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Brookhaven National Laboratory, Upton, New York 11973

ABSTMCT

Three body burden measurements of the Bikini Island population

were conducted from 1974 to 1978 at Bikini Island. During this time,

the mean
137

CS body burden of the adult Bikini population increased

by a factor of 20. This dramatic elevation of the body burden ap-

pears to be solely attributable to increased availability of locally

grown food ,products,specifically coconuts

Ucts. In January 1979, forty-five percent

were whole body counted in April 1978 were

and coconut plant prod-

of the individuals that

recounted approximately

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

departed from Bikini Atoll. These results show that the adult

137population mean Cs body burden decreased by a factor of 2.9 be-

tween the April 1978 and January 1979 in vivo measurements.
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Historical Development

Bikini Atoll was one area used by the U.S. government to test

nuclear weapons from 1946 to 1958. Prior to commencement of the test-

ing program, all Bikini Atoll inhabitants were moved first to

Rongerik Atoll and then finally to Kili Island. on March 1, 1954 a

thermonuclear device, code named Bravo, was detonated at Bikini

Atoll.

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) ‘with23 fisherman aboard was also contaminated (CO 7S).

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

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

to include sick call =d body lmrden 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 populati& were conducted by the latter or-

ganization.
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PREFACE

Although

the Bikinians,

the population

Bikini Atoll has not been officially turned over to

a significa~.tm=ber cf ??kzshallesereside there; and

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 was written the Bikini residents had

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

Island, Majuro Atoll, (September 1978).



INTRODUCTION

The Brookhaven National Laboratory Radiological Surveillance

Program in the Marshall

of internally deposited

Islands inciuciesthe quantitative assessment

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 multidirectional. 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(Tl). It is opticallY couPled ‘0

seven, 7.6 cm diameter low background magnetically shielded,

photomultiplier tubes. In the current system the signal output from

each photomultiplier tube is connected in parallel through a summing

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

40K
counting data (CO 75, CO 77) indicated the need to calibrate for ?

60 137c~
Co and . The current system was calibrated using an Anderson

REMCAL phantom (CO 63). Each

phantom’s organs in an amount

body concentration as defined

To verify the activity in the

radionucl~de was introduced into the

equivalent to the fraction of the total

by the ICRP in Publication 2 (ICRY 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 (WBC) (PA65). 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

2
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axis of the crystal intersected the central axis of the body about 25

cm beldw the sternal notch. The distance between the surface of the

bed and the bottom of the detector is 32.4 cm. The total system

40K 60C0 and 137
efficiencies for 7 Cs are listed in Table 1 as are t~-

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 *5% for all radionuclides. Other

quality control mechanisms employed were repetitive counting of

secondary point source standards, multiple counts of Brookhaven per-

sonnel and the recounting of certain non-’Bikiniand Bikini residents.

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

Cs source,

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

used to monitor potential changes in system resolution and efficiency

as function of time. A second source, a
137c, + 60Co point source,

was used for zero and gain determination.

Table 2 lists the results of Brookhaven personnel counted in

the field and at the Brookhaven Medical Department Whole Body Counter

by S. Cohn. The results of this comparison of WBC data support our

thesis that the field counting system produces results that are con-

sistent with prior studies and that are accurate measurements of

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

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

3



less than 37 Becquerels (1 nCi) 137CS, we can conclude that the

detection efficiency of the field system is less than that of the

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

activity of an individual significantly exceeds the minimum sensitiv-

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

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

seen from the body potassium measurements.

Finally, two Marshallese subjects were counted for quality con-

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

pected variability from counting an individual more than once. The

replicate count was within 2Z of the initial count. The second

Marshallese subject counted was from Rongelap Atoll. This

137individual’s Cs result (11 kBq or 291 nCi) compared well with his

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

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

12% yearly decrease in the Rongelap population.

RESULTS

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

counted in 1974 (CO 75), 1977 (CO 77), 1978 and 1979. There is a gen-

eral increase in the body burdens of adult males from 1974 to 1977 by

a factor of 13.3, and from 1977 to 1978 by a factor of 1.8. The gen-

eral increase for adult females from 1977 to 1978 was 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
137Cs body burden by a factor of 2.9.
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Tables 5 and 6 summarize the 137CS body burden data collected

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

here are uncorrected for height and weight differences between

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

data (10-15% possible error) (MI 76). Body burdens of the children

reported in Tables 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 (X), standard deviation from the mean (~), and

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

segregated by sex and age.

Table 8 compares the observed reduction in
137

Cs body burdens

from April 1978 to January 1979 with the reduction in
137

Cs body bur-

den that was expected as a result of relocating the Bikini Population

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

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

Publication 10A (ICRP 71).
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RESULTS AND DISCUSSIONS

The whole body counting data indicate that previous estimates

of tb.etype of food and amount of various conpor.entsin the 3ikini

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 forg

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 tree is 5-7 years. Consequently, one would

137expect to observe a steady increase in the Cs body burden through

1978 at which time an equilibrium body burden would be reached. Com-
.

137
parison of the observed reduction in the 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 NCR2 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.
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Although t~e dzt~ &21caZes th.,:fie 137 CS.’QDk~ *DuriwF di.1not

increase between April and September 1978, :“t” “ ,’ ., ad

the body burdens would not have increased ‘wher.zew dietary items like

pandanus and breadfruit became available for daily consumption.

Furthermore, while the population may have been at equilibrium

with their

population

adult male

decline in

April-September dietary uptake, individuals within the

may not have been in equilibrium. This is appareut in the

137
Cs body burden data where two individuals showed no

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 burden. Several possible explana-

tions include

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

count; hence, equilibrium was not established at the time of

counting, or

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

ber.

These deviations from the norm do not alter the conclusion that

equilibrium or near equilibrium had been reached for the population

137CSas a whole for . Indeed, they illustrate variations about a

mean value.

7



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

activity ingestion rate of

level does not include the

other internally deposited

137
ingestion of Cs had the April 1978

137Cs continued. Tlnisdose equivalent

dose equivalent from external radiation or

radioactive material. Removal of the

137
Bikini population from Bikini Atoll eliminated the Cs source term

from the diet and limited the dose equivalent received by this

population.
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Table 1.

Sunmary of System Efficiency and MDLS for Field WBC System

Nuclide Energy Efficiency XDL Tine

137c~
662 KeV 8.7 X 10

-3
37 Bq (1 nCi) 900 sec

60co 1173 & 1334 KeV 6.7 X 10
-3

37 Bq (1 nCi) 900 sec

40K 1460 KeV 7.0 x 10-3 222 Eq (6 nCi) 900 sec

-“
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I.D.+? Date—.

1
1

1

2
2
2
3
3
4
4
5
5
5
6
6

1.

2.

3.

3/14/78
4/25/78
5/23/78
3/14/78
4/23/78
5/18/78
3/14/78
3/14/78
2/16/78
4/24/78
10/77
10/77
4/25/7S
4/77
4/24/78

Table 2

Bikini 1978 QC Data of Non-Bikinians

Location Potassium grams

Bldg. 535-S&EP 141 * 10%
Bikini-S&EP 122 * 10
Bldg. 490-Medical (3) ?113 t NA 2,
Bldg. 535-S&EP
Bikini-S&EP
Bldg. 490-Medical (3)
Bldg. 535-S&EP
Bldg. 490-Medical (3)
Bldg. 490-Medical (3)
Bikini-S&EP
Enewetak-Medical ‘3)
Bldg. 490-Medical (3)
Bikini-S&EP
Rongelap-Medical ‘3)
Bikini-S&EP

151 f 10%
152 t 14%
151 k NA
131 t 12%
118 k NA
150 f NA
122 t 10%
111 t NA
111 f NA
106 k 10%
105 i NA
112 * 11%

137cs Nci

~L(l)
MDL
2.00 t NA
MDL
MDL
Z.1 * M

2.0 * 50%
4.9 * NA
3.0 j-~~

MDL
1.9 2NA
1.1 2NA

MDL
371 k NA
291 t 5%

~L(l)

@L
74.0 *NA
MDL
MDL
78 ~ NA

74.0 * 50Z
181 t NA
111.0 *NA
MDL
70 f NA
41*.L4

MDL
14000 t NA
11000 * 5%

—

MDL for 137c~ = 3(cts)1f2 = 0.7 nCi or 26 Bq, S&EP Field System

900x370x8.6x10-3

NA- Results reported without counting error

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

Table 8

Canparison of Obsened
Versus Expected Reduction Factors

Description

Expected Reduction Factor for Adult Males(1)

Obsemed Reduction Factor for Adult Bikini Males

Expected Reduckiou Factor for Adult Females(2)

Obsened Reduction Factor for Adult Bikini Females

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

Observed Reduction Factor for Children Ages 5-14

W = Data Not Available

# of
Persons

NA

17

NA

16

NA

12

Mean Reduction
Factor

2.4

2.3

3.5

3.8

5*9

12.

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

(2) Effective half time obtained fr= NCRP Report 52 (NCRP 77).
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document is undated , but the presence of data from 1“975“-i”d’icates that -
it mlusthave been prepared in the period of 1977 to 1979 when W:
received it. It was noted t?at.there ar? apparent inconsist=ciss =n~~g
several of the differsn’:t?”bles. For example, Ta’bleIII--1gives c!a:a
for the Harshall Islands for the period 1955-1975 and Table 111-5 z1’:es
data for the infant mortality rate for 1976. In Ta51e 111-1, the infant
death ra”teper 1000 births for 1970 through 1975 is given as 28.3, 33.5,
25.4, 46.4, 21.1 and 37.0. .30wever, Table 111-5 indicates the infmt
mortality rate to be only 17.04. ;{9~ Used the cja:aof Ta’bls ~~~-;
in the following estimates; because it is r,ore ccxnpletz 23c! it pra’:iass
a self-consistent set of d2ta. Kowever, in view of. th? discre??nctzs,
the results can only be c~nsidered as approximations. -;WS

,,
.S/..

makes little real d};f,~erence in v iew of the uncertainties in the risk ‘
%-ti~~ coeffici?’nti “’” ‘*” 4 is also a bias built into the dztz,ea-e. ..-.
because of the inclusio~ af 3ye and Majaro in the w??s1l Harshsll
Islznd rztzs. This arises from the different dsath r=tes !PSrZiCUlZrly+ ,

\;

infants) at’ thes-2 .t:do locati2ns. ‘.,
,.

,:*d*f.”. , ...1. , , , !efq -.,.>,:.,.i,,.~
,“;,.<~:t.~, ~~ q ,;< AA>.:...:“**..,. “. --L( .‘$,,,,’.. >< CML.:L.!d:::#’:G.@ ‘i’<‘ “- ‘“ ‘“ ;

!>-...,$77L2L2.JY’”
For t’h6 estimates “~ ?=’k%wgy~~,2, ;;:~ .*A,,

.J~,) t\, ~>&&~ ~~ St

the last 3 or 5 yzzrvzvz, S=.,’
;’ /;.,... . r~?reses~z:i”~~ of current conditions.

...-.,,
Frcm t?,is,~ L(. I.,.:, .,,

{ .o~tatned :
,, /

<,2. .,, . # ., ...+
1. Rate of increas3 .3f, $;h? population~ 3.821yT.
2. Infant death rat$fir~.2~ != ~i~t~.
3. Overall death ratsAO.54% pe? year.
4. B5rth rate .+4.?5 ?er year.



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

’30 = 550 (1+0.038)30 = 1684
-.

The number of births in 30 years are given by:

jo

a= 0.042x550 J (1.038)X CiX

o

where x is the time between Cland 30. This gives

9=
0.042x550
lnl.038 [1.03830-17 = i277

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

Deaths = 0.0054X550 J (1.033)X dx

o

Deaths =
0.0054x5j0
lnl.038

[1.0393°-1] = 154



30

P

J

-ix= ~so I)
1

e (1.038X) dx -

0
.

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

&“:<~Thls LnteSral cznnot be solved analytical, An approximate solution
was obtained by calculating this function for eazh of 30 yzars and
summing. Tnis gave 8949 rads for the total population including the
original 550. Thi total dose received by the original 550, assuning
that all live for the 30 years, is

P’= y ~l_e-At) = 11,902 rads

For those born after the return, the population. would be the
difference betwee~ the tota!l population in 30 years, the number of
deat~s and the original 550 people or 1134. l“nus,the per capita dose
for this group is 89491113~ = 7.9 rads. For the original 550, the per
capita da.se is 11,902/550 = 22 rads. me ratio of thssz :WO ‘co givz En

estimate of the fraction of the full 30 year dose received by the
chi~dre~ is ().36.

The assumption of no deaths in the original 550 returning was made
for simplicity and the lack of gocd death rate data.

W.?. L>.%+*J
=+alsa ~’ the sge characteristics of the

F?arshalle~ frcm Table IV*3 and ~he U.S. population in 1970. “
comparison is given in the stt.sch~d curve. .~%eT&pss
are similz above age 35 but the magnitudes are distorted by the high
birth rate in the Marshall Islands in terms of th2 r?lative,l : .

“(h:; %;;~;;e ~w ~--q ..
risk the stiilar slopes ~

;. , L+7/~,,#..:.
atursl cancer ra?~s 4’”

are simil”are the relative risk ?or people above 35 i: bot~ populations

wocld be similar because nest of the cancer occurs at z33$@out 40 and
above. !+owevsw, the magnituds o: t he relative risk in ths ‘U.S. used for
th~ Marshallese will be high by a factor of .sCxnewherearound 2-3 bsc.atise
of the distortion causzd by thz very high proportion of young people who
have a relatively law natural cancer incidence.
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Deaths in 30 years = 164 ~ 160
Births in 30 years = 1277 z 1300

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

Deaths’in 30 years9 ##.& ~ x
= 70.07 = 70

Births in 30 years, $-=.&. , x
= 545.62 z 55o

Y/2 ~ Population of 350

Deaths in 30 years, ~=~ , x =.104.36
= 100

Births in 30 years, .~_&
, x =812.63%/300



Leukeinja

‘~h=- Canc~r5
30 year elevated risk

lifetime e7evated risk

Cancer Deaths/year in U.S.
frOm 0.1 rem/year
(POP= I 97~863, 000)

575
738 -

7,2?0
2,436

],485
8,340

Range
1,726-2,00J 3,174-9,078

-/
‘~4..e~’:-?-*y . . ., ALL.-. ,ti. ~~.,..., -“

de. i..,.*.J
.<;.;:.,<’,,*.~ \,~+ ..,-‘,b.,+, =:.. ,,,‘..-#. ...-/-,.{ ./’,. ,.t
,-:..../ - ?A ,.,.P* <+.

.!.,/,, J -: ‘;.. &J fJ-,..’:.,,:,~.
L

..’L/’.=, ‘-,/ .“ L.------4
8’

. . ,.:.<,.*,,. .,- %.. .+.<-.).&.’ ~f’.$.. . ..
L& Le.k., .,.-‘ . f-

C 6?’ .’,-._/.._+..!:t@..P --,..
i .,. ‘,$’./. ,,,,.‘ .,

Derived

Cancer Deaths/106 person rem

: ..

26
37

87-1o7
160-458

.- .
,.,

. , ‘-4. ..

.



%/4
/
~-~de~*’LL~-L”. 100-18OO cases of domjnant diseases and

defects per year (3.6 million births/
year)=p ““

-&?,&..4++ JJ J* ,,
In addition~a few chromosorn.aldefects

and recessive diseases and a few
congenital defects due to single gene
defects and chromosome aberrations

F
.qc4.+i1-

;j-&.Total inci enceAlsJ]OO to 27,000/year, l&.
at ,equil~~brium. . .

.,/n.%l;,.,<..,1.,.-.?,. ~l+u.la AL
!-’+z~~or,O.l$jlnthe first generatiofi)~

Overall ill health: 5% - 50% of ill
health is proportional to’’mutation
rate..d At_

‘Using 20Z and doubling dose of 20 rem,

5 rem per generation++5;; increase
in ill health, ./!-+7(:/“- :- ‘~-’-“~‘-



B.BEIR-111
x, Cancer (Table V-4)

Lifetime Risk of Cancer Death

(deaths/106 /rad)
\ Single exposure to Cofitinuous Exposure

10 rad to 1 rad/yr
Hodel Absolute Relative - Absolute Relative

L-Q, LQ-L 77 226 67 182

L-L, ~ 167 501 156 43.0

Q-L, ~ 10 28 ---- ----

9?Birth Defects--pages 166-169
(mean parental age = 30 years)

1 rem per generation (1 rem parental exposure) per 106 live
offspring~ 5 to 75 birth defects, this is 0.0005
--o.oo75?:--First generationn “A~,<,,4<.~ ~ ● *-,-1...

/ ,’( : ~: ,“:.*. “.- ~a;- ),.

~ Spontaneous rate ’is410.7?{,0k&’”1 rem will increase the rate
from 10,7% to 10.7005--10.70752

;,, 1!+ ‘ ~.~
/

.& ,:y~~ ,’,d~.* /-+ ,yd ~
0.0005

10.7 = 0.000047 = o.00472;-’”;+

~.oo75 =
10.7 0.0007 = 0.07?4 “’”’
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, $$-
BASES FORCALCULATIONOF RISK ESTIMATES USED IN

“THE MEANING OF RADIATION AT BIKINI ATOLL”

Estimates of cancer and birth defect~ 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.

4’‘$

w ‘“ Risk coefficients from BEIR-I were used because BEIR-111

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-111.

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 incidence, 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 incidence, 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-111 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 froniBEIR-I

was already conservative based on comparisons with BEIR-111, we elected

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

5. For,the 140 persons who returned to Bikini and were removed in

August 1978, it was assumed that no children will be conceived by persons

above age 40, that 300 children will be born after August 1978, and that

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

Bikini. The parental dose was obtained as follows:

Average dose to males < 40years 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,~ppendix.
/.

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

10.7% of all live births from BEIR-111.

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

w’



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

Me also suspected the average life span was less than in

lation, which might tend to reduce the number of cancers

occur in the elderly.

U.S. population.

the U.S. popu-

that would

.

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’
-- -- -— s

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-1, 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 111-1 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 ..

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 yqar average of the data were used

because they are probably the most representative of current conditions.

From this, the following were obtained:

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

2. Infant death rate is about 3.2% per birth.

3. Overall death rate is 0.54% per year.

4. Birth rate is 4.2% per year.

A population of 550 was assumed for the one that might move back to

Bikini Atoll. Values for other initial populations were obtained by

ratios of the results.

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

equation:

’30 = 550 (1 +0.033)30 = 1684



The number of births in 30 years are given by:

B= 0.042 X [

3Q

550 (1.038)X dx

e-’
where x is the time between O and 30. This gives

B= ;;0f20;8550 [1.03830 - l] = 1277
.

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

Deaths ❑

“Deaths =

J
3~

0.0054 x 550 (1.038)X dx

o
~

~~0;5;3j 550 [1.03830- 1] = 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,
e-ax

(1.038X) dx

a

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

30 years.

Because this integral cannot be solved analytical, an approximate

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

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

original 5500 The total dose received by the original 550, assuming that



all live for the 30 years, is

r..

For those born after the return, the population would be the difference

between the total population in 30 years, the number of deaths and the

original 550 people or 1134. Thus, the per capita dose for this group
.

is 8949/1134 = 7.9 rads. For the original 550, the per capita dose is

11,902/550 = 22 rads. The ratio of these two to give an estimate of the

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

~

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

simplicity and the lack of good death rate data.

Me also

and the

curve.

compared the age characteristics of the Marshallese from Table IV-3

U.S. population in 1970. This comparison is given in the attached

The slopes are similar above age 35 but the magnitudes are distorted

by

re”

in

bo

the high birth rate in the Marshall Islands. However, in terms of the

ative risk the similar slopes suggest that if the natural cancer rates

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

h 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):

b



Deaths in 30 years = 164= 160

Births in 30years = 1277-1300

For a population of 140 (the

‘eaths‘n30‘earsi~.~

Births in 30years ~

$
-)

For a population of 235:

Deaths in 30 years, ~

number that returned to Bikini):

X=41.7-40‘+’ ,-‘-.-’

= & , x = 325. U300
.-

=—, x= 70.07-70
2~5

Births in 30 years, # = &x = 545.62 N550

For a population of 350:

Deaths in 30 years, ~= $,x = 104.36.-=100

1277Births in 30 years, ~= —~;. > x = 812.63.Q 800

III. Risk Coefficient. -~
&.CL,.- —--

(@Zlq” ~~~

At the time the Bikini book was prepared no agency in the U.S. government

had accepted the risk coefficients in BEIR-111. Thus we were constrained

to use risk coefficients from BEIR-I. While not included in the printed

book, risk estimates based on BEIR-111 were calculated for comparison

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



;.A’. BEIR-.I._
T \—-- — —_...,
——1. Cancer (Tables 3-3 and 3-4)

Cancer deaths/year in U.S.

from 0.1 rem/year

(POP = 197,863,000)

Absolute Relative

Leukemia 516 738

Other Cancers

30 year 1210 2436
elevated risk

lifetime 1485 8340
elevated risk

Range 1726-2001 3174-9078

Derived

Cancer deaths/106 person rem

\’:;ll<...-..-– -----”

Absolute Relative

26 37

61 123

~
75 421

87-101 160-458

From the above the minimium estimate of cancer risk WOU1

risk coefficient of 87/106

rem. Thus, these two risk

estimated cancer deaths.

person rem and the maximum by

coefficients were used to def

be given by a

458/106 person

ne a range of

~ 2. G&netic Effects (from Page 1 & 2
& ,
4. Based on specific defects..-

.:.-—--__..—— ,. .

BEIR-1)

L$#rem/30year reproduc~~ve’ generation would cause in the

(
‘~\

first generation 100-1800 cases of dominant diseases and

defects per year (3,6 million births/year) or 5 times this

amount at equilibrium. The 1800 cases represent an increase

of 0.05% incidence 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

(. The total incidence at equilibrium is 1100 to 27jO00/year. These

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

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

in the first generation.

+

b, Based ’on Overall 111 Health—— —

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

)
mu 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 1%/rem at equilibrium or 0.2%/rem

in first generation.

, .,.
For estimating the potential genetic derived health

population it was decided to use a risk coefficient

defects in the Bikini

of 0.2% per rem in the
,.

first generation recognizing that it was probably very conservative.‘,
..,....

.,.~

%y-t-”--”--”””)’)ancer (Table V-4)..-x



Lifetime Risk of Cancer Oeath

(deaths/106/rad)

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

Model Absolute Relative Absolute Relative— — .—
.-.

L-Q,= .77 226 67 182

L-L,~ 167 501 158 430

Q-L, w 10 28 --- ---

2. Birth Oefects--pages 166-1

<~fi,ean parental age= 30yea~SJ

~ 1 rem-per generation (1 rem parental exposure) per 106 live offspring
..> *

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

generation.

. Since the spontaneous rate is given as 10.7%, in the U.S. populations

1 rem will increase the rate from 10.7% to 1O.7OO5--1O.7O75%.

0.0005 ~-’
● In terms of the spontaneous r:t;oj5rem per generation gives ~.

0.000047 = 0.0047% increase and “1O.7
= 0.0007 = 0.07% increase.

IV. CALCULATIONS OF RISK

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

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

4@+--. .RISKS FOR 14 OIFFERENT LIVING CONDITIONS
.>

Table 3 sh ws the calculations for estimates of increased cancer risk
f

for 14 di~rent living conditions.



2. Bir$h.Defects. Ri~s.,,.-

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

B. RISK ESTIMATESBASEDON BEIR-111——

Table 4 gives risk estima$.es based on BEIR-111 risk coefficients. These
}5

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 1

slightly less than those

as estimates of cancer

the linear-quadratic absolute risk model and are

for the absolute model in Table 2. Thus, as far

risk are concc(dded, those obtained using risk coefficients from BEIR-I

are in the same general range as those obtained using risk coefficients

from BEIR-111.

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-111. If BEIR-111

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 qiv::-~

in the Bikini book may be conservative by a factor of three.
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((’
‘!

,Ruben Zackhras, Acting President and ;lints~er of Tr~nspcrtation and -r
‘...

:;”
< ~“

Communications
/

Ainja Andrike, Secretary, Education\l

~erry Bennett, Department of Education

.Carmen Bigler, Secretary, Internal Affairs

~Alfred Cape~le, College of Micronesia Extension Services

Director and Staff, Marshallese Community Action

~William Graham, Chief of Curriculum Development

./Dr. Isaacs, Medical Doctor, Health Services

Tony Johns, Clerk of the Cabinet

~Phillip Kabua, Acting Chief Secretary

i,~~arie}~addison, chai~oman, Public Service Commission

LEnid McKay, Secretary of Social Services
* .

tiFlenrySamuel, Minister of Health Services

In Honolulu, Hawaii, the following people were visited and/or consulted and

contributed information that was used to formulate the plan:

#.Sister Edna L. Demanche, reti red, University of Hawaii, formerly teacher in

the Marshall Islands

~Jim Harpstrite, University of Hawaii; Energy Project, teacher ‘raining 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

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

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



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.

V“Ruben Zackhras

‘“”Phillip Kabua

Kinja Andrike

~-Dr. Issacs

w Henry Samuel

@’Bill Graham

Jerry Bennett

Enid McKay

Alfred Capelle

Marie Maddison

Sister Edna L. Demanche

Jim Harpstripe

Robert C. Kiste

Billiet Edmond
1

Louise E. Nohl

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 h!arshallese Islands
(College of Micronesia Extension Servic~)

Chairwoman, ”Public Service Commission -

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

Reti’red

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”<:
1’

Kinje Andrike - Secretary of Education q{4::[ ; ,.72((<.?. ~~

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

Dr. Ezra}iklon - Secretary of Health

Car~en Bigler - Director of Public Affairs

.,.
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Bill--

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

Iroij Joannes Peter
f!

John Abraham, Magistrate “J\’~

Sam Livai, Councilman f;.. ~;;
Abner Edward, Councilman ‘.7-,1>, ,;

‘.,/(,!::-l- ~ be,, \ ---Benji Gideon, Councilman .!’
Renton Joannes, Councilman --- ‘I@~ I Y ,: ~. ~ ‘>.-~~
Iroij Benton Abraham I

1‘\’
l-,‘

Saimon Samson, Councilman
;;;;; u

,,+~i

Saul Abraham, Councilman
,, ‘>,.‘..b.”

i “~. ‘ “.,

LombweMark, Councilman
-. ;W ,::7

‘L::(I;:.: ‘: ‘“i
Sam Luke, Councilman

. ,1~i-k\ - -

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.

....

,,’,p..’ ‘

,,. .
-..

..
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,’ List of People who helped (in any way) on the Bikini Book (31),.-’. -.
,,,...

.,,“ PA Anderson
RW Baalman (Ray)

-,
“: “%

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

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

\

-i ste
HE Kreuger (Hank)
RO McClellan
T McCraw (Tommy)
S Marks (Sid)
RP Marshall (Bob)

~Jan)
NT Nero (Norv)
JF Park
HS Pratt

E Ray (Roger)
W-Htcmlson (Blw’

JA Smith
~*~ )

..
-fl--Wa-ch~ol”2-”(BruCe
JMWeisgall
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June 10

@ ‘Determine what paragraphs are fiml in final form

o D(MW-paFagFaphsFeqti4Fe-a-srnaq4-aRetin$-e<-wevk-(A44ee-w44~-S+aF$-eR-~hese+
Determine what~aragraphs require a small amount of work (Alice wik~xxta~t-e~-%bese}-

9 Ray, meleran and keorong will star
on those)

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

Procedure for AiXKEXXREyXXM&lEKEHXKndX translation work on paragraphs requiring small
amount of work: .--—- ---——----,..--------... .&

;G ;~~5>-.T.x-2.z;”-<,-.7 ----..f’.,::-~.,-+(&.i..t.!..e+.m::-fl.:
Ray will give–the–trans3-ated-ma”t-e7-la~Ato“Martha.

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

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

/’

.- .



PROCEDURES FOR SECRETARY
folders

● Pick up material from outXXXX~M of translators and scientists

● Type material from translators and distribute

● Type material frorn.:cientists and distribute
.;.}:&t..;2+;+A-*.,-?

● 14hen a paragraph has been retyped draw a line through the previous draft

● Insert retyped paragraphs into file

● 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 MARTHAfolder)

“’”-~
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 on all pages received by you and put
notebook behind the proper number. The latest version

the top.

them in your
always goes on

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

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

>.”’#



PROCEDURES FOR MORKON BIKINI BOOK

A
Ray Baalman
Bill Bair
wi4nmiHxwm!l
Alice Buck
Jack Healy
Meleran Jelke
Keorong Sam
Martha Stifter

1. I/henyou are given a new piece of material please initial and put in your looseleaf

notebook under appropriate number. g



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 +%W-copy will be put in your SCIENTISTS folder.

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

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

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

Wtiena paragraph has been finalized, mark it with a gold star. ~
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aJ
L
aJ
3

aJ

.

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

One-half of the
radiation standard

c
‘ Fj74 157s l?76 1777 1978 ; 1?79 I?m
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$JEAR Time when people left Bikini
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From Ray Baalman Via Telephone, 4/8/80

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

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

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

4. We didn’t know if we should discuss the 13-Atoll Survey in this book or not.
“Maybe it is not a good idea. But if we
out from it.

5. Have not dealt with the table that needs
time needs to elapse before they can go

are, we don’t

to be in that
back.

know what they found

will show how much

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 lVcCraw ,
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

.. .. ‘
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BH(TNI ATOLL TODAY

In 1346,

Us. to test

could retucvl

the Bikini people agreed to leave.their homn atoll to pefmik the

atamie bombs. Tn 1968 Pr*s!dent Johnson announced the peap,la

follow~ng cleanup of debris left froti th~ tests. mfore the

people reLurnal the U.S. plantd thauwinda qf’ food-bearing trees and built.MO

cmcrete houses for the people. Ih 1978 thz U.S. government asked the people

to leave. Thi3 book explains the reamn for this request (action) and the

what that mea.asi to the veople.

Evnryth~ng on earth fs fomned from many alany tiny thinqs that w @anfiot

s*. (TM3a are called at.cm.) Sow of klmw thlugs are sot apart [distinct]

and sre alike in a aertain uaY beaausa they change and bt?t?amoother kinds dr

1
-1-



. . . . . .

AS each tiny thlnq (atmi) changes ft prgduoes a kind of energy which W*

cannot aea and uhioh is called ‘rmdinF.ion.N When they Mve empld-dy

appesu+’son page 4.)

Of the th!ngs that. are radioactive some have aluaya been s

world. These me Ged-@ade and khy uIII not go away. Thqy fire

pet. of the

in soil, in

~ur bodies.

bombs. Sune

9 few minutes or dsys. Rut the others

ohange 310wly snd are still preaefitM the islands in t~ EilklniAtoll. The

names or same af Lhe importank radioactive things are cobalt, ce~iu(ll,

3trontlum, plutonlum$ and smericidm. C)rie-halfof the oobalt. will diaappea~

afte~ 5 ycq~q. of the part that remains, one-half will disappear ~ter

.

IWRGY CALLED RADIATION

2
.2+



1.

9
c-.

3.

paaa

that

Th*re arQ three kinds Qf rxliakton th.a~ come frun the earth:

alphs cudiai.ion - Lhe place ~t rnach~s from where it is made ia short,

pWhS~S 3 ltiahea

ntovcment.},

beta radlablon .

Surrouadlng lt M air; =!d ~

the place it remhss troutuhere

are needed La stop it.

- LM plmw It zweh=a from where it is fotrnedLS very

through tha skin and reaah about on9 inuh into the body. However, thlng~

we radloa&lve may eflLeP Lhe bdy with rQd and air and Win reach tlm

okhar parts of’ khe body. When these tihingathat ar9

prodIIcealpha ~nd bta radlsLlon Lhah can reach Lhe -

,

or the efiergyor this radiation r=ain3 in their bodies.

At $lklni Atoll 3om9 alpha radiation also comeg from plutonium ~d

amQrlc%um. Beta radiatioo also lJWHS from StFQftt.f UUt, ~tiidtlflt, anfl cobalt,

3
-3-
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TINY PARTICM$ ANDMM OF ATOH BOMM

Uhem sn attanicbomb eiplades, It

waker, and .W forth, which join with the things that ~re radioaotlve from the

bad. They rl.w rnpidly !nt.ot-heair, and later fall back down to the earth.

TM tiny Dartiolss and ash of the bombs fell in the lagoon, In the oman, on

atcat bomb LesL= aL Bikini uccurrd on the islands. Most took plxcn in or over

t.!m watsr uith same on th9 reef betwe~n the islands. In two atcm kb tests

mall piec93 of ths i31and3 of Nam and llnirlkwere deat.royed. in additidn,

t.M’9 are 11 U.S. ships sunk ih the laquofiSt Bikini as a result. of an aLom

bomb L*9L involvl~ shlpa. TM msp on page 7 shows t.h~ islands wtteefi the U.S.

THE PLACES UHl?Ri3THE THINGS TNAT AR8 RADIOACTIVE A!U3AT BIKfNI

are within th9 roil. Plutonium

39il. (h3siumand 3(.rcmt.{1.rfflare

.

4
-4-



prudwe the h!gheat awunt of’radiation, UU the rtor%tiern

Lhe- was more pluknium and americium than at Hiklnl and

could serape mate of them off beaausa they were near t-ho

remove the strontium

the U.S. Govmnmmt did pick J.lp all 3orap metal and rsmoved

3crub growth before the people returnwl in 1970. The scrap m*Lal was mmved to

deep water h Lhe @can and lagoon.

The map on page _ shows uherm the radioactive things w-e fit. the ~lk~nl

Atoll. tie see that all or the Islands In the Blkin$ atoll have radlcisctivp

things. Next to tha ❑ap of Bikini is a map of Eneuetak Atoll 3houifigWere

the t’sdloaotlvethings are at this atoll. H@Fe We ~ee that the amounLs Qk

radfoact.ive t-hings ar~ smaller than at F!ikinl, The islands In the .wuth of

t.hnEqwetak Atoll IWVO a vwy mall amount of radioaotivlty.

People received Padiatian f’rcm!z’mdloactiv9thing9 St Bikini Atoll while

Lhuy l{vcd there {0 ~ W3Y3. 1 - radiation that oame frm the soil and

penetrateil Peoplets skin and mtemd the body; 2 . the things Hiqt -e ‘-

radioactive in acme of the Fwds that. pmple ate. irt mere ~f the water they

drank, or in the air they brnathed produced radiation inside the body,

‘fhe Psdistlcn that came up out Gf the soil oame fr(nn t.hq oeslum and

cobalt. that nas near the aurfaae, Part of the radiation from the ciesludand

S
-%?.



All plant.3 gut

plants get their

up tM t.punks to

the

If radioactfvm things mtered the body, some of tlmrn hava lart it. by now

SOMe remalng in Itt and radiation w1ll conkfnue to CM= from those left in

tmdy.

ltar~halleas people have called Pndiaticm “palson,” However, the *Y

polmm works end the way radisticm woPks are different. Usually, when poi30n

&
-6-



mt.ers a

quickly

ml% Lo

Sppmt’ -

?he

it UOUM b at’tcrmmy yeaxwc

body nontains a number uf wgwts mah as lungs, liver, dcin. %ch of

these orqan3 has very smsll parts Oalled c~l]s th9t join together to futmi (Ul

f)at’tsOf) the t)OCiy, Remsmbor that them is ~sdiatlcm t.hahha3 alwgys baen s

part of the world, and Lhere M radiation that mule frun stomlc bombs.

radlat.;ona poraon reoelves the more haPM he

that hss been a part of the world and that

to thn Ce~13 of khg body. In addition Lhere

that (2Wsa the Sam kind Or dama.gc to l?slls!

dividim that growth and repair of t-k body QCCW- Cancer happens when cells

in the body arc damaged and rapldlY mow mcl inCreMe h num~ee mre t-banth~y

7
-7*.



among the people who have

them that 9PPF!W In other p90D19 around the world. The

canoer in tlw throat(in t-hothyroid)- ‘l%fsradioactive

s few months+,ao t-h~ktt is gone f’f’dBikini Atoll todaY.

the Ma@shall Islands before the atomic bomb tests and they oontinue ho oQcur

today * In a community in which people Ilavereceived radiat-ton, there might be

.XYI irtcremx in thf IYIMM3Pof ohlldren born with UsWMs.

‘w HAYSTHAT sCUMT13TS KNOW Tlil?AMUWTOF RADIATION A Pl?RXM RECEIVES *

llverybody in ttm worM has 3Qm9 radioactive materials in their body.

PcQple raunok know by themselves Ml mtlch Padiakforlia in any Lhlng or in

Lheir bodies tmctausethey cannot WWJ ik, hoar it, taate it, smell it, or feel

it. Mly inatruumt.a rdn IWJFS41 this. ‘lhre ars instruments for ff19.33uri~

thing t.hak sre emliosotlve in the ooil and in food; theee are t.how for ,

8
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t8hebody.

.WWML3 Ur

scicntiist3

Wlentlsts hava bruughh this itistrumenLh

tidloacLLve LhinSs in the bgdies of thn

found that as tba food-bearing t-tws begad

the

The

t-he

Lh& smour’iLsaf radloaotlva thin~s in peoplss bodies utee hishsr than

~cientisks had estim.stgdhen the people wer6 told that M*Y could return.

This is the reascxlthat they were remov@d from f3iklnLAtull.

Soigntists can U-S this machine to mamre the amount or cnaiurn and

cobalt in a Deraon, but thta d=v~c~ ia ngt ablg to ❑ easure pltitofilU.M,

amerlulum, and strontium. ThO way they measure these three khin~a, th9y take

urine and mea3utw tha aIIIQUnkof thiwgs Lkat ST= radioactive in it. FPua dQing

this they are able to estimate how mush plutonium, americium, and steontfum is

THAT HAS MEN ESTAWIMED [A LM.IT IS IHPLIED]

No me is absolutely certain how muoh radiation a ~rmn aan Peeofva and

not have ham! to hi3 body. Around ttw VOrld, many groups Qf scientists and ‘

duetors are 9Ludyln~ Lhls wbject. The name3 gf 3ome Or t.~qgg organf~~tiona

are: Incarnation.aiCoumisaion oa Radiological Prokechion, U.S. Environmental

PrutetJtionAgenoy, and the fnternatLonal Atcmic Emrugy Agency. To pPOtf3Ct

9
“9-



t.hv.wrccuamsndatlons,

have a~!x’owl .

vadi3ti9n f9r

The U.S. fp?ernmmt. has esCsbliahed that a person should not reoeive dome

than 500 millirem In mm year. Alw thy mt.abliahti that t-haavurag~ WJOUqk

of fadiaLL~tia man or a woman Vho-lfves M the United States may receive ovor

= 3Q-Ye9r Periti should nut be more th9n 5000 ❑illirem. ?he U.S. government

tries to enswe as muoh aa possiblo that. the amwmt of rfldlakfonit.3

reoeive in wwyday llvlng or working ts lower than F.hcfigures abwe.

The measurements of the Bikini P60ple ❑ade by the selentlsts

Citlzms

in lg78 ‘

fndicated that SCUM d’ thigHiklnl peopls wre recsiving more radiation ewh

additional amount-aof’mdlatlon wi!l not.QCCUP.

Id
-10*
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‘H-W WAYS THAT

t4fGHTRECEIVE

WI!?tiT13~ AM AIM! TO lXiTIMAT8ME AMOUN?(W RADIATICH4A PER.3CI!l

IF HE LIVES WERE THERE IS RADIATIONFiIfW TWE ATOMICBOfiH

brwklsh wells. They take fish and ‘okhersea Ilfe and aLtidyLhm. They also

u~amin~ the amount of radioactive things that feud-bearing I.rcqs and other’
*

plants take frau the soil. They slso examine the radioactivity in Ctw.dust In

informkion t.hnt- VW Scientists find as a rmmalt of tha

things that we radioactive on each df hhe i3knds.

them, ~ch w fi~ht cmba, lobsters, alsm, etc.

7* li~umuoh the braoklsh w911s and drinki~ water are

II

radioautlve.

.
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things that ara radioaot-ive will rece!v~ mom radistion, A person UhO eaka

w1ll receiv~ 1Q33 radiation.

RETURNTO BIKINI ATOLL

In 19_ tba Bikini people aakd khe U-$- mmmmnt to Demlt thm to

ret-urn to their homeland. The U.S. government elesned up ths 3crap left frr!rkin

t.b t~stn and the scrlentlsts mes3urd the amounts

soils, water, and f13h. From this information they

radiation ?-hat the people might reoaivs when they

the people were allowed t-oreturn In

a.ntloipated. In addition, estlmahes of the mounts of food from these trees



bfmam”avallsbla, ttilsoesium ms t.ransfftrrfid t-o the b0dlQ3 of Lhe people.

DIPPERENCES @lHWllEM81KTW ATOLLANDWMZTAIf ATOLL

%?9Q P=pl= Uofld= Why the U.9. %cwwnment did not olean up Bikini AU.Jll

the Way they did fhwstak ~tmllc

dlrrerenca in the types of t93t3 at th~ t.uo atolls.

thst plutonium and ameriehlfn rema!nrailoiwtlw for

that the plutoniwm nnd americium ~emain naav thq

Uit.hUtitthe ctleanup, the northern islands of the !lneuct.ak Atoll would

mvw have been Usd. ~owever, hhe 3krOtItiW) and the cegium on the

ta

-11-



At Il{k{qi ALo1l, the?thl~s th!W m’% radioaatlve are

TM! UNPl?RSTANCHNGSTHAT HAVEBEEN ACHIEVED FfU14TW

radiation.

are radtcmct.lve. -

on all of these

MEA$URW?NW3

the amounts of radiation that pQvple might receive if t-hey lived on B1ltini

if they w~rm to spend different amount-s Qf tires each Yew on the islands ot

with f’uodfPOUtoutside, Thi3inrormation ~1.w 3hows the .amoufiL df radiation

peuple would rec9ive if f9d rr~ duLsid~ did not ~rrtve 25% of the time. All

the importance 9f the rotis a,rkitha plao03 thay live.

Some people may aak why they cznntiteeLurn and live on Eneu unly beo.susa

very dif!’luult for the PQOPIB- TQ pPtiLeat th@ hgalt.h of the W.QPIQ, tha L).$.

(4



they reoelve. A 3olentlflo organlzqtion in the united State3 named The

Biological Effqct.s of Toniz\ng Radiation has eatimeted the number of people >

who might die frm cancer and the number of’ infants who might h born

radiation and the number’ of infants *O might be boefI Wt.h health Uef&cts

oauswi by radiaticm are givmn on pa.ge~ _ t-o _. Th@se nuotbee~depend upon ‘

the fnf’ormat.icm of t.tlo

All t~ numb~ra

solentlsts obtained.

Is
-15-



THE AFIOW4T0? RADIATTCINTHATA P’ZRQ2NHTGW1’RECEIVETN ONE W.All
IF KE LIVED G+ BIKINI ATOLL

Xr Pwple Live ‘

1

11 ❑cmths per
year on W3u
and 1 month cm
~lkinic All
fQCd hd EMU.

6 months on
Encu ~tm year

and 6 ❑ncha on
Bikini.

All the time

Ir Lhey Ulll e3L
tQod frc’mLheie
atoll only “

714 millirem

768 millirem

354 millirem 444 millirem

005 mfllirufn U96 nlillirom

16&J millirem

3021 millirem

Rwnember thst the U.S. standard is 500 millirnm in one yesr.

3722 millirem

IG
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THE Ewwrw ADDITIONAL NUMBER OF PEOPLE UHo WOHT CM3TcMcwtAs
A RFX4JLI’OF “W? RADIATIONRECHVED IN THE FIR:7T

1~ thay wL1l eat If thrtywill eat

If PeuP.leLive rued rran their food from Lheir ~

1.

2.

3-

4.

11 rmortkhsp+xr 0.49 ~-~fj

yew ml knell
and 1 ❑onth on
Bikini.

an{j6 ~nths
Bikini.

Al1 t.hntime

2.6
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THE A!!UJNTOF RADIATION

1. All the t~rne

2. 11 manths per
year on End
and 1 month on
Biklnl. All
Ikod from l?neu.

IF HE
THAT A PERSON 141GHTRECEIVE IN 30 YEARS

lr they Mill eaL If they will eaL
rood rraYI their food f’rcxs t-h~ir
atoll only atoll with t’mxi

r’rumthe out91d9

UtMle B6ne ilhole Bulie
FJOdy Mariow ihly Harrow

4,600 5,89(! 2,4(JO 2,800
millif- millirem millirem millirem

3,000 6,100 2,800 ~,p,]fj
millirem millirem ❑illirmn ❑illirmm

3- 6 mwiths uri ~~,a(j~ 26,000 l?,~f)() 13,000
Eneu PET year millLrenl millirem millirem mllllrem
and 6 tiutiLhs
cm Bikitil,

FCWd from outside
~OEW not.wrlva 254

of the time

U?lolQ %one

Oody Marrow

2,950 3, S50
mllllwm millirem

-3,350 3,925
millirem mlllli’em

Reawtbee that the U.S. standard is 5000 millirem in a(lyears.



.

THE ESTT14ATEDADMTTMAL ,HWI’E!E’RW CHILDREN WHO HIG!$l!M HORN WITH HEALTH
OR 14ENTALDEFECTS AS A !?!HWT OF ‘THi? AWJU?iT OF RADIATION

Rl?cuvm IN “Pl+2 PIfm 30 Ylsms

If they will eat If’khny will eat Food from out side
If People Live food fron t-heir food frcm their dves r19t arrive 25%

1
atoll Qnly atoll wLLtl rlmd of the time

fr~ Lhe uvts{de

1, All t.tm t.im=

cm Etteu.

2a 11 mcmtM per
year on Erl13U

and 1 month on
BikTr)! .

3- 6 months cm
EnJ3J *P year

EUNfl 6 months

on Bikini.

~. All the time
on Bikini.

10

-19-

.



TM sulentlsts who wrot.a this hook realize that ❑any of’ the concepts
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103.

HIU?VESTII?G COCONUT

coconut in the Philippines dates back to pre-Spa.nish time and
)

since then, has developed into a major ind~stry with 14 million
.

people depending on it. It is however characterized by low

productivity because of the increasing number of ag$ng,palms

and the lack of adequate cultural management inputs. Hence,

the government has launched a massive replanting programme to

cover the 2.3 million hectares devoted to coconut, which will

involve the cutting down of= 6 tillion trees annually.

For technical and economic reasons, it is necessary to properl$.

dispose coconut trunks, hence the great desirability to develop

economic uses of the coconut logs. Investigations are

going on along this line, “and some limited experiences

obtained on coconut stem logging, as discussed in this

now

have been

paper.

r~~roduction

The coconut, ,Cocos nucifera L. has ~~en cultivated in the

Philippines even before the coming of the Spaniards. The
iSpmish authorities, realizing the economic ir,+~rt~nce, required

the plan~ing of coconuts in 1642. From thereon, the coconut

industry grew to become a major crop of the comtry. By 1910,

Jmillions of trees were bearing.

(

Coconut now cccupies 2.3 inillion

hectares, prdviding livelihood to about 24 mill-ion people. The

/---

CCconut belongs to the

\ 2~0 north and sout’n of
: U ~~ch as 900 meters.
/

.

‘~~ilip~ines is the leading coconut producer and contributes about--. )7/Qg #--to the international trade in ccconut products.

~-
b

)t

/

fav-ou:z~ly within

t:nriv-e in altitude

coconut has neither

‘~~~ior Dep~~ty Administrator,
~iliman,

?hi,lipp~ne CGc~R’~t ~;~thority
Quezon City, ?hilippiqes

i



/%’ 2 =opr Oot nor a rootstock, bI.JZ‘-=-==.+ -’--;.==-,A= ~= ~-------- -------______ -C:.c
roots ranging from 1500 ‘to L1, 350. ~A.s =cc~ ,Tay “=n..

Ex:cm:

laterally to about 25 meters while -.-ertical penetr=-ifi~ ~a

--+..

a depth of 6 meters depending on ~oil conditions. m.--..=
trunk or stem attains a considera”~le height, 20 met==~ ~.

more depending u-pen variety, age and enviroriment. T*7i~~=
ta~~ coconuts, the base is markedly swollen, whose

diameter may reach 1 meter but rarely exceeds 30 to 40 cn~

at man’s height. T’ne crown has some 30 opened leaves

sup-porting 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 number of old unproductive t~ees

requires the launching of a massive replanting program

utilizing high yielding precocious hybrids.

s.
-..
.....

.7

-...

-/

$

———————————————~

k

The Redantinq Prouram

. 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
4

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

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

14 progress in the implementation of this replmting p~ogr~m.
if

1 Aside from the use of highly productive hybrids,
s

I

. . the
replanting program will involve the ado~tion of the required

cultural practices and inputs. me mechanics and the
~ criteria in determining priority areas will be set UP,

i

to
be supplemented with the experiences to be gained in the

~ pilot replanting project being undertaken.+ The replanting~
proper commences in 1980, q~oawith 1,700 hectares to be repl~.~--f~:

f
gradually increasing to 60,000 hectares annually beginning

1935. Land preparation which include clear cutting of old
i
:
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ORIGIN OF RISK COEFFICIENTS

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

BEIR-I Derived

Cancer Deaths/year in U.S. Cancer Deaths/106 person rem
from 0.1 rem/year
(POP=197,863,000)

~ Relative Absolute ?elative

Leukemia 5?5 738 26 37

Other Cancers

30year 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-~800 cases of dominant diseases and
defects pery.ear (3.6 million births/
year)=O.05% incidence per year
(5 X this at equilibrium)

In addition--a few chromosomal defects
and recessive diseases and a few

congenital defects due to single gene
defects and chromosome aberrations

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

Overall 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 = 0.2%/rem - 30 year dose



II.BEIR-111
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, ~ 10 28 ---- ----

B. Birth Defects--pages 166-169
(mean parental age = 30 years)

1 rem per generation (1 rem parental exposure) per 106 live
offspring~ 5 to 75 birth defectsz 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 o.07%
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Island Average pCi/g O-5 cm

Island Cotie

B1

B2
B3
B4
B5
B6
B1O
B12
B13
B15
B16
B17
B18
B19

Bikini Atoll

IslandName

Nam

Iroij
Odrik “* ‘

@~

0.74 (13)

Lele 2.8 (4)

Enemon 17 (6)

Enidrik 11 (32)

LukJj 116 (3)
Jelete 179 (2) “

--

Average 47

60 (25)

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)

Lo (5)
6.1 (31)

20 (3)
13 (2)

12

.
20 (32) “ G

: 7 (9)..
3.3 (5) >
4.9 (16) ‘
3.2 (9) ‘
8.2 (13)
2.9 (3) .
0.22 (4)

> 0.35 (13)
0.19 (4)

-j
1.5 (6)

.. 1.3 (32) .
...

4.5 (3)..
4.7 (2)

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


