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ABSTRACT: Fruits directly from farmland and those sold
along major roadside and highways with intense vehicular
movement have been major threats to food safety
especially in capital cities of Nigeria. The study aim to
determine the concentrations of toxic trace metals in some
fruits sold along roadside (major threats to food safety) and
farmland in Minna Niger State, Nigeria were ascertain using
atomic absorption spectrophotometer. The fruits used for
the study were harvested fresh from Maizube farm and
same fruits were also purchased from roadside sellers
along Minna city gate and these were done in triplicates.
The level of some trace metals such as Arsenic (As),
Cadmium (Cd), Lead (Pb), and Mercury (Hg), were
investigated in the edible portion of Carica papaya
(Pawpaw), Citrullus lanatus (Water melon), Citrus sinensis
(Orange), and Musa acuminate (Banana) sold along
roadside and farmland in Minna Niger State Nigeria. The

results showed that trace metals in fruits sold along
roadside were higher than the WHO/FAO permissible limit
of metal in fruits. There is significant different (P<0.05)
between the fruits sold along roadside and that of farmland.
Citrullus lanatus recorded the highest contamination in all
metals. The order of contamination in the fruits sample for
trace metals was Citrullus lanatus > Musa acuminate >
Carica papaya > Citrus sinensis. The study concludes that
fruits products exposed by the roadside are subject to
contamination by automobile emission, and values
obtained in this study were above the FAO/WHO maximum
permissible limit of metals in fruits. This suggests that
those who constantly depend on such fruits are likely to be
exposing to food poisoning by these heavy metals.

Keywords: Farmland, Fruits, roadside, trace metals, toxic,
safety

INTRODUCTION

The consumption of these fruits is seen among high
proportion of the population as a cheap way of increasing
the minerals and vitamin content in the body. The fruits
thus, provide an important source of minerals (both major
and trace elements) (Rasaq et al, 2015). The major
elements are those elements required in large, which can

be greater than 100 mg\g and include: calcium,
phosphorus, magnesium, sodium, potassium and
chloride while the trace elements are those required in
smaller amount in the diets and include: chromium,
cobalt, copper, iodine, iron, manganese, molybdenum,
selenium and zinc (Martin et al., 1983).
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The major problem in human diets is the presence of
toxic materials.

The selling of fruits by the road sides and motor parks
is a common practice in most urban and rural areas. Most
of this fruits materials sold by the roadside could be
eating without further preparation or they may be food
products hawked on the roadside and other public places
for immediate consumption. In fact, is common to find
people on ftransit buying roadside hawked or vended
foods. In spite the growing importance of roadside
vended foods, roadside foods are reported to have major
health implications, which may arise from the exposure to
vehicles emission of metals by automobile (Anhwange
and Asemava, 2018). Fruits constitute an important part
of the human diet since they are also rich in
carbohydrates, proteins as well as vitamins, minerals and
trace elements. However; they contain both essential and
toxic elements over a wide range of concentrations.
Metals accumulation in fruit may pose a direct threat to
human health. Fruits can be contaminated with trace
metal when different parts of the fruits is exposed to the
air or from polluted or contaminated environments which
cause serious health risk of consumers (Ladipo et al.,
2010; Oyedele et al., 2006). Presence of cheap edible
fruits, creates an interest in the study of these toxic
elements in selected fruits (Rasaq et al., 2015).

Chronic heavy metal toxicity has been the result of long
term low level exposure to pollutants and is associated
with many chronic diseases. Heavy metals toxicity can
result in damaged or reduced mental and central nervous
function, lower energy levels and damage to blood
composition, lungs, kidneys, liver and other vital organs.
Long-term exposure may result in slowly progressing
physical, muscular and neurological degenerative
processes that mimic Alzheimer's disease, Parkinson's
disease, muscular dystrophy and multiple sclerosis.
Allergies are not common and repeated long-term contact
with some metals may cause cancer. Heavy metals is an
environmental problems caused by several
anthropogenic activities such as urban road construction,

quarrying, agriculture, waste incinerations, sewage
disposal, bush burning vehicle exhausts, industrial
discharges, (Mafuyai et al, 2015), oil lubricants,

automobile parts, corrosion of building materials,
atmospheric deposition and particulate emission (Oguh et
al., 2020a).

Toxic metals depositions are associated with a wide
range of sources such as small scale industries (including
battery production, paint production, metal products,
metal smelting and cable coating industries), brick kilns,
vehicular emissions, re-suspended road dust and diesel
generator sets. These can be important contributors to
the contamination found in fruits (Surukite et al., 2013).
Trace metals are classified as ‘light’ or ‘heavy’ with
densities less or greater than 5 g/cm®. The densities of
Pb, Hg and Cd are 11.4 gcm™, 13.6 gms/cubic cms and
8.65 gms/cubic cms respectively (Oguh et al., 2019b).
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Vehicular exhausts, and several industrial activities emit
heavy metals in the soils, plants and even residents
along roads with heavy traffic loads are exposed to
increasing levels of contamination with toxic metals
(Ghrefat and Yusuf, 2006). Vehicular exhausts emit toxic
elements on fruits sold along roadside. Heavy traffic
loads increases levels of contamination with trace metals
along highways (Chrefat and Yusuf, 2006). However,
toxic trace metals are natural components of the earth’s
crust which cannot be degraded nor breakdown into
small parts. They enter the human body through food,
water and air. Toxic trace metals are ubiquitous;
therefore they tend to bioaccumulate, thus causing an
increase in their concentration in a biological system.
Chronic heavy metal toxicity is as a result of long term
exposure and is associated with many chronic diseases.
Toxic metal are given significant interest throughout the
globe due to their toxic, mutagenic and teratogenic
effects even at very low concentrations (Reilly, 1991;
Nriagu and Pacyna, 1988). These metals may also find
their way into the fruit through fertilizer; pesticide and
manures application (Duran et al., 2007).

Potential toxic metal, such as cadmium, mercury, lead
and arsenic are important environmental pollutants,
particularly in high traffic areas. Metals such as Pb, As,
Hg and Cd are cumulative poisons. These trace metals
cause environmental hazards and are reported to be
exceptionally toxic to human. Toxic metals enter the
human body through inhalation of dust, direct ingestion of
soil and consumption of food plants grown in metal
contaminated soil (Oguh et al, 2019b). Researchers
have shown that heavy metal concentrations in shoots
and roots varied also from different type of fruits.
Potential toxic metal in polluted food can certainly reduce
some essential nutrients in the body which are
accountable for declining immunological defenses,
growth delay, reduced psychosocial abilities, incapacities
related with malnutrition and greater occurrence of upper
gastrointestinal cancer degrees (Vousta et al., 1996;
Atayese et al., 2009; Thilini et al., 2014). This study is
designed to examine the levels of trace metals in some
fruits sold along roadside (major threats to food safety)
and farmland in Minna Niger State Nigeria.

MATERIALS AND METHODS

Sampling

Four commonly consumed fruits; Carica papaya
(Pawpaw), Musa acuminata (Banana), Citrullus lanatus
(Water melon) and Citrus sinensis (Orange) were
selected for the study.

Sample collection

The fruits used for the study were harvested fresh from
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Maizube farm and same fruits were also purchased from
roadside sellers along Minna city gate and these were
done in triplicates. The fruits samples were collected
between the months of May 2020.

Preparation

The fruits samples were taken to the laboratory in a
polythene bag where they were washed with running
water to remove dirt and germs then with dionized water.
The fruits seeds were remove and the edible portion were
slice into smaller sizes and oven dried at 100°C for 5s
days. The dried samples were then grinded into powdery
form using pestle and mortar before digestion and metals
analysis. The samples were analyzed for toxic trace
metals Arsenic (As), Cadmium (Cd), Lead (Pb), and
Mercury (Hg).

Digestion and metal analysis

Sample of 5 g was measured and transferred into a clean
25 ml conical flask. Exactly 5ml of concentrated H,SO,
was added followed by 25 ml of concentrated HNO; and
5 ml of concentrated HCL was then added to the sample
for digestion. The samples were allowed to be evenly
distributed in the acid by stirring with a glass rod; the
flask was then placed on the digestion block in a fume
cupboard for 2 hours at temperature of 150°C for
digestion and then cooled to room temperature. The
digested samples were then filtered into a 25 ml
volumetric flask and made to mark with deionized water
and allowed to settle for at least 15 hours. The digested
samples were kept at 4°C prior to analysis. A atomic
absorption spectrophotometer was used for the metal
analysis.

RESULTS

The levels of heavy metals investigated in the fruits study
were based on dry weight. The values are given as mean
1+ STD and the results are means of three replicates. The
results obtained from the fruits samples collected from
the roadside and farm land for the mean concentration of
As, Cd, Hg and Pb are summarized in the tables and
figures.

DISCUSSION

The concentration of metals differs from one fruits to the
other and varies from one location to the other as shown
in (Tables 1-4 and Figures 1-4). The different in
concentration may be attributed to differential locations
and exposure of the fruits. Roads are known as the

second largest non-point source of creating pollution in
urban environment (Fakayode and Olu-Owolabi, 2003).
From the results above, the mean concentration of
Mercury Hg in samples from roadside are C. papaya
(0.91), M. acuminata (1.05), C. lanatus (2.41), and C.
sinensis (0.82 mg/kg) and samples from farmlands are C.
papaya (0.08), acuminata (0.06), C. lanatus (0.09), and
C. sinensis (0.03 mg/kg). The results of Hg concentration
shows that samples from roadside M. were all greater
than the farmland samples and much greater than the
WHO/FAO, 2016 permissible limit of 0.1 mg/kg, which
may be due to low level of vehicular emission at the
farmland location. High intake of Hg can lead to the
following symptoms; blindness, deafness, brain damage,
digestive problems, kidney damage, lack of coordination
and mental retardation.

The concentrations of Arsenic As from samples along
road side were C. papaya (1.28), M. acuminata (2.04), C.
lanatus (3.65), and C. sinensis (0.52 mg/kg) and samples
from farmlands are C. papaya (0.49), M. acuminata
(0.28), C. lanatus (0.45), and C. sinensis (0.36 mg/kg).
The result shows that the samples from roadside have
higher concentration of Arsenic and they are greater than
the WHO/FAO, 2016 permissible limits of 0.5 mg/kg
Arsenic in fruits. Arsenic affects almost all organs during
its acute or chronic exposure. As affect many cell
enzymes, which affect metabolism, DNA repair and brain
problem. The prominent chronic manifestations of As
involve the skin, lungs, liver and blood systems (Oguh et
al, 2019d). These results were in agreement with
Mafuyai et al. (2015) who reported that roadside dust
along major traffic roads in Jos metropolitan area,
Nigeria.

Cadmium concentrations of samples from roadside
vendors were 0.82, 1.08, 3.52, and 0.58 mg/kg for C.
papaya, M. acuminate, C. lanatus and C. sinensis
respectively. And samples from farm land were C.
papaya (0.04), M. acuminata (0.04), C. lanatus (0.98),
and C. sinensis (0.02 mg/kg). The concentration values
from roadside were higher than the WHO/FAOQO, 2016 limit
of 0.05 mg/kg. This might be attributed to the trailer
trucks which make up of a large proportion of traffic
density. It is well known that these vehicles burns diesel
fuels and emit Cd into the atmosphere. The study was in
accordance with the findings of Miicahit et al., 2015, that
the fruit material from all sampling points were
contaminated by an excessive amount of Cd compared to
the permissible limit (0.05 mg/kg) proposed by the
FAO/WHO. Cd causes both acute and chronic poisoning,
adverse effect on kidney, liver, vascular and the immune
system (Ndukwu et al., 2008). Cadmium is a dangerous
element because it can be absorbed via the alimentary
track; penetrate through placenta during pregnancy and
damage membrane and DNA. Cadmium is a heavy metal
with high poisonous ability and it is a non-essential
element in foods and natural waters and it accumulates
principally in the kidneys and liver (Divrikli et al., 2006).
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Table 1: Mercury concentration.
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Fruits samples

Mercury(Hg) concentration

Roadside vendors Farmland
Carica papaya 0.91 £0.08 0.08 £0.03
Musa acuminata 1.05+0.26 0.06 £0.01
Citrullus lanatus 241 +£0.12 0.09 £0.02
Citrus sinensis 0.82 +0.02 0.03 +0.01

PL of Hg in fruits

0.1 mg/kg by (WHO/FAO, 2016)

PL= Permissible limit

Table 2: Arsenic concentration.

Fruits samples

Arsenic (As) concentration

Roadside vendors Farmland
Carica papaya 1.28+0.18 0.49 £0.03
Musa acuminata 2.04 +0.13 0.28 £ 0.01
Citrullus lanatus 3.65 £ 0.31 0.45 +0.02
Citrus sinensis 0.52 +0.11 0.36 +0.03

PL of As in fruits

0.5 mg/kg by (WHO/FAO, 2016)

Table 3: Cadmium concentration.

Fruits samples

Cadmium (Cd) concentration

Roadside vendors Farmland
Carica papaya 0.82 £0.06 0.04 £ 0.01
Musa acuminata 1.08 £0.02 0.04 £0.08
Citrullus lanatus 3.52 +£0.15 0.98 +0.08
Citrus sinensis 0.58 £0.13 0.02 £0.01

PL of Cd in fruits

0.05 mg/kg by (WHO/FAO, 2016)

Table 4: Lead concentration.

Fruits samples

Lead (Pb) concentration

Roadside vendors Farmland
Carica papaya 1.54 +0.07 0.09 £0.02
Musa acuminata 1.28 +£0.20 0.06 £0.01
Citrullus lanatus 2.06 £0.13 0.12 £0.05
Citrus sinensis 0.60 £0.19 0.08 £ 0.01

PL of Pb in fruits

0.1 mg/kg by (WHO/FAO, 2016)

Various sources of environmental contamination have
been implicated for its presence in foods (Adriano, 1984).

The concentrations of Pb from samples along roadside
were C. papaya (1.54), M. acuminata (1.28), C. lanatus
(2.06), and C. sinensis (0.60 mg/kg) and samples from
farmlands are C. papaya (0.09), M. acuminata (0.06), C.
lanatus (0.12), and C. sinensis (0.08 mg/kg). The
concentration values from roadside were higher than the
WHO/FAO, 2016 limit of 0.1 mg/kg. Lead pollution has
been shown to be commensurate with
population/vehicular density (Afolami et al.,, 2010). The
result obtained in the present study was also in
accordance with those detected in apple (2.21 mg/kg),
plum (2.82 mg/kg) and rosehip (1.54-2.86 mg/kg)
(Hamurcu et al, 2010). Pb causes both acute and

chronic poisoning and cause effects on kidney, liver,
vascular and immune system. Lead can causes serious
injury to the brain and low IQ. Lead can affect the
nervous system, and red blood cells. High accumulation
can lead to impaired development, shortened attention
span, hyperactivity, mental deterioration, decreased
reaction time, loss of memory, reduced fertility, renal
system damage, nausea, insomnia, anorexia, and
weakness of the joints when exposed to high lead.

The high concentration of As, Cd, Pb and Hg levels
obtained from the fruits samples around highways or
roadside might be attributed to motor vehicles in the
study area which lead to the accumulation of heavy metal
emitted from trailer trucks and cars exhaustion. Second
may be soil which was polluted by coal combustion.
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Low levels of heavy metals were observed in the samples
from farmland because the farms are located away from
source of contamination which includes: tire wear, motor
oil, grease, brake emissions, corrosion of galvanized
parts, fuel burning, and batteries and so on. It may also
be attributed to the soil on which the fruits were grown.
Rasaq et al. 2015 reported a value ranges from 0.001-
0.006 mg/kg in the vegetables bought from the market at
Owode while the range is between 0.005-0.70 mg/kg in
those collected from the farmland at Owode.

Conclusions

The results of this study conclude that fruits products
exposed by the roadside are contaminated by automobile
emission, and values obtained in this study were above
the FAO/WHO maximum permissible limit of metals in
fruits. And continuous of exposure of this fruits may lead
to bioaccumulation of metals. This suggests that those
who constantly depend on such fruits are likely to be
deposed to cumulative effect of food poisoning by these
heavy metals.
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