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Charactenstlcs and Cause of PM2 3 Durlng Haze Pollutlon in Winter 2022 in Zhouk()u
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MA Ying gels YANG Lu', DI Rui-miao‘ , MA Nan® QIAO#Li1p-i.r;g-!";x\3l(/’U Yu-hang' , ZHOU Wen-xin' , ZHAO Xin-hua® , ZHANG Yue® , SUN Zhi-
, CEEN Chang-hong' , CHEN Xue-jun®* , LOU Sheng-rong' , HUANG Cheng'

(1. State Environmental Protection Key Laboratory of Formation and Prevention of Urhan Air Pollution Complex, Shanghai Academy of Environmental Science, Shanghai

200233, China; 2. Henan Academy of Ecology and Environmental Science, Zhengzhou 450004, China)

Abstract: The characteristics and main factors of causes of haze in Zhoukou in January 2022 were analyzed. Six air pollutants, water-soluble ions, elements, OC, EC, and

-

other parameters in fine particulate matter were monitored and analyzed using a set of online high-time-resolution instruments in an urban area. The results showed that the
secondary inorganic aerosols(SNA ), carbonaceous aerosols( CA, including organic carbon OC and inorganic carbon EC), and reconstructed crustal materials( CM, such as
ALO,, 8i0,, CaO, and Fe,0;, etc. ) were the three main components, accounting for 61. 3%, 24.3%, and 9.72% in PM, s, respectively. The concentrations of SNA,

CA, CM, and SOA were increased, accompanied with higher AQL The sulfur oxidation rate (SOR) and nitrogen oxidation rate (NOR) in January were 0. 53 and 0. 46,
respectively. The growth rates [ g+ (m® +h) ] of sulfate and nitrate were 0. 027( -5.89-9.47, range) and 0. 051( -23.1-12.4) , respectively. During the haze period, the
growth rates of sulfate and nitrate were 0. 13 pg+(m’ +h) ~"and 0.24 pg+ (m’ +h) =", which were 4. 8 and 4.7 times higher than the average value of January, respectively.
Although the sulfur oxidation rate was greater than the nitrogen oxidation rate, the growth rate of nitrate was approximately 1. 8 times that of sulfate owing to the difference in
the concentration of gaseous precursors and the influence of relative humidity. The growth rates of nitrate in SNA were significantly higher than those of sulfate on heavily
polluted days. The values of SOR, NOR, and concentrations of SNA and SOA during higher AQI and humidity periods were higher than those in lower AQI and humidity
periods. The O, (NO, +0,) decreased with the increase in relative humidity. The SOA was higher at nighttime, increasing faster with the humidity than that in daytime.
Under the situation of lower temperature, higher humidity, and lower wind speed, the emission of gaseous precursors of SNA requires further attention in Zhoukou in winter.
Advanced control strategies of emissions of SO, and NO, , such as mobile sources and coal-burning sources, could reduce the peak of haze in winter efficiently.

Key words: fine particulate matter(PM, ;) ; secondary inorganic aerosol( SNA) ; nitrogen oxidation rate(NOR) ; sulfur oxidation rate(SOR) ; SNA growth rate
RAHPORAY) (PM, ) h FE A -G IO . AL, BT HIC R G — YR, DU R0 il

i B 2022-09-08 ; 1&iT HHA . 2023-02-06
EETA . FEEAPLITRIIH (2022YFC3700603) 5 L iETTRHEIH (20d21204000) 5 65 H RFEF 00 H (41877373) 3 KATTETT Yl
H 5RO H (DQGG2021 25); FHETT 2021 A E < B OLEE T "%t%ﬁﬁfﬂrhtﬁzﬁiﬁﬁ(21D21202300)
TEER AN DWW (1973 ~ ) , &0, B TR, Igmﬁﬁmﬁﬁﬂﬁ*ﬂimk E-mail ; mayg@ saes. sh. cn
# JWAEEE , B-mail:xjch222@ sohu. com



11 # YA, O 2022 A FES

T P AR R S G R E SR R A 5987

AN R AR AR A B — R LR A ALY, R[]
(R BT 2 AR T R 975 Gk R FBOR W A f A=
T R R e R X Rk A T
RATIRLN TG Yl 2, T M BR8N Tl 53 A 56
25 LABAHHE ORI X i & I g R 7
SEGE L PM,, 15 YL 0 8 R RURRIE 45 0 101
TS PM, 5 1 AR TS G i i g f%ﬂ:&
SGEZR I, 0] R T5 Gead R A LA K By P55 BUR Y
il RAERL 2Rl o

BRRREE (SO;™) | AR R (NO; ) ek ER (NH, )
JEAL TR P, s rh BB U G
N IR TEHLR I B ( secondary  inorganic  aerosol ,
SNA) ,SNA FE MR S AL A RHIRBE . Tl Bl
B B ol A HERL Y SO, . NO, 1 NH, 2528
KA RN AN B A~ ad e — e A A
I, AR R T T A I B T
2018 4 1 Hi5YeAf Bt SNA 7 PM, | mm 66‘7 §®,

FEIGBHTT 2019 4E& 2 5 ol 47. 3% /ﬁl
ek | BN W) B A e | xﬁﬂlﬁﬁiﬁ—%ﬂmi%ﬁﬁ

DI S {EEFWET%'J? SNA u%ﬁ**kﬂﬂfﬁﬁ’f;w

%ﬂ%%m@%ﬁh% BH I TR] AR AR m;ﬁfru}%ﬁé%
=y A SNA R &2 PMHI%;%%Q‘&'#E
%ﬁﬁﬁm%“ﬂ i AEALR L K SOF R NOS 1

ﬁgﬁwmﬁﬁﬁﬁfﬁ%mmﬁﬁﬁﬁm W)

mﬁﬂﬁa(carbon‘aoeous aerosol CA) e Jay HitFn Ehﬁ,—
VK SR B 0 S e, — R4y O T DL TR
(element carbon, EC) 1A #L %k ( organic carbon,
0C) PV Jb T Rk & F: 15 Yo £ LU SNA S 3, 5
Prai R W ok ARG . Tl g #e . Tol b
TR A HER Y SO, F1 NO, J2 A SUBURLY) h SO3 -
NO; M FEFAY > EC EEIE T AR
A W) BURRRL S B B ) Y AN 52 AR OC DRI

S BRA Ok B R IR Y T 4 HE R — A Lk
(‘primary organic carbon, POC) , ¥ A i i KA &
e H B B B9 — WA HL ik ( secondary organic
carbon, SOC)"» 7 Wi F i % 5 PM, ¢ & 5T & 1Y
20% ~40% . PM, /Ay K™ 2 A5 AT 58 Be g 8 4678
P10 N0, /S0, T AR 2 E R e U5 ) ok 5
BTEKELH],NO; F1.SO;3™ S NO, Fll SO, RS fbsr
F A B R TEHLER | NO,/SO, B NO; /S0, ™ #l
K BRFR ISP TTERA ™ Z 40 3B | dbaT
TR 43 AR b T i B 9 4 R
A0 R A 40 BRI R NO,y R L RN A R
ROV T SO; ™, B AU ) v ) 3R B i
ﬁ[lﬂ.

Jo T AL T B i R b g M 4 P DX, AR
LR MBI, J& T IR & BIX B G
B s SRR W BT, (HA TR AR
DI T Gy UKL 15 e PTGk TR A2 WL A48 45

FRAERIBR , i ARA X A 2= A Ok ) 1 T 3 B4 v
I%E’Jé?/*/\*ﬁ RSO TR 10 300 5 s e k1]
RATEL B, JF LT 2022 45 1 A=A TS
K, BRI R T DGR S8 U RRAE RO SE T, X
?Hi%ﬁ*i%ﬁ’ SR A RFIE I SR SRS T S0;™

5 DRI A S R AR e N R A7 o A, B
Hﬂéﬂ:%j‘ﬁﬂbﬂ:ﬂ: T figp A e B ORI T P R
W4ZE PM, AL, U R 25 s A 4 2
HERR AR,

1 #MRE7FE

L1 LT AL £ a1

Ji T3 o 7 445 4% (33°037 ~34°20 N,
114905 ~ 115939 E) | 446 15 2 0 250 i 55 B
TTHEE  J& T R i XU e ﬁéﬁsm‘
[ ﬂmblffjﬁﬁﬂjﬁjﬂi 2SN mﬂ:mw/
0. 44 e 157 £ 5t 14 S W] 2021 ﬁﬁi’ﬁﬂ%
Bﬁﬂ;ﬁlﬂ(zozl 10-01 ~.?,022 03- 31)p(PM25)i’J{E§}
BIA 44 fgam T AN 66 ptg m ™’ ﬁ%‘]f’itﬂ?‘zlﬂ(%ft
23S TR R TE Y GB 3095-2012) — 4 v i B 35
wgem R L3 AEAN L O A Hi 2022 4E 1 A R)E
~HEE1T d, 8 d, S A B A ) S0k 4 i e KR
20 A Oy, AT Tl AL A 4 . 58 Bfilid . K
Vel i Fpegb it BUa &b A b /Nl o 32, Forf 2018
AF BT I TRT R 2 A TR A BR SR A w S T X
ZRFZ 60 km HYTL e B, — WA pr R S5 A 7 R
42T 2020 4F 4 HFFIRIAIB1T.

ARSCHTIFIE I 28 R S Y T EE R B T
JINC XU 3 2 3l 57 7 et DX, JRl i 3
SRR AL B X R 2 Sk
PN TE R %, 3= SR IO ) A R ) R B R
22 km. SRR At ESREHE M (hitp /7
data. cma. cn) A& A3 B3 T /NS 0B A0 FE AR L AH
XPMRRE . KGR KA. 25 3B AQT Y4328 MR
Pl r 48 A T P R e bR B (R B 2 s i
PEM R TE GRFT) ) (HJ 663-2013 ) F X F /A
FUH P B B RO R i ge it 7k, 0 IR (0 ~50) |
K (51 ~100) . B (101 ~150) , HEE (151 ~200) .
R (201 ~300) FIJ™H {5 5% (301 ~500) S5 A5
Yept B AS gY H . ARSI B R 2022 4E 1 H 1 ~31
H, O HPEE T 4 K PM, s h RIS G #2715
Yu H SR BYEMN 78, AQT 20 R 58 1137 /NI A



5988 EZN

i

oo 44 %

ik
1.2 Wmiss

JE T DX B 3l s A7 2 ST i AR 350k A
FELANES , bk M B F B iRk (S0; ) | filiR
EH(NOy ) EET(Cl7) | EARE F (NH, ) FFRE
T (K™ SF M, R &+ 635 73 Hr{ (URG
9000, Thermo Fisher Scientific, 3£ [® ) ; JTLE N Al Si,
Ca, Fe, Ti fil K %% H XAHLICE 5 Hr 1L ( AMMS-
100, BERHY ) ; EC F1 OC SR H1EL EC/0C 23 HriY
(RT-4, Sunset, £ [ ) ; W= 6 SH W PM,
PM,,. NO, . SO, . CO il O, /> HH LR 2 800 & Ot
LTI A B 7 LGH R AL, Bt AR R
PR BRI 25 SRR (PM,, . PM, )
L F Bl W R G0 B R R ARG T vk (HT 653-
2013) AL ZS LABT5 YW1 (SO, , NO, , 04, CO)
L F Bl W R G B R R ARG vk (HT 654-
2013). N
1.3 srirrik

EATBRFERXE PM, , BT B B8 7 | B 1

[

HRAMFM T Y A LR, 5

faf ‘éﬁ%ﬁﬁ AE%‘%E‘ ( anion equation, AE) P B ﬂ%ﬁ
%’liﬁﬁ CE( cation e&uation ,CE) %%}ﬁmf,ﬂﬂit(-l)iﬂ
ENOL Z Ao

[ LRI g@ci-]  [No ] ¥ ff [S0F]

¥ 19.0, 735.45 7 620 g

) (T)'f
_[Na*] [NH/]
22.99 " 18.04
2 % % +2 x 10,08 (2)
i H i {6 % (SOR) FIAU AL (NOR) 43
BIFR KPR S0, #l NO, 75 RS P4 Ak
JI S5 A B R TEALES F SO Al NO, e #e sk
RSB e (3) FIk(4) Frs.
[S0;7]
[S0;7] + [S0,]
[NO; |
N0, ] + [NO,] )
SO, f1 NO, ¥ ¥ 5H h

[K"]
39.01
[Ca’"]

' CE

SOR =

(3)

NOR =

Ko, SO;”. NO; .,
mol - m ~* BALf57 .

TERAPM,  H 30 AR AR e U 2 A DL
Fri, AL S COHL O N RS SR ALY,
HATEHLY (organic matter,OM) FHY'® OM KA
Plax OC A5, an=(5) .

[OM] = fx [0C] (5)

K, TR REL

06, 06—~

M T RAE AL AR B 45 5, AR OM 1Y f (B il
W TE 1.2 ~2. 6, BE N /NE R AU 1 55 fif 5
BRI ARG, T AL Iy i & 21
¥ BRI .59 0. 18, AL RAI[OM] =1.6
x [OCT] R R A ML I ( secondary
organic aerosol, SOA) ¥ L X HE KA A b 72
T AR AT B R 222K SOA = 1.4 x SOC
TR, ZCE BLEK (SOC) R H OC/EC fie/)h U AE 1
[2(6) IARAF

SOC = (OC/EC) x (OC/EC) .. (6)

2 SRS

2.1 1 A=Ak & PM, o 2H SRR

JAFT 2022 4F 1 A 2 R A EEIR B
(B 022 1 B, AT, 1 p (PME ) B
113 pugem 7 R (WS) B A 1.1 a7 (IR
B (RH) S0P 77%, W80, Mok R4,
PR35 el 1 7 ORI . L i G 2 e
W], PM, 55/ PM, s (TR e A K0 83. 8% (SLFAA6. 4%
~99. 5% ) JSURLYY IR I HE Y OB BTN,/
S0, 4. 57 (1. 0~ 1607 )55 SO, 44 g5 {41 2
UL NOg YREERE SO, , WA oL 5 8
R IR BeE BB NO, e S 1 T IR HE R e

IRARBEHFCHY SO, , {5 1 Je PE KK b2 IR 5T ko A 2

#1 AOW2022 £1 ASRESTESRSHY
Table 1  Air quality and main meteorological parameters

of Zhoukou in January 2022

TiH ¥fH e RAME RKRME
AQI 149 142 67 246
p(PM,,)/pgem 3 127 119 57 223
p(PM, 5)/pgem ™3 113 108 48 196
p(S0,)/pg-m3 8.4 7.0 4.0 26
p(NO,)/pg-m ™3 32 30 18 54
p(CO)/mg-m™3 1.1 1.1 0.7 1.6
p(0;_8h)/pgem~3 55 57 13 86
RH/% 77 79 45 100
T/C 2.9 2.8 0.2 5.4
WS/m-s ! 1.1 1.1 0 1.2
Rk 2/ mm 0.8 0 0 5.2
1) %8l H 8 g3t
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1201 ~300( FHEE) , ANFTG YT 400k ) i £
B AR IR 2 FioR  HOh B Y R R
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