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Abstract

Vehicle exhaust emission is the main source of air pollution in
metropolitan areas in Taiwan and greatly affects citizens and causes health risks.
Different traffic flows, spatial mobile pollution distributions, and population
distributions can cause different levels of impact and health risk. This study
was thus initiated to develop appropriate methods for assessing the spatial
Impact and risk caused by the mobile pollution. The methods were also applied
to Taipei City, the case study area for this study.

It is not easy to evaluate the spatial distribution of the mobile pollution.
Although a method called the Road Network Density (RND) method had been
previously proposed, similar RNDs do not indicate similar traffic flows and
thus may underestimate the pollution in high traffic-flow areas, and the error
may be quite significant. Therefore, the \ehicle-flow-based Pollution Intensity
Density (VFPID) method was proposed in this study to improve the problem.
However, the VFPID method does not consider different traveling distances
that can cause different emissions. The Vehicle-travel-mileage-based Pollution
Intensity Density (VTPID) methodswassthus proposed. Before implementing
the three methods, the total mobile pollution®(TMP) emission was estimated
according to the amount of gasoline consumed,-and the entire study area was
divided into grids in the same size. The TMP emission was allocated to each
grid according to its RND; VFPRID;7or VTPID ratio. With the pollution
distributions determined by the three methods and the population distribution
of the city, spatial effects and health risks caused by mobile pollution were
estimated. And the Disability Adjusted Life Years (DALYS) is used to express
the risk level. Furthermore, since similar emission in different types of roads
would give different distributions of mobile pollution, the Operational Street
Pollution Model was adopted to simulate air pollutant concentrations on road
sides, and the results obtained were used to assess the exposure risk on the
residents living in the road sides.

The results show that the pollution distribution estimated by the RND
method can underestimate the pollution up to 10,000 tons when compared with
that estimated by the VFPID method. Also the difference between the VTPID
and VFPID results can be up to 5,000 tons. According to the OSPM simulation
results, it can be observed that different types of streets cause varied pollution
concentrations. Significantly different results were observed also when
compared to those from the other three methods. For example, the traffic flow
of the Section 1 of the Dunhua-South Road is more than that of the Bei-an
Road, but the street width of the former is 58 meters wider than the latter street,



and subsequently the simulated CO concentration is lower in the former street.
According to the risks estimated from the obtained pollution and population
distributions, the risk estimated for PM10 is the highest, the SOx risk is the
lowest, and NOx and CO have median risks. When the traffic flow is large and
population density is high, the associated risk is high too, such as the
Zhongshan district. However, some areas have narrow streets that cause high
risk, such as the Da-an District. It is believed that the proposed methods can
improve the estimation of spatial mobile pollution distribution and
subsequently facilitate further decision-making analyses.

Keyword: mobile source pollution, risk assessment, spatial pollution
distribution, modeling simulation, sustainable environmental
systems analysis.
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TSP | PM10 | PM2.5| SOx Pb NOXx CO THC |NMHC

>y

[EuTH

5| 0.154 | 0.091 | 0.067 | 0.014 | 0.002 | 1.059 |56.498 | 8.121 | 7.3039

10{ 0.152 | 0.090 | 0.066 | 0.013 [ 0.001 | 0.951 [32.233 | 3.918 |3.5235

15 0.152 | 0.090 | 0.066 | 0.012 [ 0.000 [ 0.907 [22.575| 2.760 |2.4825

20{ 0.152 | 0.090 | 0.066 | 0.011 | 0.000 | 0.897 |17.853 | 2.223 | 1.9998

25( 0.152 | 0.090 | 0.066 | 0.011 | 0.000 | 0.886 [15.214( 1.909 |1.7171

30f 0.152 | 0.089 | 0.066 | 0.010 | 0.000 | 0.897 |13.521 | 1.685 | 1.5154

40| 0.152 | 0.089 | 0.066 | 0.009 | 0.000 | 0.940 |10.996( 1.404 [1.2632

50[ 0.153 | 0.090 | 0:067 10.008 | 0.000 | 0.972 [9.2868 | 1.224 [ 1.1011

60| 0.153 | 0.090-| 0.066-| 0.007 {-0.000 | 0.994 |8.1142( 1.082 [0.9732

70{ 0.153 | 0.090 |:0.066 | 0:007-| 0.000 | 1.015 |7.3977 | 1.006 |0.9048

80 0.153 | 0.090 | 0.066-} 0.607 | 0.000 | 1.080 |7.1045| 0.958 |0.8616

90( 0.153 | 0.090+} 0.066 | 0.008 .} 0.000 | 1.253 |8.0328 | 0.966 |0.8688

100{ 0.153 | 0.090 | 0.067 | 0.008 | 0.000 | 1.426 |14.286| 1.152 |1.0364

¥

I vz

5| 0.148 | 0.087 | 0.063 | 0.0168|0.0022|0.7740 | 35.906 | 6.5576 | 5.8972

10(0.1475 [ 0.0862 | 0.0630 | 0.0157 [ 0.0011 [ 0.6571 | 19.747 | 2.5574 | 2.2999

15/ 0.1472 ( 0.0859 | 0.0628 | 0.0146 | 0.0008 | 0.6220 | 13.677 | 1.7425 | 1.5671

20{0.1470 | 0.0858 | 0.0627 | 0.0136 | 0.0006 | 0.5986 | 10.732 | 1.3961 | 1.2555

25(0.1469 | 0.0857 | 0.0626 | 0.0128 [ 0.0005 | 0.5986 | 9.0559 | 1.1759 | 1.0575

30{0.1469 | 0.0857 [ 0.0626 [ 0.0120 [ 0.0004 [ 0.5986 | 7.9656 | 1.0297 | 0.9260

40] 0.1468 | 0.0856 | 0.0625 | 0.0106 | 0.0004 | 0.6220 | 5.9802 | 0.8295 | 0.7459

50{0.1483 [ 0.0868 | 0.0635 [ 0.0097 [ 0.0003 [ 0.6454 [ 4.6296 | 0.7023 | 0.6316

60( 0.1482 | 0.0867 | 0.0634 | 0.0091 | 0.0002 | 0.6571 | 3.7183 | 0.6072 | 0.5460

70{0.1482 | 0.0867 | 0.0634 | 0.0088 | 0.0002 | 0.6688 | 3.1324 | 0.5441 | 0.4893

80( 0.1482 | 0.0867 | 0.0634 | 0.0089 | 0.0002 | 0.7156 | 2.8558 | 0.5021 | 0.4515

90{0.1482 | 0.0868 | 0.0635 [ 0.0094 [ 0.0003 [ 0.8559 [ 3.3277 [ 0.4931 | 0.4434

100} 0.1482 | 0.0868 | 0.0635 | 0.0103 | 0.0003 | 0.9962 | 6.4522 | 0.5503 | 0.4948
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0.0967

0.0718

0.0102

0.0003

2.9947

12.514

2.4195

2.4195

90

0.1607

0.0967

0.0718

0.0116

0.0003

3.7329

15.118

2.5258

2.5258

100

0.1608

0.0968

0.0719

0.0135

0.0004

4.4842

32.668

3.2855

3.2855

S fE
LT
P

0.4776

0.4202

0.3715

0.0998

0.0000

2.8900

4.4700

0.5300

0.5300

10

0.4776

0.4202

0.3715

0.0919

0.0000

2.5400

3.4900

0.4500

0.4500

15

0.4776

0.4202

0.3715

0.0848

0.0000

2.2600

2.7800

0.3900

0.3900

20

0.4776

0.4202

0.3715

0.0784

0.0000

2.0500

2.2500

0.3400

0.3400

25

0.4776

0.4202

0.3715

0.0728

0.0000

1.8800

1.8500

0.2900

0.2900

30

0.4776

0.4202

0.3715

0.0680

0.0000

1.7400

1.5500

0.2600

0.2600

40

0.4776

0.4202

0.3715

0.0606

0.0000

1.5700

1.1500

0.2100

0.2100

50

0.4776

0.4202

0.3715

0.0562

0.0000

1.4900

0.9100

0.1700

0.1700

60

0.4776

0.4202

0.3715

0.0549

0.0000

1.4900

0.7800

0.1500

0.1500

70

0.4776

0.4202

0.3715

0.0567

0.0000

1.5800

0.7100

0.1300

0.1300

80

0.4776

0.4202

0.3715

0.0616

0.0000

1.7700

0.7000

0.1200

0.1200

90

0.4776

0.4202

0.3715

0.0695

0.0000

2.0900

0.7300

0.1100

0.1100

100

0.4776

0.4202

0.3715

0.0804

0.0000

2.6200

0.8300

0.1100

0.1100
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(>2/)
F%)

TSP

PM10

PM2.5

SOx

Pb

NOx

CO

THC

NMHC

[

5

1.7009

1.5359

1.3698

0.2060

0.0000

35.240

33.610

6.2000

6.2000

10

1.7009

1.5359

1.3698

0.1971

0.0000

30.990

26.250

5.3000

5.3000

15

1.7009

1.5359

1.3698

0.1889

0.0000

27.62

20.870

4.5600

4.5600

20

1.7009

1.5359

1.3698

0.1815

0.0000

24.970

16.880

3.9600

3.9600

25

1.7009

1.5359

1.3698

0.1748

0.0000

22.880

13.900

3.4700

3.4700

30

1.7009

1.5359

1.3698

0.1688

0.0000

21.250

11.650

3.0600

3.0600

40

1.7009

1.5359

1.3698

0.1591

0.0000

19.110

8.6200

2.4500

2.4500

50

1.7009

1.5359

1.3698

0.1524

0.0000

18.150

6.8500

2.0300

2.0300

60

1.7009

1.5359

1.3698

0.1486

0.0000

18.210

5.8300

1.7400

1.7400

70

1.7009

1.5359

1.3698

0.1478

0.0000

19.290

5.3300

1.5400

1.5400

80

1.7009

1.5359

1.3698

0.1499

0.0000

21.600

5.2300

1.4100

1.4100

90

1.7009

1.5359

1.3698

0.1550

0.0000

25.550

5.5000

1.3400

1.3400

100

1.7009

1.5359

1.3698

0.1631

0.0000

31.920

6.2000

1.3100

1.3100

A
e}

[

1.6492

1.4842

1.3222

0.2106

0.0000

34.310

32.820

6.0100

6.0100

10

1.6492

1.4842

1.3222

0.2015

0.0000

30.170

25.630

5.1300

5.1300

15

1.6492

1.4842

1.3222

0.1931

0.0000

26.900

20.380

4.4200

4.4200

20

1.6492

1.4842

1.3222

0.1855

0.0000

24.310

16.490

3.8400

3.8400

25

1.6492

1.4842

1.3222

0.1787

0.0000

22.270

13.570

3.3600

3.3600

30

1.6492

1.4842

1.3222

0.1726

0.0000

20.690

11.370

2.9700

2.9700

40

1.6492

1.4842

1.3222

0.1627

0.0000

18.600

8.4200

2.3800

2.3800

50

1.6492

1.4842

1.3222

0.1558

0.0000

17.670

6.6900

1.9700

1.9700

60

1.6492

1.4842

1.3222

0.1519

0.0000

17.730

5.7000

1.6800

1.6800

70

1.6492

1.4842

1.3222

0.1511

0.0000

18.790

5.2000

1.4900

1.4900

80

1.6492

1.4842

1.3222

0.1532

0.0000

21.030

5.1000

1.3700

1.3700

90

1.6492

1.4842

1.3222

0.1585

0.0000

24.880

5.3700

1.3000

1.3000

100

1.6492

1.4842

1.3222

0.1667

0.0000

31.080

6.0600

1.2700

1.2700
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F%)

TSP

PM10

PM2.5

SOx

Pb

NOx

CO

THC

NMHC

N

e
[

[
~

1.2483

1.0833

0.953410.1999

0.0000

28.580

27.390

4.6600

4.6600

10

1.2483

1.0833

0.953410.1912

0.0000

25.140

21.390

3.9800

3.9800

15

1.2483

1.0833

0.9534 (0.1833

0.0000

22.410

17.010

3.4200

3.4200

20

1.2483

1.0833

0.9534(0.1761

0.0000

20.250

13.760

2.9700

2.9700

25

1.2483

1.0833

0.9534 [ 0.1696

0.0000

18.560

11.330

2.6000

2.6000

30

1.2483

1.0833

0.953410.1638

0.0000

17.240

9.4900

2.3000

2.3000

40

1.2483

1.0833

0.9534 | 0.1544

0.0000

15.500

7.0300

1.8400

1.8400

50

1.2483

1.0833

0.953410.1479

0.0000

14.720

5.5800

1.5200

1.5200

60

1.2483

1.0833

0.9534 ( 0.1442

0.0000

14.770

4.7500

1.3100

1.3100

70

1.2483

1.0833

0.953410.1434

0.0000

15.650

4.3400

1.1600

1.1600

80

1.2483

1.0833

0.9534 | 0.1455

0.0000

17.520

4.2600

1.0600

1.0600

90

1.2483

1.0833

0.9534 1 0.1504

0.0000

20.720

4.4800

1.0100

1.0100

100

1.2483

1.0833

0.953410.1582

0.0000

25.89

5.0500

0.9900

0.9900

L

7 A2
#

0.2712

0.2000

0.1627 1 0.0115

0.0018

0.1300

21.320

9.4300

8.4511

10

0.2699

0.1990

0.1618 | 0.0064

0.0005

0.1200

11.560

5.7100

5.1343

15

0.2697

0.1989

0.1617 | 0.0048

0.0003

0.1100

7.5100

4.0700

3.6721

20

0.2696

0.1988

0.1616 | 0.0041

0.0002

0.1100

5.5300

3.2500

2.9410

25

0.2696

0.1988

0.1616 | 0.0037

0.0002

0.1100

4.4100

2.7800

2.5220

30

0.2696

0.1987

0.1616 | 0.0035

0.0001

0.1200

3.7000

2.4800

2.2545

40

0.2695

0.1987

0.1615] 0.0035

0.0001

0.1300

2.8100

2.1100

1.9246

50

0.2695

0.1987

0.1615 | 0.0039

0.0001

0.1500

2.2200

1.8500

1.6928

60

0.2695

0.1987

0.1615 | 0.0047

0.0001

0.1600

1.8100

1.6600

1.5234

70

0.2696

0.1987

0.1616 | 0.0059

0.0001

0.1600

1.5700

1.5500

1.4253

80

0.2696

0.1988

0.1616 | 0.0072

0.0002

0.1800

1.4600

1.5200

1.3985

90

0.2696

0.1988

0.1616 | 0.0075

0.0002

0.2100

1.7800

1.5900

1.4610

100

0.2696

0.1988

0.1616 | 0.0075

0.0002

0.2500

3.9500

2.0900

1.9068
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CO
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T {7 A%
¥ B

0.0945

0.0587

0.0443

0.0115

0.0018

0.7100

23.310

5.9700

5.3205

10

0.0933

0.0577

0.0435

0.0064

0.0005

0.6300

12.600

3.6700

3.2892

15

0.0931

0.0576

0.0433

0.0048

0.0003

0.5800

8.1600

2.6700

2.4060

20

0.0930

0.0575

0.0433

0.0041

0.0002

0.5700

5.9900

2.1600

1.9555

25

0.0929

0.0575

0.0432

0.0037

0.0002

0.5900

4.7700

1.8700

1.6994

30

0.0929

0.0574

0.0432

0.0035

0.0001

0.6200

4.0000

1.6900

1.5404

40

0.0929

0.0574

0.0432

0.0035

0.0001

0.6900

3.0200

1.4600

1.3373

50

0.0929

0.0574

0.0432

0.0039

0.0001

0.7600

2.3700

1.3000

1.1960

60

0.0929

0.0574

0.0432

0.0047

0.0001

0.8100

1.9300

1.1900

1.0988

70

0.0929

0.0574

0.0432

0.0059

0.0001

0.8400

1.6600

1.1200

1.0370

80

0.0930

0.0575

0.0432

0.0072

0.0002

0.9100

1.5500

1.1000

1.0194

90

0.0930

0.0575

0.0433

0.0075

0.0002

1.0900

1.8900

1.1400

1.0547

100

0.0930

0.0575

0.0433

0.0075

0.0002

1.2700

4.1800

1.4400

1.3196
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