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Monitoring of the heavy metals at paddy rice agriculture is very important for environmental agriculture. A
study was carried out of heavy metal concentrations in 260 paddy soil samples every four years from 1999 to
2007 in Gyeongnam Province. Heavy metals such as Cd, Cr, Cu, Ni, Pb, Zn, and As in paddy soils were
analyzed. Average concentrations of heavy metal were Cd 0.426 (ranged 0.003-1.379) mg kg'1 for Cd, 1.189
(0.003-3.264) mg kg, for Cr, 9.68 (0.05-22.38) mg kg~ for Cu, 2.64 (0.01-7.36) mg kg for Ni, 23.7
(0.7-54.1) mg kg'1 for Pb, 20.8 (0.7-131.2) mg kg'1 for Zn, and 1.054 (0.001-2.110) mg kg'1 for As,
respectively . Long-term changes of heavy metals were showed that Cd, Ni, and Zn were significantly
increased whereas Cr, Cu, and As were significantly decreased. Principle component analysis (PCA) of heavy
metals in paddy soils was obtained with eigenvalues > 1 summing 34.3% of variance for PC1, 17.5% of
variance for PC2, and 51.8% of the total variance in soil heavy metals.
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199940 E9F S8, X|¥ 9 EA] (RDA, 1983)1} B Cd T2 19999 0.122 (H9] 0.005-0.349) mg
Table 1. Chemical properties of lowland paddy soils by sampling year.
Sampling years Cd Cr Cu Ni Pb Zn As Number of sample
mg kg']
1999 Mean value 0.122 0.652 432 0.685 9.2 6.1 0.283 260
Min value 0.005 0.019 1.02 0.022 0.1 1.0 0.001
Max value 0.349 3.264 15.72 7.360 54.1 63.0 2.110
2003 Mean value 0.114 0.218 4.11 0.689 54 5.9 0.579 260
Min value 0.003 0.003 0.05 0.008 0.1 0.7 0.184
Max value 1.379 1.604 22.38 4.075 334 45.6 1.670
2007 Mean value 0.190 0.318 1.25 1.269 9.1 8.8 0.192 260
Min value 0.010 0.024 0.26 0.047 1.0 0.8 0.008
Max value 1.143 2.122 4.68 5.285 52.2 131.2 0.864
LsD! (»<0.05) 0.0214 0.0566 0.413 0.1289 1.63 1.50 0.0537

' LSD: Least significant difference; ¥ NS: Not significant.
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Table 2 . Chemical properties of lowland paddy soils by soil type.

Soil types Cd Cr Cu Ni Pb Zn As Number of sample
mg kg']
Unmatured 0.137a’ 0.405a 3.18a 0.809b 7.2a 7.1a 0.346a 345
High yield 0.161a 0.410a 3.20a 1.036ab 8.9a 7.3a 0.364a 267
Sandy 0.122a 0.367a 3.18a 0.771b 8.0ab 5.8a 0.365a 117
Wet 0.128a 0.33%a 3.83a 0.712b 7.9ab 5.7a 0.301a 36
Saline 0.129a 0.246a 3.97a 0.545b 9.0a 5.4a 0.359% 6
Acid sulfate 0.094a 0.384a 3.43a 1.365a 3.8b 10.4a 0.209a 9

T Values within a column followed by the same letter are not significantly different at 5% level by Tukey’s studentized range test.
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Table 3. Chemical properties of lowland paddy soils by soil texture.
Soil textures Cd Cr Cu Ni Pb Zn As Number of sample
mg kg’
Silty clay loam 0.109a " 0.434ab 4.34a 1.339a 44a 12.4b 0.226a 15
Silt loam 0.151a 0.431ab 3.30a 0.950ab 8.3a 6.9bc 0.365a 363
Clay loam 0.192a 0.631a 2.51a 0.877ab 8.6a 18.5a 0.173a 6
Sandy loam 0.112a 0.346b 3.30a 0.758b 6.1a 5.9¢c 0.318a 93
Loam 0.140a 0.363b 3.08a 0.813ab 8.2a 6.8bc 0.355a 303

T Values within a column followed by the same letter are

not significantly different at 5% level by Tukey’s studentized range test.

Table 4. Chemical properties of lowland paddy soils by soil topography.

Soil topographies Cd Cr Cu Ni Pb Zn As Number of sample
mg kg’
Fan & valley 0.146ab"  0.372ab 3.21a 0.81a 7.9ab 6.6bc 0.356ab 417
Hill areas 0.192a 0.631a 2.51a 0.88a 8.6ab 18.5a 0.173b 6
Inclined piedmont 0.104ab 0.375ab 2.36a 0.71a 4.6b 4.0c 0.365ab 21
River sider plain 0.144ab 0.442ab 3.34a 0.97a 8.0ab 7.4bc 0.354ab 249
River & coastal plain  0.179a 0.327b 2.49a 1.21a 14.3a 5.0c 0.443a 18
Coastal plain 0.142ab 0.377ab 4.19a 1.21a 7.5b 11.4b 0.281ab 30
Diluvial soil 0.085b 0.391ab 2.85a 0.76a 5.9b 4.9c 0.314ab 39

' Values within a column followed by the same letter are not significantly different at 5% level by Tukey’s studentized range test.
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Table 5. A comrelation coefficient between heavy metals contents in paddy soil (#=780).

Heavy metals Cr Cu Ni Pb Zn As
Cd 0.100%** 0.152%* 0.509%* 0.532%* 0.408%* -0.046
Cr - 0.123%* 0.120%* 0.073* 0.169%* -0.159**
Cu - -0.024 0.103%*%* 0.176** 0.133**
Ni - 0.323%%* 0.425%%* -0.072*
Pb - 0.094%** 0.159%*
Zn - -0.057
YA significant values reported as **p<0.01, and *p<0.05.
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Fig. 1. Principal components analyses of heavy metals
contents from sampling times in paddy soils. The vari-
ance explained by the each principal component (PC)
axis is shown in parentheses. Bars present standard error
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Fig. 2. Principal components analyses of heavy metals
contents from soil types in paddy soils. The variance exp-
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in parentheses. Bars present standard error (n=780).

(0.550), Ni (0.490), Zn (0.452) 4 Pb (0.
afgom A 23R (PC2)oll &3l ESF
As (0.760) @ Cr (-0.375) S 2/Hga A 334
(PC3)°l &sh= 5 Cu (0.740) T},
=z 9=

Al 157410] 34.3%, A
51.8%9] A=mE dE

B Ny o)
=

PC1 (34.3%)

Fig. 3. Principal components analyses of heavy metals
contents from soil textures in paddy soils. The variance
explained by the each principal component (PC) axis is

shown in parentheses. Bars present standard enor
(n=780).
15 1 OFan & valley
@ Hill areas
Alnclined predmont
10 + ARiver sider plain
ORuver & coastal plain
M Coastal plain
—_ 05 I < Diluvial soil
X %
v
~ o PP | ' :
= ! R + +
o -20 -15 -1.0 -Oé% op .5 10 15 20
&_} -0.5
10 +
15 4

PC1 (34.3%)

Fig. 4. Principal components analyses of heavy metals
contents from soil topographies in paddy soils. The vari-
ance explained by the each principal component (PC) axis is
shown in parentheses. Bars present standard enor (7=780).

B é =2 1
&t 2ARIE (Fig. 1), BEY 73 (Fig. 2), EA



294 ol olgE - S - YU FHE - YA -

kO
14

AEAY = B Fa& HHE st 72 ARE
AlFstaAl 260 AHS AR 19996 E 20077t
A 4 F7|2 BA9 = EYY S5 Hd g
2 Cd 0,426 (M%) 0.003-1.379) mg kg ', Cr 1,189
(0.003-3.264) mg kg ', Cu 9.68 (0.05-22.38) mg
kg Pb 23.7

©

. Ni 2.64 (0.01-7.36) mg kg '
(0.7-54.1) mg kg ', Zn 20.8 (0.7-131.2) mg kg ',
As 1,054 (0.001-2.110) mg kg ' ¥t} &A71HQ WA
FRA A AEAY = E9F] Cd, Ni 9 Zn TS
FojAeg F71gk Wk, Cr, Cu % As T F94
o2 AR Pb FFe 2 W3t otk = B9
As g2 Cu ¥ P} 12 (o1¥Ql Hodas
o
=
y

)

Q1M Or % Ni @b §elFQl Roly

&35t BEoF SE<42 Cd (0.550), Ni (0.490), Zn
(0.452) 9 Pb (0.422) 5 470%™ Al 254E (PC2)
of £3t= EY a5 As (0.760) H Cr (-0.375)
T 209 Al 3FAE (PCY)Oll &k EY a8
Cu (0.740) ¥t += B F55 Y 54 A1
F/dol 34.3%, Al 25420 17.5%2A4 ZAA| 51.8%
o AzE AW + Sl Ao= UEylt

At At

B AL SEATY FEATARIEHINE: PI00-
6906200920)©] Ao ofa) oloi2l A .

ol g 2 3

Andreu, V. and E. Gimeno-Garcia. 1999. Evolution of
heavy metals in marsh areas under rice farming.
Environmental Pollution. 104:271-282.

Berti. W.R. and L.W. Jacobs. 1996. Chemistry and
Phytotoxicity of Soil Trace Elements from Repeated
Sewage Sludge Applications. J. Environ. Qual. 25:
1025-1032.

Cho, LLH., Y.S. Kim, and K.D. Zoh. 2005. A case study
on the comparison and assessment between environ-
mental impact assessment and post-environmental
investigation using principal component analysis. Kor. J.
Env. Hlth. 31:134-146.

Choi, M.T., J.I. Lee, Y.U. Yun, J.E. Lee, B.C. Lee, E.S.
Yang, and Y.H. Lee. 2010. Relationship between

o
e

I
Su
oo
o
)
1'011
)
0
Hu}
kd
ok
-
I
N
°
QL
ox
[

fertilizer application level and soil chemical properties
for strawberry cultivation under greenhouse in Chung-
nam Province. Korean J. Soil Sci. Fert. 43:153-159.

de Matos, A.T., M.P.F. Fontes, L.M. da Costa, and M.A.
Martinez. 2000. Mobility of heavy metals as related to
soil chemical and mineralogical characteristics of
Brazilian soils. Environmental Pollution. 111:429-435.

Holmgren, G.G.S., M.W. Meyer, R.L. Chaney, and R.B.
Daniels. 1993. Cadmium, lead, zinc, copper, and nickel
in agricultural soils of the United States of America. J.
Environ. Qual. 22:335-348.

Hyun, H.N. and S.H. Yoo. 1991. Effects of soil chemical
properties on the distribution and forms of heavy metals
in paddy soils near zine mines. Korean J. Soil Sci. Fert.
24:183-191.

limura, K. 1981. Heavy metal problems in paddy soils:
heavy metal pollution in soils of Japan, Japan Scientific
Societies, Tokyo, Japan.

Jung, G.B., J.S. Lee, W.I. Kim, and B.Y. Kim. 1999. The
effect of irrigation control and the application of soil
ameliorators on cadmium uptake in paddy rice. Korean
J. Environ. Agric. 18:355-360.

Jung, G.B., J.S. Lee, W.I. Kim, J.H. Kim, J.D. Shin, and
S.G. Yun. 2005. Fractionation and potential mobility of
heavy metals in tailings and paddy soils near abandoned
metalliferous mines. Korean J. Soil Sci. Fert. 38:259-
268.

Jung, G.B., B.Y. Kim, K.H. So, J.S. Lee, B.Y. Yeon, Y.K.
Chung. 1996. Content of heavy metal in paddy soil and
brown rice under long-term fertilization. Korean J. Soil
Sci. Fert. 29:150-157.

Jung, G.B., W.I. Kim, K.L. Park, and S.G. Yun. 2001.
Vertical distribution of heavy metals in paddy soil near
abandoned metal mines. Korean J. Environ. Agric.
20:297-302.

Jung, K.Y. 1995. Practice of application of organic matter
and by-product compost. p. 17-45. Symposium of problem
and measures about make a fertilizer with organic waste,
Korean J. Soil Sci. Fert., Suwon, Korea.

Jung, M.C. and I. Thornton. 1997. Environmental conta-
mination and seasonal variation of metals in soils, plants
and waters in the paddy fields around a Pb-Zn mine in
Korea. Sci. Total Environ. 198:105-121.

Kim, B.Y. 1996. Real condition and countermeasure of the
environmental pollution. Symposium of Problem and
improvement of the agricultural environment in Korea,
Korean J. Environ. Agric. p.27-53.

Kim, B.Y., B.K. Jung, JJW. Choi, E.S. Yun, and S. Choi.
1995. Heavy metals in paddy soil of Korea. Korean J.
Soil Sci. Fert. 28:295-300.

Kim, B.Y. and K.S. Kim. 1986. Studies on uptake by
crops of lead and reduction of it’s damage, IIl. Effect of



AN = BF FFE BF WERA 295

water management and lime application on lead uptake
in paddy rice. Korean J. Soil Sci. Fert. 19:147-151.

Kim, M.J., K.H. Ahn, and Y. Jung. 2003. Vertical distri-
bution and mobility of arsenic and heavy metals in mine
tailings and nearby paddy fields. J. KSEE 25:544-553.

Kim, M.K. and K.S. Lee. 1983. Heavy metal contents of
the drainage-basin soil in Daejeon area. Korean J.
Environ. Agric. 2:78-82.

Kim, S.J., S.H. Baek, and K.H. Moon. 1996. Fractionation
of heavy metals and correlation with their contents in
rice plant grown in paddy near smelter area. Korean J.
Environ. Agric. 15:1-10.

Kim, W.I., M.S. Kim, K.A. Roh, J.S. Lee, S.G. Yun, B.J.
Park, G.B. Jung, C.S. Kang, 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, HW. Kim, Y.J. Seo, J.S.
Kim, Y.J. Choi, Y.H. Lee, S.C. Lee, and J.J. Hwang.
2008. Long-term monitoring of heavy metal contents in
paddy soils. Korean J. Soil Sci. Fert. 41:190-198.

Koo, JY., M.J. Yu, S.G. Kim, M.H. Shim, and A.
Koizumi. 2005. Estimation of long-term water demand by
principal component and cluster analysis and practical
application. J. KSEE 27:870-876.

Krebs, R., S.K. Gupta, G. Furrer, and R. Schulin. 1998.
Solubility and uptake of metals with and without liming
of sludge amended soils. J. Environ. Qual. 27:18-23.

Lee, JH.,, KW. Han, and J.Y. Cho. 1997. Content of
heavy metals in paddy soils and brown rice from Kunsan
industrial complex area. Agric. Chem. Biotechnol.
40:342-346.

Lee, M.H., K.S. Kim, B.Y. Kim, and K.H. Han. 1984.
Effect of lime application on growth and Cd uptake of
paddy rice. Korean J. Soil Sci. Fert. 17:258-264.

Lee, S.R. and K.J. Song. 1985. A survey on the heavy
metal concentration of soil samples around Onsan
industrial complex. Korean J. Environ. Agric. 4:88-94.

Lee, Y.H.,, S.T. Lee, J.Y. Heo, M.G. Kim, K.P. Hong,
W.D. Song, C.W. Rho, J.H. Lee, W.T. Jeon, B.G. Ko,
K.A. Roh, and S.K. Ha. 2010. Monitoring of chemical
properties from paddy soil in Gyeongnam Province.
Korean J. Soil Sci. Fert. 43:140-146.

Ma, L.Q., F. Tan, and W.G. Harris. 1997. Concentrations
and distribution of eleven metals in Florida soils. J.
Environ. Qual. 26:769-775.

Mench, M., D. Baize, and B. Mocquot. 1997. Cadmium
availability to wheat in five soil series from the Yonne
District, Burgundy, France. Environmental Pollution.
95:93-103.

MOE (Minister of Environment). 1996. Standard test
method for soil pollution. Gwacheon, Korea.

Nakai, M. 2007. Development of soil-crop inventory on
heavy metals in Japan. International workshop draft
proceedings of ESAFS 8.

Nicholson, F.A., B.J. Chambers, and B.J. Alloway. 1997.
Effect of soil pH on heavy metal bioavailability. Pro-
ceedings of 4™ Int. Conf. on the Biogeochemistry of
Trace Elements.

NIAST (National Institute of Agricultural Science and
Technology). 2008. Annual report of the monitoring
project on agro-environmental quality in 2007. NIAST,
RDA, Suwon, Korea.

Page, A.L., F.T. Bingham, and A.C. Chang. 1981.
Cadmium. In Lepp, N.W. (ed) Effect of heavy metal
pollution on plants. Vol 1, Effects of trace metals on
plant function. Applied Science, London, UK.

Petruzzelli, G. 1989. Recycling wastes in agriculture:
heavy metal bioavailability. Agr. Ecosyst. Eviron.
27:493-503.

RDA (Rural development administration). 1983. Soil in
Korea. RDA, Suwon, Korea.

SAS Institute. 2006. SAS Version 9.1.3. SAS Inst., Cary,
NC.

Sims, J. T. and J.S. Kline. 1991. Chemical fractionation
and uptake of heavy metals in soils amended with co-
composted sewage sludge. J. Environ. Qual. 20:387-395.

Vulava, V.M., B.R. James, and A. Torrents. 1997. Copper
solubility in Myersville B horizon soil in the presence
of DTPA. Soil Sci. Soc. Am. J. 61:44-52.

Xia, Z.L. and C.R. Mu. 1984. The effects to tobacco and
corn by interactive effects of Cd, Zn, Pb. J. Ecol.
4:231-235.

Yoo, S.H., K.J. Ro, S.M. Lee, M.E. Park, and K.H. Kim.
1996. Distribution of cadmium, copper, lead, and zinc
in paddy soils around an old zinc mine. Korean J. Soil
Sci. Fert. 29:424-431.

Yoon, J.H., B.G. Jung, H.J. Jun, and H.K. Kwak. 2004.
Soil quality assessment method of paddy and upland.
Korean J. Soil Sci. Fert. 37:357-364.





