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RADIOCZSIUM IN PLANTS GROWN OH RONGELAF ATOLL 3S0IL3™

R. B. Walker, E. E. Held, and 5. P, Gessel‘

AB3TRACT

Tomato arnd squash plants were grdwn in greenhouse pot
cultures using soil from Rongelap Atoll, which rece;ved
fallout contamination in 1354. The treatments involved vari-
ous combinations of N, P, and XK. Ail fertilizer treatments
markealy reduced the content ¢f Cs5-137 in the tissue. Also

Tepirited are the restlts cof a £ield experlient on Rongelap
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reduced the contan in a native grass, Potassium

and Cs-137 contenﬁg\pf foliar samples of several woody species
collectec on Rongelap Island are also included. In the most
common pattern,X and Cs-;37 concents of ithie upper foliage wvere
higher than those of the lowef leaves, but one species con-
sistently showed higher K but lower Cs-137 in the upper foliage.

Low K status of the soil and differences in mobility within the

plant may explain these patterns.
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INTRODUCTION AND METHODS3

The data reported here concern the uptake of Cs-137 oy
plants from soils of Rongelaé Atoll, Marshall Islands, with
3pacial reference to fertilization of the soil with N, P,
and K. The report includcs the results of g;éenhouaa pot
culture teasts using Rongelap top soil, as well as foliar
analyses of native vegetation growing on the atoll. Rongelap
Atoll was contaminated by radioactive fallout on March 1, 1954.
The principal radionuclide found in plant tissues in 1958 and
1353 was Cs~137. Radionuclides in the s0il remain in the Lon
few inchies with 90% or more of uhe ra;ioaCtivity in the LGP
- two inches or less.

In the currvonc greanhouse siudies,  tomatce and  3gquash
wiants were grown in isattle on ﬁop 801l {0 to 1C inchesj col-
lepeted in a coconut grove on . Rongelap Island. The scil
{perhaps better called aoil mat;rial) consists entirely of cal-
cium carbonate fragments derived from corals and foraminifera,
into which is incorporated about 9% organic matter. In the
rather coarse unsieved field soil the pE is 8.0; the caticn
exchange capacity ias attributable antirely to the organic frac-
tion and is about 8 meq per 100 qm; among the exchangeablé

cations therae are about 80% Ca, 15% Mg, 4% Na, and 0.7% K; the

soll is coarse, very friable, and highly porous,



The pot culture technique was essentially :hot o
et al.(1950)., Pertilizer solutions were mixed with &
portions of soil~which were'placed into 6-inch plas: i
uniform seedlings were transferred to the pots. and ol
were watered with distilled water as_neéded. Plants
vestad after about 30 days, and the tissue oven-drit
ground., The Cs-137 content of the dry material was &«
by gamma ray spectroscopy using a three-inch thallium
sodiun iodi&e crystal in conjunction with 2 muliicl
~analyzer. Tisaue was dry ashed and the acid 3olution
for potassiun by titravion of the cobaliinitrite prac
with permanganaca. 3Samples collected in the field ua
cluded leaves from the upper (younger) and leower {olde
foliage, and were composite samples from several plamn:
vicinity of a collecting point. The tissue was over
in thé field headquartecrs, and was subsequently re-dr.

and analyzed in ths same manner as the greenhouse sanm

RESULTS

X se 3 ts
In a preliminary experiment with tomato, variety

the fertilirzer treatments and the Cs3-137 in disintegr



minute per gm dry tissuc wera: unfertilized control, 490;
N~pP=K, 100; X-P, 190; N-K, 240; P-K, undastectable, These
‘reaults are particularly Lhteraaiing because all fertilizer
additions depressed the uptake of cesium. There was marked
response in yield to the nitrogen and the potassium fertili-
zation, but not enduqh for dilution to account for the dif-
£e?onces in Cs~137 contents. The absence of radiocesium in
the P~K treatment was nssociaﬁed with an unusually high K
lsvel in the plant tissus.

Following this preliminary experiment with tomato, a
further greenhouse trial was mads with aquash, variety Bubbard.
Squash was used because it i3 one of the few harbaceocus plants
success fully cultivaied in the northern Marshall Islands. The
treatments waere set up in triplicate, réplication was good,
and the plants grew well excaept for some chlorosis which was
not entirely corrected by the application of 1.5 mg Fe per pot
as NaFe2ZDTAFe chaelated by ethylenediaﬁinetetraacetic acid).
The plants were divided into upper leaf, lower leaf, and étem
fractions at harvest. 3ince the results were qualitatively
the same for the differant fractions and space is limited,
Table 1 presents the yiéldc and K and Cs analysee on the basis
of the entire shoot. The results of this experiment were in

general similar to those with the tomato, although there was



nc response in yield to poiassiwn additions, and the tissue
from tha NgPgKy; treawument contained €s~137. In alli cases the
fertilizer amendments caused a sharp reduction in the Cs~137
content expresseé on & d/m/gm dry basis, although this effect
could not be associated wiith a particular fertilizer element.
The depressive effact of fertilization on cesium uptake is

also evident whan the total Cs-137 in the shoot is calculated,
indicating that dilution by a2 greater amount of dry yield can
not explain the reduced casium content. In the different por-
‘ions of the squash shoots. C3-~137 was in all treatments
highes! in the upper lecaves, lowast in the lower loaves, and
intzcmediate in the stem. Squash plants grown on the 3ame
Danch at the same Time but in a gteenﬁousa loam s0il containaed
ne Cs-i37. Results of analyse; for Ca, M43, Na, anqg PG, in the
“issue do not of£far any abvious explanation for the differences
in cesium uptake, although it should bc noted that calciun
levels weare very high. especially in the lower leaves, in which .

Ca ranged from 69C to 930 meq per 100 gm of dry tissgue.

Analyses of leaf Tissue Collected on Rongelap Atol}
Foliage samples have baen collected in the field, prima-

xily from woody plants, which dominate the atoll environment.

In most cases 3eparate samples were taxen of the upper and the
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lower foliage of the plant3. Representacive valuas fcr K
and Cs-137 in three of the common s3peciea are given in the
lower part of Table I. Potassiuﬁ contents of the upper

foliage have consistenily proved to be much higher than those

- in the lower foliage. On the other hané, Ca and Mg levels

have been consistently higher in the lower than in the upéer
leavaa. In the case of Ca-137, the pattern is consistent in
the samples of a particular species, but there are differ-
ences between tha species. In Measerschmidia and gandgus.. '
Cs-137 levels arae highar in the upper than in the lower foliage,
which i3 the same pattern that was observed in tha aguash grown

in the greenhousd. In contras:, 3caevola shows higher levels

T

cf Ca=-137 in the basal than in the upper lsaves.

H

In one insiance “he effect of mineral fertilizaticn in the
field was tested. Two 1/80 acre plots in a coconut qrove.on
Rongalap Island wara itreated with a broadcast application of
KCl in August 1958, at a rate of 140 pounds K,O per acre. The
dominant ground vegetation, a grass (nggg;gg_sp.).was sampled
in March 1959 from the fertilired and control areas. Average
values for the content of K(meq per 100 dry gm) and Cs-137
(&/m/gqm) were as follows: Control- 10.1 X, 65 Ca~137;

Fertilized-16.5 K, 20 Cs-137. Samples from the same locations



collectad in 3aeptember 1959 showed no :ignificant difference
in efther K or C3 contents, however, 30 zhoe depressive affect
of the K fertilization on C3-137 was apparently transitory,

although the possibility of seasonal differances exisg:ia.

DISCU3ISION

N, P, and K fertilization in variocus combinations de-
prossed the uptake of Cs-127 in all cases in the greemhouse
axpariments. It was clear that &xlution by increase of dry
yreld with fertilization could not explain the reduction of
che Cs3=-137 laveld, but no general explznarion for the 2ffects
of the three elements can be given at this time. One factrof
possible intecsesy in thils connection was the considerably
highef uptaxe or K which was obaervec with the P-K treaiments
(i. e. without li) with both sguash and tomato.

The resultcs of the pot cultures & nct distinguish
clearly between the effects of the differant fertilizer aele-
ments on Cs-137 content of the plants, 3ince no treatments in-
volved single elcecmonts., There was an indication in the tomato
that high K content was aasociated with lower Ca-137 content,
but this was not confirmed by the tasts using squash. A pos-

gaible explanation for this differoence lias in the fact that



tomato reaponded in yield to ¥ addi.ions bul suash did nol.

In the fartiiization with K in the fialﬁ, al leés* a {a@mporary
depressioﬁ of C8-137 uptaxke was «ffectad. This is congistent
with the results of Nishita, at al.(196C), who observed & de-
creased absorption of Cs-137 with K fertilization of soil which
was low in X. Th2 Rongelap soils are low in X as evidenced by
soil analyses and by the vary low levels of K in the clder
lecaves of the plants growing on them.

The differences between upper and iowar foliage in their
content of the various ions is of special intoerest. The mbst
usual pattern shows both K and Cs3~137 hicher in . he uppor
leavaes than in the lower lezaves. Fleld-collected 3cagvols
{aliage consisten’ly has higher X but lower Cs in the upper
than in the ilower leaves, This would be in accord with &a
previous study (Rediske and 3elders, 1952) which showad Cs
tc function as & relatively immobiln zlement in bean plants.
Deta from additional tield'samples Sf a2 greater number of
plant species is being acéumulated at present with the hope
of establishing more clearly the differences batween species
in this respect and the significance of the sharp differances
batween the oldar and yocunger leaves.

The K and Cs-137 contents of field-collected leachatas

from Rongelap soil have been shown (o be greatest immediataly
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following a dry pericé (Coiu., gi. @l.. 2260).  3ince chele
are marked seasonal differences in precipitacticon al leongeliap
which

Atoll this may have a bearing on sovme of the cosulis

have been discussed.
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TABLE I

Cesium and potassium contents of scquash and of native species

Average mag

' dry yield K cal3d?
Description {gm) or 100 q a/m/gt
3cquash in greenhouse v _cultures (total s L
Mo fertilizer 4.5 29.6 41034
Ny Py Kg? 8.0 17.7 170511
N3 Pg K, 7.4 36.3 130214
Ko Pg Ko 5.5 47.5 150i14
N3 P K, , 3.4 26.3 120216
N, P, K Fe 0.2 26.3 220415

Polisgae colilacied from woody olanh.s Oon Rongelad I:land

Mezserschmidia argenive  upper loaves 33 240?3
(soil pit 25) lower leaves 6.6 - : 150=-7

Scaevola sericea upper leaves 35 1106
(aoil pit 25) lower lezaves 12 15027

Pandanus teciorius upper leaves 18.5 26315
(village=-2) lower leaves 8.9 13534

lirror given i3 95% counting error.

23ubscripts refar o rate of application per acre
of N, P05, ©oc¢ Ky0, in hundreds of pounds.
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