1.1

Pollutant Standard Index, PSI

PSI 100
PSI 100
PSI
PSl PM1o
SO2 CO NO2 O3
(Radojevic and Hassan, 1999 1999)
ambiguity eclipse Swamee and Tyagi, 1999
2%

1994 65 1999 45
1996 1997 1999
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2.1

2.1.1
Ott 1978 Environmental Indices
theory and practice indicators indices

subindices indices
indicators subindices
PSI Ott
1997
Fig.2-1
Ott, 1978
0
100 PSI
0
100



=
% Public use
:
= Decision maker use
S
=
= Scientists use
=
é
4 >
Information amount
Fig. 2-1 The order of establishment index. 2002
2.1.2
Ott and Thom, 1976 1995 1996
a physics method
b. statistic method
C. physcs-gtatistic method

a comparative



b. premonition

C. premonition comparatively
a ambiguity
b eclipse

2.2

2.2.1 Green'sCombined Index
Green 1966
(Coefficient of Haze, COH)
SOz (ppm) I = 84C%#1

COH 1,=26.6C%576



1=(1/2) (11+12)
(1=25) (1=50)
(1=100)

Green's Combined Index

Green's Combined Index

SOz COH

COH TSP

PM 1o

2.2.2 Air Quality Index (AQI)
Fensterstock 1969 AQI

Miller  Holzworth

(Miller et al., 1976) CoO TSP
SO2
3
AQl = g WL
i=1
|1:CO |2:TSP |3:SOZ Wi
AQI
2.2.3 PINDEX
1970 Babcock PINDEX Babcock, 1970

Babcock



PINDEX

PINDEX NAAQS
J
PINDEX = Q li
i=1
li=Ci/S Ci I Si [
CO SOz NO2 Ox TSP HCx SO2 x TSP

2.24 MITRE Air Quality Index (MAQI)

MAQI Bisdle Lubore
Pikul Bissdleet d., 1972
MAQI
cO NAAQS MAQI CO
11=./(C8/s8)+d(C1/ S1)
C8=CO 8 S8=8 NAAQS S8=9ppm C1=CO
1 S1=1 NAAQS S1=35ppm & =1 C1>S1
5 =0
MAQI =ae§51 |i2(§/2
i1 g

MAQI



2.25 ExtremeValuelndex (EVI)

EVI Bissdleetd., 1972 MAQI EVI
NAAQS ppm-hours
CO
11=./(Cc8/s8)+d(C1/ S1)
c8=CO 8 NAAQS ppm-hours  S8=8 NAAQS
S8=9ppm C1=CO 1 NAAQS ppm-hours S1=1
NAAQS S1=35ppm EVI
EVI :3854_ |i2cj)ﬂ2
i1 g

MAQI  EVI

2.2.6 Short Time Averaging Relationshipsto Air Quality Standard
Air Quality Index Mode (STARAQS AQI Moddl)

Miller 1973 STARAQS
1
NAAQS 1 NAAQS
NAAQS STARAQS
STARAQS=max I1,l,..l 11,2..16 CO NO2

TSP COH SOz

NAAQS NAAQS



2.2.7 Canadian Air Quality Indices (Canadian AQI)

Inhaber 1974  (Inhaber, 1975)

@

la (2 b (3 Ic
la CO NO2 TSP COH SO2
NAAQS Ib
Ic
EQI
la 1Ib Ic

EQI = J05l1a? +0.3Ib% +0.21c?

2.2.8

SO2 NO2
CO
AQI AQI 0~0.5
0.6~1 1.1~2 2.1~-3 3.1-4

AQI

1995

PSI

10



2.2.9

2.2.10

80

PAH

CFCs

PSI

1989 1989 1992
SO2 TSP O3
Taiwan Air Quality Index, TAQI
1992 TAQI 100
=80
=90
=100
1995 TAQI
l1~Is
s ..
| =a alli
i=1
PSI I VOC
PC I3 CO2
|4 Is
ol ai
0.2 Green Index

1



2211

221 Table2-1 Green's
Combined Index
bA2
i =
a. ik A B fbE 0. Th & & ]G E
b. .3t ik B. ﬁ.ﬁ.gﬂli %%E%?
c.HBgia |C.ARLERwRME (2.8
il 3. 48 # B8 9 2 MR &
1. B HZBGET 3
Table 2-1 Classfication of air qudity index
PMwo SO CO NO2 Ox COH TSP
Green’sCombined I ndex bA2
AQI, Air Quality Index aA2 ” ”
PINDEX aBl - v ” 7 (HCX&TSP*SOz)
MAQI aAl ¥ v v
EVI aA4 ¥ v v
STARAQSAQI Modd aB3 ” ~ N
Canadian AQI aA2 ~ ¥ > v
aB3 ” ” ~
bC4 ~
TAQI aA2 v Y v v v

1996



2.3

2.3.1
73
78 PSl
PM1wo S0O2 CO NO2 Os
Table2-2 PSI
PSl 100
24 PSI 100
Table 2-3 PSI
Table 2-2 Breakpoints for PS|
PSI
PMio pg/m® SO, ppm  CO ppm  NOz ppm Oz ppm
24hr 24hr 8hr 1hr 1hr
50 50 0.03 4.5 -- 0.06
100 150 0.14 9.0 -- 0.12
200 350 0.30 15.0 0.6 0.20
300 420 0.60 30.0 12 0.40
400 500 0.80 40.0 1.6 0.50
500 600 1.00 50.0 2.0 0.60

13

2003



Table 2-3 The index range and descriptor category

PSI
0~50
51~100
101~199
200~299
300~399
400~500
2003
2.3.2
Pollutant Standard Index, PSI 1976
Ott and Thom, 1976"
Council on Environmental Quality, CEQ 55
14
PSI National

Ambient Air Quality Standards, NAAQS

Table 2-4 AQI

14



Table 2-4 Comparison of transforms pollutants concentration

AQl  24-hPMy 24-hPMps 24-hrSO,  8hrCO  1-hiNO, 8hOs 1-hrO;
pg/n? pg/n? ppb ppm ppb ppb  ppb
0~50 50 15 30 4 - 60 -
51~100 150 40 140 9 - 80 -
101~150 250 65 220 12 - 100 160
151~200 350 150 300 15 - 120 200
201~300 420 250 600 30 650-1240 400 400
301~400 500 350 800 40  1250-1640 -~ 500
401~500 600 500 1000 50  1650-2040  -- 600
1 0: 8 1
2 NO2 NAAQS AQl 200
3 8hrOsAQl 300
1999 319
1 2 100
3
6 4 On 8 5
PM25s PSI AQI Air Quality Index AQI

Table2-5



Table 2-5 Theinfluence of AQI and hedlth

AQI

PM 10

PM25

SO2

CO

NO2

Os

0~50

51~100

101~150

151~200

201~300

301~500

16

2003




2.3.3

Air Quality Index, AQI

Os CO SO2 SP
National
Ambient Air Quality Objectives, NAAQO
National Air Pollution Surveillance Network, NAPS
Table 2-6 AQI
4 0~25 26~50
51~100 100
Ontario 2000
Ambient Air Qudity Criterion AAQC 6
CO NO2 O3 fineparticulate matter  total reduced sulphur
Table2-7
50 0~15 16~31
32~49
Table 2-6 Transform of pollutant concentration and index in Canada
TSP pg/n® SO, ppb CO ppm NO, ppb  Os ppb
24hr 24hr 8hr 1hr 1hr
25 - - - 57 5 - - - 51
50 120 115 13 213 82
100 400 306 17 532 153

17

2003



Table 2-7 Pdllutant index in Canada

TSP 120 pgint 24hr
SO; 275 pgnt 24hr
cO 36200 pgnt ghr
NO, 400 pgnt 1hr
O 165 pgint 1hr
TRS 40 pgnt 1hr
2003
2.34
Air Pollution Information Service
0~10 1~3
4~6 10
UK

National Air Quality Strategy

Pollutant

Department of Hedth’ s Committee on the Medical Effects of Air

18

Table 2-8



Table 2-8 Trangform of pollutant concentration and index in England

PMyo pg/n® SO, ppb  CO ppm  NO; ppb Oz ppb

24hr 15min 8hr 1hr 8hr
1 0~16 0~32 0~3.2 0~49 0~16
2 17~32 33~66 3.3~6.6 50~99 17~-32
3 33~49 67~99 6.7~9.9 100~149 33~49
4 50~57 100~132 10.0~-11.5 150~199 50~62
5 58~66 133~166 11.6~13.2 200~249 63~76
6 67~74 167~199 13.3~14.9 250~299 77~89
7 75~82 200~266 15.0~16.5 300~332 90~119
8 83~91 267~332 16.6~18.2 333~366 120~149
9 92~99 333~399 18.3~19.9 367~399 150~179
10 100~ 400~ 20~ 400~ 180~
2003
2.3.5
*100
0~150 5 0~33 34~66
6/7/~99 100~149 150
100 National

Environment Protection Measure, NEPA State Environment Protection Policy,

19



SEPP Table2-9

Table 2-9 Pollutant concentration index in Audrdia

NEPM

PM 10 24hr 50.00pg/m?

SO2 1hr 0.20ppm

CO 8hr 9.00ppm

NO2 1hr 0.12ppm

Os 1hr 0.10ppm

2003
2.3.6
Table2-10
PM25

Table2-11



Table 2-10 Air qudity index in New Zedand

PM 10 120pg/int 24hr
SOz 125pg/nt 24hr
CcO 10mg/nt 8hr
NO2 300pg/nT 1hr
Os 100pg/int 8hr
2003
Table 2-11 Air qudity Stuation in New Zedand
10%
10%~33%
33%~66%
66%~100%
2003
2.3.7
0~500
0~500

100

100

24

Table2-12

21



Table 2-12 Pollutant concentration index in Hong Kong

TSP SO, CO NO- O3
24hr 24hr 1hr 8hr 1hr 24hr 1hr 1hr
0 0 0 0 0 0 0 0 0
25 28 40 200 2500 7500 40 75 60
50 55 80 400 5000 15000 80 150 120
100 180 350 800 10000 30000 150 300 240
200 350 800 1600 17000 60000 280 1130 400
300 420 1600 2400 34000 90000 565 2260 800
400 500 2100 3200 46000 | 120000 750 3000 1000
500 600 2620 4000 57000 | 150000 940 3750 1200
1 24
ug/nt
2003
2.3.8
100




Table2-14
a
50pg/nt 180pg/nt
0.04ppm NO2
8.7ppm 15ppm
0.047ppm
0.08ppm
b.
8
C.
d.
2002
e
NO:2
5 NOz2
2000 NO2
eta., 1995 1999 NO2
0.023ppm

0.25ppm 0.05ppm

23

Table2-13

PM1o
SO2
CO
O3 8hr
lhr
0.12ppm
O 1

NOz2 PS| 100

Pershagen

0.11ppm

NO2 0.021ppm



0.272ppm PSI

Table 2-13 Comparison of air quality standard vaue in each country

150 150 120 50 50 120 180
o v | ot | ot | ot | g | o | o
10
24hr 24hr 24hr 24hr 24hr 24hr 24hr
0.14 0.14 0.3 0.1 0.2 0.04 0.13 0.30
ppm ppm ppm ppm ppm ppm ppm ppm
SO2
24hr 24hr 24hr 15min 1hr 24hr 24hr 1hr
9.0 9.0 15.0 10.0 9.0 8.7 8.7 26.2
cO ppm ppm ppm ppm ppm ppm ppm ppm
8hr ghr 8hr 8hr 8hr 8hr 8hr 1hr
0.053 0.4 0.15 0.12 0.15 0.07 0.15
ppm ppm ppm ppm ppm ppm ppm
NO2
1hr annud 1hr 1hr 1hr 1hr 24hr 1hr
0.12 0.08 0.08 0.05 0.10 0.047 0.12
Os ppm ppm ppm ppm ppm ppm ppm
1hr 8hr 1hr 8hr 1hr 8hr 1hr
65
PM2.s Hy
-- 24hr -- -- -- -- -- - -

24




Table 2-14 Comparison of air qudity index system in each country

0-500 | 0-500 | 0-100 1-10 0-150 | 0-100% | 0-500
100 100 50 4 66% 66% 100
2.4
TSP SO2
CO NO2

25




2.
3. .
4,
Fig.2-2 - -
5]
el
s
o
=
L Mo-threshold dose tesponse curve
3]
=
o
=
ro Threshold dosetesponse curve
=
o
[y
E
Q0
=
[
[y
i)
futs
Dose (concentration of air
pollution to which the public iz
expozed)
Hg. 2-2 Threshold and no-threshold dose-response curve ( 2002)
Table 2-15
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(TSP)

(O3)

20

(NO2)

27

(1

2000

10



5.

(

(SO2)

1998)

(CO)

Table 2-15 Main emisson sources for air pollution
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28

2000



3.1

3.1.1
1
16
1999
2000
1999-2000 10 15
Revised Air Quality Index, RAQI
25 20
2 1 1 1
Table3-1
Fig.3-1
PM1o SO2 CO NOz2 Os
RAQI
3.1.2

PMwo SOz CO NOz2 O3

Table3-2

PM1o SO2

29



CO

NO2 Os

Table 2-2

PSI

RAQI

Table 3-1 The detall item of EPA monitoring Sation

PM1wo SO2 CO NOz Os
120 42 2089 24 14 56.68 N o7 i
120 32 536 24 13 37.73 7 o0 i
120 40 14 24 6 3 i o7 v
120 39 2 24 9 A i o7 v
120 36 3347 24 9 465 7 o0 i
120 32 20 24 5 O i o7 v
120 27 4521 24 7 5233 N ” - -
120 24 525 23 55 3421 7 o0 i
120 40 48 23 54 12 i o7 v
120 40 9 23 45 30 i o7 v
120 31 32 22 58 12 7 o7 N
120 17 5211 22 45 3086 V T v
120 19 4177 22 41 1741 V o7 v
120 20 5888 22 37 4346 7 o7 N
120 25 O 2 3 59 7 o7 N
120 24 1226 22 28 S3 7 o7 N
120 19 811 22 4 O 7 o7 ”
120 17 1152 22 40 4523 v T ;
120 18 4 22 38 53 N o7 ”
120 16 449 22 37 5879 V o0 i
120 18 178 22 36 2151 N ” - 7 -
120 20 4 22 3#A 4 N o7 v
120 28 4932 22 40 2655 N o7 i
120 31 4453 22 30 4693 N o7 i
120 46 4946 21 57 2448 N o7 i
120 18 12 2 36 3I7 i o -




I below

W above

150m

M berwees 150- S00m
BB between S500-1000m
0 between 1000-2000m
W tetwesn 2000-Z000m

3000:m

Fig. 3-1 Map of EPA monitoring station
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Table 3-2 Illudration of pollutant calculation

45
5
16

6000
3.2 RAQI
3.2.1 RAQI

PSI
PS| 1996 Malakos and
Wong, 1999 PS
Radojevic and Hassan, 1999 entropy function

North et al., 1983

1995

( 1996 2003 in press)

32



5
Jazl AV%a”y[l : ] . Ave,; {Entropydaily[Max[ll’ ;.. |5]]}

EntropysaMax |y, |5.., s ]

RAQI =Max[|17|2"’|5]'

A5

Ave, _25 Ave;,a”y[l j ]Q

CIE!
[P P PMio SO2 CO NO2 Os TT
totd time PS|
Max{l, I,..,1]
5
é. Avedaily[l j]
PS| It
és u
Aveﬁ_é_a Aveda”y[lj]l;J
éi=1 a
AV%{EntropydaiIJMMIl'|2"’|5]]}
EntropygIMax(y, |5.., 1]
log 10
entropy value
entropy value ( in press)

(Ott and Thom, 1976 United Nations, 1984

Swamee and Tyagi, 1999)



3.2.2

(thermal entropy)

(information
entropy) (matter entropy)
decision trees
1999 Ross, 1986
Shannon Shannon(1948)
entropy entropy
entropy information theory

datigticd mechanics

|(E)=log(VHE)) E ME) I(E)

Shannon’ s Entropy Function

3.2.3
new-Air Qudity Index, new-AQI
( 2002) PSI
Os 0-200 1996-2002
Os
50-100 O3 0.1ppm 83 50-100
1999 AQI Os 0.16ppm
150 100-200 0-500
0-200 0-50 50-83 83-100 100-150 150-200

A



200-300 300-400  400-500
Table 3-3 0-50
50-83 83-100
100-150
150-200 200-300

300-400 400-500

Table 3-3 Rdlationship of health effect with RAQI

0-50
50-83
83-100

100-150
150-200
200-300
300-400
400-500

3.2.4 RAQI

RAQI

Table3-2

PSI Table 2-2

321 RAQI

Table3-3 RAQI



3.3 RAQI

3.3.1 RAQI

maxi mum operator function

RAQI
1999-2000
PSI
46-51
PSI 78
Fig.3-2~Fig.3-9 RAQI
entropy function
PSI 0~200
function 0~3.0
entropy function
Fig.3-2~Fig.3-5
RAQI

Fig.3-6 ~Fig3-9 PS

PSI

RAQI

PS

M alakos and Wong, 1999

68-70 PSI

PSI 34-37

PSI  averagefunction

RAQI
RAQI average
RAQI
0~3.0
RAQI PS|

average function



RAQI entropy

function

PSI

PSI

entropy function PSI

RAQI

PSI
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&verage fanetion

Rl Chushan Entropy fimetion
000 . : L a0
+ PII * Lyerage fanetion + Entropy fanction
1200 ¢
1600 | . T3
* S %
1400 | 120
1200 ¢
1000 115
20.0
£0.0 14
400 | o5
200 ¢
0.0 < 0.0
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Fig. 3-2 Comparison of each function in RAQI a Chushan station (1999)

Aorerage funetion
Psl Chaochou Entiopy Benton
200.0 1 30
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160.0 . 1 =
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140.0 420
1200 *
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Fig. 3-3 Comparison of each function in RAQI a Chaochau station (1999)
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1200
1000 &

g0.0
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1800
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Fig. 3-4 Comparison of each function in RAQI a Chushan station (2000)
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Fig. 3-5 Comparison of each function in RAQI a Chaochou station (2000)
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140.0
1200
100.0
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0.0

200.0
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140.0
1200
100.0
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Fig. 3-6 Comparison of each functionin RAQI at Shau station (1999)
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Fig. 3-7 Comparison of each function in RAQI a Hengchun station (1999)
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Fig. 3-9 Comparison of each function in RAQI at Hengchun station (2000)
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1999-2000

RAQI
Fg.3-10~Fig.3-13 A RAQI maximum operator
function B RAQI average function C RAQI

entropy function Fg3-10 A ~Fg313 A

maximum operator function PSI Fig.3-10 B ~Fig.3-13
B maximum operator function
average function Fig.3-10 C ~Fig313 C
maximum operator function
average function entropy function
RAQI Fig.3-10~Fig.3-13 A C
PSI  RAQI
P
0.00001 Table3-4 Fig.3-10 ~ Fig.3-13
A B C standard deviation maximum
operator function PSI

average function

entropy function

Table 3-4 Standard deviation of each functionin RAQI

year station A std dev B stddev C stddev
1999  Chushan 27.4 56.1 50.5
2000  Chushan 25.1 50.5 44.8
1999  Chaochau 35.9 69.4 63.3

2000  Chaochau 21.2 44.4 38.0
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Fig. 3-10 Comparison of combined function with RAQI at Chushan station (1999)
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Fig. 3-11 Comparison of combined function with RAQI at Chushan station (2000)
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Fig. 3-12 Comparison of combined function with RAQI a Chaochou station (1999)
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Fig. 3-13 Comparison of combined function with RAQI at Chaochou station (2000)
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3.3.2
=
RAQI
PS|
RAQI

2211 RAQI cCO

PSI

PMio SO2 CO NO2 Os

PSI
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4.1

1997-2000

Fig.4-1

Cheng, 2002 2002 Cheng, 2001°2 2001

2000 Pont and Fontan, 2000 Chanet a, 1998 Harrison et al, 1997

Cheng, 2001° Cogliani, 2001 Perrino et al, 2001 Wu and Chan, 1997

Ludwig and Tulbure, 1996 Anthes and Warner, 1978 Fig.4-2 Fig.4-3

1997-2000 PS| 100 1
3 10-12 PSI 100 6-8 PSI 100
PSI 100
2000 O3  PMuwo
PM1o
PM 1o



—=— central Tatwan ——— kaoPing

—s+— north Tatwan

DATE

1568

1950

Fig. 4-1 Distribution of PS| at north Taiwan, central Taiwan and Kaoping air quality

region (1997-2000)

B 197

days
a0

12 month

11

B 197

B 198
1959
2000

Fig. 4-2 Daysof PSI ( 100) at centrd Taiwan air quality region (1997-2000)

T T T Y
LT T T TTO IO

12 month

11

10

Fig. 4-3 Daysof PSl ( 100) at Kaoping air quaity region (1997-2000)
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1999-2000 PSI

Fig4-4  Fig4-5 PS|
68-70 PS| 63-66
PS| 46-51 PS| 43-45
PS| 78 PS|
71-79 PS| 34-37
2000 1999  PS|
1990
1999

Fil
80

MEEREREnl e

£ &H&E ¥k &R —H WS
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