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Research progress on the removal of typical antibiotic pollutants by microalgae

Lianxue Wei, Yi Wang*

National Ocean Technology Center, Tianjin

[ Abstract] In recent years, the misuse of antibiotics has become a recurring issue, with frequent detection in
various aquatic environments, posing significant threats to ecological safety and human health. Microalgae-based
antibiotic treatment technology has garnered widespread attention from researchers in the field due to its notable
characteristics of high removal efficiency, operational convenience, and environmental friendliness. This paper
reviews the main technical approaches and their limitations for antibiotic removal at the current stage, including
adsorption treatment, biodegradation, oxidation treatment, and photodegradation. It focuses on the reaction
mechanisms of antibiotic removal by microalgae, analyzing the roles of reactive species such as hydroxyl radicals
(OH), singlet oxygen ('0»), and triplet excited states CEOM*, 3IOM*) in the antibiotic degradation process. The
key influencing factors in the photodegradation of antibiotics by microalgae are summarized, including microalgae
species and concentration, antibiotic types and concentration, light source type, pH, and iron ions. Finally, potential
pathways for optimizing the efficiency of antibiotic removal by microalgae are outlined, providing a theoretical
basis for the development of efficient and environmentally friendly antibiotic pollution control technologies.

[ Keywords] Antibiotics; microalgae; Removal mechanism; Influence factors

518 s . SR 60%-90% 4T A 2R Tk s A
PUERRRE L, BREIFALESN, N WO, SRR ) B e R K HEA A 234
AW AFRGA A, AR BRI RAR R 35 Bokikd, FENETERMESE. JUERERRRA
giit, EFEA 6000 MFTAERPASMEIREFIR  PIRAEET B SRS UM ER, HnES%NE
L HEIRFESEMHER 50%0, JFHEZRFIEE  KPERETTERABATPRFERmA, SEERK

EIEE: T



https://jesr.oajrc.org/

BES, £

BT 2 B R U A RIS R T Tt

WA TS . AR, 152 FKAE
IREE A B AR KR FE A AE . Yiruhan S8
FRAE T T PHAR T E SR K AR RS 2 P R v TR SR
AR R EEE 4 A2 1.0-679.7 ng/L Al 2.0-37.0
ng/L; Peng SR IN 23R E A PTARY F HiAE 2 )
VR BH T mIA 652-5770 ng/g: Lu Z5EIRE ) 1.8
Ji km [ FORIBUKKEE, Rl 7 #hE AR
K, BIKIE N 389~3302.3 ng/L. T ANZIEFIE
i, HIERUKAB R OAFEERKEEAIAERD
PEIERI AR, EATRAEEAY 2 s 1) 1E
ALK, o™ A PR — 5 1A RUA
J7. HBERTIL, HrAR R A AL DL T R
(PIEIAR 25 7K VAR R 11 A 25 22 A R0 N 2 1) B A AR iy
KR B B AN by, TR R — R A A B
M EEF B . KX RGN AT Ptk = p S b o
FR, i TET R ERPUAERMILEE, a8
T S A M B R R B R R &R, A
PUAE RIS R = L R AR R R

1 AN BB AR

PUAE RS IR AR, HARKER
RARPUERB R A —E B AR, Bk,
FPUEREARE T IT A, FRGEIIR.
LU R A EE T8, T SEE AR 2R e %
FRET O EER. a7, XTFKAERBEFTARK
EBRITEFEEAG VU, SR AAEE,
BEffis, SEALALIERTE DL KRR AR

1.1 B M43 ik

W i Ak B I A 3 FH — 2 LA iR I B RE 7 1)
PORE, 8 P HE B A 2 AR LR B 2R R B )
NI SEBLIS B ) 22 Bk . 2005 4, Westerhoff (]
XTHUAE 2RI P AR B EAT TARTT, AR IR RIS
PE IR G ZK A A7 B B A 2 B s R AR
EBRFN 49% - 99%. ZIEENERTT T 8 F W B 771
XTUURRZ IR P kR, 45 SRR, IR R S
P S5 BT ) 4 9 e X DU BR 2R W B R
455.33 mg/g; A A S0 T DU PR 2R 0 ERL 2 R ff
BERENSIA T 313.48 mg/g, X FEEIATH T4 B+
BHEER A RIS shAh, &8 2R (MOF)
WA 2 FH TS 3 R, Wang S5E8I8) 25 T —Fh
B MOF 8L, S8 7 X USRI R B E R, TR
Bt &1L 867 mg/g. i LRM BN, MR Z—

Pl WL IR, AnER A B S, (HIX SRR
TE N AT 7 AT e G . Maged 25PN R AR
LT RGE A, G S N DU PR I R B R R
MR EIL 388.1 mg/g. R —Lepkbxt il AR
BOE BT AR, SR, IR AR EE AT bk
UL R BEKH S M — bR 2 T — 4k, FEA RS
PN TR . HEAh,  ATART R PR 5 IR B 25 2
A PR, LR B 7000 BRI 2 — S A A
YR ]

12 Adhmik

K2 B P A A B A 25 3R 8 M B 25 7F A
PR, DRI K R85 b AR 25 ) AR P e A A A 75 0 2
BNV R AR, ZiE— e 5 T2 A1
FHSEIIRHL A R B, Rl a1 KA H T 17
MVgle TR EAMH . SR, EWREREIEAE
M TP IR KR, 20K AR 1A
TP AR RIVE R, AT BRSSO 7 e R A2
RES RIEMABRAER . ok, W iikie v fE &
iR ) —Se g B . E S AR 2, S BT
R A R, AR R N F KR
PUERT EBRIEA Rt — DA

1.3 AfLitEik

AAAC R 3 BUR K IR R B — AR
), Az A K E B AR AR B I EE
i, BOR A S BARORM AR, Eids
IR B AT — BRIV AL, S5
PV =B . A En o R A A B A R SR
ik REEEAE SRR AL DL A
T AT I R AU 2 1) — Pl A R Ak 3
%, MR AT, RGN, iR
Pl & AR A T RSB T RAEKIE, BAER
e IR S LA, AT A 40 A 2R 205 e ke A
AL 5 e T AS DR AR 2B o XIDRESEDO AR
T BB T B A S AR T,
BT 15 2 WA IR/ — S AR ) B 1 £ £ 75 B 8 %
40 mg/L HIVUPR ZRIFWIE K 72.3% 0 FEfR 2 S 4440
BT, WEEIAE] 71.4%KI MR, Tisdk =ik
BT N RE S LI 75% 1) B f# R . Gothwal Fll
Shashidhar"'IF> 2015 4F B Uk SR A AR H Tk
P F AN R R e (1) BRI AR R . SRR,
M RAMEINE N 7.1 mg/L i, WP PUERE



BES, £

TR 25 B R U FORTS Mt et

FRERIA 95%LA o SRT, XA AR KRS
e — LR AR ), ARSI A EE AR
M. o, @it AW ERPiAER, Htditt
Al RS BYE,  E T BEAS AL R Y — 2 A0 il
AR E AR TR E BT & H R EHFERE
(RIREVR, HAEARTE ) 52 B B L R 4k SRR 7T

1.4 R

B3 SN TS S PN NS RETIRG Sh- 9 e st P 4
ATz — — Mok, HEOGREME A RD
P R B, X S PR R KA S5 R (1)
FEMEEVINR R ML EEZ/EHRT
G, H otk 90%12), T Al 46 FE
R R R A 2 BRI KA TR AR A ) — SO ot
4N JEE 5 PR — L TARE LA (NOMD 5. IXELY
BV Re 8 A IR SR A T IR ISCR e K O, ARk
RKEIGE DM, @I B bRTs JeP S E Sl
A R AN £ BR . LR, NOM Mtk AT, *F
Il H R 53 AN S A ARFAE 5 G BB e 2 TR 58 RIS
B 7 I8 IR FEAE R  Lee 2513578 7 NOM (41
B GRS AR T B AR E R, A SRR,
NOM  HI 7352 1) 28 i B o 3 UL HH s 2 P D ks
PR, RKIIE 77K A A 2 2875 G i e b i 22
WEFLRE, JEE AL 3 N/ P NS SR
FEfr i m 40%, FESRFNEE R 7 REA
FH 2 [ A2 B4 e 2 FOAA ML AR e o
HOR¥ECHAAE R 0 3 B0y 2 SHER AN s B R 55
JEFERYI, AEOCHRE&AE T A KERA mEL
PERIEEYIRR, SIS G i) v R i o

2 ETFCEERIMEZANIERR

THEAE B HRE A A S
AKFIARL . ST E S SR AL FTTEN R I
PR M ERPUERKIG LA, R, WERS
A RBLZHE, XHUAE R AR5 i
— R

2.1 B FAER

MR, RN ARG RS BRPUAE R AR
WRITNFEEFHMF, — RS HhrpiE RS
WBOHATIRA TR, R AR EUS
S HEPUERMEN . ZEEI— 2R E IR
WP BIEHRS K& = fAmia st iR a3 5%, KN
TGS 2 PR A P 0 B2 R B AP F e AR/

SEOOIE 5T R I, /NERTEAE 2h PN ER N0 L TR R B 2R
N 7.85%, EKERAEREN. FHHIBUIEFES, /)
BRI T JE 75 A AT 25 1R Bt 2 B e mT 20 AN
The BHHTSLIRE K, £ O MK,
WG B FH AT S e A 2R 11 25 BR DTBRARDO B, (HAS
RE e A HERR AR 8 254 TR EER, R —
HIRNI T . M, SCREMERED TR R 2R
W HAR A, R DR I AR R R G BRI
il o

2.2 ABEREME KR

PUAE R W R T U ), B
B AR 2 P AR 28 B MOSOR FROG T A 3R A R EK
R e . RSO Rl R, bR R AR I
RE BT SIS L B R E RO A, MEE T
MR . ZIFREDSCHII N 2 B A Bk
P, B B S KA R 2RO AT T
SR R A R B O IR AR, il e
W | i Y T T A R T o P S s g ) 28 i 2R 3
45.5% 15.5%A1 48.5%, {H=2F L5 HA
173.3 hy 346.6 h. DL 173.3 h, [EfREaEK, H
B AR R I 22 e 1 R BER T AN A R 22 451
A AN« S H SR TR R PiAE R
FERERU R BH A B SR B R B ARl 2, 45
N, TERHURBHYE IR T, VU R B EDHIFEAR
AT 26 3 136 min 2 [7], I HIHEpE RS
pH AR YIAHSG: ARG T, HFEpE R
LRBHYGBREE B IEAR . LTI L, EHDEPEMN
VEF 2R 5P A R 205 4o E S B4 5 2% DI AR
Ko

2.3 a3 R TERR

WEFCARH, AR B R KA A R R
TSR F BT R AT, ORI AR I 9T A4
Mo M IC R MR I R AR AR AR AR T /K IR 858 v 1) 6
VIR FT P A TS PR, RIS S I WA KA
JHWI, Bt 5| KA R B RHEOLIEfE . Zhang
SR R I VE VD BAE IR T, i Nk
00T YR A R T TR T A B R TR IRV AR R 3
. Ge 1 DengP MR [ M0 1Y i 4 FH S5 30 45 2 00T
PRI WA D P A R —— R E R B R
BIDCREERGEE, TR, PIRREEE R i
THUERBDCEMERCE .. Tian 2RI 50 KL, /NER




BT 2 B R U A RIS R Tl

FEAELRRRME TR E RN EBRE R AL 96%. %
KRNI R TR E B, AR RER
A AR R M, Rk AR COHD
BESHA (0 , BEHEMBE (0, dHAH
B (COOR) , M=EHPE K&V CDOM*) , I
R R AE RIS )

R, WEERS BRI ER M
YIRAE WA, —ME RN WY (BEOMD , HEEE
FAMREITERG H—MERN AN (JOMD , H
TSN M A A . EOM FR IR 40— 7 THI g
g i B & AR B RRE LS 3, H—
Refg = AR D EREER, S5 EARTE YR . (HH
RIFCHBACAE I = B 2 SRR AN s LR 55 5
FARYR, TEJCIRM %A R A KR EEE YR,
SEHUHS G i R fR o Tian ZE020EHL T =Rk
IKEEST AFEEL EOM, R IAE G Z% A4 T I RE 08 iy 2

Fef &R M KSLEas RERW, 76 =MhiE
EOM Jtff &8 R M2, -OH #1 10, 23] 7 —&
PREAPER, H T TTRIE T = O A TE A
CGEOM#*, TTHRE>90%) . IOM ki RELEAH]
VI 80%, IOM HEk 175 EOM MR8, &
EHMER, AR FE SR 4, A
ST LTS e 0 A . Hu S5E5EEL T 4R SR 3 i
H EOM Fl TIOM, #8583 X DU R 25 14 6 B A At
o SIRE R, EIWRERSEAEIIAR,
PR IITE 80% LA b, I HES = A F & M4 F
435 7& SEOM* A1 STIOM*.,

HUEAT L, TR R R LRPUERTRES,
MR A FLY) (EOM A1 IOM) 5 % ) Ta) 422 ' b fif 2
PUAE R R R EE T BT, HFHEE
FOHUGE R = EIMORESTEEYM, RS
JeRE R AE LB LA 1.

o : .
| BRUARE |

o<,y (RAR
A N X
] | o
R o iR | ¢
RSN o
©
v I~
KR _ > P
______ s 'Y
BERREY) | o
SR o PS
)| s
-ty T
-.:.‘ .?;.. \‘%gﬁﬁ?/
m

—> 10, —>  p
OH —> ¥V
L—>spoM* — A

1 BURRFEAIERE RIRE

3 ETRUEERRIMEZRNEMER

3.1 WMEAEEHRE

ANFIFR R TC R B IR B 75 SR AT
EEBONH R 2R, JFHHEAKF R HE
sCMRRRDEATETE . =S Bk, A
FERON T A RIS e ) B i R AR AE — € 1Y
Ze M. Tian D2 FL T =P WX 5B/
JebEfERZ I, SCIRERA, AR T MU R
IR EEH R ZERE, DEREN T S8HR

1) % i 2R LA 2 P8 =1 20% LA 1. Ge T Dengl?!]
TR, (EAF BISEER 26 T, 02 i 0] 1L
WD IR VD B B A 3 35 0. 35 v T A M B
R T AR, LR R A B O A A Ak e ) L
BRI A/DNHEEEIOI ORI, IR FE SR
WRENBEMRLZIEMR KR, I B REMAE RN ER
PR FER T i in R o

32 mAEMEERE

PUAERMREZ, HAERESR, MHERHUK



TR 25 B R U FORTS Mt et

P AE A . Ge F1 DengURF5t A&, 8L L
e bR BV E ARV B, By Bk
fREZN 81%, TRV EMFEMERN 71.2%. Xiao
SRR SIS ORI, /INER X B 5L P AR D A
M EBRBAZEWR, MR, X5 Bl 5275 bk
2B R AT 91. 13%, M 400 2 1 22 B R
7.89%. WEAL, TUEERTAS [FIR RE IR FEHTAE R I 3B 2
WA, Hu ZPASIGE RIEIR, MR RIRNE
£ 1-20 mg/L G, /NEREON HOG PR %A AN,
Bk 85%, AN 78%, HIEHEAIRIK R,
33 RREAR
FEIFFPHAE ,, HHOR R T AT BT A - Jiang
LRSI A T AEEAE AN R IR T 0] Sk A4 52 1 P Ak
R, SLIRAEREIR, AEAER NGRS T ARl Sk
P 56 A PR, T LE I AREIR T A B AR AR AN
HAR, $7F 35%LL R ; Du 2RO 45 3] AR 45 8,
INEREEAE R AP T 0 Sk fluhr 8 IR N 78%, i
iz T HAME X R TR A E SRR,
RE 1L S SO LA H B8 2 1) S MR A DT
LBRIT RN
3.4 pH
pH 2R KIS AR ZOb MR EE R &K .
Zhang SEPOWFSTRIL, WD B 2R G TESSRR I
KA TR, TEURSRAETT, SRR U 2

® 1 ETHREEMRBENTE HEE

EREEA N, A BT S AR KGR AR T Hu 5524
WEFOR I, DUIAZAERRNE 251N IR B R B
MAERRYE 261 N DL flag A AR o sk m] I,
XFAFFREIPUER, pH KNSR A IRKH
ZESME. — Ui, ERIVKIEEH, pH RES R 5
Kop s, BEMFZUESAA P T PUA O R Y
R HJii, pH REMESZMTAE R TR, Wt

AR RS, S22 0 i
12 B9
3.5 BT

BE RS AR R R — A E
B FEE T —REIER, BEF1E AT,
Z 5 ER B, (EdE B R AE R, AT IR ST
AERPDCRER: R SERNEEN, #IRATLL
I 53 EOM 1 TOM B9 5Ptk 2= G PR AR AR,
MRS 10l L IX G NI EAEH, #t—Pa
TR, A, RE TR S SR B
2, WWOLReILIEAIIAE RS T, (R H R,
Ge 1 DengP'R I, BREST IR INRESSE T B D
BRI BAEBERAAR R HI P2 . Zhang 2520
LRI, /NERVEEXT U 5D B I B i 2R AR 35.9%,
8K B 75 /INER R 10V B 1 R DU R 0% 1o 280 25 R v 3
W, HEFMEET 80%. £ 1 M4 TSR
MR, BT R ERBRPUE RS R .
FMEE (BT

%) e hiAEER JEUE pH BT FpRE YER 5 EE BTN

INERTEE 95%

1 il CER T 6.8 G 87% I3 W EL [12]
R % 73.8%

2 INEREE LHE AT 6.8 X 96% BiREE [22]
BAHMT 100%

. . KB 32% N

3 KB Kb E I 9.0 7 1479 RS [26]
KT 13.7%
HRt 17.6%

4 INEREE ki sE & PASELE S [27]
SAIMT 78%
Fe (IID 92%
P2 J B 81%
o Fe (IID +HEWR 83%

Big & N N

5 i R RAT — Fe (IID 74% PASELE S [21]
EHE S W 71%
Fe (IID +H 78.5%
FC 2R i 78 R E Fe (11D 80%




BESE, £ BT LR U R RS BRI FU R
B 71.2%
Fe (IID +PEH 84.2%
Fe (11D 55%
R B 66.4%
Fe (IID +#iK 77%
Fe (11D 24.7%
6 NERE IR HAHMT 5.0 B 35.9% PAS R [20]
Fe (I +PE 80.3%
(TEIEIS 91.13%
7 INEREE o — —_ 7 IR [24]
R 7.89%
/NERFE (EOMD A 73.6% ZARUILY)
N AN~ AT S x [25]
/NERTE (IOMD 80.9% FRE
9 INERE BN AT — 5 94.69% 53U [16]
4 Z5ig and releases of polybrominated diphenyl ethers in sewage
R ARG IELE T KA P PrAE R i % treatment plants in the pearl river delta, south china[J].

UK B AN HEE AR, FRRANIRDT T T 18 2 b bt
AR RIS AL BRI R R R . A I SR B )
PeCPE AR R RN S P R M 2 0RI0  ER 4R,
H, EOM I IOM R#EEEER, % MLk
PLAERIGGY, H R = B ST R 2
N3 A P A A I o | N 6 N 71
AERMBCEZ BN ZFH R, OREMERRS
WRE . PRI GIREE . SRR pH 18 AR Bk
BT G R, TR LR R ITE
YT EAT R AT R, EHEAGIE R, T
e AT DR AR (52 LV S 211 WA i
WIRB MR SRR R A EAER LS, TR &R
IR ALFE T2, TSI B2k 5 4L m 0R
.,

SE R

R, Htm, &M, & LIE S §HREE KK
I HUAE R PUIRI A [T]. 2Bk ER, 2015.

Blit. & 8 IR K B AR 205 G BOIR R U 732 (7]
ek 5 EAR, 2020,362(21):113-114.

(1]
(2]
[3] Yiruhan, Wang Q J, Mo C H, et al. Determination of four
fluoroquinolone antibiotics in tap water in guangzhou and

macao[J]. Environmental Pollution, 2010, 158(7):2350
-2358.

[4] Peng X, Tang C, Yu Y, et al. Concentrations, transport, fate,

[10]

Environment International, 2009, 35(2):303-309.

Lu J, Wu J, Zhang C, et al. Occurrence, distribution, and
ecological-health risks of selected antibiotics in coastal
waters along the coastline of China[J]. Science of the Total

Environment, 2018, 644:1469-1476.

Westerhoff P, Yoon Y, Snyder S, et al. Fate of
endocrine-disruptor, pharmaceutical, and personal care
product chemicals

during simulated drinking water

treatment processes[J]. Environmental Science &

Technology. 2005, 39(17):6649-6663.

L, XK, BT, 2R NIRRT TR R
W D). FE TRER, 2022,(008):022

Wang D, Jia F, Hou W, et al. Simultaneously efficient
adsorption and photocatalytic degradation of tetracycline
by Fe-based MOFs[J]. Journal of Colloid & Interface
Science, 2018, 519:273-284.

Maged A, Igbal J, Kharbish S, et al. Tuning tetracycline
removal from aqueous solution onto activated 2:1 layered
clay mineral: characterization, sorption and mechanistic
studies[J]. 2019,
384:121320.

XURE, “R4kF0, S, % SRE 75 Tio2 EEEME
fRILA R FEAKHITE L] LT RALEL 2016, 44 (12):
79-81.

Journal of Hazardous Materials,



TR 25 B R U FORTS Mt et

[11]

[12]

[13]

[14]

[15]

(21]

Gothwal R, Shashidhar T. Antibiotic pollution in the
environment: a review[J]. Clean Soil, Air, Water, 2015,

43(4):479-489.

Tian Y, Wei L, Yin Z, et al. Photosensitization mechanism
of algogenic extracellular organic matters (EOMs) in the
photo-transformation of chlortetracycline: Role of
chemical constituents and structure[J]. Water Research,

2019, 164:114940.1-114940.8.

Lee E, Glover C M, Rosario-Ortiz F L. Photochemical
formation of hydroxyl radical from efflfluent organic
matter: role of composition[J]. Environmental Science &

Technology, 2013, 47 (21):12073-12080.

FIHME PUAE TGO R HERF 5 HR
2014(S1):6.

ZUE, B8, RE, % ZABRKBENHRHEDENE
BRI AR Ko R R I AR A AR, 2022, 17(4):523
-532.

Fe/NHE, RIB XEHE, S NBREES| KR IR R
1 6 B M AL RE A 0[] P E RSB, 2013(4):6.

FHLFy . NIRRT S R R LRI RN E
BRALHIER 7L [J]. [2025-02-13].

2, ki, TE, % Rk e piA
R E SR I[I]. PR B L2, 2021, 40(3):10.

e, RE, REM, & KB IURRELEMEA

=F.

[ GUR T I PR AR D] A5 TRE2E4R, 2012, 6(8):5.

Zhang J, Fu D, Wu J. Photodegradation of norfloxacin in

aqueous  solution Journal of

Environmental Sciences, 2012, 24(4):743-749.

containing  algae[J].

Ge L, Deng H. Degradation of two fluoroquinolone

[22]

(23]

[24]

[25]

(26]

antibiotics photoinduced by Fe(Ill)-microalgae suspension

in an aqueous Photochemical and

Photobiological Sciences, 2015, 14(4):693-699.

solution[J].

Tian Y, Zou J, Feng L, et al. Chlorella vulgaris enhance
the photodegradation of chlortetracycline in aqueous
solution via extracellular organic matters (eoms): role of

triplet state eoms[J]. Water Research, 2019, 149:35-41.

Xiao G, Chen J, Show P L, et al. Evaluating the
application of antibiotic treatment using algae-algae/
activated sludge system[J]. Chemosphere, 2021, 282:
130966.

Hu J, Wei L, Zeng M, et al. Photosensitization
mechanisms and detoxification effect of extracellular
organic matters and intracellular organic matters in
antibiotics photodegradation: A case of Microcystis
of Cleaner Production, 2024,

aeruginosa[J]. Journal

464(000):13.

Jiang R, Wei Y, Sun J, et al. Degradation of cefradine in
alga-containing water environment: a mechanism and
kinetic study. Environmental Science and Pollution

Research, 2019.

Du Y, Zhang S, Guo R, et al. Understanding the algal
contribution in combined uv-algae treatment to remove
antibiotic cefradine. Research Advances, 2015, 5(74):
59953-59959.

RSB ©2024 1 5 FF HEREU T 5T H 0 (OAIJRC) it
o RLEHRANILEBE LI IR ER.

http://creativecommons.org/licenses/by/4.0/

MOPEN ACCESS


http://creativecommons.org/licenses/by/4.0/

	引言
	1 典型抗生素处理技术
	2 基于微藻去除抗生素的机理研究
	3 基于微藻去除抗生素的影响因素
	4 结论

