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Abstract 

The Widespread practice of open solid waste disposal dump sites in the contemporary era has 

become a major source of solid waste disposal in urban and semi-urban areas, contributing 

immensely to severe health risks and other environmental degradation. Due to the rapid growth 

of settlement and urbanization, the environmental health effects of some solid waste disposal 

(dumped sites on the soil by heavy metals) are becoming an increasingly urgent calamity to 

society. This research focuses on geochemical and physiochemical investigation of some heavy 

metals on soil in solid waste disposal dumpsites in some selected areas of Birnin kudu. The solid 

waste disposal of the said area were taken of about 10 places as a sample to assess the metal 

index risk to ascertain the rapid increase in transfer factor by heavy metals on soil to human by 

inhalation and compared to the other area having no such heavy metals. The sites were mainly 

contaminated with Cd Cr Fe, Zn Pb as well as partially contaminated by Mg and Mn. Inhalation 

of such heavy metals results in numerous health risks including stomach pain, liver failure, 

damage to the kidney, mental illness as well as skin cancer. Moreover, identifying the extent of 

contamination of heavy metals and coming up with modalities to overcome such health risks, is 

one of the targets of this research which include the migration of the solid waste disposal dump 

site too far from the vicinity, advancement of green chemistry practices in local industry, 

community awareness by enlighten peoples dropping their solid waste disposal dump in the 

sites, community implementation to take necessary actions. The essential measures that can 

ensure safeguarding future occurrence and also achieve sustainable development goals 6 (SDG).  
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1. Introduction  

Waste disposal sites or dump sites, have become the most vital area where the collections of 

unused waste products are kept, in many communities the dump sites will be abundant due to 

negligence and lack of awareness [1][2][3][4]. In many countries unwanted used items in the dump 

site have been recycled and modified either for industrial applications or commercial purposes, 

agricultural uses as natural manure [5]. As a result of the rapid increase in population growth, 

urbanization, industrialization microbial contamination, many dump sites become closer to the 

houses which leads to an increase in health risks to the people within the vicinity as such heavy metal 

effluent gives out to solid disposal [6]. Biomedical waste discharge and unsustainable development 

activities are the main pressures on dump site areas and can easily affect human health [7]. The 

tremendous increase in waste disposal sites in urban areas aroused the attention of many researchers 

to investigate the health risks associated with heavy metals in the area. To ascertain elemental 

composition and toxicity in the waste disposal site [8].  Even though heavy metals are naturally 

found in the environment, their excessive utilization and release of untreated effluent from various 

tanning, leather, and chemical industries have significantly disrupted the ecosystem [9]. But the 

discharged heavy metals infiltrate aquifers, and dissolve in waste sites and water which also simply 

accumulate in various organs in the human body or some organisms, such as domestic birds, and this 

is subsequently taken up by the top consumers, Humans [6]. The accumulation of heavy metals in 

waste disposal and food materials leads to various complications and impairs their physiological 

functions [10]. The guidelines of the World Health Organization,2021 of some heavy metals like Cd, 
Cr, Hb, Se, Pb, As, and Co revealed that highly toxic heavy metals are not consumed by organisms 

rather they are toxic, but some essential elements like Mn, Zn, Cu, and Mn are eco-friendly metals 

which beneficial to human health at low concentration, in the case may be at high concentration are 

even more dangerous [11]. As a result of such toxic metals they lead to a carcinogenic, genotoxic, 

mutagenic, and teratogenic effect in humans [8]. Numerous studies have shown that heavy metal in 

basins and disposal sites harms humans and causes anthropogenic discharge certainly humans are 

exposed to heavy metal via inhalation by contamination of air from waste disposal sites or water and 

soil. In which the health effect depends on the heavy metal exposure [12]. Long-term exposure to 

heavy metals increases the death rate and illness also consequences of exceeding safe limits can lead 

to danger to human health [10].  Research has shown that short and long-term exposure to heavy 

metals can lead to serious health issues that cause liver cirrhosis, renal failure, damage of severe 

nerve system, cancer, reproductive abnormalities, and heart diseases like cardiovascular diseases 

[13]. Many studies have been assessing the geochemical and physiological distribution, health risk 

assessment, and heavy metal pollution indices which are used for managing the environment by 

planners, managers, and administrators to ascertain the parameters into single factors. Herein heavy 

metal pollution in waste disposal can draw attention by investigating toxic elements found in dump 

sites and stating the possible preventive measures against such toxic heavy metals by enlightening 

people within the vicinity to stay away from the sites. Additionally, its commendable to use a 

domestic item to reduce the minimum number of concentrations of heavy metals. For example, using 

neem leaf tree, rice husk or orange feel can testify that it reduces the minimum concentration of lead 

heavy metal in the environment. 

 

2. Literature review 
A lot of research has mentioned the significance of health awareness regarding health effects and 

risk assessments of heavy metal  and understanding the possible solutions to the problems associated 

with such toxic materials, it also highlighted critical levels of heavy metal pollution as well as a way 

forward to such area which explores the bioaccumulation of heavy metal in waste disposal site and  
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subsequent impact in human health which have insight in health and ecological consequences 

investigation [14]. These studies, attract the current trends and attention in waste disposal sites 

monitoring and health risks assessment as a result of dyeing lather spread and agrochemical 

industries, but the significant risk of heavy metal contamination attributed to industrial zone 

attributes discharge potential toxicity into to environment. Substantial contamination issues by heavy 

metals were highlighted the linked to rapid industrialization which led to the accumulation of heavy 

metals in waste disposal sites such as zinc, lead, cadmium chromium, and iron, in the dump site [15]. 

A result of thorough investigation revealed that the pose of chronic health risk is due to heavy metal 

and physicochemical pollutants by the local population. use of different hydrogeochemical and 

statistical techniques particularly factor analysis combined with GIS is imperative for mapping 

contamination hotspots, understanding the spatial distribution of pollutants [16]. While these 

measures have been taken, soil quality and public health need further protection in the area due to the 

persistent and changing industrial pollution. In this research, there are primary objectives; as 

I- the effect of heavy metal contaminations like Cadmium Cd, Nickel Ni, Cobalt Co, Chromium Cr, 

Zinc Zn, lead Pb, Manganese Mn, Magnesium Mg, iron Fe, and Copper Cu, on soil using waste 

disposal sites which indicates by assessing the sample with atomic absorption spectrum (AAS) was 

computed to understand the contamination of heavy metal as well as the implementation of health 

risk to humans due to utilization of heavy metal in soil. 

II- showing the relationship between the physiochemical and geochemical parameters in the soil to 

waste disposal sites using statistical variates to forecast the origin through the tools. 

 To highlight the spatial distribution of heavy metal is soil on waste disposal sites in the study area 

on a map, the objective of this study is to pave the way to the existing knowledge on heavy metals 

investigations to come up with valuable initiation for academics, stakeholders in the environmental 

resource management protection 

 

3. Material and Methods 
3.1 Study Area 

 The Birnin Kudu metropolis is located at Birnin Kudu local government area of Jigawa state, 

Nigeria. As illustrated in Fig 1. The study area lies between 11o 26’60.00’’ (N.) and the Longitude’ 

9o28’30.00’’ (E) in which the waste disposal sites are within the municipality area [17]. The town 

has a land mass of 127 (2.451 km2) and a Density of 289.3/km2. The nature of the soil in the research 

area was found to be sandy, clay, and loamy within the sample location [18]. Table 1 describes the 

area in which the waste disposal site is located including the coordinates of all the located areas, 

sample codes, and the distance between the two sites in meters. 

Table 1; Description of Soil sample location and its coordinates.  

S/No Description of 

sites 

Sample 

soil 

Latitude (N) Longitude (E) Distance in 

meters 

1 Tudun wada AG1 11o27’28.262N 9o28’14.01E 500m 

2 Zarenawa P.S AG2 11o27’22’500.N 9o28’30.060’’E 350m 

3 Mahauta AG3 11o21’0.372’’ 9o28’43.56’’E 430m 

4 Bakin Kasuwa AG4 11o27’33.816N 9o28’61.428E 500m 

5 Yadin boni AG5 11o27’1.446’’N 9o28’30.937’’E 480m 

6 Zango Qtrs. AG6 11o26’51.846’’N 9o28’41.694’’E 550m 

7 Makwalla AG7 11o26’214.051’’N 9o27’847.651’’E 600m 

8 Furya  AG8 11o26’45.372’’N 9o28’35.502’’E 670m 

9 Masamawa P.S AG9 11o27’17.418’’N 9o28’38.076’’E 500m 

10 Sabon gari AG10 11o26’37.086’’N 9o28’28.028’’E 650m 
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Fig 1:  Illustration (a) the map of Jigawa state (b) map of Birnin kudu local government as a study area 

 

3.2. Methodology  

It was the random sampling technique used for data collection in which, to quantify soil in waste 

disposal sites samples throughout the data collection. About 20 samples were used in five different 

sites whereby 500 miters were covered to take the sample between each waste disposal sites to have 

a good representation of all potential sources of contaminations within the area of study. The 

locations of the said sample were chosen based on demographic as well as geographical factors. At 

the same time, the sites covered were distributed in diverse land. Moreover, the process of selection 

was coupled with historical data as well as reviews of the related literature to identify the 

contaminations of the concern area. Atomic Absorption Spectrometer (AAS), Filter paper, Sieve, 

Plastic plates, volumetric flask, Grinder, Conical flask, Measuring cylinder, Hoe, Analytical balance, 

Beaker, Funnel, Hot plate, Nitric acid (HNO3) and Concentrated. Hydrochloric acid (Hcl) [19].  

 

4 Result and Discussion  
The results were collected from the study area which was obtained and the sample of the soil using 

the technique called atomic absorption spectrum (AAS) as shown in the results. The heavy metals 

investigation of the said study area was detected from the soil sample which was analyzed. The 

investigations revealed that there are variations in the concentration of the heavy metals in the study 

area with sample location and points, these heavy metal concentration ranges from 1.388889 to 

118.51585. Among all the elements Zinc happens to record the lowest concentration as compared 

with Cd and Cr but iron has the highest concentration due to its electronic and ionic properties, 

meanwhile, this shows that all detected heavy metals in the soil possess the potential of groundwater 

that is contaminated [20]. 
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Table 2:  Heavy Metals Concentrations in soil samples obtained from Birnin kudu metropolis 

dumpsite 

 

S/N Samples ID Fe9PPM) Zn(PPM) Pb(PPM) Cd(PPM) Cr(PPM) 

I AG1 101.20 2.08 7.40 10.00 4.27 

Ii AG2 86.67 4.26 3.34 15.00 2.15 

Iii AG3 79.93 1,89 5.52 17.00 2.70 

Iv AG4 83.30 4.76 4.52 17.00 10.10 

V AG5 85.30 2.18 3.35 11.00 5.06 

Vi AG6 92.21 3.41 8.01 20.00 6.11 

Vii AG7 90.40 1.62 4.12 15.00 7.24 

Viii AG8 109.20 2.88 6.26 18.00 3.67 

Ix AG9 96.75 3.14 5.93 16.00 4.59 

X AG10 78.93 1.58 4.16 10.00 5.52 

 

Table 3:   Standard FEPA guidelines for Heavy metals in Soil 

 

SAMPLE ID Zn(PPM) Fe(PPM) Pb(PPM) Cd(PPM) Cr(PPM) 

FEPA B.G B.G 400 1.6 300-400 

E U 

WHO 

3.0 

5.0 

150 

 3.0 

B.G 

0.01 

B.G 

0.003 

B.G 

0.05 

 

 

 
                            Fig. 2   Zinc concentration in a soil sample with FEPA standard 

 

Fig 2:  illustrates the Zn concentration in soil samples in which the concentration of Zn was so 

negligible as compared with the FERA standard even though the highest and lowest concentrations 

of zinc PPM were found to be in samples AG4 and AG10 respectively this shows people within the 

vicinity are at safer side. 
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Fig 3:  Iron concentration in a soil sample with EU standard 

 

 

In the above fig. 3 it was revealed that the concentration of iron varies in some points with the 

concentration of the samples this indicates sample AG4 became the highest point with high 

concentration and sample AG9 has the lowest concentration of iron, but the interesting all the points 

sample are with the permissible limit meaning it is below the standard by the federal environmental 

protection agency FEPA.  

 

 
Fig 4:   Lead concentration in soil with EU standard 
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From the above Fig. 4, there is the presence of lead concentration within the study area certainly the 

sample AG6 has the highest lead concentration. Considering the whole sample the concentration of 

lead is above the permissible limit of heavy metal standard in soil stated by FEPA which is 1.6. In 

this regard, the potential of lead in the study area may cause adverse effects when exposed, because 

it is one of the common contaminants having toxicity in the environment, as such presence may be 

attributed to natural and anthropogenic sources like the use of some pesticides in agricultural farms, 

another adverse effect includes poisoning of lead in humans and chronic neurological disorder 

especially in children and fetuses [21].  

 
Fig 5:   Cadmium concentration in a soil sample with EU standard 

 

 

 

 

Fig 4: illustrates the presence of cadmium concentration in soil samples in this regard the samples 

AG1 and AG10 have the lowest concentrations while sample AG6 has the highest concentration, this 

indicates that all the above samples are higher than the permissible limit which is 3.0ppm by EU 

standard. The result reveals the high level of cadmium concentration in the study area due to the 

dumping of substances like batteries in high quality, which leads to leaching into the ground. 

Cadmium has become one of the toxics and carcinomic elements in the environment, it causes cancer 

and other health defects. The main routes of exposure to cadmium are via inhalation or cigarette 

smoke, and ingestion of foods, this can be possible through several ways like eating contaminated 

food and smoking cigarettes, as it can cause serious adverse effects like pulmonary and 

gastrointestinal irritation as a result of acute ingestion symptoms such vomiting, nausea, abdominal 

pain, burning sensation, salivation, shock loss of consciousness and convulsion [21]. 
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Fig 6:  Concentration of chromium in soil samples with EU standard 

 

In Fig. 6, the concentration of chromium in soil was found to be lower than the permissible limit by 

the European Union which is 150ppm stated in 2002. The chromium concentration in the study area 

is considerably less contaminated as affects the biological activity of the soil. The amount of small 

chromium stimulates the rapid growth of crops but access to it can lead to numerous health risks, but 

the chromium toxicity depends on its oxidation status. Meanwhile, chromium occurs in two states in 

soil (1) chromium oxidation CrO2 is highly mobile, and toxic in soil and grown water. Also reduced 

ions chromium Cr (III) from weal soluble hydroxide or stable complexes with soil minerals [22].  

 

5. Conclusion  
The research reveals that the concentrations of heavy metals in soil in the study area are in two 

categories, the first category is the heavy metals with high concentration in the area study area and 

the attention can be drawn to the people within the vicinity and concern authority in taking 

precautionary measures in curtailing such problems, these high concentrated heavy metals are 

cadmium Cd and lead Pb. The other categories of heavy metals with low concentrations in the study 

area are Zinc Zn, Chromium Cr, and iron Fe. In this category, the heavy metals proved to be in safer 

sites for people living in the study area, as such low access to the heavy metals can be an advantage 

to the community in terms of agricultural achievements and otherwise. These results underscore the 

urgent need for action to mitigate the contamination of heavy metals and their environmental 

growing impact. The research reveals to provide regulatory agencies with data to establish safe 

buffers in soil around the study area, and to minimize human exposure as well as protect people in 

the area. Moreover, the framework for risk assessment supports the advancement of soil monitoring 

programs which are very vital in detecting early contamination trends and providing timely 

interventions. 
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