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ABSTRACT 
	The aim of this study is to assess the level of trace metals (TMEs) contamination in market garden soils in the Korhogo city. The trace metal content of soils from three market gardening sites in Korhogo (Koko, Natio and Téguéré) was determined. Soil sampling was carried out in January 2025 and July 2025.
The results of the soil analyses show that Pb levels vary between 5.650 and 6.970 mg/kg, while Cd levels range from 0.21 to 0.245 mg/kg. Cu concentrations ranged from 17.125 to 23.65 mg/kg, while Zn concentrations ranged from 27.255 to 34.85 mg/kg. Cr levels ranged from 1.175 to 1.305 mg/kg. The degree and sources of contamination were determined by calculating metal pollution indices: contamination factor (CF), geoaccumulation index (Igeo), overall pollution index (PLI), and ecological risk factor ( ).
The Igeo values show that the various soils studied are not contaminated with Pb, Cu, Zn and Cr, while all these sites are moderately contaminated with Cd. The PLI values obtained show that there is no progressive deterioration of the soil due to TMEs. Furthermore, the TMEs studied present a low ecological risk in the soils, while Cd presents a moderate ecological risk.




Keywords: Trace metal, pollution, market garden soils, Korhogo

1. INTRODUCTION 

The development of urban, industrial and agricultural activities in recent decades has led to numerous problems of agricultural soil pollution with trace metals (TMEs) [1]. Trace metals have a significant toxicological impact on plants, everyday consumer products and humans [1]. Some of their impacts, particularly on soil, are still poorly understood [2]. TMEs are pollutants frequently found in soil. They are now found in several economic sectors, such as market gardening [3].
In Korhogo, market gardening sites are located close to numerous industrial activities and roads with heavy traffic from a large number of cars and mopeds. The vegetables produced on these market gardens are therefore exposed to constant industrial effluent discharges, exhaust fumes and all kinds of waste [4]. The TMEs contained in the waste can accumulate in the soil and pollute groundwater through infiltration [5]. They can be absorbed by cultivated plants and enter the food chain, posing a risk of contamination to humans [6-8].
In addition, market gardeners use compost and other organic fertilisers such as poultry manure and animal droppings to improve the soil, as well as wastewater from swamps to irrigate their crops [9, 10]. They treat crop diseases and pests with excessive doses of pesticides [11]. These agricultural practices contribute to the contamination of soil and plants with heavy metals. The contamination of market garden soils by these heavy metals remains a serious and increasingly worrying environmental problem. The aim of this study is to assess heavy metal pollution in market garden soils in Korhogo city.

2. material and methods 

2.1. Study area
The study sites are located in the city of Korhogo. This city lies between 9°29 and 9°53 north latitude and between 5°39 and 6°49 west longitude (Figure 1). It is located in northern Côte d'Ivoire, 600 km from Abidjan, and covers an area of 12,500 km², or 3.9% of the national territory [12].
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Figure 1: Map of the study area (Korhogo city).
In addition, these market gardening sites were chosen for their large size, accessibility and similar environment. They are located in low-lying areas and along roads with very heavy traffic. In the vicinity of these sites, there are also dwellings, small industries repairing and manufacturing agricultural tools, and small open dumps that are sources of heavy metal pollution [13]. These criteria facilitate both sampling and observation of farming practices in the field. The proximity of roads is a factor in soil contamination, particularly vehicle exhaust fumes and particles from mechanical wear, which can introduce heavy metals such as lead and zinc into the soil at the roadside, potentially affecting crop quality [14].

               2.2. Study materials
The instruments used to carry out the survey were: a camera, a Garmin Global Positioning System (GPS) and a manual auger.

    2.3. Methods
       2.3.1. Soil sampling
During this study, an exploratory mission was carried out in October 2024 to identify market gardening soil sampling sites in the city of Korhogo. To this end, the coordinates of the various sampling points were recorded using a Garmin Global Positioning System (GPS).
Two soil sampling campaigns (one in the dry season and the other in the rainy season) were carried out. Homogeneous 20 cm soil cores (the horizon worked by market gardeners and explored by the roots of the species studied) were collected using a manual auger.
Sampling was carried out randomly to ensure that the samples were representative and to avoid any spatial bias. Each market gardening site was divided into ten parts. In each part, sampling points were chosen at random to cover the different parts of the field. Soil samples were taken from each selected section using an auger. The samples collected from each section were then mixed to form a composite sample representative of that part of the site. Twenty (20) composite samples were obtained from each market garden site during the two campaigns. A total of sixty (60) samples were obtained from the three market garden sites during the two campaigns. Furthermore, this random approach ensured reliable and representative samples from each site, while minimising the risk of bias. All samples collected were stored in a cooler and transferred to the laboratory for analysis.

                        2.3.2. Methods and standards for analysing certain physical and chemical parameters

The methods for analysing pH, CEC and TOC are presented in Table 1.

Table 1: Analytical methods and standards

	Parametres
	Methodes d’analyse
	Normes

	pHeau
	Measuring pH using a pH-meter
	

	CEC
	Metson method
	NFX 31-130 : 1999

	TOC
	Oxidation of carbon by potassium dichromate (K₂Cr₂O₇)
in an acidic environment
	NF ISO 10 694 : 1995



           2.4. Analysis of trace metals in soils
The soil samples were dried in the open air in the laboratory, then finely ground before being dissolved in hydrofluoric and perchloric acid in accordance with standard NF X 31-147. The principle of the digestion method is based on the decomposition of soils by hydrofluoric acid (HF) in combination with aqua regia (HNO₃: HCl; 1:3, v/v) when heated. The use of HF is essential because it completely dissolves both silicate lattices and all metals [15].
For each soil sample, 0.1 g of ground material was weighed and placed in Teflon boxes or bombs, then 1 mL of aqua regia (HNO₃, HCl, 1:3 v/v) and 6 mL of hydrofluoric acid (HF) were slowly added to each bomb. The bombs were first hermetically sealed using a torque wrench and then left to stand for one (1) hour under a fume hood. They were then placed in a water bath for 2 hours and 30 minutes at 120°C. During this time, 2.7 g of boric acid was weighed into 50 mL propylene tubes, to which 20 mL of distilled water was added and then homogenised.
Once the bombs were removed from the water bath, they were first left to cool at room temperature for 3 hours. They were opened to transfer the contents into 50 mL propylene tubes containing the previously prepared boric acid solution. Finally, the bombs were rinsed with distilled water and then added to the propylene tubes until the gauge line (50 mL) was reached.
After being dissolved, the samples were analysed using VARIAN AA240FS flame atomic absorption spectrometry coupled with a VARIAN EL0608 hydride furnace in accordance with standard NF EN 1483.

2.5. Metal accumulation indices
                    2.5.1. Geoaccumulation index (Igeo) 
The Geoaccumulation Index (Igeo) provides information on the level of accumulation of metallic elements in the soil. It is assessed using the following formula:
𝐈𝐠e𝐨 = )
Ci : concentration of metal i in the soil
Cref : geochemical background concentration in the Upper Continental Crust (UCC) value for the metal.
 1,5: while 1.5 is the background matrix correction factor due to lithogenic effects.
The Igeo values enable seven contamination level classes to be defined, as shown in Table 2 [16].

Table 2: Different classes according to Müller (1981).

	
	Values
	Level of contamination

	Class 0
	Igéo 0
	uncontaminated

	Class 1
	0Igéo 1
	from uncontaminated to moderately contaminated

	Class 2
	1Igéo 2
	moderately contaminated

	Class 3
	2Igéo 3
	from moderately to strongly contaminated

	Class 4
	3Igéo 4
	strongly contaminated)

	Class 5
	4Igéo 5
	from strongly to extremely contaminated

	Class 6
	5Igéo
	extremely contaminated



      2.5.2. Contamination factor (CF)
The contamination factor (CF), also known as the contamination index, provides information on the level of metal contamination in soil. It is calculated using the following formula:

𝐅𝐂 = 

Ci : concentration of metal i in the soil
Cref : geochemical background concentration in the Upper Continental Crust (UCC) value for the metal.
The different levels of contamination according to CF values are grouped together in Table 3.



Table 3: Level of contamination according to CF values.

	 CF values
	Contamination

	CF
	Low contamination

	1CF  3
	Moderate contamination 

	3CF  6
	High contamination 

	CF6
	Very high contamination



      2.5.3. Pollution load index (PLI)
The pollution load index (PLI) estimates the overall degree of soil contamination in the study area based on the total concentration of all metals studied. The following equation was developed by [17] to calculate the pollution load index (PLI):

𝐏𝐋𝐈 = 

FCi: metal contamination factor  i. 

The metal pollution index provides cumulative information on metal pollution in soils. Thus, we have:

𝐏𝐋𝐈 = 

For PLI = 0, there is no deterioration;
for 0 <PLI ≤1, only reference levels of pollutants are present;
and a PLI value > 1 indicates progressive soil deterioration.

  2.5.4. Determination of the ecological risk factor 
The ecological risk factor (Er) is used to assess the ecological risk of a given metal. It also allows for a large-scale estimation of the environmental risk associated with metals and their biological toxicity and is defined by [18] according to the following equation:

 =   

The toxic response factor () values for TMEs such as lead (Pb), cadmium (Cd), copper (Cu), zinc (Zn) and chromium (Cr) are 5, 30, 5, 1 and 2 respectively, according to [19]. In addition, ecological risk factors have been classified into five categories, as shown in Table 4 [20].

Table 4: Categories of environmental risk factors
	Ecological risk levels:

	
	low risk,

	40   80
	moderate risk,

	80  160
	considerable risk

	160  320
	high risk

	 320
	very high risk







3. results and discussion

       3.1. RESULTS 
             3.1.1. Some physical and chemical parameters of the soils

Table 5 shows the physical and chemical parameters of the soil samples from the sites studied. It shows their means and standard deviations. The pH values of the soils in Koko (7.17) and Téguéré (7.02) are above 7. Unlike the soils at the Koko and Téguéré market gardening sites, the soil in Natio has a pH of 6.62, which is below 7.

Table 5: Physicochemical parameters of soils

	
	Sites

	Physicochemical parameters
	Koko
	Natio
	Téguéré

	pHeau
	7,17 ± 0,27a
	6,62 ± 0,65a
	7,02 ± 0,43a 

	CEC (cmol/kg)
	12,65 ± 1,40a
	10,14 ± 1,76a
	12,40 ± 2,50a

	TOC (mg/Kg)
	356,58 ± 32,98 b
	263,99 ±16,33c
	456,62 ± 18,92a



The cation exchange capacity of the soil in Natio is lower than that of the soils in Koko and Téguéré. The CEC values of the soils at the three sites are above 8. The Koko and Téguéré sites are richer in organic matter than the Natio site. The TOC content of the soils varies significantly across the three sites. However, the pH and CEC do not vary significantly from one site to another.

               3.1.2. Trace metal content in soil
The averages and standard deviations of trace metal content in soil are presented in Table 6. At the Téguéré site, the average Cu (23.65 mg/kg) and Zn (34.85 mg/kg) content is higher than at the Koko and Natio sites. The highest levels of other trace metals (Pb, Cd and Cr) were found at the Koko site. These values are 6.970, 0.245 and 1.305 mg/kg for Pb, Cd and Cr, respectively. 
Pb, Cu and Zn are the TMEs with the highest levels at the three sites. The order of TMEs levels at the three sites is: Zn ˃ Cu ˃ Pb ˃ Cr ˃ Cd.
Furthermore, a comparison of the heavy metal concentrations in the soil at the three sites shows a significant difference (p ˂ 0.05) between these concentrations, except for Cr, whose value does not vary significantly (p ˃ 0.05).

Table 6: Heavy metal concentrations (mg/kg) in soil.

	
	Sites
	

	TMEs (g/Kg)
	Koko
	Natio
	Téguéré
	UCC

	Pb
	6,970 ± 1,01a
	6,443 ± 0,548c
	5,650 ± 0,732b
	17

	Cd
	0,245 ± 0,008a
	0,235 ± 0,014ab
	0,21 ± 0,030b
	0,102

	Cu
	18,15 ± 3,133b
	17,125 ± 0,881c
	23,65 ± 1,47a
	14,3

	Zn
	33,24± 0,712a
	27,255 ± 1,168b
	34,85 ± 1,096a
	52

	Cr
	1,305 ± 0,164a
	1,27 ± 0,12a
	1,175 ± 0,11a
	35


Values followed by different letters in the same row are significantly different at the 5% threshold.
UCC: global pre-industrial values (metal background noise)




    3.1.3. Calculation of metal accumulation indices

3.1.3.1. Geoaccumulation index (Igéo)

Figure 2 shows the geoaccumulation indices for all TMEs. The values obtained show that the Koko, Natio and Téguéré sites have negative geoaccumulation indices (Igéo < 0) for Pb, Cu, Zn and Cr. These three sites are therefore not contaminated with Pb, Cu, Zn and Cr.  However, the soils at these three sites are moderately contaminated (0 < Igéo < 1) with Cd.


Figure 2: Soil geoaccumulation indices

                          3.1.3.2. Contamination factor (CF) 
The CF values for TMEs in soils are shown in Figure 3. Soil samples taken at Koko, Natio and Téguéré are slightly contaminated with Pb, Zn and Cr, with CF< 1. However, the soils at these three sites are moderately contaminated (1 ≤CF≤ 3) with Cd and Cu.



Figure 3: Soil contamination factors


   3.1.3.3. Pollution load index (PLI)
PLI values range from 0.021 ≤ PLI ≤ 0.030. There is no progressive deterioration of soils due to TMEs (Table 7).

Table 7: Pollution load index values

	
	
	Sites
	

	
	Koko
	Natio
	Téguéré

	PLI
	0,030
	0,021
	0,024



3.1.3.4. Ecological risk factor () 
The soils of Koko, Natio and Téguéré have ecological risk values ranging from 0.067 to 8.279 (< 40) for Pb, Cu, Zn and Cr (Table 5). These TMEs therefore present a low ecological risk in the soils. On the other hand, Cd presents a moderate ecological risk in the soils of these three sites (Table 8) with ecological risk values ranging from 61.765 to 72.060 (40 ≤  < 80).

Table 8: Ecological risk factors

	
	
	
	Sites
	

	

  
	
	Koko
	Natio
	Téguéré

	
	Pb
	1,662
	1,895
	2,052

	
	Cd
	69,118
	72,060
	61,765

	
	Cu
	8,279
	5,989
	6,346

	
	Zn
	0,639
	0,524
	0,678

	
	Cr
	0,075
	0,074
	0,067






DISCUSSION
Soil analyses from the various sites in Koko and Téguéré show that they are richer in organic matter. Furthermore, the pH values at these sites, which are above 7, show that the soils at these market gardening sites immobilise TMEs more easily. These results are consistent with those of [21], who showed that the accumulation of heavy metals is favoured in soils with a pH > 7. This accumulation of heavy metals could also be attributed to the high organic matter content of these sites. TMEs can be immobilised by soil organic matter. This is the case for Cd and Cr, which accumulate preferentially in horizons rich in organic matter [22]. Similar results were obtained by [23] and [24]. According to these authors, organic matter plays an important role in the formation of metal oxides that retain TMEs in the soil. The CEC values of the three sites, which are above 8, prove that these soils retain TMEs. These results corroborate those of [25].
The Cd concentrations at the Koko, Natio, and Téguéré sites are significantly higher than the pre-industrial value for the upper continental crust. These high concentrations suggest anthropogenic contamination [26]. Furthermore, contamination indices have shown a high anthropogenic contribution to Cd in the soils of the three sites. These sites are both agricultural and urban areas. The heavy metals in the soils of these sites may be of agricultural and urban origin, hence the high Cd contamination. This heavy metal pollution could be due to the various activities carried out around the market gardening sites. Garages and vehicle repair and coating workshops near the Koko and Téguéré sites are sources of heavy metals.  This heavy metal contamination may also be due to local activities such as the common use of herbicides and fertilisers to treat market garden crops.
However, the average concentrations of Pb, Cu, Zn and Cr are lower than global pre-industrial UCC values, indicating that the main source of these heavy metals is natural. Furthermore, the calculation of the pollution load index (PLI) showed that there is no progressive deterioration in soil quality due to heavy metals.
Furthermore, the TMEs content of the three sites shows a significant difference (p ˂ 0.05) from one site to another, except for Cr, whose content does not vary significantly (p ˃ 0.05). The concentration of heavy metals in urban soils is significantly linked to industrial production, vehicle exhaust fumes, solid waste and fossil fuels. Similar work carried out by [27] in market gardening areas located along busy roads in Kinshasa showed that the vegetables grown there were polluted by Pb. He noted that the Pb content in the soil and vegetables decreased with distance from the main roads. As air pollution is very intense in market gardening areas, particles from hydrocarbon combustion gases can fall back onto the soil [27].
Furthermore, studies have shown that heavy metals probably have three sources: ‘anthropogenic elements’, ‘natural elements’ and ‘mixed elements’ (natural and anthropogenic) [28-30].
This pollution varies depending on the terrain and the pollutants. The widespread availability of these pollutants, such as TMEs in general and lead in particular, in soil solution poses a real health risk.


4. Conclusion
In this study, the levels of lead, cadmium, copper, zinc and chromium contamination in the market garden soils of Koko, Natio and Téguéré were assessed. The results showed high Cd contamination in the soils of these three sites, indicating contamination from anthropogenic activities. However, the average concentrations of Pb, Cu, Zn, and Cr are below global pre-industrial UCC values, indicating that the main source of these heavy metals is natural. Furthermore, the calculation of the pollution load index (PLI) showed that there is no progressive deterioration in soil quality due to these heavy metals. However, the development of market gardening activities at these sites could have a further impact on soil quality.
 Moreover, the study highlighted the presence of heavy metals, including some of the most dangerous (Pb and Cd), in the market gardening soils of Korhogo city. Even heavy metals detected in relatively low concentrations must be taken into account due to chronic toxicity and interaction effects. All these biocontaminants pose certain risks to human health and the quality of natural resources. Consequently, continuous and/or periodic collection of data on soil quality is essential to preserve human health and the ecosystem. For all these reasons, we recommend periodic monitoring of all market gardening sites in the study area in order to protect the environment from the negative effects of TMEs. It would also be advisable to train market gardeners in good farming practices.
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Igéo

Pb	Koko	Natio	Téguéré	-2.17417447444367	-1.9846181102561411	-1.8881582138307957	Cd	Koko	Natio	Téguéré	0.61912910387234787	0.67925009630991884	0.45685767497347091	Cu	Koko	Natio	Téguéré	0.14086253583984942	-0.32487365965165671	-0.24100809950379529	Zn	Koko	Natio	Téguéré	-1.2305537418666286	-1.5169532036817011	-1.1633507711483577	Cr	Koko	Natio	Téguéré	-5.3301957108709628	-5.3468744520175937	-5.4815847608758483	



Fc

Pb	Koko	Natio	Téguéré	0.33235294117647068	0.37901960784313721	0.41039215686274511	Cd	Koko	Natio	Téguéré	2.3039215686274508	2.4019607843137254	2.0588235294117649	Cu	Koko	Natio	Téguéré	1.6538461538461537	1.1975524475524475	1.2692307692307692	Zn	Koko	Natio	Téguéré	0.63923076923076927	0.52413461538461548	0.66971153846153852	Cr	Koko	Natio	Téguéré	3.728571428571429E-2	3.6857142857142859E-2	3.3571428571428565E-2	
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