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Abstract

Five intensive measurements of particulate PAHs were made at a roadside in Seoul from May 2005 to June
2006. The average concentration of particulate PAHs was 15.1410.6 ng m™. The high concentrations of partic-

ulate fluoranthene and pyrene were observed in November 2005 due to the influence of the lower ambient

temperature. Compared to the previous results at tunnel and ambient sites in Seoul, larger fraction of the high

molecular PAH compounds which consist with five or six benzene rings, was observed at a roadside. This might

indicate high influence of vehicle emission at a roadside. The distribution of diagnostic ratios for specific PAH
compounds indicated that the influence of vehicular emission, especially diesel vehicular emission seems to be

high at a roadside.
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1. M B

th3hlak=elslae 4 (PAHSs, polycyclic aromatic hy-
drocarbons)= EbA9) Sz dl ZAE B}gRER gE]
7t 5 N ol 3% H3EES] A olvh PAHs F
benzo(a)pyrene& 33838} benzo(a)anthracene, benzo-

(b)fluoranthene, benzo(k)fluoranthene, chrysene, di-

*Corresponding author.
Tel : +82-(0)2-3277-2902, E-mail : yijiyi@gmail.com

benz(a,h)anthracene, indeno(123-c,d)pyrene 5 7]
Foll F=2 A Az EAske AEEe] 244
247 Adedx U (ATSDR, 1995). =3k PAHs=
2001 A5EF §opllA T3 f=ivieb) =23
H FHoAleof A1 (Region [V)ell A H2] =4kl At
FA4 f3l 22 (PTSs, persistent toxic substances).Z
AA = ¢ o} (UNEP, 2002).

PAHs= 2 §7]313H89] 2944 died 2J3iA
W] Aol die AR TN &S AT,
upol w2 AE EFFte] A Al FA 5 A9
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2E 489 di Aol w3t (UNEP, 2002).
oo whe} PAHs: A AMAAM oz U 22
s oled, 98 AMEFe] B =4 AYdA B
=7t 9 3, £4 A YA PAHs?| F2 &2
53R 1 FeME AR AFsAtE RuFHs g
(Marchand et al., 2004).

Fo M e AR AFAIM YAt e s
Zloz =izl wet QA 27} A AFA
QA W7ol st A3} BasiA R 9l
o} (Kittelson, 1998). Z2 AR E= 249 72
4L FHr1Hoz NAE Ao FH9 A}E B
stz A3 ABERAS A TA 20039 129
Fx 7|3 fAdel #HE SE S AAEA
o} ol e} A, AHA, AT =2 f=e
298 3715 @3 AR ) A% =
W71 SN S vpAE T, 20059 14 1
"—J%’—Ei o] A3t gicth o] EHAA A F23

Bio] AgAte] 7] @8 wiEA el o] 7
AR ZA6 ot FHME AFAbe) A7
=2 PM-10, 294 1A @ 7 (black car-
bon) 5% EA0] digk A7} $3H7] AEEI S
(o]&E 5, 2007; Aedx} gredAl, 2006; vl AE 5

2005).

PAHs: &M A4 wl&=E dak L9E8A
o]ar, =4l AHelA Fo &L Z}EX} 1o 12
22 z2WilA A PAHsE 2984 F8
Waygs jJr“"f‘fP: d 23 A== %%% A
3L, A7) A2 Are] AAd WiE S8 WEHR
A ass sgste d =80 € & x4
EAele}. F9) e AHgAtlA &= PAHse]
W3 Ag7t SEsiA sEa AT (Zielinska et
al., 2004), FHAME Guk A7 AA AHe) o
7l % PAHs &R Fz £AHAUF(AEAH 5
2006; 3FAA 5, 2006; Park er al., 2006). 23 57
X (source profile)E 2tAd8}7] $lsle] B\ dollA A
g AF = UAIRE (R, 2002), =294 PAHS
2ol G AFE obx7bA] wwEA ket

b o AT MeA HUETF A2F
A QNS e ¥ =2EAA 20059 59
HE} 20064 6¥7A) BE 5AE 3~7d F<t
PAHsZ &A 3}, (1) =2¥ A PAHs ¥ = $£F&
Aegstalm, () e 719 Bl 5o G2 w2
EAL A oA A3 PAHs y= Hx9} v
sto] =2He) BAE olsh5ha (3) PAHsS) 54 A

Sampling site

Fig. 1. Location of a roadside PAHs sampling site.
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Table 1. Sampling and meteorological conditions during the periods of PAHs measurements at a roadside.
' ) Starting No. of Averqge Average Wind Relapye BC .
Sampling period time sambles sampling temperature speed humidity concentration
P time (h) 0) (ms™') (%) (ngm™)
May 19~ 24, 2005 22:00 5 24 17.3 2.1 55 7.7
September 8~ 13, 2005 06:00 5 24 24.6 1.7 71 8.3
November 17 ~20, 2005 22:00 9 8 32 20 41 5.1
April 13~18, 2006 22:00 5 24 11.2 32 40 54
June 12~ 14, 2006 14:00 2 24 23.0 1.8 60 NM*

*NM: not measured

Table 2. Analytical conditions for the GC/MSD.
GC

Table 3. Abbreviation and recovery (average &+ standard
deviation) of 13 PAH compounds.

Gas chromatography  Agilent 6890 PAH compounds Abbrev. Rec((;v_eg))/a(%)
Column DB5-HT (30 m X (.)425 mm L.D.

X 0.1 um film thickness) Phenanthrene Phen 71+2
Carrier gas He, 15 psi head pressure (constant flow) Anthracene Anth 75+2
Injection mode Split ratio 2: 1 (1 uL) Fluoranthene Fht 74+1
Injector temperature ~ 260°C Pyrene Pyr T6+£1
Oven temperature 100°C (3 min) — 5°C/min — 280°C Benz(a)anthracene BaA 84x1
programming (6 min) Chrysene Chry 78£2
. Benzo(b)fluoranthene BbF 8912
MSD Asilent 5973 Benzogk;ﬂuoranthene BkF 76+2
Transfer line 280°C Benzo(e)pyrene BeP 83+1
fon source 280°C Benzo(a)pyrene BaP 88+1
fonization EI/SIM (electron energy: 69.9¢eV) Indeno(1,2,3-cd)pyrene Ind 104+2
Dibenz(a,h)anthracene DahA 106+3
Benzo(g,h,i)perylene BghiP 95+1

B9 exuls vwsld WA =X A7
F2 Wl&UE seotslaat sgich

=
SRR

)
I

2.1 55

33 1o vpeld uhe} 7be] 2005 SYRE] 2006
9 697HA] =F 5ARE Ml MHET AlEEl
AT AR AE @ A =2 (JAkR)9
% AHo2RE o 10m Pojal =2l
PAHsE FA3I3ct (RFd ¥, 2007b; o] %
. 2007). 1A PAHsE 54317 $la f2i4d
HE] (203 mm X 254 mm, Whatman EPM2000)S
218} o228k 37414 7) (Sibata DHV-1000s)2 o]
43l GElE 500°Ce] Adr)=elM 5213 Bt
79 AT S o] Bbel WElE Woz Fof
dFulE A2 A P Baste 37

2 do e 22 o
ol 3
o

o~
0

[

“Number of recovery test

Zt Bt 37143719 %2 100L min"' o2 A3

2717}, A8 44, 71AEA 9 739 (black carbon,
BC) s=% Algte] = 1o vepld 7] 714

t AMEA FE2T $9% AAR RS2
A #59 A2g J5sted vehd Zlolgh BC 3=
= PAHs 3] 37 =2WoA] 2X3le] d2 =}
geolgk (i Fd &, 20072, 2005). 7|24 22 ¥F 104]
FE Azbsle] 2417 Fetb FAEs e, 20059 9
47 200611 64 AN A7 oA 64, 2F 2
Aol AJEFERE . o] AN T 2442 BE FES
olg3lgomz, &2 Al7te] ol Ao &4
e viXA d3tE Aotk 20053 1192 AS
sel 841714 38 AR AASHT] W), 37
A &85 st 24717t HE $E2F Ik
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2.2 24

Algzt AFE Fe= Al A o] 435}e
400mLe) o} Ex FAL(1:1¥)E) 48 Lu=2 8

AZF et FEEAH FF F A 55725
mL o]3l7} Hxs s2aet 5 FEYL 4%
HgAd Ayt 2eRg SR F BASY 55
71t AL FF7E ol43te] I mL7bA]| 538t
GC/MSD=. ¥A135199 11, A4 PAHs®] BA=AE

£ 20 vepdet A7) Fell F2 71A4 ez EA43
¥+ 47) A% (naphthalene, acenaphthylene, acenaph-
thene, fluorene)& A 9)3tx, 9|3 & BAWNE o
g3ted 137] PAH A HE2 A ¥Asc 2 A
el Mo H 3|4EE PAH ALE2] ofeie}
= 39 A Aslgd ek EPA TO-13A0A] AAdF =4
(B 5&o] 60~120% We)E& WS3HATH(US EPA,
1999). & dFollA ARE3E GC/MSDO] &A=
0.07 ng m™3 0|3} 31, AN EF AR} 4~8% HY =2
@A o] ckzalsict nigkAlg] £AM 723} 7k PAH A
Foll gk vieA g et AETA o591, A&
= AFEA] REedskA] st

3. 4ot 9 n@

3.1 Z2HoIM A4 PAHs2| S& S4

20054 5YRE] 200613 647k 5] BA A
& =3 Koz FAHT F °‘ZM} PAH<]
A7 =g 1¥ 20 Jeloh dH9F T =
3¢l vbERA 137 1AM} PAHS) %EE g3t 7l
ok HA A7 54 F YA PAHS HF 5=
£ 15.1£10.6ng m7e]gleh A7 He Adrud,
3] 204 BEe] & &4} PAH 2% 20054 5
9 (25.7£2.34 ng m™)F} 1149 (25.742.70 ng m )9
ERE, IR FErF B ek 2006d 69
(5.44+1.63ng m7)ell wla] oF 4.7vw) ¥ FHo|dh
200549 99 (7.10+ 1.45 ng m™*)3} 2006 4 (10.4
+1.37ng m el w)sjA] 22} 3.6u), 254 A= =
2 Szolr) & 18 ¥, 20054 592 BC w27}
200611 49 uvls) 14 AT Eokch =z
Z wjEYe Agxle|uz 9x4 PAHs 3= BC
=} Aol & etk 1eE® 2005 5¥
o] =2we] i} PAHs, BC 5 Abgal wiZel 9

g 7| 873%HA) A4 M2E

Concentration {ng m3)

|
' 2005 I 2006 |

Fig. 2. Temporal variation of total particulate PAH con-
centration at a roadside in Seoul.

ddl Aoz WA=
a8 32 SAAZE 1370 4AY PAHS B=
Zoleh =2 delA A4 PAH 4
o 5 xS SRR S P8 2
Als)skne Ao WAl e
75—z FAE naAe ARl v} w3
o} 7)1 AFAHRE oshd HAz WAzs} S
~6/M2 FAE TEAF ARES AFA dse
oA 27 5o ols) Fep 4 qlAnh heist o
A AR F2 wiEHs Aoz BadHT Qo
(Schauer et al., 2002; Marr et al., 1999; Rogge et al.,
1993). 53], 7H&3 AFR7E A4 AgAke] B3l
BghiP%} COR (MlAl 18] 672 FAH AES) £9
aRALE AEE u]Eo E’%‘i(Nlelsen, 1996; Li
and Kamens, 1993; Rogge et al., 1993), t]A A}=x}
X BghiPXe} Wil 78] 47} 1~27f A2 BbF,
BkF, Chry 5-9] %¥%7} &t} (Duran et al., 2001; Marr
et al., 1999; Li et al., 1996). 3}X| 7t BbF, BKF, Chry:
A dacMe ggor wEHs| Wil e
| AEEe v= xttez oA AEatet FA)
5 TR} o ALl A A4t
A 3 B AT SN m2Hde 3
=2 =w9] BbF, BKF, Chry:s E2] 949
Bop= R AHgAREe] &l 25t oJskez 3
oA 4 giek webA 20059 119S Al9fska
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.l}'.,oﬁ,r_?..rir‘_&
o S
é—r‘«

o



NeA B2HelA A4 G gEREess S5 54 137

May 2005

Concentration (ng m 3)

Phen
Anth
Flt
Pyr

BaA

Chry
BbF
BkF
BeP
BaP

Ind
DahA
BghiP £

November 2005

Concentration (ng m™)

September 2005

Phen 477

Anth
Flt
Pyr
BaA

Chry

BbF

BkF

BeP

BaP

Ind
DahA
BghiP {78

25

April 2006

=
o
Kl
oy

Chry
BbF
BkF
BeP
BaP
Ind
DahA

S 5 &2 B o< p Lo AT o A s = 5 o« =9
8 E L @23 EFEo ¥ 0 & £ = S T 2> G &
= = A = oo — = = =9 =
< m g @@ 8 2 < o0 o
2.0
June 2006
1.6 -
=
2 121
=
2
g
£ 08
Q
2
S
0.4 4
0.0 - 5
£ 8 2 5 < p KL A T g
FEFLzEaEaE5 53
A m
Fig. 3. Distribution of particulate PAHs concentrations at a roadside in Seoul.
2E ZAYZE B g AFAS A% A ey e
Az AMgEE 2R S T2 52 A 2005 11l w2 SAA7 Sl Bls] AE2t
o2 Hol ¥ 2RI =Wl Aode] BAS 4 o YEEQ Flt Pyre] s} wolkeh A Fi
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Pyre} 7b2 ARAG RS2 st FolAE o
= W) 71 Pkem Qs AR dAkE) O
AMg S7ER QAF wlEH ZUle dMEE £
Qo). PAHs7} ubgtA] EAo)7] wFo] dl7] &%
a7l @2t Z]AA PAH AR5 A 540
23] iAoz o Fdte) =3 PAHsS wiEd &
A AEH 712 skl et el 23t W&
Z7KE Qld] AgAe YA PAHsY e57t Zt
& 4~ qlt}h. AlA| 2 Fli, Pyr2 Phen, alkyl PAHs$} &
A E:AQ] Mt A4 Y2 A=A 9l (Sime-
ik et al, 1999). oj]8|8t % 71x] Yl 2F 7] &
71 e QEA o7t B ATl YA
2} PAHs®] F=uhg A H9)7] w e F 7}A] &
A F o= Aol ¥ Fo AR ot 4 ¢l
SAAIRE 20059 11l A 2AF L9 =7t

Z715 29le T 7)8) sh7tel o7 osfoz
Az

i}?‘fﬂira, 20054 119¢ A 9)stys nE 23
7\ 7ol WA T2} 7} S~67 FAY TEAEF AR
Eol %7“ E 33 ol As AN, ol A%
2] o] 3 FFoz s|NFH U

3.2 oi7] A g{do||M QUAIA PAHs =&
TXZet dlm

=2 HelA] U} PAHsS] 183 EAL Adn
7] 918 718 d7)9} Bl delM &A% YA PAHs
=9t vlaste] 1§ 4o deplioh Bl 34
gk YA PAHs 55 A& A9 253l H4E]
d 27 AelA] EA7 Ao 3 (U3, 2002), 7]
F ArE A& =2 24 4ol|A of 1.2km Hejsl
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Fig. 4. Comparison of particulate PAHs distributions obtained at various sites in Korea. Tunnel data are from Park
(2002). Ambient data at Seoul and Gosan are from Lee et al. (2007) and Lee et al. (2006), respectively.
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AgA =AY SREET L) S

o|Zted At 3t aL ofAbF IR SAtel| A
(Lee et al., 2007)¢} AL SA 4ol A
(Lee et al., 2006)o|c}. ZA Aol u}-2 PAHs =9
ZfelE wiA|Bl7] $13ted A'H PAH F=% 127
U2 PAH (BeP #|#])9] 5= #oz o] =
ot

Bd EAATAE Agae] oFgeletn 7pAste
=28 AHs} vz B, Bdel A WAl e)s) 3
~47f 2 o oAl A-EAtF ANE, 53] Fltgh Pyr
o] ¥ Hl&E AAEAT: Wb, === Flt,
Pyre} oo wRAeF AE-E<l BbF, Ind, BghiP$]
Hlgol FUATh QoA E AFE uheh o] YubAo
2 AANE AT S~z FAY
A% PAH 4 ¥5o] go] W2detn nus)m 9o
r 2 (Schauer et al., 2002; Marr et al., 1999; Rogge et
al., 1993), =2Wlel M Agake] oJsfe] A wkod =
3 QiFkm wekeeh AR AER e i)
AL Aom 45 Bdelae olelg 4
o) WAEA ket AFAE PAHs fE SHL A
o BAY A SEAE o4 M BN
243 Azeye 93 Qid. 4 Hde du
WA AFER 2Thae) BHe Teisiel 4
Hol slemz Edel Y eyt =2 d7)et
g8 A= olg zpo|7t A7|E Ul Fo dhid
Roz FAEG w3 HYE WP 2 F 7AE
7ol =24 d7]el b2 A% o)t zto]E fE
T 5 9l Aoz Yada

d7] % PAHs 3= ¥Z 54< A#RH, A&}
TAY 25 Phen, Flt, Pyro] &9k, 127] A& =

2271 FAFSE L Phen, Flt, Pyrd] %71 22 7

< B 337 v 4TS veblis 2ol

Table 4. Diagnostic ratios of PAH compounds in this study.

139

A
o

A5 Bl A M= Pyrd] =7 7 23
Phenel] w8} Anthr®] w]go] 24 i, A&7}
AR 2% Phen} Fitd] =7l ¥ch ubd, =2
ol M= A RAg ARed) n@AE ARee v
£-o] ¥]%=3HA Yelyt). Fang er al. (2006)e] ol=w,
Phen, Flt, Pyr2 &3 FH o] wjAM R} el G4
oA Fz W&oty ¥ dlgdek =3 Lee and Kim
(2007)2 71&A A AE WlelMe 2 =
+ 29ozrE Mg did ST 24 o5
ofgko] Aty FA3IHT) whetA A& 34 df7)
F YA PAHs 5= $Z A% daE zeD
oJ] wj&delA wiEd PAH AEEc] £ 3l
 oukg, s2delAM FAT o] AN AEA
Wzl 2 Jke] Audel Aow Bk

3.3 YA PAHse| HiEd F3

PAHs®| wl&de 3 WY & sz 54
AEES FrlE o843k Wbl v & v Edd
A wiEd W] Aot gl wet 54 A%
of WE FEEle A7 27) WEe), o] o=
A w2dE FEIIE oFT 2y st
A AHEE 4 Aok A 9ol PAHs 3= 2%
54 B e st & o gel Ak
stz glek AFSAF &) CFFo] AuiHYd o=
disle =2daiA 4 PAHsS £AA171Y F
2 wiEYe] 54 sepstaal s & 4ol 7|E
Q5N FAHAA 7 w20 PAH 54 A&
9 F=veh ¥ AF7AANE Aiste vepln o
ATeMe At AEETE T3 Q17 e,
o2 A¥Ee wxH F U7l = Az &4
3= AJE-E-(BaP, BeP, BbF, BkF, Ind, BghiP)9] &

Source BeP/BaP BaP/BghiP Ind/(Ind+BghiP) (BbF+BkF)/BghiP
May, 2005 1.2~1.5 0.30~0.39 0.44~0.52 093~1.5
September, 2005 0.43~0.63 1.2~1.3 0.57~0.60 1.3~1.7
November, 2005 0.53~0.62 14~1.6 0.46~0.48 1.5~1.7
April, 2006 1.8~2.8 0.67~1.1 0.59~0.68 29~37
June, 2006 L1~1.7 0.50~0.59 0.49~0.50 0.95
Gasoline vehicle 1.1~13 0.3~04 0.17 0.33
Diesel vehicle 2~25 0.46~0.81 0.3~0.7 1.6
Coal combustion 0.84~1.6 0.9~6.6 - -
Biomass burning 0.44 - 0.64 2.18

Reference

Simcik et al. (1999)

Simcik et al. (1999)

Papageorgoulou ¢t al. (1999) Yang er al. (2006)
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140 o]A o] - g - W g - upfew] - A HA
=8]8k A A3 ok

v 2 BeP/BaPo] F=n|E AR Ed. AHH A
FAkA wiEd ] BeP/BaP 5=y Mukdt vt
oleul A el o3 wWEE wjnc @ dh-
Asake] wjZol| £]3 BeP/BaPe] Fxwv]E 7t
7] wie] o8 wiEdst +E3l7) 95wt BaP/
BghiP2] ‘sxH)E 32} AS AgAke] wiZe]
At danc 25, 53] Hdf 25Ap2] wlEelA
ze}, ol Ff AbgRlelA AH o=z BghiP
W Zo] Wl 7|& A7 et dX|8h. Ind/(Ind+
BghiP)¢} (BbF+BKF)/Bghipe] wxH|: I 249}
AR AsAIA EE d Xjo]E Ho|r] i
o5& TEIY] H3 Ax=E AHE $ iy @
o)

22171 BeP/BaP2] rx8]|E v|ws)xH, 2005
W 597 2006 44, 699 Fx8|7} 20059 9497
119 w8 gieh 20059 5932 200611 699
BeP/BaP ¥ =8|= 1.1~172 Muldae] vjZu|e}
42130} 20061 492} BeP/BaP Hx=H]: 1.8~2.8
202 A2 (FEHe} A NE F=ve
o} vbd, 2005 9Y =2t 1142] BeP/BaP s%1|%= 7}
7} 0.43~0.635} 0.53~0.622 ulo]lomlA 49
=509l $AFsIE T BaP/BghiP HxH]E vlas)y
o, 2005 597 20061 64 (20053 5%: 0.30~
0.39, 20063 644:0.50~0.59)-2 3§ A=}
Z 2xn|e) {Alslela, 20061 4% (0.67~1.1)2
AR Ak W& Fwnlel ssich weka o
A7l AHgAl wiEol] o3t ofgke] FW Ao=
ZA =) w3t 20059 997 119 (99: 1.2~1.3, 11
4: 1.4~1.6)o= <] BeP/BaP ¥xn]9} njztrlx]
2 AR el d49] yenel st =
22 BHdy g g7]e shEe] gl7] el
h7]9] o33ke] Il 4 9ok Lee and Kim (2007)
< 20029 8YRE] 2003 12Y7kA] MgA] H7]
%] PAH A2& ¥H3le] 71285 AgHel e vt
ol 9wl el Aul vl o7t 7]od&o] Zpz)
% YA PAHS 63%, 82%) FeHE B3] 1L, ol
5 35 £ 5oz odE8Ae AAY olF
o 28t ZHez FAsiet upetA] 20059 9YH
Aol mio] o] 29} Ml @dive] of3ko] HolE A
< =2¥o] Yr)9} EAjE] Vet Axe FAH

14

—_—

£

Ao 7187 A 244 A2z

Ind/(Ind+BghiP) =¥ EE 274717 044
~0.68 WS1olgich o] WeE Af AEAY WE
sxnle} 717h9e}. =3} (BbF+BkF)/BghiP %)
FEAAE 20069 49 ZRAAE AT BE
247437h A AsARTGE A% A )
PR

99 A e Sk, YHes seudAE
g3t hEe] % Ago] AujAINUL AER
AME Ag AEA EY el AR Aoz B
T 20053 99 116] Ak} uo ems
49 o] mol: e hedd AL wew

o] AT A= 2005 SURE 20061 64747 5
aAelel A AeA) AEFe] AHT el Y
A4 PAHsS 55 £E EAS ATugdch £2
A A} PAHs 5% REE 2HA7HE e
opag wedAlR, 20059 119¢ A 95 me WAl
27} s~6702 TR maA 4P st ¥
ot}

QA4 PAHsS] m2W T4 BHE A
A5 712 d7lsh EdelA] 2% A4 PAHs 3
=53} nlmsteeh e Azl v)s) Ados w
21el|A]:= BbF, Ind, BghiP 5-9] 318x}ek
ol EHE, o AL EHA APg vigtos &
270 AFEa}e) PAHs W2 S413} A8

o}7]61 4= 2ol ula) Phen, Pyr, Flto] A
W s2ad s o5 ¥ TEAY HyEd
st g EEaigch Aen 2 9] F o
A} PAHsol:= gt 928 T3t o2 2ol
A Wl&E PAH 4350 EqHe] x W, w2
WAl 24T o QFATE ABA wlze] o
o3po] A|ujlo]9}7) Wl Ao oA

m2melA A4 PAHSS) F2 wl2e 345
7] $15kod B A¥ES) HwulE B4 el o
s, Quh oz waWeAy AlEA wEd o3
oJzfo] AwjAolAT, AEA FAME A% AEA
W 2e) oggfo] AW Aoz PekEgn: 20059 94



AgAl E2eln B HegERtess v
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