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Abstract 

In many parts of the East African Rift Valley elevated fluoride concentrations above the WHO guideline 
of 1.5 mg/L are found in groundwater. Fluoride removal filters using bone char and calcium phosphate 
pellets as filter media are easy and safe to operate in rural settings. However, the filter media has to be 
replaced on a regular basis. This leads to high running costs, particularly when fluoride concentrations 
in the raw water are high. Based on a field study in the Oromia Region, Ethiopia, the costs for 
defluoridated water at a community filter have been analyzed. Results show that it is possible for a 
rural community to cover all running costs if the fluoride concentration in the raw water is 
comparatively low (around  3 mg/L) and consumption is high (around 3,000 L/day). The initial 
infrastructure costs have to be covered by the government or NGOs. 

 

Introduction 

Even though the microbial quality of groundwater is generally better than surface water, chemical 
contaminants, such as fluoride, can pose an additional health risk. Aquifer rocks can release fluoride 
into the groundwater in concentrations above the WHO guideline of 1.5 mg/L. The intake of high 
fluoride doses, mostly through drinking and cooking water, over a longer time period can cause dental 
and skeletal fluorosis. The symptoms of fluorosis range from tiny white line striations to irregular brown 
patches on teeth, pains and aches in the joints, limitation of joint movements and even crippling 
(Tekle-Haimanot, 2005). Around the world millions of people are exposed to high levels of fluoride in 
drinking water (Amini et al., 2008). It is estimated that in the Ethiopian Rift Valley alone 8.5 million 
people are at risk of developing dental or skeletal fluorosis (Tekle-Haimanot, 2005).  

Though the use of alternative, fluoride-free water sources will always be the most favoured option, 
defluoridation in areas with few water resources will always be necessary. So far no fluoride removal 
technology has been implemented on a large scale in East Africa. One promising technology, the 
Nakuru Technique, has been developed in Kenya by the Nakuru Defluoridation Company Limited, 
previously known as Water Quality Program of the Catholic Diocese of Nakuru. The Nakuru Technique 
(NT), a modification of conventional contact precipitation, utilises bone char and calcium phosphate 
pellets as filter media. The pellets slowly release phosphate and calcium, which then precipitate with 
fluoride on bone char and pellet surfaces (WRQ, 2011). To date, around 140 community filters have 
been constructed and more than 2’500 household filters have been distributed in the Kenyan Rift 
Valley, serving several thousand people with defluoridated water.  

The Ethiopian NGO Oromo Self-Help Organization (OSHO), with the financial support of Swiss 
Interchurch Aid (HEKS), has successfully introduced NT household filters in Ethiopia (Samuel et al., 
2009). OSHO also managed to construct a bone char furnace in Ethiopia in 2011. Pellet production is 
planned to be added in a next project phase. The Nakuru Technique has been chosen because of the 
local availability of most of the raw materials (bones and lime), the independency from power supply of 
the filters in the field, the easy operation of the filters and the existing experiences in Kenya. In a 
collaborative project between OSHO, HEKS, NDC and Eawag, the sustainable implementation of 
fluoride removal filters in rural Ethiopia has been investigated in detail. The results of this study will be 
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shared with the National Fluorosis Mitigation Project Office (NFMPO). The UNICEF-funded NFMPO is 
responsible for planning and implementing a national fluorosis mitigation strategy. 

Among technical performance, other factors, such as acceptability by the population and affordability 
of the treated water are critical for the success of fluoride mitigation from drinking water. This article 
aims to analyze the financial aspects of the filters. In case of arsenic removal filters in Bangladesh the 
costs have been found to be a challenge for sustainable implementation (Johnston et al., 2010). The 
NT filter media has to be replaced on regular basis and will thus lead to increased running costs for 
drinking water supply - is fluoride removal affordable in rural Ethiopia? 

 

Description of the Case Study 

A fluoride removal community filter has been constructed in Wayo Gabriel, Oromia Region, in the 
Ethiopian Rift Valley. The construction using plastic tanks costs approximately 150’000 Ethiopian Birr 
(1 USD = 17 ETB). The filter is attached to an already existing water point with an average fluoride 
concentration of 2.7 mg/L. The design of the community filter is shown in Figure 1: Two filter tanks 
guarantee optimal utilization of the filter media, while the storage tank allows a slow and continuous 
water flow, which is important to achieve high fluoride uptake capacities with the NT filter media. In 
Wayo Gabriel the same water committee is responsible for both the raw water point and the 
community filter. Two caretakers are employed. The water consumption, the income through selling 
water and the water quality has been monitored weekly since the filter was opened in May 2010. In 
future, it is planned that the woreda (district) water bureau will take over the responsibility of a less 
frequent monitoring.  

Figure 1 Design of the fluoride removal community filter in Ethiopia 

 

 

In Ethiopia it is common practice that consumers pay for their water, which, in rural communities, is 
collected from central water points. The water tariff of water points in Dugda Woreda normally ranges 
between 2 - 8 ETB/m3 and does not include any microbial treatment or fluoride removal. In Ethiopia, 
water supply systems should be financially self-sustaining. The water price is lower at water points 
using windmills for pumping and higher when diesel generators or electric power are used. The water 
tariff at the raw water point of the community filter in Wayo Gabriel is 8 ETB/m3 (sold at 0.25 ETB per 
20 L/jerry can). The water tariff for defluoridated water was set by the local water committee and 
woreda representatives at 20 ETB/m3 (sold at 0.50 ETB per 20 L jerry can), a relatively high tariff. 

 

Main Results 

In Figure 2, raw and treated water consumption at the water point in Wayo Gabriel are shown. The 
consumption of filtered water was rather low after the opening. The perceived water prices, in 
combination with the rainy season, have been found to be major factors. Well-designed promotion 
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activities increased water consumption of filtered water considerably in autumn 2010 (Huber et al., in 
prep). The raw water consumption for washing, cleaning or watering cattle remains much higher.  

 

Figure 2 Consumption of raw and defluoridated water at the water point in Wayo Gabriel 
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The treated water is consumed in Wayo Gabriel - but can the community afford to pay for the filter 
media replacement? A financial analysis based on monitoring data of the first year and three future 
consumption scenarios is shown in Table 1. The average raw water consumption in future is assumed 
to be constant at 250 m3/month, the consumption of treated water 25 m3/month, 50 m3/month and 75 
m3/month, respectively. Assuming a fluoride uptake capacity of 3 mg/g filter media (Mutheki et al., 
2011) the community filter can treat 1’350 m3 independent of the monthly water consumption. 
 

Table 1 Budget for three different consumption scenarios (ETB = Ethiopian Birr) 

 Scenario 1 Scenario 2 Scenario 3 

Raw water consumption in future (m
3
/month) 250 250 250 

Treated water consumption in future (m
3
/month) 75 50 25 

Estimated running period May 10 - Jun 12 May 10 - Dec 12 May 10 - Jul 14 

Income, ETB Raw water point
 1)

 53,000 65,000 130,000 

 Community filter 27,000 27,000 27,000 

Expenditures, ETB Amortization
 2)

 21,700 26,700 42,500 

(Community filter) Filter media
 3)

 17,500 17,500 17,500 

 Raw water
 4)

 10,700 10,700 10,700 

 Maintenance
 5)

 7,800 9,600 15,300 

 Caretaker
 6)

 6,500 8,000 12,700 

 Monitoring 
7)

 2,000 2,500 4,500 

 Total 66,200 75,000 103,200 

1)
 Income from selling raw water during the community filter running period, 

2)
 amortization of the community filter 

infrastructure, assuming a life span of 15 years, 
3)

 assuming production in Ethiopia, including all raw materials, 
labour and infrastructure, not including administration costs of the producer, 

4)
 raw water tariff, including pumping 

and maintenance of water system,  
5)

 300 ETB/month are thought to be sufficient, 
6)

 common salaries are around 
250 ETB/month, 

7)
 sampling  by the woreda water bureau every 3 months, estimated costs of 250 ETB per 

sampling 

The current water tariff for defluoridated water is not sufficient to achieve financial self-sufficiency. For 
this the tariff would have to be increased by a factor of 2.5 to 4 (depending on the water consumption) 
to a new water price between 50 and 80 ETB/m3 (2.95 - 4.70 USD/m3). However, it can be argued that 
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construction of the filters will be completely subsidized by tax income or NGOs and does not have to 
be included in the water tariff. High amortization costs are attached not only to the Nakuru Technique 
but to almost all defluoridation methods, as large investments are needed for treating comparatively 
small amounts of water. 

The water committee could lower the expenditures by integrating the community defluoridation filter 
into the raw water point and employing only one caretaker. Additionally, the committee could cover the 
costs of all raw water, also the one used for defluoridation, with income generated by the raw water 
purchase (including pumping and maintenance of water system). The raw water tariff would increase 
only slightly because the ratio of raw water used for defluoridation is small. Organizations constructing 
new water schemes should be motivated to implement pumps operated with windmills or other 
technologies with low running costs instead of expensive diesel and electric generators.  

If amortization of the filter infrastructure, the raw water and the caretaker do not have to be covered 
with income from selling treated water and if treated water consumption is high (above 3’000 L/day), it 
is possible for the community in Wayo Gabriel to cover the running costs of their fluoride removal 
community filter. The income from the community filter has only to be used for filter media 
replacement, maintenance of the filter infrastructure and monitoring costs. 

It has to be taken into account that the fluoride concentration of the raw water in Wayo Gabriel with 2.7 
mg/L is rather low. In the same woreda fluoride concentrations with 15 mg/L and more are found. The 
higher the fluoride concentration the higher the running costs because the filter media has to be 
replaced more frequently. Experiences in arsenic mitigation in Bangladesh showed that well-switching 
from unsafe to safe water sources (through behaviour change promotion) and the use of alternative 
safe water sources have a higher impact than arsenic removal filters (Ahmed et al., 2006).  

 

Conclusions and Recommendations 

Defluoridation of drinking water considerably increases the costs for drinking and cooking water. Any 
time when a filter is constructed it has to be defined how the filter can be financed - in particular the 
filter media replacements. If expired filter media is not replaced, any defluoridation intervention is 
insignificant because only long-term fluoride reduction in drinking and cooking water will reduce the 
health impact. 

When well organized, it is possible for communities in rural Ethiopia to cover all running costs of a 
defluoridation community filter by using the Nakuru Technology given that the fluoride concentration in 
the raw water is only few milligrams per litre above the WHO guideline and the consumption of treated 
water is high. The investment costs for the filter cannot be covered by the community. 

Rural communities in Ethiopia are not able to cover the running costs for defluoridation of high fluoride 
raw water – a subsidy of the running costs by the government or NGOs is required. It is important that 
water sources with relatively low fluoride concentrations are used as raw water in defluoridation filters. 
If the water tariffs are increased, appropriate solutions for the poor have to be found. 

The scientific community should invest in further improving the Nakuru Technology or other low-cost 
defluoridation options that are low in complexity and simple in operation. 
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