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ABSTRACT

We investigated soil contamination depending on the land use by examining the contamination levels and distribution
characteristics of 16 polycyclic aromatic hydrocarbons (PAHs) in the national soil. Total PAHs (the sum of 16 PAH
concentrations) and carcinogenic PAHs (the sum of seven carcinogenic PAH concentrations) were 8.50~3,437.16 ng/kg
and 2.94~2,136.96 pg/kg, respectively. The concentration of benzo(a)pyrene, one of the contaminants regulated by the soil
quality standard in the nation, was ND~924.73 pug/kg. Its maximum value of 924.73 pug/kg was detected in railroad
(Region 3) and is approximately 13% of the standard value for Region 3 (i.e., 7 mg/kg). We also investigated the
characteristics of contamination sources of PAHs in soil of the upland, forests, roads, and railroads, examining the fraction
distribution of PAHs concentration by the number of benzene rings against the total PAHs concentration. The results
demonstrate that the mean fraction of 4~6-ring PAHs against total PAHs concentration in soil was in the range of
51.8~80.7% with relative abundance of high-molecular PAHs, showing that the origin of contamination is under the
category of combustion sources. When the molecular indices (Flu/(Flu/Pyr), Ant/(Ant+Phe), InP/(InP+BP), and BaA/
(BaA+Chr)) were applied, they were also categorized as petroleum-based combustion sources. The individual PAH
concentrations in soil by the land use were grouped into Regions 1, 2, and 3, which are statistically treated and are the
parts of the national category system of soil quality standard. As a result, the concentration level of 16 PAHs was
0.02~2.63 pg/kg in Region 1, 0.05~4.26 pg/kg in Region 2, and 2.36~178.27 pg/kg in Region 3. The concentration level
of 6 carcinogenic PAHs was 14.2~320.4% against that of benzo(a)pyrene in Region 3 and sites of recycling waste
sleepers. Considering that there were similarities among PAHs in terms of structures and toxicities, it would be
recommended to review other types of carcinogenic PAHs together with benzo(a)pyrene when developing the soil quality
standards in the nation.

Key words : PAHs, Soil, Land use, Contamination sources

1. M =) L A=A (Persistent Organic Pollutants, POPsy 743k =
A, BESFHA, A, Y 58S 7L o]
Tho]&41, PCBs (Polychlorobiphyenyls) 5 7871 A F el A7 s E slo= feiEe

*Corresponding author : leejy@uos.ac.kr
Received : 2014.9. 18 Reviewed : 2014. 12. 6  Accepted : 2014. 12. 19
Discussion until : 2015. 2. 28

59



60 =34

w2} POPs B2 7150l B9k AEZEF} 5 A%
P} ol olAn 2lek. Pops FHE iRyl
T4=F(Polycyclic Aromatic Hydrocarbons, PAHs)&
A oPdel WU a7t g9 fUISRERE g4 B

FAE T FrIEEe] oM s HAY B
AAzel] ofsf WM, A guiAlel FA=aL, Wiz
(@3 5 I EAEL WM, HolYs dorle
A2 dHA JATHIPCS, 1998; NIER, 2007).

A5 542 AT Sk PAHSE B0 T WP
o] o, E mjAlellAe] F8 PAHs 239 &
DA slzol] o) WAE Sl EE YA BAE0)
| =Ke]

e

P

R 59 2Bl AAY Eolu - 54 38
o o3 A== FE A=) FiAh 5 AFFAE
Ao MRS FReAaL e H3E] dd

THRAE FOo= % YA ARE T3 SAlsA =
t}. old] E% & PAHs LGHEE 95l w=, 79
= A= PAHsY] th3F BEQ AVE e A3y

T sl #Elskar JTHNIER, 2009). $-2ueke]
79, 20094 62 ESFSHRAH A]ﬁgﬁb‘d ARl whet

%%ﬂ Az D ZAZA AT FHES AR 2] S
T Wz (a)9)3ls ESQIELAR A3l ATHMOE,

2009a). 184 A FFOEER VIS FH /iEY A
FAZTESTAF(TPHs)RE THAISIAL 2lo] EXRL el 9
gk 33 <str] <18 TPHs 5 QA 2 24 i3l
/go] =& PAHs®| 57} 1A WkE HEZF dash 4%
ojc}.

IPCS(1998) Hil el wpEm AIAIH o Z H|Q HA|Y9)
PAHs &5+ 5~50 pghke® AASIAL o, MA B
% PAHs ¥ w5 s 2 EXol§=d sk #3t

Table 1. Soil sampling sites

L 847) - RO - T - A -

olA%

A7k B9 ol glrk. e} Sehe) =9 2 )
AEER B 5 ot Ams U AREow, Tl 74
5, AHZ YiF Aot FEA EYC] TENam et al.,
2003), A=ro] HEZQ] FHEA], spddl, AHE 2y
29e] FZRE Al EQK(Lim et al, 2007)9] PAHs &
£ BEE 20 B8 Q% ) NS FHow
$987, FAGA, £28A, Yok 5 EAo|EM
PAHs 3% X 2 29U H7I8IHtHCho et al., 1996;
Jin et al., 2006; Kim et al., 2000; Kim et al., 2001).
web 2 Aol VI EPA $URIe B
ol Yxell S tshsEesl AR (PAHs) 1652 U
oz AT B EAOlE ¥ oA Eoke el
HEALE Faele] Selue B % PAHS] B
9 B¥ 542 sjela @t ohfe) o
£ 53 &7 Fol miEE= PAHs 54
% % PAILS] 9719 % S e A )

A~z

2.1 ZAKE ME 2 A2 ®F

E9F % US EPA PAHs 16Z(©]&} PAHs) 2 G4aElx
A1E Q1] EXolS R E)E 2 oYz Sl
ZARAS AABIATHN=86). EX|o] &5 ZARXH Y]
735, 3N BEUEANS g8sle] A gteR F
7§;(] = 1}]0:1 35;(]7](4 o]o} = 2;(]0:1 19;(];@ E_Z}_Q_x]
5 A9 274" T F SIS AT ogud
FAAEL PAHs 2970 2 =2, =84 &

(N=281)

1. the national soil monitoring network by land use

Region 1 (N=35)

Region 2 (N=19) Region 3 (N=27)

Upland
Paddy
Orchard
Ranch

School
Park

Residence

6 Forest 7 Industrial 8
6 Riverbed 5 Road 7
5 Sports Site 5 Rail Road 6
5 Amusement 2 Miscellaneous 6
5 Park Land

5

3

<sampling sites of the national soil monitoring
network>

2. sites of recycling waste sleeper(N=>5)
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Soil(10~309) * Na;SOs, anhydrous
* Acetone/n-HXN(1:1) 100mL
Ultrasonic extraction * Duty cycle 50%, output max, 3min
* Repeat 3 times
* Inject surrogate STD 5 compounds
’ Fina‘ VOlume : lmL

o o™

Clean-up
A v
4% water Activated
silicagel(4q) alumina(10g)

I +(washing) n-HXN(1:1) 100mL,
DCM/n-HXN(1:9) 50mL
*(extraction) DCM 40mL

* (washing) Dt*M:n—HXN(l:l) 25mL

* Final volume : 0.5mL

Concentration + Inject internal STD 2 compounds

1)

Fig. 1. Analytical procedure for determination of PAHs in soils.

Table 3. Monitoring ions and calibration levels of PAHs analysis
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Table 2. Analytical condition of GC/MS for PAHs
(GC)Agilent 6890N
(MS)Agilent 5975B inert XL MSD

HP5-MS 5% Phenyl methyl siloxane
(30 m x 250 um x 0.25 um)

70°C (4 min) — 10°C/min— 300°C (15 min)
Injection temperature 250°C

Instrument

Separation column

Oven temperature

Ms source temperature 230°C

Splitless injection 1L

Carrier gas flow 1.2 mL/min(He)
Ionization EIl (70 eV)
Data Aquisition SIM mode

EYSAY 3R 97 | R AREARERA] 5
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ol FEO~15em)E AFIA0™, olw A3
& E%Q AFAAIATIE(MOE, 2009b)l] wth B o
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Monitoring ion Calibration levels(ng)

Target Compounds

Primary ion Secondary ion CS1 CS2 CS3 CS4 CSS5
Nap-ds Naphthalene(NaP) 128 129 50 100 250 500 1000
Acenaphthylene(Acy) 152 151 50 100 250 500 1000
Ace-dy, Acenaphthene(Ace) 154 152 50 100 250 500 1000
Fl-dyy Fluorene(F1) 166 165 50 100 250 500 1000
Phenanthrene(Phe) 178 176 50 100 250 500 1000
Anthracene(Ant) 178 176 50 100 250 500 1000
Phe-d Fluoranthene(Flu) 202 101 50 100 250 500 1000
Pyrene(Pyr) 202 101 50 100 250 500 1000
Benz(a)anthracene(BaA) 288 226 50 100 250 500 1000
Chrysene(Chr) 228 226 50 100 250 500 1000
Chr-d;, Benzo(b)fluoranthene(BbF) 252 250 50 100 250 500 1000
Pyr-diy Benzo(k)fluoranthene(BkF) 252 250 50 100 250 500 1000
Benzo(a)pyrene(BP) 252 250 50 100 250 500 1000
Indeno(1,2,3-c,d)pyrene(InP) 276 138 50 100 250 500 1000
Pery-d, Dibenz(a,h)anthracene(DahA) 278 138 50 100 250 500 1000
Benzo(g,h,i)perylene(BghiP) 276 138 50 100 250 500 1000

Surrogate std.
Naphthalene-dg(Nap-ds) 136 50 100 250 500 1000
Acenaphthene-d;o(Ace-d,) 164 162 50 100 250 500 1000
Phenanthrene-d;o(Phe-d;) 188 50 100 250 500 1000
Chrysene-d;(Chr-d},) 240 50 100 250 500 1000
Perylene-d;»(Pery-d;») 264 260 50 100 250 500 1000

Internal std.

Fluorene-d;o(Fl-d,o) 176 250 250 250 250 250
Pyrene-d,o(Pyr-d,) 212 250 250 250 250 250
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Fig. 2. Distribution of PAHs concentrations(median) in soils by
land use.

Element DL Element IDL
(ng/kg) (ng/kg)

Naphthalene 1.758 Benzo(a)anthracene 3.195
Acenaphthylene 0.685 Chrysene 0.805
Acenaphthene 1.232 Benzo(B)fluoranthene 2.565
Fluorene 1.305 Benzo(k)fluoranthene 1.487
Phenanthrene 1.306 Benzo(a)pyrene 2.896
Anthracene 1.887 Indeno(1,2,3-cd)pyrene 2.654
Fluoranthene 3.201 Benzo(g,h,i)perylene 1.426
Pyrene 1.614 Dibenz(a,h)anthracene 1.544
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Fig. 3. Distribution of 2-, 3-, 4-, 5-, 6-ring PAHs in soils by land use.
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Fig. 4. Application of molecular indices for evaluation of PAHs contamination sources for soils by land use.
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