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Abstract: The contamination of water resources by pesticide residues has become a significant 

environmental and public health concern due to the extensive use of pesticides in agricultural practices. 

Rapid, sensitive, and economical analytical methods are essential for monitoring pesticide residues in 

drinking water, groundwater, and surface water systems. Among various analytical techniques, UV-

Visible spectrophotometry has emerged as an efficient and cost-effective method for the detection and 

quantification of pesticide residues because of its simplicity, rapidity, and minimal instrumentation 

requirements.  

This review paper discusses the principles, development, and validation of UV-Visible 

spectrophotometric methods for rapid pesticide residue analysis in water samples. The paper highlights 

sample preparation techniques, chromogenic reactions, derivatization approaches, analytical 

parameters, method optimization strategies, and validation procedures including accuracy, precision, 

specificity, linearity, detection limits, and robustness. The applicability of UV-Visible spectrophotometry 

for detecting organophosphates, carbamates, organochlorines, pyrethroids, and herbicides is critically 

reviewed. Furthermore, advantages, limitations, and future perspectives of UV-Visible 

spectrophotometric methods in environmental monitoring are also discussed.. 
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I. INTRODUCTION 

Pesticides are widely used chemical substances designed to control pests, weeds, fungi, and insects in agricultural and 

industrial sectors. Although pesticides contribute significantly to crop productivity and food security, their 

indiscriminate application often results in environmental contamination, particularly in aquatic ecosystems. Pesticide 

residues may enter water bodies through agricultural runoff, leaching, atmospheric deposition, and industrial discharge. 

Long-term exposure to pesticide-contaminated water may cause neurological disorders, endocrine disruption, 

carcinogenicity, reproductive abnormalities, and ecological toxicity. Therefore, continuous monitoring of pesticide 

residues in water samples has become essential for environmental protection and human health safety. 

Several analytical techniques such as gas chromatography (GC), high-performance liquid chromatography (HPLC), 

liquid chromatography–mass spectrometry (LC-MS), and capillary electrophoresis have been employed for pesticide 

residue analysis. However, these sophisticated techniques are often expensive, time-consuming, and require highly 

trained personnel. In contrast, UV-Visible spectrophotometric methods provide a rapid, economical, and user-friendly 

alternative for routine environmental monitoring. The UV-Visible spectrophotometric technique is based on the 

absorption of ultraviolet or visible radiation by pesticide molecules or their colored derivatives at specific wavelengths. 

The Beer-Lambert law forms the theoretical basis of UV-Visible spectrophotometric analysis: 
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Where A represents absorbance, ε is molar absorptivity, b is path length, and c is concentration of analyte. The linear 

relationship between absorbance and concentration enables quantitative estimation of pesticide residues in water 

samples. 

 

PRINCIPLE OF UV-VISIBLE SPECTROPHOTOMETRIC DETECTION 

UV-Visible spectrophotometry involves measuring the intensity of light absorbed by a compound in the ultraviolet 

region (200–400 nm) and visible region (400–800 nm). Pesticides containing chromophoric groups such as aromatic 

rings, nitro groups, carbonyl groups, and conjugated double bonds exhibit characteristic absorption spectra. Certain 

pesticides require derivatization reactions to form colored complexes before spectrophotometric measurement. 

The absorbance of a pesticide solution is calculated by: 

 
where I0 is incident light intensity and I is transmitted light intensity. Increased pesticide concentration leads to higher 

absorbance values, enabling quantitative determination. 

The selection of analytical wavelength (λmax) is critical for achieving maximum sensitivity and specificity. Most 

organophosphorus pesticides exhibit absorption in the UV range due to phosphoryl groups, while carbamate pesticides 

often require diazotization or coupling reactions to produce visible chromogens. 

 

DEVELOPMENT OF UV-VISIBLE SPECTROPHOTOMETRIC METHODS 

1. Sample Collection and Preparation 

Accurate pesticide analysis begins with appropriate sample collection and pretreatment. Water samples are generally 

collected in amber-colored glass bottles to prevent photodegradation. Common pretreatment procedures include 

filtration, pH adjustment, and extraction techniques such as liquid-liquid extraction (LLE), solid-phase extraction 

(SPE), and cloud point extraction (CPE). 

Table 1. Common Sample Preparation Techniques for Pesticide Analysis 

Technique Principle Advantages Limitations 

Liquid-Liquid Extraction Partitioning between solvents Simple and economical Solvent consumption 

Solid-Phase Extraction Adsorption on solid sorbent High recovery efficiency Cartridge cost 

Cloud Point Extraction Micelle-mediated extraction Eco-friendly Optimization required 

Dispersive Microextraction Fine solvent dispersion Rapid extraction Limited selectivity 

 

Solid-phase extraction is widely preferred because it enhances analyte concentration and removes matrix interferences. 

After extraction, pesticide-containing eluates are subjected to spectrophotometric analysis. 

 

2. Chromogenic Reactions and Derivatization 

Many pesticides lack strong native chromophores and therefore require derivatization to improve detectability. 

Derivatization reactions produce colored complexes measurable in the visible region. 

Table 2. Common Derivatization Reagents Used in UV-Visible Analysis 

Pesticide Class Reagent Used Color Formed Detection Wavelength 

Organophosphates 4-aminoantipyrine Red complex 510 nm 

Carbamates Diazotized sulfanilic acid Orange azo dye 470 nm 

Herbicides Ninhydrin Purple complex 570 nm 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, January 2026 

 Copyright to IJARSCT      DOI: 10.48175/568   735 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 
Organophosphorus compounds Molybdate reagent Blue complex 690 nm 

 

The derivatization process significantly improves method sensitivity by increasing molar absorptivity. 

 

3. Analytical Optimization Parameters 

Optimization of analytical variables is essential for method development. Important parameters include pH, solvent 

system, reagent concentration, reaction time, temperature, and wavelength selection. 

The percentage recovery of pesticide residues is calculated using: 

 
Optimization studies demonstrate that acidic or alkaline media can influence chromogenic reactions and alter 

absorbance intensity. Temperature affects reaction kinetics, while solvent polarity influences extraction efficiency and 

spectral characteristics. 

 

4. Validation of UV-Visible Spectrophotometric Methods 

Analytical method validation ensures reliability, reproducibility, and accuracy of developed methods. International 

guidelines such as ICH and AOAC provide validation parameters. 

 

5. Linearity 

Linearity evaluates the proportional relationship between absorbance and pesticide concentration. Calibration curves 

are prepared using standard solutions. 

The linear regression equation is represented as: 

y = mx + c 

 
 

Where y is absorbance, m is slope, x is concentration, and c is intercept. Correlation coefficient (R2) values above 0.99 

indicate excellent linearity. 

 

6. Precision and Accuracy 

Precision measures reproducibility under identical conditions, while accuracy indicates closeness to true value. 

Precision is expressed as relative standard deviation (RSD): 
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Low RSD values (<2%) confirm high analytical precision. 

 

7. Limit of Detection and Limit of Quantification 

Sensitivity is evaluated using detection and quantification limits: 

 
Where σ is standard deviation and S is slope of calibration curve. 

Table 3. Typical Validation Parameters of UV-Visible Methods 

Parameter Typical Range 

Correlation coefficient (R2R^2R2) 0.995–0.999 

Recovery 95–102% 

Precision (%RSD) <2% 

LOD 0.01–0.5 µg/mL 

LOQ 0.05–1.5 µg/mL 

 

APPLICATIONS IN DETECTION OF DIFFERENT PESTICIDES 

1. Organophosphorus Pesticides 

Organophosphates such as chlorpyrifos, malathion, and parathion are commonly analyzed using hydrolysis and 

coupling reactions. Their detection is based on phosphate ester cleavage followed by chromogenic complex formation. 

2. Carbamate Pesticides 

Carbamates like carbaryl and carbofuran undergo diazotization-coupling reactions to form colored azo dyes measurable 

in the visible region. These methods are highly sensitive and suitable for field analysis. 

3. Herbicides 

Herbicides including glyphosate and atrazine require oxidation or complexation reactions for UV-Visible analysis. 

Glyphosate detection often involves reaction with ninhydrin reagent producing violet-colored products. 

4. Pyrethroid Pesticides 

Pyrethroids generally possess aromatic chromophores enabling direct UV detection. However, matrix interferences 

sometimes necessitate extraction and purification. 

 

ADVANTAGES OF UV-VISIBLE SPECTROPHOTOMETRIC METHODS 

UV-Visible spectrophotometric methods offer several advantages over chromatographic techniques. They are 

economical, simple, rapid, and suitable for routine environmental analysis. Minimal sample preparation and low 

maintenance costs make them highly attractive for developing countries and field laboratories. Portable UV-Visible 

spectrophotometers further enhance on-site monitoring capabilities. 

Table 4. Comparison of UV-Visible Spectrophotometry with Other Analytical Techniques 

Technique Cost Sensitivity Complexity Analysis Time 

UV-Visible Spectrophotometry Low Moderate Simple Rapid 

HPLC High High Complex Moderate 

GC-MS Very High Very High Highly Complex Long 
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LC-MS/MS Extremely High Excellent Sophisticated Long 

 

LIMITATIONS 

Despite several advantages, UV-Visible spectrophotometric methods possess certain limitations. Matrix interferences 

from dissolved organic matter and metal ions may affect absorbance measurements. Some pesticides lack 

chromophoric groups and require derivatization steps, increasing analytical complexity. Spectral overlap among 

compounds can also reduce selectivity. Therefore, spectrophotometric methods are generally more suitable for 

screening and preliminary analysis rather than confirmatory testing. 

 

RECENT ADVANCEMENTS 

Recent developments include nanomaterial-assisted spectrophotometry, chemometric analysis, and portable sensing 

devices. Gold nanoparticles, quantum dots, and molecularly imprinted polymers have improved sensitivity and 

selectivity of spectrophotometric detection. Integration of artificial intelligence and multivariate calibration techniques 

has enhanced spectral interpretation and quantitative analysis in complex environmental matrices. 

Microfluidic paper-based analytical devices coupled with smartphone-assisted spectrophotometry are emerging as 

promising tools for rapid field-based pesticide detection. These technologies provide affordable environmental 

monitoring solutions in resource-limited settings. 

 

FUTURE PERSPECTIVES 

Future research should focus on enhancing selectivity, reducing matrix interference, and developing environmentally 

friendly analytical procedures. Green analytical chemistry approaches using biodegradable solvents and reagent-free 

detection systems may significantly improve sustainability. Coupling UV-Visible spectrophotometry with chemometric 

software and nanosensors could enable ultra-trace pesticide detection in environmental samples. 

Automation and miniaturization of spectrophotometric systems are expected to facilitate real-time monitoring of water 

quality. Furthermore, development of multiplex detection platforms capable of simultaneously analyzing multiple 

pesticide residues will improve analytical efficiency. 

 

II. CONCLUSION 

UV-Visible spectrophotometric methods represent valuable analytical tools for rapid detection of pesticide residues in 

water samples. Their simplicity, affordability, and rapid response make them highly suitable for routine environmental 

monitoring and preliminary screening applications. The development of derivatization reactions, nanomaterial-assisted 

sensors, and chemometric approaches has significantly improved analytical sensitivity and selectivity. Validation 

studies demonstrate acceptable accuracy, precision, linearity, and robustness for various pesticide classes. Although 

advanced chromatographic techniques remain superior in sensitivity and specificity, UV-Visible spectrophotometry 

continues to play an important role in environmental analysis due to its accessibility and operational simplicity. 

Continued technological advancements are likely to expand the applicability of spectrophotometric methods for 

sustainable and rapid pesticide residue monitoring in future environmental protection programs. 
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