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ABSTRACT 

The rapid expansion of road networks and rising vehicular traffic have tremendously added to air 

pollution, especially along state highways, where emissions from vehicles pose severe 

environmental and ecological issues. This research estimates the effect of automobile emissions on 

crop plants grown along state highways in Rewari, South Haryana, in terms of their 

ecotoxicological impacts. The work analyzes the levels of major vehicle emissions like particulate 

matter (PM), carbon monoxide (CO), nitrogen oxides (NOₓ), sulfur dioxide (SO₂), and heavy metals 

(lead, cadmium, and zinc) in soil and ambient air. By performing field sampling followed by 

laboratory studies, the impact of the chemical contaminants on physiology and biochemistry of 

typical farm crops, expressed as changes in chlorophyll content, stomatal conductance, oxidative 

markers, and plant growth parameters, is assessed. In addition, the concentration of contamination 

in soils is measured to assess the degree of heavy metal deposition and its possible effect on plant 

health and agricultural output. The results indicate a relationship between distance from highways 

and higher concentrations of pollutants, resulting in decreased photosynthetic efficiency, growth 

inhibition, and possible yield loss. This research highlights the imperative of sustainable pollution 

abatement practices, green belt planning strategies, and policy actions to counteract the negative 

impacts of emissions from vehicles on agroecosystems and promote environmental sustainability 

in fast-track urbanizing areas. 
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1. INTRODUCTION 

The rapid expansion of transportation infrastructure and rising motor vehicle traffic have 

largely contributed to environmental contamination, especially in areas where farming is 

practiced alongside large roads. Vehicle emissions emit a mixture of contaminants that is 

difficult to analyze, comprising particulate matter (PM₁₀ and PM₂.₅), carbon monoxide (CO), 

nitrogen oxides (NOₓ), and sulfur dioxide (SO₂), which worsen air quality and create severe 

environmental and health hazards. In addition, exhaust from vehicles, tire abrasion, and road 

dust cause heavy metal pollution in soil, with metals like lead (Pb), cadmium (Cd), and zinc 

(Zn) accumulating in roadside agricultural land. These contaminants can negatively impact 

crop physiology, growth, and productivity, hence the need to evaluate their ecotoxicological 

effects on plant health. 

Rewari, in South Haryana, is an area undergoing high economic and infrastructural growth, 

resulting in high vehicular traffic along its state highways. The location of agricultural fields 

near these highways subjects crops to high levels of pollution, which can cause physiological 

stress and yield reduction. Pollutants emitted from cars not only have an impact on air and soil 

but also degrade plant metabolism through the induction of oxidative stress, lowering 

photosynthetic efficiency, and changing patterns of growth. Knowledge of the level of 

pollution and its effects on crops is important in developing sustainable mitigation techniques 

and maintaining food security in areas of pollution. 

This investigation focuses on examining air and ground levels of contamination created by 

emissions of automobiles and subsequent impacts on crops grown around highways in South 

Haryana at the district town level of Rewari. Measurement of pollutant intensity at different 

highway distances gives us an understanding of the extent and pattern of spatial contamination 

along with its implications for plant physiological performance. Physiological traits like 

chlorophyll content, stomatal conductance, and markers of oxidative stress (malondialdehyde, 

MDA) give insights into the degree of environmental stress imparted to crops. The long-term 

effect of pollution on crop yield is also ascertained by analyzing growth parameters like plant 

height and biomass. 

The results of the present study will help in learning about the impact of highway emissions on 

agroecosystems and the associated environmental implications and will form a scientific 
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foundation to adopt pollution mitigation measures. Different mitigation options like the 

creation of green belts, emission control regulations, and the use of techniques for soil 

remediation can play a role in reducing the undesirable impacts of auto pollution on plants and 

agricultural sustainability. By solving the environmental issues brought about by vehicle 

emissions, this study hopes to aid in the formulation of policies that encourage sustainable 

agriculture in highway-side areas. 

2. LITERATURE REVIEW 

Chen et al. (2024) performed a life cycle assessment of liquid hydrogen fuel for vehicles and 

compared various production routes in China. The authors of their study compared the 

environmental implication of the different methods of hydrogen production with respect to 

factors like energy consumption and greenhouse gas emissions. According to their findings, 

those production routes utilizing renewable energy reduced emissions by a great margin 

compared to fossil fuels. 

Das (2022) conducted a comparative life cycle greenhouse gas (GHG) emissions analysis of 

conventional and electric vehicles in India. The research analyzed the whole life cycle of both 

types of vehicles, from production to disposal, and concluded that electric vehicles have lower 

total emissions, especially if used with renewable energy sources. The study also, however, 

pointed out the environmental issues involved with battery manufacturing and disposal. 

Farooq and Rehman (2021) examined roadside vegetation's heavy metal build-up and its 

potential for phytoremediation. Their research compared various plant species' capacity for 

heavy metal uptake and identified the most promising remediation ones. The findings indicated 

that certain plant species build up high levels of heavy metals and are well-positioned for 

environmental remediation purposes. 

Ghosh et al. (2020) evaluated roadside soil and plant heavy metal contamination risks along a 

national highway through an industrial corridor. Their work determined high levels of toxic 

metals, mainly the result of industrial discharge and motor vehicle emissions. The study 

highlighted the health and environmental hazards with long-term exposure to such pollutants, 

suggesting that measures be implemented to minimize the levels of contamination. 
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Hanfi et al. (2020) investigated heavy metal pollution in urban surface sediments, their 

sources, distribution patterns, control of contamination, and remediation methods. Industrial 

waste, traffic emissions, and atmospheric deposition were identified as major sources of heavy 

metal pollution by their research. The authors explained different remediation methods, such 

as chemical stabilization and phytoremediation, to minimize the level of contamination in 

polluted areas. 

Ihenetu et al. (2024) examined the environmental fate of tire-rubber-associated pollutants, 

namely 6PPD and its transformation product, 6PPD-Q. Their research reported widespread 

presence of these pollutants in urban runoff and water bodies, focusing on their toxic impact 

on aquatic life. The authors studied the processes of degradation and accumulation of the 

pollutants, with a focus on the immediate regulatory actions to address their environmental 

impact. 

3. MATERIALS AND METHODS 

The research was done along state roads in Rewari, South Haryana, where agricultural fields 

were measured at different distances (0–500 m, 500–1000 m, and >1000 m) from the road to 

determine exposure to pollution. Monitoring of air quality was done using high-volume air 

samplers and gas analyzers to quantify PM₁₀, PM₂.₅, CO, NOₓ, and SO₂ at various times of the 

day. Soil samples were taken at a depth of 0–15 cm, air-dried, and assayed for pH, organic 

matter, and heavy metal (Pb, Cd, Zn) content by Atomic Absorption Spectroscopy (AAS). 

Physiological and biochemical studies on wheat (Triticum aestivum) and mustard (Brassica 

juncea) involved chlorophyll content (spectrophotometric method), stomatal conductance 

(porometer), oxidative stress markers (MDA content), and growth parameters like plant height 

and biomass. Statistical testing, such as ANOVA and correlation analysis, was applied to 

determine relationships and significance between pollution intensity and plant response. 

Instrument calibration, triplicate sampling, and utilization of standard reference materials for 

the determination of heavy metals were used in quality control. The integrated methodology 

provided efficient evaluation of vehicular emissions on the ecotoxicological impacts on air, 

soil, and crop health in the area. 
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3.1. Study Area 

The research was carried out along state highways in Rewari, South Haryana, where intensive 

agricultural practices exist alongside rising vehicle flow. The sites selected were agricultural 

fields that were at different distances (0–500 m, 500–1000 m, and >1000 m) from the highway 

to measure the gradient of pollution exposure. Geographic coordinates and weather data such 

as temperature, humidity, and wind speed were measured at each site. 

3.2. Sampling Strategy 

3.2.1. Air Quality Monitoring 

Air samples were obtained with high-volume air samplers to quantify concentrations of major 

vehicular pollutants like particulate matter (PM₁₀ and PM₂.₅), carbon monoxide (CO), nitrogen 

oxides (NOₓ), and sulfur dioxide (SO₂). Pollutant concentrations were quantified using gas 

analyzers and gravimetry, and samples were obtained at varying times of the day to evaluate 

variations in emission levels. 

3.2.2. Soil Sampling and Analysis 

Soil samples at a 0–15 cm depth was gathered from every location with a stainless-steel auger. 

The samples were air-dried, sieved, and examined for physicochemical parameters such as pH, 

organic matter content, and heavy metal (Pb, Cd, Zn) contents with the aid of Atomic 

Absorption Spectroscopy (AAS). The build-up of these metals in the soil was checked at 

various distances from the highway in order to assess contamination levels. 

3.2.3. Plant Sampling and Biochemical Analysis 

Crop plants normally cultivated in the area, i.e., wheat (Triticum aestivum) and mustard 

(Brassica juncea), were chosen for physiological and biochemical analyses. Leaf tissue was 

harvested from plants at varying distances from the highway and assessed for the following 

parameters: 

• Chlorophyll Content: Calculated with a spectrophotometer according to the Arnon (1949) 

procedure. 

• Stomatal Conductance: Assessed with a porometer to determine gas exchange efficiency. 
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• Oxidative Stress Markers: Malondialdehyde (MDA) level was measured to assess lipid 

peroxidation and oxidative damage. 

• Growth Parameters: Plant height, leaf area, and biomass were measured to determine the 

effect of pollution on growth and productivity. 

3.3. Statistical Analysis 

All the data were analyzed statistically employing ANOVA for assessing the significance of 

differences between sites at different distances from the highway. Correlation analysis was 

done for assessing the relationship between concentrations of pollutants and physiological 

response of plants. 

3.4. Quality Control and Assurance 

All equipment was standardized prior to data collection, and triplicate samples were run to 

ensure dependability. Standard reference materials were utilized in analyzing heavy metals to 

assure accuracy and consistency of results. 

4. RESULTS AND DISCUSSION 

The research has brought into focus the large effect of vehicle emissions on air quality, soil 

pollution, and the health of crops along highway corridors. Concentrations of air pollutants 

such as PM₁₀, PM₂.₅, CO, NOₓ, and SO₂ were highest near 500 m of the highway and decreased 

with distance, suggesting direct influence of emissions. Likewise, the soil samples also 

indicated higher concentrations of heavy metals (Pb, Cd, Zn) along the highway through 

emissions, tire degradation, and road dust, with the contamination degrading at increasing 

distances. Crop plants within close proximity had lower chlorophyll content, reduced stomatal 

conductance, and higher oxidative stress, resulting in stunted plant growth compared to crops 

at a distance. These results indicate that highway pollution undermines environmental quality 

and agricultural output, and highlight the necessity of mitigation measures like green belt 

development, emission control, and soil remediation to safeguard ecosystems and food 

security. 
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4.1. Air Pollutant Concentrations at Different Distances from the Highway 

Air quality was evaluated at different distances from the highway to measure pollutant 

concentrations such as particulate matter (PM₁₀ and PM₂.₅), carbon monoxide (CO), nitrogen 

oxides (NOₓ), and sulfur dioxide (SO₂). The research was to identify the effect of vehicular 

emissions on air quality in adjacent areas. As shown in Table 1, pollutant concentrations were 

taken at different distances to measure air contamination variations and likely environmental 

effects. 

Table 1: Air Pollutant Concentrations at Different Distances from the Highway 

Distance from 

Highway (m) 

PM₁₀ 

(µg/m³) 

PM₂.₅ 

(µg/m³) 

CO 

(ppm) 

NOₓ 

(ppm) 

SO₂ 

(ppm) 

0 - 500 180 85 4.2 0.09 0.07 

500 - 1000 130 65 2.8 0.06 0.05 

>1000 90 40 1.5 0.03 0.02 

 

The trend of pollutant concentration varying with distance from the highway can be seen 

through the analysis. There is an evident trend towards declining pollution as distance from the 

highway increases. As indicated by Table 1, the most concentrated levels of PM₁₀ (180 µg/m³), 

PM₂.₅ (85 µg/m³), CO (4.2 ppm), NOₓ (0.09 ppm), and SO₂ (0.07 ppm) were measured at a 

distance of 500 m from the highway, which shows prominent vehicular emissions. These levels 

continued to decrease at 500–1000 m and further from 1000 m onwards, where the lowest 

concentrations were noted. This indicates that air quality is highly dependent on proximity to 

highways, with the contaminants dispersing and getting diluted along long distances, 

diminishing their effect on nearby environments. 

4.2. Heavy Metal Accumulation in Soil 

Soil samples taken at different distances from the highway were analyzed to evaluate heavy 

metal contamination, i.e., lead (Pb), cadmium (Cd), and zinc (Zn). The research was designed 

to analyze the impact of automobile emissions, tire wear, and road dust on soil quality. As 
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indicated in Table 2, heavy metal content was quantified at different distances to ascertain the 

level of contamination and risk to agricultural land. 

Table 2: Heavy Metal Concentrations in Soil Samples 

Distance from Highway (m) Pb (mg/kg) Cd (mg/kg) Zn (mg/kg) 

0 - 500 65.4 2.8 105.2 

500 - 1000 42.3 1.9 80.6 

>1000 21.7 1.1 55.3 

 

The heavy metal concentration analysis of soil samples demonstrated a strong trend of 

declining accumulation of heavy metals with increased distance from the highway, as evident 

in Table 2. Maximum levels of lead (65.4 mg/kg), cadmium (2.8 mg/kg), and zinc (105.2 

mg/kg) were detected 500 meters away from the highway, showing considerable contamination 

by emissions from vehicles, tire abrasion, and road dust. At 500–1000-meter distances, metal 

contents were moderately decreased, but at distances further than 1000 meters, Pb (21.7 

mg/kg), Cd (1.1 mg/kg), and Zn (55.3 mg/kg) contents were considerably decreased, indicating 

negligible pollution impact. The results emphasize highway-related activity impact on soil 

contamination and point toward potential hazards to plant health and agricultural productivity 

at locations near roads. 

4.3. Impact on Crop Plants 

Physiological and biochemical analysis of wheat (Triticum aestivum) and mustard (Brassica 

juncea) indicated considerable difference in chlorophyll content, stomatal conductance, and 

oxidative stress across distances from the highway. Plants nearer to the highway, as indicated 

in Table 3, had significant variation in major physiological parameters from the plants growing 

beyond a distance away. These observations point towards vehicular emissions and their 

possible role in affecting the health and yield of crops. 
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Table 3: Physiological and Growth Parameters of Crop Plants 

Distance from 

Highway (m) 

Chlorophyll 

Content (µg/g) 

Stomatal Conductance 

(mmol/m²/s) 

MDA Content 

(nmol/g) 

Plant Height 

(cm) 

0 - 500 1.9 180 5.6 75 

500 - 1000 2.8 230 3.4 90 

>1000 3.7 280 1.8 105 

 

The information in Table 3 shows a significant relationship between distance from the highway 

and negative impacts on crop physiology and growth. The plants 0–500 m from the highway 

had the lowest content of chlorophyll (1.9 µg/g) and stomatal conductance (180 mmol/m²/s) 

but had the highest MDA content (5.6 nmol/g), indicating higher oxidative stress. Conversely, 

plants that grew above 1000 m had much greater chlorophyll content (3.7 µg/g) and stomatal 

conductance (280 mmol/m²/s), with lower MDA content (1.8 nmol/g), reflecting lower 

oxidative damage. Likewise, plant height also trended in the same direction, rising from 75 cm 

close to the highway to 105 cm at greater distances. These findings indicate that traffic 

emissions are responsible for oxidative stress, lowering the photosynthetic efficiency and 

general crop growth, which may in turn affect highway borderland agricultural productivity. 

The research results underscore the harmful impact of auto emissions on air quality, soil 

pollution, and health of crops. High levels of pollutants around roads lead to oxidative stress in 

the plant, causing chlorophyll loss and productivity decline. Soil pollution due to heavy metal 

deposition adds to environmental toxicity, posing a risk to long-term soil fertility and food 

safety. The findings emphasize the necessity of pollution abatement measures like green belt 

development, emission control measures, and regular soil remediation to protect 

agroecosystems along highways. 

5. CONCLUSION 

The research concludes that vehicular pollution from state highways in Rewari, South Haryana, 

greatly affects air quality, soil quality, and agricultural productivity. The results show that 

concentrations of pollutants such as PM₁₀, PM₂.₅, CO, NOₓ, SO₂, and heavy metals (Pb, Cd, 
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Zn) are highest near 500 meters of the highway and decrease with increasing distance. This 

pollution gradient influences crop plants directly with low chlorophyll content, damaged 

stomatal conductance, oxidative stress, and restricted growth, eventually contributing to 

possible yield loss. Soil contamination analysis also reveals significant heavy metal 

accumulation along highways with long-term implications for soil fertility and food safety. 

These findings highlight the imperative for mitigation measures, including green belt 

development, more stringent vehicular emission standards, and soil remediation activities, to 

protect agricultural sustainability and environmental well-being in fast-growing areas. 
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