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Abstract

The vehicular traffic exhaust is the main pollution sources in urban
region of Taiwan. The main pollutants included suspended particulate matter,
VOCs, and PAHs. The vehicle use density reaches as high as 566 car/km’ to
be situated crown of the world, therefore the parking lot establishment is
becoming more important. The parking lot is mostly set up in basement or
indoor, pollutants by vehicular traffic exhaust can accumulate at the parking
lots unavoidable. The regulation proposing value of indoor air quality, only
define the average TVOCs 3 ppm per hour, by no means right PAHs which
has mutagenic and carcinogenic properties carries on controlling therefore
parking lot attendants who long term stay in workplace health effective
caused by vehicular traffic exhaust.

The aim of this study is to compare the indoor parking lot with the
roadway, in order to determine TVOCs and pPAHs concentration variation
comes from vehicular traffic exhaust, as well as TVOCs and pPAHs
concentration variation which are associated with traffic volume on weekend
and weekday in different spatial structure parking lots. We have selected two
central roadway with three enclosed types, three semi-open style parking lots.
At the same time we use Photoelectric Aerosol Sensor (PAS) and portable
Parts per Billion VOC Monitor ( ppbRAE ) to measure pPAHs and VOCs
concentration respectively, Traffic volume and ventilation rate were also
measured simultaneously .

This study showed that the daily average concentrations of pPAHs for
seven consecutive days were in the range 57.77+31.06~114.89+88.33 ngm™.

The concentration were higher than two outdoor environments for about



1.64~2.87 times (19.43+22.06~70.14+64.4 ngm>) and 2.67~2.82
times(19.8+16.03~35.78+19.68 ngm™) respectively. This implies that
pollution level in indoor parking lot is more seriously than that of outdoor.
Otherwise supposition enclosed type parking lot indoor environment is
similar to tunnel, also the pPAHs concentration dominated by vehicular traftic
exhausts, conversion the pPAHs concentration to the Benzo(a)pyrene which
found enclosed type parking lot concentration as higher as 2.70 ~5.38 ngm™,
compares with air quality index of Italian 1 ngm™ higher than 2.7~5.38
times. More over three semi-open style and three enclosed types parking lots
on weekend and weekday which pPAHs geometry mean have significant. In
respect of average TVOCs concentration in enclosed types parking lots on
weekend and weekday that was found in the highest concentration
(1005.67£303.24, 1164.55+289.30 ppb), but not yet above average TVOCs 3
ppm per hour of indoor air quality suggestion value. In addition, the
relationship between pPAHs, TVOCs concentration and traffic volume
observed in indoor parking lots were with low correlation. This may be due to
low number of diesel vehicle and spatial volume difference.

As results that found pPAHs, TVOCs concentration of indoor parking
lots were higher than the roadway. The parking lot where the attendants stay
for a long time, they easily exposure to carcinogenicity pPAHs and TVOCs
comes from vehicular exhaust, therefore the relevant units to the government
have to regularly monitor pPAHs and TVOCs concentration variation in the
parking lots that ensure protecting the health of people working in the parking
lot.

Key words: Indoor parking lot, PAHs, VOCs, PAS, ppbRAE
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F)E i (F] 83~ w5 )engt Rk K (papillomas) &2 @ik fe vz R
(squamous-cell carcinomas) °

d % PAHs £ 3 R RpEZ2 RREE 0 F WEFF(USEPA)7 7|
16 7& PAHs i& {744 % e~ 8> @ B g @ < (IARC)» ¥ PAHs &

R A AE(L % 2-1) -
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& PAHSS S R IFHCR Y dhA F k%

(=) BiFHoRA) = 841

PAHs £ d 3 Z h$ 3 d k2 {8 0 %5 F % 1% (Nucleation) ~ 3 %2

I~

(Coagulation) ~ ¥ *¢ (Adsorption) % #8473 A3+ § ¥ 2 Bisck b o

AORIEMR SRR RT USRI LM f R KR

# (1)

FEH QR TR QB ERA DR EG)* FEFHE 4ok G

FE BRI E DL G KR

"

FOREES T o) S Ye) R TS

B MR ()1 EiEhe o Aot AR L RS (4 2

7N

#3% % (Frederica, 1980 ; #%£% » 2000)®" ¢

%.f FJ’ﬂ!»(‘L—’L— TR)T FH A

a2

2 BT (DR

ETTRS

S 3

0.lpm ™7™ » 1 & Fd 3§ R D S RS ok FIH 2 AR

W

pir R

e

I

S b B E B AR I AR el At F R g R R QR A

0.12um 2 F A &8 Fd LA F¢ chg > S R EH S Lg Ph

BEFoBRBEAFRF o LAF TOOFTEFL A I KR
B OFAL R R F R @ f—i @R e 2um M > AR d p AR

R S VLR B 1 Rt A o Ak F ¢ g R *f—i o — A

fi 5 wpck (Fine Particle) » % = 873 4 5 42 Aok

(Coarse Particle) » 25 & (B 424 B] 2-1 #77¢ » Bl 2-1 2 # B2 A% ~ kiR

ggﬁﬁpw&i%%m@mwmm1%omﬁ&ﬁ’mmam%
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RRAER || TR
@ﬁfm E

\\ BRAEE

%:

I I I [\ I I
001 01 J [ 2 10 100

Pk 442 (pm)
— aRBNEH —*F—%ﬁﬂﬁ@ e pE ABEE
< tnie 8B P mEaE —
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R R A ) R g TR e R ) ST e eR b i S s R B
T €673 T4 R 0 &y 2 MNAPCA(National Air Pollution Control

Administration) #t4| TR P 7 F S F R E Y :}g IR =0 U I Sl ol

I

S RRERRF FE ARG E R BN T F G A o
» B PR T A3 10um e ST T LR 2 A FIE 0 R iRt n

>3 e oA T B 2-5pm o8 10967 T TR T 2

(=)

B8 20900 NI e LR T ] 30 2um e 3 B T Y e Y o
V3O 1982 ER Y g f Y RITACEE A iR R
FimF2A (DHLAFFAL Y RS el 4§ AE
B s~ ARRORH A 0 SAST BB A F R gl X T

m@
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KR A FF ST Rk o GMRUE lpm T 2 Aok F b T

Jhe 3 g* R IR v im P PO RE I 4o A S0 R T B e o
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¥I& FApR* PASEFZFSTAAPMAT

&3 & " 14 P 2 Photoelectric Aerosol Sensor(PAS)& - B|& * 5 ¢
s %} ¥ 5 Ipm ofcn Total pPAHs jE R 2 hE - BIoh 5 g ¥ @ v
PUBE R B (7 R 35 % R 22 Particle —bound PAHSs jk B 3 & (£ 2-2)

FILPAS se X N

Il

Bz & ¢ chpPAHs kA& o
% 5 Dubowsky # * (1999)*¢ Childers % 4 (2000)F= § % g 12 j
Ao i@ * PAS R pPAHs & B 2 it g o
B PAS ik B gL
1 #F - Q23T E EEnF R ieBAe Bt FL
PAHs BB » Fl¥ H#icf vt Ao ¥k #ic2 PAHs» H X3 B &
(photoelectric threshold)fi 4 » vt A= & 35 2. PAHs $ie % 48 & B e '
SRR K
2. Brulif & R F LRTR AT PAHs o d M0 B Rk ik
o s ) #BAT 0.01~0.1pm - B ¢ i #ic(mass median) &
0.02um (US EPA, 1993)°7 > # % % % 4 + £ 2 PAHs » F1ik B 72
PR T ) 5 lume &k B4k B 2 PAHs 27 2 i@ R 4p B 2. PAHs
7 AP § - ik o
308 R BRI GRES LR T G s R T

(real-time)2. pPAHs J)k & > #t *ba 5 f2475 L2 PR g o
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R SRR A T 2 R Pl
B PAS & B B
1. fEpie {7 4 (Calibration) d * B % e PAHs #~ f82 & Jis 12 2 Jope
FHIFRFBERES I FEHRPOETEFEZ 2T FLR
3N Frh R BRI (T ¢ IR I (externally calibration) > F
it % B2 7_§ (semi-quantitative)z_ Jk & £ B o
2. 2 %A B u PAH i & p a4k & 0 ¥ it 93] 48 pPAHSs
= z_ % Particle -bound PAHs k&
wEIET AR PASKREEFEERES 9742 pPAH 2 & 3]
doiE (T A ES LR A4 2 PAH < £tg ok i e F ek B
2 Bpl%% > 2 PAS Rl SR E R 3B A dp BP0 =0.998) > ¥
Wi PAS MR BB B Z A PAHS AP IS AL 47> N 8
40 TR AP $ A HPAHER R A B APM I (=
0.99, p=0.05) ; ¥;T 43 »r# 22 PAH ER L ° B 4p M 12(17=0.84,
p=0.05) ¥z P MEBE L F ¥ 7 PAH SR 3 & 4p M 12" =0.985,
n=12) » ¥4 # #7 £ 3 h Benzo(a)pyrene % I ¥ & 4p B 'I“i(rz =0.88,

n=20) o

BEARRIpN % % PAS W ip| pPAHs kR 40 % 7 'L F R4 B
FT RS R kR hR A g g % 00 img, 0y PAS
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REELF P~ 47 pPAHs JEAR #2012 2218 502 SUie (7 05 A RA
s EFEG Y 2R RTMEER kAT R Y PAS KRB R

B F AR A 0 4 pPAHS SR B 2 i B Sip B -
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ngi/Ez

LR B HEEA R

%22 Rerig* PASEFZF STHANMATY
%

=EE

i

Agnesod et al.,

PAS1022 1

High-flow sampler

PAS ¥ %] Total particle- bound PAHs =k & &

(ngm™) & F jniE 2 KR iE B OR A (9 2

(1996)¢¥ ER ] .
Low-flow sampler ~ PAHs 7 » %2} ¢ 10 & PAHs Jk & & & 4%
GC/MS chgn B (A B 5 17=0.78 ~ 1°=0.82)
&ﬁ§%~i#€&£ﬁﬁ§MNiﬁ%§
PAS1022i
PAH i & §d @54 mm k » ¥tz
Dubowsky et al., ) Daily activity ,
£ PR € T (31 ngm~) PAH &% i T 323k B A
(1999) &9 journals X
WAL AR g % (19 ngmT)HRET 2 B o~ R (8
ngm>)2 3 & % o
PAS1002 i E.F%Té#ﬁﬁﬁ%éﬁ#ﬁ?&é A PE o 0 B L Rk
PAS2000 AF5 S N TR T P2 4 PAH R R % - A%
Childers et al., PAS2000CE R4 Fe110-25 &> @ PAS #7ip| 7 2. e PAH ik
(2000) © Low -volume 2 G AR B E o ¥ PAS KB EE R 4
sampler F 22 B PAH E B £ T & pF ¥ profile 2 i i T pF
GC/MS 2. pPAHs ik & -
PAS2000 i o* S phplen® 12 [ @ 73z particle-
Dunbar et al., video-taping bound PAHs £:& 33t 5 2 > pt ek i@ % & 3 3% e
(2001) - PAS # 3 %k B3 bt 2 AT F ¢
PAH k& -
PAS & #| Total particle- bound PAHs 77}k & 18 &2
GC/MS #7ip| 18 e 11 4 PAH 5k B (& & 347 &
PAS2000CE 40 BE 1 (r°=0.7957) -
Chwtwittayachan p oA HV-500-5S pAz %* Rlies BH7 niga &1 - gy i peE
et al., (2002) 4 38 GOMS 2 F1 5 B R R AUk 4o 1R 1 ehtotal pPAHS Jk

)ii’ﬁ N Az Er ]J;..”P(B ~ 186ngm' N %‘W 195
ngm”) > # # pFE e total pPAHSs ¥ % 64 48 %

AR AT (TP T 2T ) o
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8 EERG B S KR B

VAR SRR SO SR LIRS TEeL Py
ZOUH D B E BT X ARF AT TR T T Y2
1 EH AR 2 R E S - L VOCs 2 # 3 kJhx ¥ A 2 HHF(5
AREFHTHFZLBen VOCs P L EBF &5 LkG Mol >4 %
#f 2_ ¥ (Benzene) ~ ? ¥ (Toluene) ~ ¢ ¥ (Ethylbenzene)% = 7 % (xylene) »
EfLs BTEX # kiRe 72 dmk f #2000 § @472 28 ) ATH5 %
RP e I RE 1 ERARTRY DRPALE .
(— B # 5 LRz VOCs

Bae(2004)V % « 3BT i B3 nEE#EE o Benzene -~ Toluene

m/p-xylene ~ o-xylene 2_ L 2k B A %] % 0.732+6.777~4.080~1.302 mgm™
P ARk IRED TR AT BRiE2 § BIAME T TP B B
F ”T?F}*L o ¥ P AT 4 (Japan Ministry of Environment,2003)*#4 %

BIP AR ERE R X &9 85%2 Benzene 1 & § d 7 @ “TTEF)*L o Clarke

S

&Ko(1996) V5 3 4 ) & R #D T 28 “¢ VOCs # % ik Ad i3
Bpara koo T E Pk VOCs o VOCs #2358 2. 48% o
(=) AEF %k

TS LR RIRT A G w2V WAREE T S G A R R

R E LR R FIERE R ARER p AR ST RS = 2
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g A2 VOCs; i & 7 it fuen@l A2 v £ 22 ) VOCs M 2 3 fL4L 4
FLEQARR Y R T e bR T IR 0T AT
VOCs; B~ ik ~BF 4R ~ZREE - Fozer 75 B3H

S ’ A5 24 ~ v s 2, A v ) /= 44
22 Eed A B ERETAAL VOCs @iti + 5 ¢ ook
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%= & VOCs2 BTEX $f4 M & chigh 3

ER

5 B % o ¢ = (IARC)® 2 PRk i 1% rEdmy ot

B % > 7 % (Material Safety Data Sheet, MSDS)“9:#- BTEX R TR R

Fobo G F SARMAT 4 VOCs A MR § T o fom dE ¥
B R 1 (e f IRArEE) € Rk B TR AP VOCs 2734 &%
R B A A1 iFiiw o~ T Benzene (kB & H U L e BUOAT A TLIEL
FPRFEE1 (Fenf 1%~ Benzene =ik B (41.0 x gm™) b % §F Rl 4
(109 gm™)n3.8 & > B3 2 Fia A A (19 ugm™)e21.5 8112 2
Flie®a &3 (120gm )34 & o

Pearson % % (2000):= § “V3 Mz B B PIASTI B o Kk en

A\
s

ZFARAPEZILREDE S I RETF B AP 2o @ Smith(1996)
=y (48) Ap IV IR 2%~ Toluene ¢ Xylenes ¥ it § ERA NP a ¥
FooETET R SRS o B rRaRg B E s g42
SRR TR 41t 2 b Gerin £ 4 (1998)4F 2 O FRBAEE

7| Toluene & Xylenes ¢ 3§ ¢ fe & 7 % "6 5 B4l = "R ihk 'k o
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% 2-3 BTEX 2 B A 55224 145 3

58 IARC/USEPA 3 R
k= P ELIE
® v nIf IR L EA R R
o FiiEEEE
@ ELFFMERRBEHFITHE LN
E3 Group 1 ® FaFEWEMETAAF L FTRBRZ
(Benzene) Class A Aok iE
® 5ldzv n HIFIE
® Sl = R
® RARBEAIMI DA
® MY R s BRI R 4
vF Group 3 RAE ~F 47237 frd T2 120
(Toluene) = ® ILUERZEBIRA
R ET Y ECY S )
°F RN @ LYUEBEAL LR TFETRLEY
(Ethylbenzene) Class D
o ® SRS EHRBET AL N
- " F Group 3 GE% ~ & 7))
(xylene) -
o T
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SEPFHEFPFZF SRR ARPRELLAAB -EFEP T &

4 }ﬁj k2= # g iF ¥ | (Sick Building Syndrome ,SBS) o X - &3 p 7
FoafaEdnd LA RE ZF A AP eRA LA FP RIS
- HPIrRRCERCRRFEFEEIFEEIAVNEARHE  TUZ
Fomfide- T ARAMEE TS AP F L HRQ007)VE 4 s

BB BERRIEY XN E FAFERBEREFTA P F B

T BEFRIFRAOFANE AL FBER T REI P FFERE

B BAE T RIFIPNZF ST L BEER D B2 Fht B

ARt 94 & 12 % 30 p 4] =7

fek

PEFETERE B P E
R AR R AR AR S I LR S
kR E S AFRGTR EFIRE 2 BB E LR LRI
BRLFSTADS 34 (R 24)cad TRIFE - BRPNE

PIERECARHE IR ZFSTAAR B LEEML > ARG AL



LAHRFA BRI IR AR RLFRL DT NE R AL B

Wi R B (£ 25 NiELT - ERPRGFHIZIRTF LT EHRN T ZH
¥ F

PELAIE A A Y 102 5OV p SR R b B A
B PAgfa T 8 B B T4 WA ARER 2 SEER TE R F A
AT b BL 35 miho st AW BB HTF ST
A gﬁ& BMAABRRBME RREP N PAHs T2 AP ok B2k @

S P 4 LAF LR RN M P 2
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%24 FREPZFSFTERE
CO, CcO HCHO | TVOC PM,, PM, s 0; BB %R | PAHs
(ppm) |(ppm) | (ppm) | (ppm) | (ng/m’) | (ng/m’) | (ppm) (C) (%) | (ug/m’)
A:600¢ | A:2° A : 604 A:0.03¢
0.1° 30 1004 A :15-18° b5 JU S
54 |B:1,000°| B:9° B:150¢ B:0.05°¢
5,000° 35¢ 1° 0.1¢ 0.2°¢ Y1k s
WHO 920 9° 0.08" | 0.3mg/m’ 0.05°
. % 125527
1,000 9°¢ 0.1° 0.05" 20-60 ASHRAEG62R
£ 120-24.5
0.3
EN-y 0.3 ACGIH
(15min)
iR 5,000° 50°¢ 0.1° 0.2°¢ OSHA
26.2° EMEF &R
% 0.8°
8.7¢ Ty
% ¥ 1000 10
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%24 :FREPTF SFERE(H)
CO, CcO HCHO | TVOC PM,, PM, s 0, i &R | PAHs
(ppm) | (ppm) | (ppm) | (ppm) | (ug/m’) | (ug/m’) | (ppm) () (%) | (ng/m’)
p A 3,500 10° 0.08" 0.3 150 0.05°¢ 17-28 40-70 HASS102
e 1,000°¢ 9°¢ 0.1¢ 3 1502 0.05° PEN FRp
87.5
52.4° 0.07-0.1° CEN
o 0.08
26.2° 0.05-0.06° PREN1752
8.7¢
I 1,000 2 2 0.05-1.3
i 9°¢ 0.18 NHMRC
25° EZEPTF&F
be g4 3,500 0.1 0.1° 0.12 50
1 ERE i
% 2527
ER 5,000° 50°¢ 0.1¢
% 115.5-20
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A% -39 B - 8397 a: 3044 T45F b/ FTHE C8 /| FIHiE dp T35E ek fEPEZ bt
i (ceiling)

PoET RHENLF ST EYG RS SR KT E . DL BES R £ A A ABRRES TR ¢

>

$oOHT - S MRS EHE 2 SR B A B BT AL H T < TR

[}

B2 BEE G P B

TR KR ¢ HERE(2003)°Y
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225 FRABPA BRI HAR RFLR B2 FHERE

Time(hrs) CO (PPM) Ventilation
8 9 7.6 L/s « m’
ASHRAE
1 35 (1.5 cfi/ft?)
8 50 7.6 L/s + m’
ICBO
1 200 (1.5 cfm/ft®)
8 35
NIOSH/OSHA —
Ceiling 200
BOCA — — 6 ACH
SBCCI — — 6-7 ACH
NFPA — — 6 ACH
ACGIH 8 25 —
8 11/13
Canada —
1 25/30
8 30 2.7L/s + m’
Finland
15 minutes 75 (0.53 cf/ft?)
Ceiling 200 165 L/s » m®
France
20 minutes 100 (350 cfi/ft%)
33L/s*m’
Germany — —
(0.66 cfim/ft%)
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225 ARBPA B AR KA LR B2 HEEHE(H)

Time(hrs) CO (PPM) Ventilation
Japan/South 6.35-7.62L/s + m’
Korea (1.25-15 cfi/ft?)
Netherlands 0.5 200
0.91L/s * m’
Sweden — —
(0.18 cfm/ft%)
8 50
U.K. 6-10 ACH
15 minutes 300

BOCA : Building Officials and Code Administrators International Inc. °

ICBO : International Conference of Building Officials » & " # = 1% g o
SBCCI: Southern Building Code Congress International » £ B = 54 #4715 §
NFPA : National Fire Protection Association > % B R 7 [# ¥4 ¢ -

Available from: Krarti M, Ayari A.(2001)"?
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¥=F A3 °
A Y S R Hig* Reai-time R BEFTZ 5 TR TIHAY
G300, prgg kA %4 FE R B M B 2 3 pPAHs 22 TVOCs ik & %
L4842 pPAHs 22 TVOCs kB & B i B AR L & A 27 %35
TLHERAD AL ERE AL HE - FIHEESTRAE 2 e

LRSS 8 SRS S A

AT B fRE B A F 209 e XAy orphied gz g
FoEf o FERLP R R APRER B T 00 A i B
2 RS AP o BiRE g 275§ ¢ 0 pPAHs & TVOCs ik &
ERURIRA & 3 3 - B Rk

ARFHERD SRR BREARKRD FEES 3 34 v 35 i£Vw
MHELGAZEH FEFRE AFRER(R -1 HEF LY f i)

— A id B ELEPA Ahl & P R B8 F N B2 32 pPAHS

22 TVOCs kB AR g o Al 5 F Trig s pry] il jn g che Mg

(30 )2 L BF (B 3-1): A2 2 ¥ R B BPFNBEFN 0 o jpgtan

AAMEAS F )L L R FpR(B3-2) 2725 &FFERZ B IE a3t

e o
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2R AR Y

= RN chik ? (B 3-3 0 3-4 0 3-5) ;

(RN,

ERENBDEA T A ALE B

= v
¥ = RS

BB (R 3637 38) £F%F STHEL 2
B oeng b i pPAHs ¥ 22 TVOCs k B g FAH

hied e U A FTEAL

d

na
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< B BB R B i

PR A

Al

A2

7 A iz @E Re
Al Al Al
TR IR & IRt
i B v\ 2007/3/27~2007/4/2
Ul R - FB
& B Y. 2007/5/3~2007/5/9

Cl1

RS R

v 2007/4/10~2007/4/16

C2

2007/4/5 ~ 2007/4/17

C3

K

2007/4/26 ~ 2007/4/27

S1

s

IS

2007/4/6 ~ 2007/4/9

S2

K

e

2007/4/22 ~ 2007/4/23

S3

[
o

BN ied B

v
BN R S

v
LN B

v
B R

v
LN B

v 2007/4/25 ~ 2007/4/29

34

TR T RN

W 4 Bp B 2R

W 4P B 2R

W 4 P B 2R

W A TP

W 4 P B 2R



LA L L)L % | LR ST~ —as\@
R / nf/ %_‘_L’— i ;\Jﬁ%‘i&}%m N f

SRR PR R S

Q
R R e O3 ]

eg

¢ E R

('ﬂ-
— |2
= ,
i ‘\g FE S ARER
(Sa]
" L

SN CT o
EJ |
|

4
Ei

4

]

—
_fa !
7

x| Fg

B 3-1 Al G & e

35



B 3-2 A2 3 i Bk ek

36



< 4 fE

B 3-3 Cl 2F;izd Sk

37



C

D

Tir

it

N ’};ﬁ g
a‘.’...’. _
G R
&

* B 2k
I
i #
4
C2
-4
3
i)

38



It
!

B R R
£
Py

B35 C3BFNEDFFie

39



T

4‘.'....‘
e
o

0

=
4
W

—nyle : ,‘I:.m,,
X *’i I
TR

(e

H

-
Lo e B
= B3z

6 S1 X

3-

)

40



j} m
=D

ey
~ =
A

FL ?rf;iii?-)»r' s

LU [BY = = LY

—EHE

Bl 3-7 S2 & Bt ik B Rk gk

41



gd
g

Bl 3-8 S3 L @axstisd Bk



¥ 8 FAIEERY
AT ST Ry OO0 m A e RE P BB
217 pPAHs £ TVOCs k& ez § T pl2 & g et #ic > & Real-Time
PAS2000CE £7 ppbRAE &% B B W £ § — 2 ehr 3415 2T » AT F ek
S5 VR E R U
-~ Al RER (T L P - % pPAHs 2 TVOCs kB h8 B »
PR L@ N )P L& §35 5k ® PAS2000CE 2 ppbRAE 7
TEWIZGPRIDEAS MR e G 1S % o BFARD
Pz i kBREHEE A o RBALTUBIRE A 240 W7
pPAHs &2 TVOC jk & Tl thsedier & Ak gl praf 0 4 1 2 5834 8

.~
= L T4

\“W?

58 g o

2y AREP RIS BEEREOE T IRNRRE B FAL 0 A W
PAS2000CE % ppbRAE B % % *c f i 8 3-8 4 8 & imig o b o A
WABPHARPEFIFER FAERPFFLIAF NS
CREBRINUFILE A A 4EF pPAHs &2 TVOCs ik B 7k o3
Bro RERBYS 1S 2 A L ABEREIAIS NP EEL
T A4 nE o
PP REREBERRLG . §RERER T RS-232 B8

U PAS2000CE 2 ppbRAE % % R %o ot @ TI T %67 5 44 47 -
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Sprag
E3 ?}f:g_éj;%—;%j_}]\ 2%%?‘Eﬂiﬂ»ﬁ ]

¢oEns ) ?i# s E N BB 3% pPAHE TVOCsk B %
2R AR N A P o LB BB g PN BB B pPAHE TVOCsik B % 1 484
pPPIRAAIMEY o3 BEFTER LT gx’f‘ [ECIE e sk R - eag

Bp % 2LiEp

\ 4
PRl B R 4y
(%) BB (M)

: :

RPN RD 5 LN ind o

EHSARE

PAS2000CE
h 4
Total pPAH Total VOCs
concentration concentration
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AL L - RPFNENEE O RE AR H e

AN RS S AR RO
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A=
|k
3
al
3

TR EFHAMAS ORBEE RREEE L > AL R

A b 5 U5 S RATEC pPAHs ¥2 TVOCs kA& -

(- ) Total pPAHs k& : ## 7 ¢ * Real-time 7 PAS2000CE i% %
R R hied BFpd T E PRk F Y e 2 pPAH LR -

(=) TVOCs k& : 2% ¢ * Real-time #71ppbRAE ik B>t % 7 &2

FRBE SR TE R F Y T 2 TVOCs k& -
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!
/

* T 5{: w3 14 P B (PAS2000CE)
AT TR Y REBRAE A LR W2 EcoChem Messtechnik GmbH
#4434 1 PAS2000CE(4e ] 3-1) » # 2 i B = e & F 2 A A phpe ¢

‘% P % 2 H-ie 17 Real-Time total pPAHs JE & e7% F #5 8 o

...shown actual size

B 3-9 kT F %P E PAS2000CE

S kT AR AR BRI

\§m

PR B Aok (particle):E {7k 3k & 4t it (Photoionization) ° § — &
/| Mok (ultrafine particles, diameter limit~1pm)s% &+ i & (hv) = >k F B &

Sl o T e Fie kTS 0 L5 d k5 {5 5t (Photoemission)Z {¢

Bk BET € RS 1R kT (bl 32 7 ) -
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B3 AEA DG RIEE N o T AR ER I RT AT

it & ¥ (Polycyclic aromatic hydrocarbons, PAHs) ,T*u e 5 5 d

KrBr—excimer % ¢t 0 Z 974 & 207nm A £ PREE T AR T HL » 2 4 2

g;fb o
UV Light
Adsorbed PAH
on Carbon
Aerosol

Charged
Particle

Emitted Electron

Bl 3-10 Principle of the Photoelectric Aerosol Sensor

47



= 75 ppb $ 553 ik & 8] E (ppbRAE)

AT 3 418 % th ppbRAE PGM-7240 % () 3-3)%d % B RAE
Systems Inc. %% » # £ FF2c % % PAS2000CE % B3 2 (7 #248 » 303
HBP ol R g2 AP g R e B2 (7 Real-Time total
TVOC ERDZF#H % «c LREBFIFCERDFEALARESIPEFT- %
Faf MERBEREGEL E- ) ¥ aF R FREEF > GRE
¢ ¢ * 10ppm isobutylene 1% § £8i& {7 /p| £ & & (Span calibration) » 14 ip|

THEABHEHRPIEEZ RRE LT AT0%MUT » UL L RFE A D o

] 3-11 + 4 5% ppb # 4%:3 #lid & 1§ ;7] B ppbRAE PGM-7240
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m o~ 7 35S ppb F 4873 F 4 ] B (ppbRAE) R 1

iR B d i ip 2 kg3 i p) % (Photo-ionization detector) # % it

k2 & 7 % ¢ (Electrodeless discharge lamp)#1ie =& » 5 424 |+

7B M FIERIE P o3 iF lamp FF € ALk 31t (photo-ionized) § *x !

TFAF TN o B E 2 R B AT Ak E2 Chamber # - % - Bl
A

ER T ER SR TSRS P

r’\l

o MR EZ T
BRBETHS 2§ MERMAET] ppb SR 2 Y R TR
5 R T RIEEE 2% lamp 5 10.6eV lamp > P TR E T E OEW

LB W F WA i R 2 AR R(* 3-2) 0
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# 32 ppbRAE PGM-7240 ¥ i#| £ §# ] ~ f245 & 2 F Jupr i

Gas Monitor Range Resolution Response Time
0-9999 ppb 1 ppb <5 sec
VOCs 10.0-99.9 ppm 0.1 ppm <5 sec
100-2000 ppm 1 ppm <5 sec

Available from: RAE Systems Inc.
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AP 7 %4 Chen % 4(2003) ®V2 2w 0 2 fwdtic VOCs &
TOBgRANE S N2 FRREY At dEPng T 4P Hwe 2
(57)’%—.‘?1@4}?&?%5%’?&@5%?\%@ »y LA N E »Lgt(z\
3-3)c BN E et Ad AR ABRRESFEREE U ERRR
B Rl AP EE BHRRIEFRY N DR F

AAHE RV RER N A L B TR AR S

RIS 7 ST
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%33 B gRA A

= - B PP
2 FaEE e
PRI 5@ I BN
a3l e th¥ed 3490 T e &

AT BN RN r G-I 0 - BN

L B BB AR 2 356 enf B

e ik d ~ 53 L TUCSON -~ 4587 T5 ~ 4527 GOLF
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52 3 H_i¢ * Prova Instruments Inc. ® & 2_ kb i# £ B B AVM-03(4- B

=

3A4GEF RPN RIS T AP REESONRE T2 L EERFHE SN E
e A R & pPAH Rk BT F iR 2 FRY 2R > A2 =% v F
FPZ AT MR P T FRRT R T IR R E 4T

EE b E(ms) A LB ek A o HER R BT R

T e

ANEMOME T

B 3-12 B i &8 E AVM-03
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— v b BRE AVM-03 2 gL
SR RS RAOR A A MR BT EREE T

(mA) ~ B x FREFTHIE L EFETH L RETRIE A & FFI(Z

3-4)% 8 R R(Z 3-5) -
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434 AVM-03 b £ PIE BT RIE L8R

H = # 7 R R | Bl b | R ERIEFR | BERAR
m/s 0.0-45.0 0.1 0.3 < 0.6 +3% or 0.1
ft/min | 0-8800 10 60 <12 +3% or 10
knots | 0.0-88.0 0.1 0.6 %5 1.2 +3% or 0.1
Km/hr | 0.0-140.0 0.1 1.0 % %22 +3% or 0.1
mph | 0.0-100.0 01 0.7 %% 1.4 +3% or 0.1

m/s: = % /45 ft/min:*< /4 knots: & Km/hr 2 2 /- pF mph:#2 /-] p¥

TA KR AVM-03 kb i& & P B4 (7L p
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i F R i
C 0.0-60.0 0.1 108
F 32.0-140.0 0.1 s

FAL &R D AVM-03 b i £ 0] B4 (72 p
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A8 FTRmPELSHE

T F HFEFTA A pPAHs )k B B% > 6 & * PAS2000CE & % #7%¢en
Airquel ## B > @ TVOCs F AL Al & @& * ppbRAE & B #7 5t 2
ProRAE-Suite #t48 ™ § )k & A 18 3 4% “7# T fcdp ¥ 4 Excel #rige
Fh s o & % gL BTREE (7 4~ ) gt (R 583 0 # 0u Crystal Ball 2000 By f# FF
PEETRPFEL TR L RpTRLFRREFRAETERGF 250
A2 ¥ b Ay @ % Pearson 4p B ¥ 178 S £ &2 pPAHs » TVOCs
RRGAEMME U2 BRREET Eat RTA P FREF RS A Z R
BN R B 2 2N pPAHs R BT G EEFMLAL R D

B

it
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Fri FLR%
¥- & A2 B Cl BN ied 5 pPAHS kR % 1L 8%
A2 A BRgpe Cl 2P BIFa -5 x5 | prigt
PAS200CE & % #7 & iP| 3] pPAHs k& & % 1“ A% (B 4-1 - 4-2) » ¥ 5 11 A2
J B EEP pPAHs )k B 33025 p i %o Cl R BBV 12 2 P § 2L

P pPAHs k& B *t P PR G o
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Effi— Efi- EN= BN EMm  EMA EHH

e [ S e e T e S e e S S S e e e

Ef— EfC Ef= EfWm Efn  EES  EHH

-~

=

(-]
T

e I T O I R o I ¥ | R (18] o ~J _— - h ~ - ) th =l _— ") h ~J
e e e e e e e - - - - - - - - - - - - - - -
S S e e e e L o e e 9o e S S c S o C o Qe e o g e o ¢
R gl e el el e el coml ol S e = = = = = = = = = = = =2 =2 =2 =
- - - - - - S S - - - S - - S - - e ' - S - - - S - ' C—

Bl 42 - Cl 2F 088 35 p o pPAHs kB % - 4%

59



o8 ARFRARP IS pPAHS KR K A
B A RERAFFSERD S N AR RS 1680 L T
Bo A BFRABFFNBIFIFHEREFREFFN BRI F2E

P 35 pPAHs jk & & - # [ 4>t 57.77+31.06~114.89+88.33ngm™ % ** A
Be i & i B AL ¢h 19.43+22.06~70.14+64.41 ngm® ¥ A2 h
19.8416.03~35.78+19.68 ngm™ (4-% 4-1 > 4-2>4-3) > ¥ ¢F & Al 22 A2 3
TR - - AP ER AR h- | B(F 444w L 132.40+167.69
ngm> (8AM) ~ 45.50428.83 ngm™ (11AM) > & C1 % BF ;% i 3 3-8 %
211.67+148.12 ngm™(2PM) » &d F it ¥ 29 P N 23 ¥ 0 pPAHs ik
BHERASEALE R X F 1.64~287 22 A2 % %~ § 2.67~2.82 &
Tr AT RPN BESE TN pPAHS R APFYE B X 5 3 23F 4 o

stk pPAHs k& Tl @ * Anderson-Darling value & {7 if & & & 2>

#ILF R ens # & IR Lognormal ~ Extreme value ~ Gamma ~ Weibull 73
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4. 4-1 Site A-1:% 5 —i¥ pPAHs k& &
pPAHSs concentration (ngm™)
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Median 54.00 47.50 46.00 27.00 29.00 30.00 11.00
Mean 63.09 70.14 59.27 45.09 48.63 41.27 19.43
Std Dev 34.06 64.41 43.46 52.38 66.61 33.94 22.06
10 percentile 29.04 18.96 20.09 9.00 7.68 12.69 4.00
90 percentile 106.15 140.73 111.84 96.16 107.05 80.08 41.22
Distribution lognormal lognormal lognormal lognormal lognormal lognormal lognormal
Anderson-Darling 2.98 2.20 1.0153 1.3951 0.8780 1.5416 2.0260
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% 4-2 Site A-2 i@ F —i¥ pPAHs L B &

pPAHSs concentration (ngm®)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Median 20.00 15.50 15.00 15.00 17.00 29.00 21.00
Mean 24.13 19.8 19.11 21.2 19.74 35.78 26.12
Std Dev 15.60 15.93 16.03 19.22 16.19 19.68 20.78
10 percentile 9.51 6.25 5.74 5.82 6.17 16.22 8.33
90 percentile 43.22 38.18 37.3 42.38 34.67 60.59 50.15
Distribution lognormal lognormal lognormal lognormal Ej:;r:e lognormal lognormal
Anderson-Darling 1.48 0.79 0.57 1.15 1.27 1.30 1.37
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% 4-3  Site C-1 i F —i¥ pPAHs jE B &

pPAHSs concentration (ngm®)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Median 60.50 68.00 48.00 94.50 78.00 51.00 55.00
Mean 82.97 79.85 n)" L] 114.89 101.24 57.77 59.10
Std Dev 76.80 44.46 43.72 88.33 77.23 31.06 34.66
10 percentile 22.22 35.48 20.69 38.03 33.79 26.68 21.26
90 percentile 166.87 138.96 111.35 218.14 191.72 97.06 106.61
Distribution lognormal gamma lognormal lognormal lognormal lognormal Weibull
Anderson-Darling 1.04 1.64 0.16 0.32 1.75 0.51 1.52
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F4-4 G- FEH NP EESd PAS #1ip ] pPAHs = E kB

Highest averagel hour pPAHs concentration (ngm™)

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
A-1 109.3£55.89 132.40+£167.69 80.53+£50.17 86.13+£87.69 92.53+135.32 67.55+£78.17 35.5+40.25

(8AM) (8AM) (8AM) (8AM) (8AM) (7TAM) (7AM)
A-2 30.87+14.46  40.27+51.43 31.40+76.18 28.60+22.38  28.70+31.87 45.50+28.83 35.47+36.26

(6 PM) (6PM) (3PM) (5PM) (2PM) (11AM) (3PM)
C-1 129.5+100.75 106.83+6591 97.3£62.01 211.67+£148.12 179.23+33.35 85.53+35.08 104.67+32.56

(6PM) (1PM) (6PM) (2PM) (6PM) (6PM) (5PM)
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¥z & = Ugr LR AN e @ 3 pPAHS kB 4y it fE st
CFBPENBEE L F FREEE Cl A v 1680 £ FH
P #7 2L p T 329 pPAHs (kB B4 W 5 58.59+33.39+87.49+70.12 ngm” ~
C2 wc 465 % T H T35 pPAHs kA& & 4 % 5 115.67+83.10 ~
56.52+38.80ngm™ ~ C3 w4z 480 4 FH H T35 pPAHs k& B A & 4
65.29498.00 + 36.57+33.2Ingm™ £ § & p Cl chF 44 & £ % R gamma

Lo B35 IR lognormal A 7 0 A A R EINA T F Cl o

)’

Anderson-Darling value €. <1.5° ¥ & %2 & &[] >1.5(F 4-5) -
ZREE RN IRA S T FRKRE > ST w480 £ TR B2
P T 32 pPAHs Jk B & A %] & 54.77+75.66~49.27+32.18 ngm™~S2 * < 477
T ERE R &R p T3 pPAHs E R OB A W 5 447742276 ~
9.21£9.52ngm™ ~ S3 ¥ Jz 480 4 FL P 2L P T 30 pPAHs kB B A
] % 13.18+8.20~18.40+£12.50ngm™> F AL 4| f& ¥ $ S3 £ >+ Extreme value
Lt H 5% IR lognormal &~ F o i & R IV 0 BP S 1 B2Ep
S2 & Anderson-Darling value #_> 1.5 H & 2 8 % <1.5(% 4-6) > d }

B FRBPFENRS B PpPAHs A BB X B 28 3o
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%45 = PR B 3 M pPAHs 5 if | sst

pPAHSs concentration (ngm®)

Enclosed parking lot (C1)

Enclosed parking lot ( C2)

Enclosed parking lot(C3)

Weekend Weekday Weekend Weekday Weekend Weekday
(n=480) (n=1200) (n=225) (n=240) (n=240) (n=240)
Median 52.00 67.00 81.00 44.00 28.00 25.00
Mean 58.59 87.49 115.67 56.52 65.29 36.57
Std Dev 33.39 70.12 83.10 38.80 98.00 33.21
10 percentile 23.86 27.68 41.0 21.02 9.00 10.02
90 percentile 102.94 168.37 214.74 103.33 145.62 73.14
Distribution gamma lognormal lognormal lognormal lognormal lognormal
Anderson-Darling 1.08 1.47 4.67 2.42 12.10 1.50
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% 4.6 = L BTN GRS 3 pPAHSs f5 i f 52t

pPAHSs concentration (ngm®)

Semi-open parking lot (S1)

Semi-open parking lot (S2)

Semi-open parking lot (S3)

Weekend Weekday Weekend Weekday Weekend Weekday

(n=240) (n=240) (n=239) (n=238) (n=240) (n=240)
Median 38.00 33.00 6.00 38.00 11.00 16.00
Mean 49.27 54.77 A 44.77 13.18 18.40
Std Dev 32.18 75.66 9.52 22.76 8.20 12.50
10 percentile 19.22 8.54 ATS 21.59 5.37 7.44
90 percentile 88.55 120.72 19.10 %8 ) 8 233 30.74

Distribution lognormal lognormal lognormal lognormal lognormal Extreme value

Anderson-Darling 6.05 0.66 2.49 0.67 0.67 1.01
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Frad EpELEP EFRNZ RPENED S pPAHSEAR VR
FERFNA L LE RN BA SR T2 pPAHs JER 0 B E R AL
2 lognormal A # > #7rig * Bip TioiE it 4o 5 el 9@ &k &I F 44
HE e 2 R N AT RBEFERIERE oz REE RN
# 3-Ep pPAHs & T30k B B4 W S1 kA & 3 (41.25£1.81 ngm”)ix
% S3(11.19+1.77 ngm™) ~ S2(6.41+2.34 ngm™) ; #-p Total pPAHs %
P T3k R EA Y 5 S2(39.91+1.62 ngm”) ~ S1(32.11+2.81 ngm™) -
S3(3.31+1.38 ngm™) ; frt = RPN BB B Ep pPAHs i Tk
B & C1(68.27+2.02 ngm™) ~ C2(46.6+1.86 ngm™) ~ C3(27.07+2.17 ngm™) >
2t 5P pPAHs & T3k B BF R C2E R 5 % (93.94£1.91 ngm™) & &
% C1(50.28+1.74 ngm™) ~ C3(36.2+£2.96 ngm™) ©
peeb s R4 F AL 7 Log-transformed 6 0 8 * BER R R #KF F o
Hh ttest i 8T AT B FEZ RER NS RBPFNBD

Hipp&2tiEp ep chpPAHs kR EF B E L R (£ 47-48)
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3047z RE BRI HED

2k

= o=

B.p pPAHs jk B (ngm™) fi2

Location n Minimum Maximum Mean Standard Geometric Oeometric
deviation mean Standard deviation

weekday

S1 240 3 1127 54.77 75.66 32.11° 2.81

S2 238 10 205 44.77 22.76 39.91% 1.62

S3 240 3 127 18.40 12.50 3.31° 1.38
weekend

S1 240 13 987 49.27 32.18 41.25" 1.81

S2 239 1 439 9.21 9.52 6.41" 2.34

S3 240 2 52 13.18 8.20 11.19% 1.77

"B S BEH LEL t H 2 p<0.05
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£ 4-8 = FBPFNBE BEp @B p pPAHs kA (ngm )t

Location n Minimum Maximum Mean Standard Geometric Oeometric
deviation mean Standard deviation

weekday

Cl 1200 5 782 87.49 70.12 68.27" 2.02

C2 240 15 556 56.52 38.80 46.60" 1.86

C3 240 4 1029 36.57 33.21 27.07" 2.17
weekend

C1 480 11 267 58.59 33.39 50.28" 1.74

C2 225 30 896 115.67 83.10 93.94* 1.91

C3 240 5 1625 65.29 98.00 36.20" 2.96

"B S BEH LEL t H 2 p<0.05
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FIE ABFRAZPRNZ FPNEIFTVOCS KA it
TVOCs ER ERIBE T wIt T - Al B ~a pRE B a2 d

Fo- 7 BP RS A0 R RAY - AREDPRY N Ep LT
RO @ AT &R TVOCs (kR g Bl wx2hipp TIHER &
# B 1 5% 23.96+26.85~46.50+61.05ppb (% 4-9) -

ARl A pRE BN 2B B S28 S3 P % 2L P TVOCs k& &
% B & %] 56.00+£79.55 ~ 200.00+=127.81 ppb » 347.90+243.58 ~ 102.83+61.21

ppb » K- F RPN RB B Ep 2 2EpP TVOCs k& @R A 4 4

e o
Yoo v AIPEgiepPElizd gE LT 048D RE 2 TVOCS
AR R AL R 41242543447 gl B A X H R A RF R

B2 B E 8 TVOCs crfp - 5 T m Bg F AR o35 4p B o
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%49 1 BFRdf- & TVOCs # it 1

2=
wo ‘T_v

TVOCs concentration (ppb)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

(n=240) (n=240) (n=233) (n=238) (n=238) (n=0) (n=0)
Median 4.00 13.00 16.00 14.00 62.30 - -
Mean 23.96 27.67 29.08 24.45 46.50 - -
Std Dev 26.85 31.56 31.00 26.85 61.05 - -
10 percentile 0.41 0.35 0.50 0.41 6.74 - -
90 percentile 65.66 75.32 78.01 65.66 142.35 - -
Distribution gamma gamma gamma gamma weibull - -
Anderson-Darling 10.88 2.90 3.42 2.88 1.87 - -
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% 4-10 RN E RPN GBS E TVOCs & i 1+

st 21

TVOCs concentration (ppb)

Semi-open parking lot (S2)

Semi-open parking lot ( S3)

Enclosed parking lot(C3)

Weekend Weekday Weekend Weekday Weekend Weekday

(n=240) (n=238) (n=240) (n=246) (n=249) (n=261)

Median 25.50 167.00 249.00 90.50 1161.00 944.00
Mean 56.00 200.00 347.90 102.83 1164.55 1005.67

Std Dev 79.55 127.81 243.58 61.21 289.30 303.24

10 percentile 0.72 86.33 126.86 43.62 815.58 714.99
90 percentile 151.61 352.72 640.27 178.97 1533.04 1333.20
Distribution gamma gamma lognormal lognormal Extreme value logistic

Anderson-Darling 1.03 0.46 1.04 0.26 0.96 3.75
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—m— S —e— TVOCs

Frif g TVOCs L
20.00 300
250
200
10.00 150
100
50
0.00 0
[ S (=3 [ [ [ S (=3 S
= = = a 3 a = = =
Bl 4-3 S3 L B nst iz @ BEp &2 R 2 TVOCs k& A+ [
e —|— 20 —e— i TVOCs
HiIfh gl F o —
20.00 1800
1600
1400
1200
1000
10.
0.00 0
600
400
200
0.00 0

= o o = o o = o
S S S S S S S S
S — N o) < w © ™~
p— — — p— — — p— —

Bl4-4 S3LEalmdgtEps-Ly osd g TVOCs kR A 7 B
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TVOCs

& —m— 23 —— 5|
Al * U T PO TVOCs L%
40.00 2500
3000 2000
1500
20.00
1000
10.00
500
0.00 0
(=) S S S (=) S (=) S
S S S S S S S S
= - a © i ° 2 =
Bl 4-5 C3 %
d |
—m— 2y —— 5 TVOC:
il okl et ’ TVOCs L
30.00 1800
1600
1400
20.00 1200
1000
800
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0.00 0
(=) (=) (=) (=) (=) (=) (=) (=)
S S S S S = S S
S = a «@ = b e =
Bl46 CIpPFlidgtEmpsLtsosmd ngw TVOCs kR 4 F
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528 FnEge pPAHSERAPM |

Al ~A2 3 R Reenip 22280 p BB g A W5 12,603 #m/% -
16,443 4m/% > 11,583 4/ ~ 10,635 48/ (# 4-11)> ¥ F 1 Al 2R g @
B A2 V2 pBPF a2 E R Rd S pp rztipp & 1 T
BB (EL A 4-124-13) FPHRABFNBE BN ClL FinE st
Bp (1074 48/% )% > p (861 4w/ ) > H 8 A R_C2 &2 C3 P (868 4w/
%~ 609 /% )& 2higp B E (827 /% ~ 514 4w/ )R R R p B E
BEBED PRI AL F RN BEIFI T S G0 = jIBE HFS] -
S22 S3 & iR FNEIER (675 /% ~T38 4m/% 232 4m/3 ) F 2P (449
B/~ 632 4w/ > 178 d@/ = ki o

TRHaN e BmPEN RS g BN E Y pPAHS JER (4R M 1 > ¥ KR
peZtipp & LT A4d g pPAHs kB » A< @12 S1 ¥ C3 R A

% BI(B] 4-5~4-6~4-7~4-8) j& B¢ ¥ 5 NP H2Ep 2 # R § &7 pPAHs
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2 mE (B
A B i B(AD) a % (A2) BB 53 5(Cl)
LI p BP ER ) B p L p Bp
AR 9050 7011 3538 5191 1073 854
Y h B 722 497 243 129 0 2
2 6671 5095 6854 6263 1 5
R 16443 12603 10635 11583 1074 861
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F.4-12 2PN BB FHNE

B B i B 3(C1)

LT (2 /%)

B s i B H(C2)

PR D H(C3)

LI p Bp LB P B p 2L P Bp
e B 1073 854 825 852 510 609
b B 0 2 2 16 4 0
#a 1 5 0 0 0 0
BE 1074 861 827 868 514 609
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% 4-13 X E Nz ga L g

LT (2 /%)

LBV 3(S1) L@ B # B(S2) &gt s B H(S3)

?E.T};}l P 1B P 2t ijL 2 B B ?E.Tf,i p B P

e B 439 649 625 735 176 232
Wb @ 10 26 Z 3 0 0
2 0 0 0 0 2 0

BE 449 675 632 738 178 232
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‘ —m— S —e— i pPAHs pPAHsIE

Ipmim

Hijk
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: —a— 2o —e— 5 PAHs
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Fo8 BRI RRE 24
AT AHEBEDF R ER T - RCl R P B2 % AVM-03 A

W TR TSR R C 2 R BB Cl A Bl b R H B

\“‘\“J

L g

|l
0

BT AT BREF ZHEG e d FH

*‘Y

ERFTARRT  BFLH =X - F A BEER X BREEZ hh @
TR BRI EFRAECHFHES BT b ¢ HT R #3050 m/s(%
4142 AR BF L0023 28 /g Fobd AR BRAFEEA > F
FEIYEBT T a2 0 B3 FERINLA LS © 2P H
R RITNZARE © X EEFRY L L 15 £ s A ARRE Ll
ARk i T 27 pPAHs JRE R 0 T AL Y b @ HHERBRIER O

BEIA T RPN A EC2 3R RE 2 F AT AR

|~

R EATRABEOEE S CIR AR A BEFFE A AR

/PIJ o
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# 4-14 Cl HHEFiTd b v 2 T 32) & & (m/s)

. . e o D2 %
BRLY LHes  #HEF HEEFE g AlE  A2A3F MBS D25 E D26 %
= B2 ® B3 ® T =8 E B3 ® & .
B i
6/4
£l 2.43 2.47 0 0 0 0 0 2.37 6.30 4.83
¢ 2.33 2.30 0 0 0 0 0 2.30 6.30 4.97
% 1.70 2.07 0 0 0 0 0 2.37 6.30 4.43
6/5
5 2.40 2.23 0 0 0 0 0 1.97 6.40 4.67
¢ 2.30 237 0 0 0 0 0 227 6.20 4.63
%, 2.23 237 0 0 0 0 0 2.20 6.13 4.73
6/6
£l 1.83 1.87 0 0 0 0 0 2.43 2.47 4.60
¢ 1.80 1.83 0 0 0 0 0 1.53 6.17 4.80
7% 1.87 1.70 0 0 0 0 0 1.77 6.27 4.80
e 2.10 2.12 0 0 0 0 0 2.05 6.24 4.72
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2 04-15C HBEBHTER v 28 b B(CE 2 2 /0 &)

. L N o D2 %
BRIy LHTa  #HEF O HEEFE 8y Al% A2A3F% B5:  D25% D26 &
= B2 ® B3 ® T3 ) B3 % 4
B i
6/4
5 6.56 6.67 0 0 0 0 0 6.40 17.01 13.04
¢ 6.29 6.21 0 0 0 0 0 6.21 17.01 13.42
o 4.59 5.59 0 0 0 0 0 6.40 17.01 11.96
6/5
5 6.48 6.02 0 0 0 0 0 5.32 17.28 12.61
¢ 6.21 6.40 0 0 0 0 0 6.13 16.74 12.50
7 6.02 6.40 0 0 0 0 0 5.94 16.55 12.77
6/6
5 4.94 5.05 0 0 0 0 0 6.56 6.67 12.42
o 4.86 4.94 0 0 0 0 0 4.13 16.66 12.96
o 5.05 4.59 0 0 0 0 0 4.78 16.93 12.96
T 35 5.67 5.72 0 0 0 0 0 5.54 16.85 12.74

sl b B=W b U oo Ak b i E(m/s) %60

Whvawfh o (0.3%0.15m)
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-8 pPAHSERZHTHE L VR
— ~ R BP LB pPAHS LA H T T LR

AFTERT A BT BEREFERCFRAl A B RBF -
¢1T 35 pPAHSs jk B B & § B /1 > 19.43~70.14 ngm” > A2 1 & if j T35
pPAHs jk & & § B 4 % 19.11~35.78 ngm™ » 4= 7 i#] ¥ 2 pPAHs ik A &
Chetwittayachan®” % % 4. p & { # & PR FhL BPRE - KRR
* PAS2000CE £ ip| pPAHs ik & 4p % 2 o

Fooba ded i BafE v X T3 pPAHs R R B % - o PFE S F 4P
B A7 AP (% 5-1) » # R Al pPAHs k& 132 ngm” 82 8 & 457 jp g
o R A2 R 46 ngm” L B BT A A F) A Feol & 3 B 4% 0P pPAHS
ERPEFRFRG - Al EREF L TAM~6PM > A2 & R T 5
1TAM~TPM) > 12 2 B id E & A 4 T 2 8T e B AL 7 = 5 B> ] Al
B e ME(GO K ) E R AT AP B R A BERE-A R ST
FLo M PES] AR R A AR A2 R BEES AU (15 o ) e B ARIT T
i > BB LA ARG F 5t h i AL BP (12,603 4w/ )8 2L i p
(16,443 §m/%) B iR g > v 4= A2 Bp (11,583 #w/= )22 2L p (10,635 4w/
)P R PV RSP AL REREER € 83T A2 KRB R F o

¥ L,;J\p;ibtat[.bp;i(“o)ﬂg dns Py E ] ik ® - -] P pPAHs

/%)i’ ,Ig]ﬁ F#"w‘-’\f""ﬂ e /ﬁ'av 71850% :gxrg" EEPPAHS/%
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B 195ngm™ p A L2 ¥ %45 pad nE 5 29,500 §w 5 F — ] ¥ pPAHs
DR 186 ngm” AR Y Al A BEERE P BRI INE S 16,443 i~ BB -
/| P% pPAHs JE & 132 ngm™ ~ A2 A &g i p @ n g 5 10,635 4 ~ 5
% - ) P pPAHs )& 46 ngm” > #- PR FE P AR EHE ] AR

- P pPAHs kBT Mo $7 8 RS —‘,;'a‘ifﬁ BE 4 1E (17=0.74) > &4 %

7 pPAHSs k& 7 il £ T4 B or o F A Kk o
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% 5-1 7 3% i % PAS 2pF|6 % & - | P5 pPAHs ik &

Highest 1 hour pPAHs

Traffic volume

City Study period concentration (ngm™) (total cars/day) Reference
Taichung, Taiwan 27 March-2 April .
(A1) 2007 132 (8AM) 16,443 This study
TalChu(rf’z)T AW 3.9 May 2007 46 (11AM) 10,635 This study
Tokyo, Japan  22-29 August 2000 186 (TAM) 29,500 Chetwittayachan et
al.(2002)
Bangkok, Chetwittayachan et
Thailand 2-9 March 2001 195 (7AM) 71,850 31(2002) (40)
Bastel, (58)
Switzerland 6—7 August 1997 252 (11AM) - Junker et al. (2000)
Aosta, Italy 1-22 March 1995 475 (9AM)? - Agnesod et al. (1996) ©®

*The values were estimated from the average daily profile of total PAHs concentration in the report.
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=~ BBPNEBDE pPAHs kR 2R

BB SNB S B-ATp1F 2. pPAHs kB 033 % I+ B2 lognormal & F
i 5 Waldman % 4 (1990)°” 12 2 Dubowsky(1999)*V% « 7= 5 » Filie (7
HEEHGE PRI PTHERERBIFTR AT EHTIOE € R
IR r2FPREFBRLZERE -

Cl % B3\ ik & 3-p| 18 pPAHs kB 5 d $lici 55 8 v T 0@ 3 0
2L P (68.27+2.02 ngm™)k & F >t P (50.28£1.74 ngm™) ¥ § 3t A
FHALABP<005)R % o &7 v A F AR FD B G P < AP P w2
FER o LEP (1074 §m/2 ) A2 BP (861 45/% )8 i B TER o ¥
MRS RR PN FV L F LB pPAHs kB B LB D £ BEEF M
£ B (p<0.05)>C2~C3 fp % 2LEp kAR A S5 93.94+1.91 ngm™ -
46.60+1.86 ngm™ » 36.20£2.96 ngm™ ~ 27.07 £2.17 ngm™ » &7 i fris # 3
BpEiipp 3R EApH 0 FIC2C3 Rp L3583 i § 5 5 868 im/
32609 Fw/% 0 WEE B ATZLEP 827 48/ ~ 514 4w/% o

1345 Oda % 4 (2001) V8= 7 =3t p A ugiE 3 4% ¢ 4 3 Benzo(a)pyrene
it PPAHs 4 % 4.68% > R 2PN B3 Bz P RS REApsEn > o
PPAHs k& i & & 748 # “F F jt - # pPAHs & p T390k B §
57.77+31.06~114.89+88.33ngm™ % ¥ = Benzo(a)pyrene ¥ % % B ;% % @

Frek R EHEREE270~538ngm 2R A5 F IS FER
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BECY e | ongm® Apg 0 A N 27~538 B 0 T R R P @ ek
Benzo(a)pyrene )k & EAp§ & eHE D F LB I HI Tl 1 EFAE

FER BT

=~ XEarNied B pPAHs (R A 2 ViR
L F ViR A B F pPAHs JE R S0 HEER PSP T HEFIR
S1 ~ S3 i p (41.25+1.81ngm> ~ 11.19+1.77ngm>) & B % *t 2L i p
(32.11+2.81 ngm~~3.31+1.38 ngm™); & 2. S2 P & 2L p (39.91+1.62 ngm™)
DR BT (6412234 ngm?) 0 F b @A AP P A 2ED = RE B
s ie B B pPAHs kR F At BFEP AL B (p<0.05)I g o fEF i
FHERZ RE BN e D BeniEp 2B p pPAHs R R KB D MRk AR
7] % S1(41.25+1.81ngm>, 32.1142.81ngm>) > S2(6.41+2.34ngm™,
39.91+1.62 ngm™)>S3(11.19+1.77 ngm>,3.31+1.38 ngm™) > &+ & 4 & %
PRI AR M =2 R RE e fid 2 )RR AN L E S3>82
>Slod W3 p-HrMBAu kR ETF IR AR~ > 7 ERE
BT g o ¥ oba Bz pEE N iR Fhg 2 p pPAHs kR
EEARE AMEATEFREFARLAAMC=-074) > &7 FP 5+

) g BB pPAHs kB B M1 T i R Fl— o
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¥= &% TVOCSkREBHuBFET iRk
28 B TVOCs kR HER > F - el RER -5 RE B2 -
FHRPABIFEEREE LFNRFAET S - AHEKE RERY
EF LA R BERAAT LR RARERA Y o R E AR TP
RERETRT R REEFF TG AT H EangaieiE LR e
AR L BN R B S22 S3Ep 2 2L p TVOCs kB & % B A Y
56.00+79.55 ~ 200.00+127.81 ppb » 347.90+243.58 ~ 102.83+61.21 ppb » 24
- RRBPF N BB B Ep 2 2EEP TVOCs kB & B A %9 %
1005.67303.24 ~ 1164.55289.30 ppb » je 14 t fcif ¥ RPN RS

TVOCs k& 5 5B » 7 R LLBE RS B2 e B3 4403000 > &

AP TFERDIEEE TVOCs kEAMPEETR A FL{-BpH &2

Hsieh % 4 (1999)2++ 5 atwgif f £ ip| VOCs kR 2 A7 Wi » HFm g 3
BT B R Y RIF G B S5 kAP E A2 4835 pgm©~1032.2
pgm® o T AIFE MG LSRR EREF IR E A e LR B At

Bk ¢ BRI G S &5 R 4 356.6 pngm~1961.3 pgm o {2 A
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S & FREY pPAHSE R AR M HLIFE T

AFE G A u s RE BN ie B g PN e B 3408 ) pPAHs kB
R AR R AP B AR 2 35 4P B 2 0t & % & Chetwittayachan®”
FAOFIRE-ROFTRATFG - - A ST oI R E
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W W R DI R P o dpf BB 38 LR R Flaska ) T R
I G B BBz o F I pPAHs JE R B R H @ (5T
Bt > R ERRIEFER 2 ZERBITRT2 A daet— Sk R E -

P Lee % 4 (199557 7 %9 &2 4 PAHs (LR AR M cn 3 75 4k > 2
S 5 B Ar g enig PAHS BB S BB 2t b Weingartner £ 4 (1997)Y
oy FIR R ) &AL Al 2 s (heavy-duty vehicles) &t & b & 2
pPAHs $t % l’fﬁﬁi:‘}'a"‘ v e 3] (light-duty vehicles)s77 % @ dm# % > ¥ Junker
% 4 (200005 1 2 % B 7 € 4] 2 §m(heavy-duty vehicles)4p #it iz 4] &
j@(light-duty vehicles)2? pPAHs Jk & £ 55 R Ap B |2 o ARt > 150 7 102
BieAmy 3P B33 pPAHs kR 2 B n BARM LT A B F 1 An B
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AL A fed REBE - 70 N ABP Y g EE P B2 5
BT - FpPAHs Htk » 2 PFN 22 353N pPAHs B A 3
WABRFE RPN BEHCl2E p TI5pPAHs kA B R 40
57.77£31.06~114.89+88.33 ngm> % ** & fLi & i B Al
19.43+22.06~70.14+64.41 ngm™ ¥ A2 ¢ 19.8+16.03~35.78+19.68
ngm'3 o

AR RF RS SRR N B2 Fie 7 pPAHs kR
ﬁﬂ%mg%ﬁ?ﬁ%ﬁ%ﬁﬂﬁﬁﬁﬂgwiﬁﬁkﬁ’R%
T Cl AR SR ER S R AED (68.27+2.02 ngm )k A B
AP (50.28+1.74 ngm ) e 0 H oA Al C2 - C3 R
(93.94+1.91 ngm™ ~ 36.20+£2.96 ngm™) % *+ 2L P (46.60+1.86 ~ 27.07
+2.17 ngm” )il BT A B P B Ep B E SR MY =
FE BN Bd BEp P pPAHs chS e T10EERE &S] -
S3 i p (41.25+1.81 ngm> ~ 11.19+1.77 ngm )k B & >t 2L p
(32.1142.81 ngm™+3.31+1.38 ngm™); ¥ 2. S2 B ¥ 2L p (39.91+1.62
ngm>)k B % TP (6.41£2.34 ngm”) o BV & H2 A 7B D A

BTG M
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