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Ucentral Pacific basin, in an area which is generically known

as Micronesia. Most eof this contamination affected the North-|

ern Marsnall Islands of eastern Micronesia, which either served

as the actual test sites or which were in relatively close

proximity to them. Since all 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-

xmic rays. In contrast, the high islands of the Caroline groups,
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to the west or the Marshalis, are characterized by volcanic

soils having a significant complement of radionuclides in the

uranium and thorium chains. Several field trips by SgEP

Division personnel to Micronesia between 1975 and 1980 have

afforded opportunities toa 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 instruments.

These measurments were supplemented by Jaboratory analyses of

soil samples. The rasults of these studies have indicated that

Significant contributicns from radioactive fallout can be evalu-

ated in situ with relative ease on coral islands. In contrast,

the higher natural radioactivity content of high island soils,



as wall as the greater distance of th

areas, combine to make evaluations of local fallout contriou-

tions from U. S. Pacific tests indistinguishable from the

contributicens of the world-wide fallout.

 

Many small-scale radiological survevs were conducted during
* > . ° on

the 1950's and 1960's at or near the Pacific testing areas in

the northern Marshall Islands; nowever, definitive evaluations

of the impacts of residual fallout radicactivity were not made

until the 1970's (1-3). These evaluations were conducted on

" o
.
J oOthose islandot
] wn or suspected to be contaminated by tropo-

spheric fallout from the tests at Bikini and Enewetak Atolls.

Environmental studies of peripheral areas in the central Pacilic

were conducted on a small scale during the testing years (1945-

1958) by the University of Washington, and thereafter in 1975,

1979, and 1980 by Brookhaven National Laboratory as well. Those

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 drowned 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 uranium

and thorium series to the radiation environment in the Marshalls

are virtually nil External background radiation levels on
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those islands which are remotes from th a
.
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In contrast, tne Caroline Islands, immediately west of the

1) are comprised of high volcanic islands

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

The high island soils contain *?7Th and 773U and their daughters.

Tae additional contributions of gamma emitters among these

racionuclidces result in background exposure rates (at 1 meter

above the ground) which are nearly a factor of two higher than

those similarly measured on the coral atolls (Table 1}. Con-

tributions of stratospheric and tropospheric fallout are, of -

course, superimposed cn these 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

n Ecology (LRE), which was responsible for determining° t
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background concentrations of fallout radionuclides in soil and

in terrestrial and marine biota (7). Brookhaven National

adoratory (BNL) was tasked with the measurement of externalt

~

w cund radiation. Subsequent field trip activities focused4Ch Vau
o

om external radiation measurements only.

The measuriment sites were generally restricted to the District

Centers of the Trust Territory of the Pacific Islands because or

teeir accessibility via commercial airline. he Trust Territory
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rormation of soveral sovereign states within this region. Data

are also included for some of the central and southern Marshall

Islands which were reached by U. S. Denartment af Energy field

trips ships.

Field measurements of external radiation were conducted withoO

4
a pressurized ion chamber environmental radiation monitor, and

Dy in situ gamma spectrometry with (3 cm X 53 cm) sodium iodide

scintillation detectors. Soil samples were also collected at

most of the measurement sites. These were later analyzed in

the laboratory for gamma emitters by high resolution gammag
q

spectrometry; and for ?*Sr/?°Y, and in some cases 737, ?*°Pu

by radiochemical separation and counting. Data on strontium

re inc!poand transuranics - oO c
t A
s

Q
u

k
e a) c
t
> b
k

10
7)

L
a
e

Gy X
J 9o he
t

e
t

easurements3The primary purpose of the in situ gamma spectral

was to provide a data base for energy dependence corrections

for the stainless steel-walled ion chamber detector. <aAs a

result the measurements were made at low resolution (100 KeV

per channel) from 0 to 2.5 MeV. A programmable calculator

was used to fold the gamma spectra into the ion chamber

response characteristic to correct for energy dependence in

the environmental radiation monitor. Coerrection factors were

typically about +5

The ion chanbder instrument presented tre instantaneous exposure

rate digitally in LR/hr based on samplings of the ambient



RESULTS AND ANALYSIS
 

ct exposure rate measuroments

at various locations in Micronesia. Soil samples (Table 2)

from these areas were analyced for gamma-emitting radionuclides

ton, Laboratory for Radiation

Ecolozsy (3, 7) and by Brookhaven National Laboratory. The

vertical distribution of fallout nuclides in the soil was

¢@ Sy vertical sampling profiles to a depth of 50 cn.

r

r
ey concentrations of '?’Cs tended to decrease exponentially

with depth, with a "relaxation length" of about 5 cm?g-'. Are bo
atréae
*

cepositions of '47Cs were calculated by integration of the depth
é

cistributicn determined from the v o ot tical sampling profiles.

Exposure rates were then calculated by applying the coefficient

t 4.8 cm*g”} from EML-378 (8). These samples wereeorh a y
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also analyred for “°K and for the uranium and thorium chains

sor wnaich the vertical profile data were averaged at each sample

location. The respective exposure rate contributions were calcul-

ated from coefficients in HASL-195 (9}. The cosmic ray contribu-

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

Attempts were made to reconstruct ambient background exposure

rates from soil analyses and the cosmic ray contribution at

fajurg, Ponape and Truk. These cata are presented in Tables 53,

+ and 5. These locations are sufficiently distant (> 500 km)

from tna test sites (Bikini and Enawetak Atolls in the northern

Narshalls; that no evidence could be found to sugysest that they
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ekuyat these sites. Comparisons of measures oxposure rate

Majuro with those at Kwajalein, Wotje and Ailuk Atolls in the

Sle Ll} tend to support this

contention; however, firm conclusions must await the publica-

Northern Marshall Islands Radiologica?
2

[Tt should be noted that exposure rates meas i
s tred at Rongelap

and Utirik Atolls, in the northern and northeastern Marshalls

respectively, are significantiy higher than those in the central
x

and southern islancs. Rongelap and Utirik are known to have

een contaminated by the Bravo Test on Marcn 1, 1954, and

Virtually all of the contemporary incremental exposure rates

above background at these sites is attributable to residual '?’Cs

contamination in the soil and vegetation.

The reconstructed exposure rate at Majuro (Table 35) is reasonably

close to the measured value. The difference is attributed to

the exposure rate contribution from “°K in biota (for which no

assessment was included in the calculated value}, and to uncertain-

ties in the soil analyses. Tables + and 5 vresent 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 calculated exposure rates

at Truk were excellent. The significant difference between

the two values at Ponape is attrioute2 orimarily to uncertainties
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CONCLUSIONS

Barcngrounc exposure rates may be accurately reconstructed fron

carelul anaivses of soil gamma emitters and the contribution

ef cssmic cays. In situ moasurements of exposure rates will

reflect significant contributions above bacxground of fallout

of tne uranium and thorium cnains can be ignored. It is

intuitively obvious that a continuum éxists geographically

between areas which received worldwide and tropospheric fallout

anc those wrich received only stratospheric Cor worldwide)

1
hibit this continuum suchfallout. The islands of Micronesia exhi

that beyond about five hundred kilometers from the test sites

it may D2 impossible to distinguish between the contributions

to contemporary environmental exposures from U. S. Pacific

nuclear tests and those attributable to multinational worldwide

fallout.
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RATE DATA FOR
VARIOUS LOCATIONS IN MICRONESIA
 

o
n

 

 

 

 

ISLAND TYPE AUG. EXPOSURE NUMBER CF
LOZATIO’ (date) LOCATION RATE (uR/hr.) MEASUREMENTS

Naiure, Coral Atoll Southern 3.7 £ 0.3 65
“ajuro (11/75) Marshall Is

noi-mamur Coral Atoll Central 3.4 4 0.2 189
wwaielein (9/76) Marshall Is

Ornaj, Coral Atoll East Central 3.7 £ 0.5 130
note (9/76) Marshall Is

“wotie, Coral Atoll East Cantral 3.38 + 0.3 , 119
motie (9/76) Marshall Is -

Aliuk, Coral Atoll East Central 3.8 + 0.4 135
\iluk (9/76) Marshall Is

(
petri) Coral Atoll Norhteastern q.1 4 0.5 270
Urtirik (9/76, 10/77) Marshall Is

sor 3) Coral Atoll Northeastern 4.1 + 0.3 90
Utirik (9/76) Marshall Is

Rongelas (>) Coral Atoll Northern 7.1 #11 380
nongelap (9/76, 10/77 Marshall Is

Biking (CO) Coral Atoll Northern ~40 > 1000
Bikini (9/75) Marshall Is (range ~ 10-100)

Nolonia, High Volcanic Eastern 6.5 + 0.5 90
Ponape (11/75) Caroline Is

Moen, High Volcanic Central 6.5 + 0.6 © 30
Truk (11/75) Caroline Is

(a> Contaminated by Bravo Test, 1954.
.23 eavily contaminated by Bravo Test, 1954
fo} Pacific Nuclear Test Site. Data from BNL 51003 (5) and

GORL-51379, rav.l. (2).



 

 

 

AVERAGE GAMMA-EMITTING RADIONUCLIDE CONTENT OF

SOME MICRONESIAN SOILS

Prey PAU ~ faACTIVITY CONCENTRATION ) oR
LOCATION NUCLIDE INTEGRATED AREAL DEPOSITION

Maiuro, Marsneall 137 . 2oassy , s . ale AT 7 enIslands Cs 0.43 pCi/en

Majuro, Marshall IL ii . “ v°K 0.70 pCi/s
Islands pCi/s

Ponape, Eastern 137. cS i fom?
Carcline Islands Cs 2.51 pCi/em

D 7 = +Ponape, Eastern hoe 45 -)
Caroline Islands * < 0.22 pCi/g , .

Ponape, Eastern
ewe were U 1.81 m

Caroline Islands PP

Ponape, Eastern LE . om
Caroline Islands Th 9.17 py

Truk, Central 13%; 4 . 2
: > 5 .71 pCi/cm

Caroline Islands Cs pci/

m4, nent
Truk, Central woK < 0.22 pCi/z

Caroline [slands

Truk, Central
Caroline Islands

Truk, Central
Caroline Islands

Th

2.18 ppm

5.62 ppm

 

(a) Data derived from soil sample analyses by University of Washington
LRE, NVO-269-35(7), and Brookhaven National Laboratory (unpublishac
cata).
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CALCULATED EXPOSURE RATE FOR
MAJURO, “.oT. BASED ON SOTL

CALCULATED [)
SOURCE BASIS EXP. RATE (uR/hr.)

137C5 Avg. Deposition 8.9 X 107?
Q-10° N. Lat. (a)

2.1 pCi/em?

137Cs Soil Sannie 1.9 X 107?
Analyses: 0.43 pCifcm?

49K . Soil Sample 3.0 X 107?
Analyses: 0.7 ovCi/g

Cosmic (a) 3.2

Total Calculatec 5.3 uR/hr
Total Measured 3.7 + 0.5 uR/hr

 

(a) UNSCEAR (21)
(db) EML-378 (3), HASL-195 ( 3)



TABLE 5

 

 

 

CALCULATED EXPOSURE RATE
FOR NOLONIA, PONAPE SASED

ON SOTL RADISANALYSES

(2) catcuLarep 6?)
SOURCE BASIS - EXP. RATE (uR/hr.}

U chain . Soil Analyses 1.2 :
738y 226Ra, ban

TR chain Soil Analyses 2.5
232TH 222TH, 2l2py

* 9X (c) < 0.1

137Cs Soil Analyses O.1
2.7 pCi/cn*

Cosmic (c) 3.2

Total Calcuiated 24 uR/h
5 + QO.

7 r

Total Measured 6. 5 uR/hr.

 

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

EML-378 ( 8), HASL-195 (9)

UNSCEAR (11).



TASLE

|
v

CALCULATED EXPOSURE RATE FOR

trux$9) gasen ox

SOIL RADIOANALYSES

 

 

(b) CALCULATED {*)
SOURCE BASIS’ -- EXP. PATE (uR/hr. )

U chain Soil Analyse2s 1.4
233u 2254 .

Th Chain Soil Analyses 1.8
232TH, 223th

“OX (d) < 0.1

l37Cs5 Soil Analyses 0.2
4.7 pci/em?

Cosmic (d) 3.2

' Total Calculated 6.7 uR/hr

Total Measured 6.5 + 0.6 uR/hr.

(a) Data averaged for Fefan, Mcen and Dublon Islands.
(b) Soil data from University of washington, LRE.

NVO-269- 33 (7).
(c) EML-373 £3), HASL-195 (9).
(dj UNSCEAR (11).
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