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PHSTTRAAE.  H AT F EER BRI ECE-15 T 0iAE A B
LA 30 1) T SR AR UE® . AR SR IR IS R, b
ST, dbst THLR R 5.7 km, SFER 1026, %
Y 65.3 kmeh™!, SPIIHE 20 kmeh ™!, B N
Yok AP 3 LA 40 531 R 16.5%425.3%30.9% A1 27.3%
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Summa FEAR), RAEEEIY 1026 s, 50 DL
S AR SE.

TR0 A8 P Bl Pk i i S Lo bR v, — Bl 2
INEE AR 425 156 Fh VOC AR, 7—Fb
S E EPA HEFAE &4 56 B VOC IR A B
(Environ-Mat Ozone Precursor, Matheson, USA).

FBAARE S IURE ST, 7 B R S = MEHAT A
WA BT, LAIRE S T RS R AR ) R T 3
] VOC B3 I S5 Fl e fe 45 IR IR 22, S B
4 VARIAN 3400 %Y, Entech 7100 %4 74 14 B4 34 A3 LA
BERAFENYT VOC 4>, Summa #Ei%#H;:%] Entech
7100 F, RBAFEMEE = guA ke £ s, 3 GC
ST RGE. A VRGN = 2E8099.999%).
%A DB-1 A1 B4 E (60 mx0.32 mm id, 1 pm
IR, BN RAER, i 5 mL-min™', K284 FID,
WA 280 C, AT NEAT(24.6 mL-min™), BN
2%/5,285.8 mL-min""), 2% JEM(24.6 mL-min™"). &
FTHE N, WIEEIEIE A 0 °C, {#%F 5 min, FHEMEE
3 ‘C-min”!, & 200 C.

DL B I 1] v, Ahbnid e B, GC/MS JH 14 B
EME. ERSHARRLUINE XS WA A& s gl A
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K1 MAEWWAE XS
J KRR (kg REIMUHERE L) REIY (V) K AR (km) P Tt
TAT54F Passat 1535 2.0 4 EFI? 38720 TWC"
L% e-1 Citreon-1 1425 1.4 2 EFI 124000 TWC
HH| Xiali 1170 1.0 4 L RUEA 58805 ECAP © with TWC
Bl Audi 1710 1.8 9 A 2% 225587 Magma”
L % Jp-2 Citreon-2 1270 1.4 5 et 2% 173235 ECAP with TWC

Ferprd —FPHERE I a) Fi(electric fuel injection); b) = JCfi{L7(three way catalyst); ¢) HL{%%M<(electronically-controlled air-pump)
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Fi B HC il (Entech 4600 Zh&FiBE RA), IKIERVIA,
50, 25, 10, 5 F1 1 ppbv. J&SFf i d3EFF (Entech 7100) 44
PRIEFE G VOC WA tk, 8 100~500 mL.
KHE M ZE R {54 0.995, A% Fr vHE fi 25 45 10% LL P,
HEHE N 90%~120%, J7i25 B4 0.01 ppbv(1-T
%¢)~0.035 ppbv(1,2- - Z LK), VOC HEI A 1% F =
T

M, =V,
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AARL(273.2 K, 101.33 kPa), L; O; N 5AL &1 )85 i
FRERET), gL G N RAFE P IEAL SR
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emitted) 1] B BE N0 A ) 10 AH 0 s v 1 G — 4
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SR (g O5g”' NMHCs emitted)
=¥(g VOC; g NMHCs x g O5-g”' VOC; emitted), (2)

A, g VOCrg™ NMHCs b 25 Hlji NMHCs it
MU K, g O3g™! VOC; emitted %4k &
Pi) MIR {H. RV ZEREB 1 N5 PE(R) AT B HER
DAL (M) R B2 7 375 (SR) T 45453 31

R (g O; formed-km™") =M (g NMHCs emitted-km™)
x SR (g O5-g” NMHCs emitted) 3)
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2010 4F

F40H F 1

#2 FHNCERAIETEHE T(mg Ckm™)

P Passat Audi Citreon-1  Citreon-2 Xiali T SD  MDL?Y Cza® MIR ©
PP 0.1 6.2 0.1 0.7 0.0 1.4 2.7 0.011 ND 0.48
n-T ¢ 34 12.0 8.0 18.0 2.3 8.7 6.5 0.010 ND 1.02
s T ht 1.7 8.0 4.3 12.4 36.2 12.5 13.8 0.016 ND 1.21
2-FIET % 19.7 64.2 60.0 67.3 237.2 89.7 84.7 0.012 ND 1.38
2,2-Z AT HE 0.8 3.4 4.2 2.4 21.8 6.5 8.6 0.014 ND 0.82
23- TR T b 2.3 8.3 9.7 3.1 71.3 18.9 29.4 0.015 ND 1.07
n-1% e 8.1 14.0 14.3 10.1 0.0 9.3 5.8 0.011 ND 1.04
2- R R 11.0 91.1 47.4 84.2 48.7 56.5 323 0.019 ND 1.50
3-FEE R 6.7 29.8 31.6 25.3 25.8 23.8 9.9 0.016 0.017 1.50
TR Y 4.6 20.7 23.0 14.7 9.9 14.6 7.6 0.011 ND 2.80
2,4- AR b 1.2 5.1 5.6 4.2 10.1 5.2 3.2 0.010 0.011 1.50
2,3-Z AL b 8.5 36.5 37.2 31.7 26.7 28.1 118 0.010 ND 1.31
2.24- =W R EE 1.9 6.9 3.6 5.8 15.4 6.7 5.2 0.015 ND 0.93
2,3,4-= HIL ke 0.7 2.8 2.4 1.8 7.1 3.0 2.4 0.015 ND 1.60
n-ou i 6.8 17.4 30.6 16.6 5.9 15.5 100 0.024 ND 0.98
3-HEE Ok 6.4 27.8 28.2 21.5 88.5 34.5 3.5 0.012 ND 1.40
Wk 1.4 2.4 4.2 1.8 85.8 19.1 373 0.011 0.012 1.28
FHOLIR Ut 3.3 1.6 9.6 10.2 1.0 5.1 4.4 0.013 ND 1.80
n-BEs 5.5 21.7 20.4 11.1 21.0 15.9 73 0.010 0.012 0.81
2-F L P 5.6 20.4 15.7 15.1 59.1 23.2 20.8 0.015 ND 0.96
3-F L Pt 5.6 15.4 18.2 14.7 43 11.6 6.3 0.015 0.016 0.99
n-F4¢ 4.1 11.1 12.4 7.6 6.5 8.3 3.4 0.010 ND 0.60
n-fE%¢ 6.8 17.0 10.9 14.1 5.0 10.8 5.0 0.017 ND 0.54
n-24 % 14.5 26.6 14.2 23.4 22.8 20.3 5.6 0.010 ND 0.46
—k 4.1 6.3 3.0 4.9 12.3 6.1 3.7 0.012 ND 0.42
Iid
i 11.4 81.9 12.0 8.5 33.4 29.4 31.0 0.027 0.03 7.40
Wi 8.3 59.3 11.3 45.6 0.0 24.9 259  0.018 ND 9.40
1- T 4 5.3 50.6 19.9 35.2 1.4 22.5 206  0.020 ND 8.90
[-2- 1 4 1.5 16.2 3.6 9.3 17.9 9.7 7.3 0.010 0.013 10.00
Wi-2-T s 1.2 10.7 3.6 10.1 33.8 11.9 129 0018 ND 10.00
3-HEE-1- T4 0.2 4.0 23 3.1 27.4 7.4 113 0012 0.014 6.20
2-FE1-T 0.4 3.4 7.0 6.7 0.0 3.5 33 0.026 ND 4.90
2-FE-2-T I 0.0 0.0 0.0 15.7 0.0 3.1 0.013 ND 6.40
1- [ 0.0 9.9 4.6 0.0 18.2 6.5 7.7 0.029 ND 6.20
R -2- 1% )i 0.2 7.1 4.8 14.2 6.8 6.6 5.1 0.010 ND 8.80
JGi-2- 13 4 3.1 8.4 9.7 7.5 0.0 5.7 4.1 0.018 ND 8.80
E%: 0.6 3.1 1.5 2.9 17.2 5.1 6.9 0.012 ND 7.70
4-F I 10 1.2 3.6 3.2 2.5 35.8 9.3 149  0.021 ND
2- FHE-1- 04 0.0 7.7 1.0 6.4 58.8 14.8 248  0.020 ND
Ji-3- L 0.7 3.9 1.4 5.8 0.0 2.4 2.4 0.025 ND 6.70
J-2- L 0.4 2.8 4.7 3.3 0.0 2.2 2.0 0.024 ND 6.70
Ji-2- ) 0.8 2.8 2.9 4.6 0.0 2.2 1.8 0.026 ND 6.70
S 0.5 12.3 9.4 15.5 0.3 7.6 6.9 0.016 ND 9.10
a-JR M 1.3 13.2 2.1 1.2 5.1 4.6 5.1 0.016 ND 33
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*2 (#h
P Passat Audi Citreon-1  Citreon-2 Xiali T SD  MDL?Y Cza® MIR ©
B-IR 4 23 1.7 2.1 4 439 10.8 185  0.016 ND 4.4
Jegs
LB 4.4 312 3.4 0.0 8.1 9.4 125 0.028 0.029 0.50
pps
ES 17.2 50.3 13.9 72.6 75.8 46.0 29.5  0.014 0.016 0.42
SiEN 29.2 71.2 48.4 149.9 182.2 96.2 66.5  0.016 ND 2.70
V%S 2.1 0.0 2.9 1.1 12.7 3.8 5.1 0.021 0.021 2.70
3-HE R 3.9 2.3 4.8 13.1 21.7 9.2 8.2 0.015 ND
m+p-— HI %K 18.2 65.5 52.8 68.0 153.0 71.5 497  0.024 ND 7.40
o-HIZR 14.0 3.8 20.3 25.4 79.5 28.6 29.6  0.023 ND 6.50
KN 2.0 22.0 5.8 5.2 42 7.8 8.0 0.017 0.018 2.20
n- L8 1.3 1.2 0.7 4.3 433 10.2 18.6 0.028 ND 2.10
S HER 0.5 2.4 0.8 1.7 17.9 4.7 7.4 0.027 ND 2.20
1,3,5- = LR 1.2 11.7 1.2 6.4 33.4 10.8 134 0.029 ND 10.10
1,2,4-= FIEIK 6.5 5.0 5.2 10.0 7.6 6.9 2.0 0.029 ND 8.80
1,2,3-= LK 2.1 32 22 2.2 2.8 2.5 0.5 0.022 ND 8.90
1,2-— 23 0.3 0.2 0.3 0.5 1.4 0.5 0.5 0.035 ND
NMHC 5 277.1 1049.3 688.6 985.2 1768.3 953.7
Top10 553 $(%) 56 58 55 62 63
(o + B-JRH5)/NMHC (%) 1.30 1.42 0.61 0.53 2.77
Mk S E 39.4 302.6 107.1 202.1 300.0
J5 IR i 98.5 238.8 159.3 360.4 635.5
Cyto G 2 110.1 520.2 423.9 485.0 932.3
Cyto Cyy Hiks 134.7 470.5 418.7 422.0 824.7
Cyto Cyy Mk 19.7 161.4 83.8 148.0 266.6
SN AEPE(R, g O3km™) 0.87 3.97 2.12 3.44 5.27 3.16
RO SENAG Y ¢

O 3.14 3.78 3.08 3.49 2.98 3.31
SR, g O5'g~ NMHCs

a) MDL 4 7 ¥4 HH BR, ppbv; b) CZA 3% VOC (3K, ppbv; ¢) MIR {f 5] H William P Carter (1994)"'

100

—+— Schauer, 2002 —=— This study Duffy, 1999
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Emission factors (mg km™")

| L
r "H.J b_l 'TIAI..?"‘I_\IIII

35 7 91 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

Series No. of PAM compounds

B2 Jefes PRl AL H AR A Y (PAMS) R HET AL
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RERE: 4% 20104F 405 HE 1M

BRI IAR, WA I ) B, I MR DL R R,

DRI R 0 G R 2 [ A 2 PR A A5 ) i

3.3 H4HHE

FAT 52 R ARG 10 A NMHC #25(Top 10
species)FEA—, F k. IR R H IRHESIALE
A 10 7. AN . Cs~Cy Bl 2- 5 Jedoe « 3- FF 6 bt
2-3-FEL B, IE Ve IEPERCHBLAERT 10 AL
LEBIAR . Co~Ca k8, WM L0, AERARAKCT B m
HIZERY (Audi, passat) 1 H LRI LEREI &, AEH AR KT 45
% 4 70 (Xiali) P HS B A EEBIARG. 5 DR T RE AL 4 AR
IRV (2R B (R AR A 78 48, HET Co~Cs JR B .

FEL IS 25 NMHC HE 80U =G Tl 28 4=, R
4 NMHC HECE 5w, BEARZKF =428 NMHC
HETBCR - LA AR KPR I 2 B AN [R) 22 5 4R s
FiER Cy~Cy SR AT I 23 A FEAE (LR 2).

FERIK (428 Co~C R HETBLL B 5 I
oY Cy~Co R HE TR LU A9 %58 ey 0 36 ] (1R BT 5 &5 A1
(Hoekman 25" Cy~C 18, 26.9%; Cp~C3¥2, 14.2%.
Schauer 251" Cy~Cyy 12, 41.3%; Co~C; £, 28.7%. )
H L, FE NG Cy~C4 %\ﬁlfﬁﬁltlﬂﬁﬂiﬁf%, 1M C~Cs
S HE TS GG e A L D DRI R B 5 R ) 2 RN R

ARACHAT R, ARSCRARGAIE 0 B 5, BRI

AN, W T VR R RGBS E (A 40%
A1 35%) 1 Lb FE A R . e 5 e s b A R HE d e 7,
BRI = R Co~C e HE T v ™,
34 FHRHUBURAE

5 PR 57 R HE ORISR, HERCEE ) B = 1)

s R HORRCE. D7 AR LR T A vE
P BT AR 5 I SRR, WK/ 2R (BIT). AL
TARZE4% B/T {50 0.3~0.7, 714 0.5. DL HERE
Ve EEEERE, HEH IR, LK. (m+p) - HIRLIE
MILBICR, (2K / WK/ K/ (m +p) —HIREROR,
BTEX), BTEX {144 1/2.2/0.1/1.8. XA HfE 5k
LUTE AV BETE 45 S [1/(1.0~1.4)/(0.1~0.2)/ (1.1~1.5)]""!
FEAR—F XANGE 5 2 H I AR R A A
— 3, 1 Chan 25 M58 (1) [1/(2.3~2.7)/0.3/(0.8~0.9)],
Westerholm 25 P58 1 [1/(1.3~1.4)/(0.33~0.35)/(0.5~
0.7)], Rijkeboer %>R 1% [¥1(1/2.8/0.7/3.2).

3.5 /NRFEWEB

WIRT ST IR, R ZE N B b A
B, 1 HIEAER m, DA 2 2l 3 /N 4ENMHC
Wi, A B EHLBh 2 R A e s il 5 7 S 4 It
FiAR SR, ASCHIA— VT 55 Pt =ik m
AL A (PAMSs) I i & 1 43 b, IF 535 Schauer
SEUOTRIRIE 5T 45 AR T ERA (LI 3). 45 R W, AL
Co~Cs B R BALT R E, Cu~Cy B 32,
75 A B S v TSR L D IR AT A R A RO
BN K. AR B VA 5 e R e 5 & (49 0l
9 40%F1 35%) LL 3 [ (5 4% 28.2%, }ild 3.7%, A 1%,
FHE U T LTk 14.3%) . W0 HT ATk, & 05 i i i o R
JE N 05 R HEBCER . B R B AR KA, A
FEl 7= 2 Co~Cs K HETBC AR AR 2 1] DL ER A 1)

3.6 RAHRINE R A
F R AR KO A T AT HE A

L

—4—Schauer, 2002 —8— This study

Weight percent of PAMs (%)

0 L i i 1 T L1
1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

Series No. of PAM compounds

B3 [N R PAM AL Y i o3 i
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AT W7 N R AR TR R

S A R R A A (NO) A EL A (05) 1 43 A
HE KR, 2] fE s m 2R E T2 KRR
AR — e gk, KA SRR R Rk AT
R, 5 R OK PH AR S AR 2G4 IR R A S 1R
RN HE T, AN . R R W,
ARSI I 5 N IR EAG P2 Lin 52
AL M s S TR S, bR XSS R KR
TURA T AR 75(0.1~0.3 ppby), HAR L5 AT H
AN, R e I S R R, oA R A
ik, 5 kIR, AR D AR R AP R 2
S G A PR IR T AR SCAE B S K R ) S R X —
AL GRS, SRR ER AR I B T R A, i
HeBA 7 Ee e, P39 0k(7.6 £ 6.9) mgkm™ . AT 4E
R—UESE T KA RIS NI EA L o
25, NATTS o S 1 A A K NMHC R AR 5 1)
e, fEUbZ )R, X R AL ER ik A E, W HA
W BT VAN AL SRR IR R T ) R I
N A5 I DTHR.

3.7 BRI B

KA IR T DR R A ZE . OH [ H
SRR, Sl SN SR TR RO, IR
5 IR T, KA IR ok AT A,
O KRARIEDS, HEB H [k, B AR WA KTk
A PRI S AS AT R AR IE . A SCAE [ BR E R IRAE
PR R BRI B TR M. S04 20 A ks W 31
TR, o H AN TR R, o TR R
1.2~13.2 mgkm ™', B-JRM P34 K 1.7~43.9 mgkm ™. B-
PRI HETBA T T o IR M (LR 2), ANFZE 2 (o0 +B-TR

R3PS RUOTRHTSAIE SR AR RN

J#5)/NMHC & 5 [F /3 A 4% 5 NMHC & 518 /01
Po—3, BIASHTRM, a+ B-TRM I HEBUR =5
Co~Cs (U &M+ N, BATTHEF I AL, 2
VRIMBRBE 1) 7= ) R 28 0 Ce AT TR Y b IE AR L)
ARG, MR FRE 04 0.82~0.99 F1 0.99. {H
L HILAE Top 107 ) Cs~Cy f& (Wi ke 2-F3E K,
i 3-HIEREE. 2,3- HIE G, IEPEREAE, el
FEOR AT AR R SRR 22, KR
H0.4~0.6, HIE. IR, HIRKAERAR 2
KA N -0.11~0.65). LL A5 b B 45 Fedil— A
JaR, VA RAIRME I HEBUE S Co~Cs BRIK L4
FKAPL.

ZHT, AT EH W KA IR KI5 T HE 4 10 HE
. ARSZEG R, IR AR ERAM Y —, KA
R T RE S AR IR A 0%, Rk, A EVE KR
HRIRME I IR DTHR, 5 G LR I I T

3.8 RAJEHIEH(OFP)

24T 5 MRS NMHC FHB AR xf
N IEYE(SR, g O3:g™' NMHCs emitted) Fl4aE— V{45 HE
T R NS YE(R, ¢ Oskm™). THEEIL T 05
1) Fe fE 25 P, g v TR K H % S5 300 3t N R A% 7 2 e
K O3 1] VOC/NO, IUH. fHA M, KP4
T 0TS [ 0 M () 28 4 5% (Scenario), db ot Z=1E
SRR, HA AR, BRIk, EHE VOCTRE
YOI SR B H I, X 88 MIR K738 1R A .
iR BOR, IR/ NAGE NMHC HEB 1320 e B 3%
MH 3.1 g Oykm™, XFFAFEM M S, hded &
NP T T, BRI R NS 1

A3

K

75 ke

MIRx(wt, %)

MIRx(wt, %)

MIR {8 RESH (wt, %) g O; per 100g NMHCs REDH (wt, %) g O3 per 100 g NMHCs
S 0.42 4.90 2.06 1.40 0.59
VY S 2.7 0.40 1.08 5.10 13.77
[P S 2.7 10.25 27.68 0.80 2.16
(m+p)-—HK 7.4 7.62 56.39 2.60 19.24
o- IR 6.5 3.05 19.81 1.60 10.40
1,3,5-=H 2K 10.1 1.15 11.63 1.90 19.19
1,2,4-=H 2K 8.8 0.74 6.47 2.30 20.24
PES = 125.11 85.59

82



RERE: 4% 20104F 405 HE 1M

KT MIR V1 5942 RSO NMHC HE8U7) i)
SN EPE, EATHRIE. Hoekman 251 MY, 56 FE 42
ZEAE AL S LR A F A HLHEBU (NMOC)
(RIA X [ B35 Ry 2.72 ¢ O5-g”' NMOCs. Kirchstetter
SR Sagebiel 56 I (¥ A HEC k4T T
W, ANAZE NMOC [IARE R Rl ~4 g Oyg”!
NMOCs. Rogak %18 T 05 A4 8 4 b 1 HE i
YISOV IETE ~3 g Oyg™' NMOCs. A SCHEJE AL
L IR N ZE NMHC HEJSC 6 52N 35 1k

3.3 g Oyg™' NMHCs, XANHUHE 136 [ 2 M 42 R A
T, 5 SCik b i &5 Szl

R vl 05 R S R, AT b
B B A R ME I R (VACS) (1 [ N 3% P 34T T
AT H MIR VETHE T /AR RS VAC HEBU) B A1
S RN EPE, T35 E SPECIATE ## k4T T
Ped. &5 BROLER 3)R W, H™/MAERS VAC HHik
PR AIRE SN 1.25 ¢ Oxg™' NMHCs, 13
[ 4040 . (0.86 g O5-g™' NMHCs).

gt ATERBERE R FHEAGE T 40775075). IFRFRA 2 HAT LA £ T (g 5 200809052). E X E A
IR R KRR (45 2002CB211605, 2002CB410801, 2003CB415003) a4k 5 7 A A, 75 He 42 | 5 3 #F 52 (H
KB ET)R B, Hr b — I 304

= PU N

1

Odum JR, Jungkamp TPW, Griffin RJ, Forstner HJL, Flagan RC, Seinfeld JH. Aromatics, reformulated gasoline, and atmospheric organic
aerosol formation. Environ Sci Technol, 1997, 31: 1890—1897[DOI

2 Hurley MD, Sokolov O, Wallington TJ. Organic aerosol formation during the atmospheric degradation of toluene. Environ Sci Technol,
2001, 35: 1358—1366[DOI]|
30 EIOE, MW, R4, UK. LRSS R HECRE. MR R, 2000, 21(3) 1 68—70
4 b gt . 2006: bR &
5 o I EORYE. 1999 4 VAT F A B IR HE(GWKB 1-1999)
6 HHIE FE SRR, 2001 FR AP G G HETR R AR A2 0 17 i2:(GB 18352—2001)
7RV, B, G, THE, s U B LSS RS R HOE ORI, IR RLE AR, 2000, 20(1): 48—53
8 Atkinson R. Gas-phase tropospheric chemistry of organic compounds: a review. Atmos Environ, 1990, 24A: 1—14
9 Carter WPL. Development of ozone reactivity scales for volatile organic compounds. J Air Waste Manage Assoc, 1994, 44: 881—899
10 Russell A, Milford J, Bergin MS, McBride S, McNair L, Yang Y, Stockwell WR, Croes B. Urban ozone control and atmospheric reactivity
of organic gases. Science, 1995, 269: 491—495[DOI]
11 Derwent RG, Jenkin ME, Sauders SM. Photochemical ozone creation potentials for a large number of reactive hydrocarbons under
European conditions. Atmos Environ, 1996, 30: 181—199[DOI|
12 Carter WPL, Atkinson R. Computer modeling study of incremental hydrocarbon reactivity. Environ Sci Technol, 1989, 23: 864—880[DOI]
13 Nelson PF, Quigley SM. The hydrocarbon composition of exhaust emitted from gasoline fueled vehicles. Atmos Environ, 1984, 18 (4): 79—87[DOI]
14 Duffy BL, Nelson PF, Ye Y, Weeks IA. Speciated hydrocarbon profiles and calculated reactivities of exhaust and evaporative emissions
from 82 in-use light-duty Australian vehicles. Atmos Environ, 1999, 33: 291—307[DOI]
15 Hoekman SK. Speciated measurements and calculated reactivities of vehicle exhaust emission from conventional and reformulated gasoline.
Environ Sci Technol, 1992, 26: 1206—1216[DOI]
16  Schauer JJ, Kleeman MJ, Cass GR, Simoneit BT. Measurement of emissions from air pollution sources. 5. C;—C3, organic compounds from
gasoline-powered motor vehicles. Environ Sci Technol, 2002, 36: 1169—1180[DOI]
17 Perry R, Gee IL. Vehicle emissions in relation to fuel composition. Sci Total Environ, 1995, 169: 149—156[DOI|
18 Sawyer RF, Harley RA, Cadle SH, Norbeck JM, Slott R, Bravo HA. Mobile source critical review: 1998 NASTO assessment. Atmos
Environ, 2000, 34: 2161—2181[DOI]
19 EFR, PO, WU XZCA, MR, WA WIBYABRE VOC 15 RFIERHEBIN FRFT. SREIRIERIST, 2001, 14(4): 9—12
20

Chan CC, Nien CK, Tsai CY, Her GR. Comparison of tail-pipe emissions from motorcycles and passenger cars. J Air Waste Manage Assoc,
1995, 45: 116—124

83



AT R AT

21

22

23

24

25

26

27

28

29

30
31

32

33

34

35

36

37

38
39

40

41

42

43

44

84

Westerholm R, Christensen A. Regulated and unregulated exhaust emissions from two three-way catalyst equipped gasoline fuelled vehicles.
Atmos Environ, 1996, 30(20): 3529—3536[DOI|

Rijkeboer R, Hendriksen P. Regulated and unregulated exhaust gas components from cars on petrol, diesel, LPG and CNG. TNO-report 93.
OR. VM. 029/1/1PHE/RR, Delft, the Netherlands. 1993

Shallcross DE, Monks PS. New directions: A role for isoprene in biosphere-climate-chemistry feedbacks. Ammos Environ, 2000, 34: 1659—
1660[DOI]

Guenther AB, Zimmerman PR, Harley PC. Isoprene and monoterpene emission rate variability model evaluations and sensitivity analysis. J
Geo Res, 1993, 98(D7): 12609—12617[DOI]

Reimann S, Calanca P, Hofer P. The anthropogenic contribution to isoprene concentrations in a rural atmosphere. Atmos Environ, 2000, 34:
109—115[DOI]

Derwent RG, Middleton DR, Field RA, Goldstone ME, Lester JN, Perry R. Analysis and interpretation of air quality data from an urban
roadside location in central London over the period from July 1991 to July 1992. Atmos Environ, 1995, 29(8): 923—946[DOI]

McLaren R, Singleton DL, Lai JYK, Khouw B, Singer E, Wu Z, Niki H. Analysis of motor vehicle sources and their contribution to ambient
hydrocarbon distributions at urban sites in Toronto during the southern oxidants study. Atmos Environ, 1996, 30(12): 2219—2232[DOI]|
Borbon A, Fontaine H, Veillerot M, Locoge N, Galloo JC, Guillermo R. An investigation into the traffic-related fraction of isoprene at an
urban location. Atmos Environ, 2001, 35: 3749—3760[DOI|

Liu Y, Shao M, Zhang J, Fu L L, Lu SH. Distributions and source apportionment of ambient volatile organic compounds in Beijing city,
China. J Environ Sci Health, 2005, 40: 1843—1860

Calogirou A, Larsen BR, Kotzias D. Gas phases terpene oxidation products. Atmos Environ, 1999, 33: 1423—1439[DOI]

Trainer M, Williams E, Parrish D, Burhr M, Allwine E, Westburg H, Fehsenfeld F, Liu S. Models and observations of the impact of natural
hydrocarbons on rural ozone. Nature, 1987, 329: 705—707[DOI]

Jacob D, Wofsy S. Photochemistry of biogenic emissions over the Amazon forest. J Geo Res, 1988, 93: 1477—1486[DOI|

Went FW. Blue hazes in the atmosphere. Nature, 1960, 187: 641—643[DOI]

Pandis S, Paulson S, Seinfeld J, Flagan R. Aerosols formation in the photooxidation of isoprene and B-pinene. Atmo Environ, Part A, 1991,
25: 997

Andreae MO, Crutzen PJ. Atmospheric aerosols: biogeochemical sources and role in atmospheric chemistry. Science, 1997, 276: 1052—
1058[DOI]

Glausius M, Lahaniati M, Calogirou A, DiBella D, Jenson N, Hjorth J, Kotzias D, Larson B. Carboxylic acids in secondary aerosols from
oxidation of cyclic monoterpenes by ozone. Environ Sci Technol, 2000, 34: 1001[DOI]

Presto AA, HuffHutz KE, Donahue NM. Secondary organic aerosol production from terpene ozonolysis. 1. Effect of UV radiation. Environ
Sci Technol, 2005, 39: 7036—7045[DOI]

Rasemussen RA. What do the hydrocarbons from trees contribute to air pollution? J Air pollut Control Assoc, 1972, 22: 537—543
Zimmermann PR, Chatfield RB, Fishmann J, Crutzen PJ, Hanst PL. Estimates of the production of CO and H, from the oxidation of
hydrocarbon emissions from vegetation. Geo Res Let, 1978, 5: 679—682[DOI]

Guenther AB, Hewitt CN, Erickson D, Fall R, Geron C, Graedel T, Harley P, Klinger L, Lerdau M, Mckay WA, Pierce T, Scholes B,
Steinbrecher R, Tallamraju R, Taylor J, Zimmerman PA. Global model of natural volatile organic compound emissions. J Geo Res, 1995,
100: 8873—8892[DOI]

Kirchstetter TW, Singer BC, Harley RA, Kendall GR, Chan W. Impact of oxygenated gasoline use on California light duty vehicle
emissions. Environ Sci Technol, 1996, 30: 661—670[DOI|

Sagebiel JC, Zielinska B, Pierson WR, Gertler AW. Real-world emissions and calculated reactivities of organic species from motor vehicles.
Atmos Environ, 1996, 30: 2287—2296[DOI|

Rogak SN, Pott U, Dann T, Wang D. Gaseous emissions from vehicles in a traffic tunnel in Vancouver, BC. J Air Waste Manage Assoc,
1998, 48(7): 604—615

US EPA. VOC/PM Speciation data system user’s manual version 4.1. EPA-450/2-91-027. 1991



RERE: 4% 20104F 405 HE 1M

Emissions of non-methane hydrocarbons from cars in China

DAI TianYou, WANG Wei, REN LiHong, CHEN JianHua & LIU Honglie

Chinese Research Academy of Environmental Science, Beijing 100012, China

Abstract: This study investigated the exhaust emission of non-methane hydrocarbons (NMHCs) from cars in China at the Beijing
driving cycle on the chassis dynamometer. The emission factor average of NMHCs was 0.9 g/km, which was over twice that from
the Australian car fleet and 2—4 times that of the American car emission in the 1990s—2000s. The emission profile of Beijing cars
showed higher fractions of aromatics and C4,—C; HCs, and lower percentages of C,—C3 HCs, compared with those of the US car
fleet. The average ratio of benzene/toluene for cars tested was 0.5, the average benzene/toluene/ethyl benzene/xylenes (BTEX)
ratios were 1/2.2/0.1/1.8, which were consistent with those of the Tanyugou tunnel located in the suburb of Beijing. a-pinene and
B-pinene were detected from the exhaust gas on dynamometer for the first time, and had likely similar exhaust emission
characteristics with C,—C3; HCs and styrene, giving an evidence that air pinenes may be related to human activities. Isoprene was
also detected directly. These observations suggest that the procedure regarding pinenes and isoprene as coming from biologic
sources of VOCs in the atmosphere should be applied with great care, especially in the core of the big city like Beijing. The
specific reactivity of NMHCs was higher than that of cars of US, and the specific reactivity of volatile aromatic compounds was
higher than that of the US SPECIATE database.

Keywords: emission factor, isoprene, pinene, photochemical reactivity, Beijing driving cycle, car
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