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Abstract

This research determined the concentration of Lead (Pb) and Cadmium (Cd) in roasted corn (Zea mays), roasted
plantain (Musa paradisiaca) and barbecue from roadside close to industrial and automobile emission in some
selected parts of Lagos and Ota, South-West Nigeria. They were analysed after digestion by Atomic Absorption
Spectrophotometry (AAS). Lead had the highest concentration in all the food type analyzed and was higher than
FAO permissible limit (0.3 mg/kg) in about 92% of the samples analyzed. It was also found to be higher in the
samples from Lagos than those from Ota. While Cadmium had relatively lower concentration compared with Lead in
all the food samples but about 25% of the samples analyzed had higher concentration than the FAO permissible
limit (0.5 mg/kg). The results showed that the order of the concentration of Lead in the food samples was
corn>barbecue>plantain, while the order of the Cadmium concentration in the food samples was in the order
corn>plantain>barbecue. Continual consumption of roasted corn, roasted plantain and barbecue close to highway
and industrial emission may therefore constitute a source of exposure to these heavy metals.
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Introduction
Heavy metals in food is generally through industry and vehicular

emission; vehicular emission usually settle down on the roadside
environment and could transverse up to 100-200 m from roadside and
the vast majority deposited within 20 m of the roadside. These
particulate deposits include metals like As, Cd, Cr, Hg, Mn, Ni, Pb, Se,
and Zn. These metals accumulate in the urban environment and their
effect on roadside soil and potential effect tend to persist for a long
time, they are from fuel, engine oil , tyre wear, brake wear and exhaust
catalyst which makes the environment around roadside prone to metal
pollution [1,2]. Studies which have reported high traffic pollution to be
associated with asthma, high blood pressure, lung cancer, diabetes,
Alzheimer’s disease, dementia and even premature death [3].

Metals in the environment are important because of their
accumulative and toxic nature [4]. They could also be a good indicator
of environmental pollution [5]. The major source of exposure of
humans to heavy metals is through food ingestion [6]. Heavy metal
composition of food is of interest because of their toxic or even
essential nature [7]. Consumption of food contaminated with heavy
metals may deplete some essential nutrients in the body leading to
reduction in immunological defence, intrauterine growth retardation,
impaired psycho-social behaviour, disabilities related to malnutrition
and increased prevalence of upper intestinal cancer [8].

Studies have shown that Lead has been implicated in health
challenges such as fatigue, irritability, myalgia, coma, kidney, liver and
brain damage seizures, encephalopathy, nervous system dysfunction
and development of cancer while Cadmium is known to have caused
the Itai-Itai disease in Japan as well as bone disease, anosmia, yellow
discolouration of teeth and loss of olfaction abilities [9].

Regular absorption of small amount of heavy metal such as Lead has 
been reported as causing such effects in children as retardation of 
mental development, deficiency in concentration, adverse effect on 
kidney function, blood chemistry and cardiovascular system as well as 
hearing degradation, while high exposure could result in death 
[10-13]. Although it was said that in animal generally metabolic effect 
and Cadmium sensitivity could vary depending on the source of 
uptake diet or water borne exposure, effect on metal binding protein 
and Cadmium distribution within the body tissues [14]. However in 
human unborn baby, Lead and Cadmium have been linked to 
hormonal changes, impaired placental development, congenial 
malfunction, foetal growth restriction and spontaneous abortion [15]. 
Studies have shown that the effect may not be apparent not even until 
thirty years [16,17].

Research on trace metals have focused on canned foods, agricultural
products from polluted soil and application of manure in agriculture as
a veritable source of metal pollution in the soil [18-21]. Emission from
industries and automobile may increase considerably metal
contaminant in soil and water [22] and hence lead to increase in heavy
metal contribution to food [23,24]. However, little attention is paid to
foods on industrial emission and high traffic routes, which gives
sporadic contamination of pollutant through dry or wet atmospheric
deposition and precipitation.

Pollutant emission in urban environment can travel far in the
atmosphere because of temperature inversion [25]. High concentration
of Lead, Chromium, Cadmium, Mercury and Arsenic are linked to
airborne transport of pollutant from industrial, highway road and
urbanization [23-26]. Automobiles emit several hundred of different
compounds [27] hence the vehicular contribution to atmospheric
pollutant of an environment cannot be underestimated as they
contribute significantly to the level of trace metals in the environment.
Vehicular contribution may be as a result of dust and exhaust obtained
from burning of fossil fuel [16-28].
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Research have established a positive correlation between heavy 
metal concentration and vehicular movement and that Cu, Pb, Zn, Ni 
and Cd in urban areas are due to particulate deposition from vehicles 
on the highway [29]. Hence the effect of automobile contribution to 
the atmospheric pollution cannot be overemphasized, but there seems 
to be paucity of literature on the contribution of automobile and 
industrial emission to heavy metals in the atmosphere and subsequent 
deposition on road side roasted foods. The area is mainly industrial 
and residential with no space for cultivation, hence this work examine 
the direct deposition on the food. Corn is eaten by people of all ages in 
many African countries in many traditional forms, meat in form of 
barbecue is eaten by all classes of people, while plantain is a major food 
eaten all over the world a ter rice, corn and milk [30,31].

Cadmium and Lead are environmental pollutant toxic to humans
and animals they are non-biodegradable and thus accumulate in the
environment, thus this research examines the concentration of Lead
and Cadmium in ready-to-eat roasted corn (Zea mays), roasted
plantain (Musa paradisiaca) and barbecue on high traffic routes which
may be close to industrial emissions in some parts of Lagos and Ota
environment, South-West Nigeria, with the view of monitoring the
highway and industrial contribution to these ready-to-eat roasted
foods which may represent the exposure of the busy population who
consume such foods.

Materials and Methods

Sampling
Plantain, roasted corn and barbecue samples were bought randomly

at Tollgate (SP1), Agege (SP2) in Lagos and Joju (SP3), Oju ore (SP4) in
Ota, Ogun state, South-West Nigeria. The control were bought at 5 km
away from the Agege sample site, which was quite far away from high
traffic routes and industrial particulate emission unlike the sample.
They were wrapped in paper and kept in polythene bag and
transported to the laboratory, and were stored in the freezer until the
time of analysis.

Digestion
Roasted corn samples and controls were pounded in already washed

and dried agate mortar and pestle after which were reduced to
laboratory size samples of the bulk. Each of the samples was digested
by method which involves digesting about 0.5 g of the representative
sample in 6 ml of 2 M, Nitric, Sulphuric and Perchloric acids mixed in
the ratio 2:10:1 [32]. The digestion was done in 25 ml screw cap
centrifuge tube placed in boiling water bath until a clear solution was
obtained. The same procedure for roasted was followed for roasted
plantain samples and control samples. But each of the barbecue
samples and control samples was pounded in already washed and dried
agate mortar and pestle and reduced to get laboratory size sample, and
was digested by taking about 0.5 g of the representative sample in 6 ml
of 5 M Nitric acid. The digestion was done in 25 ml screw cap
centrifuge tube placed in boiling bath until a clear solution was
obtained. Each of the digested samples and control samples was
allowed to cool and was filtered through the filter paper and made up
to 100 ml mark with deionized water.

Analysis
The analysis was done by the thermo scientific series atomic

absorption spectrometer serial no. GE 712354 v1.27 at 283.3 nm and

228.8 nm for Lead and Cadmium respectively, and calibration curve of
the standard concentration of Lead and Cadmium was obtained. Each
of the concentration was extrapolated from the calibration curve. All
the reagents used were analytical grade reagents and the water used in
dilution was deionized water.

Results and Discussion
Cadmium concentration in roasted plantain (Musa paradisiaca) was

in the range ND-0.57 ± 0.02 mg/kg (Table 1). This is higher than the
concentration observed by Franca (0.2 mg/kg) (Figure 1). In some
cultivated lettuce exposed to heavy metals high traffic area of
Pernambuco, Brazil [29]. This may bring credence to the fact that
vehicular and industrial emission may be a veritable source of
exposure heavy metals in food. Cadmium concentration in roasted
plantain (Musa paradisiaca) was the second highest concentration after
roasted corn. SP1 Tollgate analyzed was below the detection limit of
Cadmium which represents 25% of the samples, this may be due to the
fact that Tollgate had less influence from industries, but vehicular
contribution seems to be the only source of pollution. However it was
found that Cadmium concentration was higher at SP2 and SP4, Agege
and Oju-ore respectively compared to SP1 and SP3, Tollgate and Joju
respectively. This may be expected as Agege and Oju-ore have high
vehicular movement as well as industrial emissions. Point variation of
the Cadmium in the samples analyzed could be pointers to the impact
of industrial and vehicular emission as genuine sources of exposure to
heavy metals in roadside foods. Cadmium concentration in 75% of the
samples analysed had lower concentration than the FAO
recommended limit of 0.5 ppm in food and additives [33].

Sample sites Cd (mg/kg) Pb (mg/kg)

SP1 ND 2.55 ± 0.1

SP2 0.47 ± 0.02 1.92 ± 0.1

SP3 0.46 ± 0.02 ND

SP4 0.57 ± 0.02 2.25 ± 0.1

Control ND 1.00 ± 0.25

SP=Sample Point ND=Not Detected

Table 1: Showing concentration of metals in roasted plantain (Musa
paradisiaca) samples.

Figure 1: Showing chart of concentration of metals in roasted
plantains (Musa paradisiaca).
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Lead concentration in roasted plantain (Musa paradisiaca) was in
the range ND-2.55 ± 0.1 mg/kg (Figure 1). This is higher than that
observed by Amos-Tautua in roasted plantain (Musa paradisiaca)
which was 0.0048 ppm on the average [34]. Generally Lead in roasted
plantain was the least in concentration compared to what was obtained
from roasted corn and barbecue. Samples from SP3, Joju analysed had
concentration below the detection limit of Lead this sample point
represents 25% of the samples. The trend of Lead concentration in
roasted plantain (Musa paradisiaca) was however different from that
obtained in Cadmium as Lead concentration was found to be higher at
SP1 and SP4, Tollgate and Oju-ore respectively than those obtained
from SP2 and SP3, Agege and Joju respectively. Tollgate and Oju-ore
have high traffic, but industrial emission seems to contribute to the
value obtained at Oju-ore. Lead concentrations were higher in 75% of
all the samples than the FAO/WHO recommended limit of 0.3 ppm in
foods [33], but were lower than the limit in 25% of the samples
analysed. Lead concentration in the control roasted plantains (Musa
paradisiaca) which were far away from vehicular and industrial
emission had lower concentration than in most samples but was still
higher than the FAO/WHO recommended limit in foods. This could
be as a result of other extraneous sources of metal contamination in
foods which may include agricultural contribution from fertilizers and
pesticides in the process of cultivation of the foods [29].

Cadmium concentration in barbecue samples was in the range 
ND-0.23 ± 0.01 mg/kg (Table 2). This is slightly less than that observed 
by Cai [22] in animals bred in unpolluted area of china, which was 2.15 
ppm (Figure 2). SP1, Tollgate samples analyzed was below the 
detection limit of Cadmium which represents 25% of the samples. 
Cadmium in barbecue had the lowest concentration of Cadmium as 
compared to that obtained in roasted plantain and roasted corn. SP2 
and SP3, Agege and Joju respectively seems to have higher 
concentration of Cadmium compared with that obtained from SP1 and 
SP4, Tollgate and Oju-ore respectively. This may be expected as Agege 
and Joju seems to have industrial contribution in addition to the 
vehicular contribution thereby, causing more particulate deposition as 
a result of both industrial and vehicular emission. The concentration of 
Cadmium in the control samples were lower than most of the samples 
analyzed in this study. But in general Cadmium in all the samples of 
barbecue were below the FAO/WHO recommended limit of Cadmium 
in foods.

Sample sites Cd (mg/kg) Pb (mg/kg)

SP1 ND 9.01 ± 0.45

SP2 0.14 ± 0.01 7.62 ± 0.30

SP3 0.23 ± 0.01 3.30 ± 0.17

SP4 0.12 ± 0.01 5.28 ± 0.30

Control ND 1.05 ± 0.04

SP=Sample Point ND=Not Detected

Table 2: Showing concentration of metals in barbecue.

Figure 2: Showing chart of concentration of metals in barbecue.

Lead concentration in barbecue was in the range 3.30-9.01 ± 0.45
mg/kg, this concentration is found to be higher than that observed by
Desideri in cattle meat which was 0.6 ± 03 ppm (Figure 2) [35]. Lead
concentration in barbecue may be high as a result of vehicular and
industrial emission contribution, as it has been known that Lead fuel
combustion is a veritable source of Lead contamination. The Lead
concentration in barbecue was the second highest when compared to
that obtained from roasted corn and roasted plantain. Lead obtained
from SP1 and SP2, Tollgate and Agege respectively seems to have
higher concentration compared to SP3 and SP4, Joju and Oju-ore
respectively. This may be expected as Tollgate and Agege had car parks
which tend to make the Lead concentration higher. The concentration
of Lead in the control samples were lower than all the samples analysed
in this study, which could be indication that vehicular and industrial
emission increase the particulate emission in the environment as well
as food. The concentration of Lead in control samples of barbecue was
higher than FAO/WHO limits in foods which may be an indication of
exposures of the cows while breeding through contaminated grass.
Lead in barbecue were higher than the FAO/WHO recommended limit
of Lead in foods, which is an indication that barbecue on highway
traffic and industrial emission may be a source of exposure.

Cadmium in roasted corn (Zea mays) was in the range 0.32-1.10 ±
0.05 mg/kg (Table 3). This is lower than that observed by Jamali in
corn grown on sewage sludge which had an average of 0.68 ± 0.022
ppm (Figure 3) [36]. Roasted corn had the highest concentration of
Cadmium in all types of food analyzed. SP2 and SP3, Agege and Joju
respectively seem to have higher Cadmium concentration as compared
to that obtained from SP1 and SP4, Tollgate and Oju-ore respectively.
This may be expected, as Agege and Joju tends to have vehicular as well
as industrial contribution to the heavy metal concentration. Cadmium
in roasted corn (Zea mays) was the highest in all the samples analysed.
However the concentration of Cadmium in all the control samples
analysed were lower than that of the samples. But 75% of food samples
obtained from Agege had Cadmium concentration that is higher than
the FAO/WHO recommended limit of food and additives. Mean
concentration of Cadmium in the ready to eat food samples were in
the order SP2>SP3>SP4>SP1, which may seem to suggest that the
influence of particulate exposure of Cadmium due to vehicular
emission are in such order in this research study.
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SP1 0.32 ± 0.02 5.75 ± 0.30

SP2 1.10 ± 0.05 8.14 ± 0.41

SP3 0.70 ± 0.04 6.86 ± 0.34

SP4 0.54 ± 0.03 9.10 ± 0.46

Control ND 2.98 ± 0.31

SP=Sample Point ND=Not Detected

Table 3: Showing mean concentration of metals in roasted corn.

Figure 3: Showing chart of concentration of metals in roasted corn.

Lead concentration in roasted corn (Zea mays) was in the range
5.75-8.14 ± 0.41 mg/kg (Figure 3). This is higher than that observed by
Mok which was 0.066-0.831 ± 0.229 ppm [37]. Lead in roasted corn
(Zea mays) was the highest concentration observed in all the sample
points analyzed. Lead may be high as a result of vehicular and
industrial emission contribution to the concentration of Lead. While
Lead concentration at SP2 and SP4, Agege and Oju-ore respectively
seems to be only a slightly higher difference in Lead concentration
compared to that obtained from SP1and SP3, Tollgate and Joju
respectively. Lead in the control samples were lower than that in all of
the samples analysed in this study. Lead concentration in all roasted
corn (Zea mays) samples were higher than the FAO/WHO
recommended limit in food and additives, this seems to suggest that
roasted corn on sources close to highway and industrial emission is a
source of Lead exposure. The mean concentration of Lead in the ready
to eat food samples decreased from one site to another in the order
SP2>SP1>SP4>SP3, which may seems to suggest that Lead exposure as
a result of particulate emission through industrial and vehicular
sources followed the order in the food samples studied.

Conclusion
The results obtained from this study revealed that high industrial

and vehicular emission increase the particulate emission in the
atmosphere which in turn impact on the environment and food in the
vicinity. The results showed that the order of the concentration of Lead
in the food samples was corn>barbecue>plantain and the order of the
Cadmium concentration in the food samples was in the order
corn>plantain>barbecue. Cadmium was high only in roasted corn at
25% of all the samples analyzed of the research as compared to the
permissible concentration allowed by the FAO which is 0.5 mg/kg, this
seems to suggest that the concentration is still at the contaminant level

at most other sample points and that food transfer of Cadmium in the
area of study is not significant, but the Cadmium contamination if not
checked could further increase and give rise to the increased level of
exposure later, especially to the people who patronize and eat food
from these sources which could be detrimental to their health as
Cadmium is non-biodegradable and it could still be effective for many
years later. However Lead concentration was found to be higher than
the permissible level by the FAO which was 0.3 mg/kg in 92% of the
total samples analyzed, which implies that food transfer of Lead in this
study area is significant. This seems to suggest that road side food from
the study area could be source of exposure to Lead which could make
the persistent consumers of the roadside foods prone to health
implications associated with persistent Lead exposure.
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