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Abstract

The study uses contingent valuation framework to assess the welfare benefits of removing excess fluoride from
drinking water among households in Baringo County, Kenya. A conventional payment card is used to draw pre-
ferences from households in order to estimate the mean and median willingness to pay for excess fluoride removal
from drinking water in the county. Through interval regression analysis, the study found that households were, on
average, willing to pay Kshs. 202.25 ($2.02) and a median of Kshs. 162.50 ($1.63) to remove excess fluoride from
drinking water. The mean and median welfare values of removing excess fluoride from water were estimated at
Kshs. 112.4 ($1.12) and Kshs. 90.3 ($0.90) million, respectively. These amounts were significantly found to
increase with male gender, education, household income, living in own house, type of water source, perceived
water quality, distance to nearest water source, payment vehicle used and whether household members had suf-
fered from fluorosis. However, these amounts declined with age and household size. On the whole, the study
found significant public support towards the removal of excess fluoride in drinking water among the concerned
households, which is vital for effective formation and implementation of water quality improvement policies
for the county.

Keywords: Contingent valuation; Excess fluoride; Payment card; Willingness to pay
Introduction

Safe water is considered basic for both human health and survival. It is used for drinking, and for
many other domestic and agricultural activities including cooking, washing, bathing and watering
farm lands (Dixon & Shackley, 1999; Shomar et al., 2004; WHO, 2006; Allan, 2011). As such, poor
access to safe water not only affects these activities directly but also households’ health and workforce
productivity indirectly. Whereas the provision of safe water has gradually been on the rise around the
globe, its provision in many developing and less developed countries has remained a big challenge
(UNDP, 2006; WHO, 2006; WHO & UNICEF, 2012). One major challenge encountered in the
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provision of safe water in most developing countries has been the occurrence of huge amounts of flu-
oride in drinking water that leads to fluorosis (Reddy et al., 2010; Shomar et al., 2004; Sudhir & Bashir,
2006; UNDP, 2006; WHO, 2006).
Notably, fluorosis is a condition that results from overexposure to fluoride in drinking water or in

food stuffs produced with fluoride (Dixon & Shackley, 1999; Wambu et al., 2013). It is endemic in
over 25 countries across the globe and millions of people have been found to suffer from fluorosis
(Sudhir & Bashir, 2006; UNDP, 2006). The health hazards resulting from fluorosis range from the
less severe forms of dental mottling to severe skeletal fluorosis causing paralysis of the lower limbs
(Shomar et al., 2004; Sujana et al., 2009; Wambu & Muthakia, 2011). The severity of fluorosis is deter-
mined by many factors, such as the duration of exposure, the socio-economic status of the community
and the intake of locally grown food items, with the severity being increased by a lack of dietary calcium
and essential vitamins (Kahama et al., 1997; WHO & UNICEF, 2012; Wambu et al., 2014). As a
measure for reducing the exposure to fluoride, defluoridation of drinking water has been advocated
as an alternative approach to address the adverse problems of excessive fluoride ingestion (Kahama
et al., 1997; Gikunju et al., 2002; Mavura & Bailey, 2002; Moturi, 2004; Shomar et al., 2004;
Njenga et al., 2005; WHO, 2006; Sujana et al., 2009; Wambu et al., 2013).
In Kenya, it is estimated that millions of people are at risk of serious bone defects and dental discolour-

ation as a result of high levels of fluoride in their drinking water (Njenga et al., 2005; Sudhir & Bashir, 2006;
Wambu et al., 2013). The risk is particularly made worse by the fact that, as the rest of the world moves to
treated and piped water systems, more than half of Kenyans still rely on underground water as their primary
source of drinking water (Wambu & Muthakia, 2011). This is despite warnings by researchers (Naslund &
Snell, 2005; Wambu et al., 2013) that most of Kenya’s underground water contains fluoride levels higher
than the 1.5 mg/L recommended by the World Health Organization (WHO, 2006). Consequently, about 19
million Kenyans suffer from fluorosis, a condition that can affect the teeth or skeleton, depending on the
length of time one has been exposed to water with a high concentration of fluoride, and their geographical
location (Gikunju et al., 2002; Njenga et al., 2005; Wambu & Muthakia, 2011).
The most significant sources of fluoride exposure are located in the Rift valley (Kenya Bureau of

Standards (KEBS), 2010). Recent studies in the country have further established that a greater popu-
lation in many parts of the Rift Valley are predisposed to fluorosis due to exposure to greater
proportions of fluoride in drinking water (Gikunju et al., 2002) and in other beverages such as raw veg-
etable juices (Mavura & Bailey, 2002; Njenga et al., 2005). According to KEBS (2010), parts of the Rift
Valley predisposed to fluoride levels of greater than 1.5 mg/L include Kajiado, Kericho, Laikipia,
Nakuru, Narok and Baringo. While these areas are known to have drinking water containing high
levels of fluoride and the resultant effects like dental and skeletal fluorosis, not much is known
about the preferences of the households in supporting a policy framework that would reduce fluoride
levels in drinking water. Notably, previous research on water fluoride has mainly focused on the phys-
ical distribution of fluoride (Gikunju et al., 2002; Moturi et al., 2002; Marieta, 2007; Wambu et al.,
2014), health effects of excessive water fluoride intake (Shomar et al., 2004; Ayoob & Gupta, 2006;
Redda et al., 2006; Sujana et al., 2009) and on the different procedures available for removing fluoride
from drinking water (Wambu & Muthakia, 2011; Chelangat, 2015).
Recent empirical research on Baringo indicates that the majority of the population in the county have

poor access to safe water (Naslund & Snell, 2005; Marieta, 2007). Drinking water that is available is
sourced from lakes and rivers with high fluoride levels ranging between 10 and 20 mg/L of water,
far above the standard 1.5 mg/L recommended by the World Health Organization. In addition, intake
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of such high levels of fluoride has led to the increased prevalence of crippling skeletal fluorosis and
dental discolouration among the local population. Skeletal fluorosis and dental discolouration have,
in turn, limited the socio-economic opportunities available to people who mainly depend on agriculture
and livestock for their livelihood (Mavura & Bailey, 2002; Marieta, 2007). Despite these challenges,
there is no specific policy framework that has been formulated to address the issue of excess fluoride
in drinking water by the county government. There is also no study known to the authors that has
attempted to analyse households’ preferences towards the reduction of excess fluoride in drinking
water, and hence, estimate the welfare benefits of such an undertaking. Therefore, the current study
was designed to bridge this policy gap with a case application to Baringo County.
This case application was chosen in order to shed more light on households’ preferences towards the

removal of excess fluoride from drinking water and, therefore, estimate the welfare benefits of formulat-
ing and implementing a policy framework that would address the health concerns facing the local
population concerning excessive ingestion of fluoride in drinking water. To achieve this objective, con-
tingent valuation (CV) methodology was employed. The method was chosen owing to its capability of
measuring the value of welfare change that would accrue to a community from improving the quality of
a non-marketed consumption good such as drinking water. The method is further discussed in the sec-
tion below.
The rest of the paper is structured as follows: the section below presents the theoretical framework of

the CV. The ‘Materials and methods’ section is next, followed by the ‘Results’ section and finally
‘Conclusions’.
Theoretical framework

Most empirical studies on peoples’ preferences for water quality improvement have previously been
conducted using CV. The use of CV has been justified because water quality improvement is a public
good, hence unpriced and with no established market for its trading (Carson & Hanemann, 2005;
Gunatilake et al., 2007; Mehrara et al., 2009). The method is deeply rooted in the neo-classical welfare
economic theory of consumer behaviour on expenditure minimization (Mitchell & Carson, 1989;
Freeman, 1993). In the case of this study, consider the following general expenditure function for an
individual living in Baringo County:

e p, q, uð Þ ¼ y (1)

where p is a price vector, q is the quality of drinking water in the county, u is the level of utility, and y is
the minimum income that is necessary to allow the individual to maintain utility level u given prices p
and level of drinking water quality, q, in the county. Furthermore, consider a situation where a water
policy is proposed to improve water quality through the removal of excess fluoride from drinking
water. The water policy, thus, enables all activities geared towards the removal of excess fluoride in
drinking water. The individual is then asked about the amount she would be willing to pay towards
the proposed water policy and thereby enhance the quality of drinking water. The expenditure function
for the initial period before the proposed water policy would thus be:

e p, q0, u0ð Þ ¼ y0 (2)
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where u0 is the initial level of utility that the individual can enjoy given prices p, q0 is the initial level of
water quality before the implementation of the proposed water policy in the county and y0 represents the
minimum level of income required to attain utility level u0. Since the proposed water policy is expected
to improve water quality in the county by removing excess fluoride in drinking water, the new expen-
diture function would therefore be:

e p, q1, u0ð Þ ¼ y1 (3)

where q1 is the quality of drinking water after the implementation of the proposed water policy and y1
represents the minimum income level required to attain utility level u0 after the implementation of the
proposed water policy. Notably, the level of utility, u0, is held constant since Hicksian welfare measures
assume that utility remains constant. Hence, the individual’s willingness to pay (WTP) for improved
quality of drinking water would be a compensating variation measure since an individual would have
to part with a certain dollar amount for the improvement to occur. The compensating variation (C )
is equal to the individual’s WTP and is given by difference between the expenditure functions y1
and y0:

C ¼ WTP ¼ y1 � y0

¼ e p, q1, u0ð Þf g � e p, q0, u0ð Þf g
(4)

The quality of water in the county after the implementation of the proposed water policy, q1, is sup-
posedly greater than the initial quality of water, q0. As utility and prices are held constant, y1 (the
minimum income level required to attain utility level u0 after implementation of the proposed policy)
is less than y0. Therefore, the compensating variation would be negative meaning that an individual
has to pay some dollar amount to attain the improved level of water quality.
Materials and methods

Study area

The study was conducted in Baringo County, which is located in the former Rift Valley Province,
about 270 km north-west of Nairobi and covers an area of 11,015.32 sq. km. The county has two distinct
weather patterns with temperatures in the southern part ranging between 25 °C during the cold months
(June and July) and 30 °C during the hot months (January and February) while in the northern parts,
temperatures range from 30 °C to 35 °C. The county receives between 1,000 mm and 1,500 mm of rain-
fall annually in the highlands and 600 mm in the lowlands. Baringo experiences two rainy seasons:
March to June (long rains) and November (short rains).
For the communities living in the county, agriculture is the main economic activity where those in the

highlands practise cash crop farming of coffee and cotton, although food crops such as maize and beans
are also grown in the area. In the lowlands, livestock keeping, mainly cattle, goats, sheep and camels, is
carried out to supplement crops farming. Kabarnet town acts as the headquarters of the county where
trade of livestock and farm produce, mainly maize and beans, act as the main commercial activity.
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Tourism is also a major income generating activity for the county with attractions such as Lake Baringo
and Lake Bogoria drawing many domestic and foreign tourists.

Population and sample

Baringo County is home to 555,561 people (Central Bureau of Statistics (CBS), 2009), which is
spread over the six constituencies, namely: Tiaty, Baringo North, Baringo Central, Baringo South,
Mogotio and Eldama Ravine. To safeguard the representativeness in the problem of study over the
sampling process, a simple random sampling procedure was used to select 31 respondents from five
constituencies significantly affected by fluorosis (i.e., Tiaty, Baringo North, Baringo Central, Baringo
South and Mogotio) to make an overall sample of 155 respondents for the entire study. This sampling
procedure was chosen because it would offer all residents in the selected constituencies an equal chance
of being part of the study sample.

Survey technique

The study employed personal interviews based on interviewer administered questionnaires to collect
information from respondents. This method was chosen because it would enable the interviewer to
motivate respondents to participate fully in the interview process, probe unclear responses and
convey intricate information on the subject of study to the respondents (Arrow et al., 1993; Dillman,
2000). The questionnaire was divided into five sections, namely: (a) a background section that
sought respondents’ general knowledge on safe water in the county; (b) a section describing water flu-
oride removal plan to improve water quality; (c) a section describing both positive and negative effects
of the water quality improvement plan; (d) a section having the valuation and the debriefing questions;
and (e) a section that sought information on respondents’ socio-demographic characteristics.

Survey implementation

A pre-test survey was conducted on the survey questionnaire upon 20 respondents using the open-
ended value elicitation format as recommended in Haab & McConnell (2002). Respondents were
asked to comment on the suitability of the questions in the questionnaire, paying close attention to word-
ing, clarity, relevance and interpretation of each question in the survey among other anomalies. Bid
ranges were also obtained from the pre-test from which the mean, median, minimum and the maximum
WTP values were determined. Based on the responses and comments provided by the respondents in the
exercise, a final survey questionnaire was prepared and administered to the 155 respondents.

The good valued

Awater policy proposal for removing excess fluoride in drinking water in order to improve the quality
of drinking water constituted the public good of interest that was valued in the study. As providing an
accurate description of some definite level of water fluoride removal in drinking water may be difficult
and misleading to the population, a valuation question that sought for the removal of excess fluoride in
drinking water in the county was posed to respondents and the values they gave were used to estimate
the mean and the median WTP values for the study sample.
 from http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
ersity (EIFL) user
er 2021



H. Ndambiri and E. Rotich / Water Policy 20 (2018) 953–965958

Downloaded from
by Moi University 
on 13 October 202
Payment vehicle

Some popular payment vehicles that could be used in the study include fees, taxes and amenity bills.
However, Morrison et al. (2000) note that some of these payment vehicles can raise objections and pro-
test responses among the survey participants, and hence, bias the survey results. Following Fonta et al.
(2010) and Ndambiri et al. (2016), this study chose to use a special trust fund, which is a neutral kind of
payment vehicle, so as to minimize objections and protest responses among participants. In this fund,
respondents were hypothetically required to make a one-time contribution towards the exclusive purpose
of removing excess fluoride from drinking water. It was expected that the payment vehicle would
enhance the credibility of the hypothetical scenario posed as opposed to other alternative payment
vehicles such as fees, taxes or amenity bills often linked with protest responses in CV (Morrison
et al., 2000; Sayadi et al., 2009).

Valuation format

The study used the PC format to elicit households’ preferences based on a comprehensive water policy
proposal that would remove excess fluoride from drinking water in the county. Under this format, respon-
dents were given cards where they were asked to circle the highest amount they would be willing to pay
towards the removal of excess fluoride in drinking water. Out of the responses given, inferences were
made about their true WTP, which was equal to or greater than the circled value but less than the next
higher value (Cameron & Huppert, 1989). This format was chosen because respondents had the advan-
tage of easily and visually scanning through a given set of value intervals (Cameron & Huppert, 1989),
and hence, determine the range within which their WTP lay. Furthermore, the kind of data obtained
through this format is less scattered and, therefore, does not require larger samples to obtain robust esti-
mates. The format does not suffer from yeah-saying and starting point bias like other CV formats
(Mitchell & Carson, 1993). Although PC questions are theoretically susceptible to range and mid-
point bias, there is little empirical evidence of the existence of range or mid-point bias (Klose, 1999;
Ryan et al., 2004). Besides, while the format still has the possibility of yielding protest zeros, it has
not been found to give a very high proportion of protest zero responses compared to other CV formats
(Klose, 1999; Hanley et al., 2003). The valuation question was in this case formulated as follows:

Suppose the presented policy to remove excess fluoride in drinking water and improve water quality
in Baringo County will actually be implemented to remove the current amount of excess fluoride,
what is the maximum amount of money would you be willing to pay one-off into the special trust
fund to achieve this? (circle or tick a single amount on the card).

The PC included 15 different dollar amounts, namely: Kshs. 0, 25, 50, 75, 100, 125, 150, 175, 200, 250,
300, 350, 400, 450 and finally Kshs. 500, out of which, respondents were only required to circle one single
amount on the card (see Supplementary material, available with the online version of this paper).

Econometric model

Following Cameron & Huppert (1989), the interval regression model was used to estimate the mean
and the median WTP values from responses generated through the PC format. Thus, lettingWTPX be the
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maximum amount that a respondent would pay andWTPY be the lowest amount that a respondent would
switch to a ‘No’ rather than a ‘Yes’ response, the individual’s WTP was therefore taken to lie some-
where in the switching interval (WTPX , WTPY ). To adjust for the skewed distribution of WTP
responses, the lognormal transformation of the WTP responses was preferred, hence:

Log WTPi ¼ R0
icþ 1i (5)

where Ri denotes the characteristics of the respondent or the valuation good in question, 1i stands for the
normally distributed random variable with zero mean and standard deviation s, and c are regression
coefficients. Assuming that WTP is a random variable (Welsh & Poe, 1998), the probability that a
respondent would select a given monetary amount was:

Prob yesð Þ ¼ prob WTPi � WTPXð Þ ¼ 1�MWTP WTPXð Þ (6)

where MWTP WTPXð Þ is the cumulative distribution function of the random WTP variable. The prob-
ability that the WTP would fall between any two monetary thresholds was:

Prob WTPY . WTPi � WTPXð Þ ¼ MWTP WTPYð Þ �MWTP WTPXð Þ (7)

which results in the corresponding log-likelihood function for n number of respondents as:

Log Lð Þ ¼
Xn
i¼1

Log MWTP
WTPY � cR0

i

s

� �
�MWTP

WTPL � cR0
i

s

� �� �
(8)

With further assumption that the stochastic term is normally distributed, c and σ could be estimated
and then used to compute the mean and median WTP values. Thus, the mean WTP ¼ e(R

0
ic þ s2=2) and

median WTP ¼ e(R
0
ic). Here, R0 is taken as the vector of mean values of explanatory variables, c as the

vector of estimated coefficients and s as the estimated standard variance.
Several diagnostic tests were also conducted prior to regression so as to determine the suitability of

the regressors. They include the Spearman’s correlation test conducted to assess the existence of multi-
collinearity among the regressors. In addition, variance inflation factors (VIFs) were also computed for
further evaluation of whether multicollinearity was present among the regressors. The results of the tests
are presented in the section ‘Mean WTP and the determinant factors’.
Results

Socio-economic characteristics of the respondents

Table 1 presents the descriptive results of the socio-economic characteristics of the respondents. As
shown, the average age of the respondents was about 39 years with men accounting for the largest
share (69%) of the respondents. The share of respondents who had attained secondary level of education
was 70%. Those married were 82% and the average household size was about five people. The mean
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Table 1. Socio-economic characteristics of the respondents.

Variable Description Mean
Std
dev Min Max Sign

Age Age of respondent in years (continuous) 38.74 10.39 20 70 þ
Gender Gender of respondent (dummy: 1¼male; 0¼ otherwise) 0.69 0.46 0 1 þ
Education Education of respondent (categorical: 1¼ no education;

2¼ standard; 3¼ secondary; 4¼ tertiary;
5¼ university)

3.51 1.09 1 5 þ

Marital status Marital status of the household head (dummy:
1¼married; 0¼ otherwise)

0.82 0.39 0 1 +

Household size Number of family members in the household
(continuous)

5.19 2.45 1 15 -

Household income Average annual earnings in Kshs. (continuous) 20,222 14,697 1,000 75,000 þ
Source of income Income source of household (dummy: 1¼ farm;

0¼ otherwise)
0.40 0.49 0 1 +

Living in own house Household living in own house (dummy: 1¼ yes;
0¼ otherwise)

0.60 0.49 0 1 þ

Type of house built Nature of built house (dummy: 1¼ permanent;
0¼ otherwise)

0.65 0.48 0 1 þ

Type of water source Nature of water source (dummy: 1¼ public;
0¼ otherwise)

0.72 0.45 0 1 +

Perceived quality of
water

Quality of drinking water (dummy: 1¼ good;
0¼ otherwise)

0.78 0.42 0 1 þ

Proximity to market
centre

Nearness to a market centre (dummy: 1¼ yes;
0¼ otherwise)

0.62 0.49 0 1 +

Distance to the
nearest water
source

Distance to the nearest water source (continuous) 0.97 2.10 0.01 12 þ

Confidence with
payment vehicle

Whether confident with payment vehicle (dummy:
1¼ yes; 0¼ otherwise)

0.59 0.49 0 1 þ

Fluorosis in the
household

Whether household member has suffered some form of
fluorosis (dummy: 1¼ yes; 0¼ otherwise)

0.57 0.50 0 1 þ
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annual income was Kshs. 20,222 ($202.22) with about 40% of the household income being sourced from
farm-related activities. The majority of respondents (60%) lived in their own house with a considerable
majority (65%) saying they had built permanent houses. A majority of the households (72%) sourced
drinking water from a public facility with an average location of about 0.97 km from their homes.
Although a large share of respondents (78%) perceived the quality of water to be good, about 57% of
the households had at least a household member suffering from some form of fluorosis. A large share
of respondents (62%) resided closer to market centres, with a majority (59%) saying they were confident
about the payment vehicle used in the study to hypothetically channel their contributions in support of the
water policy proposal for excess fluoride removal in drinking water in the county. Therefore, the use of the
special trust fund seemed to have wide acceptance among respondents in the county.
Table 2 presents the analysis of various types of WTP responses derived from the study. The survey

had a total of 155 respondents. Out of this total, 129 respondents (83%) indicated a positive WTP for the
removal of excess fluoride from drinking water while 26 respondents (17%) gave a zero WTP value. To
separate protest responses from true zeros, a closed-ended debriefing question was presented to
 http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
(EIFL) user
1



Table 2. Summary of the WTP responses.

WTP responses Frequency Per cent

Positive WTP responses 129 83
True zero WTP responses 15 10
Analytical sample size 144 93
Protest responses 11 7
Total sample size 155 100
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respondents to justify why they had a zero WTP towards the removal of excess fluoride from drinking
water. Four possible alternatives were therefore presented to respondents, namely: (a) because water
quality improvements have no value to me as I am satisfied with the status quo; (b) because it is the
responsibility of the government; (c) because of many other basic financial commitments; and (d)
because it is the responsibility of the political leaders.
Following Strazzera et al. (2003), the first (a) and the third (c) responses were classified as true zero

values while the other two as protest responses since they did not address the value of the good in ques-
tion but, some objection as to who should really pay for water quality improvements. Based on the
above classification, 15 respondents (10%) therefore gave a true zero WTP value while 11 (7%) gave
a protest response. In line with the standard practice in valuation studies (e.g., Wang & Whittington,
2000; Brouwer, 2009; Ndambiri et al., 2016), the protest responses were dropped from the analysis.
Therefore, only 144 responses, about 93% of the initial sample size, were subjected to further analysis.

Mean WTP and the determinant factors

As mentioned earlier, the Spearman’s correlation test conducted to assess the existence of multicol-
linearity among the regressors shown in Table 3 ruled out the presence of multicollinearity since the rho
coefficients of correlation were below the established rule (r, 0.9) for the regressors (Strazzera et al.,
2003). In addition, the variance inflation factors (VIFs) also justified the absence of multicollinearity
among the variables since the computations yielded a mean VIF of 1.22 against a yardstick of 10.0.
With these results, estimates of households WTP towards the removal of excess fluoride from drinking
water were therefore evaluated and the determinant factors analysed.
As shown in Table 3, the study found that respondents were, on average, willing to pay Kshs. 202.25

($2.02) with a median value of Kshs. 162.50 ($1.62) to remove excess fluoride from drinking water. The
mean and the median welfare values of removing excess fluoride from drinking water were estimated at
Kshs. 112.4 ($1.12) and Kshs. 90.3 ($0.90) million, respectively. To assess factors influencing households
WTP, the grouped data onWTPwere regressed against the socio-economic characteristics of the respondents,
namely, age, gender, education, marital status, household size, income, source of income, whether living in
own house, type of house built, type of water source, perceived water quality, proximity to a market centre,
distance to the nearest water source, confidence with payment vehicle and whether a household member has
had some form of fluorosis. Further results of the interval regression analysis are as shown in Table 3.
As shown in Table 3, it was expected that age of the respondent would have a positive relationship

with households’ WTP. This is because older people may, in one way or another, have experienced the
adverse effects of excessive fluoride in drinking water and, therefore, more willing to pay for its removal
than younger people. The study results, however, showed the existence of a negative relationship
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Table 3. Interval regression results on factors explaining individual WTP.

Variable Coefficient Std. errors

Age �0.020** 0.009
Gender 0.345* 0.187
Education 0.311*** 0.083
Marital status �0.355 0.241
Household size �0.088** 0.037
Household income 0.223* 0.119
Source of income 0.282 0.185
Living in own house 0.382** 0.175
Type of house built 0.266 0.211
Type of water source 0.714*** 0.184
Perceived quality of water 0.406* 0.210
Proximity to market centre �0.237 0.201
Distance to the nearest water source 0.172*** 0.041
Confidence with payment vehicle 0.329* 0.182
Fluorosis in the household 0.433*** 0.171
Constant 3.554*** 1.067
Log likelihood � 402.313
Number of observations 144
LR chi2 (15) 22.96
Probability. chi2 0.000
Mean WTP in Kenya shillings (US$) 202.25 (2.02)
Standard error 12.52
Bootstrapped 95% confidence intervals 177.78–227.25
Median WTP in Kenya shillings (US$) 162.50 (1.62)
Standard error 25.87
Bootstrapped 95% confidence intervals 136.50–186.00

*, ** and *** denote p, 0.1, p, 0.05 and p, 0.01.
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between respondents’ age and their WTP, which implies that younger people were more willing to pay
for the removal of excessive fluoride from drinking water than older people. This is probably because
younger people may have had the desire to undertake preventive as opposed to curative measures
towards the adverse effects of drinking water with excessive fluoride early in their life and, therefore,
more willing to pay than the older people.
A positive relationship between gender and the WTP was also hypothesized and the results were as

expected; that is, men were more willing to pay for the removal of excess fluoride from drinking water
than women. The most likely reason is that men control household budgets as opposed to women and
would therefore be more willing to pay for the prosed policy than would women. The study results also
revealed that education had a positive relationship with the WTP. In this case, more educated members
of the population were more willing to pay for the proposed water policy than non-educated members. A
negative relationship was also found between household size and WTP, which implies that households
with fewer members were more willing to pay than their counterparts with more household members.
This is perhaps because households with fewer members had less financial commitments as opposed to
their counterparts with more household members.
Household income is another important variable used in the study to explain individuals’ decisions to

pay for the removal of excess fluoride from drinking water. It was expected that individuals with higher
 http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
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incomes would be more willing to pay towards the proposed water policy than their counterparts with
lower incomes, which would conform to economic theory (Loomis & Ekstrand, 1998). The results are
positive and, hence, theoretically validate the outcome of the study. A positive relationship also emerged
between living in own house and the WTP. This denotes that households living in their own houses had a
higher WTP than their counterparts living in rented houses. The type of water source also had a positive
influence on households WTP, suggesting that households sourcing water from a public facility had a
higher WTP than those sourcing water from a private facility. This is possibly because of the perception
that public water sources are unsafe for drinking. The perceived quality of drinking water also had a posi-
tive influence on the householdsWTP in that households were morewilling to pay for improved quality of
drinking water. As for the distance between the source of water and the place of residence, the study estab-
lished that households dwelling further away were more willing to pay for the proposed water policy than
their counterparts residing shorter distances to a water source. Households where members had suffered
from some form of fluorosis had a higher WTP than households where no member had a previous inci-
dence of fluorosis. Finally, the use of the special trust fund as a payment vehicle was found to have a
positive influence on people’s WTP for the removal of excess fluoride from drinking water.
Conclusions

This study analysed households’ preferences for removing excess fluoride from drinking water in Bar-
ingo County, Kenya, based on responses from the CV PC format. The research was inspired by the need to
estimate the welfare benefits of implementing a water quality improvement plan for Baringo County since
the adverse effects of excess fluoride in drinking water were on the rise due to rapid urbanization and high
population growth experienced during the last decade. The study results have shown that households in
Baringo were willing to pay positive amounts towards the removal of excess fluoride from drinking water
and, thereby, improve the quality of drinking water. While a few people were willing to pay true zero
amounts towards the same course, citing many financial commitments within the household, a few
others gave protest responses against the water quality improvement plan saying the government and/
or the political leaders should bear the responsibility of the water quality improvement plans. In monetary
terms, households in the study were, on average, willing to pay Kshs. 202.25 ($2.02) for the removal of
excess fluoride in drinking water. The median WTP was Kshs. 162.50, which is equivalent to $1.62. The
mean and the median welfare benefits of excess fluoride removal from drinking water were estimated at
Kshs. 112.4 ($1.12) and Kshs. 90.3 ($0.90) million, respectively. Moreover, age, gender, education,
household size, income, living in own house, type of water source, perceived quality of water, distance
to the nearest water source, payment vehicle and incidences of fluorosis within the household were
found to have significant effects on households’ WTP decision for the water quality improvement plans.
Since excess fluoride problems in drinking water continue to worsen in the county due to increased

urbanization and high population growth, the county authorities could now use the estimated mean and
median WTP to benchmark their budget and water policy proposals for the removal of excess fluoride
from drinking water. Based on the study findings, these budget and policy proposals could also be
adjusted for the socio-demographic characteristics of the households as they have been found to be
important determinants of the households’ WTP decision. The valuation estimates could also be used
to determine the economic efficiency of other water quality improvement plans in the county and
beyond since households’ preferences are evident and determinate. Finally, more studies are necessary
 from http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
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to further our understanding on the welfare benefits of tackling specific health problems (e.g., dental
fluorosis and/or skeletal fluorosis) that arise from drinking water with excess fluoride. Such studies
may provide varied additional information to decision-makers on how to deal with different water qual-
ity problems in a developing country context.
References

Allan, T. (2011). Virtual Water: Tackling the Threat to Our Planet’s Most Precious Resource. I.B. Taurus, London, UK.
Arrow, K., Solow, R., Portney, P. R., Leamer, E. E. & Radner, R. H. (1993). Report on the NOAA Panel on contingent valua-

tions, natural resource damage assessment under the Oil Pollution Act of 1990. Federal Register 58, 4601–4614.
Ayoob, S. & Gupta, A. K. (2006). Fluoride in drinking water: a review on the status and stress effects. Critical Reviews in

Environmental Science and Technology 36(6), 433–487.
Brouwer, R. (2009). Stated Preference Uncertainty: Signal or Noise? Institute for Environmental Studies, VU University

Amsterdam, The Netherlands.
Cameron, T. A. & Huppert, D. D. (1989). OLS versus ML estimation of non-market resource values with payment card interval

data. Journal of Environmental Economics and Management 17(3), 230–246.
Carson, R. T. & Hanemann, W. M. (2005). Chapter 17 contingent valuation. Handbook of Environmental Economics 2,

821–936. 10.1016/S1574-0099(05)02017-6.
Central Bureau of Statistics (CBS) (2009). Economic Survey (2009). Central Bureau of Statistics (CBS), Nairobi, Kenya.
Chelangat, M. B. (2015). Assessment of Fluoride Levels in Different Water Sources in Lower Region of Bomet County, Kenya and

Remediation Using Moringa Oleifera Seed Cake. MSc thesis, Jomo Kenyatta University of Agriculture and Technology, Kenya.
Dillman, D. A. (2000). Mail and Internet Surveys: The Tailored Design Method. John Wi1ey and Sons, New York.
Dixon, S. & Shackley, P. (1999). Estimating the benefits of community water fluoridation using the willingness-to-pay tech-

nique: results of a pilot study. Community Dentistry and Oral Epidemiology 27, 124–129.
Fonta, M., Ichoku, H. E. & Nwosu, E. (2010). Contingent Valuation in Community-Based Project Planning: the Case of Lake

Bamendjim Fishery Restocking in Cameroon. African Economic Research Consortium, Nairobi, Research Paper 210.
Freeman, A. M. (1993). The Measurement of Environmental and Resource Values: Theory and Methods. Resources for the

Future, Washington, DC.
Gikunju, J.K., Simiyu,K.W.,Gathura, P.B.,Kyule,M.&Kanje, L.W. (2002). Riverwater fluoride inKenya.Fluoride 35(3), 193–196.
Gunatilake, H., Yang, J., Pattanayak, S. & Choe, K. A. (2007). Good Practices for Estimating Reliable Willingness to Pay

Values in the Water Supply and Sanitation Sector. Technical Note Series No. 23. Economics and Research Department,
Asian Development Bank, Philippines.

Haab, T. C. & McConnell, K. E. (2002). Valuing Environmental and Natural Resources: the Econometrics of Non-Market
Valuation. Edward Elgar, Cheltenham.

Hanley, N., MacMillan, D., Patterson, I. & Wright, R. E. (2003). Economics and the design of nature conservation policy: a
case study of wild goose conservation in Scotland using choice experiments. Animal Conservation 6(2), 123–129.

Kahama, R. W., Kariuki, D., Kariuki, H. N. & Njenga, L. W. (1997). Fluorosis in children and sources of fluoride around Lake
Elementaita region of Kenya. Fluoride 30(1), 19–25.

Kenya Bureau of Standards (KEBS) (2010). Drinking Water – Specification Part 1: The Requirements for Drinking Water (ICS
13.060.20), 3rd edn. KBS, Nairobi. ISBN 9966-23-983-9.

Klose, T. (1999). The contingent valuation method in health care. Health Policy 47(2), 97–123.
Loomis, J. & Ekstrand, E. (1998). Alternative approaches for incorporating respondent uncertainty when estimating willingness

to pay: the case of the Mexican spotted owl. Ecological Economics 27(1), 29–41.
Marieta, M. W. (2007). The Distribution of Fluoride Ions in the Ground Waters of the Baringo – Bogoria Lake Basin.

MSc thesis, University of Nairobi.
Mavura, W. J. & Bailey, T. (2002). Fluoride contamination in drinking water in the Rift Valley, Kenya and evaluation of locally

manufactured defluoridation filter. Journal of Civil Engineering JKUAT 8, 79–88.
Mehrara, M., Pakdin, J. & Neja, A. (2009). Willingness to pay for drinking water connections: the case of Larestan, Iran.

Journal of Academic Research in Economics 1(2), 191–203.
 http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
(EIFL) user
1

http://dx.doi.org/10.1080/10643380600678112
http://dx.doi.org/10.1016/0095-0696(89)90018-1
http://dx.doi.org/10.1016/0095-0696(89)90018-1
http://dx.doi.org/10.1016/S1574-0099(05)02017-6
http://dx.doi.org/10.1111/j.1600-0528.1999.tb02001.x
http://dx.doi.org/10.1111/j.1600-0528.1999.tb02001.x
http://dx.doi.org/10.1017/S1367943003003160
http://dx.doi.org/10.1017/S1367943003003160
http://dx.doi.org/10.1016/S0168-8510(99)00010-X
http://dx.doi.org/10.1016/S0921-8009(97)00126-2
http://dx.doi.org/10.1016/S0921-8009(97)00126-2


H. Ndambiri and E. Rotich / Water Policy 20 (2018) 953–965 965

Downloaded
by Moi Univ
on 13 Octob
Mitchell, R. C. & Carson, R. T. (1989). Using Surveys to Value Public Goods: The Contingent Valuation Method. Johns Hop-
kins University Press, Baltimore.

Mitchell, R. & Carson, R. T. (1993). Using Surveys to Value Public Goods: The Contingent Valuation Method. Resources for
the Future, Washington, DC.

Morrison, M. D., Blamey, R. K. & Bennett, J. W. (2000). Minimizing payment vehicle bias in contingent valuation studies.
Environmental and Resource Economies 16(4), 407–422.

Moturi, W. K. N. (2004). Household water sources and their contribution towards fluoride consumption in Njoro Division,
Nakuru District, Kenya. African Journal of Aquatic Science 29(2), 275–277. doi: 10.2989/16085910409503821.

Moturi, W. K. N., Tole, M. P. & Davies, T. C. (2002). The contribution of drinking water towards dental fluorosis: a case study
of Njoro Division, Nakuru District, Kenya. Environmental Geochemistry and Health 24, 123–130.

Naslund, J. & Snell, I. (2005). GIS-mapping of Fluoride Contaminated Water in Nakuru and Baringo Districts, Kenya.
M.Sc. thesis, Lulea University of Technology, Lulea, Sweden. ISSN 1402-1617.

Ndambiri, H., Mungatana, E. & Brouwer, R. (2016). Scope effects of respondent uncertainty in contingent valuation: evidence
from motorized emission reductions in the city of Nairobi, Kenya. Journal of Environmental Planning and Management 60,
22–46. DOI: 10.1080/09640568.2016.1140024.

Njenga, L. W., Kariuki, D. N. & Ndegwa, S. M. (2005). Water-liable fluoride in fresh raw vegetable juices from markets in
Nairobi, Kenya. Fluoride 38(3), 205–208.

Redda, H. K., Zenebe, M., Helmut, K., Demes, R., Wondowossen, F., Legesse, Z. & Kjell, B. (2006). The geographic distri-
bution of fluoride in surface and ground water in Ethiopia with emphasis on the Rift Valley. Science of the Total
Environment 367, 182–190.

Reddy, D., Nagabhushanam, P., Sukhija, B., Reddy, A. & Smedley, P. (2010). Fluoride dynamics in the granitic aquifer of the
Wailapally watershed, Nalgonda district, India. Chemical Geology 269(3–4), 278–289. doi:10.1016/j.chemgeo.2009.10.003.

Ryan, M., Scott, D. A. & Donaldson, C. (2004). Valuing health care using willingness to pay: a comparison of the payment
card and dichotomous choice methods. Journal of Health Economics 23(2), 237–258.

Sayadi, S., Gonzalez-Roa, M. C. & Calatrava-Requena, J. (2009). Public preferences for landscape features: the case of agri-
cultural landscape in mountainous Mediterranean areas. Land Use Policy 26(2), 334–344.

Shomar, B., Müller, G., Yahya, A., Askar, S. & Sansur, R. (2004). Fluorides in groundwater, soil and infused black tea and the
occurrence of dental fluorosis among school children of the Gaza strip. Journal of Water Health 2(1), 23–35.

Strazzera, E., Genius, M., Scarpa, R. & Hutchinson, G. (2003). The effect of protest votes on the estimates of WTP for use
values of recreational sites. Environmental and Resource Economics 25(4), 461–476.

Sudhir, V. W. & Bashir, A. Q. (2006). Endemic fluorosis and partial defluoridation of water supplies: a public health concern in
Kenya. Community Dentistry and Oral Epidemiology 10, 156–160.

Sujana, M. G., Pradhan, H. K. & Anand, S. (2009). Studies on sorption of geomaterials for fluoride removal from aqueous
solutions. J. Hazard. Mater. 161, 120–125.

UNDP (2006). Human Development Report 2006: Beyond Scarcity: Power, Poverty and the Global Water Crisis. United
Nations Development Programme, New York.

Wambu, E. W. & Muthakia, G. K. (2011). High fluoride water in the Gilgil area of Nakuru County, Kenya. Fluoride 44, 37–41.
Wambu, E. W., Onindo, C. O., Ambusso, W. & Muthakia, G. K. (2013). Removal of fluoride from aqueous solutions by
adsorption using a siliceous mineral of a Kenyan origin. CLEAN – Soil, Air, Water 41, 340–348.

Wambu, E. W., Agong, S. G., Anyango, B., Akuno, W. & Akenga, T. (2014). High fluoride water in Bondo-Rarieda area of
Siaya County, Kenya: a hydro-geological implication on public health in the Lake Victoria Basin. BMC Public Health 14,
462. DOI: 10.1186/1471-2458-14-462.

Wang, H. & Whittington, D. (2000). Willingness to Pay for Air Quality Improvement in Sofia, Bulgaria. World Bank Policy
Research Working Paper No. 2280. World Bank, Washington, DC.

Welsh, M. P. & Poe, G. L. (1998). Elicitation effects in contingent valuation: comparisons to a multiple bounded discrete
choice approach. Journal of Environmental Economics and Management 36(2), 170–185.

WHO (2006). Fluoride in Drinking Water (Fawell, J., Bailey, K., Chilton, J., Dahi, E., Fewtrell, L., Magara, Y. eds). IWA
Publishing, London, UK.

WHO/UNICEF (2012). Progress on Sanitation and Drinking-Water: 2012 Update. WHO/UNICEF Joint Monitoring Pro-
gramme for Water Supply and Sanitation, USA.

Received 20 April 2018; accepted in revised form 28 June 2018. Available online 19 July 2018
 from http://iwaponline.com/wp/article-pdf/20/5/953/492639/020050953.pdf
ersity (EIFL) user
er 2021

http://dx.doi.org/10.1023/A:1008368611972
http://dx.doi.org/10.2989/16085910409503821
http://dx.doi.org/10.2989/16085910409503821
http://dx.doi.org/10.1023/A:1014204700612
http://dx.doi.org/10.1023/A:1014204700612
http://dx.doi.org/10.1080/09640568.2016.1140024
http://dx.doi.org/10.1080/09640568.2016.1140024
http://dx.doi.org/10.1016/j.chemgeo.2009.10.003
http://dx.doi.org/10.1016/j.chemgeo.2009.10.003
http://dx.doi.org/10.1016/j.jhealeco.2003.09.003
http://dx.doi.org/10.1016/j.jhealeco.2003.09.003
http://dx.doi.org/10.1016/j.landusepol.2008.04.003
http://dx.doi.org/10.1016/j.landusepol.2008.04.003
http://dx.doi.org/10.2166/wh.2004.0003
http://dx.doi.org/10.2166/wh.2004.0003
http://dx.doi.org/10.1023/A:1025098431440
http://dx.doi.org/10.1023/A:1025098431440
http://dx.doi.org/10.1002/clen.201100171
http://dx.doi.org/10.1002/clen.201100171
http://dx.doi.org/10.1186/1471-2458-14-462
http://dx.doi.org/10.1186/1471-2458-14-462
http://dx.doi.org/10.1006/jeem.1998.1043
http://dx.doi.org/10.1006/jeem.1998.1043

	Valuing excess fluoride removal for safe drinking water in Kenya
	Introduction
	Theoretical framework
	Materials and methods
	Study area
	Population and sample
	Survey technique
	Survey implementation
	The good valued
	Payment vehicle
	Valuation format
	Econometric model

	Results
	Socio-economic characteristics of the respondents
	Mean WTP and the determinant factors

	Conclusions
	References


