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Abstract
Quality of water in Zigi, Pangani, Ruvu, Wami, and Kizinga rivers used as drinking water sources in Tanzania was assessed using water quality index (WQI). Most geochemical water parameters in rivers deviated negatively, indicative of meeting legal specifications. However, total dissolved solids (TDS) in Ruvu River, total suspended solids (TSS) in Wami and Zigi rivers, dissolved oxygen (DO) in Pangani, Zigi, and Kizinga rivers, ammonia in Wami River, and turbidity in Wami, Zigi, and Kizinga rivers deviated positively, indicating that they are responsible for water quality changes in rivers. Higher aquatic environment index values in Wami, Pangani, Zigi, and Kizinga rivers are indicative of relatively good water environment, and vice versa in Ruvu River, indicative of anthropogenic activities. WQI indicated that quality of water in these rivers ranged from good (Pangani River) to polluted (Zigi River), while other rivers were between this range. Frequent water quality monitoring campaigns are needed.
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1 Introduction
Water is a fundamental human right due to its significant role in human welfare (1). The chemistry of the water, and therefore the quality of water, is mainly governed by natural as well as human factors (2-3). The natural factors affecting the water quality include the interaction of the water with the lithogenic structure during water flow, geochemistry as well as the chemical composition of the river. The discharge of domestic wastewater, industrial sewage, and agricultural drainage water into the river are among the anthropogenic factors that can affect the quality of water (4). The impacts are severe when human activities are more dominant than natural factors (5). Land use activities such as industrialisation, agriculture, and urbanisation in the river catchments determine the amount as well as the quality of runoff from rainfall (6). As a result, the quality of water in a river is related to the changes in land use activities as aggravated by population pressure.
The water quality of a river can be evaluated by analysing the physicochemical parameters (4), describing the reasons for the contamination (7), and then comparing with the international standards such as World Health Organization (WHO) as well as other regional or local set standards. The water quality criteria used usually specify the level of a given parameter, above or below which such water becomes not suitable for a certain purpose (5). The most commonly used physicochemical parameters that describe water quality include temperature, dissolved oxygen (DO), pH, electrical conductivity (EC), turbidity, total dissolved solids (TDS), and total suspended solids (TSS). Of these, temperature, DO, pH, EC, and TDS play a significant role in the bioavailability and toxicity of contaminants as well as their dissolutions in the aqueous phase (5). Further inclusion of bacteriological parameters (such as Escherichia coli, faecal coliforms, or total coliforms) provides a relatively comprehensive measure of water quality. Such assessment provides a measure that satisfies set standards for different uses of the water (7). However, each parameter in such an assessment provides a criterion that might differ from the other and so there will be as many criteria as there are physicochemical and bacteriological parameters. As a result, getting a single measure of the water quality of a system becomes difficult. This can be achieved by using a water quality index (8), where a single qualitative and/ or quantitative value can be obtained.

Water quality index (WQI) is a single number obtained from a transformation of a large number of water quality data to represent the water quality of a water body (9). WQI is a useful measure for characterising the potable water quality by using the composite influence of different water quality parameters on the overall quality of water (2,4,10). Integrating a different and varying number of water quality parameters has resulted in the development of various water quality indices (4). Examples of the developed national methods for determining water quality include the Canadian Council of Ministers of the Environment water quality index (CCME WQI), United States National Sanitation Foundation Water Quality Index (NSF WQI), British Columbia Water Quality Index, and China Water Quality Identification Index (CWQII). Other regional and local WQI include Oregon WQI, and Florida Stream WQI (9). The various developed WQIs are usually based on the comparison of water quality parameters to given standards to provide a single WQI value for a given source (2). The major difference between these methods is the way statistics are integrated as well as the way the water parameters are interpreted (9).

Water quality assessment using the CCME WQI, for example, involves the assessment of the water quality of a water body relative to the available water quality guidelines, which can be site-specific or internationally accepted standards. The CCME WQI is determined by calculating the scope (F1), frequency (F2), and amplitude (F3) (11). The F1, F2, and F3 have their respective calculation formula. Using CCME, the WQI is then calculated such that: 

							1
where F1 = percentage of some parameters that did not meet the guideline (scope), F2 = percentage of tests that did not meet the guideline (frequency), and F3 = amount of the failed tests that did not meet the guidelines (amplitude).
This WQI method is useful when there is yearlong continuous monitoring (at least 10 samples per year) of the water body and the assessment is done using at least eight parameters (but < 20 parameters) of concern, sampled at least four times a year. WQI for a particular river can only be determined using CCME when specific measured data for each parameter is available (11).

WQI that incorporate multivariate methods such as principal component analysis (e.g., (12) as well as various modified methods of the already-developed methods (e.g. (13) and (14)), are available. In the multivariate analysis method, Euclidean distance is used as a measure of similarity. Here, the similarity coefficients of all the water parameters calculated using Euclidean distance are used to classify water variables using Q-mode Principal Component Analysis (Q-PCA), which is used for grouping cases. The resulting factor loadings of each variable in the PCA are employed to cluster the water source into the established water quality assessment groups. The principal components are used to decide the number of clusters based on the percentage variation of the principal components.

Assessment of the water quality index may also involve the use of the weighted arithmetic method, which is a modified NSFWQI. In this method, the assessment involves the determination of weight (wi), quality rating (qi), and sub-index (SI). The assignment of wi for each geochemical parameter is based on the relative significance in determining the overall quality of the drinking water (15) such that: 

								2
The quality rating (qi) is computed using the observed values of the geochemical parameters as well as the available guideline values such as the WHO, national or regional standards. Thus:
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where, qi = quality rating, Ci = observed value of geochemical parameter i in the water, and Si = Standard guideline value or acceptable limit of water parameter in the drinking water. 
Multiplying the qi and Wi for a given parameter gives the SI. The WQI for a given river, then, can be determined from the summation of the sub-indices obtained such that:
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where Wi = relative weight, wi = weight of geochemical parameter i, and n = total number of geochemical parameters.
The determined WQI values can be evaluated based on the established criteria. 

Generally, the WQI provides a summary of various water quality data into a single value that describes the water quality status of a system (10). It is an effective tool for evaluating the quality of water in a system over a certain period to monitor water quality for humans as well as the ecosystem (16). Besides, WQI can be used to communicate with policymakers, decision-makers as well as the general public regarding water quality issues, such as the vulnerability of pollution, extreme demand, and their diminishing concerns (4). Whereas the assessment of water quality can be done by measuring the physical, chemical, and biological parameters and comparing with the global, regional, and national standards, water quality assessment using WQI can be determined to evaluate the quality of water for different purposes. For example, Al-Janabi (17) observed that the water from the Tigris River were unsafe for human consumption while Chabuk (7) later observed that the water quality from the same river was good. Tian et al. (18) observed that the quality of water from the Luanhe River, northern China ranged from bad to excellent. Similarly, Shil et al. (4) observed that the quality of water from the Mahananda River was bad for irrigation and industrial uses, while Wu et al. (4) observed that the water quality of the rivers in the Lake Chaohu basin (China) was moderate. WQI can be used for assessing the quality of water of individual river systems to facilitate the comparison of water quality from different rivers.

In Tanzania, assessment of water quality in rivers has been done by different researchers. For example, Selemani et al. (3) and Hellar-Kihampa (5) assessed the water quality in the Pangani River while  Ngoye and Machiwa (6), Alphayo and Sharma (16), and Kashindye et al. (19) evaluated the quality of water in the Ruvu River. On the other hand, GLOW-FIU (20) and Mkude et al. (21) assessed the quality of water in the Wami River. The quality of water in the Zigi River was assessed by Kashindye et al. (19). Most of these studies were done mainly by measuring and comparing the physicochemical parameters of a river. Besides, no study evaluated the water quality in the Kizinga River. On the other hand, Alphayo and Sharma (19) assessed the water quality in the Ruvu River using the NSFWQI and observed that the quality of water in this river was medium. Little knowledge is available on the use of WQI to assess the water quality in the Pangani, Wami, Zigi, and Kizinga rivers, which are used for drinking purposes. Similarly, the current WQI of the Ruvu River is not known. In addition, no study compared the water quality indices of these rivers in relation to their use as drinking water sources. This study, therefore, was intended to evaluate and compare the quality of water in the selected tropical coastal rivers of Tanzania used as drinking water sources using the parametric level analysis and water quality index.

2 Materials and Methods
2.1 Study Areas
The Wami River, which occupies an estimated area of 40,000 km2, originates from the Kaguru Mountains in the Morogoro region and passes into the Wami Delta before flowing into the Indian Ocean. The river, being in the Wami – Ruvu river basin, is managed by the Wami – Ruvu Basin Water Office (WRBWO) under the Ministry of Water. The river is subjected to various domestic, agro-pastoral, industrial as well as agricultural activities (20) that could have an impact on the quality of water.

The Pangani River, which is located in northern-eastern Tanzania, covers an area of about 43,700 km2 and runs for about 500 km from the sides of Kilimanjaro and Meru mountains, and drains into the Indian Ocean. The Pangani River and its basin are managed by the Pangani Basin Water Office (PBWO) under the Ministry of Water. The Pangani River supplies water for various uses in the different urban and rural centres of the administrative regions of Manyara, Kilimanjaro, Arusha, and Tanga (22). The main socio-economic activities in the Pangani basin include industrial, agricultural (fishing, crop farming, and livestock keeping), and mining activities. As a result of increased population and socio-economic activities in the river basin, the quality of water in the river has been threatened (5,23).

River Ruvu, which is located in Eastern Tanzania, originates from the southern Uluguru Mountains and flows north-eastwards into the Indian Ocean through Morogoro and Coast regions (16,24). The Ruvu river basin, which is part of the Wami-Ruvu basin under WRBWO, has an estimated area of about 17,900 km2 (25). Socio-economic activities in the Ruvu River include livestock keeping, agriculture (both rain-fed and irrigation), and industrial (beverage, soap, pharmaceutical, textile, brewery, garage, butchery) activities (24,25). The quality of water in this river could be threatened by these activities.

The Zigi (or Sigi) River basin with an estimated area of 1,100 km2 originates from the Eastern Usambara Mountains. The river flows eastwards and enters the Indian Ocean south of the Tanga region. The Zigi River is subjected to various socio-economic activities, which include tea, sisal, and cattle farming (26), subsistence agriculture, and small-scale mining. These anthropogenic activities could jeopardise the quality of water in the basin.

The Kizinga River, together with the Mzinga River, flows into the Mtoni estuary, through the Dar es Salaam Harbour into the Indian Ocean. The river is a source of drinking water to some of the Dar es Salaam residents where water is pumped from the Mtoni water station. The river drains the urbanised areas of the city that has a lot of socio-economic activities. As a result, the quality of water quality from this river could be threatened due to suspicion of carrying a variety of wastes from residential, industrial as well as agricultural sources.

2.2 Water Quality Data
The water quality assessment described here is based on part of the data presented in several studies (3,5,6,19,20,21). Studies done by Selemani et al. (3) and Hellar-Kihampa et al. (5) provided temperature, pH, EC, TDS, DO, nitrate, nitrite, ammonia, and phosphate data for the Pangani River. Similarly, studies of Ngoye and Machiwa (6) and Kashindye et al. (19) provided temperature, pH, EC, TDS, DO, and turbidity data for the Ruvu River. Furthermore, GLOW-FIU (2014) and Mkude et al. (2018) studies provided temperature, pH, EC, TDS, TSS, DO, nitrate, ammonia, phosphate, and turbidity data for the Wami River. The study conducted by (19) provided temperature, pH, EC, TDS, TSS, DO, nitrate, phosphate, and turbidity data for the Zigi River while the study done on the Kizinga River provided pH, EC, TDS, TSS, DO, ammonia, phosphate, and turbidity data.

2.3 Evaluation of the River Water for drinking purposes
2.3.1 Assessment of Water using Parametric Level Analysis
Parametric level analysis was used to evaluate the geochemical water parameters. The deviation values of all the eleven geochemical water parameters in the selected rivers were determined using the equation proposed by (27) such that:

					6
where QDI = deviation of the measured water parameter from the legal limit, CMi = measured value of the geochemical water parameter, and CLVi = limit value of the geochemical water parameter.

The aquatic environment was assessed by using the aquatic environment assessment (AEA) method developed earlier (27). The aquatic environment index (AEI) was assessed using five water quality classes and categories according to the Egyptian Governmental Decree No. 92/2013 (28,29) to which the legal values for the different geochemical water parameters were obtained. The AEI was calculated using equation 7 according to (27).

					7
where QC = quality class of the geochemical water parameter, W = relative weight of the water parameter, and n = number of the analysed water parameters.
The interpretation of the AEI values was based on the different water quality categories (QCs) developed elsewhere (27) as excellent, good, proper, weak, and bad. The relative weights (Wi) of each parameter used in this study are the same relative weights used in the determination of WQI, except that they are presented in percentages. 

2.3.2 Assessment of Water using Water Quality Index
The quality, as well as the suitability of water in the selected rivers for drinking purposes, was assessed by determining the water quality index. Water quality indices of the selected rivers were assessed using the method described by (13). In this method, WQI was determined by assigning a weight (wi) for each geochemical parameter based on the relative significance in determining the overall quality of the drinking water. A weighted value (wi) of 5 and 1 were assigned to geochemical parameters that have a significant and insignificant effect on water quality, respectively. Thus, TDS, ammonia, nitrate, nitrite, and phosphate were assigned wi of 5 due to their significance in the assessment of water quality. Turbidity and TSS were assigned the weight of 2 due to a relatively insignificant role in the water quality assessment. Other geochemical parameters were assigned weights between 2 and 5 depending on their relative significance in the assessment of water quality. The wi was then used in computing the relative weight (Wi) according to equation 2. The standard limits from the World Health Organisation, (30,31) and the Tanzania Bureau of Standards (32,33) were employed as the benchmarks. 

The quality rating scale (qi) was computed according to equation 3 and the sub-index (SI) was determined using equation 4. The WQI of each river system was finally computed such that:
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The computed WQI was then compared with the established ranges of WQI used to classify water for drinking water (Table 1).
Table 1: Drinking Water Classification criteria (34)
	Level
	Classification
	WQI

	1
	Excellent
	<50

	2
	Good
	50 - 100

	3
	Poor
	100 - 200

	4
	Very poor
	200 - 300

	5
	Polluted
	300 - 400

	6
	Very polluted
	> 400



3 Results and Discussion
3.1 Variation of Geochemical Water Parameters in the Rivers
The extracted geochemical water data used for the study are presented in Table 2. The mean water temperatures were more or less similar in all the selected rivers and fluctuated between 18.0 °C and 32.1 °C. The water temperatures in these rivers were within the TBS set standard of < 35°C, indicating the absence of thermal pollution. Changes in water temperature could control the biotic and abiotic processes in a water body and may influence, among others, the level of nutrients, pollutants, as well as dissolved matter in water (35).

The pH values in all rivers were moderate alkaline (6.4 to 8.9). The pH of the water was more or less the same in all rivers and within the WHO and TBS set standards of < 8.5 and < 9.2, respectively. The pH of water in the Wami River was slightly lower than those of other rivers. Water with pH > 9.2 tastes bitter while that with pH < 5.3 reduces the assimilation of minerals and vitamins (37). 
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Table 2: Geochemical water parameters (mean ± SD and range) in the Selected Rivers
	Geochemical Parameter
	Wami Rivera
	Pangani Riverb
	Ruvu Riverc
	Zigi Riverd
	Kizinga Rivere

	Temperature (°C)
	28.1 ± 2.1
	
(21.0 - 30.5)
	
(18.0 - 32.0)
	27.8 ± 2.9
	NA

	
	(24.5 - 32.0)
	
	
	(24.1 - 32.1)
	

	pH
	7.1 ± 0.3
	
(6.8 - 8.9)
	
(7.0 - 8.1)
	7.5 ± 0.3
	7.9 ± 0.1

	
	(6.4 - 7.6)
	
	
	(7.1 - 7.9)
	(7.8 - 8.0)

	EC (µS/cm)
	320.4 ± 82.3
	
(97.0 - 1350.0)
	
(39.8 - 48734.0)
	141.7 ± 57.2
	1814.4 ± 251.3

	
	(208.0 - 518.0)
	
	
	(49.0 - 299.0)
	(1666.0 - 2104.5)

	TDS (mg/L)
	748.1 ± 1225.3
	276.7 ± 236.0
	
(19.9 - 24367.0)
	69.7 ± 27.9
	915.9 ± 126.8

	
	(128.9 - 2930.0)
	(270.1 - 283.3)
	
	(24.5 - 149.9)
	(841.0 - 34333.3)

	TSS (mg/L)
	261.7 ± 279.1
	NA
	NA
	141.7 ± 251.8
	24.1 ± 9.2

	
	(45.0 - 730.0)
	
	
	(0.9 - 854.7)
	(15.1 - 39.3)

	DO (mg/L)
	5.6 ± 2.7
	
(2.0 - 8.3)
	
(6.0 - 16.8)
	5.4 ± 1.1
	4.4 ± 0.8

	
	(0.0 -9.8)
	
	
	(3.2 - 6.8)
	(3.1 - 5.2)

	Nitrate (mg/L)
	0.1 ± 0.2
	21.7 ± 21.6
	NA
	3.0 ± 3.0
	NA

	
	(0.0 - 0.3)
	(2.5 - 84.0)
	
	(0.1 - 3.9)
	

	Nitrite (mg/L)
	NA
	0.7 ± 1.3
	NA
	NA
	NA

	
	
	(0.1 - 4.7)
	
	
	

	Ammonia (mg/L)
	1.0 ± 0.6
	0.0 ± 0.1
	NA
	NA
	0.4 ± 0.3

	
	(0.2 - 1.6)
	(ND - 0.1)
	
	
	(0.3 - 0.8)

	Phosphate (mg/L)
	0.6 ± 0.3
	0.1 ± 0.1
	NA
	0.1 ± 0.08
	1.3 ± 1.1

	
	(0.3 - 1.2)
	(0.0 - 0.2)
	
	(0.0 - 0.3)
	(0.0 - 2.1)

	Turbidity (NTU)
	39.6 ± 46.8
	NA
	
(3.0 - 840.0)
	241.7 ± 412.4
	19.9 ± 7.6

	
	(3.6 - 182.0)
	
	
	(1.8 - 1518.0)
	(12.5 - 32.5)


a(20,21); b(3,5); c(6,19); NA = Not analysed; ND = not detected 

The pH of drinking water greatly affects the water temperature, amount of organic compounds as well as solubility of toxic metals and therefore influences the health and body chemistry (35).

Higher mean EC, TDS, and phosphate values were observed in the Kizinga River compared to other rivers. The observed EC, TDS, and phosphate were lower than the WHO and TBS limits (Table 2). The increase in EC has long been known to increase the TDS (38). Higher TSS values were observed in the Wami River. The mean TSS in the Kizinga River was lower than WHO and TBS standards. However, TSS values in other rivers were higher than WHO and TBS standard values. High TSS could be due to increased disease-causing agents, oxygen-demanding wastes as well as salts whose presence in drinking water may cause an unpleasant taste (Shah and Josh, 2015). Higher TSS affects the chemical quality, turbidity as well as colour of the water (35).

The levels of DO in Wami and Zigi rivers were higher than the WHO and TBS set standards while DO values in the Kizinga River were lower than the WHO and TBS standards. DO values of up to 14.5 mg/L are expected in natural waters, but lower DO in the water below the optimum range of 4 – 6 mg/L is an indication of organic pollution caused by atmospheric dissolution, oxygen-consuming autotrophic processes, and heterotrophic activities that consume the oxygen in water (37). The levels of dissolved salts, the temperature of the water, and biological processes taking place may dictate the level of oxygen detected in a river (35). 

The relatively lower DO values observed in the Kizinga River compared to other coastal rivers clearly indicate that there could be some discharge of industrial wastes and domestic wastes that increased the organic matter load. The presence of organic matter tends to increase the oxygen-consuming processes in the river. Mihale et al. (39) have observed that sewage organic matter is one of the major contributors to the organic matter in the area. On the other hand, DO is affected by, among others, temperature such that higher DO values are expected at lower temperatures and vice versa. 

Relatively high mean nitrate values were observed in the Pangani River while lower nitrate values were observed in the other rivers. The observed nitrate values were lower than the WHO and TBS standards. The high levels of nitrate in drinking water could cause a serious health hazard. Bacteria in the digestive system can reduce nitrate to nitrite, which when reacts with the haemoglobin in the red blood cells methemoglobin is formed, which lacks the oxygen-carrying ability (37). The person consuming water containing the methemoglobin will lack sufficient oxygen for various metabolic activities, and consequently may die if nitrite levels are higher. Fortunately, the observed nitrite values in the rivers were lower than the WHO and TBS, indicating that the nitrate-nitrite conversion was relatively low.

Higher ammonia values were observed in the Wami River compared to Pangani possibly due to chemical fertilizers used in agricultural activities in the catchment. Similarly, higher phosphate values were observed in the Kizinga River probably due to increased use of phosphate-containing synthetic detergents in the households. Relatively higher turbidity values were detected in the Zigi River followed by the Wami River. From Table 2 it can be observed that ammonia values in the Wami River were higher than the WHO limit, but were lower in other rivers. The observed phosphate levels lower than the WHO set limit while turbidity levels were higher than the WHO limit. TBS set limits for nitrite, ammonia, phosphate, and turbidity could not be established.

3.2 Evaluation of Geochemical Water Parameters using Parametric Level Analysis
The parametric level analysis gave a plot of the QDI as a function of the relative weight of the water parameters in the selected coastal rivers (Fig 1). From the figure, it can been seen that the majority of the geochemical water parameters in all rivers deviated negatively, indicative of meeting the legal specifications. However, TDS in the Ruvu River, TSS in the Wami and Zigi rivers, DO in the Pangani, Zigi, and Kizinga rivers, ammonia in the Wami River, and turbidity in the Wami, Zigi, and Kizinga rivers deviated positively. This is an indication that these geochemical water parameters do not meet the legal specifications in these rivers. 

Fig 1: Deviation of Geochemical Water Parameters as a function of their relative weights

Whereas water quality in the Ruvu River is controlled mainly by TDS, the quality of water in the Zigi River is controlled by turbidity, DO, and TSS. Similarly, the quality of water in the Kizinga River is mainly influenced by DO and turbidity. Figure 1 has indicated that the quality of water in these rivers is controlled by various geochemical parameters. It has indicated that TDS, TSS, DO, ammonia, and turbidity are the geochemical water parameters that influence the water quality in these rivers, but each river is controlled by different geochemical water parameters. For example, the quality of water in the Wami River is mainly influenced by turbidity, DO, ammonia, and TSS, while the water quality in the Pangani River is controlled mainly by DO. 

The determination of the mean AEI values and the AEI intervals was done by the substitution method (27). When river water is of excellent quality for all the geochemical parameters (quality class 5), the calculated mean AEI using equation 8 is 44.0.
Similarly, ranking all the geochemical water parameters in quality class 1 (bad quality) will give a mean AEI of 8.8. Using a similar method, the mean AEI values for weak, proper, and good quality classes were obtained. The lower and upper limit values of an interval for a given quality class were determined by averaging the neighbouring mean AEI values. The mean AEI and AEI intervals are given in Table 3. 

Table 3: Evaluation categories for the quality classes of the coastal rivers
	Category Descriptions
	Category Class
	Mean AEI value
	AEI interval

	Bad
	1
	8.8
	13.2 < AEI

	Weak
	2
	17.6
	13.2 < AEI < 22.0

	Proper
	3
	26.4
	22.0 < AEI < 30.8

	Good
	4
	35.2
	30.8 < AEI < 39.6

	Excellent
	5
	44.0
	39.6 < AEI



The water quality classes of the different rivers were assessed based on the minimum values of the individual geochemical water parameter. The qualitative assessment of the geochemical water parameters in the selected rivers is presented in Table 4. It can been seen from Table 1 that the qualitative classification of geochemical water parameters in the selected rivers displayed similar findings to those observed in Fig 1. For example, the quality of water in the Wami River is influenced by variable levels of TSS, DO, and turbidity. Furthermore, water quality in the Pangani River is mainly affected by variations of DO and EC to some extent. Moreover, the quality of water in the Ruvu River is influenced by TDS and EC, the closely related geochemical parameters. Whereas water quality in the Zigi River is affected by TDS, TSS, and DO, water quality in the Kizinga River is influenced by TSS and DO. 

The calculated AEI for each selected river is given in Table 5. Higher AEI values were observed in waters of the Wami, Pangani, Zigi, and Kizinga rivers, and lower values were observed in the waters of the Ruvu River. Higher values are indicative of a relatively good water environment, and vice versa. Lower AEI value in Ruvu River could be explained by the influence of anthropogenic activities such as agriculture in the area. For example, fertilizers and pesticides used in agriculture contribute to the deterioration of water quality. A previous study observed that the use of fertilizers and pesticides in agricultural areas may result in an intermittent supply of contaminants into the water body such as rivers (37).

3.3 Assessment of Water quality using Water quality index
A total of 11 geochemical water parameters were used in the computation of the water quality indices. Table 6 has indicated that based on the WQI classification (Table 1), water from Pangani and Ruvu rivers have excellent quality for use as drinking water. The water from these rivers can be used for drinking with little or no cost of treatment. Similarly, the quality of water from the Kizinga River is good, implying that a relatively high cost can be incurred to treat the water from this river source compared to those from Pangani and Ruvu rivers. The quality of water from the Wami river is poor whereas that of the Zigi River is unsuitable based on the selected water criteria used in this study. 


Table 4: Ranges of Measured values and their classification according to (27)
	Parameter
	Ranges of Measured values in Rivers
	Ranges of Quality classes*

	
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River

	
	
	
	
	
	
	
	
	
	
	

	Temperature (°C)
	24.5 – 32.0
	21.0 – 30.5
	18.0 – 32.0
	24.1 – 32.1
	NA
	E
	E
	E
	E
	NA

	pH
	6.4 – 7.6
	6.8 – 8.9
	7.0 – 7.1
	7.1 – 7.9
	7.8 – 8.0
	E
	G to E
	E
	E
	E

	EC (µS/cm)
	208.0 – 518.0
	97.0 – 1350.0
	39.8 – 48734.0
	49.0 – 299.0
	1666.0 – 2104.5
	E
	B to G
	B to E
	E
	B

	TDS (mg/L)
	748.1 – 1225.3
	270.1 – 283.3
	19.9 – 24367.0
	24.5 – 149.9
	841.0 – 34333.3
	E
	E
	B to E
	B to E
	E

	TSS (mg/L)
	45.0 – 730.0
	NA
	NA
	0.9 -854.7
	15.1 – 39.3
	B to P
	NA
	NA
	B to E
	P to G

	DO (mg/L)
	0.0 – 5.6
	2.0 – 8.3
	6.0 – 16.8
	3.2 – 6.8
	3.1 – 5.2
	B to W
	B to P
	P to E
	B to P
	B to W

	Nitrate (mg/L)
	0.0 – 0.3
	2.5 – 84.0
	NA
	0.1 – 3.9
	NA
	E
	E
	E
	E
	NA

	Nitrite (mg/L)
	NA
	0.1 – 4.7
	NA
	NA
	NA
	NA
	E
	NA
	NA
	NA

	Ammonia (mg/L)
	0.2 – 0.6
	ND – 0.1
	NA
	NA
	0.3 – 0.8
	E
	E
	E
	E
	E

	Phosphate (mg/L)
	0.3 – 1.2
	0.0 – 0.2
	NA
	0.0 – 0.3
	0.0 – 2.1
	E
	E
	E
	E
	E

	Turbidity (NTU)
	3.6 – 182.0
	NA
	3.0 – 840.0
	1.8 – 1518.0
	12.5 – 32.5
	B to E
	NA
	B to E
	P to E
	P to G


*Based on the minimum and maximum detected concentrations; Legend: E = Excellent; G = Good; P = Proper; W = Weak; and B = Bad; NA = not analysed

Table 5: Average AEI values for the selected rivers
	Parameter
	Minimum quality class*
	Relative Weight (%)
	
QC  Wi

	
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River
	
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River

	Temperature (°C)
	5
	5
	5
	5
	NA
	7.1
	35.7
	35.7
	35.7
	35.7
	NA

	pH
	5
	4
	5
	5
	5
	7.1
	35.7
	28.6
	35.7
	35.7
	35.7

	EC (µS/cm)
	5
	1
	1
	5
	1
	9.5
	47.6
	9.5
	9.5
	47.6
	9.5

	TDS (mg/L)
	5
	5
	1
	5
	5
	11.9
	59.5
	59.5
	11.9
	59.5
	59.5

	TSS (mg/L)
	1
	NA
	NA
	1
	3
	4.8
	4.8
	NA
	NA
	4.8
	14.3

	DO (mg/L)
	1
	1
	3
	1
	1
	7.1
	7.1
	7.1
	21.4
	7.1
	7.1

	Nitrate (mg/L)
	5
	5
	NA
	5
	NA
	11.9
	59.5
	59.5
	NA
	59.5
	NA

	Nitrite (mg/L)
	NA
	5
	NA
	NA
	NA
	11.9
	NA
	59.5
	NA
	NA
	NA

	Ammonia (mg/L)
	5
	5
	NA
	NA
	5
	11.9
	59.5
	59.5
	NA
	NA
	59.5

	Phosphate (mg/L)
	5
	5
	NA
	5
	5
	11.9
	59.5
	59.5
	NA
	59.5
	59.5

	Turbidity (NTU)
	1
	NA
	1
	3
	3
	4.8
	4.8
	NA
	4.8
	14.3
	14.3

	Average AEI value
	37.4
	42.1
	19.8
	36.0
	32.4

	Quality description
	Good
	Excellent
	Weak
	Good
	Good


*Based on the minimum detected concentrations; NA = not analysed;

Table 6: Water Quality Indices of Selected Coastal Rivers 
	Parameter
	Standards
	Weight (wi)
	Relative weight (Wi)
	Qi
	Si

	
	WHOa
	TBSb
	
	
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River
	Wami River
	Pangani River
	Ruvu River
	Zigi River
	Kizinga River

	Temperature (°C)
	
	35
	3
	0.07
	80.3
	0.0
	51.4
	79.7
	0.0
	5.7
	0.0
	3.7
	5.7
	0.0

	pH
	< 8.5
	< 9.2
	3
	0.07
	83.5
	80.0
	82.4
	88.2
	91.8
	6.0
	5.7
	5.9
	6.3
	6.6

	EC (µS/cm)
	2500
	1000
	4
	0.10
	32.0
	3.9
	1.6
	7.2
	72.6
	3.1
	0.4
	0.2
	0.7
	6.9

	TDS (mg/L)
	1000
	1000
	5
	0.12
	74.8
	27.7
	191.9
	7.0
	91.6
	8.9
	3.3
	22.8
	0.8
	10.9

	TSS (mg/L)
	30
	100
	2
	0.05
	872.3
	0.0
	0.0
	472.3
	80.3
	41.5
	0.0
	0.0
	22.5
	3.8

	DO (mg/L)
	5
	6
	3
	0.07
	112.0
	40.0
	120.0
	108.0
	88.0
	8.0
	2.9
	8.6
	7.7
	6.3

	Nitrate (mg/L)
	50
	75
	5
	0.12
	0.2
	43.4
	0.0
	6.0
	0.0
	0.0
	5.2
	0.0
	0.7
	0.0

	Nitrite (mg/L)
	3
	
	5
	0.12
	0.0
	23.3
	0.0
	0.0
	0.0
	0.0
	2.8
	0.0
	0.0
	0.0

	Ammonia (mg/L)
	0.5
	
	5
	0.12
	192.0
	6.0
	0.0
	0.0
	80.0
	22.9
	0.7
	0.0
	0.0
	9.5

	Phosphate (mg/L)
	10
	
	5
	0.12
	6.0
	0.7
	0.0
	0.9
	13.0
	0.7
	0.1
	0.0
	0.1
	1.5

	Turbidity (NTU)
	<5
	
	2
	0.05
	792.0
	0.0
	60.0
	5432.0
	398.0
	37.7
	0.0
	2.9
	258.7
	19.0

	Σ
	42
	1.00
	WQI
	134.5
	21.0
	44.0
	303.2
	64.5


a(30,31); b(32,33)

This has implications on the cost of treatment as a relatively high cost of treatment will be incurred to continue using the water from the Wami and Zigi rivers as drinking water. It should be noted that these values may change if other factors such as chemical (metals, pesticides, etc) and biological (E. coli, total and faecal coliforms) parameters are considered. Olasoji et al. (40) have indicated that WQI may display different indices and classifications once bacteriological parameters such as E. coli, faecal as well as total coliforms are involved. Nevertheless, this information is valuable in that it gives us the current status of the quality of the water in the selected rivers, though not to the highest precision. 

By using information obtained from Tables 5 and 6, it is evident that there are minimal environmental threats to the quality of water in the Pangani River. However, the quality of water in the remaining rivers is threatened by various environmental and human factors that tend to put pressure on the water bodies. This calls for urgent and frequent water quality monitoring campaigns in all the rivers to ensure that the threats are minimised.

4 Conclusions
The water quality of the selected coastal rivers used as drinking water sources has been assessed using the WQI. The parametric level analysis and aquatic environmental index have revealed that water quality in the selected rivers is mainly influenced by TDS, TSS, DO, ammonia, and turbidity levels. Any factor that could cause a change in these geochemical parameters could influence the quality of the water in the rivers. However, the magnitude of the effect of these geochemical parameters on the water quality is different between rivers. A relatively good water environment of the Wami, Pangani, Zigi, and Kizinga rivers could be explained by the relatively low influence of anthropogenic activities that impact minimal environmental threats and vice versa. The water quality of the rivers based on the water quality index ranged from excellent to unsuitable, implying that the costs for treating the water in the rivers are indirectly related to the water quality. The presence of anthropogenic factors putting pressure on the water quality calls for urgent and frequent water quality monitoring campaigns in all the rivers to ensure that the threats are kept to non-threshold levels. A more comprehensive water quality index can be determined when physicochemical, biological, and chemical parameters are included in the calculation. There is a need for regular and detailed water quality monitoring campaigns to identify the trends in water quality over time and space. This will help to design specific pollution prevention programs to ensure that water from these rivers is safe for drinking.

5 Acknowledgements
The author greatly acknowledges the contributions of different authors whose publications were used to extract the data used in this study. In addition, the anonymous reviewers are acknowledged for their critical and constructive comments.

6 References
1	Rahmanian, N., Ali, S.H.B., Homayoonfard, M., Ali, N.J., Rehan, M., Sadef, Y., Nizami, A.S., 2015. Analysis of physiochemical parameters to evaluate the drinking water quality in the State of Perak, Malaysia, J. Chem. 2015, http://dx.doi.org/10.1155/2015/716125.
2	Damo, R., Icka, P., 2013. Evaluation of water quality index for drinking water, Pol. J. Environ. Stud. 22(4), 1045-1051.
3	Selemani, J.R., Zhang, J., Muzuka, A.N., Njau, K.N., Zhang, G., Maggid, A., Mzuza M.K., Jin, J., Pradhan, S., 2017. Seasonal water chemistry variability in the Pangani River basin, Tanzania. Environ. Sci. Pollut. Res. 24, 26092–26110. https://doi.org/10.1007/s11356-017-0221-x.
4	Shil, S., Singh, U.K., Mehta, P., 2019. Water quality assessment of a tropical river using water quality index (WQI), multivariate statistical techniques and GIS. Appl. Water Sci. 9, 168. https://doi.org/10.1007/s13201-019-1045-2.
5	Hellar-Kihampa, H., DeWael, K., Lugwisha, E., Van Grieken, R., 2013. Water quality assessment in the Pangani River basin, Tanzania: Natural and anthropogenic influences on the concentrations of nutrients and inorganic ions. Int. J. River Basin Manag. 11:1, 55-75. DOI: 10.1080/15715124.2012.759119.
6	Ngoye, E., Mahiwa J.F., 2004. The Influence of land-use patterns in the Ruvu river on water quality in the river system. Phys Chem Earth. 29, 1161-1166. https://doi.org/10.1016/j.pce.2004.09.002.
7	 Chabuk, A., Al-Madhlom, Q., Al-Maliki, A., Al-Ansari, N., Hussain, H.M., Laue, J., 2020. Water quality assessment along Tigris River (Iraq) using water quality index (WQI) and GIS software. Arab. J. Geosci. 13, 654. https://doi.org/10.1007/s12517-020-05575-5.
8	Wu, Z., Lai, X., Li, K., 2021. Water quality assessment of rivers in Lake Chaohu Basin (China) using water quality index. Ecol. Indic. 121, 107021. https://doi.org/10.1016/j.ecolind.2020.107021.
9	Ma, X., Wang, L., Yang, H., Li, N., Gong, C., 2020. Spatiotemporal analysis of water quality using multivariate statistical techniques and the water quality identiﬁcation index for the Qinhuai River Basin, East China, Water 12(10), 2764. doi:10.3390/w12102764.
10	Batabyal, A.K., Chakraborty, S., 2015. Hydrogeochemistry and water quality Index in the assessment of groundwater quality for drinking uses. Water Environ. Res. 87(7), 607–617. DOI: 10.2175/106143015X14212658613956.
11	Canadian Council of Ministers of the Environment (CCME), 2017. Canadian water quality guidelines for the protection of aquatic life. CCME water quality index. User’s manual. CCME, Winnipeg, Manitoba, Canada. https://ccme.ca/en/res/wqimanualen.pdf (accessed 20 December 2019).
12	Mahapatra, S.S., Sahu, M., Patel, R.K., Panda, B.M., 2012. Prediction of water quality using principal component analysis. Water Qual. Expo. Health 4, 93-104. DOI 10.1007/s12403-012-0068-9.
13	Sahu, P., Sikdar, P.K., 2008. Hydrochemical framework of the aquifer in and around East Kolkata wetlands, West Bengal, India. Environ. Geol. 55(4), 823–835. https://doi.org/10.1007/s00254-007-1034-x.
14	Sahu, M., Mahapatra, S.S., Sahu, H.B., Patel, R.K., 2011. Prediction of water quality index using neuro fuzzy inference system, Water Qual. Expo. Health 3, 175–191. DOI 10.1007/s12403-011-0054-7.
15	Vasanthavigar, M., Srinivasamoorthy, K., Vijayaragavan, K., Rajiv Ganthi, R., Chidambaram, S., Anandhan, P., Manivannan, R., Vasudevan, S., 2010. Application of water quality index for groundwater quality assessment: Thirumanimuttar sub-basin, Tamilnadu, India. Environ. Monit. Assess. 171, 595–609. https://doi.org/10.1007/s10661-009-1302-1.
16	Alphayo, S.M., Sharma, M.P., 2018. Water quality assessment of Ruvu River in Tanzania using NSFWQI. J. Sci. Res. Rep. 20(3), 1–9. DOI: 10.9734/JSRR/2018/44324.
17	Al-Janabi, Z.Z., Al-Kubaisi, A.R., Al-Obaidy, A.H.M., 2012. Assessment of water quality of Tigris River by using water quality index (CCME WQI). J. Al-Nahrain University 15(1), 119–126.
18	Tian, Y., Jiang, Y., Liu, Q., Dong, M., Xu, D., Liu, Y., Xu, X., 2019. Using a water quality index to assess the water quality of the upper and middle streams of the Luanhe River, Northern China. Sci. Total Environ. 667, 142-151. https://doi.org/10.1016/j.scitotenv.2019.02.356.
19	Kashindye, A., Giliba, R., Sereka, M., Masologo, D., Lyatuu, G., Mpanda. M., 2019. Balancing land management under livestock keeping regimes: A Case of Ruvu and Zigi catchments in Tanzania. Afr. J. Environ. Sci. Technol. 13(7), 281–290. DOI: 10.5897/AJEST.
20	 GLOW-FIU 2014. Wami River Basin, Tanzania, environmental flow assessment Phase II. Global Water for Sustainability Program, Florida International University.
21	Mkude, I.T., Kodom, K., Onoyinka, A.A., Saria, J. Mihale, M.J., 2018. Spatial and temporal variations of physicochemical parameters in surface water of Wami River, Tanzania. Int. J. Dev. Sustain. 7(6), 1936-1945.
22	PBWO/IUCN, 2007. Pangani River system: state of the basin report, Tanzania. Pangani Basin Water Office (PBWO) – The World Conservation Union. https://portals.iucn.org/library/node/9031 (accessed 27 April 2021).
23	Mckenzie, J.M., Mark, B.G., Thompson, L.G., Schotterer, U., Lin, P., 2010. A hydrogeochemical survey of Kilimanjaro (Tanzania): implications for water sources and ages. Hydrogeol. J. 18, 985–995. https://doi.org/10.1007/s10040-009-0558-4.
24	GLOWS 2015. A rapid ecohydrological assessment of the Ruvu River estuary, Tanzania. Global Water for Sustainability Program, Florida International University. 
25	United Republic of Tanzania (URT), 1995. Rapid water resources assessment, Vol. 1, Main Report, Ministry of Water, Energy and Minerals, United Republic of Tanzania.
26	Hamilton, A.C., Bensted-Smith, R., 1989. Forest conservation in the Usambara Mountains, Tanzania, IUCN, Giand, Switzerland and Cambridge, UK.
27	Németh, J., Sebestyén, V., Juzsakova, T., Domokos, E., Dióssy, L., Le Phuoc, C., Huszka P., Rédey Á., 2017. Methodology development on aquatic environmental assessment. Environ. Sci. Pollut. Res. 24, 11126–11140. https://doi.org/10.1007/s11356-016-7941-1 
28	Governmental Decree (GD), 2013. Governmental Decree No 92/2013. Ministry of Water Resources and irrigation amending the implementing regulations of Law 48/1982 on the protection of the River Nile and watercourses from pollution and defining certain rules on the surface water monitoring and state assessment (in Arabic) in 
29	Rizk, R., Juzsakova, T., Cretescu, I., Rawash, M., Sebestyén, V., Le Phuoc, C., Kovács, Z., Domokos, E., Rédey, Á., Shafik, H., 2020. Environmental assessment of physical-chemical features of Lake Nasser, Egypt, Environ. Sci. Pollut. Res. 27, 20136–20148. https://doi.org/10.1007/s11356-020-08366-3.
30	World Health Organisation (WHO), 2008. Guidelines for drinking water quality, third ed. Vol. 1: Recommendations. WHO, Geneva.
31	World Health Organisation (WHO), 2011. Guidelines for drinking water quality, fourth ed. WHO, Geneva.
32	Tanzania Bureau of Standards, TBS, 2008. Drinking (potable) Water: Specification. National Environmental Standards Compendium (NESC), (TZS 789:2008) Tanzania Bureau of Standards, Dar es Salaam, Tanzania.
33	Tanzania Bureau of Standards, TBS, 2019. Drinking (potable) water Specification (TZS 789: 2019, third ed. EAS 12, Tanzania Bureau of Standards, Dar es Salaam, Tanzania.
34	Ali, S.K., 2018. Assessment of the Tigris River water quality in selected Iraqi governments. Int. J. Sci. Res. 7, 500–504. DOI:10.21275/ART20179406.
35	 Aydin, H., Ustaoğlu, F., Tepe, Y., Soylu, E.N., 2021. Assessment of water quality of streams in northeast Turkey by water quality index and multiple statistical methods. Environ. Forensics 22(1-2), 270-287. DOI: 10.1080/15275922.2020.1836074.
36	Shah, K.A., Joshi, G.S., 2015. Evaluation of water quality index for River Sabarmati, Gujarat, India. Appl. Water Sci. 7, 1349–1358. https://doi.org/10.1007/s13201-015-0318-7.
37	Yenugu, S.R., Vangala, S., Badri, S,. 2020. Groundwater quality evaluation using GIS and water quality index in and around inactive mines, Southwestern parts of Cuddapah basin, Andhra Pradesh, South India. HydroResearch 3, 146-157. DOI:10.1016/j.hydres.2020.11.001.
38	Mihale, M.J., Tungaraza, C., Baeyens, W., Brion, N., 2021. Distribution and sources of carbon, nitrogen and their isotopic compositions in tropical estuarine sediments of Mtoni, Tanzania, Ocean Sci. J. 56(2), (in press). DOI: 10.1007/s12601-021-00029-9.
39	El-Otify, A.M., Iskaros, I.A., 2015. Water quality and potamoplankton evaluation of the Nile River in Upper Egypt. Acta Limnol. Bras. 27(2), 171–190. https://doi.org/10.1590/S2179-975X4014.
40	Olasoji, S.O., Oyewole, N.O., Abiola, B., Edokpayi, J.N., 2019. Water quality assessment of surface and groundwater sources using a water quality index method: A case study of a peri-urban town in Southwest, Nigeria. Environments 6(23), 23. doi:10.3390/environments6020023.


17

image2.wmf
n

i

wi

Wi

wi

=

å


oleObject2.bin

image3.wmf
100

Ci

qi

Si

=´


oleObject3.bin

image4.wmf
ii

SIWq

=


oleObject4.bin

image5.wmf
1

1

n

ii

n

n

i

n

qW

WQI

W

=

=

=

å

å


oleObject5.bin

image6.wmf
( - )

    100

MiLVi

LVi

CC

QDI

C

=´


oleObject6.bin

image7.wmf
(  )

  

n

i

QCW

AEI

n

´

=

å


oleObject7.bin

image8.wmf
    (  )

nn

ii

WQISIWiqi

==´

åå


oleObject8.bin

image9.wmf
´


oleObject9.bin

image1.wmf
222

123

    

  100 - 

1.732

FFF

WQI

++

=


oleObject1.bin

