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Abstract

Hazardous Air Pollutants (HAPs) are difficult to measure, analyze and assess for risk because of low ambient
concentrations and varieties. Types of HAPs are Volatile organic compounds (VOCs), Polycyclic aromatic hydro-
carbon (PAHs) and Aldehydes. HAP emissions from vehicles are a contributor to serious adverse health effectsin
urban areas. In this study, hazardous air pollutant emissions from road transport vehicles by Non-methane volatile
organic compounds (NMV OC) weight fraction and PAHs emission factors are estimated in 2008.

The top-five-most hazardous air pollutant emissions were estimated to toluene 864.3ton/yr, acrolein 690.6 ton/yr,
acetaldehyde 554.5 ton/yr, formaldehyde 498.7 ton/yr, propionaldehyde 421.6 ton/yr in 2008.

The results for a cancer and non-cancer risk assessment of HAPs emissions show that the major cancer driver is
formal dehyde and the non-cancer driver is acrolein.
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Table 1. HAPs emissions by emission factors developed
in Korea (2008).

Hazardous air pollutants Emission (ton/yr)

1,3-Butadiene 122
Benzene 318
Toluene 864
Ethylbenzene 344
m,p-Xylene 206
Styrene 9
o-Xylene 132
Formaldehyde 499
Acetaldehyde 555

7] o2 (HAP) vl & 54 3

Table 2. Hazardous air pollutant emissions from vehicles.

Hazardous air pollutants Emission (ton/yr)

Acetaldahyde 1,741
Acrolein 691
Benzaldehyde 430
Butyraldehyde 260
Crotonaldehyde 408
Formaldehyde 3,252
Hexanal 305
ALDEHYDES |sobutanal dehyde 247
i-valeraldehyde 26
Methacrolein 251
m-tolualdehyde 197
o-tolualdehyde 210
Propional dehyde 422
p-tolualdehyde 46
Valeradehyde 112
2-methylheptane 294
2-methylhexane 791
3-methylheptane 298
3-methylhexane 573
Alkanes C> i3 7,393
Alkanes C10-C12 866
Butane 3,016
Decane 522
ALKANES Ethane 1,481
Heptane 394
Hexane 675
|sobutane 1,052
|sopentane 2,949
Nonane 107
Octane 239
Pentane 934
Propane 2,813
1,3-butadiene 1,133
1-butene 306
1-hexene 71
1-pentene 46
2-butene 653
2-pentene 143
Dimethylhexene 63
ALKINES Ethylene 5,433
|sobutene 1,390
Propadiene 21
Propylene 2,352
1-butine 88
Acetylene 1,600
Propine 34
1,2,3 trimethylbenzen 440
1,2,4 trimethylbenzen 1,990
1,3,5 trimethylbenzen 711
AROMATICS Benzene 2,516
C>y3 6,495
C10 1,287
C9 2,067
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Table 2. Continued.

Table 4. PAHs emissions from vehicles.

Hazardous air pollutants Emission (ton/yr) PAHs, POPs Emission (ton/yr)
Ethylbenzene 822 Indeno(1,2,3-cd)pyrene 0.308
m,p-xylene 2,554 Benzo(k)fluoranthene 0.475
AROMATICS o-xylene 1,060 Benzo(b)fluoranthene 0.502
Styrene 563 Benzo(ghi)perylene 0.611
Toluene 4,707 Fluoranthene 4.413
CYCLOALKANES All 763 Benzo(g)pyrene 0.313
od 70 Pyrene 4.683
cetone Perylene 0.054
KETONES Methylethlketone 92 Anthanthrene 0.016
Benzo(b)fluorene 0.875
Benzo(e)pyrene 0.856
. . . Triphenylene 0.553
Table 3. i(‘.‘;cr:rsnparlson of Hazardous air pollutant emiss: Benzo(j)fluoranthene 0.440
’ Dibenzo(a,j)anthacene 0.016
Pollutants Korea(ton/yr) EU (ton/yr) Dibenzo(a,l)pyrene 0.012
1,3-Butadien 122 1,133 3,6-dimethyl-phenanthrene 0.128
Benzene 318 2,516 Benzo(a)anthracene 0.361
Toluene 864 4,707 Acenaphthylene 2.287
Ethylbenzene 344 822 Acenapthene 3.058
m,p-Xylene 206 2,554 Fluorene 1.285
Styrene 9 563 Chrysene 1.239
O-Xyl ene 132 1,060 Phenanthrene 3.877
Formaldehyde 499 3,252 Naphthalene 121.899
Acetaldehyde 555 1,741 Anthracene 0.497
Coronene 0.014
Dibenzo(ah)anthracene 0.063
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Table 5. Comparison of Korea and USA HAPs emission from on-road mobile sources.

Korea(2008) USA (2005)
Rank Rank
Hazardous air pollutant Emission (ton/yr) Hazardous air pollutant Emission (ton/yr)
1 Toluene 864.3 1 Toluene 342,559
2 Acrolein 690.6 2 m-Xylene 145,040
3 Acetaldehyde 554.5 3 Benzene 142,871
4 Formaldehyde 498.7 4 2,2,4-Trimethylpentane 133,238
5 propional dehyde 421.6 5 o-Xylene 53,691
6 Ethylbenzene 344.0 6 Formaldehyde 53,122
7 Benzene 318.2 7 Ethyl Benzene 52,849
8 m,p-Xylene 205.8 8 Hexane 49,583
9 o-Xylene 1324 9 Acetaldehyde 23,769
10 1,3-Butadien 122.2 10 Methyl Tert-Butyl Ether 19,821
11 Naphthalene 121.9 11 1,3-Butadiene 17,068
12 Styrene 9.2 12 Styrene 9,709
13 Pyrene a7 13 Propionaldehyde 3,095
14 Fluoranthene 4.4 14 Naphthalene 2,938
15 Phenanthrene 39 15 Acrolein 2,511
16 Acenapthene 31 16 p-Xylene 1,306
17 Acenaphthylene 23 17 Acenaphthylene 154
18 Fluorene 13 18 Phenanthrene 110
19 Chrysene 1.2 19 Fluorene 97
20 Benzo(b)fluorene 0.9 20 Fluoranthene 40
21 Benzo(e)pyrene 0.9 21 Pyrene 38
22 Benzo(ghi)perylene 0.6 22 Acenaphthene 29
23 Triphenylene 0.6 23 Anthracene 29
24 Benzo(b)fluoranthene 0.5 24 Benz[a] Anthracene 7
25 Anthracene 0.5 25 Benzo[g,h,i,]Perylene 6
26 Benzo(k)fluoranthene 05 26 Benzo[a] Pyrene 4
27 Benzo(j)fluoranthene 0.4 27 Benzo[b]Fluoranthene 3
28 Benzo(a)anthracene 0.4 28 Benzo[K]Fluoranthene 3
29 Benzo(a)pyrene 0.3 29 Chrysene 3
30 Indeno (1,2,3-cd)pyrene 0.3 30 Indeno[1,2,3-c,d]Pyrene 2
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Fig. 1. Contributors of Cancer risk and Non-cancer risk by source sectors (US EPA, 2005).

Table 6. Cancer risk estimated by HAPs from vehicle.

Table 7. Non-cancer risk estimated by HAPs from vehicle.

Relative Culpability

Relative Culpability

Rank Hazardous air pollutant of Risk Estimate (%) Rank Hazardous air pollutant of Hazard Quotient (%)

1 Formaldehyde 29.7 1 Acrolein 99.2

2 Napthalene 19.0 2 Acetaldahyde 0.2

3 1,3-butadiene 16.8 3 1,3-butadiene 0.2

4 Benzene 11.4 4 Propional dehyde 0.2

5 Acetaldahyde 5.6 5 Formaldehyde 0.1

6 Ethylbenzene 39 6 Napthalene 01

7 Benzo(a)pyrene 23

8 Pyrene 1.9
18 ;ﬁmﬁgﬂi 12 Table 8. HAPs emissions by vehicle type. (Unit: ton/yr)
n Acenzphthene 12 Vehicletype Formalde-  Napthar L3 Acrolein
12 Acenaphthylene 0.9 hyde lene  Butadien
13 Dibenzo(a,i)pyrene 08 Passenger Car 189 60.5 152 66.8
14 Fluorene 05 Van 8.9 46 7.2 442
15 Dibenzo(a,h)anthracene 05 Taxi 22 0.7 0.1 15.2
16 Benzo(k)fluoranthene 0.3 Bus 734 0.4 17 94.2
17 Benzo(e)pyrene 03 Truck 3224 24.6 458 3752
18 Benzo(j)fluoranthene 03 Special Car 6.6 0.4 0.1 12.3
19 Benzo(a)anthracene 0.3 RV 66.3 30.7 52.0 82.7
20 Indeno(1,2,3cd)pyrene 0.2
o1 Benzo(byfluoranthene 02 Total 4987 121.9 122.2 690.6
22 Anthracene 0.2
23 Chrysene 0.1
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Fig. 2. Emission contribution of formaldehyde by vehicle
types.
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Fig. 3. Emission contribution of Naphthalene by vehicle
types.
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Fig. 6. Emission contribution of HAPs by fuel types.
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