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a b s t r a c t

Boron/nitrogen-co-doped carbon (BCN) nanosheets decorated with Fe2O3 nanocrystals (Fe2O3–BCN) were

cast on a glassy carbon electrode (GCE) and applied as an electrochemical sensor to effectively detect

paraquat (PQ), a toxic herbicide, in aqueous environments. A linear experiment performed using square

wave voltammetry (SWV) under optimized experimental conditions produced a decent linear relationship

and a low detection limit (LOD) of 2.74nmol/L (S/N=3). Repeatability, reproducibility, stability, and inter-

ference experiments confirmed that the Fe2O3–BCN/GCE system exhibited decent electrochemical sensing

performance for PQ molecules. Notably, the designed sensor showed high selectivity and a decent linear

relationship with PQ concentration in natural water samples. To the best of our knowledge, this is the

first study on the preparation of Fe2O3–BCN nanosheets for PQ detection. The proposed sensor can be

employed as an effective alternative tool for distinguishing and processing PQ.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Paraquat (PQ) was discovered as a chemical indicator by Wei-

del and Rosso in 1882, and subsequently promoted as an herbicide

by Jealott’s Hill in the United Kingdom in 1995 because of its re-

dox properties [1,2]. PQ is a fast-killing insecticide with extremely

high toxicity to humans and animals. Several countries have estab-

lished requirements to limit the paraquat content in water, which

is generally 30–200nmol/L [3,4]. Although the European Union has

banned the use of PQ, people in more than 100 countries use PQ

in agricultural production. Over the past decade, more than a thou-

sand people have died of PQ poisoning [5]. Therefore, rapid de-

tection of paraquat in aquatic environments with a low detection

limit is indispensable.
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PQ detection has been achieved using various methods

such as high-performance liquid chromatography [6,7], gas

chromatography-mass spectrometry [8], spectrophotometry [9],

fluorescence [10], and capillary electrophoresis [11]. Although

paraquat can be rapidly and selectively detected using these meth-

ods, disadvantages such as low recognition ability, complicated op-

eration, and cumbersome equipment make them unsuitable for

use as portable on-site detection equipment [10,12]. In this regard,

electrochemical methods offer benefits such as low limits of de-

tection (LODs) and rapid, mobile, and convenient analysis [13,14].

Moreover, electrochemical methods permit the use of square wave

voltammetry (SWV), cyclic voltammetry (CV), and differential pulse

voltammetry (DPV) for PQ analysis and measurement.

Nanocomposites are currently popular in scientific research and

industry owing to their excellent performance in various applica-

tions [15–17]. Several nanocomposite-based electrochemical sen-

sors, such as those based on Au nanoparticles and graphene

(AuNPs/GAQ) [18] and Au nanocrosses and chitosan (AuNCs–CS)

[19], have been developed over the last decade for PQ detec-
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Fig. 1. Schematic of the synthesis of BCN and Fe2O3–BCN, and the experimental flowchart.

tion. Boron/nitrogen-co-doped carbon (BCN) is a non-metal semi-

conductor with adjustable bandwidth and a graphene-like two-

dimensional non-metal layered material with excellent electro-

chemical performance [20–22]. The outstanding performance of

BCN is due to its excellent thermal [23], optical [24], and me-

chanical properties [25], which have led to a surge in research

involving the synthesis and characterization of novel, BCN-based

materials globally. In fact, loading a certain amount of a metal

on the BCN material can enhance its electrochemical performance

[26–28]. Electrochemical sensors synthesized using BCN have ex-

hibited excellent performance [29,30]. For example, Chen et al.

[31] synthesized two-dimensional boron-nitride/carbon-nanotube

nanosheets to detect lipocalin-2 in clinical serum specimens, and Li

et al. [32] synthesized single-atom niobium-doped boron–carbon–

nitrogen nanotubes (SANb–BCN) to detect nitrobenzene in an

aqueous environment.

Fe2O3 has a wide range of sources and is the main component

of hematite and rust. Therefore, nanosheets of BCN and Fe2O3–

BCN were synthesized in this study via a hydrothermal reaction

and high-temperature calcination for PQ detection. Fig. 1 illus-

trates the preparation of the investigated materials. Characteriza-

tion techniques such as transmission electron microscopy (TEM),

scanning electron microscopy (SEM), thermogravimetric analysis

(TGA), and X-ray diffraction (XRD) were employed to determine

the morphology of the Fe2O3–BCN nanosheets. Moreover, Fe2O3–

BCN/glass-carbon-electrode (GCE), BCN/GCE, and Fe2O3/GCE were

similarly prepared. Comparison of the electrochemical performance

of the three modified electrodes and bare GCE revealed the supe-

rior electrochemical sensing performance of Fe2O3–BCN/GCE. The

electrochemical behavior of PQ on the electrode was examined by

changing the scan rate in CV. Subsequently, optimal current re-

sponse conditions were determined by modifying and controlling

the amount of Fe2O3–BCN coated on the electrode, the enrichment

time, deposition potential, and electrolyte pH. Under the optimized

conditions, Fe2O3–BCN/GCE showed decent linearity, a low LOD,

and selection specificity for PQ. Finally, the modified electrodes

were used to analyze the target pollutant in actual water samples

(tap water and lake water), and the satisfactory recovery rate and

linear relationship had been achieved.

Ultrapure water with a resistance of ≥18.25 M�/cm was used

to prepare all the solutions used in this study. All the reagents

were analytically pure and used directly without purification.

Paraquat (≥99.7%) was purchased from Macklin (Shanghai, China).

Urea (CH4N2O) (≥99%) and boric acid (H3BO3; ≥99.5%) were pur-

chased from Rhawn (Shanghai, China). Ferric nitrate nonahydrate

(≥98.5%) and glucose (C6H12O6) (≥99%) were purchased from

Macklin (Shanghai, China). PBS buffer composed of Na2HPO4 (Al-

addin) (≥99%) and NaH2PO4 (Aladdin) (≥99%) was freshly pre-

pared at a concentration of 0.1mol/L. A CHI 660E electrochem-

ical workstation (Shanghai Chenhua Instrument Co., Ltd., China)

was used for electrochemical measurements at room temperature.

Both the SWV and CV responses were acquired using a three-

electrode system containing a working electrode (GCE, BCN/GCE, or

Fe2O3–BCN/GCE), reference electrode (Ag/AgCl), and counter elec-

trode (Pt).

Briefly, the BCN nanosheets were prepared as following: Urea

(3 g), boric acid (3.09 g), and glucose (1.02 g) were stirred and dis-

solved in 20mL of ultrapure water. The resulting mixture was

dried in a vacuum drying oven at 50 °C for 12h, which yielded a

white powder. This product was calcined at 850 °C for 4h within

N2 atmosphere to produce the BCN nanosheets. The BCN mate-

rial (0.07 g) and ferric nitrate nonahydrate (1.13 g) were dissolved

in 70mL of water, and subjected to a hydrothermal reaction in a

reaction kettle at 200 °C for 12h. The resulting black solid material

was washed repeatedly with ethanol. Finally, the black solid was

dried in a blast drying box at 50 °C for 6h to yield Fe2O3–BCN,

similar to the protocol followed in our recent study [33].

The surface of the GCE was cleaned until it was smooth, and

subsequently polished on a suede material using polishing pow-

der with specifications of 1 μm and 100nm. After each polishing

step, deionized water, ethanol, and acetone were used to ultrason-

ically treat the polished GCE for 10 s. The surface of the treated

GCE was dried thereafter under nitrogen for subsequent use. BCN

(2mg) and Fe2O3–BCN (2mg) were added to two separate bottles,

followed by the addition of ultrapure water (1mL), and sonication

of the mixtures for 30min to ensure uniform dispersion. The two

dispersions (10 μL) were dropped on two vertical GCE surfaces and

subsequently air-dried at room temperature (20 °C) for 24h to ob-

tain BCN/GCE and Fe2O3–BCN/GCE.

A test range of 0−1V was adopted for SWV and CV. Moreover,

CV was performed at 50mV/s, and SWV was conducted with a

potential increment of 4mV, amplitude of 25mV, and frequency

of 15Hz. To remove the dissolved oxygen in the electrolyte solu-

tion requires bubbling with N2 for 10min. The SWV test required

the use of i-t curves to deposit the investigated pollutants on the

electrode surfaces. An applied voltage of −0.2V and an enrichment

time of 100 s were used to obtain the i-t curves. The electrolyte for

the SWV and CV tests contained PBS (10mL, 0.1mol/L, pH 6.0) and

10 μmol/L PQ.

SEM analysis (Fig. 2a) indicated that the prepared BCN and

Fe2O3–BCN materials were present in the form of nanosheets, and

the surfaces of the BCN nanosheets were relatively smooth. Fur-

thermore, TEM analysis (Fig. 2b) suggested that the Fe2O3–BCN

nanosheets had a rough surface with a uniform, thick layer of

Fe2O3 particles. Fig. 2c is the SEM image of Fe2O3–BCN after elec-

trochemical measurement. The appearance of Fe2O3–BCN did not
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Fig. 2. SEM images of the (a) BCN and (b) Fe2O3–BCN materials. (c) SEM images of Fe2O3–BCN after electrochemical measurements. (d) TEM image of Fe2O3–BCN; the inset

shows a high-magnification TEM image. (e) XRD patterns of BCN and Fe2O3–BCN. (f) Thermogravimetric analysis of BCN (black) and Fe2O3–BCN (red).

Fig. 3. (a) Nyquist plots of BCN/GGE (blue) and Fe2O3–BCN/GCE (red) collected using an electrolyte containing 5.0mmol/L K3Fe (CN)6–K4Fe (CN)6 and 0.1mol/L KCl. The

inset shows the Nyquist diagram of the GCE, and another inset is simple equivalent circuit. (b) CV curves of GCE, Fe2O3/GCE, BCN/GCE, and Fe2O3–BCN/GCE obtained using

an electrolyte containing 0.1mol/L PBS and 1.0 μmol/L PQ (scan rate: 50mV/s). The inset shows the reaction mechanism of paraquat.

change significantly after measurement. The XRD pattern of BCN

shows broad and soft peaks at 24° and 43°, respectively, which

were attributed to the (002) and (100) crystal planes, respec-

tively [34]. The XRD pattern of Fe2O3–BCN (red profile in Fig. 2d)

shows peaks at 24.149°, 33.158°, 35.631°, 40.862°, 49.462°, 54.069°,
62.436° and 64.000°, which were ascribed to the crystal planes of

(012), (104), (110), (113), (024), (116), (214) and (300), respectively.

Generally, the broad diffraction peaks on the XRD spectrum indi-

cate that the synthesized material has poor crystallinity. In Fig. 2e,

the broad peak of Fe2O3–BCN at 24° is narrower than that of BCN,

indicating that the crystallinity of BCN is poor, which is consistent

with the results shown by TEM and SEM. Moreover, careful com-

parison revealed that the XRD data of Fe2O3–BCN were consistent

with those of hematite syn (JCPDS No. 79-1471).

Fig. 2f is thermogravimetric analysis of BCN and Fe2O3–BCN.

The mass of BCN and Fe2O3–BCN were both 10mg. The calcination

conditions were nitrogen atmosphere, heating at 15 °C/min and

stopping at 800 °C. Final BCN mass remaining 59.9 wt%, Fe2O3–BCN

mass remaining 92.6 wt%. According to the calculation, the load of

Fe2O3 is about 32.7 wt%. These results validate the successful syn-

thesis of the Fe2O3–BCN nanosheets.

Electrochemical impedance analysis (EIS) of bare GCE, BCN/GCE,

and Fe2O3–BCN/GCE was performed to assess the electrochemical

sensing performance of Fe2O3–BCN/GCE. Fig. 3a shows the Nyquist

plots of the three electrodes, which indicate that the charge-

transfer resistance (Rct) of Fe2O3–BCN/GCE is lower than those of

BCN/GCE and GCE. In the equivalent circuit diagram of the illustra-

tion, R1 represents the resistance of the electrolyte, and R2 rep-

resents the Rct. C and M represent the double-layer capacitance

and mass transfer generated at the interface between electrode

and electrolyte solution, respectively. The corresponding R2 val-

ues of GCE, BCN/GCE and Fe2O3–BCN/GCE were 195, 112 and 88

�, respectively. The wider semicircles of BCN/GCE and GCE in-

dicate their poor electron-transfer activity and electronic conduc-

tivity [35,36]. These results indicate the formation of an effective

electron-conduction path between Fe2O3–BCN/GCE and the elec-

trolyte [37], which confirms the optimal conductivity of the Fe2O3–

BCN/GCE system. CV curves of Fe2O3–BCN/GCE, BCN/GCE, and GCE

were collected using 0.1mol/L PBS containing 1 μmol/L PQ. Gener-

ally, the Nyquist diagram appears as a straight line with a tilt an-

gle of π /4 (45°) for diffusion-controlled reactions on electrode sur-

faces. Fig. 3a clearly shows that the reaction on the bare electrode

surface is controlled by diffusion, whereas those on the modified

electrodes are not.

Fig. 3b shows that the GCE and Fe2O3/GCE has almost no re-

dox current in response to PQ, and BCN/GCE produces a weak

current response to PQ at approximately −0.61V. In contrast, the

Fe2O3–BCN/GCE system exhibited a more robust current response

at −0.25V and −0.71V. The inset in Fig. 3b shows the redox re-

actions of PQ. In a complete CV curve, PQ first obtains an electron

to be reduced to an intermediate, and then obtains an electron to

become a reduced state. Then it loses two consecutive electrons

and is oxidized back to the original PQ. Fe2O3 particles have a

huge specific surface, and the surface effect is obvious and has a
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Fig. 4. (a) CV curves obtained at different scanning speeds in 0.1mol/L PBS containing 1 μmol/L PQ in a scanning rate range of 10–250mV/s. (b) Linear relationship between

the scan rate and the current response. (c) Impact of the amount of Fe2O3–BCN on signal response. Effects of the (d) duration and (e) deposition potential on current. (f)

Signal response in the pH range of 4.5–8.0 in 0.1mol/L PBS containing 10 μmol/L PQ.

certain degree of oxidation [38]. Moreover, due to the small size

of iron oxide particles, the volume percentage of the surface is

large, the bond state and electronic state of the surface are dif-

ferent from those inside the particles, and the coordination of sur-

face atoms is different, which leads to the increase of the active

site of the surface. BCN is used to enhance conductivity, and the

doping of B and N atoms can provide more sites. In the three-

electrode system, each step of paraquat reaction needs to get or

lose an electron, while Fe2O3–BCN has more active sites and cer-

tain oxidation. The red curve in Fig. 3b has two peaks at −0.25V

and −0.71V, which are consistent with the two reductions of PQ.

Fe2O3–BCN/GCE exhibits a stronger response to the CV current

generated by PQ, which is more in line with the redox behavior

of PQ [39]. These electrochemical test results reveal the suitability

of Fe2O3–BCN/GCE as an electrochemical sensor for PQ detection.

The reaction mechanism of an analyte at electrode surfaces can

be analyzed using CV curves obtained at different scanning rates

[40]. The control process at electrode surfaces can occur via sur-

face or diffusion control. As shown in Fig. 4a, the current response

gradually increased with increasing scan rate, and a linear relation-

ship was established between these parameters (Fig. 4b). Essen-

tially, the scan rate was positively correlated with the current sig-

nal. This indicates that the reaction on the electrode surface was

dominated by surface adsorption control [41].

A series of conditions was optimized to maximize the current

signal of the Fe2O3–BCN/GCE sensor to PQ. The Fe2O3–BCN coat-

ing on the surface of the electrode affects the electronic conduc-

tivity, which consequently influences the current signal response

[42]. Therefore, the influence of the amount of Fe2O3–BCN used to

modify the GCE on current response was examined first. The cur-

rent signal intensity rapidly increased with increasing amount of

Fe2O3–BCN dropped on the electrode surface in the range of 0–7

μL, and reached a maximum at 9 μL (Fig. 4c). When the surface

tension of a dispersion is constant, the amount of a material used

for electrode modification within a specific range increase, which

enhances the current response signal. The dispersion and eventual

saturation of the added material on the electrode surface leads to

stabilization of the current response.

The experimental procedure was optimized after the electrode

optimization step. The current response clearly increased with in-

creasing enrichment time, and stabilized after an enrichment time

of 100 s (Fig. 4d). Additionally, five enrichment potentials of −0.1,

−0.2, −0.3, −0.4, and −0.5V were tested (Fig. 4e), which resulted

in the current response achieving a maximum at a potential of

−0.2V. Because a further increase or decrease in voltage did not

enhance the current, the oxidation reaction of PQ was presumed to

proceed within a certain voltage range. Once the voltage exceeded

a certain threshold, side reactions could occur, and the oxidation

of PQ no longer dominated the electrolyte.

The reduction performance of Fe2O3–BCN for PQ was investi-

gated in the pH range of 4.5–8.0 (Fig. 4f) to avoid the decom-

position of PQ, which typically occurs under excessively alkaline

conditions [43]. The current response increased and subsequently

decreased with increasing pH, reaching a maximum at a pH of

6.0. The use of a slightly acidic electrolyte, which contains a small

amount of H+ ions, promotes the oxidation of PQ by Fe2O3–

BCN/GCE in the electrolyte. However, the use of an excessively

acidic electrolyte leads to the production of protons by the func-

tional groups on the electrode surface owing to the numerous H+

ions, which hinders the adsorption of PQ on the electrode surface

[44]. Therefore, the electrochemical behavior of the electrode sur-

face was clearly affected by pH, and an optimal pH of 6.0 was em-

ployed for PQ detection in the subsequent experiments.

SWV curves were obtained using 0.1mol/L PBS buffer solu-

tions containing different concentrations of PQ under the opti-

mized conditions. The SWV curves and the corresponding linear

relationships (Fig. 5) indicate that the current response gradually

increased with increasing PQ concentration; moreover, these pa-

rameters were found to be linearly related. The linearity was di-

vided into two concentration ranges: 10–800nmol/L and 0.8–12

μmol/L. In an electrochemical test, the adsorption of the tested

substrates onto the electrode surface induces a current response

that can be detected. However, at extremely low PQ concentra-

tions, the active sites on the sensor surface will not be saturated,

resulting in a rapid increase in the current response. Moreover,

when the reactant concentration is relatively high, the active sites

on the sensor surface are occupied to a certain extent, leading to a

decrease in the current response growth rate [45].

Therefore, the linear range was fitted piecewise in a conven-

tional manner, which yielded a satisfactory linear relationship (R2).

The regression equations obtained by linear fitting are expressed

as follows:

10–800nmol/L: I (μA)=8.898C (PQ/μmol/L)+0.948, R2 =0.997,

0.8–12 μmol/L: I (μA)=7.959C (PQ/μmol/L)+41.11, R2 =0.999.
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Fig. 5. (a) SWV curves obtained under the optimized conditions (pH 6.0, 0.1mol/L PBS) in a PQ concentration range from 10nmol/L to 12 μmol/L, and the inset was the

enlarged image in the imaginary line. Linear relationships between the current response and PQ concentration in the ranges of (b) 10–800nmol/L and (c) 0.8–12 μmol/L.

Table 1

Various modified electrodes used for electrochemical determination of PQ.

Modified electrode Detection method Linear range (μmol/L) LOD (nmol/L) R2 Ref.

MSTF/GCE SWV 0.5−10 12 0.946 [47]

SIPE/GCE SWV 3.0–100 800 0.999 [48]

N/AgNP/MWCNT/GCE DPV 0.1–10 68 0.996 [49]

BF/GCE DPV 0.1–4.2 8.9 0.996 [50]

BN/MoS2/AuNPs/GCE DPV 0.1–100 74 0.994 [46]

AuNPs/GAQ/GCE DPV 0.02–24 6 0.998 [18]

PPY–NGE/GCE DPV 0.05–2 41 0.999 [51]

HAP–CPE SWV 0.8–20 15 0.991 [52]

Fe2O3–BCN/GCE SWV 0.01–0.8, 0.8–12 2.7 0.997, 0.999 This work

MSTF: mesoporous silica thin-films; SIPE: silver inkjet-printed electrodes; AgNP: Ag nanoparticles; MWCNT: multi-walled carbon nanotubes; BF: bismuth film; BN: boron

nitride; AuNPs: Au nanoparticles; AuNPs/GAQ: Au nanoparticle/8-aminoquinoline-functionalized graphene oxide; PPY–NGE: polypyrrole nitrogen-doped; HAP–CPE: hydrox-

yapatite carbon paste electrode.

The LOD was calculated using the equation, LOD=3Sb/S [46],

where Sb is the standard deviation of the current signal detected

by the blank solution 10 times, and S is the slope of the calibra-

tion curve. The LOD of Fe2O3–BCN/GCE to PQ was estimated to

be 2.74nmol/L (S/N=3). Several typical materials that have been

examined for the electrochemical detection of PQ and their corre-

sponding parameters are listed in Table 1 [18,46-52]. The interna-

tional minimum PQ emission standard is considerably greater than

the LOD of the designed Fe2O3–BCN/GCE sensor [53]. Comparison

of the performance data listed in Table 1 reveals the potential of

Fe2O3–BCN/GCE as an excellent chemical sensor for PQ detection.

The SWV method was used to test the designed electrode

against five identical solutions in the presence of 10 μmol/L PQ

in a 0.1mol/L PBS buffer solution to determine whether they con-

tained similar amounts of PQ. The current responses of the elec-

trode to the five solutions (Fig. 6a) had an error of less than 3%,

indicating excellent repeatability. Additionally, the responses of five

electrodes to a current signal using the same 0.1mol/L PBS elec-

trolyte containing 10 μmol/L PQ were almost identical (Fig. 6b).

Moreover, the signal responses of the electrode on the first, sev-

enth, and fifteenth days were almost similar (Fig. 6c). These results

indicate the remarkable repeatability, reproducibility, and ultra-

stable characteristics of the Fe2O3–BCN/GCE sensor. The selectiv-

ity and anti-interference ability of Fe2O3–BCN/GCE were studied

in the presence of different inorganic and organic substances (Fig.

6d). The a–j entries in the plot represent 100× concentrations of

Mg2+, thiourea, urea, Zn2+, K+, Fe2+, Ca2+, Fe3+, ascorbic acid,

and benzalkoniumchloride compared to that of PQ. An interfer-

ence of less than 3% was observed in the presence of the inter-

fering substances. These results reveal the strong selectivity and

anti-interference ability of Fe2O3–BCN/GCE.

The suitability of the Fe2O3–BCN/GCE electrochemical sensor

for detecting PQ in actual water samples was examined, and the

practicability and feasibility of the modified electrode were as-

sessed. The standard addition method was employed with tap wa-

ter and lake water to detect PQ in actual water samples. Because

the tap water and lake water were clear, they were used directly

without pretreatment. However, PQ was not detected in the tap

water or lake water. The test results of the designed sensor on wa-

ter samples are consistent with the results obtained by LC-MS. The

LC is Nexera X2 from Shimadzu (Japan), and the MS is 6500 from

ABSCIEX (American). Therefore, certain concentrations of PQ were

sequentially added to the water samples to obtain a linear rela-

tionship. The test results for tap water (Fig. 6e) indicate decent

linearity (R2 =0.999), with recovery rates of 99.8% and 99.4% for

0.6 μmol/L PQ and 1.5 μmol/L PQ, respectively. Moreover, the de-

tection results for the lake water (Fig. 6f) indicate decent linearity

(R2 =0.999), with recovery rates of 99.4% and 99.8% for 0.6 μmol/L

PQ and 1.5 μmol/L PQ, respectively. These results led to a high

linear correlation coefficient and an excellent recovery rate. The

chemical sensing performance and detection in real water samples

achieved by the designed sensor can lead to promising practical

applications.

In summary, a simple and low-cost Fe2O3–BCN/GCE electro-

chemical sensor was prepared successfully. The different elec-

trochemical responses of PQ obtained with bare GCE, BCN/GCE,

Fe2O3/GCE and Fe2O3–BCN/GCE based electrochemical sensors

confirmed that Fe2O3–BCN exhibited excellent electrochemical

sensing performance for PQ. Under the optimized conditions, the

developed electrochemical sensor exhibited a broad linear range,

a low LOD, and high selectivity, repeatability, reproducibility, and

stability. Additionally, the Fe2O3–BCN-based electrochemical sensor
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Fig. 6. (a) Signal responses obtained using five separate samples containing similar concentrations of PQ. (b) Current signal responses of five modified electrodes obtained

using identical electrolytes. (c) Signal responses of a modified electrode on the first, seventh, and fourteenth days. (d) Interference analysis conducted using Mg2+ , thiourea,
urea, Zn2+ , K+ , Fe2+ , Ca2+ , Fe3+ , ascorbic acid, and benzalkoniumchloride, corresponding to a–j, respectively. The interferent concentrations were all 100×higher than that of

PQ. Detection of PQ using Fe2O3–BCN/GCE in (e) tap water and (f) water from Lake Yangzonghai. The red star represents the added standard sample.

was successfully applied to detect PQ in both lake and tap water

samples with satisfactory results. Hopefully, the proposed sensor

could be used as an effective alternative tool for distinguishing and

processing PQ.
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