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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Land Use Practices and Water Quality Effects 

Land use refers to human activities on land which are directly related to the land use description. 

It involves the management and modification of natural environment into built environment such 

as settlements, agricultural lands, pastures and managed woodland (Kiran, 2013). Understanding 

the LULC change and its trends of change is important for several reasons including land use 

planning and management. Therefore, land use data are required in the environmental analysis 

process and for the improvement of the current state (Kiran, 2013). Additionally, fine resolution 

satellite images provides opportunities for land cover monitoring as well as assessment (Chu et 

al., 2013). The  LULC changes are associated with both human activities and natural factors and 

affect the water quality (Baker, 2006). A transition from forestland into agricultural land or urban 

land may increase the rate of erosion, run-off and flooding. For instance in Guangdong  Province 

in China, experienced a  land use and cover change cover change from wasteland to urban land, 

wasteland to cropland, and cropland to orchards. On the other hand, wastewater facilities   

significantly contribute changes in the water quality (Wang, 2001). 

A study conducted along Lake Victoria basin revealed that water pollution within the lake has 

recently increased whereby pollutants were derived from agricultural practices such as the use of 

pesticides, fertilizers,  animal manure and unplanned settlements most of which sewage systems 

were directed to the lake (Machiwa, 2003). Therefore, this study will make the use of the 

Geographical Information System (GIS) remote sensing data in the classification of land use 

changes. Remote sensing techniques and GIS provide efficient methods for analysis of land use 

issues and are important tools for land use planning. 

2.2 Health and Ecosystem Effects of Nitrate in Water 

Elevated levels of nitrate in water is among the most serious environmental problems of our      

day (Mahvi et al., 2005). In a lake system it stimulates the growth of aquatic plants and algae 

which will consume the dissolved oxygen during the decomposition of organic matter and hinder 

light penetration to deep water (Vitousek et al., 1997). This will result into fish kills and other 

aquatic organisms leading to loss of biodiversity. When found in high concentrations and ingested 

via drinking water, nitrate may cause restriction of oxygen transport in blood circulation in infants 

as well as cancer in adults after long exposure (Ward et al., 2018). 
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Figure 1:  Map of Tanzania (top left) indicating Manyara region (bottom left). Babati 

town and the respective sampling locations are shown on the right 
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Figure 2:  The geological map of Babati town 

3.2 Water Samples Collection and Analysis 

Water samples were collected in a prewashed polythene bottles from groundwater sources, spring 

and Lake Babati vertically and laterally in Babati Township during wet season (March to April). 

Groundwater samples were collected from various wards located in Babati town. These wards are 

Maisaka, Mutuka, Babati, Nangara, Singe Bonga and Bagara. Each bottle was rinsed three times 

with the water to be collected before sampling. The DO, Ph, temperature, TDS and EC were 

measured on site using Eijkelkamp 18.52 SA Model (pH/ mV/EC/T/sal/TDS/DO) multimeter. 

Water samples from Lake Babati were collected by using a water sampler. Water samples from 

boreholes were collected after pumping to allow the substitution of stagnant water by fresh water 

from the aquifer. All water samples were filtered through 0.45 µm filter paper using a   hand 

pump. Samples for cations analysis were acidified with nitric acid on site to pH < 2 to prevent 

precipitation of cations and water. Water samples for anions were acidified with sulphuric acid to 

pH < 2 then the samples were kept in ice boxes and transported to NM-AIST laboratory where 

they were stored in refrigerator until analysis. 

Water samples for isotopic analysis of nitrate were stored in HDPE bottles. Pretreatment of these 

samples was performed by addition of sulfamic acid at pH of 1.7 so as to reduce nitrite to N2.  

Water samples were then neutralized with sodium hydroxide prior to isotope analysis (Granger & 
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Table 2:  Classes defined according to the basis of supervised classification 
No. Class name Description 
1 Built up area Including all residential, commercial, industrial and 

transportation (tarmac) 
2 Agricultural land All cultivated lands 
3 Water Including all water bodies (rivers, lakes, streams canals and 

reservoir). 
4 Forests All forested lands 

5 Bare lands All lands that are exposed to soil and barren areas influenced 
by human. 

3.4 Accuracy Assessment 

Land use maps obtained from image classification usually contain some errors. Therefore, it is 

very important to assess the accuracy of the obtained classification results (Foody, 2002). This is 

a quantitative assessment of how effectively the pixels were sampled into the correct land cover 

classes. The accuracy assessment of an image classification was performed by creating the 

classification error matrix. In this confusion matrix, classification results were compared with 

ground truth data acquired during fieldwork. This was done by picking the menu item 

classifier>accuracy assessment, then importing the ground coordinates of the ground truth 

samples from an Excel file which was already saved in text format. According to Coppin and 

Bauer (1996), the accepted classification results should normally be > 70%. Table 3 shows the 

accuracy assessment results for the year 1997, 2008 and 2017 for image classification. 

Table 3:  Accuracy assessment results for Landsat images for years 1997, 2008 and 
2017 

Year 1997 2008 2017 

Classes Accurac
y (%) 

Producer   
Accuracy (%) 

Accurac
y (%) 

Producer 
Accuracy (%) 

Accurac
y (%) 

Producer 
Accuracy (%) 

Built up 
area 

91.18 81.58 91.18 81.60 88.57 83.80 

Agricultu
re 

84.00 85.71 84.00 85.70 84.00 87.50 

Water 91.30 93.33 91.30 93.30 91.67 91.70 
Forests 83.33 86.21 83.33 86.20 84.85 80.00 
Bare 
lands 

84.00 87.50 85.19 84.20 83.33 90.90 

Overall 
accuracy 

87.16  86.55  86.51  

3.5 Land Use Change Detection Analysis 

The statistics from classified land use and land cover maps of 1997, 2008 and 2017 were used to 

detect the changes occurred in the period of 20 years. Change detection involved finding the 

quantities of the land use land cover changes, locations where the changes occurred, and the type 
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of changes happened at a certain period. In the classification process, quantitative changes were 

detected by comparing successive pairs of classified maps by subtracting the quantities of the 

current land use class from the quantities of the past land use class. Through the change detection, 

deep understanding in terms of anthropogenic interference in the land use and land covers of an 

area was possible and facilitated the understanding of suitable environmental protection strategy. 

The transformation of bare lands and native vegetation to agriculture and human settlements has 

significantly increased due to the human well-being at the expense of the degrading the water 

quality.  The cultivated land and built up area have shown the negative impacts on water quality 

within the area and being the sources of nitrate in surface and groundwater. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Land Use and Cover Change in the Study Area 

The extent of LULC changes from 1997, 2008 and 2017 have been summarized in Table 4 and 

Fig. 3. The LULC change detection map for: (a) 1997, (b) 2008 and (c) 2017 in Babati town are 

shown in Fig. 4. The data shows the land use type in 1997 for built-up area was 65 km2 (14.4%), 

agriculture was 78 km2 (17.3%), water was 8 km2 (1.8%), forest was 73 km2 (16.2%) and bare 

land was 227 km2 (50.3%). In 2008, the built-up area had doubled to 130.4 km2 (28.9%) whereby 

agriculture land also doubled up to 182.9 km2 (40.6%) respectively. However, the area covered by 

water had reduced 7.5 km2 (1.7%); forest cover also reduced to 57.9 km2 (13.2%) and bare land 

reduced by a factor of three to 70.2 km2 (15.6%). Data from 2017, indicate that the built-up area 

and agriculture land maintained the highest proportion, occupying 228.8 and 98.7 km2 (50.7% and 

21.9%), respectively. The area occupied by water bodies has been reduced to 7.4 km2 (1.6%) 

whereas the forest area seems to have slightly increased to 63.1 (14%) km2 probably due to recent 

forest conservation efforts run by both the government and private sector. On the other hand, bare 

land has shrunk by a factor of four from its 228.8 km2 of 1997 to a mere 53.2 km2 (11.8%) 

probably due to increasing population and demand for settlement areas. These changes may have 

negative impacts on the quality of water and water sources. Similar findings were reported by 

Wilson (2015). 

Table 4:  A summary of LULC change in Babati town from 1997, 2008 and 2017 
satellite information 

LULC category Area (km2) Percent change (%) 
1997 2008 2017 1997 2008 2017 

Built-up area 65 130.4 228.8 14.4 28.9 50.7 
Agriculture 78 182.9 98.7 17.3 40.6 21.9 
Water 8 7.5 7.4 1.8 1.7 1.6 
Forest 73 59.5 63.1 16.2 13.2 14 
Bare land 227 70.2 53.2 50.3 15.6 11.8 
Total 451 451 451 100 100 100 
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Figure 3:   LULC change detection map for (a) 1997 (b) 2008 (c) 2017 in Babati town 
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The presence of nitrate and other nutrients at high levels in natural waters usually indicates that 

there is anthropogenic influence on the water quality (Salvado et al., 2006). In the studied area, 

agriculture is a major economic activity followed by animal keeping but also use of pit latrines is 

common in some households. These may have contributed to the pollution risk on water resources 

in the area because of the possibility of pollutants being released from both point and nonpoint 

sources. Elevated levels of nitrate were detected in some boreholes and shallow wells located in 

densely populated areas where use of pit latrines, application of fertilizer and animal husbandry 

were commonly practiced. Similar cases of groundwater pollution with high levels of nitrate have 

been reported in Babati and other parts of Tanzania (Elisante & Muzuka, 2017; Nkotagu, 1996; 

Pantaleo et al., 2018a). The sampling point BH3 with a nitrate concentration of 54.5 mg/L was in 

a lowland area surrounded by maize farms where fertilizers were highly applied. This implies that 

the nitrate may be originated from anthropogenic activities like application inorganic fertilizers in 

farms. However, water samples from the Lake Babati revealed low levels of nitrate below the 

background levels 10 mg/L. 
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Figure 4:  LULC change in Babati town 

 

 














































