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There are a number of industrial complexes which could be a source of heavy metal (loid)s contamination of
arable soil in Gyeongnam province of South Korea. Heavy metal (loid)s accumulation of plant is more related
to the concentration of plant available heavy metal (loid)s in arable soil than that of total heavy metal (loid)s.
The objectives of this study were 1) to examine heavy metal concentrations in soils located near industrial
complexes in Gyeongnam province and 2) to determine the relationship between concentration of plant
available heavy metal (loid)s and chemical properties of soil. Soil samples were collected from 85 sites of
arable lands nearby 7 industrial complexes in Gyeongnam province. Total heavy metal (loid)s concentration,
available heavy metal (loid)s concentration, and chemical properties of collected soils were measured. The
mean concentrations of arsenic (As), cadmium (Cd), copper (Cu), lead (Pb), and zinc (Zn) in the soils were 5.8
mgkg ', 1.3 mgkg”, 0.03 mgkg",51.5 mg kg, and 68.7 mg kg™, respectively. Total concentration of Cd and
Zn in arable soil located near V'V industrial complex exceeded the waming criteria (4 mg kg'1 and 300 mg
kg'1 for Cd and Zn, respectively) as described by in the soil environmental conservation Act of Korea. The
concentration of plant available heavy metal (loid)s was negatively related to the soil pH and available Pb and
Zn concentrations had relatively high correlation coefficient when compared with other heavy metal (loid)s.
The concentration of plant available Pb and Zn was negatively related to that of organic matter (OM). Based
on the above results, it might be a good soil management to control pH and OM concentration with soil
amendments such as lime and compost to reduce phytoavailability of heavy metal (loid)s in arable soil located
near industrial complex.

Key words: Available heavy metal, Available phosphate, Industrial complexe, Organic Matter, pH

Averaged concentration of heavy metal (loid)s at 0-15 cm depth in arable soils located nearby each industrial complex.

Averaged concentration of heavy metal (loid)s (mg kg'])

Industrial complex

As Cd Cu Pb Zn
A 5.5 1.1 17 59 86
B 9.4 1.6 18 52 49
C 5.3 1.1 18 48 76
D 2.5 1.6 45 73 131
E 5.3 1.6 19 54 76
F 5.3 1.2 26 55 80
G 7.7 1.6 25 35 111
Warning criteria’ 25 4 150 200 300
Mean value of Korean arable soils 6.2 0.1 19 20 71

TWarning criteria for arable soil established by the Soil Environmental Conservation Act of Korea.
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Fig. 1. Location of 7 industrial complexes in Gyeongnam province and soil sampling point near G industrial complex.

Table 1. Selected industrial complexes located in Gyeongnam province for monitoring of heavy metal (loid)s contamination in

arable soil.
Industrial complex Region Main industry Number of sampled arable soils

A Gimhae Machine, Metalworking 11

B Miryang Machine, Automobile parts 12

C Busan Machine, Metalworking 11

D Ulsan Metalworking, Chemical 10

E Jinju Machine, Chemical 10

F Changwon Telegraph pole 10

G Hamnan Machine, Chemical 12
F 2 mmA| 2 Ao} K 24 o] g5t B & EY 3% & 38 U3 % AN = S5
FE4 UFS Y (G W] 311, R Bl 4 Rajwle) Pebge kel Sjeke] Bof ) Sad: B
As, Cd, Cu, Pb, Zn< ICP—OES (Inductively coupled plasma of 3t EZ21Z=EA (BAM-Ull2a)& T] o AA|BF v
optical emission spectrophotometer, Perkinelmer ICP optima A5 4

5300DV, United states)& ©|-8-3to] SA3I Tt

B W) F34 F A8l olf s FHlel 534 ¢
Fe A flste] EYAIR 3 gofl 1 M NH,OAc 89
30mlE 50ml EeHAE FHo| ¥ & 308 59k wutss
o, WHE & No 2 filter paperg ©o]&3sto] AE3ITH

(Symeonides and McRae 1977). As, Cd, Cu, Pb, Zn<

%

ICP-MS (Inductively coupled plasma emission and mass
spectrometry, Thermo Scientific iCAP @, Germany) & 3+
2439t

oz E‘f@]é}ﬁu}' FZ012E4 (BAM-Ul122)S &
Zago] AsO] 72 96%, Cd-& 104%, Cu= 96%,

Pb&} Zn 102%% LFERGHTT (Table 2). E=0E5ER Y £
=& 3RS ICP-OES (Inductively coupled plasma optical

emission spectrophotometer,

Perkinelmer ICP optima

5300 DV, United states)E ©]-&3}o] =75}t

EOro| SfEIN SMEA  mopARl pHE B 3
F49] H|E 1:52 SHA|ZF 1HESHe] pH meter (starter 3000,

Ohaus, USA) & 2439t &

8715 3ekS Wakley and Black
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Table 2. The results of certified reference materials for checking the analytical accuracy.

Observed value

Certified value Recovery rate

Reference material Heavy metal Analysis method T @73) T
Mean+U AM+ SD AM+SD
(mg kg') (mg kg') (%)
As Total 10.3£0.5 9.9+0.2 96.4+2.24
Cd Total 4.12+0.15 4.3+0.04 104.2+1.01
BAM-Ul112a Cu Total 75.5+3.1 73£1.5 96.2+2.02
Pb Total 198+8 202+3 102.0+1.77
Zn Total 198+6 203+4 102.4+£2.28

U uncertainty (half-width of the 95% confidence interval)
*AM+SD: arithmetic meantstandard deviation

Table 3. Averaged concentration of heavy metal(loid)s at 0-15 cm depth in arable soils located nearby each industrial complex.

Averaged concentration of heavy metal (loid)s (mg kg")

Industrial complex

As Cd Cu Pb Zn
A 5.5 1.1 17 59 86
B 9.4 1.6 18 52 49
C 5.3 1.1 18 48 76
D 2.5 1.6 45 73 131
E 53 1.6 19 54 76
F 53 1.2 26 55 80
G 7.7 1.6 25 35 111
Warning criteria’ 25 4 150 200 300
Mean value of Korean arable soils 6.2 0.1 19 20 71

TWarning criteria for arable soil established by the Soil Environmental Conservation Act of Korea
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Table 4. Concentration of total heavy metal (loid)s in different depth of arable soils located nearby G industrial complex.

Total heavy metal (loid)s (mg kg'l)

Soil No. Soil depth (cm)
As Cd Cu Pb Zn
0-15 15 6.7 30 78 95
! 15-30 10 1.5 29 68 74
0-15 39 1.1 17 23 100
: 15-30 8.5 1.3 31 27 96
0-15 32 1.2 20 20 104
. 15-30 43 1.1 17 22 89
0-15 3.2 1.5 19 21 133
! 15-30 39 1.5 16 21 119
0-15 5.6 1.3 18 24 81
> 15-30 49 1.1 17 22 76
0-15 4.9 1.3 23 47 100
6 15-30 4.6 1.2 17 21 85
0-15 7.4 1.0 25 51 117
7 15-30 13 5.9 39 122 413
0-15 7.2 1.6 27 24 99
8 15-30 8.6 0.8 29 28 95
0-15 9.7 0.9 29 26 106
K 15-30 9.2 0.6 29 26 85
0-15 9.8 0.9 33 29 121
10 15-30 10 0.9 33 30 107
0-15 7.5 0.5 24 27 82
1 15-30 9.6 0.6 25 29 79
0-15 9.7 0.7 29 29 115
12 15-30 9.8 22 28 26 91
Warning criteria’ 25 4 150 200 300
Mean value of Korean arable soils 6.2 0.1 19 20 71

TWarning criteria for arable soil established by the soil environmental conservation Act of Korea

2 Qlate] A 5= E QA HHAEO| Cr, Zn 5 a0
QA=) Qickal ZAFE| Qi) (Abul Kashem and Singh, 1998;
Kisku et al., 2000), ZARAF 2 ehA] Q1 %7 2] EoF U]
T o5 THol AR EFed SHVeAE 23
ﬁ}ﬂ °‘Xl 0}2% g AT IA] Ak g0l Ehds] X
3 Q3 FH Efo g FH&o| A& GEE 7t
570l 0'01 ol5 A9 QI FAHA EY U T2 ol
sl g5 F71420 2APL o] Fo| Mok & A o2 ghrhgict
ZAFE ol9E T FATEA] F G oA = 29
x|l Ccde} Zno] FFo] EFe A S7|EAE 21k
o] PR ol tj3l] Kt ZAgH 2ARE A B G &
o] 113t 7 9Jx] 9] EoF W Cd9] FEF Cde] EFed §-
2]7]% (4 mg kg )& ZW5H= 6,73 5.9 mg kg oI
(Table 4), 781 $)x]2] B | Zno] kS 7no] EYF QA
227]1% (300 mg kg )& 2ISH= 413 mg kg = rER
of 3 G FAEA I 5744 12849 EF W S5

sere m 2 oeluet B 5 A O U FE4 B
2o 02 ATk QoA QI uhel 2o] G 7
AT /1A 9 3H5HE A} 20 98 o]t glo] 2

¥ EQRO R F34 9lo] A ZRse] ik, Bu
20E o|zAeel B ) 2 F34 U AmTAAS
E 73823} Ast 0,277, Cd: —0,418, Cu: —0,382, Pb: —0, 305,
Zn: ~0.484% §LO3F AUEAZ 3 5 Ggieh. olefe A
o] UL sl TR WAL 3 ke Yo WHOR ¥
wahu glon] o ARl A3 AL T FUNA

2] olZA Y} ohe o] AAN O =R E ] o] Z el
o|BE fOlgt ATTHAS A 4 iRl FOE WehE)
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TEE] FUHNS 7S AR %’4 H zr Eok/\lﬂ
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Table 5. Concentration of 1 M NHsOAc extractable heavy metal(loid)s and chemical propetties in different depth of arable soils
located nearby G industrial complex.

Soil No. Soil depth IM NH4OAc extractable heavy metal (loid)s (mg kg'l) Av. pzols"' Organic nlqatter
(cm) As cd Cu Pb Zn (mg kg*) (2 kg)
| 0-15 0.07(0.5"  0.06(0.9)  033(1.1)  047(0.6)  0.64(0.7) 6.4 253 18
15-30 0.11(1.1) 0.11(7.3) 0.28(1.0) 0.19(0.3) 0.53(0.7) 6.6 213 22
5 0-15 0.03(0.8)  0.043.6)  0.12(0.7)  0.07(0.3)  0.35(0.4) 6.6 251 20
15-30 0.10(1.2)  0.04(3.1)  0.26(0.8)  0.21(0.8)  0.34(0.4) 6.8 186 22
3 0-15 0.05(1.6)  0.04(3.3) 0.33(1.7)  0.11(0.6)  0.56(0.5) 6.9 245 17
15-30 0.06(1.4)  0.08(7.3)  0.28(1.6)  0.09(0.4)  0.47(0.5) 52 214 30
4 0-15 0.02(0.6)  0.042.7)  0.13(0.7)  0.04(0.2) 0.06(0.05) 6.7 223 26
15-30 0.08(2.1)  0.07(4.7)  0.20(1.3)  0.20(1.0)  0.31(0.3) 6.8 192 26
5 0-15 0.04(0.7)  0.08(6.2)  0.08(0.4)  0.06(0.3)  0.06(0.1) 7.2 285 17
15-30 0.06(12)  0.0982) 021(12)  0.0904) 047(00.6) 5.6 223 24
. 0-15 0.102.0)  0.0323) 022(1.0) 0250.5) 05105 72 198 19
15-30 0.12(2.6)  0.05(4.2) 0.26(1.5)  0.10(0.5)  0.20(0.2) 6.9 167 26
; 0-15 0.06(0.8) 0.10(10) 0.18(0.7)  0.24(0.5)  0.61(0.5) 54 269 12
15-30 0.13(1.0)  0.21(3.6)  0.27(0.7)  0.23(0.2)  0.53(0.1) 5.6 205 11
g 0-15 0.11(0.5)  0.05(3.1) 045(1.7)  0.61(2.5)  0.80(0.8) 4.7 313 11
15-30 0.09(1.0)  0.05(6.3)  0.22(0.8)  0.44(1.6)  0.40(04) 5.3 316 11
0 0-15 0.11(1.1)  0.07(7.8)  0.19(0.7)  0.30(1.2)  0.37(0.3) 5.8 180 22
15-30 0.08(0.9) 0.08(13) 021(0.7)  049(1.9) 03905 52 158 22
10 0-15 0.07(0.7)  0.05(5.6)  0.14(0.4)  0.27(0.9)  0.29(0.2) 5.7 254 13
15-30 0.11(1.1)  0.05(5.6)  0.24(0.7)  0.27(0.9)  0.31(0.3) 6.3 214 11
" 0-15 0.09(1.2) 0.10(20) 0.35(1.5)  0.51(1.9)  0.57(0.7) 4.5 183 13
15-30 0.13(1.4) 0.07(12) 0.37(1.5)  041(1.4) 1.18(1.5) 5.1 167 8
. 0-15 0.11(1.1) 0.11(16) 0.35(1.2)  0.51(1.8)  0.55(0.5) 4.8 294 12
15-30 0.12(1.2)  0.18(82)  0.36(1.3)  0.50(1.9)  0.78(0.9) 4.8 198 6

"Av. P,Os: available phosphate.

i( ): percentage of ratio of concentration of plant available heavy
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Table 6. The relationship between concentration of plant available heavy metal (loid)s and chemical properties of arable soils

located nearby G industrial complex.

Chemical properties Data As Cd Cu Pb Zn
Equation Y = 6.79-9.73X Y = 6.69-9.44X Y = 725-5.14X Y = 6.95-3.58X Y = 6.94-2.08X

H Correlati

P ofreration 0353 -0.462% -0.531* -0.709%* -0.572%
coefficient
Equation Y = 264-468X Y = 235-136X Y = 227-119X Y = 215 + 353X Y = 228 -7.79X

Av. P,O Correlati

2 orreation 0323 -0.127 -0.023 0.133 -0.041

coefficient
Equation Y = 24.7-85.4X Y = 21.8-57.1X Y = 24.5:282X Y = 23.8-232X Y = 24.5 -15.0X

Organic matter Correlati

& orreration 0416 -0376 20391 -0.617% -0.555%*

coefficient

"In the equations, X is plant available heavy metal (loid)s concentration (mg kg']) and Y is chemical property.

e and *+* denote significance at not significant, p<0.05, p<0.01, and p<0.001, respectively.

5). ZAVAF e pi 2 4 504 Fe) 7,274 A
ol FHEWIA st BRI A0R 2AEIS
o}, faEQAk 47189 Fere 7H2H58~316 mg kg '3}
6~30 g kg ' & F3AL3FYC},
o)e] Aol A T
34 Pepce A0l ol A 3
Ol3l| 24 1 (Geebelen et al., 2002; Kim et al., 2012)
/\]‘:'O] O]_Q_ 7]-___‘6]— T:L_Jﬁ__ EO]:_,] §1—tﬂ-2~] E/H_,] 03]6];—
Hh=chal B rskglot (Kim et al., 2007), B pHE}F 7}
o dralpel RIS AR AT, AsE A9 B
o St Bl pH GOl o] A
A0 &2 ZALE| QUL (Table 6). EY] pH7} S7FH|
Fol SHAEE FHAZIA = Ao om Bk
o] pH Z7h2 QI8 Eop] ool FAG-L Zrfakl Hit
(Naidu et al,, 1994), of2] A5-Autol| A BEFe] S =7}
Fokelnl oPHe we S o)e] Eajo] Frhr
H 73} c} (Bolan et al,, 1999, 2003, 2013; Hong et al.,
2007). WA EoF] pH7} 514 & A1Eo] o] & 75
3 Refe] Cd, Cu, b, Znd} 22 ool 2] Fa4 Fego] 7t
A3} (Singh et al,, 1995), ThE oFo]@A o] &yl ot
2] As EoF Y04 Soleo] FH= _J_ZHzﬂ—r,} As™= A4
o] pHEAGIA EofmAle] Ao FHtEo] Sows}
AL $4) i ol 4o pH 20N ST} 5
7}ere} (Mcbride, 1994), ARFAQ] 57 2] B9 270A
ASE OIRE wWE 77 o] A FElR Akt
(Goldberg, 2002). T3t ZAFIAF 2| Sloj ] EOF AJRo] %)
F AIZ1I7E W o|gf Hol|E & Eofo] g Hof QlA] kot =
Ab el ool A7k R A 0] el £ AL
TR, vfeb] Eope) pHOl §EE As BHS RO
o S el g Ao v
QAL Hepa 7 5B

Bok
O
WS ﬁm A3, wE REE S gt 2 o

o i N orjn o

4o é“=
L b
j_

rg 30,

FREQJAE eF 4o folsh WAIE 22 4= §lolth old9
AT A= Cd, Cu, Pb, ZnO = Q% Eoko] QAR
AE8HH o]Hdt FEEES BEY WollAl FadtEle] AF

of o3t faw=r} Ak B3t} (Lindsay, 1979;
Bolan et al,, 2003; Thawornchaisit and polprasert, 2009).
L of2l3t AFES TEEORE 2fH B Qe
A AMISEAY FA7E 27 0] Eqfof ¢lite] A 2o wE
BIE 2ARE AfolEz & Aeks AR 2 Xfo]
7F Qlek & AFRollA] AR O] H 5HA EYES A=
UhE B 548 7L Yl 24 ole) T3 Yol A dudt
o} gro] 2t EOF U QLAY TS 158~316 mg
kg 02 FRSIL Qo] FFe] BE Fo] YR Zo} fael
Ab e Atolof| g fraE Su dEste] vAlE &
717k ol A o7 g}

ES U 7= o 4 fad SesTEe] A
A 2AVE A7), f7H) Poe} Zno] TR Eok ) 4712
o gl golgt R AR S LEhich (Table 6), B9}
712 FR PSR i R4S JRER] Fmu

7] (COOH), SHESA7] (OH) 53} o] Sahae w gl
21872 tleFo 2 :\,561—5]._]_ 9]
& B o) pHE
A 2F&50] ga=S ‘;l’-’",‘—ﬂ] Hch (Kashem and Singh
2001; McBride, 1994), d-2] Aol A= B Ui f7]1E A
Ae] N §aFE Z7b el wek Eopel pHrt Feista i
g} Pbe} Zno| gFo] Tadh= AXE B3t} (Bolan et
al,, 2003; Liu et al., 2009), §-7|&°] S-a e 39| sl5F
ol AL 1A= FAAQ] FIH= BoF U 9718wl
2 pHo| gjo] of3 Aoleh, olide] 23S Higrow ¥ )
B AollA] 2apgl mope) sebd B4 & Eoke] pH s
7} ot 2 3k EA Ht EoF ) SaH 2249 FekS
AR 3= S a7k 8Rlo] Hi= Zlo g wekErh
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