W B3 a4t 1L

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4611 A 15 H

H &
HFHLIEE RS S A Z A IX E BT R AT Y IIITEI  ceeeveeeeeeemeerm e
....................................................................................... 1%5(;, %ﬁ*, T%%, 7;(%1:%, %/&éﬂg, ﬁﬂtﬁk%, ﬁﬂ}%ﬁ( (5879)
ANTRVAT AL IR B [ 75 o X 2 ﬁg&km@ﬁ%gm ------------------------------------------ A, R, FA, A, M, BE (5889)
A2 O I 5 0 X S B B 2 ORI ooeeeeeeeeeeeeenns B, RiRd, Ak, FRE (589)
P PRI VOCs HEBUE S MAARBIHEE T oooeeeeeeeeeemeeeenens RN, XYY, BRE, AR, FiE, KEE DEH, TRE (5915)
B T AT VOCs HERERE BIBHEIE 13T eeevevrrerrrrrmmnmee e %j{ﬁ%, i%ﬁl, ﬁ%?ﬁi’ BT (5924)
B TTTHRK X R S RAEA LG HAFIE ORI - ooeveeeeemeesmeeeeenns WkTT, &, THE, THHE, FT, TeH (5933)
P EUE 10 A3 AR T B0 b BT IR 2 S ARHETUT 23 A5 Al T HE TS BRAPHIT «oevvveverrerrrmrmmn e
.......................................... K& ﬁjﬁﬂ—,%kﬁﬁ,}%}ﬁﬁﬁ, FE%E%,%%%,%%E,%J~%%’&,?E4 EJE% Faes (5946)
o [ 5 T A T Y i XU g e s ﬁﬁ%ﬁ ......................................................................................................
............................................. WA, Bk, BREN, F£%, 5%, 555, MB4, Wk, 58, B, #50, M8 (5954)
m@mqmﬁﬁ SPFAE B L5 AOD BUAHIEHEI T (2014 ~2017 £F)  cevveereremmmmmmmiiniiii FWME, BFEF, TE, £ (5964)
KRBT PM, 1 U ELB TR B BB oo AR, BhaE, A, TF, BF, A%, K8, KEE, R (5975)
]f][:]fﬁ 2022 i‘:ﬁi\éi(g &EPQEH%*_L%{E ﬁﬁ&ﬁi.é}ffﬁ' .......................................................................................
--------------- CES S %% WEH, B, RAF, BEA, BXE, REE, KH, BEE, Bk, BEE, BEX, T4 (596)
ENWPMj¢§ﬂﬁﬁm@ AL +weeeereereenseesensenseeseeseesies s s s LA, T (5997)
ST ST XA R T YA B AP S BT oo EhE, M, BY, TWAH, T, TH, A (6007)
IR AR S T L ﬂﬁ %ﬁﬁml%ﬁ ...............................................................................................................
................................................ %Jﬂ%’ ?ﬁ@ ﬁf%[ﬂ EEE, —I%‘ﬂ/x ﬁ/%% /"‘Lﬁ f?;{}r}] }H}f? %R% F (6015)
SIS A REEHEE o 200, TR, RER, Z—F, AR, PHRE, PRS, B, Kb (6025)
WERIET XM AT T A KA 2 T I 25 v ev oo ere et X, E#E &ﬁ: KW, %S (6038)
LB A AR BTG YT covvvevesrsssssssssssssssss 2R, Bhk, ARM, HE, BIE, £ (6050)
ORI TR BRG] oo WK, EE, RN, hEAT, MAdE, i, BB, KA (6062)
ﬂﬂ@%ﬁmﬁi&i E?* %ﬁm%m.g%m.mmmmmmmmmmmmmmmmmmmmm“@Wﬂ,?ﬂ EW@(@”)
%%¥Hﬁﬂ%{gbﬁhﬁiéﬁﬁ }L&{L%J—L »\ll:Hj’\ .......................................... fgﬁlﬁ *g tbwk H;: =N g¥ %%/& 2 414 (6085)
JE ST TR S5 AL MG TE, 755, E0i, ABH, KEk, 5%, FHE, TH% (6095)
éﬁﬁﬂ%ﬁﬁﬂ{ﬁ(ﬁ?ﬂ%i%)ﬁ%ﬁ@%ﬁ—m lrjfﬁ{)r\lﬂ ........................................................................ /ﬁ 7%1% ﬂim EH (6106)
SR AR A T KA KB TR oovvrve v Bt 43, BOUK, BEE, R (6116)
HETHIRE, THRERES LTI REWIIF IR AV R Bh R R BOK IR - 77 %, BB, B, R A&, ERY, TR, KHF (6125)

B AL T ZR 2 1L 25 058 A 0 2 0 P U SR B A A B TR IRBIIT T vvvvevrveseresesmmsenesmsmsssse ettt

.................................................................................... HEd, AR, BNE, RV, BN, B, £EE (6137)
P IR 2T A 0 5 JAEAE B AS KRR oo, PEE, IRY, BA, PR, PR, RRE (6149)
SHN IR DOM BALKFE R SR NE | A9 S - E&,Ema, Wit RE®, THE, REF, NEE (6159)
SCRIIRERK T B ERR AR BIBTEIRIEIU, -ooveeereeeeneeeenes K, mEE, KRBT, ATE BER, iﬁﬁ,ﬁ/ FHER (6172)
BRI T S A e 1 4 BT b e K rP B B BRI B AL AR < BA, ¥4, BE AiiﬂfL, A% (6181)
%?Eﬂﬁiﬁjtﬂ?;ﬂ*ﬁmmjtu{ﬁﬁ ﬁ—{*&a&%@{ﬁ[w}l J ujlﬁ@;ﬁjj_ﬁ?{ﬁhﬁ?ﬂ@] ...............................................................
................................................................................................ 771;4'@7]:;](’ g&?ﬁ’ %ﬁﬂ,’ ﬂi'ﬁji, ﬁlf/?z;ﬁ(f, [ (6194)
AK PSRBT AN AR oooevereeemoeeeeees EEE, BEF, 540, B RE, T3, FER, X% (6205)
SARTEACHE R AT SRR I I PSRRI oeveevesveeerennee BiRE, AR, BR, A#k, KTE, BF (6215)
SR E S B - A HUBE S B Meta S3HF «orveerveereermemmemmenmenenne et WMEE, ILEE, T8, HH (6226)
HYIRTEI 5 a J5 X HEICRR A TR L A AL R AL TG U B e eeeeeereer e,
............................................................... E;]r;] //'tﬁﬁ} ?@E’Eﬂ%ﬁ,$%}g’f?r¥,g)ﬁ{%ﬁ;}ﬁ,%ﬁﬁ&’%%ﬂ (6235)
T TR R A JE R B HUR ALXE L ZSTRMBGEIIN  +vervveeversesmerme ettt et
.................................................................. %ﬁﬁfi, E%‘(ﬁ, %yx{a, %7‘1{:}@, E%Tﬁk /\gﬁ k7 2 iéﬂk TLLEE (6248)
ﬁ?}lﬁﬁ(g}j£){ﬁﬁ}]i}%rﬁ%ﬁﬁuyﬁ E E}u[’] ............................................................ XIJJE E_%ﬂﬂg X]J%M 9&%%‘— E@% (6257)
BB B R R SRR LI BT ER oee A, FER, AR, ERE, ThE, BEM, Sk, TH% (6267)
ﬁg]kjtlﬁﬂ{lmﬁgij%q:jﬁgﬂ,ﬁjﬁ ?E&}‘LI} H:,ﬁ‘ .............................. Edé /[\1% ;(1 )’r7 %:\gﬁj_ ‘3'{/({[;] , gf. X]J (6279)
%ﬁmﬁﬁﬁﬁiﬁ%%ﬁﬁﬁ\%ﬁﬁﬁﬁﬂu ......................................................... EHE, kR, #F%,Ez%(&ﬁ)
G T A A M M T SRS ARAE BT oo WEE, T0E, HaK, T, Wikl THE, Y (6297)
ﬁﬂﬁ%ﬁL&Ei&ﬁ%%%ﬁ%Eé*ﬂ%&ﬁ GEAFIE oo RIS, AR, RA, BEE, EHE B 7 (6309)
AN R BT GEEEEFIE oo, A, RF, KB B, ERE, EXH (6319)
TEAEIE N M E06 | MG BRI wovvvev oo M, RET, FHT, B, BEA, KWF, BHE, XXE (6328)
T R R SN B RETE SRR . THRE BT BhZS oo vver e A A4, BE, F LA (6339)
IR P B X A ST 4 B V5 X A T TR LE R B IIIE  ovvvveveeereess et AR, X R, KL (6354)
SR AR B H 2 RERERUBERAERIIORAR oo WA, &, EAL, BB, #k, ATHE (6362)
S0 B S R A LI A HUIRREHG E JE ooveeess oo B, T7%, BWE, HE, BT, B (6377)
VAT S AR AL BRI SRR IE MBI +oevveeeesssesenn Hl, F%, BIW, KA, FE4 (6387)
PR FX A ZAE 3 L BRI v veeeee oo BH, HER, EATE, Bhk, BEL (6399)
HT AR T R KB S B IR TEIE R  ceveereere et B, XS, I EY (6412)
iS5 @?ﬁ[ﬁ‘ﬁﬁiﬁﬁﬂiﬁi{ﬁfﬂi%‘if ........................................................................... J\/& lej(f}f ’%#’%fﬁ’ ;\fil (6421)

(FEREFVEITIHF(5963) (BRI ) IERA R (6193) = H(5923, 6024, 6037)



N)
IET-HUFE‘ In BB R = SB4435 51130 20234F11H

Eco-Environmental
Knowledge Web Environmental Science Vol.44,No.I1 ~ Nov.,2023

ZHRSHERZENFALORBZESRERNZTHIE.S

S5 M F0E HE R WEAG

s, Rigpg -, Xk, %

(Elﬂl%ft"*{lﬂu_;ﬁ Jeat 100012)

FEE . XFELAHT 2015 ~2022 AEABSHIEN(1 A 31 HZE 2 A 20 H ) 3UHERE B 71 XK 44 kT 22 =00 0 i 23 Vil AR R AT, ik
FIHAG . D RICHE RN 85 AL okt PM, VR B R A 43 AR Ab Uik, AR RIS G 45 1 T K ST IR B e i SR bRl 4 22 4
FLFHH 2022 4F 44 ST PM, MR PENT 8 4EAR T [ I AIG (46 pg-m =) A R K & FeBe = (83. 3% ) , RIFAET 5 YL K. PM, (15
Yo B AR X 32 B AR R KA T LU V2R e LD A% i S 3 T . 2016 AR 7R T H 1R B M AE AR A IR S R RO BE R
PR K5 93, 5%, KAHRY HAE S0 a3 B R ol 3% & 0GB, 2022 AR R R IR B (SWI) [l Fb 3 hn 2. 1, R Bk Be 4%
2 44 YT p(PM, ) B FIUEE [E] L T RE 14 pg-m 1 76 wg-m >, AL ETIRHERT PM, | % B [ M 4 R SR BURT 8 K 96% , % & 7
XSG 1 G PM, W ETHARFIE ST V(B R % 87 wgem ~, DXISIHE 1 06 B8R 2. 2019 ~ 2022 48 X I b 24 41 43 ik
VAT WA, 25 ) 22 SRS/ (G P 7 Db R 8. — U2 3 JE W /N D - AT HLI (21, 9% ) > BRI AR (20%)7> #idh
(16.7% ) > iHFREE (9. 7% ) AHFRER 5 PM, | HLBIZRAE 1T 30. 1%, 38 515 4o 5Tk A X581 , 2022 4R 56 i‘%iﬂz[;,@m W
[ eIl 7. 95 Y AL 5 EE 5Tk ( > 50% ) , 10 TREFREIEUT IR PM, W8 5t r‘ﬂt@%bm%),ﬁ%ﬁﬁ%ﬁﬂﬁﬁ@@ﬁ%ﬁﬁﬁ

4

B AHR, I3 AL F LAY RT AR SO, . NO, il NEFHM ] 4. / B S =
KB AW RUASE, PM, o5 RSN IR s 155 te4m { € - \ ;"j -
HESES: X51 Scﬁk#mﬂﬁH-A iazﬁq-0250-33b1-(2023)11-5899-16 DOI: 10.'13227/}.'hjkx.202211270 J ~
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HOU Lu, ZHU Yuan-yuan " , LIU Bing, LI Jian-jun -

(China ”Nalionq,l Envifonmental Monitoring Centre,, Beijing100012, Clildlinz{)f.__.l-"-"

Abstract; Fom January 31 to February 20", 2015 1o 2022, the spatio-temporal characteristics of the PM, 5 pollution evolution of 44 cities in the Beijing-Tianjin-Hebei
Region and its surrounding areas were analyzed. The contribution of simultaneous meteorology, coordinated emission reduction, and cross-regional transmission to PM,
concentration and chemical component changes were quantified, respectively, with the aim to provide scientific reference for regional air quality joint prevention and control
under adverse meteorological conditions. The results showed that the mean value of PM, § concentration of 44 cities in 2022 was the lowest (46 pg+m ™) without heavy
pollution in the same period of the lunar calendar since 2015, whereas the proportion of days with good air quality was the highest(83.3% ). PM,  pollution was more serious
in the southern region than that in the northern region, and the high values were mainly concentrated along the Taihang Mountains and Yanshan transmission channel cities. In
2016, under the unregulated emission of fireworks in the Spring Festival, the proportion of unpolluted days was 93. 5%, which means that the strong atmospheric diffusion
ability was crucial to improve air quality. In 2022, the static weather index(SWT) increased hy 2. 1 compared with that in 2021, indicating unfavorable atmospheric diffusion
capacily. The average and peak values of PM, 5 decreased by 14 pgsm = and 76 pg-m >, respectively. The reduction in PM, 5 concentration in Beijing owing to emission
reduction measures increased by 96% compared with that before one month. Under the adverse atmospheric background in the Shanxi-Shandong-Henan Region, which
contributed to the increase in PM, 5 concentration, the peak value of PM, g concentration decreased by 87 pg+m >, indicating that the peak clipping effect of regional
collaborative pollution emission reduction was significant. From 2019 to 2022, the concentration of PM, 5 chemical components decreased yearly with narrowed spatial
differences, and the high value was concentrated in the central and southern regions. The descending order of PM, 5 secondary component concentration decrease was as
follows: organic matter(21.9% ) > sulfate(20% ) >ammonium salt(16.7% ) > nitrate(9.7% ). The proportion of nitrate in PM, , increased yearly to 30. 1%, indicating that
the contribution of traffic pollution was relatively prominent. In 2022, the SNA concentration in the Shanxi-Shandong-Henan Region increased. Pollution from external sources
accounted for the main contribution in the Beijing-Tianjin-Hebei Region( >50% ). Liaoning Province contributed significantly to the PM, 5 concentration in cities along the
Bohai( >10% ), and nitrate and sulfate were easy to transport over long distances. It is necessary to strengthen the coordinated control of precursors of secondary chemical
components SO, , NO, and NH;.

Key words:;the Winter Olympics; Beijing-Tianjin-Hebei Region; PM, s ; meteorological impact; emission reduction effect; pollution transmission
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