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In March. 1958. a radioec(,lotzlc~l study of
,. A?.) : w:; :rl.tltut&i 1. !., r’, ?I.:st o! .I.a

U1..+.m of BJ1,<Y and !feal(lne, L, S. Atomic
E:,ei--j Cmtnlssl,n iAEC). This report wll,l be (.on-
rerceci with generalizations regaruing the distrlbu-
tl n of r~dlo:~uol ides at the atoll in the fall of
L~LY, some five :~ears after contamination with
radioactive fallout.

-::-i~lap Ate! 1 was nt’v~de~ca;ly contaminated
on .~.:’Cl; 1. i954, with radlod.’tlve fallout from a
th!l .jnuclc+ar device detonated at Biklnl Atoll sone
$(’ m:,es to the west.

Gamma radiation dt3Se rates

at ~GnKelap 01 D t ! ,deti;natiun + r.ae day) ranged
;ron 3.5 roentgetis per hour ~t the southern islets
.“, .~ atoll Lo 25 roe.ntgens per hour at the nor:h-
ern ,slets (Dunning, 1957). Eighty-two natives re-
sii’fig on Rongelti,) Island. 1:1 the south. ‘*ere evac-
uateo and did not return until June, 1957. At that
time the returning populatiua approached 300 In
numoer but since appears to have stabilized at 23Ll.

Several radiological Onc oioin~ical surveys,
pr:marlly of a monitorltui nature. were c~nductod
:1 ,m the tine of the first contamination until
A95H {Ounning, !957). Wring Lhls time the gamma
radlatio’i dose rates over land areas declined at
approximately the rate predicted for mixed fission
pro(i(icts by Miller and . >eb ~i958). Slight rises
ir . m“a dose rate were ,!xer,:erl In 1956 and 1958.
re~~ tng from tests conddcced during these years.
H(>wev.:r, the total contribution of radionuclldes
from these subseq~ent f~lluuts amounted to a frac-
lt>n of one per cent of !he amount from the 1954
fallout.

.iont!elap Atoll is l[,:-ated in the Marshall Is-
iands, in the Central Paci’. Ocean. at about 11°
Sor’h. It is a typical atoll with a lagoon ~rea of
! ‘s square miles and abou! 180-fcot average de~t:,
“1P.*ewrqent lan.i _rrea is about three square miles
an(l ;S made IIp (Jf k; .Small islets rang.,.< in Size
‘rori 3 fract ,.Jn of an acre t,. the largest :sland,
Rt!-.gelap. W’hLCh is about tour EIilcs long and one-
hai! rile across at 1:s widest point.

‘he?e is onc sm~l i isL,,t on the westsrn reef
anti ::)e remalnutr are strung dlong the northern,
e3stern anc southern reefs. rhe Ls,ets on the
-:, .t~(.r[l reef ar,: not as well developed US those tO
‘}.I e:,;t nnd south. The waters of the lagoon are
?s~.ntl~l!y isoth(>rmal ~Roblnsori. 19*54) . The cir-
~. ‘ .’!on. generhted by the northeast trxde winds,
iS,, I east to west at the surface with a re:urn-
init b,)t’,m current (Von Arx. [951~, ?’!~e estimated
.’ .,- 1,1” rtinewal of water in tl]e I.tgoon JS about

:Jy:

?h,, parent Material 0; both +’!11S and the la-
.:,, . b.:. n 1s >rimarilv CalCidar :rbona: orlgi-

!,. ,rrn:niy from cnralli .: algae. corals and
.,~.,ra rl:~re‘.. .l!~. ;- 31s0 some .3CCUIIIUI;I! ior of

,mit, . It .11 ,..e sc: =

“e ldtiv e:. Jr the are: ., # }!i L,rone ;~I)s
.,

1 G. “l!ltll!v IS iLml!ed . .,r::t; ! prc,d~~:t::
+., 11~,..I!!L, si%,r ‘,[ LL2P! ~.~-vt is (.0; :. : Abou;
..4 1 ! “ tLv t,x,d consu;fied ,~r :!te ..7. set,. !m~ ~’j
..mpor!t. ; F1-h ?nd other -;~r:n~ ~~;anlsms ar~
e:ILJ: bIIr ;!w.~e sourcrs ire ii~t ex~iol!ed as n,~.h

i ,,>.,.s.. cd J h~ Tt~C !vnqelapwse are aln.ost en-

tirely dependent
Rainfall in this
islets small, so
fresh water lens.

on cisterns as a source of, water.
area is comparatively iow and the
that there is not a wel!-dev~l.oped

There is, however, some Potab!’.
water in weils at Rongelap and Eniwetok Islets.

The native style wattle and palm frond bulld-
it,:s ‘ta\e been repi~ce’1 ‘:y ;lywuod 2J’ . .n:n’-n
structures built to Rongelapese Speclflca:lons by
the AEC. sanitation habltS have been altered by
the advent of pit toilets.

7-w terres!r;al fauna is limited in vaiiety
The only mammal present is the small fieid rat,
fbttus exulans. The most comtaon birds are the.—

~~~~!~i;r;;d~ alba
and the noddy terns, Anous

[e7ii&strls. ~hich nest in large
numbers on so%e ~e~abited Islets. The
reptiles are represented by skinks, geckos. and a
blind snake. Land cratrs are common. che most spec-
tacular being Ftlrqus’latro, the ,:oconut o:’ robher
crab. Insects—a-re~ew, both in 2umDer 01 species
and indivlcuals. The most severe pest appears to
be the beetle, Brontispa sp., which attacks the
coconut palm.

in contrast to the land areas there LS 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 fish.
Plankton, however, is extremely sparse and as a
consequence the water is so clear that green algae
are found growing at depths of 1S0 feet.

Since the question of the effects of radiation
on the organisms 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 sfudv before the
addition of radiation as an ecological factor, it
is difficult to do more than speculate concerning
Lhe cause of the s~wific anomalies observed.
Fosberg (1959) has accurately described the poor
condition of the plants at the northern islets of
Ronffelrip 4.toll and has suggested that the primary
,ause 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 SO1!S of the northern ielets 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,

-+Eniweiok. Rongelap, an uncontaminated atolls that
w.hlle thc[e is evidence of genetic changes caused
~J raaiat~on other factors mask Lhe radiation
effects In short, it is not likely that such
questions wlli be resolvcl 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 fal!out the
Long-1ived fission products cesium-137 and stron-
tium-9~ arc the principal radionuclides found in
the land organisms while the neutron-induced
ra(~ior!uclides z:nc-Li5, t*ohalt-60 and manganese-54
Q:.. “,wnd primar]ly in ?he narine organisms.

St~l! detectable in the soil are manganese-54,
il:~(-55. cuDalt-5i. ,~obait-60, zinc-65, strontlum-
90. zircmiutar-95, rutttenium-106 antimony-125,
‘?slwn-137, cerium-144, and europiunt-155. which

:t,ma~r ~ncentrated in the upper one to two inches.
ihe:c h];ner Levels of radionuclides have been
present ;iese nuclides have been reported in a wide
v~r:etj or !.-~anisms. It is liktly that most of
::ese raaionucli.fes are actuttIly mi”esent in most if
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not all organisms at Rongelap but that the levels
at which they occur are extremely low and so eecape
detection.

Passing from the soil to the soil solution,
the term being used here to mean leachates coilec-
ted in the field from lysimeters, strontium-90,
cesium-137, and antimony-1 5 are the principal nu-
clides found, 8although Ru~ 6-Rh106, cerium-144,

,-.-“ uropium-155 are also detectable (Cole et al.,
196i). Here differences exist with respect to soil
type Ln that the leachates from immature soil,
consisting almost exclusivelyof 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 movement has been detected in
Leacnates to depths of 30 inches, but the levels
are so low In ground water that special techniques
would have to be developed to detect them,

The land plants contain principally cesium-137
and s:rontium-90. Manganese-54 and zinc-65 have
been found in plants from the more heavily contami-
nated Islets but are present in relatively insig-
nificant amounts. In general, ceslum-137 accounts
for YO per cent or more of the radioactivity in the
land plants and strontium-90 for the remainder.
This 1s unlike the situation tisually found on con-
tine,ltal soils and is a consequence of the low
pottssium content of Rongelap soil. Amendments of
potassium to Rongelap soil reduce the uptake of
ceslum-137 by plants (Walker et al., 1961), and
affect the distribution of cesium-137 within the
plant. There are, of course, differences between
plant species and plant parts with respect to the
relative amounts of cesium-137 and strontium. For
~xamuLe, copra contains very little strontium-90
as compared with Pandanus fruit, and the basal
leaves of various plants contain more 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
and calcium.

The rats contain cesium-137 and stronti&-90,
reflectinir the r adionuclides cu’esent in the Dlants
cm which they feed, The coco;ut crab and th;.l and
hermit crab (Coenobita F_) contain the same
nuclides but concentrate s rontlum-90, as has been
;;~;ted for $oenobita from Eniwetok Atoil (Held,

The occurrence of radionuclides in man at
Rongelap has been summarized by Cohn et al. (1960).
In li’58 these auclides were cesium-137 and stron-
tium-!JO coming form the food plants, and zinc-65
coming to man from marine products.

The birds, which feed almost exclusively on
marine organisms, contain primarily zinc-65 and
occasionally small amounts of manganese-54 and
cobalt-60. Strontium-90 is also found in small
amounts in bird bone and may reflect direct uptake
from the ingestion of soil, although there is no
direct evidence that this occurs.

Rad.ionuclide,+ in fish are limited to manganese-
54, cobalt-60, and zinc-65, the latter being pre-
dominant. On a dry-weight basis for a sample of
goatfisti (Mulloidichth s samoensis) testeshave the

-r,hiehest le= I.e . Gastrointestinal tract.
an~ eyes are lower by about-an order of tnagnltude;
and the muscle and bone lower by still snot’’~.r
order of magnitude. If the total amount of radio-
activity by vissue is considered, then bor,e is t(le
princ:pal depositor of zinc-65 (Joyner, L361, per-
son.! lcommun,catioa~. Thsourcesof zicc-65for
fish are open to question. In some instances in-

vertebrates containing zinc-65 are known to be cott-
sumed by fish found to contain zinc-65, but, in
general, no definite sources of zinc-65 are known
to exist five years after fallout. It is possible

that there is concentration of undetectable levels
from the sea 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 as a whole con-
tain a wider spectrum of radionuclides than do the
fish. These are manganese-54, cobalt-57,60, zinc-
65, strontium-90, cerium-144, and probably europium-
155. The corals contain cobalt-60 and are the
only invertebrates in which strontium-90-has been
consistently detected. From limited data avail-
able thus far itsppears that these nuclides sere
deposited in tbe skeletal material soon after fall-
out and have remained localized in portions of the
coral colony actively growing at that time. The
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 clams collected at RongelaD in 1956.
Animals such as the sea cucumber-(lfo~othuria,
i9;9;~us) and spider snail (Lambis, trombus),

ngest large amounts of~om sediments,
cont~ln ruthenifi-106, cerium-144, and probably
europium-155.

Of several species of algae sampled in 1959
the only radionuclides detected were ruthenium-106,
cerium-144 and europium-155. In general, the
levels of radioactivity in the algae are lower
than in the fish or invertebrates.

The plankton contain manganese-54, cobalt-
57,60, zinc-6S, 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 gallons of water were
pooled for gamma-ray spectrum analysis and were
found to contain only enough of these nuclides
for qualitative itnalysis without resorting to
chemical separations. Further analysis haa been
deferred until other studies with the individual
samples can be completed.

The lagoon sediments contain strontium-90,
ruthenium-106, cerium-144, and europium-155. The
radioactivity is associated mainly with the fines
and is concentrated in the top two to four inches,
dropping off rapidly with depth.

Radionuclides other than naturally occurring
potassium-40 were not detected in sea water al-
though larger samples and more sensitive techniques
undoubtedly would have revealed their presence.

In sum, on land the present distribution of
long-lived fission products, strontium-90 and
cesiuin-137, can be expected to remain very much
as it is now. The levels of radioactivity will be
reduced primarily by physical decay of the raciic-
nuclides so long as other factors such as changed
agricultural practices or a catastrophic storm
do not occur. In tbe lagoon, the levele of radio-
activity will decline more rapidly than on land
because of the presence of shorter-lived radionu-
clides, with the exception of strontium-90. The
latter does not enter the marine food web to any
significant extent and may remain aa a label use-
ful in evaluatLng the long-term effects of physical
forces in the lagoon.

The qualitative
at Rongelap Atoll JS

SUMMARY

distribution of radionuclldes
determmed approximately five
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“years after contamination by fallout from a thermo-
nuclear device indicates distinct differences be-
tween the terrestrial amdmsrine environments. The
levels of radioactivity are low, the concentrations
being less than the saxisum permissible concentra-
tion for radionuclides in food or drinking water of
sari. Of the wide spectrus of radionuclides concen-
trated in the surface layers of the soil, stron-
tium-60, antimony-125, and ceeium-137 are the prin-
cipal nuclidee entering into the soil solution.
The principai nuclides in the land plants and plant-
eating animals such as coconut crabe and the
indigenous rats ● re cesium-137 and, to a lesser
degree, StrOtitiLtS-90.” Bottom sediments contain
ssittiy strontius-90 ●nd europius-155. The radio-
nuclides in the lagoon water have not been detected
but are probably present in minute amounts. Plank-
tonic organisms contain traces of manganese-54p
cobalt-57,60, zinc-65, zirconium-95, ruthenium-106
●nd cerium-144. The principal nuclide found in the
marine algae is cerius-144. In the marine inverte-
brates cobslt-60 atid zinc-65 occur most comsonly.
Corale and corelline elgee contain some otrontiua-
90, while ths fish ●nd sea birds ● re found to con-
tain mostly zinc-65. Tbe presence of zinc-65,
cesl~-137, and StrOntlUS-90 in the body of the na-
tives reflects ● diet of both sarine and terres-
trlalorigin.

This work was performed under contract nusber
AT(45-1)540 between the U. S. Attmic Energy Com-
misifion and the University of Washington.
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