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ABSTRACT

Field study to investigate the concentrations of some heavy metals in orchards located within the urban
and rural parts of Uyo Local Government located of Akwa Ibom State State. Soil and fruit samples from
the fruit farms were collected and prepared using standard analytical procedures and analytical grade
reagents were used for digestion. A flame type atomic absorption spectrophotometer (AAS) was used
for the analysis of six heavy metal (Zn, Pb, Cd, Cr, Mn and Fe) content of these samples. The result of
the analysis of the soil samples from the urban and rural orchards yielded the following mean
concentrations: Zn, 26.4 and 14.4mg/kg; Pb, 16.1and 10.8mg/kg; Mn, 54.3 and 52.9 mg/kg; Fe, 1013.0 and
143.0mg/kg; Cd, 4.4 and 3.7mg/kg and Cr, 13.9 and 11.8mg/kg respectively. The mean concentrations for
fruit samples from the urban and rural orchards yielded the following mean: Zn, 16.4 and 5.4mg/kg; Pb,
2.6 and 0.80mg/kg; Cr,8.0 and 5.2 mg/kg; Mn, 22.7 and18.1mg/kg; Fe, 332 and 352 mg/kg and Cd, 2.6 and
1.0 mg/kg. These results showed that the concentrations of the metals in samples are comparatively
higher for samples from urban orchards than those from rural orchards with the exception of Fe. The
concentrations of Cadmium at both sites were least while Iron was the greatest. The differences in
heavy metal profile of the orchards in the result could be attributed to the refuse constituent, high
anthropogenic activities and disparities in soil properties leading to the accumulation of the metal ions
in the soil and subsequent translocation into plants. Also, the concentrations of the investigated metals
in the two sites were found to be within their permissible range in soil and could be said to pose no
immediate toxic threat to man or the crop that might be planted on the soil collected from these sites.
Some Recommendations on the proper handling of wastes to reduce possible toxic metal loads at
dumpsites have also been highlighted.
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INTRODUCTION

Heavy metals are elements having atomic weight
between 63.545 and 200.5 g and a specific gravity
greater than four. The elements play essential roles in
biological processes, but at higher concentrations they
may be toxic to the biota and they disturb the biochemical
processes and cause hazards. These elements include
metals (Cd, Hg, Cr, Co, Cu, Zn, Pd, Ni, and Ag) and
metalloids(Se, As, Sb). Most of the trace elements are
transition metals with variable oxidation states and

coordination numbers. These metals form complexes
with organics in the environment thereby increasing their
mobility in the biota and manifest toxic effects
(Narayanan, 2009)

Heavy metals have been reported to have positive and
negative roles in human life. Some like Cadmium (Cd),
lead (Pb) and mercury (Hg) are major contaminants of
food supply and may be considered the most important
problem to our environment while others like iron (Fe), Zn
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and Cu are essential for biochemical reactions in the
body. Generally, most heavy metals are not
biodegradable, have long biological half-lives and have
the potential for accumulation in different body organs
leading to unwanted side effects. The content of essential
elements in plants is conditional, being affected by the
characteristics of the soil and the ability of plants to
selectively accumulate some metals (Aksoy et al., 2000).
Several plants are used widespread for their many
therapeutic and pharmaceutical virtues, especially
antioxidant, anti-tumoral, and anti-infectious activities. A
big part of the world's population still relies on the
benefits of food for the treatment of common illnesses.
Food chain contamination by heavy metals has become a
burning issue in recent years because of their potential
accumulation in bio systems through contaminated water,
soil and air (Amusan , 2005; Shute and Macfie’s , 2003).
Therefore, based on environmental persistent nature and
cumulative behaviour as well as the probability of
potential toxicity effects of heavy metals as a result of
consumption of contaminated plant materials, there is
need to identify the bioaccumulation potential of edible
plants to ensure that levels of these trace elements meet
the agreed international requirements. To this end, this
study is poised to ascertain the levels of heavy metals
accumulation in citrus reticulata growing in Urban and
rural habitats.

Statement of problem

Due to scarcity or high cost of land which may be suitable
for agricultural purposes, it is a general practice, for fruits
farmers to cultivate any land which is available to them
such as old dumpsites and other contaminated areas into
orchards and some farmers who lack access to fertilizers
obtain surface soils enrich with organic nutrients from
dumpsite to be used as organic manure in their orchards
and vegetable farms. Against this background, this study
seeks to evaluate the human health risk which could
arise from consuming fruits and vegetables grown under
such conditions. Shute and Macfie’s (2003) work on the
cadmium and zinc accumulation in soybeans reinforces
the need to monitor concentrations of toxic metals in food
crops.

Justification of the study

This study is catalyzed by the strong zeal to verify the
heavy metal burden of rural and urban orchards in Uyo
Local Government Area of Akwa Ibom State and to
ascertain if eating plants from such areas pose any
health threat. The study is also relevant since it has been
reported that soil contamination may adversely impact
human health when agricultural produce grown in such
area is consumed.

OBJECTIVES OF THE STUDY

The specific objectives of the study include:

To investigate the heavy metal burden of tangerine
orchards soils in uyo Local Government Area.

To investigate the phytoavailability of heavy metals in the
fruits of tangerine harvested from these orchards.

To estimate the implication of consuming the fruits using
transfer factor analysis.

To estimate the soil-plant heavy metals relationship in the
orchards using correlation analysis.

MATERIAL AND METHODS

Samples collection: A total of six orchards were visited (
i.e three in both urban and rural areas). In each of these
orchards, fruits (3-5g in weight) were collected randomly
from healthy citrus plants and soil samples were also
collected at a depth of 0-25cm in a ring form just at the
base of the plant from which the fruits were plucked.
These were used for the heavy metal analyses.

Soil and Plant Sample Digestion:

Samples were ground, mixed, and divided into fine
particles that could pass through a 0.5-mm sieve. Soil
samples were digested by adding 2 g of soil to 15ml of
concentrated nitric acid and perchloric acid at a ratio 1:1,
and allowed to stand for 135 min until the mixture
became colorless. The samples were filtered and washed
with 15 ml of deionized water, and made up the filtrate to
100 ml in a standard flask. Six heavy metals (lead,
manganese, Iron, chromium, cadmium, and nickel) were
determined in the filtrate at their respective wavelengths
using an atomic absorption spectrophotometer (AAS). In
all determinations, the ftriplicate samples agreed very
well. The result given is the mean of three estimations
and was analyzed statistically using the Student t-test.

RESULTS

Table 1 reveals the mean concentration (in mg/kg) of six
(6) heavy metals in the soils of the urban and rural
orchards. Iron was the most abundant of these metals
assessed in these orchards. The mean concentration of
this metal was about 1013.02£7.3 in urban orchards and
143.04+0.1 in rural orchards. Magnesium ranked next
with a mean concentration of 54.3+1.4 and 52.910.1 in
urban and rural orchards respectively. Zinc was found to
reach a concentration of 16.4+0.1 and 24.4+0.2 in the
urban and rural orchards respectively. The concentration
of lead in urban orchards (16.1+0.1) was very close to
that of zinc in the same location but in rural orchards the
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Table 1. Mean (+S.E) Heavy Metal Properties of Soil of the Two Areas.

Urban Rural
Lead(Pb) mg/kg 16.1+0.0 10.8+0.1
Cadmium(Cd) mg/kg 4.4+0.03 3.710.2
Zinc(Zn) mg/kg 26.4+0.1 14.4+0.2
Chromium(Cr) mg/kg 13.9+2.6 11.8+0.75
Manganese(Mn)mg/kg 54.3t1.4 52.9+0.1
Iron(Fe) mg/kg 1013.02+7.3 143.04+0.1

Values are Mean of 3 Replicate

Table 2. Mean (+S.E) of Heavy Metals Present in Plant Fruits from the Two Locations.

Urban Rural
Lead(Pb) mg/kg 2.6+ 0.0 0.8+0.1
Cadmium(Cd) mg/kg 2.410.03 1.0+0.2
Zinc(Zn) mg/kg 16.4+0.23 5.4+0.8
Chromium(Cr) mg/kg 8.0+0.6 5.2+0.75
Manganese(Mn)mg/kg 22.7+1.4 18.0+0.1
Iron(Fe) mg/kg 332.5+1.98 352.9+1.4

Values are Mean of 3 Replicate

Table 3. Heavy Metals Transfer Factor in Plant fruits from the Two Sites

Urban Rural
Lead(Pb) mg/kg 0.33 2.46
Cadmium(Cd) mg/kg 0.41 0.34
Zinc(Zn) mg/kg 0.57 0.44
Chromium(Cr) mg/kg 0.59 0.27
Manganese(Mn)mg/kg 0.16 0.07
Iron(Fe) mg/kg 0.62 0.32

concentration was slightly elevated with a mean value of
10.8+0.2.Chromium present in these soils ranged
between 13.91£2.6 in site 1 up to 15.8+0.75. The least
concentrated of heavy metal found in the soils studied
was cadmium. It had a mean value of 3.7£0.2 and
4.4+003 in urban and rural orchards respectively.

Table 2 shows the bioconcentration (mg/kg) of six (6)
heavy metals in the fruits of Citrus reticulate. From the
table it can be deduced that Iron was the most
concentrated heavy metal in the berries of the species
sampled from the two areas. The phytoavailability value
of 332+1.98 and 352+3.35 was obtained for Iron in urban
and rural orchards respectively. The concentration of
manganese was next to Iron. The berries absorbed up to
22.7+0.10 in urban and 18.0£0.1 of manganese in the
rural orchards. The least absorbed metal was cadmium
having a mean concentration of 2.6+0.1 and 0.85+0.05 in
the urban and rural areas respectively.

Transfer factor (TFm) across the urban and rural
areas for all heavy metals studied was determined in
Citrus reticulate over ground (fruits) part and these values
are presented in table 3. As it is seen from the data
(Table 3) the highest TFm is characteristic of Iron (Fe).
The mass-based transfer factor of this element was 0.33
and 2.46 in the species for urban and rural orchards

respectively.. Aside from these Fe in the rural orchard,
the transfer factor in all cases was less than unity (<1).

DISCUSSION
Heavy Metals in Soil.

From the results, it can be deduced that within the two
orchards, the mean concentration of cadmium is
comparatively less than that obtained for the other metals
and iron is the most sufficient in both soil and harvested
fruits. The ascending order of heavy metal content at
both dump sites followed the pattern
Cd<Pb<Cr<Zn<Mn<Fe. This is bear similarities with the
reports of other researchers (Olarinoye and Kolo, 2010;
Mbong et al., 2013).

A comparison of the mean concentrations of Fe, Pb,
Zn, Mn, Cd and Cr in Table 2 with their corresponding
normal range in natural soil: Fe,100-7000mg/kg; Pb,2-
200 mg/kg; Zn, 10-300mg/kg; Cd, 2-200; and Cr, 2-100
mgkg (Vacera et al, 1999), show that these
concentrations are within their normal range. The mean
concentrations of manganese at both sites were within
the natural range in soils (20-100mg/kg) as given by
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Ademoroti (1990). Generally, the mean concentrations of
the five heavy metals are higher for samples from the
urban area than those from rural area with Fe as an
exception. The difference in metal concentration between
the two areas could simply be attributed to the nature of
soil and level of anthropogenic activities going on in these
areas. Most human activities such as driving, burning and
dumping of electronic / metal waste like empty cans into
the orchards contribute to the elevations in metal levels of
the urban sites (Mbong et al., 2013).

Heavy metal levels in plants

The mean level of heavy metals in fruits of Citrus
reticulate is shown in Table 2. In both orchards, Cd
ranged between 1.0 to 2.6 and Pb ranged from 0.80 to
2.6 mgkg'. Cr present in the studied tissues had a range
of 5.2 to 8.0 and Zn ranged from 5.40 to 16.40 mgkg.
Mn had range of values from 18.01 to 22.75 mgkg™" while
Fe had the greatest concentrations among the metals
investigated in the plant. It had values that fluctuated
between 332.0 to 352.0 mgkg . The relative abundances
of the heavy metals as detected in the the fruits samples
obtained from the orchards followed the sequence:
Fe>Mn>Zn>Cr>Pb>Cd. The levels of the metals in the
plant were generally lower than those of the soils. It has
been reported that high soil pH can stabilize soil toxic
elements resulting in decreased leaching effects of the
soils toxic elements (Li et al., 2005). This may explain the
low absorbability of the elements from the soil solution
and translocation into plant tissues.

The increased heavy metals availability index of the
urban orchard plants could be linked to the indiscriminate
dumping of refuse into these orchards and the use of
humus-rich dumpsite soils as fertilizer in this area. In
confirming this, studies have shown that crops harvested
from soils of the refuse dump sites presented higher
levels of the metals when compared to the those crops
from the control sites (Mbong, et. al. 2013). This may be
interpreted that if the level of these metals in soils is
significantly increased, the plants have the potential of
showing increased uptake of the metals. This is also
supported by studies that plants grown in soils
possessing enhanced metal concentrations have
increased heavy metal ion content (Alloway and Ayres,
1997; Amusan et al., 2005). Also, levels of heavy metals
in plants as revealed in this study; are similar with earlier
reports on plants growing in roadside soils in Kaduna
metropolis (Okunola, et al., 2008; Aksoy et al., 2000).
This confirms that there is a direct relationship existing
between anthropogenic activities like driving in the urban
area and phyto availability of heavy metals in this species
due to the proximity of these orchards to traffic routes.
Correlation analysis between heavy metals in plants and
soil as shown in Table 4 strong and positive correlation
between the concentration of heavy metals in plants
tissues and soil, confirming this relationship. It can

therefore be inferred that with an increase in the amount
of metals in soil, the uptake of metals by plants also
increases. According to Awofolu, 2005 the positive
relationships between plants and soil content of metals
might be a cause of metal toxicities to both plants and
animals through their entry into food chain.

Transfer Factor (TF,)

The Transfer factor (TF,) is a competent technique
developed to assess the level of the metal in the plant as
a fraction of the soils total. Previous studies have
indicated that the uptake of metals by plants differs from
one metal to another, from one plant species to another
and from one dumpsite to the other (Amusan et al., 2005;
Agyarko et al, 2010). The results from this study as
shown in Table 5 and 6 indicated that the uptake of each
metal differs from one dump site to another and from one
plant part to another. This variation might be explained in
terms of the available salts present in the soil which differ
from one dumpsite to the other. The ranges of BCF for
Ipomea batatas and Laportea ovalifolia leaves and roots
in both dump sites ranged differently. The range for each
metal is as follows: Pb: 0.10 to 0.19, Cr: 0.30 to 0.64, Zn:
0.24 to 1.71, Cd: 0.19 to 0.73, Mn: 0.27 to 0.71 and Fe:
0.24 to 2.46 respectively.

The mean BCF value for Zn in | batatas (leaves)
harvested from Site 1 was unity, which indicated that the
concentration of the metal in the plant was equal to that
of the soil while the mean BCF value for Fe in / batatas
and L. ovalifolia (leaves) harvested from Site 2 was
greater than unity indicating a higher concentration of the
metal in the plants than in the soil. The results also
showed that the BCF value for Zn in /. batatas (roots) at
site 1was greater than unity. This indicated that plant
uptake of this metal at the sites were not restricted by pH
or other parameters. In terms of root absorption, Fe also
depicted BCF greater than unity in / batatas and L.
ovalifolia at site 2. Amusan et al (2005) reported that
other factors apart from total soil metal concentration
could influence the bioaccumulation factor (soil plant
transfer ratios). Chambers and Sidle (1991) found that
metal levels in plants highly vary when related to soil
metal levels and according to Fleming and Parle (1977),
the uptake of heavy metals varies widely depending on
the plant species being studied. They also found out that
metal uptake was controlled by such variables like pH,
organic matter content and soil type. Generally most of
the heavy metals are less available to plants under
alkaline conditions than under acid conditions (Hess and
Schmid, 2002). The high level of these metals in the plant
at these sites might be due to direct deposition and foliar
absorption more than the translocation from roots to the
upper part of the plant.
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