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YANG/Jun' , YANG Lei-feng” , DING Hua® " , XIE, Dal- ping® ' LIU Yan-yan®, YU Tao’ , EU Mlng YUAN Zi-bing'
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Abstract ; ,Ozone (0,) pollution in Hunan province has become the most important factor among the six common conventional pollutants (1. e., NO, , S0, , CO, O,, PM,,,
and PM, <) in the atmospheric environment. Further investigation has indicated that the relevant studies of O are insufficient. Therefore, it is essential to clarify the key
driving factors of O variations for government regulators. In this study, a combined method consisting of a generalized additive model (GAM) , empirical orthogonal function
(EOF), and absolute principal component scores ( APCs) model was employed to identify and quantify the impacts of meteorology and local photochemical generation (local)
and that transported from outside (nonlocal) on O variations from 2018-2020. Simultaneously, the driving factors of O, annual values from 2018 to 2019 and from 2019 to
2020 in Changsha were analyzed. The results showed that O, episodes were commonly caused by meteorology when the relative contribution from precursors was high, on the
short-term time scale. Overall, on the temporal scale, meteorology and local were the driving factors for the increasing annual O; from 2018 to 2019. Additionally, the
contribution from meteorology, local, and nonlocal decreased from 2019 to 2020, leading to a lower level of O, concentration in 2020. Geographically, the east, north, and
south of Changsha were mainly affected by meteorology, local, and nonlocal, respectively. Throughout the three years, nonlocal exhibited a sustained decreasing trend,
whereas the tendencies from meteorology and local varied by year and geography. Local contribution in the north of Changsha increased from 2018 to 2019, which was likely
attributed to the increasing biogenic volatile organic compound emission (BVOCs) , and it became lower in the south owing to the strengthened consumption by NO, . Impacts
from meteorology on O, in all sites were enhanced from 2018 to 2019. By contrast, local contribution decreased in the north and increased in the south with the decline in
BVOC and NO_ emissions from 2019 to 2020, when the meteorological impacts on O, in the whole area became weak.

Key words: ozone (0, ) ; meteorological adjustment; local impacts; nonlocal; driving factors

B TR 225 DO 5 T, T P PO Al A BOSR R 226 TV L B e
FRUCH A, TR A ORI I L BT R LA W WS 3 L.
SEAR B LE Rz LR TR MR O, 2 JCHT PR R R (NO, ) % %
BHLTAR LR LR R s )
BALMBH BV, LRI T RO GRRR T h b oA 05 58P
PR SIEIRIN, B0, ) 15 e v I R 10 A 202201005) 2021 1 1 5 L FLOFR H (K-

AR, S S B s bR S, RO RIE R EEEA: 21996 ~ ) 5 BUERGE , £S5 KT
e i L3 B, E-mail; 18779478518@ 163. com

yﬂﬁﬁﬁ%‘fj( Tﬂ‘i‘t E/J é‘g {73 % 23] r{ﬁ O }i"_%ﬂ)r * MiEEE 7E-mau'l;3?4548995.4@ qq. com; xiedanping@ scies. org



3716 57

oo 44 %

PEAHLY (VOCs) TE S IMDCE IR R E T &
Al BB 7 1, A A A ) HE T LE )R
0, RS A 22 A] S B B AR R e R 10T
FHINE O, MG A A 78 X 18] T A50hH B
el , S BOLW L Z T4 . AHOLA A Ao
fEtmsr G E R B m =0 Rt 0, 15 g kS AE fk
() SR A s B ) = 22 2% A A X BT R 3 LR
1k,

158 b BT HE IR B 2 BT i AR L
TGN O, V5 YR H R e HMEAR TR .
UTBEAER | A WL B Y 1 22 | — S iRl 4 )
SCAAINAR T ( generalized additive models, GAM) | #f
25 W 258 F1 22 TR ) S5 R PUN IR AT 1A Y)
HERCH O V5 QM52 (GALIE) 1 T 28
oA (‘empirical orthogonal function, EOF) e HE
TSI RO TS B 35 5 I U A #1627 A A
AL R ik 2 — . Yang VAR
SHRE . O, JLA% BT (EOF) I 4 % 15 43 32 P Be 7Y
(‘absolute principal component score APCs ) $f R F

B, %8k = A DR DA TR | R 1 PR 7

GO0, 15509 1T, 0, el
1928 53, AHBETE 5 A W R [ € i B i 5 e
waRl L 1/

R 2 e o) J%MJ
PR BRSPS 2 S

SRBR I P L. 1 2018 4E0R ) KV Tl RHET
SRR T TR A B , 00 0 5
SHRDC | T AT T Al 3 1 e R 3 A
St A RS S R . A ) 2020 AR WA
Wb O, T5HAERRIEAT T F W™ (LR AE I ]
TG AL A EL LR X O, 153
AL R R RN B . FF R ZBLR, LK
VDT BIFTE SR, 3 T B A4 1 2 R
AL T 2018 ~ 2020 4F ] K VD AN ] X S
G| ARHIEARE 2 RS L 0 (AR X ST, 2 4

O, HYLEMALHIR DL, 70 #r 1T KRBT AN [ X 3K 0, 75
Yl RS SAL R BHEN R LU I IX B O, 15
(B 1 TAE SRS i

1 MR

1.1 WFFE IR
AT IR DT 10 ASFuhifE x4 HEAK X
WAL SRR RS DL M g 2 AT S N ]
AR 1 s, WA 1 R B 1 R 48 30 5 10 s
2018 ~2020 4F 0, , NO_ 1 CO iX 3 AHEARAIZ /N
IS | SR8 7 4 A5 24 1 ) i 2 R e 3 A%
Bt 22 NV Ay ol 2R AR 2R A7 Ak B AR ARG 50 2 BT A 4
iy Ay, Ko B R/ B AY 80EIR B0 4T R
S M TF L A BRI L R T 2 ~ 12
A BCH bRy A 204, Hrf 0,45 ek
JEIRCH 8 h 920 5 44 1 KA ( daily ﬁla)zin:}p@" 8+hour
average concentration, MDA8 ), NO_ FI C@ BCH
{i. A BHAERRE MR 3B 1L, 0, | cO ANO, 4
S 5 001 e, 55 05|y (M
wE Y AV : !
VAR HRREERRGERR
Table 1 Fongithdes|and latitades of different sités involvetl

e

i g Bk /() SIEAC),
X R GKHB 112.89 28.9%
WOk 2 HNSD 112. 94 28.19
IR R 22 HNZY" 112.89 28.13

KLl HCXZ 113. 00 28.19
LI R JKHB 113.08 28.23

Thiy MPL 113.08 28.21

fuean SP 112.96 28.36
FRINF$IN Y] TXHB 112.98 28.12

e WIL 112.98 28.26
AL X IR R YHHB 113.02 28.13

£

29.3°

28.71°

28.0°

27.3°

TE R H 1 R AR R 0 (European Centre
for Medium-Range Weather Forecasts, ECMWF )
ERAS TR H70 M B BRI (10 m e 8 1) K
MmN v) | PCHEE R SIS MR K

__Jese

7
28.3° -
X Bt
o e
T | SWIL—

I ) :
.n\ @GKHB || rS___/\_{JkEB
OHNFRHCXZ ~ T}
282° 1 [ | P
|

Il ] L
111.3° 112.0° 112,7° 113.3°

A1

114.0° E

.IIN?

L’\‘l @YHH _
®i\HB 3.75 km
Iy e

L
112.8°

5% X g ARk 2 == 6 4

113.0°

Fig. 1 The area and spatial distribution of ozone monitoring sites in the study

113.2°E



7 MR "% ARG A S BL H T YO TIT 2018 ~ 2020 4F B4R 15 Yeta A 1h 52 i il i 5] 3717

PRAFESS . Btk W )2 8 BN X 9
TG AR I B0 (R[] A2 18] 4 B 340504 1 h
0.25° x 0.25°) , Hr R I Hb ETSF . S8 A0 R O
KBRS AN 2 B CH B/ A 5 R il A2
o FE R H B /INBst e AL, AR 8 Pl LR N 22
AR BCEL H PR/INSHE R /ME > R 5 1 3 )
X O R A G 47 VLAC.

PEEK VDB EX 9 A 57 Fh 0, RitA# VOCs 4H
73 (PAMS) 72 /)N 7 2 I 04 X Vb i 1 0, 4B
JAILHI AT IR, S B3 dole 2 B dl , e P PR T 43 Fh
VOCs 477
1.2 BRIk

TEATFSE B GAM %% 09 A8 X 5Tk 7
PIFIES , LIS B ET AR Y HE RO O, A X ST#k. 760t
Shit F, A EOF A1 APCs 5 518 Ak A s 544 i
ORI A% B B 5, DA BT O, Vi B e #4728 b it
LA BT -
1.2.1 J7 XAHMEEAL(GAM)

GAM Fik A= (1) Fm g

g(p) =Sp-"'4' 3, (X)) + Sz(Xé) RN Y . =
STV b s U EAD

X, () KBRS R ST A8 (o)
WA p A AR SR8 B R BHO R
SRR, A AL A 10 2T P AR ) A5 o

—

B 6 0 3 o PR L9 b ST W, £ R R i

AR AR, Tk SRS e B TR LT
LT 20 ARSCRI T GAM R L < 4 A
T PR HI R B2 A6 KI5 e S0 (B 20
1E) AR (2) Fia(3) .

w8+ YSX) (2)

e =g(p) -n (3)
A, n R A TR, 2 B ) R RS I B XS
YIRS, @ AR @ DA (R M A R A
), e HAHAK (1) FAR(2) THES R
B 2%, W A S MR A HE O B i R i 2 AR T
FEIE R L 2018 AE S GRS B (A AR by JiL o it
FTRGALIE.
1.2.2 FETZBMEAL(EOF ) FIZ X 15 53 32 AR
7 ( APCs)

A% Hiu 3 BBl P, S [ sl T A 4 HE OCIR A 5K
K MG HXARR X 0, B8R, 5k
L2 A O, B R R 4 R R 38 3 4
TGS R R AR R X — A B I [ il
A2 B — 2 L PR AE. PRI, AR 4l A b o' £k
= AR A P Bk AS T 3l o5 O i R 5% i) 1)

TEASTE], AT XA R R F B ) B ST LR ), EOF
EWM I EZz =" e £Lal A APCs f#
A XA [ R - mr ek AT e Al HER IR A 5K (4)
Ao (5) s .

Ziz = (Cit _Ci>/Si (4)

Z, =1L -P, (5)
0-C,

(Z())i :( S l> =_Ci/Si (6)

APCs, = P, - P, (7)

C, = (b)), + > APCs -+ b, (8)

K, C M Z N5 i A uh A5 ¢ DB AL O, WREE
H—ALRIfE, C, RS, WA i DUl O, WA
FbnifE2E, L, 05 i A F R DAL P, &K+
(94553, ZJ5 PRI APCs o 454> [ 7 (1) sk B 47
P AT (6) ~ (8)FR, (Z,), i i bt
K0 FEASHR BRI APCs, | P, I Py 48N i
AT 1 kA S | R B R L 0 BEAG 7H )
(bo), WIS APCs - b, WIATF R4
BRI Fk > )
12,3 F A 000 e B0 A ( observationabééfég'if
model, OBM)‘{‘ : ol 3 . 4

KL 5T O, 75 Fei JE 2 i) 53 A A AL A
bt 5P R OBM Xt O 9 75 AL ) HE 4T 3R 3.
OBM J& LWL A4 (0, . K5, NO, Fl VOCs) %k
filt, R HIZ R AL # L% (MCM | CBM I RACM 45, A&
TR A MCM HIL ) | B8R 05 G W Ak 2 i
SRR & B R AH X 3 5 B N 3G PR (relative
incremental reactivity , RIR ) f& HAZ O & | Je LAY &
0, oAb A Bkt i A HE RO fh i Sk 252 3
HHEAAK(9) iR .

) P - x—Ax
) 03-NO( A.)/AS(x) 9)
P03—N0(.r) S(x)

A RIR () IR o (AR 3 5 S B 36 1, o« R
FRE ALY, Ax YR« HEA B AR Py o T
0, AR % NO X O, BTHAEH R (0, HAE) ,
P ot an = PITI 2 A4 Ax JFHT O HrAR I, S(x)
YRR HER M AS (x) S HERCR R 2 k. Xt
NO, FA KR (B R ARG 5 15 s b B wh ) 43 31
B 15% LT3 RIR, RIR A 1F 67 {8 B 43 591 2
B 0, A= B 5 Fir A 9 HE ik & 52 80 0E A6 AR OC Y

FIFH R o5 247808 o3 5 A K 251, R
ArcGIS(10. 2) #4725 [l 4 {H ( S M 253, IDW ) AT #
TLIER.

P,
RIR(x) = —%



3718 EZN

i

oo 44 %

2 HFREITE

2.1 SBRIE TG BRI ] A0 2 B3 AL RRAE
2.1.1 2018 ~2020 4ES M IE R T 5 S0k B2 B 1]
A RFE

KBl 10 A~0h 8 AR AL T 5 1 [R] A22 £k 57
PPRIRBEANEE 2 s, 2018 ~2020 418, J5ih O, ik
JEW IR E A 0 ~250 pg-m ™, BRGS0
ZE (RERIE) ,, K BT U3 E o 50 ~ 150
pgem 7 UL AR R RS L O, R E kA2
KB R 2. — ek it , 76 J 13 BB — A X BT A

HECIR 8 A1 X A s ﬂﬁﬁf$%ﬁFﬁﬂl”W&€#ﬁE’J
O, Y B U5 30 A e BE AR 38 /0N, T A5 25 T
EBRA, SRR FsRiES . i, T
BOEXERHAE o, WE SR FE. WK 2 PR,
HERBR RGBS PRI T, 0, MR JL-T- 438
T EE ZHhrfE(160 pg-m™), 0, BWARF/F (K
FER T 160 pg-m ) AA R AE BT HE R i K
TEOUR ARG M L T8, Nty 3
FARGURBARAY O, RRDIEHEIIZNT 0, 15 YBi
EHAEEE Y.

2018 ~ 2020 K P AR KIERT 5 AR5

200

150

| o i

0

P03V pug-m ™

— REH — KiER

.]|‘j||

\]4%

2018 2019 2020
iy

WS | TSk AR O, WIES %&“ﬂiau ﬁ'éﬁavﬂm R, ﬁ@[ﬁ%ﬁ«fﬂﬁmﬂfﬁz’ﬁqﬂo"dw BARAER 60 g |
' S m2 208 00 Skt o BESSRER, FHES ﬁﬁgﬁ*wwmﬂ

Fm 2 “Time series of ozone concen‘lratlon bef_‘le and after meteorological adjuslmem in Changsha from 2018 to 2020 A“.-"'ﬁ

ﬂmﬁﬂﬂﬁt%ﬁﬂcﬁn@ 3 fimn. 3 /\Bﬂﬁlﬁxm m%
KBGO, Ferpms k2 s |- FHER A0 Rt
%V“EZFO AT {1 B ) 982 0 %) W 0 A1
(P <0.05) , BB/ 5 4 1F (0 3 12 53 2019 4F 0,
TR BE R (BRI 2020 AFIGAE A% 3 S AL S D O SR
2019 4F 9 H, FREE Bl N (G 4& 1 4 ) T B 0 AT
[ 2 ~ 4°C , 15 I [ Iep o Bt 25 o o g 2 | 38
fI%, EHRE AR = R ZeRL,2020 415
HORGUA BT IZBUIR SR 4051 0, 155

(R SZMRAR 0 PR R — B E— 25 Bl S s, 2018 ~
2019 4E R R W i 15 O, W AR PR(E I N T 8.6
g em ~ FTAR Y HE B 5 ) S B AR T R A R E
2019 ~ 2020 KA WA 1T O, WREAEPR{E FRE T
22.2 pgem 7 HTARMIHERB R FRE T 6 pgem
PRIt i A Be G AR e R B VDT 2019 4F O ¥k
BE LT 2020 4 O, WePE T REM)CHEIR SR K.
2.1.2 SBKIEFTG S EWRE ML =S
ARHIE

AN S ABRKIERG O, WE MR R
{EAS 18] 50 A AR DL AN L (4) BF7R. O, DR VR &
[ 4(a) ] B FE LA e 4R B X3, DL MPL 3
2p(0;) i, 4 160.9 pg-m ™ RAEAL Tk,

s A 43

180

— ] 20184
sl 1 20194
5 1 7 20204
2 g
8 a5t
0
FEIERT IR fE 't.glmﬁk

3 2018 ~2020 FRDTSKKIER ., FRSKTBE
O, REFREEFERTN
Fig. 3 Annual variations in ozone concentration before and after
meteorological adjustment and meteorological impacts

in Changsha from 2018 to 2020

HNZY ¥ /5 p (0,) & A&, 7 156.3 pg-m ™ [ K 4
(a)]. Oy VEEE W H2S A 73 A AR 5 NO, 2 3AH
R (ES) X2 KT o, AUk L
VOCs £l X F (05 @i {E H iy VOCs #1 NO, i)
RIR 70 91290 1.5 Al - 0.5), H ¥ X 5 (WIL,
HNSD |, HNZY #1 WJL) 8 1) NO, HEBOG 04 i
FEMEFH. A5 X 48 ( MPL . YHHB F1 TXHB) NO, HEji
FEXF R, X O, FITHFEAE D, T b XU
FIRRIN AR X3 O, B AT (R 9 1% F 1 A 5 24
AR VDT AR B X O, MR B .

SREMIEZ A, 0, WeHE R ARAE 25 18] 0 A K A T



7 39

WRAF . AR AL RS L5 U TIT 2018 ~ 2020 4F R 4TS Qi H L (g e i U3

3719

Al B RIS (8 43 1 T 7G5 0 45 3 B B [ 1R 4
(b) ]S E BRI R 4(c) ], E
TR A AT RO, th T O, J2
SRR 22 I 19 74, Fovk e BURUZ S 5 1
PRI , 7E O, RITRYIHERCE 2 19 B, 83T O,
B R A

plO3)/ng-m™

156.0~-156.5
156.5~157.0
157.0~157.5
157.5~158.0
158.0~158.5
158.5~159.0
159.0~159.5
159.5~160.0
160.0-160.5
160.5-161.0

(a) . (b) FI(e) RFRTGBIET . 5 LT O, WK
E4 2018 ~2020 SEEIER. F&ﬁ%zﬁMOsmﬁiﬁﬁﬁﬁ%#¥W%&

Fig. 4 Spatial distribution of ozone annual concentration béfore and after meteorological ad]us

{7
PINOYpgm™
24-26
27-28

31-32
33-34
35-36
37-38
39-40
41-42
43~44
45-46
47-48
49-50
51~52

B 2018 ~2020 £ NO, iRE4 FRED B HBERR
Fig. 5 Overall spatial distributions of NO, annual

average from 2018 to 2020

29-30 =2

f
I

2.2 2018 ~2020 4EAHL A A2 AR Bl AN A1

A 5 5 T (1 st 4 TRARARRAE

2.2.1  ZRHB R HEBCR SN R i e 8 ) A

ik
SEBOEERR TRZW X 0, BHAL 5

M, A5 20 A4 O, ¥ 1R 0] i 87 sz ke ) 2 T 4 0 HE ke A

P(O3)pgm™ PO3)pgm™
TH— 42.6-42.8
42.8-43.6

127-128 43.6-44.4
128-129 44.4-452
129-130 45.2-46.0
130131 46.0-46.8
46.8-47.6

i 47.6-484
132~133 48.4-492
133-134 49.2-50.0

Ca f

trlete ological impacts from 2018 to 2020

AT i F RO AL Wi?}

JRA A Bl £ gk A

+ APCs I 3007 03 it 1. mzﬁ
AT, 3 B T RIS it 81% 1Y f

A E/

F

(K6), #ﬁﬁ m%@ﬁmmql3
[@aa , ‘?ﬁ %:%Emy 2% . FINEE S 2

W MR DL RA —E
%I&ﬁMAﬁTkREH%WmT%@%%%
AT S i v i s W ey T s S
ARV AR AL T7 L IE A EA R 225 [ 6(b) F16
() ], ULRALE [l — A 18] Py, 3 7 A PR3 36 A [ DX 3l
FSEMAAR DU AR R S, I I O, — T T, A4S 3 i

[ ]
Vi ko= T~ D o o 3l
S 2 = = = A © & o
I IR B B
C?QGGOCQQO
28323323117
= = = = = — & ¢l oA
e o T e T Tl ooy I Tl 3t
= A A A A A — A
Fig

i
(a), (b)Fi(e) FRIFRE— FME=HF
6 EOF REAR[EREFHFTEKX/NEES
. 6 Spatial distribution of different principal components loadings of EOF



3720 7D 53

oo 44 %

WO, A5 ML A 7E 22 57, AR b HE % Fi (A 5t HE i
IX Sl B 30 T XU ] (5% MR A BIEAS [, 55— T,
AL RN O T5 Y iR 2 A3 B U O, YR BERE
%, T KU i T, R LMol LA 3 o 28 7 (L) e 1)
DR U3 R A st i A B HE R A S ). B ad R rh , Ao
R HER A STk hy J bR 58 5 4 B 4% 4 sk
E@%{E[zl,ﬂ,%].
2.2.2 2018 ~2020 A b Fip A HE AN S AL Hi
w2 A A 2 e Ak

AR Hi BT HEORN &1 A% 5 e 4 s (AR
PARAY, K AR AR N & 7 FIR 8 Jiron. 4k L B
o B[R] A5 A, AN b 7 420 R 52 e ) 22 R 5 1 T
Jo T RAR A B A A% i A B e DU 32 4T . LA
Hi,2018 ~ 2019 4 B[] Bt A Hb 5% me) 35 im0 1T 3.7
pgem ANEEE FRE T 4 wg-m 2019 ~ 2020 4
FfIBE , I Y BRI FREA . 254 2. 1.1 bt
FELAE T HEWT 2018 ~ 2019 4FF:3( 0O, {M”;ﬂ
0 LK 32 90 5 A Mo R
%El%%ﬁ—mﬁr“ T 0, /W“E’JJ;% DU"J

K7 2019 4F 04 da[“ BETER. 2011J9 292(3* -
mawﬁm?rﬁuﬁmwwwmaﬁ
{42 1 4445 ”

“ﬁhﬁfﬁﬁﬁ%ﬂﬁ%ﬁ%ﬁm
&ﬁ%%%bﬂﬁmﬁﬁ%mw

/,

a

_;:_5.-:,': PO3)/ pgm™
“ 3~5
67
8-9
10-11
12~13
14-15
16~17
18~19
20-21
22-23

24-25

ﬁ@f?nxﬁﬁ.x

mﬁmmm@mwgﬁa>szlﬁoﬁﬁ;f,f'

W A S AU A Ml e KUY R SR O, 7E
DI R A 2R A5 S A P AT T XU i) 35 e e JBE T
. 30, TSPl M A R W R RARI
HEBCREAEK, (4592 X 04 Az BUAL i 1] 5 9 [X 3
NO, $ai DXFEAR | B XUE] Rl NO, 4% s T X fm)
SP i ;5 Oy Az ™ HE AR HEAE . A1 A% i 52 1 K
/N AR A S AR M T A AR [ 18 8(b) ], A8
T (LA F R VDT 8 e i DX, ARG B4 P eI E S
AR AT A2 PR A A0 B A A AR U | IR B A6 IO 25
MOy WRBEERS R A WA R, U] vk O,
FRAGREMF VDT R 788 DR, 7 o 78 DX O, R BEA
Y IR YT RE R X 3R 0, V5 Y B 45 7 B
JE SR 1 i ) 2 )

20184 [2019%  [0] 20204 {140

1120

1100 -

180

MOV pg-m”

POs) g™

460

420

AR ShifG ’ &
B s Lok kbmama i
9F@ﬁ§?tﬁﬁmﬁk$#ﬂﬁ§ﬁkﬁ§&*ﬂ WY
Fig. 7-ll Variations in local aar_yi nonlocal annual impacts

of Changsha from 2018 to 2020

AO3)/pgm™

123~124
125-126
127~128
129130
131~132
133~134

(a) FI(b) 43 BIFE A b B PR HEBORN S M B1% 4
B8 2018 ~2020 £ MBI AW HEM SN EEHT KD T AR S BN RTHRERES B HEERR

Fig. 8 Spatial distribution of local and nonlocal impact averages from 2018 to 2020 on different sites of Changsha

2.2.3 2018 ~2020 4K Vb i A7) i o5 5L 515 YL i
M) |5 2% i s A

J T LAY BT 2018 ~2020 4E O, ¥5 Yuia iz
FRJEA  XF 2018 ~ 2019 4FEF1 2019 ~ 2020 4FS 444
IEFTGE . RG50S i A4 HE R o Bl A% i AR
XFTTRR A AT T 2S5 45 R A 1E] 9 . 2018
~2019 4R E B, AR IE Z A K43 3 A 0, ¥R

R TS [ 9(a-1) ], EBR IR
SR Z 5 A A HEBOS KV AR AL XK 0, 75 B
R B i 0T v R DX e A
ER[ 9 (a-2) 1, 33k 3 202 A 3l iy (R 9 HE O R /Y
JEIA[ 1 9 (a-4) . KIPTT O, Az AL HE A 4L T
VOCs M X (10 2. 1.2 5Pk ) | AR A XU f
HEZ TE 2019 AR il SR AR T, KA



7 MR "% ARG A S BL H T YO TIT 2018 ~ 2020 4F B4R 15 Yeta A 1h 52 i il i 5] 3721

WREIHECY 2 |, S EOUE RN R E TR, 0, W
B, m A X A R NO, HEE R E 10
(a) 1,3 TX O MIHAE, (AR RMRIXER 0, W TRESEC TRFER,2019 459 H KG# S , 52

FEAR. 15 2018 4EAH [L,2019 SE MR SRR Kb A& i 05 K v 7 8 A DX 3R 1 52 o) 7 FH Ol /s )
WA O, WL 2 2 B e [ 18 [ 9(a-5)].

9(a-3)],3X FEESE 2019 4F I FNHE A N 5
BERN D B = B SRR KRR T 0, R

p(03)/ugm™

R

p(O3)/pgm™

T

b el S W e e Al S el e R Ll G

ot hd = d gt b g~ S S %

terrTrTYTYYYYYYTYTYTYYTYYTTYT
p(O:)/pg-m™

a F1 b 215124 2018 ~2019 41 2019 ~2020 HRBL, 1 ~5 SPHIFR TRICIERT | TRALIES |
GRS HUTHT P HE ORI S B 1 i P 4 B 22
B9 2018 ~2020 FSKRKIERIE, SEHM, AMATEYH RIS EEHET KN FEREEZE ST
Fig. 9  Spatial distribution of the difference in ozone concentration before and after meteorological adjustment,

meteorological effects and nonlocal and local emissions from 2018 to 2019 and from 2019 to 2020

152018 ~ 2019 4 A A (92,2019 ~ 2020 4
LB, Al i O, MRS BT B3 [ K 9 (b-
1) ],k HNSD 3 550N B B2 Je = 4 39. 7 pgem .

e I (8] A HE RO AR S e 1 A8 Ak 55/ [’ 9 (b-
)], 40 -5.5 ug-m . 0 E IR R KM
T8 2020 A O, WREEFEARM SCHEIK BN R [ &9



3722 2D 53

oo 44 %

(b-3) ], Hoxt R 6l 3 A9BSRl - 16.7 ~ 9.7
wgem . I 9 (b-4 ) AT, A b A A4 HE RO K 70
T S T X B2 M 1 P 351 S B 5 11
s X AR AE Sl 2020 4E R NO, HE & U
BIE10(D) ], X 0, Bk E RS, 2L o,
Y TS AE R ARSI R A3 DX 4 KSR e
R R R O, BOFRHEE FHRRAR , (75 O, He i FRAI%
AHXTF 2019 4F 2020 4EARF] BG5S AN,
(A YD T TR R4S S 0 4 O, e B 149 52 0 e
AT T e 75/ LA oK v T B A DX S
YERES [ K19 (b-5) ].

S LA LR 4% SR AT AR [ B[] B RS )
X, O, V5 e A Al 1 5 R A0 X B 0 A 22 45
K5O, 15 Y B 1 7 B A S O, A= ML 9 3
Rl b A AR A | ARG 2 A R T LA B
SRR 1022 5 R BGE 7 10 ) O 2. b TR b
S, 78 0, & HUHLHI L VOCs Hbh £ 5L
LEXE NO, HEFFE 1 0 I, 45 2 I VOCs 9433
DAREAIE NO, W/ 80 0, vk iy Bhn , ] i 7
N 5 S T DRI LA 1 5

[ | A
2 2 | /81 &
gw. ) S, 'y’ .;./’x..

J I ! r |I = L - s

(a) FI(b) 4r51E% 2018 ~2019 4EF1 2019 ~2020 4E NO, W EAE 1k
10 2018 ~2020 ££ NO, KEERETHZ @S
Fig. 10 Spatial distribution of NO, annual variations from 2018
to 2019 and from 2019 to 2020

3 g

(1) # R b XKV Tk 3, 78 2018 ~ 2020 4%
1R S BV P, O AR S 2 T AR R i A
FIRTHE B AR RS AR LS. fEEPRAR L |,
RURYIHERC O, e BE B2 B S B0 R a3, <
AR i B AR HE O 38 2019 4 O, WRIE T
BRI 22020 4F O, W [0 JE R 2 <4
S Hb IR B HE TR A B A% 5 ) 20 T R AR Y

45

5]

(2) fEZ5 ) b, SZ AR HEBOK SR 0, A sl
Hl s VDT Oy o (B 4 76 AR B Xk, AR B Ak
TRk, ARG A AR iR A HE R A1 LS
i B ) DI A3 A YD T ARER | AL BB R
X35

(3)2018 ~2019 FFAF A TEAMHEFEANIX
B0, VB B A M TR HEBOMH Y R AL
S B SR ] 5] S BV /DN T 5 A R #2019 ~ 2020
ARG AR S | A HmiT A HE S AR
A4 B AR K VD T R ERANALER O, W FE L TR R %
FE 2018 ~2020 47 AR, A1 [ 4% i (4 5% i 4 FH 7 2
BE
[1]

Liu H, Liu S, Xue B R, et al. Ground-level ozone pollution and
its health impacts in China [ J ]. Atmospheric Enx_i;enmenl,
2018, 173 223-230.. -~

u -l N .
Fan H, Zhdo C F, Yang Y K. A comprehensivezanalysis' of the
spatio-temporal_yariation of urban air pollutioi;' fnl.,ﬂlhina_during

2014-2018 [J]. Awnosphéric Environment, 2020, 220% doi;
10. 1016/j. atmosenv. 2019. 117066. f Iy |
Ao\ JESERIIEATAS IR, 2010 1751455 PR AR A
[EB/OL]. hilps : //pww, jmee. gov. cn/hjzl/émj‘ilé/ﬁghjz'l;gb/
2020()’%{1»"(}202}_)_9&0250946ﬁ.@096. pdf, 2020-06-02. /' 1
Mousavin_,élzhad.\‘s, Cht;“*Y,'Pouyaei A, et al. ),A C(_)rgp_nehen'sy‘

(2]

-
#

#
investigation
¢ F

of | surfacegozone pollution in China, 2015= 20 - :
separéitingf: the LontriBifons |from meteorology.":;nd pfé_g_u'i‘éor
emissiorll‘é:'[ ”._: Atmospheric Research, 2021, 257, do':‘; 10.
1016/jatmosres. 2021. 105599.
Guan Y, Xiao Y, Wang Y nHIM, el al. Assessing the health
impacts attributable to PM, 5 and ozone pollution in 338 Chinese
cities from 2015 to 2020 J]. Environmental Pollution, 2021,
287, doi: 10.1016/]. envpol. 2021. 117623.
2L, Brok, SO0, AF. BT IE 3SR Y R AR R T
YIRS A R D 52 [J]. BRIERLEE, 2021, 42(2)
616-623.
Li G Y, Chen Q, Guo W K, et al.

characteristics and control scheme for ozone and its precursors

Nonlinear response

based on orthogonal experimental methods [ J]. Environmental
Science, 2021, 42(2): 616-623.

Sillman S. The relation between ozone, NO, and hydrocarbons in
urban and polluted rural environments [ J J.
Environment, 1999, 33(12) . 1821-1845.

Liu P F, Song H Q, Wang T H, et al. Effects of meteorological

conditions and anthropogenic precursors on ground-level ozone

Atmospheric

concentrations in Chinese cities [ J |. Environmental Pollution,
2020, 262, doi: 10.1016/]. envpol. 2020. 114366.

Zhao W, Fan S J, Guo H, et al. Assessing the impact of local
meteorological variables on surface ozone in Hong Kong during
2000-2015 using quantile and multiple line regression models
[J]. Atmospheric Environment, 2016, 144 182-193.
KRR, Brifte, Bipae, S IR fe 4 im i BRI =i
SEA SRR AR LR R R [ D] BRBEREAE, 2022, 43
(1):160-169.

Wu Y K, Chen W H, Yan F H, et al. Nonlinear response
relationship between ozone and precursor emissions in the Pearl
River Delta region under different transmission channels [ J].

Environmental Science, 2022, 43(1): 160-169.



7 MR R AHOGA AL UM e K Vb TIT 2018 ~ 2020 45 R 485 Yl Bz AL 52 i i) 3723

[11] Godowitch ] M, Gilliland A B, Draxler R R, et al. Modeling Mr R KA e R R 1]. R, 2022, 43
assessment of point source NO, emission reductions on ozone air (3): 1246-1255.
quality in the eastern United States [ J ]. Atmospheric Liu YY, Yang L F, Xie D P, et al. Analysis of ozone pollution
Environment, 2008, 42(1) : 87-100. spatio-temporal evolution characteristics and identification of its

[12] Foley K M, Hogrefe C, Pouliot G, et al. Dynamic evaluation of long-term variation driving factor over Human province [ J ].
CMAQ part I: separating the effects of changing emissions and Environmental Science, 2022, 43(3) : 1246-1255.
changing meteorology on ozone levels between 2002 and 2005 in [25] okafi, AREH. b E KRR E TG Y BIE % 45 (2020 45)
the eastern US[ J]. Atmospheric Environment, 2015, 103 ; 247- [ EB/OL ].  http://img74. hbzhan. com/4/20201016/
255. 637384586133551705645. pdf, 2020-03-20.

[13] Sun L, Xue L K, Wang Y H, et al. Impacts of meteorology and [26] Berlin S R, Langford A O, Estes M, et al. Magnitude, decadal
emissions on summertime surface ozone Increases over central changes, and impact of regional background ozone transported
eastern China between 2003 and 2015 [ J ]. Atmospheric into the greater Houston, Texas, area [ J]. Environmental
Chemistry and Physics, 2019, 19(3) : 1455-1469. Science & Technology, 2013, 47(24) ; 13985-13992.

[14] ZhengJ Y, Swall J L, Cox W M, et al. Interannual variation in [27] Guo H, Wang T, Louie P K K. Source apportionment of ambient
meteorologically adjusted ozone levels in the eastern United non-methane hydrocarbons in Hong Kong: application of a
States; a comparison of two approaches [ J ]. Atmospheric principal component analysis/absolute principal component scores
Environment, 2007, 41(4) . 705-716. (PCA/APCS) receptor model [ J]. Environmental Pollution,

[15] 3k, BEmEdbl, FE3004 TN R &GS s or s [ T]. 2004, 129(3) : 489-498.

HIBRIRBE 241, 2017, 8(6) : 479-491. (28] wiRUg, SR, Bk, W] OBM *ﬁﬁ%}fﬁf)“d‘l‘liiﬂﬁi
Wu L, Xue L K, Wang W X. Review on the observation-based RGIRR[T]. I{i-“’:ﬂ.'—%"ﬂ{ﬁ, 2007, 20( 1) 47- 517
methods for ozone air pollution research[J]. Journal of Earth Gao D F, Zhang YI/H, Cao Y Q. Process ang].ys"‘sl U£ ozone
Environment, 2017, 8(6) : 479-491. formation in (JUdngzhou application of observallon based odel
[16] /NN, BERAS, #8500, %_F T GAM FE AR E’Jv_ﬁiﬁﬂi 04 [J]. Reiearch of Env1r0nmental Sciences, 2007’ 2(1-.(.1—).- 47-
IR W T BT ()], R 200, 41(4) 1535- si. | \ > .
1543. [29] Cardelmo CA, Ch'amt-ldes W'L. An observation-based m'odel.-’f.(‘)r
Huang X G, Shm) T J, Zhao J B, et al“ Inﬂuenoing fa(’tor%‘ of analyzmg ozong’ preou SOr relatlon%hlp% in the urban al:.nn@phere
=ozone concenlranon in' Xi’an based on generallzed ad{htlve Ifno(}els [J]. .]ou'i”nal of. the Air & Waste Management Assomatlon 1995 .
ra ! Envu’bnmeptal Science, 2020, 41(4 ) 15351 433” 45(3) 161 .| 9 € - 2
[177% Gao S, Baj Z-P Lmng S, et al. Simulation @{J%urface nzop'e over [30] DKL s HK, %lﬁﬁ}ﬁ’, &z, L@Eé%%ihﬂﬂ%ﬂ ET*

[18];

[19]

[20]

[21]

| Hebei pmvmce China using Kolmogorov- Lurbenko and amﬁ( ial

. neural network (KZ-ANN) combined mode) [ I ] Alndospherlc

2021, 261, doi: 10. 10161/] atmaeenv. 2021.

Envitonment ,

‘1118%99 ) = ﬂ'/
leue.utes F‘ Galvez A Gonzdilez C M, et al’ Huurlv ozoneran

PM@- 5 prediction “using meteorological data-alternatives for cities
with limited pollutant information[ J]. Aerosol and Air Quality
Research, 2021, 21(9), doi: 10.4209/AAQR.200471.

Gao D, Xie M, Liu J, et al.

synoptic weather patterns in warm seasons of 2014-2018 over the

Ozone variability induced by
Yangtze River Delta region, China[J]. Atmospheric Chemistry
and Physics, 2021, 21(8) ; 5847-5864.

rhe N R LN A A RS, PR RS AS YR IR R T B
ARHE ™ (K 17) [ EB/OL]. https://www.
xxgk2018/xxgk/xxgk06,/201807/W020180926550435480461.
pdf, 2018-07-03.

Yang L F, Luo H H, Yuan Z B,

meteorology and precursor emission changes on the long-term

mee. gov. cn/

et al. Quantitative impacts of

trend of ambient ozone over the Pearl River Delta, China, and
implications for ozone control strategy [ J ]. Atmospheric
Chemistry and Physics, 2019, 19(20) ; 12901-12916.
P s Sl KA 2021, o E RST5 Y B iR R
[EB/OL]. http://www. allaboutair. cn/a/reports/2021/1027/
622. html, 2021-10-27.

e NRILHIE A SRS, BB B A —RK T
E%ﬁﬂﬁﬁ%i&mmom.
dfnews/202009/120200908 _797383. shtml, 2020-09-08.
XNGHIE, Bw i, W, 55 Wi R ATS YA

https://www. mee. gov. cn/ywdt/

HE73

[31]

[32]

[33]

[35]

[36]

A A SR DB 1)
(1) 3 154-168. i
Luo HH, Yuan Z B , Zheng J Y , et al. Spatio-temporal variation

. R A, 2019 39

of summertime ozone formation mechanism in Shanghai and its
impact factors [ J ]. Acta Scientiae Circumstantiae, 2019, 39
(1) 154-168.

PESG)R. 2019 HE SRS [EB/OL]. http://zwgk.
cma. gov. cn/zfxxgk/ gknr/ qxbg/202102/
P020210224554207380732. pdf, 2020-02-25.

PEAE R 2020 HE SRS [EB/OL]. hitp://www.
cma. gov. cn/zfxxgk/ gknr/ qxbg/202104/
P020210406329803273684. pdf, 2021-02-09.

Wang Y P, Yu C, Tao J H, et al. Spatio-temporal characteristics
of tropospheric ozone and its precursors in Guangxi, South China
[J]. Atmosphere, 2018, 9(9), doi: 10.3390/atmos9090355.
Seo J, Youn D, Kim J Y, Extensive spatiotemporal
analyses of surface ozone and related meteorological variables in
South Korea for the period 1999- 2010 [ J ].
Chemistry and Physics, 2014, 14(12) : 6395-6415.
B8, XEE, B4, % FET EMa 0 l/fi%?l&
TR AR G OB R AR ST ()], IREE R 2R 4, 2018,
38(10) : 3807-3815.

Liang Y, Liu Y H, Wang H L, et al. Regional characteristics of

et al.

Atmospheric

ground-level ozone in Shanghai based on PCA analysis[ J]. Acta
Scientiae Circumstantiae, 2018, 38(10) ; 3807-3815.
PEASZMN. BRXILFPFEdE S0 [EB/OL]. hup://
data. cma. cn/data/detail/dataCode/A. 0012. 0001. html, 2021-
07-02.



HUANJING KEXUE Vol.44  No.7

Environmental Science (monthly) Jul. 15, 2023

CONTENTS

Assessing the Environmental and Health Co-benefits of Accelerated Energy Transition and Industrial Restructuring: A Case Study of the BTHS Region +«++sseseessersenesmsienenennincnenenns
............................................................................................................................................................... YANG Xi, SUN Yi-sheng, CHANG Shi-yan, et al. (3627
Synergistic Paths of Reduced Pollution and Carbon Emissions Based on Different Power Demands in China ++«sssssessesessesesenseenee XIANG Meng-yu, WANG Shen, LU Lian-hong, et al. (3637
Evaluation Method and Application for Urhan Carbon Peaking & Neutrality Performance «+:toveveeeeresressenensmsneninninicininens ZHANG Bao-liu, BAI Zi-han, ZHANG Nan, et al. (3649
Revealing Driving Factors of Urban O5 Based on Explainable Machine Learning -+ DONG Jia-qi, HU Dong-mei, YAN Yu-long, et al. (3660

(
Sensitivity Analysis of Ozone Formation Using Response Surface Methodology -+ +++ ZHU Yu-huan, CHEN Bing, ZHANG Ya-tu, et al. (
Analysis of O3 Sources in Yulin City in Summer Based on WRF-CMAQ/ISAM Model WANG Yi-fan, TONG Ji-long, CHEN Yu-xiang, et al. (3676
Atmospheric Ozone Concentration Prediction in Nanjing Based on LightGBM : ZHU Jia-ying, AN Jun-lin, FENG Yue-zheng, et al. (3685
Meteorological Formation Mechanisms and Potential Sources of an Ozone Pollution Process in Winter of 2022 in Guangdong Province -+ LI Ting-yuan, CHEN Jing-yang, GONG Yu, et al. (3695
Impact of Summer Tropospheric Ozone Radiative Forcing on Meteorology and Air Quality in North China ««+eersereeresemenensenenensininennnen DU Nan, CHEN Lei, LIAO Hong, et al. (3705
Identification of Impacts from Meteorology and Local and Transported Photochemical Generation on Ozone Trends in Changsha from 2018 t0 2020 ««+xessesserseresserensesenemenenneincnnennnens

.................................................................................................................................................................. YANG Jun, YANG Lei-feng, DING Hua, et al. (3715)
Spatio-temporal Variation and Multi-dimensional Detection of Driving Mechanism of PM, 5 Concentration in the Chengdu-Chongqing Urban Agglomeration from 2000 to 2021 - -
XU Yong, GUO Zhen-dong, ZHENG Zhi-wei, et al. (3724)
""" WU Di, DU Ning, WANG Li, et al. (3738)
Transmission and Growth Characteristics of Severe PM, 5 Pollution Events from 2013 to 2021 in Xingtai, Hebei JIANG Qi, SHENG Li, JIN Yu-chen, et al. (3749)
Chemical Characteristics and Source Apportionment of Organic Aerosols in Urban Shanghai During Cold Season Based on High Time-resolution Measurements of Organic Molecular Markers

............................................................................................................ creresnss. ZHU Shuhui (3760)
Emission Factors of Carhonaceous Aerosol and Stable Carbon Isotope for In-use Vehicles YU Ming-yuan, WANG Qian, FU Ming-liang, et al. (3771)

Composition Characteristics of Volatile Organic Compounds and Associated Contributions to Secondary Pollution in Shenyang Industrial Area in Summer —«+-eeesesrerereeresenenenninenne
.................................................................................................................................................................. GUAN Lu, SU Cong-cong, KU Ying-ying, et al. (3779)
Characteristics of VOCs and Assessment of Emission Reduction Effect During the Epidemic Lockdown Period in Shenzhen Urhan Area -+ YUN Long, LIN Chu-xiong, LI Cheng-liu, et al. (3788)
Characteristics of Organic Matter Composition and Oxidation Potential in Road Dust in Winter in Xi%an ««+«+seseeeeseseevesneereneens WANG Qing-wen, CHEN Qing-cai, WANG Chao, et al. (3797)
Contamination Characteristics and Risk Assessment of Polycyclic Aromatic Compounds in Surface Dust of Suntuan Mining Area in Huaibei ++++xereeseereseserermimmenenininins
......................................................................................................................................................... XU Zhen-peng, QIAN Ya-hui, HONG Xiu-ping, et al. (3809)
Spatial-temporal Variation in Water Quality and Its Response to Precipitation and Land Use in Baiyangdian Lake in the Early Stage of the Construction of Xiong'an New Area =+++eeeeeereeeees
.................................................................................................................................................................. WANG Zi-ming, YANG Li-hu, SONG Xian-fang ( 3820)
Simulation of Pollution Apportionment and Optimization of Control Methods in Watershed Scale; A Case Study of the Shun’an Watershed in Tongling City — «+seseereereeesresemenssnenenenee
.................................................................................................................................................................. LIU Guo-wangchen, CHEN Lei, LI Jia-gi, et al. (3835
Evaluation of Shallow Groundwater Quality and Optimization of Monitoring Indicators in Nanchang ««+«++sesveeeeesesnerversinennsnnsennes ZHENG Zi-yin, CHU Xiao-dong, XU Jin-ying, et al. (3846

)
)
Hydrogen and Oxygen Isotopic Characteristics and Influencing Factors of “Three Waters” in Shandian River Basin =~ ++e+veveeeresrerereeeeeens YANG Li-na, JIA De-bin, GAO Rui-zhong, et al. (3855)
YAN Bing-cheng, CUI Ge, SUN Sheng-hao, et al. (3864)
)
)

Distribution Characteristics and Influencing Factors of Abundant and Rare Planktonic Microeukaryotes in Jinsha River -

Bacterial Community Diversity in Channel Sediments of Different Disturbance Sections of the Jialing River ZHU Lan-ping, ZHANG Tuo, LI Jia-ning, et al. (3872

Effects of Reservoir Water Depth on Different Plankton Communities and Keystone Species of Network Interaction —«+veveseeseseeevesnesseneenes WANG Xun, LIAO Qin, WANG Pei-fang, et al. (3881

Correlation Between the Diversity Characteristics of Groundwater Bacterial Community and Environmental Factors in Typical Industrial Areas »«++«eeeeseesserseresemenensinininiin.
......................................................................................................................................................... \XU Jian'qiang, ZHANC Sl’lll-yllal’l, WANC Min, et al' (3892)

Effects of Fertilizer Application Strategy Adjustments on Nitrogen and Phosphorus Loss from Typical Crop Systems in Taihu Lake Region =~ +:eseereeseeessesenerminieniniiinins

YU Ying-liang, WANG Yi-zhi, YANG Bei, et al. (3902)
Estimation of Cropland Nitrogen Runoff Loss Loads in the Yangtze River Basin Based on the Machine Learning Approaches +«+«++++seseereeees ZHANG Yu-fu, PAN Zhe-qi, CHEN Ding-jiang (3913)
Classification and Identification of Non-point Source Nitrogen Pollution in Surface Flow of the Shangwu River Watershed in the Qiandao Lake Region

..................................................................................................................................................................... YU Ke, YAN Yan, TANG Zhang-xuan, et al. (3923)
Spatial Distribution of Nitrogen and Phosphorus Nutrients in the Main Stream and Typical Tributaries of Tuojiang River and Fujiang River +++ LI Zi-yang, ZHOU Ming-hua, XU Peng, et al. (3933)
Sediment Pollution and Dredging Effect of Waiqinhuai River —«-«sssseseessessenesiensmenmininennnc ZHANG Mu, REN Zeng-yi, ZHANG Man, et al. (3945)
++ GE Lin-ke, WANG Zi-yu, CAO Sheng-kai, et al. (3957)
SU Zi-xian, LIU Sai-hong, GUAN Yu-feng, et al. (3970)

)
)
)
)
)

Critical Review on Environmental Occurrence and Photochemical Behavior of Substituted Polycyclic Aromatic Hydrocarbons
Cadmium and Arsenic Interactions During Co-adsorption onto Goethite

Preparation of Catalyst Cyclodextrin-Fe-TAML to Activate H,0, and Oxidize Organic Micropollutants in Water LIU Qing-quan, CAI Ben-zhe, CAI Xi-yun (3978
Performance and Reaction Mechanism of Co( 1) Mediated Activation of Peroxymonosulfate for Degrading Nitrilotris ( Methylene Phosphonic Acid) ++eeseseeeseses ZHU Jing-lin, WANG Shu (3990
Change in Granulation Potential and Microbial Enrichment Characteristics of Sludge Induced by Microplastics ~«+«+«+s=sssssesesesmssneneennenens XIE Qing-fan, YU Nan, ZHANG Ni, et al. (3997
Accumulation Characteristics and Probabilistic Risk Assessment of Cd in Agricultural Soils Across China =«e-«eessereersersesemiemenennnenineee WANG Jing, WEI Heng, PAN Bo (4006
Source Analysis and Pollution Assessment of Soil Heavy Metals in Typical Geological High Background Area in Southeastern Chongging *++++++ JIANG Yu-lian, YU Jing, WANG Rui, et al. (4017
Integrated Analysis on Source-exposure Risk of Heavy Metals in Farmland Soil Based on PMF Model: A Case Study in the E-waste Dismantling Area in Zhejiang Provinge «eweeesessesseseenees
..................................................................................................................................................................... FANG Jia, HE Ying, HUANG Nai-tao, et al. (4027)
Pollution Characteristics and Risk Assessment of Polyeyclic Aromatic Hydrocarbons in Farmland Soil and Crops in the Suburbs of Urumgi «+««+sssseseseessemmssssienenensmneneneinnenens
............................................................................................................................................................ FAN Yue, CAO Shuang-yu, Nuetla Ailijiang, et al. (4039)
Distribution and Driving Mechanisms of Antibiotic Resistance Genes in Desert-Oasis Continuum «+«++«+ssseseeseessessessenenesenienens HUANG Fu-yi, ZHOU Shu-yidan, SU Jian-qiang, et al. (4052)
Characteristics of Antibiotic Contamination of Soil in China in Past Fifteen Years and the Bioremediation Technology: A Review *** ZHAO Xiao-dong, QIAO Qing-ging, QIN Xiao-rui, et al. (4059)
Modified Biochar for Remediation of Soil Contaminated with Arsenic and Cadmium; A Review «+eeoreeeeeeeesnees LU Peng, LI Lian-fang, HUANG Xiao-ya (4077)

Effect of Biogas Slurry Return to Field on Heavy Metal Accumulation in Soil-crop System: A Meta-analysis ZHAO Qi-zhi, YANG Zhi-min, KONG Fan-jing, et al.
Remediation Effect of Two Iron-modified Biochars on Slightly Alkaline Arsenic and Cadmium Contaminated Soil LIANG Xin-ran, HE Dan, ZHENG Zhao-hua, et al
Effects of Straw Removal Measure on Soil Cd Bioavailability and Rice Cd Accumulation WANG Zi-yu, ZHOU Hang, ZHOU Kun-hua, et al.
Application of Desulphurized Gypsum with Straw to Improve Physicochemical Properties of Saline-alkali Land in Yellow River Delta «:+:+ereseeeeess ZHAO Hui-li, YU Jinyi, LIU Tao, et al
HUANG Xiang-yun, ZHONG Wen-jun, LIU Xun-jie, et al.
ZHANG Chuan-hua, WANG Zhong-shu, LIU Li, et al.
+ ZHANG Shu-min, LIU Cui-ling, YANG Gui-ling, et al.
+ LIU Xin-yu, WANG Dong-mei, ZHANG Ze-zhou, et al.

Biological Evaluation and Key Stress Factor Diagnosis of Compound Contaminated Soil Based on Environmental DNA -

Comprehensive Quality Assessment of Soil-Maize Heavy Metals in High Geological Background Area -+
Ecological Risk and Health Risk of Heavy Metal Pollution in Vegetable Production System of Zhejiang Province
Effect of Biochar with Phosphorus Fertilizer on Soil Nutrients, Enzyme Activity, and Nutrient Uptake of Alfalfa
Effects of Low-density Polyethylene Microplastics on the Growth and Physiology Characteristics of Ipomoea aquatica Forsk - ++ ZHOU Ying, JIANG Wen-ting, LIU Xun-yue, et al.
Effects of Biogas Slurry Application on Soil Microbial Communities Structure and Function During Wheat-rice Stubble Period -+ QIAO Yu-ying, XI Hui, LI Na, et al
Analysis of Soil Bacterial Community Structure and Ecological Function Characteristics in Different Pollution Levels of Lead-zinc Tailings in Datong +««+«+ssseseersersenssmsisnenennnincnenennes

*+ LIU Ze-xun, ZHUANG Jia-yao, LIU Chao, et al. (4191)
ed Pinus massoniana Plantation Subjected to Broadcast Bumning «+++++---

.................................................................................................................................................................. YAO Zhl, JIAO Peng—yu, W'U XiﬂO-ShEl’lg, et (ll. (4201 )

- (
- (
- (
- (
- (
- (
- (
- (
- (
- (






