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Abstract

Taking the heavy pollution weather process in Handan City, China from January 5 to 9, 2019 as the research goal, the characteristics
and causes of the heavy pollution process in Handan city are analyzed by using pollutant concentration monitoring data and
meteorological observation data, and using characteristic radar charts, correlation analysis, and statistical methods. The results
showed that two days of the heavy pollution development and maintenance stage were heavy pollution (AQI>200), and the highest
value of PM, 5 reached 316pg/m®; Unfavorable meteorological condition had significant effects on the pollutants concentration, it was
mainly due to weak winds, high humidity, and low temperatures, which leaded to weak atmospheric diffusion ability; The ratio of
PM, ; and PM,, during this severe pollution period ranges from 46% to 68%, which showed that the primary pollutant was PM, 5 in
Handan City. The characteristic radar chart shows that the pollution characteristics of this time have changed from specific industrial
emissions and partial dust pollution at 10:00 on the 6th to partial coal-fired pollution at 10:00 on the 9th. This pollution is mainly
coal-fired, motor vehicle exhaust, sand dust and specific industrial emission sources.

Keywords

pollution characteristic; characteristic radar chart; meteorological condition; Handan

REHEH & F—REKEGREEFEDT
B RS Bt Ve H&
EDORATIRR P WA R A F), T - ik 5K 430075

HE

Fb BHRIR 2019451 AS B ~9 B 2R £i5 & R A BAEAHT B 47, AT 4% E B0 238 2 0 FoA, RIS
FAE ., RSN, R F TSR TR T AT FTLEIBRBFEIRE, EREAN . WRETFTLEEREFLFRET
H2dAEEFTHE (AQI>200) , PM, &S AL F3l6pgm’; RAM L LETFRMEEH0RE, RAGALENEZE
WA R, BEG. BERKFERATREARIG; %55 TN EAPM, EPM1049 8 5 E B 446%~68%, LY HEHR
T H B ET M APM, 5, HFAEE KRR R T LA E6 R 10:0069 245 8 T kBB AR W £ BT F AT A9 H 10:00891%
WAL T3, SeRIFHEEBARE, M FERA, JE HE T RHRA L,

ES a0
TR AE; HAETAE; LA, HRAP

SHIBA—BAE RN — RIS 3R M AR 5 3uR %
ReE, TRASREM.
rh [ MR T M Ab R AR pE s, TR, LDZR.

AR LLPEPY S HESOCE RIRZIEAL, HEEBT R S5 A 2
DR R WA ENERERE. SR E T HER S
(9, IR HCER T SIS ARRRE H A DR, AR 2018 4
12019 A AR 42 168 D E AT IS U
ES ARG, HOE T 2B (828 SUB RAR B 22 1Y
20 MY 8 L AIEE 4 44 RETHBESHT A2 BT EIR
DUERWNE L, 2 S0558y™H, Kil, @i s —

1518

FR IR 9T B S YR AR5 G IE M R AT i T
RERIIFFY, SN F B TEEEX 2015 4 12 A 19~26 H
PLPM, s 4 1 EH5 YU BT 5 YR S5 YU e S AR T T
OFF, FEHEN TRERES PM,; ZAINE AU H 5
TRPHI AR B GO AEIRIX o M BRI 77 K ELAtbAH
KW FNS B 5 YR SRS bR el AR H & s E 5 Gk

[EEEN] FEK (1979-) , 5B, PEWILENA, K
B, THEhh, MBRSmRKSTSRaR.

C@iffEE 1 ZEpie (1985-) , 55, PETFEREA, M
SINE T2

4

UCETSRER SR Mk ], FE RIS b 58
FRHY PM, s {5 A IE S HE BRI EA T 38T, AR K HIER T A



THEAR - E T -

¥ 62022 F

SRR A TR MG TR R AR

Pk, WTHPEET RS SRR Ot R ik %, i
RERMETTH RSG5 T HEER
T 2013—2019 SR FX PM, -0, H A5 8452 I L
PM, ;. O, W5 4YA 2 RIWARE 20, /0 F N5 5
HTHBERTT B 5 P R SIS RRHE A . PR RAH, 1550
RS G RE ST A 5 B SRR, WFFEAR
HI5 B SR BRI RS BRI 53 H o A HO X 035 By B
HEEZ N,

R, 18308 5 & B T A S R S DU IE B
KE BT T HBHE T 2019 4F 1 H 5~9 H {9 HE {5 JLr i ak
FE N HARFAIE, DI A AR HEHR 7 Y R S5 BYa AR R
it
2 M ERHE
2.1 BERIR

AFFSTH AR 2019 45 1 A 5~9 H Ei5 4T BRI HBHR
RS B I ARG T Fiemh & o N s EdE
Ly (http://data.epmap.org/ait/nations ) , Jt F 2 {9 K <75 Yy
Py EE 25 SO,. NO,, CO., PM,,, PM,s, ZXHF5Y
AT S S AR 2ok B ER IR R SR . AR . X
BUXESHERIN SRS,

2.2 HEEIEE

AT HGRIR B 2 S5 QURrIE R 2R, 8 T SH I b
FT 25 BRRHIE b, TR AT SR FRFIE 25 IR Rkt
MBI, —RARIEEE, SHlRFESE AR
T Mk 2 5 AT, 95104 SO,. NO,. CO. PM,;. i
Wik, Hrh S0,. NO,, CO Rk =2k H —kis
Ui, PM,; BA — ORI A ZUOoRIE Y, IRIELHINE
NBYU BRI RS IR, SRHABIZ 5 G BE TRl 5 4y
KA, — W MAHIRHIE B IR R m] DL H A5 5 4y
B A R A b A H AR | R | LA |

R, AL, ELOAT S SRR RIS R b
%ﬁo
SEHERE A

3.1 EiTERH TR R EFES T

ME T, B2 RZE 3 FBARSHTHR EiS IR &
HUFIE, BRSSPI : 2019 4E 1 H 5 HEBHETTH AQI 4
88, N, YRESMHERIF, BELASHZG, 1 H6 H—
8 H EHHBRIS T A2 ST R R MR RV 5 Y i A B P B 5 Y
RZGRFIERSSY:, 1 H 8 HLUGE! 1 H 9 HHBESHZ=S 5
BIRDUSCEHET RIF, BAR5Had S 4 4 ML

F1AM B 1 H6H0:00—1 A6 H 10:00, S

B PM, s IR M S8 g/m’ | FH 5 139 pg/m’, PM,, I8 5 M
118 pg/m’ FFA% 248 g/m’, 7£1 H 6 H 10:00, AQI iK%
185, BEHTHYE AR5 Sy, X B RGEER 1m/s,
TRREAF TS5 B, RHAFIN SRS DS TE
EASa b G 9 1) S

2B 1 H 6 H 11:00—1 A 7 H 7:00, B
EHEE 1 H 6 H10:00 2 J5, BBESGERHTER, XEugr,
SR, BEREIK, XESREFHRT RSPS54
M98, T2 PM, s 11 PM,, IR EEFT AQL B /INIE %, H
F1 H 6 HTF416:00, PM, s fl PM,, iREETFIA T, PM, s
IREEA 61 wg/m® FTFE 192w g/m’, PM,, IRFEEA 132 p g/m’
EAAE 2920 gm’, £1 A7 H 7:00, AQLiAZ] 242, E}
IS R TY Y, LRI R S RSN S SIR
FEARWr BT, SURAWT R, RSt EEHEIR, SR
ZEESE 1 B 7 B 7:00 KFTHIE, =8, REMRXGEE
BT AR SR R, B2 SEhk e M B 55Y
2 SRR

3 AETEE. 1 H 7 H 8:00—1 A8 H 10:00, 7f£1 A
7 H 7:00 {55 AT AQL IR Tl J5 ST 5 %, 155Y
LRMERIGRA RS S, B2 1 H 7 H 19:00 75454
IR AQL XL FFA T, PM, s IRIEEM 128 pg/m® EFF45
214w g/m’, PM,, IR S M 215 ng/m® F 75 316 wg/m®, 5
QUM B S Y AR 5 Gy, W RS R AR 2
ANSYUBARIL, XA

4R 1 H 8 H 11:00—1 H 9 H 23:00, M1 H
8 H 10:00 DLS75 4Lk BEAN AQI FF 4R NI £ /K 4%
JEIBH-2%, PMys IR M (E 214 p g/m’ [ % 48 pg/m’,
PM,, I {E 316w g/m’ P& % 94 pg/m’, 25 S =i
BGE, 15RYERMEE AR, B A N SR 5
HAERE. [R. KESERIOKCENs), Sa%Rt,
XS RGPS E A EETER, SRS EahEE T
RS IEHER SRR, HRi5 R R .

¥ FREEN ) 4 B g B AR EEE (1 H6 H
0:00—1 H 7 H 7:00) . #E+sHrB (1 H7H 800—1 H 8
H 10:00) . {HiEMEER (1 B8 H 11:00—1 B9 H 23:00) ,
RSB RE AR e 2 NI ORISR 3 /NI B A5 3y B B
CRIEN B R BIRAERN B ) |, 25 3™ BB PM, s o5
PM,, I ETSEL TG 46%~68%, 15 B HIHISHT vk 554K
SEED AR A, ErRARERA R S5 R DIk
R . ARAEDL HV5 3 BB bT, mIRIEE 2 N BAT
3 MR EE SRS AR SRS AR R,
LEATE 4 RIS YA RERIXNERTRIA, M 4 el DIE HT5HY
WRESNAEZEE AN, mHREET] 3~4m/s, T

5



THEIMR - 75 - F 68 - 2022 F

BEVS B R AN 32 A M ) S el <2 213k H AR B 5 TAT Y
15 QIR SN

HIOME T Mok By s Gl B2 2 MHERRFIE: OS5
FROLEAIR, 1 H 6 H 10 SOAHEESSY, fE6 H 10 525,
SRR RS FIERLR, 1 A 6 H 16:00 LUG, &5
[ S BT ERESYE, 1 H 6 HIX RS TERA
Bk, @QREVN, S . THEX SRR R &G0
TEGHRRSIERL
3.2 HHEE X EMHEX ST

AAEENZEHSER 5 M55 T- (SO,. NO,, CO.
PM, 5 F1 PM,, ) 275 SEARFAIE B R R T ek B 5 Ged 72
ISQAVRAIE, 1 A 5 HIS S5 3RE 1 H6 H—1 A
8 HEZ S5 ez, R 5 B 8:00 FHESEEEE R, H
HIY PM, 5. PM,, DL CO FURFIEESREH BIR, A5 3
FHIESZFE TAVHERO AR B SR e 2, Bt
54y, 6 H 10:00 3 8 H 7:00, 28 SI55URELH T —Ik
MA BT Re— R B e— B s e — P s Qe —E 5 Y
WG, DIHRHERRE (ES) BoRibi B PM, ;. PM,,
PN CO WIFFIEMEEH FIR, V53RHIEZ2 e TAHERO
TRPRBS RN E, BiRE RISy, RATHERT 2%
S EIG YT B B 2 TAVHEBO R b AR5 3
SN, 9 H 10:00 UG, BSI5HREEMERTSHASR,
IS QURHIE R BUL A B AR (b, I sSERHIE S R B 2R (X SO,
OFFEERL ERR T, RIS YU = B PR HE R 5
B, HsEatE, SRYRHIERE M R E TlHER
DA b A5 BRI AR A B A HE R 5 BYRHIE

— 1/5-1/9 AQI
300
250
200
=
150 4
100 +
50
01/5 1/6 /7 1/8 1/9
H
1 #R#fH 1 B 5 H -9 B AQI /N ZL#EE K PM, /PM,,
INEFEE LA ER

—O— PMy,
MMy
350 - 7 1.0
PM, 5/PM,,
10.8
{065
=
=
o)
S
0.4 i
=
0.2
0 T T T T T — 0.0
1/5 1/6 /7 1/8 1/9

=E]
& 2 HR#RT 1 A 5 H—9 H PM, 5. PM,, /MBS EE{L a8

—eo— XL

- R

F4
2
=
S F4
=) _ to
= N 9
z Py
=4
F-4
F2
6
Fl
8
0 -10

[ 3 HRERT 1 A 5 H—9 BAAXHRE. iR R XUE/N
Tias

R 4 S
AR E R

[ 4 #R¥RH 1 A 5 H—1 A 9 BXHKZRE



THEIMR - 75 - F 68 - 2022 F

PM10 co

2019-1-5
(a) gt

TR =2

502

PM2.5

PM10

2019-1-8

(d) 1

M5 G lal AR = (38 1) dhal DUE H 5 4e A 16
PM,; 55 SO,. NO,. CO DL} PM,, FIFHF 515 0.835

0.898. 0.964 F10.981, M ixX ¥ 4E

SO,. NO,. CO PLK PM,, FYFR KRR, PM,s LHZES
CO 1 PM,, FFECMESRSR, PM, s EEIEZE] CO F1PM,, /Y
ARG 22—, [R5 E] SO, AT NO, IXFIfH PM, 5 YT

S02

— HFEM
— bRl
= = ARHEA R
R ;14

PM2.5 NO2

PM10 Co

2019-1-6
(b) {Essm

TR ==

- BRAEA LR
co s BRHEAT FER

NO2 PM2. 5

Co PM10

)

(R HERIR

ALEHPM S 4 g

F 1 ABARFEYEFZ BEEXE

S02

B/
)2

PM2.5

PM10

CO

2019-1-7

(c) fgEa

2019-1-9
(e) fmt

[ 5 HRER T A R4 AE T 1A

—

AN o

NO2

Wiy, [, HRIGEREEREEZEDIBMAE ., Bl
AFEES. FE TAHERIR . v Eh .

OPLHHETE 2019 4 1 H 5~9 H—RZ3S Eis gL A
Rt %, ke S5 9R], AQL, PM,s. PM,, & “#
R o AN, SRRSO EETS YN, XY

SO, NO, co PM, PM,,
SO, 1 0.833%* 0.842%% 0.835%* 0.828%*
NO, 0.833%* 1 0.850%* 0.898%* 0.900%*
Co 0.842%% 0.850%* 1 0.964%* 0.948%*
PM, 0.835%* 0.898%* 0.964%* 1 0.981%*
PM,, 0.828%* 0.900%* 0.948%* 0.981%* 1

T FORIE 0.05 G LB, ¢ FURTE 0.01 K LBE.



THERMR - E T -

¥ 62022 F

PM,;. PM,, ik &l RIKE N 214pgm’, 3l6pgm’, =g
GUIfE], PM,s 7E PM,, FF 5 EE Y 46%~68%, 1A kA<
5 QAR DA 5 G A, R E S B
AR R S . BEIR. KU, TRk SR
HOF-HRBE 5SS, SIS AR R, ok 2d EiS
QRS AR T RIS

@ MARFAIE EE T B SR LUk BB 5 QYRR AIE, ki G
fIEF 5 H 8:00 & 6 H 10:00—8 [ 7:00 22 455 Tl HE ik
T ARy 5 GutAs 5 9 H 10:00 FIRBABER 55y, 1 B
M PM,5 5 80,. NO,, CO. PM,, (AL KTE, PM,s 5
CO. PM,, WIFESE M ARSE, XA T Ey5 gL ml 5 Guks
fIE 2 RE T HEBO w5 3y, Bz 80,. NO, 5

PM, s FURRSR AR, MRS B AN 5 3l 2 RN AR SR
BRI ES R T DR . VSRS FE TArHE
Beg . A E

S35 30k

[1] WL, 2B, G201 568 & BN PH— 85 B 72
TPM, 15 JURHIE R B ETS LR IX T [1]. TR SRR
2#,2020,43(2):79-86.

[2] Liu X G, Li J, QuYY, et al. Formation and evolution mechanism
of regional haze: a case study in the megacity Beijing, China[J].
Atmospheric Chemistry and Physics, 2013,13(9):4501-4514.

[3] eRisutE, LRI, 57 bk, 55 HRHP T PM, 5-O3 8 A5 GURHIE MAH A

=K

SCMBI IR R241R,2021,41(6):2250-2261.



