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Abstract: To explore the emission characteristics of volatile organic compounds (VOCs) from vehicular exhaust sources and evaporative sources with ethanol gasoline (E10)
as the main fuel, VOCs sampling campaigns were carried out in the north third ring tunnel of Zhengzhou city for two consecutive weeks in December 2019. In addition, the
characteristics of traffic flow and environmental information were also monitored in the tunnel. Firstly, 106 VOCs were quantified using gas chromatography,/mass spectrometry
(GC/MS) , and then source apportionment of VOCs in the tunnel was carried out using a positive matrix factorization ( PMF5. 0)-chemical mass balance ( CMB8.2) composite
model. Finally, the ozone formation potential (OFP) and secondary organic aerosol formation potential ( SOAFP) of vehicle exhaust sources and evaporative sources were
analyzed using the maximum incremental reactivity (MIR) and fractional aerosol coefficient (FAC). The resulis showed that p(VOCs) in the tunnel was (2794.5 +147.4)
pgem > during the experiment, among which halogenated hydrocarbons [ (32.4 +2.0)% ] accounted for the highest proportion, followed by aromatic hydrocarbons [ (27.5
+0.6)% ] and alkanes [ (23.3 £0.8)% ]. Source apportionment of vehicular VOCs showed that exhaust emissions (62. 5% ) > evaporative emissions (37.5% ), whereas
the contribution of OFP was that exhaust emissions (71.9% ) > evaporative emissions (28. 1% ), and the contribution of SOAFP was that exhaust emissions (75.8% ) >
evaporative emissions (24.2% ). The dominant components of OFP in evaporative sources were m, p-diethylbenzene, isoprene, and trans-2-pentene, whereas m, p-
diethylbenzene, m,p-xylene, and 1,2,3-trimethylbenzene were the dominant components of SOAFP. The major components of OFP in exhaust sources were m, p-xylene,
1,2 4-trimethylbenzene, and 1,3 ,5-trimethylbenzene,, whereas m ,p-xylene, m,p-diethylbenzene, and 1,3 ,5-trimethylbenzene were the dominant components of SOAFP. In
regions where ethanol gasoline is used, special attention should be paid not only to the exhaust emissions control but also to sirengthening the emissions reduction of VOCs from
vehicle evaporative sources, especially the high active components such as aromatic hydrocarbons and alkenes.

Key words: tunnel test; volatile organic compounds (VOCs) ; source apportionment; evaporative emissions; exhaust emissions; ozone formation potential ( OFP) ; secondary

organic aerosol formation potential ( SOAFP)
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Fig. 1 Location of the north third ring tunnel and sampling site
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Fig. 2 Daily change characteristics of traffic flow parameters and wind speed in the tunnel
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Table 1  Characteristics of traffic flow parameters, wind speed and VOCs concentration at different sampling periods
KA ] K /mes ! NS % RS /% KRMEL /% %R/ veh-h ! p(VOCs)/pg-m >
08:00 ~09:00 4.3+0.4 85.0x1.7 13.5+1.6 1.5+0.2 2 823 +400 2666.4 £253.2
11:00 ~12:00 4.4+£0.5 87.8 1.5 10.9 1.3 1.3+0.3 2 654 +369 2745.1 £330.7
1700 ~ 1800 4.0+0.5 85.9 2.1 12.7+1.7 1.4£0.5 2999 +138 2848.1+339.3

2.2 [EIEIREEA VOCs JMAMEFHIE

SR R R ALY 42 4> VOCs BE 5 E 3, firs
REIE FR 58 25 R VOCs I Ar i an 3% 2 iR, BgiE N
p(VOCs) HSEI{E K (2 794. 5 +147.4) wg-m ™, it
BT RETILA R IE (257.4 pg-m ) FIE 56 5
LI B%IE (225. 6 pwg-m ) AR L5 R, 5 2005 4FT
PHERIT B TR 45 T (2 216. 2 pg-m ) 3

FEGEEIE N 4 R Hr A VOCs 443 245
A K AR 106 F VOCs 53, pi ek
R o B i [ (32,4 £2.0) % |, HUR KR8 57
JEZ[(27.5+0.6)% ] . BEfE2E[(23.3+0.8)% ],
TR E KM A VLY (oxygenated volatile organic
compounds, OVOCs ) [ (9.8 +0.8)% |, i k&2
[(6.2+0.3)% ], itk (0.6 £0.1)% ] 1
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Table 2 Characteristics of VOCs composition profile in the north third ring tunnel -d""'f-"\
41453 FRAB%  H5, Tk VB Gt 1y TSR %
TRk 32.4:2.0 kT 0.5:0.20 1) Q:‘]"‘;ﬁ
EUi 0.3 204 i 0.3%0. 1 T2 060 g
v 0.4+0.1 STk 0.54001 |/ Wt-2-rick 06701
ALk a 0.40.1  EThi == 0.5 4041 _-0%5 ¥ 0.8%0;1
LI 0.720.2/ ?ﬁ# & 0.7%01 & g & 27.540.6.~
TR L | 0.5 £0. L / e 0.8 0.1 | % IF£0.1
L1-—gmem S L 0.8%0.1 s iEWkEE 4 0.7+0f | W 1,3 001 0
[2-1,2- S0 LI - 0.9 +0. 1 CHUEER hE 0.840 1 | ks 2.2+ 0
WL, 2- 2800 | e 0.8£0. ¥ | FRithel ) 144014 2% 1.8£0.1
1,171’%@%*5 ) 0.7 40. 14 22 W T - 0.80.1  [al/Xf- I 3.1+0.1
1,2-O38 24 0.8+0.2° 2,3’5?1?;&"’ 0.6+0.1  4B-—HIA 1.5+0.1
13- A 1001 2-FIERE 0.7+0.1 5% 0.9£0.1
%-1,3-Z A 1.0£0.1  3-FZENk 0.7+0.1  FHZE 1.2 +0. 1
AR 0.6 £0.1 IECkE 1.120.1 []- 2, 3 H R 1.120.1
1,2- &kt 3.1+1.1 IR C e 0.6+0.1 -2 R 1.9+0.1
=SB 0.7 0.1 2, 4-H 3L e 0.6+0.1 1,3,5-=H 33 1.8+0.1
AT b 0.4 0.1 2-HI RO g 0.5+0.1 8- FEHIOE 1.120.1
RE 1.3+0.1 2, 3-SRk 0.4+0.1 1,2,4-=H IR 2.3£0.1
=R L 0.6+0.1 -k 0.6+0.1 1,2,3-=HIEIE 1.3+0.1
1,1, 1- =5k 0.7+0.1 1E B 1.0+0.1 % 1.5+0.1
1,1,2- =5kt 0.5+0.1 2,2 ,4-— W H ke 0.5+0.1 [/ %f-— 2% 3.1£0.1
AR 0.7 0.1 2,3, 4-=H I be 0.8 0.1 0VOCs 9.8+0.8
1,3- 5% 1.0+0.1 2-F BB 0.5+0.1 Py 0.7 0.3
1,4-— 50K 1.2£0.1  3-FIHEBL: 0.7+0.1  2-NIEEE 0.8 +0.2
1,2-" &K 1.3+0.1 IEELE 0.9 £0.1 PR 0.8+0.2
(RS 0.8 +0.1 Tk 1.0£0.1 ST 0.3£0.1
A 0.5=0.1 IEZ8h¢ .1+0.1  2-THA 0.8 0.1
VU5 LI 0.7 £0.1 +—k 1.9+0.1 SN 0.8 +0. 1
1,1,2,2-PU5 2% 0.9 0.1 =k 2.2£0.1 1,4-— 080 0.7 0.1
1,2-74-1,1,2 2-PU 2 4% 0.7 0.1 ke 6.2+0.3 LR )T 1.0£0.1
1,2,4-=50 2.1+0.1 LN 0.4+0.2 LR T 0.4+0.1
1,1,2-=5-1,2 2- =5 % 0.9 £0.1 LG 0.5+0.1 PR HRCT STk 0.8 £0.1
1,2- "Mk 1.1+0.1 1,3-T 0.5+0.1 FH B M R R R 0.9+0.1
— AR 0.9 £0.1 1- T 0.5+0.1  4-HZE-2- )L 0.9 £0.1
=R 1.5+0.1 J-2-T ¥ 0.4 0.1 2-CL 1.1£0.1
1,1,2,3,4,4-58-1,3-T "0 2.0+0.1 -2 T s 0.5+0.1 AR 0.2+0.1
S S 23.320.8 SR TH 0.7 %0.1 Ak 0.6 0.1
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Fig. 3  Source apportionment results of PMF5. 0 model
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