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Abstract

Day and night sampling for gas and particle phases PAHs were carried out in Seoul to characterize gas and parti-
cle phases PAHs concentrations in day and night times. There was no significant difference between day and night
time for particle phase PAHs concentrations and phase distribution of PAHs, while, gas phase PAHs concentrations
in daytime were about 1/2 of nighttime concentrations in both summer and winter due to photochemical reaction of
gas phase PAHs during daytime. A high fraction of cancer risk for PAHs was attributed to particle phase PAHs and
the excess cancer risk in winter was higher than in summer. The excess cancer risk level of total(gas + particle)
PAHs in summer was partially observed when both gas and particle phase PAHs concentrations were considered as
risk assessment. Based on the diagnostic ratios and factor analysis of PAHs concentrations, combustion(coal and
natural gas) and vehicular emission might be the most significant contributors of PAHs and major factors for deter-

mining of PAHs concentration were different between day and night times.
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1. M

T

otk EELSE= A (Polycyclic Aromatic Hydrocar-
bons, PAHs)= F 7 o]de] W3 a7t 3¢E =
AE9 A=, A= g 2 Ido] vt &
A gxFe thr)gsl e dE= ot (Ravindra et al.,
2008). PAHs+= USEPA (United States Environment
Protection Agency)2} TARC (International Agency for
Research on Cancer)ol| A 7@ PAHs AEE2] AW 4
Foll WehA F5& Uil ok £3, f2vet 24
HolMe feiti71 2848 SHTS SYsHHA PAHSE
d7l e dEZDR AAst] 75 PAHAEES &
U g3t 9JtH(NIER, 2012).

PAHs= HH3]9HA §-7|318HE (Semi Volatile Organic
Compounds, SVOCs)Z 7|42} YA} Alo]2] ARRH|7}
o]FolA th7] Foll ZIAet YA HEiE EARIT i
7] ol ®AFo] 22 PAH 425445 7|42
EAstE = 4] Ak, EAFe] $7HdE PAH
HAEES YAFHE 29 PAHsE 7]A/QA &
I} 7ol wet o] 5¢] Asol AR L, o]= PAHs 9]
| =E2H=E AAsks T4 A= AT 5 9l
e wEAde] Q= PAH AEES T2 dF
Yej 2 EAstA T, 7|44 PAHs+= 7] 33}st w3
il 71& PAHsE T Z/4do] 7 ohafdt 2455
3t} (Lee and Lane, 2010; Lee and Lane, 2009). T
g H7] Foll 712 EA8H= naphthalened] 79
IARC g2 3o whe} W7 B4 = A=
(TARC, 2002). wh2}4 PAHsol &gt HA A<l $isi/d
B717} ol Roix B W AR} PAHsERE ofu 2} 7 FA)
PAHs 4#59 5% E4% ofg|ojof g} SR,
7|44 PAHsS| &30 it A+ 3% 2 249
ofHgo= Qs YA PAHsO| &7gof vls| d+2
7} mjujsieh £3], Sol A= th7] F PAHs =&
3ol gt Ardasol A9E 9 AEER RuEy
Q] A9k (Lee and Kim, 2007; Lee et al., 2006) 3} -2
FHe PAHSS] 717 W A BE WsE Baw
Anks ofy w3 Mo gtk A F BFo| B
Azt o]l o] FolA] = whE W] Tk AH B 71A
YA} Zulf Aol whet PAHse] &3 i Fol
o 2 Ao e

2 dFolds ZAAAA ALA 71T YA
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A} PAHs SEE B3 A go] Wt e Tiste] &
Aato] dat o] = @ §al4 HE Hol 2 sho}
sha o5 Z1AYA B R HEU SHS Avin
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e
2.1 N=xF
& AFolMs ZHRAGA AEA AT 0|5t
At ofAbEEllt 24k (37.56°N, 126.94°E, A|AFS
E27E 20 mofA dh7IAEES AHF AT AR

At Fud] =2d, 4K, A9 @ 4EX
o Fo| ERHeIdE BHL ATk ABAH S
KR

o

®2(20134 8Q 12~302) T AL (20149 1€ 27
A~29 16Y)0] R} gre g FRsto 7] Aess
AFHsA AFE F AR M=17)= &4 A7 E
25 OA7HAL HF A& (n=17)= 25 8A|RE Tt
24 6A7HA A 2E AFeH T ALE W AR (=
1= 24 IARE 23 SA7HA], ¥ A& (n=18)=
2% TARE tgd oA 6A7HA] di7] AlRE 23
StEh AET e UAXES 7IAAN RS SAI] A
g 4 &= F7)237] (PUF sampler, Tisch, TE-1000)
2 AbgsheTh. 71A14HS] PAHs A2E @7 91 3 <)
Z]9} 1 91%] PUF (Polyurethane foam)E ARE-3}$ .00,
UAM PAHs Al2E5 @7] §18f 550°C2] 7] =4 8
AlZb ZoF 12 A9IH (Quartz fiber filter, QFF,
?10.16 cm, Whatman, UK)& ARE-s}o] 2 F 53Tt Al
B AF 717 Y 2E, 45, 55, 42F T 5
o] 713 E= & 1o A8

22 Mg F2 9 24

A27} YFE QFFL} PUF+= ASE (Accelerated Sol-
vent Extractor, Dionex ASE-200)E ©]-&38}o tho]Z22
g} HEE3: 1, viv)ETEAE i 2 40°C,
1700 psi 2704 5& &<t 23] FEseh @A
oA B BAYS flst] AR 7Y WREEE
Z (naphthalene-d8, acenaphthene-d10, phenanthrene-
d10, fluoranthene-d10, chrysene-d12, perylene-d12,
benzo[ghilpyrene-d12)& A& FZ& Ao FUstrh
ASEXA AR &o] 4aHH, A4 F57](Turbo
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Table 1. Meteorological (Average + SD) data during sampling period.

Sampling Temp Wind speed Wind Humidity Sunshine Cloud cover
period (°O) (ms™) direction (%) (h) (%)
Day 29.6%£1.3 3713 WSw 52+8 7.6x1.6 5521
Aug. 12~30, 2013 Night 25.0+1.8 23409 NE 7347 - 46428
Day 1.2£3.0 3.0%1.1 NW 37+12 59+2.1 41£28
Jan.27~Fed 16,2014 \Giohe  —19+36 26£1.0 NNE 51+16 - 39436

Vap 11, Caliper Life Sciences)Z o]-23}o] &% 2N
= 40°CollA I mL J=7F 2 H7HA] 555 1
mL7HA] =% €98 2mL Vialo] %7]3, N, concen-
trators o] 83}y 0.5 mLE &39tt 5= & A
A - A B4 934 Agilent AL Gas Chromatog-
raphy/Mass Spectrometry (7890A GC/5975C MSD)E
Agale] BAYAERS B4 GC AL DB-
17MS (30 m long, 0.25 mm ID, 0.1 um film thickness,
diphenyl-dimethyl polysiloxane phase capillary col-
umn)E AFEEITH GC oven?] &5 ZAL 27|2%
£ 60°CE 187 943 & 310°C7HA] 6°C min™'&
F7H1713, HELEAA 1SET AN AT L]
Aze BE7IA(99.999%)5 ol-&stAL, AR ¢
T &= 280°CofA] splitless ZEZ 1 puL U5
ch.

2.3 Mz £2|(QA/QC)

2 dFolie 18FY PAHSE EAYGEE= A
Astglom, & 20 Fol} A AT EA A
24EY Agdte WREEEHSE F8s3, 6719
REEA R (FERY: 0.05~10ng)E o83t AFAS
ARG oH, ' 0.99 o|4Fe] AAAE Btk AE
A% = (Method Detection Limit, MDL)= E-4]7]7]
oA A& 7Hed F=E M5t EFAIR(0.05ng)
£ 6¥o] B4 #3st, AEd 529 #5HA
of 3& Foto A4ilstgict vigAI RS EAGAEE
o] AEEHE A& &S] Y34 QFFY PUFE A
BEEANAYTL FYUsHA AHE skith 1 A3 QFF
A mo A= HEO] HA| @3k, PUF Al &
oA Napd} Pheno] Z}Z} 0.42+0.18 ng, 0.07 £0.004
ngo] HEE d7] ARoAN dAEEHEY AT
SEE A4S T o v RS AR BAEgc 2
Ao A= surrogate standardE Z-83to] ZF 7] A
2o 3t 342 BASYA L, internal standardS

o713 A A 32 A Al 4 &

Zg-5kA] ghskeh wEkA, AA oA 9 & B
7Hs $lsiA BB AR (n=6)°ll YT PAHs EE &
A3} surrogate standardS F5te] HAA|A R} FY
o R whE HAEE shltt ol 18F¢] PAHs
2o Acy®} Flug A|9J3k1 PUFE 91~107% ©9]
o 388 Yen, A9UE Y] H9 88~113% ¥
919 21588 ehichE 2)

2.4 2laid "ot

A B QAo Wl R &Y A=
of weba] QA HeF 7S Al E3Th(De Pieri er
al., 2014). WAEH] S okt Zo] FA=2
#2844 Qloh

RISK=LADD X SF

LADD: BA Y U H 1= Z3F (Lifetime Average Daily
Dose, mg kg™' day™)
SF: ¥¢}7]-&7] 212} (Slope Factor, kg - day mg™")

HRLLBF = EF (LADD)2 /MEALY 5
(COZ FUJMRARHE A 4= oy thgat 2
o} 2 oM CCY £4& 9g g7|AE Z3o
7E E5o] o]FoiR = AAZEEH 2F 20 m Yo ¢

18t S/dol| Al o] F05 7] wEell, LADD AAto] i
74 4 Slth

CDI(LADD)=CCXIF

Nt

ol

-

CDI: (Chronic Daily Intake, mg kg™ day™")
CC: 7WEAE 9] 5= (Compound Concentration, mg
m™)
IF: &) ¢12} (Intake Factor, m’ kg™ day™")
FYAAAF) A4k that 2t
IRXEDXEFXET
BW X AT
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Table 2. QA/QC data for PAHs.
Calibration curve parameters MDL Blank (ng) Recovery (%)
Compounds
Slope  Intercept I (ng)  QFF PUF QFF PUF

PAH
Naphthalene (Nap) 0.5428  —0.0345 0.9992 0.003 N.D. 042+0.18 92+4.0 101+3.0
Acenaphthylene (Acy) 0.7804 0.0256  0.9996 0.012 N.D. N.D. 165+15.5 151257
Acenaphthene (Ace) 0.4246 0.0273 0.9997 0.012 N.D. N.D. 107£5.5 95+17.8
Fluorene (Flu) 0.6502 0.0111 0.9998 0.004 N.D. N.D. 161+28.5 140183
Phenanthrene (Phen) 0.6067  —0.0435 0.9990 0.005 N.D. 0.07+0.004 92£5.0 9%+1.4
Anthracene (Anthr) 0.5888  —0.0678  0.9984 0.006 N.D. N.D. 90+3.9 103+£3.2
Fluoranthene (Flt) 0.7209  —0.0492  0.9990 0.003 N.D. N.D. 88+4.4 92+2.7
Pyrene (Pyr) 0.7235  —0.0468  0.9992 0.007 N.D. N.D. 88+3.7 92+2.2
Benzo[a]anthracene (BaA) 0.6255 —0.0796  0.9981 0.005 N.D. N.D. 93+4.9 96+0.9
Chrysene (Chry) 0.6042  —0.0502  0.9986 0.006 N.D. N.D. 92+5.4 94+0.8
Benzo|[b]fluoranthene (BbF) 0.5779  —0.0572  0.9985 0.005 N.D. N.D. 92+53 98+4.2
Benzo[k]fluoranthene (BkF) 0.6055  —0.0463 0.9993 0.005 N.D. N.D. 92+6.2 101£7.3
Benzole]pyrene (BeP) 0.4802 —0.0375  0.9991 0.008 N.D. N.D. 92+5.6 94+1.5
Benzo[a]pyrene (BaP) 0.5349  —0.0505 0.9991 0.009 N.D. N.D. 91£5.1 100+7.0
Perylene (Per) 0.5004  —0.0383 0.9992 0.009 N.D. N.D. 92+53 95+3.0
Indeno[1,2,3-cd]pyrene (Ind) 0.7725  —0.0904  0.9985 0.010 N.D. N.D. 92+5.1 109+4.9
Dibenz[ah]anthracene (DBahA) 0.6880  —0.0887 0.9979 0.005 N.D. N.D. 91+£5.1 111£5.1
Benzo[ghi]perylene (BghiP) 0.6337 —0.0569  0.9989 0.008 N.D. N.D. 92+5.6 94+34

N.D.: Not detected

IR: 37]%¢]& (Inhalation Rate, m® hr™")
ED: =% 7]7F(Exposure Duration, 70 year)

Table 3. Inhalation unit risk (IUR) for the studied PAHs (De
Pieri et al., 2014).

EF: l=Z%1 % (Exposure Frequency, 365 days year™)
ET: k=2 A] 7k (Exposure Time, 24 hr day™)

BW: % (Body Weight, 70 kg)

AT: B (Average Time, 25,550 days)

o771 RSP SR Bt SRR
TG kg0 2 theat ol A4ttt

A9

TUR X 1,000 x BW
B IR
TUR: 3¢ 9|4l %= (Inhalation Unit Risk, (ug m™)™")
1,000: BHHAIS (g mg ™)
IR: £7]3-¢]$ (Inhalation Rate, 20 m® day™)

/¥ PAHAJEES o
5199 TH(EPA 2003).

FIYB= (IUR)E E 39 AA|

RE-EIR- TR
3.1 PAHs s 2

E 4= A20lA 20139 8€ (5)F 2014 1~2

PAHs IUR (ug m™)"!
Nap 3.4%107
Acy 1.1x107°
Ace 1.1x10°
Flu 1.1x107°
Phen 1.1x10°
Anthr 1.1x107
Flt 1.1x10™°
Pyr 1.1x107
BaA 1.1x10™*
Chry 1.1x107
BbF 1.1x10™*
BkF 1.1x10™
BaP 1.1x107°
Ind 1.1x10™
DBahA 1.2x107°
BghiP 1.1x107°

A (Aol R} ol 54 PAH JES0] Higt 7
xﬂ”ﬂr Pt s=E 14?40}01 et itk o 5%

% PAHs (71Al+gxh 9 31} ¥ Hdss 42
13.57+4.76ng m™, 21.35+6.20ng m 2.2 UEO
o, Ao zHz} 32.79+10.68ng m™, 42.01 +13.49
ng m o]tk F PAHs9] Wit ¥ BdeEE BF o

me_
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AE d7] F 714 9 AR s

SET AZe] oF 2] 2 vE £XE H3oH, 9
= 71& 2ol AAIGE vket ol (Lee et al.,
2006) Aol AR AHE S7H= AT H7] F
PAHs = Z7}2 ZdE ),

o g0l 71A14 PAHsS Rt ¥ Fdss 247
11.19+4.33ng m~¢} 18.26+5.28 ng m~ 1L, YAHAH
PAHs Z$o|= 747k 2.38+1.81 ng m~ 9} 3.10+1.86
ng m 22, 7|Z4 PAHsS] FE=7t YAl vlal oF
5~6H] A= EQrh W, ALolls R Afele 7]
AA PAHs| & (18.18+7.36ng m™)2} Q=4
PAHs®| %% (14.18 £5.49ng m™)7} B]&=3} 4=2¢1 vk
W, whol = 7144} PAHsO] %= (28.82+10.65ng m™)
7} A& PAHs %= (13.19+4.31 ng m)Xc} <k 2uf
A= =8k

Wik @] FEAolE Brkel] st ttestE
gt A7, AAHY PAHs Bt EE o5 AL BF
95% A 2|7t A AtolE Holz| kgt W, 714
‘4 PAHs®| Bt T A-A BE o] Hls|
o] F=rt of 26 Ak w3l ol R ATl F
So] ¥ EHRY Z7 SO GFPol RO

A4 PAHsO| E=®3t= L, 7141 PAHsY] &&=
T Ao HobR 7] wiizel R ARkl 1Al
PAHs9| F&=7 W& 8 Qe Fashitgof ot
£Aolzta ArhEh

o] Eof =7} =949 PAH 4252 Phend} Anthr,
Flt 91 §H, 202 Nape} Phen, Acy7} & 52
BTk & O A AR, of2 vre] A% 7|4
AF PAH A EE F9)| A& Phen}: Anthr, Nap9] 5=7}
Lol QA4 PAH AEE 2oL BbES} BeP9)
FE7F ESITh o ol 71A14 PAH &S SollA
+ Phen3} Nap, Flu®] =7} =9k31, AT PAH A
25 Fol4= BbFS} BePd w271 =3th AL R
|+= Napi} Phen, Flu, Acy9] 7|AA =71 =941,
A} O 2= FItd} Phen, Pyro] %7 =9ttt AL
o= AL R} $Y3 £E2EA4S B3tk &, PAH
NEFEESY £ F A 2% @ Yol 2 &
o]F Ho|x| ¢k R, AEE Ao|7} F3IEHA U
Ehyith. o] 5 3 PAHsO HiE E= t7] 5 AR
Bi7F 23} goll= 24 23] g v, AddEs
OE 5 USS gelskith AEE 9 Fofrtke] PAHs
o] wjE54L 3. 424 oA et ZA|SHA A A 8EATH

2

3} 4 (PAHs)Q) & - v B E 413

oX

3.2 PAHs H2X EHY

a9 194+= ¥ PAH 4259 714 2@ 4=
EXHEE o5 ALl R ¥ TRt AHE
At} o5 Rl WA 2709} 3702 LA4E A&
Z}eF PAHs AEE (EAteF H9: 128~178 g mol ™) &
Pheng A gt JES2 100% o4 71AFSE £
81913, Phen®] ¢ Bt 93%9 7|4 £XE 24
o HiAdy 42 FYE FHEATF EAE "
202~228 g mol™)¢] Flti} Pyr& 2+t 77%, 71%7} 7
Aol BEZ3FH I, ChryD} BaAe 100% YAAFO =
EAsEGATE WA 574 ool AEEE 100% YAk
oz ZASG o8 Wl 714 2 A BEL
ChryE AlQetales 2o £x9F fARKAH A& W
o Chryls o] #Eole 27 % SO 24%7} 7]
Aoz ZABIT

Age Bl g
YA vl ge] F7ksE Rg
+ WA 27)¢} 37] 2 4% PAHs /4
I} FluZ AlQJdt AEEL 71AT dAFes nF
ZA8 et A, Napdt Acy 2+ 92%¢} 82%7}
ZI1HA o2 B339, Phendt Anthre] ¢ z+zk
T1%, 49% 7)Aoz Bxsigc WAe 442 2
A= Fltd} Pyr ZVZ}F 44%, 39%9] EEE BHgoH,
Chry®} BaAL 100% JAFo g2 EA st WA
2 57) o4kl 4RSS o2 uEANE Ry
100% ?JZ}*POE ZA5Hch AL W= AL ‘*91
PAH 859 AL et FASH Uebttt. o] &
PAH é—‘?—é A2 2744 WS 7H A
o] o1} Aol AEE HE&o] FEE g4l
3, ZE A R ol iE AEE Aol
ERLA] ghotth & 1o B0l ALd oFY 2=
ol oF 25°CQlH] whal, ZF AddE R Y] 2= A
ol 4°C A=R At} o3t H& 2% zpolo=
A 2~47]2 /4% PAH 259 AHEul #3t
7F dojuhA] o5 skt
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3.3 PAHs Rl "7t

2 dFoAMEs odEH ALY Fokztel st
PAHs9| 134 BA=E H716l7] flste] PAH &=
9] & BaP 7|&9 Toxicity equivalency factors
(TEFs)Z 24t 5= (BaP-eq)E AMEsHih 248
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Fig. 1. Ratios of gas and particle phase PAHs concentrations.

18F 9] PAHs & FollA TEFgto]l AAE 17F
PAHs J&5HS AR8-3to] BaP-eqits AEsHGl o,
BaP-eq9] g2 E 40 AAISFTH(Ramirez ef al.,
2011).

o5} AEo] PAHsE = (F+1hol] thet BaP-eq
FECIA+LRE 242 B 0.51£0.35ng m” (H
2]: 0.19~1.16ng m™) ¥ 2.54+0.49ng m” (49
1.84~3.18 ng m )&, AL PAHsQ] BaP-eqgto] o
ol PAHs®| BaP-eqgtt} oF SHff H= &SItk &
233} gho] PAHsQ| BaP-eq =+ Z+Z H4 0.18+
0.20ng m~ (4<): 0.08~0.93ng m™) ¥ 0.31+0.32ng
m” (H: 0.09~0.95ng m™) 0 & Hto] =7} oF 2uj
BE EYTE ole oAF Wl Rl 2 AT
PAHs9| 5%=7} o vlsf £317] flzolch. AL ¥t
ko] PAHs®] BaP-eq 5%+ Z}Z} B4+ 1.25+0.27ng
m>(H89: 0.85~1.67ng m™) & 1.23+0.32 ng m™ (H
9: 0.57~1.70ng m) 0.2 a} HFo] Zjo]7} Ho|x]
BTk A9 Aol B3 Ho| PAHs9| FrEAto]
7b HolZ] gSkAT, BaP-eq == Woll EoHde &

o713 A A 32 A Al 4 &

QU8 4 UG, ol ol YA PAHs SE7F S7h
37] w o]},

Ao BHe sl maE W b o
o v, sratg Aol Eat PAste] A Wet A5
A& o &3tk (De Pieri et al., 2014) o] | HI}=
A T AR (T0kg)] $EE T09E 7202 9

e B ok 25l 0E wae
57, 59 5 Aol uebA] T EL Thoy

St olFold 4 otk 2 ATOlHE Bebsh Pers
ASlg 1559 PAHSHES AHgste] Slaly H7he
A Om, AT A TSl 1Y 20
Y2 AN Y PAHS HEES] 8
20 GOz Y 2L B IE6(H P 3 |
ol Wek K)ol Zehel PAHs] 93t Wet s
Ao] Qltka K31 QIth(EPA 2003).

29 AL Y3 £FL H 6.5E- 722 7|EAE
2B Gok, 9 2L 2 G 29 3

Sollt 52 BATUT, we] 9ol 39 A
o Y4 Ee 200 2B THHOR 429 ¢
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Fig. 2. Risk level for PAHs concentrations during daytime and nighttime in summer and winter.

A Bz 714 PAHsO| frold sEEE H3s
S 28R AT, 9 2 7144 PAHsS] -3
=7t FeRE W HErES 296 o8
3to] PAHsol| o3t 91ai4] B7koll A YA PAHs
=gt nEdd, AdeE 2o g 97 s
7t 2 4 9SS AT = YUk AL FR(E
+4ho] T3t & PAHs (7)4) + U#p) B 98] £zo
P 29E-6 02, ALo| 2R} FHIF oY £FL
4u o] &9k}, E, AL Wit we] & PAHs (714
+47h Bt ¥ $E2 47 1L6E-63 1.TE-6Z 9]
s 2943191, A5 TE 29 SV 5 2
AL AT BE 77 B APFFS 2
wlehA], od2HT} PAHsO| W& o] Z7}st= AL
% PAHso| tigt §@=o] 2ot G Wlmav}
Btk

3.4 PAHs HIE¥ T}

off off ox MN

3.4.1 PAHs M2 H|&

PAH 4 &5 Hi&d

Hgo] gebAt 54& Helth uebs PAH JR e
B2 2S5 Y 54 A7k AT e
s A 71l ole wEUs 3Pl EF
sl 7]t 54 whEUe] Fgoletn B
ol QAL Glek B ATAL PAHs HEE FolA
839 RS Aol AME I Folzke] PAHs

&Y 5442 AHEJTH(TH 3).
PAH A5E 2 Flt/(Flt+Pyn)= 04Kt} Ztom 4

fr AA A Wi, 0.4~0.5 Hel= Af oA b
£, 0550t 39 Hio] Quj A0} Mer Ao o3 Ik
o7 WuEI Qrh(Liet al., 2016; Tobiszewski et al.,
2012). Anthr/(Anthr+ Phen) -0 .18t} 2o v
4% ARNA 0155k Y vho] v A2k 314
A7 Aiof 93t ggFoz HuE Qrh(Li et al.,
2016; Tobiszewski et al., 2012). & dFo)| A= Flu/
(Flu+Pyr)= o5 (H9: 0.52~0.60)2 AL (4 9:
0.53~0.61)° R} ¥ B&F v BAE How,
Mol enlzsh ek Aol garol AMHo eyt
t}. Anthr/(Anthr +Phen) = GA] & A 2% 23} g
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Fig. 3. Diagnostic ratios for the sources of PAHs; (a) FIt/(FIt+ Pyr) vs Anthr/(Anthr+Phe), (b) BaA/(BaA+Chr) vs Ind/

(Ind +BghiP).

TE glo] 0.10~0.459] W91 Hho]owh 2t s
2 A4 Japol Aujaoz Yekrth I 3a).
Ind/(Ind + BghiP)= 022t} ZFol A4z o] A]
HiZ, 0.2~0.5 9= Af daollA HjE, 0520 =2
w vlo] Quj 29} Aek lao] o3t JFo B WuHT
)t} (Tobiszewski et al., 2012; Yunker et al., 2002).
BaA/(BaA + Chry)x 0.2~0.35 Y= 44 A o)A
&3 St AR Aao)A HiE, 0355 2 Hho] 2
iAot S H R Aol o3t FFeE BuEy ot
(Tobiszewski et al., 2012; Yunker et al., 2002). E3t,

o713 A A 32 A Al 4 &

BaA/(BaA +Chry):= 0.38~0.64 ¥ 9= t)a 153}
oA B2, 0.22~0.55 W9 7Hee Bl o3t
o2 wWuE T QIth(Lieral., 2016).

a9 3bo A= BaA/(BaA +Chry)3} Ind/(Ind +
BghiP)9| £x & AuEgton, ojFof Inde} BghiP
‘g0l A9 A=l HA| ¢otth BaA/(BaA + Chry)=
o] 20] 0.34~0.57, AL 0.33~0.539] H9= =g
t}. Ind/(Ind +BghiP)+= 59 0.49~0.54, A9
0.41~0.539] H9JE =<t} BaA/(BaA +Chry)d}
Ind/(Ind + BghiP)¢] B2 A= Hlo]ouj A, Aet 1



° = 1= SLUFSEZEL LA . H =3
Ag di7] 5 71A B AR SRSt (PAHs) O W - B B2 B4 417
5 5 20 - _
2
(a) "3 5 () / ‘ d
4 . o ! Mixed — <
’ Mixed —=—» ’ 2
4 P i 4 Brown P
4 Brown 1.5 / e
/ ™ ' 7
’ i el ! 3
o ’ o ° ! / (]
e 31 é a7 B ' g
en 7 " /‘/, (4 .o %D // 4/'/
£ o S I 1.0 s d
5 . %, = / .
i ’, el ol ' ;
s # 2 2> M / ;/’ .
L - - - Vehicle / o ¥opie Vehicle
2 s Biomass ¢ B = Biomass
GF S <— Bituminite Industrial coal 059 S & Bituminite Industrial coal
14 72 ®  Summer day ' i B Summer day
257 0 Summer night ! a O Summer night
7 ® Winter day 0 A ® Winter day
4 Winter night P ‘Winter night
0 T T T T 0.0 T T T
0 1 2 3 4 5 0.0 0.5 1.0 1.5 2.0
-3 -3
Flt(ngm ) Ind(ngm ")
2.0
(c)
F Brown——— e
1.5 S A
./‘ s F
SN g s
. #
g ¥ Mixed o
éﬁ /7 o] /. )
= 1.0 1 & G 6 °
= F G ()
@ / 4 °
,'/ f:‘ * - - - Vehicle
054 / A —-—- Biomass
: F 7 Industrial coal
7 = +— Bituminite ®  Summer day
t © Summer night
k4 ® Winter day
s Winter night
0.0 T T T
0.0 0.5 1.0 1.5 2.0
-3
BeP(ngm ")

Fig. 4. Scatter plots of (a) Pyrene versus Fluoranthene, (b) Benzo[ghi]perylene versus Indeno[1,2,3-cd]pyrene,(c)
Benzo[a]pyrene versus Benzo[e]pyrene (Gao et al., 2011). The lines are published source profiles taken from the
literature (He et al., 2008; Zhang et al., 2008; Sheesley et al., 2003). The vehicular emission composition is from
data collected in Zhujiang Tunnel in the western urban area of Guangzhou(He et al., 2008). The biomass burning
profiles are mearsured data of rice straw burning emissions obtained in dilution chamber measurements
(Sheesley et al., 2003). The coal combustion profile are selected from industrial coal combustion in the main

coal-mining regions in China(Zhang et al., 2008).

Y MG A9 g Uitk

H 49A= 6% PAHs JEE9] 7127|159l
A w29 E4S Aw Rkt (Gao ef al., 2011). Pyt
Fl1te] 71717} 1.42d o &=+ wijE (He et al.,
2008), 0.96Y W= H}o]ujA A4 (Sheesley et al.,
2003), 0.64Y w] AFHR]9] FH et A4 (Zhang et al.,
2008), 0.779 ] AtHR|9] Zet A4 (Zhang et al.,
2008), 0.908) ©f AFIA|o] Ak (W +2Eh A
(Zhang et al., 2008) F&Fo 2 B QT (Y 4a). o]
£ B4 o5 Aol Rt i 2F Audio

I
& HJo

2 L}eldTh BehiPT} Ind2] 7]27]7F 3.80Y o =}
2} ¥lZ (He et al., 2008), 1.00% ©i= Hlo] QufjA &
(Sheesley et al., 2003), 0.60Q w A= e GHer
A2 (Zhang et al., 2008), 1.14Y o AFjx] o] ZE &
2~ (Zhang et al., 2008), 1.45Q o AFd=x]9] Aek(HH
B+ ZHeh) A4 (Zhang ef al., 2008) FFoz B Q)
THHE 4b). o] & T4 AL R} dhof 3H4 A= 9
A0 vl A FFE UEhllen, ofFoll= Hiol
QA FFS WERRAIRE G|l HEE ol Hof
< "EsH7]ole otk BaPH BePo| 7]&7]7h

b ot o
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Table 5. Factor analysis (VARIMAX) result for total (gas + particle) PAHs in daytime and nighttime during summer period.

Daytime factors

Nighttime factors

Component
1 2 3 4 1 2 3 4 5

Nap 0.529 0.642
Acy 0.844
Ace 0.757 0.778
Flu 0.893
Phen 0.873 0.790
Anthr 0.665 0.832
Flt 0.974 0.855
Pyr 0.960 0.923
BaA 0.753 0.773
Chry 0.657 0.649
BbF 0.894 0.850
BkF 0.905 0.806
BeP 0.897 0.848
BaP 0.951 0.519 0.602
Ind 0.951 0.948
BghiP 0.951 0.946
Eigenvalue 5.556 3.529 1.973 1.307 6.944 2.980 1.967 1.138 1.025
Variance (%) 24.571 24.474 22.496 10.890 24.653 22.552 15.798 12.564  12.270
Probable coal . natural gas vehicle natural gas coal vehicle

combustion, > L - 8 . L - -
sources incineration combustion  emissions combustion  combustion  emissions

0.849 o ZE2} ¥jZE (He ef al., 2008), 2.00Q wj=
Hlo] @ ufj A &4 (Sheesley ef al., 2003), 0.50 wj A
JR) 2] AHEL AL (Zhang et al., 2008), 1.00Y wf Ak
29 Zet A4 (Zhang ef al., 2008), 0.88Y wf A+¢]
A9 Mgk (AT +Z4%) A4 (Zhang et al., 2008) G
Fog B SItH(IH 4o). ol SlA 5T AL
of Wik if B Mgk Ao AFa vjE Y] dFS 2
Stk

PAHs Ad& H|&S ©]&3 wi&d B7H2n o983
Agol ¥t ol i3t PAHs O] HjEEAdo] T3 &
o|F Holx| UYL, T2 Hio| Qufj Ao} Ak AL F
S AR dao] o3t FFoE FH7t et 3.4.2
oA 2AEAE SlA B S-S Hoh ZA|

SHA| A Hgkt.

- =

3.4.2 Y2 BAg SttHiEd E4
A2 Aol it we WEY 54 setely]
Q&4 SPSSZ =213 (IBM SPSS Statistics version
21)& AFEsle] FAE EA (Principal Component
Analysis, PCAYS 8lich. ol ot 224 o e
&olst7] sl WL 3AHS o]8-3H%laL, PAHs

o

o713 A A 32 A Al 4 &

BEES 71T dAVEE ZHR & =8 °l83t
o, & 59 60 2HE AASHAT

[¢)

59 o5 B ¥ FA4E 24 Z3toln, o
doll= 82.4%9) BALO R 47) QQlog LEEF ub
HellE 5719 agle] F&E%L, F 87 3
Ak 2o AS a9l 1A= AAY oF 24.6%9
ARE ZHAY, WA E 3~402 FAE AEE
(Phen, Anthr, Flt, Pyr)o] &2 %= 7F&th. Phen,
Anthr, Flt, Pyr= A8 A4 A7boA 2 WjEEH =
AEeR, a9l 19 S IFS Mg dxe 27to
2 gotEch(Lee et al., 2006; Park et al., 2002; Simcik
etal., 1999). 821 20| A= AA| Q] oF 24.5%9] BALS
7}AH, BKF, BeP, BbF/d&£0] =2 3t& 24t HA
7] S ARE QRS T2 AFA daofA H
Zo| HAT, 2AH5A; vjE9] A #<] BghiPz oAl
o] AR E AHGE= Ind o] BEate] A5t wiE
9] ggFo 2 Aty 7} =235k (Lee et al., 2006). 1

S22 Chry, BaA &9 gho] &= %lon, Chry
A AH7EE AaollM 7MY =A HEHE 4RS
Z (Lee and Kim, 2007), 821 29] vj&H I AA
7kA AAaR B 89l 394 9F 22.5%F 24t

dr 9 R o
N
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Table 6. Factor analysis (VARIMAX) result for total (gas + particle) PAHs in daytime and nighttime during Winter period.

Daytime factors Nighttime factors
Component
1 2 1 2 3

Nap 0.831
Acy 0.937 0.911
Ace 0.889
Flu 0.855
Phen 0.911 0.792
Anthr 0.615
Flt 0.831 0.612 0.717
Pyr 0.869 0.794
BaA 0.619 0.719 0.806
Chry 0.783 0.611 0.697 0.670
BbF 0.604 0.759 0.897
BKF 0.652 0.728 0.949
BeP 0.731 0.639 0.810
BaP 0.617 0.755 0.747 0.610
Per 0.884
Ind 0.948 0.942
BghiP 0.901 0.819
Eigenvalue 11.129 2.798 11.293 1.794 1.155
Variance (%) 49.496 32.428 38.913 34.773 10.092
Probable Combustion vehicle vehicle Combustion

(coal + natural gas) . .o (coal + natural gas) -
sources for heating emissions emission for heating

< 7HAH, A Ak #iE2] 2] #<] BghiPz} oA%<
AFEZ AHEEE Ind #0] 2 32 Bt whahA
29l 39 iYL AFAt &9 YFo s Uk
Hho] A% 22l 194 A9 oF 24.7%9] EARS 7}
Aw, WA 7 4~57] AES (BbF, BeP ,BkF, BaA,
Chry)o] &2 & Bt ol oroll At upel 2
o] Chry, BaA /J&£o] Zro] 83102 FZE7| A
A7kA Aol ot Yoz Tk a2l 204 E
AR oF 22.6%2 EARE 7hAH, WA LE] 2~37)
AEE (Pyr, Flt, Anthr, Phen) A&k 49} 4710 A
FE HEHE JRog g9l 29] HjEY JFL Met
Aot 270 2 HoEth a9l 3oA= AeAE Aa
o] 2132l BghiP¥} Ind A E-E0] 7 A&°] =, &
3l 39 & U2 AFAL &S] FFo R AHHT of
£ 58 489 Wi Wl div] F 1A 2 AR
PAHs o] digt 889050 o2 ExsH= A
< AT 5 AUl

53 I E ALY F$-ol= PAHs FEo
gt Wt gre] aldat thE2A EXIAL, AL
o= o] 5ol H3l PAHs =0 tiet a0l AA +

ESEHSUTHE 6). AL 1Y ALole F 2719 820
FEHUL, o= 3719 82lo] FEHAUT AL R
o] Aeoll= a9l oA WA 27§88 5771A]
of ago] 2ol 2EHUTY. 0|5 HREE F2 A
Holut HAZIAS Amo] Aho] 95 7191T Fo
2 gt 29l 204 = WAl ] 57421 PAHs A4+
S} A5 A4 AE BghiPy} AN A5
2 ALSEIE Tndo] B S et gt 89l 2
o WEAe AFA A4z waET AL W A
e &4 1olM= AL W] 2l 29| Axfe} npdrt
A2, WAzl 574Q1 PAHs JEE1 Asat d49
A 3291 BghiPZ} tjAAMNZ 9] A F 2 AHEE = Indo] =
< w2 vehgth weba 2l 19 wiEde AEAt
A4E FwdETh 291 20|4& Acy, BaA, Pyr, Phen,
Fit, 429 gto] =4 A&=Hen, j&do] J3FS
Aereinet AA7A Aoz BerEc,

A& A2 A @3 e FRee] 68T AL
o7] % PAHse] A4 U1S Tholet A3} o83 7S
of PAHs®] 2 AL th27] ettt oj 2ol
#gol Wla) PAHs A4 RQ10] Wef AuAos T8
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B, F AE 2 G o) el 7o et
o 27 H7tE R ol Fal e ALY B
ol= W7l & PAHs9| =5 2Ast= 2820 o
£ 7 e Fselth

PAHs Ad&H| &3 F4& £4& 53 HEd
A} vpo]euj A0 PN AR (Mg} HAZEL)
AHE2F w71 7ks G R Ut AlRAFH 3
FHoR TR FAXHo] WHFHUE A
2, vfo]l e mjAol Het A4o FF T2 FA
29| ko g HetE T (Lee et al., 2006). E3E, oS
Hop Age AR FFgo] FegAed, o=
718 BEHEY Zi}(Lee et al., 2006)S T3l Ao
Wi ARgo] F7157] W2 SR oA

N
-

e o
P S

A

-

e b
9 Jo 1o

2 AR A= ALoA 20139 8L (912)T} 2014
W 1~28 (A B3t v 7)A T gAY PAHs
o] FEE F5te] that T2 EAS Tofetgith

1. PAHs9 =23 7|34} PAHs 5= o231} A
& BE 3 57 WY FEY oF 12 £E0R
ottt ol ¥ A|7kdoll 71314 PAHs 2 33}3} §E
Lo o3t &4 gEoZ worEch vhd, RAF
PAHs 5= & Ad 5% 23t 4o zjo]g Kol
A] kol

2. PAHs®| AHEuj BE: of
N2 7€ PAH ZEE
Feletgon, Wit vkl 2
2] oottt o] WA LT 2~4702 LA PAH A
EE2 23 dho] 2= Zjolof| x| AR W3kt o
oz k= AL Felstct

3.PAHs 314 A=: & AF B5 23} vhof digt 7]
A4 PAHsS| F= 2ol ZA|T 7]A14T PAHs <]
BaP-eqgte] Afoli= A YepHA] gkttt ol 7]
Al’d PAHsJ 22Tt YA PAHs 250 93l &
o] ZAE o] AL Ao worHETh Wet THs
T AASES Brkstgon, d5RT AL AF
+EE 20 39 HlErt 78k &

sk G AHEY QA4 PAHs

%
2 YPsEe 2ASAL FAT 714

AZol WAz 2-4
e 542 gEe

Wl xfo]S 4L Uheht

o> flo du
Sh ox =)

].

o713 A A 32 A Al 4 &

& PAHs9} 37 1= PeEs 23T
4. PAHs 9] Wj&E4: & Ad B5F tf7] 5 PAHsY +
£ HiE89E AR (HEH HAZks) A9
A52} w717k FFOE YEPE AT o 23 AL,
W3t ghef] 2 wiEv|de 2 £ aEe] g
AL AT = YAt
£ A5 Fl A& 7]  PAHs S=&32= PAHs
o] Ao whet Wil ghe] Aol g Hol=

o AU, o] wE FA e 2

o
Z 4 9it}. webA], 3 PAHsO BA4TH ASS 2
gsl7] flaides olE9 W e RS &HA
As 54 A7t o] Fol Aok gttt

ZAel 2

o

EES 2013WE AR R Y
o2 FATAT] AL Wot AT 7 2ATA
<) (NRF-2013R1A1A1005644).
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