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Abstract-- Maize is a vital nutritional cereal for the infants, young children and adults. The environment 

which they are cultivated in Africa could expose to metal accumulations from soils, thereby posing health 

risks to the consumers. The objectives of this study were determine metal accumulations in maize grains 

(Zea mays L.) cultivated close to Gosa and Gwagwalada solid waste dumpsites and their health risks via 

consumption. A total of 36 soil samples (12 each from dumpsite soil, farmland soil and maize grains) were 

collected and analyzed for some metals [cadmium (Cd), lead (Pb), zinc (Zn), cobalt (Co), copper (Cu), 

chromium (Cr), nickel (Ni) and mercury (Hg)] using standard atomic adsorption spectrophotometer. The 

transfer factors and metal health risks in adults (60 kg; 22-48.9 years), young children (35 kg; 6-15 years) 

and infants (15 kg; 1-6 years) were evaluated using mathematical models. The ranges of metal (mg/kg) 

detected were 10114.00 to 0.52, 10.45 to 0.001 and 13.62 to 0.001 for dumpsite, farmland and maize grains, 

respectively. Though, within FAO/WHO and EU safe limits, Zn was significantly (p<0.05) highest in both 

locations, while Cd, Cr and Hg (0.001 mg/kg) were the least. Only Zn had transfer factor value below 0.5, 

which indicates possibilities of anthropogenic elevations. The estimated daily intake from consumption of 

maize grains (57 g) were generally high for Zn and low for Ni, Cd, and Hg in exposed individuals. The 

hazard index was below 1, which indicates no significant non-carcinogenic risks in exposed populations. 

The incremental lifetime cancer risks was below 10-6 and this suggest potential lifetime cancer risks in the 

order infants ˃ children ˃ adults. This study concluded that daily consumption of maize cultivated closed to 

dumpsites poses potential lifetime cancer concern and thus maize farming around dumpsites needs to be 

discouraged for safety reasons.  
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1.  Introduction 

Soil is one of the major natural resources which supports the growth and survival of 

microorganisms, plants, animals and human beings. It is infinite reservoir of diverse pollutants ranging 

from natural origins like rock weathering and volcanic emissions to anthropogenic activities such as 

waste dumpsites, incessant use of chemical/inorganic fertilizers and pesticides among other industrial 

waste products [1, 2]. The pollution of the environment by heavy metals has remained a serious threat 

to the ecosystem. In most cities, the key sources of heavy metals accumulation in soils are through 

metallic constructions, fabrications, chemical agents, wastewater, agricultural fertilizers, pesticides, 

crude oil spillage and refining [3]. Some of these pollutants are not-readily decomposed and transform 
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to other less innocuous and environmentally friendly products. Hence, these pollutants accumulate and 

eventually impact directly on the ecosystem. Other pollutants such as heavy metals can persist and 

remain for years in soil, water and even bio-accumulate along food chains thereby posing serious health 

concerns to exposed humans and other animals [4, 5]. The ultimate goal of monitoring the level of waste 

management in the environment is to protect the pollution of agricultural lands and underground water 

bodies. Literature review have shown that waste dumpsites take the lead in the release of heavy metals 

into the surrounding soil, water and plants worldwide [6-10]. These are the commonest routes by which 

humans and animals get exposed to heavy metal contaminations. Apart from proper management of 

waste dumpsite, excessive use of agrochemicals such fertilizer in modern day framing to boost crop 

yields and productivity has been identified as a paramount source of different kinds of metals in 

agricultural soil [11-13]. Unknown to most of the framers, these unsafe practices can lead to 

accumulation of more metals in soil and crops which are cultivated in those lands [13]. The implications 

of such agricultural practices not only portends a short-term consequence but a long term effect on the 

soil chemistry, health, and other biological systems associated thereby [14]. Human beings are mostly 

the final recipients of environmental pollutants of agricultural soil through the consumption of plants 

that have accumulated and biomagnified the pollutants over a period of time [1, 15, 16]. 

 

Edible plants and water sources are the major exposure pathways for uptake and cellular 

accumulation of heavy metals by humans. Plant especially absorb the heavy from the soil via their roots 

and some of them are transferred to other parts of the plants where they accumulate to a significant 

threshold needed to exert toxicities and other health disorder in both humans and animals [2, 17]. Some 

of the reported toxicities of heavy metals ingested along with food include impairment of the immune 

defense system, psychosocial disorders, loss of essential nutrients, poor growth and other organ 

disorders [4, 16]. For instance, consumption of some cereals that were contaminated by lead (Pb), copper 

(Cu) and cadmium (Cd) have been linked to cancer, upper respiratory disorders, and renal failures [11]. 

The public health importance of crops contaminated by heavy metals in soil where they were grown 

have been documented in literature over the years to date [4, 11, 16-18]. Hence, it is important to monitor 

edible plants within the vicinities of major sources of heavy metals for public health concern. One of 

such edible, nutritional and annual flowering plants with widespread consumption rates by the young 

and the old is maize.  

 

Zea mays L., commonly referred to as maize, is a flowering plant belonging to the Poaceae 

family. The grain is normally known as corn and ranked third after wheat and rice with reference to 

productivity and utilization. Due to its high nutritional value, maize is widely cultivated as human food, 

animal feeds and raw materials for food, pharmaceutical and other industrial products globally [19]. The 

proximate contents of maize grains were 71.9 %, 8.8 %, 4.6 %, 2.15 and 2.33 % for carbohydrates, crude 

proteins, crude fat, crude fat and crude ash respectively; useful minerals such as different classes of 

vitamins C and B have been reported [20]. Although, a nutritionally rich grain, studies have shown that 

maize possess the capacity to bio-accumulate certain heavy metals depending on the physiochemical 

properties of the soil [21-23]. In most towns and cities in Nigeria, maize are planted in old dumpsite 

areas or close to solid waste landfills and thus a serious health concerns to the consumers [24]. Beside, 

some farmers use wastewater from production processes as sources of irrigation for maize plants without 

recourse to their chemical wholesomeness [25]. The increasing rate of environmental pollution of soils 

by industrial and anthropogenic activities make plants cultivated in such areas a serious threat to health. 

The plants can bio-accumulate the heavy metals and translocate same to their edible fruits/grains. 

Therefore, this study was carried out to investigate the levels of accumulation of heavy metals by maize 

grains (Zea mays L.) cultivated around Gosa and Gwagwalada area councils solid waste dumpsites in 

Federal Capital Territory, Abuja, Nigeria and their health risks.  
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2.  Literature Review 

2.1 Study area 

 

The study was carried out in Abuja, the Federal Capital Territory (FCT) of Nigeria. This study 

area is geographically located at coordinates’ 9° 3′ 28.26′′ N and 7° 29′ 42.29′′ E and at 500 m above 

sea level. The land mass of FCT is about 8,000 km2 with an estimated population 3,652,000 as at 2022 

[26]. It has an average annual temperature range from 30-37 °C, with highest temperature experienced 

in the month of March and with total average rainfall of approximately 1,650mm per annum [27]. The 

four major States bordering the FCT are Kaduna (N), Niger (W), Nasarawa (E) and Kogi States (S) (Fig 

1). This study was carried out at two of the major municipal area council, namely were Gosa (Abuja 

City) and Gwagwalada local government areas. Gosa area council harbors one of the largest municipal 

and industrial activites and thus has the largest solid waste dumpsites. Its geographical coordinates lie 

between latitudes 8° 53'N and 9° 13'N and longitudes 7° 00'E and 7° 30'E with a land area of 90.8 hectare 

[28]. On daily basis, 80 to 90 trucks visit Gosa dumpsite and waste management workers do their 

services of managing the solid wastes in districts using compacting trucks for municipal waste and 

tippers for garden waste [28]. The relevant government agency saddled with the responsibility of waste 

disposal in Abuja municipal is the Abuja environmental and protection board (AEPB). The second study 

location, Gwawalada area council lies on longitude 07o10’E and latitude 08o 59’ N with elevation of 

about 610ft above the sea level. The town is heavily occupied as a result of the rinsing population of 

humans, farming, manufacturing and commercial activities [29]. Other municipal services such as 

vehicular activities, mini businesses, food vending among other metropolitan activities are prominent in 

area [29]. These activities generate tons of solid waste on daily and weekly basis, which are conveyed 

to the dumpsite within the town for disposal [29]. 

 

 
Figure 1. Location map of Federal Capital Territory, Abuja, showing study locations. 

 

2.2. Collection of maize grains and surrounding soil samples 

Maize grains, farmland soil and dumpsite soil samples (12 samples each) were collected using 

cluster random sampling methods in triplicates during the dry season from Gosa and Gwagwalada area 

councils. The selected farmlands used to cultivate the maize plants were situated at about 2 km from 

each dumpsite). The maize cobs were harvested manually, while the soil samples were collected using 

soil auger. All the samples were labeled using permanent maker and transported directed to the 

laboratory for preparation analysis. 

 

2.3. Preparation of maize samples 

The soil samples were air-dried at using hot air ovun at 35 oC for 3 days and then reduced to 

smaller size (2 mm) thereafter. The grains of the maize were manually separated and dried on crucibles 

for hours to reduce the moisture contents before digestion process. 
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2.4. Digestion and metals analyses of samples  

The soil samples (dumpsite and farmland soils) were digested as reported previously (El-

Hassanin et al., 2020; Karimian et al., 2021) [30, 31]. Briefly, a mixture of three concentrated acids; 

HCl, HClO4 and HNO3 at ratio 3:3:1 v/v/v). The soil samples were weighed (0.5 g) and carefully mixed 

with digestion solution (25 mL) and for 4 h at 220 oC. After the digestions process, the final contents 

were filtered after cooling using Whatman filter paper (ashless). The final volume of the volume of the 

filtrate diluted up to the 50 mL by adding some quantities of HNO3 (1 % v/v). Similarly, the dried maize 

grains (5 g) digested using the dry-ashing procedure and then further dissolved in conc. HCL (1 ml). 

The digested solution was diluted with HNO3 (1 % v/v) to 25 ml before filtering using the Whatman 

filter paper (ashless). Metal analysis for cadmium (Cd), lead (Pb), zinc (Zn), cobalt (Co), copper (Cu), 

chromium (Cr), nickel (Ni) and mercury (Hg) were done according to their wavelengths using atomic 

absorption spectrophotometer (AAS Buck Scientific Model 210) in accordance with manufacturer’s 

guidelines.  

 

2.5. Transfer factor (TF) from soil to maize grains: 

TF =  
𝐶𝑚𝑎𝑖𝑧𝑒

𝐶𝑆𝑜𝑖𝑙
           (1) 

 

Where Cmaize is the concentration of metals in maize grain samples, while CSoil is the 

concentration of farmland soil samples [32]. If the calculated TF value is ˃ 0.5, it shows higher 

possibilities of anthropogenic input in metal contaminations.  

 

2.6. Health risk assessment (HIA) 

The HIA was determined to estimate the health risk associated with metal consumption of maize 

grains using some standard equations 2-5 reported in previous studies for daily intake of metal (DIM), 

target hazard quotient (THQ) and hazard index (HI), respectively [32]. The exposed population were 

grouped based on age bracket and average body weight as 60 kg; 22-48.9 years (adult), 35 kg; 6-15 

years (young children) and 15 kg; 1-6 years (infants) [33]. Average rate maize consumed in Nigeria was 

taken as 57 g/person/days [32] 

 

2.6.1. Daily intake of metal (DIM) from maize consumption 

 

DIM =  
 𝐶𝑚𝑒𝑡𝑎𝑙  × 𝐶𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐶𝑚𝑎𝑖𝑧𝑒 𝑖𝑛𝑡𝑎𝑘𝑒 

𝐵𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
       (2) 

 

Where Cmetal is concentration of metals in maize, Cfactor is conversion factor to dry weight (0.085 

was used), Cmaize intake daily intake of maize and Baverage weight is average body weight [32]. 

 

2.6.2 Target hazard quotient (THQ)  

 

            THQ =  𝐷𝐼𝑀 ×  𝐸𝐷 𝑥 𝐸𝐹    

 𝑇𝐴 × 𝑅𝑓𝐷×365
 × 10-3 = 

𝐷𝐼𝑀

𝑅𝑓𝐷
        (3) 

 

Where DIM is dietary intake of metal (mg/kg/day), ED is exposure period (40 years for an 

average lifetime) (Afonne et al., 2017), Ef is frequency of exposure (365 per year), TA is average 

exposure period for non-carcinogen and numerically similar to ED and RfD is the minimum acceptable 

oral dose without health issues. They are 1.0 × 10-3 (Cd), 4.0 × 10-3 (Pb), 3 × 10-1 (Zn), 4.0 × 10-3 (Co), 

4.0 × 10-2 (Cu), 3.0 × 10-2 (Cr) 2.0 × 10-3 (Ni) and 3.0 × 10-4 (Hg) mg/kg body weight [32, 33]. If the 

calculated THQ is < 1, this indicates likelihood of adverse health non-carcinogenic risk in exposed 

individuals. 

 

2.6.3. Hazard index (HI) 

                  HI =∑ THQs           (4) 
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If the calculated value of HI ≤ 1, this shows no significant risk of non-carcinogenic effects.  

While HI > 1, indicates an increasing probability of non-carcinogenic effects occurring in the exposed 

individuals. 

 

2.6.4. Incremental lifetime carcinogenic risk (ILCR) 

 

            ILCR = CSF × EDI         (5) 

 

Where, CSF is the carcinogenic slope factor for heavy metals (Cu, Cr, Ni, Cd and Pb used were 

1.5, 0.41, 1.7, 0.38 and 0.0085 mg/kg/day, receptively) [32, 34] and EDI is the estimated daily intake of 

each metals (mg/kg/bw/day). Generally, an intolerable target range for carcinogen is between 10−4 to 

10−6 [35]. 

 

2.7.  Data analysis 

The experimental data obtained were computed for one-way analysis of variance (ANOVA) at 

significance level of 0.05. Mean values that were significantly different were separated using Duncan 

Multiple Range Test. 

3.  Results 

Generally, soil samples collected from dumpsite soils had the highest metal concentrations, 

followed by farmland soil except for Zn, which had greater concentrations in the maize grains than farm 

land soil samples in both study locations (Table 1). The metal, Zn (762-1014 mg/kg) was significantly 

(p<0.05) highest in all the sampling locations. The least metal concentrations were Cd (0.001 mg/kg), 

Cr (0.001 mg/kg), Hg (0.001 mg/kg). For the maize grain samples, the concentrations of metals were 

within the safe limit stipulated by the FAO/WHO [36] and EU [37].   

The results of transfer of metal from farmland soil to the plant (maize) are shown in Figure 2. 

The transfer value for each metal was in the order: Zn ˃ Pb ˃Cd ˃ Co ˃ Ni ˃ Cu ˃ Cr = Hg (Gosa maize 

grains) and Zn ˃ Pb ˃ Co ˃ Cu ˃Ni ˃ Cr = Cd = Hg. Of all the metal assayed, only Zn in both locations 

had TF that was greater than 0.5.  This indicates the possibilities of anthropogenic inputs in the farm 

environments. 

 

Table 1. Metal concentration (mg/kg) (mean ± SD) in soils (dumpsite and farmland) and maize grain 

samples  

Sampling 

Area 

Metal 

(mg/kg) 

Dumpsite 

soil 

Farmland 

soil 

Maize 

grains 

Safe Limit* 

[36, 37] 

Gosa  

Cd 16.11 ± 0.59de 0.23 ± 4.21e 0.011 ± 0.01f 0.2 

Pb 16.12 ± 4.30de 1.17 ± 0.24d 0.11 ± 1.02c 0.3 

Zn 1014.00 ± 647a 10.45 ± 0.40a 11.76 ± 1.19a 99.4 

Co 38.15 ±15.7c 1.56 ± 0.23cd 0.024 ± 4.21e 0.01 

Cu 85.42 ±13.10b 2.35 ± 0.60c 0.021 ± 0.11e 73.3 

Cr 102.00 ± 49.21b 0.001 ± 0.00g 0.001 ± 0.14h 2.3 

Ni 79.32 ± 17.34b 0.210 ± 0.10e 0.002 ± 0.10g 67.9 

Hg 19.53 ± 5.03de 1.12 ± 0.51d  0.001 ± 1.10h 0.03 

Gwagwalada  

Cd 0.52 ± 0.29f  0.001 ± 0.00g  0.001 ± 0.11h 0.2 

Pb 10.94 ± 2.86e 0.04 ± 0.60f 0.01 ± 1.60f 0.3 

Zn 762.00 ± 231a 4.15 ± 0.94b 13.62 ±2.26a 99.4 

Co 62.00 ± 18.38b 2.18 ± 1.71c 0.27 ± 0.23b 0.01 

Cu 83.16 ± 34.21b 1.27 ± 0.81d 0.05 ± 1.44d 73.3 

Cr 23.00 ± 13.21d  0.001 ± 0.02g  0.001 ± 0.00h 2.3 

Ni 41.94 ± 16.86c 2.45 ± 0.04c 0.02 ± 0.15e 67.9 

Hg 14.83 ± 3.57de  0.001 ± 0.10g 0.001 ± 0.00h 0.03 
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Data are expressed as mean ± standard deviation of triplicate (n = 3), values with different superscript 

down the column are significantly different (p<0.05).  

 

 
Figure 2. Transfer factors of metals from soil to maize grain (*TF ˃ 0.5 indicates anthropogenic 

inputs) 

The estimated daily intake (mg/kg bw/day) from consumption of maize grains (57 g) in exposed 

individuals (infants, 15 kg; children, 35 kg; adults 60 kg) are presented in Table 2. For Gosa area council, 

the highest and lowest DIM for infants and children were both Zn and Ni, unlike in adults with Zn and 

Hg. Similarly, Gwagwalada area council had Zn as the highest DIM and the least were Ni, Cd, and Hg 

for infants and children. The adults also had Zn as the most DIM and Ni, Cd, and Hg as the least metals. 

When compared with the daily safe limit of each metal in food, they were all found to be below 

recommended dosages for each metals/elements.  

 

Target hazard quotient for the metals, as shown in Table 3, revealed that consumption of maize 

grains (57 g) in exposed individuals (infants, 15 kg; children, 35 kg; adults 60 kg) revealed their HI 

(summation of individual THQ) as 0.03, 0.01, and 0.01 (Gosa area council) and 0.02, 0.02 and 0.01 

(Gwagwalada area council). These HI values were below 1, which generally indicates no significant 

non-carcinogenic risk in exposed infants, children and adults.  

 

The target cancer risks for each metals are presented in Table 4. The results showed that the 

calculated ILCR were generally below 10-6. The cancer risks for exposure to each metal in infants, 

children and adults were Cu (10-2, 10-3, 10-3), Cd (10-3, 10-4, 10-4), Ni (10-3, 10-4, 10-4), Pb (10-4, 10-4, 10-

5) and Cr (10-4, 10-5, 10-6) (Gosa area council) and Cu (10-2, 10-2, 10-3), Ni (10-2, 10-3, 10-3), Cr (10-3, 10-5, 

10-5), Cd (10-4, 10-5, 10-5), Pb (10-5, 10-5, 10-6). The summation of the ILCR metals were 10-2, 10-3, 10-3 

for infants, children and adults (Gosa area council) and 10-2, 10-2, 10-3 for infants, children and adults 

(Gwagwalada area council). 

 

Table 2. Daily intake of metals (DIM) (mg/kg bw/day) from consumption of maize grains (57 g) for 

exposed individuals (infants, 15 kg; children, 35 kg; adults 60 kg) sample 

Sampling  

area 

Metal 

(mg/kg) 

DIM 

Infants  

DIM 

Children 

DIM  

Adult 

Daily safe 

limit 

Gosa area council 

Cd 4.00 × 10-3 2.00 × 10-3 8.88 × 10-4 0.00-0.06 

Pb 3.60 × 10-2 1.52 × 10-2 8.88 × 10-3 0.00-0.24 

Zn 3.81  1.64 0.954 8.00-40.00 

Co 7.79 × 10-3 3.34 × 10-3 1.95 × 10-3 0.01 

Cu  6.81 × 10-3 2.92 × 10-3 1.70 × 10-3 0.90-10.00 

Cr 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 0.1 

Ni 6.49 × 10-4 2.78 × 10-4 1.62 × 10-4 0.50-1.00 

Hg 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 0.05 

Gwagwalada area council 

Cd 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 0.00-0.06 

Pb 3.25 × 10-3 1.39 × 10-3 8.11 × 10-4 0.00-0.24 

Zn 4.42 1.89 1.10 8.00-40.00 

Co 8.76 × 10-2 3.75 × 10-2 2.19 × 10-2 0.01 
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Cu 1.62 × 10-2 6.95 × 10-3 4.06 × 10-3 0.90-10.00 

Cr 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 0.1 

Ni 6.49 × 10-3 2.78 × 10-3 1.62 × 10-3 0.50-1.00 

Hg 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 0.05 

 

 

 

Table 3. Target hazard quotient (THQ) of metals from consumption of maize grains (57 g) for exposed 

individuals (infants, 15 kg; children, 35 kg; adults 60 kg) 

Sampling  

area 

Metal (mg/kg) THQ 

Infants  

THQ 

Children 

THQ  

Adult 

Gosa area council 

Cd 4.00 × 10-3 2.00 × 10-3 8.88 × 10-4 

Pb 9.00 × 10-3 3.80 × 10-3 2.22 × 10-3 

Zn 1.27 × 10-2 5.47 × 10-3 3.18 × 10-3 

Co 1.95 × 10-3 8.35 × 10-4 1.95 × 10-3 

Cu  1.70 × 10-4 7.30 × 10-5 4.25 × 10-5 

Cr 1.08 × 10-5  4.63 × 10-6 2.70 × 10-6 

Ni 3.25 × 10-4 1.39 × 10-4 8.10 × 10-5 

Hg 1.08 × 10-3  4.63 × 10-4 2.70 × 10-4 

Non-carcinogenic risk  

(HI < 1)  
∑ THQs 0.03 0.01 0.01 

Gwagwalada area council 

Cd 3.25 × 10-4  1.39 × 10-4 8. 11 × 10-5 

Pb 8.13 × 10-4 3.48 × 10-4 2.03 × 10-4 

Zn 1.47 × 10-2 6.30 × 10-3 3.67 × 10-3 

Co 2.19 × 10-3 9.38 × 10-3 5.48 × 10-3 

Cu 4.05 × 10-4 1.74 × 10-4 1.01 × 10-4 

Cr 1.08 × 10-5  4.83 × 10-6 2.70 × 10-6 

Ni 3.25 × 10-3 1.39 × 10-3 8.10 × 10-4 

Hg 1.08 × 10-3  4.63 × 10-4 2.70 × 10-4 

Non-carcinogenic risk  

(HI < 1) 
∑ THQs 0.02 0.02 0.01 

 

Table 4. Incremental lifetime carcinogenic risk (ILCR) of heavy metals from consumption of maize 

grains (57 g) for exposed individuals (infants, 15 kg; children, 35 kg; adults 60 kg) 

Sampling  

area 

Metal (mg/kg) LCR 

Infants  

LCR 

Children 

LCR 

Adult 

Gosa area council 

Cd 1.52 × 10-3 7.60 × 10-4 3.37 × 10-4 

Pb 3.06 × 10-4 1.29 × 10-4 7.55 × 10-5 

Zn ND ND ND 

Co ND ND ND 

Cu 1.02 × 10-2 4.38 × 10-3 2.55 × 10-3 

Cr 1.33 × 10-4  5.70 × 10-5 3.32 × 10-6 

Ni 1.10 × 10-3 4.73 × 10-4 2.27 × 10-4 

Hg ND ND ND 

Carcinogenic risk ∑ 𝐼𝐿𝐶𝑅 1.33 × 10-2 5.80 × 10-3 3.19 × 10-3 

Gwagwalada area council 

Cd 1.24 × 10-4 5.28 × 10-5 3.08 × 10-5 

Pb 2.76 × 10-5 1.18 × 10-5 6.89 × 10-6 

Zn ND ND ND 

Co ND ND ND 

Cu 2.43 × 10-2 1.04 × 10-2 6.09 × 10-3 

Cr 1.33 × 10-3  5.70 × 10-5 3.33 × 10-5 
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Ni 1.10 × 10-2 4.73 × 10-3 2.75 × 10-3 

Hg nd nd nd 

Carcinogenic risk ∑ ILCR 3.58 × 10-2* 1.53 × 10-2* 8.91 × 10-3* 

ND: not determined,  

 

4.  Discussion 

The activities of man are the major factors responsible for environment. There several pollutants 

in the environment, but due to their non-biodegradability, persistence, longevity, bioaccumulations and 

toxicity, among other factors, heavy metals been identified as a serious environmental hazard to the 

ecosystem and health of microbes, plants, animals and mans. Some metals are beneficial to man, while 

others are non-beneficial because of their toxicities to cells, tissues and organs which absorb them. 

Metals are generally toxic depending on the expose dosage, age and other physiological conditions of 

the exposed individuals [33]. One of the major routes by which humans gets exposed to heavy metals is 

via consumption with food, water and inhalation by air [32].  

 

This study investigated the health risk of some metals (Zn, Pb, Cd, Co, Cu, Cr, Ni and Hg) in 

maize grains (Zea mays L.) cultivated close to Gosa and Gwagwalada solid waste dumpsites. Zn was 

detected as the most abundant metal in all the samples tested in both locations. Zn is one of the 

commonest and most widespread beneficial metals for all organisms, including humans because at the 

recommended dose it plays useful physiological roles such as metabolism, cell growth/development, 

enzyme co-factor, boost immune system and overall maintenance of a healthy system [38]. At relatively 

low nutritional intake, certain health disorders have been reported in infants, children and adults [38]. 

In this study, the mean concentration of Zn ranged from 11.76 mg/kg to 13.62 mg/kg in maize grains 

cultivated at Gosa and Gwagwalada area council farmlands. The daily maximum safe limit is about 99.4 

mg/kg [36, 37]. Data analysis using one-way ANOVA revealed that Zn was significantly (p<0.05) 

highest in both locations. The mean level of Zn reported previously were 2.01 mg/kg from Kaduna, 

Nigeria [39], 0.122 mg/kg from Gishu Couny, Kenya [40], 0.113 mg/kg from Homabay County, Kenya 

[41], 0.66 mg/kg from Ethiopia [42] and 3.6 mg/kg in Bangladesh [43]. They were far lower than the 

levels of Zn this study. However, higher concentrations were reported from China (15 mg/kg) and 

Ethiopia (18.1 mg/kg) by Hongxing and Yu-Kui [44] and Nyachoti et al. [45], respectively. The 

significantly high level of Zn in both farmland could be attributed to human activities such as fertilizer 

applications and leachate from waste dumpsites around the farmlands.  

 

Like Zn, the metals Co, and Cu are other useful biological micronutrients which are important 

for all cells. Copper (Cu) is also an essential enzyme components for active cellular metabolism and 

physiological processes such as good bone formations and production of haemoglobin, antioxidants, 

neurons protections and other oxidative stress-associated enzymes [46]. Similarly, Co is an important 

micronutrient needed for production of vitamins and other co-factors for enzymes [47]. On the other 

hand, living cells require the less toxic biological usable form (Cr3+) for the production of tolerance 

factors of glucose for carbohydrate, proteins and fat metabolisms [46]. The other form which is toxic to 

the cells usually occur as chromium IV can lead to poor metabolism, diabetes, skin disorder, renal failure 

and respiratory tract challenges [46]. The levels of Co and Cu observed in this study ranged between 

0.024 - 0.27 mg/kg and 0.05 - 0.021 mg/kg, respectively. Akenga et al. [41] reported a comparable level 

of 0.042 mg/kg for Co and a higher content of Cu (0.122 mg/kg) in maize grains. On the other hand, 

higher concentrations of 007 – 0.5 mg/kg and 0.23 mg/kg were reported for Cr in maize grains irrigated 

using wastewater by Huma et al. [48] and Lu et al. [49].  

 

The presence of Ni, Pb, Hg and Cd are important in the maize grain because of their public 

health relevance. In this study, the range of Ni, Pb, Hg and Cd (mg/kg) were 0.001 – 0.002, 0.001 – 
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0.11, 0.001, and 0.001 – 0.011. The present results were lower than to those reported by previous 

workers who studied heavy metal accumulations in maize grains. For instance, 0.48 - 0.23 and 0.04 – 

0.11 mg/kg were reported for Pb and Cd [49]. Similarly higher contents of Cd (0.223 mg/kg) and Pb 

(0.324 mg/kg) were reported by Akenga et al. [41]. While a higher level of Ni (0.18 mg/kg) was 

documented [49], a substantially lower content of Hg (<0.001 mg/kg) was however reported another 

study [50]. Although, the levels of Ni, Pb, Hg and Cd were relatively lower than the safe limit stipulated 

by the FAO/WHO [36] and EU [37], there is need to reduce farming in < 2 km away from dumpsites so 

as to reduce continuous exposure, accumulation and possible bio-magnification along the food chains. 

The commonest toxicities of heavy metals reduction in immune system, psychosocial disorders, skin 

disorders, gastrointestinal and respiratory damages as well as impairments of normal roles tissues and 

other organ disorders depending of the age of exposed persons, route of contact and dosages available 

[4, 16, 46].  

 

Metals, particularly the trace or micronutrients, are important to plants and animals for health 

growth and development. Plants derive their elemental nutrients from soil via the root system. From thus 

location, some are stored or bio-accumulate due to non-degradability, while others are utilize by the 

cells of the plants for optimal physiological and biochemical processes. Some of the non-essential 

metals, also termed heavy metals (Cd, Pb and Hg, among others) are absorbed through the roots to other 

part of the plants. Those with potential phyto-extracts mechanism have devised a safer way of 

transforming or concerting these heavy into cell tolerable forms. In order the assess the concentrations 

of accumulated metals in plants organs from soil, environmentalists determine the transfer factor of such 

metals by estimating the ratio of the concentration of the metal in question to the concentration in soil 

[51]. If the calculated TF value is greater than 0.5, it suggests a greater chance of anthropogenic input 

in metal contaminations and accumulation in the plant [32]. In this study, all the metal assayed had TF 

values of less than 0.5 with the exception of only Zn in both locations. This indicates that the 

anthropogenic activities such as irrigations, fertilizer application and leachates from waste dumpsites 

must have enhanced the level (above the farmland soil content) of Zn in the maize grains. This result is 

agrees with the study of [32]. The variations could be attributed to the differences in properties of the 

physical and chemical compositions of vse-a-vis human inputs [31]. 

 

The health risk associated with exposure of humans to harmful metals is of public and 

environmental concerns. The parameters used to assess health risks of metals in food are the estimated 

daily intake of metals with food, analysis of target hazard quotient (also known as the non-carcinogenic  

index) and the incremental lifetime carcinogenic risks (Ogu and Akinnibosun, 2019; Ojiego et al., 2022) 

[52, 53]. The results of the estimated daily intake from consumption of maize grains (57 g) were 

generally high for Zn and low for Ni, Cd, and Hg in exposed individuals. All the metals were below the 

maximum daily intake of metals in food, suggesting little or no health issues for daily consumption of 

57 g of maize by infants (15 kg), young children (35 kg) and adults (60 kg). Our result concurs with 

previous report [31]. This result from this study further revealed that all the metals had THQ and HI of 

less than 1. This indicates that there is no significant non-carcinogenic risk in exposed infants, children 

and adults. The target cancer risks for each metals were generally below 10-6. According to nutritionists 

and food scientists, the severity of ILCR is classified as low risk (≤ 10-6), moderate risk (10-5 to 10-3) and 

high risk (10-3 to 10-1) of cancer [35, 54, 53]. Hence, less than 10-6 value of target cancer risk obtained 

in this study indicates potential lifetime cancer concern in exposed individual. Specifically, the infants 

appears to be the most exposed individuals, followed the young children and adults who are continuous 

feeding on maize grains harvested from the study locations. Exposure to daily consumption of 

Gwagwalada maize grains with Cu, Ni, Cr and Cd poses high cancer risks in infant unlike the other 

(young children and adults) target populations. 
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5.  Conclusion 

Based on the findings from this study, this study has shown that maize grains cultivated close 

Gosa and Gwagwalada area council dumpsites have varying amounts of metal (mg/kg) which ranged 

from 13.62 (Zn) to 0.001 (Cr, Hg and Cd). The metals were however below the permissible limits 

indicating that their concentrations are relatively safe. The transfer factor of Zn, being above 0.5, 

indicates inputs from dumpsite leachates and probably human activities during the farming processing. 

Daily consumption of the maize grains (57 g) showed no significant non-carcinogenic risks in all the 

exposed populations investigated. However, target cancer risks (< 10-6) indicate potential lifetime cancer 

risks especially in infants and children who constantly consume the maize. Hence, this study concluded 

that daily consumption of maize cultivated closed to dumpsites poses potential incremental lifetime 

cancer concern and thus maize farming around dumpsites needs to be discouraged for safety reasons. 

Other safety measures against pollution and leachates of heavy metals within the study areas could be 

adopted. 
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