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Introduction
Modern automatized systems have been proposed in order to 

develop procedures with high precision, accuracy and repeatability. 
In this context, improvements and upgrades in technologies for 
hardware, such as microcontroller and microprocessors, have 
revolutionized the analytical instrumentation [1,2]. Microcontroller 
is a modern device that presents an inner microprocessor and other 
peripherals as a clock, memory, lines of command for in/out data, 
registers, readers and analog-to-digital converter (A/D) [3]. This 
device is able to perform commands and instructions, which are 
driven by a code that can be loaded and storage into the memory of the 
microcontroller. In analytical chemistry, microcontrollers have been 
used for the construction of photometers, [4] spectrophotometers, [5] 
fluorimeters, [6] turbidimeters, [7,8] nephelometers, [8,9] potentiostats 
and luminometers [10]. In order to reach a full and more versatility 
automation, the microcontrolled instrumentation can be coupled 
to flow analyses procedures. Flow analyses with multicommutation 
procedures is very interesting because presents a good throughput with 
reducing of waste generation and consumption of reagent [4,9-11].

The use of nanoparticles in electroanalysis is in constant expansion 
[2,12,13]. In this context, several research groups have been proposed 
sensors and biosensors based on nanostructured materials [14-18], 
such as carbon nanotubes, graphene and metal nanoparticles [12]. 
In fact, particularity gold nanoparticles (AuNPs) exhibit electronic, 
optical and chemical properties very attractive for various technological 
applications such as nanoelectronics, sensors/biosensors, optics and 
catalysis [19].

Polyelectrolytes are long-chain macromolecules, produced by 
combining simple monomers, which have been applied in sensing 
and biosensing [20]. Poly(allylamine hydrochloride) (PAH) is 
a polyelectrolyte widely applied in sensing by producing stable 
composites films [21].

Inhibition based biosensor is widely used in the past years [22-
24]. In this context, we can highlight the determination of pesticides 
[25], heavy metals [26], food preservatives nicotine [27], and other 
toxic compounds [28]. The inhibition can be characterized by the 
association and dissociation of inhibitors with the active site of the 
enzyme by reversible or irreversible processes. Enzymes such as 
acetylcholinesterase (AChE) have been performed in this biosensing-
type. AChE has been used in biosensing to detect some kinds of 
pesticides, such as organochlorine and organophosphorus [29-34]. 
AChE is a serine esterase enzyme, which converts the acetylcholine 
neurotransmitter to choline and acetate after transmission of a nerve 
impulse [35]. 

Diuron [3-(3,4-dichlorophenyl)-1,1-dimethylurea] (Figure 1) is 
a organochlorine pesticide which is utilized in plantation of different 
products, e.g., coffee, sugar cane and cotton [36]. In humans, the 
exposition of this herbicide can produce methemoglobin in the blood 
and can cause problems in liver and spleen [37,38]. Some works have 
been related the determination of diuron using electroanalytical 
methods. Wong et al. [38] have proposed a biomimetic sensor 
based on a carbon paste electrode modified with the nickel (II) 
1,4,8,11,15,18,22,25-octabutoxy-29H, 31H-phthalocyanine complex to 
detect diuron. They have obtained a linear range between 9.9 × 10-6 
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Abstract
Microcontrolled systems coupled biosensors have attracted attention. Here, we describe an automated and 

portable microcontrolled pumping flow system (µC-PFS) developed to biosensing application. The flow system is 
fully automatic, portable, it works in battery module and it dispenses the use of microcomputer and the manual 
operations. This device presents mainly a microcontroller as central processing unit (CPU), an aquarium air 
pump and three-way solenoid valves to propulsion and the volume control of aliquots inserted in the flow system. 
Once available its performance, this device was used to pump samples and solution towards a compacted and 
miniaturized electrochemical flow cell (EFC) employing a multicommutated flow procedure. In the EFC, it was used 
a biosensor based on acetylcholinesterase immobilized on the gold nanoparticles modified-screen printed carbon 
electrode, which was used in order to perform the determination of diuron by enzymatic inhibition employing a 
chronoamperometry. Under the best experimental conditions, the calibration curve for diuron determination was 
linear in the concentration range from 80 to 1400 nmol/L with a detection limit of 50 nmol/L. Moreover, the proposed 
system was fully automated, showed precise, with low consumption of sample and waste generation with an 
analytical throughput of 13/h.
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and 1.5 × 10-4 mol/L, and a detection limit of 6.1 × 10-6. A composite 
modified electrode with the thylakoid membrane isolated from spinach 
leaves was applied for amperometric detection of diuron, atrazine and 
propanil based on the photosynthesis-inhibiting [39]. The electrode 
presented detection limits for diuron, atrazine and propanil of 3.6 × 
10-9, 6.1 × 10-9 and 8.7 × 10-9 mol/L, respectively. In another interesting 
work, Anh et al. reported a conductometric tyrosinase biosensor 
for the determination of diuron, atrazine, desisopropylatrazine and 
desethylatrazine [40].

Here, we describe a full automated and microcontroled pumping 
system with solenoid valves and aquarium pump as flow unit with a 
disposable screen printed carbon electrode (SPCE) modified with 
AuNPs and AChE coupled to portable potentiostat for amperometric 
determination of diuron pesticide in waters samples. 

Experimental
Chemicals and reagents

Hydrogen tetrachloroaurate (III), 25% v/v glutaraldehyde, 
cystamine sulfate hydrate, acetylthiocholine iodide (ASCh), 
acetylcholinesterase ≥ 1,000 units/mg (from Electrophorus electricus) 
and diuron were purchased from Aldrich. PAH was purchased from 
Sigma. 0.01 mol/L stock solutions of these pesticides were prepared 
by dissolving appropriate amount in a 0.1 mol/L phosphate buffer 
solution (pH 7.0). Phosphate buffer solution was prepared using 
Na2HPO4 and NaH2PO4. All other chemicals were of analytical grade. 
All the solutions were prepared with Millipore Milli-Q nanopure water 
(resistivity>18 MΩ cm). The 0.1 mol/L phosphate buffer solutions were 
always employed as supporting electrolyte for biosensor measuraments.

Apparatus 

A microcontrolled motherboard employing an embedded 
PIC18F4550 microcontroller (Dallas, USA) coupled to an aquarium air 
pump, 3 three-way solenoid valves were used to control the developed 
flow system. A peristaltic pump Ismate® (Glattbrugg, Switzerland) 
standard-speed, 8 channels, 115/230 VAC, EW-78001-12 was employed 
as reference pump. The voltammetric measurements were performed 
with SPCEs (4 mm of diameter) purchased from DropSens (Oviedo, 
Spain) were used, which include a silver pseudo-reference electrode 
and a carbon counter electrode. Electrochemical measurements were 
carried out by a DropSens potentiostat controlled by DropView 1.3 
software. Cyclic voltammetry and amperometry measurements were 
performed in an electrochemical cell flow (Figure S1) developed for 
this purpose, with the void volume of 50 µl. All experiments were 
carried out at room temperature. A FEG-SEM (Supra 35-VP, Carl 
Zeiss, Germany) equipment with electron beam energy of 20 keV was 
employed to characterization of the biosensors developed.

Microcontrolled pumping flow system (µC-PFS)

A PIC18F4550 microcontroller from Microchip Technology® 
(Dallas, USA) was used as control and processing unit in the 
microcontrolled pumping flow system (µC-PFS). This device presents an 
analog-to-digital (A/D) multichannel converter with 10-bit resolution, 
2.0 Kb of RAM; 256 bytes of EEPROM memory, 32.0 Kb of flash 
program memory; and an interface USB 2.0. The microcontroller sends 
pulses (5 V, 25 mA) to the ULN2003 (STMicroelectronics®, Italy) driver 
current in order to control the switching on/off the solenoid valves, 
aquarium air pump, and activation of the cooler. Moreover, the signal 
from the commands of the control buttons are received by the analog 
ports of the PIC and these data are used to control the switching time 

on the each solenoid valve set by the user. Recording of experimental 
data, and visualization of the time of switching on the valves on the 
LCD screen are others functions developed by the microcontroller. All 
the functions of the device are previously developed in C programming 
language [4,5,7-9]. 

A project of the µC-PFS developed is shown in Figure 2 and a 
photography of µC-PFS with the disposable biosensor coupled to a 
potentiostat and a notebook (full portable analytical system) can be 
observed in the Figure S2 placed in the SI.

Software developed in C programming language 

The software developed in C language carried out all functions of 
the device. Initially, the software performs a self-check of the digital 
and analog ports of the PIC, and after, it automatically initializes the 
control functions of the device. The functions control are chosen and 
selected using three keys on panel of the equipment. A message is then 
displayed on the LCD screen as a main menu containing information 
on the switching time of the reagent, sample/standard solution, and 
carrier solution (electrolyte) valve that should be executed by the 
equipment. The switching time in real time is displayed in the LCD 
screen of the µC-PFS. 

Manifold and operation procedure of the µC-PFS 

Firstly, the carrier solution (supporting electrolyte) is pumping 
from the proper reservoirs (E) by the aquarium air pump (P) with fixed 

Figure 1: Molecular structure of diuron.

Figure 1: Molecular structure of diuron.

Figure 2: Project of the µC-PFS developed. The µC-PFS is composed by 
the following main units: A micro controlled motherboard with a 12 Volt DC 
to 110V/220V AC power inverter (1); 12 Volt battery with 7000 mA/h (2); 3 
three-way solenoid valves (3); aquarium air pump (4); solution and sample 
compartment (5); confluence connection (6); electrochemical flow cell (7); 
control buttons (8) and LCD screen (9). 
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flow and led to the 3-way solenoid valve (V1) which once switched 
on it changes the direction of flow in towards the electrochemical 
flow cell (EFC). Then, the base signal electrochemical is registered 
by the potentiostat and processed by the notebook plotting the data 
LCD screen. After the analyte (in supporting electrolyte medium) 
(V2) and the supporting electrolyte (V1) are pumping together 
until the confluence at Z point. The excess of sample (S), supported 
electrolyte and the waste are pumping toward the waste reservoir (W). 
The aquarium air pump presents three fixed flow rates, fast (76 µl/s), 
medium (47 µl/s), and low (26 µl/s) which are previously set by the user 
and controlled by the microcontroller. 

The configuration of the flow system based on multicommutation 
with electrochemical detection is described as shown in the Figure 3. All 
switching time were determined previously by the user. All reservoirs 
used were of 500 ml. The device was used to pump solution towards 
a compacted and miniaturized electrochemical flow cell with a mini-
biosensor inserted in order to perform the determination of diuron 
employing voltammetric and chronoamperometric techniques.

Synthesis of AuNPs 

The AuNPs colloidal solution was prepared by citrate reduction of 
HAuCl4 in aqueous solution. In a flask containing 150 ml of an aqueous 
solution of 5.0 mmol/L HAuCl4 at 90°C were added 7.5 ml of a solution 
of 0.3 mol/L sodium citrate. This mixture was kept stirring at 90°C until 
the appearance of red colour. Then, the reaction was rapidly cooled to 
room temperature with an ice bath.

Gold nanoparticles film

AuNPs film was prepared by dispersing 1.0 mg PAH in 1.0 
ml of AuNPs colloidal solution. The dispersion was subjected to 
ultrasonication for 30 min. For comparison, a film of PAH without 
AuNPs was prepared by dispersing 1.0 mg of PAH in 1.0 ml of water. 
This dispersion was also subjected to ultrasonication for 30 min. Then, 
8 µl of this AuNPs-PAH solution was cast on the working electrode 
of SPCE and waited for the solvent allowed evaporating at room 
temperature for 2 h. The electrode was designed AuNPs-PAH/SPCE.

Preparation of AChE-AuNPs/SPCE biosensor

The AuNPs-PAH/SPCE were modified by casting 8 µl of 10 
mmol/L cystamine solution on the electrode surface and the solvent 
was evaporated at room temperature for 1 h. The electrodes were rinsed 
with 0.1 mol/L phosphate buffer solution (pH 7.0). Then, 8 µl of 2.5% 
(v/v) glutaraldehyde solution was cast on the surface of the AuNPs-
PAH/SPCE and the solvent was evaporated at room temperature for 
1 h. The electrode was washed again with 0.1 mol/L phosphate buffer 
solution (pH 7.0). Finally, 8 µl of a solution containing 4 ml phosphate 
buffer solution (0.1 mol/L, pH 7.0) of 100 units of acetylcholinesterase 
was cast on the de surface of the AuNPs-PAH/SPCE and the evaporated 
at room temperature for 2 h. Thereafter, the electrode was thoroughly 
washed with phosphate buffer solution. The schematic fabrication 
process of biosensor was illustrated in Figure 4. When it was not in 
use, the AChE-AuNPs-PAH/SPCE was stored in a 0.1 mol/L phosphate 
buffer solution (pH 7.0) at 4°C.

Measurement procedure

For chronoamperometric measurements of diuron pesticide, 
AChE-AuNPs-PAH/SPCE biosensors were incubed in different 
concentrations of standard pesticide for 8 min, 0.1 mol/L phosphate 
buffer solution containing 1.0 mmol/L ASCh to study the 
electrochemical response. The inhibition percentage of pesticide was 

calculated as follows:

 Inhibition %=(Is-Io) × 100% 

where Is is the steady-state current of ASCh at the AChE-AuNPs-
PAH/SPCE biosensor, and Io is the steady-state current of ASCh at the 
AChE-AuNPs-PAH/SPCE biosensor with pesticide inhibition.

It was used an electrode for each concentration of the pesticide. For 
the electrode substitution, the stopped flow procedure was applied for 
changing the biosensor for a new biosensor replaced. Furthermore, the 
baseline was corrected with the aid of software Origin® after receiving 
all amperometric signals.

Samples preparation

The samples of natural water were collected from Monjolinho lake 
dam at São Carlos, SP, Brazil. The recovery study using the proposed 
biosensor was performed by adding two different concentrations of 
diuron (50 and 1000 nmol/L) (using a solution 10 mmol/L diuron stock 
solution, prepared by dissolving in ethanol) to each sample. All samples 
were used without any pre-treatment and were freshly prepared 

Figure 3: Multicommuted flow system using aquarium pump (P), two 
3-way solenoid valves (V1 and V2), confluence connector (Z), supported 
electrolyte reservoirs (E), sample reservoirs (S), waste reservoirs (W) and 
electrochemical flow cell (EFC).

Figure 4: Schematic fabrication process of AChE-AuNPs-PAH/SPCE 
biosensor. 
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for measurements. All waste generated were properly disposed in 
appropriate flasks and sent to Waste Management Unit at UFSCar for 
proper treatment.

Results and Discussion
Performance of the microcontrolled pumping flow system-
μC-PFS

To the microcontroller performs the tasks efficiently, a crystal 
oscillator (clock) of 8 MHz was employed to synchronizing PIC 
functions with accuracy time. Once synchronized, the PIC, through 
the integrated circuit, (ULN2008) acts as a booster current switching 
on of each solenoid valve with 90 mA and 9.0 V. In order to use the 
microcontrolled pump in battery module, a rechargeable 12 V battery 
able to generate 7 A/h was employed. This battery was adapted on the 
electronic circuit supplying an electric autonomy to a lapse of 15 h 
which it is extremely useful to in situ analysis. However, the 110 or 220 
V (conventional electric network, 60 Hz) also could be used as power 
supply to the device. 

As the aquarium air pump [41] works in alternated current  (AC), 
60 Hz, an electronic circuit with a 12 Volt DC (direct current) to 110 
V AC power inverter was required. Thus, an electronic circuit based 
on small transformer (input: 110-220 V AC, output, 12 V DC, 1 A) 
and an integrated circuit (CI) 555 set at a stable mode to produce an 
alternating signal of 110 V at 60 Hz of frequency was employed, with its 
activation was controlled by the PIC.

Plastic flasks with 500 ml of capacity were used as sample or 
solution reservoir, one for each channel (two channels) of the aquarium 
air pump. In upper side of the reservoirs (in cap), two holes were made 
to allow the introduction of two tubes polyethylene into the reservoir. 

To prevent and avoid leakages and loss of pressure in the 
reservoirs, epoxy resin was used to seal the cap. Two different tubes 
were employed; a tube thicker (3.0 mm i.d.) was connected to the air 
pump to keep the pressurization, while the most thin (0.8 mm i.d.) was 
connect in the EFC.

The use of a microcontroller as CPU allows drastic reduction of 
the number of electronic components which can reduce the level of 
instrumental noise and cost of the developed equipment. 

The aquarium air pump presents only two air outlets. These outlets 
were employed to pump the sample/standard solutions and supported 
electrolyte. According to previously discussed, the aquarium air pump 
operates with three fixed flow rates, fast (76 µl/s), medium (47 µl/s), 
and low (26 µl/s). To evaluate the performance of the portable µC-PFS 
developed, an Ismatec® peristaltic pump was employed as reference 
pump. The main results are presented in Figure 5. 

The flow system based on multicommutation was simultaneously 
executed with the pump, and its performance was not impaired. In fact, 
there is a good accuracy with a minimum of pulsation of the solutions 
for each one of three levels of flow rate provided by µC-PFS as supported 
by the data showed. Besides, the performance of the µC-PFS was 
compared with the commercial peristaltic pump employing a similar 
flow rate and a good linear correlation (r=0.991) for the three levels 
of flow rate. In addition, a good performance (RSD of 1.06% for flow 
rate 76 µl) also was obtained for these flow rate described. Moreover, 
the µC-PFS presents a current consumption of 0.46 A/h by using a 7 
A/h battery full changed. Thus, the µC-PFS has an electric autonomy 
to a lapse of 15 hours uninterrupted. Besides, for all essays, the level 
of the solution reservoirs, mainly the supported electrolyte should be 

always at least 10% (50 ml) of the maximum capacity (500 ml), since 
the internal pressure is reduced for this level of reservoir. For 26 µl/s, 
after 4.5 h uninterrupted, the flow is stopped and the reservoir should 
be filled again. In addition, higher volumes of plastic or glass reservoirs 
(e.g., 1.0 L) can be used, mainly for longer uninterrupted analytical 
procedures. However, for the present application in which a stopped 
flow manifold was employed, 500 ml reservoir was sufficient. After 
properly calibrated, the µC-PFS was applied to flow determination at 
electrochemical detection. 

Characteristics of the AuNPs-PAH/SPCE

The electroactive area of SPCE and AuNPs-PAH/SPCE was 
estimated in 0.1 mol/L KCl in the presence of 1.0 mmol/L [Fe(CN)6]

4- 
solution according to the Randles-Sevcik equation[42] (Equation 1).

Ip=2.69 × 105A D1/2 n3/2 v1/2 C      
(1)

where Ip is the cathodic peak current (A), A is the electroactive 
area (cm2), D is the diffusion coefficient of [Fe(CN)6]

4- in solution (6.2 
× 10-6 cm2/s), n is the number of electrons transferred in the redox 
reaction, v is the potential scan rate (V/s), and C is the [Fe(CN)6]

4- 
concentration in bulk solution (mol cm-3). The electroactive area of 
the SPCE and AuNPs-PAH/SPCE were calculated to be 0.044 cm2 and 
0.095 cm2, respectively. As predicted observed in the literature, [43] 
the gold nanoparticles increased the area of the active electrode surface 
by a factor of 2.1 in comparison with the printed carbon electrode. In 
Figure 6 are shown the cyclic voltammograms at scan rate 100 mV/s, 
0.1 mol/L KCl in the presence of 1.0 mmol/L [Fe(CN)6]

4-.

The AuNPs colloidal solution was prepared by citrate reduction 
of HAuCl4 in aqueous solution, [44] as described in the section 4.8. 
The characterization of these metal nanoparticles was performed using 
the technique of SEM. The average particles diameter observed was 
52 ± 5 nm as shown in the FEG-SEM images of AuNPs-PAH/SPCE 
at different magnitudes with the gold nanoparticles homogeneously 
distributed (Figure S3).

Figure 5: Performance graphic of the µC-PFS with three levels of operable 
flow rate compared to the commercial peristaltic pump. The average values of 
flow rates with their respective accuracy were 26 ± 1 µl/s, 47 ± 2 µl/s and 76 
± 1 µl/s for µC-PFS and 26 ± 0.2 µl/s, 50 ± 2 µl/s and 72 ± 3 µl/s for peristaltic 
pump with n=6. Correlation between µC-PFS and peristaltic pump (inset).
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7.0, which has been chosen for further experiments for detection of 
diuron.

The influence of inhibition time on the current obtained was 
investigated in the range from 0 to 20 min in presence of 0.1 mol/L 
phosphate buffer, 1.0 mmol/L ASCh and 1000 nmol/L diuron, as 
observed in Figure 9. During this study, the µC-PFS was stopped flow 
after the arrival of the pesticide on the surface of the AChE-AuNPs-
PAH/SPCE, and then, it has occurred the inhibition of formed product. 
The current decreased when there was an increase the time until 8 min, 
remaining constant for longer times. Thus, an inhibition time of 8 min 
was selected for further studies.

The effect of the applied working potential was also studied from 
0.4 to 0.9 V vs. Ag pseudo-reference in presence of 0.1 mol/L phosphate 
buffer, 1000 nmol/L diuron and 1.0 mmol/L ASCh. It was observed 
a significant decrease of the analytical signal from 0.6 to 0.8, and, 
after, the current values practically remained constant. Therefore, the 
working potential of 0.8 V was selected for further studies.

Effect of the flow system parameter of the µC-PFS

The effect of flow rate solution was investigated from 26 µl/s, 47 µl/s 
to 76 µl/s, applying a work potential of 0.8 V and an inhibition time of 
8 min in presence of 0.1 mol/L phosphate buffer solution (pH 7.0), 1.0 
mmol/L ASCh and 1000 nmol/L diuron. The current decreased with 
increasing flow rate up to 47 µl/s as observed in Figure 10. For higher 
flow rate (76 µl/s), the analytic signal has remained constant due to 
dispersion of the sample and a lower residence time of the electro active 
substance (thiocholine produced in the enzymatic reaction) in contact 
with the electrode surface. Therefore, a carrier solution flow rate of 47 
µl/s was selected, keeping a good compromise between the magnitude 
of analytical signal and stability in the electrode response.

Analytical curve employing the µC-PFS with biosensor

Under the optimal experimental conditions an analytical curve was 
constructed. Thus, the inhibition process in the presence of different 
diuron concentrations was proportional in the current range from 80 
to 1400 nmol/L (Figure S4) following the equation ΔIp (μA)=0.98+1.23 

Electrochemical behaviour by cyclic voltammetry

When a biosensor contains the AChE immobilized, occurs the 
inhibition of production of the SCh [29] Thus, there is a relationship 
of the inhibition in presence of pesticides and the electrochemical 
signal decreases when compared in the absence and presence of the 
analyte of interest [29,45]. In the determination of organochlorine 
compounds, the inhibition of AChE activity is used and as a result there 
is a decrease of thiocholine (SCh) production. In the present study, the 
amperometric biosensor was based on the co-immobilization of AChE 
in AuNPs-PAH/SPCE, it means that the amount of SCh produced 
depends only on AChE activity, not ASCh concentration. 

Figure 7 shows the typical cyclic voltammograms of AChE-AuNPs-
PAH/SPCE at 50 mV/s in 0.1 mol/L phosphate buffer solution (pH 7.0) 
and 1.0 mmol/L ASCh, in absence (dashed line) and presence (solid 
line) of 1000 nmol/L diuron. It was observed a current peak at 0.75 
V, which is attributed to the oxidation of SCh, hydrolysis product of 
ASCh. Obviously, in the presence of diuron pesticide in the AChE-
AuNPs-PAH/SPCE was observed a reduction of the signals due to 
the enzyme (AChE) inhibition, limiting the production of SCh. The 
mechanism of this inhibition is described in Figure 8. 

As described, the AChE enzyme catalyzes the hydrolysis reaction of 
ASCh to form SCh and acetic acid [33]. This reaction can be inhibited, 
such as pesticides for the class of carbamates, organophosphates and 
organchlorines, which bind to serine active site of AChE. The binding is 
reversible with carbamates and is irreversible for organochlorines. Thus, 
the reactivation of the enzyme when bound AChE to organochlrine, 
although covalent, can be implemented employing some reagents e.g., 
pralidoxime and obidoxime [46]. Therefore, to perform the reactivation 
of the proposed biosensor would require a systematic study with these 
compounds to check the possibility of reuse of the biosensor in the 
determination of the diuron pesticide. However, this study was not 
necessary, since there was a replacement of the biosensor after use.

Study of inhibition time, pH and applied working potential

It was investigated the effect of the pH of 0.1 mol/L phosphate 
buffer solution between 4.0 and 8.0. A great analytical response at pH 

Figure 6: Cyclic voltammograms recorded at SPCE electrode (black, solid 
line) and AuNPs-PAH/SPCE electrode (red, dashed line) in 1.0 mmol/l 
[Fe(CN)6]

4− in presence of 0.1 mol/l KCl at a scan rate of 100 mV/s.

Figure 7: Cyclic voltammograms of AChE-AuNPs-PAH/SPCE in 0.1 mol/l 
phosphate buffer (pH 7.0) and 1.0 mmol/l ASCh, in absence (red, dashed 
line) and presence (blue, solid line) of 1000 nmol/l diuron, at a scan rate of 
50 mV/s.
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× 107 C (mol/L) with a correlation coefficient of 0.994. The detection 
limit was 50 nmol/L (calculated using the relationship 3 × Sd/m, where 
Sd is the standard deviation of various blank measures and m is the slope 
of the analytical curve). The electrode-to-electrode reproducibility 
response of five AChE-AuNPs-PAH/SPCE for a 100 nmol/L diuron 
solution was examined, which presented a standard deviation  (RSD) 
of 5.4 % for five successive assays.

Interference studies for diuron determination

To evaluate the selectivity of the biosensor, the influence of some 
substances commonly found in water samples were evaluated in 0.1 
mol/L phosphate buffer solution (pH 7.0), containing 1.0 mmol/L 
ASCh, in the presence of 1000 nmol/L diuron. The interference of 

compounds organic compounds such as nitrobenzene, nitrophenol 
and other inorganic ions such as, Al(III), Fe(III), Ca(II), Mg(II) 
carbonate, chloride, sulfate, bromide phosphate, sulfate, nitrate and 
iodide in excess of 100 times, caused interference less than 5% in the 
determination of diuron in water samples using the AChE-AuNPs-
PAH/SPCE biosensor as observed in Figure 11.

Determination of diuron in natural water samples

The water samples were collected from Monjolinho River 
(São Carlos, SP, Brazil)  at three different points and, in each sample an 
appropriate amount of diuron was added. The recovery obtained of the 
samples A1, A2 and A3 varied between 94.0 and 107%, indicating the 
absence of the matrix interference effects in the samples studied using 
the proposed flow procedure. The results are shown in Table S1.

Figure 8: Schematic mechanism of hydrolysis of the acetylthiocholine (ASCh) to produce thiocholine (SCh) and acetic acid on the catalytic site of the AChE 
(A). Inhibition of the hydrolysis due to the presence of diuron pesticide by blocking the catalytic site of the AChE (B). 

Figure 9: Study of inhibition time for the proposed biosensor in presence of 0.1 mol/l (pH 7.0) phosphate buffer solution, 1.0 mmol/l ASCh and 1000nmol/l
 

diuron.



Citation: Janegitz BC, Vicentini FC, Santos VB, Guerreiro TB, Fatibello-Filho O (2015) A Portable Microcontrolled Pumping Flow System Developed 
to In Loco Determination of Diuron at Nanomolar Levels Employing a Disposable Biosensor. J Anal Bioanal Tech 6: 247 doi:10.4172/2155-
9872.1000247

Page 7 of 8

Volume 6 • Issue 3 • 1000247
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

Conclusion
The µC-PFS portable presented as a good alternative and analytical 

tools for multicommuted flow system and flow analysis in general. 
Thus, the device developed has a great potential to be use in situ 
or in loco determination, once it has a good energetic autonomy. 
Additionally, as compared to peristaltic pump, the µC-PFS based on 
aquarium air pump has some advantages, such as lower cost, negligible 
pulsation, lower tendency to form bubbles in electrochemical flow cell, 
higher life time, great robustness and portability. According to the 
results demonstrated, the AuNPs-PAH was stable and reproducible. 
AChE could be effectively immobilized on the AuNPs, resulting 
enzyme electrode by exhibiting fast response, high sensitivity and 
stability for the amperometric detection of diuron. For outlook, the use 
of AuNPs-PAH onto SPCE is an interesting alternative to immobilize 
other biomolecules in future, also innovations and upgraded in order 
to apply the µC-PFS as approach for flow-batch procedures, flow 

injection analysis and sequential injection analysis. 
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