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Distribution Characteristics of Soil Contaminants
in Hanam Industrial Complex, Gwangju by land use
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ABSTRACT

Soil contamination survey was conducted during March - July, 2017 to obtain soil contamination profile of 16 organic and
inorganic contaminants in Hanam industrial complex located in Gwangju, Korea. The concentrations of all surveyed
contaminants except Cd showed were within 0.3~1.5 times of their natural background levels. Cd showed concentrations
as high as 6.9 times of the background level, signifying the influence of the metal processing facilities in the complex. The
concentrations of Zn, Pb and Hg in areas nearby industrial facilities were 1.3~5.5 times higher than those within the
facility and green area. The concentration of Cu in the green area was 1.4~2.9 times higher than in other areas. The Soil
Pollution Index (SPI) analysis revealed 54% of the total area belong to first-grade soil, 43% to second-grade, and 3% to
third-grade. The Enrichment Factor (EF) of Zn, Pb, and Cd were 9.2, 15.6, and 88.5, respectively, indicating high
accumulation and contamination of the soil with Cd.
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Fig. 1. Sampling sites of the study area.
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Table 1. Instrument conditions of GC/GC-MS
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Phenol, Cyanide, 77191, PCBs, ¥l (a)u]2lle ZARSHE
oA ALJBIITHMOE, 2010~2016).

.

222, X4k
T

NERAS

EE

U

Z Z]od@ A e] HEE (vat)oll T3 FA
ste] Zpgdo] BA] e dhdA B30 & HE
Al 793 TR thy B4R AslES
EYpHE AJEE 10 mesh2 mm), 55 2482 100
mesh(0.15 mm), F £2438-2 200 mesh(0.075 mm) XA
2 AAF Atk ] B e EYLEEEE A
Al 717=S Aslar Yot Bk dAE|zAMAT el ¢
3P e Ui EHEE YEht 11 9u)E 3] o
H(MOE, 2014) ¥ dyoMe FCroz 24351990k
BEAZAL Table 13 Table 201 YERHAITHMOE, 2015).

Jlﬂi\ﬂi

2.2.3. A= (QA/QC)
FTEs 9 7IEEEY B4 gig A=A
IRty Sl EJooﬂﬂmlﬁﬂ%ﬂl e} WHASE

i mlo

o

['

so] A FEEAS IJMeld The FEAE

Item GC

GC-MS

System Agilent 6890N Agilent 6890/5973N
Column HP-5, 5% phenyl methyl siloxane DB-5MS (60 m x 250 um x 1.0 pm)
Carrier gas N, (1.0 mL/min) N, (1.0 mL/min)
Oven 50°C (2 min) — 8°C/min — 320°C (15 min) 40°C (5 min) — 10°C/min — 100°C (1 min)
Injection mode spilt ratio 2:1 spilt ratio 10:1
Detector FID GC/MS SIM
Table 2. Analysis method of soil contaminants
Item Method Instrument
Zn, Cu, Ni, Cd, Cr, As, Pb Inductively Coupled Plasma-Atomic emission spectromet ICP-OES
, Cu, Ni, Cd, Cr, As, uctively Coupled Plasma-Atomic emission spectrometry (Perkinelmer, USA)
H Thermal decomposition amalgamation atomic absorption spectrophotomet DMA-80,
g ermal decomposition amalgamation atomic absorption spectrophotometry (MILESTONE, Italy)
. . UV-2550
F Ultraviolet/Visible spectrometry (Shimadzu, Japan)
. GC/MS
BTEX', TCE, PCE Gas Chromatography-Mass Spectrometry (Agilent,6890/5973N, USA)
GC
TPH Gas Chromatography (Agilent 6390N, USA)
pH Glass electrode method STAR A2ll,

(Thermo, USA)

*BTEX : Benzene, Toluene, Ethyl-benzene, Xylene
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Soil Pollution Score Soil Pollution Index

Description

<100 1
100 <SPS <200 2
200 < SPS <300 3
>300 4

good soil condition
concern for soil contamination
concern for soil contamination
considered as contaminated soil
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Table 4. Concentration of soil contaminants in the study site

RN A R LA 2

(unit : mg/kg)

. Natural Soil Measurement
Mean S.D Min Max Standard Backeround* Network**
Zn 75.1 473 19.6 3343 300 54.3 -
Cu 8.8 12.6 0 73.1 150 15.3 -
Cd 2.01 1.18 0 4.53 4 0.29 -
Cr 14.1 22 0.7 210.3 - 254 -
As 0 0 0 25 6.83 -
Pb 27.1 19.2 0.8 115.2 200 184 -
Ni 5.4 7.6 0 58.1 100 17.7 -
Hg 0.02 0.04 0 0.38 4 - 0.08
F 236 127 2 400 - 209
Benzene 0 0 0 1 - 0
Toluene 0 0 0 20 - 0
Ethyl-benzene 0 0 0 30 - 0
Xylene 0 0 0 15 - 1.1
TPH 88 107 22 787 500 - 158
PCE 0 0 - 0
TCE 0 0 8 - 0
pH 6.3 1.1 4.6 - - 6.6

* Yoon et al. (2009)
** Ministry of Environment (2015)
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Table 5. Concentration of soil contaminants by the study areas

35

(unit : mg/kg)

Zn Cu Cd Cr Pb Ni Hg F TPH pH
Mean 68.7 15.5 0.96 10.4 19.4 3.7 0.02 205 73 6.5
S.D 24.7 229 1.39 6.6 10.2 3 0.01 123 38 1
Green area .
Min 274 12 0 29 0.8 0.4 0.01 79 22 52
Max 104.1 73.1 3.6 292 332 11.5 0.05 449 143 8.6
Mean 101.5 11.4 1.84 14.1 33.1 6.5 0.04 274 83 6.3
S.D 56.2 124 1.29 7.5 24 6.7 0.07 157 57 0.9
Nearby area .
Min 38.8 0 0 35 72 0.5 0 2 31 4.6
Max 3343 56.6 3.63 38 115.2 40.5 0.38 523 284 8.3
Mean 58.9 54 2.38 15 25 5 0.01 219 95 6.3
SD 36.7 7.4 0.85 29.9 16.2 8.9 0.01 99 140 12
Factory area .
Min 19.6 0 0.7 0.7 6 0 0 50 28 4.6
Max 209.3 385 4.53 210.3 104.9 58.1 0.06 523 787 8.6
F 10.182 4.781 9.444 0.220 3.201 0.766 6.114 2.536 0.295 0.375
p-value 0.000 0.010 0.000 0.803 0.045 0.467 0.003 0.082 0.745 0.688
£ _ E;
He® i e g g
Greem Nemby Sty Greem. Nemby by
S pling sites Sempling sitcs
2 - 5 - )
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Fig. 2. Distribution of soil contaminants by the study sites.
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Fig. 3. Distribution of soil contaminants by sampling depth.
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Table 6. Evaluation of Soil Contamination using Soil Pollution Index (SPI)

Soil Pollution Index

Total
1 (<100) 2 (100-200) 3 (200-300) 4 (300-400)

Total 100 54 (54%) 43 (43%) 3 (3%) -

Factory 52 30 (58%) 20 (38%) 2 (4%) -

Nearby 35 14 (40%) 20 (57%) 1 (3%) -

Green 13 10 (77%) 3 (23%) - -
ERth S2A 9L 137 AR F 10343-(77%)°] 153, Table 7. Enrichment Factors and its description
3A8 (23%)°] 26 HOE EFLAGET} v B Ao Enrichment Factor Description
= Uehgeh. 99o] Selse A, 355e] A - T ——
Fo} ZAAHL 247} 42%9)F 23%1H] vl A 2<EF<5 moderate enrichment
L 60%E AFFANES) XX Yd] vlgl EY = =54 5<EF <20 significant enrichment
Q¥TY) =8 £ Ryt 20 <EF <40 very high enrichment

ol9} o] AW 2L QAT T} e o) >40 extremely high enrichment

AR 2 ZaeER Fgue] glof e

rlo

i

ol Fagol vk 2 STk AR EF o] 5 ERRlS ARESISAtHHan et al. 2006; Kartal
o HE £ T2 o]"@Aw AlGAEEHY] e Ak et al. 2006; Lu et al. 2010; 2014a and b).
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o] Fo] A ol vlikEE TEE0] EYel SR 3 TE5 AP @ Ao vt Zndt Pbol
S Ao g B3R 2442 9.3} 15,6092 |z Fgkel 18} o
10M7FE =om, s9A Bl ot A3et S35
3.5. #5IX|=(EF)E 0|88 E S35 &£5 T} Kol o= Yt AW Cd B FsAS
AT EYY T55 LOAES £ O s T 885E Mg L FHPEE Holn UE TEE &
esr] Sl T 785 (Zn, Cu, Cd, Pb, Ni, Hg, ol mla} @Al =& A= wddnt
As)®] FBAFE AEdte] AR 55 34 Jeong 5(2015)°] Hargh o5, &4k, ARk Akde
=5 gohugton, 1 Avk= Table 8ol VERASIT A T EYe] F3[AG== Cu, Pb, Cr, Ni®] B 3}

Mason®} Moore(1982)= H-3A|47} 1Kt & 3 Rg7} 2018kl Cd} Zno] 22}t 10.92~13.59} 21.04~
F FaEol AFH Haexe Hig)] EEE EAst] 33.0 M2 YeRt T55 Q4o HlwE w2 3o
LANAEe] A E=ohal AESI O, Xinwei & H7retart.

2016y F3[xG7} solshe AA] QPR &2 Ao= E A7l cdt Pbe] FEkAG7L Jeong 5(2015)
st SAPEE ERIPAY ddske BEst 7] o] Ba1gk A 2kJez]o) vls| =4 Yehd o= A6
F2 glov), B AoxE Table 78 2©] Han 5(2006) SIEIAEH olet THE 54, B Fol FE °l

Table 8. Enrichment Factors(EF) in soil samples by the sampling area

Zn Cu Cd Pb Ni Hg Cr

Total 9.2 1.6 72.4 15.6 0.5 0.3 0.5
(1.5-36.6) (0.0-19.1) (0.0-133.0) (0.3-71.3) (0.0-6.4) (0.0-6.2) (0.0-5.1)

Factory 7.0 0.9 88.5 14.6 0.4 0.1 0.5
(1.5-17.8) (0.0-5.8) (42.0-132.7) (3.5-66.4) (0.0-3.5) (0.0-0.7) (0.0-5.1)

Nearby 12.6 2.2 63.0 18.2 0.7 0.6 0.5
(4.7-36.6) (0.0-15.9) (0.0-133.0) (1.7-71.3) (0.1-6.4) (0.0-6.2) (0.1-1.6)

Green 9.2 33 333 12.2 0.3 0.4 0.4
(2.5-17.6) (0.1-19.1) (0.0-127.5) (0.3-30.4) (0.0-0.8) (0.1-1.1) (0.1-0.8)
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