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Abstract: Air samples were collected and analyzed to investigate regional level of PAHs and its emission
sources. The average concentrations of PAHs in the suburban (Gwanak) and in the urban (Seodaemun) area
were 16.5 ng/m3 and 59.1 ng/mS, respectively. Phenanthrene, fluoranthene, pyrene, and fluorene were
predominant PAHs species, as their sum contributed to 55.6% and 60.8% of the total PAHs, respectively. The

possible major source of PAHs was suspect to be the combustion of diesel fueled vehicles in both areas,
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particularly for Seodaemun.
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stel 47 w28 4 odrk. 53] 1987 FAYATA 7] F9] Bwt F7be
EJIARC)?IA BaP & &% 2|47t B 84 & 28FF FR7F S7HsTh o9 whaf vOCse
Ae wek Aol B TR BRAEA BE & LR B8l WaVlE @Y. te dwe
WA E W] AlAstth $H PAHsE =884 2 PCBstt PCDD/Fsi= th7] FollA #3teek-g-& A<
2 Z7I8k0] Ba, A8 A 3 wiAd] F3 a2 &=t PCBse T2 7h: JHlE A8l
HE AFe] Ak wEA 7] F PAHsS] FxE 3 PCDD/FsE 2 YA 2% = EAste 457t
A e FA T B2 dTFE Foh 3 3 F BTl HES PAHsE AFA Ee 1910 2w
slgt BEde] vk ¥W3E d=37] YsiMe g8 & B 3 SR WEEIL o, oF 17t &F
29 vx Wl FE = T d' ads +Hs O 3k wgo] et th7] 59 PAHso| F
3% Wskel a2 a1 FEAS Foloptt gt 8 A AL Bl it Tl Fo] QU <l
olgist HollA FAU7IE sstEdo] v A uA| AARA AL 7] i, A, a7 GFEl
2 ols3ste FRoIH, 1 A=A ulg- Fasit) A Tl A 2ddo] o o|E2RH wEH=
374 7] SolA steEde] sEdsie 1 B2 PAHs= A &7F DA F] oF 80%S AFAISkAL v
o B, =EI3etd 54 Foll et alA At A olF MiELAA HIEEY & dAFdME Ae
ZH7F 2. PCBs, DDT, HCH= 257F 57185 A9s o =4lsh X9 PAHs 558 =
Table 1. Atmospheric sampling information
Sampling information
Instrument Gwanak (GA) Seodaemun (SDM)
year/month
Date Date
2002/09 9/14 - 9/15
10/11 - 10/12
2002/10 1024
11/16 - 11/24
2002/11
11/30 - 12/3 11/30 - 12/3
12/11 - 12/12
2002/12 12/22 - 12/23 12/21 - 12/22
High volume air sampler 12/27 - 2003/1/1 2003/1/6 - 1/9
2003/01 172 172 - 173
2/10
2003/02 2/12 - 2/15 2/12 - 2/15
2/20 - 2/21
3/5- 3/6 3/5 - 3/6
20033 3/10 - 3/13 3/10 - 3/14
2003/4 4/2 - 4/5
2002/11 11/16 - 11/24
11/30 - 12/3 11/30 - 12/3
2002/12
CP‘_UI / 12/27-2003/01/01 2003/1/6 - 1/9
(coarse particle rotary 2003/2 2/12 - /15 212 - 2/15
impactor)
2003/3 3/10 - 3/13 3/10 - 3/14
2003/4 4/2 - 4/5
2002/11 11/16 - 11/24
11/30 - 12/3 11/30 - 12/3
2002/12
] M,(;UDI o / 12/27-2003/01/01 2003/1/6 - 1/9
(micro-orifice uniform 2003/2 2/12 - 2/15 2/12 - 2/15
deposit impactor)
2003/3 3/10 - 3/13 3/10 - 3/14
2003/4 4/2 - 4/5
Analytical Science & Technology
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A& T4l f1Rg A ET9] o]sto Rty g e}
ATl vlsl] tid 29 HjE Q@] dulx e
2 AE AR o= Mg e ok &A
St AEHERE E ATe F7H] HYE A3

212 A|ZHe 9|
7] AEE zF A E Qe Y8t & 3 25
ol AE AMHNE ol &3t en 7t AE AHY

S Table 19 VFERN QAT

213 24 et siEtE

o3 Wk &l A 5 16719 PAHS (F(Fluorene),
Phe (Phenanthrene), Ant (Anthracene), 1Ph (1-Methyl-
phenanthrene), Flth (Fluoranthene), Py (Pyrene), BaA
(Benzo|a]anthracene), Chr (Chrysene), BbF (Benzo[b]fluo-
ranthene), BKF (Benzo[k]fluoranthene), BeP (Benzo[e]-
pyrene), BaP (Benzo[a]pyrene), Per (Perylene), IcdP
(Indeno[123-cd]pyrene), BghiP (Benzo[ghi]perylene), DahA
(Dibenz[ah] anthracene))& W’ SIF=EE M st =

ATt

214. A2 xfF g

7N E= 8% t7] A8 A3 71(HVAS; high
volume air sampler, KimotoA} % Tisch Environment
AD, B4 F5-2] 3 7] (MOUDI; micro-orifice uniform
deposit impactor, MSP Corporation), T}t 3] #A4
ZE 13 71(CPRI; coarse particle rotary impactor) &
= 3T AHNE AAEA AH AT E A EA
Holl AHES I&F d7IANEAFAT= T FYH,
Iy 9 PUF &4, fF ST % B3R 74
Hol A, 0.3 m¥/min®] FHOE 2447 A =74
At A EZ 2 49 ZE(Quartz Fiber Filter)
E A3t AFH AL, 7 BEE e Eede
A A 2] A Z(PUF; Poly-Urethane Foam)E A}-4-3}¢]
PG 7EdE Al AF AT o] FEA
7= A7l & WA 2718 s EE S35
fsted ARSI L W= 0.18-18 um ©o| T}, HEgh
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7] A15.9] 73 ASE (Accelerated Solvent Extraction)
X (DIONEX ASE-200, USA)E ©]-&-3lo F&314
o 24 e 88 W) 9ty FE A UR &
=% A (surrogate standard)Z d,o-Phenanthrene, d;»-
Chrysene, dj,-PeryleneE FU3A . FE2H4 S &5
g F 3 T w57 % AL FF7)E o] &3h
°F 1 mL7HA] F53te] A ZAE A A& Al
Z33 . PAHs BAl= A, 77 FAUEF 1
cm, 190 °CollA] 247 7F B¢t EAFAIR & 78S
A A GATFE 4% A1 A2 7 (Merck Co.,
USA) 4 g, ¥ F2EF | cmg 22 2347
AN ARvETYZ AHS PAHs GAo o] &3
o n 3o 2 AFS A &, AI5EE AR Fa)
3le] 50% UlEZ 2 E/n-F A 25 mLE PAHsE &
EAN F T3] A8 T XF =2 (Internal
standard)Z d,o-Fluorene¥} d,o-PyreneS F<13le] GC-
MSDel| 28] #2418 a3} th. GC-MSD= HP6890}
HP5973& ©]-€3l91 3 El modedl|A] SIMO 2 #2]&
AN &9t 23S DB-530 m x 0.25 mm x 0.25 pm)
2 o] &AL 2B FLXAL 70 °ColA 4%, 300
°C 7FA] 10 °C/min& & 53t 587+ X3t ).
ANEFYEAL vy oz | uL FYsh

216. 22|

A4 AGE @) AL E@APHE A5
7] $18l FA1E (blank sample)e} 3 7HA] F(spiked sample)
I8 3 S8 7FA] S(duplicate spiked sample)S ©]-&
sttt e BAUEE tisiA 100 ngE F
o & AA ARet A2 e r 22, G B w5
F8E& AA E4E AA & AH 70~115%°] =2

= =

¥ rlo
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2 ARG H 7] 722w A Al
PUFE & AE& AlE2 ARSI AAl A 59
U3 WP T FE A S EA5H oY o))
7} 3lghEo] YA Ho PAHS AEFE 0.05-0.62
ngolow, WHAZA= 0.19-0.88 pgm’* ALt T
g 7r22del W AEHS 0.09-7.17 nge 2 WA
Z3E= 0.10-14.79 pg/m’E LFERTH

3.1. 47 & PAHs S % EX

AT o A Mg =AY HERgE T4
o= 2002 9¥HE 2003 4Y7HA] t)7] 5 PAHs
(JAF+7Ehe] B8 AR o A3, ot
A 9(GA, n=13)°] HI 1652 ng/m’CE AZHIJL

, B9 WME 5.52-38.89 ng/m’E UEIT At
I A (SDM, n=8)> B 59.10 ngm’ 2.2 HAE |
AL, FE] W& 2898 ~ 100.50 ng/m* S 2 UE}
St AAH o2 e B4R Ae] F R o) H]g
ok 3 uf o] B Ao 7 AN THTable 2). ©1 A
o A Aol e w4 X99] PAHs] HF %

[e)
b4 84

£ 35~67 ngm® WY E YEIgom, 53] A&
9 FEE 673 ngm’E £ A7 A XY F&
Fob vi2et FEE BATH(Table 3). 3, AEE
St v Fig 19 e wkel o] xAF 717F

FEE #otA o] At 24.93 ngm’E 2 (14.34 ng/
m?)Z 7F2(9.72 ng/m’)ell ¥]&] E& FE=Z JERTH
g AU A Y] ALH Bt TEe 6623 ngm’E
3] 3565 ngm’el] vl 2] AE B FEE
Btk AfEo g AE A9 PAHs 5 AL
o] 7H} & FEE UEil= AR et

7Z PAHs % phenanthrene, fluoranthene, pyrene,
fluorene®] A PAHsY] 55.6%(ZH<}t 60.8% (A1 TIT)
S A&} t}. ©]% phenanthrene®] 22.5+5.7%(F<}),
254+4.5% M )02 7P B2 ¥E-S AAIStAL AR
37, fluoranthene©] 13.6£1.4%(F2H), 14.9+1. 7% &)L
2 U0 R H2 8ES XL ATHEFg 2).

o9 Fig. 3] PAHs®| 71233 A4 5%
EEE AT 28l YR uhe} ZFHo] PAHsY
FTE F 7taS YA AAee wEE HeF Aol
5.86 ng/m’(3.20~9.04 ng/m*)3} 10.56 ng/m3(1.92~29.84

Table 2. The site comparison of PAH concentrations(ng/) and meteorological condition during sample collection

GA(n=13) SDM(n=8)
Sampling date PAHs Temp. TSP W.S. PAHSs Temp. TSP W.S.
(ng/m?’) ) (ng/m’)  (m/s) (ng/m’) °C) (ng/m’)  (m/s)

2002.09.14-09.15 5.52 18.8 65.3 0.8

2002.10.11-10.12 6.42 16.8 88.7 1.2

2002.10.24 7.96 11.8 58.8 1.9

2002.11.16-11.24* 16.44 1.85 70.6 1.3

2002.11.30-12.03* 15.96 3.5 59.7 1.0 67.0 6.4 95.8 1.6
2002.12.11-12.12 17.08 -4.6 439 -

2002.12.22-12.23 7.39 5.3 20.2 0.9 100.5 6.5 98.3 -
2002.12.27-2003.01.01* 24.56 -3.8 49.8 1.2

2003.01.02 38.89 -3.2 74.1 1.0 77.8 2.8 153.5 1.6
2003.01.06-01.09* 75.6 5.8 100.2 1.5
2003.02.10 20.36 72 92.1 1.6

2003.02.12-02.15* 18.67 0.03 654 1.8 38.2 0.5 106.4 2.0
2003.02.20-02.21 19.88 24 50.5 1.0

2003.03.05-03.06 41.0 33 93.8 1.7
2003.03.10-03.13* 14.34 33 63.9 1.3 43.7 4.7 108.9 1.7
2003.04.02-04.05* 29.0 13.0 112.4 1.8
Mean 16.42 61.8 59.10 108.7

Min. 38.89 20.2 100.50 93.8

Max. 5.52 92.1 28.98 153.5

*Samples were collected simultaneously with high volume air sampler, MOUDI and CPRI

Analytical Science & Technology



AEA S 7] S PAHs X 5

Table 3. Site comparisons for PAH concentrations (ng/m*)

R 273

City Study date Location chemicals Reference PAHs
Seoul, Korea 1998-1999 urban 12 1 67.3
London, UK 1997 urban 10 2 35.5
Chicago, USA 1995 urban 13 3 58.0
Manchester, UK 1998 urban 9 4 61.5
New Jersey 1997-1998(winter) coastal 29 5 40.9
1997-1998(summer) coastal 29 27.2
Seoul, Korea 2002-2003 urban 16 this study 59.1
Seoul, Korea 2002-2003 suburban 16 this study 16.4
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A8k 3L, YAE PAHsE fluoranthene, pyrene,
chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene,
indeno[1,2,3-c,d]pyrene, benzo[gh,i]perylene 5-°| %

= Ol FL ATk

3.2. 7| & PM (Partice Matter)2| 5= % 2=
2 A7 o A9l #GH A x99 7]
% TSP (Total Suspended Particle) =& 9] Fig 2
A AFe uiel Po] FHHOZE 618 pg/m’y
108.7 pgm’S 2 7+7F Uepsith $59 Wl 247t
202912 pg/m*# 93.8~153.5 pgm’oE A A<
o] e} Aol vzl oF 2 v EA| HEE At
TSP] & WAL A, 7 Asat, 38
5, W170, Z1E A4 Ao H R EHE < -‘HZ“”

AR
wjEo] 9laL, 3§

!

EH7] T4 TSP= 7;]E L}-Hl—_,,]_ 71—0 o:]/\ HL/KgS‘}_,]
F7FE g mAYRe] o) Frtela, ALE 7]
o] PSR AEHHTI= ALHo| & Aol 3
o/ webd 7] F TSP v F2 U949 o
2ol o8 2 =7 WehH, Q1913 Aol wol
A gE T4 A o] 9 o) vlE] F=7t Erh
9l=to] TSP e =4 A 9] 34~193 pg/m’e] H
A= AU Y99 s=9 B3 w28 HolaL 9l
tH(Table 4). Tt x)}-& bzl AlF =] o Hlsﬂ
T4 AGH A-E AGom =4 Y99 IdFS

o W 4 5lo] S\Fel AT A% FEEI-4b g

Table 4. The comparison of atmospheric TSP level with
other study at urban and rural site

Site type Location (;;;3)
urban® Ho Chi Minh Viet Nam 74
urban’ Mumbai India 162
urban' Estarreja Portugal 124
urban® Chicago USA 66
urban'! Columbia, SC USA 53
urban'' Denver, CD USA 175
urban'! New Bedford, MA USA 193
urban'! Stockholm USA 34
urban'? Osaka Japan 126
urban (this study)  Seoul Korea 109
rural* Clapham UK 44
rural* Austwick UK 41
rural® - Taiwan 42
suburban (this study)Seoul Korea 62

o‘H’ ° HH‘?“\:—L

m)ET Td 58 558 Ho|I UTHTuble 4).
7t 9] ¢z A/H BEE H7] §]51
MOUDI (0.18~18 pm)9} CPRI (14.4~100 pm)S ©]&
sto] AAB ABE 7 5 IR AF AT Y2
2 ZH% 435 A3 JAE "R x73F AA
Btk 2 Az, AHERY 9 Dp<5.69 #elol &
Fote ko] AA G vlal =A vrebsith. ot
AGH A A BF A GAEET} two
modes (0.56~1.0 pm, 3.6~5.6 um)2] Fe S VeEbA T}
A WA T2 v YA} 49O 056~1.0 pm T
ZhollM vebgter, = WA vie 2o 97k 99
2 3.6~5.6 pm7rol A UERsEt. o213 bimodal &
g8 olde] AFME X AHE AUk A
W20 2 mAPAF G = 03~0.5 pmoll A, 2=
PRGN M= 3-8 umellA H I E o] FH, 2=
>10 pme] G = 2F 20 umol|A] I A E o] F 7]
= h:‘r 11 ZEM Z PR GgellA 2 e HaE
£, o]t ol sl o} 7R H
EEM YA Gt ' Ao E gt
Z7} two modes TS Hol7l ATk 2o
o] #A7} WA vEleH, Yo HEx=
WA 32(0.56~1.0 pm)ol| A PA}e] Be

A3k Ao Uehth(Fig. 4).

gt 7+ Aol dl st 7] YAt 715 HE
(GMD)& et A1 9] 6.83 um(n=5), A tE A
5.00 pm(n=5)2 ¥} A Ho] A et #et
o] JA7F AeiiE MG HlE| 7ol T &
A7b Bol BESE AoE JEyTh TSP F

o, for f
m@mgrﬂrlr
Mo of o 2 ox

g 8 AL X Ao
L}‘Hiﬁ

Mr N oo

N 12 o
12 ©° o m mlo

jine

dC/(dlogDp)

Aerodynamic diameter(um)

Fig. 4. Mass size distribution of the aerosol collected from
Gwanak(GA) and Seodaemun(SDM) sites.
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Table 5. The particulate geometric mean diameter(GMD) and the concentration ratio of PM1.8 and PM10 to TSP

GA SDM
Date PM]g/TSP PMlo/TSP GMD PM]g/TSP PMlo/TSP GMD
2002.11.16-2002.11.24 0.604 0.850 7.11 - - -
2002.11.30-2002.12.03 0.563 0.852 5.90 0.622 0.932 2.96
2002.12.27-2003.01.01 0.537 0.814 6.91 - - -
2003.01.06-2002.01.09 - - - 0.708 0.865 4.93
2003.02.12-2002.02.15 0.557 0.817 6.91 0.612 0.863 5.37
2003.03.10-2002.03.13 0.573 0.805 7.30 0.549 0.808 7.65
2003.04.02-2002.04.05 - - - 0.666 0.905 4.10
Mean 0.567 0.828 6.83 0.632 0.875 5.00
PM10°] s gste Ao v &2 #et Aol 82.8% oo Hlg] F 2 wje] =& FEE Ho|i o] A
(80.5~85.2%), At A ©] 87.5% (80.8~93.2%)= & A o] A5t 7] 7kl Gl A ¥ & A
o

o} Az AE 2] BE TSP  PM100] 2FA] &=
H] &-0] 80% ©]4S H Gl PMI8ol slE3slE wlAl
AAFe] v&2 Bt XY o] 56.7% (53.7~60.3%), AT
E A o] 63.2% (54.9~70.8%)F T Al FA}Fe] B Lo
Al Ao =2 Ao e o, HA| TSP F
60%0]/3-& AA| e A 22 YEFSITH(Table 5).

o] e AT mA At HALSE vjA U
7EE Agare] wi7) vks, A A4, /8, £
T2 uA "X F g gew Azkst 4= glrhler
53] AFsAt wi7] 7hzolA AR wiEEE YA i
o EAAY 7] Ak 7P E uiEde s 8
UL, H}7] 7k2e] 7h o] o]k A 7] YA
33 - FAsle Ao R dAvkslar ok
ot A AUE Ao YA EE HE&L
PM1.89] oF 6%, PM10°] °F 5% AHL=o] Ao]& Hol

ROy BAHOE FolstA] ottt o= F A Y
|2Fe] WAl do] MR H|SzEhy] W]l AL
2 dgE. MUE A9 NexEd SHE-gef #e

= HEAY 548 2 E el X 9ol

i o

fines

Table 6. PAH isomer ratio for GA and SDM site

2 JE)

3.3. el mE PAHs s &M

Mg Y F AH9 U7] F PAHsY s=& &t
A o] 4 16.52 ng/m’, AHE o] H 59.1
ngm’e 2 ¢F 3 uj o] o] F& zo)E BT}
A& AE& EAY & AHo|a, A& AHe &
Al Tl SR Aoz A {5 Ee EA
o] vlX= G 2|2 1t FEe| xfolrt 3]
S Z10 R o iE o ZIt o] & ERIE] flete F A
9] PAHs® YA AS &l 45ttt PAHsS] HAUS
A5k HHole FARE B4, o053 HEA, CMB

A isomere] H|E o] &3l LA S 43}

o%
oo % Jn nlo

slo] S S skt Table 691 PAHsS] 243
o] WE isomer®] H9} AT thFA o] AHAE AA|
33t} AFs Aol A T2 vlE %= PAHsE coronens}
BghiPo 2 tt& AU #+HE F = st
markerZ #8313 Ut} o] T BghiP= IcdPo} HIE
H) w319, 1edP/BghiPe] H]7} 7HEdo] Wb ol A9

Flu/(FlutPy) BaA/Chr BaP/BghiP ledP/BghiP
GA(n=13) 0.58+0.02 0.46+0.13 0.69+0.16 0.98+0.13
SDM(n=8) 0.59+0.02 0.52+0.08 0.81+0.14 1.15+0.15
Vehicle 0.53+0.06% 0.3-0.787
Gasoline 0.4%2 0.47-0.59% 0.3-0.47 0.24-0.4%
Diesel 0.6-0.7%4% 0.41% 0.46-0.88%7 1
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0.4, TjAo] WAl LIel Aex (o] 7Y A2 &
o3k A A9 ledP/BghiPe] ¥l 7} 27+ 0.98+0.13,
1.15£0.152 t)Ao] 77ke- 7+ Bolo). et tlaloA
W} 2 5] PAHs:= BaP/BghiPo] 0.46~0.882] g 1.0]
3,2 Flth/(Flth+Py)2 0.6~0.7¢] HIE wjZHE Ao
2 HISATEHS FoF A3 AT ALzt
BaP/BghiP°] 0.69+0.61, 0.81+0.14= Flth/(Flth+Py)°)
0.58+0.02, 0.59+0.02% t] Aol A] ¥]Z == PAHsS] H]
o} A=A 8T 22y BaA/Chre] Bl #etath A
o] zbzt 0.46+0.13, 0.5240.08% 7+&d AFEbol A
W& EE Ao =2 el
E gots AUiE Ao 2% 7] F PAHsS] ¥
< T, F= X}%x}oﬂ o8 AT =
@t} 71Ee] A7 A= AL A9 PAHs
oF 49%7} AL A WjEE T Qlom, JlEd B

Mo o O,
o 1o

1o » oz

110
1 e GA
00q ® O SDM
w_
ao-_ o >
70
— O
E 4 =i
5 60 1"=0.62, p<0.05
g ]
E 40 o] OO.
040 ° "=0.06, p=0.41
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Fig. 5. The variation of PAH concentration according to
NOx(upper) and CO(down) collected from GA and
SDM.
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