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This paper assessed the level of heavy metals accumulation in 

soils and maize of Abaji area council. The objectives of the study 

were to determine the relationship between heavy metals 

concentration in soil and maize, to determine the soil 

physicochemical parameters and also to compare the 

concentration with the WHO permissible limit in soil and in maize. 

The method of Association of Analytical Chemist (AOAC) was used 

to analyse the soil physicochemical parameters while Atomic 

absorption spectrophotometer was use to analysed the heavy 

metal concentration in soil and maize. The result revealed that the 

soil and maize planted in Abaji area council were not 

contaminated with heavy metals. The soil physicochemical 

parameters were within the range with sandy soil, low organic 

matter, electrical conductivity and moisture content. 
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INTRODUCTION 
 
Heavy metal pollution is one of the environmental 
problems in natural environment that have become a 
global problem. The production and emission of heavy 
metals have increased as a result of increase in industrial 
activities and agricultural practices. Heavy metals bio 
accumulates and cause toxicity in biological systems 
such as humans, animals, microorganisms and plants. 
Accumulation of heavy metals can reduce soil quality, 
reduce crop yield and the quality of agricultural products, 
and thus give negative impacts to the health of human, 
animals, and the ecosystem (Nagajyoti et al., 2010). 
Some metals for example copper, zinc and iron are 
important and beneficial to plants, and animals, but high 
concentrations of all these metals have strong toxic 
effects and can pose an environmental threat 
(Nodelkoska et al., 2000). Wang and Chen, (2009) 
reported that heavy metals are of considerable 
environmental concern due to their toxicity, wide sources, 
non-biodegradable properties, and accumulative 
behaviors. According to Demirar et al. (2006), maize is 
known as one of the main food sources for human being 
since ancient times. It is a domesticated plant and has 
many beneficial uses for human and animal. Prasanna et 
al. (2001) cited in Khairul et al.(2015) reported that maize 
has been one of the most intensively   cultivated   cereals  

 
 
worldwide, and it is known to be the main energy source 
in human food. 

Maize is one of the major crops that is cultivated and 
also popularly consumed by all ecological zones in 
Nigeria in either boiled, roasted, or in form of moi moi and 
locally prepared beverages. According to central bank 
report (1992) about 5.6 million tonnes of maize is 
cultivated annually in Nigeria due to its demand. It is 
therefore necessary to assess the level of contamination 
of maize by heavy metals considering the farming 
practice in the country which is characterised by fertilizer, 
manure, pesticides and herbicides application that are 
potential sources of heavy metals. 

Maize is a very important crop in Nigeria. It is ranked as 
the second most important crop by food ranking interns of 
the of people it feeds (CBN, 1992) cited in Sule, (2014). It 
is used as a, staple crop, raw materials for various food 
based industries such as beverages, animal feeds, export 
commodity etc. A lot of concern has been shown towards 
heavy metal pollution with reported cases of heavy 
metals contents of the soil and maize plant. Studies 
conducted in Beijing china on heavy metal residues in 
soil and accumulation in maize at long term irrigation 
area by Yintao et al. (2015) revealed that maize is a 
potential accumulator plant. Yintao et al. (2015)  therefore  
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concluded that maize plant can serve as an ideal slope 
phytoremediation plant with this development it has 
become obvious that heavy metals can become a source 
of worry especially in agricultural lands, vegetation, soil, 
animals and ultimately to the quality of human life. Heavy 
metals have been linked to serious environmental and 
health complications as such studies into the levels of 
heavy metal accumulation and contamination in maize is 
very important and crucial. 
 
The aim of this study is to: 
 
(i) To assess the level of accumulation of heavy metals in 
soil and yellow open pollinated maize (kampam 4) 
cultivated in the raining season. 
(ii) To compare the concentration with WHO standard. 
(iii) To determine the soil physico-chemical parameters. 
 
 
 MATERIALS AND METHODS 
  
Soil sample collection 
 
Three sampling stations, Abaji, Yaba, Paikonbasa, were 
used for the study. Soil samples were randomly collected 
from each of the station monthly for the period of 6 
months from the rain feed farms fourteen soil samples 
were collected from the rain feed farms in 2016. This 
method is in line with the method described by Uwagboe 
and Hymore, (2001). One kilogram of soil samples and 5 
ears of maize from 3 different points from each sampling 
station were randomly collected. The soil sampled were 
collected in the depth of 0-15.cm from the surface of the 
soil using metal cylinder borer and a simple centimetre 
ruler the samples were later homogenised into one 
sample to give better results. The samples collected were 
kept in an appropriately labelled polythene bag and taken 
to the laboratory for analysis. Samples collected were 
analysed for the presence and quantity of Cadmium (Cd), 
Iron (Fe), Copper (Cu), Zinc (Zn) and Lead (Pb) as 
randomly selected from the list of the top ten heavy 
metals that are classified by WHO (2015) as metals of 
major environmental concern and are metals that are 
contained in most of the chemicals that are apply on the 
farms. Some soils physicochemical parameters e.g 
moisture content, pH, electrical conductivity and organic 
matter of the soil were analysed.  
 
 
Determination of heavy metals in soil and maize 
sample 
 
Sample preparation 
 
The method described by Mathew et al. (2012) was 
adapted for sample preparation. This method involve 
placing the soil and maize samples collected on  a  paper  

 
 
 
 
for air drying on bench after freshly plants, stones and 
samples were left on bench for 3-4 days to air dry at 
room temperature. The dried soil samples was pounded 
in a mortar into a fine powder and passed through a 2 
mm nylon sieve and store in small labelled polythene 
bags. One gram of the ground samples were 
homogenized and digested with 20 mls of 1:1(v/v) 
concentrated HNO3 and HCl acids (Analar grade) in 100 
ml beaker. The flask was swirled gently and heated in an 
electro thermal heater until evolution of white fumes 
marking the end of the digestion process. The digest was 
then cooled and filtered through whatman No 1 filter 
paper into 50 ml volumetric flask and diluted to 50 ml 
mark with distilled water according to procedure reported 
by Yintao et al. (2015). 
 
 
Preparation of standard solution 
 
Standard solutions of the five metals was prepared by 
dissolving (1.89 g) Lead Sulphate (PbSO4), (4.39 g), Zinc 
sulphate ZnSO4, (3.93 g) ,Copper sulphate CuSO4, (1.8 
g), iron sulphate FeSO4 and cadmium sulphate CdSO4 

(2.282 g) analytical reagent grade in one litre of deionised 
water to get standard solution of 1000 m/l. 
 
 
Metal determination in the samples 
 
The Five heavy metals (Zinc, Copper, Iron, Lead and 
Cadmium) were determined by running the prepared 
samples through Atomic Absorption spectrophotometer 
machine and the absorbance of each sample was taken 
in line with method described by Uwagboe and Hymore, 
(2001). 
  
 
Calibration curves  
 
The calibration curve for zinc was plotted with 2.0 ppm, 
4.0 ppm, 6.0 ppm, 8.0 0 ppm and 10.0 0 ppm for copper, 
lead and cadmium it was plotted with 05 ppm, 1.0 ppm, 
1.5 ppm, 2.5 ppm and 3.5 ppm and 4.5 ppm that of iron 
was plotted with 10 ppm, 20 pp, 30 ppm, 40 ppm, and 5 0 
pp. The concentration of the metals in ppm analysed in 
the sample was obtained by making reference to the 
standard curves. 
 
 
Determination of soil physicochemical parameters 
 
Moisture content analysis 
 
The percentage moisture lost due to drying was 
determined in triplicate at a temperature of 105°C for 3 h 
using the method of Association of Analytical Chemist 
(AOAC, 1990).  



 
 
 
 
Soil particle analysis 
 
Fifty grams (50 g) of soil was weighed grinded and sieve 
into a small bottle. To the soil 100ml of distilled water was 
added and 50 ml of sodium chloride was also added and 
shaken on a flask shaker for one hour. The sample was 
also fragmented further using motorized mechanical 
shaker. Each sample was quantitatively transferred into a 
sedimentation cylinder and made up to a one litre mark 
with distil water. The samples were disturbed by using a 
plunger for proper soil suspension. The hydrometer 
reading was taken by immersing the hydrometer into the 
sample and a stop watch was used to determine the 
readings. The temperature of suspension was also taken 
in other to measure the percentage of silt and clay in 
suspension while the two hours readings without 
disturbance were taken to measure the percentage of 
clay suspension (Andrés et al., 2014). 
  
 
Organic matter content analysis  
 
The organic carbon content of the soil samples were 
determined by the method of American Society for 
Testing Materials (ASTM D 2974 – Standard Test 
Methods) used by Raluca and Simona, (2006) using 
titration.  

 
 
pH determination   
 
Genway pH electrode meter was used to determine the 
PH of the soil sample in accordance with AOAC (1990). 

 
 
Electrical conductivity (EC)  
 
The electrical conductivity of the samples was 
determined electrometrically with a calibrated REXDOB-
350 portable electrical conductivity meter. The electrical 
conductivity of the sample was read directly and recorded 
μS/cm in line with (Yintao et al., 2015). 
 
 
 
RESULTS AND DISCUSSION 

 
Table 1 above shows Analysis of Variance (ANOVA) on 
soil and maize samples. The table indicated that the 
calculated F-value of 87.43 is greater than the critical 
value of 4.13. This means that there is no (statistically) 
significant difference among the mean concentration of 
heavy metals in soil and maize samples of Abaji Area 
Council at 0.05 level of significance. This means that the 
higher the concentration of heavy metals in soil, the 
higher the concentration of the metals in maize. This is in 
line with a research   work   by   Yintao  et al., (2015)  that  

Direct Res. J. Agric. Food Sci.          251 
 
 
 

Table 1. ANOVA analysis on heavy metals concentration of 
soil and maize samples. 
  
Sources of Variation SS Df MS F-Ratio F-critical 

Between Groups 66.29 1 66.29 87.43 4.13 
Within Groups 25.78 34 0.76   
Total 92.07 35    

 
P=0.05  

 
 
maize is a hyper accumulator plant and can be used for 
phytoremediation of areas that are contaminated with 
heavy metals. Table 2 shows comparison of mean rainy 
season heavy metals concentration in soil and maize of 
Abaji area council with WHO standard. The result 
showed that Zn concentration in soil was 3.17, Cu was 
0.1, Fe was 40, Pb and Cd was not detected. In 
Paikonbasa Zn was 2.33, Cu was 0.08, Pb was 0.1, Fe 
was 40.83, Cd was not detected. In Abaji Zn 
concentration was 1.75, Cu was 0.53, Fe was 44.17, Cd 
and Pb was not detected. In maize the result in Yaba 
showed that Zn concentration in yellow maize was 2.5, 
Cu was 6.2, Pb was 0.1, Fe was 9.67, Cd was 4.0. In 
Paikonbasa, Zn concentration in white maize was 2.17, 
Cu was 0.18, Pb was 0.1, Fe was 7.5, Cd was 3.22. The 
result of heavy metals concentration in yellow maize 
kampam4 of Abaji station showed that Zn concentration 
was 2.53, Cu was 0.1, Pb was 0.1, Fe 6.83, Cd and Cd 
was 4.0. The concentration of the heavy metals in soil 
and maize of Abaji area council was below the WHO 
permissible limit except Cd which was above the WHO, 
(2000) permissible limit. However heavy metals 
concentration were higher in yellow maize (kampan 4) 
compare to white (Rido) in Abuja. The result of these 
findings does not support the assertion by Yintao et al. 
(2015) that any soil that fertilizer, herbicides, and 
pesticides were used for five years should be tested for 
heavy metals contamination .This result also showed that 
maize farmland in Abaji area council was not 
contaminated with heavy metals. However there was 
evidence of traces of these heavy metals in the soil which 
may build up over time. Figure 1 shows comparison of 
mean rainy season soil physiochemical parameters of 
Abaji area council. From the figure the result showed that 
all the parameters from the three sampling stations were 
within the same range. The soil was sandy; pH was 
alkali, with low organic matter, moisture and electrical 
conductivity.  
 
Conclusion 
 
It is obvious that the soils in Abaji area councils were not 
contaminated with heavy metals, especially the metals 
analysed .However traces of the metals were observed at 
the absorbance level. This means that there is possibility 
of the contamination of the soils by heavy metals over 
time if the current farming practice of fertilizer, herbicides, 
pesticides and other chemicals continue. 
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Table 2. Comparison of the mean raining season heavy metal concentration in soil and maize of 
Abaji area council with WHO standard. 
 
Location ZINC COPPER LEAD IRON CADMUM 

Soil maize Soil Maize Soil maize Soil Maize soil Maize 

Yaba/Kampam 4 3.17 2.5 0.1 0.2 ND 0.05 40 9.67 ND 1.5 
Paikonbas/Rido 2.33 2.17 0.08 0.18 0.1 0.05 40.83 7.5 ND 1.21 
Abaji/Kampam 4 1.75 2.53 0.53 0.1 ND 0.01 44.17 6.83 ND 1.51 
WHO standard 73 50 73.5 40 0.3 0.2 99.40 15 0.2 0.05 

 
 

 
 
Figure 1. Mean raining season soil physicochemical parameters in Abaji area council. 

 
 
 
 
 
Recommendations 
 
(i) The use of pesticides, herbicide and fertilizers by 
farmers should be discouraged among farmers by 
relevant authorities. 
(ii) Alternative to the use of these chemicals should be 
provided to farmers by relevant organizations or ministry. 
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