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ABSTRACT

This study investigated the 16 priority PAH concentrations and emission sources from two region (Southwest and East)
soils in Jeollanamdo. National industrial complexes have been operated in these regions. PAH concentrations in east
region were higher than southeast region, and 9.1 times higher for polluted area and approximately 8.5 times higher for
industrial complex were observed. Individual PAH ratios and LMW/HMW ratio indicated that PAHs were emitted from
pyrogenic sources in two regions. Average Ant/(Ant+Phe) ratios in southwest and east were 0.14 and 0.22, respectively.
From a principal component analysis, it was concluded that PAHs were originated from vehicles and coal power plants.

Key words : Industrial complex, PAHs, Pyrogenic, Principal component analysis, Soil

1. M 2 100& o)de] PAHs7} EAsk=H] 5/d0] &l 313hE
FZ& benzo(a)pyrene ¢ 50522 vr|¥a, v A
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7], Y, A8 PAHs =2 BP9 2A18I0
1 Fojls BEYl HAE PAHSE B3l wjEgo] of
RIAE F28ke 77t s Z18E ATk Sofowote,
et al, 2008; Wang, et al, 2013; Xu, et al, 2014).
Sofowote et al.(2008y> Ut} 2El2|F SIUE I
EZEY] PAHSE 537 ARSIl QM-S Fslo] @
Y-S dolR= ATES FAL, Xu et al(2014)S F=
o] AFAHel HAAIZ 57 S B =0l = PAHs &
To} WS WSty PAHsY] HiEYS FH51] 9
A FAA T, 821EA, T ol Al
=xo] 3G 93 AAvt UAAA] 4k} e =}
YL RS TSk =Eo] I ATH(Sofowote,
et al, 2008; Ray, et al., 2008; Zhang, et al., 2012;
Kim et al., 2015). Ray et al.(2008)% <1=9] dz]F3}
79 ESRH PAHs7F ofHellM @=AIE Esh] #fal
[RNFE-293} Anthracene(Ant)/ {Ant+Phenanthrene(Phe)} &
= Hlo] W2 7)Y AAEYTE Ant/(Ant+Phe)Rl7} 0.1
olatold FH7IelaL, 0.1 opdold ALv|Yo= et
WATH(Yunker et al., 2002). Zhang et al. (2012} =
S0 HAEY PAHSE ZARSIL 48RS o83l
LS 28 A9E Uit
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AR Bl e FA )R BEQAR 2ARRE Y
TR T A, e s AidRE
k] 7Hs Folth AlRe 8% B dSAIS
lde® 3% om(MOE, 2012) AlR-Fo2e= 1270 AR
GEAAGEFA 2 49AY), Ol LAFTAGER, F=
), 1570 AEA] AY 8 ol iidEE A9S AL
2 A9 545 83 o aiEde] 93
447 Aolth(Fig. 1).
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Fig. 1. Location of sampling sites in two regions of Jeollanamdo.
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o}sl7] $18led 2013~2014390 ABAIFHE AABIAH. Al
59 AMH= TAAEHA A 2 ZFellA 30 em
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leh PAHs7} TR E"J wHel sl F&skar 3l
F B AAsIACH, A Bk
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12 m7HA] 5=3laL o)F 33]o] A Firs o83}
Ak T8l 528 Sae Aglgpa 23S ol

.:__/\1‘?\

Table 1. Quality control and TEF for Individual PAH

Ego] PAHs 54 % 4 2 s1

sl AAlsksict.

2.4. =lA-II:II-I:H
16572 PAHs 3It=S HE3P] A% 7I7Ie GC-
MS(Agilent 6890, 5973N, USA)YS A}&313ict. 24
Al ZHQ HP-5(Agilent, USA)S AM83l3om, 243
W78 025mm, BEFA 025um, Z°] 30m) 5%
phenyl, 95% methyl polysiloxane® 2 7 FHo] =
AE ol83uth Y 52 21 A 80°ColA 1%
FoF HEE2A 3191, o]F 18Y 5°C¥ &8 280°C7t
A, 1059 10°C8 L8 300074 &9 & 1087 o
‘:'EJ‘] st Als —Z[*?J‘ﬂ‘ﬂﬁ 1uLE Splitless YW
o= &9ar, SEAIE FF(99.999%)S o]gsle], &
2 1.0mLE a‘% Ak AEske e 53 A9
WL SIM(Selected

r_{

(3

I

THE o]utke Melste] AEdh=

Ion Monitoring) 71 o]-83}4c}. ]E_A A = A

AL 1659] PAHY} &3 BF80S o83l A
5 7 ARl AF A P2 BRe EEEds)

3 WA} Blaek YR EEE s S=elsieict.
E= 2.5~9.9 pgoll e, HAHFM= 8.6~37.0
peel 3Tt

2.5. QA/QC
N8 WHEEFEZS Naphthalene-dS, Acenaphthene-
d10, Phenanthrene-d10, Chrysene-d12, Perylene-d122]

Toxic equivalent . Certified value  This stud Percent of
PAHs Abb factor C%TEF) No. of rings (ng/L) (ng/L) g recovery (%)
Naphthalene Nap 0.001 2 848+ 95 689 +32 81.3
Acenaphthylene Acy 0.001 3 533+64 55+3 102.6
Acenaphthene Ace 0.001 3 384+£52 34+5 88.7
Fluorene Fl 0.001 3 85=x15 98+ 16 115.1
Phenanthrene Phe 0.001 3 406 + 44 419+ 14 103.2
Anthracene Ant 0.01 3 184+ 18 156 £ 11 84.9
Fluoranthene Flu 0.001 4 651 +£50 634+9 97.4
Pyrene Pyr 0.001 4 581+39 533+23 91.8
Benz(a)anthracene BaA 0.1 4 335+25 319+22 952
Chrysene Chr 0.01 4 291 £31 348 £ 16 119.5
Benzo(b)fluoranthene BbF 0.1 5 453 +£21 515+19 113.7
Benzo(k)fluoranthene BKF 0.1 5 225+18 266 £ 6 118.3
Benzo(a)pyrene BaP 1.0 5 358 +17 31722 88.6
Indeno(1,2,3-cd)pyrene InP 0.1 6 341+57 318+ 11 934
Dibenz(a,h)anthracene DahA 1.0 5 53+10 71+£7 1342
Benzo(g,h,i)perylene BghiP 0.01 6 307 £45 285+17 92.8
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S8+ TS ZH2} 89+4%, 85+6%, 89+
9%, 94+4%, 108+ 1%Z ¥ PAHs2] ¥4 <3t 7}
YRHEEER Uit 3482 Alzdvist Welo|it).
gk PAHs®] EA4WES #HF3t7] #1381 NIST(National
Institute of Standards and Technology) SRM(Standard
reference material) 1941b HSAIEE o]&sf] E E
H} FLsiA st om, AFE Table 19 L2F13
o HEAR e 81.3~134.2% W90l AL Hit

PRI
Q%O% 101.3%= E_ HAHO EH_]?'S]:PJ PAHSoﬂ TLH'C:SH

RUNG RC
5 = >~ [eXe) 2= H B )
A vk 2ol S-S & UM TR EAE

357] 9184 SPSS BA =2 130 (Version 20.0)2 ©]
B3kt

3. 40 o g
3.1. PAHs ST X

ol AAFI=0], AFEA7} = XS A
A FRA o SRA R 2 gk A
oz FARI} AGe EGOASGES e s E
PAEE AFEI FATE A9 EY F PAHs &
EEE 9.7~132.8ng/g dry@T 28.0ng/g dry)ERSTE
AEAd mEt B5 & A9, wWETES 17.1~24.8
ng/gC3T 20.2 ng/g), LAGIFAFL 17.4~45.8 ng/g(Ft
34.5ng/g), AHAEA] AL 17.1~40.5 ng/g(BH 27.6

O

N

Table 2. Individual PAH concentration in west and east regions

B - o3 -

8.2~132.8 ng/g(@ 30.4 ng/g)O=
wald @A Ho| 7}
=

3T

A

=

Agfd= T2Y EY F PAHs 3 145~
1,738.5 ng/g dry(BT 169.4 ng/g dry)Febstth. ¥R
& 17.4~36.3 ng/g(@T 27.7 ng/g), LAFIAAFL 274~
860.7 ng/g(HTF 312.5ng/g), AATAE 17.6~1,738.5
ng/gC3T 234.8 ng/g), AFHEEAGL 14.5~124.2 ng/g(
T 49.1 ng/g), SFIRAIE Hi 23.7ng/g dry2 HEH
Aot Hit TEE H|wEsPH L YG3ER|Yo] 312.5 ng/g=
7P EXAR i ARME AAFEA] A Hellx Ha
1,738.5 ng/g2 ZA =AU,

ARF o= FHA] AFA] HIs| PAHs E&7} =
om QAGIA AL H 9.8 A=, AFGA| M=
oF 8.5H] =A AU ole FH-Ho sEIHAS
FESE o] B2 ARAIEo] 2R EAL Qlo] FE3] dlide
7Fset Aot AREEA S FRE0] At =3
Ak F AGel| & a7} gle Aoz AR

rrc=
S LT

—

3.2. 8 JH==0f| 2 PAHs &XF

A goA B 7ol 2 PAHs S13HE2
S AESY] Y5t AgEz 7+ 3 wro]
Al PAHsl thgh HIE-S YERNATE Table 2= Agd%}

West region (ng/g)

East region (ng/g)

PAHs
Range Mean Median SD Range Mean Median SD

Nap 1.8-3.4 23 2.1 0.6 ND-3.6 1.9 1.8 0.9
Acy ND-1.5 0.2 0.0 0.4 ND-14.1 1.5 0.3 29
Ace 0.4-1.0 0.8 0.8 0.2 ND-25.2 2.1 04 5.0
Fl 0.5-1.5 1.0 0.9 04 ND-16.0 3.0 1.1 43
Phe 2.0-6.9 4.0 4.0 1.6 ND-220.3 25.6 5.5 56.9
Ant 0.2-3.0 0.7 0.6 0.7 0.2-49.1 5.5 1.0 11.3
Flu 0.8-13.7 34 2.3 3.1 0.9-460.9 334 4.8 90.7
Pyr 0.5-14.9 2.5 1.6 3.3 0.9-356.0 27.6 4.1 70.7
BaA 0.2-10.5 1.3 0.5 24 0.4-219.1 16.2 2.0 429
Chr ND-13.4 2.1 0.9 3.1 0.8-169.7 14.6 24 339
BbF 0.6-18.0 29 1.6 4.1 0.3-90.4 7.7 1.9 17.2
BKkF ND-7.8 1.1 0.6 1.8 ND-16.2 2.7 0.9 4.2
BaP 0.5-14.0 2.1 1.2 3.1 ND-74.9 9.6 2.1 18.6
InP 0.4-12.4 1.6 0.7 2.8 ND-42.5 6.9 23 10.5
DahA ND-2.9 0.4 0.3 0.7 ND-14.2 1.8 0.3 34
BghiP 0.4-10.2 1.5 0.8 22 1.4-62.4 9.2 5.0 13.3

(ND: Not detected, SD: Standard deviation)
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Fig. 2. TEQ concentration in terms of toxicity equivalent factor
in west region.

R4 /NE3 16 PAHsS FE XS Yehla 9}
t}. 2-ringNap), 3-ring(Acy, Ace, Fl, Phe, Ant), 4-ring
(Flu, Pyr, Chr, BaA), 5-ring(BbF, BKF, BaP, DahA),
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23.5%, 11.0%%] <=2 4-ring®] PAHs7} 7% =4
ERit) S5 A9oll= 0 TSl W, 2-ring, 3-
ring, 4-ring, 5-ring, 6-ring®] HlE-°] ZZ}t 1.1%, 22.3%,
54.2%, 12.9%, 9.5%% F-2=3]c}.

Amrrog F Ao RFo|A 3-4 ring2] PAHs7}
50% oldE AX[laL AReH, 5-6 ringe] IFFET
20% oS Ko Exfo] Aal 7P B VI 3%
9 TE7F & S UERIAL o] Bk & F&
o] ZFAIEe] dojAle AE on|st. FR-ddA=
4-ringS Z¥= Flu, Pyr, Chr, BaA7} 54.2%S YER) 9]
SRIEEC] T2 oYl BAER= XS 3.48004 A4
slarA} gt

3.3. 4= "ot

PAHsSE o] 8 SgEEe) H47|H] $AT B9,
olse] ke SIS U & e 2o 54

S 71EoE U5 Al9(Toxic equivalent factor, TEF)
£ Azl A= gt =257 Arlste] HrE
4 9tk US EPAQ2015014E E=4do] 7F¢ 733F benzo
(a)pyrene(BaP)2] TEF k& 1E 3}o] t& PAHs W
3 AhE AFES AskdEs 0.001~1.0 HEo|t(Table
). ¥ A9 7z} PAHs w50l w} EPASA AXSH
BaPE 7|52 =2 3} TEQ#k(Toxicity equivalency)S 2
ket

Fig. 25 Ag82] TEQ T52 wldsE, 299TAY,
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Fig. 3. TEQ concentration in terms of toxicity equivalent factor in
east region.
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4] o =UTh IARC(1987)014 Ed=w 753l
A= 852] PAHs(BaA, Chr, BbF, BKF, BaP, InP, DahA,
BghiP) ¥5E5 7|Fo2 & Z$ F PAHsS} WA
PAHs ¥JS Figs. 4~50 YeRTE T A9 2Fo)x
AT G AR A W =A] AEEHACH =

o

J. Soil Groundw. Environ. Vol. 21(3), p. 49~57, 2016



54 Elee

& AT (P> 0.96) HoJFar Qi)

3.4. X120 o8 Y 2

3.4.1. LMW/HMW

TAIBHE AYGelMe AFsakeh 78 Y Foll <%
sPAES} AR AREOE 1% a12-9] ALTAolA
EHALE HEAZHLMW) PAHs 3EHUR= ring
o] 4~67}) IFARFHMW) PAHs B1ehEo] -8
LMWHMWHIZ} 1 oJ&te] FEIE e 471 (Pyro-
genic)?] FENS YeRACE Afola AL 5 Aol
A AR Aot A 5 22 AR AR
PAHs }gtEo] F4ate fiAlEe] A2 ez
RISt A+771¢ (Petrogenic)> LMW/HMW HIZ} 1 o]/<]
FE}S H2ATH(Yunker, et al., 2002).

AFAY A9, LMWHMW HIE 0.13~147(3
0.84)% JERALOH, LMW/HMW HI7} 1 o8}l Hl&
2 58.8%, 1 oM HIEL 412%% i)Yol A
S Yz A9tk SHELS LMW/HMW HI=
0.12~1.31(31 0.46)= YERICH, LMW/HMW H7}
101811 HI&-& 96.3%, 10V BHlE&S 3.7%% Ia7|d
o] Al Hlsl] wl$- Eokth T AYol LMW/
HMW HI= 0.13~1.472 Yepo], §77197 A7
o] B3=o] 9= FHIE Hola 9o} dav|de o

Z s E3dh

3.42. Ant/(Ant+Phe)

78 PAHs9] FEHIE-L Tt 23 #xo) disid
AN ARE AFS| £k Ant/(Ant+Phe) 52| H
£90] 0.1 o3l A5 7719, 0.1 oPdeld Airds
UFERATH Yunker, et al., 2002). Ant2} Phet EA}o]
1782 -2 o/dA| sjtEoltt. Figs. 6~72 AlF 2 &
HA AHE Ant/(Ant+Phe) FE] HIES HolF=
ZOZ 0.1 o olojA Axvld BAS vER o=
ZARE AT AgBe] 739, Ant/(Ant+Phe) F=2] HIE0]
0.07~0.34(F1 0.14)= 4785 AlQslar 25 Aar|d
o] FeE YeUTh FHE S, 0.08~1.00CHT
0.22)Z tFte] xHo] A4v|de] FeE YERA
wba] B AFelXE Ant(Ant+Phe) BI7}F 0.05~1.00(3
T 020)= UERYe] 47ile] et =19 a4
BFATH(Yunker, et al., 2002).

I o2 E5E Flu/(FlutPyr) BI7} 0.4 ol3tod g
2ol FH71Y 2o ® ARkEIR o, 0.4~0.5 Al F
Foll oJgt Aoz s o, 0.5 oPdold =
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Fig. 6. The ratio of Ant/(Ant+Phe) for each area in west region.
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AEpd= ATA] FES E9e] PAHs 544 2 29 £ 55
Table 3. The rotated factor matrix by principal component analysis
PAHs Factor 1 Factor 2 Factor 3
Nap -0.108 -0.061 -0.086
Acy 0.333 0.014 0.807
Ace 0.221 0.497 0.790
Fl 0.247 0.507 0.494
Phe 0.665 0.467 0.542
Ant 0.802 0.181 0.512
Flu 0.927 0.248 0.242
Pyr 0.930 0.223 0.263
BaA 0.925 0.291 0.200
Chr 0.899 0.347 0.237
BbF 0.935 0314 0.085
BKF 0.335 0.861 0.218
BaP 0.681 0.621 0.346
InP 0.449 0.804 —0.063
DahA 0.207 0.576 0.107
BghiP 0.241 0.859 0.370
Eigenvalue 10.73 1.72 1.15
Variance (%) 67.1 10.7 7.2

FH9 Ant/(Ant+Phe) =9} Flu/(Flu+Pyr) 3EHIE %
A3+ Aot} Flu/(FlutPyr) =81 3 23S Alelslar
T 0.5 ol HEEH A7 EAS vERla itk
Fig. 9= 5599] Flu/(Flu+Pyr) FEHIS HolFE=d), o)
T 0.4~0.6 MSE B 7 Aeh vlo]eujzo] A
2ol o8k 7oz e 4= ISl

3.5. FME M0 2fst PAHs 22l

WS H8ks] ulels)y)
FYsdTh. Q8 2|
AH I=5 = gle 290S RIS {st Aot} o
s 7IEs] fleike e FEe |eE ARSS)
ook g}, 13} o
o] A 2 21s EIE = dohd e Vel
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e
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y
i
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ARZHE Q21 Aol o Q1o =A AAj=e] U
A AHE A3 J3IA Varimaxi o2 3 HAIA
299 dEae] WAE Bo Aesl A9 ¢ e
ZA3E Table 391 YERATE. Varimaxi2 330H 52
sPEA 821 AR AlFe Eks HU=E s W
Holt}, 821 HAjolt 7F Ml QR17ke] AaA| o]
AEE Uehfle AoR 7} HeE2 8121 AAjFe] 713

=& a9l £31A ©chRay, et al, 2008). 221 A
o] oj= A& 7o} =Rl tigh YRl Ve ¢
HEo = (50180l B e =& FY8s 7RI
o7 Hr}

SPSSS] A EAJollA 37 8Rlo] A ALS b
¥3h= 54 A9E 25 Atk Table 390149k o], 37
9] QQlo] F=ERoHW, 221 19] AFAXE 10.730FA]
ZF W] 67.1%, 291 20 THAE 17284 F HHF
9] 10.7%, 82 39 IHAE 11524 F HFe] 72%
oltt. o] 898l 1FE 7Y FH7|HEL 85.0%=A
A WME <F 85%5 BT F U= FHoE BAF
t}. 2921 194+ Phe, Ant, Flu, Pyr, BaA, Chr, BbF,
BaP7} £& 29158 Holu glom E3] Flu(0.927),
Pyr(0.93), BaA(0.925), Chr(0.899), BbF(0.935)E 0.9
ooz AXYZQl /8 PAHsE Z&dh=d 0] &L
AFsAke] R FkfelA] ks AA1EE A%
THSofowote et al., 2008; Zhang, et al., 2012; Mari,
et al., 2010). 221 2= BKF, BaP, InP, DahA, BghiPdl|
el = 8918E YeRRIHE o] AEE AFsAke]
Ay FEfolA dAse davidezs FHHAC
(Sofowote et al., 2008; Zhang, et al., 2012). 281 3ol
A= Acy, Acedll TIsle] =2 QRIFHSE YER=T], o]
AES Ng d4v wWiEde® 5 & F Ao

(Sofowote et al., 2008). THFZ o= g 2y}, 22l
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Table 4. Comparison of PAHs with previous studies
Korea (Nam et al., 2003) This study
PAHs Seoul Busan
(ng/g Seoul West plain Iron plant area  (Kim, 2000) (Kim etal., 2015) South west East
area area
Min 32 23 105 15 27 9.7 14.5
Max 1,057 303 2,833 1,221 2,071 132.8 1,738.5
Mean 257 118 578 482 113.9 28.0 169.4
Main pollutant ve}fillcllgss,trz;ke .Small Coke buming, Indl?stry, Indt}stry, IndL}stry, Cog(eir(]))ll; ﬁqng,
source burning industry  petroleum refining  vehicles vehicles vehicles refining, vehicles
1, 2, 3& ©] A% PAHs®| AL AFsAht Aerds 4.4 B
7F miEdolgle 2E8S WE 4 A3t Nam et al
2003y o] EYU PAHs= AFsaht F318t 37 B A7 548 AR el tita ARSI 29
A ARgshe Aadael o8l =2 st AXEIt. He 7 Adeidds ) vl B AF
sl 1659] PAHs 53 B IAAEAS 53 o4
3.6. TLHR| 7|E¢iTet vl HE AR et 22 2ES AT
B A7Ans 7@ B s A 9 o= A8 1. AA|H o= S| AFA|Hol| Bl PAHs F=7F
o sk, AlE BAMPES A SINo) wek o= gkow] edlgdele B 0.1 AE, AGEAeIA
AT 2olHL At HIWE.0™, Table 49 8 T oF 8.5l A ZAREAT. o= TR A
LALS UERITHNam et al, 2003; Kim et al., 2015). £ X9 o B2 Aol RFHIL Qlo] 53] o
e BRI S At o] 3l wigEe & o] 7rsst Aol
T, M= FRES AL, F57784), AsAE & 2. 5 A9 EFo|A 3~4ring®] PAHs’} 50% ©)d

4 ooz sl £ Aol HeEhd® A
A 2 FRE EYY PAHs £ FEe= 247 9.7-132.8
ng/g(BT 28.0ng/g), 14.5~1,738.5 ng/g(BT 169.4 ng/g)
2 UERSTE Table 4049} 2o, AdS AU A
PAHs} HEEE AR oA, $7d9] A 5
T AT Ao AMERTRe EA4 AR
Th(Nam et al,, 2003). 5530l 25318k d7FAdo]
U= A|HojojA] 71E] wharet F7FEge] PAHs F=
Hlwspd FAAHog ozt vk ol9in). o= v o
T oAM= PAHsY A2 vlEdo] = 99| EF
S AFHS vhE, B Aol EYLESEYS gto
2 A3l thh W2 ZoF A

Tk 71E oy AARERH 59 A
W3ATE Zuo et al.(2007) F=F EIZR|GS FUAS
I weRPo g o] Hil PAHs %7t 242 2,430
ng/g, 469 ng/golelal WiEst 2 o] FRAY A
w2 FrHT 290U FHAL 292 Bl A
3 A A EAY 50~619 ng/g AARTE E=9kar
BL W HAEFAHBucheli, et al., 2004).
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& ARk et o) AuACR B FUIe
ol sgEel Brke A0 Eg & FHs] 1
FAIO] QolAE RS APt 5-6ring?] SHAEE

20% o1& He] Bl Zm AV ve 3714
PE) BT} B FES UL 98 & 5 9
otk

3. A8 79, Ant/(Ant+Phe) EE2] HIE0] 0.07~
0.34(FHT 0.14)Z AL AQela BF dAiv|de] &
HE JERIT F5AY 79, 0.08~1.00(HT 0.22)=
o] Ao v FHE YRRl 2 AT
o= Ant(Ant+Phe) BI7} 0.07~1.00.2 Uehlo], A4
7199] et F221S WA

4. % BNA, F A9 PAHsY AL AFEak

U Aekeiar) wiEdelels 28 Ui 4 qlaith
MM

B =FL 2013~149% A=A 3R QAAE AH]

Aol eJate] AERior ol FA=HU
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