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Abstraé’t: Based on the continuous data of 05, NO, NO,, and NO, and the meteorological data from March 2019 to February 2020 at six atmospheric composition observation stations
in Shanxi Province, the characteristics and influence factors of O; volume fractions were studied using statistical analysis and backward trajectory analysis. The results showed that 05
volume fractions were generally higher from April to September and lower from October to the following March. During the study period, O; pollution represented by ¢ (MDA8O;) , i
e., the maximum daily 8-h average of Osvolume fractions, was the most serious at the Jincheng and Linfen stations in the south of Shanxi, followed by that in the Wutaishan,
Shuozhou, and Datong stations in the north, with the least pollution occurring at the Taiyuan station in the middle. There were differences between the urban and alpine stations,
although their seasonal 05 volume fractions were both summer > spring > autumn > winter. 05 volume fractions at the urban station were usually lower than those at the alpine station ;
0; at the urban station might have been influenced by photochemical reactions with precursor NO,; however, this was not the main source of high O;at the alpine station. The peak and
valley values appeared at 15: 00 and 06: 00, respectively, at the urban station, whereas they appeared at 20: 00 and 10: 00, respectively, at the alpine station, representing
diametrically opposite diurnal variation patterns. Further, the daily amplitude of O; at the urban station was much larger than that at the alpine station. For urban stations specifically,
temperature was the most important meteorological factor affecting O; volume fraction, compared with sunlight hours, precipitation, and total cloud cover. The NO, volume fraction in
the daytime affected the daily amplitude of O5; although the photochemical generation potential of O, at the Taiyuan station was good, the O; volume fractions were the lowest among
urhan stations due to strong NO titration. The higher O; corresponded to lower NO, in which NO,was dominant, and the higher NO, was largely composed of NO, under which
conditions O3 would be depleted completely. The surface wind that affected O volume fractions of all stations primarily came from the southeast, south, and southwest, and specific
wind speed led to the increase in O; volume fraction. The geographical situation of the station would cause the difference in the transport of atmospheric pollutants, whereas the
horizontal transmissions of high O; from the North China Plain and Fenwei Plain were likely to be the common reason for the increase in 05 volume fraction in Shanxi.

Key words: O; volume fraction; precursor NO, ; urban station; alpine station; airmass transmission

S B ER: 2023-03-01; f&iT HEA: 2023-05-11
HETB . 10VE4 R H R 5 AR B9800 H (20210302124617,202203021212112) 5 11754 S 42 550 H (SXKMSDW20217114)
EE B : 252 (1986 ~ ), 2 WL WF 58 A, 2 BEWF5E 7 0] 2 IX B K35 4, E-mail: huangongly@163. com

* WA EVEH  E-mail: qksysm@126. com;fengdichenshp@126. com



656 E78 5

B 455

BLL(0,) R BR K B A  —  Re—
T T 9 AL A L U R X R R T AL
(4n-OH A1 NO,) i F ZE R, UL 1 2 KA vk
FE O, 56 A 2K BE R S R e R R R
W0, ST AE Sk B 2 T B 2 UE I B R L T
AR B A LA KB 3 42 A T PR LA O, R
35 ey 9 A 25 75 0 B T I 9k i I S
S Hh 0 K TR B I R L 32 B BOUR | R L
RO IZ e,

LI 075 Y 2 Joi s A 25 3 7 A X 3 i 25 2
[ 40 i 22 SR A ST e WA B HE b T
5 L B G S5V R A 1 12 5 AR 0475 S I 1L
fr 5 B A 7 PR L BRI T B A0 4% T S B S A
BT, = 4 RS CF R A T IR A KoK T
by ) R B R, Wei 2211 5E K 2015 4F
DL ok i [ B 2 0,9 J % 0,75 Uty BRAE R B 43 i 6
JG H AR AR LT IR A 32 AT e AL iy (B 2426”7
IR ). Wang Z57 %6 270 % 17 B X s Oxﬁiﬂgﬁ[‘fﬁu ]
m%%%AW+WMﬁEEE%@%%®%$&,
(NO.+ OH) i 78 £ 5 0L B FE , B8] (05 + i J2)
5T 05 LA FAAS AT 200 . Shen %5 mlﬂmf%ﬂ ff}k
gﬁw:ﬂ%%qff%TH%ﬁ 51}@
%#W%mﬁﬁW?ﬁ%%ﬁ i@ e O,
ﬁTﬂ?E%ﬂ®¥ﬁﬁﬁ%’ﬁﬁ%#mﬁﬁ%
%%?m@mﬂ%2%¢fﬁﬁéﬂﬁﬁ%mz
g PR W g 55— o g ok 11 47

R 189 O 4 52 5L 7 M#ﬁ«)%@f

AL Zengm”ﬁﬁ%zﬂi%ﬁ%wﬂﬁ T4 Y i 1 AT
{JILEU}\{XXT:{E?L S X JE O B BT #k i 3% . Liao
SR R S kg b st b T 05 H AR Ak Ay S B2
A L AR RRAE KA G R 2 i bL]  $8 b st b
1 058 H i = B 098 A 80T 3 R ZS 200 ik 5
H [ R AR e i 385 4 7 T % R [RIE

A Ry 3 T Hp 3 b X F B A8 0, 1L P A T AR
B [ i TN e o =10 O L | A S = S N (0 E
L, PO A% 5 2R, e A AR RO T A G T
MWIEARFH T 05 AR KM AENR 2R . &
AR5k, 0.8 W 4K PM, 5 2 )5 L1 P 8 A d5e ™ E 1 R
HYL IS 0,75 Y 3 IR . SR, 5
K = RER = A b XA E T = X X 0,
JE 53 A REAE B L5 e DR 3R A A G5 . Il KR
J 43 SO P e 5 R T Sk A5 i L s A AR R Az
N Ry 3T By 5 W 55 R R AF X 8 T 1T VR SR T S
kg 4 e L P AR X8 () O & S 0 A 22 5 DL S [R] X
B )5 g ik A EAE AR AL T S8 AR SR R
20194F 3 J1 % 20204F 2 J1 1L 5 48 KSR 43 WL 9 i) 6

A T UL UL 4 B PR MR 05 NOL NO, Al
NO. AR BB LR R 9 Z B8, I 059 2
HAZ AL RHAE | 1R NO, 5 G 45 1 L R =M i 6
AR 5 T 25 5 TETHE AT 20 BT, LS A 1 G 4 s 1
IR HES T I X5 KA 0: 75 Y By i 48 HL e AR s

1 MBR5FE

1.1 ¥ H MR

111G 2 6 A~ AR 43 00 3 DA b 2] e 4K R R
[ 3 (DT) . 91 3 (SZ) . 65 13k (WTS) | K J5 sk
(TY) . Ifa %33k (LF) B 38k (JC) , FEAR S 3 T 1 7 4
B 2% 7 5 (1), 6 i AR FE I R 4 ol i, ol ik
JE BRI I 4 B, HA B9 A B 50 = AR L
W Bt & s . KA 3 (113.41° E, 40. 08° N, ¥ 4K
1 052.6 m) 1 %1 M 35 (112.43° E, 39.37° N, ¥
11148 m) A7 T LG 45 AL 36 53530 3 4 R ) i e 11
rFCs R P T O %‘BEJ N @%—E—thwﬂijtl@;ﬁm
Ekﬂ?ﬁﬁiééﬁ%ﬂﬁi J& A7 A JHLA ﬂﬂﬂ%
% P4 9 %%ﬁm@f%ﬁ%ﬁﬂ?ﬁ
My A g 2 b vty
Pl Bk T S e
37.75° Nm/‘%f;zm z‘mwrﬁr‘é/\itﬁﬁ?r'ﬁﬁlx i
&kﬁﬁ%m%mﬁﬁmﬁ%ihf$ﬁﬂf

KR I O R i
%ﬁmﬁﬂ 2 S KA S s

(111.49° 4, 36, 06° N, gk 449.5 m) 1 B U
(112.85°E,35.53°N, @&794 0 m) 43 A T I vE 4
) G T 5 0 2R S, T AR I v A R TR
F W 2 XU, 3 e R I vy T R X P R L A
PR A B AR I RB A A B b 3 2 52 38 3 T8 5 5
1 A A M e R R s 1 K i e 2 LA
i T IR I S A5 A X, BT A A A SRR
bl | /AR R I, R VR R AR AR I HE A
TC IS YR . AT UL, DL b S o UL g R AR T
LU P AN (] 3 T L DX R A0 R 43 Wk K T8 T 3 T
JL AN (113.52°E,38. 95°N, ik 2 208. 3 m){if
T PG AL ER , Ja e R T 2 T 5 A AR AR R
B b g, R b Ak AR 2 9 R AR R R RN R
VYL DU R AR B 5 R A E AT EARL )
BF AR} 2 06 i b T TR Lk o
1.2 HdlEvek

6 3t >R JH B4 UL I ASC 25 53 591) Sy 5% (] B el 3R 5 14
I8 A AR TR 491 2R APOG R 0543 BT A, A T B 1. 0x
107 (R 8, T I, FIE < 1.0x107(24 h) ,
< £1%(H ) ;42i 467 % 6 NO-NO,-NO, 73 #r 4%,
T R 0.40x107, & < 0.40x10°(24 h) , & <



2 4 ARERAE BT R  WLI TR 64 1L P A AT T O, A FR 4 H S8 A R AIE 657

BRI AR 2 %R (20194E 3 A 2202042 H)
b 5% [ [ R A TR PO (NCEP) $2 438 1) 4 3k ek [
fb % 4t (GDAS) ¥t 4% , & H 4 A~ wF ¥, B 00: 00,
06:00. 12:00 F1 18:00, K F- 7 B F K 1°x1°. 45 & )5
] B30 HEAT 05715 YL B 2% 43 BT 19 AR BE 8, R A O,
R 0150 ) /I BSF B 80 75 370 98 25 AH B 119 30 d ¥ 8l 7
S B ) 5 0 5 vk IO 5 T AR A B AR AN A G Y
SRR B ME [ Ap (0,) JHEATAF ST . BLAL, 6 B
20194 3 ~ 9 J v [ &y 43 9 4 i ot i b 6 0575 44 W)
H45 45 (ChinaHighOs)"'* i 17 b 1] MDABO, ¥ J 75 [i]
Oy AR B2 IF S0 45 SRR X

2 #ER53R

2.1 O MRFAEUK 575 Gk il
245 H T 63 0, H fiz K Sh AR L4050 o F- 35

110° 111° 112° 113° 114° 115° 116° E

Bl WEE A ASHA MR E RS L o(MDASO) I 7 H 221t Tu%:gi%/ﬁﬁm \

Fig. 1  Location of six observation stations in Shanxi Province 'LIE ¢(MDA803>£’J%§<E\EH Euqi E/J H B f %

-y s fete 4 L9 A B 10 R4 =41

£19% I BEAED). P A (U B3 H 24 b3 R B, 040 10 j(["]ﬂ]yﬁﬁj ¢,( DASO, ) AR 75 Ak 4 3 933, i

SEARR N 5 min. BEHL 6 3 2019 4F 3 H % 20204F 2 H go(MDASO ﬁii jcﬂ,.a/jl: i

0;. NO. Nog T%%XM'J%M%’@FM{%{E’J ©(MDAS 3)5{ tHJu SR I%ﬁtﬂ SR

p(MDAS %T;riﬂ S 0 P
5 2 3 o (WDAZD, ) A LA B A
L G ‘cpcm)A 0:) W] 1 TR, %5
iﬁﬁﬂﬁfﬁ'm»ama A0, 75 Ak H1 3T i m
K.

I \IIH | I\IIIHIW—

" WIIIIIIIIII
| A AT o s
(AT 0
B RRR R N T T [ (N
IRLVINTNET T

<
(MDAS 03) X 10

L

1 1 1 1 1 1 1 | 1 1 1

2019-03 2019-04 2019-05 2019-06 2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02
HI (4E-H)

2 HREALFEG6L o(MDASO,)E AT
Fig. 2 Daily variations in @( MDA8O;)at six stations during the study period

jes]

B 325 T WF 9T BEN 1L PG 6 3 o (MDASO,) # (GB 3095-2012) FlI{ IR 5% 25 A Ji 1w 45 B (AQD) i AR FL
P KB 55 90 1 43 DE & . AR (B8 45 Ao i b v ) £ GRXAT) ) (HJ 633-2012) ,2019 4[4 K 555 75 6 A



658 E7S 5

Moo 45 %

I T @(MDABO;) Mifn , HARui ¥I7E5 ~ 9 H &4
@ (MDABO;) A% , 73 A0 K IR] | Il U F1 3 368 3 3k 7 4
& Az AR, R F Ll R N 3 R B T
Fr . L7 6 35 2019 4F o (MDA8O,) # bk K %5 WA i85 2
WK A A3 (60 d) L ¥y (55 d) . HA (54 d) | ]
(40 d) . K26 d)FIRJE (2 d), 7T RAE 38 FE &8
B 3k I U0 3 @ (MDA, ) B s e ™ ., HR 2
A T L L N A K TR 3 e ) A S 4 A
A 2dEAEIR, 075 YR e 5 . M (MDASO,)
AR KRR A RE 05 Y Ay FE A AFES ~ 9
H,6%55~9H o(MDASO,) A br 5 14 | 4= 4F i by %
1) 88% Lk I, FLfm] M LA 6 H 15 Y fie ™ 5, 4K JR i 6
H ¢ (MDASO;) i 5 3 (f 4 4F 100%, J 4% 5 345 6 H
MMDA%QEHK““J AR 23% ~ 39%, LA 45

w5l A jtmﬂ%ﬁ%/\%ﬁi(zow@» B
oM TFHM B A I X 4 0 8
©(MDASO,) 4 90@%@;&&%;&:2&%@ PR 160
peem” (I & %5 F 75%107) , 4 I 31X 4 35 2049 4F 0,
BT . F

-u- o(MDAS O3)5890 F 4 hr %

RI9H CI8A &NN7H mm6H
NSH zz24H mm3H - - —Fkzuk

~
(=]
o
(=]

LY

/I

(=)
(=3
T
®©
(=]

_;7/<iix____ ]

w
(=}
T
w
(=}

]
=
T
1
5
=

p(MDAS Os)#F7RK#/d
s 3
3 3
P(MDAS O3)5E90 T 4L $ X 107

—_
(=4
T
(9%
(=1

0 I
DT Sz WTS TY

B3 WREALEG6H o( MDASO,) BIRXH R E I0E S
Fig. 3 Days exceeding the standard and the 90th percentile of

[\
(=)

»(MDAB8O;)over Shanxi during the study period

2.2 O KRR By 245 Fn H A 4k
2.2.1  F5 SRR S BT

FRAE 2. 195 A 4538, S 3048 M 43 Al FIA IR L 7 6
i Os PR B4 BB AR , 78 J5 S2 MBI 58 b, 3180 X
o TP R A Tl 5 2R DR 6 3 43 R 3T
i A L3 (5+1) , SR 5 e BE 3 T 3 o (MDA BO;) i bk
FRRE e B U 3 F 0 08 SR I 1 L 3 AL
AR M 0 A ] L2 5 v S 14 A D

LA 2yt T 63 AT g /N (R B4 B H
A 5 FERZERALER . A, s
AT 3 O 7 A 1 2 g A I R E 6 H L &

6 H K MHERSRE SRR A FT 0.1 61k
A R OARFR A B R IR 2 > H 5 > Bk
B> & PG E ZE 0. M S ik & B 14.3
i, HoAh s 2 2 O R R AFM 2.0~ 3. 1£5.
MK 438 0] F 3T s O X H TR NO . NO, Y H
VM AR B M AR AL, 520 B A 4 1 L R 5
KA Ak 2 O, F T NO 546 R NO,, 42 #F 05 % 4
B 5 A 78 KRR ST I L O, B Ak 27 N R AL
IH s R A R B2 I A A0 5 308 V5 B 3 B N O, HE B
R, HEMM KRR E ZEEANFTI5 1YY H,
530 NO R NOL B BOH 1 B 55 B . NO,J&: NO,
T WA E W Rl 22—, 7658 K PH AR 59 4544 & VOCs 1)
Z 5T, 247 NOL 1A= WO 2 38T v v B O iR I —
A= - N A S o A o/ N T L B S | N G
33 ~9 A NO,W &5 F NO, X Ak 5 0./ B i
Oy W B s A5 NO PR 2 BT e e T kT
U, S R TR A 48 23 MU Aok aﬁ%fz’%
10 5, 6/~ 8 1 NO £ 1 NO,#% 1k, H#Eﬁom
B B 'ﬁiﬁkﬁilﬁﬁtt ﬂémlﬁozﬂzﬁfm =
E>KEFE >ﬂ< LT | m%fﬁﬁuﬁiml\lﬂ' NOAZIK
A’;‘éﬂt%ﬁ@f&% Hﬂﬁ%ﬁifsmo LA g uﬁﬁﬁﬁNo
%EMﬁm%ﬁfﬁ B T £ 1L 3 0, 1 X B ok
i Lgi)b%%ﬁ@ﬁiiaé%ﬂ %néﬁimp%ﬁﬁmm%@
ipiy=¢ FHR?M .,,""_'I

S ARG N 0 I Efﬂﬁsi)\ﬁﬂﬂ%
Yo g Tl s T, FOU I 500 . A B A L B
BOEGEATF 1 B AT 5E 55 B K RRR o i B 5t 6 A
K ANE 4 BTN T 0, A AR Y
SR AT AH— B, A48 SR R A BRI e A 3 SR
I ¥ 5 B 25 55 tH B O 5 Y . H RE A 350 RE 0% S e K FH
R S R A AR K R R 2 AT TR I O R
B SORT I 133X 2 3 B4 R 7K i LR, 2 B R v, 1 i H
HEEH B0 7 22 B0, 5 0575 Y A X ™ 2, 136 BH 0 )
PR O MR B B AR e R E N E R E . K
Ji s B SR A H BB 20 A TR b 2 ] H O iR R
OB AR L 15 Y i AR AT BE S AR U 0L B KR Y NO
T TS FEA S A IR 3 A, A L AN iR
W) NO R4 BRI, 1) B A0 R H G B %0, 35 41K
RFNTF 05 11 Joy b Ak 24 A 8, 8K 1012 3 O3 B 40 4K
AR FEE AL, TR S L X O, T SR B K5
1 LA I O: Bk AT .
2.2.2 % H HAALRAE B

525 T FgE Ik B 6 3 O AR R iz H B
Ak T O 2= SO = ), — e T
TR B o Bt 5 H M T 20 987 A8 K, 1) v 28 K PH 4R
T i A o H A R 3 0 e 3k B o v A1, i AE A I



2 ZRAEAE L T RS WL Y (¥ LV 48 3T b TED O, 7R BRUA3- 80 4 A R AR 659
W LE R L il X
i LF sz DT TY CwTs

RSB 107

A PR3R/°C

=)
£
]
.%,
&
120 : : 100
ol VANRWEEY |~ ABERR
<
o | 2R atPhellgqelor, 0.1 o II ]
= ol .Il. z.,.ll - <0 | of-ta-, %
& ||||M||@ | ay" \ﬂix 160 18
= V AN ‘x/ 2
—80 ¢ u --. - \ \ 40
U U
= 20 | . . U=
-160 — 20
123456789101112123456789101112123456789101112123456789101112123456789101112123456789101112
Aty L
- e F
I o A — >
e | [ f E4 m.ﬁ‘@é’& Nt)fu_NozE’Jénﬁﬁ&'inszxia’J?&% &
Flg 4 Seasonal distributipn of O;, .NO dﬂd Nd_dnd their relationship’ mtlrﬁneteorologrpﬂl factors at six stations : F

.ﬁﬁ 5No kiﬁ'ﬁffi Mﬁw«%%ﬁﬁﬁuﬁfﬁ% W

Pl SITUEH:;, S A0SR O/ A 40 i M@/

ey A ?Jév‘%ﬁ 15:00 42 4735 BT, 06: 00 /273 T 8
ﬁﬁb.'ﬁ?ﬂalﬂzé&bﬁmﬂﬁog AL AEAE— 3. X Hen]

W 05 H AR AL s RUAS XS AR, S ~ 8 H — K1 05/
Ik A AR 43 BOLE 10200 ~ 18200 34 4b T 55 15 /K - 5 lfs %
i Oy/ NI AR B L R RE SR A 5 ~ 8 H — H i /F
U JE S [A] T8 3 2 | I 1 24 2R 4F O /N HAC R 73 41
2 AR . bR A 1 R [ 3 O, B AR Ak % B 43
AL, KA AE 6 H 12:00 ~ 18:00 H 3 1 4817 2 (1
Ot A . 5 1Lk 05 H 78 Ah 33 8 55 30 1 sl i8R AH I
O3 /)3 i - 257 4 FH 70 B 78 202 00 HY R A% 25 {8, 78 10: 00
B /IMA L4 ~ 9 A I B, B H R 0R 3 /N T 3R
. Yan SRS 1) 00 A AL 62 X F 5 K
B, XS T JE A U T e A S SRR
TE O 5L 1R VR B O, TR VR AS DRI b A 26 B 3 a5, FEn
3l 25 NO MR FEARAIE , 36 R 1 05 AR 25 5 9T o TH AE
D] L S DB B R L 2 7 WG T 0, 7R TD XL 1] 3K ¥
B SR 1L XU L IR R B8 TR A SCCKs 3 s R o v
O WK BT . 106 L3k O H A8 4k iy e . 45 {8 i ) 14
g LT Sl iy J5 245 b, S B 3 DX 3R g L X

2 1] O, 50 14 iy i ik
2.3 0, ‘?NOﬁ’J?FHﬂéfi

X JZ 055 NO FlNO, (1) A B 5 Z 0] ] 22 HE 45
Sk < M THD TG Bh HE LY NOL HE AR R L FE A <
0.4 wm K FHOG BRGTT , & AE R 308 fi A iR 7 R
1 NO, J??%L%u 0, 45 & 4 W 05, R B KA i
NMHC F1 CO % if J5L 25 9y Jot i3 {4 #E NO, 05 5 NO FiI
NO, &b T S 25 P4, 227 i NOXT O (&R B4 A5 1k
IS A DB M9 05 HRT ARSI NO . NO, 22 1]
A ESE &

1 2. 2795 20 Fr T, Ak B Ry vl REAS S 5 | T
Ll e AR A B 05 1 R ER VR, B LA BIF 5 AU S
AN T 05 BT TR YR B B AT I . Kl 62K
WF5E IF BE P 48 3l i 3% 05 H IR B8 5 E 4 NOLIR T2 %k
S EE OSSR A X O BRI 1 d v
15:00 1 06: 00 /1Y) Os /NEFARFL 735025, 77 NOL IR TR
A3 B0 4 9 06:00 ~ 10:00 Y NOL AR FH 4355/ i -
PIE . 435 0, HARIF 5 14 NO AR B4 BOF 2 (E AP
R B AR E R A5G, & 1) Pearson #H 5¢ R 8
Kt P <0.001 A B & MERR K . w2k MRS A LR
T 5, A% 358 K6 W NO, XF 05 Y6 Ak 27 AR B B 57 ik i



660 H 5 [ Es 45 %
280 T 80
= 60 [(al) = 60 [@2)
X 40 /_‘_’././'\.\‘__\’_‘\‘ \[¢ X 40t LF
S 20 S 20t
§ 0 1 1 1 1 1 1 1 1 1 1 E’ 0
21:00 (c1) 21:00 1 ()
18:00 18:00 | X\
15:00 1 15:00 L
R 12:00 R 12:00 /
= = L
09:00 09:00 I
06:00 ¥ 06:00 L
! H
03:00 i 03:00 1
} i
00:00 L 00:00 L. .
2 3 4 5 6 7 8 9 10 11 120204060 80 1 8 9 10 11 120 204060 80
9(03)X 107 #(03)X 107
7. 80 280
2 60 | (a3) 2 60| (ad)
X 40 | sz X 40} DT
S 20 S 20
X 0 L L L L L L L L L L X 0 L L L L L L L L L n
21:00 T (@) 21:00 PG
18:00 | \ 18:00 L \\
15:00 I b 15:00 I 1
= . = .
R 12:00 i R 12:00 ;
= r = r
09:00 I 09:00 I
06:00 ¥ 06:00 L]
1 b
03:00 03:00 L
00:00 Lo . 00:00 L
2 3 4 5 6 7 8 9 10 11 12020406080 1 2 3 4 5 6 7 8 9 10 11 120204060 80
9(03)X 107 9(03) X107
280 y!
=60 | (a6) fﬁ
TY X 40 WTS
S 20F
‘g 0 L L L L L L L L L L
/ D 21:00 } (<o)
% R 18:00 i
I \\ 15:00 i
R / R 12:00 ;
E i = i
I 09:00 :
/ i
i 06:00 i
1 03:00 !
L. 00:00 -
2 3 4 5 6 7 8 9 10 11 12020406080 1 2 3 4 5 6 7 8 9 10 11 12020406080
At 9(03)X 107 9(03)%x107°
0 14 28 42 56 70
9(03)X 107

Bs5 Wwhei 0, XA HEWK

Fig. 5 Diurnal variation in O; at six stations

R YR ¥y AR Gk 1.3 DL b JEROE K IR
st (1.2) , K 3 A0 N 3w A5 43 3 oA 0. 926
0. 839, A UL A 53k Os G Ak 27 A8 B 77 55 LAt 3k 4
VT AEULI B O3 AR R 3 B ZNARAI , DAIA] 4 0] 11K )
i NO PR FR 2385 b 25 8 T Ao, iy st i — 20 EDE T
TRIFL O A2 4 3 MR 43 20N O T 52 K o T B A HFE T .

P 7 kg 5 Sk ok DU 2= (K EFBENO L NO,, 0,5 NO,
06 2 ARG O AR B Bl H AR fR AR 25, s i SR

H A 08:00 ~ 19:00, 43 12 h. (& 7 0] 401, 5 3ok il 5
7 i O5 PR B4 B0 13 TR NO AR U434, NO, LA NO,
oL NO, 5 NO BB H A F . BRI =Y NO |
NO, Al O 1 B4 kit NO, 1) 75 1k iy 22 B0 A0 AL, I
NO, X LI NO, K 3, B % NO K T4 B0 K, NO, 14 T2
S BULTF A NO, S K 1 BTk 32 22k A T NO, i £
B NOAR BN B, 0.3 AR 58 i I FE . I ¥
M KR AR A NO . NO,, 055 NO, 56 & 55 I



2 1 ZEREAE BT Ry WL PO £ 11 P 4 T TRT O (A BR300 A1 R 661

—
[353
(=}

e y=1.555x + 16.45
. R2=0.279

=)

3
T
.

eisd
(=]

9(0s) A #fz 1 < 107
3

120

y=1387x+7.37
R?=0.071

—_

(=3

[=4
T

%
(=]
T

9(03) AR < 107
3
T

40 40 -
L[]
20 -
b
0 h L L 1
0 10 20 30 40 50 40
p(NO,) X 107 p(NO2) X107
120 120
Sz DT
o y=0839x+27.41 y=1.200x +22.05
100 + . R%>=0.085 100 | R?=0.094
E 80 - @2 80 |-
X X
= =
& 601 60
m m
S 4 S af
S S
20 20 |-
0 0
0 50 0 5 10 15 20 25 30 35
@(NO,)X 107 p(NO2)X 107
100
Y o y=0926x+1252
o . R2=0.126
80 |-
=)
=
X 60
=
B
m
- 40
<
S
20
O [ ] 1 1
0 10 20 30 40 50 60

p(NO2) X 107

B6 WHESNETIO,BRIES NO,FRSBNH AEREMEINE

Fig. 6  Scatter plot and linear fitting between O; daily amplitude and NO, volume fraction at urban stations

S AR P m ), e #85 db BT R RN e b Jeg 4
S5 I AIEFE A R — B0 43 A & L P % BT 2 Y NO
5 NO, I 4 B o (NO,) 29K 50%10° ~ 70x107°, 0, 5
NO )5 L 15 o (NO,) Z1E 30x107° ~ 40x107, 055 NO,
1 3 5 o (NO,) — B 7E 15X107° ~ 30107, 43 B T
MALJEEE NO 5 N0, 0,45 NO LA & 0,5 NO, (143 F 4
@ (NO,) (99. 6x107°., 44.0x10™ Fl 33.5%107°) , /K T
AE b M DX A 3 5 S D X R O B H: i A 4 1A B 40 4K
A 2E SR . DB B NOR R o Bl ol i — 25
AIF 5% L 78 3 T Hb X 05-N O, BB DL K & A 45 05 1ip
R HERBCER AL T AR YE .
2.4 Hb T XU M T O 1A R 43 0 5 )

O A TR 3 B 1) 22 A6 5 K37 FUAS [8) b DX R T # Ti

FRAE % 2 AR | Hb FRRE RS J32 55 2% UIAH OG , AN W) M JE
T 3 b T R TR ] ) AR R O s e T o B
Z% . B 8 M PE 453 2019 4F 3 ~ 9 H O /NEHA R 4344
DRI XU B 1. DA mT i ksl 7 O e XD T )
O AU B 8 v O Ak XUT) | 52 5 2% 28 XU RE i) SE-
S-SW B DX XU 45 5 A 43. 26% , H. 24 /NI JXUGHE N 4 ~
Tmes"BF, 5 B O R B (e . IR s 75 R L M
PG R T, A2 LTS G R Y S R 25 S 1 AR | O,
PR A B B 35 i, LR RURD P XU HE B8 SR B AR 5
U Jey b RGHL /N T 30, G K 29 4 mesT B O 1R RS

By L L P b B N AN K TR 2 3 AL T K TR A
M, HUE AR LS B 0,75 Y Y G S Mt MG,
b = 5 R 38 PG G R (5 O R R A BT Y



662 E78 5

B 455

BF %
5 X
3 e
P R
g =S
= &
160
*ZE %
5 X
z £
P R
g =S
= s
10! A » 102
p(NO,) X 107 ANOYX 10
M7 WS NOL NO, MO RSB NG WRE | | .-;f J
Fig. 7 Reldtmn?'h]p belwe?‘n NO NOZ Ox and NO, volume frd( 110115 df-.]m( heng station _,- .;f

mfﬂ-i’Hé H SSE st WSW J# I: H%JUEM 6
il Wt el g, 1k B s A 5= 10
mesf! MU AL PR B .0,k I3k s
fitt s U P 5 - caﬂﬂﬂmﬁ#ﬁ s
mpmﬁwzm 87%11{)\?N’ *ﬂ‘“mlﬁw
M fa, @iw/\ % WSW (22.35%) .
(14. 99%) L1 KT 8 Oy AR B i 49 57 .ll'i
ﬁfﬁif&% P AL PG g X ) N B XU AT IR 15 mes™!
PLb % f L X O5 75 G ke 31— 2 s BR VR
1M ESE XU i) 451 23 B AR, A0S XU R 9 ~ 10 mes™ BF 7K
- 3 1 23 AT O PR B B, AR I 1Y /)N s
©(0) I ik 103, 2x107°. 0] UL, 5200 4% 3l O, 74
G BT 0 T R 32 B R RS L R RN PR RS ), T
il 5 13 26 05 (37 30 T BE O B IX S ik A5 o6, FL7F 5 5
R 25 1T 0575 Y ) 1) i 36 S50CR 3 5 L 3 800 4T 05
TRBU B n
2.5 PR X O, AR B i 5

R 3 AT ST 226 X8 kT 3l R v 1 3 O 5 1] £ X
BRI R, AR 1 36 BOEF 3 3 R T 5 1l 3 o A 3R o A
PEATISE . 9 45 B3 20194 3 ~ 9 FI Y 72 h )5 i)
BT TR SR DL B 2 X R Y A (0:) - HI{A
Fe 1A T 3l BRI AR A Oy B ALK L
TR ER 43 Ll R 8 T Y RS B e S

AP FINEE 1 AT AT, 5 3k s 64 1 B B 2 Ay

217, 21%)&%’(//

et
a0

s, $mhj4ﬁ§:ﬁéjtfﬂ§ﬁf'ﬁiﬁﬁ’m%? T B
RO 50, B O i S 3R T S
AR e e ot v b TR 8
R S50 A (007 [ 25
VOl IEAR (1. 89x107° 1 1. 20%10°°) , 45 W95 22 '™, 76 HE
R 1 V5 Y vk BE 2= AR A RE R S, 4% T30 X I A TR
T“7k¥£%fiﬁﬂ%ﬁlﬁﬁﬁuﬁ [E1 S oI BT Y 2SI EER D)

5 Y )V R A S e DT O HE DR A0 1 RN 3 AT R IR
Emﬁﬁﬂﬁ%&éﬁ O ) 5 3kl g 2% . %03 2 95 3 W b
DX, 3% 28 70T i Bk il o, RS e B e 1K L B A 1
Bk 4 RS Bk g PEAL L iR A VG AL X, B Bl
JIE AR B AR AR L 3K 3B Ap (0;)F- 4 {H 2
{8, 158 B I 345 28 DX 31 O 1R B0 B5ORH 6 A 3 i 11K
DA BB 7, B kol L 2 9 o be A I HL 322
BAET A HAL VU BT 5 AR Y Bl 13 AR
HAE6~9H B 4 1S EZEREI~SH . HE
Sl I 1) A SR 2 ol S B 1A 2 43 I A
TSR T O D b X B0 o R AR EL R g, A A
FE A MiﬁﬁﬁﬁﬁﬁéAﬁ'ﬁ‘FiﬂFLﬂEﬁﬁ??ﬁJ%ﬁé
AR5 5 T 1 T 5 0k B 75 e ) A 26 2l % iz
iﬁc@E@A¢(03>¥i@{ﬁ,%rUﬁ4.41x109ﬂ13.95><109;
B 3. 4TS K AR X, B0 e R R
P, Horp, P bR ) A BT 5 6 R Ag (05) Y {E A
0. 09x10™, 1My 1E AL >k [ Y U328 3 1 4 %5 17 Y A (05)F-



244 ARERAE BT R  WLI TR 64 1L P A AT T O, A FR 4 H S8 A R AIE 663
N N
iC NNW NNE LF NNW NNE
WNW »\ ENE WNW a : 6 M \ENE
w w LE
WsW o ESE WSW : ) ESE
SSW s SSE SSW s SSE
R = 5.06% R =5.00%
N N
sz NNW NNE DT NNW NNE
100
90
ey 80
WNW ENE WNW - .\ ENE
60 =
X
w LE W E 0 &
hsS
40 =
WSW . ESE wswo\ © JEese [
y : 2 fﬁ
10
: : 0
SSW S SSE SSW SSE
) R =3.50% R = 11.58%
1
N N
TY NNW NNE WTS NNW : NNE

WNW B | , ENE

WSwW ) ESE

SSW SSE
FERUIR = 5.84%

WNW - . ENE

WSW S KT  JESE

SSW SSE
HRBIR = 0.25%

8 W 6IE20194 3 ~9 F Oy /N 7R 53 B KL 15) WU B4 28
Fig. 8 Distribution of O; volume fraction in different wind conditions at six stations from March to September in 2019
AL, R 0 5 1l £ 15 6 gy, LV G AL R R
T 2R U o H AR RO St 5 1]
I, P B U AT T R AR St (1 O AR B 2, 2 3
TS GEIEBR VR T, ENRE S R T 65 Ll ik O IR B 7 B 4
AR T 5 Tk BN 11 AR X 8 4 028 55 A2 3K M IXC B 2 1)

PME g e, R WL ORI P LR S . IR
Wl BB 1, 203 R BAE 6 ~ 9 H Bk 445 A
B R 50 B 5 o P AR e ik 58, 02% , EE
BAE3 ~ 57 . Gl H AT A, T o Sk 48
AR, £ BEAH 22 24 3. 4° , Wbl 5 1) 00 30 3R 288 19 XL 1) A



664 E78 5

B 455

4(20.33%)
-0.53X107

—~_

3(24.77%)
120X 107

40° | 5(26.6 /o!
-1.23X 10

1(18.969
1.89X 197
35°

30°b —

4(12.25%)
-2.32X107

3(9.48%)
3.93%X107
—

45°
15(58.02%)
0.09%107

40° 2
“”N\%
350 B
0 2(12.23%) x‘
~ e & TSI
100° 105° 110° 115° 1200 E
o 4
DA A A S 1 om0 oy e g kTS B )~
- " uw;uammwﬁwwimﬂ;, f iU 76 Jﬁéﬂth&m abco sy Y
F--} | J BT A L R mAE w ( ey
o ' Fig. 9 |)1_§;r1buﬁmf _Gf'clu'ster trajectories at Jmcheng And Wutalﬁhan.statlons §— ,._;:,-"-'"
| , Iy .-"I?_’. f _"'l‘ .1 3 ;-':'
| ' 'i’?l '*mﬁ;ﬁu’%%ﬁ%ﬁm ﬁij‘ﬁrl'ét &
- i
- 2 J'"I.' i % Table 1 Monthly stattstlpal le,éuhs pf each oluster trajectory at Jprlchenglﬂnd Wutalshan statlons
Wi | [ | oA Ao 5h4 __M{;,- 74 8 J1 9J1 At W% B m
Lo P il s 78 W 79 a1 171 143 247 974 18.96 986
2.5 40 39 65 88 200 39 6 477 9.29 713
H 3 70 186 97 198 145 274 302 1272 24.77 1236
4 171 140 212 70 69 244 138 1044 2033 1782
5 408 277 291 163 159 44 27 1369  26.65 1838
1 0 15 7 77 118 48 147 412 8.02 1469
2 35 63 40 151 167 105 67 628 12.23 1549
EnReail 3 29 0 7 64 98 110 179 487 9.48 2486
4 84 36 137 123 59 109 81 629 12.25 3311
5 596 606 553 305 302 372 246 2980  58.02 2881

AU X T O5 (AR 43 BORE AT I 1E BTk, H O Sz ik
H St 1 b A AN (] 5 R ) KRS Y kR Y
P

K10 245 H 2019 4F 3 ~ 9 A 1l v & J& i X e i
[l MDABO; ¥ F£ V- 34 43 A . M\ v w1, BF 5% B BE 9
O V& B2 {1 X 2 B AR AR AR L F I B L W VE P
Ji 2R 0 LA K 1 PG A48 AR R R G VR P b b XA R
LV b B DL e B U M XA O, Mk BE A L il
VG LR ANV R A R 4 M DX O, Mk B o G . &Y
A9 FIE 10 77 LLE H, LA 2 AR R M0 2501 0,

S 1) B30 3R 2 R HX R B A (05) - 4908 = 116 1A
L5 R HA 1L P R ] 1 DX 3 Hb T MDA SO, R B 43 i AH W
I HL IS E T b R A ik R 05 R B
B T kB AR A HE D, 2E— 2P SR W Sk [ A6 TR R
UV O DR VR BE O 1Y 7K - 1% i A1 P RE A 1 AL P
3 5 O R B BTt i i R 2 — L B, kLl P R
0575 G 1 Bl 45 AN AN 2 B NO, A5 i M4 9 1Y) 1 ek
R BE 56 T K O i 4T 24 M 0, 5 e 19 B e, ot HE B
e 1L v 5 erdb | W R M Ll AR A R G X 0595
F18 3K B BK %



2 4 ARERAE BT R  WLI TR 64 1L P A AT T O, A FR 4 H S8 A R AIE 665

HiTH p(MDAS O3)/ug-m™
= ————— ]
60 65 70 75 80 85 90 95 100105110115 120125130 135140 145

101° 106°

'-F' r N
E10 201943~ 9}51 WL 7 % JB) i X 33 it T MDAM%fEfeIETJf? ‘ H
Fig. 10 Spdtlal distribution of surfdc?rM A803|{(ﬁ1( entration in Shanxi and its bur.,toundlfﬁa‘fé_ds fro l\a'arch to Septemher in 0

3'::-.% _/;/Jf.' r"‘“l
D) i T -ﬁit
}%,o@%ﬂﬁ e S 5 A
j: ‘9 [_J,IOH e

mi‘ E,,ﬁ\m%jmmﬁbmm ﬁanumnj:n
v, *%E’Jiﬁﬁlﬁ{ﬁ TR H%

(2) 38T o R L 3l ) O AR A BBk e 8y <
F>FF>S>KE>EFNHOMETAAMEES
H AR H NOOGAR 2 I8 B 500, 17 J5 % NOL I AN J2: 15
PRAR B 051 2R IE . AR . H RIS 5. B K A
M AR 00, X T, R e R B

YRR

(3)5 IR T35 1 O3 /NI AR BT 1 A A5 4k 35
LG 15:00 25 47 I8 B, 06: 00 22 47 FE 2 4%
{8 . 065 b A9 O H S Ab 33 700 55 30k i 0l 098 A0 S, 3L
FI AR Ak 14 08 . 258 (i B I 43 310 BE T S i IS T 29 5 h,
ST 3R T X 85 R H X2 TR 05 75 G AR
A0

(4) 78 30T 3 25, 1 R A0 N O A4 R o0 B0 T 4 5 i
ONIUREETH DN NWAS = N ST N O NS o f o= 2 B9 LR T
5 HA 3 AR, R T R AR AR B NO T 2 K EETH
FE 3 O AR 43 B30 A 3 T 3t mp B I . 45 30T 3l v 4k

111° 116°

W‘;ﬁzﬁé@fﬂ%%ﬁﬁ%& 9 N0.. . NO. u"wb

E ., No, L ﬁl\‘% TR, TER R NO;

A ozigmé’* W “
53 0,18 B ﬁﬂ%%ﬂﬁﬂ@%%

-

(5)5%0p
E%Fﬁ\%m;lﬁﬁ&?ﬁrﬂ,f FE KA 0:T5 949

AR 26 SR B, 3Rl A O PR R B8 I . 3 i it
PR B AN 23 5| e K05 G ik A 00 22 5%, i
e F AR IR 1 S5 TR EE O Y 7K - i 16 AR AT
AE 2 38 8 L 7 2% 0 s O AR AR 70 BTt e Y 2 [a] S
LUV 19 DA 0575 G By 428 10 i DX 06 45 7 %

S B P A 6 KA ol 2R TAE A
AR R PR SR BRI R A A B g o )
9550 .

SE 3k

[ 1] #Rmet, BRek, M. S BECR (OPE) A G5 i
[J]. HbERAFFIEE , 2009, 24(8) : 845-853.

Xu X B, Ge B Z, Lin W L. Progresses in the research of ozone
production efficiency (OPE) [J]. Advances in Earth Science,
2009, 24(8) : 845-853.

[2] Feng Z 7, Hu E Z, Wang X K, et al. Ground-level 03 pollution
and its impacts on food crops in China: a review [J].
Environmental Pollution, 2015, 199; 42-48.

[ 3] WangW C, Liang X Z, Dudek M P, et al. Atmospheric ozone as a
climate gas [J]. Atmospheric Research, 1995, 37 (1-3) :
247-256.

4] Bk, sk . doatii RO S s e mroel) ). 7%
BBk, 2000, 13(1): 14-17.

Ma Y L, Zhang Y H. The study on pollution of atmospheric



666

T

7

Es 45 4

lllrWang N, L,}ﬁ X P, IDeng XJ, etal. Aggrdvqflﬂg

=
]

[m! & xﬁtu'?tlﬂ%m;‘ﬂk%mﬁéu{mwﬁﬁlﬁﬁﬂﬂ
- ?ﬁ 2016, 27(5) 604-619. A

i

[15]

[17]

photochemical oxidants in Beijing [J]. Research of Environmental
Sciences, 2000, 13(1): 14-17.

Tang X, Wang Z ¥, Zhu J, et al. Sensitivity of ozone to precursor
emissions in urban Beijing with a Monte Carlo scheme [J].
Atmospheric Environment, 2010, 44(31) : 3833-3842.

Xu W Y, Lin WL, Xu X B, et al. Long-term trends of surface
ozone and its influencing factors at the Mt Waliguan GAW station,
China-Part 1:
Chemistry and Physics, 2016, 16( 10): 6191-6205.

Zhang 7. Y, Zhang X L, Gong D Y, et al. Evolution of surface O,
PM, 5

overall trends and characteristics [ J]. Atmospheric

and concentrations  and  their relationships  with
meteorological conditions over the last decade in Beijing [J].
Atmospheric Environment, 2015, 108: 67-75.

EWE, S kA AL O, 5 Yeny KEURRAE 3 AT (0], s 3R}
%, 2002, 22(3) : 360-364.

Wang S L, Chai F H. Provincial characteristics of ozone pollution
in Beijing [J]. Scientia Geographica Sinica, 2002, 22 (3) :
360-364.

Bowman F M, Seinfeld J H. Ozone productivity of atmospheric
organics [J]. Journal of Geophysical Research: Atmospheres,
1994, 99(D3) : 5309-5324.

O, LT, WF, 55 A AT R A T AL A R A
TR R BOR IR BT (1. PR BERL S, 2021, 42(6) : 2679-
2690. il

Wang S, Nie S S, Feng Y P, et al. Spatio*tempof&ﬁolution
characteristics and source appomonment of O, and NO, in
Shljlazhuang[ﬂ. Envuronmenlal Sclencq' %021 4,2(:_6) 2679-

- —

2690. S ',

I X 3)50 h!it
t{)‘ NO_ emlgs'loln c&?}{trol in eastern Chma ]T g.f G
- y

Environtient, Qq-9 677: 732-744. ¢ % v
éﬂ%%
".-'

Xu' X B. Obs vational atudy advan-;esl of hdzh dnd photl’)chemlc,ﬂ

]
oy |I pgllutldnl"]ﬁ'c}npa[]]l Journal of Applied Mﬁteoroloézalf;f/s&f
! #2086, 27(5): 604-619.

1 AT VR S . SRR S LTS R
et o)), FREEREEBFIE . 2017, 30(5) - 663-671.
Qi Y X, Hu J, Zhang H F, et al. Pollution characteristics and
production efficiency of ozone in summertime at rural site in Beijing
(. 2017, 30 (5) :
663-671.
mﬁ’u L ARG, MRS, A5 . ARIET JRUAE )X A 2K 0K T
I A P AR TR AR [T]. 0L g Ak i, 2015, 26(3) ¢
280-290.

JiaSH, Xu X B, Lin W L, et al. Increased mixing ratio of surface

Research of Environmental Sciences,

ozone by nighttime convection process over the North China plain
[J]. Journal of Applied Meteorological Science, 2015, 26 (3) :
280-290.

GISENE R I T N A NS W ORGE 1 S DS A S e 230N
[J]. BREERFEDTSE, 2022, 35(12): 2657-2665.

Zhang H, Jiang H, Gao J, et al. Review on causes and influencing
factors of O3 pollution in China [J]. Research of Environmental
Sciences, 2022, 35(12): 2657-2665.

Wei J, Li Z Q, Li K, et al. Full-coverage mapping and
spatiotemporal variations of ground-level ozone (0,) pollution from
2013 to 2020 across Chinal[J]. Remote Sensing of Environment,
2022, 270, doi: 10. 1016/j. rse. 2021. 112775.

Wang R'Y, Wang L L, Xue M, et al. New insight into formation

mechanism, source and control strategy of severe O, pollution: the

[18]

[20]

[21]

[26]

[27]

[28]

[29]

case from photochemical simulation in the Wuhan Metropolitan
Area, Central ChinalJ]. Atmospheric Research, 2023, 284, doi:
10. 1016/j. atmosres. 2023. 106605.

Shen J, Zhang Y H, Wang X S, et al. An ozone episode over the
Pearl River Delta in October 2008[J].
2015, 122: 852-863.

PR, BEIENE , Wik, 45 2017 454 B A g T IX B 0TS
Wl iz o BB AR IR X L] BREEREE 2021, 42(1) : 88-96.
Xie F J, Lu X B, Yang F, et al. Transport influence and potential

Atmospheric Environment,

sources of ozone pollution for Nanjing during spring and summer in
2017[J]. Environmental Science, 2021, 42(1): 88-96.

Wang K, Xie F J, Sulaymon 1 D, et al.
China:

Understanding the

nocturnal ozone increase in Nanjing, insights  from
Science of the Total

2022.

observations and numerical simulations [J].

Environment, 2023, 859, doi: 10.1016/j. scitotenv.
160211.
Zeng Y S, Zhang J Q, Li

tropospheric ozone and its sources of precursors over Beijing:

D, et al. Vertical distribution of
results from ~ 20 years of ozonesonde measurements based on
clustering analysis [J]. Atmospheric Research, 2023, 284,
10. 1016/j. atmosres. 2023. 106610. —
Liao Z H, Pan Y B,.Ma P K, et al. Metg.eml.ogléﬁfand '_ﬁmlcal
controls orf surface oLone diurnal varlablhly in B
based petspg_hnve [J] Atmosphem Envmm‘men} 2023 295,
doi: 10. '10 6/] dtmosen 2022 119566. ._r"'l =
Chen 1} x]léo H, Zhy L‘/

and hhe 1mpa¢t"§ of related meteorological tactors.fl"r’lf
Provgn(g, Cana .*Aln'lasph?re 2022, 13(1&, (10},.410 3390/
dlm0§§61917@ , .-:."-3:; ¢ .-',' -
T % B AR BT 7 e e R@"
JiL: jnl'lV'F‘L %{FJ m19 | o “':
Wang Tl KueIL K, B 1mbl§c0mbe P, et al. Ozole pol fon in

doi:

-a a'l*u:lermg-

]
I &
let al. Characterlsﬁcs zone pollution

anxi

Chlndl....d rgﬂlew of conc enltrdtl(ms, meteorological 1ﬁ uences,

cherfital precursors, and J.-’:?ffects [J]. Science of the Total
Environment, 2017, 575 1582-1596.

GFEAE, BRI, FA K, 5. 5 R OCH R U
PEAFAELT ], T EEREIR, 2008, 28(3): 198-202.

JinSH, Fan S X, Wang Z F, et al. The variation characteristics of
surface ozone concentration at Waliguan in Qinghai [J]. China
Environmental Science, 2008, 28(3): 198-202.

Ding A J, Wang T. Influence of stratosphere-to-troposphere
exchange on the seasonal cycle of surface ozone at Mount Waliguan
in western China [J]. Geophysical Research Letters, 2006, 33
(3), doi: 10. 1029/2005G1.024760.

FRRAL, A, m R L D IEAR R R OB X R T R
Jo R A AR AE ROR IR AR ML) ], RARR =224, 2013, 36
(6): 683-698.

Zhang T H, Yin Y, Gao J H, et al.
analysis of O, in spring and summer in high-altitude area of Eastern
ChinalJ]. Transactions of Atmospheric Sciences, 2013, 36 (6):

683-698.

Characteristics and source

DL, VI, T, 4. 2016 ~ 2019 4F V116 4 BLA0T5 YL bR AR
H5R %W T ﬂﬁév\fff[ 1. BREERL, 2021, 42(5) : 2190-
2201.

Qian Y, Xu B, Xia L J, et al. Characteristics of ozone pollution
and relationships with meteorological factors in Jiangxi Province
[J]. Environmental Science, 2021, 42(5): 2190-2201.

FEAGHE, AR 300, AR, 45 2015 ~ 2020 4F i3 45 5L AU 25 715
P SR 3BT [T ). 3RS, 2022, 43(2): 675-685.

FuCB, XuW S, Dan L, et al. Temporal and spatial variations in



2 1

ARERAE BT R  WLI TR 64 1L P A AT T O, A FR 4 H S8 A R AIE 667

[32]

ozone and its causes over Hainan Province from 2015 to 2020[J].
Environmental Science, 2022, 43(2): 675-685.

I, BRyE 1, STHERE, 5. TR RS R KA R H AR
PERFAELT]. T E PR, 2022, 42(5) : 2015-2024.

Li TY, Chen J Y, Weng J F, et al. Ozone pollution synoptic
patterns and their variation characteristics in Guangdong Province
[J]. China Environmental Science, 2022, 42(5): 2015-2024.
FIUAR, TR, Mt S5 M RS R B LR IE L R4
S B E WAL ], MREIRL, 2021, 42(2) 1 604-615.
Wang X D, Yin S S, YangJ, et al. Characteristics, meteorological
influences, and transport source of ozone pollution in Zhengzhou
city[ﬂ. Environmental Science, 2021, 42(2): 604-615.

Xu J, Ma J Z, Zhang X L, et al. Measurements of ozone and its
precursors in Beijing during summertime : impact of urban plumes
on ozone pollution in downwind rural areas [J].
Chemistry and Physics, 2011, 11(23): 12241-12252.
Yan S M, Gao X A, Pei K N, et al. Mixing-layer depth-based
of the of high O,
Wutaishan North China [J].
Atmospheric Pollution Research, 2023, 14(2) , doi: 10. 1016/j.
apr. 2023. 101652.

EWR . RAEEIM] CGE 0. JEat: KR, 1999.
Edln, R, BRE, S JE st R H AR R B S
PRPIBARDCPE SR BT (D). oh R RL 2, 2014, 34(42) : 3001~

7

Atmospheric

backwards trajectory analysis sources

concentrations at the station ,

N
A\

[38]

[39]

3008.

Wang Z S, Li Y T, Chen T, et al. Analysis on diurnal variation
characteristics of ozone and correlations with its precursors in urban
atmosphere of Beijing[ﬂ. China Environmental Science, 2014, 34
(12): 3001-3008.

WRTE, INECRY, ST, 4
T AR S AR M )]
1656.

Yao Q, Sun M L, Cai ZY, et al. Seasonal variation and analysis

2009 4F K HE3 X 4t 1T O, F1 NO_ (1
Bk, 2011, 30(9) : 1650-

of the relationship between NO, NO, and O3 concentrations in

Tianjin in 2009 [J]. 30(9) :

1650-1656.

RN, 225, T4, A AL REs T X R NO L NO,

OGP AEDFTELT]. T E IR, 2016, 36(10) : 2903-

2912.

Song C B, Li R P, He J J, et al

characteristics of NO, NO, and O, at urban area of Langfang, Hebei

[J]. China Environmental Science, 2016, 36(10): 2903-2912.

TR, XAy 3C, MRS . i 26 0 DA IS il IR 4k AR VR 3
SR L)), BEJTAUGAEA, 2009, 2006) : 656-664.

Xu X B, Liu X W, Lin W L. Impacts of air par(‘el transport on the

Environmental Chemistry, 2011,

Analysis of pollution

concentrations of trace gases at regional back

slauo s[J].
Journal of. Appllet] Meteorological S(‘léncz,ﬂrw f(@
|
656-664. 4.
L’

| ['r'-"‘" | |
f 1 &1 ,
a" 'E’} f,-l Il‘!: l‘n,.l ':'/45 ‘_/4%
"J/" i: . L/" qﬁ""’;t.
.f';'l q' / ¥ \ (. .?;I
¢ at?‘) by Fli Y
J \] /



HUANJING KEXUE Vol. 45 No.2

Environmental Science (monthly) Feb. 15, 2024

CONTENTS

Impacts of Anthropogenic Emission Reduction on Urban Atmospheric Oxidizing Capacity During the COVID-19 Lockdown +eeseeeeeseeseees ZHU Jian-lan, QIN Mo-mei, ZHU Yan-hong, et al.
Transport and Potential Sources Regions of Double High Pollution in Nanjing by Different Synoptic Situations «+«+sesseereesessersnimnsnsimnenns QIN Yang, HU Jian-lin, KONG Hai-jiang
Differences of Three Methods in Determining Ozone Sensitivity in Nanjing ««+eeeeeesseessrsssssssnssmisinii CHEN Gan-yu, LI Xun, LI Lin, et al.

Characteristics of Ozone Concentration in Shanghai and Tts Associated Atmospheric Circulation Background During Summer Half-years from 2006 to 2021
............................................................................................................................................................ ZHENC Qing-[engv LIANC Ping! DUJ\N Yu_sen‘ el (ll.

Distribution Characteristics of Near Surface Ozone Volume Fraction in Shanxi Province Based on Atmospheric Composition Observation Network

..................................................................................................................................................................... LI Ying' ‘X'ANG Shu_min' PEI Kun_ning‘ el (ll‘
Photochemical Mechanism and Control Strategy Optimization for Summertime Ozone Pollution in Yining City «eeeeeeererssreesrrsmnisninininnn. WANG Wen-ting, GU Chao, LI Li-ming, et al.
Characteristics, Sources, and Ozone-sensitive Species of VOCs in Four Seasons in Yuncheng:««+e«seereesresrssirsnsnini, YIN Shi-jie, LIU Xin-gang, LIU Ya-fei, et al.
Pollution Characteristics, Source Analysis, and Activity Analysis of Atmospheric VOCs During Winter and Summer Pollution in Zhengzhou+++*LAT Meng-jie, ZHANG Dong, YU Shi-jie, et al.
Pollution Characteristics, Sources, and Secondary Generation of Organic Acids in PM, s in Zhengzhousseeesseeeserssismsni L1 Zi-han, DONG Zhe, SHANG Lu-qi, et al.
Nonlinear Variations in PM,  Concentration in the Three Major Urban Agglomerations in China +«+xsxssessesssesssssssnsssssssssn: WU Shu-qi, GU Yang-yang, ZHANG Tian-yue, et al.
Medium and Long-term Carbon Emission Projections and Emission Reduction Potential Analysis of the Lingang Special Area Based on the LEAP Model

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WU Qiong, MA Hao, REN Hong-bo, et al.
Dynamic Analysis on Carbon Metabolism of the Northern Region of China Under the Background of Carbon Emission Trading Policy ++++ ZHENG Hong-mei, SHEN Fang, XU Guang-yao, et al.
Carbon Reduction Analysis of Life Cycle Prediction Assessment of Hydrogen Fuel Cell Vehicles: Considering Regional Features and Vehicle Type Differences

........................................................................................................................................................................ MA Jing, CAI Xu, ZHANG Chun-mei, et al.
Nitrate Pollution Characteristics and Its Quantitative Source Identification of Major River Systems in China s«++eeseeseeereereereens WEI Ying-huai, HU Min-peng, CHEN Ding-jiang
Effects of Land Use Structure and Spatial Pattern at Different Temporal and Spatial Scales on Water Quality in Suzhou Creek ««esoeeeseeesseeereee TAN Juan, XIONG Li-jun, WANG Qing, et al.
Spatial-temporal Variation in Water Quality of Rain-source Rivers in Shenzhen from 2015 to 2021 and Iis Response to Rainfall «++eereeeeeee WEI Bi-ying, CHENG Jian-mei, SU Xiao-yu, et al.
Chemical Characteristics of Shallow Groundwater in the Yellow River Diversion Area of Henan Province and Identification of Main Control Pollution Sources

........................................................................................................................................................................... W'ANG Shuﬂi, REN Yu' GUO Hong‘ el (ll‘
Chemical Characteristics and Genetic Analysis of Karst Groundwater in the Beijing Xishan Area««soeeeeeereereessmmiiime, GUO Gao-xuan, DAI Yin-dong, XU Liang, et al.
Hydrochemical Characteristics and Its Origin of Surface Water and Groundwater in Dianbu River Basin ZHENG Tao, QIN Xian-yan, WU Jian-xiong
Hydrochemical Characteristics and Genesis Mechanism of Groundwater in the Dry Period in the Zhangjiakou Area®«+++++++ JIN Ai-fang, YIN Xiu-lan, LI Chang-qing, et al.
Distribution of Typical Resistant Bacteria and Resistance Genes in Source Water of the Middle and Lower Reaches of the Yellow River «+++ MIN Wei, GAO Ming-chang, SUN Shao-fang, et al.
Contamination Characteristics, Detection Methods, and Control Methods of Antibiotic Resistance in Pharmaceutical Wastewater +++seeseeeeereesernnns PENG An-ping, GAO Hu, ZHANG Xin-ho
Effect of Water Components on Aggregation and Sedimentation of Polystyrene Nano-plastics ++«seseeseeressssssesisnisnen: TANG Duan-yang, ZHENG Wen-li, CHEN Guan-tong-yi, et al.
Lead Removal from Water by Calcium-containing Biochar with Saturated Phosphate ++««++«esseeessersssssrmsmsinnsie LIU Tian, LU Si-lu, DU Xing-guo, et al.
Preparation of Chitosan-modified Biochar and Its Adsorption Mechanism for Cd™ in Aqueous Solution +JIANG Ling, AN Jing-yue, YUE Xiao-qiong, et al.
Efficacy and Mechanism of Tetracycline Adsorption by Boron-doped Mesoporous Carhon 70U Zhen, XU Lu, QIAO Wei, et al.
Adsorption Properties of Magnetic Phosphorous Camellia Oleifera Shells Biochar to Sulfamethoxazole in Water ««+eereeeeereesresresrsnsnieiinens HAN Shuai-peng, TANG Li-wen, LIU Qin, et al.
High Resolution Emission Inventory of Greenhouse Gas and Its Characteristics in Guangdong, Chinaress«eresessesssmenmn, LU Qing, TANG Ming-shuang, LIAO Tong, et al.
Ecosystem CO, Exchange and Its Environmental Regulation of a Restored Wetland in the Liaohe River Estuary = «oveeeereseeeresssenennesisnenes LIU Si-qi, CHEN Hong, XING Qing-hui, et al.
Effects of Biochar Application Two Years Later on N,0 and CH, Emissions from Rice-Vegetable Rotation in a Tropical Region of China «+++xexexee: HU Yu-jie, TANG Rui-jie, HU Tian-yi, et al.
Research and Application Progress of Biochar in Amelioration of Saline-Alkali Soils««+eeseerrerersrrsrmmimimnii WEI Ying, JIAO Le, ZHANG Peng, et al.
Effect of No-tillage on Soil Aggregates in Farmland: A Meta Analysis XU Yi-ping, RAO Yue-yue, MENG Yan, et al.
Spatio-temporal Evolution and Multi-scenario Simulation of Carbon Storage in Karst Regions of Central Guizhou Province : Taking Puding County as An Example ++++++++ LI Yue, LUO Hong-fen

Effects of Different Modifiers on Aggregates and Organic Carbon in Acidic Purple Soil LI Yue, XU Man, XIE Yong-hong, et al.
Effect of Ca Modified Biochar on the Chemical Speciation of Soil Phosphorus and Its Stabilization Mechanism ZHANG Chao, ZHAT Fu-jie, SHAN Bao-qing
Plant Diversity Changes and Its Driving Factors of Abandoned Land at Different Restoration Stages in the Middle of the Qinling Mountains ~ +**YAN Cheng-long, XUE Yue, WANG Yi-fei, et al.

Contamination Characteristics and Ecological Risk of Antibiotics in Contaminated Sites of Typical Pharmaceutical Factories in China

...................................................................................................................................................... YANG Jiong-bin, HUANG Zheng, ZHAO Jian-liang, et al.
Pollution Characteristics and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soils of Guangzhou +«sseesesseesssnessissisniiiinn 70U Zi-hang, CHEN Lian, ZHANG Pei-zhen, et al.
Quantifying the Contribution of Soil Heavy Metals to Ecological and Health Risk Sources +esoeeeessesreesmsnsiim. PAN Yong-xing, CHEN Meng, WANG Xiao-tong
Potential Ecological Risk Characteristics and Source Apportionment of Heavy Metals in Farmland Soils around Typical Factories in Hunan Province Based on Monte -Carlo Simulation

..................................................................................................................................................................... LUO Hao-jie, PAN Jun, CHEN Xiao-xia, ef al.
Health Risk Assessment for an Arsenic-contaminated Site Based on Monte Carlo Simulation and Parameters Optimization YUAN Bei, LIU Hu-peng, DU Ping, et al.
Pollution Source Apportionment of Heavy Metals in Cultivated Soil Around a Red Mud Yard Based on APCS-MLR and PMF Models** SHEN Zhi-jie, LI Jie-qin, LI Cai-xia, et al.
Characteristics and Mechanism of Cd Release and Transport in Soil Contaminated with PE-Cd «eereereeerereesimmnien WANG Di, XU Shao-hui, SHAO Ming-yan, et al.
Characterization of Reductive Dechlorination of Chlorinated Ethylenes by Anaerobic Consortium LI Wei, LIU Gui-ping, LIU Jun, et al.
Analysis of Heavy Metal Pollution Evaluation and Correlation of Farmland Soil and Vegetables in Zhaotong City *** ZHANG Hao, DONG Chun-yu, YANG Hai-chan, et al.
Safe Utilization Effect of Passivator on Mild to Moderate Cadmium Contaminated Farmland ««eseeresevesesrssnenimminn, WANG Xiao-jing, ZHANG Dong-ming, CAO Yang, et al.
Simultaneous Immobilization of Cadmium and Arsenic in Paddy Soils with Novel Fe-Mn Combined Graphene Oxide YUAN Jing, WU Ji-zi, LIAN Bin, et al.
Effects of the Application of Irrigation Water Containing Zn at the Key Growth Period on the Uptake and Transport of Cd in Rice * *ZHOU Xia, HU Yu-dan, ZHOU Hang, et al.
Effects of Exogenous Zinc on Growth and Root Architecture Classification of Maize Seedlings Under Cadmium Stress — «+reeeeeeresreseenenen ZHANG Hui-hong, WEI Chang, LIU Hai-tao, et al.
Mitigative Effect of Rare Earth Element Cerium on the Growth of Zinc-stressed Wheat (Triticum aestivum L. ) Seedlings ++++++++++++-+ ZHANG Jing-jing, XU Zheng-yang, JIAO Qiu-juan, et al.

*GUO Jia-jia, WANG Chang-rong, LIU Zhong-qi, et al.

Effects of Combined Stress of High Density Polyethylene Microplastics and Chlorimuron-ethyl on Soybean Growth and Rhizosphere Bacterial Community

Two-stage Inhibition Effects of Burkholderia sp. Y4 Application on Cadmium Uptake and Transport in Wheat ***

HU Xiao-yue, HUA Zi-wei, YAO Lun-guang, et al.
Human Accumulation and Toxic Effects of Microplastics: A Critical Review* BAO Ya-bo, WANG Cheng-chen, PENG Wu-guang, et al.
Overview of the Application of Machine Learning for Identification and Environmental Risk Assessment of Microplastics «eoeeeeeressssesssiissneneens BAI Run-hao, FAN Rui-qi, LIU Qi, et al.
Research Process on the Combined Pollution of Microplastics and Typical Pollutants in Agricultural Soils HOU Yu-qing, LI Bing, WANG Jin-hua, et al.
Research Progress in Electrochemical Detection and Removal of Micro/Nano Plastics in Water ++++* ZHENG Wei-kang, LIU Zhen-zhong, XIANG Xiao-fang

Factors Influencing Willingness of Farmers to Pay for Agricultural Non-point Source Pollution Control Based on Distributed Cognitive Theory ««+«+++++ GUO Chen-hao, LI Lin-fei, XIA Xian-li



	1
	20240205
	11

