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Abstract
Exposure to heavy metals poses serious human health and ecological threats, 
especially in developing countries where ecological risk assessment and 
remediation are often ignored. While many studies have reported heavy metal 
toxicities in rapidly urbanizing cities with increased anthropogenic activities, 
limited information exists on metal toxicities and their ecological risks in soils 
within the Sunyani Municipality. Top soils were sampled from residential and 
farmland surface soils and analyzed for the concentration and potential risks 
for nine heavy metals within Sunyani Municipality. Apart from As and Mn, the 
two study sites generally recorded elevated levels of all metals than the pristine 
soil samples from the University of Energy and Natural Resources botanical 
garden. Levels of chromium, copper, lead, and zinc were however marginally 
higher in residential surface soils than in the farmlands. The soil contamination 
factor and geoaccumulation index both revealed moderate As, Hg, and Mn 
contamination at the two study locations. Furthermore, the soil enrichment factor 
showed significant enrichment for arsenic and moderate enrichment for cadmium  
in residential soils, while the farmland soils revealed moderate enrichment of As, 
Hg, and Mn. The potential ecological risk indices also showed considerable risk 
at both study locations, while the pollution load index revealed higher cumulative 
pollution in residential areas (PLI = 0.48) compared to the farmland surface soil 
(PLI = 0.40). The study therefore recommends the regulation of human activities 
and the use of chemicals that are possible sources of metal contamination  
to maintain the metals’ baseline levels in the soil, and reduce their health and 
environmental impacts.
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Introduction
For several decades, scientists have employed the 
phrase "heavy metals" in their investigations within 
the field of ecotoxicology. In such investigations, the 
concentration, fate, emission, mobility, and toxicity 
of the metals have been widely explored. Heavy 
metals are sometimes referred to as toxic metals 
due to their poisonous nature either in elemental 
state or combined form.1 The biogeochemical 
characteristics of metals differ. For example, 
period four transition metals such as chromium, 
manganese, iron, copper, and zinc, are known for 
some biochemical functions in humans. In contrast, 
metals such as arsenic, mercury, cadmium, and 
lead, are highly toxic at background concentrations 
and have no known biological significance.2 As 
soon as heavy metals enter the lithosphere, they 
remain undecomposed and they bioaccumulate to 
cause detrimental effects.3 Sources of these metal 
pollutants can either be natural or anthropogenic. 
Natural sources include but are not limited to erosion 
processes experienced by rocks containing metals, 
atmospheric deposition, and volcanic eruptions 
while human-induced activities which are linked to 
industrialization, encompass activities like waste 
disposal, waste incineration, urban effluents, 
vehicular emissions, fertilizer application, and 
the prolonged use of wastewater in agricultural 
lands.4 Heavy metals are frequently used in 
different industrial processes, such as production of 
batteries, alloys, electroplated metal components, 
agrochemical uses, and road building.5,6 These 
toxic metals are non-biodegradable and, as a result, 
persistently pollute the air, the land, the water, and 
sediments.7 Concentrations of metals in surface soils 
rely on the chemical, physical, biological, geological, 
and anthropogenic factors that may cause the rise of 
these metal concentrations beyond their acceptable 
environmental soil quality guidelines.8

Heavy metals' possible adverse effects on humans, 
animals, and plants have caused a great deal of anxiety, 
especially in developing nations where mitigation 
techniques are still in their infancy.9 For example,  
exposure to lead, even at low levels, has been 
reported to cause mutilation of the brain nerves, 
and heart-related issues in living organisms.10 The 
detrimental impact of mercury pollution on neurons, 
nerves, digestive, and reproductive systems 

has been established among biota.11 Cadmium 
contamination has been associated with changes 
in human male spermatogenesis, semen quality, 
including sperm motility, and hormonal releases.12

The fundamental structural component of the 
biosphere is the soil-plant system. It transforms solar 
energy into biological energy, supplying essential 
natural resources for organisms including plants, 
animals, and humans.13 Often, it is assumed that 
surface soils in residential areas that have not seen 
a significant degree of industrial activity are pristine. 
Due to common homeowner practices like applying 
pesticides and fertilizers, rebuilding and building 
with lead-based paint, using pressure-treated wood 
for decks, and being exposed to vehicle emissions, 
these soils may record high levels of metals and 
metalloids.14,15

Many studies have reported high concentrations of 
metals at locations where human-induced activities 
are widespread. Notwithstanding, there is scanty 
information on the potential risks posed to the 
lithosphere and biota by these metals. Therefore, 
investigating the heavy metal levels in both farmland 
and residential soil is an urgent task. The present 
study assessed the level and toxicity of nine heavy 
metals from fifty-two surface soils in the Sunyani 
municipality grouped into residential and farmlands 
based on the place of sampled soil.

Materials and Methods
Study Location
Sunyani municipality is an expanding urban center 
and serves as the administrative capital of the Bono  
Region in Ghana. The municipality covers approxi-
mately 506.7 square kilometers and is located at 
latitude 7.34° and longitude -2.33°. Sunyani is located 
within the wet semi-arid climate zone of Ghana. The 
lowest and highest monthly temperatures are in 
August and April, respectively, and range from 23 
°C to 33 °C. Rainfall is typically 88.99 cm 16. The 
residential areas in the municipality are scattered 
around the southern and the northern zones. The 
middle corridor of the municipality is saturated with 
commercial activities. Farming is the Indigenous' 
primary occupation, which they often perform 
outside of town. The sampling locations within the 
municipality for this study are depicted in Fig. 1.
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Soil Sampling
Samples were collected in April 2022 at a depth of 
0 – 15 cm with a clean, dry shovel. Surface soils 
particularly the depth chosen, are reported to be 
the layer that humans may have direct contact 
with oral ingestion.17 During sampling, the digging 
tools were cleaned using detergents and washed 
under a running tap after fetching each sample. 
This was done to reduce cross-contamination. 
Fifty-two samples were randomly collected within 
the study location, 20 from identified residential 
areas and 32 from farmlands. At each sample site, 
three replicates were taken within 3 m intervals, 
homogenized, kept in zip-loc, and conveyed to the 
laboratory. The samples were prepared for analysis 
by drying, removing debris and pebbles, powdering, 
and sieving to a particle size of 250 µm. This size 
indicates the fraction of soil particles with the ability 
to adhere to the skin, especially the hands.

pH and EC
Soil pH and electrical conductivity of all the soil 
samples were determined by an Oakton PCSTestr35 
multiparameter probe (Quebec, Canada).18 In brief, 
a supernatant liquid of soil: water (1:5, w/v) was 
shaken for about 30 minutes on a mechanical shaker 
(DRAGONLAB SK-0330-PRO), and the resulting 
mixture was allowed to stand for about 15 minutes 
before measurements.

ICP-MS analysis
Before instrumental analysis, soil samples were 
acid digested in the laboratory by following US EPA 
Method 305119. A 3.0 g portion of the prepared 
sample was subjected to digestion in a beaker 
containing a mixture of conc. HNO3 and conc. HCl 
(1:3 v/v) at 95 oC for 1 hr. The resulting mixture was 
allowed to cool, filtered, and made to mark followed 
by instrumental analysis. The quality assurance and 

Fig.1: Map showing the sampling points in the Sunyani municipality.
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quality control measures involved the measurement 
of procedure blank, a certified reference sample 
(NIST 2709a), and for the replicate samples.

Pollution Indices
Contamination Factor (CF) and Pollution Load 
Index (PLI)
CF assesses the degree of contamination by 
comparing the concentration of metal in the sample 
to its baseline value. Equation 1 was employed to 
calculate CF values for each heavy metal.20

CF=  Ms/Mb  ...(1)

Ms and Mb denote sampled metal concentration and 
background concentration respectively. Soil sample 
from the botanical garden of the University of Energy 
and Natural Resources (UENR) - Sunyani was used 
as the background sample due to its pristine nature. 
CF values were classified as no (CF < 1), low (CF = 
1-3), significant (CF = 3-6), or high (CF ≥ 6).21

PLI approximates the all-inclusive condition of 
contamination of the heavy metals at a specific 
study site. PLI values were obtained with the aid 
of Equation 2.

PLI= n√(CF1 x CF2 x CF3………CFnth)  ...(2)

The n indicates the number of metals employed in 
the study (nine in this study). PLI greater than 1, 
connotes deterioration of the surface soil whereas 
PLI less than 1, connotes baseline levels of metal 
present.

Geoaccumulation Index (Igeo)
Igeo measures the contamination of the surface soil 
by individual metals (Equation 3).

  ...(3)

Ms and Bn indicate average metal levels of the 
sampled metal and the geochemical reference 
level values respectively. The 1.5 is a constant 
which explains the inputs from the lithosphere and 
anthroposphere.21

Enrichment Factor (EF)
The EF distinguishes natural sources of metal 
contamination from human inputs (Equation 4). 

Iron metal was used for the normalization due to its 
abundance in the lithosphere.

  ...(4)

Ms and Fes = individual metal and Fe average 
concentrations, Mb and Feb = metal and Fe concen-
tration from the reference sample.22

Potential Ecological Risk Index (PERI)
The ecological risk posed by individual metal within 
the surface soil was evaluated using the ecological 
risk coefficient (Erf), and risk index (RI). (Equation 5).
 
Er f= Tr f x CF= Tr f x Ms)/Mb  ...(4)

The toxic response factor (Trf) denotes the level of 
toxicity by individual metal and the degree of sensitivity  
that humans have towards it. Trf values were as used  
as in literature.10 Categorization of ecological risks 
ranges from little risk (Erf < 15) to extreme risk  
(Erf > 120).

PERI, a summation of each risk indices (RI) of the 
metal was employed to ascertain the degree of metal 
pollution within the study area (Equation 6).

  ...(6)

where 'n' = total number of metals examined. The 
following classification was used.23 PERI < 50 = little 
risk, 50 ≤ PERI ≤ 90 = considerable risk, 90 ≤ PERI ≤ 
120 = significant risk, 120 ≤ PERI ≤ 200 = high risk, 
PERI > 200 = extreme risk.

Statistical Analyses
Correlation, t-tests, and regression analysis 
were employed to statistically analyze the data. 
Application of t-tests analyzes changes in the 
characteristics that were measured and determines 
if there were differences in sample means across the 
sites. Given the continuous nature of our dataset, 
The correlation analysis was employed to evaluate 
the correlation between physicochemical parameters 
(EC, pH) and the levels of metals. A two-tailed 
test with a 95% confidence interval was utilized to 
determine if there were significant mean differences 
across different locations.



87ASAMOAH et al., Curr. World Environ., Vol. 19(1) 83-92 (2024)

Results and Discussion
pH and EC
Soil pH and EC values for both residential and 
farmland are summarized in Table 1. Statistically, 
the pH values in the two different areas showed 
no statistical difference (p > 0.05). The residential 
surface soils recorded pH values from 6.32 to 8.89 
with a mean of 7.31 ± 0.77, indicating that the soil 
samples exhibit a slightly acidic to basic nature. 
This differs slightly from the farmland surface soils 
which recorded pH values of 5.83 to 8.25 with a 
mean of 7.06 ± 0.60, denoting the acidic to basic 
nature of the surface soils. At low pH, metals have 
higher solubility than at elevated pH probably due to 
their ability to form bioaccessible free ionic forms at 
low pH.24 As an illustration, metals that pose health 
risks, like lead, tend to have higher solubility in acidic 
conditions compared to basic conditions. Under 
basic conditions, a significant portion of dissolved 
lead can be induced to form solid precipitates, 
facilitating its removal.24

The group’s mean EC showed no statistical 
difference, with the residential surface soils recording 
EC values from 97.30 to 713.00 µS/cm averaging 
261.90± 44.10 µS/cm. Comparatively, the farmland 
soils recorded lower EC values between (76.8 and 
207.10) µS/cm with a mean of (146. 30 ± 61.10) µS/cm.  
EC reveals the level of ions in a given soil sample. 
Elevated hydrogen ion concentrations in soil are 
linked to higher electrical conductivity, which may 
limit the mobility of metals in the soil.6

Heavy Metal Concentrations Across Residential 
and Farmland Soils 
Descriptive statistics and physicochemical 
parameters of the metals are summarized in Table 1.  
Average levels of Cd, Cu, and Zn across the study 
areas revealed statistical difference, whereas As, Cr, 
Hg, Mn, Ni, and Pb showed no statistical difference 
in the study areas. Surprisingly, similar mean arsenic 
concentration was recorded in both the residential 
and farmland surface soil (0.03 ± 0.03) ppm, higher 
than the 0.019 ppm observed in the control sample. 
This implies minimal anthropogenic influence in the 
two areas raised As levels. The average lead level 
observed in the residential soil (0.16±0.25) ppm 
was slightly higher than recorded in the farmland 
soil (0.10±0.04) ppm. The control site, however, 
recorded a relatively higher mean concentration 

of lead (1.15 ppm) than in the two study sites. 
This suggests naturally high levels of lead in the 
residential and farmland surface soils in the Sunyani 
Municipality. Lead-contaminated soils may cause 
renal impairment in humans and it is also toxic to 
the reproductive organs. These concentrations are 
far lower than a geometric mean of 48.0±5.0 ppm 
recorded in a similar work conducted on surface 
soils in the USA.14

The average zinc content observed at the residential 
surface soil (0.66 ± 0.85) ppm was higher than 
the (0.31 ± 0.12) ppm recorded in the farmland 
surface soils but lower than recorded at the control 
site, 1.640 ppm. A study conducted at dump sites 
in the Sunyani Municipality observed a relatively 
higher Zn concentration, 0.43 ppm.25 The relatively 
low Zn mean levels in both study areas can be 
attributed to factors such as soil efficiency in terms 
of Zn-bearing minerals, elevated calcium carbonate 
content, plentiful bicarbonate in irrigation water, 
depleted soil conditions, excessive phosphorus, 
and nitrogen levels in the lithosphere, and the 
absence of zinc fertilizer application can collectively 
contribute to zinc deficiency in soils. (Hamid & 
Payandeh, 2022). The average Cr and Cu levels 
observed in the residential surface soil (0.52±0.33) 
ppm and (0.22±0.21) ppm respectively, were higher 
than seen in the farmland soils (0.46±0.56) ppm 
and (0.17±0.77) ppm respectively. Both metal 
concentrations in the two areas were lower than the 
control site (0.59 and 0.84) ppm respectively. Also, a 
survey conducted at auto mechanic workshops in the 
Sunyani municipality recorded significantly higher 
metal levels of Cr and Cu (6.33±1.49) ppm and 
(6.87±9.70) ppm respectively.2 This trend suggests 
that human activities at both study sites are not 
necessarily increasing the metal levels above their 
acceptable limits.

Manganese and nickel are the only two metals in 
this study, that recorded a comparatively higher 
concentration in the farmland soils (6.78±3.63) 
ppm and (0.17±0.29) ppm respectively than in the 
residential topsoil (5.93±3.68) ppm and (0.14±0.11) 
ppm respectively. Mn mean levels in both study 
areas was higher than in the control site, 4.032 
ppm. Ni content in the control sample (1.777 ppm) 
however, was relatively higher than both residential 
and farmland surface soils. According to literature, 
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some fertilizers used in farming for crop growth 
contain appreciable amounts of manganese which 
is not easily degraded or destroyed once introduced 
into the soil.1 A study conducted at Kumasi top soils 
recorded values of Mn and Ni (347.86±217.17) 
ppm and (43.16±21.83) ppm,27 far greater than 
what was observed in this study. Concentrations of 

mercury and cadmium across the two study areas 
were basically below detection limits. These two 
carcinogenic, teratogenic, and poisonous metals 
are widely known to exist in the surface soils in 
minute concentrations, except in places where 
anthropogenic activities involving their usage are 
predominant.12,28

Table 1: Statistical summary of pH, EC (µS/cm), and metal concentrations (ppm) in the two 
study areas.

 Residential    Farmland  P- Pristine
         Value soil

 Min. Max. Average St.Dev Min. Max. Average St.Dev.  Average

pH 6.32 8.89 7.31 0.77 5.83 8.25 7.06 0.6 0.11 8.13
EC  97.3 713 261.9 44.1 76.8 207.1 146.3 61.1 0.43 142.1
(µS/cm)
As 0.01 0.1 0.03 0.03 0.01 0.15 0.03 0.03 0.78 0.019
Cd 0 0.01 0 0 0 0 0 0 0.01 0.001
Cr 0.17 1.16 0.52 0.33 0.13 3.37 0.46 0.56 0.74 0.589
Cu 0.05 0.96 0.22 0.21 0.06 0.35 0.17 0.07 0.02 0.834
Hg 0 0.01 0 0 0 0.01 0 0 0.98 0.001
Mn 1.17 15.95 5.93 3.68 1.88 15.06 6.78 3.63 0.79 4.032
Ni 0.06 0.53 0.14 0.11 0.08 1.75 0.17 0.29 0.68 1.777
Pb 0.06 1.19 0.16 0.25 0.04 0.19 0.1 0.04 0.06 1.151
Zn 0.12 3.38 0.66 0.85 0.12 0.61 0.31 0.12 0 1.64

Extent of Metal Pollution
Contamination Factor and Pollution Load Index
Tables 2-4 shows the values for the indices. In the  
residential soil, all the metals recorded low 
contamination except for As, Hg, and Mn which 
showed moderate contamination. This observation 
is not different from the farmland surface soils. 
Except As, Hg, and Mn which showed moderate 
contamination, the remaining six metals showed 
low contamination. A previous survey carried out 

on top soils in the Kumasi metropolis, revealed 
considerable contamination for As, Cu, Ni, and 
extreme contamination of Hg, Zn, Cd, Cr, and Pb,6 
indicating relatively low contamination of top soils 
in this current findings. The PLI value of  0.48 and 
0.40 in residential and farmland soils respectively, 
suggests an overall baseline level of heavy metals 
in soils at both locations and no deterioration of the 
top soils.22

Table 2: CF of metals and PLI values in the two study sites.

Sample    Contamination Factor     PLI
location

As Cd Cr Cu Hg Mn Ni Pb Zn 
          
Residential 1.63 0.5 0.88 0.26 1.03 1.47 0.08 0.13 0.4 0.48
Farmland 1.68 0.3 0.78 0.21 1.13 1.68 0.1 0.09 0.19 0.4
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I-Geo and EF
The data for I-geo showed practically non-
contamination for all the metals except arsenic 
(moderate contamination) in the residential surface 
soils. In the farmland surface soils, the I-geo values 
revealed moderate contamination in As, Hg, and 
Mn, whereas the remaining six metals showed no 
contamination. Contamination of farmland soils with 
As, Hg, and Mn can be attributed to the presence 
of phosphate-containing fertilizers as well as liming 
materials which have appreciable concentrations  
of these metals.5

The EF values in the residential surface soil 
confirmed background concentrations of all the 
metals except cadmium and chromium which showed  
depletion to minimal enrichment, and significant 
enrichment for arsenic. In contrast, all metals except 
manganese showed baseline levels in the farmland 
surface soils with the manganese showing depletion 
to minimal enrichment. This trend further explains 
the lithogenic source of the metals rather than 
anthropogenic influence.29

Table 3: I-geo values in the study locations

Sample As Cd Cr Cu Hg Mn Ni Pb Zn
location         

Residential 0.12 -1.57 -0.76 -2.52 -0.53 -0.03 -4.23 -3.48 -1.89
Farmland 0.16 -2.31 -0.94 -0.4 0.16 1.68 -3.93 -4.07 -2.97

Table 4: EF values in the study sites.

Sample   Enrichment Factor
location 
 As Cd Cr Cu Hg Mn Ni Pb Zn
         
Residential 6.03 1.08 2.81 -2.52 -0.53 -0.03 -4.23 -3.48 -1.89
Farmland 0.16 -2.31 -0.94 -0.40 0.16 1.68 -3.93 -4.07 -2.97

Ecological Risk Indices
A summary of the ecological risk assessment is 
computed in Table 5. Low ecological risks were 
observed for all metals except As and Cd in both 
sites, suggesting geogenic contributions of the 
potential toxic metals to the surface soils.8 Cadmium 
notwithstanding, revealed moderated ecological risk 
in the residential top soils with arsenic also found 
exhibiting moderate ecological risk in both study 
areas. A condition known as arsenicosis develops 

when individuals ingest or inhale significant amounts 
of arsenic. Prolonged exposure to arsenic can lead 
to more severe symptoms, including skin swelling, 
abdominal pain, feelings of nausea, vomiting, and 
diarrhea.30 Even at minute concentrations, the 
introduction of cadmium into the environment causes 
diverse health effects to biota such as chronic 
pulmonary, kidney, renal, bone, and cardiovascular-
related diseases.31

Table 5: Potential Ecological Risk Index for Residential and Farmland Soils

Sample     RI of metals     PERI
location 
 As Cd Cr Cu Hg Mn Ni Pb Zn
          
Residential 16.35 15.15 1.77 1.31 10.38 7.36 0.40 0.67 0.40 53.818
Farmland 16.78 9.09 1.56 1.02 11.33 8.40 0.49 0.44 0.19 49.33
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Correlation Analysis
To establish the strength, direction, and significance 
of the relationship between nutrient variables 
assessed in this study, a Pearson correlation 
analysis was conducted and a correlation matrix 
was constructed among these variables (Table 6).  
The study revealed a significant (p < 0.05) but 
weak positive correlation between Mn and Cr (r = 
0.337*) and  Ni and Cu (r = 0.294*) while EC and 

pH (r = 0.420**), Cd and EC (r = 0.452**), Pb and 
EC (r = 0.421**), Zn and EC (r = 0.429**), Cu and 
As(r = 0.588**), Mn and As (r = 0.470**), Cu and Cr 
(r = 0.588**), and Mn and Cu(r = 0.694**) showed 
significantly (p < 0.01) moderate correlations.  
The significant positive correlation between Pb, Cd, 
Zn, Cd, Ni, and Cr indicates the possibility of the 
metals being deposited into the surface soil from a 
common origin.32

Table 6: Correlation matrix for studied parameters

 pH EC As Cd Cr Cu Hg Mn Ni Pb Zn

pH 1          
EC 0.420** 1         
As -0.203 -0.086 1        
Cd 0.254 0.452** 0.002 1       
Cr -0.087 -0.013 0.258 0.078 1      
Cu -0.152 0.078 0.588** 0.144 0.364** 1     
Hg 0.058 -0.094 0.129 -0.018 0.144 0.135 1    
Mn -0.109 -0.07 0.470** 0.047 0.337* 0.694** 0.152 1   
Ni -0.09 -0.097 0.108 0.054 0.924** 0.294* 0.088 0.264 1  
Pb 0.224 0.421** -0.016 0.915** 0.078 0.046 0 0.031 0.005 1 
Zn 0.255 0.429** -0.099 0.885** -0.038 0.084 0.042 -0.117 -0.07 0.837** 1

*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)

Conclusion
This research has successfully evaluated the 
heavy metal burden on residential and farmland 
surface soils within Sunyani Municipality of Ghana. 
In the residential areas, mean levels of As, and Mn 
slightly exceeded that of the control site, suggesting 
minimal contamination of the surface soils.  
The remaining seven metals recorded relatively 
higher concentrations in the control site than in 
the residential surface soils, indicating lithogenic 
contributions of the metals to the surface soil. The 
pristine surface soil recorded higher levels of all 
metals than the farmland surface soils, except for 
As and Cd. This suggests that farming activities 
in the municipality are not necessarily increasing 
metal concentrations in the soil. However, constant 
monitoring is needed to maintain the natural 
conditions of the lithosphere. At the study locations, 
there was moderate contamination of As, Hg, and 
Mn, with the remaining metals showing minimal 
contamination. The Pollution load index of the 

residential surface soil was inconsiderably higher 
than recorded in the farmland although both values 
indicate perfection of the surface soils. The potential 
ecological risk index results suggest considerable 
risk of metals in both study areas. It is therefore 
imperative for indigens of the municipality to exercise 
a little precaution not to ingest, inhale, or dermally 
contact with these potential toxic metals.
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