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Source Profile and Chemical Reactivity of Volatile Organic Compounds from

Vehicle Exhaust

QIAO Yue-zhen'”, WANG Hong-li', HUANG Cheng', CHEN Chang-hong'*, SU Lei-yan*, ZHOU Min®>, XU
Hua', ZHANG Gang-feng', CHEN Yi-ran', LI Li', CHEN Ming-hua', HUANG Hai-ying'

(1. Shanghai Academy of Environmental Sciences, Shanghai 200233, China; 2. School of Resources and Environmental Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Light-duty gasoline taxis (LDGT) and passenger cars( LDGV ), heavy-duty diesel buses (HDDB) and trucks ( HDDT),
gasoline motorcycles (MC) and LPG scooters ( LPGS) , were selected for tailpipe volatile organic compounds ( VOCs) samplings by
using transient dynamometer and on road test combined with SUMMA canisters technology. The samples were tested by GC-MS to
analyze the concentration and species composition of VOCs. The results indicate that light-duty gasoline automobiles have higher
fractions of aromatic hydrocarbons, which account for 43. 38% -44. 45% of the total VOCs, the main aromatic hydrocarbons are toluene
and xylenes. Heavy-duty diesel vehicles have higher fractions of alkanes, which constitute 46. 86% -48.57% of the total VOCs, the
main alkanes are propane, n-dodecane and n-undecane. In addition, oxy-organics account for 13.28% -15.01% of the VOCs, the
main oxy-organics is acetone. The major compound from MC and LPGS exhaust is acetylene, it accounts for 39. 75% and 76. 67% of
the total VOCs, respectively. VOCs exhaust from gasoline motorcycles and light-duty gasoline automobiles has a significantly higher
chemical reactivity than those from heavy-duty diesel vehicles, which contribute 55% and 44% to the atmospheric chemical reactivity
in Shanghai. The gasoline motorcycles and light-duty gasoline automobiles are the key pollution sources affecting city and region
ambient oxidation, and the key active species of toluene,xylenes, propylene, and styrene make the greatest contribution.

Key words: vehicle; volatile organic compounds (VOCs) ; source profile; chemical reactivity; OH loss rate; ozone formation potential
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Table 1  General information of tested vehicles

ETRe? | R K LS SRR H AR RASERIKE A7 B/ km
LDGT-01 IR 4 (L) AR AR 2001 E 1 270 000
LDGT-02 BRI (A ZRIEY4 7181 CEl Kl 2002 S 100 000
LDGT-03 IR 4 (LA FHYh VI 2003 =2 99 638
LDGT-04 BRIV 4 (A FIEY 2000 R 2007 3 —
LDGT-05 IR 4 (LA FEEY SVWT182 VI 2007 =3 281315
LDGT-06 BRIV (A FIEYH VISTA ERRLL 2008 3 —
LDGV-01 BRI (/NR A SMG7161AT Kl 2008 3 80 856
LDGV-02 IR (/N A SMG7161AT VI 2008 = 3 87 662
LDGV-03 BANRI L (VN4 ZIEY SVWT182 ERRIL 2002 = 245 306
LDGV-04 BIIMEE (NG ) SVW7180CEI ¥ 2005 2 59790
HDDB-01 EHLE 4 (AL 4 YC6G240 S 2006 [ 2 295236
HDDB-02 AN 4 (A5 4% Hino P11C TH Skah 2005 2 428 725
HDDB-03 EILE 4 (AL ) 46 ISCE260-30 L 2006 [ 3 175 122
HDDT-01 TERIEE (R4 KR YC4110ZQE SE3h 2003 E 1 331387
HDDT-02 EHLE 4 (R4 fi# it CA4DF2 S 2004 [ 2 271 125
HDDT-03 A E (R ) K YC4110ZQE ER 2003 1 271 000
HDDT-04 IR G (R 4E) / B3 2009 3 —
HDDT-05 RIS E (R ) fif i ek Sk 2009 3 70 000
HDDT-06 EIRLEE (R 4E) fi#jit CA4DF2 B3 2004 2 204 193
MC-01 FEFLH ZB} Ha 2004 2 96 969
MC-02 FEFE4: FE baR 2000 4EHi ES ) 13912
MC-03 EEFG 4 B bRl 2003 2 15 000
MC-04 FEFLH 5B o 2003 [ 2 11 191
MC-05 EEFG 4 B S bRl 2003 2 5379.2
LPGS-01 Bhah 4 2 LPG 2004 2 10 135
LPGS-02 B2 % B LPG 2007 2 30 000
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PET IR, T 00 is 47 R PR SE ML 3 4
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PRS2 R AR, SRR HT SUMMA B FH 75 26 2085 vE It
FHEZE. VMAS TALR IR N 195 s, 36 Bk |
I AE L B 4 R T, P E Y 18,7
km-h ' FEZEH N 50 km-h ' BRI ZEAE Lugdown

3t B R Rl 25035 3 100% . 90% F11 80% (1B K
Ui, e fofr iz A7 R A, B 423 1l = ik 70
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PRI EEFL 4 M LPG B a2, 75 SE PR il B AT b ad Fd
FERERAEDR. M R b, R S5 HEAE W 45 AR
ARG 5 HE S AHIE 1 SUMMA B R A 45 [
ETARGEME .0 BEFE S LPG Bl g 4 ik A%k
B 5 TF IR SRR I, 7247 B B P 54T VOCs (7] 25 2R
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Tl 45 A R GARAE A — SR BH AR BRI
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BIFELE — 160°C | fi M L 250°C.. {4 i 4 DB-1 (60
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i, FIVE R 25 ~300 u. PSR AR, B RER N
70 eV. HARb A2 i (i U B sl ] T 5% 121 ok %
T, B S E A AR R TR

2 HFR5ITE

2.1 FERHLIERS VOCs WRIE KN i

M &5 R 8o, R % (LDGT) | /N3 %
(LDGV) \A £ %4 (HDDB) , K% (HDDT) | FEFE 4
(MC) #1 LPG BI3h%: (LPGS) By S VOCs -1k Ji
AR (2.92 £0.46) x10°, (1.50 £0.11) x 10° .
(3.11 £0.30) x10°, (3.83 £0.66) x 10°, (6.41
+2.14) x10° F1(3.84 +0.77) x10° wg-m *, Hrp
FEFC At , ok o LPG B 2. Yam e (AL A
/NERZE ) VOCs (MR BEZKAE Y T 4800 4 (A E A
R4 Y 64 %, i T AL 16 8 s 444 I
FRHLE B (I LG VOCs 1%k 8 7K - 24 g 28 it
BAIRAM 25 1i%).

MLshZ RS b a6 1 103 Fhi% & A LY,
bk 29 B M EE 11 Rl D5 E R 18 B ki UAE 34
Ff BB/ AL B A S L . 35 T R S
T HER B 2 VOCs #Ft 4300 &5 AL % VOCs
HIrHY 44.45% T 37.82% , /NEF 45 VOCs 4143 1)
43.38% 1 39. 62% . W2 [A], %f-— F 2R A1 QF-— H
TR B R i, = 2 RN ) R NG
HRBS VOCs 4319 18. 41% F1 20. 39% , 5 Tt &
A2 B T N AR S IR 25 3R (13.47% ).

KA YHERK H A T R S YR TR N T S R
K (GB 17930-2011) . ¥l % VOCs H iy FEZELE R L
53 RS CHE n-I0 e R IGE | 2-H 3 S e A 3-
R e 45, X B Y e i) 2Bk B ¥R B 5
H R BB 430 22,

eI RS VOCs 19 EEYIR N e 2, 2 3l
WA MR R AR VOCs 4 4r 1Y 46.86% Al
48.57% ,HUCh IR 5 Tl o A/ mfk a4, 4t
B VOCs 4131 47.43% (A3 %) Fil 45.56% (<
). B ERATE SN N S R S LA
Yy, X AT e 5 4800 & ShWLAROR & ARHR e 7o A
XK BEA, S P ik E A BRI n- e -t
—BEAIZS B C8 LU B A AR be A, Liu 0 A 548
SEBGBE SR T X — 25 R X e Ay B R LY
RIRBER ST, S ZE T & B A A sy & T
HoAth 2 AL, 43 0 i A R E R A VOCs 1Y
13.28% F1 15. 01% , H:r LA A by 3=, 3% 7] fg /&
TSR IS A7 2 A v 3 ol b 1 76 R etk A
T P o3 XS AF AR B 22 1 el s S, (0% X iR
JEREAR T A S T, BABHE I XS N B kAR 55 4R
TR B, Pk B A L.

FEFCZE VOCs 453 EE R LB, b7 VOCs 4143
[ 39. 75% , Hu ok 2-H O e, HEEFE S VOCs 4
G310 15. 65% . B 5 A IR RV R 1 B i o i ok
12. 05% F1 6. 67% , Hrpfa] , xf - — H K H 246 0 7% &
Iy WK E] 3.99% il 2. 20% . LAk, BEFE 4 AR ik
ALY 2. 76% MY BEAUT Lk, 3X 7] B8 2 th TR
BN AR A= 1.

LPG Bl ZEHER % VOCs =8 U AR J5 150
HEEmwREAA YN T AR O I LR TR
P S T OS5, X R B LPG BB
PR T e S S B Jot e VS S e ok £ AR IE A
S22 o 2 R B EEL RN 7 A
(1) 76. 67% , .3 = T HAth VOCs Hyfi.

1 7R R ERLE 2 R SR VOCs 415341
AR,

2.2 B BALSh 421 VOCs Y BE 5 4 JURRE
R

PLBZEHERU VOCs JRBREL K & 5 A8 58 2k e
R AY). SCHER[ 29 ~ 33 158 R BL, WLsh R <5
Py HE 5 AR R SIHL TARIRAS HERBCEHI
FAR R 7755 I R B VA K. B 2 FioR o 4&HE
TR BE A AN TR) AT R 4240 VOCs 1k BE LA B 4% 3 2 A
Sy BB 2 (a) o] UL, VR0 A (BLFE R A R/ INER
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Fig. 1 Species composition of VOCs from vehicle exhaust
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AT5 AR 0 S e 5 A, v s o P 40 (A7 3l L
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