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cEZF T AEAORE S % T IEd R T ERITAR T
koo dEg Fitd (NOx)~ = F 5 (SO)~ - 5 8% (CO)~ 2§ ¢
Rl (PMyg) fr&F (O3) 377 T M andfdt o 2a 40 5 3 4 9mt
Z i & 4 (polycyclic aromatic hydrocarbons, PAHS) ¥ i 5 4p B c3F 2 o
PAHs» Ad & B3 - BFRere~2ma 64> 1 &4 72 2 20000 R
f3(pyrolysis) & 775 o 2 5 ¥ ik d § X E AP0 W fmo A
PAHs §{ ¥ @81 g FliHe
T b ] Ao AR BE o

o v E]Fg% < BiE 2 24 ) prengptisbo T2 K 1990 & B 453 2004
EhFED]l P12 PRFEGF- B gtk c FT O PAH P M e 35 ¢
pyrene (Pyr), benzo(k)fluoranthene (B(k)F), benzo(a)pyrene (B(a)P),
benzo(ghi)perylene (B(ghi)P), dibenzo(a,e)pyrene (DB(a,e)P) o A% § 12 B % 4p
& 47 &k (HPLC) > #fe & £ i | % (fluorescence):& (74 47 > 13 ~ 4 p ¥
FIFRAIFCPRRALDUFELSITE S - RERFF 5 Pyr0.02~1.30
ng/ml ~ B(k)F0.03 ~ 2.67 ng/ml ~ B(a)P 0.06 ~ 4.83 ng/ml ~ B(ghi)P 0.03 ~2.39
ng/ml ~ DB(ae)P 0.01 ~0.71 ng/ml * & & &35:F 0.995 1 F o &&= 5 ¢ o

B

FEE_1900~2004 £ A 45 ek ki AR R B G IR 0 10 2R BB A
E B A o
S BTN B@P ik RRA L1994 &5 2 F > @ F 41990 0
3.36ng/m’ F| 2004 & 0 0.45 ng/m’ 3 TR RFR R R
B(@)P 5 A2t 57 5 3 4.69E-09 *% 7| 6.28E-10 14§%* - # s PAH
Bk RS 5T caBd 0 B¢ 2 B(ghi)P e gL 0 d 592 ng/m’ ¥
7l 1.54ng/m’ > # =% 5 B(a)P ¢ 3.36 ng/m’ *# ¥| 0.45 ng/m’ » Pyr e%% g & -]
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Abstract

The air pollution control effort in Taiwan has demonstrated decreasing
trends in levels of several air pollutants monitored by Taiwan EPA including
NOx, SO,, CO, PM,, and O;. However, no information on the trend of

polycyclic aromatic hydrocarbons (PAHs) has been reported. We have a

established 24-hour sampling station since 1990 at China Medical University to
collect particles matter using high volume air sampler, in November/December
for one month annually until 2004. We used HPLC equipped with fluorescence
to measure pyrene (Pyr), benzo(k)fluoranthene (B(k)F), benz(a)pyrene (B(a)P),
benzo(ghi)perylene (B(ghi)P) and dibenzo(a,e)pyrene (DB(a,e)P) in the sample
extracted with acetonitrile. I measured these PAHs for samples collected in 2004
and past years. Our results showed a decreasing trend for the measured B(a)P
concentrations, from 3.36 ng/m’ in 1999 to 0.45 ng/m’ in 2004, although there
was a rise in 1994. The cancer risk assessed based on B(a)P dropped from
4.69E-09 to 6.28E-10 for the corresponding years. The concentrations for other
PAH species were also in decreasing trends. In conclusion, the ambient levels of
selected PAHs in the monitored area have all declined measurably in the past
decade. This finding is an indication of progress in reducing pollutant emissions,

due may primarily to the improvement in automobile control.

Key words: Polycyclic aromatic hydrocarbons, PAHs, HPLC-Flu, risk

assessSmen



B I

2 I
R 2 — \%
I VI
Bt B Ao e e IX
S X

-3 =%
T = 1
I e 4

E j‘?_v‘/gk?}épf

I N & CY P S — 5
RN ol N & (L — 6
P I N & P — 6
N & - — 7
R N & Y S L 8
P 9
p R e T 9
P s ——— 9
P S — 9
R T — 10
R N L — 10
2-8 PAHS S5 B b 45 3 12 mommmmmmee e 11

VI



T 14
0 14
3-1-2 F B BB A oo 14
R - 14

3 A D 15
R - - 15
T - 15
3-2-3 BRI A oo 15
3-3 445 2 B B e e R e 15
3-3-1 FALRBIE 3 3 e 15
3-3-2 PAHS A 45 j & 0 1% commm e 15
3-3-3 PAHS A 45 2K # 15 1 commm oo 16
3-3-4 Ky B AUIE B 16
3-3-5 A 45 jE EE B e 16
3-3-6 1 BB "L R 3 mmmmmmmmm e 16
3-3-7 $h B A 45 & i mmmmmmmmmm e 17
3-3-8 4 5 F Br ) Fommmmmmemmmmmmme oo 17

FroE o RREds

4-1 45 B SRS B AT B8 e oo 18
R TR N 10 o S — 18
e B L 18
44 F B A B 18
4-5 £ A A5 S T ommme e 19

- - - 19

VIl



TN -2 1)) 0 3 N L S — 19

4-53 frE % T 48 PAHS (b B % 14 commmmmeemeem oo 20
4-5-4 Fri& % T 46 PAHs (bR % 1 4B H oo 20
O N - 21
4-6-1 1990-2004 3 i B b Mg 3 wmmmemmmmemmmememmemem e 21
4-62 tF TR P B R R IR I e 22
¥ oRmE Rk
5-1 B mmmmmmmmm e e 23
52 F5 3 PR mmmmmme e 23
R L R 23

VI



Table

Table 1 Proposed toxic equivalency factors (TEFs) for individual PAHs-------- 24
Table 2 The nomenclatures and the acronyms of 21 PAHS -----------=-==--o-o--- 25
Table 3 Basic characters of selected PAHSs--------=-~====—~== e 26
Table 4 Evaluations classified by group of [ARC---------=-mmmmmmmm oo 27
Table 5 Wavelengths for fluorometric detection of PAHS-------------==----=o———- 28
Table 6 Apparatus and operating condition for PAHs analysis--------------------- 29
Table 7 Individual calibration and R* of PAHS-------=---mmncmmmmmmmmmcmmeeeeeee 30

Table 8 Reproducibility of retention time, peak area and peak height of PAHs by

5 1 o 31
Table 9 The detection limit of PAHS---======-mm oo e 32
Table 10 Reproducibility of QC of PAHs by HPLC-----------==-mmmeemm e 33
Table 11 Geometric mean concentrations and ratio assessments of individual
PAH S m e 34
Table 12 PAHs concentrations and cancer risk assessment based on B(a)P,
1990-2004 === === m e 35
Table 13 PAHs concentrations and cancer risk assessment based on B(a)Peq,
1990-2004 === == e 36
Table 14 Monitoring station of PSI > 100 statistics in 2004 -----------------———--- 37

Table 15 Concentrations of airborne particless PAHs in individual environment

and risk assessment-------==---==m - oo 38

IX



Figure

Fig. 1 Main cancer mortality rate tendency of men in Taiwan--------------------- 40
Fig. 2 Main cancer mortality rate tendency of women in Taiwan----------------- 41
Fig. 3 Lung cancer statistics in Taichung city-------============mmmmemmmmem - 42
Fig. 4 Extraction procedure of PAHs in airborne particles------------- 43
Fig. 5 HPLC chromatograms of airborne particless extracts----------------------- 44
Fig. 6 Individual calibration curve of PAHS----------=--— - e oo 45
Fig. 7 The trend of B(a)P to B(ghi)P ratio in airborne particless of winter sample,
1990-2004, Taichung-----=========mm oo 46
Fig. 8 B(a)P concentrations in airborne particless of winter sample, 1990-2004,
Taichung---=-=-===m == 47
Fig. 9 Pyrene concentrations in airborne particless of winter sample, 1990-2004,
Taichung-------===== === 48
Fig.10 B(k)F concentrations in airborne particless of winter sample, 1990-2004,
Taichung--------======= e 49
Fig. 11 B(ghi)P concentrations in airborne particless of winter sample,
1990-2004, Taichung-----=========mm oo 50
Fig. 12 DB(a,e)P concentrations in airborne particless of winter sample,
1990-2004, Taichung-------========= oo 51
Fig. 13 PAHs concentrations in airborne particless of winter sample, 1990-2004,
Taichung-------===== = 52
Fig. 14 Annual cancer risk for resident, based on B(a)P concentration in
1990-2004, Taichung--------======== - 53
Fig. 15 Annual cancer risk for resident, based on B(a)Peq concentration in
1990-2004, Taichung------=-====== == 54

Fig. 16 Annual comparison in cancer risk between B(a)P and B(a)Peq,

1990-2004, Taichung----=-=-====== == oo 55



-1 75 e

% & > 4 3 (polycyclic aromatic hydrocarbons » PAHs)i* & 4= » & d &
I- BFRITESZ L ML o PAHs — 4 F d g G (Y £ 2 > HE
£ # f2(Pyrolysis) * & #72; = (Pufulete et al., 2004 ; +k > 2003) - PAHs %

|

RER AR A GBS LRERTSTLR W Pl A RO

Ao m FETF LR FZEFIETAE S L X QA2 ERY S BB E L
A 3% ($£02003)c Feb o p AR PR RGE SRL S N LR

- g A2 (Yang etal., 2002 ) 28 @ » % I R E G d A #5755 a2 i)de
SIFR AT ERE TR fcF 2 E vl aarAd 4 Ik S f ¥ (Pleil e
al., 2004 ) -

TF TR Z AR Ry el 29 PAHs { LEFILR
o FlG B e gF B ORES 08 2 FRBEF RGO e (B
= F ¢ ol ek B M oo (Pleil etal., 2004 )« i3k e PAHs %)% % § &
BT E AT F ¢ 0 BHREDPAHS BT MRG0 FEHE AR
AE AP P2 A F st ey PAHs g~ A Hpe s BY Rl fE Vg
d 3mSR R HEE R R S F (Josephson , 1984) o ji 4 47 3% P 2 R
S5 AR FAE 5 4~7 HenPAHs @ m Tkt i PAHs % 5 it B
AR o B IR S A R R B T H KRR R X 1L benzo(a)pyrene,
B(a)P & & % & (Grimmer , 1983 ) iT & k » d 3t & PAHs # f8 2. R &L
Py 2 ik > Bwa PAHs 840 % *° B(a)P 2 & § € & (BaP,; Bap
equivalent) © (FpEif4x o (Table 1) M i 538 & PAHs 82 B R
RS H 9 B@)P i L8 % 0 A R EkE ¢ PAHs t4; 4 (Thomas
et al.,1996) - PAHs { #3235 ¥ av 23 = % i Fl2 - ( Kameda et al.,
2005 ; Okona-Mensah et al., 2005) > @ A > & R Hp= FaH AT ~



S AR e AR % (Fig. [Fig. 2) 3048 ¢ Rcho @ 3 » 3 ) 7k (Fig,
3) > BAEEREEVARY T F AR LS AR T] > R R
FAFHE Y BRI R T F Az FRIFEFY L RBEE SRR
ket B (Pleil et al., 2004) - #=7 ¢ {#FR > 24 ¢ F 23 244 Ing
s B(a)p > B3 4r 590 K3k 50 5 (Pernaetal., 1979 ; &> 1989) 0 @ — 44
¥ RERIFL MDD 2§75 %2 Rpdp % (Kameda et al,, 2005 ;
Okona-Mensah et al., 2005 ; +& » 2003 ) -

A 47 PAHs e ;2 3 3% 5 & > ¢ 35 : TLC/spectrofluorometry;
GC/FID ;GC/MS; HPLC/UV g fluorescence, = 4p & &g 2 > 5b i F| B £ 5%
% {ei g HPLC fv GC % 2> A HPLC $** A~ 4t PAHs 482 2 B 4
Ed A amEREM e ag R (#852001 ) 2RSS @R RIE(FRE
B~ F - F > 2004) 0 47 W HPLC e ¥ R R B A 47 » EH | ¢ £
s g 4L (Kaseisorb LC ODS SUPER 2.0mmx150mm » Japan) i& {7 A &t 3%
Baoframed B R 2T 5o BgRSAE S (380 2001) 0 #rrL AF R
RN e B R T AT e AT B0 ¢ SR KA 1 - € (International
Agency for Research on Cancer; IARC) %4 #f (Table 3) #7130 TR {pd ¢
benzo(k)fluoranthene [B(k)F] ~ benzo(a)pyrene [B(a)P]) ~ dibenzo(a,e)pyrene

[ DB(a,e)P ] % ®_3k f& |4 4= @ pyrene - benzo(ghi)perylene [ B(ghi)P ]
(IARC,1987) °
d AR A N IRE & R rende o P 1995 E Rtz F S5 B
Fie ¥ F i{%’%’ﬂ AR R ZF T RORE AL BIFA_1990 £ B
o BFEW ALY DY FEAFRP SR 152 F A fIT BiEHR
E(KIMOTO 121FT, Japan) > #¢ 8 2 % * PMgkokiz 44 » = I R 5
4 1 pF R EEL B TP ok S P i PAHs BB o By RS
1990-1991 & 12 B total suspended particles, TSP 5 i > ] 7 1992 # ",‘T% 7 TSP



PR R PMg o 873 K PAHs R LB > S FRESFLP
FF % (80 1993) 0 @ 4T kT § AR I E PMy 51 o AP
%0 #2004 & AT T A A 2R PAHs # B2 KRR G T 0 4 #
1990~2003 & e HL3E (7 A 45 1 R R G 50 FF 00 R 75 5 AP
Pk 2 R 5P P AT ARl PAHs kAR R 1Y 2 R & o



1-2 =5 B eh
1. 31 PAHs £ #) )k & e v o
2. 37 F%B ¥ PAHs sk B o

3. BEE R GG o



- F > égk‘}ﬂ}é‘ﬁ
2-1 PAHs 4314

PAHs 2 # fiz it &4 » a3 S A L5 2 & foffddz FhRER N
% (cyclopentadiene) % F it Zh4p 3 4e £ &K & @ =+ (Petryetal., 1996) -

d > PAHs #.d & B 5 BFHAP IS LA L &5 Fli
Ha&F Rehgit > PAHs £ 5 # & ~ A& 33 (460 2000) > &% ~ ¥
BTHEFRA 10°~10" mm Hg 2 B > 5 B2 S 2 b
(SVOCs ; semi-volatile organic compounds ) « @ ¢4 % # /& 10°nm Hg 4 =
2 Ve AR FRTAT UHEA T & (B0 2003 ~ Table 1) » # 3T
FAEEREA T BB 4@ 8 10 @ 995 (TARC,1987) 4R 2 i § A 5 £ 1 PAHs
HOF R KRR o

PAHs iz p & + £kl 5g¢ » Ma 3 £ 8¢ 7 2 TkonNap;3 F o

acenaphthylene, AcPy;acenaphthene, Acp;fluorene, Flu;phenanthere,
PA;anthracene, Ant;® 4 + & & 7 4 Ik & fluoranthene, FL;pyrene,
Pyr;benz(a)anthracene, BaA;chrysene, CHR; % » + & & 7 5 F
cyclopentata(c,d)pyrene , CY C;benzo(b)fluoranthene, BbF,
benzo(k)fluoranthene, BkF;benzo(e)pyrene, BeP;benzo(a)pyrene, BaP;perylene,
PER;6 # <7 indeno(1,2,3-cd)pyrene , IND;dibenz(a,h)anthracene,
DBA;benzo(b)chrycene, BbC;benzo(ghi)perylene, BghiP;7 #& 7 coronene ,
COR>» it~ + £ PAHs d *t 5 Bl Rt 32 F %A 47 0fE EREA1L
7 4o® &+ & 0 PAHs (Pleil etal., 2004 ) > ¥ #F » 33 M5 2. En E4%3
o B B2 AREEE TR W R 0 @ ESEF PAHs A F 2 2 K e g A
Bk F  FlM R ER S 2 4+ £+ PAHs 0 < A %’%’é S
ME T A B R o b B A IR F HpF )T 10pum Sk (R
2001 ) w3 ¥ PAHs i3 F 142 3 » i & P PR AR T (Lietal., 1993) -
Frd R A FEPOPAHs R E RFME HW A ORE BT RE FZOR
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B o A ALY AR AN A BPAHs 5 4 o

2-2 #~# 73 1 PAHs 47 it
PAHs 132 ~ 1 B34 5 F 48~ MZAF BE 5 MiglhangFd o
#Y o AZp Y 0T 48 PAHs 4+ B (Table 3) 4 W &_Pyr» ~» + & 202 >
CAS No0.129-00-0> i+ & ;% C\¢Hyo’ » 4 Zc PAHs» '3 2 156°C ~ i 2L 406°C »
i IARC % 58 5 Group 3 °
B(k)F > & + & 252> CAS No0.207-08-9 > i+ & ;% C,0Hy,» % 5 % 17 PAHs »
w8 217°C ~ 8L 481°C » & IARC 4 45 5 Group 2B
B(a)P > ~ + & 252> CAS No.50-32-8 > it ;% CyoHy,* 5 5 % 7 PAHs ~
v 8L 177°C ~ #8496°C » & IARC eh4 %8 % Group 2A -
B(ghi)P> &~ + & 276> CAS No.191-24-2> i* & ;% C,yHyp» 5 6 ¥ 17 PAHs~
v% 8L 278°C ~ 2k 542°C 0 & TARC en4 3 % Group 3 °
DB(a,e)P’ 4~ + & 302>CAS No0.92-65-4> it & ;% CyHy4’ 5 6 BTk PAHs»
& IARC 4 5 5 Group 2B -
a3 2 AP 7 (IARC,1987) & s s 2 ehR B4~ @ B(KF »
B(a)P ~ DB(a,e)P % &5 &+ 4 @ Pyr ~ B(ghi)P -

2-3 PAHs sk ik

PAHs - 4 & d gz it & F a7 = > 28 £ fZ (Pyrolysis) F i #1735 =
(Pufulete et al., 2004 ; 4% > 2003 ) o kimeig/Ti & 2 5: #5735 LhEF
TALR WD PRI AR DB BT LR A FEFTLRE I REEL A
1%@@1%@@§\ﬁﬁ%ﬂaw%%?§(ﬁ,mm)mfﬂ,gﬁ%
PRk A kb L AV LR L €24 (Yangetal, 2002)c @ o
LA RS A SEE R A b de 5 R A T R S S foF 5
A EreE gAY kL S8 (Pleil et al, 2004) ° g auT g EL

_6-



fﬂ Do BB P P PAHs ¥ 3 13 A ik ”'L'FTET}}?% (Laschober et al., 2004 ) -
Hoe 2332 Pl R blAo B8~ dpdg. E 0 B E 3 383 e
PAHs srg2c B (M % >2005) #7123 % 1 & PAHs vk R(Li et al, 2003) -
G4 PAHs thik B+ € S8 IT 7 A 4o o L R 2 P 5 Uk R
bk 4 & 0 & 10 Km®PAHs ¢ & 8 £ 22k §_290kg/year ( Yang et al.,
2002) o » % 1% # (Henry’s law constants, Hc) 3% p 3§ /1 F i@
ﬁis?l Hu B AF Ok~ &R~ 238) 3 & S8 (5 0 2000)

BEARE RARELY > AL RE ST AL R RT
REEERNTEREY 5 v ~ERts uw o S A AR P
ke Z U A B BB DA F BBRig/mt &Sl f
B & P IR S F RE G (Bostrom et al., 2002) °

FEALFEETRASHEY 0 PAHs » 107 33 i d R AR
PAHs 7% £ (Lietal.,2003) -

2-4 PAHs ¢ 5

1975 & % A8 ey - BE 2 A 5% 1 % 5 PAHs 7 3 A
e =5 (Bostrom et al., 2002 ) IARC #- coal tar (% & )37 5 % 4% <7 PAHs
TREARBF > THEFELFTHBOURY TR EBZ SRS T M
i e (Yang et al.,2002) o ?Tﬁf?f}f??,ij + e gt s A3 B R R
V- B R E AL A Y R e B R ek kL - RS B
(Yangetal., 2002)c @ f4vid sb B 1 2 %% BT A7 5 P B cniie § " s

[

P xo 2 A g ¥ Bl@P gk RE A 53 S % (Petryetal., 1996)- &
BT A ARMBAEAFY LR -Tk o @ aWAEY €224 < DA
oo 72002 E R g 0 gk AR T SR g LA P i PAHS P Tl &
1170pg/kg-product - PAHs .3k 35t T A d D RS (Fu AL
# @ ) carbon black (B2 2. ) ~ creosote (F2f= % )~ soot(’s 4 ) ~ residual(# F

-7 -



MR LT AR B A g SRR % odo% 2§ B4 s PAHs
P ® 7 i 7 10'kg/day (Grimmer, 1983 ) -

2-5PAHs e i 8 R F1E
FEEPrFfe- L2553 F B 3 5 ¢ PAH SRR ¥
( mutagenicity ) feik 1+ (carcinogenicity ) & _4v i@ AL H 4 7 o ]:B(a)P fr

O3 2 NO, F Ji& > Ik R ¥ 4 4v: hydroxybenz(a)pyrene - 1,3-
nitrobenzo(a)pyrenes fr 6-nitrobenzo(a)pyrenes € A5 = ; < IR TR G HE
B2 PAH s epoxides # arene oxide =% #_electrophilic chemical species

@ 3% % Bap-mediated I 5 2@ 4 14 (£ % ¢ @ epoxides i » CTHEF § 3%
# DNA & RNA T+ 5 # izl o 57 L PAH  Fahiddrs s 2 /F
B ERBOE AR ﬁ}fﬂ\,zﬁ ERhdd o blicl B A R
benzo(a)pyrenediol epoxide (BPDE) # DNA } )I‘u”ﬁ H e e e F @ s T
DNA %% » BPDE 1I(-) s 45 b if £ Bk 1 43 %8shi=§ - 28 @ ;DNA %
FeiEfs 7 ir- B A RS B@P+ 2 T et (BPTCI(+)) 4 &
BiThm RE B4R 5 LA ON, » T U DNA - T g BERA =¥ - B
DNA 39 B &k w3F R A F &4 F % > & dibenzo(a,h)pyrene (DBaihP)
Fv dibenzo(a,i)pyrene (DBaiP) i7" §_3 R g4 > 4k & £ & DBaiP e » £
A oug i+ ARG o @ & 3,4-diols A 31T epoxide FHEF TM
R eI % (Grimmer, 1983 ) o

#012 » PAHs thE B+ R Fl4c : PAHs 2 DNA chf % i % BF e 5 4p
1o B PAHs 5 3 § 2 s T MBS SA K~ &~ 2 r 2 x4
PR L R g A PR I R EED 0 R
»DNA Y > a g AR B Bal e 08 ¥ BREESEFEL
TFEFRICFMEDTFER A FF A BT D 2 S m (50 1995) -



2-6 4 4 il it
(Harpper, 1957)%% 3 ¥ 4 I Pyrene 7€ &M ¢ & 2 sgJLit 8% » 2 4

1-hydroxypyrene ~ 1,6-dihydroxypyrene 4= 1,8-dihydroxypyrene » T & % c3f
IR Pyrene ¥ #& 4% 5 Trans-4,5-dihydro-4,5-dihydroxypyrene fr
N-acetyl-s-(4,5-dihydro-4-hydroxy-5-pyrenyl)-L-cysteine > ¥ st ¥ ‘w2 c57 DNA
cERERwERE 0 AL HE o P PAHs P 3P
1-hydroxypyrene ~ 1- hydroxypyrene-glucuronide -~ 3-hydroxybenzo(a)pyrene
(3-OHBaP) > # ¢ 12 i ] 1-hydroxypyrene 72 4+ 2 F i pligthd £ 4 14 o
P HAR G AR AR B@P TV Ly T4 tripte > © A _B(a)P &t 48 ¢
WRHE 20 SRS 0 T LR FORES S FASH o g
% % ©4 Pyrene % A # ¢ hi & & P 1-hydroxypyrene % 351 -

2-7 A F7iE it anE
2-7-1 F % A B g 3%
Pk Bl PAHs #7 * en /i B e 7 5 ~ L33 4 p A (glass-fiber ) »
FoE SR A (quartz-fiber ) ~ 48 4 35 48 g XA (Teflon-fiber ) (Pleil et al.,
2004 )’ & NIEAAI02.11A e 2 ¢ 3% 3> - ehg § ¢ £K 5 L5 p2—
BB FF IR g A E_2 glass-fiber 5 2 0 @ A (380 2001) m/,"" bew fr &
AP EEY > LuE T pAERRIRgAE At LEEE &S GLEAS
AR E IR S g e w e B0t 909611 0 HHIL e ART Y
A 14 glass-fiber & F4k /i o
2-7-2 A Y 1 E B
VL RERER S R FeFREFI A EPs i EE 0 AP
i€ * @ X g 41 (Kaseisorb LC ODS SUPER 2.0mmx150mm) - 3 3R ¥
L g e PR 0.28-0.72pg (38 5 2001) @ & =x#7 3 i 0.01-0.08pg 73
LHARE T AHFERY SmEr 38 13 mine 2% d 2k k

-9.-



=
>
2
3
4
k3
!
pre
pINS
P
1

= P~;4 (Fangetal., 2004 ; Yang etal., 2002) ;
R AEF2IoTeh 5502 0 B9 2 X EB 323 & 58 T RE 1

2@ ARG WAH ML RFENES L LKEL - B AUFHF B

~

2o A ARTRER A E B2 TN R A (Pleil etal., 2004 ; #%> 2001 ) -

=1

oo g o+ EPAHs 5 82xF it 2 N E P L A R EHMER Z BT

N

it & (Fransetal, 1997) &3P auE# = 6 > 515 PAHs ¢hA F B
PLN WAL B BARIESC] 0 Flet i B RS T (H8 0 2001 ~ B0 1999)

ATILE AR A SR PR L EBR 0 T B e M B

o
¥
A
)
s
W
‘_\'b

T A T BB RG> BT R
FIFBRBE PP EEF > 12 SAG P end B oo & (0 1999) hip 2 ¢
% W] 12 benzene:ethanol=3:1(V:V) -~ dichloromethane:ethanol=1:1(V:V)

acetonitrile:dimethyl sulfoxide=1:1(V:V)i& {7 5 B~ » H g |4 &7 /,”]‘ dew T ol
o BERFIR = 7}% kT S m,f]‘ de T ‘”K"‘ miEFR 90961 b oy ey =
L EPRPFARBFTET EMAS 0 ¥ PAHs chBIHERT A Five

FenEmpe P 2R iR A FHABEE S AP RPN

4
FRPZESNIGCBH S EHRNF Iy FEBR E
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2-8 PAHs ez & b *& 3% ip

1245 % B EPA % 2001 # $43° PAHs chit B b %355 € 32 7“1 d)
iz d & (AL > 2004):
- ~ PAHs e & & M kTG

11 7~8 #E PAHs chis 3R £ % — gehE A ere AR A4 L Ad ki
T o
= ~ R8¢t (invitro) #FS [ 0k Bt

A A RerA 4 nPAHs 0 #-PAHs AL L A AR M E (T4R e chd
fo REBFHORRY DF B
Z >~ ARgEREORY

#7 e PAHs 37 4R E 2t B(a)P ehd 14 £ e BR3P E AR
i g heBAk o ENBAMEE PR ERIMMIEF E BROR

= JE2pE L Y
# v/z—“aJ-‘—]‘:'R.;LO

Yoo oz Fsk kS B@P > NdsHEHE >k %G E (unit
risk) 5 7.3mg/kg/d 2 HAp¥acokh e (Fp 2 2a22) a5 2.1x10"
(pg/L) ' > (Bostrom etal., 2002) 1HFE % § & FHED P > < F B
¢ 12 9x10” (ng/m’) " % unit risk » ¥ dpdid g g 0.1ng/m’ 57 B(a)P ;k
BP O RBpeh%Es 107 m A - LT hvBLDR GRS 10° ¥ o
TEBBE Y AREEY L RBR G E L 107 » 1195 (Pott, 1985) ¥ 1 & &
B(@)P &R % b & 0 FLB|L (F25 EF X & B lug/m’ (hB(a)P H &R
b ' 5 7x107 9 % unitrisk % 7x107 (pg/m’) o
o 3t B(a)P & 2:4, PAHs ¥ v~ Rofpengs I o #0258 2~ 540 1 %
PR A Mg o iTE ko d 3t L PAHs i RFHAT T R
i# W e PAHs 4 f84p % ** B(a)P 2 ¥ § & & ( BaP.; Bap equivalent )( Table 1)
CEBEFAM ST NITEPE L PAHS # 82 B RKBh &5 FM A7 7 Gi

-11 -



THEPHB@PE AR R T 64 MU B@P L 2R R

NAFT SEEEEB@QPIER B AR N AR RITERNS

R F R IR LR Bt ARl A % R TR S A

\\\xr

Bk 5
(a)3* & i 5 (Chau et al., 2002) %73 & fehd & (7 LR F4L > R BT
Mg R R 125 ) FF o
(b) iz ¥ # W%k % F (Exposure Factors Handbook, 1996 > T 54k & 3
70 & o
(c) (¥ % 422, 1995) %73 % 41 7 PAHs 3 jc 5 % 5096 o
Bdstrom et al., 2002) ~ F HBE® kBT nE =k % E 5 9x107
(ng/m’) " o
AuztE I B@P % E % BlaPeqz £ FEERBRLGAE -
BARBR'GAE

HERBEFCHMES RAFRLSR T URER A H LR
B @ik 7 8RR 42 RORR % (USEPA,2003) -

CAx(ET x EF x ED)
AT

Risk =

x I[UR(ng/m’)™

St
An

CA: air concentration (ng/m’)
ET: exposure time, % #& F# & (hours/day)
EF: exposure frequency (365days/year)

ED: exposure duration (lyear)
AT: average life time, T 324k & (70 # x365dayx24hours)
[UR=inhalation unit risk: (9x10” (ng/m’) )"

£7 A R fed FIF 0 LR R D B

-12-



_ CAx(ET xEF xED x AF)
AT

Risk x IUR(ng /)™

N
A=

AF: absorption fraction, ¥4z 3=(50%)

FOREERB Y P ER G R BT (2 020035 o> 2001 ;
B0 1999) #7=f afic3¢ Risk=C x Unit Risk 2+ & 1 :
C: 247 %% 2B@Pki (ngm’)
Unit Risk : 7x10” (ng/m’) !

-13 -



3-1-1 & %
1. Pyrene, Pyr (Aldrich chemical, America)
2. Benzo(k)fluoranthene, B(k)F ( Aldrich chemical, America )
3. Benzo(a)pyrene, B(a)P ( Aldrich chemical, America )
4. Benzo(ghi)perylene, B(ghi)P ( Aldrich chemical, America )
5. Dibenzo(a,e)pyrene, DB(a,e)P ( Accu standard, America )
3129 FEH
1.10ml % 4238 ¢ (Pyrex)
2425 A 27 B (Branson 8200,USA)
3.cE T+ = T (ER-182A,Tokyo Japan )
4,333 5 fm A (Gelman Science, 20.3 cm X 25.4 cm )
5.4« (Hitachi O5P-21,Tokyo Japan )
6. 13.5mm ¢ *» & %
7./4 & % (Sanyo Ultra Low )
8.3 mE 1 B (KIMOTO 1221FT, Japan )
3-1-3 REK A
1.% »x 5 % 40 & +7 & (Shimadzu system )
2.Degasser Unit ( Gasu Kuro Kogyo, model 546 )
3.Semi-micro column (Kaseisorb LC ODS SUPER 2.0mmx150mm :
Japan)
4.Column oven ( Shimadzu CTO-6B, Japan )
5.Fluorescence ( Shimadzu RF-10AXL, Japan )
6.7 U BLEIY 4 55 2L E SIS-LAB K 1948 A AT & 4 98 4K

-14-



3-2 F R E
3-2-1 H K vg
AEFTEREESPT AR BRYE IS o nT S E 24 )
PR — B Y R PR AER S 2004 F 11 7 22 p 3] 2004 & 12
19 P o { FigADPEFERE S 5 F 10:00 -
3-2-2 HHEKA
R g oeri  d F R E (KIMOTO 1221FT, Japan) » 4 % i
n R RE BT RE oA B gyR#E R 2 1. lmY/min o
3-2-3 iR A
AEEF AT e M I IR B g X (Gelman Science, 20.3 cm x 25.4
cm) e fFE R NGy T00°CE = 6 /) P it iv* {5 > 2 r S0% ko &
B P 2 f6m X Taed > edrm & > B4R IARIHNE £ 0 B~ i0%k
PO BREET A £ cRESRA > ARF Ee e p HITE R ~ At Ap
it G0 > BHRPBE N TEE s B E 0 f2E {82 T3 -80
Crk#z o447 -
3-3A47 7 2 B RS duE 2
3-3-1 T g2 > 2
AP G P FEEY R RPIEL 0 MED T EME T kA E
SIS-LAB & 17 #% 4 &2 & 3L 98 4k » i (T gendifam DBl chm 7 ~ 3
BREFGERE - JZT BT 7}«'@?] »~ Microsoft Excel 2000 & {7 #cdg g2 > 4~
] 12 Microsoft Excel 2000 e7:& & 4z5% » 325 I 8% o T3ode ~ B ik~ &
BZoE-HEDIE DR ITRE -
3-3-2 PAHs # {74 £ i ¢
AT BEESEE DR EEF AL B F L > Pyr 0 EX=331nm ;
EM=390 nm~B(k)F 7 EX=370nm; EM=406 nm~B(a)P 7 EX=370nm; EM=406

-15-



nm ~ B(ghi)P e EX=367nm ; EM=410 nm ~ DB(a,e)P 7 EX=306nm ; EM=398
nm:> YEDEKERAE (Table5)-
3-3-3 PAHs 4 73K % 1% i%

% 3 ¢ 12 Shimadzu system 0% % & 7 : pump : LC-9A - system
controller : SCL-10A ~ auto injector : SIL-10A # fz i @] % : Fluorescence
RF-10AXL » 4~ 3¢ 4 % Kaseisorb LC ODS SUPER 2.0mmx150mm » 44 &
& 30°C » ##°4p 5 Acetonitrile : H,O=75 : 25(v/v) » 7w 5 0.6mL/min > ;i
8 % 10ul &7 4 47 (Table6) °

3-3-4 # & M =
NP Y E T 548 PAHs) 238 e X T {8 0% Y dimethyl sulfoxide
(DMSO) & # » i¥ 4 stock solution » £ 12 3 & % 7] | ipe s WIS E
BER LBERE RHFE 0995 11+ o
335 A 45 2 jE chi T

DG R R B EATA L L AR o AL I A
FERZIERZRTXDER A7 FEHFTER LS f ~ A% R R
g R TS ATIR A -

3-3-6 W Pl L ip|
NA T E R RS € (American Society for Testing and Materials,
ASTM)inE & » E TR EREMER REF A7 BA 17 D2 % 5 4
BB RERGEE Bﬁ3lﬁ?é%”1ﬁm’@%”»ﬁ7fﬂkﬁ
TE S T L W RHER .
W P& *L(L.0.D) = (3 x SD/mean peai area) X CONC.
SD: 4% & X
mean: & #i-T 39k

conc.: ¥ ER

-16 -



3-3-7T the & 17 & E #1
FE 478 ARY F REp L VR > AT NHTURREZRE &I
RFETRERURZE AR AN BRI 247 10 B A1 0 -
BoHpiReEFgdlRp o FrfiikEERE  EHFEREE S BRI
TR ~ G f AR RDRREED
3-3-8 # 5 H B o
F g7 B BB PR A3.5mme) 0 BT 10ml hk fEp I oA
3ml Acetonitrile 2 2 = 2/ » * RF A RT B RF 20 » 48> £ 12 3000 rpm
Hrow 10 » 48 0 P~ B 72 5k 1 HPLC/Flu. & 47 (Fig.4) -

-17 -



e o BEREAS
4-1 R ERE K TR 2%

A=A 3 2. PAHs t& £ 54~ ] 5 Pyr 1298.17~0.16(pg/ml) ~ B(k)F
2667.28~32.39(pg/ml) ~ B(a)P 1200.27~14.82(pg/ml) ~ B(ghi)P 2375.15~29.32
(pg/ml) ~ DB(ae)P 711.27~8.78(pg/ml) (Table 7) > & 47 Bl ¥4 (Fig. 5) *
& m39:£ 0995 2+ (Fig.6) -

4-2 45 L MR %
AR RERMOSREFTERT LR AR RDER S
10964 T » Bn IR 245 (Table 8) -

4-3 1 p1EF LS &
R LRIR R R o S FTI97 i pg (Table9) o A= 7 2% ¢
4 GC/MS & HPLC-Flu.sr 1 B4R 7325 b g » H ¢ B(a)P g &
HPLC-Flu. % ** GC/MS % 2000 & > 387 1) % = 9 5% 1 HPLC-Flu.i& {7 A 45
it GO/MS # 3] { &g B o

R Al %
TEAITETEF NS S HAFTHRT ~ %o ff - L% F R DY
B 425 7 DB(ae)P & 16.69% * 3 4 PAHs s § BRI ~ L% & ff ~ L% 3
RegREMIEETH%UT > Bgon D& 245 (Table 10) -
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4-5 FriE A freni %
4-5-1 3555 Ak

R4 ¥ AT 7 BIE AT E A (3% 0 1991 ~ 1994 ~ 2004 5 F 0 1994 ;
#1993 5 48 5 1999 5 %] > 1995 ; &k > 2001 ) &% 4T (Table 11) #77F o
# ¢ iP5 (Sawicki et al., 1962 ) ch4F £ B(a)P/ B(ghi)P st & & 0 % k3= £
BEMEFLRNEIETALR BRSO EFEE 060 AT A K
SR ETRE A A A B BT AR (Fig. 7) o e E A BB 2004 £ g i iE
BHT o HYFIPR LG A RH T ARG G ’#&iﬁ'l?ﬁ{”\f?f'%
Ea 2004 Eat BAE LY AEFRAEORF A L BE ER 2004

Fnt EApERY T A ki< (Tablell) » FIMARE 29 3 Rikh T H
IR B KR ?;‘""}f' I P 2k (Jhongming station ) fe& & 3k (Situn station )

SRIFARY > 2004 & 117 R 127° 3§03 %La‘ﬁ 1£ (Pollutants Standards
Index, PSI) PSI>100 =t A W] £ 6= % 10 = (Table 14) » H ¢ 2+ #
EHEFTENGHFY o pRBFER S¢ PERARLE IR FRT L
- BEREFF R0 IRETRIFETRBESFL S RG> A1 2oV
PEARH Y FRESRE

4-5-2 Fr & % B(a)P kR %1 48%

Ba)P ik B - » 4§54 57 B b G1dih o d (Table11)
£ % B(a)P ik B % i@ A W % 1990 £ 336 ng/m’ ~ 1991 # 2.65 ng/m’ ~
1992 # 2.45ng/m’ ~ 1993 & 0.91 ng/m’ ~ 1994 & 3.05 ng/m’ ~ 1995 & 0.55
ng/m’ ~ 1998 & 1.08 ng/m’ ~ 1999 & 0.95 ng/m’ ~ 2000 # 0.97 ng/m’ ~ 2001
# 0.14 ng/m>~2002 £ 0.19 ng/m’~2003 # 0.18 ng/m’~4r 2004 & 0.45ng/m’ e

¢ (Fig.8) ® ¥ 4 N fF# & B(a)P chs (" ABF ) o AR 1995 & B
el z F AR AIF 0 & (Fig.8) ¢ Hn#H"RBAP A L2
TE KT G S LR S 0 AT x A e AR E 0 8228 B()P ek B K 4 o
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v & (Bostrometal., 2002) 3p 2 @ “rf I % §F B ¢ B(a)P kA 43
I~2ng/m’ B » (0 BT R R P L K A BT Rt B A
FREY DERADEILATVELERFFY CERFRP > L ARRS ST
ERFE AR TSR
4-5-3 fr& %7 46 PAHs kB % 1t
¢ (Table 11) Pyr sk & % i* # & = 0.16~1. 43ng/m’ » BK)F 3k B %

f ;p?v Bl % 0.21~2.15ng/m’ > B(a)P sk & & it #F 5 0.55~3. 36ng/m’» B(ghi)P

Sk RO R R 0.6~8.0ng/m’ > DB(a,e)P ik B % i # Rl s
0.06~0.82ng/m’> 1 ¢ B AT F chs 1995 £ 9 {75 552 15 & fod Femk B % 4
BB ST R o

4-54 i k7 46 PAHs kA % 1 485
B(a)P =k & % - 4% (Fig. 8 ~ Table 11 ) £_1990 # ¥ 2004 & + 5% }

A3 TR AR 0 R A 1995 £ pFd 3t 252 e %5 > B(a)P ek AR d
1994 # ¢13.05 ng/m’ " % 1995 & 1 0.55 ng/m’> ¥ & {7 5 ¥ = SRS L
B eniRE LG &g hR & o (Fig. 9 -~ Table 11) Pyrene ik & % 1 4%
5 78,1990 # k& 1.23 ng/m3 7] 2004 # k& 0.18 ng/m’ > 72002 £ kB
1.43 ng/m> 4 #B * » < K+ £4 T ' 484 o (Fig. 10 ~ Table 11) B(k)F

ik B %1 ABEY > j5$.1990 & kA 2.15 ng/m’ ) 2004 £ E & 0.33 ng/m’  H
¥ 1990 # kA& 2.15ng/m’ ] 1993 £ k& 2.15 ng/m’ T 5 crABE Bop Bg 0 &
kP E R I 48 % o (Fig. 11 ~ Table 11) B(ghi)P ek & % - 485 » j&_
1990 & ik & 5.92 ng/m’ F] 2004 & ik & 1.54 ng/m’ > % 7 1994 & ik & 8.00
ng/m’ % %% ¢ > X K HF T % 484 o (Fig. 12~ Table 11) DB(a,e)P
DR R TUABE 5 7£.1990 £k A 0.82 ng/m’ ¥ 2004 £ kA& 0.06 ng/m’ > + K
i T endgd > H ¢ 1993 & ¥ @ ¥ DB(a,e)P i (7% o o (Fig. 13)+t
ﬁi&'ﬁﬁ kKt T i HERGDE > A RF 2§79 ERET S

-20-



B(ghi)P>B(a)P>B(k)F>Pyr>DB(a,e)P » = & = [t 3 ™ ' 484 (Fig.
8~12) o

4-6 EE L ‘GG D%
4-6-1 1990-2004 & 5= & h "G+
EREL %R 0 A f P iR b %% (Bostrometal., 2002) 1335
BE L SRR B RGN 0.1ng/m3 FIB@P kR o R
PR EE 107 A - HA RGP RERGEL 10° 2L A TERS
i 5 % Brc B £ % 2 (Occupational Safety and Health Admistration,
OSHA)ﬁv—%&%‘v PR RSOV LFRBIRERZ BT R G UERS G
107> ¥ ¥ & % USEPA ® #1328 ch#t £ h % B % 6.4x107 o
Ay X% (Table 12 ~Fig.14) 12 B(a)P % L %2 T #p2h 5 I ki enp %
T E s 1990 & 4.69E-09 ~ 1991 & 3.70E-09 ~ 1992 & 3.42E-09 ~ 1993 #
1.27E-09 ~ 1994 # 4.26E-09 ~ 1995 # 7.67E-10 ~ 1998 # 1.51E-09 ~ 1999 #
1.33E-09 ~ 2000 # 1.35E-09 ~ 2001 # 1.95E-10 ~ 2002 # 2.65E-10 ~ 2003 #
2.51E-10 ~ 2004 & 6.28E-10 ~ 1990-2004 & - 35 1.82E-09 -
~F 3 %% (Table 13~ Fig.15) #14 B(a)Peq 5 A # 2 7 #7135 4 ke
kTG E 5 1990 # 6.22E-09 ~ 1991 # 5.08E-09 ~ 1992 # 4.49E-09 ~ 1993
# 1.33E-09 ~ 1994 & 5.54E-09 ~ 1995 & 1.64E-09 ~ 1998 & 2.16E-09 ~ 1999
£ 2.02E-09 ~ 2000 # 1.93E-09 ~ 2001 &+ 4.38E-10 ~ 2002 # 3.14E-10 ~ 2003
# 2.97E-10 ~ 2004 & 7.79E-10 ~ 1990-2004 & - 35 2.69E-09 -
PAHs hit & b &350 > A REPEFUL R F I3 4 &5 3589345
v F]% PAHs P+ & & 25 I B RATE B e TN T € R R
mF TR AR Y S RE-E b B(a)P 5 A% 5 112 B(a)Peq » A
A AEF e o w2t g (Table 12 ~ Table 13) o @ & f&7% e e 3892t
B h g deis B3 STE e B@P B i foa § L4 (Figld) -
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TR RS ER B A RRR R R DR GRS G 0 MR O kD
B3 - R KT RS 0 100 T o4 B 1995 E d 0 7554
LB Ay PROE MRS RENZ S HARELESE L

AETOHE RS AR HFEARRE-S f Ry
B g AR B A b R IT E % K3 USEPA ¢ St E i LRk g R
6.4x10%> ¥ * { F a- S KL BV HL P10 dFdicE? o L3 Fh
EEEET > WERT R BIRF 7 Erehy 4 .
4-6-2 A3 FIRBE P EE R GG iR

Wik e F etk ? PAHs ek B £ B ¢ (Table 15) 0 12 e $k 3T [
v ekt i 1 ¥ % 4 B ¢ (Fangetal., 2004 > B(a) P=4.6 ng/m’ >
et B R i & % PR F) Y background(Tunghai University)) > &
5 (B(a)P=0.45ng/m’» =3+ % - k& % 175 £ #7F ; roadside dormitory in top
floor) > i7 ¥ % # 78 (Pleil et al., 2004 > B(a)P=0.09 ng/m’ » = >R F ¥ {7 5z
% #.7F ; top floor in the school) » ¥ 71 1! % i e 42 & kg 43¢ = PAHs
NFF 2 - o

PRSI EY T RaEd NRREFRRERL GG R R
5%% ; Steel and iron industries-Coke ( 1.25E-01) > %% ; Steel and iron
industries- Heavy oil (9.46E-02) > € /¢ ; Steel and iron industries - Electricity

(845E-02) ; 1 @4 » s+ T &% 42 ; Carbon anode production

(8.15E-02 )> 7 % % 4% ; Graphite production( 5.89E-03 )> ## i* 7 %l #2 Silicon
carbide production ( 2.50E-03) > g 7 4 *» @ #2 ; Bitumen paving work

(1.03E-03) > & & ¥ fc @ 42 ; Metal recycling process (6.94E-04) ; &< ¥
*F 1+ v %731;highway toll station workers- dayshift ( 1.22E-02 ) > 8t 5T ;
highway toll station workers- nightshift (1.11E-02) > + #%& T ; highway toll
station workers- late-nighshift (9.44E-03)
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#F5% % HPLC-Flu.A 5 PAHs it 42 5]+ GCMS { # g &

%
BR'%E a1 R REENNDEREL G BARTR

F oA ETERIORH I FRBELEFERDAE AN R FET
s
5-2 5 5 14

—\

EAE R F I SR

LN 1

™

BRGNS EE XA
5-3 B BaEik
AT BIRE1990 E B4 BRI A L HFHUBB TR F EF

—_

5 >0 PAHSs -

Tt FomgiimcF§ ¢ PAHs cngrif > S/ 3 iz -8 { > I »
LR i ¥ -3 a4 BOAHBRREFEREK ] T2 > FLEHEX
Frafffe  E2 - 2T~ B@d s iE oo

CERBR O HANDEE LAY 0 E RSP T - £

5

FPFEE 0 TR AR Y PAHs v d ki w2 i@ AR fEEE R
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Table 1 Proposed toxic equivalency factors (TEFs) for individual PAHs

Compound Clement Chu and EPA Nisbet and Malcolm and Kalberlah et McClure and Chen et al., .TEF. s used
(1986) Chen(1984) (1984) LaGoy(1992) | Dobson (1994) | al. (1995) | Schoeny (1995) (2005) in this study
Naphthalene _ _ 0 0.001 0.001 _ 0.001 0.001 _
Acenaphthylene _ _ 0 0.001 0.001 0.001 0.001 0.001 _
Acenaphthene _ _ 0 0.001 0.001 0.001 0.001 0.001 _
Fluorene _ _ 0 0.001 0.001 0 0.001 0.001 _
Phenanthrene _ _ 0 0.001 0.001 0 0.001 0.01 _
Anthracene 0.32 _ 0 0.01 0.01 0.01 0.01 0.001 _
Fluoranthene _ _ 0 0.001 0.001 0.001 0.001 0.001 0.001
Pyrene 0.081 _ 0 0.001 0.001 0.001 0.001 0.001 _
Cyclopenta(c,d)pyrene _ _ _ _ 0.1 _ 0.1 0.1 _
Benzo(a)anthracene 0.145 0.013 1 0.1 0.1 0.1 0.1 0.1 _
Chrysene 0.0044 0.001 1 0.01 0.01 _ 0.01 0.01 _
Benzo(b)fluoranthene 0.140 0.08 1 0.1 0.1 0.1 0.1 0.1 _
Benzo(k)fluoranthene 0.066 0.004 1 0.1 0.1 0.1 0.1 0.1 0.1
Benzo(e)pyearene _ _ _ _ 0.01 B 0.01 0.01 _
Benzo(a)pyearene 1 1 1 1 1 1 1 1.0 1
Perylene _ _ _ _ 0.01 _ 0.01 0.001 _
Indeno(1,2,3,-cd)pyearene 0.232 0.017 1 0.1 0.1 0.1 0.1 0.1 _
Dibenzo(a,h)anthracene 1.1 0.69 1 1 1 1 1 1.0 _
Benzo(ghi)perylene 0.022 ND 0 0.01 0.01 0.01 0.01 0.01 0.01
Coronene _ _ _ _ 0.001 0.001 0.001 0.001 _
Dibenzo(a,e)pyrene 1 1.0 1
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Table 2 The nomenclatures and the acronyms of 21 PAHs

nomenclatures acronyms
Naphthalene Nap
Acenaphthylene AcPy
Acenaphthene AcP
Fluorene Flu
Phenanthere PA
Anthracene Ant
Fluoranthene FL
Pyrene Pyr
Cyclopentata(c,d)pyrene CYC
Benzo(a)anthracene BaA
Chrysene CHR
Benzo(b)fluoranthene BbF
Benzo(k)fluoranthene BkF
Benzo(e)pyrene BeP
Benzo(a)pyrene BaP
Perylene PER
Indeno(1,2,3-cd)pyrene IND
Dibenzo(a,h)anthracene DBA
Benzo(b)chrycene BbC
Benzo(ghi)perylene BghiP

Coronene COR
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Table 3 Basic characters of selected PAHs

] ) fusion boiling
molecular chemical chemical structure - - IARC
oin oin
('mm weight formula formula P C)H ? ) classification

Pyr 2.5x10° 129-00-0 202 CisHio 156 406 Group 3
BkF 9.6x10™"! 207-08-9 252 CyoH12 217 481 Group 2B
BaP 5.6x107 50-32-8 252 CyoH12 / 177 496 Group 2A

B(ghi)P 1.0x107? 191-24-2 276 CxHis 278 542 Group 3
DB(a,e)P _ 92-65-4 302 C24H14 '\: _ _ GI'OU.p 2B
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Table 4 Evaluations classified by group of [ARC

Group 1:

Group 2A:

Group 2B:

Group 3:

Group 4:

The agent (mixture) is carcinogenic to humans. The
exposure circumstance entails exposures that are
carcinogenic to humans.

The agent (mixture) 1s probably carcinogenic to
humans. The exposure circumstance entails exposures
that are probably carcinogenic to humans.

The agent (mixture) is possibly carcinogenic to
humans. The exposure circumstance entails exposures
that are possibly carcinogenic to humans.

The agent (mixture, or exposure circumstance) is not
classifiable as to carcinogenicity in humans.

The agent (mixture, exposure circumstance) is probably
not carcinogenic to humans.

(data from:http://monographs.iarc.fr/monoeval/grlist.html)
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Table 5 Wavelengths for fluorometric detection of PAHs

Compound EX(nm) EM(nm)
Pyr 331 390
B(k)F 370 406
B(a)P 370 406
B(ghi)P 367 410
DB(a,e)P 306 398

Excitation: EX
Emission: EM
narometer: nm
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Table 6 Apparatus and operating condition for PAHs analysis

HPLC Shimadzu system

Pump @ LC-9A
System controller : SCL-10A

auto injector : SIL-10A

Detector Fluorescence RF-10AXL
Column Kaseisorb LC ODS SUPER 2.0mmx150mm
Inject vol. 10ul

Mobile phase  Acetonitrile/H,O(75/25, v/v)

Flow rate 0.6ml/min

Column temp. 30

Analysis time 13min
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Table 7 Individual calibration and R* of PAHs

Compound Conc.(ng/ml) Equation R’
Pyr 0.02~1.30 Y=1976246x+41444  0.9991
B(k)F 0.03~2.67 Y=152932x+101255 0.9995
B(@P 0.06~4.83 Y=466755x+98520  0.9993
B(ghi)P 0.03~2.39 Y=97401X+137909  0.9956
DB(a,e)P 0.01~0.71 Y=129034X+165664 0.9996
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Table 8 Reproducibility of retention time, peak area and peak height of PAHs by

HPLC

Pyr B(K)F

B(a)P B(ghi)P  DB(a,e)P

Retention
time
(CV%)
Peak
area
(CV%)
Peak
height
(CV%)

0.9 0.8

5.7 24

5.2 10

0.5 0.2 0.2

8.6 9.1 5.8

9.2 7.3 3.1

CV94: coefficient of variation
n=7
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Table 9 The detection limit of PAHs

Compound (gg/?gi) Peak area S.D CV% L(;())g)D
Pyr 16.03 33482.43 1933.67 5.78 0.03
B(k)F 32.92 45771.86 1104.12 2.41 0.02
B(a)P 14.82 107915.60  9353.77 8.67 0.04
B(ghi)P 29.32 120322.00 11018.57 7.33 0.08
DB(a,e)P 8.78 361598.14 21184.85 5.86 0.01

standard deviation : S.D
CVY9%: Coefficient of variation
L.O.D: limit of detection

n=7
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Table 10 Reproducibility of QC of PAHs by HPLC

Pyr

B(K)F

B@P  B(ghi)P

DB(a,e)P

Retention
time 0.2

(CV%)

Peak
arca 1.9

(CV%)

Peak
height 22

(CV%)

0.2

3.0

4.5

0.8 0.2

3.2 6.4

2.5 54

0.2

16.6

14.5

QC : Quality Control

CV94: Coefficient of variation

n=>5
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Table 11 Geometric mean concentrations and ratio assessments of individual PAHs

Year Pyr B(K)F B(a)P B(ghi)P DB(a,e)P B%%%’P
1990 123 215 336 5.92 0.82 0.57
1991 1.05 1.73 265 5.04 0.77 0.53
1992 115 1.38 245 4.68 0.58 0.52
1993 0.20 0.27 0.91 1.78 : 0.51
1994 0.59 1.29 3.05 $.00 071 0.38
1995 0.16 0.64 0.55 1.36 0.55 0.40
1998 0.76 1.24 1.08 3.65 031 0.30
1999 0.45 0.87 0.95 1.73 0.39 0.55
2000 0.28 0.88 0.97 224 0.30 0.43
2001 0.94 1.40 0.14 328 N.D 0.04
2002 1.43 0.28 0.19 0.60 N.D 0.32
2003 0.96 0.26 0.18 0.61 N.D 0.30
2004 0.18 033 0.45 .54 0.06 0.29

% concentration unit:ng/m’ air
* ND: non-detected

*

_:no data
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Table 12 PAHs concentrations and cancer risk assessment based on B(a)P,1990-2004

Y ear Pyr B(k)F B(@P B(ghi)P DB(a,e)P RISK ASSESSMENT
1.25(hours)
1990 1.23 2.15 3.36 5.92 0.82 4.69E-09
1991 1.05 1.73 2.65 5.04 0.77 3.70E-09
1992 1.15 1.38 2.45 4.68 0.58 3.42E-09
1993 0.20 0.27 0.91 1.78 - 1.27E-09
1994 0.59 1.29 3.05 8.00 0.71 4.26E-09
1995 0.16 0.64 0.55 1.36 0.55 7.67E-10
1998 0.76 1.24 1.08 3.65 0.31 1.51E-09
1999 0.45 0.87 0.95 1.73 0.39 1.33E-09
2000 0.28 0.88 0.97 2.24 0.30 1.35E-09
2001 0.94 1.40 0.14 3.28 - 1.95E-10
2002 1.43 0.28 0.19 0.60 - 2.65E-10
2003 0.96 0.26 0.18 0.61 - 2.51E-10
2004 0.18 0.33 0.45 1.54 0.06 6.28E-10
average 0.72 0.98 1.30 3.11 0.50 1.82E-09

. . 3 .
% concentration unit:ng/m’,air
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Table 13 PAHs concentrations and cancer risk assessment based on B(a)Peq, 1990-2004

Y ear Pyr B(K)F B(a)P B(ghi)P DB(a,e)P B(a)P(eq) RISK ASSESSMENT
1.25(hours)

1990 1.23 2.15 3.36 5.92 0.82 4.46 6.22E-09
1991 1.05 1.73 2.65 5.04 0.77 3.64 5.08E-09
1992 1.15 1.38 2.45 4.68 0.58 3.22 4.49E-09
1993 0.20 0.27 0.91 1.78 _ 0.96 1.33E-09
1994 0.59 1.29 3.05 8.00 0.71 3.97 5.54E-09
1995 0.16 0.64 0.55 1.36 0.55 1.18 1.64E-09
1998 0.76 1.24 1.08 3.65 0.31 1.55 2.16E-09
1999 0.45 0.87 0.95 1.73 0.39 1.44 2.02E-09
2000 0.28 0.88 0.97 2.24 0.30 1.38 1.93E-09
2001 0.94 1.40 0.14 3.28 _ 0.31 4.38E-10
2002 1.43 0.28 0.19 0.60 _ 0.23 3.14E-10
2003 0.96 0.26 0.18 0.61 _ 0.21 2.97E-10
2004 0.18 0.33 0.45 1.54 0.06 0.56 7.79E-10

average 0.72 0.98 1.30 3.11 0.50 1.93 2.69E-09

% concentration unit:ng/m’ air
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Table 14 Monitoring station of PSI>100 statistics in 2004

Station |Pollutantindx| Im. | 2m. |3m. |4m. | 5m. |6m. | 7m. | 8m. |9m. | 10m. | 11m. | 12m. | sum
O; 0 0 0 0 0 0 0 0 0 0 2 0 2
Jhongming ol e6lolo|lol1]lolo]o] o 3 3 13
station
Subtotal 0 6 0 0 0 1 0 0 0 0 5 3 15
O; 0 1 0 3 1 0 0 1 0 0 2 0 8
Situn
tation PM;, 0 4 0 0 0 1 1 0 0 0 5 3 14
Subtotal 0 5 0 3 1 1 1 1 0 0 7 3 22
Sum O [I1] O 3 1 2 1 1 0 0 12 6 37

data from: (http://www.tcepb.gov.tw/)

m : month
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Table 15 Concentrations of airborne particless PAHs in individual environment and risk assessment

) ) Risk

location Pry B(k)F  B(a)P B(ghi)P DB(a,e)P assessment
(Thomas et al., 1996)

Carbon anode production ~ 2.27 100.35 1154.60 8.41 - 8.15E-02

Graphite production 0.33 7.37 83.37 0.98 - 5.89E-03

Silicon carbide 0.06 1.54 3557 041 - 2.50E-03

production

Bitumen paving work 0.15 4.50 14.28 0.76 - 1.03E-03

Metal recycling process 0.43 0.77 9.80 0.06 - 6.94E-04
(Yang et al., 2002)

Steel and 1ron industries

Coke 10000.00 530.00 280.00 1890.00 - 9.46E-02

Steel and iron industries — ¢4r6 0 12000 55000 310.00 ; 8.45E-02

- Heavy oil

Steel and iron industries 4460 00 200.00  300.00 1340.00 - 1.25E-01

- Electricity

(Pleil et. al, 2004)
Top floor in the school 0.09 0.14 0.09 0.19 - 6.27E-07
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(Tsai et al., 2004)

(Fang et al., 2004)

(This study, 2004)

highway toll station workers

: 134.00 124.00 121.00 59.90 2690  1.22E-02
- dayshift

highway toll station workers o o0 5640 11800  35.60 2490  1.11E-02
- nightshift

highway toll station workers ., 5o ¢y 40 105.00 1600 1680  8.97E-03
- late-nighshift

Taichung Industrial park 119.50 1090 870  3.00 i 6.96E-04
Background(Tungghai 3460  4.00 4.60 2.70 ; 3.54E-04
University)

roadside dormitory in top 0.18 033 045 154 006  7.79E-10

floor

% concentration unit:ng/m’ air
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Fig. 4 Extraction procedure of PAHs in airborne particless
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