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Abstract

This study investigated the concentrations of heavy metals in soils around the WAPCO cement factory in
Ewekoro in southwestern Nigeria. A total of 27 soil samples were collected from three locations (Ewekoro,
Papalanto, and Itori) around the cement factory. Atomic absorption spectroscopy was used to determine the
concentrations of metals. The results revealed that the mean values of the metals content in the three soil
samples were in the order: Fe > Zn > Mn > Cr > Cu > Pb. The concentrations of Pb present in Ewekoro and
Papalanto samples were 0.391 and 0.243 mg/kg, respectively while Pb was not found in the control area
(Itori). The concentrations of the heavy metals in the soil samples were found to decrease as the distances of
the communities from the cement factory increased. Our study revealed that study area soils were affected
by dust emissions from the cement factory as shown in the very low concentrations of heavy metal contents
of the control study area, Itori.
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Due to industrialization, several countries have
attained sustainable development with some degree

Introduction

The presence of material or energy in water, land, and
air at levels that cause harmful effects to the earth’s natural
balance or lowers the quality of life is generally referred to
as environmental pollution [1].

*e-mail: okoroowo@yahoo.com; hkoadeola@gmail.com

of environmental degradation. These activities on the
environment, however tend to produce pollutants that
may include gases, acids, oils, cooling water, and so on.
Where there is no serious concern for the environment or
measures for containing these problems, several issues
(such as indiscriminate dumping of waste, illegal mining,
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oil spillage, and evolution of poisonous gases) often make
untreated wastewater and pollution inevitable. These issues
can be more prevalent in the least developed countries, to
the extent that oftentimes industries are located without
due regard to physical planning [2].

The cement industry is one of the most polluting
industries listed by the Central Pollution Board, with its
major pollutants being noise and dust. The pollutants
are emitted at every stage of the manufacturing process,
including extraction of the raw materials, crushing,
production, etc. Cement dust changes the elemental
concentration of soil and its physicochemical properties
[3]. It is also the major source of such particulate matter
as SO, NO,, and CO, emissions. The dust contains heavy
metals like chromium, nickel, cobalt, lead, and mercury,
which are hazardous to the environment and affect
human and animal health. Cement dust may also cause
carcinogenesis, decreased antioxidant capacity, acute
respiratory symptoms, and acute ventilatory effects in man
and animal [4].

Some researchers have investigated the impact of
cement dust from the cement industry on soil properties
and plant growth. Arpita and Mitko reported that top soils
near a cement factory in Rockfort, Kingston, Jamaica
are enriched with Pb, Zn, Cr, Cd, V, and Hg, which are

released into the air from cement kilns [5]. Al-Khashman
and Shawabkeh also reported that the area close to a
cement factory in southern Jordan has the highest Pb,
Zn, and Cd levels on topsoils 0-10 cm deep [6]. A similar
study by Zerrouqi et al. observed that calcium oxide and
sulfur oxide are the principal components of pollution in
soil surrounding a cement factory in Morocco [3]. The
results of elementary chemical analysis expressed in
weight percent of oxides, conducted by Young-Chull and
Jae-Min, revealed that the raw material dust of the first
grinding process primarily consisted of CaO (41.77%),
SiO, (11.72%), ALO, (3.45%), and Fe,O, (1.47%) [7].
Ca/Si ratios computed by Asubiojo et al. found that soil
contamination, due to cement, decreases sharply with
distance from the factories and with increasing depth from
the surface [8].

A study by Semhi et al. on dust emitted from cement
industries in Oman showed high concentrations of heavy
metals in soils within a radius of 0.5-2 km around a cement
factory [9]. A study on the effect of cement dust after
25 years of cement production on soil physicochemical
propertiecs by Asadu and Agada has revealed that
exchangeable Ca, Na, H, and Mg, as well as soil organic
matter, were significantly higher in the affected soils
than in the non-affected soils [10]. Studies by Gbadebo
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Fig. 1. The sampling locations.
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and Bankoleon on the heavy metal pollution of the
air and dusts surrounding the West African Portland
Cement Company (WAPCO), in southwest Nigeria [11].
Similarly,Ogunkunle and Fatoba reported that heavy
metals are present in the soil around a cement factory in
Nigeria Pb, Cu, Cd, and Cr with mean concentrations of
666.1 mg/kg, 613.4 mg/kg, 547.9 mg/kg, and 188.5 mg/
kg, respectively which were above international limits
[12]. Ewekoro is one of the villages along the Sango-Ifo-
Abeokuta expressway of Ogun State of Nigeria. Ewekoro
borders Papalanto in the west, Abeokuta in the east, and
numerous villages along the northern and southern axis.
The climate is not different from the towns and villages
mentioned earlier.

However, the establishment of West African Portland
Cement Company (WAPCO) now referred to as Lafarge-
Cement WAPCO changed the economic sphere of this
once sleepy and serene town [13]. The activities of this
industry in Ewekoro constitute a source of environmental
pollution, thus subjecting the inhabitants to hardship from
dust-laden air, cracking of walls of structures, and soil
and water polluted by dust. Previous studies have shown
the presence of heavy metals in the particulate matters
released from cement industries, which are hazardous
to living organisms. The fine particulates of dust can be
easily inhaled, and over time cause respiratory problems
in people living near and working in the factory. It is
therefore necessary to determine the concentrations of the
heavy metals in soils around the cement industry, since no
such report has been made in recent times.

Our study was therefore aimed at assessing the heavy
metal concentrations in soils around WAPCO Ewekoro in
order to assess the level of pollution that may be done to
the communities where the factory is located.

Materials and Methods
Description of Study Area

The study was carried out in the towns of Ewekoro,
Papalanto, and Itori — all part of the Ewekoro Local

Table 1. Sampling coordinates.

Town Sampling Areas Coordinates
1 6°54'36"N, 3°12'45"E
Ewekoro 2 6°54'43"N, 3°12'39"E
3 6°54'40"N, 3°12'44"E
4 6°53'11"N, 3°11'44"E
Papalanto 5 6°53'04"N, 3°11'40"E
6 6°52'60"N, 3°11'31"E
7 6°56"23"N, 3°13'14"E
Ttori 8 6°56'15"N, 3°13'07"E
9 6°56'14"N, 3°13"20"E

Government Area of Ogun State in southwestern Nigeria.
Ewekoro cement factory is located 5 km north of Ewekoro
and is within the tropical rainforest belt of Ogun. The
topography of Ewekoro is classified as southern upland
[14]. It has an area of 594 km? and a population of 55,156
(2006). Papalanto is a sugarcane community south of
Ewekoro and Itori is a farming community north of
Ewekoro.

A map showing the location of the sampling area in
Ewekoro Local Government Area is shown in Fig. 1, while
the location sites and coordinates are presented in Table 1.

Sample Collection

Composite top soil samples (0-15cm) were taken
randomly in triplicates from three different locations in
the three towns for a total of 27 soil samples. The soil
samples were collected in a ziplock bag and brought to the
laboratory for analysis. Soil samples were air-dried before
being crushed gently and sieved through a 2 mm sieve and
stored for analysis [15].

Sample Preparation

Before being analyzed for the heavy metals, the
samples were digested using aqua regia (hydrochloric
acid: nitric acid, in a 1:3 volume ratio). One gram of the
sample was weighed into a beaker. 10 ml hydrochloric
acid and 30 ml nitric acid were added and covered so
as to allow for any reaction to subside. The mixture was
then placed on a hot plate and heated at 100°C for about
20 minutes. After digestion the solution was allowed to
cool and then filtered. The filtrate was then made up to the
50 ml (or more) volume and transferred to plastic bottles.
Heavy metals in the samples were determined with
BUCK SCIENTIFIC 210/211VGPAtomic Absorption
Spectrophotometer [16].

Soil Pollution Indices

The geo-accumulation index (I-geo) and pollution
load index (PLI) were employed to assess the pollution of
metals in the soil samples.

Geo-Accumulation Index (I-geo)

The geo-accumulation index was determined by the
following equation as described by Boszke et al. [17].

I-geo =1log 2 (Cn/ 1.5 Bn)

Cn is the measured concentration of heavy metal in
the soil samples. Bn is the geochemical background value
in average shale of element n [18]. Factor 1.5 is used for
the possible variations of the background data due to
lithological variations.

I-geo was classified into seven grades: [-geo <0 (grade
0), unpolluted; 0< I-geo <1 (grade 1), slightly polluted,;
1 <I-geo <2 (grade 2), moderately polluted; 2< I-geo <3
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(grade 3), moderately severely polluted; 3<I-geo <4 (grade
4), severely polluted; 4< I-geo <5 (grade 5), severely
extremely polluted; [-geo > 5 (grade 6), extremely polluted
[19-20].

The Pollution Load Index

The pollution load index (PLI) is obtained as
concentration factors (CFs). This CF is the quotient
obtained by dividing the concentration of each metal. The
PLI of the place is calculated by obtaining the n-root from
the n-CFs that were obtained for all the metals obtained
from each place [20].

Generally, pollution load index (PLI) as developed by
Tomlinson et al. [19] is as follows:

CF=C_/C

metal background value

PLI =nV(CF1 x CF2 x CF3 x...x CFn)

CF is contamination factor, n is the number of metals,
. 1s the metal concentration in polluted soil samples,

Background value is the background value of that metal.
The background values used were 850, 47, 50, 90, 100
and 20 mg/Kg for Mn, Fe, Cu, Zn, Cr and Pb respectively.
A PLI value greater than 1 is polluted, whereas a PLI value
less than 1 indicates no pollution [22].

Results and Discussion

The results of the concentrations of heavy metals
present in the three locations studied are presented Table
2 in terms of simple statistical parameters which are
mean and standard error. The mean values of the metal
concentrations in the soil samples (i.e., from the three
communities) are found to be higher than the average
concentrations and the normal ranges in soils, which is in
line with previous reports [19, 23]. The mean values of
the metals content in the three communities’ soil samples

could be arranged in the following descending order:
Fe>Zn>Mn>Cr>Cu>Pb (Table 2; obviously, the levels of
Mn, Zn, and Fe were higher than those of Cr, Cu, and Pb).

Distributions of Heavy Metals Across
the Three Communities

The distributions of the heavy metals across the three
communities are shown in Fig. 2. All the heavy metals
studied were found in significant amounts at different
levels and at all locations. However, the metals were
concentrated more at Ewekoro than at the two other
communities. Papalanto’s metal content was quite high
but not as high as Ewekoro’s, and Itori’s concentration
was reasonably low. It is worth mentioning that most of
the heavy metal-contaminated soil samples were found in
Ewekori, where the cement factory is located. This finding
is in agreement with the results reported by Al-Omran et
al. [24].

Papalanto has the highest occurrence of Manganese
with an average percent of 45.7% and a mean metal
concentration of 17.35 mg/kg. The average concentration
value was found to be above the WHO limits, suggesting
its toxicity in the soil sample. Related research work
carried out on this metal revealed that the metal was
generally very high above health standards of federal and
world organizations [25].

Ewekoro has the highest iron concentration
(9.69 mg/kg), while Itori has a minimum value of
5.37 mg/kg. The iron concentration was found to be above
2006 WHO limits, which may be due to the deposition of
the cement dust on the soil. It also averages 44.5%. The
effect of cement dust pollution on the available Fe in the
soil was statistically significant [26]. The order of metal
abundance in decreasing order was Ewekoro > Itori >
Papalanto.

The order of abundance of copper in decreasing order
also followed a similar trend. Copper metal concentration
was found to be highest at Ewekoro with a value of
1.46 mg/kg, and least at Itori with an average of

Table 2. Concentration of heavy metals in different locations (mg/kg).

Sample Mn (mg/kg) Fe (mg/kg) Cu (mg/kg) Zn (mg/kg) Cr (mg/kg) Pb (mg/kg)
Location Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE
A 2.90+0.11 184.71+9.21 0.38+0.02 2.57+1.04 0.46+0.01 0.23+0.00

Ewekoro B 4.23£0.33 373.64+23.05 0.54+0.01 5.98+1.68 0.59+0.02 0.29+0.03
C 4.62+0.43 412.12+11.65 0.54+0.03 4.85+0.66 0.64+0.03 0.39+0.03

A 2.43+0.21 97.46+11.75 0.32+0.04 3.26+0.05 0.38+0.03 0.11+0.00

Papalanto | B 6.36:0.47 370.40+17.54 0.53+0.14 4.27+0.63 0.64+0.06 0.1620.08
C 8.56+0.28 403.66+18.82 0.48+0.05 3.24+0.07 0.66+0.12 0.24+0.08

A 2.47+0.06 440.63+26.72 0.19+0.09 1.63+0.63 0.52+0.05 0.18+0.00

Itori B 3.90+0.32 140.00+19.64 0.39+0.03 3.51+0.28 0.33+0.00 0.00+0.00
C 2.50+0.16 91.41£5.31 0.31+0.03 3.234+0.15 0.33+0.02 0.00+0.00
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Fig. 2. Distribution of: a) manganese, b) iron (10?), ¢) copper, d) zinc, ¢) chromium, f) lead.

0.89 mg/kg. The high values have been attributed to factory, which can be attributed to recent deposition of the

cement dust emissions from the cement factory [25]. polluting dust. The observation that Zn is known to have
Zinc has the highest value of 13.4 mg/kg at Ewekoro, higher mobility in soil profiles has been reported by Luke

followed closely by Papalanto with 10.77 mg/kg. At etal. [27].

close distance (Ewekoro) from the cement factory, the The results of chromium showed a close range of values

soil exhibits higher Zn values than further away from the of 1.69 mg/kg and 1.68 mg/kg at Ewekoro and Papalanto,
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Table 3. Pearson’s correlation coefficient between metal levels
in soil samples.

Mn Fe Cu Zn Cr Pb
Mn | 1.000 | 0.528%* | 0.535%* | 0.24 | 0.637** | 0.462*
Fe 1.000 | 0.290 | 0.183 | 0.794**| 0.608**
Cu 1.000 |0.674** | 0.497** | 0.585%*
Zn 1.000 | 0.269 | 0.412*
Cr 1.000 | 0.550**
Pb 1.000

with averages of 37.1% and 36.9%, respectively. Itori has
an average value of 1.18 mg/kg. In the cement factory
(as reported by Banat et al.), the linings for the rotaries
contain Cr, which could be liberated by wear and tear of
the machine due to friction [28]. Hence the source of Cr
in the soil samples may be attributed to this process. Thus,
decreasing trends were observed as Ewekoro > Papalanto
> [tori.

The recorded values for lead ranged from a minimum
of 0.18 mg/kg at Itori to 0.91 mg/kg at Ewekoro, which
has an average of 56.9%. The high concentrations of lead
at Ewekoro could be attributed to the cement industry in
which the process and production of cement requires a
substantial amount of energy supplied by burning fossil
fuel and traffic activity in the plant. Ewekoro > Papalanto
> [tori.

Pearson Correlation Coefficient

The Pearson correlation coefficient is a measure of the
strength of the linear relationship between two variables.
Pearson’s correlation coefficient between the metals level
in the soil samples is shown in Table 3.

From Table 3, the correlation is significant at the 0.05
levels (two-tailed) and the values with * and ** mean
the particular bi-variate metal is significant, i.e., there
is a relationship between them and otherwise for those
without.

Data in Table 3 indicates that most of the correlations
between the studying metals are significant. The
correlations between Cr and other metals are the strongest.
The strongest correlation was found between Cr and Fe
(0.794), followed by Zn and Cu (0.674), and Cr and Mn
(0.637). This finding was supported totally by an earlier
study that reported the correlation between Cr and other
metals as being strong [24].

Pearson’s Correlation Using P-Values

According to Table 4, p-values less than 5% (0.05) are
said to be significant and a relationship exists between the
elements.

The data obtained in Table 4 were in agreement with
the results of Arpita and Mitko, which revealed that Cr
shows good positive correlation with Zn, confirming their

Table 4. P-values of correlation coefficients between the metals.

Mn Fe Cu Zn Cr Pb

Mn

Fe | 0.005

Cu | 0.004 | 0.143"

Zn |0.226"| 0.362" | 0.000

Cr | 0.000 | 0.000 | 0.008 | 0.174"
Pb | 0.015| 0.001 | 0.001 | 0.033 | 0.003

common source, and they further suggested that these
metals could be accounted for in their similar source:
coal. Coal combustion releases these metals, which can
get incorporated into the dust along with the cement
particulates and then get deposited on the soil of the
surrounding areas [7].

Pollution Indices

Table 5 shows the contamination factors of the metals in
the soil samples, while Tables 6 and 7 present the pollution
load index and geo-accumulation index for soil samples.

The results of contamination factor (CF) obtained for
the three soil samples (Table 5) were used to calculate the
Pollution Load Index for each soil sample (Table 6). From
the results, it was observed that the PLI values for the
three locations were not high but Papalanto and Ewekoro
have higher PLI values than that of the control point, Itori
which revealed that Papalanto and Ewekoro soils are
relatively more polluted than Itori soil due to the activities
of the cement factories.

Similarly, the geo-accumulation indices for the
quantification of heavy metal accumulation in the study
areas (Table) revealed the extent of pollution relating a
specific metal. The I-geo grades for the soil samples vary
from metal to metal and site to site (across metals and

Table 5. Contamination factors for the soil samples.

Ewekoro (CF) | Papalanto (CF) | Itori (CF)
Mn 0.005 0.007 0.003
Fe 6.883 6.181 4.769
Cu 0.010 0.009 0.005
Zn 0.050 0.040 0.031
Cr 0.006 0.006 0.004
Pb 0.015 0.009 0.003
Table 6. Pollution load index for the locations.
Location Ewekoro Paplanto Itori
PLI 0.034 0.031 0.017
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Table 7. Geo-accumulation index for the soil samples.
Ewekoro Papalanto Itori
Conc (mg/kg) I-geo Conc (mg/kg) I-geo Conc (mg/kg) I-geo
Mn 3.92 -2.18 5.78 -2.03 2.96 -2.39
Fe 323.49 0.96 290.51 0.92 224.01 0.80
Cu 0.49 -1.88 0.44 -1.92 0.29 -2.18
Zn 4.47 -1.18 3.59 -1.27 2.79 -1.38
Cr 0.56 -2.09 0.56 -2.09 0.39 -2.27
Pb 0.30 -1.69 0.17 -1.92 0.06 -2.39

sites). Manganese, Copper, Zinc, Chromium and Lead
remain in grade 0 (unpolluted) in all study area suggesting
that the study area soils are in background value with
respect to these metals. The I-geo value of Iron attains
grade 1 in all the soil samples which indicates that the soils
were slightly polluted by Iron. This could be attributed to
the activities of the cement factory.

Conclusion

It has been established from the results obtained that
soils in Ewekoro have been polluted to a large extent by the
major elemental components and heavy metals. Due to the
southward flow of the wind, Papalanto has corresponding
high concentrations owing to the movement of the cement
dust. The mean values of the metal concentration in the
soil samples from the three communities were found to
be higher than the average concentrations and the normal
ranges in soils. Thus, it could be concluded that the soils of
the study areas were affected by dust emissions from the
cement factory as shown in the very low concentrations
of heavy metal contents of the control study area, Itori.
It has very low concentration ranges as compared to
Ewekoro and Papalanto soil samples. Although there have
been substantial efforts on the part of the management
of the factory to reduce their noxious impact, more still
needs to be done — especially in the area of environmental
monitoring, so that, for example, the vibration and other
emissions enumerated earlier could be brought under
control.
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