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ABSTRACT 
 
The need for clean and safe consumable water is of paramount importance to any society since 
water is a crucial substance for the sustenance of life. Kibera slum is one of the leading slums in the 
world with a high population, leading to poor levels of sanitation and inadequate clean water supply. 
Consequently, the residents have to seek for alternative water supply. Motoine River flows through 
the slum, and thus acts as an alternative source of water. This study determined the concentration 
levels of heavy metals (Pb, Fe, Cu, Cr and Cd) and nutrients (nitrates, nitrites and phosphates) in 
Motoine River, Kibera in September 2014 and compared the variations downstream. The metals 
were determined using Atomic Absorption Spectroscopy (AAS) while the nutrients were determined 
using UV/Visible spectroscopy. Concentration levels of Cu, Cd and Cr were found to be lower than 
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the Environmental Protection Agency (EPA) values for maximum contaminant level (MCL) while 
those of Fe, Pb and the nutrients were higher than EPA’s MCL values. Cd had the lowest 
concentration and was below the detection limit of the instrument used. Nitrates were found to be of 
the highest concentration at 16.4959 ± 2.4432 parts per million (ppm). The high concentration of 
nutrients in the water could be due to domestic waste and effluent disposal into the river and 
agricultural runoffs while that of metal ions could be due to waste from informal jua kali industries 
and erosion of natural deposits. The efforts by the government to rehabilitate and clean rivers within 
Nairobi should be extended to include Motoine River.  

 
 
Keywords: Motoine River; nutrients; metals; UV/visible; atomic absorption spectroscopy. 
 

1. INTRODUCTION  
 
Water is essential to the survival of life on the 
planet. It covers about 70% of the Earth's surface 
and the properties of this liquid and its vapour 
control the climatic conditions that make life 
possible on earth [1]. In addition, water's solvent 
properties control the chemical weathering of 
rocks, the transfer of nutrients to plants and the 
transfer of chemicals inside organisms. Of all 
water within the surface zone of the earth, 97% is 
in the oceans, about 2% is in ice caps and 
glaciers, and only 0.6% is fresh water of direct 
use to humans [2].  

 
Water is utilised for cleaning, farming, 
construction, transport and many other things. 
Water generally supports life on earth and for 
that reason, its importance and uses cannot be 
stated exhaustively. Therefore, the quality of 
water in any human settlement remains to be of 
critical concern. Water pollution occurs when 
pollutants are directly or indirectly discharged 
into water bodies without adequate treatment to 
remove harmful compounds. A worst case 
scenario was observed in slums where water is 
scarce, and consumption of contaminated water 
is the norm. It should, however, be noted that 
water pollution is not solely a third world problem, 
on the contrary, it is a major global problem 
which requires ongoing evaluation and revision 
of water resource policy. Water pollution has 
been mentioned as a leading cause of diseases 
and deaths [3,4]. Therefore, we cannot ignore 
the fact that the problem is worse in informal 
settlement and slums all around the world. 

 
Kibera slum in Kenya, for example, is the biggest 
urban slum in Africa and one of the biggest in the 
world [5]. The living conditions in Kibera slums 
are deplorable to most of the residents unable to 
access basic services such as electricity, 
sanitation and clean water [6]. This being an 
informal settlement facing rapid population 
growth, it is not easy for the government to 

regulate water provision in the area. Other 
factors that make the water problem altogether 
worse water rationing in Nairobi City, poor 
infrastructure, vandalism and human economic 
activities at various points along the river [7].  
 

Motoine River rises from Riu Swamp and is 
heavily used in the settled Dagoretti area [8]. As 
the river flows eastwards, farmers in the valley 
use its water for irrigation, agriculture and other 
domestic uses.  The water colour in this section 
of the river is mainly red due to the soil 
characteristic of the area. Other polluting 
activities include dairy farming and abattoirs. 
Motoine River starts receiving agrochemical 
pollution right from its water headwater in the 
Dagoretti area and picks other forms of pollution 
as it flows through the Ngong Forest and the 
Kibera area [9]. Due to lack of a waste 
management mechanism for Kibera slum, 
Motoine River system has become a natural 
receptacle for all the uncollected waste 
emanating from the area.  
 

Contrary to a common misconception, man is not 
the sole culprit in bringing about pollution in the 
environment. Certain natural events result in 
effects identical to those produced by human 
interference in the system. These natural events 
can also be classified as pollution. Such events 
include Natural oil seepages and high levels of 
toxic metals in soils due to weathering of mineral 
deposits [1]. Consumption of contaminated water 
poses a health risk and can result in a myriad of 
health problems in both human and aquatic life 
[10]. For example, Pb affects the nervous 
system, kidney and haematopoietic system. 
Anaemia is an early manifestation of acute or 
chronic Pb intoxication which is usually a result 
of shortened erythrocyte life span and 
impairment of heme synthesis [11] while 
cadmium causes a reduction in the iron content 
of both animals and plants leading to reduced 
growth. Absorption of cadmium from the 
gastrointestinal tract is increased if there is a 
deficiency in calcium and iron [12]. 
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On the other hand, nitrogen and phosphorus are 
nutrients that are natural parts of aquatic 
ecosystems. They support the growth of algae 
and aquatic plants, which provide food and 
habitat for fish, shellfish and smaller organisms 
that live in water [13]. Nitrate is found at low 
levels from naturally occurring sources, but high 
levels usually indicate human-caused 
contamination. Possible sources of nitrates in 
groundwater include runoff from fertilisers, septic 
tanks leakages, sewage and erosion of natural 
deposits.  Both nitrite and nitrate cause 
shortness of breath and blue-baby syndrome in 
infants below the age of six months [13]. 
Phosphorous occurs in waters and wastewaters 
as orthophosphates, condensed phosphates and 
organically bound phosphates [14]. Domestic 
wastewater is relatively rich in phosphorous 
compounds mainly because of detergents. Most 
heavy duty synthetic detergent formulations 
designed for household market contain large 
amounts of polyphosphates [14]. 
 

Kibera slum is facing water supply challenges 
thus the residents are likely to use water from 
Motoine River for domestic purposes. However, 
there is limited information regarding the water 
quality of Motoine River. Therefore, this study 
was carried out to determine the levels of 
selected metals and nutrients (Fe, Cu, Pb, Cd, 
Cr, nitrates, phosphates and nitrites) in                      
water from Motoine River, Kibera, Nairobi, 
Kenya. 
 

2. MATERIALS AND METHODS 
 

2.1 Sampling  
 

Nine samples were collected along Motoine river, 
three from each of the three sampling points, that 

is upstream, downstream and mid-stream                  
(Fig. 1) and they were preserved with                         
2 mL concentrated nitric acid per 250 mL                       
of sample in accordance to EPA guidelines                     
of pH below 2 [15]. Before sampling was                    
done, the pre-cleaned sample containers                  
were flushed with water from the sampling                 
site before collecting the water samples.                      
The sample containers were dipped into the 
water with the bottle opening slightly (about 1 
cm) below the water surface and the water 
allowed to flow into the bottle before closing the 
bottle [16]. 

 
2.2 Sample Preparation and Analysis 
 
2.2.1 Metals  

 
For the heavy metal analysis, the samples were 
first digested by aqua regia before analysis by 
the FAAS. For the metals, standards were 
prepared from analytical reagent grade salts 
(lead nitrate, iron (III) chloride, copper (II) nitrate, 
copper (II) nitrate, chromium (III) nitrate, and 
cadmium nitrate) and the concentration of Pb, 
Fe, Cu, Cr and Cd were determined using Flame 
atomic absorption spectrophotometer (Shimadzu 
AA-6200) [16].   
 
2.2.2 Nutrients  

 
Phosphates were determined using the 
combined reagent, and the intensity of blue 
coloured complex was measured at 830 nm, 
nitrates were determined at 210 nm and 275 nm 
so that: 
 

Actual Absorbance A = A(210) + 4A(275)  

 

 
 

Fig. 1. A map showing the three sampling points on Motoine River 
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While nitrites were determined using N-(-1-
Naphthyl)-ethylenediamine dihydrochloride and 
sulphanilic acid solution at 550 nm. The 
phosphates, nitrates and nitrites were analysed 
using a UV-Visible spectrophotometer (Shimadzu 
1800) [17]. The reagents used were of the analar 
grade. 
  

2.3 Statistical Analysis 
 
The concentrations of the metal and nutrients 
were analysed were determined in triplicate and 
the data represented in tables as a mean± 
standard deviation. IBM SPSS v23 was used for 
the statistical analysis.  

 
3. RESULTS AND DISCUSSION 
 
3.1 Metals  
 
From the data obtained in this study, there was a 
variation in the concentration levels of both the 
metal ions and the nutrients analysed. For the 
metal ions, Fe had the highest average 
concentration (0.3230 +0.0645 mg/L) followed by 
copper (0.3343 +0.0527 mg/L) then lead (0.0973 
+0.0067 mg/L) and finally chromium (0.0581 
+0.0001 mg/L) as shown in Table 1. The 
concentration levels of Cd were below the 
detection limit of the instrument used. The above 
trend can be explained probably by the fact that 
Pb and Fe based products are generally more 
common than Cd and Cr products. Use of Fe and 
Pb containing products is more pronounced than 
Cd and Cr containing products. Of significance is 
that the concentration levels of Fe, and Pb were 
found to be higher than the EPA maximum 
contaminant levels (MCL) while those of Cr, Cd 
and Cu were lower. The EPA MCL for the metals 
are Pb – 0.015 mg/L, Fe – 0.3 mg/L, Cr – 0.1 
mg/L, Cd – 0.005 mg/L, and Cu – 1.3 mg/L [18]. 
 

The concentration of Pb, Fe and Cu increased 
downstream (Fig. 2). This could be explained by 
the fact that dumping of solid waste (including 
metals) and effluents is pronounced at both mid-

stream and downstream [19] as one approaches 
Kibera slum. Also, as the river flows through the 
slum it is likely that there is an increased 
disturbance of the river bed, a factor that will also 
lead to increase in the concentration levels of the 
elements [20]. The concentration of Fe was 
found to increase downstream as one 
approached Kibera slum. This was probably due 
to an increase in dumping [13,21] and a 
decrease in vegetation [22]. The concentration of 
Cr was found to be higher upstream than mid-
stream. It is possible that some of the Cr were 
lost due to sedimentation [23]. Down the river, 
the concentration of Cr rose again so that it was 
lower midstream than at downstream which 
could be as a result of increased waste disposal 
into the river [13]. Cd was below the detection 
limit which is a probable indicator of limited 
cadmium pollution in the river and the region by 
extension. The increase in the concentration of 
the metals downstream could also be to increase 
in domestic effluents being discharged into the 
river [22,24] especially due to the presence of jua 
kali shades within the slum. 
 

3.2 Nutrients 
 
The concentration of the nutrients was found to 
be much higher than that of the metals with that 
of phosphates being highest (17.7752 ±1.8653 
mg/L) followed by nitrates (16.4959 ± 2.4432 
mg/L) and finally nitrites (5.7600 ± 4.0394 mg/L) 
as in Table 2. The comparatively much lower 
concentration of nitrites can probably be 
explained by the fact that nitrites are not very 
stable in the environment [25] and consequently 
most of them are converted to nitrates. 
 
The obvious improper and unregulated disposal 
of domestic effluent and human waste from the 
Kibera slums into Motoine River can be used to 
explain why the concentrations of phosphates, 
nitrites and nitrates were much higher than the 
EPA standards for maximum contamination level 
of 1 ppm, 1 ppm and 10 ppm respectively [13]. 
The human activities alongside the river and the

 

Table 1. Concentration level of metals in water samples from Motoine River, September 2014 
 

Sample 
Analyte Concentration (mg/L) 

Sampling point X Sampling point Y Sampling point Z Average 
Pb (n=3) 0.090 ± 0.005 0.101 ±  0.007 0.101 ± 0.008 0.097 ± 0.007 
Fe (n=3) 0.250 ± 0.059 0.349 ± 0.061 0.371 ± 0.073 0.323 ± 0.065 
Cr (n=3) 0.020 ± 0.001 0.019 ± 0.0003 0.019 ± 0.0002 0.019 ± 0.0001 
Cd (n=3) BDL BDL BDL BDL 
Cu (n=3) 0.273 ± 0.049 0.365 ± 0.050 0.365 ± 0.059 0.334 ± 0.053 
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Fig. 2. Bar graph comparing the metal concentrations 
 

Table 2. Concentration levels of various nutrients in water samples from Motoine River, 
September 2014 

 
Sample 

Nutrient Concentration (mg/L) 
 Sampling point X Sampling point Y Sampling point Z Average 
PO4

3-
 (n=3) 15.906 ± 1.746 17.783 ± 1.897 19.637 ± 1.952 17.775 ± 1.865 

NO2
- (n=3) 1.615 ± 0.254 5.980 ± 1.344 9.685 ± 2.103 5.760 ± 4.039 

NO3
-
 (n=3) 14.133 ± 2.207 16.342 ± 2.512 19.012 ± 2.610 16.496 ± 2.443 

 

 
 

Fig. 3. Bar graph comparing the nutrients concentrations 
 
activities of the organism within the river greatly 
influence the concentration of the nutrients [1]. 
For instance, the high concentration levels of the 

nutrients could be attributed to the use of 
phosphorus and nitrogen derived fertilisers and 
manures [26]. 
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Table 3. Comparison of metal and nutrient concentration along the sampling points of Motoine 
River with other rivers in Nairobi City 

 

 Point X Y Z Nairobi river [30] 

Pb  0.090 0.101 0.101 0.00117 

Fe  0.250 0.349 0.371 0.0766 

Cr  0.020 0.019 0.019 0.00147 

Cd  BDL BDL BDL 0.00013 

Cu 0.273 0.365 0.365 0.00296 

PO4
3- 15.906  17.783  19.637 - 

NO2
- 1.615  5.980  9.685  - 

NO3
- 14.133 16.342 19.012 0.487 

 
It was also established that the concentration of 
the nutrients generally increased downstream 
(Fig. 3). This could probably be attributed to a 
decrease in vegetation downstream which 
implies fewer nutrients uptake by plants [24]. 
Additionally, with proper vegetation cover, the 
level of contamination of a river is likely to 
minimal while areas with disturbed vegetation 
showing elevated levels of the nutrients [27]. 
Also, down the river, as one approached Kibera 
slum, there was the increased dumping of both 
domestic waste and effluent [13,25] which 
accounted for the very high concentration of 
nutrients [23]. The poor sanitation facilities in 
Kibera slums [28] is also likely to increase the 
nutrient concentration due to surface runoff water 
finding its way to the river. Dumping of solid 
waste is serious at bridges and crossing points. 
Drainage systems within the slums have also 
become channels of domestic sullage from the 
unserviced informal settlements. These polluting 
outfalls have caused the water quality of Motoine 
to deteriorate further as it flows through Kibera 
into the Nairobi Dam [29]. 
 
Compared to results obtained from Nairobi River 
during the rainy season, the levels of the Pb, Fe, 
Cr and Cu at all the points sampled are generally 
higher. This indicates that the water from 
Motoine River is more polluted than Nairobi river 
thus poses a greater health hazard to the 
domestic users. Motoine River basin has been 
greatly invading by human activity thus the water 
volumes have gradually decreased. Due to 
increasing sources of pollution, the heavy metal 
loading is on the rise. 
 

4. CONCLUSION 
 
Due to the inadequate piped water supply in 
Kibera slum by the Nairobi water and sewerage 
company, alternative sources of water that are 
used by the Kibera slum residents include 

Motoine River. The concentration levels of the 
metals and nutrients were generally increasing 
downstream as the river flows through the slum 
towards Nairobi dam. For the metals, Fe had the 
highest concentration levels except for the 
upstream sample for which Cu had the highest. 
For the nutrients, nitrates were of the highest 
concentrations. Besides Cu, Cr and Cd, the 
concentration of the analytes was higher than the 
EPA MCL, which poses a threat to the residents 
using the water from Motoine River. Moreover, 
the study established that waters of Motoine 
River are more polluted than waters of Nairobi 
river. Therefore, some of the remedies that can 
be used to reduce the pollution include a clean-
up of the river which would be very crucial in 
eliminating the solid waste that is present in the 
river bank. Establishment of stringent regulations 
on the use of phosphorus-based detergents and 
nitrogenous fertilisers would help in avoiding 
further increase in the phosphates and nitrates. 
Additionally, the prevalent poor sanitation effects 
in the slum area can be mitigated by adoption 
and encouraging the use of dry toilets that are 
already being used in some of the informal 
settlements within Nairobi. The use of dry toilets 
will ensure that pollution due to human waste is 
minimised. Furthermore, it would be beneficial if 
the government strengthened the implementation 
of various programs aimed at rehabilitating 
polluted rivers and adopting new ones such as 
payment for ecosystem services. Moreover, the 
ongoing recovery of riparian land will contribute 
significantly to the recovery of River Motoine and 
the Nairobi dam at large, which has been 
encroached. Finally, a behaviour change 
targeting waste disposal would greatly benefit the 
river. People need to be encouraged to dispose 
waste at designated points rather than dispose of 
the waste materials anywhere carelessly. This 
would eventually reduce the waste getting into 
the river. 



 
 
 
 

Muthee et al.; CSIJ, 24(1): 1-8, 2018; Article no.CSIJ.43319 
 
 

 
7 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Ibanez JG, Hernandez-Esparza M, Doria-

Serrano C, Fregoso-Infante A, Singh MM. 
Environmental chemistry: Fundamentals. 
Springer Science & Business Media; 2010. 

2. O’Neill P. Environmental chemistry, 2nd 
Ed. London: Chapman & Hall; 1993. 

3. Ashbolt NJ. Microbial contamination of 
drinking water and disease outcomes in 
developing regions. Toxicology. 2004; 
198(1-3):229-38. 

4. Murray CJ, Lopez AD. Global mortality, 
disability, and the contribution of risk 
factors: Global Burden of Disease Study. 
The lancet. 1997;349(9063):1436-42. 

5. Anonymous. Kibera Facts and Information. 
(Accessed 29th March 2018)  
Available:https://www.kibera.org.uk/facts-
info/    

6. Worrell CM, Wiegand RE, Davis SM, 
Odero KO, Blackstock A, Cuéllar VM, 
Njenga SM, Montgomery JM, Roy SL, Fox 
LM. A Cross-sectional study of water, 
sanitation, and hygiene-related risk factors 
for soil-transmitted helminth infection in 
urban school-and preschool-aged children 
in Kibera, Nairobi. PloS One. 2016;11(3): 
e0150744. 

7. Mbui D, Chebet E, Kamau G, Kibet J. The 
State of Water Quality in Nairobi River, 
Kenya. Asian Journal of Research in 
Chemistry. 2016;9(11):579-585. 

8. Miheso LR. Effects of pollution of Motoine 
River Dams, Kenya (Doctoral dissertation, 
MSc Thesis, Kenyatta University, Nairobi, 
Kenya). 

9. Krhoda GO, Kwambuka AM. Impact of 
urbanization on the morphology of 
Motoine/Ngong River Channel, Nairobi 
River basin, Kenya. Journal of Geography 
and Regional Planning. 2016;9(4):36-46. 

10. Chebet E, Mbui D, Kibet J, Kamau G. The 
Speciation of Selected Trace Metals in 
Nairobi River Water, Kenya. Eurasian 
Journal of Analytical Chemistry. 2018; 
13(4):1-11. 

11. Iolascon A, De Falco L, Beaumont C. 
Molecular basis of inherited microcytic 
anemia due to defects in iron acquisition  
or heme synthesis. Haematologica. 
Haematol-13619; 2009. 

12. Hay RW. Bio-inorganic chemistry. 
Chichester: Ellis Horwood; 1984. 

13. Environmental Protection Agency. Nutrient 
Pollution: The Problem; 2018.  
(Accessed 5th May 2018)  
Available:https://www.epa.gov/nutrientpollu
tion/problem  

14. Murphy S. General information on 
phosphorus. BASINS. City of Boulder/ 
United States Geological Survey. 2007;30. 
Available:http://bcn.boulder.co. 
us/basin/data/NEW/info/TP.html  
(Accessed March 2011) 

15. EPA. In Methods for Chemical Analysis of 
Water and Wastes, EPA-600/4-79-020. 
U.S.E.P.A., Cincinnati, Ohio, USA. 
Available:http://sisbl.uga.edu/epatab1.html
#top 

16. APHA, AWWA, WEF. Standards methods 
for the examination of water and 
wastewater. American Public Health 
Association, American Water Works 
Association, Water Environment 
Federation. Washington, DC; 1999.  
ISBN: 0-87553-235-7. 

17. Kori R, Parashar S, Basu DD. Guide 
manual: Water and wastewater analysis. 
Central Pollution Control Board, Ministry of 
Environment and Forest, India. 97-109. 

18. Environmental Protection Agency. Ground 
Water and Drinking Water: National 
Primary Drinking Water Regulations; 2018. 
(Accessed 15th April 2018)  
Available:https://www.epa.gov/ground-
water-and-drinking-water/national-primary-
drinking-water-regulations  

19. Owens PN, Walling DE, Carton J, Meharg 
AA, Wright J, Leeks GJ. Downstream 
changes in the transport and storage of 
sediment-associated contaminants (P, Cr 
and PCBs) in agricultural and industrialized 
drainage basins. Science of the Total 
Environment. 2001;266(1-3):177-86. 

20. Eggleton J, Thomas KV. A review of 
factors affecting the release and 
bioavailability of contaminants during 
sediment disturbance events. Environment 
International. 2004;30(7):973-80. 

21. Mohiuddin KM, Zakir HM, Otomo K, 
Sharmin S, Shikazono N. Geochemical 
distribution of trace metal pollutants in 
water and sediments of downstream of an 
urban river. International Journal of 
Environmental Science & Technology. 
2010;7(1):17-28. 

22. Murphy SF. State of the watershed: Water 
quality of Boulder Creek, Colorado. US 



 
 
 
 

Muthee et al.; CSIJ, 24(1): 1-8, 2018; Article no.CSIJ.43319 
 
 

 
8 
 

Department of the Interior, US Geological 
Survey; 2006. 

23. Xu S, Jaffé PR. Effects of plants on the 
removal of hexavalent chromium in 
wetland sediments. Journal of 
Environmental Quality. 2006;35(1):334-41. 

24. Jonnalagadda SB, Mhere G. Water quality 
of the Odzi River in the eastern highlands 
of Zimbabwe. Water Research. 2001; 
35(10):2371-6. 

25. World Health Organization. Nitrate and 
Nitrite in Drinking-water; 2011.  
(Accessed 7th April 2018)  
Available:https://www.who.int/water_sanita
tion           
_health/dwq/chemicals/nitratenitrite2ndadd
.pdf  

26. Ebele AG, Patience AN. Physicochemical 
properties of the effluents of Forcados 
Terminal in Warri, Delta State. Journal         
of Environmental Chemistry and 
Ecotoxicology. 2016;8(2):9-13. 

27. Stallard RF, Murphy SF. Water quality and 
mass transport in four watersheds in 
eastern Puerto Rico: Chapter E in Water 
quality and landscape processes of four 
watersheds in eastern Puerto Rico. US 
Geological Survey; 2012. 

28. Schouten MA, Mathenge RW. Communal 
sanitation alternatives for slums: A case 
study of Kibera, Kenya. Physics and 
Chemistry of the Earth. 2010;35(13-14): 
815-22. 

29. Krhoda G. Nairobi river basin phase II: The 
monitoring and sampling strategy for 
Ngong. Motoine River. UNEP/NETWAS, 
Nairobi. 2002;55. 

30. J Njuguna SM, Yan X, Gituru RW, Wang 
Q, Wang J. Assessment of macrophyte, 
heavy metal, and nutrient concentrations in 
the water of the Nairobi River, Kenya. 
Environmental Monitoring and 
Assessment. 2017;189(9):454. 

_________________________________________________________________________________ 
© 2018 Muthee et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/26097 


