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Abstract
MXene@Au as the base and Au@SiO2 as signal amplification factor were used for constructing an ultrasensitive “on–off” 
electrochemiluminescence (ECL) biosensor for the detection of Pb2+ in water. The use of MXene@Au composite provided 
a good interface environment for the loading of tris(2,2-bipyridyl)ruthenium(II) (Ru(bpy)3

2+) on the electrode. Based on 
resonance energy transfer, the Au (core) SiO2 (shell) (Au@SiO2) nanoparticles stimulate electron transport and promote 
tripropylamine (TPrA) oxidation. The luminescence effect of Au@SiO2 was five times that of AuNPs and SiO2 nanomaterials 
alone, and the ECL intensity was greatly improved. In addition, Pb2+ activated the aptamer to exert its endonuclease activ-
ity, which realized the signal cycle amplification in the process of Pb2+ detection. When Pb2+ was added, the ECL signal 
weakened, and the Pb2+ concentration was detected according to the decreased ECL intensity. Under optimized experimental 
conditions, this aptamer sensor for Pb2+ has a wide detection range (0.1 to 1 × 106 ng L−1) and a low detection limit (0.059 ng 
L−1). The relative standard deviation (RSD) of the sensor is 0.39–0.99%, and the recovery of spiked standard is between 90.00 
and 125.70%. The sensor shows good selectivity and high sensitivity in actual water sample analysis. This signal amplifica-
tion strategy possibly provides a new method for the detection of other heavy metal ions and small molecules.
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Introduction

With the improvement of people’s living standards, human 
activities have led to the increase of heavy metal content in 
the environment, resulting in serious water pollution; Pb2+ 
does great harm to the growth of aquatic organisms and the 
safety of human life [1–4]. Therefore, rapid and sensitive 
methods for detecting heavy metals are urgently needed. At 
present, the traditional detection methods for heavy metals 

mainly include gas chromatography (GC), high-performance 
liquid chromatography (HPLC), and inductively coupled 
plasma mass spectrometry (ICP-MS). Although these meth-
ods are relatively mature and have the characteristics of high 
sensitivity, high accuracy, and wide detection range, their 
wide application is greatly limited by the high cost and time-
consuming usage of the instrument [5, 6].

Therefore, it is still urgent to find a simple, rapid, and 
sensitive detection technology for ions. Among them, elec-
trochemiluminescence (ECL) has achieved great success in 
detection because of its low background signal, simple oper-
ation, and good electrochemical characteristics [7]. How-
ever, the detection of trace heavy metals still has the prob-
lems of low sensitivity and narrow detection range. In order 
to further improve the detection sensitivity, the selection of 
appropriate signal amplification technology has become a 
research hotspot, for example, reducing graphene oxide [8], 
quantum dot [9], metal alloy [10], enzyme [11], and other 
nanomaterials [12, 13]. They can effectively improve the 
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sensor interface environment and catalyze the reaction sys-
tem by increasing the specific surface area of the electrode 
surface and improving the electron transfer rate. Therefore, 
in this paper, two signal amplification techniques of nanoma-
terials and enzymes were used to improve the sensitivity of 
the sensor. Although the above experimental design can also 
achieve the detection of high sensitivity, the volume of metal 
ions are small and difficult to capture, which has limitations 
on the development of heavy metal ion detection strategy. 
Therefore, aptamer is a good specific biometric element.

Aptamer is an oligonucleotide fragment obtained from 
nucleic acid molecular library, which has not only high 
sensitivity, strong detection, but also strong specificity 
[14–16]. On the one hand, the ECL aptamer sensor can use 
the advantage of ECL. On the other hand, it can combine 
aptamer specificity to capture ability. At present, it has 
become a research hotspot in many fields such as molecu-
lar biology, clinical diagnosis, medical research, and rapid 
quarantine [17]. Therefore, using the ECL aptamer sensor 
to detect heavy metals in environment has a good applica-
tion prospect.

Therefore, this work used MXene@Au as the base mate-
rial of the fixed aptamer to improve the conductivity of the 
sensor. With the help of Au@SiO2 core–shell nanomaterial 
and aptamer cascade assisted cycling, an ultra-sensitive 
“on–off” electrochemiluminescence biosensor for Pb2+ 
detection was constructed. The large specific surface area 

of MXene@Au had become a good carrier loaded with 
Ru(bpy)3

2+, which could significantly amplify electro-
chemical sensing signals. It was found that in the electro-
chemiluminescence system of Ru(bpy)3

2+/TPrA, based on 
resonance energy transfer, the Au@SiO2 core–shell nano-
material could improve the excitation rate of Ru(bpy)3

2+, 
accelerating TPrA oxidation. Thus, the electrochemilumi-
nescence intensity was greatly improved. In addition, the 
aptamer could be used as recognition element and cascaded 
enzyme assisted circulation, which improved the sensitiv-
ity of the sensor. The biosensor construction process was 
shown in Scheme 1.

Materials and methods

Material

Aptamer and 1 × TE buffer were obtained from Shanghai 
Shenggong Biotechnology Co., Ltd. Aptamer sequences 
were synthesized according to previous literature [18]. The 
mercapto-modified aptamer sequence S1: 5′-(SH)-TGG 
ATT CGrA GGA AAG AGA TGA TGT CTG T-(SH)-3′, 
and the complementary aptamer sequence S2: 3′-ACC TAA 
GCT TGC CGC CGC GAT GAA GTT CTC TAC TAC 
AGA CA-5′. Trisodium citrate dihydrate, disodium hydro-
gen citrate (Na2HPO4·12H2O), sodium dihydrogen citrate 

Scheme 1.   Schematic diagram of the sensor assembly process

317   Page 2 of 11 Microchim Acta (2022) 189: 317



1 3

(NaH2PO4·2H2O), sodium borohydride (NaBH4), chitosan 
(CS), potassium ferricyanide, and tripropylamine were all 
obtained from Sinopharm Chemical Holdings Co., Ltd. 
(Shanghai, China). 1% HAuCl4·3H2O, hexahydrate tri(2,2-
bipyridine)ruthenium chloride was obtained from Sigma-
Aldrich Trading Co., Ltd. (Shanghai, China). Tri (2-carbonyl 
ethyl)-phosphate hydrochloride (TCEP) was purchased from 
Beijing Suomobao Technology Co., Ltd. Silicic acid tetraethyl 
ester (TEOS) was purchased from Tianjin Fuchen Chemical 
Reagent Factory. Polydiallyl dimethyl ammonium chloride 
(PDDA) was obtained from Aladdin Reagent (Shanghai) Co., 
Ltd. Titanium carbide Ti3C2Tx (MXene) thin layer dispersion 
was purchased from Xianfeng Nanomaterials Technology Co., 
Ltd. (Jiangsu). The experimental water was ultrapure water.

Apparatus

MPI-A electrochemiluminescence workstation (Xi’an 
Remex Analysis Instruments Co., Ltd., China). CHI660D 
electrochemical workstation (Shanghai Chenhua Instrument 
Co., Ltd., China). Three electrode systems were used in the 
experimental detection, in which platinum wire was used as 
the auxiliary electrode, Ag/AgCl as the reference electrode, 
and glassy carbon electrode (GCE, D = 3 mm). Varioskan 
L mycotoxin immunoassay tester. WJGS-032 transmission 
electron microscope (TEM). LS MK2 PALL-water purifica-
tion system (18.2 MΩ, 25℃).

Preparation of MXene@Au

MXene@Au was based on the previous literature and had 
been modified [19–21]. First, 12 mL 0.5 mg mL−1 tita-
nium carbide was ultrasonic dispersed for 10 min. Then 60 
μL 1% HAuCl4·3H2O was added and reacted for 30 min. 
Meanwhile, 50 μL of 0.16 M NaBH4 and 1.6 M sodium 
hydroxide (NaOH) (volume ratio = 1:1) were added and 
ultrasonic treated for 30 min. Finally, centrifuged the 
mixture at 10,000 rpm for 8 min and washed with ultra-
pure water for three times and vacuum dried at 60℃. The 
5 mg mL−1 solution was prepared.

Preparation of Au@SiO2 core–shell nanomaterials

The experimental materials were prepared according to the lit-
erature and slightly modified [22]. Added 200 mL ultrapure 
water to 2 mL 1% HAuCl4·3H2O and heated in the microwave 
until the solution boils. After that, 1% trisodium citrate was 
quickly added and heated for 4 min; the solution turned wine 
red. After cooling at room temperature, ultrapure water was 
added at constant volume to 200 mL (0.1 mg mL−1).

The preparation process of AuNPs was in the supple-
mentary material.

Preparation of aptamer sensor

The three-electrode system was used in the experiment, and 
the glassy carbon electrode was finely polished with aluminum 
oxide powder (0.3 μm and 0.05 μm). Then, the electrode was 
cleaned with ultrasonic in ultrapure water and alcohol, respec-
tively, and blow-dried with nitrogen for standby.

The biosensor construction process was shown in 
Scheme 1. First, 5 μL MXene@Au solution was dropped onto 
a clean electrode surface and dried it at room temperature. 
Then, 5 μL Ru(bpy)3

2+ chitosan solution was coated on the 
electrode surface. Ru(bpy)3

2+ could be adsorbed to the elec-
trode through π-π conjugated bond, and it could bind to the 
electrode more closely. Then, 5 μL thiol modified aptamer S1 
solution was added dropwise on the electrode surface. After 
incubating for 50 min, the aptamer and AuNPs were fixed 
on the electrode surface through gold-sulfur bond. Subse-
quently, 5 μL Au@SiO2 solution was added to enhance the 
ECL strength of the sensor. Finally, 5 μL aptamer S2 and S1 
were added for complementary base pairing and incubated for 
50 min to fully combine. The luminescence effect was tested 
by dropping 5 μL Pb2+ on the modified electrode to verify the 
performance of the biosensor.

Pretreatment of real samples

In order to verify the detection effect of aptamer sensor on 
Pb2+ in real water samples, tap water, lake water, and industrial 
wastewater were selected as the experimental objects, and all 
water sources came from local sources. First of all, the three 
water samples were centrifuged at 10,000 rpm for 15 min and 
the supernatant was taken for standby. Secondly, the superna-
tant solution was filtered with a 0.22-μm filter membrane. A 
total of 10 μL of Pb2+ standard solution was taken, and three 
kinds of filtrates were diluted to prepare 10 ng/L, 100 ng/L, 
and 1000 ng/L of Pb2+ solution for laboratory use. Dropped 
5 μL the prepared Pb2+ solution to the working electrode and 
measured on the electrochemiluminescence workstation under 
the high voltage 600 V, 0.4–1.2 V of the photomultiplier tube.

Results and discussion

Characterization of MXene@Au

Figure 1A and 1B show MXene@Au morphology of nano-
composites. AuNPs formed by reduction of NaBH4 and 
NaOH are evenly distributed on MXene, and their particle 
size are about 25–30 nm. In addition, EDS measurements 
are made on MXene@Au. Corresponding element mapping 
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images (Fig. 1C, D, E, F) and EDS images (Fig. 1G) show 
the uniform distribution of C, Ti, and Au elements, with the 
content of C 33%, Ti 65%, and Au 3%, and the high propor-
tion of Ti elements. Ti is the main form of MXene@Au. The 
above figures are proof that AuNPs are successfully prepared 
on the surface of MXene.

Characterization of AuNPs and Au@SiO2

The newly prepared AuNPs and Au@SiO2 were charac-
terized with UV. As shown in Fig. 2D(a), AuNPs have a 
characteristic UV absorption peak at 524 nm [23], indi-
cating that the newly prepared gold nanoparticles have 
good performance and uniform particle size. As shown in 
Fig. 2D(b), Au@SiO2 has a characteristic UV absorption 
peak at 539 nm [22]. Compared with AuNPs, the absorp-
tion peak decrease significantly, and the absorption peak 

appear red shift. It is proved that SiO2 shell is successfully 
coated on the surface of AuNPs. The peak pattern is sharp, 
indicating that Au@SiO2 is well prepared. The morpho-
logical characteristics of AuNPs and Au@SiO2 were char-
acterized by TEM (Fig. 2A, 2B). As shown in Fig. 2A, the 
gold nanoparticles appear to be uniformly spherical, with 
uniform particle size and relatively uniform distribution. 
The average particle size is 27 nm (Supplementary mate-
rial Fig. S1). The above results show that the synthesized 
gold nanoparticles have uniform color, uniform particle 
size, and stable electrochemiluminescence properties, 
which meet the experimental requirements. The synthe-
sized Au@SiO2 can be clearly seen in Fig. 2B, showing 
a high-quality core–shell structure, the gold nanoparticles 
are encapsulated in a silicon shell. The thickness of SiO2 
shell and the particle size of gold core were measured by 
TEM (Supplementary material Fig. S2). The thickness of 

Fig. 1   TEM of MXene@Au in 
different sizes (A, B). MXene@
Au element mapping of C, 
Ti, and Au (C, D, E, F). EDS 
images (G)
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SiO2 shell is 4 nm, the size of gold core is 27 nm. The core 
and shell structure is well dispersed and the particle size 
is uniform. In addition, EDS shows that all elements are 
evenly distributed; corresponding element mapping images 
(Fig. S3A, B, C, D) and EDS images (Fig. 2C) show the 
uniform distribution of O, Si, and Au elements, with the 
content of O 33.60%, Si 35.89%, and Au 30.51%. It proves 
that Au@SiO2 core–shell structure is successfully prepared.

Electrochemical characterization biosensor

Through the manufacturing process of biosensor, CV charac-
terization of electrodes in different modification stages was 
carried out. As shown in Fig. 3A, the electrode surface is 
modified MXene@Au (curve b); MXene has good conduc-
tivity, enhancing the electron transfer rate on the electrode 
surface; and the redox peak current is significantly higher 
than that of the bare electrode (curve a). After the aptamer 
S1 is fixed, the current response is slightly reduced (curve 

c) because of the aptamers blocking electron transport. With 
the continuous addition of Au@SiO2 solution, the outer sili-
con shell reduces the conductivity of the electrode, resulting 
in a decrease in the peak value of the electrode (curve d). 
After S2 is added, complementary base pairing is conducted 
between aptamers, further hindering electron transmission, 
and the peak current of the electrode decreased (curve e). 
After Pb2+ is added (curve f), the aptamer is sheared and 
most of Au@SiO2 fall off, and the peak electrode current is 
not significantly reduced.

The assembly process of biosensor was characterized by 
EIS, as shown in Fig. 3B. The electron transfer changes in 
electrode assembly are consistent with the CV; it shows that 
the sensor meet the expected effect of the experiment.

The ECL strength of nanomaterials modified electrodes 
are analyzed. As shown in Fig. 3C, when SiO2 is added 
separately, the ECL signal of the sensor is not obvious. 
When Ru(bpy)3

2+ solution is dropped on the surface of the 
bare electrode, it can be clearly seen that the ECL signal 
of the sensor is low (curve b). When AuNPs modified the 

Fig. 2   TEM of AuNPs and Au@SiO2 in different sizes (A, B). EDS images (C). UV absorption spectrum of AuNPs (a) and Au@SiO2 (b) (D)
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electrode, it promote the luminescence signal (curve c). 
When MXene@Au modified the electrode, the ECL signal 
increases due to the excellent conductivity of MXene and π-π 
conjugate stacking effect (curve d). However, after Au@SiO2 
is modified on the electrode surface, because of its action 
of plasma resonance, the electron transfer rate is acceler-
ated, and the ECL signal increases suddenly (curve e). The 
research shows that when AuNPs or SiO2 nanomaterials 
exist alone, the light emission is not obvious when excited-
state Ru(bpy)3

2+* return to its ground state Ru(bpy)3
2+. 

The ECL intensity can be effectively improved after SiO2 
is coated on the surface of AuNPs. Therefore, the prepared 
Au@SiO2 core–shell nanomaterials can accelerate the oxi-
dation of TPrA and significantly enhance the ECL inten-
sity, which confirms the feasibility of the experiment. As 

shown in Fig. 3D, the stability of Ru(bpy)3
2+ ECL signal on 

MXene@Au is analyzed. Through the analysis and compari-
son of five groups of data, the ECL strength of Ru(bpy)3

2+ is 
relatively stable, which proves the successful preparation of 
the material and ensures the sensitivity of the sensor.

The principle of Au@SiO2 nanomaterials promote 
ECL intensity

The principle of Au@SiO2 to enhance the intensity of 
ECL is shown in Fig. 4. Ru(bpy)3

2+ and TPrA are typi-
cal redox luminescence systems. First of all, Ru(bpy)3

2+ 
and TPrA are oxidized on the electrode surface to form 
Ru(bpy)3

3+ and TPrA·+. TPrA· is unstable and easy to lose 
H+ to form TPrA·, and TPrA· has strong reducibility to 

Fig. 3   A CV characterization diagram: (a) bare GCE; (b) Ru/
Mxene@Au/GCE; (c) apt1/Ru/Mxene@Au/GCE; (d) Au@SiO2/apt1/
Ru/Mxene@Au/GCE; (e) apt2/Au@SiO2/apt1/Ru/Mxene@Au/GCE; 
(f) Pb2+/apt2/Au@SiO2/apt1/Ru/Mxene@Au/GCE. B EIS charac-
terization diagram: (a) bare GCE; (b) Ru/Mxene@Au/GCE; (c) apt1/
Ru/Mxene@Au/GCE; (d) Au@SiO2/apt1/Ru/Mxene@Au/GCE; (e) 

apt2/Au@SiO2/apt1/Ru/Mxene@Au/GCE; (f) Pb2+/apt2/Au@SiO2/
apt1/Ru/Mxene@Au/GCE. C ECL intensity of material: (a) SiO2/
Ru(bpy)3

2+/GCE; (b) Ru(bpy)3
2+/GCE; (c) AuNPs/Ru(bpy)3

2+/GCE; 
(d) MXene@Au/Ru(bpy)3

2+/GCE; (e) Au@SiO2/Ru(bpy)3
2+/GCE. D 

The stability of Ru(bpy)3
2+ ECL signal on MXene@Au
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reduce Ru(bpy)3
3+ to Ru(bpy)3

2+*. Instable Ru(bpy)3
2+* 

release light energy returning to the ground state. The 
Au@SiO2 plasma resonance energy transfer can improve 
the excitation efficiency of electromagnetic field around 
gold nucleus, accelerate the oxidation of TPrA, increase 
the light energy release of Ru (bpy)3

2+* returning to the 
ground state, and enhance the ECL intensity.

As shown in Fig. S4, EIS maps of various electrodes 
are described. From the EIS curves, it can be seen that 
the electron transfer resistance (RCT) of different elec-
trode surfaces increase after modification. The increase 
of RCT is because the electron transfer rate of SiO2 is 
lower than that of AuNPs. In addition, electronegative 
nanoparticles (such as AuNPs, SiO2 nanoparticles, and 
AuNP@SiO2) repel the electronegative Fe(CN)6

3−/4−, so 
a higher RCT is observed. In addition, after the electrode 
surface is modified with AuNPs, SiO2 coat can effectively 
prevent the transfer of AuNP energy, which means that 
more Ru(bpy)3

2+ can react on the surface, making the 
ECL luminescence effect more obvious. As shown in 
Fig. 3C (curve e), AuNP@SiO2 modified GCE is much 
higher than that modified by SiO2 nanoparticles. Another 
possible cause may be the LSPR of AuNP. LSPR will 
generate a strong electromagnetic field near the surface 
of metal nanoparticles, which can improve the excitation 
rate and emission factor.

Optimization of experimental parameters

By studying the optimal experimental conditions, the 
aptamer concentration, culture time, and pH value of 
PBS substrate were optimized. The optimal aptamer 

concentration obtained by the electrochemiluminescence 
biosensor is 200 nM, the culture time is 50 min, and the pH 
value is 8.0. The detailed optimization data are in the sup-
plementary material (Fig. S5).

Performance analysis of ECL biosensor

The biosensor was used to detect Pb2+ in water samples under 
optimal detection conditions. Figure 5 shows the relationship 
between Pb2+ concentration and ECL intensity. When the Pb2+ 
concentration gradually increases, the ECL signal decreases 
slowly (Fig. 5A). According to the limit standard of heavy 
metals in food formulated (CODEX STAN 193–2015) by the 
Codex Alimentarius Commission (CAC), the minimum limit 
of Pb2+ is 0.01 mg/kg. In the concentration range of 0.1 to 
1 × 106 ng L−1, the logarithm of ECL intensity and Pb2+ con-
centration shows a good linear relationship (Fig. 5B). Pb2+ 
standard curve is IECL = 8274.00–903.73lgCPb

2+ (R2 = 0.998, 
CPb: ng L−1), and the detection limit (LOD) is 0.059 ng L−1 
which is estimated as follows: LOD = 3σ/S, where σ is the rela-
tive standard deviation of the unlabeled sample and S is the 
slope of the calibrated curve.

Table 1 lists and compares the relevant parameters of 
Pb2+ sensors detected by different methods in recent years, 
and the results show that this biosensor provides a good 
strategy for detecting Pb2+.

Stability, reproducibility, and specificity of ECL 
biosensors

Figure S6A shows the stability test of the biosensor. The 
same four modified electrodes are used in the experiment. 
For the stability test of the sensor, different time periods 

Fig. 4   Principle of Au@SiO2 
promoting ECL intensity of 
Ru(bpy)3

2+/TPrA system
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(0 day, 5 days, 10 days, 15 days, 20 days, 25 days, and 
30 days) are selected to detect the modified electrodes, and 
the ECL intensity of the four electrodes only decrease by 
2.04% (RSD = 1.14%, n = 3). The results show that the ECL 
signal of the modified electrode has no obvious change, indi-
cating that the sensor had good stability.

Four identical modified electrodes are selected to study 
the reproducibility of biosensor for the detection of heavy 
metal Pb2+ with a concentration of 1000 ng L−1 in water 
samples. The results show that the RSD of the four modified 
electrodes is 1.02% (n = 3) (Fig. S6B), indicating that the 
biosensor has good reproducibility.

As shown in Fig. 6A and 6B, in order to test the speci-
ficity of the biosensor, nine representative metal ions are 
selected for study with a concentration of 5000 ng L−1 (Pb2+ 
concentration was 1000 ng L−1). The results show that Ag+, 
Cd2+, Co2+, Cu2+, Fe3+, Hg2+, Mg2+, Ni2+, and Zn2+ have 

no obvious effect on the detection of Pb2+, indicating that 
the biosensor has good specificity.

Detection of Pb2+ in real water samples

Laboratory tap water, Jixia lake water, and factory waste-
water were selected as experimental objects. Pb2+ with 
concentrations of 10 ng L−1, 100 ng L−1, and 1000 ng L−1 
were added to the three water samples, and the constructed 
sensors were used for testing. In order to verify the recov-
ery test effect, the standard addition detection method was 
used for detection. As shown in Table 2, the recovery rate 
of spiked standard is between 90.00 and 125.70%, indi-
cating that the sensor has good detection effect on Pb2+ 
in actual water samples, which proves that the strategy is 
true and reliable.

Fig. 5   ECL diagram corresponding to different Pb2+ concentrations (A); linear relationship between Pb.2+ concentration and ECL intensity (the 
red dots represent blank space) (B)

Table 1   Determination of 
related parameters of Pb2+ by 
different methods

Methods Material Sample Detection range (ng/L) LOD (ng/L) Reference

Electrochemistry (Ag-Au) NPs Pb2+ 1.0 × 101–1 × 104 3.9 [24]
AuNPs Pb2+ 1.0 × 102–1 × 105 1.0 × 102 [25]
ZnO Pb2+ 1.0 × 104–1.4 × 105 3.9 × 102 [26]
rGO@CNT@Fe2O3 Pb2+ 4.1 × 103–5.4 × 104 2.0 × 101 [27]
BFS Pb2+ 1.0 × 105–1.7 × 108 1.7 × 104 [28]

Fluorescence GQDs Pb2+ 2.0 × 103–1 × 1011 2.0 × 104 [29]
NH2-MIL-125(Ti) MOF Pb2+ 0–2.3 × 103 1.6 [30]

ECL Au nanocubes Pb2+ 2.0 × 101–4.1 × 105 0.6 [31]
BP nanoflakes Pb2+ 0.1–1.0 × 103 5.6 × 10−2 [32]
MIL-53(Al)@CdTe-PEI Pb2+ 2.0 × 101–2 × 105 7.7 [33]
MXene@Au, Au@SiO2 Pb2+ 0.1–1.0 × 106 5.9 × 10−2 This work
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Conclusion

In this work, the experiment of synthetic MXene@Au as the 
base material was used to increase the conductivity of bio-
sensor. The Au@SiO2 taking advantage of resonance energy 
transfer increases the excitation rate of Ru(bpy)3

2+, speeds up 
the catalytic process of TPrA, and enhances the strength of 
ECL. Luminous effect of Au@SiO2 is 5 times that of AuNP or 
SiO2 nanomaterials alone. As the recognition element of Pb2+, 
aptamer plays a role of endonuclease to realize the cascade 
cycle amplification and ultra-sensitive detection of Pb2+. It is 
found that resonance energy transfer can obviously enhance 
the electrochemiluminescence intensity, which provides a new 
idea for choosing electrode material and improving the sensi-
tivity of biosensor. At present, the water has a complex matrix, 

there are not only heavy metal pollution in water, but also other 
pollutants. For detection of one target, the ECL biosensor has 
some limitations. Therefore, the simultaneous detection of two 
or more pollutants by electrochemiluminescence biosensor will 
be a research hotspot.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00604-​022-​05429-9.
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Fig. 6   ECL intensity of specificity (A and B)

Table 2   Pb2+ detection results 
of actual water sample (n = 3)

Target Sample Spiked (ng.L−1) This method

Found (ng.L−1) Recovery (%) RSD (%)

Pb(II) Tap water 10 10.00 90.00 0.81
100 102.33 101.33 0.61
1000 1258.00 125.70 0.53

Lake water 10 10.00 90.00 0.51
100 120.23 119.23 0.99
1000 977.23 97.62 0.59

Industry wastewater 10 12.30 113.00 0.52
100 102.32 101.32 0.39
1000 1095.72 109.47 0.67
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