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CHAPTER THREE  

MATERIALS AND METHOD S 

3.1  Study area description 

The island of Zanzibar off the Dar Es Salaam coast in Tanzania is a world-renown tourist 

hotspot (Sharpley & Ussi, 2014). This study was conducted on the island of Zanzibar (also 

known as Unguja), located in the Indian Ocean, about 35 km off the Dar Es Salaam coast, 

Tanzania, at latitude 4°50' and 6°30' South and longitude 39°10' and 39°50' East. The island 

covers 86 km and 39 km in length and width, respectively with an area of 1658 km2 (Siex, 

2011). The island aquifers are found to be unconfined and interactive all over the island, 

underlain mainly with lower Miocene rocks consisting of deltaic sandstones related with 

marls and minor reef limestones (Sikat, 2011). The local population on the island is estimated 

at 896 761 according to the 2012 census. The main sources of income include fishing, 

agriculture, tourism and seaweed farming (Trowbridge et al., 2006). On the island, seven (7) 

Urban West zones were randomly selected for the study, and these include Kianga, Chunga, 

Kaburikikombe, Mbweni, Mwembe mchomeke, Welezo and Kwarara (Fig. 3). Groundwater 

samples were taken from boreholes located in the above-mentioned zones. 
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Figure 3: A map of Zanzibar (Unguja) Island (left) showing locations of the study sites 

(right) 
 

3.2  Data collection 

The data collected were climatic, water abstraction rates, water quality and borehole water 

levels. The climatic data were observed from two different Zanzibar meteorological stations 

at Zanzibar Airport and Kizimbani. Collected weather data observed at Zanzibar Airport 

station were temperature and rainfall whereas only rainfall data were obtained from the 

Kizimbani station. The rest of the data were obtained, with permission, from Zanzibar Water 

Authority (ZAWA), the office responsible for water supply and sanitation on the island. 

3.3  Catchment area estimation 

The catchment area was calculated/delineated from the georeferencedshapefile in ArcGIS 

version 10.1. The total catchment area is 227.5 km2; the calculated area was used to, then, 

calculate recharge volume in m3 by multiplying the depth value (m) with the area (m2). 
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Table 4: Percentage sustainable yield categories based on water table fluctuation values 

Year 

Current 
pumpage 

(x106 

m3 /y)  

Current 
Estimated 

recharge (x106 

m3 /y)  

Least 
conservative 

(LC) 

Average 
percentage 

(AP) 

Reasonable 
conservative 

(RC) 
70% 

Recharge 
(x 106 m3 /y)  

40% 
Recharge 

(x106 m3 /y)  

10% 
Recharge 

(x106 m3 /y)  
2012 1.62 1.60 1.12 0.64 0.16 

2013 2.08 2.12 1.48 0.84 0.21 

2014 3.03 2.47 1.73 0.99 0.25 

2015 3.06 2.39 1.67 0.96 0.24 

2016 2.48 2.14 1.49 0.86 0.21 

2017 2.66 *N.A.  *N.A.  *N.A.  *N.A.  

Standard 2.49 1.79 1.25 0.72 0.18 

   *N.A.  = Data not available 

4.4  Groundwater abstraction rates 

The total average groundwater pumpage from all sources is 2.49x106 m3/y, estimated from 

the data as shown in Table 5, which is higher than the rate of recharge about 1.79x 106m3/y. 

This means that groundwater resources are currently over-pumped. The over-pumping 

condition from all mentioned sources also can be observed due to variations of pumping rates 

in monthly and annually as shown in Fig. 9 and Fig. 10 respectively. The mentioned sources 

supply water for domestic purposes, small irrigation purposes and other development 

activities. Mato (2015) recommended that, the establishment of a long-term monitoring 

program will help to control the problem of groundwater pumpage. In Unguja, a number of 

groundwater sources were recently abandoned due to drying and saline water intrusion. The 

information gathered from ZAWA suggests that between 2002 and 2005 about 15 pumped 

wells have to be abandoned due to salinity or depletion problems. 
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Figure 9: Monthly variations in pumping rates (m3) for the seven (7) sampling sites on 

Zanzibar Island 
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Table 6: Integrated water balance results based on current water table fluctuations 
(recharge) and pumpage 

Year Water balance 
component (m3 /year)  

Magnitude (+ or -)     
(m3 /year)  

Fractions total 
recharge (%) 

2012 Recharge +1603614  

Pumpage -1616058 100.77 

Discharge to -12444 0.77 

2013 Recharge +2115405  

Pumpage -2077820 98.22 

Discharge to +37585 1.78 

2014 Recharge +2474797  

Pumpage -3027520 122.33 

Discharge to -552723 22.33 

2015 Recharge +2386086  

Pumpage -3057120 128.12 

Discharge to -671034 28.12 

2016 Recharge +2135877  

Total pumpage -2483720 116.29 

Discharge to -347843 16.29 

2017 Recharge 0  

Total pumpage 2657820 No fraction 

Discharge to None  

Total average Total Recharge +1785963  

Total pumpage -2486676 139.23 

Total discharge -700713 39.23 

 

4.6  Groundwater quality 

Freshwater that does not contain excessive nutrients, organic and inorganic pollutants is 

desirable for human and ecosystem health (WHO, 2011). Contamination of groundwater 

sources in sub-Saharan Africa poses a threat not only to Af�U�L�F�D�¶�V�� �K�X�P�D�Q�� �K�H�D�O�W�K�� �E�X�W�� �D�O�V�R�� �W�R��

�$�I�U�L�F�D�¶�V�� �S�U�L�V�W�L�Q�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W�V��(Elisante & Muzuka, 2017). Uncontrolled pollutants from 

upstream sources may gradually find their way into boreholes, leading to increased levels in 

environmental parameters such as nitrate, sulphate and various trace elements (Mohamed et 
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al., 2014). The situation is even more exacerbated in coastal areas where threats of seawater 

intrusion and water table fluctuation are immense. 

In the present study, water quality data from ZAWA were compared against the WHO 

standards. Most of the water quality parameters were found to be within the WHO limits. 

However, an increasing trend was observed especially for parameters related to seawater 

intrusion. In Kianga, Mbweni and Chunga the increasing trends in the contaminants may be 

attributed to long-term groundwater pumpage. Data collected at Kaburikikombe showed 

indications of seawater intrusion due to high electrical conductivity values of up to 1321 

µs/cm and high chloride levels of up to 1299.17 mg/L. Moreover, in Table 7 and Fig. 11 high 

levels of nitrate of up to 68.47 mg/L were observed at Mbweni borehole which exceeded the 

WHO limit (Table 8). 
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Table 7: Statistical results of G.W quality parameters (all units are in mg/l except EC (µS/cm), salinity (ppt) and pH which is unitless  
PAR MBWENI KWARARA K/KIKOMBE  WELEZO 

Av. Min Max SD Av Min Max SD Av Min Max SD Av. Min Max SD 

S04 24 21 26 2.65 70.33 69 72 1.53 27.33 26 29 1.53 14.67 14 15 0.58 

Cl 259.12 257.7 260.17 1.29 266.1 252.9 277.16 12.26 1299.17 1211.47 1470.29 147.76 112.91 108.97 116.21 3.66 

NO3 68.47 67 70 1.5 21.33 20.9 21.8 0.45 43.13 40 45.3 2.78 10.93 10.6 11.3 0.35 

ca 68.93 67.13 70.14 1.59 62.1 57.31 65.73 4.33 85.63 85.36 85.97 0.3 27.71 25.65 30.06 2.22 

Mg 21.13 20.72 21.51 0.39 24.3 22.11 27.22 2.63 35.57 33.61 37.67 2.03 9.79 9.6 9.96 0.18 

TH 262.9 261.5 263.7 1.22 254.7 254.1 255 0.52 368.67 367 370.5 1.76 114.97 114.5 115.4 0.45 

K 4.29 4.27 4.31 0.0208 2.28 2.22 2.35 0.07 4.57 4.52 4.61 0.05 2.68 2.63 2.77 0.08 

HCO3 46.1 45 47.3 1.15 91 90 92 1 145 145 145 0 96 95 98 1.73 

Na 30.53 30.2 30.75 0.29 34.95 34.65 35.2 0.28 77.43 76.55 78 0.78 20.13 19.28 20.9 0.81 

Temp 28.3 27.9 28.8 0.45 29.61 29.23 29.8 0.33 28.46 28.43 28.5 0.04 29.21 29.2 29.23 0.02 

Ph 7.08 7.04 7.12 0.04 7.27 7.23 7.29 0.03 6.77 6.76 6.78 0.01 7.17 7.15 7.21 0.03 

TDS 489 488 490 1 523.67 523 524 0.58 857 856 858 1 153.67 153 154 0.58 

EC 751.33 751 752 0.58 803.67 802 806 2.08 1321 1320 1322 1 236 235 237 1 

Sal. 0.31 0.31 0.32 5.77E-
03 

0.32 0.31 0.34 0.02 0.63 0.62 0.65 0.02 0.08 0.08 0.09 5.77E-
03 

DO 7.63 7.61 7.64 0.02 5.63 5.61 5.64 0.02 5.35 5.35 5.36 5.77E-
03 

6.6 6.54 6.69 0.08 
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Table 8: Water quality  Standards for National and WHO 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standards used Water quality parameters (except for pH, which is unitless and EC, all units in mg/L) 
EC(µS/cm) pH Na+ Ca2+ Mg2+ K+ HCO3- Cl- SO42- NO3- TH 

National 1500 6.5�± 9.2 600 300 100 20 n.m 800 800 75 n.m 
WHO 1500 6.5 �± 8.5 200 200 150 12 n.m 600 400 50 500 
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( ) and chloride (Cl-) water type and none of the boreholes were in bicarbonate ( ) or 

carbonate ( ) water type. 

 
Figure 12: Piper diagram for groundwater chemistry classification 

4.6.2  Cluster analysis (dendrogram) 

There are six clusters as shown in Fig. 13. The first cluster comprises with Chunga and 

Mwembemchomeke boreholes having a similarity of 99%.  The second cluster comprises 

with first cluster and Kianga boreholes having a similarity of 99%. The third clusters 

comprise with Kwarara and Mbweni boreholes having a similarity of 99%. The fourth 

clusters comprisewith the second and third clusters having a similarity of 98%. The fifth 

clustercomprisewith the fourth cluster and Welezo borehole having a similarity of 95%. 

While the sixth cluster comprises with the fifth cluster and Kaburikikombe borehole having a 

similarity of 85%. 
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Figure15: The projection for future water supply in Zanzibar  

The water demand (liter/year/capita) was computed by using Equation (4) generated from the 

results obtained from the GenStat Software. Results in Fig. 15 shows that the usage of water 

per capita per year will significantly increase. Moreover, the water demand is expected to 

worsen as the population increases. 

4.9  The Kilimanjaro concept as suitable solution for water supply in Zanzibar 

Qi et al. (2019) reported that the Kilimanjaro concept advocate for the conception of a 

regional network to harvest, store and consequently use rainwater from roof tops and other 

clean surfaces. One of the advantages of harvesting rainwater is an artificial recharge in 

groundwater sources to increase the groundwater storage in aquifer and consequently use 

during the dry season especially in coastal areas, artificial recharge prevents saltwater 

intrusion. Moreover, artificial recharge prevents the groundwater source to fail and depletion 

due to over pumping. As in this present study, Zanzibar Island, especially the Urban West 

region, the sources are already over-pumped. Therefore, the Kilimanjaro concept could be 

adopted as a suitable solution for water supply. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1  Conclusion 

Statistical analyses of the major climatic parameter i.e. rainfall and temperature of Zanzibar 

has been presented in this study. There was a similar trend in rainfall and major alterations, 

irrespective of the differences in the longevity of data. From the current study, we could see 

that a further decrease in precipitation could adversely affect the recharge of groundwater 

resources that supply fresh water on the island. For temperature, it was observed that both 

monthly and annual mean minimum temperature () and mean maximum temperature 

( ) have increased over the applied time series. Also, most of the boreholes experienced a 

decrease in yield due to increasing temperatures and evaporation. 

The results showed that the average groundwater pumpage is higher than the average 

recharge rate. It has been observed that the concentration of some contaminants such as total 

hardness, electrical conductivity, total dissolved solids, chloride and sulphatewere increasing 

with increased pumping age. All  boreholes were calcium magnesium of (Ca2+, Mg2+) water 

type while the results for anions were dominated by sulphate ( ) and chloride (Cl-) water 

type. 

5.2  Recommendations 

Population growth rate in Unguja Urban West seems to increase from year to year as can be 

seen this in the projection from 2018 to 2050 (Fig. 15). As the population increases, also the 

water demand per capita per year increases. Therefore, water demand should meet the 

requirements of all sectors. The alternative sources should be in place so as to overcome the 

challenges. A controlled infiltration of harvested rainwater is suggested as a sustainable 

solution for salt intrusion as well the balance way of recharge and abstraction rate in Zanzibar 

and other islands. Pumping of groundwater requires much investment authorities andwell-

informed planning such as knowing where the borehole to be located and how they are to be 

constructed. Viability studies should be well conducted before the borehole construction so as 

to understand the aquifer condition, water quality and any waste disposal option to ensure the 

sustainability of freshwater resources for both human use and ecosystem. This will helpto 

prevent or minimize harmful impacts on groundwater. Moreover, in sustainable yield, the AP 




















