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Abstract: In recent years, numerous enzymatic 

electrochemical biosensors have been developed as 

convenient and time-saving analytical techniques for the 

detection of various analytes for environmental and food 

analysis. Using integrated enzymatic biosensors, 

numerous biosensing techniques have been developed 

recently for the detection of pesticides. Improvements 

have been made in several enzyme immobilization 

techniques, electrochemical signal converters, and 

measuring procedures based on enzymatic biosensors. 

Since 2005, developments in the design and construction 

of biosensors for pesticide detection have been reviewed 

in this review. The utilization of various biosensors 

developed in food and environmental safety, as well as 

the state-of-the-art selection of receptors, quick 

screening procedures, and transduction techniques, are 

highlighted. The benefits and downsides of different 

methods are then enumerated. Lastly, difficulties, tactics, 

and perspectives on further developing pesticide 

biosensors are also discussed. In recent years, numerous 

enzymatic electrochemical biosensors have been 

developed as convenient and time-saving analytical 

techniques for the detection of various analytes for 

environmental and food analysis. Using integrated 

enzymatic biosensors, numerous biosensing techniques 

have been developed recently for the detection of 

pesticides. Improvements have been made in several 

enzyme immobilization techniques, electrochemical 

signal converters, and measuring procedures based on 

enzymatic biosensors. Since 2005, developments in the 

design and construction of biosensors for pesticide 

detection have been reviewed in this review. The 

utilization of various biosensors developed in food and 

environmental safety, as well as the state-of-the-art 

selection of receptors, quick screening procedures, and 

transduction techniques, are highlighted. The benefits 

and downsides of different methods are then 

enumerated. Lastly, difficulties, tactics, and perspectives 

on further developing pesticide biosensors are also 

discussed. 
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INTRODUCTION 

 

By integrating the signal trigger, signal converter, 

signal processor, and peripheral function expansion 

module, these biosensor-based pesticide residue 

detection instruments enable fast detection of pesticide 

residues in food with automated data processing, 

display, and storage. The direction of biosensor 

development for pesticide residue detection that is 

appropriate for industrial or commercial use would be 

biosensor-based instrumentation and devices. 

Chemical pesticides Pesticides are mostly utilized in 

agricultural settings to boost crop output because of 

their economic outcomes. Different types of pesticides 

have been developed to linger in the environment 

longer after being applied .[44,45] 

Precise and timely pesticide analysis is crucial because 

of the many pesticides that are regularly used and their 

harmful effects on human health. Traditional pesticide 

detection techniques, like chromatographic techniques 

(HPLC, GC, etc.), possess a multitude of 

disadvantages, such as being time-consuming, labor-

intensive, having stumpy sensitivity and efficiency, 

requiring expensive equipment and highly skilled 

workers, and many more. Based on a review of the 

literature conducted with Thomson Reuters Web of 

Science, over 1,400 journal articles, book chapters, 

and patents related to pesticide sensors have been 

published since 1989. Over the past 20 years, the total 

number of publications has grown dramatically, with 

40–50% of those papers based on enzyme inhibition 

techniques. Pesticide biosensors can generally be 

divided into two main groups: biosensors based on 

enzymes.[6,7] As a result, the contamination caused by 

organophosphorus insecticides has drawn increased 

attention from researchers and emerged as a major 

issue. To maintain food quality and shield people from 

potentially harmful hazards, it is necessary to 

continuously analyze and monitor the residue of OP 

pesticides in food and water on-site and in real time. 

As a type of signal trigger, biosensors were unable to 
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immediately obtain the results of pesticide residue 

detection; instead, the acquisition signal had to be 

converted into detection values through signal access 

and collection. Rapid pesticide residue detection 

devices have emerged as a result of related 

technologies developing and biosensor technology and 

application technology coming together.[4,27] 

 

Pesticides—Introduction and life threat 

Pesticides are categorized as organochlorine, 

organophosphate, carbamate, synthetic pyrethroides, 

inorganic pesticides, etc. based on their chemical 

composition. [29, 30] In addition to several other 

compounds, pesticides can also be categorized 

according to the target they are used against. For 

example, insecticides are used to control insect pests; 

nematocides are used to control nematodes; fungicides 

are used to control fungus; and weedicides are used to 

control weed pests. [31, 32] 

The irreversible use of pesticides raises serious 

concerns since it exposes living things to a variety of 

toxicological effects through both direct and indirect 

contact with the chemicals and their residues. 

Pesticides present in the environment can be exposed 

to humans through a variety of pathways, including the 

skin, respiratory system, ingestion, and others. 

Numerous pieces of data suggest that the pesticide has 

unfavorable impacts on the ecosystem, which puts all 

kinds of life forms in danger. [33,34] 

   

Types: 

Enzyme-inhibition-based biosensor 

The relationship between pesticide toxicity and 

decreased enzyme activity serves as the foundation for 

the general concept of the biosensors that have been 

created. Consequently, a quantitative assessment of 

the enzyme activity prior to and following exposure to 

a target analyte is necessary for the development of 

these biosensing systems. 8,9,10]. This amperometric 

enzymatic biosensor measures the substrate-enzyme 

interaction product, thiocholine. [1]. In another work, 

Liang et al. [2] developed an 

electrochemiluminescence-based biosensor for the 

determination of organophosphorus pesticides. The 

biosensor, whose principle is associated with the 

inhibition of AChE, was also successfully applied to 

real vegetable samples. [3] 

 
Fig.1Enzyme-inhibition-based biosensor [48] 

 

Instruments of  Electrochemical Biosensors 

Because of the high inherent sensitivity of 

electrochemical detection as well as the potential for 

portability and downsizing, electrochemical 

biosensors have emerged in recent years as the most 

viable substitute for pesticide detection. The most 

traditional and widely utilized techniques in 

biosensors. . [12]  The rapid and sensitive detection of 

redox-active target analytes is made possible by 

electrochemical detection techniques, which do not 

require complicated sample pretreatment. .[13,14] 

 
Fig. 2  Electrochemical Biosensors[53] 

 

Optical immunosensors:     

Optical techniques such as absorbance, fluorescence, 

or surface plasmon resonance can be used to assess the 

observable signal change that occurs from the specific 

high sensitivity, selectivity, and easy miniaturization 

for usage in portable devices. [14] However, the process 

of immobilizing enzymes on an electrode surface is 

sometimes laborious and time-consuming. Optical 

biosensors have been employed as a substitute to get 

around these issues since they are dependable, simple 

to utilize, quick, and highly sensitive.[14] 
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Fig. 3 Optical immunosensors:  [47] 

  

Catalytic Biosensors:  

The activity of the enzyme organophosphorus 

hydrolase (OPH) is the basis for another strategy for 

the creation of enzyme biosensors for pesticides. One 

of the common bacterial enzymes called 

phosphotriesterase is OPH, and pesticides function as 

the enzyme's substrate rather than an inhibitor. 

Organophosphorus insecticides, including parathion, 

methyl parathion, and paraoxon, hydrolyze when 

exposed to OPH. Because many other compounds, 

including carbamate and heavy metals, can inhibit 

these enzymes, inhibition-based biosensors are 

sluggish, indirect, and have limited selectivity, despite 

being extremely sensitive (able to detect up to 

1×10−10 M).[42, 43]  

 
Fig .4  Catalytic Biosensors [49] 

 

Ellipsometric biosensors: 

An ellipsometric biosensor monitors changes in the 

polarization of light as it reflects off of a surface. Using 

this platform, the binding patterns of many influenza 

A virus strains to a panel of glycans of various 

structures were determined. The apparent equilibrium 

dissociation values, or avidity constants, 10–100 pM, 

were used to define the features of viral receptor 

profiles [15]. Using microarray biosensors based on total 

internal reflection imaging ellipsometry, the estimated 

detection limit of the serum tumor biomarker CA19-9 

was 18.2 units · ml−1, which is less than the cut-off 

value for a normal level [16, 17] 

 
Fig.5 Ellipsometric biosensors [50] 

 

Immune biosensors.  

Since immunological methods are the most effective 

for identifying any particular material, we focused on 

developing a variety of optical, thermometric, and 

electrochemical biosensors.  Figure shows the optical 

device's scheme, which uses the sNPS for 

photoresistance. registration of the signal at the point 

where the particular immune complex forms. provides 

a thorough explanation of the contacts and layers that 

were employed in the immunological biosensor based 

on the sNPS. The particular Ab was applied to the 

photoresistor surface between the contacts at the start 

of the measurement in a volume of 1µl. This solution 

was then allowed to evaporate in the air or at room 

temperature.[21] 

 
Fig.6 Immune biosensors. [51] 

 

Enzyme biosensors: 

The following enzymes, SO, LO, or FUM + SO, were 

cross-linked at a rate of 10 U cm-2 with 2% 

glutaraldehyde in 50 mmol L-1 phosphate buffer (pH 

7.4) to create the enzyme layer. To achieve a density 

of 2 mg cm2 cm2 cm2 cm2 cm2, 100 mg mL-1 BSA 

was added to the mixture. The immobilization mixture 

(1 µL) was applied to the working Pt electrode coated 

with polymer, allowed to dry at ambient temperature, 
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and then kept at  4 °C in an environment saturated with 

water. [24] 

 
Fig. 7 Enzyme biosensors [52] 

 

Mass-sensitive Biosensor: 

 They employ extremely sensitive piezoelectric 

crystals, sometimes referred to as piezoelectric 

biosensors, to identify even minute changes in mass. 

Piezoelectric crystals vibrate at a particular frequency 

when an alternating electrical current with a defined 

frequency is introduced. The bulk of the crystal affects 

this frequency in addition to the fixed electrical 

frequency. The frequency of oscillations is influenced 

by chemical reactions and is quantified as an output 

signal (Velusamy et al., 2010). Surface acoustic wave 

devices and bulk wave devices are the two main 

categories of mass-sensitive biosensors  [18] 

 
Fig.8 Mass-sensitive Biosensors [54] 

 

Electrochemical biosensors: 

The fundamental idea behind electrochemical 

biosensors is their capacity to identify particular 

chemicals. They Biosensors based on electrochemistry 

The fundamental idea behind electrochemical 

biosensors is their capacity to identify particular 

chemicals. They are primarily employed in the 

detection of hybridized DNA, glucose, and medicines 

that bind DNA. This method uses many kinds of 

chemical reactions to either produce or suppress 

detectable electrons or ions (Kovacs, 1998; Sethi and 

Lowe, 1990). According to Velusamy et al. (2010), 

these biosensors can be categorized as 

conductometric, potentiometric, or amperometric.[18] 

 
Fig 9. Electrochemical Biosensors [55] 

 

Instrumental analysis approach 

Fluorescent methods. 

In order to conduct environmental screening, we 

suggest measuring the intensity of chlorophyll 

fluorescence (IChF) in specific vegetables at different 

times, such as prior to and following suspected 

military or terrorist attacks. The steps involved in 

direct analysis are as follows: a) setting the 

measurement start; b) allowing the plant to darken for 

three minutes prior to the measurement; c) timing the 

measurements for 160 seconds; and d) measuring leaf 

blades from the same location on the plants. In order 

to create the IChF curve, data from the control and 

experimental groups were compared using Microsoft 

Office 2007 analysis software. .[22, 23] 

 

Bioluminescent methods. 

The Institute of Electrodynamics of the National 

Academy of Sciences of Ukraine (Kiev) developed 

two types of stationary (computer and fiber optic-

based) as well as portable chemiluminometers for 

regulating the reaction of bioluminescent bacteria on 

the effect of some chemical substances at their 

revealing in environmental objects. The final gadget 

could be applied in a field setting. Small sample 

aliquots can be according to conventional techniques, 

a variety of morphological and physiological 

indicators should be analyzed in order to estimate the 

hazardous effect as much as possible.provides the 

ability to assess the toxic effect over a few dozen 

minutes (about 20–30 minutes) by evaluating the 

degree of chemiluminescence in the daphnia's living 

medium. In this instance, aliquots are added to the 

living medium, and the degree of chemiluminescence 

should be visible within a few minutes. [19,20] 
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Fig10 .Bioluminescent methods.[ 46] 

 

Capillary electrophoresis analysis  

The Agilent 7100 capillary electrophoresis (Agilent 

Technologies, Waldbronn, Germany) running the 

ChemStation software was used for the analysis. A 

photometric diode array detector is integrated into the 

device. A fused silica capillary The capillary was 

conditioned for five minutes with 0.1 M NaOH, then 

for ten minutes with Milli-Q water and fifteen minutes 

with background electrolyte before being used on a 

regular basis. Before every run, the capillary was 

cleaned for three minutes using the background 

electrolyte. The background electrolyte was pH 5.65 

and contained 0.5 mmol L-1 EDTA, 0.5 mmol L-1 

CTAB, and 5 mmol L-1 phthalic acid. The system was 

operated at a capillary temperature of 15 °C and a 

separation voltage of 28 kV (negative polarity). A 

hydrodynamic injection was used for 3 seconds at 5 

kPa (50 mbar). Indirect UV detection operating at 254 

nm was used to track the analytes. By comparing the 

migration dates of putative peaks with those of the real 

standard, peaks were identified. Deionized water was 

used to dilute the wine samples 1:20. Three copies of 

each sample and standard were injected. [24] 

 
      Fig11.Capillary electrophoresis analysis [56] 

 

Recent Advancements in Pesticide Analysis 

Based on the fundamentals of biosensor technology, 

biochips enable the precise identification and binding 

of a target analyte to biosensing components on a solid 

surface in an ordered oligonucleotides. 

oligonucleotides. [36] Immunosensors are less desirable 

for widespread detection applications due to issues 

such as antibody formation for extremely small 

compounds that cannot elicit an immune response and 

the instability of antibodies in adverse environmental 

conditions.[37The idea for using the biochip approach 

to detect pesticide coumaphos was based on 

immunological response and surface plasmon 

resonance (SPR), which are components of the 

suppression technique. technique. technique. [40] 

 

Application Biosensor: 

Biosensors: biosensors in food technology and safety 

One example of biomolecule-based assessment of 

toxins in food is the aforementioned microbial arsenic 

biosensor. It reports the presence of harmful arsenic by 

using the genetic regulation of a resistance mechanism 

that, in the presence of the hazard, instead of an arsenic 

transporter system, expresses GFP. 

 

Environmental monitoring by biosensor 

The BOD is important to estimate the organic 

resources of a water sample that can be used by 

microorganisms to grow and, hence, the likelihood of 

being polluted by organisms. It is typically measured 

in the water where the water is designated to be 

discharged.  
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In fermentation processes  

In the medical field  

Blood-glucose biosensor usage at home accounts for 

85% of the gigantic world market. . A promising 

biosensor technology for urinary tract infection (UTI) 

diagnosis, along with pathogen identification and 

antimicrobial susceptibility, is under study.  

 

Fluorescent biosensors 

GFP-based and genetically encoded FRET biosensors 

play a vital role. Fluorescent biosensors are used in 

drug discovery programs for the identification of drugs 

by high-throughput, high-content screening 

approaches, post screening analysis of hits, and 

optimization of leads. 

 

In metabolic engineering  

Environmental concerns and the lack of sustainability 

of petroleum-derived products are gradually exhorting 

the need for the development of microbial cell 

factories for the synthesis of chemicals.  

 

Biosensors in plant biology: 

 Revolutionary new technologies in the areas of DNA 

sequencing and molecular imaging have led to 

advancements in plant science. [41] 

 

CONCLUSION 

 

Although the introduction of pesticide chemicals was 

intended to save human life by boosting agricultural 

yields and controlling dangerous insects, weeds, and 

illnesses, their toxic qualities have raised serious 

questions about the consequences of using them. The 

aforementioned information amply illustrates the 

drawbacks of using pesticides without restriction.  

Biosensors have important prospects for resolving 

issues with pesticide measurement by conventional 

chromatographic techniques. However, given that a 

wide variety of commercial pesticides contain more 

than 800 active ingredients, the most significant 

obstacles to the transfer of pesticide biosensors from 

the clean research laboratory to real-life and 

commercial applications are related to the stability and 

sensitivity of the biological recognition elements, the 

reproducibility of the biosensors, and the variability of 

real samples. Enhancing the selectivity of biosensors 

through the use of aptamers, MIPs, microbial cells, 

highly specific antibodies, and genetically engineered 

enzymes can be successful. These biosensors may 

benefit from the use of nanostructured materials and 

microfabrication/nanofabrication methods, such as 

increased sensitivity, quicker reactions, and smaller 

instrument and sample sizes. 
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