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Analysis of Pollution Characteristics, Ozone Formation Potential and Evaluation of Pollution Prevention Capability on
Ambient VOCs in Zhongshan City

YANG Xu,CHEN Hongli, LI Xue’er

Zhongshan Ecological and Environmental Monitoring Station of Guangdong Province,Zhongshan 528400, China

Abstract: For the first time the pollution characteristics of volatile organic compounds ( VOCs) and ozone generation potential
(OFP) were analyzed through offline monitoring of VOCs in summer and winter of 2022 at 23 typical sites of Zhongshan City,and
the VOCs pollution prevention capability for each site was evaluated. The results showed that the mass concentration of total
volatile organic compounds (TVOCs) was higher in winter than in summer for all the sites. The VOCs mass concentration of the
Dongqu site in summer was the highest among all the sites (3252 wg/m’) while the atmospheric environment of the Dachong site
suffered from the most severe VOCs pollution in winter (2785 wg/m’). The results of each site were coincided with the
characteristics of atmosphere and economic development of Zhongshan. Overall the main components of the volume fractions at
different sties which locates at the first ranks were aromatics, aldehydes-ketones and alkanes,while the species identified the first
ranks of the mass concentrations were ethyl acetate ,2-butanone , acetone , dichloromethane and benzene series ( BTEX). The OFP
concentration was higher in winter than in summer for each monitoring site. The Dachong site in both seasons gained the highest
OFP concentration. The aromatics had significant contribution on the generations of the ozone at each site in winter. The main
species, located first ranks for OFP contributions at each site, were acetaldehyde, isoprene, m/p-xylene and o-xylene in summer
while were m/p-xylene, o-xylene and toluene in winter. Through the data model it was found that the pollution prevention
capability of VOCs at the site of Zhongshan Port, Xiaolan and Tanzhou was great, while it was poor at the site of Dachong. The
sites from city center,new developmental zone and week economy area were obviously relatively poor on the pollution prevention
capability of VOCs while the other sites were relatively strong.
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Table 1 Informations of VOCs sampling points
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Fig.1 VOCs concentration level and main species at each sampling point in summer and winter



Mo BREE ob L R R A L i B R R R S A R 3 e T S B A R D I A 81

L T
EE&[JJ E .............................. {1111
g ------------------- LU
[Fl Lh% E ------------------------- n
25— nannnn
BY o L L L L L L EE L L LY S, nnnn
p A LAY, i
iﬁ% E ----------------------- U
£ T E NN NN
i B i
E S e L T AL T TN A ey, nnnnmm
ﬁ% E ----------------- LT
§ S " T
Pl R T T L T LT mnm
23 e
%N "2 T
o % i SONNNNN
"2 N FONNNNNNNY
Bgk 22 | < W NN
o L L L L L L L L LR LYY i BONN
_ R o RN R W HEON
o= O e o R R R R T (NN
‘*J},T R s LLY LT L
& - L L L LA L L LL LS LA i SN
g A | ) LT N
T — ——
£ T BEREONN
It T R T £\
A | —— n SN
MR T | A RO " E NN\
LK —
B " ILLEEL TR TELE um
22 |, < e e e i
KRR B e e e e A m
LB —rred T
Rk B —r oo m
A . i
ﬁ@ E --------------------------------------- i SN
g ---------------------- ninn AN
X T o R R R R R 1 SR NN
4 " . T EENN
X B | e e R T BRI
2 RN I RN
KK T oo e e D S e T T T T
£ i BN
Al 5 O e e e L SRR NN
0 20 40 60 80 100
VOCsHB $0%
B ER TEEEX KRR X K AR ORE N Hfb

B2 BRMELZZE VOCs ARy HxTtt

Fig.2 Comparison of volume fraction of VOCs components

at each point in summer and winter

2.2 OFP &#f

VOCs X O, WA A EZAER, VOCs P Fl
1) 2 S 1 T B S Ak 2 SR 37 P 22 IR, X 0,
1A LR ST R AN [R] AR ST — 25408 Tl
T FE AL KR AASE 145 VOCs 15 329111 OFP il
BT X S A O, AR R E B VOCs Pt

ST R 14 4SS 4ZE OFP LW 6,
Gy ARE  KRIM AR OFP it 278 5 ik J2
TEA Y N B, M 1512 pg/m’ H 14 272
pe/m’ s LU S A ZE OFP e fiK (203 pg/m’) ;
RIX AL IAZE OFP Fe AR (175 pg/m’) 3 B K

FALHN 735 4 A (CRIX L RAR AR/ ) Fi
6 A (PYIX ZRTF EROAR BEAE M R X)) ALY
HBEMAZ OFP il T 1000 pg/m*,

M VOCs B K F (Bl 3) fE 2 &, 5/ IRAE
20 LR OFP 7 Lb e K A3 5 ot 48 | T
B I 43 0 S AR s LB OFP b B K A7,
BHERN OFP & I 7E 4 s AL ATh AL T 6 3 £,
TEAZE I F/ IR A SALR OFP (5 ¥ I
Koo W4T A s 50 W8I 25 SR 3047 43 Fr ml A, 5 &
R AE TP LT DR ACRR B v i ' Ak o ORI PR A0
JEHORAEA T X O, AR STk L 3



82 I 7 SO S

a1 B 202542 A

Fkkl % " j
I NN
L 8 a

''''''''''''''''''''''' (N

Pl
&
"2
£ Il NN
X I m
"2 R0 N
oy X N
I e I I e e NS
Y q
Bex " : o N
wm &
A Hom ITPETT === N
& q
%D E : e e e e 0
E-3 NN
b 1 —————————r o -
R X N
E nCnCnx N
:ﬁ '@: q
" SELLTUErTey N
B« N
T o c——————C oy
g %
TRy R -
E-3 NN
It Hom i N
N E m\\\\\\\\\\\\\\\g
2 1
w % c
Y —— [
£
Ll ] ———re o~
msk XF —
o A N
o e ——
¥ ] (N
%
Y- S— o
Hx X E O
¥ i e e e s LA S L E SN N
KX X d
-1 ———
& q
alk B mmrwm_ ; :
0 10 20 30 40 50 60 70 80 90 100
OFP 5 t/%
BGER ZEFX EREER xR WmERE O N HE

B3 &HMELZZF VOCs % OFP Stttk
Fig.3 Comparison of OFP proportion of VOCs components

at each point in summer and winter

M VOCs YRk A (K 4), %4 S AL OFP
DUHRET 3 124 Fh A AR [A] 5 2 DK 70 A 25 2R
AT LLVE TR 2 RAR 43 Wa U A2 1Y OFP 57 ik
i 3 (A F 208 S S M R k- R
FAR-—H 28 Wi AE 42 OFP 322 53 ik 4 by 6]/
XF- R SR- TR 2R SR T — ok
F A HE . B 25 R PR SRR s 3 R v B A
YrHE R ST, BT DA S I U e B AR AR R
Bohem ™ CRERE T fE K [ ORI EE, T fiE
KA @EFMBHHE, KRRV ATRER AIRE RS
S5 2830 PR BA ML R T IR, AR E & S AL B/T
B, 28 2 W ok B AT L 06 UR 9 1T BE MK
25 B AT R R YA 45 AR AR B Ak o
7V PR i, A AL KRR BE 2 A BIL T R A R

AN
2.3 VOCs S#MigaENDH

— A~ J7 B VOCs V5 QL B i ig 71 5 ¥ VOCs
HECAS M B A K 24 b 28 % & KR K
VEHUAS 5 AL BT A0 2 B X () VOCs - 34 ¥k &
VOCs HECAR P £ i B WO A T b XA 77 Bl
B AT BRI ORI 1 BEALZE R (K S)
AL 10 A B (/NHE i s ol B R R
WM BER ARTE Sk AR ) ¥ VOCs
Ak 75 Y HE T 4 v B K AR T ok 4 AT 10 S
¥ria#s i 10 A~ X VOCs 15 L B iR
CL HAR — 2 BUAK ; KM A2 193 VOCs ARl 75 34
HE TV 35 v B2 G e T H Al s A, 3R B R B X
FEV VOCs HERCA M T35 Y B ¥h I A BT R 8k



7]

FREE ol T R R A LA ¥ B AR | AR s 3 B e B 3 i D A

83

DR X L (AR X A I P X R X R L A
W) B IX R X S (R B &3 A
S AL (P R A B ZE BV 3 VOCs 4

b 975 e HE T 35 7 B K P 2w T 0 2
2, KWW VOCs Ak 1Y 75 G HE TP 2 e &

%
Fidel ¥

%
it E
By %
HH S

0

3

1000 2000 3000 4000 5000 6000 7000
OFP/(ng/m?)

DN [
s

S [

—

VNN LA
NN Jesris

-
|
—7
QRN

DN 77

7

J=AvASE —ni

G
B
R
ik
|

72

&

,l!il T
[l

7
i

SRRROONNNNNN i — |

ﬁlll III T T III

I N

&
N
N
N
N
N
N
N
N

77 7 E—|

MX
[
KX

td

-1
%
=
%
=
r
-1
3
"
%
=
%
i1
&
"
&
"
'y
"
&
"
%
=
%
=
&
"
&
"
%
=
%
"
&
"
&
-

T T T T T T T T T
I ‘AN
sl
N

a)id

400 600

<

200

800 1000 1200 1 400

OFP/(ug/m?)
TR S ABEBOR, WS BoR .

.3 mE/S- R
8 i-12- 2% mIEckk Oz

AB-— % 8 R
8123-ZREE g124-=ZRHE%

mEZ %

4 BEME%Z OFP kel 3 Y ML &
Fig.4 Comparison of the top 3 species with the largest contribution to

OFP at each point in summer and winter

BRI 2(E 6) B MG & MM MAET RS
15 e K-k e H AR R X B VOCs 15 G B iR
FEC s BRI S A 3 A B
(B (V5 3L B I6 RE 1 WAl R B0 At 1 89 e I
FWIX 3 A AT TE X T 48 UF B Al b R
VOCs V5 QL BiR e 71 3C58 . KM S0 B (EH AR
TR 4 2 SR BT VOCs 15 34 B if fig
25 X EBE R s A I R R X DL R 5Ll
T T A AT 3 Sy M, 7 o R £ AT i
5 Y HE O S 358 3 8RR R X AE W VOCs HE
JCAR Y 15 G B 3 BUR 2% 15 S5 it A B St Dy T 4
AR, IR IX AL (R X A P X

DCCTLEE LTS 1) B X DRz (2R 1 1)
ANZEBE S XA Ar (S RAR RS R Y) 1Y
B IEYI/INF 0.1, £HH VOCs 15 Y B 16 B8 J1 f£ ¢
AR o DI DS BT AR R DXL =l o
&l A BN BRI R DX M T I A X TR
B AZBERBZHIRE T il sl VOCs HE
MR, WF B S G 9 R A 80 A % R X R 5 G By
oK o B X ORI 355 7 X i 2 VOCs 15
QB 162 AE I A7 A A e BR A Tl Al A oA 3 553 114 i
A Al K B 75 Y HE R R BRI 52
U B e LA B8R T A B R XS VOCs 15 3%
Bl ey . HAR X AL B EARTE 0.1 8 1 2



84

L L= T

oW Fa1E 1MW 202542 H

6], 33 B8 5 A BT @ A IX B A — i Y 2 B LR th
B MR A X VOCs 75 4%, VOCs 15 4L B ih
F17KFAHXT 4T

BT 45 5L VOCs 15 44 43 A FR4E | OFP R 1E
5 YL B 36 68 1 0 A 4 3%, R Il T 7E VOCs 35 4
Bl 36 7 T AT A DL PR R 1 afE— 25 e
PETF . — 2R O, U R A R T
VYRR VOCs HERL B #55, LA O, 75 Y2 Bl 1A N 44,

HEHE VOCs 5 A& A ALY (NO, ) B[] 38 HE 5 55 4k %
W VOCs 55 Al i 4G 25 7 B, B 4 H m i %
T IR R O R X B RIS R B R S,
PETFRE S IR WA KT, R R T, R A
T LT Ml 5 R R AL R R BT TR R e M T
L G5 7 Ml T G ok 3 WK I F, 42 T B B =l 5
G ) AT R R IR R B AH B P O A 5 T
mREZ

3000
o« K

2500
)
E: s
@ 2000 k- K Btk
2 WX e
% 1500
2
o
S
Z 1000 ,
<:§ —y TN FHRHL
&) — ——
R 00 l —_—— N

— —
—_— - . o /
0 —'-—-—.--I—- ﬁ-ﬂ_f}—q’M% ,\_Eﬁi' 1 1 1
0 500 1 000 1500 2 000 2 500 3000 3500
Al 4i 7 VOCsalk B &/ 5%
B5 &=y VOCstl#HEE VOCs SHRHMREKERXR
Fig.5 The relationship between the number of VOCs related enterprises and
VOCs pollution emission concentration level at each point
0.350
0.300 | y £
_— ﬁiﬂﬂziﬁﬁﬂﬁf _
il 't Pl
@ 0250 - _.”
ol Phe
N 7 P
g 0200 | #0 el . -
g N # ¢ g
= X F
%:é 0.150 14 gl 2 - 3K _ e R e . _.
o = .- BUBUH K A7 B PR R
2 0100 WL A .- -
IS B PR poe ]
- - - (
0.050
0.000 . . . . . . .
0.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
157K P/ [ng/(m? )]
6 BERMUFREKEEZFREMXR

Fig. 6 The relationship between pollution level and

economic coefficient at each point



Mo BREE ob L R R A L i B R R R S A R 3 e T S B A R D I A 85

1) Al i 23 A Wil s 47, A 10 A4S W A
PR 2 VOCs MR L & Z2 0T A 7 A W st
fLH) VOCs W FEAE A ZE W] 18 0 0 6 A Wa il st
PLEY A TR BEAR Y . A3 IS SR B 7R
ELYR S AT VOCs W IR, RA 128 pg/m’ ;%
o TR AR AR X S, =3k 3252 wg/m’, 7
K7 SR VOCs HeE A, HA 117
wg/m’ ;KA AL VOCs 75 Y &, VOCs I B &5
ik 2785 we/m’, A5 st A W I 4 R 5 Rl T AR
FRAERZ 0F & R AW A

2) N VOCs 2k E 78 E 2=, 14 A Wl i3
AR R B0 He R VOCs 2 e E B 26, 6 4
W S5 A PR R B0 e B VOCs 10 2 5 &
Ko, FLAY 3 A Wa D A5 43 i e A | TR ISR 1 AR 5 T
FEAZE 14 A A5 PR FRAR B0 L & &5 VOCs i
IR REdE T A s AR R 2 A L B R Y VOCs
B T A, L A A7 DU SRy TR 2K B 2L
SN 5 SR Ay N B 8 L N2 o el e S
1) VOCs U7 F 28 05 T e IR S Fbe )

3) X T 2B RSB0 TR T
W T RIS Fh 2R L8R L 1R 2-T B N
i AWM B R Y, R EASALE B/T (E
AT UL B (R DXORT R L s A 2 VOCs Y BB
Sk V5T R R 5 3E YR B Tl A AL R R, H At
JEUE B R TR T2 g BURE VA SR A A Tl HE ek A%
Ko X5 S R S IR EE AR — 2

MTEEZE | FF /AR 20 A W I 45 037 24 J2 XF
0, 4= Mok i K AY VOCs BLAr 5 76 Hi Ay S5, OFP
o7 R R A3 ) D e K TR R SIS R A (L
AR OFP 7 He AR &b T 45 AL B A 3 2, 7
R TR AL OFP & He ¥ i K,
X F AT W S5 A7, 22 OFP TTRRET 3 14
P RZA O/ S5 /- B R AR
R, 421 OFP & 2 5wk ) #h 2 18]/ %) -— H
AR H R K

5) 38 3ok A5 A5 A 43 A B, b Ll s /A A
YN SALRACA 1 3 A B A 1 By W a5,
TP R XA VOCs 5 Y2 B i BE J1 58 5 K
S B E KT 0.1, B H T A IX 1)
VOCs 753 BiIA HE 1 22 5 b0 X 7 X R 28 T ik
Bl 35 T 55 X Sl S A2 1 B (¥ /N F 0.1, SR B

T2 X8 VOCs 15 B B i fe 1 K P25 5 R s
Py BAEAAE 0.1 2] 1 Z 1], R UA AT 7E A X Y
VOCs 5 4 Bij 16 BE 71 7K - A X4

6) 3 3 XF 4% s 7 VOCs 5 YL 53 A 45 fF L OFP
FEAOE TS B2 5 v fe 0 #EAT 40 A, e bl i A A
Y6 7T RO A RN T YR B9 VOCs HE
EE SRAEYS VOCs B A B B R B, $2 71 v
O IR IX R XA 8l U8 W 45 7K 5 26 7 b T I R
B L R 7 Ml | R R 7 Ml ik i UK
T e S 7, NI SE IR 22 55 K J 5 IR B AR
7R B IR R Y v R R B

£ % 3Lk ( References) :

[ 1] AL 2020 b EASHEREAMIR]. L
B EREEH,2021-05-26.

(2] ZRV,EM, 8T, 5. Bl R VOCs

15 YR AR e FLAR R URS AN [T ] FR AR %+, 2018,
39(2) :576-584.
LI Youping, TANG Ya,FAN Zhongyu,et al. Pollution
Characteristics and Health Risk Assessment of
Atmospheric VOCs in Chengdu [ J]. Environmental
Science,2018,39(2) :576-584.

[ 3] B, B, kS0 55 RN RSB R A LY

15 QAL B R A B ()] SRR S EOR,
2021,44(2) .57-65.
YAN Min, HUANG Xiaobo, ZHANG Wenzhong, et
al. Pollution Characteristics and Ozone Formation
Potential of Ambient Volatile Organic Compounds in
Shenzhen [ J]. Environmental Science & Technology,
2021,44(2) :57-65.

[4] HEW BED BHEA S BTHTEFERIER

PEAHLY T3 S 5 AR SR R AR BT[], v B A5 U
W ,2022,38(3) :96-104.
RAO Zhihan, ZHAO Doudou, MU Kangsheng, et al.
Characterization and Source Apportionment of
Atmospheric Volatile Organic Compounds in Suining
in Summer [ J]. Environmental Monitoring in China,
2022,38(3) :96-104.

[ 5] JERE, WmE, A, % 7 M4 — ol )L

Gt BT (7], R BEREE2022,43 (10)
4 305-4 315.
PEI Chenglei, XIE Yutong, CHEN Xi, et al. Analysis
of a Typical Ozone Pollution Process in Guangzhou in
Winter[ J ]. Environmental Science, 2022,43 (10) ;
4 305-4 315.

[ 6] RoAbug B fTrme, & IR VOCs 3K
M AR AR 5 Ak BTG PE[) ] T E BB R



86 ex wosk ol oW a1 H1M 202542 A
2012,32(12) :2 140-2 148. (10) :10-18.
ZHU Shaofeng, HUANG Xiaofeng, HE Lingyan, et al. [11] ZE4kE Hhite. X T BRI S GDP # ML £ 04
Variation Characteristics and Chemical Reactivity of BrAn B[ )], REZ P ,2022(10) :48-50,56.
Ambient VOCs in Shenzhen [ J |]. China LI Jikun, YANG Yuehua. The Multivariate Analysis
Environmental Science,2012,32(12) ;2 140-2 148. and Considering on Tax and GDP Structure [ J].

[ 7] R, EN,Frm, 4 IR R P EHEH B Tianjin Economic,2022(10) ;:48-50,56.
ZATAEACERAE [ T]. o [ A 55 Bl 2%, 2018,38(2) . [12] SOFUOGLU S C, ASLAN G, INAL F, et al. An
418-425. Assessment of Indoor Air Concentrations and Health
ZHU Bo, WANG Chuan, YU Guanghe, et al. Risks of Volatile Organic Compounds in Three
Characterization of Seasonal Variation of Non-methane Primary Schools [ J]. International Journal of Hygiene
Hydrocarbons in the Urban Atmosphere in Shenzhen and Environmental Health,2011,214(1) :36-46.
[J]. China Environmental Science, 2018,38 (12) [13] ZHANG Y L, WAMG X M, BARLETTA B, et al.
418-425. Source  Attributions  of  Hazardous  Aromatic

[ 8] BRI, XA, &5k s, 45, Bk = 7=k SR Hydrocarbons in Urban,Suburban and Rural Areas in
S VOCs ¥5 YL FRAF K SR VR @ AT [ 1] v B 36 5% B the Pearl River Delta (PRD) Region [J]. Journal of
2%,2021,41(7) :2 993-3 003. Hazardous Materials,2014,250/251:403-411.

DENG Sixin, LIU Yonglin, SITU Shupin, et al. [14]  BREGE, T, &, 5. dbsd mil X 3 & A LY
Charateristics and Source Apportionment of Volatile TSYLRAIE K H X ROE w43 A [0 ). R B A
Organic Compounds in an Industrial Town of Pearl i ,2021,37(6) :21-30.

River Delta [ J]. China Environmental Science,2021, LIANG Siyuan, WANG Shuai, GAO Song, et al.
41(7) :2 993-3 003. Characteristics of Volatile Organic Compounds and Its

[ 9] CARTER W P L. Development of Ozone Reactivity Impact on O, Formation in Beijing Urban Area [J].
Scales for Volatile Organic Compounds [ J]. Air & Environmental Monitoring in China,2021,37(6) ;21-
Waste, 1994 ,44(7) :881-899. 30.

[10]  R/hex WAL IF R85 3R ORI B3 575 4t [15] BORBON A, FONTAINE H, VEILLEROT M, et al.
B —K A T E A K517 m AR EE B 25 uE An Investigation into the Traffic-Related Fraction of
WP E AL - RIFE S35, 2017,27(10) : 10- Isoprene at an Urban Location [ J]. Atmospheric
18. Environment,2001,35(22) .3 749-3 760.

ZHU Xiaohui, LU Yuanquan. Open Economy, Fiscal [16] STEEGHS M, BAIS H P, DE GOUW J A, et al.

Protection  and

China’s

Expenditure  of Environmental

Pollution Governance: Evidences from

Provincial and Industrial Panel Data [ J ]. China

Population Resources and Environment, 2017, 27

Proton-Transfer-Reaction Mass Spectrometry as a New
Tool for Real Time Analysis of Root-Secreted Volatile

Organic Compounds in Arabidopsis [ J ]. Plant

Physiology, 2004, 135( 1) :47-58.



