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Study on the volatile organic compounds priority species based on generation potentials of ozone and secondary organic
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Abstract: In order to evaluate the volatile organic compounds (VOCs) impactions on ozone formation potential
(OFP) and secondary organic aerosol formation potential (SOAFP) of small and medium-sized cities in Sichuan basin
and screen out the priority species;Suining,a typical city in this region, was selected as the research object. The off-
line detection data of 106 kinds VOCs in different functional areas in summer were analyzed. The results showed that:
(1) the average volume {fraction of VOCs in Suining was 39.4 X 107°, and oxygen containing volatile organic
compounds (OVOCs) and alkanes were the main components, with a cumulative contribution of 73.4%. The spatial
order of VOCs concentrations was industrial zone>> suburban area™ cultural and educational area. (2) The average
OFP was 166.7 pug/m*, Alkene was the most OFP contributor, accounting for 33.1%. (3) The average SOAFP was
2.8 pg/m’,and aromatic hydrocarbon was the most SOAFP contributor, accounting for 84.9%. (4) Toluene, m/p-
xylene,1,2,4-trimethylbenzene and cyclopentane were the co-controlled species of O, and PM, 5 in ambient VOCs of
Suining in the summer,and their main sources might be industrial emissions and vehicle exhaust. Strengthening the
control of the two sources could achieve the purpose of coordinated control of Oy and PM,;.

Keywords: volatile organic compounds; ozone formation potential; secondary organic aerosol formation

potential; priority species
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Table 1 The equipments of sample collection and analysis

W 4 R me B FTE

I 3.2 L FREREE AT K TR K B W A 2 0
VR 3100D FEMASWEE 3K

VOCs ARULE 60.0 mL/min; S 10+ 1GERIL) ; FR AR S (58 5 F26 R 5K 0.992~1.000;

4 TH-300B
Wl % B

HERE R E 200 °C;RFFHE 37 'C—>120 C—>180 C;
K F R 25 A BT VR E 200,230 °C

MR Z 0.57%~8.57%
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A .0 N OFP,ug/m* ; MIR N Fh & K18 R

Wt 0o DR EWE, pg/m*; S B SOAFP,

pg/m® s FAC YRS A L R 3.
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2.1 VOCs & &40 %247

ML HA ] , 2 7 VOCs MBI H M 29.9X 10 ° ~
66.0X 10 *, ¥ {H K 39.4 X107, 1% 8 H 11,12 H
Sh HARBT B AL E B /N, 11,12 B B0 E 2
B{EI1.68.1.56 %, X 5 % BBt RSB SR &
(KT 36 COAK, MMEAE VOCs Bz (81 A1k #4
OB Al X >3 RE K > 30 X, Toalk XA Sl 8 2
PIE M 1.48 i, X 2 i FHRAE S F F R Lol
bel X N T8, ST AR T K36 25 5400, AT X A1
MHEX LB FEZER(P>0.05), M Lk K 58 RBIX .
LH XA R E 2T (P<0.05),

VOCs & 4 43Vl (55T R OVOCs > ke fz >
KRRBE>HERER>FHFR>RE>AIE, OVOCs
Mgt e 2 FE M 5, B 5imk 73.4%, A VLB AT
1.6%, HR 4 AN B 2ZE R K (4.6 %4 ~8.6%),
MASIHEA T W3 &, R MR E T X530 #
X IRAR X 748 B3 2 R (P<<0.05), i SCH X
YRR X 8] 6 B 2 (P >>0.05) ; OVOCs FI 35 &/ 17
3SATHEE X [ ¥ A7E W3 25 57 (P <<0.05); A WL L
M K AIRAR X TG B E 2= 5 (P>0.05) B 530 #
XEAREZER(P<<0.05);BBAKMRE 3 T
AB DX AH B (6] ¥ 0 B 25 R (P>>0.05),

& 2 741, 0VOCs Al & i X i K
TTHRAE 43, HL Ll DX BT AR F K (78.9 %) SCHL X i 35k
REX LA, OVOCs AUTE Tk X 57 ik &% K<,
BB R T ALy 68 X, o] B8 R K 2 i Tl @ X
AT R B HR AR, 7E AR A P A Ep

F2 HWEER VOCs BHMMRE MR

Table 2 Compositions and contribution rates of VOCs in
each functional area

Rlh 2 B IR B FERBEA U OVOCs N
FURBRES RER RAREA 3,4 1/3; R
B X HNE LB Y 5Tk R 3 B A HE AR 4 Fh 4 & 10 Bt
HRE A 3.0%~11.9% , AHZE BN,
2.2 OFP # SOAFP Z Ak 5 #7

%7 OFP #1 SOAFP % {H 5N 166.7.2.8
pg/m®, B 3 5 B A TR A9 28 JE) AR R AR AE CBR T
R>CHRX>HRK, R 3, HE VOCs A fHE ,
HE T OFP 1 SOAFP A Y5 VOCs MMEA X,
REWFE MIR 1 FAC 43, WM R SOA %t
PM,;(20.3 pg/m®) TTHR R A 13.8%, SOAFP B A%
W BRI . (1) R SOAFP £ 5 of B-T6 5 ;
(2) R VOCs, H%5 VOCs HItH ¥ He i
VOCs, BATX SOA A it IE ¥ EE; (3) Grosjean
BRIZRFE - NO, « 5 O, ) I L K&K A SOA #Y 4=
. P, SOAFP 1 B (B I T sE{E, H HE N
0.5% ~50 Ypl1sdisos

®3 HIIEEKX OFP 70 SOAFP
Table 3 Values of OFP and SOAFP in each
functional area

hHEX OFP/(pg * m™%) SOAFP/(ug * m™%)
IMRL X 1221 1.9
IH R 134.4 2.5
T X 243.6 4.1

WE 1 Fras, MO E OFP 5 O, Ll {8 i %
AR AE A, VOCs &£ i O, F & — Z 5361k
ERN,ES O, HEAF (S A 12 HYHBHE T
OFP f =B (8 A 11 H), Bk VOCs 4b, O, H 4 5§
5SRO &R e, Bl TR
7 A 25—27 B8 H 9-—10 HEYE OFP 1 O, (28
WEHRZERBER, EOATIRGE RN, %X H
fZET WA AR B AR B AR, HES
REMNZER HEMBS — WM EAFK

. B/ %
DIgE X - — — —
Ktz OVOCs liflie i FHR e Hilm
THrX 32,9  46.0 5.8 4.9 4.2 4.1 2.1
XHRX 339  32.0 11.9 8.9 6.1 5.1 2.1
WAEK 31.0  36.9 11.6 8.5 3.0 5.0 4,0
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Fig.1 Daily trends of O3 and OFP
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F4 ERHIBHHEWH KSR VOCs.OFP 1 SOAFP
Table 4 VOCs,OFP and SOAFP in some cities of China

F0 hme  PFE b A ZEH VOCs KR A#/107° OFP/(pg+ m™®) SOAFP/(pg » m™%) FIR
2019 R 106 X = 39.4 166.7 2.8 AHEEY
2015 =R 96 05X -1 41.4 149.1 1.26 SC#k[29]
2018 B 53 I X & 30.7+13.6 195.5 0.95 3Cik[10]
2018 i 117 ﬁ,,ﬂﬁf‘ .k 50.4422.8 184.1492.1 118.0+61.7 Sewk[12]
2018 5P 89 B " 35421 218 0.90 k[ 14]
2018 T E 90 X B 26.8 172.9 0.72 SCHk[18]
2019 P 50 I X * 22.5 128.0 0.53 SCHERL30]
2019 M 56 X B 21.3 325.6 3.09 SCHk31]
2019 H N 47 BRI -} 32.7 205.2 1.73 SCHkE32]
2018—2019  FoM 62 WX /g2 27.9 255.2 1.84 SCHk[33]
Fyleslies R5 HLIHEX OFP AL EETEHE

B N #4338k 7 KA, VOCs. OFP #1 SOAFP I,
F 4, ET VOCs 4t T & A OFP A8 X 3K, A5
F M F0E K ; SOAFP 4 TR E L.  KZ 5
RIS IR IR R O A BT M KW
Ay, IFEF RN SOA Tk KM, K=MK
(L et BN B B OFP ¥ & F &
T, 1M SOAFP B _E#g MR 4 1 py 8, HoaT 68
JE DR R bk b X B M R N 55 R T O 28 18 STk 8
K, LAE M R0, T & X OFP Si#kik 85.4%, B
BETETHIEMEG5.5%), F# SOAFP B &
B DR R R T 5 A R M B A, R T (19X 1077)
B9 3.2 5. BT OFP 5 a#b 4T, i & T H K,
Rl FIZMIK VOCs H 4 il O, B T P 21 5 e Hik
BB, T s R HEBRHIE R R R A R R
SOAFP 22 2, M OFP il SOAFP & &
EHTHFEFR I (67.82% & TET
(4.8%) FZ A X O, #1 SOA Y A= 5L T3 Mk 7 ik
93.81%#M 97.45% . MK OFP i SOAFP 1%,
A BE S5 WL W A A B B D R BERT R — RN BE VR 45
=LA TR R R A R
2.3 OFP #= SOAFP 48 & 5 #7

VOCs 4143 XF OFP 33 #k K &k K & &
(33.1%) K E K (22.4%).0VOCs (22.0%) ki 1
(20.1%) (B8 (1. 2% AR R (0.9%) F1 A HLER
(0.3%) IRIBEHR K, FEE .OVOCs Fike i,
53 BITTTER R A 2.4% ., XARTF VOCs &4
A3 B9 TR, O R AR AR B R, KX VOCGs TX
BRERAN 7.4% , H R OFP AT EE , XIAR FHE
KEAER R EMEE .2 5005 R N HFEE R
K, B B LI AE IR 8 5 15 PRI A B J AR pi AR
AR BE AR B/, X EL R 5, TRERHEA AT 3 19
HAAARRME, Tl X 2R 5HFEMOVOCs,

Table 5 Composition and contribution rates of OFP in
each functional area
T S SRR —
ke OVOCs #ife H&E mfle MU AHule
TirX  26.7 23.7 23.3 24.0 1.1 0.9 0.4
X#HK 150  19.8  38.0 250 0.9 1.1 0.2
WAL 11.5  21.5  46.0 185 0.9 0.6 1.0

XH X BRI E R OVOCs, MW AS X 2 F&
& .OVOCs MEFE, BAHF S EHZRT 3 ALa94A
A FEFRM OVOCs, #t [ — 40 41 17 Xt b
B, A AT DX > SC IR > Tl X, 33 HOUL
SJAMEEE SRR IR EEE SRS, U
L B ER RARBE TR ECK., OVOCs
Tk R > 358 X > X # X, OVOCs AU A — K HE
WA R EE AR, O 4 AR IR 2 220 . Tk
DX S0 R 05 A 8 BT I, A X el AT B
A 51 R i v N O 2 B2 L
SR PR AT Db T X b e TR A A L Ok
VR B A BB B B . B AR R AR LA AR
ZRK, BSTERAR /N, JLT- 7T 2K,

S B ], O A A A SOAFP & K, b 48 X £
B, HTRRER N 84.9% , (HAL T/ gt | | ygheia
B Eser S Ry gk — 25 1 B SOA A B
TR, IR IEIRECAR ) G 5 B R4 A C6 () (C7 (H
) C8(Z 2 Al /X -Z R 28 AB-ZH 28D LCOIETN
KBWE - R - HEF R H-LHH
.1,2,3-= R 1,3,5-= AR 1,2,4- =ZHHE
FOF CLOAl- = Z % - HIEMZD . B
S} SOAFP R#RTF N C8>C6>ftf&>C7>C9o>
C10,C8 # 37.9%,C10 X 2.1% , H 4y 4 #h 40 4 4
. HFIMEEX HF B K SOAFP ¥ K (77.8% ~
93.8%0) ., KM A, 5 HEEX C8 XF SOA A ik
TTHR Y K, 1 C10 /D ; Tk X C6.C7 X SOA
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A TR /N T S X IR AR X, H CO Fl g 4R Y
TRRAE A, LR R TR A2 & T CH XA
WA X (WL 6),

F6 BIWER SOAFPAHBRETME

Table 6 Compositions and contribution rates of SOAFP in
each functional area
% E/ %
C6 C7 C8 C9 C10 ki kg
T X 12.5 11.2 37.5 14.5 1.8 22.5
XHKX 19.7 17.3 11.3 13.6 1.8 6.3
AR X 25.0 17.6 35.2 12.7 3.3 6.2

2.4 AL A 5 M

LI ], VOCs R AR08k £ 5 10 B4R vk
RN Lhe  AWEE HHE. R OIH . LR,
FEKE TR T S AN IE Gk, H B BT ER 69.6%,
OVOCs REEZH /), LHEHH sTilE K, X5
FRANE1OT i B AT L H A E . C2~C5
B 0N et S T

WA 2 fios, X OFP STk HE& BT 10 9 Fp 4R Yk
RFR IO NG /- ORI LA
W R R, 2,4- = H M S, B sk
57.7% . RIL IO BB OFP Tmk i K,
FITTIHR 27.3%, 4 O, Bi 0 T/ M3 56 v, X
SOAFP Ti#kHEA BT 10 #9FH 4K = 25 L B 4 L[] /-
THE PEROKR A FE LED,2,4=H
R EEF M 1,3,5-Z H 5, it wmk
86.8% ., AER BT TiHk 86.4%, H L C6~C8 Ny
FLHMAT IS F R R SOA AR EERE ., &
RUERR R, 2R R /S-2H 21, 2,4-= R KM
W BEIX 4 D3 Bl7EHEA BT 10 P, BA01%
O, Fi SOA 4= JARR B BTk, 40 I STk T 25.0,
1.14 pg/m*, X HEZ B 10 B OFP Hl SOAFP £ 57
BRY 25.9%M1 46.9% . I, WHIIFX 4 T~ Fh Y
HeM, BER B O, 71 PM,; B ] 5 41 B4 B 2%

IR IR . FR SRR 4
LI A B B
I*JM‘T% T I N
il
P -2 s
FIK b 1,3,5- = FFEK

B 2 OFP 1 SOAFP HE & HI 10 M1 Fh R L= ¥ 7
Fig.2 Top 10 VOCs species ranked by OFP and SOAFP
and their key species
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LR DRI, B8 &MY BN RAHF ,E H
W& L0 I S 8] /X RO IR TR
WEX 6 95, BB EMNES D EE X3 O, /9 4&
MITBR B K., ZIEMR RS AESN X T
REBAR B ZIH IR X > LHR > T X, x5
o J 23 A B AL FRAE — 3. 72 Tl X OFP HE4 AT 10
MR A 4 FbE kS, SCEIK A 1 F, T3R8 X
0,

FIEEX SOAFP HEA |y 10 199 Fh 3 LADT &
JER T, TR FIFIRAS KA 8 Fh, SCE XA 9 Fh,
77 i BTk B A3 8] A #2 Tall X > SCHLK > AR
X SIIABLC g8 20 T 2R ] /%) - 2 4
HE KL A=ZRE, UHES IR X 6 2
FFEEXT SOA M TTHRB K. SCH X A IAR X
HEAHT 10 M4 P A — B, WA 2 MK
SOA R WE m] BEAH ] .

A TR X O, A1 PM, 6 3 R 428 Sl A9 U35 4 ol
A Tl DX 4y o 2 ) / 4 - — R 2 I IS0 1 PR 3R
WO, SCEIX AN AR X A9 XUEE W B R RL, 2R
] /%G - R B 4B- T H 2R, LR N 4 T RE X
MEYFE R 34 JEURRY hE, Hi, Aig k&
Os 1540 B PM,s 1544, 2R RWHL 2 B VOCs
A, ) i HER R A D R R E N E &
(ERCE O

DRI, AR R RS R R B % R IE T L
B 2 B ACHEBOR R0 B R, e 8 A T R A AL
BB, 1,2, 4= R E THRE M TET
W HET, C2~C6 el B Leh £ R M A Y FHET X
VLI T OFP fl SOAFP B 4 /XU 4y 0] 88 &
Bk AT HER AN ERA ., PAS KT EWRE
e (T/B) W ERIE 1 356 — #0012 Lo 4B 3 7 oK BE A 31
BESZNDERRFWRE, Y T/B<2.0 £R
ZHEFERSE W B ES , WAk, & T KA Hh
T/B 4 1.54, fF& L3 R R U0 ® ik, n
s TV HERCHIBLEN B VOCs 1A #, B T O,
A PM,s h R4 B 8. S BERIUE YR AR
ARTE], ook U8 75 45 G i5 e VR 28 AU K HHE R AE 1k —
o SN

3 & i

(1) BT EZ VOCs H{HH 39.4 X 1077,
OVOCs izl e EE A 4, BIF7HK 73.4% . A L
Wi/ 1.6%) , REHSTTHAHE R K, VOCs
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R7 HIMEEK OFP #1 SOAFP HEZ BT 10 i R E MW Fh

Table 7 Top 10 VOCs species ranked by OFP and SOAFP and their key species in each functional area
o~ H ‘OFP S‘OAFP
LYE LB FEWE/(ug» m™3) FTR/% /RSN REBWRE/(ug - m3)  TE/%
H— i 20.70 8.50 IR b 0.68 16.59
g = 15.33 6.29 8] /%f-— B 2 0.65 15.85
= (7 /5B 2% 14.77 6.06 pi 0.58 14.15
% )3 14.03 5.76 L1l 0.55 13.41
£H T Fil 12.74 5.23 1,2,4-=B% 0.51 12.44
ﬁuz P =38 12.02 4.93 Af-— 2 0.27 6.59
L IR 12.01 4.93 V¥ 0.18 4.39
B|A oF: 11.31 4.64 E7 N4 0.17 4.15
-yl FL PR B b 11.03 4.53 1,3,5-= H% 0.15 3.66
g+ 1E okt 9.98 4.10 1,2,3-=H%E 0.10 2.44
HiHE 133.92 54.97 3.84 93.67
T 4 b &/t B 2R IR VAR O b
e i 16.37 12.18 ES 0.52 20.80
g ot R 15.62 11.62 2R 0.48 19.20
= T 9.17 6.82 i) /%) -— R 3 0.42 16.80
g 8] /%) -— B %€ 9.11 6.78 LR-— P 0.30 12.00
R W 8.03 5.97 7 0.21 8.40
P& §ES VAN T Pl 6.92 5.15 1,2,4-=H% 0.19 7.60
%t 2R 6.41 4,77 B g 0.10 4.00
#A 4B-— 2 4.36 3.24 ] Z, % B 2 0.07 2.80
iyl 5 3.62 2.69 X2 H 2K 0.06 2.40
B+ 1-TH 3.48 2.59 XA 0.05 2,00
2t 83.09 61.81 2.40 96.00
TLFE ) b ) /S- R R (R L AR-H R
- ST 24.42 20.00 * 0.48 25.26
g & 16.51 13.52 H3R 0.35 18.42
= T i 8.60 7.04 [8] /S FR 2% 0.25 13.16
g ki 8.12 6.65 7 0.22 11.58
EH NI 7.99 6.54 4p-— 0.11 5.79
AR X N &) /xf- B 5.46 4,47 1,2,4-=H =% 0.11 5.79
Bt il 4.70 3.85 X2 0.08 4,21
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