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Abstract This study aimed to achieve three primary objectives: (1) to isolate high-performance biofilm-forming mi-
croalgal strains through systematic phenotypic screening; (2) to characterize the structural and functional properties of
their extracellular polymeric substances ( EPS) using integrated spectroscopic techniques; and (3) to demonstrate the
practical applications of these biopolymers in microalgal biomass harvesting and antibiotic removal. The experimental ap-
proach integrated microbial isolation methods with advanced material characterization and environmental biotechnology
strategies. A high-performance biofilm-forming algal strain was isolated based on its wall-adhesion capacity and taxonom-
ically identified. Various EPS extraction protocols were systematically evaluated to determine the most effective method ,
and structural analysis was conducted using Fourier-transform infrared spectroscopy (FTIR). The functional properties
of the extracted EPS were assessed through flocculation assays, antibacterial zone tests, and high-performance liquid

chromatography (HPLC). Results showed that the isolated strain FJPN1, identified as Chlorella sorokiniana, exhibited
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exceptional biofilm-forming capability with a wall-adhesion rate of 96. 8% . The ion-exchange resin method yielded the
highest EPS quantity (295 mg/g), and FTIR analysis revealed the presence of characteristic functional groups in the
polysaccharide-protein complexes, including hydroxyl, amino, and glycosidic bonds. Functional studies demonstrated
that EPS at a concentration of 0.5 g/L induced a flocculation efficiency of 90.5% in Chlorella vulgaris FACHB-8. Nota-
bly, FJPN1 achieved complete removal (100% ) of gentamicin and kanamycin at a concentration of 0.5 g/L and re-
tained full removal efficiency in 50% diluted industrial wastewater. Mechanistic analysis confirmed that biosorption me-
diated by EPS was the dominant removal mechanism. The dual functionality of C. sorokiniana FJPN1, enabling efficient

heterospecific microalgal flocculation and selective removal of aminoglycoside antibiotics, highlights its potential as a no-

vel functional bioresource for microalgal biomass harvesting and antibiotic pollution removal.
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stances, EPS) J& HH 205 & 11 BT AR MR 54
YR TR S AR B, )z o0 A T e 4
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THCBEAASAL B 7 RMOIERAR A AZ O TRl AL 1 35
R LA EPS BRI AR IR AL DI RE
B X E SRR T BUER AL Y EA
ROWFHRE J1 o 2 CHE I i S 4 SRR B SR
i{?;%( Chlamydomonas reinhardtii’) EPS o4 A 4] B
AR LA BETT , R FT 3K 230 mg/g™
VU EE M 4 ( Scenedesmus guadricauda ) 1 %t 4L PU 5
¥ ( Tetraselmis suecica ) XT PUFR 2% 1) ¢ K% Bt i 43+
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I WA T EPS 1Y 43 WA 7K P38 i B A1 3 H A
SRR AN T Y 109% 1, ELm i w HLER B 32
ARFFI EPS 7= ARA R, §il 29 T EPS iy MU AL i
FH o BEAE 0 AR W BT AL IR AT ST, &
IR PBEAVHE B IR T T I GUOBE EPS 3 WA 2 B
B, B TR OC A, R R T ey I R
SEFFRE I EPS, B B = 2k IR J2E ot 4, 25 fe 4
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SRR OGN R BT LR s AR
5T 5 e 0 5 B A ey BB R BE A% TIOB s bk | AT
HEPS B2 3Rk, 153 I PPAN HAE T8 AR 1) o
RS B A HEWE AT S0 AR 05 Y s b Y N
T o TBBEAE ) TR T 3 A 7 b A T M 1 O
PRI —  HER USRS SR PP REFEY 20% ~
30% , " E 2T EPS BUBUEALI T T
W HEDAER (MK RERMRIER) K
T KR X R A T TR SR B R K ARG S v
BRI H pe/L, TEREEE N T H 28
1 mg/L™) 3 2RT5 YL W) AR AGE 13 56 K- 5655
R ZEM MY 1, b2 THOKA A Al
NI RGE, i A AR R, S AR g
B B IAE IR AT I 1 AP oy B T
PEARAT 1 MR BB RESE ) AR Chlorella sorokin-
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G YU R L BREE T, LU s A A
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1.1 A il /NEREE ( Chlorella vulgaris
FACHB-8) Il v =B} 2 Be iR K e d 2. 140
TRV P 58 19 K B 82 %5 T ( Escherichia coli ATCC
25922) th)" R A WU W A PR P R AR
1.1.2 3% OBGI HFHFEH (mg/L)™,
NaNO, 1 500, K,HPO, 40, MgSO, - 7H,0 75,



56 M £ W % & X 46 &
CaCl, - 2H,0 36,NaCO, 20, Na,-EDTA 1, #7118 AUSEbRaFA T I BE R0, B e pR 35 R0 T T300 J7

BRE: 6, fr BER 6,1 mL AS JR & ( H,BO,
2.86 g/L,MnCl, - 4H,0 1.86 g/L,ZnS0, - 7H,0
0.22 g/L,Na,MoO, + 2H,0 0.39 g/L,CuSO0, - 5H,0
0.08 g/L,Co(NO,), 0.049 g/L) ., QLB ¥;7:
(g/L) JRAE R 10, BERE4RHUY) 5, NaCl 10, pH
7.4,

1.1.3 ZZXH 5L 8%E  CytoTox 96® K
SV 20 A B P A 3R & ( G1780, 2 [E] Promega
A RRER FIBER SR A THEER
(2l >98% , IR ALY RHE A FRA R s vl
PERIPERE R B4 >90% , b st REFERHA R
N s B A R AR PR K (R AR T2y
WA AT BRA WD) . JE IR B 9246 (ZQZY-AGF8V,
EHEEREAERATERA R ) mER AR B OHL(CT 14
RD, B RFEREALETA FRA T ) 5 H HAE I T4
F6(DKG9070A , FifkE 22 i s AR A F]) 58
ANl A6 B (UV-1800, H A I HEA ] ) 5 iE
B A (BXST, H AR BAKE A ) ; sk
WAH 0 3% A ( Waters, USA) ; 74 1 7 & o 55
(SEM) ( Hitachi Reguius 8100, H A H 57 &= #r 4 R
N 5 Nicolet 5700 A8 BL AR 421 AP 3% A ( Ther-
mo Fisher Scientific, USA) ,

1.2 Ak

1.2.1 mBimstesiiie ORESEES . T
M A A N T AE VT B R U £ R SR L g
(26.17°N, 119.22°F) ik A1 ¥ X (KB 0. 3 ~
0.5 m) RAE S PAWRRE S, i FH JC P& & ]
FIBUEY T 10 pg/mL BPEE R B A9 50 mL
T BG11 55 dkrh | il 48 A W R 5 W, 2%
JEGIRIZ i B, PR S TAER N
SEIL, IR A TGN E R 5 # B, B TS JC
PBS 22 MR AT AR EER BE (1071 ~107°) IRk T
AN 50 pe/mL 207K 7 B £ 1 BG11 B T4,
25 °C . 5996(25 pmol/(m® - ) ) K535 7 d Jm HEHL
ST EEVE DT = X kLR alif, S LA 3 Ik,
SOV ARAT 0 21 BERR 2B A A 18S tRNA PR I
TNTCIAE Wi Y S5 R AE & . QW - 4 38 bk
R T 125 B3R (BGL1 K5 R B 0T B ODg, =
0.1),25 C .50 wmol/ (m? « s) YA T 4555 12
d., HWUEEIH % e RE LY ik Se st (/B
B =50% ) WBERR, QKT - X1 i 1745

T8 350 ( FE 1m0 AR 280 em?, 535 35 Ky BG1L, W14
0Dy, =0.3) 3555 12 d J5 8 000 x g B> 10 min F1
FLS IR (0. 45 wm JEIR) FRASTERE FRMBE T 1 1k
JBEAE Y (B,) Sl AW (B,) ,60 CHET IS FR
& AR
N B,
mﬁéﬁ%(%h&mt (1)

1.2.2 mBEmEa%EE OfF%EE RN
Jot I = PRI B ( CTAB ) 32512 4 BUR IS £l ot
PRI ZH DNA - JRORE 550 A= < 30 98 40 i, 28 W 0T 5 ik
T, INATIHAE 65 °C i) CTAB HEBUZE Mk (& 2%
CTAB 100 mmol/L Tris-HCI (pH 8.0) .20 mmol/L
EDTA 1.4 mol/L NaCl fi1 0. 2% B-#i%k L) IR
57,65 CIKIE 40 min,, [0 KI5 A9 SR ImA
ARG - S (2401 KRR L) iR 2R E
Z=J5i,4 °C 12 000 x g &0 10 min J7 B,
JIA 0.8 f5RF S NBEDLIE DNA, UITE 4 70%
LWEPR G R % T & RNase A (50 pg/mL) Y TE
PR (pH 8. 0) , NanoDrop I 5 A,/ A, 21 {H
(1.8~2.0)J7 -20 CIAF, JFERHE M5
18sF( CCTGGTTGATCCTGCCAG ) /18sR ( TTGATC-
CTTCTGCAGGTTCA) "' 18S rRNA Ft: K H B
(1689 bp,iB kiRJE 55 C) ., PCR “HZ 1% 3
PR RE I R PR B0 IE F 6 AL R W R Ry
FHBRAFIMY . Frfs)7 5L NCBI BLAST #£47
[JEPE 53 B, SR FH 48 427 ( Neighbor-joining meth-
od) f£ MEGA 11 # {4 (Bootstrap 5 & fili #+ =
1 000 ) MR G KB R, QFHH 7 BB
RN 2. 5% I VI 4 °C [ E R
J& , FABERR % MR Bk , 48 1% R IR VA T2k A7 [
R BEISURIR 0 B BRI TR 5 SR 3
FEHEAT I AT R RN B K A 4 B AR A T
SEM Fig%,

1.2.3  REGIINR S (EPS) # IR 5 £ e
OB AL R R 7 47 $2 B A1 3R
AW (EPS), AR 05 (8 000 x g .0 20
min) \EDTA 7% (2% (Fist ¥ & ) EDTA ,4 C vK5
HCE 3 h) Jin#gk (60 C/KIB 1 h) CER 3% (FHE
FASHRRIRE: , ¥ Dowex @B IG5 WAk T8 L) 4:1
F T LIRS, R IR Y 3 h J5,8 000 x g B0
20 min) L& NaOH 7% (0.5 mol/L NaOH & ,25

x 100%
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CH=% 4 h,10 000 x g Z.0> 15 min) , FRIE S
3.5 kDa iEMTASLEAL)E R TR, LAURAiEg .04
(AR Zad SR IR b B ) 1 SRy X B 30 2ok 2L 7 ot
S (LDH ) 396 M PP Al 40 i I 50 8 1 . S H EPS
J5 B FIPN1 #4AR%: PBS 2% i f £, % #E CytoTox
96 ®iR T & Ui A 22 490 nm AW OEAE, If 3
AR h 240 55 i R B, LA PRl 0 X HR AL Y
LDH & PEE LN 100% , 445 $& U7 s A 320 1)
LDH & PTG 4 A X Tz B E 43 e (%)
L) EPS 135 (mg/g) 5 LDH &1 (% ) Pisifs
WEEG RN T RSO . @LLAMEIE 5317 .
B8 TR EPS BEM 2 KBr JEH G, 18 FH Nico-
let 5700 LI AR 2T ARG (4 em ™ 43R,
FHETEE 400 ~4 000 em ") FATEEFRAF
1.2.4 BRFWirMH L0 TL4HA FIPNT
HMRGY) (CER AR KW B R &= IS, B AT
B K /N ER 98 FACHB-8 279 (0D, =
1.0), iR R U B 43504 0.1.,0.3.,0. 5,
0.8.1.2.1.5.2.0.2.5 g/L, IREYWEMIENRD
IRAVET 25 CHrE 24 h PEAT BV, BEERK
BRI SN AT WL A3 B I VAT R 2 em 4
() OD g 18, W1 HG 25 X B AR U EPS 19 367,
-3 SaNE R/ W

S () = ;OD x100% (2)

K, 0D, TRHEE 0 h B 0D, fH,
0D, F/RHE 24 h B[ ODg, B, WO EHT
BRSO L IR AW B I Bk R, R DGR
TUB% (40 x M85, NA =0. 65) B3 Magic
I RELS , A AEABENLE R 5 AL 17
UG REE
1.2.5 #mAZ s X  ONFRE I
Kk R ZBRSCR . ¥ FIPNI P& 450 T 50
mL K 1 BG11 ¥ 5 25 °C DGR E 50
pmol/ (m?® « s) 150 r/min 25 1F F Tk 35 2 541
B, B IR BRI iE BG11 KR A
Fl T ODg T2 0.5 £0. 1, K5 L 15% (4%
Pl (ARBL0 %50 B2 Rh T 500 mL e BG11 1557
ST ORISR, R (12 d) JF IR
BORAF A, P00 2 58 27 o 0 e 1) B R 38 o B8
0.5~3.5 g/L BYBHREIR . 70 1] 25 e B2 e 2
AL 0.22 wm JEREBR IR IR R B R  RIBEE |

WERE R B (WIIAHRIE 100 o/L)  JH P d: B
WHEZ0.5 /L, WIRGARRET 25 CHETH
B 48 h, B4 h TGRS, B0k i
TR SEI R AR EEAR S 5 A8 U B 0
R KB B LB EAZEARFE 2 50 C A TNA
1% X500 K 3% v T (E. coli) T ( ODgyy =
0.6) , IS JE {5174 5 B [ )5 730 A4 HEAR, BRI
A 200 wL FIEW ;37 CHEFE 16 h s I 0 5 1
HEE AP EUAE R RRR,
Bk b ) =
X, d, IR FRYT A F TR (R ) 3B
B 1A% 5 d, 2 U/ NERTE FIPNL b3S i b A=
RS AE & A K354 VA TR 18 1 00 7 e
BAR, QXFSEhRAE = K i Rk R G LRt
I8 S PRAE R K B JE R R E AR ST, A
IKFRBERCHI R 25% (V KV BB FK =1:3),
50% (VIEK:VEEFK=1:1), 75% (V &
KV BTk =3:1) Fl 100% ( K HBe) U Fh ik
JE IR AR R IE R KPR E N 0.5
¢/ L HUFIPNT AN AR K ELURE N 3.5 ¢/ L.,
FIRACE 48 h, B4 h #3581 Ik, BLOEEIE T
M SEE I AR ) ITFEDUE R LBRE,
1.2.6 FJPNI XA ZoH TR L& el
100 mL BG11 K535 3, KB 5 s i -R AR 8 2 BE
BLWREF 0.5 ¢/L, A FIPNI 400, T=ET
EZERIPER T ENER T LR, &SI
FIPN1 344 R AW 857 1 CER JA$2HL EPS,
RS, BGL1 5 R LR 4R 15 1 EPS I E R &
100 mL VE R RFIRE S, XL EE 8 K, A
YR B A HEAT I R 5256 A HPLC 430 #r, HPLC 43
PIARAES IESCHR (23 ] - RFIUAE 1 28 0. 22 pum JE AR
IEUEIE ] Waters /55 8508CFH €435 300 25 &l
BRI 2% (ELSD ) AT A, €235 4E K Welch
Ultimate HILIC Amide(4.6 mm x 150 mm,5 pm),
FEIR 30 C; BN V& =R RA H BE(0. 2
mol/L) : V IKVAEWK =95:5, 25 B Ve I, i 3 1
m[/min;ﬁﬁ% 10 pL, PA YR iZ 4T [E] 7 min,
ELSD 28 N4 (AS) £ 0.35 MPa, 5
LR 45 C
1.2.7 &4 R Origin 2021 FA4XF 25
BARHER, 5 TORR R, 45 4 050 31 3

x100% (3)
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2.1 RERRGE FIPNL A BEE

T I RE R R T AR A 7 MR,
iRk M3 (JEfir 4 N FJIPNL) ££ T300 4055 5500
Bige 12 d Ja, EE LR R EZ R 0.5 mm 15K
WA A W B, X R G B SR R R T (I
1A) . ARCWER o, A= 40 5 P 3 200 it 2% 4 3
(B 1Aa) T RGBS 1 e 20 i gl i /b, B
Z UK RERIL XAFTE (K 1Ab) . JEAL, bk
FJPN1 AN BERIAS)(96.83 +1.47)% , B E®H T
HAbPRR (P <0.01) (K 1B) , FiR%RFEH ¥
B FIPNT HA 0 5 i BB AR 07, ] 3 o 33 200 i
A HERUY MR E 19 A W RS54, IR BE W S 7

YA H R RES, 5T EPS TR 4
JES S A L R A4 i SR A AR M b ) DG AR
H 285 583878 FIPNL nf BB J& — Bk i 7 EPS 19 1)
AEME B

Wk SEM WLEL R UL, FIPNT 40 g R 2k 7K i %
AR B REAR BRI 5 AR AN AR 2 ~ 4
pm( B 1C) , AR H 3 2 M7, R FH CTAB i
PEIUHIL A DNA (3 5 9944 18S rRNA
SERFH, BRAFKE LR 1700 bp B35 M 441 (&
1D), @it NCBI BLAST HX}, iZ 515 Chlorella
sorokiniana NONOO1 (&5 5¢5 MF101221. 1) AL
1£99.80% , T MEGA 11 ## 4L R Gk
B (Bootstrap =1 000) {75, FIPN1 5 Chlorella
sorokiniana & H— 37 ( Bootstrap TR N 999 )
(B 1E) . @58 IESFES 0Tk ds, 8o 5
R FIPN1 %% M Chlorella sorokiniana .,

BEl1 RUERGE FIPNI BIRUER I R ETE
Fig. 1  Characterization and identification of biofilm-forming microalga FJPN1
A:FIPN1 SR B FIPNT @i BESAE  C . FIPNT (9335 BRI ;D FIPNT (¥ 18S rRNA ZE[R A BE UK 1B B ABEE: R KB,
FE5 MR 18S rRNA LK 5 ) GenBank & 5%5 /0 X BTN Bootstrap {8, A5 R B EE A R A
A: Biofilm formation of strain FJPN1; B: High wall-adhesion rate; C: Scanning electron micrograph of FJPN1; D. 18S rRNA gene

electrophoresis; E: Phylogenetic analysis of 18S rRNA sequences ( Neighbor-joining method ) , GenBank accession numbers in pa-

rentheses, Bootstrap values (1 000 replicates) at nodes, scale bar indicates evolutionary distance

2.2 RSN EEWHIRINERIE

ARG IR EPS $2HUT L (E 2A) , 4557
R, Bk NaOH 75 #2 BUR 5 /= (321, 72 =
2.51) mg/g) AHIZJ7 vkl 5| & ™ 0 40 i b4
H LDH & PE 5 8501k (25 A XTIE L, 100% ) A L,
UM (38.43 +3.12)% , CER ¥ EPS $EHURAL 5
5 ((296.50 +4. 14) mg/g) , EPS 2 /5 40 Jfd T

I 30% , BIR CER ¥ EPS $2HURE T NaOH
FERE (P <0.05), {Hil & CER ¥ #2 HUS )
FJPN1 ZHffd i) LDH {% 44 (98.52 + 0.07) % , 3%
FF 200 B 5 B R 32 BH S g i), 2 SRR ISR A
CER JE4RHT 3 h AT A S K PR B (R 200 B A 5 e
FORTHR T, B84 5 19 EPS | M A 450R% S 5] 400 i
P FE AT
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Tl B AR e 2T AP G S (FTIR) 438 T
CER B HEHURAS 1 EPS 4254 (1 2B) , EPS
1E 3 420. 71 em 'Ab 7R O-H/N-H {45 9% 3 58
g, 7E 2 925.32 em ™' 1 1 396. 80 em ™' Ab R
C-HEY A X FR 5 X A ik 2l ok, 1 632. 51
em AL AOERIE T A 22 1 160. 21 em ' 4 C-0-C
PEHHEE R LSRN ZHE-EAEZEY, m

1 074.81 cm ™" 4b 1) 5% W A 0 2 7 22 5 5 ik g 24
G5k, LR LIRLLAMGIE R R EPS e
PRI L W S R A D RE AL gk
FAREAE ]R8 Ay 35 200 ML 85 BT TR 1 A P B 4L - 5
filt, [ Bsf 220 -2 1 525 WD U — N 45 254
A g iE A B K AH B L SN 5 R e 2
BERAE I TS Gy B PR AP AE TG PR A

B2 RRERGE FIPNL RSN R &Y RIIREUR R AE
Fig.2 Extraction and characterization of extracellular polymeric substances ( EPS) from microalga FJPNI1
A AR D5 % B A S B B R R 4 i 36 M ) 2 0 5 B . FIPNL BBANSR G IR LT 413 43 B
A Effects of extraction methods on EPS yield and cell viability; B: FTIR analysis of the extracted FJPN1

2.3 RFERGE FIPNL B9R A
2.3.1 JASMREMFE T A MR R R E WS
PRI FIPNL Ma A0 3R A W0 0k T8y I A K: 57
20RO B AE 2L IORE - /N BB FACHB-8 1,
25 CHE 24 h VAR EERON . anEl 3A R,
ZEEXT AL (0 g/L EPS) ¥ 40 i B A 4 7 fa 2 B
TR, TR 0.5 o/L EPS By SCBa2H 3 i 3%
LREDIVE, B0 BRI , I B e
AW EE K& B, X BR 4] FACHB-8 41 ifd ( = ¥ il
EPS) Y5 YN 4 A, ) EPS AbBRALH, 4K
ZECM MY WU AR IR (B13B) . 45 REW]

M FIPN1 R E A EPS HAT 75 5 53 Fh faf s 22 3¢
DIRE, HE— PSR [FH B EPS X) 2258 % (1)
S 25 R EPS TR I 3 R 1 40 i 225K
R OBEE EPS MM 0.1 o/ LI 0.5 g/, 25k
R (34.32 = 1. 28)% P $2 71 = (90. 51 =
1.28)% ;24 EPS ¥R & 1.2 o/L I, 2R 5
R K, IR (98,16 £0.13) % Ja#a T
FE(FE3C), s REH 0.5 ¢/L EPS A SZH
AN R B ( > 90% ), H B REAEAE R i
MFBE( >1.2 g/L B4R 2 25 ) , Uk BH EPS
ELA U R AT

3 BUR#SE FIPNL SN S EREES 7
Fig.3  Flocculation activity of extracellular polymeric substances ( EPS) from FJPN1
A:EPS(0.5 ¢/L) %S FACHB-8 ZHENLIE ; B: FACHB-8 il 38 55 14 B AW % 5 C . EPS YR B8 X 22 BRI 1Y 52
A: EPS(0.5 g/L) -induced flocculation of FACHB-8; B: Microscopic observation of cell aggregates; C: Effect of EPS concentrations on

flocculation efficiency
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2.3.2  RJEMIE FIPN1 Rrhin A &4k ik

WK 4A F14B i , FIPNL X PR Z MR
RAARENEBRSCR, 4 FIPNT KE N0 o/L
B, DR B RN R AR B S M 35 A B 110 4100 i
HAZATIA 16 mm 2247, 24 FIPNT o B8 34 m &
0.5 g/LEF, HXF R K& R A -RIRE 2R 1Y LB %
55, KT 10% , 14 FIPN1 W B B A2 3.0
g/ LB, X H0 A R 2 B R KR 3G,
90% . 3.5 g/L B FIPN1 fg5g BRI K EHEE A
FABEE (0.5 g/L) , LBEHREEF] 100% , FIPN1
XTEERE R (0.5 g/L) 2 BRAE AR 55 , 76 0 i vk
JEE VG P = R T 10% (K1 4C) . FIPNI Xf
RKFERMFINER LI M & EbRae N, &
WX AR AE 2 A B R e B e g, e &
B B2 K 40 AR 2R A B O T LA AR R oL T
J1o FERFE FIPNL ZEHUA 2 AR 77 K iy L B
R FIPNT 34K 2 5 A 500 mL A [R] 76
WRE (25% \50% \75% ) B R Fi B (100% ) ) &
RKBEEMEIRE R A= EKS, WAt
FEIE KA — R P R W RIE S

I 25 1 ) — Pk 43 ) ) 45 2 K AL v T AR g e
R g B, B R E S — A= 0.5
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(#5B), HPLC s & it — R  EPS il
B R R M (0.48 0. 13) o/L, A H)

4 AEIRE FIPNL X =M REXRENZMI
Fig.4  Effects of FJPN1 concentration on removal rates of three antibiotics
A KRFEE ;B R C.HE MR, MIIRKERN 0.5 /L

A: Gentamicin; B: Kanamycin; C: Streptomycin. Initial concentration 0.5 g/L for all
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BRI EWE (0.5 /L) (K 5C), Fik4h
P FIPNT XF-RAREE 2 19 25 b EZAKH T EPS

P9 A W RREAE T A 0 SRl i 2500 10 5 R 9 %
DEPINTE N

BE5 MARREGE FIPNL M54 R EKA SRR H EPS X+ A E R R RKIE
Fig.5  Antibiotic wastewater treatment efficiency by FJPN1 and verification of kanamycin adsorption by EPS
AR ITA R R R B B TR AW BRAGI ; C . 26T HPLC e 7

A Antibiotic removal rate in wastewater; B; Adsorption detection via microbial inhibition; C: Adsorption quantification by HPLC

3 it #®

ARSI & E TR A P e b i L — bk
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AR RE PV T X B IR (0 D, LSRR ) 1) 24
TR RE T ; A58 A8 FIPNT D38 i i i P
5 EPS J3 W3 A= Py I Bl R i — 20 IR T
XTZPIFNTIREN T I A, BERE FIPNL R B
LS IEERE J7 (I BERR 35 96. 83% ) , 73 AR
KEMEINEE Y (EPS) (295 mg/g) B3 8 T ML
TRIEEEAR I EPS 40 W0 2 (GE # KT 50 mg/g) P,
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S E M, i B W A kK RERE, &Y
EPS W] REFfEELAE 7F 40 7] 26 B 15 S b ol SIS 2R R 1Y
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FFEEE R R, 24 FIPNI A9 EPS WA 50.5 o/L
B, Aol S0 3 N R 1Y) SR B ASR IR B 90.51% |, ik
FHTF Prochazkova 452 G (1 BEEE 2 A G 4
BERCR (29 65% ) o Xl e A% 1) 22 B T3 14 mT BE U
FH R S5 F0 FE RE TR L, 2288 AR B AE
FIVER 10T A B /K A BV FAR E T 40 i SR AR IR 1T
B, TR | 2 3 KW R 55 B B AT 1) T TR 8 )
BT AR E T

TEHUAER TS YR BT I, FIPNT X 2 FaM
FpiE RGeS Bk &0 FE R4
SRAADCHE . FIPNL XJ PR K% 2 AR IR 2 1 i
FBRFNIR 100% , {5 X558 R B K BRRIGZAR
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