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ABSTRACT

The concentrations of heavy metals in some common food crops (cassava tubers and plantain fruits) harvested from farms
located in oil exploration areas (Eleme, Ogoni, and Okrika, all in Rivers State, Nigeria) and non-oil exploration areas
(Ugwusimon and Nkwuba, all in Ebonyi State) were investigated in this study. The selected heavy metals were Zn, Cd, Pb,
Fe, Cu, Cr, Hg, Co, Ni and Mn. Heavy metals were analyzed using Atomic Absorption spectrophotometer. Some
physicochemical characteristics and heavy metal concentrations in soil samples from the test locations were also analyzed.
The results for Total Organic Carbon (%) for Eleme, Ogoni, Okrika, Ugwusimon and Nkwuba were: 1.67+0.0, 2.13+0.0,
1.86+0.0, 0.33+£0.0 and 0.29+0.0, respectively. The results for total PAH (Mg/Kg) content showed highest value of
10.30£0.10 in Ogoni (oil exploration area) while a lowest value of 2.13+0.0 was recorded in Nkwuba (non-oil exploration
area). From the results of the physicochemical parameters, the soil samples from oil exploration areas had higher values
than those of non-oil exploration areas. Results obtained showed that the concentration of the heavy metals analyzed (Zn,
Cd, Pb, Fe, Cu, Cr, Co and Mn) in food crops from oil exploration locations were found to be relatively higher than those
from non-oil producing areas. The concentration of lead (Mg/Kg) was significantly higher (P<0.05), (0.99+0.0, 0.83+0.0)
in cassava and plantain, respectively, from oil-exploration areas than non-oil exploration areas (0.1+0.00, 0.1+0.0). These
soils therefore constitute a major health risk to the local population. These findings are indicative of potential health
hazards faced by the indigenous population who feed on these crops.
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INTRODUCTION

The Niger Delta Region, the world’s largest wetland drinking water (Zhang and Li, 1987; Beaumont et al.,
accounts for 7.5 percent of the total landmass of Nigeria 2008), food crops (Satarung and Moore, 2004), and
(Nwuche and Ugorji, 2010). With an estimated population drastically affected the health of vulnerable population

of about 22 million, the region’s oil resources account for including children (; Martha et al., 2001; Fielder et al.,
90 percent of the nation’s export earnings. The region also 2003). It has also been widely documented that the
houses over 600 oil fields, 5284 on and off-shore oil wells, consumption of food crops contaminated with heavy

10 export terminals, 272 flow stations, 4 refineries and a metals may lead to serious systemic health problems in the
Liquefied Natural Gas (LNG) project, with an estimated body of the affected persons (Jarup and Alfven,2004;
oil reserve of 30 billion barrels (Lubeck et al., 2007). Griggs, 2004). Heavy metal contamination of agricultural
Petroleum activities have brought prosperity, better living soils and crops in the vicinity of mining areas has been
conditions and general economic development to Nigeria regarded as a major environmental concern (Luo et al.,
(Evoh, 2002; Okpara, 2004). Unfortunately, the Niger 2003; Liu et al., 2005a; Costa, 2006; Kalili et al., 2011).
Delta Region has witnessed massive oil-based Based on the above information, there is therefore a dire

environmental degradation and soil fertility loss (Akwiwu need for research concerning heavy metals in soils and
et al., 2002; Nwuche and Ugorji, 2010), agricultural food crops in oil-producing areas and their impact. It is in
decline (Otitoloju and Udosen, 2004; Duru, 2005) oil view of this that this research was undertaken to find out

spillage and gas flare (Ezebuiro, 2004), fisheries decline the levels of heavy metal concentrations (Pb, Zn, Cr, Cu,
and depletion of biodiversity (Daniel-Kalio and Braide, Co, Ni, Mn, Hg, Fe and Cd) in soils impacted with

2004, Ikelegbe 2004). Oil spills have also been observed petroleum and non-petroleum activities in relation to
to cause the death of plants (Ufot et al., 2003; Osuji and accumulation of heavy metals in cassava tubers and
Ezebuiro, 2006), and have been linked with blood plantain fruits obtained from both soils and highlight the
contamination of people working at impacted sites effects of consuming such contaminated tubers and

(Mckelvey et al., 2007). One of the greatest problems fruits.

associated with oil pollution is the constant exposure to

high concentration of heavy metals from oil (Osuji et al., MATERIALS & METHODS

2004; Nkwocha and Duru 2010). Several studies in China, Cassava tubers, Plantain fruits, and Soil samples from
South Korea and USA have shown that heavy metals from study locations.

mining activities widely contaminated nearby sources of
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Source: All samples were gotten from Eleme, Ogoni,
Okrika (Rivers State- Qil producing areas) Nkwuba and
Ugwusimon (Ebonyi State- Non oil producing areas).
Sample collection

The samples used in the analysis of this project were
cassava tubers and plantain fruits collected from five
different communities: Eleme, Ogoni, Okirika, (all in
Rivers State), Ugwusimon, and Nkwuba (all in Ebonyi
State). The cassava tubers and plantain fruits were peeled
and cut into smaller pieces and air-dried. The dried pieces
were grinded into powder form.

Soil: Random soil samples were collected from each of the
test locations into clean polythene bags and kept in a
cooler.

Soil samples were homogenized with clean glass rod and
oven-dried at 85°C to constant weight. Any lump present
was broken up with a clean glass rod in order to expose
the inside for proper drying and all plant materials were
removed. The oven dried soil sample were thoroughly
ground into powdery form and sieved through 650um
stainless sieve.

Analysis of sample

The dishes were cleaned, dried and ignited and covered at
500°C for 30 minutes in the furnace to inactivate or kill all
persisting microbes. The dishes were cooled and covered
in desiccators. They were weighed until a constant weight
was obtained. 3g of each sample was then accurately
weighed into the dish. This was burnt slightly, opening the
cover for escape of gases at 500°C. This was checked
periodically until complete ashing was obtained.
Extraction and analysis of heavy metal in soil

Ten grams of the sieved dry soil was weighed into acid-
washed 250ml polythene extraction bottles and 100 mL of
extraction solution (0.05 M HCL and 0.0125 M HNOswas
added and shaken for 1hr on a mechanical shaker. The
solution was filtered through Whatman filter paper. Blank
samples were prepared using the same procedure with
deionised water instead of the soil.

Analysis of Cd, Zn, Cu, Pb, Mn, Co, Ni, Cr, Fe and Hg
was carried out with GBC Avanta atomic absorption
spectrophotometer.

Extraction and analysis of heavy metals in plantain
fruits and cassava tubers

The plantain and cassava samples were brought out of the
refrigerator and kept in clean polythene bags and allowed
to attain room temperature. The epicarps and mesocarps of

plantain piliferous layers and cortex of cassava were cut
into pieces and oven dried at 85°C to constant weight. The
dried samples were ground into powdery form and labeled.
One gram of each ground sample was weighed into 100 ml
beaker. Five milliliter concentrated nitric acid and 2 ml
perchloric acid were added and heated in a fume cupboard
to almost dryness. Then, 10 ml of deionised water was
added and the solution was properly stirred and filtered
with Whatman filter paper. Blank samples were prepared
in the same procedure with deionised instead of plantain or
cassava sample. The filtrate of each sample was aspirated
into the flame of AAS along with standard solution.

RESULTS

Physicochemical parameters of soil samples

The results of the physicochemical properties of soil
samples from test locations: Eleme, Ogoni and Okrika
(Rivers State), Ugwusimon, and Nkwuba (Ebonyi State)
are presented in Table 1. The physicochemical parameters
analyzed in the soil samples include Total Organic
Carbon, Water Holding Capacity, Total Nitrogen, pH,
Available Phosphorus, and PAH.

Total Organic Carbon was lowest in Nkwuba (non oil-
producing area) 0.29% 0.0 % and highest in Ogoni (oil-
producing area) 2.126+ 0.0 %. The water holding capacity
of the soil samples varied significantly from each other
with soil from Ogoni (oil-producing area) having the
highest value (64+0.1 %) while soil from Ugwusimon had
the lowest value (20.3+0.2 %). There was no significant
difference (P<0.05) in pH of Ogoni and Okrika (oil-
producing areas) but each was significantly lower than the
level of 7.74+ 0.0 in Ugwusimon (non oil-producing area).
Available phosphorus of soil samples varied significantly
from each other with soil from Ogoni (oil-producing area)
having the highest value (78.75+ 0.0 mg/kg) while
Ugwusimon (non oil-producing area) had the lowest value
(10.57+ 0.0mg/kg). Total Nitrogen of soil samples varied
significantly from each other with soil from Ugwusimon
(non-oil producing area) having the highest value (2.632+
0.0 %) while Eleme (oil-producing area) had the lowest
value (0.147+ 0.0%). PAH of soil samples varied
significantly from each other with soil from Okrika (oil-
producing area) having the highest value (12.602+ 0.0
mg/kg) while Nkwuba (non oil-producing area) had the
lowest value (2.130£ 0.0mg/kg).

TABLE 1. Mean concentration + S.D of physicochemical parameters of soil samples

Parameters Eleme Ogoni Okrika Ugwusimon  Nkwuba
Total organic carbon (%) 1.697+0.0° 2.126+0.0°  1.860+0.0°  0.33+0.0° 0.29+0.0°
Water holding capacity (%) 35+0.3° 64+0.1° 40.5+0.8° 20.3+0.2° 30.0+0.2°
Total nitrogen (%) 0.14740.0° 0.184#0.0°  0.167#0.0°  2.632+0.0°  1.020+0.0°
pH 6.30+0.1*  6.10+0.1° 6.20+0.0° 7.74%0.0°% 7.04+0.0°
Available phosphorus (mg/kg) ~ 18.59+0.0°  78.75+0.0°  25.70+0.2°  10.57#0.0°  14.100.1°
Pah (mg/kg) 7.470£0.0° 10.304+0.1° 12.602+0.0° 2.626+0.2°  2.130%0.0°

Values are mean standard deviation of triplicate determinations.
Values in the same row bearing the same superscript letters are not significantly different at 5% level.
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FIGURE 1: A bar chart showing the mean concentrations of physicochemical parameters of soils from different locations

Mean concentrations of the Heavy Metals + S.D in the
soil samples.

The results of the mean concentrations of the Heavy
Metals = S.D in the soil samples from test locations:
Eleme, Ogoni and Okrika (Rivers State), Ugwusimon, and
Nkwuba (Ebonyi State) are presented in Table 2. The
Heavy metals analyzed in the soil samples include Zinc,
Iron, Copper, Lead, Chromium, Cadmium, Cobalt,
Manganese, Mercury and Nickel. Zn in soil samples
varied significantly from each other. There was no
significant difference (P<0.05) in Fe levels of Ugwusimon
and Nkwuba (non-oil producing areas), but each was

significantly lower than the level of 5245+4.9Mg/Kg in
Okrika (oil producing area). Cu of soil samples varied
significantly from each other with Cu from Eleme having
the highest value (5.20+ 0.0Mg/Kg) while Ugwusimon
(non-oil producing area) had the lowest value (1.22+
0.0Mg/Kg). There was no significant difference (P<0.05)
in Pb levels of Ugwusimon and Nkwuba (non-oil
producing areas) but each was significantly lower than the
level of 0.51+ 0.0 and 0.32+ 0.0 (Mg/Kg) for Eleme and
Okrika, respectively (oil producing areas). Hg and Ni
were below detectable limits in all the soil samples.

TABLE 2: Mean concentration of the metals + S.D in the soil samples

Heavy metals (mg/kg) Eleme Ogoni Okrika Ugwusimon Nkwuba
Zinc 2.31+0.0° 1.67+0.0° 1.43+0.0° 8.24+0.0° 6.32+0.1°
Iron 4167.2+13.8°  2640.4+1.1° 5245+4.9° 14.40+0.1° 15.10+0.1°
Copper 5.20+0.0° 3.31+0.0° 4.15+0.0° 1.22+0.0° 2.30+0.0°
Lead 0.51+0.0° 0.19+0.0° 0.32+0.0° 0.0+0.0° 0.13+0.0°
Chromium 9.16+0.0° 7.56+0.0° 4.260.0° BDL BDL
Cadmium 0.22+0.0° 0.13+0.0° 0.11+0.0° BDL BDL
Cobalt 1.38+0.0° 0.63+0.0° 1.10+0.1° 0.2+0.0° 0.18+0.0°
Manganese 46.28+0.1° 30.85+0.1°  40.02+0.0°  2.46+0.0° 1.96+0.0°
Mercury BDL BDL BDL BDL BDL
Nickel BDL BDL BDL BDL BDL

Values are mean xstandard deviation of triplicate determinations.
Values in the same row bearing the same superscript letters are not significantly different at 5% level.
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FIGURE 2: A bar chart showing the mean concentrations of heavy metals in the soil from different locations
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Mean concentrations of the Heavy Metals £ S.D in the
Cassava samples

The results of the mean concentrations of the Heavy
Metals + S.D in the cassava samples from test locations:
Eleme, Ogoni and Okrika (Rivers State), Ugwusimon, and
Nkwuba (Ebonyi State) are presented in Table 3. The
Heavy metals analyzed in the cassava samples include
Zinc, lIron, Copper, Lead, Chromium, Cadmium, Cobalt,
Manganese, Mercury and Nickel. There was no significant
difference (P<0.05) in the Cd levels of cassava from
Eleme and Ogoni (oil-producing areas), but each was
significantly higher than the value of 0.05+ 0.0 and -0.01+
0.0 Mg/Kg in Ugwusimon and Nkwuba, respectively,
(non-oil producing areas). Mn levels in cassava samples
varied significantly from each other. Mn was lowest in

cassava from Nkwuba with 4.86+ 0.0 Mg/Kg and highest
in Eleme (20.54+ 0.0Mg/Kg). Co levels varied
significantly from each other in cassava smples form
Eleme, Ogoni and Okrika (oil producing areas) with that
of Ogoni having the highest level (1.0 0.0 Mg/Kg).
Meanwhile there was no significant difference in Co levels
of cassava from Ugwusimon and Nkwuba (non-oil
producing areas) with Co level from Nkwuba having the
lowest value (0.09+ 0.0Mg/Kg). There was no significant
difference (P<0.05) in the Cu levels of cassava from
Ogoni and Okrika (oil-producing areas), but each was
significantly higher than the value of 0.95% 0.0 Mg/Kg in
cassava from Ugwusimon (non-oil producing areas).

Hg and Ni were below detectable limits in all the cassava
samples.

TABLE 3: mean concentrations of the metals + S.D in the cassava samples

Heavy metals(mg/kg) Eleme Ogoni Okrika Ugwusimon  Nkwuba
CD 0.10+0.0° 0.14+0.0° 0.85+0.0°  0.05+£0.0° -0.01+ 0.0°
ZN 6.22+ 0.0° 425+0.1" 4.87+0.0° 6.31+0.1° 8.18+0.1°
PB 0.99+ 0.0 0.81+0.0° 0.10+0.0° 0.60+0.0°  0.76+0.0°
Ccu 3.08+0.2% 2.86+0.1™ 2.65+0.0® 0.95+0.0° 1.14+0.1°
FE 8.50+ 0.3 9.65+0.2° 856+0.1°  4.23+0.0° 3.61+0.1°
co 0.96+ 0.0° 1.00+£0.0° 0.82+0.0° 0.10+0.0°  0.09+ 0.0
MN 20.54+ 0.0*  10.30+0.0° 12.11+0.2° 5.24+0.0°  4.86+0.0°
CR 0.58+0.1° 0.78+0.0° 0.70£0.0®  0.003+0.0° 0.005+ 0.0°
NI BDL BDL BDL BDL BDL

HG BDL BDL BDL BDL BDL

Values are mean *standard deviation of triplicate determinations.
Values in the same row bearing the same superscript letters are not significantly different at 5% level.
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FIGURE 3: A bar chart showing the mean concentrations of heavy metals in the cassava samples from different locations

Mean concentrations of the Heavy Metals + S.D in the
Plantain Fruits samples

The results of the mean concentrations of the Heavy
Metals £ S.D in the Plantain Fruits samples from test
locations: Eleme, Ogoni and Okrika (Rivers State),
Ugwusimon, and Nkwuba (Ebonyi State) are presented in
Table 4. The Heavy metals analyzed in the Plantain Fruits
samples include Zinc, lIron, Copper, Lead, Chromium,
Cadmium, Cobalt, Manganese, Mercury and Nickel. There
was no significant difference (P<0.05) in the Cd levels of
plantain from Eleme and Ogoni (oil-producing areas), but
each was significantly higher than the values of -0.01+ 0.0
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Mg/Kg and 0.01+ 0.0 Mg/Kg in cassava from Nkwuba and
Ugwusimon, respectively (non-oil producing areas).

There was no significant difference (P<0.05) in the Zn
levels of plantain from Eleme, Ogoni and Okrika (oil-
producing areas).Zn was lowest in plantain from Okrika
(4.63+ 0.0 Mg/Kg). Plantain from Nkwuba (nhon-oil
producing areas) recorded the highest Zn value (10.26+
0.0 Mg/Kg). Cu levels varied significantly from each
other in all the plantain test samples with that of Eleme
(oil producing area) having the highest level (2.67+ 0.0
Mg/Kg). Fe levels varied significantly from each other in
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all the plantain test samples. Nkwuba (non-oil producing
area) recorded the lowest level (3.15+ 0.1 Mg/Kg).

Mn levels varied significantly from each other in all the
plantain test samples. Ugwusimon (non-oil producing
area) recorded the lowest value (3.64+ 0.0 Mg/Kg). While

ISSN 2229 — 6441

Eleme (oil producing area) had the highest value (15.84+
0.0 Mg/Kg).

Hg and Ni were below detectable limits in all the cassava
samples.

TABLE 4: mean concentrations of the metals + S.D in the plantain fruits samples

Heavy metals(mg/kg) Eleme Ogoni Okrika Ugwusimon  Nkwuba
CD 0.10£0.0° 0.11+0.0° 0.70+0.0° 0.01+0.0° -0.01+ 0.0°
ZN 551+ 0.8* 5.20+0.2*° 4.63+0.0° 7.28+0.1° 10.26+ 0.0°
PB 0.83+0.0° 0.62+0.0° 0.09+0.0° 0.52+0.0° 0.80+ 0.0°
cu 2.67+0.0° 2.25+0.1° 1.83+0.0°  0.30+0.0° 1.02+0.0°
FE 6.62+0.0°  10.20+0.1° 7.80+0.1°  4.15+0.0° 3.15+0.1°
co 0.86+0.0° 0.98+0.0° 0.92+0.0° 0.07+0.0° 0.09+ 0.0
MN 15.84+ 0.0* 12.68+0.0° 6.39+0.1°  3.64+0.0° 4.35+0.0°
CR 0.54+0.1* 0.67+0.0° 0.66+0.0*  0.003+0.0° 0.004+0.0°
NI BDL BDL BDL BDL BDL

HG BDL BDL BDL BDL BDL

Values are mean standard deviation of triplicate determinations.
Values in the same row bearing the same superscript letters are not significantly different at 5% level.
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FIGURE 4: A bar chart showing the mean concentrations of heavy metals in the plantain fruits samples from different
locations

DISCUSSION

Heavy metals are chemical elements mostly with density
greater than 4g/cm® found in some soils, rocks and water
interrestrial and freshwater ecosystems. Their presence is
determined by anthropogenic activity, rock types present,
and industrial waste discharge in the area. They occur in
typical background concentrations in these ecosystems.
However anthropogenic releases and industrial waste
discharge can lead to higher concentrations of these metals
relative to their normal background values. When this
occurs, heavy metals are considered serious pollutants
because of toxicity, persistence and nondegradable
conditions in the environment, thereby constituting threat
to human beings and other forms of biological life (Tam
and Wong, 2000;Yuan et al., 2004; Nwuche and Ugoji,
2008; Aina et al.,2009; Mohiuddin et al., 2010). Heavy
metal pollution refers to cases where the quantities of
these elements in soils are higher than the maximum
allowable concentrations, and this is potentially harmful to
biological life at such locations. As noted by Gazso
(2001), heavy metals come from a variety of sources but
human economic activities such as coal and metal ore
mining, chemical manufacturing, petroleum mining and
refining, electric power generation, melting and metal
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refining, metal plating and to some extent domestic
sewage are principally responsible. As observed by Begun
et al., 2009), large quantities of pollutants have
continuously been introduced into ecosystems as a
consequence of urbanization and industrial processes.
Metals are persistent pollutants that can be biomagnified
in the food chains, becoming an integral part of life and
thus increasingly dangerous to human beings and wildlife.
Zinc, Cadmium, Lead, Cobalt, Copper, Iron, Manganese,
Chromium, Nickel and Mercury levels were investigated.
The result showed that cadmium in cassava from Okrika
(oil producing area) (0.1+0.0-0.85+0.0mg/kg) was
significantly higher than cadmium levels in cassava from
Ebonyi State (non-oil producing areas) which were below
detectable levels. Chronic cadmium exposures result in
kidney damage, bone deformities, and cardiovascular
problems (Goyer and Clarkson, 2001). Human diseases
have resulted from consumption of cadmium contaminated
foods (Kobayashi, 1978; Nogawa et al., 1987). The threat
that heavy metals pose to human and animal health is
aggravated by their low environmental mobility, even
under high precipitations, and their long term persistence
in the environment (Mench et al., 1994; Chirenje et
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al.,2004). The average biological half-life of Cd, another
accumulation poison similar to lead, has been estimated to
be about 18years (Forstner, 1995). Two possible reasons
for cadmium being below detectable levels in Ebonyi State
may be ascribed to low occurrence of Cd in soil. The first
is that the aggregate of Cd levels in the soil was below
detectable levels. The other explanation is the mobility of
Cd through the soil layers. Cadmium tends to be more
mobile in soil systems than many other heavy metals
(Alloway, 1995). The result showed that cadmium in
plantain from oil producing areas (Okrika, Ogoni and
Eleme) were higher than cadmium levels in plantain from
Nkwuba and Ugwusimon (non-oil producing areas). This
may suggest that the populations feeding on plantain from
these oil-producing areas are at higher risk of cadmium
toxicity than those feeding on plantain from Ebonyi State.
The accumulation in the system may lead to acute
cadmium poisoning which includes high blood pressure,
kidney damage, destruction of testicular tissue and
destruction of red blood cells (Goyer and Cherian,
1992).Chronic cadmium exposures result in kidney
damage, bone deformities, and cardiovascular problems
(Goyer and Clarkson, 2001).

In pregnant women, normal dietary level exposure of
cadmium may cause teratogenic and mutagenic effects on
the foetus (Macrae et al., 1993). The level of lead ranges
from 0.99mg/L in Eleme, 0.6mg/L in Ugwusimon,
0.76mg/L in Nkwuba, 0.8mg/L in Ogoni, and 0.12mg/L in
Okirika. These were relatively high when compared with
WHO standard of 0.1mg for lead except for Okirika
(0.1mg/L) which is close to the WHO standard. Lead (Pb)
is the most common environmental contaminant found in
soils. Unlike other metals, Pb has no biological role, and is
potentially toxic to microorganisms (Sobolev and Begonia,
2008). Its excessive accumulation in living organisms is
always detrimental. Thus, Pb exposure can cause seizures,
mental retardation, and behavioral disorders inhuman
beings. Hence, people of Eleme, Ugwusimon, Nkwuba
and Ogoni are at risk of lead toxicity from underground
water and crops cultivated in the area. Reasons for
elevated Pb levels in soil are basically anthropogenic. Due
to past uses of lead in industrial processes and consumer
products (for example paint, gasoline, diesel, other
petrochemicals, accumulators), urban soils often contain
high lead concentrations, up to 1840 mg.kg-1 or more
(Curtis and Smith, 2002). High concentration of lead can
cause harmful effects in humans like vomiting, kidney
damage and neurological effect in children (Sobolev and
Begonia, 2008). Garri from cassava and plantain are
common food consumed daily by Nigerians in large
quantities. Therefore, lead concentrations could be
cumulative and can easily cross the placenta and damage
the foetal brain in pregnant women and may also cause

development of autoimmunity, such as rheumatoid
arthritis, diseases of kidneys, nervous system and
circulatory system (Casarett and Doull, 1996). The

populations most affected by consumption of
contaminated farm products are pregnant women and
young children (LeCoultre, 2001). Soils contaminated
with lead have been reported to decrease the growth and
yield of plants (Balba et al., 1991). For zinc concentration
in cassava, Eleme had 6.22mg/L, Ugwusiomon 6.31mg/L,
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Nkwuba 8.18mg/L, Ogoni 4.26mg/L and Okirika
4.86mg/L. These are relatively lower than the WHO
standard of 15mg. However, zinc concentration of
plantain, in Eleme had 5.51mg/L, Ugwusiomon
7.28mg/L, Nkwuba 10.26mg/L, Ogoni 5.20mg/L and
Okirika 4.63mg/L. These are relatively lower than the
WHO standard of 15mg. Zn is essential to plants and
animals in very low concentrations by serving as
components of enzymes, structural proteins, pigments and
also helping to maintain the ionic balance of cells
(Kosolapov et al., 2004). These and other trace elements
are important for proper functioning of biological systems
and their deficiency or excess could lead to a number of
disorders. Mercury and Nickel were below detection levels
in all cassava and plantain from both oil-producing and
non-oil producing areas. This indicates non-assumption
and contamination from anthropogenic source.

Heavy metals have been found in cassava and plantain
and this has a potential health hazards to man through the
dietary pathway in Nigeria (Obiajunwa et al., 2001).
Uptake of heavy metals is increased in plants that are
grown in areas with increased soil concentrations of heavy
metals (LeCoultre, 2001). This study has revealed high
concentration of heavy metals especially lead in cassavas
and plantain from different locations where oil exploration
activities are carried out in Rivers State compared to non-
oil exploration sites in Ebonyi State and WHO standard.
These findings are indicative of industrial pollution which
is detrimental to health.

REFERENCES

Aina, M., Matejka, G., Mama, D., Yao, B. and
Moudachirou, M. (2009) Characterization of stabilized
waste: evaluation of pollution risk. Int’lJournal on
Environment, Science and Technology. 6(1): 159-165.

Akwiwu, C.D., Nwajiuba, C.U., and Nnadi, F.N. (2002)
Pollution and agro forestry practices of farmers in Imo
State: Implication of household livelihood. Paper
presented at 36th Annual Conference of the Agricultural
Society of Nigeria held at the Federal University of
Technology, Owerri, 20-24.

Alloway, B.J (1995) Cadmium. In: Heavy Metals in Soils,
Second Edition (BJ Alloway, ed.). Blackie, New York, p.
122-151.

Balba, A., Shibiny, G. and El-Khatib, E. (1991) Effect of
Lead increments on the yield and lead contemporary of
tomato plants. Journal on Water, Air and Soil Pollution, 4,
57-58; 93-99.

Beaumont, J.J., Sedman, R.M., Raynolds, S.D., Sherman,
C.D., Li, H.L, andHowd, R.A. (2008) Cancer mortality in
Chinese population exposed to hexavalent chromium in
drinking water. Epidemiology (19): 12-23.

Begum, A., Ramaiah, M., Khan, I., and Veena, K. (2009).
Analysis of Heavy Metals Concentration in Soil and
Litchens from Various Localities of Hosur Road,
Bangalore, India. E-Journal on Chemistry.6(1): 13-22.



1.J.S.N., VOL.5 (3) 2014: 486-493

Casarette, E. and Doull, G. (1996) Heavy Metals and
Health World Resources Institute, Washington. P. 23-34.

Chirenje, T., Ma, L., Reeves, M.and Szulczewski, M.
(2004). Lead Distribution inNear- Surface Soils of Two
Florida Cities: Gainesville and Miami. Geoderma, 119:
113-120.

Costa, M. and Klein C.B. (2006) Toxicity and
carcinogencity of chromium compounds in humans. Crit
Rev Toxicology (38), 155-163.

Curtis, L.R, Smith, B.W (2002) Heavy Metal in
Fertilizers: Considerationsin ~ Setting Regulations in
Oregon. Oregon Department of Agriculture, Salem,
Oregon, p. 10.

Daniel-Kalio, L.A. and Braide, S.A. (2004) The effects of
oil spillage on a cultivated wetland of the Niger Delta.
JNES, 2(2), 153-158.

Duru, P. O. (2005) Impact of oil spillage on soils in some
oil producing communities of Imo State. Unpublished
Ph.D Desertation, Imo State University, Owerri p.238.

Evoh, C. (2002). Gas flares, oil companies and politics in
Nigeria.  Retrieved  21st March 2002  from
http://www.waado. org/environment

Ezebuiro, P.E. (2004) A review of effect of oil pollution in
West African environment. Journal on Environment, 1(3),
62-68.

Fieldler, N., Weisel, C., Lynch, R., Kelly-McNeil, K.
Wedeen, R.,and Jones, K. (2003) Cognitive effects of
chronic exposure to lead and solvents. American Journal
Ind Med, 44(4), 413-423.

Forstner, U. (1995) Land Contamination by Metals:
Global Scope and Magnitude of Problem. In: Metal
speciation and contamination of soil. Allen H E, Huang
CP, Bailey GW, Bowers AR (eds) CRC Press: Boca
Raton, FL, p. 1-33.

Gazso, L.G. (2001) The Key Microbial Processes in the
Removal of Toxic Metals and Radionuclides from the
Environment. A review Euopean Journal on Occupation,
Environment and Medicine,7(3): 178-185.

Goyer, R.A, Clarkson, TW (2001) Toxic Effects of
Metals. In, Casarett and Doullis Toxicology: The Basic
Science of Poisons, Sixth Edition (C.D. Klaassen, ed.) Mc-
Graw-Hill, New York, p. 861- 867.

Goyer, R.A. and Chevian, M.G. (1992) Role of
Metalloprotein in Human Placenta and Rat exposed to
cadmium. Cadmium in the Human Environment, Toxicity
and Carcinogenicity. 7, 239-247.

Grigg, J. (2004) Environmental toxins: their impact on
children’s health. Arch Dis Child 89:244-250.

492

ISSN 2229 — 6441

Ikelegbe, A. (2004) Crisis of resistance, youth militants,
crime and violence in the Niger Delta Region of Nigeria,
African Studies Center Seminar, Leiden, The Netherlands,
5th August.

Jarup, L and Alfven, T. (2004) Low level cadmium
exposure: renal and bone effects — The OSCAR study,
Biometals 17(5), 505-509.

Kalili, A., Ebadi, T., Rabbani, A., and Sadri Moghaddam,
S. (2011) Response surface methodology approach to the
optimization of oil hydrocarbon polluted soil remediation
using enhanced soil washing. Int. Journal on
Environ Sci Tech, 8(2), 389-400.

Kobayashi, J. (1978) Pollution by Cadmium and the Itai-
itai Disease in Japan. In: Toxicity of Heavy Metals in the
Environment. Oehme, F.  W. (ed.) Marcel Dekker Inc.,
New York, p. 199-260.

Kosolapov, D.B, Kuschk, P., Vainshtein, M.B, Vatsourina,
A.V, Wiebner, A.,Kasterner, M., and Miler, R.A (2004)
Microbial Processes of Heavy Metal Removal from
Carbon Deficient effluents in constructed wetlands.
English Life Science, 4(5): 403-411.

LeCoultre, D. (2001) A metal-Analysis and Risk
Assessment of Heavy Metal uptake in common Garden
vegetables. East Tennessee State University, USA, p. 38-
58.

Liu, H.Y., Probst, A. and Liad, B.H. (2005) Metal
contamination of soils and crops affected by the Cherizhou
lead and zinc mine spill, China. The Science of the
Total Environment, (39), 153-166.

Lubeck, P., Michael, J., and Lipschutz T. (2007)
Convergent interests: U.S.Energy security and the security
of Nigerian democracy. International Policy Report,
Washington: Center for International Policy, February,
2007, p. 40-56.

Luo, W.H, Yuan-Zhang, Y. and Li, H. (2003) Children’s
blood lead levels after the phasing out of leaded gasoline
in Shantou, China. Arch  Environ Health, (58), 184-187.

Macrea, R., Robinson, R.K. and Sadler, M.J. (1993)
Encyclopedia of Food Science, Food Technology and
Nutrition, New York Academic Press p., 557-565, 2573-
2581, 2665-2672.

Martha, E., Jelovcan, S., Kleinhappl, B., Gutschi, A.and
Barth, S. (2001)The effect of heavy metal on the immune
system at low concentrations. /nt’l Journal on Occupation
Med Environ Health, (14), 375-386.

Mckelvey, W., Charon, G.R. and Jeffery, N. (2007). A
biomonitoring study of lead, cadmium and mercury in the
blood of New York City adults. Environ Health Perspect,
115(10), 1435-1441.



Heavy metals content of food crops grown in oil exploration areas

Mench, M., Didier, V., Loffler, M., Gomez, A., Masson,
P. (1994). A Mimicked in-situ Remediation Study of
Metal-contaminated Soils with emphasison Cadmium and
Lead.Journal on EnvironmentalQuality, 23: 58-63.

Mohiuddin, K.M., Zakir, H.M., Otomo, K., Sharmin, S.,
andShikazono, N. (2010) Geochemical Distribution of
Trace Metal Pollutants in Water andSediments of
Downstream of an Urban River. Int’l Journal on
Environmental Science andTechnology, 7(1): 17-28.

Nkwocha, E.E. and Duru, P.O. (2010) Micro-Analytic
study on the effect of oil pollution on local plant species
and food crops. Advances in Bioresearch, 1(1), 189-198.

Nogawa, K., Honda, R., Kido, T., Tsuritani, I., and
Yamanda, Y. (1987) Limits to Protect People Eating
Cadmium in Rice, based on Epidemiological Studies.
Trace Substance EnvironmentalHealth, 21: 431-439.

Nwuche, C.O, and Ugorji, E.O (2008) Effects of Heavy
Metal Pollution on the Soil Microbial Activity. Int’l
Journal on Environmental Science and Technology, 5(3):
409-414.

Nwuche, C.O. and Ugorji E.O. (2010) Effect of co-
existing plant species on soil microbial activity under
heavy metal stress. Int’l Journal on Environmental
Science. Technology 7(4), 697-704.

Okpara, E.E. (2004) Post-Rio realities of sustainable
development in the Niger Delta Region of Nigeria,
Owerri: Ihem Davis Press. p.109.

Osuji, L.C. and Onojake, C. (2004) Trace heavy metals
associated with  crude oil: A case study of Ebocha-8-oil
spill polluted site in Niger Delta, Nigeria. Journal of
Chemistry and Biodiversity 1(2), 1569-1577.

Osuji, L.C. and Ezebuiro, P.E. (2006) Hydrocarbon
contamination of a typical mangrove floor in Niger Delta.

493

In¢’l Journal on Environ Science and Technology, 3(3),
313-320.

Otitoloju, A.A. and Udosen, U.M. (2004) Observation of
synergistic interactions in mixtures of crude oil and
dispersants tested against earthworm Eudrilus eugeniae.
Journal of Nigerian Environmental Society, 2(2), 163-168.

Satarug, S. and Moore, M.R. (2004) Adverse health effects
of chronic exposure to low level cadmium in foodstuffs
and cigarette smoke. Environ Health Perspect (112),1099-
1103.

Sobolev, D,and Begonia, M.F.T(2008) Effects of Heavy
Metal Contamination upon Soil Microbes: Lead-induced
Changes in General and Denitrifying Microbial
Communities as Evidenced by Molecular Markers. Int’l
Journal on Environmental Research and Public Health,
5(5)451.

Tam, N.F.Y, and Wong, Y.S (2000) Spatial Variation of
Heavy Metals in Surface Sediments of Hong Kong
Mangrove Swamps. Environmental Pollution, 100(2):
195-205.

Ufot, O., Uwakwe, V.C., Akande, O. and Lekwa, G.
(2003).The effects of oil  exploration on the soil of
Izombe in Imo State, Nigeria. Paper presented at 28th
Annual Conference of the Soil Science Society of Nigeria
at the National Root Crop Research Institute, Umudike,
Abia State, p.4-7.

Yuan, C.J, Shi, B., He, J., Liu, L., and Jiang, G. (2004)
Speciation of Heavy Metals in Marine Sediments from
the East China Sea by ICP-MS withSequential
Extraction.int’l Journal on Environment,30(6):769- 783.

Zhang, J.D. and Li, X.L. (1987) Chromium pollution of
soil and water in Jinzhou [in Chinese], Zhonghua Yu Fang
Yi Xue Za Zhi (21), 262-262.



