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Speciated VOCs Emission Inventory and Ozone Formation Potential in Sichuan

Province

ZHOU Zi-hang, DENG Ye, TAN Qin-wen, WU Ke-ying, SONG Dan-lin, HUANG Feng-xia, ZHOU Xiao-ling
( Chengdu Key Laboratory of Air Pollution Research, Chengdu Academy of Environmental Sciences, Chengdu 610072, China)

Abstract: Based on the measured data in the literature, VOCs ( volatile organic compounds) source profiles were revised and
reconstructed without OVOCs (oxygenated volatile organic compounds) species to obtain the normalized VOCs source profiles. Using
the 2015 Sichuan emission inventory, source profiles based on the 1 km x 1 km gridded speciated VOCs emission inventory were
developed, and the ozone formation potentials of the species were estimated to assess the environmental impact on ozone formation. The
established VOCs source profile database consists of 45 source profiles and 519 species. Since the source profiles were established
based on the revision and reconstruction of pollution sources, such as biomass burning and transportation, that are rich in OVOCs, the
source profile database is better applicable to establishing the speciated VOCs emission inventory and source apportionment. The
speciated VOCs emission inventory showed that the total anthropogenic emission of VOCs in Sichuan Province was 773. 8 kt, of which
the emissions of alkanes, olefins, alkynes, aromatics, OVOCs, halohydrocarbons, and other VOCs accounted for 21. 6% , 10. 0% ,
1.7% , 28.0% , 26.2% , 4.2% , and 8.3% of the total respectively. The total OFP ( Ozone formation potential ) was 2 584.9 kt, of
which the OFPs of the VOCs groups mentioned above accounted for 6.9% , 26.1% , 0.5% , 42.3% , 23.2% , 0.4% , and 0.5%
respectively. The main VOCs species emitted in all cities of Sichuan Province were aromatics, OVOCs, and alkanes; however, there
were some significant regional differences: transportation in Chengdu, Ya’an, Aba, Ganzi, and Liangshan made a greater contribution
to VOCs emissions, with alkane emissions accounting for a higher proportion in the total VOCs emission. As a heavy industrial city,
Panzhihua suffered most from emissions from industrial processes, which contain a relatively high proportion of alkanes. Solvent use in
Deyang, Meishan, Suining, and Ziyang made a great contribution to the VOCs emissions, and the OVOCs emission was relatively
high. Emissions of VOCs and species with relatively high OFPs in Sichuan Province were mainly distributed in the Sichuan Basin,
which has a dense population and highly developed industry, as well as some areas in Liangshan and Panzhihua. The main source of m-
xylene and toluene was solvent use; therefore, m-xylene and toluene were relatively concentrated in developed urban areas. In
addition, biomass burning contributed greatly to the emissions of ethene and formaldehyde; therefore, ethene and formaldehyde were
mainly distributed in the cultivated areas of agriculturally advanced Eastern Sichuan and Southern Sichuan.

Key words: volatile organic compounds ( VOCs); oxygenated volatile organic compounds ( OVOCs ) ; Sichuan Province; source

profiles; speciated emission inventory; ozone formation potential ( OFP)
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Fig. 2 Process of revising the source profiles of gasoline vehicles and diesel vehicles
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Fig. 3 Top 40 species of the reconstructed source profiles of gasoline vehicles and diesel vehicles
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Table 1~ Comparison of the VOCs source profile databases of the US, Europe, and China

PR S3 SFe TS BRE eE iy O FH i X Sk
S [E AN R SL T 2175 ~2000 eS| [28]
FHE e [ RN ST A 5 87 306 el [29]
] Y SR 5 AT SPECIATE #5382 42 33 E [34]
[ P4 SIS A SPECTATE 50908 4 55 ~700 CHE| [43]
=] Py SIS 85 75 ] [23]
=] N S AA 5% A SPECIATE ¥ 4 45 519 i ARHFFE

M 4 W] UL, AR SCHET#EE ST VOCs T8 AR 43 3
OVOCs A EETM IR 4 M ALY Bk e e R 2 4L 28
AL IR [RIEZE b S VR A N AR ) SRR e HE T VOCs
A FH IS AL DTk e L 2 fna 3. k2 ol
UL, ML OVOCs 7E VOCs H1 i 5 i it 73 BOR &, Tsai
USRI gT S R A T B AT, R A g
IO EIRTE VOCs TRy BT 0 8 5 H B 5 A 38
KES, AICH OVOCs 5 7 2 1 543 K00 A
FX Lo 2 M. MWLk, A% ST 57 S8 A
PR R BEHEA T 10 415, SHEMRK
F—, BN 2K O AR SR A R

oy, WM 3 AL, R[] AE W R B B 5T
OVOCs £ VOCs HiT i it /- B8R, AR S 3
T 50% VL b, AT HEMWBAR ZH, i T
Andreae 251 (R BIF 58 HPALEE T 2 Fh A 4 IR RE K
BRI HA FERRETE VOCs H T 7 58 20 B il
K, Mo 2512 [ BIFFE 45 Sl 5 25 . B Aok
F, T A SCRT N7 0 F AL R A o % 3 T H e
5%, BILHEEL A VOCs TR 5105 4 R A [R)BIF 52 10 27
B, AESEBR R, AT A 5k R DR R [l 9 mp sz
AR XS IR A A A S, T AE TR
TR 5 | A RASH .

K2 ESHRFEHER VOCs A4 FfhZE ik b/ %

Table 2 Comparison of the species and chemical group contributions for diesel vehicle exhaust/%
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Table 3 Comparison of the species and chemical group contributions for biomass burning/%
AHIFSE SCHK[40] SCHk[23]
WFh i 3 H WFh i s34 WFh Bk
Bk 9.7 Bek 4.8~6.0 Bek 0.2~1.0
IR 11.4 W)z 4.1~28.9 W)z 10. 6 ~23.2
Bkt L9 BRI 0.2~3.8 Bkt
JR 1.1 JR 1.6~25.0 PR v 25.0~45.5
B Uk 0.5 p 0.1~1.7 pa 0.8~1.7
0OVOCs 58.8 0OVOCs 28.9 ~87.9 0OVOCs 22.3~43.6
He vocs 6.5 He vocs 1.O~L.5 He vocs 4.1~5.9

2.2 DI ACRTR VOCs 4140 HERU - %

FT 2.1 Wi r 19 VOCs i i (A |
FEoh IR 2SR AL AR ), #E57 T 2015 4F
DU AR 519 Fh VOCs 2043 J2 OFP HEJiC i 5.
%25 VOCs 4173 By HE s i S H: OFP WLl 5, a4
ANHME VOCs BHERCEE R 773.8 kt, Hdbedd | i@
e Bg . 5 ER . OVOCs, WA T E 453 4)
A VOCs BHECE 1Y 21.6% |, 10.0% . 1.7% .
28.0% . 26.2% . 4.2% F11 8.3% , OFP SN
2584.9 kt, iR VOCs 443430 5 OFP i HE
E Y 6.9% . 26.1% . 0.5% . 42.3% . 23.2% .
0.4% f10.5% . Z& Lnr0L, PUJI4E 42K VOCs 4153
1) OFP DTk 22 80K, KA SO PR A0 1) M
SRR R oimk T H VOCs HERC LB 1 %5 2L 1
OFP, OVOCs BTk T 2955 T H VOCs HEJ Lb 1 119
OFP, T PR 55 HHE B BRI Bk WAL Tk T
6.9% %) OFP, HMEIE | 75 & IEH OVOCs &b I
A VOCs HEl oA i S R e B2 R 4 oy, P
FE2H 3 O HERION T R AU A i RAT SCBEVE .

5 TRl 25 M T 4528 VOCs 21 50 i HETCIR 53 ik
R BelE AR R SRR A S R, o o
SHERCE Y 45% F1 37% 3 5 FRE . OVOCs Flx AL
TR B HERCIE R s R PR, 4300 o S
(1) 46% | 42% F1 60% 5 HRIF pa A 1) F 2 HE i
R TR, A S HE R Y 44.9% F 37 %

OVOCs [ FZSTHRIFE RS A Y B bR, b8
HE 1 24% . SAAKRE, T2, B3,
VRSV FE U RN A ) SRR b TR AR R s e L O R
OVOCs 1Y FZETTHRIR , i H 0 JHE R A i 4 i
Horp T 205 AR SR S0 R el TR MR 1
AR, AR X R A P

T T2 BRI B shE AR R OFP 4%
KEAKFER S, RILE 6 43534 1T 3 AN T5 YLl Al
DU A B 20 B OFP fit s VOCs 4143 B HET
o S HG Qe PR HE L SRk DAVE B, X 20 Fh L4 BT
BR T FRVE A 319% ~43% 1) VOCs HER 1 67%
~T75% 1) OFP, Hrr iy T3 VOCs 10431 iy ik 2k
FUAKG i DL R CHE IO 5 45, THA S RAA R = AN
T E k.

Bl 6 FT UL, VOCs 4431k 2% Jny i o, B MIR
22 5%, FECOFP f5 i 14 20 R4 23 F =% R 14 HE
B B R/NIT A B AR, FEE HAA RS MIR
5T . Bl A OVOCs 254043, #B4r OVOCs i
O TN T ER T AR s Ak 2 R i, FEHE
R BARAYNE LT HA B i OFP, Tikede (IEC
BRSNS ) . LB FR S OVOCs ( LR £ TR Al 2-
TR ) DR R AV A A2 B g 1, AR T HE R
OFP %5 /)N,

MBS, I 6(a) ATLAAE . B T4 OVOCs 41
oy E B HEHORE R AW BRI LA AN (& Z R

E5 ml&ARENESE VOCs A msaik

Fig. 5 Emission contributions to the VOCs groups by anthropogenic source category in Sichuan Province



4 3] SRS« DU A 5% S AT BILD 2 3 0 B L R AU i 1621

El6 AEHHIEFR OFP HH &R 20 B9 VOCs A5 R EF AR
Fig. 6 Top 20 species of OFP by sources category and sub-sources
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Fig. 7 Characteristics the VOCs emissions for the cities in Sichuan Province
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Fig. 9 Spatial distribution of typical VOCs species in Sichuan Province
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