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Abstract 
The interaction of Pirazon (PIR) with calf thymus ds-DNA (double-stranded 

Deoxyribonucleic acid) in the solution and the immobilized DNA on chitosan–carbon 

nanotubes composite-modified gold electrode was investigated by electrochemical 

and UV-Vis spectroscopy techniques. In the solution interactions, spectroscopic 

results indicate non-intercalative binding of PIR. A competition study with methylene 

blue, as an intercalative probe, was applied to confirm the binding mode of PIR. PIR 

showed an oxidation peak at 1.1 V at the bare Au electrode. When ds-DNA was 

added into the PIR solution, its peak current decreased. Au electrode modified with 

single wall carbon nanotube (SWCNT) and chitosan (CS) decorated with the ds-DNA 

was tested to determine PIR content in solution. Electrochemical impedance 

spectroscopy (EIS) and cyclic voltammetry (CV) were used to characterize the 

electrochemical properties of the modified electrode. The modified electrode surface 

has good reproducibility and stability. The modified electrode exhibited linear 

detection range, 5×10-9 to 5×10-5 M, with a detection limit of 1×10-10 M. 

Keywords: Pirazon; DNA biosensor; SWCNT-CS composite. 

 

Introduction 
Although pesticides and herbicides 

have led to enhanced agricultural 

productivity in recent years, their 

release to the environment has made the 

problem of water quality a major 

concern at both national and 

international levels [1]. As required by 

the European Union, pesticide 

concentration in drinking water should 

not exceed 0.1 µg L-1 for each 

compound or 0.5 µg L-1 for total 

pesticides [2].  

Pirazon, [5amino-4-chloro-2-

phenylpyridazin 3(2H)-one] (PIR) is an 

herbicide widely used in agricultural 

areas. PIR is a selective systematic 

herbicide which inhibits 

photosynthesis, and it was used for 

general weeds control in the cultivation 

of sugar-beets, fodder beet and beet 

root (Figure 1) [3]. Moreover, its good 

solubility in water may lead to its 

leaching into the environment, thereby 

polluting both ground and surface water 

[4].  

Different methods have been 

proposed in the literature for PIR 

detection, such as liquid 

chromatography [5], spectroscopy [6] 
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and electrochemical methods [7]. 

Electrochemical biosensors are used as 

good tools for pollutants screening and 

detection as they are fast, simple, and 

cost-effective [8-10]. Electrochemical 

DNA biosensors encompass a nucleic 

acid recognition layer that is 

immobilized over an electrochemical 

transducer. The role of the nucleic acid 

recognition layer is either to detect the 

changes which occur in the DNA 

structure during interaction with DNA-

binding molecules or to detect a 

specific sequence of DNA, selectively 

[11]. 

Generally speaking, 

electrochemical DNA biosensors can be 

used to study DNA interaction with 

different compounds over a wide 

potential range, at any ionic strength, 

and over a wide pH range. Molecules 

and ions interact with DNA in three 

meaningfully different ways: namely, 

electrostatic, groove binding (non-

intercalation) and intercalation [12-19]. 

These reactions cause changes in the 

structure of DNA and base sequence, 

leading to the perturbation of DNA 

replication [20-21]. Today we know 

very well that DNA plays key role in 

cell proliferation, synthesis of proteins 

and transcription of genetic information 

in living cells. However, when the 

poison compounds interact with DNA, 

it may induce damaging and oxidative 

stress on DNA structure and therefore 

causes several diseases such as 

Parkinson’s disease, prostitutes and 

childhood cancers [22-23]. 

 

 
 
 

  

Figure 1. Scheme of PIR 

In this context, the pesticides and 

herbicides should be considered as 

genotoxic and carcinogenic compounds 

[24].  

Recently, nanomaterials have 

received increasing attention to design 

DNA biosensors due to their distinctive 

chemical and physical properties 

caused by quantum confinement, small 

size, and macro quantum tunnel effects 

[25-26]. As a common material, CNTs 

have been continually used as an ideal 

material to fabricate electrochemical 

biosensors since they were discovered 

in 1991 by Iijima [27]. However, lack 

of stability and uniformity of CNTs 

affect their direct immobilization on to 

the electrode surface. Therefore, CS has 

also been applied to improve DNA 

immobilization process [28-30].  

Moreover, the low conductivity of 

these films leads to delay in electron 

transfer to some extent. To overcome 

the mentioned deficiency, the 

functionalized conductive polymers 

were electropolymerized on the surface 

of the electrode [31-33]. Nevertheless, 

the synthesis of the functionalized 

monomers has always been 

complicated, which consequently has 

limited its application. Hence, to 

improve the conductivity, films were 

doped with CNTs. CS–CNT film can 

be used to increase the electrochemical 

signal of the DNA indicator and the 

sensitivity of the biosensor. Also, CS-

CNTs can form a stable complex 

through non- covalent binding; the 

stability of CNTs in aqueous CS 

solution greatly improved [34]. In this 

report, we explore the interaction of 

PIR with DNA using spectroscopic and 

electrochemical methods in solution, 

and a DNA biosensor was constructed 
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and used for the determination of PIR. 

For this purpose, a mixture of SWCNTs 

and CS was immobilized on the surface 

of a gold electrode (AuE) to improve 

the immobilization of ds-DNA on the 

surface. The signal of PIR after 

interaction with the ds-DNA was used 

for constructing the calibration curve 

and ultimately for quantitative 

inspections. It was found that the 

interaction between ds-DNA and PIR 

leads to the PIR preconcentration at the 

surface of the modified electrode and 

improves the detection limit of this 

method. 

Experimental 
Chemicals 

The highly polymerized CT-DNA, 

SWCNT, PIR, and CS were purchased 

from Sigma Corp and used as received. 

Tris-HCl, NaCl, Methylene blue (MB), 

potassium ferro-/ferricyanide were 

purchased from Merck. 

 DNA Binding Measurements and 

Instrumentation 

The stock solution of DNA (1.0×10-3 

M) was prepared according to our 

previous works [35,36]. Solutions of 

DNA in the Tris buffer (10 mM, pH 

7.4) gave the ratio of UV absorbance at 

260 and 280 nm, A260/A280; of 1.9 

indicating that the DNA was 

sufficiently free of protein. 

Concentrated stock solutions of DNA 

were prepared in the buffer. The 

concentration of DNA was measured 

using its extinction coefficient at 260 

nm (6600 M-1cm-1) after dilutions. 

Stock solutions were stored at 4 °C and 

were used no more than four days.  

The Concentrated stock solution of 

PIR was prepared by dissolving it in 

H2O and diluting suitably with the 

corresponding buffer to the required 

concentrations for all of the 

experiments. 

The UV-Vis spectra of the samples 

were recorded by lambda 25 UV-Vis 

spectrophotometer. In a typical 

experiment, 3 ml solution of CT-DNA 

(5.0×10-5 M) was transferred into a 

cuvette. Absorbance titration was 

conducted by adding concentrated stock 

solutions of PIR (1.0×10-3 M) directly 

to the cuvette. UV-visible spectra were 

recorded in the range of 200-350 nm 

about 5 min after each addition of PIR 

solution. 

For competition studies with 

methylene blue (MB), 3 mL solution of 

MB (5.0×105 M) was transferred into a 

cuvette. Absorbance titration was 

conducted by adding the concentrated 

stock solutions of CT-DNA (1.0×10-3 

M) directly to the cuvette. This solution 

was allowed to stand for 5 min, and 

then spectrophotometric data were 

collected from solutions of different 

DNA concentrations. Then, different 

amounts of PIR solution were added to 

a series of solution containing MB and 

DNA.  

All voltammetric experiments were 

performed in a single-compartment cell 

with a three-electrode configuration on 

an Autolab Type 204 

potentiostat/galvanostat, with a three-

electrode system containing: modified 

Au electrode (Metrohm electrode 3mm 

diameter) as working electrode, an 

Ag/AgCl electrode as a reference 

electrode, and Pt wire as counter 

electrode. Electrochemical experiments 

were carried out in a 25 mL 

voltammetric cell at room temperature. 

All potentials are referred to the 

Ag/AgCl reference. Au electrode 

surfaces were freshly polished with 

0.05 mm alumina before each 

experiment and were rinsed using 

double distilled water between each 

polishing step. The supporting 

electrolyte was 10 mM of Tris buffer 

solution (pH 7.4) which was prepared 
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with double distilled water. CV 

measurements were recorded by 

keeping the concentration of PIR 

constant (5.0×10-5M) while varying the 

DNA concentration from 0.0 to 5.0×10-

5 M [37,38].  

Preparation of CS-CNTs 

nanocomposite modified electrode 

CS-CNTs nanocomposite was prepared 

according to literature methods [39]. 

Briefly, SWCNTs was dispersed in 4.0 

M HCl for 4 h under ultrasonic 

agitation. The solid product was 

carefully rinsed with water to have a 

neutral pH and, then, dried, after that 

the CNTS were dispersed in 60 ml 

mixture of concentrated nitric acid and 

sulfuric acid (1:3) with ultrasonic 

agitation for 4h in da water bath 

followed by washing until pH turned to 

be natural and finally it was dried. 

Dispersion in acids was applied to 

eliminate metal oxide catalysts. A 2% 

(W/V) CS solution was prepared in 1% 

acetic acid. Then 1.5 mg of SWCNT 

was dissolved in CS solution and 

ultrasonicated for 2 h to obtain a 

uniform mixture. With the dipping of 

freshly polished AuE in CS–CNT 

solution, the modified electrode was 

fabricated that is noted as CS–

CNTs/AuE. In this way, a robust CS 

film doped with CNTs was formed. 

DNA immobilization 

To prepare single-stranded DNA, the 

double-stranded DNA was heated in a 

water bath at 100 °C for 30 min and 

cooled in an ice bath immediately [40]. 

To obtain the DNA-modified CS–

CNTs/AuE, 5μL of ds-DNA solution 

was pipetted on the surface of the CS–

CNT/AuE. After air drying, the 

electrode was rinsed thoroughly with 

buffer to eliminate the unbounded 

DNA. Thus, the DNA-modified 

electrode (ds-DNA/CS–CNTs) was 

designed.   

Interaction between ds-DNA and PIR at 

the ds-DNA-modified electrode 

To inspect the interaction between PIR 

and ds-DNA, the ds-DNA-modified 

AuE was immersed in to stirred Tris 

buffer solution (pH 7.4) containing 

different concentrations of PIR. After 

the accumulation step, the ds-DNA 

modified AuE was rinsed and 

differential pulse voltammograms were 

recorded. 

Results and discussion 

Interaction between PIR and DNA in 

solution 

Absorption Titration 

Electronic absorption spectroscopy is 

universally employed to determine the 

binding characteristics of compounds 

with DNA [41-43,44]. The B-form of 

CT-DNA is a polyanion containing two 

complementary polymeric subunits 

hydrogen bonded together in the form 

of a right-handed double helix [45].  

If a compound has a strong 

interaction with DNA, it could create a 

hyperchromic or hypochromic effect in 

DNA spectra. ‘‘Hyperchromic effect’’ 

and ‘‘hypochromic effect’’ are the 

spectra features of DNA concerning its 

double-helix structure [46]. This 

spectral change process reflects the 

corresponding changes of DNA in its 

conformation and structures after the 

compound bound to DNA. 

Hypochromism results from the 

contraction of DNA in the helix axis, as 

well as from the change in 

conformation on DNA, while 

hyperchromism results from the 

damage of the DNA double helix 

structure [46]. Our results show a 

typical ‘‘hypochromic effect’’ (Figure 

2). This kind of binding may have 

caused a slight change of the 

conformation of DNA [47]. 
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Figure 2. Absorption spectra of 5×10-5 M of ds-DNA in absence and presence of addition of PIR with 

ri = [PIR]/[DNA]= 0, 0.5, 0.8, 1, 1.2, 1.5, 1.8, 2 

 

 

 

 

 

 

 

 
Figure 3. Absorption spectra of MB in absence and presence of DNA in ri=[DNA]/[MB]= 0.5, 

0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, CMB= 5×10-5 M. Inset: Absorption spectra of MB-DNA in absence and 

presence of PIR with ri=[MB-DNA]/[PIR]=1, 1.5, 2, 2.5, CMB=5×10-5 M, CDNA=25×10-5 M 

 

Methylene blue (MB) displacement 

study 

Competitive binding studies with MB 

were carried out to provide another 

support for the mode of binding of PIR 

with DNA. When MB interacts with 

DNA, it intercalates into the base pairs 

of the DNA. Absorption spectra of MB 

dye in the absence of DNA showed two 

bands at maximum wavelengths of 610 

and 670 nm. With increasing the 

concentration of CT-DNA, the 

absorption at wavelengths of 610 and 

670 nm gradually decreased and 

increased, respectively (Figure 3A). By 

addition different concentrations of PIR 

to the solution containing methylene 

blue and DNA, a competition occurred 

between PIR and MB. As it has clearly 

shown (Fig. 3B), the intensity of MB-

DNA spectra bands decrease at both 

wavelengths. If a molecule could insert 

between DNA bases and be able to 

replace the MB, the spectra of free MB 

will be recovered. It was shown after 

addition of PIR to MB-DNA solution; 

there was no complete recovery in the 

MB peaks (610 and 670 nm). This 

finding indicated that PIR couldn’t 

insert between DNA bases that is 

indicative of its non-intercalative mode 

of binding [11]. 

Interaction of PIR with DNA on CS-

CNT modified electrode 

Characterization of the DNA/CNT-CS 

film 

SEM is an excellent tool for studying 

the surface morphology of thin films on 

nano-scale. Figure 4 shows the SEM 

amplitude images of the unmodified Au 
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electrode and CNT-CS modified Au 

electrode surfaces. The surface 

roughness of the unmodified Au 

electrode is seen in Figure 4A, clearly. 

Randomly of the obtained SWCNT 

could be seen from the SEM are 

covered uniformly on the entire surface 

of the Au electrode. Positively charged 

CS is easily coated on the negatively 

charged surface of the SWCNTs by 

electrostatic interaction (Figure 4B). CS 

molecules can considerably combine 

with negatively charged DNA to from 

DNA films because it is a strong linear 

cationic polyelectrolyte. As shown in 

the SEM image Fig. 4B, DNA 

molecules are aggregated and saturated 

on the CNTs-CS [46]. 

                     a                                                                  b 
Figure 4. SEM images of a) unmodified AuE, b) DNA/CNTs-CS modified AuE 

 

The redox peak currents in the CV 

of the redox indicator 5 mM 

[Fe(CN)6]
3-/4- at the bare, CS–CNTs, ds-

DNA/CS-CNT modified AuE (Figure 

5A) were evaluated as basic  

parameters to characterize the electrode 

surface. CVs were recorded at a scan 

rate of 100 mV/s. At the bare AuE, a 

pair of reversible redox peaks assigned 

to the electron transfer between 

Fe(CN)6
3−and Fe(CN)6

4− were observed 

clearly (curve a). When the electrode 

was modified with the CS–CNTs 

nanocomposite, the redox peak currents 

of Fe(CN)6
3−/Fe(CN)6

4− increased 

sharply, as expected. Also, the peak to 

peak separation decreased (curve b), 

which reveals that the presence of 

CNTs in the modification layer 

dramatically promoted the electron 

transfer of the electroactive molecules 

at the electrode surface. When DNA 

was adsorbed on the CS–CNT film, the 

cathodic peak current of the [Fe(CN)6]
3-

/[Fe(CN)6]
4- redox indicator decreased 

(curve c) because DNA with a negative 

charge could retard the redox indicators 

to the electrode surface. Thus, the 

decrease of the peak current of 

ferricyanide indicated the formation of 

the DNA/CS–CNT film at the electrode 

surface, which is indicative of lesser 

access of the redox indicator to the 

modified electrode surface [47]. 

Impedance spectroscopy was also used 

to identify the effect of the 

modification. Fig. 5B shows the 

impedance spectra of the unmodified 

AuE, SWCNT–CS modified AuE, and 

ds-DNA/SWCNT–CS modified AuE in 

5.0 mM Fe(CN)6
3−/4− (1:1) containing 

0.1 M KCl. As compared to the 

unmodified AuE, a smaller semi-circle 

at higher frequencies was observed at 

SWCNTs–CS/AuE. This indicated that 

the impedance of the electrode 

decreased obviously in the presence of 

the SWCNTs–CS nanocomposite 

which may have promoted the electron-

exchange between Fe(CN)6
3−/4−andthe 
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electrode. The charge transfer 

resistance, Rct, indicating the diameter 

of the semicircle for ds-

DNA/SWCNTs–CS biosensor, is 

higher than that of the electrode without 

DNA because its negatively charged 

interface represents an electrostatic 

barrier toward the anions of the redox 

indicator.

                           

                            A                                                                                            B 

 

 
 
 
 

Figure 5. A) CV of different modified electrodes in 0.1 M KCl solution containing 0.02 M 

K3[Fe(CN)6] in scan rate 0.1V/s, a) bare AuE,  b) SWCNT/CS AuE, c) SWCNT/CS/DNA AuE. B) 

Nyquist relationship of EIS data performed in a 0.1 M KCl solution containing 0.01 M [Fe(CN)6]3-/4-, 

in scan rate of 0.1V/s a) bare AuE, b) SWCNT/CS AuE, c) SWCNT/CS/DNA AuE  

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

Figure 6. A) DPV curves of 5×10-5 M PIR at bare electrode (curve a) and SWCNT/CS/DNA Au 

electrode (curve b) in pH 7.4. B) CV curve in 0.01 M Tris-HCl containing PIR 5×10-5 at, a) bare Au, b) 

SWCNT/CS/ds DNA AuE  

 
 

 
 

 
 

Interaction of PIR with ds-DNA 

Figure 6A shows the differential pulse 

voltammetric (DPV) responses of 5×10-

5 M PIR at both bare AuE and ds-

DNA/SWCNT-CS/AuE. PIR has a 

redox reaction with Scheme 1 

mechanism [48]. The peak current 

obtained at DNA/SWCNT-CS/AuE is 

higher than obtained with the bare AuE. 

The increase in the peak current 

indicated that PIR could interact with 

the ds-DNA immobilized on the AuE 

surface. Moreover, Figure 6B shows 

the CV peaks of PIR on bare and 

modified electrodes. It can be seen 

again that the background current of 

PIR on modified AuE is much larger 

than of the bare AuE, which may be 
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due to the electro catalytic activity of 

CNT-CS/ds-DNA AuE on PIR. The 

surface area of CNT-CS/ds-DNA AuE 

must be greater than the bare AuE, 

which also results to the increase of 

peak current. The results showed that 

the ds-DNA modified surface was more 

favorable for PIR molecules to undergo 

redox reaction than the bare AuE 

surface. This finding indicates a 

preconcentration of PIR on the DNA-

modified surface due to its binding to 

ds-DNA. 

Comparison of the interactions of ds-

DNA and ss-DNA with PIR 

To study the denaturation of  DNA, 

1.0×10-5 M of ds-DNA and ss-DNA 

were added into the Tris-HCl buffer 

solution, containing 5.0×10-5 M PIR 

and DPV signals which were recorded 

at the unmodified AuE. As shown in 

Figure 7, although the peak currents 

decreased in both cases, the peak 

current of PIR fell more sharply with 

ds-DNA. This result demonstrated a 

more intense interaction of PIR with ds-

DNA, which might be the result of the 

stronger binding nature between PIR 

and ds-DNA or the increasing blockage 

of the electron transfer of PIR through 

the electrode surface by ds-DNA 

absorption, or probably both. The 

distinct difference in DPV behaviors of 

PIR could be used to distinguish ds-

DNA from ss-DNA [49,50]. 

 

 
Figure 7. DPVS of PIR at the unmodified AuE in Tris-HCl buffer (0.1 M at pH 7.4), a) 5×10-5 M PIR, 

b) 5×10-5 M PIR and 10-5 M ss-DNA, c) 5×10-5 M PIR and 10-5 M ds-DNA 
 

 
 
 

Selection of optimum experiment 

conditions 

To construct DNA/CNT-CS modified 

AuE, different variable such as 

immobilization time of CNT-CS on the 

AuE, amount of CNT and concentration 

of ds-DNA were optimized. 

To optimize the immobilization 

time of CNTs–CS, the pretreated AuEs 

were dipped into the SWCNTs–CS 

composite for 30, 60, 90, and 120 min. 

The results showed that a dramatic 

increase occurred in the oxidation peak 

currents of PIR during the 

immobilization time up to 90 min after 

which the currents were almost leveled 

off over longer immobilization times. 

So, 90 min was selected as the 

immobilization time of CNTs and CS 

on the AuE. With increasing of CNT-

CS immobilization time on the 

electrode surface, more composite 

placed on surface that leads to more 

surface area and more electron transfer. 

After 90 min, the electrode surface was 

saturated and more immobilization time 

does not affect on the signal.   
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To check the influence of the 

amount of CNTs on the sensitivity of 

the CNT-CS modified electrode, the 

CNT content in CNT-CS composite 

was varied between 0.5 to 2 mg. The 

results showed that the oxidation peak 

current increased with increasing CNTs 

content up to 1.5 mg, but decreased 

beyond that. Therefore, 1.5 mg of 

CNTs was selected and used in all 

further experiments. With increasing 

CNT content in CNT-CS composite, 

the surface area was increased, and 

because of better electron conductivity, 

the peak current was increased.  

However, more increasing of CNT, 

because of aggregation and un-

uniformity, doesn’t increase the peak 

current. 

The optimum condition for the ds-

DNA concentration was found to obtain 

the maximum PIR signal. To find the 

optimum concentration of ds-DNA, 

different concentration of ds-DNA were 

used. The result showed that the peak 

current increased by increasing ds-

DNA concentration up to 5.0×10-5 M, 

beyond which it leveled off. Therefore, 

3.0×10-5 M of ds-DNA was selected as 

the optimum concentration (Figure 8). 

DNA molecules prepare suitable 

acceptor cites for PIR molecules on the 

electrode surface, so with increasing in 

DNA concentration, more cites are 

available for analytes and the peak 

current increases. Aggregation of DNA 

molecules at high concentration 

decreases the synergic effect with CNT 

on electron transfer. 

 
 

  A                                                                     B                                                        C 

Figure 8. A) The study immobilization time of SWCNT-CS on AuE (SWCNT=1mg, DNA=10-5 M, 

PIR=5×10-5 M), B) Study the influence of the amount SWCNT (Time=90 min, DNA=10-5 M, 

PIR=5×10-5 M), C) Study the influence of the amount DNA(SWCNT=1.5mg, Time=90 min, 

PIR=5×10-5 M) 

 

Study of the linear range of biosensor 

responses 

Figure 9 demonstrates the effect of 

different concentrations of PIR on the 

biosensor response. It was shown the 

current responses increase with 

increasing the PIR concentrations that 

indicates more PIR accumulation. This 

current response was linear towards the 

PIR concentrations of 5.0×10-9 M to 

5.0×10-5 M with LOD (3Sb/m) 1.0×10-

10 M. Good obtained LOD in this 

method is noteworthy. Most of 

herbicides measurements are based on 

chromatography techniques and so far, 

the use of DNA biosensors for 

detection of herbicides has not been 

reported (Table 1). It seems this is due 

to the stronger matrix effects and 

difficulties in chromatographic 

separation, resulting in a higher 

uncertainty of measurements [51-55]. 
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Table 1. The analytical performances for PIR detection by various methods 

Method Linear Range (µM) Detection Limit Reference 

LC1-ESI2-TMS3/QUEChERS - 0.8 (µg/L) 51 

UPLC4-ESI-MS5/MS - 0.01 (µg/L) 52 

HPLC6 - 3.5(µg/Kg) 53 

GC7 - 0.4 (µg/Kg) 54 

FSDPV8 0.1-1.0 0.006 (µg/L) 55 

Present work 0.005-50 0.01 /L) - 
1. Liquid Chromatography     2. Electrospray Ionisation Spectrometry 3.Tandem Mass spectrometry 4. Ultra-

Performance Liquid Chromatography 5. Mass Spectrometry 6. High Performance Liquid Chromatography 7. Gas 

Chromatography 8. Fast-Scan Differential Pulse Voltametry 

 

  

A                                                             B 

Figure 9. A) CV of different concentration of PIR interaction with ds-DNA, B) The linear response 

range of the biosensor 
 

Electrode repeatability and stability 

The ds-DNA/SWCNT-CS/AuE can be 

used for the determination of PIR. The 

repeatability of DNA biosensor was 

assessed by repeating the measurements 

in 0.01 mM PIR (pH 7.4) using one 

modified electrode during one week. 

The standard deviation was 2.93% 

(n=6) (Figure 10). When the modified 

electrode stored at 4 °C for more than 

one week, the response current of the 

DNA biosensor slightly decreased. 

 

 
 
 
 

Figure 10. Pick current of DNA biosensor in different days 

 

 

 

1.36

1.41

1.46

1.51

1 2 3 4 5 6 7

Ip
 (

µ
A

)

Day

-1.0

-0.5

0.0

0.5

1.0

1.5

0.3 0.6 0.9 1.2

Ip
 (

μ
A

)

E (V)

0.6

0.8

1

1.2

1.4

1.6

0.010.05 0.1 0.5 1 5 10 50 100 500

Ip
 (

μ
A

)

[PIR]×10-7 M



 

 

DNA-based electrochemical biosensor using chitosan–carbon nanotubes … 

 

 

Page | 223 

 

 

Real sample analysis 
Due to the penetration of pesticides and 

herbicides on groundwater resources, 

the wells water of Ilam city were 

selected as a real sample to test the 

practical application of the DNA 

biosensor. The assayed samples were 

also studied using the standard addition 

method without any pretreatment. For 

the standard addition method water 

samples were prepared by addition PIR 

before each treatment. Water samples 

were spiked with a known amount of 

PIR and RSD measurements were 

made. The amount of PIR was obtained 

1.04 µM and RSD in this method was 

3.01% (n=5) (Table 2). 

 
 

Table 2. PIR Determination of in well water samples 

Sample Spiked level (µM) Found (µM) RSD (%) Recovery* (%) 

 

Well 

Water 

0.00 

0.5 

1.5 

1.04 

1.55 

2.53 

3.01 

2.97 

3.07 

- 

102 

98 

* n = 5  

 

Interference study 

The selectivity of the sensor was 

studied in the presence of Ca+2, Mg+2 

ions, Bentazone and Terbuthylazine 

herbicides. The mention compounds 

were added to the solution in turn and 

DPV responses were investigated.  

The results are shown in Table 3.  

The responses show considerable 

selectivity to pyrazon. 

 

Table 3. Effect of interferences of the recovery of the analyte (10 ppm, n=5) 

Interference Concentration (ppm) Recovery (%) 

Ca2+ 1000 98±2 

Mg2+ 1200 97±1 

Bentazone 40 101±2 

Terbuthylazine 80 103±1 

 

Conclusion

Highly sensitive biosensors for the 

determination of herbicides in the 

environment and drinking waters are 

particularly interesting. In this study, 

the PIR interaction with DNA was 

investigated by electrochemical and 

spectroscopic methods. Our findings 

revealed a considerable interaction 

between PIR and ds-DNA. 

CS as a polycation and SWCNTs 

provide a surface with positive charges 

and a high surface area for the 

immobilization of ds-DNA as a 

polyanion. Using the DNA/SWCNTs–

CS/AuE electrode, we were able to 

detect the interaction of PIR with ds-

DNA, which allowed us to apply a 

DNA-modified electrode for ultra-trace 

determination of PIR. PIR can be 

preconcentrated in immobilized ds-

DNA due to the binding to double helix 

of the ds-DNA, which increases the 

differential pulse oxidation wave of PIR 

higher than that of the bare electrode. 

This result means that PIR achieved a 

preconcentration more times higher 

than that when it could reach in the 

absence of ds-DNA.  

The spectroscopic results show that 

PIR may interact with DNA via non 

intercalation mode. The direct 

electrochemical behavior of 
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immobilized ds-DNA on SWCNT 

modified Au electrode as a biosensor was 

studied for detection of DNA interaction 

with PIR. The modified electrode has  

shown significantly improved properties 

to the measurement of PIR compared 

with unmodified electrodes (bare). The 

modified electrode successfully for the 

detection trace amount of PIR is used in 

the interaction with DNA. Moreover, this 

method is fast, simple, sensitive, and 

cost-effective for the identification and 

evaluation of PIR.   
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