
		
			[image: IJESNR.jpg]
		

	
		
			
				
					[image: ]
				
			

		

		
			Assessment of Pollution Status of Soils and Vegetables Irrigated by Awash River and its 

			Selected Tributaries

			Tesfalem Belay* and Tizazu H

			Ethiopian Environment and Forest Research Institute & Central Ethiopia Environment and Forest Research Center, Ethiopia

			Submission: April 03, 2019; Published: April 26, 2019

			*Corresponding author: Tesfalem Belay, Ethiopian Environment and Forest Research Institute & Central Ethiopia Environment and Forest Research Center, Ethiopia

			Abstract

			This assessment was done to determine the concentrations of Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb) and Manganese (Mn) in soil and vegetable (Spinach) samples collected in some farmlands irrigated with Awash River. Graphite Furnace Atomic Absorption Spectrometer was used for analyzing heavy metal concentrations. The test results showed that in the soil samples, from five heavy (Cd, Cr, Cu, Mn, and Pb) metals Cr and Mn were detected in all the soil samples collected from farmlands in the Lower, Middle, and Upper Awash River Basin. However, Cu was detected only in soil samples collected from farmlands in the lower Awash River Basin. The order of heavy metals concentrations (mg/kg) in soil from Lower, Middle, and Upper Awash River basin, respectively, was: Mn (1027, 1118, 89.8), Cr (82.2, 67.2, 57.2), Cu (27.4, ND, ND), Cd and Pb (ND, ND, ND). The concentrations of Cr, Mn and Cu analyzed in some of the soil sampling sites were below maximum permissible limits set for agricultural soils by (FAO/WHO: 2001). The vegetable (spinach) samples collected from same sites as the soil samples result showed that Cr and Mn were detected in all sites and Cu was detected only lower Awash River basin. The order of heavy metals concentrations (mg/kg) in soil from Lower, Middle, and Upper Awash River basin, respectively, were: Cr (89.8, 82.4, 125.6) Mn (535.8, 5.8, 67, Cu (6.4, ND, ND), Cd (Not Detected, ND, ND) and Pb (ND, ND, ND). The soil-to-plant transfer factor (Kd) order was found to be Cr (1.094, 1.23, 2.2) > Mn (0.52, 0.01, 0.73) > Cu (0.23). The concentrations of the metals analyzed in some of the vegetable sampling sites were above maximum permissible limit set for vegetables by (FAO/WHO; 2001). Therefore, the consumption of Spinach from the farmlands irrigated by Awash River could pause a health risk to consumers. Therefore, it is advised that consumers become cautious of their vegetable consumption. It is recommended that this kind of assessment is continued to monitor changes in the future.
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			Introduction

			Soil ecology has been defined as the study of natural fluctuations in soil processes and populations of soil organisms. Soil ecosystems are incredibly complex with great heterogeneity in physical, chemical and biological characteristics and are considerably influenced by factors such as geology, topography, climate and anthropogenic activities [1,2]. Soil is an environmental, biochemical reaction system with three important phases: solid (i.e. mineral particles, organic debris, plant roots), Liquid/solution (i.e. groundwater, rain water, biological excreta, products of biochemical reactions), and gas (i.e. atmospheric, products of biochemical reactions) which move towards equilibrium with one another. Agricultural soil is mentioned to be the most important sink for heavy metals due to soils high metal retention capacities [3]. There is evident to indicate that agriculture soil also has increased levels of heavy metals as a result of increased in anthropogenic activities. The chemical constituents of irrigation water can affect plant growth directly through toxicity or deficiency, or indirectly by 

altering plant availability of nutrients [4]. Waste water carries appreciable amount of trace toxic metals which often leads to degradation of soil health and contamination of food chain mainly through the vegetable grown on such soils. The toxic elements accumulated in organic matter in soil are taken up by growing plants and lastly exposing humans to this contamination [5]. The risk and health implications of polluted soils for crop production detailed that the source of heavy metal in plant is the environment in which they grow and their growth medium, the soil, from which heavy metals are taken up by roots or foliage of plants [6]. Potentially harmful metal in soils may come not only from the bedrock but also from anthropogenic sources like solid or liquid wastes, atmospheric sources, surface runoff, mining of coal and ore, agricultural inputs, landfill leachate and fallout of industrial and urban emissions [7,8]. Vegetables are major components of human diet, being sources of essential nutrients, antioxidants and metabolites in food items. The flow of trace heavy metals between the soil, plants, water and the atmosphere are the part of a complex and complicatedly connect biogeochemical cycling processes in nature. In addition to the natural weathering, anthropogenic activities are significantly responsible for elevated trace metals concentrations in soils [9]. Living organisms (plants, animals and microorganisms), store and transport metallic elements, both to provide appropriate concentrations of them for later use in metallo-proteins or cofactors and to protect themselves against the toxic effects of metal excess. Growth media including soil, nutrient solution, water and air are main sources of heavy metals to vegetables and other crops, which enter by roots or foliages through two main bio-sorption mechanisms: adsorption and/or absorption and accumulated in their tissues [10,11]. Different vegetable species accumulate different metals depending on environmental conditions, metal species and plant, available forms of the heavy metals [12]. Many plants are found to be able to take up large quantities of certain elements from the environment and said hyper-accumulators of heavy metals [13]. 

			Table 1: Standard limits of some heavy metals in the soil and Vegetables.
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			These plants have been on use even as phytoremediation, removing or transforming contaminants through metabolic processes [14]. Metal uptake by plants can be affected by several factors including metal concentrations in soils, soil pH, cation exchange capacity, organic matter content, types and varieties of plants, and age of the plant [15]. 

			The chemical forms of metals in which they enter the ecosystems and their final forms of existence greatly affect mobility, bio-availability, storage, retention and toxicity of the metals in living organisms, food and the environment [16]. Many studies have shown that waste water irrigation has elevated the levels of heavy metals in receiving soils [17,18]. The vegetable from the contaminated soil can accumulate some high concentration of heavy metal and cause some serious risk to human health [19]. 

			Awash River, which flows from central highland Ethiopia - Central rift valley through Ethiopia’s major industrial and agro-industrial belt, taking in a whole burden of all types of raw effluents. This study is intended at assessing the concentration of Mn, Cd, Cr, Cu and Pb and the pollution status of the irrigated soils of the farmlands and some vegetables grown irrigated with Awash River and its selected tributaries (Table 1).

			Materials and Methods

			Description of the study area

			[image: ]

			Awash River Basin, with a total catchment area of 113,304km2, is located between latitudes 7°53′N and 12°N and longitudes 37°57′E and 43°25′E in Ethiopia (Figure 1). The Awash River originates from the high plateau Ginchi of 3000m.a.s.l, 80km west of Addis Ababa and terminates, after travelling about 1200km, at Lake Abe of 250m.a.s.l., at the border of Ethiopia and Djibouti [20-22]. With extreme ranges of topography, vegetation, rainfall, temperature and soils, the basin extends from semi-desert lowlands to cold high mountain zones. Land use in the catchment is mainly agricultural and shrub lands used for rain-fed crops, irrigation and grazing. Various crops are cultivated ranging from cereals, vegetables, flowers, cotton to perennial fruit trees and sugarcane [20,23].

			Sampling design

			The assessment was conducted to assess the concentration of heavy metals on the soil and vegetables. The vegetables grown at the lower, middle and upper Awash River basin of some farmlands irrigated with Awash River and its tributaries. The Composite soil and vegetable samples were collected during March 2018 from Awash River basin available vegetables samples. The Composite soil and vegetable samples were analyzed for heavy metals. Cadmium (Cd), lead (Pb), Manganese (Mn) and chromium (Cr) and copper concentrations using Graphite furnace atomic absorption spectroscopy. 

			Sampling

			Sampling of soil samples

			Composite soil samples (about 1Kg) were collected the soil sub-samples were obtained from 0-20cm depth from the site (Lower, middle and upper Awash River basin and its tributaries) where the vegetables were grown with an auger [24]. Then the samples were placed in clean polyethylene bags and transported to the CEEFRC Lab for pretreatment and analysis. Larger particles and other debris were removed from the soil and then soil samples were air dried in a dry and dust free place at room temperature for 5 days. The samples were then ground with mortar and pestle to pass through a 2mm sieve and homogenized. The dried, sieved, and homogenized soil samples were placed in polyethylene bags until the time of digestion.

			Sampling of vegetable samples

			The common vegetables grown in the study area was spinach. Fresh spinach sample was collected from the soil sampling Lower Awash River basin (2 sites) Middle Awash River basin (2 sites) upper Awash River basin (3sites) using a random sampling technique method. For similar studies [25] matured leaves of spinach were sampled at early maturity methods. About 500g of composite vegetable samples were made cut into pieces using alcohol disinfects scissors and packed into sterilized plastic polythene bags [26] and transported to laboratory processing.

			Sample preparation and analysis

			Extraction and analysis of heavy metals in soil samples

			The 0.5g dried and homogenized soil samples were transferred in to 100mL digestion flask. In each of these flasks, 15mL of a mixture HNO3 (69%) and 37% HCl with volume ratio of 3:1 were added. The sample dissolved in the acid mixture was digested by hot plat in the digestion hood (at 800C) for 3h and kept to cool. The mixture was filtered out through What man No. 42 filter paper to a 100mL volumetric flask and finally diluted to the mark with distilled water [27-29]. The varying filtrates obtained above were analyzedthe total heavy metal content (Cr, Mn, Cu, Cd, and Pb) by GFAAS in JiJe laboglass Laboratory. 

			Extraction and analysis of heavy metals in spinach

			The edible portions of spinach were carefully rinsed with distilled water to remove surface contamination. They were sliced using a knife and air dry on clean surfaces to eliminate excess moisture. The samples were oven dried at 70°C for 24h. The vegetable samples were weighed and ground in a pestle and mortar and store in clean dry Stoppard containers. 0.5g vegetable samples were digested in 15ml of HNO3 (69%) and HCl (37%) mixtures (3:1) at 80ºC until a transparent solution were obtained (Logan T. J and Miller R.H.,1983). These transparent solutions were then filtered through Whatman filter paper number 42 and diluted to 50ml with distilled water. The concentrations of heavy metals, cadmium (Cd), lead (Pb), Manganese (Mn), Copper (Cu) and chromium (Cr) in the filtrate were determined by using Graphite furnace atomic absorption spectroscopy method (AAS) [30].

			Data analysis

			In this assessment, data was computed using SPSS software version 20 for heavy metal analysis. The recorded data was subjected to analysis of variance (ANOVA) to assess the effect and concentrations of heavy metal contaminant in the vegetables tested. As the level of heavy metal contamination might vary with sample collection site. SPSS was used to test the existence of significant difference between the data. In all statistical analyses, confidence level was held at 95% and P<0.05 was considered as significant.

			Results and Discussion

			Heavy metal concentrations in soil 

			Table 2: Concentration of heavy metals (mg/kg) in the soil from farmlands irrigated with Awash River.
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			The concentrations of heavy metals found in the irrigated farmland soil samples are presented in Table 2 and Figure 2. The soil samples from lower, middle and upper Awash River basin revealed high concentration of Cr and Mn. However, Cu was found only in soils from farmlands located at the lower River of Awash Basin. Pb and Cd were not detected in all soil sampling sites. The overall results ranged Cr (57.2-82.2) mg/kg, Mn (89.8-1118) mg/kg and Cu in lower wash River basin (27.4) mg/kg. The results showed that the concentration of Mn, Crand Cu detected in the soil samples were below maximum permissible limits set for agricultural soils by [31].

			Heavy metal concentrations in spinach

			Table 3: Heavy metals concentration (mg/kg) in selected vegetables (spinach) irrigated with Awash River.

			
				
					
					
					
					
					
					
				
				
					
							
							Sampling Sites

						
							
							Cd

						
							
							Pb 

						
							
							 Cr

						
							
							Mn

						
							
							Cu

						
					

					
							
							Lower Awash River Basin

						
							
							ND

						
							
							ND

						
							
							89.8

						
							
							535.8

						
							
							6.4

						
					

					
							
							Middle Awash River Basin

						
							
							ND

						
							
							ND

						
							
							82.4

						
							
							5.8

						
							
							ND

						
					

					
							
							Upper Awash River Basin

						
							
							ND

						
							
							ND

						
							
							125.6

						
							
							67

						
							
							ND

						
					

					
							
							St. limited

						
							
							0.2

						
							
							0.2

						
							
							2.3

						
							
							200

						
							
							73

						
					

				
			

			[image: ]

			Heavy metal concentrations in vegetable samples from the study sites were shown in (Tables 3 and Figure 3). The data presented were restricted to the edible parts of the vegetable. Generally, vegetables harvested in soil presented higher concentration of Cr metal but lower concentration of Mn and Cu metals when compared to those concentrations found in in the soil samples (Table 2). The test vegetables have the potential of showing variable uptake of the metals from the soils. The uptake of metal ions has been shown to be influenced by the metal species and vegetable parts [32]. The overall results ranged Cr (82.4-125) mg/kg, Mn (5.8-535.8) mg/kg and Cu in lower wash River basin (6.4) mg/kg but Cd and Pb were not detected in all Vegetable sample sites. The results showed that the concentration of Cr in the three Awash basin and manganese at the lower Awash basin detected in the Vegetable samples were above maximum permissible limits set vegetables, by (FAO/WHO) [31].

			Soil-to-Vegetable transfer factor (TF) of heavy metals

			The soil-to-plant transfer factor is one of the key components that determine human exposure to metals through the food chain. Generally, transfer factor expresses the bioavailability of a metal at a position on a species of plant [33]. Transfer factor is the ratio of the concentration of metal in the plant to that of the soil. The metal concentrations in the extracts of the soil and vegetables were calculated based on dry weight using the following simplified equation.

			Table 4: Soil -Vegetables Transfer factors of heavy metals.
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			Here, Cp and Cs are respectively the concentration of heavy metals analyzed in plant and soil samples (Table 3). As the calculated results, If the ratios >1, the plants have accumulated elements, the ratios around 1 indicate that the plants are not influenced by the elements, and ratios < 1 show that plants avoid the elements from the uptake. In the present study, the TF of different heavy metal from soil to vegetable are presented in Table 3. Higher transfer factors reflect relatively poor retention in soils or greater efficiency of vegetables to absorbs metals. The TF value ranges were Cr (1.094-2.2) Mn (0.01-0.75) and Cu (0.23) and the trend of TF for heavy metal in vegetable samples studied were in order: Cr > Mn >Cu. The mobility of metals from soil to plants is a function of the physical and chemical properties of the soil and vegetable species and is altered by innumerable environmental and human factors [34]. The highest TF value was found 2.2 for Cr. These might be due to higher mobility of heavy metal with a natural occurrence in soil [20] and low retention in the soil than other toxic cations [35]. According to the soil to plant transfer factor (TF) calculated for tested metals and leafy vegetables consumed by residents, it can be concluded that Cr was high accumulator among the investigated metals. However, the higher concentrations of these heavy metals are due to the, waste disposal, sludge applications, agrochemicals, industrial waste, fertilizer application and other organic manure [36-38] (Table 4 & Figure 4).

			Conclusion

			High concentration of heavy metals in the soil led to accumulation of heavy metals in the vegetables. In this study heavy metal concentrations varied among the sample sites, which reflect the differences in their uptake capabilities and their further translocation to edible portion of the plants. The metals (Cd, Cu, Mn, Cr and Pb) investigated in this study were Cd and Pb were not detected in all sample sites of soil and vegetable samples and Cu at the upper and middle streams were not detected, but the concentrations of Cr and Mn in all sampling sites and Cu in the lower stream the soil samples studied were below and in the vegetable samples were above the recommended safe limits of heavy metals by (WHO/FAO; CAC; 2001). In all the heavy metals chromium is high concentration in the vegetable samples of upper stream (Modjo, aba samuel and leather) mainly as result of various industrial activities. The soil- vegetable transfer factor of heavy metal (Cr) is highly uptake by spinach. Thus, heavy metal accumulation in vegetables detected was severe and has potential to cause health risk to the communities consuming these vegetables frequently since these metals tend to bio-accumulate in consumers bodies. There is possible health risk to consumers of the vegetable planted in the area. Long term consumption of these metal-contaminated vegetables can cause different disease like Brain and Kidney damage, cancer in human body, dermatitis. Therefore, the integrated pollution management is highly required and prevention measures and regular monitoring should be enforced on those industries contributing to Awash River pollution.
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Figure 4: Soil -Vegetables Transfer factors of heavy metals.
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Figure 2: Concentration of heavy metals (mg/kg) in the soil from
farmlands irrigated with Awash River.






OEBPS/image/280072.png
\.-m---.».»u..—n..n-‘-.u- b

A

Figure 1: Location map of the study sites.
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