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ABSTRACT

One of the major routes of heavy metal exposure to humans is via the consumption of vegetable. The study
assessed the contribution of automobile emission on the concentration levels of heavy metals in some of
commonly consumed vegetables in Katsina state, Nigeria using Atomic Absorption Spectrometry (AAS). Fresh
and dried samples of five (5) commonly consumed vegetables were obtained from Danja-Funtua highway road,
0.5 g of each sample was measured into a clean dried beaker and 10 ml of acidic mixture of HNO3/HCIO4 in
ratio 2:1 was added to the sample for digestion. The heavy metals concentration in this study ranges from 0.6 —
75.5mg/kg, 0.31 — 1.2mg/kg 278 — 1470mg/kg, 0.4 — 36.3mg/kg and 28 — 65 mg/kg for Pb, Cd, Fe, Ni and Cu
respectively. Levels of heavy metals were all found to be above the acceptable limits indicating that inhabitants

are at risk of heavy metal contamination.
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INTRODUCTION

Vegetables and fruits are the most important components of
human diet and it is well known that consumption of these food
items on a regular basis is one of the possible health-improving
practices (Sultana et al., 2017). The consumption of vegetable
as food offers rapid and least means of providing adequate
vitamins supplies, minerals and fibers(Asaduzzaman et al.,
2015). Food is the major source of ingestion heavy metals in
humans, particularly all categories of vegetables.One of the
most essential aspects offood quality assurance is the
assessment of heavy metal contamination ofthe food items (Rafi
& GowdaT, 2017). Anthropogenic activities are a major source
of heavy metal contamination which includes agricultural crop
residue, emission from industries and  vehicular
emissions.Vegetables absorb metals from contaminated soils,
besides from deposits on the parts of the vegetables exposed to
polluted air (Haiyan and Stuanes, 2003). There has been a
growing concern about food safety in recent years globally.
Although many chemical elements are essential to metabolic
functions of the human body, they can produce toxic effects
when they are consumed in high concentrations, whereas some
are toxic even at very low concentrations.

Open sun drying of vegetables and agricultural products has
been widely practiced in the world for ages and is by far the
most common means of preservation of farm produce.Though
the drying technique is specific to the locality and also the
commodity, the customary technique of open sun drying
involves spreading the material to be dried on a thin layer on

ground/mats or plastic sheet and exposing it to sun and wind
(Latapi & Barrett, 2006). The process of drying vegetables and
other foodstuffs locally by open sun drying and especially along
the roadside may lead to the contamination of the dried items by
heavy metals or airborne radioactive elements.

The pollution of vegetables dried along roadside by heavy
metals from automobile source is a serious worldwide
environmental issue. These metals are released during different
operations of the road transport such as combustion, component
wear, fluid leakage and corrosion of metals. Lead, cadmium,
copper and zinc are the major metal pollutants of the roadside
environments and are released from burning of fuel, wearing out
of tyres, leakage of oils, and corrosion of batteries and metallic
parts such as radiators etc. (Akbar et al., 2006).

Heavy metals are deleterious due to their long biological half-
lives, non-biodegradable nature, and their ability to accumulate
in different body parts (Arora et al., 2008).Therefore,
consumption of vegetables contaminated with heavy metals
may pose a risk to the health of humans. It is evident that
prolonged consumption of foodstuff with unsafe concentrations
of heavy metals may lead to chronic accumulation of heavy
metals in the kidney and liver of human beings causing various
disorders in numerous biochemical processes, leading to
cardiovascular, bone, kidney and nervous diseases (Jarup,
2003). This work is aimed at assessing the contribution of
automobiles to the heavy metal concentration on vegetables
dried along Funtua-Danja Highway.
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MATERIALS AND METHODS

The samples were collected and prepared using a method
prescribed by Bello et al, 2016. Atomic Absorption
Spectrometry was used for the determination of the heavy metal
(Fe, Cu, Ni, Cd and Pb) concentration.

Sample collection

Fresh and dried samples of five (5) commonly consumed
vegetables were obtained from Danja-Funtua highway road. The
study area was chosen because of the pronounced drying

Table 1: Sample specification
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activity by the local farmers and the heavy traffic of the
Highway. The details of the vegetable species, local names,
scientific names and parts of vegetables used for analysis were
all recorded. Thefreshsamples collected were dried under
control condition so that no contamination is added to the
samples as the result of drying. The dried samples were dried in
sealed transparent polyethene nylon. The samples were tagged
properly in polythene bags beforebeen taken to the laboratory
for analyses.

S/N Sample code Common Name English Name Botanical Name Part used

1 T Tattasai Bell Pepper Capsicum annuum Fruit

2 KK Kuka Boabab leaves Adansonia digitata | Leaf

3 KB Kubewa Okra Abelmoschus Fruit
esculentus

4 B Zobo Roselle Hibiscus sabdariffa | Fruit

5 G Zogale Moringa Moringa oleifera Leaf

Sample preparation

0.5 g of each sample was measured into a clean dried beaker
(200ml), 10 ml of acidic mixture of HNO3/HCIO4 in ratio 2:1
was then added to the sample for digestion. The samples were
evenly distributed in the acid by stirring with a glass rod; the
beaker was then placed on the digestion block in a fume
cupboard for 2 hours at temperature 150°C for digestion. The
digested samples were kept at 4°C prior to analysis. A Buck
scientific atomic absorption spectrophotometer was used for
lead (Pb), cadmium (Cd), nickel (Ni) and copper (Cu) and Iron
(Fe) analysis.

Measurement of heavy metals

The measurement of heavy metals was carried out using atomic
absorption spectrophotometer with model (AA-6800 Shimadzu
Japan) situated at Multi-purpose Laboratory A.B.U. Zaria. AAS
works base on the principle of ionization of the atom. As atoms
are made of electrons in their shells, if sufficient energy is
gained by the atom an electron can be ejected from the atom.
This ejection of electron from the atom is called ionization. This
leads to the creation of a vacancy which is subsequently filled
by another electron with the emission of a photon. Atoms of an
element emit a characteristic spectral line. Every atom has its
own distinct pattern of wavelengths at which it will absorb
energy, due to the unique configuration of electrons in its outer
shell. This enables the qualitative analysis of a sample. The
concentration is calculated based on the Beer-Lambert law.
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Absorbance is directly proportional to the concentration of the
analyte absorbed for the existing set of conditions. The
concentration is usually determined from a calibration curve,
obtained using standards of known concentration.

Calibration curves were obtained by running different
concentrations of standard solutions for each heavy metal using
measured absorbance on the instrument. The results of the
analysis were validated by digesting and analyzing standard
reference materials (Lichens coded IAEA-336) following the
same procedure.

RESULT AND DISCUSSION

Concentration of carcinogenic and non-carcinogenic heavy
metals in vegetable samples

The average concentrations of carcinogenic and non-
carcinogenic heavy metals in the investigated dried vegetable
samples are presented in Figures4.la and 4.1b. The
concentration of the heavy metals was observed to vary
significantly across the studied samples with Fe having the
highest content with average concentration of 4371 mg/kg while
the lowest metal content was for Cd with average concentration
of 1.14 mg/kg, respectively. The trend of the heavy metal
contents according to average concentration found in the studied
samples followed: Fe > Ni >Pb> Cu > Cd.
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The concentration was also observed to have a wide distribution
across the five studied vegetables. The variations observed may
be as a result of the influence of uncontrolled anthrapogenic
activities such as aerial deposition of heavy metals mainly by
exhaust from vehicles leading to contamination of the
vegetables in the studied area. Among the carcinogenic heavy
metals studied in the present work,Pb has the highest
concentration in all the samples. The concentration of lead
ranges from 0.6 — 75.5 mg/kg and the average value was found
to be 37.38 mg/kg. Highest levels of Pb were recorded in TT
followed by KB and the least values were recorded in KK. Lead
pollution has been shown to be commensurate with
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population/vehicular density. One of the means through which
lead contamination occur in vegetables is through air deposition.
In this study, the concentrations of Pb are significantly higher
than the permissible levels by FAO/WHO in vegetables of 0.3
mg/kg. The other carcinogenic heavy metal studied in this work
is Cadmium. The permissible limit for Cd in vegetables is 0.2
mg/kg as reported by FOA/WHO. The concentration of Cd
exceeds this limit by an average value of 1.14 mg/kg.Higher
values have been previously reported for leafy vegetables
cultivated along road sides (0.27 mg/kg) by (Oluwole et al.,
2013).
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Fig. 1: Concentration of Heavy metals in the studied vegetable samples dried under controlled condition
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Fig. 2: Concentration of Heavy metals in the studied vegetable samples dried under normal drying condition

Average concentration of all non-carcinogenic heavy metals
studied in the work was observed to be generally higher in leafy
vegetables as compared with fruit vegetables. Fe was observed
to be particularly higher in green vegetables (KK and KB) than
in fruits vegetable samples. The reason might be because Fe
participates in chlorophyll synthesis and photosynthesis a
process that characterizes green plants. However, it was
reported that excess Fe in the body may be a contributing factor
in etiology of heart disease and type 2 diabetes (Kashem &
Singh, 1999). Besides Fe, Cu and Ni were also detected in all
the samples with Ni having the least concentration.Cu is
essential to human life as metalloproteins and function as
enzymes, however, critical doses leads to health risks such as
anemia, diabetes, inflammation, kidney and liver dysfunction
and vitamin C deficiency (B. et al., 2012).

The safe limits of 30 mg/kg and 5 mg/kg in vegetables as
recommended by FOA/WHO is significantly lower than the
43.3 mg/kg and 35.5 mg/kg average levels of Cu and Ni
respectively.

CONCLUSION

This study assesses contribution of automobile emission on
heavy metal contamination of vegetables dried along Funtua -
Danja highway in Katsina State, Nigeria. A wide variation of
heavy metal concentration was observed across the studied
samples with Fe and Pb having the highest content. These high
concentrations of heavy metals (carcinogenic and non-
carcinogenic) from the studied vegetable samples were found to
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be contributed mainly by the exhausts released by automobiles
along the highway. All the concentrations were found to be
above the recommended limits, this indicate that resident of the
study area are at high risk of heavy metal pollution.The
authorities responsible for environmental protection should try
and address the problems of risen heavy metal contents,
especially the carcinogenic heavy metals, in the environment.
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