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Abstract: Plant fruits and vegetables grown on mixed waste dumpsites were used as bio indicators of heavy
metal pollution of three waste dumpsites in Ilorin Kwara State Nigeria.

The samples were digested using Wet-oxidation method and heavy metals in the digest were analyzed by Atomic
Absorption Spectrophotometer Technique. Carica Papaya, Musa Spp and Cocorhrous Olitorous samples were
collected from contaminated and uncontaminated sites.

Copper concentrations of carica- papaya, Musa spp, and cocorhrous olitorous from the contaminated sites were
found between 0.15-0.23 mg/kg in Abayawo, 0.13 mg/kg in Okolowo, and 0.10 mg/kg in Itanmo. Zinc was found
between 21.25-42.75mg/kg in Abayawo, 20.00 mg/kg in Okolowo, and 11.00 mg/kg in Itanmo. Pb and Cd were
found below the detection limit of the instrument.

Heavy metals in the uncontaminated site samples were found between 0.10-0.23 mg/kg Copper, 0.75-31.75
mg/kg Zinc. Cadmium and lead were found comparatively below detention limits in all the samples.

Mean concentrations of metals were higher in Abayawo dumpsite than other dumpsites. The mean concentration
of Cu 0.56 mg/kg and Zn 30.75mg/kg are well above the mean concentration of metals from the control site
(Oloje) 0.15 mg/kg and 24.58 mg/kg Copper and Zinc respectively.

Base on this study, the three waste dumpsites are polluted with heavy metals (Copper, Zinc), which can pose
great health risk and hazards on food chain.
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L. INTRODUCTION

The continuing increase in population and the rapid increase of industrial processes particularly in
major cities have led to the emergence of development that have greater impact on human and the environment.
The industrial insurgency gave birth to environmental pollution and the greater volume of industrial chemical
discharges has added to the growing pack of untreated domestic waste which contains heavy metals. The
discarding of domestic, commercial and industrial garbage which may contain toxic materials such as Pb, Cu,
Cd, Hg, Mn, Zn from batteries, insecticides, nail polish cleaners, polyvinyl chloride made containers, pesticides
and other various products in the world is a predicament that continues to grow with human development.
Research has shown that most forms of waste disposal have side effect on the environment, public health, and
local economies [1]. Several heavy metals have been known to be toxic to man for centuries. Numerous
hazardous heavy metals are inhaled by humans and animals almost every day. The major concern with heavy
metals is their ability to accumulate in the environment and thereby passing up the food chain.

Heavy metals are very harmful because of their non-biodegradable nature, long biological half-lives
and their potential to accumulate in different body parts. Most of the heavy metals are extremely toxic because
of their solubility in water. Even low concentrations of heavy metals have damaging effects to man and animals
because there is no good mechanism for their elimination from the body.

Nowadays heavy metals are ubiquitous because of their excessive use in industrial applications.
Wastewater contains substantial amounts of toxic heavy metals, which create problems [2]. Excessive
accumulation of heavy metals in agricultural soils through wastewater irrigation may not only result in soil
contamination, but also affect food quality and safety [3].

Food and water are the main sources of our essential metals; these are also the media through which we
are exposed to various toxic metals. Heavy metals are easily accumulated in the edible parts of leafy vegetables,
as compared to grain or fruit crops [4]. Vegetables take up heavy metals and accumulate them in their edible and
inedible parts in quantities high enough to cause clinical problems both to animals and human beings consuming
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these metal-rich plants. This study thus aimed at assessing the intake of trace metals by plants and vegetables
grown on the waste dumpsites as indication of heavy metals contamination and the probable routes of exposure

II. Materials And Methods

The study sites are the major waste dumpsites located in Ilorin, Kwara State metropolis. They are
Abayawo waste dumpsite, Itanmo waste dumpsite, and Okolowo waste dumpsite. The control samples were
collected from Oloje estate. Abayawo waste dumpsite lies between latitude 08° 30’ 25.2” N and longitude 04°
30" 33.2" E. It is a residential area with over 2000 people. It is an abandoned dumpsite turned to a farmland. It
comprises heterogencous wastes such as paper, plastics, and leathers, wood, sewage sludge, leachates, spent
batteries e.t.c. The dumpsite is characterized by plants averagely growing on it. The activities going on around
the site include farming, poultry, school, residency, and clinic. Itanmo waste dumpsite was a government
approved site for citizens to dump their waste. The dumpsite lies between latitude 08° 29’ 35.8” N and longitude
04° 28’ 56.4" E. It is a mixed site, the site consist of heterogencous municipal wastes such as plastics, leather,
papers, textiles, rubber, broken glasses, industrial waste, tyres, wood, saw dust, Pb batteries. Okolowo dumpsite
is an abandoned waste dumpsite. The dumpsite lies between latitude 08° 32’ 26.2” N and longitude 04° 28’ 56.4"
E. ; it is constituted by heterogeneous municipal wastes such as papers, tyres, textiles, cathode ray tubes,
plastics, rubber, wood, Pb batteries etc. Oloje estate is a residential area with over 3000 people. The estate is
located between latitude 08° 30" 09.2” N and longitude 04° 30" 37.8"” E. Plants are usually grown within the
estate for consumption purpose. Plant samples from this site were used as control samples.

Four pooled samples of different species of carica papaya, musa spp, cocorhrous olitorous were
collected from the contaminated sites into polyethylene bags. The fruits and vegetable eaten by human and
animals were selected based on their availability on the contaminated sites. They were identified at Plant and
Environmental Biology Department Herbarium Unit Kwara State University Malete, Nigeria, thereafter; the
samples were washed under running tap to remove adhered soils. Plant samples were sun dried and oven dried
for 48 hours at 80°C and milled to < 2mm.

Geographical coordinates of sampling points

Study Location Latitude Longitude
Abayawo Fruits &

vegetable Sample 08°30"25.2" 4°30'33.2"
Itanmo Fruits Sample 08° 29’ 35.8" 04° 28' 56.4"
Okolowo Fruits Sample 08° 32" 26.2" 04° 28’ 56.4"
Oloje Fruits &

Vegetable Sample 08° 30" 09.2" 04° 30" 37.8"

All glass and plastic wares used were soaked in detergent solution overnight, thoroughly rinsed under
running tap, soaked in dilute nitric acid for 24 hrs and washed thoroughly with de-ionized water. 10% duplicate
analysis was carried out along with the digestion process as the quality control. Wet ashing/digestion procedure
was chosen for the oxidation of fruits and vegetable samples as adapted from . [6]

1g each of thawed and homogenized whole fruit and vegetable samples were digested using 10 mL
concentrated HNO; at 150°C for 30 minutes on a tectator (digestion Apparatus), until clear solution was
obtained indicating the end of digestion. The digests were allowed to cool, filtered and then diluted to 25 mL in
a standard flask. Pb, Cd, Cu and Zn concentrations in fruits and vegetables were quantified by flame atomic
absorption spectrophotometry (AAS) using a Buck scientific Atomic Absorption machine model 210 VAP
instrument with an air-acetylene flame . The wavelength of Cd, Pb, Cu and Zn were 228.9, 283.2, 324.7,
213.9nm respectively. The values were expressed in mg/kg plants. 10% duplicate analyses were carried out
along with the digestion process to control the accuracy of the methods of analysis. Blind samples which are
solutions of pure analyte with known concentrations were inserted into the sample digests to assess the
performance of the instrumental analysis. Instrumental and procedural blanks were also added to indicate
contamination. Accuracy and precision of the analysis were good in all cases, confirming the validity of the
method used. All the statistical analysis and calculations were done using Microsoft excel 2007. Range,
arithmetic mean, standard deviation were calculated. For statistical analysis of non-detectable concentrations,
the value of the detection limit was assigned. The data was analyzed using Paired sample T- test to find out the
statistical difference between the mean values of heavy metal concentrations in the contaminated and the control
plants.

III.  Results & Discussion
The concentration of heavy metals presents in the fruits and vegetable samples from the three studied
sites and from the control area are shown in Tables 1, 2, and 3 respectively. Range and mean levels of Pb, Cd,
Cu and Zn in the fruits and vegetables are: < ND, <ND, 0.10-0.56 (0.26+0.14) and 11.00-30.75 (20.58+3.65)
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mg/kg respectively. In the sample from the control site, the concentrations of Pb, Cd, Cu and Zn are <ND, <ND,
0.10-0.23 and 0.75-31.75 mg/kg respectively.

Table 1. Mean Concentration of the heavy metal in Abayawo Dumpsite

Sample Carica papaya musa spp Cocorhrous olito.
Cu (mg/kg) 0.18 0.15 0.23

Zn(mgkg)  42.75 21.25 28.25
Pb(mg/kg) ND ND ND

Cd(mg/kg) ND ND ND

ND= Not Detected
Table 2. Mean Concentration of the heavy metal in Okolowo and
Itanmo Dumpsites

Sample Carica papaya.(OK), carica papaya(IT)
Cu (mg/kg) 0.13 0.10

Zn(mg/kg) 20.00 11.00

Pb(mg/kg) ND ND

Cd(mg/kg) ND ND

ND= Not Detected

Table 3. Mean Concentration of the Heavy metal in Oloje site (Control)

Sample Carica papaya musa spp Cocorhrous olito.
Cu (mg/kg) 0.13 0.10 0.23

Zn(mg/kg) 11.25 0.75 31.75

Pb(mg/kg) ND ND ND

Cd(mg/kg) ND ND ND

ND= Not Detected

The concentrations of Zn were several folds higher in the plants from the contaminated sites than in the control
site. Although, the Zn levels in the plants were lower than the recommended limits of 60.0 mg/kg in normal
plant by [6]. Lead levels which range from 30-300mg/ kg have been considered phytotoxic to plants.
Concentrations of Cd, Cu and Zn are within the recommended limits of 0.05-2.0, 5.0-20.0 and 10-150 mg/kg
respectively [7].There is a few studies which also demonstrated contamination of forage plants by metallurgical
activities. [8] reported lead concentration in fodder collected from around Pb/Zn smelter and from non-
industrialized area as 29.06+11.32 ng/g and 2.08+0.22 pg/g, respectively. Also reported that the pasture near
smelter unit contained 325 pg/g of Pb. Human and animals get exposed to non permissible levels of heavy
metals mainly through ingestion of contaminated food and water.

It is important to note from the results of this work that improper disposal of domestic and industrial
wastes could lead to contamination of plants and water with consequent transfer to human. Biological samples
such as blood, milk, air and fingernails have been used as indicator of heavy metal contamination [10].
Presented in Table 4 are the mean (+ SD) carica papaya, musa spp, corchrous olitorous Pb, Cd, Cu and Zn levels
measured in both the contaminated and reference samples.

Table 4. Concentration (Mean + Standard Deviation) of the sites
Sites Cu(mg/kg) Zn(mg/kg) Pb(mg/kg) Cd(mg/kg)

Abayawo 0.56+0.388  30.75+8.95 ND ND

Okolowo  0.13+0.03 20.00+2.00 ND ND
Itanmo 0.10+0.00 11.00+0.00 ND ND
Oloje 0.15+0.06 24.58+9.44 ND ND
Min. 0.1£0.02 11.00+0.01 ND ND
Max. 0.56+0.38 30.75£8.95 ND ND

ND=Not Detected

Udosen and Amusan reported higher metal concentration in plants grown on dumpsites. This could be
as a result of higher metals in the soil at the dumpsites which are subsequently accumulated by the plant grown
on the dumpsites. It is also an indication that the concentration of metals in plant is dependent upon their
concentration in the habitual soil environment [12]. Carica papaya shows the highest concentration of Zn and Cu
in most of the sites than the level in the corresponding musa spp and corchorus olitorous. This is in line with the
report of Justa and mench, micieta and murin. This could be due to low levels of Pb and Cd which interfered
with normal Cu and Zn absorption system [14]. Cu retained in the fruits and vegetable on which human and
animal feed on can be deposited in the organs such as liver and kidney leading to all sorts of chronic copper
poisoning [15]. The results obtained also propose that absorption of trace essential metals in fruit and vegetable
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may not only depend on the total amount in plant, but also on the levels of toxic metals that are co-present in the
dumpsites. Levels of Cu and Zn observed in the control plant samples were lower than those of the sampled
plants. Although the reasons for this sharp difference in concentrations observed cannot be clarified with
certainty. There are two possibilities. The elevated levels may be due to the nature of wastes deposited at the
sites, Secondly; the environment around the control plants might be low in Cu and Zn concentration. In Nigeria,
used rubber tires are usually burnt indiscriminately. The residues from the burnt tires which are known to
contain high levels of Cu and Zn are disposed off in an illegal dumpsite in the vicinity where the plants are
grown. This demonstrates that particular attention has to be paid to the trace Cu and Zn levels in Nigerian fruits
and vegetables. There is scantiness of data on toxic and trace metal concentrations in fruits and vegetables in
Nigeria. Hence, there are no reports in Nigeria to compare the results of the heavy metals concentrations in the
control plants with. In future studies, fruits and vegetables sold in Nigeria markets should be often analysed to
ascertain the trace metals, especially Cu and Zn levels.

IV.  Conclusion

The study showed less outrageous concentrations of Pb, Cd, Cu and Zn dumpsites, which does not
suggest that the dumpsites are free of heavy metals which could have definite adverse impact on the
environment but over a long period of time could start showing up. There is the need to control open dumping of
hazardous waste on land. In addition, it is important to note from the results of this work that improper disposal
of domestic and metallurgical wastes could lead to contamination of forage plants with consequent transfer to
ruminants. Analysis of fruits and vegetables indicated that Zn concentrations can be abnormally raised for
animals and man that continuously graze on contaminated dumpsites. High levels of Zn in fruits and vegetables
can be potential threat to the animals’ health and source of transfer to human. There is the need for proper

management of domestic and metallurgical wastes in order to safeguard the environment and preserve human
health.
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