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ABSTRACT

Food consumed in Ota, Nigeria are prone to contamination with environmental metal
pollutants. The concentrations of lead (Pb), cadmium (Cd}, nickel (N1), mercury (Hg}, copper (Cu),
manganese (Mn) and zinc (Zn) were determined in some commonly consumed foods and drinks
using Atomie Absorption Spectrophotometry (AAS). Samples selected included fried yam, fried bean
cake (akara), roasted plantain (bole), roasted meat (suyva), roasted fish, cassava flour (fufu), yam
flour {amala), garri (eba), beans and herbal drink (agho jedi jedi). Liead was present only in roasted
meat (0.024£0.02 mg kg™, garri (0.04+£0.06 mg kg™) and roasted plantain (0.004+0.01 mg kg™).
Copper and cadmium ranged from 0.024£0.19-3.55+0.20 and 0.0240.01-0.59+0.17 mg kg™,
respectively. The mean concentration of zine and nickel ranged from 0.09+0.10-1.19+1.52
and 0.0440.01-6.38+7.61 mg kg™ ', respectively. The mean concentration of manganese ranged
from 0.0640.05-0.25+0.19 mg kg™ Manganese was absent in agbo jedi jedi (ethanolic). Some of
the foods including roasted plantain (bole), roasted meat (suya), roasted fish, cassava flour (fufu),
yam flour (amala) and beans were contaminated with nickel above FAO/WHO tolerable mits. Agbo
jedi jedi was found to be contaminated with cadmium, nickel and copper above safety levels.
Mercury was present only in roasted plantain at a level of 0.91£1.28 mg kg™ which was beyond
tolerable limits. This study indicates that consumers of the foods and drinks with high levels of
metal contamination may be exposed to health risks associated with their presence.
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INTRODUCTION

Foeds and drinks are generally consumed for several purposes aimed at growth, development
and maintenance of good health. The contamination of foods and drinks by metals such as
cadmium, manganese, copper, lead, chromium, mercury, zinc and nickel in areas with high
anthropogenic pressure 1s widespread and 1s a major determinant of food quality
(Kjaz ul Islam et al., 2007). Some of these contaminants, especially the heavy metals, are
cumulative poisons that pose potential hazards and toxicity (Jarup, 2003; Ellen ef «f., 1990). Food
contamination by heavy metals depends both on their mobility in the environment and
bioavailability. Foods take up heavy metals by absorbing them from polluted environments
{Zurera-Cosano et al., 1989). Heavy metals may enter the human body through consumption of
food contaminated with them (Cambra ef al., 1999). There is an increased awareness of the dangers
and health risks associated with this type of contamination. This has necessitated a reduction in
the maximum permissible limits of heavy metals in food and drink (Khan et al., 2008; Radwan and
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Salama, 2006). The increase in heavy metal contamination of foods in developing countries 1s due
to the unregulated increase in urbanization and industrialization (Wong et al., 2003). These
contaminants are usually released into the environment as a result of activities of industries, most
of which lack the capacity to handle and dispose them appropriately. The bicdegradable and
chemical nature of the contaminants especially cadmium, copper and lead makes them persistent,
and easily deposited on foods and drinks (Singh et al., 2010; Sharma et al., 2008a, b; Haiyvan and
Stuanes, 2003). In Nigeria, the incidence of high thresholds of heavy metal contamination as a
result of population growth, urbanization, dumping of wastes, agricultural and industrial activities
have heen reported in several cities (Ladigholu and Balogun, 2011; Nubi ef al., 2011). Ota 1s a
semi-urban community situated about 10 km from Lagos that has a heavy presence of paint,
aluminium, chemical, pharmaceutical and associated industries. The waste water and effluents
from the anthropogenic activities of these industries release large amounts of metals into the
environment which can easily be deposited on the foods and drinks that are usually prepared,
exposed and hawked openly under unhygienic conditions. Common ready to eat and raw foods
prone to metal contamination include fried yam, fried bean cake (akara), roasted plantain (bole),
roasted meat (suya), roasted fish, cassava flour (fufu), yam flour (amala), garri (eba), beans and
herbal drink (agho jedi jedi) amongst others. The consequence of metal contamination of food can
be hazardous to man which makes it imperative to monitor their presence in foods. The high level
of pollution caused by heavy metals and the threat they pose to consumers and public health
cannct be over emphasized. The aim of this study was to determine the concentration of metals with
potential toxicity in foods and drinks consumed in Ota, Nigeria. This study will report the lavel of
metal contamination in the foods and drinks and its associated harmful effects and suggest possible
ways to reduce it.

MATERIALS AND METHODS

Collection of samples: Samples of foods and a herbal drink including fried yam, fried bean cake
{akara), roasted plantain (bole), reasted meat (suya), roasted fish, cassava flour (fufu), yam flour
{amala), garri (eba), beans and herbal drink (agbo jedi jedi) were collected from two major locations
in Ota and Ogun State, Nigeria. Replicate samples of each food and drink were randomly
purchased from major sales depots within the two locations between January and February 2013.

Preparation and digestion of samples: The samples were dried in an oven at 40°C and
subsequently crushed with a mortar and pestle to a powdered form. Each sample (2.0 g) was put
into digestion tubes and mixed with 10 mL each of nitriec acid and perchloric acid. The digestion
block was activated for 3 h at 45°C. The digested samples were cocled, diluted to 100 mL with
distilled water and filtered into sample bottles.

Determination of heavy metals: Elemental determination of lead, cadmium, copper, mercury,
nickel, zinec and manganese was done directly on the digested solutions using Perkin Elmer
Analyst 300 Atomic Absorption Spectroscopy (AAS).

Statistical analysis: The mean and standard dewviation of the results were done using SPSS. The
results were expressed as Mean£5D,

RESULTS AND DISCUSSION

Concentrations of metals in the selected samples are represented in Table 1. The mean
concentrations of zine, nickel and manganese ranged from 0.1920.01-1.08+0.23 mg kg™,
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Tahble 1: Metal levels in selected foods and drink
Metal level (mg kg™

Food Zine Nickel Lead Manganese Copper Cadmium Mercury
Fried yam 0.19+0.02 0.04+0.03 ND 0.06+£0.05 0.16+£0.02 0.01+0.01 ND
Fried bean cake (akara) 0.70+0.34 0.05+0.002 ND 0.21+0.01 0.2240.04 0.02+0.003 ND
Roasted plantain (hole) 0.25+£0.07 2.58+3.19 0.00420.01 0.37£0.12 0.38+0.18 0.02+0.001 0.91+1.28
Roasted meat (suya) 1.19+1.52 0.83+1.06 0.02+0.02 0.25+0.19 0.28+0.14 0.02+0.01 ND
Roasted fish 0.81+0.21 0.12+0.13 ND 0.04+0.05 0.19+0.08 0.02+0.01 ND
Cassava flour (fufu) 0.09+0.10 1.51£2.11 ND 0.18+£0.18 0.26+0.16 0.02+:0.01 ND
Yam flour (amala) 0.24+0.01 0.73+0.96 ND 0.10+£0.09 0.23+0.08 0.02+0.01 ND
Garri 0.19+0.01 0.04+£0.01 0.04+£0.06 0.10+£0.02 0.25£0.01 0.02+:0.01 ND
Beans 1.08+0.23 0.09+0.00 ND 0.45£0.17 0.024£0.19 0.02£0.17 ND
Herbal drink (agho jedi jedi)  0.58+0.26 1.532+0.54 ND ND 3.1240.16 0.39+0.05 ND
(ethanolic)

Herbal drink (agbo jedijedi)  0.46+0.04 6.38+7.61 ND ND 3.56+0.20 0.59+0.17 ND
(acqueols)

Values are Mean+tSD, n = 3, ND: Not detected

0.0440.01-8.38+7.681 and 0.04+0.05-0.45+0.17 mg kg™, respectively. Copper and cadmium ranged
from 0.0240.19-3.55+0.20 and 0.0240.01-0.5940.17 mg kg™, respectively. Lead was present in only
garri and roasted plantain at 0.0420.06 and 0.004+0.01 mg kg™, respectively. The results show
that beans contained the highest concentration of zinc and manganese, garri contained the lowest
concentration of zine while roasted fish contained the lowest concentration of manganese. The
concentration of nickel was highest in the herbal drink (aqueous) and least in garri. Herbal drink
{aqueous) also had the highest amount of copper and cadmium while beans contained the lowest
concentration of copper. Mercury was present only in reasted plantain at a concentration of
0.91+1.28 mg kg

There are several reported cases of heavy metals pollution especially lead, iron, nickel,
manganese, arseniec, chromium and copper in Nigeria (Dan'azumi and Bichi, 2010; Garba ef al.,
2010; Ibeto and Okoye, 2010). Food consumed in Nigeria may be a major source of heavy metal
toxicity in humans especially children (Galadima ef al., 2010). In this study, the concentration of
the various heavy metals and others varied among the selected food samples. All the samples except,
the herbal drink contained cadmium concentrations lower than the maximum limits. Cadmium is
one of the heavy metal that is of concern to human health in Nigeria as a result of its ease of
contamination of foods {Galadima and Garba, 2012). Cadmium pollution is as a result of its
use in alloys, pigments, metal coatings and batteries (Ladigholu and Balogun, 2011;
Ademoroti, 19964, b). The source of cadmium in the herbal drink could be through contaminated
water used in its preparation, since water sources in industrial areas are likely to be contaminated
with it. Roasted plantain, roasted meat, roasted fish, cassava flour, yam flour, beans and the herbal
drink had levels of nickel above FAO/WHO tolerable limits of 0.05 mg kg™ b.wt. Nickel found in
the soil, water, air and in the biosphere can easily contaminate food (Ladigbolu and Balogun, 2011;
Avodele and Gaya, 1994). High level of exposure to cadmium and nickel are asscciated
with irritation of the eyes and respiratory passages, damage to brain, liver, bones and kidney,
bronchitis, dermatitis, emphysema, hypertension, rickets and asthma (Galadima et al., 2010).
It is also associated with some cancers such as pancreatic cancer (Luckett ef al., 2012). Only
roasted plantain contained high concentration of mercury well above the FAO/WHO
maximum levels of 0.1 mg kg™! b.wt. Mercury exposure can cause deleterious effects especially
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in young children and pregnant women. Effects in children include damage to central nervous
system, endocrine system, kidneys and other organs. Long exposure may eventually result to death.
Mercury is associated with teratogenic effects to fetuses and infants of women who have been
exposed to it during pregnancy (Galadima and Garba, 2011). Other effects including erethism,
irritability, excitability, insomnia, tremor fatigue and depression (Galadima et af., 2010, 2011;
Nubi et al., 2011; Garba et al., 2010). All the samples were within the FAO/WHO tolerable limits
for copper except the herbal drink. Food and drinking water constitute major sources of copper
exposure. Copper contamination of the herbal drink can also be traced to the use of contaminated
water in its preparation. Kven though, deficiency and toxicity are rare, chronic ingestion of high
amounts of copper may result in liver dysfunction and other adverse effects (Brewer, 2010;
Cockell et al., 2008). All the samples except roasted fish had levels of manganese above the
FAO/MWHO tolerable limits. Manganese 1s an essential micronutrient but with petential for toxicity
at very high levels (Martinez-Finley e¢f al., 2013). Manganese has been implicated in neurclogical
toxicity and oxidative stress (Hsieh et al., 2007; Ali ef al., 1995). Neurological toxicity is usually due
to long term exposure and is characterized by behavioral changes including slow movements,
tremors, facial muscle spasms, irritability, aggressiveness and hallucinations. Manganese may be
considered a new environmental toxic pollutant with potential consequences for public health
(Normandin et al., 2002). The concentration of lead in all the selected samples was lower than the
maximum levels of 0.2 mg kg™, recommended by FAO/WHO. Cases of lead poisoning especially
amongst children in Nigeria are widespread. The exposure to lead can cause mental retardation,
coma and eventual death. Symptoms associated with lead poisoning include constant headache, loss
of appetite, vomiting, nausea, irritability and/or behavioural problem. The conecentration of zinein
all the samples was within the tolerable limits recommended by WHO/FAQO. Beans contained the
highest concentration of zinc while garri contained the lowest concentration of zine. Zine enters the
air, water and soil as a result of both natural processes and human activities such as metal
manufacturing and zine chemical industries, domestic waste water and run-off from soil containing
zine, disposal of zinc wastes from metal manufacturing industries and coal ash from electric utilities.
Excessive absorption of zine can suppress copper and iron absorption. The highest concentration
in beans could be as a result of post harvest and handling operations including preservation with
chemicals and storage in metallic containers. The knowledge of Zn toxicity in humans is minimal.
The most important information reported 1s its interference with copper metabolism (Barone et al.,
1998). The symptoms that an acute oral Zn dose may provoke include tachycardia, vascular shock,
dyspeptic nausea, vomiting, diarrhea, pancreatictis and damage of hepatic parenchyma
(Salgueiro ef al.,, 2000). The biecchemical mechanisms associated with metal toxicity especially
copper, mercury, cadmium and nickel include depletion of glutathione, bonding to sulthydryl
groups of proteins and generation of reactive oxygen and nitrogen species (Abernethy et al., 2010).

CONCLUSION

This study reveals the absence of potential lead contamination in the selected foods. However,
some of the foods including reasted plantain, roasted meat, roasted fish, cassava flour, yam flour
and beans were contaminated with nickel above the tolerable limits. It 1s important to note the high
level of mercury contamination in reasted plantain, a common delicacy consumed in Nigeria. Also,
the herbal drink which 1s consumed by a large segment of the populace supposedly for prevention
and treatment of common ailments was found to be contaminated with cadmium, nickel and copper.
Most of these foods are usually hawked or displayed in open containers under unhygienic
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conditions which make then prone to contamination with these metals. It 1s suggested that hygienic
preparation, proper storage and display of these foods in covered containers may reduce
contamination and prevent toxicity associated with the metals. Also appropriate regulation of
industrial activities especially disposal of wastes should be enforced to reduce environmental
contamination.
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