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Abstract

The majority of population growth in developing countries will occur in secondary cities where
there is limited access to clean water and sanitation. Wastewater management priorities in these
cities will be different from those in larger cities and developed countries. For this reason, it is
important to assess wastewater management in these cities of sub-Saharan Africa. This study as-
sessed clean water supply, wastewater and faecal sludge management and associated health risks
in Dimbokro, Cote D’Ivoire. The study was performed in March 2015 in 12 neighborhoods with a
total of 703 households. In these neighborhoods, the questions were addressed and discussed
with household head. The study revealed that the households of the city were structured on three
topology habitats: residential (5%), economic (42%) and evolutive or yards housing (53%). For
water supply, 99.4% of the households used water from SODECI, the local public water supply
network, while the remaining 0.6% of surveyed household obtained water from wells. Domestic
wastewater, used for doing laundry, dishwashing and showering, was disposed of in the following
ways: directly into the street (33%), septic tank (23%), backyards (18%), storm drain (16%),
sewer network (6%), pit latrine (3%) or into soakaway (2%). In addition, untreated wastewater
was sometimes discharged into the N'Ziriver by certain households. 52% of households surveyed
emptied latrines manually and 48 % used mechanic drain services. The most frequent diseases
occurring in the households were Malaria (63%), Diarrhoea (13%) and Typhoid fever (9%) in the
households of the city. In the light of this study, the municipal authorities of Dimbokro should
provide the city with wastewater systems that drain to a central outlet system where the waste-
water can be easily treated before final disposal for reuse in agriculture.
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1. Introduction

Most diseases in developing countries are caused by lack of clean water and sanitation. In 35 developing coun-
tries worldwide, 26 of which are in sub-Saharan Africa, and coverage of improved drinking water supply is be-
tween 50% and 75% [1]. Even if several significant efforts in terms of access to drinking water are noticed, the
issue of sanitation remains a major challenge in developing countries. Poor wastewater management coupled
with a lack of sanitation facilities has aggravated the sanitation challenges in cities of developing countries [2]
[3]. Most of the population in these cities does not have access to safe and adequate water supplies and sanita-
tion facilities. In most major cities, if wastewater is not collected by individual systems, it is discharged without
treatment into the street or into public storm water drains, causing contamination of water bodies and health
risks [4]. Poor sanitation is one of the most important contributors to morbidity and mortality in the world [5]. In
fact, ill health associated with inadequate water supply and sanitation facilities is one of the most significant
concerns in many developing countries [6]. Moreover, the lack of appropriate sanitation (and related water and
hygiene) is both a cause and effect of the vicious poverty cycle in which millions of people are trapped [7]. The
sanitation problem is more accentuated in secondary cities, because governments prioritize major cities, which
are often also the seat of government. Secondary cities have not attracted as much economic activity, nor have
they exhibited much internal dynamism in terms of management. There is a clear disparity between the public
services received by the towns or cities, depending on their economic strata. The majority of African secondary
cities have no sewage treatment services. Management of wastewater is worse within secondary cities and
wastewater is often directly dumped into rivers, lakes or open fields [8]. Wastewater management priorities in
these cities will be different from those in larger cities and developed countries [9]. Limited studies have been
conducted on wastewater management within secondary cities in sub-Saharan Africa. Therefore, the current
study assesses wastewater management and associated health risks within a secondary city of sub-Saharan Africa.

2. Materials and Methods
2.1. Description of Study Area

The study was conducted in Dimbokro, the capital city of N’ZiComoe region, in the center of Cote d’lvoire.
Dimbokro has an urban area of approximately 920 ha, and is located within the boundaries of 3.43°W and
4.58°W and 6.9°N and 7.29°N. The city is built around a main platen where most administrative and social facil-
ities are located. The road network in the city is one of the most developed of Cote d’Ivoire cities. According to
INS (2001) [10], the estimated population was 46,708 inhabitants with about 6673 households which are distri-
buted in twelve (12) neighborhoods (Sokouradjan, Dioulakro, Belleville, Komikro, Residentiel, Cité Soghefia,
Blaidy, Coulibaly, Koffikro, Zone Economique, Commerce, Langui-Broukro) (Figure 1). The inhabitants are
comprised of Baoulé, the main ethnic group, Senoufo, Dioula and ethnicities from bordering countries. The re-
gion has a humid tropical climate. The yearly average temperature is 27.5°C and rainfall in this region is bimod-
al (April to July and October to November) and there are also two dry seasons (December to March and August
to September). During the rainy seasons, the monthly average rainfall recorded at the Dimbokro station between
1980 and 2002 was 155 mm, the minimum and the maximum rainfall recorded during this period are respec-
tively 100 mm in July and 200 mm in June [11]. The vegetation is a mix of lowland rain forest and secondary
grassland.

2.2. Data Collection

In this study, data were collected using a questionnaire. The questionnaire contained 106 questions, grouped into
four sections relating to: socio-demographic, typology of the habitat, water resources and supply, wastewater
collection and disposal at household and city level, and associated health risks. The format included both open
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Figure 1. Location of study areas in Dimbokro.

and closed questions. The interviewed respondents were the household heads or any adult in the household level.
Each person was subjected to an interview of approximately 20 to 30 min. The survey was conducted by 15 in-
terviewers on March 2015. The languages for the interviews were Baoulé, Malinké or French. The survey was
conducted using the quota method and categorization by neighborhood and household number following the
method of Fine (2013) [12]. The sample size was calculated by the equation below [13]:

)
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where:

n: minimum sample size required to obtain meaningful results for an event and the associated level of risk;

t: confidence Level (for a 95% confidence interval, the typical value of the confidence level is 1.96), it is the
probability that the chosen sample have influenced the results obtained;

N: the size of the parent population;

e: margin of error (set to 3.5%), which expresses the extent to which the results reflect reality at the household
level;

g =1 - p, p: probability of occurrence of the event, it is the percentage of samples with the observed charac-
teristic; (the probability of occurrence is assumed to be 50% (0.5));

According to this formula, the survey should consist of 703 households. The sample distribution per neigh-
borhood is shown in Table 1.

2.3. Data Analysis

The responses were standardized and registered in a file; whole percentages were used for data analysis. Then,
detail data are analyzed on the basis of the simple tabulation and the cross tabulation of a range of variable. Data
analysis was carried out in Microsoft Excel tools. Moreover, the tables and figures were drawn with Excel soft-
ware.

3. Results and Discussion

3.1. Socio-Demographic Characteristics and Typology of the Habitat for Surveyed
Households Acronyms

The city of Dimbokro is divided into 12 neighborhoods and the survey included 703 households. The household
interviews were organized following category of living standards which were linked with the type of housings
identified in Dimbokro. These households were structured in three living standards at the twelve neighborhoods
or quarters identified. Indeed, the residential, economic and evolutive or yards housing were characterized by
the high income, middle class and low income respectively. The study findings about the typology of habitat in
the city are represented in Table 2. The study shows that the residential, economic and evolutive housing
represented 5%, 42% and 53% respectively. The residential housings are characterized by the walls with cement,

Table 1. Table type styles (Table caption is indispensable).

Neighborhood Population Households Quotas Samples
Sokouradjan 10,062 1437 21.54 129
Dioulakro 6007 858 12.86 90
Belleville 4569 653 9.78 69
Komikro 4456 637 9.54 67
Résidentiel 4449 636 9.53 67
CitéSoghefia 3603 515 7.71 54
Blaidy 3343 478 7.16 50
Coulibaly 3152 450 6.75 47
Koffikro 2665 381 5.71 40
Zone Economique 1826 261 3.91 30
Commerce 1727 247 3.70 30
Langui-Broukro 849 121 1.82 30
Total 46,708 6673 100 703
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Table 2. Socio-demographic characteristics and typology of the habitat for surveyed households.

Socio Demographic Characteristics Percentage
Residential housings 5.0%
Typology of Habitat Economic housings 42.0%
Evolutive housings 53.0%
Gender of head Male 47.4%
households Female 52.6%
25 - 50 years 63.0%
Age of head
households 50 - 70 years 32.2%
>70 years 4.8%
High school education 15.6%
Education level Secondary school education, 32.1%
of head households Primary school education 14.8%
No formal education 37.5%
Practice business 35.0%
Wage and salary earners 25.9%
Profession of head Housewife 29.7%
households
Retired 6.0%
Unemployed 3.4%

usually painted and the roof sheet. Buildings of economic housings are cement or mud mixed with cement. And
the other hand, the evolutive housing has constructed with precarious materials and detached houses. Besides,
many economic and evolutive housing was respectively found in residential (58.3%), Komikro (16.1%) and
Sokouradjan (23.6%). Several neighborhoods such Dioulakro, Komikro, Belleville, Blaidy and Langui-Broukro
do not have any households in the high standard of living category. Similar proportions were reported in Marady,
Niger by Laminou Manzo et al. (2015) [3] and in Pouytenga, Burkina Faso by Sawadogo (2009) [14]. Of those
surveyed, males comprise 47.4% of the heads of households, while females comprise 52.6%. More than half of
the household head were between 25 - 50 years of age and around 63% were the household heads. Among the
head households, 15.6% had completed high school education, 32.1% secondary school education, 14.8% pri-
mary school education, and 37.5% had no formal education. Among those surveyed, 25.9% are wage and salary
earners, 35% practice business, 3.4% are unemployed, 6% are retired and 29.7% housewife (Table 2).

3.2. Water Supply and Uses of Surveyed Households

In Dimbokro, 99.4% of households use water from SODECI which is the public water supply network and 0.6%
of households use wells. This percentage is higher than the estimated percentage (82%) for people using im-
proved drinking water sources in Cote d’lvoire. This accessibility of populations to water provided by SODECI
is due to the efforts of the authorities to promote sanitation, health and development [15]. 82% of households are
connected to water taps and 18% use an informal distribution system (water vendor and public taps or public
drinking fountains). For those using the informal distribution system, water supply for the household is provided
mainly by women and children or the single man.

The quantity of water used daily in a household differs from one household to another, depending on house-
hold typologies and the size of the household. The mean daily total water supply (TWS) from SODECI ranged
from 35 L to 3178 L. In contrast, the TWS from an informal distribution system linked to the public network of
water ranged from 10 L to 2000 L. The daily highest TWS from SODECI was estimated as 492 L in economic
housing, followed by 341 L and 330 L for residential and evolutive housing respectively. The daily water supply
cost was estimated respectively as 135 Fcfa (0.23 US$) and 207 Fcfa (0.36 US$) for SODECI and informal dis-
tribution systems. Similarly, several studies reported that the cost of access to water from informal distribution
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systems is higher than the cost from water taps in the household [16] [17]. Drinking water from the informal
distribution systems is stored in containers for future use.

Regarding domestic activities, the results show that 99.7% and 95.6% of households use water from SODECI
for drinking and cooking respectively, while 0.1% and 4.4% use water from wells for the same activities
(Figure 2). High quantities of tap water from SODECI are used for showering, laundry and dishwashing. Cer-
tain households sometimes use well water for showers (29.2%), laundry (33%) dishwashing (29%) and
small-scale gardening (0.6%).

3.3. Domestic Wastewater Collection and Disposal at Household Level

The main uses of SODECI that lead to large quantities of wastewater are shower, laundry and dishwashing with
more than 90% in residential housing, while economic and evolutive housing generated around 70% wastewater.
Domestic wastewater production in the household depends on the household size and the availability and use of
the water.

Most domestic wastewater is discharged directly into the environment. 45% of surveyed households dis-
charged laundry and dishwashing wastewater directly into the street, 25% in backyards, while 5.4% into the
sewer network (Figure 3). Similar behavior was observed by Hounpke et al. (2014) [2] and Laminou Manzo et
al. (2015) [3]. In Dimbokro, 60% of inhabitants discharged wastewater very often in the street. However, 59.5%
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Figure 2. Water uses within surveyed households.
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Figure 3. Wastewater collection and disposal in Dimbokro.
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of households used septic tanks for disposal of wastewater from showers, while 3.1% emptied it to backyards.
The domestic wastewater disposal varies depending on the living standard. 68% of evolutive housing discharged
domestic wastewater into the street, compared to 6% of residential housing. Generally, there are no sewer sys-
tems or poorly constructed sewer systems in small cities of sub-Saharan Africa [18]. Inhabitants of evolutive
housing do not designate sewage systems, while those in residential housing, 35%, of economic housing and 10%
of evolutive housing use the public storm water drains to dispose of wastewater.

3.4. Domestic Wastewater Collection and Disposal at City Level

Dimbokro has a relatively good drainage system and for rainwater and sewer system for wastewater in the center
of the city. However, the drainage system is poorly constructed in N’Zi river areas, especially in the Dioulakro
and Sokouradjan neighborhoods. The sewer system is composed of open gutters and earth canals, mainly along
the primary paved roads. Dimbokro does not have a wastewater system. However, there is a small sanitation
canal, which is the main collector of sewage from the city jail and disposes it directly into the N’Zi river without
treatment. Any households are also connected to that channel and discharge their untreated wastewater. Private
sewage systems are collected to a treatment plant in SOGHEFIA, which is the only structured neighborhood of
Dimbokro city. The coverage of private sewage is less than 10% of the population in Dimbokro. Unfortunately,
this wastewater treatment plant is out of use (Figure 4), and municipal authorities have diverted the private se-
wage with untreated wastewater into the N’Zi river through open channels. This poses serious health risks to the
population and the environment. For example, many other cities of East Africa, wastewater is frequently dis-
charged into the Lake Victoria, where the water quality grossly deteriorated [19]. The results showed that the
implementation of conventional wastewater collection, treatment and disposal systems is not economically via-
ble as the financial and institutional resources coupled with the efficiency required for their maintenance. Indeed,
most sub-Saharan municipalities and cities do not have the means to manage a centralized sewage system [20].

3.5. Faecal Sludge Management

The type of sanitary infrastructures used by households on-site is represented in Figure 5. Most households
surveyed (56%) collect sludge in septic tanks, followed by traditional pit latrines (38%) and the latrine linked to
the sewer network (6%). Faecal sludge disposal varies by standard of living; 97.2% of residential housings use
septic tanks, while 51% of evolutive housing deposits faecal sludge in traditional pit latrines. Deposition of

Figure 4. Inoperative wastewater treatment plant.
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Figure 5. Types of faecal sludge collection in Dimbokro.

excrements near houses is rare. 52% of households surveyed empty the latrines manually and 48% used me-
chanic drain services (Figure 6). In contrast, the proportion of manual and mechanical methods for emptying la-
trines was 13% and 87% respectively in Pouytenga, Burkina Faso [14]. Those living in residential housing
(77.8%) use mechanical drain services such a truck to remove the faecal sludge, while those in evolutive hous-
ing (56%) empty manually. The manual and mechanical emptying latrine or desludging fees were 13,000 and
24,300 Francs cfa (22.46 and 41.98 USS$) respectively. Desludging fees depend on geographical location in the
city and the companies negotiate directly with households. According to more than half of the households, high
desludging fees determine whether they use manual or mechanical methods. 41% of households discharged
faecal sludge into the street and/or backyard, 6% into the sewer network and 53% of households did not know
where their faecal sludge ends/goes. Similar studies have reported these faecal sludge management practices in
big and small cities of developing countries [2] [14]. Trucks that drain faecal sludge come from major cities to
secondary cities. Moreover, Dimbokro does not have a faecal sludge system treatment, which involves the
anarchist discharges of the by-products in around of the city. This management is similar in many towns of de-
veloping countries and related the health issue for the inhabitants. Despite the health and social problems asso-
ciated with informal faecal sludge management, it provides significant economic benefits that need to be re-
tained. Indeed, the faecal sludge treated is efficient as biofertilizer supplement or alternative to chemical fertiliz-
ers for poor farmers in developing countries [21]. Thereby, the municipalities must integrate the informal sector
into faecal sludge management planning, building on their practices and experience.

3.6. Health Impacts

In the majority of the surveyed households (62.2%), the inhabitants experienced disease during six months prior
to the study. This situation is noticed in 69.4% of evolutive housing, while 47.2% of people in the residential
housings are facing illness cases (Figure 7). Similar observations were reported in Marady in Niger [3]. Low-
income households in the evolutive housing live in an unhealthy environment, which are mainly responsible for
diseases. Wastewater management is one of many basic strategies for keeping the environment clean and safe
for human habitation according to Tumwine et al. (2002) [6].

More children (69.8%) had diseases than adults (30.2%) in surveyed households. This could be explained by
the poor sanitation in the poorest households and particularly for children in those households. Typical diseases
included Malaria (63%), Diarrhoea (13%) and Typhoid fever (9%) (Table 3). Most households (91%) made a
connection between wastewater management practices and health risks. Similar observations were seen in
Yaoundé (Cameroon) by Kouam (2013) [22], where significant sections of the population suffer from wastewa-
ter related diseases. This could be explained by the problems of blockage of drainage channels leading to stag-
nant pools of wastewater for mosquito breeding, flies and odors all leading to health hazards. Moreover, water-
borne diseases such as Cholera, Malaria, Diarrhoea, Dysentery and Typhoid fever are a permanent fixture within
populations in the precarious quarters in Douala [23]. According to Tumwine et al. (2002) [6], higher rates of
Diarrhoea were associated with unprotected sources of water and lack of latrines in East Africa. In the light of

©,
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Table 3. Mains diseases per adults and children in Dimbokro.

Health status
Malaria
Diarrhoea
Typhoid Fever

Cholera

Inhabitants of households

Adults Children
30% 70%
56.2% 69.8%
10.2% 18.6%
8.3% 9.1%
0.4% 0.3%

these studies, considerable effort should go into the development of improved water supply and sanitation facili-
ties. The survey showed that the majority of respondents became more aware of domestic wastewater manage-
ment issues, and decided to pay supplementary fees for improving hygiene and sanitation in general. These fi-
nancial efforts could prevent disease outbreaks and health environment.

4. Conclusion

This study interviewed households in Dimbokro, Coéte D’lvoire, to understand socio-demographic characteristics
and the wastewater and faecal sludge management. The results showed the sources (SODECI and wells) of the
water supply used in the home, prevalence of illness, state and use of latrines, types of wastewater disposal and

®
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conditions of use. 81.7% of households are connected to water taps and 18.3% get water from an informal sys-
tem of distribution. 68% of those in evolutive housing discharge their domestic wastewater into the street, com-
pared to 6% of those in residential housing. However, the sewage from the city jail is discharged directly into
the N’Zi river without treatment. There is a predominance of Malaria (63%) which affects more children (69.8%)
than adults (56.2%). Globally, the current study notes the high utilization of autonomous systems of sanitation
and faecal sludge management, which are typical in larger and secondary cities of developing countries. The re-
sults also show that improper wastewater management in Dimbokro constitutes a serious hazard to humans as
well as the environment. It would be significant for the authorities to increase levels of investment in water
supply and sanitation facilities in secondary cities of developing countries. In addition, these authorities must
multiply the public awareness campaigns of the populations to hygiene and healthiness programs for improve-
ments of the environmental health benefits and facilitate the construction of basic improved sanitation facilities
for the poorest households based on joint efforts with the community. Government should provide drainages in
the secondary cities and restore wastewater treatment plant according to the population size.
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