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Forming Potential of Secondary Organic Aerosols and Sources Apportionment of

VOCs in Autumn of Shanghai, China

WANG Qian'*, CHEN Chang-hong' , WANG Hong-li' , ZHOU Min', LOU Sheng-rong' , QIAO Li-ping', HUANG
Cheng', LI Li', SU Lei-yan', MU Ying-ying’, CHEN Yi-ran', CHEN Ming-hua'

(1. Shanghai Academy of Environmental Sciences, Shanghai 200233, China; 2. School of Resources and Environmental Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: A continuous measurement was conducted in urban area of Shanghai from 1* September to 21*" November, 2011. The mass
concentration of PM, ; and the mixing ratio of VOCs were obtained during the period. Four pollution episodes were observed: PDI
(20™-23" September ), PD2 (5"-9"™ October), PD3 (13™- 18" October), PD4 (10"- 14" November). The average mass
concentrations of PM, ; were (45 £16), (76 £46), (57 £36) and (122 +92) pg-m~’, respectively. The mixing ratio of VOCs
were (30.87 £30.77) x107°, (32.09 £30.69) x10™°, (34.04 +28.13) x10™° and (44.27 +31.58) x10~°. Alkane, alkene
and aromatic hydrocarbons accounted for 53. 58% , 27.89% , and 10.96% of the total VOCs, respectively. The OH radical loss rate
(L") and the ozone formation potential ( OFP) were applied to assess the chemical reactivity of VOCs, the results showed that the
alkenes and aromatics were the most important contributors to L°"and OFP in the atmosphere in the urban area of Shanghai, in autumn.
Fractional aerosol coefficients (FAC) and the ratio of organic carbon to element carbon (OC/EC) were used to estimate the potential
formation of secondary organic aerosols (SOA) in Shanghai, the SOA concentration values obtained by the two methods were 1.43
pg-m > and 4. 54 wg-m 7, respectively. The value predicted by OC/EC was significantly higher, which was mainly due to the low
amount of SOA precursors measured in this study. The aromatics were not only the most important contributors to OFP, but also
important SOA precursors. By applying the positive matrix factorization (PMF) model, six major sources were extracted to identify the
sources of VOCs in autumn in Shanghai, including vehicle exhaust (24.30% ), incomplete combustion (17.39% ), fuel evaporation
(16.01% ), LPG/NG leakage (15.21% ), petrochemical industry (14.00% ), and paint/solvent usage (13.09% ). Vehicle exhaust
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and paint/solvent usage contain abundant aromatics species which are the most important contributors to OFP and important SOA

precursors. The above two sources contributed 37.39% of the total VOCs concentration. Hence, these sources should be listed as

priority of air pollution control strategy for Shanghai in future.

Key words; volatile organic compound ( VOC) ; secondary organic compound ( SOA); organic carbon (OC) and element carbon

(EC) ; secondary organic carbon (SOC) ; source apportionment
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Fig. 1 Time series of particulate mass and VOCs concentrations in Shanghai during autumn
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Table 1 ~ Mass concentrations of particular matter and VOCs concentrations in Shanghai during autumn
5iF ND1 PDI1 ND2 PD2 PD3 ND4 PD4
) (09-10 ~09-19)  (09-20 ~09-23) (09-24 ~10-04 (10-05 ~10-09) (10-13 ~10-18) (10-19 ~11-09) (11-10 ~11-14)
PM,, 42 +15 78 £24 38 £18 107 £59 92 £49 45+16 170 £109
PM, 25+9 45£16 22 +15 76 £46 57 £36 26 £12 122 £92
PM., 5 1811 3311 16 £6 3219 36 £21 199 48 +27
NO, 29.35+5.91 44,21 £26. 15 27.22 +8.56 43.59 +£23.86 49.70 +26. 58 34.94 £15.15 55.82+32.83
ocC 4.67£1.45 9.73 £3.91 4.62 £2.08 14.97 +8.70 12.98 +7.30 6.07 £2. 17 22.22 +14.20
EC 1.37 £0. 81 2.44 £1.78 1.27 £0.94 2.96 +2.07 3.11+2.07 1.45+£0.94 4.01 £2.27
03 max 50.3 43.0 50.9 55.9 61.2 4.4 80.8
co 0.40 £0. 13 0.78 £0.39 0.36 £0. 17 0.77 0. 40 0.82+0.47 0.49 £0.21 1.04 £0.53
TVOC 13.92 +£7.65 30.87 +30. 77 13.03 £10. 50 32.09 £30. 69 34.04 £28. 13 18.80 £13.24 44,27 £31.58
ALKANE 7.24 £4.31 16.38 +18. 12 7.28 £6.43 17.98 +18.71 17.85+15.23 10.27 +7.26 23.37+17.79
’ ’ (52.38+9.33)% (50.76 £5.97)% (55.73 £8.61)% (53.70£6.12)% (52.46 +6.56)% (55.05+7.19)% (52.44 £5.53)%
ALKENE 1.74 £3.09 2.72 £2.37 1.66 £1.85 2.76 £2.48 3.60 +2.65 2.18 £1.67 4.48 £3.00
(11.76 £5.43)%  (9.38+2.30)% (12.57£4.45)%  (9.11£2.19)% (11.28 £2.38)% (11.63+3.30)% (10.27 £1.99)%
AROMATIC 3.94 +2.37 9.78 £9.42 3.19 +2.87 8.83+8.03 9.89 +8.86 4.96 +4.39 12.78 £9. 64
(28.38+8.92)% (32.17+5.83)% (23.93+6.96)% (28.35+5.29)% (27.89+6.30)% (25.35+7.71)% (28.33£6.09)%
ACETYLENE 1.00 £0. 67 1.99 £1.37 0.89 £0. 56 2.52£2.09 2.69 £1.98 1.39 +.098 3.64£2.13
R (7.49£4.08)%  (7.69+2.25)%  (7.63+3.30)%  (8.84+2.92)%  (8.38+2.30)%  (7.97+2.88)%  (8.96+2.48)%
SOA x 100 130. 87 148.01 89. 05 143.85 155.43 116.77 239.52

1)PM,, . PM, 5. PM;;_, 5. OC, EC, SOA x 100 [ 84 : pg-m~>; NO_, CO, TVOC, ALKANE, ALKENE, AROMATIC, ACETYLENE ) ¥4y .

x 1077
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to L°" and OFP in urban Shanghai during autumn
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2.3 VOCs YA U e A i 4
2.3.1 FIH] FAC f55 SOA

TUA LI (SOA ) 2 4R UKL ) 1) B 2L
B, EATTE R AR IR R R B VOCs B8 Kk
YA P (SVOC) 4R AN/ AL 73 BE 2 o 72
T A PR B T DR v A T A S AR Bk
V3 Ao 2 s o] 22 A AR AT A B 8 S5 e AR R < g
VLR S S R G e REERR L A
Ak SOA MBI EE | M HAR AR AR, HI T
PRI RV H FT SOA BFFT Y ZE 5 1) 1120 A
TS T Grosjean "' (Y KA S 1 9L 50, SRR IR 2B
8 Z %% (fractional aerosol coefficient, FAC) ") i
R VOCs 1Y A BRI LE BB 3 -

SOA, = VOCs, x FAC (1)
1, S0A, J& SOA TS pg-m 5 VOCs, /&
HEREHE ) BT B g -m 5 FAC & SOA 2k
EREL. B Z ARSI B VOCs A R &t A
TRJG B M BE VOCs, , & 5 HE RO HE 109 0 46 vk B
VOCs, Z a2 R T ORFRR
VOCs, = VOCs, x (1 = Fyu) (2)
K, Fyoe e VOCs BRI 25 ROV Y 7388, % .

il Grosjean“or A5 B SOA A= W R 7E R
(08:00 ~17:00) &4, H VOCs K5 OH &4 [ )
A SOA, A (1) F(2) BN Fyoe, A1 FAC i
MRS AR A0 A R L 2.
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Table 2 VOCs concentrations and SOA formation potential in urban Shanghai during autumn
WH vags, FAC/% Fyoc/ % S0A 100 iR %
x10 /g m

i) i SOA ik 7.91 — — — —
R L3R e 0. 09 0.17 10 0. 065 0.05
woke 0.11 0.17 14 0. 081 0.06
35 0.11 0.06 14 0.035 0.02
IR O 0.03 2.70 20 0.398 0.28
2-F P 0.01 0.50 10 0. 020 0.01
3-H R B 0.01 0.50 10 0.034 0.02
IEFE 0.30 0.06 17 0.112 0.08
IEThE 0.04 1.50 20 0.385 0.27
ESE 0.19 2.00 22 3.125 2.18
E+—%e 0. 02 2.50 25 0. 562 0.39
/N 8.83 — — 4.817 3.36

FER i SOA ik 0 0 0 0 0

FS 0. 65 2.00 10 5. 061 3.53
LIPS 2.27 5.40 12 57. 400 40.03
LA 0.72 5.40 15 21.793 15.20
[a] /% — F oK 0.77 4.70 34 26. 040 18. 16
4B 2K 0.29 5.00 26 9.434 6.58
SR 0. 06 4.00 13 2.007 1.40
IEP R 0.08 1. 60 12 0.770 0.54
8] 2 B o 0.02 6.30 31 1.048 0.73
X B 0.10 2.50 21 1. 624 1.13
LB IR 0.05 5.60 23 2.043 1.42
1,3,5- =K 0. 02 2.90 74 1.127 0.79
1,2,4-=Hx 0.18 2.00 58 4.564 3.18
1,2,3-=H % 0.03 3. 60 51 1.265 0. 88
1,3-2 237 0.05 6.30 47 3.225 2.25
1,4- 0% 0.02 6. 30 47 1.163 0. 81
/N 5.31 — — 138. 564 96. 63

i i SOA ik 2.00 0 0 0 0
S 0.05 — — — —
/N 2.05 — — 0 0
ait 16. 19 — — 143.38 100

1% 2 AT UL, ZEASHIF S W I 401 14 K, TVOC [1)SF
PIRFUY R 16. 19 x 10 77 Horpbehes | Il fn o5 2
PR FR 235000 30 5 TVOC 1Y 54.5% | 12.7% Fil
32.8%.56 > VOCs PIFrhx SOA HA A s #
PR IEA 25 4, o beiR 25 10 MR, I E IRk
15 A-Fh; SOA WZERE N 1. 44 pg-m 7 FHorp
RelE M & 12 1) SOA 19 AE 1 & 43 1 3. 36% Fi
96. 64% . X} SOA £ B BT Hk 5 KT 5 A Fh 43 3]
MR/ PR 2K 1,2, 4-=H A8
2R 1,3-2 2K, H otk FK K h 28.86% |
22.45%  10.66% . 8.63% . 8.00% . 4.94% . 13
1 525 580T WL, 78 PD1 | PD2 ., PD3 ., PD4 41k )
TG YIE], SOA YA v #or lak 3 1. 48 | 1.44
1.55,2.40 pg-m ™ BAT—RIEWE H (1.31, 0. 89,
117 pgem ) 5142 T 10% ~105%.

2.3.2 FIH OC/EC H(HZEALE SOA

H AT A —Fp 7 2T DU R 58 4 E 0 5 R
S IR A PRI (SOA) . H 427 1A
15 OC/EC AR . A HLAT 7% B 750 % RS (E A 78
2, Hodh OC/EC He B 5 IR O (i i 45 31 ) 32 1
FH  AHR X — 7 P A A 5 R A O Ak | v sl
TF1] 9 35 ) SR - 5 figt e i — ] LB R AR A 55
AR LH WEINK OC/EC >2 BHE R KA A K
FHHUR(SOC) A= i B J2 A [ Ay 38 i DR i U5
P RLAY 455, H OC/EC FLAEAN AR 202400 Ry
AHFFE R FAEL S OC Al EC ¥ JE K OC/EC fiz/)h
FO(E SR 5T SOC™ ) | 3F % H & ok a4 k<
SOA By &),

SOA = SOC x Coefyysoc = [TOC — EC x

(OC/EC) ;1 x Coefypsoc (3)
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o, TOC Ry KA R B ML 5 & ; EC 40
Wokirh TR MR PSR (0C/EC) iS5 2 iy
OC/EC f5e /I He Al B4R BU(E 77 35 WL Sk [29 75
Coefyyys0c H SOA 5 SOC 2 [a] {640 R H0, — B R
1.2 ~2. 6" 4% 3CHk[ 44,45 ] 75 I8 T Hb DX TF 2 14 B
G, AMESE Coeflyyy soc BTHL 1. 4.

2011 4F9 H 1 H ~11 A 21 H M ], A<HF
84t 3K 15 1806 41 OC, EC WL % 4, M |
(OC/EC) . H2.72, 8 T 5 FAC 5 45 F i
T SOC BB K (08 :00 ~ 17:00) OC, EC W
e B #2520 (3) 145, SOC He k3. 24 pg-m ™,
L RAHLUER (OC) 1 43. 0% , SOA Hk AL N 4. 54
pgem .5 FAC REGEFAFMEER(1.43 pgem ™)
L, 0C/EC FUAE 1k IH i 4 8. X 8 B R A 53
51 SOA Fi &Y /b, AL EL4E C, ~ Cj, 56 1> VOCs
Yrh. N AN K 5E 45 A, SOA YRR P AN
LT VOCs, iR EL G 42 K PEA LY (SVOC) Filrh
ELYEA N (1IVoC) Mt Hi & Svoc, IVOC
FRE D HE R 35 & A HLY (BVOC) , EAITTE SOA
At B T B AR ) Ak, —
BUR KA IRF AY VOCs WA AT REXT SOA B 2
A—ERTTHR. SOA By H R T 5, WA, R
JE | SRS REE | R T R ET AR i vk B A OC LA

AN, 8 % B KA AT R w0 R
FAC RHEUEXT SOA BRAGETE Uk Z iy, {H 2
XN AMTIAIR VOCs 1 SOA A v 3 S H R AT A
YIRS AR A 5 B ).
2.4 K VOCs HYFIE T

KA VOCs J& SOA A= Bl i ZE T Ay, X Hok
TR oT B T B . AR TR 5T 2R A 55 [ R4 R 3
FE) PMF 3. 0 Ak M75 19 KA VOCs #E173k
VRS, PMF #5570 A4 s BE 1 L AF 5C SRR 50 ] .

[l 4 & PMF B8 28 2 RGE 1T 5 S A0 2 1Y 6
A A A TS YR, R RO R 1 E & VOCs 9
Fi, HONO, XFi 1 i stk 50% 5 [F], 2k,
P, 2-HIBENehe | 3-H 3L Meke . IEC be . 2K, HIOK
e 37 F R TR 4 B R R AR s ) ot
Hoh H BA 8 5K F. Lin 255 0058 E W & & bt
K& W& . BETX HI[FIRFE AT CO MRS FE 2k AR
RS L, TR E TR 1R TR R A HE.
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Fig. 6 Source apportionment of VOCs in different wind direction and speed in urban Shanghai during autumn
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(e D) 1A A BT A ) 2 26, e G BRI
L AT L3 S N 3 Y B (b 2/ www.
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