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Abstract: Automotive manufacturing industry in Chongqing faces the problem of large emission of volatile
organic compounds (VOCs) and unclear characteristics of pollutant emission during painting procedure. In
this work, the site investigations of twenty-eight automotive manufacturing enterprises’ basic situation and
9 representative enterprises’ VOCs characteristic components of coating were carried out. Among these
enterprises, VOCs source spectrum of 3 typical enterprises was monitored to analyze featured

pollutants. The maximum incremental reactive activity method was used to estimate the contribution of
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VOCs components to ozone production. The results of survey and monitoring reveal that the paint spraying
and drying were the major points where VOCs were produced and emitted in the painting procedure of
automotive manufacturing. Aromatic hydrocarbons were the main species of VOCs, accounting for 34.66 %
to 88.47%. Aromatic hydrocarbons and oxygenated volatile organic compounds (OVOCs), such as
trimethyl benzene, xylene, ethyl toluene, methyl isobutyl ketone and ethyl acetate were VOCs
characteristic components, especially 1,2, 4-trimethyl benzene accounting for 12.82% to 28.65%. VOCs
characteristic components were affected by raw materials and waste gas treatment facilities, such as
composition and content of solvent, operating parameters of waste gas treatment facilities and adsorption
materials. The 1,2,4-trimethyl benzene was the most active component for ozone generation.

Keywords: automotive manufacturing; painting procedure; volatile organic compounds; important

generated and emitted links; emission characteristics; ozone formation potential
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Fig. 1 Coating process of solvent-type 3C1B
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Fig. 3 Coating process of waterborne 3C2B
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Table 2 Proportion of production and emission of VOCs in each step of painting procedure in automotive manufacturing
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7 HETS BT & B VOCs At di 16/ % VOCs HEi s 5 L/ %
IR/ /iR 1.26 1.31
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Table 3 Amount of raw materials containing VOCs and its emission of VOCs in automotive manufacturing painting procedure

B2 R it FH & A L/ % VOCs HERUEE 5 L/ %
R VI SEOGER 47.13 69.35
CER7 Qi REN 37.62 7.16
B E R R 9.93 4.48
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Table 4 Service condition of trimethyl benzene and xylene in typical coating
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1Ml 2 5 K AL A/ (m®h™h) TVOCs %/ (mg-m™*)
HEFES RTO g0 1.74%10* 65.89
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HEF SR RTO # 0O 4.44X10" 407.58
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Table 6 Species composition of VOCs in each important production link and species changes after waste gas treatment
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0l BHET RS RTO HH 2.23 72.69 2.79 20.80 1.49
k. BBEEEACE R AN 62.45 34.66 0.00 2.89 0.00
Al C W IR AW 0 e e 18.86 56.98 22.01 2.00 0.15
Ak C MR 5 B AW A e R it A 9.83 66.69 22.50 0.91 0.07
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Table 7 Mass fractions of characteristic components in each important production link and changes of

components after treatment %
1l B il C b C
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4oy 44 Bk WL K R WS 34 I B B4 1 <
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1,2,4-=H 3L 21.00 9.72 28.65 25.67 12.82 17.04 21.61
1,3,5-=H I 3.08 1.43 5.10 4.69 1.98 2.41 2.65
48— H 2K 16.90 11.84 2.22 1.79 2.09 4.25 5.08
4B HHR 4.55 2.28 5.39 5.11 2.18 3.41 3.72
XF & HE B R 3.42 1.93 4.08 3.98 4.89 3.04 3.61
8] & B R 6.65 3.50 9.02 8.50 3.75 4.91
&) /X — B 15.63 12.40 3.53 13.60 14.88
1,2,3- = H XK 5.61 2.41 8.05 8.00
LS 2.70 3.59
VAL S 6.59 5.96
2 HEE 7.21 7.69
%% ot 9.58 10.86
+ =k 3.64 6.60
4- = H R e 5.67
5 N B 11.60
HE S T AL 2.12 5.06 43.67
2-C. 7.19
R TR 17.84 8.33
AR 14.20 17.47
i 10 ﬁéﬂ%ﬁﬁ 85.56 56.63 82.93 82.89 95.63 82.23 85.84
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Gl A BHET R4 RTO ARG FRAEZH 43 ot 2 43 B0 b TR, U HOR 1,2, 4- = H BRSO 21.00 00 F%
2T 9.72% 1Ak B TR AL RTO ALHS FEAF 4150 SRS A K s k. C B3 R R4 Wb £ % 58 db S
B TR O R AR AR AR (N 17.84 %6 B 8.33%0) ZAh , Hof e fiE 4l 20 A A AR — 8, A #r R E T fig 5 RTO is
15255 FH W e 4 b LA G
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Table 8 Ozone formation potentials of VOCs components from each important production link

gk AT RS ol BEETESR ol BEEESR ol CBHEKS

ot MIR {& OFP/(g-g ") OFP/(g-g ") OFP/(g-g ") OFP/(g-g ")
1,2,4-=HFE 8.87 1.86 2.54 1.14 1.51
1,2,3-=H XK 11.97 0.67 0.96 0.20
] 2, 5 B O 7.39 0.49 0.67 0.28
1,3,5- = H AR 11.76 0.36 0.60 0.23 0.28
POPNAE: 3 4.43 0.32
4B & F H R 5.59 0.25 0.30 0.12 0.19
X 2 H B 2R 4.44 0.15 0.18 0.22 0.14
48— OR 7.64 1.29 0.17 0.16 0.32
&) /% — B 7.76 1.21 0.16 0.27 1.06
(B — B2 7.10 0.09
AR 3.04 0.20
P 4.00 0.11
FH 5 5 T L 3.88 0.08 1.69
B 0.61 0.07
2-C. B 3.14 0.23
2.1 . T 0.63 0.11
2,2, 4- = H 3 I 1.26 0.07
H 10 F4H 5> OFP &1t 6.58 6.00 4.21 4.19

106 A4l s OFP &1t 6.90 6.41 4.27 4.39




% 4 3 BEA,F . ERTAEEEHE AL TF VOCs Hes 8 42 131

\

ol A Fl BHEF RS OFP 23514 6.90 g -g ' Hl 6.41 g -g ' W HETF RS VOCs 443 A A s A5 5 .
sl A Fil B HETF R SRT 10 F4H4> OFP 4391 &5 106 44> OFP 8 95.36 % F1 93.60 % , = B si ik By Fb 2 0% 7
J& . BB TTERAL 0 1,2, 4- = L8 AR — IO ([R) /% —H 28 1,2, 3- = L8 (Ml L2 F 2R 1,3, 5- = 1 3%
P

Ak B Al C W R A R B R 4.27 g g RN 4.39 g g g7t L B R VOCs 4143 OFP AH % A
TREAEAL. Ak B A C BEEEE AT 10 Fdl sy OFP 434 &7 106 A4l OFP 19 98.59 % A1 95.44 % , 3 2 5t
kW) il 2 35 B IR A OVOCs, FE GTRR AL /0 1,2,4- = F RE2E | Ja] /% — B R Y 3 S5 T L 45

FH O AT L B8 sl Y 2 T F S HE RO 19 R R (B0 R SCRTHE T 5 SO % OFP STk K VOCs #) it
T HIE TR O R e TR, R R 1,2, 4- =W RR (114 ~2.54 gg ), ERMR AR E
FHVRABLR = R SR RZYE B RERY B —E R HREILT VOCs 41508, A8 7 H & & AR L
e

DR I S S R e B A Tl 4 ) o HR R L = P R ) B O ek ) o I PR Rk L e A ) U R
B AR 48 T Rt X = Y R S 0T ) B X L 58 St A DG HE AR U

3 4 &

1) FE PO R 40 3 e 1 3t )l U0 () e A 7 T2 5 Rl ORI R R 3CIB T4 A FI R 3C2B T4 K
P 3C2B T. 25 K4k 3C1B2PH 1.2 /K% 3C1B-1PH 1 B1B2 T. 2,

2) MR TR I Bk T 2155y B BT V7 4 o ol U 2 T Y S RS R YL VOCs 77 AR i RTHE
s AR 73.25 %0 R 72,67 U, JU R WEER AT L 0 43 i ol WS R I ARAGE B S e R AURR R 55 S B B HEER
B UM G Al 58 3 2 SR BRI 2 B o AH DGR IR T a5 HE TS MR AR S A I

3) PR AR L TDVAR R B O R R VR R A 3 v ke T e SR okl O ROR = R SR TR R VOCs
FRAE 4 57

4) LR YR R Ze ) 3 M 2 T VOCs HE R AE 8 55 & ) S 35 B 75 Je W) A, o i 20 BUOTE 34,66 %6 ~
88. 472 —HZR T HIAEM AR KRG HFREMBE LS T, 2 LB OVOCs & 3183 4l /1
VOCs FFAET5 48, JEH IR 1,2, 4- = H B (3T & 70 8O 12,8200 ~28.6500) o I 45 R 5 J5U 4 4 L 43 X I
IR Tl VOCs HEBCRHIE 8 45 L 5 T4 2% B 2R AR BRI 3R 4, 42 i R SR BRI

S VAR A 1 ML TR 38 T VOCs FRAE A 53 32 J5L A RE AR S0k BB 52 0, L A igs 590 1 2 S & £ IR
PR it 328 17 S5 i FH W o e 4+ ek

6) B IR Ao\ 942 2 T F S R A WL Y OFP 1 4.27~6.90 g -g~ ' Z ] . % OFP 57 lik 8 K iy ot & =
B W R ZE WS TR 4, U H R 1,24 =W K 14~254 g, CAHAMREREN
WECRH =W RS R R YENBRER R — @ BRI T VOCs 45 8P, 038 1 H 5L & A iog 34,
PR UM S SO 2 R ZE U e A Tl 4 ) H 2R L — B DR 3 ) R et % D A 0 AP VR R L R AR A v R R AR
Pt v Y BV X = 2R W A A L S A DG HE AR T

S 3L

[ 1] Feng Y Y, Ning M, Lei Y, et al. Defending blue sky in China: effectiveness of the “Air Pollution Prevention and Control
Action Plan” on air quality improvements from 2013 to 2017 [J]. Journal of Environmental Management, 2019,
252: 109603.

[2]LiJ, Zhai C Z, Yu J Y, et al. Spatiotemporal variations of ambient volatile organic compounds and their sources in
Chongging, a mountainous megacity in Chinal[J]. Science of the Total Environment, 2018, 627 1442-1452.

[ 3] Chen Y, Xie S D, Luo B, et al. Particulate pollution in urban Chongqging of southwest China: historical trends of
variation, chemical characteristics and source apportionment[ ] ]. Science of the Total Environment, 2017, 584/585:
523-534.

[4]Chen Y, Yang F M, Mi T, et al. Characterizing the composition and evolution of and urban particles in Chongging
(China) during summertime[ J |. Atmospheric Research, 2017, 187 84-94.



132 TR K FFHK % 45 &

[ 5] Xing C Z, Liu C, Hu Q H, et al. Identifying the wintertime sources of volatile organic compounds (VOCs) from MAX-
DOAS measured formaldehyde and glyoxal in Chongqing, southwest China[ J]. Science of the Total Environment, 2020,
715: 136258.

L6] A, mHRH FMX PM, s BB 24 Jm S ma PR 43 9 [D]. & PC. = RITE K%, 2019.

Yin J. Analysis on the spatial and temporal pattern of PM,; and its influencing factors in the main urban area of Chongqing
[D]. Chongging: Chongging Normal University, 2019. (in Chinese)

L7 x0mife, #en, 2540, 4. EPKT VOCs Wk EERFEADCHEE P43 L), b EREE W, 2017, 33(4): 118-125.

Liu R L, Zhai C Z, Li L, et al. Concentration characteristics and key reactive species of ambient VOCs in Chongqing[]J].
Environmental Monitoring in China, 2017, 33(4): 118-125. (in Chinese)

L8] #fh, &M, e, 55, 5K E Z KU AT Qe R0 S5 A 43 BT[], P9I EREE, 2015, 34(4): 91-96.

Huang W, Yu] Y, Tang X, et al. Regional ozone pollution status and causes of Chongqing in summer[]J]. Sichuan
Environment, 2015, 34(4): 91-96. (in Chinese)

L 90 XVt ¥ S8, RFF, 5. R E Z00 b R EUVB AR KO m R R 4 Fr )], R KRS, 2014, 37(8): 91-98.
LiuJ J, Jiang C T, Song D, et al. Analysis of distribution characteristics of surface ozone and its influencing factors in
summer in Chongqing[ J]. Journal of Chongqing University, 2014, 37(8): 91-98. (in Chinese)

(1070 B, Al XU, A5 T PRI I DX S S bR 0 B BCAR TR A7 (D). = W3R 5 42 25 2010, 32(2)+ 8-10.

Huang W, YuJ Y, Liu P, et al. The analysis and evaluation of ozone pollution in Chongqing City[J]. Environment and
Ecology in the Three Gorges, 2010, 32(2): 8-10. (in Chinese)

[11] Hui L R, Liu X G, Tan Q W, et al. Characteristics, source apportionment and contribution of VOCs to ozone formation
in Wuhan, Central China[]]. Atmospheric Environment, 2018, 192 55-71.

[12] Hui L R, Liu X G, Tan Q W, et al. VOC characteristics, sources and contributions to SOA formation during haze events
in Wuhan, Central Chinal J]. Science of the Total Environment, 2019, 650: 2624-2639.

[13] Wei W, Lv Z F, Li Y, et al. A WRF-Chem model study of the impact of VOCs emission of a huge petro-chemical
industrial zone on the summertime ozone in Beijing, Chinal[J]. Atmospheric Environment, 2018, 175: 44-53.

[14] Tong R P, Zhang L, Yang X Y, et al. Emission characteristics and probabilistic health risk of volatile organic compounds
from solvents in wooden furniture manufacturing[ J]. Journal of Cleaner Production, 2019, 208: 1096-1108.

[15] Wang M, Qin W, Chen W T, et al. Seasonal variability of VOCs in Nanjing, Yangtze River Delta: implications for
emission sources and photochemistry[J]. Atmospheric Environment, 2020, 223: 117254,

[16] Liu Y F, Song M D, Liu X G, et al. Characterization and sources of volatile organic compounds (VOCs) and their related
changes during ozone pollution days in 2016 in Beijing, China[ J]. Environmental Pollution, 2020, 257: 113599.

[17] Liu Y H, Wang H L, Jing S G, et al. Characteristics and sources of volatile organic compounds (VOCs) in Shanghai
during summer: implications of regional transport[J]. Atmospheric Environment, 2019, 215: 116902.

[18] Xiong Y, Bari M A, Xing Z Y, et al. Ambient volatile organic compounds (VOCs) in two coastal cities in western
Canada: spatiotemporal variation, source apportionment, and health risk assessment [ J]. Science of the Total
Environment, 2020, 706: 135970.

[19] Song S K, Shon Z H, Kang Y H, et al. Source apportionment of VOCs and their impact on air quality and health in the
megacity of Seoul[J]. Environmental Pollution, 2019, 247. 763-774.

[20] Zhang X M, Xue Z G, Li H, et al. Ambient volatile organic compounds pollution in China[J]. Journal of Environmental
Sciences, 2017, 55: 69-75.

[21] #al %k, %W, 2020 ARG HHES M. dbat: E G Hi ki, 2020.

Yang H Y, Li T M. Chongqing Statistical Yearbook 2020L M. Beijing: China Statistics Press, 2020. (in Chinese)

(22 Jfl, 226, 230 A%, FE PO VA 7=l a4 A e HLY) R AR L) ] 388 TR SR 24 2018, 8(5): 571-576.

Fan L, Li P, Li W S, et al. Characterization of VOCs emission in automotive industrial park in Chongqing[J]. Journal of
Environmental Engineering Technology. 2018, 8(5): 571-576. (in Chinese)

[23] FoEdl, B, EWRRE, % ERTIREREELEG I HBCRFAELC] /2015 45 i [E SR B RL 2 2 23 2 R AE S8 SR IR
e I FREERR % 25, 2015 1003-1009.

Fang W K, Luo Q, Wang X C, et al. Emission characteristics of volatile organic compounds from automobile coating in

Chongqing [C] // 2015 Chinese Society for Environmental Sciences Academic Annual Meeting Proceedings. Shenzhen:



\

% 4 3 BEA,F . ERTAEEEHE AL TF VOCs Hes 8 42 133

Chinese Society for Environmental Sciences, 2015:1003-1009. (in Chinese)

[24] Zhong Z M, Sha Q E, Zheng J Y, et al. Sector-based VOCs emission factors and source profiles for the surface coating
industry in the Pearl River Delta region of China[]J]. Science of the Total Environment, 2017, 583: 19-28.

[25] M2, B8k, oK, 5. SO HLE R ATl VOCs BUAr i B LB A B 3 [ ]. & 535454, 2017, 17(1) .
314-320.
Tian L., Wei W, Cheng S Y, et al. Source profiles and ozone formation potential of volatile organic compounds from the
use of solvents in typical industry[ ]J]. Journal of Safety and Environment, 2017, 17(1): 314-320. (in Chinese)

[26] Yuan B, Shao M, Lu S H, et al. Source profiles of volatile organic compounds associated with solvent use in Beijing,
Chinal J]. Atmospheric Environment, 2010, 44(15): 1919-1926.

[27] Carter W P L. Development of the SAPRC-07 chemical mechanism and updated ozone reactivity scales[ R]. Sacramento,
California: California Air Resources Board, 2010.

[28] Carter W P L. Development of ozone reactivity scales for volatile organic compounds[]J]. Air & Waste, 1994, 44(7).
881-899.

[29] Carter W P L. Development of the SAPRC-07 chemical mechanism [J]. Atmospheric Environment, 2010, 44 (40):
5324-5335.

[30] 4B3CHE, B, Hfl 4, 5. REZE M RELE VOCs HE R IE 5 R 6 401 (1], HBER# W58, 2019, 32(8):
1358-1364.
Zou W J, Xiu G L, Bao X H., et al. Emission characteristics and case study of volatile organic compounds(VOCs) in
typical auto parts painting processes[ J|. Research of Environmental Sciences, 2019, 32(8);: 1358-1364. (in Chinese)

[31] XUARAL . BEiFRE, M oasil, . BRENRE RV SRR 58 T 208 By VOCs HAMRRELT ). R 2= %Rk, 2016, 36
(11): 3944-3951.
LiuY C, XiaZ Q. Gao Z ], et al. Process-based emission characteristics of volatile organic compounds (VOCs) from light
vehicle and auto plastic parts manufacturing industry[ J]. Acta Scientiae Circumstantiae, 2016, 36 (11): 3944-3951. (in
Chinese)

[32] Cater W P L. Updated maximum incremental reactivity scale and hydrocarbon bin reactivies for regulatory applications
[R]. Sacramento, California: California Air Resources Board, 2010.

[33] Rfdt, mifl, BRI, 5. WoRHR ST L 4% & A LY HEROR o35 S ma [T, BREERA . 2020, 41(4) ¢ 1582-1588.
Wu J, Gao S, Chen X, et al. Source profiles and impact of volatile organic compounds in the coating manufacturing
industry[ J]. Environmental Science, 2020, 41(4): 1582-1588.(in Chinese)

[34] Li X Q, Zhang L, Yang Z Q, et al. Adsorption materials for volatile organic compounds (VOCs) and the key factors for
VOCs adsorption process: a review[ ] |. Separation and Purification Technology, 2020, 235: 116213.

(R4 ¥ HO



