
“,,‘. 

;-..,I ‘._. ,. 
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ABSTRACT 

RESULTS FROM 1974 TO 1979 FOR BIKINI ISLAND 

N. A. Greenhouse, E. T. Lessard 

Laboratory, Upton, New York 11973 

Three body burden measurements of the Bikini Island population 
1 

were conducted from 

the mean 
-137 

Cs body 

by a factor of 20. 

1974 to 1978 at Bikini Island. During this time, 

burden of the adult Bikini population increased 

This dramatic elevation of the body burden ap- 

pears to be solely attributable to increased availability of locally 

grown food ,products, specifically coconuts and coconut plant prod- 

ucts. In January 1979, forty-five percent of the individuals that 

were whole body counted in April 1978 were recounted approximately 

one hundred and forty-five days after the Bikini Island population 

departed from Bikini Atoll. These results show that the adult 

population mean 
137 

Cs body burden decreased by a factor of 2.9 be- 

tween the April 1978 and January 1979 in viva 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 

Bongerik Atoll and then finally to Kili Island. On March 1, 1954 a 

thermonuclear device, code named Bravo, was detonated at Bikini 

Atoll. 

The radioactive cloud from this test moved eastward depositing 

fallout on several of the Northern Marshall Island Atolls: Bikini 

Atoll (all Marshallese inhabitants had been moved), Rongelap with 64 

people, Ailingnae with 18 people, Rongerik with 28 people, and Utirik 

with 157 people. The Japanese fishing boat Fukurju - Maru (Lucky 
. 

Dragon) with 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 responsible for the ongoing medical surveil- 

lance of the’ inhabitants living on the contaminated atolls, those 

Marshallese who were initially exposed to the fallout and have moved, 

and to a control Marshallese population. 

The medical history acquired by R. A. Conard included total 

body’burden measurements of radioactive material inhaled or ingested 

by the Marshallese. This work was performed by S. Cohn et al. (CO 

63, CO 75). 



In recent years (1974 to present), the medical services pro- 

vided by B. A. Conard and the Brookhaven Medical Team were expanded 

to include sick call and body burden measurements of the returning 

Bikini population. Body burden measurements were made in 1974 (CO 

75) and in 1977 (CO 77). In August 1977, the responsibility for 

providing body burden measurements was transferred from the Medical 

Division to the Safety and Environmental Protection Division at 

Brookhaven National Laboratory. The 1978 and 1979 body burden 

measurements of the Bikini population were conducted by the latter or- 

ganization. 



PREFACE 

Although Bikini Atoll has not been officially turned over to 

the Bikinisus, a significant number of Xatshallese 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 way back 

to their atoll via Trust Territory trade ships. 

At the time this report tias written the Bikini residents had 

been moved to Kili Island in the southern Marshalls and to Ejit 

Island, Majuro Atoll, (September 1978). 
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INTRODUCTION 

The Brookhaven Rational Laboratory Radiological Surveillance 

Program in the Marshall Islands includes the quantitative assessment 

of internally deposited radioactive material in the Marshallese. In, 

this report , the results of four whole body counting measurements on 

the Bikini population, that were conducted in 1974, 1977, 1978 and 

1979 are presented. Because the body burden measurements were per- 

formed by two different 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 mu1 tidirec tional. First, key detection components were 

duplicated. Second, the systems were calibrated in the same manner 

(CO 63). Third, the operational procedures and counting geometries 

were basically 

personnel with 

ity. 

similar, and duplicate counts were made on Brookhaven 

known body burdens to ensure total system comparabil- 

EXPERIMENTAL DESIGN 

A. Instrumentation 

The detector chosen for field use by both Brookhaven organiza- 

tions is a 28 cm diameter, 10 cm thick, sodium iodide thallium 

activated scintillation crystal NaI(T1). It is optically coupled to 

seven, 7.6 cm diameter low background magnetically shielded, 

photomul tiplier 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 
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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 technique 

requires that the computer library contain individual standards for 

each radionuclide that is expected in the field measurements and that 

the field measurements and standards be the same geometry. 

To accomplish this, a review of the previous whole body 

counting data (CO 75, CO 77) indicated the need, to calibrate for Yc 9 :.i 
60 

Co and 137Cs. The current system was calibrated using an Anderson 

BEMCAL phantom (CO 63). Each 

phantom's organs in an amount 

body concentration as defined 

To verify the activity in the 

radionuclide was introduced into the 

equivalent to the fraction of the total 

by the fCRP,in Publication 2 (ICRP 59). 

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 MC) (~4165). The whole body counting system consists of a 

stationary crystal and stationary bed. The counter detects radioac- 

tive material located principally in the thorax, so positioning of 

the phantom and the in vivo counting subjects must be as similar as 

possible. To facilitate reproducible counting geometries, each 

subject and the standard phantom was positioned such that the central 
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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, 6oCo and 13' Cs are listed in Table 1 as are typ- 

ical minimum detection 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 f5X 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 no&Bikini and Bikini residents. 

Two point sources were used in the QC program. A 
137 

Cs source, 

which has been used by the BEiL medical surveys in previous years, was 

used to monitor potential changes in system resolution and efficiency 

as function of time. A second source, a 
137 

cs + 6o Co point source, 

was used for zero and gain determination. 

Table 2 li'sts 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 

3 
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less than 37 Becquerels 

detection efficiency of 

(1 nCi) 137 Cs, we can conclude that the 

the field system is less than that of the 

whole body counter at the BNL Medical Department. However, once the 

activity of an individual significantly exceeds the minimum sensitiv- 

ity of the field system, the agreement between the results from the 

two systems is within the 2 sigma counting statistic error. This is 

seen from the body potassium measurements. 

Finally, .two Marshallese subjects,were counted for quality con- 

trol purposes. The first person was a recount to determine the ex- 

pected variability from counting an individual more than once. The 

replicate count was within 2% of the 

Marshallese subject counted was from 

individual's 137 Cs result (11 lcBq or 

initial count.. The second 

Bongelap Atoll. This 

291 nCi) compared well with his 

previous 137Cs result in April 1977 (14 kBq or 371 nCi.1 (CO 77). The 
-_ 

difference of 22% is close to that which would be predicted from the 

12% yearly decrease in the Rongelap 

RESULTS 

population. . 

Tables 3 and 4 present a list of adult individuals who were 

counted in 1974 (CO 751, 1977 (CO 771, 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- 

era1 increase for adult females from 1977 to 1978 was slightly higher 

than that for males over the same period. In most cases, the 1979 

data are significantly lower than the 1978 data with an average reduc- 

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



Tables 5 and 6 suaunarize the i37Cs body burden data collected 

in 1978 and 1979 for children. It must be noted that data reported 

here are uncorrected for height and weight differences between 

subjects and the phantom. This will have a minimal effect on adult 

data (10-l% 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. > 

Table 7 summarizes the 
137 Cs data that is presently available. _ 

It presents the mean (551, standard deviation from the mean (a), and 

range of values reported for the sampled population. The data are 

segregated by sex and age. 

Table 8 compares the 

from April 1978 to January 

den that was expected as a 

observed reduc t ibn in “‘Cs body burdens 

1979 with the reduction in 
137 

Cs body bur- 

result of relocating the Bikini Population 

in late August 1978. Values for the biological removal rate con- 

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

Ptiblication 10A (ICRP 71). 



RRSDLTS AND DISCDSSIONS 

The ijhole body counting data indicate that previous estimates 

of the type of food a&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 (drinking coconuts).' The matura- 

tion time of the coconut 8/ tree is 5-7 years. Consequently, one would 

expect to observe a steady increase in the 
137 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 the body 

burdens from September 1, 1978 to January 24, 1979 yields .almost iden- 

tical results for the adult male and adult female groups as shown in 

Table 8. This implies that the Bikini population was at equilibrium 

and that the body burdens on September 1, 1978 were not significantly 

different than those measured in April 1978. The child data do not 

agree with the expected value; however, the difference is not beyond 

the range of half-times listed in NCRP Report 52 (NCRP 77). Although 

NCRP Report 52 lists a mean half-time for children ages 5 through 15, 

it does not specify the age distribution of the sample. Most of the 

Bikini children (9) were in the 5-10 year category; hence, one would. 

expect the observed reduction factor for this group to be somewhat 

higher than the expected value. 

6 
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Although the dat.z inZ;catr,r &;J;: *a 13' &. &c&g \gu:&-etis di.-l Mot 

c increase between April and September 1978, '5-t' * .I. -:::I fit& 

the body burdens would not have increased when new dietary items like 

pandanus and breadfruit became available for daily consumption. 

Furthermore, while the population may have been at equilibrium 

with their April-September dietary uptake, individuals within the 

population may not have been in equilibrium. This is apparent in the 

adult male 
137 

Cs 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 

individual at 

In the second 

prior to the April 1978 count. This places the 

approximately 60% of his equilibrium body burden value. 

case, there seems to be;no clear explanation for the 

lack of any reduction in the body 

tions include 

burden. Several possible explana- 

. 1. the individual may have lived away from Bikini prior to the April 

count; hence, equilibrium was not 

counting, or 

established at the time of 

2. the individual changed his diet pattern between April and Septem- 

ber, 

These deviations from the norm do not alter the conclusion that 

equilibrium or near equilibrium had been reached for the population 

as a whole for 13'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 

5m Sv (0.5 rem) due to the ingestion of 13’Cs had the April 1978 

activity ingestion rate of 137 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 137 Cs 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 MDL Time 

13'cs 662 KeV 8.7 x 1O-3 37 Bq (1 nCi) 900 set 

6oco 1173 & 1334 KeV 6.7 x 1O-3 37 Bq (1 nCi) 900 set 

4oK 1460 KeV 7.0 x 1o-3 222 Bq (6 nCi) 900 set 

12 



Table 2 

I.D.# Date -- 

3114178 
4/25/78 
S/23/78 
3114178 
4/23/?8 
S/18/78 
3/14/78 
3114178 
Z/16/78 
4124178 

Bldg. 535-SbEP 
Bikini-SbEP 
Bldg. 490~Medical 
Bldg. 535-S&EP 
Bikini-S&EP 
Bldg. 490~Medical 
Bldg. 535~SbEP 
Bldg. 490~Medical 
Bldg. 490-Medical 
Bikini-S&EP _ 

(3) 

(3) 

(3) 
(3) 

5 10177 Enewetak-Medical q3) 

z 
10/77 Bldg. 490-Medical (3) 
4125178‘ Bikini-ShEP 

6 4177 Rongelap-Medical (3) 
6 4/24/78 Bikini-SLEP 

- 

Bikini 1978 QC Data of Non-Bikinians 

Location Potassium grams 137Cs.NCi 3 

141 f 10% 
122 f.10 
113 .f NA f 2, 
151 f 10% 
152 1: 14% 
151 f NA 
131 f 12% 
118 4 NA 
150 + NA 
122 f 10% 
111 f NA 
111 f NA 
106 3 10% 
105 f NA 
112 f 11% 

MDL(l) 
MDL 
2.00 f NA 
MDL 
MDL 
2.1 f NA 
2.0 f 50% 
4.9 f NA 
3.0 &WA 
MDL 
1.9 f NA 
1.1 +, NA 
MDL 
371 f NA 
291 f 5% 

MDL(l) 
MDL 
74.0 f NA 
MDL 
MDL 
78 ?: NA 
74.0 f 50% 
181 f NA 
111.0 f NA 
MDL 
70 + NA 
41 + NA 
MDL 
14000 f NA 
11000 f 5% 

1. MDL for 137Cs P 3(cts)1'2 = 0.7 nCi or 26 Bq, S6EP Field System 

900x370x8.6x10 
-3 

2. NA- Results reported without counting error 

3. Data obtained from personal communications with S. Cohn (CO 77) 
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Table 3 

Bikini WBC Results 1974 and 1979, Adult Male 

1974l 19772 1978 
Weight 

Hed- in 
ical Rilo- %O 137ce 

Potaa- 
LlitJm 6oco 137C11 

ID grams Age Bikini gtamo IJci kBq . gram Wi kBq grams nCi Bq VCi kBq grams nCi Bq PCi kBq 

Years Potae- 
un sium . . 137Ca 

Potas- 
sium 137C* 

Potas- 
sium 

Population 

1979 

80 
6006 
863 

6070 
6004 
6033 
6018 
6069 
6068 

I- 
& 6067 

6066 
6017 
6019 
6001 
6073 
6005 
6008 
6086 
6071 
6076 
6072 
813 

6118 
6126 
6003 
6117 
6128 
6125 
6007 
6130 
6119 

61 
63 
67 
85 
9s 
79 
89 
61 
79 
74 
94 
80 
60 
85 
85 
70 
5s 
78 
78 
69 

:e5 
55 
55 
77 
80 
52 
64 
82 
69 
54 

69 
37 
27 
28 
28 
27 
34 
32 
56 
56 
32 
49 
48 
66 
24 
58 
32 
46 
32 
39 
20 
23 

:: 
22 
22 
31 
35 
35 
29 
17 

0.75 
0.75 

4 
10 

0.25 
6 
6 
8 
6 
7 
3 
8 
5 
7 
7 

1.5 
4 
8 

0.75 
3 

0.67 
4 
6 
2 
8 
6 
7 
9 

0.58 
0.42 

7 

, 

170 0.093 3.4 

148 0.095 3.5 
198 0.22 8.2 

165 0.051 1.9 

143 

_ 

170 

0.078 2.9 

0.17 6.2 

126 0.77 2.9 

168 0.076 2.8 

159 0.10 3.8 
‘_ 

146 0.729 
167 1.51 

136 1.52 

144 0.778 

119 

132 

153 
149 

0.791 

0.775 

1.99. 
2.. 14 

143 0.995 

149 2.21 
161 0.923 
169 1.15 
149 1.29 
150 1.54 

L 

138 0.641 

97.6 1.42 
141 2.39 

27 156 4.93 
56 152 8.17 
_ 167 1.88 
56 132 8.65 

180 14.3 
132 4.01 

29 141 6.17 
151 5.91 
168 2.04 
153 13.9 

29 107 3.95 
126 3.33 

29 127 4.19 
133 3.40 

74 125 5.00 
79 151 7.92 

136 2.26 
163 6.64 
128 2.96 

37 138 3.65 
108 1.92 

82 137 7.79 
34 139 5.60 
43 148 6.09 
48 119 4.79 
57 144 5.65 

127 2.58 
143 2.20 

24 124 4.58 

53 
88 

180 
300 

70 
320 
530 
150 
230 
220 

5:; 
150 
120 
160 
130 
190 
290 
84 

250 
110 
140 
71 

290 
210 
230 
180 
210 
95 
81 

170 

1.14 
1.47 
2.34 
3.92 
1.33 
3.84 
5.88 
1.17 
3.07 
2.99 
0.820 
5;72 
1.03 
1.73 
2.18 
2.08 
1.94 
3.51 
1.72 
3.44 
1.75 
1.69 
0.631 
3.30 
2.44 
2.68 
1.85 
2.52 
1.49 
1.46 
2.13 

42 
54 
87 

150 
49 

140 
220 
43 

110 
110 
30 

210 
38 
64 
80 
77 
72 

130 
64 

130 
65 
62 
23 

120 
90 
99 
69 
93 

55: 
79 

179 2.5 
137 3.0 

137 2.4 
171 1.2 

135 2.9 
132 1.9 

148 
179 
136 
171 

154 
144 

3.2 
2.8 
1.2 
2.9 

I:8 
1.6 

172 2.9 
155 2.7 

144 0.67 
156 1.5 

_ _ 
_ _ 
93 1.1 

111 1.6 
- _ 
- _ 
- _ 
- _ 
- - 

89 1.0 
44 0.48 
_ _ 

107 0.39 
70 0.77 
- _ 
_ _ 

118 1.3 
104 0.86 
44 0.93 

107 2.4 
_ _ 

67 0.61 
59 0.75 
_ _ 
- - 

107 0.90 
100 0.92 
_ _ 

25 0.32 
56 1.5 

- 

41 
59 

37 
18 

14 
28. 

48 
32 
34 
89 . 

23 
28 
- 

33 
34 

12 
56 
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Bikini Female Adult WBC Rerults 1974 through 1979 

1974l 19772 1978 1979 
Weight 

Wed- in Yearn Potss- Potas- PotNl- Potas- 
ical Kilo- 

B&i 
&un 137CB aium 137C* sium 6oco 137cs *ium 6oco 137C* 

ID grams Age gramr VCi kBq grams Wi kBq grams nCi Bq VCi k8q grams nCi Bq Wi k8q 

6045 83 
6112 90 
6114 54 
6111 84 
6122 73 
6123 77 
6059 45 
6063 49 
6032 63 

’ 6124 53 
6108 86’ 
6058 66 
6113 54 
6065 52 
6997 53 
6iO9 50 

: 
6046 85 
6098 60 
6060 55 
6036 56 
6110 77 
525 78 

6064 60 
6061 65 
6051 50 
934 74 

6062 54 
6035 77 
6115 56 
6034 76 
865 54 

6050 62 
R 65 
0 13 
Range 

1 
CD 75 

2 CD77 

0.75 28 
1 35 

(h75 32 
0.5 32 

10 70 
4 50 
1 19 
4 24 
3 32 

0.58 54 
4 24 
: 25 18 

4 19 
4 19 
4 ‘15 

1.75 43 
3 16 
2 22 

0.34 27 
a 32 

0.75 37 
7 30 
r” 32 

6 f!: 
4 21 
6 20 
7 43 
7 46 
7 45 
2 22 

31 
13 

45-90 16-70 

94 0.033 1.2 

94 0.029 1.1 
106 0.077 2.9 

86 0.036 1.3 

111 0.11 4.0 

95 0.058 
102 0.12 
59 0.018 

z:: 
0.67 

93 
16 

0.059 2.2 96.1 0.911 34 
0.037 1.4 7.6 0.492 18 
0.018 0.67 85.9 0.468 17 
0.12 4.3 113 2.23 83 

107 1.53 

89.6 0.799 
96.4 1.88 

57 

30 
70 

98.0 0.706 26 
88.8 0.690 26 
91.7 0.534 20 

101 0.734 27 
88.9 0.468 17 

110 0.621 23 
94.3 0.833 31 
91.4 0.706 26 

95.9 0.545 20 
98.8 2.23 83 
96.8 0.840 31 

113 0.573 21 
85.9 1.15 43 
93.7 0.995 37 
89.4 0.558 21 

95 1.79 
96 $18 
79 1.40 

100 2.11 
86 3.20 
99 3.81 
80 ,1.33 
81 3.16 

100 5.49 
71 1.27 
93 2.48 
92 4.63 
91 2.33 
93 2.39 
90 2.15 
88 1.49 

100 3.81 
93 2.38 
81 2.00 
73 1.54 
94 3.98 

106 2.96 
83 2.55 
81 3.62 
88 2:25 

110 10.8 
79 2.53 

100 4.94 
80 4.16 
92 6.92 
78 1.70 
81 3.42 
89 3.15 

9.9 1.92 
71 1.27 

110 10.8 

66 

z: 
78 

120 
140 
49 

120 
200 
47 
92 

170 
86 
88 
80 
55 

140 
88 
77 
57 

150 
110 
94 

130 

4:: 
94 

180 
150 
260 
63 

130 
120 
71 
47 

400 

1.15 
1.76 
0.818 
1.31 
1.34 
1.41 
0.861 
1.52 
3.07 
0.957 
0.729 
2.68 
1.03 
1.06 
1..27 
0.411 
2.10 

.891 
1.39 
1.53 
1.50 
2.36 
0.907 
2.22 
1.44 
5.48 
1.44 
2.78 
2.28 
3.89 
1.31 
1.40 
1.68 
1.01 
0.411 
5.48 

43 
65 

:: 
49 
52. 
32 

1:: 
35 
27 
77 
38 

:; 
15 
78 
33 
51 
57 
56 
87 
34 
82 
53 

200 
53 

100 
84 

140 
49 
50 

6? 
37 
15 

200 

94 
102 
107 
93 

126 

94 

114 

107 
96 
95 

106 

66 
105 

74 

100 
84 

98 

:: 
126 

_ _ 
1.6 59 0.98 
0.32 12 0.12 
1.2 44 0.53 
1.9 
2.5 E* 

0.31 
0.62 

. - 
- _ 

1.7 63 0.77 
1‘:6 - 59 0.53 - 

_ - 

l&l 41 0.30 
lt3 48 0.36 
lb0 37 0.31 
oi53 20 0.060 
‘- _ - 

1;2 44 0.47 
Oi84 31 0.18 
- - - 

I : : 

1.6 59 0.42 
1. - - 

_ _ 
- - - 

^ - 

2.3 85 0.65 
1.8 67 0.48 

_ - 
- - 
_ - 

1.4 52 0.44 
0.59 22 0.24 
0.32 12 0.060 
2.5 93 0.98 

36 
4.4 

20. 
11 
23 

28 

20 

11 
13 
11 
2.2 

i7 
6.7 

24 
18 

16 
8.9 
2.2 

36 
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Table 5 

Bikini 1978 and 1979 WBC Remltr of Children AGES 5 - 10 

1978 1979 
’ Medical Weight Pears on AGE Potarsium 60~0 137c* Potarsium 6Oco 137c. 

ID kiloarans Bikini Grams nCi Bq ClCi kBq Srams nCt Bq Wi kBq 

Hales 

6009 20 
6049 23 
6042 23 
6014 20 
6012 24 
6023 28 
6016 27 
6013 18 
li 23 
a 3.5 
Range 18-28 

Pemal es 

6094 
6092 
6080 
6010 
6038 
6105 
6103 
6028 
6030 
6027 
6044 
6025 
6081 
6106 
x 
0 
Range 

34 
29 
34 
29 
21 
22 

25’ 
34 
22 
IS 
21 
26 
22 
26 
5.6 

18-34 

4 
2 

0.25 
1.34 

7 
4 
7 
2 

6 
6 

0.58 
7 
2 
3 
3 
5 
3 

: 
3 

0.67 
3 

6 
a 

: 
7 
8 

10 
5 
7 
2 

5-10 

10 
a 
7 
a 
6 
5 
9 
7 

10 
6 
6 
5 
9 
6 
7 

5-:o 

35.6 
46.9 
43.1 
41.1 
40.5 
51.6 
53.2 
32.6 
43.1 

7.3 
32.6-53.2 

51.0 2.3 86 2.02 75 
52.1 2.8 100 2.25 83 
50.3 0.35 13 0.543 20 
55.6 1.8 67 1.41 52 
41.7 1.3 47 1.00 37 
30.7 1.2 43 0.967 36 
47.9 1.4 53 1.40 52 
s2.0 1.4 51 1.26 47 
54.1 3.0 110 2.38 as 

,35.6 5.6 210 1.16 43 
35.1 6.4 240 1.15 43 
43.6 0.97 36 1.03 38 
49.3 0.57 21 1.02 38 
32.3 0.48 la 0.622 23 
45.1 2.1 78 1.30 48 

8.51 1.8 68 0.558 21 
32.3-55.6 0.35-6.4 13-240 0.543-2.38 20-88 

0.98 
2.7 
1.0 
1.7 

::: 
2.5 
1.3 
1.7 
0.62 

0.98-2.7 

36 
99 
38 
64 
63 
63 
93 
50 
63 
23 

36-99 

1.26 47 
1.71.. 63 
1.07 39 
1.50 56 
1.27 47 
1.28 47 
1.43 . 53 
1.00 37 
1.31 
0.229 L 
1.00-l .71 37-63 

43 0.91 34 0.16 

50 

65 

0.17 

0.053 

34 
58 

45 

2: 
12 

if 

0.35 13 0.26 
0.42 16 0.042 

0.46 17 

0.13 

0.077 
0.12 

0.10 3.7 0.080 
0.35 0.042 
0.59 

:: 
0.26 

, 

5.9 

6.3 

2.0 

9.6 
1.6 

4.8 

2.9 
4.4 
3.0 

;:t 

i \ 



fable 6 

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

1978 1979 
Wedical Weight Yeara on AGE Potassium 6Oco 137cs Potassium 60~0 1’7cs 

ID kilograms Bikini Grams nCi Sq lJci kS9 grams nCi S9 Wi kB9 

Uales 

6132 33 
6131 38 
6011 40 
6127 32 
6133 27 
6015 29 
f 33 
a 5.0 
Range 27-40 

12 58.0 3.4; l’d 1.85 
14 69.0 3.40 130 1.69 
11 53.2 1.34 50 0.830 
13 53.3 2.17 80 0.732 
11 52.8 3.42 130 2.09 
11 56.5 1.18 44 1.28 
12.0 57.2 2.50 92 1.41 
1.3 6.2 1.07 40 0.557 

11-14 52.8-69 1.18-3.45 44-130 0 .732-2.09 

* 
68 
63 
31 
27 
78 
47 
52 
21 

27-78 

108 
59 
95 

37 
7s 
33 
37 

108 

2.1 
1.0 
2.0 

0.5 
1.4 
0.70 
0.5 
2.1 

78 
37 
74 

0.76 
0.055 
0.21 

28 

:::: 

19 0.071 2.6 
52 0.27 10 
29 0.33 12 
19 0.055 2.0 
78 0.76 28 

48 
40 
43 
44 
4.0 

40-48 

2 
6 
6 
7 
7 

1.42 

0.27 10 

0.15 5.6 
0.21 7.0 
0.080 3.1 
0.15 5.6 
0.27 10 

Female8 

6129 
6048 
6091 
K 
a 

. Range 

4 
0.25 
6 

13 
13 
13 
13 

13-13 

69.0 
70.4 
68.6 
69.4 
0.9 

60.6-70.4 

1.32 49 .744 28 73 
2.61 96 2.05 76 
2.20 02 1.17 103 
2.05 76 1.32 44: 88 
0.66 24 0.669 25 21 

1.32-2.61 49-96 .744-2.05 28-76 73 
103 

1.2 

::: 
0.14 
1*2 
1.4 

44 

52 
40 
5.2 

44 
52 

. 

, 



Number 
Counted 

Population 1974(5) 

Adult Hale 18 

Adult Female 13 

*o 
Hale Children 0 
11-15 yrs 

Female Children 0 
11-15 yra 

Hale Children 0 
5-10 yrn 

Female Children 0 
5-10 yrr 

Table 7 

Sunwnary of 
137 

Cr Body Burdens for Bikini Inhabitants, 1974 to 1979 

Result8 
1974(5) 

Hean 
137ca Number 
Result Cpunted 

1974(5) 1977(5) 
Results 
1977(5) 

1.6 kBq 
tO.043pCi) 

to 
15 kBq 

(0.4O)l ci) 

0.67 kBq 
(0.018 v ci) 

to 
9.3 kBq 

(0.25pCi) 

ND 

4.7 kBq 22 
(0.13pci) 

f 
3.4 kBq 

(0.0093 p ci) 

2.7 kBq 20 
(0.073 p Cl) 

f 
2.3 kBq 

(0.063 v Ci) 

ND 3 

ND ND 3 

ND NB 0 

ND ND 

21 kBq 
(0.57lJCi) 

to 
120 kBq 
(3.2v Ci) 

20 kBq 
(0.53 P ci) 

to 
83 kBq 

(2.2 v ci) 

24 kBq 
(0.65 N Ci) 

to 
39 kBq 

(l.OllCi) 

20 kBq 
(0.56 VCi) 

to 
35 kBq 

(0.94 IlCi) 

ND 

0 ND 

Hean 
1370 Number 
Result Counted 

1977(5) 1978 

48 kBq ,,;(l, 

f1.3CICi) 
f 

27 kBq 
(0.73llCi)‘ 

34 kBq 32 
(0.93 P Ci) 

f. 
17 kBq 

(0.47 P Ci) 

30 kBq 6(2) 

to.82 PCi) 
f 

7.6 kBq 
(0.21 V Ci) 

25 kBq 3 
(0.68 VCi) 

f 
8.5 kBq 

(0.23VCi) 

ND 8(3) 

No 14 

Reeultr 
1978 

Hean 
1370 

Result 
1978 

Number 
Counted 

1979 

Hean 
“i;%~.“’ 

. 
137cs 

Resul ta Reeul t 
1979 1979 

23 kBq 90 kBq 
(0.63 P CL) 2.4 V Ci) 

to f 
220 kBq 49 kBq 
(5.9P ci) 1.3V Ci) 

15 kBq 
(0.41 v Ci) 

to 
200 kBq 
(5.5V ci) 

62 kBq 

(le7 Y) 
37 kBq 

(l.OVCiI 

27 kBq 
(0.73 UCi) 

tP 
77 kBq 

(2.1 IJCi) 

53 kBq 
(1.4*UCi) 

21 kBq 
(0.56UCi) 

28 kBq 
(0.74 v ci) 

to 
76 kBq 

(2.1 UCi) 

46 kBq 

YVCi) 
25 kBq 

(0.66 IlCi) 

37 kBq 
(1.0 PCi) 

to 
64 kBq 

(1.7 PCi) 

50 kBq 

YF) 
7.6 kBq 

(0.21 ItCi) 

20 kBq 
(54 V Ci) 

to 

47 kBq 
(1.3VCi) 

f 

17 12 kBq 
(0.32VCi) 

to 
89 kBq 
(2.4D ci) 

16 2.2 kBq 
(O.WOll Ci) 

to 
36 kBq 

(0.98V Ci) 

4 2.0 kBq 
to.055 VCi) 

to 
28 kBq 

(0.76VCi) 

2 5.6 kBq 
(0.15 IJ Ci) 

to 
10 kBq 

(0.27l’Ci) 

1 5.9 kBq 
(0.16 l’ci) 

6 1.6 kBq 
(0.042VCi) 

to 

to9:!6;&, 

37 kBq 
(l.Op) 

19 kBq 
(0.51V Ci) 

16 kBq 
(0.44 V Ci) 

10 FBq 
(0. y lJ Ci) 

12 kBq 
(0.33ItCi) 

7.8 kBq 

(O”? *ci) 

3.1 kBq 
(0.080 I’di) 

5.9 kBq 
(0.16 l’ci) 

4.4 kBq 
(0.12 IIci) 

f 



. 

Number 
Mean 
137c, Number 

Counted Results Rerult Counted 
Population 1974(5) 1974(5) 1974(5) 1977(5) 

AI1 Adults 21 0.67 k8q 3.9 kBq 42 
(0.018 Wi) to.11 IJCi) 

to f 
15 kBq 3.1 kBq 

(0.40 pi) (0.085 IlCi) 

All Children 0 ND ND 6 

Total Average 21 0.67 kBq 3.9 k0q 40 

0” (0.018 wi) (0.11 Wi) 
to f 

15 kBq 3.1 kBq 
(0.40 pci) (0.085 ,!Ci) 

Table 7 (Cont’d) 

“as;,“’ 

Results 
1977(5) 

Mean 
137c* Number 
Result Counted 

1977(5) 1978 

20 kBq 42 kBq 68 
(0.53 Itci) (1.1 Wi) 

to f 
120 kBq -24 kBq 
(3.2 UCi) (0.64 Wi) 

20 kBq 
(0.56 Wi) 

to 
39 kBq 

(1.0 pCi) 

20 kBq 
(0.53 wi) 

to 
120 kBq 
(3.2 ClCi) 

28 kBq 31 
(0.75 clci) 

f 
7.8 kBq 

(0.21 Wi) 

40 kBq 99 
(1.1 VCi) 

f 
22 kBq 

(0.61 UCi) 

Resul tn 
1978 

15 kBq 77 kBq 33 
(0.41 VCi) (2.1 UCi) 

to f 
220 k@q 46 kBq 
(5.9 Wi) (1.2 Wi) 

20 kBq 
(0.54 Wi) 

to 
92 kBq 

(2.3 VCi) 

50 kBq 13 

Y lJci) 

18 kBq 
(0.49 UCi) 

15 kRq 68 kBq 46 
(0.41 IKL) (1.8 UCi) 

to f 
220 kBq 38 kBq 
(5.9 WC;) (1.0 Wi) 

Mean 
137CtJ Number 
Result 

1978 
Counted 

1979 
Rcsul tr 

1979 

2.2 kBq 
(0.060 Wi) 

to 
89 kBq’ 

(2.4 IJCi) 

1.6 kBq 
(0.042 VCij 

to 
28 kBq 

(0.76 Wi) 

1.6 k8q 
(0.042 IWi) 

to 
89 kBq 

(2.4 IJCi) 

Mean 
137C8 
Result 

1979 

27 kBq 
(0.73 WI 

f 
18 kBq 

(0.49 Wi) 

8.3 kBq 

‘“.:’ Vci) 

7.8 kBq 
(0.21 l&i) 

22 kBq 
to.:9 ClCi) 

18 kkBq 
(0.49 Wi) 

. 

ND - No Data available for the qecific colwm. 

(1) 

(2) 

(3) 

(4) 

(5) 

One adult, ,counted at Bikini, wae a viritor fraa Rongelap Atoll. Be remained on rhip with our staff while at Bikini and returned at Ebeye with 

US. Rio body count wae not used in this table. 

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. Only one 
result van ueed for this individual since both reeulte vere similar. 

.A rix month old child’& data haa not been included in this table and category due to the difference in geometry between a baby and our calibration 
phantom. 

The 1978 mean value for all individual count includer the 5-10 
rection and the 1974 mean value has no child representation. 

The 1974 (CO 75) and 1977 137 Cs body burden data vere obtained 

year age group vhile the 1977 mean value has no representation in this sample 

from 9. Cohn, Brookhaven National Laboratory, Medical Department. 



Table 8 

Comparison of Observed 
Versus Expected Reduction Factors 

Description 

Expected Reduction Factor for Adult Males (1) 

Observed Reduction Factor for Adult Bikini Males 

Expected Reduction Factor for Adult Females (2) 

Obsemed Reduction Factor for Adult Bikini Females 

Expected Reduction Factor for Children Ages 5-14 (2) 
, 

Observed Reduction Factor for Children Ages 5-14 

# of Mean Reduction 
Persons Factor 

NA 2.4 

17 2.3 

NA 3.5 

16 3.8 

NA 5.9 

12 12. 

NA = Data Not Available 

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

(2) Effective half time obtained frcm NCRP Report 52 (NC'RP 77). 

21 
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‘Tne . ._. 
document is undated, but the pres&c e of da.ta from l$??$-%?dicates t’hat 
it must have been prepared in the period of 1977 to 1979 uhen we 
received it. It was noted that there are apparent inconsistencies amon 

. several of the different ta*b?es. For example, Table III--l gives data 
for the Marshall Islands for the period 1955-1975 and ?able III-5 gives 
data for the infant mortality rate for 1976. In Table III-l, the infant 
death ra’te per 1000 births for 1970 through 1975 is given as 2s. 3, 33.5, 
25.4, 46.4, 21.1 and 37.0. iiowever , Table III -5 indicates the infant 
m.ortality rate to be only 17.04. Ve m used the data of Table III-1 
in the following estimates; because it is more complete and it orovides 
a self-consistent set of data. However , in view of the discrepancies, 
the results can only be considered as approximations. &-q~A~~nis ,s#~!*:“:. 
makes little real difference in view of the uncertainties in the risk i 

4rhrrzw coeffici&$~“” %%r< is also a bias built into the c data 
because of the inclusion! of Bye and Majaro in the overall Warshall 
Island rates. This arises 

I’ ‘IX * 4 _. current conditions. 

/j&, .L.. &:-*..,4 

1. Rate of increase Acue population /t 3.8tiyr. 
2. Infant death rate 4 3.25 per birth. 
3. Overall death rate Ik 0.54% per year. 

4. Birth rate i 4:265 ?er year. 
. 



A population of 550 was assmed e 
G.--L 

tihe one that m move back to w 
-xr&s, 

u&and- . Values for other initial pop_ulations &obtained by ratios 
of the results. 

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

p30 
= 550 (lfl.038)30 = 1684 _. - 

The number of births in 30 years are given by: 

i3= 0.042~550 J (l.O38:x dx 

0 

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

t 

B = 
0.042~550 
ln1.038 

[l .O383o-i I = 1277 

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

33 

Deaths = 0.0054x550 
/ 

(1.03Ux dx 

Deaths = 
0.0054x550 
ln1.038 

Cl.03530-ll = 164 

pli C_Lch 
One other Z&M needed Is the reduction in 30 year dose to those 

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

the smaller amount of time in the 30 year period that is spent on the 
island. For, this, the total F?ulatlon dose for those born after 
returning assuming an initial dose rate of 1 rad/year is given by: 



30 

P = 550 D, J -xx 
e .(1.038’) dx - 

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

’ ’ zmy integral cannot be solved analyticalI.. An approximate solution @ 
was obtained by calculating this function for each of 30 years and 
sumtn ing . This gave 8949 rads for the total population including the 
original 553. Th& total dose received by the original 550, assuzning 
that all live for the 30 years, is 

P’= y ( l_ewXt) = 11,902 rads 

For those born after the return, the popula.tion would be the 
difference between the, total population in 30 ykars, 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 .a 
estimate of the fraction of the full 30 year dose received by the 
children is 0.36. 

\ 

The assu?lption of no deaths in the original 550 returning was nade 
for simplicity and the lack of good death rate data. 

WX . c2-p-J 

4Fa~s3 -4 

the age characteristics of the 
Marshallese frcxn Table IV-3 and he U.S. population in 1970. This 
comparison is given in the attached curve. v zze%e slopes 
are similar above age j5 but the magnitudes are distorted by the high 
birth rate in the Marshall Islands W&:p 

However, in terms of the relativa -% IL &L/J; 
risk the si3ilar slopes u that if the W natural cancer ra?es ( 
are similar. the relative risk for people above 35 in both populations 
would be s-Zmilar because most of the cancer occurs at agemout 40 and 

. aoove. 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 &IO 

have a relatively low natural cancer incidence. 
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Deaths in 30 years = 164 Gl1.60 
Births in 30 years = 1277 x i300 

-, - 

Deaths in 3'0 years -E 164 4117 =40 
550 

-, x 
140 

x,-_ 
= 

Births in 30 years - 1277 = - x ’ x = 325. ~300 
550 140 = 

Death& 30 years9 #$ = & 9 x = 70.07 = 70 

Births in 30 years, :gi? = & o x = 545.62 x 550 

f OA Population of 350 

Deaths in 30 years, $$j = & , x =*104.36 z 100 

Births in 30 years, ,g -_ & , x 
= 812.63 z 800 



& Cancer (Tab1 es 3-3’ and 3-4) - 

I 

Cancer Deaths/year in U.S. 
from 0.1 rem/year 
(pop=1 97,863,OOO) 

Leukemia 

’ Other Cancers 

gbsol ute Rel ati ve 

576 738 _ 

30 year elevated risk 1,210 
‘lifetime elevated risk- 1,485 

2,436 

8,340 

Range I ,726-2,001 3,174-9,078 

kri ved 

Cancer Deaths/j@ PerSon rem 
2: 

61 723 
75 427 

87-707 160-458 
.- 



24?% ’ Lm.ex.t~- rs -L 1. 700-1800 cases of dominant diseases -and 
defects per year (3.6 million births/ 
year):, ..’ .:.. 1 . 

in additionra few chrbmosonal defects 
and recessive diseases and a few 

congenital defects due to single gene 
defects ancj chromosome aberrations 

/- 

;Tt(x Total inci&cw,s to 27,00O/year, 7'4 
. . . 'at _equilibriumv A 

/7+4&-u.. -J-X +l_:roriO.lban the first generatioA). 

Overall ill health: 5% - 50% of ill 
health is proportional toVmutation 

9 
&_ 

Using 20% and'doubling dose of 20 rem, 
5 rem per generation-52 increase 
in ill health , /L_.~.~_r.r_~~~.~( V.L/ =Y bx 



B 
r\d-. . BEIR-III 

B(fl Cancer (Tgble Vd4) 

Lifetime Risk of Cancer Death 

(deaths/lO$ad) 
\ Single.exposure to 

70 .rad 
Continuous Exposure 

ielode 7 - 
Absolute 

to 1 
Relative Absolute 

rad/yr 
Relatfve 

L-Q, LQ-L 77 226 
L-L, Ff 

67 182 
167 501 158 

Q-L, Q-L 
430 

10 28 -w-w ---- 

$,, Birth Defects--pages 766-J69 
(mean parental age = 30 years) 

7 rem per generation (1 rem parental exposurej per lo6 live 
offspring--+- 5 to 75 birth defects, this is O.ODO5 
--O.O075&First generation 

/a*- L L” . ‘/ /( z ps)d-Ac. ) 

Jc,~‘Mpw 1 rem will increase the rate 
from 10:7X ton10.7005--10.70755 

,& J&+ I_ /w&&q! 
'0.0005 _ 1 

2-4 &&_&?*&-++~ 

.10.7 0.000047 = 0.0047" Kh_ZZ 
_. --. 

&0075 = 
10.7 0.0007 = O.D7% .L_...- ,.rc. 





ESTIMATED RADIATIbk '00J;ES TO RESIDENTS OF 
ENEU AND,'OR BIKINI ISLANDS ASSUMING VARIOUS LIVING PATTERNS*8 

Years oni Time on Time on Pmported Fodd Maxlmum Annual 
Years off Eneu (%)_ Bikini (%) (50% Of NotI_ Oose_(Milllrem)ti _' ~$:~~~e$~- . 

.y '.* Residence 
; ,\ \! 

Island 
to Bone Harrow . 

. 

Bone . 
Harrow 6 

47,000 
25,000 

6,000 
3,000 . 

6,500 
3,400 

3,100 
l,SOO * * 

3,300 
1,700 

2,100 
I$30 

2,?00 
1,200 

1,700 810 

I,800 
920 . 

. 

100 No . 6200 . 
‘100 * Yes 3300 

Whole 
Bodj 

44,000 
24,OOp 

NO 700 5,400 
Yes 330 2,800 

Biklnl 
Bikini 

Perxnanant 
Permanent 

Eneu 
Eneu 

1 04 

Permanent 
Permanent 

0 
0 

'100 
100 

Eneu Permanent 
Eneu Permanent 

9’0” \ 

Eneu l/l 100 
Eneu l/l 100 

Eneu l/l . 
Eneu - l/l 

Eneu 10 100 
Eneu l/2 100 

’ Eneu 
Eneu 

l/2* 
l/2 

No . J 830 5,900 
Yos . 440 3,200 

NO_ 540 2,800 
Yes * 280 1,400 

. No 
Yos l 

590 3,000 
330 1,600 

10 
10 

8 
NO 

Yes 

540 
280 

1,3QO 
900 

590 
330 

NO 

Yes 

2,000 
l,.lOO 

’ lC Eneu l/3 ’ 100. 
*. /3 Eneu l/J 100, 

NO 540 1,500 
Yes 280 ?60 

1,600 
860 

590 
330 

Eneu l/3 
j Eneu, l/3 

NO 

Yes 

‘. . 

* Doses m round4 off. 

o”f Federal Radiation Council exposure liait iS 
0 These values ar e best estimates 

average values based u 
of radionuclidos, diet 

b values depending upon 
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it ,_ Risk Estimctes based on_.R_ET.R-III.,.. 
IX 

'(p.4 82 jt- 8 __.w_ . . -.. _...,- _____... . -.. . i To/i_t_ ._._._____L--.__-~_..~ . ._...e-_ j;, : (,{ p; ;; L..-_-- .-_m. -.-_..___. . .e.-...&"a. .-....-.. 
Cancer Risk 

J '<.y..-_.._. ..~ _._.... . --- ,.__._ / 
Birt:,h &fects 

-.. ,. p 
. . 

/ 

_ “. ” “. . 
. . . . . . “__ 

4-b ” 

rem L_O~~"'-~~L 
',! 

(!i-Ty/,l O'/rem) ’ 
Spontaneous .’ 

XX -182:F 430 
Number 

--- --_- d 3054 .556 1.31 ,205 ,483 I? id 2.8 cd&f&&~&"* 
139 

6100 1.11 2.63 ,409 .965 ,1.1 5.4 rrOO38=?05~ 139 
_. __-- .--._.-__.I_-._-__I_-----_.I._.I- ------..-- 

25450 4.63 10.94 1.71 4.02 i3ro 

_1$+&+-. 
24.0 ,0167--O&%- 139 

47846 8.71 20.57 3.21 7.56 \ 1300 -44.0 139 
--. 

- 3461 .63 1.49 .23 ,547 13OL.. 72 

-*_--- 
1.39 

6617 1.20 2.85 .44 1.05 'jOL) 5.9 
..__._.__._,_6.~8_._.._;5:7~.._.. 

,139 
-P ~ _.---.-___--.__-.- _ -...._ . ..-.. 

- 
957 ,174 .41 .OG4 .1,5 :,:: 1.4 #g&t&s’/_ 85.6 

. 1978 .3G ,851 .133 ,313 &':'\' 2.8 ;yq2-.a_1a 85.6 

-- 
.-y-- --._d_~ Y 

------ 1085 .197 .467 .073 .17 d r:‘*’ 1.6 :BBb'te-$?&3' 85.6 
2105 .383 .905 .141 .33 3;' ? 3.0 ;00_13=+l93- 85.6 

&n/3- ,Iti- 
446 ,081 .192 1 .0298 .0705 jsL, .!I6 .:0&%-:00&T 58.85 l 
910 .166 .39 i ,061 .I44 1.9 .00056-.QO84- 58.85 

I $SLJ 

520 
I 

,095 
I 

,224 
I ! ! 

-5% ho7a -. 
.035 .082 550 1 .'l ,603b ;00032-,-00$4P L’ 45 58.85 

,953 ,173 .41 .064 .151 55u 2.0 *&)3’, ,00059-, 0888 ) c 10,s 58.85 
- -- 

x, 
Increase'5;*r 

E 

,/$ .01-4 
-_ _.. 

,674 .0083- 
,I9 ,015 

.--_- - .--. 

*Risk coefficient 

eg 182x1 od man rem 
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BASES FOR CALCULATION OF RISK ESTIMATES USED IN 
"THE MEANING OF RADIATION AT BIKINI ATOLL" 

i.1. A.sw~ 8s f 1 - I’~& 
Estimates of cancer and.birth defec 

fib 
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. 

g&&k 7. Risk:coefficients from BEIR-I were used because BEIR-III 

had not been accepted by any U.S. government agency. We elected to 

use the values as given in BEIR-I rather than the revised values 

based on increased age of the population shown in Table V-4 of 

BEIR-III. 

w 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 

spontaneous cancer incidence, which is not known for the Bikini popu- 

lation. The relative risk coefficient gives a high value, but since 

it is based on the spontaneous cancer incidences, which is unknown for 

the Bikini population, it is probably less reliable than the estimates 

calculated from the absolute risk coefficients. 

3. For estimating increased cancer incidences, the bone marrow 

dose was used because it was slightly higher than the whole body dose. 

This probably introduced a small element of conservation. 



4. For estimating birth defects neither BEIR-I or BEIR-III is 

very clear about what is meant by parental dose, thus it is not clear 

whether birth defects should be based on the dose to one parent or both 

parents. In the latter case, the 30-year whole body dose would be doubled. 

We assumed the BEIR-I risk of 0.2% rem was based on both parents being 

irradiated. 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 740 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 -C 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 the,dppendix. 
.' 

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

10.7% of all live births from BEIR-III. 

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

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



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

exposed to much lower limits of environmental carcinogens than people 

living in the U.S. and because of limited medical services and prevalence 

of other risks such as drowning, poisoning, etc. Other causes of death 

are probably higher in the Bikini population than in the U.S. population. 

We also suspected the average life span was less than in the U.S. popu- 

lation, which might tend to reduce the number of cancers that would 

occur in the elderly. 

9. The largest dose a person might receive in a year was.estimated 

to be three times the average dose. Data in the appendix for individuals 

show that the highest individual dose is more than twice the average but 

less than three times. 

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 Islands five year health plan prepared by the Trust Territories' 
2 ‘, = 2 

Department of Health Services'Office 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-l, the infant 

death rate per 1000 births for 1970 through 1975 is given as 28.3, 33.6,. 

25.4, 46.4, 21.1 and 37.0. However, Table III-5 indicates the infant 

mortality rate to be only 17.04. We used the data of Table III-1 in the 



following estimates; because it is more complete and it provides a self- 

consistent set of data. However, in view of the discrepancies, the results 

can only be considered as approximations. This probably makes little real 

difference in view of the uncertainties in the risk coefficients that were _:t 

used. There is also a bias built into the data because of the inclusion of 

Ebye and Majaro in the overall Marshall Island rates. This arises from the 

different death rates (particularly infants) at these two locations. In 

many respects the population of Ebye and Majaro are quite dissimilar from 

the Bikini population because they have the advantages and disadvantages 

of a more technical environment. 

For the estimates the last 5 or 6 year average of the data were used 

because they are probably the most representative of current conditions. 

From this, the following were obtained: 

1. Rate of increase of the population has been about 3.8%/year. 

2. Infant 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 

Bikini Atoll. Values for other 

ratios of the results. 

for the one that might move back to 

initial populations were obtained by 

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: 

3O 
B = 0.042 x 550 / (1.038)' dx 

0 

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

B = 0.042 x -550 [l 03830 _ 13 
In 1.038 * 

= 1277 

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

Deaths = 0.6054 x 550 

Deaths = 0.0054 x 550 ln 1 . 038 [i.03830 - 13 = 164 

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

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

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

island. For 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, 

J 

eeXX (1.038') dx 

0 

X is the half-life of decrease of the radiation dose, taken here as 

30 years. 

- 

Because this integral cannot be solved analytical, an approximate 

solution was obtained by calculating this function for each of 30 years 

and summing. This gave 8949 rads for the total population including the 

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



all live for the 30 years, is 

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 

origi'nal 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 most of the cancer occurs at ages 

from about 40 and above. However, the magnitude of the relative risk in 

the U.S. used for the Marshallese will be high by a factor of somewhere 

around 2-3 because of the distortion caused by the very high proportion 

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

Using the preceding calculations for a population of 550, calculations 

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



Deaths in 30 years = 164 w 160 

Births in 30 years = 1277~1300 

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

Deaths in 30 

Births in 30 
iGPx = 32&W300 

&-* 

, For a population of 235: 

Deaths in 30 years, 164 = 550 & , x = 70.07 ~~70 

Births in 30 years, 1277 550 = - 2;5 ’ x = 545.62~550 

For a population of 350: 

164 Deaths in 30 years, m= & , x = 104.36,-100 

1277 
Births in 30 years, 550 = 

&V 
= 812.63,~ 800 

III. Risk Coefficients _------ 
.,&> cz, L<'_ c: -. i v 

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. 



,$j BEIRFGI__ 
J 

- 1. Cancer (Tables 3-3 and 3-4) 

Cancer deaths/year in U.S. 

from 0.1 rem/year 

Derived 

Cancer deaths/lo6 person rem 
t'j#++______/~ 

(POP = 197,863,OOO) 

Absolute Relative Absolute Relative 

Leukemia 516 738 26 37 

Other Cancers 

30 year 1210 2436 61 123 
elevated risk 

lifetime 1485 8340 75 421 
elevated risk 

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

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

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

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

estimated cancer deaths. 

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

- 

rem/30 year reproduc neration would cause in the 

first generation 100-7800 cases of dominant diseases and 

defects per year (3.6 million births/year) or 5,times this 

amount at equilibrium. The 1800 cases represent an increase 

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

equilibrium. 



In addition there would be a few chromosomal defects and 

recessive diseases and a few congenial defects due to a single 

gene defect4 and chromosome aberrations. 

0 
; 0 The total incidence at equilibrium is 1100 to Z',.OOO/year. These 

C' 

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

l These are equivalent to O.l5%,per rem at equilibrium and O.O3%/rem 

in the first generation. 

b. Based on Overall Ill Health -- - 

Overall ill health: 5% - 50% of ill health is proportional to the 

mu 
z 
ation rate using 20% and doubling dose of 20 rem, 5 rem per generation 

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

Thus the rate of overall ill health is l%/rem at equilibrium or 0.2%/rem 

'- in first generation. 
:. i 

: :. , ., ,. ; 
i .A’: : ! 

, 
A: 

;.- : For estimating the potential geneti,c derived health defects in the Bikini 
I 

: * 
i._. 

L 
.' population it was decided to use a risk coefficient of 0.2% per rem in the 

. ‘8’ 
1. ; 

‘-. 
. . /~ 

&i’ ’ 
'[, first generation recognizing that it was probably very conservative. 

‘.. I 



Lifetime Risk of Cancer Death 

(deaths/l@/rad) 

Single exposure to Continous Exposure 
10 rad to 1 rad/yr 

Model Absolute Relative_ Absolute Relative 

L-Q, s ,& 226 67 182' 

L-L,i-L 167 501 158 430 

Q-L, Q-L 10 28 --- _-- 

2. Birth Defects--pages 166- 
- 

Cm parental age 
b,.' 

4 1 rem per generation (1 rem parentZT,exposure) per lo6 live offspring 

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%. 

? 
l In terms of the spontaneous rate I rem per generation gives ~FZ,' 

0.000047 = 0.0047% increase and 0.0075 
. 

10.7 = 0.0007 = 0.07% increase. 

IV. CALCULATIONS OF RISK 

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

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

. &@J- RISKS FOR 14 DIFFERENT LIVING CONDITIONS I 1 

1. Can,ce,r Risks__ ,?/T.--. __a* c 

Table 3 sh ws 
e 

the calculations for estimates of increased cancer risk 

for 14 diyrent living conditions. 



2. Bicth_Def 
c c- 

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

B. RISK ESTIMATES BASED ON BEIR-III -- 

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

were calculated for compar/$ion purposes only and was not used in the 

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

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

Table 2 for the relative risk model. The lowest 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 cone ’ 
@I 

ed, 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 giv::n 

in the Bikini book may be conservative by a factor of three. 
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,Ruben Zackhras, Acting President and Minister of Transportation and :L-;~~-’ 

Communications 

3. (5 

4inja Andrike, Secretary, Education 

derry Bennett-, Department of Education 

&&men Bigler, Secretary, Internal Affairs 

r/Alfred Capelle, College of Micronesia Extension Services 

Director and Staff, Marshallese Community Action Agency 

vWilliam Graham, Chief-of Curri-cul urn Development 

/Dr. Isaacs, Medical Doctor, Health Services 

Tony Johns, Clerk of the Cabinet 

PPhillip Kabua, Acting Chief Secretary 

&arie Maddison, Chairwoman, Public Service Commission 

LEnid McKay, Secretary of Social Services 

&enry 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: 

eSister Edna L. Demanche, retired, University of Hawaii, formerly teacher in 

the Marshall Islands 

&im 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 Edmond and ouise E. Wohl, Pacific Area Language Materials Development Y! 

Center, University of Hawaii 

Marje Terpstra, University of Hawaii, former instructor in teacher training 

at the College of Micronesia at Ponape. 

In the United States, ,during special work on Marshall Island information book- 

lets, the following people were consulted: 

Alice Buck, Kwajalein, Marshall Islands 

Long-time Marshall Islands resident and Marshallese translator 

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

q6 



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 

VHenry 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 

Acting President (Minister of Transportation 
and Communication) 

Acting Chief Secretary 

Secretary of Education 

Doctor 

Minister of Health 

Chief 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 
(Di.rector, 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. 

Linda 



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 c-e-t “5 

Kinje Andrike - Secretary of Education &L.& /?_&J&_ 

William Graham - Chief, Programs and Development, Department of Education 

I? 
> 

Dr. Ezrapiklon - Secretary of Health 

CarTen Bigler - Director of Public Affairs 

. 
. . 

c 

i- 

.: 
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Bill-- 

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

Iroij Joannes Peter 
John Abraham, Magistrate 
Sam Livai, Councilman 
Abner Edward, Councilman 
Benji Gideon, Councilman 
Renton Joannes, Councilman 
Iroij Benton Abraham 
Saimon Samson, Councilman 
Saul Abraham, Councilman 
Lombwe Mark, Councilman 
Sam Luke, Councilman 
Moses Abraham, Councilman 
Balik Paul, Councilman 
Alik Jorem, Councilman 
A_ata Kabua, President 
Oscar DeBrum, Chief Secretary 

Check this list please and let me know if there are more names 
I should add. 
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1 \ ,> d& :j d List of People who helped (in, any way) on the Bikini Book (31) 

;i/ c \, , L 
. :\L 
:i ,- 
‘_ .2 PA Anderson 

. ; :s , i\ 
:p A 

RW Baalman (Ray) 
VE Bannick 

,> DC Borg (Dr. Donald) 
A Buck (Alice, Mrs. Elden) 
MA Carlile 

4 Casarett (George) 
J Conway (John) 
P Dunaway (Dr. Paul) 
RO Gilbert 

miste 
HE Kretiger (Hank) 
RO McClellan 
T McGraw (Tommy) 
S Marks (Sid) 
RP Marshall (Bob) 

au (Jan) 
NT Nero (Norv) 
JF Park - 
HS Pratt 

e Ray (Roger) 
wt-Ru5i 

I L 
UI \I4 

JA Smith 
WI) 
BG-Shomp- 

\ C*l-)-- 
--B--Wa~h‘hX~~(B~ixe 
JM.-Weisgall 

fjl.+_ . ., -_.-- - 
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June 10 

0 Determine what paragraphs are 23~3 in final form 

e I#&paeagrapks Peq~iPe-a-sma~~-awe~R~-eC-we~~-~A~~~e-wi~~-~~a~~-e~-~bese~ 
Determine whatparagraphs require a small amount of work (Alice wi~~xxsap~-eR-~kefej- 

d Ray, meleran and keorong will sta 
on those) 

l Bruce, Bill and Jack will start on new material. 

Procedure for A~;~~~~xR~~~xM~~~KH~x~~~x translation work on paragraphs requiring small 
amount of work: c- 

@l&P #.-+ 
4 ~ ,/ 1 --- 

&@ +&&j-&. -TX- Wma*p ___ -'. 
".j&~~~;-- 

Ray--will-# ve--&-t;P--..1-.'--m~~i~6~~~ti~. > 

A 

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) 

Martha will give out retyped version (when? without interrupting the material being worked 
on at the moment? Should we have a time of updating notebooks for everyone at the same 

time and should I keep all retyped material until then!- 



PROCEDURES FOR SECRETARY 
folders 

0 Pick up material from outXXH$X of transl-tot-s and scientists 

0 Type material from translators and distribute 

0 Type material from scientists and distribute 

0 When a paragraph has been retyped draw ti line through the previous draft 

0 Insert retyped paragraphs into file 

0 Mark on chart when 



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 

All work to be translated will be put in your TRANSLATORS folder. 

All final copy will be put in your TRANSLATORS folder. 

Put your initials oh 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. 



I , 

-PROCEDURES FOR WORK ON BIKINI:BOOK 

Each person will receive a looseleaf notebook for storing material with numbers up to 62 
+/u-V1.&&.?. qU.+;4&..~_, -L +2 &ic. &&_‘C. #/&,,& L;&*+l;l. ' .~ Ti, a 

RWXXU1tiU j . -,-- iY+ 
Ixlxxx~ 
A 
Ray Baalman 
Bill Bair 
WtiXUX#XBU#I 
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. 



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 #Gta-?~opy will be put in your SCEMTISTS 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. 



Jonan rddfdfion co elaptata bw&n juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . 

IT,.. ~.?,;:r,: “1’,,‘,,111 :tl :r’ :~A:,;41 :qw ,w:,,,, rr,,,%I 11.1 I ,YP 

‘!u(III,: : V’ “l 

m!/lfrem . . . . . . . . . . . . . . . . . . . . . . . , . . , . . . . mrllirem 
. 

Jonan radraffon eo iolap (averdie) bweles juon armij 
emaroii bokc iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . : . . . . . . . . 
ilo nonnonmej iloan dr.i @one mJrrow) . . . . . . . . . . , 

f*r~r,,f.. .‘.,l ,..,: #,I (1 : il,rt:, ? >,‘I I’,: .!I$:!: ,VC.‘IC,’ .I 1,1’Q! .(I) \?‘.I’. 

mrllrrem . . . . . . . . . . . . . . . . . . . . . . . . . . . . mrlluem 

mrhem . . . . . , . . . . . . . . . . . . . . . . . . . . . . miNirem 

Jonan IWok in cancer to bwtlen remaroii 
walok ilo yio kein 30 iman . , . . . . . . . . . . . . . . . . . . . 
I:... ,,,;.I .‘. /: I .’ I., ‘I 1’ :mi, ‘I, ,I, i.,,: *,,,sq. 
:I,. ,,.,. :‘I ,.,. 

Meltlen. bwe elane enaj war f3 armij remij ilo 
yio ken 30 iman jen jabrewol cancer ijellokin cancer 
Lo rej walok jen fddidlJOn co cj walok jcn alomic bomb, 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok 
jen rddtdfron eo cj walok jen afomfc bomb. 
I!,#,, ,:,vf?‘, .h (a I! r:,pt. r?~r~J I,,; 8 3 r ..,~rk II... A,;:IW I’..‘ 
wr! :r, )I.,::’ ‘11.‘. ,+,I, ~.,“iV, I,ll.Vf ttw: r:: .! cn!: I-! I y I.111.A 
,,,,*, I. ‘U !. 7 i(!~,w 11, :-!:. :rwr ii+qy r,,. nl~ 461c::wloi #.‘,I- I,,. 
!(.,‘I, , ..,:a, a, (* . , .‘,‘. ,I ,*; ,.,,,, “9 *... ‘..I. I* .I.( .* ,, , ,111,. 

.% . . . . . . . .._.....I............... % 

Melelen. bwe elane cnaj wor 83 armi’ rtmij ilo 

I 
io ktin 30 iman jen jabrewot cancer ijtl okin 1 cancer 
o rej walok jcn radralron Co ej walok jen alomic bomb. 

. . 

Jonan l6iilok in ajiri ro bwelen rsmaroii lotaktok 
kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . 
,I :. . . ! !.I ,,I. /I ,.c,. * # ,.; I,.!, . 
,, 1. ., ;:,~ ,. , , .* 

Melelen. bwe elane enaj wor ZTO ajiri IO rej lotaklok Mclclen. bwe elane enaj wor 550 ajiri ro rej ldtaktok 
kin nanmmij in utamwe walok jen jabrcwot un Lo kin naninmij in utamwe walok jcn jabrewot un Lo 
ijellokm radrabon eo_ej walok jen alomic bomb ilo yio 
kein 30 iman, emaron bar kobatok ajiri rej lotaktok 

ijellokin radralion co ei walok jen afomrc bomb ilo yio 

kin naninmij In utamwe walok jcn 
ajiri rej lotaktok 

radrafron eo ej walok jen 
kein 30 iman, emaroii bar kobatok 
kin naninmij tn ulamwe walok jen fJdtJflOrI co ej walok jen 

alamrc bomb. JhJX bomb. 
::,,; ,?. 1’ ‘. : ,?, II ‘:‘.‘,c *r,c sso I:,::!, ../I Lo;,, r.:r! w.,:,:, !rw 11261,s ,1:.!, I! !flWl! **,r! 350 cllth!ren >9rn wttl hed!lh 
J.-:PC,\ 8,. .L,‘.II. l::m .!‘I, rdu,,’ ,.:‘.v, !r;.!:, ~.l.l*.,: .“I ‘v!: Irw, wrrcr~ I.L‘I’~~~~~ horn a:)) c.4u.e orw lhrn tadm!ton ictl Itom 
.,!‘:‘-.c r&Pr!~ #..,?,,I ::q Pest %J v*s,r. :n..,i: !vyy :* 61, ,~Nm#i Wmb~. hdhW lh+ !\esl 3” )cofS. there n\~pl be MI 
il.ilJ,:l:!!li: I : ::*.,I ,,otr, *IlIt tkl..: !\ , .1,1;ld IV, r” II,,‘.,‘11 I,?: .,~l.illlwal ch~l~lrrn bow wlrl &4zC!,: ia;rr&J Oy tadlahrw 
:,,,g >::,a.,,’ ! 1 . . . . kr: horn .ww Iromb5 

. 

SD 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .%I 

-a I 



. 

Jonrn radialion eo elaptala bitlen juon armij 
cmaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . . 
I PL.6 Ial;‘,r~I a:,wm, r.1 rz~:lr,N.r, ;,,w ,I.!,‘.011 n,l,vll rsv ,WP 
!l~Jrl:l.: I y+.a 

mrlhrem 

Jonan radraf~~n to iolap (average) bwelen juon armij 
emacoii boke iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . _ . 

ilo nonnonmej iloan dri (bone marrow) . . c . . . . . . . 
r(Y:‘ldp* *“10.,,8.: *,I fr?‘! ,9’lil 2 :.r~,:~~,: :nqy : ,“‘.‘I(‘,’ r, !,1”,’ ,(I \t .,,I. 

Jonan liiilok in cancer ko bwelen rcmaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
lb ,,,i .I.,!? I,: t .‘, 1’1 ,I. ,! !:,:,’ t’l ,,,.i,,: *Illl~r; . 
I! ,. -0,: :(I )’ ,<: 

Melelen. bwe elane enaj wor 8 3 armij remij ilo 
yio ken 30 iman jen jabrewot cancer ijcllokin cancer 
Lo rej walok jen radiabon co ej walok jen afomic bomb. : 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok 
jen radtabon co cj walok jen alomrc bomb. 
I!;:\ J:w+!~: ill q* I! ~:ytt’ AXIIII tx ,8 3 1 -O~IIV (IP .+~;:IIII I*:O 
,,b,! .$(I iv.:,* 1 ,I. ‘i nr,y r.,w (‘I ntl;v, Iltnr! :‘:A! c2!:~K? :.y I<,,j.A 
,wc !+!I 1.. .4 Il#.r(W I,l:rlll;~. lllwr ;ill,:lll tw ,4il AIlI:.lil,llll (I ,,I- ,I... 
!: .,,,, e .:;, 1.1 v.,: ,. , .I(., ‘( ,l, ,r,,,rtar.,l *..** 4. 1111 #I. .s 1, I :,,,v. 

. . . . . . . . . . . . . . . . ..*............ mr/firsm 
. 

............................ mrllr rem 
............................ millirem 

_ 
............................... YO 

hlelelen. bwe elane enaj war 8 3 armi’ remij ilo 

II 
io kein 30 iman jen jabrewot cancer ijel okin I cancer 
o rej walok jcn radialion eo ej walok jtn afomic bomb, 

emaroii bar kobatok ro rej mij jen cancer to rej walok 
jen radiation eo tj walok pn atomic bomb. 
ihtr wedn~ lhal II Iherr void br $?? people die whm Ihe 
fit \t 30 ww; :~a an ca~tcef o!kr Ih.w lhal caused by rad#a- 

ati. 

lmn icfl I~UIII alom~ t ombs. there !qt11 be an addtbondl *ho dr 
:I:WI t.vw t!ul IS rruwl bv lad&-m ,kll lrom alomlc bombs 

,.,. 8.. . . . . . 

Jonan Gilok in ajiri ro bwelen remaroii lotaklok \ . 

kin naninmij in utamwe ilo yio kein 30 iman. , . . . . . . . . . % ..: . . . . . . . . ..#................ .I 
19:. */.(,, h., . I .III,,,I..,I,l~,l~. *: ‘i,,,, ‘. !v!,. 
*,::,;q j:,. #. .o ,, .I. *. 

Metelen. bwe elane enaj wor fro ajiri ro rej lotaktok 
kin naninmij in ulamwe walok jen jabrewot un Lo 
ijellokin radralron to_cj walok jen aIomrc_bomQ ilo yio 
kein 30 imsn, emaron bar kobatok . alrri rej Iotaktok 
kin naninmij in utamwe walok jen radrahon to rj walok jen 
JfOflW bomb. 
:a6 ,W..‘.!, :‘#I II !:Wre *ere SO ~l:l::l~.!rl l,l’;n xl:!, hLlll 
J?!,!Cl, 0;?;1,‘111!: l:onl an, c*“;r (!l”V, II;<:1 l.liPX .:I, ‘*.I: Irclrll 
d!ST,( Wnrh *,,!‘sn VW Wl! 30 yiars. tne1C’ mp! ?r 011 
6WJl311 il , !:t:,ll(.rl ,,“,” WIllI tl4.: !\ , .LWll ,!, tn ,lA’,flil Iv!: 
:tom 1!L~‘W !1 /:/I:,\ 

Melefen. bwe ctane enai wor ‘rfo ajiri ro roj ldtaktot 
kin naninmij in utamwe walok jen jabrewot un Lo 
ijellokin rJdiJfiOn co ej walok jen alomic bomb ilo yio 
kein 30 iman. emaroii bar kobatok ajiri rej lotaklok 
kin naninmij in utamwc walok jen radiation co ej halok jcn 
afomrc bomb. 
1~ mzans 11:,?1 I! lhrrr we 550 chidfen bvn wttr h&!lh 
wk.35 wwmg horn am c*u,e ofher lhdn radmbon iefi tram 
d:onur %wbz. ~11~ the ntrl 30 )eacL there m@t be ao 
.d.lllIGfl~l ch~ldrerr horn wlh drlecfs cawd DV radtabon 
IPN II om ~I~WIC bomb, 



. . . . . . . . . . . . . . . ...*..... . . . . . . . millirem 
. 

Jonan_ladraCon eo iolap (average) bwclen juon armij 
cmaron bokc iumin 30 yio: 

ilo aoltben cnbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . . 
.&yap iw .c:.: ‘II 1.‘: rt~loil 2 .. ,d~~.W :w:, : ,“~.‘,I*’ cl ,,a*,,: .jn \‘Q’.,f . 

m&em . . . . . . . . . . . . . . . . . . . . ..* . . . . . mrlhrem 

m~lkrem . . . . . . . . . . . . . . . . . . . . . . . . . . . . millirem 

Jonan I6irlok in cancer Lo bwclen remaroii 
walok ilo yio kcin 30 iman . . . . . . . . . . . . . . . . . . . . . 
Il.‘. miv r”o: I.: I .’ v, :, ,: :1*4,y ,t,.i,,: hlllllli 
16,. -.*,: ;q )’ ,., 

.% 

Mtlelen. bwe tlanc enaj wor f 3 armij rtmij ilo 
yio ken 30 iman jcn jabrtwot cancer ijcllokin cancer 
ko rej walok jen radialion co ej walok jen dfomic bomb. 
cmaroii bar kobatok ’ 
jen IJdrafiOn to cj walok 

IO rcj mij jcn cancer Lo rej walok 
jen alomtc bomb. 

I!.6 ‘:I+->‘:‘, ‘h 9. 0’ !:,,“I. A%lld I,,. 83 c-ilplt’ tl,.. hlilllll I’..‘ 
W!lI >lJ ,*‘.:I’ 1,‘. ‘. Any f.,ll,(‘, oll,l.r IIW! 7’: .! cdl:*v, f y ),,II.A 
llW I..!1 1.. ‘I ii!l.?Cd t11.!111,~. 1111v1* iill):lll I,.. A,! ~4111!il:,1t1.,1 *w 1.v 
1,..,‘, I I::! ,.I ‘, *’ I .,,. * 8, ,I., ,.,,,, *11,.11 8. 1. I. .1*1 .t. ., , ,,,I, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . YO 

Mclelcn. bwc tlane cnaj wor 83 armi’ remij ilo 

I 
io kein 30 iman jen jabrewot cancer ijel okin cancer I 
o rrj walok jcn radialion to tj walok jen afomic bomb. 

emaroii bar kabatok 10 rej mij jen cancer to rej walok 
jen rddidfron co Lj walok Jen JfOmlC bomb. 

lhts me.w~ l!ul II Ihw rould br 63 people dse wthm Ihe 
.;. 

lis 11 30 VW, lrom an ~dn~er o!her :hdn that caused by rad#a. 
I tmn 1~41 1~;~ alom~c wrnhr Ihere !ur&l be II, addittorul rho die 

:I!W (,wcrt lh,!l 15 CIUWII bv ld&Atm let: Itom alorn~c bombs 

i Jonan IBiilok in aiiri ro bwelen remaroii lotaktok 
I ki? naninmij in uiamwe ilo yio kein 30 iman. . . . . . . . . . . 

I*... 2 .,_.s., ,. I !.,;s,,. I4 ,q,e.. *,’ 71 ..; ‘,.!I I . 
r.:::., ,:,. ,, .e. . .1 

: 

Mel&n. bwe elane enaj wor rrrl ajiri ro rej lotaktok 
kin mninmij in utamwt walok jcn jabrewot un ko 
ijellokin radralron to ej walok jen afomic bomb ilo yio 
kein 30 iman. cmaroii bar kobatok ajiri rej Iotaktok 
kin naninmij in utamwe walok jen rddralfon eo ej walok jcn 
afomrc brxrrb. 
I:,,\ “i,,e, :. : a.?t 01 !W,P *c!,r is0 kl!:l Al, l.*;n *::I, “~‘,,:,I1 

J!?leCl, v.. .;i,lm,’ ‘::lCl d”) Cm,,’ ol”~, I,;,::, ~d&.i: ,‘,, ‘cl; ,I< ,111 

d!C”,C C.CP!(, *i,ra ::.r ;rer! 30 reals. !W!r, !v,,‘!I, :‘y A,, 
d’i;,,:,:,ll ,: I ! .I!..1, ,,O,,l Nllll tl#4,.:!\ I .l.l’\,rt ,I< In ,,‘,‘,(d, IV!! 
::,,!!, d::“‘s.c :: ..I :I/ 

. . . . . . . . . . . ..I................ .% 

Meleltn. bwc the enaj war 550 ajiri ro rej lotaktok 
kin naninmij in utamwe walok jcn jabrewot un to’ 
ijellokin rJd/JfiOn eo cj walok jcn dlomic bomb ilo yio 
kein 30 iman, tmaroii bar kobalok ajiri rej lotaktok 
kin naninmij in utamwc walok jtn radiation co ej halok jen 
afom/c bmb. 
fht!. nkms lhl 11 !hetr WC 550 cntldwn hwn w!th h ‘a!lh 
o&cl5 ~cc3frmg hum anr cdu,e other thdn radla!lon Ifft ‘i rom 
dinm~c wmb~. rdhm the neal 30 k~ars. there mfght be ao 
.r.l.llll&nll c!:thlren horn win ~:~fcc!s Cdusti by radlallon 

Iv11 lu~~u .,lou~tc bombs 

d&b- 3 



Jonan radralron eo iolap (average) bwelen juon armij 
emaroii bokc iumin 30 yio: 

ilo aoleben enbwinnin (rho/e body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . . 
I.v~ra:.. 6, . r,, I-‘: .,,rz;l d ,,“, :I.,: w.i,: (Id .,“‘. rJ ‘,,11,, .!,! \‘<‘W 

mdhrem 

jonan IGIok in cancer ko bwelen remaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . 
IX‘. ,I,/ .I .., .‘..Z .: !,II!l: (,, i:’ A.,:,.’ 
I) *. .I,.,’ a, . . . . 

% 

Melelen. bwe elane enaj war s3 armij remij ilo 
yio ken 30 iman jen jabrcivot cancer ijellokin canter 
ko rej walok jen rJdrJfrOn eo cj walok jen afomrc bomb. 
emaroii bar kobatok ’ ro rej mij jen cancer Lo rej walok 
jen radrafron eo ei walok jrn J!$C bomb. 
,!.,( :::,:.- ;o ,* I. :‘.:.t,’ nq:A, I?.. * -ilpll’ t!,.: *,“.a,, I’... a11 
::..,, j” ,.,:-, ‘I: ., ,.“, I ,1x,, (,11.,4 !:I”, ?‘! .! , ,!!:~,‘II ! , l.,ll>, 
,,,,.b il.‘8 ‘. “8 ;~,*.rl:o* :.:.1.11, :‘,*‘,,. ;:a..+.; ,:*. A.1 .,‘!,!i,i ,,,,( i h’,,. I:,. 
,,. !,I * .,, , ( ‘,,,’ . j . ,I !:* , ,,(,,.‘a.. 8. *- (. .‘I( .+ *..11 3 ,I,, 

. 

Jonan Gilok in ajiri ro bwelen remaroii lotaktok 
kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . 
;a . ). , ‘, : ‘, ),.,I, , ,,I * ’ . ,a ‘a’. . 
*I;:;,- ;:, ..,’ ,t, , 

. 

o/b 

Metelen. bwe efanc enaj wor JsO ajrri ro rej lotaktok 
kin naninmij in utamwe walok jen jabrewot un Lo 
ijellokin radraftcn eojj walok jen aloytic bomb ilo yi0 
kein 30 iman, emaron bar kobatok aiiri rej lotaktok 
kin nanhmij rn utamwe walok jen rd!f~dfiofl eo ei walok jen 
JlonK bomb. 
:-,I I. 3 I. .,I . : ,1! ! *. F!#. *Cl.. 35-a I:,;,: .‘I4 tw:;1 *I:‘, 1 I. .,., :! 
;,.+,*.c,.. ;,, ‘d,,,“,’ !“a” , duly tw,c 61 <t ,I $.I :.!:! 9’ * 4) ‘I.‘; vwr: 
a:“yc L.(,.“,! *I:“.:, :‘Z? tier! :d $YB15. lllcf~ !!!1;:1i Pt 011 
n’:#:,::‘,ri ,. , ‘I.,‘,!,.,~ ,.r,rtt ‘W!‘, rwh :.. , ,,.I ITI Is, rn&,‘~c.:l !e.!! 
,,ii:,, ,A:. .‘SI’ !, ,:i ‘I 

. . . . . . . . . . . . . . . . . . . . . ..a....... mtllrrem 
* 

............................ 

............................ 

mtllrrem 

millirem 

. . ..a......................... % 

Melelen. bwe elanc cnaj war 23 rrmi’ remij ilo 

x 
io kein 30 iman jen jabrewot cancer ijel okrn cancer I 
o rei walok jen rddidliofl co ei walok jtn alomic bomb. 

emaroii bar kobatok ro rei mij jen cancer ko rej walok 
ien fddidt;~ion eo Ci walok Ien afomrc bomb. 

,,......................a..... % 

. 
Melelcn. bwe ctane enaj wor 3r0 ajiri ro rei lolakfok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijellokin fadfdbOo co ej walok jen afixnrc 
kein 30 iman: emaroii bar kobatok 

bomb ilo iio 
ajiri rej lotaktok 

kin naninmij m utamwe walok jen rachafron co ej walok jen 
JfdfiC bomb. 



Jonan fJdiJfiOn co elaplata b&en juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . 
I h,’ 4a,,y.g h:‘w!*.e: ,I! 0;: :, !h1.,1 ,mr *vr’.wl ,,*I,*!;: ‘I’, I I,,’ 
!~‘11111.: : ““-1 

-m,!lrrem 

Jonan radfabon eo iolap ~avenne) bwelen iuon armii 
emrroii boke iumin 3O.yio: - _ _ 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmei iloan dri (bone marrow) . . . . . . . . . 
F.“:!.,r- <I, s.! , I’. .1:1;, ,1 (;,,,“.,: .,:m(‘, ; ,,.. . ...,., a; 1,,1,), 11, \‘,‘,” 

Jonan IGlok in cancer ko bwclen remaroii 
waiok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
,t:$. 11,. I, a.. ( .’ I .: : :,q,.: , , I,’ n*,t4st. 
16. . ...’ :I, .I.. 

mrllrren 

mlren 

o/ 

Yelelcn. bwe elane enaj wor 53 armij remij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 
ko rej walok jen fJdiJfiOn eo ej walok jen atomic bomb. 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok 
jen rJd#JtfOfl co ej walok jen JfOmfC bomb. 
,!.,( .::,A.. ‘!I ,’ I’ ,‘yrv AwI,J I,. 53 , ..ll~,ll* I!,<. *1;:1111 I’... 
!,h,, $0 ,*“:.’ ‘,I... :‘1 ; I .,‘I, ,I 11:t,,.1 fll.if. :‘::! u!:.,“l 1.y 1 ,111 , 
I,,, -1 i, ‘1 ‘I .I *!#.l:,l !.r.,.,l, :!wr ;“l,‘l.i I... 4,: ,I,!<‘#tillll~11 A ‘!C ,!V 
!l.,:,, , ..,I ,.I ., (I , . ( ,,( !.. , .e(,, ,..I I. 1. 0. .I%# .1. v.1, I ..1,11. 

Jonan IGilok in ajiri ro bwelen remaroR lotaktok 
kin naninmii in utamwe ilo yio kein 30 iman. . . . . . . . . . . 

Melelen. bwe elane enaj wor gsO ajiri ro rej lotaktok 
kin naninmij in utamwe walok jen jabr.ewot un ko 
ijellokin ~J~IJ!IO~~ eo$j walok jen JfOfp/C bomb ilo yio 
kein 30 iman, emaron bar kobatok ajiri rej lotaklok 
kin naninmij In utamwe walok jen ~JC!IJ!~O~ eo ej walok jen 
JfOmfC bomb. 

- ;‘a$ c:... :,a’ >! 1’ ,.,P n,:,* 35-O t:,;.: .V! ,llliil *,:a, t VJ,,:! 
.,,y!*c:‘. I.. 2,811; !,.I.‘, ‘I,,, Cd\: A’ ,.:! 1’1 II 5.8 :.l:!.i’ <a ‘1,:; ltl,*l! 
a!“.?.: :!.,P,:‘ Asi* to :a’e itez! j!J ,~atb, !#w:. !ttlt*>i :‘v 01) 
“‘ii:.:,ur;i. ‘1,./,!G.V ,,oro all’, lll~!l~l :‘s , d 1’ #Yl II, Inili.l’~l.:l !I,!: 
:‘o:,, 4: “!I! : ,:a,*,. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mdhrcm 
d 

............................ 
............................ 

mrflrrcm 

milluem 

. . . . . . . . . ..a.................. % 

Melelen. bwe elane cnaj wor $3 armi’ remij ilo 

x 
io (rein 30 iman jen jabrewot cancer ijel okin cancer I 
o rej walok jen r~di~fion co ej walok jen JfOmiC bomb, 

emaroii bar kobatok ro rci mij jen cancer to rej walot 
jen f~di~fi~t~ co ei walok Jen JfOf?/C Oomb. 
I his wan5 I!IJI A Ihere *ould br 5.3 :~sole dae a~ih~n Ihe 
WII 10 \F’~IS lrom an 

6 
c;?ncer r)!hrr :han that Cauwd by raha. 

t,fln II4 I..,111 ,WlW ombr Ihrce !q$l PC an addWmal *ho doe 
IW,:I (awt+t ~*)a! IS rausrd bu tadullon Irl: from alomlc bombs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % 

. 
Yelelen. bwe elahe snaj wor 3gc, i_ajiri ro rci Iitaktok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijellokin fJdIJf/On eo_tj walok jen Jfmnfc bomb ilo yio 
kein 30 iman, emaron bar kobatok 
kin naninmij In utamwc walok jen 

ajiri rej lotaklok 
rJdlJfron 40 ej walok jen 

JfOW bomb. 
!IIIS means lhal 11 there rete ffo. chlldren bvn wdh hea:lh 
&+cI~ ~ccurtmg Iro!n any caw olhe? lhdn radlalfon WI from 
&~mc bomb,. 61lh1n the Ned! 30 )MS. Ihev nl!phl he a11 
.~:1.lIlIIlRAl r!~l.ireo horn wln delrcls caurrd by radlahon 
iv11 IIWI &rm~c bombs 

5 



Jonan rJdrabon co elaplala bwhn juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . 
,I !. ._1:.*.,, , ..’ ( e.si I’ ..I>” (,~!,‘,I,, n,,;::: ‘I , ,va 

mrbrem . . . . . ..*....................... mrllirem 
* 

Jonan radfalron co iolrp (average) bwelen juon armij 
ematoii boke iumin 30 yio: 

ilo aoicben tnbwinnin (whole body) . . . . . . . . . . . . . 
ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . . 

I.,..,,>;** .1*1 s ! 0 .*. ., : .,I 8.1; *I,,,?( : f,m, :i., j !,t,s,: j(i vl’,ls. 

mrllirem . . . . . . . ‘. . . . . . . . . . . . . . . . . . . . . mdhem 

mtllirem . . . . . . . . . . . . . . . . . . . . . . . . . . . . milkem 

Jonan liiiilok in cancer ko bwelen remaroii 
rralok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . 
I,:$. ,I. ., 8 , ; .),. ,., ,; * ,: I 
.I,. ,,.. .(/ ,. 

Melclen. bwe elane enaj war 3 r armij rcmij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 
Lo rej walok Ien radIalton co ej walok jen alomrc bomb. : 
ematoii bar kobatok ro rej mii jen cancer to rej walok 
jen radrafron eo ej walok jen alomlc bomb. 
,?. ,.., . . ‘. . . ..; ‘,?,. .+.lj I!,,, 35 , “q’lr: tl..* nt::i,t1 I’ .’ 

. . . . . . ..I..................... % 

I 

, . I, 

1 

Jonan ISrilok in ajiri ro bwelen remrroii lotaktok 
* 

kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I..... % 

Melelen. bwe elane enaj wor a3r ajiri ro r$j lotaktok 
kin naninmij in utarnwe walok jen jabrewot un Lo 
ijellokin radra!ron eo ej walok jen atomic bomb ilo yio 
ktin 30 iman: emaroii bar kobalok . ajiri rej totaktok 
kin naninmij rn utamwe walok jen radrafion co ej walok jen 
afomrc bomb. 
::,4, ,,I.. ,: :: .“‘*l* *y,p 23r.. I,#,:1 ..(I troll1 *,:‘I trl*a!:II 
drl.!r!,. :I; ;~,2h., ~:VY 6,:~ c.ju .4’ ohv wan rail*d:.on ‘14 lrom 
,I!’ .T,r. [,w,::’ Ai:! ,;I ,;0c wrt )rJ ,ears. Ihvil w;n1 te dl) 
d’:~i.fwll , IlW I,Gtrr Xllll dPkf\ , .I:wtl 111 rn,tl.,‘mt Il.!: 
!IW” d:, “.,I :,‘.C:‘.; 

Melelen. bwe the snaj wor 23r rjiri ro rsj lotrktok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijcllokin ndralron eoqj walok jen affmic 
kein 30 iman, emaron bar kobatok 

bomb ilo yio 
.. ajiri rej lolaktok 

P6 -c 

W 
c 



Jonan radralton co elaplala bielen juon atmij 

emaroii boke iomin juon yio . . . . . . . . . . . . . . . . . . 
,I,.. ,>:\+.;, i. 2, ‘. ’ q.7 ’ a!1,*,, ,,I).* ,I ‘,‘,,,1 il.., -.:: ‘I I l,V 
.!‘,,t:i. ! lo’,,’ 

mdhrer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mrlhrem 

Jomn radfalron co iolap (average) bwelen juon atmij 
ematoii boke iumin 30 yio: 

ilo aoleben enbwinnin (wttole bcdy) . . . . . . . . . . . . . 

ilo nonnonmcj iloan dti (bone m,wowJ . . . . . . . . . . . 
I,,,,.:.+ .,- ‘I! !. .I :, : :,I*! IT *I :(‘! : ,.., , I’.’ ! m,:,:,: I,, y*..,t. 

Jonan lhilok in c~r~cef ko bwelcn temaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
:::.~ ,f. I, .L, ..I . : :,,,-:: ,.( (,’ * ,: 
a*,. ..,,’ .‘i ,. 

II 

I In 

In 

............................ ,7IllhFffl 

............................ millrrcm 

.............................. % 

Melelen. bwe elanc enaj wot 3r atmij remij ilo Metelen. bwe elane enaj wot 3 f atmi’ remij ilo 
yio ken 30 iman jcn jabtcwol cancer ijellokin cancer io kcin 30 iman jen jabtewot cancer ijel okin 1 cancer 
Lo rej walok jcn radrafron eo ej walok jen afomtc bomb. : I o tej walok jen radrafton eo ej walok ien atomic bomb, 
ematoii bat kobatok ’ ro rej mij jen uncer ko rej walok ematoii bar kobatok to rej mij jen cancer to rcj walok 
jen IJdraftOn eo ej walok jtn afomjc bomb. jen radidltOtI eo ej walok jen alOmIC bomb. 
II, ,.., _., ..,.. : ,‘$.!.. A%,‘., I,,. 3r , .-!~,ih’ I!,.* A,::;,,, I’ .’ :!II> ~W.N,S lflnf 4 thctr ~iw’tl cr 3 5 wxl~ C,e ,w:htn Ihe 

,:1*,, ,I, ,I . ” . ..I. i $111 I, ,,!l,A ,he. :‘I,: Cn,:~,‘I! ! ! r.l,ltr tit \I 30 yt’dfj ~I:NT ~11 ~:!!cer n!+~t’l ihaG :hd: caused by t,Ej13. 
\vm it ‘* ,: *111, :,,,.a, ::,e,e ;:$I,!‘:! , 8. .,,I .I,!lYil,W #,‘I,’ t.0. ,,nr; WI II;W hi, ,wbs thrrv w~ht IIP an a,11l1l1o~~I r.. *I h3 de’ 

!, .I, I , I ‘, .’ . , , ,, Cl.* (,“!,.* /*., I. I* ,, 1. .*.,.1,1, 6 .,,,, I. h:w (,WCM Ihr! I\ CAUW!! bt fd:l~.~l.w~,l~fl !:om alomcc owlb\ 

. 
I . 
1 Jonan liiilok in ajiri ro bwelen remaroii lotaklok 

kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . . . . . . . . . . . . . . . . . ..**.......... % 
ir;., II. , * .,*, )I..,, ,,,, I.. n I *I. ,.,a:, (PI, . 
*,,:,,1,,:. ,.,‘.‘I. * 

‘. 

Melclen, bwe elane enaj wot ssf ajiti ro tej lotaktok 
kin naninmij in utomwe walok jen jabrewot un ko 
ijellokin ndra!ron co ej walok jen atomic bomb ilo yio 
kein 30 iman, cmaroii bar kobatok . ajiti rej lotaklok 
kin naninmij in ulamwe walok jcn radiation eo ej walok jen 
afomrc bomb. 
::.*, uirr :, ! ;!: *I !IlWi .+*,r J3f I,,,:, !W h:11 AAll !w11:11 
t!PII!c1: :,;, ‘J,,,II.: ,,Wl “!,I c(“..,- O,W, (n&l tarl~j: n,, ‘+.!I 1w111 
‘?!’ ‘“,C C,‘,‘?,!!. r,l!*,ll :iic’ twrl 30 ,pa,s. Ihe c+Y t;r dll 
.W:,lv,ll i. t .41w I,nt~~ rnlit dh: Ix t .wwd Iti rml4d!m Id: 
!i”:,, “:, ‘..I( :a AI’., 

F6 

Meltlcn. bwe clane enaj wet 33T ajiti ro tej lotakfok 
kin naninmij in utdmwe walok jen jabtewot un ko 
ijallokin radtation eo_tj walok jcn al!mic.pomb ilo yio 
kein 30 iman: emaron bar kobatok apri rej lo aktok 

.I, kin naninmij tn utamwc walok jen radrafron eo cl alok jen 
atomic bomb. 
Ihs nwm lha II Ibete were a.jr< chtldren botn wdh h&:th 
delectr occotrq Itom any cdz,e ,~lhet than radla!wn ltll’trom 
&mwc Dombs. ~lhtn Ihe netI 31 jtdfs. there nqhl be au 
dmttonal cr~lilrcr~ born wlh dclecls causrd by radiation 
IPII IlOIll .IlnmIC bomb‘ 

-13 



. 

Jonan rxhafron co elaptrta bielen juon armii 
emaroii bake iumin juon yio . . . . . . . . . a . . . . . . 
,,,. I .3:,:+, d’ i 9’ 4 !. ,: ,,.i! (IIJC (,,‘,*.m ~,..“~: ‘+ I ,\‘o* 
,!*,llli* ! y’ 0’ 

mrllrre ..,..*.............*...,...,... mdfwm 

* 

Jomn radtabon co iolap (aver& bwelen juon armij 
cmaroii bake iumin 30 $0: 

iio aoleben enbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone mxrow) . . - . . . . . . . . 
Xv~r.!p. .,‘, : 1.: I_ au,,,;: ;I,*: ,.,: .I. i’,: ,,” ,.,&(.. : ,111,)’ pi; \‘I’(( 

Jonan lijilok in cancer ko bwclcn remaroii 
walot if0 yio kein 30 imsn . . . . . . . , . . . . . . . . . . . . 
:,:,. ,I,, I, I%, ‘1 ,’ ,,., . . ,., (.’ A 1: 
IS. *,,., ,I, ,, 

mtllsem . . . . , . . . . . . . . . . . . . . . . . . . . . . . 
mdhrcm 

mdlnem . . . . . . . . . . . . . . . . . . . . . . . . . . . . millrrcm 

% .% . . . . . . . ..*.................... 

Metelen. bwc elane enaj wor 3F armij r,emij ilo 

yio ken 30 iman jen jabrewot sneer i/ellokrn cancer 
ko Iej walok jen radlallon eo ci walok Jen dtOIW bomb. 
emaroii bar kobalok ’ ro rej mij jen cancer ko rel walok 
jen rJdrafron eo ei walok jen dfomrc bomb. 
II,, ,.., . . .). .* :‘q’“’ A’, i’ll ,I,, 3 5 L..“$l <,... h<.!illl I’..’ 

W,I ill ,. . ” ,111, : .,,‘l 0, II!’ .‘I IllA : /*! c.!::.v!l I., I.,d~r 

1w~ i* ‘I ‘, ,: *:,, ;,,;?,,’ :‘,#‘,, :::‘p*,: , 0. ,111 .,:j’~llil,~l:.l I.‘,,’ Cl... 
! ,.,J,, ‘.,‘I.. , . , ,,, h, ,,,, !, .* .,, 3. a- a. .I 1(..1’.1, 1 .A111 

Melelen, bwe elane enaj wor 3. r armi/ rcmij it0 

x 
io kein 30 iman jen jabrewot cancer ijcl okrn cancer 
o rei walok jen radrarion co ej walok ten atomic borpb. 

emaroii bar kabatok ro rej mij icn cancer to ret walok 
jen radiafion eo Cj walok Jen d(OfWC DOnIb. 
oh,.. mea,,, ,,,A, 4 there mw’d br 3 5 :IVW~P c&e *lthm I”,’ 
tit :, 10 y!‘Jlj tt!d ,+,I c~!~cer O!her Il!.)n :hal CaWd IV 11113. 
,,nn WI ll,!,ll .$WK r, . ., ,d, 0% ltwrr w~hl be an addil~or3l who d@ 

,,:,,,, ta,,w, ,hd! I\ I.,ws(.I! hs ta:hd~ Id: trum a;om~c wmbs 

. 

Jonan Gilok in ajiri to bwelen ramaroii lotaktok 
kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . 
it;.;:. ‘I( , ,,,,,, (1.1, I,,, #.. a; ‘I. ,.;:1 5,‘. . 

tAe\eten bwe elane enai wor J3r ajiri ro rei lotaktok 
kin nan;nmij in utamwe walok jen jabr!Ivot Ufl FO 
ijellokin radra!ron eo ei walok ien dfOfllC bomb IlO $0 
kein 30 iman emaro’i bar kobalok 
kin oaninmij in utamwe walok ien 

ajiri rci lotaktok 
radralion co ei walok ien 

Meltlen bwe @lane enai wor ;23r ajiri ro raj l$aklok 
kin nanjnmij in utamwc walok jen jabrewot un ?O 
ij&%‘i radralion eo ej walok jen afpmrc bomb 110 yio 
kein 30 iman emaroii bar kobatok ajiri rtj lotaktok 
kin naninmij in utamwe walok jcn radialron eo ei halok jen 
atcmx bomb. 



Jonan radralion eo eiaptata bielcn juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . . 
)hO ,;r,.:r.\, I:-,,,“:,, :,f Ii :1.1:1:41 ;,,w ,‘O,‘.,,,, r,,,::;: ,1., + I”,. 

mr!lrrem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mtlhrem 
.e 

‘1’11111,: ! ““d’ 

Jonan radulron co iolap (average) bwelen juon armij 
emaroii bokc iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . . 
,tvrra:- ,,v ~ . *,I I- : )(l”il li j,l’l: “I: ‘r;li:l; I‘-, . I,‘.’ (I !111,’ jll yl’,ll 

mrllrrem . . . . . . . . . . . . . . . . . . . . . . . . . . . . mcff~rrem 

mlirem . . . . . . . . . . . . . . . . . . . . . . . . . . . I milhrem 

Jonan I6ilok in cancer to bwelen rrmaroii 
waiok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
,!.‘. ),,‘#I I<‘ sf . . *, .: .’ .:,,,.*,, ((, ,,. A.,:,‘. 
!. . . *...,. q, ,. . . 

.Oh 

Melelen. bwt elane enaj wor 53 armij remij ilo 
yio ken 30 iman jen jabrewot cancer ijcllokin ranter 
ko rej walok jen radialron eo ej walok jen dlomrc bomb. 
emaroii bar kobalok ’ ro rcj mij jcn cancer Lo rej walok 
jen radrahon eo ej walok jen a!omrc bomb. 
I!.!\ ..I( Z“ :t’,’ 0. :‘I**‘,~ A’KLV I,* 53 , -,~~lll* ,!,.: *lj:llll I’m.. 
::*.,! ilj ). ,.*a ‘II, .: ,:‘I! I ,,I:, t, 111l.Vf !ll”l :‘!T! ci!:.vll t , 1.h 
~,,j-i il.:, h -, hb.w :,r,r*alv :~WW iu:,~l.; I,,. ,,.. .4.!+‘,l;wl.9i h ‘,I. ,!V 
I,. ., I .,..,, , I,,,. . I . ,., #, I., * .,,,“P I,. *. ‘8 I. .I,, .I. 11.1, I ..u,,. I 

* 

. . . . . . . . . . . . . . . . . . ..a......... % 

Melelen. bwe tlane enaj wor $3 

1 

armi/ remij ilo 
io kein 30 iman jen jabrewot cancer ijel okrn cancer 
o rej walok jen radrafion eo ei walok ien afomic bomb. 

emaroii bar kobatok ro rcj mij jen cancer Lo nj walok 
jen radrafion to ej walok jtn dfomrc bomb. 
lmr u,rans 1l1.4 .I ttwr *ould br 53 !W@C I!IC w~tlr~n Ihe 
w ,I 10 +w; lrom at, ce!w o!hrr thaII that CaWd by Iad4. 
I~:W ICII I*.,III a!onuc ombs Itwe wghf @e an adddlunal I,. *ho &I- 
IW,:, (.WCVI t!~nt 15 rauwd by tadulw let: !rom alomnc bombs 

Jonan IGlok in ajiri ro bwtlen remaroii lotaktok 
kin naninmii in utamwe ilo yio kein 30 iman. . . . . . . . . . 

Me!elen. bwe elane tnaj war 350 ajiri ro rej lotaktok 
kin naninmij in utamwe walok jen jabrewot WI ko 
ijellokin radrakcn to_cj walok jen alomic boinb ilo yio 
kein 30 iman, emaron bar kobalok ajiri rej Iptaktok 
kin naninmij In utamwe walok jen radufron eo cl walok ien 
alomrc bomb. 
j.,._ ‘:‘r. :.a: ! ““,C *lj,r 3fO I:,.) ..I, ,,!s:i: *,:s, I’) .,l, I:! 
,,P:rf,!, ,I<, ~11111,’ ,:.r, JI;) Cd<,,. I.,’ I’, ,I ..i ‘.I,! i* *.l, ‘I.:: Ilc,‘r! 
a!“? ( ;,p,* ,+~:“,II iis@ ittat j:J rta,>, !o!*T:. 9,~ ‘7; :‘c all 

A’i,:.‘:‘J,l.,4 : !I 4, !#.I! M,,ll 6.91’1 IIl4Vl :, 1 .I 8’ WI I:: In~llr’.l.:l !I,!: 
,,c:9 ,ql”‘l,’ :, 4:: ‘,. 

,............................. % 

. 
Mtlelen. bwe tlane cnai wor Jr0 aiiri ro rei lotaklok 
kin naninmij in ulamw; walok jen jabrewol un io 
ijcllokin radralion to ej walok jen atomrc bomb ilo yio 
ksin 30 iman! cmaroii bar kobatok ajiri rej lotaktok 
kin naninmij In utamwe walok jen rddrafron eo ej walok jen 
alomic bomb. 
!!I!$ ~n~m: ItA I! there were fro. cluldren born wlh hea!lh 
UZ~CCI~ ,ccwmz lrom anr cauw olkr Nun radlafmn I?11 lrlm 



Jonan rJd&On co tlaplala btielen juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . 
II,,. ,1,;+.1, a ‘,*I(:)! ! ‘, L3itldl :,w [h!ITOII rrit~rll t*. I I”(’ 
,!‘,,,ii, I y’ 0’ 

mrlbren . . ..a.*........................ mrllirem 
z 

Jonan fJd!JffOn eo iolap (average) bwelen juon armij 
emaroii boke iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . . mtllirem . . . . . . . . . . . . . . . . . . . . . . . . . . . . mrlhrem 

ilo nonnonmej iloan dri (bone marrow) . . ‘. . . - . . . . . 
f,“..r,p ,,‘I : s.1 I : .llll!l d ;d’r w v1y,: ,,‘~‘.~,,‘!’ :I !,,,l)! 30 yp,+rr 

Jonan liitilok in cdncer ko bwclen remaroii 
walok ilo yio kein 30 iman . . . , . . . . . . . . . . . . . . . . . 
Ij:v 114, I( ,818 ’ .. e 1 :I. .’ %;)‘!,I ,!, .,I’ nlll,.,, 
,! ,. ..,., .r, ,, 

millkerr 

,% 

Melelen. bwc clanc enaj wor 3s armij remij ilo Yclelcn. bwc clanc enaj wor ,3. r armi’ rcmij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 

t: 
io kein 30 iman jtn jabrcwot cancer ijcl okin r’ cancer 

Lo rej walok jen rJdiJbOn eo ej walok jen afomrc bomb. 
tmaroii bar kobatok ’ ro rej mij jen cancer Lo rej walok 

:, o rci walok jrn rJdiJfiOn co 6j walok ien afomic bomb, 
emaroii bar kobatok ro rej mij jcn cancer Lo rej walok 

jen radrafion co ei walok jen JfOmlC bomb. jen radialion co cj walok fen atomic bomb. 

I!,,i ,:,I ,...‘. “, !* 0’ ,:1,.11’ .W$,1 IW 3s CWplr tlv HI;!W 1111’ lhls mems lh,tl II Ibert! ~u?~ld br 3. < w~ple die wrthrn lhe 
W.,( 10 ,a .” ‘I’, ‘: “fly f ,,!,I ,‘I ntl.vr lhnr! 1114 c~!l’r’ll 1:) lXlld or rt 30 YWS from art czar o!ller lhan lhal caused 19 f.adla. 
,I,,!1 II !f ‘I ‘< .4:w,w hl8llli~. I!wrl~ illlJ:hl hr. .,,I Aillllllrmdl Hhl’ dw lmn WI lrwt ahmmrc I, umbs, lhrr~ m1~h1 be an addWnal who dw 
,(,,, , II., ‘, .. , , ,(.I., ,, ,,; ,,,l,,A~.#l** c, 1, I,..lli .114111, I ,.I 01, I, lrom (arwr lhCrl 15 r,iusvd b\ fddl&on lrll horn atomic bombs 

............................ miNirem 

.............................. % 

, . 

Jonan IGlok in ajiri ro bwtlen remaroii lotaktok 
kin naninmij in utamwt ilo yio kein 30 iman. . , . . . . . . . . 
IlW )I’ .)I, ., 1,,1,,,..,, ,,,,, . . *,:.1 Y#.‘,,.:, !v!, ! 
R ,110 I! 11,. ,. I’ .o , e 

. . . . . . . . . . . ..*..*...*......... % 

Meltlen. bwe elanc enaj wor )3r ajiri ro rej lotaktok 
kin naninmij in utcmwe walok jen jabrewot un ko 
ijellokin rddfJfIOrI eo_cj walok jcn afomic bpme ilo yio 
kein 30 iman, emaron bar kobatok . ajirr rej letaktok 
kin naninmij In ulamwe walok jen rJdlJfiOn eo t] walok jen 
JfrMUC bomb. 
i:ds 111~: .) 1'1 ?Y 11 IlWl~ *!Ye .3r.,- hrf !',I Inxr1 HIV1 twatfll 
delrcla i~if ilffw lrorx aq rau..r otwr loan rarl*i:.o~l !vIt lrom 
a!‘:~ c,cu!~t!~, *I~!VI Itie nert 30 years. thuc n11$1 he dn 
aN,ll:,rli. t ~l::d~v~~ hfn adh ri14v: I\ t au:4vl hy rak+!inn 114: 
1,0:,, a:, ‘.,,I !/ ,:I*!‘.. 

Meltlen. bwe tlane enaj wor 23c ajiri ro rsj litaktok 
kin naninmij in utamwe walok jen jabrewot un ko’ 
ijellokin radrafion co ei walok jcn afomic bomb ilo yio 
kein 30 iman emaroii bar kobatok ajiri rcj lotaktok 
kin naninmij in utamwe walok jen rJdiJfiOn to ci /valok jen 
Jfomic bomb. 
lhrs means Ihal tl lhere *err 335: chrldren born wrlh hea!th 
drlecfs occurrq horn any c.io~.e olher than radlahon lrll horn 
aiornrc bombs wthm the !ICI~ 317 )cafs. there nIghI be an 
.i!loltlorlal chklren horn wth defccls causrd bv radralron 
loll lrom *1hM111C hombS 



m!hrem ,.....a...................,.... millirem 
. 

Jonan radiabon co iolap (average) bwelen juon armij 
emaroii boke iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . . 
Av:r;ll‘v il’ll ,,,,: ,.I , <.! iIll,,, 2 ;mc, 0,: ‘!lql : I‘.‘.“,,. :, ‘,V’,! 111 \I’.,, 

Jonan I6iilok in cancer ko bwelen remaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
I,,,. ,,,, 8, ,.‘I. 6,: I .’ I., !I:,: ‘/,i,‘ll, ,,,.L11! A,,,,118 
11 ,. ..a*,: :!I ,’ ,a’ 

mrllrren 

mrlfaen 

.% 

............................ 

............................ 

............................... 

Melelen. bwe elane enaj war 33 armij remij ilo Melelen. bwe elane enaj wor 613 armi’ remij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 

t 
io kein 30 iman jen jabrewot cancer ijel okin cancer 1 

ko rej w&ok jen radialion eo ej walok jen atomic bomb. : o rej walok jcn radiation eo ej walok jen alomic bomb, 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok emaroii bar kobatok ro rcj mij jen cancer ko rej walok 
jen radrafion eo ej walok jen atomic bomb. jen rad;aBon co ej walok jen afom!c bomb. 
[!,I( a:t1-,!:!‘, il? 9’ If I:tpt’ *9:l!ll Ov ,83 [ -nl{llts dv* hlilllfl V.1 I htr rwm lJ1.4 11 Ihere ~orrld br 23 !wople die wthm the 
,,l:,, .:(I iv,:, ?,I,, nr,y r .,,v(‘, othr IhAl! I!:?! cAl:~vl I;y t.rh I,( 11 30 ytw. 110m an 

6 
C&XI o!her llrdn lhal caused by ratha. 

,,w, ,a ‘1 1,. ‘, AllJlill I,l.:nlr~. tlwrc. i:ll):(ll IId’ .lil rlld.tllmrl II IW 3Iw wn IelI I*.*II, ahmic c~mhs. Ihrte wghl be an adthlwal rho JKY 
,,.,,,, 8 ,:;, I., ‘1.(! ,. * ,‘I’, ,, 1,) ,.4<,,“,,,.V5 *..a* 1. 1131 811 *a I# I .,,I,. :tw (~ttw! 1!1.11 IS r,wwtl bv tdd!Aon lel! lrom alomlc bombs 

Jomn IGlok in ajiri ro bwelen remarofi lotaktok i 

kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . % 
I hi. ,)’ ,I., ; .I . 1,11!11’ ,b ,W~8 *,f II, ,,,*,, !vl, 6 * 
*,::.:,i ,:,. ..I’ .o ,. .I 

Melelen. bwe elane enaj war 550 ajiri ro rej lotaklok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijellokin radrabon eo_ej walok jen afo@c,ppmL! ilo yio 
kcin 30 iman! emaron bar kobatok aj,rrr re] lptaktok 
kin naninmij rn utamwe watok jen radrafron eo ej walok jen 
afomrc bomb. 
i:irs IIWC~~:~ I9 ?I 4 Iwre wrc 550 :l,ll:l~.!rl Iwlr *,:I, Ir~~.l:ll, 
&d,!Cl, o..~_ur,m,’ lrm any CI”S cltl!rr t1ian r.ltl*a:.on !4 lIeIn 
allm,c oonlh~,. Allhrl lk rwrt 30 yra,s. lllrle rnq!“l lx dll 
d’~ll,llUII~~I , l:i:lllvn liorrl Wllh tlr*l$.c I\ , d:l~\l.d II? ln.ll‘c’ddl 114: 
hum a:bw 1, GIN!-. 

.,,..,........................ % 

Meltlen bwe elanc enaj wor $50 ajiri ro raj Ibtaktok 
kill nanhmij in utamwe walok jen jabrewot un to 
ijellokin radIalion co ej walok jen etomic bomb ilb yio 
kein 30 iman. emaroii bar kobatok . rjiri rej lo/aktok 
kin naninmij in utamwc walok jen radiation co ej walok jen 
atomic bomb. 

-5 *., 



Jonan r~d~afron eo elaptata bhlen juon armij 
emaro?i boke iumin jup” yio . . . . . . . . . . . . . . . . . . . . 

1 ,;,. i;l,,!“q ;(:.I! **:I/ ,,I I;. : !Ilil,/ :,,w ,,“,‘.14,1 ,,,I,‘!.: ‘e’$ 8 I”, 
Il’trlll,~ ! )“A’ 

-mrbrrem 

Jonan radiabon eo iolap (average) bwelcn juon armij 
emaroii boke iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . . 

ilo nonnonmej iloan dri (bone marrow) . : . . . . . . . . . 
I.“!J ,,p ;:-I , . Ll I. .,/c*;, ,j ,11’, , I: ‘!ili:! : li.5 . i,‘,. ,I 1,1,1,’ Ill ,I ,A, 

Jonan Giilok in cancer ko bwelen rcmaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . 
11;v ,,I< *I .I. /I .’ .’ ‘: I’ i,i,‘,,, (.I, ,I’ n l,,,, !, 
1) ~. ,I..,’ .I, ,, ,. 

.% 

Metelen. bwe elane enaj wor 53 armij remij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 
to rej walok jen radtabon eo ej walok jen alomrc bomb. 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok 
jen radrabort eo ej walok jen alomrc bomb. 
I!,,$ -:I, :$‘I ;)I g’ (I l’slvv af1111d lw 53 1 *~rph* <II*, ~1i!lMl 1’1.’ 

!wrt i() is ,:*I lli, ‘i ,:uf t ,d!1( t I Ollwr IlInt. 1ir:t l:a!:st*d I:y 1.1111? 

(to!b it 'I 18 .I'% aldl:lr :hVllV l!wtls illlb:lii 0s' dt1 .A*!4!8l;tltl II h ',,I .lIV 

,,,,/,, , ,:;!,.( a,,,1 . . ,,,,I !:, I ,,,,,.,~,,., ‘. 1. II ,119 .I. 11.1, I .dI,,, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mrlhem 
, 

............................ 

............................ 

.............................. 

Ielelen. bwe elane enaj wor $3 armi’ remij ilo 

x 
io kein 30 iman jen jabrewot cancer ijel r’ okin cancer 
o rcj walok jen radialion co ej walok jen afomic bomb, 

emaroii bar kobatok ro rej mij jen cancer ko rej walok 
jen radiation co ej walok jen aforirrc bomb. 
I his wans lhdl 4 Ihw rrou41 by, 53 woyle die wlhtn Ihe 
n~.~t 10 ECUS lron~ curl 
MINI 114 IIWII alunu~ L 

c.dlcef l]!her :han that caused by fpha. 
wOs llwe rwghl lw au a4~:lhc~nal who dw 

hw cavwt VM! I\ Cauwtl by rdd~dt~nn lrfl hom alomlc bombs 

Jonan Ihilok in ajiri ro bwelen remaroii lotaktok 
kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . 

Metelen. bwe elan.? enaj wor JsO ajiri ro rej lotaktok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijellokin radialron eo ej walok jen atomic bomb ilo yio 
kein 30 iman, emaroii bar kobatok . ajiri rej lptaktak 
kin naninmij m utamwe walok jen radiation eo cl walok jen 
afomrc bomb. 
i:a III,..’ !, I <!, ‘! ,i;e,* VW,,’ jr0 1111.! 4, hi1 *tli, 1:.*.111:1 
,,e,vc,\ ,,i( y,,,,!,’ l:!ll:, dny CdJ’.t’ ,1,1:v, tfm?n Iail~.!.,dll !di Ilo! 
B!“G,L Mn,?,,!, A,,!“!, :iie Ile,t !!, yCH,. ItIC:.: TUl~!!li :X! dll 

d:lil,!lwl:,l G 111.,,,w I,nlrl ivIl4 ~1(.11~1 :, ( 3:s: VII Iii I”#lI.l’~~.ll 144: 
ifox, 45 vu! !i9;1,:- 

. . . ..a........ ,..............i % 

. 
Melelen. bwe elane enaj wor 3f0 ajiri ro rsj lotaktok 
kin naninmij in utamwe walok jen jabrewot un kd 
ijellokin fadration co ej walok jen armnrc bomb ilp yio 
kein 30 iman! emrrofi bar kobatok ajiri rej lotaktok 
kin naninmij in utamwe walok jen radiation eo ej walok jen 
atomic bomb. 
11~ mrdns Illal II there we 3fo. chtldren born wlh hed!lh 
drkrts ucrurrmg from any caw nWer thdn rall~abon I?11 horn 
d~om~c bombs, wlhm the nfrl 30 years. lhete mlghl be do 
.+!ltwnnal chllJren tlOtn wlh liPfCClS Cduied by radldhon 
1141 horn JIW~IIC hombs 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mrllirem 
# 

Jonan radialion co claptata b&en juon armij 
emaroii boke iumin juon yio . . . . . . . . . . . . . . . . . . . . 
t 10. ‘:4’,1,.‘,, “, :I 011, ,I I,( :I tilllll 4111’ t)~‘f’.1111 ll1l~~l:l ,1’1 t IYI’ 
~l~lllil. 1 y’,,I 

mlllrrem 

Jonan radjahon eo iolap (average) bwelen juon armij 
emaroii boke iumin 30 yio: 

ilo aoleben enbwinnin (whole body) . . . . . . . . . . . . 
ilo nonnonmej iloan dri (bone marrow) . . . . . . . . . . 

r,v,r.,rs~ I’, : /II , : .1/C’,/ ! 1.1.1 ,, :1/r,‘,: 11.1 .,I\?, ,I l,,, )* 111 \I’(, 

mrlhem . . . . . , , . . . . . . . . . . . . . . . . . . . . . mdlfrem 

millirem . . , . . . . . . . . . . . . . . . . . . . . . . . . . millirem 

Jonan IGrlok in cancer ko bwelen remaroii 
walok ilo yio kein 30 iman . . . . . . . . . . . . . . . . . . . . . 
I,,, 1,hf, .‘I .‘I ‘I (’ ‘111iltI tll, (1’ ~~.1lliil 
/I,. -,I,’ ,,I ,, 

Mtlelen. bwe elane enaj wor armij remij ilo 
yio ken 30 iman jen jabrewot cancer ijellokin cancer 
ko rej walok jen radiahon eo ej walok jen dlomic bomb. : 
emaroii bar kobatok ’ ro rej mij jen cancer ko rej walok 
jen radrahon co ej walok jen atomic bomb. 
I!,,\ lill ,211 ill ,I ‘! 111,.11’ UWlll 111’ t!~‘llt’ll’ tlw alilllll llll~ 
nc.rt ill )“A ,$/,,/I ,,,,y ~,,1,, ,‘I llllil’l ItM: II::1 cn!l\vr! by IAIIA 
,w, II II l-,/o ;1111~111~ tlwlo~. tllt’11~ iill):l!t 01. ,#,1 .~~11l1l111116l dill’ 1111’ 
I,.,,,, ! ,,:a, ,., I,, (I , I ,,a,, I (( t,, ,,4‘,1,41,1111 11.11 II &.I( 1t11111w llC1/Ol,.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % 

Mclelen, bwe elane enaj wor armi’ remij ilo 

1 
io kein 30 iman jen jabrewot cancer ijel okin 1 cancer 
a rej walok jen radiation co ej walok jen atomic bomb, 

emaroii bar kobatok 10 rej mij jen cancer Lo rej walok 
jen radialion co ej walok Kerr atomrc bomb. 
l!ll, IlWd,,, lhnl II Itll!rr HUUld tw :woptr he wrthrn Ihe 
rut $3 Yedr j IIOIII dn L~I~I olhrr’tt~m that causctl by ndia- 
IIW kff IIWI O~WIIIC rornhs. lherv rrqtrl be an addrbonal r who dre 
ho+n (ar\rvr thtt I> rdusrd try I~~IAIIWI tell lronl alonrrc bombs 

Jonan loiilok in ajiri ro bwelen remaroii lotaktok 
kin naninmij in utamwe ilo yio kein 30 iman. . . . . . . . . . . 
II,;. )I’., ,I!,* ,I 81 / 111/1l11w tw:~ *,,,I ‘11~.1i!ll :ldI a 1’) 
.uIItIIII 114~. / -2, !II ,’ ‘1 

_ - 

Uelelen. bwe elanc enaj wor ajiri ro rej lotaktok 
kin naninmij in utamwe walok jen jabrewot un ko 
ijellokin radialron eo_ej walok jen atomic bomb ilo yio 
kcin 30 imanr emaron bar kobatok . ajiri ret lptaktok 
kin naninmij rn utamwe walok jen radiation eo ei walok jen 
atomic bomb. 
iM5 mt.?‘,!, I!i.il II ttwrP were :~t111lllPl1 tw,1 WIltI t1~‘.1lltl 
ilelrtt5 IIC., UIIIII~ tlonl aw caus otter than rart!6horr I& trorn 

% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :% 

Mslelenf bwe alarm enaj wor sjiri ro rej lotaktok 
kin nanrnmij in utamwe walok jen jabrewot un Lo , 
ijellokin radialion co ej walok jen atomic bomb ilo yio 
kein 30 imanr emaroii bar kobatok ajiri rej lotaktok 
kin naninmij rn utamwe walok jen radiation to ej walok jerr 
atomic born b. 
I tus rrrearr~ Ihat rt there were . chttdren born wrlh health 
defects orr~tirrq from any cause other lhan radratron lefl lrom 
atornrc bombs. wrthrn the nekl 30 years. there rrught be an 
.~dilltlonat chtldrerr horn wrth ticlrcls caused hy radratron 
let! horn ,~lr~nv: bomb, 



The amount of radio- 
active atoms of cesium. 
,that will produce 
radiation equal to the- 
radiation standard - 

One-half of the 
rad iation standard 

t I 

1978 ’ 1979 
t 

. 

YELbR Time when people left Bikini Atoll 
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From Ray Baalman Via Telephone, 4/8/80 

t- 
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 McGraw 
gave us. 

We should receive by telefax about 10 pages and maybe more than that. 

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

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

Have Bill Call Jack if not too tied up 

. .c 
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In 1346, the Bikini people -reed to leave. their homrz atoll to petiit the 

U.S. t6 teat zitaml& botnba. In 1968 Pra%$drtnt Jo&ton anmum& tk pcupla 

could retwn followln~ claanup of debris keft front the tests. Wf9re the 

pwplc rcturncd the U.% pl;lntnd thcw;inds 9f food-baariM trees ti built 40 

concrete houses for the pwpl&. ‘in 1978 the U-S_ government asked the people 

to leave. This book explains the reason for this requcat (action) and tns 

present lnfwaatlan on the candltio,d .or the atoll. 

plc If- S- Gwcrcnocnt h.= prspar’wd this booklet ~XI sirs$rrt. the Bikini 

popla in undsrstanding t-he effect of the atom bomb ttatlns on their atoll and 

uhat that meana to the people. 

The tkshallese text 1s a 

EnqlLah draft, and the Enqlldi 

Marshal 1 esrz ts~t . 

Gcxk i3 d madjfied literal trsnSlakion of ,the 

?ItTy THIW3 THAT AR7 PAPXOACTWE , 

Evwything on cart.h is fonaed frora wnany many tiny thirqs that 

34?!2. (Thasa are called atoms.) Scnae of t-hese thirqs are 3ot apart 

WB CannQt 

(distinct) 

and are a.lIke ln a certain nay beuauae they @hanqs and tmwng other kinds t,f 

tiny thin@ that do nob chhn%c- Yc! 9.3~ th& these tltty things (at.msj that 

are set apart. are raditJacti.ve bcilause they do change. 



. . . . . .- 

A3 each tiny thlnq (%tueb) charrgw tt produms a kind of erlargy wh~oh WC 

Of the things that. ars radiwktive SGm8 h3VC ~~uays*beQn 3 Qaak of k-he 

world. fheat arc Gad-llrsde md khey u!ll not go ausy. Thsy Are in 8011, in 

Water, in food-bearing plants and other pl%nts, fs animals, %nd III our bodies. 

Thervt irk ~1s~ rsdlor?lcttvct thing3 thrrt CXUIM *an the stwic bGmbs. Some 

of t.hr?Se changed quiokly w awiw JIM 3 few minute3 or daya, RtJt the others 

ah-9 slowly 3rd sre at111 present on tk Izrlands in tha Eiklrsl Atoll. The 

names ar ~ornc of the importan). radioactive things bra cobalt, ce3ium, 

strontium, plutonium, arkI amwielrlm. Orwhalf of the aobslt uill diS%ppear 

aitetr 5 yem-a_ W t.ha part that r8mains, ofi&-half will dl3sppGw aiter 

W&her 5 YWPS nrd this QFOCW will GGrlbin~8 indeflnbly. One-hair ur the 

cosiua and one-hslr or the dtrontIurb wfll disappesr after 30 ye%rs_ Of the 

pnrt that remain3, one-half will di3-mmr artct another 30 years, ThifJ . . 

prGG833 will again continue indeflnltely. Plutonium and spderSGium will not 

ch.xnge over hundreds atmA hundr2cds of yaws- 

. 

i%M~GY CALLED RAlXATIOH 

The &¶f?P~y f'Prsa\ rYdlo3dtLve mte*i;ll3 13 Slmllsr to heat of' fire and 

light of tk ~I.M b that It travel3 fruda Where it is form&I ta othsr plsaea; 

hovevnr, we cannot 3~ it, hear it, taSt-8 it, 3UWll fk, or feel It.._ 



1. 

2. 

3 . - 

pa= 

that 

There arc threa- klndlr of radiation that come from the earth: 

alpha cudlatlon - the plaoe It rrrachw from where it 1s made 13 short, 

perhaps 3 lushes awrouadi~ It la air, and J pqwr cm stop it [ it3 

movcmsnt. 1, 

beta radiation - 

pel*haps 4 yards 

suoh as plyw~d,. 

the place it resahas trOti whsrc i t is made is fartht~, 

surrounding it in alf, .a& -thing thfcksr than paper, 

are needed La stop It _ 

sivma radiation - th8 plncs $t wiC’hti_T from where it is formed IS very 

much farthm, perhaps 'JO0 yards 3ut2~0rmaifig it fn air, and only tti03a 

things that ar% t-hick and don=, wch a~ o%ment, huqe twcka, and matal, 

uan stop It. 

Alpha raaiatLon cannot pass into the akin uf p~opln_ neta raoltitlon ctn 

through the skln am reaoh about on% inoh Into the body. lloucv%r, thlnqs 

we rsdias&lve may enter the twdy with rood and air and edn r%aoh th% 

blod, honon, lung,~ and other parts of ).h+ body. when thex thtnqs that w-9 

tidfoactivs ohangc thcry produo% alpha wd beta raalation that. can reach the _ 

i nterml orgalu . 

When @mm mdlatlan Nta 

al the cnwgy of thls radiation remain3 in thelr b0am. 

JU3t like in other nlaaes around the world, qlpha, h&a, 

r;rdiatfm hwa omurrZcd on BLklal Atoll fwm rsdtoactive thin@ that 

a Dart of the wwlcl slnoe the heginning. There arc a130 ktnaa of 

thst come frcxn t-he sky that pa% thpaush pcoplc*~ bodies. 

and gamma 

havs beon 

radlstlars 

At Blklnl Atoll some alpha radiation atso corn%3 from p\utonlum md 
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TINY PARTICLBS Wb ASHE‘S W ATM4 NP+IES IPALGOUT~ 

u;Itcr, wd .w fcwth, which join with the things that we rarfioautlve f’rom tha 

bomb. They r1.w ~pldly into t.he air, ant! later iall back down 

The tiny psrtioles and ash al the bombs fell In ths laqmn, In tht cman, on 

Thwt were 23 stomia bombs tested at Blkltil Atoll. &lY a few of the 

to the earth. 

sttm bimb t~lrta at BLkini occurrmf on the I3tands. Float took pl;rcct in or over 

kho uater with mm on the met between the Marld3. In tw6 akQU! brwb teSts 

mall pisc93 of the i3land3 of Nm and Bnirlk wrcr dcrst-roysd, ln adUltian, 

t.here are 11 U.S. ships sunk lrr the lsquar~ st Bikini .sa s result. of al atorn 

boa$, test Invalvirq: ships. the map on page 7 Q~OYS the i3lands whcPe the U.S. 

govcrnmsnt teated them bombs, the portions of t-he islands that were 

‘nili PGACES WHERE ‘TM TflIHGS THAT AR8 RADIOACTIVB ARG AT BIKfNr 

‘fht plCttIr% at tk right fhoU3 tha plnec.~ where the radioactivs thffqs 

a-9 within the -il. Plutonium and srnsrlalum we in the upper psrt of the 

39il. c93im and 3trQnt!m are in Ltm joil that is siWlQw ati 9140 4n that, 



which is dcng, At Bikini cesium and strontium ww tht m3ioactfm thing that 

prcldwt the hiThe& mmnt of radlatLon. 00 the darthcrn islands of f&wet& 

thtrc Y* more plutonium and americim than at Bikini amI ths U.S. GWieriMMt 

could sat-ape socue of them off beaause they werr? near t-ho surfaaa. Iiounvcr, . 

they ciluld wit remwe the strontium aM OSS~UIII bec;lu~ thety we deeper In the 

- ssll, 

At Blklnl the U_S. Gavnrnmcrnt did pick up- a-11 -zturap m&al tend rsmovred 

scrub growth before the w-ople returned Jn 1970. The swap metal ua3 moed to 

deep wster In tht oce;rn and lagoon. 

The imp on page _ 3hmm uhura th?t radioactive thlnqs are at. the elkirk 

Atoll. tie see that all of the ISland in the BlkM atoll have radlo’sctlvt 

thinga- Next to the OEIII of Bikini is a map of ~twttak Atoll showing rhtrn 

the rsdloa~tlvt things are at thla atoll- HtPe m JSS that the smounta SF 

rzdioact-ivs thinp.3 are Jmsller than at Bikini. The islands In the ,wuth of 

t.he Ewwstak Atoll 

Tnss VAYS RAPTATIOH 

havrz a wry ,mall amount of radloaatlvlty. 

Ptople 

the-j lfved 

penetrated 

radioactive 

drank, or in the air t.hey braathsd mwduced radiation inside the Lady. 

The radiation that cane up Out a!’ ttw mil mm frm t-he aeslum and 

cobalt. that was near the mrfaae. Part Of the radiation fPonl ths aeaju@ and 



Lk soil, mus in the places w?m‘e the rbotrr 

their food frcsm the ,mil t.hrouqh their ruatg, 

food, 3cme or the t.hitqs that are radlmct.lve 

the hranohss and ta the fYuit.3. 

WMrl people at% ths fPuits, they -11~0 at% the 

We 0811 c?anslder that tham foods were radloactivs. 

pl2knt.s. t-hay also ate the things 

them armcds, they .il so qte the 

All plants get 

plsnts get their 

up tM bmnks to 

Padioactive thlngs there. 

Also, if anbals at% thasa 

tht ar% radlosctf vq_ And lf people at% 

radioautIv% thfngs that were In tm nest, 

~V~~I if peopls had cookad fmxi that. cmt,*insd thlng!a that are radloetiv%, th% 

r;rdfoackive thiD#t in th% food muId. not have Ron% ausy. 

Sinoe thepi? are hdf~nctiv% things in th% lagoon, thsra m;ry al30 be amall 

amounts in tW3 flab. 1r p%opla atI3 fish, th% amount of radloset$vit-y they 

rcCOiv%d w93 V%Fy SW1 bbC~U?lf! Of the Jmall aalawta of’ radlQZ%Qtfvity In the 

flirh, 

II’ rsdiowtiw things mtered ths boQJ, same of them h~q lert It. by MW’ 

and scldte remains in It, and rsdistion will continue to QMIM from those l& in 

the body_ 



appear - It aould be after rdsny yeam. 

the body oontains a number of orqsns suah as lunys,~llvt~, akin_ l&ch of 

these orp,a~3 ha3 VOTE recall parts oallti ~8~~3 that join toqether to i’ulm (all 

parts of) the bocly. Remembw that ther+e IS P*diatlon t-h& ha3 aiwsys bsan s 
. 

part of the world, and Lhwc is rsdfsti'& that uom frw atomic bombs. 

&?irrnt.ists beI law? that the awe raCIiatiOn a pm-son xwelves the more hsm hc 

rnlyht have. Both ths radlatlon that has -been a part of the world and tlmt 

frole at.QfII f c bodm csn oause hsm to t-hrz cells of ths body. In aclditlon thcrc? 

dividf= t.hst gmuth and repair of th tm’!Y Q~UI-- Cancrltr happens when cells 

in the body are damped snd rqM~p gt'cw ?nrf incr%a3% in number more than they 

3hwld. By dalq this, they destroy the heslthy parta of the body and cm 

w!m prlcopln g&t slok. %fJlS psOp1S Q.m Fc@OVCP fFQ9 CStI’lmr, but othws may not, 

cstnuer OOUUP~~ a11 OV~P tM UOrfd before there WPF? atomic bombs. Par ’ 

l 

~XSKUP~~, if thora WCPB 100 people who died around the world from my c~uag, 



among the people who have received radiatjon, they would tw no different from 

those that appear In other people around ths world. Tna soientista hzlvc found 

that a mdiuautlm el&naut that- asme from the atomia bomb tests oan cau3e 

canu9r in the throat (in the thyroid). ‘l%ia radioacti-ve- materisl remsirts arrly 

a iw months, s that it- is gone fl+d Bik1n.l Atoll t&W. 

llmonq the people of atiy count-r-y thwn arn children born with dlst?sdtJ and 

inflreIltle3 that are Inheritad. Sot119 of thsss are: deafness, blindness, 

rsal foPa& I mls, mental retardation, eta. These kinds of ded'ccts occurred in 

tlrr &?P~hall Islands before the atomic bomb tests and they aontinw to oowr 

today. In a comounity in which pcap’lc have r’dcelvcd rad+at.jon, there mlyht be 

.ZIJ incrr?;lse in the nrlldber or ohlldren born with defeats. 

‘PtW WAYS TUT sClfMI3T3 KNOW THE AMOUHT W RADIATICM A P8M0N RECEIVES 00 

$verybody in the world he3 3oat9 radioautive materials in their body. 

People cww-tot knou by Lhcrd~alv~~ how @Uc?h rrsdiatfon iz~ in any thing or fry 

tAtI* btiles bauause they cannot 3~ it-, hrzar it, taste It, smell It, or fcsl 

it. tilg instruments can r(zw~1 this. Thnr?r ars instruments 

thinga t-hat WC Padloaotlve in the 3011 and in food; thcw 

for measuring, 

srw t-how for , 

measuring the rsdiatlon that aames from the ~1611. Scientists wte thas9 

Instwnents to 496 informat.ion In order to bit abls to estimate the dmowt 9f 

radiation that people can receivs 

radioactivs thfrrqir. 

‘I%9 pict_we ?t the left 3htjWs 

moaaur9 khc ardount of qur~~a radiation 

if thsy live In an ar9a oontaiqtqg 

thst cm93 from radIoactive matepl;l’ls in 

8 

-81 



me body. Soldritlsta h&va bruwht this instrument to Blklnl to measure the 

mrmmta of hdiozmtlvc thlnqa in tht bgdicrr Qf thrz Rikinr &plc. htc 

scientists found that 99 tba food-bearing trees begrur to ptoducc rI+uit, the 

;ubount -Qf rzdiQacttVC thlrqs IrI the bildiea Or the WQFlEt increased. w 1978, . 

the am~mts ai radloaotlve thin&3 in peoples badlea utm hjgher than 

acient-ists had estimated when the people were told that they could return. 

This 13 the P&M~) tkt they Wax% PXlOV9d frtw BlklM. Atoll. 

Scientists can UL?S t.hi3 machine to ro(zawre the amount of Qa?~ium and 

cobalt in a parxm , hut thC3 daVic* is wt able to measure plutonium, 

amwlultm, and strantlum. ‘he way they measure thcsc thpca things, they take 

wins and m9z~~r9 tkt ampunt of things tbt by0 radioactive in it. Frad dQlng 

this they are abte to estimate how mucth plutonium, JPIB~~CZ~UB, ad atpontimg is 

Ho one 1s absolutely certain how muoh radlatloti d pqyon uan rc?a~jve and 

not have harm to his body. Arc>tlnd the world, mtiy greuw of rrcisntlsts a.nd ’ 

duetors we &udjLng this 3ubjcct. The name3 of some oi these 

are: Internation.& Comission on Radiolwioal PratccLion, U.S. 

Prcltectlon Agemy, and the lnternatlonal Atomla Enm,q Ageney, To protect 

people frcsea the harm hhsy might racsive f’rm radiation, and based upan the 

information they havo fol.md, these orgnt idions haw Vec~mended _~59 amounts 

of radiation that people should. not- nxcoad. Tbcaa op%anizat ions 3130 



IWXJOXIIC~~ that pe0pie try to take C~T# th;ll. the ZU~GUII~ or radiatlotl that 

eaters their ImAles should be as wnzll a3 po~aiblc, This mtbn* that peo@i7 

stkluld stay away frm ;LPIY U~CPC the aalount or radiation i-3 knovrl to bu hfgh 

and ShoulU not at foods .grcown In suah areas. Many governments have sppraved - 

t-ho,% recoamcndstlans. 

. 'i'hererma, the U.S. government h3~ &abIfahw-J an amwrit. of radiation fw 

t.k Amcplcm people that they shwld nclt exoeed. -‘Phi3 amount 13 ths fati as 

th .IILWJI.U-I~ that organizations ahovt0 hsve reaoauwnded. They call this amount 

that they have established a w*adIatLon standard,” and the standard is 

The U.S. government haa c%tabllaheci that a person 

than 500 millirwn in c3M YesP. Al 90 t-hey sst.abl i ahed 

or Padlatlon a man or a woman who‘ I$vts In the United 

should not reoclvc &we 

State8 amy rec,ojve tyl8.w 

a 300year perid &~~wld not & more thsn 5009 millirem. The U.S. gwernmsnt 

tries ts c?nsuP@ as muuh 89 possible t.hnt. the Jmount of Pzidistion jt.3 citizens 

reueive in evarydzly llvlng or working izr louw th;ul t)n: flgurcs ZGKW~- 

he measurements of tha Blkinl people made by the mlentlst3 in 1978 

fndlcatti that sane of the Biklrsl peopls wwe receiving q ~ore radiation eaah 

par than this standard. A fw 5f the pople were f+eca~vin~ amount3 of 

radiatfcw ab51.1t twlm as large Y tb starxlard. Bcesrl~ thi%i mount 5r 

radiation ww rwclved ror a short time, the harm expeutsd ~111 w vc~y gmaI1. 

Howynw, the U.S. governmant bclleveU that it was in the beat ltrterest or the 

Bikini pesplc to move them .w that the psslbla ham that could result rram 

Yadltl0na.L amount3 of rsdlatlon will not. occuf. 



‘PHE WAYS TtIAT 

MlGHT RECEIVE IF HE LIVES WHERE THERE IS RADIATION 

AZI a result of many atudiea arwJ measurements, salentl3ta hw nble to 

estimate the .mmmt of radiation that. pw~ls might reaeive lf they lfvc on an 

atoll them rzldiatitnl ffad tk attile bo,mb 18 pt%aerC. 

They dis mmy holtrr, =mc &allow and sduw deep, take pwtlons of mi 1 

from them, and measure khrz am?lnt.. of radtatfon in ssch of these pwtlona of 

3011 t They sxadntr ,c?lt dxr from the CWWI and the lagoon md uater from 

brmklsh wells. They tae fish and ‘other sea life and study thtm. They also 

~xamins: the wxrnt of radioactive thing that food-bewlng trees and other 

plants take fruu tti soil. They Kim emmlm? th radioactivity ln the .Uwt la 

the YLP. 

This is the 

ac&ivitipa above. 

The .5unount of thin&s that we radioaative on esah af thct islands. 

information that the wientists flnd 

l&at kfnrf Qf mdioaatlve thlqs 9Fe on esch of t.he,Tq 

Wtnre In the -ml1 theAa hdIoaCtiJ& e1Cmentq are. 

The amount of radiation that cmm l’*m the foil. 

The amunt of th+gs that s1‘e rad~oaotiva in thn 

fooda, plarltx 3rd atim3l8. 

93 a result oi the 

f,?lands. 

x)il that ui 11 enter 

Row much the lagpm and the cww~n ars radlosative and also f’QQd tyom 

‘How milah the braaklsh wslls and drinkiw water we radioaatlve, 



8, How many radloautlve thlnys are in the dust In the sir that pcoplr vi11 

breathe. 

Even vi th all of this Lnf’orm;rtion It la dl ff icul t to know the amount, of 

r2kabtim 9 person will. receive bsc,av,w we do not. ~IIOW HOW much of each kind 

. of f’ocd each person eats. Soate foods hws more of thinqs that are radioact Lvc _ 

than 0ttltF rcKld~_ A person who eats asore of the foods that have aort of the 

thing that are radioaotive will rwceivs mwe radiation. A per-n who cata 

naallsr amounls of the* RmUs will rer,eive 153s radiation. 

WHY THE PEOPLE WeRf?. htLOWPrb ‘PO RETURN TO BTKIHX ATOLL 
. 

II-l 19, the Biklti people a3ki khe U-s- government to permit th- to 

ret-urn Bo thsir hwcbnd. The U.S, sovetlment clcancd up the 3orap left Porn 

t.lw tests and the salentlsts measured the amounts of raaloactlvity in Lha 

soils, water, st~a fish. Prom this inforination t-hey estimated thr? qnount,s of 

radiatiion that. the people might reoeive when they returrwd, Racxiu3e t.heqa 

G&jmatqs. vnre lowc~ than the st.andard, 

1970, 

the people were allousd to return In 

In these estimate3 msa3urem0nt3 of Pqdjoactive thlq3 In food&uPfs were ’ 

nut, poaalble w the islands hqcau.* food-baaring trees were rmt present. 

Est-imates of t-ha -munt of PadioactlVe thin@ In fruit3 from the9e trees were 

m;lde ~PCXU infwmatlon from other p1;lc.c~ ;~Puured thw world. Because ths JO! 1s 

of th% Bikini At.oll (and othw atolls) are dlffcra0t from ml1 at thege other 

plauss, it ~a9 found that the fruit3 oont-ained more oe3ium than was 

antiaipated, In addi t. ion, @St! m&Qs Of the smounta of food trm these trees 



that would be eaten by 

thrz coconut. trcu snd 

bsasma’ avallable, this 

the people have sino# been found to be low. Thus, Mhca 

other rood-bearing Dlants reaohed sn age where fruit3 

oesium ms transferred to the b0dles of the peoplt. 

WIUI thts@ hish radiation levels wpr: found in the pwplp in 1975, it. uas 

rc;ll$zcd t.h;tt tht lnltlsl estimates of the unount of radiation wept 1~ ;Ind 

t.lw pcspln UtcPt ‘rtmoved rrm the atoll - . 

DIPPERENCE.‘j @EmEN BIKINI ATOLL AND k?&&mhi( ATOLL 

SQQQ pc~pl~ uorldelr why the U. 3. p,ovsnment did not &em up Blklnl Atoll 

the way they did Enswetak Atoll. . 

The reason is that ths atmn bordb Lt3t3 ha! diffarwtt czffects on the two 

3to113- Swt or the differences are %f-l b&lo*- 

1. Ths northern iglands an tht Entwttsk Atoll bd much more plutonium -atid 

;imtriclum In the soils than does Bikini Atoll. This was beesu3a uf the 

dlfferenae In the types of tests at thcr two atolls. Itt w;is noted sarlier 

that plutonium and amcriclum remsln radloautlvc for IIKUIY, many yeam EW¶ 

t.hat the rAut.orlim 

Thewfwa, siw8 of 

res~ovsd by shal lou ,Tcrzxpfnq u-$t.hout destroying the island, This meant 

t_h& uhm t& strontium and aesium disappeared, the lslsild could be used. 

Yithuut the oleanu~, the northern islands of the Enctiot;rk Atoll would 

nevw hzxvt been used. bwever , the 3trOnthRn a&l the G~UIU on the 

northern islands of Knczucztrrk Atoll feat*incd wan after tht cleanup. 



1. At Erteurtak, the atom bomb tests ret-& done in the northern islands. A3 a 

r-m.1 1 t. # thiq things that WC rftdloaotlvez are mostly ti the- nw’thMY¶ 

islands snd the scruthem l~lsnds hsv9 f9w thlm@ that ~r’c rxJto~ctlve. . 

At Eltk!ni Atoll, tM thlqs that ax-9 radiaaative are on all of’ tht3e 

islwdzl, Thwc! it no lslsnd thit 13 free from radlstlun, 

Tiff? tJNDl3’WTANDINGS THAT HAW BEEN ACHIEVED I%Cm THfl !4EASUfiMNT’Q 

Prom the nessurements that have bw~ wplainsd 9arlisr in this bopk and d 

better understanding of tb foods p&pie eat, solentlsta have estlmst4 agsIn 

the mounts of radiation t.hat p9opls mi%ht rn~e:fv9 if they lived oft BIklnl 

Atoll. The regslltq OP thex studies akw qlven en .pqes _ through _. The 

information on t&so paqn3 qlvc~ the Smoufit of Padiat.ion people might raeelvc 

if they uctrn to apmxl differnrit amoun~3 of time each year on tb lslvnds of 

Emu and Blklnl. ??1i3 information JhQ- Lhn mmnt of radiation that would bs 

receiv9d if no fwd cm5 rtw other plaoes and also ir ship’ arr3vfxl r9glsrly 

with fimd fram outside. This inlormation 31~ 3how3 ths .mount af radistion 

pwple would reosivs if fwd fmxa OutsIda dld not arrive 2% of the time. All 

of this Informal-ion iq given W that the BlkLirl (mop19 can b&tar umjarat.and 

th9 import.anc\,n sf tht foods 3.M the plao93 thsy live. - 

Some p9opl9 may ask uhy they cannot return aml live on tZneu usly beoauss 

the amount of rndlatlon pe6ple might rscsivs is below tte +_arllarcj if food 

irirm the outslda is available. The u.s, g8w=rnaant belleve~ that livifi% 0~ 

t.b zlmall islaM Of Ensu and not Vi3itiw Bikfni and other islsndzs would b9 

very difflault for the popls- 70 Pt’OtQQt the health Of the pc-,QplS, the U,$, 



fiovek’nmeat believes that returq to the atoll 3holJld bg dslsyed until people 

can go to the island of Bikini and other islands or t& atoll, The cst imated 

tlatcs until tha ;rmount of r;ldi;ltion a person u’l\l reoelve at Bikini atoll fill 

be belriu t& stwdsrd we qlven on ~=a _- 

Scfonf.f&s u~fng this C;rnd otheP] InrCWUktiQrl can estimate the numberf of 

gecqlrz who might gat sick UP unhealthy secording t-o the awwnt of radlati#n 

thsy rsuelve. A sulentltla organlzstlon in the Uriitcd Statea -4’ The 

#at ionlil Ac3dcq of Sclencas - National Resew&. Caun~il~s Colseittee on the 

Biological Effect-3 of Tonikins Radiation ha3 estimated the nu~~b+r of people 

who might die from cancw ;I& the nwbcr of infants who might b born 

phy3loally or lnerrtslly det’eatlve 9s a result of rsdlzkion, Tf wople lived on 

Ensu CR- Bikini, ths nuslbor of pcupla whu might die from OS~MX~S caused by 

radiation and the number of infants uho might be bwn with health deieets 

aaused by radiation are givczn on pagm _ bo _. These numbwa depend upon 

the information of the ,wian~i~t~ in the organization naneU above, 

sulentlsts obtslned. However, fIwthw studl&s WC being done WI khsss 

matt.err. If new inform~tiw8 C~UWEI 3fgnLficant charyr;es in thee rlumbers, the 

people or BLklnl ~111 be 1nfotmeU. 



THE MOUNT W RADIATTOH THAT A PERSOH HTWl’ RRCEIVE TN OHS YMR 
‘\ 

xr Pe0ple Live * fQ@j frsm ttltirc fo6d rrcrra their 

1. 
atoll only a at-oil with icrod 

rrwt the outside 

1, ‘All tba tims 
9n Csnsl- 714 millirem 350 mi 11 irem 

3 
*- 11 q oIkth3 per 768 mi 11 irem llofj millirs~ 

year on Ensu 

and 1 month on 
Rikcinl , All 
#‘99cl fmdl Ensu. 

3. 6 mnt.ha on 3270 ml11 lrea 1689 mllllrem 
Ehlw pez+ yesr 
and 6 months on 
Bikini. 

4. All the time 5823 milliranl 3021 ml1 1 iIvQl 
WI BlkLfii. 

Remember that the U.S. standard i~ 50n railliram in one year. 

F99d t‘rocn outside - . 

444 ml1 1 lrcm 

1196 mill iwm 

20Qh miliirsm 

3722 mllllrem 



1. All the time 
Enw 

2, 11 months pw 
ycsrc orl Bneu 
and 1 mont.h on 
Pikini. 

3- 6 writah all 
Emu per year 
ani 6 mnths on 
Bikini. 

1r thay rill cat 
food frcin their 
~lt-011 only 

‘If thq will 9ai Food from a~~t.sld% 
fo!xl rrom t#hcil+ - dots not arrive 252 
atoll with rirod of the tims 
mm the out-aids 

0.46 - 0.22 

o-43 o-26 

4.2 2-l 

g-2 4-b 

0.. 28 

0.31 

2.6 

5.8 

For numbers 1 .rnd 2 sclcntists bclievn that 200 people would live on 
Encu . 

Fsr number 3, scfcntists klisve that 200 people would I~VQ on Enau atrd 
200 people would live on Bikini bland- 

For numbw 4, scisntists’b%li%v% that 500 Pf?Oph WH.I~~ liv& on Blklni 

Island. 



THE MXTNT OF RADIATION THAT A PERSO# MIGHT RECEIVE IN 30 YEARS 

If P99pls Live 

1 

1. All the tiine 
Bneu. 

2. 11 iwntha par 
year on Encu 
and 1 month on 
Blkinl. All 

fQOd thal h?u. 

Ir thay will 9st Ii t&?J rill ellt 
foti from their fwd frae their 
at.011 cznly aLoll uft_h fg@-j 

from the outsirIs 

Uhbl9 06ne bfhOl9 Bon9 
Body Mar+& flocfY Harmu 

4,600 5,800 2,400 2,808 
atflllrad ml~llrem millirem millirem 

j,QQQ &lQQ 2,800 3,aoci 
mllllkxm mlllirwn q illlrwm q illir9m 

3. 6 months oa 22,000 26,000 12,000 13,oaiI 
Eneu per yirar q illlr%a millirem millirem milllra 
SIWI 6 rdonthd 
CKI Biklnl. 

14,500 16,250 - 
mill frfs8 millirsm 

4. All the tlme 40,QQQ G,oQQ 21,000 23,000 2s ,750 2a,no 
on i3lklnl milllrsp millLP&B mllllr~ mllli~+em mi 11 irem mill lrsm 

Food from outsida 
do93 not. arrlva 25% 
of t-h9 tlms 

vhols 

Ike 

Ebn9 

Marrow 

3,350 3,925 
millirem millirem 

Reawnbbc~+ that the U.S. standard is 5900 millirsm in 30 years. 



If they will eat If’ hhr?y till eat Fosd from outside 
If People Live food fra their food frun their due3 r19l. arrive 2f;f 

1 
atoll only stall with fQQd 0r the t1mc 

frcan thr? WItaids 

1. A11 the kima 
on Erteu, 

2. 11 month per 
ysar on tieu 
and 1 month on 
Bikfaf t 

3- 6 months on 
Encu per’ yc1r 
and 6 months 
on Bikini. 

4. All the time 
on Bikini. 



The soientlsts who wmte t.hl~ book realize that many of the concapta 

rjczscribcd hew are difficult to urldcmtml. But ttkey hme thst t-he 

information in the braok will help the pwgl~ to underWand why the U_S_ 

EOVQ~RIR& belleVt?a that thg people should not return to Bikini Atoll untfl 

the anmmt of radiation that people ui 11 recsf VQ f J be1 w thcr standard. 
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HARVfSTING COCONUT STEMS 

By: Alfonso. M-R. Mendoza* 
. : . 

.._ _ .t . .’ 

Summarv 

Coconut in the Philippines dates back to pre-Spanish time and 

since then, has developed into a major industry with 14 million . 

people depending on it. It ishowever characterized by low. 

productivity because of the increasing number of aging,palms 

and the lack of adequate cultural management inputs. 

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 pap&r. I 
.: 

f 
Introduction 

The coconut, Cocos nucifera L. has b&en cultivated in the 
% 
r' p 

Philippines even before the coming of the Spaniards. The 

Spanish authorities, realizing the economic 

the planting of coconuts in 1642. From thereon, the coconut 

industry grew to beco;ne a major crop of the country. 

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 

70% to the international trade in coconut products. 

CQconut belongs to the palm family, growing 

20° north and south oLC the equator. It can 

as high ds 9.00 meters. As a monocotyledon, 

favourably within 
\ 

thrive in altitude 1 
t 

coconut has neither / 

tCenior Deputy Administrator, Philippine Coconut kxthority 
Diliman, Quezon City, Philippines 

, 
, 



,/” 
ti Loproor; nor a rootstock, but instead t‘?.Dusands of ion: 

roots ranging from 1500 'to 11,360. The rGGt may exte.25 , ) 
laterally to about 25 meters while vertical penetration to 

a depth of 6 meters depending on Foil conditions. The 

trunk or stem.attains a considerable height, 20 meters oz 

more depending upon varie-ty, age and environment. With 

tall coconuts, the base is markedly swollen, whose 

diameter may reach 1 meter but rarely exceeds 30 to 40 cFs 

at man's height. Tne 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 the necessary cultural . 

requirements. The growing numb er of old unproductive trees 

requires the launching of a massive replanting program 

utiiizing high yielding precocious hybrids. 

The coconut replanting program of the Philippines is a 

massive undertaking to replace unproductive trees with ;. 

hybrids. It will cover the whole coconut area at a pace of 

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

40 years to complete the cycle, thus making the replanting 

program a perpetual activity: At the end of the cycle the 

earliest replants may then be ready for replanting. It is 

expected that much improved hybrids shall be developed as we 

progress in the implementation of this replanting program. 

Aside from'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 experiences to be gained in the ’ 

pilot replanting project being undertaken. The replanting 

proper commences in 1950, with 1,700 hectares to be replanted8 

gradually increasing to 60,000 hectares annually.beginning 

1985. Land preparation whic'h include clear cutting of old 

. . :. 
f 
f’ 



ORIGIN OF RISK COEFFICIENTS 

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

BEIR- I 

Cancer Deaths/year in U.S. 
from 0.1 rem/year 
(pop=197,863,000) 

Derived 

Cancer Deaths/lo6 person rem 

Leukemia 

dbsol,ute Relative Absolute Relative 

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 27,00O/year 
at equilibrium=0.75% at equilibrium 
or 0.1% in the first generation 

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

Using 20% and doubling dose of 20 rem, 
5 rem per generation-+5% increase 
in ill health 

5%/5 rem in 30 years at equilibrium 

or 1%/5 rem in first generation = O.Z%/rem - 30 year dose 



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

Lifetime Risk of Cancer Death 

.(deaths/106/rad) 

Single exposure to Continuous Exposure 
10 rad to 1 rad/yr 

Model Absolute Relative Absolute Relative 

L-Q, LQ-L 77 226 67 182 

L-L, L-L 167 501 158 430 

Q-L, Q-L 10 28 ____ ____ 

B. Birth Defects--pages 166-169 
(mean parental age = 30 years) 

1 rem per generation (1 rem parental exposure) per lo6 live 
offspring-----t 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 
from 10.7% to 10.7005--10.7075% 

. 

.0005 _ 
10.7 0.000047 = 0.0047% 

.0075 _ 
10.7 

0.0007 = 0.07% 



Risk Estimates based on BEIR-III 

/ Total I Cancer Risk f”“= 1 Birth Defects I I 

I Person Absolute 
rem L-Q 1 L-L 

182 430 

: 3054 6108 1.11 .556 2.63 1.31 

3 25450 4.63 10.94 
4 47846 8.71' 20.57 

1: 2105 1085 I .197 .383 I .467 ,905 

11 446 I .081 I ,192 
12 910 .166 .39 

13 520 I .095 I .224 
14 953 ,173 .41 

67 158 

,205 .483 
.409 ,965 

1.71 4.02 
3.21 7.56 

.23 ,547 

.44 1.05 

.064 .15 

.133 * ,313 

,073 .17 
,141 .33 

.0298 .0705 
,061 .144 

,035 .082 
.064 ,151 

30-yr Whole 
body dose (rem) 

24.0 .0167-0.25 139 .18 
44.0 .0306-0.46 139 .33 

25 
1.4 
2.8 

1.6 
3.0 

.96 '.00028-.0042 58.85 ,007 
1.9 .00056-.0084 58.85 .014 

1.1 
2.0 

*Risk coefficient 

eg 182/106 man rem 

. 

eg 2.8 rem x 5 x 139 
10.6 

(5-15/106/rem) Spontaneous % 
Number Increase 

.0019-,029 139 .02 

.0038-.056 139 .04 

.0022-.033 139 I ,024 

.0041-,062 139 ,045 

85.6 .Oll 
85.6 ,021 
-__--.-. __.~. ___-_._.._ 

- .00068-.0103 85.6 .012 
85.6 ,023 

.00032-,0049 58.85 .0083 
-.00059-,0088 58.85 .015 



ESTIMATED RADIATION DOSES TO RESIDENTS OF 
EHEU AND,‘OR BIKINI ISLANDS ASSUMING VARIOUS LIVING PATTERNS*+ 

Years onj Time on Time on Imported Food Maximum Annual 30 Year Dose . 

years off Eneu (%)_ Bikini (%1(5D% Of Diet1 Dose (Hilliwn)** (#illirm)*Qa 
to Bone Harrow _ . 

. 

Residence 
Island 

uholc 
Body 

NO 6200 
- Yes 

44,000 
3300 2% ,000 

Bone . 
HarroiJ . 

47,000 
25,000 

6.000 
3,000 

6,500 
3,400 

3,100 1,500 . 

Bikini 
Bikini 

Pemkanent 
Permanent 

L J 
Permarient 
Permanent 

0” 
'100 
100 

100 
100 

NO 

Yes 

700 
390 

5,400 
2,800 

NO 830 5,900 
Yes 448 3,200 

NO. 540 2,800 
Yes 280 l,J#OO 

. Ho 590 3 ‘000 3,3GO 
YQS 330 1,600 1,700 

NO 
Yas 

540 
280 

1,900 
960 

?,I00 
1,030 

NO 
Yes 

590 
330 

2,000 
1,100 

2.200 
1,200 

Ho 
Yes 

No 
-. Yes 

540 
280 

1,500 
760 

1,700 
810 

590 
330 

1,600 1,BOO 
860 920 

Eneu 
Eneu 

0 
0 

Eneu Permanent 
Eneu Parmnent 

Eneu 
Eneu 

Eneu l/l 90 
EnelI - l/l 90 

Er,eu l/2 100 
Eneu 112 100 

Enw 
Eneu 

l/2 
l/2 

Emu l/3 100 
Eneu l/3 100, 

. . 

. 

Emu l/3 
Eneu l/3 

. . 
Ip 

w 

Federal Radi&tion Council exposure lixit is an cvcrap of 5,OOC miliirem to Q population. . . 
These Values arrj best estimates based Upon the most complete information avallable. 
average values based u 

Furthermore, these are 

of radionuclides, diet $ 
n averaged parameters. (e.g., soil concefitration of radionucl ides, food concentrations 

; txy specific individual might receive radiation ckposwe higher or lower than these 
values dcpendlng uPon islands visited, emoun'c of variolrs foods consumed; etc. 
^ _ ._ 1 . + _ __ ̂. . . . 1 .- .I . 9 ‘I . . ,. ($0 claim is made as to 

Eke% 

d l e 
‘. 

A 



Island Averaae nCi/a O-5 cm 

Island Code 

Bl 

B2 
B3 
B4 
B5 
B6 
BlO 
B12 
B13 
B15 
B16 
B17 
B18 
B19 

Island Name "8, 

o@-ll~~ 
Aerokojlol 
Lele - . 
Enemon 
Enidrik 
LukJj 
Jelete 

2.8 (4) I 
17 (6) - 
11 (32) ;L. 
116 (3) : 
179 (2) j 

Bikini Atoll Average 

_ 239+240 
BP 

60 (25) L. 20 (32) -' r: 

8.3 (1) 
8.5 (11) 
17 (16) 

4.6: (9) 
12.8 (13) 
4.1 (3) 
0.37 (4) 
1.4 (13) 
1.2 (4) 
I$ (5) 

6.1 (31) 
20 (3) 
13 (2) 

c >. 7 (9) 3 
': 3.3 (5) $ 

= 4.9 (16) '- 
; 3.2 (9) ‘. 

I 8.2 (13) ’ 
: 2.9 (3) ;' . 

0.22 (4) 
'- 0.35 (13) 
)- 0.19 (4) 
‘) 1.5 (6) 
x.- 1.3 (32) 
1 4.5 (3) 

4.7 (2) 

12 

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

241_ 

4.4 

island. 


