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Electrochemical behavior of bisphenol A

at a graphene-l-glutamate modified glassy carbon electrode

YANG Jie
(Bio-nanotechnology &. Medical Engineering Institute, Jining Medical University, Jining 272067 , China)

Abstract: The grapheme-L-glutamate electrode was prepared by modified graphene used chitosan (CTS) as dis-
persion and polymerizated with L-glutamic acid by cyclic voltammetry (CV) . The electrochemical behavior of bis-
phenol A (BPA) at this electrode was investigated. The results showed that electrocatalytic activity of BPA on a
modified glassy carbon electrode was better,in pH=6.5 phosphate buffer solution (PBS),and BPA had an obvious

oxidation peak at the modified electrode. There was an excellent linearity between oxidation current and concentra-
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tion of BPA in the range of 1.0X 107 to 8.0X10” mol/ L and 8.0X10 to 8.0X 10" mol/ L.

Key words: Bisphenol A; Graphene; L-glutamic acid; Chitosan; Cyclic voltammetry

W A(BPA) X 44 2,2- - (4-F B 5O bt
A B By R be (25 M 2R AN 1 e . B FR R
TEUESE BPA & — PO M 25 58 3 3R L 50 R i 2 0
AL & BPA ATRE SR M B L K AT
EiR Oy Ny [ e =l I S [ LS
BPA # A % T T 68 & & D fg, R0 ™ & 1 2
C BRI i 2 R Y g s —Fp
PRt R AL TR R I I E BPA A A
FEME L., HITCLWE R BPA K 4 <
HEARE-FE (GC-MS) ™ WA s k0 98k
TR O T R R G W B (ELISAD ™ 45
WOAR 3% A1 ELISA %5 5 vk R R UE & (HAL RS
W& B BT AR B L AR B Ak O ik B AR
f o eV R ST, REEA

* (R4 HTEE HRBFH4E L4 5 . 21175059) 5 ¥ T B 24 B
FAER 4 (45 . JYQ2011KMO008)

A Ak 2 A& i iR BE B R BPA U E R
TECRE  AE T A S8 0 - 12 R A5 1 o A X BPA B H
2247 R BRI 5 i A i IE . AR SCR e SR OBE 3 1L
A7 B0 . A A AR A8 R AR, R R BR AR A ik
(CHRAE L-BAM .5 T BPA 7€ pH=6.5 I
W R 5 22 vh ¥ W (PBS) rf 1 HL Ak 2247 Oy, DT 57
TIE BPA BT,

CH,

1 BPA W&

1 KEEoy
1.1 AEL5XA
CHI660D i fb 2= T AE 3k ( il R 4B AU 38 A



BT BE PRk 2013 4E 12 4 36 45 6 44

397

A s S HRR R - AR A (GCED 2 TAE B, 1
FUH SR HL A% (SCED Ry 2 b A, 40 F B X Fi A
PHS-3C ¥ % pH i1 ( LK % Rl 22 U2 A FRA
F]) s KH-100DB B %045 4 75 I 5 v 2% (R 1L AR B
FALER A BRAFD .

BPA H 2 B i 985 H pH=6.5 ) PBS Bt
RSN e BE 5 8T KA DR AE e R 4 o g3 i
ali; 7K R 3 IRZEIE K .

1.2 1546 4 ey ) &

PR AR AL O 306 2 51 . IR AT S 5 H
AR pp e T (R JE K & BE sl 7 D 1 e 34 D)
PO BIER T2 RBECTS) H, # m 4r Hfs 21 3 —
(PR, B B A ] Je bV B T O Ak B Y H iR R
T, I TLLAMT T T2 L AR R4 F AR AL, 0 X
10° mol/L My L-# 2, L3 ik B Ak o TAE L
W FE—0.8~2.0 VHEAEEN, 120 mV/s H
i R AE A HE36 )8, U J5 BT, & (E12)

12pF
10}
08 F
06
04 F
0z
00
02
041

11073A)

0 05 00 05 10 15 20
ENV

B2 H#EH 120 mV/s i 5.0X10° mol/L. L-A & &%
TR BB RR LN S AHETREE

1.3 %¥u*

BB B AE N TR A& A — &
WD) BPA MWW 7E—0.3~0.9 V HL A7 i [
W, LL 100 mV/s B 45 3 R 41 1 9110 5% BPA 1)
6 IR 2 W A O i, A8 i A 7E 25 IR TR
PBS 1 CV 4 11 2 3 4 Fa e LA 25 B e b 35 1
(14 W2 Rk, D 7 3 Ok

2 HR5ITE

2.1 BPA E & Z¥5-L-5 R 8545 & 48 L od 75 2R
R %47 H

TE pH=6. ST IR $h 22 vh i W b, 493 2 100
mV/s, X CV L T BPA fE# R (HZk 2 . A
BIGBM R (IhZk b) A B IE-L-5 Z R i
W Ch 2k o By k217 (B3 4R E L 2.0
X 10° mol/L ) BPA 7E#E AR (2R &) FI A 254

e i B Al it 2k b) b 1 H A 27 e 7 Gl 58 T A A 5=
fi-L- A d@ RS A A (it 2 o 1 9 A Ak 0 BT 8 3
e S AL I L RS L IX AT RE Y T LA & R X BPA
LA A0 1% W B R O A v Y R AR RCR L T e
T Fo A 3R T ) o 2 1 A5 A A U v 3 4 5 7R 70 BR
HA R, RS B SR 0%, 156 B BPA 7E A& 1
H A b 1 F A S — S AN ] e

18f

16}

4f

12+
10

1/¢105A)

nLllJOM&O\QO
T T T T

04 06 08 10
E/NV
B3 H#EH 100 mV/s B 2. 0X10° mol/L # BPA
E#H GCE(a) A E W 54w A (b)),
T EW-L-ARBRBmER () Lty CVHE

2.2 #ikw) pH *F BPA 0l % 69 % vk

FEFIH A 100 mV/s,pH {EM 5. 0 M| 6. 5
i, 2. 0X 107 mol/L &) BPA fl 48 A 16 v, 37t 32 i 14
i A RS, H AL IEH A (E) 5 pH Z A
I RELMEXR., HpHEMN 6.5 8 M 8.0
B Sk e HRL AN RGN, BT R B . 45 R UL EH
BPA 1 pH=6.5 iy PBS F1 i, A L I I, 16 Hy
T L AB G AR X BPA A Ak 4 AL T A K
DI A S $% pH H N 6.5 B9 PBS A b e 2
ENRW (E 4, Ak, E 5 pH Z ] 1y &1k
MIH 5N E = —0.0663 pH + 1.0407 (r=
0.9713) (A 5, Ut 1 BPA 7% s % b 1 5 i 1 72
A TSI T AR

=
T

W
T

1/(10°°A)
(=4

—

0.55 0.60 0.65 0.70
E/V

W4 &% 100 mV/s B .2.0X10° mol/L # BPA
’I‘:(L”:Z:I’E] I)H(H:5~O’b:5- 6,c:6.0,d:6. 5;6:7.09f:8.0)j§
WP AEBEER LA ERE R DS RAGE X RE



398

J Jining Med Univ,December 2013, Vol. 36,No. 6

075

0.70

0.65

ENV

0.60

0.55

0.50

50 55 60 65 70 75 8.0
pH

Hs5 #fEEwaE S pH X £ E

2.3 AR 4zi&F BPA #9052

5 A 2.0X10° mol/L ) BPA 7 pH=6.5
(10 Tl PR 5 28 o i TP TE S [) 48 TR 9 40 B AR
K, mEA A, 7ZEH 3 A 40 ~180 mV/s 1Y u Hl
VA5 B 5 40 T O SR Ak 0 R I 8 T R o e
S 200~400 mV/s i [ P 48 A 06 HR 3 B A 4 Y
He O e AR I (D 5 V) Z ]
B R LIE SRR (- 6)  RPERIT N 1=
0.0184 V+0.4093(r=0. 9887) , i} ] BPA 7 It &
T AR 19 52 O 37 W 3k R A

40
35t
30F
25}

1/(10-5A)

201 .

15F

10p =

20 40 60 80 100 120 140 160 180 200
V/mV/s)

K6 2.0X10° mol/L # BPA £ PBS % w & &
(pH=6.5) iy A & m ik (DA (VIKH X EHE

2.4 BPA #9 T4Ew&

FH CV XA [l ik BE () BPA #E47 00 52 L IF 1118
TEAMER S BPAWRE Z MR & 7)., 45
BEW, Y BPA WREFLE 1.0 X107 ~8.0 X 107
mol/ L Ju [ A I, A i 5V B 24 LR,
MM FE N T=12. 34C+0. 154 (r=0. 9934) ,
W ETE 8.0X 107 ~8.0X 10" mol/L 7t [ P i , £&
PERIF RN 1=1. 567C+1. 34 (r=0. 9890) ,
2.5 THhER

5T T — 68 W) JoHLES X7 BPA & 19+
Po. TLE R, A 2.0X10° mol/L 1) BPA % i
1,20 5 Na™ \ K" Fe*™ . SO \NO; . Cl A T4

BPA (YIIRE . [H ik, 5206 # 57 09 07 i B B
priE £ 5

25

20+

/(1074

05

0.0

0 20 m 0 50
Cppa/(10-mol/L)
K7 H#EH 100 mV/s B BPAWRE O 5
B g w3 (D 2 B B % &

2.6 wHAETIR

TERAE AN Al IR — S MR AR X 2.0 X
107 mol/L ) BPA #4705 2K, 45 1 & B
g F, 3t (B 1Y RSD K, B I o 3 F2 v BPA X A4
SR LA BN 16 i v A 2 TR 1Y B PR AR OK L L
AT LAFEZS R CED pH=6. 5 1) PBS) i i 1L 1
ZWHEE M BB 1 HARI 1 K.

3 it

3 3 U s A PR AR RS I R A B
I LA S R A 1 1 B e A W SR L R4S T A 5R
I - LA B R AG i i B, I R 9218 M H B BF 5 T
BPA M HLAL241T Ry R BLZAE W ik XF BPA B
AR R A VR T H BPA FE & i B B AR
R v 5 M BEAE 1.0 < 10° ~8. 0X 10 mol/ L
5 8.0X10°~8.0X 10" mol/L i [l & B4
LM R BPA fE Bk S AR & — A
PS5k R . A B8 AR X BPA
PRI 2 EL AT 5 e A 3 B 1 (LA AR S B S T T
ZWHELZME .,

RS

(1] #F . H#A AR, 5 A5 A A LHEHF R Eigd
AT A B[], 547K F 4R, 2009, 28(3) - 337-341.

(2] FR R, Wk SRFM M F B A AT H L FH 0
vl F EAFC 8 A4 5),2009,39(12):1111-1119.

[3] E=%,MH-F, RIE. AREKRA KT B A E DR GC/
MS 24 [1]. B 2 A4 % % %,2003,3(5) :581-582.

(4] X CALHF3%, B4 SRR EEENE T K BRE A
L[] ol A E25,2009,49(33):99-100.

[5] xmeMk,kEE . NHC. BERERE FHEFEI>HF &
[J]. % #F M X 5 4R . 2007, 26 (2) : 288-294.



BT PRk 2013 4E 12 45 36 245 6 44

399

(6] AF&,ERAE,VHE.F. KLEMNERRQEMH PR
B ALJ]. 247 ;3K 5 4R, 2006, 25(5) : 99-101.

(7] FE4rae, B2 A R FEMNET AT REH AZGOHFR[]]. T
bR 4EFE,2006,26(3) : 74-76.

(8] FMEF, L&A, R AE. 42 T 2 R 5% & KM H
P A e aFR[)]. 2T F F 4R ,2005,18(6) :490-492.

(9] #Fix.5&%.5K5%.%. BPA £ Na-MMT-CMC/GCE # % &,
My B FAT A Sl []]. 4 40X F 4R, 2008,27(7) .
766-68.

[10] k. & &4, R 62 BEASAH & AR 3 B A o) b 4L R
B g )] 2 A4 5 F48,2013,29(1) :49-52.

[11] EZ6. 40 M. 50 QB A £ RES EH LA LS
BRE ey iT A A E []]. & 4K % £, 2013, 32
(3):56-61.

[12] Yin HS.Zhou YL, Ai SY,et al. Electrochemical behavior of
bisphenol A at glassy carbon electrode modified with gold
nanoparticles, silk fibroin, and PAMAM dendrimers[ ] ]. Mi-
crochim Acta,2010,170(1) :99-105.

[13] Yin HS,Zhou YL.Cui L, et al. Electrochemical oxidation be-

havior of bisphenol A at surfactant/layered double hydroxide
modified glassy carbon electrode and its determination[]]. ]
Solid State Electrochem,2011,15(1):167-173.

[14] Fan H,Li Y,Wu D,et al. Electrochemical bisphenol A sensor
based on N-doped graphene sheets[J]. Anal Chim Acta,
2012,711(28) :24-28.

[15] 4Twe3E, RAL, HRAR . B A B R 28 T RbLon
A AR ey b AL AT S Aol 2 [T, 4 AT X & 4R, 2011, 30
(5):42-46.

[16] Cui YH,Li XY, Chen G. Electrochemical degradation of bis-
phenol A on different anodes[]]. Water Res, 2009,43(7):
1968-1976.

[17] Tu XM, Yan LS, Luo XB. Electroanalysis of bisphenol A at a
multiwalled carbon nanotubes-gold nanoparticles modified
glassy carbon electrode [ ] ]. Electroanalysis. 2009, 21 (22):
2491-2494.

(B 2013-09-0D

B e B B S aa S S A S S e I S e S S e S A A e o

(EH#% 395 )

AT R 2 H X AE R R A OE R R S AR B
DR LHE KR ARSI MR T SHE AT Y #
YA 235 ) 3 RO Y 2R RS BUS ) B A2 )
[ G NTITRS 2 Qs 8 K R A RS SN Y T X = [
B RIN W) AT AT 4R R GRS B AR
P J5 3 BT 4 B Ak, 78 2R Wy Ak O T R B O B
Bkt th TGF-B1 KRB,

25 L T M ] g B 0 R A R R Tk R 4y
5 Iy B RS P R M HEE R R &
JE .51 TGF-B1 BY I8 19 fin, X v] G825 2 B
IR FERRZ — AH T B R AR LS
BRI A FRATTHIE 5T 1 B () 5 5 2 A5 3 AT At 4
LA FR 25, & — s,

25 3K -

[1] Jiang SD,Jiang LS, Dai LY. Degenerative cervical spondylo-
listhesis:a systematic review[ ] ]. Int Orthop,2011,35(6):
869-875.

[2] Ng HW, Teo EC, Lee KK, et al. Finite element analysis of
cervical spinal instability under physiologic loading[ ] ]. Spinal
Disord Tech,2003,16(1):55-65.

[3] Ratliff J, Voorhies R. Increased MRI signal intensity in asso-

ciation with myelopathy and cervical instability: case report

and review of the literature[ J |. Surq Neurol, 2000,53(1) ;8-
13.

[4] WA, HAERAALGRKRERAREZ[]] F BHH I
% %&,2001,11(8) 733 -734.

(6] £&E&, &k, B, F. HAMEwFEEE[]] FEK
oA 4 E,2001,8(10):949-952.

[6] Hoogendoorn RJ.Wuisman PI, SmitTH, et al. Experimental
intervertebral disc degeneration induced by chondroitinase
ABC in the goat[J]. Spine,2007,32(17):1816-1825.

[7] Wynn TA. Cellular and molecular mechanisms of fibrosis[J].
J Pathol 2008,214(2) :199-210.

[8] Gorelik L,Flavell RA. Transforming growth factor beta in T-
cell biology[J]. Nat Rev Immunol,2002.2(1) :46-53.

[97] Smith L], Nerurkar NL,Choi KS,et al. Degeneration and re-
generation of the intervertebral disc: lessons from develop-
ment. [J] Dis Model Mech,2011,4(1):31-41.

[10] Yoon JY.Chang H,Park KB, et al. Effect of the number of
involved spinal cord segments on gait function in patients
with cervical spondylotic myelopathy[J]. Asian Spine,2012,6
(4):233-240.

[11] Kotani Y, Takahata M, Abumi K, et al. Cervical myelopathy
resulting from combined ossification of the ligamentum fla-
vum and posterior longitudinal ligament: report of two cases
and literature review[ J]. Spine,2013,13(1) ;el-e6.

(BFmEH 2013-10-22)





