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ABSTRACT

This study determined heavy metal concentrations in soil, water and some vegetables such as
(Spinach (Amaranth caudatus), Lettuce (Lactuca Sativa) and Tomato (Lycopersicon esculentum))
which were freshly harvested within five various farms (Samaila Hardaway farm, Mohammed Koli
farm, MainaBabi farm, Ngatau farm and Sani Chansa farm) at Jawa village in Bade Local
Government Area of Yobe state, Nigeria which were digested and analyzed for heavy metals such
as As, Cd, Ni, Pb, and Cr. The aforementioned heavy metal concentrations were determined using
Micro Plasma Atomic Emission Spectrophotometer MP-AES model 4200 of Agilent. The result of
the analysis shows that all the heavy metals were detected and exceeded the World Health
Organization (WHO) permissible limit. The metals were of the sequence As > Pb > Cd > Ni > Cr in
the descending order. The high level of these heavy metals, especially arsenic place the
consumers of these vegetable crops grown within the study area at health risk like cancer, kidney
failure with time unless an urgent step is taken by relevant agencies to address this issue.

*Corresponding author: E-mail: wadzanidauda@gmail.com;
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1. INTRODUCTION

Heavy metal profiling refers to the process of
viewing heavy metal deposition in soils, plants
and water caused by human activities [1]. Heavy
metals in soil, crops and water include some
significant metals of biological toxicity such as
Cadmium, Lead, Chromium, Arsenic, Nickel and
many others [2,3] In recent years, with the
development of Global economy, both type and
content of heavy metals in soils, crops, and water
caused by anthropogenic activities have
gradually increased resulting in the deterioration
of the environment [4,5,6]. Heavy metals are
highly hazardous to the environment and

organisms. It can be enriched through food chain.

Once the soil suffers from heavy metal
contamination, it is difficult to be remediated.

In the past, soil contamination was not
considered as important as air and water
pollution, because soil contamination was often
wide in range and was difficult to control. Heavy
metals profiling in soil, crops and water is thus
paid more and more attention and becomes a
topic interest as regards to environmental
protection worldwide.

Recently, heavy metals pollution in the
environment has increasingly gathered global
interest. In this respect, contamination of
vegetables with heavy metals has always been
considered critical and challenging among the
scientific community [7]. On the other hand,
release and subsequent deposition of heavy
metals in food product like fruits, vegetables etc.
cannot be over-emphasized. Heavy metals are
mobile and easily taken up by the plants in the
environment [8]. Metals accumulation in
vegetable may pose direct threat on human
health [9]. Many diseases are caused by the
inability of environment to support mineral needs
of human, plants, and animals [10]. Heavy
metals contamination may occur due to irrigation
with contaminated water, addition of chemical
fertilizer and metal-based pesticides, industrial

emission and harvesting process, storage or sale.

These metals, due to their toxicity have potential
hazardous effect not only on plant but also on
human health [11,12]. For instance, lead toxicity
causes reduction of haemoglobin synthesis,
kidney failure, and weaknesses of the joints,
negative effect to the reproductive and
cardiovascular systems and chronic damage to
the central and peripheral nervous systems [13].
During the last decades, the increasing demand

of the safety level of most vegetables have
stimulated research regarding the risk associated
with their consumption as a result of
contamination by pesticides, heavy metals and/or
toxin [14,15,10,16,17]. Vegetable most especially
leafy vegetables accumulate higher amounts of
heavy metals because they absorb these heavy
metals in their leaves [18]. Food safety is a major
concern at present. The increasing demand of
food safety has accelerated research regarding
the risk associated with food consumption
contaminated by heavy metals [19,20]. Heavy
metals in cultivated soils can be transfer to
human through various exposure pathways
causing adverse effects on human health [4].
Hence heavy metals determination in vegetables
is therefore of importance. Constant monitoring
programs for residues and contaminants
contribute to the improvement of food safety.

In this study, we will take a look at toxic elements
level in soil, water and some selected vegetable
crops grown in Bade local government area of
Yobe state, we also hope to explore background,
impact of heavy metals and provide a reference
for local eco-environmental management. This
study is catalyzed by the strong zeal to verify the
elements level both of rural and urban farmland
in Bade Local Government Area of Yobe state
and to ascertain if eating vegetables from such
area poses any health threat to the people of
these communities. This study is also relevant
since it has been reported that soil contamination
may adversely affect human health when
agricultural produce grown in such area is
consumed. The aim of this study focuses on toxic
elements level of soil, water and some crops
grown in Bade local government of Yobe State,
by taking a profile of elements level in water, soil
and crops and determining the factors that
contributes to the deposition of heavy metals in
those area where these crops are grown. E.g.
irrigation using groundwater, anthropogenic
activities and application of metal-based manure,
fertilizer and pesticide.

2. MATERIALS AND METHODS
2.1 Sample Collection

The samples analyzed in this study were
collected at Jawa village north-east of bade local
government area of Yobe state in September
2016. There are several small-scale farms of
vegetables mainly, onion, pepper, tomatoes,
lettuce, and spinach. The farms are located
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behind the houses at Jawa village. These
vegetables are grown during dry season of the
year and irrigated using groundwater. The used
of pesticide is a common practice and as well as
application of manure and fertilizer. Five samples
of water, four samples of tomatoes, four samples
of spinach and two samples of lettuce were
collected randomly from five farms in Jawa
vilage. The samples of vegetable and soil
collected were dried some in the oven at
110°C for 12 hours and others were air-dried to
remove moisture content. The samples were
milled with an electric blender before digestion
[21,22].

2.2 Soil Digestion

1.0 g each of five different soil samples milled
was weighed and added to the test-tubes. A
concentrated nitric acid (HNO;) of 7.5 mL and
perchloric acid (HCIO,) of 2.5 mL (10 mL; aqua
regia) was added to each test-tube containing
different soil samples, the mixture was heated
progressively under reflux for 72 hours. After
cooling, the digest were passed through a pre-
washed filter paper (Whatman filter paper), after
which distilled water was added to the filtrate to
make it up to 50 mL. The prepared samples were
refrigerated in an acid-washed polythene bottles
before analysis.

2.3 Water Digestion

The water samples in plastic containers were
shaken thoroughly and a volume of 5 mL of each
water samples was measured using a 20 mL
measuring cylinder. These were poured into test-
tubes and thereafter 7.5 mL concentrated nitric
acid was added to the mixture and heated in an
oven for 72 hours. After digested, the solution
was filtered and the filtrate transferred to a 60 mL
polythene bottles. The filtrate was made up to the
required mark with distilled water before analysis
[23,5].

2.4 Plant Digestion

1.0 g of well-homogenized plant samples was
weighed into beakers and 10 mL of freshly
prepared acid mixture of NHOz; and HCI (1:3) was
added. The beakers containing the samples were
heated for 2 hours on a hot plate. The mixture
was allowed to cool and then filtered through a
Whatman filter paper into a 60 mL polythene
bottle. The filtrate was diluted to 50 mL with
distilled water before analysis [24].

2.5 Sample Analysis

The samples after digestion were analyzed
using Micro Plasma Atomic  Emission
Spectrophotometer MP-AES model 4200 of
Agilent, to determined heavy metals such as (Pb,
Cr, Cd, Ni, and, As) in the Multi-user laboratory
of Chemistry Department, Ahmadu Bello
University (ABU), Zaria.

3. RESULTS AND DISCUSSION

Below are tables of result showing the level of
elemental concentration in various
samples obtained from Jawa village in Yobe
State Nigeria.

3.1 Discussion

The result obtained revealed that all the metals
analyzed were detected and there were variation

in the values obtained in soil, water, and
vegetable samples respectively. The metal
concentrations obtained in aforementioned

samples were presented in Tables 1, 2, 3, 4, and
5 respectively. The results of the analysis
displayed in the various tables and figures,
shows the concentrations of heavy metal in water,
soil and vegetable samples from various farm
site in Jawa village in Bade local government
area of Yobe state.

Table 1. Mean concentration and standard deviation of heavy metals (mg/L) in groundwater
used for irrigation in Jawa village of Bade local Gov't area of Yobe State

Solution As Cd Ni Pb Cr

SH 8.05+1.64 0.15+£0.12 0.05+0.06 0.26+£0.24 0.031£0.03
MK 8.51+£0.38 0.22+0.01 0.01+£0.01 0.10+0.07 0.03+0.01
MB 2.30+0.62 0.69+0.19 0.09+0.07 3.58+1.69 0.06+0.02
NG 2.59+0.41 0.42+0.02 0.03+£0.02 0.47+0.24 0.04+0.02
SC 6.73+0.61 0.33+0.02 0.08+0.01 0.45+0.05 0.07+0.05
WHO 0.01 0.005 0.01 0.01 0.05

SH= Samaila Hardawa, MK= Mohammed Koli, MB= Maina Babi, NG=Ngatau, SC= Sani Chansa
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Fig. 1. Heavy metal concentrations in Groundwater used for irrigation in Jawa village of Bade
local Gov't area of Yobe State

Table 2. Mean concentration and standard deviation of heavy metals (mg/L) in soils obtained
from various farms in Jawa local government area of Yobe State

Solution As Cd Ni Pb Cr

SH 22.34+10.95 0.97+0.04 4.85+0.40 2.71+0.99 13.42+1.25
MK 53.19+11.31 1.07+0.230 6.04+0.29 7.52+1.11 13.47+0.16
MB 35.31+18.29 1.39+0.09 1.75+0.10 10.61+1.92 11.19+0.50
NG 1748.66+19.12 1.30+0.32 3.25+0.42 2.21+1.13 9.89+0.76
SC 1525.24+11.12 19.42+1.45 20.45+0.72 14.05+2.47 17.59+1.39
WHO 4.5 0.15 2.6 0.15 0.12

SH= Samaila Hardawa, MK= Mohammed Koli, MB=Maina Babi, NG= Ngatau, SC= Sani Chansa

Table 3. Mean concentration and standard deviation of heavy metals (mg/L) in spinach
harvested from various farms in Jawa village of Bade local Gov’t area of Yobe State

Solution As Cd Ni Pb Cr

SH 973.09+42.64 17.46+£3.43 2.21+2.03 8.50+2.35 0.69+0.59
MB 1416.36+£18.13 17.43+£3.22 4.59+1.28 7.75+5.44 2.48+1.45
NG 1173.64+87.91 19.11+0.69 3.76+0.55 14.36+1.35 3.97+2.16
SC 1311.90+£101.58 17.92+0.66 4.05+0.55 8.64+2.68 1.47+1.58
WHO 0.4 0.03 0.8 0.3 0.12

SH= Samaila Hardawa, MB= Maina Babi, NG=Ngatau, SC= Sani Chansa
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Fig. 2. Heavy metal concentrations in soils obtained from various farms in Jawa Local
Government area of Yobe State

Table 4. Mean concentration and standard deviation of heavy metals (mg/L) in Tomato
harvested from various farms in Jawa village of Bade local Gov’t area of Yobe State

Solution As Cd Ni Pb Cr

Mk 903.77+3.25 13.95+1.05 1.23+0.06 13.97+0.13 4.63+0.05
MB 919.76+2.79 13.95+0.24 0.92+0.05 14.27+0.03 4.66+£0.10
NG 965.07+98.80 10.12+1.79 9.37+3.34 24.6316.54 0.91+£1.29
SC 967.87+51.12 15.404£0.69 2.03+0.70 12.1745.37 5.05+0.01
WHO 0.4 0.03 0.8 0.76 0.12

MK= Mohammed Koli, MB= Maina Babi, NG=Ngatau, SC= Sani Chansa

Table 5. Mean concentration and standard deviation of heavy metals (mg/L) in lettuce
harvested from various farms in Jawa village of Bade local Gov’t area of Yobe State

Solution As Cd Ni Pb Cr

SC 770.94+9.25 12.98+0.38 0.14+0.058 4.89+0.17 5.44+0.05
MK 790.65+6.95 12.08+0.30 3.82+0.14 6.52+0.13 9.28+0.28
WHO 0.4 0.02 0.8 0.3 0.12

MK= Mohammed Koli, SC= Sani Chansa
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Fig. 3. Heavy metal concentrations in spinach harvested from various farms in Jawa village of
Bade local Gov’t area of Yobe State

3.2 Arsenic

Table 1, Fig. 1 shows the arsenic concentration
in water sample in various farm sites in Jawa
village of Bade local government area of Yobe
state. The arsenic concentration ranged from
(2.30-851) mg/kg, which was higher than the
permissible value (0.01 mg/L) laid down by the
World Health Organization [25]. [26,27], reported

a mean value of arsenic to be (0.02-0.5)mg/L in
Zaria city of Kaduna state. [28] also reported high
level of arsenic concentration of 0.8 mg/L in
Kutama and 0.77 mg/L in Getso, Gwarzo local
government area of Kano state. [29,30] In
contrast reported arsenic concentration ranged
below detection limit to 0.12 mg/L. [31], reported
arsenic concentration that ranged from 0.010-
0.090 mg/L.
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Fig. 4. Heavy metal concentrations in tomatoes harvested from various farms in Jawa village
of Bade local Gov’t area of Yobe State

Table 2, Fig. 2 show the concentration of arsenic
in soil samples collected from Jawa village. The
concentration of arsenic in the soil samples
ranged from (22.34-1748.66) mg/kg which was
higher than the permissible value 4.5mg/L laid by
[25]. [23,32,33], reported that arsenic exceeded
the threshold value to a larger extent (up to 125
times), value of Cd, Cu, And Zn were only
around ten, eight, and two times higher
respectively. [34] reported that soil from the
forest shows relatively high levels of Arsenic and
Nickel. [35,36], reported that the presence of
arsenic strongly suppressed the uptake of

arsenate by rice plants growing on a polluted soil.

Tables 3, 4, 5, and Figs. 3, 4, and 5 shows the
arsenic concentration in tomato, lettuce, and
spinach respectively which are regarded as
vegetables. The arsenic concentration ranged

from (903.27-965.07) mg/kg in tomato, (973.09-
1416.36) mg/kg in spinach, and (770.94-790.65)
mg/kg in lettuce respectively. All these values
were higher than the permissible value (0.4
mg/kg) stipulated by [25] for the vegetable. The
arsenic concentration in grain of Boro rice first
increased with exposure but then decreased.
[37,38], Reported that range of arsenic
concentrations in water used for irrigation was
high. The observed toxic effect of As
accumulated in grains was far less compared to
range in soil concentration [13]. [39], analysed
numerous rice, and seafood samples, the
percentage of inorganic arsenic was at least 50
percent with maximum values of more than 90
percent. [13,40], cited that high arsenic
concentration causes weakness of the body,
poor appetite, vomiting, headache, damage to
the nervous system and cancer.
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Fig. 5. Heavy metals concentrations in lettuce harvested from various farms in Jawa village of
Bade local Gov’t area of Yobe State

3.3 Cadmium

Table 1, Fig. 1 shows the concentration of
cadmium in water samples in various farm sites
in Jawa Village of Bade local government area of
Yobe state. The concentration of Cadmium
ranged from (0.15-0.69) mg/kg which was higher
than the permissible value (0.005 mg/L)
stipulated by [25]. [41], reported that high level of
Cadmium in water from Kirisia division compared
to Lorroki results from sewage sludge was due to
human activities such as; excretion, domestic
produce and storm water containing particles of
rubber. Table 2, Fig. 2 shows the concentration
of Cadmium in soil samples in Jawa village. The
concentration of cadmium in the soil samples
ranged from (0.97-1748.66) mg/kg which was
higher than the permissible value (0.15 mg/kg)
stipulated by [25]. In contrast [42], reported a

lower level of Cadmium (3.4mg/kg) in the
wastewater irrigated soil in Zimbabwe. [43],
Reported high values of Cadmium located

principally in Monterrey shale area of California,
known to be a geological source of cadmium.
Tables 3, 4, 5 and Figs. 3, 4 and 5 shows the
concentration of Cadmium in tomato, lettuce
and spinach respectively. The cadmium
concentration ranges from (10.12-15.40) mg/kg
in tomato, (17.43-19.11) mg/kg in spinach and
(12.08-12.98) mg/kg in lettuce respectively. All
these values were higher than the permissible
value (0.02 mg/kg) laid down by [25] for
vegetable. High concentration of cadmium in
leafy vegetables increased in the soil as was
reported by [44]. The concentration of Cadmium
inedible portion of palak plants grown at 20% and
40% sewage sludge-amended soil were above
the permissible limits of Indian standards [45].
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High concentration of cadmium causes kidney
failure and liver damage [46].

3.4 Nickel

Table 1; Fig. 1 shows the concentration of Nickel
in water samples of various farm site in Jawa
village. The concentration of Nickel ranged from
(0.01-0.08) mg/kg which was higher than the
permissible value (0.01 mg/L) stipulated by [25].
[47], Reported increased nickel concentration in
groundwater and municipal tap water (100-2500
ug/L) in the polluted area, in which natural nickel
was mobilized. Water left standing overnight in
plumbing fittings plated with chromium on a base
of nickel, contained nickel concentration of 490
ug/L [31]. Certain stainless steel materials were
identified as the sources of increased nickel
concentrations in groundwater at Arizona, USA
as reported by [48]. [49], Reported nickel
concentration in drinking water in European
countries ranged from 2-13 ug/L. Table 2, Fig. 2
shows the concentration of Nickel in soil sample
in Jawa village, the concentration ranged from
(1.75-20.45) mg/kg which was higher than the
permissible value (2.6 mg/kg) stipulated by
(WHO. 2001). Researchers, reported that
agricultural soil contain nickel at level of 3-1000
mg/kg; in 78 forest floor samples from north-
eastern part of Europe. United State of America
nickel concentration was observed to be 8.5-15
mg/kg as reported by environmental Monitoring
Assess [50]. Tables 3, 4, 5, and Figs. 3, 4, and 5
shows the concentration of Nickel respectively.
The nickel concentration ranges from (0.92-9.37)
mg/kg in tomato, (2.21-4.59) mg/kg in spinach
and (0.14-3.82) mg/kg in lettuce respectively. All
these values were above the permissible value
(0.8 mg/kg) stipulated by [25]. In most food
products, nickel content is less than 0.5mg/kg, as
reported by [51]. High concentration of nickel is
considered to cause cancer and loss of hair on
the body [9,52].

3.5 Lead

Table 1 and Fig. 1, shows the concentration of
Lead in water samples in various farm sites in
Jawa village. The frequency of Lead ranged from
(0.10-3.58) mg/kg which exceeded the
permissible value by [25]. Table 2 and Fig. 2
shows the concentration of Lead in soil samples
in various farm sites in Jawa village. Tables 3, 4,
5 and Figs. 3, 4, and 5, shows the concentration
of Lead in vegetable samples which ranged from
(7.75-14.36) mg/kg in spinach, (12.17-24.63)
mg/kg in tomato and (4.89-6.52) mg/kg in lettuce

respectively were higher than the permissible
value 0.3 mg/kg laid by WHO [25]. The
concentration of lead content in the vegetable
seems to be alarming in cases of excessive
consumption. [53] In confirmation reported high
level of lead in amaranths analyzed ranging from
(0.4-45.0) mg/kg. The Lead concentration in this
study was compared to the values reported by
[54] in samples from farms which were located
along the high ways in Dar es Salaam. Studies in
Tinga reported Lead concentration ranged from
below detection limits to 0.188 mg/kg according
to [29]. [60] Evaluated the Lead levels in
consumed vegetables in the Niger Delta Oil area
of Nigeria, which were slightly higher than the
limits of heavy metal in the United Kingdom and
resulted in a health risk to people who were
dependent on these contaminated vegetables for
their daily meal. Lead is a very toxic heavy metal
because of its global distribution, accumulation
tendency in the body and toxicity even at shallow
concentration. High concentration of Lead
causes convulsions, coma, renal failure and even
death when the metabolic function of the body is
disturbed [51].

3.6 Chromium

Table 1, Fig. 1 shows the concentration of
Chromium determined in water samples ranged
from (0.04-0.07) mg/kg obtained from Jawa
village, was slightly higher than the permissible
limit 0.05 mg/L according to WHO [25]. Table 2,
Fig. 2 shows the concentration of Chromium
determined in soil samples ranged from (9.89-
17.59) mg/kg obtained from Jawa village which
was higher than the permissible limit 0.12 mg/kg
stipulated by WHO [53]. Tables 3, 4, 5, and Figs.
3, 4, and 5 shows the concentration of heavy
metals determined from vegetable samples
obtained from Jawa village of Bade local
government of Yobe state. The concentration of
Chromium from vegetable samples ranged from
(0.69-3.97) mg/kg in spinach, (0.91-5.05) mg/kg
in tomato and (5.44-9.28) mg/kg in lettuce
respectively. In line with these results, [28],
reported that lettuce generally had the highest
concentrations of Chromium at peacock
Vegetable farm.

4. CONCLUSION

The study revealed the presence of heavy metal
(As, Cd, Ni, Pb, and Cr) in the water, soil, and
vegetable samples grown in various farm sites in
Jawa village in Bade local government area of
Yobe state. The level of arsenic in the ground
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was (22.34-1748.66) mg/kg higher than the
concentration in the vegetables and water. The
different frequency in the samples from different
sample site. Comparable results were found with
some of the values reported in the literature, and
for most of the metals, the concentration
exceeded the permissible limit which could be
attributed to the agricultural practices employed
such as the use of fertiliser, pesticides and
herbicides. In general, the consumption of
vegetables by humans in Jawa village, Bade
local government area and Yobe state at large in
their daily food, poses a significant public health
risk. Since there is a growing interest in the use
of vegetables throughout the world, particular
attention should be given to continuous
monitoring of the levels of heavy metals as their
accumulation with time causes severe health
impact.
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