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2
2.1
Waters 2695 ( Waters ) Waters 2996 ; QL-866
( ) o
SMZ.SME.SDX  SIZ( >98.0% Dr. Ehrenstorfer ); CeMIM  PF¢ ( 99 %
); \ ; ( 1) . ( 1) \
HCI. . ; Fe;0,@ MWCNTs( ) ; NS0 ( NdFeB
) -
2.2
1.00 mg/mL -4 C
2.3
CAPCELL PAK C4( 150 mm x 4.6 mm i.d. 3 pm); : (A) 0.1%
(B); :0~4 min 20% A; 4 ~6 min 20% ~25% A; 6 ~15 min 25% A. 1 mL/min;
25 C; 270 nm,; 110 pL.
2.4 Fe;0,@MWCNTs IL-¥e,0,@MWCNTs
Fe,0,@ MWCNTs 19 o 20 C,MIM
PF, IL¥e,0,@ MWCNTs.
2.5
200 mL 300 mL 20.0 mg IL¥e;0,@ MWCNTs 15 min,
15s o 3.5mL 1% - SAs
IL¥e;0,@ MWCNTs 2 min
300 pL 0.22 pm HPLC-PDA o
3
3.1 Fe;O0,@MWCNTs IL-F¥e,0,@MWCNTs
1A Fe,0,@ MWCNTs  X- ( XRD) o 260 30.2° 35.6° 43.3° 53.6°
57.2° 62.8° Fe,O, 220 311 400 422 511 440
(JCPDS  03-0653107) Fe,0, o
( VSM) [L¥e,0, @ MWCNTs o 1B
IL¥e,0,@ MWCNTs o 30.79 emu/g
IL¥e,;0,@ MWCNTs X ( 10 N F P
CsMIM  PF Fe,;0,@ MWCNTs &
3.2
Fe,0,@ MWCNTs
R ILFe,0,@ MWCNTs  Fe,0,@ MWCNTSs
SAs 0 2A IL¥e;0,@ MWCNTs  SAs Fe;0,@ MWCNTs
Fe,0,@ MWCNTs CsMIM  PF SAs T
o IL¥e,;0,@ MWCNTs o
69 SAs -
o - ( 2B)

0 1.0% 1.0%
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Fig.1 (A) XRD pattern of Fe;0,@ MWCNTs; ( B) magnetization curve of IL¥e;0,@ MWCNTs; ( C) energy
dispersive X—ay spectroscopic ( EDS) image of IL¥e;0,@ MWCNTs

1.0% - o
3.2.1 pH 4  SAs pH o
pH=2~6 ( 20) pH=4 4 SAs
o : pH <4 SAs [L-¥e,0,@ MWCNTs 1- 3-
T ; pH =4 SAs 1- 3-
T ; pH >4 SAs
T o

pH =4,

< 80 @re0@iweNTs < O0emswz < 60
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Fig.2 Effect of ( A) 1-hexyl-3-methyl-imidazolium hexaHluorophosphate ( C,MIM  PF, ); ( B) concentra—
tion of CH; COONH, in elution; ( C) solution pH; ( D) extraction time; ( E) amount of IL¥e,0,@ MWCNTs and

(F) the volume of eluent on extraction efficiency; SMZ: sulfamethazine; SME: sulfameter; SDX: sulfadoxine;
STZ: sulfisoxazole.



672 43
3.2.2 2D o 15 min
o 15 min,
3.2.3 IL¥e,0,@ MWCNTSs (5.0~25.0 mg)
. 2E IL¥e,0,@ MWCNTs 20.0 mg o
I[L¥e,0,@ MWCNTSs 4  SAs o
IL¥e,0,@ MWCNTs 20.0 mgo
(1.0% ) 2F 3.5 mL
98% 3.5 mL.
3.2.4 SAs o (10.0 50
100 200 350 mL) . <200 mL. 4  SAs
87.9% ~101.4% ; >200 mL SAs o
Fe,0,@ MWCNTs o
200 mL.,
3.3
4  SAs N N N
1. SMZ SME SDX SIZ 0.375~75.0 pg/L
0. 9985 ~ 0. 9996 o (S/N =3) (S/N =10) 0. 079 ~
0.099 pg/L  0.26 ~0.33 pg/L.
o 1
3 o 3
o 1 1.3% ~6.9% 1.2% ~2.9%
1 [L¥e;0,@ MWCNTs-MSPE/HPLC
Table 1  Performance characteristics of IL-¥e;0,@ MWCNTs-MSPE/ HPLC under the optimal conditions
RSD (% n=3)
O A v e e TSRO
Sulfamethazine ( SMZ) 0.375 ~75.0 Y =44952X 0.9991 0.0787 1.3 2.2
Sulfameter ( SME) 0.375~75.0 Y =44745X 0.9996 0.0951 2.2 2.9
Sulfadoxine ( SDX) 0.375 ~75.0 Y =40141X 0.9996 0.0941 2.1 2.2
Sulfisoxazole ( SIZ) 0.375 ~75.0 Y =45378X 0.9985 0.0987 6.9 1.2
3.4
SPE.dSPE.DLLME  SDME 2. 2
SPE.DLLME  SDME 15 min 15 s
; Fe,0,@ MWCNTs  dSPE
2
Table 2 Comparison of the proposed method with other methods for determination of sulfonamides ( SAs)
Method Adsorbent Amount of adsorbent  Aeton time - Volume of organic (hell)
SPE 7 Oasis HLB 500 mg 140 20 mL 0.02 ~0.04
dSPE ° Magnetic-MWCNTs 150 mg / 25 mL 0.01 ~0.29
DLLME CgMIM  PF 1 mL 25 6.5 pL 0.50 ~1.22
SDME 2 C,MIM PF, 9 pL 35 0 1~3
M&%&?‘?ﬁ%ﬁ lﬁ;&g&f 20.0 mg 15 3.5 mL 0.079 ~0.099




3.5
IL¥e,0,@ MWCNTs-MSPE /HPLC 3
4 SAs o 3 0 3
o 3 80.6% ~99.99%
3 4
Table 3 Determination results of four sulfonamides in water samples
Recovery (% n=3)
Sample number Spiked ( pg/L) SMZ SME SDX SIZ
1.50 99.76 +0.74 93.57 +3.64 92.62 +£2.43 89.52 £2.16
1 3.75 96.06 £2.46 90.08 £0.99 96.10 £1.10 81.48 £3.15
15 99.99 +0.58 91.85 +3.71 87.33 £1.11 94.93 £0.70
1.50 94.49 +£2.20 88.72 £0.16 91.91 £4.52 80.60 £2.49
2 3.75 90.30 +£0.52 85.96 £2.11 92.44 +0.84 86.39 £1.75
15 92.14 £2.06 92.28 £0.91 87.63 £1.82 90.68 £1.91
1.50 96.04 +2.38 97.46 +2.38 99.53 +£3.05 93.12 £3.38
3 3.75 94.73 £0.71 94.98 +1.13 94.02 £1.24 88.22 £1.55
15 93.99 +0.48 96.61 £0.77 94.98 +1.20 85.93 2. 11
4 |
3
2
4 C,MIM  PF, n
‘ 4
| ‘ ﬂ
. ILFe,0, @ | |LJ| |'\
| | |
MWCNTs-MSPE = S —
1 ! L L L 1
o 4 6 8 10 13 14 15
20.0 mg N t (min)
15 min. 3.5 mL W5 s
3
Fig.3  Typical chromatogram of spiked samples obtained at

wavelength of 270 nm. 1: SMZ; 2: SME; 3: SDX; 4: SIZ
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Magnetic Solid Phase Extraction Based on Ionic Liquid Coated
Fe,0,-Grafted Multi-Walled Carbon Nanotubes for
Determination of Sulfonamides in Environmental Water Samples

CAO XiaoJi"' CAI Ruo-Nan’ SHEN LingXiao> DONG Yun-Yuan’ CHEN LinJi’
MA YongPing' YE Xue-Min' LIU Jin-Song® MO Wei-Min" '’
"( Research Center of Analysis and Measurement Zhejiang University of Technology Hangzhou 310014  China)
*( College of Chemical Engineering Science Zhejiang University of Technology Hangzhou 310014  China)
*( Zhejiang Environmental Monitoring Centre Hangzhou 310012 China)

Abstract In combination with high performance liquid chromatography-photodiode array detector ( HPLC—
PDA) a vortex-assisted magnetic solid phase exiraction method with the 1-hexyl-3-methylimidazolium
hexafluorophosphate ( C;,MIM ~ PF, ) ionic liquid coated Fe,O,—grafted multi-walled carbon nanotubes ( TL-
Fe,0, @ MWCNTs) as the magnetic adsorbent was developed for the determination of four sulfonamides
including sulfamethazine sulfisoxazole sulfadoxine and sulfameter in environmental water samples. The
optimal conditions for analysis were as follows: 20.0 mg of IL.¥e,0,@ MWCNTs was dispersed into 200 mL of
water sample under vortex for 15 min. Then the IL-¥e,0,@ MWCNTSs carrying sulfonamides was separated
from the water sample by an external magnetic field. Next the sulfonamides were eluted from IL.-+¥e,0,@

MWCNTSs with 3.5 mL of 1.0% ammonium acetate methanol solution. Finally the eluent was dried under a
mild stream of nitrogen and reconstituted in 300 pL of methanol for the subsequent HPLC-PDA analysis.

Under the optimized conditions an excellent linearity was observed in the range of 0.375 —75.0 pg/L for the
four sulfonamides with the correlation coefficients ranging from 0. 9985 to 0. 9996. The limits of detections
(S/N=3) ranged from 0. 079 to 0. 099 pg/L. The mean recoveries at three spiked levels ranged from
80.60% 1099.99% . The relative standard deviations ( RSDs) of intra-lay and inter-day varied from 1.3% to
6.9% and from 1.2% t02.9% (n =3) respectively. The proposed method was demonstrated to be simple
and feasible for the trace analysis of sulfonamides in environmental water samples.

Keywords Ionic liquid; Magnetic multi-walled carbon nanotubes; Magnetic solid phase extraction;

Environmental water samples; Sulfonamides
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