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Abstract : Fenton oxidation method using hydrogen peroxide is an eco-friendly oxidation
method used in water treatment and soil restoration. When removing pollutants by this method,
it is quite important to properly regulate the concentration of hydrogen peroxide according to
the concentration of the contaminants. In this study, electrochemical biosensors using HRP
(horseradish peroxidase) enzymes were manufactured and studies were conducted on the activ-
ity of enzymes and the detection characteristics of hydrogen peroxide. HRP were electro depos-
ited with chitosan and AuNP on the working electrode surface of the SPCE (Screen Printed
Carbon Electrode). Then, the fixation of enzymes was confirmed using the cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS). The activity of HRP enzymes was
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also identified from chronoamperometry (CA) and UV spectroscopy. After immersing the bio-
sensor in PBS solution the current generated from electrodes by titrating hydrogen peroxide
was measured from CA analysis. The generated current increased linearly for the concentration
of hydrogen peroxide, and a calibration curve was derived that could predict the concentration

of hydrogen peroxide from the current.
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E AoxE 3 AFA A SPCES o|&38le] &
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visible spectroscopy)y ©]&35lo] g4 FAHEE =F

ahick.

RITRN 08 i

2.4 H

2.1 Al %

E Adas AAE7]I2 HRP (type 1, Amorecia
Rusticana, Sigma-Aldrich)& 45 AME35l91om, F4
EZ=Z hydrogen peroxide (30 wt% in H,O,
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phosphate monobasic monohydrate, potassium
phosphate anyhydrousE- Sigma-aldrich A|FS ©]&
S Ba GHEE SAHs] flE V1R 22
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Fig. 1. Experimental scheme of CA, CV, EIS in batch
system.
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3.1 MeIFAIHES o[&8F HRP 1HSt SMTI}

Az A B %o &7 o952 sy
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Jojupr] wiitel] A= FHe =4l ot Az} A
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separations ©]-§3fo] dotE F Q)
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H7F] ARl AEIE B 4 AT, o] o gA iE
= A=7ell wEt peak separation©] Xfol7b UAl =M
ol W M= MA JFE AFE F Uk

10 mM potassium ferricyanide’} 3 0.1 M2
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/ final A9 0.7V, switch A9E -03 VezE A4
SIS, AR S (scan rate)S 0.1 V/isZ AAISIATEH
Bare SPCE®} HRP/Chit/AuNP/SPCE 7Fe] peak
separations H|WE Fig. 2o VERNSIT} Bare SPCE
9] peak separation 0.53 V, HRP/Chit/AuNP/SPCE
A5 013 VeE FAHUT U3 27X peak
separation®] A= A2 AT ME HASS ©
n]&hH 1929 peak 7o ghol FTIgkl wiet AR
ol T AL d]lsisint

S bare SPCES} 7i2® A=5tut ofujzl AuNp
7t AR dEolA 7B §4e] A R E T
@st7] fste] CVE oAl AAsith dajde
5mM potassium ferricyanide7} X gE 0.1 M2
potassium chlorideE ©]-8-3}% 3L, peak separation %t
S SAst] A5 AE {75 A& Fig 3%
7Z+o] AuNP/SPCE 7% peak potential®] 0.07 V,
Chit/AuNP/SPCE~7} 0.08 V Z28]31Z HRP/AuNP/SPCE
A5 0.11 VOR 7|BA g4Vt & AF=EES &
18kt

3.2 gluHA S 0|88t HRP UHs STt

Fig. 33 Z¢] CVEFE] A% peak separation
A¥R= Fig. 20l ®lall 22 Zpo]7F mIm|sitt. Chang €]
A7Ae] wE CVETE EIS 4§ A dee] 2}
ol H% Mak ST 4 rkar BAEACH. o
A B AFoMZ EISE HAISt peak separation
o] Zpeol& FlstqiTh
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Fig. 2. Comparison of peak separation between bare
SPCE and HRP/Chit/AuNP/SPCE.

—a— AuNP/SPCE
@ Chit/AuNP/SPCE
—A— HRP/Chi/AuNP/SPCE

30 |

20 -

Current (nA)
o
T

-20 |

.30 1 1 1 1 1
-0.4 -0.2 0.0 0.2 04 0.6 0.8

Potential (V)

Fig. 3. Cyclic voltammetry graphs of AuNP/SPCE, Chit/
AuNP/SPCE and HRP/Chit/AuNP/SPCE.

NAE A=FE 5mM potassium ferricyanide”} 3
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2B FuE 0.10 HzolA 100 KHz7KA] A%
3193 bias potential 0.1 VE FTASZ 001 Ve
&S A7kt Yol FZE (nyquist) A= AAE
Fig. 4 YJERHQATE. Fig. 5(b)9t 7o) = w%
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2 o WWs JuE UERoH, o= Fig 49 2
o] Wargburg 43e27} ¥3He Randle cell?] 24
S yehdtl Randle celllde Asf i@ 2pA|e] A3}
Ry A= F0F Hajd AloleA A7 A7) o]
% (Cy 283 A7 FHAM A A &=
#HE charge transfer resistance (R)Z ©]F1A
T}, Charge transfer resistance= Randle cell &4

oA Fig. 5(a)st 3ol whle] Fei= vehbs 4713}
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Fig. 4. Nyquist diagram of AuNP/SPCE, Chit/AuNP/
SPCE and HRP/Chit/AuNP/SPCE.
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A E& charge transfer resistance® ARE-3ITH?,

EISZ ¥ d=5 /M2 {F57& A4 F = F2
3l @4E charge transfer resistance (R.)°|th. A€
A3} 3 MM charge transfer resistance A
AuNP/SPCE”} 297.22 Q, Chit/AuNP/SPCE7}
512.91 Q, HRP/Chit/AuNP/SPCE”} 1014.54 Q0 & X%
Hol| 7|E4N g7 d & wini) oF 2md s
ke AE RIS ol CV A% v R
71BN Bavt AR W AVHAEREE T
3L 7] wEoltt.
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9] WhSolMAY Fikslart HRPO o8 Eol
Hals Fgol xS GA =3, oJ7|1M 4e wxp
£ AF02HE W=t} o] Wk o]&3l Had s}
oA rkslra fe] e HF SHES CVE F3l
A golrgdtt. e d-2 0.1 M phosphate buffer saline
9 (pH 7.0) 84S A3 initial/final A=
03V switch A= 03 V2 AR oH FA &
£ 50mV/sE AR5t A/ S92 Rlsiiith

Fig. 69] A3l sbslart gle 749l i
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g 73 A/7F AL, ol= PBS &9
HRP/Chit/AuNP/SPCE H57ke] Mz} gl <3t 2
Fjolrt. TRk, PBS 42 of2] s}t dE EFFelE
BEet v WAUF] 8- ulg- offoh
100 mM2] Fakslg=4r) Zghd dafdeoMe v 2
Q1] A= WA AT Fhl w = [l AF
o] & FOo7 Aedhe As ARlekinh. Park¥t Liu
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Fig. 6. Cyclic voltammogram of HRP/Chit/AuNP/SPCE
electrode with respect to the presence of hydrogen
peroxide
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AFE A4S AFEA B AN A7 o7
& e Ezolth. AuNP RS aiA ke A
FHTH AUNP AHE NG Aol FshE
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Fig. 8. Amperometric responses of hydrogen peroxide
reaction with or without gold electrodeposition.
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Fig. 9. Calibration curve of amperometric response with
respect to hydrogen peroxide concentration.
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