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Research progress on removal technology of antibiotics in water
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Abstract: With the development of the era, the use of antibiotics in the medical industry, agriculture, and animal
husbandry has increased year by year. The discharge of wastewater increases the antibiotic content in natural water
bodies, which poses a serious threat and potential hazard to ecological environment and human health. The
treatment of antibiotic in water has become a hot spot of research at home and abroad, and a large number of
scholars have studied the removal technology of antibiotics. Based on the current research status, the sources,
hazards and pollution status of various antibiotics were introduced systematically. The development of antibiotic
removal technology in the field of drinking water treatment at home and abroad was highlighted. The removal
techniques of antibiotics (physical methods, chemical methods, advanced oxidation, biological methods, ete.) ,
mechanisms and degradation pathways of typical antibiotics were presented. The advantages and disadvantages of
these antibiotic removal technologies were analyzed. And the future directions of antibiotic removal methods and
technologies in water were prospected, in order to provide some reference for the selection of antibiotic removal
methods in water. For the study of antibiotic removal in water, more economical and efficient removal techniques
should be developed in the future through the combination of various processes, and attention should be paid to the
generation of degradation products and variation in solution toxicity.
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Fig.1 Sources and migration pathways of antibiotics
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W B 25 B DU 2 38 25404 R (TCs) BROR , 45 R R/ T,
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292.4 .142.0 mg/go W BRF 390 B4 14 i A2 R T o A 1) O
S0 DR 26 T I A B Y BIF 5 R DA T 3 2k g BT 3
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14 I BRFE F SS AY 5 45 R 2R AR P Langmuir 32 1 41
Az ZAE WA b Bl R 34 BT B, Freundlich 455 784 U]
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Table 1 Removal effect and mechanism of antibiotic by adsorption materials
AR % B 44 Joe R B 25 4 (B 5 B %) % B B3 U ER e I P i SCHik
W A% 437.0 mg/g B e g 5 Langmuir L =g sh Sy g (1)
By B 78 A A g 155.2 mg/L BN T Langmuir Mg Al (2]
EXVP 121.5 mg/g At m—m M AR Freundlich " 4sh J2dims (3)
VR 467.1 mglg b2 1 1 Langmuir PG By Sy 2T (4)
B3 Wb g 443.2 mg/LL B NS Langmuir L =G sl Sy 2p i (2]
e H W) 161.6 mg/g A m—wtHEEN Freundlich L G Bl S AR A (3]
- 75 7 A AL B4R 111.1 mg/g e B AR AL A A Langmuir P i (5)
IR 290.7 mglg AR Langmuir Mg il (6]
& mA LS 912.5 mg/g v Langmuir PR sl Sy A AL (7)
it iz R e e WAL KA R 15.5 mg/g SR - R HL AR AR Langmuir P Gsh yF il (8)
T SBE 99.9% A H 7 A b s S — W SR (9)
TER AR B 8.3% ABIE — — (9]
T 1 44 K b1 R 289.9 mg/g Wy BN A EAR — — (10]
Wb 2 EIRA VL E S 450.4 mg/g | Langmuir P iR (11)
TRER U FE LM HHLHESE 518 mglg C—H-m By BAEH Langmuir L s fy2am (12)
W R e A HLHESR 625 mgl/g C—H---m A HAEH Langmuir Pl ah Jy Al (12)
HMmH N R I HUESR 227 mglg C—H---m B M EAEH Freundlich Ml Z8sh Ji2giAl  (12)
R R LA HLHER 337 mg/g C—H---m WM EAEH Freundlich I =Z#h 24 (12)

W BT vk LA e A AT A AR TR R AR N R
FH 7K Ak 385 3 AFAE S B 1 o o A A 3 1 25
A AR S A AR R RGN . B I, A
25 B A 5 b, 0F 5T 2 K R R B L A kR
U 1 SR RE 0 S A T AR R A TR
B, H Al 7R TR 5% T R A W BB et Gk B A R
JBE 4 A WL 2R R (MOFs) (REE 98 K b B 2 T
B SR A 1 55, 3K S AR A Rk ok LA O o
Jo e T R T R A L 3 AT P AR R T R
FA 5 T [l R 2R R . S, AYDIN 45 %
Tl 1 AR U8 0 K R 25 BR R TR VD B AT T RF Y 45
W], pH 2 6 S I 6] 9 180 min B, 41k % U8 44 K
TURL XS 20 P U0 B W B S BR R AE 90% LA b, HAER] 3012
FHAE G5 6 4k 45 17 B AT 2 BRAR G b R Il . 5k e
B R B 50 K 2 A A F AT B B, A R R
HEAT Tl Ak A 72 9 RS T 52 b T8 4 RE 8 40
RAEIAEH . Q. LAN V00 a3 I & @ BUt 1 £ &
J& SR £ (POM) 3 78 31| 4 J& A3 HLHE 28 rp DAY 1 —
5 POM@MOF & & # ¥, X K BHE FHi AR

E

DU BR 25 A W B 912.5 mg/g, i i TR Y 0
PEARE I M e R AR A S50 ), W B LB 32 22 2
WSV o W B 3h 7 2 B 5 3 I H R 3o A A5 A 0L
T B Iy 2 R SF A W B AF A Langmuir 45
B ZAERHE T LG B B R SRR b R B A AL
1A AR

Wi R 32 o SR 1) K B e Ay e R 1 o 4% 45
b, 95 HoAth K A BE T 26, AR T 2 R BRAUR
S. G. MICHAEL %57 Y4 K BH fiE G Fenton(SPF) il
WURLTE VE 5 (GAC) A T2 ki Ak vh Ze i 2k &

REWHEAT TS 24 G T AU A R LB iR
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F ol B (32 /L) K A5 6 R (3.98 MPa) Fil i#F L i
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A, DUk 2D 5 2 LI 77 0 2 7K W R i B (MAAP)
PUAEZBR B XTI T 4R LA T AL RTA HLTR BE 77 X4
AR EBRBCR . FHE T RUER NI (CPAM) B
oA RAOR s, Hop 0 3R R 2K P R (TCs) I 3
M 28 H1 A= & (FQs) % BR 43 | 2 22.8%~44.8%
32.2%~70.3%. % pH N 7.5~8.0, CPAM # il & K
17.5 mg/L B, TCs Al FQs 25 BR R 4 5 hy 42.5%~
50.6% .42.9%~66.3% .

TR BB A0 3L R 0T T e A o 85 A A 1Y 2 R Ak
SR B filt P B A 2 R R AR A 2, i i At
KA BB R B B AT A R BR AR . Z. HE
SECURE Y T IR RN VT UKL ) (SPM) W B 25 4 2% bk
KDY FR R (TC) , 45 R F W], Y SPM it & Wk i
1 000 mg/L I}, TC 2 bR 3 8 = 7 35 97.87% o
32 fEgEiE
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T Ge Al 2 1 F 2 AL R R E LA
HRALRE ) R A DL J . RS AORIR SRR R 2
A AR HLRCR W 35 450 S, T 25 7K Ak B o R AR
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REBRT 2N T2 . V. DE JESUS GAFFNEY %1%
FE S 28 RS AF9E T /KA i FP B (SMX)

747

T e ML BE (SPD) il fie FF e (SMIT) L Jisf e R R (SMIZ)
it i WE Wk ( STZ ) it i 1% WE (SDZ) 6 Fvish e 25 25 ) 5
Ui B U S, RS 2 R AR FE E 0 L pH o 6~7 LR
JO7 S E] A 2 he ) 0 i B IO A VA B Oy 2 mg/LL 1) A
T LU B S SDZ  STZ .SPD . SMZ . SMT . SMX i 2 &
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25 W) 5 0 B SR 2 N R A AR A — A B

AR e g2z, B A AL ie
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5 H S N R A7 pH R Ak, HL A Ak i B rp o]
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Wy & A SR AR D S IO, mBOCRR S I, A R A S
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TH B T R R A PR 1 — O
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VIS I = S E I =K e (= Y I B = A
HE B B, A 5P E RN, R 7 ok
S HL B2 L A A g S L T R IR R R A
By f = - OH, - OH &k i b2k L R R g R
BA RPN, J. Q. DING 529 M A 8545 10 £
FEAAL T R PR R TP B (OFC) AT SMT Ay 484 2%
P B A 51 4.0 mg/L O, F1 1 min 3 il i ] , b0 s
OFC F1 SMT Y 2% & 2 4 5l hy (74.16+2.21)% F
(99.89+0.05) % ; N 1 FEAR R0 AR I REFE , $2 M R
AL FRROR %58 8 SR 3 i AL 5] (FeO 1
Fe,0,) ¥ & i 1k 5 & L [7] i) 2% Bk OFC F1 SMT (% 7]
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2.5 g/LF, Al ff OFC 2B R 43 5l 4 55 (44.21+0.68) %
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B R B K R B A 20l B eponT aE a0 Y
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PR AL R (AOPs) & —Fhag A ) HA &0
JE 7K Ve Ak R T AR T 5 A K A BB R FEHL R O
i R AR S SN AR R L 7 AR A SR AR RE T Y
I A (- OH) , B MR35 Y 0 IR JORS B AR, XF
i A RAF0) R BRECR . AR RN A% 44 R [ n]
4 H 532 Fenton 1 Ot Ak & Ak L Ak 22 AL = 2k
MR FAL ST . EEAE K Z Rl m PR AL BRI
P& m Qe L ERASOCR .

3.3.1 Fenton %

Fenton 322 i i 1 & AL & (H,0,) 5 Fe™ 2 b A A
FIARECOH), -ONKA LG Y (b A R &
2555 ) AL RE i, 38 B Ak T5 R K B9 . Fenton 14
Xof ME R e A LTS B i KB A RAFROR IEPLAE R
JE KA B A Tz 0y H . Lo V. DE SOUZA
SANTOS 2B 5% T Fenton JZ I X i#% 98 1P & (NOR)
RS S04k W98 45 R B, 7 n(H,0,) : n(FeSO, -
7H,0) 4 5.64: 0.8 i} , 60 min N 50% ) NOF %) £ "
b, B A 3235 5 100% , 57 b R 35 5] 55% . C. WANG
LTS 22 W 58 Ak 1Y Fenton (HA—Fenton ) & 2 #E47 #If
LA R W] ZAR R X PUAE R NOR BA P &k
(14 5 i 5 S, ELTE pH A 3.0~9.0 (143 [l P 28 B i 4%
I A AL TR M 7E 10 mg/L NOR L 10 wmol/L Fe* |
1.0 pmol/L H,0,.0.4 pmol/L HA . pH N 5 &1 T,
NOF % [ % ik 96% , HA-Fenton 1A 2 Jy F& it i /K
BT E IR T — A RE . EH AL T HAb
HL 7 Fenton 8% 28 Fenton S W 2% B 90 45 2 19 1% 00,
WLk 2,

Fenton 1% UK BAT ZLBRACREF BUAAR 5 TR
LA B AATEALE e 25 ) 1) Fe Ak, 1 i 5 Je Tt v
ARl HRT, E A RO HRE LAY 2K Fenton 502
Fenton % 19 & & #a %, H 5 AL B HiAE =i &
332 AR E

A A IR AT R D' BB ELEE U A RO G ok
BHECR 0, H,0, 55 F LA, 77 4F - OH SE AL A ALY , ik
BRSO ROR o DAk E AR 43 S BRE DG Ak A
BIH G AL . Y AE G i A8 DL Fe® 5 Fe™ & H,0,
R A, 7 A - OH A Ak [ i A AL 5 AE 1 40 D 4 1k
B 15 Y K AR B — O R AR ORCn
Ti0,) , 76 6 BB G F 7= 4= - OH %5 [ i & % i AT ALY -
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Table 2 Removal of antibiotics by Fenton or Fenton-like reaction oxidation

bR JREWE/(mg- L") H,0,/(mmol- L") {4k 551 pH LBREI% Sk
it e FiY e 10 10 Jti+CuFe,0,,0.2 ¢/L 6.73 96 (13)
10 2.0 Sch@BC, 1.0 g/L 3.0 100 (14)

IEI S 100 100 Fe/Ce0,,0.2 g/L 5.8 94 (15)
P i e 10 150 mg/L FeNi,/Si0,,0.1 g/L 7 95.32 (16)
=Ry 12 20 Fe,0,-Ce0,/AC,0.5 g/L 3.3 95 (17)
30 29.4 MnFe,0,@C-NH,, 1.0 g/L 3.0 97.4 (18)

BN R 0.10 mmol/L 3 FeS,/Si0, ik, 1.25 g/L 3.0 100 (19)
20 5.6 CN@IO-2,20 mg/L 3.0 100 (20)

B B34 Ak 30 29.4 MnFe,0,@C-NH,, 1.0 g/L 3.0 99.1 (18]

N H AN Lk e T2 8 ) 2 T KR KAk B
XA R AR 25 S 005 G A DL 1 A BR AR
F08 S FUKAHORI "™ 3¢ T TiO, J6 M 1k B it
JKEE WP SMT, 16 pH=7 . TiO, ¥ M K 2 o/L 51T,
22 h 1AM IR B, 2 95% (9 SMT ¢ B& f# . S. E.
ESTRADA-FLOREZ %E°#fF 58 T Ti0, - P25 Z # )t
AL (PC)XT K i 8 2 28 L TR 28 28 L 4 I 2%
VAR JHe 2% 245 ) 1) Bk ik A6 0 L 45 SR R L 7E pH=5.7 .
TiO, & hn itk 0.5 /L 251 T , 28 60 min [ PC Ab 3,

BRPAERREM S HFRRIEOCRMTIAR(93%) >
ZRVIMR(75%) ) kT 2 28 U L RIBE (919% ) >3k
FFE K (58%) ) Wi R 25 (IR N VD L (91% ) >ZR I
1% (86%) ) fisk itz 25 [ fiek iz 15 T (72% ) > itk Jiie VY i s
(56%) ). W5 2R W0 AE T AL ZE IR K b 1 B i s %
A2 BRI 5 B A 2810 Ak 24 45 48 R 5 A7 56 5 PC iR
75 AR R B9 B A6 7 77 (4 h P, Sk 787 e Sk 0 5
TOC 2B HA 9N 65% .55% ) . HoAts i Ak 4],
b L BRPUE RGOS,

®3 REAEUAERIER

Table 3 Photocatalytic oxidation removal of antibiotics

bR J g AT A Ak 5 LR % SCHik

LB S A W% +20 mg/L TCH Ag,PO,/C,N,, 1.0 g/L 90.50 (21)

#ETEAR AT +10 mg/L TC Ti0,, 1.0 g/L 94.99 (22)

) 300 W R AT +50 mg/L TC Cu-WO0,,0.5 g/L 96.70 (23)

MR A W% +40 mg/L TC Bi,,0,,CL,/Ag/AgFe0,,0.5 g/L 94.10 (24)

1000 W i “TAT+10 mg/LTC BiVO0,/Ti0,/RGO 96.20 (25)

; Al W YE+10 mg/L CIP C-Ti0,/CoTi0,~3,0.5 g/L 99.60 (26)
BANIR ’ ’

Al JL)E+10 mg/L CIP PANI/Bi,0,Br,,0.4 g/L 96.00 (27)

B IEAR AT +10 mg/L OTC Ti0,,1.0 g/L 88.92 (22)

+E/R 300 W R AT +30 mg/L OTC 7-AgCN,2.0 g/L 98.70 (28)

1000 W 4T +10 mg/L OTC BiVO,/Ti0,/RGO 98.70 (25)

P BRI +10 mg/L CTC Ti0,, 1.0 g/L 95.52 (22)

- 1 000 W i “TJT +10 mg/L CTC BiVO0,/Ti0,/RGO 97.50 (20)
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