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ABSTRACT 

Fruits and vegetables contaminated with heavy metals can pose health risks to humans. Non-

carcinogenic and carcinogenic risks of some metals (Cu, Cd, Cr, Pb, and Ni) in carrots cultivated in 

Wudil, Kano, Nigeria was investigated by calculating the chronic daily intake (CDI), target hazard 

quotient (THQ), hazard index (HI), and carcinogenic risk (CR) of the metals. The mean 

concentrations of the metals were in the following decreasing order: Cu>Cr>Ni>Pb>Cd. The levels 

of all the metals were below the maximum tolerable limit set by FAO/WHO. The THQ for the heavy 

metals were all less than one (THQ < 1), showing that these metals did not constitute a non-

carcinogenic risk to the population through the consumption of carrots. The percentage contributions 

of the metals to the total non-carcinogenic risk were in the following order: Cr>Pb>Cu>Cd>Ni. Cr 

was the major contributor to the total non-carcinogenic risk and accounted for 57.61% of the total 

risk, while Pb, Cu, Cd, and Ni contributed 15.64%, 12.76%, 7.41%, and 6.58% respectively. The CR 

were all below the upper limit of 1×10-4, suggesting that lifetime exposure to these metals through 

the consumption of carrots did not pose a cancer risk to the population. The levels of the investigated 

metals in carrots in the area did not pose any risk to the consumers. However, there is a need to 

monitor the metals on regular basis to ensure the safety of the consumers. 
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INTRODUCTION 

Fruits and vegetables are of significance in the 

daily diet as they are rich in proteins, 

carbohydrates, minerals, vitamins, and fibres 

(Baghaie and Fereydoni, 2019). A diet rich in 

vegetables and fruits can lower blood pressure, 

reduce the risk of heart disease and stroke, 

prevent some types of cancer, and lower the 

risk of eye and digestive problems. Based on 

this, the WHO recommended the consumption 

of a minimum of 400 g of fruits and vegetables 

daily (excluding potatoes and other starchy 

tubers) (WHO, 2004). Although vegetables are 

vital component of human diets, they are also 

capable of accumulating high levels of toxic 

metals from the environment (Xiong, 1998; 

Cobb et al. 2000; Adriano, 2001; Molla et al. 

2021). They bioaccumulate in the roots, stems, 

fruits, grains, and leaves of plants (Fatoki, 

2000). 

Due to their properties such as toxicity, 

persistence, and non-biodegradation, heavy 

metals has become a serious global 

environmental threat, particularly in urban 

areas (Zwolak et al. 2019). High levels of these 

metals in agricultural soils and plants arise 

mainly from anthropogenic sources, which 

include mining, smelting, waste disposal, 

urban effluents, vehicle exhausts, sewage 

sludge, pesticide, herbicides, and fertilizers 
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application (Abdullahi et al. 2021). The use of 

agrochemicals and wastewater for irrigation 

has been implicated as the sources of metals in 

most of the studies on vegetables (Mahmood 

and Malik, 2014; Chauhan and Chauhan, 

2014; Xu et al. 2022). Absorption and 

accumulation of heavy metals in plant tissues 

depend upon the plant species and soil 

properties such as soil type, temperature, 

moisture, organic matter, pH, and nutrient 

availability (Hu et al. 2017; Onakpa et al. 

2018). However, soil to plant transfer is not the 

only route of accumulation of heavy metals 

from the environment. Aerial deposition onto 

leaf surfaces and trapping of metals in hairs or 

rough cuticle surfaces are also significant 

routes (Marschner, 1995; Onoyima, 2021). 

Some of these metals are essential for the 

normal function of the body, while some have 

no known function in the body. Higher levels 

of both essential and non-essential metals in 

food pose potential health risks to human and 

animal consumers (Ndibukke and Egbe, 

2018). Heavy metals in food plants accumulate 

in organs resulting in diverse health risks 

(Mahmood and Malik, 2014; Likuku and 

Obuseng, 2015; Emurotu and Onianwa, 2017), 

including cellular damage, alteration of 

enzyme specificity (Chen et al. 2016), damage 

to the structure of DNA and alterations of gene 

expression (Hussein et al. 2005), 

carcinogenesis and neurotoxicity (Jomova et 

al. 2011). Toxic metals in food also 

significantly decrease vitamin C and other 

essential nutrients in the body, leading to a 

decline in immunity, deterioration of human 

functions, and disabilities associated with 

malnutrition (Liu et al. 2005). 

There is a rise in research related to food safety 

due to human health risks posed by the 

consumption of metal-contaminated food. 

Human health risk assessment is the 

characterisation of the potential adverse 

effects on humans as a result of exposure to 

environmental hazards, and is expressed in 

terms of non-carcinogenic and carcinogenic 

health risks (USEPA, 1989). As recommended 

by the United States Environmental Protection 

Agency (USEPA), non-carcinogenic risk 

values are calculated using chronic daily 

intake (CDI), hazard quotient (HQ), and 

hazard index (HI), while the carcinogenic risk 

is calculated with chronic daily intake (CDI) 

and cancer slope factor (CSF). Non-

carcinogenic risk assessment makes use of 

threshold reference dose (RfD) (a dose below 

which no adverse health effect will be 

observed), while there is no safe threshold for 

exposure to carcinogenic chemicals, which 

implies there is a chance of cancer developing 

with exposure at low doses (USEPA, 1986). 

The uptake of heavy metals from the 

environment by plants has been widely studied 

(Abba et al. 2020; Aendo et al. 2020; Karimi 

et al. 2021; Onoyima, 2021; Xu et al. 2022). 

Vegetables are known to be good absorbers of 

heavy metals from the soil. Leafy vegetables 

and root vegetables have the greatest ability to 

accumulate these metals (Chauhan and 

Chauhan, 2014; Zwolak et al. 2019). Carrot is 

a root vegetable, largely cultivated in Northern 

Nigeria, including Kano, Kaduna, Plateau, 

Sokoto, and Jos. The root is consumed by 

many on daily basis and contains high 

quantities of alpha and beta carotenes, 

vitamins B and K. They are widely used in 

many cuisines, especially in the preparation of 

salads. The present study aims to assess the 

non-carcinogenic and carcinogenic risks posed 

by the consumption of carrots by both the adult 

and children population of Wudil, Kano, 

Nigeria. Human health risk assessment uses 

risk as an evaluation index to link 

environmental pollution with human health 

and quantitatively describes the risk of 
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pollution to human health (Tian et al. 2019). 

The study will give information about any 

threat of heavy metals contamination in the 

vegetables, as consumption of contaminated 

vegetables constitutes an important route of 

human exposure to heavy metals. The main 

aim is to provide useful information to 

policymakers and regulators. 

MATERIALS AND METHODS 

Sample collection and analysis 

Freshly harvested carrots were selected 

directly from the farmers at three different 

locations in the area. The samples were 

washed repeatedly with running tap water and 

rinsed three times with distilled water. They 

were sliced into small pieces, oven-dried at 70 
oC for 48 h, and ground into a powder with 

mortar and pestle. The powder was then sieved 

with a 3 mm sieve to obtain a fine powder. 

Approximately 1 g of the powdered sample 

was transferred into a beaker and a mixture of 

5 ml of 60 % HCl and 10 ml of 70 % HNO3 

was added and digested in a hot plate at 100 oC 

for 2 h. Then, 20 ml of distilled water was 

added and heated until a colourless solution 

was obtained. The solution was removed and 

allowed to cool. Distilled water was then 

added to make it up to 100 ml in a volumetric 

flask. The solution was stirred and filtered and 

the filtrate was used to determine the 

concentration of the heavy metals using 

Atomic Absorption Spectrophotometry.  

Exposure assessments 

Exposure assessment using the chronic daily 

intake of metals was evaluated to estimate the 

average daily loading of metal into the body 

system of a specified body weight of a 

consumer. The daily intake of metal in this 

study was calculated based on the formula 

reported by Sajjad et al. (2009) as shown: 

CDI = 
𝐶𝑚 𝑥 𝐶𝐹 𝑥 𝐷𝐹𝐼

𝐵𝑊
                                (1) 

Where, Cm, CF, DFI, and BW represent the 

concentration of the heavy metals, conversion 

factor, daily food intake, and body weight 

respectively. A conversion factor (CF) of 

0.085 was used to convert the fresh sample 

weight to dry weight, while the average adult 

and children daily vegetable intake rate of 

0.345 and 0.175 kg/person/day respectively, 

and body weight of 60 kg and 32.7 Kg for 

adults and children respectively were used as 

reported in the literature (Wang et al. 2005; 

Likuku and Obuseng, 2015). 

Non-carcinogenic risk assessment 

The non-carcinogenic risk estimation of heavy 

metals consumption was determined using the 

Target Hazard Quotient (THQ) and Hazard 

Index (HI).  

THQ = 
𝐶𝐷𝐼

𝑅𝑓𝐷
                                    (2) 

Where RfD is the oral reference dose 

(mg/kg/day), defined as the daily oral 

exposure to a substance that will not result in 

any deleterious effect in a lifetime for a given 

human population. The RfD values for the 

assessed metals are as follows: Cd = 0.001, Cu 

= 0.04, Ni = 0.02, Pb = 0.0035, and Cr = 0.003 

(FAO/WHO, 2013). 

The target hazard quotient (THQ) based on 

average daily intake (CDI) of THQ ≤ 1 

indicates no risk (USEPA, 1989).  

The hazard index (HI) was calculated as the 

summation of the Target Hazard Quotient 

(THQ) arising from all the metals examined.  

HI = ΣTHQ                               (3) 

The value of the hazard index is proportional 

to the magnitude of the toxicity of the 

vegetables consumed. 
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Carcinogenic risk assessment  

Carcinogenic risk (CR) assessment estimates 

the probability of an individual developing 

cancer over a lifetime due to exposure to the 

potential carcinogen. CR was calculated using 

equation 4 below:  

CR = CSF × CDI                                 (4) 

Where CDI and CSF are the chronic daily 

intake (mg/kg/day) and cancer slope factors 

(mg/kg/day)-1 respectively. The ingestion CSF 

is a reasonable upper-bound approximation of 

the prospect of a body response per ingestion 

of hazardous substances over a lifespan. The 

CSF for the studied heavy metals with oral 

carcinogenic data are: Cd = 0.38; Pb = 0.0085; 

Cr = 0.5 (USEPA, 1999).  

According to USEPA, (2011) CR between 1 × 

10-6 to 1 × 10-4 represents a range of 

permissible predicted lifetime risks for 

carcinogens. Chemicals for which the risk 

factor falls below 1 × 10-6 may be eliminated 

from further consideration as a chemical of 

concern. 

RESULTS AND DISCUSSION 

Heavy metal concentrations in carrots 

The mean concentrations (mg/kg) of heavy 

metals in carrots selected from different 

locations in Wudil, Kano are presented in 

Table 1. The values showed that the decreasing 

order of the mean concentrations of the heavy 

metals was: Cu > Cr > Ni > Pb > Cd. Copper 

(Cu) has the highest mean concentrations 

(0.4300±0.0153 - 0.4567±0.0460 mg/kg), 

which are all below the maximum tolerable 

limit of 40.00 mg/kg set by FAO/WHO, 

(2001). The values are far lower than those 

obtained for carrots cultivated in an industrial 

area of Kano by Abba et al. (2020) 

(6.01±1.00); in Kano metropolis by Lawal and 

Audu, (2011) (0.69±0.12 – 7.5±1.08), and 

those in Berlin Germany (5.4 – 23.2 mg/kg) 

and in Wisley UK (4.43 mg/kg) by Säumel et 

al. (2012) and Alexander et al. (2006) 

respectively. The values were comparable to 

those of Doherty et al. (2012) in Lagos 

Nigeria; and higher than results obtained in 

Jos, Nigeria by Mafuyai et al. (2020) 

(0.155±0.02 mg/kg), and in Chenzhou City, 

China by Zhou et al. (2016) (0.227±0.011 

mg/kg) and Xu et al. (2022) (0.1861 mg/kg). 

Sources of Cu in agricultural soil include 

electrical equipment, chemicals, paints, 

agricultural pesticides (e.g. copper sulphate), 

preservatives, vehicular emission, and brake 

pad wear, etc. (Cui et al. 2019; Al-Edresy et 

al. 2019). 

The levels of Cr in the carrots ranged from 

0.1263±0.0029 to 0.1690±0.0104 mg/kg. 

These values are below the FAO/WHO safe 

limit of 2.3 mg/kg. The values are similar to 

the results obtained for carrots in Jos, Nigeria 

(0.158±0.04) (Mafuyai et al. 2020) but lower 

than those reported by Abba et al. (2020) 

(65.10±3.20) and Udibia et al. (2018) (1.19 – 

3.76 mg/kg) in an industrial area in Kano, 

Nigeria; and Säumel et al. (2012) (0.10 – 2.39 

mg/kg) in Berlin Germany. The values of Cr in 

carrots obtained in this study were higher than 

those reported by Guerra et al. (2012) (0.09 

mg/kg), Pan et al. (2016) (0.057 mg/kg), and 

Antoine et al. (2017) (0.031 mg/kg). Sources 

of Cr in the agricultural soil include 

application of chemical fertilizers and 

pesticides, wastewater from industries (Islam 

et al. 2009; Bhuiyan et al. 2011), atmospheric 

deposition from coal-burning dust, 

electroplating, paints, and laboratory effluents 

(Cui et al. 2019; Astatkie et al. 2021). 

The concentrations of Ni ranged from 

0.0900±0.0100mg/kg to 0.1467±0.0623mg/ 

kg, which are all below the maximum 

permissible limit set by FAO/WHO (1.0 
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mg/kg). The values were also below the ones 

reported by Abba et al. (2020) (2.90±1.11 

mg/kg) and Lawal and Audu, (2011) 

(2.02±0.35 mg/kg) in Kano, Nigeria, but 

comparable to those reported by Guerra et al. 

(2012) in Sao Paulo, Brazil (0.11 mg/kg) and 

Säumel et al. (2012) in Berlin Germany (0.07 

– 1.93 mg/kg). Ni is widely distributed in 

nature, forming about 0.008% of the earth’s 

crust (IARC, 1990). It is released into the soil 

and then plants from Cu-Ni smelting, burning 

of diesel oil containing Ni, city effluents, bio-

solid, impurities in fertilizers, mining, etc. 

(Alloway, 1990). 

The mean concentrations of Pb in carrots in 

this study were between 0.0213±0.0048 mg/kg 

to 0.0717±0.0152 mg/kg. The levels of Pb are 

all below the maximum permissible limit of 

0.3 mg/kg set by FAO/WHO, (2001). These 

values obtained in this study are also lower 

than those reported by Mafuyai et al. (2020) 

(0.545±0.03 mg/kg) in Jos Nigeria; Udibia et 

al. (2018) (0.34 – 1.03 mg/kg) and Lawal and 

Audu, (2011) (21.22 – 35.28 mg/kg) in Kano 

Nigeria; Guerra et al. (2012) (0.38 mg/kg) in 

Sao Paulo, Brazil; and Zhou et al. (2016) 

(0.233±0.001 mg/kg) in Chenzhou, China. The 

results were, however, comparable to those 

reported by Pan et al., (2016) (0.034 mg/kg) 

and Xu et al. (2022) (0.0153 mg/kg). Sources 

of Pb include automobile exhaust, wastewater 

sludge, pesticides, batteries, solders, bearings, 

cable covers, ammunition, and pigments 

(Wuana and Okieimen, 2011). 

The levels of Cd (ND - 0.0143±0.0043 mg/kg) 

in the samples of carrots in this study are all 

below the maximum allowable limit (0.20 

mg/kg). The values are also lower than that 

reported by Sobukola et al. (2010) (0.09 

mg/kg) in Lagos, Nigeria, Udibia et al. (2018) 

(0.20 – 0.36 mg/kg) in Kano, Nigeria, Zhou et 

al. (2016) (0.023±0.005 mg/kg) in Chenzhou, 

China, and Guerra et al. (2012) (0.03mg/kg) in 

Sao Paulo, Brazil. The results are comparable 

to those reported by Doherty et al. (2012) 

(0.001 – 0.003 mg/kg) in Lagos Nigeria, and 

Mafuyai et al. (2020) (0.013±0.10 mg/kg) in 

Jos, Nigeria.  Significant sources of Cd in 

agricultural soil include discharge from 

phosphate fertilizers, sewage sludge 

(Abdullahi et al. 2021), polluted irrigation 

water (Karimi et al. 2021; Xu et al. 2022), and 

industrial sources (electroplating, batteries, 

paints) (WHO, 2007). 

Table 1: Mean concentrations (mg/kg) of heavy metals 

 Cd Cu Ni Pb Cr 

A 0.0143±0.0043 0.4567±0.046 0.1033±0.0233 0.0717±0.0152 0.1690±0.0104 

B 0.0033±0.0033 0.4300±0.0153 0.1467±0.0623 0.0477±0.0412 0.1263±0.0029 

C ND 0.4500±0.0058 0.0900±0.0100 0.0213±0.0048 0.1473±0.0037 

ND = not detected 

Exposure assessment 

Risk depends on the concentration of 

chemicals present in an environmental 

medium, the amount of contact (exposure) a 

person has with the pollutant in the medium, 

and the toxicity of the chemical. Exposure is 

the amount of pollutants absorbed by the 

human body through different pathways 

(inhalation, ingestion, dermal contact) (IPCS, 

2010). Exposure assessments, using the 

chronic daily intake (CDI) (mg/person/day), 

show that the exposure to the studied heavy 

https://dx.doi.org/10.4314/sa.v21i3.5
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metals through ingestions of carrots in the area 

by the adult population are in the following 

range: Cd (1.613 × 10-6 - 7.00 × 10-6), Cu 

(2.047 × 10-4 - 2.232 × 10-4), Ni (4.399 × 10-5 

- 7.170 × 10-5), Pb (1.041 × 10-5 - 3.504 × 10-

5), Cr (6.173 × 10-5 - 8.260  × 10-5). These show 

that the average human exposure to the heavy 

metals are in the following order: Cu > Cr > Ni 

> Pb > Cd. There was no significant difference 

between exposure to adults and children. It 

was observed that all the CDI values were 

below the tolerable limit set by FAO/WHO, 

(2013). One limitation of the daily intake 

estimate is that it does not take into account the 

possible metabolic ejection of metals. 

However, it is a good estimate of the possible 

ingestion rate of a particular metal and is a 

significant step in health risk assessment (Latif 

et al. 2018).  

Table 2: Chronic daily intake of metals (CDI) (mg/person/day) 

LOCATION  Cd Cu Ni Pb Cr 

A Adult 7.00 × 10-6 2.23 × 10-4 5.05 × 10-5 3.50 × 10-5 8.26  × 10-5 

 Children 6.51 × 10-6 2.08 × 10-4 4.70 × 10-5 3.26  × 10-5 7.69 × 10-5 

B Adult 1.61 × 10-6 2.10 × 10-4 7.17 × 10-5 2.33 × 10-5 6.17 × 10-5 

 Children 1.50 × 10-6 1.96 × 10-4 6.67 × 10-5 2.17 × 10-5 5.75 × 10-5 

C Adult     - 2.20 × 10-4 4.40 × 10-5 1.04 × 10-5 7.20 × 10-5 

 Children     - 2.05 × 10-4 4.09 × 10-5 9.69 × 10-6 6.70 × 10-5 

 

Non-carcinogenic risk assessment 

Target hazard quotient (THQ) and hazard 

index (HI) were used to assess the potential 

non-carcinogenic risk posed by the 

consumption of carrots contaminated with 

heavy metals to the human population in the 

study area. THQ indicates the potential non-

carcinogenic risk probability in a population 

exposed to the particular toxicant, while HI is 

the cumulative effect of all the studied 

pollutants. The results of the THQ were 

presented in Figure 1. The results indicate that 

the THQ for the studied heavy metals are all 

less than one (THQ < 1), showing that these 

metals did not constitute non-carcinogenic risk 

to the population through the consumption of 

carrots. 

The THQ for Cd ranged between 0.002 – 

0.007. Cd has no known essential biological 

function. Its toxicity is thought to be partly 

related to its chemical similarity to an essential 

trace element Zn; it can substitute Zn and 

cause the malfunctioning of many metabolic 

processes (Campbell, 2006). The main target 

organ following chronic oral exposure is the 

kidney, resulting in glomerular toxicity, 

kidney dysfunction, or failure (ATSDR, 1999; 

Bawaskar et al. 2010; EFSA, 2012). Cd also 

affects other organs and causes skeletal 

disorders (osteomalacia, and/or osteoporosis), 

diabetic complications (Buha et al. 2019), 

liver damage, cardiovascular diseases, and 

hypertension (Wu et al., 2010), dysfunction of 

the sexual glands, and disrupting of mineral 

balance in the body (Zwolak et al. 2016). It is 

reported to induce premature birth and reduces 

birth weight in infants (Jaishnkeer et al. 2014). 

Cd is a severe pulmonary and gastrointestinal 

irritant, leading to symptoms like abdominal 

pain, burning sensations, nausea, vomiting, 

salivation, muscle cramps, shock, and loss of 

consciousness (Baselt and Cravey, 1995). 
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The THQ for Cu ranged from 0.005 – 0.006. 

Cu is an essential part of several enzymes, and 

it is necessary for the synthesis of 

haemoglobin (Khan et al. 2014). However, Cu 

has been reported to result in acute toxicity 

from excessive ingestion resulting in 

gastrointestinal distress, nausea, vomiting, and 

diarrhoea (Lam et al. 1985; Pizzaro et al. 1999; 

Madilonga et al. 2021). It also affects hepatic, 

renal, and central nervous systems (Koupaie 

and Eskicioglu, 2015), and can accumulate in 

the liver, brain, kidney, and cornea and result 

in Wilson’s disease (hepatolenticular 

degeneration) (Frydman et al. 1985; ATSDR, 

2002). Free radical-induced oxidative damage 

has been mostly implicated in Cu-induced 

cellular damage (Lippard, 1999; Gaetke et al. 

2014).  

There was no non-carcinogenic risk due to Ni 

as the THQ ranged from 0.002 to 0.004. The 

toxicity of Ni is due to the interference with the 

metabolism of essential metals such as Fe, Mn, 

Ca, Zn, and Mg (Kasprzak et al. 2003). It is 

believed that Ni may interfere with general 

body functions by replacing other metals in 

metalloenzymes. It is also possible that high Ni 

doses may interfere with the transport of the 

trace essential elements (ABC, 1988). The 

most widely reported health effect of Ni is Ni-

induced contact dermatitis (which is more 

common in women than men), mainly through 

dermal contact, but with some reported cases 

of systemic contact dermatitis through the oral 

route (Veien and Menne, 1990; Buxton et al. 

2019). Exposure to Ni through inhalation leads 

to health risks such as fibrosis, chronic 

bronchitis, impaired pulmonary functions, and 

emphysema (IARC, 1990). However, the most 

sensitive target for non-cancer effects of oral 

exposure is the kidney, specifically decreased 

glomerular function (Vyskocil et al. 1994). 

Oral exposure to Ni has also been observed to 

result in decreased immune function (Schiffer 

et al. 1991), decreased body weight (ABC, 

1988), and inhibition of enzymatic activities 

(Ndibukke and Egbe, 2018). Ni can cross the 

placenta, and several oral studies have 

reported increased neonatal mortality of doses 

below those resulting in maternal toxicity. 

Congenital heart defect in infants has been 

associated with Ni exposure in mothers (Smith 

et al. 1993; Zhang et al. 2019).  

This study indicated that there was no risk due 

to Pb in carrots in the study area (THQ < 1).  

Pb mimic or inhibit the action of Ca. It binds 

to biological molecules (e.g. enzymes) and 

interferes with their function (ATSDR, 2007). 

The effect of Pb toxicity is greater in children 

(because Pb is excreted more in adults than in 

children), and results in neurodegenerative 

disease, interfering with brain function, 

lowering intelligence quotient (IQ), and 

prenatal exposure is thought to cause foetal 

abnormality (NRC, 1993; Karri et al. 2018). 

Pb also interferes with heme biosynthesis and 

the proper function of the mitochondria, 

impairing respiration, causing anaemia, 

swelling of the brain, paralysis, and death 

(Oluyemi et al. 2008). It has also been reported 

to disrupt, vitamin D metabolism (leading to 

osteoporosis), and disorders of the immune 

and reproductive systems (Bonde et al. 2002; 

Zwolak et al. 2019). Acute exposure leads to 

liver and kidney tubular damage (WHO, 

1995). 

The THQ for Cr in the samples are all less than 

unity (THQ <1), and ranged from 0.019 to 

0.028, indicating that it is not of serious 

concern for non-carcinogenic risk. While Cr 

(III) is considered an essential trace nutrient 

with some physiological roles, Cr (VI) is 

highly toxic due to its ability to generate 

reactive oxygen species (ROS) which damage 

cell biomolecules, and cause functional 
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degradation (Shi and Dalal, 1992; Patlolla et 

al. 2009; Sobol and Schiest, 2012). Cr (VI) is 

known to cause damage to the nasal epithelia 

and other skin surfaces, allergic contact 

dermatitis, and asthma (Tan et al. 2016); 

ulceration, kidney, liver, and nerve tissue 

damage (Akomaye et al. 2018); higher 

pregnancy loss, miscarriage, low birth rate, 

perinatal jaundice, and congenital disabilities 

(Ferreira et al. 2019). 

The cumulative effects of all the studied heavy 

metals using HI showed the following results: 

Site A (adults = 0.054, children = 0.049), Site 

B (adults = 0.039, children = 0.035, Site C 

(adults = 0.034, children = 0.032). The results 

showed low HI (HI < 1), indicating low non-

carcinogenic risk due to all the studied metals. 

There was no significant difference between 

the risk posed to the adult population and the 

children. There was also no variation between 

the sampling locations. The percentage 

contribution of each of the metals to the total 

non-carcinogenic risk (Figure 2) can be 

arranged in the following order: Cr > Pb > Cu 

> Cd > Ni. The result shows that Cr is the 

major contributor to the total non-carcinogenic 

risk and accounted for 57.61% of the total risk, 

while Pb, Cu, Cd and Ni contributed 15.64%, 

12.76%, 7.41%, and 6.58% respectively. 

 

Figure 1: Target Hazard Quotient (THQ) of heavy metals in the carrots 
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Figure 2: Percentage contributions of the metals to non-carcinogenic risk 

Carcinogenic risk assessment 

Carcinogenic Risk (CR) is the incremental risk 

or the probability of an individual developing 

cancer over a lifetime (Gebeyehu and Bayissa, 

2020). Cancer risk lower than 1 × 10-6 is 

considered to be negligible, cancer risk above 

1 × 10-4 is considered unacceptable, and CR 

lying in the range of 1 × 10-6 to 1 × 10-4 is 

generally considered an acceptable range 

(USEPA, 1989).  The results of the CR for Cd, 

Pb, and Cr, calculated for both adults and 

children, as presented in Table 3 show that CR 

for Cd ranged from 5.70 × 10-7 - 2.66 × 10-6, 

Pb ranged from 8.25 × 10-8 - 2.98 × 10-7, and 

Cr from 2.87 × 10-5 - 4.13 × 10-5. These values 

are all below the upper limit of 1 × 10-4, 

suggesting that lifetime exposure to these 

metals through the consumption of carrots did 

not pose a cancer risk to the adult and children 

population in the area.  

The Carcinogenic risk was calculated only for 

the metals with carcinogenic or mutagenic 

data which include Cr, Cd, and Pb. Although 

Ni compounds have earlier been classified as 

Group 1 (carcinogenic to humans), and 

metallic Ni as group 2B (possibly carcinogenic 

to humans) (IARC, 2012), there is inadequate 

evidence in humans for the carcinogenesis of 

Ni, and inadequate database for the oral 

carcinogenicity of soluble and insoluble Ni 

salts (Kasprzak et al. 2003). Ni compounds 

appear to be associated with tumour response 

only through the inhalation route (USEPA, 

1986). The ability of metals to induce cancer 

depends on the oxidation state, complex form, 

and solubility of the metal (Beyersmann and 

Hartwig, 2008). While soluble Ni salts are 

believed to produce mutations via reactive 

oxygen species which inhibit DNA repair 

(Lynn et al. 1997; Han et al. 2018), 

carcinogenesis of insoluble Ni salts appears to 

be due to interaction with heterochromatin (a 

densely packed DNA that has low 

transcriptional activity) (Costa et al. 1994; 

Kumar et al. 2017). 

The cancer risk in this study was ranked in the 

order of Cr > Cd > Pb. The CR for Cr is within 

the USEPA normal range of 1 × 10-6 – 1 × 10-

6. Cr is a category 1 carcinogen (IARC, 1989). 

The mechanisms of Cr (VI) carcinogenesis are 

mainly through reactive oxygen species-

induced oxidative stress (from the transition of 

Cr (VI) to Cr (III)), epigenetic change, 

chromosomal and DNA damage, and 
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mutagenesis (Ding and Shi, 2002). Although 

Cr (III) was not previously classified as a 

carcinogen, some studies have shown that high 

concentrations of Cr (III) can exert genetic 

toxicity by the production of damaging 

reactive oxygen species (Ateeq et al. 2016; 

Headlam and Lay, 2016), DNA damage 

(Wang et al. 2017), and interference with 

DNA base pairing mode (Fang et al. 2014). Cr 

(VI) exposure is linked to stomach and lung 

cancer (Wise and Wise, 2012).  

Cd ranked second in carcinogenic risk in this 

study, with a CR range of 5.70 × 10-7 to 2.66 × 

10-6, which indicates that there is no cancer 

risk due to Cd. Cd inhibits the biosynthesis of 

certain proteins leading to the transformation 

of normal epithelial cells into carcinogenic 

cells (Sharma et al. 2015). Cd is a group 1 

carcinogen known to cause lung, prostate, 

jugular, and pancreatic cancer (Djordjevic et 

al. 2019). It also causes lesions on the kidney 

and muscular layer of the heart (myocardium) 

and appears to be associated with renal cancer 

(Il’yasova and Schwartz, 2005). Long-term 

exposure has been linked to breast cancer 

(Kippler et al. 2012).  

The CR for Pb in this study is negligible. Pb is 

classified as a 2B carcinogen (IARC, 1989). 

The most common tumours found for Pb were 

of the respiratory and digestive systems, 

although renal adenocarcinoma has been 

reported in workmen with prolonged 

occupational exposure to Pb (Baker et al. 

1980). Pb and its compounds cause genetic 

damage by inhibition of DNA synthesis and 

repair, oxidative damage, and interaction of 

DNA-binding protein and tumour suppressor 

proteins (Roy and Rossman, 1992). 

Table 3: Carcinogenic Risk (CR) of heavy metals 

  Cd Pb Cr 

A Adults 2.66 × 10-6 2.98 × 10-7 4.13 × 10-5 

 Children 2.48 × 10-6 2.78 × 10-7 3.84 × 10-5 

B Adults 6.13 × 10-7 1.98 × 10-7 3.09 ×  10-5 

 Children 5.70 × 10-7 1.84 × 10-7 2.87 × 10-5 

C Adults    - 8.85 × 10-8 3.60 × 10-5 

 Children    - 8.24  × 10-8 3.35 × 10-5 

 

CONCLUSION 

The mean concentrations of the heavy metals 

were in the following decreasing order: Cu > 

Cr > Ni > Pb > Cd. The levels of all metals 

were below the maximum tolerable limit set by 

FAO/WHO. The exposure to the studied heavy 

metals also follows the same order. The study 

showed that there was no significant 

difference between the risk posed to the adult 

population and the children. There was also no 

variation between the sampling locations. The 

percentage contribution of the metals to the 

total non-carcinogenic risk was in the 

following order: Cr > Pb > Cu > Cd > Ni. Cr 

was the major contributor to the total non-

carcinogenic risk and accounted for 57.61% of 

the risk. The investigated heavy metals did not 

pose non-carcinogenic risk, and there was also 

no carcinogenic risk concern due to the 

consumption of carrots in the area. 

REFERENCES 

Abba, B., Murtala, Y., Hafeez, M.Y., 

Dayyabu, S., Kamaludeen, B., Aminu, I., 

Anosike C.A., and Ezeanyika L.U.S. 

(2020). Non-carcinogenic and 

Carcinogenic Risk Potentials of metals 



67 
 

Scientia Africana, Vol. 21 (No. 3), December, 2022. Pp 57-74  https://dx.doi.org/10.4314/sa.v21i3.5 

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

Exposure from Vegetables Grown in 

Sharada Industrial Area Kano, Nigeria. 

Journal of Chemical Health Risks, 10(1): 

1-15. 

DOI:10.22034/jchr.2019.583982.1011 

ABC (American Biogenics Corporation). 

(1988). Ninety-day gavage study in albino 

rats using nickel. Draft final report 

submitted to Research Triangle Institute 

and U.S. EPA, Office of Solid Waste., 

Study 410-2520. 

Abdullahi, A., Lawal, M.A., and Salisu, A.M. 

(2021). Heavy Metals in Contaminated 

Soil: Source, Accumulation, Health Risk 

and Remediation Process. Bayero Journal 

of Pure and Applied Sciences, 14(1): 1 – 

12. doi.org/10.4314/bajopas.v14i1.1 

Adriano, D.C. (2001). Trace Elements in 

Terrestrial Environments. 2ed. Springer-

Verlag, New York, NY, USA. 

Aendo, P., Netvichian, R., Thiendedsakul, P., 

Khaodhiar, S., and Tulayakul, P. (2020). 

Carcinogenic Risk of Pb, Cd, Ni, and Cr 

and Critical Ecological Risk of Cd and Cu 

in Soil and Groundwater around the 

Municipal Solid Waste Open Dump in 

Central Thailand. Journal of 

Environmental and Public Health, 

Volume 2022, Article ID 3062215. 

https://doi.org/10.1155/2022/3062215 

Akomaye, A.M., Unimuyi, U.P., and Chioma 

A.G. (2018). Health Risk Assessment of 

Heavy Metals (Cr, Ni, Pb & Zn) 

Contamination of Edible Vegetables in 

Ogoja Urban Area of Cross River State. 

World Journal of Research and Review, 

7(1): 05-09. 

Al-Edresy, M.A.M., Wasel, S.O., and Al-

Hagibi, H.A. (2019). Ecological risk 

assessment of heavy metals in coastal 

sediments between Al-Haymah and Al-

Mokha, south red sea, Yemen. 

International Journal of Hydrology, 

3(2):159‒ 173. DOI: 10.15406/ijh.2019. 

03.00177 

Alexander, P.D., Alloway, B.J., and Dourado, 

A.M. (2006). Genotypic variations in the 

accumulation of Cd, Cu, Pb, and Zn 

exhibited by six commonly grown 

vegetables. Environmental Pollution, 

144, 736–745. https://doi.org/10.1016/ 

j.envpol.2006.03.001. 

Alloway B.J. (1990). Heavy metals in soils. 

Blackie and Academic Professionals, 

London, UK.  

Antoine, J.M.R., Fung, L.A.H., and Grant, 

C.N. (2017). Assessment of the potential 

health risks associated with the 

aluminium, arsenic, cadmium and lead 

content in selected fruits and vegetables 

grown in Jamaica. Toxicology Reports, 4, 

181–187. 

Astatkie, H., Ambelu, A., and Mengistie, E. 

(2021). Contamination of Stream 

Sediment with Heavy Metals in the 

Awetu Watershed of South-western 

Ethiopia. Frontiers in Earth Science, 9: 

658737. doi: 10.3389/feart.2021.658737 

Ateeq, M., Rehman, Ur, H., Zareen, S., 

Rehman, A., Ullah, W., Shah, M., Bibi, 

A., Habib, S., Rehman, M., and Rehman, 

Z. (2016). Occupational risk assessment 

of oxidative stress and DNA damage in 

tannery workers exposed to Chromium in 

Pakistan. Journal of Entomology and 

Zoology Study, 4(6): 426–432. 

ATSDR. (1999). Toxicological Profile for 

Cadmium. US Department of Health and 

Human Services, Public Health Service, 

205-93-0606. 

ATSDR. (2002). Toxicological Profile for 

Copper. Centres for Disease Control. 

Atlanta, GA, pg. 10-127. 

ATSDR. (2007). Toxicological Profile for 

Lead. Washington, DC: U.S. Department 

of Health and Human Services, Agency 

https://dx.doi.org/10.4314/sa.v21i3.5
https://dx.doi.org/10.4314/sa.v21i3.5
https://doi.org/10.1155/2022/3062215
https://doi.org/10.1016/%20j.envpol.2006.03.001
https://doi.org/10.1016/%20j.envpol.2006.03.001


68 
 
 

Onoyima C.C., Okibe F.G., Ibrahim A.Y. and Nwoye E.E.: Non-Carcinogenic and Carcinogenic Risk Assessment of Some Heavy… 

 

for Toxic Substances and Disease 

Registry, pg. 35-151. 

Baghaie, A.H., and Fereydoni, M. (2019). The 

potential risk of heavy metals on human 

health due to the daily consumption of 

vegetables. Environmental Health 

Engineering and Management Journal, 

6(1): 11–16. doi:10.15171/EHEM.2019. 

02 

Baker, E.L, Goyer, R.A., and Fowler, B.A. 

(1980). Occupational lead exposure, 

nephropathy, and renal cancer. American 

Journal of Industrial Medicine, 1, 139–

148. 

Baselt, R.C., and Cravey, R.H. (1995). 

Disposition of Toxic Drugs and 

Chemicals in Man. 4th Edn. Chicago, IL: 

Year Book Medical Publisher, pg. 105–

107. 

Bawaskar, H.S., Bawaskar, P.H., and 

Bawaskar, P.H. (2010). Chronic renal 

failure associated with heavy metal 

contamination of drinking water: A 

clinical report from a small village in 

Maharashtra. Clinical Toxicology, 48: 

768.  

Beyersmann, D., and Hartwig, A. (2008). 

Carcinogenic metal compounds: Recent 

insight into molecular and cellular 

mechanisms. Archives of Toxicology, 82, 

493–512. 

Bhuiyan, M.A.H., Suruvi, N.I., Dampare, 

S.B., Islam, M.A., Quraishi, S.B., 

Ganyaglo, S., and Suzuki, S. (2011). 

Investigation of the possible sources of 

heavy metal contamination in lagoon and 

canal water in the tannery industrial area 

in Dhaka, Bangladesh. Environmental 

Monitoring and Assessment, 175, 633–

649. 

Bonde, J.P., Joff, M., and Apostoli, P. (2002). 

Sperm count and chromatin structure in 

men exposed to inorganic lead: lowest 

adverse effect levels. Occupational and 

Environmental Medicine, 59, 234–242. 

Buha, A., Jugdaohsingh, R., Matovic, V., 

Bulat, Z., Antonijevic, B., Kerns, J.G., 

Goodship, A., Hart, A., and Powell, J.J. 

(2019). Bone mineral health is sensitively 

related to environmental cadmium 

exposure-experimental and human data. 

Environmental Research, 176: 108539. 

Buxton, S., Garman, E., Heim, K.E., Lyons-

Darden, T., Schlekat, C.E., Taylor, M.D., 

and Oller, A.R. (2019). Concise review of 

Nickel human health toxicology and 

ecotoxicology. Inorganics, 7:89. 

https://doi.org/10.3390/inorganics707008

9 

Campbell, P.G.C. (2006). Cadmium-A priority 

pollutant. Environmental Chemistry, 3(6): 

387–388. 

Chauhan, G., and Chauhan, U.K. (2014). 

Human health risk assessment of heavy 

metals via dietary intake of vegetables 

grown in wastewater irrigated area of 

Rewa, India. International Journal of 

Scientific and Research Publications, 

4(9): 1-9.  

Chen, P., Miah, M.R., and Aschner, M. (2016). 

Metals and neurodegeneration. F1000 

Research, 5: 366. 

Cobb, G.P., Sands, K., Waters, M., Wixson, 

B.G., and Dorward-King, E. (2000). 

Accumulation of Heavy Metals by 

Vegetables Grown in Mine Wastes. 

Environmental Toxicology and 

Chemistry, 19(3): 600-607. 

Costa, M., Zhuang, Z., Huang, X., and 

Zhuang, Z. 1994. Molecular mechanisms 

of nickel carcinogenesis. Science of the 

Total Environment, 148, 191-199. 

Cui, S., Zhang, F., Hu, P., Hough, R., Fu, Q., 

Zhang, Z. An, L., Li, Y., Li, K., Liu, D., 

and Chen, P. (2019). Heavy Metals in 

Sediment from the Urban and Rural 

Rivers in Harbin City, Northeast China. 

https://doi.org/10.3390/inorganics7070089
https://doi.org/10.3390/inorganics7070089


69 
 

Scientia Africana, Vol. 21 (No. 3), December, 2022. Pp 57-74  https://dx.doi.org/10.4314/sa.v21i3.5 

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

International Journal of Environmental 

Research and Public Health, 16, 4313. 

doi:10.3390/ijerph16224313 

Ding, M., and Shi, X. (2002). Molecular 

mechanisms of Cr (VI) induced 

Carcinogenesis. Molecular and Cellular 

Biochemistry, 234/235, 293–300. 

Djordjevic, V.R., Wallace, D.R., Schweitzer, 

Boricic, N., Knecevi, D., Matic, S., 

Grubor, N., Kerkez, M., Radenkovic, D., 

Bulat. Z., Antonijevic, B., Matovic, V., 

and Buha A. (2019). Environmental 

cadmium exposure and pancreatic cancer: 

evidence from case control, animal and in 

vitro studies, Environment International, 

128, 353–361. 

Doherty, V.F., Sogbanmu, T.O., Kanife, U.C., 

and Wright, O. (2012). Heavy metals in 

vegetables collected from selected farm 

and market sites in Lagos, Nigeria. Global 

Advanced Research Journal of 

Environmental Science and Toxicology, 

1(6):137-142. 

EFSA (European Food Safety Authority). 

(2012). Cadmium dietary exposure in the 

European population. EFSA Journal, 10, 

2551. 

https://doi.org/10.2903/j.efsa.2012.2551  

Emurotu, J.E., and Onianwa, P.C. (2017). 

Bioaccumulation of heavy metals in soil 

and selected food crops cultivated in Kogi 

State, north central Nigeria. 

Environmental Systems Research, 6:21. 

DOI 10.1186/s40068-017-0098-1 

Fang, Z., Zhao, M., Zhen, H., Chen, L., Shi, P., 

and Huang. Z. (2014). Genotoxicity of tri- 

and hexavalent chromium compounds in 

vivo and their modes of action on DNA 

damage in vitro. PLoS One, 9(8): 

e103194. doi:10.1371/journal.pone.010 

3194  

FAO/WHO. (2001). Codex Alimentarius 

Commission. Food additive and 

contaminants. Joint FAO/ WHO Food 

Standards Programme, ALINORM 01/ 

12A. pg. 1–289 

FAO/WHO. (2013). Joint FAO/WHO food 

standard programme codex committee on 

contaminants in foods, fifth session, 

Rome. 

Fatoki, O.S. (2000). Trace zinc and copper 

concentrations in roadside vegetation and 

surface soils: a measurement of local 

atmospheric pollution in Alice, South 

Africa. International Journal of 

Environmental Studies, 57(5): 501-513. 

Ferreira, L.M.R., Cunha-Oliveira, T., Sobral, 

M.C., Abreu, P.L., Alpoim, M.C., and 

Urbano, A.M. (2019). Impact of 

carcinogenic chromium on the cellular 

response to proteotoxic stress, 

International Journal of Molecular 

Sciences, 20(19): 4901. 

Frydman, M., Bonne-Tamir, B., and Farrer, 

L.A. (1985). Assignment of the gene for 

Wilson’s disease to chromosome 13: 

Linkage to the esterase D locus. 

Proceedings of the National Academy of 

Science USA, 82, 1819–1821. 

Gaetke, L.M., Chow-Johnson, H.S., and 

Chow, C.K. (2014). Copper: 

Toxicological relevance and mechanisms. 

Archives of Toxicology, 88(11): 1929–

1938. doi:10.1007/s00204-014-1355-y. 

Gebeyehu, H.R., and Bayissa, L.D. (2020). 

Levels of heavy metals in soil and 

vegetables and associated health risks in 

Mojo area, Ethiopia. PLoS ONE, 15(1), 

e0227883. https://doi.org/10.1371/ 

journal.pone.0227883 

Guerra, F., Trevizam, A.R., Muraoka, T., 

Marcante, N.C., and Caniatti-Brazaca, 

S.G. (2012). Heavy metals in vegetables 

and potential risk for human health. Food 

Science and Technology, 69:54–60. 

Han, A., Zou, L., Gan, X., Li, Y., Liu, F., 

Chang, X., Zhang, X., Tian, M., Li, S., Su, 

L. (2018). ROS generation and MAPKs 

https://dx.doi.org/10.4314/sa.v21i3.5
https://dx.doi.org/10.4314/sa.v21i3.5
https://doi.org/10.1371/%20journal.pone.0227883
https://doi.org/10.1371/%20journal.pone.0227883


70 
 
 

Onoyima C.C., Okibe F.G., Ibrahim A.Y. and Nwoye E.E.: Non-Carcinogenic and Carcinogenic Risk Assessment of Some Heavy… 

 

activation contribute to the Ni-induced 

testosterone synthesis disturbance in rat 

Leydig cells. Toxicology Letters, 290, 36–

45.  

Headlam, H.A., and Lay, P.A. (2016). 

Spectroscopic characterization of 

genotoxic chromium (V) peptide 

complexes: Oxidation of Chromium (III) 

triglycine, tetraglycine and pentaglycine 

complexes. Journal of Inorganic 

Biochemistry, 162: 227–237. 

doi:10.1016/j.jinorgbio.2016.06.015 

Hu, B., Jia, X., Hu, J., Xu, D., Xia, F., and Li, 

Y. (2017). Assessment of heavy metal 

pollution and health risks in the soil-plant 

human system in the Yangtze River Delta, 

China. International Journal of 

Environmental Research and Public 

Health, 14, 1042. https://doi.org/10.3390 

/ijerph14091042. 

Hussein H., Ibrahem, S.F. Kandil, K., and 

Moawad, H. (2005). Tolerance and 

uptake of heavy metals by 

Pseudomonads. Process Biochemistry, 

40:955-61. 

IARC. (1990). Nickel and nickel compounds. 

In: Chromium, nickel and welding. 

International Agency for Research on 

Cancer (IARC Monographs on the 

Evaluation of Carcinogenic Risks to 

Humans, Vol. 49), Lyon, pg. 257–445. 

IARC. (2012). IARC Monographs on the 

Identification of Carcinogenic Hazards to 

Humans: Volumes 1–125, IOP Publishing 

PhysicsWeb, Bristol, UK. 

Il’yasova, D., and Schwartz, G. (2005). 

Cadmium and renal cancer. Toxicology 

and Applied Pharmacology, 202(2): 279-

286. Doi:10.1016/j.taap.2004.12.005 

IPCS. (2010). WHO human health risk 

assessment toolkit: chemical hazards, 

Geneva, World Health Organization, 

International Programme on Chemical 

Safety (Harmonization Project Document 

No. 8), pg. 4. 

Islam. M.M., Halim, M.A., Safiullah, S., 

Hoque, S.A.M.W., and Islam, M.S. 

(2009). Heavy metal (Pb, Cd, Zn, Cu, Cr, 

Fe and Mn) content in textile sludge in 

Gazipur, Bangladesh. Research Journal 

of Environmental Sciences, 3, 311–315. 

Jaishankar, M., Tseten, T., Anbalagan, N., 

Mathew, B.B., and Beeregowda, K.N. 

(2014). Toxicity, mechanism and health 

effects of some heavy metals. 

Interdisciplinary Toxicology, 7: 60–72. 

Jomova, K., Jenisova, Z., Feszterova, M., 

Baros, S., Liska, J., and Valko, M. (2011). 

Arsenic: toxicity, oxidative stress and 

human disease. Journal of Applied 

Toxicology, 31, 95-107.  

Karimi, P., Yazdanbakhsh, A., Atamaleki, A., 

Kariminejad, F., Ahmadian, M., and 

Sevda Fallah, S. (2021). Global 

evaluation of potentially harmful 

elements (PHEs) in potato and carrot 

irrigated by wastewater: A systematic 

review, meta-analysis, and health risk 

assessment. Environmental Health 

Engineering and Management Journal, 

8(4): 245-255. doi:10.34172/EHEM. 

2021.28  

Karri, V., Ramos, D., Martinez, J.B., Odena, 

A., Oliveira, E., Coort, S.L., Evelo, C.T., 

and Mariman, E.C.M., Schuhmacher, M. 

and Kumar V. (2018). Differential protein 

expression of hippocampal cells 

associated with heavy metals (Pb, As, and 

MeHg) neurotoxicity: deepening into the 

molecular mechanism of 

neurodegenerative diseases. Journal of 

Proteomics, 187, 106–125. https://doi. 

org/10.1016/j.jprot.2018.06.020  

Kasprzak, K.K., Sunderman, F.W., and 

Salnikow, K. (2003). Nickel 

Carcinogenisis. Mutation Research/ 

Fundamental and Molecular Mechanisms 

https://doi.org/10.3390%20/ijerph14091042
https://doi.org/10.3390%20/ijerph14091042


71 
 

Scientia Africana, Vol. 21 (No. 3), December, 2022. Pp 57-74  https://dx.doi.org/10.4314/sa.v21i3.5 

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

of Mutagenesis, 533(1-2): 67-97. 

doi.org/10.1016/j.mrfmmm.2003.08.021 

Khan, F.E., Jolly, Y.N., Islam, G.M.R, Akter, 

S., and Kabir, J. (2014). Contamination 

status and health risk assessment of trace 

elements in foodstuffs collected from the 

Buriganga river embankments, Dhaka, 

Bangladesh. International Journal of 

Food Contamination, 1:1. doi:10.1186/ 

s40550-014-0001-z 

Kippler, M., Tofail, F., Hamadani, J.D., 

Gardner, R.M., Rrantham-McGregor, 

S.M., Bottai, M., and Vehter, M.  (2012). 

Early-life cadmium exposure and child 

development in 5-year-old girls and boys: 

a cohort study in rural Bangladesh. 

Environmental Health Perspectives, 

120(10): 1462–1468. 

Koupaie, E.H., and Eskicioglu, C. (2015). 

Health risk assessment of heavy metals 

through the consumption of food crops 

fertilized by biosolids: A probabilistic-

based analysis. Journal of Hazardous 

Materials, 300, 855–865. 

Kumar, V., Mishra, R.K., Kaur, G., Dutta, D. 

(2017). Cobalt and nickel impair DNA 

/metabolism by the oxidative stress 

independent pathway. Metallomics, 9, 

1596–1609. 

Lam, H.F., Conner, M.W., and Rogers, A.E. 

(1985). Functional and morphological 

changes in the lungs of guinea pigs 

exposed to freshly-generated ultrafine 

zinc oxide. Toxicology and Applied 

Pharmacology, 78, 29–38. 

Latif, A., Bilal, M., Asghar, W., Azeem, M., 

Ahmad, M.I., Abbas, A., Ahmad, M.Z., 

and Shahzad, T. (2018). Heavy Metal 

Accumulation in Vegetables and 

Assessment of their Potential Health Risk. 

Journal of Environmental and Analytical 

Chemistry, 5: 234. doi:10.4172/2380-

2391.1000234 

Lawal A.O., and Audu A.A. (2011). Analysis 

of heavy metals found in vegetables from 

some cultivated irrigated gardens in the 

Kano metropolis, Nigeria. Journal of 

Environmental Chemistry and 

Ecotoxicology, 3(6): 142-148. 

Likuku, A.S., and Obuseng, G. (2015). Health 

Risk Assessment of Heavy Metals via 

Dietary Intake of Vegetables Irrigated 

With Treated Wastewater around 

Gaborone, Botswana. International 

Conference on Plant, Marine and 

Environmental Sciences (PMES-2015) 

Jan. 1-2, 2015 Kuala Lumpur (Malaysia). 

http://dx.doi.org/10.15242/IICBE.C0115

069 

Lippard S.J. (1999). Free copper ions in the 

cell. Science, 284, 788-749. 

Liu, H.; Probst, A., and Liao, B. (2005). Metal 

contamination of soils and crops affected 

by the Chenzhou lead/zinc mine spill 

(Hunan, China). Science of Total 

Environment, 339, 153–166. 

Lynn, S., Yew, F.H., Chen, K.S., and Jan K.Y. 

(1997). Reactive oxygen species are 

involved in nickel inhibition of DNA 

repair. Environmental and. Molecular 

Mutagenesis, 29: 208-216. 

Madilonga, R.T., Edokpayi, J.N., Volenzo, 

E.T., Durowoju, O.S., and Odiyo, J.O. 

(2021). Water Quality Assessment and 

Evaluation of Human Health Risk in 

Mutangwi River, Limpopo Province, 

South Africa. International Journal of 

Environmental Research and Public 

Health, 18: 6765. https://doi.org/10. 

3390/ijerph18136765  

Mafuyai, G.M. Ugbidye, S., and Ezekiel, G.I. 

(2020). Health Risk Assessment of Heavy 

Metals in Consumption of Vegetables 

Irrigated with Tin Mine Pond Water in Jos 

– South, Plateau State. European Journal 

of Environment and Earth Sciences, 1(5): 

https://dx.doi.org/10.4314/sa.v21i3.5
https://dx.doi.org/10.4314/sa.v21i3.5
http://dx.doi.org/10.15242/IICBE.C0115069
http://dx.doi.org/10.15242/IICBE.C0115069
https://doi.org/10.%203390/ijerph18136765
https://doi.org/10.%203390/ijerph18136765


72 
 
 

Onoyima C.C., Okibe F.G., Ibrahim A.Y. and Nwoye E.E.: Non-Carcinogenic and Carcinogenic Risk Assessment of Some Heavy… 

 

DOI:http://dx.doi.org/10.24018/ejgeo.20

20.1.5.21 

Mahmood, A., and Malik, R.N. (2014). 

Human health risk assessment of heavy 

metals via consumption of contaminated 

vegetables collected from different 

irrigation sources in Lahore, Pakistan. 

Arabian Journal of Chemistry, 7, 91–99. 

Marschner, H. (1995). Mineral nutrition of 

higher plants. 2nd ed. San Diego, CA: 

Academic Press. 

Molla, M.M.A., Rakib-uz-Zaman, M., 

Rahman, M.S., and Salam, S.M.A. 

(2021). Health Risk Assessment of Heavy 

Metals Through Ten Common Foodstuffs 

Collected from an Area of Ruppur 

Nuclear Power Plant, Pabna, Bangladesh, 

3(4): GJNFS.MS.ID.000566. DOI: 

10.33552/GJNFS.2021.03.000566. 

Ndibukke, E. E. O., and Egbe, A. O. (2018). 

Heavy Metal Levels in Cabbage, Carrots 

and Tomatoes Sampled at Marian Market, 

Calabar, Nigeria. IOSR Journal of 

Environmental Science, Toxicology and 

Food Technology (IOSR-JESTFT), 

12(10): 42-47. DOI: 10.9790/2402-

1210014247 

NRC (National Research Council). (1993). 

Measuring lead exposure in infants, 

children, and other sensitive populations. 

Washington, DC; National Academy 

Press.  

Oluyemi, E.A., Feuyit, G., Oyekunle, J.A.O., 

and Oguntowokan, A.O. (2008). Heavy 

metal concentrations in soils, leaves and 

crops grown around dump sites in Lafia 

Metropolis, Nasarawa State, Nigeria. 

International Journal of Environmental 

Science and Technology, 2(5): 89-96.  

Onakpa M.M., Njan, A.A., and Kalu, O.C. 

(2018). A Review of Heavy Metal 

Contamination of Food Crops in Nigeria. 

Annals of Global Health. 84(3): 488–494. 

DOI: https://doi.org/10.29024/aogh.2314 

Onoyima C.C. (2021) Assessment of pollution 

levels and risk of some heavy metals in 

soil and Mangifera indica around Nigeria 

Police Academy, Wudil, Kano State, 

Nigeria. Science World Journal, 16(3): 

325-332. 

Pan, X.D., Wu, P., and Jiang, X. (2016). 

Levels and potential health risk of heavy 

metals in marketed vegetables in 

Zhejiang, China. Scientific Reports, 6, 

20317. doi:10.1038/srep20317 

Patlolla, A., Barnes, C., Yedjou, C., Velma, 

V., and Tchounwou, P.B. (2009) 

Oxidative stress, DNA damage and 

antioxidant enzyme activity induced by 

hexavalent chromium in Sprague Dawley 

rats. Environmental Toxicology, 24(1): 

66-73. 

Pizzaro, F.M., Olivares, M., and Uauy, R. 

(1999). Acute gastrointestinal effects of 

graded levels of copper in drinking water. 

Environmental Health Perspective, 107, 

117–121. 

Roy, N., and Rossman, T. (1992). Mutagenesis 

and comutagenesis by lead compounds. 

Mutation Research, 298, 97-103. 

Sajjad, K.R., Farooq, S. Shahbaz, M.A. Khan, 

and Sadique, M. (2009). Health risk 

assessment of heavy metals for 

population via consumption of 

vegetables, World Applied Science 

Journal, 6, 1602–1606. 

Säumel, I., Kotsyuk, I., Hölscher, M., 

Lenkereit, C., Weber, F., and Kowarik, I. 

(2012). How healthy is urban horticulture 

in high traffic areas? Trace metal 

concentrations in vegetable crops from 

plantings within inner city 

neighbourhoods in Berlin, Germany. 

Environmental Pollution, 165, 124–132. 

https://doi.org/10.1016/j.envpol.2012.02.

019. 

Schiffer, R.B., F. Sunderman, F.W., and 

Baggs, B.R. (1991). The effects of 

http://dx.doi.org/10.24018/ejgeo.2020.1.5.21
http://dx.doi.org/10.24018/ejgeo.2020.1.5.21
https://doi.org/10.29024/aogh.2314
https://doi.org/10.1016/j.envpol.2012.02.019
https://doi.org/10.1016/j.envpol.2012.02.019


73 
 

Scientia Africana, Vol. 21 (No. 3), December, 2022. Pp 57-74  https://dx.doi.org/10.4314/sa.v21i3.5 

© Faculty of Science, University of Port Harcourt, Printed in Nigeria                                           ISSN 1118 – 1931 

 
 

exposure to dietary nickel and zinc upon 

humoral and cellular immunity in SJL 

mice. Journal of Neuroimmunology, 34, 

229-239. 

Sharma, H., Rawal, N., and Mathew, B.B. 

(2015). The characteristics, toxicity and 

effects of cadmium. International Journal 

of Nanotechnology and Nanoscience, 3, 

1-9. 

Shi, X.L., and Dalal, N.S. (1992). The role of 

superoxide radical in chromium (VI)-

generated hydroxyl radical: the Cr (VI) 

Haber-Weiss cycle. Archives of 

Biochemistry and Biophysics, 292, 323-

327. 

Smith, M.K., George, E.L., Stober, J.A., Feng, 

H.A., and Kimmel, G.L. (1993). Perinatal 

toxicity associated with nickel chloride 

exposure. Environ Res 61: 200-211. 

Sobol, Z., and Schiest, R.H. (2012). 

Intracellular and extracellular factors 

influencing Cr (VI) and Cr (III) 

genotoxicity. Environmental and 

Molecular Mutagenesis, 53(2): 94–100. 

doi:10.1002/em.20679 

Tan, S.Y., Praveena, S.M., Abidin, E.Z., and 

Cheema, M.S. (2016) A review of heavy 

metals in indoor dust and its human 

health-risk implications. Reviews on 

Environmental Health, 31(4): 447-56. 

doi:10.1515/reveh-2016-0026.  

Tian, M., Li, W., Ruan, M. Wei, J., and Ma, 

W. (2019).Water Quality Pollutants and 

Health Risk assessment for Four Different 

Drinking Water Sources. E3S Web of 

Conferences, 78, 03004. doi.org/10.1051/ 

e3sconf/20197803004 

Udibia, U.U., Udofia, U.U., and Gaba, B. 

(2018). Estimation of potential Health 

Risk Due to Consumption of Carrots, 

Cabbages, and Onions Grown in 

Challawa River Basin around Challawa 

Industrial Layout, Kano, Nigeria. 

Summerianz Journal of Biotechnology, 

1(2): 41-50. 

USEPA. (1986). Guidelines for Carcinogen 

Risk Assessment. Environmental 

Protection Agency, Washington, DC. 51 

FR 33992-34003. 

USEPA. (1989). Risk Assessment Guidance 

for Superfund: Vol. I, Human Health 

Evaluation Manual (Part A). Office of 

Emergency and Remedial Response, U.S. 

Environmental Protection Agency, 

Washington, DC, pg. 7-10. 

USEPA. (1999). Guidance for performing 

aggregate exposure and risk assessments. 

Office of Pesticide Programs, 

Environmental Protection Agency (EPA), 

Washington, DC. 

USEPA. (2011). Risk-based concentration 

table. United State Environmental 

Protection Agency, Washington, DC. 

Veien, N.K., and T. Menné. (1990). Nickel 

cantact allergy and a nickel-restricted 

diet. Seminars in Dermatology, 9(3): 197-

205. 

Vyskocil, A., Viau, C., and Cizkova, M. 

(1994). Chronic nephrotoxicity of soluble 

nickel in rats. Human and Experimental 

Toxicology, 13: 689-693. 

Wang, X., Sato, T., Xing, B., and Tao, S. 

(2005). Health risks of heavy metals to the 

general public in Tianjin, China via 

consumption of vegetables and fish. 

Science of the Total Environment, 350, 

2005, 28–37. http://dx.doi.org/10.1016/ 

j.scitotenv.2004.09.044 

Wang, Y., Su, H., Gu, Y., Song, X., and Zhao, 

J. (2017). Carcinogenicity of chromium 

and chemoprevention: a brief update. 

Onco Targets Therapy, 10, 4065–4079. 

doi:10.2147/OTT.S139262 

WHO. (1995). Environmental health criteria 

165: inorganic lead. Geneva, Switzerland: 

World Health Organization, pp. 300. 

https://dx.doi.org/10.4314/sa.v21i3.5
https://dx.doi.org/10.4314/sa.v21i3.5
http://dx.doi.org/10.1016/%20j.scitotenv.2004.09.044
http://dx.doi.org/10.1016/%20j.scitotenv.2004.09.044


74 
 
 

Onoyima C.C., Okibe F.G., Ibrahim A.Y. and Nwoye E.E.: Non-Carcinogenic and Carcinogenic Risk Assessment of Some Heavy… 

 

WHO. (2004). Fruit and Vegetables for Health 

-Report of a Joint FAO/WHO Workshop, 

1–3 September 2004. 

WHO. (2007). Health risks of heavy metals 

from long-range transboundary air 

pollution. Copenhagen, World Health 

Organization Regional Office for Europe 

(http://www.euro.who.int/document/E91

044.pdf).  

Wise, S.S., and Wise, J.P. (2012). Chromium 

and genomic stability. Mutation 

Research/Fundamental and Molecular 

Mechanisms of Mutagenesis, 733(1-2): 

78-82. 

Wu, B., Zhang, Y., Zhang, X., and Cheng, S. 

(2010). Health risk from exposure of 

organic pollutants through drinking water 

consumption in Nanjing, China. Bulletin 

of Environmental Contamination and 

Toxicology, 84(1): 46. 

Wuana, R.A., and Okieimen, F.E. (2011). 

Heavy Metals in Contaminated Soils: A 

Review of Sources, Chemistry, Risks and 

Best Available Strategies for 

Remediation. International Scholarly 

Research Network Ecology, Volume 

2011, Article ID 402647. 

doi:10.5402/2011/402647 

Xiong, Z.T. (1998). Lead Uptake and Effects 

on Seed Germination and Plant Growth in 

a Pb Hyperaccumulator Brassica 

pekinensis Rupr. Bulletin Environmental 

Contamination and Toxicology, 60, 285-

291. 

Xu, Z., Shi, M., Yu, X., and Liu, M. (2022). 

Heavy Metal Pollution and Health Risk 

Assessment of Vegetable–Soil Systems of 

Facilities Irrigated with Wastewater in 

Northern China. International Journal of 

Environmental Research Public Health, 

19, 9835. https://doi.org/10.3390/ 

ijerph19169835 

Zhang, D., Chen, M., Li, J., Deng Y., Li, S., 

Guo, Y., Li, N., and Li, Y. (2019). Metal 

nickel exposure increase the risk of 

congenital heart defects occurrence in 

offspring, Medicine, 98(18), Article ID 

e15352, 2019b. 

Zhou, H., Yang W.T., Zhou, X., Liu, L., Gu, 

J.E., Wang, W.L., Zou, J.L., Tian, T., 

Peng, P.Q., and Liao B.H. (2016). 

Accumulations of Heavy Metals in 

Vegetable Species Planted in 

Contaminated Soils and the Health Risk 

Assessment. International Journal of 

Environment Resource Public Health, 

13(3), 289. doi:10.3390/ijerph13030289 

Zwolak, A., Sarzyńska, M., Szpyrka, E., and 

Stawarczyk, K. (2019). Sources of Soil 

Pollution by Heavy Metals and Their 

Accumulation in Vegetables: a Review. 

Water Air Soil Pollution, 230: 164. 

doi.org/10.1007/s11270-019-4221-y 

 

https://doi.org/10.3390/%20ijerph19169835
https://doi.org/10.3390/%20ijerph19169835

