes from cesium and cobalt, and 3 little comas from

amerleium. At Bikdni Atoll, the amounts of plutonium snd americium are far

leas than on kha Enewetak Atoll.
TINY PARTICLES AND ASHES Of ATOM BOMB3S [FALLOUT]

When an atemic bonb explodes, it takes Qp materials, suoh aa rack, wuoil,
water, and a0 forth, which join with the thinga that are radioactive from tha
bamh. They rise rapidly into the air, and later fall back down to the sarth,
The tiny particles and ash of the bombs rell ip the lagoon, in the ocoan, on
the islands, and the vinds blew some to places Lhat are far away.

There wers 23 atomic bombs teated at Bikini Atoll. Only a faw of the
atem bowb tests at Bikini verurred on bthe ialands. Most took place in or éver
tha water with 3ome on the reel betwesn the islanda. In two astom bomb testa
small pieces of the islanda of Nam and Enirik were deatroyed. In additjon,
there are 11 U.8. ships sunk in the laguan at Bikini as a .rc:!ull'. of an Atom
bomb tes) involving ships. The map on page 7 shows the izlands whers tha U.S,
Rovernmant tasted theas bomba, the portions of the islandas Lthat were

destroyed, and the lqcation of tha sunken =shipa.
THE PLACES WHERE THE THINGS THAT ARE RADIOACTIVE ARE AT BIKINI
The pieture at the right ahows the places where the radjoactive thinzs

are within the s0il. Plutonium and amerieium are in the upper part of tha

30il, Ceaium ahd atrontium are in the 20il1 that is shallow amd alanp in that

4

=l

129



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
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wousiL GHAaL WA3 (48D WAs unable to raach people becauaes of ths thlekness of
the =oil.

As iz ahown in the picture on page 9, there ware radioaotive matarials in
Lhe sail, scma in the places where the reota of plants grew. All planta gat
their foud from the 20il through their ruots. Now, as these planta get their
food, zeme of the things that are radioactive in the 2011 go up tha trunka to
the branchas and te the rruita;

Whan people ate the fruits, they alszo ate the radjoactive thinga there.
¥We can consider that thesa foods were radiosctive, Alse, if animals ate these
plants, thay also ate the things that are radicactive. Aad if paople ate
thasa animals; they al=o ate the radioactive Lhings that were in the meat.
Even If people had cookad food thalt contained thinga thak are radicactive, the
radioactive things in the fuod would not have fone away.

Since thare are radioactive things in the lagoon, there may also be amall
amount3s in the fish. Irf people ate fish, the amaunt of radioaetivity they
recoived was very small beécauae of the amall amounts of radiocactivity in Lthe

fizh.

If radioactive things ontered the body, some of them have left it by now

and scme remains in it, and radiation will continue to cowe from thosa left in

the bady.

THE POSSIBLE EFFECTS Of RADIATION IN FEOPLE'S BODIES

Marahallese peaple have called radiation "poison." However, the way

poidon works and the way radiation works are differeat. Usually, when poison

G

1A



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 thas people who have raceived radiation, they would be no diffarent from
thoaa that appaar in othar paople around tha world. The sclientiatsa have found
that =a radioaabive elemant that came from the atomlc bomb tests csn cause
cancer in tha throat (in the thyroid). Thia radioactive material remains only
a fow months, 2 that b is :gcme from Bikini Atoll today.

Among the paople of any country there are children born with diseases and
infirmitiea that are inherited, Soms of these arae: deafness, blindneas,
mal formatjons, mental retardation, eto. These kinds of defacts aoccurrsd in
the Marahall Ialands before the atomic bomb tests and they continue to coeur
today, lIn a comu;unit.y in which people have received radiation, there might be

;am increase in the number of ohildren borm with defeots.
THE WAYS THAT SCIENTI3TS KNOW ‘I‘HE. AMQUNT OF RADIATION A PER3ON RECEIVES

Everybody in the world has aome radioactive matez‘laia in Ltheir body.
People cannot know by theéemaslvas hoWw much radiatfon ia in any thing ar in
Ltheir bodlea becauss they cannot 3zee L, hear it, ﬁaste it, smell it, or fael
it. Only 1hstrlﬁenta can raveal this. There are instruments for measuring
thingas that are pradiocactive in the gsoil and in food; there are thoss for
measuring the radiastion that oomes from the soil. Scinontists use tﬁeag
fastruments to got information in order to be able to estimate the amount of
radiation that people can raceive if they live ia an area containing
radioactive things.

The picturs at the 1aft shows the instrumant that scientints use to

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

8



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

..11-

u}4



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 eaten by the paople have ainse besn found to be low. Thus, when
tha coconut trees and obther food-bearing plants reached an age where frulta
bacame’ availabla, this caeaium was Fransf‘nrred to the bodiea of the people,

When theae high radiation levals were found in t'he people in 1978, it wan

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

tha people were removed from the atoell.
DIFPERENCES BETWEEN BIKINI ATOLL AKD ENEWETAK ATOLL

Soma people wonder why the U.3, sovemment,.did not alaan up Bikini 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 =0il

Therefore, some of the plutonfum and amoricium a3t FEnewetak 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.

15
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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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< LOpProot nor a rootstock, but inste

a
roots ranging from 1500 'to 11,360. The root may extend

ES

laterélly to about 25 meters while vertical penetration :4

a depth of 6 meters depending on sgoil conditions. The
trunk or stem .attains a considerable height, 20 meters or
more depending upon variety, age and envirconment.

tall coconuts, the base is markedly swollen, whose

With

diameter may reach 1 meter but rarely exceeds 30 to 40 cxus
at man's height. The crown has some 30 opened 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 old unproductive trees
requires the launching of a massive replanting program
utilizing high yielding precocious hybrids.

o 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

60,000 hectares a year. At this rate, it will take about

40 years to complete 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.

AsideAf;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 beginning

1935. Land preparation which include clear cutting of old
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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 N
ENEU AND/OR BIKINI ISLANDS ASSUMING VARIQUS LIVING PATTERNS™*

Residence Years on/ Time on Time on Imported Food HMaximum Annual 30 Vear Dose .
Island years off Eneu (%) Bikini (%) (5C% of Diet) Dose (Hillirem)** (Millirem)*** :
, to Bone Marrow ,
Hhole Bone
‘ . Body Harrow
Bikini Permanent ' 0 100 - No : 6200 44,000 47,000
Bikini Parmanent 0 100 Yes : 3300 24,000 25,000
Eneu o Permanent '100 0 No ‘ 780 5,400 - 6,000
Eneu Permanent 100 0 Yes 390 2,800 3,000
Eneu Permanent 0] 10 Ho - 830 5,800 6,500
Enzau Permanent %0 10 Yes 440 3,200 3,400
Eneu N 100 0 No. 540 © 2,800 3,100
Eneu 1VA 100 0 Yes® 280 1,400 1,500
Enew 1 S0 10 Ho 590 3,000 3,300
Eneu N 50 10 Yas ) 330 1,600 1,700
Eney /2 100 0 bo " 540 1,900 2,00
Eneu 172 100 0 Yes 280 980 1,030
Eneu 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 0 Yas 280 160 810
Eneu 1/3 90 10 Ho 530 1,600 1,800
Eneu 1/3 50 10

.. Yes 330 860 920

% Dosss are roundsd off.

=% fFederal Radiation Louncil axposure limit is 500 millfrem per year to the maximum exposed individual
(numerical value given is three times the average) ) ]

e¥  coderal Radistion Council exposure Yimit is an sverage of 5,000 millirem to a population.

¢ These values ara best estimates based upon the most complete information avallable. Furthermore, these are
average values based upon averaged parameters. (e.g., soil concentration of radionuclides, food corcentrations<§§?5
of radionuciides, diet); any specific i{ndividual might receive radiation exposure higher or lower than these
values d;pend1ng upon 1slands v1sited amount of varfous foods consumed, etc, (o claim 1s 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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