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Abstract. An intensive radiological survey of the
islands of Bikini Atoll was conducted in May 1987 for the
purpose of determining the levels and components of the T

external gamma radiation fields in this former nuclear <

weapons testing area. Total exposure rates were found to

vary considerably from site to site and island to island )
with levels measured over soil ranging from less than 10 .~ . & . e

ur/hr to over 500 pr/hr. Major contributors to the radiation -

. . . - . . «
fields included '37Cs, é°Co, '255b, and 102M3y, the recently
i
identified long-lived isomer of 1°2Rx. A large number of L
: . o . : . IR
other isotopes were identifiable in Ge(Li) spectra of soil Fi
v, .
samples. p
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An extensive radiation survey of the islands of Bikini

Atoll has revealed several interesting features of the

Bikini Atoll is the former weapons test area in the mid-

g Pac1f1c whé;e?more than 20Inucle$;§tes€§;WEre conducted frcm :{

E{ 1946 to 1958. The survey, condﬁcted ln’Nay 1867, 1ncludéé ;

H measurements of the external radiation levels and determina- -

»

; tion of the principal isotopes contributing to the total y

b

-

external exposure rates on each island of the atocll. Because

."‘
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‘ of the high intensity of the radiation fields generated by

P

"
et Rt R N

* the tests, we were able to detect at the time of this survey

2

N

many long-lived fission and activation products which were
: undetectable or unnoticed in previously surveyed fallout g

areas because of their trace presence. It was also possible o r

&”’r-w« .
)

to relate the residual radiatioﬁ>fields on the atoll to

various locatlons of test ground zeros, to meteorOIOglcal
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- difficult logistical problems and environmental condltlons_‘:

in situ y-ray spectrometry, and a number of hand-held survey __..

o - )
I @
Bikini Atoll consists of some 15 islands and 2 island
complexes made up of a number of small interconnected islands
(Fig. 1). The islands are located on & coral rim surrounding
; lagoon zzrgiles<long and 13 miles wide. Total land area)
of the atoll is 2.32 square miles. Over half the area 1is

included in the 3 largest islands, Bikini, Eneu, and Nam.

The largest island, Bikini, is 2% miles long and 4 mile wide. -

The techniques utilized on this survey were largely
those developed and used by the Zealth and Safety Laboratory
(HASL) for the past several years in conducting detailed }q
investigations of the properties of the external radiation
environment in the United States (1). The prime instrumenta- L.

tion used for the survey measurements included & high-pressure

ionization chamber, a NaI(Tl) field spectrometer system for

type instruments (G-M counters and scinti-lation detectors).
A total of 16 working days were spent on the atoll, but

because of the number of 1slands to be surveyed and the"ffTﬁﬁ'
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(dlfflcult access, dense vegetatlon, high temperatures,"
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humidity, etc.), we restric:éd spectrometer and ionization
chamber measurements to L& rZerfriserntaisve iccetions on the
main isliands of Bikini, Eneu, and Nam. Tae hand-held survey
meters were used for the remainder of the survey measurements.”™

The survey meters were first “field calibrated" at the prime : ,

. - . - e Crme
: . . - 1 . T L ;
i measurement locaticns, i.e. the survey meter readings were e ,

b . N - . > ~ e

: compared with the more accurate ionizaticn chamber and o "

*

spectrometer measurements o chtain a calibratiocn factcr for

- - - T oY e —~ . - eea - PR I Y ~ - =" =
the particular gamma-ray ssectrum enccouintered In the Iield.

These hand-held iInstruments were then uwzed tc extend the survey
throughout the atoll. In this way tThe variaticns in radiation <

levels Zfrcoa isiand to Zsland and om Lrniividueal isiands could

be stulied in some cetzil.

W
1y

The external gamme radliatica levels were Zcund To vary
% considerably from island to island around the atoll. It was -
X poOssibie, Lhowever, to roughly cliassiiy most islands into one é
§ of three general areas, characterized by the relative g;
2

exposure races and also the composition of the radiation

3

Y

e e e

fields. These areas are blast areas lmmediately surrounding

the ground zeros of tests where the highest exposure rates - - £
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were measured, heavy fallout areas down-wind from the blast

~on-nlast, low

jyj
(8
18}

areas with intermediac. __.ure racc’,

H
ct

ates ware measured.

fallout areas where the lowest exgosure

)
T

The location, code name and year of each announced
nuclear weapons test (2) have been indicated on the map in v o

Fig. 1. From the locations of the tests it can be seen that

- the blast areas include the westccon tip of Eneman, Lomilik ;;mwf;mr
near the center of the Acmen-Iroij Complex, and the north- R

western reef near Nam. Since the prevailing winds in the

area are generally in a westerly or southwesterly direction, f,.
the heavy fallout areas are primarily the islands of the L

]
southwestern reef. There were exceptions to the normal NER

wind pattern, however, most notably for shot Bravo in 1954
when unexpected high altitude winds carried fallout eastward

t over Bikini Island and on to the Marshallese natives of

Rongelap Atoll. Thus some of the non-blast areas, which o

include the islands of Bikini, Eneu, and the eastern half

of the Aerokoj-Eneman Complex, experienced lesser but not -

insignificant amounts of local fallout. The island of Eneu

R d
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on the southeastern rim of the atoll was the most favorably

situated to avoid local fallout and exhibited some of the

. lowest exposure. rates measured (3-7 ux/nr). o e

- - T S .-

;;,lel' "In add;tzon to this general pattern of radiation levels:

around the atoll considerable varlatlon was found on

individual islands. Typlcally, the exposure rates on a \.5;31
glven island ranged from very low near the lagoon and ocean -

shores to much hlgher near the ceuter of the 1slanc. This

{ effect can be related to the density of vegetation and

1 thickness of organic soil layer. Near the shores the vege- Jhl#£

E ‘ tztion was sparse and the soil very sandy, conduoive to ~{§§'

{ weathering and deeper penetration of fallout. Vegetation . hhfwzi"
was much more dense over the central parts of the islands, ‘ ’fugﬁ

B aded o o

where increased amounts of organic matter in the soil

1nfluenced the retentlon of fallout near the surface of the

s . UPIRIIPON

i - E ', TS -

ground.

Flgure 2 shows a typlcal radlatlon proflle for a survey»n»
- m"ﬁf Py “ e . ....« e e )
transectiacross the m;ddle of Blklnl Island from the lagoon .

shore to-the ocean beach. Readlngs of the portable )

o eha
e PRI .
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sclntlllatlon counter were made eVery 50 ft. along thls 'af:"”
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ground from y-ray emitters‘ip the soil obtained from the

analysis of the field spectra and ionization chamber measure-

2850 ft. transect. Geiger counter readings were recorded
every 150 ft. TIonization chamber and field spectrometer
measurements were made near the beginning of the transect - . .@

and at areas along the transect where the survey meters

indicated significantly high or low levels. The measurement

points in fié.fzghave been enclosed in dotted lines to
illustrate the general nature of the variation in radiation
levels across the island. The exposure rates along the
transect anéd for Bikini Island in‘general were 20-40 pur/hr
rear the shofé, 50-80 ur/hr in ihe interior, and up to 120
ur/hr at scattered hot spots. The field spectrometer
measurements showed the exposure rate levels on Bikini
Island to be dae primarily to three radionuclides, wita
about 75% of the exsosure rate at a given site due to '27Cs,
15% to €°Co, and 10% to 1255b. Natural emitters (uranium,
thofium, and pptassium) were alﬁost}entirely undetectable in;{ 
the field spectra. This is not surprising éince the coral

soil of the atoll is predominately CaCoO,. o

N .
- FEIN s
N .- - s e o - s
Py .

Representative exposure rates in air 1 meter above the

ments on Bikini, Zneu and Nam are given in Teble 1. The measure-
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ments on Bikini are for locations on the central transect
. for which the radiation profile is given in Fig. 2. Exposure
rates from cosmic radiation (3.4 pwr/hxr) are not inciuded.

More detalled data on the meaS“*ehent £ the radratrOﬂ

fields on these islands as well as for the rest of the atoll

are given in reference 3.  As indicated in ~he Table, the .

composition of the -~adiation field on Eneu was cuite similar Ee
to that of Bikini, i.e. predominantly *37Cs with some 8°Co __.&jﬁ;;

- o 4_’«47 >
and 125Sb, even though +he exposure rate jevels were much - ¥
lower. The island of Nam, however, due to its proximity to 5
severali test sites, had several properties of blast areas, }p;_

. iqt
including nigher exposure rates and increased amounts of é°co w
.

and 125Sb in the soil -alative to 137Cs. .

To complemenc our f£ield spectrometry on the larger

“\

islands and to characterize the composition of the radiation : \\
P ,.3..,__.‘

field on islands where we were unable to obtaln field spectra,
a large number of soil samples were col’ected from throughout

. the atoll. These samples; whlch were obtalned in several

- -

depth increments, were enalyzed quantltatxvely in the labor-

..

atory by NaI(Tl)'gamma spectrometry and also qualitatively oy .

-5
e

&

==

by Ge(Ll) spectrometry “we ‘were thus able to Obtaln not .
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only the activities of the major isotopes present but also
their depth distribution. We found that in high activity
areas most of the activity (2 or more) was usually in the '~

top 2 to 3 inches of soil.“ Because of the large local

-

variations in soil activity on all the islands it was not ~

i possible to calculate accurate exposure rates in air from o
% .
the one or two soil samples obtained per site. Inasmuch as
»
*
2 the field spectrometer and ionization chamber "see" large

'y

areas (~30 feet in diameter), they average out the local -

variations giving very reliable absolute exposure rates.

o

s - . R R (A}
The soil samples proved very useful, however, Zor identifying ;l-‘
- and determining relative activities of the isotopes present .
which were then used to estimate the relative contributions i

of these isotopes to the exposure rates at the various
I sites (3). The relative exposure rate values obtained for

é- the same sites with the spectrometer-ionization chamber )

system and from soil sample analysis agreed-quite well. L

L . - O T - >

*  tHe soil samples and fleld spectrometry for low and 1nter-ﬁ:%w

o [N .
b PR %

mediate fallout areas dlflered cons1derably from that for'f

+ )3 ; e o
: blast areas. The hlgh contrlbutlon to the exposure rate L

000574b
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from 127Cs for Bikini Island was found typical of other non-
blast areas of the atoll. 1In blast areas, however, ©°Co was

e W e

the dominant contributor to the exposure rate levels with

_1258b also Quite prominant. The relatively minor contribution

of *237Cs compared to ®°Co and 135Sb in blast areas is quite

significant and may be related to the types of weapons tests

- B

conducted nearby. Many of these tests were conducted ON .. ...

o barges and the resulting activation of 5°Co and ®°Ni in the. . -

f
»
!‘
i
i
¥

steel of the barges account for the large amount of ¢°Co

L]

ram

activity.

The maximum exposure rates measured on Bikini Atoll in

-

1967, somewhat over 300 ur/hr, were in blast areas vervy near
k]

the ground zeros of tests. At one isolated area on West i
Eneman near the c*ounc zero for two surface tests we

i?ff measured an exposure rate just over 500 pur/hr. Since

| vegetation in that area was generally sparse‘and the organic

content of the soils was quite low, weathering may be of

"o

some 51gn1f1cance in reduc1ng the radlatlon levels in these

SN e [ = -

¥

areas more rapldly than in the more densely vegetated areas. -

Also the greater prqportlonal contrlbutlon of the shorter- _ . -

- @

iy,
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lived €°Co and 128g8b relative to 137Cs to the exposure rates

in these areas will also cause the radiation levels to

decrease more rapidly with time.

e
- - . . - e i s e .
- A - .
- D it g L

High resolution Ge (Li) spectrometry of soil samples =
allowed us to make detailed identification of the radio-
nuclides present at various sites around the atoll. The

spectra of Bikini Island soils exi.ibit very prominent '37Cs

3

B LR e A

and ¢°Co peaks, while peaks due to *238Sbhb and rhodium - L
[
isotopes are barely discernable above the background. Trace 3
' amounts of other isotcpes such as !55Eu, 52Eu and %4!Anm A
£
. L
are also evident. .
.
\- . . | L
The Ge(Li) spectrum for a soil sample from Lomilik ok
i

Island, a near ground zero blast area approximately in the

center of the Aomen-Iroij Complex, is shown in Fig. 3. The

L

exposure rate at this site was several hundred pr/hr, due

oy

primarily to 8°Co (75%), with 25gb, 1°2MRh, and 137Cs

»

Y

accounting roughly equally for the remainder. The prominent-;é

o

80co peaks are evident in Fig. 3, as are all the gamma-ray -

YR o YA Ly

" lines of 1355h and the recently idehtified (8) ldng»lived ‘_}

A U N EEN

5005748 . -l%F
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Peaks from !55Eu, 152Fu, 241lam, 144Ce, 19:ixh and ®4ln zare
. P P L. L. . EUR e . oo SLn ’ik: PEE
aiso clearly identifizble. Several peaks in this spectrum

.have not yet been definitely identiZied.

e . . e

b

The compos;tlon of the *adlatlon field on Lukog, a T

- m.';

in Figure 4. This densely veg.cated island exhibited

exposure rates c¢f from 60 to 200 pr/hr. Approximately 60%

of the =xposure re:te at the soil sampling site in the hicgh ‘,f%i
exposure rate interior of the island was from €%9Co, 30% from _ i;
125gh and 1°2®Rh and the remainder principally from *37Cs. h}&%ﬁéﬁ
Again tke relatively large ©°Co and *2Bsb activities ngg;
relative to 37Cs contrast with the Bikini Island situation. hufj
The peaks characteristic of 1°3T™Rh are quite prominent in 7 /’:“f((

"Fig. 4 along with the ®°Co, 135Sb and 37Cs peaks. Also

easily identifiable are peaks from 341pm, *85Eu, '°IRh, 1°6Rh,

e4ce, and ®5zn. SR S T
~ Ty “'3'! ‘ . o SR '-,_7 ‘, e o

LS

i e o

In addltlon to the lsotqpes 1dent1f1ed in Flgs. 3 dﬁé“
- - . .4

4 we detected a°"Bl.:|.n a 3011 sample from the Bravo crater
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133Ba in a soil sample from Nam Island. Although most of

"the lsotopes 1dent1¢1ed are fam‘luL.lo“gfiiGeaafiSEioh"wm»

‘- PRt

LA A LT -

other isotopes such as s°Co, 1"’mRh, a°'7}3i, 153Eu and 1553u

" are only rarely identified in environmental samples,”particu—e:
larly with such prominence as that displayed, for instanee,
by the 7 intense lines of 1°2MRh identifiable in Figure 4.
The appearance of 12 distinct lines of 285b in the soil
sampie spectrum in Fig. 3 is also quite uvnusual. !82Eu

(12.7 years), an apparent activation product, has been found

previously (5) in Trinitite, an artifical mineral produced

in the first nuclear explosion in New Mexico in 1945. °IRh

PR35

(3 years) and °2Rh (206 days) are also activation products:sal

102Rh is known to have been used as a tracef material in

ST SERL T G e o Eer LA s ien Brareteende




S D

- OB - T T - T T e e Y e o A A e .r g

(15)

The radiation situation on Bikini Atoll provided a

o e

unique opportunity for investigating an aged, relativelv

intense fallout field. We were atle to relate most of the

e PR

features which we observed on the atoll to the test locations ..

e

1;
:

and environmental conditions at and subsequent to the times

* - - . - .
. of the tests. ‘A large number of radionuclides, including :
several unusual for environmenial samples, were found contri-.
g buting to the wide range of external gamma radiation levels.
tilization cf the combination of ionization chaxber and T
field spectrometric measurements with laboratory Ge (Li) -
. T‘.'. )
spectrometry of soil samples proved to ke a very effective E;*
. . s . P
" method of analyzing this complex radiation environment. -
, -
3urton G. Bennett b
Earold L. Beck
g- Bealth and Safety Laboratory
U. S. Atomic Energy Commission
i New York, N. Y. o
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The Ge(Li) analyses were carried out on an 8 cx® planar

TR«
()}
.

detector. ' The Lomilik soil sample (Fig. 3) weighed ;06;23

B e A

gm and was counted for 923 minutes. The Lukoj.sample --.

(Fig. 4) was.Glagm and was counted for 2950 minutes;jfif;;f
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Fig. 1. Bikini Atoll showing locations with code names and

years of nuclear weapons tescs.

1;; " £ i B : *:Ar;
- Fig. 2. [Exposure rate profile of a survey transect across

.

cemtral Bikini Island. Points are scintillation detector .
measurements, small x's G-M counter measurements, and stérs

are ionization chamber measurements. - : N
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Fig. 3. Ge(Li) spectrum with peak identification and

e
1

approximate enercgies in keV of a soil sample taken from

Lomilik Island, a blast area near the ground zeros of several

v moze recent tests on the Aomen-Iroij Complex.
i . - + .
i Fig. 4. Ge(Li) spectrum with peak identification and D

approximate energies in keV of a soil sample taken from

Lukoj Island, a heavy fallout area on the southwestern rim

of the atoll. e , : R s e
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