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Abstract

A purpose of this study was carried out to investigate the concentrations of four ele-
ments of PAHs(Polycyclic Aromatic Hydrocarbons) in suspended particulate matters of
underground shopping stores in Seoul city. The particulate matters were collected at five
underground shopping stores{Yongdungpo, Mpyongdong, Ulchiro, Express Terminal,
Chamshil) in the Seoul area during February—October, 1992. Samples were collected using
cascade impactor of low volumn air sampler and were analysed using High Performance
Liquid Chromatography (HPL.C) with fluorescence detector.

Calibration on HPLC analyse is nearly accord with retention time between the standard
solution and the samples. Analysed results obtained favorable analysing recovery rate of
97.3% and coefficient of variation of 1.60%.

Mean concentrations of suspended particulate matters in five underground shopping
stores were 216.3 g/m’® and observed higher at fine particles(117.2 g/m®) which is
respirable particulates than coarse particles(99.2 g/m?).

Concentrations of four species PAH were determined with anthracene of 16.8ng/m?,
fluoranthene of 72.3ng/m? benzo(a)pyrene of 0.54ng/m® and benzo(k)fluoranthene of 0.
29ng/m?, respectively. Fluoranthene levels were significantly higher than those levels in
other components. PAHs concen-tration at shopping areas showed 21.3ng/m® in
Yongdungpo, 35.1ng/m* in Myongdong, 23.4ng/m® in Ulchiro, 11.1ng/m?® in Express Ter-
minal, and 21.4ng/m* in Chamshil, respectively. Particularly, benzo(a)pyrene and benzo
(k)-fluoranthene were detected over 83 percentage in fine particles, while fluoranthene
were highly detected in coarse particles. Also, higher concentrations of benzo(a)pyrene,
benzo(k)fluoranthene were found in winter while levels of anthracene and fluoranthene
were found higher in summer than other seasons.
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Ry T4 Y Ee] 3% 244 7HF 80-95
%2 AWl A#sln o) Z(Chapin, 1974; Wiley
et al, 1991) #H el A 3F(A A, A 347},
Al d 5ol e ARG E FlEE ARE B
o]z gle] AU AL UFH AFFI IV
de] A7ked ol di gt HFAlo] nz= gt

A A EFY] d5Ed Asdrte @2 AE
o] ol43te FoE rhakdt Avirt dAH 3l
of AR F71ALE e F e R4 et
AU #7 oo A7} FAHE HESZ slcth &
A A sHAz el @ ZAbe o w|ekd el 3l
ov] dH odEAEL k| ed b} =& F
=& veplo (&4, 1992).

F9 o7 ed B 670F2) shial Hf27 (sus
pended particulate matters)& #2312 A=} gl
A7), T2 Y AR uet FHHeZ A o
Al ¥ s BAlel7] die] W F8
g onj& zZr=t}(Steven et al, 1992). 53] 4
Bz 7)o s3] 2 A (aerodynamic  diameter)o]
30umBct Z ]labe Zv FAHE B3 FYEH e
o Hont, AAe| 10um olzte] 2285
3 %4 2R (respirable particulate) 24 Z&FA]
243 FYso) AXY WA Sol sl A
S e AeR odeEAd 9o (Buell,
1967) ©]F iy izxpz7|= 5-10ume] 7
24 QA % fA Aez wusw ow
(Owen et al., 1992).

W rgralel 471840F cEbrgEgses
(Polycyclic Aromatic Hydro—carbons: PAHs)+& F
2 3Mdg, 27 o AEA wEskse] B
Ao o3 A A AR 22 2pdH EA
& JAEH, AT iy B 2 AAES
of el Exslx gle HoE dedA L Ak (Wild
et al, 1992). Benzo(a)pyrenee] Wo}EA=Z FA}
(Goulden and Tipler, 1949)3.3 ¥ ol c}ghitg
Ze13t5 A (PAHs) = 25 o7 84 2 o
3] o - (Seinfeld, 1986; Wild et al,, 1992) 4 5} 1
Y= A FdHe|dde] A BAEA B
3t(Meyer, 1983; Robert and Mark, 1984)= ] of
7129805 Fa¥ WYEAZ QPN Y
< A9 dde] =Helsich

v} g} skEel sl 4 (PAHs) ol dlgt A4+ =,
9 v iA R b 7] Fel et ZAEGAY, o
% &3 (BaP, BkF, B(ghi)P)ol 33" x4} Eo
2 FWellA oaupaEelslae A (PAHs) 9 Al
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sol ¥ 2AQTE B39 w9l Agolo.
Getd & AelHE A BH] A¥R A3
grhel A ErIAe HR TAATE Aoz A
Aoz AL 5RE Ao ¥
Aol BE W YREe} Wk FAHol U EH
Benzo(a)pyrene, Benzo(k)fluoran—thene2 ¥ 3% &t
t}aiulbekF el sl 4 (PAHs) 43279 ¥5 P2
ghetaled 2l st d7h o] &2k AR} H
71 QA5 A 7| 2AEE A-gstuat sslch

2. A7 3 ALEUY

2.1 AFOA A AR

2 A AgAllel Ashaelst eldn A s
e Al stelh WEE FaAh SR(AEE
A (TR, A2, ngend, ) dAd )
o 1992vd 23] 199233 10¥74b2] AR AL %
sl A BRE0e TAskich 2UolE #
x19) 31749 9tk Eilo] shee wRF F71%Y
71?1 cascade impactor{ AN-200, <% Dylec4} )&
ARg-sle] 0.008-30um o]3te] 32E 23 shelo
u AlEAF s 1.5me] FololAM, TAH7|7FE 4~5

d ¢ A% 2830 /min £22 A% FUdstgdoh

2 Ao} A}8% cascade impactor®] z} why
o] 2] &= 27 80mm, pore size 0.45ume] membrane
filter(v]=f Gelman ScienceA}: Model GN-6)o]w],
Back-up #HEl+ %7 80mm<2] glass micro fibre
filter(d & TOYOAHE eo]4sldrt. HAx+= AR
Y A, & BF 7247 ol A, FEade
desiccatorell X#}ste] Fafo] A ¢ thg 0.1mg
72 &Ao] 7153 AINSWORTH & SONSA}
(Type: SCN,U.S.A)2] microbalance o]£-38}o] A
=3 F AR A, Fo FHxE B FEE A
slglom, 239 Fx EaigiAe] 2.1pmv|ukal
v] 4 gl AH(fine particle) ¢} 2.1um o)Akl =il z}
(coarse particle) 2 v}o] Z}2be] Fx = gl AR
E£2 7ok ARE SahaEgsSa(PAHs)
of ¥AHg 9ol ARW F ALelA wasch A
A7 AlEAFAY 2 AWE-e ¥ 139 £ ]
o eyl

2.2 PAHsZ& % 2AM4IH

39 F2F A F AES 1Y FAE W
x| 8l7] 8] BUdYPe 2 3 5T ofdle] LEellA
Bzl g Ao A AR IHEE )
(fine 271, coarse 17])2 BF3lo] 50mé Az4Z=}
2o} FgAde] Holuw {1 &AL FE A
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Fig. 1. Sampling site of underground shopping

stores in Seoul area.
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slofol BAo] folgdl, CiBYRRVSLE B

Atgko] w9 =3 3] ule] at=lry] wfFo] GCERAE=
oy Eelsiese] g FEAES 7d e
o]l e 2d o= GCol RAEe] A (capil

lary column)g& ¥#3tA GC/MSE o] &3l &
A Sol et GC/MS BAubye 4717 4
(Anthracenes®} Phenanthrene, Chrysene2} Benzo
(a)anthracene, Benzo(b)fluoranthenei} Benzo(k)
fluoranthene, dibenzo(a,h)anthracenes®} indeno(1,
2,3-cd)pyrene)el| e+ &AL ¥ 5 YUcks
b g Ay ¢} (Stanley, 1988). Anthracenez}
Fluoranthene: PAHZIEEZE 7] 3o @o| =]
3lY, WHOe A SE5Fol Exlsts dayel &
2 (EPA, 1983)2 AlA® A EEo}n], Benzo(a)py-
renes} Benzo(k)fluoranthene= e} 2 EFEadnio|

Aol sle BRAR AR ge] £ dTelAe

F£ dichloromethane(d £ Junseid}, 95%: DCM) olzigt BAME Ze MdEEA 015 £29] PAHs
o goj2 sleich DOME AtzhZelsze 7z 30 &+ AAs] FA3ch mebd £ dddMe 2
m¥ @i 3047 shakingd ©hg, 2euEEr] Al ohdsi mlEes Edfste Anthracenest
(% Nihon Seikifl 600-50)2 o] &a}o] 2120 4] Benzo(k)fluorantheneA & ztz} ¥ A&
25KHzZH o2 1584 23] 2Zsgr}). 229 slom 2 7txe} AdAd-E 7Bl AE71(UV, Fluo
A8% %7 (g8 TE-HER PIPETTES DRYER, rescence) & AHER g 9le n&dAaRebE e v
FPS-3)ell 4 3ml A% sl w3405 3] 2ole (HPLC) S A= sto] £48tsdct
DCM 05miz 93814 GsjAl# HPLC 2 %43} AZEAS7) 71 33373 E7] (9], Fluorescence,
ojc}. Waters 486)7} #2t%l Watersil HPLCE o] £3}
Z2z5 f7)EAHe BAymor:= GC, LC, o Azl en], #eEMq4 Columng& NOVA-
HPLC, GC/MSE-2| wp] So] glr}. 7}AFRulEL Pak C18(¢3.9x150mm)-& A}8-3lgict. HPLCe)
2l 7) (GCY= Rajako] w1 oo ok sln] 3]uiAjol ok H2|EM L, o] F 42 E acetonitrile: H,0(60:
Table 1. The present conditions of facilities of underground shoppint stores.
Yongdungpo Myongdong Ulchiro Express Term. Chamshil
. Yongdungpo Namsan 2-ga | Ulchi 2—ga Banpodong 1 Chamshil 5
Location :
dong 618-3 1-3 197 section dong
Open Date 1980. 1. 28 1970. 8. 22 1979. 9. 21 1979. 4. 19 1981. 2. 26
Area 4678.2mf 2201 i 2185.7m 3831.8mf 8446.3m
(1415.2Pyung)| (666.9Pyung) | (662.3Pyung) | (1158.9Pyung) (2555Pyung)
79s 87s 78s 140s 188s
clothing: 47 clothing: 70 OA: 32 clothing: 99 clothing: 151
The Number Type . X . . R R
accessory: 3 accessory. 7 accessory. 6 immovables: 10 | restaurant: 9
of Shop shop leather: 15 leather; 6 jewelry: 7 accessory. 17 accessory. 6
others: 14 others: 4 others:! 33 others: 14 others: 22
Passengers 150,000— 80,000- 70,000- 20,000 100,000~
(persons/day) 200,000 200,000 80,000 30,000 150,000
Supply 40Hp 15Hp - 70Hp 40 x 2Hp
Ventilation Exhaust 25Hp - 50Hp 55Hp 41Hp
facilities Heating central individual  [individuale(elec- central central
(Fuel) (light oil) (kerosene) tric) (light oil) (light oil)
The number
of Exit 8 6 8 1 4
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40, v/v%) & ol43ldlx, H%L 1.5m¢/min, col-
umng| X 25CE A3 sdch 459
o3tk elsip Ay w3849 chromatogram
Lo} AxegRE HgAg A, = 7+ F
Ao h¥ mass spectrum} retention time2- W}
ste] A, st 72k PAHS H&& ® 24
EAIRE wie} e A A AAEdeH, 19 2
E RFEYEY 9§ mass spectrum retention
timeg vehd Zlojch ciElaFelstea 4FF
¢} 7z} retention time-& Anthracene 2.45min, Fluo-
ranthene 2.80min, Benzo(k)fluoranthene 4.83min,
Benzo(a)pyrene 5.15min2.2 A€ Eglon] A&}
A ¥ 22} #o] Ex Wavelength®} Em Wave-
length2 2 A sted 24319t} (Baek,1991).

2.3 HPLCOl| 2|8} PAHs2| 2A{ X712 Z{A}
AR FEE= ZEdos ZHaxe st 4
g AAg T¢ F LA ek 2345
&+ Aasle] Tl 435 oh3haaSasle s
(PAHs)9) 7] &7l9} 3L R 3o el nle}
o] BN Al Al 99.7% ol 4o AaE L)

Table 2. Analysis of PAH compounds by HPLC
and fluorescence detection.

Compent MW  Retention Fluore: maxima
Time scenc (nm)
(min) Ex Em
Anthracene 178 245 260 430
Fluoranthene 202 2.80 260 430
Benzo(k)fluoranthene 252 4.83 295 410
Benzo(a)pyrene 252 15 295 410

- AEA

£ 4= HPLC 471719 ssest WsA+E +
7] feted, 24 AR d33E FELAEE
& Y3t g d3ATE Tk A
¥ F e HEATE A4 A9 gF
g2 97.3%, HEHFATE 1.60%2 43y
FAATNE AL Aozt M)
chet S estene] FRAlAE ol o} 3t

Channel A Inject 10/04/92 10/20/13 Stored to Bin# 1

’%Zgo Fluoranthene 2.
3.26

56 Anthracene

SV

5.07
5.65 Benzo(a)pyrene

Fig. 2. High performance liquid chromatograms of
standard mixtured four polycyclic aromatic
hydrocarbons.

Table 3. Coefficients determined for regression
equation®.
Component a b r
Anthracene 115937 1955 0.9978
Fluoranthene 35732 1127  0.9986
Benzo(a)pyrene 497109 -2012 0.9984
Benzo(k)fluoranthene 2119037 11289 0.9978

* [sample Area]=[standard Conc.Ja+b

Table 4. Recoveries of polycyclic aromatic hydrocarbons from particulate matters in underground shopping stores.

Compent Sample PAHs in particulate PAHsadded ~ PAHs analysed Recovery Mean (%) CV(%)*
No. (ug/mé) (peg/mé) [C/(A+B)x 100
(A) (B) (9]
ANTER 1 1.488 30 4.421 98.5 97.6 0.85
2 2.308 3.0 5.143 96.9
3 3.746 3.0 6.563 97.3
FLUR 1 3724 2.0 5.621 98.2 95.1 3.03
2 5.816 20 7.228 92.5
3 8.983 2.0 10.389 94.6
BaP 1 0.022 0.3 0.332 98.8 98.0 0.72
2 0.043 0.3 0.334 97.4
3 0.087 0.3 0.379 97.9
BKkF 1 0.035 0.3 0.321 95.8 95.5 1.80
2 0.054 0.3 0.332 93.7
3 0.084 0.3 0.373 97.1

C.V(%)* : Coefficient of Variation

Benzo(k Yfluoranthene



Hga) A spab)

Pg%{?cinc- _ Sample conc.(pg/mé) X ?olvent( ml)
3 Total flow(m?)
(ng/m*)

100

X 3
recovery rate( %) 10

3. ¥+&n ¥ nF

3.1 X|5ta17} 27|E PAHse| &

7 A Egrrd SRR3R0 9lAE A v e
246& A= ¥ 59 zreny, Folld Rl uls)
k) A LA AE 208

21 (TSP: Tota Suspended Pdmculate)«} th 7] 3
A71wel AYdEE 150ug/m*E oF l4v] 2345}
ok, =& vl A9 2H(fine particle: <2.1pm)2] &
X 117.2ug/m', gl 2} (coarse particle: > 2.1
mm)e] 5= 99.2ug/m’e g uvlAgl 2} -
AF 542%%F AAsL o] B AFEHE =
Aelel orlHfEAE AL A s ]
55-60% (o] £-+2,1986; Rafael, 1989) 3 chi= of
sskent ol 24e slAsiAe) 97 sizes| zfolol
& ol obd7l ARFch AAHL T A sl
Bael wE7F g oA EF 2R
% 50% ol4h& x| ste] A statvhliell A Al &)
'P: *}%‘L o] A7 d&E F oy Aapgich
] U ARAE YR d
A #HErE B F 5o #rh X SeA HiE
uiel zro] AHHZ A spdrle] F{-EA 9 HFF
=71 1 22 AEE B dSx A= 7heel
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47hs el LORSEHEE AL
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7+ w4 el AR EE FAR76.2)>9F
(230.0) > <80 g (201.4) >EA 2(195.6) >3 %
E(178.4) wo]w FAA7INA Ao HA HF
Er 276.2ug/mZ H2AE, FEZEA7H A
178 4pg/m*o 2 HAAE Bgow (¥ 3), 3i#
G ARAEE FFFEE B 2dde= 2EA
Frell A elAlglzle] FE7F z2dlglate] PR ¥
g, AgAde HEAvtE AflEa, JE-Ad=
AAA7LE A stiL, 7HE A= e S Al
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50

0.08 0.430.651.1 2.13.34.77.011.0 30.0 100
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Fig. 3. The distribution of® particulate matters by
each size ranges.
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A&7t AW A A s = B3 o Rl o F-r
tt 52 FEE vehd o] opdrt FE5c). £3
A A7 4A A HEFErl o Al v s
Eohed FAAVE stR A Rd g sy #s)
Aol sl gle Al WIHE o=
W AuEN F - HIAE AEAE o] fake @
ARl E9] olx o2 s migtel]l HAHe] )&
z18] Aujse g sty B4 FEr) Foldl A
}‘47} *H 745]”% E AsAY SAFAA B
BalSo] AHH oz zHA Ao}
a]a} AtE et AA 7 sHAk 7)ol A
39 HFoFE(216.3ug/mH)E F
A3d UL SANA FA=
X9l 123.9ug/mi(el el A, 1992) 8.
FH(1990) 5] AlEAY ZEudA
X 165.7ug/m* Rl 1.3m) —“-9&0
AMgAl A6 (S, A A,
, AEE R, A2, Al A 67H°“‘«l
5% 335.8ug/m* Hri= wow], & zA A
R &7 a&eud Adrtel AAE ngEwd
Ao (2732 275.1ug/m’, A 337 182.9ug
/m) e EAFE(MEA AeA-FAL1992) Bt s
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Table 5. The concentration of particulate matters based on various size ranges.

(unit: zg/m®)
BACK 1 2 3 4 5 6 7 8 FINE COARSE MASS
Season | Sampling | Sampling " UP
Data Site >043 043 065 1.1 2.1 31 47 7.0 >2.1 <21
m  ~065 ~11 ~21 ~31 ~47 ~70 ~110 <110
920215 Yongdung 425 122 171 117 34 6.4 93 103 83 870 34.2 1212
-920220 o
920215 Myong 39.6 81 134 105 76 310 100 396 81 792 88.7 1679
-920220 —dong
. 920220 Ulchiro 247 156 201 161 191 201 262 106 106 956 674 1630
Winter
—920225
920225 Express 765 185 108 268 268 89 548 268 357 1492 126.3 2755
-920301 —Term
920225 Chamshil 1.2 250 96 275 275 685 832 627 448 1210 259.2 3802
-920301
920404 Yongdung 313 186 93 235 489 259 303 132 112 1315 80.7 2122
920409 ~po
920409 Myong 298 652 500 328 404 237 424 237 546 2183 1445 3628
-920414 —dong
Sori 920414 Ulchiro 353 232 179 321 405 237 253 221 311 1490 102.1 2511
PIE | 920419
920419 Express 3»3 191 3B3 456 256 232 186 130 158 1608 70.7 2315
920424 —~Term.
920424 Chamshil 35 339 223 170 207 382 186 276 249 1293 109.2 2385
920429
920629 Yongdung | 270 214 214 168 82 194 163 138 143 949 63.8 1587
920704 0
920706 Myong 232 181 335 249 344 275 335 189 155 1342 955 2297
-920711 —dong
920713 Ulchiro 313 149 228 199 248 199 204 124 204 1137 730 1867
Summer
-920718
920720 Express 290 112 178 122 147 193 239 127 127 848 68.6 1534
-920725 —-Term.
920727 Chamshil 241 145 223 169 294 356 567 320 392 1073 1634 270.7
-920801
920902 Yongdung | 544 187 212 151 222 161 393 222 141 1296 91.8 2213
920907 -po
920908 Myong 30.7 84 99 114 169 174 179 99 372 714 823 159.7
920913 —dong
920914 Ulchiro 35.5 74 175 154 233 207 228 127 260 992 822 1814
Fall
-920919
920919 Express 457 141 5.0 45 151 166 221 126 95 844 60.8 145.2
920924 ~Term.
920928 Chamshil 289 59 206 181 235 284 3489 245 309 970 1185 2155
-921003
MEAN 3%5 187 199 184 237 245 303 211 233 1172 99.2 2163
4= g A A% %%Mﬂ FEE Bol  4dumolstild 28 A9 FEeledl @ o}

259.2 g/m*E 22 Z, 7}S 184.6 g/m’e 2 3%
FEAE Hgon i>74€>°# >7he #o

Bguae Fer} Eolch ole AnklrlEe A
W yowsiel fARNE ¥EETHaY 4). =%
AA Aspadzlel 474 FHEAe A% 29 0.

3 ue

Bae] ¥3(12.6-23.1%) HQom, 4.7~

7.0um AeleldE AW AL wet HAFE
o 138%, 134% & ebl 2R & FET

ehd 2

o 4= gloh
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Fig. 4. The seasonal variation of total suspended
particulate matters by seach size ranges.

3.2 XI5l&7t 32|18 PAHs2| Y -HEY s
CHetUarEErsl=4 (PAHs) 2| 4

tistub kel st 4 (PAHs)E  BApAl 27} o
=& ozl ol A7t HulFFe FrEgEH
Egsle] £A5t Fxo weEt AESH FAde)
AA) b2} (Seo ot al, 1988). 2el2i x5 )
F A I Bl glel w2 FE 7| "as)
st

g e chetgFessa(PAH)E oY
Ho] AAaFHAAM MAFER nlHgRp| A go)
EExsla gr|d el & dFelMdes 23 rlddd
Ateh zdlslAlR ven, g mjA gl A (<2 1um)
2 0.43um o])3le} 0.43-2.1xm=E A} B3] 9] A
PAHs 8t§HE9] FA4u] & odolr iz} st ).

UAY PAHs s &3

7t A &g7rel A 2 FR-EAE ofshaeksel
st (PAHs) 4379 $3 4 7= 19 59 3coh
7} ARy HascE ¥9 Anthracenee] 16.8ng/
72.3ng/m?®, Benzo(k)fluoran-

3

m®, Fluorantheneo]
thenee] 0.29 ng/m?® Benzo(a)pyrene& 0.54ng/m
© 2 Fluorantheneo] 7} 2 g2 velytol,

wg g4y =%& ¥ Fluoranthened v]A|3)
ARt Zof] At A 7t E2 ¥]-&(51%)F e}
yon], Benzo(a)pyrene’} Benzo(k)fluoranthene
£ v YAl A 84%, 83%E vwl§- ¥ vE&S
A=) sl c}. Benzo(a)pyrenes®}t Benzo(k)fluoran-
thene®} ¥ =t FE A4H dAYU spxjdEe}
g2 a7 del e Bt o) A"
A2 vlAlglAle] $E71 =4 et g &2
%t

Percentage of {ine{ %)
100%

75% [

50% -

25%

0%

ANTHR FLUR BaP BkF

PAHs

M Fine B3 Coarse
Fig. 5. The distribution of PAHs with regards to
particle size.

EAaY - AHY PAHs 55 2¥%

E 62 Al Fadz 249 43RS o
et sl (PAHS) ¥ 55 Jebd Hog, =
EA 87 e A ek ek el sl A (PAHs) 425
AA Y FEEE 3b.Ing/m'e 713 & %
Bglen] n&Ev]dAbvlol A 1l.lng/m*o 2 7}
@ FEgd Bk AAA7e 7 PAHW
#37¥ X+ Anthracene 16.8ng/m?, Fluoranthene
72.3ng/m® Benzo(a)pyrene 0.54ng/m’, Benzo(k)
fluoranthene 0.29ng/m*e.2 yelyton E3)
PAHs% AMFEX+ Anthracenes} Fluoranthene
o] Zt ArldelA ¥ PAHs 4579 AA »
EFA 2 u]8(99.1%)S A8k ql7] @&
o] Anthracenes Fluorantheneo] o] 73&% o
4717 B Al vlE M B FER ey
o}

oX mu o

X 1A B wie} o] gEAvle @U|AAS
71 7bEEt wiZ|A A HEskAl o gled
A A6 A 71 $88 dejubygel 37] (venti-
lation) 7} Q&3] o] Fo|x]x] 9to} PAHs #wl o}
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Table 6. Concentration of PAHSs in suspended particulates from underground shopping stores.

(unit : ng/m")

Components SITE

Yongdungpo Myongdong Ulchiro Express Term. Chjamshil Total

Mean Max. Mean Max. Mean Max. Mean Max. Mean Max. Mean Max.
Anthracene 21.2 246 236 533 147 246 8.7 116 151 20.0 16.8 3.8-53.3
Fluoranthene 63.4 101.7 116.1 290.6 77.9 1484 349 415 694 1002 72.3 17.3-290.6
Benzo(a)pyrene 045 0.86 048 0.89 054 067 061 1.21 064 138 0.54 0.09-1.38
Benzo(k)flucranthene 0.33 052 030 050 0.26 032 028 053 030 0.67 0.29 0.07-0.67
Total 21.3 319 351 863 234 435 11.1 137 214 306 21.5 0.07-290.6
2 7z} Az - HAAE Byt ol#F Fx= ¥ 54ng/m*)®  Benzo(k)fluoranthene(0.29ng/m?*) <]
ZAA o)A 19913l AR H-&A] d¥ldi 7] 5 BaP AH AieTe AAAA(FAE, A=A )
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F2 ST ol AFA ] F7bze o8] o
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Zof 7lalslA] gshvh A Ech 3 dwiH e
Buf ST Hol= A o] A s
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7 AEA (AR ) Boe SokAE
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Ze]v)d A7} 4 Benzo(a)pyrene X7} H43]
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7 L 5EE HYXR E>UHE>AHE £ E
S FEAE ol doely AW, AU e
Ay Az FA A A7 7S

A A sHA7lA] 25 Anthracene(16.8ng/
m*)3@} Fluoranthene(72.3ng/m*)%] HFFx+= Al
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A 2R AT FARE RelFa glch
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Fig. 6. Seasonal distribution of polycyclic aromatic hydrocarbons in particulate matters at underground

shopping stores.

Table 7. Correlation coefficient matrix between PAHs and particulate matters.

TSP Anthracene fluoranthene Benzo(a)- Benzo(k)-
pyrene fluoranthene
TSP 1.0000
Anthracene 0917 1.000
Fluoranthene 1973 .9201** 1.0000
Benzo(a)pyrene B675%* .0348 0139 1.000
Benzo(k)fluoranthene .4660 1246 —-0683 0.8405** 1.000

N of cases. 20 1-5ailed signif: *-.01 **-001

HE(C/T: 05D 02 88 Mg ¥& BE%
£ 123.2ng/m'(58%)°.2 ZHz:Absglew 1
Lo} 7FEH(71.2ng/m?, 51%)2 A Zie]=}
A A we] ZFAEH
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N 453 B2 FEZ FHEHS o 7 dgen,

Benzo(a)pyrenes} Benzo(k)fluoranthenetx 4}7)
T AlMge] e ALAHA Y 2L FREFEa
0.73ng/m3, 0.44ng/m*E Rgx Es| nlAg]zE
0.43-2.1zm gl AFAfololA] Ro] HAEFL 2 4 <l
o}, ¥ 744 HE= uvle} o] Anthracene®} Fluo-
rantheneo} €} AAo) nla] AEH &4 ==
AL 7129 Qg 7|Axz5e] 84 94 o
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Fig. 7. Seasonal variation of particle size distribu-
tion at underground shopping stores.
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