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This study is aimed at ascertaining the levels of pollutants in some selected 
vegetables samples from three agricultural areas in Hawul Local 
Government Area, Borno state, Nigeria. Vegetables samples from Sakwa, 
Thila and Marama agricultural Areas of Hawul Local government were 
collected and analysed for Zn, Pb, Co, Cu, Fe, Ag, Ni, Mn Cr and Cd using 
Atomic Absorption Spectrophotometric techniques. Results showed varying 
concentrations based on different parts of the vegetables from root, stem 
and leaves. High concentration of these metal pollutants were observed in 
the leaves of the vegetables samples as a result of transpiration process 
and with Fe having the highest value of 10.37±2.68 µg/g observed in the 
leaves of Okra Nitrate levels ranged from 11.23±6.72 to 19.66±8.20 (µg/g) in 
Okra; 1.17±1.04 to 2.52±1.40 (µg/g) in pepper; 2.37±1.35 to 4.03±1.11 (µg/g) in 
sorrel; sulphate ranged from 9.27±1.77 to 11.99±0.88 (µg/g) in Okra; 
7.90±4.38 to 10.77±1.34 (µg/g) in sorrel and 6.54±0.71 to 11.76±2.45 (µg/g) in 
pepper. The concentrations of some cations analysed in vegetable samples 
revealed that calcium ion ranged from 11.23±6.72 to 19.66

c
±8.20 (µg/g) in 

Okra; 8.37±4.82 to 14.10±4.90 (µg/g) in sorrel; 2.03±1.34 to 3.33±2.52 (µg/g) in 
pepper while Sodium ion ranged from 3.90±0.86 to 13.16±1.67 (µg/g) in okra; 
9.35±2.87 to 12.34±0.32 (µg/g) in sorrel; 2.62±3.42 to 11.94±1.41 (µg/g) in 
pepper and potassium ion ranged from 8.21±1.7 to 20.12±1.15 (µg/g) in okra; 
8.37±4.82 to 14.10±4.90 (µg/g) in sorrel and 2.03±1.34 to 3.33±2.52 (µg/g) in 
pepper (p<0.05).  High levels of Fe and other metals is said to be associated 
with the level of mechanical activities, high vehicle exhaust. The results 
indicate that some of the vegetables were contaminated with abnormal 
levels of Pb, Cr, Ag and Ni capable of causing health hazards to the 
consumers nationwide. 
 
Keywords: Agrochemicals, Concentration, Heavy Metals, Pollutants, Pollution, 
Vegetables

 
INTRODUCTION 
 
Vegetables constitute an important part of the human diet 
since they contain carbohydrates, proteins, as well as 
vitamins, minerals and heavy metals. Heavy metals are 
one of a range of important types of contaminants that 

can be found on the surface and in the tissue of fresh 
vegetables (Bigdeli and Seilsepour, 2008). A number of 
elements, such as lead (Pb), cadmium (Cd), nickel (Ni), 
cobalt (Co),  chromium  (Cr),  Copper  (Cu) and Selenium  
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(Se) (IV) can be harmful to plants and humans even at 
quite low concentrations (Usman and Kolo, 2015). Soil 
pollution is caused by misuse of the soil, such as poor 
agricultural practices, disposal of industrial and urban 
wastes, etc. (Usman et al., 2015). Soil is also polluted 
through application of chemical fertilizers (like phosphate 
and Zn fertilizers), and herbicides (Demi˙rezen and 
Aksoy, 2004). Heavy metal accumulation in soils is of 
concern in agricultural production due to the adverse 
effects on food quality, crop growth (Akan et al., 2013) 
and environmental health. Plant species have a variety of 
capacities in removing and accumulating heavy metals. 
So there are reports indicating that some plant species 
may accumulate specific heavy metals (Santamaria, 
2006).  The uptake of metals from the soil depends on 
different factors, such as their soluble content in it, soil 
pH, plant species, fertilizers, and soil type (Yusuf and 
Oluwole, 2009). Vegetables, especially leafy vegetables, 
accumulate higher amounts of heavy metals (Uwah et al., 
2009). Roots and leaves of herbaceous plants retain 
higher concentration of heavy metal than stems and fruits 
(Yargholi and Azimi, 2008). There are limited studies on 
heavy metal content at different growth stages of 
vegetables, the most studies focused on the status of 
metal content in edible parts of vegetables. And an 
investigation of the literature also shows a scarcity of 
data on comparison of metal content at different leafy 
vegetable species in Hawul (Usman and Kolo, 2015). 
Potentially harmful metal contents in soils may come not 
only from the bedrock itself, but also from anthropogenic 
sources like solid or liquid waste deposits, agricultural 
inputs, and fallout of industrial and urban emissions 
(Wilson and Pyatt, 2007). Excessive accumulation in 
agricultural soils may result not only in soil contamination, 
but has also consequences for food quality and safety. 
So, it is essential to monitor food quality, given that plant 
uptake is one of the main pathways through which heavy 
metals (HMs) enter the food chain (Antonious and 
Kochhar, 2009). Vegetables take up HMs and 
accumulate them in their edible and non-edible parts at 
quantities high enough to cause clinical problems to both 
animals and human beings. As an example, the 
consumption of contaminated food can seriously deplete 
some essential nutrients in the body causing a decrease 
of immunological defenses, disabilities associated with 
malnutrition and a high prevalence of upper 
gastrointestinal cancer (Oliver, 1997). A study reported 
that soil and vegetables contaminated with Pb and Cd in 
Copsa Mica and Baia Mare, Romania, significantly 
contributed to decrease human life expectancy (9-10 
years) within the affected areas. Cadmium and Pb are 
the most toxic elements for man (Volpe et al., 2009). In 
terms of environmental concentration, Pb is the HM 
closest to the level in which toxic signs manifest than any 
other substance (Baird, 2002). Others elements such as 
Cr, Co and Ni, although essential for men, at 
concentrations   higher   than  those  recommended, may  

 
 
 
 
cause metabolic disorders. Moreover, an increasing 
awareness in terms of the importance of vegetables and 
fruits to human diet suggests that the monitoring of HMs 
in food crops should be carried out frequently, however 
information concerning this issue is scarce, especially in 
Brazil. Most major cities have been concerned with HM 
contents in vegetables (Ferré-Huguet et al., 2008). 
Absorption and accumulation of heavy metals in 
vegetables and fruits are influenced by many factors, 
including: concentration of heavy metals in soil, 
composition and intensity of atmospheric deposition, 
including precipitations, phase of plant vegetation 
(Vontsa et al., 1996). To all of these, can be added other 
sources generated by agricultural technologies such as: 
irrigation with wastewater, the administration of organic 
and mineral fertilizers with the load of heavy metals, or 
application of pesticides, which contain in their structure 
such chemical elements (Singh et al., 2004; Sharma et 
al., 2006). Urban, industrial and household activities, 
traffic, contribute significantly to increasing the load 
degree with heavy metals containing particles of inferior 
atmosphere (Lacatusu et al., 2008), from where these 
particles will settle own on the plants foliage system and 
soil. Many times, the plants foliage system is 
representing the edible part of vegetables (lettuce, 
parsley, dill, lovage etc.). The heavy metals are 
overtaking in the edible parts of vegetables and fruits by 
physiological path, either from soil, from leaves surface or 
with these kinds of chemicals loaded irrigation water. The 
intake of heavy metals can lead to altering of humans 
and animals healthiness state. Thus, the carcinogenic 
effects generated by continuous consumption of fruits 
and vegetables loaded with heavy metals such as Cd, Pb 
or even Cu and Zn are known. There are already 
published works related to the incidence of 
gastrointestinal cancer (Tricopoulas, 1997; Turkdogan et 
al., 2002), and cancer of the pancreas, urinary bladder or 
prostate (Waalkes and Rehm, 1994). There are, in 
Romania, three areas (Copşa Mică-Sibiu County, Zlatna 
– Alba County and Baia Mare – Maramures County) very 
strongly polluted with heavy metals, caused by 
nonferrous ores extraction and metallurgical processing. 
The contents of Cd, Cu, Pb and Zn in the soils around 
these localities are up to sometime higher than the 
maximum allowable limits. As a result, the plants, 
inclusive vegetables, accumulated high quantities of such 
chemical elements (Usman and Kolo, 2015).  
 
 
MATERIALS AND METHODS 
 
Sample Collection  
 
Vegetable samples were collected from three agricultural 
locations (Saakwa, Thila and Marama) within Hawul 
Local Government Area, Borno State, Nigeria. At each 
sample location, vegetable samples were  collected  from  



                                                            

 
 
 
 
three different locations from June to September 2014 to 
provide replicate samples of each plant. Vegetable 
samples were divided into fruit, leaf, stem and root. 
Vegetable samples include Okra, Sorrel and pepper.  
 
 
Preparation and digestion of samples for heavy metal 
analysis  
 
Vegetables samples collected were thoroughly washed 
with water, cut and separated into different parts (root, 
stem, leave and fruits) and dried in an oven at 80

o
C for 

72 hours. The dried samples were crushed in a mortar 
and the resulting powder was digested by weighing 1.0 g 
of the dried grounded sample into 250 mL beaker. 20 mL 
of HNO3 was added and heated on a hot plate until no 
brown fumes was giving off. 10 mL of H2O2 was added in 
small portions to avoid any possible overflow leading to 
loss of material and the heating continue until the volume 
was reduced. 10 mL of HCl was finally added and 
evaporated to dryness. The mixture was cooled and then 
filtered through a Whatman No. 41 filter paper into a 100 
mL volumetric flask and made up to mark with distilled 
water (USEPA 3050b) (Radojevic and Bashkin, 1999). 
 
 
Elemental Analysis of Samples  
 
Determination of Pb, Fe, Cu, Zn, Cd, Ni, Mn and Cr as 
well as were made directly on each final solution using 
Perkin-Elmer Analyst 300 Atomic Absorption 
Spectroscopy (AAS).  
 
 
Determination of Ions in Soil, Fruit and Vegetable 
Samples 
 
The digested samples prepared were used to determine 
the concentration of some ions (Ca

2+
, K

+
 and Na

+
) using 

Uv-visible Smart Spectrophotometer (La Motte 2000). 
Absorbances of these samples were measured at their 
specific wavelengths. From the standard calibration curve 
(Beer Lambert’s law), absorbance of the unknown were 
measured at their specific wavelength of their absorption 
and read out from the graph. 
 
 
Determination of Nitrate and Sulphate in Vegetable 
Samples  
 
Levels of nitrate in the vegetable samples solutions were 
prepared by chopping each sample into smaller sizes. A 
known amount (1g) of the chopped sample was 
transferred into 100ml flask and soaked with 50ml of 
distilled water. The flask was capped and shaken for 30 
minutes, then filtered into another 100ml volumetric flask 
and  the  volume  made  to  the  mark  with  distilled water  
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(Radojevic and Bashkin, 1999). Nitrate was determined 
spetrophotometrically using standard cadmium reduction 
method 3649 – SC (Lamottee, 2000). 

For sulphate extermination, 5ml of magnesium nitrate 
solutions were added to each of the ground and sieved 
samples in the crucibles. These were then heated 
to180

o
C on a hot plate. The heating process was allowed 

to continue until the colour of the samples changed from 
brown to yellow (Radojevic and Bashkin, 1999). The 
samples were then transferred to the furnace at a 
temperature of 500

o
C for four hours. Magnesium nitrate 

was added to prevent loss of sulphur. The contents of 
each crucible were carefully transferred to different 
evaporating basins. 10ml of concentrated HCl were 
added to each of them and covered with watch glasses. 
They were boiled on a steam bath for 3 minutes. On 
cooling, 10ml of distilled water were added to each of the 
basins and the contents of each were filtered into 50ml 
volumetric flasks and the volumes made up to the marks 
with distilled water (Radojevic and Bashkin, 1999). 
Sulphate was determined using Smart 
Spectrophotometer (2000).  
 
 
RESULTS AND DISCUSSION 
 
Figure 1 presents the mean concentration of anions and 
some cations in some vegetables grown in the farms of 
Sakwa, Thila and Marama within Hawul Local 
Government Area of Borno State from June to 
September 2014 for Sakwa with Sodium ion (Na

+
) 

ranging between 9.35±2.87 to 113.90±0.86 (µg/g), 
Potassium ion (K

+
) varied between 9.13±2.84 to 

20.12±1.15 (µg/g), calcium ion (Ca
2+

) ranged between 
2.03±1.34 to 19.66±8.20 (µg/g), while nitrate ion varied 
between 1.07±0.71 to 4.03±8.20 (µg/g) and sulphate ion 
ranged between 7.90±4.38 to 11.99±0.88 (µg/g). 

Figure 2 presents the mean concentration of some 
anions and cations in some vegetable samples from Thila 
in which Sodium ion (Na

+
) ranged between 12.20±0.52 to 

16.71±4.48 (µg/g), Potassium ion (K
+
) varied between 

10.28±4.97 to 15.78±2.38 (µg/g), calcium ion (Ca
2+

) 
ranged between 2.57±1.06 to 14.81±15.91 (µg/g), while 
nitrate ion (NO3

-
) varied between 1.92±1.14 to 5.39±3.25 

(µg/g) and sulphate ion (SO4
2-

) ranged between 
9.03±1.35 to 12.06±0.49 (µg/g). 

Figure 3 present the mean concentration of some 
anions and cations in some vegetable samples from Thila 
in which Sodium ion (Na

+
) ranged between 11.35±0.84 to 

17.67±7.85 (µg/g), Potassium ion (K
+
) varied between 

14.34±3.28 to 20.04±5.77 (µg/g), calcium ion (Ca
2+

) 
ranged between 5.61±7.72 to 13.38±1.57 (µg/g), while 
nitrate ion (NO3

-
) varied between 0.94±0.38 to 4.06±5.51 

(µg/g) and sulphate ion (SO4
2-

) ranged between 
11.61±2.13 to 13.15±0.45 (µg/g). The statistical analyses 
of these variations using ANOVA to determine                         
the  significance  of  the  variations  of  the  paired means  
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Figure 1. Mean Concentration (µg/g) of Some Anions and Cations in Vegetable Samples from Sakwa Agricultural 
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Figure 2. Mean Concentration (µg/g) of Some Anions and Cations in Vegetable Samples from Thila Agricultural 
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Figure 3. Mean Concentration (µg/g) of Some Anions and Cations in Vegetable Samples from Marama Agricultural Area. 

 
 
 
between the concentrations of anions and cations 
in fruit and vegetable samples from the three 
Local Government Areas of study are statistically 
significant (p < 0.05). 

Table 1 presents the mean concentration 
(µg/g) of heavy metals in some selected vegetable 
samples from Sakwa study area within Hawul 
Local Government of Borno State revealed the 
variation of these pollutants from the root – stem – 
leave – fruit. It was observed that the 

concentration of Lead (Pb) ranged between 
0.50±0.13 to 0.69±0.13 (µg/g), copper (Cu) 
between 0.28±0.03 to 0.43±0.34 (µg/g), Nickel 
(Ni) varied between 0.18±0.21 to 0.36±0.33 
(µg/g), Cadmium (Cd) between 0.18±0.06 to 
0.41±0.37 (µg/g), Cobalt (Co) between 0.26±0.09 
to 0.46±0.21 (µg/g), Chromium ranged between 
0.64±0.98 to 2.36±2.22 (µg/g), Iron (Fe) between 
3.45±3.93 to 13.74±2.66 (µg/g) while Manganese 
(Mn) ranged between 0.26±0.29 to 1.87±0.17 

(µg/g) and Zinc (Zn) between 0.08±0.08 to 
0.70±0.26 (µg/g). 

Table 2, presents the mean concentration 
(µg/g) of heavy metals in some selected vegetable 
samples from Thila study area within Hawul Local 
Government Area of Borno State revealed the 
variation of these pollutants from the root – stem – 
leave – fruit. It was observed that the 
concentration of Lead (Pb) ranged be-                 
tween  0.34±0.11 to 1.24±0.44 (µg/g), copper (Cu) 
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Table 1. Mean Concentration (µg/g) of Heavy Metals in Some Selected Vegetables Samples from Sakwa, Hawul Local Government, Borno State. 
 
 

Samples  Pb       Cu               Ni                    Cd       Co                    Cr                   Fe      Mn        Zn 

OKRA 

Root 0.53
a
±0.04   0.33±0.13 0.18

a
±0.21 0.19

a
±0.07      0.26

a
±0.09     0.64

a
±0.98 9.01

a
±3.44 0.71

a
±0.34 0.08

a
±0.08    

Stem 0.54
b
±0.08   0.35±0.16 0.19

b
±0.24 0.18

b
±0.06     0.32

b
±0.06     1.47

b
±1.11      7.18

b
±3.38       0.48

b
±0.19    0.30

b
±0.11 

Leaves 0.52
c
±0.07    0.37±0.22     0.30

c
±0.25     0.33

c
±0.34      0.34

c
±0.10     2.36

c
±2.22 8.95

c
±2.89 1.72

c
±0.62     0.39

c
±0.22 

Fruit 0.54
d
±0.16     0.38±0.20 0.14

d
±0.17     0.33

d
±0.35     0.37

d
±0.07 1.95

d
±1.73      3.45

d
±3.93       1.03

d
±0.55      0.23

d
±0.36 

SORREL 

Root 0.52
a
±0.12   0.34

a
±0.12 0.27

a
±0.21 0.22

a
±0.10 0.43

a
±0.29 0.95

a
±0.28    8.03

a
±2.84       1.06

a
±0.51    0.29

a
±0.20       

Stem 0.51
b
±0.12   0.39

b
±0.20    0.23

b
±0.30 0.30

b
±0.26 0.44

b
±0.33 0.66

b
±0.35 7.32

b
±1.79 0.45

b
±0.35 0.47

b
±0.28     

Leaves 0.54
c
±0.11   0.43

c
±0.21    0.21

c
±0.18   0.32

c
±0.31  0.44

c
±0.37      1.18

c
±0.60 8.15

c
±0.58      1.41

c
±0.095     0.44

c
±0.36     

Fruit    0.50
d
±0.13    0.38

d
±0.19    0.23

d
±0.29      0.37

d
±0.23      0.42

d
±0.34     0.66

d
±0.37      6.82

d
±1.53 0.57

d
±0.27 0.47

d
±0.37     

PEPPER 

Root 0.61
a
±0.17     0.28

a
±0.03 0.36

a
±0.33      0.35

a
±0.35   0.36

a
±0.06     1.34

a
±0.611 3.74

a
±2.66       1.87

a
±0.17 0.38

a
±0.10    

Stem 0.65
b
±0.16    0.43

b
±0.34    0.26

b
±0.43     0.41

b
±0.37      0.43

b
±0.08     0.89

b
±0.18 4.22

b
±3.80       0.66

b
±0.81 0.70

b
±0.26     

Leaves 0.69
c
±0.13    0.38

c
±0.27    0.33

c
±0.45  0.35

c
±0.37 0.42

c
±0.13     0.94

c
±0.33      10.01

c
±3.23     0.68

c
±0.48     0.47

c
±0.36     

Fruit 0.66
d
±0.23    0.42

d
±0.29 0.31

d
±0.46      0.37

d
±0.40 0.46

d
±0.21 0.93

d
±0.48      5.97

d
±3.12       0.26

d
±0.29      0.53

d
±0.31     

 
 

Values presented are Mean ± SD of replicate data (n = 4), within columns, Paired means values with different alphabets are statistically significant (p<0.05). 
Key: SD = Standa 
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Table 2. Mean Concentration (µg/g) of Heavy Metals in Some Selected Vegetable Samples from Thila Hawul Local Government, Borno State. 
 

Samples  Pb       Cu                   Ni                   Cd       Co                    Cr                   Fe            Mn   Zn 

OKRA 

Root 0.41
a
±0.12      0.37

a
±0.22   0.12

a
±0.06 0.21

a
±0.07     0.44

a
±0.05 1.27

a
±0.43  6.03

a
±2.84      0.12

a
±0.05    0.47

a
±0.05    

Stem 0.54
b
±0.21     0.40

b
±0.14    0.15

b
±0.06     0.25

b
±0.11 0.41

b
±0.07     0.58

b
±0.20 3.89

b
±3.37 0.12

b
±0.06    0.44

b
±0.27     

Leaves 0.65
c
±0.29    0.38

c
±0.14    0.16

c
±0.08 0.20

c
±0.07 0.49

c
±0.14     1.80

c
±1.06     6.80

c
±2.17       0.76

c
± 0.66    0.48

c
±0.44 

Fruit 0.63
d
±0.26    0.49

d
±0.19 0.17

d
±0.08     0.23

d
±0.13 0.44

d
±0.06 1.57

d
±1.02 4.94

d
±3.68       0.37

d
±0.21     0.44

d
±0.45     

SORREL 

Root 0.47
a
±0.11    0.26±0.05 0.13

a
±0.06 0.20

a
±0.09     0.41

a
±0.08 0.28

a
±0.36     5.70

a
±2.14 1.31

a
±0.81 0.64

a
±0.45 

Stem 0.46
b
±0.11    0.31±0.05 0.19

b
±0.13     0.31

b
±0.21      0.39

b
±0.10  0.50

b
±0.27      6.51

b
±0.34 1.62

b
±0.45      0.43

b
±0.36     

Leaves 0.52
c
±0.10      0.40±0.03   0.21

c
±0.06     0.33

c
±0.25      0.45

b
±0.21      0.44

c
±0.28 9.03

c
±4.31       1.79

c
±0.33 0.49

c
±0.45 

Fruit 0.46
d
±0.097    0.34±0.08   0.31

d
±0.20      0.25

d
±0.13  0.28

d
±0.25      0.39

d
±0.046     6.34

d
±0.42      1.23

d
±0.71 0.49

d
±0.30          

PEPPER 

Root 0.34
a
±0.11   0.47

a
±0.12 0.03

a
±0.03     0.18

a
±0.06     0.45

a
±0.21      0.97

a
±0.621 1.63

a
±5.48       1.28

a
±0.82      1.45

a
±0.88     

Stem 0.42
b
±0.23    0.43

b
±0.05    0.13

b
±0.05     0.20

b
±0.08     0.48

b
±0.20      1.51

b
±0.72      8.12

b
±3.56       1.02

b
±0.96      1.43

b
±0.83 

Leaves 1.24
c
±0.44    1.49

c
±0.42    1.78

c
±1.15      0.52

c
±0.27      0.84

c
±0.15     2.79

c
±0.49      15.50

c
±4.93     5.81

c
±3.98      2.00

c
±0.86     

Fruit 0.85
d
±0.09    0.91

d
±0.40    1.27

d
±1.00 0.25

d
±0.21 0.62

d
±0.11 2.17

d
±0.35      12.74

d
±7.01     3.12

d
±3.57      1.44

d
±0.81     

 
 

Values presented are Mean ± SD of replicate data (n = 4), within columns, Paired means values with different alphabets are statistically significant (p<0.05). 
Key: SD = Standa 
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Table 3. Mean Concentration (µg/g) of Heavy Metals in Some Selected Vegetable Samples from Marama, Hawul Local Government, Borno State. 
 

Samples  Pb             Cu         Ni                   Cd         Co                    Cr       Fe       Mn         Zn 

OKRA 

Root 0.58
a
±0.12       0.47

a
±0.13     0.08

a
±0.01 0.26

a
±0.13  0.34

a
±0.07     0.87

a
±0.52      10.37

a
±2.68  0.74

a
±0.38      0.34

a
±0.06 

Stem 0.60
b
±0.07       0.55

b
±0.19     0.12

b
±0.07    0.29

b
±0.15     0.33

b
±0.09     0.71

b
±0.52 7.91

b
±4.47      0.61

b
±0.47 0.25

b
±0.22     

Leaves 0.57
c
±0.19       0.47

c
±0.27      0.16

c
±0.10    0.34

c
±0.18     0.40

c
±0.15 0.89

c
±0.951 0.95

c
±2.58       1.24

c
±0.52      0.38

c
±0.22     

Fruit 0.57
d
±0.23      0.45

d
±0.26      0.12

d
±0.07 0.33

d
±0.15 0.37

d
±0.06     0.81

d
±0.56     6.83

d
±6.38       1.03

d
±0.49 0.28

d
±0.25     

SORREL 

Root 0.49
a
±0.15      0.23

a
±0.08     0.27

a
±0.38 0.30

a
±0.13     0.44

a
±0.15 0.71

a
±0.84 9.39

a
±4.54 0.16

a
±0.06     0.14

a
±0.07 

Stem 0.53
b
±0.14      0.31

b
±0.088     0.22

b
±0.28 0.32

b
±0.14     0.45

b
±0.16     0.89

b
±1.08      6.06

b
±4.32      0.26

b
±0.21 0.20

b
±0.12    

Leaves 0.57
c
±0.12      0.43

c
±0.05     0.28

c
±0.16     0.31

c
±0.17     0.43

c
±0.24     1.05

c
±1.07      10.22

c
±4.51     0.80

c
±0.60      0.39

c
±0.42     

Fruit     0.51
d
±0.13     0.36

d
±0.05             0.22

d
±0.09     0.31

d
±0.13 0.43

d
±0.21 0.46

d
±0.38      6.68

d
±4.09       0.54

d
±0.33 0.38

d
±0.17    

PEPPER 

Root 0.57
a
±0.11     0.38

a
±0.10     0.07

a
±0.06     0.29

a
±0.14     0.46

a
±0.11 2.36

a
±0.79      15.03

a
±2.09 2.16

a
±1.16     0.29

a
±0.18 

Stem 0.55
b
±0.12     0.34

b
±0.17     0.08

b
±0.08 0.31

b
±0.14     0.44

b
±0.20     1.78

b
±1.43 6.20

b
±3.34 0.40

b
±0.22 0.28

b
±0.21 

Leaves 0.88
c
±0.25     1.01

c
±0.55            0.41

c
±0.37      0.36

c
±0.18 0.94

c
±0.39 1.96

c
±1.40      11.33

c
±3.01     1.62

c
±0.98 0.53

c
±0.32 

Fruit 0.66
d
±0.23     0.63

d
±0.39  0.19

d
±0.17     0.31

d
±0.20      0.63

d
±0.24      1.56

d
±1.71 9.16

d
±1.49      0.77

d
±0.19 0.30

d
±0.21   

 
 

Values presented are Mean ± SD of replicate data (n = 4), within columns, Paired means values with different are statistically significant (p<0.05). 
Key: SD = Standard deviation. 
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between 0.26±0.05 to 1.49±0.42 (µg/g), Nickel (Ni) varied 
between 0.03±0.03 to 1.78±1.15 (µg/g), Cadmium (Cd) 
between 0.18±0.06 to 0.54±0.27 (µg/g), Cobalt (Co) 
between 0.28±0.25 to 0.84±0.15 (µg/g), Chromium 
ranged between 0.28±0.36 to 2.79±0.49 (µg/g), Iron (Fe) 
between 3.89±3.37 to 15.50±4.93 (µg/g) while 
Manganese (Mn) ranged between 0.12±0.05 to 5.81±3.98 
(µg/g) and Zinc (Zn) between 0.43±0.36 to 2.00±0.86 
(µg/g). 

Table 3, presents the concentration (µg/g) of heavy 
metals in some selected vegetable samples from 
Marama study area within Hawul Local Government Area 
of Borno State revealed the variation of these pollutants 
from the root – stem – leave – fruit. It was observed that 
the concentration of Lead (Pb) ranged between 
0.49±0.15 to 0.88±0.25 (µg/g), copper (Cu) between 
0.23±0.08 to 1.01±0.55 (µg/g), Nickel (Ni) varied between 
0.07±0.06 to 0.41±0.37 (µg/g), Cadmium (Cd) between 
0.26±0.13 to 0.36±0.18 (µg/g), Cobalt (Co) between 
0.33±0.09 to 0.94±0.39 (µg/g), Chromium (Cr) ranged 
between 0.46±0.38 to 1.96±1.40 (µg/g), Iron (Fe) 
between 6.06±4.32 to 15.03±2.09 (µg/g) while 
Manganese (Mn) ranged between 0.16±0.06 to 2.16±1.16 
(µg/g) and Zinc (Zn) between 0.14±0.07 to 0.53±0.32 
(µg/g). 

Vegetable (Sorrel, Pepper and Okra) samples 
analyzed within Sakwa, Thila and Marama In Hawul 
Local Government Area revealed that the variation in the 
concentration of anions and cations in some selected 
vegetable samples from these study areas are in the 
order root>leave>stem>fruit. In Sakwa, the order of the 
level of concentration is K

+
 > Ca

2+
 > Na

+
 > SO4

2-
 > NO3

- 

where in okra vegetable, K
+
 showed the highest 

concentration in stem and NO3
-
 showed the least 

concentration in root. Sorrel has Ca
2+

 with the highest 
concentration in leaves and NO3

-
 showed the least 

concentration in root. Pepper also revealed high 
concentration of K

+
 in leave and NO3

-
 showed the least 

concentration in root. The finding from Thila study area 
revealed the pattern as Na

+
 > K

+
 > Ca

2+
 > SO4

2-
 > NO3

-
 

with the high concentrations of these ions in leaves and 
the fruits having the least concentrations. The variation 
was in the order root>leaves>stem>fruit. While in 
Marama similar pattern was observed as in Sakwa 
except the change in concentration of sodium ion (Na

+
) 

and is in the order K
+
 > Ca

2+
 > Na

+
 > SO4

2-
 > NO3

-
 and 

the path of mineral intake as root>leaves>stem>fruit, this 
is justified by the findings reported by some researchers 
(Jerry, 2011; Akan et al., 2013; Abah et al., 2014). 

Heavy metals analyzed from the vegetable samples 
obtained from Hawul Local Government Areas was 
observed that, Sakwa study area revealed the               
variation of these pollutants from the root – stem – leave 
– fruit. It was observed in Table 1 that the               
concentration of Lead (Pb)  ranged between 0.50±0.13 to  

 
 
 
 
0.69±0.13, copper (Cu) between 0.28±0.03 to 0.43±0.34, 
Nickel (Ni) varied between 0.18±0.21 to 0.36±0.33, 
Cadmium (Cd) between 0.18±0.06 to 0.41±0.37, Cobalt 
(Co) between 0.26±0.09 to 0.46±0.21, Chromium ranged 
between 0.64±0.98 to 2.36±2.22, Iron (Fe) between 
3.45±3.93 to 13.74±2.66 while Manganese (Mn) ranged 
between 0.26±0.29 to 1.87±0.17 and Zinc (Zn) between 
0.08±0.08 to 0.70±0.26. The concentration (µg/g) of 
heavy metals in some selected vegetable samples from 
Thila study area was observed in Table 2 that the 
concentration of Lead (Pb) ranged between 0.34±0.11 to 
1.24±0.44, copper (Cu) between 0.26±0.05 to 1.49±0.42, 
Nickel (Ni) varied between 0.03±0.03 to 1.78±1.15, 
Cadmium (Cd) between 0.18±0.06 to 0.54±0.27, Cobalt 
(Co) between 0.28±0.25 to 0.84±0.15, Chromium ranged 
between 0.28±0.36 to 2.79±0.49, Iron (Fe) between 
3.89±3.37 to 15.50±4.93 while Manganese (Mn) ranged 
between 0.12±0.05 to 5.81±3.98 and Zinc (Zn) between 
0.43±0.36 to 2.00±0.86. While Table 3, revealed that the 
concentration (µg/g) of heavy metals in the selected 
vegetable samples from Marama study indicated similar 
trend as in the case of Sakwa and Thila in which Lead 
(Pb) ranged from 0.49±0.15 to 0.88±0.25; copper (Cu) 
from 0.23±0.08 to 1.01±0.55, Nickel (Ni) varied                
between 0.07±0.06 to 0.41±0.37, Cadmium (Cd)  
between 0.26±0.13 to 0.36±0.18, Cobalt (Co) between 
0.33±0.09 to 0.94±0.39, Chromium (Cr) ranged between 
0.46±0.38 to 1.96±1.40, Iron (Fe) between 6.06±4.32 to 
15.03±2.09 while Manganese (Mn) ranged between 
0.16±0.06 to 2.16±1.16 and Zinc (Zn) between 0.14±0.07 
to 0.53±0.32. The path was in the order 
root>leave>stem>fruit from Sakwa, Thila and Marama 
study areas in Hawul local government area of Borno 
state. 

 This is as a result of the transpiration processes that 
occur in plants. As plant take up minerals from the soil, 
some of these toxic pollutants are also absorbed which 
are deposited in various parts of the plants. The leaves 
being the most active agent of transpiration, was 
observed to accumulate high levels of these 
contaminants. Therefore, the path of the concentration of 
heavy metals in the studied vegetables was observed to 
be in the order root>leave>stem>fruit. 

The results obtained corroborate with the report of 
Abdullateef (Abdullateef, 2014) (Leaves>root> 
Stem>Fruits in Neem tree) and also in line with Hussain 
et al. (2006) (leaves>root>stem> fruits in withania 
somnifera). Abah et al. (2014), also reported the part 
taken by minerals as Soil>root>stem>leaves. Lead is a 
trace element in soil and there has been concern about 
its toxicity to plants and animals. It has been used in 
leaded petrol, diesel oil and there have been concerns 
that it is the main pollutant from auto mobile activities 
(Radwan and Salama, 2006). The pollution of lead from 
fertilizer was minor when  compared  to  the  atmospheric 



                                                            

 
 
 
 
depositions (De-Vries et al., 2002). 

The concentration of copper in Sorrel was in the order 
Sakwa>Thila>Marama in root, Sakwa>Thila>Marama in 
stem, Marama> Sakwa>Thila in leaves and Sakwa> 
Marama>Thila in fruit. Similar pattern was observed in 
Pepper whose order of copper concentration was 
Thila>Marama>Sakwa in root, Thila>Sakwa>Marama in 
stem, Thila> Marama> Sakwa in leaves and 
Thila>Marama>Sakwa in fruit. Which also shows that the 
order of the path of motion of mineral was 
leave>root>stem>fruit. This result was supported by the 
reports of some researchers (Mahwash et al., 2011; 
Radwan and Salama, 2006; Abdullateef, 2014) in the 
order of (root>leave>stem>fruit in Achyranthes aspera, 
Azadirachta indica and Neem tree respectively). Copper 
is a trace element in most soils. It is an essential element 
for plants and animals but it is also a toxic element when 
it is in high concentration, which is our major concern. 
Copper normally finds its way in to the drinking water 
from copper pipes, as well as additives design for the 
crop yields improvement. Lots of literatures showed 
strong evidence that use of farm machineries and 
agrochemicals are vital sources of copper in the 
agricultural areas (De-Vries et al., 2002). 
 
 
CONCLUSION 
 
In the whole plants studied from the three agricultural 
locations, leaf contained higher concentrations of heavy 
metals than roots and stems. The results also indicate 
that all the vegetable samples analyzed in this study had 
high levels of heavy metals, cations and anions. The 
levels of all the metals studied were relatively higher than 
those recommended by Food and Agricultural 
Organization (FAO) and the WHO/EU joint limits of 0.1-
0.2 µg/g Cr, 0.3 µg/g Fe; 0.1 µg/g Pb; 0.1 µg/g Cu; 0.1 
µg/g Zn; 0.1 µg/g Ni; 0.02 µg/g Cd and 0.3 µg/g Mn.The 
high levels of these heavy metals place the consumers of 
these vegetable crops grown within the study area at 
health risk with time unless an urgent step is taken by 
relevant agencies in address this issue.  
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