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Uptake and Translocation of Heavy Metals to Rice Plant on Paddy Soils in
“Top-Rice” Cultivation Areas
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ABSTRACT: Heavy metal residues in soil, rice straw, unhulled rice, rice hull, polished rice, and rice bam
on the rice paddy in the '"Top rice production complex which is non-contaminated area were evaluated. It
was observed that the average concentrations of As, Cd, Cu, Pb, and Hg in the paddy soils were 1.235,
0.094, 4.412, 4.728 and 0.0279 mg/kg, respectively. There were no cultivation areas exceeded of the
threshold for soil contamination designated by 'The Soil Environment Conservation Law" in Korea. For the
polished rice, there were no samples exceeded of a permissible level of heavy metal residues such as 0.051
mg/kg of As, 0.040 mg/kg of Cd, 0.345 mg/kg of Cu, 0.065 mg/kg of Pb and 0.0015 mg/kg of Hg. For
the uptake and translocation of heavy metals to rice plant, a main part of heavy metal accumulation was
rice straw, and then rice bran. Furthermore, it shown that accumulation of heavy metals in unhulled rice,
rice hulls, brown rice, and polished rice was approximately similar as low. The slopes of translocation of
heavy metals from soil to polished rice were following order as Cd, 0.4321 > Cu, 0.054 = Hg, 0.052 >
As, 0.021 > Pb, 0.008. It was observed that potential ability of Cd uptake in rice plant and then its
translocation into polished rice was very high. Concentrations of copper and mercury absorbed in the rice
plant were moderate for translocating into the polished rice, while the arsenic and lead in the plant were
scarcely translocated into the polished rice. The distribution of heavy metals absorbed and translocated into
aboveground parts of rice plant was appeared that there were remained at 63.3-93.4% in rice straw,
6.6-36.9% in unhulled rice, 0.6-5.7% in rice hulls, 3.2-31.3% in brown rice, 0.8-4.6% in rice bran and
1.1-26.7% in polished rice. The accumulation ratio of Cd in the aboveground parts of rice plant was
remained at 26.7-31.3% in brown and polished rice.
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AEZ 10 cm o9 EFS 20007 A IA AHH F
T3l B8 ERARE FHEIRY, AR A E
F @ AEA HAPP B AT AT Fto] A
Al AFHE B EE 50 F gaie) faks o] g3
TAX FES BEAIA 10 mesh (<2 mm)ZE AAsE & A
729 439 15 FHsto] AR LEE7](Micro Hammer-
Cutter Mill, Culatti AG Co. Swiss)Z o]&alo] FA &
A3k H, TA] 200 mesh(<0.074 mm) YEZ A|Asto]
A8 AEE ARSI e, 13 F 2A AE B 1
HA7NZ wA ol BAANER 8%, ¥ dv|7](SYTHSS,
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Table 1. Sampling locations of '"Top-rice" brand produced in 2006

ID Location ID Location ID Location

1 Gyeonggi Yeoju 12 Choongnam Seochen 23 Jeonnam Yeonggwang
2 Gyeonggi Hwaseong 13 Choongnam Yesan 24 Gyeongbuk Uiseong

3 Gyeonggi Icheon 14 Choongnam Dangjin 25 Gyeongbuk Sangju

4 Gyeonggi Hongcheon 15 Jeonbuk Iksan 26 Gyeongbuk Gyeongju
5 Gangwon Cheorwon 16  Jeonbuk Gunsan 27  Gyeongbuk Yecheon
6 Gangwon Goseong 17 Jeonbuk Kimje 28  Gyeongbuk Andong

7 Choongbuk Okcheon 18 Jeonbuk Jeongeup 29 Gyeongbuk Kimcheon
8 Choongbuk Jincheon 19  Jeonnam Gangjin 30  Gyeongnam Hadong
9 Choongbuk Eumseong 20 Jeonnam Naju 31 Gyeongnam Hamyang
10 Choongnam Asan 21 Jeonnam Haenam 32 Gyeongnam Sancheong
11 Choongnam Seosan 22 Jeonnam Jangheung 33 Gyeongnam Sacheon
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A s Fopd A9l Wuj(10R=r)E 2 AF sk (AsHy) & 738 7 71710l =Slste] 248 3sksit. v
el el Basigieh. AAE A9l BE AEA] Al 2t U2 970 (Isotope) 7t EAEHA a1 w5731 P As
F1 #417](Cyclone Sample Mill, UDY Co. USA)Z ©] wolrk, wEbd HaE A u YAr’Cl+ 9] polyatomic
43l 0.5 mm AE 33 FUE e oS 248 4 W9} Se+9] isobaric WS WS 4 91, EE =
Alakele o] A9 Mony = MMe0+9) WS, T YTi%0
o WS WS F glo] Fad A9 mASIH,
EY Za5 &4
ZHE FAE AR 10 g& Agste] 100 ml AH2HEERs F2EM
Fof] Wil H]A0] A9 IN A 50 mlE, 71=F, & 429 79+ 13 EPA method 7473S WHESA17)=
9 29 A5+ 0N 03& W 50 ml= 7}6}0% PR AFg214171(DMAB80, Milestone, Ttaly)oll ZA1E £,
3 Z%7](100 rpm, XF 10 cm)S AR5} 30°C% 4] WA, Az, A, 2A, dn) 9 e RS A5 Yol 4
A 1AIZF 21EEE v of AskSith of e AlSE ICP- & AT,
AES(Integra XL Dual GBC, Australia)® 4] o}ﬁt}, H]
28BS FAaSEAANAAE o]dato] HIATINASH:)E FMEA ¥ EE A4
/9%t ¥ ICP-AESel =4isto] 45 F3sisich Z)771RA AR Y] Agwel AUEE FHs] 9]
n AR EEIH(NIST) oA Hs Blahs Al 2542 SRM
AEH S35 &4 1568a (rice flour)} 7S] NRC-CNRCoA FHfjah=
ZAE AL AR 025 g Fsk] U]-OEI_E%]O]H MESS-3 (marine sediment)E ©|-&3l0] +AHS 773}
(Mars5, CEM, USA) #-al-8-7](XP1500 vessel)ol] ¥ AL, 90% o] g M S ek
& A2 9 migh Ak 1 mlg 7N o ﬂnﬁﬂ
FE Qb 1UzF AAAA B TkAE AASISITH A} 4
‘ﬁ"ﬂ‘l’ dako] &g t}ﬂi J, ztz_ ul 511—74 _‘:_oﬂ‘:‘ 5\7].3 1 le]
Ak A7lete] 2ellE Ik ThaAA F e8] EQ U 1 2o =& gt
o mplie} WinE Q1 & mjo]AZgo|H. 3]xgte]] FAA] 20051-2007\1 Hefo] 2~ AARA] Eok 2l ikl Ao
73 x9S AR F LE ALk A T e Sug Tl gk A7 AoE gs|Aef| skl
559 &S Fol7] S8 Balivh B 2aEllgTE 2 3% n)1 09 F7A9) 20061 Helol A AAHA] =k
0C zAIM 1AZF 48 52ANOx) 7k- &l Sl T+ oA AT AEE A4 TSl B B, 4%, 9A,
&8s Bl How A 2 * 2elEE 4 g, A 9w P ke B AdE Lokt
2 ME A H24(NOxX) 7H~e] whAo] dASHAl 4 ™ Table 29} 2tk
atal 3go] oS AFAoRE WStk VRS TEY T Fad Wit ¥ vx 1235 mg/kg, M=
Aol AbsEE W] fste]  FFAR(MicroVap, H 0.094 mg/kg, 2] 4412 mg/kg, & 4.728 mg/kg
CEM, USA)Z o] &3t} Ha]eie 1 ml o]kz &alglt). T2 0.0279 mg/kgle® $Eluet EYSH AN 7
SEA R Hol2FE Tlete] 50 mlE A4S F 2lE, A Bkl Fad 29 $27]%(As 6, Cd 1.5, Cu 50, Pb

Al B HIAYA & WHEEFEES 7kl ICP-TOF-MS 100, Hg 4 mg/kg)? t&7]#(As 15, Cd 4, Cu 125, Pb
(Optimass 8000, GBC, Australia)& ©|&3t0] #41& & 300, Hg 10 mg/kg)e Z¥shs A9 e Igiof.
A3kolck g, W] F a4 o oA ¥l4 0.051 mg/kg, THEF

H20 g FaskE APAE olgalel M2k 0.040 mg/kg, T2 0345 mg/kg, W 0.065 mg/kg I 5

Table 2. Concentrations of heavy metals in soil, rice straw, unhulled rice, rice hulls, brown rice, rice bran and white rice

from produced in Top-rice area in 2006 (unit: mg/ kg)
Heavy . Rice Unhulled Rice Brown Rice Polished
Soil . - .

metals straw rice hulls rice bran rice
As 1.235+0.689  0.361+0.222  0.080+0.034  0.078+0.032  0.080+0.039  0.107+0.073  0.051+0.009
Cd 0.094+0.071  0.079+0.032  0.048+0.031  0.045+0.022  0.049+0.034  0.069+0.013  0.040+0.030
Cu 441242557  2.035+0.595  1.010+0.295  0.432+0.116  1.124+0.344  1.534+0.539  0.345+0.123
Pb 4728+2.103  2.601+1.106  0.207+0.065  0.109+0.042  0.111+0.040  0.703+0.330  0.065+0.015

Hg 0.0279+0.0208  0.0090+0.0030 0.0018+0.0007 0.0019+0.0009 0.0017+0.0008 0.0045+0.0027 0.0015+0.0004
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Fig. 1. Biological absorption coefficient (BAC) of heavy
metals in rice straw, unhulled rice, rice hulls, brown rice,
rice bran and white rice from produced in Top-rice area
in 2006.
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Table 3. Correlation of spearman rank order with paired levels of heavy metals among soil, rice straw, unhulled rice,
rice hulls, brown rice, rice bran and white rice from produced in Top-rice area in 2006

Heavy metals Rice Unhulled Rice Brown Rice Polished
in soil straw rice hulls rice bran rice
As 0.488** 0.374* -0.008 0.394* 0.316 0.588
Cd 0.179 0.558** 0.214 0.575** 0.226 0.505**
Cu 0.146 0.092 -0.184 0.107 0.162 0.191
Pb 0.261 0.529** 0.143 0.408 0.622** 0.417**
Hg 0.243 0.439** 0.223 0.444** 0.372* 0.391*

* Values significantly different at P < 0.05 according to Spearman's rank correlation coefficient tests.
** Values significantly different at P < 0.01 according to Spearman's rank correlation coefficient tests.
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Table 4. Relative distribution of heavy metal accumulated into the rice plant per hill

Ttem Aboveground Rice Unhulled Rice Brown Rice Polished
parts straw rice hulls rice bran rice
Dry weight 77457 39.641 37.815 6.242 31.573 3.291 28.282
(g) +11.971 +5.731 +6.926 +1.306 +5.632 +(0.552 +5.547
Relative dry weight (%) 100 51.2+2.7 48.8+2.7 8.1+0.7 40.8+2.2 4.2+0.8 36.5+2.4
As Uptaken (mg) 0.0459 0.0429 0.0030 0.0005 0.0025 0.0004 0.0022
Rel. distribution (%) 100 93.4+1.8 6.6+1.8 1.1+0.2 55+2.3 0.8+2.9 4.7+2.7
Cd Uptaken (mg) 0.0049 0.0031 0.0018 0.0003 0.0015 0.0002 0.0013
Rel. distribution (%) 100 63.3+1.5 36.7+1.5 5.7+1.2 31.3£1.9 4.6+£2.7 26.7+1.9.
Cu Uptaken (mg) 0.1188 0.0807 0.0382 0.0027 0.0355 0.0050 0.0304
Rel. distribution (%) 100 67.9+2.8 32.1+2.8 2.3+0.2 29.9+3.2 4.2+0.7 25.6x1.9
Pb Uptaken (mg) 0.1109 0.1067 0.0042 0.0007 0.0035 0.0023 0.0012
Rel. distribution (%) 100 96.2+1.0 3.8+1.0 0.6+0.1 3.2+0.4 2.1+0.6 1.1+0.5
Hg Uptaken (mg) 0.0004 0.0004 0.0001 0.0000 0.0001 0.0000 0.0000
Rel. distribution (%) 100 83.9+3.1 16.1+£3.1 2.8+0.9 12.7+5.0 3.5+1.7 9.2+2.7
0.12 0.12 -
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Fig. 2. Relationship of heavy metals concentrations between the polished rice and soil in Top-rice cultivation area.
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