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[ wish
to give an account
of the kinds of waters,
namely,
of such as are wholesome
and such as are unwholesome,
and
what bad
and
what good effects
may be derived from water;
for water contributes
much towards
health.

Hippocrates
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Mosquitoes and Maladies among Men using Marshes. Summary

Worldwide, the pressure on the most precious resource of all - water - is increasing. In
environments where water is scarce, as is the case in semiarid areas in rural East Africa,
fragile wetland ecosystems are increasingly being tapped in order to combat food insecurity
and to provide important life-support systems in otherwise uninhabitable landscapes. It is
this extensive use, however, which makes their interaction troublesome in terms of health
outcomes, given that wetlands are known sources of disease-causing microorganisms and
invertebrates (Anthonj et al. 2016, Derne et al. 2015). Thus, wetlands are not only a blessing,

but may also be a curse.

Assuming that people using marshes for different purposes are at different risk of
contracting water-related infectious diseases while at the same time being highly dependent
on staying physically healthy in order to maintain their livelihoods from the natural
resources provided by the wetlands, this study addresses the ramifications of wetland use
and disease exposure by presenting a case study from the Kenyan Ewaso Narok Swamp. The
floodplain of the semiarid East African highlands, a point of concentrated anthropogenic
activities, served for investigating the four most prominent wetland user groups, namely
smallholder and commercial farmers, pastoralists and people working in the service sector.
Mixed methods were adopted and included a cross-sectional survey and observational
assessment (n=400), as well as in-depth interviews with the target population (n=20), key
informants and experts (n=8). Special attention was directed to malaria, onchocerciasis,
typhoid fever, diarrhoeal diseases, trachoma and schistosomiasis, with these diseases
representing the four categories of water-related disease transmission as defined by
Bradley (1974).

The grounded theoretical model shows that different wetland uses entail different health
risk factors. Exposure to infectious agents depends upon the type of use, occupational
characteristics, time and duration spent in wetlands. Water-related infectious disease
transmission is mostly driven by the intensity of users’ physical contact to water,
characteristics of pathogens and vectors of disease. Whereas several publications have
linked crop production to the contraction of diseases, fewer are available on health risks

identified with the use of domestic water or with pastoralism in wetlands.

Health risk assessments from the Ewaso Narok Swamp relating syndromic surveillance of
self-reported abdominal complaints, fever, skin and eye conditions of wetland users to
multiple risk factors in descriptive, univariate and multivariate analyses reveal that the
contraction of diseases mainly takes place in the domestic domain, whereas the
occupational risks play a minor role in the investigated population. Unsafe water sources,
little or discontinuous water supply, inadequate sanitation and poor hygiene, as well as poor
environmental hygiene (WASH) are high risk factors. Safe water supply, good sanitation and

frequent cleaning of latrine, as well as frequent handwashing, on the other side, are the main
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protective factors, and so are the prevention of stagnant water near the home and the use of
mosquito bed nets. Besides human behavioural practices in the domestic domain, cultural
aspects and health beliefs mattered in the exposure as well as the prevention of any sort of

water-related infectious diseases.

Perceptions of the people in and around the Ewaso Narok Swamp revealed that the
awareness level towards water-related health risks, the connections between wetlands and
adverse health effects and the environment-animal-human health nexus is generally high.
Particularly unsafe water, inadequate sanitation, poor hygiene and environmental pollution
were being regarded as responsible risk factors for infectious diseases, in particular for
diarrhoeal diseases and typhoid fever. Moreover, the wetlands’ water resources providing
mosquito breeding sites were rated as harmful and exposing users to malaria. The presence
of neglected tropical diseases in such environments was perceived as a challenge to public
health. Occupational factors, such as the use of pesticides in agricultural crop production
and environment- and climate-related features were widely perceived risk factors as well,

but understood as way less hazardous than risks in the domestic domain.

Differences between different user groups became apparent in terms of health-related
behaviour, actual health risks and health risk perceptions. Farmers rather find irrigation
practices risky, fear mosquitoes on their fields, as well as the effects of agrochemicals used.
As the statistical analyses reveal these concerns are justified, as they actually expose to
diseases. Adapted to these perceptions and their occupational characteristics, the farmers
are more likely to use protective gears during their field work. The pastoralists perceive
unsafe and lacking WASH as risky, unhygienic environments and the presence of flies. All
these factors are very pronounced in their nomadic living environments (which at the same
is their workplace) due to the remoteness of their homesteads and the proximity to their
livestock - and indeed increasing their risk of contracting eye conditions. The service sector
workers have a comparably low perception on health risks arising from wetland use
compared to the other groups, which is not surprising. Neither do they live close the Ewaso
Narok Swamp, nor do they use or depend upon it for the maintenance of their livelihoods.
Therefore, they lack experience of and exposure to risks associated with the marsh.

The relevance of these ramifications results from the growing population, increasing use
and modification of wetlands in East Africa, all of which accelerate the pollution of wetlands,
as well as the presence and proliferation of pathogens, with the users’ behaviour
determining their risk of contracting diseases. The most efficient way in breaking the
transmission routes is the safe water, adequate sanitation and good personal and
environmental hygiene. This study from the Ewaso Narok Swamp, however, reveals that
WASH is highly insufficient for large parts of the wetland users, lagging far behind the
nationwide average for rural populations in the Republic of Kenya. Thus, even though the

users understand the situation and risks that come along with inadequate WASH: as long as
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improved infrastructure and options are lacking, the prevention of diseases in wetlands will
remain difficult. Wetlands expose their users to different water-related infectious diseases,
while at the same time the necessary infrastructure to stay healthy or get adequately treated
is not sufficiently provided. This transforms wetland use and disease exposure into an
enhancing vicious circle with transmission routes difficult to be disrupted and with risk
perceptions only limitedly mattering as long as options to proactively act or to react are not

in place.

This study points to wetlands as being a two-sided coin, acting as a driver for development,
but also as an impediment in terms of human health. The inhabitants of wetlands gain water,

nutrition and food security, but pay a high prize and ill-health in return.

As falling ill impairs the users” (agricultural) productivity and quality of life, it is crucial to
integrate the framework on use-related disease exposure into wetland management
activities and the concept of wise wetland use (Horwitz et al. 2012), health education
programmes and disease prevention and control strategies. Such would present good
starting points for a health-adapted wetland management, which is of crucial importance,
given the peculiarities of such fragile vulnerable ecosystems as are semiarid wetlands. Along
with findings from the other studies conducted within the GlobE Wetlands in East Africa
project, the results from this work have been integrated into a holistic Health Impact
Assessment guidance document for wetlands. Besides, the results may contribute to the
health and environmental sustainability targets of the United Nations Sustainable

Development Agenda.



Miicken und Krankheiten bei Menschen in Feuchtgebieten.
Zusammenfassung

Weltweit steigt der Druck auf die Kostbarste aller Ressourcen: Wasser. In Regionen, die
unter Wasserknappheit leiden, wie es vor allem in semiariden Gebieten des ldandlichen
Ostafrikas der Fall ist, werden zur Gewahrleistung der Nahrungssicherheit und fiir wichtige
Lebenserhaltungssysteme zunehmend fragile Feuchtgebietsokosysteme in andernfalls
unbewohnbaren Landschaften erschlossen. Dass Feuchtgebiete bekanntermafien Quellen
von Krankheitserregern sind (Anthonj et al. 2016, Derne et al. 2015), lasst die menschliche
Nutzung und Interaktion gesundheitlich problematisch werden. Damit sind Feuchtgebiete

Segen und Fluch zugleich.

Ausgehend von der Annahme, dass einerseits unterschiedliche Nutzungsarten
unterschiedliche Expositionsrisiken gegeniiber wasserbezogenen Infektionskrankheiten mit
sich bringen, wiahrend andererseits die Nutzung solcher Okosysteme einen guten
allgemeinen Gesundheitszustand voraussetzt, befasst sich diese Studie mit den
Zusammenhangen zwischen Feuchtgebietsnutzung, Krankheitsexposition und -last. Die
Uberschwemmungsebene Ewaso Narok Swamp im semiariden kenianischen Hochland, ein
Zentrum verstarkter anthropogener Aktivitdt, diente als Untersuchungsgebiet, in dem vier
Nutzergruppen untersucht wurden: Kleinbauern, kommerziell arbeitende Bauern,
Pastoralisten und im Dienstleistungssektor tiatige Menschen. Ein ,mixed method‘ Ansatz
wurde angewandt, welcher eine Querschnitts- und Beobachtungsstudie (n=400), sowie
Leitfadeninterviews mit der Zielbevolkerung (n=20), Schliisselpersonen und Experten (n=8)
beinhaltete. Ein besonderes Interesse galt den Infektionskrankheiten Malaria,
Onchozerkose, Typhus, Durchfall, Trachom und Schistosomiasis, welche die vier Kategorien
wasserbezogener Krankheitsiibertragung nach Bradley (1974) reprasentieren.

Die gegenstandsbezogene Theoriebildung dieser Studie zeigte, dass unterschiedliche
Feuchtgebietsnutzungen unterschiedliche Gesundheitsrisikofaktoren beinhalten und dass
die Exposition gegeniiber Infektionserregern von der Art der Nutzung, Besonderheiten im
Arbeitsalltag und der im Feuchtgebiet verbrachten Zeit abhingt. Die Ubertragung
wasserbezogener Infektionskrankheiten ist insbesondere durch die Intensitit des
physischen Kontakts der Nutzer mit Wasser, durch Pathogeneigenschaften und durch
Vektoren bestimmt. Wahrend einige frithere Publikationen Landwirtschaft in
Feuchtgebieten mit Krankheiten in Verbindung gesetzt haben, identifizierten nur wenige
Veroffentlichungen Gesundheitsrisiken, die mit der hauslichen Wassernutzung oder mit

Pastoralismus in Feuchtgebieten einhergehen.

Im Rahmen der Risikoabschiatzungen aus dem Ewaso Narok Swamp, bei der

Syndromiiberwachungen selbstberichteter Abdominalbeschwerden, Fieber, Haut- und

Augenerkrankungen der Feuchtgebietsnutzer im Rahmen deskriptiver, univariater und

multivariater Analysen mit zahlreichen Risikofaktoren in Verbindung gesetzt wurden,
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konnte gezeigt werden, dass die Ubertragung von Krankheiten in der untersuchten
Bevolkerung insbesondere im hauslichen Umfeld stattfindet, wahrend arbeitsbezogene
Risiken eine eher untergeordnete Rolle spielen. Unsichere Trinkwasserquellen, eine geringe
oder unterbrochene Wasserversorgung, unzureichende Sanitdrversorgung sowie
mangelhafte personliche und Umwelthygiene (WASH) bildeten wichtige Risikofaktoren.
Eine sichere Wasser- und Sanitdrversorgung, das regelmdfdige Reinigen von
Sanitdreinrichtungen und regelméfiiges Handewaschen dagegen erwiesen sich als
herausragende protektive Faktoren, ebenso wie die Vermeidung stehender Gewasser im
hduslichen Umfeld und die Nutzung von Moskitonetzen. Neben hauslichen
Verhaltenspraktiken spielten aufderdem kulturelle Aspekte und die vorherrschenden
Gesundheitsvorstellungen eine wichtige Rolle sowohl in der Exposition gegeniiber, als auch

in der Pravention von jeglicher Art wasserbezogener Infektionskrankheiten.

Die Wahrnehmungsstudie offenbarte, dass die Bevolkerung im und um den Ewaso Narok
Swamp tliber ein ausgepragtes Bewusstsein bezliglich wasserbezogener Gesundheitsrisiken,
der Verbindung zwischen Feuchtgebieten und negativen Gesundheitseffekten und dem
Nexus von Umwelt-, Tier- und menschlicher Gesundheit verfiigt. Vor allem die unsichere
Wasser- und Sanitarversorgung, schlechte Hygiene und Umweltverschmutzung wurden als
verantwortliche Risikofaktoren fir Infektionskrankheiten, v.a. fiir Durchfallerkrankungen
und Typhus, benannt. Dartiber hinaus wurden die Moskitobrutplatze in Feuchtgebieten als
gefdhrlich bewertet, v.a. in Bezug auf Malaria. Das Auftreten vernachlassigter
Tropenkrankheiten wurde als Herausforderung fiir die 6ffentliche Gesundheit thematisiert.
Arbeitsbezogene Risikofaktoren, wie die Nutzung von Pestiziden in der Landwirtschaft
sowie umwelt- und klimabezogene Aspekte wurden ebenfalls als Risiken wahrgenommen,

jedoch im Vergleich zu hauslichen Risiken als weit ungefahrlicher wahrgenommen.

Unterschiede zwischen den Nutzergruppen wurden in Bezug auf ihr Gesundheitsverhalten,
ihr abgeschatztes Risiko und ihre Risikowahrnehmung ersichtlich. Die Bauern
beispielsweise erachteten insbesondere Bewasserungspraktiken, Moskitos auf ihren
Feldern und die Wirkung von Agrochemikalien als risikoreich - Bedenken, die sich in den
statistischen Analysen als berechtigt zeigten. Passend zu diesen Wahrnehmungen und
arbeitsbezogenen Risiken trugen Bauern eher Schutzkleidung wahrend ihrer Feldarbeit. Die
Pastoralisten sahen in der wunsicheren und nicht vorhandenen Wasser- und
Sanitdrversorgung, in mangelnder personlicher und Umwelthygiene und dem
Vorhandensein von Fliegen Gesundheitsrisiken - Gegebenheiten, die in ihrem nomadischen
Lebensumfeld (das gleichzeitig den Arbeitsplatz bildet) durch die Abgelegenheit ihrer
Hiitten und die Nahe zu Vieh sehr ausgeprigt sind und tatsachlich auch das Risiko von
Augenerkrankungen verstarken. Die im Dienstleistungssektor beschiftigten Befragten
dagegen nahmen Gesundheitsrisiken durch die Nutzung von Feuchtgebieten nur in
vergleichsweise geringem Mafe wahr, was nicht liberraschend ist, da sie weder in der Nahe

des Ewaso Narok Swamp leben, noch auf diesen zur Erhaltung ihrer Lebensgrundlage
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angewiesen sind. Aus diesem Grund fehlt ihnen die Erfahrung mit und die Exposition

gegeniiber Risiken, die mit dem Feuchtgebiet assoziiert sind.

Die Relevanz dieser Zusammenhdnge ergibt sich aus der wachsenden Bevolkerung, sowie
der steigenden Nutzung und Modifikation von Feuchtgebieten in Ostafrika, welche die
Verschmutzung dieser Okosysteme und die Verbreitung von Pathogenen verstirkt. Dabei
determiniert das Verhalten der Nutzer deren Risiko, krank zu werden. Wie diese Studie
zeigt, sind sichere Wasser- und Sanitidrversorgung sowie gute personliche und
Umwelthygiene die effizientesten Mafinahmen zur Durchbrechung der Ubertragungswege.
Diese Studie aus dem Ewaso Narok Swamp offenbart aber auch, dass die Wasser- und
Sanitdrversorgung von Feuchtgebietsnutzern weit hinter dem nationalen Durchschnitt
landlicher kenianischer Bevolkerung zuriickliegt. Obwohl die Nutzer die Situation und die
Risiken verstehen, die mit diesem Mangel einhergehen: Solange verbesserte Infrastruktur
fehlt, wird die Pravention von Krankheiten in Feuchtgebieten nahezu unméglich bleiben.
Entsprechend exponieren Feuchtgebiete ihre Nutzer gegeniiber verschiedenen
wasserbezogenen Infektionskrankheiten, ohne dass gleichzeitig die notwendige
Infrastruktur verfiigbar ist, um diese zu verhindern oder zu behandeln. Diese Verbindungen
verwandeln Feuchtgebietsnutzung und Krankheitsexposition in einen Teufelskreis, dessen
Ubertragungswege schwer durchbrochen werden kénnen und deren Wahrnehmung ohne
Konsequenzen bleibt, solange keine Handlungsoptionen existieren.

Feuchtgebiete  wirken somit gleichzeitig als Entwicklungsmotor und als
Entwicklungshindernis. @ Die = Bewohner erhalten Wasser als Lebens- und
Nahrungssicherungsgrundlage, bezahlen dafiir aber einen hohen Preis zulasten ihrer
Gesundheit.

Erkrankungen beeintrachtigen die (landwirtschaftliche) Produktivitit und die
Lebensqualitit der Nutzer. Aus diesem Grund ist es wichtig, das Modell der
nutzungsbezogenen Krankheitsexposition in Aktivititen des Feuchtgebietsmanagements
und das Konzept der nachhaltigen Feuchtgebietsnutzung (Horwitz et al. 2012),
Gesundheitsaufklarungsprogramme und Praventions- und Kontrollstrategien zu integrieren.
All das sind sinnvolle Ansatzpunkte fir ein gesundheitsforderndes
Feuchtgebietsmanagement, welches hinsichtlich der Besonderheiten solcher fragiler und
vulnerabler Okosysteme in semiariden Gebieten mit héchster Wichtigkeit behandelt werden
sollte. Gemeinsam mit den Erkenntnissen anderer im Rahmen des Projekts GlobE Wetlands
in East Africa realisierter Forschungsprojekte wurden Ergebnisse dieser Studie in ein
holistisches Health Impact Assessment Dokument flir Feuchtgebiete integriert. Desweiteren
dient diese Studie als Beitrag zur Erreichung der Gesundheits-, Umwelt- und

Nachhaltigkeitsziele der Agenda fiir Nachhaltige Entwicklung der Vereinten Nationen.
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1 GENERAL INTRODUCTION: WETLANDS AND DISEASES

1.1 Wetlands: Meaning and implications on health

Worldwide, the pressure on the most precious resource of all - water - is increasing. As
populations are growing and need to be fed, water becomes ever more essential for survival.
From a safe distance and environments where access to water is natural, one would only be
limitedly be concerned. However, in environments, where water is scarce, the picture is
different: fragile ecosystems need to be tapped for the water resources that they provide in
order to combat food insecurity. This is the case in many East African settings, especially in
rural semiarid areas. There, wetlands often constitute the only water resources; providing
water free of charge, in otherwise uninhabitable landscapes (Dixon and Wood 2003,
Finlayson et al. 2015, Horwitz et al. 2012, McCartney and Rebelo 2015, Silvius et al. 2000).

o

Source: Nicol et al. (2015)
Figure 1: The meaning and use of wetlands

Wetlands constitute a resource of great economic, social, cultural, and recreational value!
(Ramsar 19712, Sakané et al. 2011). Such ecosystems fulfil diverse ecological functions, have
direct and indirect benefits, and provide fundamental ecosystem services (Horwitz et al.
2012, Hughes and Hughes 1992, Turner et al. 2000). On a regional and local level, they are
extraordinarily important life-support systems that are beneficial places from which
individuals, communities and populations derive their livelihoods (Finlayson et al. 2015,
Horwitz et al. 2012, Horwitz and Finlayson 2011, MEA 2005a, Mitchell 2013, MEMR 2012,
Rebelo et al. 2010).

1 The value of wetlands is widely recognized. To protect wetlands, the Ramsar Convention promoted the wise use of
wetlands through local and national actions and international cooperation.

2 The Ramsar Convention on Wetlands (Ramsar 1971) is an intergovernmental environmental agreement that
embodies the commitments of its member countries to maintain the ecological character of their wetlands of
international importance and to plan for the ‘wise use’, or sustainable use, of all of the wetlands in their territories.
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Wetlands are being traded as food baskets with an immense productive potential, attracting
people by promising abundant water resources, food security, land, ecosystem services and
prosperity (Amler et al. 2016, McCartney and Rebelo 2015, Silvius et al. 2000). As a
consequence, such ecosystems are becoming subject to increasing in-migration and
extensive use: for agriculture, livestock farming and pastoralism, fishery, the collection of
natural materials, the extraction of surface water for domestic use and drinking. It is this
extensive use, however, both occupational and domestic, which threatens to deplete the
capacities of wetlands, making them become more and more ‘unhealthy’, contributing to the
degradation and contamination of water. The high dependence towards wetlands and the
exposure to water makes the users’ interaction with wetlands troublesome in terms of
health outcomes, given that wetlands are known sources of disease-causing microorganisms
and invertebrates (Anthonj et al. 2016, Derne et al. 2015). Coupled with the degradation of
water resources, the field for the contraction of diseases is opened. Thus, wetlands are not
only a blessing, but may also be a curse.

Human health depends on the interaction between humans and their surrounding physical,
chemical and biological environments (Cook and Speldewinde 2015, Myers et al. 2013,
Parkes and Horwitz 2009). Or, as formulated by Stevens (2010), ‘human well-being requires
a healthy environment, local and global, to be well in’. This, in turn, means that environments,
if not healthily and sustainably used, can adversely affect human health. Now what about
wetlands and marshes? As long as these ecosystems are sustainably used, the health
benefits might outweigh the health threats. The extent to which the good outweighs the bad
commonly depends on site-specific factors including exactly how people interact with
wetlands and how wetlands are managed (McCartney and Rebelo, 2015). But again, where
pressure on and multiple use of water resources involve the degradation of water quality
and quantity (Berthe and Kone 2008, Beuel et al. 2016, Finlayson et al. 2015, Horwitz et al.
2012, MEA 2005a;b, Mulatu et al. 2015, Rebelo et al. 2010, Skov 2015), water-related
disease contraction in wetlands may not be underestimated as a public health threat (Dale
and Connelly 2012, Derne et al. 2015, Patz and Confalonieri 2005). According to Johnson
and Paull (2011), freshwater environments play multiple roles in disease relationships,
often functioning as reliable points of species interaction and pathogen exchange between
terrestrial and aquatic organisms. Human exposure to pathogens in wetland settings can be
categorized according to exposure through the service provided, e.g. drinking contaminated
wetland water, and, where services are eroded, the conditions giving rise to exposure, e.g.
mosquito habitats favoured by modification of the wetland (Horwitz and Roiko 2015) and
the variable risks arising according to the season (Finlayson 2011, Hongo and Masikini
2003, Neogi et al. 2014).



1.2 Epistemological interest, research gaps and research objectives

One can easily hypothesize that people using wetlands for different purposes might be at
different risk of contracting diseases. Given the immense importance of these ecosystems
for their users, whose livelihoods are dependent upon their interaction with water
resources, and who depend upon being physically healthy in order to maintain their
livelihoods from the natural resources provided by the wetlands, this is a vital aspect in
terms of health and wetland management. However, despite the extensive use of wetlands in
East Africa, the literature base is not very broad, case studies are lacking and little is known
about use-related disease exposure. Therefore, this study aims at helping to fill the
knowledge gap on contracting diseases in East African wetlands, which is likely more
complex than just being close to water and potentially exposed to pathogens. Besides the
type of use and associated risk factors, what might also matter are health knowledge and
perceptions of disease transmission pathways. Risk perceptions reflect the subjective
judgements towards health hazards and therefore play a pivotal role in health risk
behaviour, influencing the health protection and actual exposure to diseases. As such human
behavioural practices have the potential of increasing or reducing health risks and the
contraction of diseases, they are subject to investigation as well. Besides, the available
infrastructure, socioeconomic status, cultural and other factors might play a role in the
exposure to and transmission of diseases. Since wetlands are not really made for humans to
live in and instead are desired by wetland managers to be under nature conservation, it can
be assumed that such ecosystems per se are not well equipped and even ‘underserved’ when
it comes to human health infrastructure: This likely applies both to health-protective
options and to healthcare provision. The provision of safe water, a precondition for human
health, may be limited, waste management unavailable, sanitation insufficient. Health
facilities might be distant and difficult to access and this may affect the health-seeking
behaviour of those suffering from ill-health. Thus, the coverage and access to water,
sanitation and hygiene and health infrastructure will be part of this study also. The
preliminary consideration is that different wetland uses expose to different diseases in
wetlands, while at the same time, the necessary infrastructure to stay healthy or get treated
is not provided. If that is really the case is elaborated in this case study from the Kenyan
Ewaso Narok Swamp, a floodplain of the semiarid East African highlands (Becker 2013).

In order to shed more light on the ramifications of wetland use and disease exposure, three

main objectives will be followed by various methods (Table 1):

1. Identifying water-related infectious diseases that can be present in wetlands and
associating them with the most prominent wetland uses.
2. Assessing health risks arising from wetland use and link it to the users’ health-
related behaviour.
3. Estimating the level of health knowledge and health risk perception towards these
diseases by wetland users in the Ewaso Narok Swamp.
3



Table 1: Operationalization of the research question and activities

Objectives and sub-questions Sources Methods used Addressed in

Objective 1: To identify water-related infectious diseases that can be present in wetlands and associate them with different uses.

* Which water-related diseases can be present in wetlands?

= In what way is malaria linked to wetlands? International Systematic literature review

= In what way is schistosomiasis linked to wetlands? research journals

= In what way is onchocerciasis linked to wetlands?

* In what way are diarrhoeal diseases linked to wetlands? Chapter 1.4.5
* In what way is typhoid fever linked to wetlands? Chapter 3

* In what way is trachoma linked to wetlands?

= Are wetland-related diseases a question of wetland use?

= Does the use of wetland water for domestic purposes expose to the diseases?
= Does the use of wetlands for crop production expose to the diseases?

* Does the use of wetlands for pastoralism expose to the diseases?

= Does the use of wetlands for fishery expose to the diseases?

= Does the collection of building materials in wetlands expose to the diseases?
* Does the use of wetland water for domestic purposes expose to the diseases?

Objective 2: To assess health risks arising from wetland use and link it to wetland users’ health-related behaviour.

» What is the self-reported burden of disease of wetland users? Individuals Household survey

» Does the self-reported burden of symptoms differ between different user groups? Experts Observational assessment

= What are potential reasons for different groups being exposed to different symptoms? In-depth interviews Chapter 43
= What is the wetland users' domestic water, sanitation and hygiene situation like? Feedback meeting

= How do wetland users behave towards health and disease?

Objective 3: To estimate the level of health knowledge and health risk perception among wetland users.

» What is the wetland users' level of knowledge on wetland-related diseases? Individuals Household survey
* Does the health knowledge differ between different user groups? Experts In-depth interviews Chapter 5
» Do wetland users know about potential health risks in wetlands? Feedback meeting

= Does the health risk perception related to wetlands differ between different user groups?

3 Parts of this chapter have been published (Anthonj et al. 2016).




The investigation of water-related diseases, health risk perception and behaviour in the
Ewaso Narok Swamp, Kenya was part of the project ‘GlobE Wetlands in East Africa -
reconciling future food production with environment protection’, funded by the German
Federal Ministry of Education and Research*. The multilateral research project aimed at
assessing ‘the status quo of wetlands’ contribution to food security and the sustainability of
current wetland uses along climatic and social gradients’ in Kenya, Tanzania, Uganda and
Rwanda (Map 1). Besides this present PhD thesis, numerous other studies were carried out
under the multidisciplinary GlobE project, covering environmental, economic and social
aspects related to wetlands>®.

m"".“..lll.

Map 1: GlobE Wetlands in East Africa project region

One topic of special consideration was the human health impact of wetlands (Becker 2013),
delivering an understanding about public health aspects associated with wetland
ecosystems by

4 Further reading at https://www.wetlands-africa.de/ (grant number FKZ 031A250).
5 In this thesis, fellow colleagues’ research projects are cited where relevant and applicable.
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» Development of a tool for health assessment

= Assessment of physical health aspects

» Assessment of mental and social health aspects
» Wetland malaria risk assessment

* Guidance for health-sensitive wetland management

Relating to the requirements of the work package human health impacts of wetlands, this
present PhD project started in November 2013 with the aim of assessing physical health
aspects in wetlands. Since wetlands are increasingly used for agricultural production
worldwide and especially in East Africa, and since agricultural production demands physical
strength and good health of farmers, the researcher decided to concentrate her work on
potential adverse health effects arising from wetland use. A preliminary focus was set on

water-related health risks and diseases.

1.3 Introduction to the research context

1.3.1 The Republic of Kenya: wetlands, people and health

Kenya is located in East Africa immediately at the equator at latitudes of 6°S to 6°N, covering
an area of about 590,000 km? (UN 2014¢). Kenya borders Tanzania to the South, Uganda to
the West, the South Sudan to the North West, Ethiopia to the North, and Somalia to the East,
as well as the Indian Ocean. The administrative structure divides the Republic of Kenya into
seven provinces and one area via Central, Coast, Eastern, Nairobi Area, North Eastern,
Nyanza, Rift Valley, and Western with Nairobi being the administrative capital of the
country. Kenya’s terrain is very diverse; the topography rises from the coastal plains to the
Eastern edge of the East African Plateau, and the Great Rift Valley.

The climate within the country is diverse and tropical along the coast line, but moderated by
the diverse topography in the West of the country and arid in the interior part of the
country. The central highland regions are substantially cooler than the coast, with the
coolest (highest altitude) regions at 15°C compared with 29°C at the coast. Temperatures
vary little throughout the year. Seasonal rainfall in Kenya is driven mainly by the migration
of the Inter-Tropical Convergence Zone influenced by the El Nifio Southern Oscillation
phenomenon. There are two distinct rainy seasons, the ‘short’ rains in October to December
and the ‘long’ rains in March to May with an average rainfall of 50 to 200 mm which varies
greatly, exceeding 300mm per month in some localities. The onset, duration and intensity of
these rainfalls also vary considerably from year to year (McSweeney et al. 2012). The
variations in rainfall result in flooding or drought which has a strong impact on agricultural

production.

6 Country statistics and official UN data available at http://data.un.org/CountryProfile.aspx?crName=kenya.
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The hydrography of Kenya is subdivided into six major basins, namely the Lake Victoria
North, Lake Victoria South, Rift Valley, Ewaso Ng'iro, Tana and Athi basins. Transboundary
wetlands include Lake Victoria, Lake Turkana, Lake Jipe, Lake Chala as well as the Mara
River’. Owing to its diverse geography, Kenya is endowed with a variety of wetland types
that range from riverine, lacustrine, palustrine, estuarine, marine, to human-made. Wetlands
are the most physically and chemically heterogeneous of all aquatic ecosystems in the
country. Wetland reserves make up approximately 3-4 % of the Kenyan surface area, which
corresponds to about 14,000 km?, fluctuating in size according to the season (Amler et al.
2015, MEMR 2013).

In recent years, more and more natural wetlands have been transformed into agriculturally
used and irrigated land. The Government of Kenya is keen to achieve a balance between
utilization and conservation of the environment for a sustainable socioeconomic
development and a healthy environment as stated in the Vision 2030 (GoK 2007). Though in
some wetlands the guidelines provided by the Ramsar Convention are implemented, about
80% of the wetlands are not seriously conserved or sustainably used. No comprehensive
wetlands policy is available and degradation threatens these ecosystems.

Kenya has a population of about 46 million people (Table 2), and is characterized by its
ethnic variety. The population is growing at the population rate of 2.1 %. Kenya remains a
low income country with about 48% of its population living below the national poverty line.
The UNDP’s HDI® index placed Kenya at rank 147 (UNDP 2014°). Therefore, the Government
of Kenya aims for new initiatives towards pro-poor economic growth. By realizing the goals
of the national Vision 2030, Kenya shall turn from a low-income to a developed country with
a strong economy by 2030. According to WHO (201419), 76% of the Kenyan population live
in rural areas and heavily depend on natural resources, farming and related activities for

their livelihoods.

Just like other low income countries in Sub-Saharan Africa, Kenya is facing numerous health
challenges of the total population; mothers, children and vulnerable groups in particular.
The discrepancies in terms of income, household wealth, infrastructure, and health are
tremendous when comparing different geographic settings and different population groups.
Generally, the overall morbidity and mortality are high and present an unhealthy picture,

although health indicators have been showing a positive trend (WHO 2015a).

The Government of the Republic of Kenya addresses water, sanitation and hygiene (WASH)
and environmental health according to the Vision 2030 and the Sustainable Development
Goals (SDG) by various programs and policies, highlighting the importance regarding

development, poverty reduction and health. However, the health of many Kenyans remains

7 Transboundary water resources are managed by international initiatives like the Nile Basin Initiative (2013).
8 The HDI index ranks 182 countries in a league table based on education, income, and access to health care.

9 UNDP Kenya Country Profile available at http://hdr.undp.org/en/countries.

10 WHO Kenya Country Profile available at http://www.who.int/gho/countries/ken.pdf?ua=1.
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deeply affected due to poverty, lack of education and insufficient WASH. Still, only 62% of
the people have access to improved drinking water sources and 30 % of the population has
access to improved sanitation facilities, while about 13 % practice open defecation (WHO
and UNICEF 2015). Although the Kenyan Ministry of Health puts a lot of effort in improving
the health system, water-related infectious diseases such as malaria and diarrhoeal diseases

make up many of the health concerns.

Table 2: Population and health indicators for Kenya

Population Total population 46,050,414
Population density (pop/km?) 73.9
Life expectancy at birth [years] 53
Median age [years] 19.5
Employment rate [%] 60
Literacy rate (aged 15 and older) [%] 87
Poverty gap at $1.90 a day [%] 11.7
Gini'! index 48.51
Nutrition Underweight (weight for age) [%] 11
Stunted (height for age) [%] 26
Child health Under-five mortality rate (deaths per 1,000 live births) 49
Infant mortality rate (dying between birth and age 1 per 1,000 live births) 36
Immunization among children (12-23 months) [%] 97
Maternal health Total fertility rate (children/woman) 3.14
Maternal mortality rate (per 100,000 live births) 510
General health Health expenditures [% of GDP] 5.7
Total government health funding (per capita) [KES] 1,585
National Health Insurance Fund (NHIF) coverage [%] 26.7
Physicians density (per 100,000 population) 0.2
WASH Improved drinking water sources (urban vs. rural) 82 /57
Improved sanitation facilities (urban vs. rural) 31/30

Sources: MoH (2015), WHO (2016), WHO/UNICEF JMP (2015), KNBS (2015), KDHS (2014)

According to the WHO (2012), the top ten causes of mortality in Kenya include HIV and
AIDS, lower respiratory infections, diarrhoeal diseases, malnutrition and malaria, among
others. In terms of morbidity, malaria is the leading cause. It accounts for one third of all
new cases reported, followed by respiratory diseases, skin conditions, diarrhoea, and
intestinal parasites. Major reasons for health-seeking at health facilities include injuries,
urinary tract infections, eye infections, rheumatism, and other infections. According to Muga
(2004), these ten conditions make up nearly four fifths of the total outpatient cases. This

pattern has persisted for the past decade.

11 The Gini index is a measure of the deviation of the distribution of income among individuals or households within a
country from a perfectly equal distribution. A value of 0 represents absolute equality, a value of 100 absolute
inequality. Source: The World Bank 2016, available at: http://hdr.undp.org/en/content/income-gini-coefficient

8



Considering this challenging health landscape, the provision of adequate health services is a
key factor in improving health outcomes for Kenyans, in both the short- and long-term.
Through its Vision 2030, the Government of Kenya wishes to achieve ‘a high quality of life
[for] all its citizens by the year 2030’ emphasizing the health of its citizens and the
improvement of health service delivery (KDHS 2014). However, the Kenyan healthcare
system struggles to meet appropriate service delivery to those suffering from ill-health, with
the level and access to services varying by region (Turin 2010). The shortage of health
professionals accelerates the tense health situation (KNBS 2015).

The Kenyan health sector comprises the public system, which is administered in a
hierarchical structure from the top down by the Ministry of Health (MoH)'?, and parastatal
organizations. The public system consists of national referral hospitals, County and Sub-

County referral hospitals, health centres, and dispensaries (MoH 2015).

Challenges of limited availability, access and quality pose barriers to potential users, who
can often not afford the relatively expensive fees for medical services, appointments and
drugs, especially in the light of increasing poverty levels (IHME 2014). Nationwide, about
4,700 health facilities provide services and the public sector accounts for the largest share
(51%). The public sector is supplemented by the private sector, which contains private for-
profit, non-governmental (NGO), and faith-based organization (FBO) facilities, undertaking
special health services and reaching mainly the communities. All are supported by the MoH
and external donors to different extents (training, drug stocks, vaccines, funds). The private
sector is steadily growing and covers over 40 percent of the health services in Kenya -
mainly curative and very few preventive services provided by nurses, midwives, clinical
officers and doctors. Numerous health-oriented NGOs operate throughout the country;
however, it is difficult to determine the population covered (Muga et al. 2004). As outlined
in the National Health Sector Strategic Plan I (NHSSP II), the Kenyan health system relies on
a sector-wide approach (SWAp), which aims at integrating the efforts of all providers, in the
system in order to achieve ‘health for all’ (Turin 2010). Besides the health facilities,
pharmacies play a role in health services, too, with pharmacists and pharmacy technologists
providing health assistance. Human resources for health is low compared to the total
population, especially in remote settings and in regions of low socioeconomic development
(IHME 2014, KNBS 2015). According to the WHO (2016), there are only 0.2 physicians, 0.86
nurses and midwives, 0.05 pharmaceutical workers and 0.1 other health workers per 1,000

Kenyans.

Yet, generally, the utilization of services is determined by the patients’ ability to pay, and
those who cannot afford, may fail to seek care and not be treated (Chuma & Okungu 2011).
The healthcare utilization rate in Kenya is approximately 77 percent for those who are sick

(Turin 2010), which means that, if these numbers are reliable, 23 percent of the population

12 The Ministry of Health plays a coordinating and capacity-building role in ensuring that all services offered are in
line with established policies and standards (KDHS 2014).
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does not seek care. Besides costs, major barriers in the healthcare utilization include
geographic barriers and large distances. Besides conventional western health options,
individuals in many communities seek traditional health services provided by healers as
their source of primary medicine, which may be used by up to 80 percent of Kenyans.
Numbers about such alternative options are, however, not included in the official health
statistics (Turin 2010).

1.3.2 A floodplain in the semiarid East African highlands: the Ewaso Narok Swamp

The Ewaso Narok Swamp is a highland riverine wetland on the Laikipia pleateau in Kenya.
Located in a semiarid area where water forms a highly precious resource, characterized by
erratic and unreliable rainfall, the wetland forms a biogeographical island with immense
ecological and socioeconomic importance; and is point of concentrated anthropogenic
activities due to the freshwater provided (Thenya 2011, Photo 1, Map 2).
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Map 2: The Ewaso Narok Swamp

The wetland is part of the Upper Ewaso Ng'iro North basin, which belongs to the overall
Ewaso Ng'iro catchment area, Kenya’s largest drainage system (Bours 201613, LENWRUA et

13 Within the GlobE Wetlands project, a Msc research project was conducted by Mr. Bours that addressed irrigation
water requirements and their influences on downstream river discharges in the Ewaso Narok Swamp. He well
characterized the hydrological regime of the study area within his theses (Bours 2016).

10



al. 2012, Mungai et al. 2004), located by the equator in the centre of the country and
covering an area of approximately 15,200 km?, varying in altitude from 800 to 5,200m a.s.l.
(Mungai et al. 2004, Wiesmann et al. 2000). The area hosts the Ewaso Narok sub-basin in the
West, the Southern Ewaso Ng'iro Mt. Kenya sub-basin, and the Lowland sub-basin to the
North-East and falls under the Rift Valley, Central and Eastern Provinces (Gichuki 2002).
The basin’s mountainous Southern part is dominated by the tertiary volcanoes of Mt. Kenya,
the South-Western side by the Nyandarua ranges (Aberdares), the western part by various
mountains and fault line volcanic ridges along the Rift Valley. Towards the North, decreasing
altitudes characterize the low plains (Bours 2016, Mungai et al. 2004).

The Ewaso Narok Swamp is located at the Western side of the Mount Kenya at around
1,800m altitude, covering an area of 81km? and a catchment area of 2,610km?, representing
a typical alluvial highland floodplain with an average temperature of 17°C and 700mm
annual precipitation (Beuel et al. 2016, Leemhuis et al. 2016, Mwita 2013). Both the
drainage systems of the permanent Ewaso Narok and Pesi rivers that originate from the
Aberdares and the Ol Bolossat catchment along the southern boundary of the overall basin
feed the swamp. The scarce surface water levels vary according to the season: seasonal as
well as ephemeral streams in the area dry up during the dry season and provide only minor
contributions to the wetland’s water resources, underlining the importance of the few
perennial rivers in supplying water (Boy, 2011, Thenya 2001, Wiesmann et al. 2000). The
area consists of tropical highland climate, varying in relation to the complex topographic
situation. The precipitation is highly seasonal and related to the movement and position of
the ITCZ, shaping the long rains from March to May, the continental rains from July to
August, and the short rains from October to December (Ulrich et al. 2012). According to
Roden et al. (2016), the spatiotemporal distribution and intensity of precipitation is a key
variable that influences the agro-ecological potentials of the area. During the long rains,
flooding occurs and inundates water over large areas, creating immense challenges for the
people inhabiting and using the wetland, who, according to Thenya (2001) cause such floods
by de-vegetation and excessive land use. The Ewaso Narok Swamp represents a remnant of
a series of once numerous wetlands which formerly existed in Laikipia, most of which have
been drained in the pursuit of food sufficiency (Becker 2013, Mwita 2013). The area
surrounding the swamp holds natural savannah vegetation with evergreen and semi
evergreen bushlands and thickets, whereas the wetland is characterized by papyrus (Beuel
et al. 2016). However, the natural vegetation has become scarce in the course of human
activity (Mwita 2013).

The area of the Ewaso Narok Swamp has been subject to considerable land use
transformation processes in the past decades (Heinichen 2015, Mungai et al. 2004, Mwita
2013, Thenya 2001, Ulrich et al. 2012, Wiesmann et al. 2000). During colonial times and
before the 1970s, the dominant land use was large scale ranching and nomadic pastoralism,

whereby the wetlands were used as a source of water and grazing land. Ever since the
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Independence in 1963, an increase in human activities, swamp occupation and a
transformation into high density small-scale farming have been taking place as a
consequence to a reallocation of land and the subsequent population increase (Roden et al.
2016). While in 1990, the population density was less than 10 persons km?, it is currently
estimated to range from 20 persons km? to more than 50 (close to Rumuruti) (Becker
2013). The in migration facilitated a great diversity and a ‘cosmopolitan’ population,
representing many different tribes in a rather small area (Heinichen 2015).

a. Impression from the dry season (2015); b. impression from the rainy season (2016).

Photo 1: The Ewaso Narok Swamp during the dry and rainy seasons

Immigration has been remarkable due the soils’ fertility and water availability attracting
people from water scarce areas by promising water resources, food security, livelihoods,
land and high economic potential (Heinichen 2015, Mwita 2013). This population growth
has led to increased competition for the already limited natural water resources (Ulrich et

al. 2012): Nowadays, the Ewaso Narok Swamp is used more extensively than ever. As other
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wetlands, it enables year-round crop production (Sakané et al. 2011), provides pasture land
for livestock grazing, (limited) fish resources, building materials, and of course, water
resources (Beuel et al. 2016, Dixon and Wood, 2003). The semiarid Ewaso Narok Swamp
serves farmers, pastoralists and domestic users, livestock and wildlife. The use is intensified
especially during the dry season, when the swamp forms the only water resource in the area
for the communities’ survival (Becker 2013, Heinichen 2015, Mwita 2013, Thenya 2001).

This intensive use and increasing pressure as well as the overexploitation of the water
resource is - besides due to climate variability, rural impoverishment and attraction of
wetland produce on Kenya’s markets - also a result of the wetland being public
governmental land that provides people free access to its ecosystem services. At the same
time it lacks a clear policy on the use or management (Leemhuis et al. 2016, MEMR 2013,
Mwita 2013, Thenya 2001). Overall, the land use transformations have led to ecosystem
alteration, habitat modification, destruction of the wetland functioning and the reduction
and deterioration of the available water resources, tending towards an unsustainable use of
the environment, all of which results in conflicts*: between different wetland users such as
farmers and pastoralists, conflicts between pastoralist groups, upstream and downstream
communities, humans and livestock, humans and wildlife and in terms of resource
management (Heinichen 2015, Mungai et al. 2004, Mwita 2013, Roden et al. 2016,
Wiesmann et al. 2000).

The waste management in the Ewaso Narok Swamp is poor and so is the sanitation
infrastructure, making many of the people use the wetland as an alternative dumping
ground (Thenya 2001). In the face of strong population growth and extensive wetland use,
combined with the water scarcity and high use of agrochemicals, this poses increased
ecological and health-related risks. More than before, the unsafe water supply, sanitation
and hygiene situation and related diseases are the challenging swamp’s inhabitants as many

use its water as drinking water (Boy 2011).

14 Within the GlobE Wetlands project, a Msc research project was conducted by Ms. Heinichen that addressed
wetland-use-related conflicts and resource management in the Ewaso Narok Swamp (Heinichen 2015).
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1.3.3 Characterizing the different user groups in the Ewaso Narok Swamp

Different groups make use of the Ewaso Narok Swamp, and those that were part of this
research will be presented in the following. They include smallholder farmers, commercial
farmers, pastoralists and service sector workers. By introducing to those groups, this
subchapter anticipates some results gathered within this study. Although the reader might
expect them in the results chapters, the presentation of the study at this point is considered

necessary in order to capture the situation on-site.
Three groups safeguard their livelihoods mainly from the use of the Ewaso Narok Swamp.

Close to the town of Rumuruti, smallholder farmers clear and drain the swamp for

smallscale subsistence crop cultivation. They mainly use the fringe of the swamp near their
houses for growing beans and maize. Water from the wetland is extracted for domestic use
and for agricultural irrigation. They do mainly manual work, rarely using irrigation

equipment, and apply manure for application to their fields.

The commercial farmers grow horticultures such as tomatoes, cabbage and fruits for large-

scale sale and mainly use the North and Southeastern side of the swamp. They usually work
in very close proximity to the water and conduct intensive irrigation activities, often in

combination with high concentrations of agrochemicals.

The pastoralists mainly inhabit the Eastern area which is unsuitable for agricultural
production, remote and distant from service provision and infrastructure. They use the
wetland for herding cattle, goats and camels to the water source, especially in the dry
season, and for collecting building and thatching materials for their temporary houses. The
pastoral groups live a semi-nomadic lifestyle in higher and drier areas and some perform
‘agro-pastoralism’. They also use the wetland for the collection of medicinal plants.

Moreover, all of the user groups extract wetland water for domestic and drinking water
purposes; the share, however, differs strongly.

Another group, which can be considered as ‘non-users’ or ‘rare-users’ are the people
working in the service sector in nearby Gatundia, whose prime workplace is not the Ewaso
Narok Swamp, but retail, shops with occupations including sellers, tradespeople, mechanics
and boda-drivers?s. Their work lives mainly take place in central areas with adequate

infrastructure and supply.

Besides these groups’ occupational characteristics and environments (Photo 2), with higher
or lower dependence upon the Ewaso Narok Swamp and the water resources it provides,
what also differs are their wetland uses, as well as demographic and socioeconomic,

infrastructural factors (Table 3).

15 A boda is a mototaxi which is commonly used all over Kenya as a mode of transport.
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a. Smallholder farmers (sh); b. commercial farming (co); c. pastoralism (pa); d. people working in the service sector (se) (2015, 2016).
Photo 2: User groups of the Ewaso Narok Swamp
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In terms of demographic characteristics, the widest variations become apparent concerning
household structures, location, socioeconomic status and education: the pastoralists have
the largest household sizes, most children in their households and the lowest level of school
education as compared to the other groups. Moreover, they have the lowest socioeconomic
status!® and live farthest away from overall and from health infrastructure?. The service
sector workers have the highest SES, highest education levels and best access to health
infrastructure, as well as the smallest household sizes, respectively.

Table 3: Sociodemographic characteristics of samples representing user groups

Smallholder Commercial Pastoralists Service sector Total
farmers farmers (n=99) workers (n=400)
(n=106) (n=95) (n=100)
n % n % n % n % n %
Gender
Female 75 70.8 29 30.5 48 48.5 20 20.0 171 42,8
Male 31 29.2 66 69.5 51 51.5 80 80.0 229 57.3
Age
aged <=35 years 25 23.6 31 32.6 48 48.5 35 35.0 139 34.8
aged 36-49 31 29.2 35 36.8 26 26.3 38 38.0 130 32.5
aged >50 years 50 472 29 30.5 25 25.3 27 27.0 131 32.8
Education
No formal education 39 368 14 14.7 63 63.6 6 6.0 124 31.0
Primary incomplete 33 311 30 31.6 21 21.2 16 16.0 100 25.0
Primary complete 33 31.1 50 52.6 15 15.2 78 78.0 176 44.0
Secondary 18 170 29 30.5 8 8.1 40 40.0 95 23.8
Post-secondary 2 19 2 2.1 0 0.0 16 16.0 20 5.0
Household size
4 or less HH members 45 42.5 45 47.4 18 18.2 60 60.0 168 42.0
5 to 7 HH members 50 47.2 45 47.4 60 60.6 40 40.0 195 48.8
8 or more HH members 11 10.4 5 5.3 21 21.2 0 0.0 37 9.3
Children in household
No children 32 302 19 20 7 7.1 28 28.0 86 21.