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ABSTRACT

The polycyclic aromatic hydrocarbons (PAHs), which are one of the volatile
organic compounds suspended in the air, were collected at Seoul and Cheongju city
during the period of October 1998 — December 1999 by high volume air sampler (PUF
sampler), PM s air sampler and MOUDI sampler. All sixteen PAHs have been
analyzed by GC/MS from total 325 air samples. From the analytical results, the
seasonal fluctuations of ambient PAHs concentrations at two urban areas were
studied. In the results of seasonal comparison, the PAHs concentrations showed the
order of winter > spring > fall > summer in Seoul, and spring > fall > summer in
Cheonju. In the investigation of phase distribution between solid and vapor (PAHsoiq/
PAHyapor) in the air, the analytical data have provided that PAHgoia / PAHyaper values
were under 0.144 for the low moleclular weight PAHs (below 202 molecular weight).
It means the lower molecular weight PAHs are mainly existed in the vapor state in
the air. On the other hand, those values showed above 1.114 for the high moleclular
weight PAHs (upper 228 molecular weight), and the higher molecular weight PAHs
are mainly existed in the solid state in the air. To study the distribution property of
PAHs in the particulate matters, the PAHs contents according to the particle size
were investigated for the aerosol samples collected using the MOUDI impactor. In
this study, it has showed that almost of all PAHs were distributed more in the fine
particles(below 1gm) than the coarse particles. Theconcentration ratio of BaP/BghiP
in Seoul and Cheongju was 0.80 and 0,95 repectively, which means the source of the
PAHs compounds were from the liquid fuels rather than the solid fuels. And the
ratio of I1123P /BghiP in Seoul and Cheongju was 1.12 and 1.07 respectively, showing

that the disel fuels has influenced more than the gasoline fuels in these area.
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QA el 80% ol el BANA olshe] s Aoz 2AH I glov,
SABAE $7 WY Fo AAE FEAR dvh 55 SAAGNAY Y WA
W AES Fbe W7l 99 #del JE Ao® FAHD Yx, olud HuYL

stz Qs AR T AE gEtxAbet tEo] oy thked A (National Brean of
Statistics, EP.B., 1988)7} X 3% t}.

H 57 8 dEkell A ko2 1k AbgAbg= 1ol oF 1000 o] Frhebar
Aar, AFgYel F o Qe Al WA 9 167 %o @3ta ¢ltH(National Brean of
Statistics, E.P.B.,, 1988; U.S. EPA, 1980). & ¥ 5 53] #HI o= 13 A&
S7F Aol dAAG ] dA 4 AlG A F 3WA AACHAW 5, 199005 ZA S
ATH ol FA & AFgEC] A TUbsta AE AL 8 vt 353 343 A
1970 ) o] AHolAel AAAZ] AE A5l Au7} A ZF7FeHA o] Z Qs

4

GUAE FGHH T Q7] g Ao F

=gt
9ol Fol Frlgow EAst £BE §7] LABATY WES FAA olUF £
Be #7] LYBAES MFOoRE QAN 2 AN Hehhn, S8 FALAL A
Zg EAL RS HadAt 298 a9 g PAE A A%

fralgt ol F7] LAEZS #AYsy] 9% AA 7| (Westholm R. et al, 1991,
Rogge W. F. et al, 1991)S &w g da7} gt}

theh k= e 3= 4 (PAHS, polycyclic aromatic hydrocarbons)= A A&IA A #7]
SastgtEe] Edd die os TN dEAd A28 771 sdEdEE (VOO = o
71 Zo 7t 2 xR o g EA ST PAHs+ WA 2] (benzene ring)e +27F F
Mool dAE WIS SgER U] ARcdAE A | oA HHEY, RS

ol ddAt 74 @ o FA sFEZ EA(Sawieki, 1962)Fh E diFEo] =

S FHY BeAE e B84 242 ngarr S sl we g o] vrolxa, )
S ET5etd #3 dFS welE 54 (Santodonato et al., 1981)S zta ok o
WA o g FasFe] ASaE wEA s HAR giEEe PAHs 33tE2 w9 A

7] wjio] 7] Fo o wol dA Hrh thr] FelA PAHsE AuHow RExpsk



o] #+& naphthalene, phenanthrene &< T2 7} 02 EA A5 Exj2ko] F45
aAFo R EAstH, 53 WAl agrb 57 o3l SFEES EF AAGORE A9
of Fad deHE EA(Letwas J.,1993)gtth. 53] wlAlaie] 7t 4 ~ 57091 PAHs 3}
=52 A TAAES Wi Qo] mATGHoRE ofF Fadttt 724 PAHsv U
7] FolA 7t EEI wgete] gebistE dorvA ofF tdd T xE Wiy
i FFe 74 T(McDow, SR, 1994)0] o]t} dE o] ¥R 1] s
o| Al naphthalene> < A|ZF o] W3k 3go] OH7|7F H7bE &= w9bgS doA
=579 sgEs Adst, daAkstEd o8 UERZI(-NO)E A #7kEe HE
23} S (McDow et al, 1994; A A 5, 1994)2 do 7t} PAHsY UE=RZS F=

A WFE YER 3gE(nitroarene) 9 eFE, 95, FUE 59 AxHAAA Bol
AREE L 7] FelAE A HEBechtold et al., 1986, Matsushita et al., 1983)
Hrh E=3 PAHsw shibgs, Aba 5 Add aqle A7 %= shw A7 el o
A (Westerholm et al., 1991; Rorge et al, 1991)& vEldith. = PAHs 3}
FES FAEY 237, HHE EY 9 4 FAME HEMitra et al, 1995)°] 1L

dow, Wres xg, BE A By wet S5, Ai Hd T AFAA HEH7I
gitol] AAE o8] A=2 PAHs 3tgEo| =& MHangbrauk R. P. et al,. 19671)2 <+ )

T4 Ao Fo eddews tAd AEAE HESH oil, gas, AE 59 AR
e

i)
=
2{.
Jm

ok 7] F9 PAHs Stg=52 24 71dd we o8 548 v, gded o9
oA wjE¥ PAHs St EE°] 7] FolA9 W HIAE, &%, F357%F §°
7] A, = 2Foly AleE ol wel A JFE Bt 53] HIAEE
PAHs 3&&E 5o 7I4 & 93-S vxi= AMcDow et al., 1994) 0.2 <4H
F71%9 PAHs 55t Aol wah = Ade] wel s=7F b2/ yepdth dukA o
2 2% o] e EAY I

Aol %2 F%(Broddin G. et al, 1980)2 Rt} o3 o2 PAHs 3gEE2 o
Fol wekd, 5 WolAd EAIRAC, 1983; U.S. NRCC, 1983; WHO, 1987)2 ¢

gom AR 3ggEL u= 374 A (Environmental Protection Agency, EPA)ol 23] wj

2
%0
o

Aejo] B ARAoRE AR Afo] B AL

S falst 99 E A (priority pollutants)® & (Lutz and Schlatter, 1993; Menzie ef al.,



1992)¥1 3L itk PAHs 3HE< dwk ti7] Foll ng/m’e] wigoz EAsh W #3)
gt 54 wlwol H PAHs 3&=9 AU AT % = QA x=Fof s #
Aol FFFal At (Menichici, 1992; Benner & Gordon, 1989; Creteny et al., 1985;
Hirsch Y. et al., 1981; Pimenta et al., 1980; Crecelius et al, 1980; °]&< & 1987). 1
2jut o213k PAHs 3tet&EEol el -2 detelA = ofz 7]Eo] AAEol dA F
AaL, S gFo R EAer] wizel A, A4 SO weldd B2 ool wzi v

L
B AT FEd 2AVE =do]l Ha gloy obF =yl A= AF7F v E§ PAHs

M

2Asgh olel@ B4 ARmnE 7 4R o] Fldel vEE Z4sy, 7 A4
REO AMW WE JEE, 478 L U MEA 54 5 uhEz 2,



L A& AF

A& (eeFzdn 23 AF(FSEsn 24) Ao high volume air sampler
(GRASEBY GPS1 PUF Sampler), PM 25 air sampler (URG 2000-30EH, URG VAPS),
MOUDI impactor (MSP Corporation, Model 100)E A X38}1. quartz filter (Whatman,
102mm, 47mm<} PUF filter(polyurethane form, 60mm IDx76mm H, 32mm IDx80mm H)E A}
& (Maddalena et al., 1998)3te] 19981 10€H-H 19994 12€97kA] A gollA F 53], H
FolA F 439 JFZA7IZME AAste]l AlRE AFHSAT AEE 24X G F
32570 AN EE AMASFAL, MA G JdAE Al =(quartz ZE) 12570, 7F=3 A=
(PUF 2H) 577109, AFA A 423 Al (quartz BH) 9270, 7k~ A = (PUF
2E]) 51700lt} ol gt A= AFH A= Table 1 2 Table 20 Q. oFstdtt. Al=57F A
A" = 28 F ofojxutre Ry JHE AILdE &7 -20C dEadd B

o Az 248 T, 1996)38F i

2. Alge] A

1) Quartz filter

045 m=Z A3} & oJdS FAA SV (Zymark, Model Turbovap 500)& A}-8 3}
Iz 50 5, 1992, AF=7 5, 1993)5t9 0. 55 %o WHE EFEZZE 1ppm
phenanthrene-Djo, 50 ul S wlola 2 AHUAZ Ag3le] A8hs] 7bslar, GC/MS 4§
A= o] &3Sl



Table 1. PAHs sampling in Seoul

No. of Samples

Sampler Sampling Time Quartz PUF
10/29/1998 - 11/07/1998 10 10
High 02/20/1999 - 03/01/1999 7 7
Volume 05/31/1999 - 06/09/1999 10 10
(TSP) 09/11/1999 - 09/17/1999 7 7
11/27/1999 - 12/09/1999 13 13
10/29/1998 - 11/07/1998 10 10
Low 02/20/1999 - 03/01/1999 9 -
Volume 05/31/1999 - 06/09/1999 10 -
(PM 2) 09/11/1999 - 09/17/1999 6 -
11/27/1999 - 12/09/1999 13 -
05/311999, 06/30/1999, 10 -
06/05/1999
MOUDI 06/07/1999, 06/08/1999, 10 ~
06/09/1999
12/04/1999 - 12/09/1999 10 -
Total 125 57

Table 2. PAHs sampling in Cheongju

No. of Samples

Sampler Sampling time
Quartz PUF
High 10/18/1998 - 10/27/1998 10 10
03/12/1999 - 03/21/1999 10 10
Volume
06/20/1999 - 06/27/1999 8 8
(TSP) 10/05/1999 — 10/17/1999 13 13
10/18/1998 - 10/27/1998 10 10
Low
03/12/1999 - 03/21/1999 10 -
Volume
( ) 06/20/1999 - 06/27/1999 8 -
PM 55
> 10/05/1999 - 10/17/1999 13 -
06/21/1999, 06/25/1999, B
MOUDI 06/26/1999 10
Total 92 51




2) PUF filter

PUF (polyurethane foam) filterE A}-&3t] A3 7t~ PAHst 2UAIFA =&
%] (super—critical fluid extraction system)& A}-83to] FZ3%th PAHs A 571 A
d PUF ZHZE 29A#4 &7 X(Autoctave EngineeringAl, Model 08U-06-60-Fs)
9] vesselol ¥ 1 7)o methylene chloride 50 ME 713 & Z=JA Aefe] COE 330

atme 2 FYAA static extraction WH o2 3087+ FEMiller & Hawthoren, 1993;

o o
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= Hewlett Packard, Model HP 5890 seriesIl©]il, MS+= quadrupole typelz HP
5972 MSDeoJt}. oldf GC AHL Ultra-2 (0.33um, 25m x0.2mm, Cross linked 5%
Phenyl Methyl Silicon film thickness), #8572 & dAEFS AL TH E Alg FHF
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Table 3. GC/MSD conditions for PAHs analysis

Instruments Conditions
GC/MSD Hewlett Packard 5890 seriesII/HP 5972 MSD
Colum Ultra-2 (Cross-linked 5% Phenyl Methyl Silicone,
n 25 m=0.22 mn ID 0.33 gm film thickness)
Injection temp. 270C
Injection volume 1l or 2 ul
17 C/min 6 C/min
50 C(@2min) —» 240 C ——»

Oven temperature 10 °C/min

260C(1 min) —— 310C(15min)

Column head pressure 15.3 psi
Carrier gas flow 0.9 m¢/min (He)

Run time 38 min
Injection splitless mode

Electron impact mode with

Tonization voltage electron energies of 70 eV

Monitoring mode Selected ion monitoring(SIM) mode

&

N\

4. 38

Quartz filter?] 3|F&L o] AQFH % quartz filter(high volume air sampler2} PM
95 air sampler&)& Alg&3slo] A5t YolA PAHsE FE535t1 42 1 ZE9
methylene chloride 300 W& 7}ste] ¢F 20A13F A EFwoA 714,

7

Al A2 &l (methylene chloride)® v} 3L A xF 1A 7 B9 283 FE3ate] 3

S
>~
™~
o
oo
e

PAHsE W3 AAF F o] X FHZ 35& 4L dHE AFESIAT. o7]q
FF=gd AAHFS spikedtar A E9F FAI WHor FE3AS AF F GC/MSDE
7t AEES wAEe Ige&s A4Sk T3 PUF filtere] 3482 dHE

acetone, n-hexane, methylene chloride Z}Z} o & 1A] 3}
A2l PUF FEo] EF8Y dAHS spikedtl A9 FU3A 2dAFA =& 2

5 AAE AR & GC/MSDE #4351 34&S A8
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Table 4. The analytical results of NIST standard (SRM 1649a).

Conctration (ug/kg)

PAHs NIST Mesured Confidence RSD(%)
Value Value Limit (95 %)

Phenanthrene 4.14+0.37 4.67+0.49 4.67+0.51 12.7
Antracene 0.43+0.08 0.46+0.06 0.46+0.06 6.0
Fluoranthene 6.45+0.18 5.50+0.18 5.19+0.19 14.7
Pyrene 5.29+0.25 4.37+0.22 4.17+0.23 174
Benzo(a)anthracene 2.21+0.07 1.84+0.59 1.84+0.62 16.7
Chrysene 3.05+0.06 3.67+0.54 3.81+0.57 20.3
Benzo(b)fluoranthene  6.45+0.64 5.43+0.40 5.10+0.42 15.8
Benzo(k)fluoranthene  1.91+0.03 2.27+0.29 2.27+0.30 189
Benzo(a)pyrene 2.51£0.09 2.92+0.82 2.92+0.86 16.4
Indeno(1,2,3-cd)pyrene  3.18+0.72 2.87+0.66 2.87+0.69 9.8
Dibenzo(a,h)anthracene  0.29+0.02 0.35+0.04 0.35+0.04 21.8
Benzo(g,h,i)perylene 4.01+0.91 3.68+0.69 3.68+0.72 8.2
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Table 59 34+4& =4 232 WA quartz filterol 4] PAHs 3EE59 #Hit 358
81.2 ~ 956 %= dibenz(ah)anthracene®] 7} =& Z¥4E YEeRUS AL, pyreneo] 7HF e
34E&s Bt E PUF filterdl A 9] Hit 37&2 686 ~ B0 %= A2 quartz filterd

H| 3} Yo phenanthrene®] 7} =1 acenaphthylene®] 7} Y& Ao & ZAE AT}

Table 5. Results of recovery test for 16 PAHs compounds

Recovery (%)

PAHs
Quartz PUF
Naphthalene (Naph) 81.6 63.6
Acenaphtylene (Acy) 85.9 73.4
Acenaphthene (Ace) 85.1 68.4
Fluorene (Flu) 84.7 84.4
Phenanthrene (Phen) 86.3 95.0
Antracene (Anth) 90.6 81.2
Fluoranthene (F1t) 81.6 80.2
Pyrene (Pyr) 81.2 76.0
Benzo(a)anthracene (BaA) 89.6 88.2
Chrysene (Chry) 85.6 81.2
Benzo(b)fluoranthene (BbF) 86.4 94.6
Benzo(k)fluoranthene (BKF) 89.4 74.0
Benzo(a)pyrene (BaP) 914 83.6
Indeno(1,2,3-cd)pyrene (I123P) 88.8 93.6
Dibenzo(a,h)anthracene (DahA) 95.6 77.8
Benzo(g,h,i)perylene (BghiP) 88.6 70.2
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3. PAHs ¥4 A%

HeAd(CEEFea Sl 1998 108 78 1999 129714 25 53¢ H%
54 717 Tl F 1829 AEE AFsA L, AFAG(FITTA S A= 1998
d 109 5-E 19999 1097b4] B 43]9] JFSA 717 Tl & 143709 A58 AF
stk A& A3 &= high volume air sampler$} low volume air sampler, 1|3l quartz
2 PUF " E A&l on, o] Alge s 1652 PAHs A 4 A%E Table
6 ~ 11 =3t

¢ A HEZA 7|7HEE PAHs AEE9 52 Hlus] B¥ high
volume air sampler® =43 A &AW 7] = PAHsY AA FxE 5%

119 279 ~ 12€ 99) 7]|zte] AA s=7F 16635 ng/m’s 714 & =S JeEhiS
th oo EE 22 2419999 29 209 ~ 3¢9 1%) 7ol 117.35ng/m’, 13} =4
(1998 10€ 299 ~ 119 7)) 7|zbel 9522 ng/m’, 33k =4 (19999 5€ 319 ~6€ 9
Q) 7]kl 31.43ng/m’, 43 2419999 99 119 ~ 99 17¢) 7]7tell 2388 ng/m’=
gAH oz of5de va Aedo] A =2 FEE YERY ST T EPAC A #a] o)

goz AAFI 9
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-

717kel| %t quartze} PUF ZHE SAld AF&38F9 1 ywx] 7]3be| & quartz ZETE
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Al F%=7F 11403 ng/m’ . & high volume air sampler®] 95.22 ng/m’l Hl8] o =2 <
A5 YEY A, dAA ez dde] & AEEY v=7F 24 =4 SAHJT =
7+ JEEY FEE dws] ¥ thA A 22 high volume air samplerd] A& 719 Ak
3 AeS Uel 9l oy naphthalene?d =7} 84 o} phenanthrene® A 713
e FEE Holil 9lal, tS-© % acenaphtylene, fluoranthene, fluorene, pyrene 5 2|

AiEse] =2 TXF vedo] 3ol & AEE2 F%7F high volume air sampler

of Wl A FAse 43S B,
i AFAGAE 24 S4319999 39 129 ~ 39 219) skl AA R

71.08ng/m’2 7H B FEE YEhhYla, oz 13 3419989 10€ 189 ~
10€ 279) 71zt 62.03ng/m’, 42 Z74(1999¢ 10€ 59 ~ 10¥€ 179) 7]17bel 41.57
ng/m’, 32+ Z4(1999d 69 209 ~ 649 27%) 7|zl 1490 ng/m’e] £ow ZAE Q)
oh AFA 99 PAHs 5% A o &Ho] vls] B3 7o £ 555 Holx A
o2 ZAEAT. EF 7 PAHs AEES X 94 My FAEHA dAFdoe=

phenanthrene® pyrene¢| 7Mg ¥ =2 YeERS L, S22 = fluoranthene, ace-

p

H1
2
>~

naphtylene, naphthalene, fluorene 5°] &2 &=& HAo 7 s=7F 2 A

e
2

Al A& vpRvIRA R BE ZA7]7HE <kl dibenzo(ah)anthracene®] 1ow, thS o=
benzo(b)fluoranthene, benzo(a)pyrene, benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene,
benzo(g,h,i)perylene o] WAAoR L7 e Hoa ZAHAL HFAJ =4
A= Mg mE7IAE low volume air sampler® A% 1z A7)k
quartz®} PUF ZHE Al AFE39 3 Um A 7|7kl & quartz BE TS ALE-3FS T
12 24 Ax9S 29 A4 F%7F 91.24ng/m°Z high volume air sampler] 62.03
ng/m’el ¥la A H e £AE Jehha, AEXGY FdeA Ao Hw
dol FAEEY s=7F A =4 SAHNCH, O A A Hkd Aew =

AR AT
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Table 6. Concentrations(ng/m’) of PAHs during the first campaign (Oct. 29 . 1998 ~
Nov. 7.1998) in seoul

High Volume Low Volume
PAHs
Quartz” PUF Total Quartz” PUF Total
Naph 0.19 10.28 10.47 0.29 26.81 27.66
Acy 0.13 7.08 7.21 0.12 12.04 13.72
Ace 0.44 4.46 4.90 0.43 2.60 3.12
Flu 0.48 7.43 7.90 0.46 7.13 7.83
Phen 1.08 15.52 16.60 1.06 26.61 2771
Anth 0.13 2.70 2.83 0.08 2.07 2.20
Flt 177 6.76 8.53 1.70 542 7.03
Pyr 1.78 15.28 17.06 1.65 5.55 7.14
BaA 1.73 1.16 2.89 0.78 1.16 1.84
Chry 2.87 0.89 3.76 2.36 1.45 3.69
BbF 1.97 = 1.97 294 - 2.94
BkF 2.03 - 2.03 2.46 - 2.46
BaP 2.45 - 2.45 2.04 - 2.04
1123P 3.36 - 3.36 2.09 - 2.09
DahA 0.49 - 0.49 0.25 - 0.25
BghiP 277 - 2.77 2.31 - 2.31
Total 23.67 71.56 95.22 21.02 90.84 114.03

a) Quartz filters trapping the total suspended particulates(TSP)
b) Quartz filters trapping the fine particles (PM 25)
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Table 7. Concentrations(ng/m') of PAHs during the second campaign (Feb. 20. 1999 ~ Mar.
1.1999) and third campaign(May 31. 1999 ~ June 9. 1999) in Seoul.

2nd Campaign 3rd Campaign

High Vol Low High Vol Low
1 Ol. 1 Ol.
PAHs & Vol. & Vol.

Quartz! PUF Total Quartz’ Quartz? PUF Total Quartz”

Naph 017 1595 1612 0.16 0.13 3.62 3.75 0.28
Acy 0.09 852 860 0.04 0.09 1.82 1.90 0.10
Ace 0.39 452 491 0.46 0.12 0.93 1.05 0.09
Flu 0.34 857 890 0.33 0.15 2.37 2.52 0.29

Phen 228 1803 2031 1.71 0.74 8.14 8.88 0.69

Anth 0.22 2.71 2.93 0.13 0.09 1.87 1.96 0.08

Flt 3.20 840  11.60 2.85 0.37 3.01 3.38 0.34
Pyr 268 2261 25.29 2.73 0.45 243 2.88 0.61

BaA 1.53 192 .-, 3.15 1.56 0.27 0.19 0.46 0.20

Chry 3.05 130 4.35 3.12 0.74 0.45 1.19 0.71
BbF 3.51 - 3.51 2.63 0.80 - 0.80 0.64
BkF 2.16 - 2.16 211 0.60 - 0.60 0.56
BaP 1.73 - 1.73 1.70 0.43 - 0.43 0.48

[123P 1.90 - 1.90 1.78 0.71 - 0.71 0.56

DahA 0.28 - 0.28 0.21 0.12 - 0.12 0.15

BghiP 1.61 - 1.61 1.35 0.80 - 0.80 0.73

Total 2514 9223 117.35 22.87 6.61 2483 3143 6.51

a) Quartz filters trapping the total suspended particulates(TSP)
b) Quartz filters trapping the fine particles (PM 25)
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Table 8. Concentrations(ng/m’) of PAHs during the forth campaign (Sep. 11. 1999

~ Sep. 17.1999) and fifth campaign (Nov. 27.1999 ~Dec. 9. 1999 ) in seoul

4th Campaign

5th Campaign

PAHS High Vol. Low High Vol. Low
Vol. Vol.
Quartz’ PUF Total Quartz” Quartz’ PUF Total Quartz”
Naph 005 213 219  0.10 014 223 2245 0.15
Acy 002 056 058  0.04 025 1673 1698 0.07
Ace 005 036 042 0.06 006 503  9.09 0.13
Flu 002 120 122 0.10 026 1070 1096 0.38
Phen 021 770 794 039 064 2485 27.49 2.7
Anth 006 05 057  0.03 033 429 462 0.62
Flt 036 283 322 0.23 492 817  13.09 4.15
Pyr 037 239 279 0.20 495 1030 1526 4.09
BaA 021 035 058 039 419 083 503 2.38
Chry 052 067 125 038 553 102 655 432
BbF 0.73 - 073 0.87 555 - 555 3.17
BKF 0.57 - 057 0.67 465 - 465 2.86
BaP 0.52 - 052 0.61 6.01 - 6.01 2.74
1123P 0.55 - 055 0.94 9.14 - 9.14 3.21
DahA 0.11 - 01l 0.58 1.38 - 1.38 0.64
BghiP 064 - 064 064 8.10 - 8.10 2.93
Total 499 1869 2383 623 56.10 104.22 16635 3454

a) Quartz filters trapping the total suspended particulates(TSP)

b) Quartz filters trapping the fine particles (PM 25)
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Table 9. Concentration(ng/m’) of PAHs during the first campaign (Oct. 18, 1998
~ Oct. 27. 1998) in Cheongju

High Volume Low Volume

PAHs
Quartz” PUF Total Quartz” PUF Total
Naph 0.14 7.81 6.47 0.27 24.78 25.15
Acy 0.10 4.01 3.08 0.09 7.38 7.35
Ace 0.34 2.04 1.79 0.35 2.18 2.29
Flu 0.31 2.93 291 0.18 5.71 5.71
Phen 0.84 11.82 13.02 0.80 24.06 24.59
Anth 0.11 2.01 2.08 0.10 1.72 1.79
Flt 1.29 3.65 5.18 1.20 4.60 5.63
Pyr 1.27 9.2 11.69 1.25 4.82 591
BaA 1.25 0.99 2.18 0.54 0.56 1.08
Chry 2.39 0.76 3.18 2.21 1.05 3.23
BbF 2.01 - 2.01 1.98 0.12 2.11
BkF 1.99 - 1.99 1.96 0.03 1.99
BaP 2.10 - 2.10 1.99 - 1.99
1123P 1.96 - 1.96 1.92 - 1.92
DahA 0.46 - 0.46 0.79 - 0.79
BghiP 1.93 - 1.93 1.70 - 1.70
Total 18.49 45.22 62.03 17.33 83.50 91.24

a) Quartz filters trapping the total suspended particulates(TSP)
b) Quartz filters trapping the fine particles (PM 25)
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Table 10. Concentrations(ng/m’) of PAHs during the second (Mar. 12. 1999 ~ Mar. 21.
1999) and third campaign (June 20. 1999 ~ June 27.1999) in Cheongju

2nd Campaign 3rd Campaign

A High Vol Low High Vol Low
1 Ol. .
PAHSs & Vol. 18 Yo Vol.

Quartz’ PUF Total Quartz”  Quartz’ PUF Total Quartz”

Naph 0.13 579 592 0.08 147 015 163 0.27
Acy 0.08 5.97  6.05 0.04 1.00 0.07  1.07 0.06
Ace 0.20 295 276 0.22 0.96 0.08 1.04 0.08
Flu 0.25 486 511 0.17 0.98 013 111 0.15

Phen 142 1314 14.56 1.17 3.19 052 371 0.47

Anth 0.16 143 159 0.15 0.46 0.05 051 0.04
Flt 2.09 411 620 1.97 1.23 021 14 0.22
Pyr 2.32 892 11.24 2.08 1.55 031 186 0.27
BaA 1.64 085 250 1.56 0.21 017 038 0.10

Chry 2.97 088  3.85 3.10 0.46 040  0.86 0.29
BbF 3.38 - 3.38 242 - 030  0.30 0.27
BkF 1.84 - 1.84 1.90 - 021 021 0.17
BaP 1.68 - 1.68 1.73 - 017  0.17 0.14

[123P 2.25 - 2.25 1.84 - 025 025 0.18

DahA 0.25 - 0.25 0.17 - 0.09  0.09 0.06

BghiP 1.90 - 1.90 1.76 - 027 0.27 0.28

Total 2256 4850 71.08 20.34 1151 338 1490 3.05

a) Quartz filters trapping the total suspended particulates(TSP)
b) Quartz filters trapping the fine particles (PM 25)
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Table 11. Concentrations(ng/m') of PAHs during the forth campaign (Oct. 5. 1999
~ Oct. 17.1999) in Cheongju

High Vol Low Vol.
PAHs
Quartz” PUF Total Quartz”
Naph 0.05 2.35 2.40 0.16
Acy 0.04 2.71 2.75 0.08
Ace 0.04 0.40 0.45 0.10
Flu 0.04 2.70 2.74 0.16
Phen 0.38 12.43 12.82 0.50
Anth 0.04 1.42 1.47 0.06
Flt 0.59 4.55 5.14 0.50
Pyr 0.64 4.49 512 0.55
BaA 0.65 0.62 1.27 0.77
Chry 1.19 1.07 2.26 1.08
BbF 1.16 = 1.14 1.26
BkF 1.02 - 1.00 1.15
BaP 0.90 - 0.89 1.32
1123P 1.02 - 0.99 1.21
DahA 0.15 - 0.15 0.67
BghiP 1.00 - 0.98 1.15
Total 7.89 32.73 41.57 10.72

a) Quartz filters trapping the total suspended particulates(TSP)
b) Quartz filters trapping the fine particles (PM 25)
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2k

quartz %
X
[e}

2ol A high volume air sampler, “L&]
Qrse] B, A, Az
% 53], 18
A% 5 o]

1

()

)

H Fk v
AT I Tl M FF A i
PUF ZEE Ab&eto] AT A Azl tia] 2+ PAHs
L5 Ay st Table 12 ~ 139 Atk Eo A= A& AlUedA
AT Aol Al F 43]o) AA AT A5l dE 1659 PAHsE #4138 HA
T} & Table 14%= 979 Birmingham = 9olAl 1992 #A&H@2Y)¥ o 5HE®&Y) 7
3k @74 high volume air sampler, quartz 2 PUF ZE & AF&sle] 2F 3 A8 =9
PAHs A&#E5S 248 Z¥olty. #olA Wiz mbel o] high volume air sampler®
=233 AW 7] = PAHs9 AA 5= 8691ng/m’olil, HisEE 048 ~
1624ng/m’e] WS Yehd. o83 ARE Fxe 7144 2o ug ofF &
2ol & Wola 53] AF Algrolu Alde] webA = Zpolrt W] wiEo] @] F =
FA RS v EtE Ae EA7F A9 Birmingham A 99 sx=¢F vlwe] 2 AL
FE(155.96ng/mY)BThE Ba, o3 FE(Q87ng/m)R e AA B FXoln E
=2 oo A high volume air sampler® =% 3t PAHs9] A4 %% 4741 ng/m’e] 11,
FEFEE 024 ~ 11.03ng/m’e) WSS debldch ol#fd Ay Aol H 5
Aol v 7hko] W Aow MEHUE FFAYGe] s EA W Aow FALY
ATk 1y Aol el AlgfH Al7I7F vh2H, A= 53] FAH 7|3l A
A A5E AN 7A€4(1999d 2€ 20¢ ~ 3¢ 1¥9)9 54 s=7F 23t A
Aol e 4319 SA7IZ AA AlRE AHAFAL, AEHA AR AMFHATE o] FoA
A k7] Wed ©@ed] v FAveR LAAEE vusrlde FEUt e Ao
2 Hork =3 HZo| 1+ New Jersey+9 A F<el New Brunswickel A
Gigliotti 5(2000)¢] high volume air sampler®} quartz, PUF ZHE A}83t4 1997d
10¥ 55 19984 72 &A% ZA3E B phenanthrene, pyrene, benzo(k)-
fluoranthene, benzo(a)pyrene®l =7} Z+z} 9.06 ng/m”, 0.83 ng/m”, 0.332 ng/m°, 0.125
ng/m°%, phenanthreneg A3 Umx HEE9 vwrl A& HAFHT 14 o
A YdEFGT ® Simceik(1997) 5°] =491 Chicagooll Al =43 A= olg AEEQ
149ng/m’, 689ng/m’, 3.08ng/m’ =z A&, HFAInG
102 FALY UTH T3 1996 9€ T 1997 7€ AA o]Ee
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o}o] NaplesAloll Al high volume air sampler 2 glass ZEZ AL&3to] x4 S 4o

39 1559 PAHs S3FE5S #4% 445 29 A4 $5E 2~ 130ng/m’9) 4
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AH(Caricchia et al., 1999)% ¢l t}.
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Table 12. Mean, maximum and minimum values of PAHs concentrations(ng/m’)

in the atmosphere of Seoul

PAHs Mean Max Min SD
Naph 11.00 22.45 2.19 848
Acy 7.05 16.98 0.58 6.51
Ace 4.07 9.09 0.42 3.50
Flu 6.30 10.96 1.22 4.22
Phen 16.24 27.49 7.94 8.16
Anth 2.58 4.62 0.57 1.48
Flt '7.96 13.09 3.22 4.56
Pyr 12.66 25.29 2.79 9.73
BaA 2.42 5.03 0.46 1.92
Chry 3.42 6.55 1.19 2.26
BbF 2.53 5.55 0.80 2.02
BkF 2.02 4.65 0.60 1.65
BaP 2.24 6.01 0.43 2.27
[123P 3.14 9.14 0.61 3.53
DahA 0.48 1.38 0.12 0.53
BghiP 2.80 8.10 0.71 3.08
Total 86.91 176.38 23.83 64.22
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Table 13. Mean, maximum and minimum values of PAHs concentrations(ng/m’)

in the atmosphere of Cheongju

PAHs Mean Max Min SD
Naph 411 6.47 1.63 2.44
Acy 3.24 6.05 1.07 2.07
Ace 151 2.76 0.45 1.00
Flu 2.97 511 1.11 1.64
Phen 11.03 14.56 3.71 494
Anth 1.41 2.08 1.59 0.66
Flt 4.49 6.20 1.44 2.09
Pyr 748 11.69 1.86 4.80
BaA 1.58 2.50 0.38 0.96
Chry 2.54 3.85 0.86 1.29
BbF 1.71 3.38 0.30 1.32
BkF 1.26 1.99 0.21 0.82
BaP 1.21 2.10 0.17 0.86
[123P 1.36 2.25 0.25 0.92
DahA 0.24 0.46 0.09 0.16
BghiP 1.27 1.93 0.27 0.80
Total 4741 73.38 15.39 26.77
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Table 14. Concentrations(ng/m’') of PAHs during the winter and summer time

in Birmingham, U.K.

Winter Summer
PAHs
Filter PUF Total Filter PUF Total
Naph 0.69 12.55 13.24 0.14 1.73 1.87
Acy 0.61 14.79 15.40 0.12 2.60 2.72
Ace 1.60 11.86 13.46 0.29 3.94 4.23
Flu 1.06 12.59 13.65 0.21 6.79 7.00
Phen 1.08 23.03 24.11 0.25 3.59 3.84
Anth 0.39 4.10 4.49 0.16 0.45 0.61
Flt 1.17 11.19 12.36 0.35 1.76 2.11
Pyr 2.36 35.68 38.04 0.55 2.78 3.33
BaA 1.48 411 5.59 0.13 0.21 0.34
Chry 2.21 4.48 6.49 0.21 0.40 0.61
BbF 1.87 0.28 2.15 0.34 0.04 0.38
BkF 1.12 0.09 1.20 0.14 0.02 0.16
BaP 0.73 0.08 0.81 0.23 0.02 0.25
1123P 1.95 0.01 1.96 0.42 <0.01 0.42
DahA 0.78 0.05 0.83 0.76 <0.01 0.76
BghiP 191 0.06 1.97 0.07 <0.01 0.07
Total 21.01 134.95 155.96 4.37 24.33 28.7

* Roy M. Harrison, D. J. T. Smith, and L. Luhana (1996) Source Apportionment
of Atmospheric Polycyclic Aromatic Hydrocarbons Collected from an Urban
Location in Birmingham, U.K., Environ. Sci. Technol. 30, 825-832.
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, % FoE UEhva gl ® FFXee] 53 gk 025ng/m
0.09 ng/m' ~ 3.71 ng/m'ell ®]3l 2.8 ~ 391 &2 FAo® XA}

Atk ATl Aes AR =, AF, 70l PAHs vEE MErte dA4e=

: T, 0%, 7] sk Wk HEle Ao fAE Ao g

Table 15. Seasonal classification of sampling time

Sites Seoul Cheongju
Spring 02/20/1999 ~ 03/01/1999 03/12/1999 ~ 03/21/1999
Summer 05/31/1999 ~ 06/09/1999 06/20/1999 ~ 06/27/1999
Fall 10/29/1998 ~ 11/07/1998 10/18/1998 ~ 10/27/1998
09/11/1999 ~ 09/17/1999 10/05/1999 ~ 10/17/1999
Winter 11/27/1999. ~ 12/09/1999 -

T3k low volume air sampler$} quartz(PM.5) ZHE AL&3lo] QA4 PAHs A& S
= AH, A4S A3E Fig. 33 Fig. 4o JYetlideh 2345 BH &9 A5 A4
ZHPM 25)¢] PAHs AEE 9A AL >E>7FE >89 ¥5 92 high volume air

sampler®} Y3 A= el 28 ASE FEE 007ng/m ~ 4.32ng/m’, &

4 F%E 008ng/m ~ 0.73ng/m<e W= ALH] FEI7F oF vl& A =4
Uelbyth AF Ao GA] o]gfd A v AN s ¥ ey FU3 JEs v

PAHsE 25 233 high volume air sampler A 59 2$¢ A&y HAF AFoA] =Y
3} Al phenanthrene, pyrened #Hi 5 =7} 4414

acene, dibenz(ah)anthracenes ol % 7b4 w&
W] 7S AL AAFPMopolA el SRS mlas] 2 A3 chrysene,
fluoranthrne, pyrene 22 74 & %52 Ueulda, 9A] anthracene, dibenz-

(ah)anthracene2 °l& % 7MY ¥ T5& UEU = o2 ZAH AL
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Fig 1. Seasonal comparison of PAHs concentrations in Seoul using the

high volume air sampler with quartz and PUF filters
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Fig 2. Seasonal comparison of PAHs concentrations in Cheongju using

the high volume air sampler with quartz and PUF filters
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Fig 3. Seasonal comparison of PAHs concentrations in Seoul using the

low volume air sampler with quartz filter
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Fig 4. Seasonal comparison of PAHs concentrations in Cheongju using

the low volume air sampler with quartz filter
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Fig 5. Composition comparison of PAHs between Seoul and Cheongju in

Spring using the high volume air sampler with quartz and PUF filters
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Fig 6. Composition comparison of PAHs between Seoul and Cheongju

in Spring using the low volume air sampler with quartz filter
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Fig 7. Composition comparison of PAHs between Seoul and Cheongju

in Summer using the high volume air sampler with quartz and PUF

filters
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Fig 8. Composition comparison of PAHs between Seoul and Cheongju in

Summer using the low volume air sampler with quartz filter
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Fig 9. Composition comparison of PAHs between Seoul and Cheongju

in Fall using the high volume air sampler with quartz and PUF filters
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Table 16. Distribution factors(particulate / vapor phase) of 16 PAHs compounds

in the atmosphere.

PAHs Seoul Cheongju
Naph 0.02 0.04
Acy 0.03 0.03
Ace 0.11 0.11
Flu 0.05 0.08
Phen 0.08 0.09
Anth 0.07 0.08
Flt 0.22 0.29
Pyr 0.14 0.19
BaA 1.11 1.26
Chry 2.00 2.13
BbF - -
BKkF - -
BaP - -
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Fig 11. Distributions of PAHs concentrations in the different particle size

in Seoul.
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Fig 12. Distributions of PAHs concentrations in the different particle size

in Cheongju.

_36_



CASAY 7] E PAHs9 A HEE 8691 ng/m’ol, 7k AR Hitr =

V.2 £

A3 AF A9 high volume air sampler, PM 25 air sampler, MOUDI impactor

A Aske] 19981 10958 1999 12€74A] Al & AFHsta, 1652 PAHs 33

T = =)
l]: = -
1=y = =Ry isi = O = [e) = e}
, AL B ST __/R-]’ ol A e B od HHE’( Ex o Z/\]_'o‘]— ﬁ!J,}L Iﬂrwo“r 7220 AR S
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FEEE 024 ~ 11.03ng/m’e] W2 A& o] Hla] FFAFo] wj 77l HE7}
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