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Abstract: This study, conducted from June to December 2022 around the Mfamosing cement
plant in Akamkpa, Nigeria, evaluated soil pollution status and potential ecological risks posed
by heavy metals using an Atomic Absorption Spectrophotometer (Model AA-6800, Japan) after
wet digestion. The ranges of lead, cadmium, mercury, arsenic and chromium concentrations
(mg/kg) were: 9.11-84.73, 0.21-9.94, 0.64-0.78, 4.63-5.92, 8.25-37.23 respectively. The
mean soil metals concentrations were below US-EPA maximum permissible limits and Dutch
soil intervention values, cadmium being the only exception. The high spatial variations
reflecting decreased metal levels with increasing distance from the cement plant suggest the
cement plant may be responsible for the elevated soil metal concentrations. Metals
contamination factors correspond to contamination status ranging from low contamination to
very high contamination. Index of geo-accumulation (Igeo), revealed that Farms 1, 2, 3, and 4
ranged from unpolluted to strongly polluted. Ecological risk factor revealed that the metals
pose a range of low to high potential ecological risk to other components of the environment.
Given these findings, metal speciation analysis is strongly recommended to better understand
the mobility, bioavailability, and toxicity of the contaminants. This would provide essential
insights into potential uptake by crops, ecological transfer, and leaching risks, thereby guiding
more targeted environmental management and remediation strategies.
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1. Introduction

Ecological or environmental toxicology focuses on studying the detrimental
effects of substances released by human activities or natural occurrences in diverse
environmental elements (air, water, soil, and food) exposed to man and other living
organisms [1]. To evaluate the potential risks and adverse effects on ecological
communities resulting from exposure to physical, biological, or chemical stressors,
ecological risk assessment is employed. This scientific approach aims to safeguard and
manage the environment by assessing the ecological impacts of human activities [2].

With the increasing global industrialization and urbanization, substantial
amounts of dust, particulate matter, and pollutants are continuously being produced,
posing threats to human and environmental health [3]. Since the demand for cement,
according to Mishra and Siddiqui [4], is directly correlated with economic growth,
developing economies’ sincere pursuit of rapid infrastructure expansion over time has
been a stimulus for the enormous rise in cement production. The cement industry,
crucial for economic growth and infrastructure development, generates significant
amounts of gaseous and particulate emissions during its production process. However,
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the increase in cement production has raised environmental concerns and
sustainability issues. Sustainable development calls for meeting present needs while
preserving the environment for future generations. Cement production is associated
with a range of environmental impacts, ranging from landscape damage during raw
material extraction to the emission of gaseous and particulate matter, which poses
health and safety concerns [5].

Dust and contaminants released by cement industries can be transported over
considerable distances, affecting areas surrounding the factories with higher
concentrations and gradually decreasing with distance [6]. Heavy metals that are
known to have detrimental effects on both human health and the environment, such as
iron, manganese, nickel, cobalt, zinc, chromium, lead, mercury, and cadmium, are
commonly found in these emissions [5]. Heavy metals are particularly unsafe due to
their toxic and persistent nature, as they can be transformed into different chemical
forms depending on environmental conditions. The presence of heavy metals in the
soil is of great concern as it can lead to their uptake by organisms within the ecosystem
[7]. Given the significance of soil as both a geochemical sink for contaminants and a
natural buffer that influences the movement of chemical elements within the
environment, understanding the chemo-dynamics of heavy metals is essential [8].
Organisms in an ecosystem are interconnected, making ecological exposure to heavy
metals possible when these elements reach locations within organisms in bioavailable
forms [9]. The global scale of heavy metal contamination and pollution has raised
concerns due to their multiple sources and widespread distribution, impacting
ecosystems adversely [10,11].

Mfamosing cement plant was originally established in 2002 and inaugurated for
production on 12 May 2009, as United Cement Company, Nigeria (UNICEM) Limited,
following the acquisition of the assets of Calabar Cement Company (CalCemCo), with
an initial install capacity of 2.5 million tons per annum. It is currently the single largest
cement production site for Lafarge Africa Plc, having been upgraded to 5 million tons
per annum and inaugurated for production in 2016 after its affiliate, Nigerian Cement
Holdings (NCH) completed a 100% acquisition of the United Cement Company
Nigeria (UNICEM) Limited. Given that, about 0.07 kg of dust is released into the
atmosphere for every 1 kg of cement produced [12], an estimated 3.325 million tonnes
of dust rich in heavy metals may have been discharged into the Mfamosing ecological
geochemical environment between 2009 and 2022 by the Mfamosing, cement plant
[12].

Despite being a major contributor to economic growth, the cement industry faces
controversies and politics, especially regarding corporate social responsibility (CSR)
investments in host communities. CSR emphasizes the responsibility of organizations
for their impact on society and the environment, aiming to balance economic interests
with environmental conservation and sustainable livelihoods [13]. However,
deficiencies in monitoring environmental performance compliance have allowed some
plant operators to exploit host communities, leading to environmental degradation [14].
Communities near cement production plants often face adverse effects on soil, air,
water, and agriculture, but a lack of scientific data has left them voiceless and unable
to ascertain the extent and severity of these impacts [12—15]. This study aims to assess
the lead, cadmium, mercury, arsenic and chromium pollution status and the potential
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risks of soils in the vicinity of the Mfamosing cement plant, Nigeria. Though the plant
is a modern plant and the amount of cement dust estimated may not have been
discharged, periodic assessment of the ecological risk posed is absolutely necessary to
safeguard both human and environmental health.

2. Materials and methods

2.1. Study area

The Mfamosing Cement plant is located in the Cross River limestone belt in
Mfamosing, Akamkpa Local Government Area of Nigeria, about 30 km northeast of
Calabar. This plant is part of the Lafarge cement concession area, under a mining lease
to Lafarge Holcim, and is situated in the rural AbiMfam community [16]. It is
positioned between latitudes 453’ N and 505’ N and longitudes 8<15' E and 8 27’ E
(Figure 1). The area is characterized by limited infrastructure and a tropical climate
with prominent rainforest vegetation. The annual rainfall averages around 1600 mm,
and temperatures range from 26 °C to 36 °C. Calabar experiences two distinct seasons:
A wet season from April to October and a dry season from November to March. There
is a brief drought period, called the “August break”, in August and September during
the wet season. Additionally, the region experiences harmattan conditions with very
low night temperatures from December to February [17]. The primary occupation of
the local population is farming, with cassava being the most widely grown crop and
the main staple food.
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Figure 1. Map of study area showing Mfamosing cement plant, Akamkpa local government area, Nigeria.

2.2. Sample collection and preservation

The procedure followed the methodology outlined by Abida [12], which was used
in the collection and preservation of the sample. The study area consisted of fertile
agricultural soil, with cassava farms located on both sides of the road leading from the
factory gate. Four specific cassava farms were selected for the study. Farm 1 was
situated directly opposite the factory gate (zero meters); farm 2 was 500 m away from
the gate, farm 3 was 1000 m away, and farm 4 was 1500 m away from the factory gate.
Each farm was divided into three sections, labelled as sampling points 1, 2, and 3. Soil
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samples were collected at a depth of 1-10 cm using a soil auger and then combined
into a composite sample representing the entire farm. For proper identification and
preservation, the composite samples were kept in black polyethylene bags with labels.
Three cassava farms in Atimbo Village, which is 30 km from the study region,
provided control samples. As with the farm samples, the control samples were also
composite samples made by mixing soil samples from the different farms in Atimbo
village. After that, all samples were brought to Lab 249 at the University of Calabar’s
Department of Zoology and Environmental Biology for processing.

2.3. Sample preparation

A standardized process was used to prepare the soil samples for analysis [18].
Each farm’s soil samples were carefully combined. to ensure uniformity, and then air-
dried for five days to remove moisture. To obtain a fine particle size, the dry materials
were ground up and sieved using a 2 mm mesh. With a 3:1:1 ratio of concentrated
nitric acid, perchloric acid, and hydrofluoric acid, one gram of the homogenized and
sieved sample was digested in a 250 mL glass beaker on a hot plate. Following near-
total evaporation, 20 mL of 2% nitric acid were added and filtered into a 50 mL
volumetric flask. The final volume was then adjusted to the 50 ml mark with deionized,
distilled water [19,20].

2.4. Sample analysis

Metal concentrations in the digested samples were determined with a Shimadzu
Atomic Absorption Spectrophotometer (model AA-6800, Japan), utilizing Zeeman
background correction and a graphite furnace for enhanced accuracy. This analytical
procedure was carried out at the National Research Institute for Chemical Technology
(NARICT) located in Zaria, Nigeria.

2.5. Analytical quality assurance

To ensure result accuracy and dependability, strict quality control protocols were
followed throughout the study. Samples were managed with care to prevent any
potential cross-contamination. All glassware was meticulously cleaned, and deionized
distilled water was consistently used. High-purity, analytical-grade reagents—
including HNOs (Riedel-deHaen, Germany), HF (Sigma Aldrich, Germany), and
HClOa4 (British Drug House Chemicals Limited, England)—were applied in the
analysis. Each sample batch included a blank and a set of mixed standards to check
for background contamination and maintain consistency. Additionally, the accuracy
was confirmed by processing Standard Reference Materials (Lichens coded IAEA-
336) under the same digestion and analysis methods and comparing the results with
the certified values for the target elements.

2.6. Statistical analysis

Statistical analyses were carried out using IBM SPSS software version 23.0 for
Windows. To determine if there were significant variations between the control group
and the four study farms (Farms 1, 2, 3, and 4), an Analysis of Variance (ANOVA)
was conducted. Seasonal differences in soil heavy metal concentrations were analyzed
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with an independent t-test, and a significance threshold of p < 0.05 was applied to both
tests. The relationship between metal concentrations in cassava farms and cassava
tissues was assessed using the correlation coefficient at a = 0.05. Correlation strength
was categorized as follows: strong negative (—0.8 to —1.0), moderate negative (—0.5 to
—0.8), weak negative (—0.2 to —0.5), no association (—0.2 to +0.2), weak positive (+0.2
to +0.5), moderate positive (+0.5 to +0.8), and strong positive (+0.8 to +1.0).

2.7. Evaluation of potential ecological risk

The levels of metal contamination and their potential risks were analyzed using
multiple quantitative indices, such as the contamination factor, degree of
contamination, ecological risk factor, geo-accumulation index, and pollution load
index [21,22].

2.7.1. Contamination factor (CF)

The Contamination Factor (CF), defined by Equation (1), measures soil
contamination by comparing the average metal content in soil from sampling sites (Cs)
with the pre-industrial reference level for that metal (Cp).

_Cs

CF=—
Cp

(1

2.7.2. Contamination degree (CD)

The Contamination Degree (CD), represented by Equation (2), indicates the
overall contamination level in soil from a specific farm. It is calculated by summing
all the contamination factors for each metal at the site.

n

CD = Z CF (2)

2.7.3. Ecological risk factor

Using Equation (3), the Ecological Risk Factor (Er) was calculated to assess the
potential threat posed by each metal. This factor incorporates both the contamination
factor (CF) and the toxic-response factor (Tr) of the relevant metal.

Er = Tr X CF 3)

2.7.4. Index of geo-accumulation

The Index of Geo-accumulation (lgeo), calculated using Equation (4), evaluates
metal contamination levels in soil by comparing present heavy metal concentrations
(Cl) to those from pre-industrial times (Crl). To accommodate variations in
background values and slight human impacts, a correction factor of 1.5 is applied.

|, =log, [Ci/ (15C )] )

2.7.5. Pollution load index (PLI)

Pollution load index evaluates the level of heavy metal pollution in the study area,
as shown in Equation 5. This index provides a straightforward method to compare the
pollution quality of the site based on the contamination factors (CF1 to CFn) of all the
metals studied [23].
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PLI=nV (CF1 xCF2 xCF3 x...CFn) (5)

These indices collectively offer valuable insights into the potential ecological
risks and contamination levels of heavy metals in the soil around the cement plant.

3. Results and discussion

3.1. Analytical quality assurance

The evaluation of the standard reference material (Lichen IAEA-336), processed
and analyzed in the same way as the soil samples, revealed that the results were within
the certified reference values for the elements analyzed (Table 1). This indicates that
the analytical approach utilized in this study is both accurate and reliable.

Table 1. Analyzed values of reference materials (Lichen IAEA-336) compared to
certified reference values (mg/kg).

Elements (mg/kg) Lead Cadmium Mercury Arsenic Chromium
Analyzed values 4,98 0.121 0.19 0.68 1.07
Reference values 4355 0.10-0.134 0.16-0.24 0.55-0.71 0.89-1.23

3.2. Total heavy metal concentration in soil across cassava farms

The heavy metal concentrations result in soils across cassava farms within the
vicinity of the Mfamosing Cement plant, Nigeria for both the dry and wet seasons are
presented in Table 2. A comparison of the heavy metal concentration in soil across
the cassava farms for the dry and wet seasons can be found in Figures 2 and 3.

The average lead concentrations in the soil for both the dry and wet seasons were
as follows: 59.41 +3.94 and 81.61 £3.67 for farm 1, 47.01 +4.07 and 76.45 +3.14
for farm 2, 40.04 +3.15 and 63.67 +6.61 for farm 3, 22.67 +2.78 and 29.56 +3.39
for farm 4, and 9.12 £0.01 and 9.13 £0.01 for the control station (Table 2). The
highest concentration of lead (84.73 mg/kg) was recorded in December at farm 1,
while the lowest (9.11 mg/kg) was recorded at the control station in July.

Soil quality significantly impacts the production and safety of food [24,25]. The
mean concentration of lead in the soil was measured to be below the 400 mg/kg
threshold established by the United States Environmental Protection Agency (US-
EPA) for lead levels in soil [26]. In the absence of specific metal concentration
standards for soil in Nigeria, the Department of Petroleum Resources (DPR)
references the Dutch standards as part of its Environmental Guidelines and Standards
for the Petroleum Industry (EGASPIN). The Dutch soil remediation policy sets target
values to monitor and manage potential environmental hazards.

The remediation intervention threshold for lead is established at 530 mg/kg,
reflecting the concentration at which the soil’s capacity to sustain human, animal, and
plant life is significantly compromised. This value marks the threshold above which
soil is considered seriously contaminated. A lead level of 85 mg/kg is identified as the
target value, indicating a level below which sustainable soil quality is attained,
allowing for the complete restoration of all functional properties essential for human,
animal, and plant life [27].
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This research demonstrated that soil lead levels were lower than both the Dutch
target and intervention levels, suggesting that the soil’s functional properties remain
unaffected by lead contamination. Nevertheless, the highest lead level recorded in
December at farm 1 was 84.73 mg/kg, nearly reaching the target value. This farm is
located opposite the factory gate, raising concerns about potential toxicological risks
depending on the chemical form of lead and soil conditions. There is a possibility of
plant uptake of mobilized lead or leaching into groundwater, which warrants attention.

Table 2. Total heavy metal concentration mg/kg in soil across cassava farm within the vicinity of Mfamosing cement

plant, Nigeria.
Dry Season Wet Season
Farms "o Augus Octobe
June July i Mean +SD  Range r November December Mean +=SD Range

1 Pb 53.84 62.12 62.26 59.41 £3.94% 53.84-62.26 76.46 83.64 84.73 81.61 £3.67° 76.46-84.73
Cd 734 733 784 7.50 £0.242 7.33-7.84 8.28 8.94 9.87 9.03 +0.65" 8.28-9.94
Hg 0.73 072 0.73 0.73%£0.012 0.72-0.73 0.71 0.74 0.76 0.74 £0.022 0.71-0.76
As 543 551 555 5.50 #£0.058 5.43-5.55 5.65 5.64 5.61 5.63 +£0.022 5.61-5.65
Cr 31.25 3213 3421 3253%1.24% 31.25-34.21 34.56 35.16 37.23 35.65 x1.148  34.46-37.23

2 Pb 4173 4764 51.65 47.01 x4.072 41.73-51.65 72.56 76.56 80.24 76.45 +3.14°  72.56-80.24
Cd 6.86 6.98 7.04 6.96 £0.072 6.86-7.04 7.21 7.34 8.03 7.53+0.362 7.21-8.03
Hg 0.72 074 0.72 0.73 £0.012 0.72-0.74 0.73 0.72 0.75 0.73 £0.012 0.012472
As 521 532 533 5.29 +0.058 5.21-5.33 521 5.67 5.92 5.60 +=0.292 5.21-5.92
Cr 2523 2487 26.12 2541 +0.53% 24.87-26.12 26.87 26.95 27.01 26.94 £0.06° 24.87-27.01

3 Pb 35.87 40.77 43.47 40.04 £3.15% 35.87-43.47 54.32 68.35 68.34 63.67 £6.61° 54.32-68.65
Cd 472 485 536 4.98 £0.282 4.72-5.36 5.54 5.62 5.81 5.66 +0.11° 5.54-5.81
Hg 0.67 064 0.74 0.68 +£0.042 0.64-0.74 0.77 0.78 0.77 0.77 £0.012 0.77-0.78
As 503 5.05 5.12 5.07 £0.042 5.03-5.12 5.32 5.64 5.63 5.53 +0.152 5.32-5.64
Cr 1551 16.36 16.23 16.03 +£0.37% 15.51-16.36 16.75 16.76 16.89 16.80 +£0.062  16.75-16.89

4 Pb 20.12 2134 2654 22.67 x£2.78% 20.12-26.58 27.11 27.23 34.35 29.56 £3.392  27.11-34.35
Cd 246 256  3.65 2.89 +0.542 2.46-3.65 2.78 2.88 2.97 2.88 +0.082 2.78-2.97
Hg 069 071 0.73 0.71 +0.022  0.69-0.73 0.71 0.71 0.72 0.71 +0.012 0.71-0.72
As 463 542 502 5.02 £0.322 4.63-5.42 5.02 5.48 5.51 5.34 £0.222 5.02-5.51
Cr 1047 10.23 1043 10.38 £0.10* 10.23-10.47 10.87 11.12 11.25 11.08 +0.16°  10.87-11.25

Contrl Pb 912 911 9.13 9.12+0.012 0.008165 9.13 9.14 9.13 9.13 +£0.012 9.13-9.14
Cd 021 023 0.21 0.22 £0.09 0.21-0.223 0.24 0.21 0.23 0.23 +£0.012 0.21-0.24
Hg 0.69 0.68 0.69 0.69 =0.012 0.68-0.69 0.67 0.71 0.73 0.70 =0.022 0.67-073
As 498 489 514 5.00 £0.102 4.98-5.14 5.01 5.46 5.55 5.34 £0.232 5.01-5.55
Cr 825 826 845 8.32£0.092 8.25-8.45 8.45 8.26 8.34 8.35+0.082 8.26-8.45

Means with the different superscripts across the row indicates significant (p < 0.05, ANOVA)
difference in metals concentration.
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Soil lead levels were also assessed using Soil Guideline Values (SGVSs). In
accordance with UK regulations, SGVs serve as benchmarks for assessing the
potential risks to human health associated with prolonged exposure to chemical
contaminants in soil [28]. The mean soil lead concentrations in this study were found
to be lower than the SGVs for lead in residential areas with homegrown plant produce,
which is set at 200 mg/kg [29]. Soils around cement factories have been previously
reported to show high concentrations of heavy metals, especially lead, zinc, and
cadmium, particularly in the top 0-10 cm of soil [30]. Similar mean soil lead levels
were reported for other cement factories in different regions, with the highest
concentrations found near the plant and decreasing with increasing distance [12,31,32].
The production process in the cement industry, which involves burning fossil fuels,
may contribute to the presence of lead in the environment through impurities or
additives in fossil fuels and dust and particulate matter emitted during cement
production [31]. Lead has adverse effects on plants, interfering with important
enzymes and inhibiting seed germination. It can also affect the photosynthetic process,
growth, development, and overall morphology of plants [33]. Certain plant species,
such as Senna obtusifolia, can phytoextract lead from the soil and transport it to the
above-ground parts, posing significant health risks to humans and animals [34].

The average concentrations of cadmium in the soil were found to be 7.50 +0.24
and 9.03 £0.65 mg/kg for farm 1, 6.96 +0.07 and 7.53 %0.36 mg/kg for farm 2, 4.98
+0.28 and 5.66 %+0.11 mg/kg for farm 3, 2.89 +0.54 and 2.88 %0.08 mg/kg for farm
4, and 0.22 £0.09 and 0.23 £0.0 mg/kg for the control station during the dry and wet
seasons, respectively. The highest cadmium concentration (9.94 mg/kg) was recorded
in November at farm 1, while the lowest concentration (0.21 mg/kg) was found at the
control station in June, July, and November. Cadmium has a low crustal abundance
and is slightly soluble in water, making it more mobile in soil and readily bioavailable.
The recorded cadmium concentrations exceeded the US-EPA and European Union
limits for cadmium in soil (3 mg/kg), indicating potential contamination in farms 1, 2,
and 3. However, the concentrations were below the Dutch remediation intervention
value (12 mg/kg) and the soil guideline values for cadmium in residential areas with
homegrown plants (10 mg/kg), suggesting that the soil quality may still be sustainable
but requires further investigation. Given cadmium’s mobility and bioavailability, there
is arisk of plant uptake or leaching into groundwater, potentially leading to cumulative
toxicity and risks to organisms higher up the food chain. Cadmium levels at farms 1,
2, and 3 were higher than the average of 5.24 mg/kg reported by Mandal and
Voutchkov, but lower than the range of 0.12 +0.00 to 0.74 £0.04 mg/kg reported by
Olowoyo et al.

For mercury, the mean concentrations were 0.73 +0.01 and 0.74 £0.02 mg/kg
for farm 1, 0.73 £0.01 and 0.73 £0.01 mg/kg for farm 2, 0.68 +0.04 and 0.77 +0.01
mg/kg for farm 3, 0.71 +0.02 and 0.71 £0.01 mg/kg for farm 4, and 0.69 %0.01 and
0.70 +£0.02 mg/kg for the control station during the dry and wet seasons, respectively.
The highest mercury concentration (0.78 mg/kg) was recorded in November at farm
3, while the lowest concentration (0.64 mg/kg) was found at farm 3 in July. Mercury
occurs naturally in various forms, and its concentration and toxicity depend on the
chemical form, soil sorption, pH, and soil chemistry. The mercury concentrations in
all cassava farms were above the Dutch target value (0.3 mg/kg) but below the
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intervention value (10 mg/kg) and the Environment Agency soil guideline values for
residential areas with homegrown plants (11 mg/kg for methyl mercury compounds
and 170 mg/kg for inorganic mercury). There was no significant variation in mercury
concentration across the farms. Elevated mercury levels can cause phytotoxic effects,
including physiological disorders, oxidative stress, and interference with plant
activities.

For chromium, the mean concentrations were 32.53 +1.24 and 35.65 +1.14
mg/kg for farm 1, 25.41 +0.53 and 26.94 +0.06 mg/kg for farm 2, 16.03 £0.37 and
16.80 +0.06 mg/kg for farm 3, 10.38 +0.10 and 11.08 +£0.16 mg/kg for farm 4, and
8.32 +£0.09 and 8.35 +0.08 mg/kg for the control station at Atimbo during the dry and
wet seasons, respectively. The highest chromium concentration (37.23 mg/kg) was
recorded in December at farm 1, while the lowest concentration (8.25 mg/kg) was
found at the control station in June. The chromium concentrations in the soil were
below the WHO guidelines for soil chromium levels (300 mg/kg), the European Union
Regulatory Standards for chromium in soil, and the FAO guidelines for soil chromium
levels (100 mg/kg). Chromium was not identified as posing a toxicological risk to the
environment. Previous studies have reported different mean chromium concentrations
in the soil around cement factories, with values ranging from 35.60 mg/kg to 138.67
mg/kg. Chromium can induce oxidative stress in plants, causing cell membrane
damage, degradation of photosynthetic pigments, and inhibition of growth and
development.

Table 2 indicates that the mean concentrations (mg/kg) of arsenic in soil for both
dry and wet seasons were 5.50 0.05 and 5.63 +0.02 for farm 1, 5.29 £0.05 and 5.60
+0.29 for farm 2, 5.07 £0.04 and 5.53 £0.15 for farm 3, 5.02 +0.32 and 5.34 +0.22
for farm 4, and 5.00 #=0.10 and 5.34 +=0.23 for the control station at Atimbo. The
highest concentration of arsenic in soil across cassava farms (5.92 mg/kg) was
recorded in December at farm 2, and the lowest (4.63 mg/kg) at farm 4 in June.
Naturally, arsenic occurs in the environment, but increased levels are linked to
anthropogenic activities [35]. Arsenic is very soluble in its inorganic form. Excessive
arsenic uptake by plants interferes with enzyme function and phosphate movement in
the plant system. The soil guideline value (SGV) for arsenic is 32 mg/kg [36]. The
target and intervention values for arsenic in soil are 29 and 55 mg/kg, respectively [27].
The arsenic concentrations in this study were below the SGVs and Dutch target and
intervention values. Arsenic concentrations ranging from 3.43 £0.15 to 8.84 +0.06
Mg/kg have been reported for soils around cement factories [12]. A mean value of 7.6
Mg/kg was recorded in topsoil near the cement plant [37]. Arsenic is highly phototoxic.
It causes stunted growth, chlorosis, wilting, reduced fruit yield, and reduced leaf area
and dry matter production [33].

3.3. Relationship between heavy metal in soil across cassava farms
3.3.1. Spatial variation of heavy metal in soil across cassava farms

Spatial variation of metal content in soil across cassava farms showed significant
differences in the concentrations of lead, cadmium, and chromium with increasing

distance from the cement factory. Lead concentrations followed the trend: Farm 1 >
Farm 2 = Farm 3 > Farm 4. For cadmium, the trend was: Farm 1 = Farm 2 > Farm 3 >
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Farm 4, and for chromium: Farm 1 > Farm 2 > Farm 3 > Farm 4. These results align
with other studies. Semhi et al. [38] indicated that proximity to industrial sources, such
as cement factories, can result in higher concentrations of heavy metals in the
surrounding soil. The significant differences in metal concentrations between the study
area and the control station suggest a strong influence of human activities, particularly
the cement plant, on metal levels in the area. In contrast, mercury and arsenic
concentrations did not show significant variations across the farms or between the
study area and the control station, indicating that their presence may be attributed to
natural sources. These findings imply that topsoil can be a valuable tool for monitoring
the impact of anthropogenic activities on the environment.
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Figure 2. Comparison of metal concentration in soil across cassava farms for dry season.

Bars with different superscript for a given metal indicates significant difference (ANOVA, p <0.05) in
the mean concentration of the metal.
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Figure 3. A Comparison of soil metal concentrations across cassava farms during the wet season.

Bars with different superscript for a given metal indicates significant difference (ANOVA, p < 0.05) in
the mean concentration of the metal.
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3.3.2. Seasonal variation of heavy metal in soil across cassava farms

Seasonal variations in soil heavy metal concentrations across cassava farms
within the vicinity of the Mfamosing Cement plant in Nigeria were observed. The
differences in lead concentrations between wet and dry seasons were significant (p <
0.05) for farms 1, 2, and 3, while cadmium concentrations showed significant (p <
0.05) differences for farms 1 and 3, and chromium concentrations for farms 2 and 4
(Table 2). Concentrations of the metals during the wet season were found to be
significantly higher compared to the dry season. The observed higher wet season metal
concentrations may be attributed to increased moisture during the wet season which
may have led to the dissolution of cement dust and subsequent release of more metals
into the soil. Additionally, the wet conditions may facilitate the mobilization of metals,
depending on the soil chemistry. Various factors, such as the chemical form of the
metals, soil pH, and cation exchange capacity, can influence the availability of heavy
metals, affecting their solubility, adsorption, retention, and movement within the soil.
Soil moisture content plays a crucial role in enhancing these factors [39].

3.3.3. The relationship between heavy metals in soil across cassava farms

Table 3 illustrates the relationships between heavy metals in the soil of cassava
farms near the Mfamosing Cement plant in Nigeria. The data reveals significant (p <
0.01) positive correlations between various metal pairs. A very strong positive
correlation was observed between lead and cadmium (r = 0.944), lead and chromium
(r =0.871), and cadmium and chromium (r = 0.936). Additionally, moderately strong
correlations were found between lead and mercury (r = 0.596) and lead and arsenic (r
= 0.657). The correlations between cadmium and mercury (r = 0.514), cadmium and
arsenic (r = 0.541), mercury and arsenic (r = 0.626), and arsenic and chromium (r =
0.552) were also significant (p < 0.01) and moderately strong. These positive
correlations suggest that an increase in the concentration of one metal is associated
with a corresponding increase in the concentration of the other. The very strong
positive correlations between lead, cadmium, and chromium at a 99% confidence level
indicate that these metals may originate from the same source. Conversely, the
moderate positive correlations between arsenic, mercury, and the other metals suggest
a lower probability that they share the same source as lead, cadmium, and chromium.

Table 3. Correlations showing association between heavy metals concentrations in soil.

Lead Cadmium Mercury Arsenic Chromium
Pearson Correlation 1
Lead Sig. (2-tailed)
N 30
Pearson Correlation 0.944™ 1
Cadmium Sig. (2-tailed) 0.000
N 30 30
Pearson Correlation 0.596™ 0.514™ 1
Mercury Sig. (2-tailed) 0.001 0.004
N 30 30 30
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Table 3. (Continued).

Lead Cadmium Mercury Arsenic Chromium
Pearson Correlation 0.657" 0.541™ 0.626™ 1
Arsenic Sig. (2-tailed) 0.000 0.002 0.000
N 30 30 30 30
Pearson Correlation 0.871™ 0.936™ 0.397" 0.552"™ 1
Chromium Sig. (2-tailed) 0.000 0.000 0.030 0.002
N 30 30 30 30 30
**, Correlation is significant at the 0.01 level. *. Correlation is significant at the 0.05 level.
3.4. Evaluation of potential ecological risk posed by some heavy metals
This study assessed the potential ecological risks of cadmium, lead, mercury,
arsenic, and chromium in the soil near the Mfamosing Cement plant in Nigeria. For
this evaluation, pre-industrial reference levels and toxic response factors determined
by Hakanson [21] (see Table 4) were used to calculate the contamination and
ecological risk factors. The results of these ecological risk assessments are detailed in
Tables 5-8.
Table 4. Pre-industrial reference level (Jgg ™) and toxic-response factor.
Elements Hg Cd As Pb Cr
Pre-industrial reference level 0.25 1.0 15 7.0 90
Toxic-response factor 40 30 10 5 2

Source: [21].

3.4.1. Contamination factor and contamination degree

The contamination factor and contamination degree were utilized to assess the
soil contamination status. The average contamination factors for both dry and wet
seasons were as follows: 6.04 and 8.98 for lead, 5.58 and 6.28 for cadmium, 2.87 and
2.96 for mercury, 0.35 and 0.37 for arsenic, and 0.22 and 0.25 for chromium (Table
5). Lead had the highest contamination factor (11.66) recorded at farm 1 during the
wet season, while chromium had the lowest contamination factor (0.09) recorded at
the control station (Atimbo) in both wet and dry seasons. The interpretation of the
contamination factors followed specific criteria: Cf < 1 indicated low contamination,
1 < Cf < 3 suggested moderate contamination, 3 < Cf < 6 represented considerable
contamination, and Cf > 6 indicated very high contamination [22]. Based on these
criteria, the lead contamination status for both dry and wet seasons corresponded to
very high contamination. Cadmium showed contamination status ranging from
considerable contamination to very high contamination, while chromium
corresponded to moderate contamination. On the other hand, mercury and arsenic in
the study were associated with low contamination (Table 5). The high contamination
factor for lead, cadmium and chromium suggests significant anthropogenic
contribution, while the low contamination factor for mercury and arsenic suggests
minimal anthropogenic contribution.
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Table 5. Contamination factor (CF) and contamination degree (CD).

Dry Season Wet Season
Sampling Station Contamination Factor (CF) Contamination Factor (CF)
Contamination degree (CD) Contamination degree (CD)
Pb Cd Hg As Cr Pb  Cd Hg As Cr
Farm 1 849 7.50 295 0.37 0.31 19.62 11.66 9.03 2.96 0.38 0.40 24.43
Farm 2 6.72 6.96 295 0.35 0.28 17.26 10.92 7.53 2.95 0.37 0.30 22.07
Farm 3 572 498 2.72 0.34 0.18 13.94 9.10 5.66 3.08 0.37 0.19 18.40
Farm 4 324 289 284 0.33 0.12 9.42 422 288 2.84 0.36 0.12 10.42
Average 6.04 558 2.87 0.35 0.22 15.06 8.98 6.28 2.96 0.37 0.25 18.83
Control 1.30 0.22 2.76 0.33 0.09 4.70 1.30 0.23 2.80 0.36 0.09 4.78

The contamination degree values for both dry and wet seasons were as follows:
19.62 and 24.43 for farm 1, 17.26 and 22.07 for farm 2, 13.94 and 18.40 for farm 3,
9.42 and 10.42 for farm 4, and 4.70 and 4.78 for the control station (Table 5). To
interpret the contamination degree, the following criteria were employed: Cd < 7
indicated a low degree of contamination, 7 < Cd < 14 represented a moderate degree
of contamination, 14 < Cd < 21 indicated a high degree of contamination, and Cd >
21 suggested a very high degree of contamination. Based on these criteria, the
contamination degree for farm 1 and farm 2 corresponded to a range from high
contamination to very high contamination. Farm 3 displayed a contamination degree
ranging from moderate contamination to high contamination. Farm 4 had a
contamination degree corresponding to moderate contamination, while the control
station exhibited a low contamination degree.

3.4.2. Ecological risk factor (EC)

The ecological risk factor (EC) in this study serves as an indicator of the potential
ecological risk associated with the presence of heavy metals in the soil. It helps to
assess the vulnerability of various biological communities to metal contamination. The
average values of ecological risk factors for both dry and wet seasons were as follows:
30.21 and 44.88 for lead, 167.48 and 188.25 for cadmium, 114.60 and 118.30 for
mercury, 3.48 and 3.70 for arsenic, and 0.45 and 0.51 for chromium (Table 6). Among
the metals studied, cadmium exhibited the highest ecological risk factor, with a value
of 270.90 recorded at cassava farm 1 during the wet season, while chromium had the
lowest ecological risk factor, with a value of 0.18 recorded at the control station
(Atimbo) in both wet and dry seasons. The ecological risk factors for each metal
followed the trend of Cd > Hg > Pb > As > Cr in both the dry and wet seasons. The
ecological risk factor was categorized into different levels to interpret its implications:
Er < 40 represented low potential ecological risk, 40 < Er < 80 indicated moderate
potential ecological risk, 80 < Er < 160 signified considerable potential ecological risk,
160 < Er < 320 suggested high potential ecological risk, and Er > 320 indicated very
high potential ecological risk [22]. Based on these criteria, lead was found to pose a
range of low to moderate ecological risks to the surrounding environment. Cadmium
exhibited a high potential ecological risk, indicating a greater concern for its impact
on the ecosystem. Mercury posed a considerable ecological risk, while chromium and
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arsenic were associated with low potential ecological risk to the surrounding
geochemical environment.

Table 6. Ecological risk factor (EC).

Dry Season Wet Season
Sampling Station

Pb Cd Hg As Cr Pb Cd Hg As Cr
Farm 1 42.45 225.00 118.00 370 062 5830 270.90 118.40 380 0.80
Farm 2 33.60 208.80 118.00 350 056  54.60 225.90 118.00 370  0.60
Farm 3 28.60 149.40 108.80 340 036 4550 169.80 123.20 370 038
Farm 4 16.20 86.70 113.60 330 024 2110 86.40 113.60 360 024
Average 30.21 167.48 114.60 348 045 4488 188.25 118.30 370 051
Control 6.50 6.60 110.40 330 018 6.50 6.90 112.00 360 0.18

3.4.3. Index of Geo-accumulation (lgeo)

The Index of Geo-accumulation (Igeo) was employed to evaluate and classify the
levels of metal contamination in the soil by comparing present concentrations with
historical “pre-industrial” levels. Muller’s method was used to categorize the Igeo into
seven distinct classes [22]: lgeo < 0, class 0, indicating an unpolluted state; 0 < Igeo <1,
class 1, representing a range from unpolluted to moderately polluted; 1 < lge < 2, class
2, indicating a moderately polluted state; 2 < lgeo < 3, class 3, representing a range from
moderately polluted to strongly polluted; 3 < lgeo < 4, class 4, indicating a strongly
polluted state; 4 < lgeo < 5, class 5, representing a range from strongly polluted to
extremely polluted; and lgeo > 5, class 6, indicating an extremely polluted state. Table
7 shows that the average lq4eo Values for both dry and wet seasons were as follows: 1.93
and 2.48 for lead, 1.80 and 1.94 for cadmium, 0.93 and 1.94 for mercury, —2.11 and -
2.03 for arsenic, and —2.81 and —2.72 for chromium. The index of geo-accumulation
values followed the trend Pb > Cd > Hg > As > Cr for both dry and wet seasons. Based
on the computed lgeo values in this study, it was determined that Farms 1, 2, and 3
ranged from moderately polluted to strongly polluted with respect to lead, moderately
polluted with respect to cadmium, and from unpolluted to moderately polluted with
respect to mercury.

Table 7. Index of geo-accumulation (lgeo).

Dry Season Wet Season
Sampling Station

Pb Cd Hg As Cr Pb Cd Hg As Cr
Farm 1 2.50 2.32 097  -2.03 -2.05 2.96 2.55 098  —2.00 -1.92
Farm 2 2.16 2.21 097  —2.09 —2.40 2.86 2.33 097 201 -2.33
Farm 3 1.93 1.73 086  —2.15 -3.07 2.60 1.91 136  —2.02 -3.01
Farm 4 1.11 0.95 092 216 -3.70 1.49 0.94 092 —2.08 -3.61
Average 1.93 1.80 093 -211 -2.81 2.48 1.94 1.06  -2.03 -2.72
Control -0.20 -0.83 088  -2.17 —4.02 -0.20 —2.75 0.88  -2.08 -4.01
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3.4.4. Pollution load index (PLI)

In this investigation, the Pollution Load Index (PLI) was applied to determine the
pollution status of soils located around the United Cement Company in Mfamosing,
Nigeria. The PLI provides a measure of the overall pollution gquality of the soil based
on the presence and concentrations of various pollutants. The following interpretations
were used to explain the Pollution Load Index (PLI): PLI > 1 indicates a polluted state;
PLI = 1 suggests pollutants are present at baseline levels; and PLI < 1 indicates a hon-
polluted state. The average values of the pollution load index were determined as 2.00,
1.81, 1.50, 1.04, and 0.62 for cassava farms 1, 2, 3, 4, and the control station,
respectively (Table 8). Consequently, the PLI values followed the trend in the
following order: Cassava farm 1 > Cassava farm 2 > Cassava farm 3 > Cassava farm
4 > control station.

Table 8. Pollution Load Index (PL1I).

Seasons Farm 1 Farm 2 Farm 3 Farm 4 Control
Dry Season 1.85 1.68 1.37 1.00 0.75
Wet Season 2.14 1.93 1.62 1.08 0.49
Average 2.00 1.81 1.50 1.04 0.62

According to the Pollution Load Index (PLI) results, farms 1, 2, 3, and 4 were
found to be polluted, whereas the control station was identified as unpolluted. The PLI
values displayed the following pattern: Cassava farm 1 had the highest pollution load
index, followed by Cassava farm 2, Cassava farm 3, Cassava farm 4, and finally, the
control station. This ranking indicates that farm 1 had the highest pollution level
among all the sites, while the control station exhibited the least pollution.

4. Conclusion

This study revealed that the mean concentrations of soil metals within 0—2km of
the Mfamosing cement plant were below the guidelines set by the United States
Environmental Protection Agency (US-EPA), Dutch intervention values, and
European Union Regulatory Standards (EURS), except cadmium. A significant
decrease in lead, cadmium, and chromium concentrations was observed with
increasing distance from the factory to the control station, indicating that cement
production activities may be responsible for the higher metal concentrations in the soil.
The contamination factor for lead indicated very high contamination, cadmium ranged
from substantial to very high contamination, and chromium indicated moderate
contamination. Mercury and arsenic indicated low contamination levels. The
ecological risk factor showed that lead poses moderate risks to the environment,
cadmium poses a high potential ecological risk, mercury poses a considerable
ecological risk, and chromium and arsenic pose low potential ecological risks. The
geo-accumulation index (lgeo) revealed that Farms 1, 2, 3, and 4 ranged from
moderately to strongly polluted with lead, moderately polluted with cadmium, from
unpolluted to moderately polluted with mercury, and unpolluted with chromium and
arsenic. The pollution load index indicated that Farms 1, 2, 3, and 4 are polluted, while
the control station is unpolluted. The pollution load index followed the sequence:
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