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Open dumpsites are becoming a major global concern in developing countries, causing heavy
metal pollution, and posing a serious threat to human and plant health. This study assessed the
zinc (Zn) concentration in the roots, stems, and leaves of maize plants growing on various
dumpsite soils in Anyigba (Redeem, Market, and Anokwu). The plant tissues were tested for Zn
using an Atomic Absorption Spectrophotometer (AAS). The study found that plants grown on a
dumpsite had considerably higher Zn concentrations in their roots, stems, and leaves compared
to the control site (p<0.05). The concentration of zinc ranges in the following sequence: Control
(0.23 mg/kg)>Anokwu (0.62 mg/kg)>Market (0.63 mg/kg)>Redeem (0.80 mg/kg) for Stem;
Control (0.34 mg/kg)>Market (0.68 mg/kg)>Anokwu (0.82 mg/kg)>Redeem (1.08 mg/kg) for
Leaf; Control (0.66 mg/kg)>Anokwu (0.68 mg/kg)>Market (0.98)>Redeem (1.00 mg/kg). Zinc's
bioconcentration factor (BCF) decreased in the following sequence among dumpsites: Anokwu
(0.32 mg/kg) > Market (0.25 mg/kg) > Control (0.18 mg/kg) > Redeem (0.14 mg/kg), all of which
exceeded WHO permitted levels. Bioaccumulation concentration (BAC) values range between
0.39 and 0.78 mg/kg, suggesting that maize plant is an excluder, while translocation factor (TF)
values were all above 1, indicating that the plants translocate heavy metals from roots to shoots.
Our study highlights the critical need for monitoring heavy metal contamination in food crops,
especially in regions with open dumpsites, to protect public health. Given the potential risks of
zinc bioaccumulation, effective measures are required to mitigate exposure, including soil
remediation and the use of cleaner, safer agricultural practices. This research contributes to
understanding the environmental and health implications of zinc pollution, emphasizing the
urgency of addressing the risks associated with open dumpsites.

INTRODUCTION

disposal leads to the release of harmful heavy metals into water,
soil, and plants, which in turn have negative impacts on the

A significant amount of solid waste is disposed off in either
controlled landfills or open dumps. Open dumpsites are
increasingly becoming a significant global concern in developing
countries [1,2]. These dumpsites can be found everywhere in
developing countries and are used to dispose off waste. They
have grown from small dumps to large, unmanaged waste sites
over time [3]. Recent studies, such as [4-7], highlight the
ecological risks of heavy metals, including zinc toxicity, soil
degradation, and water contamination. These issues are of great
importance as they pose significant risks to both human health
and the environment even at low concentration [8,9]. Improper

surrounding ecosystems, agricultural produce, animals, and
ultimately human well-being [10,11].

There is a widespread issue of illegal waste disposal in all
states of Nigeria, as highlighted by [12]. This problem has
resulted in the existence of open dumps within densely populated
areas, where millions of people reside, as pointed out by [13]. As
a result, these waste dumps contribute to soil pollution. The solid
waste composition includes a variety of materials like household
waste, wood, microplastics, organic waste, industrial waste,
medical waste, rubber, plastic bags, nylon plastics, papers, glass,
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discarded vehicles, and inorganic pollutants like heavy metals
[14-17]. The presence of heavy metals in soil is a matter of great
concern for the environment. This is because the accumulation of
these metals can have negative impacts on soil ecology,
agricultural productivity, and the health of animals and humans.
Additionally, it can also affect the quality of groundwater
[18,19]. Metals can enter the environment through various
sources, including both natural processes and human actions.
Once introduced, they have the potential to be taken up by plants
and subsequently enter the food chain, which can have
implications for human health. Although certain metals are
necessary in small amounts, they can become harmful when
present in higher concentrations than what is allowed in the
environment [20,21].

The impact of these harmful substances on both the
environment and human’s health is becoming more evident. They
have the ability to enter and build up in the food chain, posing a
threat to the ecosystem's stability and our well-being [4]. People
are often exposed to these harmful substances by breathing them
in, swallowing them, or having them come into contact with their
skin through contaminated soil and water. They can also be
exposed by consuming contaminated food [22]. Excessive levels
of zinc, a common heavy metal in soil, can negatively affect crop
quality and yield. Additionally, the accumulation of zinc through
absorption or deposition can pose a health risk to humans if
consumed. It is important to be aware of these potential issues
and take steps to mitigate them. Human activity releases heavy
metals into the environment, which primarily end up in soils.
Vehicle exhausts are also a significant contributor.
Unfortunately, the accumulation of these metals in soils can have
detrimental effects on soil function, raising concerns about the
environment, human health, and ensuring productivity.

Maize, also known as Zea mays L., plays a crucial role as a
cereal and versatile crop within the Poaceae family. It finds
applications in human food, animal feeds, and poultry feed, as
well as in various industrial processes. These include maize
starch, dextrose, maize syrup, and maize flakes [23]. A
significant amount of maize produced globally is utilized for
animal consumption, providing essential proteins and calories for
billions of individuals in developing regions, notably in Africa,
Mesoamerica, and Asia [24,25]. Maize plays a crucial role in
food security, providing a significant portion of daily calorie
intake in several countries, especially in developing
regions[24,26]. Current predictions suggest that by 2050, the
demand for maize in developing countries will double due to the
growing population, expansion of the poultry industry, which is
the primary catalyst for increased maize production [26,27].

In the past three decades, the global population has increased
by over 30%, resulting in a current population of over 7 billion
individuals on Earth [28]. Experts predict that this growth will
continue, reaching 11.2 billion by the year 2100. The rapid
growth of the world population and its ever-increasing demands
for a higher quality of life have led to a significant rise in
agricultural activities, as well as the need for higher crop yields
to meet global food demands [29]. In order to increase
agricultural yield, farmers frequently utilize different methods to
improve the availability of soil nutrients for plants to absorb. One
method involves cultivating plants using soil collected from
dumpsites, which is rich in organic nutrients. However, inorganic
pollutants such as heavy metals can taint these soils, despite their
potential to promote agricultural productivity. Cultivated plants
in these soils, particularly maize, can absorb heavy metals
through a process known as phytoextraction [30]. As these metals
make their way into the food chain, they have the potential to

build up and become more concentrated as they move up along
the chain and potentially, causing a negative effect on the health
of both humans and animals who consume them. This study aims
to analyze the levels of zinc in various parts of maize plants
grown in soil from different dumpsites in Anyigba. Furthermore,
it seeks to determine these plants' biological concentration factor
(BCF), biological accumulation concentration (BAC), and
translocation factor (TF). Through this research, valuable
insights can be gained regarding the potential effects of these
dumpsites on the plant, the environment, and the safety of
consuming their produce.

MATERIALS AND METHODS

Experimental Design

The experimental design was a randomized complete block
design with 12 replicates for each soil. The three different soils
gotten from the various dump site was placed in polythene bags
with 12 replicates each for each treatment. The Maize seeds were
planted into the various soil, watered at two days interval
throughout the period of the study. The dumpsites were selected
considering the volume and nature of waste, proximity to
agricultural settlements and their age.

Sample collection and Zn analysis

Control samples were also taken 500 m away from each dumpsite
sample. After Four weeks of planting, 12 whole plants of Maize
were randomly harvested from each bed within and across
treatments. Composite plant part samples (leaves, stems, and
roots) were made for each treatment. Each sample was washed
with a jet of tap water and then with distilled water. The samples
were then spread on a clean plastic tray and air dried at room
temperature for 3 weeks until no trace of water was found in it.
This was done to prevent any disruptions during analysis and
minimize the amount of water present. Plant tissues were
separately put in open polypropylene bags, labeled, and sent to
the laboratory.

The Biological concentration factor (BCF) was calculated
by determining the ratio of metal concentration in plant roots to
soil, as shown in Equation 1. The Translocation factor (TF) was
defined as the ratio of heavy metals in plant shoots to those in
plant roots, as described in Equation 2. Lastly, the biological
accumulation coefficient (BAC) was determined by calculating
the ratio of heavy metal in shoots to that in soil, as given in
Equation 3 [31].

__ Zn Concentration yoo¢

BCF =
Zn Concentration g (Eqn 1)
TF = Zn Concentration spoor Ean 2
Zn Concentration ,oor (Eqn 2)
BAC = Zn Concentration spootr
Zn Concentration go;; (Eqn 3)

Digestion and Analysis of Plant Sample

The plant species were dried in an oven at 70 °C until a consistent
weight was achieved. Roots and shoots were homogenized using
a mortar, sieved through a 2 mm sieve, and stored at room
temperature for analysis. Each of the prepared samples (1.0 g)
was carefully weighed into 100 ¢cm? conical flasks. A precise
ratio of HNO3 and HCL acid (3:1) was added to the mixture (21),
which was then heated for 30 minutes on a water bath at 100 °C.
The mixture was left to cool, and an additional 5 cm? of HNO3
was introduced. The heating process was then carried out for
duration of 1 hour at a temperature of 100 °C. The digest was
boiled on a water bath to reduce its volume, and then allowed to
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cool. Water was distilled and heated for an additional 30 min.
The final digest was allowed to cool and filtered. The final
volume of digest was made up to 100 cm? with the distilled water
and was analyzed for the required heavy metal by Atomic
Adsorption Spectrophotometer (AAS) Buck Scientific VG990
Model.

Data Analysis

The Statistical Package for Social Science (SPSS) by IBM
(International Business Machine), version 20.0, was used to
analyze significant differences in zinc concentrations across the
three treatments. One-Way ANOVA was chosen for its
effectiveness in comparing means among groups, followed by an
LSD post hoc test to assess specific pairwise differences. This
statistical approach aligns with best practices recommended for
heavy metal data analysis, addressing variance and distribution
considerations specific to such datasets (19). All statistical tests
were considered significant at p < 0.05 with a 95% confidence
level.

RESULTS

Significantly elevated zinc concentrations in the roots, stems, and
leaves of maize plants grown on soil obtained from the dumpsites
were observed when compared to the control, as represented in
Table 1 and Fig. 1 below. This bioaccumulation can be attributed
to zinc hyperaccumulation mechanisms in plants [35]. The roots
of maize from Redeem dumpsite had the highest concentration
(0.80 £ 0.01 mg/kg), followed by Market dumpsite (0.63 + 0.01
mg/kg) and Anokum dumpsite (0.62 + 0.01 mg/kg), which were
all significantly higher than the control (0.23 =+ 0.01
mg/kg). There was a similar pattern observed in stems, where
Redeem dumpsite had the highest concentration (1.08 + 0.01
mg/kg). The leaf tissue from the Market dumpsite exhibited the
highest zinc accumulation (0.98 + 0.10 mg/kg), with Redeem and
the control group following suit. It appears that dumpsite soils
may contain higher levels of zinc, which can be absorbed by
maize plants.

Table 1. Zinc concentration in different maize organs collected from
various dumpsites. Error bars represent mean + standard deviation (n=3).

Organ __ Control Redeem Market Anokum

Root 0.23+£0.01* 0.80+£0.01*  0.63 +  0.62+£0.01°
0.01°

Stem 0.34+0.06° 1.08+0.01° 0.68 +  0.82+0.01°
0.01°

Leaf 0.66 + 0.06° 1.00+£0.10°  0.98 +  0.68+0.07°
0.10¢

Values are means + standard deviation of triplicate determinations. Means with different
superscripts within the same group are significantly different (p<0.05). All parameters were
calculated in mg/kg.

=Control =Redeem Market = Anokum
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Fig. 1. Zinc concentration in different maize organs collected from
various dumpsites. Error bars represent mean + standard deviation (n=3).

Table 2 and Fig. 2 show the bioconcentration factor,
translocation factor, and bioaccumulation coefficient of maize
plants grown at three dumpsites (Redeem, Market, and Anokum)
as well as a control site. Market (0.25) and Anokum (0.32)
dumpsites had the highest bioconcentration factor (BCF),
indicating that zinc was absorbed more effectively from the soil
than at the Control (0.18) and Redeem sites (0.14). Interestingly,
the largest zinc translocation from roots to shoots, as evaluated
by the Translocation Factor (TF), was reported in the control
group (4.22 mg/kg), while the lowest was found in Anokum.

When analyzing both BCF and TF, it was observed that the
control and Anokum dumpsites exhibited the highest biological
accumulation coefficient (BAC) values (control: 0.77 mg/kg,
Anokum: 0.78 mg/kg). This suggests a significant accumulation
of zinc in the maize plants at these locations. Zinc concentrations
in maize from these dumpsites exceed the permissible limits set
by the World Health Organization (WHO, 1996) for heavy
metals in crops, which raises serious concerns for human health.
This highlights the need for further research into the
environmental and health implications of consuming maize from
contaminated sites. Additional studies are needed to assess the
long-term health risks associated with the consumption of maize
grown at these dumpsites, as well as to inform policies on food
safety and environmental management.

Table 2. BCF, TF and BAC for Zn in different dumpsites and control in
Anyigba.

Control Redeem Market Anokum
BCF 0.18 0.14 0.25 0.32
TF 422 2.60 2.64 243
BAC 0.77 0.39 0.6 0.78

=Control =Redeem Market = Anokum
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Fig. 2. BCF, TF, and BAC for Zn in different dumpsites and control in
Anyigba. Error bars represent mean + standard deviation (n=3).

DISCUSSION

Heavy Metals in Maize Plants Grown on Different
Dumpsites.

While certain trace elements are necessary for the well-being of
plants, those that grow in polluted surroundings can accumulate
these elements to dangerous levels in their various organs,
presenting a health risk to those who consume them [8]. This
study revealed that the concentration of heavy metal (Zn) in
maize plants was higher in areas near dumpsites compared to
control sites. It is possible that the contamination occurred due to
the disposal of certain substances at each location, as well as the
maize plant's ability to accumulate high levels of these substances
in the soil. The current findings align with the reports of [18] and
Queirolo [34], who examined heavy metal translocation in other
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plants. Table 1 consistently showed a lower zinc content in the
roots of the maize plants compared to the stem and leaf. This
finding aligns with the research conducted by Awokunmi and
others [32].

Plant roots play a significant role in the entry of heavy
metals into the food chain, as highlighted by recent studies [4,33].
According to Quierolo and others [34], a higher concentration of
heavy metals in the shoots suggests that the metals absorbed by
the roots are not undergoing processes that would inactivate or
precipitate them in the root tissues. This allows the metals to be
transported to the tissues above. The zinc concentration in the
leaf varied across the different dumpsites, ranging from 0.68900
+ 0.66 + 0.06 to 1.01 + 0.01. Notably, samples from S3 had the
lowest concentration, whereas samples from S1 had the highest
concentration. The reported range of 0.4-0.6 mg/kg in the leaves
of spinach grown on dumpsite soil, as found by Opaoluwa and
others [27], is lower than the value mentioned here. Upon
comparing the results from Table 1 regarding Zinc concentration
in various dumpsites to the World Health Organization (WHO)
permissible limit of 0.60 mg/kg [28], it becomes evident that all
of them exceeded the limit. This could potentially pose a health
risk to consumers.

Excessive zinc concentrations in plants can result in stunted
growth and yellowing of new leaves, potentially leading to
cellular demise [35]. As they move up each level of the food
chain, these elevated levels of zinc, like the ones mentioned here,
become more concentrated. According to a study by [36],
excessive zinc intake can lead to a range of health issues,
including vomiting, diarrhea, bloody urine, icterus (yellow
mucus membrane), liver failure, elevated cancer risk, kidney
failure, and anemia.

BCF, TF and BAC of Maize Plants Grown on Dumpsite

The zinc BCF values in the different dumpsites showed a
decrease in the following order: Anwoku (0.32) > Market (0.25)
> Control (0.18) > Redeem (0.14). The BCF range found in this
study aligns with the lower values (0.23-0.27 mg/kg) reported by
[30], in their investigation of Zinc (Zn) BCF in the Root and Stem
of Rhizophora sp. BAC falls into three categories based on its
concentration: those with less than 1 are considered excluders,
those with a concentration between 1 and 10 are accumulators,
and those with a concentration greater than 10 are
hyperaccumulators [35].

Based on the findings presented in Table 2, it appears that
the maize plant has the ability to exclude the heavy metal (Zn)
that was analyzed in various dumpsites and their corresponding
control sites. This conclusion is drawn from the fact that all the
BAC values were < 1. This discovery supports the findings of
[18] in their research on maize plants in Benin. A translocation
factor (TF) value greater than 1 indicates that the plant efficiently
moves heavy metals from the roots to the shoots. Therefore, it is
evident from Table 2 that the maize plant efficiently transports
zinc from the roots to the shoot.

Soil pH and texture also play a significant role in heavy
metal bioavailability, affecting how readily plants can absorb
these metals. Acidic soils increase the solubility of many heavy
metals, including zinc, enhancing their availability for plant
uptake, whereas basic soils reduce this bioavailability. According
to Kibria et al. [15], acidic pH values can elevate bioavailable
zinc concentrations, and this is compounded by soil texture,
which influences nutrient retention and drainage properties.
Future research on these soil factors could help explain why zinc
levels vary in maize grown in contaminated soils.

CONCLUSION

This study investigated the concentration of heavy metals
(specifically zinc) in maize samples grown on soil collected from
various dumpsites in Anyigba. Recent research indicates that
maize plants could potentially absorb elevated zinc levels from
the soils found in dumpsites. The soil at the dumpsite contains
high levels of zinc, exceeding the permissible limits set by the
WHO. This is a consequence of improper disposal of waste
containing heavy metals. According to the analysis of maize
plants, there is a notable buildup of zinc in these specific
locations. This analysis also indicates that the maize plant has the
ability to exclude certain substances, but it has a high
translocation factor, meaning it can transfer heavy metals to other
parts of the plant, such as the leaves and stem. As a result, it puts
crop consumers at risk and contributes to higher levels of
environmental pollution. The toxic effects of zinc, as highlighted
by Plum and others (36), emphasize the importance of evaluating
health risks linked to consuming zinc-contaminated maize.
Future studies should focus on understanding zinc bioavailability
and absorption rates in humans who consume contaminated
maize, investigate the potential interactions between zinc and
other heavy metals. Additionally, analyzing other commonly
cultivated plants on dumpsites, such as vegetables, is
recommended.
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