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ABSTRACT

The concentration levels and distribution characteristics of 16 polycyclic aromatic hydrocarbons (PAHs) were investigated
and evaluated for total 100 soil samples as a part of the survey on soil contamination in Gwangju. The results (median and
range) of T-PAHs (sum of 16 PAH concentrations), C-PAHs (sum of carcinogenic PAH concentrations) and T-TEQs (sum
of 16 TEQ concentrations) were 20.8 (7.6~1158.1), 2.2 (N.D~509.6), and 0.3 (N.D~424.6) ng/kg, respectively. There was
a positive correlation between C-PAHs/T-PAHs and T-TEQs/T-PAHs except one point where the concentration of
benzo(a)pyrene was high. The ratios of the C-PAHs/T-PAHs were 31.7% for low molecular weight-PAHs and 68.3% for
high molecular weight-PAHs, suggesting that PAHs generation mainly arose from combustion sources. The ratio of
isomers of individual PAHs, Phe/Ant, Flu/Pyr, Ant/(Ant+Phe), Flu/(Flu+Pyr), and BaA/(BaA+Chr), also confirmed the
predominance of PAHs from combustion activities. Statistical tracing of the source of PAHs through principal component
analysis indicated that the main sources of combustion were automobile fuel and coal. The overall results of this study
suggested HMW-PAHs, T-PAHs, C-PAHs and T-TEQs should be separately evaluated to better assess the toxicity and

environmental behavior of individual PAHs.
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VAR ol viAEE AR oed oo
A9 A, AT, AA S B we 24t At
gJ=]o] gltH(Lee, 2001; Kim and Shin, 2001). ©]&gk
LAEZE 719 EZ (Persistent Organic Pollu-
tants, POPs)°|2} il o]F H A7t &ds] F3=a
A= TREPEEEESEA (Polycyclic Aromatic Hydrocar-
bons, PAHs)= POPs &4 750l ¥t 25553 &
S E3 pOPs FHEAE ) oo WAluE 717
Fr71sktEelH oF 2000452 o d@A7t EAIF}. PAHS
<= A7 gA S5 AdS 7Aoo, ol
54 T 4R 3o, Holdds war lo] WS
g 7)o EdHolE fERitial deA UTHIPCS,
1998; White, 2002; Saunders et al., 2002; Peterson et
al., 2003; NIER, 2007; Iwano et al., 2010).

=y
=



FFAY EFHATHAS] PAHs T 54 A 51

PAHs= A7, SPI8HE, 28 Zoz olgl xjoixje)
A b, Azt ek, 21574 A7V T AR AL
& 9 38t Alare] ofF R AEE U3 QI9IAQ
1ol 1 7198 ETHWHO, 1998). WHiZ7] th7]1e¢d
Edo|d PAHs} AV|AozE A 2 Eokom IR
o 92 FH A0 JIS WHA Ho juiejdM E
% & PAHs 3o tigh B A7 s 53]
E% 5 PAHs Aol 1‘4}} T 2 A59] TR g2
PAHs el tigh A+ f@ﬂ(ﬂ & AT B &
s T e 5 1%4 A7) HE, A4l
olgpd A2AARRNA|, & AL2ALRIA EHOH =
A7t = Ak Baumard et al., 1999; Kim and
Shin., 2001; Yunker et al., 2002; Sofowote et al., 2008;
Luo et al, 2008). o= EY, EHE, 3¢ 5=
vhgom 77k olRolgich. S A RE 1R
7} ohd Azl ojg FlfloR, Anvt Aushe o]
N AR Ao iz A% s HAE FolA
F7 8 saigle] EAsle] Ueht Ase gloi, o

= BA FFo9A ka0 93 gko g HxjFo=z A
Bl oAl S THKim et al., 2000; Lee, 2001; Nam
et al, 2003; Jin et al, 2006; Lee et al, 2010; Jin
et al., 2019). 2} ) EY F PAHsl tig =
opg] ARFAAIRA AR Aol thel] AP} o] FaL
old e} ¥ ek FETh 53] &35 EF

it

Fig. 1. Location of the sampling sites.

QAAE|ZAIA PAHs F BaPiF FARIAL QM1 FAA]
HIE ARAIG] ] = @@Ol‘i‘r
(MOE, 2017). Benzo(a)pyrene(BaP)y> T = 4
orAJS doy)= g EAQ) E;}__]_o]tq YEHA FojE=
9] 2L EFHcth(Kameda et al., 2005).

oo £ 7= AVIHoE FEE B AMEIZAL
of AAlsle FFAY EYGLATHASS tdeE v=
3177 (Environmental protection agency, EPA)IA -4
7 eAEHE Bl e 168 PAHsY] FEE ot
sl 1 BE 548 gokraAl stk 53] $FAY
°] PAHs F8 Y 2 545 Tk 93] PAHs

2RI 7P PAHSE B4 5 Aajeyoly wie
o1e] s A8sh Pl il S, ol %
3l A9 PAHs TREA A1 2 6]:‘6‘ A3 P
e

He dx
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2. X

2.1 ZAKIHE 2 AIZXF

B AFoMe FFAY EY T PAHsY] TE5 ZA}
371 98l 20219 B GAEIEA AR 10071
S diideZ 20219 39 15U5FE 3¥€ 30¢7HA] A
EAFHE FhstAtt. AL Fig. 16] YERI O™

AR, TN, BPATHIAY 5 EFoo] &

Legend

= School + Miscellaneous
® Residense + Indusirial
A Park * Others

J. Soil Groundwater Environ. Vol. 27(2), p. 50~60, 2022



e
o
™
jslo2

o} W O
X =

L HHE

EdEd 04 1 } a9
*Mili’it‘r Ededsirgy ]%(MOE 2018y “J*E‘ri
PE= WSS x5 e AR FE=Z (0~
15 cm)ellA AFsIaAL, HFATE Alges el &7t
U= 715 @il vl 2ol "Edk & 0-4°ce] 3R
SRR ARFA7A] olFsI

2.2. PAHs 24{8H
EY F PAHs 42 EGL AT E7E Wx(a)T]
27 A A2 e 1) 9] A FEATH(ES 07551.1c, 2018)0]
uzt st EY AR 1gS BlIFAC ¥l S A
AL f8l FEUESS ATH ¥l de F
Acetone:n-Hexane(1:1) 100 mLE ¥31, 5%4]%—%7](5-
450D Branson, USA)Z 383t & 33] HH5 FZE31th
O F ofaE ALgtel ﬁMﬁl%A
o7 AHgE & AAFE7](Turbo storm, Scinco, S.Korea)
olgsle] 1 mLE F=3Ic} o] NS Silicagel
cartndge(Strata SI-1 Silica, 1g/6 mL, Tubes)ol| %7]i
wy s ¢ A
Ag+ & Dichloromethane 20 mLE Y1 FAETEH7]|E
FHZAZo] 1 m7t HEF o] s5Sisinh. BAlE Als
= GCMS(7890B GC/5977A MS, Agilent, USAYE ©]
43le] HdelE o2 RUEF(Selected ion monitoring,
SIM) ¥, Z72 DB-5SMS UI(30 m x 250 nm x 0.25 um)
S AMESITE GC SARAL A 80°ColM 38 B¢t

n-Hexane

Dichloromethane:n-Hexane(1:1) 10 mL

o)

W8} - A - aplo) - HET - PEE ARG - wA - eE

HEE, o]F Bt 10°C A L8] 300°ColA 587 H
F2A519E SHIAIZ dE(He: 99.999%)yS £ 2.0
mLE Z&F0h i PAHs 1650 g A=dde=
EYATAHAIR7IE ES 070018 21T/ 4=He]),
07551.1c(HZ(aANS Farsle] WPEASIA, A=,

=

A=, A==

2.3. SHEAN

£ AFx= PAHs EA7Iel digk BAISH siAds
A3l ohe] ARaArE e TRl dlolHE Ak
o] dlolH=Z Qofste] F= FJEEA(Principal com-
ponent analysis, PCAYZ} 7J& PAHs, % PAHs, W3
PAHs 59| J3dS goli 7] $18)| Pearson’s correlation

T Y3 BE SAEALS SPSS 20.0(SPSS INC.,

USAE ©]83I3]th

-~

3.4% & n#

3.1 EFX Y EZ F PAHs sk 2%

Table 191M= ZF 1007 AR 4475 EYSHS
AN BEX AFERE 1AG@UE), 279 2rh), 3739
G¥hHeE st B8 PAHs 1652 =5 Bd
(AVE), AH(MAX), H2(MIN), ZLZEMID)CZ LERY
Q). o33 X RS EckyuzAle] AU 29 E
&) A3}t 55 slodor & A Ede TS 8st
7] $igtoltt. w3 2 Aelxs HoiEnt ofet T

Table 1. Concentrations of PAHs in soil by regional groups of soil pollutant investigation

NaP  Acy Ace Fl Phe Ant Flu Pyr Chr BaA BbF BkF BaP InP DahA BghiP

AVE 66 01 48 09 32 44 27 34 28 20 55 37 81 36 03 110

T MAX 23523 146 46 244 252 550 550 1123 562 1011 663 2818 764 112 5033
MIN 1.I ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND

MID 46 ND 44 11 23 34 11 11 ND ND 11 05 ND ND ND ND

AVE 74 01 49 07 22 36 22 28 42 28 46 34 88 32 02 137
Region MAX 235 23 146 36 164 167 550 550 1123 562 702 527 2818 763 59 5033
I MIN 11 ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND
MID 66 ND 44 ND 20 32 ND ND ND ND 10 ND ND ND ND ND

AVE 45 01 44 13 44 51 13 24 06 08 30 23 59 22 04 80
Region MAX 144 1.1 96 46 244 188 69 172 36 103 149 115 653 206 57 886
2 MIN 12 ND 20 ND ND ND ND ND ND ND ND ND ND ND ND ND
MID 25 ND 35 12 32 37 12 12 ND ND 23 12 10 11 ND 12

AVE 7.1 01 48 10 37 49 40 46 25 19 78 49 86 49 05 98
Region MAX 229 13 115 38 151 252 348 404 348 359 101 663 797 764 112 1116
3 MIN 21 ND 11 ND ND ND ND ND ND ND ND ND ND ND ND ND
MID 65 ND 46 11 24 33 12 11 ND ND 11 06 11 ND ND 11
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e Hlasl=dl 1007 ZARROA PAHs 1689] &
7} R F2o] Aot Bekal A2 7Y 1
T Aygho] wieddl A gt digk BAR /7S

Heksh] golitt. 165 PAHs & %?—a‘o}ﬂl 7ol A

AEo] e BaPell Uit EYLATHIES 293 A

Ak 165 PAHs T A Hitol 7P =3d

-2 BghiP 11.0 pgkg, 7FF S 355 H 52

AcyZ 0.1 ugkg ©IATh A9 165 PAHs B %

o] ol AA| koY, Ho FEodA e Aolg B

t}. 16& PAHs U =5 B2l &5 1KY o)) &

E-(Nap, Acy, Ace, Flu, Pyr, Chr, BaA, BaP, BghiP),

2219 278 E(Fl, Phe), 3R 57] &E(Ant, BbF,

BKF, InP, DahA)C 2 1A]Yol Hf FE2 HQ =

o] 7FF Bttt 1A 37 AFellA 7E PAHs Hoh

FEE el 1 F Ul AL ofde] EULE

HF-HAH] PAHs F= 54 A 53

o H71ES 29t Y Ao A=
O‘I]A— }\}“9_ ‘Q‘_L]} lF“7]§' Z%F'/] =i} ]Hg-%_ 31‘:]__

W nEdo s FEE 5 EGQPEZH] HE3 B0
JE Aoz kgt YHA] 7)) AL %qu =0
o] Wt 5o gk FEIF flal vk o W &
Agoz oo €l ¥ A= vjoke CHE#%E}.

3.1.1. & PAHs 5% #X

Table 291X ZARAH 5 EXEEE /E 16F
PAHs 559 §°] T-PAHs(Total PAHs), 24 PAHs
o] 3 C-PAHs(Carcinogenic PAHs) 18|31l 54357}
BaKs=9] T-PAHs(Total TEQs) &% X2 Yehich
AR AA T-PAHsS] T4 2 FEHSE 208
(7.6~1158.1) pg/kgel Atk 39 18.8(9.8~470.5) ng/ke, 3t
WEA] 15.5(9.5~186.7), A 43.1(12.9~184.4) pg/kg, ¥

Table 2. Comparison of T-PAHs (Total PAHs), C-PAHs (Carcinogenic PAHs) and T-TEQs (Total TEQs) concentration in soil by land use

Land use No. of site T-PAHs C-PAHs T-TEQs C-PAHs/T-PAHs T-TEQs/T-PAHs
) (ug/kg) (ug/kg) (ug/kg) (%) (%)
AVE 63.3 233 14.1 36.8 8.2
MAX 1158.1 509.6 424.6 44.0 60.7
Total 100
MIN 7.6 N.D N.D N.D 0.1
MID 20.8 2.2 0.3 10.4 1.5
AVE 43.5 13.7 54 31.5 4.0
MAX 470.5 245.8 97.1 52.2 20.6
Park 22
MIN 9.8 N.D N.D N.D N.D
MID 18.8 1.7 0.2 9.1 1.2
AVE 28.7 7.2 29 25.0 3.5
MAX 186.7 88.5 35.0 474 18.7
School 15
MIN 9.5 N.D N.D N.D 0.2
MID 15.5 N.D 0.1 N.D 04
AVE 53.8 9.6 5.8 17.9 8.2
. MAX 184.4 66.5 60.5 36.1 32.8
Residence 18
MIN 12.9 N.D N.D N.D N.D
MID 43.1 5.8 2.6 13.5 7.4
AVE 55.5 18.7 12.0 33.7 10.1
. MAX 249.2 106.8 78.1 42.8 60.7
Industrial 23
MIN 11.9 N.D N.D N.D N.D
MID 18.2 1.1 0.1 6.2 1.0
AVE 121.0 60.9 30.5 50.3 15.9
Miscellaneous 10 MAX 612.0 370.6 186.2 60.6 304
land MIN 7.6 N.D N.D N.D 04
MID 92.1 30.2 14.8 329 18.3
AVE 147.4 59.1 46.7 40.1 12.1
MAX 1158.1 509.6 424.6 44.0 37.2
Others 12
MIN 13.3 N.D N.D N.D 0.1
MID 36.3 6.3 24 17.2 72
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54 - 0]9-7 - 9lvig} -
FEA 18.2(11.9~249.2) pegkg, FEA 92.1(7.6612.0)
pg/kg ©1ATh. Noh et al. 2014y} ZAR AR EU=
A 8170 Aol tigk A3t 3 10.9(7.8-49.4) pg/kg,
S8R 12.4(5.4~25.4) ngkg, 37FEA] 24.6(6.3~91.3)
pgkg, REA| 43.0(21.7-387.3) pgkg & o] ZAz}e} H
wal AF R B 2 ETE fFARIAY =2 A
eI T-PAHsY] Bk JEA] > 3484 > A
>3 > shgA] oA, TS FEA > diA >
FFEA > FgA &oltt. YA AL A
2ksle] 3ol F718IFAITE ZARE 471 1~371= 2o
S9ole B4 §4skth T-PAHsY] H57F ZEA0A =
P AL WA AR T FAEAS 10042 VAT
AFAad Fo BEALE A, olart HrE A
2 AZE A AHolar o] F wiirt B 7
FHRAH|RA A AT e A= FdE ®
Buw 45k 2419 et e B AERG
FEA0] 79 EE ARo] VAR FHEE FSA

7] w&olc}.

T >

o ol
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3.12. ¥ PAHs T £¥E

16% PAHs % ZAYATAIE (International Agency
for Research on Cancer, IARC)°|A <2Az7tollA] webA
2 d7bsAdo] tkal 573 3E5(BaA, BbF, BKF,
BaP, InP, DahA)?] FE3 Table 200MAH ZAAA
ZA| C-PAHsY TU% 2 FEHSE 2.2(N.D~509.6)
pg/keelATh T 1.7(N.D~245.8) ug/kg, SH-8% N.D

Table 3. Abbreviation and Toxic Equivalent Factor (TEF) of PAHs

A - o) - AF - wEE AR AR -

(N.D~88.5) pg/kg, A 5.8(N.D~66.5) pgkg, &&=
1.I(N.D~106.8) pg/kg, €A1 30.2(N.D~370.6) pg/kg ©]
It} Noh et al.(2014) ZAMAT= Y 3.8(2.0~26.0)
ngkg, SHl-8A] 4.9(1.5~13.8) pgke, 5384 11.2(1.3~
42.1) pgkg, JEA 20.2(10.5-274.9) pgkgS 2 B FA}
Axte}l vlwel U E=a1 Az Wlth. C-PAHs
o] Fke FEA > FFEA > FY > A > g
B8R oI, TS FFA > oA > 3D > FF
£ > gugA] 40|}, T-PAHs ™H] C-PAHs #-&
S Hit 36.8%, ) 44.0% ©lRoH, 11 T FFA|olA
Hol 60.6%= ERA A3e] Qo] Hgk 9= A
> AR > T > ghargA] > A o]l

3.13. SASFsE BX

o1A|9lsiAdo] & PAHs £¥ 5AS Yoprr] s
Nisbet and LaGoy(1992)7} A|AISE 5457 AIS~(TEFs)ell
I PAHs §55 ¥l 4=t 5457 S(TEQs)E
Table 391 YERARITE. Noh et al.(2014= PAHs:= $H73
T MEE EA8A g1 3 JeE EAsla A2
AR 29} FA4S 7HAL o] fElvEt EGLEI
T AAA BaPE 7122 7B PAHs Ao tigk A
E71 dasitt sidtt. AR AA T-TEQsS] 44k
2 FER9E 03(N.D-424.6) pgkel k. 9 0.2(N.D~
97.1) ug/kg, -84 0.1(N.D~35.0) ug/kg, A 2.6(N.D~
60.5) pg/kg, FFEA] 0.1(N.D~78.1) pgkg, BEA 148
(N.D~186.2) pg/kg 10T}, T-TEQsY] HFgES #=EA] >

Classification Species Abbreviations Toxic equivalent factor (TEF) No. of rings Group of IARC

Naphthalene NaP 0.001 2 3
Acenaphthylene Acy 0.001 3 3
Acenaphthene Ace 0.001 3 3

LMW-PAHs
Fluorene Fl 0.001 3 3
Phenanthrene Phe 0.001 3 3
Anthracene Ant 0.01 3 3
Fluoranthene Flu 0.001 4 3
Pyrene Pyr 0.001 4 3
Chrysene Chr 0.01 4 3
Benz(a)anthracene BaA 0.1 4 2A
Benzo(b)fluoranthene BbF 0.1 5 2B

HMW-PAHs
Benzo(k)fluoranthene BKF 0.1 5 2B
Benzo(a)pyrene BaP 1 5 1
Indeno(1,2,3-cd)pyrene InP 0.1 6 2B
Dibenz(a,h)anthracene DahA 1 5 2B
Benzo(g,h,i)perylene BghiP 0.01 6 3
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FFAH B
SAEA > A > T > ShuldA] oL, TS
HEA > A > FLEA > LA} FulgA| o]

i

AT}, ko] C-PAH Sk 19k IXIsHANE gk
$1= €93th T-PAHs tiH] T-TEQs &2 it 8.2%,
Hol 60.7% olal 3¢, TugA|, A Htgtol
4.0%, 3.5%, 8.2%S1 Al Bl FFEA} FEA=
10.1%2} 15.9%= JF o2 &2 3hs Yehliglth A
53 C-PAHS/T-PAHs #-&3 T-TEQs/T-PAHs E&2] ¥
wa HdgkS vlws)] B 3384 Holgkel Ak
TEQs/T-PAHs #-£(60.7%)°] C-PAHs/T-PAHs £-8-(42.8%)
Hoh 2 s & 7 Aok ol Huigs vEhd AR
o] T}Z PAHsl| HI&l BaPe] w7} o} o]of e A
= Ul Aotk TEQ 4H= olf7} olzidh 7

School(region 1)

100%
90%
80%
70%
60%
50%
40%
0%
20%
10%
0%

5
%

D6 D7 D2 N4 NS N8 N9 NIO B4 B5 B7 B8 Bl B12 B19
B LMW-PAHs @ HMW-PAHs

Residen:e{reginn 2)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

ARG
A R
PRI

B e i e e

D10 52 53 54 S6 S13 SIS N6 N1l N1Z N13 N14 NIS N1G W17 B2 B17 B2

BLMW-PAHs EHMW-PAHs

Miscellaneous land(region 3)

100%
90%
80%
70%
60%
50%
0%
30%
20%
10%
0%

D8 NIE NI9 N20 N2l G223 GM G5 G266 G627
BLMW-PAHs B HMW-PAHs

Fig. 2. Distribution of LMW (low molecular weight)-PAHs and HMW (high molecular weight)-PAHs by land use.

H7-2A 2] PAHSs 5

=S4 AT 55

PAHsS] SR Aolg QGE B QA=) A3}
of ®r} eI pAHs FE WS S Slaoluz
o)s} e AT ojel7} glek sHct.

3.2. ZFX|H EF = PAHs 27|& I}

3.2.1. P PAHs %

dubg oz WAy 2~37§¢1 PAHsE A EAlow
molecular weight, LMW) PAHs, 467191 PAHsE 1%
AHhigh molecular weight, HMW) PAHsZ} 31, Baumard
et al.(1999y= LMW-PAHsE F2 5ol <3, HMW-
PAHs= 1200 oJs)] A= 3kt Yunker et al.
(2002 EAERE Aol x AsAt 5o s AEe}
o] ARA] 3129 AadpHollA] LMW-PAHs SHHEk

Park(region 1)

EAIISHORE

A R

e T T T ]

L

D2 D9 D11 57 S8 59 S10 511 N7 B9 B10B13 B24 G1 G14 G15 616 G17 G18.G19 620 G21
B LMW-PAHs & HMW-PAHs

Industrial(region 3)

ey

R R R R E R R R
TN AR RSN N ST N NG RPN |

S5 M1 N2 N3 B3 B14B15 818820823 G2 G3 G4 G5 G6 G7 G& G9 G10G11G12G13G22
B LMW-PAHs @ HMW-PAHs

B

90% & g

70% % =

20% B
o o

D1 D3 o4 05 51 512 514 516 Bl B6 B16 B2l

BLMW-PAHs & HMW-PAHs
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© HMW-PAHs SI3tEo] Bol dA4r|de] JFeE e}
Wiz, A AR T A0M AAPEE FRAlEdl=
LMW-PAHs 3}3}&E©°] ®@ol LMW-PAHs/HMW-PAHs H|
7} 1 ol f771d FeE Bt} skt ool Fig.
W e EXEEHE LMW-PAHs®} HMW-PAHs®] £-&
< a#l=g YehNATE. HMW-PAHs7} 50% o<l =]
He 22 AAL 28%= xKA|FlaL 9o, BT
2 B SEA] 70A6.7%), &Y 2042(9.1%), A
SNA(27.8%), FFEA 7/M4(30.4%), FEA 7T7HA
(70.0%) 2831 YA AHEL 5704 41.7%)=2 UERst
ok HMW-PAHs7} 50% o3l - 75 7IEe=2e
LMW-PAHs7} Mgt f-/7I19eE & 4 o), A
A FEe] L 71FoE B4 LMW-PAHSE 31.7%,
HMW-PAHsZ 68.3%% 2FAI31] PAHs A/do] 471
o 93k AYS & 5 YUk Noh et al.(2014)9] A=
B A2} Choi et al.(2012)2] FARAIW EF 5 PAHS
AT XE HMW-PAHs®| S=7} Ethal WsEsioith.
SEARE Fig. 29 AR AH JFA > 3FEA > of
A > FY > sugA Fo= HriE, Ak, 3 5
QITHe] 50| SAISH A He] A} HIgo] HoAlE &
AL T 5 AT o)e} o] EXGEHE Zfo|7h

< Jin et al.(2006)y= B3| AT = AT
9ol 7, U8 F57, A4 2%

F‘)m

ol

© ow o) B3
91 gl I3 Aole} S, olsh o] & AT
£ B4 S AN 8%, WF 2 A9AE 5 7
#70] B 2 2919 Zloje} gaEr).

=

o2

WHHO 2= Phe/Ant®} Flu/Pyre] H-&Z Phe/Ant2] H|7}
108} =31, Flu/Py)7} 180} 2o (57719, BhlE
Phe/Ant2] BI7} 10%c} 231, Flu/PyBl7} 1R =20 A
2710lE e 97 AY(Juan et al,, 1989). = TS
WHHO 25 Ant/(Ant+Phe), Flu/(Flu+Pyr), BaA/(BaA+
Chr)e] B9 W3k Ao F  Ant/(Ant+Phe) BI7} 0.1 ©]
StolH FF719, 0.1 oPdolH Air|doleg} skal, Flw
(Flut+Pyr) HI7} 0.4 oJslo]d A2 FF714, 0.4~0.5
APl Aol 23 4719, 0.5 odeld F2 njo] e
mj2} AEle] dzo) o8t y|de s Awsith. 18a
BaA/(BaA+Chr)¥] B17} 0.2 o]&to]d 5714, 0.2~0.35
Alolold f7 B A27)9, 035 oV dhvIRlele} &)
SCH(Yunker et al, 2002; Ray et al, 2008). Fig. 3°I
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Fig. 3. Application of molecular indices for evaluation of PAHs
contamination sources for soil by land use.
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(Sofowote et al., 2008; Mari et al., 2010; Zhang et al.,
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Table 4. The rotated factor matrix by principal component analysis

PAHs Factor 1 Factor 2 Factor 3
NaP -0.010 -0.280 0.864
Acy 0.333 0.585 0.506
Ace -0.020 -0.111 0.848
Fl -0.043 0.847 -0.309
Phe 0.199 0.821 0.058
Ant -0.013 0.852 -0.146
Flu 0.504 0.522 0.576
Pyr 0.718 0.438 0.447
Chr 0.965 -0.045 -0.038
BaA 0.952 0.124 0.180
BbF 0.801 0.361 0.417
BKF 0.821 0.347 0.410
BaP 0.943 -0.031 -0.135
InP 0.940 0.206 0.159
DahA 0.636 0.400 0.373
BghiP 0.901 -0.112 -0.248
Variance (%) 442 21.9 18.7
Cumulative (%) 442 66.1 84.8

(Sofowote et al., 2008). FAEH2S 53+ PAHs A
4 A Ay, 2 Ahol o8] AAPEH 1 daee
AEakel Aetolgl= AL 4 4 UATE Nam et al
(2003) ATeM= Sl EF & PAHsE et 53t
8} FAoA ARESE A5 Al o5l = AdETh
1 31JaL, Park et al.2016)c HPd= AAEA] B
o] PAHs FA el gt 9w 2 A AFsAht
A7} F HiEdoletar dEsist.

3.3. PAHs &57F &2y

Table 5914+ 70 PAHs HT&E9} F PAHs(T-
PAHs), ‘WM PAHs(C-PAHSs), & =4%7 5% (T-TEQs)
7o) SPSS ZZ 1S o]83F Pearson AEA A=
HolFw o}, AukH o2 HMW-PAH) &3 355
< ANZ S S AT B59] Flu, Py,
DahAZS #|€]3+ Chr, BaA, BbF, BKP, BaP, InP, BghiP
£ T-PAHs, C-PAHs, T-TEQS} 73+ A4S HojFar
A=, o5 FELS JARCAIA WM 2 dlrlsAdo]
Akl B FgESo|tk(Table 3). B3 $-2ulollA

Ekedy} #E]o] TiEe] AAE o] Qlar wetgdo] 7t
%} 73Sk BaP= Chr, BaA, InP, BghiP9} 733 A4S

e QI ol @EEe Az S8 54 2
719 ) fAteRe S79o] gloms Bapiat ozt

Chr, BaA, InP, BghiPE 3233+ HMW-PAHs ¥ T-PAHs,

J. Soil Groundwater Environ. Vol. 27(2), p. 50~60, 2022



=]
r-{|

A

58 o} - HIS -

Table 5. Pearson correlation coefficients of each PAHs

A - vy -

PAHs NaP Acy Ace Fl Phe Ant Flu Pyr Chr BaA BbF BkF BaP InP DahA BghiP P;IS P/SI'{S Tgés
NaP 1

Acy 232" 1

Ace 887" 311" 1

Fl -399" 346™ -203" 1

Phe -.164 497" -019 581" 1

Ant -209" 341" -.062 853" 626" 1

Flu 265" 750" 274™ .141 542" 290" 1

Pyr 205" 696" 253" .134 504" 293" 937" 1

Chr .022 293" -004 -047 .178 .006 442" 656" 1

BaA .095 .509" .097 -.003 310" .041 .670" .821 933" 1

BbF 210" 642" 228" .101 470" .198" 862" 924" 713" 871" 1

BKF 2117 662" 227" .098 463" .183 .860" .925™ .743" 900" 995" 1

BaP -.027 241" -004 .055 .157 .076 .307" .577" .938™ 849" 637" 660" 1

InP 085 483" .117 .112 355™ .151 .628" .799" 864" 918™ 918" .920™ 861" 1

DahA 101 .576™ 205" .186 429" .164 716 .771" 462" 693" 856" .845™ 488" 800" 1
BghiP -.086 .121 -.071 .032 .085 .039 .169 .452™ 912" 773" 525" 549" 974 792" 370" 1

PAT;{S 076 430" .103 .097 316™ .161 .558™ 772" 949" 941" 830™ 847" .952™ 956" 652" 902" 1

P/fl'{S 091 483" 109 .068 .333™ .133 .643™ 829" 936" .968™" .8917 .906™ 912" 974 716™ 841" 989" 1|
Tgés 066 440" 093 .096 .323™ .157 .576™ .784" 949" 949" 843" 860™ 946" 962" 667" .892™ 999" 993" 1

% p<0.05, **. p<0.01
C-PAHs, T-TEQd tsiME EYLYE 4 7S A%
slo] A et dukar AHETE Noh et al.(2014)
T 3 F PAHs EA FH 2 54 54 58 12
BaP9} TiEo] 7|} M PAHs UlsiME EL.A7]
= 2730l gk AEZF Besitt si57] wieltt.

4. & =

ZAVEAIHET S 2 FEHSY )= T-PAHs(PAHs 16%
FE9 $HE 20.8(7.6~1158.1) ng/kg, C-PAHs(ZA
PAHs 6% %2 $hHe 2.2(N.D~509.6) pg/ke, T-TEQs
& EAS7FsE e 0.3(N.D~424.6) ngkgel ek, this
C-PAHS/T-PAHs #-8©°] ¥°W TTEQs/T-PAHs &%
E9o BaPe] Tt =UH U AHL C-PAHS/T-
PAHs®] #-&HT} T-TEQs/T-PAHs #-&o] &gkl o=
B3l 2= E ARSIzl gk B} gl ks
Sl TEQ #4Jo] Hast Aoz A=t F5A]Y
EY F PAHsY] A9 tist #4947, 8 PAHs
FEH]E°] LMW-PAHs 31.7%, HMW-PAHs 68.3%=
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