
 

 

https://dx.doi.org/10.4314/dujopas.v12i1a.11 

ISSN (Print): 2476-8316  

ISSN (Online): 2635-3490  

Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.12 No. 1a March 2026 

*Author for Correspondence    

Waziri M. S. et al, DUJOPAS 12 (1a): 118-129, 2026                                                                                    118 

 

Soil-to-Plant transfer of Copper and Zinc and the 
associated Health Risk from Onion, Pepper, and 

Tomato in Maiduguri, Borno State, Nigeria. 
 

1Waziri, M. S*., Jennifer, O. C., 2.  3Tata, S.,4 Apagu B, Kyari B. A5 

 

2Department of Biology,  
University of Maiduguri 

 

1,3,4,5Department of Botany, 
 University of Maiduguri  

 

Email: waibra77@gmail.com 

 

Abstract 
Heavy metals, known for their non-biodegradable and hazardous nature, pose significant 
environmental and health risks. This study investigated copper and zinc contamination in tomatoes, 
onions, and peppers from three farms in Maiduguri, Borno State, Nigeria. Using an Atomic Absorption 
Spectrophotometer (AAS), heavy metal levels were analyzed in soil and edible parts of the vegetables. 
Results showed zinc transfer factor to leaf, fruit, and root as – 0 to 85, - 0 to 34, and - 0 to 13, 
respectively, while that of copper stood at - 0 to 41.33, - 0 to 43.33, and - 0 to 42.33, in leaf, fruit, and 
root, respectively. This shows that copper exceeded safe limits, while zinc levels were mostly within 
permissible limits of 11 mg/day.  However, the hazard quotient and hazard index revealed high risks of 
human health issues, including cancer, associated with consuming these vegetables. THQ values were 
observed for zinc and copper in the leaf and fruit of pepper collected from Mairi 202. The THQ values 
followed a decreasing order for Zn > Cu in all samples. This study underscored the need for proper 
regulation of fertilizers and pesticides application in other to mitigate heavy metal contamination. 
 
Keywords: Heavy metals, Bioaccumulation, zinc, copper, vegetables 
 
INTRODUCTION 
Vegetables are a vital component of global food production, serving as a rich source of 
essential nutrients, including vitamins, minerals, and fiber, as well as antioxidant properties 
that contribute significantly to human health (Chen et al., 2014). Nigeria is a notable player in 
global vegetable production, ranking second in Africa and seventh worldwide (Akinborode 
and Olaoye, 2024; FAO, 2020). In Maiduguri, Borno State capital, onions, peppers, and 
tomatoes are staple vegetables, integral to local cuisines. However, their cultivation often 
involves irrigation farming practices that may compromise their safety. 
 
The irrigation water used in Maiduguri's farming systems often comes from rivers 
contaminated by anthropogenic activities, introducing toxic chemicals, including heavy 
metals, into the soil (Abdullahi et al., 2025). Furthermore, common agricultural practices, such 
as the use of pesticides, herbicides, fertilizers, and organic manure, increase the risk of soil 
contamination with heavy metals (Akan et al., 2013). These contaminants can be transferred 
from the soil to the growing vegetables, posing potential health risks (Heidarieh et al., 2013). 
Onion (Allium cepa), pepper (Capsicum annum), and tomatoes (Lycopersicon esculentum) are 
staple vegetables in many cuisines, particularly in Nigeria. These vegetables are rich in 
essential nutrients, including vitamins, minerals, and antioxidants, which provide numerous 
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health benefits. Onions, for instance, are known for their strong antioxidant properties and 
anticancer compounds (Onakpa, 2018). Tomatoes are a rich source of vitamins, minerals, and 
essential amino acids (Ayandiji et al., 2011). 
 
Heavy metals, defined as metals with an atomic density greater than 4 g/cm3, are 
environmental pollutants that pose significant health risks (Onakpa, 2018). Common heavy 
metals include lead, cadmium, zinc, mercury, and copper, which can contaminate soil, water, 
and food crops (Bawa, 2023). Copper (Cu) and zinc (Zn), in particular, are essential 
micronutrients for plants and animals, but excessive accumulation can be toxic (Raymond and 
Felix, 2011). The World Health Organization estimates that environmental pollution is 
responsible for approximately a quarter of the diseases facing humanity today (Ahmodu, 
2016). Prolonged exposure to heavy metals can lead to chronic diseases, including kidney and 
liver damage, cardiovascular problems, and nervous system disorders (Vhahangwele and 
Khathushelo, 2016).  
 
This study aimed to investigate the levels of copper and zinc in the soil and edible parts of 
onion, pepper, and tomatoes grown in different irrigation farms of Maiduguri, Borno State, 
Nigeria. The findings will establish baseline data on the presence of these heavy metals, 
guiding strategies to mitigate their accumulation in the environment and safeguard consumer 
health. 
 
MATERIALS AND METHODS 
 
Study Area 
The study was conducted in Maiduguri, the capital city of Borno State, Nigeria. Maiduguri is 
located in the north-eastern part of the country. is geographically situated between latitudes 
11° 45' N and longitudes 13° 08' E to 13° 14' E, covering an area of approximately 453 km² 
(Waziri, 2007).  
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Figure 1: Map of Study Area 

 
 
Sample Collection 
 
Soil Sampling 
Soil samples were collected from three irrigation farms in Maiduguri, Nigeria. At each site, 
three replicate soil samples were collected randomly using a soil auger at a depth of 15 cm. A 
sample of 0.5 kg of soil was collected from each farm. 
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Vegetable Sampling 
Vegetable samples (onion, pepper, and tomato) were collected from three irrigation farms in 
Maiduguri, located at Shokari (11.85°N, 13.18°E), Mairi 202 Housing (11.79°N, 13.19°E), and 
University of Maiduguri (11.81°N, 13.20°E). At each farm, triplicate samples were collected 
randomly and transported to the Research Laboratory of the Department of Biological 
Sciences, University of Maiduguri. The samples were washed with tap water and then 
distilled water to remove dirt and soil particles. After that, they were separated into fruit, leaf, 
and root using a stainless-steel knife. The samples were stored in zip-lock bags and sent to the 
Analytical Laboratory of the Chemistry Department, Yobe State University, Damaturu, for 
further analysis. 
 
Sample Preparation and Analysis 
All sample preparations and analyses were conducted following the methods used by Bawa 
(2023) with little modification.  
 
Soil Sample Preparation 
Soil samples were air-dried in the laboratory, crushed into fine particles, and filtered through 
a 2mm sieve to obtain uniform particles. 

 
 

Vegetable Sample Preparation 
The fruits, leaves, and roots of the vegetables were sliced into smaller pieces and oven-dried 
at 80°C. The dried samples were then ashed in a muffle furnace and blended into a powder. 
The powdered samples were stored at room temperature for further analysis (Abdullahi et 
al., 2025) 
 
Digestion and Analysis 
One gram of each soil and vegetable sample was digested with a mixture of 10 mL of 70% 
nitric acid (HNO3), 65% perchloric acid (HClO4), and sulfuric acid (H2SO4) in a ratio of 5:1:1. 
The solution was digested until clear, then filtered and diluted to 50 mL with distilled water. 
The concentrations of copper and zinc were determined using an Atomic Absorption 
Spectrophotometer (AAS) PerkinElmer Analyst 300 (Bawa, 2023). 
 
Transfer Factor 
Transfer factor (Bioaccumulation) is the concentration of heavy metals in the soils and edible 
vegetable parts. It was calculated on the basis of dry weight. Using the formula below as 
described by Alina et al. (2012). 

Transfer factor (TF)= Heavy metal contents in edible parts (Mp) 
      Heavy metal content in soil (Ms) 

And is expressed in milligrams per kg. 
 
Daily Intake of Metals. 
The daily consumption of vegetables suggested by the WHO guidelines in the human diet is 
300 to 350g per person. The mean of 325 g/person/day was used in calculating the average 
daily intake (ADI) value. The average weight of a person was considered to be 60 kg (WHO, 
1995). The daily intake of metals (DIM) was determined by the formula used by Bawa et al. 
(2021). 
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𝐷𝐼𝑀 =
𝐶𝑀𝑒𝑡𝑎𝑙 ∗ 𝐶𝑓𝑎𝑐𝑡𝑜𝑟  ∗  𝐷𝑓𝑜𝑜𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝐵𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
 

Where  = Daily intake of metals (mg/day), 𝐶𝑀𝑒𝑡𝑎𝑙 = Heavy metal concentration in plant 
(mg/kg), 𝐶𝑓𝑎𝑐𝑡𝑜𝑟 = Conversion factor (0.085), 𝐷𝑓𝑜𝑜𝑑 𝑖𝑛𝑡𝑎𝑘𝑒  = Daily intake of vegetables (g/day), 

and 𝐵𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑣𝑒𝑟𝑎𝑔𝑒  = Average body weight (kg). 

 
Health Quotient (HQ) 
The health quotient (HQ) for the locals through the consumption of contaminated vegetables 
was assessed based on the food chain and the reference oral dose (𝑅𝐹𝐷) for each metal using 
the equation below as described by Yar’adua et al. (2019). 

𝐻𝑅𝐼 =
𝐷𝐼𝑀

𝑅𝐹𝐷
 

 
Where  = Daily intake of metals (mg/day), 𝑅𝐹𝐷 = Reference oral dose (mg/kg bw/day) 
and 𝑅𝐹𝐷  is the oral reference dose of the metal (mg/kg/day). RFD is an approximation of the 
daily tolerable exposure to which a person is expected to be exposed without any significant 
risk or harmful effects during a life span. For Zn and Cu, is 0.3 mg/kg/day and 
0.04 mg/kg/day, respectively, according to David and.Kacholi (2018). 
 
Targeted Hazard Quotient 
Hazard quotient is a proportion of the probable exposure to an element or chemical and the 
level at which no negative impacts are expected. When the quotient is <1, this means no 
potential health effects are expected from exposure, but when it is >1, it signifies that there are 
potential health risks due to exposure (Fan et al., 2014). The HQ is calculated as a fraction of 
the determined dose to the reference dose, as shown in the following equation:  

𝑇𝐻𝑄 =
𝐸𝐹 ∗ 𝐸𝐷 ∗ 𝐷𝐼𝑀

𝑅𝐹𝐷 ∗ 𝐵𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ∗ 𝐴𝑇
 

 
The target hazard quotient (THQ), which is dimensionless, is calculated using the exposure 
frequency of 365 days per year, an exposure duration of 60 years (the average lifespan of a 
Nigerian), an average body weight of 60 kg per person, and an average exposure time for non-
carcinogenic effects determined by multiplying the exposure duration by 365 days per year, 
while the oral reference dose (R_F D) is expressed in mg per kg per day. 
 
Statistical Analysis 
The data were analyzed using Microsoft Excel. Graphical representations, including 
charts, were used to visualize the results. Statistical analysis was performed to 
identify significant differences in heavy metal concentrations between the edible 
parts of the vegetables and the soil using Least Significant Difference (LSD) at a 0.05 
level of probability.  
 
RESULTS AND DISCUSSION 
Copper and Zinc Concentrations in Vegetables and Soil 
The results in Figures 2 and 3 show the concentrations of zinc and copper, respectively, in the 
parts of the vegetables and the soil. The results revealed significant variations in zinc and 
copper levels in soil and different parts of vegetables collected from three farms located at 
Shokari, Mairi 202, and the University of Maiduguri. The concentrations of Zinc ranged from 
0-170 mg/kg, 0 - 68 mg/kg, 0 - 26 mg/kg, and 0 - 12 mg/kg in leaf, fruit, root and soil 
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respectively (Fig. 2). While that of copper ranged from 170 - 438 mg/kg in leaf, 166 - 280 
mg/kg in fruit, 214 - 324 mg/kg in root and 0 - 14-mg/kg in the soil (Figure 3). 
 
These findings indicated that copper levels exceeded the safe limit of 40 mg/kg set by 
FAO/WHO (2013) in leaf, fruit, and root, while zinc levels were mostly within the safe limit 
of 60 mg/kg. The high copper levels in the vegetables suggested that they are not safe for 
consumption, particularly with long-term exposure. 
 

 
Figure 2: Zinc Concentrations in Vegetables and Soil Samples 
  

 
Figure 3: Copper Concentrations in Vegetables and Soil Samples  

 
Transfer Factor of Copper and Zinc in Parts of Vegetables 
The transfer factor (TF) of zinc and copper from soil to edible parts of onions, pepper, and 
tomato is presented in Figures 4 and 5.  Results show zinc Transfer Factor to leaf, fruit, and 
root as – 0 to 85, - 0 to 34, and - 0 to 13, respectively (Figure. 5), while that of copper stood at - 
0 to 41.33, - 0 to 43.33, and - 0 to 42.33, in leaf, fruit, and root, respectively. 
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The results showed zinc transfer from soil to the parts of the vegetables was higher than 
copper in comparison with the U.S. Department of Health and Human Services (2005) 
estimated daily intake of zinc; these values have exceeded the recommended daily limit of 11 
mg/day for men and 8 mg/day for women. While the average daily intake of copper was 
estimated to be 0.88 mg/person/day, accounting for 4.6% of total heavy metal intake, which 
also exceeded the tolerated daily intake limit set. 
 

 
Figure 4: Transfer Factor (TF) and Daily Intake of Metals (DIM) Chart for Zinc  

 
Figure 5: Transfer Factor (TF) and Daily Intake of Metals (DIM) Chart for Copper  

 
Health Quotient of Heavy Metals 
Figures 6 and 7 illustrate the health quotient (HQ) for zinc and copper in edible parts of 
vegetables from various irrigation farms in Maiduguri. The results showed that the HQ values 
for both zinc and copper were less than 1, indicating that consumption of these vegetables is 
unlikely to pose a significant health risk to adults. This finding agrees with previous studies 
conducted in Nigeria (Yuguda et al., 2015; Barau et al., 2018; Bawa et al., 2021; 2023). 
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Figure 6: Health Quotient (HQ) for Zinc in the Edible Parts of Vegetables 

 

 
Figure 7: Health Quotient (HQ) for Copper in the Edible Parts of Vegetables 

 

 
Target Health Quotient Analysis 
The non-cancer risks associated with copper and zinc consumption through vegetables were 
evaluated using the Target Health Quotient (THQ) method. Figures 8 and 9 present the THQ 
values for adults with an average body weight of 60 kg and average lifespan of 60 years. THQ 
values less than 1 indicate that consumption of these vegetables is unlikely to pose significant 
health risks. The results showed that the THQ values for both zinc and copper were below 1, 
suggesting minimal non-cancer risk concerns as agreed by the California Environmental 
Protection agency (2011). 
 
The highest THQ values were observed for zinc and copper in the leaf and fruit of pepper 
collected from Mairi 202. The THQ values followed a decreasing order for Zn > Cu in all 
samples. The sequence of risk was similar for both adults and children, with adults potentially 
accumulating higher levels of heavy metals over time due to prolonged exposure. 
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Figure 8: Targeted Hazard Quotient (THQ) for Zinc from Edible Parts of Vegetables 

 

 
Figure 9: Targeted Hazard Quotient (THQ) for Copper from Edible Parts of Vegetables 

 
Hazard Index Analysis 
The hazard index (HI) values for zinc and copper in edible parts of vegetables are presented 
in Figure 10. The results show HI values ranging from: - 32.61 to 84.69 for leaves and 32.66 to 
53.71 for fruits. All HI values exceeded 1, indicating an unacceptable level of non-carcinogenic 
health risks. This suggests that long-term consumption of these vegetables may lead to 
adverse health effects due to heavy metal accumulation. The high HI values observed for zinc 
and copper in pepper, onion, and tomato posed a significant health risk to consumers. 
These findings are consistent with previous studies (Ekere et al., 2014; Ametepey et al., 2018; 
Onyele and Anyanwu, 2018), who also reported high HI values associated with heavy metal 
contamination in vegetables. 
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Figure 10: Hazard Index Chart for Leaf and Fruit 

 
CONCLUSION AND RECOMMENDATIONS 
Zinc and copper are essential nutrients, but prolonged exposure can lead to bioaccumulation 
and adverse health effects. This study investigated the levels of copper and zinc in tomatoes, 
onions, and peppers from three farm areas in Maiduguri, Nigeria. Using an Atomic 
Absorption Spectrophotometer (AAS), the leaves, fruits, and roots of these vegetables were 
analyzed, as well as the soil in which they were grown. The results showed that copper levels 
exceeded safe limits, while zinc levels were generally within permissible limits, except for two 
samples. The hazard quotient and hazard index analysis revealed that consuming these 
vegetables poses significant health risks, including cancer, due to high hazard index values (> 
1). 
 
Based on the study's findings, it is recommended that the use of agricultural chemicals and 
pesticides should be regulated by agricultural and environmental regulatory agencies. This is 
due to their polluting effects and potential contribution to heavy metal contamination in 
farmlands. Biological control measures should be exploited as a safer alternative. Further 
research should be conducted in the study area and beyond to investigate heavy metal 
contamination in various types of vegetables and to assess a broader range of heavy metals. 
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