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Abstract: Rapid urban population growth that induces health problems constitutes one of the major and

current challenges in developing countries. In 2002, the French agency Institut de Recherches pour le

Développement led an interdisciplinary study in Yaoundé entitled "Population, Environment and Health"

(PEH) in Yaoundé. In 2005, a supplemented study was undertaken focusing on health issues in urban

environment in Cameroon. The study had two main objectives: (i) identifying risk factors of the diarrhea

diseases in Yaoundé and measuring their prevalence, (ii) and evaluating their spatial distribution. The

cross-sectional epidemiologic study across the city revealed a diarrhea prevalence of 14.4 percent (437

cases of diarrhea out of 3 034 tested children). Among various risk factors examined, wastewater handling

and disposal methods were statistically associated to diarrhea cases. Moreover, it was noted that levels

of diarrhea attacks varied considerably from one suburb to the other, partly because of the discrepancy

character of the urbanization process in Yaoundé.
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INTRODUCTION

Since the 19th century, the world urbanization has

exploded . In 1950, 29 percent of the world’s[1]

population lived in cities. This figure is currently

estimated to 50 percent and it is projected that by

2030, this proportion may reach 61 percent . More[2]

intriguing than these global figures is the rapid and

spectacular urbanization in developing countries in

general and Africa in particular. Urbanization in Africa

has been phenomenal and puzzling with a rapid shift

from 15 percent in 1950 to about 41 percent urban

currently. It is estimated that by 2030, the continent

may attain 54 percent urban proportion . This[2]

phenomenal  growth has been qualified as “sudden and

wild“  to express not only the uncontrolled nature of[3]

urban growth, but also  the ecological and social and

sanitary consequences often associated with the growth

and the implications they may have on human health

and well-being .  Health and well-being concerns of[4-5]

inhabitants of Sub-Saharan Africa are linked to

wastewater management . In fact, in sub-Saharan[6-7]

Africa, providing adequate social infrastructure and

services at the disposal of all urban dwellers is a

challenge to policy makers. This is the case for water

and sanitation infrastructure. Indeed, in many

developing countries, liquid and solid waste problems

in urban environment are numerous. Along with

inadequate collection of human waste, untreated wasted

water contributes to soil and groundwater pollution .[8]

For this reason, the overall managing of waste and

sanitation constitutes one of the main problems in

developing countries. In Yaoundé, managing waste is

far from satisfactory because of the rapid and

uncontrolled development of the city occurring without

adequate sewage system to contain urban waste. With

regards to urban wastewater, autonomous systems of

storm water and human waste collection adopted by

city dwellers are hampered by poor facilities which in

most cases are inefficient. Thus, the current wastewater

evacuation modes instead of been convenient, constitute

rather harmful due to the range of health risks they

expose the majority of urban dwellers. For instance,

infectious diseases have been found as an ongoing

health problem in all Yaoundé’s suburbs . [8]

Both health professionals and geographers can

investigate health issues, including mortality or

morbidity. When health issues are a pathological set

such as infectious diarrhea diseases with strong linkage

to living conditions, a spatial investigation can provide

a better insight into the linkage between the pathology

and the living environment. In this paper, we posit that

the differentiated urbanization process of Yaoundé leads

to differential health risks, particularly diarrhea
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diseases. Two main research questions are investigated:

are domestic wastewater disposal practices a risk factor

for diarrhea diseases in the city? Is this risk factor

homogeneously and equally distributed across Yaoundé

urban space? This paper does not intent to establish an

eco-epidemiologic system of diarrhea diseases, rather

aims at investigating the spatial distribution of a

diarrhea disease determinant across the city. We use bi-

variable methods to analyze the data and draw policies

and urban planning implications. The first section of

this paper presents brief presentation of the conceptual

and spatial frameworks as well as the research

methods. Then, various disposal practices that urban

dwellers in Yaoundé use to discard wastewater are

discussed. Finally, health consequences of various

wastewater practices and their practicality are tackled. 

MATERIAL  AND METHODS

Conceptual Framework: Uncontrolled urbanization,

extreme poverty of large number of urban households,

and poor quality of life are some of the challenges

facing cities of the developing world . For at least[9-10]

four decades, a wide–ranging research effort has

investigated the cost-benefits of providing safe and

convenient living conditions to households in the

developing world . Most of the work has focused[11-12]

on living conditions, notably on the relationship

between wastewater, sanitation and disease .[13-14]

Research notes that all forms of wastewater are

infectious, pollutant and a risk to human health and the

environment. It is also evident that each year, poor

hygiene and lack of sanitation facilities contributes to

the death of millions of the world’s poorest people

from preventable diseases . More importantly,[15-1 6 ]

women and children are the main victims. Considering

the nexus wastewater, sanitation and health, empirical

evidence points to their close linkages. In particular,

the relationship could be outlined as follows: 

(a) Sewage and wastewater may host hundreds of

disease-causing organisms ;[17-18]

(b) Untreated wastewater originating from rain and

households are the root causes of environmental

damage and human illnesses ;[19]

(c) Contaminated food or drinking water may result in

water-borne diseases including cholera, dysentery

and  other  diseases  that  responsible for

diarrheas .[20]

Concerning diarrheal diseases, it is estimated that

1.8 million people die worldwide every year. Amongst

them, 90 % are children under 5 mostly in developing

countries. Diarrheal diseases account for 4.3% of the

total global disease burden (62.5 million DALYs). An

estimated 88% of this burden is attributed to unsafe

drinking water supply, inadequate sanitation, and poor

hygiene . These risk factors do not evenly threaten[21]

urban districts, as slums and informal settlements are

more exposed to communicable diseases . Despite[22]

the quantity of studies carried out, relatively little is

known about the key contribution of poor management

of wastewater in diarrheal incidence. Among the

regions of the world, Sub-Saharan Africa has been

poorly covered despite being the fastest growing urban

population and the majority of city dwellers having the

least access to urban infrastructure and services.

We adopt the WHO definition of health that

stipulates that health is a “complete state of physical,

mental and social wellbeing, and does not consist only

in an absence of disease or disability” . Typical[23]

health measurement includes indicators like mortality,

morbidity and life expectancy. For this study, we have

chosen morbidity, and more precisely morbidity

attributed to diarrheal diseases. Diarrhea is generally

characterized by the frequent occurrence of watery

stools.  In a technical sense, however, it is more

difficult to define because the suggested elements

which are asymptomatic of the definition of   diarrhea

vary according to the objectives of each study .[24]

Following clinical signs, we have considered diarrhea

as the sudden and frequent occurrence of abundant and

consistently abnormal watery or mucus stools more

than  three times a day and more than 300g per

stool . The stools should be mixed with a phlegm-[25-26]

like substance or blood, and are associated with

dysentery. To indicate its acute character, the episode

must last for about 14 days. Since diarrheas are an

inter-human communicable disease for which unhealthy

living conditions are of great importance in its

diffusion process, we posit that lack or poor cleaning

up of wastewater might be a risk factor associated to

the development of diarrheas.

Study Area: Yaoundé, the capital city of Cameroon in

Central Africa is our study area. Yaoundé is located

above the Equator between 3°47’ and 3°56’ North and

between 11° 10’ and 11°4’ East, and approximately

250 km from  the  coast  of the Atlantic Ocean

(Figure 1). The city is situated in the Mfoundi drainage

basin and covers over 256 Km  and experiences a2

typical Equatorial climate: regular and abundant rainfall

(1 600 mm/year), an annual average temperature of

23°C, four seasons (two dry seasons and two rainy

seasons). The area is covered by well drained red

ferrallitic soils on the upper slopes and summits and by

colluvial and alluvial deposits in the valleys . Within[27]

the current urban perimeter, one observes mixed

vegetation having relics of forest on hill summits, and

market-gardening plants along river valleys. Yaoundé
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is currently experiencing very rapid urbanization. In

1926, date of the first population census, Yaoundé had

100 000 inhabitants. With an estimated annual growth

rate of 4.5 per cent since 1980, urban population has

grown from 812,000 inhabitants in 1987 to 1,500, 000

inhabitants in 2000, and to about 2, 100, 000

inhabitants in 2006 . However, this population[28]

growth has been poorly monitored by the city planners

and decision makers. Consequently local authorities

have failed to provide neighborhoods with adequate

utilities, services and infrastructure. Therefore, city

dwellers are facing difficulties such as collecting and

draining their wastewater. Under this backdrop, this

paper investigates health outcomes in the context of

autonomous handling of wastewater in Yaoundé which

as many other Sub-Saharan Africa cities, lacks

adequate and basic and infrastructure. 

Data and Methods: The data used in this study were

obtained from an interdisciplinary survey carried out in

Yaoundé under the auspices of the ‘’Population,

Environment and Health" (PEH) research programme in

collaboration with the Cameroon Pasteur Centre CPC). 

Data-Collection: 

Population Target: To minimize the risk of confusion

between the infectious diarrhea and the soft feces

normally observed in infants and children, the survey

targeted only children from 6 to 59 months. Thus, the

childless household and those with children outside the

age group were eliminated from the sample. In

households with several children in the survey age

bracket, a table of random numbers was used to select

only one of them. 

Survey Frame and Type: The survey covered suburbs

and households in Yaoundé, and used a stratified

random sampling method based on two stages to select

targeted suburbs. First, 20 suburbs were selected out of

the 105 that make up the city. This was necessary to

derive a sample seize sufficient for the scientific

validation of the results. These suburbs were

representative of the six types that Yaoundé displays

(Figure 2).

In the second stage of the survey, we selected

3,034 households. Households were selected on the

basis of having a child of less than 5 years of age as

they appear to be more vulnerable to infectious

diseases (Figure 3). 

The survey was conducted by a team of final year

students of the Faculty of Medicine and Biomedical

Sciences and by surveyors specialized in population

studies of the Cameroonian National Institute of

Demography. The team visited the selected households

to collect data using two main methods: (i) direct

participative observation technique and (ii) structured

questionnaires drawn up to respond to the two

components of this study, namely:

C The social and environmental component: This part

contains a large number of variables to be gathered

through 35 questions, mainly investigating two

main issues. First, the living conditions in the plot

- because certain causes of diarrhea are attributed

to poor hygiene and sanitation. Second, the modes

of collection and transport of household waste and

refuse - because pollution of the immediate

environment (domestic) by liquid and solid waste

is often cited as one of the diarrhea risk factors.

For these two issues, participant observation and

the questionnaire focused on the following:

frequency of evacuation of household wastewater,

principal mode of collection and drainage of the

domestic waste, existence of a sewage system on

the plot, distance covered between the house and

the municipality waste collection sites, composition

and nature of the wastewater, and their views on

the permanent presence of wastewater in their

living environment. 

C The medical component: Priory approved by the

Cameroon National Ethic Committee, this

component targeted only children under five in the

household. The main purpose was to detect cases

of child diarrhea in the selected households. Once

a case of diarrhea was detected by the team of

doctors during or 15 days preceding their first

visit, a sample of feces was taken and adequately

transferred to various laboratories (bacteriology,

virology and parasite testing) of the Pasteur Center

for analysis, confirmation and identification of the 

causal germs . Once the results of the various1

medical analyses obtained, each positive sample of

feces was linked to the socio-demographic data of

the household to which the child belonged and to

the environmental data, in particular the modes of

management of the household wastewater.

Period of Data-collection: One of the objectives of

this study had been to assess the seasonal variability of

diarrhea in Yaoundé and thus to evaluate its

prevalence. Two visits were therefore planned: one

during rainy season and another during dry season.

However, budgetary constraints limited the exploration

to only one visit in April, May and June, which

corresponded to the rainy season in Yaoundé. 

Level of Analysis: Several factors can explain the

prevalence of diarrheas in Yaounde . In this paper,[29]

we will not list, analyze and correlate all those factors. 

28



Res. J. Medicine & Med. Sci., 4(1): 26-41, 2009

Fig. 1: Location of Yaoundé city Cameroon 

Rather we focus on the ways in which household

wastewater is handled, without necessary correlating

with other determinants that may play a role in the

prevalence of diarrhea. We opt for this approach

because of the complexity of the subject in hand and

the diversity of scientific views that Spatial

epidemiologists must take into account. Indeed, because

of the broader field of epidemiology, it is important ---

in a process of explanation and demonstration --- to

investigate each factor separately before proceeding to

a multivariate analysis . Thus, we have used[30-31]

bivariate statistical analysis to assess the level of

association between our two variables (wastewater

handling modes and diarrhea). The tests of significance

reinforced the bivariate analysis in confirming the

power of association. Two main statistical software

were used: Epi info3 (for recording the raw data,

checking and validating information), SPSS 10.0 (for

analysis and tabulation) and ArcInfo 8.2 (for spatial

analysis). 

RESULTS AND DISCUSSION

Situation of Childhood Diarrheal Diseases in

Yaoundé: Among the 3,034 children who were

medically investigated, 437 were found affected by

diarrhea, i.e. a 14.4 percent prevalence rate. Boys have

appeared to be more vulnerable than girls (Table 1);

and independently of the gender, children between 12-

23 months and between 24-35 months were the most

exposed (Table 2). 

The 14.4 percent prevalence rate represents the

urban mean i.e. the mean of the twenty suburbs where

this investigation was carried out. Table 3 shows the

prevalence in each of the surveyed suburbs, and

illustrates the heterogeneous character of the city. 

In order to have an overview of diarrheas in the

city, we’ve resorted to modeling. The process follows:

since surveyed suburbs were representatives of all the

city’s  suburbs,  results have been extrapolated to the 
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Fig. 2: Selected suburbs 

Table 1: Distribution of diarrhea disease, according to gender in Yaoundé

Gender Surveyed individuals Cases of diarrhea

M ale 1,564 (51.55%) 358 (81.92%)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female 1,470 (48.45%) 79 (18.08%)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variable coverage 3,034 (100%) 437 (100%)

Source: PEH survey/Childhood diarrhea in Yaoundé – IRD/CPC-2002, LDDT-2005

Table 2: Distribution of diarrhea disease among children in Yaoundé, according to age

Age group                       Diarrhea disease?

-------------------------------------------------------------------------

Yes No

06-11 months 72 351

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12-23 months 178 628

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

24-35 months 120 709

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

36-47 months 43 530

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

48-59 months 24 379

Total 437 2,597

Source: PEH survey/Childhood diarrhea in Yaoundé – IRD/CPC-2002, LDDT-2005
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Table 3: Situation of diarrheas within  the surveyed neighborhoods in Yaoundé

Neighborhoods Number of households Cases of diarrheas Percentage

        surveyed

1. Ngousso

Similar unsurvey neighbourhoods: Ntem Assi, Nkol Ebogo 118 8 6.80

2. Cité Verte

Similar unsurvey neighbourhoods: M balla IV, Mvog Ebanda 204 15 7.30

3. Ngoa Ekellé

Similar unsurvey neighbourhoods: M vog M bi, Elig Belibi 128 12 9.40

4. Essos/Kon

Similar unsurvey neighbourhoods: M endong, Olembé, Essos II 158 15 9.50

5. Obili

Similar unsurvey neighbourhoods: Oyom Abang, Dakar-Efoulan, 156 15 9.70

6. Bastos

Similar unsurvey neighbourhoods: Dragages, quartier du Lac, 40 4 10.00

Santa Barbara, Vallée de la mort, Koweit City,

7. Biyem Assi

Similar unsurvey neighbourhoods:M balla II, Les Sources, Nlongkak, 148 16 10.80

8. M imboman

Similar unsurvey neighbourhoods: Nkom Okoui, Tsinga 128 14 11.00

9. Awaé M vog M anga

Similar unsurvey neighbourhoods: Olézoa, 107 12 11.20

10. Nsam

Similar unsurvey neighbourhoods: Oliga, Eba 142 19 13.40

11. M elen/Elig Effa

Similar unsurvey neighbourhoods: Etoa M eki, Odza 164 25 15.20

12. M okolo

Similar unsurvey neighbourhoods: Emombo, 189 31 16.40

13. Elig Edzoa

Similar unsurvey neighbourhoods: Anguissa, M balla 3 149 25 16.80

14. Ndamvout

Similar unsurvey neighbourhoods: Nkolkié, Etoa M eki 151 26 17.20

15. M essa carrieres

Similar unsurvey neighbourhoods: Simbock, Oyom Abang 194 34 17.50

16. Briquetterie

Similar unsurvey neighbourhoods: Nkolzié, M bog Abang 164 29 17.70

17. Nkolndongo

Similar unsurvey neighbourhoods: Elig Belibi 146 26 18.00

18. Emana

Similar unsurvey neighbourhoods: Ahala, M essamendongo 200 38 19.00

19. Ekounou

Similar unsurvey neighbourhoods: Ekoumdoum, Nlomesseng 184 34 18.50

20. M vog Ada

Similar unsurvey neighbourhoods: Nkolbisson 164 39 23.80

3,034 437 14.40

Source: PEH survey/Childhood diarrhea in Yaoundé – IRD/CPC-2002, LDDT-2005

unsurveyed suburbs with regard to their respective

similarities. Based then on similarities observed, we

attributed the average prevalence in the surveyed

suburbs to those that were not. Choice of weighted

average is justified by the fact that number of

investigated households varies from one suburb to

another. This weighted average was obtained through

the formula: 

1 1 1 2 2 3 3 n nÓ  = (x  *á ) +(x  *á ) + (x  *á ) +… + (x *á )n

Ó : Standard mean

1x : Diarrhea prevalence within the first suburb of the

considered category 

2x  : Diarrhea prevalence within the second suburb of

the same category

3x  : Diarrhea prevalence within the third suburb of the

considered category, etc.

á : significance of the surveyed suburb in the category

to which it belongs 

n : number of suburbs considered in the n  categoryth

suburb.

This process has allowed building up figure 4

which displays the global spatial distribution of

diarrhea in the city. This figure takes into consideration

the six risks factors (among the ten) that were tested

positive i.e. associated to diarrhea incidence in

Yaoundé. Those risks factors are: socioeconomic status

of households, mother’s level of education, poor access

to safe water, little access to health care system,

mismanagement of household refuse, and inadequate

wastewater disposal. 
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Fig. 3: Chosen households for investigations

Since close linkages between diarrheas and the five

former  risks  factors have already been widely

studied , we decided to focus on the latter (i.e.[3 2-38]

wastewater handling techniques) to address how they

contribute to diarrheal occurrence in this tropical

setting. That’s why, analysis level is the contextual one

as previously explained.

Various Options for Sanitation: In this paper,

wastewater is understood as dirty water to be removed

from built up and living areas. Depending on their

sources, wastewater can originate from household,

industrial and public space. This paper is interested in

household wastewater, which comes from various

domestic uses . Considering the nature and origin of2

wastewater, it is often polluted and therefore should be

adequately collected, stored, transported and treated

before been released in the environment. Unfortunately,

Yaoundé, like many other cities in Sub-Saharan Africa,

does not have formal sanitation and sewage systems. 

As shown on table 4, various wastewater treatment

stations are no longer functioning. 

Due to the absence of appropriate sewage system

to contain urban wastewater, the majority of city3  

dwellers uses various disposal practices. These

autonomous disposal techniques are inadequate because

wastewater is channeled directly to the natural milieu

and around the living environment. Uncollected and

untreated, this household wastewater poses serious

urban environmental and health problems (Table 5). 

Wastewater in Yaoundé: High Pathogenic Risks:

Research has estimated at 65 liters and 30 liters the

daily volume of wastewater per day and for Yaoundé 
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Fig. 4: Global spatial distribution of diarrheas in Yaoundé: a modeling

Table 4: Status of some sewage systems in Yaoundé

Stations Situation Launched System type Treatment capacity Status (in service or out of service)

Grand M essa M ingoa  Basin 1967 Activated sludge 450 m3/day, for Station out of service since 1985:

with medium 4 500 inhabitants  Wastewater directed into the M unicipal

charges  Lake and M ingoa,

Yaoundé University M foundi Basin 1967 Activated sludge 500 m3/day, for Station out of service since 1982:

with low load 195 000 inhabitants  Considerable overloaded, wastewater 

directed into M elen Obili and Atemengue

lakes,

Centre Hospitalier Olézoa  Basin 1976 Activated sludge 425 m3 per day Station out of service since 1982: 

Universitaire with  low  load wastewater  discharged into the ponds of

 Ngoa Ekellé and M elen,

Cité Verte Abiergue Basin 1982 Activated sludge 1020 m3/day, for Station out of service since 1982 due to

with  low Sand 12 000 inhabitants,  poor management, mechanical

separator  equipment and electronics, were stolen,

wastewater directly diverted in the

Abiergue river,

Biyem Assi Basin of Biyeme 1984 Lagunage à Unknown Under relative operation; basin highly 

macrophytes, polluted, decanter full, damaged pipes 

and draining system

Nsam M foundi Basin Unfinished Activated sludge 5943m3/day, for Worked stopped in 1987, so never in 

with low charge, 29 014 inhabitants operation

drying of mud
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Table 4: Continue

Palais de l’Unité Basin of M foundi 1985 Activated sludge 190 m3/day, for Stopped operating. Wastewater re-

with  low load 1 150 inhabitants directed into M foundi and Tongolo rivers

Hôpital General Ntem  Basin 1988 Activated sludge 355 m3/day, for In good operating condition: C onstantly 

with low  charge, 855 inhabitants maintained

drying of mud

Lycée de Nkolbisson M efou  Basin 1989 Activated sludge 144 m3/day Out of service

with  low  load.

Hôpital de la Caisse Ebogo  Basin 1990 Activated sludge 120 m3/day In good operating condition, Constantly 

with low  load. maintained

Sources:[Field Observations, 2005][Agendia L.P. et al., 2001]

Table 5: Distribution of diarrhea according to wastewater disposal practices in Yaoundé

Disposal Practices Surveyed households percentage case of diarrhea 

Pits 502 16.57 43 (09.84 %) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gutters/Streams 2397 79.16 372 (85.12 %) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Rivers/Shrubs 129 04.27 22 (05.04 %) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Coverage 99.8 (3, 028)

Level of significance: p < 0.005

Source: PEH survey/Childhood diarrhea in Yaoundé – IRD/CPC-2002, LDDT-2005

inhabitant in high and low standing residential areas

respectively . In the absence of a sewage system to[39]

collect the waste, wastewater in Yaoundé ends up in

the open drains and in rivers. Disposed without
treatment in the nature, wastewater poses serious health

and environmental risks because the pathogenic
organisms present in wastewater directly affect health.

In Yaoundé, untreated wastewaters are unloaded in
courtyards and natural drains (Figure 5), and they

contain parasites, Coliforms (56.10 / 100 ml) and8 

entero-bacterias such as Klebsiella pneumoniae,

Citrobacter freundii, and Enterobacter cloacae. 
These micro-organisms have been found in

drinking water (Table 6), and are alleged to be the
source of diarrheas diagnosed among children since

water used for household consumption is primary
collected from wells and springs .[40]

Significant Spatial Disparities in Diarrhea: The ways

in which households handle their wastewater seem to
be closely related to the type of settlement. Suburbs

with high exposure to diarrhea incidence are informal
settlements, particularly the peri-urban areas (Table 7).

In the category of formal and planned settlements,
housing estates neighborhoods have been found the

most vulnerable. 
Additional insight into these disparities is provided

when addressing the phenomenon with regard to the
disposal techniques.

Disposal Towards Septic Tanks: Also known as

flushing toilets, this disposal technique presents a low
risk of diarrhea. Unfortunately, just a small number of

city dwellers use them. However, a higher diarrhea
prevalence associated with their use is observed in the

housing estates suburbs (such as Camp SIC Tsinga,

Cité Verte, Nlongkak), and to a certain extent in the

recent  communal  plots of Nkolndongo 1 and 2
(Figure 6). In these new developments, houses have

several water points (e.g. bathroom, kitchen, toilets,
washing areas) all connected by a drain to pits located

outside the house. The higher rates noted in these
suburbs is the result of this commonly use integrated

local network. On the contrary, this integrated system
is in short supply in slum areas where individuals are

mainly made up of jobless, street traders, and retired
people with no or low income unable to afford setting

up of this integrated sanitation system. 

Disposal Towards Gutters, Streams and Drains:
Urban dwellers in Yaoundé scarcely resort to this

practice to unload their wastewater. The higher
prevalence of diarrhea associated with this practice was

recorded only in peri-urban neighborhoods (Figure 7).
Here, households located near the streams and drains

use them to discard refuse and wastewater. These
drains and streams are dug by storm water during their

flow and they are not often maintained. They meander
between houses and run down the slopes. Once in low

lands hereby represented by ‘’U’’ shape valleys, they
quickly turned to ponds where mosquito larvae

develop. 

Use of Courtyards: Rejecting refuse within the
residential courtyard is the commonly used practice of

discarding household wastewater. All suburbs resort to
this practice, but at various degrees. In planned suburbs

where diarrhea prevalence is low, two types of
households use courtyards as their preferred method: (i)

households settled on new plots not yet connected to
the water network, and (ii) households who made their

home at the outskirts .4
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Fig. 5: Wastewater disposal towards drains and courtyards, and their proximity with wells

Table 6: M icro-organisms identified in drinking water collected from springs and wells in Yaoundé

            Springs  (n = 25)              Wells  (n = 154)

------------------------------------------------ ---------------------------------------------------------

Microorganisms frequency percentage frequency percentage

Enterobactericeae

Citrobacter freundii 6 24 93 60.39

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Eschérichia coli 7 28 29 18.83

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Klebsiella  levinea 7 28 17 11.04

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Shigella 1 4 1 00.65

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Enterobacter cloacae 7 28 36 23.39

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Klebsiella  pneumoniae 24 96 137 88.96

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Serratia 2 8 4 02.60

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Morganella morgani 3 12 12 07.79

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Proteus mirabilis&vulgaris 5 20 37 24.03

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Enterobacter aerogenes 3 12 53 34.42

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Providencia … … 4 02.60

Aerobic Bacteria

Acinetobacter baumannii 3 12 15 09.74

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pseudomonas aeroginosa 12 48 57 37.01

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pseudomonas ssp, 7 28 75 48.70

NB: As every water sample was containing more than one microorganism, data are not exclusive. That’s why we can not obtain an aggregate

100%.

Source: PEH Survey/Microbiological survey on drinking water in Yaoundé - LDDT-2005

35



Res. J. Medicine & Med. Sci., 4(1): 26-41, 2009

Table 7: Distribution of diarrheas according to suburbs and wastewater disposal methods in Yaoundé 

Disposal methods 

Residential suburbs: households pits/latrines Gutters/courtyards drains/shrubs

-------------------------------------------- case of diarrhea case of diarrhea case of diarrhea 

Number surveyed percentage 

Wealthy residential neighborhoods 352 11,62 16 (04,54%) 12 (03,40%) 3 (00,85%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Housing estates 304 10,04 5 (01,64%) 35 (11,51%) 1 (00,32%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Communal plots 158 05,22 3 (01,80%) 8 (05,06%) 1 (00,63%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

central spontaneous neighborhoods 477 15,75 4 (00,83%) 88 (18,44%) 2 (00,42%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sub-central spontaneous neighborhoods 1 162 38,37 7 (00,60%) 157 (13,51%) 11 (00,95%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Peri urban neighborhoods 342 11,30 6 (01,75%) 50 (14,62%) 1 (00,29%) 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Semi rural neighborhoods  233 07,70 2 (00,86%) 22 (09,44%) 2 (00,86%) 

Level of significance: p < 0.002

Source: PEH survey/Childhood diarrhea in Yaoundé – IRD/CPC-2002, LDDT-2005

Fig. 6: Distribution of diarrheas according to wastewater disposal towards septic pits: a modeling
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Fig. 7: Distribution of diarrheas according to wastewater disposal towards drains and gutters: a modeling 

However, diarrhea prevalence is high in old

communal suburbs such as Nkomkana, Mballa IV, and
highest in informal areas, because of absence of

adequate sanitation systems (Figure 8). Many
households simply dump their wastewater in the

courtyard. This is the case in centrally located slums
like Mvog Mbi, in peri-urban slums like Etoa Meki,

and in semi rural suburbs like Mballa III and Bilono.
Wastewater dumped in courtyards is channeled out

through small natural and artificial drains. One of the
main concerns is that the ‘individualistic’ drain system

only assists individual households to avoid, reduce and
shift their harmful effects to the neighbor. These drains

therefore disregard neighbors’ needs and the
environment, and expose the community at large.

Beyond these individual drains, lack of a coordinated

sewage system (i) is one of the health concerns, (ii)

has a harmful effect on the relationship between
neighbors, (iii) and negatively impacts the community

at large and the environment. The problem is less
severe in households located on slopes than those

settled in lowlands where stagnated wastewater is a
fertile ground for parasites, flies and mosquitoes which

are vectors of water-borne diseases. This partly
explains the high diarrhea prevalence in centrally

located slums mostly located in marshy valleys and
lowlands. 

The situation in households located near to gutters
is of serious concern, partly because drains and gutters

are their main wastewater dumping ground. During the
dry season, water is stagnant because solid waste

obstructs gutters and drains. This situation prevails until 
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Fig. 8: Distribution of diarrheas according to wastewater disposal in the courtyard: a modeling

storm water can carry the putrid wastewater in
lowlands, streams, rivers, lakes and ponds. Therefore,
considered as temporary solutions, these individual
wastewater discharge practices finally appear to be
serious health hazards and risks for human and the
environment. Due to the accumulation of wastewater in
hydrophobic soils, open drains are fertile ground for
the proliferation of micro-organisms and nematodes
eggs which contribute to development of parasitic
diarrheas in the city. 

Conclusion:
Improving Urban Living Space and Conditions: 
This research had two main objectives: first, to assess
how wastewater management impacts on the diarrhea
prevalence in Yaoundé; second to map out spatial

variation in diarrhea prevalence. From this, several
lessons can be drawn. 

From a methodological view point, analysis of
inadequate handling of wastewater as a risk factor
associated with diarrheas is a proof that a public health
study at urban districts scale is relevant and useful in
tropical urban settings.  Such study is urgently required
to disaggregate urban health information into smaller
and manageable districts so as to guide local decision
making on urban health. In health planning, knowledge
of intra-urban vulnerability to diarrheal diseases can be
useful for setting suitable and effective strategies for
disease and health intervention strategies that are able
to  ad eq ua te ly add ress  ne ighb orhood  hea lth
determinants.
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From a conceptual view point on the urbanization

process, we can state while many failures in ongoing

policies are contributing to the poor management of the

current African urbanization, it is time to articulate

urban policies that strike a balance between socio-

economic situations of urban dwellers and cultural local

realities.  The existence of this gap in African local

urbanity was mentioned in Abidjan- Ivory Coast (41).

Moreover, these policies must also extend services in

order to reduce disease risks in less-equipped

neighborhoods. In combination with healthy settlements,

the adequate distribution of services can reduce

occurrence and diffusion of diseases. 

From the social epidemiology point of view

particularly the risk factors considered i.e. wastewater

sewage methods, this study clearly illustrates the

linkages between rapid urbanization, pathology and

health outcomes for urban dwellers and the

environment. The contextual approach used in this

study has clearly demonstrated that suburbs have

various degrees of diarrhea prevalence. As shown in

figures 2, 3, and 4, risk factors are unequally

distributed across urban space. Unlike claims in

literature, our research goes to show that in many

tropical cities, urban problems are unequally distributed

within and between the neighborhoods. 

This study has also highlighted the location of

urban populations more vulnerable and expose to

diarrhea diseases, as well as the association with the

way in which household wastewater is managed. Such

information is useful to support health professionals

and urban stakeholders’ decision to improve living

condit io ns  in  the  c ity. C learly, addressing

environmental risk factors will contribute to find

solutions to healthy and hazard-free urbanization. In

fact, it emerges from this study that health risks to

which Yaoundé inhabitants are exposed originate more

from social and environmental conditions than from

stringently medical or clinical circumstances. Therefore,

social and environmental considerations should be at

the fore of possible solutions to work with local

population to achieve a sustainable and healthy

urbanization. From our field observations, four

constraints curtail the city’s future development: (i) the

demography, whose rapid growth attenuates urban

authorities’ efforts to meet the need of a growing

population; (ii) the fact that land tenure is not clearly

defined and consequently reduces the efforts of

individuals as well as local authorities from developing

and providing urban infrastructure and services; (iii) the

absence of a urban development policy; and (iv) lack

of vision, of funding and of implementation. Thus, to

improve city management, policy makers must take

into consideration the following two main aspects:

First, developing appropriate town planning responses

i.e. clear land tenure regulation, formulation and

implementation of a housing policy and standard,

upgrading existing spontaneous settlements. Second,

involving city-dwellers in the daily management of

their city.  

Endnotes: 

1. M acroscopic and microscopic laboratory

examinations were conducted on each feces sample

to distinguish between liquid feces which could be

symptoms of food or drug intolerance and diarrhea

feces. The examinations also ensure that selected

samples fit within the operational definition of

diarrhea that we adopted, namely: quantity (greater

than usual liquid-like feces), texture (soft, emission

in larger quantity of liquid, soft or pale), duration

(3 to 5 days consecutive), colic and fever. 

2. That is, water from washing cutlery, clothes, floor,

cars, meals preparation, etc.

3. It was estimated that in 2000, 87 percent of the

1,500 ,000  inhab itants used  self-sanitation

techniques. 

4. It is worth noting that even in wealthy residential

neighborhoods, land owners should make

arrangement for individual water and electricity

connections and systems. Often, new land owners

start and may complete construction of the

dwelling without basic services. Water and

electricity are ‘sub-leased’ or bought from the

neighbors. This situation can exacerbate when new

owners lack financial resources, or when services

providers like water and electricity are slow. 
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