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Abstract  

A minimally-disruptive portable electrochemical system is constructed by combining a 

hand-held syringe as reservoir with disposable screen-printed electrodes (SPEs) modified with a 

simple and efficient yeast/Co3O4/Au material for lead determination by a square-wave 

voltammetry (SWV) method. Not only can it preserve the operation and advantages of the 

conventional electrochemical procedure, but it also integrates sampling, filtering and analysis to 

make the determination of lead convenient and effective at higher and lower concentration levels. 

This is the first report of a microbial biosensor based on active yeast crosslinked to Co3O4/Au 

particles using glutaraldehyde as the crosslinking agent. The determination process is simplified 

by introducing a fiber filter and takes only 150 seconds with the developed system, which 

illustrates its simplicity, speed and detection accuracy. Also, the design shows a wide log-linear 

dynamic range (LDR) from 10
-8

 to 10
-14

 g·L
-1

, with a limit of detection (LOD) of 3.45×10
-15 

g·L
-1

 

(S/N=3). Additionally, the proposed system was used to determine lead in blood samples, which 

demonstrated the potential of this biosensor for use in practical applications. Furthermore, this 

study provides a basis for the development of microscale blood devices for lead measurement.  

Keywords: yeast; portable electrochemical system; nano-Co3O4/Au; lead determination. 
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1. Introduction  

In recent years, there has been an increasing awareness of the importance of establishing a 

practical biosensor for blood lead measurement since it is hazardous to human health, especially 

the high burden on the central nervous system in children [1]. Growth in manufacturing and 

industrial activities has led to a dramatic increase in lead pollution [2]. Consequently, lead has 

been recognized as one of the priority pollutants in the environment when its concentration is 

higher than the international threshold [1, 2].  

The development of a miniaturized analytical device has received significant interest to 

reduce the synthesis and analysis dosage of toxic reagents [3]. Several powerful analytical 

techniques have been recognized as potential environmentally friendly methods for blood lead 

determination, such as atomic absorption spectroscopy [4], inductively coupled plasma mass 

spectroscopy [5], flame atomic absorption spectrometry [6], and graphite furnace atomic 

absorption spectrometry [7], etc. Despite their considerable advantages, the abovementioned 

methods are associated with high cost and complex device operation or relatively numerous 

chemical samples and extended analysis time required. Consequently, bio-electrochemical sensing 

methods, such as cell-based sensors, enzyme-based sensors, DNA-based sensors, and 

immunosensors with comparable selectivity and sensitivity, have been proposed to minimize these 

drawbacks through fast detection, numerical accuracy, and on site environmental emergency assay 

[8-12]. Tag et al. [13] developed a whole cell-based biosensor by combining saccharomyces 

cerevisiae cells with Flow Injection Analysis (FIA) for Cu
2+ 

determination in the concentration 

range between 0.05 and 0.35 mg·L
-1

. Zhou et al. [14] developed a highly sensitive electrochemical 

sensor for Pb
2+

 measurement using an Au-nanoparticle-modified paper working electrode as 

sensor platform and DNA functionalized iron-porphyrin metal-organic framework nanocomposites 

as signal probes. In addition, miniature, portable and simple electroanalytical devices are also 

widely used in blood lead samples actuation and application [15]. 

Screen-printed electrodes (SPEs) have been used in the field of electrochemical sensing 

since 1950 due to their well-known advantages for on-site application and use of micro-volumes 

of the samples [16-19]. The versatile sensing nature of SPEs (e.g., single-use disposable, in-situ 

analysis, simple) is due to the ease with which their surface can be modified by coating with 

nanomaterials, enzymes, cells, polymers, and complex organic agents [19-22]. Yeast as a 

multi-functional component of biomass has wide physicochemical tolerances (e.g., pH, 

temperature, ionic strength), fast growth on different materials, diverse functional groups (e.g., 
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amine, hydroxyl, carboxylic), a variety of industrial advantages (e.g., cost-effective, easy 

accessibility, eco-friendly) and has been successfully used as a biosorbent for Ag
+
, Cu

2+
, Pb

2+
, and 

Cr
6+

 [23-24]. However, to date, there has been no definitive report on the use of yeast as an 

electrode modifier for Pb
2+

 electrochemical determination. However, due to its weak conductivity, 

it is worth noting that yeast crosslinked with a high electron transfer metallic nanostructure to 

form a new composite material has a significant potential enhancing effect on the catalytic ability, 

signal-to-noise ratio and charging ability [19, 24]. As an important magnetic p-type semiconductor 

metallic nanomaterial, Co3O4 exhibits excellent electrochemical performance due to its 

mesoporous structure, which can promote the infiltration of electrolyte and ion diffusion [25]. 

Moreover, a great deal of attention has been paid to further improve the performance in the area of 

sensing by Co3O4 materials decorated with gold nanoparticles with the characteristic biological 

properties of unique band structure, superior activity or selectivity and environmental friendliness 

[26]. Thus, it is obvious that SPEs modified by yeast cell integrated into Co3O4/Au nanostructures 

may prove to be an interesting candidate for blood lead detection.  

However, most electrochemical methods that use an electrochemical workstation are 

associated with an electrolytic cell whose performance depends on the electrode and electrolyte. 

Moreover, some of the electrochemical limitations should be addressed as well [27]. The 

electrolytic cells available in the market have a volume capacity of about 10-250 mL, holding the 

as-prepared solution and in turn, causing secondary damage if a large dose of electrolyte is used. 

Surprisingly, there are few reports on the problems to be solved and the application of miniature 

and portable electrochemical systems for the determination of real targets.  

In this study, a minimally-disruptive portable electrochemical system is introduced for the 

first time. Not only can it preserve the operation and advantages (e.g., sensitivity, accuracy, etc.) of 

the conventional electrochemical procedure, but it also integrates sampling, filtering and analysis 

to make the measurement of lead convenient and effective at higher and lower concentration 

levels (see schematic S1). The test solutions are drawn into the hand-held syringe and passed 

through the filter at the bottom of the syringe. Then, the electrochemical assay 

for the signal-amplified detection is completed when a few drops of the test solution touch the 

disposable SPEs that are inserted into the syringe. The system can be considered as a portable and 

compact device, which provides an analytical platform with simple operation and low solution 

consumption.  The system is developed for the first time by combining multi-functional 

yeast/Co3O4/Au composite with SPEs, which is then employed in detecting blood lead with a 

magnified signal at lower concentration levels. The yeast crosslinked to Co3O4/Au composite is 
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designed to be a sensor in which yeast, without preliminary treatment, is responsible for specific 

capture of Pb
2+

, and the Co3O4/Au material contributes to increase the conductivity, both of which 

are necessary for the enhanced peak currents. The system has high sensitivity, low limitation, and 

small sample volume consumption when used in blood lead detection. The preparation process of 

this system based on the yeast/Co3O4/Au composite is depicted in Schematic 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schematic 1. Preparation process of the minimally-disruptive portable electrochemical system.  

2. Experiment 

2.1 Preparation of composites 

The reagents, instruments, the procedure of synthesis of Co3O4, Co3O4/Au, yeast/Co3O4/Au 

composites and the preparation of blood samples are described in the Supplementary information 

(S1). 
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2.2 Electrochemical testing and construction of the portable 

electrochemical system  

Briefly, the SPEs were scanned by the cyclic voltammograms (n=3) with a range of -1- 0.2 V 

to check electrochemical performance in 0.1mol·L
-1

 ABS before any electrochemical 

measurement [28]. 6 μL of the obtained yeast/Co3O4/Au suspensions (3 mg yeast/Co3O4/Au were 

dispersed in 3 mL DI water though sonication for 30 min to form 1 mg/mL homogenously 

suspension) was dipped onto the SPEs surface, dried naturally in air, and denoted as 

yeast/Co3O4/Au/SPEs. Subsequently, square wave voltammogram (SWV) was applied in 0.1 

mol·L
-1

 ABS solution containing different concentrations of Pb
2+

 solutions (pH 4.50) for Pb
2+

 

assay, with a frequency of 50 Hz, increment potential of 4mV, amplitude of 25 mV, and scan 

potentials of -1- 0 V.  

Construction of the portable system is described in the Supplementary information (S1.4). 

3. Result and discussion 

3.1 Physicochemical characterization 

3.1.1 Scanning electron microscopy 

Scanning Electron microscopy (SEM) analysis was performed to observe the morphology of 

the original yeast, Co3O4, Co3O4/Au, and yeast cross-linked Co3O4/Au composite materials. The 

image displayed in Fig. 1A reveals that the pure yeast cells appeared as single cells with oval 

shape, smooth surface, and a length and width of about 5 and 3 μm, respectively [29, 30]. The 

image presented in Fig. 1B shows that the newly-prepared Co3O4 nanomaterial displays a needle 

flower morphology with an average diameter of about 2 - 5 μm, which are composed of a large 

number of interconnected nanoparticles. Notably, similar morphology has been observed in 

Au-decorated Co3O4 nanoparticles (Fig. 1C), except that the surface of the needle-like composite 

is slightly smooth, as the spacing of the petal-like structure is developed by Au nanocomposites. 

Additionally, the image displayed in Fig. 1D also reveal that the Au-decorated Co3O4 

nanoparticles are randomly linked on the surface of the yeast though the functional groups on the 

yeast—NH2, OH, COOH, etc., which provide numerous adsorption sites for target detection.  
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Fig. 1. Scanning electron microscopy (SEM) image of pure yeast cells (A), Co3O4 (B), 

Co3O4/Au (C) and yeast/Co3O4/Au (D). The insert images of (a) and (b) display the 

high-magnification of pure yeast and Co3O4. 

3.1.2 X-ray diffraction  

All X-ray diffraction (XRD) patterns are displayed in the Fig. 2. Specifically, in Fig. 2a, the 

strong peaks that appear at 2θ values of 31.3°, 36.9 °, 44.9°, 59.5°, and 65.3°, according to the 

spinel structure of Co3O4 (JCPDS card no.42-1467) [31], can be ascribed to the crystal planes 

(220), (311), (400), (511), and (440), respectively. The new peaks observed at 2θ=38.2°, 44.4°, 

64.6°, 77.5° are in good agreement with the (111), (200), (220), (311) planes of the cubic Au phase 

(JCPDS card no.89-3697) [32]. Also, as shown in Fig. 2c, all the diffraction peaks appear to have 

clearly strengthened, which indicates that Au-decorated Co3O4 nanoparticles are associated with 

the yeast. Thus, the XRD patterns completely confirm the successful synthesis of Co3O4, 

Au-decorated Co3O4, and yeast cross-linked Co3O4/Au. 
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Fig 2. X-ray diffraction (XRD) pattern of (a) Co3O4, (b) Co3O4/Au and (c) Co3O4/Au/yeast. 

3.1.3 Fourier transform infrared spectroscopy  

The Fourier transform infrared (FTIR) spectroscopy measurements were performed to 

determine the components of the Co3O4, Co3O4/Au, yeast cross-linked Co3O4/Au, separately. The 

spectra shown in Fig. 3a and b display broad and strong peaks at 3431.3 and 1636.4 cm
-1

 that 

correspond to the O-H group stretching vibration, while those at 655.9 and 574.9 cm
-1

 are the 

characteristic peaks of Co3O4. Compared with the spectrum pattern in Fig. 3 a, all the peaks in the 

spectrum pattern in Fig. 3b are strengthened and sharped without any other obvious change, which 

indicates that the Au nanomaterial has been successfully anchored on the surface of Co3O4. In 

addition, it is clearly seen that the wide and intense peaks at Fig. 3c display significant alteration 

due to the introduction of yeast biomass. The flat peak at 3,304.5 cm
-1

 is assigned to the 

overlapping of the -NH- bending mode of the amino group in proteins or peptides and it might 

also be associated with the vibration of absorbed water molecules or surface –OH group in yeast. 

The 1,647.6 cm
-1

 region can be primarily ascribed to C=O stretching, indicating the presence of 

carboxyl functional groups. The emerging peaks at 1,541.1, 1,045.6, and 1,235.5 cm
-1

 may be 

respectively attributed to -C=C-, -P=O- and free amino acids stretching vibration originating from 

the yeast structure, reflecting the successful preparation of the yeast/Co3O4/Au material. Two 

sharp peaks are slightly shifted to the right (～5 cm
-1

) due to the change of the Co-O bond, which 

confirms that yeast cells have been crosslinked to the Co3O4/Au material. Accordingly, an 

inference can be drawn that the active functional groups (-NH-, -OH-, -C=O-(-COOH), -C=C-, 

-P=O-(-OPO3
2-

)), most of which are the characteristic of yeast, are well-distributed on the 

composite material and play a vital role in the process of lead absorption.   
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Fig 3. Fourier transform infrared (FTIR) spectra of (a) Co3O4, (b) Co3O4/Au, (c) Co3O4/Au/yeast 

and (d) pure yeast cells. 

3.2 Electrochemical characteristics of a biosensor using 

minimally-disruptive portable electrochemical system  

3.2.1 Basic characteristics of the modified SPEs 

The cyclic voltammetry (CV) curves shown in Fig. 4A was recorded to investigate the 

electrochemical behavior of [Fe(CN)6]
3- 

in 5.0 mmol·L
-1

 K3[Fe(CN)6] containing 0.1 mol·L
-1

 KCl 

solution. Specifically, the SPEs were modified by Co3O4 (curve b), Co3O4/Au (curve c), 

yeast/Co3O4/Au (curve d) materials. Compared with curve a (for bare SPEs), the peak currents of 

all modified SPEs clearly declined at both the cathodic and anodic peaks, which might be due to 

the decrease of the contact area between the SPEs and electrolyte following the attachment of the 

composite to the SPEs, which might influence the electron transfer rates [33-34]. At the same time, 

the shifting of the peaks observed in Fig. 4A can be ascribed to the introduction of the Co3O4, 

Co3O4/Au, yeast/Co3O4/Au materials, which provide more adsorption sites for target analyte. 

Besides suggesting inferior conductivity, those phenomena also indicate the higher number of 

adsorption sites of the yeast/Co3O4/Au/SPEs.  

In addition, to investigate the electrochemical behavior of 10
-9

 g·L
-1

 of Pb
2+

 in 0.1 M ABS 

(pH =4.50), the changes in the performance of modified SPEs were explored by the square-wave 

voltammetry (SWV) methods. The results presented in Fig. 4B reveal that after introduction of 

Co3O4 (curve b), the peak currents that are dramatically enhanced can be ascribed to the 

mesoporous structure of Co3O4. Additionally, curve d shows that the peak currents with 
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Co3O4/Au/SPEs are increased compared to those with Co3O4/SPEs due to the satisfactory 

conductivity of Au nanoparticles. The yeast/Co3O4/Au/SPEs clearly exhibit slightly higher current 

values compared with those of Co3O4/Au/SPEs, indicating that the Co3O4/Au material is well 

anchored on the yeast cells. The significantly increased values for the current of 

yeast/Co3O4/Au/SPEs imply that such material can be used as a promising sensor to enhance the 

chemical sensitive for target assay. 

 

 

 

 

 

 

 

Fig. 4. Cyclic voltammetry (CV) curves of (A) and SWV curves of (B) of (a) bare SPEs, (b) 

Co3O4/SPEs, (c) Co3O4/Au/SPEs and (d) Co3O4/Au/yeast/SPEs. 

3.2.2 Optimization of assay conditions 

The assay conditions of pH, time, and volume were optimized and are described in the 

Supplementary Information (S2.1). In total, the optimum experimental conditions were as follows: 

the pH of the supporting electrolyte solution was 4.50, pre-concentration time was 150 s, and 

loading volume was 6 μL.  

3.2.3 Electrochemical response to lead 

Under the optimized conditions, the lead measurements by the SWV method were performed 

by using the system prepared with yeast/Co3O4/Au/SPEs in 0.1 M ABS. The response 

concentration of Pb
2+

 and the calibration plot are shown in Fig. 5, which surprisingly reveal that 

the electrochemical responses to Pb
2+

 in the concentration range of 10
–8

 g·L
-1

 to 10
–14

 g·L
-1

 

exhibited increasing current. In other words, the magnitude of the peak currents increased 

proportionally with the decrease in the concentration of Pb
2+

, which can be attributed to the 

inhibitory effect of the high concentration of Pb
2+

 on the yeast cells [35-37]. Meanwhile, the slight 
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shift to the right of the peak currents  in Fig. 5A can be related to the materials adsorbed onto the 

electrodes and the difference in the nature of lead solutions [38-39]. The resulting calibration plot 

could be represented as y=38.8261-5.09947 lg C (C: pg·L
-1

, y: μA) with a correlation coefficient 

of 0.99783. The limit of detection (LOD) and limit of quantification (LOQ) were calculated as 

3.45×10
-15

 g·L
-1

 (S/N=3) and 1.15×10
-14

 g·L
-1

 (S/N=10), respectively, which were considerably 

lower than the recommended value of 10
-2

 g·L
-1

 for Pb
2+ 

in children's blood. The inhibitory effect 

of the high concentration of Pb
2+

 on yeast cells was further investigated, as shown in Fig. S2, by 

increasing the Pb
2+ 

concentration, the electrochemical signals are increased inversely in the range 

of 10
-7

-10
-3

 g·L
-1

, which indicates that a certain amount of Pb
2+

 had accumulated on the surface of 

the yeast cells, so that they becomes inactivated. In this case, inactivated yeast cells have a weaker 

ability to contribute to the electrochemical signal. Thus, it can be inferred that the changes of the 

peak currents in Fig. S2 are mainly dependent on the conductivity of the Co3O4/Au composite. 

Meanwhile, the phenomenon depicted in Fig. 5 indicates that combining yeast cells with 

Co3O4/Au materials has a synergistic effect on the signal-enhanced detection, and an increase of 

the number of active yeast cells or yeast metabolites do promote the signal generation [40-43]. 

Our work shows that the developed system has a wide log-linear range and a low detection limit 

with a negatively correlated relationship between the peak currents and the concentrations of Pb
2+

 

at lower concentration levels, and it is also better than other previously reported methods. A 

detailed comparison with analytical performance and modified electrode is given in Table 1.  

Also, the reproducibility and stability of the biosensor are illustrated in the Supplementary 

Information (S2.2). The reproducibility has a satisfactory relative standard deviation (RSD) of 

1.25% for peak currents and the loss of the peak currents is about 5% of the initial response during 

two weeks. 

In addition, interfering ions, such as Co
2+

, Ni
2+

, Fe
3+

, Cu
2+

, Ag
+
, Mn

2+
, Zn

2+
, Hg

2+
, Cr

6+
 and 

Cd
2+

, were introduced to evaluate the interference with 10
–9

 g·L
-1

 Pb
2+

 under optimal conditions. 

The addition of 1,000-fold excess concentration of Cl
-
, SO4

2-
, NO3

-
, and PO4

3-
resulted in barely 

any interference with Pb
2+

 ions. The results shown in Fig. 6 reveal that the deviation of the peak 

currents is within 5% after the addition of 50-fold concentration of Co
2+

, Ni
2+

, Fe
3+

, and Mn
2+

. 

Also, a 20-fold excess concentration of Ag
+
, Cr

6+
, Cd

2+
 and Zn

2+ 
caused a decrease in the peak 

currents of approximately 11%, as a result of the multi-functional (-NH-, -OH-, -P=O-) adsorption 

capacity of yeast cells. However, due to the formation of intermetallic compounds at a 

concentration of about 10-fold Cu
2+

 and Pb
2+

, the peak currents decreased 19%. On the other hand, 

a concentration of 10-fold Hg
2+

 has the capacity to promote the formation of mercury film, with 
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the stripping peak currents rising about 7%. This result basically indicates a significant effect of 

the presence of the eleven co-ions on lead determination.   

 

 

 

 

 

 

Fig. 5. (A) SWV response currents of Co3O4/Au/yeast/SPEs in 0.1 M ABS (pH=4.50) containing 

different Pb
2+

 concentration (1-13)：0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100, 500, 1000, 5000 and 

10000 pg·L
-1

. Plot of the peak currents against the concentration of Pb
2+

 was shown in Fig. 5B and 

the calibration plot could be represented as y=38.8261-5.09947 lg C (C: pg·L
-1

, y: μA) with a 

correlation coefficient of 0.99783. Error bar: n=3. 

 

Table 1 Comparison of analytical properties of different modified electrodes toward Pb
2+

. 

Electrodes Methods LDR(g·L
-1

) LOD(g·L
-1

) References 

Bi
3+

/SPEs 

Hg-coated SPEs  

DPV 

ASV 

2.1×10
-4

-2.1×10
-3

 

6.3×10
-6

-5.0×10
-4

  

2.1×10
-6

 

9×10
-7

- 

1.5×10
-6

  

[44] 

[45] 

STV- PbS QDs/SPEs ASV 2.0×10
-7

- 10
-4

 5×10
-8

 [46] 

Ph-COOH-AuNPs/SPEs SWASV 5.2×10
-7

 -5.2×10
-6

  - [47] 

Gold-based SPEs SWASV 10
-6

-10
-3

  3×10
-7

 [48] 

diazonium salts/SPEs SWASV 7.0×10
-8

 - 5.2×10
-5 

 2×10
-8

  [49] 

Bi2O3/SPEs SWASV 0-1.2×10
-5

   2×10
-7

  [50] 

Bi/SPE 

mPMF-modified SPEs 

EDTA_PANI/SWCNTs/SS 

EDTA-Ppy/SWNTs/SSE 

Yeast/Co3O4/Au/SPEs 

SWASV 

SWV 

DPV 

CV 

SWV 

10
-5

 -10
-4

  

10
-6

-5×10
-5

  

4.1×10
-4

-7.7×10
-3

 

3.1×10
-5

-0.17 

10
-8

-10
-14

 

4×10
-6

 

10
-7 

3.4×10
-4

 

1.5×10
-5

 

3.45×10
-15

 

[51] 

[52] 

[53] 

    [54] 

This work 
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Fig. 6. Anti-interference ability of prepared system in the presence of 1×10
–9

g·L
-1

 Pb
2+

 and other 

heavy metal ions(5×10
-8

 g·L
-1

 Co
2+

, 5×10
-8

 g·L
-1

 Ni
2+

, 5×10
-8

 g·L
-1

 Fe
3+

, 5×10
-8

 g·L
-1

 Mn
2+

, 

2×10
-8

 g·L
-1

 Ag
+
, 2×10

-8
 g·L

-1
 Cr

6+
, 2×10

-8
 g·L

-1
 Cd

2+
, 2×10

-8
 g·L

-1
 Zn

2+
, 10

-8
 g·L

-1
 Cu

2+
, 10

-8
 

g·L
-1

 Hg
2+

). Error bar: n=3. 

3.3 Application of the minimally-disruptive portable electrochemical 

system for lead detection in blood samples 

 The practical feasibility of the application of the developed system for lead detection was 

evaluated in blood serum samples by recovery tests. The data listed in Table 2 are the results 

determined by the SWV method using the developed system after the addition of 0, 5×10
-9

, 

5×10
-13 

g·L
-1

 Pb
2+

. Compared with the standard value, the actual measured value is obtained from 

the calibration plot after deducting the blank dissolution peak currents. The recovery rate of the 

samples ranged from 97.28-109.41%, indicating that the system is not influenced by the presence 

of serum components and has a high potential for application in blood lead determination. 

To illustrate the possible application of this system, the venous blood samples were collected 

into tubes containing the anticoagulant sodium heparin and centrifuged at 4,000 rpm for 8 minutes 

to obtain the serum sample 3 (the pale yellow supernatant). One drop of the serum samples was 

directly diluted 20 fold with a 0.1 M acetate buffered saline (ABS) solution (pH 4.5), using a 

special syringe. The obtained suspension could be used in subsequent analysis without any further 

treatment. Pb
2+

 was detected by the standard addition method. A certain amount of Pb
2+

 was added 

to the suspension to prepare the simulated blood serum samples. The results in sample 3 revealed 
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that the RSD values were less than 5% for all samples with an excellent percentage recovery, close 

to 100%, indicating that the system can efficiently detect lead in blood and serum samples. 

Table 2 Determination of Pb
2+

 recovery by the suggested sensor in different blood samples 

(g·L
-1

). 

Samples Pb
2+

 Added Pb
2+ 

Found 
a
 Recovery(%) RSD(%) 

1 (serum sample) 

0 n.q. -- 4.33 

5×10
–13

 (4.86±0.79) ×10
–13

 97.28±0.16 2.72 

5×10
–9

 (5.35±0.87) ×10
–9

 107.14±0.17 3.09 

2 (serum sample) 

0 n.q. -- 4.79 

5×10
–13

 (5.47±0.43) ×10
–13

 109.41±0.086 2.64 

5×10
–9

 (5.09±1.02) ×10
–9

 101.89±0.20 3.59 

3 (blood sample) 

0 0.0297±0.032 -- 3.18 

5×10
–13

 (5.12±0.56) ×10
–13

 102.42±0.112 3.45 

5×10
–9

 (4.93±0.35) ×10
–9

 98.61±0.07 3.31 

a
 Average of three replicate measurements. 

n.q.: not quantified. 

 

4. Conclusions 

In this paper, the fabrication of a minimally-disruptive portable electrochemical system using 

a multi-functional yeast/Co3O4/Au sensor for the rapid identification of lead in blood serum 

samples is described for the first time. Due to the integration of the sampling, filtering and 

analysis, the determination of lead with this newly developed system is convenient, and effective 

at higher and lower lead concentration levels. The design can not only take full advantage of the 

electrochemical sensing methods, but also reduce the amount of electrolyte and optimize materials 

loading on electrodes for ultra-trace analysis of lead in blood. The results also revealed a negative 

relationship between the concentration of lead and the peak current signal at lower concentration 

levels. Additionally, the results also showed a wide log-linear range, low detection limit, good 

reproducibility and stability, and acceptable recovery rate. In summary, the developed sensor used 

in the newly developed system for lead analysis is simple in operation, easy to manufacture, 

highly reliable, and cost-effective in materials, opening a new perspective in the rapid detection of 

lead. 
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1. Yeast/Co3O4/Au are reported as SPE modifiers for Pb
2+

 determination 

2. The resulting LOD is 3.45×10
-15

 g/L with linear range from 10
–8

 g/L to 10
–14

 

g/L. 

3 Peak current by SWV correlated negatively with Pb
2+

 at lower concentrations 

4. The sensing system is simple, low cost and accurate for the detection of Pb
2+
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