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FEREIRR T, AW EAYXT CMZ BEALRE T N 6.334 pg-g, WRFHRE SN 4.170 pg-g's FEFIANTEANMNT CMZ BY4E
YIFEARAE 1o 1.307 pg-g!, ZARIIERFTAE 710 0.245 pg g, TREIRIHXT CMZ (W EBRAE S . CMZ XA R iR A1k
5 B ARV AR (S pg L' 50 pg' L"), movk I (500 pg- L™, 5000 pg L") BERGR . #E—25 AR S AL AL
AFHRABGE, RIEHER CMZ ol DR SRR R =B A H %, STHAIA CMZ MERER, BREAMEL
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JENT, R K E L B F LSRN R, i S LR TR e P RIS . AN, R
FEPRRENE I I A AR S0 R Mn( 1) AL BZEY)TE MnO, ™, MnO, fE5 LA FHER T g
B KBRS G, CAMIERIR, VRN B 2 — W s o] LIS THER SRR QIX-1 1Y%
AALTIRE, SCEESE MG IR AR, I, AT EERTY CMZ A S rg i sk e
PAVER AL QIX-1 AU IR R I RIRA T HSENLS], s Y Al s e il T AR R R LSRR
AEBE AR R A EE L (KRBT L T A ar B S A

1 MRS5EE

1.1 wARAm

A5 R FH A S PR TR (B BT QIX-1(GenBank 55 KM242057) , 435 H W g iR AR 7 HE i
AR R ZATAIPFSE TR R T QIX-1 VRN AY A BEAAR EALRRAE , LT DULAEAL Mn(TD) $546 R
MnO, P ZBRAREL PRI H FE A R A PR L2 B 2l i E o (CGMCC 515 6630) o ARSE
ErP A HREIRR) QIX-1 7E PYG Kigpdkrh a4, JF7E 30 °C F1 170 rmin' FAEHRIRZEFHAE (ZWYC-2933,
TR A PR AR R RS E RIS . SO0 AT ISR BRI i (Microcystis
aeruginosa), WK% H W ERABERDUK A AP IT (FACHB-905), J+TF BG-11 JiFiskris s ExEvE K
IR, HSRE R TEsEE, 2o RERK e EEER Y —, HAEEREsERE, E8
1 3~5 umP, SEEGHI) CMZ(5 At W H BB R SR A PR A R
1.2 #E4F MnO, X CMZ IR

R T BR BT 2235 AR Z T AR ) MnO, FOMIARARAE , IR %I IR 2 72 A2 1 MinO, 2003 Ja & R T0:
48 h, EiF I T B 5 (SEM) (Quattro, SE[E FEI AR]) #Hf78ME. A THIZE MnO, X} CMZ fJEBR{E
FH, OB % TR IS B9 MnO, BIF SR B 5 I A 2 & 50 pg L B9 CMZ K 8 P BEAT K2V (170 r-min™,
30 °C), 120 h JGIERR T CMZ HREE . N THfE MnO, R IFHAIEILVEFI7E 258 CMZ FARxT Bk, 78
S G R 22 IR MR IR, FF MnO, SEIFH2Z )5, FUERZR T CMZ [

50 pg L7 B CMZ SAZR RN QIX-1(CR & M) IRAH:5% (170 rrmin™, 30 °C)120 h, SR
FE CMZ 1R FE B E AE DI CMZ B R BRVERT. i TR LE R X CMZ LBRB DTk, BO W s s
TRAERETN QIX-1 P TR T4, AR 50 pg- L' CMZ BI/KIEIR (A& Mn®h) 1, 7E 170 r-min™ F1 30 °C 4%
PR WERE 120 h, BEFSIE CMZ WL . CMZ Y v B2 38 2o it 85 A (3% 4 (Shim-pack GIST C18, H A
Shimadzu 24 Al) FBRAHERE TSI (LCMS-8050, H7AS Shimadzu 24 Al) Al
1.3 CMZ sHAS N A EF ARSI

ABFE (P AR BT OB T M ZOK N TR, FCE RIS BB ROICE R FRIKIE R K
B 121 °C KE# 30 min. SRS A8 K i I ARzt . SAbes . BRS80S0 L Tl RS
W HHUKAY CODy, [HR 6 mg- L™, NH-NYKEHR 1 mg- L, TP IKEH 0.15 mg- L™, JoHLE FIR G
Hl4n . 7 1 LKA 1 g FeSO,-7H,0, 0.12 g ZnSO,-7H,0, 0.18 g KI., 0.03 g CuSO,-5H,0, 0.15 g
NaB,O,-10H,0. 0.06 g NaMoO,-2H,0. 0.12 g MnSO,-H,0. 2.5 g EDTA,

FHEEE 24 h AVERAEALER QIX-1 7E 7 000 min #53E F B0y 10 min, K3 ER0E AMHSRUAESALE 4 000
rmin” FELC 10 min, FIBHIHFOKEOKE R, F QIX-1 ML 3x107 > mL", SRRy %
2950 1x10° 4~-mL", FFIAZIKE N 5.5 mg' L' 9 Mn*", &E CMZ BZRES10 0, 5. 50, 500,
5000 pg L', FRERBAERN 100 mL, BHZHE R RIRZHEFE 120 h (170 rmin, 30°C) . 7£ 0., 12, 24,
36, 48, 72, 96. 120 h HUkE, FIFALBHE G B ALY (ICP-OES 710, 3£ Agilent 2AH]) Ml A%

PERE 25 (4] (AR CMZ) S A e R 22 S e K S804, 98 CMZ IINAREARRIIR R (BERIIAR |
SRR . AR R) FRE LIRS . AR K EEAARE B A QIX-1, JIA 5.5 mg-L" ) Mn*™", il
A 50 pg L9 CMZ, SRR 3% 120 h (170 r'min™, 30°C) . 7E 0. 12, 24, 36. 48, 72. 96.
120 h BURRI 2 AR . He PR 525 LA FUAR SR AL IR 22 B RIMSEEG 2L, 98 CMZ B I A 4R e
B QIX-1 A K sz o AN ToRE /K H AR A 2R B B AT QIX-1 (R IA Mn™), SRJE R HEF: 120 h
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(170 rmin”, 30°C) . f£ 0. 12, 24, 36, 48, 72, 96. 120 h PUtE. B 1 mL #E5, i =C4n Y
(Novocyte 1040, J[E Agilent 23 w]) MEARALRMBESF QIX-1 MBEHE; HL 190 uL FEM T 96 fLARHh, HfE
P (Spark 10M, %Kit TECAN 2\ F]) M A 4 H B AOGREE s B 15 pL HE5L T 96 FLiBWAR bRt Y,
POD #ili5 & (Sangon Biotech) FHHR{ G E it AWML . FE3EFE 120 h 5, BLCBEAZ0HL, Eit
SEM MEEHE R AU AL

AR RIS T, FrASLg0is s 3 AT RN, AER PN IUREI R] 2 P TR
1.4 PCR EE£ CumA £EHA

TR K R AMA A QIX-1, fINA Mn®, () InA CMZ, &4 3 MEAT. SRRy
120 h (170 r'min™, 30°C) . 7£ 60, 72. 84 h B, BRREUFEFIFETEC (6 000 rrmin™', 8 min) , A
B0 S5 B BB L 80 °C VKA PR AF, K AR I E CumA FE P . CumA 3 H 1 5] 9 4 FK 2 51 0
CumAIdg2B Fll CumAIdgR, T i (5 91551 (5-3) 43518 GAYGCCGGYAGCTACTGGTAYCACCC i
ACYTTGAARSYCATGCCRTGCARRTG, F=¥)k/IME&E R 800 bp.

2 ZERAHL
2.1 MnO, #J SEM FAE

A rRES A e Mn( D) R LL, HEGLER 2R R b 4~5 AN EUE g, HIL, REREEIY)
FERAERE, SHZEEEIR R AR MnO, #H1T SEM FRAE, Z5RaE 1 fs. HIE 1, MnO, B
BRI L4500 52580 AHEL, MnO, BUEHESIUL5 S . B/ R R LR A, HhE
eI AN AR, Ao R R R b () P Y

{7

10 um 8 .g ‘;( Y 80 500 nm
(a) A=YIER A5 0006 (b) H=WRER S ALH60 0007
1 MnO, §J SEM FEAEE
Fig. 1 SEM images of MnO,

2.2 QJX-1 % MnO, %t CMZ B9 T
MnO, T H R R BRI A S B 6r
JZ TR, T AR MR R
T80 S B A L PR AL e S, At
LT T MnO, AYE LRI, SERnAnEE iYL
BRI PR AE 256 CMZ PR B ROVET . niEl 2
JR, IR EE S 50 pg L' B CMZ 5 1.0 g
MnO, 7£ i 120 h )5, 431545 %] MnO, X}
CMZ IRHFRFRRY 4.71 pgrg”, SULRBRAEN N0 M0 AT L e
6.334 pg-g”; HILRGAEEEA QIX-1 X CMZ B2 I
BB 0.245 pgeg!, A MIFEREER Sy 1307 2 R GRS, QXD A0,
ug.gilo ULLZ6R3R] MnO, MY CMZ 25 Fig.2 Removal of CMZ by or’g\anisms (Microcystis

BrrpIEAE TYERP, aeruginosa, QJX-1) and MnO,

EbrE(ug - g
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2.3 CMZ FEERARESHAIEMm

TEF AR TR E CMZ BB RR R AR TR A A&l 3(a) Ui, AL, 7E 36 h ZHi, &AA
[FTERE CMZ SRR R AR 22 A, 75 36 h 25, 5Spg' L' A1 50 pg L' B9 CMZ iR
fEHEREmER, Hr, CMZ ¥Eh 50 ppb HYSCERA 575 LR AL 22 5 K, 50 pg- L™ 1) CMZ 4111
FRBSTAE 72 h B4R, 25 AARERES 716 120 h A 23 E k. 1 500 pg-L™ #15 000 pg- L' Ay
CMZ 5% T AR, 7F 120 h B, 3X 2 PNMHMAREERE N 1.17 mg L,

6r 7

—a0Opg-L —n— S EQIX-1+CMZ  —v— QIX-1
sk —e—5pg- Lt 6 L —o— HGIMEE+QIX-1 —— HRIH R FECMZ
—a—50pg - L _ —A— QJX-1+CMZ —— S
= —v— 500 pug - L sk
O 4f ——5000pg - L "
z'm on
g E 4t
< 3l =
) ey
L:é ¥ 3t
IE o} I
e L
&t 0
0r 0F
0 24 48 72 9% 120 0 24 48 72 9 120
S [E]/h S [E]/h
(a) AN[wlve B CMZ %o 85 1 1A 23 AR A AR A 52 ) (b) 50 pg + LM ACMZYFAS [l 14 40 A AL IR A S

3 REBRENEL

Fig. 3 Variation of dissolved Mn concentration

TERVRBE TS YR 25, BN A EAEF &2 2] . 25 ng L™ I SRR T SRR &
FRRCAINI . AR TR R, ISR KA 2], BERIRRGIA R Tk
FE RS2 PEET, AB R BE ) SRR e 23 5e i 4R e i Gk, T S me) e AN A o A= A G E Y . A
1, 500 pg-L™ 15000 pg- L™ () CMZ it Bt =, Joik s fnan it miE s i Ednlissh, dFimiELs
A EAERPR Mn* 48k

BEFE 50 pg L' 1Y) CMZ ASEEHREE, 1F5Y T CMZ XHEERIRR | AEEIR R Al 2480 A AR 520
THol. WE 3(b) s, 7EEA CMZ WIEN T, ik RZASEAEMEL, TSR EEsE s e T
QIX-1 &5 4k, 78 120 h i, BEEERRREFEEE RN 03 mg' L', iR KME T EWRE R 3.3 mg L',
TEIA CMZ RSB, aiER RO A48 AL, 1T CMZ X 38 B AR 2258 E AL R DR BTl 4
76 72 h i, A CMZ B9 IR R AW IE N 0 mg L, AHIA CMZ Y i #1245 TR s
1.2mg L', £ 96 h B}, A CMZ MR R PRI E N 3.2 mg L, AIIA CMZ 4liEik R4
ERI IR R 3.6 mg- L',

TS AT ARSI NN TR 7 AN R 54 (EPS) O/4P B SPRTECARCRYF, IR0 EPS i v] DIME R
TR, AU ST LA R B, SRR T B KA, b, 155 S8
T YRG5 T DL 2 . U I KR 2 X B T BAE IR &R = A i 2 mm Ue PRk
CMZ X T2 miAR R i T BN 2205200, PR R i SRR s R B A i
2.4 CMZ SHEMMAEE IRTSHIZ N

DA B AR AL R AN B 4(a) o, N 12 h B S50 24 5 6 IR A T 2% B 3 ik Bl e KB, 29 5
10" >mL7, SRIGHEEE BT N, Xl THIEAE 12 h BFEFESE. M 48 h TR, 2 AV AR
FEAAE, {H [R]A220 () S 020 TR %% B LU RRAT PR3 B R 1 N, Al 4 (b) B, SCIRZH R 3E 2 BE AN 1x
10° A~-mL™ #5722 B AR 3.3x10° ~mL7 . XTHRZH B3 BEAE 0~36 h A, 1 1x10° 4>-mL" _EFHE)] 2.3
10° ~mL™; 7E 36~120 h R, Hi2.3x10°4>~mL™" FFEF] 1.2x10° 4>~mL™,

. A BT DRSS RN E A E S BRI, TR R, B e R n] DA s s A
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6r 4.0 -
—a— G IE+QIX-14CMZ —a— S QIX-1+CMZ
Sr —e— LA QIX-1 351 —e— HLHMAEHHQIX-1
T4l T 30l
E 2
& 3 L 25
2 g
g 21 ED( 2.0 |
8 el
o1k =15
or Lot
_1 1 1 1 1 1 J 0.5 1 1 1 1 1 1
0 24 48 72 9 120 0 24 48 72 96 120
SN (] /b SR (] /h
(a) WML (b) WAL

El4 EEARDRSHIEEN QIX-1 BEKER

Fig. 4 Growth of Microcystis aeruginosa and QJX-1 in the algae-bacteria system

AR, AR, HAMERERERTTAER 0.1 mg L' +FHZE. 0.02mg L 1 0.05 mg L' BUfvbA) alfe
HE/NEREEAE A, 3K AT BESRARIR B AT ORI T/ ek A R R A DG A Y. 0.5, 1.0 A1 2.0 mg L
FIFEAR e % ] IR T A A AR KB A, A KB &2 25 YR, 10, 20 Al
50 mg L BRI A YARTLIREAN P S i A e gt B B R0, AEmemiiA R T, Bris g et kY
M), PEEos IR 2L A N SR, BRI E SRR FCT . IR LR (IAA) EESSFA TR 2 A]
s FAE G S 0 T2 —, HO RS A AP e bn sy BEARDCRDY, AR sk i e e
QIX-1 HIHEHIR R Z2] T CMZ B, FERZPAIA 50 ng- L 19 CMZ J5, XS QIX-1 (4
KA R

HFE 120 h J5 AASEAEERE R QIX-1 ATESINE 5 B, 1 5(a) MIRRFIAT 50 pg- L' CMZ AR
BWANEIES, K 5(b) MIERTAIA CMZ B RESEAIIESE . 2 HI250 AR AR aE s il QIX-1 1R

4 pum 1 pm

(a) WEHAMMILH(S0 pg - L' CMZ)12 0001 (b) BERANMIEFI(S0 ng - L~ CMZ)30 000£%

4 pm 1 pm
(c) FR AL pg - L' CMZ)12 000£% (d) BRI pg - L' CMZ)30 000%

El5 SREMIEEM QIX-1 89 SEM [E
Fig. 5 SEM images of Microcystis aeruginosa and QJX-1
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o 50 pg- L™ CMZ YRR QIX-1 BRI A EVEH, MM e st .
TSR REAR S A S0 EPS, R AYAGHE R L MR RIS Y sz k. 55
— PR ARG, TR D 2RI S T LIESR EPS B IThE, SR RS Y MR L 2 a2
GO, MITREAHAE PR TR AEEPED Pl 2 R A o S S OC R BV EIHE, s dyxs Tk
FAN P BAESCER AT LA B T ARG AN Ani s EPS F=AE ARkl t SEM FAFZR T LIES], 4
FUEMETERSRINY, B RN R T PG4 At RN P A R AR50
2.5 CMZ REEEEAERESHAIINS
ZAME AL . 1 E AR A F S R R A TR AR LRGSR . A A RS
SRR EEGIRANE 6(a) iR, TERHURERETTH] AL, SEORZH I AR EERR = TR RZE, 25858 2 000~
6 000 CLU., s LR GEESS RANE 6(b) Fs, Siedh 55 R b ORIl 25 5. £
WA AR RIS B Y EE R ANTE] 6(c) s, SEdn i 28 A AL R R () A B SR TR IRA, 25(H K 5.7x10°~
8.8x10° ¥ IIZL-ul

=) r L) 7 r il 45 S . 1.2 ¢ .
5 12 %M%@%ﬁwm-wcmz L 25 %r%]giiﬁigﬁrcmz ~ 3 B QIX- 14CMZ
S 10 | B HSHIERQIX-1 B | (EBMAMURR 210} BRI -
~ : R :
= SH p = & 08}
o o o = 151 =
B 6] | i a E
& W10 S
o 4T - ¢ = 04}
L kY = ﬂm
iz g 5t
& 2 3 ; sl :~:< o0zt
2 = B B B g [ #®
~ 0 2 X R o2 e 3 R K < 0 2 % b 2 2 R o2 % 0 eoset] [ BN hetets
0 12 24 36 48 72 96 120 0 12 24 36 48 72 96 120 60 72 84
S S ] /h SV ] /h S R B[] /b
(a) 45U R AOLI L (b) i E AL (c) ZHAALRERE R FRIL R

6 SEEART 3 MERNEXRETK

Fig. 6 Changes in three manganese oxidation-related pathways in algae-bacteria system

AL AL M R — N E R, AR ZH ARG . R REEREN S PH., SLIREIIRA ., 8
A MIEEFERN- S ER] . W EEESEE BP-4 fEdF QIX-1 &R MEALEEIFE 3, BP-4 il T QIX-
1 XHRRIE (BEERR) ATHAEMIEERTE ADURIRES , BRI A=A vl g2 BP-4 it QIX-1 44 fkiy)R
[RUOL kB R SERE QIX-1 SR DUBRER B L BRAVE IS HLHI h A oE 280, EPUMRZE Lt T QIX-1 Z4H1A bl
CumA FIFGE, T T MnO, FIAERGEHSR, DL ERSEUA, Bris gl LIaE s Zphits st A Al

TE TR RIEFRET RIS 50 pg L CMZ MBS 5 RO CRERT, KINTE 0~72 h SEERLH X IRATH A
S ROGIRE R 4 000~6 000 CLU, HAEGALRAIEREERE] 10 000 CLU ZE47; 96~120 h SEE04H Huxt i
HHAIE S SO R 2 000 CLU 547, HAZRAH AY5REERFR (6 000 CLU Z247) o 1 72 h Z AR R P4
BT Lt tt, WHBE A hItre B ST B A SE . B AR R, IR R s
KEABEH B HEASHE, BE AR m K R, (F5mE R T4 50%, JEmuERRk
& CMZ (EIETH TR R i A th LA i, dEm s S b

3 4

1) A=HE MnO, REIE I ALK ER 2Bk CMZ, SRR QIX-1 HEi it A MR A2 i 2=
Bk CMZ, PIgIRaxt cMz f2BriE

2) CMZ XJ 4 SR i S 3 R QIX-1 ZH A 1) 3 T A 3R i L At R 11 52 T 8 B 1 (TRVR BE AR 2 (5 g L
50 pug L 2HE) , EUEEIIH] (500 pg L F1 5000 pg L ) IS

3) IRHEEERY CMZ e TR R PR S i QIX-1 AR K, RIS P E ST E R, HA
SN A A BRSO, A R e R T

4) IR EE Y CMZ ATHET RS AR R AR A R = A, 2B UE TR CMZ BB e A
FXF Mn* %Ak, ARIRI 2R R A B 2 A 008 MnO, A=,
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Abstract With the development of industry and agriculture, the detection rate of emerging contaminants in
water is increasing, which seriously threatens the safety of drinking water. As an environmentally friendly water
treatment process with simple operation and maintenance, the filters are widely used, which can effectively
remove emerging contaminants by adsorption of filter media and synergistic effect of algae and bacteria. In
order to clarify the effect of emerging contaminants on the algae-bacteria system in the filters and to give full
play to the removal of emerging contaminants by the algae-bacteria system, this study selected the algae-bacteria
system composed of Microcystis aeruginosa and manganese oxidizing bacterium QJX-1 as the object of the
study, and carbamazepine (CMZ) as the representative of emerging contaminants, and the biological manganese
oxide, which has the ability of removing emerging contaminants, were used as the starting point,
comprehensively explored the removal of the CMZ and the effect of CMZ on manganese oxidation in the algae-
bacteria system. It was found that in the algae-bacteria system composed of Microcystis aeruginosa and QJX-1,
the oxidizing capacity of biological manganese oxide on CMZ was 6.334 pg-g™' and its adsorption capacity was
4.170 pg-g'; the biodegradation capacity of algae and bacteria cells on CMZ was 1.307 pg-g”, and the
adsorption capacity of the cells was 0.245 pug-g™', both of them showed the removal capacity on CMZ. The effect
of CMZ on the process of manganese oxidation of the system showed the phenomenon of promotion at low
concentrations (5 pg-L™', 50 ug-L™") and inhibition at high concentrations (500 pug-L™, 5 000 pg-L™") . Further
study from the manganese oxidation mechanism found that the low concentration of CMZ could promote the
generation of superoxide radicals in the system, and compared with the system without CMZ, the luminescence
intensity of superoxide radicals increased by 4 000~6 000 CLU, which then accelerated the process of
manganese oxidation in the system. This study investigated the effect of CMZ on the process of manganese
oxidation in the algae-bacteria system and its mechanism, which provided a better theoretical basis for clarifying
the effect of the emerging contaminants on the algae-bacteria system and making full use of the algae-bacteria
system to improve the water purification efficiency of the filters.

Keywords carbamazepine; manganese oxidation; algae-bacteria system; superoxide radicals
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