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Abstract

Benzene is a very harmful and toxic compound known as human carcinogen by all routes of exposure. Owing to
the risky feature of benzene, several countries such as Japan, UK and EU have established the ambient air quality
standard and protect from that risk of it. Korea also has designated it as one of the criteria air pollutants and
established the concentration limit (5 pg/m?) in the air and is going to apply the standard from 2010. Benzene is
emitted from various sources such as combustion plants, production processes, waste treatment facilities and also
automobiles. Mobile source is known as one of the major emission sources of benzene. In this study, we estimated
the domestic emissions of benzene from mobile source and compared the results with those of advanced countries.
Mobile source was divided into 2 categories, i.e., on-road source and non-road source. The total emissions of
benzene from mobile source were estimated as 3,106 tons/yr and 1,612 tons/yr was emitted from on-road source
and 1,494 tons/yr was from non-road source. Emission ratio of benzene from on-road source showed that 80.0%
was from passenger cars, 10.1% was from taxis, 7.2% was from light-duty vehicles, 2.5% was from heavy-duty
vehicles and 0.2% was from buses. In the case of non-road source, the distribution showed that 66.3% was from
construction machineries, 14.5% was from locomotives, 11.7% was from ships, 7.1% was from agriculture
equipments and 0.5% was from aircrafts. The cold-start emissions were estimated as 942 tons/yr and this value was
almost 1.5 times greater than that for hot engine emissions (608 tons/yr). In addition, the fuel-based distribution
was 65.9%, 31.1% and 2.8% from gasoline, LPG and diesel vehicles, respectively. The emission ratio from mobile
source occupied 65% and 30% of total benzene emissions in USA and UK, respectively. In case of Korea, the
emission ratio of benzene from mobile source occupied 29% (15% from on-road source, 14% from non-road
source) which showed similar value with UK.
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Table 1. Source categories of on-road mobile source.

Source Classifications

Passenger car, light-duty vehicle,

On-road mobile source heavy-duty vehicle, taxi, bus
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Table 2. Benzene emissions from on-road vehicles by vehicle types and fuels in 2004.
Source . Emission factor Emission
categories Size Fuels Age(year) (g/km-vehicle number) (tons/year)
. Gasoline 0.0973,0.0914, 0.0112 93.26
< _ . s s
Light LPG <1996, 1997 ~2002, 2003 ~ 2005 0.1653. 0.1096, 0.0133 Lo4
Small Gasoline <1986, 1987~2002, 2003 ~ 2005 0.0117, 0.1606, 0.0042 483.45
LPG <1990, 1991 ~2002, 2003 ~2005 0.0294, 0.1813, 0.0046 9.64
Passenger car 387.78
Mi 3.2
iddle Gasoline <1986, 1987~ 2002, 2003 ~ 2005 0.0065, 0.1836, 0.0130 169 82
Diesel <1990, 1991 ~ 2002, 2003 ~ 2004 0.0051,0.1117, 0.0106 :
LPG <1990, 1991 ~2002, 2003 ~ 2005 0.0346, 0.2403, 0.0160 96.26
Full 16.56
31.70
) Middle 160.14
Taxi LPG <1999, 2000~2001, 2002 ~ 2005 0.1907, 0.0332, 0.0484 e
Fuli 2.39
Gasoline 0.0119, 0.1245, 0.0014 2.72
ight- < ~ ~
ng?- c:uty Small LPG R <1990, 1991 ~2002, 2003 ~ 2005 0.0222. 0.1393. 0.0170 12.64
vehicle
Middle LPG <1990, 1991 ~2002. 2003 ~ 2005 0.0307,0.1113,0.133 0.68
Gasoline <1990, 1991 ~2002, 2003 ~2005 0.0130, 0.1239, 0.032 1.33
Heavy-duty Small Diesel <1990, 1991 ~1997, 1998 ~ 2003 0.0051, 0.0660, 0.0464 24.62
vehicle LPG <1990, 1991 ~2002, 2003 ~ 2005 0.0221, 0.1367, 0.0047 13.68
Middle LPG <1990, 1991 ~2002, 2003 ~ 2005 0.0484,0.1489, 0.0155 0.86
Bus CNG - 0.0055 324
Total 1,611.91
?Vehicle management law of Korea.
(@) Heavy=duty (b) )
Light-duty 2.5% Bus Diesel CNG
Taxi 7.2% 0.2% LPG 2.8% 02%
10.1%

Passenger car
80.0%

Gasoline
65.9%

'Fig. 1. Distribution of the benzene emissions by (a) vehicle types (b) fuels.
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Fig. 2. Distribution of benzene emissions by fuels ac-
cording to vehicle types.
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Table 3. Benzene emissions by provincial areas for on-road vehicles in 2004.

On-road vehicles emissions (tons/yr)

Provincial areas Total
Hot engine Cold start Evaporation

Seoul 159.48 156.11 12.41 328.00

Metropolitan area (tons/yr) Incheon 3291 44.37 3.1 80.38
Gyeonggi 106.05 227.62 14.27 347.94

Busan 32.29 52.05 395 88.29

Daegu 34.05 47.69 3.51 85.25

Gwangju 15.74 24.62 1.69 42.05

Daejeon 2297 30.38 2.19 55.54

Ulsan 9.15 18.57 1.6 29.32

Gangwon 20.91 38.42 2.03 61.36

Other areas (tons/yr) Chungbuk 22.68 40.74 2.08 65.50
Chungnam 24.53 44.98 2.55 72.06

Jeonbuk 24.75 42.34 2.28 69.37

Jeonnam 22.97 38.18 2.01 63.16

Gyeongbuk 34.41 60.02 3.67 98.10

Gyeongnam 36.19 64.92 4.21 105.32

Jeju 8.67 10.89 0.71 20.26

Total 1,611.91
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Table 4. Regional benzene emissions by non-road sources in 2004.

Region Locomotives Ships Aircrafts gg]ﬂ;;lgrllrg %)an:}gﬁggg?
Metropolitan area 35.64 24.40 4.62 13.63 460.21
(tons/yr) (16.5%) (13.9%) (66.6%) (12.9%) (46.5%)
Other areas 180.47 151.09 2.32 91.88 530.16
(tons/yr) (83.5%) (86.1%) (33.4%) (87.1%) (53.5%)
Sub-total 216.11 175.49 6.94 105.51 990.37
(tons/yr) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Total (tons/yr) 1,494.42
Table 5. Comparison of benzene emissions with foreign o]t}

countries.
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