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ABSTRACT

Industrial complex releasing huge amounts of dusts, fumes and wastewater containing heavy metal(loid)s could
be a source of heavy metal(loid)s pollution in arable soil. Heavy metal(loid)s pollution in arable soil adversely
affect crops safety, subsequently human being. Hence, it is important to accurately assess the heavy metal(loid)s
pollution in soil using pollution indices. The objectives of this study are 1) to compare assessment methods of
heavy metal(loid)s pollution in arable soils located near industrial complex in Gyeongsang provinces 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 10 industrial complex in Gyeongsang
provinces. The average total concentration of all heavy metal(loid)s of the studied soils was higher than that of
Korean arable soils but did not exceed the warning criteria established by the Soil Environmental Conservation
Act of Korea. Only six sites of arable soils for the total concentration of As, Cu and Ni exceeded the warning
criteria (As: 25 mg kg™, Cu: 150 mg kg™, Ni: 100 mg kg™). The contamination factor (CF) and geoaccumulation
index (Igeo) of the heavy metal(loid)s in arable soils varied among the sampling sites, and the average values of
As and Cd were relatively higher than that of other metals. Results of integrated indices of As and Cd in arable
soils located near industrial complex indicated that some arable soils were moderately or heavily polluted. The
plant available concentration of heavy metal(loid)s was negatively related to the soil pH and negative charge of
soil. Available Cd, Pb, and Zn concentrations had relatively high correlation coefficient with pH and negative
charge of soil when compared with other heavy metal(loid)s. Based on the above results, it might be a good soil
management to control pH with soil amendments such as lime and compost to reduce phytoavailability of heavy
metal(loid)s in arable soil located near industrial complex.
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Averaged pollution indices (CF and lge,) of heavy metal(loid)s in arable soils located nearby each
industrial complex.

Industrial Contamination factor (CF)Jr Index of geoaccumulation (Ige(,)T

complex As Cd Cu Ni Pb As Cd Cu Ni Pb
A 3.4 9.6 3.5 33 3.9 1.2 2.7 1.2 1.2 1.4
B 22 5.7 7.2 32 3.1 0.6 1.9 23 1.1 1.0
C 33 4.7 23 2.0 5.0 1.1 1.6 0.6 0.4 1.7
D 11.8 9.4 22 11.6 4.1 3.1 2.6 0.6 3.0 1.5
E 45 35 2.8 32 2.8 1.6 1.2 0.9 1.1 0.9
F 32 9.4 2.0 5.8 1.8 1.1 2.7 0.4 1.9 0.2
G 6.8 3.1 32 33 1.8 2.2 1.0 1.1 1.1 0.3
H 8.1 3.6 2.1 1.5 4.6 2.4 1.3 0.5 0.0 1.6

*heavy metal(loid)s concentration in arable soil/background concentration.
Tlogz [(M)sample / 1.5 (M) background].
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Introduction
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HEo 2 el Aof| H-8ok= 2| T3 7} o] QJTt (Cheng et al., 2007; Jung et al., 2011; Brady et al., 2015). A&7}
A 57X EXO] TaE LUE AR FE T AR F FuH sEE Ve R Wolchs Tt oz 1
Y] Ak, et o] 'R EqF] 91R13] EAdS A1efehA] o> WP O & SER]| 0] TaE L | Bt
ntAst ] lsire HdRt S5 LA B7HE Fole] TH L F Yo I LAB R, LT eS| wefsh
ofgith. 2|7 = o|et el EF] /13A B4 L efsto] thao] Ao Hit a5 LA =S A o & B7t
St o g FH 0 o] ot e¥eTS 1A os dsh=t f-85HA AREEAL Tt (Loska et al.,
2004; Jung et al., 2015). Z|F3E7} WHoll= Thet W0 A=t 724 o= 7P de] ARSEHI Q=
Contamination Factor (CF)7} %10, HHE T+ EXE9] S55 L 9% B ARE-E+= Hakanson’s modified
degree (mCq)7} AT}, T3 2| EQFO] 554 QAT 7ol Ho] o] 85|11 Q)= Index of geoaccumulation (Igeo) 2}
A0 Ta4 LEEE B34 02 g Hof]l YERY= Pollution Index (PI)7F 91Tt (Kloke, 1979; Muller, 1979;
Hakanson, 1980; Loska et al., 2004; Gong et al., 2008; Gowd and Govil, 2009; Lee et al., 2017).

EdU w2 Fa5 T2 A A U S84 S48 5 Aok A0 S5 AL EYY T 5
FH}T 250] 0] & 7153t e o] T4 oo 2 AA & (Geebelen et al., 2002; Kim et al., 2012), ©]213F &
o] Fas B sfoba] 540 Ja R=rt (Kim et al., 2007). ©]319] A7-27olH B U $5452] 85l
+ EYY pH, #71E &%, Faqlit ool ks o, ol2iRt QXSS B AT E Foll Fs] =4
7Fsoctal B A7sH3IT (Street et al., 1978; McBride et al., 1997; Redman et al., 2002; Weng et al., 2002; Zwonitzer
etal,, 2003). T2tA AlZ0] 0|8 753t O] Tk o> ESF Al o] kS A Ht.
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Materials and Methods
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b2 Aste] RO} AR o) §akgic. Eok AR AFH=20161 4% 197 20161 59 319714 +astick

Table 1. Selected industrial complexes located in Gyeongnam and Gyeongbuk provinces for monitoring of heavy
metal(loid)s pollution in arable soil.

Industrial Region Main industry - Location - T

complex Latitude (N) Longitude (E)
A GyeongJu Automobile parts, Chemical 35°40' 11.11" 129° 19' 36.57" 4
B Uiseong Fiber, Chemical 36° 20' 02.84" 128°40' 11.61" 11
C Chilgok Automobile parts, Fiber 35°57'25.78" 128°24'33.85" 6
D Busan Machine, Metalworking 35°05'32.35" 128°51'32.93" 20
E Ulsan Metalworking, Chemical 35°38'21.89" 129° 18' 55.86" 6
F Uiryeong Machine 35°18' 57.86" 128° 16' 30.04" 6
G Sacheon Metalworking, Chemical 35°03'57.69" 128° 03' 43.50" 5
H Changnyeong Machine, Metalworking 35°35'37.74" 128°28'27.90" 6
I Geoje Shipbuilding 34°56' 03.83" 128° 35' 53.49" 5
J Haman Machine 35°22'04.13" 128° 28' 53.60" 16

"Number of soil sampling sites within 1 km distance from industrial complex.

AN EG A FAME 2 mm Y= Al dste] Bsigl o S 5 42 SR EeH8 A
AldHell £5to] EGAI=E 0.1 mm (150 mesh) == Al AFR A-S ARSI EY U T S5 AT EY
Al 2 goll 4= (HNOs:HCI=1:3) 28 ml& 75197 150°Col|A] 2417t 52t BalsIth (Ministry of Environment,
2010; US-EPA, 1996). 23} A &.2] As, Cd, Cu, Ni, Pb, Zn 3552 ICP-OES (Inductively coupled plasma optical
emission spectrophotometer, Perkinelmer ICP optima 5300DV, United states)& ©]-86}] Ao}t

EG Ul 555 5 AE0] o8 7hatt FHIS Tas Tk A flste] EAIE 3 gofl | M NH4O0Ac 8
0& B2t wHtst o m, WwHE ¥ NO.2 filter papers ©|-8o6t] HESH3ITE (Symeonides and
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I}, Fat 2lE2 90%2] Cu ALI5HL 95% o2 LERAT (Table 2).
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Table 2. The results of certified reference materials for checking the analytical accuracy (n= 3).

. Heavy Certified value Observed value Recovery rate
Reference material T " T "

metals Mean+U ' (mg kg™) AM+SD ' (mgkg™) AM=+SD (%)

As 10.3+0.5 9.6+0.15 95.1+1.48

Cd 4.12+0.15 4.3+0.07 104+1.62

Cu 75.543.1 67.7+1.2 89.6+1.53

BAM-Ul112a i

Ni 10.1+0.5 10.4+0.6 103+5.97

Pb 19848 198+3.6 100+1.82

Zn 198+6 193+4.6 97.5+2.31

u: uncertainty (half-width of the 95% confidence interval).
T AM+SD: arithmetic meantstandard deviation.

EAo| gistd EM BM EQMA RO pHE EXH S-752] HIE 1:52 3+ AJ7F wHISH] pH meter (starter
3000, Ohaus, USA)Z S5t G71& &2 Wakley and Black B (Sparks, 1996) 2.2, & Q14| gk
Lancaster method (RDA, 1988)% 2453t} 2|gH] QFol2 dakS BA517| Yot EFA= L IM NH,OAc &
o} H|E 1:1008 Y2 5 305 2t wHksl A, wHE S NO.2 filter paperE ol-goto] A&t HaE 8 Y
K, Ca, Mg 5] 1S ICP-OES £ ©]-85}o] Aks9ict. EQo] S5 E = 0}7] 2ot EF5 gofl 1 MNaCl 30
i i S I Bt S5 oo Yo} ke E3o] ethyl alcohol 20 mi& 71510}
Wolgls A4S 35 WElo] HolHich Byl alcohol FIAZ T AF5ae dahlln Fe Bl | M
NH,OAc 30 ml 7I5to] 1417 54 &39It A& § o1 7pAIZ] of kol Ui o] LHEF(Na)©] &7 ICP-OES =
4slo] Eopel Sa1HEE FoKTE

™

EY 334 298x HIt AYHR] I 544 EYY FuE LA E B ] fote] Ta5E LA H
EANA 242 2T 4= Q= 2 AX]E (Pollution index, PI), 2 EA|4™ (Contamination factor, CF) 2! 2| 3}5H4]
=0

=
AT (Leeo) B 22 AFZBFITH (Loska et al., 2004; Krishna and Govil, 2008; Gowd and Govil, 2010; Mmolawa

etal., 2011).
71 FofA LER|4= (PI)= Kloke (1979)7} AIQHE Fa<5 =18 o]-83HAIA] (Tolerance level, As 20, Cd 3, Cu
100, Ni 50, Pb 100, Zn 300 mg ke 272 5lo] B} A2 Wrlsls uhoa ghatale ohom} 7t

Heavymetal (loid)s Conc. in soil
Toierance level

%

[e: Iy B -
2B (PI) = The number of heavy metal (loid)s (Eq. 1)
QL FAO 2 0~ A= AW 2| F 57, LAAe}H 8] L FA|Z L 4= Tt (Table 3).

A~

T
L AAIS (CF)+= Hakanson (1980)°] S5 LAEE F7olr] f1ote] ARt ¥y o = 713417 (background)
EJO T TS ol8oto] Sl $AS thaat Ak
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Heavymetal (loid)s Conc. in soil (Eq. 2)
HfavJ metal (loid)s Conc. of background soil 49

QLAAS= (CF) =
AFEE CF 3 2329 (Low polluted), 57+ A (Moderately polluted), 74 2 (Heavily polluted), 3.2
& (Extremely polluted) 2 2 WF+31T} (Table 3).
2)3FeH ‘55715 (Index of geoaccumulation, Le,) SA] 7155817 (background) B Ta&8w-S o851
FTas L9 S E Prtols o2 SHbAe thaat A

= Heavy Metal(loid)s Cone. of Sample soil
SHA] .Er_:H_Z s =1 Y
]9]— 7:“_[_ (IgeO) 0%, 1.5 X Heavy metal (loid)s Conc. o f background soil (Eq' 3)

SHEAOA «1.5” A= 7920 a5 SIS BASH] St BA Adrolth A Ly, 452 Muller
(1979)°1 oI5l AIA%E Index of geoaccumulationS ©]-851] B761H a1l 7= H|2F (Unpolluted), -84
(Unpolluted to moderately polluted), 572 H (Moderately polluted), 522 F (Moderately to heavily polluted),
ZAH Q¥ (Heavily polluted), tH2.2 % (Heavily to extremely polluted), &2 F (Extremely polluted) 2 & L+
T} (Table 3).

Table 3. Classification criterion of Pl, CF, and lgec.

Assessment method Classification Level of pollution
. PI<1 Unpolluted
PI>1 polluted
CF<1 Low polluted
CF 1<CF<3 Moderately polluted
3<CF<6 Heavily polluted
6 <CF Extremely polluted
Ipeo <0 Unpolluted
0<Igo<1 Unpolluted to moderately polluted
1 <Ipeo <2 Moderately polluted
Lgeo 2 <lgeo <3 Moderately to heavily polluted
3 <lgeo <4 Heavily polluted
4 <Igeo<5 Heavily to extremely polluted
5 <Igeo Extremely polluted

SAX Ma| T AT 54A EFO] 21 E4 (pH, f7 18T, RN, EGY] S5 E) AEo]
o] 71t Hl ] Fas ] ATAIE E41017] 2161¢] Sigma plot (version 8.0y ©1-8-5t] ATAIS (nNE
ST AFTAL0] GO IS o] R5lo] r O] §0]4-50] p<0.05, p < 0.01 TLE|T p<0.001 L W *, %5 wrk
HERA AT

-



Assessment of Heavy Metal(loid)s Pollution in Arable Soils near Industrial Complex in Gyeongsang Provinces of South Korea = 133

Results and Discussion

£ U] & B3 BY A0 A5 9 10749 AR OB Q1 52K B 53
% 0 @S TIelsh] Sislel £ U] 652] (As, Cd, Cu, Ni, Pb, Zn) 524 3 Bg 2490k, ZH AT 8 3
U EPNGATH (Table 4). ZHAFARHA) Q2o A 5734 B B 5 504 A2

TF8 mg kg Y2 ASISHT ESR AR FAH GO G $ 2713 25} efgtort ol et
55747 £ v BF FE4% UErHee 20 et

Table 4. Concentration of total heavy metal(loid)s in arable soils located nearby each industrial complex.

Total heavy metal(loid)s (mg kg™)

Industrial Complex

As Cd Cu Ni Pb Zn
Mean 0.9 0.3 8.9 12 17 56
A Range 0.3-1.2 0.3-0.4 8.4-9.3 12-13 15-17 52-60
Mean 11 0.8 72 20 40 85
B Range 4.6-18 0.6-1.0 21-174 16-23 26-90 69-110
Mean 7.0 0.4 13 22 23 48
¢ Range 4.5-94 0.2-0.7 11-16 15-31 18-29 42-55
Mean 2.2 0.6 11 9.5 28 100
b Range 0.8-4.3 0.1-1.9 6.8-17 7.0-15 11-52 43-219
Mean 14 0.6 13 72 30 70
E Range 3.9-37 0.1-1.3 8.1-24 7.4-155 17-62 60-99
Mean 1.8 0.9 29 16 24 123
F Range 0.6-2.9 0.8-1.0 25-35 15-17 20-28 100-152
Mean 7.9 1.2 24 33 19 78
¢ Range 7.74-8.2 1.1-1.4 21-29 28-40 18-21 73-81
Mean 19 2.1 36 31 24 97
H Range 14-26 1.9-24 31-46 27-43 17-29 86-109
Mean 28 2.3 22 14 65 132
! Range 14-49 1.0-3.7 17-28 9.5-17 43-97 113-153
Mean 6.3 1.1 25 23 28 102
! Range 3.1-9.8 0.5-1.6 17-34 19-26 20-47 83-133
Warning criteria " 25 4 150 100 200 300
Mean value of Korean arable soils 6.2 0.1 19 15 20 71

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

ZAE oI 10749] ALIEHA) Q12 5737 857 5 EFOY e |FS ZIR AL 56 TO2, B
ST AT 573 A] g 3o A Cu el 174 mg kg ' 2 Cu®] $-21715 (150 mg kg')& 236191 E AFATA] oA
573 2] gk Lol A As 2FNi 9FFo] 21237 mg kg™, 155 mg kg ' 2 92715 (As: 25 mg kg-', Ni: 100 mgkg )2 %
Ttk HeH AT e Q1 537 elA e Asetgo] 2125 mg ke, 26 mg kg 1@]1138 mgkg', 49 mgkg'
22 A M 7|5 2R A 0 = e o7 |5s 2ARAIIER] 9] =8 A4S 14He2] o] 24441
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= AlQlolal 318t B F47MS 352 0= IRlSk §lom, AdEEelA uiEEs 4, H R wHVE 5
Edlo] ol AR Eoko g 4o Qolx]9le Zlog 1%%@ (Kisku et al., 2000; Hong et al., 2010).
AR QI 57424 ES W Bt T S5 @] o7 EF L 987 A1 2ekA= ot 4t
PR oA 4t Eo] Eds] APE 1 Qa T Eg o= Faso] AEH 08 {EE 7Fs/do] qlo] 3%t
A1 QI 5732 EG Ul Fa< ool tisto] 71481 AP oo Aol & A 0 &2 mhekelch TRt 4HTHA] <l
T 538X B a5 LATE A ] AoiMe T8 HES esto] dVd A9 A& *Jéﬁa‘ Zartselow,
AR oA QIT T AR Sa5e] =R F=E mefehr] ol Hot AR A7 o A 0 & AlmErt

S £32 2UE B} RN A 544 £ S35 09IEE % o o nelsp] sl o
24 (Pollution index, PI), 2 ¥A|4= (Contamination factor, CF) 2! Z|315F4 ‘5=A14= (Index of geoaccumulation,
Lgeo) S AFESO] 4T ‘?é?_‘rx]‘ﬂﬂi LR AT

EFO F 55 S 5559 5l-83H1%] (As 20, Cd 3, Cu 100, Ni 50, Pb 100, Zn 300 mg kg he A= At

=% ed 11# (PI) 512 EglA elfebg c =R e Fod=of e o Qe 584 e L9 =S d3elst
7] $1RH 52 0 2 == Qitk (Kloke, 1979). L A4 (PN)2] #to] 1Bt 3 Fa<4 @A o], | o]oh=H]2H

260 2 TG 4= Ik (Table 3). 2HAIIEHA 8 Q12 5737 o] Bt PI g TALE 0.5 o]} 24¥lo] 1
5 H199 2|90 8 Pt (Fig. 1), B ) 5 F3% AL 71202 B B 927122 20eke 4|

T 276t B 6o z]d_aulawt ol PIEle] B U] 650 3% Te BaHom |
B Zo)7] TR0 =, Z42ke] Fa4 dao] it QRS Wrlsh] FSrhe gt £t

09

08 -

0.7

0.6

05 -

04 -

Pollution index (PI)

03 -

02

0.1 -

0.0
sampling point

Fig. 1. Pollution index (P)" of heavy metal(loid)s concentration in arable soils nearby industrial complex (‘[ ¥ (heavy
metal(loid)s concentration in arable soil / tolerance level) / number of heavy metals ).

LA (CF)= 7123 02 | AR E = 5 o= I EYS S55 S 72 g E 52
& Q@ GATEE LA 2|37 e ot (Hakanson, 1980). 2+ AFITHAE B CFEES v s A, CoF Ardet
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A= Sagol et CFEte] 3 ofskz e 0 = e AR U 2] AFAT] o] ot CFE2 3 oldo 2 7
Hod Aoy dA9] o 0 P4FS HATE AFTA| oA 71 =] LRt (Table 5). ot ZARIATAH
3L do] @@Lt =A VR, 714l 9 S50 2Rk
EATAT] O] H9- AsO] QLATT} A YERTE 2 At AapEgt o} o7 Aol A AHIER] Q1T FE R
EO] Sas ggo] AFdeA] o] FakS ] o2 v Ego] Hlste] =& 20 & B EQIT (Loska et al., 2004;
Gowd and Govil, 2009; Hu et al., 2013). Jung et al. (2015)-2 = A A e} npzbrFx] 2 AAAekz] Q] oA 2
AVE S5 5 Cd, As, Ni9| s&7 A HEE I T2 Afslel 714 2 55718 Ah o] gaks vk Aol

.
£
ol
2,
X
LOL
Ji’ﬂ
e
ofN
Jo
Hel
ﬂ&“
_O|L
kl
0,
rlr
e 0
iR
i
)
1o
o r*
—[o
®)

)

2|3FeH F5 A4 (Index of geoaccumulation, Ieeo) = T EFC] T2 QAZHIE sl ES EA4AS= (1.5)
T RS 7IE o= ARERE gholth (Muller, 1979). ZF AFATHAE Bt Lo @b HIF-E 20151 HH 0 F 2

= =z |
= =
2 Uehd CFaTehs 92 e dqE0 2 YERgon, EAFde oA 7178 =71 LreRth (Table 5). E AT
[e) o
S

A F3% §27Fs 0] e 7 2 A571 R ol Q1S B L 9lo] AsohCd g IR Tk ¢l
0] tfsto] A7 eA U e 7o 2 BRHACh CRoH, A7HE Hlsle ] 652] £24 % Cdo] 994
Zo] ThE YiSel ujsto] 17l Lt 218 8118 4 Gt o Alelgi 2R Q1 5 AX20] cd 927154
2 AAFak Qe W1 ZAFT 5 7A) Ok ] o) do] Eako 9l Selvlee YA tlek 314 A8E
o] ggrow Qlgt cd .ol Folafol 3 Ao AbmEk

Table 5. Averaged pollution indices of heavy metal(loid)s in arable soils located nearby each industrial complex.

Industrial Contamination factor " Index of geoaccumulationﬁr

complex As Cd Cu Ni Pb Zn As Cd Cu Ni Pb Zn
A 3.4 9.6 3.5 3.3 3.9 3.0 1.2 2.7 1.2 1.2 1.4 1.0
B 22 5.7 7.2 32 3.1 1.9 0.6 1.9 2.3 1.1 1.0 0.4
C 3.0 2.8 2.5 22 2.1 1.8 1.0 0.9 0.7 0.5 0.5 0.2
D 33 4.7 2.3 2.0 5.0 3.3 1.1 1.6 0.6 0.4 1.7 1.1
E 11.8 9.4 2.2 11.6 4.1 2.8 3.1 2.6 0.6 3.0 1.5 0.9
F 4.5 3.5 2.8 3.2 2.8 2.7 1.6 1.2 0.9 1.1 0.9 0.9
G 32 9.4 2.0 5.8 1.8 1.9 1.1 2.7 0.4 1.9 0.2 0.4
H 6.8 3.1 32 33 1.8 1.7 22 1.0 1.1 1.1 0.3 0.1
I 8.1 3.6 2.1 1.5 4.6 2.7 24 1.3 0.5 0.0 1.6 0.9
J 2.0 1.9 2.5 1.8 1.6 1.3 0.4 0.3 0.7 0.3 0.1 -0.2

Theavy metal(loid)s concentration in arable soil / background concentration.
Tlogz [(M) sample / 1.5 (M) background].

b

S U REH 534 P = ssryel B ARl 018 7keT Yol far) S5 =
9] sfetA EA 1] TAIE ZAKH] £ 2 a =

FaEQWIe] Sl EoFe] S s BEAsHIth B Y faH 525 T2 IS5k o= EDTA, CaCl,,
DPTA, NH,NO; (Lindsay et al., 1978; Rauret, 1998; Lu, 1999)%5-2 0]-83t ofg] 7}x] Wo] glott o] F 1M
NH;0AcE o|-85t] G-8H Fad2 2A40H= 0] Cd, Zng Z3Rt ZAFW S Sas w40 Wol o] §&]o] &
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AL A F-aE] a2 A 02 A ESHTT (Bolan et al., 2003; Hong et al., 2008, 2010; Narwal et al., 2008;
Park et al., 2017). Table 6> ZF AFATHAE Bt a8l T55 A aH] S5 Aol & T Aol tist
o] 2RISR 18- LRIk ZAIA AHRITHA) Q1 5747 ok Ul el B ol B B gl of
5o Z}R|oh= et B2 As©] 73-9-2.8%, Cd2 12.3%, Cu2l Ni2 1%, Pb=0.8%, Zn2] 3% 0.5%% & 355
el Hlsl| -2 Hla=2 ZA6ISth the Sa5oll HIste] =/4do] ARt Aset Cd Ta59] a7t = Leht
olol thet ot RTER] T F4:0] §ATE WE Wt ok ZAG B far] Sa0] e 2 52

% ol e AT B ol ftid) B4 Wo] 5 FE4 Bmt oh ek Eake) sabd S40) 44
& gy w0 2 WRkEIck Atk Q1 5737 Eoge] phis 2 44904 o) 7.67K) AIESeIM 54 B

IR heFobA BALsH AL 7B -RaEQlite] RS 282 15~29 g kg, 175~711 mg k', EGO] 335
=1 5.5~11 cmol kg 2 BIZSIITH (Table 7). A& AF] A, ZAAY 574 2] = BHE OFH T} k= E oFo] H]-go]
ASF7 ] wlizell A2 Q1 2FetA 4 o] Wit g2 fa it eks Aokl S-ejuet =E o] £ AL
ERGT

Table 6. Concentration of 1M NH4OAc extractable heavy metal(loid)s in arable soils located nearby each industrial
complex.

1M NH,OAc extractable heavy metal(loid)s (mg kg™)

Industrial complex

As cd Cu Ni Pb Zn

N Mean  0.06(6.95)7  0.06(10.7)  0.15(1.63)  0.19(145)  033(1.68)  0.66(1.07)
S.D 0.02 0.04 0.02 0.04 0.35 0.43

5 Mean 0.08(0.73)  0.04(535)  032(093)  052(223)  0.09(0.29)  0.35(0.41)
S.D 0.04 0.02 0.47 0.57 0.10 0.19

. Mean 0.02(026)  0.08(11.6)  0.09(0.73)  0.11(0.53)  0.06(027)  0.07(0.14)
S.D 0.01 0.09 0.02 0.02 0.03 0.04

b Mean 0.12(6.59)  0.08(124)  023(2.14)  022(220)  028(1.75)  0.71(0.98)
S.D 0.11 0.06 0.10 0.09 0.29 0.68

. Mean 0.06 (0.85)  0.05(8.08)  0.08(0.75)  0.14(1.09)  0.07(0.26)  0.31(0.47)
S.D 0.03 0.01 0.02 0.03 0.04 0.15

. Mean 0.08(2.08)  0.02(1.79)  0.13(044)  0.15(0.95)  0.05(0.21)  0.10(0.08)
S.D 0.16 0.01 0.05 0.05 0.03 0.04

. Mean 0.19(2.38)  0.07(521)  020(0.74)  038(1.17)  0.03(0.15)  0.39(0.50)
S.D 0.15 0.04 0.25 0.26 0.01 0.15

" Mean 0.06(0.35)  0.03(1.40)  020(0.55)  0.16(0.50)  0.05(0.20)  0.33(0.34)
S.D 0.03 0.01 0.11 0.02 0.02 0.14

| Mean 0.05(0.20)  0.17(431)  026(1.18)  0.14(1.04)  0.06(0.10)  0.19(0.14)
S.D 0.01 0.18 0.06 0.05 0.03 0.13

Mean 0.07(1.13)  0.07(593)  0.18(0.71)  0.13(0.58)  026(0.97)  0.39(0.38)
S.D 0.03 0.03 0.12 0.03 0.18 0.22

O averaged percentage of ratio of concentration of plant available heavy metals to concentration of total heavy
metal(loid)s.
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Table 7. Chemical properties of arable soils located nearby each industrial complex.

. oM’ Av. P,OsT Ex.cations (cmol.kg™) Negative charge
Industrial Complex pH (eke”) (me ke™) K Ca Mg (cmoleke™)

Mean 5.9 15 175 0.1 44 0.9 5.5
A S.D 0.4 1.5 14 0.1 1.2 0.3 1.5
Mean 6.5 21 502 0.4 5.1 1.4 7.0
5 S.D 0.5 8.5 147 0.2 1.5 0.4 1.8
Mean 6.4 25 206 0.2 5.8 1.7 7.9
¢ S.D 0.3 5.5 31 0.1 1.0 0.3 1.2
Mean 6.3 26 462 0.3 5.6 1.5 7.7
P S.D 1.0 8.0 150 0.1 2.7 0.9 3.6
E Mean 5.9 24 238 0.3 5.5 1.7 7.7
S.D 0.5 3.7 52 0.1 0.8 0.2 1.0
Mean 5.9 29 711 0.5 6.6 3.2 11
F S.D 0.4 4.1 226 0.1 0.8 0.8 1.2
Mean 6.7 25 179 0.7 7.9 2.5 11
G S.D 0.4 0.4 11 0.2 2.3 0.6 2.0
u Mean 6.2 16 317 0.7 7.4 2.5 11
S.D 0.5 24 95 0.4 1.0 0.4 1.4
| Mean 5.7 24 283 0.5 49 1.5 7.0
S.D 0.3 8.9 95 0.2 1.4 0.5 2.0
Mean 6.4 19 250 0.4 6.0 1.8 8.3
S.D 0.6 8.2 57 0.2 2.7 0.9 3.7
Korean paddy soils T 5.9 26 131 0.3 5.1 1.3 7.8

TOM: organic matter, Av. P,Os: available phosphate.
TKorean paddy soils: Mean value of the chemical properties in Korean paddy soils (2011, RDA).

2F29] S54 S5 EYY & 55 TR faH 25 Rl o8] 24 =™ (Geebelen et al., 2002;
Kim etal., 2012), 88 S552> EFC] 3FobA] 5449 ke T=t (Kim et al., 2007). AA| AT QI 57
A EG U F8H S55 gt EG) o1t EATO] AT TAIE ZART A}, EO] pHot-FaH Sas oF
= As2ENiE Al2let H= T o] st frofet -0 AAIS UERLIH (Table 8). Bl pH7HS715H]
= EFO] SR S AifA 0 2 EQFO pH SV Qs EFe] ool 2 50] SHISHAIEH (Naidu
etal., 1994). of2] QAo ELO] S st Z7IohH obdE te Sas o9 S&o] S7Hett B
SHCH (Bolan et al., 1999, 2003, 2013; Hong et al., 2007, 2010). & A4 = EFO] pH 9t of 2} EQFe] 25}
w2t -FRE] Cd, Pb, Zn o] F-o07t Fo] A E eI thE ol Sastte 9 Ase EY
oAl gole0 & ZAshH EFe] Asl-eh 9] Aelol whet ekl el AsP el AFst el As™ UPd 4= ik
EoFO] pHE T FE9] AsQ] SelES ZAAAL 243351 9Qlo 2 el 9ot B A oAt o5t Al AlS
2olal 4= g9l o ol2]gh A= thE Ao Ak 2Feleh 4= QI 1T} (Wasay et al., 2000; Adriano, 2001).

EG Ul fagiite] st f- 8 H S o2 Cdofl ATk ot Ko A FUehith. Asie A2 o]
A=Cd, Cu, Pb, Zn 0 & @ A Ee] SI4kS A1-8513s o o] 2|3t Fas50] B ol F-a3t= o] A= tiet

lo
ok
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a7 AT B 115H T} (Lindsay, 1979; Bolan et al., 2003; Thawornchaisit and polprasert, 2009, Hong et
al,, 2010). ZL2{ut o|2fRt 752 FEE 0= @ P Bl itk g AlHISEAY T U e 2700l A Qlite] A2
of I ANE AR A0 & & dAteh= ZARTHof| & Ao)7} itk & Aol A AV o] H 574 EYES
A2 T2 B EAE AT g 2710 2 faQU] g fad) a4 dle] TS 2t olge Aoz
T

EF U 719 et -G a e S5 SRS Pbe} Znoll tiste] frofeh B A A LERLE E%F 6]
72 A8 s 24 (humus)2 91 TEI0] 7125497) (COOH), I=2A7] (OH)2} 2ol Sal2 1]
L8715 thgo 2 matolal glo] EEHo] a0l (HY)& S2A ESC] pHE SHHAIZ12L Pb, Znit 2=
o] &) ZF<4:0] &%= =Tt (McBride, 1994; Kashem and Singh, 2001). Y5 Qo] Eof] G7]1220] A1
%2 Z7hA2el e} £l pH7} Sl e Pb, zne] Rlgo] Akshe 7S Helsich (Bolan et al.
2003; Liu et al., 2009). 7 ]=°] a8 Sa% gl 9 PlAle o543 aibe EY] 7= ool ohe
050 pH W3fe] 71213t Aol
ol3e] ATE HlEFo T B Aol ZARE EoF] SfakE B4 5 Ep] pH e} 2 815} S4H o
J e A8 E A= A%t 8R10 % W= Y, AsO] -8 k= EUO| pH 2]of Fe, Al 3,

e o

0%

O

o]

jui)

E

¢

e S 22 T2 QIxfe] e S 71 © & WeHETh (Sarkar et al., 2006). A AFJEHA] Q1T 5744 EOF U
T a0 A E B flolile Aot 22 EYNRAIE o-8sto] EUC] pHE SHIAZ = Aol avt2d E
oFpe] weto] @ 2108 AR
Table 8. Correlations between 1M NH,OAc extractable heavy metal(loid)s and soil properties.
Chemical Log (1M NH4OACc extractable heavy metals)
properties As Cd Cu Ni Pb Zn
pH - -0.406%** -0.313%* - -0.411%%* -0.338**
Log (OM™) - - - - -0.337%* -0.289%*
Log (Av. P,05") - -0.243* - - ] ]
Log (Negative charge) - -0.412%** - -0.527%%* -0.350%**

ToM: organic matter, T Av. P,Os: available phosphate.

Conclusions
ARIEH Q12 5737 E0] 34 0ARE AR AT BE 3 534 UFL BP0 ei)Ee 2}
Aot Gt Ut 54A] EY U S5 TFEO =2 212 201 4= Qi) A BH7FE Boto] 54
j

=
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