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Abstract:  The excessive use of pesticides in agriculture poses serious health risks to consumers and affects 

food safety. This project proposes an IoT-based solution for monitoring pesticide levels in fruits and 

vegetables in real-time. The system integrates sensor technology, machine learning, and cloud computing to 

detect and analyze pesticide residues. The IoT-enabled sensors collect chemical composition data from the 

produce, which is then processed using a machine learning algorithm to determine pesticide concentration 

levels. The data is transmitted to a cloud-based platform for storage, analysis, and visualization, providing 

real-time alerts to farmers, vendors, and consumers. This solution enhances food safety, promotes sustainable 

agricultural practices, and ensures regulatory compliance by enabling continuous monitoring and early 

detection of harmful pesticide residues. 

 

Index Terms - IoT, Pesticide Monitoring, Food Safety, Smart Agriculture, Wireless Sensors, Machine 

Learning, Cloud Computing, Precision Farming, Real-time Monitoring. 

I. INTRODUCTION 

 

The excessive use of pesticides in agriculture has raised significant concerns about food safety, human 

health, and environmental impact. Fruits and vegetables, being an essential part of our daily diet, often contain 

pesticide residues that exceed safe consumption limits. Traditional methods for pesticide detection are time-

consuming, expensive, and require laboratory facilities, making them impractical for real-time monitoring. To 

address this issue, an IoT-based solution for monitoring pesticide levels in fruits and vegetables is proposed. 

This system integrates smart sensors, wireless communication, and cloud-based data analysis to provide real-

time pesticide detection and monitoring. The IoT framework enables automated data collection, remote access, 

and quick analysis, ensuring safer food consumption and regulatory compliance. By leveraging machine 

learning algorithms and data analytics, the system can detect patterns and predict contamination risks 

efficiently. This project aims to develop a cost-effective, user friendly, and portable solution that can be used 

by farmers, food inspectors, and consumers to ensure the safety of agricultural produce. The real-time insights 

generated by the system will help in minimizing health hazards, improving food quality, and promoting 

sustainable agricultural practices.  

 

A. Importance of Real-Time Monitoring  

 

     Real-time monitoring of pesticide levels in fruits and vegetables is crucial for ensuring food safety, 

protecting consumer health, and maintaining regulatory compliance. It enables rapid detection of harmful 

residues, reducing reliance on time-consuming laboratory tests. IoT-based monitoring provides instant 

alerts, helping farmers, retailers, and authorities take immediate action to prevent contaminated produce 

from reaching consumers. Additionally, it supports sustainable agricultural practices by minimizing 

excessive pesticide use and promoting safer alternatives.  
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B. Objectives of study 

a. Assessing Pesticide Residue Levels – Quantifying the concentration of various pesticide residues in 

commonly consumed fruits and vegetables. 

b. investigating Decontamination Methods – Evaluating the effectiveness of washing, peeling, and other 

treatment methods in reducing pesticide residues. 

c. Public Health and Environmental Impact – Assessing the potential health risks associated with 

pesticide consumption and environmental contamination  

II. LITERATURE REVIEW 

Monitoring pesticide residues in fruits and vegetables is crucial for ensuring food safety and public health. 

Various studies have explored different detection methods, regulatory frameworks, and mitigation strategies.  

 

a. Chromatographic Methods: Gas Chromatography-Mass Spectrometry (GC-MS) and High-

Performance Liquid Chromatography (HPLC) are widely used for precise pesticide residue analysis  

b. Spectroscopic Techniques: Raman Spectroscopy and Fourier Transform Infrared Spectroscopy (FTIR) 

offer non-destructive and rapid screening  

c.  Biosensors and Nanotechnology: Recent advancements include enzyme-based biosensors and 

nanomaterials for real-time detection with high sensitivity Advancements in chromatographic, 

spectroscopic, and biosensor-based methods have improved pesticide monitoring. However, stricter 

regulations, awareness, and alternative farming practices are essential for ensuring food safety. 

III. SYSTEM ARCHITECTURE AND METHODOLOGY  

A. Block Diagram 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Block Diagram 

 

      This Research work is an IOT based system and using this we will come up with the solution that will 

measure the pesticides level in fruits and vegetables which can show whether it can be consumed or not. The 

pesticide detector is made up of both hardware and software units. Architectural design Hardware unit helps 

to gather the input. In this research work temperature, humidity and air quality (alcohol content) are 

considered for inputs. These values are measured with the help of sensors, the hardware also includes an 

integration unit for these sensors, authors and affiliations. 

 

B. MQ-135 Gas Sensor.  

  

       The MQ-135 gas sensor is commonly used for air quality monitoring due to its ability to detect harmful 

gases such as ammonia (NH₃), benzene (C₆H₆), Sulphur dioxide (SO₂), and carbon dioxide (CO₂). Since 

pesticides often contain volatile organic compounds (VOCs) and gases like organophosphates and 

carbamates, the MQ-135 can help in identifying the presence of residual pesticides in fruits and vegetables 

by detecting these gases as they evaporate.  
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      To use the MQ-135 for pesticide level monitoring, the sensor should be placed in a sealed chamber 

containing the fruit or vegetable sample. Over time, as pesticide residues volatilize, the sensor detects the 

change in air composition and generates an analogue signal proportional to the concentration of gases. This 

signal is processed using a microcontroller (such as ESP32), which converts the raw values into parts per 

million (ppm) to estimate pesticide levels. Additionally, environmental factors such as temperature and 

humidity (measured using a DHT11 sensor) can be considered, as they influence the evaporation rate of 

pesticide residues.  

      For accurate results, the MQ-135 sensor should be calibrated using known pesticide concentrations, 

ensuring it differentiates pesticide-related VOCs from other gases. The processed data can be displayed on 

an LCD screen or transmitted to an IoT platform for remote monitoring. If the detected pesticide 

concentration exceeds safe limits, an alert system can notify users to take action, such as further washing or 

rejecting contaminated produce  

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 2. MQ-135 Gas Sensor. 

 

C. DHT11 Sensor  

  

     The DHT11 sensor is a digital sensor that measures temperature and humidity, which are crucial factors 

influencing           the evaporation and dissipation of pesticide residues in fruits and vegetables. Since many 

pesticides contain volatile organic compounds (VOCs) that evaporate over time, the rate of this evaporation 

is significantly affected by ambient temperature and humidity levels. By integrating the DHT11 sensor with 

an MQ-135 gas sensor and an ESP32 microcontroller, we can improve the accuracy of pesticide residue 

detection by correlating gas concentration levels with environmental conditions.  

     To use the DHT11 for monitoring pesticide levels, it should be placed inside a sealed chamber along with 

the MQ135 and the produce sample. As pesticide residues evaporate, the DHT11 sensor continuously 

measures temperature and humidity, providing real-time environmental data that helps in analyzing how 

quickly pesticides are released into the air. This data can be processed to adjust the pesticide concentration 

readings from the MQ-135, ensuring that variations in temperature and humidity do not cause false readings. 

For example, at higher temperatures, pesticides may evaporate more quickly, leading to temporarily high gas 

concentrations that should be interpreted accordingly.  

     By incorporating the DHT11 sensor into the pesticide monitoring system, we can enhance the accuracy, 

reliability, and effectiveness of detecting pesticide contamination in fruits and vegetables.  

 

 

  

 

 

 

 

 

 

 

 

Fig. 3. Temperature and `Humidity Sensor 
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D. ESP32 Microcontroller.  

  

      The ESP32 microcontroller plays a central role monitoring pesticide level in fruits and vegetables by 

integrating multiple sensors, processing data, and enabling real-time monitoring through IoT connectivity. 

The MQ-135 gas sensor is used to detect harmful gases, such as ammonia (NH₃), benzene (C₆H₆), and carbon 

dioxide (CO₂), which are often released from pesticide residues. Additionally, the DHT11 sensor measures 

temperature and humidity, as these factors influence the volatilization of pesticide residues. The ESP32 reads 

sensor data, processes it using predefined threshold values, and determines whether the pesticide 

concentration exceeds safe limits.  

      Once the sensor data is collected, the ESP32 can display real-time pesticide levels on an LCD screen with 

I2C or send alerts via LEDs or buzzers if contamination is detected.  

     Furthermore, leveraging the ESP32’s built-in Wi-Fi and Bluetooth capabilities, the data can be transmitted 

to an IoT platform such as Blynk, Firebase, or Thing Speak, allowing users to remotely monitor pesticide 

contamination through a smartphone or web dashboard. The ESP32 can also log historical data for further 

analysis, helping to identify patterns in pesticide residue levels over time.  

     This system is highly useful in agriculture, food markets, and home kitchens, enabling quick and cost-

effective pesticide detection without the need for expensive laboratory testing. By integrating IoT features, 

the ESP32 enhances food safety and provides a scalable solution for large-scale pesticide monitoring 

applications.  

 

 

  

 

 

 

 

 

 

 

 

Fig. 4. ESP32 Microcontroller 

 

E. Using LCD Display with I2C.  

 

   In a pesticide monitoring system, an LCD display with I2C is used to visually present real-time sensor data 

from the MQ135 gas sensor and DHT11 temperature-humidity sensor, which are interfaced with the ESP32 

microcontroller. The MQ-135 sensor detects the presence of harmful gases, such as ammonia (NH₃), benzene 

(C₆H₆), and carbon dioxide (CO₂), which are often released by pesticide residues. The DHT11 sensor measures 

temperature and humidity, as these environmental factors influence the evaporation of pesticide residues. The 

ESP32 reads the values from both sensors, processes the data, and determines the level of pesticide 

contamination.  

 

   To make this information easily readable, the LCD display with I2C interface is used to show real-time 

values such as gas concentration (in ppm), temperature, humidity, and pesticide risk level. The I2C module 

simplifies the connection by reducing the number of required wires, making the system more efficient and 

easier to build. When the MQ135 sensor detects high pesticide residue levels, the ESP32 can display an alert 

message such as "High Pesticide Level! Unsafe for Consumption", prompting users to take necessary 

precautions. 
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Fig. 5. LCD Display 

 

IV. RESULT AND DISCUSSION 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Circuit Diagram 

 

                                                 
 

Fig. 6. IOT Connections with Sensors 

 

     The insecticides and pesticides can pollute the environmental factors like water, soil, vegetation, and turf 

etc. There will be severe losses in the environmental life cycle. The overview of the proposed system is as 

displayed in Fig 6 and 7. 
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Fig. 7. Screenshot of Blynk Application when displaying the sensor values. 

 

     The food chain of organisms will also have adverse effects with high usage of insecticides and pesticides, 

most of the harmful chemicals present in pesticides are non-biodegradable hence they tend to accumulate in 

an organism's body over a period, which may lead to several other genetic disorders and biomagnification.   

     Hence, detection of the levels of pesticides is very important. It will also encourage organic farming 

between farmers, usage of organic fertilizers and biotechnology for cultivating plants.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Parameters with Measurements  

 

The detection of pesticides is displayed on the application as in Fig 8. Also, the values are as in Table 1 detects 

the level of pesticides not with in the safe limit. This in turn increase the quality of food for humans as well 

as for other organisms that consume it.  

     The measured values are accurate as per the sensor readings and we can successfully monitor the pesticide 

level is recorded and displayed through an Android app interface and email to the consumer.  

V. CONCLUSION 

     After successful completion of the research work, we can understand that IoT will emerge as an advanced 

and powerful technology such that the agricultural products quality will be measured effortlessly by 

automating the process effectively and in safe manner. Further, this research does not only help the farmer 

but also help the end user or customer in analysing the safety of the food like fruits and vegetables with a 

higher quality in a secure manner.  

     In recent years, the IoT technology has been used to monitor the quality process in automation of 

agricultural products. Further, the review of the products enhances the supply chain for enhancing the quality 

and safety, also revels the necessary information required for the customers. Based on this process, the 

agricultural products can be tracked and compared timely basis and maintain the track record of the vendor 

and help society in improvising the quality of the yield with minimal effort. The analysis of the results 

obtained is presented in the article based on the actual samples collected.  

 

 

Parameters  Measurements  

Temperature   29.2C  

Humidity  30.9  

Pesticide Level  457ppm  
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Fig. 8. Screenshot of Email Notification 
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