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Abstract: This study conducted sampling and testing on the waste gases generated from different processes in typical automobile
manufacturing plant coating workshops located in northern and southern China. It meticulously analyzed the emission characteristics
of volatile organic compounds (VOCs) and odor characteristics, and extensively explored odor characteristic prediction methods
from multiple dimensions. The results revealed that OVOCs, alkanes, and aromatic hydrocarbons are the predominant components in
the exhaust gases, with OVOCs constituting 73.80% to 99.03% of the odor activity value (OAV), thereby classifying them the most
significant odor-contributing substance category. Acetaldehyde, n-butyl acetate, isobutyl acetate, and n-butyraldehyde all
significantly contributed to the odor at both the inlet and outlet of the treatment equipment. Furthermore, electronic noses were used
to classify waste gas samples, achieving 100% and 98.1% accuracy rates for inlet and outlet, respectively. Quantification of odour
was achieved through regression analysis, which revealed a strong linear correlation between OVOCs substance concentration and
OAV . and OAVg,,. The electronic nose technology combined with BP neural networks was found to be an effective predictor of
OAV .« and OAV,,. Additionally, a logarithmic relationship was observed between OVOCs substance concentration, OAV ..,
OAVm, and odor concentration.

Key words: automotive coating; VOCs; emission characteristics; odor characteristics
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Fig.3 Characteristic species of the 5 types of waste gases at inlet and outlet
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Table 3 The main odor contributors and their proportions at

each sampling site

R AL BB O s

TO1 1E CUi%(52.90%) 1ETT4(71.81%)
T02 1E %R (28.79%) LTRAR T 6 (48.21%)
TO3 LR T HR(52.79%) LR T 1iE(67.56%)
GOl LA T 1iH(40.06%) L5 (47.91%)
G02 EZ4WE(73.01%) LT#(53.78%)
G03 1E T 1#(56.79%) 1E T Ti%(50.98%)
G04 IEZ4WE(31.86%) LT#(40.16%)
GO05 1EC#%(31.19%) 1ETT%(71.56%)
G06 LERIE T H(38.72%) 2,18 (66.09%)
G07 LT (34.74%) ZIRAT T TR (24.55%)
GO08 IEZ4WE(42.78%) 1E T HE(55.08%)
G09 LT (42.82%) LIRIE T 1i6(49.07%)
G10 1E T #(57.26%) 1E T 1i%(42.09%)

T SN BT O AN [ A A 2 [ 5 5 A7 AE
A8 322 5, A BE W A I R i 2 () A7 A B 2 22 7
) A J s 2 v e BRURICH R A A 2 die K11 6 A% IR s
Mg AL - 22 1B B kAR SO L 5(c) (d)
JIT 75 AN TR) SR 5 R0 AL RS PR R i T A7 1 28 (8 5
ZE5E, R AR s T A SRR AL fR £
Pl 1

BE— DR TOA R I RS 7 PR B
FRIRFAEZE 72, A ] LDA RN 5 AR JEB IR A
BEAT 73 RWEFL( 6).AERE I RT3 28 L1 A
TR IR A NEAE SEBR T 100% ) 43 S UERf 3, 11T 3 AN
oo R AR RE T R 22K 97.7%. 500 T H R AU 43
A A AR PRI R S AR 3 T 98.1% 1 73 S HERf 2, 17 3
A PR BURRE T 205 2210 92.8%. Ak, X 33k 1
AL IR i, 5 BRI IR R AR E 6 S I ) 70 1,
HE VAR 1 3 SR A A v RO 4
RIGAUE T HL 7 S AE U R R AL 5 T PR 545 R RE .
R AURBESEIL 100%E #2338 v] BE ) i R %
RS AR BRE A B ARG /D> Bt v ) e 7 R
{EXT LDA /)70 SRS TP AR N K 5T



4 1 AFIES . AR ZERBAT Y VOCs HEBUR H R AIE 1805
N Y - N S 47 LN i N [ iy j =2
Bl I 060 FH AR SRV L AT AL, LA Bl e e 0k 45 SRAERA PR IR 52 .
(a) e B 23 WO i 1) (o) eI B 7 1) o Type
S ]*** S ]**
Hx% Qkkk S 28 skok —@— Type 2
§28 28", S S3 S27% 51 52 s A P
S 26%* \6 S 4ok S 26* S 4%* e Type 3
S 25% S 5wk S 25% S 5w v Type4
S 24%% S Gk S 24%* S Gk & Type 5
S23 S 7% S 23%* S 7**
S 22% S 8% S 22% S g**
S21 S 9 S 21%* S g
§ 20%4%* S 10% S 20%* s 10
S 19 S S 19+ S11*
S 18k S 12%* S 18%* S 135*12*
S 17 S13
S 16**5*15**§< 145 S 17**§]6**S 15558 14%
)Y TIRIBSLEI (i SRR S (H
() URAR SRR 1) (RSB SUE (1)
S 1***
7
6
S 28%** T S gk g 28 g gk
S 19% S 6*** S 23%+ S 15%*
S 15%** S 19%*
K5 5 RS AL A HL T SRR SR i
Fig.5 Electronic nose odor fingerprint spectra of 5 types of waste gases
*P<0.05, **P<0.01, ***P<0.001
Type 1 Type 1
Type 2 Type 2
Type 3 Type 3
Type 4 Type 4
Type 5 Type 5

6 5 FRALE ) LDA
Fig.6 LDA of 5 types of waste gases

2.3 Z YT VIO R SR AE

2.3.1 TGP OVOCs /&3 R <
Hh g E LR SOR pT ik PR G R 6 OVOCs 14 Ak
fE5 OAVias OAVym Z I RIEATHIFH 26
AR T BRE i B A (51U 20 7, I OAV e F
OAVym 5 OVOCs W) IR FE AL 1 R R,
A S5 RN 7 T 78.0VOCs IR 5 OAV oy

LA B R=0.88,5 OAV,,, L& HLIM
R*=0.87. 5 54U ELER 1K R® 21K F 0.85, 1 W A0 i)
HAT RN FNE, OAV oy ] R BT OAV g, A
FF LA RS 24 OVOCs I FEIR 3 58 I et
B p AT T 2 1) 40 A1 B A 2w BRI AT A T %
A KRR OAV ax HI OAV gy BEAT TN BEAE H)
ST PSR 1 2 25 B A I i



1806

o[ F

B R %

45 %%

(a)OAVmax50VOCSHI T S5 2 [/ 155 5

1800

¥=30.77+13.54 *x
1600 .
R-Square(COD)  0.88046

1400
1200
% 1000

0 20 40 60 80 100 120
OVOCsH R ¥ i (mg/m®)

(b)OAVsum-5OVOCSY R IR B 2 IR IR R

»=-10.56 + 34.80 *x
R-Square(COD)  0.86812

5000

4000

3000

OAVsum

2000

1000/

0]

0 20 40 60 80 100 120
OVOCsH ik & (mg/m?)

7 OVOCs WK% S OAV pux OAV Z I IHDE R
Fig.7 The relationship between the material concentration of OVOCs and OAV .y, OAV gy

UII?&%%%X‘JL!& RMSE=39.44

(]
1500

2000 :
[—— st —o— mia]
1500
% 1000
£
<
O 500 fg
-500 : : ‘ ;
20 40 60 80
WIZRERFEA
OAVmaxiJll Z 5 51 )1 i 28
. ]
1500 o
o
) 8
am 1000 i
&®
= 500
/g
o
O S
o
0 ,xd
500 1000 1500

S

RS Xt b: RMSE=173.84
[—— sl —o— mi |

2000

OAVmax
g
o

500

0 Y ! ' .
5 10 15 20
TRREERE A
OAVmaxll i 4L 21 )7 ih 28
1400 f
1200 |
N 8o
1000
fan
@ 800 s N
s 600 o
400 | o
2007
o
0@’
500 1000 1500
AL B Sl

8  HLT BN OAV . MM
Fig.8 Prediction of OAV,,, by electronic nose

WP ERICH 7 S0 SRR S Y OAV (1 Tt il
Re M BP s I 4 ) H 1 S B g 2R A T [m] )= 73
DU B BEASFE i 1) 28 /N L AR I35 5 (EE 4 pf
22 W25 (RN 2, T OAV pax F OAV g 7E A ¥ HH 2,
73 0 (51051 73 87 I 5 Hlc A B 10 P 00 1 R 32 S A 2 )
[ R ETHT OAV oy TN 25 Tl ] 8 AT, U 2k

AR A [ U il 2 1 v s R 2R 0.99 F10.90,
RMSE 73 %% 39.44 F1 173.84,RMSPE 4} % 4
43.45%F11 37.53% 515 OAV g TN 25 S 201 9
Jit 7, I 2R R IR 4 (1] U ot 2k £ e s 22 50 R 43 30
9 0.98 Fl 0.92,RMSE 4374 157.04 il 365.31,
RMSPE 7351124 26.95%1 27.64% 44 Delurgio'*"



4 3 RS AR AEIRBEAT Y VOCs FEBOR H R E 1807

WEFE R R B R PP A AR AE, ™ RMSPE 7E 20%~  HL T B4 OAV gy I TIINAE 5 L SAE 2 [A]158 25 FE /D,
50%: R BB (R R0I BE ) A A B 7 ARG FE T Rk T DO A AR B RS A
RN R A T O R AR S ) OAVmayx AT AL W 4 45 Bl 5N T e 1 I SR ke ik — 2B R
OAV gy XA T H T BRIV SR e FETONBR 1P B, DAE N5 )32 (9 W 3 55 fl s
WRRFIE b A 50k AR AT 5 AE IR R, AR AR 20 BT 75 K

c000 — NESL R HE: RMSE=157.04 6000 —_MREL R H: RMSE=365.31
[—— el —o— il [—— st —o— miu |

5000 | ® ® 5000

4000 4000
£ 3000 g E 3000
2 2
S 2000 ) S 2000

1000 1000

0
-1000 -1000
20 40 60 80 5 10 15 20
WIGRIERE A WHASE R A

5000 OAVsumiIlZr4E E )T th 2k OAVsumill it 4 & )7 ih &

4000 4000
P @
= 3000 & = 3000 @,
= B = 8
< 2000 21 2000 o,
= o @ = o

1000 e 1000

28
0 °§”/
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
IR PASE LI

Kl 9 HLTEXT OAV gy, MITIN
Fig.9 Prediction of OAV,, by electronic nose

(a) RRIKREESOVOCSHIFIRIEZ MR R (b) REIKE S50AVmax [8] L R

¥ =122838%In(x) - 1129.25 »=993.10%In(x) - 2796.28 .

4000{ R-Square(COD)|  0.90631 4000y R-Square(COD)| 0.89802
M3000 @53000
1 2000 1 2000

®
1000 1000
0 0 10 20 30 40 50 60 70 80 0 0 200 400 600 800 1000
OVOCsHIYI R K & (mg/m3) OAVmax

(c) REIKEHOAVsumZ AR &R

¥=1141.02*In(x) - 4259.9 .
4000¢| R-Square(COD) | 0.95753
’lﬁ( 3000,
17 2000
i
1000
0

0 400 800 1200 1600 2000
OAVsum

B 10 OVOCs MR SE . OAV e OAV 5 R/ TIREZ KK R
Fig.10 The relationship between the material concentration of OVOCs, OAV .y, OAV ., and odor concentration



1808 HOE

R 45 %

232 TRMSLSIREE 8 TRV IR E L OAV pax
o OAV gy FHAAR T 200 K52 2 [R] R OC 2R, FH IR
TAXF TO1 TO2 A1 TO3 ¥t sk H 1A AKE S kAT
LML E T 6 ASRFE I SRS H A
OAV g FIELTIRE Z TR KN, K I OAV g Y9/ T
AT B AR PE R VR TR ) 4% R ) o )
AFAE W2 B [ A FH R U5 90 16 7 vk gk — 2 bt
REAWKELE OVOCs KWK E K OAV oy~
OAVyym Z M I5E SRR AL RWE 10 s
HEATHN,3 NS SRR Z TMAFAE X BOC R, -
SERE R M9 091, 0.90. 0.96, 4804 45 FLA& T,
F W OVOCs MR IE . OAV paxs OAV g I HER:
TRIEURZBAT L SLAAR B (1) R AF 00 R 7, 1 OAV gy
) FOTIN 285 SR B

3 it

3.5 AR TR B R AR A B P 1
FTH VA AN R HETBCRFAIE, S 41T 5 ,0VOCs 4
S R 5 B I 4 8 4 o 1 b S Ak
AHEL, H VAR AT S LR NCCs e ks
DA S B A8 1) i AR R e 4.
3.2 OVOCs ] OAV X} T OAVg.m 5Tk 75
73.80%~99.03% Z [H), /& VX7 ¥R 3 T 2 b de E 221
IR TTHR RPN N B IR FE R OAV [ DTk >k
F,SCCs Al NCCs F AR A RISk 1 H 05
KNGO CFRIE T ER SRR TR, 15T
4 Fl OVOCs ¥ At DRI Ty BAT B35 1S
DR BT LT S D B A IR, AR [ 2 2R ) <A
FE iy [0 A7 7E B WA 2 S, 0 B Hh 4% B AR AE 4R
U T T LDA XA AS AT 4 28, R B0 T 3F
FURTH VR 5,5 SRR ARR R I B 2 4 2, 7 S
%K 100%AK1 98.1%, B =441 51 R B 08 o RE
J7 720 97.7%K1 92.8%, 36 UE T HL T B IR IR AU AIE
A k.
3.3 OVOCs HW I 5 OAV ax Al OAV g 5 .
I LR PEAMER®  0.88 A1 0.87.H0 T & 4545
BP FHZE I 25X OAV oy HEAT TN ) RMSPE 75125
LEFNIMRREE> 5 Ky 43.45%K1 37.53%,%F OAV, 3
AT TR RMSPE 78 I ZR A FHl 82 43 51 0 26.95%
A1 27.64%, TN GE JIBE Ak A BE.OVOCs [ ik
JE+ OAVaxs OAVym 5 SR Z MAFAEXHOR

ZPA M R4 0.91. 0.90. 0.96.
4 RE

41§ RFEARTEE AR 7 BA AR
B TS A L AT RAE SRR IR R T
SRR RRR R 2% IR AR A,

D I SN S i A IR T
SRR )™ 1Ay 3ty B DX dk, LA T S8 D0RS 4 AL O HIE 5,
N S L SEEIL VOCs &5 SR AR B[] 478 1 B H A
4.2 PETHBIRILARITRR T 2 YEEHINE <
SEURRFIE I 7V, SR BP A28 9 2 A5 70 F Tt s R
Py AT T2 8). K 25 (K50 n] DL e 3 % i
RE S AR . DAL SR A Ty SR R R A S O
TSN BRI

SE K-

[1] Simayi M, Shi Y, Xi Z, et al. Emission trends of industrial VOCs in
China since the clean air action and future reduction perspectives [J].
Science of the Total Environment, 2022,826:153994.

[2] Wang H, Sun S, Nie L, et al. A review of whole—process control of
industrial volatile organic compounds in China [J]. Journal of
Environmental Sciences, 2023,123:127-139.

[3] Zhong Z, Sha Q, Zheng J, 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.

[4] £ EMRELE RS RIENAR LA PG B LSy
B [3]. dEIVR AR, 2024,(4):43-46.

Wang H, Yang H J, Chen Ch, et al. Comparative analysis of volatile
organic compounds (VOCs) control in the automotive manufacturing
industry [J]. Beijing Automotive Engineering, 2024,(4):43-46.

[5] Liang X, Chen L, Sun X, et al. Historical volatile organic compound
emission performance, drivers, and mitigation potential for automobile
manufacturing in China [J]. Journal of Cleaner Production, 2024,470:
143348.

[6] Zhou Z, Tan Q, Deng Y, et al. Source profiles and reactivity of volatile
organic compounds from anthropogenic sources of a megacity in
southwest China [J]. Science of the Total Environment, 2021,790:
148149.

[7] Weitensfelder L, Moshammer H, Ottl D, et al. Exposure—complaint
relationships of various environmental odor sources in Styria, Austria
[J]. Environmental Science and Pollution Research, 2019,26(10):
9806-9815.

[8] Oliva G, Zarra T, Pittoni G, et al. Next-generation of instrumental
odour monitoring system (IOMS) for the gaseous emissions control in
complex industrial plants [J]. Chemosphere, 2021,271:129768.

[91 A, B SR S, A5 ST R R R L. Bl S BV X 3R
[9]. dbst Tk K27 244, 2023,49(12):1263-1271
Wang C, Lv Y H, Zhou J J, et al. Causes, challenges and control
strategies of urban odor pollution [J]. Journal of Beijing University of
Technology, 2023,49(12):1263-1271.



4 3 LT MR ZEREAT L VOCs HETR S H R AFAE 1809
[10] Kultan V, Thepanondh S, Pinthong N, et al. Comprehensive evaluation Environmental Pollution & Control, 2018,40(11):1306-1309.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of odor-causing VOCs from the painting process of the automobile
manufacturing industry and its sustainable management [J].
Atmosphere, 2022,13(9):1515.

Hu R, Liu G, Zhang H, et al. Odor pollution due to industrial emission
of volatile organic compounds: A case study in Hefei, China [J].
Journal of Cleaner Production, 2020,246:119075.

Han B, Liu Y, Wu J, et al. Characterization of industrial odor sources
in Binhai New Area of Tianjin, China [J]. Environmental Science and
Pollution Research, 2018,25(14):14006-14017.

Chen H, Huo D, Zhang J. Gas recognition in E-nose system: A review
[J]. IEEE Transactions on Biomedical Circuits and Systems, 2022,
16(2):169-184.

Micone P G, Guy C. Odour quantification by a sensor array: An
application to landfill gas odours from two different municipal waste
treatment works [J]. Sensors and Actuators B: Chemical, 2007,120(2):
628-637.

Moufid M, Tiebe C, El Bari N, et al. Pollution parameters evaluation
of wastewater collected at different treatment stages from wastewater
treatment plant based on E-nose and E-tongue systems combined with
chemometric techniques [J]. Chemometrics and Intelligent Laboratory
Systems, 2022,227:104593.

Burgués J, Esclapez M D, Doiiate S, et al. RHINOS: A lightweight
portable electronic nose for real-time odor quantification in
wastewater treatment plants [J]. iScience, 2021,24(12):103371.

Zhang D, Yang N, Fisk I D, et al. Impact of cooking on the sensory
perception and volatile compounds of Takifugu rubripes [J]. Food
Chemistry, 2022,371:131165.

Yang Y, Liu H, Gu Y. A model transfer learning framework with
back—propagation neural network for wine and Chinese liquor
detection by electronic nose [J]. IEEE Access, 2020,8:105278-
105285.

Prak Chang K P, Zakaria A, Abdul Nasir A S, et al. Analysis and
feasibility study of plant disease using e—nose[C]/2014IEEE
International Conference on Control System, Computing and
Engineering (ICCSCE 2014). 2014:58-63.

Sun Y, Zheng Y. Prediction of tomato plants infected by fungal
pathogens at different disease severities using E-nose and GC-MS [J].
Journal of Plant Diseases and Protection, 2024,131(3):835-846.
Shanmugasundaram A, V Manorama S, Kim D S, et al. Toward
point-of-care chronic disease management: Biomarker detection in
exhaled breath using an E-Nose sensor based on rGO/SnO,
superstructures [J]. Chemical Engineering Journal, 2022,448:137736.
Bruins M, Rahim Z, Bos A, et al. Diagnosis of active tuberculosis by
e—nose analysis of exhaled air [J]. Tuberculosis, 2013,93(2):232-238.
Dragonieri S, Scioscia G, Quaranta V N, et al. Exhaled volatile organic
compounds analysis by e-nose can detect idiopathic pulmonary
fibrosis [J]. Journal of Breath Research, 2020,14(4):047101.

Hawko C, Verriele M, Hucher N, et al. A review of environmental
odor quantification and qualification methods: The question of
objectivity in sensory analysis [J]. Science of the Total Environment,
2021,795:148862.

WG AR e e, A 1 05,55 V5 K AL B ) SRR BE TR 7 vk B A
PR 9], HEEVS R 55, 2018,40(11):1306-1309.

Yang W H, Zou K H, Li W F, et al. Odor concentration prediction

method and hedonic tone evaluation for sewage treatment plant [J].

[26] Elia E A, Stylianou M, Agapiou A. Investigation on the source of
VOCs emission from indoor construction materials using electronic
sensors and TD-GC-MS [J]. Environmental Pollution, 2024,348:
123765.

[27] Qu C, Liu Z, Liu J, et al. Rapid determination of chemical
concentration and odor concentration of paint-emitted pollutants using
an electronic nose [J]. Building and Environment, 2023,227:109783.

[28] Sanaeifar A, Mohtasebi S S, Ghasemi—Varnamkhasti M, et al.
Application of MOS based electronic nose for the prediction of banana
quality properties [J]. Measurement, 2016,82:105-114.

[29] HJ 734—2014 [E@Ei5 YRk R AN e AR -
AP - FTERE [S].

HJ 734—2014 Stationary source emission—Determination of volatile
organic compounds—Sorbent adsorption and thermal desorption gas
chromatography mass spectrometry method [S].

[30] HI905—2017 WSy R MH ARRE [S).

HJ 905—2017 Technical specification for environmental monitoring
of odor [S].

[31] Sun Q, Zhang R, Liu Y, et al. Insights into “wheat aroma”: Analysis of
volatile components in wheat grains cultivated in saline—alkali soil [J].
Food Research International, 2024,183:114211.

[32] HJ 1262—2022 FIFEASPER RLARME = R AR
[S].

HJ 1262—2022 Ambient air and waste gas—Determination of
odor—Triangle odor bag method [S].

[33] Nagata Y. Measurement of odor threshold by triangle odor bag method
[J]. Odor Measurement Review, 2003,118:118-127.

[34] Blazy V, De Guardia A, Benoist J C, et al. Correlation of chemical
composition and odor concentration for emissions from pig
slaughterhouse sludge composting and storage [J]. Chemical
Engineering Journal, 2015,276:398-409.

[35] Rincén C A, De Guardia A, Couvert A, et al. Odor concentration (OC)
prediction based on odor activity values (OAVs) during composting of
solid wastes and digestates [J]. Atmospheric Environment, 2019,201:
1-12.

[36] Xanthopoulos P, Pardalos P M, Trafalis T B. Linear discriminant
analysis [M]. Robust Data Mining. Springer, New York, NY, 2013:
27-33.

[37] Goh AT C. Back—propagation neural networks for modeling complex
systems [J]. Artificial Intelligence in Engineering, 1995,9(3):143-151.

[38] You G, Jin Z, Lu S, et al. Emission factors and source profiles of
volatile organic compounds in container manufacturing industry [J].
Science of the Total Environment, 2024,916:170138.

[39] Shi Y, Xi Z, Lv D, et al. Sector-based volatile organic compound
emission characteristics and reduction perspectives for coating
materials manufacturing in China [J]. Journal of Cleaner Production,
2023,394:136407.

[40] You G, Jin Z, Lu S, et al. Emission factors and source profiles of

volatile organic compounds from the automobile manufacturing

industry [J]. Science of the Total Environment, 2024,927:172183.

Delurgio S A. Forecasting principles and applications [M]. New York:

Irwin/McGraw—Hill, 1998,12.

[41

YEZTEI Y+ 22515 (2000-), 22, T R Bk T R AT HF 93 2, 6 BRS¢ 7 1)
Jg KRG Jep . R R 3 4 4 esjiyujing@mail.scut.edu.cn.



