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(1. Guangdong Erovmual Academy of Envlronment Sc_}énce Guangzhou 510945 €hinas, 2. Gﬁdngdong Provincial Regibndl
Atmospherl( Env1mr1men‘tal Quality Research C.enter‘ Guangzhou 510045, China; 3 Guangdong Provincial Environniental Prote(tmﬂ'
Key Laboratory of Atmosphenc Environment Mdnagement dnd Pohcy Simulation Gudrézhou 510045 China) :

Abstract ;, Few of the “current methods of 1mpI‘0V1ng alr"iquahty, including end-pipe_ treatment, industrial, energy and transportf:tlon
struc%yre ad]u%tments-, are from the viewpoint of the spatlal pattern optimization of pollutant emissions. Therefore, based on factors such
as matural’ env1r0n‘_§nent human health, pollutant transiission” (%Bablhty, and meteorological diffusion (,Ol'ldltlt)l'lb our research group
used the threshold approach, natural breaks, "spatial erasuie, and other methods to define the layout area suitable for atmospheric
pollution Sources. Based on these results, the emissions pattern was optimized to achieve air quality improvement. Taking Guangdong
Province' as an example, we examined the application of the emissions pattern optimization of air quality improvement and atmospheric
environment zoning. The results indicate that the first class area of environmental air quality accounts for 9% of total province area, the
densely populated area accounts for 3%, the sensitive area of the national air quality monitor stations accounts for 15%, the pollutant
accumulation area accounts for 22%, and the layout area suitable for atmospheric pollution sources primarily distributed in the west part
of the province accounts for 60% . By shifting the non-thermal power industrial sources into those area, the concentration level of PM,
will decrease by 4% at the provincial scale and 10% at the city scale. Emissions pattern optimization has become an innovative aided
support technology for the continuous improvement of air quality. In practical applications, it can be combined with energy and
industrial structure adjustments, pollution control technology enhancements, and cross-regional prevention and control to formulate the
most feasible air quality improvement plan.

Key words : atmospheric environment; emission spatial pattern; subarea management; air quality simulation; Guangdong Province

BEE 2R ARG A R PM, TS8R T OCSIREAT B AR W, 20 40 90 AEFREH
G AR E R e K= AR ER = SRR ZE R ST R I 0, RiABRY
0 S X AR SR, 2 A B e NIRRT R R, I S K 4) jt%kﬁuﬁi
R E AR ) TP R KA AT s W D, S LN Oy AR BT I s [ A 5 K
(AR DT TR, B TE 7. S5 LRI REZE 20 HE£0), DA% B B R a4

AR, 28 TR I RIS AR B, S M % Ak Y 2 %ﬁ@ﬁ/ﬁ&ﬂﬁé%ﬁ
A0 PR G RERAS A SR, FRIEA 20 42 90 4R IR E o
WU R RSB R S BT ————— ‘

SHERCSS IR SRS R AT i, FLRT S 2 00HE R S (e gt bt o0n$x o1 3906)
TRANSCRIBT ST R E B N 2 26, — RATEE  TREE FEURC1990 - ), 5, B, TR, R 2B K
) SHBHAEAEA, E-mail: minhuili. gd@ foxmail. com

IE;'@ , Eﬂﬂ%ﬁ-%%ﬁﬁ %5&}3 )%' E@ [Zbﬁi%ﬁ//ﬁ‘ﬂﬁ[ %E‘.Eﬁ « W{EVEH, E-mail ; liaochenghao@ foxmail. com



1680 7D 53

B 42 %

SRR '?l:i‘]ﬁ M S5 H A A 7 US43 X
B R X SR R R BT AT IR, T AT
ARy (HR A IO 2% ME LASE B T3kt ROBE Y
FALE . —RIIResr XS, RE X MR 2R
Rl AR, O DX s ) T PR A R 5
SRR INAEIX RN AEBRPaL KRIEE
LI B EE T AR 3 X0 A5 k2 a3 A
FRRAM RN BRE 77 55 PR 5 AH OG22 dE 57 25 A
EEE R BT Rt s H RS S,
fift = 23 ST o 2 AR s Y S, XE DL SR D fig 4y X
AR S .

AL R I fe 4y KRS, AFT PR 48 ) —Fh
PALK A HE I R, S22 S G B AR ik
FEVATZR48 R, 43 B 3 ik HE A% Jey A6 Ak %t 25 <0
TR S , PRI R AR EE 43 DX HE R s L4k
5 S0 .

1 MRS ol

1.1 FART LRI ~
KA Y ﬁlﬁﬁﬂ%)%ﬂﬁﬁn%ﬁ?ztazﬁﬁ
:;mkumﬁhﬂiﬁ%ﬁHLﬁr jEﬁ
e b2 IEH%E‘,:E%EH&FH%F

e
jt’fi‘?ﬁ
fiﬁ' Xff
25 S R et LRSI TR L Js, i
MEﬁmﬂﬁﬁ%LﬁLA%ﬁdm%Eﬁéﬁm

TE’#EF%U%E%’“?% A A 2 T D l:iZ'J:LR &

%’Jéﬁﬂﬁemﬁi#%[: 1o T MR
%’ﬁfrfﬁ%ﬁEE’U\D&%E i F 23 S AR AR )
R A 25 B B S AN T R 50 i ¥ Y AL
B X A5 s ol )UK SRS MR AT SR L X e
KATG e VR HE O B 2 (B 4% Ry fefe PR 25 <

b, DAt uEHER RS A0 Ak i) 2k g A S RASBR 85 43
IX Tl 7 1) A B
1.2 KOCHRHE A I FC A

HEE BB 2 ] L R T A A
D, ) A B D K A o D T
NN
CEREDWACH
o, B kSR B A R E LK, A B T X,
Fi(&) FR TR BI B A ANE BT YR A R Y 43
X, x, A 43 XY RE . A 5E T n o 4,808
AT R XA R s R — 2RI N H B A
DX | 4 sl i BB IX S 5 Yy AR R X A rh ks
B8 Ay (8] o] 1 () 4 R

s ] o B R S AP 2 0%, P XA

TR R A R TR, #5538 1 g3 1
FE25 1) 1A AU R 4 I R, Al
FHREREKE | ) vy
1.2.1 REEZSSRR B PE §

781 mﬁ’*%?@:ﬁﬂfeﬁmﬂf“rﬁﬁﬁﬁiﬁ’ﬁ%
P X ﬁﬁ%ﬂﬁ%&ﬁ%%m%ﬁﬁaﬂmﬁﬁ%
b 23 A T 2SN REIX . FLUR, AT R M)
ﬁ¢maﬁﬁwz%m 4% 1 5 1 0 ot e
. k4 j
1.2.2  ANHESEXIRGI

N FR AR X N 8 22 H o A 48 rh i X,
X IR J T R X, Rl A Tk 30 A7 . i
el FHIERAE 171 %5 B2 19 2k e B0 A S Jal e AR A, 1
A FH AR B I X AR S R T N H
JE O I 2 1 — A T & AT DMSP/OLS 3%

Jo R RS AL HE T B RS RS Y Wy e Y RO R BE, R N D A EAE S8
e e / ;;mwi\
P R o e BT :
MR RALRA gL R S ﬂéﬂfﬁ
) ARG : | |
RS KA ] iR ¥ 3 Y
BT | ARER ARG OB FERE WAL
] e SR R T
: i [ I I
1% AR . s
l \L ikl i PNEE S 'ﬂ'jﬁ_‘ﬁ
o HU PN IR 5 X X .
BARARIARCR 11t wom, stk e —
l AEA R H#E
o S AT

E1 FFREAREE

Fig. 1  Technology route of research



4 39

PRI A . RIS P HERORS R LA )7 S 2 41

1681

Eil[ e

B2 =EERIZERG
Fig. 2 Example of spatial erasing

A0 05 AR RS S A OB
BERCEAC. (LB T DI 77 92 4 TR PR 35
JEBRRCT 0 5 528 R0 6 08 T LA F 52 DIk
PR RO B A3 RS 5 A R A D53 1
NS AR
1.2.3 [ R R 7 i

FE i 4 B DS A 0025 R M 3
V5 Y SRR 10 DI, 22X 10 51 5 2 0
WRF-CALPUFF B80T 5572 iy 52 ji. 52400 190 A
HENE T, D A FTFE 00R hy 52 P
RIS L 26— 904 2 S BT S A, 9
T R ASEIDLIL 5 40 0 AFLSE W3 T LA I 05
SRR S0 B, W R DR SRARJE 1 A B
[H. T DG A T, DA AR A2
P it e et SR, sk i e et DAk a4 1
VI £ A0 DS K A F . f@’%
S B A D ez - st DU

T IX N IR AT AT Ry KA YL IR HE O
A Jryid B X A B HE R O, PR O 1Y a4 o
JEPE T S48, T EEE XTI b Sl 3 P11 A Jy i B X
. T WRE-CMAQ 48 be A 8 8 1 ) 19 K75
PeIRHEE B TR R — R WG R 40T
15 Y BE AL LA UE S 75 B0 A8
1.4 SRR RS HE

WRF ( weather research and forecasting model )
v3. 7. 1 {8 Morrison B 7 &, Pleim-Xiu I
Mo R UL K ACM2 i A2 T E; CMAQ
( community multiscale air quality) v5. 0.2 FJ M1k
EHLH A CBOS, AU e Ak 2= AL 8 ] AE6;
CALPUFF B flf A HUE fpL . B 2 R H
=HiRE Mg, 5 M Lambert IETEH5Y
LN 114°F , 28. 5°N, IR HAELIT 153N
40°N. Hi— IRV IISF BRI 27 kam x 27Kan, (0 55
S o AR S, 5 R R R
9 ki x9 ki JEFEALEREFIIX , 55 2 W 50
BEAA 3 koh 3, ko, S0 BRS04 X S0
7 AR BRI 3). T T
23 2, B IR B R 5 5 R R ()
R 05 YR 3 A W5 4 K MEIC B
FF% 1 2016 6F o. 2591 0. 25° MEIC 3 8 ( malti-

: | .
 resolution eiﬂ'issio"n inventory  for China) , 5§ = J% [X. 35,

ﬁﬁﬁﬁiﬁwﬁﬁﬁ%@Jf%ﬁﬂ%@gzggw@mmaﬁaimﬁ%mﬁﬁmkmwkmmﬁ%

O 8 VPR i, A
TR S 52 sl UK 1 B (A, T 5%
25 AL A0 L PRI 1 28 T
(natural breaks) ™, X & 4 fUE 2 M 5 AR,
M BT B SR
1.2.4 53 BUR KTk

5 e ) B B AR S e 5 B Y X
B, 12 X BB PR o 2 WRE-CMAQ A48T
PO RO 7 A T AR e I A6 A i
it TP 5 U 2 HROP- L, LA A3
HUKF-HH £ . TR B, IS5 BT
B ARG 43 BB T4 T 51
VB D KPS T — (LA BE S RO v
BEAAS BT 44 (F 0 P AL O 75 e LR U
R L 2 L 5 25 e B, R 15
YIRS D RELE £, T G 198 1097 45
VSR OB 4 5 AU, 2 S
B
1.3 JCCHERONE UL Al BB SR o

S CHEHIOHS 5 ) 2 5 2 925 ) 4
Je B 5 4 5 5 1 A 0 R B 4

V5 G IR HERE B, H RIS F MEGANY2. 10 il fE.

120 km
e —

LRy IR DS IR D (0 PO S A AL DX Il 5
Pl A S A AR SRR, T 7
B3 E=ZEEMHREE

Fig. 3 Third layer of simulation research area
2 HREWE

2.1 RAAEIXE
2.1.1 AR KX

ARG BB 2 S — 2R XA i T
IR AT AR 1 A T R D e X A Y — 25T



1682 2D 53

B 42 %

AEIX it ARCGIS KA GIf , MR E IRk =
S —2E X, 5 R 4 PR IZ X E N A
SRORAP X 5 XU 44 T DX A 55 D4 X B, A ) RE A L
B 1 2 B R T = I e S T s B P = i
WEAR 9%, Horh o A 7E AL iR ) o A4 Bl
BTN 4%, HUORER =15 3% .

RN AR X 5

80 km

s = 5 | il
B4 THERERESERE—EXK (=
Fig. 4 First class area of env1ronmental air quahty

1n Guangdong Province | :

212—)@&,,%!:'

o F

fﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁf@ﬁ%ﬁgfﬁ

ﬁmmM7¢ﬁﬁ%§MaEAnm%ﬁ&ﬁ&£‘
%%ﬁﬁ%%@ﬁmﬂﬁﬁ%1ﬁ%ﬁﬁé#ﬁﬁ

N AR I 500 T 0 XA A o H e, T4 5 I 4
TR | AT R 4 S & T AT eh X
B TR = A0 5 B AR, SR T A 143 A AR
i
2.1.3  [E¥Eu S URIX

]l 2 R X 72 A0 75 % A2 i 1 B X
R TTIR SCA T B 28 . ) AR Tl B
LI TR E R RARTE Y UR, SO, M HER i H
R, Itk CALPUFF #3014 FRAE 9 Fh ik £ S0, ,
PEERAEF 2017 42T AR A KI5 5 Tl SO, HEK
(O FSIEL. B2 AR T A A 4% 2 0 I 42 W T s 5
FRTER A S22 T 2016 ~2018 4E3X 3 ME
JEE. DL 45 L b B R AL i S0P 4 bR S
ARCGIS “T-HLIL FARIATIE AL S i U MRS 22
ﬁmﬁﬁywmkﬁfw%M£ﬁMﬁ§ﬁﬁ
B, S5 B (22) e (1.2 ~2). (A8 ~
1.2) B (0. 4r 0. 8) FI{K( <0. 4);_5f‘\ . [
s B 125 %%E6Eﬁ‘%$ ﬁéﬁ
RT3 X 5 S AR = ﬁﬁﬁ 15
m%ﬁ%@ﬁ@éfﬁ%ﬁ%méém@@ 5
AHE , SBR[ X ﬁﬁz@@#ﬁémgﬁ
Eﬁﬁ&@ﬁ@@ﬁfﬁ@zmmﬁﬁﬁm By

dﬁ@ﬁ%ﬁﬁuﬁmﬁ ﬁmmMalfﬁaﬁﬂc

¢§mﬁmAD?ﬁﬁM$uﬁ$ADWﬁAq“mkﬁf%'ﬁ%ﬁﬁéé&ﬁﬁﬂw%

aF%’%ﬁF#éAD%ﬁmﬁﬁﬁni P
%Eﬁlw 4 R R IR A T 4 X 5 AT 6 4
Brie s 104 000 A - km “>fE Jy BUE. A5 25 L 40 PR S

2.1.4 /13 PePRER X
YW R X e RS Y 2 FUR I IX 38, HL
ﬂiﬁﬁﬁﬁﬂtﬁ&ﬂ;ﬁéﬁﬁﬁ? PM, 51125 S5 B 2%

JR , N VBRI G 448 il 8w AR 2 3% . K40 1 PR I EL A 45 58 38 Ak 2% OB HILTI Y CMAQ *‘;‘:iﬂﬁ_ﬁ@
R e
)’MM_\ Y s
S, mem —
I ?,$;¢M%A x“?
D7 T Y | ). omm
o '5\\ i (?‘ﬂ?fmrﬁ s /f (
i Wk S
- i /"‘—w‘ o ~ IVJ‘:\-"F'-V
f e n s B o ‘_«\Tﬁ%%}%
b By R~ YR
5 ~7 - e, . Y R
}\_/ s ;f y Tﬁ;\ | R > = P g
= a0 W [ PR onad
N RS "\ L ST
A 2 ~ BN N
o+ T [ E:I'If-ﬁi\' O - e
s g mam (T e
-W ~ “\. - W ""»,5;{.
: w \ Y - . - .
Ty T _55 F!Z[ﬂi‘. I,ﬂ;\a}‘-ﬁ {1
pwnt | | | oL PN T
[ %5
—) Y
0 80km If{ilﬁﬁm - OB 0 80 km

5 ITREAORER
Fig. 5 Densely populated area of Guangdong Province



4 34 RO . RS YRR SR AL T i SR 11 1683

N
A

.l“ ty
: §
> ) . i ..:"\l’lc_;
T 5 0 A B VA ]
=k =&E ¥ N 0 80k it
-ﬁg - i Yo * m [ ORI
E—
Bo. FHREEEEAEBER S

Fig. 6 Sensitive area of the q%al air quality monitor stations f uangdoL\g TXCG
“%%%ué T TR

Lk PM, , 4 22 AE W) Fh 55 5 6, WRE, A5 1 1
SRS
R TI
U IFXT
G (11~ 158)
‘1EE((Q 7 o‘9)%MEE(<o i
H)5 35 2 g LR SO ¢
@F mﬁﬂ:m b LA

| Sk R 5 I T 17
i Téﬂd’l\,ﬁé’fﬂﬁﬁuzﬁcm&ml_ﬂﬁ/\%{}\ﬁ
PR, SN 7 AR AL 5

ﬁﬁ

bﬂﬁm$%5

IJJI:ﬂﬁﬂZ R %ﬂm# 1 L A gﬁﬁ
f,\%‘%‘l:ﬁﬂﬁ ﬁé a@ 22%. 24 f,
2.1.5 K ﬁﬁil: S
ﬁgx&nﬂ A, 2 f 15 o B B ﬁ‘gh
A Eem . TWNSL

@?ﬁﬁ Wcﬁm i%:ﬁﬁﬁmﬂﬁﬁ
Jaid E X (ULE ), WE@’J hi 28 60%, K#S /3 fE
AR AR VGRS X

AW A RS B XA TR LG g R AN A 9
JiR BR =i JmE B X A L R 2K A

15 A BUR
- -

& 2]

»z

TR BRI
- =
- R

— _.&

1
BRI

7 IRABRRER

Fig. 7 Pollutant accumulation area of Guangdong Province



1684 H

£
»
1

42 5

KT & X

) o s

8 IHREARSHREABEER
Fig. 8 Layout area suitable for atmospheric pollution #m WM

sources of Guangdong Province

B9 REFEHFHEEXSEWTERILE

X ’:Pﬁgi /J\ , ﬂizﬁ 9 Tﬁ qz i@é’\j 33% ; %ﬁ A TE AR Fig. 9 Proportion of layout area suitable for atmosp_l.lf_g,(:_
Ak, P 3 P2 78% 5 WA 5 ALK BN N & wake o, ¥ o
a5 392 60% . Bk = i {7 JR I B IX B AT L B L0 HEBCS 1124 WREECANIQ T
DX SR TS AR AT R AR AT 2017 405 MBS i P,
A ~ N L) R AP B A T PV T fi

22 HBRIEASRASE [ 4 o iR S ER Y P, P (R R

2.2/1 ljt%‘{?%ﬁk}'fﬁ%)%%%ﬂﬂ%%ﬁﬁ%f% 11, 4 TR0 shlaft e 2 R *@Qﬂ
AR A R A A0 A 75 (D a1 0 FHERCH R IR 147

ﬁﬁﬁﬁ;@ﬁ%ﬁﬁ@m%@,ffwﬁﬁiﬁ;ﬁ%ﬁ@ﬁ% 08 2 B AT 55 5 OB A

L RS O . % 1 S0 s | %5 PR AR VRE-CAMQ 110 38 e e 5t
1] / i J i

S YR T 1 Jah TV, AR A Tl R »*
™~ 2 5 , B
ﬁzﬁﬁw«;ﬁvﬂﬁ@gm;,ﬁ\éﬁzwﬁ\zﬂméﬁfﬁ AT R OB 10 R, 42t
i A S TR, RS A 1, XF PM, B 11 2 5. 3ok, DML, 24 TR 1
) 30 30
B R -k o B%kE o 4%
25 - o HF-Ek] A HF-AGERE o BRF-HORRE o 46k 4 25
20 ™ . - 20
A
15 . - 15

PMy s e i /pg-m ™
=
—
[
[ ¥
>
 —
= |
|
L LA/ %

W WHE M ORI il AE TCTT WS BT WUM MOW BB BB AR MNT WSk SX B 2R 0 K
EH10 RESETF FEAASHERREER PM, , XEHSRIE

Fig. 10 Seasonal PM, s verification scenario of layout area suitable for atmospheric pollution sources in Guangdong Province



41 ZEIOREAT . RIS PO R LA TT 5 B 5 B 1685

At W, 2P EGE 2 8% ; HIUCON K,
R 2 2 6% . AN AN [R)3B0H E AN ) 2=
AR A A R 22 . R 5 il ke e R B Vi A
AN ZE AR RO W WA s, XA R FE o
R BRIk 7% . X A RE TN R 2 B LR A
XA SR T 15 e B B MR 28 H | I3 T 8 A g
STUNEN RS SN £ VA R 2 LK G g i B el [
TR . X ALIE R T AT LATE H BT R Oy 12 R il
b AN B AT R PR BRI 1 AR RS, K

YRR AT A B X, i — 2 HERR 5 52 R A e
M DX 35, , i e B AR A S A 25

PM, AF 4 LA 45 A& 11 FoR, Hoek 3854
A5 U SN R A B 2 R 5 SR o R il ad HE T
FJRAL, AR PM, MBS 34 R 4%, £k %
IRTE 0% ~ 10% Z 8] ; Hoh XU EiE )M ek
HNE IR, I 8% . BARA T 2 ik
R AAAE 22 5, A B3R PM, MR T 2 R R,
EDA XS5k 2 T 28 A5 e B A 3 i3

45 15
O MR 22 WS e gL
40 — —
— ]
— 1 M — )
B¢, T - lrl - - 0
— 7] —
o 30 4 “1?\‘ " — . _ — —
£ 2 Y [ _ M [T BE .
2 st ] \‘fa % S
= 25 ‘-1§ ko
g N 5 32
% 20 \‘4H~04~—4§._.ﬂ% %
= -
= oas MRS
h 0
10 H
5 L
0 L L 1 L L L 1 L 1 L 1 L L L L L L L L L -
A WE ;M W bl AR5 IOTT RAE BRI WM MOH #Ral BRI AR BN Ak GRSk ZIF BRI MM
oy | AW I o —
'/ J B FRAXSHEEREEREY PM, HEHRRIE o s 5
hg 11 A.Iunual PM, verification SCenéuf,i‘;;J of laﬁou{‘grea suitable for almos;ii;erigl-p6lluﬁ0n SOI.J.fces in Guangdong Province r"’;

£ESRINE 12 R, A4 TF G AR A7, A%
BT S 22 30 T 2 = AR T, DA 1A o X 3k
S RO SRR A 7 v R AE AR I
UESPNEN CEO R ENAAe S b
B TR 43 11 G B8] T 905 1 5k PR Ay 25
B — B PR ik, A 4 R U
8 P PR R A S 0 SRk HE T B I
5 T AT A TR

>

A JR ARAL AT PM2 250 26 0 JE
[
s & W
0  80km

e I

B 12 KRKSHEAHEBRUN PM, sMEXNFE

Fig. 12 PM, 5 reduction effect by emissions spatial optimization

S PRAREE G RTAIEL S
LA A P O S A 0 TR M T

2.2.2 FECIRHIAH X W HERCHS O .05 S

RAHHAR R ALSS BB BT B T ARE

RIS R E A5 BEPE. $% H 30 E B9 R
Gy IXIEHY Al LAAE =S () 4 LR i 22 546 51 =) 2R

BRI RHEAR S i 2 2.

—JE MR A U — 2R X I X T RESE ir
I HARDRAP DRI 44 A X, 7 St 7™ A DR, 2
B IR AIE R HE Tl 00 H | E 2 0
EEDNSEIS: ¥iJE I HENES

TR N PR IX 2 XA T X A
B X, W AR AT R O =, BR A A9 8k A1 4K
5 VOCs HEMCR ™ A A A T AURSEI BT A i
e, 51 A IR H BT 2RI A R IE
HIX.

o Al S URX B T RS Qe RO
Sl S TR AL S RS AR 5 B DX R
] i 2R R Y 25 T3 e A ) T S, R
WER A CHDKIEEITH | I5 ] 322600 H AT 5.

PO 75 B W AR R IX, XA R Bl R A
DX 22 , R T5 P 7 o BRIR L™ s 4 il s 1
P HERC H LU RIS Tl PR H i e, 51
JEAT I H G



1686 E7 N A & S 02 %
ﬂiEjt mﬂ XEJEJ‘:L.E_ E 17Eb‘ﬁﬂi1_LIELE_ China; characteristics and source attribution [ J]. Atmospheric
L3 X 8 }L Iﬁ Environment, 2019, 203 . 87-101.
jtj‘ ﬁﬁ%aﬁ jz ‘J‘%ﬁé‘?}m ﬁlz]jfl H [5] LiJB, Zhu Y, Kelly J T, et al. Health benefit assessment of
E](]/%ﬂﬁ ,mj]n‘lj-\[ Ebﬁwaﬂ%%lﬂﬂuﬁﬁ E‘J@R,Eﬁ}ﬁ]%ﬁ PM, 5 reduction in Pearl River Delta region of China using a
i%ﬁ"_l‘ E %ﬁ)%ﬁl:':l model-monitor data  fusion approach [ J ]. Journal of
Envi tal Mz t, 2019, 233 489-498.
T AT R SR RIE RGBT e T e . Custeffvetive recuctions of
iucei A, ia I, Wagner F, et al. Cost-effective reductions o
Nl < 3 5o
7J(q2. \%EHJI @ﬂﬁ‘vxﬁﬁ \}\jj EEZ'K XL $EJ %ﬂi‘lﬁ ﬂ:/ :Hﬁ PM, 5 concentrations and exposure in Italy [ J]. Atmospheric
SRR IR R B 2 XS 0 3 Enironment, 2016, 140, 84-95
v N - a 7 Zhang B B, Wu B B, Liu J. PM llution-related health
USRS, R LEBITT TRAS Sk (70 e BB W BB Dk P poluion-eled e
- . effects and willingness to pay for improved air quality: evidence
E\.%ﬁ*ﬁ%ﬁﬂﬁﬂ@%ﬁﬁﬁ from China’s prefecture-level cities [ J ]. Journal of Cleaner
N Production, 2020, 273, doi: 10. 1016/]. jelepro. 2020. 122876.
3 éﬁlb [8] WuWQ, Zhang M, Ding Y T. Exploring the effect of economic
. . . and environment factors on PM, 5 concentration: a case study of
( 1 ) $ﬁ%@ﬂ%ﬁ‘f§ i‘l'{_j;?/_\EE H:Il ﬁ%??%ﬁkﬁi ;F%')%,ﬁl: the Beijing-Tianjin-Hebei region[ J]. Journal of Environmental
/”35()&7'{73‘{21: , L‘/{r‘;ﬁﬁ%ﬁﬂ%m/fﬁu ”UT%%% Management, 2020, 268, doi; 10. 1016/j. jenvman. 2020.
P . 5 =3 110703.
—RIX P R X [ s ity e B 0
m}jﬁ‘i %E‘J—:}\ E% 1S N .Elﬁ‘ ﬁ& = Eﬂén R [ 9] Zhang N, Wu Y P, Choi Y. Is it feasible for China to enhance its
%*ﬂ% B: y tlj/_\E T jt:\rl"ﬁ:% },ﬁ‘)%l_ﬂlz y B{F,ﬁiﬁt/ﬁﬁ/ﬂ: air quality in terms of the efficiency and the ,regulato'r'i cost_of air
j(/ﬁ“ ‘275;'7% ﬁ[g jﬁ( ;I:g. 5 , ’fjii FH ;'i‘& {E )Fﬁ j:u 75‘ % & E/EL\ T Xﬂ‘ pollution? [J]. Science of the Total Envi'ronmen.t..,.'fé;dZO, 709,
IV e e Fin= doi; 10.1016/j. scitotenv.2019. 136149. Sl
PM2 55@%%5‘&5& ,jﬂtpﬁ/ﬂ;q%bhﬁiﬂg Ei%%,ﬁj\:T [10] Zou W X, (‘aJo B (0) Y S, et al. Integrated, hd@o-ll:ptmn and
2Lt o ¥
%’I’ i% photO(alalytle degradation lof volatile organic Lompoqp"('ls (VOCs)
AN f?/_‘ B KK 2l PN using carbon based™ hanocomposites: a critical ~review’ di Jc‘j
(2) T ARAE S U
. Chemobphere, 2019 218 ; 845-859. il
% E/J 9% j\ H &,ﬁ I: r_hf 3% [Eil:}i: IE““ IU\ B: [Ii_.‘ [11] Park J 12‘ Ath w, Kim K ‘H, et al. Historic and futunstlc
15% ﬁ?éfi%* g“( B: l:l_:f 22% &JJ/?E E’J j:ﬁ %‘ﬁﬁﬁ review of £lectron beam! technology for the treatment of SO2 -And
ﬁE’E I'EIA 60(7&’ ﬁ*/\%ﬁﬁ:%ﬁﬁg f)‘k ﬁﬂ—ijl\. s NOx ln\ﬂue eas[ J]. Chemical Engineering Journal 2019, 355'
351-366.. e " i
(3>mjﬁjﬁ—hﬂiﬁ%ﬁﬁkﬂiﬁﬁﬂ:r‘?‘é j(—h [12] Chang H' G, Zhu R H, Liu Z S, et al. Developmei;i't' and
}Lﬂlgﬁi*% J& _V[‘L‘/{%I)LA Ejhjz):] EE/J /:LJ i Ei j industrial apf)llicatinn of catalyzer for low-temperature
%ﬁ;ﬂ%;ﬂ;kﬁ i TP TR 23 (] %E)EJ' éé PM, ;:"Z.fg S hydrogenation hydrolysis of Claus tail gas [ J]. Natural Gas
e
s Industry B, 2015, 2(4) : 368-373.
A ey = v
—Flz% 4%’Wﬁiﬂikaﬁ 10%, éa& iﬁ]]_ﬂ_ilﬁl- [13] Zhu F K, Zhang F R, Ke X L. Rural industrial restructuring in
PNTPRE
(4) TI—J JE/Jj( _Lﬂ /\[:T*E%E]jj E/—\E'fi China’s metropolitan suburbs: evidence from the land use
iﬁﬁ%#ﬂﬁﬂ@fﬁ IE ’ﬁé‘»%%ﬁ@ , g I -?FﬁFﬁ&*%}%E@lﬁ?% transition of rural enterprises in suburban Beijing[ J]. Land Use
N N Policy, 2018, 74 121-129.
RS ST bk — S AR IR T F R s A 4 ox X . .
B [14] LiuX]J, XiaSY, Yang Y, et al. Spatiotemporal dynamics and
E%ﬂ:ﬁﬁﬁi%'ﬁ:& =] {73 ﬂFﬁi*H?éIﬁ H @u; impacts of socioeconomic and natural conditions on PM, 5 in the
Eil fﬁl\lljj ﬁi o l:fﬂz*%j:}*:ﬁjﬂ =3 le:I LFEID? E ER . 7% Yangtze River Economic Belt [ J]. Environmental Pollution,
N N ~ H
TS X . . 2020, 263, doi: 10.1016/]. envpol. 2020. 114569.
B RAR X IR ﬁJk%IﬂﬁIﬁ H }%‘&L, 51 B [15] Chen S M, Zhang Y, Zhang Y B, et al. The relationship
&I%ﬁ j( /—:C ‘]73‘ gié ﬂlz fﬁ( Iﬁ H % A j( /E\ H iﬁ %ﬁ J5) :\'E between industrial restructuring and China’s regional haze
HIX. pollution: a spatial spillover perspective[ J]. Journal of Cleaner
B2 Production, 2019, 239, doi: 10. 1016/]. jclepro. 2019. 02. 078.
Zz H
[16] XiaF Q, Zhang X H, Cai T Y, et al. Identification of key
[1] GuiK, Che HZ, Wang Y Q, e al. Satellite-derived PM, 5 industries of industrial sector with energy-related CO, emissions
concentration trends over Eastern China from 1998 to 2016 . . . § .

) ) o ) and analysis of their potential for energy conservation and
relationships to emissions and meteorological parameters [ J]. emission reduction in Xinjiang, China[J]. Science of the Total
Environmental Pollution, 2019, 247 1125-1133. Environment, 2020, 708, doi: 10. 1016/j. scitotenv. 2019.

[2] GuoH, Cheng T H, Gu X F, et al. Assessment of PM, s 134587.
concentrations and exposure throughout China using ground [17] HuJ L, Huang L, Chen M D, et al. Impacts of power generation
observations[ J]. Science of the Total Environment, 2017, 601- on air quality in China—Part 1l . future scenarios [ J .
602 1024-1030. Resources, Conservation and Recycling, 2017, 121 115-127.

[3] CaiSY, Wang Y J, Zhao B, et al. The impact of the “ Air [18] Tong D, Geng G N, Jiang K J, et al. Energy and emission
Pollution Prevention and Control Action Plan” on PM, s pathways towards PM, 5 air quality attainment in the Beijing-
concentrations in Jing-Jin-Ji region during 2012-2020 [ J ]. Tianjin-Hebei region by 2030 [ J ]. Science of the Total
Science of the Total Environment, 2017, 580 197-209. Environment, 2019, 692 361-370.

[4] ShulL, Wang T J, Xie M, et al. Episode study of fine particle [19] Zhang Q R, Tong P F, Liu M D, et al. A WRF-Chem model-

and ozone during the CAPUM-YRD over Yangtze River Delta of

based future vehicle emission control policy simulation and



4 39

ZEIOREAT . RIS PO R LA TT 5 B 5 B

1687

[20]

[21]

[22]

[23]

[24]

[25]

[26] -

'3

7]

[30]

[31]

[32]

[33]

! managemetil strategies across China [ J ]
jong

assessment for the Beijing-Tianjin-Hebei region, China [ J].
Journal of Environmental Management, 2020, 253, doi: 10.
1016/j. jenvman. 2019. 109751.
Wu Y, Zhang S J, Hao J M,

and their control in China: a review and outlook[ J].

the Total Environment, 2017, 574 . 332-349.
Zhang S J, Wu Y, Zhao B, et al. City-specific vehicle emission

et al. On-road vehicle emissions

Science of

control strategies to achieve stringent emission reduction targets in
China’s Yangtze River Delta region[ J]. Journal of Environmental
Science, 2017, 51 75-87.

Gilliland A B, Hogrefe C, Pinder R W,

evaluation of regional air quality models: assessing changes in O

et al. Dynamic
stemming from changes in emissions and meteorology [ J ].
Atmospheric Environment, 2008, 42(20) : 5110-5123.

The NO, budget
trading program: a collaborative, innovative approach to solving a

The Electricity Journal,

Napolitano S, Stevens G, Schreifels J, et al.

regional air pollution problem [ J].
2007, 20(9) : 65-76.

Macpherson A J, Simon H, Langdon R,
programming model for National Ambient Air Quality Standards

et al. A mixed integer

(NAAQS ) attainment strategy analysis [ J ]. Environmental
Modelling & Software, 2017, 91, 13-27.

Viana M, Leeuw F de, Bartonova A, et al. Air quality‘m'i.t-iéation

in European cities: status and Challenges ahead [ ] ].
Environment International, 2020, 143, déi: /10. 1016/ J envint.
2020.105907. i -

SeRA, ThE, B, % 2H JDuéﬂé? PM”‘%ﬂEﬁE’ﬁn

R LI11 B TR A, 2019, 3(1}!’46;
< Chai F H WangX Luo H, et al. Review oﬂ-fuperwsmn pnhc_les

of USA and Eurdpean Union on PM, 5.5 land 03 []] Jourgll of
Envlmnmemal Engmeermg Technology , 2013' 3( 1): 46- 52
CheII X Y, Li E;Zhang ] D, et al. gpatlotemporal mapplng and
i mul'tlple driying fOICes identifying of PM, 5 Varlatlon _and its Jo}nt
Juurnal of Cleam?ir
Pro“éluction 2020, 250, doi; 10.1016/j. jelepro. 2019. 119534,
GB 3095-2012, FREZSRARAELS].
HJ/T 14-1996 , FRbE2s < ot 2y fig X 4 43 Js 5 5 R 07
[S].
Guo X D, Chang Q, Liu X,
classification and management for implementing the ecological
redline policy in China[ J]. Land Use Policy, 2018, 74 15-31.
FESCIE, VE LM, Tam. RAIALRE SR [T].
W SRR, 2014, 39(3) : 13-15.
Xue W B, Wang Y M, Wang J N. On determining methodology
of the red line of atmospheric environment[ J].
Sustainable Development, 2014, 39(3) . 13-15.
Xu K P, Wang J] N, Wang J J, Environmental function
zoning for spatially differentiated environmental policies in China
[J]. 2020, 255, doi:
10. 1016/j. jenvman. 2019. 109485.
MR, E00, BRI, & ORARMESKER. TR
BABIL]. FEERlE, 2018, 39(1) : 49-56.
Yang L L, Li M H, Liao C H,
management ;

Environmental Science, 2018, 39(1) ; 49-56.

et al. Multi-dimensional eco-land

Environment and

et al.

Journal of Environmental Management,

et al. Air quality subarea

a case study of Guangdong province [ J ].

-"!

[34]

[36]

[38]

[40]

[41]

[42]

[43]

LMWy, FoCHE, SR, S AERTRESGE B TR IR
C g ﬁ%ﬂ%ﬁk[ J1. MEERL2EHTSE, 2020, 33(5) -
1293-1299.

Jiang Y, Wang W Y, Shi C Y, et al. Compilation and practice of
‘ three lines and one list’

in Qinghai province under the objective

of ecological function improvement [ J ]. Research of
Environmental Sciences, 2020, 33(5) ; 1293-1299.

IR, BE, R, F 0 S YA R R
P ARKRBG )], P EFRERSE, 2018, 38(12):
4772-4779.

Cheng RH, Li W, Li T W, et al. Study on the technical system
of integrating the requirement of three lines and one list into
urban development strategic environmental assessment[ J]. China
Environmental Science, 2018, 38(12) . 4772-4779.

Kumar P, Sajjad H, Joshi P K, et al.

intensity of Beijing, China using DMSP-OLS night-time lights

Modeling the luminous
series data for estimating population density [ J]. Physics and
Chemistry of the Earth, Parts A/B/C, 2019, 109 31-39.
Ruggeri M F, Lana N B, Altamirano J C,
distribution, patterns _and source contributionsof= POP@ in the
atmosphere ~of Great Mendoza using 'the WBP?CEALM]L[/
CALPUFF mudelhng system[ J]. Emerging Con'tamlndnts , 2020,
6. 103-113. r o

Xu H, Lhu Y Wang L, ler al. Source (‘Onlrﬂ)uthﬂr analysls of

et al..Spatial

mercury, depOblth]‘l using  an, enhanced CALPUFF- -Hg# ins ,-t’he
central Pearl R-IVPr Diilta China[ J].

Environmental qulutlon

2019 250} 103261043, Y :
ST, S ?FE’[‘F AR T e XXH:ﬁ""EPﬁE%Z?lk
IDJ*Z'JM:&I‘E% Wit TRk L]. /j‘f’fﬁ%ﬁ 2020'
35(89 : 1839-1852. =

SuHF, ‘Lao GR, GuCL, etial. The superior agrlcullura]‘ bpace
demarcation based on the; evaluation of resources and

environmental carrying capacity and territorial spatial development

suitability at municipality and county levels: theories, methods

and study of two cases[ J|. Journal of Natural Resources, 2020,
35(8): 1839-1852.

Li X K, Seth A, Zhang C R, et al. Evaluation of WRF-CMAQ
simulated climatological mean and exiremes of fine particulate
its correlation with climate

2020, 222, doi: 10.

matter of the United States and
extremes[ J]. Atmospheric Environment,
1016/j. atmosenv. 2019. 117181.
RO, RN, AR, . BT AR A PM, 3%
PRARIR AR ITIE[T]. FERE, 2018, 39(8) .
3485-3491.

Li M H, Liao C H, Yang L L, et al. Capacity simulation method
based on regional transfer matrix and PM, 5 concentration target
constraint[ J ]. Environmental Science, 2018, 39 (8): 3485-
3491.

Song J C, Tong X Y, Wang L. Z,

population density in urban functional zones:

et al. Monitoring finer-scale
a remote sensing
data fusion approach[ J]. Landscape and Urban Planning, 2019,
190, doi: 10.1016/j. landurbplan. 2019.05.011.

Wang L. T, Wang S X, Zhou Y,
density in China between 1990 and 2010 using remote sensing
[J]. Remote Sensing of Environment, 2018, 210 269-281.

et al. Mapping population



HUANJING KEXUE Vol.42  No.4

Environmental Science (monthly) Apr. 15, 2021

CONTENTS

Contributors to Air Pollutant Emission Changes in Autumn and Winter in Beijing-Tianjin-Hebei and Surrounding Areas ««+:«+:=ssesseseeseseereens TANG Qian, ZHENG Bo, XUE Wen-ho, et al. (1591)
Characteristics and Meteorological Factors of Complex Nonattainment Pollution of Atmospheric Photochemical Oxidant (0,) and PM, s in the Pearl River Delta Region, China «+:+erereeereeee
......................................................................................................................................................... YAN Feng-hua, CHEN Wei-hua, CHANG Ming, et al. (1600)
Source Apportionment of Ozone Pollution in Guangzhou: Case Study with the Application of Lagrangian Photochemical Trajectory Model «-«+««+seseeeeresserserseneneneneieiinicnennsininnennnens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" PEI Cheng-lei, MU Jiang-shan, ZHANG Ying-nan, et al. (1615)
Chemical Composition and Source Analysis of PM, s in Yuncheng, Shanxi Province in Autumn and Winter «oeeoeeeeeseseesssneein ZHAO Qing, LI Xing-ru, WANG Guo-xuan, et al. (1626)
Temporal Trend of Polycyclic Aromatic Hydrocarbons in Atmosphere Within 24 Hours After Snowfall =«+-++sessesressserennenmssninennsenennes FAN Hui-ze, ZHU Fu-jie, HU Peng-tuan, et al. (1636)
Determination Method and Characteristics of Particle Size Multiplier of PM, 5 in Road Dust «+rereereeresreressssssnmensnsssnnecnnees LI Dong, CHEN Jian-hua, ZHANG Yue-fan, et al. (1642)
Source Profiles and Impact of VOCs Based on Production Processes in Foundry Industries ««+«+essesserseseemensenenininmnsininsne GAO Shuang, LI Shi-bei, BO Xin, et al. (1649)
Emission Characteristics and Toxicity Effects of Halogenated Polycyclic Aromatic Hydrocarbons from Coal-Fired and Waste Incineration Power Plants — «ereereeeseeseressermenensininennn
............................................................................................................................................................... NI Xiu-feng, WANG Ru-wei, CAI Fei-xuan, et l. (1660)
Concentration and Particle Size Distribution Characteristics of Microbial Aerosol and Bacterial Community Structure During Spring in Lanzhou City, China «+esseseereeeesemenensenenenennnnens
........................................................................................................................................................................... ZHAO Wei, LI Jie, XIE Hui-na, e al. (1668
Optimization Method and Case Study of Air Pollution Emission Spatial Pattern LI Min-hui, LIAO Cheng-hao, CHANG Shu-cheng, e al. (1679

LI Yong, LIAO Qin, ZHAO Xiu-ge, et al. (1688
JIN Zan-fang, HU Jing, WU Ai-jing, et al. (1696

)

)

Influence of PM, 5 Pollution on Health Burden and Economic Loss in China «++++- )
)

ZHANG Jie, ZHOU Jin-long, ZENG Yan-yan, et al. (1706)
)

)

)

)

Identify the Nitrate Sources in Different Land Use Areas Based on Multiple Isotopes

Hydrochemical Characteristic and Their Controlling Factors in the Yarkant River Basin of Xinjiang

Pollution Characteristics and Health Risk Assessment of Heavy Metals in the Water of Lijiang River Basin «++vsveeeeeeseeverusienennenns HUANG Hong-wei, XIAO He, WANG Dun-qiu, et al. (1714
Changes in Concentrations and Pollution Levels of Trace Elements of Floodplain Sediments of Poyang Lake Basin in Recent Twenty Years +-++ LI Kuo, YANG Ke, PENG Min, et al. (1724
Hydrochemical and Isotopic Characteristics in the Shallow Groundwater of the Fenhe River Basin and Indicative Significance LIU Xin, XTANG Wei, SI Bing-cheng ( 1739
Major lonic Characteristics and Factors of Karst Groundwater at Huixian Karst Wetland, China = +eeseeoveeesesessssinsniinnenes LI Jun, ZOU Sheng-zhang, ZHAO Yi, et al. (1750
Hydrochemistry Characteristics and Estimation of the Dissolved Inorganic Carbon Flux in the Caohai Lake Wetland Catchment of Guizhou Province -
.................................................................................................................................................................. CAO Xing-xing, WU Pan, YANG Shi-di, et al. (1761
Concentration Levels and Potential Ecological Risks of Current Use Pesticides in the Surface Seawater of Typical Liaoning Sea Areas «+++++++++- DU Jing, HU Chao-kui, XIE Huai-jun, et al. (1772
Levels, Characteristics, and Potential Source of Micro( meso) plastic Pollution of Soil in Liaohe River Basin = «+ereeseresrerersneienneeneneicnnnenes HAN Li-hua, XU Li, LI Qiao-ling, et al. (1781
PAHs Pollution Characteristics and Source Analysis of Typical Lake and Reservoir Sediments in Jin-Ji-Liao Area +veeeeeseesressseneneininieninsinnne WU Peng, LU Yi-ren, LI Hui, et al. (1791

Pollution Characteristics and Risk Assessment of Organophosphate Esters in Rivers and Water Body Around Taihu Lake *+++- ZHANG Wen-ping, ZHANG Zhen-fei, GUO Chang-sheng, et al. (1801
Spatiotemporal Distributions and Ecological Risk Assessments of Typical Antibiotics in Surface Water of Tailu Lake +«-wereoereeeerersenee DING Jian-nan, LIU Shu-jiao, ZOU Jie-ming, et al. (1811
CHENG Yun-xuan, GAO Qiu-sheng, LI Jie, et al. (1820
ZHAN Yong, WEI Ting-ting, YE Hui-bin, et al. (1830
Spdtlotempurdl Change and Source Apportionment of Non-point Source Nitrogen and Phosphorus Pollution Loads in the Three Gorges Reservoir Area ««+««sserseressesserensenemenenseninenennnnens

LI Ming-long, JIA Meng-dan, SUN Tian-cheng, et al. (1839)
Effect of the Combined Use of Denitrifying Bacteria, Calcium Nitrate, and Zirconium-Modified Zeolite on the Mobilization of Nitrogen and Phosphorus in Sediments and Evaluation

Characteristics of Volatile Organic Compounds Pollution and Risk Assessment of Nansi Lake in Huaihe River Basin

Distribution, Source, and Ecological Risk Evaluation of the PAHs and PCBs in the Sediments from Sanya River

of Tts Nitrate-Nitrogen Releasing Risk XIN Hui-min, LIN Jian-wei, ZHAN Yan-hui (1847)
Combined Remediation of Eutrophic Water by Phoslock® and Aerobic Denitrifying Bacteria «+-- LI Bing-tang, ZHOU Zhi-qin, Ravi Naidu, et al. (1861)
Biodegradation of Algae-derived Organic Matter (I-DOM) from Lake Taihu =~ +esseseessenresesssmsimmimnsnsnnininiinssssseeen ZHANG Qiao-ying, SUN Wei, DU Ying-xun, et al. (1870)
Structure Characteristics and Driving Variables of Epilithic Algae Community in Lhasa River Basin of Qinghai-Tibet Plateau WEI Jun-wei, LI Hong-ran, WANG Xing-zhong, et al. (1879)
Spectral Characteristics and Sources of Dissolved Organic Matter from Landscape River During Flood Season in Suzhou Based on EEMs and UV-vig «eoeerrereeresesenenseninienensnninennsnns

HE Jie, ZHU Xue-hui, WEI Bin, et al. (1889)
Adsorption and Desorption Behaviors of Antibiotics on TWP and PVC Particles Before and After Aging -+ FAN Xiu-lei, ZOU Ye-feng, LIU Jia-giang, et al. (1901)
Synthesis of Magnetic Iron Modifying Biochar for Ammonia Nitrogen Removal from Water «+esseereseerseesenenenniiensininennns WANG Fang-jun, SANG Qian-gian, DENG Ying, et al. (1913)
Seasonal Effects of Influent Ammonia Oxidizing Bacteria of Municipal Wastewater Treatment Plants on Activated Sludge System «+eeeeeeseereenees YU Li-fang, WANG Yu, HUA Si-si, et al. (1923)
Analysis of Performance and Microbial Diversity of ANAMMOX Sludge Based on Particle Size Differentiation =~ +«++«ssesessersesssssenenennmncnsnsiencnennes WANG Xiao-tong, YANG Hong (1930)
Effects of Chlorine Dioxide Disinfection on the Profile of the Super Antibiotic Resistance Genes in a Waslewater Treatment Plant — «+eereeesereresserenienenennnnns
CHENG Chun-yan, LI Hai-bei, LIANG Yong-bing, et al. (1939)
""""" LIN Xu-meng, SU Cheng-yuan, WU Shu-min, et al. (1946 )
- ++ LI Juan, LI Jin-xiang, YANG Yan-yan (1956)
Lffects of Chmate Warmmg on the Key Pm(‘ess and lndex of Black 5011 Carbon and Nltrogen Cycle During Freezing Period ++++++++ WANG Zi-long, LIU Chuan-xing, JIANG Qiu-xiang, et al. (1967)
Effects of Combined Application of Biogas Slurry and Straw on the Migration and Fractions of Soil Heavy Metals in Rice-wheat Rotation System in Coastal Reclamation Areas «+-++++ssesveeeeeees
WANG Wei, ZHOU Jun-nan, TANG Yi-fan, et al. (1979)
""""" ZHOU Ya-long, GUO Zhi-juan, LIU Fei, et al. (1989)
ZHOU Ya-long, YANG Zhi-bin, WANG Qiao-lin, et al. (2003)
Cadmium Accumulation Characteristics and Impacting Factors of Different Rice Varieties Under Paddy Soils with High Geological Backgrounds «+++s+sesveseesressesssnsisnsicnniiiiiinininen
..................................................................................................................................................................... DAI Zi-wen, FANG Cheng, SUN Bin, et al. (2016)
Effects of Different Exogenous Selenium Species Application on Growth and Cadmium Uptake of Pak Choi in Cadmium Contaminated Soil -+ LIU Yang, QI Ming-xing, WANG Min, et al. (2024)
Influencing Factors of Cadmium Bioaccumulation Factor in Crops «++ssessesserssssesensenssininiiiiniisiss e CHEN Jie, WANG Juan, WANG Yi-wen, et al. (2031)
Effects of Different Exogenous Plant Hormones on the Antioxidant System and Cd Absorption and Accumulation of Rice Seedlings Under Cd Stress
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Sheng-nan, HUANG Yi-zong, LI Yan, et al. (2040)

LI Kai-ye, ZHAO Ting-ting, CHEN Jia, et al. (2047)

-+ CHEN Jian-wen, ZHANG Hong, LI Jun-jian, et al. (2056)

and Combined Amendment on Sandy Soil Improvement Driven by Microbial Community «+:+seesesesssesserenesisnnenisiniines

++ ZHANG Zhe-chao, YANG Jiu-yang, HAO Bai-hui, et al. (2066 )

Animal Manure Fertilization Promotes Antibiotic Resistance Gene Dissemination Among Manure, Soil, and Vegetables -«+-«+++:++++- ZHANG Hong-na, DONG Meng-jie, ZHOU Yu-fa, et al. (2080)

Establishment and Application of Performance Evaluation and Obstacle Diagnosis Model for Regional Water Ecological Civilization Construction »+++«+:+++ssseseesesssssersesseinenennsininennen
...................................................................................................................................................... WAN Bing-tong, BAO Xue-ying, ZHAO Jian-chang, et al. (2089)

Effects of Different Organic Materials on Absorption and Translocation of Arsenic and Cadmium in Rice

Soil Fungal Community Structure and Functional Diversity in a Copper Tailing Dam and Its Surrounding Areas

Potential of Arbuscular Mycorrhizal Fungi, Biochar,




	1
	20210410
	2

