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Formation mechanism of air pollution episodes in Beijing in late January 2015
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Abstract; Two PM, s pollution episodes in Beijing in late January 2015 were analyzed through ground-based observation and numerical simulation. The
results showed that concentrations of PM, 5 reached a peak after three stages of increasing concentration in the first pollution episode. Regional transport
had a significant impact on PM, 5 in Beijing in the early stage of this episode. Subsequently, regional transport and accumulation, as well as chemical
reaction of local pollutant emissions, aggravated this pollution episode. A surge in PM, s concentrations occurred in all three stages of increasing
concentration, and the surge was more significant when the PM, 5 concentration was higher. The second pollution episode was a typical continuous increase
of PM, 5 concentrations in calm wind and high humidity conditions, which was mainly caused by the accumulation of local pollutant emissions and the
occurrence of chemical reactions. This was verified by the analysis of O, SOR, and NOR. The results of the numerical simulation showed that regional
transport contributed to 15.2% ~68.7% of PM, 5 at four sites during the first pollution episode, and 12.8% ~46.3% during the second pollution episode.
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1 5|5 (Introduction)

KEIGYRA W) S A e 4 fRalk A
7 RACHE DL B RN A £ B, B 3 5 e 4 3K ) A
Al (Li et al., 2011).1980 4F L3k, 35 [ FIRR P 52
it T AR S Y HE A R, RIS Y R BGE
ERFAK ( Vineis et al., 2006; Matus et al., 2008) , 1
TR T2 20 U i b st & i RN T A 2 AR 1
PR, FCEB A3 DXAF 38 AT Y R B (24
AEAF, 2012) ACRTTH PEEERAT L SR L IR
BCEYMER 1000 m 2245 SO B B, b 52 8% 2
AR MRS A A FI 35 e 6 T B A o i 3l
FUBLAE R, N 2000 A BERINFER 4, K<
15 YW HERIR AR AR T 53 A b 5t ik 2552 31 4
13 DX IR A1) 2 1 e K T2 v 1Y) R S b DX Y )
A FZ . DR — ELE RS E AR G A, b
T2 S0 i 2 55 22, 9 o] BB R AT e ad
(ZEE2E 20105 F 1045 ,2015a) .

20134F 1 H 1 H ,(HIEE R ER1HE) (GB
3095-2012) 1E i, A E P 385 T PM, iR BEFR
(B AR AC T PR O W s R A B A i
H 23 S 50dE , 2013 41 2014 4F 25 S5 b
H ( ¥kt E R — BArERRAE)  PM, 5
BLYG YL ) L IR I 60% |, IRIHGIG R PM, 75 4 Ik,
A KA Y BRI — R R A 2,
F TR R BRI i B A T T B i b DX P, B i
R HERC RN, EARFI R R FME T EE S &
A PM, 35 e i B (FE &%, 2015b ). P i A
(2014) XF 2013 4F 1 ApAtatmr PM, 5 et B ik 17
T oW, RIZ G Gl BR R R &M T S35
() JRy b i5 e AR 3R P S A b b DX X 3 5 G 1)
S AL [A) 3 Y ok /N BLARE (2013) 23 A T PM, 515 4%
RAGEREEE R ARG ATS et i, & 30
BB T BRI Ak B B3 A A AL B sk, 5
AR A I S e e s 42 T, IR 1S 4 R 7
AR /N S IR R RS v T S T e A )
BT 2013 4F 1 H 6—16 H & o 43 K3 [ i 5
EYRALE AR (2014) %7 2013 4 1 HIRE P AR
TEHLIX PM, s ¥5 Yt B EAT T BUER, R IER R R
UF RS DX AT H A7 A S 3 Y XSl % | O
TR TR DX PM, vk B R R I XIS Y 5
TR0 UL PM, IR 5TER R 209% ~35%, IX.
N R B TTHER R 26% ~ 35%. F R LA (2014) [F]

FEXT 2013 4F 1 A3 th 2R F ML IX Y PM, 75 G ik
AT T o0 B R, RRRG S R [T
BN /DRI A ) 95 e )9 HO Ja b <5 554
b PR R AR R i 5 T I B R AR AR —
URHER B AR5 G W 1) FORE S ) PR 5% Ak, J2 %K
CE SR U g M | MR 5 ol s B - P R
20154 1 H N A) db st B A T PR A28 1Y
PM, y54ed #2, Horb 1 A 23 HAN25 HWRJb 5T
H 35 PM, ¥ B 43 3k 3] 0 4% o0 B V5 G I DU 20 v
15 YO Z HT A9 2 B S O b R T A —
T Yead e ak [A] — 2SR Y F V5 Y B ARBIESE XS
Y PR db 3 2 S B PR IR AR AR 1Y PM, 5 15 G i B i
PO T RS 40 PM, R TR AR B PM,
IR B 40 53 KA A R DX Sl A% B T iR 55 05
JURRIE , DU AT R A5 G B i B AR AR 3.

2 ## 57 % (Materials and methods)

2.1 RAEM R Fo L 2

H AT, A5 IR Jm XAt 2 S & A 35 4~ H 3
25 ST W -k ) 25 R0 A, R 5 L v A A £
(XLt s il ) R 2 ul (R EBAR X W sl ) LK
T3ty (3 DX W 3t ) 0SSPty (A A DX T 3 )
TP M AR PM, AL 4153 e AT (& e e b st T 2R
BE AR AP I rhCs 7 AR RETI; Hh Th 5 I A R A
e Rt TG 5, 45 Wl 7 UL IR 1. B Sl Wk
{§iF Thermo Fisher 1405F Wil {Y% . Thermo Fisher
49C EHMEEE MY . Thermo Fisher 42C k2% %
7t NO-NO,-NO_ 43 #7{LF1 Thermo Fisher 43i [ik i 4%
INDEICIESIHHAL S BIXF PM, 5 .0, \NO, 1 SO, #4711
.45 WM AS 2 258 B 2 B AR A B 25
SV YW) (S0, N0, .0, .CO) ELE H sh W R 58
BORBER B dar il 754k ) (HI 654—2013 ) FI( A BT 25
SR (PM, 1 PM, ) 2L H 2l Wl RS R B
SR RGN J7 1Y) (HY 653—2013 ) 5 WK i, A UE W
TUBCE B HE R I A 0. P, 7KV 3 4 R
FF5E E Thermo Fisher A 7= URG 9000S BH FH =
FAELR WIS A FH P 58 DR 40 B A oA it A 50 i 42
HEAFRAERE SO RS EAT SR, T AR 240 ¢
FREGRF] 99% VA L 5 EATHE a2 /0 5 43 AT R i B
) 10%.PM, 5 .0, NO, K1 SO, Wik tH #4 5 min %%
Pt ARYERE h 95 min B0 095 AR S (SR AR /MR
R 5 KU 52 A 8 W IS 79 A /NS
P AHIEFT A FH 4359 Sk /N s B
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K H CAMx ( Comprehensive Air Quality Model
with Extension ) f& 2 ( Tesche et al., 2006) 54l 2015
AF 1 H AR AEstT PM, g S8 R A 2 41 R, R FHBORE
Y K IR % % R PSAT ( Particulate Source
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Center for Atmosphere Research) FI NCEP ( National
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BEkE, GFS 23 [A] 73 By 1°0x1°, B [E] 43 BE 50 6 h.
15 YR KT Sk A T 2006 4F INTEX-B {5 % ( Zhang
et al., 2009) , ZZ[A] S} A 0.5°%0.5° B 1K
IBATIS AL, 5 d WIER Y7, I SRR AT 1 BU
i th 5 AW IR Y LATH BRBI 46 251 52 0.
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Fig.2  Comparison of observed and simulated data of PM, s(a) and
SO (b ) in January 2015 in Beijing Municipal

Environmental Monitoring Center site
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Table 1  Statistical results of observed and simulated data in January

2015 in Beijing Municipal Environmental Monitoring Center site

Y AR NMB NME MFB MFE
S0% 726 -9.28% 11.24% -10.28%  8.35%
PM, 5 724 -10.35% 22.67% -19.67%  24.06%

3 R 51318 (Results and discussion)

3.1 TR E T E R

B bRt S Py, LISk 1 A G kTS
PURRBERCEE 2013 4F 1 At i & 4= 13 d PM,
Fyg g o A, H 5 YL iF PM, S B vk B 2 270
pg-m ;2014 4F 1 Apde itk 4z 4 d PM, ET5
Yot i, EIG YRt PM, P 290 230 pg-m™;
2015 4F 1 ApdtamiidZA: 5 d PM,  H V5 4Ll 72,
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FEIGYLET PM, U E LN 220 pg-m ™ 35 BIAE K
1 A At PM, 75 G R EE 5 2013 4R AH He A el
#2015 45 1 AR AIPIIR PM, 75 44t f R AR 7E 1
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Fig.3 Daily average concentrations of PM, 5 in the monitoring sites

during January 21—26, 2015
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MREEHT R B B2 A5 Ak e T 1 21
H 17.00 Bf sk SO, M B4 2.9 pg-m™, 5] 22 H
01:00 255K F) 124.5 wg-m ™ (H A ECHE H T
el g ) | Ho Al SO, v B 4 S WA N T A R
A5 3 A NO, R AR A RO R, A 1 ] 21
H B T2 80 pg-m™> A A7, Bl DRAET- Ao A G
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R, ST A el SO, Fl PM, (e 5 AY « BR T 14
Ko, A S NEE RN 4 A W D0 35 e 3 0 (L o LS [i]
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1A PM, TS ek AR5 1 DMIREETR B B, S1
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SLAf B SO, AT OR 457 55 e Wk B, S v I 422 3 200
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S1 H1 X PM, kB 3k B I, KA AEAR T O,
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fEPEREGE  SOR A1 NOR 3 i BLH & b F, PM, s 2%k
BT E B I B T, PM,, ¥R 3 4 (A 1
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ARA AT B A —E M, SOR I NOR JK-F-2 15
TH UG RE, XWEIE 1A 2 TG Qead R
AR 375 G BB A e A A2 SR — R A I B . Sun
S5 (2013) HYMFTEF T, 5 e RO Y e fle 2 AU
Pyrh R TCHLES TR AR, Ferbx) SOT B2 mi ey
23 A AR 2 s Y R SO, ik BE IR T4
1 UG AR (H A2 B e AR EE Y2, SOR KF-1 1]

300

TR 1 RGBT EEXS SOT Mg R 22
T VRORH 52 I TR AR AR~ R 53 T L 1) 4 3k A S B
(4, BRI ASBIE ST rh BB AL X SOT IUBEIUR AT, B
TR MR 2N B AT RE S CAMx BExXTE 2 A1
S Al I TR RN T B O AR B9 S 8 < A G (Tesche
et al., 2006).
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Fig.5 Evolutions of PM, 5, O., SOR, NOR and chemical compositions of PM, 5 during January 21—26, 2015 in urban Beijing

%£2 K PM,..0, SOR.NOR bl PM, (JL 24 % 2 EIRGHAEM R 5
Table 2 Correlation coefficients among PM, 5, O,, SOR, NOR and chemical compositions of PM, 5 in urban Beijing

PM, 0, SOR NOR NO3 S0%” NH} Na* K* Ca** Mg
PM, 1 0.650 0.498 0.684 0.934 0.888 0.906 0.85 0.887 0.727 0.848
0, 1 - 0.234 0.588 0.543 0.518 0.57 0.545 0.708 0.702
SOR 1 0.783 0.646 0.655 0.695 0.494 0.652 - 0.283
NOR 1 0.818 0.824 0.875 0.602 0.804 0.272 0.472
NO; 1 0.958 0.975 0.836 0.937 0.639 0.780
S0% 1 0.953 0.831 0.914 0.622 0.755
NH} 1 0.815 0.955 0.574 0.748
Na* 1 0.867 0.806 0.899
K* 1 0.641 0.798
Ca® 1 0.920
Mg** 1

T~ R T B F AR, AR B E K @=0.01 (2-tailed) .

MARSEME FoRE, R B PM, S O,
We LA M SOR \NOR #1288 F e A et 5

TURES T RO M e, 3R W B R AR TR AN
B ) S T RAL R BRI L PM, IR,
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Fig.6  Contributions of regional transport to PM, 5 in the four sites
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during 21—26 January, 2015

AL ET PM, B TTBRAE 15% ~70% 22 18] ARl At |
AR HERCIE T B R TR B B S 50 B ATy
5 LA SN [) A R UL ) A ASE 401 X 3k, S 35015345 1
14 IX 5 BT R A AN S AH [F].

£3 XEEEXILRET PM, HISTEE

Table 3 Contributions of regional transport to PM, 5 in Beijing

B B ] DR BRI
CAMx 2013 4E424E 37% FESCAE 2014
CMAQ 2008 4E 8 A 50%~70%  Streel %2007
CMAQ 201041.4.7.10 H 42% Lang %2013
CAMx  20134F1 H 20—24 H 66% AR 2015
CMAQ 200544 A 3—7H 15%~53%  An %2007

4 B T A5 Gy BRI T AR AR A A 1y
ORI E H OAQT $8 4 (A BE R4, 2012).
AILLAE 1 ,2015 4F 1 A 21 HAb 5t as < 5 & i ik
TG AR K-, T B T LR S S R A 7K A kT
EL 2R B 3 A B TS YL K2R 1 ks Yead 72 1)
E 1 H 22 HA123 B, AFE A FUE Y5358
AQI F8H g F sl 42 0 A o 77 6 4 J) 3 vl A
(9 PM, s 75 G R0 XU f 2 it T T REME. 1 T 24
H 2G5 %2 S g, A6 T 5 e 15 DLR
HERR, TR S X PM,  H R A A s 46 2
WIS FWIA A 1 H 25 | JbatT AQI 5%k 5
T R 1, 5 G 2 R 1 55 R e AR
RN AR DB AR AN R K R s G et AR Y
FER I K 2R IR T AQI F8 B/ Mt R 5 i SC
G PR U5 e B ) AT — 3L

R4 2015 F 1 A 2126 B REEBHET AQIEH
Table 4 AQI values of Beijing and the surrounding cities during 21—26 January, 2015

] 1A21H 1H2H 1H23H 1H24H 1A25H 1H26H
=[#70) 48 143 257 117 185 119
KT 89 117 203 129 112 180
AT 94 162 223 223 125 250
FElr 85 147 198 155 169 182
g vl 106 122 216 331 152 258
PRsETT 139 220 332 244 176 285
JER LT 61 175 227 165 125 165
K T 130 108 200 305 133 238

4 Z5i2FAE W (Conclusions and suggestions )

)4 4 BBt 2015 48 1 A FAJJE R Tk
PM, 5 Qe AT T 007, 58 1 IR R A h .
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IL[EINE 7S QAR R 3 BB B B
PM, B BRTF 7 B, HLTS QoK o B2 BR
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BH 558 I RS T R o 1 Kk B TR AL R g
3 % PM, W BE K I V5 Yo R s NOS 2
P A i A7 27 A A, T SO% 52 IX A% i 52 M AH
XF B .

3) KL AL 5T PM, 75 G4 i F2A +
B RS PRI DX s I 7 B e B B X R
YLIRIAY 7 0] 53 AN i KRR T TR ) —
YA S 3 L PM,, 5 Wk T, PR 4 il NO, Al
SO, % PM, s B iARY L K45 i O, 4 A AR &
X PM, 5 ¥ B 2] P ) ol 1) 1 .
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