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Abstract. An intensive radiological survey of the

islands of Bikini Atoll was conducted in May 1967 for the

purpose of determining the levels and components of the Oo

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 © .-#. 04)

pxr/hr to over 500 pr/hr. Major contributors to the radiation ~~"ino-

_ . . eof.
fields included 127’cs, ®°Co, 175Sb, and 1°2™2h, the recently —

i

identified long-lived isomer of 1°®Rh. A large number of 7

. 2 . * e . a i *N

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

samples. ss .
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 | ‘Bikini Atoll»is the former weapons test area in the mid—
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An extensive radiation survey of the islands of Bikini °

Toth meets
Atoll has revealed several interesting features of the

residual environmental radiation fields in *heavy Tecan AyEE
5 “

fallout area a number of years after the initial depos ition:
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Pacific where more than 20 nucleartests: were conducted from.

1946 to 1958. The survey, conducted in May 1967, included__

measurements of the external radiation levels and determina- ~-=.seeee E-

tion of the principal isotopes contributing to the total

external exposure rates on each island of the atoll. Because

of the high intensity of the radiation fields generated by £

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

many Long-lived fission and activation products which were 7 7

undetectable or unnoticed in previously surveyed fallout ot

areas because of their trace presence. It was also possible > ye

to relate the residual radiation fields onthe atoll to

 

various locations of test ground zeros, to ‘meteorological
eAhm . 2

    

  

   

 

conditions affecting local| Fallout ‘at the time of the tte
Reuss SF ah,

and to weathering and radioactive decay processes occurring:

subsequent-t0 the cegsation, of testingactivities, —-s-nset
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. Adifficultaccess,:dense vegetation, high temperatures, _
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Bikini Atoll consists of some 15 islands and 2 island

complexes made up of a number of small interconnected islands

(Pig. 1). The islands are located on 4 coral rim surrounding

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

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

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

The largest island, Bikini, is 24 miles long and + mile wide. = ras

 

The techniques utilized on this survey were largely wt a

~~

those developed and used by tne Sealtn and Safety Laboratory

(HASL) for the past several years in conducting detailed ren

investigations of the properties of the external radiation , m,

= 4

environment in the United States (1). The prime instrumenta- h

tion used for the survey measurements included a hich-pressure

    

  

  

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

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

type instruments (G-M counters and scintillation detectors)..

A total of 16 working days were spent on the atoll, but s

because of the number of islands to be surveyed and the ee Ad

difficult logistical problems and environmental conditions “"
% , . 7 ”
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ad ilonizaetion

chamber measurements to 16 rterreserntiitive iccactions on the

main islands of Bikini, Eneu, and New. Tae henc-helid survey

a
a

meters were used for the remainder of the survey measurements.”

-

The survey meters were first “field calibzzted" at the prime . ;

: : " meee rg
: . . ~ a} . Gy - 3

i measurement locaticns, l.e. tne survey meter reédings were me

;
- .

* e *
. ~ cian

. compared with the more accurate ionization chamber and awe _

‘ ea
~ medeaeRE ns

spectrometer measurements =o catain a@ calibration factcr for

e
o

~ ae ma Fo me ee Lam wean woe ae ee camel _ = 7the particular canma-ray ssvectrun enccounteread in tne Ilielid.

mhkac = Reale 3 a <<: “eee tT z xsnese hand-helc instruments were tren usec tc extenca the survey

% -- . Om = 37 Tn . — =A mee li teeRe + ~ . :tnroughout tre atoil. In this way che virlacrlons in radiation 4.
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; considerably from island to island arourc the atoll. It was —

possibie, however, to roughly ciassilty mosc islands into one i

: or three general areas, characterized by the relative f
i,

*

exposure rates and also the composition of the radiation
s
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fields. These areas are blast areas immediately surrounding

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

areas with intermediaz- ure rates, @nd non-blast, Low

fallout areas where the Lowest expoture rates were measured.

The location, code name and year of each announced

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

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

the blast areas include the wesez (ion tip of Eneman, Lomilix

near the center of the Aomen-Iroij Comolex, and the north-

western reef near Nam. Since the prevailing winds in the

area are generally in a westerly or southwesterly direction,

the heavy fallout 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 altitude winds carried fallout eastward

over Bikini Island and on to the Marshallese natives of

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

 

F ;

i. «w .. lowest exposure rates measured (3-7 ux/nr). Seve

wet “4
” ae ew . ee:

In addition to this general pattern or radiation levels...
aie . =‘> .

around the atoll, considerable variation was found on
ie 7

individual islands. typically, -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 islané. This

 

; effect can be related to the density of vegetation and

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

tation was sparse and the soil very sandy, conducive to

e
e

a
a

weathering and deeper penetration of fallout. Vegetation

i 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
wae we rh

more genee
a aa SATEED ~

ground.
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Figure 2 shows a. typical radiation profile for a survey;
- ARE - s we + “bos

transectacross the middle“of.Bikini Island from the lagoon

» shore totheocean Peach. “Readings ofthe portable/

“scintin1ation counter were made every50£t. “along this ome
A CHESae, 4 -
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2850 ft. transect. Geiger counter readings were recorded - :

every 150 ft. Ionization chamber anc field spectrometer ~ at

t. y Measurements were made near the beginning of the transect .. . 4

-. aoe .
. - and at areas along the transect where the survey meters _ - Se

: indicated significantly high or low levels. The measurement _ f

points in Fig. 2. have been enclosed in dotted lines to on

illustrate the general nature of the variation in radiation

e— levels across the island. The exposure rates along the

transect and for Bikini Island in general were 20-40 ur/hr

near the shore, 50-80 ur/hr in che 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 Gueprimarily to three racionuclides, with

about 75% of the exsosure rate at a given site due to ?+37Cs, Py

15% to ®°Co, and 10% to +#5Sb. Natural emitters (uraniun, . fe
- Co el

& thorium, and votassium) were almost entirely undetectable in -523

the field spectra. This is not surprising since the coral

. soil of the atoll is predominately Caco, . a

—: De . he oa aa |

Representative exposure rates in air 1 meter above the

é: - ground fromy-ray emitters in the soil obtained from the ceepO

: analysis of the field spectraand ionization chamber measure-_

we
+ ee   ments on Bikini, Zneu and Nam are given in Téble 1. The measure-
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ments on Bikini are for locations on the central transect cos

” for which the radiation profile is given in Fig. 2. Exposure

rates from cosmic radiation (3.4 pr/hr) are not inciuded.

More detailed data on the measurement of the radiation

fields on these islands aswell 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 cuite similar*
apeWl Gt

to that of Bikini, i.e. predominantly 7+37Cs with some ®°Co ca
ee ete cota,

and 125Sb, even though the exposure rate levels were much 7 <

lower. ‘The islane of Nam, however, due to its proximity to ‘i .

several test sites, had several properties of blast areas, pe

including higher exposure rates and increased amounts of ®°Co e
e

and +25Sb in the soil selative to +57Cs. *

To complement our field spectrometry on the larger A

islands and to characterize the composition of the radiation
ae oe shite wae BR:

fielc on islands where we were unable to obtain field spectra, aE
  

a large number of soil samples were collected from throughout-

 

- the atoll. These samples, which|were obtained in several pope
a .

depth increments, were analyzed quantitatively in the labor-
®

 

atory by Naz (11) garimaspectrometry|andalso qualitatively“Lyra at
rx 4 Fs lage aires

by Ge (Li) spectrometry. “We were thus able to obtain not 8 a oy
Brey + tee . ooSONee Mage ot. wen he : st LPL RE OF ATT
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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 ~ “~

: , : a * iearest Fe. possible to calculate accurate exposure rates in air from ~~": ;

the one or two soil samples obtained per site. Inasmuch as +5 ais
* an

*
+ oN

= the field spectrometer and ionization chamber "see" large ~~apa

* . . - _. eo ..
areas (~30 feet in diameter), they everage out the local .

. variations giving very reliable absoiute exposure rates.

. - ; tee rin
The soil samples proved very useful, however, <or identifying f°

' and determining relative activities of the isotopes present _ &

Which were then usea to estimate the relative contributions m

. of these isotopes to the exposure rates at the various

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

E. the same sites with the spectrometer-ionization chamber ~~ \

system and from soil sample analysis agreed: quite well. OG

co es | aeAoae *

' Thecomposition of the radiation field determined from~*::
: . - EM el aew= e = eo moe agibom. *

“tHe soil samples and field spectrometry for low and inter-#

, -... mediate fallout areas aifterea considerably from thator
: . , 7m ” b

rae ¥ oe ~ ad? .- ss a . -

blast areas. TheBich contribution to ‘the exposure rate os oe oe
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from 127Cs for Bikini Island was found typical of other non-

blast areas of the atoll. In blast areas, however, °°Co was

ver ae

the dominant contributor to the exposure rate levels with |

.225Sb also quite prominant. The relatively minor contribution

of *37Cs compared to ®°Co and +*5Sb in blast areas is quite

significant and may be related to the types ofweapons tests. ~
ae

conducted nearby. Many or these tests were conducted on ......-- - barges and the resulting activation of 5®°Co and ®°Ni in the..-

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

activity.

The maximum exposure rates measured on Bikini Atoll in

1967, somewhat over 300 pr/hr, were in blast areas very near

 

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

Eneman near the crouncd zero for two surface tests we

- - measured an exposure rate just over 500 ur/hr. 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

y
t
h
e

oN ee kes “ a“

 

areas more rapidly. than inthe more densely vegetated areas.
~ £
a “ ok % . . i

_ Also the greater proportional contribution of the shorter- . . t

a OeEe —_ mes i
. ~ Sr eee Sp, fof cra i. % =}
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lived ®°co and 1°5Sb relative to 137Cs to the exposure rates

 

in these areas will also cause the radiation levels to

decrease more rapidly withtime. aa

F | | | . ° “Rt .
- High resolution Ge(Li) spectrometry of soil samples ~~ aA,

allowed us to make detailed identification of the radio-

nuclides present at various sites around the atoll. The
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: spectra of Bikini Island soils extibit very prominent 177¢Cs eae.

and ®°co peaks, while peaks due to **5Sb and rhodium eo ..
r

isotopes are barely discernable above the background. Trace i.

amounts of other isotopes such as +558u, ?5?Eu and 4#*!An pona

- et
are also evident. , |

wm c-

_ , as Wo
The Ge(Li) spectrum for a soil sample from Lomilik bt

Island, a near ground zero blast area approximately in the

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

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

r
o
y

 

primarily to ®°Co (75%), with *+*5Sb, 1°?™Rh, and 337Cs
eae

Log "yt a .

. “ aS we

i

, : aaccounting roughly equally for the remainder. The prominent |.
e.{

i

t

 

®°Co peaks are evidentin Fig. 3, as are all the gamma-ray —~: esd

“Lines of 1%8sb and the recently identified (4) long lived .~
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isomer (2.9 y) of rhodium which we have designated ?°?#™Rh,

Peaks from *555u, *5?8u, #41Am, 1**Ce, ?9?tRh and 5*lm are
. : oe Te Sem

aiso clearly identifiable. Several seaks in this spectrum

have not yet been definitely identified. — ee oe
se . » "ew oy . . Ly. ie ° a .

— r

The composition of the radiation field on ‘Lukoj, ac
- we Cr

heavy fallout area, is indicated by the Ge (Li) spectrumshown”,   
ma.

in Figure 4. This densely vecucated island exhibited a

exposure rates cf from 60 to 200 ur/hr. Apyoroximately 60% FL

‘ of the exposure rate at the soil sampling site in the high ~

j

exposure rate interior of the island was from ®°Co, 30% from

? : w
r ON
e
h

*25Sb and 1°?MRh and the remainder principally from +37¢s.
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Again the relatively large °°Co and +*5sb activities

7
4

relative to 37Cs contrast with the Bikini Island situation.

The peaks characteristic of }°*®™ph are quite prominent in . Cn eng

 

- Fig. 4along with the ®°Co, 175Sb and *+37Cs peaks. Also

     

   
  

easily identifiable are peaks from ®41Am, *55Eu, 1°?Rh, 2°°Rh,
—_ 2m + oe a - * n

a * come - ‘ me - . - - fe MeraoY be

| 144Ce, and *®Zn. . a fo Ce daeeg.
” ‘- ns - are i . “ * : = . - . - sos< “os . ; sg 8. * aaa

nat i= :. oy ‘ , - : se ee. oe ye .

in additionto the isotopes identified in Figs. 3 and ae
es tee : a a . a . aos ~ a tees

i.” 4 we detected aor Bit in:a soil sample from the Bravo crater=e, ree | Foe a LE eggs Bae

ae $ - 5 Mage eT el PANE enc
- - Be Soy uF 
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133Ba in a soil sample from Nan Island. Although most of Jae

at a . oe fea alee S - - ot . = oe fw. . aw me =:

the isotopes identified‘are ‘familiar long-lived fission “~ -
Py

- ae: sae Mate

‘products, such ass 1370s (30 years),.>?55> k2. 7 years),oe

vation products such as 54Mn (303 days),and88zn (2455 aya)
bla eee, sn

cae wwe ate

other isotopes such as 82C0, 1°3Meh, 2°7Bi, 1623u, and3*8ny

are only rarely identified in environmental samples, particus=

larly with such prominence as that displayed, for instance,

by the 7 intense lines of ?°?™Rh identifiable in Figure 4.

The appearance of 12 distinct lines of 175Sb in the soil

semple spectrum in Fig. 3 is also quite unusual. ?/5*Eu

(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. 2° Rh

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

1°2Rh is known to have beenusedasa tracer material in

‘eee oe
“ wenn aaa ete ueer res

several weapons tests. | Allbut.‘he least intense gamma-ray

lines from‘4°20Rh canbe identifeein Fig.ay“the first|

time as faras“we knowthat this“recently discovered1 isomer32 ms
a vnMERZ aeeeerras agage aT ie.Sr TO “5. (7, fe eR

has been identifiedin-an environmental sample (6). Siege
Soba tt SiRnto le oe ea tyaSaeetPenge tte, ae

aaa tee . . DP pttwer 7 . ae gh ee te. .
. oa wot awe oe 7 Se as

seaee TDM Tanne, ee Pe ree
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The radiation situation on Bikini Atoll provided a
OP Bpns

unique opportunity for investigating an aged, relatively

intense fallout field. We were able to relate most of the ~*~

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

and environmental conditions at and subsequent to the times

of the tests. A large number of radionuclides, including

buting to the wide range of external gamma radiation levels.
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field spectrometric measurements with laboratory Ge(Li) os
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spectrometry of soil samples proved to be a very effective f:
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method of analyzing this complex radiation environment. . &
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representative locations on Bikini, Eneu, and Nam. The sums“of the component exposure

 

 
 

 
 

 
 

 

  

 

oO
el :

~ rates, obl.ined with the field spectrometer, are compared with the total exposure ratos

obtained with the ionization chamber.

; _ Exposure. Rates (ux/hr) _ _

‘yf __Components | ; Total ee

| Field Touization

pO LocatLon| 137Cs 8° C0 126 Sp Spectrometer | Chamber

; Be

, #1 Near lagoon shore, 19.0 (/7%) 3.0 (12%) 2.8 (119%) 24.8524,0

#2 50' along transect 17.8 (78%) 2.4 (10%) 2.7 (12%) . 22.9 22.8

) #3 50' along transect 18.9 (78%) 2.1 (9%) 3.3 (14%) 24,3 - 25.0
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(#5 3005 22.8 (61%) 11.3 (30%) 3,5 (9%) 37.6 | 41.2
j \ ! : ro
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_ ‘t #7 1800° _ 83.6 (74%) 19.5 (17%) 10.3 (9%) 113.4.-> - , 103.2 4,
. y Ly ,

t ; a " ob . .

| #8 1410' : 28.1 (76%) 4.9 (13%) 3.8 (10%) 36.8 "s 36.1
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#3 Near noe, corner  60.6 (33%)
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Fig. 3. Ge(Li) spectrum with peak identification and
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approximate energies in keV of a soil sample taken from wg a.
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Lomilik Island, a blast area neér the ground zeros of several if

* more recent tests on the Aomen-Iroij Complex.
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; Fig. 4. Ge(Li) spectrum with peak identification and .

approximate energies in keV of a soil sampie taken from . be.

Lukoj Island, a heavy fallout area on the southwestern rim

of the atoll. . DO
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