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Abstract: The study was conducted on the Jos Plateau metropoly and its environs in Jos North, parts of Jos South and
Barkin-Ladi Local Government Areas of Plateau State, Central Nigeria. The studied area covered south eastern part of
Naraguta sheet 168 NE, extends down North eastern part of Kurra sheet 189NE bounded by Longitude 8°50°E to 9°00°E and
Latitude 9° 26'N to 9°43'N respectively. This area sampled covers a land mass of about 586.25 square kilometer. This study
begins from May, 2009 to March, 2016 at the National Veterinary Research Institute (NVRI), Vom. The aim was to investigate
the effect of trace elements from consumption of crops cultivated on mine domes (spoils). The results presented in this paper
refer to Tomato and Irish-potato, which are the most popular crops planted in that area in 2009-2016 respectively. Energy
Dispersive X-Ray Fluorescence spectrometry(ED-XRFS) method was employed for the analysis of Cu, Fe, Zn, Ni, Pb, Cr and
Mn. This study concluded that all those concentrations are well below threshold limit values accepted in Nigeria. No
significant differences in Cu, Pb and Cr concentrations between the tested Tomato and Irish-potato were found. Zinc
concentration in Potato was significantly lower than in Irish potato. Generally, the study concluded that plant samples were
found to have major, minor and mostly trace elements’ concentrations below the safe values. However, Pb that has high
concentration above the safe value (threshold limit) in Potato is advised not to be cultivated around mine domes, because of its
health adverse effects on the inhabitants.
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1. Introduction

Trace elements play a significant role in many metabolic
processes in plant organisms, but at excessive
concentrations, particularly in soluble forms and easily
available to plants, can cause phytotoxic symptoms. Plant
response to high contamination of soil and air with heavy
metals is extremely variable and depends on many
environmental factors [1] [2]. Soluble and colloidal forms
of heavy metals suspended in a soil solution are the most
important for plant uptake, and the most important factors

influencing their availability and their total concentration
and soil reaction [3]. The accumulation of heavy metals and
metalloids in agricultural soil is of increasing concern
nowadays. Potentially harmful metal in soil may come from
the bedrock itself and anthropogenic sources like solid or
liquid waste deposits, agricultural inputs and fallout of
industrial and urban emissions [4]. Excessive accumulation
in agricultural soils results in soil contamination and has
consequences for food quality and safety. Food is the major
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intake source of toxic metals by human beings. Among food
system, vegetables are the most exposed food to
environmental pollution due to aerial burden. Vegetables
take up heavy metals and accumulate them in their edible
and non-edible parts at quantities high enough to cause
clinical problems to both animals and human beings.
Excessive content of metals beyond Maximum Permissible
level (MPL) leads to number of nervous, cardiovascular,
renal, neurological impairment as well as bone diseases and
several other health disorders [5] [6] [7]. Vegetables are an
essential part of diet and are taken both cooked and in raw
forms by human. Vegetables act as buffering agents for acid
generation during digestion [8], and some metals present in
vegetables are even important biochemically and
psychologically from health point of view. Metals like
cobalt (Co), chromium (III) (Cr), copper (Cu), iron (Fe),
manganese (Mn), molybdenum (Mo), selenium (Se) and
zinc (Zn) help in regulating human metabolism [9].
Manganese is an essential elements act as an activator and
constituent of many enzymes present in human [10]. But
some elements like Pb, Cd, As are very toxic for human.
Lacatusu et al. [11] reported that soil and vegetables
contaminated with Pb and Cd have potential health
implication to the people who consumes those vegetables.
The purpose of the present study was to assess the
concentrations of some selected heavy metals in tomato
fruits and Irish potato tubers cropped in an immediate
vicinity of mine domes, of Jos metropoly and its environs.

2. Materials and Methods
2.1. Study Area

The study was carried out at the Livestock Investigation
Division (LID) of National Veterinary Research Institute
(NVRI), Vom and partly at the University of Jos. Vom is
located in Jos South Local Government Area of Plateau State
and at an altitude of about 42001t (1280m) above sea level. It
is 8° 45’East, 9° 431 North of the Equator with an average
rainfall 1300mm to 1500mm and the rainy season extends
from late March to early October. The average daily
minimum temperature is 17°C and the highest mean monthly
maximum temperature is 31.1°C. The lowest mean monthly
minimum temperature is 13.9°C while the mean relative
humidity at noon varies between 14 and 74%. The altitude

ensures that the area is free from tsetse flies.
2.2. Sampling and Sample Preparation

A total of six samples each of two typical crops Tomato
and Irish potato were chosen for the assessment. In accord
with the reference methods, Plant samples (Tomato and Irish
Potato) where collected both in mined out areas, at areas
outside mine dumps and along stream channels where
irrigation farming are taken place. The method employed was
random sampling, 5-6 samples each of Tomato and Irish
potato were taken as representative samples on each location
(farms) with their corresponding GPS readings. Both potato
tubers and tomato fruits were washed and oven dried at
temperature of about 105°C, measurements was controlled by
inclusion of reference plant materials (NIST-RM 8412,
IAEA-V-10) with a certified content of the analyzed trace
elements.

2.3. Analytical Procedure
2.3.1. Sample Preparation

Twenty gram (20.00g) of the sample is finely grounded to
pass through a 200-250 mesh sieve. Depending on the nature
of the sample, it is dried in an oven at 105 °C for at least one
hour and cooled. After which, the sample is intimately mixed
with a binder in the ratio of 5.0g sample(s) to 1.0g cellulose
flakes binder and palletized at a pressure of 10-15 tons/inch®
in a palletizing machine. At this stage, the palletized
sample(s) are stored in a dessicator for analysis.

2.3.2. Analysis

The machine, ED-XRFS, is switched on and allowed to
warm up for two hours. Finally, appropriate programs for the
various elements of interest are employed to analyze the
sample material(s) for their present or absence. The result of
the analysis is either reported in part per million (ppm) or in
percentage (%), it can also be reported in mg/kg for solid
samples or in mg/ltr for liquid samples. This is applying for
both minor and major concentrations of elements.

3. Results and Discussions

The studied area was all parameters used to generate data
and results were presented below.

Table 1. Mean concentrations of each element analyzed from tomato samples in (mg/kg).

S/No Elements Concentration in mg/kg of tomato samples Mean RangeMin Max
1 Cu 53.5 110.2 63.2 65.5 110.2 54.3 76.2 53.5-110.2

2 Fe 218.2 196.5 3923 189.5 197.3 218.2 235.3 196.5-392.3

3 Zn 6.4 5.6 104.4 612.9 6.4 104.4 140.0 5.6-612.9

4 Cr 21.2 7.5 349 15.7 21.2 21.2 20.3 7.5-34.9

5 Mn 12.4 13.2 209.1 17.8 138.4 139.4 67.5 12.4-209.1

6 Ni 39 7.9 7.9 7.9 7.9 7.9 7.2 3.9-7.9

7 Pb ND ND ND ND ND ND ND ND
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Source: National Centre for Remote Sensing Plateau State, Nigeria.

Figure 1. Geological map showing Locations of sampling sites for Tomato and Irish potato.

Table 2. Mean concentrations of each element analyzed from Irish potato sample in (mg/kg).

S/No Elements Concentrations in (mg/kg) of irish potato samples mean Range Min Max
1 Cu 96.1 103.9 80.7 86.3 73.5 71.1 82.2 71.1-103.9

2 Fe 148.3 29.4 278.4 183.2 504.9 211.9 226.0 29.4-504.9

3 Zn 21.7 20.1 16.1 17.7 14.5 72.3 27.0 14.5-72.3

4 Cr 0.4 1.4 13.7 12.3 15.7 2.7 522 0.4-15.7

5 Mn 17.0 325 333 24.8 37.2 17.0 26.9 17.0-37.2

6 Ni 18.1 15.9 9.5 11.0 12.6 12.6 13.3 9.5-18.1

7 Pb ND ND 1766 1377 1740 ND 1627 ND-1766

Table 3. Ranges of elements and their crustal abundance in plants.

Ranges of plant concentration in (mg/kg) Crustal abundance
Names of elements Min. Range Max. Range Safe (Mg/ke)
Cu 7-30 84-17000 1000 8.7
Zn 21-70 101-49000 2500 11
Mn 31-100 32-9870 - 170
Fe 21-70 - - 10,000
Cr 30 480-1300 200 19
Ni 56 106-544000 300 13
Pb - 1200 - -

Note: Where (ND) = Not Detectable. Sources: [11] [12].
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Figure 2. Graph showing the concentration of trace elements in tomato samples in mg/kg.

Figure 3. Graph showing the concentration of trace elements in Irish potato samples in mg/kg.

All the plants (Tomato and Irish potato) in the study area
are summarized in (Tables 1 and 2) and in the graphs (2 and
3), display a very similar distribution pattern of trace
elements. These similarities suggest that, the geologic
processes associated with the release of these elements from
the host rock and soil is the same. The distribution of trace
element in tomato samples as shown in Table 3, when
compared with the concentration of plants, shows that Cu,
Zn, Mn, Fe, Cr, Ni except Pb that was not detectable (ND)
possesses values below the safe or permissible
concentrations. Similarly, Table 2 shows that Cu, Zn, Mn, Fe,
Cr and Ni except Pb exhibit the permissible concentration [7]
[12].

Copper (Cu); going by the safe concentration. 1000mg/kg
in (Table 3), the arithmetic mean values of copper from the
analysis in both Tomato and Irish potato is 76.2 mg/kg and
82.2 mg/kg respectively from (Table 1 and 2), shows that the
concentration of cupper within the study area is at a non
objectionable rate in plant [2] [7].

The arithmetic mean values of Fe from the analysis of both
Tomato and Irish potato as shown in Tables 1 and 2having
235.3 mg/kg and 211.9mg/kg values respectively. These,
when correlated with its crustal abundance in Table 3,
10,000mg/kg. This showed that, the study area has high Fe
concentration [2].

Cr and Ni concentrations are permissible both in Tomato
and Irish Potato (Table 1 and 2). Their Arithmetic mean
values in tomato and irish potato ranges from 20.3 — 52.2 Cr
and 7.2 — 13.2 Ni. These values are safe in both plants,
except where it goes beyond the safe value in Table 3. This
could cause cancer in man and would be so toxic to Plants
when it exceeds the safe values.

The concentration of Pb 1,627 mg/kg in Irish potato
exceeded the recommended value of 1,200mg/kg (Table 3).
This indicates that, the study area are cultivating and
consuming objectionable concentration of Pb in the Irish
potato. Even though there was no concentration of this metal
was detected in tomato crop. However, the arithmetic mean
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values of Mn, in tomato and Irish potato, 67.5mg/kg and
26.9mg/kg respectively as compared to the standard in Table
3, shows that, the study area has the minimum concentration
of this trace element [13].

In general the plant samples were found to have major,
minor and mostly trace elements’ concentrations below the
safe value as shown in Table 3, however, Pb that has high
concentration above the safe value (threshold limit) in the
Irish potato is advised not to be cultivated, because of its
adverse health effects on the inhabitants [14].

4. Conclusions

In general the plant samples were found to have major, minor
and mostly trace elements’ concentrations below the safe value.
It is note worthy that irish potato accumulated Pb above the
threshold limit which makes unsuitable for consumption.

The anomalous concentration of trace elements in the
analyzed plant crops samples gives evidence of extensive
mineralization and also the anomalous concentration of some
trace elements like Pb, Fe, Cr, Ni, Mn, etc. may also suggested
that there is every tendency for the water to be affected by
these elements due to remobilization into the water phase. The
presence of gorges, abandoned mine, dams, mine pits,
constitute a huge threat to the inhabitants of the area.

The research indicates also that, the prevalent high rate of
cancer in the northern (Upper) part of Plateau State is as a
result of high rate of cultivation and consumption of crops
grown on mine dumps which makes people vulnerable to
these toxic elements.
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