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Abstfact 'To reveal the proeéss and cause of dir pollutlon in w‘1nte,r in Zhengzhou, Zhengfangji Station’ was selected as the sampling
point to dlscuss ‘the concentration of air pollutants “and thQ -CTIdI‘sterlbtlLb of meteorological parameters in December 2019, in
Zhengzhou: "The cortegntration changes in PM, ; water- soluble i ions, elements, and carbon components in different pollution stages were
compared, and air quality model simulation results were used to analyze emissions from pollution sources and regional transmission
during sampling of the PM, i mass concentration at the sampling point. The results showed that there was a slight difference in the
process of formation and dissipation of the first and second heavy pollution occurrences, showing the characteristics of “ slow
accumulation, slow removal” and “slow accumulation, fast removal” , respectively. The mass concentration of NO; , SO~ , and NH,
accounted for 41. 5% and 46.2% of PM, ;, and the OC/EC ratios were 4. 0 and 4.5 in the first and second heavy pollution periods,
respectively. The formation of secondary aerosol particles was the main reason for the formation of heavy pollution. During the sampling
period, the average contributions of local, eastern, southern, western, and northern regions to the PM, 5 concentration of the sampling
point were 58. 0%, 2.4%, 6.7%, 6.9%, and 12. 7%, respectively. The first heavy pollution period was the result of combined locally
sourced pollutant emission and externally sourced regional transmission, during which the contribution from western and southern
regions and external industrial sources increased. The second heavy pollution period was mainly affected by the accumulation of local
air pollutants, during which the contribution of traffic, dust, and coal-fired sources increased sharply, and the impact of external areas
on the PM, ¢ concentration of sampling point decreased.

Key words:PM, ;; heavy pollution; water-soluble ion; CAMx air quality model; regional transport
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Fig. 2 Air pollutant concentration data and meteorological parameters of Zhengzhou during the sampling period



5260 7D 53

B 41 %

HEEN 1.4 mes™  AFBEIGYBTEBE N 1.9 mes™")
PR T RS54 1 ) S8, A R T R s e

ik DA S0 SR T UL, T R 3 2 A
D5 S S 0 T 75

BRI SRR, TR, o R (VS Y i B A X
YIE N 81. 6%, AF 5 YLt BN 51.49% ) WAL HE T
A R U 1A WA P 1 R B e R B 3, 2
AR I TR (A FBCST RN 88 VR 81 A b 1T %) O BH 6 555

RIS
Jkm™! 3.0

. 1.0 2.4

P 3 Sy SR A ) 520 I BT 1 45 48 Hh O S O
B IR UL A D' 2R R B AR KR SR K
4 SRR 6] 3R B 220 25 LT W PM, e JEE S
[ AR 5. X PR E 5 e ad 72 KR 12

0.8

VN

06:00 12:00 18:00
20194E12H5H

06:00 12:00 18:00
20194E12H6H

06:00 12:00 18:00
20194E12ZHTH

06:00 12:00 18:00
20194E12H8H

06:00 12:00 18:00

2019481291

06:00 12:00 18:00
20194E12H5H

06:00 12:00 18:00
20194E12H6H

06:00 12:00 18:00
20194E127H

06:00 12:00 18:00
201941248 H

06:00 12:00 18:00
20194E12H9H

Ht'km

R
Jkm! 30

06:00 12:00 18:00
2019412 22H

06:00 12:00 18:00
2019412 18H

06:00 12:00 18:00
20194E12H 19H

06:00 12:00 18:00
2019412 20H

06:00 12:00 18:00
20194E12H21H

06:00 12:00 18:00
20194125 18H

06:00 12:00 18:00
20194E12H 19H

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

Ht/km 20194£129 20 20194E12 21 H 2019412422 H

i A%
/km™! 3.0
l 10 54

08
06
04 12
02 06 §
0

0

06:00 12:00 18:00
20194E12H25H

06:00 12:00 18:00
20194E12H23H

06:00 12:00 18:00
20194512524

06:00 12:00 18:00
2019412260

06:00 12:00 18:00
Htkm i
3 1 57 2 201941227
30
0.3
24 24
18 18

12 12

06 0.6
0

06:00 12:00 18:00
Hvkm 201942125231

06:00 12:00 18:00
2019412 24H

06:00 12:00 18:00
20194E12H25H

YA H SRR IS e
B3 A 12 AESFPEHATEIEENMEERZYMBRERETE

Fig. 3 Extinction and depolarization coefficients for lidar vertical observation during heavy pollution in Zhengzhou in December

06:00 12:00 18:00
20194E12H26H

06:00 12:00 18:00
20194£12H27H



12 14 TS, PRI A ZE IR E TS YL BAL ) B ke TR 5261

HOPIRETGIIE R BB E SEO ML BE i BRRERIE. R BIwI (06 HA 19 H),
LA AR KO 32, Z 2 s R AR S kY AR RN R, 8 iR A AR T RAR
R ] S R A A i R [ 1 4 (a) FIIEL 4 FESRZHAY R (30t TG R S B RKOSF-3 Big )
(d) ], ESYAIE RIS AR RANRAE. It s, WS S i i R AL Ak R TS
WrE, ST LI 500 m FOEREREMEILE] 0.8 km T LL YUARR LM IR AR IR 4, PM, (VR < B
iR ER R EUR T 0.4, R I DIANEORI Y £ BN, D S Yy g A R B TS e

45 b T

T 120 E

e 120° E 100

100
(a)12 16 H 11:00; (b)12 J 07 H 15:00; (c)12 J 08 H 13:00; (d)12 1 19 H 23:00; (e)12 J1 20 H 23:00; (£)12 J 26 H 06:00
4 FREFRPEBSHIZSIEER PM, REZESH

Fig. 4 Spatial distribution of PM, 5 concentration in real-time air monitoring at typical time during the two heavy pollution periods



5262 2D 53

B 41 %

] 5 B A3 T 26 h L 1, R R H B (3 )5
KI5 Yy pe BRAYRAE. (HI R s s 2R EE
IRABEVF 2253 0 T — R G Yead A2 RN Y5
P RIE S PO AN p SR TE e AT Y S s —
() I, [R] e 37 21 S8 5 G A% i RIS i i5 G R AR
BCAVERT; 6 T30 IR E 5 G 1 B0 -5 4% i A
XPWEEE T, O, Wi B BRI, T M 1 44t J0UR 47 Wk J3E ¢
SR K, FERZ BRI YL AR R 52 .

M 12 H WU EE TG G T B B U] B S AN (]
55— RIS YL TH HL Y B i A2 R R A B B AR
b, A Bl B I AR BRA S 1T A BT HR L, D B AR YR 5 e
TH Y 32 22 T DR 9 IR 2 e e Ao 35 T A O 1) Jl 2148
DA, TS5 S M ) 00 X)X A Sk P A G, TR
LRV KA s T 3 b T SR KT R B A R
TH K 4(c) ], ARHE G YA ZAZ ) 1 AR 5 07
)R 50, IH st A ) 368 B2 ) A8 A1 s 76 — o R 3
il T IR A R Y S ,@Xﬁlzbji‘?%ﬁéﬂﬁ
T RSO AT B, 22 J5 14— B I 6] Py 540 T 3
Oy AT IH B RS E S Y s, 5 12 A

10 H 384 Z AR AR bty BT 95 e 2 9, 36—k

e R e I 1 A0 U R
FIE 21 R T e e | 26 T
31X 4y % LS 38 T2 0 AT, 32 K
TR e s A B, A P 2 gl

sl S g A AR M & L KGR

T SO JET 3 DKk 55 T £ 43 A Oy 9 A A
() ], T #1306 2R BB AR B AR, SR B 3 il
B V23 St R i P AR X805 Y A B Y
THERVER , S5 Y TR R 2 E s, BRI
TS G BRI GE , AS YRS Gl R LR Y < S
TR POV bR RHE.
2.2 PM, A ALRHE AT

AR SCHR A 22 ST B VR BRI R AE I B &) 2ok R
BB A BT e ik B | v B T e i B R B Y YL
B, 735X PM, SR (g-m ™) BIMEIE R 35 ~
75,75 ~ 115, 115 ~ 150 AR F 150, LIXT A [R]) 75
Yt BL PM, (41 0V BE AR AL R AR, S T R A TR
HOH P U T TS et B PM,  ZH A0V AR L i ik
B — R FNSE R E G Ye st B e F 5 YLl 1 d S
PuJF 1 d RAE SR KU 1 B F T 3 A T 41 43 T
TR H AT . AR PR SRR RS EHE AR R
Ay KB TAE L (0900 ~21:00) FIR AIAE & (2100
~ W H 09:00) , % 55 YLt B s (] FIAK [a] Uk ) 20
Gy TR FEHEAT XL L.

SRAEH] PM,  50RE ) v K 1 B8 4 4 Rl
RSy B e B B AN 36 2 s, SRR A Bk iR

PR 72 5 5 e i 49.7 pgem ™, Hth NOS
SO;~ A NH, Jit & ¥k & 2 Fl 5 2] PM, ¥k ¥ 19
36. 8%, X — LU 7E FE {5 YLt BE 3R 2] T 46. 0% .
AR T Y T 1l 0 S5 B RS A A0 AR 9
ER IR O TC R A 1Y 5 D S0,
IR SR R NO, 5 7K A S5 13 B 1 % 2k
HARHIASY 5 F 760 i BHUE S NH, F40iR
4 Bl NO; .SO2™ Fl NH, B T R 4e T s, 18
B —WRAEE RE VS YA 1 d, SNA WREE 5 L 43 il
IKF 42. 7% F1 43. 7%, Fifi 35 15 4L i), SNA Jiit £ i
BRI S IR h R N Tk
MR RN 4 RS T TS Y B R
—. R EALEZ (SOR) FIAE E AL # % (NOR )
it S0, F S0; FINO, Bl NO; ML ILRREE. HiETS
YA, SOR il NOR i{H th 134 5 Aol
V5Lt B SOR Il NOR 4351 /2 B B2/ 6 43 A
3.0 i) AT 1k e 1T 5 38 B i
A RO A B, IR T L0 T8 5 it R 0 O
15 S0, FNO T YA s AR T 43 et 15 4
S A ) SOR 42k 5 il , 17 i) NOR S -
e, IR T 12 AN 4 T gl Hes ol
SISy SOFE 7 5 I T 388 3 1 940 2 D
SO~ R4 TV HIER A T £ 9 S A IR, T Pk o
K FEAMIE IR 4 A AR B AR NO, 5 F 5
OH H 538 o k22 S v A i HNO, #E i 5 NH,
BFEAHR AR . ®is a5, b A
XoF 4 52 1 A AL AN XU 114 $2 7, NO, . SO;~ il NH
B B L A R R A . SRR ] NO;
ViR BE R (S T SO2 50 M 4 3 £ R i B A
WU TR X, B35 15 A ARG B, L3 42
5 Y PR X I A TR T e 0 TR S R s i K
FH TSR A ] 30 i B AT X 4y 2 4 T R Y T
ITE] C1™ A Mg 85 -V B (1 T 5 5 ol 0 s P AR I
HERE R A W) TR BE AT . Ca /B + HE 47 R A
TR ST ¥ Y0 1) vk O R ) A4, T
o Y TS LU 1] Cal e R U L TR AN HT AL
5 A A BB AE T4 — Wk 5 V5 Ye T 1 gk 2 v A v Y
L W) S 0 BT, T A b 5 e R U A
YR S Y i R P 2 R V0 T35 4
A HEROUE SR A 1 PM, o BB (4 s pomk. TR 4
TS Y KR B 4 T 5 AR b AR AR A
I 1 75 e AR B
SRAESRLER (TC) P39 E N 31,2 pgom 7,
Hrp oC 1 EC vk BE 5 L4 R 24.5%
6.5% . OC Fl EC fAH MR I — g B S ] D B



12 3

BUAEAE . AP U T 4 22 0 U 15 B JBL ) R

5263

P RR 2 () i 5 B A — YRR ok S
IFBE OC/EC HAE /51K 4.0 F1 4.5, 435 & KA 1)
[ HAMEAY 1.3 F 1.5 A, RAH 15 Qe o 72 rh A2 72 W]
B T RAEN B GY. & Z BRI T %
20— A BILA AN o6 2 B 1 HE T, TR B K 2 VOCs
HIAY B 7 A A BLR (SOC) By A= g it 1A

M. BEE IS RAEH AT, TC W & LA
WP BT}, Dt — AU B R LR R 7= AR 5 IR
EREE Y A% NI e 1 Tt & R R
[l lH] OC/EC HEAEAR ey T RCMH] , H R R A TR A 3]
(] 1) 22 S i B R, 76 2 RO ORI AL T
PEAE A 45 SOC YR L.

%2 REME PM, RO FKEEETASWRRES RERE ugom

Table 2 Mass concentration of water-soluble ion and carbon components of PM, 5 particles during the sampling period/pg-m~

3

A Na* K* Ca®*  Mg**  NH; F- cl- S0%- NO; oC EC
FIGYRT 1 d 0.3 1.3 4.3 0.1 24.5 0.0 3.2 10.8 150  36.3 10.5
ok TS e 1 A K 0.2 1.2 4.4 0.4 33.7 0.0 3.7 15.8 22,7  52.2 13.1
FE B WG Ye i Bs (R 4 0.2 1.1 3.9 0.4 30.4 0.0 3.5 150 23.8 550 12.6
5 YL i B T 3 0.2 1.2 4.8 0.4 36.9 0.0 3.8 16.6 21.6  54.9 13.6
HiGYSE 1 d 0.2 1.3 2.6 0.1 16.0 0.1 3.8 6.9 16.4  23.4 6.8
H{5YLHT 1d 0.5 1.4 3.5 0.8 27.8 0.1 4.6 10.3  20.4  27.9 7.2
5k GAEES GBSl (e 0.7 2.6 6.0 0.8 43.8 0.2 6.4 17.4  30.7  51.9 1.8
TS B V5 Y BRI (E 0.7 2.0 6.1 0.8 43.2 0.1 4.6 15.8  29.2 53.3___ 115
i {5 YL i B R 3 1B 0.7 3.1 6.0 0.9 44.3 0.2 7.8 74 18.7  31.9 /7 50.7 471270
HI5HIE 1 d 03 1.0 29 07 98 01 1.8/ 445 9.5 wagf S 47
TG YLI B 0.6 24 59 07 436 0.1 59| 173 303 535 _12.3
R TG Y B 0.2 L5 %8 03 266 0.1 4 40| 100 19.4 31 4 9.8
RIS et BEY A 0.5 =13 32 0.5 17.3 o/ 3.2.) Yeg 123 LLi o
KL BRI 0.2 | lo.6 1.7 _..0.3 5.5 0lor L6 3.1 5.2 8 7~ off
FREI L 03] [13 | g =04 192 g 32N 8ol 140 245 Fei

LR P, ik 1o s R ey
(100 B A AR RIS it O, i
S IR 17,8 g, PYL R

ORHON V1, 9%, TG g e BETE % 463 PR o' L
WIS gt 61 9%, VL 1 2 X P ik JE A et

Wk (R IFAE AR EE I R A0 2 2. X g i 47
ARFAEICER Ca M AL S — UCH 15 G i HR S
A TR, A —CHE S Yy B Ca F1 AL ¥ 52 U] B &2
i i SRR EL R TG YLt BRI R 2.5 A 2. 8 i, Al
LR B 15 e AR 5C. ALY AL ]

i
o

BEAEAET B As\Bi MaSn A V IE4CAHY 357
Yyl Ga Al FieMg VK BE T 2 8 T el ke
) R 20 5 T TR R O e A 0. SRR
BAFSIE DA AT 10 Toll 35 4 L, A0 Fee 7236 AT Rk 4
THGUT I M S R A R T . K
A N TE3 R A 9046 5 AL BN 2 1
TAER BRI BE LG 3, IR T W e &
P B S T, DRIk, LB
LI 35T 47 2 VAR ) A 5 2 HE M R
R TS T —5E Y TR,

®3 REHEPM, FRYHTRASRERE /ug-m

Table 3 Mass concentration of element composition of PM, g particles during the sampling period/pg-m

-3

i H Al As Bi Ca Cr Cu Fe K Mg Na Sh Sn Ti A%

TISYAT 1 d 26 0.7 0.4 85 01 00 02 21 80 06 01 01 00 0.1

_—— Y5 Y ) 25 0.8 0.6 62 01 00 00 26 26 04 01 00 00 0.6
S B TG Yt Bs [ 4 {E 23 0.7 06 58 01 00 00 25 23 04 01 00 00 0.5
V5 YL B (R H(E 227 0.8 0.7 65 01 00 00 28 28 05 01 00 00 06

HISQE 1 d .1 03 08 7.6 00 01 07 13 52 01 01 07 00 0.1

HIGYHTL d 1.1 2.1 1.2 80 01 00 1.0 0.7 81 00 0.5 0.7 00 0.0

— EREE S| CIRT 54 1.6 2.2 94 0.1 05 1.1 33 37 13 03 1.6 03 06
E%@H};E)’( T V5 YL BSB89 6.4 3.0 4.3 10.2 0.1 0.3 1.4 29 54 06 00 2.0 00 0.3
5 YL B e M 43 0.4 05 7.9 0.1 0.6 0.8 37 23 1.8 05 1.2 0.6 0.9
HiSQE1d 1.5 1.1 0.5 45 0.0 0.1 03 0.8 1.8 03 0.1 08 02 0.2

TS Y B 55 1.5 2.1 82 01 04 1.0 35 33 12 02 14 03 0.7

o RE S Y B3 1.4 0.7 06 51 0.1 00 05 32 43 03 02 00 00 00

RS Yt Be (A 227 0.9 1.8 24 00 02 1.0 17 24 05 02 20 02 0.3

R B .6 0.3 1.2 08 00 01 02 1.0 1.1 04 00 1.0 01 0.2

KA i) (L 28 0.8 1.5 45 01 02 06 19 31 06 01 12 0.1 0.3

D) WEMEMT 0.1 pg-m > Ag, Ba, Be, Cd, Co, Ni, Pb, Mn. Sh, Sr il Zn e R IR T-FHHH



5264 ¥

i

B 41 %

2.3 PM, s XIBAE AR AT

AR SCHET CAMx-PSAT A5 AL 75 B AR [] 1X 35k
AT Y HERC RAE S PM,, e (g 5Elk, el 5
PR, BHUEER RN RS R4S PM,, V& B BTk
b He B (HIME R 58. 2% ) , S A FHTA RS
PRI 2248 0. X 58— R T e B B, S b 5T 6k
(60. 3% ) WA SN, 17 V8 40 DX S A0 ol 8 DX B 0 3l o5
PM, V& B (1 STRRAHAL TR S 5 e B iy, S S
YU pitict A W 5 00 D AR A 208 AR | e <A
LR 18 b B G A O, i — B UL AR — IR
Y5 Y ad RN AN 2 AR Hb HE O DA B SG Sk 5
M), DX 358 A% i B R A R B — YK S Y Y B Y

R Z— XTI E TG R B, A5 4 5t
R (73. 6% ) B3, SN DX SO0t SRAF 5 PM,, S e B2 1Y
DTRR IR AT B 0 R, £ B o i R 4 R b 7 e 4
RAFAIL , 5 I i B D00 i X MR R (T
PTEAR)Z R TP RRMA S Y #OA &, i — 4
Yl WIS R H 5 YIRS e R
FRBIRZ . Sh ik < b B T s 55 9L It
iy, AL X IR Tk 7 HA T R, R R AR T A
FER PN A5 G BT B BT o 5 P e
BRI ZUAL IR, T35 G i B 0 = R DL XL i 55
BN 5 AR AR DX TR XA, R S RN &
R NGRS

#4 LB X IR wm [TI0 Amxim RS He Aty

100
N NN
6.1% 5%
NEN NN R D
o0 L 16.7% \\ 7 54% %4
AP Y HNM‘ A
o B BNN\p
20 | 5% =
b= 16.4% / 1 7 > % 7
. // 2 N w )
% 70 - /\ vy / ] / /f
y T% o, /
2 | NN/ A T Ay
= or A\ Aazs] [ == . 73.6% P
() e
s0 | el 6.6% o58.9% 0%
-+ 51.8% AN
o L_RRX REE888Y R RIS RSB
. B mEER R e I
fo ] Bs RE EHI R A R PM, (R ER R R

Fig. 5 Proportion of regional transmission to PM, 5 concentration at sampling point during sampling period
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