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Absﬂlct Pfove Fe-Mn wmbmeqﬁmphene oxide ( Gd FM) ﬂraterlgi was prl‘odufs’d -an(i,.tesjed for its efficacy i in remediating agricultural il co-contaminated by Cd and As. In a 60-
day 01 mculg,a,llon f.ﬂferlmem the remediation mechamsm,aad 1mm0ﬂzdtlon of GO and GO-FM at different addition ratios (0. 1%, 0. 2%, and 0. 3%) were investigated in
Shang\u an.sjlﬁ)shan soilsy which had varying physicochemical properties and contamination degrees. The dynamic changes in pH, DOC concentration, bioavailable Cd and As
content inmd morphology of Cd and As were explored to determine the remediation efficacy of the materials. The results demonstrated that compared with that in the blank control,

GO-FM increased the pH in Shangyu soil but decreased the pH in Foshan soil. After culture, both GO and GO-FM increased the soil DOC content. GO-FM decreased the soluble Cd
concentration by 5.08%-19.19% and the bioavailability of Cd by 36.57%-42.8% in Foshan soil, and the main immobilization mechanism was electrostatic adsorption,
complexation, and hydroxylated metal ion formation. The immobilization ability of GO-FM on Cd was lower than that of Foshan soil due to the influence of electrostatic repulsion in
Shangyu acidic soil. However, with the increase in the amount of GO-FM, the trend of increasing the bioavailability of Cd by graphene oxide was inhibited. The addition of 0. 2% and
0.3% GO-FM decreased the bioavailability of Cd by 6.45%-13. 56% in Shangyu soil. Additionally, GO-FM decreased the bioavailability of As in Shangyu soil and Foshan soil by
4.34%-9. 15% and 0. 87%-5. 71%, respectively. This was due to the immobilization mechanism of oxidation of As by manganese oxides and inner surface chelate hetween As and
the surface hydroxyl group of iron oxides. In summary, the immobilization effect of GO-FM on Cd in Foshan soil was better than that in Shangyu soil, and the immobilization effect of
GO-FM on As in Shangyu soil was better than that in Foshan soil, which can provide a theoretical basis and reference for the prevention and control of Cd and As co-contamination in
different types of soil.

Key words: Cd and As co-contamination; graphene oxide(G0) ; Fe-Mn; immobilization; soil remediation
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Table 1~ Physicochemical properties and Cd and As total concentrations of the tested soil
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P /g kg /mg kg /mg kg /mg kg /mg kg 1% 1% 1%
Y 5.72 19.71 0.98 71.72 0.46 6.42 30.77 58.37 10.85
il 7.05 27.44 2.23 30.01 0.75 5.18 16.96 58.23 24.81
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Fig. 3 Variation in soil pH with time in different treatments of Shangyu and Foshan soil
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Fig. 6 Variation in the bioavailability of Cd concentration with time in different treatments of Shangyu and Foshan soil

FE55 20 dJ5 , GO A BRI A RS Cd & AR L R IAE 2
FIA IR BB IO B Ry shimtash . 83R48 d5 . 5
25 UK EAH FL, GO Ab BRAE AT 30 808 Cd & 4t
T 8.04% ~29.57%. SYF1 Ab A + 345 3035 Cd &% =
WA BT T T BE A S A, SYF2 I SYF3 4b B
PR G 208 Cd & B AR T 6. 45% il 13. 56% ,{H
%E%@%ﬁ(}? >0.05). il 4 45 4b H A %A Cd

RS 5 d M TR RS SRR R AR5 10 ~

45 d T/ N 3l J5 B TR AT 80 I 2R
i R FRASRE B Z A AR FSG2 Bl FSG3 Ak
PR A S0 Cd & = T 18.29% F1 45. 62%, GO-
FM 4 # ) + HEA RS Cd 25 500 5 2 I 1 36. 57%
~42.8%(P <0.05).
2.4.2 HHEARGS As TR

B A L T AL B RS As B B
KEFR i R R 2 TR S (R 7). R AR



2 4 RAHAE A BRI U ERER I 5 PR X SR A g B Bl A B 1113

As S RIERE R 1 ~ 10 d BT, B S FEAK, 7548 30
~ 45 d I Ab F R E IR A, BEIE GO &b BEXF 4 38 24
As & P BEARIR BE iR 2 1 f K (4.76% ~ 6.55%) {2
T EM2ZR(P>0.05). MERFRLHIE,GO-FM
Qb B A RS As TR FER T 4. 34% ~ 9. 15%,
ELAE RS I G 5 4 RS As A B Y [ L OE A G,
HofrSYF2 MISYF3 Ab P E AR T A S As & &
(P <0.05). [FIFEH, 7666t + 5555565 30 d i), GO b

64
ol @ bk saf (o) fhul £
6.0 50 k-
B _ —a—FSCK
;c‘b 58 F E‘D ag b —e—FSGl —¢ FSF1
& 56 - PR —A—FSG2 —<—FSF2
£ £ —v—FSG3 —»— FSF3
2 54t 2 46 L
#3 3 )
® 52t R 44l
%‘: 50 1 g .\
48 . —®—SYCK 42 - L TN
—o—SYGl —&—SYFl " 3 NS
46 - —A—SYG2 —<—SYF2 40 L ~__ %
44l 7 SYG3 > SYF3 \;’ ~s
1 1 1 1 1 1 1 3.8 1 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
B3Rt H)/d HiEFER} H)/d
P i &
E7 J:Jf':tﬂmmj:?fﬂlﬂﬂhiiﬁﬁ?&*mFﬁ%iﬁ%‘%ﬁlﬁlﬁﬁ"’“"[{ -' f' /A
Fig. 7 Varlatlon in the bloavaﬂablhty oqus‘.concentratlon with time in dlffepent treatments of Shangyu and Foshan! 5011 .,—"'f.-’.:?,
F . g -~ ¥ .
..-"' 1“‘ .' I | -
% /0 f" b r o oy myu M@ﬁzﬁﬁmroﬂﬁ.
1 s -
| -' J- ._.-ﬂ ,a""n “/-:' ¥, E’Fﬁlj:.f%%pr J:J‘I‘ = .-,.r""

1n Pﬁlﬂﬁ*ﬂi‘i%lﬁ%fh@ sﬁfﬂﬁwf ; .':"f

7 Bl R Lr@i@fﬁmﬁ%mw
uﬂ%«a’m% [ 3 (a9d). ﬂwhriﬂﬁ

1 LA
ﬁm,ﬁ%ﬁﬁﬁ%uamﬁr S b el g

i, %ﬂfziﬁ%hﬁﬁﬁﬂﬁﬁﬁ IR e 5
S0 H Al B A B PR PR RS H L S R
pH FEAR. 78 F B+ 45 9845 K5, 5 SYCK M
SYF2 Fl SYF3 4 BRI AN T 4 3¢ pH , i 54 -+ 251
BRS04 R B, T A MR pH
(6.56) 7 T 1B 4, PRI 6 o bR 1T 2 15 09
VR TG A B B E - pH TE R . Bh I
N 5 A B R IR R, A A b R A B
HE pH A A% T2 11 % B PR 3(h) ], R [ b ek Ak 30
(19 725 Ak S8 A5 0 X 30 . GO b 3 B - 398 pH B 15 72
[ 52 5 TF 7 5 R R A b R B 5 2 2 R SR
17 B HE B A oh SR R R I R T
P 15 - e 0RE 7 2 R WA T 4 4 pH 8 T
B EL B B S M0 AT L SR AT R A T AR
FEAb B AR AR BB OB L T - 5 pH &
W IR MK . 5 =2 AR R IR 2 L b 1 GO-FM Ak 3 1 -+ 38
pH i 17 7% 16 ] 522 S BAIC S T8 A R 34, 52 4 bkt pH
(% T 1L B - 98 pH A, T B 325 01,

: Eﬁﬁﬂuﬁﬁiiﬁ DOC 7%

PHREAR b 1L A A As B B OIE BE S B R K
(3.53% ~ 4.36%) fHTC W E P22 7 (P >0.05). 7EH;
FEnk R I A RS As SRR
A B ] FEER 1~ 20 d A RUES As 2R R
B T 46 L TE, 5 30 d i A N RRRY . K gRah
FJ5 , GO-FM Ab B A 505 As & 2 AKX T 0. 87% ~
5.71% , Horfr FSF2 1 FSF3 Ab B 35 AR T 47 202 As
FH(P<0.05).

ﬁnrﬁq{p%ﬁ mﬁ%a’m I f"qat@fmm
B EREE(P < 0. 053X &

2 [ 4 B R DOC 119 B, 0 77 P s 5 ) e 22
R B 10 A S R AT DOCT) | 4 bt
b BB AL M T LR, DOC S 8 45 0 FhL 767 , RO
DOC 5 8 W BE7E MR -, AT 5 3+ 1E DOC 7

(5, T4 5 d 25 L B A7 b B + 5E DOC % %Lﬁﬁ
ST 3SR DR A A R A g — R T TR AR B
B JR O HEAT L AE £ BB RS RO HLAY T IR i
He s 25 3 - TR AT AT WL, — 2% 196 4 1 R £
+I3EDOC &N, B E A, GO-FM ALY =
- DOC 5 1t 5 pH H 7655 20 d 3 575 e, 350 2 P S —
J7 T+ HE pH A9 18I 6 - BT 1 B0RL I %9 DOC B¢
L S TR 5 S T VAP £ 4 B 4 W BT R
I AE Bk Ll B 85 3R P, 5 FSCK X L 4l Ak #4 )
Rb B R A T M pHL (EL i T ) B pH e L

DOC & =R AW T+ = ZEE
3.2 AR L5 Cd A As TP S By 2
BCR & U f LI & & R I B 5 T i &

AR RS | AR A S AR I S ,/\Elj_f{ﬁj‘%%fﬂﬁ%
WH&C%UFH,TLJ?ﬁﬁﬂT%Lﬂ: T AE WM ), 5k
WS fckasE . P 5(a) RS (h) R, g2 BB+



1114 E7S 5

B 455

ORI+, GO AL PR ]I A Cd & bR L AR A
ACdEHHEBEM, I A S M e 2 EMAEC. X FE
JEH O BA & EE REFIY GO X Cd H A 5 W B
g1, GO Bk 5 4 I 2R A, TP AR Ak TR R B 3K T
CdC ) Ay B g -, [l B Sl S fb o SR LA A
BURR P 5T, 5 i 12 6 R I B i Cd (T ). He 45
AR IS 25 R, GO Ab HE B R U T T AR R S
CACID) m Al CdC D) 1544k (P < 0. 05) , fi2 i 1K
FEAT L ggerp CdCT0) IR, K R CAC T ) BLER
Foas B X BR 3R T 12, 5%. Gao ZE I 5Tt % B GO
5 Cd AT, T Cd Xt /N B E RN J
) Cd B RN, A ) A R b R AR
b f B8 0 I 0t B Wik P e B e CTD) &5 iigbﬂl_*
SR SRS —5 .
rEhELT, 52 E{XTHEPFHtE JUE GO-FM 4b #f

W T RIS Cd & &, 15 GO AbBAH I i) /2, B
FRRHR I B9 R0, GO-FM 40 F 59 AT % 75 Cd &
VAR S S Cd & BB Wi, 2 SYF3 Ab 3
E’JT?**Cdé«‘i%SYCK%E%ré%#(P;ﬁ-os)
il A A7 B R S Cd B ﬂmﬂﬁt%ﬁ%ﬂ?ﬁﬂ
il L, GO- FM&E%*@,TFW Cd &
WEIET 5. 08% » 19.19%, 1 EF’FSFBQL%XTM?@

EE?F“%&}U.’TE%@7K¥(P<OM)/¢
HjﬂCO FM"E‘@pH I GO # ?H/m{;té%pH" ;in%

Eﬁ%?ﬁ?i*ﬁuLi‘ﬁiTﬂCdE’J%w W kg 7
cag@«m 15— maﬂia@w%ﬁ@ﬁcm Ol

i%&%ﬁﬁ%%%%%%;ﬂﬁimﬂkﬁ“
ﬁ%wﬁ'm\ HILS 5 CATB K & LT

I S Ce) S ()R L 578 D06 TR LG A b

REE LB A A il - s BRI T RIS As A,
TN TR As fr i A BRI R A R IR
FE LRI T AT B T ac e | R 4 A 1R R
Bifh As™. 5 GO ALFEAA L, GO-FM Ab B X} As 4 fk
ORI PR AL RS X As
B A 20T B 11 2 , B0 Cuong 2571 45 4 o P A e 22 40
wEAMAE(MBC) H T T /KBS, KR EN,
MBC AJ &} 35 £ 55 As 19 B2, % AsCII) % W i g
S JER AR R Y 10 4% . 3k E 22 T MO, &
Mn—OH F gl , 5 AsC(ID) AL TE Wiy As(V) 2B ki3
T 2656 1, 138 JECA Min( IT) AT As (V) U7 MBC 3 i
A R R ER T BE L Lin 25 98t & B BR AT AL
Y- Wy 2 A B RHEMBC) T 450 A b 90 F As (T
AALA As(V), AR T AR AsCID) L As(V)FI
BAs F . FBLARBEIE T, GO-FM 21 T 4% 1 4 4
el ke AsCID AL S As(V) , ]Ik 48 1k 4 35 1 77
TE X As B e W BE, 1T As(V) A0 AsCI ) #) BE 5 241

1oy 2T 52 2 25 B T RN R B A, AT SE L T
F As B
3.3 R R X 1 T 4 R A R 1

b A L 7E R 3R 45 d S T A b B A
WA CdE Y LT SEGX — R 3 R A
T4, AT LR A A T AR AT LS
S J5Z B Cd 5 e 7 e T, D IHe o 5 % 9 A T
S T J5 I I P U S B0 R A S Cd i b
ISP 87 B 318 R e: p 0 S e B L e )
AP, BRALYE R B B 5 SR R A
SIS AL . K B SR bR /N R A - B R
1 WEEE 345 40 BB (0 AT RS Cd & T, T RE 2 8
FRHEAT , L HE B0 v IR R R AR T, S BUF b
(A Cd ik BT RS H s, 550
X R A HE, B FSG1 Ab BRFEAR T A 804 Cd % &,
SYG1. SYG2, SYG3. FSG2 fil FSG3 Ab 3l ¥y fili - e 4
B Cd f R (1816). SB6X — Iﬂ%‘i—ﬁ%‘&l»ﬂ:?
ﬂfmicouie@ﬂﬁwrm%m%m.&&a%&

% 116 B R AR pmﬂ,m«wa’mg%@
Mﬂ%@ﬁm’ﬂ:‘f% e o e g
e SR AT T 0805 CaC ) i e e xt
cd( 1 m@g&mﬁkﬁw 55‘ ﬁﬁﬂwa%ﬁﬁ’% Gadt
Tﬂj‘ﬁ/ﬁkﬁﬁﬁaﬁﬁﬁﬁlﬁ Cd ﬁirﬁiiﬁ%én;ﬁif
GO U@m@ SYF2 ﬂr§YF3 A BRI AT RS Cd B ik 2
{6 T2 IR ﬁ’ﬁ?"@%mj: GO-FM 4b 3 b 5 TS T
36. 57% 42 s%ﬁxﬁz*(;d #H(P<0.05), %

"B AET GO-FM (9 pH 5 T GO, pH BB, thy T Wb

HREHI By 2 Bt Ak, 3 SR R far B, R T %)
Cd 1 0 HL 2 B . U A0, 2 A AR 1 1 4R GO-FM
FMAAE R E—OH S S, v 5 cd( ) ¥ s 24k
48 B LR GO-FM FEARA RS Cd & & 19 2L
e, HHEDOC KT CA AT AL A7 & E W5 . A
WL RN, 13 DOC & & T i 23 40 ] - 35 U X
4 J8 BH B TR W B, S Cd oA R T . AR B SR
WE B 2 28 FARHR L FSFI AL FSF2 A% T 3 DOC
i FSF3 AL BRI T + 5 DOC & & , {H GO-FM 4%
Ab T A0 1L A RS Cd S B AR T 36.57%
~42.8% (P <0.05), 55 5% 5 J5 19 FEAR G 2 35 46. 15%
~ 48.17% (P < 0.05) , I & 4 JC W 2 M 2 4k (P >
0.05). F W +HEA KNS Cd & & FKIFAZ DOCH
TR R, ST pH AR Ak FIRA AR B 4 1
DOC 7 2 T 15 [F] It 25 80 e vl i 42 ) -
FALLS AW A i, TR A M 5 B S T As e G 4
FE T W B 5 A, S BOE Z R As R niE 4
JEs e L 3G TR A G B2 28 U I FSF3 Ab 3
HOM T HHEDOC F i, 7 o 56 2508 As i bl



2 4 RAHAE A BRI U ERER I 5 PR X SR A g B Bl A B 115

e Rt b AT A As IR IR T 5. 71%. 1 B+
B A WG 575 A BEAE E g BT b R Ak B Y
P25 T DOC & i . {H GO Fl GO-FM Ab HL ¥ A 503 As
SRR T 1.97% ~ 2. 71% 1 4. 34% ~ 9. 15%
(K 7)), YK Bt DOC 5 12 B9 38 Jin i 356 n , fi b 158 B
GO 1 GO-FM X} As (W8 fLIF A 52 L5 DOC M . GO
FGO-FM ¥4 B 55t b 4l fb 1 58 A 208 As, Hirp GO-
FM X 458 As 0 B0 Ak 80O 50 4, B ST A B 04 11 2 1
A5 TS T3 A FH AN , GO-FM Hh iy S8 A0 19 346 B
VB AR S Ak 0 25 18T B B 7 RN R 6B B ) e Bk A
R, % As BB B2 & 15 T 2 6 B 7R
3.4 A[EIZEA L HErp Cd A0 As W4 AL 2 55 K52 i)
%

FE b B A AN 1L B SR A U L B R
WA, GO-FM 4b B 35 (i 481k A7 B84 5 v T A5 Cd &
A EARR] TR . E 5 A e R L, A L
+ FSF3 b3 A A& Cd & i 1 35 B AR, JF B4 ke |
BE £ GO-FM Ab B3 A5 20 A Cd 5k 1 W8 A i J32 A% 35
1 583 K, B 111 GO-FM 4 T4 1 3 e T
36. 57% ~ 42. 8% A %A Cd ¥ ik . H FE B PR 1l
+ pH B L E R A3 »ﬁﬁXﬂCd( )
e CtC I 5% % A1k, ié?ﬁ-zjﬂ‘
nmﬁ amfcgi(mm;;e%njj 7 ?Eﬁé‘% i+
Wt oz O e g
ST E%%m\;%maae b o ﬁ@m,‘
#Ef,?amw i*WXTE%)%Cdﬁ’JLE{Mﬁ' s
g%%umﬂ ﬁiﬁmmzme e P IR

7&;1,24 81954 15 T LB+ (10. 85%) , {07 B 111
j:EF'-CO FM Xt Cd i B AE8CR U6 T F B+ R W 1
- pH AR | ) B2 R R g Cd Bl Ak 25
B EZRA . SRS A B RRAH EE, GO-FM A B AY [
B A AT As B B FEAR T 40.92% ~ 68.27%, A 4L
B As T REAR T 4.34% ~ 9. 15% , % As 19 i 4k 3%
o g e A EERE AR O E £ pH BRAIL,
- M8 T AE R far 0, B TN As O ER L. @+
FORi AN, 15 As Bl IRV I R B
BhORL O BB A, - ORI A AR AR L )
W B 4 T As ST, 5 bRk S S W B (A A AL
RREAR . AW ST 1B R A AR T L 4 e
AR As B EIL R T 1

4 it

()52 XA, GO A PR REAMR T = +
Fil il 4 pH, GO-FM 4 B4 & T /R 1 b + 19 pH,
B3 06 6 1 - pH A . K5 3745 35 , GO Al GO-FM
EFE¥E N T 3 DOC & i

‘ [2} B T,

(2) 75 - B A 1L 79 o 35 Ak P 3R 95 e AR R R
] (1 448 b, 5 S0k A B A L B S 1
i, GO-FM Ak B {fi 42 Ak A7 88 05 45 = 1= 18 Cd A skt 1Y
AR R T . EEE 1+ CO-FM Xt Cd sl fb 3R
mF L, EE 2 pH AR . GO-FM X Cd (1)
F B AL R L 5 A RO e R BT
(I I, FEAR 32 DOC & A8 AL B 52
(3)GO F1 GO-FM B B FEAK T As A 80ME, ¥4
HE A ] A As 1) XE LA RERE B O A R 2
Fe Al Hodh GO-FM X As Y Bl AL 8% SR 8 8 3 . LI
Bf L AR R 45 A AE DL & AsCID) 5 8k A ki 5
IR BB IE N R TEE AW, & GO-FM Bifb As 1)
FEHLH . A LB EZ AR As B SCR = T
Ml A, 25 e R 2R 2 9 pH ORI - BT
(4)1EBB 1L+ GO-FM X} Cd i sl fb 2% AL T
BE o, E B BE 4 GO-FM A As BBl ALACR LT 1L
i R LA BT 52 25 %Tﬁﬂﬁlééﬂfci%@?%&m
I@?«é%ﬁ%fﬁw’embﬁu%%
i J%&;Q‘Taz%’,ﬁ\ LY A IP%H N

LN E&??ﬂiﬁlzﬂwfﬂtﬁﬁﬂﬁi% Tzsa”f.\'l?l’J

4

:ﬁjﬁﬁjj |'II .',ﬂ" | ¥ ] ~
% J .’ : - 4 WV ] r o
30tk P ﬂ,-f.f i & -

[1] LiuJ, @‘I;JYg Wang.‘) et al A case study: arf;ﬂuc _cadrmum an /
copper distribution 111,1 the ' soil-rice system 1n two m'aln 'hce
produt mjpmvln( ses 1ﬁ thlnd[.”. @ustdmahlhty 2022, 14‘('21)
doit 10‘ 33901su142114355 ' W

R, AR U R A 18 AT RS

zwﬂita%#*'ﬁ FLIT. R A8 75 B 2A 4, 2022, 17(6) -
144-162.
Zhao Y, Ai W Y, Wen S Y, et al. Microbe-plant combined
remediation of cadmium and arsenic contaminated agricultural
soils: a review[J]. Asian Journal of Ecotoxicology, 2022, 17(6) :
144-162.

(3] JAmIL, XUSHSE, REXGE , 45 . A0 HEAk 4% Cd il As B RHRY
BB J]. FREEREE, 2021, 42(7): 3527-3534.

ZhouSJ, LiuZ Y, Xiong S L, et al. Screening of amendments for
simultaneous Cd and As immobilization in soil[J]. Environmental
Science, 2021, 42(7): 3527-3534.

[4] Kim S, Kim H B, Kwon E E, et al. Mitigating translocation of
arsenic from rice field to soil pore solution by manipulating the
redox conditions [J]. Science of the Total Environment, 2021,
762, doi: 10. 1016/j. scitotenv. 2020. 143124,

[5] Aitio A, Tritscher A. Effects on health of cadmium-WHO
approaches and conclusions[ J]. BioMetals, 2004, 17(5): 491.

[6] Kong Q P, Xie B B, Preis S, et al. Adsorption of cd* by an ion-
imprinted thiol-functionalized polymer in competition with heavy
metal ions and organic acids[J]. RSC Advances, 2018, 8(16) :
8950-8960.

[ 7] Pawar R R, Lalhmunsiama, Kim M, et al. Efficient removal of
hazardous lead, cadmium, and arsenic from aqueous environment
by iron oxide modified clay-activated carbon composite beads[J].
Applied Clay Science, 2018, 162: 339-350.

[ 8] Jfxt, RET, PR, &5 BRuR AW - UL i A )



1116 E7S 5

7

Es 45 4

[12]

[13]

e RE X5 FRR B B AL R (D], BREERL 2%, 2022, 43(3) -
1584-1595.

Lian B, Wu J Z, Zhao K L, et al. Novel insight into the adsorption
mechanism of Fe-Mn oxide-microbe combined biochar for Cd( I )
and As( Il ) [J]. Environmental Science, 2022, 43(3) : 1584-
1595.

YuHY, Li F B, Liu CS, et al. Iron redox cycling coupled to
transformation and immobilization of heavy metals: Implications for
paddy rice safety in the red soil of South Chinal[J]. Advances in
Agronomy, 2016, 137: 279-317.

e, RARYE, WEAR AR, L RN E AT U L A RS
R[], 3, 2021, 58(4) : 837-850.

Li Y, Shang J Y, Huang Y Z, et al.
passivation materials for cadmium-arsenic co-contamination in soil
[J]. Acta Pedologica Sinica, 2021, 58(4): 837-850.

EIm B, XU, REATLL, L MR 5 AR BT A 1R R X
e T A e Bl AL A ROCR AT T[], A SR B 2741, 2018, 27
(12): 2329-2336.

Wang X Q, Liu C P, Du Y H, et al.

Research progress on

Effects of stabilizing
remediation of Cd and As in paddy rice by applying combined zero-
valent iron and humus/[J].
(12): 2329-2336.

Gomes H I, Dias-Ferreira C, Ribeiro A B. Overview of in situ and

Ecology and Environment, 2018, 27

ex situ remediation technologies for PCB-contaminatéd soils and
sediments and obstacles for full-scale application [HJ':.ﬁaﬂ'ence of
the Total Environment, 2013, 445-446: 23?-260. .

Song B, Zeng G M, Gong J L, et al, 'I.-Eilalualio'pr "x_nethods for

assessing effec u‘ven(?s% of in situ rf-me(hathn of sml| anﬂ %@(ﬁme_ﬁ

| i
"_(ontdmlndlcyd' WIIhI organic pollutants ddd I}de‘y;nye&

[ 14?

¥
ol |

[15]

[16]

[17]

[18]

[20]

[21]

?hvwonm«eg}'lql!erg#hona] 2017, 105 43- fS i/
e égikﬁﬁu%w%aﬁﬁ bﬁf ¢ﬁw
| imiy2016,32023): 72-80. | |/ j s I-.

N,,mg D F. ‘A review of in situ pdsswdimn*j’epairmg|te( l}tpolugy of
hem}y meta]s rII‘;-‘SOII [J_L Chinese Aghcu]tug&l Sc.lence"Buﬂetn;

2016, 32(p3) ﬂz 80. -

iy L2t
@@? E'E\*J?f?a%/{(ﬁ):ﬂ’]é%’]ﬁ&}iﬁﬁﬁ1‘}1/157%%

# EAVEFLIRID ). HoM « W7 A%, 2017.
J
‘Wang J.

pollutants onto structure-controlled graphene nanosheets [D].

Adsorption properties and mechanisms of organic

Hangzhou: Zhejiang University, 2017.
LiJ, Wu QY, Wang X X, et al. Heteroaggregation behavior of
graphene oxide on Zr-based metal-organic frameworks in aqueous
solutions: a combined experimental and theoretical study [J].
Journal of Materials Chemistry A, 2017, 5(38): 20398-20406.
Huang D, Wu J Z, Wang L, et al. Novel insight into adsorption
and co-adsorption of heavy metal ions and an organic pollutant by
magnetic  graphene nanomaterials in  water [J]. Chemical
Engineering Journal, 2019, 358: 1399-1409.

Zhao L. Q, Guan X, Yu B W, et al. Carboxylated graphene oxide-
chitosan soil and reduce its

. e 2. .
spheres immobilize Cu®* in

bioaccumulation in wheat plants [J]. Environment International,
2019, 133, doi: 10. 1016/j. envint. 2019. 105208.

McCann C M, Peacock C L, Hudson-Edwards K A, et al. In situ
arsenic oxidation and sorption by a Fe-Mn binary oxide waste in soil
[J]. Journal of Hazardous Materials, 2018, 342: 724-731.

Xu F' N, Chen H X, Dai Y X, et al. Arsenic adsorption and
removal by a new starch stabilized ferromanganese binary oxide in
water [J]. Journal of Environmental Management, 2019, 245:

160-167.
Yoon Y, Zheng M L, Ahn Y T, et al. Synthesis of magnetite/non-

[25]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

oxidative graphene composites and their application for arsenic
removal [ J]. Separation and Purification Technology, 2017, 178:
40-48.

Kong Q P, Wei ] Y, Hu Y, et al. Fabrication of terminal amino
hyperbranched polymer modified graphene oxide and its prominent
adsorption performance towards Cr(VI) [J]. Journal of Hazardous
Materials, 2019, 363: 161-169.

Zheng H L., Gao Y, Zhu K R, et al. Investigation of the adsorption
mechanisms of Ph( Il ) and 1-naphthol by B-cyclodextrin modified
graphene oxide nanosheets from aqueous solution [J]. Journal of
Colloid and Interface Science, 2018, 530: 154-162.

g, REde ik, RELT, AR PIRPERIE RS R XS g AR I b b
il L R s e = )] FEER A, 2021, 42(7) : 3535-
3548.

Yuan F, Tang X J, Wu J Z, et al. Simultaneous immobilization of
arsenic, lead, and cadmium in paddy soils using two iron-based
materials[ J|. Environmental Science, 2021, 42(7): 3535-3548.
W, XNHLSC, TR, 45 . AR SR A A B X S L
b X S R 9 B PR [T ). BB 2022, 43
(3): 1567-1576.
Yang S, LiuZ W, Long B, et al. Effect of contro”ing heavy metals
re'l_ph?ﬁ oxide
[J]. Envifonmental |Smence, 2022, 43(3) 159?‘ 7%
Byt 1 L ICR T HR M. (5 = 0. o ﬁPI‘Ifik.LH
ﬁ 2000. . /S =
ﬁ«ﬁ*%%%ﬁ@%ﬁwi@%%ﬁ i
&%&m%man 1M < o, 2030,
Li Zl T glfﬁ‘ulmneq‘us f;}]molinlualmn of (ad-r’mum ,_,:,‘.lead, and

in soil of rare earth mining area by biochar supperted

drserg? lryxoﬂﬂ.:-ﬁ)y zeplite- slﬁa‘f)orted nanoscale zero- leep"{ 1t|p1‘1-jnd
the ass&)maled mecha*sms [DJ Hangzhou : .Z'h'e]@ng—Umvers
2020- i

s ﬁﬂ-‘éﬁﬂ}f ﬁ%ﬁ! .
W fﬁ-i %,;_E L2 25 L]
18811884,

Zhang CY, Peng P A, Song J Z, et al. Utilization of modified BCR

procedure for the chemical speciation of heavy metals in Chinese

i
1(11):

EJZL.BCR%%M‘E%{
CES B, 2012,

.. -S i}ﬂ"

soil reference material [ J].
2012, 21(11): 1881-1884.
Fu M, Jiao Q Z, Zhao Y. Preparation of NiFe,O, nanorod -

Ecology and Environmental Sciences,

graphene composites via an ionic liquid assisted one-step
hydrothermal approach and their microwave absorbing properties
[J]. Journal of Materials Chemistry A, 2013, 1(18): 5577-5586.
Morris J R, Contescu C I, Chisholm M F, et al. Modern
approaches to studying gas adsorption in nanoporous carbons [J].
Journal of Materials Chemistry A, 2013, 1(33): 9341-9350.
LiZT, Wang L, Wu J Z, et al. Zeolite-supported nanoscale zero-
valent iron for immobilization of cadmium, lead, and arsenic in

encapsulation mechanisms and  indigenous
microbial responses [J]. Environmental Pollution, 2020, 260,
doi: 10. 1016/j. envpol. 2020. 114098.

Deng X Y, Liu R, Hou L Q. Promotion effect of graphene on

farmland  soils:

phytoremediation of Cd-contaminated soil [J]. Environmental
Science and Pollution Research, 2022, 29(49): 74319-74334.
B SR BRI A R 1 4 R 0 B A
FELD L. M RN, 2021,

Yuan X K. Study on the passivation of soil heavy metals

montmorillonite/graphene  oxide composites [D]. Wenzhou:
Wenzhou University, 2021.
Cai W W, Piner R D, Stadermann F J, et al. Synthesis and solid-

state NMR structural characterization of *C-labeled graphite oxide



2 1

RAHAE A BRI U ERER I 5 PR X SR A g B Bl A B

1117

[35]

[36]

[37]

[39]

[J]. Science, 2008, 321(5897): 1815-1817.

P, 75 25, Ak BRER XA B A RHE AN TR pH 2618 T X
R As R 4B iR AL AE I LT]. EERNE, 2018, 39(3)
1430-1437.

Fei Y, Yan X L, Li Y H. Stabilization effects of Fe-Mn binary
oxide on arsenic and heavy metal co-contaminated soils under
different pH conditions [J]. Environmental Science, 2018, 39
(3): 1430-1437.

e . A AT BRI B T PR A
A LR E TR, 2017,

Yang Z. Environmental behavior and biological effects of graphene

118 B AW [ D], b

oxide in soil [D].
Technology, 2017.
WA, RUGEE, BRAN, AL LR T A B G AT T 0
[J]. +HE, 2015, 47(3): 446-452.

Huang Q, Wu J T, Chen J, et al. Adsorption of dissolved organic
carbon (DOC) on soil: Soils, 2015, 47 (3) .
446-452.

WA, i, R, 4.
i« AT AT B | L0 S
31(5): 260-265.

RuiSY, Yuan Y H, Zhou J H, et al. Effects of soil amendments

on microbial biomass carbon, nitrogen and dissolved organic

Journal .of. Soil and
P servati . - il
Water Con%lerthlon,HZOl% 31(5/)4 ‘260 265. " ‘..:?.
FESCAS, TR . A7 B 0 Y PRBEAT Sy B H 0 BRI oy e
B[], N A 240 2014,@5(9) 2723 2732.
Ren W J, Teng“Y-. Environmental behhvldr of graphé‘ne gnd‘lts

Beijing: Beijing University of Chemical

a review [J].

IR 7 Xk SR b 2T S R W B
[J]. K AR R4, 2017,

carbon and nitrogen in upland red soil [Jl.

—effect on thq, lransp%!rt and fate of po]lﬂ]taqts in enmyqrrf,én
these Jmm’éh of Apphed Ecology, 2014, 2.5(]4) '2 2.

40‘_j L 7T, Waﬁg II ,;Wleng], et al. 7eolu;ﬂ‘*supﬁ‘frfed r}aﬂ"scafe .AQW

e
f
f

AM i

[44]

[45]

I
i
i

ﬂ valent 11;0n Ne findings on simultanéous pdsgfpﬁon of Cd&!
f’b( 1 HS , and ASCII ) in aqueous solut]onlahd,st)l] ,J_Idurnal of

‘clfgrdous Matyrﬁals 2018, 344: 1-11} g

A

d?&g}émf/maﬂl 7). W EERSRE , 2022442(4) 180
(fyan D, WuJ"M, Xie Y H, et al. Effects of iron- based silicon
J'.Sdhh on fractions and transformation of cadmium and arsenic in soil
environment [ J]. China Environmental Science, 2022, 42 (4) :
1803-1811.
Zhai W W, Dai Y X, Zhao W L,

et al. Simultaneous

immobilization of the cadmium, lead and arsenic in paddy soils
amended with titanium gypsum [J]. Environmental Pollution,
2020, 258, 10. 1016/j. envpol. 2019. 113790.

He Y J, Qian L C, Zhou K, et al.
cadmium uptake by rice in soil[J]. ACS Sustainable Chemistry &
Engineering, 2019, 7( 12): 10283-10292.

Gao M L, Yang Y J, Song Z G.
cadmium uptake and photosynthesis performance in wheat seedlings
. 2019, 173:
165-173.

Wi, sk 52, AL, 5. 0 pH X R ERIE S B R K AR A
FZ R[] W AR K CA SRR ) L 2018, 44
(2): 176-182, 209.

Chen N, Zhang H, Yang H M, et al.

cadmium formations and its accumulation in rice [ J].

doi:

Graphene oxide promoted

Effects of graphene oxide on

Ecotoxicology and Environmental Safety,

Effects of soil pH on soil
Journal of
Hunan Agricultural University (Natural Sciences) , 2018, 44(2) :
176-182, 209.

Yoon Y, Park W K, Hwang T M, et al. Comparative evaluation of

b i it
%%’tﬁm}@ﬂ-ﬁ-fy B i 2 X ij%ﬂfﬁmﬂ_y/

[47]

[48]

[49]

[50]

[51]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

magnetite-graphene oxide and magnetite-reduced graphene oxide
composite for As ( Il ) and As (V) removal [J].
Hazardous Materials, 2016, 304 196-204.

Cuong D V, Wu P C, Chen L
)
mechanisms of redox transformation and adsorption [J]. Water
Research, 2021, 188, doi: 10. 1016/j. watres. 2020. 116495.

Lin L N, Gao M L, Qiu W W,

accumulation in indica rice (Oryza sativa L.) cultivar with

Journal of
I, et al. Active MnO,/biochar

composite for efficient As ( removal: insight into the

et al. Reduced arsenic
ferromanganese oxide impregnated biochar composites amendments
[J]. Environmental Pollution, 2017, 231: 479-486.

Ryu S R, Eun-Ki J, Jung-Seok Y, et al. Adsorption of As(ID)
and As (V) in groundwater by Fe-Mn binary oxide-impregnated
granular activated carbon (IMIGAC) [J].
Institute of Chemical Engineers, 2017, 72: 62-69.
Yu HY, Wang X Q, Li F B, et al

bioavailability in paddy soil under iron compound amendments at

Journal of the Taiwan
Arsenic mobility and

different growth stages of rice [J]. Environmental Pollution, 2017,
224: 136-147.
S53%, VM, WRSE, S5 SRR NCORERIA: H 5 ek - HE R 1 1k
ORI #VEAIERLE, 2021, 62(2) : 448-452.
Cai X, Bai S, Chen] et al. Passivation effects of‘glkﬂlneﬁrtlllzel
and hl(}(bdr on hédvy metal (ddmlum in 'rs_; ij. Iﬂ!ﬂlejldng
Agncullural Sciences, 2021, 62(2): 448- 452‘a ' !;-"El e
Mo TR e R 8 e e
%wm%mm ﬂ%ﬁiﬁ 5T, 2022, 22<f30m;«1'9
Lin X "B Chen'_} !7h0u L.J, et al. Fffects of a,
('uhmalmn lnp,é on foims qrjlansformatmn of cadmilin-in red soil[T].
ClehCé’TECthle]J)gy and F;ggl};fermg, 2022, 22(5) 215‘(‘]'»2',139
Argun Ms E, ]?ur%un SJ Karatas M. Removal 01 Cd( [[ ), PI)C*‘H—F') |
Cu ( ]I ) and’ Nl( I ) from water using modlﬁed pme barkﬁ
Deaﬂma% 2009, ;@49(2 519-527. ud '
1T 44, ¢+% FRGR, 5. kw0 M&E%mﬁr%ﬁﬁ%
v%ﬁlﬁﬂ%@m@}av 3%[ JI B EEREE, 2019, 40(12)
5623-5628. 3
LiuQJ, Li X, Zhou Y M, et al. Immobilization impact of goethite-
composites on Pb-Cd soil [J].
Environmental Science, 2019, 40(12): 5623-5628.

Antoniadis V, Alloway B J. The role of dissolved organic carbon in

fulvic  acid contaminated

the mobility of Cd, Ni and Zn in sewage sludge-amended soils[J].
Environmental Pollution, 2002, 117(3): 515-521.

Hartley W, Dickinson N M, Riby P, et al.
brownfield soils amended with green waste compost or biochar and

Environmental Pollution, 2009, 157

Arsenic mobility in

planted with Miscanthus[]].
(10) : 2654-2662.

Tan W N, LiZ A, QiuJ, et al. Lime and phosphate could reduce
cadmium uptake by five vegetables commonly grown in south China
[J]. Pedosphere, 2011, 21(2): 223-229.

XUE Tk TT WY, SR B AN TR R X B R R T e e
ORCR B m R B[], RS 24, 2021, 30(8) -
1732-1741.

Liu J, Zhang N M, Yuan Q H. Passivation effect and influencing
factors of different passivators on lead-cadmium compound
contaminated soils [J].
2021, 30(8): 1732-1741.
S, Uzu G, Oliva P,

bioaccessibility in different particle sizes of dust and aerosols to

Ecology and Environmental Sciences,

Goix et al. Metal concentration and

refine metal exposure assessment [J]. Journal of Hazardous

2016, 317: 552-562.

Materials,



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
	20240247
	11

