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Determination of bifenthrin by HPLC with solid-phase extraction
using on modified graphene
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Abstract: Magnetic-amide graphene ( Fe, O,-NH,-G) was prepared from graphite powder by a
modified Hummers method. The surface topography and chemical structure of synthesized Fe,O,-
NH,-G were examined using SEM and FITR techniques. The influencing parameters of sample
preparation process, such as eluent and leacheate, extraction time, desorption time, ionic strength,
pH of sample solution, amount of adsorbent were systematically optimized prior to high performance
liquid chromatography detection. The optimized experimental parameters are: eluent 1% acetic acid
acetonitrile solution, leacheate 50% methanol-water solution, eluting and leaching time 20 min,
solution pH 7, no added NaCl. The maximum adsorption capacity of bifenthrin on the modified
graphene was 136 mg-g ' at 293 K. Low detection limit (1.7 ng-mL™") and good linear range
(0.005—10 pg-mL™") were obtained under the optimized conditions. The results indicate that
Fe,0,-NH,-G can be effectively used to extract trace bifenthrin from solution.
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SU70 F14# H8% ( Hitachi, Toyko, Japan) , 5 0B AH (354 ( LC-20AT pump SPD-20A UV-dectector,
Japan) , TGL-16G B Z# B0 AL ( L2 =R 2R ), e 55 3748 (Kylin-Bell Lab Instruments Co.,
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(I A BT TR A ), 2-(T-M ORI =2 ) - DU F LR 7S SRR R ( HATU , (R EX5R)) | SE88 FH K R 2
Bk,

1.2 BRI A 25

AT B Fe,0,-NH,-G h 5205 (1. S8 G AY Hummers 3245 BURAL A B4 (GO) P
£ 30 °C F¥f 200 mg GO 1 # A I PEIAf#AE 100 mL - ELHEEE (DMF) "1 h, FIIA 300 mL 2
e ARSI PEL b, Z IS IA 10 mg fHEEF] HATU KR G H7E 60 CKVE i FE I 6 h, FH S B vekR
RN, 7E 50 °C R A TR 12 h 15 B b 3804 (NH,-G) .= i F 4% 40 mg NH,-G JLA 40 mL
EE TR, FHMA 50 mL %A 110 mg FeCl,#1 43 mg FeClL W 30 min.7E 85 °C ', 30% & /K
PR pH AEZ 10, P PR A 1 2 =R 308 2 B AW i, H L8 7S Ve G T8 fs 21355
() Fr R AR e R B A A B0 (Fe, 0,-NH,-G) .
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PR 43 B PR IRt B 3SR EFE T M/ 2R (99:1,V/V) 7 1 min, §SBERE 10 min, iZid
PELE 3, G IR BEOR N, IR, W S AH Th s i, #E A HPLC Rl AR 45 g vk Ji2
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Fig.1 SEM images of the synthesized GO-NH,(a) and Fe,;0,-NH,-G(b)
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Fig.2 FTIR spectra of G-NH,(a), Fe;0,-NH,-G (b) and Fe;0,(c)
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Fig.3 Effect of extraction time (a) and desorption time (b) on the extraction efficiency
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Fig.4 Effect of pH on the adsorption efficiency Fig.5 Effect of adsorbent amount on

the adsorption efficiency
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Fig.6 Calibration curve of bifenthrin
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Table 1 Determination of bifenthrin in river water and medlar samples

R o5 Jids i/ (pg-mL™) R/ (g mL™) [EI =R/ % (n=5)

1 0 —

FURY-SLIPI 2 5 4.65 93.0+5.1
3 10 9.27 92.7+4.3
1 0 —

HIFCHE & 2 5 5.08 101.6+3.7
3 10 9.18 91.8+6.2

—: RKEH

2.8 JIIESIME
F 2 9 T AT B WO ZE I | R IR L | v s 27 Al AR R I 43 IOBORE TR B | 3R T 1 R
1 R P LA MR P8 SR AR P mT AR M A D TR B Hh R, 3 RN (RS 30 T e 125,
R 2 AFRIRAR A R 17 1% LU

Table 2 Comparison of different methods for bifenthrin analysis

ik Fea ékti?ﬁ@l/ *ﬁHJ.I?E/ [l i/ P—
(pg-mL™) (pegeg™) %o

UPLC-MS Zent 0.05—0.5 0.009 76.1—96.4 [29]
GC-MS et 0.01—2.5 0.010—0.018 59.7—120.9 [30]
HPLC-UV Zent 0.05—25 0.017 82.2 —94.4 [31]
SPME-HPLC-UV IKFE 0.1—5 0.01—0.15 70—83 [32]
HPLC i 1—100 0.108 77.8—107.8 [33]
SPE-HPLC Hifd 7K 0.005—10 0.0017 91.8—101.6 AT AE

2.9 WREALEL IS

(1) B4R RS0 A7 76 T3 A IR 4544 (198 ML) 22 18] B AH B of, 768 DG 1 05 B AL A& e It 2
BRBUBFFE R, ar AR BN g S — R e B A e B LR R I R B PR 3 BB 5 Fe, 0,-NH,-G B4 i 72
o IR SR I IS B AE M BRI AL C =0 . CIF,C—C =CH—" p-m HLHIA R 0] LI 5 Fe,0,-NH,-G W5
G BRI RIS &0 m L FE5HE RS - HERUE .

(2) SR FHIE Fe,0,-NH,-G W BB AGTR (1) F22VE FH 0 R 35 TR 4 T &8 2 T2 A U )
#(—CF,,—C =0), Fe, 0,-NH,-G K Ifi & & K 5 F—NH,. P b 0 5 551 5 4% 25 2 (8] 75 m) 3 1 S0

5ia.

LG 2.4 77 A IR AR (pH ) X6 W FES5CR S 565 19 245 5% | E— 254005 pHL X IR RS 2680 SR 52 i) £ 1 i
HLEE . i TR BRI KA 22 OF S A5 3 (R p-w PR R | Skt S8 0m W i £ 2 R K S -
HERUE A S B E AR ROR TR T, Bt B8R SN & e TH 39 A B IR P Y m R P %,
NS - HERRAE A SR, 3 SO0 T RAOR R ZEm P E A B b | SCAER ik BERG (i 454k &
TEAA R 2Z (A R AR P R, NI AR DR 55 1 AR SRR, R S BT m-m MERRAE R U5 A Y
U555 R BRFASCR () BEARRL SR T, X P A2 Ak 5 M BRI rh e B8 T A A L 22 55— 28 i DA R AR el AR 1—2 4>
pH BN BL T, BRI I5E LBl A 458 52 ) B K.

2.10 W Bff a0

B 50 mL AS[RIH) B B e (R BR PR A B VA W 4 HCL A NaOH YA WJH 5 pH {5, N A 5.0 mg il
A7 BN, MR G A E TIRG 8 IR 2 h, IR 2550 FEA6 AR5 28 sk eI ] HPLC
DU, 13500 R 7500 6T 36 2R3 2 i 1 TR Bl , 245 2K DL 3% 3.

T5e A 3k ] R 1 A A 2 R R S W B4 HR 2R AR Langmuir 2535 5 B2 A1 Freundlich 2575 0% Fft 7
2. Langmuir 253262 0 FHE M )12 (W BFFAR Y | AT L7 558 5 1) I 38 31 BT PN AR B 3t 386 38 52 36 B a0 . O
RN :1/q, = 1/ gtk / (€)Y g0 IR AS 5 ¢, A MR BEE 32 310~ 4687 IR IR R 45 TR TV
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VRLITHRIE 5 g A W A 8117 s 52 BRF 5] 52 B ) 56 2R 4 TR 5 5 ke, 2 5 W PR BB AR DG 1) P Al 5 45 LA 1/,
Xt 1/c ARG B HER, il ARRAEEE nT DO 8 ¢, Ak, K2R 3 T 8diE 43 51 Langmuir 45 5 W% B
FFEE (8] 8) , 15 3 45 g f 7 T4 1/¢. = 0.00731+0.00346/c,, R*=0.9897 ¢4, =136 mg-g ' =
) A N 1 Ay BRI S AR K Bt 86. 43 mge g, B USVRU AF AMRGE R I
A0 X085 W B KO T Ry 86.20 mg - g™ 5 2 AH L, e A Ay SR AR X IR R A TR IR T e L — S A DI R

|3 BRA IR ) Uk B W RS R 9 R i)

Table 3 The effect of initial bifenthrin concentration on adsorption

JRIG MR/ (pg-mL™") LBRA/ % T/ (pg-mL ™) WeffHE/ (pg-mg™)
1 96.44 0.036 9.64
1.5 97.53 0.14 13.6
2.5 96.42 0.089 23.36
5 92.51 0.375 47.76
10 91.5 0.25 97.5
15 88.1 1.79 132

1/q.

/¢,

B 8 Langmuir SRZ Lt MG

Fig.8 The fitting result of Langmuir adsorption isotherm data using linear equation model

WG TAER T #E MR 380, R B LT AN Eis i T T 3RAF, 55 Tz i b 5
s WO I 7] A% BUIE R A4 i 1 S B0 A5 10 AR AL G 9 2 36 45 W BE SR K 8 mg, 1% TR G R VR, 50%
PR IR SRV, 26 BBURIE A [R1 45 20 min , Y83 pH {EAH 7, A NaCL I KW 455 R 136 mg-g ™,
MR 90% DAL, Tl HIZ MB35 28 3 YA Ml I HE ISR AT T 3k 3] 80% LA L.

& % x
[ 1] FEIREE, Zeflide Mudt UM G ik I B3 T A TR AR 25 B[] ke, 1998, 26(10) :1247-1250
(2] ZEMEs, AR WA 25 B AR 22 B SORE (% 10 P T i P DL A R 24 5% BR A 5 [ 7] A0 Bk 2724k, 2005, 21(3) :
289-291
T XURH, SEARLT S O B E B30 P AR SSR 25 [ ) ] BRI B 5 62 R |, 2005,17(3) :31-35
] EIAR G 6 FhAMRACT IR AR [ 1] BB, 2004,32(1) :91-108
[5] 8222 AW, A7 45 SUBR MU IR AR 25 2258 B W S e o0 W ik 2 [ ] R I, 2005, 38(2) :308-312
] Galera M M,Garcia M D G, Valverde R S. Determination of ninepyrethroid insecticides by high-performance liquid chromatography with
post-column photoderivatization and detection based on acetonitrile chemiluminescence[ J]. J Chromatogr A, 2006, 1113:191-197
[ 7] Rivas [ P, Gil-Alegre M E, Torres-Suarez A. 1. Development and validation of a fast high-performance liquid chromatography method for the
determination of microencapsulated pyrethroid pesticides[ J]. Anal Chim Acta, 2006, 557:245-251
[ 8] LopezTL, Garcia M D G, Vidal J L M, et al. Determination of pyrethroids in vegetables by HPLC using continuous on-line post-elution
photoirradiation with fluorescence detection[ J]. Anal Chim Acta, 2001, 447(1/2) :101-111



11 T TP A S A IR A IR € 1200 R B A 1993

[9]
[10]

[11]
[12]

(13
[14
[15
[16
[17

Lo e

[18]
[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

MRFRE , SRTGHE , WIS 5 OB 3% I 5 B3 rh A BR e A RS AC 2 B B [ I AN 2244 . A ARFLAE I, 2008,36( 1) :122- 125
W, TR, ML, A5, AR AR U - SR 350 3R GURR A DL RS 4G BR AR 255 B [ ], PRBE A2,
2006, 25(3)347-350

Ho e, KR B EESE AR 2GR /04T [ 1] BREEAL 2, 1991,10(4) :60-62

FRIECKE R B W EE 25, S - T P2 BT ( GC-IT-MSn ) 058 7K v 22 FiAg HLERIBLSR iU A 25 3 B3 [ 7] 3R B
1b2#,2012,31(10) : 1665- 1666

Novoseloov K S, geim A K, Morozovsv, et al. Electric field effevt in atomically thin carbon films[ J]. Science, 2004, 306; 666-669
Stankovich S, Dikin D A, Dommett G H B, et al. Graphenebased composite materials[ J |.Nature, 2006, 442 282-286

My . AR IR IS - T S R KA B S [0 ] BT SR, 2011, 26 (1) :1-4

Geim A K, Novose lov K S. The rise of graphene[ J].Natmater, 2007, 6(3) :183-191

Stankovich S, Piner R D, Nguyen S T, et al. Synthesis and exfoliation of isocyanate-treated graphene oxide nanoplatelets[ J]. Carbon,
2006, 44, 3342-3347

Shen J F, Hu Y Z, Li C, et al. Synthesis of amphiphilic graphene nanoplatelets[ J]. Small, 2009, 5. 82-85

Xu Y F, Liu Z B, Zhang X L, et al. A graphene hybrid material covalently functionalized with porphyrin: Synthesis and optical limiting
property[ J]. Adv Mater, 2009, 21, 1275-1279

Yang X Y, Zhang X Y,Ma Y F, et al. Superparamagnetic graphene oxide-Fe; O, nanoparticles hybrid for controlled targeted biological
applications[ J]. J Mater Chem, 2009, 19. 2710-2714

Valles C, Drummond C, Saadaoui H, et al. Solutions of negatively charged graphene sheets and ribbons[ J]. J Am Chem Soc, 2008, 130.
15802- 15804

Li D, Muller M B, GiljE S, et al. Processable aqueous dispersions of graphene nanosheets[ J ]. Nat Nanotechnol, 2008, 3 101-105
Liang Y Y, Wu D Q, Feng X L, et al. Dispersion of graphene sheets in organic solvent supported by ionic interactions[ J]. Adv Mater,
2009, 21: 1679-1683

Yang X Y, Zhang Z Y, Liu Z F, et al. High efficiency loading and controlled release of doxorubicin hydrochloride on graphene oxide[ J]. J
Phys Chem C, 2008, 112: 17554-17558

Patil A J, Vickery J L, Scott T B, et al. Aqueous stabilization and self-assembly of graphene sheets into layered bio-nanocomposites using
DNA[J]. Adv Mater ASAP, 2009, 21(31) : 3159-3164

Ramanathan T, Abdala A A, Stankovich S, et al. Functionalized graphene sheets for polymer nanocomposites[ J]. Nat Nanotechnol , 2008 ,
3. 327-331

Stankovich S, Dikin D A, Dommett G H B, et al. Graphene-based composite materials[ J]. Nature, 2006, 442, 282-286

Hummers Jr. W S, Offeman R E. Preparation of graphite oxide[ J]. J Am Chem Soc, 1958, 80; 1339-1339

Lu C, Liu X, Dong F, et al. Simultaneous determination of pyrethrins residues in teas by ultra-performance liquid chromatography/tandem
mass spectrometry[ J]. Anal Chim Acta, 2010, 678:56-62

Huang Z, Li Y, Chen B, et al. Simultaneous determination of 102 pesticide residues in Chinese teas by gas chromatography-mass
spectrometry[ J]. J Chromatogr B, 2007, 853.154-162

Lei Gao, Ligang Chen. Preparation of magnetic carbon nanotubes for separation of pyrethroids from tea samples[ J]. J Microchim Acta,
2013, 180:423-430

Luis Fabricio Santana Santos, Nicaellen Roberta da Silva Souza, Jordana Alves Ferreira, et al. A reversed-phase high-performance liquid
chromatography method combined with matrix solid-phase dispersion extraction for the determination of teflubenzuron, lufenuron and
bifenthrin residues in lyophilized coconut water.[ J] Journal of Food Composition and Analysis. 2012,26:183-188

BEMR , SRR R E, 45, HPLC MR IR 3 P 0L KR e 38 a2 % Oy iR A kb [ 7] PRI 273841, 2009,25(07) :89-93

Zhao G, Jiang 1, He Y, et al. Sulfonated graphene for persistent aromatic pollutant management[ J]. Adv Mater, 2011, 23(34).
3959-3963

sl B, T, A5 SO SRR K I S e TR BRI () ] FRIEIRSA, 2013,32(11) :4333-4340
EPRES, fa i, VL0, 45, R ST 4 R T RUGURHI BT BE (. [ ] NEHIMESF, 2013,10:1215-1221



