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Abstract and 70.9% by two factor, respectively. Enrichment factors
of Cd, Pb and Zn in all the investigated industrial complexes
BACKGROUND: Contamination of soils by heavy metals were above 1.0 that was the value judged to be a high

is the serious environmental problem. In particular, contamination. And EF of Cr was above 1.0 in Sihwa -
industrial processing is one of the main sources of heavy Banwal complex. EF of Zn in all sites was generally high
metal contamination. The objective of this study was to from the other heavy metals.

investigate the distribution characteristics of heavy metals CONCLUSION: Therefore, soils maybe significantly
in soils collected from industrial complex. affected by heavy metals (especially, Cd, Pb and Zn)

METHODS AND RESULTS: In this study, the soil present in the emissions from industrial complexes.
contamination and enrichment factor (EF) of heavy metals
were investigated in three national industrial complexes
such as Yeosu, Ulsan and Sihwa-Banwal industrial
complexes. The target heavy metals includes Cd, Cu, As,
Hg, Pb, Cr, Zn, and Ni. The results showed that the contents
of Cd, Hg, Pb, Zn and Ni in Yeosu and the contents of Cu, M E

duarial complox. The resls of wineipal comonems 12 AHIZ} e 6 9] 2259 9 o
plex. princip p we} ofg] 71 Q9B o] uhy o FAE A7t

Bl
analysis(PCA) in Yeosu, Ulsan and Sihwa - Banwal R N =
. . 3 It} E3] 27T HEA o 7
complex could be explained up to approximately 81.4, 69.1 130 Y. 58] 57T AR 5o 232
4 r”:xﬂ“ =7H%l %Xﬂi Ao 7], +4 % B¢ T

BE iR edo] HAZet Zloz dElA 3O (Leister
and Baker, 1994; Lee and Hoh, 2003), ©]23t tjoFst v
ol 0] 2= AAAENA L] FEHo] ZX A 2}04

'é‘
Aol AEFsE e skl 0B Aol B4 Fol A1 g

Key words: Distribution characteristics, Enrichment factor,
Heavy metals, Industrial complex

*Corresponding author: Dong Cheol Seo
Phone: +82-61-750-3297; Fax: +82-61-752-8011;
E-mail: drseodc@gmail.com

69



70

Jeong et al.

THKrishna and Govil, 2004; Park et al, 2005). 53] &
G B Yol 54 a4 st obA A
A7l AejAed dlE T+ AJEE ek, olv 371
o} & o]FAdo] 7] wliell edEdo] Eqkel| SrEd
A =ZEA Fa FAEo] A7kl AA B tqshe
Aoz dHA JtiHa ef al, 2004). =3+ B H2 Tl 3
B2 A7 g fGA ol HolA| ethe A o1
At Qe wE A WA 2Ee] AREARE 7HA7] w2
o] dgs] 214 w7k Q12lo] o FsiE > Follok
A "k 181 EYLES EYeAEAL S ujet 2
Ao Fol G AN EUEA i &
e o, it ey v R shH 9 dEH
7o) oA E 7 A el vlsl Exl o] B Al
g FeE sths 545 7 AL QItKMinistry of
Environment, 2014). o]&{8t EF2.9g op7|A 7= EY Y
=AES BEYE RN A Fohs 177] &450] 3lo, o
5 3 555 As, Cd, Cu, G, Pb, Ni, Zn % Hg % 87}
gHo] 47 =o] QItiMinistry of Environment, 2014). ©|&
TuEE ol AAHs FoE A ¢ B F
A== 540] gk

w

=
& Fado] EgoE fAFE 48 v o

7} $tHMinistry of Environment, 2014). 53]
5 AAo] AFEH o Qe ARdER = AR A oA ul
5 29=4 Bk ol day AF 55 5] 4

[e)
= A°2 de#A 3tiLee and Hoh, 2003; Lee et al,

2005). HEst F- #FAE FE57HE 2 EF9AT 5 ¥

=zl

3 B¢ To= ed=Ho] WiEHaL 9low, 53] Al
M= ool nlato] gds] B o] LPEAEe]
L 9kE B ohdel Ry AETES 9Eehs &
oA WS ¥ edEAEo] HjEEo] Edow
=3 Ao%E A StHLee, 2005; Jalali
and Khanlari, 2008).

20055 H7MHIRA] Bk YR FAL At wEd
Ede e 7ee 2dkele T 7270 A3 5 697 ARl
THE Cd, Cu, As, Pb 4l Zn ol 98] 9% 7o
YEFHATHMinistry of Environment, 2005). 13t $H74 -]
A AASE AR B AT ZAME e w2 otk
W= AA AFAA T AR3et dFel 7478 4R AA
A T 7 =S HlES ARAEhL glGlo, EYedE =
AT F 61071 ZAAR T 267] AFlo] B A-E7IE
& 2 olF T B telE 2 23
N ARHeE YRt Ministry of Environment, 2014).
SARRIEA = AA 152470 A F 7470 ARdo] B
AT IES Ao, olF 2371 A elA Zn, Ni,

Cr' 9 As7h B @9-e71ES 238 Zlow yeRdh
A B ATA = A 45371 AR T 2370 A13lo] BEYFL
7 2o, olF 127] Aol FEH(Cu,
Zn, Pb 9 Ni)o|] st o7 YRt Ministry of
Environment, 2014). ©]&} o] AAuA]= EdedS &
k= freflsletEle] ARGl Wil frefsietEd Al
AEAESLATAD) o] HFE ] Slo] T Aol n]at
of AjAor Ekeqd /ANl i FHLE Fow o
A= AYoltk ARE o] ARIHAIY] B tigt 3
Aola AAAR! Fud YL AR ABHA Fakar
 AAoln, dAl EFeds g ol s As, Cd, Cy,
Cr*, Pb 0.1 N E= 1 N @atel] o8 74 g e
Q1 ¥, Ni, Zn %! Hg> A3 Ao A= ofA]
AUtk o9 H3g o] vAslEo] e EY F 559
Al e TU99 A, 299 a8 2 Fsid kel
o] & 55 Elato] A AFWHORE HEA|ACk gt
| thF=aL AT Ministry of Environment, 2014).

mepa] E AFeAE Sl T2 S7RIIEAR] oA
A, AR SEA 9 AgE sREARI A B9kl T

AZMEF 2|

B Aol ARgE EQRAEE Fig. 10 UERd 23 2
o] AF=7MIRA 370 AF, SATRIEA 370 AA
g Algh gk 570 AR 5 F 1170 AR disiA
ANBAHE F 63 AAIEFL, 13] AFHA 14 AT 5702
A=(FAA 1 AT T30 A5 E AFSSI

2 AFdAME A7 AKYA EYedE A

o q 3
Yeosu industrial complex, ¥

Sihwa - Banwal v
industrial,

Area: 31,304,000 ny’_|
complex

| |Ulsan industrial complex

\ | ¥
\ |@ » s
/ P I‘?A\’a‘

& : “ Ulsan |
1% ’industrial
complex/| - LI .

wig [Sihwa - Banwel indlﬁrihl complex ..

Area; 46,185,000 m’

|

| A i‘%:l\
fowf 3 sy °

: si1 'S »
WS T
3 ;'% .
oty Q@ ¥
Area; 16,443,000 m::|

Fig. 1. Location of the sampling sites.
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Table 1. Average pH and organic matter contents in soil
samples according to the sampling sites

Sampling site pH OM (%)
Y1 6.8 1.99
Y2 7.3 1.28
Yeosu
Y3 7.5 2.07
Avg. 72 1.78
U4 5.8 1.39
U5 7.3 1.56
Ulsan
U6 6.3 1.40
Avg. 6.5 1.45
S7 6.4 1.83
S8 8.1 1.19
59 74 1.48
Siwha
S10 7.1 2.18
S11 6.4 1.58
Avg. 7.1 1.65
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Table 2. Average concentration of heavy metals in soil samples according the sampling sites
Cd Cu As Hg Pb Cr /n Ni
Sampling site
(mg/kg)
Y1 3.2 24.0 2.1 0.094 53.3 58.1 233.7 33.8
Yeosu Y2 1.9 33.6 2.7 0.028 449 71.3 585.2 42.6
Y3 0.8 18.4 5.0 0.037 32.1 18.8 86.9 10.1
U4 0.7 244 3.0 0.083 20.2 9.8 77.1 105
Ulsan U5 0.8 16.9 4.0 0.039 24.7 16.5 71.8 133
U6 0.6 33.5 49 0.037 194 13.0 91.4 9.2
S7 0.8 27.7 34 0.032 52.7 20.1 119.0 134
S8 15 62.1 9.2 0.026 49.7 74.7 782.2 52.2
Sihwa S9 1.0 23.2 3.2 0.037 31.9 22.9 109.8 15.3
S10 15 27.2 3.9 0.050 35.1 39.8 112.6 214
S11 1.3 26.4 4.1 0.021 26.7 91.2 112.5 36.6
1 region 4 150 25 4 200 - 300 100
Standard 2 region 10 500 50 10 400 - 600 200
3 region 60 2000 200 20 700 - 2000 500
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Table 3. Enrichment Factors (EF) in soil samples according to the sampling sites

Metal (%)

Enrichment Factor

Sampling site

Fe Cd Cu

Pb Cr Zn Ni

Y1 5418 (32)
Y2 6523 (4.3)

63.0-89 (19.1) 0.7-0.1 (0.3) 3203 (1.3) 2.8-03 (10) 77.1-5.0 (204) 1.9-0.1 (0.6)
14191 (10.9) 04-0.3 (0.4) 1.2-0.8 (1.0) 1.6-0.7 (1.1) 80.5-13.6 (48.5) 1.1-0.4 (0.7)

Yeosu i 0418 (20) 12482 (105) 0604 (05) 1810 (14) 0805 (0.6) 200-137 (165) 0.6-02 (0.4)
Avg. 3.17 135 0.4 12 09 285 05

Ut 2610 (16) 14291 (117) 1403 (08) 18-09 (1.2) 05-03 (04) 33599 (21.4) 05-0.4 (0.5)

U U 2118(19) 12892 (109) 0603 (04) 1709 (12) 0905 (06) 183103 (143) 0602 (03

1709 (14) 12677 (10.1) 39-03 (14) 17-09 (13) 08-05 (0.6) 63.6-11.0 (27.4) 0.6-04 (0.5)
Avg. 1.66 10.92 0.85 120 0.54 21.04 0.48

S7 2312 (18) 13070 (110) 1.0-03 (0.7) 36-1.1 (26) 0.9-03 (0.7) 302-145 (24.1) 0.7-0.2 (0.5)

S8 77-11 27) 174-120 (15.0) 1.8~07 (13) 29-09 (2.3) 44-0.5 (1.4) 2233-272 (78.0) 32-0.4 (1.0)

cp S 3009 (20) 28101 (44) 1604 (08) 3908 (20) 1007 08) 581127 (95) 0505 (06)

S10  2.9-2.0 (2.4)
S11 3321 (2.9)

19.4-119 (15.1) 0.7-04 (0.6) 1.5-1.0 (1.3) 1.7-0.5 (1.1) 22.1-14.0 (18.3) 1.0-0.3 (0.6)
13595 (11.7) 0.6-04 (0.5) 1.1-0.6 (0.8) 3.6-1.5 (2.2) 21.4-13.0 (15.1) 1.3-0.6 (0.9)

Avg. 2.36 13.42 0.76

1.80 1.23 33.00 0.74
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