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The ‘nited States Facific Nuclear Testing Program resulted in
local and regional fallout contamination of islands in the

cen;ral Pacific basin, 1n an aresa which is gcnerically Known

as Micronesia. Most cf this contamination affected the North-
ern Marshall Islands of eastern Micronesia, which either served
as the actual test sites or which were in relatively ciliose
preximity to them. Since ill of the Marshall Islands are low
coral islands or atolls, the natural radioactivity content of
their soil is_among the lowest on earth; and their natural
-adiation environment is dominated by the contribution of cos-
nic rays. In contrast, the high islands of the Caroline groups,
to the west of the Marshalls, are characterized by volcanic )
soils having a significant complement of radionuclides in the
uranium and thérium chaiins. Several field trips by S&EP
Division personnel to Micronesia between 1975 and 1980 have
afforded opportunities to study the natural radiation environ-
ments of the coral atolls of the Marshalls and several high
islands in the Carolines; and to evaluate the contributions of
fallout fission and activation products to the inventories

of soil radioactivity in these locations. The analytical methods
employed included in situ gamma spectrometry and exposure rate
measurements with pressurized ion chamber survey instruhents.
These measurments were supplemented Yy laboratory analyses of
soil samples. The rassults of these studies nhave indicated that
significant contridbutizcns from radiocoactive fallout can be evalu-
ared in situ with relative ease on coral ijslands. In coantrast,

the higher natural radioactivizty content of high island soils,
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as woll as the greator distance oF thes? Isiands from the test
areas, combine to maks evaluations of local fallout contripu-
tions from U. S. Pacific tests indistinguishable from the

contributicns of the world-wide fallout.

“lany small-scale radiological surveys were conducted durinyg
the 1950's and 1960's at or near the Pacific testing areas in

the northern Marshall Islands; however, definitive evaluaticns
of the impacts of residual fallout radicactivity were not made

until the 1270's (1-3). These evaluations were conducted on

—

S

[

those. ands known or suspected to be contaninated by tropo-

spheric fallout Irom the tests at Bikini and Enewetak Atolls.
Invironmental studies of peripheral areas in tﬁe central Pacific
were conducted on a small scale during *he testing vears (1945-
1958) by the University of Washington, and thereafter in 1975,
1979, and 1980 by Brookhaven National Laboratory as well. These
studies yieided significant data on background radiation levels

in these areas, and form the basis for this report.

The Marshall Islands are all comprised oI coral atolls or
partially drownad atolls formed by coral limestone accretions
on subsiding volcanic bases. rilling studies at Enewetak
established that the limestone cap may exceed 1280 meters in
thickness (6). As a result, the contributions of the uraniun
and thorium series to the radiation 2nviranment in the Marshalls
are vir*ually nil. External background radiation levels on

those islands which are Temotz Srom tha tast sites are dominated

»

by cosmic rvadiation supplemented by smcll contributions fron “IK,
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Tn coatrTast, the Carsline Islands, immediately west of ti

ot
[¢]

1) are comprised cf hizh volcanic islands

11s and islands.

Q

with Frinzing coral reefs, as well as coral at
The high island soils contain **?Th and *’*U and their daughters.
The z2ddicticnal contributicns of gamma emitters among these
radionuclides result in background exposure rates (at 1 meter
shove the ground) which are nearly a factor of two higher than
those similarly measursd on the coral atolls (Table 1). Con-
ributions of stratospheric and troposphaeric fallout are, of :

course, suparimposed cn these natural background radiation sources.

Data for this study weré obtained during three field trip years
(1975, 1972 and 1980). The first of the field trips was
conducted jointly with the University of Washington, Laboratory
of Radiaticn Ecology (LRE), which was reéponsible for determining
background concentrations of fallout radionuclides in soil and

in terrestrial and marine biota (7). Brookhaven Nationul
Laboratory (BNL) was tasked with the measurement of external
round radiation. Subsequent field trip activities focused

5n external radiation measuraments only.

"he —2asursmant sites were generally restricted to the District
Tantars =f the Trust Territory of the Pacific Islands because or
their accassibility via commercizl airline. The Trust Territory

was tro United Nations-ostablisned region which encorpassed
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Sormation of sovaral sovereign states within this region. Data
are also inzluded for some of the centrzl and southern Marshall

Islands which were reached by U. S. Department 0f Energy field

trips ships.

Field measurements of external radiation were conducted with

(4t

a pressurized ion chanber environmental radiaiion nonitor, and
by in situ gamma spectrometry with (3 crn-X 5 cm) sodium iodidé
scintillation detectors. Soil samples were also collected at
nmost of the measurement sites. These were later analyzed in

the laboratory for gamma emitters by high resolution gamma

2]

spectrometry; and for *°Sr/®’Y, and in some cases 233 2u0py

by radiochemical separation and counting. Data on strontium

ct

his report.
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and transuranics are no
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The primarv purpose of the in situ gamma spectral measurements
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was to provide a data base for energy depe

for the stainless stezl-walled jon chamhar detector. As a

result the neasurements were made at low resolution (100 KeV

MeV. A programmable calculator

w

per channel) from 0 to 2.

pectra into the ion chamber

s

was used to fold the zamma

rect for rgv dependence in
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response characteristic to

the environmental radiation monitor. Correction factors were

typically about +3

1

The ion chanmber instrument presentad the Instantaneous exposur

rate digitaily in tR/hr based on samplings of the anmblient
exposura rate a fow tines per sacond. The average exposure

rate datu rrescented in this repart represent the cnerzy-cvorvrectes
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RESHILTS AND ANALYSIS

Table 1 presents the2 means (z1o) of exposure rate measurcment

U

2t various locations in Micronesia. Soil samples (Table 2)
fron these areas were analyzed for gamma-emitting radionuclides
"washington, Laboratory for Radiation
Ecology (3, 7) and by Brookhaven National Laboratory. "The
vartical distribution of fallout nuclides in the soil was

d

5y vertical sampling profiles to a depth of 50 cnm.

Activity concentrations of '?7Cs tended to decrease exponentially
with depth, with a "relaxation length" of about 3 cm®g~'. Areal

cepositions of '?7Cs were calculated by integration of the depta

¢

distributicn determinad frcm the v

®
4

tical sampling profiles.
Exposure rztss were then calculatad by applying the coefficient

s at 4.8 cm?g”! from EML-378 (8). These samples were
also analv-ad for “°X and for the uranium and thorium chains

for which the vertical profile data were averaged at each sample
location. The respective exposure rate contributions were calcul-

atad from coefficients in HASL-195 (9). The cosmic ray contribu-

tion was assumed to be 3.2 uR/hr. (10).

Attenpts ware made to reconstruct ambient background exposure
rates from soil analyses and the cosmic ray contribution at
3,

“ajuro, Pcnmape and Truk. These cdata are presented in Table

i

~2se locations are sufficiently distant (> 500 ka)

frem <hz tost sites (Bikini and Enewetak Atolls in the northern

varshalls: that no evidence could be found to suggest that they
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at these sites. Comparisons of measured cxposure rate
Kwajalcin, wotje and Alluk Atolls in the
central and eastarn Marshalls (Tastle 1) tend to support this
contention; however, f£irm conclusicns must await the publica-
tion of the results of the Northern Marshall Islands Radiological
Survey, a large-scale environmental assessment of the reglonal:

impact of the testing progran perforned in 1973.

[+ should be noted that exposure rates msasurad at Rongelap

and Utirik Atolls, in the northern and northeastern Marshalls

respectively, are siznificantly higher than those in the central

L
and southern islands. Rongelap znd Utirik are known ©0 have
Seen contaminated by the Bravo Test on March 1, 1954, and

virtually all of the contemporary lncrenen al exposure rates

ss is attributable to residual '*7Cs

([

above background at these si

contamination in the soil and vegestation.

The reconstructed expdsure rate at Majuro (Table 3) is reasonably
close to the measured value. The diiference is attributed to

the exposure rate contributicn from “°®K in biota (for which no
assessment was included in the calculatad valuej, and to uncertain-
ties in the soil analyses. Tables & anc 5 present similar analyses

for Ponape and Truk, both high vo nic islands in the Caroline

sroup to the west of the Marshalls. Thesz islands differed

from Majuro by virtue of the contT ibutions of the uranium and
shorium chains in their volcanic soils, and their higher annual
rainfall. Comparisons of nmeasurs2 and cazlculated exposure rates

2t Truk were exczllent. The significant difference between

she two values at Penape is attributel primarily to uncertalntles
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3ackground exposure rates may be accurately reconstructad fron
carzful anzlivses of soil gamma emitters and the contribution
CFf =3s=ic ravrs. In situ measurenents of exposure rates will

nificant contributions above background of fallout
2specially in locations where contributions

of trme uranium and thorium chains cen be ignored. It is
intuitively obvious that a continuum exists geographically
Yetwean ar2as which received worldwide and trepospheric fallouz
andé thaose which raceived only étritospheri: (or worldwide)
£a1l-ut. The islands orf Micromesia exhibit this continuun such
that bevond about five hundred kilometers from the test sites
it mzv be impossible to distinguish between the contributions
to contemporéry environmental exposures from U. S. Pacific
nuclsar tests and those attributable to multinational worldwide

fallout.
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EXPOSYURE RATE DATA FOR
VARICQUS LOCAT IC\S IN MICRONESIA

ISLAND TYPE , : AUG. EXPOSURE NTRBE®
JLOCATION (date) LOCATION RATE (uR/hr.) MEASURE
Yijuro, Coral Atoll - Southern 3.7 £ 0.3 65
Maiuro ‘ (11/75) Marshall Is
nol-TEmUT Coral Atoll Central 3.4 £ 0.2 180
wzizlein (9/767 Marshall Is
Or2d, Coral Atoll East Central 3.7 £ 0.5 180
woztis (9/76) Marshall Is
wotia, Coral Atell East Cantral 3.8 = 0.3 . 119
wizie (9/76) Marshall Is -
Aliuk, Coral Atoll East Central 3.8 % 0.4 155
Alluk (9/76) Marshall Is
e (2) N | - ,
Ueirilk; Coral Atocll Norhteastern 3.1 £ 0.5 270
CriTik (9/76, 10/77) Marshall Is
20-(8) Coral Atoll Northeastern 4.1 0.3 90
Urisik (8/76) Marshall Is :
chgelapgb) Coral Atoll Northern 7.1 £ 1.1 580
Rongelap (¢/76, 10/77 Marshall Is
Bikznigc) Coral Atoll Northern ~40 > 1000
Bikini (8/75) Marshall Is (range ~ 10-100)
¥olzonia, o High Volcanic Eastern 6.5 = 0.5 90
Ponzpe (11/75) Caroline Is
Mo=n, High Volcanic Central 6.5 + 0.6 - 30
Truk : (11/75) Caroline Is
(a. CZcntaminated by Bravo Test, 1954,
o5 2zvily contaﬂlnafed by .Brave Test, 1954
{cy  Pacifiz Nuclzar Test Site. . Data from BNL 51003 (5) and
UCRL-31572, rev.l. (2).
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AVERAGE GAMMA-EMITTING RADIONUCLIDE CONTENT OF
SOME MICRONESIAN SOILS

LCIATICN

NUCLID

¢, marsnall
Islands

Al -3 -
Haiur

“ajuro, Marsheall

137Cs

-»QK

0.70 pCi/g

Islands
SAOSTAE SO i <0.zetie
CoraRe Tiianis u 1.81 ppn
chontr T Th 9.17 ppn
Caz;i§éec§2§§ids PPCs 4.71 pCi/cm?
Truk, Central 43

Caroline Islands

Truk, Central
Caroline Islands

Truk, Cesntral
Caroline Islands

g

Th

< 0.22 pCi/g

2.18 ppm

5.62 ppm

(a) Data derived from soil sample analyses by University of Washington
5(7), and 3rookhaven National Laboratory (unpublishac

LRE, NVO-269-3
data).



| | caLceLaten (P
SOURCE BASIS EXP. RATE (wR/hr.)

-~y

137¢Cs Avg. Deposition 8.9 X 1072
0-10° N. Lat. {2)
2.1 pCi/cm?
1372 . - ;.' -2
Cs Soil Sanplz 1.9 X 1¢
Analyses: 0.3 pCi/cm?
“IK . Soil Sample ' 3.0 X 1072
Analyses: 0.7 pCi/g ‘
Cosmic (a) 5.2
Total Calculated 3.3 uR/hr
Total Measured 3.7 £ 0.3 uR/hr

(2a) UNSCEAR (11)
(b) EML-378 ( 8), HASL-195 (%)



TABLE 2

CALCULATED EXPOSURE RATE
FOR XOLCNIA, PONAPE BASED
ON SOIL RADISANALYSES

() cALCULATED (P)
SQURCE BASIS *° EXP. RATE (uR/hr.)
U ¢hzin . Soil Analyses 1.2 :
‘38U, 22°Ra, I*B
Th chain Soil Analvses 2.8
ZJZTh, 2251:1,1, lepb
MY (c) < 0.1
137¢s ‘ Soil Analyses 0.1
2.7 pCi/cm?
Cosnic (c) 3.2
Total Calculated 7.4 uR/hr
Total Measured 6.5 = 0.5 uR/hrT.

350i1 data from University of Washington, LRE. »
NV0-259-35 (7)) and Brookhaven National Laboratory (unpublished)

ZML-37S (1 8), HASL-195 (9)
UNSCEAR (11).



TABLE 3

CALCULATED EXPOSURE RATE FOR
rux(?) 3aszp on
SOIL RADIOANALYSES

b) carcuLaTeD )
SOURCE BASIS - EX?. BATE (pR/hr.)
U chain Ssi1 Analvsszs 1.4
ZJSL’ ZZBRa .
Th Chain Soil Analyses 1.8
232Th, 22 S'Ih
“OK (d) < 0.1
137¢Cs Soil Analyses 0.2
3.7 pCi/cm?
Cosnmic (d) - 3.2

- Total Calculated 6.
Total Measur=ad 6

Data averaged for Fefan, Mcen and Dublon Islands.
Soil data frov Jn lverSLt' of washington, LRE.
NV0-269-35 (7).

EML- 3/3 ( o), HASL-185 (9).

UNSCEAR (11).
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