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W OE RBIRIET 2019 4 5 HFELPTITIRIX B 4R 4L KA VOCs R SR WEINE5 5, 0 #T T4 1R
T3 X RS VOCs B 75 Y ARAE | Absf SO0y 6 Pk M 5 IR S I A 2 M 5 &R 25 381, 2019 4F
5 H 2 PRI IX KR VOCs H A FU 3075 Bl 4 18.56x10°—25.05x107°, ¥{H Ny 22.53%x107, kike. #
2. BRI AR A N 52.40% . 20.81%. 16.90% 1 9.89%. C,—Cs HIKEIE . M. Tk, WM
IR R AL WAL (T/B) AN 1.67, FWZPATIX K VOCs Fa L RN %
SUBRIR A RAAE. 288/ (E/E) BB 0.49, RULRAE IR B EERAR, 24 i5 Y HEHGE m 45
Jc. FIH-OH WAEHE (L) FRGUE E# (OFP) 1F4E T KA VOCs R M iE M, % PRI IX KA,
VOCs H e it fe mr, X Lo il OFP B STRRHK N 67.08% Fll 69.80%, WM. ZJ&. IET M. LH5
SRR VOCs M CHEE M4 4. FIFRWE IR AR EGE (FAC) R T KRR VOCs I IR KIH I
e g, SRR SOA I TTRCR B R, E5ik 94.09%, FIAE . R /XF — 284 2 X SOA AR 1 5Tk
BRI 5.

X ERVERNY, RV, TSYLRRIE, KT

Composition characteristics and atmospheric reactivity of volatile

organic compounds in Anqing City in spring

HAN Qiao HE Xiangdong WANG Mingshi ™ HE Yuchuan LIU Yang

(School of Resources and Environment, Henan Polytechnic University, Jiaozuo, 454003, China)

Abstract In this study, the volatile organic compounds (VOCs) samples in the atmosphere were
collected offline in Anqing city in May 2019 to analyze the pollution characteristics and the chemical
reactivity of VOCs. The relationships between VOCs and the formation of the secondary aerosol
were analysed. The results showed that the daily average volume fraction of VOCs in Anqing ranged
from 18.56 x 10 to 25.05 x 107 with an average value of 22.53 x 107°. Alkanes, olefins, alkynes
and aromatic hydrocarbons accounted for 52.40%, 20.81%, 16.90% and 9.89% of the total VOCs,
respectively. Alkanes (C,—C;s), ethylene, propylene, toluene and benzene were the most predominant
components. The average value of toluene / benzene (T/B) was 1.67, indicating that atmospheric
VOCs pollution in Anqing were mainly affected by vehicle exhausts. The average value of ethane /

acetylene (E/E) was 0.49, which showed that the aging degree of atmosphere in the sampling area
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was relatively low, which was greatly affected by local pollution emissions. ‘OH depletion rate (L°")
and ozone formation potential (OFP) was adapted to evaluate the reactivity of atmospheric VOCs.
The results indicated that olefin activity of atmospheric VOCs in Anqing was the highest, which
contributed 67.1% to the L°" and 69.8% to the ORP. Propylene, ethylene, n-butene and acetylene
were the main active components of atmospheric VOCs in Anqing. The secondary aerosol generation
potential of VOCs in the atmosphere was estimated by using the aerosol generation coefficient
method (FAC). The contribution rate of aromatic hydrocarbons to SOA was the highest, which was
up to 94.09%. Toluene, benzene and m/p-xylene were the most important components to the
formation of SOA.

Keywords volatile organic compounds, reactivity, pollution characteristics, Anqing City.

Ak, Bl A 3R B AR5 Y B iR TAE A0 Mk, 4 EE B 9 2 25 ST i Bk el . 5 2017 48
A EE, 2018 4EF% B A HB 43 317 1) PM, 5. PM,o. NO. CO, Fll SO, %55 Y W v i I bm K EL T B, i
O Y FE R AR KR L A7) 388 n, B 42075 Y Im) L% ™ ™. VOCs W] LUFN &R AL & A e Ak 2% I iy T
OGNS, T 5B I AR B RS SRR B 3t RS RN R AR 2R R RN, AR
WAL, X FRBE 25 S i B PM,y s A 52, B 4 o8 1R1 42 1) 52 i) 2 A AR (Rl e Fn A 35 45
3 BT PM,y s A Oy 15 44 1 P [R) 9145 € 18 A 1 78 K0TS G B 16 77 THI IR 75 A D 1) S B[] 5, DA
VOCs 75 YL R E 25 TF B3 A L0 5L AR 5 S e A T 95+ 4 b 22

Hl, ENC IR T KX T VOCs MU IR 15 YLRRAE | s SO I 1 AT S Y ok U5 S5 F 5%
Wb EtE S R Rt RS AR A AR S BT TR VLR R UL R, RS A TR
T EE ) Tl IR T . B e DT 4 UF AP & R, REVRTH FERREE LT, KA TS YR ) BN A& . 4l 22 R T 34
B A R, 2018 AR 2 R MR 2 s B3R 1A 77%, |5 L2151 YL O Fl PM, 5 A E, 435
i 144 d 1 116 d. VOCs J2& 5L 48UFN A HLAH ™ A 0 B2 AR Y, {0 H A R W30 98 22 R TR
S VOCs BYFH EARE.

ABEFETF 2019 4F 5 A X2 RATIRIX KA VOCs FFIE T A3 1 JE B % s 3 i, 4341 VOCs ik
JE AL A RRAE, A5 5 VOCs Ak 2% SOV 6 P, i 16t VOCs SCHEVE PR 4153, LI 2 P KA T 4
Bl P B Rl 2 S

1 #MRL5 7 (Materials and methods)

1.1 FESCREE

AT GE SR FE i A T % P T IR 58 28 A0 5 W0 S L = P AR 200 mo A ) 5 R R A T
(30°31'N,117°2E ), {55 75 M0 155 S8 240 21 m. 32 s (i LA 22 DR TT IR IX, ) 000 A 25 Il XL i RS DX RIBURF
BLOCAE, W DS i B AR Sz 22 R T 3 DX (%) 75 etR o ORI s Bt Ry 2019 45 H 15 H—5 H 21 H, iE%E
W 1R A R AR R L AE 1) SUMMA , SRAEREZS B0 6 L, KA 3.8 mL-min ™', SRAFERTE] 2y
MK 10:00—K H 10:00, SR A 56 MU #E 2RO AE, 08 10 d 5851
1.2 FESHIHT

3 2o $0R 46 12 (Entech 7100 Ty 45 {30 F10RH €233 BT 15 ¢ FH A (Agilent 7890 A/5975C S AH (415 it
REIE A ) 58 BURE S 20 B BF VOCs R 5 ERE 400 mL, 38 i Tk 4 A B9 = 2074 B Ak 3. A P e 4 A3,
— 2RV DR AR TR B B E M —160 °C, I AE VR 90 mL-min”', fEATIEIE K 10 °C; A BHE 4R IR ik E
=30 °C, FAERE K 90 mL-min ', fEFTIREE M 190 °C; = BAEIR R E H—170 °C, B N 190 °C.
T 4 A RS BAE S RSO GG T 4 B, R E R IR IR 40 °C, 5 min J5, PA S Comin”! U T
IR 160 °C, £+ 6 min J5, K8 LA 10 °Comin' 3 B T} 2 210 °C, f£4F 4 min, Bfi 5 PEA K I 25
(MS+HFID) #4746 i SR H 44348 7 AT 4.

FE A ISR AE S 0 BT i 2 i B 2 B (AR B 28 R FE R A ALY 0 8 SR AR /M 3% - 15725 ) (HD
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759—2015) Fll {542 B A W) R AR A3 AT 3 AR S F5 S04 ) (EPA/600-R-98/161) ZEHEA T, ™4 42 BEFRUE Ty 15
(LR, R S O UE 5 o A
1.3 Hdssrth ik
1.3.1 -OH H H 3 IHFEH R

‘OH [t 82 %0 i 2 RS i AL, -OH [ 1 5L W il Ml T A VOCs 41538 T[] — ik
B BT, -OH [ H I FEH 0] LU B VOCs H & 4143 X6 Ak 27 B 0 AE % ek, et
R/ I

L = [VOC], x K" (D

Ao, L VOCs Hdl 43 i 19 -OH A H &5 FE 3 K, s7'5 [VOC), b A4 4 i 48 KA IR B4y
B, <107 KO M2 4y i 5 -0OH H i 3E Y b #0%, B0 Sk cm® molecule s ™, 3158 L% isf X AR 43 Bt
TR, A SRR VOCs 414519 KO Bk 1 SCiik [11].
132 RAARE

F 8 F]-OH H rh 2 T #2875 r Z ms (LB TG P 25 55, W9 3 7 L 2 il 14 40 7 384 s 7 3
(TR) FH 2k FAE B i i MR 32 11 VOCs 228 5 | /b 1) 5 S0 s #E 11 AR Ak B 480 i 34 1E VOCs 41
O TEREE ROV A5 T X O3 AR i e Kok, Ho A

OFP, = [VOC], x MIR,; (2)

.1, OFP, y VOCs 443 i By K482 IS, x107% MIR, J& VOCs HV41 53 i B 4 o K4 1 0 i i 7k, B
il gg !, L Oy/VOCs 11, A SCHAN TR VOCs 44311 MIR #4535 5k [ SCiik [12].
133 AW (SOA) A= i 3

AWF5EHE T Grosjean M %5 46 SE 5, R A AE L R B0 (FAC) Al 38 KA VOCs 1Y IR e
A g, Hat AR T

SOA,; = [VOC];/ (1 = Fyoc,;) X FAC; (3

A, SOA; J& VOC 443 i B IR B A T, ng-m™; Fyoe,: /& BOE R IGHERY VOCs Jz b AR FL
B FAC, J& R B A R KL, Yo, TH DR 4 23 09 PR B o0 030 B0 1 o 1 1R P 4, N =R FH B Y
Fyocy: M FAC; H1 102546 52 46 414509,

2 R 508 (Results and discussion)

2.1 KX VOCs 75 Y45k

UL 309 ] 22 S T I X BR BE 25 SR VOCs 19 H 2 4R B4 00 22.53x10°7°, 48 46 35 il Dk 18.56x
10°—25.05x107°. Horr, B de | e . B FO5 & 18 19 B SR B4 8053 51 R 11.81x107°, 4.69%107°,
3.81x107° il 2.23x107°. e k& i VOCs WY F il B K, Sl 52.40%, HUOE M ke . P fn 05 & &, 40 il o
20.81%. 16.90% F1 9.89%.

AW ALWEI T 57 B VOCs 443, 604 29 ek, 17 FhO5 & 42, 10 Fids 2, 1 bk, ansk 1 pr
7, R FRUS B 0 L0 R A R 28 (16.92%) . 1F T 45 (12.32%) . N (11.17%) . %%
(10.80%) . Z%E(8.29%) . S5 T Ht(7.68%) . L4 (6.16%) . 2 (4.60%) . TNHE(3.09%) . #(2.75%), &
T i VOCs 119 83.78%. HHILT] L, Co—Cs PRI BEAE . LB, £ TP . I 2R R R 42 BR T IR IX A 45
2351 VOCs 1 384 43

WE 1R, SEBCRFER RIE 4—5 100 (%) [ P9 AR 22 R T VOCs AR B $00) e a3 i, & %%
PR 3R X VOCs 1 B 43 B AR T 4 U0 U9 R0 7 25 9 1), W AIK 1 B N 0, 6 vy a1 = A 0Tl g o 1, 2
J‘H[lé] ﬂgni?ﬁ‘:[lﬂ‘
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R RPN VOCs 5 i+ A4 5 e 2 7K 7
Table 1 concentration level of VOCs in the atmosphere of Anging City

VOCSHY  RHB(10%) R0 RUMEC07) a0y ERE e i b mepercentage

VOCs component Detection limit ~ Maximum value ~ Minimum value  Average value jéi?;?;i of volume fraction
N 0.01 437 3.26 3.81 0.38 16.92
ETHe 0.06 3.19 231 2.78 0.29 12.32
Bl 0.01 3.62 1.89 2.52 0.53 11.17
Sk 0.1 3.44 1.26 2.43 0.90 10.80
bt 0.02 2.24 1.35 1.87 0.33 8.29
STk 0.09 2.02 1.37 1.73 0.20 7.68
LA 0.02 1.76 1.13 1.39 0.27 6.16
GiES 0.02 1.12 0.89 1.04 0.10 4.60
ke 0.01 0.88 0.54 0.70 0.14 3.09
ES 0.02 0.67 0.56 0.62 0.04 2.75

60 ™

507

40

30 7

20

Mixing ratio( X 107%)

0 |

Changsha!"¥ Lianyungang!'*) Zhengzhou"”!  Anqing Nanjing”!  Taizhou"”!  Shanghail'”
2017.5 2018.4—2018.5 20184 2019.5 2015.4 2018.5 20185

1 ARFEHLIX VOCs ¥ X}

Fig.1 VOCs concentration comparison in different regions

22 FFE AT

AT AS R HE IR B R 1) VOCs 9 1, B e o] LR FH 4% %2 1) VOCs 9 F EL A8 Sk 97 25 1)
VOCs 4 K V5, 38 5 R FH H 28 /28 (T/B) 2K 31 # #1185 42 B2 A0 3R 58 R <00 52 M B 8 U9, 58 I,
T/B<2.0 & B 2K 2 W HE ik 52 ML 8 22 )8 /<02 i fg 2 19, T/B>2 3% B 2R 8 W HE il 32 o 390 75 k5 LAt
VOCs HETBCIR 5 0 8 K P, 22 PR I XK R, VOCs SR FEWI ], T/B H(E TS My 1.56—1.78, SEX¥{H K
1.67, F W22 RTTIIX KA VOCs £ HL3h 42 e Sk 322 SRR IR I RPALE.

LA TS IR, AE RG22 SO RN B B8, 1 S BE Ak 2= R AR, R 2
Bt 5 PR BE LG R 2 BE/ 2B (B/E) Sk R AL KRB R CALF AR . 0158 WoR, ML3h 4 R n HE R i 15
YA E/E U 04702601, 42 BTt 3 X RS0 VOCs SRAE IR B/E i1 LU BV L 0.41—0.53, -4
HH 0.49, 5 A8l 4 AR HEBUE A — B0, U8B0 sk i XA S B AR B 5%, 52 AN M Y5 e HE UG T
K.
2.3 VOCs KHEE R 5

PR TTIRIX KA VOCs 41431 LO Al OFP Bk 4 2 iR, 1 VOCs 4l % £, {2451 5,
RREETEAR —, BT beke . Mkt I35 F L L% KA VOCs By L Fil OFP Sk A —2. & 2 1)
U, B i b 20.74% Ay E R, Horh L9 F OFP BTk i, MK 67.08% il 69.80%; 7 it 7K - f 1= [ bt



8 14 SR 5« 2 DRI I DX 24 AT LA 2L WS i B R RO 7 2477

15(52.43%) , HXF LO% F1 OFP BTk K 22.03% 1 15.89%. 25 b FT iR, a6 2 My Ji o 22 B T Ik IX 3 s 2
A RS YRR, HE 2 B i HER, X e 22 R T R 5 Y o 2.

T2 RERMTIWMIX KR VOCs H145- 2851 BT3B H X 1O A1 OFP Sk kb

Table 2 volume fraction of components in air VOCs in Anging city and their contribution ratio to L°" and OFP

VOCsZHl| IRF RS L% Lo H/% OFP 5 Lt/%
VOCs category Percentage of volume fraction L ratio OFP ratio
Ll 52.43 22.03 15.89
il 20.74 67.08 69.80
FRE 9.92 8.73 9.16
Jess 16.92 2.16 5.14

A VOCs 440 %F LO% il OFP SskHE R W&l 2 Bz, LO% Sk & LRl 10 AL 043 2 . 1IE T
Wi, M. Sk, RR-2-THs IE TR, 5T %e. K. SHeR -2, OFP sk 7 Lb i+ (9 2 43
YRR . O IE T/ OB IE TR, R ke T RE . BRaR-2- T e A R 5 L
W, PRI X 5525 R, VOCs (SR IE P4l 40 Co—Ca fIRBRIa 12 . Sleke . 1IE T4 5 T ke, 25N
3

45— 50

B2 LM 5 WL ratio | EE= OFP 5 HLOFP ratio
5] ¥ 5 HeConcentration ratio [Z27] % % & He Concentration ratio

925257}

40

35

30 [t

25

Ratio/%
Ratio/%

20

SSSSIANNY
R

B2 ZRTTIX VOCs 4153 %) L% F1 OFP GTHkHT 10 i) 5
Fig.2 The top 10 substances of VOCs species to L and OFP in Anging City

2.4 TWRA WU I A s

VOCs J& SOA HZ M HTAY Z—, VOCs 7 K i 2 8 A Az B & P 3R %) 7 e o 45 g 38
Hb 2 i PR AL S SOARY, AR BIFSE 38 1 8 AN 7] VOCs ZH43 % SOA BB iU, PEAE AR A2 VOCs %}
SOA A= i BTk 76 5%E () VOCs 41437 26 Fhx SOA HAT A sl 3, f04h 11 thhekadl, 15 M5 &
R, A 1 PR R R

W% 3 Fron, WL fE], SOA MR i 0.53 pgm™, F5 &% SOA 1 Tk H 5 K, Bk 94.09%,
YIRS IR X SOA 1 TTHR #8432 5.05%. 0.86%. 7 26 Flt SOA Hif 1AMy Tk 24 KA R 10 Fh
VOCs A48 9 Fi 5 & ke, 1 Fploe s, 2 B H 2R R [ ZHOR . 208 &R H 2R X 230K
) & B R | 1,2,4- = BEOR | 2R e RN 1,3,5- = WO, JH BT Bk SR AR IR 43 51l 2 49.30%. 9.05%. 7.99%.
7.78%. 5.69%. 2.68%. 2.50%. 1.92%. 1.88% #il 1.77%, 3t 5 SOA A= i i #v 1) 92.47%.
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3

Fz 3 UIHAN] VOCs 45 4170 1k B /KT S SOA A Rl 4

Table 3 concentration level of VOCs components and SOA generation potential during observation

VOCsZJ) VOCs#4r I (x107) FAC/  Fyoe/  SOA(x107)/ TR/ %
VOCs category VOCs component Average value % % (ug'm™) Contribution rate

AESOATTAY) — — — — —
BRI e 0.05 0.17 10 0.04 0.07
BT NwR e 0.04 0.17 14 0.03 0.06

LB SINER 0.04 2.7 20 0.53 1.00
IEBEEE 0.03 0.06 14 0.01 0.02
2-H 3L BEbe 0.04 0.5 10 0.12 0.22
Lk 3-H LB 0.01 0.5 10 0.04 0.07
IEFLE 0.02 0.06 17 0.01 0.01
IET-HE 0.01 1.5 20 0.14 0.26
NRASeH 0.06 2 22 1 1.88
E+—k 0.01 2.5 25 0.33 0.63
ETZhe 0.01 3.00 0.26 0.44 0.83
/it 0.33 — — 2.68 5.05
JESOARTIAY) — — — — —
S 0.62 2.00 0.1 4.80 9.05

GiFS 1.04 5.40 0.12 26.18 49.30

R 0.14 5.40 0.15 4.13 7.78

(i) /3% — 4 0.13 4.70 0.34 424 7.99

AP 0.09 5.00 0.26 3.02 5.69

1) £ FEH 0.03 6.30 0.31 1.33 2.50

1,2,4, - =K 0.04 2.00 0.58 1.02 1.92

HFER 1,3,5, - = HIHE 0.02 2.90 0.74 0.94 1.77
1,2,3, - = FIE 0.02 3.60 0.51 0.73 1.38

X HEHIR 0.02 2.50 0.21 0.34 0.64

Eilyae-2ib S 0.02 5.60 0.23 0.67 1.26
IEWNZE 0.02 1.60 0.12 0.17 0.31

SRR 0.01 4.00 0.13 0.35 0.66
B — 5K 0.01 6.30 0.47 0.61 1.15

W2 B 0.02 6.30 0.47 1.42 2.68

/N 221 — — 49.96 94.09
AESOATTAY) — — — — —

ke L)t 0.08 2.00 0 0.46 0.86
/Nt 0.08 — — 0.46 0.86

At 2.61 — — 53.10 100.00

3 %518 (Conclusion)

(1) 22 BT W X PR 8% 25 b B VOCs 19 B ¥R B4 B0 22.53%107°, A8 fL Y5 [ 18.56%107° —
25.05x107°. Jgde . Mk . HRRFNIT S FE AR5l 52.40%. 20.81%. 16.90% Fl1 9.89%. C,—Cs HIKikE
LM T . HORFN R R 2 PR T BB 25 <rf VOCs 1 240 45

(2) 2R AE 3 e B 28 55 2 (R o B2 LE T/B FUAE IS R 1.56—1.78, BME N 1.67, /NT 2, W22 P X
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KR VOCs FF A HLsh 42 RSN B STlR IR A RRAE. SRAEEIN B] 2 %56/ 2 L (B/E) 1 EL (B VT Bl R 0.41—0.53,
HIME A 0.49, SHLEN 4 S IR HERUE FA — 2, T B 3 5 XIS AL R B R, A2 AN 3t 15 Y HE il i
M K.

(3)Js ke x4 PR X PR 28 ARh REGE I ik, & i 5 HE 20.81% MM &, Lo Fl OFP o1
kA =, MUK 4351 R 67.08% F1 69.80%. £ A FLA 44 40 % L F1 OFP My Bk o b, 28 PR 3 X A 55 25
. VOCs MY REETEPEL 730 C2—CAMRBRM R . Sbe . IE T he. 5 T 4. ARF k.

(4) 8 ] FAC A5 SOA (14 i 84, 25 3% W, W3V ] SOA Bk i #5 ok 0.53 pg-m, Hrf
J7 RN SOA 1) BT R 153K 94.09%, Lt S FI MR K2 25 X SOA 1 BT ik 2% 43 il & 5.05%., 0.86%. HI % |
2 Ta) o0 HRORN & Rk BT RS R i 2 4
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