
 
Copyright © Huzaifa Garba Nataala et al. This is an open access article distributed under the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

International Journal of Scientific World, 11 (2) (2025) 31-37 
 

International Journal of Scientific World 
 

Website: www.sciencepubco.com/index.php/IJSW  

https://doi.org/10.14419/r0vvxx81 

Review paper  

 

 

 

Determination of selected Heavy Metals in Vegetables Grown 

on Dakasoye Farmlands, Kano State, Nigeria 
 

Huzaifa Garba Nataala 1 *, Aminu Mustapha 1, Rabiah Shehu Kura 2 

 
1 Department of pure and industrial chemistry, Bayero University, Kano, Nigeria  

2 Department of Chemistry, Saadatu Rimi College of Education, Kano, Kano state, Nigeria 

*Corresponding author E-mail: aminumustapha992@gmail.com. 

 

Received: June 26, 2025, Accepted: August 16, 2025, Published: August 22, 2025 
 

 

Abstract 
 

Consumption of vegetables contaminated with heavy metals can cause serious health problems, including kidney damage, cancer, high 

blood pressure, and impaired brain development. This study analyzed levels of Zn, Fe, Mn, Cd, Cr, and Pb in 10 vegetables from the Kura-

Dakasoye agricultural area in Kano State using Atomic Absorption Spectrophotometry after wet digestion. Metal concentrations were 

generally within safe limits, except for lead. ANOVA showed no significant differences among the vegetables (P > 0.05). Estimated Daily 

Intakes (EDIs) for all the analyzed metals were found to be below their respective oral reference doses, and Hazard Quotients (HQs) were 

all less than one, indicating no significant non-carcinogenic health risk. The findings suggest minimal health risk to consumers, aside from 

possible lead exposure. 

 
Keywords: Contamination; Estimated daily intake; Hazard quotients; Heavy metals; Spectrometry; Vegetables.  

1. Introduction 

Vegetables, the edible leafy or fleshy parts of plants, are widely consumed globally as essential components of diets, serving as side dishes, 

supplements, herbal remedies, and soup condiments [1]. Nutritionally, they are rich sources of vitamins, minerals, dietary fiber, and 

bioactive compounds critical for maintaining optimal health, providing immediate energy, and supporting various physiological functions 

[2]. The antioxidants in vegetables play a vital role in disease prevention and digestive health by protecting the body against oxidative 

stress and aiding in regular bowel movements [3]. 

Despite these benefits, the contamination of vegetables with heavy metals has emerged as a significant global environmental and public 

health concern. Heavy metals, naturally occurring elements in the Earth's crust, are characterized by their persistence and inability to 

biodegrade or break down in the environment [4]. Their accumulation in the food chain can lead to toxic effects on both ecological systems 

and human health [5]. While some heavy metals such as manganese and zinc are essential micronutrients in trace amounts, many others—

including lead, cadmium, and mercury are toxic even at low concentrations, with potential to bioaccumulate and cause adverse health 

outcomes [6]. 

Globally, anthropogenic activities—especially improper disposal of industrial and household wastes, sewage, and sludge—have 

exacerbated heavy metal contamination in soils and water bodies [7]. Vegetables readily absorb these metals through various environmental 

pathways[8]. Uptake occurs primarily via root systems from contaminated soils[9], while atmospheric deposition from vehicle emissions, 

fossil fuel combustion, and industrial dust can contaminate foliage and soil surfaces [10]. Additionally, irrigation with polluted water and 

the use of chemical fertilizers, pesticides, and herbicides containing trace heavy metals further contribute to vegetable contamination [11]. 

Even organic fertilizers such as compost and manure, though generally safer, may contain heavy metals including cadmium, lead, 

chromium, mercury, and nickel, depending on their source and composition [12]. 

This widespread contamination poses a serious challenge for food safety worldwide, with many studies reporting elevated heavy metal 

levels in vegetables from both developed and developing countries, raising concerns about chronic exposure risks to consumers. 

Consequently, there is a critical need to monitor and assess the concentrations of these metals in vegetables to ensure food safety and public 

health. 

In line with this global imperative, the present study aims to assess the concentrations of selected heavy metals, manganese (Mn), chromium 

(Cr), zinc (Zn), iron (Fe), lead (Pb), and cadmium (Cd) in vegetables cultivated in Dakasoye village. The study also evaluates the potential 

health risks associated with the consumption of these vegetables, providing essential data to inform local food safety regulations and risk 

mitigation strategies. to consumers. Consequently, there is a critical need to monitor and assess the concentrations of these metals in 

vegetables to ensure food safety and public health. 

In line with this global imperative, the present study aims to assess the concentrations of selected heavy metals, manganese (Mn), chromium 

(Cr), zinc (Zn), iron (Fe), lead (Pb), and cadmium (Cd) in vegetables cultivated in Dakasoye village. The study also evaluates the potential 

health risks associated with the consumption of these vegetables, providing essential data to inform local food safety regulations and risk 

mitigation strategies. 
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2. Materials and methods 

In the preparation of reagents, chemicals of analytical grade purity and deionised a riskwater were used. All glassware was washed with 

liquid detergent and rinsed with distilled water before drying in an oven at 1050C. All weighings were done using an analytical weighing 

balance model FA, and analysis of metals was done using an Agilent Atomic Absorption spectrophotometer (AAS).  

2.1. Sample collection 

Ten vegetable samples were collected from the Kura-Dakasore Agricultural area. For heavy metals analysis, Great care was taken during 

plant sampling. The samples of Vegetables were collected at maturity, i.e. ripening. In case of Onion, the whole plant was uprooted carefully 

using a wooden stick, so that the tuber does not receive any cuts to avoid contamination due to soil. All the samples were washed with 

distilled water and rinsed with deionized water, then dried using good-quality tissue paper. Each sample was cut into slices using a stainless 

steel knife and spread on Polyethylene sheets to sun-dry, taking care of any dust deposition by covering with a light veil. Later, the fruit 

samples were dried in the oven at 60 0C, and this was repeated until complete drying. The samples were ground and sieved using a 0.5 mm 

sieve [13]. 

2.2. Sample digestion 

1.0g of the ground plant sample was placed in a 100 cm3 volumetric flask. 10 cm³ of HNO3 was added and kept overnight for pre-digestion. 

8 cm³ of HClO4 was added and swirled gently. The flask was then placed on low heat (at about 100 0C) on hot plate. Then heated at a 

higher temperature (at about 260 0C) for 1 hour and 35 minutes until the production of red fumes ceases, the content was then further 

evaporated until the volume is reduced to about 3 cm³. The completion of the digestion was confirmed when the liquid became colourless. 

Deionised water was added up to mark after cooling and filtration through Whatman number 1 filter paper [14]. 

2.3. Description of the study area 

Dakasoye is a village located near the boundary between Kura and Garun Malam local governments in Kano state, Nigeria. Geographically, 

Dakasoye village is located on a latitude of 11.7071o ° north of the equator and longitude 8.4406o East of the Greenwich meridian with an 

elevation of about 473m above sea level(Figure 1). The village is situated close to localities such as Turedasu, Takanawa, Shifawa, and 

Yadakwari [15]. The area is well known for Rice farming and vegetable cultivation. 

2.4. Sampling location 

 
Fig. 1: Map of Kura-Dakasoye Indicating the Sampling Sites. 

 
Source: GIS Unit, Department of Geography, Bayero University Kano 

2.6. Instrumentation 

Heavy metals (Cd, Cr, Mn, Pb, and Zn) were determined by an Agilent Atomic Absorption spectrophotometer (AAS), after appropriate 

digestion of samples to extract the metals. Standard solutions with known concentrations and blanks are prepared. A calibration curve is 

created from the standards. The absorbance of the vegetable samples is measured and compared to the calibration curve to determine the 

concentration of the heavy metals. A blank is used to correct for background interference[16]. 

Where Cm is the measured element concentration in the sample and RL is the recommended limit taken from USEPA. 

2.7 Elements correlation matrix in the samples 

Correlation analysis has been widely used in analytical and environmental studies. Information regarding relationships between multiple 

elements in a sample matrix is depicted by correlation analysis. Such analysis enables understanding of how environmental factors affect 

chemical components in a matrix and how some of the elements influence their concentrations [17]. When the matrix coefficient is positive 

between elements in a sample, it suggests similar contamination or pollution sources, e.g., soil, water, or air, while when it is negative, it 

suggests dissimilar contamination or pollution sources. The strength of correlation is based on the coefficient values. 
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2.8. Estimated daily intake (EDI) 

The estimated daily intake (EDI) of microelements was calculated as described by [18]. The chemometric model for calculating EDI is 

presented in equation (3.4)  

Estimated daily intake (EDI) =  

Where EDI is estimated daily intake of microelements per person per day (mg/person/day). C (mg/kg, dry weight basis): average metal 

concentration in the tested leafy vegetables; Cf (0.085): conversion factor used to convert the fresh to dry weight of the tested leafy 

vegetables, IngR (kg/person/day): daily average intake of the samples, the average daily consumption of the samples was considered as 

0.20 kg/person/day for adults, whereas 0.133 kg/person/day for children [19]. BW: average body weight of the target population, for adults, 

70 kg, and for children, 32.7 kg [20]. 

2.9. Target hazard quotient (THQ) 

The non-carcinogenic risks to human health via the consumption of metal-contaminated Fruits and Vegetables were estimated based on 

the hazard quotient (HQ), which is defined as the health risk due to exposure to a pollutant concerning the estimated daily intake (EDI). If 

the hazard quotient of a particular contaminant is less than one (<1), there would be no obvious adverse effects expected on the exposed 

population. The HQ was calculated by dividing the estimated daily intake (mg/kg/day) of the contaminant through fruit or Vegetable 

ingestion by the reference oral dose, as follows (Equation 3.5) 

The reference oral dose (RfD, mg/kg/day) is an estimated value of tolerable daily ingestion of pollutants (maximum permissible risk) by 

human beings during a lifetime. 0.7, 0.3, 0.05, 0.003, 0.001, and 0.004 for Fe, Zn, Mn, Cr, Cd, and Pb, respectively[21]. 

3. Statistical analysis of heavy metal concentrations in vegetables from Dakasoye farmlands 

The mean concentrations of selected heavy metals—Iron (Fe), Zinc (Zn), Cadmium (Cd), Chromium (Cr), Lead (Pb), and Manganese 

(Mn)—in vegetable samples collected from Dakasoye farmlands were statistically analyzed using IBM SPSS Statistics version 23.0.To 

determine whether there were statistically significant differences in heavy metal concentrations among the vegetable samples, Analysis of 

Variance (ANOVA) was performed. Additionally, Pearson correlation analysis was conducted to assess the relationships between the 

concentrations of the different heavy metals. The results of the ANOVA and correlation analyses are presented in Tables 2 and 3, 

respectively. 

3.1. Results 

The results of Vegetables from the Kura-Dakasoye Agricultural area are presented in Table 1below. 

 
Table 1: The Mean Concentrations of Micro Elements in the Samples Analysed 

Samples (mg/kg) Fe Zn Mn Cr Cd Pb 

Spinach- Amaranthus Hybridus (Alaiyahu) 5.878 4.884 1.43 0.212 0.034 0.272 

Cabbage- Brassica Oleracea 1.680 4.146 0.796 0.244 0.028 0.28 

Sesame Leaves (Karkashi) 6.462 4.722 1.094 0.318 0.034 0.25 
Baobab leaves- Adansonia digitata (Kuka) 8.800 3.062 1.450 0.368 0.044 0.022 

Lettuce- Lactuca Sativa (Salak) 12.456 4.898 4.542 0.436 0.048 0.748 

Onion- Allium Cepa (Albasa) 2.688 3.874 0.590 0.17 0.038 0.548 
Kenaf- Hibiscus Cannabinus (Rama) 7.812 5.252 3.242 0.286 0.003 0.216 

Senna- Cassia Senna (Tafasa) 10.578 4.976 1.378 0.388 0.046 0.404 

FAO 
WHO 

425.0 
425.5 

20.00 
99.4 

5.00 
5.00 

2.300 
1.30 

0.300 
0.200 

0.300 
0.300 

 
Table 2: Estimated Daily Intake (EDI, Mg/Person/Day) of Elements Through Consumption of the Samples 

Samples 
 Fe  Zn  Mn  Cr  Cd  Pb 

Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children 

Spinach Amaranthus 

Hybridus (Alaiyahu) 

1.4E-

2 
2.0 E-4 

1.2 

E-3 
1.7 E-3 

3.5 

E-4 
4.9 E-4 

5.1 

E-5 
7.3 E-5 

8.3 

E-6 
1.2 E-5 

6.6 

E-5 
9.4 E-5 

Cabbage- Brassica 

Oleracea 

4.1E-

2 
5.8 E-4 

1.0 

E-3 
1.4 E-3 

1.9 

E-4 
2.8 E-4 

5.9 

E-5 
8.4 E-5 

6.8 

E-6 
9.7 E-5 

6.8 

E-5 
9.7 E-5 

Sesame Leaves 

(Karkashi) 

1.6E-

3 
2.2 E-4 

1.1 

E-3 
1.6 E-3 

2.4 

E-4 
3.9 E-4 

7.7 

E-5 
1.1 E-5 

8.3 

E-6 
1.2 E-5 

6.1 

E-5 
8.6 E-5 

Baobab leaves- 
Adansonia digitata 

(Kuka) 

2.1E-

3 
3.0 E-4 

7.4 

E-4 
1.1 E-3 

3.5 

E-4 
5.0 E-4 

8.9 

E-5 
1.3 E-5 

1.1 

E-5 
1.5 E-5 

5.3 

E-6 
7.6 E-6 

Lettus- Lactuca Sativa 
(Salak) 

3.0E-
3 

4.3 E-4 
1.2 
E-4 

1.7 E-3 
1.1 
E-4 

1.6 E-3 
1.0 
E-4 

1.5 E-5 
1.2 
E-5 

1.7 E-5 
1.8 
E-4 

2.6 E-4 

Onion- Allium Cepa 

(Albasa) 

6.5E-

4 
9.3 E-4 

9.4 

E-4 
1.3 E-3 

1.4 

E-4 
2.0 E-4 

4.1 

E-5 
5.9 E-5 

9.3 

E-6 
1.3 E-5 

1.4 

E-6 
1.9 E-4 

Kenaf- Hibiscus 

Cannabinus (Rama) 

2.0E-

3 
2.7 E-4 

1.3 

E-3 
1.8 E-3 

7.9 

E-4 
1.1 E-4 

6.9 

E-5 
9.9 E-5 

7.3 

E-7 
1.0 E-6 

5.2 

E-5 
7.5 E-5 

Bitterleaf-Vernonia 

Amygdalina (Shuwaka) 

1.2E-

3 
1.7 E-4 

9.5 

E-4 
1.4 E-3 

3.5 

E-4 
5.0 E-4 

6.6 

E-5 
9.4 E-5 

5.8 

E-6 
8.2 E-6 

4.8 

E-5 
6.8 E-5 

Senna- Cassia Senna 
(Tafasa) 

2.6E-
3 

3.6 E-4 
1.2 
E-3 

1.7 E-3 
3.3 
E-4 

4.8 E-4 
9.4 
E-5 

1.0 E-5 
1.1 
E-5 

1.6 E-5 
9.8 
E-5 

1.4 E-4 

Reference oral dose 

(RFD) 
 7.0× 𝟏𝟎−𝟏  3.0× 𝟏𝟎−𝟏  5.0× 𝟏𝟎−𝟐  3.0× 𝟏𝟎−𝟑  1.0× 𝟏𝟎−𝟑  4.0× 𝟏𝟎−𝟑 
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Table 3: Target Hazard Quotient (THQ) of the Various Samples 

Samples  Fe  Zn  Mn  Cr  Cd  Pb 

 Adult Children Adult Children Adult Children Adult Children Adult Children Adult Children 

Spinach Amaranthus 
Hybridus (Alaiyahu) 

 

2.0E-

03  

2.9E-03 
4.0E-
03 

5.6E-03 
6.9E-
03 

9.9E-03 
1.7E-
02 

2.4E-02 
8.3E-
03 

1.2E-02 
1.7E-
02 

2.4E-02 

Cabbage- Brassica 

Oleracea 

5.8E-

04 
8.3E-04 

3.4E-

03 
4.8E-03 

3.9E-

03 
5.5E-03 

2.0E-

02 
2.8E-02 

6.8E-

03 
9.7E-03 

1.7E-

02 
2.4E-02 

Sesame Leaves 
(Karkashi) 

2.2E-
03 

3.2E-03 
3.8E-
03 

5.4E-03 
5.3E-
03 

7.5E-03 
2.6E-
02 

3.6E-02 
8.3E-
03 

1.2E-02 
1.5E-
02 

2.2E-02 

Baobab leaves- 
Adansonia digitata 

(Kuka) 

3.1E-

03 
4.3E-03 

2.5E-

03 
3.5E-03 

7.0E-

03 
1.0E-02 

3.0E-

02 
4.2E-02 

1.1E-

02 
1.5E-02 

1.3E-

03 
1.9E-03 

Lettuce- Lactuca Sativa 
(Salak) 

4.3E-
03 

6.2E-03 
4.0E-
03 

5.6E-03 
2.2E-
02 

3.1E-02 
3.5E-
02 

4.9E-02 
1.2E-
02 

1.7E-02 
4.5E-
02 

6.5E-02 

Onion- Allium Cepa 

(Albasa) 

9.3E-

04 
1.3E-03 

3.1E-

03 
4.5E-03 

2.9E-

03 
4.1E-03 

1.4E-

02 
1.9E-02 

9.2E-

03 
1.3E-02 

3.3E-

02 
4.7E-02 

Kenaf- Hibiscus 

Cannabinus (Rama) 

2.7E-

03 
3.9E-03 

4.3E-

03 
6.1E-03 

1.6E-

02 
2.2E-02 

2.3E-

02 
3.2E-02 

7.3E-

04 
1.0E-03 

1.3E-

02 
1.9E-02 

Bitterleaf-Vernonia 

Amygdalina (Shuwaka) 

1.7E-

03 
2.4E-03 

3.2E-

03 
4.5E-03 

7.0E-

03 
9.9E-03 

2.2E-

02 
3.1E-02 

5.8E-

03 
8.3E-03 

1.2E-

02 
1.7E-02 

Senna- Cassia Senna 

(Tafasa) 

3.7E-

03 
5.2E-03 

4.0E-

03 
5.7E-03 

6.7E-

03 
9.5E-03 

3.1E-

02 
4.4E-02 

1.1E-

02 
1.6E-02 

2.5E-

02 
3.5E-02 

 
Table 4: Pearson Correlation Coefficients for Micro Elements 

  Pb Cd Cr Mn Zn Fe  

Pb 1       

Cd 0.456417 1      

Cr 0.218515 0.291104 1     

Mn 0.46387 0.011428 0.559758 1    

Zn 0.153032 -0.19518 0.341599 0.219546 1   

Fe 0.250731 0.239275 0.904565 0.695508 0.289909 1  

 
Table 5: ANOVA Result 

Groups Count Sum Average Variance   

Fe 12 68.38 5.698333 12.97162   

Zn 12 50.522 4.210167 0.935201   

Mn 12 19.034 1.586167 1.354267   

Cr 12 3.688 0.307333 0.017492   

Cd 12 0.413 0.034417 0.000159   

Pb 12 3.83 0.319167 0.035189   

Source of Variation SS Df MS F P-value F crit 

Between Groups 339.4028 5 67.88057 26.59561 1.29E-14 2.353809 

Within Groups 168.4532 66 2.552322    
       

Total 507.8561 71         

3.2. Discussion 

From Table 1, Lettuce (Lactuca sativa) recorded the highest concentration of iro(12.456 mg/kg) among the samples analyzed, while 

Cabbage (Brassica oleracea) exhibited the lowest concentration (1.680 mg/kg). Analysis of variance (ANOVA) indicated a significant 

difference in iron concentrations among the samples (p <0.05)(Table 5). Iron was moderately correlated with lead (Pb), cadmium (Cd), 

and zinc (Zn), and strongly correlated with chromium (Cr) and manganese (Mn) (Table 4), suggesting common sources such as soil 

composition, irrigation water, and atmospheric deposition from industrial and agricultural activities. The iron concentrations were below 

the recommended permissible limit of 425.0 mg/kg [22], indicating minimal risk to consumers. 

The iron levels observed were lower than those reported in Ficus sycomorus (75.05 mg/kg) [19], Vernonia amygdalina (126.88 mg/kg) 

[23], Allium cepa leaf (27.46 mg/kg) [23], and Sesamum indicum leaf (23.33 mg/kg) [23], as well as Cordia dichotoma (24.15 mg/kg) [23] 

and Grewia tiliifolia (34.13 mg/kg) [23]. Similarly, iron concentrations in spinach from northeastern Iran were 4.74 mg/kg [24]. Higher 

iron contents were reported in Moringa (133.7 mg/kg) and Amaranthus (129.96 mg/kg) from Ghana [25], whereas lower levels were found 

in Foetid Cassia (0.242 mg/kg) [26], Kenaf (0.252 mg/kg) [27], spinach (0.071 mg/kg) [27], and lettuce (0.27 mg/kg) [27]. These variations 

reflect differences in soil mineral content, anthropogenic contamination, and agricultural practices. 

For zinc, Kenaf (Hibiscus cannabinus) recorded the highest concentration (5.252 mg/kg) and Baobab (Adansonia digitata) the lowest (3.062 

mg/kg) (Table 1). Significant differences in zinc concentrations were observed across samples (p < 0.05)(Table 5). Zinc showed weak 

correlation with iron (Table 4), suggesting differing sources, potentially including soil parent material and use of zinc-containing fertilizers 

or pesticides. zinc concentrations were below the permissible limit of 20.0 mg/kg [22], implying no immediate health risks. 

These zinc concentrations agree with those reported by [28], who found 5.4 mg/kg in Grewia tiliifolia, 3.85 mg/kg in Cordia dichotoma, 

2.13 mg/kg in Flacourtia indica, and 1.46 mg/kg in Glycosmis pentaphylla. Higher zinc levels in Spondia cytherea (58.77 mg/kg) [29], 

Syzygium malaccense (42.90 mg/kg) [29], and Cola pachycarpa (117.30 mg/kg) [29], as well as vegetable samples from allotment gardens 

in Poland (13.0–254.0 mg/kg) [30], reflect localized contamination from industrial emissions and intensive fertilizer use. Lower zinc 

concentrations were also reported in Foetid Cassia (0.227 mg/kg) [31], Kenaf (0.250 mg/kg) [31], Tossa jute (0.221 mg/kg) [31], and Wild 

jute (0.375 mg/kg) [31], as well as in leafy vegetables from China (<10 mg/kg) [32]. 

Manganese concentrations were highest in Lettuce (4.542 mg/kg) and lowest in Onion (Allium cepa) (0.590 mg/kg) (Table 1), with 

significant differences detected (p < 0.05)(Table 5). Manganese was moderately correlated with zinc and iron (Table 4), indicating a similar 

source, likely natural soil geochemistry, as well as anthropogenic inputs such as agrochemicals [46]. Manganese concentrations were below 

the permissible limit of 5 mg/kg [22], suggesting low health risks. 
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The manganese levels reported were higher than in Ficus racemosa (0.95 mg/kg) [28] and Meyna laxiflora (0.94 mg/kg) [28], and cabbage 

(0.417 mg/kg) and lettuce (0.160 mg/kg) in Malaysia [34]. However, they were substantially lower than elevated levels in Basella alba 

(1852 mg/kg), Spinacia oleracea (13,222 mg/kg), Lactuca sativa (59,861 mg/kg), and Brassica oleracea (9,018 mg/kg) [35], which may 

result from heavy industrial pollution. Similar ranges were reported in Ficus sycomorus (17.021 mg/kg) [23] and US leafy vegetables 

(5.388–216.6 mg/kg) [36]. 

Chromium concentrations ranged from 0.17 to 0.436 mg/kg, with Lettuce highest and Onion lowest (Table 1). significant differences were 

observed (p <0.05)(table 5). Chromium was strongly correlated with manganese, zinc, and iron (Table 4), supporting a common origin 

from soil, industrial emissions, and agricultural practices [46]. All chromium values were below the permissible limit of 0.3 mg/kg [22]. 

Comparative studies in Nigeria found chromium concentrations between 0.014 and 0.012 mg/kg in various vegetables [37], while vegetable 

samples from Algeria reported chromium below 1.5 mg/kg [38], both higher than the current study. Elevated chromium levels in Spondias 

cytherea (14.83 mg/kg) [31], Cola pachycarpa (30.25 mg/kg) [31], and Syzygium malaccense (25.00 mg/kg) [31], as well as in onions from 

Algeria (16.33 mg/kg) [39] and vegetables near tannery-affected areas in Australia (4.3–10.2 mg/kg) [40], highlight the impact of industrial 

pollution on chromium contamination. 

Cadmium concentrations ranged from 0.024 to 0.048 mg/kg, with Lettuce having the lowest and Bitter-leaf (Vernonia amygdalina) the 

highest (Table 1). significant differences were detected (p < 0.05)(table 5). Cadmium correlated positively with chromium, manganese, 

and iron but negatively with zinc (Table 4), indicating different contamination sources for cadmium and zinc. Likely cadmium sources 

include phosphate fertilizers, sewage sludge, and atmospheric deposition from industrial activities[46]. Most samples were below 

permissible limits except for Sesame leaves (0.318 mg/kg), Baobab leaves (0.368 mg/kg), Lettuce (0.436 mg/kg), Cassia Senna (0.388 

mg/kg), and Moringa (0.624 mg/kg), which exceeded recommended limits. 

Higher cadmium levels than observed here were reported in Garden egg (0.845 mg/kg) [33], Bitter leaf (0.70 mg/kg) [42], and leafy 

vegetables from Ethiopia (0.23–6.24 mg/kg) [43]. Conversely, similar levels were reported in Telfairia occidentalis (0.006 mg/kg), 

Pterocarpus mildbraedii (0.007 mg/kg), Gongronema latifolium (0.009 mg/kg), and Vernonia amygdalina (0.007 mg/kg) [44], and in South 

Korean leafy vegetables (0.03–0.08 mg/kg) [45]. 

Lead concentrations (Table 1) were highest in Lettuce (0.748 mg/kg) and Onion (0.548 mg/kg), with Baobab leaves showing the lowest 

level (0.022 mg/kg). Except for Cassia Senna (0.404 mg/kg), all samples were below the permissible limit of 0.30 mg/kg [22]. Elevated 

lead levels may result from pesticide and manure application, contaminated irrigation water, automobile exhaust, and waste disposal near 

cultivation sites [46]. ANOVA showed significant differences in lead among samples (p<0.05)(Table 5). Lead showed strong correlations 

with iron, zinc, chromium, manganese, and cadmium (Table 4), suggesting common contamination sources likely associated with 

agricultural activities, such as the use of phosphate fertilizers, pesticides, and irrigation with contaminated water." 

Lead concentrations were lower than those reported in Sesamum indicum leaf (1.55 mg/kg) [23], Lactuca capensis (4.59 mg/kg) [23], 

Amaranthus hybridus (2.54 mg/kg) [23], Adansonia digitata (3.70 mg/kg) [23], Brassica oleracea (1.00 mg/kg) [23], Allium cepa leaf (5.50 

mg/kg) [23], and Vernonia amygdalina (22.2 mg/kg) [23]. High lead concentrations were also noted in Amaranthus (4.3 mg/kg) [47], 

tomatoes (3.90 mg/kg) [47], cabbage (12.9 mg/kg) [47], and eggplant (12.0 mg/kg) [47]. Lower lead levels than those found here were 

reported in Foetid Cassia (0.118 mg/kg) [28], Kenaf (0.095 mg/kg) [28], Tossa jute (0.071 mg/kg) [28], and Wild jute (0.095 mg/kg) [28], 

as well as in Telfairia occidentalis (0.009 mg/kg) [47], Pterocarpus mildbraedii (0.012 mg/kg) [47], Gongronema latifolium (0.005 mg/kg) 

[47], and Vernonia amygdalina (0.011 mg/kg) [47]. Concentrations ranging from 2.526 to 9.143 mg/kg were reported in Amaranthus 

blitum, Ipomoea batata, and Curcubita maxima along the Msimbazi River in Tanzania [48], and lower levels (0.1–1.3 mg/kg) were found 

in red spinach, bathua, and coriander from Kolkata, India [49]. Similarly, [50] reported a lead concentration range of 0.00–0.0086 mg/kg 

in cabbage, lettuce, and Moringa oleifera leaves grown around Gwaigwaye Dam in Katsina State, indicating geographic variation likely 

influenced by differences in pollution sources. 

Table 2 summarizes the results of the Estimated Daily Intake (EDI) of heavy metals. The EDI values for Iron across all analyzed samples 

were found to be below the oral reference dose of 0.7 mg/kg/day, as established by the United States Environmental Protection Agency 

(US EPA). This indicates that exposure to Iron through the consumption of these vegetable samples is unlikely to pose adverse health 

effects to the consumer population. Furthermore, the Target Hazard Quotient (THQ) values for Iron, calculated for both adults and children, 

were below the threshold value of one (Table These findings suggest that the consumption of the studied vegetables does not present a 

significant health risk in terms of Iron exposure. 

The Estimated Daily Intake (EDI) values for zinc in all analyzed samples were below the oral reference dose of 0.3 mg/kg/day, as 

established by the United States Environmental Protection Agency (US EPA). This indicates that exposure to zinc through the consumption 

of the studied samples is unlikely to result in adverse health effects among the consumer population. Additionally, the Target Hazard 

Quotient (THQ) values for zinc in both adults and children were found to be less than one, as shown in Table 3. A THQ value below one 

suggests that there is no significant non-carcinogenic health risk associated with zinc intake from these samples. Therefore, the consumption 

of the analyzed samples does not pose a potential health risk concerning zinc exposure. 

The results of estimated daily intake (EDI ) for Manganese in all the samples analysed, as shown in Table 2, were below the reference oral 

dose (0.05 mg/kg/day set by the USEPA. Indicating that exposure to these elements through the consumption of the samples is unlikely to 

produce detrimental effects on the consumer population. The results of the target hazard quotient for Manganese in both adults and children 

are less than one, as presented in Table 3, Hence, there is no potential health risk through the consumption of the studied samples in terms 

of Manganese.  

The Estimated Daily Intake (EDI) values for cadmium in all analyzed samples, as presented in Table 2, were below the oral reference dose 

of 0.001 mg/kg/day established by the United States Environmental Protection Agency (US EPA). This indicates that exposure to chromium 

through the consumption of the studied samples is unlikely to cause adverse health effects in the consumer population. Furthermore, the 

Target Hazard Quotient (THQ) values for chromium in both adults and children were less than one, as shown in Table 3A. A THQ value 

below one suggests an absence of significant non-carcinogenic health risk. Therefore, based on both EDI and THQ assessments, the 

consumption of the analyzed samples does not pose a potential health risk concerning chromium exposure. 

The results of estimated daily intake (EDI ) for Chromium in all the samples analysed, as shown in Table 2, were below the reference oral 

dose (0.003 mg/kg/dayset by the USEPA. Thereby, indicating no harm in the consumption of the samples to the population. The results of 

the target hazard quotient for Cadmium in both adults and children are less than one, as presented in Table 3. Hence, there is no potential 

health risk through the consumption of the studied samples in terms of Cadmium. 

The results of estimated daily intake (EDI ) for Lead in all the samples analysed, as shown in Table 2, were below the reference oral dose 

(0.004 mg/kg/day) set by the U EPA. Indicating that exposure to this element through the consumption of the samples is unlikely to produce 

adverse effects on the consumer population. The results of the target hazard quotient for Lead in both adults and children were also less 

than one as presented in Table 3. Hence, there is no potential health risk through the consumption of the studied samples in terms of Lead. 
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4. Conclusion and recommendations 

4.1. Conclusion 

This study revealed that the analyzed vegetables from Dakasoye farmlands generally contain acceptable levels of essential and non-essential 

heavy metals, including iron, zinc, Manganese, chromium, cadmium, and lead. However, lead levels in some vegetable samples exceeded 

the safety limit and, therefore, might pose significant health risks  

Although the results show that most vegetables from Dakasoye farmlands contained metals within permissible limits, with localized lead 

contamination detected in some samples, these findings should be interpreted with caution. The study’s relatively small sample size may 

not adequately capture the full range of vegetable types and farming practices in the area. Furthermore, the lack of multi-season sampling 

restricts the ability to evaluate seasonal changes in metal accumulation, which could be influenced by variations in irrigation sources, 

rainfall, and atmospheric deposition. As such, the reported concentrations may not fully represent year-round exposure risks." 

4.2. Recommendations 

The use of contaminated water for irrigation should be avoided to reduce heavy metal uptake by vegetables. 

Good Agricultural Practices (GAP), including controlled application of fertilizers and agrochemicals, should be implemented. 

Periodic testing of soil and water in Dakasoye farmlands should be carried out to monitor contamination trends. 

Potential pollution sources, such as nearby industrial activities and improper waste disposal, should be identified and mitigated. 

Awareness of the risks of heavy metal contamination and safe farming practices should be raised among local communities. 

A policy-driven monitoring framework for regular surveillance of heavy metals in agricultural areas should be established, ensuring 

alignment of environmental standards with public health protection. 

Future research should be expanded to include other heavy metals and contaminants not analyzed in this study, such as Mercury, Nickel, 

Cobalt, Arsenic, and Selenium.  
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