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Abstract

Childhood asthma has been in increasing trend worldwide including in Taiwan. Studies
have associated the occurrence of this disease with air pollution. However, it remains unclear
as of the specific air components associated with the asthmatic response among children. We
conducted a study in Taipei and attempted to identify markers that may have association with
the disease. This project included 4 subprojects. Based on the daily traffic density, we divided
Taipei metropolitan into 3 areas. high, moderate and low density areas. From each area, 3
primary schools were randomly selected for a questionnaire screening survey to identify
students with the complaint of asthma. Four thousand nine hundred and fifty two (4952)
students responded to this study. Acidic aerosols on the campus were measured for the
association with the asthma prevalence among students. A case-control study was designed to
evaluate whether asthma is associated with VOCs (volatile organic compounds) and oxidative
damage using urinary 8-OHdG as the marker of the stress.

In the one year study, we have found childhood asthma prevalence was moderate
association with traffic density near the school. But, in year two with a smaller sample size,
we found the prevalence of asthma was higher in school children in the low traffic area. The
concentrations of both acid gases and acid aerosols were highly associated with the traffic
density. We also found the positive association between acid aerosol and traffic density no
matter in children’s residentia areas or campuses. The probable reasons may due to the
emission of mobile vehicle. Furthermore, the levels of acid aerosol had seasona difference.
The concentration of acid aerosol was higher in spring and summer.

In the part of VOCs, the average levels of pentane in the high traffic density schools was
0.0469(+0.0287); medium traffic density was 0.0059 (+0.0093) and low traffic density was
0.0110 (£0.0073)(p< 0.01). Results showed the high traffic density had the highest pentane
levels. But in the part of the levels of urinary 8-OHdG, there was no significant differences
between case and control groups.

In our study, we found the concentrations of both acid gases and acid aerosols were highly
associated with the traffic density. The high traffic density areas also had the highest levels of
pentane. The Environmental Protection Administration is responsible to establish the air
pollutant monitor system at the higher traffic density areas. But at the low traffic density, the
students had highest prevalence of the respiratory symptoms, these may due the effect of hot
springs or other acid gases, deserving further research.

Keyword : asthma, school children, traffic density, air pollution, Taipei
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H - ﬁFT’rﬂ,L_}';IJ»#—,,mPAH A3 E2EAR(TEQ) m¥e ik IL-8 2 IL-6 k& B
FRAERESY wepE IL-8% IL-6EAY A'GE = FE PAH A 24 £k
B (TEQ) chdfitem 3 P AT (Bl- ) oy af & fHiwie b idimre
FR T TG - BRSO B S b k5 AR
FE o RERY Y BREOTE T EZSHERESDTE R -

(E)FREFIPALT T

- P?ff’ MR E > 15 4952 R E o> § A4 '—g gd Fiw
LETR G Frhy RS AN L 17.70%% 11.50% (p<0.0001) - & % % # wh g
Fw?mrlﬂz’ 2% (94 7685% + 4 76.12%)- ¥ ¢t > @ hiEd 12 B 7
PR T AR heR B 9 4G Pk G 10.0% 0 ~ 4 ] 6.13%7
PO A LA 0 T 2 wﬁr%&ﬁﬂ;;%‘ra@wr*ﬁ Ko FmFRLLF o
7] 58.81%¢ @ £ b F LRI A0 T A4 R KA FER LTS IR b (%
_,L)o

CYREE T LR EE S B SEAT 478 T T BT
Dfehhteig Y P U BEERAF P EFLA[Y i@ OR=1.28
(95% CI:1.03-1.60); & < i/ & OR= 1.05 (0.83-1.32)] -~ %k #* M &7 A2 K %
BRI RRTIE T £ R IR L 5 PR T
cfh 'R 4%% > ORratio # I 7 1u:f 7] 7.49(95% Cl:1.51-37.2) - @ B 77 eci® 4

ARRARF O RIE I F e chp G m i > D E TR T LA [ERT S
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1.33 (95%CI=1.04-1.70); # B = % 1.65(95% Cl: 1.21-2.24); 2.13 (95%ClI:
1.17-3.88)]

RET L T 208 At ko B¢ BLE bl R 127 R 2 fR AR T A 4

s b e @ 8-OHAGIk & & 5.97 ug/g creatinine » ¥t & = & 6.16 ug/g creatinine »
oA A PFLL
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B RIR SRR L RV F AL LR
LEHEEADL AT LR LS D 10745 2002 5 453 5
D ER e fAREFFR AR 0 T F RN e hild (2537,91,9394)

ERUEZER SNSRI S %E*?‘”f%ﬁ”ﬁ AR LR B

75 % & 5881% > v+~ 24 47.13%% °ﬁﬂrh‘ﬁ F7FRF o LPT A R T

g At g i B .@L?/ﬁ- ,ﬂm:ﬁ F A AT T G FREAES LR TR

B o L—ﬁﬂﬂ“}ﬁ ,\x—h p:U 7 ,J”rsi?ﬁ 4 mf}a = & —‘Igrsrg%"—& Mo E{ 4 ,14\:7‘]713:_

ﬂm#ir* (genderdlfference)o Mg APR IR Pay AP ED DR

o fe AR BT kPR AR D2 Enish (97) 0 A dTAR B e B RN o F RS

EPFé*%d]#‘I”’i“éﬁc%f_%gi'Jé?vé%ﬁw oo P RIRAIER o P A Skt iR R T

TAPHNF L g F A DA R A ALNRE T LAAEREANE 0 I F T
Fohems B ) -

Prie @ e 8-OHAG ¥ 2 F Jis DNA < A2 & &2 3 4R chfi-) - g X TE 0] ~ &
A EYREFNF2REL - F I ER RRB L EP T SR ¢ @
WP 8-OHAG = o i B4 F e A i it P il & L 5ik- o TRk
P47 o B fRR RS T %%"‘mfﬁg e

AETER AR AL RAZ LA EY QORI RE RN X
%:giii“&ﬁﬁ%Wﬂﬁﬁ$£%iiwﬁﬁﬁ
TR EE RO ONETREZF ALk
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34

Tk iR > 20035 "7 SF AAypPEgdasEp (TEDSS51]"-
Frcledk % 02000 " RhT g - H (TEDSS5] " -

AT 20000 B L SRR AL SRR F RS AL F LS

v oL §I§ 1 ﬁg_ﬁ i oo

Gualtieri, G and Tartaglia, M., 1998, "Predicting urban traffic air pollution: a GIS
framework", Transpn. Res. -D, 3, 329-336.

cAtH U E AT AR 2000~20050 " S At R B e LW AR A

HRE 2000 "#HE M EFLRF LA N2 TR EE " AL B o ¢
BAEREIRE

Benson, PE., 1984, "CALINE4 — A Dispersion Model For Predicting Air Pollutant
Concentrations Near Roadways", California Department of Transportation.

MufF 7 2004 "Feh Qa et g MO EF PG B2 A HET LB
RN ERBRFEAIFTY T
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&R fogR2 COJE & 208 0 48 ¢ PENTANE 3¢ k& 1 2 49 M

7 i

FFRHE G P R W SRR R (koiday)

[ Jootr-12443
[ 12443 45508

= 456.08 - 107553

107553 - 1966.5

I 19665 -3104.24
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Nyrauts
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THIE cE | —
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y e
i IRl
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=
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=
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g °
8

e iR TEHLR

I

TRAFFIC_GROUP

" PENTANE *#* e kR R &~ F

1.00— Ps
0.80—] R Sq Linear = 0.892
0.60—
0.40—
0.20—
0.00—
I T
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+
E

) F\»:' \416’/”‘-&/' ?F?j;i*i]f]

R R R R A

TR TR fats § 4 (ppb) Fa ol (ug/im’) , NO, H*
T HCI HNO, HNO3 SO, cr NO, NOs SO~ (ppb) (nmol/m®)
1 [F 1.58+1.12*  0.56+0.40 1.28+0.59 3.14+1.18 2.11+1.24 0.70+0.43 1.88+1.09  18.47+13.92 31.27+30.23 49.50+43.75
. (n=30) (0.25-4.87)° (0.12-214) (0.36-298) (0.51-5.41) (0.48-6.26)  (0.25-252)  (0.42-3.94) (7.28-78.86) (5.49-151.36)  (5.46-141.25)
®
o N 3.64+1.89  0.95t054  1.15+0.78  2.61+1.80 9.06+6.58 0.95+0.39 3.80+2.68 8.70+4.78 24.30+15.12 14.54+4.41
(n=16) (0957.02) (0.39-1.95) (0.36-2.62)  (0.49-6.54) (3.36-25.97) (0.37-1.63)  (0.92-10.70) (2.56-21.46) (875-50.84)  (7.75-23.63)
= F 1.55+0.51 0.46+0.31 0.95+0.50 1.66+0.91 1.69+0.75 0.56+0.27 1.42+0.76 14.95+6.48 16.65+11.49 42.49+40.14
4 (n=21) (0.89-258)  (0.11-1.28)  (0.19-1.83)  (0.54-4.29) (0.56-3.44)  (0.19-1.21)  (0.27-3.26)  (5.25-30.48) (1.63-45.36)  (2.94-141.60)
g3 2974227  059+0.48 0724043  2.04+1.18 5.08+2.58 0.91+0.32 1.88+0.99 7.53+3.50 19.83+12.83 4.56+7.31
(n=12) (0.95-7.90) (0.17-1.64) (021-1.73)  (0.25.4.64) (1.58-8.76)  (0.38-1.43)  (0.63-3.35) (3.95-15.48) (1052-59.87)  (0.24-22.59)
¥ ) 0.88+0.75  0.36+0.30  0.91+0.92  1.20+0.76 1.21+1.15 0.55+0.26 0.69+0.61 8.8215.34 6.11+4.54 14.71421.02
" (n=62) (0.03-304)  (0.03-1.13) (0.05-4.60)  (0.09-4.42) (0.06-6.66)  (0.18-1.16)  (0.01-3.89)  (0.31-25.65) (0.24-2453)  (0.63-117.44)
]— 5
L 1.46+1.04  0.32+0.11  046t0.22  0.63+0.54 4.15+1.66 0.46+0.29 1.73+1.21 6.38+2.96 8.96+5.54 1.11+0.78
(n=12) (N.D.-293) (0.10-047) (N.D-079) (001-2.25) (1.99-6.83)  (0.19-1.08)  (0.36-4.78)  (1.80-11.80) (2.32-19.93) (0.10-2.40)
ameantsd. birange £ 3 7P SO, 2 NOy etk A fics W & 67
- FraFigzieagd bty p ki Ragoeni g
# v & 1 (n=307) L5 v & 3 (n=764)
& = ;3 ) # = PR BE =8
k=i (%) 42.7 34.2 9.5 13.6 55.6 30.2 6.4 7.7 0.001
A8 (%) 39.5 35.4 10.3 14.8 59.0 27.4 6.3 7.3 <0.001
R e (%) 83.1 12.5 3.7 0.7 83.0 14.3 23 0.4 0.506
3= e (%) 89.9 9.1 1.0 0 92.1 16.3 1.2 0.4 0.28
e R = e (%) 71.1 24.2 2.7 81.7 15.5 1.9 0.8 0.002
H W R .@ = # (%) 92.0 6.9 0.7 0.3 90.4 8.5 0.8 0.3 0.852

X b ke g M 1250 5 P R B~6 5 5 BRE T A
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2 FAEE R g R MG
g B o i IRkl S
B 109 (82.6%) 23 (17.40%) 132 (100%)
v 78 (82.10) 17 (17.9%) 95  (100%)
B 49 (71.0%) 20 (29.00%) 69  (100%)
236 (79.70%) 60 (20.30%) 296 (100%)
Pvalue =0.12
Gk ”ﬂ*é’ﬁ—’*?v‘r« i R v»zﬁ}fz;% S (2308 4 )
B 2 g % (n=135) PRUE R (n—97) % 2 3L i £ % (n=75)
£ érlﬁf v R BE = i¥iie vOR 3 # E#H *AR k¢ PE
i ok = fie (%) 417 34.6 5.4 12.3 45.3 27.4 12,6 14.7 30.0 42.9 12.9 143  0.095
gk (%) 40.6 42.2 3.9 133 49.5 24.2 11.6 14.7 235 38.2 20.6 176 <0.001
ot =i (%) 88.5 8.5 15 15 84.4 125 3.1 0 71.0 20.3 8.7 0 0.016
=i (%) 924 7.6 0 0 2 4.2 1.1 0 78.6 18.6 2.9 0 0.005
et = e (%) 71.2 235 15 3.8 73.4 24.5 2.1 0 68.1 25.0 5.6 1.4 0.294
7 =l (%) 95.2 4.8 0 0 9%4.7 5.3 0 0 82.9 12.9 2.9 1.4 0.021
23 PR ER RAEFEFTE 2 PRk IR k&wm
% g % (n=287) ¢ i k£ ® (n=163) %2 g % (n=314)
£ 1 YR B # e v R B & g&c,,gg( "B E¥ PE
5Bk e (%) 498 284 9.5 123 665 252 39 45 554 344 49 49  <0.001
BB d (%) 58.2 24.4 7.6 9.8 61.3 284 4.5 5.8 585 2938 6.0 57 0293
R = (%) 80.5 144 4.3 0.7 86.4 13.6 0 0 83.6 144 16 0.3 0.092
s e (%) 91.4 6.5 14 0.7 93.5 5.2 0.7 0.7 921 6.6 13 0 0.806
e E = e (%) 76.4 19.3 3.2 11 86.3 11.8 0 2.0 84.4 14.0 1.7 0 0.011
B =ik (%) 87 10.8 14 0.7 96.7 3.3 0 0 90.3 9.0 0 0 0.034
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L EF (H = ng/m3)

Fing R 4 (ST
PAHS Gk R A EF B Al K i i
(n=2) (n=2) (n=1) (n=1) (n=2) (n=2)
Nap N.D N.D N.D N.D N.D N.D
AcPy N.D N.D N.D N.D 21.29 N.D
Acp N.D N.D N.D N.D 13.82 N.D
Flu N.D N.D N.D N.D 15.69 N.D
PA 3.61 N.D N.D 11.34 14.64 6.97
Ant 9.53 N.D N.D 13.76 21.21 N.D
FL 7.15 N.D N.D 1.42 12.19 1.48
Pyr 3.04 N.D N.D 291 9.12 0.68
BaA 20.71 N.D 2.10 11.52 7.81 291
CHR 8.71 N.D 171 9.99 6.45 5.58
BbF 12.72 N.D 2.40 4.67 8.50 N.D
BkF 19.87 N.D 1.70 13.38 6.03 N.D
BaP 17.39 N.D 412 10.44 21.65 N.D
IND 14.20 N.D* 3.88 12.37 19.53 N.D
DBA N.D N.D 4.69 10.09 18.88 N.D
BghiP 7.86 N.D 5.78 16.18 17.20 N.D
Total-PAHs 124.79 - 26.38 118.07 214.01 17.62

*: not detected
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3o RIS R FRERZ LB

- ik B Aok TRk R, pg/m’ PR T
SR ey P = L T35, ug/m’

- 2 ]
950817 58.71
950818 120.05
951025 68.27
951026 139.34
960129 153.96 9244 38.93
960130 59.81
960328 74.24
960404 65.14 93.90

E,‘z] AL F’;g Kfi‘ J

951018 75.80
951101 95.26
950205 97.51
950206 92.08 9585 3216
960326 154.62
960327 59.85

¥R
950906 43.85
950907 28.77
960209 74.31
960214 91.26 60.20 22.06
960412 59.22

5 960413 63.80

PR 85.16
951012 52.84
951013 71.84
960131 125.26
960201 186.47 11011 4677
960402 120.04
960403 104.24

P4 B
950912 24.07 61.35
950913 39.38
950918 100.44

(8 960212 63.09 64.48 32.48

960213 37.22
960416 80.64
960417 106.52

i B ]
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951011
951019
951020
960207
960208
960329
960330

43.84
69.30
55.97
68.19
38.80
66.86
64.53

58.21

12.42

AN LHEREARTERER LS TIOTEERR

&R AR B R T 0T RO R, ng/m’

% &
H1 H2 M1 M2 L1 L2 T o
*% 69.69 107.24 6151 11214 9358 65.70 84.98
mE 96.59 8553 3631 6234 5463 56.37 65.30
£ % 106.89 9479 8278 15586 50.16 53.49 90.66
T30 91.06 9585 60.20 11011 66.12 5852
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B4 B ART A R 2 RS A

<l
P
(=
3
[
™
«F
=

o

=
(i

LR R 6 it R

M B )

P 16 A

&R L

MMD, GSD; MMD, GSD, MMD, GSD; MMD, GSD, MMD; GSD; MMD, GSD, MMD; GSD; MMD, GSD,

MMD,; GSD; MMD, GSD,

MMD,; GSD; MMD, GSD,

0.290
0.416
0.220
0.326
0.389
0.305
0.380
0.380

1.051 3.682 1.125 0.375 1.071 3.317 1.164 0.312 1.030 3.859 1.108
1.034 4.384 2.188 0.385 1.059 3.031 1.153 0.382 1.019 3.051 1.043
1.086 4.034 1.187 0.334 1.141 2.830 1.133 0.418 1.105 2.676 1.092
1.138 4.463 1.667 0.387 1.100 2.887 1.116 0.479 1.051 2.845 1.163
1126 3.201 1.264 0.431 1.102 2.315 1.164 0.296 1.068 3.519 1.118
1.066 3.439 1.079 0.449 1.045 2.522 1.084 0.503 1.028 2.741 1.088
1.040 3.184 1.166

1.042 3.327 1.144

0.332
0.479
0.393
0.386
0.481
0.389

1.031 3.605 1.082
1.058 2.849 1.110
1102 3.312 1.294
1.178 3.316 1.353
1.037 2.714 1.336
1.082 3.290 1.194

0.247
0.389
0.417
0.402
0.412
0.473
0.527

1.024
1.038
1.136
1.053
1.036
1.098
1.085

3.800
2.096
2.886
2773
2.39%4
2.003
2.589

1.044
1.029
1.128
1.086
1.046
1.051
1.144

0.220
0.191
0.352
0.370
0.316
0.423
0.293

1.061
1.163
1.036
1.113
1.064
1.062
1.116

3411
3.598
3.666
2.568
3.344
2.802
2494

1.064
1.106
1.128
1.062
1.072
1.097
1.060

MMD : mass median diameter, m
GSD : geometric standard deviation

MMD; : Hokfeit 0.05~1.0 m & = fok it
GSD: : Mok #im 0.05~10 m ehf fp Rk £
MMD, © ficfe iz 1.0~10 menfi £ ¢ i dick it
GSD, : M ic 1.0~10 m 1% fn 2 £
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Abundance

400000
350000 8
300000 56

2500004
4 10 12
13 17
200000 9

11
14
150000 1516
1000004
50000-L
N . I . e : .A — .

g 0 wwm 0 sm 2000 2500 T A

Time (min) )
Bz PAHsS § 4p & 7 7 3# &k 2 & 17 B
(+ = & PAHs # %/ /% 20 pg/mL ; (1) Naphthalene; (2) Acena phthylene; (3)
Acenaphthene; (4) Fluorene; (5) Phthanthrene; (6) Anthracene; (7) Fluoranthene; (8) Pyrene;
(9 P & : p-terphenyl; (10) Benz(a)anthracene; (11) Chrysene; (12) Benzo(b)fluoranthene;
(13)Benzo(k)fluoranthene; (14)Benz(a)pyrene; (15)Indeno(1,2,3-cd)pyrene;
(16)Dibenz(a,h)antjracene; (17)Benzo(g,h,i)perylene )

g "y wom = = W 3w s

Particle diameter (gm)

I

2 wa na [1]1

Cumulative % less than or equal Lo stated diameter
BT © 3 B LAk R b R A T 2 $Hs 3 (e
(FazfikmdFes e - 53 005m~1Im: ¥ ¢ 5 Im~10m)

23



B With
filtration

=1

IL-8, pg/mL

Without
filtration

<0.0018 0.0161-0.0387 0.1916-0.5964 0.6467-0.7482

Toxic equivalency quantity of PAHs, ug/mL

Bl e BT AR B RO b B n PAHS 3 1 Bk 2

IL-6, pg/mL

250

200

150 -

100 -

B With
filtration

Without
filtration

0.0161-0.0387 0.1916-0.5964 0.6467-0.7482
Toxic equivalency quantity of PAHs, ug/mL

<0.0018

BEAS-2B im*# & ;&2 interleukin-8 % interleukin 6 k¢ %

600
500 o -
a - - a
_ - - o IL-8
- m ° - -
E - °
] - — — Linear
:; 300 regression
=
200 y=35.13x + 312.2i
“ o R =0.1744
100
0
0 2 4 6 8

TEQ of PAHs normalized to particulate mass, ng/mL/mg

]%‘];

200 g

IL-6, pg/mL

o IL-6

— — Linear
regression

y = 5.2433x + 94.506
R = 0.0397

4 6 8
TEQ of PAHs normalized to particulate mass, ng/mL/mg

AWt & B 2 F £ R4 chPAHS & 14§ £ Jk & (toxic equivalency quantity

of PAHs, TEQ) £ interleukin-8 % interleukin 6 =74 %
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R & N O W B Rk R - ailed

7 4 (N=2440) -~ # (N=2512) ‘p-value
n(%) n(%)
B o FEr TR T F vh <0.0001*
i3 1937(79.4) 2149(85.5)
4 432(17.7) 289(11.5)
toRpERAGHE 332(13.6) 220(8.76)
AR ] 76(3.11) 58(2.31)
PR E 24(0.98) 11(0.44)
B A E 71(2.91) 54(2.15)
W3 12 0 p oo EE S FE G R <0.0001*
i3 2043(83.7) 2198(87.5)
4 244(10.0) 154(6.13)
B A E 153(6.27) 160(6.37)
Bgd FELEG BRI LR R <0.0001*
e 881(36.1) 1242(49.4)
4 1435(58.8) 1184(47.1)
BB E 124(5.08) 86(3.42)
W 12B P> FEAERLT R b ® P <0.0001*
LR R ARTE R LRS-
iR H 937(38.4) 1328(52.9)
4 1300(53.3) 1016(40.4)
HiBE 203(8.32) 86(3.42)
¥ FELELT RS 0.2324
iR H 1772(72.6) 1903(75.8)
4 500(20.5) 493(19.6)
B 168(6.88) 116(4.62)
W2 120 P> 3 i andF i 0.1759
b4
i 1742(71.4) 1875(74.6)
4 476(19.5) 464(18.5)
B A E 222(9.10) 173(6.89)

S 7 X2 % Satistic significant (p<0.05)
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Bl B3 fARED A2 Frabl 73 A4

{

v

-

A MK T AR
A g
& ¢ 1T
B
SV

A GRS PR 1
2
1-10 %
11-20 %
20 1 ¢+

F2 4 RPES

SR

-~ EL
n- B
“ EL
n- B
“ EL

L

P

\

> A AR TRk
1-10 %
11-20 *
21 & b
PRELRS F 4R
e B!
=R
PR
TR

- 7:4}_ —=

1.0

1.28(1.03-1.60)*

1.04(0.83-1.32)

1.0

0.64(0.29-1.41)
0.63(0.33-1.21)
0.84(0.45-1.56)

1.0
1.25(0.59-2.65)
0.75(0.18-3.21)

7.49(1.51-37.2) *

1.0
0.86(0.72-1.03)

1.0

0.90(0.72-1.12)
0.85(0.61-1.17)
0.91(0.54-1.53)

1.0

1.33(1.04-1.70) *
1.65(1.21-2.24) *
2.13(1.17-3.88) *

Odd ratio (95% confidence interval)

9 4

1.0
1.27(0.95-1.70)
1.04(0.77-1.42)

1.0

0.55(0.20-1.48)
0.44(0.19-1.01)
0.62(0.28-1.38)

1.0

1.28(0.48-3.38)
1.07(0.24-4.84)
5.88(0.37-94.2)

1.0
1.00(0.79-1.27)

1.0

0.98(0.74-1.29)
0.86(0.55-1.34)
0.80(0.39-1.63)

1.0
1.37(0.99-1.89)

1.67(1.11-2.51) *

1.96(0.93-4.16)

1.0
1.28(0.91-1.81)
1.03(0.72-1.48)

1.0

0.60(0.14-2.51)
0.97(0.33-2.81)
1.16(0.41-3.27)

1.0
1.19(0.36-3.98)
a

9.92(1.39-70.8) *

1.0
0.70(0.52-0.93)

1.0

0.78(0.55-1.11)
0.89(0.55-1.44)
1.09(0.51-2.31)

1.0

1.26(0.86-1.83)
1.61(1.01-2.59) *
2.23(0.81-6.10)

& under estimated; *P-value <0.05
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Abstract

Studies have reported the associations between health effects and air pollution, but few
studies have a complete exposure assessment from environmental and personal sampling to
evauate the health effects for susceptible school children. In order to determine the exposure
profile for primary school students and to determine health effects of air pollution, this
subproject proposed to measure acid aerosol and particle toxicity. We aso used dispersion
models of traffic pollution to measure the temporal and spatia variation of air pollutants for
asthmatic primary school students. A questionnaire survey for collecting information on
health status and asthma attacks and biomonitoring were also conducted.

The purpose of this subproject was to determine acid aerosol exposure of the study
subjects. This study aimed to analyze the relationship between the concentration of acid
aerosol and traffic density. The spatial and temporal variation of acid aerosol were also
determined to clarify the relationship between increments of acid aerosol exposure and the
occurrence of asthma.

Primary schoolsin Taipei city had been categorized into high, medium and low traffic
density groups. Environmental and personal acid aerosols were sampled using Chemcomb™
model 3500 and ChemPass® model 3400, respectively. Passive SO, and NO, samplers were
also used to determine persona SO, and NO, exposure. All samples were analyzed using ion
chromatography.

The exposure data for each student was cal culated using time/activity pattern analysis.
There was a positive relationship between acid aerosol concentrations and traffic density. The
prevaence of upper respiratory tract symptoms was correlated to acid aerosol levels
contributed by automobile emissions. Meanwhile, the prevalences of asthma and other upper
respiratory tract symptoms were highest in the highest traffic density area. The findings
suggest the health effect of acid aerosol exposure of asthmatic school children.

Keywords : Acid aerosol, Exposure assessment, Asthmatic children, Health risk assessment,
Air pollution
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PETRREERLECREFBEI2LF oy - Rk B & HSOs s i i
FOE R (A B R F Ao F A F g ) e Ape b3 ¢ R R L >500
/Mo .3 £ B b 1 250 pg/MPH S0, & B bk B o 75 pg/m A0 i & F # ciB R
o

€ 1088 4+ ip A MTRAAT L EM £ A B AL B0 2000 ng/m*H,S0, ¢ - )
2= Zg&ﬁ%ﬁﬁ@M’Wﬁuﬁﬁuiﬁﬂﬁﬁ% kiz v ¥ g e foivr if 3
Bl o BAeanT e g ik E 2 Ak BER S mgmi g B A 2 B u Lim ok s A
£ o

7
» T

PG FRB R R R-F B o AR R R R § b
KRIFL4eatg LEFTRAZREDERG A PAB 7 2 EFrhk
‘ﬁ“ + & %‘ﬁ LAt > § HSOs ke Bk R vt X R RARA B (40 )
100ug/m®) > # 5 & § v B enmb s G0 g e T o B A R AT G
PR AT RARL LRI FEERDARTRA- BELFF o TRALEFLR
FOEFFIEE R ARE Y ’;?vi'%*wsg VRE &R 7 R %R R DS B
o BRI HEREF RO XV 2§ f oo X A s (basding) i ] g B o &
ARG UL R BRI R AR A2 S SRR A A
F RS 2 PRI Ry gL R oo

-\

&~
bt &

el g BETZRE PM RFZHP 2 PEDRFETFF - d WhP AR 22
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PEZRER LAY B FREOLGER 0 FIN D S AT - B ARER -
2-3 P AL AR BT R

B AL F B2 e e g B R REEF By [27-31) W
CRREF B R BimR [3233]0 1A 520 BN E R R F L i B R 7
3 [16): 4otf < [34) % 51997 &3t St ¢ LS plshie (TRF BERFT 0 3%
FL ez - 2Py d8ar R2BEF BEAY e 2O F2ENER- AP
% %% &7 > HCl ~HNO2 ~ HNO3 ~ SO,2. T 35k & 4 %| % 0.62 ppb ~ 3.07 ppb ~ 0.42 ppb -
653pph: T w TP UHFE TR RIER ﬁxrﬁ T T ik dpH YISO7 e Bt &
A NHzk B 3 ® @AM K - A HREEMEF fﬂ“'l fi 2 & H 1 (NHg)2S0, %
(NH4)3H(SO4)2577 3% 35 e o

< [35)]*1992 #9 * 31993 #3 * * annular denuder {7 - %Y "E £ b1
LI F2 RS RRE > B EF RS F 2 HNO,~ HNOs~ SO, NHz~ NO3 ~ SO ~
NH4 2 H T 320k & 4 %] % 0.91 ppb ~ 0.23 ppb ~ 5.72 ppb ~ 14.71 ppb ~ 61.74 nmole/m® ~
87.97 nmole/m® + 216.32 nmole/m® % 4.39 nmole/m® « H*/SO,%+* & % 0.04+0.03 > %k @
7 e 3 A & A3 (NH)2S04 %2 (NHg)sH(SOs)22- B » 2 4 & 2 = 2 ¢ frinki il de
((NHg)2S04) -« 3% [36)] *72000£ 9% 12001# 37 tir+ # 5 FF R EHIEF B
HNO;~ HCI ~ SO, % NH3> # ik & § 4 %] 5 0.3~15.0~ 0.01~15.1+5.03~9.16 % 6.9~33.0
pg/m® o

BEIRP BB SHEE Ry RS 0 LR T A AT IR R LG
PoBRBEFR oA PRET SR P GISRELF A EBH G R
HAPRA2Z 5 FA5BHAE > EFREEL %GR o

FLEFT 4 #ﬂﬂﬁ’x]“’r e AR TR R o AT S R U‘z}%fi
B TR F Bk UT%%F*E‘ CFP RRT R F AR R E
LREFIZHEFBRBIFP IR GFEHF AT T2 ERERZEEL S -

31 i

D& E
L+ k47 &
Dionex = & » DX 500 &+ & 47 % > 3 R §[f = GP50 Gradient pump # ED 40
TV F Wk % > fe & Dionex Peak Net chromatography workstation & {7 3 4 £ B~ 2
PR
2.2 B E
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Dlonex # > lonPac “ASAA-SC » 4mm k& 15 3 o
et B ﬁ ® (Denuder)
iR Rupprecht & Patashnick = @ » Chem Comb 3500 Speciation Sampler »
ChemPass® model 3400 mini- honeycomb denuder -

(2%
LIedg— 3 R8T
Cl"~ NO,-N ~ NOs-N ~ SO4* : High purity 1000mg/L © ERA 2 & -
2.8 pa4r (Sodium carbonate) » GR & » 45, B Merck = & o
3#& #pc (Citricacid) » GR % » 1§, ® Merck = & o
4.4 4 (Glycerol) > GR % » % & Simga = & -
5.7 #, (Paraffin) » GR % > 4{ K Merck = & -
6.= ¢ g% (Triethanolamine) » GR % > 4§ & Merck = & -
7.:8% i & (Hydrogen peroxide) > GR & » g B Merck == @ -

()= 0]

Lizdp+ 2 M2 R85 07%

-k & 1000 mg/L ¢ ClI'~NOz-N ~ NOz-N fr SO, 4 %|B~ 10mL > & i3 ** 90mL
483 k? 5 @ CI'~ NOy-N ~ NOs-N v SO 2. ik & % 100mg/L -

d k& 100mg/L 2. CI"~NO;-N ~ NOs-N fr SO% 4 % # 10~ 10~ 20 4~ 50mL >
L2 SRR 100 mLo R g R RRARES S HIRRFR > CI'E
NO;-N % 0.1~10 pg/mL ~ NOs-N % 0.2~20 ug/mL ~ SO,* % 0.5~50 pg/mL -

2.2 F 14§ 2T

& 500mL 2 4 g+ k¥ o3~z e ppaR15 R 0 v g kAT AL -

3L A Fadh e B SRR

M- F v g V)»“]{/[’f??ﬁ)}:‘f$ LR ﬁxﬁﬁfﬂ—?/p/§¢ A E ER o HEF ‘ﬂ?"ﬁf} = 0.01
~1.0ugNO; /mL -

32 PR
(DF 1 &+

iF2UQwﬁﬂ%~ﬂ\MM%%ﬂ+ AR MUE bR L2
PREHNFR-AFARF L E RIS BEHERE SO NO RS KR ENE

i %%»%‘ﬁﬂ T wzmma o #7712 Chemcomb™ model 3500 f4 i f W4 # %
(denuder) » # 4l & F5 R e TR HHE 5 B 4 7 %4 P2 ChemPass® model 3400
mini-honeycomb denuder » s & TR M (T > TR RF S HEE B LR 1
SO, 2 NO 2 kR - A" BR 2 Fd-FRALG > WP EEBAABE - 54 2R
TR AT AT FRAEREAN A Féé d FEURE SEETH S T
WEHF L F R F T PR Ao 2 FF P eFaaf R RRT R
B A TR G BHE I 2R R % o

(QF 1 % %
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PR R R B A Z A M
B %] 5§59 E'Lrui ﬁiﬁ%’ P& %‘Pﬁfi%i‘?T THAEZE BT R EMANE Y

-
(3) # = 2

LA i AT E RS 77 HFRX 284 > ol fj*u% P KRR 5 H
P O F LRI E R AR EE R E %A 2 paticles and

vapor-phased acid aerosol x4 ° 3 HE MU F - X 2 R HFEFRF KB E L
3 96# 10% -

2.4k B

(A)Fe 2 # " © R Bk 5 %A 12 Chemcomb™ model 3500 fé i 7 " # # B

(denuder) :Jfg el 4 30 M FEE 24 RS 84 B2 ChemPass® model

3400 mini-honeycomb denuder > #5248 4, 3¢ g B (TH R o

(B) SOz ¥ NO; #5854k @ 1 2 B SKC = 7 B4 2. 7% % 7 5 1k B (passive
sampler) > fie & 4 2 FE A F, B OINA BT NOy 2 Fi ke 23 5 3
TP A P e PR A SO 82 NO2 32 17 45 4%

B4 f 4

(A)Felt i " BPF BHEEEN 53 BV I2E F gjzzb;f;»fv’n&éi;%’f ME TR e

ot g A @™ ’Iﬁz %Fﬁm,,, # A u 5 10LPM > § on xar;ﬁ*’g”—i“fﬂﬁf ’

2.5um g % o 2 ’g R L% fadh B R T R F o @ % =

<3k 5 E 2%571@ %%ﬁ‘riy‘% RER PTG F R o B m o F - ff
¥ S5 47Tmm oo GV 1 um shdsiA

,,

T M T oRJT ] 2 2.5um ehlmfic
P PEECRE BT S ATmm o VS dum SR AR 0 LR - B4
FWRAM TR DR F B F Ba iF 2 B F M -RBE 2 BARKPFTS
w24 ) PEER o

ke o

J—

(B) SOz 22 NOy ik & © 11 % B SKC 2 @ B % 2. % 1% 7% $* t% B (passive sampler) » fie
EWICT ZFE AT RT SO NO2Z 4k » B2 RIZ > B H#= ¢ fpins
GRS BE SRR BN 0 A 20 2% #4c s (Knudsen diffusion
disk) chEF > MHELT T 3 R 7 F FHAT AP BB TR o FlZ ¢ R
U N KBREARL BRI AHEBEDFUEER RERRIELTE -
SO, NO R 355 24 ) pF o

445+ A 45

(A)fs 1 % @ %45 # 14 ¢ Chemcomb™ model 3500 denuder 2 ChemPass® model
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3400 mini-honeycomb denuder Fild MRt B &30 idrar ™ k> B {FH B

T om0 10mL ehd gk 5 18 0 3mL ehd g3 R BB LR K frig A e
EFRE I PIoRsudy bk r 5 - B2 S BRBELEp T EENE
Bxc;x,-r l__? FEd 2 éﬁ—* o 4% &, ,gnljgl WER ,gnljgl Nl AR} %~*“Bx;,igipx s de A
2okt RFARTFE 60 A4 FEp g 045um dpp G e
(cellulose acetate)im v 11 i ts > ML+ K 1T RA T o ¥ oF 5 A 30 g M AT
EBl s PR EE Y pHmeter Bl _pH & 0 Rl d BT IER -

(B)SO2 %2 NO,z- &~ 47 ¢ i A hds itk Bk (¥ 2 SO 82 NOy et A& » L u 3 g+
kA R AT AR 2 5mL o £ 4e ~ 05mL HpO, i3 £ 4 § & xR &35
50 R T RATRE AT ¢

(©)i-%

AR T F P BEEFBERAD £ 3 1 SO,~ HCl » HNO; ~ HNO;
SpMFHLZE NO; ~NOg ~ SO~ ~Cl ~H S ikt o Sk R E
SR FERZ 2N e

@z ¢ g WER

HCl (pg/m®) =1.028 x (CI) (ng/mL) x10mL/V x10%..........cco.eeeee(D)
HNO, (pg/m®) =1.022 x (NO, J (ng/mL) x10mL/V x10°............... 2)
HNO; (pg/m*®) =1.016 x [NOs ) (ng/mL) x10mL/V x10°.............. (3)
SO, (ug/m*®) =0.667 x [SOs” ) (ng/mL) x10mL/V x10°................ (4)

¢ 0 10mL : FER A
Vizi g (m®)

(0)% 7 © Aok s Wik A

Cl" (pg/m®) = [CI7) (ng/mL) x10mL/V x10™>. ...t (5)
NO, (pg/m®) = [(NO, ] (ng/mL) x10mL/V x103.......ccccovvevinneeenn (6)
NOs (pg/m®) = [NOsz J (ng/mL) x10mL /V x10%.........cooeeeeii, (7)
SO (pg/m®) = (SO ) (ng/mL) x10mL/V x10™.. ..o, (8)
[H") (nmolem®) = (10P"FTFE _10PHC ) s a0 mL / Vx10°.......ccc..... (9)
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s8¢ 0 10mL : FERALAE
Vizig (m)
Total CI'= CI™ (fc & BB & 457R ) +CI (el bS53 A) o .(10)

Total NO, =NO, (e fdhi4 3554) +NO, (e g fr 7R ... (1)
Total NOs=NOs (e 8 tdhi4 3554) +NOs (Je 8 e h 37784 .....(12)
Total SO, =S0,5 (fe & tdh & 3R A) +S02 (e d pr R R) ... (13)

Total H'=H" (28 G484 35850 e, .(14)

(QNO, £ SO, ik &

ug NOo/me= X
\Y 0.93

£¢ 0 WipugNO/mL (p#ERELF L)
SmlL ek 4 A
Vg § (M)

0.93: 4f B ek

W
UG SOAMPT =X ML (16)
v

AP WiugSOS/mL (p ot B s F k)
Sml e fci M A
Vg f R (m)

62



258 (m®) =t x# i FxDisk factor x10°..........cooiiiiiiiii (17)
270t EEREF(min)
B o0 % N R AR $R i 5 (mL/ min)
Disk factor : #4c & ec & ¥ > 5 1.28
33 FF e ERERRB R

PRV - B EEVEAR RSB IS LARED

AP EE VAT AT R R R F R R R s
PRTRNEN S FRLFARE DAL AT AT TG RELR B0 FhH
ga?g—gggf—?gg}\:,i}‘;‘ﬁZI{% ] 15‘&1,;,\& :’(o%‘p‘%'gﬁ Z - ﬁ;g_ﬁ_iyg :g,gr-x;‘_rfi._ _/ﬁaxﬁfi; o

PEPNFALREL A - BBFE FAFE REFPRN BRI PR RET
AL IR P ML F RS STREHE L 2B R o F b TR R
Zoikyy T F RN TR w B R AR A iRy o 2w FE gk A B GRS FEE
F R AR S B Mg e F v 8 1T Bl £ B NIH 1997 & guidelines for the diagnosis and
management of asthma % A #f kg > B ERR-F e o 50 X 2 Bk 9 T R¥
ALRRF - EFEPI - NEFICAIANER NS RFRETALER - F 8
- A DA ANE D DA E e b ek e B 4 gk B 44 C.H. Linaker[ 37]
BAGET 3 F o B ek 5230 AN AR E kA 2 Q)R (4)F (D)

B e g (6) 2 s IR AR e

34 242 QA 2 QC

PR RS RAA BT SR AL ARESITERY § R T 7

I p 1&?&-.&&*‘;:1 T WA 4T

dORERIBRT M SRR E 5 B kARG USSR H Cle
NO;-N ik & # B 5 0.05-10ug/mL ~ NOs-N 5 0.2-20pg/mL - SO/ 5 05~
50ug/mL > & a5 ke 7 A4 o 285 CI' - NO2-N ~ NOs-N ~ SO%2 t# #
Horg 40999 4l 10 358 & QAIQC R R -
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Qe Az thER

R A ISR 5 B3 R kR P WIRES NOSN 3
0.01~1.0pug/mL > £ g+ k47 REF A4 47 A 7 NO2-N 2 & & & r < »+ 0.999
@l 25 $8 £ QAIQC R Bl

(3)ix = Frphsp 2t B

DR BRS  A A RREE 5 A% kR WERE S SOFE
0.125~5.0ug/mL » £ 723+ K45 hie (7 A 45 o 2575 SO~ 2 He £ 40 > 1 + »+ 0,999 »
4o 30 B & QAIQC R B

2.7 0 BAHT

L7 AR Bk m&%{/"}ﬁﬂ;ﬁm faﬁlﬁﬁiﬁ’ﬁﬁfaﬁﬁ%%%ﬁ*iﬁ?ﬁ
EZG FHRANT AT E LAY LR AT R B g 2 (s
YT K AT RE 7T o

35 13t A 4

AT ERERE BAORESS  ITREFIPFERF-FHFPEAATHR P U2
FREINLTH  BFLRELEN B R P 04T

25 2%
41H 3 BREF B B

AFTpd 95 50 3 96 10 1 &4 8 R S 4 ¥ 113 BIRE L F A
B3 0 et Bl A i 40 BREAEF Min F A LE 67 B SO NOin% §
Ao HEMFB2ZERFSN L1344

1 REIREHFKRSESS

AFPFERIAT I RILFLBRY BOR) REF] o BT8R 2 & ik o AL
5 &#5% 3 96# 10" XP~{F 113 B 24 /| pFri Fepa e ZFrF A ERACE
PR RaE s BE o F 0§ BB :,_:},ﬁﬂ\/w\%l] 0RF 21 B 62 F -
BRPFRIEFELF ~ ¢ ~ WO RFI2 § %052 > TER A% L 2877:391C ~
29.46+3.55°C ~ 29.95+3.73°C ; T 1aip ¥ B ~ 4| 5 50.48+13.34% -~ 49.88+9.57% ~ 56.79
+13.89% ; T 5k i# & B 5 0.39+0.46 m/s~ 1.32+1.21 m/s~ 0.35t0.50 m/s- 4 457 fF = L
MERFIBRE T F P 2 F g ideT



(1)SO, ¢ NOz 2 ik & A T

d & 17 @ ~MIANEF FRFZEBZF P SO kR TIi2E A 45
3141662 120ppb > H k& =k~ % 7 051 % 541ppb~0.54 3 4.28 ppb &2 0.09 X
4.42 ppb; NOy ek & T 32 p] ~ W] 5 31.27 ~ 16.65 ~ 6.11 ppb > #H };fiqi“ Fl % 549 %
151.46 ppb ~ 1.63 1 45.36 ppb £7 0.24 = 24.53 ppb -

Flgt o d %’zﬁlﬁﬂ%ﬁf% REVUFER(BALA) A2 FREnEr RRFERETF ¥ SO,
"’b‘i NOZ —V/%ﬁ ﬂ—\l/(rg i‘a’ /u F_ ?\?>"} i‘a’ /u F_ c|§‘:\? 1'4«*{13’ /u Ei""? ’ ,E);?IFL
NO,chik B » 4B QM BH B 5 MU B FR5R SO, kB R LMl ing

B HRTIZ IR o
QE  pls BekR AT
ABREGTEL F

4427 BRUGES RREREZF ¢ THREIDEBREFHE LT -
LA pe et 7 kR T 5% A 6 5 158056 8 1.28 ppbs & it & ik B 74 0.25
% 4.87ppb> I /za g& m};% R §° % 012 3 2.14 ppb A fk crik A = F17%_0.36 T 2.98 ppb-
INEFRRUENEF FREARE L F 7 TR IR AR E S TR RS
bl U mﬁf&fa@gﬁu Byt Aok R TEEBER A~ B L 211070~ 1.88 ~
18.47ug/m® ¢ 49.50 nmol/ m*» & 45 ek & # FK_0.48 3 6.26pg/m’ > & A i g+
kB B F025 1 252ug/m® > BB AT chik B 043 1 3.94ug/m’ > ARkt
+ ehik B B 7.28 1 78.86ug/m° > & 4tF Pk & F1/5.46 1 141.25nmol/ m’ -

B.® 21

1F°1ﬂ

%

§42F a0 ¢ AN EHE RREIBBEF Y TH ST B R F M F
IR fj’g B ﬁ’gz\ Tk BT e A w5 1.5540.46 27 0.95 ppb: # it & m/}}?‘f:‘iﬁf’@/{*’\089
% 2.58ppb’ I /Ed ﬁf& m,}; B ## B 011 2 1.28 ppb #¥ ik sk & # F1/4.0.19 2 1.83 ppb-
2 A AU EE FREARE S Y B IR F S TR RS
bl U ﬁ}’j&%’@éﬁ_—% BimFiamkR TEER AW S 169056142 -
14.95ug/m> & 42.490 nmol/ m® » & #t+ ik B § /€ 0.56 1 3.44pg/m’ > I A e g
ik B B$019 1 1.21ug/m® > A E R4S ik B 027 & 3.26ug/m’ > FRpite
45 ek R B F65.25 1 30.48ug/m’ & 4t ek & § B 2.94 3 141.60 nmol/ m® -

CH2iding» %

d 227 MAAmBEE RRFRE %‘7"t‘%ﬂéﬂ:ﬁ'ﬁﬂﬁféﬁ’i'f“}%%&l‘jgﬂi‘
LTApaME LT kR THEAS S 088036 091 ppb: & i+ & ek & § [/ 0.03
3 3.04 ppb I A FE ek & 45 174.0.03 3 1.13 ppb & f sk & #= 174.0.05 3 4.60 ppb-
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#1471 nmol/m® > & a3 m}a R gsv @“\O 06 = 6. 66ug/m » TR frx%w,ﬁ—:“ m);e quia R
0.18 = 1. 16ug/m » il ﬁ’ 12 éﬁ-"’ m/ﬁ%’i%@lko 01 =z 389ug/m 2 Kﬁ’x*qﬁﬁ-"' m/};&f:‘i#
B4 031 & 25.65ug/m’° > & 3+ ik & > Fi€_0.63 1 117.44 nmol/ m® -

Flpb o KF e ERSEETUFR(BAIB O A B REE R RIEF

PR BER, ANFREGEF TP REGEF F>MRIE N

T o K ﬁq—\} B ER BRUGEL FEEINOERIMRAENENR RT3 8
Edﬁ’gﬁm,};‘fiﬂjkl‘{« RERE R HFe25 B 20 H v R F R p Mok ank R R &

HEABREGEF F LRI EF FP2B REFIKEEF Y ERAN - §F P ks

B MR B R BB -

oo
e %
T oy

FRRFOFEREEMN IR E S LT UF (B 6 1 B 11) fﬁ % (Y gz
b b LT FLRFITEEIOBRMEFBER AR ATE kg A H B I 2k
BR%EE(F A mER %% % H9275nmol/ m*; & % H':96.03 nmol/ m®)t 4 % (23.59
nmol/ m%)& 2@ b B W pEFMEHR kR EMNTHLER - AFERF S 2

TR T AR 1A R 4 AL L EANRE B S S AT PSR

it o

2. B4 pl iR

AFEFZHEH AP A FIEFLRAEY B8R 70 27 24 [ FhET § H#%o

B A0 BREMEF BB AEEERANNE 67 B SO NOyenz F A o 3 ~ ¢ K
REMEF RS FRBAERBRALSYEL16B 12 B2 12 B 5 SO NOeh%
F AR Av\‘;v'J,ea 27 ~19 B2 21 B -

(1)SO, ¢ NOz 2 ik & A T

d 417 37 MALAEE BEL 7 SO bR T 0 4 u L 261204
2 0.63ppb > HiEAR#F A = 5 049 2 6.54ppb -~ 0.25 % 4.64 ppb £ 0.01 & 2.25ppb ;
NO, sk & T 32 E R~ %] 5 24.30~ 19.83 896 ppb > # k& # ¥ = 8.75 1 59.84 ppb -
10.52 1 59.87 ppb £ 2.32 1 19.93 ppb -

Flot o d 1 RS PRELET UFER(E D) A FRATES REL R R
B SO % NOp 2 b > MAE M F L mER >0 LM EH F > Ml i g

Sp”"b‘—igSOgm‘/}Efi’ftr—g 13’/,.1 ?\:pl"&*{‘g/uE"""?\?m4]”Nozm/}E§EJ
ML AR R B3 8 £ 7 2 SOy 2 NOy ik B $5% ATB B 7§ & 1R E -

(Qf # peltf Mok A H

66



A3 iy

1F‘1ﬂ

%

4227 FREER R R REAIIOE RS EE E > DA
B A TR R TIBE A VAJ » 3.64~0095¢ 115 ppb - & it & k& # FL0.95 1
7.02 ppb » I A FE r’v’ﬂ;‘}é i # F7€.0.39 T 1.95 ppb » A & sk & §= #17£ 0.36 1 2.62 ppb -
I AR AR BRI R AR F BT AR AR e
Fatldp s 2 g g3 Lom ek B T IHE R A W 5 9.0(’5\0.95\3.80\8.70;1g/m3.,l£i 14.54 nmol/
m® . & 43 kR P FA_336 3 2597ugm® s LA AT ok B B 0.37 3
1.63ug/m®> A pe 424 ik B § F76 092 3 10.70pg/m®> Fr k14 ik B e F74_2.56
I 21.46pg/m’ > & #3 ek B g R 7.75 2 23.63 nmol/ m® -

B.¢ %ii;

1F‘1ﬂ

%

d 227V P QUG EF RFEI R TEEINOE B REFHUE L TR
SRR AT kR T 0E A u; 5297059 & 0.72 ppb > & i+ & ik A §# /095 %
7.90 ppb » arwafr; r’v’ﬂ;‘}é B #0017 1 1.64 ppb » A e sk K f° F14€.0.21 1 1.73 ppb -
2R MR E R R TR R TR MO Y & S LA RS s B s
FaiRapF 2 4 a3 A n ehjh B T8 @E R A %] % 5.80-~0.91-1.88- 7.53ug/m® ¢ 4.56nmol/
m’ > & 3+ ik B BB 158 I 8.76ug/m’ 0 I A4S chik B B R 038 1
1.43pg/m® > A A4 ik B § /€ 0.63 3 3.35pg/m’ > Akt arS ik B e 74 3.95
i 15.48ug/m’ > & 33 ik A Fi€ 024 3 2259 nmol/ m® -

CHrIdinEr F

d 227V ML Er R 77 THEEINOHEEREF BT L s TR
B F o AR R T E A ‘%'J 5 146~0.32 & 046 ppb - & ©* & k& B FEN.D. 2
2.93 ppb » af“ﬁﬂ']z‘rﬁﬁﬂi}éfiéﬁéﬁjio 10 & 0.47 ppb » A e ik & 4 B N.D.Z 0.79 ppb -
AN AMIEME R BT E D RGBT s TR RS A RS e
;’.‘&Jf“éﬁﬂ* BigsAhkaakR THER A5 415046173 638ug/m £ 1.11nmol/
m > & i m}alﬁ#@;{af\ 1.99 = 6.83ug/m s TR RS m;};fi%@,{,‘»\ 0.19 =
1.08ug/m® > A A1 ik B § 7€ 0.36 3 4.78pg/m’ > Akt aeS ik B e 74 1.80
% 11.80pg/m® - & #3 ik B 7 0.10  2.40 nmol/ m® -

Fpt oo o B3 R m%,:ﬁi-‘;c MER(RAL1LIA 2 AP RRRUEGEE RF I T
“Lr%k%t‘lﬁ’xrj' Bk R IUFILUELNEF F>?PIEGER FO>MILIREH
B RAHE IR IOER BRUNEY ROTEEINTERAT MR ER Reh14 &
IR W AR R A 9B LR RS KL AR R e 2
RS REFMOER T L E R IR R B3 LTS
MEHF LEF P EMEIANEE R | ELEE B RE o Bor o ﬁ’xrj'*}‘ Wz e b B F
ZRFIZRE Z AR o BRG0P MRIERE R FORFIEGE RS L RE R
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I

k
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3% 2(30%) 1(15%) 0(0%)  0(0%)  2(43%)  0(0%) 1(22%)  6(2.0%)
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213 A R RN EF R F AT R 2 e R IR B R

% 2 in g *(n=135) ¢ 2 g % (n=97) %2 i jnE % (n=75)

& ek R KkE & ek R KE £ & YR k£ PE

k= #(%) 477 346 54 123 453 274 126 147 300 429 129 143 0.095
%=, (%) 406 422 39 133 495 242 116 147 235 382 206 17.6 <0.001
8k (%) 885 85 15 15 844 125 31 0 71.0 203 87 0 0016
Bl (%) 924 76 0 0 90 4.2 1.1 0 786 186 29 0 0.005
e 8 (%) 712 235 15 38 734 245 21 0 681 250 56 14 0.2%
B8k (%) 952 48 0 0 947 53 0 0 829 129 29 14 0021

76



2142 pidindE R f’?“%’%fiii PR R B R R
% 2 i % (n=135) ¢ 2l in % (n=97) % 2 1 57 £ % (n=75)

A dEik YR OKRE & MK YR OKRE B kR YR OKE PR
mfokBEER (%) 484 367 117 31 467 326 185 22 323 400 169 108 0.054
FERER (%) 416 432 8 48 529 247 200 24 254 286 302 159 <0.001
FAKER (%) 878 76 38 08 80 77 33 0 721 191 44 44 0024
FEBER (%) 938 31 08 23 968 22 11 0O 86 92 31 31 0118
il B B (%) 729 208 47 16 775 157 56 11 721 191 74 15 0951
RABKER (%) 92 40 0 08 9.7 43 0 0O 8.1 104 45 0 0019
215 2 PR ER REFHE T 2 P oer g gk ot i)

® £ % (n=287) # i g % (n=163) %23 R % (n=314)

B EKR YR OKE B EK 'R KE & kK 'R kg PE
mfiok=#(%) 498 284 95 123 665 252 39 45 554 344 49 49 <0001
BE=# (%) 582 244 76 98 613 284 45 58 585 298 60 57 0.293
R # (%) 805 144 43 07 864 136 O 0O 836 144 16 03 0092
g (%) 914 65 14 07 95 52 07 07 921 66 13 0 0806
il (%) 764 193 32 11 863 118 0 20 844 140 17 0 o011
B8 (%) 8 108 14 07 967 33 0 0 93 90 0 0 0034
#16 AR BB FAFHFTE 2 L ARG R RV R

® £ % (n=287) # i g ¥ (n=163) X2 jn £ W (n=314)

& Ek YR BE # e YR FKE & kMl YR KL PE
mf-kBEER (%) 530 274 128 71 727 168 63 42 589 305 98 07 <0001
fEKRELAR (%) 613 245 88 54 66 184 106 5 626 252 112 11 0085
gAkER (%) 832 104 52 11 887 93 0 20 8.7 95 34 03 0082
FEREER (%) 927 33 29 11 9B5 2 26 20 93 37 33 0 03%
e od Bef R (%) 801 150 37 11 904 62 34 O 876 93 31 0 0026
BABKER (%) 80 99 11 11 987 13 0 0O 915 64 17 03 001
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uS*min

30 1
= (Cl y=0.5982x +0.0754 r=0.9997

25 NO2  y=0.3665x-0.027 r=0.9996

y=0.292x +0.0011 r=0.9997
y =0.4434x - 0.1655 r=0.9993

ug/mL

¢ NO2 y=0.3501x +0.0022 r=0.9999

0.25
0.2
0.15
0.1
0.05

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ug/mL

B2 5 A b i £ 4t

Aera(us*min)
2 -
1.8
1.6
14 r
1.2
1+
0.8
0.6
04 r
0.2 r
0

*® SO4 vy =0.3579x +0.0684 r=0.9993

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

B3 Fepidh b £ 8

ug/mL5
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Concentration in the air (ppb)
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MAET: foh B AR R BT R F 23 2, #3 (HRV) 8-OHdG

Abstract

The occurrence of childhood asthma has been associated with air pollution in studies.
However, it remains unclear as of the specific air components associated with the disease
among children. We conducted a study in Taipel attempting to identify air polution markers
that may have association with the disease. Based on the daily traffic density, this subproject
divided Taipei metropolitan into 3 areas. high, moderate and low density areas. From each
area, 3 primary schools were randomly selected for a questionnaire screening survey to
identify students with the complaint of asthma. The parents of 4952 students from 7 Schools
responded to this study. A case-control study was designed to evaluate whether asthma is
associated with oxidative damage using urinary 8-OHdG as the marker of the stress.

Among the students responded to the study, 17.7% (432/2440) boys and 11.5% (289/2512)
girls had been diagnosed with asthma. Students at schools in moderate traffic areas were most
prevaent with asthma (16.5%) and students at schools in low traffic areas the least (13.4%).
The prevalence increased from 11.8% among students living in areas with the least air
pollution to 25.0% in areas with the highest pollution; the corresponding odds ratio increased
from 1.33, (95% CI =1.04~1.70) to 2.13, (95% Cl =1.17~3.89). Based on case-control study,
the average urinary 8-OHdG levels of cases were 5.97 ug/g creatinine, controls were 6.16
ug/g creatinine, but there was no significantly difference.

The prevalence of asthma was much higher than the prevalence found in previous studies
for children in Taipe city. These statistics represent the rising prevalence of asthma through
these years. Furthermore, the prevalence of rhinitis approximated to fifty percent in the study
subjects. High humidity in Taipei city might be associated with high rhinitis prevalence. This
study showed that boys are at higher risk than girls for asthma, rhinitis and eczema, but these
gender differences remain unclear.

In this study, we found that children born to mothers with heavy smoking were at the greatest
risk of asthma with an OR of 7.49, much greater than the risk measured for traffic exhaust
exposure. This finding implies that maternal smoking has a greater impact than from
pollution in the community on the asthmarisk in children.

In conclusion, the year one survey has demonstrated that the asthma prevalence among
school children may be associated with the traffic pollution. However, the further research
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will be needed for realize the relationship between diseases and potentia risk factors.

Key words: asthma prevalence, case-control study, traffic density, human rinovirus,
8-hydroxydeoxyguanosine

al.
=h

v L2 B }ﬁw - & WHO (World Health Organization)2003 3% 4
,$ﬁ$3@4ri$ BE D A K20 TR fALEE A LT
R A Jri‘%]a.ﬂl FARPS o F R OE FFELFFD AR D H e o § e
'lt:‘_u RHAL - BER2ZOEFLRI(0) -

1.1.1 § whenE &

FvhEd v* # Mo 53k (eosinophils) T # = (Iymphocytes) T < e (mast cells)
L HfUib»LE’;‘ X - ﬁﬁl!“ﬂ‘? Fioow B3 EF TR (80) o 2t KK
f@;fﬁ%‘rﬂ.&ivi GO A A ARR G E 2§ GRFEF b R g A eE g i f ke 3B R AT
& (hyperresponsiveness) 2 IR % o 3 {0 & fh FlE 7 b oz 3 /i 7 (mediator) &
fm¥e ek (cytokines) - Flm H 3w F i i A 4o 0 LW (Mucus) FEE oA g (k) H
fe 0 Tfrelcipe g4 (proliferation) @ F FEAS®) 2 F RERED AL o F
PR TR ST AR RS Let g g 0 6 (F e iy en b K AENTR R
20082 TR efTig o R Flm R R o B A PR - RS R R L3RR AR
< % (80,94) o F izt it “,f*‘v??» FiRgls AL B - B2 FRER T E

_1

#F ¥ 0 ;C’mfri%zﬂ mi g - R B2 E - BRI RASTEREA 2
He k8T F vh o F %%"éﬁ%"r" BEeEE 2w P LTRE L FEROF B R
Bl awh g it et Ea g £ o 2% # itk 4 (pulmonary function test) > £ A1 w
FRAR 2~ P g 1 0% 0B (obstructlve pulmonary disease) - 3.:1 3k 2.1.1 & #73& T2 J
ARSI o ArE e S e TS chip FORdE (94) -

Forhow (FPE B B e 5 %% T "% > FEV (forced expiratory volumein one
second; H i 3 o~2) 2 FEVUFVC (FVC: forced vital capacity) B o % A% & i% 5 wfex
;gﬁ;lis g ke FEV1 & FEVUFVC 57 % (FEVUFVC% <70%: FVC% >80%) i*
3B 4 e ek A e ?leﬁﬁmfﬂ&(ﬁm%<%w,mFammm
¥o2mRRFTREFERgrep g4 S g Ra iR § Reopk
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(restrictive ventilatory impairment)(82) o ¢t *t » & § "g EX ars (bronchlal challenge test)
BAF RS (bronchodllatortest) TE RNFEE R enT i o FRFEK R LS
&3 (methcoline) ~ ‘e 58 %% (histaming) = £ 8 i« iEactr ?‘rw » FEV1 ™ % 15-20%2 + >
% i?ll—*ﬁvs./\isﬁ B P SEA e FEVL ~ 3 15%m F #l = G § +h (80,82,85) - @ EIB
(exercise-induced bronchosapasm) » & # % % {5 % IBBfFé’F@FJ‘ﬁn FEVi Eant & > i
H| T2 ikgy o - ﬂ"lﬁi“;/)kﬁ@,ué R & ?#%&E‘;é,% FREBEZ N TS E L E XTI
CER LR ET R REREE KA BETERNTIRABE I B oL
%*F IR R T A
“f TfRA L ET R PR R F Y KB G F AR R BRE R o F L0 ISAAC
(Internationa Study of Asthmaand Allergiesin Childhood) =& # & 2% it i* ¥ 2 ALELA &
FEEATE S F rﬁ.&*’ﬁ(??)) 0

1.1.3 F v en e 7 5

My E? Frp - fites ¥ Lo a0 o 22kE 260 5+ AN

Lo Fohetig ¥ (61)- £ FApE 41k 2003 £33 &% %4 0 18.9%:0F ¢ F 4 § i F

ARELILE LG 0 2¢ 161% aE‘EI’l”3~pSf«F+’JF*{’m£ﬁ pavivE G §rden
AN RRFO- EPNF Foed AP MR IF—*‘ i3 37.9% (43) -

AR REET ST L F A A 3041 r L A AREY (66,75) 0 @ hf
vh B P 15 R T 52 F @ % (553 1995-1997 At g 2 2 4B% (35) o e atiT 10 &
Kb 1EMTRTEL T HATFL FrfEd 12 B pF AL b E
Wk 23 e T H 3T g enfba) (35,45,54,57,79)(% - ) o SR & 19881994 &
515k 228 g e 521 24%m 1994-1997 & pld 17%T "% I 12% (35)-Poulos
etal.gd E= BrpiAy 2 AR ENBAmont 8- 11 AE T BT 2T 0 BT AMD
$TR G F AR R F e Bl B2t 1982-1992 #3302 S B s oa 1992 3
2002 # B 4 | d 36-38%% 28% T "% 1 30-32%% 23% (53) o gt 1 X it W RITE F
e BB T M R E TR T 10% AR E T % E 29% :H*“§f
EEZ RSP AT LR o d MEFTHN TR EAARIR > FIP G BRI RER
LA B o F R SR T T A R F AR TR R - 1994 & A4 12;;&;
EAFBREB O FRFGE I e oS E S e 2 2 a4 6L 16.8%, 12%,
11.5%%7 4% > o d i § miﬂmﬁi:f, FERAFERM VT *p N FRRFIREE AT
BF3 2k §RAEFF T IHFALR B) - L hFd T i~ BWEF TPE
RREF BiLiFfBEAF7au AL Nh53 (80)

1974 3 2002 £ 44 AP B EF2Z AR FFRAARE P R FrHF A
d 13%+ 23 810% > 30 & 21 9681 (A-) B A, se s
BLZ ] > 1987 ~ 1994 12 2 2002 & 2 F ;%,g«ﬁ B 5 2.19% ~ 3.54%: 2 7.0% (78) -
1993 & 2 1997 &£t S m 6-12 523 2 4 ;%;g« Fa AR 2 4B% (1993: 6.46%
= 3 1997: 8.45%)(69) - * Flf vh & i T} Fik £ A 4e > 1994 & 3 1999 £ FF 7
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Fos P15 2 FRELZRF 4S5 76490 7~ & Ao & Hef 15 & 3 e iR
LN 1<15;§~<m4ﬁ BEEELRS (93)-
B v*’&f«UJmﬂ% L5 Epan g2 nE- FlF 2 % k2 (48)-Lee
etal.> 1995-1996 # 11 2 2001 & £ 4R ¥ 2 e FF A A XM G FFEE T
BB R S F AL foRF Ao ud 454%2 951%F 2 5 6.05%% 11.44% > 11 4
PEABB TS AR R AFRR ARG A PRI XA AT F RS B
DIFCS 2 3 e f e B S AR o T @ e b e R SR R A A
1o FEFES LA 1B1C ) NP DEE R E S R FREFFEH LA
1.65%% 4.85%(38) « Flt v icfRfR e B (T A 2 A2 d AFSIRE TS - B

SR S AEA TR R e S A B AF e 3 F Y 4 4533 (89) -
- LRI FRHEES

B e E& () FLIHE (£) GRS

dRHAx+p -9 1992/1997/2002 8.3/9.8/6.4e 14

B ke I 6-7 1995 and 2001 10.1 and 11.02 53

KotaBharu (5.4 and 4.3

13-14 8.6and 9.02

(6.8 and 5.7°)

37 nt 6-7 1994 and 2001 16.6 and 10.2° 73

12-15 9.9 and 11.9°

R 10 1992-2000 49105.6% 78
(9.5t0 10.5°)

S 5-15 1988/1994/1997 7/17/12° 34

g 12-41 1994 and 2002 6.1 and 9.2 66

-4 -8 1994-1995 and 1999  10.7 and 13.3° 44
(6.3and 7.3

BHEE A 6-7 1993 and 2002 28.6 and 25.5° 55
(27.2 and20.0")

K 11-12 1989 and 2000 16.9 and 35.7% 74
(17.7 and 22.0°)

EN 0-17 1981/1986/1994/1996  3.7/4.9/6.0/6.9° 1

1997 to 2000 (5.4t0 5.5)

a. Asthmaever

b. Wheezein 12 months.

c. Hadasthmain the past 12 months.

d. Doctor or other health professional diagnosed & had an episode of asthma or an asthma attack in the past 12
months.

e. Asthma, bronchitis, spastic bronchitis or allergic bronchitis.

f.  Doctor diagnosed.
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+ -

2, > S - 2,
CRER R & W - )

= e FREET )RR
1974 7-15 1.30° 25
1985 7-15 5.08" 25
1991 7-15 5.80" 93
1994 7-15 10.79° 94
1995-1996 ~13-15 9.51°¢ 37
2001 ~13-15 11.44° 37
20012 ~11-12 13.1° 91

a ¥ L% I TR

b. by questionnaire: physician diagnosed at least 3 recurrent, paroxysmal attacks of wheezing and
dyspneain the past 12 months.

c. by ISAAC questionnaire

R2E F v oe B A XTIFiRREATHEE (0) 2 FREREFEEE (88) - HiEY
SN F o E Y BRSO FEY X (403%) 0 H = AR (258%) % % =
(16.1%) > & = &> (96) > @ 1996 £ & ¥t o4t 7 W A8 F2 77 PIEE T § e w74
TR EAEDFE RPN P ERE oA 5T E M58 P FITA RS
(86) - Kao et al. uﬂ*as;&mw_gcm PURg B I 4 % (11,12,1 0 ) 1
127 v o deg o m 1315 AR ZA R A B304 R 2 X IR FHEY o T a3 48
EWHEFHN RS IRPFREEAPE G AA N FRFFEDHLTHES
Yo 16K FAFTREP LRI ANKL > A2 117 B F (88) -

H%Bﬁﬂﬂﬁ*ﬂ’%@ﬁﬁf L A REAFTAFEA LAY AR
7% (3.0%-29%) m% - ¥ ST 30 £ kF f}érﬂf‘l’?iIﬁFJ:‘L
?‘F-'L 1—,'?—'}{]"37% ivarid TR B ;{%"’;bfgg\lﬁ“ &f—r K3 ST
CF v 2 TS R = RCACE N D

4 §F vh g FlH

# %'*’ﬁ‘«‘fﬁﬂ%’ F]¥ 4 5 ) F (Intrinsic) ~ ¢F FE (Extrinsic) 2208 & 4 o 3t TRk
BRI NIE G A N l’]]% Ceh o v PR & 2 \L_I”],ht_/, B3 (87) bL"Eﬁ ROF (2
WAH) Frhi&d A o B F/%ﬁ@f”%ﬁ’b’l—i—i’é;\; o Bilde @ T EE A AR
2AEH R TS A Fod o EI (El) FRR 4 AERR TR Y o BARR
T A Aok KE - B B S ok
et ug o ﬂ@b‘_%% Wp R FIge b B R o

1.14.1:% @ 7%
EoL st 1988 E g ¢ gy 0 Felmd ¢ 27.5%:0 Y {447 20.6%:- 8
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vk poRe (84) o Hamisetal i o spie 7w i iting R BET L H R H B FS
fER R G 75%> ﬂff&ZS%E'Jﬁp?rﬂ%-“ﬂb’f%Fé TR R BZTRBF]F (23) 3 v‘[f&
#;, ' 28.3%F 2R chk A 2 - B B @A N AR RS @R g A
Bl R LR Frh @A s (85) - Hwangetal # 7 @ Bm - R * B Bt R
HEFEHPILFREFF 2 R 5 272 (27) o o Ay B E T o @ F)F
FHREALFERES c TRREIRBFF A A MIAT AR LY FTER
~ B R AR R e & 0 A T AR R L o d 0 F e (T dlig e
T g RS R AT b B E RS 0 P E kel @R % 1
(genetic susceptibility) #]+ 5 B2 %+ H:]‘U,g\, % B (B2 adrenergic receptor) ~ ## % 3% 5+ F]
=+ (tumor necrosis factor, TNF) ~ ‘m#z jic% 3k #]3¥ (Cytokine gene cluster) ~ Fce RI-B 12
% Glutathione S-transferase P1 (GSTP1)(82) -

1142 v B F %

hh v BEE L ES - PR s fE% 2 AL = (socioeconomic status, SES)
B o B FNEAXAINEE LR S m M (27,3844,86) o gt vk > BN T & F el R
P ORGE BT F R 43 1.2-3.0 (27,31,38,84,86,96) o [ ¢H F vh B 7 F R g
ERI FA i) (21,3961) 0 RiTEFRRE I L SR NI L F g 754
Wz A5 (15) > H 1~ P F el B 7 F R 2% (+/9 =1.4-15)(44,66) - fa % 5 B
Lyehwpd2 AvEFE2 - > Meaklesta HERF P 227277 5587 > 7 &
1A R E 2 A BB (213%) 0 H v A(193%), PE T 8 4 (15.6%) B
YR AT AT TRFEFNI2B P W F e A (T g (T el By
BT EEAEM 2 AEG AR4p (FFLT B 129%; 2 4 168, v A
17.0%)(44) - Gold et al.12 £ & 4> 7-14 % 08322 & v + /] 3222 1056 & 2 * /| 3%
f«i@vimﬁﬁfﬁaﬁ«rmﬁé HE B LR 2 AT KERLTFF CRBREBLLFY
BRI 2ALE mE R A %32 frEFF (OR=1L57, 95% ClI=
1.17-2.10)(22) -

ARG A L F RN S A KT RRE TR RE
FAPZ AR O OEERARTBRAFIT L FRE TR (27,38) £ <3t 1998
AR CEANe BT (AR F A ART) R ?.a_séﬁfﬁ = I N
BRFHEAFEARTAAEEIN P2 > ERMFeEFATRA AR (98) o f2r

FATHFRIAALE I”rSF]qu SRR (2)-

11433 42§ = 4%

gt R 1 E T HRB AP AR o HHRBE T M E RS £

S FEAAEB TR Barnettetal RN BT WIFEALZF RO LSRR LB
£
P

%4 L R0 NOz~ PMas > PMyo 1 2 SO; 22 523 i 2 i B3/ 2

\4-:4

3

97



(5) - 2004 & F i ag 473 4 5 (Spokane) 20-51 & 4 &2 7-12 & 2E R BT AL
Bkt § v S R 2 2 M Y B IR 08 3 H R R PR A
o g Bl G AR ML 2 il (PMy, PMzs) ke foe g T eE R g R R G
PR AR e A S AR ABERIERAPM I 1T w2 E 1S X PR R RS
S AR B2 e g e (44) ¢
TRENRA A F AR ARRE (R ~ER Y R FRE) ERY HF2 FrEF
EFRERPELA Y FREF ARG B OF AR TR AR
s E b Ax g (Bcd 7 4 OR=18, 95%Cl= 1.73-1.95)(86) - H »* 1995 & 7= i 1\ di
F oML R PR 2 S RS RO iR 2 L
MAFLAFS s B2 Mg RN BFRENEREIIFF IR IERE R
PR AT E L P (p=0.0001) & W 1214 AE A A XN F AL R FS K
% i £ (p=0.0001~0.0019)(85) - 1995-1999 & % 1+ « FIFIf b4 F AP F oo L 7
FLAT AT T ¢ dg o F mﬁfl“fﬁu%g" A NGO 2 F RE G LAPK 0 T PR TR
BNO 22 F 2t FRlf & ffmﬁxxiiﬂ#ﬂ (88) - NOX ~ CO ~ Oz it % H22
rhARRE o @ SO PMyo Pl A i 33 Bg % (27,80)° 2 < 97 7% B ILAF ik % > NOX
BCOfEL R AFrrMmipht > &' 1 17.3ppb NOx & 326 ppb CO » » %]+
§ 2 ot 2 ¥ 5511 0.88%/1.17%% 0.509%/0.84%:75 v 3 2 5 (27,82) ©
FRA AT 200141#?-};«/%% %" 614 BB FRARAFAAERELET o HrFa

P »% }f&f rs’““’?ﬁ“ I B FSEF D A A 2 AR
BARAH S HE S AR AR R BT :".‘}‘;’KT* ’Lﬁj_iiirsmﬁ'ﬁ“ L ORE L5
B lﬁ?gkiir’fu EEL (9:104%; ~:879%) 2 S L E: (5:9.69% ; ~:6.78%) F
EFFRNHYREAELIENS D (ex: FD ,5’939%,"*-591%) mAe 5
ABA AL T F = Adpth s T 0@ fr it i« 304 hfk (89) 0 Flpt f wh F 7 5 e
BE AL PH W F] S R

1144 7 p kB |+

EERBERNFLAYY > RN FE B4 pE £ & o Cunningham et al.>t
1988-1990 # £ W& 4 £+ 811 k23 Fri &= a2 ApM AT ¢ 45 SAPH 7
FREG2ZFGEHT RS SR TR E o~ d oty ’F%’m,u‘,,q}fu&%éf;\ M
gL G A b % (ORA S 17,16 1413 i § £ B2 57 30 § &
FE TP A S (95) HIFF aaEFhErg mers (85) » 4w ipl

f
FlaiF? REEFIFT AV ZEF AR o RFDEFL mF SRR D J,Ifu#éﬁww
55 Wik o F= ﬁ; ﬁx#‘%ﬁid;ﬁﬁ’ v AR B E r*_]:* FEMNPER (3
A (3% (33 wmAE 3 (52~ sk A (3352) - MR g & (33,52,70) -
£.4 (33,52,59,70) -
Lt B F e B A R BT 1 % > Dermatophagoides pteaonyssinus |
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WHEEE LRSI T AR B TR RSB R P L dp 0 g A
F ek EATE r@;mﬁx g iR £ (2ug/g dust)(83) » AT A-lB ¥R 01 :,7 e E
B2 o BrE fﬁiﬂiﬁﬂ:;iiﬁﬁiﬁﬁﬁzﬁaw,u*g\zal PRl A
R sk 2 B % T 903.4% 0 ik % iE 90.2%(81)

125 it 24 ik

Bl- 5B F]F 25 pm2 M OGRI(SL) - A ARE K B d 2 Fal g soH E
(biological effectivedose) ~ # 4 12+ A F1 5 J » bh”fﬂ HIEE AR § ‘%1‘;&”&’ i T
Bt A m b 4 o HvY B E AP Fiad ke 5 8-OHAG p| 4-¢ e

B o

12.1 8-OHdG(8-hydroxydeoxyguanosine)

8-hydroxydeoxyguanosine (8-OHdG) ¥ * % § ¥ DNA § it i} & chdp ik » 8-OHAG -
f8iE 12§ 48 (reactive oxygen species; ROS) #f DNA i & i & ehac g gtk > 5 & §
pd AEAE LeEeA(Quanine® 8 BAEF @ A5 o X4F T G DNA i p “-5;@”%*&’93
37§ &2 kg L B-OHAG & #ie 1 e ? » ! HB-OHAG § £ 7 115 ph DNA
AR o i3 4 A5 (19,58) 0 & % TIE S A~ P fe BMI @R @) o 1 ¥
TR RIF IR R RS I ek R B R 8—OHdG kR
WRIRE - AP F PG ITARR S AAFEBRES B Kd AHE R RSB D
8-OHAG #: ¢ I frik? - b 3P L HME G ?#’ﬂ Tl s AR e g # P
8-OHdG 7 & F #(64,65,76) - %+ F % &4~ rat &* mice REy & > HPEF 2
biomarker) > 1T 5 A 4 W 2 I e o

Loft & 4 (4% $ 4 % 57 g d FPEFAY > FRERD 2w D

FF AP R 8-OHAG JE & B %0 3Reha B 7 8(p<0.05) » P e CYPLA2 5 {422
FRE R EALPE > LY 8-OHAG kA& § 4p B 4(r = 0.53; p<0.05) - Autrup % * (4)
Happrond @7 25T i ® 8-OHdG £ PAH-albumin adduct 7 & 4p B
(p=10.002) > GSTM1 null type £ benzo(a)pyrene-diol-epoxide (BPDE)-DNA adduct Fo i@
KR EET § AP (p=002) -

1.2.2 § v} 8-OHdG

8-OHAGH| 5 § * § T enfath » 4 P THH B L Feh2 4p M o 4 > 8-OHAGF
Wrg S fef b ipll & A8 FEF R o A FFEBRAFRETF TR o R
7 0 M8OHAGH : t5 18+ 27 it « fuR8OHAG: B % J & T4 » frHRVIE 11 I 12 7 4
TEFAERL AR AR A
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biomarkersof biologically

exposure  effective dose biomarkers of harm outcome

surrogate marker in
target tissues \

<
target . target tissue
external target tissue tissue targeitrtllssue changesin
exposure internal biologically biolo ic; and mor phology,
assessment dose effective enet?c offects structure and
dose 9 function

markersin surrogate|/.===-""""
tissues

B- &E k& F1F 252 B T modified from: JNatl Cancer Inst 2002; 94: 1435-1444

L

BRI ] RS R A E O S RS Py
Flo FE i ez FAANT NG R{AHPAASAF BOAR T c AP E
AL mﬁﬂi‘ ﬂ—\}‘g" ﬂfr'l, feay- S A 5\)3 B %] o j\jirb S ;‘Lcﬂ B3td o 7}\—-3-‘:‘-‘-

TRBPIAE APRLIAT A LE P M VR RERR - F - EERER3
MBS ERT FRDEL oa FRAMA LY g2 SRR LR
FrRRAE AT EAZRE] oy e REE R PR RGO FMATA RIS RSP
FURREGIAHFLFRLTRA S RFFLFRET L A2 LA g o lire J
2FAY e

FAFY P G

L BAAF2ARB A R 2E 2 FE R B8 EaR - F G TR
o

2. I BUHBFEIHEAFAFL LI G MR F AR IR F g
AEBFHEEHELAN  BBBYLE LT (v

3 BFAAtEM TN L L F AR TR S R B R R AR
A AN R TS L TR .

LEAH AR DR L TR EILSEFOERFA)ELE
FREZAR T2 % FrdiFie R % o i2nm J‘l:},is PEHRBEFT o AW EF T H %2 f]\
o AT RY A5 DNA T 2 8BOHAGE R ¥ P e & H 6 33 B HE TR
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- AT F AL AR MR R M

LAFPEHE* 277 3 28R T
AL ERET A IR EF ¥ - PR - S ISAACRE X3 8 > 52 454
FF RS E R 0§ 2 PR T o B R AT F (7 0% 8-OHAG -

3.1 AT % g B

D #EFIDAZIR AL ELH  TPEFFTTHEZER
fI* GISEHA &7 2 ﬁﬁwﬁ;%@%} » B LA H F1A R 1km x1km s e o 4o g

BRp G R B E S F R el Rt R R FRR R mﬁp&&&
(percentile) 5 35% ~ 65% T 5 ® 4 ™M ~ ¢ ~ B B IR g cnikdy o R RPIHED F3HF -
Mot e 3 FRY AU EFTHEADWITIR )RS ZMP FinE e (r

A R & 150 @) o &) EER LR R A ] 43 B1116-142372 dm 0 22662-49777 dmdc

1194-20900 § 2. & o T 3o p F el s 42-48 F o WS AR AR B 2w E %0

Prd B RIGRE S BoiE 2000 4 0 £ 6000 4 0 2T ISAAC F e S o SR 2
riEd - #2543 72600 4t oo

(2 BlHBFET 2 H Al 5

i@—iiﬂi‘%gﬁ;ﬁ?gﬁﬂ«m; —% ]alOlS%’lF rs%:% E"fr’:'&%%f’_‘gé
FHBFE S S%LN 0 F AL 432 4 0 TR G B0%H R4 12 SHMF LD
OR=21 -

_2pgx7.8 PihBITH g=lp
(Pl_PO)Z PLad ket PeMEkBepfins
2-sided Z value=7.8

FIv o 3 g A 90%ehw de g o BRT S 2 A R T E 5 500 4o g bl d BT
AEFRTLS BOCHRRL TG RERBREAY G EF RSB AL T
B4 B ST AR TP o 33 HRV 3R A RI R R £ 48 ] 248 7 3508 5 & B0 4 > ra)
Pk fbled 22426854 7 ?’“ﬁﬁa‘é% SRR e pld § ey g T
"EWHRHPAY 7 EF RN FRLEE o EFEAREA T -

32 FEE* 2 M FGFEL M-

PN R AR Y R lK%%frE"fx TR EB ez MR G
REIRLS QI oD XA pHE Y FoAREFE AES 12 B 0 ¢ oekek g iTaup &
%f‘?‘ﬂi:ﬁ?\ VAT RIZATIRERGE N EBEEFSY v T bR

&~
[}
o=
T
i
!
Dk
(w
—= E)
)
e
=
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FREFEREPFdHEIRAHER -

(D) FLHIAATH ¢ EFLBA2 REAATHE (PPEFE - Fiu 5L
B MEu2 B2 ET RS EEFAFIRG KA RKTRR)

@ BEFERRFLRS SRR YR BRI FARE B R
P A W

Q) 2FEVHR: BHET ~EBVRE -

(4) #5i* ¥R

Foh R
FTERG®RE  GRZBAR  FRp o EACER N B F e d
FHEE R LT GRAR R S TR AT B iR A R R 0 A - E A R
B FFL S B PRI AP PR LT G FEL S
Wb AR Bk DR Rl By e el 2 BeE AR R AT BRI S S -
£ A AR R Bk @ SRR T S 0 02 L E S F LU F
:}F‘g °
@Nﬁﬁ Ufﬂﬁ'»‘?li# ,g\,‘ﬁ] Bim T orgF 4 chgr el ol > R ﬁl ‘7337‘ atgrj,:a -
i p ¥R NEEEINFRLERTLT B

Q /);% <~

=)

@ﬁsl‘m.ﬁjf‘s)
o BCHA R L ARMA (ARSI E AR 2 DR BT e
RAWEF R R EF LRS-

33 F it T a7

331 ik Al B 2 A 4

d?@ﬁﬁ?%&%’@F%&%%P*ogﬁﬁﬁﬁﬂi
Pl EFEH R A HRER ’«LJIJ'"LI‘F Fle AR L ik G2
Fb B o o BT AT F 89 2 AR fe 38 17 8-OHAG A 47 -

Feie fe B 2 50 ml PP (polyproylene) + Fra ¥ » fc b 2 fri th 2 4775 24CHF
Rk EETRRE 0 %5 1-80CE Pl 7 A4 o ik ¥ 2 creatininen] d F L 1 5%
FARE P F AT o SRR Rk &1 10ml Sk * Uriscan® StripFi s 0 1t d 2 iR
it ? ek sk Rl d  RORE R AL 0 T BARR WA Rk T AR
wh o

Frite @ creatinineip] T:B~0.5ml i & 3= F a2 i ta % % Rl E creatinine)k & » &7 p
B it 445 o AR $R & 2 creatininedk & -] >t 30 mg/dL £ % 2 )ﬁ@éj@f,&ﬁ—ﬁ PR A F
fl{:‘l_,év\ ﬁ, °

= F
# w5
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3.3.2 fjit 2 8-OHAGA 45 :

Yo Bt IR
AR 18 8 :# 20009, 10-154 48 4w 12 F “,$ Particul ate matter -
% Fi8-OHAG A

% % %1 A& 5OXlISresearch™ 8-OHdG ELISA kit (Japan Institute for the Control of
Aging)it mAﬁoﬁ@ ® 4] % 555 4|44 % ELISA % 1 #]8-OHdG » % % #-7 uglg
creatinine# 7 o

TR

TR UEXCE® 2 B % 0 USASH BrAAe b i L T2 A A B ¥y
SRz DR AR A GFAER LA R o

341 FrA R {7H A

34.11 it szt

MAﬁi(ﬂ /,,\1,1.)511‘%%;'&\:‘ \rg Qiogn g\ﬁﬂ ff;‘f"ﬁ’ Ar’§é7}-\~\,}l “BMI »
i‘/éﬂ‘g“ "K%%Q"ﬁ/('}%( Eﬁ/&#%%ﬁﬁ%ﬁfﬁ—“g}]lX%ﬁﬁﬂl‘o

34.1.2 » 5k szt

WLl = B2 F&fé‘—%;l"f‘i‘z"fp )fflﬁ’lgf\}ﬁi}?}ﬁi _1’? /
TSR L LK AL GRS L)

BT oo

ARG T A EGREEE R AL R A %'J‘@MJ‘QM‘“?L"%";’““’
f‘f”%&“l}?ﬁl]lﬁz—&fﬁ«— % o Ff'/}ﬂ}%%il}ﬁ%iﬁ&\’}’?“ﬁ ¥
@Ar#§+@£ A8 FRLANE -~ TIed Bk
Y g BB AR AR L) - i
A A ,?@,igpizﬁuﬁ& FRUREoF h AR AT o

34 gﬂg—%‘ay

3A2$ﬁﬁ%p;§#¢ﬁ

3421 5 v 2 A

FARAITEARBEROGITHET L RF S FT 2R ST LR P HELE
PAFEIEW N o BFN)EHERAAATV SR HIH R OB A A T BB
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ERAR ARV EFRY M (2 RiEsL LR (3) £ H8-OHIGHpF
@*“ﬁ’lﬁ%m?rWiﬁ@wwmmm@#ao@@ﬁ%%%ﬁﬁiﬁwiﬂ
FRERF AT o B A ATIIT RS L 2 AP OSNT B HE o BT AR
YA L

343 TR L

FoRa 4T fl* SAS80 (SASInc. Carey, N.C.) %% X #ic# 2 Microsoft Excel
2003 FrH e (7 o ok AR TR AR A T F M A F g2 Mo A 2§ 8-0HAG
$ BB M2 BB LR 2 Student’s t-test o ANOVA 2{7 445 o (RAT § H¥ 2
8-OHAG kM T iaE A 23 Ma & r}}éﬁ_—\:;ry ﬁﬁ?/”\ﬁ KIEHNBBEEBTFF - 2 E
VIRZIPMEGFIFE T2 B LA 1T F B FH A 5%5 ¥ -

S L

411 F 7898 g

S SR 14‘%&%@-5\‘@1'? B %”ﬁ" EER%ITG BAD AT
?l]’}} G|Si§]a§l; 7”"'3 '4 —‘ lrl 2 Pﬁg} o I'] | IH /;;\ 'ﬁg{(pacmtlle) 35% 65%[‘}':‘ 2 ‘?F

S ‘%ﬁ~'aﬂww%°mt“ﬂﬁ%d "dé AEDEAD S G EREFRA
’E_?\‘f 137 B §f‘ I C N ‘rSm&- (rﬂL—HW’J‘—i’—:15OFE'u&)’—/‘?/]~E$Q
Wk g A W) A 30 51116-1423724% » 22662—49777¢ﬂ5$r1194-20900¢rﬁ1 Fo Tiake p B ik

5 A2-48F o MNP S AR PAREREFFAF EA G -

@%qamaga,@imbm§&§¢%@+‘ﬁi%?+§%~‘%ﬁﬂ+°
IRERLF SR SR PSR 2 R R - i
e ) ’i'—JF 10 T $8 % - bfx?i?“ﬁégﬁﬁﬁf%m?% ELP;L‘ ’

412 B3 43R % H %

MERFOELFAEER LB > EFFANEAE o FE 12 BPERERF o
HEFER - 2 ERERERLSBIIA B s T v E RN HER 3BT
Beo 1A BILE 32 A L ARFER 2515 10 FE 0 Fl A7 £ 3iE (T 7040
R

324 /FIx2231/8 ¥ x 10/ & % ="T040 4

413 % - FAER L TR A ¥
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¥ - REOF GRS > 2 4B2 R E vy, §44 TEied %Eﬂ??;é‘%éfr.&*p 3
rho B TS e w5 17.70%2% 11.50% (p<0.0001) - e+ % F ehgp e Bpitidsic > 5
4 76.85% > 4+ 4 76.12%) ¥ ¢b o @ fifd 120 R o FERERFERY A
Vl*"l*ﬁ‘ §2 73 ﬁ’xf}i;’)‘j_ﬁ 10.0% > ~ 2 7] 6.13%7F %M © TR el ENEL VAN S
%@rggp%aﬁwﬁﬁkJ%%¥ﬁé4$’&ﬂ5wﬂ%°ﬁﬂ&ﬁiéﬁm*
AT L4 Ak ?KFEFFF Eg‘?‘;,ﬂc}?‘fl%lil ] (£=)-

2z oM PR RL RN R R F A

7 4 (N=2440) + 4 (N=2512) °*p-vaue

n(%) n(%)
§ad FELOGLT A <0.0001*
e 1937(79.4) 2149(85.5)
7 432(17.7) 289(11.5)
FooepEAErE 332(13.6) 220(8.76)
FooBErE 76(3.11) 58(2.31)
P FEDE 24(0.98) 11(0.44)
B R 71(2.91) 54(2.15)
W4 120 N o B FEE G o <0.0001*
A2
R 2043(83.7) 2198(87.5)
7 244(10.0) 154(6.13)
HikE 153(6.27) 160(6.37)
¥ FELEG @] Lan <0.0001*
R 881(36.1) 1242(49.4)
7 1435(58.8) 1184(47.1)
B R 124(5.08) 86(3.42)
wE12B 0 oo +1_ <0.0001*
SN T & BT B
R 937(38.4) 1328(52.9)
7 1300(53.3) 1016(40.4)
HikE 203(8.32) 86(3.42)
¥agd FEr 0.2324
R 1772(72.6) 1903(75.8)
7 500(20.5) 493(19.6)
B R 168(6.88) 116(4.62)
W3 12B 0 p o F AP Ry 0.1759

£ g 4RSS
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21 1742(71.4)
3 476(19.5)
B E 222(9.10)

1875(74.6)
464(18.5)
173(6.89)

S 7 X2 % Statistic significant (p<0.05)

AT EAS B p e tRE 0 TEEFELEL IR LR
ﬁ’ﬁﬂﬁiﬁwpm*amoﬁﬂ’u%wﬁﬁﬁéﬁﬁagﬂ@%aff
74.55% > B EE B >R e (46.19%) -

e o d R FIL AR AP A STH
B bI(N=723) 2ty 5I(N=4122)  ®p-value
n (%) n (%)
BRd it 0.048*

g 241(14.5) 1424(85.5)

L 297(16.5) 1506(83.5)

g 185(13.4) 1192(86.6)

4 ARG PEE R K 0.019%

LA 704(14.9) 4031(85.1)

10+ (L&)~ 9(15.8) 48(84.2)

11-20 # (1~2 ¢) 3(13.0) 20(87.0)

21 £ (3 &)} 4(57.1) 3(42.9)

H B 3(13.0) 20(87.0)
LG R R A K 0.168

. 432(15.9) 2290(84.1)

1+ 227(13.7) 1428(86.3)

2 4 40(13.8) 250(86.2)

34t 19(12.2) 137(87.8)

H B 5(22.7) 17(77.3)
PREALRE F F AR <0.0001*
el B 109(11.8) 815(88.21)
RS L 461(15.0) 2616(85.0)
PRF 4 120(17.5) 565(82.5)
TR 23(25.0) 69(75.0)
iR B 10(14.9) 57(85.1)
W2 B0 LE IR jr;%? <0.0001*
& 176(7.50) 2170(92.5)
7 539(22.1) 1904(77.9)
H B 8(14.3) 48(85.7)

S 7 X2 % Satistic significant (p<0.05)
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Abstract

The air suspended particulate and its particulate-bond chemicals emitted from mobile
vehicles are one of the major pollutants in metropolitan area. It was thought that
respiratory response, cardiovascular diseases as well as alergic provocation were
associated with the pollution of particulates. Some studies figured out that
particul ate-bond organic compounds are the determinants on cell toxicity and
inflammatory response in respiratory tract. Thus, this study shares part of the aims of
the project that intends to looking at the asthma of elementary school childrenin
association with the pollutants from vehicles. Two schools of each group respectively
located in light, moderate and heavy traffic area; were selected as the subjectsin
this study. Particulate samples were collected from each school campus and the mass
concentration of particulate as well as the size distribution were characterized. Then
the sixteen particulate-bond polyaromatic hydrocarbons (PAHS) were quantified. The
cell toxicity by exposing BEAS-2B to particul ate extract was determined through the
quantification of Interleukin-6 and Interleukin-8. The results show that the size
distribution of the air suspended particul ates almost approached the shape of log
normal distribution. The corresponded mass medium diameter ranged from 0.191um
to 4.463 um. The particle size distribution of particulate matter at six elementary
schools amost fitted log-normal distribution. The mass medium diameter
ranged from 0.191~4.463um. The size distribution of particulate matter can be
summed up the bimodal type, and the primary peak occurred in fine particle
size range, and second peak was in the ranges from 3.2~5.6um. The analysis
of variance (ANOVA ) indicates the positive correlation between the mass
concentration of particulate matter and traffic density (p=0.047) . The average
mass concentrations in spring, autumn and winter were 84.98+22.20ug/m®,
65.30+22.05ug/m°, 90.66+39.03ug/m>, respectively.

The concentrations of the total PAHs and the total toxic equivalency werein the
ranges of 0.072-870.53 ug/m®and 1.71E-05-0.99 pg/m®, respectively. The levels of
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particul ate-bond PAHs did not consistently correlate with the traffic conditions
around the schools. However, the species of PAHs with the ring number more than
four often occurred in the particulate samples taken in winter.

The solvent extracts of the field samples were divided into two parts, in which
one part was treated with the microsyringe filter. The results demonstrated that
BEAS-2B cells produced IL-6 and IL-8 due to exposure to the solvent extract matters
with PAHs. Upon the trials of Taguchi 's orthogonal array where the standard PAHs
were added to the solvent extract matter, indicated that PAHs concentration in terms
of toxic equivalency quantity( TEQ )was the statistically significant variable. The IL-8
concentration increased with the increment of TEQ (p < 0.05) . However, thefield
samples without standard addition of PAHs into the solvent extract matter
demonstrated the effect of TEQ and particulate on the induction of IL-6 and IL-8. The
cells seemly keep in homeostasis as they exposure to samples with relatively great
particul ate matter and lower PAH TEQ and then the reaction mode alter and move
toward the phase of proinflammation when PAH TEQ rises up to acertain level. In
regard to particle mass, its influence on the release of cytokines may exist according
to parts of implication from this study. This study gives implication that ambient
particulate matter with particul ate-bond polynuclear aromatic hydrocarbons may
induce respiratory diseases that involve in the inflammation of epithelial cells, but
mechanism involved needs further study.

Keywords: Suspended particulate, Cytotoxicity, polyaromatic hydrocarbons (PAHS),
Interleukin-6, Interleukin-8
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# — Proposed toxic equivalency factors (TEFs) for individual PAHs[ 31]

Number of  Nisbet and LaGoy

Compound CAS-No. Abbreviation Ring (1992)
Naphthalene 91-20-3 Nap 2 0.001
Acenaphthylene 208-96-8 AcPy 3 0.001
Acenaphthene 83-32-9 Acp 3 0.001
Fluorene 86-73-7 Flu 3 0.001
Phenanthrene Aug-01 PA 3 0.001
Anthracene 120-12-7 Ant 3 0.01
Fluoranthene 206-44-0 FL 4 0.001
Pyrene 129-00-0 Pyr 4 0.001
Benzo(a)anthracene 56-55-3 BaA 4 0.1
Chrysene 219-01-9 CHR 4 0.01
Benzo(b)fluroranthene  205-99-2 BbF 5 0.1
Benzo(k)fluroranthene  207-08-9 BkF 5 0.1
Benzo(a)pyrene 50-32-8 BaP 5 1
Indeno(1,2,3-cd)pyrene 193-39-5 IND 5 0.1
Dibenzo(a)anthracene  53-70-3 DBA 6 1
Benzo(g,h,i)perylene 191-24-2 BghiP 6 0.01

F AR R A7 T4 47k (GC-MS) 4 1 i

i i+

# 4 (column)

ERD

Flow rate of column
Injector Temp.

Aux Temp.

R g

Solvent Delay
MS

Rtx-5MS (crossbond 5% diphenyl-95%
demethylpolysiloxane)

30 mmx0.25 mm > 025 pm Film Tickness
1 uL

1.0 mL/min

300C

280°C

Initial: 100°C

Level 1: 7C/min, 100—268°C

Level 2: 2°C /min, 268—295C

post run: 300C ~ 1.5min

4.45 min

Scan mode
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T =

LOPAHS I £ F MR E v F 20 2 RE G REET

Concentration IDL,
Abbreviation range, pg/mL Regression line R? pg/mL
Nap 0.50-8 y =0.2407x + 0.029 0.9991 0.25
AcPy 0.50-8 y =0.2928x + 0.0083  0.9951 0.08
Acp 0.50-8 y =0.1802x + 0.037 0.9924 0.13
Flu 0.50-8 y =0.2148x + 0.0082  0.9963 0.12
PA 0.50-8 y =0.3079x + 0.0066  0.9971 0.06
Ant 0.50-8 y =0.3191x - 0.0484 0.9983 0.08
FL 0.50-8 y =0.3252x - 0.0412 0.9994 0.05
Pyr 0.50-8 y = 0.3824x - 0.0678 0.9994 0.05
BaA 0.50-8 y =0.2729x - 0.0988 0.9946 0.49
CHR 0.50-8 y =0.4111x - 0.1171 0.9991 0.34
BbF 0.50-8 y = 0.2506x - 0.1505 0.9888 0.55
BkF 0.50-8 y =0.5067x - 0.2395 0.9867 0.3
BaP 0.50-8 y = 0.2964x - 0.1946 0.9928 0.04
IND 0.50-4 y = 0.0853x - 0.0547 0.9677 0.39
DBA 0.50-4 y = 0.1462x - 0.1047 0.9493 1.31
BghiP 0.50-8 y =0.3023x - 0.1626 0.9942 0.12
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v BRUER AR 2 PAHsEAR (¥ = :pgm?)

v % R A Er

Z&/p ¥ % % % %

L &4 (1/29) (1/30) (3/28)  (4l4) (2/5) (2/6) (3/26) (3/27)

Nap 0.03 0.3 0.53 0.05 ND 014 003 005

AcPy N.D 0.02 5.00E-03 N.D ND ND ND N.D

Acp N.D N.D 8.00E-03 N.D N.D N.D 002 8.00E-03
Flu N.D N.D N.D 7.00E-03 N.D 10.32 N.D 8.00E-03
PA 005 0.03 N.D N.D ND ND ND N.D

Ant 029 017 N.D 0.02 ND ND ND 0.02

FL 0.27 N.D N.D 0.02 007 ND ND N.D

Pyr 0.22 N.D N.D 28.33 ND ND ND 0.02

BaA 0.63 N.D N.D N.D N.D N.D 005 N.D

CHR 0.34 N.D N.D N.D ND ND ND 0.04

BbF 0.68 N.D N.D N.D N.D N.D 0.8 N.D

BKF 0.53 N.D N.D N.D ND ND ND N.D

BaP 0.37 N.D N.D N.D ND ND ND N.D

IND N.D N.D N.D N.D ND ND ND N.D

DBA N.D N.D N.D N.D ND ND ND N.D

BghiP 0.3 N.D N.D N.D 03 ND ND N.D

Tota-PAHs 371 052 0543 28427 037 1046 018 0.146

Tota-TEQ 0.57 2.00E-03 5.00E-04 0.03 3.00E-03 0.01 0.01 6.00E-04

N.D: not detected
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¥R ok 2 PAHs k& (H = @ pug/m®)

T m
5/ g B B
i EF (29 (214) (412) (413) (212) (2/13) (4/16)  (4/17)
Nap 015 023 014 021 013 016 002 0.07
AcPy ND ND ND ND ND ND N.D N.D
Acp ND ND 007 ND 003 ND  770E-03 7.70E-03
Flu 003 ND ND ND 003 ND N.D N.D
PA 003 ND ND ND 002 004 ND N.D
Ant 019 ND ND ND 019 029 ND 0.02
FL ND ND ND ND 009 026 ND 0.02
Pyr ND ND ND 01 011 022 005 0.02
BaA 02 ND ND ND 021 044 ND 0.09
CHR 016 ND ND ND 017 034 ND 0.07
BbF 035 033 ND ND ND 074 ND N.D
BKF ND ND ND ND ND 055 N.D N.D
BaP ND ND 036 036 037 077 ND N.D
IND ND ND ND ND ND 04 N.D N.D
DBA ND ND ND ND ND ND N.D N.D
BghiP ND ND ND ND ND 062 ND N.D
Tota-PAHs 1.11 056 057 067 135 483 00777 02977
Tota-TEQ 006 003 037 037 04 099  7.62E-05 001

N.D: not detected
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f M AR Mo 2 PAHSER (¥ i~ @ ug/m®)
AR i

EXIEET : % %
L& (212) (213) (416)  (417)  (27) (28)  (329)  (3/30)
Nap 87041 002 005 005 021 021 005 091
AcPy ND  ND N.D N.D ND ND N.D N.D
Acp 004 004  800E-03 N.D ND ND N.D 0.26
Flu ND  ND 8.00E-03 N.D ND 003 ND N.D
PA ND 002  800E-03 N.D 003 002  2.00E-03 0.13
Ant 008 N.D N.D 002 019 009 002 ND
FL ND  ND N.D N.D 008 N.D N.D N.D
Pyr ND  ND 0.02 002 021 01 N.D N.D
BaA ND  ND N.D 005 022 ND N.D N.D
CHR ND  ND N.D 004 017 016  ND N.D
BbF ND  ND N.D N.D 07 ND 008  ND
BKF ND  ND N.D N.D 055 N.D N.D N.D
BaP ND  ND N.D N.D 074 ND 008  ND
IND ND  ND N.D N.D ND ND N.D N.D
DBA ND  ND N.D N.D ND ND N.D N.D
BghiP ND  ND 0.07 N.D 032 ND N.D N.D
Tota-PAHs 87053 008 0164 018 342 061 0232 13
Totd-TEQ 0.87  7.17E-05 8.00E-04 530E-03 0.9  290E-03 0.09  1.30E-03

N.D: not detected
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KRRy Fewlioh T kR £ 3

wapp PREE P R R g/’ 32 in g
DL BB LIS i TaE, ng/m
- %’
950817  58.71
950818  120.05
951025  68.27
951026  139.34
960129  153.96 9244 38.93
960130  59.81
. 060328  74.24
? 960404  65.14 93.90
B A B fig )
951018  75.80
951101  95.26
950205 9751
950206  92.08 9585 32.16
960326  154.62
960327  59.85
FRE2CEKE
950906  43.85
950007  28.77
960209 7431
60.20 2206
960214  91.26
960412  59.22
, 960413  63.80
i 85.16
951012  52.84
951013  71.84
960131  125.26
110.11 46.77
960201  186.47
960402  120.04
960403  104.24
P 4G R
950012  24.07 64.48 32.48 6135
950913  39.38
950018  100.44
i 960212  63.09
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960213 37.22

960416  80.64

960417  106.52

i B )

951011  43.84

951019  69.30

951020  55.97

960207  68.19 58.21 12.42

960208  38.80

960329  66.86

960330  64.53

BN RHERERBA R ERRS LS TOTEER
£5 LR B P DT ST R KR, ng/m’

H1 H2 M1 M2 L1 L2 TiE
T3 69.69 10724 6151 11214 9358 6570  84.98
M E 9659 8553 3631 6234 5463 5637 6530
Y 10689 9479 8278 15586 50.16 5349  90.66
Lo 9106 9585  60.20 11011 6612 5852
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R ol i O (R otV A O 3

LD

W AL E’; Kffl"J‘

RN

M B L

P AL R

& E ]

MMD,; GSD; MMD, GSD,

MMD,; GSD; MMD, GSD,

MMD, GSD; MMD, GSD, MMD; GSD; MMD, GSD,

MMD,; GSD,

MMD, GSD,

MMD,; GSD; MMD, GSD,

0.290 1.051 3.682 1.125
0.416 1.034 4.384 2.188
0.220 1.086 4.034 1.187
0.326 1.138 4.463 1.667
0.389 1.126 3.201 1.264
0.305 1.066 3.439 1.079
0.380 1.040 3.184 1.166
0.380 1.042 3.327 1.144

0.375 1.071 3.317 1.164
0.385 1.059 3.031 1.153
0.334 1.141 2.830 1.133
0.387 1.100 2.887 1.116
0.431 1.102 2.315 1.164
0.449 1.045 2.522 1.084

0.312 1.030 3.859 1.108
0.382 1.019 3.051 1.043
0.418 1.105 2.676 1.092
0.479 1.051 2.845 1.163
0.296 1.068 3.519 1.118
0.503 1.028 2.741 1.088

0.332 1.031
0.479 1.058
0.393 1.102
0.386 1.178
0.481 1.037
0.389 1.082

3.605 1.082
2.849 1.110
3.312 1.294
3.316 1.353
2.714 1.336
3.290 1.194

0.247
0.389
0.417
0.402
0.412
0.473
0.527

1.024
1.038
1.136
1.053
1.036
1.098
1.085

3.800
2.096
2.886
2773
2.39%4
2.003
2.589

1.044
1.029
1.128
1.086
1.046
1.051
1.144

0.220 1.061 3.411 1.064
0.191 1.163 3.598 1.106
0.352 1.036 3.666 1.128
0.370 1.113 2.568 1.062
0.316 1.064 3.344 1.072
0.423 1.062 2.802 1.097
0.293 1.116 2.494 1.060

MMD : mass median diameter,

m

GSD : geometric standard deviation
MMD; : ficf gz 0.05~1.0 mE & 7 =g s
GSD; : #cpkis 0.05~1.0 meS iR 1
MMD; : ficf g 2 1.0~10 mhf & ¢ = fiok i
GSD; : fokkis 1.0~10 mef e 1
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Abundance

4000004
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sho

“w 8 am L nm B0

, Time (min)
PAHS § 48 % 47 3% k2 & 17 BI( -~ = f8 PAHSH %2 ;% 20 pg/mL; (1) Naphthalene;
(2) Acenaphthylene; (3) Acenaphthene; (4) Fluorene; (5) Phthanthrene; (6)
Anthracene; (7) Fluoranthene; (8) Pyrene; (9) m % : p-terphenyl; (10)
Benz(a)anthracene; (11) Chrysene; (12) Benzo(b)fluoranthene;
(13)Benzo(k)fluoranthene; (14)Benz(a)pyrene; (15)Indeno(1,2,3-cd)pyrene;
(16)Dibenz(a,h)antjracene; (17)Benzo(g,h,i)perylene )
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o
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o]
T

Amass/AlogDp, mg/um
o
(o))

04
0.2 +
0.0 .i;;;;;;T.‘i;;;;1.--.ii1""i‘iﬂ-ii:1
0.01 0.1 1 10 100

Dp, um
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950818
951025
E 951026
=g 960129
=5 — 960130

- T960328

Particle dimmeter {gm)

Cunmlntive % less than or equal o stated diameter

B= =

3R] AR B R TR A 2 Sl S (TR
(A = = gl e §

Blie {7 ivH > 2 - % 0.05m~1m> ¥ ¢ % 1m~10m)

800 -
700 -
600 - T
— 500
E ] m With
2 400 filtration
@
= 300 Without
filtration
200
100
N

<0.0018 0.0161-0.0387 0.1916-0.5964 0.6467-0.7482
Toxic equivalency quantity of PAHs, pg/mL

Ble. & ERE7AER 2 E RS FB5H o PAHS # 124 £ kR 22 BEAS2B
fm e A k2o interleukin-8 shBd %
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800
y = 130.92x + 386.69

700
R® = 0.0664
600
‘_E' 500 + With filtration
§ 400 o Without fiItrati_on
5 Linear regression
= 300 — — Linear regression
200
y = 207.92x + 302.26
100 R?=0.1913

0

0 0.2 04 0.6 0.8
Toxic equivalency quantity of PAHs, ug/mL

BI. ¥R REERS FE5F7ERE VAER RS2 BEAS2B wmwe & i
interleukin-8 JE B (R m% FE515) 22 PAHS & 2% BE R B 22 407 B

250 r
200
_EI 150 r T - lV_Vith_
i T - filtration
o
6 NS \ .
4100 - B Without
a T N\ filtration
50 r =
\ §
0 S

<0.0018 0.0161-0.0387 0.1916-0.5964 0.6467-0.7482
Toxic equivalency quantity of PAHs, pug/mL

Bl-. BFEEREAERZ ERERY E 4 PAHs 3 144 § k& 7 BEAS-2B
qn e & a2 interleukin-6 sk %
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250 r

200 | . y=76.901x+60.045
1 R? = 0.2699

150 + o

+ With filtration

o Without filtration
Linear regression
— — Linear regression

IL-6, pg/mL

y = 59.806x + 88.391
R = 0.1361

0 0.2 04 0.6 0.8
Toxic equivalency quantity of PAHs, ug/mL

Fl= . ke B0 B KBk B F 55 78R 2 "4 B 52 BEAS2B inte A
interleukin-6 JE B (& wmPe 35515 ) 22 PAHsS & 4% £ kB M (22 4717 B

600 -
(m] (m]
500 - o -
o — o
1 _ - - o IL-8
(]
TE' 400 _ - D/
o inear
‘; 300 - regression
4
~ 200 - y =35.13x + 312.27
= o R =0.1744
100 ¢
0
0 2 4 6 8

TEQ of PAHs normalized to particulate mass, ng/mL/mg

B~ ARtk E Rk o PAHSs & 144 £k & (toxic equivalency quantity of
PAHs, TEQ) 27 interleukin-8 <A i%
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200
180
160
140
120
100
80
60
40
20

IL-6, pg/mL

u] o IL-6
m] —
o - -
- — — Linear
O regression

y = 5.2433x + 94.506
R? = 0.0397

2 4 6 8

TEQ of PAHs normalized to particulate mass, ng/mL/mg

Bli. Aijpths § €4k o PAHs & 144 £ Jk & (toxic equivalency quantity of

PAHs, TEQ) ¢ interleukin-6 1 %

143



ZAPHIPAETERL ST A

[] #¥ %1l [ & s & p#97E 10 28p
PREOHEEA AP HRI R L LR R
FEFH OFEAF AR
-4 ¥h¥ @ NSC96-EPA-Z-039-001
BAFTRIT 44L R A 2R BI A

);ﬁ poA /ﬁl] it A

*P TN IRk A7 Tkt R % TEDSS.1 £
F“’]‘éﬂ‘krﬁ"“’iig BB BRI ERAMB LMD A EF P M
LG E W o THp2 W%Fj FR2E4 - HFz§ 7 ot it
B2 ApM o B OTRIZ AT F AR RAET 2P AR
BoAR>27* AHBIMI 2 X FArE2Y 0 Wi AT FY
PR E R

)

'l

HhE2E B
FpTEF This study combined geographic information system (GIS) and
2000 based air pollution emission TEDS 5.1 to establish the traffic
density map in Taipel city. Based on the traffic density, we divided
Taipei city into high, moderate and low traffic areas for study schools
and study subjects selection on the association study between air
pollution and respiratory health. The results showed that the measured
concentrations of pollutants had very strong association with the traffic
density. This results imply that the GISTEDS 5.1 method is
appropriate to identify traffic density.
GRIRER £
%
THRELA &
et gt
fI* GISTEDSS14 7 R imEF 5 303 RU T § 73 2 & 4p
] by T2ZRY o
WA 2 Er g

P 1»’419%3’}\7;\-‘3:’%—&6%—}_z}’—f}v\“gia\l-‘iciﬁ%jffﬁjkg’—f}v\jff ?‘ﬁf

P2

iR H (ﬁr;}iﬁﬁyﬁt’ o)

3% 2*@@&4%;4%@ FEA BT FEILARR G
£ Y o A rrﬁ £ it 2 .

% 3.7

144




FEa

R EE S iR B RE T T S BRE B o
BoRFAHPALILFBTAPY o Ft o AFTH

&R :
p;g 473 ;ﬂ‘_ﬂ}r;‘; g = i

AREGAVERATH I BFFF 5D EFE L - o BRBHE LTI D 2
TEDS5.1 #x2+p =il & » AIFB:M— v A ;:g P Mz BRI ERA O E -
EWEPRSA ) F 0 N LBk FrRF L o 7R g 4952 LE A A T R
RRE o AR Pl s REMEF /w\%‘rﬁﬁmp R T EAR B U o DI RAT T ER R F
o F M VOCsfrg 5 F (AR 80HdG BAptk) GAph o AP H VMR
ik eT f f PAHSH A B g A A .

F-ETR AT RUEEF FERE L GRS Mﬁﬁs‘ -3 RN e
ARARF > MRAE T BENREFIRE - R 2B ENEL P § 4 p:uﬁ«ﬁ * % 17.7%
(432/2440 ) - Ai 511.596(289/2512)- ¢ B i@ inE B E 4 g vi'&m “fi % (165
9% ) Mt B F s X (13.49%) - 7»@131}7% A 2 ﬁd’ ﬁ_q.*'f«/ _lrn’; ’ 7} &
B3 ":i/ —’IL%EJ;?::* 11.89%3% 4x $125.096 > @ # ¥4 25 & 1t (odds ratio) 7= f ¥ i* 4 42 & 3 4¢
A e ARmbHEAY > BBl bk 127 PR 2 R AT AT o o b e
Fi# 8-OHAGik & & 5.97 ug/g creatinine » 1 & = 5 6.16 ug/g credtinine » & & & if ¥+
Lm&?'g AR ¥t wiEATH R LA T F r‘a g 'PEFFF LETT i@ﬂff}ﬁ KR T
B 75 % iE58.81% 0 v & 44713%@ ° @wh‘ﬁ BiTddg o p¥ i FES
AT g i ﬁipﬁr Ben® F AR AT A éﬁ-ﬂﬁwb‘ﬁ L e 7 FRE o At
R LB fefnig s > M T 2 S FagRg ot il 55 ul LR eodr it (gender
difference) - n‘—:i%akr}ujg_;ﬂ i s P awré AP B E m}c;rrﬂ, e ,i)fgrﬁgvxgway n
EE s o A TR B MR B A o A R W R A faﬁ?’ P ) W
x ;LIR”?'J Bk P TR PR SRR AR AP NS TS A hp e B A
HenTp B 7 AALRARBE > BT P F v 25 B0t 2 BB °.<*§=§5FT:F Fatdt f WAcF E‘/}m,k
ﬁifruiﬂ BRAPM od AFTREREF BOEREE VUEREKHRKRE - E1 A
felt § Wm}aﬁiiwh’ TG EEIRD #M@ B RER-ERLATTEZET BA KB
Bas BB 3 ME IR~ Redgd o F)pL s %Iﬂi‘#ﬁgﬁ;ﬂbﬁ ﬁ”f@i'f“if"“ A e
L kppdd #’a#“xm?;‘fﬂ’ PATERE I A BIIBREF BER AR ERE T
N AR pg,ﬁg-,i«, ﬁ&fw}’fwkam pggF.y f;e,L , "‘ﬂ.f”%fgﬁ‘yx*’?ﬁiﬁ .

g EfrTk F- % TEDSS5.1 et m 3t S 47 i i

£ PR T SRR LA 2 B 2 AT R

g?’"‘ggdﬁ_ﬁ"'u’ﬁ*i]ﬁﬁ,,A\?'FB],‘;L] BiE AT 2 B P R RA TSP‘

SOx ~ NOx#t#c A # Ffsfiv » A & £ L 5|7 b B AP bz P Aasms

R F BARIT THCE COR A # L F/ | A8 2 3 R F2 B8 B A o
o7

2
ERETERGREFSRFEFERETLF R M GEIST E0871 ) o

Rt BT Lt
wg T

R4 H ¥ Az (PENTANE) 2 # ek B H A &g in £ 2T 555 0.0469

¢ ‘-E_g? 0.0059 (+0.0093); /=& % 5 0.0110 (+0.0073) (p<0.01) -
..=5% xm BinEw B ;,« W PENTANE "2 kA 4 0 475 20 i w2
#3 (p<0.05): @ @ ~ m, Puz BRIANFLE - AL "8 RFAE2hp3 5

145



F_
-
Wr
- \:\.

®E e S bl R e R ¢ 8-OHAG kR A Bt i F A

Yo |

AEFTREET  RFRSE T F P BEf - F kR &% (314 ppb) > it
R B B e Bk R BB (18.47ugimY) o F b 8§ 2‘\& B iR E L EER LA
(3.64pph) > & * R MR BB R B B A E AT R (9.06pg/MY) A B F 0 ¢ 2 K
LR R A A Bk B R E (¢ 1 7.53ug/m®s iK1 6.38ug/m) o KBl - F it A
SF Mg mEEI kR AR LIRS % (SO, 314 ppb o NO, : 31.27 ppb > H :
49.50 nmole/m®) 4 &] £_4 2 i in £ # % (SO,:1.20 ppb’ NO,:6.11 ppb> H*: 14.71 nmole/m®)
1 2-5 i3 ’/Eﬂ'ﬁi’?i B Eife B ehik B (NOs @ 1.88ug/m® » SO : 18.47ug/m) B A %] £_i< 2
AN o (No3 0.69ug/m® > SO : 8.82ugim%)h2-3 2 5 8 3 7F B L% pF R
BRUL M ERF RO EFE 8 oA H 11454 nmolem®) E_im 2 i i £ ¥ H(H 1111
nmole’m)m14 Bo-F o F i § kR (SO, 261 ppb o NO, : 24.30 ppb)ﬂ | A
L MR R R(SO2:0.63ppb: NO,: 896 pph)ei2-4 % » ¥ i B B2 kA
PIAE s B g R B o BRFIEE T 70 ik, #-‘%*Fﬁﬁ“#ﬂ? TUE IR
J’-‘&P‘ B2 R A RFIZEI T I AR BT EIREF S ERRE S MR

ﬁ»‘}%ﬁw%%"ﬂﬁ°€'§if‘?ﬂ&'?é§“‘°\ﬁ@“§?§%%% Bt FREF 7%‘41%1#\/‘2'"
T FEREENESR AT PR A5 L E L RFE B IR ER
ARWHER ke A BRI AR AT E(F B F H 1 96.03 nmol/ m?)
LA E(2359nmol/ mY)end i > B f i We ok kR AR ESLE R o AREFEE
T BERROTR ARSI ALZLEANKE A M LF LT PSS

it o

AP RBET AREFIEZ R B f AT TR .4%”5 2 F % Fo
/}Efi%ﬁ%xpﬂ'%?ﬁ—%“T%;ﬁ"ﬁ&[’* MY - F L ER T UFIRB R NE R
FEIEBI - F YA F 0V F 83 33 kR (SOt 2.79 ppb s NO; © 26.62 ppb -
H 2691nm0|e/m)/w\‘%lKl'&@axé’;fg##«?‘,gj:’—113_4|,(SOZ.082ppb,NOZ_801ppb,
:5.64 nmole/m) FNH RN MO EBER LB REEE R Y

,:.\l“«iﬂ?/n& \?\:mZI'O

d AR BNE RS VU RAARKE B R B Bk Ao
RUMEERILIIPY  FEEF-EH LTI ZEIBARBERY A T2
MER- ReFuag o Flpt s ARG AT PR F BT A A & R p R et
R R 2 AR R R BT WERARFIEIE ARSI oA A E &
ZEEMFBERR G LR ARIMNFLTEANNRE -

BEREME DG O AFETBERSAT R F R 'ru\ﬁg,%.«g,;;g,—?pivf%,:ufa
FgeF TN s 20% 5 %34 .,,\)@mw;u;igmg VB R S
ZAEEFERAG  FRF LTI A F AT L oA R R ERd R E
el R ’%.%K%f_ﬂ'. Pkt TR RBEER CTHAERER 2 TAA

146



FRE R PEE N E T HFEM G g il b

Mo L HF AT ATI AR kA RIF %%‘fﬁ_ﬂziﬂ»%%%ﬁ‘f’fﬁkihrﬁ% F“FEJ
2 TR e lies RER B EFR U “&Qi b b &

ko~ Tegsg ) 2 TRF ) D BE BE RS

F MR O P PAHST e 4 % SRR RS A FRTYHEE Y 4 F
HAph 2 FFE 7 #olis 4 00.191pm-4.463um ¥ gk T A b ek s A RV
Foh BB AT AR 0 A B 5 ok T 0 ) (<1.0um) o =k R A fge
Pk 4o Bl o 3 32~5.6umz B o ¥ g -7 M LR E HRFIRR
RARF R TRE AT (ANOVA)’ BEEF AP IEFILA (p=0.047)
AAARFAF T REERE LA NEERIAAM O BT SRR TFLPF
gk&m%ﬁﬁé’*i‘ﬂi‘*ilﬁ?ﬂkiﬁw 84.98+22.20ug/m® -
65.30+22.05ug/m® ~ %ﬂﬁﬂ%mm’;ést%«%#?ik&@%éﬁﬂi

=S o

* f Hcke® 16 6 PAHs ¢ PAHS k& 2 4 144 £ )k & 4 5] 4 > 0.072-870.53
ug/m® 12 2 1.71E-05 -0.99ug/m> > PAHS =ik & 8 1A # 25 i 0 81 Bk eh i i B ehig
M- R0 4 F ek R S 0 TR0 ) e PAHS (3R ¢ Anthracene) i 6 e
PemEEL A By Ao HadpFREARY EHPL o

ﬂ""fxﬁ,,iw'-;ﬁﬂﬁ”ﬁﬁlﬁ%‘fiiié&ﬂmﬁ&ﬁ BB RARR > TP B F R
PEBREUNEF FF A2 g g NI S 2 R R o g Y oL B
BRUGEF ﬂfwsm‘f“,};)ior] P E R TR R A LW N E BB R KRBT
KEEZRHE NEREZzF 7 4#@&&@&#5%@%“5? RBIFF ¥ 2l B
MERERHE R C FMEFFAHEB R RE-FLOREERR I HMIALEEF R
TR L REAR FHUBEFHARE E Fa g Ve ok RS B R R F
mBeg o ieitAFRE-HFETH @r]
3z

LR RERF L H L RSP E - ORL TR AERR Y
® CREFIEGENMMIF FLEEREFTT > VUl fple ™ 5N
U Wk SLfe £ TR % e TEDSS.1 et sa et p 3t 0 o

2 A TR FRABR IR ROFIT L PR A AoIE ) 0 F A o A HE RN
Tz F FRARL LRl > PR frF L aRenE R L pikE G M oM
Ly EeRfri e 29 -

5

3 AFF R F MIcF BREA SR eI E - e G e & 0 LI M AY
iph B o T BB R NP REF BN F SRS AL T F Gtk v
F AR itk

}%'F”LP e s

147



A~ ki d o F LG L8 ﬁ}}%g GERE KT L TR AcF vh 2 B gt
A2 3 4
FPEINCEPIEL AR LY G

148



