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ABSTRACT 

This paper explains the mean concentrations of some selected heavy metals in the soils of 

Abuja metropolis at depth of 15cm. Aqua Regia (HCl/HNO3) method was employed to 

evaluate total metal concentrations in Abuja soils samples. Concentration levels of Pb, Cd, 

Fe, Ni, Zn, Al, Mn, Cu, Cr and As in Abuja Metropolis soil samples collected from motor 

parks, industrial zones, near auto mechanic zones, residential areas and an urban forest were 

investigated. Total mean concentrations of heavy metals in Abuja urban soil samples were 

found to be; Pb(0.18±0.07), Cd(0.29±0.07), Fe(4.21±0.01), Ni(0.19±0.009), Zn(7.00±0.02), 

Al(2.65±1.8),  Mn(1.43±0.00), Cu(6.30±0.03) Cr(0.03±0.02)and As(1.43±0.00). Mean 

concentration of sub-urban soils were; Pb(0.38+0.03), Cd(0.02±-0.01), Fe(2.25±0.57), 

Ni(0.2±00.02), Ni(0.30±0.02), Zn(5.35±0.02), Al(1.59±0.02), Mn(1.0±90.07), 

Cu(4.15±0.03), Cu(4.15±0.03), Cr(0.1±10.03) and As(1.50±0.02). Results were below the 

limit of regulatory authorities. Zn had the highest mean concentrations in Abuja urban soils in 

the following sequence of decreasing order: Zn>Cu>Fe>Al>Mn>As>>Cd>Ni>Pb>Cr and in 

the sub-urban soils, it was; Zn>Cu>Fe>Al>As>Mn>>Pb>Ni>Cr>Cd.. Zn mean concentration 

was observed to be highest in Asokoro Forest samples too. Excess Zn like its deficiency in 

plants, results in Zn phytotoxicity which disrupts plant photosynthesis among other things, 

this increases the amount of CO2 in the atmosphere thereby increasing global warming. This 

implies that Abuja Metropolis is in danger of global warming due to excess of Zn in the oils. 

Relevant authorities should be conducting periodic environmental risk assessments of Abuja 

soils in order to checkmate the rising toxic metal build up in the metropolis. 

Keywords: Abuja Metropolis, Mean concentrations, Heavy metals, Phytotoxicity, Global 

warming 

INTRODUCTION 

Pollution related to soil has become a major 

threat to humanity (Zhao et al., 2022). 

Heavy metal pollution is a serious and 

widely environmental problem due to the 

persistent and more non-degradable 

properties of these contaminants (Sarkar et 

al., 2014). In recent times, metals in soil and 

water are becoming serious issues of 

concern at all levels, since they constitute a 

crucial component of the environment 

(Ochelebe et al., 2017). As a result of this, 

there is now the understanding that the 

environment affects people’s health and life 

longevity as a result of this, there is now the 

understanding that the environment affects 

people’s health and life longevity which has 

led to the emergence of the concept of the 

environmental safety of residential areas as 

one of the key factors taken into 

consideration when choosing housing 

accommodation in cities around the world 

(Zhogoleva, 2015).Heavy metals occur in 

soils at low concentrations generated by 

natural processes such as weathering of 

rocks and minerals (Robinson et al., 2019). 

But  due to human interference in the 

natural geochemical cycle, heavy metals 

become toxic and are regarded as 

contaminants in the environment when their 

rate of generation through anthropogenic 

cycles are more rapid relative to natural 
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ones (Aryal et al, 2017). Increasing levels of 

heavy metals in soil has become a serious 

concern for human health because they can 

be easily transferred into the human body 

through contaminated food web (Mehmud et 

al, 2019). Due to the constant urbanisation 

and industrialisation in many parts of the 

world, metals are constantly spreading to the 

environment and pose a great threat to 

human health (Vural et al, 2021). 

Globally, there are more than 10 million 

sites of soil pollution reported with greater 

than 52% of the sites contaminated with 

heavy metals and / or metalloids and it has 

been estimated that heavy metal pollution 

has a combined worldwide economic impact 

of more than US$10 billion per year 

(Montano-Lopez and Biswas, 2021). 

Climate change and landscape 

transformation have led to rapid expansion 

of sub-urban areas globally (Samaneh et al., 

2022).  

Studies of environmental pollution in Africa 

indicated that toxic metal pollution has 

reached unprecedented level over the past 

decade, as human exposure has become a 

major health risk on the continent (Fayiga et 

al, 2017). Apart from heavy metal hazard to 

humans and animals, .they also retard plant 

activities through phytotoxicity Zn 

phytotoxicity for instance decreases the rate 

of photosynthesis in plants thereby 

increasing CO2 in the atmosphere which 

increases global warming subsequently. 

This paper will dwell on this issue so as to 

contribute towards finding natural solutions 

to global warming.The aim of the paper is to 

assess the concentrations of heavy metals in 

the soils of Abuja Metropolis, Nigeria. 

MATERIALS AND METHODS 

Sampling Method 

Abuja soils samples were divided into 

urban, sub-urban and Asokoro Forest 

(control) for easy analysis and samples were 

collected from various points from the 

mentioned soil samples at 15cm depth using 

plastic shovel. Samples were collected in 

polythene bags and taken to the laboratory 

and dried for 3 days using air dry method. 

 

Sampling Area 

Abuja metropolis is a city comprising of 

Abuja city and its environs which comprise  

several sub urban communities, an industrial  

park and Asokoro forest, between the 

coordinates of  Longitude 9.07
o
N and 

Latitude 7.40
o
E (Orisakwe et al., 2017). 

Asokoro forest is considered to be an 

unexploited land which is not used for 

farming or any anthropological activities as 

of the time of carrying this work. 

Samples Preparation 

 Pretreatment was carried out including 

oven heating of sub samples at 65ºC  for 16 

hours to eliminate any microbial activity 

(Mehlic, 1979). Samples were homogenized 

to give uniform size of components and 

sieved using 200mm sieved cloth (pore size) 

for more uniformity in samples. 

Sample Digestion 

Sieved soil samples were digested by adding 

10mL each (from 1 mole of HCl and HNO3) 

at 1:1:1 HCl-HNO3-H2O mixture to 20.00g 

of soil samples and heating at 98
0
C for 1 

hour. Heated samples were allowed to cool 

and then centrifuged at 3500xs for 10 

minutes. An aliquot of the supernatant was 

pipetted and made to volume with  5%  

conc. HCl. Samples were kept in 50mL 

capacity polythene bottles for instrumental 

analysis (Oliveira, 2012). 

RESULTS AND DISCUSSION 

Results of concentrations of metals in both 

Abuja soils and Asokoro Forest soil as 

control are outlined in tables 1 and 2 below.
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Table 1: Mean Concentration of metals in Abuja soil samples 
  

    Pb 

 

   Cd 

 

    Fe 

 

  Ni 

                                            

Zn 

                                                     

Al 

                                                        

Mn 

                                                       

Cu 

                                                                                                                                   

Cr 

                                                                     

As 

S 1   0.01±7.07 0.05±7.07 

 

0.38±0.00 

 

0.09±0.10 

 

1.78±0.03 

 

0.19±0.00 

 

0.19±0.01 

 

0.10±0.001 

 

0.00±0.01 

 

0.27±0.00 

 

S 2 0.02±0.01 0.02±0.01 
 

0.40±0.00 
 

0.01±0.00 
 

2.00±0.08 
 

1.00±0.01 
 

0.12±0.10 
 

2.25±0.01 
 

0.00±0.01 
 

0.19±0.00 
 

S 3 0.02±0.00 0.02±0.00 

 

0.32±0.01 

 

0.02±0.02 

 

0.79±0.01 

 

0.16±0.01 

 

0.15±0.02 

 

0.68±0.00 

 

0.00±0.00 

 

0.20±0.00 

 
S 4 0.01±0.00 0.00±0.00 

 

0.30±0.01 

 

0.02±0.00 

 

0.88±0.03 

 

0.16±0.01 0.29±0.01 0.13±0.01 0.00±2.21 0.21±0.00 

S 5 0.01±0.00 0.20±0.00 
 

7.23±0.04 
 

0.02±0.00 
 

1.21±0.01 
 

0.65±0.02 
 

0.27±0.02 
 

0.76±0.00 
 

0.00±0.00 
 

0.13±0.01 
 

S 6 0.10±0.00 0.00±0.00 

 

1.27±0.01 

 

0.02±0.00 

 

1.26±0.01 

 

0.21±0.01 

 

0.20±0.01 

 

1.01±0.00 

 

0.00±0.00 

 

0.23±0.00 

 

S 7 0.01±0.00 0.00±0.00 
 

0.31±0.01 
 

0.01±0.04 
 

0.86±0.03 
 

0.28±0.04 
 

0.21±0.01 
 

2.42±0.00 
 

0.00±0.00 0.20±0.00 
 

Total 

Control 

Standards: 

NESREA 

WHO 

0.21±0.01 

0.00±0.00 

 

164 

300 

0.30±0.01 

0.00±0.00 

 

3 

3.08 

11.65±0.00 

0.28±0.00 

 

- 

- 

0.50±0.07 

0.02±0.00 

 

70 

  0.05 

13.35±0.10 

2.49±0.01 

 

421 

2800 

5.60±0.00 

0.31±0.01 

 

10000- 

30000 

2.47±0.00 

0.31±0.01 

 

200 

300 

12.21±0.03 

1.73±0.01 

 

100 

1500 

0.00±0.01 

0.00±0.00 

 

100 

100 

2.58±0.00 

0.16±0.01 

 

      - 

      - 
 

NESREA = National Environmental Safety, Regulatory and Enforcement Agency,    

WHO = World Health Organisation 

 Mean concentration of metals in Abuja urban soils in decreasing order: 

          Zn>Cu>Fe>Al>Mn>As>>Cd>Ni>Pb>Cr 

Mean concentration of metals in Asokoro forest soils in decreasing order: 

          Zn>Cu>Mn>Al>Fe>As>Ni>Cr>Cd>Pb 
 

Table 2: Result of Mean Concentration of Metals in Abuja Sub Urban Soil Samples (ppm). 
  

    Pb 

 

   Cd 

 

    Fe 

 

  Ni 

                                            

Zn 

                                                     

Al 

                                                        

Mn 

                                                       

Cu 

                                                                                                                                   

Cr 

                                                                     

As 

S 1   0.12±0.01 0.00±7.07 

 

0.34±0.01 

 

0.03±0.02 

 

0.90±0.01 

 

0.22±0.02 

 

0.16±0.03 

 

1.56±0.000 

 

0.11±0.01 

 

0.19±0.00 

 

S 2 0.00±0.00 0.00±0.00 0.28±0.21 
 

0.06±0.03 
 

0.83±0.04 
 

0.16±0.04 
 

0.16±0.04 
 

2.11±0.00 
 

0.00±0.00 
 

0.19±0.01 
 

S 3 0.16±0.00 0.00±0.00 0.40±0.01 

 

0.04±0.00 

 

0.60±0.00 

 

0.31±0.01 

 

0.17±0.01 

 

1.84±0.00 

 

0.00±0.00 

 

0.22±0.01 

 
S 4 0.00±0.00 0.00±0.00 

 

0.25±0.06 

 

0.014±0.01 

 

0.52±0.03 

 

0.21±0.01 0.17±0.17 2.90±0.00 0.00±4.60 0.23±0.00 

S 5 0.0020.00 0.00±0.00 0.39±0.01 
 

0.02±0.00 
 

0.81±0.01 
 

0.19±0.00 
 

0.20±0.00 
 

0.48±0.00 
 

0.00±7.00 
 

0.18±0.01 
 

S 6 0.00±0.00 0.00±1.41 

 

0.31±0.01 

 

0.02±0.00 

 

0.90±0.01 

 

0.20±0.01 

 

0.20±0.01 

 

0.16±0.01 

 

0.00±0.00 

 

0.22±0.00 

 

S 7 0.004±0.01 0.02±0.01 
 

0.28±0.05 
 

0.02±0.01 
 

0.79±0.01 
 

0.30±0.00 
 

0.03±0.00 
 

1.10±0.01 
 

0.00±0.00 0.27±0.00 
 

Total 0.28±0.03 0.02±0.01 2.25±0.57 0.20±0.01 5.35±0.02 1.59±0.02 1.09±0.07 4.15±0.03 0.11±0.01 

 
1.50±0.02 

Mean concentration of metals in Abuja urban soils in decreasing order 

Zn> Cu>Fe>Al>As>Mn>>Pb>Ni>Cr>Cd 
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Comparison of mean metal concentrations in 

some selected sites of Abuja Metropolis is 

highlighted here. Abuja urban sample 

S1(table 1) had Pb mean concentration of 

0.01±7.07, lower than in sub-urban sample 

S1(table 2) having 0.12±0.001 which could be 

due to pesticide residues at Nyanyan 

community; this does not conform to the 

findings of Brown et al., (2015). Urban 

sample S2 had Pb mean concentration of 

0.02±0.0007, higher than in sub-urban S2 

having 0.001±0.001; which could be due to 

trace of Pb from passing cars at the sub-urban 

S2 site; this does not conform to the findings 

of Wade et al., (2021). 

Urban sample S5 (table 1)had Pb mean 

concentration of 0.01±0.0003, higher than in 

sub-urban sample S5(table 2) having 

0.002±0.0007, which could be due to human 

and vehicular activities at urban S5 site; this   

conforms to the findings of Levin et al., 

(2021). Urban sample S6 had Pb mean 

concentration of 0.10±0.0003, higher than in 

sub-urban sample S6 having 0.002±0.001; 

which could be due to higher anthropogenic 

activities at urban S6 site; this conforms to the 

findings of Conrad-Rooney et al., (2023)

Urban sample S1(table 1) had mean 

concentration of Cd as 0.05±7.07, higher 

than in sub-urban ample S1(table 2) having 

0.002±7.07, which could be due to higher 

deposited smokes from passerby smokers 

and vehicular traffic at S1site, this confotms 

to the findings of Adeyi and Babalola, 

(2017). Urban sample S2 mean 

concentration of Cd was 0.02±0.0007, 

higher than in sub-urban S2 having 

0.001±0.001, which could be due to 

cigarette smoke residues at s1 site being a 

public area; this conforms to the findings of  

Ricter et al., (2017). Urban sample S5 had 

Cd mean concentration of 0.02±0.0007, 

higher than in sub-urban sample S5 having 

0.003±0.0007, which could be due to 

atmospheric as well as cigarette smoke from 

passersby at urban site; this conforms to the 

findings of Feng et al., (2019). Urban 

sample S6 had mean concentration of Cd of 

0.001±0.0003, higher than in  sub-urban S5I 

having 0.0002±0.1.41, this could be due to 

atmospheric deposition of cadmium at urban 

S6  site; this conforms to  the findings of  

Li-li et al., (2019). 

Urban sample S1(table 1) had mean 

concentration of Fe of 0.38±0.003,  higher 

than in  sub-urban S1(table 2) having 

0.34±0.007, this could be due to absorbed or 

precipitated oxides in the soil of urban S1 

than on to sub-urban S1 soil; this conforms 

to the findings of Famuyiwa et al., (2022). 

Urban sample S3 had Fe mean concentration 

of 0.32±0.01, lower than in sub-urban S2 

having 0.40±0.004; which could be due to 

industrial processes and absorbed or 

precipitated secondary oxides in the soil of 

sub-urban S2 site; this confotms to the 

findings of Ozaki et al., (2019). Urban S5 

had Fe mean concentration of 7.23±0.04, 

higher than in sub-urban sample S5 having 

0.39±0.01; which could be due to Fe-organic 

matter deposition as a result of constant 

human activities and urban vegetation at 

urban S5; this conforms to the findings of 

Nyiramigisha and Sajidan, (2021). 

Urban sample S1(table 1) with Ni mean 

concentration of 0.09±0.01,  higher than in 

sub-urban sample S1(table 2) having 

0.03±0.02, which could be due to 

atmospheric emission including soil-forming 

processes and anthropological activities at 

urban S1 area; this conforms to the findings 

of Agyeman et al., (2022). Urban sample S2 

had Ni mean concentration of 0.01±0.001, 

lower than in  sub-urban sample S2 having 

0.06±0.03, which could be due to 

agricultural activities and dust fall at sub-

urban S2 area; this conforms to the findings 
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of Said, (2022). Urban sample S5 had Ni 

mean concentration of 0.02±0.004 which 

was equal to that of  sub-urban sample S6; 

which could be due to anthropological 

activities at both sites; this conforms to the 

findings of Vischetti et al., (2022).  

Urban sample S1(table 1) has Zn mean 

concentration of 1.78±0.03 which is higher 

in sub-urban sample S1(table 2) which was 

0.90±0.007, this could be due to 

atmospheric deposition, runoff debris and 

anthropological activities at urban S1 area; 

this  conforms to the findings of Pardo, 

(2021). Urban sample S3 had mean 

concentration of 0.88±0.03, higher than sub-

urban sample S3 having 0.52±0.03, this 

could be due to atmospheric deposition and 

runoff at urban S3 area; this does not 

conform to the findings of Yu et al., (2022). 

But Zn phytotoxicity is detrimental to Abuja 

environment, since excess or deficiency of 

Zn retards photosynthesis among other 

things, thereby increasing the amount of 

CO2 in the atmosphere according to the 

findings of Vassilev et al., (2011), who 

concluded that “excess Zn triggers 

disturbances in the waters relations, which 

affect photosynthesis”. 

Urban sample S1(table 1) had  Al mean 

concentration of 0.19±0.002,  lower than in  

sub-urban sample S1(table 2) having 

0.22±.02 which could be due to high 

presence of  aluminium oxides at Nyanyan 

site I;  this does not  conform to the findings 

of Weber et al., (2021). Urban sample S2 

had Al mean concentration of 2.00±0.08, 

higher than in sub-urban sample S1 having 

0.16±0.04 which could be due to proximity 

of urban S2 site to a dump site and urban 

transportation, this conforms to the findings 

of Yakeen and Onifade, (2012).  Urban 

sample S4 has Al mean concentration of 

0.19±0.01, lower than in sub-urban sample 

S3 having 0.21±0.007; which could be due 

to high presence of aluminium oxides, other 

industrial processes and atmospheric 

deposition of Al at sub-urban S3 industrial 

area; this conforms to the findings of  

Jacukowics-Sobala et al., (2015).  

Urban sample S1(table 1) had Mn mean 

concentration of 0.19±0.01, higher than in 

sub-urban S1(table 2) having 0.16±0.03, 

which could be due to deposition of food 

debris and atmospheric deposition of Mn at 

urban S1 site; this conforms to the findings 

of Gunawardena et al., (2015). Urban 

sample S2 had Mn mean concentration of 

0.12±0.10, lower than in  sub urban sample 

S1 having 0.16±0.04, this could be due to 

anthropogenic activities at sub-urban S1 

site; this is not in conformity with the 

findings of Pavlons et al., (2015). Urban 

sample S5 had Mn mean concentration 0f 

0.27±0.02, higher than in sub-urban sample 

S7 having 0.03±0.002, which could be due 

to proximity of the site to Wuse market (a 

hotspot for metal deposition); this conforms 

to the findings of Uebari and Boisa, (2019). 

Urban S1(table 1) had Cu mean 

concentration of 0.10±0.007, lower than in 

sub-urban sample S1(table 2) having 

1.56±0.001, which could be due to this is  

not in conformity with the findings of Xing 

et al., (2020). Urban sample S3 had Cu 

mean concentration of 0.68±0.003, lower 

than in sub-urban sample S3 having 

1.84±0.007, which could be due to industrial 

emissions and wastes at sub urban sample 

S3 area; this conforms to the findings of 

Stanojevic, (2021). Urban sample S4 had Cu 

mean concentration of 1.13±0.005,  lower 

than in sub-urban sample S4 having 

2.90±0.007, which could be due to industrial 

emission as well as other biosolids wastes at 

sub-urban S4; this conforms to the findings 

of  Galyas, (2019). 

 Urban sample S1(table 1)  having  Cr  mean 

concentration of 0.002±0.007 had lower 
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concentration than in  sub-urban sample 

S1(table 2) having 0.11±0.007, which could 

be due to deposition of fertilizer, agricultural 

produce remnants and pesticides residues at 

sub-urban sample S1; this conforms to the 

findings of  Xu et al., (2021).  Urban S3 had 

Cr mean concentration of 0.002±0.007, 

higher than in sub-urban sample S3 having 

0.001±0.0007, which could be due to 

atmospheric deposition at urban sample S3; 

this does not conform to the findings of 

Ullah et al., (2023). 

Urban sample S5(table 1) had As mean 

concentration of 0.13±0.01, lower than in 

sub-urban sample S7(table 2) having 

0.27±0.004, which could be due to 

atmospheric deposition of As, sub-urban S7 

site, being a mining community near River 

Wupa; this conforms to the findings of  Ye 

et al., (2021). Urban S7 had  As mean 

concentration of 0.21±0.003, lower than in 

sub-urban S9 which is 0.29±0.02, this could 

be due to proximity of sub-urban S9 site to a 

dumpsite; this conforms to the findings of  

Beldowski et al., (2016). 

CONCLUSION 

From the results above, the total mean metal 

concentrations in Abuja urban soil samples 

were found to be in the decreasing order; 

Zn>Cu>Fe>Al>Mn>As>>Cd>Ni>Pb>Cr, in 

sub-urban soils it was;   

Zn>Cu>Fe>Al>As>Mn>>Pb>Ni>Cr>Cd. 

AsokoroForest had;     

Zn>Cu>Mn>Al>Fe>As>Ni>Cr>Cd>Pb. 

Mean metal concentrations in samples of 

Abuja urban centres were found to be higher 

than in sub-urban communities soil samples 

indicating high anthropogenic activities in 

Abuja city centres. Zn and Cu were 

discovered to be the metals with the highest 

mean concentrations in Abuja Metropolis 

soils. Pb, Cd, Ni, Zn, Al, Mn, Cu and Cr had 

concentrations below regulatory authorities’ 

limits, Fe and As had no available standard 

limits from regulatory authorities as of the 

time of this research.  

From the sequence of metal availability in 

Abuja Metropolis soils, especially in 

Asokoro Forest, it can be said that 

themetropolis could  be sitting on Zn 

deposit. Excess Zn  can cause Zn 

phytotoxicity which inhibits plant 

photosynthesis mechanism among other 

things; this increases the amount of CO2 in 

the atmosphere thereby increasing global 

warming within the metropolis. Thus, Abuja 

Metropolis can be said to be in danger of the 

consequences of global warming..Relevant 

authorities should give more attention to 

periodic environmental risk assessment of 

Abuja soils in order to checkmate the rising 

metal build up in the metropolis. 
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