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Abstract: The purpose of the study was to assess some physicochemical parameters of soil and the heavy metal 

concentrations in soil and vegetables along the bank of Mpape River in FCT, Abuja. The study was carried out 

in dry season between 2016 and 2017. Soil and vegetables samples were collected simultaneously from three 

irrigated farm sites. Heavy metal levels were quantified using Atomic Absorption Spectrophotometer (AAS). 

Other parameters were determined using standard methods. The levels of physicochemical characteristics in 

soil and the heavy metals in soil and vegetables varied significantly according to sites without adhering to any 

significant trend. Soil pH (5.62±0.72) was slightly acidic, soil temperature (27.37±0.60 
0
C) and OM content 

(3.31±0.37 %)were significantly higher and within WHO/FAO
1
 permissible limits.Levels of Cr and Cd were 

below detectable limits while Mn (7.61±0.76) and Cu (0.65±0.016) in soil were below EU
2
 permissible limits. 

The levels of Cr (0.17±0.08),Mn (7.22±0.59), Cd (0.02±0.01) and Cu (0.80±0.26) in Lagos Spinach were 

significantly higher than the levels of Cr (0.29±0.16), Mn (3.92±0.53), Cd (0.01±0.03) and Cu (0.67±0.28) in 

African Egg-plant which were below FAO/WHO
1
 and EU

2
 permissible limits. Transfer factors (TF) values for 

Mn and Cu surpass 0.5 showing that the vegetables were largely contaminated by Mn and Cu while Cr and Cd 

were below 0.5 in the two vegetables. Daily intakes value (DIM) calculated for Cr, Cd and Cu in vegetables 

were generally below the WHO/EU
2, 3

 and SEPA
5
 maximum limits except for Mn that was higher than the limits 

indicating that people who consumed these vegetables may accumulate more of the Mn. Health Risk Index in 

both vegetables from all the farms was less than 1, indicating that no significant potential health risk associated 

with the consumption of these vegetables. All the metals were significantly different (<0.05). The correlation 

analysis showed that the metals in these farms have varying correlations. All the metals in all the farms were 

strong and positively correlated which is an indication that they have common source of pollution. 
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I. Introduction 
Water is an essential natural resource for sustainability of life on earth. It is used for domestic, 

industrial and agricultural purposes
5
.Rivers serve as sinks for wastes from different sources, mainly from 

anthropogenic activities which include various toxic chemicals, acids, alkalis, detergents and agrochemicals 

which greatly affect the physicochemical properties of water used for irrigation
6
. Some of these parameters 

include pH, temperature, organic matter and solids and also heavy metals such as chromium, manganese, 

cadmium and copper which may be affected by seasonal variations
7
.Accumulation of heavy metals in crop 

plants is of great concern due to the probability of foodcontamination through the soil-root interface due to the 

pollution of metals which are reported to cause many types of diseases such as cancer, nervous diseases and also 

various diseases affecting different organs of the body
7
. 

Soil is the primary reservoir of heavy metals in the overall metal cycle in nature
8,9

. The heavy metals 

which are the natural components of the environment mainly in combined forms are being added to the soil 

through direct or indirect consequences of anthropogenic activities such as disposal of urban and industrial 

wastes; mining and smelting of non-ferrous metals and metallurgical, additions of manures, sewage sludge, 

fertilizers and pesticides, spent engine oil
6
. 

Vegetables play important roles in our daily diet and as economic crops, they take up heavy metals by 

absorbing them from contaminated soils, as well as from deposits on parts of the vegetables exposed to the air 

from polluted environments
10

. Heavy metal accumulation in plants depends upon plant species, and the 

efficiency of different plants in absorbing metals is evaluated by either plant uptake or soil to plant transfer 

factors of the metals
11

. Several studies have indicated that vegetables, particularly, the leafy ones, grown in 

heavy metal contaminated soil have higher concentrations of these metals than those in an uncontaminated soil  



Assessment Of Some Physicochemical Parameters Of Soil And Heavy Metals In Soil And Vegetables  

DOI: 10.9790/2402-1205012838                                   www.iosrjournals.org                                          29 | Page 

and these metal sources in vegetables is the growth media (soil, air, nutrients solutions) and are taken up through 

the roots and foliage
10

. 

There has always been a number of studies which have investigated vegetables growing on soil  

irrigated areas with wastewater which indicated high concentrations of heavy metals in the leaves than the roots 

of vegetables grown on these areas and identified leafy vegetables at greater risk of accumulating elevated 

concentration. Some researchers
12, 13

have reported heavy metal pollution assessment of soil and vegetables from 

irrigated farmlands in FCT Abuja, but there is limited information on the pollution status of soil and vegetables 

along the bank of Mpape River. The objective of this study, therefore, is to assess some physicochemical 

parameters of soil and heavy metal pollution of soil and vegetables cultivated along the bank of Mpape River in 

Federal Capital Territory (F.C.T.) Abuja, Nigeria, during dry seasons. Information from this study would be a 

useful tool for further assessment and monitoring of the river quality. 

 

II. Materials And Methods 
Study Area 

The study was conducted at three different irrigation sites; Mpape, Wuse Zone 5 and Wuye areas along Mpape 

River in Abuja Municipal Area Council in the Federal Capital Territory, Nigeria.Mpape River is located at 

latitude 9 
0
 5

’
N and longitude 7 

o 
29 

‘ 
E and originates from Mpape Rock in Federal Capital Territory, Abuja, 

Nigeria (Figure 3.1). The River experiences large influx of wastes from both points and non-point sources, 

especially during the rainy season. It is used majorly during dry seasons as source of water for irrigation 

purposes in the area. Inhabitants of this area, however, depend on the river for fishery activities and as well as 

source of water for domestic purposes. Some industrial activities such as block moulding industries, mechanic 

workshops, car wash shops take place along the bank of the river. Domestic sewage, agricultural runoffs and 

domestic wastes are often emptied into the river. 

 

 
Figure1: Mpape River Showing Sampling Location Sample Collections and PreparationsSoil 

 

Soil samples (4 kg) were collected randomly at the depth of 10 cm using soil auger from six different locations 

in the area of the irrigated farm to form a composite sample. Soil samples were taken to the laboratory and air- 

dried on a table surface for 3 days and was ground using pestle and mortar. They were sieved using 2 mm mesh 

to obtain more homogenous samples. They were sealed in cellophane bags for metal analysis
14

. 

 

Vegetables 

Samples (4 kg) each of Lagos Spinach (Celosia argentea) and African Egg- Plant (Solanum 

macrocarpon) leaves were collected randomly from six different locations in the irrigated farmland to form a 

composite sample by uprooting manually with hands and packaged inside cellophane bags. Vegetable samples 

were taken to the laboratory and were washed thoroughly three times with deionized water in order to remove 

soil particles. Vegetables were spread on a tray and air - dried for 3 days. The vegetables were separated into 
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roots, stems and leaves. The leaves were ground to powder using mortar and pestle. The ground samples were 

sieved with 125 µm mesh in order to obtain more homogenous samples. The sieved samples were packaged in 

cellophane bags for metal analysis
15

. 

 

Sample DigestionSoil 

Three replicate samples of soil (5 g) were weighed and placed in 100 cm
3
 beaker. The samples were 

digested with 20 cm
3
 aqua regia (3HCl: 1HNO3) for 2 hrs on a hot plate. The digest was diluted with 50 cm

3
 of 

deionized water and allowed to cool, then filtered into a 100 cm
3
 volumetric flask using Whatman 541 filter 

paper. The solution was made up to mark with distilled water and stored in a high density plastic bottle for metal 

analysis
14

. 

 

Vegetables 

Three replicate samples of each vegetable (5 g) were weighed separately into porcelain crucible and 

digested with 10 cm
3
 of 98 % concentrated HNO3. The mixture was heated to complete dissolution in a water 

bath for 1 hr at temperature of 150 
o
C until light coloured solution was obtained. The solution was made up to 

25 cm
3
 with distilled water and filtered through Whatman No.1filter paper. The filtrate was stored in a plastic 

bottle for metal analysis
15

. 

 

 Determination of the Physicochemical Properties of Soil 

 

pH 
Soil pH was determined by shaking 5 g of sample with 5 cm

3
 of water. The soil solution was allowed to stand 

overnight. pH meter was inserted inside the solution and the value was read and recorded
16

. 

 

Temperature 

Temperature was measured using thermometer (0 – 50 
0
C). Temperature probe was inserted into the soil sample 

solution containing 5 cm
3 
of deionized water. The temperature value was read and recorded

16.
. 

 

Organic Matter 

Organic matter was determined using acid extraction method by weighing 100 g of the sample into a beaker and 

50 cm
3
 of 30 % H2O2 was added. The solution was heated at 450 

0
C for 1 hr. The calculation of the amount of 

OM was done by the difference in mass of dry sample before and after extraction
17

. 

OM % = Initial mass of dry sample before extraction–Final mass of dry sample after extraction  (2.1) 

 

Determination of Bioavailable Form of Metals in Soil 
Soil samples were extracted using Ethylenediamineteraacetic Acid (EDTA) than other chelating agents 

such as Diethylenetriaminepentaacetic Acid (DTPA) due to its high chelating ability to remove greater amount 

of heavy metals from the soil and also shows good correlation with acidic soils and acts more aggressively than 

other metal chelates under acidic conditions. Dried soil samples (10 g) were placed in 50 cm
3
 extraction vessel 

(beaker) and 20 cm
3
 of (EDTA) extraction agent was added. Samples were shaken for 2 hrs and then filtered 

into a 100 cm
3
 volumetric flask using Whatman 541 filter paper for metal analysis

18
 (Amacher et al., 2003). 

 

Risk Assessment of Heavy Metals in Vegetable Samples 

 

Health Risk Index (HRI) 
The health risk index through the consumption of contaminated vegetables from the farm sites was 

assessed based on the food chain and the reference oral dose (RFD) for each vegetable. Values of HRI depend 

upon the daily intake of metals (DIM) and oral reference dose (RFD) which was estimated per day exposure of 

metals to the human body
10

. 

The DIM in this study was calculated using the average adult vegetable intake rate of 0.345 kg / person / day 

based on the formula proposed by
10, 19

. Average body weight of adult consumers (57.9 kg) was obtained through 

a formal survey conducted in the study area by interviewing about 30 persons (15 males and 15 females) 

between the ages of 30 - 45 years and their average body weights taken using a weighing balance scale at each 

irrigation site. 

DIM = Metal Concentration in plants (mg / kg) X Daily Food Intake of vegetables (Kg /person / day) / Average 

body weight (ABW) (kg).          

     (2.2) 

The health risk index for heavy metals was calculated thus; 

HRI = DIM / RFD.          (2.3) 



Assessment Of Some Physicochemical Parameters Of Soil And Heavy Metals In Soil And Vegetables  

DOI: 10.9790/2402-1205012838                                   www.iosrjournals.org                                          31 | Page 

RFD for Cd = 0.001, Cr = 0.003, Cu = 0.04 and Mn = 0.014 (mg / kg bw / day)
20, 21

. 

In this work, if the health risk index value is < 1, then the exposed population is considered to be safe but where 

HIR is equal or greater than 1, the exposed population is considered to be very unsafe
17

. 

 

Transfer Factor (TF) 

The transfer factors of heavy metals from soil to vegetables, is one of the key components of human exposure to 

metals through the food chain. Transfer factor in this study was calculated based on the total metal content of 

the vegetable leaves according to
19

. 

TF = Concentrations of metals in edible parts / Concentrations of metals in the soil   (2.4) 

 

Elemental Analysis of Samples 
Qualification of Cu, Cd, Mn and Cr were carried out in triplicates using Atomic Absorption Spectrometry 

(Model 180-30) Hitach. 

 

Quality Control 

Appropriate safety measures and quality assurance procedures were taken to ensure the reliability of the results. 

Samples were carefully handled to avoid cross-contamination. Glass wares were properly cleaned and reagents 

used were of analytical grade. Deionized water was used throughout the studies. Standards were prepared for 

each metal from their stock solution to calibrate the instruments and also to know the actual concentrations.  

Reagent blank determinations were used to apply corrections to the instrument readings. For validation 

(precisions/ Accuracy) of analytical results, replicate analyses of the samples were done for soils and vegetables. 

 

Statistical Analysis 

 

Two- way ANOVA test was carried out using Micro Soft Office Excel 2010 to evaluate the significant 

difference in the concentration of the four studied metals in the vegetable and soil samples and at the various 

farm sites at 5% confidence interval.  Correlation test was done using R- 3.50 statistical package program to 

check for correlations between heavy metals in soil and vegetable samples at (P < 0.05) = is significantly 

different and (P ≤ 0.05) = is not significantly different. 

 

III. Results 
Table 1: Shows the levels of the physicochemical parameters of soil samples. Soil temperature from three farms 

varied according to sites and ranged from 27.20 ± 0.02 to 27.50 ± 0.92 ⁰C indicating highest and lowest values 

at farms B and A respectively. Soil pH was generally acidic and ranged from 5.23 ± 0.87 to 5.94 ± 0.78. Farm A 

and B recorded the highest and lowest values respectively. Soil organic matter (SOM) varied from 2.42 ± 0.14 

to 3.93 ± 0.76 %, recording the lowest and highest levels in farms A and C respectively. 

 

Table 1: Shows Physicochemical Parameters of Soil Samples 
  Farms   

Parameters A B C Mean±SD 

Temperature (0 C) 27.20±0.02a 27.50±0.92b 27.40±0.87b 27.37±0.60b 

Ph 5.94±0.78b 5.23±0.87b 5.68±0.52b 5.62±0.72b 

Organic Matter(%) 2.42±0.14a 3.59±0.26a 3.93±0.76b 3.31±0.37b 

Mean levels with the same alphabets within the same row are statistically different (<0.05) 

 

Table 2: Presents the concentrations of heavy metals in soil samples. Concentration of Cr, Mn and Cu ranged 

from 1.36±0.11to 1.69±0.10, 10.10±0.85to 11.42±0.74and 0.09±0.07 to 1.01±0.07 respectively with the highest 

concentrations of Cr (1.69±0.10) and Mn (11.42±0.74) recorded in farm A while Cu (1.01±0.07) was highest in 

farm B and Cd concentration (0.01±0.04) was generally low in all the three farms. 

 

Table 2: Shows Concentrations (mg/Kg) of Heavy Metals in Soil Samples 
  Farms   

Metals A B C Mean ±SD 

Cr 1.69±0.10b 1.59±0.12 b 1.36±0.11 b 1.55 ± 0.11 b 

Mn 11.42±0.74b 11.03±0.62 b 10.10±0.85b 10.85 ± 0.74 b 

Cd 0.01±0.04 a 0.01±0.03 a 0.01±0.01 a 0.01 ± 0.03 a 

Cu 0.091±0.07 a 1.01±0.07 a 0.63±0.06 a 0.85 ± 0.07 a 

Mean levels with the same alphabets within the same row are statistically different (<0.05) 

 

Table 3: Shows the bioavailable form of heavy metals in soil samples.  Mn and Cu ranged from 6.13± 0.64to 

8.63 ± 0.94and 0.31±0.02 to 0.97±0.41 respectively. Concentration of Mn (8.63± 0.94 mg/kg) was significantly 
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higher in farm 

A and lowest in 

farm C while 

higher 

concentration of 

Cu (0.97 ±0.41 

mg/kg) was recorded in farm B and lowest in farm C. Cr and Cd levels were below detectable limits in all the 

farm sites.  

Table 3: Shows Bioavailable Form of Heavy Metal Content (mg/Kg) in Soil Samples 

 

 

 

 

 

 

Means levels with the same alphabets were statistically different (<0.05) 

BDL= Below Detectable Limit 

 

Table 4: Shows the concentrations of heavy metals in the leaves of vegetables (Lagos spinach and African Egg-

plant). In Lagos Spinach, the lowest and highest concentrations of Cr ((0.07±0.04 mg/Kg) and (0.25±0.10 

mg/kg) were recorded in farms B and C and  Mn recorded highest (10.07±0.91 mg/kg) and lowest (4.92±0.40 

mg/Kg) concentration in farms B and C. Farm A recorded the highest concentration of Cu (0.87±0.26 mg/kg)  

and the lowest (0.74±0.31 mg/Kg) in farm C. Highest concentration of Cd was recorded in farm C while farm A 

was below detectable limits. In African Egg-plant, Cr indicated the highest (0.36±0.21 mg/kg) and lowest 

(0.22±0.1 mg/Kg) concentrations in farms B and C. Concentrations of Mn (6.22±0.79 mg/kg) was highest in 

farm C and lowest (2.38±0.47 mg/Kg) in farm B. Cu recorded highest concentrations (0.73±0.41 mg/kg) in farm 

C and the lowest (0.61±0.08 mg/Kg) in farm A. However, Cd concentrations (0.01±0.03 mg/kg) were the least 

and similar for all farms. 

 

Table 4: Shows Concentrations (mg/Kg) of Heavy Metals in the Leaves of Vegetables Samples 
  Farms   

Metals A B C Mean ± SD 

Lagos Spinach (Celosia argentea)   

Cr 0.20 ± 0.11b 0.07 ± 0.04a 0.25 ± 0.10 b 0.17 ± 0.08 b 

Mn 6.66 ± 0.46 b 10.07 ± 0.91 b 4.92 ± 0.40 b 7.22 ± 0.59 b 

Cd 0.00 ± 0.00 a 0.01 ± 0.01 a 0.01 ± 0.02 a 0.017 ± 0.01 a 

Cu 0.87 ± 0.26 b 0.80 ± 0.20 b 0.74 ± 0.31 b 0.80 ± 0.26 b 

     
African egg -plant (Solanum macrocarpon)  

Cr 0.30  ± 0.12b 0.36  ± 0.21b 0.22  ± 0.14b 0.29  ± 0.16b 

Mn 3.17  ± 0.34b 2.38  ± 0.47b 6.22  ± 0.79b 3.92  ± 0.53b 

Cd 0.01  ± 0.03a 0.01  ± 0.03a 0.01  ± 0.03a 0.01  ± 0.03a 

Cu 0.61  ± 0.08a 0.66  ± 0.35b 0.73  ± 0.41b 0.67  ± 0.28b 

Means levels with the same alphabets were statistically different (<0.05). 

BDL = Below Detectable Limit 

 

Table 5: Shows the transfer Factors (TF) from soil to the leaves of vegetable samples. In the study, in Lagos 

Spinach, TF for Cu (1.28 to 2.39) was greater than 1except for Cu at farm B (0.82). TF for Mn (0.77 to 1.25) 

was relatively high. However, the TF for Mn (1.01) at farm C and Cu (0.68 to 2.35) were also observed to be 

greater than or equal to 1 in African egg-plant.  Cd recorded the least and similar TF values (0.01) in farms B 

and C while it was below detectable limits in farm A.  

 

Table 5: Shows Transfer Factor of Heavy Metals from soil to the Leaves of Vegetables Samples 
   Metals  

Farms Cr Mn Cd Cu 

Lagos Spinach (Celosia argentea)     

A 0.20 0.77 0.00 1.28 

B 0.07 1.25 0.01 0.82  

C 0.25 0.80 0.01 2.39  

Mean 0.17 0.94 0.00 1.50  

          
African egg- plant (Solanum macrocarpon)    

A 0.30 0.37 0.01 0.90  

B 0.30 0.29 0.01 0.68  

  Farms   

Metals A B C Mean ± SD 

Cr BDL BDL BDL BDL 

Mn 8.63 ± 0.94b 8.07 ± 0.71 b 6.13±  0.64 b 7.61 ± 0.76 b 

Cd BDL BDL BDL BDL 

Cu 0.68±0.06a 0.97±0.41 b 0.31±0.02 a 0.65 ± 0.16 b 
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C 0.22 1.01 0.01 2.35  

Mean 0.29 0.56 0.01 1.31  

 

Table 6: Shows the results for daily intake of metals in vegetable. The highest values for the daily intake of 

metals in both vegetables were recorded for Mn (0.040) in farm A in Lagos Spinach and Mn (0.037) in Farm C 

in African Egg- plant. 

 

 

 

Table 6: Presents Daily Intake of Metals (DIM) (mg/ Kg/ person / day) 
   Metals 

Farms Cr Mn Cd Cu 

Lagos Spinach (Celosia argentea)   

A 0.001 0.040 0.000 0.005 

B 0.001 0.060 0.001 0.005  

C 0.002 0.029 0.006 0.004  

Mean 0.001 0.043 0.002 0.005  

          
African egg -plant (Solanum macrocarpon)    

A 0.004 0.019 0.006 0.004 

B 0.002 0.014 0.001 0.004 

C 0.001 0.037 0.001 0.004 

Mean 0.002 0.023 0.003 0.004 

 

Table 7: Shows health risk index of heavy metals in vegetable leaves. The highest HRI values were recorded for 

Mn (0.429) in farm B in Lagos Spinach and Mn ((0.429) in farm C in African Egg-plant. 

 

Table 7: Shows Health Risk Index (HRI) of Heavy Metals in Vegetable Leaves Samples 
  Metals   

Farms Cr Mn Cd Cu 

Lagos Spinach (Celosia argentea)     

A 0.033 0.286 0.001 0.125 

B 0.033 0.429 0.010 0.125  

C 0.067 0.207 0.060 0.100  

Mean 0.044 0.307 0.023 0.117  

          
African egg -plant (Solanum macrocarpon)    

A 0.133 0.136 0.060 0.100  

B 0.067 0.100 0.010 0.100  

C 0.033 0.264 0.010 0.100  

Mean 0.078 0.167 0.027 0.100  

 

Table 8: Shows the correlation coefficient between the bioavailable form of metals in soil and Lagos Spinach 

leaves from the three farm sites. From the results, Mn/Cr (0.953), Cd/Cr (0.987), Cd/Mn (0.985), Cu/Cr (0.883), 

Cu/Mn (0.775) and Cu/Cd (0.780) showed strong and positive correlations.  

 

Table 8: Shows Correlation Coefficient between the Bioavailable form of Metals in the Soil and Lagos 

Spinach leaves from the three farm sites 
 Cr Mn Cd Cu 

Cr 1***    

Mn 0.953** 1***   

Cd 0.987** 0.985** 1***  

Cu 0.883** 0.775** 0.780** 1*** 

*Correlation is significant at (P<0.05) level 

*Correlation is not significant at (P≤0.05) level 

 

Table 9: shows the correlation coefficient between the bioavailable form of metals in the soil and African Egg-

plant leaves from the three farm sites. From the results, Mn/Cr (0.964), Cd/Cr (0.860), Cd/Mn (0.971), Cu/Cr 

(0.870), Cu/Mn (0.675) and Cu/Cd (0.790) showed strong and positive correlations.  

 

Table 9: Shows Correlation Coefficient between the Bioavailable form of Metals in the Soil and African 

Egg-plant leaves from the three farm sites 

 
 Cr Mn Cd Cu 

Cr 1***    

Mn 0.964** 1***   
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*Correlation is significant at (P<0.05) level 

*Correlation is not significant at (P≤0.05) level 

 

 

 

 

IV. Discussions 
 

 

Physicochemical parameters of Soil Samples 

The mean temperature value (27.37 ± 0.60 ⁰C) (Table 1) was less than 45 ⁰C, thus within FAO/WHO
22

 

permissible limits for irrigation soil. Variation in temperature might be due to the time of sampling and 

season.pH affects the mobility of heavy metals in soil. It has been found that soil pH correlated with the 

availability and transport of nutrients to the plants
23

. As pH decreases, solubility of metal elements in the soil 

increases and they become more readily available to plants
24

. Heavy metal mobility and uptake decreases with 

increasing soil pH due to precipitation of hydroxides, carbonates or formation of insoluble organic complexes
24

. 

Soil mean pH value (5.62 ± 0.72) (Table 1) obtained from the three farms were lower than the 7.30 to 8.60  

reported for soil pH from irrigated dumpsites in Port Harcourt
25

 and (7.84 to 8.26) for soil pH from irrigated 

dumpsites in Kano
26

. The values obtained from the present study were below the 7.1 to 8.2 WHO/FAO
22

 

permissible limits. This suggests that low pH would favour the increased micro nutrient availability, mobility, 

redistribution and solubility in acidic medium
26

. Heavy metals are generally more mobile at pH < 7 than at pH > 

7.Soil organic matter (SOM) is important for the retention of metals in the soil thereby decreasing mobility, 

bioavailability and enhances the usefulness of soil for agricultural purposes
27

. Higher values recorded in farm C 

might be due to higher anthropogenic activities such as indiscriminate dumping of refuse and decompositions of 

dead plants. This was supported by
28

who reported that dumpsites had higher soil organic matter contents. The 

mean value (3.31 ± 0.39 %) recorded for SOM (Table 1) in the present study may be responsible for the increase 

in soil pH as was observed by
28

.  This was lower than 5.8 to 7.8% reported for soils from irrigated dumpsites
29

, 

and also 3.88 to 7.39 % reported in different farms in Port Harcourt
25

. Nevertheless, the values were within the 

1.3 to 4.76% WHO/FAO
22

 permissible limits for irrigation soil. When SOM is decomposed by micro-

organisms, weak acids such as organic acids in humus are released to form humid acid such as oxalic; fumic, 

malic, maleic
25

. 

 

Heavy Metal Concentrations in Soil Samples 

Chromium is a less mobile element at neutral pH
30

.  Cr
+6 

adsorption decreases with increasing pH while 

Cr
+3 

adsorption increases with increasing pH
31

. Owing to low solubility and mobility of Cr, only small amount 

of Cr is bioavailable.  Mn is an essential metal for both plants and animals but higher accumulation can have 

adverse effects on the central nervous system of humans
32

. Cadmium (Cd) has no essential biological function 

and is highly toxic to plants and animals
32

. Copper (Cu) is one of the most essential elements for plants and 

animals. Mean concentration of Cr (1.55±0.11 mg/kg) from the three farms (Table 2) was similar to the 

concentration (1.36 to 1.65 mg/kg) reported for agricultural soils in copper mining areas of Singhbhum shear 

zone in India
33

, which was below the 100 mg/kg EU
34

 and the 150 mg/kg WHO
17

 recommended limits. Mean 

concentration of Mn (10.85±0.74 mg/kg) increased significantly (P<0.05) in the present study and was higher 

than the concentrations (6.53 mg/kg) reported by
35

 from irrigated farms in Sindh Industrial Trading Estate, 

Karachi, Pakistan and the (2.17±0.11 mg/kg) reported by
36

 for soils within abattoirs farm sites in Rivers State, 

however did not exceed the 500 mg/kg SEPA
37

 and the 200 mg/kg EU
34

 allowable limits recommended for 

agricultural soils.
38

investigated heavy metal concentrations of soils from irrigated farmland in Makera Area of 

Kaduna State and reported relatively higher concentrations of Cd (3.05 to 8.02 mg/kg) compared to the very low 

mean concentration (0.01±0.03 mg/kg) obtained in the present study (Table 2). Levels of Cd in this study were 

lower than the 0.2 mg/kg SEPA
37

 and the 3 mg/kg EU
34

allowable limits for agricultural soil. Mean 

concentration of Cu (0.85±0.07 mg/kg) was lower than the levels (3.96±0.71 mg/kg) reported by
13

 for soil from 

farms along Jabi Lake, FCT, Abuja. The reported concentration of Cu in the present study was far below the 100 

mg/kg EU/WHO
34, 17

 permissible limits for agricultural soils. Thus an indication that anthropogenic practices on 

the farm sites, did not pose any health hazard risk due to Cr, Mn, Cu and Cd in the soil. The mean heavy metal 

Cd 0.960** 0.971** 1***  

     

Cu 0.970** 0.976** 0.990** 1*** 
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concentrations decreased in the order of Mn > Cr > Cu > Cd respectively. These metals varied significantly in 

different farms (P<0.05), however, their levels were significantly higher than the bioavailable form of metals. 

Higher concentrations of some metals at different sites may be attributed to contributions from irrigated water 

from Mpape and other adjoining rivers, and polluted river channels from mechanic workshops and block 

moulding industries, and also from effluents discharged from generators into the river.The mean metal levels 

from different farm sites varied significantly (P<0.05) level of significance. 

 

Bioavailable form of Heavy Metals in Soil Samples 

Higher metal concentration in soils is one of the important environmental concerns
39, 27.

 Sufficient 

information is not obtained in the use of total concentration of metals as criteria to assess potential effects of soil 

contamination
40

, therefore, total metal concentrations may not predict best metal bioavailability in soils. Study 

on the bioavailability of heavy metals in soils was conducted using Ethylene Diamine Tetra acetic Acid (EDTA) 

due to its ability to act more aggressively than other chelating agents in removing heavy metals from the soil 

under acidic conditions and also its ability to enhance the metal solubility from the soil - solid phase
40

. The 

bioavailable form of metals in soil samples (Table 3) from irrigated farms were lower compared to the total 

metal concentrations. The relatively high mean concentrations recorded for Mn (7.61 ± 0.79 mg/kg) may imply 

higher mobilization, availability of these metals for plant uptake while lower mean level of 0.65 ± 0.16 mg/kg 

for Cu suggested immobilization of heavy metals into soil by formation of complexes with soil particles
40

.  A 

similar work was done by
41

 on bioavailable form of metals in irrigated soil from Meerut City College, which 

relatively reported higher extractable levels of 37.32 mg/kg for Cr and 34.01 mg/kg for Cd. From the result, 

mean metal concentrationsfrom different farm sites varied significantly (<0.05) level of significance. 

 

Concentrations of Heavy Metals in the Leaves of Vegetable Samples 

Studies conducted by 
42, 42

 reported higher levels of Cr (0.51 to 38.18 mg/kg) and (1.72 to 2.80 mg/kg) 

in leafy vegetables on irrigated farmlands of Chandi Garh in India and Makera area of Kaduna State compared 

to the mean levels (0.17±0.08 to 0.29±0.16) recorded for the two vegetables in the present study (Table 4). The 

values recorded in the present study were within the 0.3 mg/kg EU
34

 and the 1.2 - 2.3 mg/kg FAO/WHO
43 44

 

permissible limits, hence eating the vegetables from these farms may not constitute potential health hazards to 

the consumers.Manganese enhances and improves bone and teeth formation, but in excess can lead to cancer
89

. 

The mean concentrations of Mn in both vegetables ranged from (3.92±0.53 to 7.22±0.59 mg/kg) which were 

similar to the levels (4.12 ±0.60 to 7.32±1.56 mg/kg) reported for vegetable leaves on irrigated farm in mining 

areas of Banat in Romania 
45

. Studies carried out by 
46, 43=7

 reported lower levels of Mn (0.16 to 1.67 mg/kg) and 

(0.23 to 3.45 mg/kg) on leafy vegetables from different irrigation farms in Lagos State and Biu Local 

Government Area of Borno State respectively. The values recorded in the present study were within the 5.0 

mg/kg WHO/FAO
43

 permissible limits; therefore, consumption of these vegetables from farm sites poses no 

deleterious effects to the users. 
46, 47

 reported levels of Cd (0.06 to 0.07 mg/kg) and (0.05 to 0.08 mg/kg) in 

vegetables from Lagos Streets and irrigated farms in Port Harcourt which were higher than the mean Cd levels 

(0.001±0.03 to 0.02±0.01 mg/kg) in the present study which were below the 0.2 mg/kg FAO/WHO
48, 44

and the 

20 mg/kg EU
34

 permissible limits, suggesting that no potential health risk is significant in the intake of these 

vegetable. Mean levels of Cu ranged from (0.67±0.28 to 0.80±0.26) which were within the levels (0.70±0.09 

mg/kg) reported for vegetables from irrigation farmlands of Tanda Dam Kohat in Pakistan
49

, but higher than 

(0.01 to 0.07 mg/kg) reported for vegetables from different farm lands in Lagos State
46

. The concentrations 

recorded in the present study were below the 20 - 40 mg/kg FAO/WHO
44

 (2011) and EU
34

 permissible limits 

suggesting safety in the consumption of vegetables despite the anthropogenic activities in the study area. In the 

two vegetables studied, Cr and Mn had the highest concentrations in farms B while Cu concentrated higher in 

farms A. Cd concentrations were consistently low in all the vegetables.  In all the farm sites, heavy metal 

concentrations from the two vegetables decreased in the order of Mn>Cu>Cr>Cd. From the results, the mean 

metal concentrations from different farm sites were significantly different (P< 0.05) level of significance. 

 

Transfer Factor of Heavy Metals from Soil to Vegetables  
The metal transfer factor is a function of different factors such as the soil pH, soil organic matter, 

metals availability and soil particle size
50

. The metal transfer factor from soil to plants is a key module of human 

exposure to heavy metals through food chain. Transfer factor of metals is essential to investigate the human 

health risk index
50

. TF values close to or above 1 are considered to be high
19

. This may indicate contaminations 

from anthropogenic sources and also increased bioaccumulation of heavy metals in the vegetables
19

.  The TF 

values for Mn (0.77-1.25) and (1.01) (Table 5) were relatively high and similar to the 0.52 to 0.87 reported for 

vegetables from irrigated areas in Makera, Kaduna State. The considerably high TF values showed by Mn and 

Cu in both vegetables with almost all values surpassing 0.5 showed that vegetables were largely contaminated 

with these metals
19, 51

.  TF for Cr was lower than the values 0.005 to 0.027 reported for vegetables grown on 
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farmlands in Yargalma of Northern Nigeria
52

. The low TF recorded in Cd may be due to its strong adsorption 

unto the organic matter which renders it less bioavailable to plants
53

. However, high TF implies low retention of 

metals in soil while lower TF implies that the metals binds more to the soil and becomes unavailable for plants
51, 

52
. Transfer factors of metals in both vegetables were in the decreasing order of Cu>Mn>Cr>Cd. The variation 

seen, however, is a function of metal availability, different vegetables exhibiting different absorption and higher 

transfer capacity exhibited by some vegetable species than others
451, 52

. 

 

Daily Intake of Metals (DIM) in Vegetables 

 Daily vegetable consumption was obtained through a formal survey conducted in the study area. An 

interview of about 20 persons between the ages 30-45 years age group was conducted at each irrigation site and 

an average mean body weight of 57.90 kg was recorded. The results (Table 6) revealed higher mean values of 

daily intake for Mn (0.043) and (0.023) in Lagos spinach, and African egg-plant respectively. However, lower 

DIM values (0.001 – 0.002, 0.002 – 0.003 and 0.004 – 0.005) were observed for Cr, Cd and Cu in both 

vegetables respectively. These values were lower than the daily intake values of 0.064, 1.00 and 10.00 for Cd, 

Mn, and Cu recorded for leafy vegetables (Amaranthus) from irrigated farm lands
10, 54

. DIM recorded in this 

study were far below the 0.060, 3.00 and 0.05 to 0.2 for Cd, Cu and Cr WHO/FAO
22

 permissible limits 

respectively, except Mn that was higher than the 0.014 mg/kg allowable limits. The DIM of each metal through 

consumption of vegetables decreased in the order; of Mn>Cu>Cd>Cr in Lagos Spinach, and Mn>Cu>Cr>Cd in 

African egg-plant. Therefore, it may be concluded that the local population will accumulate higher levels of Mn. 

 

Health Risk Index (HRI) of Heavy Metals in the Leaves of Vegetables (Lagos Spinach and African Egg-

plant) 
 If the health risk index of metals are equal to or greater than 1, then population is considered to be 

unsafe and will experience potential health hazards through consumption of vegetables, and when is less than 1, 

then exposure to any significant potential health risks to the population will not be of any great concern from the 

intake of vegetables
19, 38

. HRI for metals in all the farms and in both vegetables (Table 7) were < 1. However, 

continuous accumulation of these metals over time may have a negative impact on the environment. This study 

indicates that those that consume these vegetables from farmlands might not have been exposed to any 

significant potential health risks.  HRI in Lagos Spinach and African egg- plant varied in the order of 

Mn>Cu>Cr>Cd respectively. There are other sources of metals exposures, such as consumption of other food 

stuffs and dust inhalation. 

 

Correlation Coefficient between the Bioavailable form of Metals in the Soil and Vegetable Leaves (Lagos 

Spinach and African Egg-plant)from the three farm sites 

The correlation analysis (Tables 8 and 9) showed that the metals in these farms have varying correlations. All 

the metals in the farms were strong and positively correlated which is an indication that they have common 

source of pollution
55

. 

Correlation rating: > 0.91= very strong, 0.90-0.81= strong, 0.81-0.5= moderate, <0.5= weak (Lacatusu, 2000) 

 

V. Conclusion 
Physicochemical characteristics of soil and the current levels of metals in soil and vegetablesvaried 

according to farm sites. These variations according to sites have no specific trend. Soil pH, temperature and OM 

contents were higherin Farms A, B and C respectively but were within the WHO/FAO permissible limits. 

Levels of Mn and Cu in soil samples were higher in A and B respectively while Cr and Cd levels were below 

detectable limits in all farm sites and these values were below the EU/WHO and SEPA permissible limits for 

agricultural soils. In vegetable samples, Lagos Spinach recorded higher levels of Cu, Mn and Cr in farms A, B 

and C respectively and in African Egg-plant, the levels of Cr, Mn and  Cu were higher in Farms B and C 

respectively while Cd levels was similar in both vegetables. These values obtained were below the FAO/WHO 

and EU permissible limits for vegetable samples.  Metal transfer factor values (TF) for Mn, Cr and Cu were 

higher in Farms B and C in Lagos Spinach and Cr, Mn and Cu were higher in farms A,B and C  in African Egg-

plant respectively while Cd value was similar in all the farm sites. However, Mn and Cu surpasses 0.5 showing 

that vegetables were largely contaminated by these metals from anthropogenic sources, while Cr and Cd were 

below 0.5 showing that the vegetables were not contaminated by these metals. DIM recorded moderate value for 

Mn in both vegetables indicating that people who consumed these vegetables may accumulate more of the 

Mn.The DIM values in both vegetables were below the WHO/FAO permissible limits except for Mn that was 

higher than the limits. Health Risk Index (HRI) for metals in all the farms and in both vegetables were less than 

1, indicating that no significant potential health risk associated with the consumption of these vegetables.The 

mean metal levels from different farm sites varied significantly (<0.05) level of significance. 
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Recommendation 
Generally, the physicochemical parameters of soil and heavy metal concentrations of soil and 

vegetables have significant differences between them on different farm sites which may arise from different 

factors such as rain fall and changes in anthropogenic activities, e.g agricultural practices and sewage effluence, 

urban and municipal wastes and also from different domestic activities which led to loading the river used in 

irrigation of vegetables with different pollutants during the period of sampling and analysis, more so,  if 

discharges are not minimised by using proper waste disposal of the city dwellers, then the water is thus not 

potable for domestic and irrigation purposes without some forms of treatment. Therefore, it is recommended that 

effective and continuous monitoring management of Mpape River is required in order to minimise pollution in 

order to ensure proper wellbeing of the populace. 
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