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Adsorption properties of Fe;O,@P-AC composite to cephalosporins in water
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Abstract ; Fe;0,@ P-AC composite material is prepared by the chemical precipitation method using spent mushroom
substrate as raw material. The influence factors on the adsorption effect of the material to ceftazidime are investigated,
including solution pH value, initial mass concentration, adsorbent dosage and ionic strength.The adsorption kinetics and
isotherms are fitted.It is shown that the adsorption of the material to ceftazidime accords with the pseudo second order
kinetic model ,and the adsorption process is dominated by chemical adsorption. Compared with Langmuir equation, the
adsorption process for ceftazidime is more suitable to be described by Freundlich equation, in which the adsorption
process is dominated by multi-layer adsorption.The adsorption effect reaches the best when pH value of the solution is 6,
the initial concentration of ceftazidime is 50 mg+L™" and the mass concentration of Fe,0,@ P-AC is 2 g-L™".Tt is shown

through characterization by means of SEM,FT-IR, etc.that Fe;0,@ P-AC’s surface is loose, porous and rich in functional

groups , favorable for the adsorption to ceftazidime.

Key words: spent mushroom substrate ; modification; cephalosporins; adsorption

SAUBIENE N 3 KA R 3 22 B
PR e ST B IR AR 2 A IS HU I 1
9 o ) o AR LM BR8P T it , E )z T L (H
S R T A AR B 45 R R 53R AT TR D, (o AR 3R 58
AR R HAE YRR s, SR R LA
TR, 4 TR 53 LU 188 ik FE R PRI HE HY
A, I HLEAT R /K AL 3 T 20 N R 58 4= L BRrbi Ak
R{g e, X FECORE YU R R Yl 2Rk 5
Py Al He e A K 1 BRI X AR i 36 1 22 5 Bk

W20 LT, 2R v Sk 6 At 1 DL 25 5 TR A
[RE &N &% SENE R 7K & SN e s S E |
B R T A B Y L BRACR SR I R R 13X
SR L T BB PR R A R B TE 7 8
BAEAESESFOL R Oy — R A LBRTFBL,
ARSI 5 7 R R S 3G TR B N TR, 4
ARSEEGEE, RERAE LR E D 5 000 Y
B/ il AR A LIE b, 26 R Z2 5 A B IR 5
TANS B, TS ORI BE T At Ak R

Y fs B H#A.2021-06-11; & [E H#1:2022-03-28

ELTE . HRHFERAIEITH (51708250) ; 75 A BHE & BRI H (20190303071SF) ; 75 M KA Al Ak I 23R 350 H (20201904 ) ;

TR R 2256 - IR A R 400 H (19008)

BB/ T2HE(1987-) , Lo it PRI, 35 B SR K AL B 5 A 3875 Je s il T, 18 IR RN, lymp—0414@ 163.com,,



- 102 - FAX AL L

UK R AR 9% i 2B 2 Sp A F 11 fE
AR XTI A RIS e, R, AT R A
FHEAR, RERBILIE b L HA WE SRS, B
SR LB Ry R B 50 7 [ 9 A L B H 2 b T
SR BT, UL, 25 AR JRURL, SR ST
TEEE i % Fe,0,@ P —AC B & b L, i i SEM
FT-TR FAF 257 0 245 W BAF S 560, 483 R 7K fk e
Sl FE At (4 W B B, LAY A BRTRE A 0 AL R B
KA 2 ) BRI A

1 #REFE

L1 FERFIRAE

ZnCl, .FeCl,-6H,0 FeSO,-7H,0 NaOH HCI %
B o pr el B 2542 AL AR A B m) A 7 5 k4
i X BE S A3 80R 85. 8%, {5 FHTIT AR 11
AR BR S A A 7 5 S AR At e | 56 T, T8 o

UV-2700 45 5k - 1] UL 436G BE T, H A & T
ISRV 5S-570 BV LR, HAS H L AR A ™
CARY630 R B AR 2T SMETEN, Agilent 23 ] A=
77 ;vario EL cube BUICER 43 M1, #E [E Elementar /v
A4 77 FiveEasy A pH i, M 4R 8 -4 4 2 2w 4
773 72SX1400 BUEZS il Y e RRAL s B A PR A
A A,
1.2 Fe,0,@P-AC E&MBIHFIF

P—C Il A%« TR 28 25 B8 /K 0 Ve 2 i % 1 2%
JiJEF 60°C LT, B idead 60 H i, WU &t OB Ky
ARBNEHI, B G E T HEA DI 78 500°C
FRERMF T ERAL 1 h, Ff AR HI B2 = RS F P-C,

P-AC & B 5 g WK .6 g ZnCl, Th2
PR MBI A1 G B 8 24 b AR 85°C TR & T
FLAs g E S00°C BRAESAE Fakfk 1 h, FEA
IR IR, 24 0.1 mol/L HCI ¥R 1 h ),
HEBEF KSR E P, THEEE] P-AC,

Fe,0,@ P - AC il % . M 2.434 5 g FeCl, -
6H,0 Fl1 1. 668 g FeSO, -7H,0 T34 100 mL 25
TR = O, = IR T P2 58 2 i, PRI
5 g P=AC INA _ER OWAR R 1P e A AR B 20 ~
30 min, )5 7E N, (265 =98% ) 45 Bl T 28 18 hin A 5
HIPHON 25% 19 NH, - H,0, J85 pH = 10~ 12, 7¢
40°C FHEIRBEFE | ho SRJG LB FKRTCK 2
A VR E P, 85C T 24 h JFWFEETS 3] Fe,0,@
P-AC B & H K,
1.3 ER7SURBSEI8

B 100 mL — 7 J3T 15 V¢ B 11 Sk 760 At W v W,

FnBEFEH

NaOH 1 HC1 J59% 9 pH J& I A— 2 B, F

150 r/min 293 K AYMEREEIR HR IR , W 2 5

B, BT VR L G B R S A 3 I

AR AR A A RO FE A B Sk A A E

R =1[(C,-C)/Cy] x 100% (1)

q. = (C, - CHV/m (2)

Krp . €y SR FUAIE AP 4R BT W B, me/L; C, A ¢t

sk 220 568 07 Sk 70 W 7Y 5 B VR B, me/ L €, AR R OF

T EE Y BT VAR BE 5 VO Sk LA BE TS TR AR AR, mL s m
SRR e

2 Fit5itie

2.1 Fe,0,@P-AC E&MHBIRIE
2.1.1 AR E M ERAC S PR AT

P-C il Fe,0,@ P-AC IR AR AN 1 Fims,
H2 1 ATAL2 FAEYIR I C H N TR JRRE ST
B, T O TG By B 3 B i, iX 3% 5 Fe,0,@ P-
AC A T Fe BAMLIA K, J34h,Fe,0,@ P-AC
H Fe JCE TR 15 16. 76% , Ui HH Fe #ALEI 71
HAVEYR . 0/C 5 H/C BEIR H 2 5 S e A= 4y
IR AR BE RN 5 B 1, thar BT 45 SR vl A, Fe, 0, @
P-AC W35 FEEHM & S E e B InE &, XA A

EROREE L/
£1 EYRHTERARSH
TER TR % TCRIEE/RH
W

H 0 N Fe 0/C  H/C

pP-C 67.50 2.68 37.24 2.03 — 0.55 0.040
Fe;0,@P-AC 58.46 2.21 41.59 1.97 16.76 0.71 0.038

2.1.2 SEM 4#7
P-C #l Fe,0,@ P-AC /) SEM & 5 an &l 1 Jir
/R, E1(b)(Fe,0,@P-AC) MI# T 1(a) T 1]
PRS- HARTE R S AN FLIU AL PRG54, X E 22 R
ZnCl, 75 = R AFRVE R TR, ZnClL, 2 FE ALY
RN EJAVEH , 24 ZnCl, 2R VEDL L BR 5 TE WK
S B Ve A ; e

N
NI

(a)P-C (b)Fe;0,@P-AC
K1 P-C 1 Fe,0,@P-AC 9 H %A



2022 F 6 B

FAEEFLEEH S sah, A 1(b) Hhik ] LIE RIA K
HPURCRY) S AF R H R T, R W Fe, 0, KL FTEEY)
RN X S54RI TR AR PTas R —3,
2.1.3 FT-IR o #7

P-C #il Fe,0,@ P-AC /) FT-IR Jt3% & an &l 2
fizs . HE 2 Al%1,P-C Fl Fe,0,@ P-AC FYW i I4
KECHFE, 3 443 em™ Bif I —OH i 45 3% 3l 0%
2 981 cm ™' Ab i fl—CH, fl—CH, k3 h C—H
PIXTFR AR BRI 4 IR 2, 1 641 em™ Ab Ay IR IK
W 555 AR b C=C MR FaR oA X,
1 457 em™ b Jg ¥ 3 v (15 COOH. i 45 ¥ 8 = AL
1 376 cm™" 4k B9 45 F 16 H—OH 1 45 4z 2 7= A=, i
1039 em™ M AP R ILHIS C=C 4519, 5
P-C #i b, Fe,0,@ P-AC 7£ 2 981 .1 457 cm™' FlI
1 039 em™ &b B WSO 55, 1 085 em ™ Ak fity W 1AL 0
THJE, ULBH ZnCl, 7 500°C Ak, 18 BB Hh 119 S0 FN 480
PIKZESOEAHE S b 1 M NS5 o 1) A= i,
2 R 16 Ak LGP 5 . 53 Ah, Fe,0,@ P-AC
TE 607 cm™ F1 497 em™' BT A AS[RBUC A B 00 &
FUERER], Horp 497 em ™ BT Fe—O F) HL {145
e’ Ik I Fe,0,@ P-AC 19 F e £ %
AR RIS, A SR B e A7
e, Uil Fe,0, BB e 1

2 YGEE /a.u.

2 SLN
1’ 145713761039

3443”

4000 3500 3000 2500 2000 1500 1000 500
¥ /em!

2981
.

1—P-C;2—Fe;0,@P-AC
K2 P-C# Fe,0,@P-AC ¥ FT-IR X i &
2.2 BFEREMEXTRMBR RN
2.2.1 A4k pH 3R 2R 69 %ok
Fe,0,@P-AC K7 s ML A 22 ith £ an & 3 Jir
o HIE 3 AT Fe,0,@ P-AC MYAFHLAT AT pH,,
7.30, FWMEWA pH>T. 30 I}, Fe,0,@ P-AC %
T £ LT 5 T pH<7. 30 1), Fe,0,@ P-AC KR
IEFLAT o SR AAIE TR B2 O 100 mg/L Fe,0,@
P-AC BT ¥R IE N 2 o/L BYZAFT , pH X W B 25051
AISZI AR 4 Fis . IR 4 AT J0 BEAE pH RYHY R,
FRR B ER G, XEH N pH K 2~6
N, Sk AR IE TE A W H PR I 25 e A2 Sy B

EZUEF :Fe,0,@ P-AC EEMBRXPKPLRERERTNIRMTHRAR - 103 -

T WEE UL Fe,0,@ P-AC Z[A]H [F AT
FAe oy SR AR, DR I 2R BR AR K, HAE pH =6
o e K AH 89. 7% 54 pH Oy 8 ~ 12 B, 5 S A fil BE
F S AR, ELREAE pH R34 25 8] 1) i o e
NBEZ 2% | L ERFREHT FRE ™, a0, 1 Fe,0,@
P—AC W B Sk 9t e 9 5 A, 3 P 0 S R E 1P
e

) 4 3 8 10

K3 Fe,0,@P-AC By E & i 7 fb #h &

=
=
w W
=)} AN

EBE/%
3

20 40 60 80
B[] /min

1—pH=2;2—pH=4;3—pH=6;4—pH=8;5—pH=10;6—pH=12
B4 JERATE pH xSk fhoe & Br o o
2.2.2  SkIAARRE ATk B R E AR R 4G R
fE Fe,0,@P-AC ik 4 2 ¢/L . pH Jy 6 1Y
SRAEN SRR IE ] s J5 £ Ve J3E XoF MR B 280 2R 19 5 i)
mME S Fi, BE S a7, 2 bR B Sk 76 b i )
TR B R T R TR . 7E 40 min I W Fff HEA
IREPAET, GES 046 5T B W B 50 mg/L B Y 25
B B &, A 93.53%; Y W) e T ik B R 2
300 mg/L B, & BR#F 2 37.45% , 43 Hr HEH 3
FLEH T Fe,0,@ P-AC FEHEA MG M S AR,

20 40 60 80
B [E] /min

1—50 mg/L;2—100 mg/L;3—150 mg/L;4—200 mg/L;
5—250 mg/L;6—300 mg/L

B 5 0BT 4e R B X Sk 7 & BR B9 R v



- 104 - LA AL T

MR U o A R B B AVR ST, KA TR B Sk FRL A BE g 8
SRR S FEA A W RO 2 TR
YR TR FE A3 K Fe,0,@ P—AC T AW B &5
BN, HL 57K Z B 5 e BEE n, E0 2 B
HREAL,
2.2.3 R A B2 R AR BOR A %R

TE S AR IE W) 4 BT f2 MR 2R 50 mg/L pH i 6
AT, Fe,0,@ P—AC J5T 5 v B X6 W2 B 205 114 5%
Ml 6 i, B 6 AT UL, 30 min DL Py B 5C2R
B, Fe,0,@ P-AC i M 0.2 ¢/L H4 0
26 g/L B, XF SR e i fe s 2B R i 53. 26% T
3] 94, 87% , X2 K Fifi 4 ot Wk FE R 3G 22, I
B0 Aok Ll R T AR K, T B AR 1% 3 1 W2 8RS 5 A B
2% ARERE W R RS ] ) I AN (] JB v B
LBRACRAZCAN I 5, 2 WY R B o 78 A s T 11 Y
A, ARSI R 2 6 o/ L, SR A RE I LBk
RORTCH] AR, HRA TR X e T 2 n s
R 2 T A5G R0CE RE AT A 7 A5 H A A — A i 3K
M I, 28 G IR KRR R M T A, B
2 g/ hyFidi W B 51 B B v T

100
—— WL'\‘.
6 4
80 5
. 3
T 6o 2
’@' 1
= 401
H
201
0 20 0 60 80
B} 8] / min

1—0.2 /1;2—0.5 g/L;3—1.0 g/L;4—2.0 g/L;
5—4.0 g/L;6—6.0 /L

B 6 B R B A Sk L K R R

2.2.4 BFIREMNBEMAENYE
TE LA RERT 1A B 2 R JE A 50 mg/L Fe,0,@
P-AC RN 2 ¢/L pH H 6 AT, AEE
TR SR R an & 7 Fras, B &7 AT B
100 J3 —

80} ‘2771*'

60+

40+

EBRE /%

20F

0

0.003 0006 0009 0012 0015
Cl(mol - 1)

1—Ca® ;2—Na* ;3—Mg**

K7 BTREXN KPR ERNE W

FnBEFEH

3 B B, % Sk A6 th B ) R B 50 )
AR R BRAURLAE 85% ~ 89% Z (M4 51,
AT A Z S AT AT L Fe,0,@ P—AC 7R KW
FRER) LA R I I BRHPE RE
2.3 WMtzh HEHR
1] 100 mL 100 mg/L B3k 46 fib e 5 % A
0.2 g Fe,0,@ P-AC J5 , fE AN [FRIRE T HIEZE G
TE TS S 1R EURE | 05 1 98 V0 7 4 Sk A fth e 1)
WL A3 R M — 80 ) 2R i — 28
RTG53 4T 2
log(q, —q,) =logq, — (k,/2.303): (3)
t/q, = t/q, + 1/ (kyq?) (4)
K. q, kBT e W B i me/ g5, TE
¢ I 220 B WG BFH  me/ s by T ke 4350 R fE— S
Bl 72 R R B S I 2R B, min ! 5 A W
A 18], min
WE— G sl F1 2 BRI — 2% o)) ) 2R R A an
1 8 i, W B 8 J7 A A AL A 25 SR 3k 2 i
FH Il 8 AN 2 W UL, i — 2 o) 1 2E AR A A OG R 8K
T (R*>0.980 0) , HAUA H 1 BIR W it ¢, 8
F 30 SR I AS (0 - A 6 g, , DR ITHE — 28l )2
FERI T % 53 5R Fe,0,@ P—AC XiF 3k 901l I %) 2
TR, I B R AR R B o 2 Ak AR
PEAUA 450 b, WO (E G 2 W B2 1 T v i T B 156 1
o AN I B e A

1.6

1.4

1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
5} 8] / min
(a) ME—G3) )y A1

181 1.
16+
14t 3

w12t

0.8 -
0.6

010 20 30 ‘t'gmskn ins'o 7080 90
(b) W= B Iy 2l
1—293 K;2—303 K;3—313 K
K8 E—Rsh A ME R F
HA A A&




2022 F 6 B

x2 WM NFEBEBSER
E—2R 3 Jy Y HE 2R3 J12# R

q./
ercal’ eveal”
K (mge Nk foetl
o, (mg: R (mg R
.-l s o-1
g ) min min

g™ gh)

293 79.48 48.10 0.0264 0.8968 74.02 0.000405 0.9917

303 76.31 37.34 0.0233 0.8107 72.78 0.000394 0.9871
313 65.58 32.28 0.0218 0.8394 71.79 0.000328 0.9967

2.4 MR AFFHR
SRS [R) 390 4 Jo 3 Sk A E PR UK 100 mLL, 4K
WINA 0.2 g Fe,0,@ P-AC, 76 A R R T 5=
Vi 3B T 0 3 VR v R S At BE 1 VR BE
9% Langmuir HIFN Freundlich %I (45 1R 2k 77
FEHATILA
C./q. = C/q, + 1/(q,K,) (5)
log g, = log Ky + (1/n)log C, (6)
Arroq, Rk F W R H s W B i me/ g5 €,
R}l B 4 B MR B, mg/ L g, MRS LA B
KIPST 2, me/g; K, A Langmuir #5275 (1) 1
I}ﬁ'ﬂr‘-ﬁ'ﬁ,]_‘/mg;]{F 1 n 435~ Freundlich £5i%I )=
B, B AR BOE B SE 8 U7 0 E . Langmuir Y
Freundlich W {45 R 2 7 R 5 DLIET 9

2.5 3
////.2
2.0 g
S15F
o
1.0
0.5 1 1 1 1 1 1 1
0 50 100 150 200 250 300
C/(mg-L™)
(a) Langmuir 7
221 1=
2.0r
3
o 1.8F 2
g
1.6r
141
1.2 14 16 18 20 22 24 26
log C,

(b) Freundlich %!
1—293 K;2—303 K;3—313 K
K9 Langmuir A F7 Freundlich 2 % [ff 25 8 4
7 RA
2 ERTTRETRAR RIS R AR 3 s, R
3 A2 FIBTAI I REXT Fe,0,@ P—AC 55 W Bt st

EZUEF :Fe,0,@ P-AC EEMRPKPLIBERA LRV BRAR - 105 -

PTG, {2 Freundlich &Y (405 5 56 5

Uf, 2RI Sk A E A W Rt 7R LA 22031 TR W B

TE Freundlich B REEEE T n (HH7E 1~10 Z

[E], Ud A R B it A2 2 EA T 10 . 3 o, B TR R T

e, n ABEEEORTT K EL980/0N , 2R WY B8 1Y T i S B0

BEHE A5 (235 R TS , (A W B R R I
x3 WHANZEBHESER

Langmuir Freundlich

K g,/ K./
R? Ky n R?
(mg-g™) (L-mg™")

293 233. 64 0.00557 0.9057 4.80 1.65 0.9958
303 210.97 0.00568 0.8934 4.54 1.67 0.9902
313 202. 02 0.00548 0.8652 4.38 1.69 0.9921

3 &g

(1) RASLVITE L HI 1Y Fe,0,@ P-AC W55
FLEAE AR I N F &, REN R i5 Y (1 g
BRI 2247 a5 X Sk 76 b i R o 19 3 24 4
AR m-m SR

(2) VT IR pH BT 4R Sk 76 il W Jo 3k 8 B %
FS 3771 o 2 B 41 23 %6} Fe, 0, @ P—AC W Jff Sk A0 4t e
PRSI, MR NIEE pH R 6 RIUA Sk i fl e o
WeRESN 50 mg/L W B BT it i B2 2 /L B, Wi
RO AR, WA, W A S A R T A AR B, X
Fe,0,@ P—AC W[k 7t B 19 52 i o] LA Z AT,
TE AR H Y, JOE X 2 B KA T A 2

(3) W Bt 5 77 2 Wi 58 R W, fE — 8l ) 2R B Al
WG SR Fe,0,@ P—AC Ko Sk f A1 i W Fff it 72
JET AL W R, B R ) 22 i 5Y 36 B, Freundlich
U PRI 5 7 1 400 OR S 4, R W Sk Al BE
A B3k 8 DA 22001 2R R

S 3k

(1] GRSk diA: 58 M A MR R [ ] R 25 TR . 230,
2016,90(5) :286-286.

[2] Abdallah A,Zhang P, Zhong Q Z, et al. Application of traditional
chinese herbal medicine by-products as dietary feed supplements
and antibiotic replacements in animal production[ J].Current Drug
Metabolism,2018,20( 1) :54-64.

(3] FRE AT, LA, 5 WEEW T Ce0,/MZFS 22K ik
FRIUPRA [ )] BB 2441, 2020,40(9) :3250-3258.

[4] BRpie, poei, PRI R, 45 B R A 22 — 20 IR G AL B ) 45 50
MR RE RS ACTE P [ 1] AT % 5% 4 ,2020,49(2) : 277
282.

(F#% 111 W)



2022 F 6 B

a4, 2007, 1(7) : 10~ 14,

[6] Abourached C,Catal T,Liu H.Efficacy of single-chamber microbial
fuel cells for removal of cadmium and zinc with simultaneous elec-
tricity production[ J].Water Research,2014,51(15) ;228-233.

[7] Qian Y,Huang L.,Pan Y et al.Dependency of migration and reduc-
tion of mixed Cr,0%™,Cu®" and Cd** on electric field ,ion exchange
membrane and metal concentration in microbial fuel cells[ J].Sepa-
ration and Purification Technology,2018,192.78-87.

[8] Guan C Y,Tseng Y H,Tsang D C W, et al.Wetland plant microbial
fuel cells for remediation of hexavalent chromium contaminated soils
and electricity production [ J ]. Journal of Hazardous Materials,
2019,365:137-145.

[9] Zhao S,Liu P,Niu Y,et al.A novel early warning system based on
a sediment microbial fuel cell for in situ and real time hexavalent
chromium detection in industrial wastewater[ J].Sensors,2018,18
(2):1-15.

[10] Li X, Song H, Xiang W, et al. Electricity generation during
wastewater treatment by a microbial fuel cell coupled with construc-
ted wetland[ J].Journal of Southeast University ( English Edition) ,
2012,28(2) :175-178.

[11] Habibul N,Hu Y, Wang Y K, et al. Bioelectrochemical chromium

[

(VI) removal in plant-microbial fuel cells[ J].Environmental Sci-
ence & Technology,2016,50(7) :3882-3889.

[12] Zhao C,Shang D,Zou Y ,et al.Changes in electricity production and
microbial community evolution constructed wetland-microbial fuel
cell exposed to wastewater containing Ph( Il ) [ J].Science of the
Total Environment,2020,732.139127.

[13] Yadav A K, Dash P, Mohanty A, et al.Performance assessment of
innovative constructed wetland-microbial fuel cell for electricity
production and dye removal[ J].Ecological Engineering,2012,47;
126-131.

[14] E[RML, Doherty L, BXIREZT, 45 A T 10 M/ S AE Py AR L T B AR
MK BRI ] P E 2K 4K, 2015,031(17) :129-136.

(L% 105 1)

[5] Lou Z, Sun Y, Bian S, et al. Nutrient conservation during spent

mushroom compost application using spent mushroom substrate de-
rived biochar[ J].Chemosphere,2017,169:23-31.
(6] FIS4H, RS T Pk 3R 0% AL DL 5 7 A B 5 ke [ 0] v [l
HAR 2008, (5) :48-52.
(7] AR5, /N, BEMNE 55 5 J A0 0oF 0 91 38 20 A 3% 10 W i~
MK S [ )] A TR, 2011,25(3) :524-529.
TR, A B R, AL, A5 1L 2B A A I M e 1 T2 Y
(] e dl R K447, 2011,31(11) ; 146-152.

[9] Kumar B,Smita K,Cumbal L, et al.Biogenic synthesis of iron oxide

[8

[

nanoparticles for 2-arylbenzimidazole fabrication [ J]. Journal of
Saudi Chemical Society,2014,18(4) :364-369.

[10] kA Sk Aehil RACBMEE MR AR [ D). dE st db sttt
TR#,2015.

(1] VBT R, TR, S8 7 IO £ ZR e A IR By A5 1

BEEF . CW-MFC QEBSRNEBERK R ELF-BHIHR < 111 -

[ 157 J5 9 TR R Al ot e v ) 0 e e i R A B S5 7= L Y
Rtk MHLERL D] s AR R R, 2017.

[16] Xu L,Zhao Y,Fan C,et al.First study to explore the feasibility of
applying microbial fuel cells into constructed wetlands for COD mo-
nitoring[ J].Bioresource Technology,2017,243 ;846-854.

[17] Xu F,Ouyang D L,Rene E R, et al.Electricity production enhance-
ment in a constructed wetland-microbial fuel cell system for treating
saline wastewater[ J | .Bioresource Technology,2019,288:121462.

[ 18] Vaiopoulou E,Gikas P.Effects of chromium on activated sludge and
on the performance of wastewater treatment plants: A review [ J].
Water Research,2012,46(3) :549-570.

[19] Carlos, Cervantes, Jestis, et al.Interactions of chromium with micro-
organisms and plants [ J ]. Fems Microbiology Reviews, 2001, 25
(3) :335-347.

[20] Wang X, Tian Y, Liu H, et al. Optimizing the performance of
organics and nutrient removal in constructed wetland-microbial fuel
cell systems [ J].Science of The Total Environment, 2019, 653
860-871.

[21] Liu L,Chou T Y,Lee C Y,et al.Performance of freshwater sediment
microbial fuel cells ; Consistency[ J].International Journal of Hydro-
gen Energy,2016,41(7) :4504-4508.

[22] Fang Z, Cheng S, Cao X, et al. Effects of electrode gap and
wastewater condition on the performance of microbial fuel cell cou-
pled constructed wetland [ J ]. Environmental Technology Letters,
2016,38(8) :1051-1060.

[23] Li H,Song H L, Yang X L,et al.A continuous flow MFC-CW cou-
pled with a biofilm electrode reactor to simultaneously attenuate
sulfamethoxazole and its corresponding resistance genes|[ J].Science
of The Total Environment,2018,637-638:295-305.

[24] Fang Z,Song H L, Cang N, et al.Electricity production from Azo
dye wastewater using a microbial fuel cell coupled constructed wet-
land operating under different operating conditions [ J ]. Biosensors

and Bioelectronics,2015,68:135-141. 1

FE[J]. IR, 2013,34(10) :3912-3920.

[12] B S Ak U 40 WK B BB 7 o Sk AT A 3R A IR A 2
R AR A A BB FEL D ] AR JLs e TR, 2019.

[13] Wu H, Feng Q. Fabrication of bimetallic Ag/Fe immobilized on
modified biochar for removal of carbon tetrachloride[ J].Journal of
Environment Science,2017,54C.346-357.

[14] Tony R. Membrane bioreactors nanotechnology improves landfill
leachate quality[ J . Filtration & Separation, 2007,44 (11) ;38—
39.

[15] Tzeng T W,Liu Y T,Deng Y et al.Removal of sulfamethazine anti-
biotics using cow manure-based carbon adsorbents[ J].International
Journal of Environment Science and Technology, 2016, 13 (3) :
973-984.

[16] THEE TERBE, B 558, 5 AR 5 I ] 4% 1 72 22 UK 5%
YA et AR Cd™ PR HERE [ )]0 A= 54k, 2018,
29(4).1328-1338.1



