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Abstract Volatile organic compounds (VOCs) are important precursors for ozone generation, and
characterising the compositional profile of their emission sources is the key to solving the problem of
ozone pollution prevention. Currently, ozone pollution in Guangxi is becoming more and more
prominent, but the emission of VOC:s is still ambiguous. In order to address this problem, this study
sampled VOCs emissions from five typical industries in Guangxi, namely packaging and printing,
furniture manufacturing, automobile maintenance, granite manufacturing, and man-made board
manufacturing, and analysed 115 VOCs components to investigate their VOCs emission
concentration levels, source spectral characteristics, and Ozone Formation Potential (OFP) . The
results showed that the packaging and printing industry had the relatively highest concentration of
VOCs (12.98 mg-m’), which was 2—86 times higher than that of the remaining four industries,
followed by furniture manufacturing (5.72 mg-m™), automotive servicing (1.34 mg-m), granite
manufacturing (0.84 mg'm™), and wood-based panel manufacturing (0.15 mg-m~) industries,
respectively. Among them, emissions from the packaging and printing industry were dominated by
alkanes (55.37%), followed by oxygenated OVOCs (27.51%); emissions from the furniture
manufacturing industry were dominated by OVOCs (50.98%), followed by aromatic hydrocarbons
(31.05%); the automotive repair industry was dominated by aromatic hydrocarbons (32.25%),
followed by OVOCs (23.76%); the composition of the granite manufacturing sector is dominated by
alkanes (42.43%), followed by aromatic hydrocarbons (23.76%); and the wood-based panel
manufacturing sector is dominated by OVOCs (52.05%), followed by aromatic hydrocarbons
(14.32%). The results of OFP calculations show that the size of the OFP is in the order of furniture
manufacturing (22.62 mg'm™) > packaging and printing (17.24 mg-m™) > automotive servicing
(429 mg'm”®) > granite manufacturing (1.44 mg-m?) > wood-based panel manufacturing
(0.50 mg-m™*) industries, and the key species that make the largest contribution to the OFP in the five
industries are, in order of magnitude, hexanal (44.0%), and aromatic hydrocarbons (23.76%). The
key species contributing most to the ozone generation potential in the five sectors were hexanal
(44.21%), 2-methylhexane (9.76%), m/p-xylene (24.61%), styrene (29.27%), and acetaldehyde
(23.86%), in that order, respectively. VOCs management for furniture manufacturing, automotive
repair, granite manufacturing, and artificial board manufacturing industries and the prevention and
control of ozone pollution caused by them should focus on high contribution rate key VOCs species.

Keywords typical industries, volatile organic compounds, source spectrum characteristics,

Guangxi.
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1 MBS i (Materials and methods)
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Table 1 VOCs collection information of enterprises in various industries
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2 25 59718 (Results and discussion)

2.1 VOCs ¥ B HEUOK

AN TEAT A A b 45 115 VOCs e B B2 2 s 1l 1 r 7, A0 2% BRIl 47 Mk VOCs 1) ¥ J3E A0 X e =
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VOCs ¥ B 54 77 FIUBL A R /IN A2 ) T2 TR Ak A 2 55 IR 32 2 UIAE G, DRI iz b vk B /KA S
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M FAT Ak A HERCA 5 F VOCs A1k B, G EL Tl & 7 b HE R 2 4R P AE MR | It T34, £k
1#—A4#9 1L OVOCs FIFF &40 3, 5 H A 91k 44.13%. 48.75%. 55.01%. 53.69% H1 30.59%. 34.99%.
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[FAT k1 4% Al 7E VOCs 2R b S AR — 3%, (H i T3z i dr k) A= T8 A 7 A A
ZSEI, A FEAETE VOCs IR LR g A 22 5.
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Fig.1 Concentration and composition of VOCs in various links of enterprises in different industries

2.2 VOCs R FEE
221 AFEFE VOCs HERCE L5315 53 Hr

A R A7k Ak VOCs 4 it 7 I3 —fbAb B], 45 H R [R A7 Mk AR Mo £k 1) VOCs HE IR %4315, dn
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(0.03%) (5 FCAH X F A1 5 A 38 A i1 38 47l L OVOCs(52.05%) K 3, HR o 35 F 1 (14.32%) | Sz
(13.53%) . K fLKR (9.64%) . Hi k2 (8.07%) , HoAlh (2.39%) o Lt AH % & A% A2 2% B R A7 oMk D %t k2
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Fig.2 Composition of VOCs emitted by different industries
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ANFEAT L VOCs HEBCHE B 4335 %8 e an UL 2% 2 fr 7, 3@ 2 ) e [a)—47 b [ P9 A [5] H XCf VOCs 41 1
BRI, AT, BG5S RE T PIVOCs TR ZEAH T, %L1 OVOCs(50.98% Fil 38.00%) . F5
1% (31.05% F1 50.00%) 8 3, (A AL LR B2 KR, XAl RE SR WAl B TEMZESA L A
AR AT ST PERIVOCs FEERZEMIT, OVOCs(52.05% Fi1 89.04% ) 15 F 34 A fe i, LABEZE W il
F, 5 R i F R S VR A RS A ) B SEBRIELA & . AR EDRI ATk 5 K VP TTPIVOCs 3
BRI AT, ARBFSE L OVOCs(27.51%) | %% (55.37%) J 3, 2% SCHk L OVOCs(74.10%) | Bi ke
(10.50%) Jy 3, {HAG B L %8 1 22 S B I, 3k ml B2 i Tl S8 A S BNl T2 28 IR UK S5 22 5 i &
. KAGETIE ST ARPIVOCs FEFAAH T, A5 LU 12 (34.46%) . OVOCs(17.82%) . btz
(42.43%) K3, B LI (78.90%) . OVOCs(13.39%) K 3, (BM 8 b % | 25 S0 8, 3% ] R
TP TZMERIT T RERBITLSHMTTPIVOCs FERIARLT, A5 L OVOCs(23.76%)
TR (32.25%) . KARIE(20.09%) | BESE (22.95%) K =, 27 SCHR IR0l i 17k L5 A & (11.00%)
K AR (70.20%) . Bk (17.00%) 4 T, (A & L6 1 22 B, X mT et T i AL = T2
ANIF A S 23 X e & B, AR R AT lL 7E [ PR TRI M IX. VOCs 1) 32 B AR AT, (H A R b5 1 22 R i

£ 2 AREFTIE VOCs HEFCFE R 53T H (%)

Table 2 Comparison of VOCs emission source composition spectra in different industries(%)

il em Oxygen c(c?l:t/grirslg volatile Ajii?i::l:c Hagfriéted heke fake Beliok 18
Industry type organic compounds hydrocarbon hydrocarbon Alkane Olefin Other  Data sources
FH & 50.98 31.05 13.97 383 0.4  0.03 AT
AR il i 52.05 14.32 9.64 13.53 807 239 EN T
A2 LA 27.51 5.35 11.63 5537 012 0.02 ABEFE
<A T i 17.82 34.46 4.30 4243 076 023 AT
pRvR 3 23.76 3225 20.09 2295 085 0.10 EN T
FE & 38.00 50.00 — — — — AR
R & — 11.00 70.20 17.00 030  0.10 R e
AR il i 89.04 0.61 9.94 035 003 003 JTge
A2 LA 74.10 — — 1050 1440 — ESUNIRY
7 il 1 13.39 78.90 5.37 151 067 0.15 JUARED
RMIRA 17.90 38.90 — 2670 < — — g

2547 — 11.60 63.70 1550 — — KB
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ANFEATE VOCs HEBCIE B 433 VL K o tEHE 24 /- B B b, o3l an &l 3. 3% 3 B, a5t o #r,
PEH AT HE RS A e . Hop, REGIEAT DL O (39.62%) . LR L TR (8.03%) . 1,2-— &Nk
(7.42%) . 1,2- " LHE(6.91%) | 4B-—H 2K (6.21%) ., [8]/5%F-—H 2K (5.95%) R &, A it di b 74.13%, H
RO, SR TR AB-Z 2R | [a) /% - Z W 2R A5 S YR RIS B 00 A LU 21 43, 3R WA 58 B 3 A 7l R ik
FEAE 5 BT 0 R % Dl R v B R O . N AR 3 ATl AT R (11.95%) . B (10.93%) . 57 TN &R
(5.66%) . AP HE(529%) . O (5.22%) . LM (4.79%) . LR LR (4.52%) 0 £, Gt bl
57.42%, FEh OVOCs. AHF5E AT A il 38 47 Ml 5 0 0 A5 00 6 T P8 N 3 A i 38 A7 Mk Je 2H 2RI
S5 RAHI, FLFFEY R R D A P N BRI A ERRIAT A LA SR S TR (26.02%) . SN
(11.38%) , 2-F RO 82 (7.53%) . 2,3- " F e (5.40%) . 3-F RO bt (4.40%) . & H Be(4.31%) M &,
At R 59.03%, B OVOCs, Feke. <A filiE il LLERGEE(21.49%) . K 445 (20.82%) . 5515
F2(10.43%) . NEE(4.61%) R, G LR 57, 34%, F BIE 2R 20, 2 b = ok 8 v (i 1 31 i = 2
RE, 5 FEKCT SRR TE A A B — 3K, AT DLARE D Rl S SRR A AN U DG . IR AR AT A R 2
T HER RS VOCs R0 LU EE (13.94%) | 1, 2- 5 L HE(10.09%) | 8] /% - F 2K (9.84%) . TN%E(8.32%) .
AB- T H R (7.29%) . A H KE(7.09%) A E, At i bR 56.58%.
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Fig.3 Ozone generation potential and contribution rate of various VOCs in different industries

F=3 HKA1lk vOCs WAL/ & FHER 790 FP Hh
Table 3 Comparison of top ten species in VOCs source composition spectra by industry
1l VOCs - ZHEH Tl
Industry Main species of VOCs emissions
S L% (39.62%) . PR ZTR(8.03%) . 1,2- "5 NEE(7.42%) . 1,2- " LHE(6.91%) . 2B-—H7(6.21%) . [A]/4F-— 2
- (5.95%) . ZH(4.57%) . 3-ZFWH(2.76%) . IEERE(2.73%) . 1,2,4-=HH(2.09%)
b PIER(11.95%) . B (10.93%) . SR (5.66%) . S LE(5.29%) . CLEE(5.22%) . Z4i(4.79%) . LR TR (4.52%)
DI (3.65%) . R HIEE(2.78%) . TN (2.64%)
A ER LR OTR(26.02%) . SERE(11.38%) . 2-H 22 552(7.53%) | 2,3- I EEBE(5.40%) . 3-H 2L ke (4.40%) . —F e
(4.31%) . IECBE(3.79%) . FHHREFRC BE(3.60%) . IEBFGE(3.41%) . 1, 2- " L 56(2.82%)
o IESKE(21.49%) . R 2 (20.82%) . SEICKE(10.43%) . TAKE(4.61%) . IEZEEE(3.70%)  ZR X (3.39%) . THR(3.37%) .
ETZ5E(2.62%) .« 57 THE(2.59%) . PNE(2.27%)
o O (13.94%) | 1,2-5 2 56(10.09%) | [al/%F-—F2K(9.84%) . THBE(8.32%) . BR-—FA(7.29%) . 5 H%e(7.09%)
- Z(5.45%) . IE T HE(4.22%) . F28(4.08%) . 57 T %e(2.66%)

23 REAROEHE S
2.3.1 AFEFTE42E VOCs A 3 ir

H T [A] VOCs P A2 i P45 5, DR AR 1R A B T B AR AR SRR ] 12 34 390, X B4R 0 7 52
WA RN, AS—FL . NI, 76 FT SO M A AT VOCSs HERTIE S 1% Ko A 54 i b b, SR FH fie K
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B & MR (MIR) , B2 T A0 (1) F(2) A5 T 5 AN HAIAT L 2 Fh 26 VOCs 1Y B4R AR iU 35 M Tk =52,
mE 4frn. SR FH, MTIE B R A A G SR E, K H il (22.62 mgm™) > % B il
(17.24 mgm ™) >R 4 4E 15 (4.29 mg-m™) > A il i (1.44 mg-m ™) > A @& il i (0.50 mg-m ™), K H il i
17k TVOC ¥ B BAR N 2 Bt , (H T L HECR Dy Rl PR, B0 OFP {H fe i, X ELHl ATk 2 Rk
T E A AEVEE B A T . MORTEIAT L4528 VOCs 1 R 48 A sk KOk B, ARSI A R 5 M7l
FEHEAT L TTHR L OVOCs(46.64%) . 5748 (51.29% ) 8 323 A Al i A7k 5isk A OVOCs(55.77%) .
I (23.55%) R 35 A0 EDRIAT Ol 5Tk L OVOCs(22.21%) . F5 7542 (20.73%) . %k (55.34%) J F5 (4
A7 15 A7l BTk LA OVOCs(19.96%) . 75 5 4 (45.81%) | %5 (29.52%) Jg 325 VK 25 4647 5T ik LA
OVOCs(26.15%) . J5 & #(62.24%) K, &4 5 O3 1544 Bj i th s B sl B #E1) VOCs k.
232 AEFTI VOCs ¥ 5 8L i 3o i

i 3 A3 A AN R A7k X OFP Sk HE4 17+ B9 VOCs 1 Fh K& ok R, 1 W3 4, 32 &A1 AR Hi Ak i
Os 15 YL Bif Al 25 Bon, K ELHE T DTk DA O (44.21%) . 4B-—H 28 (12.89%) | [H]/%f-—
H2R (12.37%) R 3, © 8 DTMR 3 A e s A3 A A7l STk DL 2185 (23.86%) « &0 (13.92%) | O
(7.63%) . NHHTE(7.46%) k35 A2 EDRIAT b 5Tk DA 2-FF JE e (9.76%)  HI 2K (9.18%) | 2,3- - HI LK,
B (7.71%) . SN (6.09%) . LR O (5.59%) S 325 i) A il 1 A7 Mk 5k DA 2K 2065 (29.27%) 53 505
(14.19%) . IEE(6.92%) . L (6.79%) . [8] /% -~ H 2K (5.43%) b 3, 7528 20, 2 WA ATl
OFP 5 ik % f5 11 1 1) Bl 5 7342 2 AB AT oMb B ik DA R) ) - FF 2R (24.61%) « O (19.48%) . 4B-— F 2K
(18.18%) A F; Lh_ W45 O V5 44Biiif s 32 s B 5 1Y VOCs Sl

® 4 AR OFP SEkHES A+ VOCs Yy K 5Tk % (%)
Table 4 Top 10 VOCs species and contribution rates in different industries contributing to OFP(%)

S 0
e (=} (=} 3] Ly Herl M- s .
KL M FLER i VA
. . Artificial board . . . . . .
Furniture manufacturing . Packaging printing Gangshi manufacturing Automobile maintenance
manufacturing

VOCs#IFl  TilkE/%  VOCs#Ifh  Tidk®/%  VOCs#Ifl  BimkF/%  VOCs#IFfl  Timk®/%  VOCs#Ifh  Timk%/%

B 4421 L 23.86 2-FEEC b 9.76 E 2927  [AA-THE 2461
4B-— 2R 12.89 nH 13.92 LIE S 9.18 ke 14.19 L 19.48
xR 1237 CLE 763  23-T“HESNEE 771 ERkE 6.92 AB- 18.18
124-=HZ 544 I 7.46 SN 6.09 L 6.79 L 5.44
3-ZHHIR 4.48 ] 5.94 LiE-SINGVEd 5.59 -2 543 oK 4.88
135- =% 378 FNH 472 3-H O ke 5.20 THR 3.92 MU 2.94
LHF 3.78 [E]/%F-—HH 450 ECkt 4.91 LIES 3.10 124-=HZ 282
123-=H% 246 B 3.78 CEE 4.64 7 T ke 2.44 3- FHERH 1.82
2-Z A 1.98 S 3.28 FHBEFR LT 4.05 4B-—HIK 226 SR 1.39
4-Z MR 1.51 ISR 2.77 LR 3.89 oS 1.85 IR C e 1.19

3 458 (Conclusion)

DAL ENRIAT L VOCs (%€ AR R 8 (12.98 mgrm™®), S HAY 4 M7k 1 2—86 4%, Fwk 435l
FEAM 1 (5.72 mgm™) | RE4EE (1.34 mg'm™) | 54 A1 il (0.84 mg-m™) . A&l (0.15 mg-m™) 17
. ATk VOCs 437 38 U5 F ER R . W58 Rt . W3 L BCRHART 1k | it e A3 348 () HE ik, Todl
VHER B R . A AT P Al e VOCs B4R AR — 20, (Bl T2 5 AR, A= T
L RAAE R AR R AR, ASE L AE VOCs R HE R LA T 25 57

2) I\ VOCs 5 J8. 53 1% e F , A0 BRI A 7 lb HE B A B ke (55.37%) Ry 3, HROE OVOCs(27.51%); K
&Ik L OVOCs(50.98%) HERCH 32, HUIEJ5 T4 (31.05%) 5 VR A 4E AT LA S 4 (32.25%)
F, HRJE OVOCs(23.76% ) 5 i A il 185 47 Mk 21 1 LA 4 (42.43% ) HERCR 3, R &8 (23.76%) 5 A
AR E AT A OVOCs(52.05%) HEji R 3, HUOR 5 42 (14.32%) . AL T B HALH X, VOCs 3
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BRI, (H R T IRADRL, A TSRS, fER e 22 F W]

3) SR A S Fat A R W, R A O R IMR IR 5B 1 (22.62 mgrm ™) >4 2 [ i
(17.24 mg-m?) >} HE4i 15 (4.29 mg-m ™) > A il 1 (1.44 mg-m>)> A il i (0.50 mg-m =) f7lk, 54>
A7l % B AU v A o R A R DG B R AR IR 3k U (44.21%) | 2-FF R L BE(9.76%) | [H] /4T -—
2K (24.61%) . A5 (29.27%) . L1 (23.86%) . AU2EATl VOCs S Fp oGt 5L 4 AR BT 4 BTk L 4
¥y, H VOCs HEROE B2 1 2 0, B0 K B RS L bl N 3 AR 3 ATl Y
VOCs I 1R FLr | e 1 548075 Yy B 458 107 B a5 0% 1 S 480 A v 3 o ko K 1Y) G5 VOCs .

MR, JPEHESE VOCs BIBFFERITAEL LA AR R =, ) V8 ZRARTE 35 R 5K 62.55%, 1o fi 4 [E 55 =10,
TR HER AP VOCs(BVOCs) ¥ B 48 A2 1Y BT BRAS 25 240, AR5 s BVOCs 4143 1 I 52 434,
ARGEH)VE R AT Y H R E AR Ak, TR A R AT I SRR L AR ST A
JE W VOCs HEBL A SR T M, AR mR A5 i — 25 gk A AL 7l AN W] VOCs 16 B T. 25 VOCs ARl
BT TS REAE (A5, DL K 275 Ey R 0 A T XU A A 5 T 1k, FF g VOCs X fit B XU TFA1r
VOCs 4 JR LA RIS
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