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KIF RS ITHE 2003 EEFREMET O ZKE 71 # C-Cs k&AL EY) (HC) (Lai,
Chen, Ho, & Chou, 2004) 7 19 f HC #iERBRHFEIESEFELEZRIFEY (HAPs)
(USEPA, 2003a) - Afi#f&tH HAPs 2 {8 R EB& T it B35 ym BR5T - TSERE SRR -
kB Bromoform 4} » Benzene K& & HC 2 Chloroform ~ Carbon tetrachloride ~ Vinyl
chloride ~ 1,2-Dichloroethane ~ Trichloroethylene ~ Tetrachloroethene -~ Arcylonitrile ~ 1,2
Dichloropropane % .2 7 35 B % JELB& B /T 5 2.73x107°-1.04x107 » &R 2 75 38 BfE Ja b 45 ¥E
(10°) #J 3-100 f& - Wi/ &Y 19 #& HC dhiz 9 EEUEM HAPs 2 FBUE AR ER
2.67x10°-1.19x10* » JREEZBEAREE (10°) - BT 2B R oAl - REISER
TEBUR AR E 77 LR = KBUB HAPs F UL SV R A Z£H » MEIEBUEYE HAPs
FRULEYRMEL -
HRE 2T Al » HAPs EERBEH - BEHEBSE REBIER /&BER
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3RS B 7R R R i HC PERUIRE 77 L2 BT =K » #f S R R E MR B B
BISEE] : HEZREEY - BEARITMSG - BEBOF - BRI -
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i)

BEZ2RIFYY) (Hazardous Air Pollutants, HAPs) & X 22 REFRE (Clean Air Act,
CAA) (USEPA, 2003a) Hh/At:2 188 fEEA CAIBEE AT REBOE 5 | REH {th % 5 i
BEZZREFLEY - BERRBLNEE I HAPs » FHIHERE 100 5 K2 HE H] %
RPZHEEYE - BRFERNCEYEEEGERE - DURAMATAR HAPs BN E »
ERBEZ SRRy 2 B BE \JEVE B RYSEEE T H 1800 » S8 B FEHZERIG R BCE AR
Btk BEQHRABRMTEZHE (receptor) » HYBRFHRER - RERMIEEZE
RIERVEANRRREE - MR EEA R A ~ Cil - ME - ERMNREEIE
B > AL TREFRRBEBE A RY - A% - BE ZHE AR R B & M A5 o] REBUE
Y - BEAWEREEEERRNE RO C TRERRR -2 BEARRSERESE B
R RS 4.82 45 > BEZBRN A LEERBRFRA MR EREZEHERE (MXIE
2000) © GALREZ & 2 MBS 2 5 BT R AHBR M ST B TR TS ~ B MR R
WL ~ Hfti@HER E b 2RERER2EM - BA/HEEREE - 56582
mBRELE (HFE - 1997) - FFIREREBTRBERERE R/ 2RMEgmss (R
M3 > 1990) - EEIREE (United States Environmental Protection Agency, USEPA) &£l
e EERERFRJFEESASHCEYNENERT - HATHER AR LR RBIE
HIEBE{E - ELREBFEHE R TR » 20F T 1015 (USEPA, 2002a) -

B4 ERHEEREAYN  —& Wk —RIEN=8FRR TEEZHEHNE
WA BRAR B R EEEREER IR B BT L EWRERBERESNEE
BELYR T | FEGE 31 T HE B IPIRE T LAY B B BRI b AR S R Y E B 7
BB (P18 > 2000) - IRIBIRRBHFLIMERET - CRLERBAFFEIR 1.2-—82
BEfS 345 AN ROBIEBIEEE 2% - EMBUBMER 1.9x10°-6.8x10° » ;8 3% B BUE &
BRI E 1.0x10° &% - Ebai et ERECEE » ERAS - M BURRkE
17E 1.9x10°-0.4x10° Z[#] » {ERER - METEEBUEmEER 4.0x10°-1.9%10° » FF7EHR
HEEFFEH - RRAFE 30 F » RMCHIREEFEMIBWADBRNIE 13 A » HMET
EEREIEIMNBOEA DBRIS 55 A (HBEEFIRH - 1997) - AEHBIWICEL (Hig
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B0 2004) > MREITREST ZIMRBEEES 8.706x107-1.041x10° » & L4 25 AbE 5
4.515%10%-1.244x10* » FER BRI 4.324x10%-4.055x10* ; FI- A TERT T " HEER
B ES 2.205%107-3.856x10* s ERBEES 1.757%10°-2.763x10° » TiIKE TR EF S 2
HEHERIIERREBNET (BRR) - CRTERDERYZEBEBIGERTEZ
PR R Rz a8 (FHERRT) -

HBLEYE > FRIREFH I EYVEREEEZRLRYNER » TBP—EERE
EH - MEITEREEN > AT E 2R RYERE R R AR AR B K HHBR 2 BERGE
PR - Lai%E¥ (2004) 122003 4 3 A-4 A HARIRS &5 1 i 22 5505 8 155 AT E L2 KR 71
f& (hydrocarbon, HC) » H A% 19 f& HC #{EBIIR{RE I £ HAPs o AIFCIEAE Lai F 2
WRERE > FIFAEF 247 (Factor analysis) K 358 @ba i £R5T 19 & HAPs 215 44 K
R ZBREE - MAEBOEmBEET AL - B b EEE 10° K » BME A Bog E b a
RREHESZ— > RBRAFEZER » SO BB SRR PGS » AEHES0RRE
Ry R DR R /& #58 (Hazard Index, HI) MEFTEBE DT » B R ERAE FIE B 1 I -
HIFE 1T mbEE -

R T ik

—  FRIRHIRL TR

A B /NSOGB AL S v e v (2 B > ALER - W RIS AHEERY 20 km - %%
BB 2 B AT B AN 1 FroR o RIS 2003 £ 2 3 A 17-22 HRk 4 A
2127 H » $£E 14 X - RT3 ARk 4 A ZHRBRHIR R RIERE 2 IR 19.4-25.7°C
5 26.9-28.6°C » Tl fHERRE /T 1R 66%-79% 2 [ « B R ZIRERIFEL DL 1 7 Rf-10 I
(3hr) ~ r4F 13 I5-16 IF (3hr) R &M 18 If-21 I (3hr) - BB =IFBRRER
Wt A~ (R R B KSR HC B 73 F# 8l > Nelson & Quigley (1982) #5iH E-FKeBx (6-9
) SRR ARBENCREZ KRR HC iy » hiser (12-15K) RARRS
ENE A SR A HC IR RS K - TR L RE R M H HEGS R B L B 2 F B 1B TE »
HEGERRB 2B ER/ - Bl (1821 K ) St XEZRHIRK - HC

ZRERRFIBEREE NN » RIS RRIRZ MM (Chameides &, 1992) o
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v KR HC 5 MIRED A
RFEHCRERKMABRBLE ZTTENEAATIINTBE - HR2HEER
RERBRNWAREZR P EEARY ZHETTETO-1 RTO2 25k - £HR
HET » UAFEMEMEREE (Carbotrap FIUKIRY) - H IR E ) HIERE 225
1 HC (CrCis) BRNFRERKMBDKIEY - B HRMHETRE & KT
HHles (FID) REFHEEMAS (ECD) 45l FUEEBKEILEYRARRZ

BEALED -
v EEEF L

ERIRIEE (USEPA) BLRPXIERE 32 (> (International Agency for Research

on Cancer, IARC) #t+¥BURYIRY 73 BH8EH L3225 > HMEH 2 8RS R
2138 (Weight of Evidence, WOE) » AT Zc$t % HAPs Z BUBM A EA B —
(—) 2FEEBBRERF (USEPA,1986) stHBRMENREET IR A%

EXMAREBUEY s BLE : MRERARBEY (BEER) B2 WERAR
BEY (BEARE - BEEHYHARER) :C 8 : hFRARBEY (AEER
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IR B2 [F - HEVBEEARE) : D BRZEREHRABBEY s EM
BHEAESARBEY - (Z) BEEEMIEH.O (IARC,2002) 1 ARHRT
REEBYVERWEMEER  KEBUER BB/ 5 © Group 1 : #EE ARRE
J% 5 Group 2A : BE{UAREEUE ; Group 2B : W HE A #EBUE 5 Group 3 : HEEPIBIR
NHEEBUEME 5 Group4 : FEREMUIAMBUREM: - I > AW EHEE Z 19BHAPsH A
S EHSERBERBUREY) - T 10 EEIEBUEY -

FEBUREY) < g 7l 2 DA — e B RSS2 3@ P UR e A\ P 2 A O 4R BR JEL B - (R
B HAPs Z#8 A BR m bR B 2E R R EBUE R T AR (1) & (2) #fl (Tam
& Neumann, 2004) :

B mEkE (C) =HAP, (pgm®) xUR; (pgm?®) * (1)
2EPUEEFE (Cumulative Cancer Risk) =XC; (Individual Cancer Risk) (2)
Hr:

C:: 2B i HAP 2 BUEA e (Cancer Risk)
UR; : % i fi HAP Z BA([m & {E (Unit Risk)
FEBUEE HAPs 218 M (R FR R 2T 0 5 R EE R B > IRBIINIRLR

28 (California Environmental Protection Agency, Cal EPA) 2 RHARISH @ A EER
Z 12% > LL 70 FEHEAE R 8 Ll B » MR ERFEEYE (Reference
Exposure Levels, RELs) R RPIRAFHEE - EBEEBERFRURAZZRE

(Reference Concentration, RfC) RRIEMBEERERBZE¥EE (benchmark
concentration) (Caldwell, Woodruff, Morello-Frosch, & Axelrad, 1998) : EHEWE
B~ ABERIFITREINIME > BERRSERPREBNRBENHEEL R -
M RELs Jx RfC A AR BB RIARBETF L (Risk Assessment Advisory
Committee, 1996) - #AM R ZIEBURE Y B EbEH > RURRZEBRE
HEBHERAZZREE (RELs [ RC) RGEEMB (Hazard Quotient, HQ)

(mAxX3) (FE#H - 2004) - MEHEREREREZEE (Total Hazard Index,
THI) IS AREMENEM (aaX4) (FEH > 2004) > FTHI> 1HIR
RERWHEERBRRET RGN ERBERGEMRY

fEEWH (HQ) =HAPi (pgm®) /RELs X RfC (pgm®) (3)
fEfEEIE (THI) = HQ; (Individual Hazard Quotient) (4)
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Hrp e

HQ. : % HAPs Z fE E/ 8 (HQ)

HAP, : B 55835k A Bl .2 HAPs iR &

RELs 5% RfC : F1£3 HAPs 18 {4 1% A 22 % {ii RELs J¢ RfC
B HT (Factor Analysis, FA)

HFE e — a7 B RS 1T R HERR — R 8 - FLIF S 0E
7] 8 B 25 5 e B B A - L E R R LR 2R % (S B sk ) B E R 3R - T
NEERBRRENRS 2BA - RHBERERRRIMBREECERNZ— E
RER—KHESBH DB ELRRER » R —H RS 2B B o HK D B
EEEE SN SBEE REHEEFAR I —EFNERELE (BIET
2000) - BRI AFZWAARERZ DR 2 GlluL) ZEBEEEY -
SR HERRBEEL &Y 255K IE (Borbon, Locoge, Veillerot, Galloo, & Guillermo,
2002; Guo, Wang, & Louie, 2004a; Guo %, 2004b; Ho, Lee, & Chiu, 2002) -

ARG LA AR G 1T R 322 A B LUK BB (Eigenvalue) K% 1 EBBRE
FERFRZEE (Kaiser, 1960) o £577 77 {5 K 3 &Y R B a4 0 JH e W X R i
Ik T Sl A oy g S S B T O B AR B > S 2 T W R SR T e o % TR R 2 Bl
RETE R » AW FC AR DUE R ik rh Y 8 SR BUR K ek (Varimax) figid -
BH o HRAEHIERER (n=42) KR 50 RILERFEBLURFZERE (Factor
Loading) K13 0.75 £5:#HUTHE (BNET > 2000) » I 285 R 2B #5341k
aYliamLEFEEE - Jit - SHEZBBEHERSEAETRFE I > Kaiser

(1970, 1974) R H—IEHIEE S M58 (Kaiser-Meyer-Olkin Measure of Sampling
Adequacy, KMO) {EfSPIBT BB HIR &8 & ITRFE 7 ZE% - KMORE /T2
0-1 Zf » AEHE 1> RBHENEFERRTS » AESETERES > HE
KMO { (0.5 H| [z .2 - ifi F§ FI| Ff§ Bartlett Bk, & (Bartlett's Test of Sphericity) Z p
value<0.05 LAF R HAHBRRBUE LM ER R F il K F 2B/ (Bartlett, 1951) -
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#* 1 HAPs 2 B0 7 JE B AL m B B 18 1 B 2 % IR B il

HAP BEaE BiEkE  30E2E R BiEBgE2E BREEZ R
(WOE)  (pgm?) RE R (ug m*) BiESRE
(pgm?)
n-Alkanes
n-Hexane — — — — 2.00x10? PR R 7t USEPA
(2003b)
Aromatics
Benzene A 7.80x10° 1.28x10" USEPA  3.00x10’ WOWEERE USEPA
(2003b) (2003b)
Toluene D — — — 3.00x10? TR B IR % COEHHA
5 (2002b)
Ethylbenzene D - - — 1.00x10° 4G EEM USEPA
(2003b)
Xylene D - - — 1.00x10* Ephifdatt USEPA
=8 (2003b)
Styrene 2B - - - 9.00x10* TR Rt COEHHA
(2005)
Naphthalene D - - - 0.90x10" A1 E o COEHHA
(2005)
i-Propylbenzene Inl - - — 4.00x10? 217 USEPA
(2003b)
Chlorinated hydrocarbons
Chloroform B2 2.30x10° 4.35x10* USEPA 3.00x10* BB ~ COEHHA
(2003b) =\ HEHS (2002b)
Carbon tetrachloride B2 4.50x10° 2.22x10* COEHHA 4.00x10' “E 4K COEHHA
(20022) BAHREH  (2002b)
Vinyl chloride A 7.80x10° 1.28x10> COEHHA 1.00x10* Jine USEPA
(2002a) (2003b)
1,1,1-trichloroethane D - - - 1.00x10° Pl e o COEHHA
(2002b)
1,2-dichloroethane B2 2.6x10° - USEPA — BB ~ USEPA
(2003b) PRI (2003b)
Trichloroethylene 2A 2.00x10° 5.00x10" COEHHA 6.00x10° RIS B f##%  COEHHA
(2002a) kAt (2002b)
Tetrachloroethylene 2A 5.90x10°  1.69x10" COEHHA 3.50x10' BELHKR  COEHHA
(2002a) = g (2002b)
Acrylonitrile B2 6.8x10° - USEPA 0.2x10" IFL0K: SR At USEPA
(2003b) (2003b)
1,2-dichloropropane B2 1.9x10°* — Conv. Oral 0.4x10* BB ~ USEPA
P SEN (2003b)
Chlorobenzene D — — - 1.00x10° Jitn 4 COEHHA
(2002b)
Bromoed hydrocarbons
Bromoform B2 1.1x10°* - USEPA - Jitn 4 USEPA
(2003b) (2003b)

"—" indicates that data was not available;

Inl: inadequate information to determine carcinogenicity (from: http://www.epa.gov/ttn/atw/toxsource/table1 xl1s);

Conv. Oral: in the source column denotes UREs developed by converting oral potency values, done for substances for which
UREs were not otherwise available. The URE is the upper bound risk estimate of cancer risk from a lifetime exposure to a con-
centration of 1 microgram per cubic meter (from: http://www.epa.gov/ttn/atw/toxsource/tablel x1s)
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ERAFR

— ~ HAPs BUEY) B2 IE BUEYD 2 L B 51 1

AWFE 19 HC H > H 10 Y55 HAP ZBURWE - Kk 2 Sl /i
vz HAPs U e [E 118 ~ R ~ RRR(E R &R/IME - WifFusER &8 HC 2
Bromoform 7+ 5 B JE\Ba (H S 2.75%107 4} » 77 &/ KL Benzene ik B &KL EY)
Z Chloroform -~ Carbon tetrachloride -~ Vinyl chloride ~ 1,2-Dichloroethane -
Trichloroethylene ~ Tetrachloroethene ~ Arcylonitrile ~ 1,2-Dichloropropane 25 .2 TR ¥ B0E
JEBgfE (Cancer Risk) 7rfi® 2.73x10°-1.04x10* » &} E & @B M bR EEE (10°)
#J 3-100 £ - T/ 2 10 B HAP 2 BUEW B 2 T BUE Ak {E (Cancer Risk)
12 2.67x10°-1.19x10* > JRE A BUR mFE IR %EE (10°) -

R 2 MR H RN 2 REBUREE{E (Cumulative Cancer Risk) 47751£% 4.12x10*
Ed 4.95<10" » BAREREBUERIEEEME (10°) - HPhREBUEEREZ/LEYE
SyECEHIE 2 (a) FT4N > WEFEUL T D Benzene 2 25.21% 5k ) » H K Arcylonitrile 5
Vinyl chloride 2 21.04%882 17.67% » 3£{ 63.92% » % 7 FH{E {5 36.08% - & 2

(b) F/hAEuhZ R BOR MBS EH 53 tbH L 1,2-Dichloroethane 2 24.04% 5% /&
H K Arcylonitrile §; Benzene 2 23.64%5H 17.29% » 345 64.97% o KL » Wi I,
Z REBUREEEE 7 L = KRB0 HAPs Fi{LEYR B EZRM -

LAY - FHE 9K II R HAPs  IEBRYIE - 3R 3 AL » e 2 n-Hexane
K75 & IR Z Toluene ~ Ethyl benzene ~ Styrene ~ Xylene - Naphthalene ~ i-Propylbenzene
BEERZ LLI- =R ZF 2 T38RI EmE (HQ) /112 6.35x10%-1.45%10™ -
/N 9 8 HAP Z FEBUBYIE 2 19 HQ 7 2 6.93x107 2 1.39x10™ = Ry il 4l
HQ fE#8 & 2 THI{H 73 B £ 4.07x10" Jz 4.44x10" » HARRAHME 1 » 7R 17 B A8
RREARE o M TH 2& L&Y EFHHHE 3 (a) W4 > #MifEs Ll Toluene
Z 35.06% 5 5 » H 2 Xylene Bz Chlorobenzene & 34.37%8d 17.33% » T 3 (b)
B/ 2 THIE 2 & 47 L & fE 75 B 2R 7E Toluene ~ Xylene F Chlorobenzene » 43
S 40.98% ~ 31.29% J¢ 17.34% - Ktk » Wiy THI A= KB 7 L2 IEBRYE
HAPs F 3L &V RH LR -
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2 R R/ B ERER IR Z 10 Bl HAPs Boi B fiF

HitE (0=42) /| (0=42)

T S SAE s/ME  THE S¥E BAE &/ME
Aromatics
Benzene 1.04x10* 4.56x10° 2.01x10* 3.07x10°  8.56x10°4.16x10° 1.71x10* 1.54x10°
Chlorinated hydrocarbons
Chloroform 2.52x10° 1.28x10° 7.38x10° 5.94x10° 1.94x10°1.39x10° 8.19x10° 9.75x107
Carbon tetrachloride 4.88x10° 2.07x10° 9.45x10° 4.05x10°  5.72x10°2.75x10° 1.70x10* 1.76x10°
Vinyl chloride 7.29x10° 3.19x10° 1.69x10* 2.49x10°  7.39x10°5.25x10° 2.75x10* 4.49x10*
1,2-dichloroethane  5.25x10° 3.35x10° 1.22x10* 4.94x10° 1.19x10*7.46x10° 2.75x10* 1.01x10°
Trichloroethylene 2.73%x10° 1.05x10° 6.18x10° 1.17x10° 2.67x10°1.21x10* 5.52x10° 5.95x107
Tetrachloroethene 5.10x10° 3.26x10° 1.50x10° 3.54x107  8.25x10°4.58x10° 1.92x10° 2.71x10%°
Arcylonitrile 8.68x10° 3.26x10° 1.72x10* 3.56x10° 1.17x10*5.87x10° 2.81x10* 4.55x10°
1,2-dichloropropane  1.42x10° 1.62x10° 5.48x10° 6.72x107  1.09x10°4.11x10* 2.34x10° 1.07x10°
Bromoed hydrocarbons
Bromoform 2.75%107 2.87x107 1.33x10° ND° 1.10x10°1.16x10° 3.53x10° ND*
Cumulative Cancer ~ 4.12x10* 7.84x10*" 4.95x10*1.20x10*"
Risk®

n is the sample size;

*Cumulative Cancer Risk (total of 10 species);
*TSD=(XSD ) *, where SD; is the standard deviation of the compound i;

‘under detection limited.

3 R R/MEM R MR Z 9 BIEEUR HAPs 2 Hml (HQ) RilfEHiHi

(THI*)
HEtE (n=42) /it (n=42)
pa— TiHfE  EEE O RKE O RME  PHE  EEE O BAE  BME
n- es
n-Hexane 3.22x10*  1.85x10% 9.84x107 8.33x10° 2.97x10* 1.72x10° 7.72x10* 5.25x10°
Aromatics
Toluene 1.45x10"  4.89x107 2.21x10" 4.10x10* 1.82x10" 7.87x10* 3.68x10" 5.45x10?
Ethyl benzene 1.01x10* 5.11x10° 2.79x10* 2.78x10° 8.41x10° 5.01x10° 2.17x10* 1.15x10°
Styrene 432x10°  2.54x10° 1.09x10? 1.11x10° 3.90x10° 2.09x10° 7.06x10° 6.69x10*
Xylene 1.40x10" 5.84x107 2.41x10" 3.98x10° 1.39x10" 8.33x10? 3.11x10" 2.48x10?
Naphthalene 6.35x10* 2.99x10* 1.45x10° ND° 6.93x10*  4.82x10* 2.12x10° 1.60x10*
i-Propylbenzene 3.36x10°  2.24x10° 8.70x10° 3.22x10* 247x10* 1.54x10° 6.35x10® 1.27x10*
Chlorinated hydrocarbons
1,1,1-Trichloroethane ~ 1.14x10° 5.48x10* 2.89x10° 3.30x10* 9.98x10* 6.63x10* 2.88x10° 4.65x10°
Chlorobenzene 7.06x10> 3.33x10* 1.61x10" ND° 7.70x107  5.36x10% 2.36x10" 1.78x10?
THI* 4.07x10"  3.33x10? 4.44x10"  5.36x10”
n is the sample size;
‘THI (total of %spccics);

*TSD=(ZSD }) *, where SD; is is the standard deviation of the compound i;

“under detection limited.
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(a) tRkesg (b) /NHET
Bromoform.
0.2
: oodonm 1,2-dichloropropanc
I.!-dlc};l:\:::ropmw 0.07% 2208
R Benzene
Arcvlonitile Benzene Arcylonitrile L_

7

.2‘-I.U-l".' T % R -
Berrin e B,

Tetrachloroethene Chloroform Tetrachloroethene Carbon tetrachloride

1.24% G11% 1.67% 11.56%
T“""{f:ﬁ'i:‘*"‘"‘ : Vin ehloride Carbon tetrachlorid Trichloroetiylens Vinyl chloride
: 17.67% 11.83% 0.54% 14.93%
1,2-dichloroethane
12.73% 1,2-dichloroethane
24.04%
& 2 FEBUEE HAPs (for 10 species) 2 RTEJEME (Cumulative Cancer Rish) 5 43 H. 53 ffii
(a) Hkeus (b) /]\pEh
L1LI- Chlerobenzene . 11,1 i vy .
Trichloroethane |9 330, n-Hexane Trichl h Ch
% ) "
i-Propylbenzene 0-28% 790% i-Propylbenzene "22% 17.34% 6.69%
0.82% 3 0.56% A
Naphthalene Nuphlh.:{mc
0.16% :‘5"“:: 0:16% Toluene
Xylene o Xylens 0.9m%
3437% " %, Ethyl benzene 31.29% Styrene™., Ethyl benzene
5;’;:‘ 245% 088% 1.89%
06%

83 JEBUEME HAPs (for 9 species) Z#fgH G (THI) B4 Lo
—  HAPs B[R AR FRBIL D

Dl & RUE R BUR K FRBUR HAPs V) B 2 ZHEBUR R E kB FHEEZH
IR B S L - 1B 4 7% 10 R BUE 2 HAP WP E S RN B 2 R BUE ks E 2 2
t - HRMRAMSRhFRR (13-16) RULRERKRBEHRIELE (LaidF
2004) - R EBON B EAREE LT (07-10) REF (18-21) K o /)
Wk EFREEE (07-10) 255 50 B MAIE (50th) FRAIREFEUSH 2 65 » HexhF
REFFRZAEBREAREZETK » B2 P58 (Mean) k3 50 55y
ffiE (50th) W& mAS/NAEG o

ik 5 % HAPs 2 9 BIEBURYE R #HRERRZBAEFHER (TH) 28
b o RSP FRERIT R =R B 2 &K » BRrp PR B ifEsh 2 798 (Mean)
K 50 HorfifE (50th) BEE S/ NAESAS: - FE b AP R TR IRy BR IR T /] v il fiE
o Hr IR B 2 BB fE RS AR B e v ER A REAR K - BR_ESRIRIRSY - RRE
FZRMRETER T Z— » HERS P T &R -
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ERHEISEY

B4 Mk R/ B (07-10) ~ HF (13-16) K

faie (18-21) Z RTEBE/AFRIE (for 10 species) B {L[E

10
O filfesk
- B /it
LT
% o o
m 6 -
& ° T
2| | i
g ] | T T
B, | T
o
07-10 13-16 18-21
FRHEIFEY
B 5 WiRESE R/ NBIER B (07-10) ~ A (13-16) K
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REHAR GEBNTRE - aXEERZEE - £FF  LFRERETRR
AL (N) REIEE (NE) B EEJR - i T 2 65 B s B B 1T /8 i £ 76 J&
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Moz AT B m LR (WNW) RFGE (W) » W/ - R 2 BT m AL
LB (NNE) ~JbJEPE (NNW) REJLE (NE) ~ T4 Z A7 E R AL
(WNW) RPEE (W) - TifEB &7 RIS (NNW) RFER (W) -
2 [a] & 52 & HAPs IR R L » 3% 4 K3k 5 A sE Rl us #| A
BEM N (ANOVA) B Tukey HSD HERETE0 =5%FHE /K YET 21 [ Ja [ #
HAPs g H 2R & -

KAFTRELPEREEEZLZR (p<.05) BFE NE/W J NE/WNW » {H7E
W/WNW #ERHEZR (p<.05) o HAPs Z Acrylonitrile ~ Bromoform -~ Carbon
tetrachloride ~ Chloroform -~ Ethyl benzene - n-Hexane > 1,1,1-Trichloroethane >~ 1,2-
Dichloropropane ~ Toluene ~ Trichloroethylene ~ Vinyl chloride 5 Xylene E{t &¥ITE &
Jal [ 2z g i 0 SR REE 2R (p>.05) o HERHAPs{LSYIBRTE WWNWH. » #H
REE AR - MR S Bm/ ok 28k - AR TR EREEER (p<.05) »
{H HAPs ;2 Jal b {E {8 7E W/WNW M RH3& 72 22 -

AR bt » NEBUNNE 2 & [ + B R m ki v 2 B2 JEl b R B G R Rz 77
MWKk WNW 2 & ERFZER (258 1) - SETEEFELFRERZARE
AL (R2fE ) TS ET T kSRR HEEGILE (EE) - K £
THRERZRERREBGRI (BEBERS) WeKP 2R EGIRERZ
HAPs J5 B HC A IR BR A 15K BER PR iE ARG 2= -
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F 4 HFEYE ANOVA 73 Ht HAPs {b & ¥y 5 il 1] 38 {L. 2 p-value (0~0.05)

[0
Overall NE/W NE/WNW W/WNW

&=x7]

Benzene .029%** .009%* .028%** .823
Acrylonitrile 243 320 278 .995
Bromoform 572 .805 .929 548
Carbon tetrachloride 720 .887 .953 701
Chlorobenzene L000%** .003%* 001** .897
Chloroform .509 478 762 875
Ethyl benzene 791 998 .882 .832
i-Propylbenzene .048* 232 .038* 618
1,2-Dichloroethane L0071 %* .008%* L0071 %* 637
n-Hexane 627 .685 657 .999
1,1,1-Trichloroethane .074 .062 284 674
Tetrachloroethylene .014+* .025%* .026** 1.000
Naphthalene .005** .051 .004** 515
1,2-Dichloropropane 205 389 194 .887
Styrene .001** .003** .001** 901
Toluene 133 A11 475 618
Trichloroethylene .692 .909 917 .667
Vinyl chloride .810 924 972 796
Xylene 141 142 265 925

* p<.05; **p<.01; ***p<.001

#*5 /PHEVE ANOVA 73 #t HAPs {b & ¥ B Jal [ 88 {L 2 p-value (@=0.05)
(b &[]

Overall NE/W NE/WNW W/WNW

&=27]

Benzene L012%* .066 .010* .693
Acrylonitrile .000%** .000*** .000*#* 1.000
Bromoform .000%** .000%** .000%** 1.000
Carbon tetrachloride 142 .644 123 473
Chlorobenzene .000%** L000%** .000*** 997
Chloroform .030%* .097 .029%* .836
Ethyl benzene 126 .898 139 .260
i-Propylbenzene 193 974 237 293
1,2-Dichloroethane .00Q*** 000 *** L00Q* ¥k 921
n-Hexane .548 990 .590 .640
1,1,1-Trichloroethane .000%** .001%* .000%** 770
Tetrachloroethylene .048* 138 .046* .847
Naphthalene 181 257 210 991
1,2-Dichloropropane 270 .996 395 306
Styrene .015% .107 .012%* .585
Toluene 116 541 .097 502
Trichloroethylene .048* 225 .039* .631
Vinyl chloride .000*** .002** .000*** 764
Xylene .304 937 .320 469

* p<.05; **p<.01; ***p<.001
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- AR SR
FIIF KMO 18 3 th AT 522 HAPs 88 i B 75 58 & K 58 47 thr B at A ot B

INER UG Z TG SRR o 1R 6 Fe 3R T WA - ML R/ NHEUE 2 KMO B4 5 0.64
Ed 0.55 &R A2 0.5 » BB E &K% 247 » UL 2 Bartlett's Test of Sphericity
Z p value< .05 JR 3R HAHBA R BUE LUER R R il ER R 2 6EH -
36 MR U/ NG PRI EZ AR DR R - WA R AR (Factor Loading, FL) X
1% 0.750 2 BEIERE IR PIBHLEY) - HEN4ERFE (FRE<1IERBE) -
K 1 (Factor 1) fi#Zf# 45.578% ; 1% 2 (Factor2) fi#fE 16.077 % ; K% 3 (Factor
3) R 15.009 % s K% 4ERE6.914 % » 4 [ARZ LIRS LIH 83.568 % - (&% 1
B R R Z (L&Y Benzene (B) ~ Ethyl benzene (E) -~
i-Propylbenzene ~ n-Hexane - Styrene ~ Toluene (T) ~Xylene (X) » Je{L&WER
re BB R E AL E G - Rl R Rl 2 BB PEAAERE (Ho % > 2002; Lai 5% »
2004) - H BTEX YR58 X W 530 8@ 8 BB B < B B IR HERAEB L &9
(Chen, Lai, & Ho, 2003; Fraser, Cass, & Simoneit, 1998; Grosjean, Rasmussen, & Grosjean,
1998; Gertler, Fujita, Pierson, & Wittorff, 1996; Rogak, Pott, Dann, & Wang, 1998; Zielinska
& Fung, 1994) - #HR% | EREHFEIEHRYER S EAHR - 2R BEIRHERE
e lE 2 FENEWR 1,2-dichloroethane B 1,2-dichloropropane » B I & Z &
(PVC) HZFE > ian AR EBHEMHIER - B% 3 TELEWHE Carbon
tetrachloride ~ Chlorobenzene J¢ Tetrachloroethylen BEEZ &2 (F5EUHRER : 0085) KR
FHABIGER (FERURSE : 1075) HREA (EPA, 2002b) - an 4 £ A 1 5 /3 BOHH BR
et - RE 4 FEL &Y E Acrylonitrile ~ Chloroform ~ 1,1,1-Trichloroethane
Trichloroethylene J Vinyl chloride » B Y88 K & pi it ig BLF2AHER (R1Z S » 2002)

» i R B M B B AR HR I

&7 B/NEIE/ R R I EZ KRR RS R > W LAIKFR & (Factor Loading)

KR 0750 fER G RIFZAIBR L &P > T3 ERE (FRUE< 1 ZHEBE) -
[K# 1 (Factor 1) > f&¥E 52314 % ; [N 2 (Factor 1) > fERE 17.163 % ;s KE 3

(Factor3) - fi#f211.248% > 3 {ER R HEBHERIF80.725% - KF 1 HEEEM
B 2t &) 5= Benzene ~ Ethyl benzene ~ n-Hexane ~ Styrene ~ Toluene J Xylene » B ff
FUhclFE 1 LEWAEU - Hat BB EIEHERENR - BR 2 TRLLEYR
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Acrylonitrile B 8 [BRSIF2 Bl » T Chlorobenzene J% Tetrachloroethylene | 3t 7] 41 8
WEIER/ARECE R (EPA,2002b) » 44 55 YR I SIS B YA HI {8 A 3 SO BR BRI
K% 3 T E{L &Y Carbon tetrachloride ~ Chloroform ~ Trichloroethylene » Bi ¥ R &1

BHRLEYAEBEHER (RIF > 2002) - &SR BHRREYEK -
#6 RS, HAPs 2 KR 2 B R

Factor Loadings (Varimax raw)

Extraction: Principal components
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. (KMO) : .64
Bartlett's Test of Sphericity : ***p < .001

Factor 1 Factor 2 Factor 3 Factor 4
Benzene 857 -.155 159 221
Acrylonitrile 421 215 138 750
Bromoform -.021 .688 313 115
Carbon tetrachloride .063 513 752 .097
Chlorobenzene 426 -.071 805 .003
Chloroform .346 141 -.230 787
Ethyl benzene .802 -.082 -.106 473
i-Propylbenzene 816 -.107 .356 .194
1,2-Dichloroethane -.347 765 .029 327
n-Hexane 782 -.006 -.104 440
1,1,1-Trichloroethane 113 136 -.116 905
Tetrachloroethylene .207 .095 .895 -.021
Naphthalene 144 -.080 .579 523
1,2-Dichloropropane 110 940 -.015 .059
Styrene 805 -.162 483 115
Toluene 756 297 361 242
Trichloroethylene 412 .016 165 878
Vinyl chloride 172 158 384 829
Xylene 789 392 .283 256
Eigenvale 8.658 3.055 2.852 1314
% Total variance 45.568 16.077 15.009 6.914
Cumulative % 45.568 61.645 76.654 83.568

Factor loading fH#EF > .75
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*T MY HAPs 2 KIF 2Bk R

Factor Loadings (Varimax raw)

Extraction: Principal components

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. (KMO) : .55
Bartlett's Test of Sphericity : ***p < .001

Factor 1 Factor 2 Factor 3
Benzene 841 440 132
Acrylonitrile 135 925 176
Bromoform 437 344 .645
Carbon tetrachloride .080 .080 917
Chlorobenzene 174 845 252
Chloroform 445 -.008 .823
Ethyl benzene 935 .042 182
i-Propylbenzene .683 -.150 552
1,2-Dichloroethane 548 543 411
n-Hexane 933 -.011 124
1,1,1-Trichloroethane 430 357 .632
Tetrachloroethylene -.103 857 -.044
Naphthalene -482 371 .640
1,2-Dichloropropane -.509 .014 -177
Styrene .838 .286 312
Toluene 901 274 .165
Trichloroethylene 541 .647 174
Vinyl chloride 337 318 797
Xylene 963 .005 173
Eigenvale 9.940 3.261 2.137
% Total variance 52314 17.163 11.248
Cumulative % 52.314 69.477 80.725

Factor loading fHHEFFK> .75
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ZAFHSE 19 8 HAPs w2 - 10 FEBOEY)E e s 8L/ vk 2 2 R B0 fa b& 18 7 5 55
4.12x10" J¢ 4.95x10* » Eil BB A ATHEE109) o vl T (5 R RBUE Ak (EH 77t
B\ 21t &Y Benzene ~ Arcylonitrile J¢ Vinyl chloride » T/ \& 355 1,2-Dichloroethane ~
Arcylonitrile 5z Benzene o [KItt. » iG-S RE 20 B B&E fiE 5 70 ELAE R = K B0 HAPs 7 3
{LEVIREERN - HHY » 9 2 IEBUR HAPs A HEuL S\ vk 2 THHE S B RS 4.07%107
B 444107 > FRRAGE 1 > FonE7 A1 A RRREAGF - BRI TS TH HE 2
tgE 2 L &Y)#ER S Toluene ~ Xylene K Chlorobenzene » 2 R HIBGFEIEEFEY)H HAPs
BRILEYRMELE -

BENRER#ETERZBURERE - KERDITEA)ZFE SR RATA - Wl
HAPs {G34RE BB EHIR - BB HBIRE R AR /&8 - 2% Lai, Chen, Ho, Peng,
and Chou (2005)Ff5ef5H » BEWRGH T HC ZHME 13.1%-56.4% ~ BRI,
3.18%-7.24% S VS B F 3 EAG 3.73%-10.85% » LRV YR mifE i HCHEUIR B 7tz
BI=K o i kT HAPs 215 YR 1S KRR B R E ] -

AHFBERITRERFRPHEZ B G5HE (NSC 93-2211-E-110-04 K NSC 94-2211-
E-166-009) Z#HBf » FLLERZH -



o
B

T 22 RI5 W) 2 R A B i B 95 e 4R 5t 131

%% R

HEIE TR (199705 A 22 H) - (CE ~ MEALEZ S - 2005 9 A 29 HIY
B & B B i Al hitp://www.gcaa.org.tw/env_news/199705/86052202.htm

H#EE (2004) - FIAZREMEARECCTERBENFRY CRE RERGER
ZBREEE (LR BRI KRS »2004) o 26 FEL i X &FH
093NCKU5520002 °

HRE (1997) - 2EMERZHFEABZRBHETEHEBRMEWMR (BLimX R
MNEEBAR - 1997) o 2EERE 15 X EF#E > 86NTU00058003

RWE (1990) - ZEMEFZABESHEELAZBRERNE (ELHX BIIaEX
B ,1990) - Z2EFEfE 15 X EFH > T9NTU02058010 o

ZEm (2004) - GEMEEREERERY ZRZ0 MG R BRRRTE (ELH
X BN B EAEE - 2004) o 26 EHE L X E M > 092NTU05539010 -

Mg (2000) - EFHEERSECDEIERERNRZE (BELRX > BEKRE - 2000) -
2 EE A 55 X B » 089TCU00229008 -

BRNES (2000) - ZEESH7 - R : #RER -

BARNE (2000) - FEREROMKREALHRREZRITRERE-UaEELLTE
mAGZRBIE R (HLHX > BHEBRERE 2000) - 2HEELHXE
F#g » 89KMC00058010 »
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Health Risk Assessment and Emission
Source of Hazardous Air Pollutants
in Kaohsiung City

Chia-Hsiang Lai Kang-Shin Chen Pei-Chun Tsa

Abstract

Data of 19 hydrocarbon species of 71 HC in C,-C; from previous measurement in Kaohsiung
(Lai, Chen, Ho, & Chou, 2004) were defined as Hazardous Air Pollutants (HAPs) by U.S.
Environmental Protection Agency (EPA) (USEPA, 2003), the risk assessment was investigated, and
the emission source was analyzed. Eight carcinogenic HAPs of mean cancer risk levels except
Bromoform exceeded the 1x10° risk level by more than 3-100 times, including Benzene,
Chloroform, Carbon Tetrachloride, Vinyl chloride, 1,2-Dichloroethane, Trichloroethylene,
Tetrachloroethene, Arcylonitrile, and 1,2-Dichloropropane at Nan-Chie site. Nine carcinogenic
HAPs of 19 HC mean cancer risk (2.67x10°-1.19x10*) also exceeded the 1x10* risk level at
Hsiung-Kong site. Through the ANOVA analysis, the results showed the top three percent
cumulative cancer risk of carcinogenic HAPs characteristic compounds were significant in two
sampling stations, but non-carcinogenic HAPs were similar. Factor analyses show that motor
vehicle exhaust, plastic product process, and solvents used/fugitive emission are the top three
percentage source of HAPs in Kaohsiung city. Theses emission source will be worthy to be paid

attention and managed in the future.

Key words : HAPs, Health Risk Assessment, ANOVA, Factor Analysis.
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