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External Radiation on Bikini Atoll
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BURTON G. BENNEll Wide varhtlons in external ex sure rates and a large number of
HAROLD L. BECK Pradlonuclides wem found contri utln~ to the iesldual radiation fields
Health and Safety laboratory, on Bikini Atoll.
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A SIJFWEY of the ialanti- of Bikini Ato~ has revealed
several intereating feat urea of the residual environmental
radi~t ion in an area of heavy local fallout eeveral years
after the initial deposition. Bikini Atoll h the fo~r
weapona &t area in the mid-Pacific where more than
twenty nuclear teata u-era conductad between 1946 and
1958. Our survey in May 1907 included meaaurementa
of tbe external radiat iou levels and deten-nl 1,otion of the
principal isotopes contributing to the total external

expaure rata on eaoh island of the atoll. We were able
to detest many long-lived &ion and activation products
which have not been detectable in previously surveyed
fallout areea. The pattern of the residual radiationon the
atoll can be related to the locationa of the ground zeros
of various teats, the meteorological conditions affecting
local fallout at the time of the teeta, and the subsequent
weatherm.g and radioactive decay.

B]kini Atoll conmjts of some fifteen ialanda and two
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island complexes, located on a ceral rim surrounding a

lagoon twenty-two miles long and thirteen miles wide
(Fig. 1). Total land area of the atoll is 2“32 square miles.
More ttnm half the area is included in the three largest
islands. Bikini. Eneu and Nam. The largest island,
Bikini. is 2.5 miles long and 0“5 mile wide.

The survey techniques utilized were largely those
developed by the Health and Safety Laboratory for de-
tailed investigations of the properties of the external
radiation environment in the United Stated-$. The
instrument at ion included a high-pressure ionization
chamber, an NaI (T1 ) field spectrometer system for in situ
y-ray spectrometry, and a number of hand-held survey
instruments (Geiger-Miiller counters and scintillation
detectors). Beohuaa of the number of islands to be sur-
veyed and the difficult logistical problems and environ-
mental conditions (difficult access, dense vegetation, high
temperatures, humidity and so on), we restricted spectro-
meter and ionization chamber meaeurementa to representa-
tive locations on the main islands of Bikini, Eneu and Nam.

or south-westerly direction, so the heavy fallout are~s wem
primarily the islands of the south-western reef. Them
were exceptions to the normal wind pattern, ho ~$ever,
most notably for shot Bravo in 1954 when unexpected high
altitude winds carried fallout eastward over Bikini 1s1and
and on to the Marahalleaenatives of Rongelap .Itoll.
Thus non-blast, low fallout areaa, which include the islands
of Bikini, Eneu and the eastern half of the Aerokoj–
Eneman Complex, experienced lesser but not insignificant
amounts of local fallout. Eneu on the south-eaater: L rnn
of the atoll was the most favourably situated to iivo id

local fallout and exhibited some of the lowest exposure
rates measured (3-7 p,r./h).

In addition to this general pattmn of radiatiou levels
around the atoll, we found considemble variat 1,m on
individual iakmda, similar to that shown in Fig. 2 of a
typicalradiation profile across the middle of 13\kini
Island. The lowest levels were measured near the +hores
where the vetzetation was w.mrse and the soil very sandy,
conducive ~ weathering- and deeper penetrati Im ;f
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Fig. 2 Ex~ara rate V051 e of a mrvey tmnsectacrosscentralBikini Islsnd from the lsgaon ohoretothe ocean kmch. The dotted lines
sar.hms he vsrioas measurements with the sclntlllatlondetsctor ( ●), the Geiger-M O-Oercountsr ( x ) and the ionizstton chsmber (*).

The hand-held survey metara were used to extend the
survey throughout the atoll so that variations in radiation
levels from island to island and on individual islands could
be studied in some detail.

Pattern of Radiation Distribution
The external y-radiation levels were found to vary

considerably from ieland to island around the atoll.
lVe can, however, roughly classify most islands into three
general areas, characterized by the relative exposure
rates and also the composition of the radiation fields:
blast areas immediately surrounding the ground zeros of
teats where the higheat exposure rata were measured,
heaw fallout areas down-wind from the blast areas with
intermediate exposure rates, and non -blast, low fallout
areas with the lowest exposure rates.

The location, code name and year of each announced
nuclear weapons testt are indicated on the map in Fig. 1.
It can be seen that the blast areas include the weetam tip
of Eneman, Lomilik near the centre of the Aomen–Iroij
Complex, and the north-westim reef near Nam. The
prevailing winds in the area are generally in a westerly

fallout. Other significantly low exposure rate i, CIS
could be associated with weathered areas, such as [,.,1l])er
roadways. Higher levels were recorded in the c I irrnl
parta of the islands, where the vegetation was mud) ll~[m
dense and where increased amounts of organic mat [ r in
the soil apparently influenced the retention of f[lllout
near the surface of the ground.

Exposure Rates and Isotopic Contributors

Representative exposure rates in air 1 m abo{-e the
ground from y-ray emitters in the soil obbined fro),1 the
anal ysis of the field spectra and ionization chamber 11]eas -
urements on Bikini, Eneu and Nam are given (Table 1).
Exposure rates from cosmic mdiat ion (34 [m./h) nr, Ilot
included. More detailed data on the measurement ~I’ the
radiation fields on Bikini Atoll are given in ref. .5.

The exposure rates for Bikini Island were in g+]wral
?0-40 pr. /h near the shore, 50-80 pr./h in the intermr. and
up to 120 P./h at scattered hot spots. The field spectro-
meter measurements showed the exposure rate levc Is on
Bikini Island to be due primarily to three radionuc!l{les,
with about 75 per cent of the exposure rate at a mi-en
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Table 1. 6!xT6BNALY-SAY EXPOSCZE SATKi AND MAJOB 133NTSIBL-M
TO TlfE RADIATION ?MLD9 AT ESPMSBNTATWE LOCATIONS OX MXINI, ENIU

ND NAM

L, cation

Exposure rxt-ss (gr.~)
Compornrtt4 ‘row

Field IOniz-
117C* ~co tt$sb Spectro- don

rrmtff chamber

Blklni
1 Near iaaoon ahom 190 (77) 30 (12) $!8 (11) 2$.8 24.0
2 50 fwt along trsnseet 17+3(78) ~.~ (10) 2.7 (12) 22.0 22.s
s 50(~:*f trsnseet

189 (78) 21 (9) 93 (14) 243 :;::
5 300 feet 22% (61) 11.3 (30) 35 (9) 376
6 400 feet 272 (62) 125 (29) 40 (9) 43.7 47.5
7 1,800 feet ~: [74] 1::: [::; 1::: /:] 113’4 103%
8 1,410 feet 3&8 S6.1

Eneu
1 qid:et; laiAnd-rnid-

S1 (78) 05 (12) 04 (lo) 40 4.1
2 1,!200 fwt north of 1 so (63) 15 (31) 0.9 (6) 4.8. 5.1

Xam
1 Near Iwmonshore 181 (50) 172 (4S) 06 (2) 35.9 341
2 Ixlaml centm 258 (99) 394 (59) 1.1 (2) 663 755
S Near Slt comer 606 (S3) 1195 (66) 20 (1) 18.%1 2040

The sums of the component exposurs rstm, obtained with Ure deld spectr-
ometer, nre compxrexf wttb the totsl expoxure rata obtained wfth th ionisa.
tion chnmiwr (percmrrtagexwithin parenthesw.).

~w ~(le ~ IS7G, IS per centtoCOG)aud 10 per cent to
125s~. Natural emitters (uruunun, tiorium and potass-
ium) wem almost entirely undetectable in the field
spectra. The composition of the radiatiol i field on Eneu
was qulto similar to that of Bikini, that is, predominantly
U?C6 ,Vlth ~me sob and IWb. even though the exposure

rate levelst were much lower. Nam, however, because of
its proximity to several test sites, had several properties
of bla St - including high exposure rates and increased
amounts of ‘%’o and I*cSb in the soil relative to ‘*7CS.

The maximum exposure rabs measured cm Biktil
Atoll m 1967 were in bleat areaa \’trry near the ground
zeros i ,f tests. .4t one isolated area on West Eneman
near tllc ground zero for two smface tests we ]neasured an
expos.[lrc rate just over 500 pr./h. Vegetation in the blast

areas is generally sparae and the organic content of the
soils quit.a low, so weathering may accelerate the raduotion
of radiation levele in these areas compared with the mor~
dense]y vegetated areas. Also the greater proportional
contribution of the shorter-lived ‘G and It%b relative
to 187CSto the exposure rates in these areaB will elm oause
these radiation levels to decmtws more rapidly with time.

To complement our field .potrometry and to oharacter-
iza the composition of the radiation field on islands where
we were unable to obtain field q)eotra, a large number of

soil samples were collected from throughout the amll.
Theee samples, usually obtained in several cb#t inore.
menk, wereanalysedquantitativelyby ldoratowN4Tl )
y-spectrometry and also qualitatively by Ge(Li) apectTo-
metry. We found that iu high aetiwty areas most of the
activity (two-thirds or more) was usually in the top
2 or 3 inches of soil. Becsmae of large local variations m

soil activity on aU the islands, we oould not calculate
accurate expoaura rat.ea in eir &m the one or two soil
samples obtained per site. The aoii aamplea proved very
useful, however, for identifying rmd determining Telativ(’
activities of the isotopea present, which were then used to
estimate the rclotivo contributions of th- isotopes t+
the exposure rates at the various sitess. The relative
expoaum rate valuea obtained for the same sitee with the
spectrometer- ionization ohamber system and from aoi I
sample analysis agreed quits well. Because the field

spectro~eter and ionization charpber “see” large -as
(approximately 30 feet in diametir), local variations are
averaged out and these measurementsare very reliable.

The composition of the radiation field on Woj, a
densely vegetated heavy fallout art% where exPoa-
rat+x \-aried from 60 to 200 p,r,/h, ia indicated by the
Ge(Li) speetrum (Fig. 3). Approximately 60 per oent of
the exposure rate at the soil sampling site in the high
activity interior of the island waa from ●oCO, 30 per cent
from ‘Z5Sb and ‘O’~Rh and the remainder principal y from

I/i

i

Chsnnel

Fig. 3. Gc(LI) spectrutiwithrpeak identification and sppmdmate energiss in keV of a soil sample taksn @m Lukoj Island, a hmvy fallout
area on tire nxrtb-westem rim of the atoll.



MG. The relatively1- % ti~$%b dviti relative
~ l~?c~ ~~t~ ~itb * ~. * ~~~. The

peaks characteriatioof the mctantlyi4kti&d* long-lived
isomer (%9 yr) of rhcdi~ which we have deeigmteti
10~Rh, are quite pro*t (q. 3) along with the %,
Is*Sband 127G #rs. Abo -y identifiableSIW“lAm,
1t6Eu,10IRh, lWRh, lo- ~ sS&.

All of the iactopa identikl in Fig. S slong with I*gEu
and ●4Mn were premrt$in aptmtm of coil aamplea fiwn
blast areas. In soils from ncn-bias~ low fidlout areas wo
LWUdy found Ody trnde &zMIUntS of %hzij ‘SIEU and
14bEu~q with 3$* W@.-
115sbmwe ~ & -m “in* aoil”m@# iklsm”tlie
Bravo crute+ron the ~ +eeRusd “*VO ~
tively identifiedlwBa in =~il’ amrupb- N- H.

Although moat of the’iao@psewhiohwe fbtmd@or@ibut.
ing to the radiation !lelda on the atoll s4re fadliar long-
iived fusion prcdu~ such as ‘@K%(SfJY), ~Wb {S.7 yr),
lwRu-Rh (367 d@) aad 1*- (2S4 Cky$)‘@ freqa&st&
observed activation produok eoch 8s %fn (S0S daya)
and @*Zn(245 days), othex iactop such as %, ~tBi,
l$lE~ l**Eu and l*mRh am rarely detected with such
prominence in environmental aamplw. Many of the
weaponste@a wereconducted011~,d * ~ltti
activationof sKh and“wNIihthe std of the bargesaccounts
for the large amount of% activity. ISSEU(12.7 yr), en
apparent activation product, has been found prwvioualyt
in trinitite, an artificial minerel produced in the first
nuclear explosion in New Mexico in 1945. 1°IRh (3 YY)
and 10sRh(206 days) are * activation products. l-Rh
isknown tohavebeenuscd~ ●tracer material in seVeral
weaponat.eat.a<~’‘*iAm indicated the ex@cted praasmoeof
plutomiumiaotopsa. .

The meaaumd external exm ratea tdong with
the fractionalcontributionsdue to vsrious short and long-
lived components were used in catirnating time integrated
doses from external radiation to a returning population.
Account was taken of the time breakdown of inhabitation
of various areas of the islands. Because of the low
cosmic-ray and negligible natural radioactivity levels,
and the radioactive decay of the large fraction of short-
Iived components, these estimates rapidly become com-
parable with or, in some cases, as for Eneu Island, much

bwer thau intagmted daesI from aatufdznd.i6tion in the

United States.
In addition to Ourme8wmmmta of external radiation

at Bikini, intanaive sampling by other investigators of
flora, faunaj marine life, b- soils snd ground water
wa8c8rAed outinlfM44Ls W0118Sia 1967. All these data
Were consideredcarefully by gowsmment 0iiiCiSd8and a
special acienti6c cornmitt.eiaof ~ti in arri~illg at
the recent decisionto allow reaettlrmwnttieertain i.lmds
of the Stoll.

The radiation situation or+ ~ Atoll prcvd~.d a

?~=w%%%df”ti=~ %i%%&%!
rateaon thu8tou tote@ kuMi6na d ~ironmenta]

coditka at and dmaquont ttAhO * of the testa4.
A largenumberof radionuoIidea,includingDSVeralunusual
for envircnmenti aamp~ were fbund cemtributmg to
the wide rsngsJ of oxtarnd y-radiation levels.. Utilization
of the ~binatiomof jotition charnbezand Seld spectm-
metric meummmmta with 18bC~t~ Ge(Li) spectro-
metry of soil aampleaproved to be a very elTectivemethod
of analyaingthis complex radiation envirvnrnent.

The 1967 Bikini environmental survey was s r,=ored

TVethank~b~eld TJ$,-rrs,tv
by the Division of Biology and Me&cme of tbe U At cmuc
Energy Commimion.
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of Washington marine radiobiologiat;the su~ey lrudm”;
his assistant, Robert Erickson; Tommy McCraw, L’S.IEC
Division of Operational Safety; Arnold Joseph, US.*EC
Division of Biology and Medicine; Jack Tobin, former
Trust Territory district anthropologist; James Hiyane,
w Territory district agricult+t; @d Francis
Tomncvek and Edward Jones, WE! Naval Radiological
Defence Laboratory. . .. ..
ItemhedWy 27; revled July 21, 10I39.

a Lewder, W. M., Seek, H. L., and Condon, W. J., .Vcture, SOS, 745 : 1<!04).

a h(lcg)~, Comlon, W. J.,end Lewder, V’. M., USABC Rmwrl, H-l 5L-f so
.--- .,.

1 Beek, H. L., Iowder, W. M., Bennett, B. G., ●nd Condou, W. J. ~”x.4EC
R@@ HASL-170(196d).

d G4eeetone, S., The iYJTee4eof iVudeur I?’emow (USAEC, 11M2).
6 Beck. H. L., Bennett,B. G., snd MeCrsw, T, F., VSABC Rcpcwt, H.1 .1, -190

(19d7).
“ McGowan, F. K., and M.ehon, P. H.. Phub. Ffeu., M, 2181 (1961).
‘ Salter, L. P., and Herley, J. H., Scicnw, 14S, 954 (19U5).

!

Riatad in Gred Bzttdn by FWiU, Koi$bt& Co.LtrA, SL Albane.


