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Abstract 

This study aimed to assess the levels of heavy metals, specifically Lead (Pb), Cadmium (Cd), 

and Chromium (Cr), in selected vegetables sold at five different markets in Gombe State, 

Nigeria: Arawa Market, Tumfure Market, Kasuwan Mata, Pantami, and Main Market. The 

concentrations of these heavy metals were determined using Atomic Absorption 

Spectrophotometer (AAS). The results indicated that Lead levels ranged from 0.007 to 0.010 

mg/kg, Cadmium from 0.013 to 0.057 mg/kg, and Chromium from 0.733 to 2.333 mg/kg across 

all samples, except for Capsicum annuum and Lycopersicon esculentum, which were not 

detected in any of the market sites. The highest concentration of Chromium (2.333 mg/kg) was 

found in Capsicum annuum at Pantami Market, while the lowest Lead concentration (0.007 

mg/kg) was found in Capsicum chinense. All detected heavy metal concentrations were within 

the permissible limits of 0.3 mg/kg for Lead and 0.10 mg/kg for Cadmium, except for the 

concentration of Chromium in Capsicum annuum from Pantami Market, which exceeded the 

FAO/WHO (2001) stipulated limit of 2.30 mg/kg. Therefore, while consumption of these 

vegetables may not pose a risk for Lead and Cadmium toxicity, it may lead to Chromium 

toxicity if Capsicum annuum from Pantami Market is consumed in significant quantities. 
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INTRODUCTION 

Heavy metals are among the major contaminants of food 

supply and may be considered the major problem to our 

environment. Such problem is getting more serious all over 

the world especially in developing countries such as North 

and South Africa, Turkey, Yemen, Zimbabwe, Nigeria, 

Tanzania and Egypt (Radwan and Salama, 2006). 

Contamination of vegetables with heavy metals may be due to 

irrigation with contaminated water, the addition of fertilizers 

and metal-based pesticides, industrial emissions, 

transportation, the harvesting process, storage and/or at the 

point of sale (markets) (Husain, et al., 2008). Human beings 

are encouraged to consume more vegetables and fruits, which 

are beneficial for health. Heavy metals may enter the human 

body through inhalation of dust, consumption of contaminated 

drinking water and consumption of food plants grown in 

metal contaminated soil (Radwan and Salama, 2006). 

The term vegetable applies to edible part of the plant that 

stores food in roots, stems, or leaves. Vegetables are green 

and leafy-like in appearance bearing edible stems or leaves 

and roots of plants (Sharma, 2004). Vegetables constitute 

essential diet components by contributing carbohydrates, 

proteins, vitamins, iron, calcium and other nutrients that are in 

short supply. Vegetables also contain both essential and toxic 

elements over a wide range of concentrations. Metals in 

vegetables pose a direct threat to human health. Plants and 

vegetables take up elements by absorbing them from 

contaminated soils and waste water used for irrigating them as 

well as from deposits on different parts of the plants exposed 

to the air from polluted environment (Funtuaet al., 2008). 

Vegetables, especially those of leafy vegetables grown in 

heavy metals contaminated soils, accumulate higher amounts 

of metals than those grown in uncontaminated soils because 

of the fact that they absorb these metals through their roots 

(Muhammad et al., 2008). Vegetables accumulate heavy 

metals in their edible and non-edible parts. Absorption 

capacity of heavy metals depends upon the nature of 

vegetables and some of them have a greater potential to 

accumulate higher concentrations of heavy metals than others 

(Akan et al., 2009). 
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Heavy metal accumulation in plants depends upon plant 

species, and the efficiency of different plants in absorbing 

metals is evaluated by either plant uptake or soil-to plant 

transfer factors of the metals. Dietary exposure to heavy 

metals, namely cadmium (Cd), lead (Pb), zinc (Zn), copper 

(Cu) and other has been identified as a risk to human health 

through the consumption of vegetable crops. Heavy metals are 

given special attention throughout the globe due to their toxic 

and mutagenic effects even at very low concentration (Sharma 

and Chettri, 2005). 

Vegetables comprise about 15% of the daily diet of the 

Nigerian population. The high quality of vegetables 

production means good health for the consumers (Jipaninet 

al., 2001). However, the environmental pollutants may harm 

the quality of vegetables which ultimately can induce harmful 

effects on the consumer’s health. The main environmental 

pollutants in vegetables are toxic heavy metals from 

agronomic sources particularly agricultural, chemical and 

processing operations (Suruchi and Khanna, 2011). Human 

activities may also increase the concentration of heavy metals 

in the environment (Tuan and Popova, 2013). Several studies 

have shown that some of the common vegetables are capable 

of accumulating high levels of metals from the contaminated 

soil (Wilberforce and Nwaabue, 2013). Many people were 

diseased resulting from consumption of contaminated 

vegetables (Ismail, 2009). 

Materials and Methods 

Study Area 

The study was conducted in Gombe Metropolis, Nigeria, 

focusing on five markets: Arawa Market, Tumfure Market, 

Kasuwan Mata, Pantami, and Main Market.  

Sample Collection 

Vegetable samples were collected randomly from each 

market. The selected vegetables included commonly 

consumed varieties. 

Heavy Metal Analysis 

The concentrations of Lead, Cadmium, and Chromium in the 

vegetable samples were determined using Atomic Absorption 

Spectrophotometry. The samples were prepared following 

standard protocols for heavy metal analysis. 

Data Analysis 

The data were analyzed using descriptive statistics, and 

comparisons were made against permissible limits set by 

FAO/WHO. 

Results 

The findings revealed the following concentrations of heavy 

metals in the vegetable samples: 

**Lead (Pb)**: Ranged from 0.007 to 0.010 mg/kg 

**Cadmium (Cd)**: Ranged from 0.013 to 0.057 mg/kg 

**Chromium (Cr)**: Ranged from 0.733 to 2.333 mg/kg 

Notably, Capsicum annuum and Lycopersicon esculentum 

were free from heavy metal contamination in all market sites. 

The maximum concentration of Chromium (2.333 mg/kg) was 

detected in Capsicum annuum from Pantami Market, 

surpassing the FAO/WHO limit. 

Table 1: heavy metals concentration of three vegetables 

Location         Samples              Concentrations (mg/kg) 

Cadmium (Cd) Chromium (Cr) Lead (Pb) 

ARW Chilli pepper 0.053±0.047 

 

 

0.733±0.643 ND 

ARW Hot pepper ND 

 

 

1.500±0.265 0.010±0.017 

ARW Tomato 0.057±0.042 1.333±0.416 ND 

PTM Chilli pepper 0.043±0.035* 

  

 

2.333±0.321* ND 

PTM Hot pepper 0.057±0.006* 

  

 

1.533±0.231* ND 

PTM Tomato ND 2.200±0.265* ND 

TMF Chilli pepper 0.013±0.023* 

  

 

1.700 ±0.529 ND 

TMF Hot pepper 0.013±0.023* 

  

 

1.500±0.265 ND 

TMF Tomato 0.053±0.047* 

  

 

1.533±0.208 ND 

KMT Chilli pepper 0.047±0.045 

  

 

1.500±1.300* ND 

KMT Hot pepper 0.017±0.030 

  

 

0.967±0.950* ND 

KMT Tomato 0.033±0.035 

  

 

1.467±1.274* ND 

MMT Chilli pepper 0.047±0.057 

  

 

1.167±1.012 ND 

KMT Hot pepper 0.033±0.058 1.367±1.185 0.007±0.012 

KMT Tomato 

FAO/WHO 

0.020±0.035 

0.100 

  

 

1.167±1.150 

2.300 

ND 

0.300 

(mg/kg) 
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The values are given as mean ± SD and the results are means 

of three replicates. 

Mean values in the same column followed by the (*asterisk) 

are significantly different (p<0.05). 

Key: 

ND= Not Detected 

ARW= Arawa 

PTM= Pantami 

TMF= Tumfure 

KMT= Kasuwar Mata 

MMT= Main Market 

 

Figure 1:Heavy metals concentration (Mg/Kg) in vegetables 

from Arawa Market 

 

Figure 2:Heavy metals concentration (Mg/Kg) in vegetables 

from Pantami Market 

 

Figure 3: Heavy metals concentration (Mg/Kg) in vegetables 

from Tumfure Market 

 

Figure 4:Heavy metals concentration (Mg/Kg) in vegetables 

fromKasuwarmata. 

 

Figure 5:Heavy metals concentration (Mg/Kg) in vegetables 

frommain Market. 

Discussion 

Cadmium (Cd) 

Cadmium is highly toxic heavy metal and it does not have a 

role in biological process in living organisms. Thus, even in 

low concentration Cadmium could be harmful to living 

organisms (Ambedkar and Muniyan, 2013). High 

concentrations of Cadmium in living system could lead to 

anaemia, renal damage, bone disorder and cancer of the lungs 

(Edward et al., 2013). Cadmium (Cd) is a non-essential in 

foods and natural waters and it accumulates principally in the 

kidney and liver (Dakikyet al., 2002). According to Kimaniet 

al., (2011), Cadmium is toxic to human even at low 

concentration. It is reported to cause osteomalacia. It badly 

affects the cardio vascular system and kidney functioning. 

The different concentrations of Cadmium absorbed by 

vegetables from the study area may be due to the contents of 

heavy metals present in the soil, fertilizer and or 

environmental pollution.The result shows that the 

concentration of Cadmium ranges (0.013-0.057 mg/kg). 

Results also showed a significant variation in the levels of 

Cadmium between the test vegetables ((p<0.05). From the 

result obtained, the concentrations of Cadmium in all the 

study area were within the permissible limit (0.2 mg/kg) set 

by FAO/WHO (2001). 

Chromium (Cr) 
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Chromium is one among the toxic heavy metals. High 

concentration of Chromium in living system could lead to 

ulcer, skin irritation, liver and kidney damage (Kumar et al., 

2006).The result shows that the concentration of Chromium 

ranges from (0.733-2.333 mg/kg) which were the highest in 

all the sample analyzed.The high level of Chromium in 

Capsicum annuumfrom pantami market (which is from 

bomaladadda) could be attributed to the possible high levels 

of metal in contaminated wastewater being used for 

irrigation.Results also showed a significant variation in the 

levels of Chromium between the test vegetables 

((p<0.05).result from this study shows that levels of 

Chromium are within the permissible limit (2.30 mg/kg)set by 

FAO/WHO (2001), except for Capsicum annumm(2.333 

mg/kg) from pantami market. 

Lead (Pb) 

Lead has been shown to have toxic impact on a variety of 

metabolic process essential to plant growth and development 

including photosynthesis, transpiration, DNA synthesis and 

mitotic activity (Kimaniet al., 2011). Lead toxicity leads to 

anaemia, neurotoxicity, hemotoxicity, nephrotoxicity and 

toxic metabolic encephalopathy. It targets organs and tissues 

including the heart, bones, brain, intestines, kidneys and the 

reproductive system, thus capable of disrupting metabolic 

processes (Deng et al., 2006). The level of Lead from this 

study was not detected or are below detection limit in all the 

samples except0.007±0.012 mg/kg for Capsicum Chinense in 

main market and 0.01±0.017 mg/kg for Capsicum Chinense in 

Arawa market which shows no significance difference 

between the locations((p<0.05). All these are lower than the 

permissible limit (0.3 mg/kg) set by FAO/WHO (2001). Lead 

(Pb) is a toxic element that can be harmful to plants, although 

plants usually show ability to accumulate large amounts of 

lead without visible changes in their appearance or yield. In 

many plants, Pb accumulation can exceed several hundred 

times the threshold of maximum level permissible for human 

consumption (Muhammad et al., 2008).  The high levels of Pb 

in some plants may probably be attributed to pollutants in 

irrigation water, farm soil or due to pollution from the 

highways traffic (Qui et al., 2004). 

The analysis revealed that there was significant variation in 

the concentrations of Chromium across different markets. The 

highest levels of Chromium were observed in Capsicum 

annuum from Pantami market (2.333 mg/kg), while the lowest 

were found in Capsicum chinense from Gombe Main market. 

Lead and Cadmium concentrations were relatively consistent 

across markets, with all values falling below the FAO/WHO 

permissible limits. 

Conclusion 

The study concludes that the consumption of vegetables from 

Gombe Metropolis may not pose significant risks for Lead 

and Cadmium toxicity; however, caution should be exercised 

regarding the consumption of Capsicum annuum from 

Pantami Market due to its high Chromium content. Further 

studies are recommended to assess the sources of these heavy 

metals and to develop strategies to mitigate their presence in 

vegetables. 
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