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ABSTRACT

In this work, polysaccharide sodium alginate(SA) and chitosan(CS) were ami-

nated and crosslinked to form honeycomb structure with hollow structure

sodium alginate-chitosan complex (SA-CS). The honeycomb structure with

hollow structure generated by crosslinked polysaccharides exposed the polar

functional groups of SA and CS compared with individual SA and CS, resulting

in a significant increase in the hydrophilicity of SA-CS. Excessive intake and

accumulation of Cu2? will cause health hazards to the human body, animals

and plants, and some diseases will appear. Therefore, we need to develop

suitable detection methods. We modified the integrated polysaccharide complex

SA-CS on the surface of the glassy carbon electrode (GCE), and optimized the

experimental conditions of SA-CS/GCE for the detection of heavy metal copper

ions by differential pulse voltammetry (DPV). Since the cross-linked SA-CS

increases the recognition sites for Cu2? while exposing functional groups, it has

high selective coordination ability for SA-CS/GCE to Cu2?, and can realize the

selective detection of Cu2?. There is a good linear relationship between a series

of different concentrations of Cu2? and peak current, the linear range is

1–100 lmol L-1, the obtained standard curve is ipc(lA) = 0.08172X (lmol

L-1) ? 2.201, R2 = 0.9919, the detection limit is 0.9545 lmol L-1 when the sig-

nal-to-noise ratio is at 3. Therefore, the SA-CS polysaccharide complex is

expected to be constructed as a non-toxic, non-polluting, electrochemical sensor

that selectively detects heavy metal copper ions in water.

1 Introduction

Natural polysaccharide is one of the most abundant

natural macromolecules in the world, such as starch,

cellulose, chitosan, etc. [1]. It has excellent properties

such as microbial degradability, biofunctionality, and

environmental and biocompatibility [2, 3]. It can be

widely used to various fields closely related to

human life, such as sewage treatment [4], biology [5],

environment, medicine [6], food industry [7], chem-

istry and chemical industry. However, the individual

polysaccharide will produce agglomeration effect
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due to the intermolecular forces, which will limit its

recognition application [8]. Therefore, the use of

covalent bonds to compound polysaccharides can not

only increase the recognition site of the sensing

interface, but also solve the agglomeration effect and

improve its function.

The heavy metal copper ion has gradually become

one of the main pollutants in the water environment.

Like other heavy metals, copper is also toxic and non-

degradable. It can be enriched through the food chain

even in a low-concentration environment, so it will

cause great harm to the human body [9]. When a

large amount of heavy metal copper remains in the

human body, it is easy to cause various diseases, such

as chronic diseases (diabetes, cardiovascular disease

and arteriosclerosis, etc.) [10], neurological disorders

(such as Alzheimer’s disease) [11], and even cancer

[12]. According to the previous reports [13], when the

body’s copper content exceeds 100 to 150 times than

the required amount, it can cause necrotizing hep-

atitis and hemolytic anemia. Therefore, it is necessary

to detect the Cu content in water quickly, accurately,

conveniently and cost-effectively.

There are also various methods that can realize the

detection of heavy metal copper ions. Including

spectroscopy [14], atomic spectroscopy [15], fluores-

cence spectroscopy [16], inductively coupled plasma

mass spectrometry [17], chromatography [18] and

electrochemical analysis methods [19]. In recent

years, some new detection methods have also

appeared, such as biosensor method [20],

immunoassay method [21], enzyme inhibition

method [22] and so on. However, the electrochemical

analysis method has the advantages of high sensi-

tivity, fast analysis speed, good resolution, simple

operation, low instrument price, and the measure-

ment signal does not need to be analyzed and con-

verted, which can directly record and measure

multiple elements in the field of analysis. According

to the different electrochemical signals detected,

electrochemical amperometry analysis methods are

generally divided into voltammetry, amperometric

analysis, resistance analysis, potential analysis, con-

ductance analysis, etc. [23]. Among them, the main

application in the detection of heavy metals is anode

stripping voltammetry and ion selective electrode

[24]. Because differential pulse voltammetry can

eliminate the interference of high salt content in the

detection environment, it can measure both free state

metal ions and complex metals, and is often used for

qualitative analysis of trace metals [25]. Therefore,

this work adopts differential pulse voltammetry to

identify copper ions.

In recent years, the combination of polysaccharides

has been applied in many fields, which has attracted

the attention of researchers. For example, chitosan

and sodium alginate are compounded to prepare

aerogels, which are used as antibacterial materials

and loaded drugs [26]. SA-CMC gel beads are pre-

pared by blending and cross-linking sodium alginate

(SA) and sodium carboxymethyl cellulose (CMC),

and the prepared SA-CMC gel beads have success-

fully achieved effective removal of Pb2? [27]. How-

ever, there are not many studies on using

polysaccharide complexes for heavy metal ions.

In this work, we connected sodium alginate and

chitosan through the amidation reaction of the car-

boxyl and amino groups on them to prepare the

polysaccharide complex sodium alginate-chitosan

(SA-CS). The as-prepared SA-CS presents a honey-

comb structure with hollow structure. While

increasing the hydrophilicity, it provides more

recognition sites for the recognition of heavy metal

ions, which is more conducive to the detection of

metal ions [28]. We successfully verified the recog-

nition of Cu2? by differential pulse voltammetry and

the polysaccharide complex SA-CS was constructed

as an electrochemical sensor for electrode materials

[28].

2 Experimental section

2.1 Reagents and apparatus

Sodium alginate (SA) and chitosan (CS) were

obtained from Aladdin Chemical Co., Ltd. (Shanghai,

China), N-hydroxysuccinimide (NHS, 98%), 1-ethyl-

3-(3-(dimethylamino) propyl) carbodiimide (EDC,

98%), Sodium acetate, glacial acetic acid and CuCl2
were obtained from Sinopharm Chemical Reagent

Co., Ltd. (Shanghai, China). Other chemicals not

mentioned are of analytical grade and do not require

further purification. All solutions were prepared

using deionized water (18.2mx), and all experiments

were performed at room temperature (20 �C).
A SCIENTZ-12 N freeze-drying machine was used

to freeze-dry the polysaccharides. The traditional

three-electrode system were used in electrochemical

experiments, including platinum wire as counter
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electrode, saturated calomel electrode as reference

electrode and SA-CS modified glassy carbon elec-

trode(SA-CS/GCE) as the working electrode. The

cyclic voltammetry and differential pulse voltamme-

try are performed on CHI 660E electrochemical

workstation. We used an X-ray diffractometer (D8

ADVANCE) to record XRD patterns in the range of

5.0 to 80.0� at a scan rate of 10�/min. Fourier trans-

form infrared spectroscopy (FT-IR) (FTIR-650S) were

used to identify the surface groups of the freeze-dried

SA-CS polysaccharide complex at a wavelength of

4000–500 cm-1. Scanning electron microscope (SEM)

(ZEISS Sigam 300) was used to study the three-di-

mensional network structure and morphology of SA-

CS polysaccharide complex, and PHS-25 acidity

meter was used to prepare different pH carboxylic

acid buffer solution.

2.2 Preparation of polysaccharide complex
of sodium alginate and chitosan (SA-
CS) by amidation method

100 mg SA was completely dissolved in 40 mL

deionized water at 40 �C, and then 50mgNHS and

EDC were slowly added at room temperature. The -

COOH on SA was completely activated by constant

temperature stirring for 4 h. Next, different amounts

of CS (50 mg, 100 mg, 150 mg, 200 mg) were dis-

solved in 50 ml of 0.1 M acetic acid solution and

stirred for 4 h. Then, the prepared CS solution was

slowly added drop by drop into the activated SA

solution, and stirred vigorously at room temperature

for 4 h. The -NH2 of chitosan(CS) and the -COOH of

sodium alginate(SA) will complete amidation reac-

tion and cross link to form SA-CS. The centrifuged

product is then washed with deionized water and

acetic acid. Lastly, the prepared SA-CS polysaccha-

ride complex was freeze-dried and labeled as SA-CS

(1:0.5), SA-CS (1:1), SA-CS (1:1.5), SA-CS (1: 2)

[28, 29].

2.3 1023 mmol/L potassium ferricyanide
and potassium ferrocyanide solution

0.8231 g potassium ferricyanide and 1.0560 g potas-

sium ferrocyanide solid and 1.9 g KCl were accu-

rately weighed, which were dissolved in deionized

water and transfer to 250 mL volumetric flask.

2.4 1.3 Electrochemical recognition of Cu21

by polysaccharide complex SA-CS

The polysaccharide complex SA-CS (10 mg) was

dispersed in 5 mL of deionized water, and then we

use a pipette to take 10 lL of this dispersion and

apply it directly on the surface of the bare glassy

carbon electrode with a diameter of 3 mm. Before

being modified, the suede was polished into a mirror

with 0.3 lm and 0.05 lm Al2O3 powder, respectively.

After washing the surface dirt, it was transferred to

an ultrasonic water bath and washed with ultrapure

water for 2 min. Finally, the modified electrode was

placed at room temperature for 5 min to completely

evaporate the solvent on the electrode surface to

obtain a composite material modified electrode,

which is the working electrode.

By immersing the electrode in an electrolyte con-

taining a predetermined concentration of Cu2?, dif-

ferential pulse stripping voltammetry was used to

identify Cu2?. The parameters of differential pulse

stripping voltammetry: deposition potential: -0.8 V,

initial potential: -0.4 V, termination potential: 0.4 V,

potential increment: 4 mV, deposition time: 300 s,

pulse period: 0.5 s, waiting time: 20 s, cleaning

potential: 1.0 V, cleaning time: 120 s, amplitude:

50 mV, frequency: 15 Hz.

3 Results and discussion

3.1 Structural analysis of SA-CS
polysaccharide complex

Under the hydrogen bond force between the macro-

molecular chains of SA and CS, the two polysaccha-

ride substances easily form agglomerations, which

can be seen from SEM images (Fig. 1a and b). How-

ever, it presents honeycomb structure with hollow

structure composed of micron-sized interwoven

fibers (Fig. 1c), when SA and CS are compounded to

SA-CS. It shows that covalent cross-linking effec-

tively reduces the agglomeration of polysaccharides,

and the cross-linked network structure is beneficial to

increase recognition sites and better recognize Cu2?.

In the process of forming the integrated polysac-

charide of SA-CS through the amidation of the car-

boxyl group on the sodium alginate and the amino

group on the chitosan, the gap between the macro-

molecular chains of sodium alginate (or chitosan)
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Intrinsic intermolecular hydrogen bonds are broken

because of newly formed amide bound, resulting in

the expansion of the internal space between the SA-

CS macromolecular chains, forming the honeycomb

structure with hollow structure of SA-CS, as shown

in Fig. 2 [30].

3.2 Enhanced hydrophilicity
of polysaccharide complex SA-CS

Through the contact angle test of CS, SA and SA-CS,

the change of its hydrophilicity was evaluated.

According to Fig. 3, it can be seen that compared

with the contact angles of SA and CS, the contact

angle of SA-CS is significantly reduced to 55.4�, and
the hydrophilicity of the surface SA-CS is signifi-

cantly enhanced. However, the contact angle of SA-

CS is not between SA and CS, but is smaller than the

contact angle of the two. This result also shows that it

is not a simple mixture of the two but the product of

its amidation, also indirectly proved the successful

synthesis of polysaccharide complexes. Because SA

and CS generate a honeycomb structure with hollow

structure polysaccharide complex through amidation

reaction, more polar functional groups (-COOH, -OH,

-NH2, etc.) are exposed to the surface of SA-CS,

making SA-CS hydrophilic The performance is

greatly increased, which also provides reliability for

the detection of Cu2? in practical applications.

3.3 Structural characterization
of polysaccharide complex SA-CS

FT-IR characterizes the functional groups of SA, CS

and SA-CS, as shown in Fig. 4a. In the CS spectrum,

the characteristic peaks of-OH/-NH2, -CH2 and C-O

Fig. 1 Scanning electron micrographs of SA (a), CS (b), SA-CS (c)

Fig. 2 Formation of honeycomb structure with hollow structure of SA-CS accompanied by the breaking of intrinsic intermolecular H

bonds between the macromolecular chains of CS and SA
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appeared at 3429.9 cm-1, 2875.1 cm-1 and

1029 cm-1. And the characteristic peaks appearing at

1650 cm-1 and 1602 cm-1 are attributed to the C=O

stretching vibration peak of -CONH- and the N–H

bending vibration peak of -NH2. For SA, the charac-

teristic peaks of-OH, -CH2 and C–O–C appeared at

3423.2 cm-1, 2923.8 cm-1 and 1060 cm-1. The

antisymmetric and symmetric stretching vibration

peaks of -COO- appear at 1620 and 1430 cm-1. SA-

CS has characteristic peaks similar to CS. However,

the flexural vibration peak of N–H is blue shifted

from 1602 cm-1 to 1611 cm-1, and overlaps with the

C=O stretching vibration peak on -CONH-. The blue

shift of N–H bending vibration on SA-CS indicates

the successful synthesis of SA-CS [31]. According to

the XRD patterns of CS, SA, and SA-CS (Fig. 4b), the

three substances all have typical diffraction peaks at

23�, and the diffraction peaks of CS and SA also exist

in SA-CS, which further proves the successful

preparation of SA –CS [32].

In order to further study the successful combina-

tion of SA and CS, the C1s, O1s and N1s spectra of

SA-CS were characterized by XPS spectra. It can be

seen from Fig. 5a that SA-CS has three characteristic

peaks at 284.0 eV, 530.0 eV, and 399.0 eV, which are

the characteristic peaks of C1s, O1s and N1s. It can be

seen from Fig. 5b, the high-resolution C 1 s spectrum

has four different forms of carbon components at

284.4 eV, 282.6 eV, 285.8 eV, and 284.1 eV,

corresponding to C-N, C=O, C-O and C–C respec-

tively. The regional XPS spectrum of N1s is shown in

Fig. 5d. It can be seen that high-resolution N1s has

two forms of nitrogen at 399.4 eV and 397.2 eV, cor-

responding to C-N and -NH2, respectively [33]. As

shown in Fig. 5c that the O1s spectrum of SA-CS can

be divided into three peaks at different positions,

which indicates that the O atom exists in three dif-

ferent valence states, namely N–C=O (528.4 eV), C–

O–C (528.9 eV), -C–OH (530.5 eV), further proved the

successfully synthesis of SA-CS [28].

3.4 Analysis of electrochemical
performance of different modified
electrodes

To investigate the electrochemical performance of

chitosan modified glassy carbon electrode (CS/GCE),

sodium alginate modified glassy carbon electrode

(SA/GCE) and SA-CS composite modified glassy

carbon electrode (SA-CS/GCE), we put these three

working electrodes in the solution containing

Fe(CN)6
3-/4-, and perform cyclic voltammetry test

when the potential window range is -0.2–0.6 V and

the scan rate is 50 mV s-1. It can be seen from Fig. 6a,

since the -COOH, -OH, -OR and other functional

groups on the SA surface can hinder electron transfer,

the redox peak of SA-modified electrode is smaller

than that of CS-modified electrode. When CS and SA

Fig. 3 Contact angle images

of CS (a), SA (b), SA-CS (c)

Fig. 4 a FT-IR spectra of CS, SA and SA-CS. b XRD spectra of CS, SA and SA-CS
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are combined, honeycomb structure with hollow

structure of cross-linked structure further hinders the

transfer of electrons, so the redox peak of SA-CS is

the smallest.

In order to further study the electrochemical

properties of different materials and their value as

electrode materials, we conducted cyclic voltamme-

try test and electrochemical impedance test for

Fig. 5 a XPS survey spectrum; b High-resolution C1s peaks and fitting curves; c High-resolution O1s peaks and fitting curves; d High-

resolution N1s peaks and fitting curves

Fig. 6 a The cyclic voltammetry curve of CS, SA, SA-CS

modified bare glassy carbon electrode in 10 mmol L-1 Fe(CN)6
3-/4-solution containing 0.1 mol/L KCl; b EIS spectra of CS, SA,

SA-CS modified bare glassy carbon electrode in 10 mmol/L

Fe(CN)6
3-/4-solution containing 0.1 mol/L KCl
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them. Electrochemical impedance spectroscopy (EIS)

is used to judge the conductivity of materials in the

process of redox. The Nyquist diagram of Fig. 6b

consists of the low-frequency region of an approxi-

mate straight line and the high-frequency region of a

semicircle. Rs is the equivalent resistance of the series

model, representing the intersection of the extension

line and X-axis in the low-frequency region, that is

the inherent resistance of the electrode material, the

electrolytic cell resistance and the electrode/elec-

trolyte interface contact resistance. Rct is the charge

transfer resistance, represented by the diameter of the

high frequency region. Zw stands for the diffusion of

ions. The higher the slope of the line in the low-fre-

quency region, the higher the diffusion rate of ions in

the electrolyte.. Cdl was the double layer capacitance.

Due to honeycomb structure with hollow structure of

cross-linked structure further hinders the transfer of

electrons, so the order of the Rct was as displayed in

the following: SA-CS/GCE[ SA/GCE[CS/GCE.

This has also been further demonstrated by the CV

result of SA, CS and SA-CS (Fig. 6a).

3.5 Optimization of experimental
conditions

In order to improve the detection sensitivity, we

optimized some experimental parameter that affect

the electrochemical signal of copper ions, such as the

pH of the electrolyte solution used when detecting

copper ions, the deposition potential and deposition

time on the SA-CS modified electrode [34].

Figure 7a is the optimized curve of SA-CS modi-

fied electrode(SA-CS/GCE) in 0.1 mol L-1 acetate

buffer solution of different pH containing 50 lmol

L-1 copper ion. It can be seen from the figure that the

pH of the buffer solution has a great influence on the

reduction of Cu2? adsorbed on the electrode surface.

During the gradual increase of pH, the dissolution

peak current of Cu2? first increased and then

decreased, and the peak current reached the maxi-

mum at pH 5.0. This may be because in the pH = 5.0

buffer solution, the metal copper deposited on the

electrode surface is completely converted into copper

ions. The most important is that the branched SA-CS

has the strongest complexing ability to heavy metal

Cu2? in this pH environment. Therefore, the peak

dissolution current is the largest at this time. In a

strongly acidic environment with a pH of less than

5.0, there will be a competitive reaction between

hydrogen ions and copper ions in the solution.

Therefore, the amount of copper ions deposited on

the surface of a limited SA-CS modified electrode will

be relatively reduced, thereby the stronger the acid-

ity, the material will decompose and the stability will

not be high, affecting the dissolution of copper. In a

solution with a pH greater than 5.0, a small part of

the dissolved Cu2? will be hydrolyzed, which will

reduce the peak current of the dissolution. Therefore,

we choose an acetate buffer solution with a pH of 5.0

as the electrolyte.

Figure 7b is the optimized curve of the SA-CS

modified electrode(SA-CS/GCE) at pH = 5.0 and the

deposition potential changes from - 0.3 to - 1.0 V.

It can be seen that with the negative shift of the

deposition potential, the dissolution peak current of

Cu2? gradually increases, and the peak current

reaches the maximum when the deposition potential

is -0.8 V. Even if the deposition potential is more

negative than -1.0 V, the peak current tends to

increase. But at a more negative potential, the

hydrogen evolution competition reaction on the sur-

face of the SA-CS modified electrode will reduce the

peak current value, thereby affecting the copper ion

Fig. 7 The influence of buffer pH a, deposition potential b and deposition time c on the detection of copper ions by SA-CS/GCE
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detection signal, so we think -0.8 V is the optimal

deposition potential.

Figure 7c is the optimized curve of the deposition

time of 50 lmol L-1 Cu2? in the process of increasing

the deposition time from 1 to 8 min when the SA-CS

modified electrode is at pH = 5.0 and the deposition

potential is -0.8 V. As show in Fig. 7c that the peak

current increases as the deposition time increases

from 1 to 8 min. Because with the extension of the

deposition time, more and more Cu2? is enriched on

the modified electrode, and the more Cu2? during the

dissolution process can be obtained, and the greater

the peak dissolution current can be obsreved. The

peak current value reached the maximum when the

deposition time was increased to 5 min, and Cu2?

reached saturation on the surface of the modified

electrode. Taking into account the stability, timeliness

and sensitivity of the modified electrode, we choose

the best deposition time of 5 min. Because the curve

of dissolution current and time is linear when the

deposition time is extended to 5 min.

3.6 Study on the selectivity
and interference of SA-CS for Cu21

detection

The -NH2 of CS and -COOH of SA are cross-linked to

form a honeycomb structure with hollow structure

through amidation reaction, exposing more func-

tional groups and increasing recognition sites. When

Cu2? exists around the polysaccharide complex,

Cu2? can interact with the -COOH, -NH2 and -OH

functional groups on the polysaccharide complex SA-

CS to form surface complexes, ion exchange and

electrostatic attraction (Fig. 8), the complex of SA-CS-

Cu2? can be formed; or form a bridge between the

polysaccharide complex SA-CS ligand and the bind-

ing pocket. Therefore, Cu2? can be identified though

DPV by modifying SA-CS on the surface of GCE,

thereby constructing an electrochemical sensor that

can identify metals.

The anti-interference ability is an important indi-

cator that determines the practicality of the sensor.

The differential pulse voltammetry we chose can

eliminate the interference of anions in the solution.

Therefore, we have carried out selective and inter-

ference experiments on some metal cations that may

affect the detection of Cu2? by SA-CS /GCE.

Figure 9a shows the electrochemical response of

SA-CS/GCE to Cu2? in the solution when 10 times

other metal ions coexist in a 0.1 mol L-1 acetate

buffer solution containing 50 lmol L-1 Cu2?. The I

and I0 are represents the peak current of Cu2? dis-

solution in the presence and absence of other inter-

fering ions, respectively. Studies have found that

these coexisting metal ions have almost no effect on

the peak current signal of Cu2?.

3.7 Standard curve and detection limit

Under optimized experimental conditions, SA-CS/

GCE was used to detect different concentration gra-

dients of Cu2? by differential pulse anodic stripping

voltammetry, as shown in Fig. 9. It can be seen from

Fig. 9b that as the concentration of Cu2? gradually

increases from 1 lmol L-1 to 100 lmol L-1, the peak

current of the SA-CS modified electrode for Cu2?

detection is gradually increasing, and the peak shape

of the dissolution peak is becoming more shaper.

Figure 9c is a linear relationship curve between dif-

ferent concentrations of Cu2? and the peak current.

The linear regression equation obtained is ipc(-

lA) = 0.08172X (lmol L-1) ? 2.201, R2 = 0.9919 the

detection limit is 0.9545 lmol L-1, when the signal-

to-noise ratio is 3,. This shows that the SA-CS modi-

fied glassy carbon electrode can realize the quanti-

tative analysis of low concentration Cu2?, with a

wide linear range and high detection sensitivity.

Fig. 8 SA-CS recognition mechanism diagram
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3.8 Repetitive experiment

In order to test the stability of the prepared sensor for

Cu2? detection, under the optimal experimental

conditions, we have repeated the test for 8 times via

using the same electrode (SA-CS/GCE) to test

50 lmol L-1 Cu2? in 0.1 mol/L NaAc-HAc buffer

solution. As show in the inset of Fig. 9d that the peak

current changes very little after 8 repeated detections,

and the calculated relative standard deviation (RSD)

is 2.60%. From Table 1, we can find that the

polysaccharide complex SA-CS as an electrochemical

sensor has lower detection limit and wider detection

range compared with other sensors. Therefore, the

SA-CS modified electrode has good repeatability and

high electrochemical stability for the DPV detection

of heavy metal copper ions.

4 Conclusion

In summary, we combined the amidation of sodium

alginate and chitosan to form a polysaccharide com-

plex SA-CS, and modified it on a glassy carbon

electrode to construct a new and effective electro-

chemical sensor for recognizing Cu2?. Due to the

expansion of the internal space between the macro-

molecular chains and the exposure of the polar

functional groups during the amidation process, the

polysaccharide complex forms a new honeycomb

structure with hollow structure, which increases the

Fig. 9 a When adding 10 times the concentration of different

metal cations, the differential pulse anodic stripping voltammetry

study of Cu2? by SA-CS/GCE. Among them, I and I0 respectively

represent the peak dissolution current of Cu2? in the presence and

absence of other interfering ions. b The differential pulse

voltammetry curve of SA-CS/GCE to different concentrations of

copper ions in 0.1 mol/L acetic acid-sodium acetate buffer solution

(PH = 5), from 100 lmol/L to 1 lmol/L. c The relationship curve

between copper ion concentration and corresponding peak current.

d Under optimized experimental conditions, the stability test of

SA-CS/GCE for copper ion detection. The illustration is the 8

repetitive DPV response curve of SA-CS/GCE to 50 lmol L-1

Cu2?
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recognition sites and is more conducive to the

recognition of Cu2?. Compared with SA and CS

alone, it has better hydrophilicity, so it is used as a

sensing material for detecting heavy metal Cu2?. The

polysaccharide composite material (SA-CS) has good

sensitivity in the DPV detection of heavy metal Cu2?

with a wide detection range, low detection limit,

good detection reproducibility, and a standard devi-

ation of 2.60%, so it can be used as the electrochem-

ical sensors to detect Cu2?. Since both sodium

alginate and chitosan have a good biocompatibility,

electrochemical sensors based on sodium alginate-

chitosan integrated polysaccharide modification also

opened up new ways for the detection of heavy metal

ions.
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