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Abstract: In recent years, efforts have been reported to develop portable biosensor instrument in the detection
felid such like pesticide residues. There is a great potential in the applications of biosensor technologies for rapid
detection of pesticide residues in food and environment. In other words, meantime, biosensor instrument has wide
application in the instruments market.

This paper presents an overview of various transduction systems of instruments, such as based on
electrochemical, optical, piezoelectric, and nanomechanics methods’ biosensor instruments, which have been
reported in the literature in the design and presentation of biosensor instruments for pesticide detection. Various
immobilization protocols used for formation of a biorecognition interface are also discussed. Moreover, in the
design of biosensor instruments, regeneration technology, include signal amplification, miniaturization, and
biosensor devices are evaluated for the development and applications of these biosensors. It can be concluded that
despite some limitations of the pesticide residues detection technologies, these biosensors for pesticide monitoring
are becoming more and more relevant in environmental and food analysis, that is to say, with the development of
means of biosensors for detection monitoring , corresponding biosensor instruments are also becoming one

essential tools in society. Copyright © 2013 IFSA.
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1. Instruction

Pesticides (herbicides, fungicides, insecticides) are
widely used in agriculture and industry due to their
high insecticidal activity [1-3].

Pesticides derived from synthetic chemicals are
essential inputs in increasing agricultural production
by preventing control pest and crop losses before and
after harvesting. One-third reduction in crop yield
would be happened if pesticides are not used against
pest [4, 5].

The pesticides is an important management tool to
boost agricultural productivity-increase crop yield and
reduce post-harvest losses, especially in a world
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facing a hunger crisis and famine. Due to high
efficiency for insect elimination, easy synthesis, and
low cost, different kinds of pesticides are the most
widely used in agriculture [6, 7].

Numerous chemical compounds, routinely used in
agriculture and chemical industry, can form persistent
toxic residues in air, soil and water, thus polluting
large geographical areas [8]. However, overuse of
these pesticides results in pesticide residues in food,
water and environment, and leads to a severe threat to
human health due to their high toxicity to
acetylcholinesterase (AChE), which is essential for
the functioning of the central nervous system in
humans [9, 10]. Numerous analysis methods such as

Article number 1298


http://www.sensorsportal.com

Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 136-149

gas chromatography [11], high-performance liquid
chromatography [12], capillary electrophoresis [13],
flow injection immunoanalysis [14-16] and
fluorimetry [17] have been developed for detection of
pesticides residues. These analytical techniques have
been described and reviewed extensively in the
literature [18]. These methods are very sensitive and
reliable, but they are time-consuming and expensive.
Moreover, they can only be performed by highly
trained technicians and are not convenient for on-site
or in-field Detection. However, false positive may
casily appear and this method also need some
improvements (e.g. for continuous detection). These
methods have some drawbacks such as poor
selectivity, high cost, slow response, poor stability and
time-consuming [19]. Moreover, they can only be
performed by highly trained technicians and are not
convenient for on-site or in-field detection, which
limit their application for real-time detection.

Owing to a great mass of pesticides generally
being used, there is an increased interest for
developing rapid screening systems for their detection
[20]. In recent years, biosensors are potentially useful
as suitable complementary tools for the real-time
detection of pesticides residues and have been an
active research area for some years [21]. Biosensors
are designed to detect and/or quantify target molecules
such as those for medical use and environmental
monitoring [22, 23]. Various biological recognition
elements, including cofactors, enzymes, antibodies,
microorganisms, organelles, tissues, and cells from
higher organisms, have been used in the fabrication of
biosensors [24, 25].

For that reason, they need some improvements
(e.g. for continuous detection). Biosensors are
potentially useful as methods to quickly detect
pesticides and have been an active research area for
some years [26]. Biosensors have been defined as
analytical devices which comprise of two components:
biomaterial and transducer. That is to say, biosensors
used as a device which tightly combine biorecognition
elements with physical transducers for detection of the
target compounds [27, 28]. Lately, many biosensors
are used for pesticide detection which are based on the
inhibition reaction or catalytic activity of several
enzymes in the presence of pesticides [29-33].

According to the classification of detecting signals,
mainly divided as enzyme-based biosensors,
immunosensors ,microbial sensors and cell-based
biosensors. Enzyme-based biosensors for pesticide
determination are reviewed in the literature [34, 35].
Enzyme-based biosensors (e.g. acetylcholinesterase
biosensor) for pesticide determination have been
widely reported in the literature [36-39]. Since a
number of pesticides have a similar mode of action
affecting the activity of the same enzyme, most of
enzyme-based biosensors are used for screening
purposes and are unspecific for individual pesticides.
They can only detect total pesticide content and do not
provide specific information about a particular
pesticide [20]. Enzyme-based biosensors for pesticide
determination have caused public interest due to their

reliability, fast response, high sensitivity and
selectivity. In recent years, enzyme-linked
immunosorbent assays (ELISA) have grown rapidly
as tools for pesticide measurement.

Immunosensors have been used to detect or
quantify the specific pesticide based on the binding
interactions between immobilized biomolecules (Ab
or hapten) on the transducer surface with the analyte
of interest (hapten or Ab), resulting in a detectable
signal [41]. The sensor system takes advantage of the
high selectivity provided by the molecular recognition
characteristics of an Ab, which binds reversibly with a
specific hapten. They consist of two process, a
molecular recognition process, for sensing the specific
Ag-Ab binding reaction at the surface of receptor, and
a signal-transfer process, for responding to changes in
an electrochemical, optical, spectroscopic, or
electrical parameter of the receptor caused by the
specific binding [42]. They appear to be appropriate
for identification of a single pesticide or, in some
cases, small groups of similar pesticides in
environmental monitoring as they are rapid, specific,
sensitive and cost-effective analytical devices [43].

Furthermore, with the development of biosensor
detecting technologies, generating biosensor devices
in biosensor instruments against pesticide molecules
has been relatively mature, which has provided further
impetus in this area. Excellent reviews that focused on
biosensor instruments for pesticide monitoring were
described in the Literatures. However, there is a time
gap between current status in the field and the most
recent reviews. In this review, several types of
biosensor instruments developed for the different
biosensors in pesticide analysis are highlighted.
Various biosensor instruments used for pesticide
residues in foods and vegetables are also discussed. In
addition, the development of rapid determination and
techniques of regeneration, signal amplification,
miniaturization are evaluated for the development and
applications of these biosensor instruments.

2. Classification of Biosensor

Biosensors have been defined as a device that
tightly combine biorecognition elements with physical
transducer by catching process reaction between
sensitive element and target objects, then convert
them to continuous or discrete electrical or optical
signals which can become useful information. In
general, immunosensors can be distinguished from
immnunoassays where the transducer is not an integral
part of the analytical system. The biorecognition
element determines the degree of selectivity or
specificity of the biosensor, whereas the sensitivity of
the biosensor is greatly influenced by the transducer.
Typically, biosensors classified in some ways.
Depending on different kinds of biorecognition
element, biosensor can be classified into enzyme
sensor, microbial sensor, organal sensor, tissue sensor,
immunosensor. According to the transduction
mechanism, biosensors can be further classified into
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electrochemical, optical, piezoelectric and
nanomechanic  immunosensors.  Electrochemical
transducers, classified as amperometric,
potentiometric, conductometric, capacitive and

impedimetric measure changes in current, potential
(voltage), conductance, capacitance and impedance
respectively [44-46].

With the development of biosensors, biosensor
instruments have been appeared emerge a historic
moment. Based on different biorecognition elements,
biosensor instruments will be described in the
following sections.

3. Instrument of Biosensor for Detection

Over the last decade, biosensors instruments based
on biosensor theory have emerged as a promising
technique  for  pesticide residues  analysis,
environmental monitoring, food quality control and
military investigations. The sensitivity of the
biosensor is greatly influenced by the transducer, and
the biorecognition element determines the degree of
selectivity or specificity of the biosensor [47]. These
analytical instruments are designed to complement or
replace the existing reference analytical methods
(chromatographic and coupled
chromatographic-spectrometric ~ procedures) by
simplifying or eliminating sample preparation, thus
decreasing the analysis time and cost. Most biosensor
instruments reported to date are utilizing different
detection principle. Based on the transduction
mechanism, biosensors can be further classified into
electrochemical, optical, piezoelectric biosensor
instruments as described in the following sections.

3.1. Instruments of Electrochemical
Biosensors

Electrochemical biosensors have emerged the past
few years as the most promising alternative to detect
pesticide due to the high inherent to the
electrochemical detection and the possibility of
portability and miniaturization. Also the oldest and
most common methods used in biosensors. They can
determine the level of pesticides by measuring the
change of potential, current, conductance, or
impedance caused by the electrochemical reaction or
immunoreaction. Thus, instruments of
electrochemical biosensors also have an up and
coming value of research. The instruments combine
the high specificity of traditional electrochemical
methods with the data acquisition, and thus exhibit
great advantages. They have more advantages such
like not affected by sample turbidity, quenching, or
interference  from absorbing and fluorescing
compounds commonly found in biological samples as
well as electrochemical biosensor instruments. But
there still remains the big challenge in
high-performance, cost-effective field analysis.
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3.1.1. Instrument Based on Potentiometric
Biosensors

Potentiometric biosensors are based on measuring
the changes in potential induced by the label used,
which occur after the specific binding of the Ab-Ag.
They measure the potential across an electrochemical
cell containing the Ab or Ag, usually by measuring the
activity of either a product or a reactant in the
recognition reaction monitored. Examples of these
kinds of biosensors instrument system for the
determination of the pesticides residues have been
reported [48, 49]. A flow-injection system with dual
amperometric and potentiometric OPH biosensors for
the simultaneous and rapid measurements of OP
compounds was described. The independence of the
two analytical signals obtained with the
dual-transducer system was illustrated [50]. The
potentiometric biosensor responds favorably to all OP
compounds, reflecting the pH changes associated with
the OPH activity, the amperometric device displays
well-defined signals only towards OP substrates
(pesticides) liberating the oxidizable p-nitrophenol
product. The potentiometric detection has been
accomplished with a silicon-based pH-sensitive
electrolyte-insulator-semiconductor (EIS) transducer,
operated in the constant-capacitance (ConCap) mode.
Electrolyte-insulator-semiconductor ~ measurements
were performed using the Con Cap mode, with a
capacitance of 22.0 nF (in connection to total
impedance of 15 kQ). The sample injections were
initiated after a 30 min stabilization of the bias voltage
drift in the presence of the following carrier solution.
Details of such EIS operation were described
elsewhere [51]. Demonstrated a portable USB-based
electrochemical biosensor prototype for point-of care
testing (POCT) was designed, fabricated and tested
with a model analyte. The device implements cyclic
voltammetry (CV) measurements by means of a
portable potentiostat in conjunction with a
miniaturized electrochemical cell. The
microelectronic circuit consists of a single-supply
potentiostat and I/V converter, an analog-to-digital
converter (ADC), and a microcontroller unit (MCU);
power and controlled entirely by USB the device is
suitable for field testing alongside any portable
personal computer (PC). Using a simple operation
protocol we can adjust the voltage range and scan rate
of cyclic voltammetric measurement. The data
acquisition and display can be captured using
Microsoft Excel, a commonly available program on
most of today’s PCs. They designed a portable
potentiostat that would execute cyclic voltammetric
measurements. In order to create such a power
Portable system, we opted for a USB powered version
so there would be no need for an external supply,
doubling also as the communication bus to the PC for
data logging and analysis. Their system is compatible
with any computer that has a USB ported is equipped
with the Microsoft Excel program. However, in order
to process the data and calculate the under the anodic
peak, additional software is needed; we used Sigma



Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 136-149

Plot (Systat Software, Inc.) to accomplish this
task [52].
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Fig. 1. (a) Overall design of the USB-powered portable
electrochemical biosensor prototype; (b) Photograph
of the potentiostat prototype showing
the function keys/ports.

3.1.2. Instrument Based on Amperometric
Biosensors

Among electrochemical biosensors, amperometric
AChE biosensors as a combination of enzymatic
reactions with the electrochemical methods have
shown satisfactory results for pesticides analysis,
where the enzyme activity was employed as indicator
of quantitative measurement of insecticides [53].
When AChE is immobilized on the working electrode
surface, its interactions with the substrate of
acetylthiocholine (ATCI) produce the electro-active
product of thiocholine [54]. The reaction equation is
shown as follows [55-57]. Amperometric sensors are a
subclass of electrochemical sensors. For the
simultaneous analysis of several samples using only

one device to developed a multichannel biosensor [58].

The detection limit for free 2,4-D in water was
0.1 ng/mL. The advantages of the presented
electrochemical detector were high stability and
sample through put, low detection limit, the ability to
be repeatedly used, and no need for regeneration. One
example is that Ivaylo Marinov et al. describe a

flow-injection system with integrated amperometric
biosensor featuring a replaceable AChE-immobilzed
membrane with incorporated gold nanoparticles [59].
The flow-injection system comprised the following
elements: three electrodes-a platinum working
electrode, a standard calomel electrode (SCE) and an
auxiliary platinum wire electrode; a flow-cell with a
working volume of 0.275 mL; a peristaltic pump and
an amperometric detector (Palm Instruments BV, The
Netherlands). The flow-injection system
configuration is presented in Fig. 2 (a). The biosensing
device results in an integrated, automatic and portable
system for environmental and Agri-food application

(Fig. 2).
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Fig. 2. (a) Flow-injection system; (b) 3D computer aided
design (CAD) view of the biosensor device.

The working conditions were optimized so that the
throughput of the analytical system was improved and
the incubation, measurement and reactivation time of
one analytical cycle was reduced twice in comparison
with our previous work [60]. Where analytical
measurements were conducted under static conditions.
Anti-cholinesterase activities (expressed by the
detection limits and the bimolecular inhibition
constants) of three pesticides-paraoxon ethyl,
monocrotophos and dichlorvos as well as their
mixtures were assessed by the use of a flow-injection
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system. This competitive behavior is worth being
investigated in detail since it may present an
opportunity for the discrimination between two or
more pesticides present in an analyzed sample by
employing chemometrics and only one type of
acetylcholinesterase. The differentiation could be
based on the reduction of the anti-cholinesterase
activity of a supplementary inhibitor (pesticide) with
known and high inhibition potency. Another example
is that Viviana et al. has designed and developed one
miniaturized biosensing array system was designed to
be flexible, modular and small, with six independent
sensing cells equipped with optical excitation and
detection, current measurement and flow control
systems [61]. In this study, multitask biosensor for the
detection of endocrine disrupting chemicals is
proposed. The sensing system employs an array of
biological recognition elements. Amperometric and
optical transduction methods are provided in an
integrated biosensor together with flow control
systems Fig. 2 (b), the biosensor system was able to
detect most of the chemicals analyzed with very high
sensitivity. Atrazine and diuron were detected with a
limit of detection of 0.5 nM, with an RSD% less than
5 %; paraoxon and chlorpyrifos were revealed with a
detection of 5 uM and 4.5 uM, respectively, with an
RSD% less than 6 %; catechol and bisphenol were
identified with a limit of detection of 1 uM and 35 uM
respectively, with an RSD % less than 5 %.
AChE-based biosensors have a major drawback:
they give a sum parameter of AChE-inhibition without
any qualitative or quantitative information about the
individual analytes. One approach to solve this
problem involves the application of multi-sensor
arrays that are combined with the data processing of
artificial neural networks. Using micro or nanosensor
arrays will likely become a new trend. Thus, the
ability to construct arrays of enzymes will likely allow
current multianalyte detection of several compounds
to be expanded to accommodate the analysis of
perhaps hundreds or thousands of separate compounds
[62]. One of the challenges that must be met for this
type of system would be the development of parallel
computational methods to convert electronic
responses for each analyte into meaningful
concentration data. In this respect progress has been
reported for artificial neural network implementation
in single low-cost chip for the detection of insecticides
by modeling of enzymatic sensors response [63, 64].
The design of single chip to selectively quantify
mixtures of the pesticides chlorpyrifosoxon and
chlorfenvinfos by an artificial neural network
implementation was shown in Fig. 3B, and the
dedicated system was shown in Fig. 3C [65].

3.1.3. Instrument Based on Impedance
Analysis

Recent development in the area of electrochemical
biosensor instruments with impedance methods of is
very encouraging and offers potential advantages.
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Fig. 3. Picture of the miniaturized electronic plate that
functions as a potentiostat.

Usually, the concepts of impedance, conductance,
capacitance, and resistance are different ways of
monitoring the test system and are all interrelated [66].
Impedance biosensors instruments measure different
changes of an electrical field. Electric impedance
spectroscopy (EIS) is a sensitive technique, which
detects the electrical response of the system studied
after application of a periodic small amplitude AC
signal. M. Grossi et al. developed an embedded
portable biosensor system for bacterial concentration.
The portable biosensor system described in this work,
represented in Fig. 4, features two circuit boards: one,
dedicated at maintaining the SUT at the target
temperature by means of an adhoc algorithm running
on the microcontroller ATmegal68 by Atmel
(California, USA); the other, based on the
microcontroller ARM STR912 by ST
Microelectronics (Agrate Brianza, Italy), is used for
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signal analysis and the calculation of the impedance
and its components. The SUT incubation chamber
features a couple of stainless steel electrodes for the
electrical measures, a temperature sensor and a
heating system for thermal regulation.

Serial RS232 interface

Enable
Thermoregulation

START

Temperature
sensing
and regulation
INCUBATION

CHAMBER

(@

(b)

Fig. 4. Photograph (a), and schematic (b) of the biosensor
system presented in the work.

The system is composed of an impedance
measurement board, a thermoregulation board and an
incubation chamber containing the sample under test.
The system is suitable for applications in the industrial
field (in particular the dairy one is of interest here), as
well as for environmental monitoring (for instance for
the case of water microbial screening). The greatest
advantage of the presented system is that it is portable
and low cost. On the contrary, most of the biosensors
for microbial concentration determination on the
market are essentially bench top instruments to be
used within microbiology laboratories [67].

3.2. Optical Biosensor Instruments

Compared with electrochemical approaches,
optical devices are the second most commonly used
transducers. A general optical sensor system consists
of a light source, a number of optical components to
generate a light beam with specific characteristics and
to direct this light to a modulating agent, modified

sensing head, and a photodetector [20]. Different
techniques can be used for creating an optical change
e.g., optical waveguide light mode spectroscopy, total
internal reflection fluorescence, and surface plasmon
resonance. More advantages like compactness,
flexibility, resistance to electrical noise and a small
probe size to be offered by optical biosensors. It is
important to wash the surface before reading
of the signal.

3.2.1. Optical Waveguide Lightmode
Spectroscopy (OWLS)

The OWLS technique is a new sensing technique
using evanescent field for the in situ and label-free
study of surface processes at molecular levels. It is
based on the precise measurement of the resonance
angle of linearly polarized laser light, diffracted by a
grating and in coupled into a thin waveguide layer.
Actually, in coupling is a resonance phenomenon that
depends on the refractive index of the medium
covering the surface of the waveguide occurs at a
defined angle of incidence. In the waveguide layer,
light is guided by total internal reflection to the edges
where it is detected by photodiodes. In recent years,
efforts have been reported to develop portable sensors
using fully packaged approaches based on surface
plasmons [68-71] or to reduce size by integration of
sample handling on-chip (e.g. in ring resonators [72])
yet these systems do not achieve a truly hand-held size
ordo so at expense of lack of multiplexing or
non-scalable device manufacturing [73, 74]. Sonia
Grego et al. previously fabricated grating-integrated
waveguide devices and characterized their Sensing
performance using benchtop components including a
wavelength swept laser source for telecommunication
testing [75]. That work demonstrated a large
wavelength scan at kHz speed driven by an external
voltage source and was realized as a benchtop sensor
apparatus. In 2012, another paper from Sonia Grego et
al. describes a miniaturized system serving as optical
reader of the waveguide devices including a new
optical source and photodetector as well as
multichannel capability. The configuration is designed
and the components are selected with the Ultimate
objective of integration into a hand-held device
interrogating  disposable  sensor  chips.  The
miniaturized system performance is improved
compared to our previously reported values to a
detection limit of 1x10~ RIU and an on-chip
reference configuration is demonstrated [76].

3.2.2. Surface Plasmon Resonance (SPR)
Instruments

SPR has an inherent advantage over other types of
biosensors in its versatility and capability of
monitoring binding interactions without the need for
labeling of the biomolecules.

141



Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 136-149

Peristaltic — ‘_ Waste
pump 3 “i¥ reservoir
Buffer :

reservoir

Grating
chip \ (

Laser
power
supply

Laser + Laser
board fiber/

collimating.—=

_~ - Figers

‘optics./

(b)

Fig. 5. (a) Photograph of the assembled -cartridge,
(b) Photograph of a benchtop prototype including all the
components for the TWIST instrument with two sensor
outputs. Scale bar is 2.5 cm. Food coloring is used
to highlight the flow path.

It is versatile owing to its outstanding attributes of
miniaturization, reliable portable instrumentation, and
automation. Monitoring of the pesticide chlorpyrifos
in water samples was performed using SPR
immunosensors [77]. The chlorpyrifos derivative was
immobilized onto the gold-coated sensing surface and
competed with free chlorpyrifos for binding to the Ab,
and as a result, increasing concentrations of
chlorpyrifos will reduce the SPR signal. Other
examples of single and multianalyte assays for
simultaneous detection of different pesticides by SPR
were reported by the same research group [78]. This
portable biosensor based on SPR technology could
provide a highly sensitive detection of pesticide
analytes at nanogramper liter levels. The stability of
the biosensor was proved by performing 15 series of
daily measurements. Another sensitive and reusable
SPR based immunosensor was developed for the
determination of 2,4-D [79]. The SPR sensor was
capable of detecting part per billion levels of 2,4-D in
20 min and the regeneration ability enabled the
achievement of as many as 20 measurement cycles.
SPR biosensors may suffer from disturbances caused
by changes in the refractive index or temperature. The
use of a reference surface makes it possible to separate
signals related to binding events from signals caused
by differences in refractive index between a sample
and running buffer. A laboratory prototype of the
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SPRCD sensor has been developed. Initial version of
the sensor consisted of a microfluidic cartridge
incorporating the SPRCD structure and six
microfluidic channels and a compact SPRCD reader
[80].

Recently, capabilities of the SPRCD sensor
(Fig. 6) have been further expanded. A sophisticated
temperature control employing two peltier elements
was incorporated to suppress the effects of the
ambient temperature on the sensor response. In
addition, to ensure reproducible placement of the
SPRCD cartridge in the reader, a motorized system for
the loading of the cartridge in the SPRCD reader was
developed. Upon loading, the cartridge is
automatically connected to the fluidic system of the
SPRCD reader [81].

Fig. 6. A laboratory prototype of the compact
SPRCD sensor.

3.3. Other Optical Biosensor Instruments

The fiber-optic  biosensor consisting  of
AChE-immo-bilized LB film was constructed for
simple and direct detection of orgarnophosphorus
compounds in contaminated water. The configuration
of sensor system is schematically shown in Fig. 7. The
three kinds of solutions (distilled water, o-nitrophenyl
acetate, and sample solution) were prepared. The
absorbance change of product to be induced directly
by the inhibition of organophosphorus compounds on
immobilized enzyme without a pH indicator was
successfully detected by the sensor system. And the
proposed biosensor could successfully detect the
organophosphorus compounds up to 2 ppm and the
response time to steady signal of the sensor was about
10 min [82].

Fluorescence biosensor research was to develop,
from first principles, a low cost, potentially portable,
capable of detecting low levels of contaminants and
compounds of interest in food analysis. From first
principles, about L32 cm x W24 cm x HI6 cm
prototype biosensor detection unit was constructed
that was composed of an illumination component, a
sensor unit, a flow cartridge and a peristaltic pump, as
illustrated in Fig. 8. The prototype fluorescent
biosensor detection unit has been successfully
developed that exhibits highly acceptable baseline
stability, and in its current form, i.e., a manual system,
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shows excellent signal repeatability. This unit has
been tested using two models and has proven to be
capable of detecting binding and inhibition with both
compounds with a good degree of repeatability [83].

12

Fig. 7. The experimental set-up for biosensor: (1) xe lamp;
(2) 400 nm filter; (3) optical fiber; (4) reactor containing
ACHKE LB film; (5) immobilized enzyme layer; (6) sample;
(7) distilled water; (8) sub-strate; (9) peristaltic pump;
(10) photodiode; (11) A/D converter; (12) computer.
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Fig. 8. (a) Diagram of the biosensor detection unit showing
light source, sensor unit, flow cartridge and glass slide
integrated within a light-proof enclosure (L 32 cm xW 24

cm % H 16 cm) and connected to a PC via a labjack U12 data
acquisition device. (b) Photograph showing clamping of
glass slide within the biosensor.

C. Ercole et al. describes the properties of a
biosensor for the determination of E. coli cell number
in water samples. The potentiometric alternating
biosensing (PAB) system utilized is based on a
transducing element (light addressable potentiometric
sensor (LAPS)) detecting pH variations due to NH;
production by an urease-E. coli antibody-conjugate
[84, 85]. In this work, C. Ercole et al. demonstrate how
an immunoassay-based PAB sensing system was able
to specifically detect E. coli strains in water. This
system is quite flexible, manageable and easy to
construct utilising commercial electronic components
and it can be further improved [86].

On top a detailed drawing of the measuring
chamber is reported with the sensing electrode made
of silicon, silicon dioxide and silicon nitride. In the
bottom, the signal measurements performed by a
synchronous demodulation techniques and the
conditioning electronics blocks are shown (Fig. 9).
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Fig. 9. Block diagram of the transducer system.

4. Immobilization Protocols

In terms of the development of electrochemical
biosensors, the Ab/hapten immobilization onto a
transducer or a support matrice is a key step in
optimizing the analytical performance, such as
response, reproducibility, stability, selectivity and
regeneration. Some requirements should be met for
one good immobilization method: (1) be simple and
fast; (2) produce immobilized reagents that are stable
and do not leach from the substrate; and (3) maintains
its biological integrity flexibility, and proper active
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site orientation toward the bulk solution. Thereby,
Ab/hapten immobilization has been a critical issue in
immunosensor  technology [87-91]. Ab/hapten
immobilization consists of physical adsorption and
chemical binding, which depends on the driving force
[92]. In general, they mostly fall into following
methodologies.

1) Physical adsorption: Generally physical
adsorption is based on interactions ,such as van der
Wals  forces, electrostatic  interactions and
hydrophobic interactions ,between the Ab/hapten and
the transducer. Physical adsorption is simple and easy,
but nonspecific attractive forces easily causes
Ab/hapten desorption [93]. It is especially common on
hydrophobic polymer surfaces. The main advantages
of this mode of immobilization are its rapidity and
simplicity, while its main drawbacks are random
orientation and weak attachment. Gobi et al., created a
functional sensing surface of the immunosensor by
immobilizing an ovalbumin conjugate of 2,4-D
(2,4-D-OVA) by simple physical adsorption on a
thin-film gold chip. It has been established that the Au
surface of the sensor chip was completely covered by
2,4-D-OVA up to a monomolecular layer and that the
2,4-D-OVA immobilized sensor chip was highly
resistive to non-specific binding of proteins [94].

2) Covalent coupling: Ab/Ag can be covalently
linked to the surfaces of a transducer through
formation of a stable covalent bond between
functional groups of Ab and the transducer. On the
one hand, the procedure provides increased stability of
the Ab ,but on the other hand covalent coupling is
decreases the activity of Ab/Ag and is generally
poorly reproducible. Blocking steps are usually
necessary to limit the non-specific binding. An
example of where this approach has been exploited is
illustrated by immobilization of 2,4-D on the surface
of amino-silanized optical fibers [95].

3) Self-assembled monolayer (SAM): Self-
assembled monolayers (SAMs) have aroused much
interest due to their potential applications in
biosensors, biomolecular electronics and
nanotechnology. This has been largely attributed to
their inherent ordered arrangement and controllable
properties. SAMs can be formed by chemisorption of
organic molecules containing groups like thiols,
disulphides, amines, acids or silanes, on desired
surfaces to fabricate immunosensors [96]. This
technique was used to immobilize analyte derivatives
onto the surface of gold-coated sensors. The
immunosurface formed can be used for over
120 cycles In addition to these conventional methods,
new materials, such as nanoparticles have been
employed in immobilizing Ab when constructing
immunosensors Nanoparticles are used as solid phase
due to their large surface area in a small fluid volume
and good biocompatibility. Biological interactions,
such as biotin/streptavid in interactions can be used to
easily immobilize the Ab on the surface of
nanoparticales. One of the most advantageous features
of this system is that although the affinity constant
between avidin and biotin is rather high, the bonding

144

is of non-covalent nature, which allows for multiple
washing and reuse of the same sensing device.
Recently, describes the development of an
electrochemical immunosensor for the analysis of
atrazine associated to biotinylated-Fab fragment K47
antibody. The sensors are based on mixed
self-assembled monolayer consisting of
1,2 dipalmitoyl-sn-glycero-3-phosphoethanolamine-
N-(biotinyl)  (biotinyl-PE)  and 16-mercapto
-hexadecanoic acid (MHDA) [97].

In addition to these conventional methods, new
materials, such as nanoparticles have been employed
in  immobilizing Ab  when  constructing
immunosensors Nanoparticles are used as solid phase
due to their large surface area in a small fluid volume
and good biocompatibility. Biological interactions,
such as biotin/streptavid in interactions can be used to
easily immobilize the Ab on the surface of
nanoparticales. One of the most advantageous features
of this system is that although the affinity constant
between avidin and biotin is rather high, the bonding
is of non-covalent nature, which allows for multiple
washing and reuse of the same sensing device.

5. New Trends
5.1. Miniaturization

Miniaturization is expected to have a marked
impact in the development and applications of every
kind of biosensor instruments. Miniaturization of a
biosensor instruments not only reduces the size of
detection device and integrates all steps of the
analytical process into a single-sensor device, but also
reduce the difficulty of experiment technology and the
requirement of experimenter. Thus, it results in
reduction of both the time and cost of analysis.
Moreover, it is expected to lead to a further portability
for in vivo sensing and in-field applications. The
miniaturization trend of biosensor instruments is
adapted to the miniaturization of microfabrication and
nanofabrication techniques, such as
micro-electromechanical systems (MEMS). MEMS
combined with microelectronic circuitry are
sometimes referred to as “smart sensor systems for
sensor instruments”, which in turn can be configured
into highly portable and inexpensive handheld
instrumentation [98].

There still have some challenges remain to be
overcome before miniaturized sensors instrument can
be commercially applied. For one thing,
miniaturization coupled with higher detection
sensitivity places serious demands on both the design
of instruments and methodology inherent in Ab/Ag
immobilization. Furthermore, the practical application
of miniaturization requires the use of complete
analysis systems for sample handling, such as
pumping, filtering,  valving, and  sample
conditioning [99].

To the best of our knowledge, due to the high
miniaturization and portability, immunosensors based
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on SPR are now the most well known in biosensors,
and then SPR instruments could faster become a
popular technology in domain of detection. The
combination of SPR  immunosensor  with
flow-injection analysis (FIA) techniques offers great
potential in future devices for pesticide monitoring.

5.2. High Throughput of Detection Samples

AChE-based biosensors instruments have a major
drawback: they give a sum parameter of
AChE-inhibition = without any qualitative or
quantitative information about the individual analytes.
That leads to the same flaw to enzyme-based
biosensor instruments. One approach to solve this
problem involves the application of multi-sensor array
that are combined with the data processing of artificial
neural networks. Using micro or nano-sensor arrays
will likely become a new trend.

5.3. Integration of Detection System

One of the challenges that some new type
biosensor instruments must be met for this type of
system would be of the development of parallel
computational methods to convert electronic
responses for each analyte into meaningful
concentration data. Recently, silica based monoliths,
coupled with micro-fluidic devices, have been used as
an attractive alternative to packed columns for the
analysis of proteins, peptides and nucleic acids with
special features of low diffusion resistance during
mass transfer, controllable porosity and low back
pressure compared to packed columns.

5.4. Signal Amplification

Signal amplification is crucial for obtaining low
detection limits in biosensors. Most amplification
schemes for biosensor instruments rely on target
labeling. Thus, amplification techniques lay outside
the domain of label-free immunosensors. To amplify
the immunoreaction signal, many methods have been
proposed. Generally, methods for amplifying the
immunoreaction signal are based on the detection of
electro-active species, which are generated in the
presence of tracer coupled to the Ag or Ab.

5.5. Real Samples Detection

The majority of biosensor instruments reported to
date have been designed for detection of pesticides in
environment. Application to other matrices such as
food samples (fruits and vegetates) has been restricted
due to the problems related to the use of these devices
in the presence of organic solvents extracts. Several
works reported that enzyme biosensors can function in

a mixed aqueous-organic phase in low amounts of
organic solvents [100, 101].

6. Conclusions

Biosensor instruments based on electrochemical,
optical, and piezoelectric biosensors are strong
candidates for screening pesticide residues and they
become more and more relevant in environmental and
food analysis, especially electrochemical biosensors.
Compared to chromatography and other methods, the
strengths of biosensor instruments can be described as
follows:

-They are same selective and sensitive as traditional
detection analytical techniques instrument, such as gas
chromatography, etc.

-They can be carried out for use in the field.

-They can work with complete automation and give
the results after a short period of time.

In particular, biosensor instruments based with
electrochemical, optical, and piezoelectric transducers
have the potential to achieve the low limits of
detection imposed by legislation. Despite the promise
of immunosensors, they do have certain limitations.
For example, few biosensor instruments are
commercially available at the present time and are yet
to be established as research or routine tools, due to a
lack of validated protocols for a wide range of sample
matrices.

However, these biosensor instruments still face
many challenges hindering their real applications.

-The data are analyzed on the electrochemical
analysis instrument, and they are not enough
miniaturization and portable.

-They have not specific and suitable real samples
pretreatment.

-They only give a simple parameter of
AChE-inhibition without quantitative information and
high throughout detection.
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