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Abstract  

Chronic malnutrition 

otherwise known as 

stunted growth is one 

of the major causes of 

high infant mortality in 

the developing 

countries including 
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INTRODUCTION  

"Lack of access to safe 
water and adequate 
sanitation puts 
children at high risk of 
not living beyond 
his/her fifth birthday, 
but those who survive 
serious illness (due to 
water-related 
diseases) often do not 
reach their full 
physical, intellectual, 
and social potential 
due to the effects of 
poor health care and 
nutrition". -- UNICEF 
(2010) 
Access to 
environmental public 
goods such as safe 
drinking water and 
sanitation is essential 
for healthy life and 
can significantly 
reduce public 
expenditure on 
preventable diseases 
and epidemics (e.g., 
cholera, diarrhea, 
typhoid, and 
dracunculiasis) 
arising from 
contaminated 
drinking water and  

Keywords:   Children, 

sanitation, chronic 

malnutrition, 

Stunting, Water, 

Height-for-age-Z-

scores. 
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Nigeria. Water is an 

important component 

of human diet but 

drinking of low quality 

water may increase the 

risk of infant mortality 

due to children low 

immunity level. 

Sources of drinking 

water have effect on 

the quality of such 

water and on the 

health of children. This 

paper focus on this 

issue by using the 

2008 Demographic 

and Health Survey 

(DHS) datasets to 

construct child height-

for-age Z-scores and 

the regression analysis 

to analyze the effects of 

different sources of 

drinking water and 

sanitation on the 

incidence of chronic 

malnutrition in 

Nigeria. The paper also 

calculates the 

probability of a child 

being stunted as 

measure of chronic 

malnutrition among 

children aged 0-59 

months. The results 

show that child height- 

Z-scores are positive 

and significantly 

related to access to 

borehole and piped 

water, and negative 

and significant for 

access to well water. 

The probabilities of a 

child being stunted 

was significantly lower 

for children drinking 

borehole or piped 

water, whereas well 

water has a positive 

and significant effect 

on chronic 

malnutrition among 

children. Sanitation 

variables shows that 

access to flush toilets is 

positive and 

significantly related to 

child height-for-age Z-

scores, but the same 

measure was 

negatively related to 

children's use of pit 

latrines. In line with 

this, the probability of 

a child being stunted 

was negative and 

significantly related to 

access to flush toilets, 

but positively related 

with pit latrines. The 

results implies that 

increasing access to 

safe drinking water 

and flush toilets for 

households will 

significantly reduce 

the high incidence of 

chronic malnutrition 

and water-borne 

diseases among 

children in Nigeria. It is 

therefore advisable for 

the policy makers to 

fast track provision of 

safe drinking water 

and sanitation in the 

country. 

JEL Classification:  

D60, I10, I12, I32, I38, 

Q25 

 

unhygienic disposal of human waste.  One of the major causes of the burden 

and frequency of malnutrition across the globe is the pronounced lack of 

access to safe drinking water and sanitation. According to the United 
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Nations report, more than half of the developing countries population still 

lacks access to basic sanitation while about 21% lacks access to safe 

drinking water (United Nations 2007; UNDP 2008). Provision of improved 

water and sanitation has been included as one of the target of the 

Millennium Development Goals (MDGs). For instance, MDG 7 demands that 

„…by 2015, the proportion of the population without sustainable access to 

safe drinking water and basic sanitation” shall be reduced by half (MDG7, 

UNDP, 2008). 

The report of the World Health Organization (WHO 2007) indicates that 

about 1.7 million deaths annually are related to drinking unsafe water and 

poor disposal of human waste. Children are the most vulnerable, due to 

their low natural immunity, and a high percentage of infant mortality and 

morbidity is linked to contaminated water and lack of hygienic sanitation. 

Various studies in different countries have shown that the quality of 

drinking water is positively associated with reductions in diarrhea and 

mortality (Clasen et al. 2007; Arnold and Colford 2007; Kremer et al. 2009). 

The situation in sub-Saharan Africa seems to be alarming where about 63% 

and 45% lacks access to basic sanitation and safe drinking water 

respectively. If flush toilet which is the most appropriate toilet facility is 

considered the sanitation standard to be met, the number of people lacking 

proper sanitation as at 2007  would even total about 4 billion (Black and 

Fawcett, 2007). 

Improved water and sanitation have the potential to reduce the burden of 

disease related to other major health issues by reducing the average stress 

level for the immune system, and thus strengthening the immune response 

to new infections (Cutler and Miller, 2005; Ewbank and Preston, 1990). 

Recent research also shows that drinking unsafe water and poor disposal 

of waste affects the growth rate of children and may eventually determine 

their intellectual and physical contribution to economic development 

(Kingdon and Monk 2010; Deaton 2008; WHO,2007). 

Perhaps there are economics reasons for inadequate investment in the 

provision of safe drinking water and sanitation. Private investment in 

water and sanitation may not be optimal especially in developing 

countries. The initial cost of investment in water and sanitation is very high 

for private investors and consumers and the benefits from these 



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 10 NO.7) JUNE, 2019 EDITIONS 
 

 
  
 

4 

investments may not be immediate. Therefore, private investment in water 

and sanitation will generally be less than optimal. In addition, alternatives 

to improve disposal of human wastes are injurious to both individuals and 

the general public. The social cost of inadequate provision of sanitation is 

generally higher than private cost. In the light of this fact, private 

investment in improve sanitation is lower mostly in the developing 

countries partly due to low level of education.  However, developing 

countries marginally invest in the provision of water and sanitation. When 

public investment is less optimal, private investors will take advantage of 

the gap in investment by fixing price above the equilibrium. Even at the 

international level, the same problem still persists. The bucks of 

international financial aid to the developing countries are biased against 

provision of water and sanitation. As noted by Isabel and Gunther (2010), 

only about US3.9 billion or 4.3% of the US$ 90 billion development aid 

spent in 2006 were invested in the provision of safe drinking water and 

sanitation. 

 

Stylist facts on water related issues in Nigeria 

A study of six hydrostratigraphic zones in the country from table 1, 

indicates that the water in about 84 per cent of wells contains highly 

concentrated nitrate, which has severe adverse effects on human health 

(Adelana and Olasehinde 2003). Nigerian children below the age of 5 years 

make up 17 per cent of the 1.8 million deaths due to poor sanitation 

globally (UNICEF, 2010). 

 

Table 1: Tabular presentation of stylist facts on water related issues in 

Nigeria 

Year Facts Source 

2003 84% well water in Nigeria are 

nitrate highly concentrated 

Adelana and 

Olasehinde 

1999-2008 Over US$6billion public fund 

committed to the provision of 

safe drinking water and 

sanitation 

Central Bank Of 

Nigeria (CBN) 
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2007 Nigeria was ranked 158 out 

of 177 on Human 

development index 

UNDP 

2010 306,000 infants died in the 

country due to lack of 

sanitation 

UNICEF 

2010 42% or about 55million 

Nigerian lacks access to safe 

drinking water 

UNICEF 

2010 38,173 cases of cholera 

epidemic in Nigeria 

UNICEF 

2010 1,434 Nigerians died due to 

cholera epidemic 

UNICEF 

2010 Nigeria has the world's 

second highest maternal 

mortality rate 

UNICEF 

2010 Infant mortality is 191 per 

1,000 children in  

UNICEF 

Source: Compiled from the various sources by the authors 

 

Additionally, in 2010, 11 states in Nigeria battled an extended cholera 

epidemic; of the 38,173 cases reported from January-October 2010, some 

1,434 were confirmed dead (Paula, 2010). Surprisingly, between 1999 and 

2008, over US$6 billion of public funds has been devoted to the provision 

of safe drinking water and improved sanitation and health related services 

by the federal government, excluding states and local governments' 

contributions (CBN, 2009). What is not clear, however, is the quality of 

water the government has been providing and its effects on the health 

outcomes of children. The paper specifically try to establish the 

relationship between households' access to safe drinking water (piped and 

borehole water) and level of sanitation on chronic malnutrition in Nigeria. 

It is expected that the study will offer some insight into how well the public 

expenditures for drinking water and sanitation are benefiting Nigerian 

citizens, especially children. Previous studies on the effects of water and 

sanitation on children's health outcomes are rather too general and non-
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specific due to their failure to disaggregate drinking water into their 

various sources, especially in sub-Saharan Africa (Christiaensen and 

Alderman 2004; Strauss and Thomas 1995). 

Nigeria is the most populated country in Africa and rich in human and 

natural resources, still about 71 per cent of the population lives on less 

than US$ 1 dollar a day and about 92 per cent lives on less than $2 dollars 

a day. Nigeria has the world's second highest maternal mortality rate and 

mortality for children less than five years of about 1 million children 

annually (191 per 1,000 children). Infant mortality is as high as 86 per 

1,000 live births (UNICEF, 2010). Table 1, also indicates that the United 

Nation Human Development Index ranked Nigeria 158 out of 177 countries 

in 2007. However, about 42 per cent of Nigeria's population has no access 

to clean drinking water, making up almost 20 per cent of those in Africa in 

this situation (UNICEF, 2010). The implication of this is that Nigerian 

children are exposed to deadly but preventable water-borne diseases, 

which affects their growth and health in general (Kingdon and Monk 

2010).  Regarding sanitation, both governments and private are less 

committed to the provision of sanitation services to the citizens. Most 

houses both public and private are built without toilet facilities, in both 

rural and urban areas. It is rare to find rural houses with personal toilets 

while urban houses with 50 or more tenants may be sharing one toilet. 

The paper looks at the relationship between chronic malnutrition and 

access to different sources of drinking water and sanitation in Nigerian 

using children's height-for-age Z-scores. This nonmonetary measure of 

malnutrition is not affected by the problem of reliable deflators often 

associated with other methods. Second, our study is the first to examine 

the effects of different sources of drinking water and sanitation at the 

household level on chronic malnutrition among children below the age of 

five years in Nigeria. This is significant, considering the high infant 

mortality associated with contaminated drinking water and lack of access 

to decent toilets. 

 

Literature Review 

Most studies on children health used either infant mortality or incidence of 

diarrhea as measures of child health outcomes. In their review, Esrey et al. 
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(1991) attribute a 17 percent reduction in the incidence of diarrhea to 

children's access to improved water supply, and a further 22 percent 

reduction to better sanitation. In another Meta study, Fewtrell et al. (2005) 

also report a 25 percent reduction in illness as a result of improved access 

to safe drinking water and a 32 percent reduction to better sanitation. 

Waddington et al. (2009), on the other hand, shows that improved 

sanitation led to a reduction of 37 percent in the incidence of diarrhea, but 

improved water accessibility had no significant effect on the incidence of 

this disease. 

Esrey (1996) used DHS datasets in a cross-country analysis of eight 

countries. His study established a 13-44 percent reduction in diarrhea 

could be attained with provision of access to flush toilets and an 8.5 percent 

reduction with provision of latrines. He concluded that access to good 

sanitation has a greater effect on health than access to clean drinking 

water. However, Gunther and Fink (2010) criticised this study because it 

included only 8 countries of the 63 countries with available DHS datasets 

in 1995. In response to this shortcoming in the work of Esrey (1996), and 

with the availability of new datasets, Gunther and Fink (2010) used 172 

datasets from 70 countries to analyze the effects of access to safe drinking 

water and sanitation on infant mortality and morbidity. Their cross-

country analysis showed that access to improved water and sanitation 

reduced the incidence of diarrhea in children less than five years by 5-17 

percent and led to a 5-20 percent reduction in infant mortality. 

While empirical studies on the effects of access to sanitation and clean 

water on children health are rare in developing countries, there are some 

historical retrospective studies. For instance, Woods, Watterson and 

Woodward (1988) relate reduced infant mortality in both England and 

Wales in the 19th century to an increase in access to improved water and 

sanitation. In a similar study in the United States, a 50 percent reduction in 

infant mortality in the 20th century is attributed to improved water and 75 

percent reduction is attributed to accessibility of sanitation (Cutler and 

Miller 2005). However, Gunther and Fink (2010) observe that it is very 

difficult to establish causal relationships in these studies because their 

historical nature may not account for some unobservable variables at that 

time. 
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Dasgupta (2004) analyses diarrhea morbidity in the slums of Delhi. His 

results show that access to piped water reduces the probability of the 

incidence of diarrhea. Surprisingly, however, he concluded that access to 

sanitation and education of the household head has no significant effect on 

illness. In another study in India, Jalan and Ravallion (2003) examined the 

effects of access to clean water on the incidence of diarrhea in children. 

Their analysis showed that access to piped water reduced the incidence of 

diarrhea, but the result is sensitive to families' incomes and education of 

mothers. Other studies that use diarrhea as a measure of health in relation 

to access to water include Bozkurt, et al. (2003), Van der Hoek, et al. 

(2001), Rao et al. (1998) and Alberini, et al. (1996). 

However, the above studies do not specifically focus on children's growth 
rates. Skoufias (1998) uses 1994 cross-sectional data to analyze the effect 
of environmental and socioeconomic factors on the growth of children 
between ages 0 and 5 years in Romania. His measures of children's health 
outcomes are height- and weight-for-age Z-scores. His results are not 
conclusive, but he found that poor sanitary conditions are negatively 
related to children's health. Kabubo-Mariara, et al. (2008), analyze the 
determinants of children's nutritional status in Kenya. Surprisingly, their 
results show that children's growth is either insignificant or negatively 
related to access to water, measured by cluster shares of households with 
piped water. On the other hand, children's height has a negative 
relationship to the share of cluster households with access to traditional 
toilets, but stunted growth is positively related to access to traditional 
toilets. This result contradicts Silva's (2005) findings in Ethiopia, where 
access to water and sanitation was found to have positive effects on 
children's height and weight z-scores. The effect may partly depend on the 
type of access to drinking water that households use. While Kabubo-
Mariara et al. (2008) used cluster shares of households with access to 
piped water and sanitation, Silva (2005) used both individual and 
community access to water and sanitation.  This paper focused on the 
height for age z-score which is a measure of chronic malnutrition and 
stunting.  
 

Empirical Model Specification 

This paper is in line with previous studies on the relationship between 

environmental variables and child health outcomes (Skoufias 1998; 

Kabubo-Mariara et al. 2008; Jalan and Ravallion 2003; Khanna 2008). The 
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model is based on the theories of human capital investment, as well as the 

household production function as specified by Kabubo-Mariara, et al. 

(2008). A household is faced with a utility function, U, which depends on 

the consumption of a vector of commodities, λ, and a vector of leisure, ω: 

                         U=u(λ, ω)                                                   (1)                       

The household production function for the goods consumed depends on a 

vector of inputs supplied by the household. A rational household chooses 

an optimal consumption bundle, given that the production function and the 

budget constraint do not exceed total income. The assumption of perfect 

substitution between home production and market goods in the household 

model is further relaxed to model human capital outcomes because most 

human capital outcomes cannot be purchased in the market. Other 

considerations in the household production function are the influence of 

biological, demographic, and economic factors. 

A typical child's health outcome is a product of the biological production 

function, which is affected by the household's decisions on inputs, such as 

nutrient intake and general care. The ability of each household to maximize 

the health of a child depends on available resources and the information 

constraints facing them. Equation (1) is therefore modified to include a 

health outcome measure, namely, the supply of growth Y for each child in 

order to model child health outcome. It is assumed that good health is 

desirable in its own right and that other reasons are the basis for household 

decisions on consumption (Kabubo-Mariara et al. 2008). A modification of 

equation (1) based on the above assumption is: 

                        U=u(λ,ω,z)                                               (2) 

Thus, our budget constraint is modified to include child health production 

function inputs. The constrained utility function is then solved for optimal 

quantities of child health supplies in the market. In this framework, the 

reduced form function for each child's health supply is: 

         Zi=f (λi, λe, λh, Ui)                                     (3) 

Equation (4) is a linear regression function of equation (3): 

       Zi=α + β1 λi + β2 λe + β3 λh + Ui              (4)   

where Zi  is the child's health outcomes represented by height-for-age Z-

scores, respectively. λi  is a vector of child-specific characteristics, such as 

age, age squared (to control for non-linearity between the age of the child 
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and health outcomes), gender ( girls grow faster than boys at early age), 

single birth (an only child), and multiple births (twin children). λe is a 

vector of environmental variables, in this case including piped water, 

borehole water, and sanitation (flush toilets and pit latrines) (Kabubo-

Mariara et al. 2008; Jalan and Ravallion 2003; Khanna 2008). λh  is a vector 

of household-specific characteristics, such as education of parents, 

household food index, mother's years of education, and whether the 

household is located in a rural or urban area1. Ui  is the effect of 

unobservable variables on the child's health, which is assumed to be 

uncorrelated with the regressors (Sahn and Stifel 2002a; 2002b; 2003a; 

2003b; Kabubo-Mariara, et al. 2008). 

 

Measurement of Children's Heights-for-age z-scores 

Children Z-scores for height was constructed by using the WHO Child 

Growth Standards. 

Height-for-age Z-score:   Z = 
𝐻−𝐻𝑀

𝜎
 

Where, H is the measured height of the child, MH is the age and gender 

specific median heights of a well-nourished child, and σ is the standard 

deviation of height of a well-nourished child. 

 

Hypotheses 

This has two basic hypotheses. One, there is a positive relationship 

between the quality of drinking water and sanitation that children are 

exposed to, and chronic malnutrition measured by negative height-for-age 

Z-scores. Access to piped water, borehole water, and flush toilets, which 

improve hygiene, should have a negative effect on malnutrition. 

Conversely, the effects of access to only well water and pit latrines on 

malnutrition should be positive. 

Two, in line with the first hypothesis, greater access to safe drinking water 

and hygienic sanitation facilities will negatively impact the probability of 

stunted growth in children. 

  

 
1 Wealth index and income are excluded to avoid endogeneity problem. Both variables are also highly 

correlated with food index and other environmental variables of interest. 
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Data Sources and Method of Estimation 

The main source of data for this paper is the 2008 DHS dataset for Nigeria, 

which has data on households' access to water and sanitation. The dataset 

contains information about children aged 0--5 years in each household, 

including the height. It also contains information about the parents and the 

socioeconomic characteristics of the household. The paper also used the 

WHO Child Growth Standards (Anthro)for  the analysis, plus the WHO's 

age- and gender-specific median weight and height measures (and their 

standard deviations) for a well-nourished child. 

The study first adjusted for the sampling methods and then used OLS 

(ordinary least squares) regressions to analyze the effects of access to 

water and sanitation on children's height-for-age Z-scores. (See results in 

tables 1 and 2 below, columns 1 and 2.). It further analyzed the probability 

of a child being stunted, using survey probit regression methods. By 

adjusting for the sampling methods, we controlled for the effects of sample 

design in collecting the primary data: sampling weights, clustering, and 

stratification (Statacorp 2009). Failure to account for sampling weights, 

according to Kabubo-Mariara, et al. (2008), will affect standard errors and 

yield-biased estimators; in addition, if clustered observations are not 

independent, using ordinary least squares may result in small standard 

errors. 

DHS data collection does not involve purely random sampling, because 

different groups of clusters are separately sampled. The solution to this 

problem is to apply survey regression techniques to the data in order to 

produce the correct standard errors (Kabubo-Mariara, et al. 2008), as 

applied in this research. More simply, we estimate the marginal effects of 

the independent variables on the dependent variable for our probit 

regressions. 

The paper further analyzes the effects of households' access to safe 

drinking water and sanitation on the probability of children being stunted. 

A child is considered stunted if his or her height-for-age Z-score is less than 

-2. The dummy variable for stunting is 1 if a child's height-for-age Z-score 

is less than -2, and 0 otherwise. This is the global child growth standard 

recommended by WHO and used by most studies (Kabubo-Mariara et al. 
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2008; Khanna 2008; Silva 2005; Skoufias 1998). Survey probit regression 

was used to estimate the probability of a child being stunted. 

 

Regression Results 

In table 2 and 3, are the results of the analysis of the effects of different 

sources of water and sanitation on the heights-for-age z-scores of children 

in Nigeria. In columns 3 and 5 in both tables, well water was substituted 

for piped and borehole water to test for robustness. Table 2, column 2, 

shows the effect of household access to drinking water (piped and 

borehole water) and sanitation (pit latrine and flush toilets) on a child's 

height-for-age Z-score. The results show that the age of the child, male 

dummy and multiple birth child (twin dummy) are all negatively related to 

a child's height for-age z-score. This result is consistent with the findings 

of Kabubo-Mariara, et al. (2008). In other words these variables are 

inversely related to the height-for-age Z-score of a child; this finding is 

statistically significant at the 1 percent level. Young children are thus less 

likely to be stunted if they obtain sufficient breast milk for their feeding 

when new-born. However, as a child's age increases, weaning from breast 

milk makes them more vulnerable to malnutrition. This finding indicate 

that a child's height is likely to be 0.09 Z-scores less as age in month 

increases while the height-for-age Z-score of a boy is likely to be 0.22 less 

than that of a girl. 

The heights of twin children are likely to be 0.34 z-scores less than single 

births (non-twin children). This result is significant at 1 per cent level in all 

our specifications and consistent with the theory that twin children are 

generally more disadvantaged than single children, due to insufficient 

breast feeding (Sahn and Stifel 2002b; 2003a; Kabubo-Mariara et al. 2008). 

 

Table 2: Sources of Water and Sanitation and Children's Height for age z-

scores in Nigeria 

(1) (2) (3) (4) (5) 

VARIABLES HAZ-OLS HAZ-well HAZ-fixed 

effcts 

HAZ-fixed 

effcts-well 

age in months -0.0893*** -0.0894*** -0.0851*** -0.0852*** 

 (0.00401) (0.00401) (0.00444) (0.00445) 
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age squared 0.00121*** 0.00121*** 0.00115*** 0.00115*** 

 (6.82e-05) (6.82e-05) (7.13e-05) (7.14e-05) 

gender 

(male=1) 

-0.207*** -0.208*** -0.225*** -0.225*** 

 (0.0335) (0.0334) (0.0384) (0.0384) 

child is twin -0.338*** -0.341*** -0.287*** -0.290*** 

 (0.0641) (0.0641) (0.0734) (0.0732) 

food index 0.0118** 0.0117** 0.00678 0.00670 

 (0.00563) (0.00563) (0.00655) (0.00655) 

piped water 0.0724  0.0440  

 (0.0580)  (0.0736)  

Borehole 0.112***  0.104*  

 (0.0429)  (0.0624)  

flush toilet 0.396*** 0.424*** 0.326*** 0.347*** 

 (0.0685) (0.0671) (0.0832) (0.0821) 

pit latrine 0.0232 0.0438 0.0213 0.0400 

 (0.0398) (0.0396) (0.0576) (0.0574) 

had fever -0.0804* -0.0811* -0.0836 -0.0825 

 (0.0459) (0.0459) (0.0509) (0.0508) 

mother's 

height 

0.0242*** 0.0241*** 0.0280*** 0.0279*** 

 (0.00241) (0.00241) (0.00324) (0.00324) 

mother's 

education 

0.100*** 0.0986*** 0.0912*** 0.0893*** 

 (0.0233) (0.0233) (0.0290) (0.0292) 

Urban 0.218*** 0.230*** 0.256*** 0.261*** 

 (0.0441) (0.0428) (0.0682) (0.0650) 

North central -0.228*** -0.232*** -0.214*** -0.216*** 

 (0.0636) (0.0635) (0.0815) (0.0813) 

North east -0.183*** -0.179*** -0.165* -0.156* 

 (0.0651) (0.0651) (0.0893) (0.0895) 

North west -0.261*** -0.242*** -0.231*** -0.211** 

 (0.0666) (0.0668) (0.0862) (0.0860) 

South east 0.392*** 0.383*** 0.434*** 0.424*** 

 (0.0750) (0.0747) (0.0885) (0.0877) 
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South south 0.0764 0.0580 0.0759 0.0653 

 (0.0692) (0.0693) (0.0814) (0.0817) 

well water  -0.123***  -0.129** 

  (0.0369)  (0.0538) 

Constant -4.146*** -4.068*** -4.769*** -4.686*** 

 (0.387) (0.387) (0.519) (0.521) 

     

Observations 16,791 16,791 16,791 16,791 

R-squared 0.082 0.083 0.085 0.085 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Household's food consumption index was positively related to children's 

height z-scores and significant at 5 per cent level. 

Next is to consider the effects of environmental variables on children's 

height-for-age Z-scores. Access to piped water is positive as expected but 

surprisingly not a significant determinant of children's heights z-score. The 

effect of access to borehole water is stronger than that of piped water, from 

our results. Access to borehole water is positively related to children's 

height z-scores and significant at 1 per cent level from our OLS estimate. 

The height of a child that has access to piped water is likely to be 0.07 Z-

scores higher than a child with access to well water. Similarly, the height of 

a child drinking borehole water is likely to be 0.11 Z-scores higher than a 

child drinking water from a well. 

Regarding sanitation, access to pit latrines and flush toilets are both 
positive determinants of children's height z-scores in the country. 
However, households' access to pit latrine is not significant in all our 
specifications. On the other hand, access to a flush toilet is both a significant 
and positive determinant of children's height-for-age Z-scores. Access to 
flush toilets is statistically significant at the 1 percent level. The height Z-
score of a child with access to a flush toilet will be 0.4 higher than a child 
with no access to a flush toilet. This finding strongly supports the argument 
that safe disposal of human waste is essential for the healthy life and 
adequate growth of children. This result agrees with that of Silva (2005), 
but contradicts the findings of Kabubo-Mariara, et al. (2008). Incidence of 
fever, as expected, is negatively related to a child's height z-score. OLS 
estimate shows that a child that has fever will be about 0.08 height z-score 
less than a healthy child at the 10 per cent significance level. 



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 10 NO.7) JUNE, 2019 EDITIONS 
 

 
  
 

15 

The height of a child's mother is a positive and significant determinant of a 

child's height-for-age Z-score. The height of the mother captures genetic 

effects and other family background characteristics (Kabubo-Mariara, et al. 

2008). Mothers' levels of education are both positive and significant in 

determining the nutritional status of children. When mothers are educated, 

they have better information on children's health care and generally earn 

higher incomes than mothers who are not educated. This is one of the 

reasons why investment in human capital, especially that of women, has 

great importance, given the pivotal role that women play in the upbringing 

of children. Children in urban areas have higher height z-scores than those 

in rural areas, from our estimates. This may be due to the fact that better 

health care infrastructure is available in urban areas which is also 

attractive to wealthy households. 

The control for geo-political variation in height z-scores shows that 
children in the three geo-political zones in the north have lower height z-
scores compared to the children in the South Western zone. Children in the 
South Eastern geo-political zone have significantly lower height z-scores 
compare, to children in the South West, while there is no significant 
difference between the height z-scores of children in the South-South and 
those in the South- West geo-political zones. 
Well water was again substituted for piped water and borehole water in 
columns 3, to check for the robustness of the effects of sources of drinking 
water on a child's height-for-age Z-score, shown in column 2. Results and 
significance levels of all the variables remained the same as earlier 
explained above. However, drinking of well water is negative and 
significantly related to a child's height Z-score at 1 per cent level from 
column 3. The result suggests that a child's height Z-score is likely to be 
lower by 0.12 Z-scores if a child drinks well water. This result shows the 
urgent need for the government to invest more in substituting well water 
with safer drinking water options in the country. 
     

Table 3: Determinants of Probability of Stunting in Nigeria 

(1) (2) (3) (4) (5) 

VARIABLES stunting 

probability 

stunting 

probability 

Stunting 

probability 

Stunting 

probability 

 OLS OLS-well state fixed 

effects 

state fixed 

effects-well 
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age in month 0.0174*** 0.0174*** 0.0419*** 0.0420*** 

 (0.000942) (0.000942) (0.00272) (0.00273) 

age squared -

0.000258*** 

-

0.000258*** 

-

0.000626*** 

-

0.000626*** 

 (1.60e-05) (1.60e-05) (4.51e-05) (4.51e-05) 

gender 

(male=1) 

0.0538*** 0.0538*** 0.142*** 0.143*** 

 (0.00776) (0.00776) (0.0220) (0.0220) 

child is twin 0.0770*** 0.0777*** 0.185*** 0.188*** 

 (0.0148) (0.0148) (0.0465) (0.0464) 

food index -0.00167 -0.00165 -0.00202 -0.00199 

 (0.00131) (0.00131) (0.00386) (0.00386) 

piped water -0.00822  -0.00116  

 (0.0135)  (0.0445)  

Borehole -0.0293***  -0.0833**  

 (0.00992)  (0.0350)  

flush toilet -0.0859*** -0.0911*** -0.200*** -0.211*** 

 (0.0156) (0.0153) (0.0522) (0.0512) 

pit latrine -0.00757 -0.0121 -0.0200 -0.0316 

 (0.00920) (0.00917) (0.0328) (0.0329) 

had fever 0.0134 0.0136 0.0411 0.0402 

 (0.0107) (0.0107) (0.0300) (0.0299) 

mother's 

height 

-0.00595*** -0.00593*** -0.0166*** -0.0166*** 

 (0.000560) (0.000561) (0.00191) (0.00191) 

mother's 

education 

-0.0372*** -0.0368*** -0.0937*** -0.0930*** 

 (0.00545) (0.00545) (0.0168) (0.0169) 

Urban -0.0423*** -0.0440*** -0.129*** -0.131*** 

 (0.0102) (0.00989) (0.0365) (0.0353) 

North central 0.0492*** 0.0505*** 0.123*** 0.127*** 

 (0.0151) (0.0151) (0.0475) (0.0474) 

North east 0.0632*** 0.0623*** 0.171*** 0.168*** 

 (0.0154) (0.0154) (0.0506) (0.0508) 

North west 0.103*** 0.0989*** 0.254*** 0.246*** 
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 (0.0158) (0.0158) (0.0463) (0.0461) 

South east -0.0969*** -0.0970*** -0.271*** -0.274*** 

 (0.0171) (0.0170) (0.0543) (0.0541) 

South south -0.0219 -0.0185 -0.0454 -0.0423 

 (0.0162) (0.0163) (0.0511) (0.0514) 

well water  0.0255***  0.0627** 

  (0.00852)  (0.0296) 

Constant   1.891*** 1.848*** 

   (0.304) (0.305) 

     

Observations 16,791 16,791 16,791 16,791 

 

Note: For continuous variables, the probability coefficients measure the 

marginal change in probability at the variable.  Standard errors in 

parentheses,*** p<0.01, ** p<0.05, * p<0.1 

We controlled for cluster and state fixed effects in column 4 and 5 

respectively to further check for the robustness of the estimates in column 

2 and 3. The results and significance levels remained unchanged. All other 

variables maintained their signs, as in column 2 and 3 but with minor 

changes in the level of significance of some variables, such as borehole 

access, fever, and region (North East and North West). The main variable 

of interest, drinking of well water, remained significant at 5 per cent level 

and negatively related to height z-scores. 

Though the above analysis on the relationship between sources of drinking 

water and sanitation and the z-scores of children are instructive, further 

analysis was carried out by examining the probability of chronic 

malnutrition (stunting) to fully understand the effects of these variables on 

children's health outcomes.      

As noted earlier, a child is considered to be stunted if his or her height for 

age z-score is less than -2. As shown in Table 2, Age in months is a positive 

determinant of chronic malnutrition and it is significant at 1 per cent level 

in all our specifications. The result is consistent with the literature which 

says when a child is growing, weaning and inadequate breast milk make 

the child more vulnerable to malnutrition. However, they may eventually 

overcome earlier malnutrition once weaning is completed (Shrimpton et 
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al. 2001, Kabubo-Mariara, et al. 2008). The sign of our control for a non-

linear relationship between the age of the child and chronic stunting is also 

consistent. Male dummy marginal effects suggest that the probability of a 

child being stunted is 0.05 higher for boys than for girls at 1 per cent 

significance level. Multiple birth children are more likely to be stunted than 

single birth children. The marginal effect shows that for twin children the 

probability of being stunted is 0.08 higher than that of single birth children. 

    The food consumption index is negative but weakly related to the 

probability of being stunted. In addition, the marginal effect shows that 

access to piped water is negative and weakly related to the probability of 

being stunted while access to borehole water is both negatively and 

significantly related to probability of being stunted at the 1 percent 

statistical level, as depicted in column 2. In line with this finding, the 

marginal effect shows that the probability of being stunted is 0.008 lower 

for a child with access to piped water than for a child with access to well 

water. For a child who has access to borehole water, the probability of 

being stunted is about 0.03 Z-scores lower than for a child who has access 

to well water. 

Children in households with access to flush toilets and pit latrines have a 

lower probability of being stunted, as indicated from our results in column 

2 to 4. Even after controlling for state and cluster fixed effects, the marginal 

effects in column 3 and 4 suggest that children in households with access 

to flush toilets have 0.2 point lower probability of being stunted compared 

to children with no access to flush toilets. The probability of a child being 

stunted is between 0.03 and 0.09 points lower when a child's mother is 

educated than when she is not educated, from our OLS and fixed effects 

estimates shown in column 2 to 4. Children resident in urban areas have a 

significant lower probability of being stunted or suffering from chronic 

malnutrition, compared to their rural counterparts. 

Similar to the results in table 2, children in the three geo-political zones in 

the North have a significantly higher probability of suffering chronic 

malnutrition than children in the South-West zone, while the probability of 

stunting is lower in the South East and South-South zones compared to the 

South-West. Finally, our results depicted in column 3 and 5 also show that 

the probability of being stunted is about 0.05 points higher for children 
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who drink well water than those who drink piped or borehole water. This 

confirms the negative effects of drinking well water on children's health in 

Nigeria and that provision of alternative drinking water should be one of 

the main priorities of the government. 

 

Conclusion and Policy Implications 

This paper discussed the relationship between chronic malnutrition and 

sources of drinking water and types of sanitation in Nigeria. In addition, it 

used probit regression analysis to analyze the contribution of the various 

sources of water and sanitation to probability of stunting (chronic 

malnutrition). This study reveals that households' access to pipe and 

borehole water are both positively related to children's height for-age Z-

scores. It is therefore necessary for the policymakers to prioritize funding 

more piped water throughout Nigeria for household use and at the same 

time improve the quality of the existing piped water to improve the health 

of millions of children in the country. 

Based on this study, access to proper human waste disposal systems, 

especially flush toilets, is crucial for the healthy growth of children in the 

country. Children in households with access to flush toilets are less prone 

to chronic malnutrition (inadequate growth). The study also shows that 

access to flush toilets reduces the probability of a child becoming stunted. 

The Nigerian government should encourage both private and public 

investment in the provision of flush toilets for households to reduce the 

problem of stunting and the frequent occurrences of cholera and other 

water-borne diseases that presently ravaged the country between 2008 

and 2012. Where provision of flush toilets is not immediately feasible, it is 

necessary to provide, for the short term, pit latrines for households in the 

country. Government should also propose a policy that will make 

construction of toilet facilities in new buildings mandatory in the country. 

From the study, drinking well water is harmful to the growth and health of 

children in Nigeria and has increased the number of children being stunted. 

The study therefore recommend to the various tiers of government to 

expedite efforts to provide safe drinking water to every household in the 

country. Maternal education should be promoted and encouraged by the 
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government because of the positive impact of mothers' education on the 

health outcomes of children. 

Provision of safe drinking water and better sanitation will also increase 

both the physical and mental growth of children. Numerous benefits of 

adequate access to safe drinking water and sanitation include a healthier 

environment, reduction in public expenditure for water-borne diseases, 

and greater economic growth due to the positive effects of a healthy 

population. 

Finally, it is hope that the implementation of the above recommendations 

will assist government to find lasting solutions to the persistence of water 

borne diseases and stunted growth of children in the country.   
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