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Apbstract:. Ambient yolatile organic compounds (VOUs) samples were collected at five sites in Zhengzhou during the spring of 2018.
VOCa*’ (onc'entration% the ozone formation! potential (OFP) , the aerosol formation potential ( AFP) , and source apportionment using a
poaltl\}e matrix faetorlzatlon (PMF) model werée studied based. o #hemical composition analysis. The results showed that the averaged
concéntfation of VOCs in Zhengzhou during spring was (30. 66 + 13. 60) x 107, of which the proportion of alkanes was the highest
(35.3%) followed by oxygenated VOCs (OVOCs, 25.3% ), halocarbons (24.1% ), aromatics (10.0% ), and alkenes (5.2% )
The total OFP was 195. 53 pg-m ™ and the contributions of alkanes, alkenes, aromatics, halocarbons, and OVOCs were 25.6% ,
17.8% , 38.9% , 5.8% , and 11. 9% , respectively. The total AFP was 0. 95 pg-m > with an 87. 6% contribution from aromatics and
12.4% from alkanes. The correlation between major species showed that pentane, isopentane, benzene, and toluene in Qinlinglu
(QLL) site and Jingkaiqu (JKQ) site were greatly influenced by motor vehicles, but these were mainly influenced by combustion
sources in Zhengzhou University (ZZU) site. The five factors that were identified by the PMF model were vehicle and liquefied
petroleum gas (LPG) volatilization source (30.5% ), solvent coating source (27.3% ), industrial process source (22.1% ), aging
air mass (14.4% ), and biogenic source (5.7% ).

Key words; ozone; volatile organic compounds ( VOCs) ; ozone formation potential ( OFP) ; aerosol formation potential ( AFP) ;

positive matrix factorization ( PMF)
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Fig. 1 Sampling sites of VOCs in Zhengzhou
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IE e 0.017 0.55+0.96 0.40+0.22 0.53+0.38 0.32+0.30 0.24%0.11 0.46 1'.93#1.{“,-' L
2,2-HIIET B 0.012  0.03+0.02 0.03+0.02 0.02+0.01 0.02+0.01 0.01+0.01 0.02 g0 S
2,3- " HEET e 0.017 1.58+1.60 0.801.14 0.49£0.91 0.12 0. 227°0.64 £1501  0.77 2. 8““6"‘ =
2-FHE e 0.015 1.70+1.33 0.98+0.94 0.76x0.93 0.30 0,21 0.73 =0.87  0.96 6,42 h,._-,*'”
3- I 0.013  0.79+0.65 0:45+0.37 0.35x0.39 0.160411 0.32+0.33 0.44 3.58"
IECkE 0.010 1.17+1.00 0.96+0.67 0.41+0.59 0.16+0.12.°0.48 +0.56  0.69 3. 344
s 0.013  0.16+0.13  0.150.10:40.30 £0.96 0.05£0.04 0.09+0.1_| 0.17 1.25 Py
2,4- b 0.022  0.08 £0/06 /0 05"’; 03 0.05+0.03 0.03+0.02% 0,060.03 0.05 0.36 A
HE 37817 | 0.016 0.46 +0.37 J0. 782070 0.26+0.32 0.0940.06 0,2%0.25 0.40 3,31 _—0:0029.
2-MEEC bt 0.020 0712 40.11 . 0.07%0405 0.08+0.08 0.03 +0303| 0.05&0.04 0.08 0.42 -1
EINGR r I 0.008 0.16£0,21 0.10 £0007 ,0.12£0.37 070240101/ 0.06£0.07 0.10  0.46 ™. 0.0007
2, 3. H e 0.012 0.04 £0. 03 Q.05 £0.02 10.04£0.04 0,02 £0.020 0.02+0.02 0.03 0.18 y
3L SE g 0.018 0.13+0.09 0.08%0.05,0.11£0.10 0.040.03 0.06+0.04 0.09 0. 66
2,244 = WL Rt 0.015  0.02+0.01 | 0403 £0.02_ 4007 +0.07 0.02+0.02 0.01£0.01 0.03 0.21
B - P 0.012  0.03#0.02 0.03.£0:02° 0.04+0.04 0.02:0.01 0.02+0.01 0.03 0.14
FHE R g ¥ 0.019 0.20+0.53 0.04+0.04 0.08+0.19 0.03+0.02 0.03+0.02 0.09 0.66  0.0132
2,3, 4. s 0.018 0.01+0.01 0.01+0.01 0.03+0.03 0.01+0.01 0.00+0.00 0.01 0. 06
2-HIEE Pk 0.020 0.01+0.01 0.01+0.01 0.02+0.02 0.01+0.01 0.00+0.00 0.01 0.07  0.0004
3-M ek 0.016 0.01+0.01 0.01+0.01 0.02+0.02 0.01+0.01 0.01+0.00 0.0l 0.08  0.0003
Fhi 0.017 0.05+0.03 0.05+0.03 0.07+0.03 0.03+0.02 0.04+0.02 0.05 0.23  0.0002
EFHE 0.010 0.09+0.07 0.07+0.05 0.08+0.04 0.05+0.03 0.06+0.01 0.07 0.32  0.0077
IE+%E 0.008 0.14+0.17 0.33+0.8 0.30+0.79 0.16+0.33 0.08+0.02 0.23 1.0l  0.0038
IE+—%e 0.025 0.44+0.78 0.41+0.53 0.40+0.55 0.27+0.21 0.240.06 0.38 1.62  0.0884
+ ke 0.042 1.70+2.14 2.16+3.24 1.88+2.64 0.98+1.01 0.88x0.46 1.75 7.39
B 12.97 12. 11 11.34 5.94 6. 88 10.74  49.98  0.1176
1-TH 0.062 0.36+0.29 0.66+0.39 0.65+0.87 0.46+0.36 0.34+0.23 0.53 12.93
1,3-T 2@ 0.012 0.02+0.02 0.03+0.03 0.06+0.04 0.02+0.02 0.010.01 0.03 0.97
R-2- T 0.044 0.05+0.07 0.11+0.05 0.17+0.37 0.06+0.05 0.02+0.01 0.10 3.66
Wi-2-T H 0.048 0.02+0.02 0.07+0.05 0.09+0.18 0.03+0.03 0.02+0.02 0.05 1.94
-84 0.028 0.02+0.03 0.02+0.01 0.02+0.03 0.03+0.03 0.010.00 0.02 0. 50
2 Hs 0.019 0.01+0.01 0.05+0.03 0.07+0.14 0.03+0.03 0.01+0.02 0.04 1.36
Lyt 0.018 0.08+0.06 0.24+0.31 0.10£0.09 0.16+0.18 0.24+0.27 0. 14 4.62
2 - 7% 4% 0.010 0.00+0.00 0.02+0.02 0.03+0.05 0.01+0.01 0.00+0.00 0.02 0.57
1-C 0.025 1.09+1.44 0.07+0.22 0.31+0.98 0.09+0.15 0.43+0.75 0.40 8.31
4-FFE1 3R T 0.055 0.3+0.79 0.17+0.21 0.38+1.15 0.12+0.12 0.22+0.16 0.25 0. 00
SRR 1.96 1.44 1.88 1.00 1.29 1.58  34.86
E:S 0.012 0.38+0.20 0.43+0.16 0.54+0.33 0.35+0.19 0.31+0.10 0.43 1.07  0.0331
H o 0.015 1.10+1.66 0.69+0.40 0.72+0.41 0.43+0.25 0.43+0.28 0.75 12.32 0.1749
LA 0.013 0.25+0.18 0.21+0.14 0.21+0.10 0.15+0.08 0.13+0.08 0.21 2,99  0.0625
], % - F R 0.012  0.28+0.21 0.27+0.21 0.26+0.14 0.17 +0.11 0.12+0.09 0.25 11.42  0.0834
A IO 0.017 0.22+0.15 0.22+0.15 0.22+0.11 0.14+0.08 0.11+0.08 0.20 7.31  0.0647
K 0.141  0.06+0.08 0.04+0.05 0.06+0.06 0.04+0.04 0.04+0.03 0.05 0.39
SR 0.025 0.05+0.02 0.05+0.05 0.06+0.05 0.04+0.03 0.03+0.00 0.05 0.66 0.0120
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[BES 0.020 0.08+0.05 0.08+0.03 0.10+0.04 0.06+0.03 0.05+0.02 0.08 0.87 0.0078

3-CHEHIR 0.019 0.17+0.13 0.20+0.12 0.27+0.16 0.13+0.08 0.09+0.04 0.19 7.66  0.0947

4-CHEHIR 0.011 0.03+0.02 0.03+0.02 0.05+0.02 0.03+0.02 0.02+0.01 0.03 0.83  0.0059

1,3,5-=HIFHK 0.011 0.03+0.02 0.03+0.02 0.04+0.03 0.02+0.01 0.02+0.00 0.03 2.07  0.0197

2-CHEHIR 0.024 0.10£0.06 0.10+0.05 0.14+0.07 0.070.04 0.06+0.02 0.10 313 0.0407

1,2, 4-= I 0.018 0.11£0.07 0.15+0.10 0.210.13 0.09+0.06 0.07+0.03 0. 14 6.69  0.0359

1,2,3-=HIFEHK 0.026 0.11+0.07 0.14+0.07 0.20+0.11 0.09+0.05 0.08+0.02 0. 14 8.75  0.0537

1,3-Z0 30K 0.025 0.06+0.04 0.06+0.04 0.09+0.05 0.04+0.02 0.05+0.01 0.06 2,65  0.0443

1,4-T 2B 0.023 0.11£0.07 0.15+0.09 0.19+0.12 0.11+0.06 0.07+0.02 0. 14 371 0.0996

% 0.038 0.19+0.17 0.210.16 0.25+0.18 0.11+0.07 0.13+0.11  0.19 3.6l

BAER 3.34 3.07 3.61 2.07 1.82 3.04  76.13  0.8329

AT 0.008 0.55+0.08 0.55+0.07 0.54+0.08 0.52+0.04 0.54+0.06 0.54

1,2-248-1,1,2,2-JU9R K 0.009 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02

AL 0.010 1.08+0.43 1.18+0.60 1.18+0.64 1.06+0.51 1.00+0.37 1.13 0.10

A 0.008 0.10+0.12 0.09+0.12 0.10+0.12 0.10+0.25 0.08+0.13  0.10 0.76

e 0.009 0.01+0.00 0.02+0.01 0.02+0.01 0.02+0.00 0.010.00 0.02

Akt 0.013 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.01+0.01 0.02 0.02

S HU 0.007 0.30£0.18 0.28+0.04 0.29+0.04 0.27=0.05 0.29=0.05 0.29 sl

1 1-ZR 20 0.007 0.07+0.01 0.08+0.01 0.08+0.01 0.08+0.00 0.08%0.01 0.08 0'.02#1.{“.-' '

1,2,2-=9-1,1,2-=8 2k 0.006 0.07+0.01 0.08+0.01 0.08+0.01 0.07+0.00 0.08+0.01 0.08 = e

A b 0.017 1.58+1.60 0.80#1.14 0.49+0.91 0.14x0.23 0.64+1.01 0.77 0.12° -

Wizk-1,2-— R 22K 0.018 0.06+0.04 0.07+0.04 0.08+0.06 0.07+0,09 0.05+0.03 0.07 “,._'f'”

11-Z8 ke 0.012  0.03,+0.02 0:02+0.01 0.06=0.18 0.02%0:02 0.02+0.03 0.03 0.26"

R-1,2-2H K 0.013 0.57+0.54 0.20+0.22 0.21+0.29 0.14+0.14°0.31+0.37 0.29 2, L

=M b 0.007 0.48 +0.35 2. 09:+1. 38:20.38 0. 31 0.29#0.11 0.35+0.34 0.82 0.09 <

LIRSk 0.008  0.00 £0/00 "}90’%9:‘60 0.00£0.00 0.00+0. 00 0. 00,:+0,00

DU AL B ¥ /| 0.006 0.15 +0.08' f0. 16+0-06 0.12+0.05 0.1140.03 0. 15%20.07  0.14 o r

1,2-25 ek 0.007 141 50.94 1.68%0499 1.93+1.73 138057 1.21%0.92 1.5 151 ]

=R ‘ L 0.014  0.01 £0,01) 0.01 £0.01 ,0.01=0.01 0/01 £0]01 0.00£0.01  0.01 0.03 .

1, 2-=5 Nk 0. 008 0.98:12.86 Q.Zé¢0. 13 10.85+3.06 0.30'10.28_. 0.27 +£0.16  0.61 0.90 f

IR = A e 0.010  0.00 000 [0.00:20.00/0.00 £0.00 0.00£0.00 0.00 0. 00

T, 34 S $0.019  0.22+0.79 | 0402 k062 018 +0.81 0.03£0.05 0.03£0.02 0.1  2.09

v O B 0.016 0.2240.82 0.0240:02 0.16+0.71 0.030.05 0.02+0.02 0.11 2.74

1,1,2-:‘%24&' ’ 0.010 0.02+0.02 0.03+0.03 0.03+0.01 0.02x0.01 0.02x0.01 0.02 0.01

MU I 0.014 0.04+0.05 0.04+0.02 0.04+0.03 0.03+0.04 0.03+0.02 0.04 0.01

— IR 0.010 0.00+0.00 0.00+0.00 0.00=0.00 0.00=0.00 0.00=0.00

1,1-ZR K 0.014 0.00£0.00 0.00=+0.00 0.00=0.00 0.00=0.00 0.00=0.00

AR 0.010 0.31£0.20 0.29+0.17 0.23+0.22 0.33+0.16 0.37+0.15 0.29 0. 46

A 0.011 0.00£0.00 0.01=0.01 0.01=0.01 0.01=0.01 0.00=0.00

1,1,2 2-PUE 2% 0.008 0.01+0.02 0.01+0.00 0.01+0.00 0.01+0.00 0.00=0.00 0.01

1,3- 5% 0.017 0.00+0.01 0.01+0.00 0.01+0.00 0.00=0.00 0.01=0.00

1,4-— 5% 0.018 0.01+0.01 0.03+0.02 0.02+0.01 0.010.00 0.02+0.00 0.02 0.02

WEA 0.016 0.001=0.01 0.001+0.00 0.010.00 0.000.00 0.00%0.00 0.0l

1,2- 2% 0.014 0.01+0.01 0.001+0.00 0.01+0.01 0.01+0.00 0.01+0.00 0.0l 0.01

1,2,4-=50K 0.034 0.01+0.01 0.05+0.06 0.05+0.05 0.06+0.08 0.00x0.00 0.04

1,1,2,3,4,458-1,3-T 4 0.019 0.06+0.05 0.05+0.02 0.07+0.05 0.06+0.04 0.05+0.03 0.06

Mg 8.42 8.19 7.26 5.19 5.68 7.33 11.26

2-N M 0.015 0.10+0.04 0.12+0.06 0.110.06 0.070.04 0.09%0.03 0.10 1.89

SN 0.022 0.15+0.14 0.14£0.12 0.12£0.18 0.08 +0.05 0.11+0.05 0.13 0.21

PR AT ik 0.013 0.80+0.64 0.45+0.37 0.35+0.39 0.16+0.11 0.32+0.33 0.45 1.29

LR Hlig 0.025 0.01+0.01 0.01+0.01 0.01+0.01 0.00+0.00 0.01+0.01 0.01 0.08

2- T 0.015 0.61+0.26 1.11+0.92 0.81+0.72 0.70+0.53 0.52+0.24 0.81 3.85

LR T 0.032 3.54%2.01 1.43+0.97 1.40+1.44 1.10+0.63 1.89+1.61 1.90 4.68

Y S g 0.012 0.1420.09 0.04+0.05 0.03+0.06 0.01+0.01 0.05+0.06 0.06 0.79

P RPN M R T i 0.022 0.01£0.02 0.01+0.01 0.01+0.03 0.01+0.01 0.00+0.00 0.01 0.51

1,4-"BEk: 0.018 0.05+0.06 0.05+0.09 0.05+0.07 0.06+0.08 0.00+0.00 0.05 0.54

4-H3E-2 [N iR 0.021 0.08+0.06 0.07+0.05 0.09+0.06 0.07+0.05 0.10+0.05 0.08 1.34

PR 0.011 3.68+1.63 4.16+1.59 3.89+1.55 4.02+1.62 3.39+1.19 3.78 3.53

2-C il 0.024 0.03+0.04 0.40+0.61 0.28+0.23 0.62+1.44 0.03+0.02 0.32 4.64

B 0VOCs 9.21 7.99 7.15 6.89 6.51 7.70  23.35

Ak 0.007 0.20+0.22 0.28+0.30 0.29+0.33 0.38+1.02 0.26+0.36 0.28 0.24

TVOCs 35.90 32.80 31.24 22.81 20. 46 30.66  195.53 0.950 5
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Table 2 Concentrations and proportions of major species measured in different regions

Pt Kk e B ! IR ! TR ! TvVOC .
X <109 5 % <10-° 5 He% <109 5 /% <10-° 3CHR
FB 10.29 35.3 1.90 5.2 3.04 10 30. 66 ARBFFE
TG 9.67 56.0 1.23 7.1 5.56 32.2 17.27 [29]
b= 15.50 42.6 4.40 12.1 8. 60 23.6 36. 40 [30]
I 20.72 56.0 7.49 18.5 12.37 30.5 40. 58 [31]

2.2 VOCs R I3 B B2 431 1)
KEEWI ], FBIN T VOCs By OFP 4 195.53
peem . AN 3 FraR, 45 VOCs 4143w 05 7 J& Xt
OFP TTHk fc K, M 38.9% , HW hkiir, k.
OVOCs FI e, 4354 25.6% , 17.8% . 11.9%
M5.8%. Xt VOCs BTHRAL N 10. 0% 9 35 75 K& XF
OFP iRk ik 38. 9% , 5 Z48 AR I G FEAR
YCRAEFXT VOCs BTRK AN 0. 5% , {EXF OFP BTk
RN 2. 4% . AWIERM, 5 B IR RUG IR R MR
HIE MR L4, X O, TR EA BR BTk, EIAE%
7N T RFEHITEXT OFP SEiikHE# AT 10 PRl p\ 1P
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Fig. 3 Contributions of VOCs to OFP in Zhengzhou
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Fig. 4 Top ten VOC species contributions to OFP
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Fig. 5 Contributions of VOCs to AFP in Zhengzhou
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