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Abstract : This study was performed to prevent the health damage of environmental contaminants in Industrial Complex Area.
And, this study aimed to identify the concentration levels and distribution characteristics of environmental contaminants and
Polycyclic Aromatic Hydrocarbons (PAHs) at soil in Industrial Complex Area and control area. The concentration of the soil
pollution standard such as the heavy metals in the soil, VOCs, PAHs, and PCB were measured and analyzed using the soil
specimens in the Industrial Complex Area and control area. Soil specimens from the Industrial Complex Area (the direct exposure
area) and the control area were surveyed. Songdo-dong, Haedo-dong and Jechul-dong, which are in the direct exposure area and
near the emission source, showed relatively high concentrations of contaminant materials when compared with Jangki-myeon,
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which is far off and in the control area. The concentration of zinc was 20.8-58.9% of the level of concern (300 mg/kg) in the 1st
region, which is a relatively high concentration. The concentration of fluoride was under the standard in every region, but it was
about 74% of the level of concern (400 mg/kg) in the 1st region. It is recommended that controlling fluoride emissions is
necessary. Levels of organic phosphate, phenol, and VOCs like benzene, toluene, ethylbenzene and xylene were under the
detection limit of the analysis instruments. The concentration of TPH was high in Songdo-dong. The concentration of con-
taminants in Jechul-dong was high. In addition, it was observed that the level of soil contamination changed depending on the
distance from the emission source. The concentration of PAH compounds in the soil was 18.71-1744.59 ng/g, and the concentration
of six potential cancer-causing PAH materials was 6.54-695.94 ng/g. The highest concentration was in Songdo-dong. The PAH
concentration in the direct exposure area near the complex was relatively high compared to the indirect exposure area.

Keywords : Polycyclic aromatic hydrocarbons, PAHs, Industrial complex area, Environmental contaminants
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Table 1. Instrumental conditions of Polycyclic Aromatic Hydro-

carbons by GC/MS

Item Conditions
GC/MS Agilent 6890N/5973MSD
Column HP-5MS (30 m x 0.25 mm X 0.25 um)
Ton source temp. 230 C
Injector temp. 280 C
Carrier gas He (1.2 mL/min)
Injection mode Splitless
Ionization mode EI mode

80 C (1 min) —5 C/min —280 C (0 min) —

GC oven programy <y in 300 °C (10 min) — 320 C (7 min)

Table 2. Selected ions of Polycyclic Aromatic Hydrocarbons by

GC/MS
Compounds Selected ion (m/z) | Retention time (min)
Naphthalene 128 129 4.62
Acenaphthylene 152153 9.59
Acenaphthene 154 153 10.22
Fluorene 166 165 12.38
Phenanthrene 178 179 16.67
Anthracene 178 179 16.82
Fluoranthene 202 200 22.12
Pyrene 202 200 23.08
Benzo(a)anthracene 228229 28.78
Chrysene 228229 28.92
Benzo(b)fluoranthene 252253 3345
Benzo(k)fluoranthene 252253 33.55
Benzo(a)pyrene 252250 34.61
Indeno(1,2,3)pyrene 276 277 38.78
Dibenz(a,h)anthracene 276 277 38.95
Benzo(g,h,i)perylene 278 279 39.59
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Table 3. Physicochemical characteristics of Polycyclic Aromatic Hydrocarbons

iy Chemical | Molecular Weight | Melting Point | Boiling Point | Vapor Pressure
Compound Abbreviation Formula (@) (C) (C) (mmHg, 25 C) Structure
Napthalene Nap CioHs 128.16 80 218 7.1x107>
Acenaphthylene AcPy CiHg 152.20 93 275 6.7x10°° O‘g
Acenaphthene AcP Ci2Hio 154.21 96 279 2.2x10° (%
Fluorene Flu CisHio 166.22 17 295 6.0x10*
Phenanthrene PhA Ci1sHio 178.22 100 340 1.2x10™ Og
Anthracene AnT CisHio 178.22 218 342 6.0x10°
Fluoranthene FluA CisHio 202.26 110 393 9.2x10° 0’8
Pyrene Pyr CigHio 202.26 156 404 4.5x10° _“O
Benzo(a)anthracene B(a)A CisHiz 228.29 159 435 2.1x107 Oog
Chrysene Chr CigHiz 228.29 256 448 6.4x10” Oge
\ ’O
Benzo(b)fluoranthene B(b)F CyoHiz 252.32 168 393 N.R. 2 QQ
Benzo(k)fluoranthene B(K)F CaoHia 25232 217 480 9.6x10™"" OOQ8
Benzo(a)pyrene B(a)P CyoHiz 252.32 177 496 5.6x10” Ogg
Indeno(1,2,3-cd)pyrene InP CxHin 276.34 162 534 N.R. O_O‘%
. @
Dibenzo(a,h)anthracene DbA CpHis 278.35 262 535 N.R. _OOQ
: . 10 O
Benzo(g,h,i)perylene BghiP CnH), 276.34 273 542 1.01x10 O%O
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Table 4. Concentration of soil contaminant in Industrial Complex Area and control area

Sites Direct exposure area Control area
: - Standard level
Contaminants Songdo (S1) Haedo (S2) Jechul (S3) Mean Jangki (S4)

Cadmium 0.16 0.23 0.36 0.25 0.06 4
Copper 8.97 32.99 20.82 20.93 6.64 150
Arsenic 2.96 2.65 2.40 2.67 0.69 25
Mercury 0.04 0.03 0.01 0.03 0.05 4

Lead 30.59 57.94 27.50 38.68 16.79 200
cr’ <0.5 <0.5 <0.5 <0.5 <0.5 5
Zinc 75.38 176.60 141.79 131.26 62.34 300
Nickel 6.46 13.47 21.87 13.93 2.44 100
Fluoride 83.30 169.2 294.9 182.47 107.1 400
Organic phosphate <0.05 <0.05 <0.05 <0.05 <0.05 10
PCB <0.05 <0.05 <0.05 <0.05 <0.05

Cyanogen 0.02 0.03 0.03 0.03 0.03
Phenol <0.02 <0.02 <0.02 <0.02 <0.02
Benzene <0.1 <0.1 <0.1 <0.1 <0.1
Toluene <0.1 <0.1 <0.1 <0.1 <0.1 20

Ethylbenzene <0.1 <0.1 <0.1 <0.1 <0.1 50
Xylene 0.10 0.12 0.11 0.11 0.12 15
TPH 249.50 1335 62.5 148.50 79.5 500

TCE <0.1 <0.1 <0.1 <0.1 <0.1 8

PCE <0.1 <0.1 <0.1 <0.1 <0.1 4
Benzo(a)pyrene 0.135 0.014 0.012 0.05 0.004 0.7

Table 5. Concentration of soil contaminant in Industrial Complex Area and its vicinities (Unit : Mean + S.D. mg/kg)
Sites Jangheung Hodong Daesong Heunghae
Contaminants Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Cadmium 0.19 0.08 0.37 0.39 0.36 0.32 0.05 0.04
Copper 3.76 2.04 3.96 4.18 3.43 2.15 3.62 1.77
Arsenic 0.65 0.20 0.63 0.33 0.89 0.23 0.87 0.87

Mercury 0.05 0.05 0.08 0.05 0.08 0.09 0.02 0.01

Lead 4.34 2.06 4.62 3.29 4.13 5.48 2.27 2.32
Zinc 368.11 324.92 247.77 130.25 258.09 162.92 65.35 20.81
Nickel 52.92 71.48 23.17 9.98 3323 23.36 10.47 4.43
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2 629] PAHcarc?] 5T 422 6.54~695.94 ng/gS LER o Aol AP A Gl AT A Gof| o] BAsx
ek 7+ X39d PAHs 3l = RS AwEE, 2AF = AN oz Ao Y E 4 Ue FAT Wt 450l
Z TR Qo] £ E(S1)ol|A] H- 1090.49 ng/g O & 7} 2l 817)= o, 4R Y Hode EYed ¢
w2 sETES UEHIITE 3EAIGNA 7 He] Ho 71Eo 2t sEl 2 Ul AR EEA A0 sErE
A 2R QL A7 H(S) A 9] Batses 2691 ng/go 2 o 2AY 9| FyFHY 2 JOoR A fj7]| 24
N e BEE ek 3 PAHcarc?] HE4ES B B2 W&ol ta Belrt Baw qolow woE. 53
A3 A3 PAHs 313tE e 2420} do] S AT AL FHAAL FF- A FAo] A g
(SDoflA 434.62 ng/g 0.2 71 w7 WERHAAL 3 :=5(S2) 151.17 = PA= PAHso]| i3t A|&# o] mUE o] -t EL
ng/g, A|"d-5(S3) 39.40 ng/g, F717(S4) 6.54 ng/g =O.2 EA} o] Add= EHF LYY UHHE AAEA S B8, AT T
= A e FoFg ol High RadiF vio e &gl 7153t
Table 6. Comparison of concentration for PAHs levels in soil samples from references area[ 18]
Location (Country) Concentration (ng/g d.w.) Sampling date Sample (n) | PAHs (n) References
Gyonggido (Korea) 848-10971 2004. 10 17 16 Oh et al. (2008)
Ulsan (Korea) 124-7100 2003. 03 17 16 Hwang et al. (2003)
Deagu (Korea) 83-513 1999. 10 9 16 Kim et al. (2001)
Changwon (Korea) 11-835 1999. 09 12 16 Kim et al. (2001)
Seoul (Korea) 15-1219 2000. 05 33 16 Kim et al. (2001)
Busan (Korea) 50-5930 1997. 05. 06 / 1998. 05. 06 24 16 Ok et al. (1998)
Seine River basin (France) 450-5650 2000. 11 37 14 Massei et al. (2004)
Tarragona Country (Spain) 112-1002 2002. 01 24 16 Nadalet al. (2004)
New Orleans (USA) 731-2927 - 38 16 Mialke et al. (2004)
Beijing (China) 16-3884 2000. 04 47 16 Ma et al. (2005)
Beijing (China) 219-277825 - 31 16 Tang et al. (2005)
Bayreuth (Germany) 163-185961 - 49 20 Krauss et al. (2003)
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