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RADIOhWLIDE9AT RONGEL.4PATOLL

E. E. IIEI.L)

In Ms’rch, 1958, a radioecologlcal study of
Rongelap Atoil was instituted at the request of the
Division of Biology and Medicine, U. S. Atomic
Energy Commisslort (AEC). This repoft will be con-
cerned with generalizations regarding the distribu-
tion of radlonuclides at the atoll in the fall of
1959, some five years after contamination with
radioactive fallout.

Rongelap Atoll was accidentally contaminated
on March 1, 1954, with radioactive fallout from a
thermonuclear device detonated at Bikini Atoll some
80 miles to the west. Gamma radiation dose rates
at Rongelap or. D + 1 (detonation + one day) ranged
from 3.5 roentgens per hour at the southern islets
of the atoll to 35 roentgens per hour at the north-
ern islets (Dunning, 1957). Eighty-two natives re-
siding on Rongelap Island, In the south, were evac-
uated and did not return until June, 1957. At that
time the returning population approached 300 in
number but since appears to have stabilized at 230.

Several radiological and biological surveys,
primarily of a monitoring nature, were conducted
from the time of the first contamination until
1958 (Dunning, 1957). During this time the gamma
radiation dose rates over land ●reae declined at
approximately the rate predicted for mixed fission
products by Miller and Lwb (1958). Slight rises
in gamma dose rate were observed in 1956 and 1958,
resulting from tests conducted during theee years.
However, the total contribution of radionuclides
from these subsequent fallouts amounted to a frac-
tion of one per cent of the amount from the 1954
fallout.

Rongelap Atoll is located in the Msrsball Is-
lands, in the Central pac~fic Ocean, at about 11°
North. It is a typical atoll with a lagoon area of
.ISM square miles and about 180-foot average depth.
The emergent land area is about three square miles
and is made up of 61 small islets rangliig in size
from a fracton of an acre to the largest Island,
Rcngelap, which is about four miles long and one-
hal? mile across at its widest point.

There is one small islet on the western reef
and the remainder are strung along the northern,
eastern, and southern reefs. The islets on the
n~rthern reef are not as well developed as those to
It?e east and south. The waters of the lagoon are
essentially isothermal (Robinson, 1954). The cir-
rdlation, generated by the northeast trade winds,
1s lrom east to west at the surface with a return-
ing bottom current (Von Arx. 1954). The estimated
tl~r !or renewal of WattT in the ~agOOn is about
?,; tiays

The parent material of both soils and the la-
qoun bottom is primarily calcium ,arbottate origi-
cat:! L mainly from coralline algae, corals and
f~ramlvifera. There 1? also some accumulation of
wmict dr:tt in Ihe sol!s

‘he natives of the area SJW Microne.lans.
~h-i: tigrlruiturc iS llmited i. variety ,f products

. ~-ld tbe onlj si~nlflcant txpnrt is copra About
t.alf of the foGd consumed at the .?r<sen; time is
:mported, Fish and other narine ~rganisms are
eaten but these sources are not exploited as much

9 /s they cou:iJ bv The Wntgelapsew are almost en-

tirely dependent on cisterns as a source of mater.
Rainfall in this area is comparatively low and the
islets small, so that there ie not a well-developed
fresh water lens. There is, however, some potabl~.
water in wells at Rongelap and Eniwetok Islets.

The native style wattle and palm frond build-
ings have been replaced by plywood and aluminum
structures built to Rongelapese Specification by
the AEc. Sanitation habits hSVe been altered by
the advent of pit toilets.

The terrestrial fauns is limited in variety.
The only mammal present is the small field rat,
Bsttus exulans. The most common birds are the
~t~ks alba,
stolidus an&eXro;~;;h~~;d;~r~; ‘l-
nutabers on some of he unln%abited islets. The
reptiles are represented by skinks, geckos, and a
blind snake. Land crabs are common, the most spec-
tacular being Birgus latro, the coconut or robber
crab. Insects are fe~oth in number of species
and individuals. The most severe pest appears to
be the beetle, Brontiepa SP., which attacks the
coconut palm.

In contrast to the land areas there IS a tre-
mendous proliferation of both numbers and variety
of organisms on the reefs and in the lagoon. For
example, there are over 700 species of fieh.
Plankton, however, is extremely sparse and as a
consequence the water is so clear that green algae
are found growing at depths of 180 feet.

Since the question of the effects of radiation
on the orgsnisms inevitably arises, it might be
well to consider it briefly before going on to the
main subject. There is no doubt that the levels
of radiation were of sufficient intensity to affect
living organisms, However, under actual field con-
ditions and without benefit of study before the
addition of radiation as an ecological factor, it
is difficult to do 8ore than speculate concerning
the cause of the e~ecific ●nomalies observed.
Fosberg (1959) has accurately described the poor
condition of the plants at the northern islets of
Rongelap Atoll and has euggeeted that the primary
cause of this condition is radiation. In our opin-
ion, however, other factors, particularly edaphic
fac?ors, have probably been more important than
radiation. The fact that the nitrogen content of
the soils of the northern islets is lower than that
of the rest of the atoll is at least circumstantial
evidence that for some time there have been
differences between these areas with respect to
plant growth. Stone et al. (1957) have concluded
from studies of Droso hila populations at Bikini,
Eniwetok. Rongelxontaminated atolls that
while there is evidence of genetic changes caused
by radiatl;; ::~: factors mask the radiation
effects. it is not likely that such
questions will be ;esolved without controlled ex-
perimentation with the species involved, under
varying conditions, and with an eye toward the
possibility of synergistic effects.

Approximately five years after fallout the
long-lived fission producte cesium-137 and stron-
tium-90 arc the principal radionuclides found in
the land organisms, while the neutron-induced
radionuclidws zinc-65, cobalt-60 and msnganese-54
are found primarily in the marine organisms.

Still detectable in the soil are manganeee-54,
iron-55. cobalt-5i, cobalt-60, zinc-65, strontium-
90, zirconium-95, ruthenium-106, antimony-125,
resluta-137, cerium-144, and europium-155, which
remain concentrated in the upper one to two inches.
Wbe=c higher levels of radionuclides have been
present these nuclides have been reported in a wide
variety or organis8s. It Ie likely that ●ost of
these rad~onuclides are actually present in most if
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not all organisms at Ron6elap but that the levels
at which they occur are extremely low and IXOescape
detection.

passing from the soil to the soil solution,
the ter- being used here to mean leachstes collec-
ted in the field from lysimeters, strontium-90,

elides fouod, although Rul~~~&c~&~fi~Y”-
cesium-137, and antimony-1

and europium-155 are QISO detectable (Cole et al.,
1961). Here differences exist with respect to soil
type in that the leacbates from immature 0011,
consisting ahOSt exclusively of parent material,
contained only antimony-125 and strontium-90.
There is to us no evident explanation for this
difference.

The ground water probably contains these nu-
clides since their ■ovement has been detected in
Ieachates to depths of 30 inches, but the levels
are so low in ground water that special techniques
would hsve to be developed to detect them.

The land plants contain principally cesium-137
●nd strontium-SO. Msnganeee-54 and zinc-65 have
been found in plants from the more heavily contami-
nated islets but ●re present in relatively insig-
nificant amounts. In general, cesium-137 accounts
for 90 per cent or ❑ore of the radioactivity in the
land plants and strontium-90 for the remainder.
This is unlike the situation usually found on con-
tinental soils and is a consequence of the low
potassium content of Rongelap soil. Amendments of
potassium to Rongelap soil reduce the uptake of
cesium-137 by plants (Walker et al., 1961), ●nd
●ffect the distribution of cesium-137 within the
plant. There ●re, of course, differences between
plant species and plant parts with respect to the
relative amounts of cesium-137 and mtrontium. For
example, copra contains very little strontium-90
as compared with Psndanus fruit, ●nd the basal
leaves of various plants coritain Bore strontium-90
relative to cesium-137 than do the terminal leaves.
This variation is related to differences in mobil-
ity between cesium and potassium, and strontium
●nd calcium.

The rats contain cesium-137 and #trontium-80,
reflecting the radionuclldes mesent in the Dlants
on which ;hey feed. The cocofiut crab andt~$s~ed
hermit crab (Coenobita per;atu;) contain
nuclides but concentrate s ron ium-60, ●s has been
reported for $oenobita from 2niwetok Atoll (Held,
1960) .

The occurrence of radionuclides in man at
Rongelap has been summarized by Cohn et al. (1980).
in 1958 theme nuclides were cesium-137 ●nd mtron-
tium-90 coming form the food plants, ●nd zinc-65
coming to man from marine products.

The birds, which feed almoet exclusively on
marine organlems, contain primarily zinc-65 and
occasionally small amounts of msnganeee-54 ●nd
cobalt-60. Strontium-90 is also found in small
a=ounts in bird bone ●nd may reflect direct uptake
from the ingestion of soil, ●lthough there is no
direct evidence that this occurs.

Rsdionuclides in fish ● re limited to manganeee-
54. cobalt-60. ●nd zinc-65. the latter being nre-
do&inant. On”a dry-weight”bssis for a sampie-of
goatfish (Mulloidichthys esmoensis) testes have the
highest levels, the iver, gastrointestinal tract,
●nd eyee ●re lower by about-an order of msgnitude,
snd the muscle and bone lower by still ●nether
order of magnitude. If the total amount of radio-
activity by tissue is considered, then bone Is tne
principal depositor of zinc-65 (Joyner, 1961, per-
Sonal communication;. Thesourcem ofzinc-65 for
fish ●re open to question. In some instances in-

vertebrates containing zinc-65 are known to be con-
sumed by fish found to contain zinc-65, but, in
general, no definite sources of zinc-65 are known
to exist five years ●fter fallout. It is possible
that there im concentration of undetectable levels
from the mea water or algae. The possibility that
most of the zinc-65 radioactivity in fish is resid-
ual appears to be ruled out by the fact that young
fish contain relatively high levels.

The marine invertebrates taken ●s ● whole con-
tain a wider spectrum of radionuclidem than do ths
fish . These are =anganeme-54, cobmlt-57,60, zinc-
65, strontium-90, cerium-144, ●nd probably europium-
155. The corals contain cobalt-60 and are the
only invertebrates in which strontium-60 has been
consistently detected. From limited data avail-
able thus far it appears that theme nuclides were
deposited in the skeletal msterial soon after fall-
out and have remained locslized in portions of the
coral colony actively growing at that time. me
clams contain mostly zinc-65. cobalt-57 and cobalt-
60. Weiss and Shipman (1957) originally reported
the concentration of cobalt-60 in the kidney of
Tridacnid clame collected ●t Rongelap in 1956.
Animals such ●s the sea cucumber (Eolothuria,
::::oy) ●nd spider small (Lsmbis, trombue).

ngest large amounts of~?i medimenfs.
contain ~utheniu&106, cerium-144, and probably
europium-155.

Of several epecies of algae menpled in 1959
the only radionuclides detected were ruthenium-106,
cerium-144 ●nd europium-155. In general, the
levels of radioactivity in tbe algae ue lower
than in the fish or invertebratee.

The plankton contain manganese-54, cobalt-
57,60, zinc-65, zirconium-95, ruthenium-#~6i9&d
cerium-144, but all in minute amounts.
plankton samples collected by pumping a total of
two and a half million galloaa of water were
pooled for gsmma-ray spectrum analysis and were
found to contain only enough of these nuclides
for qualitative analysis without resorting to
chemical separations. Further analysis has been
deferred until other studies with the individual
samples can be completed.

The lagoon sediments contain strontium-80,
ruthenium-106, cerium-144, and europlum-155. The
radioactivity is associated mainly with the fines
●nd is concentrated in the top two to four Iachee,
dropping off rapidly with depth.

Rsdionuclides other than naturally OccUrriag
potassium-40 were not detected in mea water al-
though larger samples ●ad more sensitive techniques
undoubtedly would have revealed their presence.

Ia sum, on land the present distribution of
long-lived fission products, stroatium-90 ●ad
cesium-137, can be expected to remain very much
se it is now. ‘lhe levels of radioactivity will be
reduced primarily by physical decay of the radic-
nuclides so long ●s other factors such as changed
agricultural practices or a catastrophic storm
do not occur. In the lagoon, the levels of radio-
activity will decline more rapidly than oa land
because of the presence of shorter-lived rsdioau-
clidem, with the exception of strontium-90. The
latter deem not enter the marine food web to ●ay
significant extent and may remsin ●s ● label uee-
ful in evaluating the long-term effects of physical
forces in tbe lagoon.

SQKMARY

The qualitative distribution of radionuclides
at Rongelap Atoli as determined approximately five
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yeara after contasinetion by fsllout fros a thermo-
nuclear device indicatea dietinct differences be-
tween the terrestrial andmarine environments. llte
levels of radioactivity are low, the concentrations
being lees than the maxim= permissible concentra-
tion for radionuclidaa in food or drinking water of
sen. of the wide npectrus of radionuclides concen-
trated in the mtrface layers of the soil, stron-
tius-60, antisony-125, and cesius-137 are the prin-
cipal nuclides entering into the soil solution.
me principal nuclides in the land plants ●nd plant-
eating animale such as coconut crabs ●nd the
indigenous rats ●re cesiu8-137 ●nd, to a lesser
degree, strontiu9-90. Bottos sediments contain
ssinly strontius-60 ●nd europium-155. The radio-
nuclidea in the lagoon water have not been de~~kd
but ●re probably present in minute amounts.
tonic organie8a contain traces of manganese-34,
cobalt-57,60, zinc-65, zirconium-95, rutheniu-106
●nd cerius-144. The principal nuclide found in the
marine algae is cerium-144. In the ●arine inverte-
brates cobalt-60 and zinc-65 occur most camonly.
Corals ●nd coralline algae contain some strontium-
60, while the fish ●nd sea birds ●re found to con-
tain sostly zinc-65. The presence of zinc-6!i,
cesius-137, and strontiU-90 in the body of the M-
tives reflects ● diet of both sarine end terres-
trial origin.
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RIY’EXlms

cam, S. E., J.S. Ibbertaon, and B.A. C4mxrd. 1860.
Radioisotopes ●nd ●nvironmental circuutanoes:,’ The intern+l rxdioactiw contamination of ●

pacific island c~nity ●xpoood to local fallout.

In R.S. Caldecott ●nd L.A. Sn@or (eds. ), ~

*. Kpr
o es in the Bios here, Univ. of Minnesota

&,. .,,.306-330.

Cole, D.*., S.P. Oesmel, and X.E. Seld. 1661. Use
of the tenmion lysimeter in corxl ●toll ●nd
glacial till soils. Soil SCi. ~ 321-325.

Dunning, G.M. (cd.). 1957. Rxdioxctive coataminxtion
of certain aresg in the Pxcific Ocean fre9 nuclear
temts. U. S. Atomic Sneray Couisaiom, U. S.
Gowrmxent Printing Office, Washington, D.C. eO
PP.

-berg, P.R. 1959. kng-texm mffecta of rxdioactiwe
fallout on plants. Atoll Research Sulletin No.
61. National Academy of Sciences-Nat iooxl M-
●earch Council, Washington, D.C. 11 pp.

--- . le59. Plants and fallout. nature ~(467s):
1448.

-id, E.E. 1860. Land crab- and fission products at
Eniwetok Atoll. Pacific SCi. ~(l): 1S-27.

Miller, C.F., and P. Iaeb. 1956. Ionicxtion rxte and
photon pulxe rate of fission products from slow
neutron fission of u235. U. S. hVS1 Sxdiologica I
Defenxe bbontory, San ?r8ncixco, report
USWX)bTS-247. 91 pp.

~ioson, U.K. LSS4. Sea temperature in tbeSerebell
islxndx I-s. U. S. G.O1OCICS1 Surwy profession-
al pcpor X-D. pp. 281-291

etOOe, w.a., M.B. Wheeler, T.P. Spencar, F.D. Wilson,
J.T. Meuenscbwander, T.G. Gregg, E.L. Seecof, ●od
C.L. Ward. 1957. Genetic studies of irradiated
nxtural populations of Droxo hila.

f Dro’opb~. #’Ta!!i%!#~
&%%$%6k316.. .

Von Arx, B.S. 1954. Circulation sy9tome of Bikini cod
bng.lap lagoons. u. s. Geological Surwy profoo-
●ioml peper 260-B. pp. 26S-273.

Walker, R. B., X.B. -id, and S. P. Oessol. 1s81 .
Sxdiocesium in plants grown on Rongelap Atoll
ml 1s . In Ilecent Mvmnceq & Sot&n
W 14um4.TI%iaxr.,un iv. mi$%%e%,~
?omnto, Cxoxda. PP. 13S3-1367.

Weiss, E.V., ●nd W.L. Shipmxn. 1957. Biological com-
centrxtioa by killer clame of cobalt-60 from
rxdioactiw fallout. Sciee 125(3260): 698.—


