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Contributive Estimation of Polycyclic Aromatic Hydrocarbons
by Emission Source in Seoul Area
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Abstract

PAHs (Polycyclic Aromatic Hydrocarbons), one of the carcinogenic materials in environment, were investigated
in this study. The standardized analysis conditions were tested, and then various factors which affect to the ambient
PAHs concentration in Seoul were estimated. Moreover, the emissions of PAHs from major stationary sources
were investigated to determine the quantitative relationships between ambient PAHs concentrations and emission
sources.

From the factor analysis, three factors relevant to the ambient PAHs in Seoul were found. Factor 1 was related to
the concentrations of chrysene, pyrene, indeno (1,2, 3-cd)pyrene, benzo[blfluoranthene, benzo[k]fluoranthene, and
benzo prerylene which were mainly emitted from gasoline and diesel fueled cars. Factor 2 showed higher loadings
in phenanthrene and anthracene which were due to LNG and BC oil combustion in industry and home. And factor
3 included dibenz(a, h)anthracene and acenaphthene which were emitted from open burning and municipal solid
waste incineration.

Conclusively, all of three factors were consisted in 82% of total variance. The contribution of mobile sources in
ambient air in Seoul was estimated at 64%, that of industrial and home sources at 17%, and that of open burning

and municipal incineration at 1%.
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A H7]59] oG3aEEelstsa (Polycyclic
Aromatic Hydrocarbons, PAHs ©|3} PAHs)® A% %
FEoz A g7l AR Jom, Hzxz
o Zhs Aol gk ozt 2R g A edE
A9 shtel7| = dlv) w3t A e WekrlbeAl
ol gl Az 4YAl A F ddaFeze MR
2 252 d4#A 2 ¢lt} (Freeman and Cattel, 1990).
PAHs7} QiAo w]xie oj2idk 43F ujol W <
FAEe] A&LHoz d7]5 PAHso| Wgh #ale
7AA 3 9lont, Thekst wiE oA &= & PAHs7)
W7l Foll mR= FEgFF o]z Qs ehhs A
e st Alet wg- Aol B8 A4
oltf. Ak 4= Al 7] dAel 23 PAHsy: o
89} d4ava9] ool wie} PAHs 4w A
gt x}ol7} Qlvh 4ey A ¢le} (Gordon, 1988; Byran,
1980). tekgt WA ellA] wi&EE PAHs FAdu]e|
3t A= gke Aol 28s] =, setal
42 75l (CMB receptor modeljojr} 2¢] E4 (fac-
tor analysis)®] u]Z4] &ql= (source identification
model)& 3 7+ A5 HE PAHs Wi E5A4
{fingerprint) s}oteo} 7h5-51A vk MiEY Felndd
oA AAH fingerprints 2.QEA oL}, 3}ehzlgfs
Andd A.asPd 2 wiEdel A wj&3 PAHs7}
2] 9 (receptor site) T 7] Fol v A 7 xE A
FHoz HrE 4 A P} (Yang et al., 1998;
Harrison et al., 1996; Nasrin et al., 1995). ¥ & F-of|A]
E oolHF o|EEE wiEeR o] AgA| 7] F
PAHs ol J3ke F& LAYYE> ERlae
g 84 Ade FAE FHE F adBEME

3]

‘O
5% 7lo=q7ke shuat Yok

2 oF wy

2.1 g8 U™

A di7)el) &S F& PAHs 292 ¢
okatet. 2t o] wiEY SellA A=
PAHs v &5Ae] Wt Aue w9 A 9o
, £3 o] ARE Fak® dF I F3H] g

g7 A A 224 A3z

ok 53] FuldME o2 gt WEdEe] AT =Ab
ARE 79 ol 4 gloh B Ao el
Al 938" A8%(US. EPA, 1995; Nasrin ef al.,
1995)5} A&A]9 Azt AdB8AMEEE Fxdle] L
3} Fo] diARE AlAIE. o] 5 gUE W3l
252} w77k o3kE ol y] f)3le] ALFA)
A4 HdE AAst 74 0399 a7AA 27
AR Ak Al F =A7EA(LNG) 8 345 (B-C
oi)E g8l vy AAde AAsig e, olst
AA o] foll w3k Mgt A2 7] A7% Bl
ofn} #HAJEE W} 9l (43 5, 2004).

2.2 £8A o U™

Papageorgopoulou 5-& BX|7} ohd ]~ EZE
67) =A]¢] PAHs ¥=& FAE EA (Principle
component analysis) o2 HA43t ZAs} 2+ w7k}
2AW ] PAHs 3= A2 72+ Ad9 Qg3
SARE A%, Spol7h A gkekm waa u
o]} (Papageorgopoulou et al., 1999). &3 of2 o
AES] AT AAIME 0|2} fA1R Aeke vehd
oAoH (Miiller et al., 1998; Samara et al., 1995).

Mg ZAdL F& wae] we ol3sl wAlse]
glom, FHe Haa AL AL Bt F
S00m 29} Alzh Fgo) Azt ol Fein
of B2 A vk =3 A8l ofedgE
u| X ket Ak Al g2 520 ARt o
EAHe glor, gheA] G bl dAE
B ol g3 drlFoz &Y kY 229 F
AL ol Fo] AgHE W= A odolztx oln] FHH
Hh ol A el A8k gle] 7172 o] Fe] o
AgEA Q] MEA] H71%2] PAHs B =% o]8 e
e veldelet Ao, 2 AFoMe 9

ofefE kA 43 MEA] AAdIIE dEshs
3 A (44 A& AA A A9E &
S ) wEEE 3l 97 ARE AAEY
3 AAE 97 AAANAM AFHH Aa ¥4 24
ulelo g Sad Q& AR5

A

o |4 o oX Az i

2.3 A2 :

PAHsE= Ab2oflA] 7i2v/dapde] F 71A] e
A ez E)sit) oleldt 542 1A PAHs A=
£ BHda) A7) A AF3) sk B Tl



Mg g7 F dsbligasiesd] TAYE 7= s 289

Z $=F27]1A3)7] Middle Volume Sampler, Grasby
Andersen GMW PS 1, US.A)E AL831ge) 7k
AR AHE SsHE 5 Azt f212F (D:6em
xL:9cm)3te]] polyurethane foam (PUF)&- A}o]ol
T3 ¢F 50g8] XAD 2 (Sigma, 20/60 mesh) X2
7hed 2 & AMgse = A PAHsE F3
7] el Mg Fod#] (Whatman QMA, 4")&
Haste] AASIYT LF ol BFUBE olg
As FEAIA BAAEt SR o 4
ok 2.25cm/seco)w, B AFo| = o] e SFe
287 $ste] AFHFFE [80L/minez =A3}
of Al F 23~24A7F HH 5ot

Ard Ao &7t A 9] A2 # = CAE (clean air
express) isokinetic stack sampling system 1] S A}4
stod, At AlmE YEoIx] (thimble filter: 88R 25
% 90 Toyo Roshi Kaisha, Ltd )ol] 7}AA A% XAD
29} PUFell F25 =3 shoich ol27 2429 ol
72§42 9E4 FFe wel 8.7~ 12.5 m/sec
ANE HEGE Ase FEFY A (F 10
L/min)2 5~6A17F §9F 3~4m’ Axe A8 A
Fska

2.4 BMTINEY 2 £ wH

2 A7 1,896702] o] AA7F EAgg Tz o
2] A (Zander, 1983) PAHs & EPAoA AA 3 162
<+ Aoz sl

A& BAL Hewlett PackardA}2] HP 6890 series
GC2} HP 5973 Mass Selective Detector7} Z&EH=2 4
7% GC/MSDe) HP 6890 auto injector %! controller
7} 97 Aade sk elsh PUFS] §3
% PAHs 322 DionexAFe] ASE 200 (Accelerated
Solvent Extractor200)€ AF3IE 2 XAD 2 $=24]d)
F49 PAHsE A8 WA o= FEsian (3T
5, 2000).

GC/MSDol] 2]3t PAHs 342 y2gFH oz A
el omi, REFEAZE acenaphthene-d,
chrysene-d,,, phenanthrene-d,;, perylene-d,, (U.S.A.
Supelco, EPA 525 PAHs Internal Std. Mix. 48242) 4%
+ At AR A 771 270
A3 ARl ARIE] glvk (R 5, 2001).
717184 9] 72384 (instrumental detection limit,
IDL):= 16%2) PAHs 2%0jA] 10pg %%0A] S/N H]

7} 5 o] Akeldet. A =FaA (method detection limit,
MDL)E 34 &g iy =F24 458 200pg
A A Almel Fste] ¥4 (53] WE)EaE o,
S/N H]7} 80 (acenaphthene-d o)A 160 (chrysene-
d,) A=) v 4 BAe] AEEHAE 10%
)32 veheh o] 48 B A9 AR
AAslg]on, o]= 7] % PAHs %7} 0.0l ng/m’
ol EAF ¥ 5 U FFECIH

3. @9 o 1%

3.1 =83 XY

AMEA] AA-A A A {315 PAHs7E A4 o)
%ol ojd AgE vebleAE stefstaal, Ao
W A P wske mEste] 9/ RS A s
Ak 7F AN M 350 AR elel2E RS A
of AFHste] BA3 A WriEel 72 A9L o
£ 7 A3 5oz o)1 Qe AMle]
FAFANS. 53] d7HF A9 chrysened A2
1582 B4o] & A7 %A YA & vepl
et (BF & 2001).

974 (ransboundary) £ GEA 2] o5 o] A&A
971% PAHs Fxel wA= ks FrstiAt 3
AZ)1ZE Q1 20000 39 28URE] 49 24 AA
aerosol A/ RE A FH sl HA sl 2, benzo
(b)fluoranthene, chrysene, benzo(k)fluoranthene 332]
Qo8 2ol vl wlmste] FAGoE
o149 Aol7k =A vekdeh ARAAEE 23
s QuPA 971 AHaSEs PAHS S Este)
FAE dotnr] fisted RS A Ao
ME d4afd 2P9EASH PAH AR3A7 =
A vehget ol A F43] AR Fktx
Ar F=9) AR A E FREA) deis 2
2& 4 AR T F 2000). o2 F HE
st AFHE A& PAHs w7} Hd3tel
74 2AE, 7 BAES A9 (FE, d71E A
o)) Bxprh vl A vebd M MaxT kA
5 AL o84 Agoz AA3. A7 F
(20009 39 289U ~4Y 24Y) £ 253]e] AAH ANFH
" Mgl A At -, 7S el b
g EE Ag eA] 19319 |3 PAHs 55
= 16 vepisieh
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Table 1. Mean concentrations of PAHs in the ambient of receptor area(n=19).

Concentration (ng/m?)

PAHSs Compound
EPA No. Filter conc. PUF conc. Total conc.
55 Naphthalene 0.33+0.03 8.18+0.84 8.51+0.87
77 Acenaphthylene 0.0340.02 0.77+0.52 0.81+0.55
1 Acenaphthene 0.124+0.03 1.11+£0.24 1.23+0.26
80 Fluorene 0.08£0.03 8.36+3.34 8.4413.37
81 Phenanthrene 0.814+0.07 17.39+1.45 18.20+£1.52
78 Anthracene 0.93+0.11 3.62+042 4.55+0.53
39 Fluoranthene 0.954+0.21 526+%1.16 6.214+1.37
84 Pyrene 1.06£0.25 4.78+1.11 5.84+1.36
72 Benzo(a)anthracene 0.66+0.14 0.18+£0.04 0.85+0.18
76 Chrysene 1.18+£0.27 1.82+0.41 3.00£0.68
74 Benzo(b)fluoranthene 1.31+0.38 0.05+0.02 1.37+0.40
75 Benzo(k)fluoranthene 1.0840.36 0.014+0.00 1.10+£0.37
73 Benzo(a)pyrene 0.7240.31 NA 0.73+0.31
79 Benzo(g, h, i)perylene 0.47£0.14 NA 04740.14
82 Dibenz(a, h)anthracene 0.10£0.05 NA 0.10+0.05
83 Indeno(l, 2, 3-cd)pyrene 0.58+0.15 NA 0.58+0.15

NA: means compound was not quantified
A 2 ioi ; =2 745
3.2 PAHs source profile 54 A28 7] (municipal solid waste, MSW)& Az}3s}

Sgudd 248 7 AYAEe] PAHs Source
profile A7) 1% 4F A% e 2 A
g d& 5 dsdeh

o] 52949 PAHs W54 S Ftolal A B4
el 16& PAHs & %= (SPAHs): 391.41 ng/m®
o]glv}, 2 EAEQ =%+ phenanthreneo] 101.27
ng/m*2 7} =¢k1, th-8-0 2 pyrene, fluoranthene,
anthracene, naphthalene 2] <0 2 v}elydc}.

BdeeA] wl&E 2= PAHs: B-C 48 A3l
Al A 16% PAHs & %57} 11,056.61 ng/Sm’ 2.
Z,LNGZ daz Agsl:= A4 (6,582.57 ng/Sm’)
net 2d) ol A hehdel B AM mRel &
2 wjEEE 22 3= 370 olsle) PAHsz A
&2 AAEE 98% o4& deblisist 53] o
Zo|Xq = 12| 27§Q] naphthaleneo] A}A|3l= H| S
L oF 90% A x99t} =3 7+ B w|Z2EAS H)
&2 A3} B-C #-F AHg3he AlAelAE naph-
thalene 90% v}-&2 & phenanthrene, anthracene, ace-
naphthylene, pyrene <. 2 vielyde} dbHe| LNGej|
#13= naphthalene, phenanthrene, anthracene, acenaph-
thylene 742} B-C 45 ARS8l nd=e} $dst
Fid& el glon), pyrened 719} HEHA b
¥l fluorene2 ZA 2718 EA-S Jehligioh

A1 A 422 A3s

= ATAAAE H7]29 9RA)A (air pollution
control device, APCD)S £33} Al g9} E3talr] ¢
& Aol Al PAHs WEEAE 2 Aolg e
art M&F= & PAHs 52 APCDE 533 Alg
P Eateba) she Amel sl 3} A R %
=5 vepiolsh 22 zE] 40 ol 4e] 2l E.
A= APCDE E3517] Ao AHH A8l 5
%7} benzo(a)pyrene 34, benzo(a)anthracene2- 4
) o] Ao % APCDE £3}3}7] Aol 2% Az
Aol w27t S F9 Arud ¥ 5g o}
thisieh o3t AMIEIA A7 daadelA
A PAHsT APCDellA (YA EAel &
Z¥ PAHs) B4 o] AAHE oz P =T
AT el g we]4rt 42 PAHse} T2 A
FEAES T AN Fo w4l Bl
PAHsZ AAs}= Aoz HArls), o]2g Al
A PG 9de TR e I @
F7 e Aoz Al (3T 5, 2004).
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3.3 7|z HI}

3.3.1 PAHs H|&H| %

W) EA S 9] A = 99 Y8 ““%
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A&
W71 eq WEFE I 22 AAe] =, F
T = A7) L el AHE-FE wS dtel, %7}
9 A BAAA, AR AL 2 JAE A
o W Fad Amz o|8H T ot o)t uﬁi‘
A R 7HA] 2del ofsiA 950 F, 3
F9EE 98, VM, AlzeA, d7)es WAAA
of mheb 22 A FA A= ﬁH%lﬂ’“ 2
A A& 7 Ut o]y A FE 247} okt
Hold, o]8El 945 oAM= d87) A
Fodigan deA 1 o AAde oM 24F
o] Wgo] 18] A o} ol wiEAlR ol Al
Zte) Al wigt £ el “eplAl e 18
v A7l WAAAAS kg o 1751%1 H ga}
E dalells dRAZe] AvE MEAsE AL 5
Aateiol ol FAZF A7)H o} (Skeaff and
Dubreuil, 1997). 53] uj&dolA oekst oA §
DEREL R EE N R E DD
W) ZEAS Folsl= PAHs 22 246 AL317)¢
£ e% g BAEE W2k Aok us AT 9

Ni
10

(<

471 &

e

dohng] W

AYg 7oz {7 291

FEdA] o] uleloez 7}t wl&Ye) A= BEAS
ez QAT 324 2ol Blsted wlmd ol

‘_‘I‘E]—L Al‘\_‘:‘ O]%'-Q— o

Yol 9 PAHs Wi 2A 5

AN Aol A Wlze) HE WA 4
A ARAT Gk oA Gl EPAGIA 2 2
4ge] PAHs WEA4 97 AEe HeiE A=

o AEARS) WA 4

A =E 624

Zg =4

=49l D (below average)g-2o.2 H7sta ¢Joh(US.

EPA, 1998). =

o

RS APHes wiEAdgE
Ase e AEAss

ST =
=7 =

\:ﬂ-O

3k e Linsey7} AL AFgellA
Ae2 AFL3= AE-xe] wlEA49} PAHs &
o7 AHAAZ ehiAl Qeter, 3

AL AFEAf| A= YREA B A P
}b}{ra‘{rﬂ]ﬂ 9= Aoz AASFTt (Linsey er al.,
1999). 22 =4 WA d&H oz EA4S

e =

5 A8 7 o)y

A d&

~

Holch. e} 2 AP AR 2AT Ane
P A 4 9t Aol ohIm, 2Feiehe 150

AlZrel whe A wiEe] WskE ey

Table 2. Average concentration of individual (homologue) PAHs in sampled sources in Seoul.

=T
2 T

(Unit: ng/Sm*)

PAHs Source Tunnel Inc A Inc B LNG B-C YS  Aumos phere
Naphthalene 23.27 10513.57 3933.63 5951.73 9797.47 15.57 8.51
2-Ring Sum 23.27 10513.57 3933.63 5951.73 9797.47 15.57 8.51
Acenaphthylene 2.28 121.24 59.43 114.55 170.47 2.27 0.81
Acenaphthene 3.81 307.57 13.20 0.26 0.56 1.25 1.23
Fluorene 4390 107.82 6.44 91.22 544 20.80 8.44
Phenanthrene 101.27 289.12 141.35 204.21 474.90 30.88 18.20
Anthracene 28.58 241.62 142.00 189.25 410.23 7.61 4.55
3-Ring Sum 179.84 1067.37 362.42 599.49 1061.60 62.81 33.23
Fluoranthene 69.13 0.32 0.96 0.17 0.22 9.34 6.21
Pyrene 81.49 60.93 2797 2.87 139.24 7.39 5.84
Benzo(a)anthracene 12.46 5.59 19.79 9.50 10.76 1.02 0.85
Chrysene 13.54 1.25 148 1.35 1.72 597 3.00
4-Ring Sum 176.62 68.09 50.20 13.89 151.94 23.72 15.90
Benzo(b)fluoranthene 3.59 0.43 1.99 1.29 1.22 3.44 1.37
Benzo(k)fluoranthene 2.34 0.74 1.50 0.50 1.19 1.92 1.10
Benzo(a)pyrene 2.05 0.76 220 0.54 1.05 0.65 0.73
5-Ring Sum 7.98 1.93 5.69 2.33 3.46 6.01 3.20
Benzo(g, h, i)perylene 1.37 0.20 1.29 0.70 1.41 1.08 047
Dibenz(a, h)anthracene 0.05 0.06 0.86 0.04 0.23 0.25 0.10
Indeno(1, 2, 3-cd)pyrene 2.28 20.97 3858 14.39 40.50 1.00 0.58
6-Ring Sum 3.70 21.23 40.73 15.13 42.14 2.33 1.15

Total 391.41 11672.19 4392.67 6582.57 11056.61 110.44 61.99

YS : Yellow Sand Phenomenon; LNG : Factory using Liquefied Natural Gas Boiler; B-C : Factory using B-C fule
Inc A : Incinerator through APCD (Air pollution Control Device); Inc B : Incinerator before APCD.
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29152 #®EA (Indicatory PAHs) £4& s}als}
7l A% Aue d9) A 2 Ee 99 A o
25 w2452 g da, 7 & d%
oA wlZE:= Sm’} PAHs ¢} (ng)& Ahg-3lich
% 29| AFHEL 7 wiE 9 daste 5A4E 2
&7] flaked List wise £ (HEFFe =L BF
#zhe] 3ul)E AHE-F Aol

3. 3.2 Indicatory PAHs

25771 92 9= A4 A WESHE PAHsY] 74
AEe] Aozl wiEd Felel o]8E 4 e o
2 ERSoA] AIE T 9l (Daisey ef al., 1986;
Daisey, 1985), o]2 8t 54 (74482 zlo])& o4&
sted W& FEE A% FHAEA AHEE s
T EA A7)E 2 o} (Daisey er al., 1986). 1
Y Ao wiEEE PAHSE FA3¢tE=R
AMgE & A%, 7 ou)e iR HEe] vl AsHA
viehbe, w3 2-e PAHs7} 7t oh2 e s
2E] A" £= Qe FAAEE s "ok =
g A5l oid 54 PAHs =& 7 PAHs
9 H]E o g3t wjEd Folo] o] 4 USS
AA3k71 = sl (Creteny er al., 1985). & =Fol|A
£ 7 2AY 7 PAHs RS Aolg olgate]
ALE Felspglon, 5-&2 Aol 23 indicatory
PAHsZ 2] 2)3FtH (Wu, 1996).

Ratio;= —(Xl/zi

(Xil¥X)min

oJ7]e) A Xie A9 PAH (7E2AH 2 5
o)1 (XX WM& jolMe] iHA PAH ¥=
€ 16PAH ¥ =9 o= v Fholoh

= (X/SX)ming 2E u)&YFelA] PAH F=7}
7} e Aoz iws PAH 358 16 PAHs ¥ %
oz i gheloh

Al A Ratioji®] el Zehs AL wWE4 jolA
2e] idA PAHY] =7} oh& soruce®e}t o ¥t
AL on|gt

Z42ke) Wi E oM wiEE PAHs7F -84 o7
Foll o Ax 7)o SlAIE Uotrr] AT A A
A DAE &Y w2 indicatory PAHE ZAX]3}
Zoleh & 32 9] Ao s & 7 TR e

rr

g 7|8A A A 223 A3

- 2A

Table 3. Indicatory PAHs for various major sources.

Category Detail information Indicatory PAHs
B-C fule PHE, ANT
Liquefied Natural Gas ANT, PHE, ACY
Stationary Incinerator
sources (through APCD) ACN, FLN, DBA
Incinerator
(before APCD) ACN, DBA
Mobile PYE, CHR, BGP, FLU,
Tunnel

BKF, BBF, BAP

sources

o2 indicatory PAHs ]t}

3.3.3 PAHs9| 7|0{= T}
2oBA L =28 Tokgt HEES FoiM s
o Mg Wes Bue Aoz Aw P 3
18- ZFaA7)Ed AR S ol W old ahebA
AL 48] AAAQ 14l (fewer casual
force) g 3|1, o)A & | AE=d o] 4T 4 o
AFoME AEA Gl SAlEhe ekt e

%

ZAHG F o) F olasted AgAl 48 Aol 7}
R 2 dE v)AE BALE LA¥A (SAS of
£ S5 FHe WA 7 A2 (A5
AT hekshr] 91shed Abwlz 9= 77 (Shapiro
-Wilk Test) & At =29 A28 AA4T 2
3 7 Wags] Aol WA Uebd o8 Al
g 3 A3} 93Ee) WeBe) Pr<00s oske AT
2zg Jepigieh ol o7 % PAHs FES) 2
oA W ZEE= PAHs F= 2to7} &7) wE<¢l 7
o2 Halvh gt qyRo] 7|4 ez triFl
A 531 naphthalene 5, 12| 371 |3} 2AEH} F
2 YR Aol &5 o] EA5 benzo(a)pyrene

2 38} 57) o)Al BATE Aole] YA Ahx
A
[}

S AR (FuAARE)] dsl 849 5
28 4 WpR 33 2E wfEYY = A5

sto] 39 EAME AAEAR o] ART Hl
boz F AQREAME 3T A (163 PAHs A
ALY)E = 4] Jeplde = 444 16F
PAHs7bol|l= 33 LNGE B-CH ¢4 Al A=
phenanthrene3} anthraceneo] &2 AFAAAE v}t
Wil gt gl AR da A F=

-
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Table 4. Result of correlation analysis between PAHs.
NAP ACY ACN FLN PHE ANT FLU PYE BAA CHR BBF BKF BAP

NAP 1.00

ACY -0.09 1.00

ACN 042 000 1.00

FLN 0.68 —021 027 1.00

PHE -0.16 045 -0.06 —0.74 1.00

ANT 0.09 034 —0.05 —-0.61 096* 1.00

FLU -055 077 003 -078 071 053 1.00

PYE -086* 056 —-0.06 —0.69 033 008 0.85* 1.00

BAA 0.19 —042 -044 057 —0.35 —-031 —0.66 —048 1.00

CHR -0.87* 056 —0.08 —0.69 033 008 0.85* 1.00%x -046 1.00

IND DBA BGP

BBF -069 073 0.16 —-0.72 049 028 096* 095 -0.65 0.95* 1.00

BKF -0.75 0.66 —0.02 —080 055 034 096* 096* —0.62 0.96* 099*% 1.00

BAP -0.69 061 —-0.J0 —0.89* 0.69 050 0.97* 0.89* —0.67 0.88* 0.95* 0.98* 1.00

IND -078 058 0.12 -044 005 —0.19 072 095* —044 095% 0.89* 085* 073 100

DBA -033 —0.82*-0.07 —0.23 -0.04 —0.04 -0.39 —-0.17 045 -0.16 -037 —-0.25 -0.19 -032 1.00

BGP -0.73 065 021 -046 0.12 -0.12 0.77 0.95* —0.51 0.95* 0.92* 0.88* 0.76 0.99* —0.40 1.00
Note : Printed values are multiplied by 100 and rounded to the nearest integer.
Values greater than 0.8 have been flagged by an “*".
A 8l& fluoranthene, pyrene, chrysene, benzo Table 5. Result of factor analysis for receptor.
(b)fluoranthene, benzo(k)fluoranthene benz(a)pyrene, Factor number
indeno(1, 2, 3-cd)-pyrene, benzo(g, h, i) perylenes 2+ PAHs Factor 1 Factor 2 Factor 3
ol Wad 2 Aol vebdE & 4 gl PYE 0.993* 0.011 ~0.001
o]#)t AlAsjad g wlElo g varimax SPupHe| CHR 0.992% 0.101 —0.027
93 2QEHE AR o At gAd mhGg BOP 0s4ge  -0212 0237
19 S Mot Tage DO 0% 0
m, 28l AAFe] 0.80 o4l A& shbe] ARe g 0.893+ 0374 0242
2 9HE Fo o7& FQ8 PAHZ AASAG o] 2 BKF 0.871% 0.484 0.078
sz = 5o Vepich BAP 0.741% 0.668* 0.019
. * - *
=l A Rel 2A¥HAA I WA= (0 D00 TR g
253, F 2k 82% AR HE Bt ANT 0.021 0.982% 0.005
o]2igh Q¥ FA o] FEH o vhehde PHE 0.237 0.937* —0.010
He z=z 7 19 x}o)o] 7)aelatch e} Raat DBA 0.544 -0.818* 0.843%
So FHEEO) Felrh Al gAe Hol AN 005 —001 09717
S 19 F 95E AT Qb OeRmandDe O Ne T o
Meijere, 1997). Eigenvalue 9.7 2.6 2.1
2 o‘ﬂ:’_ _.,}‘oﬂ/\{ L}E} A‘;L"‘:‘L .‘.,‘3_01 o{t:]oﬂ Variance (%) 64.7 17.0 1.4
71AE =4 Hebstnzr #"d FHE (Yang er al., CHR, PYE, IND,
1998; Jenkins et al., 1996; Nasrin et al., 1995; U.S. Major PAH  BGP, BKF, BBF, ANT,PHE  ACN, DBA
EPA, 1995 ¥lmsl 2 Asp 2 7 Ashe 4 Pollution .FLU Incinerator
A Q] HE-SAIS] AolRplE 2 A Aleld 7]¢l sources Mobile sources  B-C fule, LNG A&B
& o 4 gledk Note : Printed values are multiplied by 100 and rounded to the nearest

o
=
B Ao a9 Q*} AR ARl T2 3
$ Z EA<Ql chrysene,
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integer.

, Values greater than 0.6 have been flagged by an **’

Incinerator A : through APCD, Incinerator B : before APCD
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pyrene, indeno (1, 2, 3 cd)pyrene, benzo(b)fluoran-
thene, benzo(k)fluoranthene, benzo(g, h, i)perylene 5
of 2 A e bl 22 m 4 AAel:
phenanthrene®} anthracene ©] 2 A& Jehfigl
o} ol LNG 3 B-CH 5 F2 HHdg 4§}
E ARIAIEIA vehde Bl W&l 33
o8 AR oz A Aol F =4 &
7t Aok, xA L7 (EHAT) FolM F2 84
}= dibenz(a, h)anthrcene®} acenaphtheneo] & #
AZre JeRE o2 28N Ane 2E9)
of el MgA] 97 F PAHs Fxel J3e F&
252 olFeqdda AsA Jd=s} g 2
S(F 64%), vHgoz sMda da@kgdA)e 7|
A% (17%), o2 A7 &7b3 A7)
718 FIF(F %)) T Aoz FARAG. o3
A= v AFALE, EPA, IARColA A1 U4
(Yang et al., 1998; Nasrin et al., 1995; U.S. EPA,
1995; IARC, 1983) 5= Al BB AXs1 glod,
2 A7 A dAd ez fads vl 3l
$% o 4 Uik

1.2 B

AgAel aAg 7 Lol &Y PAHsT
MEA A7) el PAE dFE sestaat Fe
wh 9l 59 PAHs Source profileS AAstglen, =
% gude] 44T 544 AdE Aselet. o
AREE vieoz 2 ¥AS AAR A3 A <l
Z}el) = chrysene, pyrene, indeno(l, 2, 3-cd)-pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,
h,i)peryleneo] w2 AHAMEE HEMNL, o) F=
06 At ARG Be] ot Aoz e
wo}. S5 Q1A= phenanthrenes} anthraceneo] %
& A e YA ol LNG @ B-C 48 &
2 ALEE ARAA ol oF el ouke
T odx Aoz Brkdn AR Al F2 EA4
ZAAd eI, 2 A 27 (BPATHAA wo] WS
dibenz(a, h)anthrcene®} acenaphtheneo] 32 #x)
& epligic) o2 g AAE Fakeld MEeA |
7] & PAHs 550l °3ke F+ Q&L A5}l
71189 71 =7} o 64%, A A g Dol 71t

22 7|8AsER A 229 A3 5

=

17%, =A287] 223 A A7l 7|18 oske]
ok 1% 2 Jehdtt o] AdE §ARE 27 A Y
ATE =EEI A RS 9lo], ® A7EH

7 2 gel) whed ged AR S sich 25
% o S N2 9 CHPY DA 9T A7
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Fol W A77h SPARA R v
2 /)% WAL bed Aoz S
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