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The ability of corncob biochar as a modifier of carbon paste electrodes for nitrite sensing was investigated
and compared to unmodified carbon paste electrodes. Nitrite standard solutions in 0.1 M phosphate buffer
solution (pH 7.0) were measured using cyclic voltammetry with a potential range of 0.1 to 1 V and a scan
rate of 100 mV s-1. The corncob biochar-modified carbon paste electrode provided better performance than
the unmodified electrode, with an anodic peak of 20 mg L -! nitrite appearing at a potential of 0.84 V,
indicating nitrite oxidation. In contrast, the unmodified carbon paste electrode did not show any significant
peak. To confirm that the observed peak is indeed the anodic peak of nitrite, we conducted measurements
at different nitrite concentrations of 0, 20, and 50 mg L-1. In the absence of nitrite, no significant peak was
observed. However, in nitrite solutions, the anodic peak increased with higher concentrations of nitrite.
Additionally, the corncob biochar-modified carbon paste electrode demonstrated good selectivity for nitrite
detection, as cyclic voltammetric measurements of some interference components did not produce redox
peaks in the potential range of nitrite oxidation. These findings suggest that corncob biochar has significant
potential for the development of electrochemical nitrite sensors.
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1. INTRODUCTION

Biochar is a porous, carbon-rich material with
unique chemical and physical properties, resulting from
the pyrolysis of biomass [1]. The properties of biochar
are influenced by the type of biomass (cellulose,
hemicellulose, lignin) and pyrolysis conditions [2]. Corn
cobs are agricultural waste produced from corn plants.
About 164 million tons are produced globally per year,
but they are underutilized and poorly managed, causing
environmental pollution [3]. Corn cob contains 29.6 %
cellulose, 37.9 % hemicellulose, and 18.5 % lignin [4].
Considering the properties and the enormous production
per year, corncob has a huge potential as a feedstock of
biochar production.

Biochar’s unique properties in terms of large surface
area, high porosity, surface charge, and elemental
content are very beneficial in various fields, such as the
remediation of polluted environments, soil amendments,
wastewater treatment, and electrochemical sensor [5].
Biochar produces a lower environmental footprint than
other synthetic carbon materials, thus making the
exploitation of biochar in chemical sensors development
more intensive [6], As a modifier of carbon paste
electrodes (CPE), biochar exhibits excellent results in
detecting organic and inorganic compounds [7]. In this
work, we modified the carbon paste electrode because of
its simple manufacturing, produces low noise and
residual current, and carries out good reproducibility
and selectivity [8]. Biochars obtained from castor oil
cake are used to modify CPE, it was applied for Pb?* and
Cd?* determination under differential pulse adsorptive
stripping voltammetry conditions resulting in a low limit
of detection of 6.9 x 10-8 mol .- and 9.8 x 10-9 mol L1
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were found for Cd?" and Pb?*, respectively [9]. Another
report shows, biochar modified CPE is better than
unmodified CPE, resulting in a wide linear range from 1.0
to 3000 umol -1, good repeatability and reproducibility,
high sensitivity (11.06 pA L mmol - 1), and low limit of
detection (30.9 nmol L.—1) of caffein acid [10].

The corncob biochar-modified carbon paste electrode
(CPE/CB) performance was investigated in nitrite
detection under cyclic voltammetry measurement. Nitrite
is a pollutant that is harmful to the environment and
highly toxic to humans [11]. WHO has set a maximum limit
of 3 mg L -1 of nitrite in drinking water which is also
included in the list of carcinogenic compounds. The
European Union Scientific Committee on Food has set an
acceptable daily intake of 0.06 mg kg - ! of nitrite for
humans. Although it has marvelous sensitivity with
detection limit up to 0.67 nM [12] and good selectivity, the
existing methods used in determining nitrite content are
considered quite difficult and expensive, such as,
spectrophotometry [13], and fluorescence [12]. In addition,
it is prone to errors that occur during sample preparation,
and analysis [14]. Electrochemical methods are one of the
most promising alternative methods to be developed
because of the advantages of simple instrumentation, fast
analysis, high sensitivity, and stability [15].

2. EXPERIMENTAL SECTION
2.1 Reagent and Standard Solutions

Corncob biochar was gathered from the Indonesian
Instruments Standardization Testing Center for
Agricultural Environment. Graphite powder (C) and
paraffin oil were purchased from Merck. Phosphate
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buffer pH 7.0 was prepared from di-Sodium hydrogen
phosphate dodecahydrate (Naz:HPO4-12H20), sodium
dihydrogen phosphate monohydrate (NaH2PO4-H20)
purchased from Merck, and demineralized water.
Nitrite (NO2) standard solution was prepared from
sodium nitrite (NaNQOsg) purchased from Merck and
demineralized water. The ascorbic acid (CesHsOs)
standard solution was prepared from solid ascorbic acid
(Merck) and demineralized water. Lead (Pb) and Iron
(Fe) standard solutions were purchased from Merck.

2.2Washing Procedure and Characterization of
Corncob Biochar

Biochar was washed at the ratios of biochar mass to
volume of demineralized water (ratio S/L; w/v; 1/10). The
solid/liquid mixture was stirred with a magnetic stirrer
for 2 hours. The washed biochar particles were separated
through the Whatman filter paper grade 42. The washed
biochar was oven-dried at 55 °C for 24 hours to remove
water and then characterized using SEM/EDS [16].

2.3 Preparation of Carbon Paste Electrode

For comparison, an unmodified carbon paste electrode
(CPE) was prepared by mixing graphite powder and
paraffin oil in a ratio of 7:3 (w/w). The modified carbon
paste electrode with corncob biochar (CPE/CB) was
prepared using a proportion of 30.0 % (w/w) of paraffin oil,
43.0 % (w/w) of graphite powder, and 27 % (w/w) of corncob
biochar. The carbon pastes were macerated with pistil and
mortar until complete homogenization of the components.
After this, it was packed in a glass tube (@it = 3.9 mm), and
the electrical contact was established by a silver wire
(®int = 1.0 mm). The surface renovation was made by hand-
polishing on filter paper [17].

2.4 Electrochemical Procedure

The electrochemical measurements were carried out
using an Autolab Potentiostat/Galvanostat model PGSTAT
128 N and controlled with software NOVA 2.1.6. Three-
electrode working systems with CPE and CPE/CB as the
working electrode, Ag/AgCl electrode in saturated KCl
solution as the reference electrode, and platinum wire as
the counter electrode was chosen. To find out how the effect
of biochar as a CPE modifier, CPE and CPE/CB
measurements were carried out on a 20 mg L 1 nitrite
standard solution in 0.1 M phosphate buffer pH 7
solution. Electrochemical measurements under cyclic
voltammetry with a potential range of 0.1 to 1 V and a
scan rate of 100 mV s - ! [18]. To investigate the
selectivity of CPE/CB electrodes, cyclic voltammetry
measurements were carried out on 20 mg L-1standard
solutions of Pb, Fe, and ascorbic acid at a potential range
of 0.1 to 1 V and a scan rate of 100 mV s—1.

3. RESULTS AND DISCUSSION
3.1 Characterization of Corncob Biochar

The role and performance of biochar in different
applications mainly rely on 1its physicochemical
properties. SEM image shows that corncob biochar has
a very porous surface structure (Fig. 1A), there are
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macropores with a diameter of 6 to 10 um. The EDS
spectrum showed that the highest biochar content is
carbon (C) with 49.09 % weight. The other components
are 31.90 % of oxygen (0), 6.41 % of silica (Si), 3.75 % of
potassium (K), and some minor components.
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Fig. 1 — (A) SEM Image of corncob biochar (B) EDS spectrum
of corncob biochar

3.2 Electrochemical Study of Corncob Biochar
Modified CPE

Cyclic voltammetry measurements were carried out
to verify the performance of corncob-modified carbon
paste electrodes in nitrite censoring. CPE and CPE/CB
electrodes were compared (Fig. 2A), and CPE did not
show any significant current peak after measurement in
standard nitrite solution at a potential range of 0.1 to
1 V indicating that electron transfer on the electrode
surface is very slow. Meanwhile, the CPE/CB electrode
showed an anodic peak at a potential of 0.84 V, which
can be attributed to nitrite oxidation. This shows that
biochar can induce an effective interaction between the
electrode surface and nitrite ions, compared to
unmodified CPE. Biochar has favorable properties for
the detection of nitrite ions, such as the surface
functional groups and cationic exchange capacity, which
allows high adsorption of ions on its surface [19].

Fig. 2B shows the cyclic voltammograms of the CPE/CB
in a solution without nitrites and the solutions containing
20 and 50 mg L~ nitrite dissolved in 0.1M phosphate
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Fig. 2 — (A) CV curves of CPE and CPE/CB modified electrode in a
0.1 M phosphate buffer (PH = 7) solution containing 20 mg L.-1 NOs
at a scan rate of 100 mV s-1, (B) CV Curve response of CPE/CB
electrode in 0, 20 and 50 mg L-* NOs

buffer (pH = 7.0). The solution without nitrite did not show
any significant current peaks. In a 20 mg L — 1 nitrite
solution, the anodic current (I,,) was measured to be
0.44 mA at a potential of 0.84 V. When the nitrite
concentration was raised to 50 mg L.—1, the I, increased to
0.50 mA at a potential of 0.88 V which could be defined as
the oxidation peak of nitrite, where nitrite (NO2) is
oxidized to nitrate (NOs’), the corresponding
transformation is shown in Eq. (1). Another study using a
different working electrode also showed that the nitrite
oxidation peak was detected in the potential range of about
0.8 to 0.9 V [15, 20]. The presence of an anodic peak at a
concentration of 50 mg L -1 indicates that CPE/CB can
detect nitrite up to a concentration of 50 mg L.—1, while the
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Fluorescence method commonly used in nitrite detection
exhibits a detection range of 0.5-20 mg L-1[12].

NOg~ + H20O —» 2H* + NOs~ + 2e- 1)

The selectivity of the developed CPE/CB sensor was
investigated in the presence of some components such as
ascorbic acid, Pb2*, Fe?*, and NO3 - at a potential of 0.1
to 1 V. From the obtained cyclic voltammogram (Fig. 3),
we can assume that these components did not interfere
with the nitrite response, only nitrite shows the anodic
peak at a potential range of 0.8 to 0.9 V. Thus, the
proposed electrode CPE/CB can be used as an
electrochemical sensor which has excellent selectivity in
nitrite detection.
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Fig. 3 — CV Curve of CPE/CB electrode in 20 mg L -1 of NO:
solution and 20 mg L - ! of various interferences in 0.1 M
phosphate buffer, pH 7.0, scan rate 100 mV s-1

4. CONCLUSION

The performance test of the corncob biochar-modified
carbon paste electrode has been carried out under cyclic
voltammetry. The experimental results show that
corncob biochar has a great ability to improve the
performance of CPE. The modified electrode CPE/CB
provides preferred results over the unmodified CPE in
nitrite detection. The CPE/CB voltammogram shows an
anodic peak at a potential range of 0.8 to 0.9 V, while
CPE does not exhibit a significant current peak. CPE/CB
also has good selectivity in nitrite detection, proved by
measuring some interference components which give no
redox peaks in the nitrite oxidation potential range. So,
the CPE/CB electrode has enormous potential to be
developed in nitrite electrochemical sensors, and further
measurement is needed.
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Mopens moangikoBaHOIO ByTiJIbHOO IIACTOIO €JIEKTPOoaa 3 010Byrijuis
IJIs1 BUSABJIEHHSA HIiTPUTIB

B.N. Sulastril2, K.A. Madurani?, F. Kurniawan!2

1 Chemistry Department, Faculty of Science and Data Analytics, Institut Teknologi Sepuluh Nopember,
60111 Surabaya, Indonesia
2 Indonesian Instruments Standardization Testing Center for Agricultural Environment,
Ministry of Agriculture, Indonesia

Jocmimsreno 3naTHiCTh OlOBYTLIIA KYKYPYA3sSHOIO IIOYATKY SK MOAH(IKATOpPa €JIEKTPOMIB 13 BYTLIBHOL
[acTH [JIsi BU3HAYEHHsI HITPUTY Ta IIOPIBHSIHO 3 HEMOAU(IKOBAHUMU eJIEKTPOJaMU 3 BYTLIBHOI IIACTH.
Crannaprai posunnu Hitpury B 0,1 M docdarrHomy Gydepromy posuuni (pH 7,0) BumipoBasu 3a J0IOMOrO0
IIUKJIIYHOI BOJIBTAMIIEPOMETPii 3 miarasonom moreriiame Big 0,1 mo 1 B i mBuakicTio ckamysamsus 100 mB ¢-1.
Enextpon 3abe3meunB kpari XapakTepUCTUKY, HisK HEMOAUMIKOBAHNY eJIeKTPos 3 aHogHuM mikom 20 mr il
HiTpuTy mpu moreHitiam 0,84 B, mo Bkasye Ha oxucieHHA HiTpuTy. HaBmakwm, erekTpon 3 HeMoIudiKoBaHOI
BYTUIBHOI [TACTH HE IIOKA3aB YKOJHOIO 3HAYHOrO MmKy. J[Js miATBep/sKeHHs TOTo, IO CIOCTePeXKyBAHUU IIK
CIIPAB/Ii € AaHOJHUM ITIKOM HITPUTY, OyJI IIPOBEIeH] BUMIPIOBAHHS IIPH PISHUX KOHIEHTpaIiax "Hitputy 0, 20 i
50 mr/. 3a BigCyTHOCTI HITPUTY iCTOTHOTO MKy He crocTepirasiocsa. OQHAK y po3urHAX HITPUTIB AaHOTHWHA MK
3pocrae 3 OLIbIIT BUCOKMMU KOHIIEHTpAaIliaMu HiTpuTis. KpiM Toro, elekTpo 3 ByriJIbHOL acTy, MOAU(IKOBAHMIA
010BYTLIIAM KYKYPYA3SHOTO IOYATKY, MA€e XOPOIILY CEJIEKTUBHICTD [IJIs BUABJICHHSA HITPUTIB, OCKLIBKY ITMKJIIYHI
BOJIBTAMIIEPOMETPHUYHI BUMIPIOBAHHSA JEAKNX KOMIIOHEHTIB He JAJIM OKUCHO-BITHOBHUX ITIKIB Y IIOTEHITIAHOMY
JiaTta30H1 OKUCJIEHHS HITPUTIB. 3p00JIEHO BUCHOBOK IIPOTE, IO HA OCHOBI 010BYTLILIIST MOYKYTH OyTH PO3pPOOJIeH]
€JIEKTPOXIMIYHI TaTINKU KOHTPOJIIO HITPUTIB.

Knrouoei ciosa: Bioyrisutst, Mogudikoranuit exexrpos, Exexrpoximiunmit cercop, Hitpur.
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