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Abstract : Pharmaceutical contaminants ( PhCs) , an emerging class of organic pollutants, pose potential threats to human health
and ecological environments. In recent years, as an effective carbon neutral material, the application of nanoadsorbents for
wastewater treatment has seen significantly advancements due to their low production costs, sustainability , superior physicochemi-
cal properties,and high removal performance for pharmaceuticals. This review critically evaluated the progress made in the applica-
tion of sustainable green nanoadsorbents for the removal of pharmaceuticals.It is also discussed the influential sorption parameters
and interaction mechanisms. Furthermorey, the current challenges associated with nanoadsorbents for the remediation of pharma-
ceuticalsas well as their vast potential for application,are prospectively explored.

Key words : nanoadsorbents ; pharmaceutical pollutants ; adsorption ; wastewater treat ; carbon neutrality

WEHE AR B Y R 25 NAT TR b 22 4 fd e
AR FIRIE R [R] IR, 24 ity B RORASE A 7 S 45 Ao
PR & A ARS8 b BRBR 2840 BRI 25 15 )
(PhCs) , ENTTES M N & 43 il 2 vl
e, R, 9T ) Ak B2 5 s i 25
BRoK 25 A & W T AT SRR PR
AL, AT, PhCs B FRT5 ik F2A 1 AL R UR
SR EAET OB AR BT U B AL
B W R R A R R AR R L Y R
8o FHLCTTE W Bk P22 U5 O 8 R e ol
FAE AN RS e B A R K R 2 B Tl
PhCs HUELSEEAR . WM BT, R
PETERE RO TR A B i
B A R K 22 2R T AS W A AR, i
B JEE (R TR R R A ) Tl
JRE SR B K ) PhCs RIS 7E < b R
HHEN,CO, 5 5 BAFEOR BT K 5 BT ZIA
ARG, TSR (AR R B 5 KA R
JRAAR (T 32 A 4 AL B 45 ¥ A 3 T 1A e A 7

FHHTRAY CO, W FfiATR 2 —,

AR SCTRTIAR T 3 AF A ) FH 2 €0 400 K W 55 25 Bk
IKFE K T 255 Y s ka3, THE T 4K
W o 751) 7 [ 8 7 T P A o IR 5 RN X6 45 A PhCs 1Y
W BRI RE FILEE 2538 T 2 FoBt 24 40 K 0 jf 741
(GJm AL A e B L2 R4 i A A A
(LDH) DA e 52 & b RE) 75 25 9 i B v 1 102 o
e, AT FRAE PR BAR B4 25 L BR85% AC g1 0 AR
ATy T X 7K I 7K v 25 448 51 R R B0k
P TRE,

Wr#s B 81 :2023-11-08 ; & B & HH#H:2024-01-09
E€WB:HRNEHFITHFM L LFBH (20230B-
118) 52023 4F H ol K2 AEwhlb Al g 48 7 TR H ;
2022 AR B K KK 2 A A B A0 Y1 gk Rl |
(202211562004) ,

YEE BN T H (1985-) , Zo, Hl SC 8 1 ml 2%,
FENHIRE T 2EAF ST, E-mail : 568280702@ qq.com,
SIRAAX: 78, B EF, kI, 55 S0 90K W 2Bk
IR TE Y AF ST R R [ )] k27, 2024, 46(5)
63-70,



64 f2:38%]  CHEMICAL REAGENTS

55 46 B4 5 1)

1 MRt
1.1 WAL B AT 3

Xof W2 R 4 W B ML B 58 A B T 2% K
A 5 PR S 20K 80 g ) R B A e, R R S
FHIOCHE W B — i SOU 25 44 1) e T B 42, 3l
B R AEAE AU R YR R R A 1 T L
XFPEG AT L RE AG,, R R, MR R —
ANA RS, AG,, WS T, TR A fGe
AR B BEE, v Lo s fAE R > 24
W B I3 A K VAR P T Ak B A 5 B 2 1 IR
F A E A T 3 S A B FH AT R AR 09, L n] fig
R 13 1 33 B W o 70) AR 082 6 40 194 i i 285
FAETR I A2 Ve 50 R e AR AR AR 5 1
SOERAWS] ), B ey A m-r A
HAEFREAAE T 25 AE AN KW R R L A
BRFAIL ) 3 2 2 5 e I 0 P P R, 355 4 1Y
pH AR B Fe TR R 25 R 8 6

Azhar %5 F HKUST-1 (43 42 )& A HLAE
22 ( Cu-MOF ) ) W i s Jiie el Wit 18 ( SCP) , 75 ¥ WK
pH 3.5 B}, HKUST-1 W Bt i die K, X R 2
7 IEFL T Y HKUST-1 5 SCP 22 8] Y i i AH B.AE
A&, AR S m-r MIEAERNZS S, iE 1
FiN .

>
— Cu £ 1
R o~ o “
g0 200
e © 35 45 55 65 7.5 85 95105115

Initial pH
B 1 fii] HKUST-1( Cu-MOF ) W PR S B2k 5
(SCP) HLE/R R
Fig.1 Schematic illustration of SCP type of
sulfonamide antibiotic using HKUST-1 ( Cu-MOF') (4]

Li Z DHF9E TN D A2 (CIP) 76 4 B Ak Y
ZRERRANKAE B RGP, A 9T & B, i 7K AH
HAEHJE CIP B B EZEHLH . a5 —
TRESE e A ZnO 9K BURL X & A Sh R A
TR +ER R A IR 2 I XU IS R A+ N PR S A
IR AT SE e bE WO 5Bk . 7 pH (EIRT%
LA 5 (pH oy 8. 7) B A7 IE FLAT Y ZnO 5 P g

T H DA (OFL) Fl CIP (A5 LA ) AR 3 22 ]
FEAETRBL R IR S|

HR A AT 25T, W AT 43 Ay B S 4k
SR A BRI Ak A v R B 3 e i A
I3 - FHEAE SRR A 5540 AR 55 0 B )
gl XREANZYGIRE, R KIE B Y AT
iR R R R A R X A R T
I B AR B S (AH TE 20 ~ 40 kJ/mol Z
]) o Ay R B2 i WA R 400 R BT 551) 22 [T 1l ik
SERR I R AR KRR T B A T AL RETE 40~ 400
kJ/mol Z[H] . k2% W B L 4 B W% B 35 FH IR S
FEL B ), AR D o i 2 0 3 %) s o 4
Khalil %5038 T 35 8 2 FL A B IE R (PG) &
i 6 F2GM 220K, 45 R W, AH (7S
10~53 kJ/mol, AH {HAF & ZIYTE PG LAl
W RF (R PR o6 ot g 3 ) v T AR ) A 2
o HAHERWTGEYS PG ZMMHEE)E T
W FRI

= Adsorbate (drug/pesticide) ettt s
e PH>PH, o QU0 c@opH>pKa Liquid phase "o "= 7 "5 ) Desorption

©06 : & s )
PH <pHyc o @p® ©@opH <pKa  Solid Phase "Q Adsorption

(Metal oxide/Carbon based material)

Langmuire Freundlich
d dorder  Pseudo-first orde

er e order
fusion  Ea : 40-800 kJ/mol Ea : 5-40 kJ/mol
E (ki

B2 BB A A AR R R
Fig.2 Schematic illustration for the adsorption

mechanism thermodynamic feasibility models'"’

1.2 SRR R

AN [ 25 0 i A 1k L (5 ) KM #5 R
PRSP BRI 22 T 1 1 28 52, B2 YR 98 K g
BRFFR - A R B — A R e R R SR U, T
W pH {EL BTSRRI kg AR A )
RGOV Bl 125X K 2505 Y 1 2 bR AR
SN ok 3, O HL AR O B O AR P AN 2 B — A
P S cen ) N b O VA 4 N 7 TR
(logK,) EBE-7K 43 L R EL (logK,, ) AT BLA 3 W
BF R B (LogK o ) XoF 25406 W B0 700 - R oF 4k A e
SEMR O DRI, A ST B 2% A o B v 2 A
KW LR EREE,
1.2.1 W pH A

VW pH (E R SE I HE I EZE RN R, BA



55 46 45 5 W)

ETEEE R ORI L BRK 25975 G I WSS 65

ASCE Mo W2 o 551) 74) 29 T P e R R T RE AT, 3B 23
W PhCs BIEAS . W BN AT PhCs (1R 1H
A2 P o B 5 e W B ok R A M BE . AR TRV
pH (B[], 15 449y b i mT e B B g A T DA o)
F A B A B8 755 W B 50 2% AR ELAR D, AR
B pKa B, @4, #6 B2 P pH {E (pH <
pKa) T, WS SR ( DIC ) FI iz H B ( SMX) M
AT BRI (GO) H B R A 80CR K T M A 1
(pH>pKb) , ik pKa {H 767K W 28 B v B8
+ I EK A o AHEAEHIN GO R &
SEMAP S —W ST, Peng VR T
N-RGO/Fe,0, X &I 5 (NOR) i 7% (KPF)
MR B, MV RO pH 4 B4 E) pH 7 B, KPF
AW BT 8 5 48 i, T XF T NOR, B M pH 3 38
JnE] pH 10 B, R BRRZEHI I, K pH {E T Xt
KPF A7 W ( pKa {E N 4. 45) 5 N-rGO/Fe,0,
149 J5T - Ak 2R T PR e AT DG XS SO B SR SR 1 S
KPF 43T Z [0 = A s SR s A B AR A . M,
NOR B AT WA 107 s GREEFIRIR AL ) | FERR M
54T TR T 1T FE NGO/ Fe, 0, 11
VERVEAR, AL, 259 78 9K % B 7] %) 5 o6 i
A g3 o HAWAR BAE LS R 6, 46 - A
AR EERAER R
1.2.2  WERfH5R AR

MR 6500 Ay ST R e 0 O R R o oo R 1 2
BRACR A, o 248 50 s HI A W B 550, i
PE A RURE - 5 C A T MUK 25
Rk PhCs, X865 48 W Fff 570 %7 PhCs W% B 68 J71IC
A EE A A0 2% 7R SRR A s BRI
Wil 25 AR OR B AR AR K Ak U B 25 R AT
XoF i fr MR O 710 25 I 2000 3 P e SRS T4 o, 494 K %
BEF3R CREARAE 1~ 100 nm 22 [8)) 76 W i i A rp A5 51
TRARFFE & Fh g Rk B 500 g Bk 52 FH T 259
Fe, Ay BRI S A K B R 4 AR Ak
GRIBURL MOFs™ A W) 4ok ks> 4
K B0 700 -5 A R E W2 B0 SR L, 490 oK WA i 5] 42

PRI K M SR 38 1 R AR, Rl B T £
AYZRTE A RS, T4 & 1 k2 O %, )
A FH 45 P il A 2R 47 3R 1H D Re AL, LAB 1k 44K
WORL SR AR TP AL T 4y ) e R 1 R B SR PR AR
PEER KBRITHR 259, Li %00 LAk A7 wkmk iR
HZE-8(NPC-700) 2y J5URBHE 28 40 K Lok ] T L BR
CIP, ZR3RH], 5 LTG5 (131. 14 mg/g) (2K

PEAT HE Bk (233.37 mg/g) | b7 1l 5 Bk (104, 20
mg/g) S W BE A 1L, NPC-700 1 55 Rk I b+ ]
ik 416.7 mg/g, B B A 750 m*/g By R R TR,
7 L FEAH B AR FHRIg KA AR I E 5B CIP R
WS EEAE

1.2.3  Wsh Ji2k

W B 3 7 2¢ S F 5 245 400 1 A6 98 K T R )
% 17 119 TR o S8 3 A TS LB 4 T A I L 15
o BRI A R0 2 1 R B Y 24 4 5 T R X
HE.

q, = [(Cy-C)/m] xv
SRt g, WAEREI %] 0 LI, me/gs Co €, W 1= 0 LR
o IFZ0E B e B, g/ L m A9 R B30 8 T, s V7 W O
BLL,

BIRBN 1124045 3 A IR, W 3 iR
TSR AMH, BV B 5T AR AR BRI R R 7 R
TE 5 SR J J2 P80, RO BRI 4 5 50 L Bt e 1
I 6 5 55 = 20 2 MR O 7 VB B 700 3% e A7 a5 O
W Bt 20y A A A5 40— B W B 2l T X A By
W Bt 8l J1 B2 | Elovich A58 b7 7 Py 4 BURE 8 25
(E13), SRR B ) 2 A b d5e s
Tk BRI, Bt B mT BE S TR 5 A PR AR
A AR R BRI S H M A Y,
U, N4 BT N B T AR 2, LARAS S
eSS EE >,

Adsorbate

- .y

MO, PFO, Boyd's external

diffusion, F&S,M&W,EMT..

MO, PFO,LDF(IMT), Boyd
intraparticle, PVSD, W&M...

PSO, Ritchie’s equation, AAS
Langmuir kinetics, ...

B3 WML TS A 3 R L
Fig.3 [Illustration of adsorption mass transfer kinetics

. . 3l
comprises three mechanisms*'!

1.3 WA 2k A5 R A A

I oA S TR 2R A B T A T A W B
W R Z TR 56 2R . 2 IR B ) GGl R iRAE ) 5
WA A 5542 fih 2 08 st (i) i 2 N7 S IR S, A ARV TR
HP R LT VR B AR B S AT, A T B X R
i, SR LRI 2 1 ) e i Y T LA {34
S A IR BRI ] 8 T e AR R B 590 53 0 ) 22 [
R ZR WA 2 T L P 9 1 SHL 7R A R Sfe
RSP Langmuir #6589 TA 2 B2 04 [ B A
(1 BE A0 2 FH 25 1Y, 550 W B F 2 1T ; Freundlich



66 Pzt

CHEMICAL REAGENTS

55 46 B4 5 1)

RRORLSE T AR &) i L A AR BEAR I R, HA
S22 JZ W R, 2 B2 1 ) RE B2 201 SR 48 O I

2 HENEYTED
2.1 PiEREAY

IR THEAE 10 J7~20 T o PR, H
TR MR . KE WP RIBEAY (FQs)
DA KA ™= M HE R RS B3R 8% h H O fEA
AR, WX K A R85 AR 28 D S N
PR RRR, EERED R & T 45
FGE MY Cu & i 2 £L & AL T 945 K £F 4 ( BNNF-
Cu) ,BNNF-Cu [ HR AT 35 737. 194 m*/g, 1L
4 1~5 nm, NI KR T X7 OFL NOR Fi1 &
WP R (ENR) S5 R B 2 Hi A R A 25 BRAE 7T
2.2 AR BIR Y

JE 5 13T A 24 (NSAIDs ) # ) 12 H T %%
i PR B IR RIBUR AR . ik 2e AR R4
WHERMB TS FBUES R G HA A STHEN

SN N S AR B ] T e T 45 T IR kg 1) R

LY Cu,MoS, 91Kk E & #1 £t (Cu,MoS4-Fe, 0, @
PPy) , LR AL FLARFI P-4 FL42 5 5 11. 26
m*/g.0.03 em®/g F 12. 16 nm, 3 F T MK %
Hh 22 B I5IBR G S (IDM) FIRER S I3 (KET) , 3%
FREFSIEL A IR TR RGN R b EL A A S e W o 1k g, 2%
4 Al 5K 97. 1% 71 88. 6%

3 FEYRKIR

WA AR, 40K R B 12 T BRIk
TSR AT ), A o TR E KRS
ey W BERE 1 RN R PR AR, AMTTE 2/ T 4%
FRA TR B AR KA R IR BREFR) 3k B4R A FF 2 fit
PLAEROK TG Y M R T B 1 BB APPSR
AR B 9K 245 W R JLREPEAR L 5 T4 LA
FIF | H RS 3 1 K | 22 FL 25 F ARG i 3 25
PEs, B2 0 T 42 i K 25 s e W i) 2%
BRAR, 0, Aydin 5570 FH g 21 90 K B0k
(R RSE 4 13,84 nm, LR FLH 83.6 m*/g)
MIKA R 22 BR A R CIP, il £ 1 40 >k ks .
A AR R | A 75 5 B 550 £ 0 Y S BE 9% A 80
B9 % CIP AW Fff R 111,11 mg/g, Rosli 255
FI A BRI A K A ROk 259 5K 4y 8, 2%
B3R = 3k 99% , WL B & 35 210. 08 mg/g. Khalil
SEUBRIEIEAG T ORI IB I A R I L B T B
6 iR F N [R] K A% 1 25 ) 15 G 3 0 A 80, T L

FBakrf 90% LA 259
3.1 & B A LA R B )

& SE AR A K W B 50 el T LR R AR
FEPE ERIR 2L S T i, DL R LA
HAETE Lewis FRUE N7 0, 7615 Je v fb A & 1
EPERE . 4B Sk R DB AL 2R T, AL
L RSG5 R F IS P R Pk RIS AR R M A %
B SR 25 Y (W BB T A R A
3.1.1 Ak

FEANK ML B3] b, AR B 5l 52 30 T Tz
AISCTHE . FRlE IR ERE (a-Fe,05) (HEIREA (y-
Fe,0,) FRLEH (Fe,0,) , P4 B ATTE I KR K o
TS T RCR T 5~10 15, & Fh#FoTk
T T 4 I SR AR W BT A AR AS IR A W A5
PSR/ RS T (1K AN 7 UM S 1 4
Ah, & JRAPHELL (MOF) 758 3L BRI iy 2y
Yy AL AZ B ok B 22 1 G
3.1.2  REE

IR C R IZ AR IR R B R SO
FIH T K 25 9 0 AL B, 5 A AR 4 19 1 FH AT 5L
AR BT R A K H for A T 1 4 1 25
fif, Rgke it 54 m A" | Wk g8 ok m
L RN Al BB AR AR e R K v 25 4 1Y
ZBRbERE, BN, R A YA B SRR 48 K 5
BIAA RSB T R S P AR B e BRT L
— IR, CIP 7E AR ERT S48 K &2 A A1kt 1 1Y)
BRI M 7T 35 328 mg/g " Khasawneh %1
KH 5 wt% Fe,0, & B Fe,0,-TiO, W FFF], i &
PR T R R A A 7RIS R T 2 AR
HOB/RE LR
3.1.3  whw

AR L PP AR T N o L & 0 )
Z— SN Fe, 0, B RBRHEEER, 7T LU AL
AR SE BITEER . I P REARE™ FN e k™ SE e ff 57 2%
BRI Zi e gk i TR B,
Stan 20 B8 T RETE Fe, 0, 9K TR, T MK
TSR RR 7 AR R L O — TS E i R
ARA =R K UKL, K HL 3 ek R s
fift CIP i E 2, LBRF N 88.92% , & A 4 K wf 2k
BRI AT U SR P A R EE
3.2 Wk

A= R — T 3 e T AR AR AT 1 B AT A
Y, BET, AR E BT IZ T PhCs MR, B
Bt PhCs (P BE AR T 06 1 e, PR LA w8 2 FL45



55 46 45 5 W)

ETEEE R ORI L BRK 25975 G I WSS 67

P i ik i R AR H AR AR Y TR
B, e AR R B E T &, e AR R s A A
BRI OB 4 R A ALY (LDH) Y Bk 4
J& O IR A KRR Wl 2 g i b R
Ndoun 45" FI| FH M FLARHILE RL A H E 3 3k 15
PR EE e LA R K AR 25015 4o A= e )
700 °C 2o H: bb 2 11 FRURD 38 1 B K PRGN, Jang
STV S 1 Al R F bR B4 A ) 5 A A A
K R BRIUIRE R
3.3 JEWRWEE A ALY (LDH) KL E S48
LDH , 9 K A B 25 7 Al +, B K i A 2
| e — 2R IREE A U 10 — 2R 0 K S A 3 v 32
AAALMI M (OH), ] - [ (Anm™) /m-yH,0] , &
A A, = BB H2 ] T3 (nT A
TS VLA BIE T) . LDH il &% 5 , i H.
BAEAR , A LS BT B T 2c e fig ) L s 2R 1H AR
AREENE, O KA B 2 W . B R,
FET LDH ML A MR Fbi A R iR 25
P LR AR R B . Xu P RAIKIGE S
BT AN ) 9 5 B B ) A B B MgAl-
LDH, JFXFH B BR U 35 R B8 1 647 7 0F9E ., KB
1B 1) MgO-LDH Xif PUIR 2 ELA KU A W B4
FH 3% F 22 R R J2 (R B B 546 3R 1 W LA
F MgO 5 IR ZE 51 2 [ (A= A EAEH
I, MgAl F1 ZnAl BA 8w 259 LR 2]
W RAAT R B B 1 P B R, 3X B LDH £
K BB & R PhCs h BLAT e 19 07 1 AT
e, MTAESR B LDH i A SR [ B S MR, a0
W GPER RGP RGO AR A T M
AEL 51 LDH 40K S M8 1E R KRk 4 Fh
YRR WS LDH R A RN
TE R AT HFSE ARBIAS P BE Ak 2 ] ket 1 24 40 W%
MRITERE T Brigsiz .

4 MAREMANBLESEFR

MR R A ASHAEE P I 40P A R T 2 A TR B 71
A ELSEZ — BT AT A A [+
FI A2 TR 6 550 11 WS AL BB T R, P 0 0 A R
FRUER T IR B 3 45 e 1, 3 58 299 R R B 50 7 B A
RN LA g IR, TS e A
B WMHLIRAE A, AR IR 20 4 1 LISR
BRI PR SOR | SE L2 Rl AR SR LA
b, IRk Al 2 2 50 fil P [ p sl AR REAE T 4F
K MBS A BRI T 15 G 42 1L i #E

RERAEGRIA | (ELFFAE LB B A i RN 22 42
PTG AR B A5 (R R RH A T FLSE BRIV, b A i A
TIRABEIE, 3T B, i B X 44 oK
BAE SR B P A R TT K, A 8 T AR 20 A MR 551 i
A FTIE QAR BB AR S 0 ] $5 252 K J , e 0 IR
BRTAACR . HAT, 18 AR A
FHTF 2RI BR300 AP A IR, i, SR AR li-—
At wERR AL B S, AT I B A 6 W,
F ISR 5 IR ZnO G AL 40 BT B 68 i U B, %o
BT % AR AT % S5 25 W0 A 3% R BRBETT . ZnO 94
Kb T BA RIFRIB {5 PEREFI JCRERIME T . 7N
RE DR PEIN ZnONPs 3 /i 7 HoE K X2
LRI IR ARG 1 S5 0 A DR AR

5 #ig

25 LA, 9K B R RGOk AR (NM) R 5
ROKALERRAE T 0 O E, 518 GEEOR A, NM
P T H R L R T AR NG PR, A TS K
Qb PTG 37 T Bk 1987 T RS D e A R, B X
JURE A8 T O AR | W B BL B A B 5 Y B
WIRALCNM AT S A LT 1, A e s
7 ) A] H O DA LA T

(1) HAG, K258 XA R —254)
TS Y AT TORBHITSE . S T R I BRI AR 2
R K b By 258 J7 T A R BY T T, mT RIS B
RARG 2250 PhCs FIZ 4173 5518 1R B4
BEJRIFITSE

(2) K B 5187 A 1 FH T 30 375 S5 s BURE G
My T R 2 BT AR TR e R RHR 25 FIRAE | 3
— RIS 1N K i T T R W B R A Ak 2
B EDSO% 7K 8 PhCs 52 B o DA S 45 R
Bt S

(3) YA A BT 70 %68 45 T e 400 %) W f 3 e 2
— ARG, Ay e e R AR SR Y e AR At R Y
SRS

(4) B FAE BOR BRSO IR T AL 5o AR Tk
FERE RS BRFE A MUBAS A A i R A 2E
A TOE DR R A (1) B RELAS 1 LS PR i R
MNTRABGE . A J5 BB 588 0 T4k Ak 2 2
X GAME BR R PR A TR AT A, A B TR I
RS FRIREAPR IAS T 38 4 A W o A A S €8, W R 282
JiE AR B R T AR

(5) BB B K W B 55 1) I e K 22 ik ik T
SEEE BB, 7 i IR, EE S Tl K KR Ak



68 f2:38%]  CHEMICAL REAGENTS

55 46 B4 5 1)

BTG A P IR B 5, 5 O B R 50 128 5 7 )
A SO EOR IO R AR AR 7 i ik SR AE T
&R B TR

S

[1]YUSY,XIEZ H,WU X Y, et al.Review of advanced ox-
idation processes for treating hospital sewage to achieve
decontamination and disinfection[ J ].Chinese Chem. Lett. ,
2024,35(1) :108 714.

[2]KUMAR A,KUMARI A,SHARMA G,et al.Carbon quan-
tum dots and reduced graphene oxide modified self-as-
sembled S@ C;N,/B@ C;N, metal-free nano-photocata-
lyst for high performance degradation of chloramphenicol
[J].Mol.Lig.,2020,300.112 356.

[3]CHEN W H,WONG Y T,HUANG T H,et al. Removals of
pharmaceuticals in municipal wastewater using a staged
anaerobic fluidized membrane bioreactor| J |.Int. Biodete-
rior. Biodegrad. ,2019,140.29-36.

[4]AMIT,NAYAK J K,GHOSH U K.Microalgal remediation
of anaerobic pretreated pharmaceutical wastewater for sus-
tainable biodiesel production and electricity generation
[J].J.Water Process Eng.,2020,35.:101 192.

[ 5]HOUNFODJI J] W,KANHOUNNON W G,KPOYIN G, et
al.Molecular insights on the adsorption of some pharma-
ceutical residues from wastewater on kaolinite surfaces
[J].Chem.Eng.].,2021,407.127 176.

(6] 20V, 1575 AT —. 25 W) 250 15 G W) 4 Tl A4 0 e it
DL g R [ ] 2k W) 4, 2023, 63(5) - 1 787-
1795.

[7]BA S,HAROUNE L,SOUMANO L,et al.A hybrid biore-
actor based on insolubilized tyrosinase and laccase cataly-
sis and microfiltration membrane remove pharmaceuticals
from wastewater[ J ] .Chemosphere ,2018,201.749-755.

[8]NAUSHAD M, VASUDEVAN S, SHARMA G, et al. Ad-
sorption kinetics, isotherms, and thermodynamic studies
for Hg®* adsorption from aqueous medium using alizarin
red-S-loaded amberlite IRA-400 resin[ J |. Desalin. Water
Treat.,2016,57 .18 551-18 559.

[9]ZHAO Y,CHOI J W,BEDIAKO J K, et al.Adsorptive in-
teraction of cationic pharmaceuticals on activated char-
coal ; Experimental determination and QSAR modelling
[J].J].Hazard. Mater. ,2018 ,360 :529-535.

[10]LLADO J, SOLE-SARDANS M, LAO-LUQUE C, et al.
Removal of pharmaceutical industry pollutants by coal-
based activated carbons [ J ]. Process Saf. Environ. Pro-
tect.,2016,104.294-303.

[11]WAMBA A G N,NDI S K, LIMA E C, et al.Prepara-

tion, characterization of titanate nanosheet-pozzolan

nanocomposite and its use as an adsorbent for removal of
diclofenac from simulated hospital effluents [ J]. J. Tai-
wan Inst. Chem.Eng. ,2019,102.321-329.

[12]FOO K Y,HAMEED B H.Insights into the modeling of
adsorption isotherm systems [ J ]. Chem. Eng. J., 2010,
156.2-10.

[ 13]BERNAL V, GIRALDO L, MORENO-PIRAJAN J C, et
al. Adsorption of pharmaceutical aromatic pollutants on
heat-treated activated carbons: Effect of carbonaceous
structure and the adsorbent-adsorbate interactions [ J ].
ACS Omega ,2020,5(25) ;15 247-15 256.

[14]AZHAR M R, ABID H R,SUN H, et al.Excellent per-
formance of copper based metal organic framework in
adsorptive removal of toxic sulfonamide antibiotics from
wastewater [ J ]. Colloid Interface Sci., 2016, 478 344-
352.

[15]LI H,ZHANG D,HAN X, et al. Adsorption of antibiotic
ciprofloxacin on carbon nanotubes: PH dependence and
thermodynamics|[ J ] .Chemosphere ,2014,95:150-155.

[16]DHIMAN N, SHARMA N. Removal of pharmaceutical
drugs from binary mixtures by use of ZnO nanoparticles ;
Competitive adsorption of drugs.[ J].Environ. Technol. In-
nov.,2019,15.100 392.

[17]GEORGAKILAS V, TIWARI J N, KEMP K C, et al.
Noncovalent functionalization of graphene and graphene
oxide for energy materials, biosensing, catalytic ,and bio-
medical applications [ J ]. Chem. Rev., 2016, 116(9) ;
5 464-5 519.

[18]HOU T,YAN L,LI J,et al. Adsorption performance and
mechanistic study of heavy metals by facile synthesized
magnetic layered double oxide/carbon composite from
spent adsorbent[ J ].Chem.Eng.J.,2020,384.123 331.

[19]KHALIL A M E, MEMON F A, TABISH T A, et al.
Nanostructured porous graphene for efficient removal of
emerging contaminants ( pharmaceuticals ) from water
[J].Chem.Eng.]J.,2020,398.125 440.

[20] YAMAMOTO H,NAKAMURA Y,MORIGUCHI S, et al.
Persistence and partitioning of eight selected pharma-
ceuticals in the aquatic environment ; Laboratory photoly-
sis, biodegradation, and sorption experiments [ J |. Water
Res.,2019,43.351-362.

[21]ZHANG T,WANG W,ZHAO Y ,et al.Removal of heavy
metals and dyes by clay-based adsorbents; From natural
clays to 1D and 2D nano-composites[ J |.Chem. Eng. J.,
2020,420.127 574.

[22]NAM S W,JUNG C,LI H,et al. Adsorption characteris-
tics of diclofenac and sulfamethoxazole to graphene oxide

in aqueous solution[ J ].Chemosphere ,2015,136 :20-26.



55 46 45 5 W)

ETEEE R ORI L BRK 25975 G I WSS 69

[23]PENG G,ZHANG M,DENG S, et al. Adsorption and cat-
alytic oxidation of pharmaceuticals by nitrogen-doped re-
duced graphene oxide/Fe,0, nanocomposite [ J ].Chem.
Eng.J.,2018,341.361-370.

[24]ZUBAIR M,DAUD M,MCKAY G,et al.Recent progress
in layered double hydroxides ( LDH) -containing hybrids
as adsorbents for water remediation[ J |.Appl. Clay Sci.,
2017,143.279-292.

[25]SADEGH H,ALI G A M,GUPTA V K, et al.The role of
nanomaterials as effective adsorbents and their applica-
tions in wastewater treatment[ J ].Nanostructure Chem. ,
2017,7:1-14.

[26] DELHIRAJA K, VELLINGIRI K,BOUKHVALOV D W,
et al.Development of highly water stable graphene oxide-
based composites for the removal of pharmaceuticals and
personal care products[ J].Ind. Eng. Chem. Res. , 2017,
58:2899-2913.

[27 ] B W] BREE  BRIE 7, 56 oL B4 TiO, W R 57
TR ey AT ST R ()] Ak 27 1R, 2023,
45(11) :9-17.

(28 | RXIEA R T , B0, 55 R -A WL 2R A0 RH Tk
TR B 25 TS Y W W R BR [ )] AL TR 2020,
39(6) :2 187-2 205.

[29]ZHUO N,LAN Y,YANG W.Adsorption of three selected
pharmaceuticals and personal care products ( PPCPs)
onto MIL-101 ( Cr)/natural polymer composite beads
[ J].Separ. Purif. Technol. ,2017 ,177 : 272-2380.

[30]LI S,ZHANG X,HUANG Y.Zeolitic imidazolate frame-
work-8 derived nanoporous carbon as an effective and
recyclable adsorbent for removal of ciprofloxacin antibi-
otics from water [ J |. J. Hazard. Mater. ,2017,321.711-
719.

[31]WANG J, GUO X. Adsorption kinetic models; Physical
meanings , applications , and solving methods[ J ]. J. Haz-
ard.Mater. ,2020,390.122 156.

[32]GUO X, WANG J.The phenomenological mass transfer
kinetics model for Sr** sorption onto spheroids primary
microplastics[ J ] . Environ. Pollut. ,2019,250 . 737-745.

[33]SHAN D,DENG S, LI J,et al.Preparation of porous gra-
phene oxide by chemically intercalating a rigid molecule
for enhanced removal of typical pharmaceuticals [ J].
Carbon ,2017,119.:101-109.

[34]NAM S W,JUNG C,LI H,et al.Adsorption characteris-
tics of diclofenac and sulfamethoxazole to graphene oxide
in aqueous solution[ J ].Chemosphere ,2015,136 :20-26.

[35]) 3. 75 T7 R 0 L D 1 b e o gt s v I 2 470 A=
F MR RERBFFE [ D] R L ol K5, 2022.

(36 ] fal i 3HE. 22 46z Ja 1 1k 290 KRR 18 A 4 B HC 25 B K Ak

TG RIDETE[ D] 220 2R, 2022.

[37]AYDIN S,AYDIN M E,BEDUK F.Removal of antibiot-
ics from aqueous solution by using magnetic Fe,0,/red
mud-nanoparticles [ J ]. Sci. Total Environ., 2019, 670
539-546.

[38]ROSLL F A, AHMAD H, JUMBRI K, et al.Efficient re-
moval of pharmaceuticals from water using graphene
nanoplatelets as adsorbent[ J ].Roy. Soc. Open Sci.,2010,
8.201 076.

[39]KHALIL A M E,MEMON F A,TABISH T A, et al.Per-
formance evaluation of porous graphene as filter media
for the removal of pharmaceutical/emerging contami-
nants from water and wastewater [ J ]. Nanomaterials,
2021,11.79-103.

[40]DHIMAN N, SHARMA N. Removal of ciprofloxacin
hydrochloride from aqueous solution using vertical bed
and sequential bed columns [ J]. Environ. Chem. Eng. ,
2018,6:4 391-4 398.

[41]WANG A, CHEN Y,ZHENG Z, et al.In situ N-doped
carbon-coated mulberry-like cobalt manganese oxide
boosting for visible light driving photocatalytic degrada-
tion of pharmaceutical pollutants [ J ]. Chem. Eng. J.,
2021,411:128 497.

[42]KARIMI-MALEH H, SHAFIEIZADEH M, TAHER M
A, et al.The role of magnetite/graphene oxide nano-com-
posite as a high-efficiency adsorbent for removal of
phenazopyridine residues from water samples,an experi-
mental/theoretical investigation [ J]. J. Mol. Lig. , 2020,
298112 040.

[43]CHEN L,YANG S,HUANG Y et al.Degradation of an-
tibiotics in multi-component systems with novel ternary
AgBr/Ag,PO, @ natural hematite heterojunction photo-
catalyst under simulated solar light [ J].J. Hazard. Ma-
ter.,2019,371.566-575.

[44]MA Z,SHAN C,LIANG ], et al.Efficient adsorption of
selenium( IV) from water by hematite modified magnetic
nanoparticles| J |.Chemosphere ,2018,193 :134-141.

[45]ABDELAAL S A,ABDELHADY A M,MANSOUR N A.
Physical and chemical characteristics of hematite nanop-
articles prepared using microwave-assisted synthesis and
its application as adsorbent for Cu, Ni, Co, Cd and Pb
from aqueous solution [ J ]. Mater. Chem. Phys., 2019,
235.121 771.

[46 ]RAJENDRAN K,SEN S. Adsorptive removal of carbam-
azepine using biosynthesized hematite nanoparticles. En-
viron. nanotechnology [ J |. Monit. Manag. , 2018 ,9 . 122-
127.

[47]JAIN A,SHARMA A ,KAPUR A, et al. Hematite dyspro-



70 f2:38%]  CHEMICAL REAGENTS

55 46 B4 5 1)

sium oxide nanocomposites biosynthesized via greener
route for ciprofloxacin removal and antimicrobial activity
[ J].J. Nanostructure Chem. 2021 11.437-453.

[48 ]KHASAWNEH O F S, PALANIANDY P, AHMADI-
POUR M, et al.Removal of acetaminophen using Fe,O,-
TiO, nanocomposites by photocatalysis under simulated
solar irradiation ; Optimization study [ J |. Environ. Chem.
Eng.,2021,9.104 921.

[49] AL-HUSSAIN S A,EZZAT A O,GAFFER A K, et al.
Removal of organic water pollutant using magnetite
nanomaterials embedded with ionic copolymers of 2-ac-
rylamido-2-methylpropane sodium sulfonate cryogels
[J].Polym.Int.,2018,67:166-177.

[50]STAN M,LUNG I,SORAN M L, et al. Removal of antibi-
otics from aqueous solutions by green synthesized mag-
netite nanoparticles with selected agro-waste extracts
[ J].Process Saf. Environ. Protect. ,2017 ,107 ;357-372.

[51]HIEW BY Z,LEE L Y,LAI K C,et al. Adsorptive de-
contamination of diclofenac by three-dimensional gra-
phene-based adsorbent: Response surface methodology,
adsorption equilibrium , kinetic and thermodynamic stud-
ies[ J].Environ. Res. 2019 ,168 :241-253.

[ 52] PRASANNAMEDHAG, KUMAR P S, MEHALA R, et
al. Enhanced adsorptive removal of sulfamethoxazole from
water using biochar derived from hydrothermal carboni-
zation of sugarcane bagasse[ J |.J. Hazard. Mater. ,2021 ,
407 .124 825.

[53]MA Y,WU L,LI P,et al.A novel, efficient and sustain-
able magnetic sludge biochar modified by graphene ox-

ide for environmental concentration imidacloprid removal

[J].J.Hazard. Mater. ,2021 ,407 . 124 777.

[54]SANTOS G E D S D,IDE A H,DUARTE J L S, et al.
Adsorption of anti-inflammatory drug diclofenac by
MgAl/layered double hydroxide supported on Syagrus
coronata biochar [ J . Powder Technol., 2020, 364 . 229-
240.

[55]SINGH V,SRIVASTAVA V C.Self-engineered iron ox-
ide nanoparticle incorporated on mesoporous biochar de-
rived from textile mill sludge for the removal of an emer-
ging pharmaceutical pollutant[ J ] .Environ. Pollut. ,2020,
259.113 822.

[56]NDOUN M C,ELLIOTT H A,PREISENDANZ H E, et
al. Adsorption of pharmaceuticals from aqueous solutions
using biochar derived from cotton gin waste and guayule
bagasse[ J | .Biochar ,2020,3:89-104.

[57]JANG H M,KAN E.Engineered biochar from agricultur-
al waste for removal of tetracycline in water[ J ]. Biore-
sour. Technol. ,2019,284 .437-447.

[58]XU Z,FAN J,ZHENG S, et al.On the adsorption of tet-
racycline by calcined magnesium-aluminum hydrotalcites
[ J].Environ. Qual. ,2019,38.1 302-1 310.

[59] i, £, XBE. 5T AMD [ e (1 A= 4 5 A8 1
LDHs B+ 85 R WP [ 7] AL 51201, 2023, 45(5)
77-84.

[60 ] BHATTACHARYA P, MUKHERJEE D, DEB N, et al.
Application of green synthesized ZnO nanoparticle coa-
ted ceramic ultrafiltration membrane for remediation of
pharmaceutical components from synthetic water; Reus-
ability assay of treated water on seed germination|[ J].

Environ. Chem. Eng. ,2020,8.:103 803.





