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    Abstract


    Life is a water dependent process, however, pristine water for the consumption of the living organisms remains a big challenge in many countries. In Zanzibar, groundwater is a major source for drinking and other domestic purposes. However, the quality of water sources seems to deteriorate mainly due to anthropogenic activities. Therefore, assessment of ground water quality is extremely important to ascertain its safety for human consumption. In June 2014, water samples from shallow wells were collected from two different areas (Kilima-hewa and Mtoni) in Zanzibar Island. In this study, nine chemical parameters Ca, Cd, Cr (III), Cu, Li, Mg, Pb, Sr, and Zn have been analyzed. Furthermore, some dietary benefits, and the possible risks associated with the consumption of water containing the analyzed parameters have been highlighted. The parameters were analyzed by ICP-OES (Thermo Scientific iCAP 6000). Some of the analyzed parameters in some water sources were below detection limit (BDL) of the ICP-OES. The ranges of the parameters were; Ca: 0.0045 - 240.17 mgL-1; Cd: 0.0007 - 48.59 mgL-1; Cr (III): BDL - 0.032 mgL-1; Li: 0.0004 - 0.0613 mgL-1; Mg: 0.0047 - 12.8 mgL-1; Pb: BDL - 0.0178 mgL-1; Sr: 0.0073 - 0.9604 mgL-1 and Zn: 0.0017 mgL-1 - 0.0499 mgL-1. With the intention of evaluating its quality, the assessed water quality parameters were compared with either World Health Organization (WHO) guidelines, and or other drinking water guidelines. In general, the values of analyzed parameter were within the recommended guidelines. However, the levels of cadmium and lead at Kilima-hewa sampling points are beyond the guideline levels, while the levels calcium had exceeded the recommended guidelines. Therefore, there is an urgent need for the water quality to be mitigated at affected water sources.
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    Introduction


    Groundwater is the main source of water in Zanzibar Island, it is necessary for different domestic purposes. Shallow hand dug wells have been increasingly used as important water sources especially during rainy seasons. Elevated concentration of nutrients and metals in surface and groundwater is common in many countries of the world, and can serve as indicator of, or may lead to water quality problem. The potential nonpoint and point sources of groundwater pollution depends on factors such the depth and pumping rate of the well, the size of the source area and local hydro-geologic conditions.


    Septic effluent, animal waste, municipal landfill leachate is among the potential sources which cause groundwater contamination [1]. Due to long-range transport process and the driving force of atmospheric precipitation, contaminants can migrate to the groundwater sources. Inside the aquifers, they can still be transported horizontally through permeable soils to very remote areas where they can result in to serious and unexpected health effects.


    Accelerated and uncontrolled human activities such as stock farming, urbanization, and solid waste disposal near the water wells have a strong impact on the quality groundwater sources [2]. Moreover, acid rain, mine drainage, agricultural, industrial, and domestic effluents have all contributed to some amount to the deterioration of the quality in water bodies [3]. The disproportionate and inappropriate use of insecticides, and pesticides chemical fertilizers, animal manures, and poorly built or poorly located septic systems for household wastewater have not only exhausted groundwater availability, but also made its quality inferior and inadequate [4].


    Recent study has also pointed out on the effect of leachate from septic effluents and landfills area to the groundwater sources in Zanzibar [5]. Nevertheless, an unsafe disposal of electronic equipments can significantly affect the quality of groundwater.


    The sources of cadmium can be of natural (soil and rocks) or anthropogenic origins (fertilizers, pesticides etc. [6]. Another source of cadmium is batteries [7]. Cadmium is not essential nutrient for living organism consumptions. Long-term exposure to cadmium is linked to blood pressure and the occurrence of cardiovascular diseases [8]. Whereas sources of environmental lead include gasoline, painted surfaces, solders made from lead, etc. A German study pointed out that cadmium and lead can transported in-to remote areas via airborne dust [9]. Lead is said to be neurotoxin, and exposure to lead has been associated with some ill effects such as, pediatric health problems, and complications in central nervous system (CNS) [10].


    Nickel is present in environment as one of the constituents of the earth's crust. Because of the omnipresence of nickel in the earth, low levels human exposure to nickel is inevitable [11]. However, other sources of cadmium in the environment are of remarkable effect, a nickel-cadmium batteries is a good example. Exposures to nickel at low doses are probably not harmful to human beings [12]. Although copper is a vital nutritional element, at higher doses it is known to cause detrimental effects such as, respiratory and gastrointestinal disturbances, liver and renal damage [11].


    Zinc is a frequently occurring element in the earth's crust, it permeates, air, water, soil, and to some extent all foods [13]. Amongst other benefits, zinc is believed to influence fetal neurobehavioral development [14]. Consumption of zinc at elevated dose can cause gastrointestinal problems (stomach cramps, nausea, and vomiting) [15]. The assessment of the suitability of the chemical quality of drinking water relies on comparison of the data of water quality analysis with those from accepted guidelines values. The guidelines are established to provide a basis for assessing drinking-water quality.


    Therefore, the present study focuses at assessing the groundwater suitability for human consumption at the studied areas (Mtoni, Kilima Hewa, and Fuoni) in Zanzibar Island. This study investigated the levels of nine chemical parameters (Ca, Cd, Cr (III), Cu, Li, Mg, Pb, Sr, and Zn) in groundwater of the studied areas.


    Materials and Methods


    In June 2014, water samples were collected from shallow wells of two areas of Zanzibar Island namely Kilima-hewa and Mtoni, in which five water samples from each area were taken. Collection and preservation of the samples were carried out according to standard methods [16]. Chemical analysis was performed in the laboratory according to the standard methods for the examination of water and wastewater [17]. Samples for the analysis of chemical parameters were filtered using disposable Merck 0.45 μm filter Millipore. Thus, the concentrations obtained correspond to the dissolved concentration in the respective ground water sites. The collected groundwater samples were analyzed for Ca, Cd, Cr (III), Cu, Li, Mg, Pb, Sr, and Zn. ICP-OES (Thermo Scientific iCAP 6000) was used to quantify the levels of the analyzed ions. Standard calibration procedure for the ICP-OES was conducted prior sample analysis.


    Discussion


    The selected parameters in this study were compared with different recognized organizations such as WHO (Table 1). Table 2 below shows the lowest and highest levels of the analyzed parameters in water samples from two areas (Kilima-hewa and Mtoni). Table 3 depicts the relative proportions of the analyzed metals (in the percentage term). This is an indicator of the concentration of these ions in a sample sub-area relative to the total concentration (Annexure) of the same ion in the entire respective study areas (Mtoni and Kilima-hewa) in percentage term.


    
      Table 1: Guidelines for drinking water as per different organizations. View Table 1

    


    Calcium


    The levels of calcium from water samples had the range of 0.0045 - 240.17 mgL-1. The lowest concentration of calcium was recorded from Kilima-hewa area, while the highest level of calcium (site number 5) was measured for sample collected from Mtoni area. (Table 2 and Figure 1). Generally, Mtoni water samples showed higher levels of calcium compared to water samples from Kilima-hewa area. Water samples from Mtoni areas showed higher levels of calcium with reference to WHO and CDWQ, and this accounts for 80% and 20% respectively (Table 3). The variation in the levels of calcium is likely to be attributed by the differences in geological nature between the two study areas. Mtoni soil is rockier compared to Kilima-hewa soil. This indicates that geological composition and the aquifer geochemistry can strongly affect both the ion occurrences and their levels in water sources. Calcium is most likely to be found at higher abundances at those areas, which are of coral, marble, chalk, rock, and limestone in nature.


    
      Table 2: Minimum and Maximum concentrations measured at Kilima-hewa area and Mtoni area. View Table 2

    


    
      Figure 1: Concentrations of Ca in water sources in two study areas.View Figure 1

    


    Cadmium


    The levels of cadmium in the study areas ranged between BDL - 48.59 mgL-1. Highest concentration of cadmium was measured at sampling site number six of Kilima-hewa area (Table 2 and Figure 2). Generally, the higher concentrations of cadmium were recorded from shallow wells around Kilima-hewa area. The concentrations of cadmium in water samples collected at Kilima-hewa sampling points showed 20% beyond the drinking water safe limit as recommended by the four organizations (Table 3). Among the anthropogenic origins of cadmium are fertilizers, pesticides [18]. These elevated levels of cadmium at the water sources are probably due to anthropogenic influence, such as dumping of electronic parts, and the lithium containing batteries closer to the water sources at Kilima-hewa premises. The use of cadmium containing insecticides might also have enhanced the elevation of cadmium near water source number six.


    
      Table 3: Comparison of the analyzed parameters with recommended guidelines. View Table 3

    


    
      Figure 2: Concentrations of Cd in water sources in two study areas. View Figure 2

    


    Chromium III


    Chromium III in the study areas was found in the range of BDL - 0.032 mgL-1. Here again, the highest concentration of chromium was recorded from the same sampling area (Kilima-hewa), but it is the water site number 8 that depicted highest concentration of chromium III. (Table 2 and Figure 3). The metal chromium can occur naturally, but its uses, such as in chromium plating and in stainless steel might be of a significant contribution to observed levels of chromium in water sources. Overall, none of the analyzed water samples had concentration of chromium III above the recommended guideline safe limit for drinking water (Table 3). The percentage comparison for Chromium III was not done as no guideline is available for this ion.


    
      Figure 3: Concentrations of Cr (III) in water sources in two study areas.View Figure 3

    


    Copper


    The concentrations of copper in the water samples ranged between BDL - 0.0272 mgL-1. Remarkably, as for cadmium, the highest concentration of copper was measured at sampling site number six of Kilima-hewa area (Table 2 and Figure 4). Nevertheless, none of the analyzed water samples had concentration of copper above the recommended guideline safe limits for drinking water (Table 3). The traces of copper in water samples might have been attributed by natural or anthropogenic sources.


    
      Figure 4: Concentrations of Cu in water sources in two study areas. View Figure 4

    


    Lithium


    From the study areas, lithium had a range of 0.0004 - 0.0613 mgL-1. The highest concentration of lithium was measured at sampling site number nine of Kilima-hewa area (Table 2 and Figure 5). Currently, there is no guideline available as the safe limit recommended for lithium (Table 1). As lithium is among naturally occurring element, plants such as vegetables can be exposed to lithium metal to a significant level. Thereby, other living organisms might be involved as transporting media for lithium in a given environment. In the same way as for chromium III, the percentage comparison for lithium was not calculated.


    
      Figure 5: Concentrations of Li in water sources in two study areas. View Figure 5

    


    Magnesium


    The concentrations of magnesium in the water samples ranged between 0.0047 - 12.800 mgL-1 (Table 2 and Figure 6). The lowest concentration of magnesium was recorded from Kilima-hewa areas (sampling number six), while the highest concentration was found for water sample number 4 from Mtoni areas. All of the groundwater samples showed percentages, which are well below the recommended guidelines. There might be very negligible anthropogenic influence for magnesium occurrence on these water sources. Thus, levels of magnesium measured in the analyzed water samples are likely due to natural sources.


    
      Figure 6: Concentrations of Mg in water sources in two study areas.View Figure 6

    


    Lead


    In the study areas, levels of lead were found in the range of BDL - 0.0178 mgL-1 (Table 2 and Figure 7). The highest concentration of lead was recorded from Kilima-hewa area, (sampling number 10). Generally, water samples from Kilima-hewa areas had concentrations of lead beyond the standard guideline limits set by WHO, CDWQ, US NPDWR, and EU. DWD, while, water samples from Mtoni areas had concentrations of lead, which are within the recommended limit set by these organizations (Table 3). Anthropogenic sources of lead might be the major and important contributor of the elevated levels of lead in water sources at Kilima-hewa. These sources include, lead-based paints, such as red-lead, application of lead (Pb) in building materials, dumped lead acid batteries, tetraethyl lead used in gasoline, and lead containing insecticides. Nevertheless, airborne lead entering water sources via precipitation and is also among the key contributor of lead contaminants in groundwater sources.


    
      Figure 7: Concentrations of Pb in water sources in two study areas. View Figure 7

    


    Strontium


    The concentration range of strontium from water samples collected from the two Areas was 0.0073- 0.0499 mgL-1 (Table 2 and Figure 8). The lowest and the highest concentrations of strontium were recorded from Mtoni and Kilima-hewa areas respectively. The occurrence of strontium in the environment is due to both natural and anthropogenic sources. From the earth crust, strontium is naturally released in to the atmosphere as result of dust particle and soil resuspension by wind and sea spray. Coastal areas are expected to have higher concentrations of strontium due to sea pray as a dominant natural process [19]. Anthropogenically, strontium in the groundwater aquifers might be caused by activities such as crushing, processing and dumping of strontium containing materials, burning of coal, agricultural activities that involve the use of strontium containing fertilizers.


    
      Figure 8: Concentrations of Sr in water sources in two study areas. View Figure 8

    


    Zinc


    Zinc concentration in the study area ranged from 0.0017- 0.0499 mgL-1 (Table 2 and Figure 9). Both lowest and highest concentrations of zinc were recorded from Kilima-hewa area at sampling number 6 and 7 respectively. Overall, none of water samples from the study areas had zinc concentrations beyond standard guideline limits set by the accepted organizations.


    
      Figure 9: Concentrations of Zn in water sources in two study areas. View Figure 9

    


    Conclusion


    In general, the values of analyzed parameter were within the recommended guidelines. However, the levels of cadmium and lead at Kilima-hewa sampling points are beyond the guideline levels, while the levels of calcium at Mtoni areas exceeded the recommended guidelines.


    It is obvious that, not all of the chemicals with guideline values will be present in all water sources, or, definitely, in all sampling locations. If they do exist, they might not be found at levels of concern. Conversely, some chemicals without guideline values or not addressed in the guidelines may nevertheless be of justifiable national and international concern under particular circumstances.


    As mineral analysis in the study areas was not conducted to assess the level of contaminants, therefore, this can be taken as an important limitation in the present study, and can be considered as an important area for further studies. Nevertheless, the policy makers are suggested to interpret the finding of this study with alarming. Furthermore, water authorities and other stakeholders need to apply different approaches and keeping priorities for good management of groundwater quality for the purposes of improving and protecting public health (Annexure).
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