


Assessment of Physicochemical Dynamism of Selected Patches within Enugu Metropolis, Enugu State.


Abstract
The present study investigated the physicochemical variability in the soil samples from three different points within Enugu metropolis. The analysis revealed the following: pH 6.58; 7.04 and 6.22 for soils from points I, II and III, respectively while the control experiment showed pH of 7.9. Soil conductivity of the respective soil were: 1124; 1209 and 1167 for the respective points while the control experiment was 642. Dissolved mineral contents in the respective soils showed the presence of the following ions in their relative abundance of the following: Ca>Mg>K>P03; Cl were seen exponentially high in the sampled soils relative to the metallic ions and the phosphate radical. Trace metals of Hg, As, Cd were below detectable limit in the sampled soils, Pb were found in point I and point III respectively at 1.18 and 0.001 mg/kg compared to the control experiment and II.
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Background of the Study
Enugu Metropolis, located in Enugu state, Nigeria, has witnessed rapid urbanization and industrial growth in recent years. This urban expansion, coupled with industrial emissions, anthropogenic activities and improper waste management practices, increases the potential for trace metal contamination in agricultural soils (Oparaji et al., 2017). The release of these toxicants into the environment poses a significant risk to the quality and safety of inhabitants in this region. Physicochemical properties of biotic entities as stated by Valero (2010) is an expression with empirical the physical and chemical compositions of these bodies. Soil as the center of the terrestrial habitat where most anthropogenic activities are carried out is characterized by chemical and physical features. These aggregated features differentially distinct a given soil from another with stated productivity potentials. With noted standard and templates, anomalies in the reflection are quality mark of entrance of toxicants or non compatible material(s) in the environment.
Enugu Metropolis, with its growing population and reliance on local food production, faces potential health risks associated with trace metal contamination in agricultural products.This with the need for quality food vitamin has increased the demand for vegetable foods (Leenders et al., 2014). The present study is an experimentally adopted survey of variations in the physicochemical properties of soil samples within Enugu metropolis of Enugu state.
Materials and Methods

Materials
Chemicals, reagents and equipments used in the present study were of analytical grade and products of designated companies of BDh, Sigma, May and Baker; the equipments are properly calibrated at each use and stored at regulated condition.
Methods
Soil sample collection
Soil sample were collected from three different locations within Enugu metropolis (Long.140N, SE 4) as described by Ezenwelu et al. (2022); the samples were pooled together separately in a clean container. There taken to the laboratory for further analysis.
Determination of physicochemical properties of the soil 
Physicochemical properties of the respective soils were determined as described in the Journal of ATSDR, (2009). The following physicochemical properties were determined:
· Soil pH profiling test
· Soil conductivity test
·  Determination of macro and micro contents of the soil: Potassium ion (K), Chloride ion
· Concentration of chloride ion in both mixtures were deduced from the formula:
Chloride: 100 mEq/L=                                   VA – VB X M X 70,900
                                                                                 Vol. ml.
Where VA= Volume of the standard solution; VB= Volume of the blank solution, M= molarity of the standard solution.
Calcium hardness
CaCO3 content (mg/Kg) = VxE (CaCO3) x 100
					   50
Calcium metal (mg/kg) = Tx 400.5 x 1.05
				            50
T= titre value.
V= titre volume
E= equimolar concentration
Magnesium hardness
	Magnesium (as mg/l) = (T–C) x 0.243
1. Where; T= total hardness mg/l (as CaCO3)
		 C= Calcium hardness mg/l (as CaCO3)


Total organic carbon contents
TOC (mg) = Vb - Vs X 16,000/ vol. of sample used
Total organic matter content (TOM) = 1.23 X TOC
Vs= total volume of standard
Vb= total volume of blank




Trace Metal Analysis
Soil digestion for Trace metal analysis
This was carried out as described by Oyibo et al. (2018). This was carried out by adding 30 ml of aqua regia (HNO3, HCl and HF in the ratio 3:2:1) and heated on a hot plate until volume remains about 7-12 ml. The digest was filtered using whatman filter paper and the volume was made up to the mark in a 50 ml volumetric flask, and was stored in a plastic container for atomic absorption spectra (AAS) analysis.
The following trace metals were investigated:
Fe, Cu, Pb, As, Cd, Hg, Cd. Concentration less of 10-6 were considered below detectable.
Statistical Analysis
 Data collected was subjected to descriptive statistical analysis using Microsoft Excel and Statistical Package for Social Science (SPSS) Version 21. Results obtained were expressed as mean ± SEM of the triplicate measurements. 
Results and Discussion
Physicochemical properties of the respective agricultural soil	
The physicochemical properties of the sampled soils collected from three locations within Enugu metropolis, Enugu state, Nigeria. The analysis revealed the following: pH 6.58; 7.04 and 6.22 for soils from points I, II and III, respectively while the control experiment showed pH of 7.9. Soil conductivity of the respective soil were: 1124; 1209 and 1167 for the respective points while the control experiment was 642. Dissolved mineral contents in the respective soils showed the presence of the following ions in their relative abundance of the following: Ca>Mg>K>P03; Cl were seen exponentially high in the sampled soils relative to the metallic ions and the phosphate radical. Trace metals of Hg, As, Cd were below detectable limit in the sampled soils, Pb were found in point I and point III respectively at 1.18 and 0.001 mg/kg compared to the control experiment and II.

Table 1 physicochemical properties of the soil samples
	Physiochemical parameters 
	Control experiment
	Point I

	pH 
	     7.9
	6.58 

	Soil Conductance 
	     642 
	1124 

	Chloride ion (Mg/g) 
	     876 
	1127.4 

	Phosphorus (Mg/g) 
	     2.11 
	1.09 

	Magnesium (Mg/g) 
	     15.72 
	15.05 

	Potassium (Mg/g) 
	      5.12
	10.04 

	Calcium (Mg/g) 
	     21.34 
	40.4 

	Iron(Mg/g) 
	     7.69 
	28.50 

	Cadmium(Mg/g) 
	     BDL 
	BDL 

	Mercury(Mg/g) 
	     BDL 
	BDL 

	Arsenic(Mg/g) 
	     BDL 
	BDL 

	Lead(Mg/g) 
	     BDL 
	1.18 

	Copper(Mg/g) 
	     1.08 
	18.12 

	Total Organic Carbon (TOC) (Mg/g) 
	     34.65 
	87.28 

	Total Organic Matter  (TOM) (mg/g) 
	     42.62 
	107.35 


N=2
Table 2 physicochemical properties of the soil samples
	Physiochemical parameters 
	Control experiment
	Point II

	pH 
	     7.9
	      7.04 

	Soil Conductance 
	     642 
	       1209 

	Chloride ion (Mg/g) 
	     876 
	     1110.09 

	Phosphorus (Mg/g) 
	     2.11  
	    0.87 

	Magnesium (Mg/g) 
	     15.72 
	   17.14 

	Potassium (Mg/g) 
	      5.12
	    18.02 

	Calcium (Mg/g) 
	      21.34 
	     42.10 

	Iron(Mg/g) 
	      7.69 
	    30.19 

	Cadmium(Mg/g) 
	        BDL 
	    BDL 

	Mercury(Mg/g) 
	        BDL 
	   BDL 

	Arsenic(Mg/g) 
	        BDL 
	  BDL 

	Lead(Mg/g) 
	       BDL 
	  BDL 

	Copper(Mg/g) 
	      1.08 
	24.19 

	Total Organic Carbon (TOC) (Mg/g) 
	      34.65 
	109.15 

	Total Organic Matter  (TOM) (mg/g) 
	       42.62 
	134.25 


N=2
Table 3 physicochemical properties of the soil samples
	Physiochemical parameters 
	Control experiment
	Point III

	pH 
	7.9
	 6.22 

	Soil Conductance 
	 642 
	1167 

	Chloride ion (Mg/g) 
	 876 
	1211.9 

	Phosphorus (Mg/g) 
	  2.11 
	1.14 

	Magnesium (Mg/g) 
	15.72 
	21.45 

	Potassium (Mg/g) 
	5.12
	15.44 

	Calcium (Mg/g) 
	21.34 
	45.86 

	Iron(Mg/g) 
	7.69 
	28.19 

	Cadmium(Mg/g) 
	BDL 
	BDL 

	Mercury(Mg/g) 
	BDL 
	BDL 

	Arsenic(Mg/g) 
	BDL 
	BDL 

	Lead(Mg/g) 
	BDL 
	0.001 

	Copper(Mg/g) 
	1.08 
	37.02 

	Total Organic Carbon (TOC) (Mg/g) 
	34.65 
	114.13 

	Total Organic Matter  (TOM) (mg/g) 
	42.62 
	140.38 


N=2

In the present study, agricultural soil from three different locations within Enugu metropolis: point I, II and III were investigated. Physicochemical properties of the soil before the pollution with heavy metals and cultivation of the vegetables showed the presence of the following: pH 6.58; 7.04 and 6.22 for soils from points I, II and III while the control experiment sited 1.04km from each of the experimented samples showed pH of 7.9. Soil conductivity of the respective soil were 1124; 1209 and 1167 while the control experiment was 642. This can be attributed to the nature of the contaminant in the soil such as oil and other kitchen condiments which can contain higher acidic contents (oleic, benzoic acids) as stated in the proceedings of the ASTDR (2009). 
Dissolved mineral contents were found in the following order: Cl>Ca>Fe>SO4>Mg>Cu>K> for the soil samples while heavy metals of Hg, As and Cd were found at below detectable limit range (BDL) in both the irrigated and non -irrigated soil. Pb was found in I and III while below detectable limit in II. Total organic matter (TOM) and total organic carbon (TOC) contents were found at 87.28, 107.35; 109.15, 134.25; 114.13, 140.38 for I, II and III soils respectively while the control sample showed TOC and TOM of 34.65 and 42.62 mg/g. 
Chikere et al., 2006 in their study at Eleme petrochemical jetting port site reported a similar correlation of ions concentrations in the contaminated Eleme port soil. They revealed a higher concentration of the mineral ions in the following order 2.28, 1.84, 5.22 and 1789.22 mg/g respectively for K, nitrate, magnesium and chloride ions. Khalid et al., 2017 in their assessment study on soil pollution and Lead (Pb) accumulation revealed higher quotients of heavy metals like Fe, Pb and Cu in the soil while heavy metals of Hg, As, Cd were found below detectable limits in the soil. 
Conclusion
The results from the present study have shown the vulnerability of agricultural soil and cultivated vegetables to effluent from industrial bias sources used for irrigation and its impact on agricultural productivity. Despite the agronomical potentials of the waste water in composite such as abundant dissolved mineral contents (Cl, Ca, Mg, Cu, Fe), high conductivity among other benefits, there exist a reasonable amount of potential toxic element (PTE) they contain such as Pb and high coliform number of microbial loads. These on the long run may endanger the health statues of the peasant farmers who use them for irrigation and the crops cultivated. 
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