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Abstract

A pot experiment was conducted to study the influence of potassium and cesium carrier on
the uptake of radionuclide Cs! which is an element released usually from nuclear facilities,
by paddy rice upon prolonged cropping of contaminated soils. The results are summarized as
follows:

1) Visual toxic symptoms on the growth of rice plant due to treatment of radioactive cesium
were not observed up to 20 #Ci/10kg soil in a pot.

2) The yield and potassium content in rice plant were increased with potassium application,
while the reverse was true for the calcium and magnesium. The addition of potassium to the
soil markedly reduced Cs!'*” uptake by rice plant but the addition of Cs carrier increased Cs!97
uptake.

3) Potassium and Cs'? showed uniform distribution in all parts of plant and the contents of
these two elements were high in the stems and leaves, and low in the heads. The ratio of Cs!37
to K was, however, not uniform in all parts of a plant. It was shown that this ratio was hig-
her in the seed part, that is, chaff and hulled grain than in the leaves and stems.

4) Cs'™ absorption rate in rice plant was remarkably reduced with increase of potassium
application and it was ranged from 0.02~0.47% in potassium non-treated plot to 0.01~0.049;
in plot treated with a concentration of 16 kg/10 a.

5) The amount of Cs'¥ and potassium uptake of rice plant depended on soil type. Uptake
of Cs¥" by rice plant was higher in the soil with low pH and potassium content. The Cs?¥7
uptake by rice plant decreased as the potassium content and pH of soil was increased, but

Cs'% uptake increased when CEC and clay content in soil was high.
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Table 1. Characteristics of soils used in the experiments of Cs'*’ treatment
Soil Soil Sampling pH T-N OM P,0; CEC Ex-cation(m.e/100g) Sand Silt Clay
m.e
No. series site (1:5) (%) (%) (ppm) 1008 Ca Mg K Na %
1 Cheonggye Heunghae 5.7 0.11 1.9 166 10.6 5.60 1.35 0.16 0.23 36.7 46.3 17.0
2 Gwanghwal Choum 8.2 0.04 0.4 b4 8.2 3.75 2.80 1.16 1.52 10.2 75.9 13.9
3 Jungdong Danyang 7.7 0.14 2.6 57 10.113.20 1.12 0.36 0.14 46.9 38.6 14.5
4 Paju Jungok 5.4 0.11 2.0 24 10.5 3.15 1.32 0.25 0.13 6.2 63.1 30.7
5 Samgag Pocheon 6.1 0.15 2.7 821 8.5 3.81 0.84 0.54 0.09 61.2 30.6 8.2
Z7el = Table 2. Chemical composition of rice plant at
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different K levels in Cs'*"-treated soil
with Cs carrier

K Ca Mg K N POy Cs%
Soil g/ » .

104 % pCi/g-dw
Cheonggye 0 0.51 0.19 0.70 0.85 0.61 930.0-
4 0.44 0.26 0.78 0.92 0.60 1163.0:
8 0.41 0.17 0.87 0.88 0.56 383.7
16 0.35 0.22 1.10 0.60 0.48 86.5
Gwanghwal 0 0.38 0.22 0.54 0.92 0.55 67.0
4 0.33 0.20 0.63 0.86 0.63 65.7
8 0.33 0.13 0.68 0.91 0.53 38.3
16 0.28 0.18 0.77 0.76 0.52 35.3
Jungdong 0 0.40 0.23 0.73 0.76 0.56 258.0
0.36 0.31 1.04 0.69 0.47 120.0
8 0.36 0.27 1.17 0.70 0.57 52.0-
16 0.35 0.27 1.10 0.68 0.58 35.5
Paju 0 0.48 0.16 0.66 1.03 0.57 1325.0:
4 0.40 0.17 0.70 1.04 0.61 580.7
8 0.37 0.17 0.83 1.01 0.63 205.0
16 0.49 0.12 1.06 0.85 0.53 117.3
Samgag 0 0.43 0.23 0.99 0.80 0.53 255.0
0.42 0.21 0.82 0.92 0.66 187.7
0.32 0.27 0.92 0.89 0.68 111.7
16 0.41 0.27 1.10 0.86 0.60 99.7
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Fig. 1. Total uptake of Cs'3 of whole rice plant at different K levels in soil
(A: carrier added, B: carrier free)
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Table 3. Absorption and distribution rate of Cs!¥ and K in different parts of rice

plant at harvesting stage
K tent Cs137 tent
Part Dry/v}slreight cor;en . 5 czn enb _ Csl3:/K Tndex
of plant (g/hill) . istribution e istribution ratio
mg/hill rate(%) pCi/hill rate(%

Leaves 5.5 5R8.9 29.9 1,171 29.2 19.9 98
Stems 6.2 106. 5 53.9 1,752 43.7 16.3 81
Hulled grain 8.4 17.6 8.9 659 16.5 37.4 184
Chaff 2.3 14.3 7.3 423 10.6 29.6 146
Rough grain 10.7 31.9 16.2 1,082 27.1 33.9 167
Whole plant 22.4 197.1 100 4, 005 100 20.3 100




(22) ¢ 873

CsTel] ulehed 93} E7)e) 4 fikcdiol E9ks Cse
Kol vstel MRHA 58 540 8¢ Rk =R

KSR i F K& Bl thar Csl¥9¢;
mgE Cs¥ pCi) &=

7l gog e

B itk (K
dulol A G 2 GASASE
GRS S48 ool gt

OIQP\%% AL M‘? Aol BigE Cs¥78 Kof )3}
o AEHLE Bifel Fod K Cswol weld g
o -Lsm Mebd E79h Fzze) ool FolAl 9
o Aoz Aasle] Middleton“Ps} Tenshok-

20 gl Tanaka‘“’”)"f‘.;i o]l A& dAA . =

s+ Epsteinz Hagen® @ Nishita 3092 K9} Cs!¥7g)
W Bl Aol Al §AFd & ol A9l 22, Menzel
7} Heald® g} Middleton%-9» 21 Tensho% @322 K
Trgel W CSRENYE Wad sl dEe fE
Mk wa st A Wua 85t

3o A%E Q9

SNRE:

3. kel Cs™mglias

Kok Csehdl) A obol wh & KfHe Cs™ ez KA

& %3 ]

A44 A1z (1985)
7o whebA EE LA 2A Wi

v v A

b9 A% KFA 7o) 45 0.03~0.47% w99 %
WES Ry oyt KEEHZITY 16kgd 7o 4] =

0.01~0.04% % 2A WA o, 23T T
K53 7b Tl A 0.01~0.22%, K2 328 7b 7ol 4 &= 0.
01~0.02% W 9 & A=A A3 7FFol v she] &

7wk WikEE wolth m3 L] weAE g
z}o] F 2 ed AA &L 55 0.03~0.47%E 7t

F e RIREE BolwA Ed JMd & RIKE WA
F 29z, #$TEo b % 0.02~0.03% BRIk
A A2 RIEE MAE 2o o2 AR Ed 9

@ el Cs'ME g2 Nishita 5 0] 1 (0.076%),

2ol (0. 030%), BEEI(0.049%) 3 KF(1.01%)EY
BIgEse B 5skgl o

4. kel Co" Rkl TR

KEGS CsPgg el 4o BB 43

AE zAste] B A (E 4) K Cs™ko| %kiu‘
+ 0 pHe H2 #9 A433A (r=-0.541MF 2o

Table 4. Correlation between Cs!* uptake of rice plant and soil properties

correlation member

correlation

- . Cs carrier coefficient (r) Significance Regression equation
Soil pH CS‘?“’ uptake of added —0.541 % y= —183.028x+1517. 596
rice plant free —0.509 * = —111.864x+ 916. 441
T-N content " added —+0.088 N.S
_ imsoil free -+0.078 " N
O.M content " added +-0.102 1"
in soil free -+0.084 "
P,0;s content Y added —0.139 "
in soil free —0.117 "
CEC content " added —4-0. 381 "
in soil free ~+0.370 "
Ex:Ca .clontent " ?dded ~0. }82 "
in sol ree —0.15 /"
Ex.-Mg _content " added —0.202 "
in soil free —0.186 ”
Ex.-K content ” added —0. 480 ES = —510. 117X+ 557.948
in soil free —0.471 % y= —324.510x+ 336.702
Ex-Na content " added —0. 300 N.S
in soil free —0.276 "
Cl?.y content " added —+0. 419 )
in soil free +0. 322 "

2= o

Foich & 4 prﬁbucﬂ webA kfEY Cs' Bk
aazww ol Eel #g A= WA Ee vl L
St Rl J%?P 2 Abell A] Marting-® 3} Nishita
T2 pHifginel wheba LiEREE S #Eimslz £
Biie sy BHEL Ads x3sld fHgel CsP¥g
Yol pHY & ol A atgdeh. K5 Cs¥Rige] o g
8 P8 (r=-0.139) {E#H: Ca(r=—0.188), Mg(r
=—0.202)7} Na(r=-0.300) 52 fa 44 %= 59 4
vebl o oha A E AEE B R,

3}-0-
&

+E# (r=-+0.102), CEC(r=-0.381) ¥ AEH
2k(r=-40.419)-& Af Cs¥RILE #BmA 7= A&
& BYov fod e gk L B Ee K
e CsYRIg = -2 948 Beoj= 2o 4=
—0.480%) & et =l Bk /‘EC’] w2 A
7 s FEel B RikE Vel

o FHEo] 7 o BIKE 101 Fredrikson%-®
Graham® = Nishita%-%¢] ®W. 8 J#firch Hik
#KEE e e CURIKE oA 21, 59

K4 go) AlYd

8o



&, ¥ KF89) Cs-137 Rlkst KESHEAN 75

Menzel® 2 Laidh HH Ko e Cs¥BikeE K
Flgtdh = R 4T LT

£ 8

BEFOKZETE kitE & JE BHEHES 3
thol Cs¥7 fifte] A a3le] Kigel 3 Wiket
Aol v A= EEKS Csebd o] AL 2o
e ZE HREE A

) 3B 10kge] 20 uCik#EA= o Cs'4 2]
Ax KBEHA o949 9F¢ & F ddd

2) mEA s oA kEEe KEI KERA KE
Fol #melg o} Ca, Mg G822 WA =R XK
fael Csmglge =24 fpklE eyt Csiald 7l
Csi¥7 @l & 180~ 7 o}

3) KiageR Ko} Cs¥9) #Mir g e U
FozA gutd oz ol & F H4d 32 £
HE w3 heel A, $A, F4, v &4
¥y Cs7/Ke] SRitv KEE A HrdA
A ggted dAvlel FALY FTAAAM T,
F7)ell A B vbgke.

4) KEEe Cs¥"RIKZE L K7t Solel wata zA
WA A KFE 7ol A& 0.02~0.47% W S 95
A 3 7 (16 kg/10 a) o A & 0. 01~0.04% ¥ ¢ ¢l <}
we g A T Y RIS 0.03~0.23%9 2 &
A FA 7o A= 0.01~0.10% % ¢ 9 5}

5) #EE+ke) pHel Btk Kob @ Lol A AES
o] Cs¥Rlh7l wgber, +1% pHel B#K Kot 18
R el whet Bk WA LY ol Bk
I A Edgrake] gow XY CsURIKE ZFr1E o).

e ¥ &
B T o

HS

&

=
O

bl
9

1. Epstein, E. and Hagen, C. E. (1952) : A kinetic
study of the absorption of alkali cations by ba-
rley roots, Plant Physiol., 27, 457.

2. Fredrikson, L., Eriksson, B., Rasmuson, B., Ga-
hne, B., Edvarson, K. and Loéw, K.: Studies on
soil-plant-animal interrelationships with respect
to fission products, 2. U.V. Inte. Conf. on the
Peac. Uses of Atom. Ener. A/Conf. 15/p/22
07 Proc., 18, 449.

3. Graham, E. R. (1958) : Uptake of waste Sr® and
Cs'¥ by soil and vegetation, Soil Sci., 86, 91.

4. Gulyakin, I. V. and Yudintseva, E. V. Uptake of

strontium, cesium and some other fission prod-

10.

11.

12.

13.

14.

15.

16.

{23).
ucts by plants and their accumulation in crops.

2. U.V. Inte. Conf. on the Peac. Uses of At-
om. Ener. A/Conf. 15/p/2207 Proc., 18, 476.

. Larson, K. H., Neel, J. W., Olafson, J. H. and

E. M. (1957) : Plant uptake of Sr®,
Y®! Ru!%, Cs!87 and Ce!* from soils, Seil Sci.,
83, 369.

EGEE: (1983) : R PR T4 REYEFEW
%2, KAERI/RR-386, 182.

Romney,

. AEREYh (1984) : RGBSk BEML W K-

AERI/RR-423/83.

Martin, J. C., Overstreet, R. and Hoagland, D.
R. (1945) : Potassium fixation in soils in repla-
ceable and nonreplaceable forms in relation to
chemical reactions in the soil, Seil Sci. Soc.
Proc., 94.

. Menzel, R. G. (1954) : Competitive uptake by

plants of potassium, rubidium, cesium and cal-
cium, strontium, barium from soils, Soil Soc.,
77, 419.

Menzel, R. G and Heald, W. R. (1955) : Distrib-
ution of potassium, rubidium, cesium, calcium
and strontium within plants grown in nutrient
solutions, Soil Sci., 80, 287.

Middleton, L. J. (1958) : Absorption and translo-
cation of strontium and cesium by plants from
foliar sprays, Nature, 181, 1300.

Middleton, L.J., Handley, R. and Overstreet, R.
(1960) : Relative uptake and translocation of
potassium and cesium in barley, Plant Physiol.,
33, 913.

Nishita, H., Kowalewsky, B. W., Steen, A. J.
and Larson, K. H. (1956) : Fixation and extract-
ability of fission products contaminating various
soils and clays: 1. Sr%, Y®, Ru!®, Cs!¥7 and
Ce™, Soil Sci., 81, 317.

Nishita, H., Steen, A.J. and Larson, K.H. (195
8) : Release of Sr® and Cs!¥7 from vina loam
upon prolonged cropping, Soil Sci., 86, 195.
Nishita, H., Romney, E. M., Alexander, G. V.
and Larson, K. H. (1960) : Influence of K and
Cs on release of Cs!'¥ from three soils, Soil
Sci., 89, 167.

Nishita, H., Romney, E. M. and Larson, K. H.
(1961) : Uptake of radioactive fission products
by crop plants, Agr. Food Chem., 9, 101.



17.

18.

19.

20.

21.

(24)

Nishita, H., Taylor, P., Alexander, G. V. and
Larson, K. H. (1962) : Influence of stable Cs
and K on the reactions of Cs!*” and K* in soils
and clay minerals, Soil Sci., 94, 187.

Nishita, H. and Haug, R. M. (1972) : Influence
of clinoftilolite on Sr® and Cs!'¥7 uptakes by
plants, Soil Sci., 114, 149.

WMEE, &7, FHE (1982) : FTE JEHRMEY
B ¥ BEHRS Ktk BREWR, KAERI/
RR-319/81.

BIER, &7ER, Z4H (1983) @ L—Hy R #
B B EES] Bl @3 WE. D KEfFEY
o 93 Cs'¥o] mULBTT, WMEBRERZEE, 2,
30.

Tanaka, A. (1956) : Studies on the characteris-
tics of the physiological functions of leaf at
definite position on stem of rice plant (4), J.
Sci. Soil Manure, Japan, 27, 223.

2487 5437

22.

23.

24.

. 25.

A4 A 13 (1985)

Tanaka, A. (1956) : Studies on the characteris-
tics of the physiological functions of leaf at di-
finite position on stem of rice plant (5), J. Sci.
Soil Manure, Japan, 27, 262.

Tensho, K., Yeh, K. and Mitsui, S. (1959) : The
uptake of Cs-134 and K by lowland and upland
rice from soil and their distribution in the plant,
J. Sci. Soil Manure, Japan, 30, 253.

Tensho, K., Yeh, K. and Mitsui, S. (1961) : The
uptake of Sr-90 and Cs-137 by wheat and br-
oad bean from soil and their distribution in the
plant, J. Sci. Soil Manure, Japan, 32, 111.
Tensho, K., Yeh, K. and Mitsui, S. (1961) : The
uptake of Sr and Cs by plant from soil with
special references to the unusual cesium uptake
by lowland rice and its mechanism, Soil Plant
Food, 6, 176.



