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L ong-term monitoring of heavy metal contents
in paddy soils

W.1.Kim*, M. S.Kim, K. A.Roh, J. S.Lee, S. G. Yun, B. J. Park, G. B. Jung', C. S. Kand/,
K.R.Cho’ M. S. Ahn® S.C. Choi® H.J.Kim® Y. S. Kim* Y. K. Nam®, M. T. Choi’,
Y.H.Moon®, B.K.Ahn® H.K.Kim', H. w. Kim’, Y. J. Sed’, J S.Kim® Y. J. Choi®,

Y.H.Lee SCL andJJ Hwang™

National Ingtitute of Agricutural Science and Technology, Suwon 441-707, Republic of Korea,
'Rural Development Administration,
“Gyeonggido Agricultural Research & Extention Service(ARES),

*Gangwondo ARES,

“Chungbuk ARES

*Chungnam ARES

¢ Jeonbuk ARES,

" Jeonnam ARES
®Gyeonghbuk ARES
*Gyeongnam ARES

Jeju ARES

There is an increasing concern over heavy metal contamination of paddy soils and the subsequent
translocation of heavy metals to rice. Objective is to monitor the status and long-term trend of heavy metal
contamination in paddy soils, periodically. In 2007 survey, the average concentrations of As(arsenic),
Cd(cadmium), Cu(copper), Ni(nickel), Pb(lead), and Zn(zinc) in 2,010 paddy soils nationwide were 0.87,
0.08, 3.33, 1.19, 4.95 and 4.67 mg kg'l, respectively. Few sites, which were contaminated by As in 2003 and
2007 survey and by Ni in 1999 and 2007 survey, were over the threshold level for soil contamination
designated by the Soil Environmental Conservation Act in Korea. Long-term change was shown that As,
Ni, and Zn were gradually increased whereas Cd and Cu were decreased. In the distribution of extractable
heavy metal contents, the modes of each heavy metal content were similar with the average contents of
each heavy metals. Mean value of heavy metals except copper in paddy soils was higher than median value.
It means that the downward distribution of heavy metal content in paddy rice was shown against normal
distribution.

Key words: Heavy metals, Contamination, Paddy soils, Long-term change
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Table 1. Sampling sites of paddy soilsin Korea.
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A TH(Lee, 1993: RDA, 1999). 18

A AR g By S Aol

o] W3} FolE HrutslrldE

AL 'g0~'814, 19959 %=
k

47}]7(4
I 200730l &= 2,010 Holl A 3~5¥0] EUS

2439 Hste] Jt=g, 7, UA, g 2 ode
0IM-HCL ®]2X IM-HCl &9 7}7} 5 ~

Lo ZARS U A =B 20104

& W FFD WAL 27 M2 087(tr~
, 7FEE 0.08(tr~1.25), ++8] 3.33(tr~25.0), YA
1.19(tr~83.1), % 4.95(tr~52.2), o}A 4.67(tr~131.2)
mg kg '0]ATH(Table 2). ©] A= '99d, ‘03
'80~'81 A 951 ZALE fEUR =EYY TE5
T} vimate] FFUSIMNE 2 waks BolA
okotth I, ME dAe HFgE A e F)
& gadte 4TS vepon, vz, yi
(e}

)
(

y

=, H,
W dhgol ok F7HEE WrERH TH(Kim,
et al, 1982: Kim, et al, 1995). 7I=&<2 A% 07
Lol =E HFFTHLS 008 mg kg 'OE 03dE I
TEZFL FARIFIS Y 80~81d 3 95 ZAME A
7ol 013 mg kg BT tha @A eyt A =
Ego 2 AFE A9 }1% Eged e
ZHetA stk mlA&e] A C03d B O07d ZAfe]
A, YAl AS '99d 07d A A Egd
H7lE 2AAEE AT F AT =EL] o
AET ESRHAEAHANAN S falEd EYH
7150 st HaghEo] v &, AH=E, T,
A, oy opdol z+zb 1/7, 1/19, 1/15, 1/34, 1/20,
1/64 5ol o)== 99 percentile ko] EUQ A
H7|FET dA43] E5s Ho vjg A FF
S AT F AT Nakai(2007) £ LE9]
B 223 At A A2 T2
142, 7= 030, #8 639, YA 1
940 mg kg 'O ® Wy ged VA

o8

do 2 Bl e S

. Year

Province

1999 2003 2007
Gyeonggi 438 240 240
Gangwon 247 150 150
Chungbuk 341 220 220
Chungnam 534 260 260
Jeonbuk 762 300 300
Jeonnam 617 280 280
Gyeongbuk 525 260 260
Gyeongnam 543 260 260
Jgu 40 40 40
Total 4,047 2,010 2,010
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Jubet EEGH fARoL vk 5 7]
A felue FE9 2an) FFOE
B 2t B Fe =g
B s R FhEe Eg)

A Mder FASA o] Hlart 2eith g o] of7F ZUteE Kol ofde] fuH T
Table 2914 =E¢e a4 &= J+uHt 5 = 238 Hage Bt
s vs = ow FEE ALStA R 5 5% Ak o g, B¢ pH7F YWolAH EYF Fu59
o] FEH] Hd FFol FUUET =55 HolL FH7F FEHE At HES FFE FUHE
A, ole dF Aol Hos A w2 F& T &t} (Nicholson, et al. 1997: Page et al, 1981).
o TEH LYol HAXNE =Holv A2HE B o Adriano(1986) = E % 574 7k pHe Eh7t 5
Ades BEYY 5 EEXE HAGEEE Holx & % TR wEk 92 EXR fFaEd IA o
3 O R HEFH EXE Hold oo uwel HFk e Mty Bysgivh vt A% Lee et
o] THET =4 Yt Kim et al(1995) 2] 2 al.(1984) 3} Kim et al.(1986)2 F Lol AA]3] 9] A
ot LA g} ol EYF pHE F7HA71AL old @& 7l %
Fig. 1= EYH H&EA4 T35 S5 SxSY 9o FFE AAGUY Ruste] g FEler
2 Yel=d S3E5EE FZHerE BERY HashE o] Ao} Akt 1Lk Nicholson et al.(1997)
I ARSI oW AR =9} AR thar Apol = = E< pH7F Yol FE4 ofd, YA, 7tEF &
Holu HW7t FARNS el O 24 uie AUE L7t F7kstal As Aweld] Fad dEel S
b w2 HeE FAE < Byt ed ol 9] fFEH ofdel TAaste
TEHY AEdH FaEE EYY fEd S5 Aot AoldE Btk ol ZAE WEeE ¢
FdFH gEe] EGUH] e 54, 5 ES pH, I E gutel EGBAEAHAAN EF NFS T3 AE
dF ANETE B AFEY P Jidsty & o FEE FHS A7 PHOE A3 NS
T At HEel EYT Tl td 4= ffax FxaL 9l
of 9gFS vXE 29O % Fe/Mn oxides, CEC, & Fig. 3& EYSZE 718 3Fo| Z/gozA 22
S, OE A4 ZF QMR AE 9 ATt &5 HAE A3 & 559 TuHY A= #2
B 7 = 1 th(Adriano, 1986: Adriano, 2001). Table 2¢] B o] F71ehe Hol HESE o] 2adH R
Table 2. Average contentsand range of extractable heavy metal in paddy soils.
Year Samples As Cd Cu Ni Pb Zn
mgkg"
0.87 0.08 333 119 495 467
2007 2010 (tr-7.02) (tr-1.25) (tr-25.0) (tr-83.1) (tr-52.2) (tr-131.2)
0.66 0.08 383 059 482 433
2003 2010 (tr-6.52) (tr-1.38) (tr-22.4) (tr-8.00) (tr-33.4) (tr-48.2)
1009 047 059 0.11 470 0.67 484 447
' (tr-5.62) (tr-1.10) (tr-41.6) (tr-60.2) (tr-66.2) (tr-96.7)
Median
(90.07) 047 0.067 352 051 417 333
99% P
(90:07) 364 063 1631 37 26.55 23.26
1982 013 415 467 395
data’ a0 ’ (0.02:0.39) (0.76-13.98) ’ (04-250) (0.36-59.3)
1995 013 452 138 462 390
data’ 11% | (tr-0.9) (tr-60.8) (tr-4.14) (tr-18.3) (tr-43.3)
Concern R ¢
level 6 15 50 40 100 300
Action ; ;
level 15 4 125 100 300 700

" Total content basis (MOE, 2003) after acid digestion with aquaregia

* 1982 and 1995 datawere collected by National Ingtitute of Agricultural Science and Technology.
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Fig. 1. Long-term change of 1M HCI extractable Asand 0.1M HCI extractable other heavy metal contents in paddy soils collected

nationwidein 1999, 2003, and 2007.

E x¥d FE&ol Ates FHE EATSE F
A8 4= 9t} Jones and Johnstone(1989) EH] A
& e BEY T f7E T§F St EGU =
o §% 2 AESTE ol &HE HISA,
ol #7182 IZEAY Z7=< humic-% fulvic-
acidZ A o] COOHY phenolic-OH7] &} 7+ <o)
< F3Fol A% #FE7E AL do FEEH
EdAE I AEEY FFE AHAANZE F Udv

B 9Y Z7t B2 T Egel FaH iel
Z718 #A8 & g9

=EY 359 PRFE % WIS EYEE )
W AE Table 33 Aok EAWE FHE 242
34 BEREE 949 4% BolA Qo
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Fig. 2. Digtribution of the extractable heavy metalsin paddy soil with the different soil pH.

U A AESY 234 257 2o ARS B, UA e =x7 £9-FhA (Lava terrace) ol Al € A ¥
ol FEAE AR A FHEF HlE FHAE EART Mg =4 Jegew =g, e, ofde
o FE& FEVF 22 FHS ERl Jung et al(1996) 58l = 4J ¥ ¥4 (Flovio-marine plam)Oﬂfﬂ. b=
Hyoh dAledth webs ol A= HESF HerA] (Alluvial plain)ol A 2tz 744 =& 225 H
°of T FE FFEHY TRV FHRTE Atk oy A= I EA G LAFUA 9
Holmgren et al.(1993) 9] ZA#etx= g3 o=z F YA o] v EA A HlE & RS R
A€o}, ¢l A3} (unpublished data) ¢} AA3FATE T3, EF
Table 4= =EYFS TE&% FFS AFHEZ AL T suEY 7P 22 FEE B AYSHoEE
st A PEA mE =EY FTE5HY TETEXE Hl A % Fl=F9] 2FEZAFA] (Mountain foot sloped)
H w3t A 3% TEEyoAE HAx 2 A, 2, ', b2 EAFUANA HF e T
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Fig. 3. Digtribution of the extractable heavy metalsin paddy soil with the different soil organic matter contents.
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Table 3. Average contentsand range of extractable heavy metalsin paddy soilswith different soil textures.

Sail texture Sample As Cd Cu Ni Pb Zn
mgkg®
.962 .077 4, .72 491 492
scL 4 0.96. 0.0 45 0.720 9 9
(tr-5.69) (tr-0.88) (tr-31.7) (tr-83.1) (0.09-16.1) (0.04-48.6)
oL 467 0.522 0.282 4.34 0.605 267 339
(tr-2.48) (tr-1.06) (0.26-31.2) (tr-60.2) (tr-17.0) (0.17-36.5)
! 0.696 0.089 447 0.910 5.38 515
SL 2,452
(tr-6.92) (tr-1.10) (tr-41.6) (tr-17.2) (tr-65.9) (tr-96.7)
L 2558 0.612 0.068 4.05 0.679 5.09 459
' (tr-7.02) (tr-1.38) (tr-27.7) (tr-39.4) (tr-66.4) (tr-131.2)
9 2168 0.724 0.084 3.79 0.800 456 383
(tr-6.62) (tr-1.10) (tr-31.3) (tr-83.1) (tr-51.1) (tr-54.8)
LS o 0.391 0.033 243 0.533 163 2.65
(tr-2.92) (tr-0.34) (0.1-11.1) (0.02-4.74) (0.02-9.60) (0.03-22.2)

" SICL : Silty clay loam, SiL : Silty loam, SL : Sandy loam, CL : Clay loam, LS Loamy sand, L : Loamy soil.

Table4. Average contentsand range of extractable heavy metalsin paddy soilswith different soil topography.

Topo grq)hyT Sample As Cd Cu Ni Po Zn
mg kg’
LVE 4195 0.652 0.095 402 0.684 482 434
(tr-7.02) (tr-1.38) (tr-41.6) (tr-60.2) (tr-50.9) (tr-67.8)
MES 6 0.479 0.047 445 0.822 473 4.06
(tr-3.32) (tr-0.25) (047-25.2) (tr-15.3) (0.84-14.0) (0.29-12.8)
LTP 141 1.086 0.097 308 1.266 2.34 315
(0.06-4.36) (tr-0.30) (0.36-9.84) (0.04-351) (tr-15.5) (0.92-18.7)
APP 1956 0.690 0.083 420 0.678 5.24 473
(tr-2.48) (tr-1.06) (tr-31.2) (tr-60.2) (tr-17.0) (tr-131.2)
MP 1343 0.691 0.101 447 1227 4.80 4.89
(tr-6.62) (tr-0.98) (tr-24.9) (tr-93.2) (tr-46.5) (tr-48.6)
OAP %4 0.709 0.078 4.19 0.552 457 4.00
(tr-5.29) (tr-1.00) (tr-26.1) (tr-3.59) (0.09-48.3) (0.13-31.7)

" LVF: Local valley and fan paddy, MFS : Mountain foot sloped paddy, LTP : Lavaterrace paddy, APP: Alluvial plain paddy, FMP: Flovio-marine plain
paddy, OAP: Old alluvium paddy.

ARk FRA W FEd 29l FUHHE 298 3% F 02 mg/kee] LR st vt =ESGH
ofstel el el B ofol] wid Ay ol olg AN A= A TEH APl W &
Frbslojok s, B S5 AN EFed Aol F7hstal Tk olel mEh FENEH S A+ =
FRAZIEE 2L QA ol wE BN Y 5 A THNEUH TR A =R THEE 97
A 2AE FHstojor @k B AAe AR K A A71AHQ] AstddSs dershy] skl 19999
A HAZ ok wabE ks flske] A& Y FH 49 15712 EUHY As sdEa gleH
B FRstojof & Aoz AT 37719 A AskE ARt 20079 AR A

= =EY 2010 A ¥x, 7tEH, E, UA, |

k'ol R, 2k EEYS B AYE A

ESFS R A (1996) oJs] wAA e Tas TF 9= Eook_g_cé °#72e ZHeA ot
o M3 E¥ed 3 % tFIEA 20009 A% 29 79 20039 W 20079 ZAFlA U] Ao
FEQAH A wE 2o Ft=g FFe 587

19993 2007 AN EGLd $871E 2344
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Table5. Average contentsand range of extractable heavy metalsin paddy soilswith different soil pattern.

Soil pattern’ Sample As Cd Cu Ni Pb Zn
mgkg'
. .102 4.1 . .2 4,
NRP 1762 0.635 0.10: 5 0.644 520 90
(tr-6.09) (tr-1.06) (tr-31.3) (tr-17.7) (tr-65.9) (tr-64.7)
0.678 0.102 449 0.885 493 483
WAP 2,552
(tr-3.32) (tr-1.38) (tr-41.6) (tr-60.2) (tr-52.6) (tr-131.2)
0.728 0.083 404 0.756 481 4.03
STP 2,627
(tr-6.29) (tr-1.10) (tr-29.9) (tr-83.2) (tr-66.4) (tr-96.7)
. .072 .51 742 4. .
POP 701 0.609 0.0 35 0. 40 3.96
(tr-5.20) (tr-0.96) (tr-20.3) (tr-30.2) (tr-46.1) (tr-37.5)
) 26 0.643 0.082 343 0911 411 443
(tr-3.82) (tr-0.98) (tr-24.9) (tr-12.0) (tr-19.6) (0.25-36.8)
ASP 9 0.192 0.088 310 1232 347 9.72
(0.05-0.39) (0.1-0.13) (0.11-5.9) (0.05-2.07) (0.1-6.08) (0.06-22.7)
" NRP: Newly reclaimed paddy, WAP : Well adapted paddy, STP: Sandy textured paddy, PDP : Poorly drained paddy, SP: Sdline paddy, ASP: Acid
sulfate paddy.
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