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9 NCNO/PMS 14 R 1 JIE FIFE R LB, LI
Rt — B R A AL A ARAE XK A RS 2 B TS
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PR/ ], LB . LB B, Wi #istn)
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PR E.
1.2 BEMES R FE B BT %

KBS LN S BB 9K AW, K
500 mg S50 5 {45 CRAF B AN AKE 2R S IR 3R
PR G 122 TR A, FEAE LB AR P A 145,
KR AR B h B AP ZE45 b A
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T ARV EN 2 05 WS RR S A e T B ik
HRRF S S A PR O, ol R K R TG K 2 B4 T
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NCNO.
13 RPRAEZERAEEZRERALSTFTLEIER

TR 25 T, E. coil) ARTIIFREIK
S 5y 215 3, IHRAE T -80 CARIRLVKAE .
i FH 0.9% NaCl O 15 5 I R TR R, 7
PR 5 T RO B 209 10° CFU-mL ™", % . MR &
WU — 2 R, BRI R DOEY, 75 50
mL BEAR I AT RUTEY), FBHmA 30 mL 20
ng-mL " G FOEMAR(PBS PR R), BS
L 0.16 gL~ B AL NCNO, BiFRs
WE IR R R A —E W T PMS I,
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fi s [0 2 434 . AR v T TR 1 R R AR
BOESAS. REFIKAEZL 0.22 pm REERIEME 158
Je A RIS 8T, TE K SMX . JilE
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WA 271 nm, FRSIAHZH IS Vo, joomm: V 25=60:40, HEEE
AT 40 pL.
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Fh ey L x

VST pH AEBEIA N R K R85 5 YL R A 2B
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10) 0] 57— R B 40l B3R s vy 1) & A= [l s
AIOL, £ pH {HZ N 4 B, —ZJ i sh 2% 50k
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M 8 Bl UL, FRYEFIGE I S5 L EGE A ARB
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100%, J5 A W] R pH EHVDN, EERE{EIE PMS 7
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A LT B R AT R A L S [VE R, fiEiE ARB
K. 24 pH HZ R 9 B, S 15 min P RIERCR
ik 100%. >4 pH{EZYN 10 B}, N 5 min P KTE 3
ik 100%, FIATEIEH S pIAR T, B 3504
MR S R ZE A B REIR, (115 NCNO/PMS AR 11
WAL SR AR I i, Foe 20 2000 40 A 3 1 245 ) T
SRR, 6L P 4 0 1 3 2 A A5 B AR I R T 4
PLHIET .

1.0F

| —=— X} B4 pHIEZ Jy7
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0 20 40 60
] /min

(a) pH {XF NCNO/PMS 1A Z [# i SMX 520
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35F x4

0w s ko

2410
pHIE
(b) NCNO/PMS 1K & T SMX At —20 S 1% 501 )1 24 %k

7 7AFE pH fEX NCNO/PMS & & SMX AR

—a— W B2 pHA 24 7
—e— pHIHZI W4
—a— pHHZYH9
—v—pHIEZI N 10

1g(C,/Cy)
&

4L

6 é 1‘0 1‘5 2b 2‘5 3‘0
fi5f[E] /min
8 [ pH {EXf NCNO/PMS {5 % ARB K& HISH
S 7K A BRI HR A A A% Rl A B T B S,
Rt #%e 3 LA+ (HCO; . NO; . CI)Xf

NCNO/PMS & Z HAREHH SMX FEf#Fl ARB K
WS, P HCOS . NO, . ClUE Pk N
10 mmol-L™", SZI&45HL 4Nl 9 FEl 10 Frzs.

C,/Cy

—v— X4
—4A— HCO3
0.6  —e— NO;
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60 80 100 120
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\
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Z |
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HCO;
BB T
(b) NCNO/PMS 1K & T SMX At —20 S 1% 501 )1 244 %k

9 AREFAEFX NCNO/PMS & ZE SMX FEfREIZSNT

~ 2

S)
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=0 !
—4F  —— HCO;
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-5+t —w=—cr
-6 L L L L L L L
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10 AEFEF NCNO/PMS k& ARB XiERISSNN

L9 FNEN 10 AT UL, i A7 BT HCO;
YZARFR SMX FEf#AT ARB KGR mE/N, CI
Kz, NO, ff &R, A REY, Noy &
FEAIL PMS XK BARTS ek, ek 3
BB NO, 55 S0, - b, A R AR g
KB NO, -, MHFIE T A H L, I B0s Y
P 2R EAR. A USRI S, FIRESE
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W%, A5 WIBZRAUKIET/PMS IR R L BRK P HiE R S PRI 85

T NO; BHWT 732K 2 Hf e (e A M 4 i —

S5 7 A 2 AR R B4 T IR R — B R
N FBEHR R Z —, HmAS IR 2
WS H) NCNO AL sI(8 11(a)), 1EAMIEE
T, MALRIVZE T NCNO Ak 5 F0 0 15 T g
PR oy 2, TR S A . NCNO #g i ]
LRI HTEs AN 11(b)F7R. M 11(b) AT I, NCNO
AR B RE A LR S B “S” Tk, £ NCNO
AR RBIREE, I B SNt 58 B i 3%
JmAR K.

(a) HARERAMEALAL B JF NCNO 435 [E]i

I
-

BEARSRIE/(10° (Am)-g ™)
L L L o o o
el N (98] (=) w N

|

=

[\S) C
T

_‘2 _‘1 0 1‘ é
i RES/(10° A-m™")
(b) NCNO FE i B RGN 121 2%
11 NCNO By4r B R E#EiFE Lk
3 &g

I BB 2% U A0 K 240 R e AR, iR
T NCNO/PMS R Z X 7K Hfis e bi 2B 2 ek 4
AT I RO Kogm N 2, 1538 DF
FHEAE:

(WABASMERE M E AL NCNO f-E T
TERE () A1 SRR AR AR5, KR ER SN2 N

2 40 nm A4S0k, HEENTRNZY 100 nm AY#E
Y4 RN, HIBZA N B0 i fEmRERGEH .

(2)NCNO/PMS 1A Z XK His e Af At
PE R A RS et JAT BT RBRACR, NCNO
ATLIARERTE PMS (R Z XK H SMX IFERBCE,
XA A5 U ARB 14 KT I 32 2K PMS fY
AALER.

)i A [FEFE T NCNO/PMS 14 22 % H bR
VI R A AT PR, R SR A R X 2 A s
YIS SMX FEff, AR A& R G % ARB K
T, KU NO; IIAELESXT CNO/PMS 1R R i fii
PSRRI RE = A BRI A IV E .

AAH5E NCNO/PMS {4 Z H PMS ¥k Il 72
AR, el VEF R R SEBR 7 52 T PMS
WLV AT, [RIEE, 1 SE Rk A i A e 1
WM N E 2, NI BET X SE bR ek A7
WRASTHT.
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Elimination of complex pollutants of antibiotics and antibiotic-resistant
bacteria in water using magnetic nano onion carbon/PMS systems

HU Ying', JIANG Xiaomeng®, GAO Doudou’, YU Mengfei', SHEN Kemiao', GAN Huihui'
( 1.School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China;
2.Ningbo Municipal Engineering Construction Group Co., Ltd., Ningbo 315012, China )

Abstract: The continuous and long-term residues of antibiotics in the aquatic environment are suggested to exert
selective pressure on bacteria, induce the generation of resistant bacteria and antibiotic resistance genes, and
bring threats to aquatic ecosystems and human health. In the present study, a magnetic nitrogen-doped nano-
onion carbon coupled PMS oxidation system (NCNO/PMS) was used to treat the antibiotic sulfamethoxazole
(SMX) and pathogens with sulfonamides resistance genes (ARB) in water at the same time. The surface structure
and function of NCNO were analyzed by XRD, TEM and hysteresis loop characterization. The degradation
efficiency of SMX in water and the inactivation efficiency of ARG by NCNO/PMS were investigated under
different environmental conditions. The experimental results showed that NCNO could effectively improve the
degradation efficiency of SMX in water by PMS. In addition, NCNO/PMS had excellent inactivation ability to
pathogenic bacteria. This study provides a new idea and theoretical reference for the application and
development of peroxymonosulfate oxidation technology for the removal of new biological risk pollutants.

Key words: magnetic carbon structure; antibiotics; resistant bacteria; peroxymonosulfate
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