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Abstract 

This study investigates heavy metal contamination in soil from industrial regions in Jodhpur, Rajasthan, 

using electrochemical analysis techniques. Soil samples were analyzed for lead (Pb), cadmium (Cd), 

chromium (Cr), nickel (Ni), and zinc (Zn) through cyclic voltammetry (CV) and differential pulse 

voltammetry (DPV). Results revealed elevated concentrations of these metals, with Pb averaging 112.4 

mg/kg, Cd 2.5 mg/kg, Cr 62.1 mg/kg, Ni 45.8 mg/kg, and Zn 185.7 mg/kg. Electrochemical methods 

demonstrated high sensitivity with detection limits as low as 0.05 mg/kg for Cd and 0.1 mg/kg for Pb, 

providing a cost-effective alternative for monitoring soil contamination. The data highlight significant soil 

pollution in Jodhpur's industrial zones, reflecting potential risks to soil health and public safety. Elevated 

metal levels in surface soils compared to subsurface layers indicate ongoing contamination from industrial 

activities. The study underscores the urgent need for remediation strategies, improved pollution control 

measures, and regular monitoring to address soil contamination. Findings emphasize the importance of 

adopting effective soil management practices to mitigate environmental and health impacts associated with 

heavy metal pollution. 
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1. Introduction 

The industrial activities in Jodhpur, Rajasthan, have significantly impacted the surrounding environment, 

particularly the soil quality. The city, known for its growing industrial sector, has seen an increase in 

pollutants, including heavy metals, which can pose serious risks to soil health and, subsequently, human 

health (Sharma et al., 2010). Heavy metals such as lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), 

and zinc (Zn) are of particular concern due to their toxic properties and persistence in the environment (Saha 

et al., 2009). 

Soil contamination with heavy metals occurs through various pathways, including industrial discharges, 

vehicular emissions, and improper waste disposal. For instance, studies have indicated that industrial 

activities contribute significantly to soil pollution, with reported concentrations of Pb reaching up to 150 

mg/kg in some urban areas, which exceeds the recommended safety levels (Kumar & Gupta, 2011). 
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Similarly, concentrations of Cd in soil samples from industrial zones can exceed 2 mg/kg, posing severe 

environmental and health risks (Rai et al., 2010). 

The electrochemical analysis of heavy metals in soil samples provides a robust method for detecting and 

quantifying these pollutants. Electrochemical techniques, such as cyclic voltammetry (CV) and differential 

pulse voltammetry (DPV), offer high sensitivity and selectivity for metal ions (Mohan et al., 2012). For 

instance, CV can detect Pb concentrations as low as 0.1 mg/kg, which is critical for assessing contamination 

levels accurately (Singh & Sharma, 2010). 

The objectives of this study are to evaluate the concentrations of heavy metals in soil samples from the 

industrial regions of Jodhpur using electrochemical analysis and to assess the extent of contamination. This 

research aims to provide quantitative data on metal concentrations and discuss their implications for soil 

quality and public health. By identifying and quantifying the presence of heavy metals, this study will 

contribute valuable information for developing strategies to mitigate soil pollution and protect 

environmental and human health. 

2. Literature Review 

Heavy metal contamination in soil is a critical environmental issue, particularly in industrial regions where 

metal-based processes and waste disposal contribute significantly to soil pollution. Various studies have 

documented the prevalence and impact of heavy metals in soil, highlighting the need for effective 

monitoring and remediation strategies. 

A substantial body of research has focused on the methods used for detecting and analysing heavy metals 

in soil. Traditional methods such as atomic absorption spectroscopy (AAS) and inductively coupled plasma 

mass spectrometry (ICP-MS) are well-established for determining metal concentrations with high precision. 

For example, AAS can detect Pb concentrations as low as 0.05 mg/kg and is widely used in environmental 

monitoring (Khan et al., 2009). However, these methods often require complex sample preparation and 

expensive equipment. 

Electrochemical analysis offers an alternative approach that is both cost-effective and efficient for heavy 

metal detection. Techniques such as cyclic voltammetry (CV) and differential pulse voltammetry (DPV) 

have gained popularity due to their sensitivity and ease of use. For instance, CV can identify Pb levels as 

low as 0.1 mg/kg, and DPV has been shown to detect Cd concentrations down to 0.05 mg/kg (Mohan et al., 

2012). These methods provide real-time analysis with minimal sample preparation, making them suitable 

for field applications. 

In terms of heavy metal contamination, industrial regions often exhibit elevated levels of metals compared 

to non-industrial areas. For example, Pb concentrations in soil near industrial sites can reach up to 150 

mg/kg, significantly higher than the background levels of 20 mg/kg typically found in non-industrial areas 

(Saha et al., 2009). Similarly, Zn levels in contaminated soils have been reported as high as 200 mg/kg, 
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while the normal concentration ranges from 10 to 100 mg/kg (Singh & Sharma, 2010). These elevated levels 

can lead to adverse effects on soil health, including reduced fertility and altered microbial activity. 

The impact of heavy metal contamination extends beyond soil quality, affecting plant growth and human 

health. Plants growing in contaminated soils can accumulate heavy metals, which may enter the food chain 

and pose health risks to humans (Rai et al., 2010). Additionally, heavy metals can disrupt soil microbial 

communities, leading to decreased soil biodiversity and altered nutrient cycling (Kumar & Gupta, 2011). 

Overall, the literature underscores the importance of employing accurate and sensitive methods for detecting 

heavy metals in soil. Electrochemical techniques, with their advantages in terms of cost and ease of use, 

provide valuable tools for monitoring and assessing soil contamination in industrial regions. 

3. Materials and Methods 

Soil Sample Collection 

Soil samples were collected from various industrial regions of Jodhpur, Rajasthan, known for their heavy 

metal pollution. Sampling locations were selected based on proximity to industrial activities, including 

metal processing units and waste disposal sites. A total of 30 soil samples were collected from depths of 0-

15 cm and 15-30 cm to capture both surface and subsurface contamination (Kumar et al., 2009). Samples 

were collected using stainless steel shovels to prevent contamination and were stored in pre-cleaned 

polyethylene bags. The samples were transported to the laboratory in cooled conditions to preserve their 

integrity. 

Electrochemical Analysis 

Electrochemical analysis was performed using cyclic voltammetry (CV) and differential pulse voltammetry 

(DPV) to detect and quantify heavy metals in the soil samples. The electrochemical setup included a three-

electrode system with a glassy carbon working electrode, a platinum counter electrode, and a silver/silver 

chloride (Ag/AgCl) reference electrode (Mohan et al., 2012). 

Sample Preparation: Soil samples were air-dried, ground, and sieved to obtain a fine powder. A 10 g 

portion of each soil sample was mixed with 50 mL of deionized water and stirred for 24 hours to prepare a 

soil suspension (Singh & Sharma, 2010). The suspension was then filtered using a 0.45 μm filter to remove 

particulate matter before electrochemical analysis. 

Electrochemical Measurements: For CV, the working electrode was immersed in the soil extract, and the 

potential was scanned from -0.5 V to +1.5 V at a scan rate of 50 mV/s. For DPV, measurements were 

performed with a pulse amplitude of 50 mV and a pulse width of 50 ms (Rai et al., 2010). The 

electrochemical responses were recorded to determine the presence and concentration of heavy metals, 

including lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), and zinc (Zn). 
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Data Analysis: The electrochemical data were analyzed to identify peak currents corresponding to specific 

metal ions. The concentration of each metal was quantified using calibration curves constructed from 

standard solutions with known concentrations (0.1 to 10 mg/L) (Saha et al., 2009). Detection limits for the 

electrochemical methods were established based on signal-to-noise ratios, with typical detection limits of 

0.1 mg/kg for Pb and 0.05 mg/kg for Cd. 

This methodology ensures accurate detection and quantification of heavy metals in soil, providing critical 

data on the extent of contamination in industrial regions. The use of electrochemical techniques allows for 

rapid and cost-effective analysis, essential for environmental monitoring and management. 

4. Results 

A. Heavy Metal Concentrations 

The results from the electrochemical analysis of soil samples collected from various industrial regions in 

Jodhpur are presented in this section. The concentrations of key heavy metals—lead (Pb), cadmium (Cd), 

chromium (Cr), nickel (Ni), and zinc (Zn)—were determined using cyclic voltammetry (CV) and 

differential pulse voltammetry (DPV). The data indicate varying levels of contamination across the sampling 

sites. 

Table 1 summarizes the average concentrations of heavy metals found in the soil samples, measured in 

mg/kg. 

Table 1: Average Heavy Metal Concentrations in Soil Samples 

Metal Average Concentration (mg/kg) Range (mg/kg) 

Lead (Pb) 112.4 80 - 150 

Cadmium (Cd) 2.5 1.2 - 4.0 

Chromium (Cr) 62.1 45 - 80 

Nickel (Ni) 45.8 30 - 60 

Zinc (Zn) 185.7 150 - 220 
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Table 2 provides a comparison of metal concentrations in surface (0-15 cm) versus subsurface (15-30 cm) 

soil layers. 

Table 2: Heavy Metal Concentrations in Surface vs. Subsurface Soil Layers 

Metal Surface Layer (0-15 cm) (mg/kg) Subsurface Layer (15-30 cm) (mg/kg) 

Lead (Pb) 120.3 104.5 

Cadmium (Cd) 2.7 2.3 

Chromium (Cr) 65.0 59.2 

Nickel (Ni) 48.2 43.4 

Zinc (Zn) 190.4 180.8 

Findings: 

1. Lead (Pb): The average concentration of Pb in the soil samples was 112.4 mg/kg, with values 

ranging from 80 to 150 mg/kg. The Pb levels are significantly higher than the natural background 

levels, indicating substantial contamination from industrial activities (Singh & Sharma, 2010). The 

surface layer had slightly higher Pb concentrations (120.3 mg/kg) compared to the subsurface layer 

(104.5 mg/kg). 

2. Cadmium (Cd): The average concentration of Cd was 2.5 mg/kg, with a range from 1.2 to 4.0 

mg/kg. Cadmium levels are elevated compared to typical soil levels, highlighting potential pollution 

sources (Rai et al., 2010). The concentration was marginally higher in the surface layer (2.7 mg/kg) 

than in the subsurface layer (2.3 mg/kg). 

3. Chromium (Cr): The average Cr concentration was 62.1 mg/kg, with a range between 45 and 80 

mg/kg. This indicates significant contamination, likely from industrial processes involving 

chromium (Kumar & Gupta, 2011). The surface layer had higher Cr levels (65.0 mg/kg) compared 

to the subsurface layer (59.2 mg/kg). 

4. Nickel (Ni): The average Ni concentration was 45.8 mg/kg, with values ranging from 30 to 60 

mg/kg. Nickel contamination is evident, though it is lower than Pb and Zn concentrations (Saha et 

al., 2009). Nickel concentrations were slightly higher in the surface layer (48.2 mg/kg) compared to 

the subsurface layer (43.4 mg/kg). 

5. Zinc (Zn): The average Zn concentration was 185.7 mg/kg, with a range of 150 to 220 mg/kg. Zinc 

levels are notably high, reflecting its use and disposal in industrial activities (Mohan et al., 2012). 

Zinc concentrations were higher in the surface layer (190.4 mg/kg) than in the subsurface layer 

(180.8 mg/kg). 
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These results provide a clear indication of heavy metal contamination in the industrial regions of Jodhpur, 

with higher concentrations in surface soils compared to subsurface soils. The data highlight the need for 

effective remediation strategies to address soil pollution and mitigate its environmental impact. 

B. Electrochemical Response 

The electrochemical analysis of soil samples from industrial regions in Jodhpur provided detailed insights 

into the behaviour of heavy metals. This section presents the electrochemical response data obtained from 

cyclic voltammetry (CV) and differential pulse voltammetry (DPV), which were used to detect and quantify 

metal ions in the soil extracts. 

Table 3 summarizes the peak currents observed for each heavy metal during CV and DPV analysis, 

providing a direct measure of metal ion concentrations. 

Table 3: Electrochemical Response for Heavy Metals 

Metal CV Peak Current (µA) DPV Peak Current (µA) Detection Limit (mg/kg) 

Lead (Pb) 25.4 28.7 0.1 

Cadmium (Cd) 18.6 20.3 0.05 

Chromium (Cr) 22.1 23.4 0.2 

Nickel (Ni) 15.3 17.8 0.3 

Zinc (Zn) 30.2 32.1 0.1 

Findings: 

1. Lead (Pb): The peak current for Pb was 25.4 µA in CV and 28.7 µA in DPV. The detection limit 

for Pb was established at 0.1 mg/kg, indicating the sensitivity of the electrochemical methods in 

detecting low concentrations of lead (Mohan et al., 2012). This high sensitivity is crucial for 

accurately assessing contamination levels in soil. 

2. Cadmium (Cd): The peak current for Cd was 18.6 µA in CV and 20.3 µA in DPV, with a detection 

limit of 0.05 mg/kg. The lower detection limit for Cd highlights the effectiveness of these techniques 

in identifying even trace amounts of this toxic metal (Singh & Sharma, 2010). 

3. Chromium (Cr): For Cr, the peak current was 22.1 µA in CV and 23.4 µA in DPV, with a detection 

limit of 0.2 mg/kg. This indicates that electrochemical methods are effective for detecting chromium 

at moderate concentrations (Saha et al., 2009). 

4. Nickel (Ni): The peak current for Ni was 15.3 µA in CV and 17.8 µA in DPV. The detection limit 

for Ni was 0.3 mg/kg, showing that while the methods are effective, Ni concentrations require higher 

levels for detection compared to Pb and Cd (Rai et al., 2010). 
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5. Zinc (Zn): Zinc exhibited peak currents of 30.2 µA in CV and 32.1 µA in DPV, with a detection 

limit of 0.1 mg/kg. The high peak current values for Zn suggest a robust electrochemical response, 

making it relatively easy to detect and quantify (Kumar & Gupta, 2011). 

These electrochemical responses provide valuable information on the concentration of heavy metals in soil 

samples. The detection limits and peak currents demonstrate the effectiveness and sensitivity of CV and 

DPV techniques for analysing soil contamination. The data underscore the significant levels of heavy metals 

present in the industrial regions of Jodhpur, highlighting the need for continuous monitoring and 

intervention to address soil pollution. 

5. Discussion 

The results of the electrochemical analysis reveal significant levels of heavy metal contamination in the soil 

samples from industrial regions of Jodhpur, Rajasthan. This section discusses the implications of the 

findings, compares them with existing literature, and explores their potential impact on soil health and public 

safety. 

5.1 Interpretation of Results 

The average concentrations of lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), and zinc (Zn) in the 

soil samples from industrial areas of Jodhpur indicate elevated levels of contamination. The Pb 

concentrations ranged from 80 to 150 mg/kg, with an average of 112.4 mg/kg. These values exceed the 

permissible limits set by environmental guidelines, which typically recommend Pb concentrations in soil 

should not exceed 50 mg/kg for residential areas (Singh & Sharma, 2010). The high levels of Pb are 

consistent with findings from other industrial regions, where Pb contamination is often linked to emissions 

from lead-based processes and improper waste disposal (Kumar & Gupta, 2011). 

Cadmium concentrations ranged from 1.2 to 4.0 mg/kg, with an average of 2.5 mg/kg. Although this level 

is lower compared to Pb, it still poses a risk, as Cd is highly toxic and can accumulate in the food chain (Rai 

et al., 2010). The presence of Cd in industrial areas is usually associated with activities such as battery 

manufacturing and metal plating, which are prevalent in industrial zones (Mohan et al., 2012). 

Chromium levels ranged from 45 to 80 mg/kg, with an average of 62.1 mg/kg. These concentrations are 

elevated compared to natural background levels, which are typically below 20 mg/kg (Saha et al., 2009). 

High Cr levels are commonly found in areas with leather tanning and steel production, suggesting that such 

industries may contribute to soil contamination in Jodhpur. 

Nickel concentrations in the soil ranged from 30 to 60 mg/kg, with an average of 45.8 mg/kg. While these 

levels are significant, they are lower than those of Pb and Zn. Nickel is often associated with mining and 

metal refining activities, which could explain its presence in the industrial soils of Jodhpur (Kumar & Gupta, 

2011). 
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Zinc concentrations ranged from 150 to 220 mg/kg, with an average of 185.7 mg/kg. This level is relatively 

high and reflects industrial activities that use or release zinc, such as galvanization and alloy production 

(Mohan et al., 2012). Elevated Zn levels can lead to soil toxicity and affect plant growth and microbial 

activity. 

5.2 Comparison with Existing Studies 

The concentrations of heavy metals observed in this study are consistent with findings from other industrial 

areas in India. For example, studies in industrial regions of Delhi and Mumbai have reported similar 

contamination levels for Pb and Cd, emphasizing the widespread nature of heavy metal pollution in Indian 

industrial zones (Saha et al., 2009; Rai et al., 2010). 

The use of electrochemical methods in this study has provided a detailed and sensitive assessment of metal 

concentrations. Compared to traditional methods like atomic absorption spectroscopy (AAS) and 

inductively coupled plasma mass spectrometry (ICP-MS), electrochemical techniques offer advantages in 

terms of cost and field applicability. This is particularly important for large-scale monitoring and 

environmental management in industrial areas (Mohan et al., 2012). 

5.3 Implications for Soil Health and Public Safety 

The high levels of heavy metals detected in the soil samples have significant implications for soil health and 

public safety. Contaminated soil can lead to reduced soil fertility, affecting crop yields and plant health. 

Heavy metals can also be taken up by plants, entering the food chain and posing risks to human health 

(Kumar & Gupta, 2011). Long-term exposure to heavy metals is linked to various health issues, including 

respiratory problems, kidney damage, and neurological disorders. 

The findings highlight the need for effective soil management and remediation strategies to address 

contamination. Regular monitoring and enforcement of pollution control measures are essential to mitigate 

the impact of industrial activities on soil quality and public health. Additionally, public awareness and 

education about the risks of soil contamination can help in preventing further pollution and promoting safer 

practices. 

In conclusion, the study provides crucial data on heavy metal contamination in industrial regions of Jodhpur, 

underscoring the need for continued research and action to manage soil pollution and protect environmental 

and human health. 

6. Conclusion 

This study provides a comprehensive assessment of heavy metal contamination in soil samples from 

industrial regions of Jodhpur, Rajasthan, using electrochemical analysis. The findings reveal significant 

levels of lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), and zinc (Zn), highlighting the extent of 

pollution in these industrial areas. 
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Key Findings: 

1. Elevated Metal Concentrations: The average concentrations of Pb, Cd, Cr, Ni, and Zn in soil 

samples from Jodhpur's industrial zones are notably higher than background levels. Pb 

concentrations averaged 112.4 mg/kg, significantly exceeding recommended safety limits. Cd, while 

less abundant, still presented a risk with an average concentration of 2.5 mg/kg. Cr levels averaged 

62.1 mg/kg, and Zn concentrations were notably high at 185.7 mg/kg. Ni levels were also elevated, 

averaging 45.8 mg/kg. 

2. Electrochemical Sensitivity: The use of cyclic voltammetry (CV) and differential pulse 

voltammetry (DPV) proved effective in detecting and quantifying heavy metals with high sensitivity. 

The methods provided reliable measurements with detection limits as low as 0.05 mg/kg for Cd and 

0.1 mg/kg for Pb. These techniques offer a valuable alternative to traditional methods, enabling cost-

effective and efficient monitoring of soil contamination. 

3. Impact on Soil and Health: The elevated levels of heavy metals pose significant risks to soil health, 

potentially affecting fertility, plant growth, and microbial activity. The contamination also poses 

potential health risks to humans through the food chain, as heavy metals can accumulate in crops 

grown in polluted soils. 

Recommendations: 

1. Remediation Strategies: There is an urgent need for effective soil remediation techniques to 

address heavy metal contamination in Jodhpur. Methods such as phytoremediation, soil washing, 

and the use of soil amendments could be explored to mitigate the impact of heavy metals and restore 

soil quality. 

2. Monitoring and Regulation: Regular monitoring of soil quality in industrial areas is essential to 

track contamination levels and ensure compliance with environmental regulations. Implementing 

stricter pollution control measures and waste management practices in industrial processes can help 

prevent further contamination. 

3. Public Awareness: Educating the local population about the risks associated with soil 

contamination and promoting practices to reduce exposure can help mitigate health risks. 

Community engagement and awareness programs are crucial for encouraging safe practices and 

reducing pollution. 

4. Future Research: Further research is needed to explore the long-term effects of heavy metal 

contamination on soil ecosystems and human health. Studies focusing on the effectiveness of various 

remediation techniques and the development of innovative monitoring methods will be valuable for 

managing soil pollution. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                © 2013 IJCRT | Volume 1, Issue 1 January 2013 | ISSN: 2320-2882 

IJCRT1135672 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 603 
 

In conclusion, this study highlights the significant levels of heavy metal contamination in industrial soils of 

Jodhpur and underscores the need for continued monitoring and remediation efforts. By addressing these 

issues proactively, it is possible to mitigate the environmental and health impacts of soil pollution and 

promote a safer, healthier environment. 
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