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recommended to be consistently less than 5 NTU�² preferably below 1 NTU (WHO, 1997). 

The values obtained are far above the recommended range and the water requires treatment 

before consumption. Turbidity varied in line with TSS at both sampling locations (Fig. 5). In 

the context of the IPS it was noted that pre-treatment of such high turbidity water will require 

more settling/sedimentation time. 

 

Figure 5: Turbidity and TSS variation trend for wet season (Inlet) 

4.1.5 Dissolved Oxygen (DO) 

Dissolved Oxygen (DO) concentrations ranged from 2.54 to 8.8 mg/L in the wet season and 1 

to 8.05 mg/L in the dry season. The maximum concentration of DO was found at the Inlet in 

the wet season (January 2017) (Table 1) when the temperature was 25oC. The lowest DO, also 

at the Inlet, was observed at the end of dry season (September)(Table 4). DO is an important 

parameter in water quality assessment, and reflects the physical and biological processes 

prevailing in the water (Trivedy and Goel, 1984). Organic pollution, for instance, tends to 

remove much of the DO in aerobic biological decay, decreasing the amount in the water 

(Chhatwal, 2011). Other studies have related low DO concentrations to aesthetically 

displeasing colours, tastes and odours in water. DO depletion in water supplies can encourage 

microbial reduction of nitrate to nitrite and an increase in the concentration of ferrous iron in 

solution, with subsequent discoloration at the tap when the water is aerated (WHO, 2006). A 

similar relationship was established in this study, whereby, when the DO concentration was at 
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As all the water in Nadosoito dam is derived from surface runoff, the iron concentration in its 

water is likely to increase during rainfall. This is due to the possible release of soluble iron to 

water from natural deposits in soil, leaching from underlying rocks and stones on the 

catchment. Iron is involved in phosphorus dynamics in fresh water, Fe (III) oxides and 

hydroxides readily adsorb and precipitate phosphate. This could explain the differences 

between phosphate concentrations in the wet and dry seasons. In aerobic conditions, 

interactions between colloidal organic material and iron decrease the extent of phosphate 

adsorption onto Fe-organic complexes and increase the availability of P to phytoplankton 

(Koenings and Hooper, 1976) and cyanobacteria (PC concentration). This matches with the 

data obtained which showed positive negligible correlation between Iron and PC in both 

location during the wet season. Whenever human activities, e.g. pastoralism and cultivation, 

disturb the balance of soils rich in iron, the inflow of iron into the water system is likely to be 

enhanced (Heikinnen, 1990). This is because the loose soil particles are prone to erosion by the 

surface runoff, and subsequent washout into the dam than the intact soil that is not disturbed.  

4.2.6 Phycocyanin Pigment (PC) 

In the wet season, the phycocyanin concentration varied from 38.1 to 495 µg/L. It was highest 

in January at the Inlet and lowest in April at the Outlet. The mean PC concentrations recorded 

in the dry season were 94.8 and 104.0 µg/L at Inlet and Outlet, respectively; relatively much 

closer than in the wet season. The most likely time for a cyanobacteria bloom is after inflows 

delivering significant quantities of nutrients to the reservoir. The minimum concentration in 

the dry season was 19.9 and the maximum 175.7 µg/L. Since a phycocyanin concentration of 

30 µg/L is interpreted as equivale�Q�W���W�R���:�+�2���³�D�O�H�U�W���O�H�Y�H�O�����´���R�I��������000 cyanobacterial cells/mL 

(Brient et al., 2008), this implies that the PC concentration in all but one sampling session in 

both seasons exceeded the WHO alert level. (In one case in the dry season the PC concentration 

was reported as 19.85 µg/L.) Without essential nutrients, principally nitrate and phosphate, 

algae will usually not reach bloom proportions and PC concentrations are expected to be low. 

Excessive nutrient input from land-based sources is a major cyanobacterial bloom promoting 

factor (WHO, 2003). 

Broadly, the phosphorus and nitrogen loads determine the rate and magnitude of cyanobacterial 

growth (PC concentration), which means that higher loads imply greater potential algal growth 

(Wetzel, 2001). This was shown in this study when high PC concentrations in the wet season 

coincided with high nitrate concentrations. This can be revealed by the correlation analysis 
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N=5 

Table 4: Maximum and Minimum values �± Outlet Dry Season (August to September) 

Parameter Minimum Maximum 

Temp (0C) 19.55 26.86 

pH 7.67 9.81 

DO_mg/l 1 8.05 

EC_µS/cm 1322 5766 

TDS _mg/l 856 3748 

Turb _NTU 670 4330 

TSS_mg/l 1750 12000 

NO3-N (mg/l) 30 512 

N02-N_mg/l 0.209 290 

NH3-N_mg/l 2.2 27 

PO4
3-(mg/)l 0.61 15.2 

COD (mg/l) <LoD 2.7 

Iron(T) mg/l 18 26 

FC_CFU/100ml 110 710.5 

PC (µg/l) 19.9 175.7 

N=5 

Temp (0C) 21 33.41 

pH 7.53 8.8 

DO_mg/l 2.54 7.8 

EC_µS/cm 243 1274 

TDS _mg/l 141 830 

Turb _NTU 2920 44700 

TSS_mg/l 3820 44900 

NO3-N (mg/l) 3.6 351 

N02-N_mg/l <LoD 2.8 

NH3-N_mg/l 0.16 270 

PO4
3-(mg/)l 0.06 10 

COD (mg/l) 2.02 29.1 

Iron(T) mg/l 15.5 1300 

FC_CFU/100ml 920 7380 

PC(µg/l) 38.1 490 
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CHAPTER FIVE 

CONCLUSION AND RECOMENDATIONS 

The results obtained indicate high levels of turbidity (204 to 53 300 NTU) and high NO3-N 

concentrations (0.6 to 1715 mg-N/L), both of which require proper treatment to bring them to 

the TZS prescribed a range (5 to 25 NTU and 10 to 75 mg-N03
-/L respectively). 

The concentration of faecal coliform (FC) was highest in the wet season (8810 CFU/100 mL) 

with a minimum value of 30 CFU/100 mL obtained in the dry season, both at Inlet. The highest 

and minimum FC concentrations at Outlet were 7380 and 110 CFU/100 mL respectively.  All 

values in both seasons were above the TZS and WHO recommended values for drinking water 

(0 CFU/100mL). The maximum value arose from the very high contaminant loading in the 

runoff into the dam during the wet season.  

The observed phycocyanin concentration (19.9 to 495 µg/L) is a useful surrogate for the 

concentration of cyanobacteria present. The WHO guideline alert level for phycocyanin is 

30µg/L. The rather high concentrations of cyanobacteria, and hence phycocyanin, can probably 

be related to the incidence of diarrhoea among livestock and people, as well as livestock 

mortalities reported in the area. As explained by Brookes et al. (2002), the growth of 

cyanobacteria cells is favored in water that is nutrient-rich, warm and slow flowing, Brookes 

et al., (2002) cited by Qian (2012). The higher levels coincide with the wet season when there 

are significant runoff inflows that deliver large quantities of nutrients to the reservoir. 

Nadosoito dam, like other earthen dams, has calm, nutrient-rich, warm and slow-flowing water, 

thus favouring the growth and proliferation of cyanobacteria. This is well depicted in the 

results. While there is little that can be done to control such proliferation in earthen dams, 

investigations into ways to reduce nutrient loading in the influent �± e.g., runoff �± could provide 

a solution that might reduce the associated human and livestock health impacts to a large extent. 

Summing up the obtained data and looking on the trends, there is a variation on the major 

parameters with the significant changes on the seasons. Furthermore, the statistical analysis of 

the data revealed the transformation of nitrate and phosphate with significant changes in the 

physical parameters (e.g. the increase of phosphate as the results of desorption of phosphate 

associated with the increase in pH and temperature and the enhanced nitrification process with 

the increase in the DO concentration). Also the PC concentration and FC were found to be 

moderated by physical water parameters including temperature and pH. 
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ferrous iron. This reacts with the 1,10-phenanthroline indicator in the reagent to form an orange 

color proportional to the iron concentration. Cyanobacteria were determined by indirect 

method utilizing phycocyanin pigment. The analysis was done between 10a.m and 3p.m. - the 

time with highest biomass (Ahn, et al., 2008). Phycocyanin pigment which is unique to 

cyanobacteria was analysed in situ by using AquaFluor model 8000-01(serial # 803247). World 

Health Organization (WHO) water quality guidelines (Ahn et al., 2008; Brientet al., 2008; 

McQuaid et al., 2011), were used to interpret the phycocyanin concentration on the basis that 

a concentration of 30 µg/L is equivalent to the WHO alert level of 20 000 cyanobacterial 

cells/mL, and less than 30 µg/L means that the number of cyanobacterial cells/mL is below the 

alert level. 
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(c) Chemical and biological Parameter �± Inlet  
SN Sampling Date NO3-N (mg/l) NO3 (mg/l) 

NO2-N 

(mg/)l NH3-N (mg/l) PO4
3-(mg/l) COD (mg/l) Fe (T) (mg/l) FC_CFU/100ml Phycocyanin (µg/l) 

1 08-Jan-17 11.7 51.9 0.025 0.14 0.52 8.7 1380 8000 495 

2 29-Jan-17 10.5 46.6 0.117 3.46 0.08 6.59 1000 8810 320.3 

3 06-Feb-17 39.5 174 0.02 1.56 0.99 14.5 56 2000 495 

4 13-Feb-17 22 99 <0.001 8.4 0.42 8.17 71 1990 485.9 

5 07-Mar-17 1715 7590 <0.001 103 3.5 37.44 25.5 1000 60.61 

6 20-Mar-17 175 774.69 <0.001 78 2.5 35.59 35.5 5700 278.7 

7 03-Apr-17 300 1313 11.2 213 8 5.54 167 1000 214 

8 24-Apr-17 120 520 <0.001 142.5 4.5 87 972 760 414.8 

9 06-May-17 27 114 1.2 9.3 3.9 50.86 38.5 1520 450.6 

10 29-May-17 0.6 3 <0.001 6.28 0.48 21.04 35.3 1350 139.2 

11 01-Aug-17 292 1291 19.25 0.52 0.5 1.57 17 100.66 69.82 

12 13-Aug-17 52.5 232.5 6.4 1.2 0.53 2 15 330.39 89.06 

13 31-Aug-17 4 18 2.9 4 2.88 <0.7 14 340.38 93.22 

14 13-Sep-17 270 1208 2.4 5.9 3.81 1.7 13.5 220.81 160.3 

15 25-Sep-17 54 240 2.5 2.9 0.31 1.9 13 30 61.51 

 

(d) Chemical and biological Parameter �± Outlet 

S/

N 

Sampling 

Date 

NO3-N 

(mg/l) 

NO3 

(mg/l) 

N02-

N_mg/l 

NH3-

N_mg/l 

PO4
3-

(mg/)l 

COD 

(mg/l) 

Iron(T) 

mg/l 

FC_CFU/10

0ml 

Phycocyanin 

(µg/l) 

1 08-Jan-17 7.5 33.4 0.051 0.16 0.6 2.1 1300 7380 490 

2 29-Jan-17 6.3 27.87 0.054 1.88 0.49 2.72 875 1870 276.9 

3 06-Feb-17 30 132.7 0.031 2.58 0.84 2.1 15.5 1700 475.4 

4 13-Feb-17 35 154 <0.001 8.4 0.06 2.02 78 1500 484.9 

5 07-Mar-17 15 60 <0.001 91 2 29.1 49.9 920 424.8 

6 20-Mar-17 300 7700 <0.001 171.07 2 22.88 71 980 452.4 

7 03-Apr-17 290 1290 2.8 270 10 2.37 100 2000 38.07 

8 24-Apr-17 105 465 <0.001 142.5 4 19.41 892 1520 430.9 

9 06-May-17 351 1560 <0.001 8.4 5.7 17.28 35.5 1200 442.5 

10 29-May-17 3.6 15.6 <0.001 5.96 0.72 3.93 34 1220 139.2 

11 01-Aug-17 30 130 0.209 27 0.6743 1.4 26 201 69.42 

12 13-Aug-17 512 2262 30 3.4 1.9 2.7 21 160.69 125.2 

13 31-Aug-17 60 268 230 7.1 0.61 <0.7 20 130 175.7 

14 13-Sep-17 54 238 220 2.2 5.3 1.95 20 710.5 19.85 

15 25-Sep-17 51 226 290 2.7 15.2 2.1 18 110 130 
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(b) Correlation coefficient table for outlet 

  NO3-N NO2-N NH3-N (mg/l) PO43 COD Fe (T) FC Phycocyanon Temp pH DO EC_µS/cm  TDS Turbidity TSS_mg/l  

NO3-N Pearson Corr.                

 Sig. --               

NO2-N Pearson Corr. -0.19439               

 Sig. 0.61625 --              

NH3-N (mg/l) Pearson Corr. 0.33109 -0.27103              

 Sig. 0.22803 0.48056 --             

PO43 Pearson Corr. 0.1999 0.52881 0.2943             

 Sig. 0.47503 0.14325 0.28699 --            

COD Pearson Corr. 0.17394 -0.16455 0.40797 -0.06717            

 Sig. 0.55204 0.697 0.1476 0.81953 --           

Fe (T) Pearson Corr. -0.26695 -0.40672 -0.00333 -0.20729 -0.02716           

 Sig. 0.33615 0.27732 0.9906 0.45852 0.92657 --          

FC Pearson Corr. -0.22398 -0.43947 -0.00797 -0.20611 -0.1486 0.77923          

 Sig. 0.42228 0.23658 0.97751 0.46113 0.61214 6.16E-04 --         

Phycocyanin Pearson Corr. -0.09724 -0.39222 -0.02398 -0.37695 0.50266 0.37986 0.44254         

 Sig. 0.73027 0.29645 0.93241 0.16605 0.06696 0.16254 0.09857 --        

Temp Pearson Corr. 0.24016 0.49621 0.1244 0.08901 0.22343 -0.0301 0.11665 0.13395        

 Sig. 0.3886 0.17425 0.6587 0.75242 0.44259 0.9152 0.67886 0.63411 --       

pH Pearson Corr. 0.17074 0.61189 0.09654 0.09651 0.50286 -0.10073 -0.12796 -0.06682 0.23973       

 Sig. 0.54292 0.0799 0.73216 0.73222 0.06683 0.72096 0.64949 0.81296 0.38946 --      

DO Pearson Corr. -0.28624 -0.2949 -0.16408 -0.46017 0.0402 0.38727 0.28962 0.40835 -0.38486 0.18705      

 Sig. 0.301 0.44109 0.55899 0.08435 0.89146 0.15382 0.29508 0.13076 0.15662 0.50444 --     

EC_µS/cm  Pearson Corr. -0.15657 0.96096 -0.35095 0.50287 -0.34853 -0.22418 -0.2685 -0.54175 0.23205 0.29888 -0.3185     

 Sig. 0.57735 3.73E-05 0.19964 0.05605 0.22199 0.42184 0.33324 0.03698 0.40529 0.2792 0.24727 --    

TDS Pearson Corr. -0.15536 0.95937 -0.35307 0.49634 -0.35133 -0.22203 -0.26519 -0.54445 0.23872 0.29904 -0.32173 0.99988    

 Sig. 0.58033 4.28E-05 0.19676 0.05985 0.21805 0.42642 0.33947 0.03587 0.39154 0.27893 0.24226 0 --   

Turbidity Pearson Corr. -0.2177 -0.44296 -0.00336 -0.2129 -0.16067 0.7818 0.98279 0.42915 0.18492 -0.15612 0.31352 -0.24142 -0.2376   

 Sig. 0.43573 0.23244 0.99052 0.44616 0.5832 5.75E-04 6.42E-11 0.11042 0.5094 0.57848 0.25516 0.38604 0.39384 --  

TSS_mg/l  Pearson Corr. -0.18651 -0.36691 0.10623 -0.05591 -0.14499 0.73398 0.96217 0.34771 0.2241 -0.15093 0.18979 -0.13993 -0.1371 0.9742  

 Sig. 0.50569 0.33139 0.70632 0.84311 0.62093 0.00184 1.02E-08 0.20411 0.42203 0.59132 0.49811 0.6189 0.62609 8.74E-10 -- 


















































































