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Abstract

This study was conducted to assess the risk of exposure to thirteen (13) heavy metals from food products obtained
from cassava tubers grown in the limestone mining area of Ewekoro, Ogun State in Nigeria. Four (4) samples each of
soil and cassava tubers were collected at three different sites for this study. The first two sample collection sites were at
150 m and 300 m from the mining site while the third or the control samples were collected at a distance of 25 km far
away from the mining activities. The collected samples were analyzed by the use of Inductively Coupled Plasma-Optical
Emission Spectrometry. The concentration average of Fe, Mg, Na, Ag, As, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn ranged from
2.00-1284.96 to 0.0098-646.31 mg/kg for both soil and cassava tubers, respectively at site 1, which was far higher than
0.26-622.01 and 0.90-514.35 and 0.07-688.37 and 0.07-371.74 mg/kg reported in both soil and cassava tuber samples
at the other 2 locations. The transfer factor from the soil to cassava tuber for Fe, Mg, Ag, As, Cd, Cu, Co, Mn and Pb were
observed to be < 1. While Na, Cr, Ni and Zn had transfer factor > 1. The estimated average daily intake at site 1 for both
adults and children were 0.46 and 1.69 mg kg™' bw™' d™, respectively. These values were far higher than the results noted
at sites 2 and 3 for both adults and children. Similarly, the Risk Index for both adults and children at site 1 were reported
to be 7.01 and 25.42, which were higher than the values noticed at the other 2 sites. Therefore, it can be concluded that
although the concentrations of these heavy metals were higher than the internationally recommended standard, the
EADI and Rl revealed that children are at higher risk of exposure to the heavy metal contents from food products derived
from cassava in the study area.
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1 Introduction

Food is one of the basic needs of man because it is
required to sustain his living and it provides the needed
energy to engage in other productive activities. Food
items are grouped into various classifications depending
on their function, such classifications include protein,
carbohydrate, fats and oil and so on [1]. One of the food
items that is very rich in carbohydrate is cassava. Cassava
is a popular food crop in Nigeria because of the various
ways it can be consumed. It can be boiled and eaten,
and fried as chips [2, 3]. Cassava flakes popularly known
as Garri is a delight in every home, also, Fufu (cassava
starch) and Lafun (cassava flour) are all obtained from
processed cassava tubers and they are among the most
consumed foods in different parts of Nigeria and among
different ethnic groups [1].

However, the conditions of land being used for agri-
cultural practices contribute majorly to the condition
of the farm produce harvested on it [4]. This is because
water and nutrients from the soil are transferred into
plants during cultivation for their growth [5]. Moreover,
the application of fertilizers to farm land aids cultiva-
tion by supplying the lacking nutrients in the land. All
of these processes have implications on the quality of
farm produce [6]. Due to the transfer factor from soil to
plants, the heavy metals and mineral contents in the soil
leave their signature on the produce from the farm. It has
also been noted that geologic features are registered in
groundwater and other products that have their sources
from nature [7].

Similarly, heavy metal concentrations in arable soil
could be due largely to two factors, which are geologic
and anthropogenic or influence of human activities.
Geologic activities are largely as a result of weathering
and leaching of rocks, while anthropogenic activities
include smelting, application of pesticides, use of fertiliz-
ers, industrialization, cement-contamination, mining and
so on [8]. All these activities contributed to the loads of
heavy metals in the soil on which farm products are cul-
tivated [9]. Especially in an environment like the area of
study where both natural and manmade activities could
contribute largely to the heavy metal concentration in
farm products. The indifferent disposition of the regula-
tory bodies to the activities of miners in most developing
nations allow them to operate without controls [10]. This
unregulated activities endanger the lives of the people
in the immediate environment of the mining activities in
terms of air pollution and soil contamination.

Excess exposure to heavy metals especially when they
are highly concentrated in foodstuff consumed or are
contained in small proportion in food items popularly
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consumed by young and old can pose major health
risk to consumers [11]. Studies have shown that heavy
metals possess a characteristic of being non-biodegrad-
able and they possess density, which is about 5 times
greater than the density of water and a small amount
of heavy metal can be very toxic to human. Yeboah in
[12] revealed that cancer can occur in human organs as
a result of undue exposure to lead (Pb). Other diseases
such as kidney problems and symptoms such as vomit-
ing have been traced to undue exposure to heavy metals
in consumed foods.

Food crops such as cassava can be contaminated by
heavy metals from the soil. This is due to the fact that cas-
sava roots have the ability to absorb these metals from
the soil in which they are planted [13, 14]. Further studies
have confirmed that various species of plants accumulate
toxic from soil at different rates. Therefore, it becomes very
paramount to determine the level of heavy metals present
in cassava crops cultivated on soils close to limestone min-
ing activities at Ewekoro area, Ewekoro local government
in Ogun State, Nigeria in order to determine the level of
exposure to the consumers. In the next section, we consid-
ered the materials and methods, under which the geology
of the area of study was first looked at. In addition, the lab-
oratory analysis, transfer factor and consumption exposure
and associated health implications were estimated. The
third section presented the results of the findings in the
study while the fourth section discussed the results. The
section that followed focused on the statistical analysis of
results while the final section presented the conclusion of
the findings in the manuscript.

2 Materials and methods

2.1 Geology and geographical location of the study
area

The study was conducted in Ota, Ogun state, which falls
within the eastern part of the Dahomey (Benin) Basin in
south-western Nigeria (Fig. 1). The basin stretches along
the continental margin of the Gulf of Guinea. Rocks in the
Dahomey basin are Late Cretaceous to Early Tertiary in age
[15-17]. The general sequence of the rock unit from the
top are the Coastal plain sands, llaro formation, Oshosun
formation, Akinbo formation, Ewekoro formation, and
Abeokuta Group lying on the Southwestern Basement
Complex of Nigeria [16]. The Cretaceous Abeokuta Group
consists of Ise, Afowo and Araromi Formations consisting
of poorly sorted ferruginized grit, siltstone and mudstone
with shale-clay layers [17].

The Dahomey is one of the sedimentary basins on the
continental margin of the Gulf of Guinea, extending from
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Fig. 1 Geological map of the area of study (modified after [15])

southeastern Ghana in the west to the western flank of
the Niger Delta [15, 16]. The basin is bounded in the west
by faults and other tectonic structures associated with the
landward extension of the fracture zone. Its eastern limit
is similarly marked by the Hinge line, a major fault struc-
ture marking the western limit of Niger Delta [16]. It is also
bounded in the north by the Precambrian basement rock
and the Bright of Benin in the south. Stratigraphic studies
of Dahomey basin were conducted by various researchers
among who are [16-18]. The population of the study area
is about 700,000 people according to national population
data of 2006.

2.2 Sample collection and processing

The samples used for this study were collected at three dif-
ferent sites. Two of the sampling sites were located around
Ewekoro mining station. Four samples were collected at
each sample site. The first set of samples were gathered
from two sites in the heart of Ewekoro while the third set
of samples, which were used as the control, were taken at
another community about 25 km away from the cement
mining site. The reason for choosing a control site that
is 25 km away is to confirm the influence of the geologi-
cal formation of the study area on the concentrations of
heavy metals in both soil and cassava plant samples and

also to evaluate the trends in transfer factors of heavy met-
als from the soil to the plants at the three different sites.
The distance between Ewekoro mining site and the first
sample collection site was about 150 m while the distance
between the first sample site and the second was about
another 150 m as shown in Fig. 2. The local residents of
the area were engaged and monitored for the sample col-
lection exercise. At each location, soil samples, cassava
tubers, stems and leaves were collected in large quantities
s0 as to yield sizeable amount of samples required for anal-
ysis, after the samples have been processed. The collected
samples were then transported to an open space at the
College of Science and Technology building of Covenant
University where they were first sun dried for five days.
However, only the cassava leaves were dried at this tem-
perature. Prior to sample processing, the cassava tubers
were washed to remove every element of soil that could
contaminate the result. Therefore, the samples of soil, cas-
sava tuber and stem were oven dried at moderate tem-
peratures of 50° and 20 °C, respectively in order to remove
every moisture that could remain in the samples [19]. After
oven drying, the samples were taken to the Mechanical
Engineering departmental workshop of the same Univer-
sity for pulverization. The pulverized samples of soil and
tuber were later sieved with 200 um size sieve in order to
attain uniformity of the samples [20]. However, adequate
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precautions were taken to prevent cross contamination of
the samples of soil and cassava tuber.

2.3 Laboratory analysis

The samples of soil and tuber were first homogenized and
1 g of each sample was weighed. The measured samples
were transferred into beakers in addition to 20 ml of Aqua
Regia. The digestion was carried out on a heating block in
a fume hood with the temperature not exceeding 90 °C
for about an hour. The beakers were allowed to cool and
2 ml of Hydrogen peroxide was added to each beaker and
heated for 10 min. After the digestion was completed, the
digestate volume of each sample was measured. Digestate
was then filtered and 0.5 ml was diluted to 10 ml using
ultra-pure deionized water for ICP-OES analysis. Equation 1
was used to convert the unit from ml to mg/kg.

Conc.(mg/L) x Final Volume (L) x Dilution Factor
Weight of Sample (kg)

Conc.(mg/kg) =
(1M

Where, Conc. (mg/L) =Instrument readout conc.

Final Volume =as recorded for each sample.

Dilution Factor=20.

Weight of sample=0.001 kg or as recorded.

The following materials were used Nitric Acid (Schar-
lau Spain), Whatman filter paper (125 mm), Ultra-pure rea-
gent water (Merck US), Hydrogen Peroxide (Merck US) and
Hydrochloric Acid (Merck US) [21-23].
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2.4 Estimation of transfer factor (T;)

The transfer factor (Tg) is a measure of the level of accu-
mulation of toxic elements by the plants from the soil [24].
This was evaluated by dividing the concentration of heavy
metals in the cassava tuber samples by the concentration
of heavy metals in the soil samples. This is expressed math-
ematically as,

(Conc. of heavy metals) yqn

()

Te = (Conc. of heavy metals),,;
where, C ,,,=Concentration of heavy metals in cassava
tuber (mg/kg).

C ,.i=Concentration of heavy metals in soil (mg/kg).

The significance of the result is that if T is greater than
1, it implies that the plants have accumulated elements.
However, if T is less than 1, it connotes that the plant
resists the uptake of the elements. However, if T; is around
1, it simply shows that the plants are not affected by the
element [24, 25].

2.5 Estimation of consumption exposure
and associated health risk

The exposure and health hazards due to consumption of
food items made of contaminated cassava produce were
estimated using the estimated average daily intake (EADI)
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of the heavy metals contained in the cassava tubers and
the associated hazard indices or risk indices (RI). The EADI
was calculated using (3).

CxXF
W x D

EADI = 3)
where, C=concentration of metal in cassava tuber (mg/
kg),

F =yearly consumption of food made from cassava per
person,

W =average body weight of 70 kg for adults and 15 kg
for children.

D=number of days in a years (365 days).

The yearly intake of food made from cassava per person
was assumed to be 154 and 120 kg per person per annum
for adults and children, respectively [1]. Furthermore, the
health implication, defined as the risk indices (RI) of con-
suming these food items was calculated using (4) [26] [43].

_ EADI

R = AP
R.Do @)

where, R{Do is the oral reference dose of the various met-
als considered.

3 Results and discussion

The concentrations of various elements in the cassava
tubers depend on the level of heavy metals and other
elements present in soil. As can be clearly seen in Table 1,
the concentrations of heavy metals in soil samples at
site 1 is far higher than in the sample of soil at site 2 for
all the heavy metals tested, except zinc, which is much
higher than in site 1. The observed high concentration in
soil samples collected at site 1, could be attributed to the
proximity of site 1 to the heart of mining activities. How-
ever, the soil samples in site 2, reported much lower heavy
metal concentrations than site 1. This could be attributed
to the distance between the mining site and site 2. The
concentrations of heavy metals in soil recorded at site 2
showed the same trend as some of the heavy metals inves-
tigated in [27], this could be as a result of the distance of
the sampling sites to the mining location. The minimum
concentrations of heavy metals presented for Mn, Fe, Cu,
Zn, Cr and Pb are 2.90, 184.71, 0.38, 2.57, 0.46 and 0.23,
respectively, the slight differences in the result could be
due to variations in the sensitivity of the analytical tools
and level of depositions of cement dust in the study area.
This also confirms the variation in the geology and litho-
logical sequence of the study area from one sample loca-
tion to another.

Similarly, the concentration of heavy metals in cassava
tuber collected at site 1 were moderately higher than in
site 2. This could be attributed to the concentration of
heavy metal in the soil on which the cassava plant was
cultivated. It can also be noted that some elements in
cassava tubers collected at site 2, have higher concentra-
tions than in cassava tubers collected at site 1. A case in
point is cadmium in cassava tubers collected at site 2 with
a concentration of 2.71 mg/kg when compared with the
concentration of 0.98 mg/kg reported in cassava tubers
collected at site 1. This could be as a result of the applica-
tion of fertilizers rich in cadmium to cultivate the cassava.
In addition, Pb and Zn reported higher concentrations of
6.01 and 2.17 mg/kg in cassava tubers collected at site 1
thanin 2.21 and 2.70 mg/kg, respectively as noted in cas-
sava tuber collected at site 2 as presented in Table 1. The
variation in the heavy metal concentrations noted in cas-
sava tuber picked at site 2 could be as a result of the water
run-off from the mining region to the area where samples
collected at site 2 were grown. The concentration of heavy
metals in both soil and cassava tuber samples collected
at site 3 were relatively lower than those collected at sites
1 and 2, respectively as presented in Table 1. Although,
there are some of the elements that are at the same level
when compared with concentrations obtained in site 2.
This could be because the samples at site 3 or control sam-
ples, were collected about 25 km away from the mining
area, where the influence of limestone and its constituents
are not pronounce.

The values in Table 2 were used as the control for the
results obtained at the mining site. From Table 1, it could
be deduced that the concentrations of heavy metals in
sample 1 were at least about twice the concentrations
of heavy metals at site 3. Similarly, the concentrations of
heavy metals in the tubers collected at the sample site
1 were about twice the concentrations of the tubers
collected at site 3. This could largely be due to the vari-
ations in the geologic composition of the soil formation
in the two areas. However, the results obtained at site 2
compares relatively with the results at site 3. This further
confirmed the influence of the limestone on the results
obtained at site 1.

The concentrations obtained at the site very close to the
mining site in the present study was compared with the
allowable standard limits for both soil and edible plants
as recommended by the European Commission Director
General Environment [26] and the study of [27]. The results
for soil revealed that for most heavy metals compared,
the result of the present study was far lower than the rec-
ommended limits from Germany, Ireland, USA and other
countries presented in the study. However, the concentra-
tions of cadmium was higher in the present study than
what was recommended by [26]. The pattern observed
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Table 1 Transfer factors

Metal Locations Conc. in Soil (mg/kg) Conc. in Tuber (mg/kg) Transfer factor
of heavy metals and other
elements from soil to tuber at Fe Control 96.60+5.12 70.77+3.78 073
sites 1, 2 and 3 {control) 1 256.37+10.21 114.50+8.52 0.45
2 18.27+£2.35 102.33+£9.25 5.60
Mg Control 688.37+18.23 371.74£12.25 0.54
1 1284.96+25.38 646.31+13.73 0.50
2 622.01+12.47 514.35+15.23 0.83
Na Control 118.28+9.45 99.36+7.54 0.84
1 108.85+6.23 207.11£10.08 1.90
2 57.36+3.29 272.21+£12.22 4.75
Ag Control 1.48+0.13 ND ND
1 74110.23 2.11+£0.12 0.29
2 ND 1.07+£0.23 ND
As Control 3.92+0.24 1.81+0.11 0.46
1 7.71+£0.16 3.65+0.13 0.47
2 3.90+0.28 1.64+£0.22 0.42
Cd Control 3.33+0.31 3.95+0.21 1.19
1 5.82+0.12 0.98+0.02 0.17
2 2.76+£0.20 2.71+£0.30 0.98
Co Control 2.26+0.28 4.13+£0.28 1.83
1 7.80+0.16 6.58+0.04 0.84
2 3.53+0.12 ND ND
Cr Control 0.81+0.10 0.59+0.21 0.73
1 4.08+0.14 4.24+0.03 1.04
2 1.34+£0.10 0.90+£0.02 0.67
Cu Control 1.03£0.04 ND ND
1 13.09+£0.10 1.19+0.01 0.09
2 1.20+£0.09 ND ND
Mn Control 11.16£1.26 ND ND
1 20.91x0.15 3.15+0.02 0.15
2 10.99+1.25 1.14+£0.03 0.10
Ni Control 2.18+0.21 0.07+0.01 0.03
1 5.14+0.18 6.54+0.05 1.27
2 0.47+£0.03 3.20+£0.24 6.74
Pb Control 0.07+£0.00 5.73+£0.24 85.57
1 6.15+£0.23 2.21+0.03 0.36
2 0.26+0.02 6.01+£0.36 2348
Zn Control 2.00+0.10 2.94+0.18 1.47
1 2.00+0.11 2.70+0.02 1.36
2 5.36+0.32 2.17+0.15 0.40

ND—Not Detected

in the concentrations obtained at the mining site is the
same as in the concentrations in the control, although, the
proportion in the control is lower by a factor of about 2
for some elements. The variations noticed in the results
compared could be due to geological differences, varia-
tion in soil compositions and the kind of activities that are
dominant in the study areas. Similarly, the concentrations
of cassava tubers in this study was compared with the
recommended safe limits by [27, 28] and [29], the results
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showed that the cassava tubers collected closest to the
mining site have heavy metal concentrations higher than
the recommended safe standards for most of the elements
except for Copper and Zinc, which have lower concentra-
tions of 1.19 and 2.70 mg/kg and were still lower than the
recommended safe limits of 3.0 and 6.0 mg/kg, respec-
tively. However, in the control study, Silver, Copper and
Manganese were in the range of not detectable results
while Nickel, Lead and Zinc have values of 0.07, 5.73 and
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2.94 mg/kg, which were lower than the safe limits of 1.63,
2.0 and 6.0 mg/kg, respectively [30].

Furthermore, the transfer factor estimated in the first
sampling location revealed values less than 1 for Iron,
Magnesium, Silver, Arsenic, Cadmium, Cobalt, Copper,
Manganese, and Lead as seen in Table 1. While Sodium,
Chromium, Nickel and Zinc revealed values more than
1. The elements whose transfer factors were less than 1
showed that the metals were excluded by the plants dur-
ing the uptake of nutrients from the soil [30, 31]. This could
be due largely to the nature of the plant and its selectivity
for the listed heavy metals. This implies that the consump-
tion of cassava at site 1 does not expose the consumers to
metals such as such as Iron, Magnesium, Silver, Arsenic,
Cadmium, Cobalt, Copper, Manganese and Lead. On the
other hand, chromium has a transfer factor of 1.09, which
indicated that the cassava plants are not affected by chro-
mium [32]. This showed that the consumption of these cas-
sava does not in any way expose the consumers to Chro-
mium. However, Sodium, Nickel and Zinc having transfer
factors of 1.90, 1.27 and 1.36, respectively, which revealed
that the cassava tubers absorbed and accumulated these
heavy metals during its growth. This further implies that
consumption of these cassava tubers expose the consum-
ers to the possible effects that may occur. Studies have
revealed that too much exposure to Sodium can lead to
high blood pressure, heart related diseases and eventually
stroke. Similarly, undue exposure to Nickel can cause aller-
gies, lung disorders, and cancer while exposure to Zinc can
result in stomach pain and vomiting. The results observed
for Cu, Pb, Zn, Cr, Co and Ni, in [33] for maximum concen-
trations of heavy metals in both soil and plant samples
were much higher than the results obtained in the present
study. However, the values of the minimum concentrations
of heavy metals in their study were within the same range
of values with the present study. This could be attributed
to the differences in the depth of investigation consid-
ered in both studies. The present study investigated the
concentration of heavy metal in the near surface from the
topsoil to about 15 cm into the earth. Contrarily, the results
of [34] in the same study area presented a lower average
results for Mn, Fe, Cu, Zn, Cr and Pb, than the present study
and this could be due to variation in the constituents of
the geologic composition of the soil materials.

The results of the transfer factors at site 2, which is
about 300 m away from the limestone mining site are also
presented in Table 1. The results revealed Silver, Cobalt and
Copper to be below the detectable limits. This could be
that these elements are not available or available in very
minute amount in the soil at the second station. Also, the
values of transfer factor reported for Magnesium, Arse-
nic, Cadmium, Chromium, Manganese and Zinc varied
between 0.10 and 0.98. Since these values are below 1, it

SN Applied Sciences

A SPRINGER NATURE journal

implies that the cassava plant does not absorb these ele-
ments as part of the nutrients required for its growth. How-
ever, Iron, Sodium, Nickel and Lead are very prominent
in the transfer factor of the second station with values of
5.60,4.75, 6.74 and 23.48, respectively. This result showed
that the cassava tuber acquired in this area, accumulated
these elements. This further implies that the consump-
tion of food products made from this cassava tubers can
expose the consumers to the side effects of undue expo-
sure to these elements [35]. Exposure to Iron can lead to
stomach upset, nausea and vomiting while unnecessary
exposure to lead can result in developmental delays in
children, learning difficulties, irritability and loss of appe-
tite among others.

The transfer factor at site 3 or control correlated with
site 2 except for Iron, Sodium and Nickel, where the results
are 5.60, 4.75 and 6.74, respectively compared with 0.73,
0.84 and 6.74. However there was an increase in the trans-
fer factor for Lead at site 3 or control, which showed 85.37
compared to 23.48 noted in location 2. This variation in
result could be due largely to the type of cassava plant or
the influence of the environment on the plants. Moreover,
consumption of cassava products that is highly infested
with Lead (Pb) could result in loss of coordination and
death in both children and adults.

The transfer factor at site 3 or control provided a con-
trast in result with transfer factor at site 1 because of the
differences in the ratio of concentration proportions in
both soil and cassava tuber samples. While site 1 was a
mining site with higher concentration of the elements in
both soil and plant, location 3 or control was a farm land
that is not within the mining region and possessed lower
concentrations of the elements in both tested samples and
that is why this location was intended as a control for this
study. Generally, it could be seen from the results obtained
in this study that the concentrations of heavy metals in
both cassava tubers and soil are higher at site 1 than at site
2 and site 3 (control). However, the transfer factors of the
heavy metals from soil to the cassava tubers were noted to
be in the order of site 1 < site 2 < site 3 (control). This could
be as a result of the fact that the geological composition
of the study area prevented the uptake of heavy metals
from the soil by the plants. The transfer factor was noted
to increase as we moved away from the epicenter of the
mining station in the area of study and was at its highest
at site 3 (control)..

The results of estimated average dietary intake and
risk index for different age classifications are presented in
Table 2. At site 1, the EADI for children is higher than adults
in all the considered elements especially in Iron, Magne-
sium and Sodium, where in children, the values are 2.51,
14.17 and 4.54 mg kg™ bw™' d7', respectively while the
values in adults are 0.69, 3.90 and 1.25 mg kg™ bw™' d~".
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This result showed that children are at the receiving ends
of the effects of these elements. Similarly, at site 2, the
results of the EADI compared closely with location, which
also confirmed that children are more prone to the risk of
undue exposure to these heavy metals from their food.
This could be as a result of their small body weight unlike
in adults where the body weight gives room for proper dis-
persal of the exposure. Also, the average of EADI for adults
at sites 1 and 2 ranged between 0.42 and 0.46 mg kg™
bw™" d~!, while in children the EADI varied between 1.53
and 1.69 mg kg™' bw™' d™". Generally, the results of EADI
at site 1 are slightly higher that the results at site 2 for both
adults and children and this implies that the daily con-
sumption of cassava produce from site 1 exposed both
adults and children to the same level of risk. In Table 2,
the average EADI for site 3 for both adults and children are
0.26 and 0.95 mg kg™ bw™' d7, respectively. This site was
used as the control and it is lower than the average values
of EADI at sites 1 and 2. This could be due to environmen-
tal conditions and the geological formation of site 3. The
results obtained in the present study for site 3 fall within
the same range of values obtained in [1, 12, 36].

The Risk Index at site 1 is higher than the results at site
2 for both adults and children in all the tested elements
except for Cadmium and Lead, where the result at loca-
tion 2 is far higher than site 1. Moreover, the average Risk
Index for both adults and children at sites 1 and 2 are 7.01
and 25.42, 4.84 and 17.59, respectively [37-39]. However,
at site 3, the average Risk Index for both adults and chil-
dren were noted to be 5.54 and 20.13, respectively which
are higher than the results observed at site 2 but lower
than the results at site 1. The Risk Index for Cadmium are
5.93 and 21.58 for adults and children, respectively at site
1 while at site 2, the result is 16.36 for adults and 59.49
for children. At sites 1, 2 and 3, the Risk Index is higher in
children than adults, this could be due largely to the small-
ness of their body weights. Thus, the results revealed that
both children and adults are prone to the risk of heavy
metal contamination, if they are uncontrollably exposed
to the cassava products from this study area, which agrees
with [1, 40] for unprocessed cassava. However, children are
at higher risk of the effects of undue exposure to heavy
metals from cassava food products in the area of study
because of the smallness of their body size. The results of
Cr, Co, Ni, Cu, Pb, Cd, Zn, Mn, As in the present study were
compared with the results obtained by [42] around Pb-Zn
mining site at Enyingba, southeastern, Nigeria. The result
of their study was far higher than the result of the present
study. This could be as a result of the high concentration
of Pb—Zn in the area of their study, which influenced the
concentrations of other metals available in the mining
area. Similarly, the result of the present study is much
lower than the safe limits recommended by the European

Union, which are Cr (100), Co (50), Ni (50), Cu (100), Pb
(100), Cd (1), Zn (300), Mn (2000), As (20) where all values
are in mg/kg. The results of the present study are quite
safer than in [42]. Furthermore, the heavy metal concen-
trations of Cr, Co, Ni, Cd, Zn, Mn, and As in cassava of the
present study were noted to be far higher than in [42].
However, Cu and Pb in [42] reported higher concentrations
than the present study. Moreover, the results of the heavy
metal concentrations of cassava tubers in this study were
compared with the European Union recommended safe
limits and Co, Cu, Zn and Mn were found to be lower than
the recommended standards while Cr, Pb and Cd reported
greater concentrations than the safe limits. Similarly, the
results of the transfer factor from soil to plants reported in
[41] were much higher than the present study for Mn, Ni,
Cu and Zn. However, the result of the transfer factor of Pb
in the present study is far higher than in [41]. It can also be
noted that the results of the transfer factor in [42] is lower
than the present study. The variations in all these results
could be largely due to the differences in the compositions
of the geological formations in the areas and the differ-
ent activities, such as mining, farming and so on, that take
place in each area.

4 Statistical analysis of data

4.1 Kruskal-Wallis Test for variation
between metals and locations

The Kruskal-Wallis statistical test was carried out to deter-
mine if the distribution of the metals was homogeneous
with a significant value less than 0.05 across all the loca-
tions. The test showed no significant variation with heavy
metal concentration as indicated by a significant value of
0.152 which is greater than 0.05. Further analysis to iden-
tify possible locations where variations could be significant
would not be needed.

Furthermore, the Kruskal-Wallis test was also used to
test if the deviation in the heavy metal content was signifi-
cant across all metals analyzed (Table 3). The test revealed
a significant value less than 0.05 which implies that one
or more of the metals were significantly higher or lower in
concentration compared to the others across all locations.

Table 3 Test statistics

Values
Chi-square 3.765
df 2
Asymp. Sig 152

Kruskal-Wallis test
Grouping variable: Location
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Table 4 Test statistics

Values
Chi-square 45.657
df 12
Asymp. Sig .000

Kruskal-Wallis test
Grouping variable: Metals

To identify the metals with significant deviation in content,
the Games—Howell post-hoc test was carried out (Table 4).
From the result of the Games-Howell test, Mg was found to
be the heavy metal with statistically significant deviation
from the others with the exception for Na and Fe.

5 Conclusion

In this study, thirteen (13) heavy metals and elements were
studied in both cassava tubers and arable soil in order to
estimate their risk of exposure to man. Both samples of soil
and cassava tubers were collected at three different sites.
The samples were prepared and analyzed using Induc-
tively Coupled Plasma Optical Emission Spectrometry.
The mean concentrations of Fe, Mg, Na, Ag, As, Cd, Co, Cr,
Cu, Mn, Ni, Pb and Zn in both soil and cassava samples
varied between 2.00 and 1284.96 and between 0.98 and
646.31 mg/kg for both soil and cassava samples, respec-
tively at site 1. However, the results at site | was far higher
than 0.26-622.01 and 0.90-514.35 and 0.07-688.37 and
0.07-371.74 mg/kg measured in both soil and cassava
samples collected at sites 2 and 3, respectively. Further-
more, the transfer factor from the soil to cassava tuber for
Fe, Mg, Ag, As, Cd, Cu, Co, Mn and Pb were noted to be < 1.
While the transfer factor for Na, Cr, Ni and Zn from soil to
cassava recorded values > 1. The results of transfer factors
from soil to cassava plants revealed a trend as follows, site
1 <site 2 < site 3 (control). Generally, the values of EADI and
RI for both adults and children at site 1 were three (3) times
higher in children than adults in most cases at sites 2 and
3. Furthermore, Games-Howell statistical test identified
Mg as the only metal with obvious deviations from the
others. Therefore, it can be concluded that children are
at higher risk of exposure to heavy metals from cassava
tubers cultivated in this limestone mining area than adults.
Further study is recommended to analyze the radionuclide
contents in the samples collected in the study area in order
to define its health implications on consumers.

Acknowledgements The authors wish to acknowledge the Chief and
the residents of Ewekoro for the support provided during the collec-
tion of samples for this investigation. Our appreciation also goes to
the management of Covenant University for providing the funding

SN Applied Sciences

A SPRINGERNATURE journal

for this research output with grant number CUCRID/RG/003.11.21/
VC.

Funding This research output was funded by Covenant University
under the auspices of Covenant University Center for Research,
Innovation and Development (CUCRID) with grant number CUCRID/
RG/003.11.21/VC.

Declarations

Conflict of interest The authors have no competing interests to de-
clare that are relevant to the content of this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Adjei-Mensah R, Ofori H, Tortoe C, Johnson PT, Argue D, Frim-
pong SK (2021) Effect of home processing methods on the levels
of heavy metal contaminants in four food crops grown in and
around two mining towns in Ghana. Toxicol Rep 8:1830-1838.
https://doi.org/10.1016/j.toxrep.2021.11.001

2. CaoJ, ZhaoY, Liu W (1998) Safety evaluation and fluorine con-
centration of Pu'er brick tea and Bianxiao Brick tea. Food Chem
Toxicol 36:1061-1063. https://doi.org/10.1016/50278-6915(98)
00087-8

3. Fernandez PL, Pablos F, Martin MJ, Gonzalez AG (2002) Multi-ele-
ment analysis of tea beverages by inductively coupled plasma
atomic emission spectrometry. Food Chem 76:483-489. https://
doi.org/10.1016/50308-8146(01)00312-0

4. Peterson PJ(1995) Assessment of exposure to chemical contami-
nants in water and food. Sci Total Environ 168:123-129. https://
doi.org/10.1016/0048-9697(95)00461-H

5. Akabzaa,TM, Seyire JS, Afriyie K (2007) The glittering facade:
effects of mining activities in Obuasi and its surrounding com-
munities. Accra Third World Network- Africa.

6. Kwarteng G (2012) Environmental Impact of Mining and the
Well-being of the People in Akwatia: a Case Study in Akwatia
Town, Ghana. Master Thesis, Swedish University of Agricultural
Science, Uppsala, Sweden.

7. Junior KJK, Matsui K (2018) The impact of environmental degra-
dation by surface mining on sustainable agriculture in Ghana.
Int J Food Nutrition 106(1):5

8. Karimi A, Naghizadeh H, Biglari R, Peirovi A, Ghasemi A, Zarei,
(2020) Assessment of human health risks and pollution index for
heavy metals in farmlands irrigated by effluents of stabilization
ponds. Environ Sci Pollut Res Int 27:10317-10327. https://doi.
org/10.1007/5s11356-020-07642-6

9. Banza CLN, Nawrot TS, Haufroid V, Decree S, De Putter T, Smold-
ers E, Kabyla BI, Lubova ON, llunga AN, Mtombo AM, Nemery
B (2009) High human exposure to cobalt and other metals in


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.toxrep.2021.11.001
https://doi.org/10.1016/S0278-6915(98)00087-8
https://doi.org/10.1016/S0278-6915(98)00087-8
https://doi.org/10.1016/S0308-8146(01)00312-0
https://doi.org/10.1016/S0308-8146(01)00312-0
https://doi.org/10.1016/0048-9697(95)00461-H
https://doi.org/10.1016/0048-9697(95)00461-H
https://doi.org/10.1007/s11356-020-07642-6
https://doi.org/10.1007/s11356-020-07642-6

SN Applied Sciences

(2023) 5:340

| https://doi.org/10.1007/s42452-023-05550-1

Research Article

20.

21.

22.

23.

24.

25.

26.

27.

Katanga, a mining area of the democratic republic of Congo.
Environ Res Lett 109:745-752. https://doi.org/10.1016/j.envres.
2009.04.012

Basta N, Gradwohl R (2000) Estimation of Cd, Pb, and Zn bioavail-
ability in smelter contaminated soils by a sequentional extrac-
tion procedure. Soil Sediment Contam 9:149-164. https://doi.
org/10.1080/10588330008984181

. Shams M, Nezhad TN, Dehghan A, Alidadi H, Paydar M, Moham-

madi AA, Ahmad Z (2020) Heavy metals exposure, carcinogenic
and non-carcinogenic human health risks assessment of ground-
water around mines in Joghatai, Iran. Int J Environ Anal Chem
100:1-16. https://doi.org/10.1080/03067319.2020.1743835
Yeboah JY, (2008) Environmental and health impact of min-
ing on surrounding communities: a case study of Anglo gold
Ashanti in Obuasi, Master’s Thesis. Kumasi, Kwame Nkrumah
University of Science and Technology, Ghana, p 155.

Nriagu JO, Pacyna JM (1988) Quantitative assessment of world-
wide contamination of air, water and soils by trace metals.
Nature 333:134-139. https://doi.org/10.1038/333134a0

. Caille N, Zhao FJ, McGrath SP (2005) Comparison of root

absorption, translocation and tolerance of arsenic in the hyper-
accumulator Pteris vittata and non- hyper-accumulator Pteris
tremula. New Phytol 165:755-761. https://doi.org/10.1111/j.
1469-8137.2004.01239.x

. Jones HA, Hockey RD (1964) The Geology of Part of Southwest-

ern Nigeria. Bulletin (Geological Survey of Nigeria) 31:87

. Omatsola ME, Adegoke OS (1981) Tectonic evolution and Cre-

taceous stratigraphy of the Dahomey basin. Nigeria Geology
18(51):130-137

Olabode SO (2006) Siliciclastic slope deposits from the Creta-
ceous Abeokuta Group, Dahomey (Benin) Basin, southwestern
Nigeria. J Africa Earth Sci 46:187-200

. Adegoke OS (1975) Microfauna of the Ewekoro formation Pale-

ocene of S.W. Nigeria. African Geology. Ibadan, 265-276.

. Chukwuma C Sr (1995) Evaluation baseline data for copper,

manganese, nickel and zinc in rice, yam, cassava and guinea
grass from cultivated soils in Nigeria. Agric Ecosyst Environ
53:47-61. https://doi.org/10.1016/0167-8809(94)00554-R

Li J, Xie Z, Xu XM, Sun YF (2006) Risk assessment for safety of
soils and vegetables around a lead/zinc mine. Environ Geochem
Health 28:37-44. https://doi.org/10.1007/510653-005-9009-x
Zhuang P, McBride MB, Xia H, Li N, Li Z (2009) Health risk from
heavy metals via consumption of food crops in the vicinity of
Dabaoshan mine, South China. Sci Total Environ 407:1551-1561.
https://doi.org/10.1016/j.scitotenv.2008.10.061

Ogunkunle CO, Fatoba PO, Awotoye OO, Olorunmaiye KS (2013)
Root-shoot partitioning of copper, chromium and zinc in Lyco-
persicon esculentum and Amaranthus hybridus grown in cement-
polluted soil. Environmental and Experimental Biology 11:131-136
Yan X, Zhang F, Zeng C, Zhang M, Devkota LP, Yao T (2012)
Relationship between heavy metal concentrations in soils and
grasses of roadside farmland in Nepal. Int J Environ Res Public
Health 9:3209-3226. https://doi.org/10.3390/ijerph9093209

Bi X, Feng X, Yang Y, Qiu G, Li G, Li F, Liu T, Fu Z, Jin Z (2006) Envi-
ronmental contamination of heavy metals from zinc smelting
areas in Hezhang County, western Guizhou, China. Environ Int
32:883-890. https://doi.org/10.1016/j.envint.2006.05.010
Obiora SC, Chukwu A, Toteu SF, Davies TC (2016) Assessment of
heavy metal contamination in soils around lead (Pb)-zinc (Zn)
mining areas in Enyigba. Southeastern Nigeria J Geol Soc India
87:453-462. https://doi.org/10.1007/512594-016-0413-x

Guala SD, Vegaa FA, Covelo EF (2001) The dynamics of heavy
metals in plant-soil interactions. Ecol Model 221:1148-1152.
https://doi.org/10.1016/j.ecolmodel.2010.01.003

Okoro HK, Omolade BO, Adebayo GB, Akande BA, Ximbo BJ,
Ngila JC (2017) An assessment of heavy metals contents on the

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

soil around a cement factory in Ewekoro, Nigeria using pollution
indices. Pol J Environ Stud. 26(1):221-228. https://doi.org/10.
15244/pjoes/62389

World Health Organisation (2003) Evaluation of certain food
additives and contaminants (sixty-first report of the joint FAO/
WHO expert committee on food additives). WHO technical
report series, No. JECFA/61/SC, Rome.

World Health Organization (2001) Arsenic and arsenic com-
pounds. Environmental Health Criteria, World Health Organiza-
tion, Geneva, p 224

Gao J, Wang L (2018) Ecological and human health risk
assessments in the context of soil heavy metal pollution
in a typical industrial area of Shanghai. China Environ Sci
Pollut Res 25(27):27090-27105. https://doi.org/10.1007/
s11356-018-2705-8

Arpita M, Mitko V (2011) Heavy metals in soils around the
cement factory in Rockfort, Kingston. Jamaica Int J Geosci 2:48
Maina HM, Egila JN, Nkafamiya II, Shagal MH (2013) Impact of
cement dust deposition on the elemental composition of soils
in the vicinity of Ashaka cement factory, Nigeria. Int Res J Agric
Scie soil Sci 3(2):66

Laniyan TA, Adewumi AJ (2020) Evaluation of contamination
and ecological risk of heavy metals associated with cement
production in Ewekoro, Southwest Nigeria. J Health Pollut
25(10):200306. https://doi.org/10.5696/2156-9614-10.25.
200306

Yusuf AA, Arowolo TA, Bamgbose O (2003) Cadmium, copper
and nickel levels in vegetables from industrial and residential
areas of Lagos City, Nigeria. Food Chem Toxicol 41:375-378
Estifanos S, Aynalem D (2012) Assessing the effect of cement
dust emission on the physicochemical nature of soil around
Messebo area, Tigray, North Ethiopia. Int J Econ Environ Geol
3(2):12

Mmolawa KB, Likuku AS, Gaboutloeloe GK (2011) Assessment of
heavy metal pollution in soils major roadside areas in Botswana.
Afr J Environ Sci Technol 5:186-196

Oves M, Khan MS, Zaidi A, Ahmad E (2012) Soil contamination,
nutritive value, and human health risk assessment of heavy met-
als: an overview. Springer, Berlin, pp 1-27

JECFA (2003) (Joint FAO/WHO Expert Committee on Food Addi-
tives), Summary and Conclusions of the 61st Meeting of the
Joint FAO/WHO Expert Committee on Food Additives, JECFA/61/
Sc, Rome, Italy

ECDGE (2010) European Commission Director General and
Environment.

Mirecki N, Agic R, Sunic L, Milenkovic L, Ilic ZS (2015) Transfer
factor as indicator of heavy metals content in plants. Fresenius
Environ Bullet 24(11c):4212-4219

Orji OU, Ibiam UA, Awoke JN, Obasi OD et al (2021) Assessment
of levels and health risks of trace metals in soils and food crops
cultivated on farmlands near Enyigba mining site, Ebonyi state.
Nigeria J Food Prot 84(8):1288-1294. https://doi.org/10.4315/
JFP-20-295

Sc O, Chukwu A, Davies TC (2016) Heavy metals and health risk
assessment of arable soils and food crops around Pb-Zn min-
ing localities in Enyigba southeastern Nigeria. J Afr Earth Sc
116:182-189. https://doi.org/10.1016/j.jafrearsci.2015.12.025
Edogbo B, Okolocha E, Maikai B et al (2020) Risk analysis of
heavy metal contamination in soil, vegetable and fish around
Challawa areain Kano state. Sci African 7:e00281. https://doi.
org/10.1016/j.sciaf.2020.e00281

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

SN Applied Sciences

A SPRINGERNATURE journal


https://doi.org/10.1016/j.envres.2009.04.012
https://doi.org/10.1016/j.envres.2009.04.012
https://doi.org/10.1080/10588330008984181
https://doi.org/10.1080/10588330008984181
https://doi.org/10.1080/03067319.2020.1743835
https://doi.org/10.1038/333134a0
https://doi.org/10.1111/j.1469-8137.2004.01239.x
https://doi.org/10.1111/j.1469-8137.2004.01239.x
https://doi.org/10.1016/0167-8809(94)00554-R
https://doi.org/10.1007/s10653-005-9009-x
https://doi.org/10.1016/j.scitotenv.2008.10.061
https://doi.org/10.3390/ijerph9093209
https://doi.org/10.1016/j.envint.2006.05.010
https://doi.org/10.1007/s12594-016-0413-x
https://doi.org/10.1016/j.ecolmodel.2010.01.003
https://doi.org/10.15244/pjoes/62389
https://doi.org/10.15244/pjoes/62389
https://doi.org/10.1007/s11356-018-2705-8
https://doi.org/10.1007/s11356-018-2705-8
https://doi.org/10.5696/2156-9614-10.25.200306
https://doi.org/10.5696/2156-9614-10.25.200306
https://doi.org/10.4315/JFP-20-295
https://doi.org/10.4315/JFP-20-295
https://doi.org/10.1016/j.jafrearsci.2015.12.025
https://doi.org/10.1016/j.sciaf.2020.e00281
https://doi.org/10.1016/j.sciaf.2020.e00281

	Assessment of heavy metal contents in farm produce around Ewekoro and its health implications on consumers
	Abstract
	Article Highlights
	1 Introduction
	2 Materials and methods
	2.1 Geology and geographical location of the study area
	2.2 Sample collection and processing
	2.3 Laboratory analysis
	2.4 Estimation of transfer factor (TF)
	2.5 Estimation of consumption exposure and associated health risk

	3 Results and discussion
	4 Statistical analysis of data
	4.1 Kruskal–Wallis Test for variation between metals and locations

	5 Conclusion
	Acknowledgements 
	References


