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Abstract. M intensive radiological survey of the

islands of Bikini Atoll was conducted in :w1=y2967 for the

purpose of determining the levels and components of the
-..

,“-

external gamma radiatioq fields- in this: for-mernuclea -. j. .
.. , ..-

weapons testing area. Total exposure rates were found to .. ...
. ~...+.

considerably from site to site and islmd to island ~ -~,>., ;

levels measured over soil ranging from less than 10 ‘.&: . .!’. ..”... .:.

the radiation -.”:;--~”:.,..,-,.
V“;.

the recently <
i

number of

@
v vr/hr to over 500 vr/h.r. Major contributors to

10 2m~n,
fields included 137CSj 60C0S 125*, and

identified lor.g-livediso:Ler
of lo2~-.o A large

other isotopes were identifiable in Ge(Li) spectra of SO1l

samples.
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An extensive radiation survey of the “islands of Bikini -
..
-.

--.,- * ~-

Atoll has revealed sevexal interesting <eatures of the
..,,..-..--+-,,...

..A..L-&“

residual enviro&nental radiation ‘fields in % ‘hea+y “heal ‘~:-’:’~~:- . .,.,.,
.

falkmt ar~a a number of ye~”s after the zinitial deposi
..,...:*.,..- .,

,.
Bikini At”oll‘isthe former weapons tes”t area in ‘the mid :% *;;&-....%-... .. -<,<.
paciiic where more than 20 ‘nutlea tests’we’re’conducted

*. ..-

1946 to 1958. The survey> conducted in Kay 2967~ inclu

measurements of the external radiation levels and determina-’

$
..’-...:.,j

tion of the principal isotopes contributing to the total
p :..’-.

r ‘,
+

ext-al exposure rates on each island of tk.eatoll. Because ‘i.

the radiation fields generated by
.,*-Y.

of the high intensity of 4; ‘

the ~sts, we were able to detect at the time of t“nissurvey . ~’~
.“.,-
t:..

many long-lived fission and activation products which were
.-,..,---:,.

undetectable or unnoticed in previously

areas because of their trace presence.

surveyed fallout

It was also possible
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Bikini Atoll consists of

complexes made up of a number

(4)

some 15 islands and 2 island

of small interconnected islands

(Fig. 1). The islands are located on & cord rim surrounding

a lagoon 22 mi”leslong and 13 miles wide. ?otal land area
,*,.

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

included in

The largest

~; ..- ;;- :.

the 3 largest islands, Bikini> Eneu, and Nam. ““- ; ,,;..
.. .,

Bikini, is 2* miles long and ~ mile wide. +~- .i;”.
island, ,,

%:>....... ,,,,,a.
“_’,.15!53sK:

The techniques utilized on this survey were largely p i. .-,
.

those developed and used by the Eealt_a and Safety Laboratory

(HASL) for the

investigations

environment in

. .

past severai years in conducting detailed r-1
~;’:

of the properties of the external radiation ;
?. ;’

the United States (1}. The prime
*I-.

instrument a- 3:...:

tion used for the survey measurer,ents included a high-pressure

ionization charberj a NaZ(Tl) field spectrometer system for Q
t
!

in situ y-ray spectrometry~ diand a number of hand-held survey. ... ‘---‘—— ..-;”~, ,?.------.:

type instruments (G-M

A total of 16 wo~king

because of the number‘.

counters and scintillation detectors).. ‘E-’.-.,,
. -_+.;,

days were spent on the ato~lj but -y ‘. ~ ‘j&+

‘“ 1

“y*..’.,;,....“..-’.7-..-...$.+.%...,.. :...

Of ‘is-landsto be Sumeyd and the ‘?~~--’-”-..~~:.”~
,,.. 6- .... .,.,-.,+... -----..-.-.T- .. .. .+...

difficult logistical problems and env~ronmental conditions ~“.’. .-.!’-,. .-. .
.,. ●....”,:. ..-.-.<’

1
-ldifficultaccess,de~se ~egetation# ’hi9h”teWeratures$ ..’-.~~ ~......,,
., .....- :“-.~,.$+-~.@s&’..&~.. ..,:

:,,.a-::.,.,’” . .. ...” I,.
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The survey meters were firs= “field calibrated” at the prime
.y.+.*G ..-,

masu~ement locatiGns2 i.e. tilesurvey me=’ezreadings were -$+,,-9
& ‘.

compared with the more acc-==ate ior.ization ckmber ad -..:.YY .

“*&.;. ~,,

. . ------spectronbetermeasurements to c-stair. a ca2i3=zcio= =Zctc: for

:

,..

i.

A+
.-. i’

‘x-.- .
..-.
i
●.
y-

e~osure rates and also the composition of the radiation .

fields. These ~-e= ~Ee blass areas immediately surrounding
..>...::

the ground zeros of iests where the highest exposure rates -
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,

f
The location> code name and year of each announced

nuclear weapons test (2] have been indicated on the map

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

i.. the blast areas

near che center

?.>
in ,V.

. .. .
that ,.,

‘-IX:’
include the wes”c==-r. tip of Eneman, LomililK ...-..-:,2”~.-.-“..-

.

western reef near Nan. Since the prevailing winds in the

,

area are generally in a westerly or soutliwesterly direction,

:,t
.?+

+;

the heavy fallo~c areas aze primarily the islands of the
~J

I,-

southwestern reef. There were exceptions to the normal ~“%
f:. “:
,.

wind pattern, however, most notably for shot Bravo in 1954 1 .
,/
y’

when unexpected high alkitude winds carried fallout eastward

“+

,....-

over Bikini Island and on to the Marshallese natives of
. .L’ ~.

-**.--.’

Rongelap Atoll. Thus smme of the non-blast areas, which ~ .
..’

include the islands of Bikini$ Eneu$ and the eastern half !“
,:;.$~:

.~.:t>;

F

.-

of the Aeroko-j-Eneman Complex~ experienced lesser but not .
.

*. insignificant amounts of local fallout. ‘The island of Eneu ““ ~
. ●.,
;.. ?--

i
.’

*

..- . ..

.
. .

3
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. . .~.<:
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.,*.:.. , ----.

on the southeastern rim of the atoll was the most %avorably
:“-’ ,

.-:,:..,---.--..W“:

situated to avoid local fallout and efiibited some Of the ~--~~:,...=.* .

..lowest exposure rates measured (3-7 ~xtnr) .
,.,.~-. -----

‘. .*
-.,. ,.
..

-.
M addi’tion tO this gezeral patt=n of radiation ieve~~:i~.j~.~.W;~+!**=.

-... -:..-
.+*=

--.*..;: .....,=.%-$...

around the atoll$ consider~le variation was found en -..-.

individual islands. Typically, the ~osue rates on a . ‘=.....

rar.gedfrom very low neargiven island the lagoon and oce=’

-.----

shores to much higher near the ce~ter of the island.
This “

effect can be related to the density of vegetation and
...

-.“:$.....----

thickness of organic soil layer. Near the shores the vege- “r~!*

/~

...;..

tation was sparse and the soil very sandy> conducive to f.+~-$-

weathering and deeper penetration of fallout.
Vegetation - i’-.

p$

was much more dense over the central parts of the isiands>
-.

k

Were increased amounts of organic matter
in the soil Y

..-.&

- d

..

influenced the retention of fallout near the surface of the .,._-Z ,.. ..... .-—..-——- ., .. -
... .I!:.f.r-r ●--.-+- *.

ground.
.,,.;:;?:

..’,,

.- .-.. ,,-,-

Figure 2 shows a typical radiation profile for a survey~$
h.

;i*r&. .:. ,. . . .
&--

--- &

transect across the middle of Bikini Island from the lagoon ,+;

..,

::-. .. .,~+z-~--+ ,,.. .,.$

shore to ~ihe Oce= peach. Readings of the portable .. ....... “J+;$’,$

“-’. ””::.>.-
...........- . ,.’..,., ,.&.,k........

‘stint-ill&~&” c“okter were nAde,,~very 5~:zfi*-’a10n9-this~’-~~j “nj~+~:.
1

,-. ....1...,,~+..<, ,.... ... .1...-..+-’. .. .=.:.---..*.- .-. < “z -...----:
..:-.+.’&*>-:!.,:.,.*;; .~..+w,:‘--..:;- $.! :*’;,-.”+”::~.... . .-..-:.,. ,,.;:-:.‘%-.~~~“
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.

2850 ft. tr&se&t. Geiger counter readings were recorded
.. - -...+
.-. . ... .

-. f..-, . -’” 4

spectrometerevery 150 ft. Ionization chamber and field

transect .. 4measurements were made near t%e

.....
and at areas.slang tY.etransect

indicated significantly high or

begir.sing of the

where the survey

low levels. The

greeters .-*
“:......... .+,...

measurement . . . .. .. . . ..

.

illustrate the general “nature of the variation in radiation
?+.

levels across the island. The

transect and fur Billini Island

near the shores 50-80 &“/hr in

~r/hr at scattered hot spots.

exposure rates along the

ir;general were 20-40 Ar/k.r

the ir.t.eriorjand up to 120

The field spectrometer

.,

‘$3
..-.
,

4?
.. *..,-

“R-

measurements sh~ed the exposure rate levels on Bikini

Island to be Gae primarily to three racioxmclides, with

about 75% of the exposure rate at a given site due to la7Cs,

15% to 60C0, and 10??to ‘2SSb. Natural emitters (uraniums

thorium, and potassium) were almost entirely undetectable in:

the field spectra. This is not surprising since the coral

~ $
....-..-,.+.,5 ,

soil of the atoll is predominately CaCO~.
... ,..? .... . ..:,’..”-

.. :.. -. ,::.,$:,.:,
-. ,,..

.,..”.. &:.--- ,
.... *-..
.,.. .

Representative exposure rates in air 1 meter above the - +Q;>.jL?..
>.

.
s.. ‘!

.+,,.J

..:5

ground from-y-ray emitters “in the soil obtained from the ., ~,:,,~‘“

of the field spec=ra and ionization chamber measure- ,.;;;:analysis
.. . ,,

@..

and Nam are given ir.2&ble 1.

. f ....
~:::--:-~:y;y.*---4. --.-~. ,.,. -%<c...” ,.=.’-.c.’. -. ..’.- .....”-......,-----. ---..... --

t ‘-4-

..-..-<......,- .--.........- - :.— .. .,
— -..-.—.-.—-----~—— .>.— .—..—.--....& ..........- .............. .-.... .-. ,..-.......—..”‘.. . . -.---s---- -“ -..-.—

ments on..
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X. ments on Bikini are foz Locatzons

on the c~ntral transect

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

..

A incIuded.
rates from cosfic rtiiation (30~ wr~) -e no~

of the radiation
More detailed data on the measaxer.en=

... . .
..

fields on these islan~
as well as for the rest of the atoll .

are given in reference 3.
AS indicated in the T*leJ the - -

,.,,.

composition of the

&.

=adiation field on Eneu W= r~~te SMLIL1=, -.-’.,..=
:-. ‘.

to that of Bilcfiisi.e. predominantly 137CS with so=
60C0 ,.--.==-..

--4 - .

the e~osure rate levels were much
~ .+’&

-.
and lzSSbj even though

.

~r.eislmd of Namj however, d~e to
its proximity to

,-)

lower. .,

had several properties of blast areas}
*jy.

several test sites} ~;’
60C0

including kigher exposure
rates azzdincreased amounts of

?,+.
.-

and lzssb in the soil :elative tO
137CS, ,% .

:)

.

&-

,-.

F.

1’-”-”,.
a-. -

,.

-.
.,.

5005145
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To COmpleme~~ OUZ field spectrometry on the larger :/

,islands and to characterize /the composition of the radiation -..=--:.~;t—.L.:.-

T
- =##p:u..”:

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

---.--,
t...,:$.m

a large number of
soil samples were collected tiom throughout ; -

..[

.,”;:,@
-.,..:.

,.I;#&*.,.-.-..:,-<>-...**.@
-“<

the atoll.
‘““~ich ~re obtained in severa:l,,~>;..< ‘.;:~’l

These saMples2 .:Y.,.-, ,~$---..

depth incre=ntss
were &nalyzed tiantitatiVelY h ‘he l*OrOj. ,. ““---;,

. ..- .,,.
~’d also WalitativelY ‘--~:”:~~’-~“

story by NaI (Tl) 9* ‘pectromt~ . .. . . . .=..‘<-.. .;-:*” ....
.>...- -.. ..-” r... ..... not .<,;.,; .“s

~ by Ge (Li) ipectrOMetrY:’‘we ‘e%re ‘hUs,*H ‘o ‘bta: -f,,,<T-&..,..:?+--....--’-......-,--.”.,--- -.-% . -,;w,~-
.> ,.4
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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 (~ ox more) was usually in the ‘=

top 2 to 3 inches of soil.-”Because of the large L=al ‘“ ‘“”-.
.-.-..,7

variations in soil activity on all tie islands” it was not “-.’

possible to calculate accurate exposure rates in air from’’r”~<
,.-

.,

,. .::

the’one or two soil samples obtained per site.
::~,

Inasmuch.= ‘~,= ‘~.~:<ti
.............

the field spectrometer and ionization ch-er “see” large –--.+~.
..,l+..L

.,,
y ““.“.

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

variations giving very re~iable absoiute exposure rates.

The soil samples proved ve=y =efcl, howeve=j for idefitifying
rb~,.

4“ .

and determining relative activities of the iso~o?es Present . J
;.

whidn were then used to estimate the relative contributions

.-
:>
r:

of -these isotopes to the exposure rates at the various
7

S:tes (3). The ~elative exposure rate values obtained for
,.
i

the-same sites with the spectrometer-ionization chamber “’-;’=?!E!I$ i.- =.. .~..

system and from soil sample analysis agreed.

.... . .

The composition of the radiation field
.....-.+,, .. .......d.**:-.-. -
*-- .

tfiesoils~ples -d field spectro&try for-..-.,:... ,,-

quite well. .
,., ..

. .- . e. .-. .. .f
,.-. . . *.

a

mediate f~+lout ‘are& differed considerably. .
... :$’‘“ >{_:, ..-:..- #: .-

blast areas. The high contribution t“o”the.~osure rate “’s- ~ ‘~.,::.J,z

50t1514b

,. ..:
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fXOm 137CS” for Bikini Island was found typical of other non- ‘“”=“ “

60C0 ~s ____blast areas of the atoll. In blast areas) howevers

the dominant contributor to the exposure rate levels with-- ....-,,..?.<.

12sSb also quite prominant. The relatively minor contribution
,-, . .-.. *r-

of ISVCS comp&red to ‘°Co and laSSb in blast areas is quite ,’..-

significant and may be related to “the types
.-. .-

conducted nearby. Many of these tests wexe

barges and the result ing activation

steel of the barges account for the

activity.

of Sgco

-,.:,*’.
-,2

. . . . . .

of”weapons tests. ‘-” *.‘:””X “i:,,~&’,,, ,
.. . . .

,.
conducted on -.....+-...._.....e....

=d ‘“Ni in the...-:,:.

large amount of 60Co
‘- *
“-+:..
*

#
“>.

The maximum exposure rates measu=ed on Bikini Atoll in
, ,-

J;,

1967j somewhat ovex 300 ~r~inz,were in ‘blast areas very near ‘[,:~“
P. :

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

Eneman ne~- the gxoun~ ZSKO for two suxface tests we ~/..*

measured an exposure rate just over 500 ~r/lm. Stice ...---

vegetation in that area was generally sparse and the organic
.,

content of the soils ‘was quite ZOW, weather~g -y be of ‘ “
-<

some signific&nce in reducing the radiation levels in these
-......+.... ... .. -.. ,.. .

areas more rapidly .-than in the more densely vegetated areas. -’
-,..

*. L.
. ;

Also the gre-a~erproportion& contribution of,the shorter- -....,.’
;’

~.
,.

E
-.

.“-

*
*?..
7-

-+. ,.
“.. .‘~’‘%+-.- ‘.%
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-

lived ‘°Co and 126CJb rela$lve to 137c5 to the e~osure rates
.

to

.,... :.-<

...... -s-.
..

-X

areasin these will also cause the radiation levels....
-,!

more rapidly with time. -decrease

-.

F
spectrometry of soil samplesHigh resolution Ge(Li)

allowed us to m~e detailed

nuclides present at various

---~.-.{.

.,-,..
&w-

: -.. “

identification of the xadi~ :.;: ‘..:.~~
.,

sites around the atoll. The -;r-- =$%:
...--- ..;:.;,
.. ..

k- spectra of Bikini Island soiLs exl--i-oitvery prominent

and ‘°Co peaksj while peaks due to ~a=Sb and rhodium

isotopes are barely discerna3ie above the background.
.

:.

amounts of other isotopes such as ls5Eu> ls2Eu and aAIAm ,-%

*i -
are also evident. %’* ~“

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

Islmd, a ne~” ground zezo blast area approximately in the
t/

center of the Aomen-Iroij Complex, is slaownin “Fig. 3. The
...*.

,-

exposure rate at this site was several hundred pr/’hr2 due

primarily to 80Co (75%), with ‘2SSb, 1°2%i and 139CS

accounting roughly equally for the remainder.
,..

The prominent .=..
4.

evident

and the

.g.

in Fig. 3> as are all the gamma-ray” j--
‘.

recently identified (4) long lived -~~

80co pe~s””are

lines
..- ,. .

> ;.. -. .- .“,
. .

●
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:“

. .

- .’ .

..,

.. .’ -..
-.

.. :“ -

@

. .. . .. ...... .
~.:-“

.. ,
.

.“

. . .
/

....
- .-,-.

-4---
. . . ..%.

. . . --..-..*.

.,
.... ... .,-,... ..... ..>. . .

— .
.,

-
. . .

-. . .=-v —

.“ --- .,. —.-— .,.—- .— ..__ .._ . ..-.----------- ------------- .. . . ...-



~— -_-—

k-‘-”-- ‘--””“--”-
... ....

c1
,-----.- J

. -.—.:.- —s. ..-
.

.- b -.
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. . (13)
7. .... . .....-.+---.... . .m. -----.-
,. “--m’‘..?=
A ...,.-.... isomer (2.9 y) of rhodium which we have designated 1°2mRh. ....... ..

T

b

p-

-.:

. .

*

.,
,.

.

.. -. ...- -

..3-X - .“. . -’ . . .
.. . .

aiso clearly

-----. ..-.
4. have not “jet
- .

-r . . . .
-.. .

. .
..: ‘ ““’~. :

identifiable. Several Feaks in this spectrum “
...--

been definitely identi=ie~.,’- - ‘,,- “-x..R:~~~~;..,
.,,-..-,, .J,...w - ,..>.,..7,

-. ..4 a.

- composition of the radiakion field On Lukoj ~ “a‘-”-:“..-~~“’:~~~~..
.. . --- &.: :“: .j,:j~-”-:

.- - .<.-

heavy fallout area} -’-*”is indicated by the Ge (Li) spectrum shown=.-.,,:- .::“-.= ..,:y~:

in Figure 4. This densely ve~-.=ated island exhibited -—
. . .,.

exposure rates cf from 60 to 200 ~r/hr. Approximately 60% “~ ,’-“:-+J4
:’.....,

of the eacposurerace at the soil san-plir.gsite ir.the high .:+..r-.,
.’.:,

e~osure rate i=tezi or of the island was from

.?
60C0, 3O% from

4’
>... .

;-”-;
~zssb ~ 1°z% and the remainder p~incipally from 237CS. %-- &-----

Again the relatively large ‘0Co and ia5Sb activities

relative .to ‘=7CS contrast with the Bikini Island situation.
k--.

4.

The peaks characteristic of ‘O*mRh axe quite prominent in <
. ~..,.

.-Fig. 4“’along with the *°Co, ‘=6Sb and 2S7CS peaks.
“s” “’T-:

identifiable are peaks from 24‘AmJ -L5sEu, 20‘Rh, 1°eRhs ,.~-~.4

+

.* “7%?$’”-.r-.. .A.,. ........-,,.A..S,,
and 65Zn.

.&.,... ,.
__$:@‘‘

“,.-.3,X.y’.~+. ...‘:??.:

easily
.-..,.-

144ce$

. .-.-.+-. .L .+& .... .’------- ~:...+.““.—.

“*

..$+. +‘[y-’ -:, “:~$5.. ... ..‘. ... ...
,=S&:,. -,. , :----

In addition to the isotopes identified in Figs.‘ 3 :ndd”~ ““~;.;,~‘
, -.*...‘: “..7.’.. .- .. 4 .... ... ._,. .---

. . &
&=.&

““-””4 we detected .?.O7~fiin a soil sample from the Bravo crater
“.s+ ‘.%.\

.,...... ..:}.,.”,“~
- .*,. *(t.+*,*,. :, ->...”.”---- -.:-:.*,.-,--.., “;.*- ““.’

. -~-,..*<,?.-,,..;.+..-. .+.,. ,.....
,..;,:..- ,..-‘

. .

&,, ..,-,. .-

5005-WI

.,. . ..- ,.-,. . ... , . A
.; .,-..., . . .

---- . .. -. .—T \ . . . ..—



—. ——
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.
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.. .... . . ... .. s- -8 -. %** .. ..

.-.. . .:-. .:.2. ~.-.-. “. . . . :. . . . .

on the northwestern reef.
;&?&:v*;’

We also have tentatively identifid= :Ij+,_,:%
-e., ,*.-+-..

133Ba in a soil s~ile from ~aM &land.
,.:<,+:~;g:.-v..,

A2tY.ough most Gf .,..;_.:*.!:

(367 days),“=d
. ..

vation products

:.-&#i!ii& .z@zt?j@4

SUCh as ‘4M [303”ciays) “and *‘Zn .(245days)~?,<-.., .s=.>..”- .. ..
-*”:.. .... .“:.*;.,

aother isotopes such as ‘°Co, 202mRhJ ‘0733i, ‘saEuS and 15.?Eu....
,>........*“%:..

are only r~-ely identified in environmental samples $ “p=ticU=~

.-. .

*A4Ce (284 days) or-fre@ent Iy observed ~~~~~

larly with such prominence as that displayed, for instance>

by the 7 intense lines o-= lozm~ identifiable in Figure 4.

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

sample spectrum in Fig. 3 is also quite unusual.

(12.7 years), an apparent activation product, has

previously (5) in Trinitite, an artifica~ mineral

been found”

produced
- ....

““1‘::
in the first nuclear explosion in New Mexico in 1945. 101~

(3 years) and 1°‘I&” (206 days) ?& also activat-ion

1°2W is know to have been used as a tracer’mater
..... ... .......,- ~

several weapons tests. All”’but,~he least intense. ..-. . --..’.’........A=*..-- .“.:.:.-- -..;- ,.:...
lines frorn>~amRh can>e “identif?e~”~inFig. 4~””the

... . . .,- L-. .’

... .... . ..
.&. -

,,

.-
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:..“- .Gxtw::

The radiation situation on.Bikini Atoll provided a
,. ..............

P . . .
,., . . .

unique opport’~nity for i~Avest~gatir.~ an agedj relative~p.

. . . . . .

. . . .—. -..sh

int~se fallout field. We were akle to relate most of +he-”- <
..

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

-..-

.A.. .. ..

and environmental conditions at and subsequent to the time”’ .>...
$.%%w,. .-

of ‘* tests.
.. . ..

A large number of radionuclides$ “including
. .

several unusual for environmental samples, weze found contri- =.

buting to the wide range of external gamma radiation levels. ~;=

Utilization Gf the combination of ionization char~er and

1!
b

‘ ::{;
.-field spectrometric measurements with laboratory Ge(Li)

spectrometry of soii samples ~roved to “De a very e~fective

of analyzir.g this complex radiation environment.metlmd
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Bikini Atoll showing 10Cations with

-,

Fig. 1.

years of

Fig. 2.

code

..

and ‘ “:-.“-----.- ““’z.
..._ -.

-.”:. ‘-- -,—. . ..
nuclear weapons tes=~.

.-.,-.. W.S4 ..

.-

EIQosure rate profile--
.,

central Bikir.iIsland. Points are scintillation detector ““~” -’
,. .2* ~~-,

measurements, small x’s G-M.counter measuremerAtsz.

are ionization chaaber measurements.

and

and

..

L-----—.,
Fig. 3. Ge (Li) spectzum with peak iderikification.

appzoximte energies in keV of a soil sample taken from ...... .,i.
.1. .

. ...$

severalLomilik Island, a blast area near the grOund zeros Of

more recent tests on the Aomen- Iroij Complex.

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

4
~’ .\

.,. .
., L

.

‘.*..:
.=5.-~.-.....

.

approximate energies in keV of a soil sanpl.e taken from

southwestern riraa heavy fallout area on tuneLukoj Island,
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of the
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- *-.atoll.
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