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Chemical Characteristics of Particulate Matters and Trajectory Influence on Air

Quality in Shanghai During the Heavy Haze Episode in December, 2013

ZHOU Min'?, QIAO Li-ping'”®, ZHU Shu-hui'*, LI Li'*", LOU Sheng-rong'*, WANG Hong-li'*, TAO Shi-
kang'?, HUANG Cheng'?, CHEN Chang-hong'"*

(1. Shanghai Academy of Environmental Sciences, Shanghai 200233, China; 2. State Environmental Protection Key Laboratory of the
Cause and Prevention of Urban Air Pollution Complex, Shanghai 200233, China)

Abstract: Intensive haze shrouded central and eastern parts of China in Dec. 2013. In this study, the mass concentrations of gaseous
and particulate pollutants, and also the chemical compositions of fine particulate matters were obtained based on in-situ measurement in
Shanghai urban area. The characteristics of PM, ; were investigated during different pollution episodes, including dust, haze, fog-haze
and long-rang transport episodes. The results showed that pollution was most serious during the fog-haze episode, during which the

3

maximum daily mass concentrations of PM,, and PM, , reached 536 pg-m™ and 411 pg-m ™, respectively. During the fog-haze
episode, the ratio of PM, 5 to PM,, was over 76. 7% , suggesting that high humidity enhanced the secondary formation of NO; , SO}~
and NH, in PM, ,. Highest concentration of Ca** in PM, ; occurred during the dust episode and the proportion of primary components
in PM, , increased obviously. Highest concentration of SO}~ was observed in PM, ; during the long-rang transport episode, with a fast
growth rate. Meanwhile, the trajectories reaching Shanghai urban area and cluster analysis during different pollution episodes were
simulated by HYSPLIT model. Combined with observation data of PM, ; in Shanghai urban area, chemical characteristics of PM, 5 in
different clusters and potential source apportionment of various pollution episodes were also studied in this study. The result revealed
that the air trajectories could be grouped into six clusters based on their spatial similarities. Among these clusters, cluster6 which
moved fast was associated with clean air. Cluster2 and cluster3 originating from Mongolia region had strong correlations to dust
pollution, along with low PM, ./PM,, ratio and high concentration of Ca>* in PM,,. Compared with other clusters, cluster5 and
cluster4 with slow moving speed were more favorable for reactions between particulate species and formation of secondary pollutants
during transport. Additionally, the stagnant weather condition under these two clusters with high water vapor when passing over the East
China Sea further led to the aggravation of atmospheric pollution in Shanghai.

Key words : haze; particles; chemical composition; air trajectories; cluster analysis; Shanghai

BB 2015-10-20; 1&iTHHA: 2015-12-03
BEE&WE . EFRBHE HE I H (2014BAC22B03) 5 BRI i MEAT AL BMIF L35 (201409008 ) ; [ i B2 R 505635 H (14DZ1202905 )
TEERA: AE(1988 ~) &, Wi-LWFsR A, TREW, E M5 10 A RSB AL, E-mail ;: zhoum@ saes. sh. cn

w JHIHIEE R A, E-mail; 1ili@ saes. sh. cn



1180 AN 5%

B % 37 %

A ) 20 R 400 368 e X A P S ) M AR
SR FE A T 1l 2% %) R et 8 ST A7, 5 ) Bl K 1 A< A%
R0, ALK A RE W I FLISREAE S AR, 25
Wi RSP o A TS ey, R R AR ok 4
A MR AR T B R K g TS g s R AT T Z ¢
&Ll ~5J.

R 1) A2 20 AR 4, RURL - IR AN [R] s
N2 S R EOLAH A ZR K, FEALTE
SO;” . NO; . NH; . K*, Ca**, EC, OC, #i5e 0 &
FKEES . RRIH SRR | SIERGEMA
(N3 b R A I N i R P I R B O )
AR Ak 2 R 1E Ay fife e TR 40 15 G 1) SR U
AR TR RS AR AR S H A By 5 e R s S SR R
BH£ 0. Zhang %M 85T T 46 5T 2009 ~
2010 4 PM, s I ATIAPE S £ ML/ JCR R AT R 1Y
ZRHIE, IR 45 G PMF BERLERAS PM, s £ 2 6 4
FE. Cao S IFEFRE 14 AR 20 B0 T R
LR PM, s A B OC Rtk EC 447,
X A3 BT T AN [) 30 T 6 5 e =0T e 1) vk B 7K T
OC/EC {HA R & i A Y 22 5. Huang 551
BEXT it AU R 5 T Y T R SURL ) B 5 3 2o 2 b
pURIUINERT=Y €y | = so e UM AN o T N D/
I KV L.

H A K 98 R B R SUR0RE ) 19 75 G /K-
Ip s 3 A1 AL 27 2H RS H R A 1% B0 %5 D) A
ST G Y P Y DX, TS R X A i
X Jef i 226 2 Of 1) HH R LA AR TS e RE O M
2, VA3 22 (1) DX Sl 26 1 A= 1A O 2 284 o 22 A 7y SR
) R Hip iRy 2 . Schwarz 251" 5% JHf HYSPLIT %1
ISR 2% 2 A AR AT A AR L R
FNRA IR, IF H k3 =2 A F ki i ki A2 Fnfk
S AEAE W] B 25 5. Baker ™ [A]FE R F HYSPLIT
B AR IR ] B R Y — 2 R B G SR
M, ARG 19 2R R, AR XL 3R s 350 45 5 Hh B
W RE B — UK Y i At 7 2SR U BRI
5.

20134 11 JKE 12 AW i iiEg £
TR TG Y 15 YRR Yo RE i 25 5 B 3 L
12 H 6 HBAN T—% A PM, UL I X
AR DL PR BE A5 AR i ™ N — RO ART B,
PM, e K/ JE 3T 630 pg-m ~, BUKLH 15 YL 1
— KGRI 2 IR AT, WK
e G g UKL 0 Ak 22 REAE AT e i) RBOR IR, A
FF 5T 3TV T PR R 2 A 5 o 2 /<o W) e 4

U TELE LI B | I 45 & HYSPLIT Bl di = % &
FFE T 2013 4F 11 IR & 12 AW KA B TS Je b a)
b DX AU ) 1 JO G R A AR Ak 2 2
fiIE, 24T 1T R0 T A4 3 A A I AR B0 X
I, B A A PR T A X K AR TS Y B A SRR 2
A

1 RS

1.1 RAEEHA

LI b w3 AV 1 9 T AR R 2 ST BE (31°10”
N,121°25'E) Kr Il 0 5 B 0 T 4 /<0 o SO0 00 4 %
sl IS B M 2 15 m. I AL T A
X Rl AN IR A X T LAZR 500 m 25838 i
PHXEALE, LRE 150 m W S5, 8 5 A R )
()b 1 T 2 0T A W S (R ) AR BE
1500 m, i [l 2 km i PN TCEH 2 Tl KA 428,
TR S IR X 2R, AR T T
WX 2 T IR
1.2 REEERF

MLIE B A 2013 4F 11 H 25 HE 12 A 11 H.
HIIa), ORI (PM, . PM,, 5 PM, ) [ SRR BER
Thermo Fisher 23 /)42 7= FH 62 C14 k4 Wi AL
M RFE RN 16.7 Lomin ™", I [E 20 B R K 5
min. PM, (H G HLER (OC) FIIC R BK (EC) e %
H Sunset Laboratory Inc FHk 73 HT 400 & | 2 ALK
FHPOEW SRR SRAR R S48 Lemin ™", B[] 53 B
RN 60 min' > PM, /K ¥ P 4143 5% FH B -1 7 8 28
H A2 H) MARGA ADI 2080 il SRAL R 2 4 16. 7
L-min ™", A 3385 K 60 min , #0020 434945 C1- |
NO; . SOZ"  NH, . Na* K*, Ca’" Mg* &ik#
RR 5019 0.1.0.1,0.1,0.1,0.1,0.16,0.21,
0.12 pg-m %y —F ALK (CO) MR (0,) 7 H1K
JH Ecotech 23 F) 4272 1) EC9830B — 48 {LHk H 2 W il
SR ECO811 5L A W i S0l 2, 5 AR Asx 0 B 43 1) A
50 x 107 f10.5 x 10~ I A] 53 HER R 5 ming &
FAE (NO, ) 2k H Thermo Fisher 23 &) A= 7= ) 42i
NO-NO,-NO, 43 #r A &, e I A I B 0.5 x
IO_Q,EH‘ [B] 43 B3R K 5 min. HE W E R F Belfort
Model 6000 M 5 A8 A7 . W80 2 B0 4 15 12
BE AR XU R R R AR A N
1.3 BB

FIH 28 KA P R BE 09 HYSPLIT Bl A5
O BEA L E B IR 0 (NCEP) FIE R KA
WF5E 0 (NCAR) K45 & A 1Y 42 BR 743 B 95 K}



4 4] JEIREE : 2013 4F 12 F it iy 5 5 e 0] ) 4 AL ) A~ k-5 i i B 1181

(FNL) ,3HERA FHEEIX (31, 15°N,121. 43°E ) Y
96 h J5 [m Bk, B KI5 24 ASEFIR (0000 ~
23.00). HUBHAE G SIS EE 100 m. BT E
U 7 18], PRI 3 % A B B (angle distance) 7.
2T RS S A (8% I3 B RN 1) % R SR L R T
R IRA EE ML SR

2 HR5ITE

2.1 V5l AR

2013 4F 11 IR &E 12 AV LighiE g ih £y
ORI TG Y Vo YRR e FE T 2 B F 1 4A
T AL S [R] R AR ) | AT e SR
SN BRI AR AR P B, DRI, BT R A
R T AR A B, FEAHE S 2 it
FE A5 PL(11 A 25~27 H) . CD(11 H 27 ~28
H).P2(11 H29 H ~12 H3 H) . P3(12 H5~7
HYyfp4(12 Ho H).

FUNMIIA S o7 o ] T o 3: AT i [ AW il
R S YR LAPE AL XN B KR AR, ek
/NEFRGEGAE] 8 mes ™', HWIIE], PM,, Fll PM, 5 /MBS
P M (236 £72) wg-m *HI(81 £25) pg-m >, H
Yy f R BE 43 135 5] 269 wg+m > F196 pg-m > (11
H 26 H),PM,, Ml PM, 43 7 & B &K bR i (150
pgem P H175 pgem ) AY 1.8 Fl 1.3 £i5,PM, ,/PM,,
B4 35. 7% , R vh DORRL R 3 ARG BE
47% LIS TR PR

P1 )R ) 28 2 A8 s BRI B P R A P
W, 225 P2 A v i BE P G R, B /N B XU 36 )
10 m-s ™" HFZ A PG b RUKE 5 GL ORI, 04 vk 2 1
HTFE, P CD (V4 K) i B2 CD WIfE], PM,, il
PM, s /NI 2433 B2 435311 2 (77 +16) wg=m il (35
+15) pg-m >, PM, ,/PM, fE} 45. 4% , ¥ RE UL &
IAF 41. 8 km.

P2 I RSN A A4 ) 78 5 L i i 6 = At
IR IX 8132 K it IR A% ], R R G E , B shill
FELRME . VT L R R R R, TS Y ) £
LR A, KU N RE SR 1.0 mes ™", XUTa] A PG
WA KGN S B05 e Y 45 5y B WA B
Wi 30T 336k 4 1 BT T R 4 A RRLR 5 4
K. o UL A s A 11 A 29 H R EIJT 4R NO |
CO . BC Fl SO, 55— 5 Y4y e B 34 4 90 130 T 1) 34
o, R At 2 3G ARAE G0 2 BN Tt 8
AR TG )AL, No,, 0, fI
PM, (MR IZE H G B TE— 5 Qe W) A W 2R

AR KA A W3 . S TR] PM, FT PM,
JINEFF- 24 9 B R (220 + 81) pgem P AT (143 +58)
pegem ~, H R RHEE 4 BA E] 313 pug-m 1 208
pgem (12 A2 H) ,PM,, Ml PM, ;50 e E R %%
FRUER) 2.1 F12.8 7% PM, o/PM  4E 4516 70% £ A7,
Yl 15 Yy E P2 A s L. R R U A7) A
TG YL X8 I B S T 8 P B AR WS T Aol
31275 et FERE WL AR T 10. 0 km A BRI E]K 15
43 h.

12 A3 ~4 H b X A6 H MK R 45 ], Hb i
F T U B o AR A, A RIS G AR B R
PM, IG5 415 8. 12 A5 A B R K%,
AT BE 45 v, B K/ NI A X R FE SR 3] 87% . KR
ORI R ,08:00 7E 190 ~ 800 m 5 & | AR, H
T RGN KU AN 38, R R, A F T 15 34
B ORI AN S TS e ik B B 3 B B P3 T
Y. p3 i EEH 2R NO, 78 K5 i A rh R F Tt
A 05,0, WREEWT AR T P2 b B2, {H =0 A 85 A F)
T NO, 3832 22 A J5 7 32E A TRCAE RN JSURE A, S0k 47 v
JE G B0 P3 ] PM,, R PM, /NP R
JER (300 £173) pg-m > F1(224 +136) pg-m >, H Y
R HAF) 536 wg-m > F1411 ug-m (12 A
6 H),PM,, Fll PM, 735l i B 8 — 9 brifE iy 3.6 Al
5.5 1%, PM, o/PM,, 535 76. 7% . & KIS
e B2 ORL 15 YL Adi AR5 YL AR R DL EE IR T 10. 0 km
() ZRURHAHC K 75 b, & RV INREEUY 86% .

P4 FREERFIECHE, 12 A 9 Hig R R, LI
B3/ N E D ORLTAE R iy N R e - A I w3
T 25 XU R XU S P bR ek B T T e, R
B, /N die i U A B 9 mes ™' PM, MK Bl 12
H9 H03:00 1 107 pg-m ™ FEHEF] 06.00 1Y 476
pgem P4 KB BB Y. P4 R
PM,, F11 PM, /NI 3409 B8 R (213 £ 119) pug-m > Al
(139 +87)pug-m > ,PM, ;/PM,,} 65.2% ,PM, 45 LA
YR 3 (HAIRL 5 B B AT P2 AT P3.
2.2 5YLIIE] PM2. 5 Bkl g A

KA PM,  FRKEEPETCHLE F (WSIT) . OM Al
EC S5 B2 # BURFIE 1 25 S F — 8 R b
TR I G R | 5 YRR AR R AR

K2 2013 4F 11 € E 12 A W45 5 k15
YeIHE RS PM,  HOK IS PETCHLE F (WSIL: C1™ |
NO; ., SOZ™ . K™, NH; . Ca’* ., Mg’ ") FI& B4l 5y
(fud% OM H1 EC) WZH 28 k. AT DL 35 4L K1)



1182 2N 5%

37 %

PM/ug-m™

WS/m-s™!

100

Vis'km

RH/%

NO2 X 1079

03X 107

NOX 107

50 A
0

80

40
20

SO, >

coxi1o™

............

' 1
' : [ " i 1 [
11125 11-26 1 I—j? 1128 1129 11-30 12-01 12-02 12-03 12'04 12-05 12-06 12-07 12-08 12-09 112-10 12-11

Hi (H-H)

WS X ; AT IR ; RH:AIXEEE ; Vis: BEULIZ
Bl1 ASEHYERAENSKEGRSENBAY REREMREEZLF

Fig. 1 Temporal variations of meteorological factors and mass concentrations of gases and particulate matters during pollution episodes
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