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Abstract: The concentrations of some heavy metals and anions were determined in vegetable samples (spinach (Ama-

ranth caudatus), lettuce (lactuca sativa), Cabbage (Brassica olemcea) and Onion (Allium cepa) which were freshly har-

vested within four agricultural locations(Mirnga, Zira, Wangaga and Malang) in Biu Local Government Area, Borno State, 

Nigeria. Metal concentrations in the vegetable samples were determined using Atomic Absorption Spectroscopy (AAS), 

while anions were determined by Smart spectrophotometer (model 2000). The results for vegetable samples showed that 

leaves contained much higher concentrations of heavy metals and anions than roots and stems.The concentrations of Cr 

detected in the vegetable samples ranged from 0.23 to 3.22mg/kg; 0.23 to 3.43mg/kg Mn; 0.23 to 3.45mg/kg Fe; 0.21 to 

3.54mg/kg Ni; 0.25 to 4.56mg/kg Pb; 0.87 to 8.34mg/kg Zn; 0.34 to 5.44mg/kg Cd and 0.21 to 3.22mg/kg Cu. These val-

ueswere higher than those recommended by Food and Agricultural Organization (FAO) and the WHO/EU joint limits. 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 to address this issue.  
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1. Introduction 

The consumption of vegetables and fruits as food offer 

rapid and least means of providing adequate vitamins sup-

plies, minerals and fibre. Vegetables are used as food in-

clude those used in making soups or served as integral parts 

of the main sources of a meal [1]. Bach plants species has 

its nutritive requirements differing from others. Thus dif-

ferent plants supported by identical solutions will contain 

varying concentrations of minor and macro elements. Ap-

plication of industrial effluent decreases the budding and 

growth rate of vegetables [1]. Leafy vegetables occupy a 

very important place in the human diet, but unfortunately 

constitute a group of foods which contributes maximally to 

nitrate and other anions as well as heavy metals consump-

tion. The excessive application of nitrogen and other inor-

ganic fertilizers and organic manures to these vegetables 

can accumulate high levels of nitrate and other anions as 

well as heavy metals. And consequently their consumption 

by humans and animals can pose serious health hazards. 

Although some heavy metals such as Cu, Zn, Mn and Fe 

are essential in plant nutrition, many of them do not play 

any significant role in the plant physiology. The uptake of 

these heavy metals by plants especially leafy vegetables is 

an avenue of their entry into the human food chain with 

harmful effects on health [1]. 

Vegetables act as neutralizing agents for acidic sub-

stances formed during digestion [2]. As human activities 

increases, especially with the application of modern tech-

nologies, pollution and contamination of the human food 

chain has become inevitable. The uptake of heavy metals 

by plants grown in polluted soils has been studied to a con-

siderable extent [2, 3]. Heavy metal contamination in vege-

tables cannot be underestimated as these food stuffs are 

important components of human diet. Heavy metal conta-

mination of the food items is one of the most important 

aspects of food quality assurance [4, 5]. International and 

national regulations on food quality have lowered the max-

imum permissible levels of toxic metals in food items due 
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to an increased awareness of the risk, these metals pose to 

food chain contamination [4]. 

Rapid and unorganized industrialization and urbanization 

have contributed to the elevated levels of heavy metals in 

the urban environment in developing countries [6] Heavy 

metals are non-biodegradable and persistent environmental 

contaminants which may be deposited on the surfaces and 

then adsorbed into the tissues of the vegetables. Plants take 

up heavy metals by absorbing them from deposits on the 

parts of the plants exposed to the air from polluted envi-

ronment as well as from contaminated soils [7, 8, 9]. Water 

contamination by heavy metals in some areas is practically 

inevitable due to natural process (weathering of rocks) and 

anthropogenic activities (industrial, agricultural and domes-

tic effluents). Waste water from the industries of mining, 

electroplating, paint or chemical laboratories often contains 

high concentrations of heavy metals, including Cadmium 

(Cd), Copper (Cu) and lead (Pb). These elements, at con-

centrations exceeding the physiological demand of vegeta-

bles, not only could administer toxic effect in them but also 

could enter food chains, get biomagnified and pose a poten-

tial threat to human health [8, 9]. Heavy metal contamina-

tion in agricultural soils from wastewater irrigation is of 

serious concern due to its implications on human health. 

Vegetables can absorb metals from soil as well as from 

deposits on the parts of the vegetables exposed to the air 

from polluted environments [10]. 

The modern agricultural practices which employ the use 

of organic and inorganic fertilizers, pesticides (both herbi-

cides and insecticides) exposes the lands of Biu Local Gov-

ernment of Borno State to heavy Metal which bioaccumu-

late as a result of continuous application to the Arable lands. 

2. Materials and Methods 

2.1. Sample Collection 

Vegetable samples were collected from four agricultural 

locations (Mirnga, Zira, Wangaga and Malang) within Biu 

Local Government Area, Borno State, Nigeria. At each 

sample location, vegetable samples were collected from 

three different locations to provide replicate samples of 

each plant. Vegetable samples were divided into leaf, stem 

and root. Vegetable samples include spinach, lettuce, cab-

bage and onion. 

2.2. Digestion of Vegetable Samples for Heavy Metal De-

termination 

The vegetable samples were weighed to determine the 

fresh weight and dried in an oven at 80
o 

C for 72 hours to 

determine their dry weight. The dry samples were crushed 

in a mortar and the resulting powder digested by weighing 

0.5g of oven-dried ground and sieve (<1mm) into an acid-

washed porclain crucible and placed in a muffle furnance-

for four hours at 500
O
C. The crucibles were removed from 

the furnance and cooled. 10ml of 6M HCl was added cov-

ered and heated on a steam bath for 15minute. Another 1ml 

of HNO3 was added and evaporated to dryness by conti-

nuous heating for one hour to dehydrate silica and com-

pletely digest organic compounds. Finally, 5ml of 6M HCl 

and 10ml of water were added and the mixture was heated 

on a steam bath to complete dissolution. The mixture was 

cooled and filtered through a Whatman no. 541 filter paper 

into a 50ml volumetric flask and made up to mark with 

distilled water.   

2.3. Elemental Analysis of Samples 

Determination of Pb, Fe, Cu, Zn, Cd, Ni, Mn and Cr 

were made directly on each final solution using  Perkin-

Elmer Analyst 300 Atomic Absorption Spectroscopy (AAS). 

2.4. Determination of Nitrate, Nitrite, Sulphate and Phos-

phate in Vegetable Samples 

Levels of nitrate and nitrite in the vegetable samples so-

lutions were prepared by chopping each sample into small-

er sizes. A known amount (1g) of the chopped sample was 

transferred into 100ml flask and soaked with 50ml of dis-

tilled water. The flask was capped and shaken for 30 mi-

nutes, then filtered into another 100ml volumetric flask and 

the volume made to the mark with distilled water [11]. Ni-

trate was determined spetrophotometrically using standard 

cadmium reduction method 3649 – SC (Lamotte, 2000), 

while Nitrite was determined using standard diazotization 

method 3650 – SC (Lamotte, 2000). 

The determination of phosphate in each of the vegetables 

samples was chopped into small pieces. The chopped sam-

ples were then air-dried. The air-dried samples were ground 

and sieved with a siever of mesh 1mm. A known amount 

(1g) of each of the ground and sieved samples was weighed 

into acid-washed porcelain crucibles. The crucibles were 

labeled and 5ml of 20% (w/v) magnesium acetate were 

added and evaporated to dryness. The crucibles were then 

transferred into the furnace and the temperature was raised 

to 500
0
C. The samples were ashed at this temperature for 

four (4) hours. Removed and cooled in desiccators. 

Ten (10) ml of 6M HCl were then added to each of the 

crucible and covered, then heated on a steam bath for fif-

teen minutes. The contents of each crucible were complete-

ly transferred into different evaporating basins and 1ml of 

concentrated HNO3 was added. The heating was made to 

continue for 1 hour to dehydrate silica. 1ml of 6M HCl was 

then added, swirled and then followed by the addition of 

10ml-distilled water and again heated on the steam bath to 

complete dissolution. The contents of the evaporating ba-

sins were cooled and then filtered through a Whatman no.1 

filter paper into 50ml volumetric flasks and the volumes 

made up to the marks with distilled water [11]. Phosphate 

was determined using Hach Direct Reading 2000 Spectro-

photometer. 

For sulphate determination, 5ml of magnesium nitrate 

solutions were added to each of the ground and sieved 

samples in the crucibles. These were then heated to 180
0
C 

on a hot plate.  The heating process was allowed to contin-
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ue until the colour of the samples changed from brown to 

yellow [12, 13]. The samples were then transferred to the 

furnace at a temperature of 500
0
C for four hours. Magne-

sium nitrate was added to prevent loss of sulphur. The con-

tents 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 

[11]. Sulphate was determined using Smart Spectrophoto-

meter (2000).  

3. Results and Discussions 

 

3.1. Concentrations of Heavy Metals in Vegetable Sam-

ples 

Levels of heavy metals in different parts of vegetable 

samples (spinach, lettuce, cabbage and onion) from Mirnga 

and Zira agricultural locations are as presented in Figure 1 

and 2Cr concentrations ranged from 0.23 to 3.22mg/kg; 

0.23 to 3.43mg/kg Mn; 0.23 to 3.45mg/kg Fe; 0.21 to 

3.54mg/kg Ni; 0.25 to 4.56mg/kg Pb; 0.87 to 8.34mg/kg Zn; 

0.34 to 5.44mg/kg Cd and 0.21 to 3.22mg/kg Cu. The con-

centrations of heavy metals in different parts of vegetable 

samples (spinach, lettuce, cabbage and onion) from Wan-

gaga and Malang agricultural location ranged from 0.10 to 

6.22mg/kg Cr; 0.11 to 3.17mg/kg Zn; 0.10 to 1.93mg/kg Fe; 

0.56 to 5.04mg/kg Ni; 0.12 to 0.54mg/kg Pb; 0.16 to 

0.90mg/kg Zn; 0.02 to 1.23mg/kg Cd and 0.55 to 3.31 

mg/kg Cu Figure 3 and 4 

 
Figure 1. Mean concentrations  heavy metals (Mg/kg) in different parts of vegetable samples (spinach,lettuce, carbage and Onion) from Mirnga agricul-

tural location, Biu, Borno State  

 
Figure 2. Mean concentrations  heavy metals (Mg/kg) in different parts of vegetable samples(spinach, lettuce, carbage and Onion)  from Zira agricultural 

location, Biu, Borno State  
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Figure 3. Mean concentrations  heavy metals (Mg/kg) in different parts of vegetable samples (spinach,lettuce, carbage and Onion) from Wangaga agri-

cultural location, Biu, Borno State  

 
Figure 4. Mean concentrations  heavy metals (Mg/kg) in different parts of vegetable samples (spinach,lettuce, carbage and Onion) from Malang agricul-

tural location, Biu, Borno State  

3.2. Concentrations of Anions in Vegetable Samples 

Figure 5 and 6 present the levels nitrate, nitrite, sulphate 

and phosphate in different parts of vegetable samples (spi-

nach, lettuce, cabbage and onion) from Mirnga and Zira 

agricultural location. Nitrate levels ranged from 122.00 to 

2132 nitrate mg/kg; 6.00 to 48.65 nitrite mg/kg; 311.00 to  

4321.00sulphate mg/kg and 123.00 to  987 phosphate 

mg/kg. The concentrations of some anions   nitrate, nitrite, 

sulphate and phosphate in different parts of vegetable sam-

ples (spinach, lettuce, cabbage and onion) from Wangaga 

and Malang agricultural location is as presented in Figure 7 

and 8. Nitrate levels ranged from 87.00 to 2213 nitrate 

mg/kg; 8.00 to 53.00 nitrite mg/kg; 112.00 to 4532.00 sul-

phate mg/kg and 22.00 to  1033.00 phosphate mg/kg.  

 
Figure 5. Mean concentrations  of nitrate, nitrite, sulphate and phosphate (Mg/kg) in different parts of   vegetable samples (spinach, lettuce, carbage and 

Onion) from Mirnga agricultural location,iu, Borno State  
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Figure  6. Mean concentrations  of nitrate, nitrite, sulphate and phosphate (Mg/kg) in different parts ofegetable samples (spinach,lettuce, carbage and 

Onion) from Zira agricultural location, Biu, Borno State  

 
Figure 7. Mean concentrations  of nitrate, nitrite, sulphate and phosphate (Mg/kg) in different parts of vegetable samples (spinach, lettuce, carbage and 

Onion) from wangaga agricultural location,Bui, Borno State  

 
Figure 8. Mean concentrations  of nitrate, nitrite, sulphate and phosphate (Mg/kg) in different parts of vegetable  samples (spinach, lettuce, carbage and 

Onion) from  Malang agricultural location, Bui, Borno State  

In the whole plants studied in the four agricultural loca-

tions, leaf contained higher concentrations of heavy metals 

than roots and stems. Similar study carried out by [14] 

shows that the heavy metal content of various parts of plant 

differs. They reported that in vegetables organs the concen-

trations of heavy metals are in the order of leaf> stem> root> 

tuber> bulb> fruit>seed. [15]reported high level of heavy 

metals (Pb, Fe, Cu and Zn) in their study of the long term 

effects of municipal waste disposal on soil properties and 

productivity of sites used for urban agriculture in Abakaliki, 
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South Eastern part of Nigeria. [16]studied plant uptake of 

heavy metals on a similar site at University of Ife dump site 

and reported that Pb uptake by water leaf (Talinumtriangu-

lare), okra (Albennucusesculentus) increased in leafs and 

roots of water leaf and in the fruit of okra relative to those 

grown in the non-dump sites  

The concentrations of heavy metals in all the vegetable 

samples in the four locations were higher than the 

FAO/WHO guideline values of 0.1-0.2 mg/kg Cr, 0.3 

mg/kg Fe; 0.1 mg/kg Pb; 0.1 mg/kg Cu; 0.1 mg/kg Zn; 0.1 

mg/kg Ni; 0.02 mg/kg Cd and 0.3 mg/kg Mn. The result of 

this study agreed with the data reported by [17]. This might 

be as a results high accumulation of these metals by plant.   

The values of nitrate, nitrite, sulphate and phosphate in 

the vegetable samples show that the leaves are rich in this 

anion content than other tissues studied. Similar study was 

carried out by [14] stated that nitrate and nitrite content of 

various parts of a plant differs in the order of leaf> stem> 

root> tuber> bulb> fruit> seed. [18] reported that vegeta-

bles that are consumed with their roots, stems and leaves 

have a high nitrate and nitrite accumulation, whereas me-

lons and those vegetables with only fruits as consumable 

parts have a low nitrate accumulation This observation was 

also noted by [19], where leaf and stem accumulate the 

most nitrate, sulphate and nitrite followed by stem and 

roots [20] in their study; “Nitrate and nitrite accumulation 

in vegetables”, noted that leafy vegetables such as spinach, 

cabbage and lettuce contains nitrate, sulphate and nitrite at 

significant levels. Result from this study agreed with the 

above observations, in that levels of nitrate, sulphate, nitrite 

and phosphate were higher in spinach, cabbage and lettuce 

within the four agricultural locations. [20]also noted that 

plants that develop fruits or storage tissues, such as potato 

and tomato, usually have low nitrite and nitrate concentra-

tions. In the present study the concentrations of these 

anions were higher in cabbage, lettuce and spinach samples, 

while onion shows the least levels. Nitrite content in vege-

tables is usually very low compared to nitrate [19]. This 

was also in agreement with the present study. Result of 

analysis of variance (ANOVA) showed that variation be-

tween vegetables and organs were statistically significant 

(p<0.05). The fact that concentrations of nitrate and nitrite 

in the vegetables varied between the four sample areas 

could be attributed to differences in anthropogenic activi-

ties, like different farming practices such as excessive 

usage of fertilizers, herbicides and other agrochemicals [20, 

21], as well as the use of waste water and all kinds of pol-

luted water in irrigating the vegetables in these areas. This 

could also be attributed to a number of environmental fac-

tors such as drought, day light intensity, and soil tempera-

ture and soil type [22, 23]. 

4. Conclusion 

In the whole plants studied from the four agricultural lo-

cations leaf contained higher concentrations of heavy met-

als than roots and stems. The results also indicate that all 

the vegetable samples analyzed in this study had high lev-

els of heavy metals and anions. The levels of all the metals 

studied were 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 con-

sumers 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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