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Abstract. An intensive radiological survey of the 

islands of Bikini Atoll was conduc"!:ed in :.:ay :..967 for "!:he 

--
purpose of determining the levels and components of the 

external gamma radiatiort 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 if- .. 

µr/hr to over 500 µr/hr. ~ajor contributors to the radiation 

fields included 137 Cs, 6 °Co, 126 Sb, and 102m~~, the recently 

identified long-lived iso~er of 102 R.~. A large number of 

other isotopes were identifiable in Ge(Li) spectra of soil 

samples. 
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An extensive radiation survey of the islands of Bikini 
... :·;.,~ ... ··~ ..... ..... 

Atoll has revealed seve~al iDteresting =eatures of the 
_._....,,.-,, .... . 

- /" " . 
residual environmental radiation. fields in a beavy 'local.~-~ "·'Go.~:, . 

• . ·!::. __ '";.." •• 

·t. 
fallout area a number of yea=s after the 'initial 

-.'-!-' ··+ 
depos ition~~:.:;.':i 

~-~~~ ---~· 
Bikini Atoll is the former weapons test area in the mid- •· ... .,.~'.'" 

... ~ - - . . .:~~. ''!~-:;~:-~ . .;, ... ~-.' 

Pacific wh~;e .. ~re than 20 'nucle~·,.tests 'we.re' ~onducted ficilf.~~- --~:·~~;.> · 
. 4'·· .. • • :~ ·~\~:-~.;::,;'·. 

1946 to 1958. The survey, cond~cted in May 1967, include~ ;[~~i-.J~ ·-:2·~ 
·~ ~~c 

measurements of the external radiation levels and determina- ··-:-:~~!~~· 

tion of the principal isotopes contributing to the total 

extexnal exposure rates on each ~sland of the atoll. Because 

of the high intensity of the radiation fields generated by 

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

many 1ong-lived fission and activation products which were 

undetectable or unnoticed in previously surveyed fallout 

areas because of their trace presence. It was 

to relate the residual radiation fields on the atoll to 

various locations of test ground zeros, to meteorological 

conditions ~ffecting lo;:i fallout at the time of 
... -.,-~. ~- ~: '.\ .. - . 
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~d :t.o_wea~ering and radioactive ~e,cay processes 
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Bikini Atoll consists of some 15 islands and 2 island 

complexes made up of a number of s~all interconnected islands 

(Fig. 1). 'rhe islands are located on a coral rim surrounding 

a lagoon 22 miles.long and 13 rr~les wide. Total land area 

of the atoll is 2.32 square miles. Over half the area is 

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

The largest island, Bikini, is 2~ miles long and t mile wide .... ,-· · Jl· 

The techniques utilized on this survey were largely 

those developed and used by t~e ~ealt~ and Safety Laboratory 

(HASL) for the past several years in conducting detailed 

inves~igations of the properties of tne external radiation 

environment in the United States (1). ':i:he prime instrumenta-

tion used for the survey measurer:.ents included a hic;h-pressure 

ionization charrber, a Na!(Tl) field spectrometer system for 

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

type instruments (G-M counters and scinti:lation detectors) •. 

A total of 16 working days were spent on the atoll, but 
.. : .... -· •• -.:. ::.; . '1~ --

because of the number of ·islands to be surveyed and the 

difficult logistical problems and environmental conditions :..: ... 
\ . 

,{difficult access,·, dense vegetation,· high temperatures, 
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humidity, etc.), we res tr ic-::ed 3;iec·.::::::.:: . .s-::e:: c. ....... ionization 

chamber measureilients - . . ..... c::2·i:.:.o::::s on the 

main islari.ds of Bikini, Eneu, anC. ::.-;c..:.:. '.::::1e ::a..1.G.-held st:i.rvey 

meters were used for the remainder of the survey r..easurer.:ents. -

T.he survey meters were firs-;: "field ca:.ib::c:.teC:" at the prime 

measurerr~nt locations, i.e. - ' d. t.;1e survey mat.e::- rea ings were 

compared with the more acc~rate ionization ch;:u-nber and 

.. 'It_,_·· 

.,.. .. · . .,,: 
-. ·:.~r.-· 

spectrometer measu~ements ~o c~tair. a c~::.b=~tio~ =actc= for 

t~roughout t~a atol:. In ~:iis v;ay ~:-.e v~:: ::.~~~::-:-.s in radi.ation 

levels ==c~ islanC . - -
t: 0 :..s .,;_ c..:::c. o:-. 

considerably from island to island a::our.G the atoll. It was 

possible, r.owever, to ro"t:ghly class :.-=.y no.s·i: is:..i:il:C.s ir.to one 

of three general areas, characterized by the relative 

e~osure rates and also the conposition of the radiation 

fields. These areas ;;.re blast areas i:.nmediately surrounding . 
the ground zeros of tests where the highest exposure rates 

·: .. -.. 
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were measured, heavy fal:out areas down-wind from the blast 

areas with intermedia~-

fallout areas where the :owest ex;.osu~c 

The location, code name and year of each announced 

nuclear weapons test (2) have been indicated on the map in 

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

the blast areas include the wes~~~~ tip of Eneman, Lomilik 

near the center of the Aome~-Iroij Conplex, and the north-

western reef near Na~. Since the prevai!ing winds in the 

area are generally in a westerly or southwesterly direction, 

the heavy fallo~t areas are primarily the islands of the 

southwestern reef. There were exceptions to the normal 

wind pattern, however, most notably for shot Bravo in 1954 

when unexpected high a.ltitude winds carried fallout eastward 

t over Bikini Island and on to the Marshallese natives of 

Rongelap Atoll. Thus same of the non-blast ~reas, 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. The island of Eneu 
·: 
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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 >---·~---
•·):...._:,:~;;;·-;. ,. -~-~~~ ... ·.,. 

,._ .. ~;, . ... lo-west exposure .rates measured (3-7 µ.r/hr}. .... 

··In addition to this general pattern oi radiation levela~~:.< 
_, - -.- ..... ~; ... ':'..;i. 

- 1': ~ • ~-- ..... ;-~ : 
.• :~"*''}:,~. 
· ... ' . ·-.~ ... 

around the atoll, considerable variation was found on 

individual islands. Typically1 the exposure rates on a 

given island ranged from very low near the lagoon and ocean 

shores to much higher near the center of the island. This 

effect can be related to the density of vegetation and 

thickness of organic soil layer. Near the shores the vege-

ta~ion was sparse and the soil very sandy, conducive to 

'INeathering and deeper penetration of fallout. Vegetation 

was much more dense over the central parts of the islands, 

where increased amounts of organic matter in the soil 

·influenced the retention of fallout near the surface of the 

<;round. 

._ ·-- ....... . . .. -.. 
.. Figure 2 shows a typical radiation profile for a survey~~ 

-.:.»": 
~ -. .-.~~~~!: .. ~-. -

transect .across the middle of Bikini Island from the lagoon 

-~ ·· . . shore to t,he ocean ~each. 
it".;,,~-. - - ···-~ ... .. ~ .. ~-"-""- ..... ~... ~. 

Readings of the portable 
: -;.,,,-... -- -

~~:;::-.;_·'._-scint•il1ati6ri. c.otmter were ttlade every 50. ft. -'along this 
:f,i_,,_:-. - ~ · · -~- · ~--·::} ·.---,, ~- iY..,r·" ~ _· ... ~~-~ .. _ ~·- ·.t: .. - ·-.~~:~ · -
*~:.; .. -~-( - ·. ;::-, -~=-.:_ ·~- -·~_:--·~·~·i::.-·~ - .. ,..--: ~"'rh>;-; .. - :<~~-~ '""~_-;.; 

. if• _c 
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2850 ~. transect. Geiger counter readings were recorded 

every 150 ft . Ionization cha'!lber and field spectrometer 

measurements were made near tbe begir~~ing of the transect 

and at areas. alang the transect where the survey meters 

indicated significantly high or low levels. The measurement 

points in Fig. 2.have 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 and for Bikini Island i~ ge~eral were 20-~0 µr/hr 

near the shore~ 50-80 µ=/hr in the i~tarior, and up to 120 

µr/hr at scattered hot spots. The field spectro~eter 

measurements sboWed the exposure rate levels on Bikini 

Island to be d~e primarily to three radionuclides, with 

abo~t 75% of the ex~osure rate at a given site due to 137 Cs, 

15% to 60 co, and 100~ to l 25 Sb. Natural emitters (uranium, 

thorium, and potassium) were almost entirely undetectable .in::.~'· 

the field spectra. This is not surprising since the coral 

soil of the atoll is predominately caC03 • 

- ~ ~ ..... _ .. 
-'""· 

Representative exposure rates in air 1 meter above the 

ground from ~-ra:y emitters in the soil obtained from the 

.:_,._,. 
. ~ , ... _. 

.JI.._,, -

..... ,~.-.··.·. ·- ... 
. -~, 

~~--­:: L. 
F"::· 

'"'' ~ .. _;,. 

·:'.'·f::·!· 

~'t .... 
analysis of the .field spectra and ionization chamber measure- ~-

The measure-:~.~, """'·'· ments on Bikini, and Nam are given ..;.,... Table 1. Er..eu ..... 

' 
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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 µr/hr) are not included. 

More detailed data on the r.ieas~re~e~t of the radiation 

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

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

composition of the radiation field on Eneu was c:-~ite similar 
~::"'. 

~ ., _: .~·. ' :: 

to that of Bikini, i.e. predominantly 137 Cs with some 60 co T. ._ .. :...,:;..:,.;...;....,...,.._ .. 
- ·-- - ··-·-+ · •. 

and 125Sb, even though the exposure rate levels were much ,.. ·~ ~ 
~ 

lower. i:the island of Nam, however, due to its proximity to 'i 

several test sites, had several properties of blast areas, P.' .. , .. 
including fiigher exposure rates and increased amounts of 10 co 

':f 1 • 

' 
'· -

and 125 Sb in the soil =elative to 137 Cs. 

To complement our field spectrometry on the larger / 
.islands and to characterize the composition of the radiation--_.~--~~-,.~ 
fielC:. on islands where we were unable to obtain field spectra, ''~"'~~r::r-

. t. 

a large number of soil samples were collected £rom throughou~ 

the atoll. 

'!~~~-·f· ::. ~~~:~ ~ ~ 

These samples, which were obtained in sever~l __ ,::ff~ . \~;~ }~·: 
,_~ 

.,__fr._ ... 
"'. ... ~ . . · .. 

. 
depth increments 1 were analyzed quantitatively in the labor-

atory by NaI(Tl) gattnua spectrometry and also qualitatively ,. 
-~.·~:·. ! ... "':" 

- ~+ 
by Ge (Li) spectrometry. '"We were thus able to obtain not ,:; 

·'~..it~-. 
• 
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only the activities of the major isotopes prese~t but also 

their depth distribution. We found that in high activity 

areas most of the activity Ci or more) was usually in 'tbe -

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

variations in soil activity on all the islands it was not ·-" .... · 

possible to calculate accurate exposure rates in air from'_, ... ~~ 
~ "'"~' .. /. 

the· one or two soil samples obtained per site. Inasmuch as 

the field spect:::-ometer and ionization chamber 11 see 11 large 

areas (-30 feet ~n dia.~eter), they average out the :oca: 

variations giving very reliable absolute exposure rates. 

The soil sa.~ples proved very ~sef~l, however, for ide~tifying 

and deterr.U.ning relative activities of the isotopes present 

which were then used to estim~te the relative contributions 

of these isotopes to the exposure rates at the various 

sites (3). The relative exposure rate values obtained for 

th~ same sites with the spectrometer-ionization chamber 

system and from soil sample analysis agreed· quite well. 

.. ... 

. , .. -" 

/ 

· · . ~;:;:~~-~---:;1~M': 
The composition of the radiation field determined from~'?::.· ~'. .. ''.' ·-:-f 

tlie soil .. s.:Uples ~d field- ~;~c;~:rnetry for low and ,int·~;::~:-j-: -~~:~-"--2l· 
~ -.· ... ~. ~----.' ·' 

_ .... -:~· p .. \ -·- • "" ._;:.; ..... ~- '· 

mediate fa:I:lout areas differed coi:isiderably from that for:.:~:'..~·*:· t· 

.... :;.· ~- ·- .• ' ..;,,,!: ~. -·~-

blast areas. The--high contribution t·o the .exposure rate . ,, --~ 
···-:.-= 

~ : ...... ·"" ... 
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from 1 :! 7 cs· for Bikini Island was found typical of other non- "···· 

blast areas of the atoll. !n blast areas, however, 6 °Co was 

the dominant contributor to t!'le exposure rate levels with· 

_125 Sb also quite prominant. The relatively minor contribution 

-. . of 137 Cs compared to 60 co and 1assb in blast areas is quite 
. 

significant and may be related to the types of "Neapons tests 
;,._• ·.: ... 

conducted nearby. Many of these tests were conducted on ·- ,..... ··--

barges and the resulting activation of 59 Co and 80 Ni in the. -

steel of the barges account for the large amount of 6 ° Co 

activity. 

T!'le maximum exposure rates measu=ed on Bikini Atoll in 

1967, somewhat over 300 µr/:~r, were in blast areas very near 

the ground zeros of tests. At one isolated area on West 

Eneman near the srounc zero for two s~=face tests we 

measured an exposure rate just over 500 µ.r/b.r. Since 

vegetation in that area was generally sparse and the organic 

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

some significance in reducing the radiation levels in these 
-· 

areas more rapidly.than in the more densely vegetated areas. 
·: 

Also the greater proportional contribution of_ the shorter-

"" 
. -~ .-1.·:..... .-. 

--·f·"'-
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lived 60 co and i 2 ssb relative to 1 37 Cs to the exposure rates 

in these areas will also cause ~he radiation levels to 

decrease more rapidly with time. · 
.. :~ 

.-.:. ..... _ 

High resolution Ge(Li) spectrometry of soil samples 
-~·- ; ... ..: 

.. 
~-

allowed us to make detailed identificatio~ of the radio- i..;.-

nuclides present at various sites around the atoll. The 

spectra of Bikini Island soils exr.~~~t very prominent 137Cs 

and 60 co peaks, while peaks due to ::.assb and rhodium 

isotopes are barely discernable above the background. Trace 

amounts of ot~er isotopes such as l 55 E~, isaEu and a41Am 

are also evident. 

The Ge(Li} spectrum for a soil sample from Lomilik 

primarily to 60 co (75%), with 126 Sb, 102mrui; and 13 7Cs 

accounting roughly equally for the remainder. The prominent ···-· 
-~-~-

~~ 8_0 co peaks .. are evident_ in Fig. 3, as are all the gamma-ray ..... - -

lines of 125 Sb and the recently identified (4) long lived 

50051L~8 -- . --· ~ 
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isomer (2.9 y) of rhodium which we have designated 102mRh. · 

Peaks from 155 Eu, 152 Eu, 241 11.!n, 1 ~-<-ce, 101 :\.."-, and 54 1.:...: are 
•, ... , . .:. 

also clearly identi!~able. Several peaks in this spectrum 

-. -·~- - . -- -.............. ____ _ 
.... ,. ;- .... 
~ .. ·--·-

-·----·'· . 

. have nOt ·yet been definitely i<::enti::ied. 

-~'-

..,:. 

-~-:~-
·,·~··· ·. ~ . , .. , . .. ,;,,;: 

..,. ...,~~ 

·-,~~ 

The composition of the radiation field on Lukoj, a 
~ .. . ....... 
t-.; :.'"' 

~-!!·:..:!.··-"' . 
-· - -~ •' 

- .;I--?~ 

·-~·~~.;, ~.::.4 
- ;~ - ... ,. . . 
") _,., ~ 

heavy fal1out area, is indicated by the Ge (Li) spectrum sh~_ ·U:?!!r~ 

in Figure 4. This densely ve;-~.:.ated island exhibited ":~~~'•t·~ 
exposure rates cf from 60 to 200 ~r/hr. A?proximately 60% 

of the expos~re ra~e at the soil sarr~:ir.g site i~ the high 

exposure rate i~te=ior of the island was from 60 co, 30"~ from 

125 Sb alld 1021IlR.h a~d the remainder principally from 137Cs. 

Again the rel~tively large 6 °Co and 125 Sb activities 

relative.to 137Cs contrast with the Bikini Island situation . 

The peaks characteristic of ioamRh are quite prominent in 

·Fig. 4·-a1ong with the 80 co, i-a 5 Sb and :J. 3 '7Cs peaks. Also 

easily identifiable are peaks from 2 4 lAm~ -: 05 Eu, io iRh, ioeRh, 

144Ce, and 15Zn • 
• •.:.t ~~ 

In addition to the isotopes identified in Figs . 
.... 

- - , •• ···----.~ .-. y -4Ctl,. 

~tl!·;·;,,c .. -~-

':t'"·. . .... ·3~ 

4 we dete.cted -~~0 ~Bi'; in a soil sample from the Bravo crater · 
:t~·f.Y ·.i'.~ • ...- .. . . - - ~,. -.-. -.·,. ~ _ ~ _ _, : ~-~~ ,.-:.~·-?·J::~-

• ; • ~.;·- ;I ~::.:: ~-~~·j·f"~~r• -~=~i. • .; :V~' ~.;;: .• ~:- ~~;,.~.. J _.;~. :~~:::~ ~~i:, 

·;~. . . . 
' . 

. :~-~ 

..!r~-.. ~ 
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l 33 Ba in a soil sarn9le from ~am Island. 

·products, •uch -as 1317 Cs (30 years), li&~ (2. 7 years) 1 
106~Rb _:::.:...:; 
c~~:f'~ :::;~;:: 

(367 days) I, azld U.4rce (284 days) Or frequently Observed ~\i-- -.: < · .. 
-,. • > ._ ....... __ .,..., __ 

·O'\ '•" ~ ,._,_·~-.-~j.· 

vation products such as 6 "Mn (303 days) and 86Zn .(245 days)t-· 
.,.;, ;. 

. .'':"·~­
other isotopes such as 6 ° Co, 10 amRh, .ao 7 Bi, 1&aEu, and l~-~Eu.-~:-

t._._~ ... ,:·~:; 
- ·~; .. 

are only rarely identified in environmental samples, particu~ ~- ·~ 

larly with such prominence as that displayed, for instance, 

by the 7 intense lines of ioamRh identifia1:>le in Figure 4. 

The appearance of 12 distinct lines of 125 Sb in the soil 

sa..~le spectrum in Fig. 3 is also quite unusual. l62Eu 

(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. 

(3 years) and io aRh · (206 days) are also activation products;;.;.,· •Ill 

ioaRh is known to have been used as a tracer material in 
"'~-----.. ·--~' 

.,.. ·u -;~·) -- . -. ·:;~-<.., 

several weapons .tests. All but, the least intense gamma-ray» .. 
--v-·~·<. ::;s;: :.~·~... __ ::;. -- -~- . ~~:·:-.:: . ... ....~ ••. 

lines from :~'°:amRh. -~an "'be. ~;;~ti]?~~~;_~ ~~g. 4,-_-·the .. £irs~]'.f~>\ 

tilDe as £=~~,,':, ~"'~at :~s ~~~~ent~~ ,disc:Wei:ed ~s~I ,: ,'.iI • 
has been identified -i.n-an -envir~nmentai .sample (6). ·*"tt,<:..,~:t: .... "" ;;._:·~-

~-~·- . -· "$';.;;.:.:c / ... 11;~~~~~ 

...,.: 
-~ - - .... -· 
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The radiation situatio~ on Bikini Atoll provided a 

unique opportunity for investigati~g an aged, relatively 

intense fallout field. We were a=1e to relate most of the_- ' 

features which we observed on the atoll to t~e test locations ~~-

and environmental conditions at and subsequent to the times 

of the tests. A large number of radionuclides, including . ~• 
c ,- ..... ~-. 

several unusual for environme::1tal samples, we=e found contri- _,._ .. 

buting to the wide range of external ga..una radiation levels. 

Utili2ation of the combination of ionization cha7.~er and 

field spectrometric measurements with laboratory Ge(Li) 

spectrometry of soil sar.~les proved to be a very effective 

methal of analyzing this co~~lex radiation environment. 
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Fig. l. Bikini Atoll showing i·ocations with code names and 

years of nuclear weapons tes~s. 

Fig. 2. .~osure rata profile of a s~rvey transect across 
r -" '-~.;;,_~_._ 

--::. 
.-:-c·~~ .- ,,-...,,,. '-~:j 

central Biki~i Island. Points· are scintillation detector.-, . .,.!.:if 
. ···~ .... - ··'.·:"'·,.,~:L measurements, small x•s G-M cou:iter measurements, and stars . '.';;" 
. .,-'·~ 
'~;,~ ----: are ionization cha.uber measurements. 

Fiq. 3. Ge(Li) spectrum with peak identification and 

approximate energias in keV of a soi~ sample taken from 

Lomilik Island, a blast area near t~e ground zeros of several 

/ ·::' .. 
!.,.• .. 

. ·.~ ! 
.,~ .. c: • 
~ 

more recent tests on the Aomen-Iroij Complex. 

. 
Fig. 4. Ge(Li) spectrum with peak identification and 

approximate energies in keV of a soil sa.Ir~le taken from 

Lukoj Island, a heavy fallout area on the southwestern rim 

of the atoll. ---
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