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Source characteristics of VOCs emissions from vehicular exhaust in the Pearl
River Delta region
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Abstract: Based upon VOCs emission contributions from on-road mobile sources in the Pearl River Delta ( PRD) light-duty gasolinefueled vehicles
(LDGV)  light-duty diesel4ueled vehicles ( LDDV)  liquefied petroleum gas ( LPG) Hueled taxis and motorcycles were chosen to develop VOCs emission
source profiles including 59 PAMs compounds by using chassis dynamometer and road measurements. VOCs compositions of LDGV and motorcycles were
similar featuring high percentages of aromatics and alkanes. Benzene toluene ethyl benzene xylenes and trimethyl benzene ( BTEX) i-pentane and
acetylene made up 54. 5% of detected VOCs in LDGV exhausts while BTEX i-pentane and ethylene were responsible for 41. 2% compositions in
motorcycle exhaust. For LDDV exhaust percentage of alkanes was the highest followed by aromatics and alkenes. In addition to benzene and toluene n—
undecane n-dodecane n-decane ethylene propylene and 1-butene were also abundant in dieselHueled vehicular exhaust. LPG vehicular exhaust were
characterized by propane and i/n-butane as well as 1 2 4 & 1 2 3-rimethylbenzene and toluene. Compared to similar studies differences in vehicle
emission source profiles still exist due to differences in fuel quality and emission standards and inconsistence in source sampling and chemical analytical

standards. Regulations and guidelines on emission source sampling and chemical analysis are needed in future vehicle emission source profile studies.
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1 ( Introduction)
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0.58 ppbvea™ ( Wang et al.
2009)
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2 ( Materials and methods)
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20 ( - - )
min N N
50 kmeh™".
2 L. SUMMA
1 VOCs
Table 1 Information on vehicle emission source sampling
v 93* 12 21
(0/30/60 kmeh™") 9
LPG 5 5
1 o* 4 4
IV 93* 5 5
2.3
VOCs USEPA
TO-14/TO-15 EPA PAMS( The
United States Environmental Protection Agency’s ozone 100 mL
precursor monitoring program) 59 8 ~10
C, ~C,, VOCs
( Gas Chromatography GC) -
( Mass Selective Detector MSD) / 24 h
( Flame lonization Detector FID) 5
C,~C, VOCs. ENTECH?7100 24 h
CO,
DB
MSD I.D
(0.35 mx0. 10 mm) FID 10%
HP PLOT-Q (30 mx0.32 mmx20.0 um) 12% ~14% 15%
C,~C, C,~C; VOCs 13% ~15% 15%
( Wang et al.
. 2008) .
( Wang et al. 2008) . ) )
3 ( Results and discussion)
2.4
N LPG
( Quality Assurance and Quality N
Control QA/QC) . 59  VOCGCs 29
16 14 .2

VOCs
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2 VOCs ( )
Table 2 VOCs emission source profiles of different vehicle types ( Mass-weighted percent)
S.D.*®
VoG (n=12) (n=4) ( LP()} (n=5) (n=5)
1.51% (1.67%) 0.16% (0.09%) 5.37% (2.71%) 0.73% (0.85%)
0.15% (0.15%) 0.10% (0.06%) 31.54% (8.68%) 0.10% (0.07%)
0.67% (0.65%) 4.37% (2.85%) 3.32% (1.79%) 0.34% (0.10%)
0.56% (0.49%) 0.29% (0.23%) 7.19% (2.61%) 0.76% (0.47%)
4.94% (3.45%) 1.91% (1.15%) 0.06% (0.08%) 4.98% (1.99%)
2.26% (1.33%) 0.63% (0.34%) ND® - 2.95% (0.72%)
2 2- 0.60% (0.47%) 0.15% (0.13%) ND - 0.87% (0.33%)
0.70% (0.62%) 1.49% (1.27%) ND - 0.44% (0.05%)
2 3- 1.14% (0.57%) 0.20% (0.14%) ND - 0.86% (0.42%)
2- 3.77% (1.55%) 0.47% (0.62%) ND - 3.64% (0.52%)
3- 2.71% (1.04%) 0.31% (0.42%) ND - 2.57% (0.34%)
1.66% (1.45%) 0.18% (0.17%) 0.08% (0.09%) 1.86% (0.56%)
- 1.64% (0.59%) 0.24% (0.21%) ND - 1.59% (0.25%)
2 4- 0.56% (0.31%) 0.04% (0.03%) ND - 0.62% (0.12%)
0.45% (0.36%) 0.13% (0.10%) ND - 0.32% (0.04%)
2- 2.98% (1.43%) 0.30% (0.26%) 0.02% (0.04%) 2.19% (0.36%)
2 3- 1.04% (0.46%) 0.12% (0.10%) ND - 0.82% (0.14%)
3- 2.77% (1.03%) 0.51% (0.35%) ND - 2.01% (0.32%)
22 4- 0.93% (0.56%) 1.22% (0.80%) ND - 2.69% (2.77%)
2.34% (1.17%) 0.54% (0.46%) 0.02% (0.05%) 1.76% (0.57%)
- 1.20% (0.54%) 0.54% (0.36%) 0.01% (0.02%) 0.87% (0.13%)
23 4- 0.20% (0.24%) 0.06% (0.05%) ND - 1.16% (1.45%)
2- 1.11% (0.50%) 0.41% (0.28%) 0.02% (0.03%) 0.69% (0.33%)
3- 1.10% (0.50%) 0.26% (0.18%) 0.02% (0.02%) 0.72% (0.26%)
1.06% (0.53%) 1.13% (0.74%) 0.03% (0.06%) 0.83% (0.45%)
0.55% (0.31%) 3.31% (2.42%) 0.09% (0.15%) 0.51% (0.40%)
0.36% (0.22%) 4.71% (2.58%) 0.40% (0.29%) 0.28% (0.26%)
0.34% (0.25%) 9.87% (6.56%) 1.60% (0.81%) 0.17% (0.21%)
0.22% (0.24%) 6.67% (3.17%) 1.66% (1.05%) 0.08% (0.09%)
3.38% (3.84%) 5.94% (5.26%) 0.12% (0.07%) 2.50% (2.58%)
1.63% (3.66%) 2.52% (2.10%) 0.03% (0.02%) 8.37% (9.94%)
1.92% (2.24%) 5.29% (3.61%) 0.10% (0.06%) 3.37% (2.48%)
1- 0.56% (0.50%) 4.37% (2.89%) ND - 1.07% (0.63%)
2- 0.31% (0.33%) 0.97% (0.60%) ND — 0.45% (0.23%)
2- 0.23% (0.24%) 0.68% (0.43%) ND — 0.32% (0.19%)
1- 0.16% (0.15%) 3.48% (2.37%) ND - 0.35% (0.24%)
0.00% (0.02%) 0.00% (0.00%) ND - ND —
2- 0.40% (0.36%) 0.53% (0.30%) ND — 0.59% (0.32%)
2- 0.19% (0.16%) 0.32% (0.20%) ND — 0.32% (0.22%)
1- 0.21% (0.17%) 1.90% (1.18%) ND — 0.30% (0.20%)
a- ND - ND — 0.08% (0.18%) ND —
B- ND — ND — ND — ND —
5.61% (1.69%) 8.56% (5.44%) 0.63% (0.36%) 4.04% (2.29%)
9.61% (3.05%) 5.74% (3.11%) 4.73% (6.48%) 8.91% (2.38%)
3.09% (1.15%) 1.57% (0.88%) 1.10% (0.73%) 3.84% (0.99%)
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2
(S.D.7)
VOCs
(n=12) (n=4) LPG (n=5) (n=5)
/ 6.39% (1.38%) 2.84% (1.57%) 3.91% (2.73%) 6.84% (2.84%)
0.17% (0.34%) 0.11% (0.11%) ND - ND -
2.72% (0.48%) 1.38% (0.76%) 1.87% (1.11%) 3.03% (1.39%)
0.55% (0.24%) 0.22% (0.12%) 0.12% (0.03%) 0.53% (0.21%)
1L11%  (0.45%)  0.66%  (0.38%)  0.84%  (0.12%) 1.32% (0.47%)
4.08%  (1.56%)  2.19%  (1.55%)  4.24%  (0.89%)  3.30% (1.15%)
2.18% (0.61%) 1.03% (0.74%) 1.77% (0.32%) 1.79% (0.69%)
135- 2.11% (0.48%) 0.88% (0.57%) 1.92% (0.32%) 1.66% (0.54%)
1.84%  (0.59%) 1.13%  (0.77%) 1.99%  (0.39%) 1.53% (0.54%)
12 4- 7.51%  (2.12%)  4.03%  (2.72%)  14.83%  (4.72%)  4.95% (2.08%)
12 3= 2.88%  (1.05%) 1.76%  (1.21%)  5.80%  (1.61%) 1.84% (0.92%)
0.53%  (0.22%)  0.33%  (0.23%) 1.02%  (0.36%)  0.45% (0.35%)
1.04%  (0.44%) 1.13%  (0.60%)  3.21%  (0.95%)  0.82% (0.54%)
0.10% (0.08%) 0.12% (0.06%) 0.21% (0.07%) 0.07% (0.06%)
:S.D. ND
3.1 ( 2003; Liu et al. 2008,
1 2012) 10.2% ~11.6%
(51.5%) (39.5%) 4.0% ~7.6%. 12 4-
(9.0%) . o .- 7.3%
12 4- 6.3% 2.
5 59 3% ~3.8% 4.1% ~4.8%.
34.6% .- 2= VOCs
3- ( 2). 10 . Liu  (2008) 2007—2008
VOCs
( 2003; Liu et al. A | : (2012)
2008; 2012) . (2003)
. . (2012 ) (2003 )
3.7% 1.6%
14%
12%
10%F,
39.5% £ el
4%
2%
w SR B & & &
FD Q ¥
2 VOCs

VOCs

Fig. 1 compositions of light-duty gasoline-fueled

vehicle exhaust

Fig.2  Major species in light-duty gasolinefueled vehicle exhaust
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Fig.9 VOCs compositions of motorcycle exhaust
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