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Secondary Aerosol Formation in Urban Shanghai: Insights into the Roles of

Photochemical Oxidation and Aqueous-Phase Reaction

GAO Jie"?, QIAO Li-ping’, LOU Sheng-rong’, YAN Ru-sha®, ZHOU Min*, LIU Yu-cun’, FENG Jia-liang' ",
HUANG Dan-dan®*

(1. School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 2. State Environmental
Protection Key Laboratory of Formation and Prevention of the Urban Air Complex, Shanghai Academy of Environmental Sciences,
Shanghai 200233, China)

Abstract: Secondary species are one of the most important components of PM, particles. To investigate the contributions as well as the
factors that affect the formation of the secondary aerosols, a high-resolution time-of-flight aerosol mass spectrometer ( HR-TOF-AMS,
AMS) was employed to characterize sub-micron particles (PM, ) during spring and summer in urban Shanghai. Organics were dominant
in PM, particles and comprised around 55% of the total PM, mass concentration, followed by sulfate (24% ) and nitrate (10% ).
Positive matrix factorization was further applied to explore the sources of the organics. It was found that primary and secondary organic
aerosols accounted for around 34% and 66% of the total organics, respectively. Three episodes were observed during the
measurements,, where secondary species increased substantially. Increases of secondary species were represented by increases of sulfate
and LV-OOA, in spring, especially during the noontime, thus indicating that their formation is promoted by photochemical oxidation;
yet in summer, photochemical and aqueous chemistry together accelerate the formation of secondary species, as indicated by the good
correlations between nitrate and aerosol liquid water as well as between SOA and O,. Overall, we found that contributions from
secondary organic and inorganic aerosols to total PM, particles were 35.5% and 43% , respectively. This study highlights that the
influence of photochemical and aqueous chemistry is significant in the promotion of secondary species formation in Shanghai.

Key words:PM, ; aerosol mass spectrometry; primary organic aerosol ( POA); secondary organic aerosol ( SOA); photochemical
oxidation; aqueous-phase reaction
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Fig. 1 Time series of major PM; component concentrations and meteorological parameters in spring and summer
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2514 ®

oo 40 %

etk R b B A A SOR fEK, SH SO, &
ANt F A AL R NG AR SO I JLFR R, EP,
i, SOR 7EIEAF-HTEE(12:00 ~ 14.00) HELH & T
[E2(d) ], B&m THMBIETMIEE. SO &
PECEPIT, BB BRI B SR, O
2B BhIG IR, AR T S0, & A e fbai Ak I v i
ek SOZ~ 120 Ikl WL, AE R 25 Y R R
B, HFERGIbA AL T SOL ™ B A 1B Tt
Wk, S80S0, 1E PM, Py e BT
XTI ZE ) 2 A IR SIE O it #8 , AAH 5
KIAE B WA R FE P (EPy, 19.4 pgem ™)
PM, 173 it i vk B 2 = Tk 2= A Ak i R
(EP,, 11.7 pg-m ™). WA RS OA, SO |
NO; | NH, F1 C1~ /% B vk FE 43 il etk 2 ki
BA1.5.1.4.3.4. 1.9 5 1.6 5. EEWRAM

AR, NO; s E B B3, 78 PM, Y
B 8% FTFE 16% [ 1(a)]. NHE—HFSY
oM NOy AE UM FLER R, A CHHFELIHF K
P72 E-ATMIL X F0RE AR Hr 9 7K 5 5 (LWC,
peem ) BEATIESY L R BUBOR S B ] , kA
KERES NO; i ik A B — 3, AHOCHE
FHEAE T 0.7[ K 3 (e)]. H AR,
NO; TERIA L BIEE [ 8 3 (a) ], HMORARK S &
P HAME A —8. B2 0, WS, AR TR
] NO; HIRTARBIN,O, ARG ™ 5 T 8] %) s YR 3R
Beit— 2B T B 1 &, B RSN, 05
FAE TR ) B T /N VR T 2% T R VR AR )
TR A AR Y AR A S, A2 1 HNO,. DL E 45
FW, TIA) R A HAR S B 28 NOy 1« B Rk
KA BRI .

B3 EZFARERXERNNO; . 05, NO, EHHEKEE B TUFIEURBHEKSERNEF

Fig. 3 Diumal profiles of NO; , O3, NO,, and liquid water contents and time series of aerosol

liquid water contents during different periods in summer

2.3 AR BOR IR T

2.1 PEHEE, OA & PM, A 24 B4y
F T RGBT WL AR B FHOE i ) 32 235%
MR 2, AHBF5E 8 Se A H PMF X AMS 75 2 1) 5 2=
FE 25 5 o B A WL B B s 2 1 TR A AT, SR
POA 5 SOA HYARXS TT#k; BESSXT POA 5 SOA (),
HEAT T 43 H. PMF M@ #r X7 B s [R] P 31 46 2
W JTRAM(0/C, H/C) . ALY S5APLER Y L
fH(OM/0OC) LUK H AL L ANl 4 ~ 6 PR, HZE
AR ZEARU0 H DU 28 A ML I R T 40 301 o« 3 D
HHRHEN (HOA) , BIRIEAHLSENE(COA) , Hr
A B PR IR R B IE (SV-00A)

AL (¥ &) & F A A HL W IS (LV-
00A). RIETTER AR UL A8 8IS FRE, Hh &
AT B I A A IR A LV-00A LRI LAY
4 LV-00A, (0/C =0.7; OM/0OC =2.1) F1 LV-
00A,(0/C =1.0; OM/OC =2.4) W3, HEMHr
AR AR A HLAEE IS SV-00A A F153 24 SV-
00A,(0/C =0.2; OM/0C =1.5) Fl SV-00A, (0/C
=0.3; OM/0C =1.6) H.
2.3.1 —KAHSER(POA)

POA BA FALRR FERAR | 32 IR HERIC B 4252 e 1Y)
AL TR ot AR ) SR TR IR
PLRHIE, BVE A DL IS (HOA ) SR IRIEA



6 1] P ANAF R HEIIX IR I B e s A S AR BB X I SHR IBIE BL A R ) 2515

B4 EHZF PMF BITBEIR S 4~ EFRIREF 5 R e 5 E ik

Fig. 4 Time series and mass spectra of PMF-resolved factors in spring

B 5 EZ PMF @ITBEIR S 1~ EFRREF 5 R e 5 EiE

Fig. 5 Time series and mass spectra of PMF-resolved factors in summer

ML IE (COA). HOA FEZ K H Ik A BB bert
)2 HE i, LR = R C H,, R
C Hy, Lt KB i A M CyH, m/z =43
C,HS m/z=55; C,Hy m/z=57 %)% HAE HOA
Kb 2 5 3 559 F(K4(a)], B[H 5
(a) ] 2% HOA (B [a] )3 51 ¥ 5 — YR 458 U8 HE 5 1)
EC BABAF0M I, JF BB EEAR (FEM
HZ HOA 9 0: C. H: C 43 %150.2, 1.9; 0.3,
1.9); £ F 07.00 ~09.00 UL M i | 18,00 ~
2000 BIEAE , 5 1 FEER. | Mg — 3] &
6(a)Fl6(f) ], KL 4 RHE HOA Y H
SRR, UL 8] b I X AR A 2% HOA P31
JEHE R B4 1.7 pgem 1 0.9 pgem ™, XA
B TTERAT 90 12. 2% F114. 7% , A] WK X

BBl 4 8 S0 UKL A A LA B o R R 1A T 7 Ak

COA EE R H TR MM, HAFRAE 14 K
C,H, 0" (m/z=55), C,H,,0" (m/z=98), It H
COA ' C,H, /C,Hy MYLLIEZIE HOA 2.5 £i5°.
AP b i B[ 4(a) |, Z[KE 5(a) | 3=
COA PR [a] 7 51 5 HARR AR CoH,, O (1) B[] ) 31
BB S —3, FRHH 22 B 6 (b) 1
6(g) | I Ik A B Y | DA AEL 1 BLAE A7 12,00
DL 19,00, 5 A& EAEYIG, Ui AT
B SRR A HE L. EAh, M COA 11 H ARk il
LA UE R HEMEFARTG Yt fd, COA 1y
Jri U B DL N H AR A A O R, WAL
K, NGk, IR &M LRTEENZm. 5



2516 7N 5%

oo 40 %

PLBI AR, b v B3R DX A, 28 T R
JR b SRR A AR CP MR ~2.4 pgem ™,
SAVIN 20% ). AHRHFFE AR P]. COA Bk
AN B 3R X, P38 sk 2R A AL B
20% (14% ~25% ) , &3 AL hisohfa e i 4l
Ay I TR] -V X 2 R 2 COA X POA

I BTIR A7 2] 63% LI, SRIIE DM IHTE LI IX —
UAEHEL 815 Gy rh A TR0E H & 1Y 5Tk

SRS, i X — A AL 44 (B POA
=HOA + COA) X B A ML TTRR N 34% , 5 PM,
WKL) R B 18. 2% , TEZ IS ERS K
R HET Y 5

F 2 =
35 ¢ 8 23

w 30+
25+
2.0
15 F
1.0 b

1

(c)

t
=]

HOA/pg-m
COA/ugm™
=
SV-00A/ug-m™

@

LV-O0A /ug-m™

LV-0O0A:/ug-m™

20F

() §
i /

1.6

12 +

COA/ug-m™
SV-00A/ug-m™

HOA/ug-m™

0.8

0.4 &

12:00
18:00

‘%’.

00:00
06:00
12:00
18:00
00:00 &

00:00

1 (o'clock) t (o’clock)

00:00
00:00 g~
06:00

1 (o’clock)

SV-00A/ug-m
LV-O0A/ug-m™

12:00
18:00
12:00
18:00

00:00

00:00
00:00
00:00
06:00

g &

1 (o'clock) 1 (o’clock)

(a) ~(e)&F; () ~(j) HFE
B 6 PMF@IAREAENENNESTTMETHETHEL

Fig. 6 Diurnal profiles of PMF-resolved organic factors in spring and summer
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