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ABSTRACT

A pot experiment was conducted to investigate the transfer of As and cationic heavy metals (Fe, Mn, Zn, Cd and Pb) from
soil to rice plant in soil condition with submerged and drained. During the ninety-day monitoring period for soil solution,
solubility of reducible elements such as As, Fe and Mn in submerged condition were higher than that of Zn. On the
contrary, concentration of Zn in drained condition was higher than that of reducible elements. The concentration of As,
Cd, Pb and Zn in rice plant (root, stem, leaf and grain) showed similar pattern with soil solution. The As concentration in
each part of rice plant, which cultivated in drained condition, measured 56%~94% lower than those in submerged
condition. However, the contents of cationic heavy metals (Cd, Pb and Zn) were represented the opposite result with As.
These results are due to mobility of As and cationic heavy metals under different soil drainage conditions which represent
oxidation and reduction. Thus soil drainage control can be used as acceptable passive treatment methods to reduce transfer
of inorganic contaminants from soil to rice plant. However more detailed examination on soil condition conversion is
needed, because yield of rice was decreased when it cultivated in drained condition only. It also needed when soil is
contaminated by As and cationic heavy metal because single drainage condition cannot reduce transfer of both kinds of

contaminants all.
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22. ZETY

Ho] Aol AMEE XE= 1/2000a 42 2k14
XEZ 15k EYS AR ok 712 ES
8 (soil solution) ZFE 23l RHIZON Soil Moisture
Sampler(Rhizosphere Research Products bv jit)E X E
HIEO 2 HE] 912 10 em o AAF ol AX|sIAnt. 2A1€

oFoll thak Ao R 63 gd] EelslEH|E (N-P-K
HF)E Foelaint. 7 g BYae 24 13 7}
&4 Nt 11 g 784 AF 1Ll goltt B HlEE A
Fo= AMlEE EAS EE] AXEHE 10cm oW
AETIRE gPde s E§sksl

FE= EC] slshelde] 248 fal ol o=
TSIt SAE RIS g TR (submerged
condition)?} AHSMIENE 18+ 55371 (drained condition)
ojt}t. TR A Som WL Ao HE: XE

Table 1. Arsenic and heavy metals concentration of studied soil (mg/kg, Mean £ SD)

As Cd Pb Zn
Standard® Worrisome 25 4 200 300
Countermeasure 75 12 600 900

Studied soil 41.74£0.84 0.67 £ 0.05 13.32+£1.34 75.16 £3.46

(1) Criteria for agricultural soil from Soil Environment Conservation Act of Korea
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Fig. 1. The schematic diagram of pot experiment.
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Fig. 2. The variation of pH, EC and concentration of Fe and Mn in soil solution.
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Fig. 3. The variation of As and Zn concentration in soil solution.
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QA A vk} o] EREH(soil solution) W F=H
slollA] IRl AN 2S5 Sl &, BEYe] 3
YeElZ wglelaA HlA 2 A FEE(Fe, Mn)Y
L% 710 Wt BlAe] Bkl W f<de] & - 7t
HHo=m ZUIIdal, v v el 58 = &
71817] wjiEog ZolHt),
R F5E FUYAT ofF AIRE odEE I
oA o] ndhtg 5 B3l Fopd SFo ARt
o]Fo]ATkSalt et al., 1995). & AAATINE Fod
H|Axe] ghgo] thaA] e AYE, B wE vlnl
o= BF H8200A Gl YT 2= divl
FaENA ANE W] RO HlAEE AT
BEollx] 94%, Z7191M 91%, AolA 86%, 71N &
G(EvPIA 56%cltt. YutEoz w= AJE)d Farr
= Al HelE fl8) tie] Eo] dastua o
Fike 5575 0lA] AASETH(Chae, 2012). WEbA
HIAR @ AE =B A9 Ho] AWkt & EiA
717k] BIE-S ARl Hegviztel| Hls) E1chd 3t
ER29] HlAHo)E A = US HoE AHFE o
A5 LAEY AEE g FF2AA At 28 o)A
o wligdEl ZHolehe AR WARle R w1 E 4
el o3t JALNBNE =Y 5 UE Aol
ZIEE(Cdy#F F(Pby EGEN FUHE Iolla B
T AFHA LUANE HelMs 1 EAE SRIEA
ol & EFEA U 71719 A mivke] AreE
2EA o] oSS Ve oot 27 Fkue]
Me diAFez 7F B9 R0 =4 el
S old(Zn)e] EGE EAATME AERe] '
TH 34 5, el dole TEEe] e &
SHEE Z8kEo] ols/do] FhAdlAal, FaEe] Akt
Feellre ol TEEY ool SRl el

7 avkE Z7Ke Aol dapH]l ¢lez A &
3], olgigt A= EE W) A wvte] Ju)
Tk kB g wet gallarel 2lol7t e
I A BRI Aot} o]t zol= AEA A
A= ERlo] 7hsgh], He] 7121l Ah@n])s 7]

o2 o Bz o] 519 e JIE=E, |,
ofd Zz} 28l 1.58M, 1.8 F7IS Al EAES
mebr] ol Fade] 290] RlE =B A
Al Al HE=s SR 7k 59 AEA FHols 7
A Fav) S Zo= gE

3.22. HlA 9 FE50] B o] Y o]PEA

Table 29} Table 32 ®] 3] Bl A f HlA(As)
2 ool FFE(Cd, Pb, Zn)e] AESHH FLAS
(biological absorption coefficient, BAC)S} ©|3A|=(trans-
location factor, TF)E YERH Zlolt}.

HlA g ol Fa5 ) 5] BE S 7
2 M Fig. 49F AEl AFPE vke} 2ol w3
w} o2A] et 5, vlae Belel AY BF B9
27 (submerged condition)ell X, 7F=8-(Cd), E(Pb),
o} (Zn)y F8-Z7(drained condition)ol 4] Fo|4=o]
=0Tt wlleEdel] WE HoleAe BlIAoATE Xfo|7t
v, grzdos] Apigls o B Be)rlE Holw
o o}dd(0211) > HIZ(0.087) > FF=E(0.058) > &
(0.006), T2 739 ©}F4(0.776) > 7F=FH(0.098) >
H]22(0.009) = ©(0.009)e] =AHTE Wb BlAE A2
st Umz] 7l el EYLATT =, EY FokEol
FA] oS IS iR 2EnteEw 9 AgkER]
H|ZA0] HolE Bl 02 A & Qe
RAoZ Fken), X9 Apol= UA|TE Gz A
flo] ofde] AT 7P =& A= JERT ©]

)

Table 2. Biological absorption coefficients (BAC) of arsenic and heavy metals from soil to the rice plant (Mean = SD)

As Cd Pb Zn
Roots Submerged 0.087 £ 0.022 0.058 +£0.026 0.006 £ 0.005 0.211 £ 0.053
Drained 0.009 £ 0.002 0.098 +0.039 0.009 £ 0.001 0.776 £ 0.354
Unpolished Submerged 0.004 £+ 0.001 0.013 +£0.001 0.002 £ 0.000 0.298 +£0.038
grains Drained 0.002 £ 0.000 0.030+£0.013 0.003 +0.001 0.538 £ 0.055

Table 3. Translocation factors (TF) of arsenic and heavy metals from the roots to unpolished grains (Mean £ SD)

As Cd Pb Zn
Submerged 0.001 £ 0.000 0.039 +0.001 0.005 £ 0.001 0.709 £ 0.144
Drained 0.007 £ 0.000 0.029 £ 0.006 0.021£0.012 0.916 £0.019
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Table 4. Yield of aerial parts of the rice plant under different
drainage condition (g, Mean £ SD)
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20040
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Yield 38020
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