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Abstract: Water quality degradation of urban rivers has become a serious constraint to the sustainable 

development of big cities in sub-Saharan Africa, and few systematic quantitative studies have been 

conducted on this issue. Here, we studied three main urban rivers, Mzinga River, Kizinga River, and 

Msimbazi River in Dar es Salaam, the largest port city on the west coast of the Indian Ocean. The spatial 

and temporal changes of the physicochemical parameters including DO, pH, oxidation-reduction 

potential (ORP), electrical conductivity (EC), total dissolved solids (TDS), turbidity, total nitrogen (TN), 

total dissolved nitrogen (TDN), dissolved inorganic nitrogen (DIN), chemical oxygen demand (CODMn), 

total phosphorus (TP), total dissolved phosphorus (TDP), soluble reactive phosphate (SRP), and water 

quality index (WQI) were investigated. Results showed that the middle and lower reaches of the three 

rivers were severely polluted with N (nitrogen) and P (phosphorus) with pollution increasing from the 

upstream to the downstream. WQI results showed that the water quality of Msimbazi River was in the 

“poor” category and fluctuated temporally and spatially. Principal component analyses (PCA) implied 

that redox status and N were the main factors affecting the water quality of the rivers. Unregulated 

discharge of untreated municipal and industrial wastewater were the main drivers of water quality 

degradation in the rivers. Rapid urbanization characterized by population explosion and the small 

handicraft industry aggravated the situation. Source control and end treatment are urgently needed to 

prevent the water quality of the urban rivers in Dar es Salaam from deteriorating further. 
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1 Introduction 1 

Urban rivers are important components of urban ecology, and their water quality has direct impacts on 2 

the health of water bodies, biodiversity, human health, and the sustainable development of socio-3 

economic systems in the catchments/sub-catchments. The water quality degradation of urban rivers has 4 

continuously been a severe environmental problem facing urban development of human society since the 5 

first industrial revolution. Since the 21st century, under the guidance of the concept of sustainable 6 

development, protection of the water environment in inland water bodies has been greatly improved. 7 

However, the degradation of water quality in urban rivers remains one of the main pressures on surface 8 

waters in developing countries, particularly in the rapidly developing economies of Asia, Africa, and 9 

Latin America (Baştürk, 2019; Díaz-Casallas et al., 2019; Uddin & Jeong, 2021; Yu et al., 2018). In 10 

China, the so-called black-odorous rivers in built-up areas were listed as the number one problem in more 11 

than 600 Chinese cities during the national 12th and 13th five-year plans (Qin et al., 2022). These rivers 12 

often suffer from low water transparence (Secchi’ depths, SD), low DO, and high nutrient loads (Wang 13 

et al., 2021). In Brazil, the deterioration of the water environment in the Comprido River in São Paulo 14 

caused health consequences to local residents (Rocha et al., 2022). In India, pollution of urban rivers in 15 

New Delhi induced the growth of bacterial and viral pathogens (Achee et al., 2015; Crump et al., 2004; 16 

McMichael, 2000). The heavy pollution from domestic wastewaters into the Umgeni River in South 17 

Africa has led to cholera outbreaks and serious health risks to the local residents (Edokpayi et al., 2021; 18 

N.Edokpayi et al., 2020; Singh & Lin, 2015). Degradation of water quality caused by various pollutions 19 

in urban rivers have become a major constraint for developing and less-developed countries to achieve 20 

the United Nations sustainable development goal SDG 6.3 (to improve water quality by reducing 21 

pollution, eliminating dumping, minimizing the discharge of hazardous chemicals and materials, halving 22 



2 
 

the proportion of untreated wastewater, and significantly increasing global recycling and safe reuse by 23 

2030) (https://sdgs.un.org/goals/goal6). 24 

Water quality degradation of urban rivers is widely found in the sub-Saharan African region, which 25 

is influenced by factors including pollutant discharges, changes in land-use patterns, rainfall and flooding, 26 

small craft and commercial production activities, and sprawl of settlements (Madilonga et al., 2021; 27 

Mbuligwe & Kaseva, 2005; Wilson et al., 2021). An obvious common feature of these rivers is that 28 

overloading of nitrogen and phosphorus plays an important role on the degradation of water quality. High 29 

TN (13.5 ± 2.0 mg/L) and TP (2.6 ± 0.6 mg/L) concentrations in Malimba River in Harare, Zimbabwe, 30 

not only largely caused eutrophication of the downstream Lake Chivero, but also caused drinking water 31 

supply problems in local communities (Nhapi & Tirivarombo, 2004). Water pollution from nitrogen and 32 

phosphorus as well as organic matters in urban rivers resulted in both environmental degradation and 33 

disease outbreaks in Kenya and Ghana (Nhapi & Tirivarombo, 2004; Ntajal et al., 2022; Wilson et al., 34 

2021). Legal and illegal waste disposal sites, slaughterhouses, and household on-site sanitation systems 35 

have caused severe water quality deteriorations of urban rivers in Tanzania (Mbuligwe & Kaseva, 2005; 36 

Mohammed, 2002).  37 

Tanzania is one of the least developed countries classified by the United Nations, but it is 38 

experiencing rapid socio-economic and demographic growth as it enters the 21st century. In the first two 39 

decades of this century, Tanzania’s economy quadrupled in size and the country’s population almost 40 

doubled in the same period. As the economic capital and the largest city in Tanzania, Dar es Salaam has 41 

seen particularly dramatic demographic expansion and economic growth. The growing population and 42 

intense socio-economic activities have strongly affected the local water environment system, putting 43 

unprecedented pressure on the city’s surface water bodies. Dar es Salaam’s surface water bodies consist 44 
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mainly of the three rivers Mzinga, Kizinga, and Msimbazi, which flow through the city all year round, 45 

and a dozen short seasonal rivers or drainage ditches. The three main rivers flow through agricultural 46 

areas, informal settlements, densely populated areas, commercial and industrial areas and eventually into 47 

the Indian Ocean. The water quality of these rivers has significant impacts on local agricultural and 48 

industrial productions, human health, and the environment and ecosystem along the Indian Ocean coast 49 

of Dar es Salaam. Machiwa (Mihale, 2021) suggested that industrial wastewater discharge into the 50 

upstream areas of Msimbazi River caused heavy metal pollution in the nearby coastal sediments. Direct 51 

discharge of sewage treatment and industrial effluent caused the levels of total and fecal coliforms in 52 

Mzinga River to exceed acceptable standards set by the World Health Organization and Tanzania (Saria, 53 

2015). In Dar es Salaam, the waters from Mzinga, Kizinga, and Msimbazi Rivers are widely used in 54 

agricultural and industrial activities, and even for the daily life of inhabitants along some reaches of the 55 

rivers. A firmly accepted view is that agricultural products irrigated with untreated wastewater or 56 

contaminated rivers can lead to a variety of food-borne diseases such as cholera and gastroenteritis 57 

(Selma et al., 2010). However, to date, no systematic quantitative study of the main rivers in Dar es 58 

Salaam have been conducted to evaluate the water quality, and the understanding remains at basic levels. 59 

At the same time, lack of data is an obvious obstacle to the management and treatment of pollution in 60 

these rivers, which in turn affects sustainable urban development. 61 

Therefore, we studied the three major urban rivers of Dar es Salaam, the Mzinga, Kizinga, and 62 

Msimbazi Rivers, and further analyze the causes of the degradation of their water quality based on 63 

investigation and analysis of the spatial and temporal changes in the physicochemical characteristics of 64 

the waters. The objectives of this study are 1) to characterize the spatial and temporal distribution of the 65 

physicochemical parameters of the water in the three rivers, 2) to quantitatively evaluate and clarify the 66 
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environmental status of the rivers, and 3) to elucidate the influencing factors affecting the deterioration 67 

of water quality. The relevant results of this study will fill the data and cognitive gaps in the study area, 68 

provide scientific guidance for environmental protection and integrated management of urban rivers in 69 

Dar es Salaam, and will serve the sustainable development of human society in the study area. 70 

 71 

2 Materials and methods 72 

2.1 Study area and sampling  73 

The city of Dar es Salaam is located on the coastal plain in the middle of the Indian Ocean coast of East 74 

Africa, at latitude 6°48′ S and longitude 39°17′ E, with an altitude of 8–15 m, an area of approximately 75 

1393 km2, and an annual precipitation of approximately 1100 mm (Mbuligwe & Kaseva, 2005). The 76 

main urban rivers flowing through Dar es Salaam are the Mzinga, Kizinga, and Msimbazi Rivers. 77 

The Msimbazi River passes through Dar es Salaam City, separating the city center from the main 78 

suburbs. The valley of the Msimbazi River is home to human settlements, informal industrial and 79 

commercial activities, and urban agriculture. The river valley area has warehouses, industry and solid 80 

waste disposal sites, which permanently receive waste water from industries, slaughterhouses, large 81 

referral hospitals, and residential areas in the neighborhood. However, in some sections of the river, 82 

people still bathe and fish in the river. The river water is also used for irrigation and animal drinking, and 83 

to a limited extent for household purposes. The Kizinga River flows in a generally south-west- to north-84 

east direction before emptying into the Indian Ocean, while the Mzinga River flows naturally from west 85 

to east into the Indian Ocean. The lengths and basin areas of Mzinga, Kizinga, and Msimbazi Rivers 86 

were showed in the SI Table 1. Both rivers flow from west to east in the municipality of Dar es Salaam, 87 

and Kizinga River is one of the city’s sources of water for agriculture and domestic use. The average 88 
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temperature and precipitation in Dar es Salaam are 28.6°C and 25 mm in the dry season of July, and 89 

24.4°C and 75 mm in the rainy season of January, respectively (Howorth et al., 2001; Ndetto & 90 

Matzarakis, 2015; Nyembo et al., 2022) (https://www.climatestotravel.com/climate/tanzania/dar-es-91 

salaam). 92 

The main urban rivers flowing through Dar es Salaam, the Mzinga, Kizinga, and Msimbazi Rivers 93 

were used for the study. The distribution of land use and land cover (LULC) types and sampling points 94 

is shown in Fig. 1. LULC data of Dar es Salaam was obtained from Resilience Academy’s Climate Risk 95 

Database (CRD) 96 

(https://geonode.resilienceacademy.ac.tz/layers/lulc_esa_dar_2:geonode:lulc_esa_dar_2). Typical scene 97 

of the three rivers is shown in Fig. 2. Normally, the upstream of Mzinga and Kizinga Rivers are very 98 

turbid (Fig. 2 (a, b)) because of intense human being activities. For Msimbazi River, a large amount of 99 

garbage in the banks were found in the upstream, and the river emitted offensive odorous and the color 100 

of the river became dark-green in the midstream (Fig. 2 (c, d)). A total of 25 sampling sites were set in 101 

the three rivers. The sampling sites of Mzinga, Kizinga, and Msimbazi rivers were labeled as MZG1–102 

MZG6, KZG1–KZG6, and MSB1–MSB13 from the upstream to the downstream, respectively.  103 

Field investigation and sampling was carried out during the dry (July, 2019) and rainy (January, 104 

2020) seasons in 2019 and 2020. Water samples were collected by using a 2.5 L plexiglass water sampler 105 

at sampling sites with water depth greater than 20 cm, then were collected into 100 mL polypropylene 106 

bottles. At sampling sites with water depth less than 20 cm, water samples were collected directly by 107 

submerging the 100 mL polypropylene sampling bottles below the water surface. Additional water 108 

samples were collected and immediately filtered by using disposable syringes (0.45 µm) at each sampling 109 

site, and then collected into 50 mL polypropylene sampling bottles. All samples at each sampling site 110 

https://www.climatestotravel.com/climate/tanzania/dar-es-salaam
https://www.climatestotravel.com/climate/tanzania/dar-es-salaam
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were triplicated. All water samples were collected and stored in a 4°C cooler and transferred to Tanzania 111 

Fisheries Research Institute in Dar es Salaam after the sampling and then were deeply frozen and 112 

transferred to Nanjing Institute of Geography and Limnology of Chinese Academy of Sciences in China 113 

for further analysis. 114 

 115 

 116 

Fig. 1 Sampling sites in the three urban rivers and the land use and land cover types in Dar es Salaam  117 

 118 

(a) (b)

(c) (d)
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Fig. 2 Typical scene of different rivers in Dar es Salaam. (a) erosion and sand excavation in the upstream 119 

of the Mzinga River; (b) erosion caused by caused by agricultural activities on both banks of the upstream 120 

of the Kizinga River; (c) domestic waste on the banks of the upstream of the Msimbazi River; (d) informal 121 

settlements and high pollution section of the water in the midstream of the Msimbazi River. All photos 122 

were taken in July, 2019. 123 

 124 

2.2 Monitoring and analysis  125 

A multi-parameter water quality instrument (Horiba U 53, Japan) was used to monitor the physical 126 

parameters of surface water at each sampling site, including DO, ORP, pH, EC, TDS, and turbidity. 127 

The raw water samples were used to analyze TN, TP, and CODMn and the filtered water samples 128 

were used to analyze TDN, TDP, NH3-N, NO3
−-N, NO2

−-N, and SRP. Analysis methods for different 129 

water quality indicators are shown in SI Table 2. Chemical analyses of all water samples were carried 130 

out at the Technical Service Centre of the Nanjing Institute of Geography and Lakes, Chinese Academy 131 

of Sciences (CNAS L1628, China National Accreditation Service for Conformity Assessment). 132 

 133 

2.3 Water quality evaluation  134 

In this study, the WQI method was used for the comprehensive water quality assessment of the target 135 

water bodies in the study area. WQI is a comprehensive water quality assessment method that was 136 

originally developed in the 1960s and 1970s and has been improved in recent years (Naveedullah et al., 137 

2016; Şener et al., 2017). It is widely used in inland water bodies such as rivers, lakes, and reservoirs. 138 

The formula for calculating WQI can be expressed as follows (Naveedullah et al., 2016):  139 

𝑊𝑄𝐼 =  𝑘
𝛴1

𝑛𝐶𝑖𝑃𝑖

𝛴1
𝑛𝑃𝑖

 140 
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where k is a constant ranging from 0.25–1, with 1 indicating unpolluted water bodies and 0.25 141 

indicating black smelly water bodies; n is the content of the physio-chemical parameter used to calculate 142 

the WQI; Ci refers to the standardized value of an indicator, and Pi refers to the relative weight of the 143 

physio-chemical parameter, taking values between 1 and 4, where 1 refers to the least important and 4 to 144 

the most important (SI Table 3). For the purpose of eliminating subjective differences, the value of k was 145 

taken as 1 in this study. 146 

The WQI values ranged from 0 to 100, and the water quality classification of the evaluated water 147 

bodies can be made according to the magnitude of the values (Jonnalagadda & Mhere, 2001; Şener et al., 148 

2017). The WQI value of 0 –25 means the water quality is “very bad,” 25 – 50 means the water quality 149 

is “bad,” 50 – 70 means the water quality is “medium,” 70 – 90 means the water quality is “good,” and 150 

90 – 100 means the water quality is “excellent.” 151 

 152 

2.4 Data processing and statistical analysis 153 

The sampling site map with LULC data was created and analyzed using ArcGIS 10.7. Figures of other 154 

physicochemical data were created in OriginLab 2021. The mathematical and statistical analyses such as 155 

correlation analysis and principal component analysis used in this study were also analyzed using the 156 

relevant programs and APPs in OriginLab 2021. 157 

 158 

3 Results  159 

3.1 DO, pH, ORP, EC, TDS, and turbidity  160 

The results of main physical indicators of the different rivers are summarized in Table 1. The mean DO 161 

concentrations in the dry season of three rivers were significantly higher (p < 0.05) than the values during 162 
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the rainy season. And the DO levels in the middle and lower reaches of the Msimbazi River were very 163 

low, approaching 0 mg/L at MSB11, MSB12, and MSB13. Spatially, the DO levels in the rivers generally 164 

decreased from the upstream, to the middle and the downstream. The pH of all rivers was weakly alkaline, 165 

the mean pH values in the dry season were relatively higher than the rainy season. The mean ORP levels 166 

for the Mzinga and Kizinga Rivers were significantly higher (p < 0.05) in the dry season than the rainy 167 

season, and the water bodies were weakly oxidized. For Msimbazi River, the mean ORP levels in the 168 

rainy season were significantly higher (p < 0.05) than the dry season, the water body were weakly reduced. 169 

Spatially, all three rivers showed large fluctuations in ORP levels in both seasons. 170 

The mean EC for the Mzinga and Kizinga Rivers were slightly higher in the dry season than the 171 

rainy season. The spatial and temporal variability of EC in the Mzinga River was smaller, while the 172 

Kizinga River EC values increasing from the upstream to the downstream. For Msimbazi River, the 173 

spatial and temporal distribution of EC decreased from the upstream to the midstream and then increased 174 

after the confluence; EC was clearly higher during the dry season than during the rainy season. The trend 175 

of TDS is similar to that of EC.  176 

The Mzinga and Kizinga Rivers were characterized by higher turbidity during the rainy season, with 177 

the Kizinga River having relatively higher turbidity than the other two rivers. In terms of spatial 178 

distribution, turbidity in the Mzinga River tended to increase from the upstream to the downstream. The 179 

high turbidity in the Kizinga River were mainly founded in the upper reaches, while turbidity in the 180 

Msimbazi River tended to increase from the upstream to the midstream and decreased after the 181 

confluence. 182 

Table 1 Statistics of physical parameters of the rivers 183 

     DO pH ORP EC TDS Tur 



10 
 

(mg/L) (mV) (mS/cm) (g/L) (NTU) 

Mzinga 

River 

Dry 

season 

Mean 8.59 10.01 179.83 0.38 0.25 54.8 

Max 9.36 10.38 225.00 0.42 0.27 77.90 

Min 7.07 9.47 55.00 0.32 0.21 30.00 

CVa 9.31% 2.99% 35.76% 10.82% 11.40% 28.29% 

Rainy 

season 

Mean 4.02 7.82 114.40 0.36 0.23 78.74 

Max 4.87 8.05 149.00 0.39 0.25 123.00 

Min 1.88 7.41 19.00 0.32 0.21 9.30 

CV 30.66% 3.17% 7.76% 6.72% 6.66% 54.26% 

Kizinga 

River 

Dry 

season 

Mean 8.76 10.00 173.00 0.61 0.39 113.42 

Max 8.94 10.26 229.00 0.99 0.64 172.00 

Min 8.44 9.75 37.00 0.32 0.21 69.10 

CV 2.03% 2.07% 39.88% 47.44% 47.52% 31.21% 

Rainy 

season 

Mean 4.07 7.99 134.67 0.64 0.41 184.38 

Max 4.92 8.22 147.00 0.88 0.57 512.00 

Min 3.44 7.73 119.00 0.31 0.20 72.30 

CV 13.25% 2.00% 7.76% 33.06% 32.73% 88.28% 
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Msimbazi 

River 

Dry 

season 

Mean 6.21 8.51 35.77 2.71 1.69 96.53 

Max 10.30 9.42 179.00 11.30 6.95 296.00 

Min 0.97 7.61 -190.00 0.81 0.49 26.00 

CV 46.72% 5.82% 343.41% 98.14% 96.70% 91.11% 

Rainy 

season 

Mean 3.46 8.36 96.80 1.71 1.09 92.28 

Max 5.65 9.15 117.00 3.27 2.09 147.00 

Min 1.63 7.96 28.00 1.23 0.79 35.70 

CV 36.57% 3.48% 33.01% 30.52% 30.52% 56.06% 

Note: a, Coefficient of Variation 184 

 185 

3.2 Nitrogen and CODMn 186 

The mean TN concentrations in the dry season in the Mzinga, Kizinga, and Msimbazi Rivers were 2.09 187 

mg/L (CV = 24.86%), 6.89 mg/L (CV = 34.74%), and 25.03 mg/L (CV = 96.01%), which were 188 

significantly higher (p < 0.05) than the values (1.44 mg/L (CV = 13.52%), 3.78 mg/L (CV = 23.82%), 189 

and 3.92 mg/L (CV = 40.65%)) during the rainy season. The Msimbazi River had the highest TN 190 

concentration, with a high TN concentration of 85.79 mg/L at MSB9 during the dry season. Spatially, the 191 

TN concentration in the Mzinga and Kizinga Rivers gradually increased from the upstream to the 192 

midstream in the dry season and decreased at the downstream estuary; in the rainy season, the TN 193 

concentration gradually increased from the upstream to the downstream. The TN concentration in 194 

Msimbazi River gradually increased from the upstream to the downstream during both seasons. The TN 195 
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composition of the three rivers was mainly TDN. The percentage of TDN in TN in the Mzinga and 196 

Kizinga rivers was over 80%. The percentage of TDN in TN of Mzinga River was not significantly 197 

different between the two seasons. During the rainy season, the percentage of TDN in TN of Kizinga 198 

River decreased significantly, with the average percentage dropping from 88.15% to 80.17%. Spatially, 199 

the percentage of TDN in TN in the Mzinga and Kizinga Rivers during the dry season tended to increase 200 

gradually from the upstream to the midstream and decreased slightly in the downstream estuary. The 201 

percentage of TDN in TN of Msimbazi River was significantly higher in the rainy season than in the dry 202 

season. In the dry season, the proportion of the upper reaches was more than 80%, and the proportion of 203 

TDN in the middle and lower reaches dropped sharply to approximately 40%. There was no obvious 204 

spatial change during the rainy season, but the percentage of TDN in TN was above 90% at most 205 

sampling points. 206 

Monitoring focused on three of the DIN fractions (NH3-N, NO3
−-N, and NO2

−-N) and the results 207 

are shown in Fig. 3(c, d). The mean concentrations of NH3-N during the dry season in Mzinga, Kizinga, 208 

and Msimbazi Rivers were 0.024 mg/L (CV = 11.32%), 0.026 mg/L (CV = 17.3%), and 12.09 mg/L (CV 209 

= 108.3%), respectively, while the mean NH3-N concentrations in the rainy season were 0.067 mg/L (CV 210 

= 62.24%), 0.226 mg/L (CV = 45.45%), and 1.844 mg/L mg/L (CV = 102.27%). The concentration of 211 

NH3-N in the water column of the Msimbazi River was relatively higher than the other two rivers, and 212 

the concentration of NH3-N in the water column at MSB9 reached 40.07 mg/L during the dry season. In 213 

terms of temporal and spatial distribution, the NH3-N concentration of Mzinga and Kizinga Rivers was 214 

higher during the rainy season than during the dry season. In the rainy season, the NH3-N concentration 215 

of Mzinga River body first increased and then decreased from the upstream to the downstream, and the 216 

trend of NH3-N in the Kizinga River was the opposite of that in the Mzinga River and reached the lowest 217 
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value in the middle reaches. The NH3-N concentration in the Msimbazi River was higher during the dry 218 

season than during the rainy season, and generally increased from the upper to the middle and lower 219 

reaches. The average concentrations of NO3
−-N in Mzinga, Kizinga, and Msimbazi Rivers during the dry 220 

season were 0.64 mg/L (CV = 72.3%), 3.59 mg/L (CV = 50.57%), and 0.97 mg/L (CV = 131.0%), which 221 

were higher than the values (0.46 mg/L (CV = 78.08%), 2.31mg/L (CV = 43.66%), and 0.94 mg/L (CV 222 

= 45.13%)) during the rainy season. The NO3
−-N concentration in the Kizinga River was the highest, 223 

with a high NO3
−-N concentration of 6.35 mg/L at site KZG5 during the dry season. The spatial 224 

distribution of NO3
−-N concentration in the three rivers gradually increased from the upstream to the 225 

midstream, and then decreased to the downstream estuary. The mean NO2
−-N concentrations during the 226 

dry season in the Mzinga, Kizinga, and Msimbazi Rivers were 0.003 mg/L (CV = 100.89%), 0.066 mg/L 227 

(CV = 87.15%), and 0.144 mg/L (CV = 113.84%), respectively, while the mean NO2
−-N concentrations 228 

during the rainy season were 0.006 mg/L (CV = 54.58%), 0.09 mg/L (CV = 43.49%), and 0.128 mg/L 229 

(CV = 83.34%), respectively. The spatial and temporal distribution of NO2
−-N in both the Mzinga and 230 

Kizinga Rivers increased from the upstream to the downstream, with a higher concentration during the 231 

rainy season than during the dry season. NO2
−-N levels in the Msimbazi River gradually increased from 232 

upstream to the midstream and decreased after confluence in the downstream. 233 

The percentage of DIN in TDN varied considerably in different rivers and was higher during the 234 

rainy season than the dry season in Mzinga and Kizinga Rivers. The percentage of DIN in TDN was 235 

lower in the Mzinga River, ranging from 5% to 60%. The spatial distribution of DIN as a percentage of 236 

TDN in the Mzinga River gradually increased from the upstream to the midstream and decreased to the 237 

downstream estuary during the dry season; during the rainy season it tended to increase from the 238 

upstream to the downstream. The percentage of DIN in TDN in Kizinga River was between 44% and 239 
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98%. The spatial distribution during the dry season and the rainy season was relatively consistent, and 240 

the proportion reached the highest value in the middle and lower reaches. The percentage of DIN in TDN 241 

in the Msimbazi River ranged from 33% to 99%, with a large fluctuation from the upstream to the 242 

midstream during the dry season, reached a maximum value in the midstream and then decreased in the 243 

downstream, and gradually increased from the upstream to the downstream during the rainy season and 244 

reached a maximum of 95.6% of DIN to TDN after confluence. 245 

The characteristics of CODMn levels in the three rivers during different seasons are shown in Fig. 246 

3(b). The mean CODMn concentrations during the dry season in the Mzinga, Kizinga, and Msimbazi 247 

Rivers were 6.74 mg/L (CV = 7.9%), 12.76 mg/L (CV = 17.85%), and 9.06 mg/L (CV = 79.49%), 248 

respectively, while the mean CODMn concentrations during the rainy season were 5.86 mg/L (CV = 249 

10.97%), 10.77 mg/L (CV = 46.45%), and 12.31 mg/L (CV = 33.87%), respectively. Both the Mzinga 250 

and Kizinga Rivers had higher CODMn concentration in the dry season than in the rainy season. The 251 

CODMn concentration in the Kizinga River reached a maximum value of 15.91 mg/L in the middle 252 

reaches during the dry season, while the CODMn concentration at the most upstream site reached a 253 

maximum value of 20.96 mg/L during the rainy season. In the dry season, the CODMn concentration of 254 

Msimbazi north branch gradually decreased from the upstream to the middle reaches, and the CODMn 255 

concentration of the south branch gradually increased from the upstream to the middle reaches, but 256 

decreased after the peak of 14.71 mg/L at the MSB9 location, and then increased after the downstream 257 

confluence. During the rainy season, the CODMn concentration of Msimbazi River first increased, then 258 

decreased, and then gradually increased after confluence from the upstream to the midstream. 259 
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 260 

Fig. 3 Characteristics of nitrogen and CODMn distribution in different rivers. ((a): distribution 261 

characteristics of TN and TDN; (b): distribution characteristics of CODMn; (c): distribution 262 

characteristics of NH3-N, NO3
–-N, and NO2

–-N in the dry season; (d): distribution characteristics of 263 

NH3-N, NO3
–-N, and NO2

–-N in the rainy season; dot indicates the percentage of TDN in TN during the 264 

dry season and diamond indicates the percentage of TDN in TN during the rainy season in (a); dot 265 

indicates the percentage of DIN in TDN during the dry season in (c) and diamond indicates the 266 

percentage of DIN in TDN during the rainy season in (d).) 267 

 268 

3.3 Phosphorus  269 

The variation in water column phosphorus patterns is shown in Fig. 4. The mean concentrations of TP 270 

during the dry season of Mzinga, Kizinga, and Msimbazi Rivers were 0.03 mg/L (CV = 82.32%), 0.36 271 

mg/L (CV = 62.46%), and 0.43 mg/L (CV = 127.35%), respectively, and the mean concentrations of TP 272 

during the rainy season were 0.06 mg /L (CV = 34.94%), 0.74 mg/L (CV = 62.09%), and 0.42 mg/L (CV 273 
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= 115.32%), respectively. The TP concentration in the Mzinga and Kizinga Rivers was relatively 274 

consistent, reaching a maximum in the middle and lower reaches of the river in both seasons, and the 275 

concentration was higher during the rainy season than during the dry season. The TP of Msimbazi River 276 

obviously change temporally, but fluctuated spatially. The concentration of TP in the water column of 277 

the Msimbazi River gradually increased from the upstream to the downstream. 278 

The proportion of TDP in TP varied in the different river sections. The percentage of TDP in TP in 279 

Mzinga River was relatively low, ranging from 13% to 61% during the dry season and the rainy season, 280 

and the percentage of TDP in TP fluctuated to a certain extent from the upstream to the midstream, then 281 

increased to the downstream. The percentage of TDP in TP of Kizinga River was relatively higher than 282 

the other two rivers, ranging from 45% to 84%. During the dry season, the percentage of TDP in TP 283 

decreased from the upstream to the downstream; in the rainy season, the proportion gradually increased 284 

from the upstream to the midstream and decreased to the downstream river section. During the dry season, 285 

the percentage of TDP in TP in the northern branch of Msimbazi River gradually increased from the 286 

upstream to the midstream, while the southern branch gradually decreased from the upstream to the 287 

midstream. After the confluence of the two branches, the percentage of TDP in TP in the downstream 288 

reaches increased. During the rainy season, the percentage of TDP in TP in the north and south branches 289 

gradually increased from the upstream to the midstream. After the confluence, the percentage of TDP in 290 

TP reached a maximum of 91.2%. 291 

The mean concentrations of SRP in the rainy season in the Mzinga, Kizinga, and Msimbazi Rivers 292 

were 0.012 mg/L (CV = 122.6%), 0.455 mg/L (CV = 75.2%), and 0.131 mg/L (CV = 75.2%), which were 293 

significantly higher (p < 0.05) than the values (0.004 mg/L (CV = 44.9%), 0.131 mg/L (CV = 110.6%), 294 

and 0.064 mg/L (CV = 96.7%)) during the dry season. In terms of temporal distribution, the higher SRP 295 
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levels in the Kizinga River than in the other two rivers, reaching 1.15 mg/L at point KZG4 during the 296 

rainy season. The SRP in the Kizinga River showed a clear peak in the midstream section, while the SRP 297 

in the Msimbazi River gradually increased from the upstream to the downstream. 298 

The proportion of SRP in TDP varied greatly in different rivers and river sections. During the rainy 299 

season, the percentage of SRP in TDP of Mzinga River gradually decreased from the upstream to the 300 

midstream and increased from the lowest value of 34% toward the downstream. In the dry season, the 301 

percentage of SRP in TDP fluctuated to some extent, but the overall trend was gradually increasing from 302 

the upstream to the downstream. During the rainy season, the percentage of SRP in TDP of Kizinga River 303 

was approximately 90%, which was relatively higher than the other two rivers. During the dry season, 304 

the percentage of SRP in TDP gradually increased from the upstream to the midstream and decreased 305 

toward the downstream. The percentage of SRP in TDP of Msimbazi River was between 20% and 93%, 306 

varied greatly in the different river sections, and was higher during the dry season than the rainy season. 307 

Spatially, the percentage of SRP in TDP of Msimbazi north branch generally decreased from the upstream 308 

to the midstream in the dry season, while the SRP in TDP in the southern branch first increased and then 309 

decreased from the upstream to the downstream to a certain extent, and gradually decreased after 310 

confluence. During the rainy season, the percentage of SRP in TDP of Msimbazi north branch gradually 311 

increased from the upstream to the midstream, and the percentage of SRP in TDP of the south branch 312 

gradually increased from the upstream to the midstream, then began to decrease after MSB8 reaches a 313 

maximum of 70.8%. 314 
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 315 

Fig. 4 Characteristics of phosphorus distribution in different rivers. ((a): distribution characteristics of 316 

TP and TDP; (b): distribution characteristics of SRP; dot indicates the percentage of TDP in TP during 317 

the dry season and diamond indicates the percentage of TDP in TP during the rainy season in (a); dot 318 

indicates the percentage of SRP in TDP during the dry season and diamond indicates the percentage of 319 

SRP in TDP during the rainy season in (b).) 320 

 321 

 322 

3.4 Water Quality Index 323 
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The results of the comprehensive water quality assessment of the Mzinga, Kizinga, and Msimbazi Rivers 324 

are shown in Fig. 5. Water quality varies significantly between the different river bodies. During the dry 325 

season, the WQI of the Mzinga River ranged from 70 to 75, with an average value of 73.1 and an overall 326 

“good” rating; the WQI of the Kizinga River ranged from 62 to 65.5, with an average value of 63.9 and 327 

an overall “moderate” rating; the WQI of the Msimbazi River ranged from 24 to 74.5 with an average 328 

value of 48.9 and an overall rating of “poor.” During the rainy season, the WQI of the Mzinga River 329 

ranged from 65.2 to 69.1 with a mean of 67.6 and an overall “medium” rating; the WQI of the Kizinga 330 

River ranged from 53.5 to 58.7 with a mean of 56.3 and an overall “medium” rating; the WQI of the 331 

Msimbazi River ranged from 33.5 to 62.6, with a mean value of 47.9 and an overall rating of “poor.” 332 

Overall, the water quality of the Mzinga River was relatively good, the Kizinga River was generally 333 

second best, and the Msimbazi River was significantly worse. The water quality fluctuated significantly 334 

between the dry and the rainy seasons, with the Mzinga and Kizinga Rivers generally characterized by 335 

better water quality during the dry season than during the rainy season, and a 2.5%–16.4% decrease 336 

during the rainy season. The seasonal variation in water quality varies between different sections of the 337 

Msimbazi River, with water quality fluctuating more significantly than the other two rivers. The water 338 

quality of sites MSB1 and MSB5–MSB8 at the upstream sites decreased by 9%–27% during the rainy 339 

season, but the water quality in the middle and lower reaches improved. 340 

For Mzinga River, the WQI gradually decreased from the upstream to the downstream during the 341 

dry season, while the water quality at the most upstream observation point decreased more during the 342 

rainy season, but also decreased slightly overall from the upstream to the downstream. The WQI of 343 

Kizinga River water body changed slightly overall, with a certain degree of fluctuation during the rainy 344 

season. The water quality of the most upstream observation point had more of a decrease, and the overall 345 
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decreasing trend was from the upstream to the downstream; this was similar to the pattern of change in 346 

the WQI of the Mzinga River during the rainy season. In both seasons, the WQI of the most downstream 347 

sites of the Kizinga River increased significantly, and the water quality of the corresponding river 348 

sections improved. The WQI of Msimbazi River body changed greatly overall. In the dry season, the 349 

WQI of the north branch gradually decreased from the upstream to the midstream. The WQI of the south 350 

branch decreased significantly in the middle and the downstream, and the water quality of the 351 

corresponding river section decreased significantly. After the confluence, the water quality continued to 352 

decline. During the rainy season, the water quality of both branches of the Msimbazi River decreased at 353 

the most upstream observation points, and the WQI of the water body as a whole decreased from the 354 

upstream to the downstream. 355 

 356 

Fig. 5 Seasonal changes of WQI in Mzinga, Kizinga, and Msimbazi Rivers (red bubbles represent 357 

decreased percentage of WQI from the dry season to the rainy season (negative values); green bubbles 358 

represent increased percentage of WQI from the dry season to the rainy season (positive values)) 359 

 360 

4 Discussion 361 
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The results of this study showed that the main physicochemical indicators of the water bodies of the 362 

Mzinga, Kizinga, and Msimbazi Rivers showed obvious fluctuations in spatial and temporal distribution. 363 

The DO concentration in the upstream of Msimbazi River was significantly higher than that in the 364 

downstream. These results were consistent with those reported by Chen et al.(Chen et al., 2022). It was 365 

also found that CODMn and NH3-N responded to the trend of DO, with higher concentrations of CODMn 366 

and NH3-N in the downstream. The main reason for this phenomenon was that the Msimbazi River was 367 

greatly affected by urban non-point source pollution after flowing through the urban area. DO 368 

concentration in three rivers were lower in the rainy season than in the dry season. The generally higher 369 

temperature and lower air pressure make the water column DO holding capacity decrease, which is an 370 

important reason for the low DO in the rainy season (Mihale, 2022). The level of NH3–N which is an 371 

important inorganic oxygen-demanding substance is about three times higher than in the dry season, 372 

which also contributed to the DO decrease in the rivers. The high COD content and oxygen-consuming 373 

substances in the water column of Msimbazi River also contribute to the low DO in the rainy season. 374 

The ORP levels in the Kizinga and Mzinga Rivers were relatively lower in the rainy season, which could 375 

be the result of the decrease of DO levels for solid phase terminal electron acceptors can be used for 376 

oxidation under oxygen-depleted conditions, which finally resulted the decline of ORP levels in the water 377 

column (Aeppli et al., 2022). Moreover, the surface runoff in the rainy season inevitably brings land-378 

derived organic pollutants previously trapped in the sub-basin. Higher organic pollutants, requires more 379 

electron acceptors for decomposition and degradation, which also contributed to the decrease of ORP 380 

(Silva et al., 2017). The ORP levels of Msimbazi River in the rainy season was significantly higher than 381 

that in the dry season (p < 0.05). Since the middle and lower reaches of the river were generally in 382 

anaerobic decomposition during the dry season, the large discharge of the flow during the rainy season 383 
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played a role in diluting pollutants, which led to a certain degree of alleviation of its low ORP problem 384 

and an increase in ORP levels. Nevertheless, the ORP level of the Msimbazi River was still low during 385 

the rainy season and the water body was in a weakly reductive state. The significant decrease in pH in 386 

the Kizinga and Mzinga rivers during the rainy season may be related to the large amount of soil leachate 387 

brought in by surface water during the rainy season (p < 0.05) (Macdonald et al., 2007). 388 

 The higher EC levels in the lower reaches of the Msimbazi River could be related to the high 389 

concentration of strong electrolytes of the major anion and cation classes. During the rainy season, the 390 

high concentration of anions and cations in the water column was massively diluted by incoming flood 391 

water, causing the EC in the downstream water column to drop significantly. The pattern of change in 392 

TDS was similar to the pattern of EC, with an increase or decrease in EC leading to a corresponding 393 

change in TDS (Yenugu et al., 2020). The downstream of the Msimbazi River was typically influenced 394 

by the Indian Ocean tides, which could be the main reason for the significant high EC and TDS levels in 395 

the downstream regions. Turbidity had typical seasonal differences, with lower turbidity during the dry 396 

season and generally higher turbidity during the rainy season in the studied rivers, probably because of 397 

the increased terrigenous sediments entering the water along with the rainy season floods (Shen et al., 398 

2022). LULC data (Fig. 1) show that the upper reaches of the Kizinga and Mzinga Rivers flowed mainly 399 

through agricultural cultivation areas, where the soil erosions is always high (Polidoro et al., 2021), 400 

causing the high turbidity in the upper reaches. In the case of the Msimbazi River, the middle and lower 401 

reaches flowed through densely populated settlement areas and the water body received a large amount 402 

of domestic sewage drainage, resulting in a significant increase in turbidity in the middle and lower 403 

reaches. Residential and urban agricultural runoff is an important cause of increased turbidity in the urban 404 

rivers (Nhapi & Tirivarombo, 2004). 405 
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 The spatial and temporal fluctuations of nitrogen and phosphorus in water bodies in the three rivers 406 

were more complex than the physical indicators. The TN concentrations in the three rivers were all 407 

moderately or severely polluted (>1.0 mg/L) according to the National Environmental Standards 408 

Compendium of Tanzania (TZS 789:2003-Drinking (potable) water–Specification). The main reason for 409 

the relative decrease of TN in these rivers in the rainy season could be attributed to the greatly increased 410 

river flow during the rainy season, which diluted and diffused the dissolved N pollutants trapped in each 411 

river sections. This result was consistent with reported by Chen et al. (Chen et al., 2022). The waters in 412 

the middle and lower reaches of the Msimbazi River had extremely high TN and were heavily polluted 413 

by nitrogen, probably because of the discharges from small-scale handicraft production and untreated 414 

discharges of domestic sewage. The high concentration of TN in waters of the Mzinga and Kizinga Rivers, 415 

on the other hand, was clearly influenced by the discharge of urban agriculture and informal residential 416 

settlements. The percentage of TDN in TN of Mzinga and Kizinga River water bodies were found 417 

similar pattern in other water bodies (Gao et al., 2019). The proportion of TDN to TN decreased during 418 

the rainy season because of the increase in the total particulate nitrogen with increased particulate 419 

substances introduced by the surface runoff. The proportion of TDN to TN in the middle and lower 420 

reaches of the Msimbazi River decreased sharply during the dry season, with the input of urban surface 421 

sources of particulate nitrogen being the main cause. The composition of DIN was significantly different 422 

between the rivers, with the Kizinga and Mzinga Rivers dominated by NO3
−-N, while the Msimbazi 423 

River was dominated by NH3-N. This difference in distribution was particularly significant in the middle 424 

and lower reaches. Generally, NO3
−-N concentrations were higher in rivers polluted by agriculture, but 425 

NH3-N concentrations were higher in rivers polluted by domestic wastewater (Gao et al., 2019). The high 426 

levels of TN, TDN, TPN, and NH3-N in the middle and lower reaches of the river were mainly because 427 
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of the uncontrolled discharge of domestic–type pollution from inadequate sewage treatment system 428 

coverage, which in turn leads to contamination of surface water and groundwater, significantly increasing 429 

the health risk to the community (Mapunda et al., 2018; Pacheco & Fernandes, 2016).  430 

 The TP concentration ranged from 0.01 – 1.7 mg/L in the three rivers. Referring to the US-EPA 431 

and EU standards, the Mzinga, Kizinga, and Msimbazi Rivers all had moderate to severe TP pollutions 432 

(> 0.1 mg/L) (Awoke et al., 2016; Chen et al., 2022). Emissions from detergents and household food 433 

consumption were the main sources of phosphorus pollution in Dar es Salaam’s surface water (Xiong et 434 

al., 2020). Severe TP pollution was found in the waters of the middle and lower reaches of the Msimbazi 435 

River. However, the TP pollution in the water column was reduced during the rainy season because of 436 

dilution from the large water discharge. The concentrations of N and P decreased at the mouth of the 437 

lower reaches of Kizinga River, which was caused by the purification of a natural wetland that the main 438 

stream flowed through. The composition of TP in the three rivers also differed, with TDP accounting for 439 

a higher proportion of TP in the Kizinga River, averaging 65.1%, and particulate P accounting for a 440 

higher proportion of TP in the Mzinga River, averaging 67.9%. The percentage of TDP to TP in the 441 

Msimbazi River decreased significantly in the middle and lower reaches during the dry season, with the 442 

input of urban surface sources of particulate P–containing pollutants being the main cause of this 443 

phenomenon. The SRP levels in the three rivers were higher in the rainy season than in the dry season. 444 

The Msimbazi River showed a typical trend from the upstream to the downstream, with the discharge of 445 

domestic sewage from the urban core area and the discharge of wastewater from artisanal workshops 446 

being the main causes of the increase in SRP in its middle and lower reaches (Mohammed, 2002).  447 

As a comprehensive indicator, the WQI distinguished and reflected the changes in water quality in 448 

the three rivers in this study. From the WQI results, there were clearly large spatial and seasonal 449 
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fluctuations in water quality in the Mzinga, Kizinga, and Msimbazi Rivers. Typically, water quality in 450 

the Kizinga and Mzinga Rivers was relatively good and the water quality in the Msimbazi River was 451 

relatively poorer. A decreasing trend in WQI from the upstream to the downstream was clear in the three 452 

rivers. The lack of basic wastewater treatment facilities resulted in the direct discharge of untreated 453 

municipal sewage and wastewater from commercial and industrial activities into the rivers, leading to a 454 

significant deterioration in water quality in the middle and lower reaches of the river after it flowed 455 

through the urban core area. This phenomenon is commonly found in medium and large cities in 456 

developing countries with rapid urbanization (Haddis et al., 2012; Hoven et al., 2017; Juma et al., 2014; 457 

Yu et al., 2018). 458 

To further analyze the influencing factors on WQI in the three rivers, we conducted correlation 459 

analysis and PCA. WQI was significantly negatively correlated with TN, TP, CODMn, NH3-N, NO3
−-N, 460 

NO2
−-N, TDN, TDP, EC, TDS, and turbidity (p < 0.05) (Fig. 6). The results of the PCA showed that the 461 

first two principal components explained 62.7% of the total variance during the dry season and 68.1% of 462 

the total variance during the rainy season (Fig. 7). The main variables on the first principal component 463 

affecting the WQI in both seasons were DO, ORP, and nitrogen. The main variables on the second 464 

principal component were EC, TDS, TDP, and SRP. Therefore, the first principal component affecting 465 

the WQI of water bodies can be defined as the combined indicator of water body redox status and N, and 466 

the second principal component was defined as the strong electrolyte indicator represented by EC and 467 

dissolved P. The results of the analysis showed that the physical and chemical indicators of various 468 

nutrient salts, represented by DO, ORP, and TN, were the main influencing factors on the water quality 469 

status of Mzinga, Kizinga, and Msimbazi Rivers. 470 
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 471 

Fig. 6 Correlation analysis between WQI and physicochemical parameters of the rivers 472 
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 473 

Fig. 7 Principal component analysis of WQI and physicochemical parameters in the Mzinga, Kizinga, 474 

and Msimbazi Rivers (where (a) is the dry season and (b) is the rainy season) 475 

Numerous studies have demonstrated that land use change and human socio-economic development 476 

in watersheds or sub-basins have significant impacts on the water quality of rivers (Gorgoglione et al., 477 

2020; Khan et al., 2017; Liu et al., 2022). Agriculture and untreated wastewater pose two of the greatest 478 
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threats to environmental water quality globally: they release excess nutrients into rivers, lakes and 479 

aquifers and damage ecosystem function (UNEP 2021, Progress on Ambient Water Quality: Global 480 

indicator 6.3.2 updates and acceleration needs). The city of Dar es Salaam has experienced rapid growth 481 

in terms of both total population and economic size over the last few decades. Its total population has 482 

grown from 1.607 million (1992) to 4.327 million (2012) and its average population density has reached 483 

3133 persons/km2 (Dar es Salaam region socio-economic profile, 2014). We have not found accurate and 484 

reliable economic growth data for the city, but according to the Tanzania National Bureau of Statistics, 485 

its total gross domestic production (GDP) reached 2,527.37 billion shillings (approximately US$10.11 486 

billion) in 2020, which accounted for more than 15% of Tanzania’s total national GDP. However, in such 487 

a large and rapidly urbanizing city, the development approach was relatively crude, with significantly 488 

inadequate wastewater treatment facilities and a large urban population living in informal settlements 489 

without wastewater treatment capacity; the resulting uncontrolled discharge of municipal wastewater and 490 

small and medium-sized artisanal, commercial, and industrial wastewater, and domestic waste disposal 491 

places enormous pressure on the urban river water environment (Chen et al., 2022; Mohammed, 2002). 492 

LULC results (Fig. 2) showed that the main land use types of Mzinga and Kizinga Rivers in the 493 

upstream are croplands and grasslands and in the midstream are built-up areas. For Msimbazi River, the 494 

land use types are mainly built-up areas, with a large number of informal settlements distributed on both 495 

banks in the upstream. Our field investigation confirmed the land use types interpreted from remote 496 

sensing data. These LULC types could greatly affect the water quality of the corresponding rivers. Soil 497 

erosion and agricultural non-point pollution can cause severe pollution in rivers (Falkenberg et al., 2018), 498 

which could be the reason for the high turbidity and nitrogen concentrations in the upstream of the 499 

Mzinga and Kizinga Rivers. For Msimbazi River, emission of untreated domestic water and wastewater 500 
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from informal settlements and small handicraft industries in the middle reach is the main cause of the 501 

degradation of the water quality. Garbage disposal sites along the banks of Msimbazi River also caused 502 

additional pollutant input to the water and degradation of the water quality. A large amount of solid waste 503 

can flow into nearby rivers with natural precipitation and surface runoff, polluting surface water bodies 504 

(Grytdal et al., 2018). Printing and dyeing industry wastewater discharge is another main cause of water 505 

quality deterioration and the black-green color of the middle reach of the river (Chen et al., 2022; 506 

Mohammed, 2002). Also, the large amount of uncontrolled wastewater and municipal sewage discharge 507 

from informal settlements puts the area at risk for infectious diseases (Kamba et al., 2016; Miller & 508 

Hutchins, 2017). As a result, a combination of population explosion, fast and uncontrolled development, 509 

rapid expansion, and lack of wastewater treatment facilities in Dar es Salaam has led to a rapid decline 510 

in river water quality, with significant ecological and health risks. 511 

 512 

5 Conclusions and Implications 513 

Our study on water quality of the three major urban rivers of Dar es Salaam showed that the water 514 

environment of Mzinga, Kizinga, and Msimbazi Rivers are under great stress and are largely polluted. 515 

Low DO and high nitrogen and phosphorus pollution characterizes the water of the Msimbazi River, 516 

where the middle- and downstream regions were typical black and odorous water bodies. WQI results 517 

show that the water bodies of Mzinga and Kizinga Rivers were generally in “good” and “moderate” 518 

condition, while the WQI of Msimbazi River was more variable. From the spatial and temporal 519 

distribution, the water quality of Mzinga and Kizinga Rivers was better in the dry season than in the rainy 520 

season, and gradually deteriorated from the upstream to the downstream. The water quality of the middle- 521 

and downstream of Msimbazi River deteriorates sharply. PCA results indicated that the combined 522 
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indicator of redox status and N was the major component affecting the water quality of the rivers. The 523 

LULC types have great impacts to the water quality of all three rivers. Agricultural activities and soil 524 

erosion affected the water quality of the upstream of Mzinga and Kizinga Rivers. Uncontrolled 525 

wastewater emission from the built-up areas (informal settlements) was the main cause of the water 526 

quality degradation in the middle- and downstream of Msimbazi River.  527 

Based on the results found in this study, it is strongly suggested that the water environmental 528 

management and treatment of polluted rivers in Dar es Salaam should adopt a strategy of both source 529 

control and end treatment, such as reducing uncontrolled sewage discharge from urban area, enhancing 530 

the wastewater treatment percentage, reducing soil erosion and non-point emissions from farming fields. 531 

Plus, long-term monitoring of the physiochemical parameters of the rivers are needed in order to help 532 

environmental protection and benefit the sustainable development of the social-environmental system in 533 

the region.  534 
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