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SHORT COMMUNICATION

Comparative Uptake of Thorium-230, Radium-226, Lead-210
and Poloniam-210 by Plants

(Raceived 18 Fuly 1969)

WinLe the uptake of #9Th, 24Ra, **Pb and
210Pg, the long-lived radionuclides of uranium
series, by plants from nutrient solution and soil
has been reported,(1-8,10.1,13.18 ng quantitative
data are available on their entry and transloca-
tion measured under closely comparable con-
ditions. Since this information is likely to be of
value in establishing the relative significance
of different nuclides as sources of natural
radioactivity in plant populations, we have
exaunined these aspects in nutrient culture
experiments. Strontium-89, a fission product
nuclide of radiobiological significance, was
included for romparison. )

Red kidney heans (Phaseolus oulgaris L.) var.
Local were grown in water culture and when 15
days old the plants were transferred to poly-
thene jars containing 1000 ml fresh nutrient
solution. The nutrient solution contained K+,
3.0; Catr, 8.0; Mg**, 3.0; NO,~, 10:0; SO, -,
3.0; H,PO,, 1-0; m equiv/l together with
micronutrients Fe, Mn, Cu, Zn, B and Mo. The
pH of the solution was 5.0. Each radionuclide
constituted a separate treatrnent and was added
in carrier free state at the activity level of 0:25
uCifL to five replicate jars. The experiment
was conducted in a growth room where tem-
perature was maintained at 23+ 1°C, relative
humidity at 65 {2 per cent and the plants were
iluminated in 12 hr periods at 800 ft-c. The
duration of the treatinent was 15 days and the
transpiration losses from the solution were made
up daily with distilled water.

After treatment, roots were separated from
shonsts and the entrained solution was removed
from roots by blotting. The tissues were dried

at 90°C and wet ashed using nitric acid to obtain
clear extracts which were taken up for radio-
assay. #¢Ra and #%Pb were assayed by gamma
spectrometry using a well-type 3x3 in. Nal
{T1) crystal integral line assembly, and a 512-
channel pulsc height analyser attached to an
oscilloscope and cornputer readout typewriter.
For the assay of #"*Ra, measurements were made
of the 610 KeV peak of its daughter $4Bi after
allowing ™4Bi to attain equilibrium with #fRa
in a scaled ampoule.t® 31°Pb was assayed by
measurement of its gamma peak at 47 KeV. ()
B¢Th was coprecipitated ai fluoride with
neodymium carrier and its alpha activity was
measured in a low background ZnS (Ag)
scintillation counter.® For assay of "°Po and
%S¢ aliquots of the extracts were dried and
counted in a low background alpha scintillation
counter and a Geiger-Muller counter respec-
tively.® Since each plant tissue sample con-
tained only one radionuclide no interference
fromn other nuclides occurred during radiocassay.
The radioassay data were corrected for back-
ground and processed to compute per cent
uptake, concentration factor and transport
index for cach nuclide (Table 1).

Data presented in Table 1 indicate that
accumulation of B°Th, 2Pb and M°Po occurs
predominantly in roots and only very small
amounts of these nuclides are translocated to
shoots, Over comparable periods, the accumula-
tion of $1%Ra in roots is 2-3 times lower than
thar of the other nuclides of uranium series.
However, the most significant difference between
M¢p 3 and other nuclides is in the extent of their
upward transport which for radium is 50-200
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Turl- V. Comparative uptake of different vadionuclides by rean plunts. Duration of treaiment in labelled

rrfrient solution

15 aays

Uptake
Radionuclide LA uf added

Shoots Roots
"L 0-09 76-35
bhd 1 ¥ 961 36-98
g, 0-29 90-64
LELI 0-06 68-01
"Sr 877 2-80
L.sd. (p=0-05) 2:06 20-05

Concentration factor®  Transpartt

Shoots Roots index
091 4185 012
84-60 1787 20-62
2-69 4246 0-32
0-58 3324 0-09
83-14 142 75-82
583 1217 —

Radionuclide content/g plant tissue

*Concentration factors -.— —— —- oL

Radionuclide contem/ml nutrient solution.

tTransport index = Mm_' P
Total plant content
times greater. Further, the amount of radium
translocated to shoots is comparable to that of
strontium.

The present evidence of relatively rapid
transfer of **Ra to shoots suggests that among
the nuclides examined here ™%Ra is likely to
make the major contribution to radioactivity
in aerial tissues of plants grown under condi-
tions where root absorption is the principal
route of entry of the nuclides. In situations where
plant organs are subject to considerable atmos-
pheric washout of ™Rn daughter products,
however, higher concentrations of %%Pb and
119Po than "$Ra may be obtained.

it has been reported by Mavneonp of ol.,(®
Eisennup of ol and Mustry o al.(® that the
contribution of radium isotopes to the alpha
activity found in the stem, leaves and fruits of
plants growing in the uranium and thorium
rich high background radiation areas far
exceeds that of thorium isotopes. The present
findings from nutrient culture experiments are
compatible with the above reports.

When plants are grown in soil containing
uranium series nuclides their sccumulation in
roots is considerably lower than that in roots of
plants grown in labelled nutrient solution as a
result of the great affinity of these nuclides for
exchange sites on the s0il.®.8,%19 Furthermore,
comparative uptake of the nuclides from soil is

likely to be influenced by various factors which
control their availability in the soil. In future we
plan to examine the uptake of these radio-
nuclides by plants from contrasting soil types.

Acknowledgement—The authors are grateful o Dr.

A. R. Gorar-Avznaar for his encoursgement and
interest.

= T. J. D'Souza
K. B. Msmay
Biology Divisien
Bhabha Atomic Ressarch Contre
Trombay, Bembay, India
REFERENCES

1. D'Souza T. J. and Moty K. B. (1966) Pre-
lininary studies on the absorption and transloca-
tion of *1°Po and 1'*Ph by plants. Pyee. Al India
Symp. Radicactis. Mostrel. Radionnel. Borabay,
381-401.

2. Emzrsup M., Peraow H., Dazw R. T., Rosxa
F. X., Kzoxr. G. and Cutazx T. L. (1963)
Naturally occurring radionuclides in foods and
waters from the Brazilian aress of high radio-
activity, pp. 834-854. In J. A. S. Apaxs and
W. M. Lowpsz (Eds.), The netural radistion
environment. University of Chicago Press, Chicago.

3. Gurw K. B. and Moray K. B. (1970) The effect
of chelating agents on the absorption of radium
by plants. Plent end Seil 32 (in prem).



SHORT COMMUNICATION

. Kmenmann R., Ronuccr R. and Housny .
{1965) Alworption et localisation du ***Ra chez
prsum satioum L., pp. 277-300. In, Isotopes and
radiation in soil-plant nutritional studies. 1.A.E.A.,
Vienna.

. Kmmcmann R., Bourenoer R. and Laronraine
A. (1966) Upake of *Ra by crop plants.
Proc. Congr. Intern. Rodiation Protection Aisoc. 1st
Rome. Health Physics 12, 1805- 6,

5. MAvnEoso W. V., Turnza R. C. and RapLey

J- M. (1960) Alpha activity of certain botanical
inaterialy. Nature 187, 208-211.

. Mercer E. R. and Morrmson T. M. (1962)
Tracer studies on the absorption of radium and
thorium. Agricultural Research Council Radiobiolo-
gical Laboratory, Report ARCRL 8, 83.

. Mistry K. B. (1963) Absorption by plants of
naturaily occurring radioactive materials. Agri-
cultural Research Council Radiobiological Laboratory,
Raport ARCRL 10, 86-89.

9.

12.
13.

295

Mirrzv K. B., GorarL-Avencar A. R. and
Bruaramian K. G. (1965) On the radioactivity
of plants lrom the high radiation arcas of the
Kerali coast and adjoining regions II. Studies
on the uptake of alpha and gamma cmitters.
Hsalth Physics 11, 1459-1470.

. Porova (). N., Kobarava R. P. and Vavicov

P. P. (1964) Distribution in plants of radium
absorbed from the soil. Sooies Plamt Physiol. 11,
371.-375.

. Squmme: H. M. (1963) Tracer studies on the

absorption  of thorium. Agnicultural  Rasearch
Cuuncil Racwbologual Laboratory, Report ARCRL
10, 90.

Squire. H. M. Personal communicarion.

Tso T C. and Fisenne., [saseL (1968) Transioca-
tion and distribution of *'*Pb and *'*Po supplied
1o tobucco plants. Radiation Baotany 8, 457-462.

. Tso T. C,, HaLipen N, A. and Argxanper L. T

(1966) Source of *'*Pb and '%Po in tobacco
Science 153, 880-882.



