
i 
 

Assessing the fluoride levels in Lake Baringo and her catchment, its 

ecological and human effects for informed decision 

 

 

 

 

TECHNICAL REPORT: KMF/RS/2021/C8221(1) 

 

 

JUNE, 2021 

  

  

                     

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE 

FRESH WATER SYSTEMS 

 

 

 

 



 

 
 

ii 

 

DOCUMENT CERTIFICATION 

 

Certification by Director Freshwater Systems   

I hereby certify that this report has been done under my supervision and submitted to the 

Director.  

 

Name: Dr. Christopher Mulanda Aura (PhD) 

Signature:                                       Date: 16th June, 2021 

 

Certification by Director General, KMFRI 

I hereby acknowledge receipt of this Report  

 

Name: Prof. James M. Njiru, PhD 

Signature:                                                          Date: 18th June, 2021 

 

 

  



 

 
 

iii 

Citation:  

Nyakeya, K., Odoli, C.O., Mugo, J., Nyamweya, C., Aura C.M. and Njiru J.M. (2020). 

Assessing the fluoride levels in Lake Baringo and her catchment, its ecological and human 

effects for informed decision. 29pp. KMF/RS/2021/C8221(1) 

 

 

 

 

  



 

 
 

iv 

ACKNOWLEDGEMENTS 

We are very grateful to the Board of Management of The Kenya Marine and Fisheries Research 

Institute for allocating funds for use to undertake this activity. We also wish thank KMFRI 

technical staff namely: Conland Barongo, Peter Ombati and Benjamin Arwaita who assisted in 

sample collection and analyses. 

.  

 

  



 

 
 

v 

Abstract 

It is the goal of every government to provide safe and clean water and for its entire people, to 

ensure a healthy and productive population. Most of the members of the Lake Baringo riparian 

communities as well as her catchment are suffering from the adverse effects of dental and 

skeletal fluorosis. The World Health Organization (WHO) recommends a maximum limit of 

1.5ppm fluoride content in cooking or drinking water.  The recommended limit is even lower 

in an area with hot climate such as Baringo since people drink more water.  Kenya has adopted 

the WHO guideline of 1.5ppm fluoride limit.  About 30 to 50% of the Kenyan population is 

affected by fluorosis, but with regional differences in prevalence and severity. The study aimed 

at assessing the fluoride levels in Lake Baringo and her catchment, its ecological and human 

effects for informed decision. Results showed that fluoride levels recorded along the river 

continuum of Rivers Molo and Perkerra were within the recommended limits by the WHO. 

Howver, in the lake (river mouths) the levels were >1 mg/L. socio-economic data showed that 

the riparian community uses the lake water for domestic purposes hence compromising their 

health. Although enough data was not collected to cover both wet season and dry spell, we 

recommend for further study for informed decision making. For the meantime, however, we 

recommend for an alternative source of water for drinking by the riparian community.  

Keywords: Flouride; WHO guidelines; Lake Baringo 
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1.0 Introduction 

It’s the goal of every government to provide safe and clean water and for its entire people, to 

ensure a healthy and productive population. This however is not always possible. Fluoride is 

essential to living organisms at concentrations between 1-3mg/day (Katsonu et.al., 2013), 

when this limit is exceeded it poses a threat to human health due    to its    high affinity for 

Ca2+ ions contained in bones and teeth. The most common disease associated with fluoride is 

fluorosis. The initial most common symptoms are seen as brown specs on teeth, while later 

stages result in severe skeletal damage (Redda et al., 2006).  

The World Health Organization (WHO) recommends a maximum limit of 1.5ppm fluoride 

content in cooking or drinking water.  The recommended limit is even lower in an area with 

hot climate such as Baringo since people drink more water.  Kenya has adopted the WHO 

guideline of 1.5ppm fluoride limit (Karuiki et al., 1984). Lake Baringo water has been reported 

to contain 5.4 mg F/l (5.3-5.6) and had a pH of 10.4 (10.1-10.7) (Gikunju et al., 1992). The 

reported level is way above the recommended limit and hence could be affecting the lake’s 

biodiversity as well as riparian communities dependable of the lake water. More so, fluoride 

(F) in fish and marine products has been reported in several countries, to be a major source of 

dietary F (Opinya et al., 1991) and hence a potential contributor in the development of 

fluorosis. 

Lake Baringo is inhabited by several species of fish which are consumed by the local 

population and to a large extend shipped as far to the capital city of Nairobi. The lake is located 

in East Africa's Great Rift Valley where F occur in abundance (Kariuki et al., 1984). The aim 

of the present investigation was to assess the fluoride levels in Lake Baringo and her catchment, 

its ecological and human effects to guide in decision making. 
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2.0 Methodology 

2.1 Study Area 

This study was conducted from November 2020 and April, 2021 (dry and rainy season 

accordingly) along rivers Molo and Perkerra (longitudinally from the source to the mouth) as 

well various identified lake wide representative sampling point   in Lake Baringo (Nyakeya et 

al., 2020). This was based on the geochemical principle that the more the samples and well 

distributed they are, the more representative they are of the study area. 

2.2. Sampling  

Stringent measures were also taken when cleaning the sample bottles before sampling to 

prevent contamination.  The bottles were cleaned with metal free nitric acid (HNO3) then 

rinsed several times with distilled water and deionised water.    While in the field each container 

was again rinsed at least twice with the water about to be sampled.  The geographic co-ordinates 

were also taken at the point of collection using a Geographic Positioning System (GPS).   

2.3. Fluoride analyses 

AWWA/APHA-4500_F - Ion Selective Electrode Method was used for analyses of fluoride.  

The method describes the operational procedure for the DR359Tx Ion Concentration Meter. It 

provides guidance for determining Fluoride ion (Fˉ) in potable, surface and saline water 

samples. The Ion Concentration Meter was calibrated prior to using the meter for testing. When 

used careful the Ion Concentration Meter with a good electrode has an accuracy of ± 0.5% 

(0.005 units) with applicable range of 0.001 to 9990 units. 

2.4 Socio-economic data 

Descriptive research design was used. Both qualitative and quantitative methods were also 

used. Descriptive research design tries to minimize the disadvantages of qualitative and 

quantitative methods when used alone (Masue, 2010) hence the advantages of each was 

applied. For example, while the opinions of the respondents are contained by the use of 

qualitative methods and those related to quantitative data demands some statistics. Purposive 

research design was used to collect data from the already affected people by fluoride. The target 

population involved all people residing at Kampi ya Samaki Centre but since we did not have 

the exact number, we opted to use a sample size similar to other similar studies conducted in 

the same area of interest as recommended by (Ozoemelem 2009). We therefore, used 40 

respondents. 

This study used primary data only as techniques of data collection where questionnaires (i.e. 

both closed and open-ended questions) and observation schedules were used. both qualitative 
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and quantitative analysis. Before analysis stage, the researcher arranged raw field data in an 

orderly manner so as to facilitate systematic retrieval later. Data was then entered into Excel 

sheets. Codes were then developed and transformed into categorical labels and themes. The 

coded data was then transferred to SPSS Programme for further analysis. The collected data 

was thereafter analysed by different analysis techniques. Analysis was done in SPSS and it was 

presented in form of descriptive analysis using tables where frequency and percentages were 

calculated.  

During data collection confidentiality was kept in mind in order to adhere to ethical principles 

regarding cultural values, traditions, and taboos of community living around Kampi ya Samaki. 

The participation of respondents was voluntary. Also the rules of confidentiality and anonymity 

was observed. The data obtained was kept confidential and was used for the purpose of this 

study only.  
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3.0 Results and discussion 

3.1 Demographic data of the respondents  

Majority of the respondents were female (83%) (Figure 1).  This is because female group of 

adults are generally left at home to take up the in-house chores as men are involved in taking 

care of the livestock and other chores to sustain their families.   

 

Figure 1: The percentage proportion of respondents by gender (n= 40) 

 

We also wanted to know the level of the respondents and their responses were as indicated in 

Figure 2 below. About 38% of the respondents had secondary level of education whereas just 

10% had no formal education at all. Only 5% of the respondents had university education. 

Generally, the low level of education is attributed to high poverty level associated with the 

climatic condition of the area. The area is mainly semi-arid and therefore there is no any gainful 

economic activity such as agriculture hence people in this region depend on livestock which to 

a certain extent is a reserve to a few. Fisheries also support their livelihood but to a lesser extent 

because the fishery of Lake Baringo is declining at an alarming rate due to overexploitation 

and environmental degradation. 
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Figure 2: The percentage proportion of respondents level of education (n= 40) 

3.2 Socio-ecological effects of fluoride  

The respondents were asked to state the effects fluoride has had on their bodies (Figure 3). It 

is evident that fluoride has serious effects on on the health of the people because 24% of the 

respondents rated its negative effects as very high whereas only 7% of the respondents 

confirmed that it has low effects. 

 

 

Figure 3: Respondents fluoride effects rating  (n= 40) 

They were also asked to state some of the parts of the body worst affected and they said that 

the teeth, bones and the general human vertebra is among the most affected. During our survey, 

we affirmed their assumptions when we came across men and women with bent backs, bowed 

legs as a result of brittle bones.  
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To ascertain how they get the fluoride contamination, we wanted to know how they use the 

water from Lake Baringo and their responses were as illustrated in Figure 4. It was noted that 

water from the lake is used for domestic and bathing/washing, irrigation, bathing and washing. 

This was confirmed by 28% of the respondents. The same water is used for drinking thus 

compromising the health of the riparian community. Fluoride has a biomagnification property 

whereby it accumulates and sediments in the human joints thus causing serious deleterious 

effect in the bones, a condition known as fluorosis.  

 

 

Figure 4: Lake Baringo basin water uses as scored by respondents (n= 40) 

3.2 Fluoride concentrations  

River mouth stations, S1 and S3 for rivers Perkerra and Molo recorded 1.1 mg/L and 0.73 mg/L 

(Figure 5 and 6) respectively of fluoride concentrations which is the highest levels recorded 

among all the sampled stations. In general terms stations upstream in both the rivers had low 

levels of fluoride as compared to the concentrations depicted in the lake. The lowest fluoride 

level (0.038 mg/L) was recorded in R. Perkerra at Chemasusu overflow sampling station. 
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Figure 5. Fluoride levels as recorded in the sampling stations of R. Perkerra and its river 

mouth (S1) in Lake Baringo 

 

 

Figure 6. Fluoride levels as recorded in the sampling stations of R. Molo and its river mouth 

(S3) in Lake Baringo 

High levels of fluoride in Lake Baringo is associated with emissions from volcanic activities 

in the East African Rift System. The lake contains 55 mg/L of fluoride, more than 35 times the 

amount recommended by WHO (GDC, 2014). The high concentrations recorded in the lake 

compared to the river stations could be attributed to high temperatures increasing solubility and 

mobility of the ions which could be attributed to the elevated temperatures as a result of 

hydrothermal alteration, the area is known to geothermally active as evidenced by the presence 

of fumaroles and hot springs. 
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4.0 Conclusion and recommendations 

The aim of this study was to assess the fluoride levels in Lake Baringo and her catchment, and 

determine its ecological and human effects to guide in decision making. The chemical analysis 

done on samples obtained along the rivers Molo and Perkerra right from upstream showed low 

levels that were within the WHO standards. However, samples form the river mouths within 

Lake Baringo demonstrated that fluoride is in high levels of >1 mg/L. Socio-economic data on 

the use of the lake water by the riparian community showed that fluoride had adverse effects 

on their health. A larger population who use the water mainly for domestic and irrigation do 

develop a condition known as fluorosis resulting into unnecessary bone breakage and bending 

hence is a common disease around this area.   Although enough data was not collected to carry 

out meaningful statistical analysis, we still conclude that fluoride in the Lake Baringo basin 

has serious ecological effects especially on the riparian community. However, we were unable 

to carry out an analysis on fish tissues to determine its effects on the fish and fish ecology in 

general due to insufficient funds. We therefore, recommend that further comprehensive study 

be done in the entire lake ecosystem to clearly discern the effects of fluoride. However, in the 

meantime, we recommend for an alternative source of water for drinking by the riparian 

community because fluoride has a biomagnification effect. Therefore, whether taken in low 

levels, eventually it will bioaccummulate in the bones causing adverse effects on human health. 
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APPENDICES 

Appendix 1: Submission letter of the technical report to the Director General KMFRI 
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Appendix 2: Submission letter of the technical report to Director FWS 
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Appendix 3: Approved requisitions to assess the fluoride levels in Lake Baringo and its 

catchments 
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Appendix 4: Work ticket 
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Appendix 4: Fact sheet for dissemination to the key stakeholders  

 



 

 
 

18 

 



 

 
 

19 

 



 

 
 

20 

 



 

 
 

21 

 

  



 

 
 

22 

 

Appendix 8: Dissemination to Beach Management Unit  
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Appendix 9: Dissemination to County Director of Fisheries 

 

 

 

 


