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Abstract  
Urban roadside farming plays a vital role in enhancing food security in densely populated areas, but also poses significant potential risk of heavy metal contamination due to vehicular emissions. This study assesses the awareness and practices of vegetable farmers along the Accra-Tema Motorway regarding heavy metal contamination and its potential health implications. Despite the prevalence of farming along this corridor, little is known about farmers’ perceptions of heavy metal contamination and the associated risks. This research seeks to fill that gap by exploring farmer knowledge in this high-risk, under-researched area.
A quantitative approach was employed. Data were collected through structured questionnaires and one-on-one interviews with 50 purposively selected farmers. Results showed that 96% of the farmers were unaware of heavy metal contamination, though 80% expressed a willingness to discontinue farming near the motorway if they were informed of the risks. Although farmers benefit economically from a ready market for their produce, they face challenges such as limited access to clean irrigation water and dependence on informal agricultural knowledge.
The study highlights the urgent need for targeted educational interventions to raise awareness about the risks of heavy metal exposure and to encourage safer farming practices. These findings provide essential insights for guiding policy aimed at safeguarding public health and promoting sustainable urban agriculture.
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1. Introduction 
Environmental pollution is an escalating global concern, especially when it compromises air, water, and soil, vital resources for agricultural productivity and food safety. Heavy metals, particularly those emitted by urban transportation systems such as vehicular exhaust, are major contributors to pollution and pose serious threats to human health [1]. These emissions can accumulate in agricultural soils and crops, with vegetables serving as a pathway for heavy metals and pesticide residues to enter the human body, potentially causing adverse health effects [2]. Fossil fuel combustion by vehicles, heating systems, and industrial activities is a primary source of air pollution in urban areas [3]. Among these pollutants, heavy metals such as lead (from gasoline and vehicle emissions), cadmium (from industrial waste), and zinc (from tire wear) are especially prevalent in cities and have become a serious environmental issue due to their accumulation in both soils and vegetables [4,5, 6]. 
Urban agriculture plays a vital role in urban food supply, particularly in densely populated regions, but it is increasingly threatened by environmental contamination. Vegetables, owing to their wide surface area and ability to absorb contaminants, serve as a significant route for human exposure to toxic elements [7]. Prolonged consumption of produce contaminated with toxic elements has been linked to chronic health conditions such as neurological disorders, kidney failure, developmental delays in children, and carcinogenic effects [8]. In addition, soil contamination disrupts microbial ecosystems, reduces fertility, and impairs plant growth, thereby exacerbating challenges to food security [9].
Globally, over 50% of the population resides in urban areas, and with continued population growth, urban and peri-urban farming is expected to play an increasingly vital role in ensuring food security [10]. Currently, urban agriculture contributes approximately 15% of the food consumed in cities, and this figure is projected to double in the next 20 years [11]. However, urban farming faces unique challenges, including limited space, scarcity of water and land, and exposure to pollutants [12]. Broader challenges affecting global agricultural production include climate change, transboundary pests, pollution, insecure land tenure, and inadequate irrigation systems [13]. In Africa, these issues are compounded by limited access to modern technology, poor farming practices, inadequate technical expertise, and rapid population growth [14, 15].
In Ghana, urban vegetable farming is predominantly characterized by the use of rudimentary tools and low-input methods such as hoes, cutlasses, and watering cans [16]. Economic variables such as food prices and household income also influence the practice of urban farming [17]. Farmers in Accra, particularly those located along the Tema Motorway, face specific challenges, including limited access to land, environmental pollution, and insufficient availability of clean irrigation water [18]. Rapid urban expansion has resulted in the conversion of farmland into residential areas, forcing farmers to cultivate on marginal lands near rivers, drains, and roadsides, including locations along the Accra-Tema motorway [19, 20]. Pollution from industrial activities and vehicular emissions contributes to heavy metal contamination in these environments [21].
Boahen et al. [22] reported elevated concentrations of cadmium and chromium in soils along the Accra-Tema motorway, exceeding World Health Organization (WHO) threshold values. The study also revealed that both adults and children consuming vegetables from this area are at risk of carcinogenic and non-carcinogenic health effects. While previous research has investigated heavy metal contamination in soils, vegetables, and wastewater used for irrigation [23, 24, 25], there remains a limited understanding of the human dimension, particularly regarding farmers’ knowledge and perceptions. This knowledge gap is especially critical in informal irrigation settings such as the Accra-Tema motorway. This study, therefore, aims to assess farmers’ knowledge and awareness of heavy metal contamination to understand their perception of the issue. It also examines their sources of irrigation water and fertilizer use, and explores their attitudes toward farming in potentially contaminated areas. The findings will inform public health and environmental policy by clarifying whether current agricultural inputs and behaviors contribute to or mitigate contamination risks, ultimately guiding targeted education efforts, promoting safer urban farming practices, and protecting vulnerable populations, especially children and women, from toxic metal exposure.
 
 2. Methodology
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       Figure 1. A map of the study area where vegetable farmers were interviewed

The selected site for this study, the Accra-Tema Motorway, is a major highway located within the Greater Accra metropolis. Accra falls within a coastal savannah zone, characterized by a bimodal rainfall pattern and relatively stable temperatures throughout the year. The average monthly temperature ranges from 24.7℃ in August to approximately 33℃ in March, with an annual rainfall of about 730 mm [26]. Geographically, the motorway is located at approximately 5.67° N latitude and 0.00° E longitude, with specific GPS coordinates of 5° 40' 0.0012'' N and 0° 0' 0.0000'' E. It is a dual-carriageway, and according to the Japan International Cooperation Agency (JICA )[27], an estimated 3,201 vehicles travel this road per hour. In recent years, small-scale urban farmers have established vegetable farms along the motorway, supplying produce to market vendors within the metropolis [28]. This site was selected for the study due to several factors that are known to influence heavy metal contamination along roadsides: the high traffic density, the age of the road, the speed of vehicles, and the proximity of the vegetable farms to the road's edge [29].The geographical extent of the study area is shown in Figure 1.
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A quantitative research approach was employed for this study. Structured questionnaires comprising solely closed-ended questions were administered during individual field interviews. These were designed to collect data on farmers’ knowledge and awareness of heavy metal contamination, their perceptions of the issue, and their attitudes toward cultivating in potentially contaminated areas. The questionnaires also captured information on the sources of irrigation water, types of fertilizers used, and frequency of soil amendment application, providing farmers with predefined response options to ensure consistency and ease of analysis.
A purposive sampling technique was used to target farmers actively engaged in roadside vegetable cultivation, ensuring the sample was relevant to the research objectives. This approach was appropriate given the homogeneity among farmers in terms of location, experience, cultivation practices, and technologies used [30, 31, 32]. Prior to data collection, a reconnaissance study estimated approximately 100 active vegetable farmers operating along the Accra–Tema motorway.
Based on this, 50 farmers (50%) were purposively selected and interviewed. The 50% sample size was guided by practical field considerations, resource constraints, and the relative homogeneity of the farming population in terms of land tenure, irrigation practices, crop types, and cultivation methods. Although the Krejcie and Morgan [41]  sample size table suggests a sample of 80 for a population of 100 under random sampling, this study employed purposive sampling aimed at obtaining relevant insights from a clearly defined subgroup rather than statistically generalizing to a larger population. As noted by Patton  [31] and Creswell & Poth [30], purposive sampling is suitable for exploratory studies where participants share common characteristics relevant to the research objectives.
The selected 50 farmers were identified through multiple visits over three weeks. Criteria for inclusion included consistent presence on the farm, at least one year of farming experience in the area, and willingness to participate. Safety, accessibility, and availability were also taken into account. While all 100 estimated individuals were active farmers, the selected subset reflected those with sustained farming activity and adequate contextual knowledge to provide reliable responses. This sampling approach aligns with previous research conducted on vegetable farmers along the Accra–Tema corridor [33].The structured questionnaire was categorized into key sections as summarized in Table 1.
 
[bookmark: _Toc124856255]Table 1. Summary of investigative questionnaires for field data collection [30,31,32].  
	Data Classification
	Description

	Socio-demographic characteristics
	Age, sex, gender, marital status, level of education

	Vegetable types, Information on training, and market.
	These involved types of vegetables cultivated, whether they get any form of training or education on vegetable cultivation, whether there is a ready market for their vegetables, and where they get information on vegetable cultivation from.

	Soil amendment/ fertilizer application and water sources.
	The questions involved the types of fertilizers they use, whether organic or inorganic, and the mode of fertilizer application, including where they get water for irrigating the vegetables

	Knowledge of roadside heavy metal contamination in vegetables.
	Farmers were asked whether they had any knowledge about what heavy metals are and if they could list or name some examples of heavy metals, they were further asked if they were aware vehicular emissions could contribute to heavy.



2.3. Data analysis
Data collected through structured questionnaires were coded and entered into SPSS version 25 for analysis. Descriptive statistics, including frequencies, means, and percentages, were used to address Objective 1, which focused on assessing farmers’ knowledge and awareness of heavy metal contamination. To meet Objective 2, examining factors influencing awareness, chi-square tests of independence were conducted to explore associations between key categorical variables: (1) awareness of heavy metals and willingness to stop farming along the roadside; (2) education level and awareness; and (3) training received and awareness. These tests determined whether significant relationships existed between these variables. Results are presented with contingency tables, chi-square values, degrees of freedom, and p-values.
This analytic approach ensured a direct linkage between each objective and the statistical techniques employed, supporting valid inferences from the data.
 
 

3.0. Results 

[bookmark: _Toc124856096]3.1. Demographic characteristics of vegetable farmers along the Accra-Tema motorway
The demographic characteristics of vegetable farmers interviewed along the Accra-Tema motorway are summarized in Table 2. All the respondents were male. Of the 50 farmers surveyed, 16% were aged 15–24 years, 46% were between 25–34 years, and 38% were 35 years or older. The majority of respondents (88%) were solely engaged in vegetable cultivation. A small percentage (2–4%) engaged in additional occupations, such as animal production or selling clothes, alongside their farming activities. In terms of land acquisition, 82% of the farmers indicated that they had obtained the land freely along the motorway, while 18% rented it from individuals who initially cultivated it. 
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Table 2. Summarizes the demographic characteristics of farmers and their reasons for farming along the Accra-Tema motorway.   
	Variable
	Category / Range
	n
	%

	Gender
	Male
	50
	100.0

	
	Female
	0
	0.0

	Age Group (years)
	15–24
	8
	16.0

	
	25–34
	23
	46.0

	
	35+
	19
	38.0

	Mean Age (years)
	
	32.6
	

	Standard Deviation (SD)
	
	7.4
	

	Marital Status
	Married
	39
	78.0

	
	Single
	11
	22.0

	Education Level
	None
	10
	20.0

	
	Basic
	37
	74.0

	
	Secondary
	3
	6.0

	Years of Farming Experience
	1–5 years
	12
	24.0

	
	6–10 years
	21
	42.0

	
	11–15 years
	9
	18.0

	
	16+ years
	8
	16.0

	Mean Years of Experience
	
	8.0
	

	Standard Deviation (SD)
	
	4.2
	

	Land Tenure
	Freehold
	41
	82.0

	
	Rented
	9
	18.0

	Plot Size
	0.5–1.5 acres
	13
	26.0

	
	2–3 acres
	26
	52.0

	
	3.5–5 acres
	11
	22.0

	Mean Plot Size (acres)
	
	2.3
	

	Standard Deviation (SD)
	
	1.1
	



3.2. Fertilizer use, irrigation water sources, produce market, and attitudes towards farming 
Farmers cultivating vegetables along the Accra-Tema motorway predominantly grow leafy vegetables, followed by fruiting vegetables, flowers, and root/tuber crops. A significant majority (76%) engage in cultivation three or more times per year, indicating intensive farming and possible crop rotation practices. Most farmers rely primarily on personal experience for cultivation, with only 2–8% accessing external sources such as media for agricultural knowledge. Furthermore, 80% of respondents reported no formal training in vegetable farming; of the remaining 20%, training was acquired informally from peers rather than government or NGO-led initiatives (Table 3).
The use of chemical fertilizers is widespread, with all surveyed farmers reporting their use. NPK was the most commonly applied (80%), followed by ammonium nitrate, muriate of potash, and, to a lesser extent, animal manure and compost. Awareness of the potential contamination risks associated with fertilizers was minimal among farmers, with only 4% exhibiting any knowledge of heavy metals or their sources.
Farmers utilize a range of irrigation sources such as rainfall, gutter water, dugouts, and nearby streams—many of which are vulnerable to contamination from road runoff, domestic sewage, and industrial effluents. Accessibility and cost, rather than safety concerns, were the primary factors influencing farmers’ choice of irrigation water.
Regarding produce markets, 88% of farmers reported having a ready market along the motorway, composed primarily of local retailers and individual consumers. However, 12% of farmers indicated difficulties in accessing markets for their produce.
When asked about their willingness to continue farming if informed their soil was contaminated, 80% stated they would cease farming after a brief educational intervention on heavy metals and associated health risks. The remaining 20% indicated they would continue due to economic dependence and lack of alternatives.
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Table 3. Summarizes the types of vegetables cultivated by farmers along the motorway, types of markets for their produce, and training received on vegetable cultivation. 
	Variable
	Category
	n
	%

	Types of Vegetables Cultivated
	Leafy Vegetables
	40
	80.0

	
	Fruit/Flower Vegetables
	22
	44.0

	
	Root/Tuber Crops
	1
	2.0

	Number of Harvests per Year
	2 times
	12
	24.0

	
	3 times or more
	38
	76.0

	Access to Agricultural Information
	No media (self-taught)
	44
	88.0

	
	Internet
	1
	2.0

	
	Radio
	1
	2.0

	
	TV
	4
	8.0

	Training Received
	No Training
	40
	80.0

	
	From Friends
	10
	20.0

	Ready Market for Produce
	Yes
	44
	88.0

	
	No
	6
	12.0

	Main Customer Type
	Retailers
	44
	88.0

	
	Personal Consumption
	24
	48.0




3.3 Farmers’ awareness and behavioral response to heavy metal contamination 
The study assessed farmers’ knowledge of heavy metal contamination and examined how this awareness influences their willingness to stop farming near the roadside. Of the 50 farmers interviewed, 96% reported having no prior knowledge of heavy metals, while only 4% (2 farmers) had heard of them, though even these were unaware of vehicular emissions as a contamination source (Table 4).
During the interviews, farmers were asked about their willingness to stop cultivation if they became aware that their soil was contaminated with heavy metals. After being informed about what heavy metals are, their accumulation in roadside vegetables, and the potential health risks, 80% of the farmers expressed willingness to stop farming near the motorway, while 20% were unwilling. Reasons for unwillingness included land scarcity, financial constraints, and the convenience of the location.
A chi-square test for independence revealed no statistically significant association between prior awareness and willingness to stop farming near the roadside (χ²(1) = 0.033, p = 0.857; Table 5). However, a significant association was found between farmers’ education levels and awareness of heavy metals (χ²(2) = 7.30, p = 0.026; Table 6). Those with basic or secondary education were more likely to have heard of heavy metals, while none of those without formal education had any awareness.
Furthermore, a significant inverse relationship was found between training received on vegetable production and awareness of heavy metal contamination. While 20% of farmers had received informal training, none of them were aware of heavy metal contamination, whereas both aware individuals were untrained (χ²(1) = 9.20, p = 0.010; Table 7).

[bookmark: _Toc124856271]  Table 4. Farmer’s knowledge of roadside heavy metal contamination in vegetables.
	Variable
	Category
	n
	%

	Knowledge of heavy metals
	Yes
	2
	4.0

	
	No
	48
	96.0

	Definition of Heavy Metals
	Metals are toxic at some levels
	1
	2.0

	
	Metals with high density
	1
	2.0

	
	No definition
	48
	96.0

	Examples of Heavy Metals
	Arsenic
	1
	2.0

	
	No idea
	49
	98.0

	Knowledge of vehicle emissions as a source
	Yes
	0
	0.0

	
	No
	50
	100.0

	Willingness to stop cultivation 
	Yes
	40
	80.0

	
	No
	10
	20.0

	Reasons for not stopping
	Land/economic constraints
	7
	14.0

	
	Health vs survival trade-off
	3
	6.0




3.4 Relationship between farmer characteristics and awareness of contamination
The study examined possible associations between categorical variables drawn from the study. Specifically, we perform chi-square tests for independence on: (1) heavy-metal awareness (aware vs. unaware) and willingness to stop roadside farming (yes vs. no), (2) education level (none/basic/secondary) and awareness, and (3) training received (yes vs. no) and awareness. Contingency tables, chi-square statistics, degrees of freedom, and p-values are presented for each case, followed by an interpretation of the results. 



Table 5. Farmers' awareness vs willingness to stop cultivating 
	Awareness
	Willingness=yes 
	Willingness =no
	Total

	Aware
	1
	1
	2

	Unaware
	39
	9
	48

	Total
	40
	10
	50




Table 6. Farmers' educational level vs awareness of heavy metal contamination 
	Education level
	Aware =yes
	Aware =no
	Total

	None
	0
	10
	10

	Basic
	1
	36
	37

	Secondary 
	1
	2
	3

	Total
	2
	48
	50




Table 7. Training received by farmers vs awareness of heavy metal levels contamination 
	Training received 
	Aware=yes
	Aware=No
	Total

	Yes
	0
	10
	10

	No
	2
	38
	40

	Total
	2
	48
	50






4.0. DISCUSSION
4.1. Demographic Characteristics of Vegetable Farmers along the Accra-Tema Motorway

The dominance of male respondents suggests that vegetable farming along the Accra-Tema motorway may be male-driven, potentially due to cultural, economic, or physical labor demands associated with the activity. The age distribution indicates a relatively young farming population, with the majority (62%) under the age of 35, which may reflect the growing interest of younger individuals in urban and peri-urban agriculture.
The fact that 88% of respondents are solely focused on vegetable cultivation highlights the significance of this activity as a primary source of livelihood. The small number of farmers engaged in secondary occupations may indicate limited income diversification opportunities or a strong commitment to vegetable farming.
Regarding land access, the high percentage (82%) of farmers acquiring land freely suggests informal land tenure systems are prevalent in the area. This may be due to the unregulated nature of the land along the motorway. Farmers' motivations—such as land scarcity, proximity to markets, and economic benefits—are consistent with findings by other researchers [12,19], who also observed that urban farmers are often attracted to roadside lands for similar socio-economic reasons.
 
 4.2. Fertilizer Use, Irrigation Water Sources, Produce Market, and Attitudes towards farming 
The predominance of leafy vegetable cultivation and intensive farming frequency reflects both high demand and the economic importance of urban agriculture along the Accra-Tema motorway. The reliance on personal experience and minimal formal training suggests a significant knowledge gap that may limit the adoption of safer and sustainable farming practices.
The widespread use of chemical fertilizers such as NPK, ammonium nitrate, and muriate of potash, while enhancing yields, raises concerns regarding heavy metal contamination. Previous studies have identified phosphate-based fertilizers as common sources of cadmium (Cd), lead (Pb), copper (Cu), and zinc (Zn) contamination [34,35,36]. Given the minimal awareness among farmers about these risks, the potential for bioaccumulation in vegetables poses a serious public health threat, particularly for vulnerable groups like children and pregnant women.
The irrigation water sources identified—rainfall, gutter water, dugouts, and streams—are often exposed to contaminants from road runoff, sewage, and industrial effluents. Such practices have been similarly documented in urban farming systems in India and Ghana, emphasizing a global challenge in urban agriculture water safety [37, 38]. The prioritization of accessibility and cost over safety highlights the need for interventions to provide affordable, clean irrigation alternatives.
Market accessibility, while generally favorable, is not universal. The ready local market for most farmers likely sustains continued cultivation despite contamination risks. This is especially concerning given that many farmers consume their own produce, which directly links agricultural contamination with personal health outcomes.
The educational intervention revealing that 80% of farmers would cease cultivation on contaminated soils illustrates the critical trade-off between health concerns and economic necessity. The 20% who would continue farming despite contamination highlight the urgent need for alternative livelihood options and support mechanisms.
To mitigate these risks, multi-level strategies are essential. Regulatory enforcement on fertilizer quality and irrigation water safety, alongside farmer education on contamination risks and sustainable practices, must be prioritized. Investment in infrastructure to ensure access to uncontaminated water and land will be critical. Additionally, implementing food safety labeling and community health screenings could empower consumers and protect vulnerable populations. Addressing both knowledge gaps and structural challenges can enable safer, sustainable urban agriculture along the Accra-Tema corridor.
 

 4.3. Farmers’ Awareness and Behavioral Response to Heavy Metal Contamination

The very low level of awareness about heavy metals among farmers aligns with previous studies, such as those by Pradika et al. [39] and Boakye et al. [40], highlighting a widespread gap in knowledge regarding environmental contaminants in agricultural soils.
The finding that 80% of farmers were willing to stop farming near the motorway after being informed about contamination risks demonstrates the potential effectiveness of awareness campaigns to change behavioral intentions, even among those with no prior knowledge. This emphasizes that education can be a powerful tool in promoting safer agricultural practices.
The lack of association between prior awareness and willingness to stop suggests that exposure to new information can independently influence behavior, underscoring the importance of ongoing education efforts. The significant correlation between education level and awareness points to the need for accessible, inclusive educational materials, preferably using local languages and visual tools to reach less formally educated farmers.
The counterintuitive finding that those who had received informal training were less aware of heavy metal contamination suggests that current training programs may inadequately address environmental health and food safety. This is a critical oversight, given the role of training as a scalable channel for knowledge dissemination. Incorporating environmental health topics into training curricula could greatly enhance farmers’ understanding and safer practices.
Despite a willingness to change, barriers such as economic constraints, land scarcity, and convenience highlight the complexity of implementing safer farming practices. Thus, public education campaigns should be complemented by targeted subsidies, provision of safer land, and reforms in agricultural training.
Lastly, systemic interventions such as land-use regulations, routine soil monitoring, and remediation initiatives (e.g., phytoremediation or roadside buffer zones) are crucial for mitigating long-term contamination risks. An integrated approach combining education, financial support, training reform, and regulatory actions is essential to protect public health without undermining farmer livelihoods.
 
[bookmark: _Toc124856100]  4.0 Conclusion 
This study reveals a critical gap in farmers' knowledge about heavy metal contamination along the Accra-Tema Motorway, where 96% of respondents had no prior awareness of the risks posed by contaminated soils and irrigation water. Despite this, 80% indicated a willingness to stop farming in contaminated areas if properly informed, showing that education can play a powerful role in influencing behavior.
To address this challenge, a coordinated response is needed. Government agencies such as the Ministry of Food and Agriculture (MoFA), the Environmental Protection Agency (EPA), and local government authorities should lead public education campaigns to raise awareness of contamination risks. Agricultural extension services should be strengthened to incorporate environmental health topics into farmer training. In addition, urban planning authorities and municipal assemblies should develop policies that ensure access to safer land, clean irrigation water, and provide financial support or incentives for farmers transitioning to safer practices. Future research by academic institutions and public health bodies should also examine the long-term health impacts of exposure and evaluate the effectiveness of these interventions. Bridging these knowledge and resource gaps is essential for protecting public health and ensuring the sustainability of urban farming in Accra and other rapidly growing cities in Ghana. 


4.1 Limitation
While this study provides important insights into farmer awareness of heavy metal contamination, several limitations should be noted. First, although 50 out of an estimated 100 farmers were purposively selected based on field reconnaissance, the relatively small sample size limits the generalizability of findings. The Krejcie and Morgan (1970) sample size table suggests a larger sample under random sampling assumptions. However, the use of purposive sampling was appropriate for this exploratory study focused on a specific population. Second, data collection relied solely on structured, closed-ended questionnaires. While this approach ensured consistency and ease of analysis, it may have limited the depth of insight into farmers’ underlying beliefs and motivations. Lastly, the study focused exclusively on farmers along the Accra–Tema motorway. While this area was purposefully selected due to its known exposure to traffic-related contamination, findings may not fully represent the experiences of urban farmers in other regions of Ghana.
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