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Removal of Chloramphenicol in Wastewater by Electrocatalytic Reduction with

Carbon Nanotubes-Modified Electrode

DENG Fei', TANG Bo-bin*, ZHANG Jin-zhong' ** , TANG Min', LIU Jiang'

(1. Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, College of Resources and
Environment, Southwest University, Chongging 400715, China; 2. Chongging Entry-Exit Inspection and Quarantine Bureau,
Chongging 400020, China; 3. Chongqing Key Laboratory of Agricultural Resources and Environment, Chongqing 400716, China)

Abstract: In order to develop treatment technique for antibiotics and protect water environmental quality, the carbon nanotubes
(CNTs) modified electrode was prepared with surfactant-assisted dispersion, the electrocatalytic reduction ability and kinetic
characteristics of chloramphenicol were studied using the modified electrode, and the reduction mechanism was investigated
preliminarily. The results showed that CNTs could be effectively dispersed by dihexadecyl phosphate ( DHP) , and the removal rate of
2 mg-L™" chloramphenicol reached 97.21% after 24 h reduction using the modified electrode under the optimal ratio of CNTs to DHP
and the modified amount of CNTs dispersion. The kinetic process of the electrocatalytic reduction could be well described by the first-
order reaction kinetic model, and the removal rate constant and half-time were 0. 1574 h™" and 4. 40 h, respectively. The reduction
products were identified by liquid chromatography-tandem mass spectrometry ( LC-MS/MS) to reveal the possible reduction pathway,
which indicated that the electrocatalysis could not only reduce nitro-group in chloramphenicol, but also further reduce carboxyl group
and dechlorination, and thus significantly decrease its toxicity.

Key words : carbon nanotubes; modified electrode; electrocatalytic reduction; chloramphenicol ; reduction mechanism
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1.1 FERHF

FAERIRES (T4, 46 = 98.5% ) WA
5 Dr. Ehrenstorfer 23wl & FilH BE34 O €0 3%
4fi k) B Fisher Scientific 2 &) ; X 1 7S %6 5t 05 g
(DHP) W4 H ik e A Al R 28 7], + b S iR
B (SDS) Fll 75 o 3 = W1 I YR AL 8 (CTAB) ¥4 H
IR S ) s o | B/ P S S i B i B L )
H S EREE AR A

REAL Z2 BEBR AN K 4 (MWCNTs ) . 4 i >
95% N8 ~15 nm, KE R 0.5 ~2 pm, Fgut %%
FYRABRH A BR A R A

TRERMBE K, AR ¢ A% R
(4R 96% , A B SE AR AT IR AR L A
100 mL HY B3 i, 2525 F /K #i B 221 000 mL, Fic
il T R JE A1 000 mg- LAYV 45 1A I, T 4°C i
JEARAE. I ATAR 75 22, B B R 48, R[]
MR R W (0.1 mol-L™" HAc-NaAc. Na, SO, .
NH, -H,0-NH,Cl, Na,HPO,-NaH,PO, ¥ it ) # F%,
BeHl BT R EE R 1,2, 5, 10 mg- L™ A& R L
YRR

1.2 FEUER

HL Ak~ TAEYS . CHI 660E B!, [ IR A
B2 T, A R Shy 5 490 K A5 418 %) B Al Hh Al ( L
23 mm)  XTHARCHEAZ AR ( HAE 1T mm) , S HH
e Ay 46 A0 H oK B BE (SCE )5 49 4 L 7 W i
(SEM) : JSM-7800F %! H A< B F-#E okt 5 WOLKE
Y Zeta AT ;. ZetaPlus % | 3 [F Brookhaven
XA AL OB 35 43 BT . LC-20A A9 L
SPD-20A 454 2%, H 7% Shimadazu 23 7] 5 WAH (A,
TR IGE I S AT . APT 4000 %, 24 [E AB SCIEX

NEIR

1.3 SRS L
1.3.1  BRYRAEAE H AR 1) i 45

A TR BE . 72 R B AL O, KoK (Rife
0.3 wm) ¥ Bk LK ( GCE ) 2% 9l 6 B B 1, 44K
UHHBALK | TC7K 2B 4l K 88 75 7 vk, B IR T
¥ES min.

TRAIKAE 1Y 70 8. BE 5 MWCNTs #5 A F &
TS VR, AR 2K, B85 73 20 min, JRAG345
AOBR 48 K 4 7 B (1 mg-mL™") , 4°C % B R 17
% H.

B FL AR P o % . DS R e A K A 0 R, 38
ASITRIRBIAC LS () GCE T , = iR T KR5HI.
1.3.2  BEUE K& R 0B AE LIS 5

SRS mL BN 1,2, 5,10 mg- L™
MEARRBFEWR THMBB(ERAY LS om, @4
em) W B TAANE 55 B TR B bEA b, = R E
PEFE 12 ARG A B A . B0 22 PR AROR AR AN
R HL , A2 [R]-F i A T R R R
BUAJE 12 h BRI 1 mL, 3 0. 22 wm A ALUERSE,
FHR M @3 2 (HPLC) M E A B R & &, 15
ABERERE. BALEHEK 3 ), T .

SEEGEE A B Ak AHOK S E R AR, BT 0.1
mol-L ™" NH, - H,O-NH,Cl &, 7EfWE RN 1.5 VT
F50Ak 30 min , X EL AT A
1.3.3  SRVE P 0 8 R A A i 25 AL

I DHP ., SDS Fl CTAB 5§ 3 F & 1 1% P4 571, 49
5 MWCNTs 14, A M 2l K #8875 4 5 20
min, T 4°C FH#E, WA MWCNTs 75 # 4l d iy fa
FETEDL; B MWCNTSs 4350 1 mL, U 5E Zeta LAV,
i 1 1 A B 0 AR A P 2 T 9 ).

FEHR 1,31 1P 9R, DL MWCNTs 53R TG v
FIRIECEL AR R 1220 1 VR0 20 1, 0 BOR B i 1t 47
W5, 10, 15, 20 F125 pL, il s g RSB i
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W, ZE B i i LR R 2 mg- LT R
1.3.4 B EAM L

FEIR 1. 3.2 RYSEE AP IR B 2w | IR, )
f pH Xt 2 mg- L™ S8 2 BRI 520, b R
J-0.6, -0.7, -0.8, -0.9, —-1.0, —1.1 Al
-1.2 V,JE#W A 0.1 mol-L™" HAc-NaAc. Na,SO, .
NH, - H,0-NH,Cl #1 Na,HPO,-NaH, PO, % &, %] 14
pH}4.5.6,7.8.9 F110.
1.3.5  HLfEALIR SRS K 1 3 1 FRE

FEHL 5 mL BT E N 2 me- L A HE R IR
T it A 9 A0 B R, BT R Bk
S IRAE R, 7R AR LI SR N A BA R 2, 4
6.8.10, 12,14 16, 18,20, 22 F124 h, WK
1 mL, i 0.22 pm A HLIERE, @ s8 i A ER &
i WY FLAE AL R S8 R 1 Bl ) 2 R AR
1.3.6 SRR ML R =i I 5 i 4 il

K FH HPLC 43 B | S84 I 2500 o 55 R 10 &
2 @R, Inertsil ODS-SP 4354 (250 mm x
4.6 mm; 5 pm) IR K 30°C ; FEBIAIN 20% L 0E-
IR, JE 4 0. 8 mL-min ~', ZEEE VRN FEAE SN
20 pL. dEE SN A F B K I B K R 274
nm. ShAREEE B, R AT R B A 9.6
pee L0 AE 7 A IR AKCSF 5 1R Ry 80, 15%  ~
106. 8% , AN HR#fEN 22 (RSD) 41 5. 17% ~9. 86% .

SR PR €833 - 5 B B 3% 7 (LC-MS/MS ) %5 78
AEHERWAE =), 3% &1 Acquity UPLC BEH
Co tO3EAE (100 mm x2. 1 mm, 1.7 pm, Waters) , ¥
IR 40°C 5 FBIAH R 55% W BE- /KA, WE R 0. 3
mL-min~"; RN 5 pL. RIS SME. REESCN R
LM EFE R E A AR SR,
W55 WL Rl 4500 VR EE R 550°C 5 4 4 A
Wy

2 HFREITE

2.1 BRYNKE B B b ) 45 S
2.1.1  SRIETEPER 0T

HEL T 1E SDS, CTAB Fl DHP % 3 Fh 3 1m 15 1k
FIME R, Bk 40 K 58 7 48 4K b i 0 SO R, 7
SDS F1 CTAB YEHIF , MWCNTs 43 BOR 43 551 i & 27
d f145 d FEARVIESE 4 ; 7 DHP fEH T, MWCNTs
IR 3 M H R KD L. 450K,
DHP 20K A 1) —Fi oA S5 B B, il A5 ik 4l oK A4S
FELliK B s MRS E. AT Ak ok

F,SDS 43 T A — 4% 12 NIRRT B K K B
CTAB 73 T i &4 — 4% 16 MR TR B K KB, i
DHP 7 H & A W4k 16 MR IE T B s K K4, (i
5 3 Fh & w7 (4 B K 1 R B8 DHP > CTAB >
SDS, 7E M FH I DHP RE 5§12 {6 Al 99 K 487 9 35 59 731
G L) N S 5 ) | Ve (U PSS G

Zeta HLOZA3AT &30, SDS . CTAB F1 DHP 4#iBh />
BRI 9 K A B TR IR Y Zeta B2 43510 - 28. 10,
~31.26 1 —40. 18 mV. Zeta HL {07 [ 46 X f 1 A,
JRE AR - T T 7 [ A e A ek 22 1 45 e 44 7
AT HE, 7€ DHP /E R Bk 1Y B30 1 fe it
3% F DHP % Bh 20 B i K
2.1.2 MWCNTs Fl DHP fUHC b

X527 MWCNTs H1 DHP BB HE X6 i L B e
AR S B R 2. 24 MWCNTs A1 DHP 9 iC
LR 1220 1 1A 2: 18], iR IR 12 h BT AR
22 B8 20 3R 3] 72.96% | 82.25% 1 75. 83% ,
UiH MWCNTs #1 DHP BYRC Lok 10 1B S0 8 R A0 2
MR, A EOR T MWCNTs Fil DHP AT 1 %
ol m AR A T A R AR R, X & D DHP 4 B
RG24 DHP 4 5 s i, BELAS A5 Y
DHP 145 FL I, MWCNTs ASRE 7545 43 BO7E 8 4l 7k
&8 MWCNTs & AEUTRE , A3 & i 2] GCE i
BRI AR A X e 20 BRI T S8R R I J R
I, 2 MWCNTSs A1 DHP fRCEE R 10 1.
2.1.3 SrHEORE R

55T 43 PR G 1 X 168 Wt i P A S SR
BRI, ERMEAI 12 h B, A ERN LR
R FRL AR 43 PR M ) B T 2 R o 24 4&
Witk by 15 pL B, S8 R L BRI &K
(82.25% ) ; W5 2% 53 e B 08 i 2k 119 185 Jon 77 328 3457 Dok
N R R B A IO B R R 3 N, GCE 3R 1
(R PR S0, IR T AR AR TR E R
WJE MR T 15 L B, 23 GCE 2 1 i ik
YORAEARE | BHAT L T 7RV FA (R A%, 30
R ME R TR K, 82 0 SOk s h
15 pL.
2.2 BRYKAE B H AR A RAE

€l 1 71 DHP Fl MWCNTs/DHP B394 i1 55
Bl HET DA A 7S 43 B0 DHP S HOR A
REAELE 1 (a) ] BRHI MWCNTs/DHP &4
YWEA BN KE LSS 1(b) ], ik
KA H LS, Ho A Je 42 35 /NP (%) DHP &ik, 5
DHP iR EAT i 2 22 5.
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(a)DHP; (b) MWCNTs/DHP
1 DHP 1 MWCNTs/DHP B35 E
Fig. 1 SEM images of DHP and MWCNTs/DHP

2 SRtk 9 K A8 A6 i FEL A RS GCE 7E & 5
mmol+L ™" K,[Fe(CN), ] 0. 1 mol-L™" KCI &
HIPEFRMRZE L. AT DL Y Bk 40 K 450 M H A
A ARG IR (120 pA ) B K TR GCE(58 pA) ik
BRI (127 wA) W K TH#E GCE(69 nA) , £
MR AN KA 5 A )T HL - 76 3 VR R A ) 4%
FA R A A1 08 7, A TE SR 40 K 48 i &
M%) GCE L.

150

- —— MR
—— Rt
50
<
2 0
=
2
=50
=100 |-
..'Is() ] ] 1 ] L 1 ]
-0.4 -0.2 0 0.2 0.4 0.6 0.8

v

RO A 100 mVes ™!
B2 BRAKEEGIHERNRERERNERMAZE
Fig. 2 Cyclic voltammograms of CNT modified
electrode and bare GCE

2.3 AR RN HRE R AT
2.3.1 fwE

I FEL A2 AR Sl A o 0 D ., A% 5 0 R %o
FL AL R SR 2R A, AR A 25 SR A 3 TR
MHRTET LAt B A O R 0938 I, S48 2R 1 R R R
Wb En MR - 1.2 Vi, A E R ERRILET
86.59% . AbtsEds i, BIM WA it AR i 52

TRAY TS Y B 38 BRROR AL U AR R N
- 1.2 VB TAER AR R A KA R R ]
RE ST H B R A A R T R A T &R 5 24
PR = 1.1 VB, A AR % 1 ok 2% 31 <3 ™
A EEE N LR REAS) 82.25% . h T RRT AR
o7 A BEAE , A TSR E R 1.1 V.

a0

80 |

50 U I I I I I 1
-1.2 -1.1 -1.0 -0.9 -0.8 =0.7 -0.6

TRENV

JEWEST 0. 1 mol-L~" NH, -H,0-NH, Cl {5, ¥t pH N 7
B3 RENBELEERSEZNZNE
Fig. 3 Effect of bias voltage on the electrocatalytic

reduction of chloramphenicol

2.3.2 JKH

TEMEN - 1.1 V B, 5T RO FL b ik
JFARER WM. AR, RIS pH 7 1Y)
0.1 mol-L™" iy HAc-NaAc, Na,SO,. NH, - H,O-
NH,Cl, Na,HPO,-NaH, PO, ¥& ¥, % & 1 LB
R H 56.32% | 68.78% . 82.25% H170. 13% ,
UEHWIZE NH, - H,O-NH, CL A h A Al TR & R
W, ke RS AR e A E RN,
ZIAE NH, - H,0-NH,, C1 ¥ Hh 58 %5 238 13 Ji 0
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B 37 %

Wi, B, AR E S NH, - H,O-NH, Cl 5N
il
2.3.3 JKWWILH pH

AT IR IE pH X LA IE R G 85 2 10 5%
Wi, ARAS AN 4 from i &5

90
80
=
i
&
H
70 =
60 7 1 | 1 1 1 |
4 5 6 7 8 9 10
pH
fREHR 1.1 V,JEH N 0. 1 mol-L~' NH, -H,0-NH, Cl iF#

B4 KRV pH WEBEELEFERSERHZNE
Fig. 4 Effect of the initial pH of the reaction solution
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Table 1 Kinetic characteristics of the electrocatalytic reduction of chloramphenicol
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