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acific Nuclear Testing Program resulted in
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and regional fallcut contamination of islands in the
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central acific basin, in an area which is generically known

as Micronesia. Most cf this contamination affected the North-
ern Marshall Islands of castern Micronesia, which either served
as the actual test sites or which were in relatively close
preximity to them. Since éll 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

radiation environment is dominated by the contribution of cos-

¥

nic rays. In contrast, the high islands of the Caroline groups,
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to the west of the larshalls, are characterized by volcanic
soils having a significznt complement of radionuclides in the
uranium and thdrium chains. Several field trips by SGEP
Division personnel to Micronssia between 1975 and 1980 have
afforcded 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 so0il radioactivity in these locations. The analytical methods
employed included in situ gamma spectrometry and exposure rate
measurements with pressurized ion chamber survey instruments.
These measurments were supplemented by Jaboratory analyses of
soil samples. The rasults of these studies have indicated that
significant contributicns from radicactive fallout can be evalu-
ated in situ with relative ease on coral islands. 1In countrast,

the higher natural radioactivity content of high island soils,
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as w=2ll as th2 greatcor distance oI th
areas, combine to makz esvaluations of loczal fallout contripu-
tions from U. S. Pacific tests indistinzuishable from the

contributicns of the world-wide fallout.

lany small-scale radiological surveys were conducted during
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
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those .island

s

wn or suspected to be contaminated by tropo-
spheric fallout Iron the tests at Bikini and Enewetak atolls.
Environmental studies of peripheral areas in tHe 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 vielded significant data on background radiation levels

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

The Marshall Islands are all comprised of coral atolls or
partially drownad atolls formed by corzl 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 esnvironment in the Marshalls

are virtually nil External background radiation levels on
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those islands which are rTemotz from th
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by cosmic rad ented by small contributions from *°K,
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In ¢cntrast, the Caroling Islands, immediately west of the
1) are comprised of high volcanic islands

with rrinzing coral reefs, as well as coral atolls and islands.

.

The high island soils contain ?*2Th and ??%*U and their daughters

The additicnal contributions of gamma emitters among these

above the ground) which are nearly a factor of two higher than
those similarly measured on the coral atolls (Table 1). Con-

ributions of stratosphreric and tropospheric fallout are, of -

course, suparimposed cn thess natural background radiation sources.
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Data for this study were 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
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n Ecology (LRE), which was re=pon:1b1e for determining
background concentrations of fallout radionuclides in soil and
in terrestrial and marine biota (7). Brookhaven National

aboratory (BNL) was tasked with the measurement of external

-

cund radiation. Subsequent field trip activities focused
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sn external radiation measursaments only.

The =m2asursment sites were generally restricted to the District
Centers of the Trust Territory of the Pacific Islands because or
their accassibility via commercial airline. The Trust Territory

was tre United Nations-2stablished region ah ch encomnassed
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the centrzl and southern Marshall

reached by U. S. Depzariment of

trips ships.

Field measurements of externzal radidtion were conducted with

o
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a pressurized ion chanber environmental radiation nonitor, and

by in situ gamma spectrometry with (3 cm X 5 cm) sodium iodide

&

scintillation detectors. Soil samples were also collected at

most of the measurement sites These were later analyzed in
the labofatory for gamnma emitters by high resolution gamma

spectrometry; and for *°%Sr/®°Y, and in some cases 23%, 2%0py
bf radiochemical separation and countidg. Data on strontium
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and transuranics included in this report.

easurements
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The primary purpose of the in situ gamna

was to provide a data base for energy corrections

for the stainless stezl-walled 1on chamhar dstector. As a

result the neasurements were made at low resolution (100 XeV

per channel} from 0 to A programmavle calculator

was used to fold the gzamma spectra into the ion chamber

response characteristic to correct for enargy dependence in

the environmental radiation monitor. Ccrrection factors were

typicalily abecut +3

The ion chanber instrument prasentad thes instantaneous exposure
rate digitally in LR/hr based on samplings of the ambient
posure vate a fow tines per second Th2 average exposure
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RESIHLTS AND ANALYSIS

cf exposure rate measurcments
at various locations in Micronesia. Soil samples (Table 2)
fron these areas were analvced for gamma-emitting radionuclides
ton, Laboratory for Radiation
Ecology (3, 7) and by Brookhaven National Laboratory. The
vertical distribution of Ffallout nuclides in the soil was

d

5y vertical samnpling profiles to a depth of 50 cm.

Activity concentrations of '*7Cs tended to decrcase exponentially
with depth, with a "relaxation length' of about 5 cm?g-!. Areal

capositions of '?7Cs were calculated by integration of the depth

¢

cdistributicn determinad frecm the v

o
1

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

t 4.8 cm?g™?! from EML-378 (8). These samples were
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also analyvzed for “°X and for the uranium and thorium Ehains

for wihich the vertical profile data were averaged at each sample
location. The respective exposure rate contributions were calcul-
ated from coefficients in HASL-193 (9). The cosmic ray contribu-

tion was assumed to be 5.2 uR/hr. (10).

Attempts were made to reconstruct ambient background exposure
rates from s0il analyses and the cosmic ray contribution at

fajuro, Pcnape and Truk. These data are presented in Tables 3,

nese locaticns are sufficiently distant (> 500 km)

Irem thsz tzst sites (Bikini and EZnewetak Atolls in the northern

tarshalls) that no evidence could be found to suggest that they
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at thesec sites. Comparisons of m=asursl 2xposure rats
Majuro witn those at Kwajalcin, VWotie and Ailuk Atolls in the
cle 1) tend to support this

contenticn; however, firm conclusicns must await the publica-

Northorn Marshall Islands Radiological

2

[t should be not=sd that exposurs rates meas

o~

:red. at Rongelap

and Utirik Atolls, in the northern and northeastern Marshalls

respectively, ave significantly higher than those in the contral
H

and southern islands. Rongelap and Utirik are known to have
een contaminated b5y the Bravo Test on March 1, 1953, and
virtually all of the contemporary incremental exposure rates

above background at these sites is attributable to residual '*7Cs

contamination in the soil and vegetation.

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

the exposure rate contributicn frem “°K in biota (for which no
assessment was includsd in the calculatad value), and to uncertain-
ties in the soil analyses. Tables ¢ and 5 present similar analyses
for Ponape and Truk, both high vo nic islands in the Caroline
group to the west of the Marshalls. These islands differed

from Majuro by virtue of the contributions of the uranium and
thorium chains in their volcanic soils, and their higher annual

and czlculated exposure rates

at Truk were exczllent. The significant difference between

the twe values at Ponape is attrictuted zrimarily to uncoertalntles



A

—
;3
]
5
o
u
]
V-
} s
[*H)
23
v
2
' +
P
0
11}
6]
[#1]

<

CCNCLUSIONS

3ackground 2xposure rates may be accurately reconstructad from

T

~¢careiul anzlvses of soil gamma emitters and the contribution

¢F cssmic rays.  In situ mezasurenents of exﬁosure tates will
reflect significant contributions above background of fallout
2specially In leocations where contributions

of trne uranium and thorium caains can be ignored. It is
intuitively obvious that a continuum exists geographically
betwaan areas which raceived worldwide and trepospheric fallout
anc those which racelved only étritospheri: (or worldwide)

1

hipit this continuum such

fallsut. The islands orf Micronesia exhi
that bevond about five hundred kilometers from the test sites
it mzy b2 impossible to distinguish between the contributlons
to contemporéry environmental exposures from U. S. Pacific
nuclear tests and those attributable to multinational worldwide

fallout.



!

120°L: _Woo _Mwoo 150°W
B - 30°N
*« Midwoy Is.
C
. & Honglulu
- . MARIANAS HAWAIIAN Islands = -20°
lslands ‘Woke &

<. .;o::.ﬂo: Is.

- MARSHALL Islands

o Suam_ :r...ﬂ. Ro 09 a_._;

En to.or».”:. e ‘_cc._:r
- . ae ol A Aol - 10°
. s Kwojalein
P Habelthoup, Trekle Pongps  Atoll "yt Topgpure
Roror ) ' Tt Aol ’
. CAROLINE Islands .
.. Pulou Islands ,
o 1y
) £ qualtor . . o°
o . . "CILBCRT lslonds
C Muldun s,
- — . _ ", : _45°s

FIGURE 1



.~

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).



AVERAGE GAMMA-EXM :
SOME MICRn

(4)

ACTIVITY CONCEHTRATIOH CR
LCZATICN NUCLIDE INTEGRATED AREAL DEPCSITION

?-[3j111‘§;l};i§§hall 1370 0.43 pCi/cm?
majur?;lﬁigzhall by 0.70 pCi/g
Caroriae Tolenis e 2.51 pCi/cn?
saroiint Toiands E <oetie .
Caroling Telenis u 1.81 ppn
Carotins Telsads Th 9.17 ppa ;
Caz;i§éec§2§§iés PCs 4.71 pCi/cm?
Cazggﬁﬁecig§§iés 7K < 0.22 pCi/g
Cazg§§ﬁec?252§és u 2.18 ppm

Truk, C,n;ral Th 5.62 ppm

Carollna Island

{a) Data derived fron soil sample analyses by University of Washington
35(7), and 3rookhzven National Laboratory (unpublishac

LRE, NVO-269-
data).
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CALCULA

TED EXPOSURE RATE FOR
MAJURQ, M. I. BASED ON SOIL
~ carceraten (P
SOURCE BASIS EXP. RATE (uR/hr.)
137¢s Avg, Deposition 8.9 X 10°2
0-10° N. Lat. (2)
2.1 pCi/fcn?
137Cs Soil Samnis 1.9 X 1072
Analyses: (.33 pCi/cm? ‘
“9K Soil Sample 3.0 X 10-°
Analyses: 0.7 »Ci/g
Cosmic (a) 3.2
Total Calculated 3.3 uR/hr
Total MMeasursd 3.7 £ 0.3 pR/hr

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



TABLE 5

CALCULATED EXPQOSURE RATE
FCR XOLONIA, PONAPE BASED
ON SOTL RADISANALYSES
(a) caLcuLarep(®)
SQURCE BASIS *° EXP. RATE (uR/hr.)
U chzin . Soil Anzalyses 1.2 ¢
‘38U, a.ZoRa’ I‘B
Th chain Soi}’}nalvse§ 2.8
232ThH, 22857y, 21l2py
YR (c) < 0.1
137¢s ‘ Soil Analvses 0.1
2.7 pCi/cm?
Cosnic (c) 3.2

Total Calcuiated .4 uR/h
S = 0.

7 T
Total Measured 6. 5 ul/hr,

Soil data from University of Washington, LRE. »
WV0D-259-35 (7) and Brookhaven National Laboratory (unpublished)

ZML-378 (8), HASL-195 (9)
UNSCEAR (11).



TASLE 3

CALCULATED EXPOSURE RATE FOR
Trux () sasszp oy
SOIL RADIOANALYSES

5 CALCULATED <)
SOURCE BASIS ™ EX?. BRATE (uR/hr.)
U chain Scil Analvyssas 1.4
233[.,, 22 "Ra .
Th Chain Soil Aqalxses 1.8
2 BZT‘I'L, 22 S'Ih
49X (d) < 0.1
137¢cs Soil Analyses 0.2
4.7 pul/cm°
Cosnmic (d) - 3.2
- Total Calculated 6.7 uR/hr
Total Measursad 6.5 = 0.8 uR/hr.
(a) Data averaged for Fefan, Mcen and Dublen Islands.
(b) Soil data rrom University of washington, LRE.
NV0-269- 35 (7).
(c) EML-373 (8), HASL-1%5 (9).
(d} UNSCEAR Lll)
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