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Editorial

Uwe Gross and Kerstin Wydra

Improving maternal-child health as a challenging mission has been recognized by
the United Nations already more than 10 years ago and resulted in the declaration
of the Millennium Development Goals (MDG). Although much has been achieved
already, several countries, especially those with low resources are far from track in
reaching these goals, particularly when speaking of MDG 4 and 5.

Improving health conditions of pregnant women, young mothers, and their
children requires multidisciplinary approaches. The Géttingen International Health
Network (GIHN) is aiming to contribute to the MDG 4 and 5 by educational pro-
grammes including (human) capacity building, as well as by cooperating in scien-
tific and clinical projects with partners from low- and middle-income countries.
GIHN is formed by more than 30 scientists and clinicians, who come from 7 fac-
ulties of the Georg-August-University Gottingen (GAUG), including the Universi-
ty Medical Center Géttingen (UMG), and thus allowing interdisciplinary solutions
from academia on questions related to Global Health.

Throughout the past years, several international summerschools focussing on
interdisciplinary aspects of mother-child health, have been organized by GIHN in
Ghana, Germany, Indonesia, and Tanzania. These summer schools enhanced our
collaborations and broaden our understanding on maternal-child health and thus,
lay the basis for collecting these findings and share them with a broad scientific
community via a print AND open-access publication of this book. In this publica-
tion, more than 60 authors from 14 African, Asian and European countries reflect
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on the different dimension of maternal-child well-being within Global Health; its
preconditions in our One World where the health of humans largely depends on
the health of animals and plants, and thus being the result of adequate economic,
ecological, social and cultural conditions. Therefore, to understand and interpret
ONE Health requires a multifaceted view of scientists and clinicians, who should
come from different disciplines. This book undertakes the challenge to reflect our
view on how to tackle maternal-child issues and to improve their health conditions
by bringing together experts from agricultural and environmental sciences, eco-
nomical, social and theological sciences, biomedical and nutritional sciences, clini-
cal human and veterinary medicine, as well as experts from epidemiology and the
public health field. It is hoped that these interdisciplinary views of maternal-child
health in a globalized world will offer ideas which finally will lead to new strategies
on how to improve the health conditions of the most vulnerable populations.

This book consists of four sections (Environment and Health, Socioeconomic
Factors, Infectious Diseases, and Non-Communicable Diseases) each including
scientific reviews and original papers.

We thank the Federal Ministry for Economic Cooperation and Development
(BMZ) and the German Academic Exchange Service (DAAD), particulatly the
DAAD Programme PAGEL for financially supporting this project including the
realization of summer schools as well as the publication of this book. We would
also like to express our appreciation to Gisela Bretzel and Helmut Eiffert for criti-
cally contributing to the review process of the manuscripts, Josephine Meister for
her editing and fine-tuning the book chapters in endless hours, as well as Franziska
Lorenz and Jutta Pabst as our publishers for their valuable advice on how to make
such a book possible.

Gottingen and Erfurt, 1 September 2013 Uwe Grof3 and Kerstin Wydra
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1. Maternal Mortality and Near Miss Events:
the African Perspective

Chibuike O. Chighn, College of Medicine, University of Nigeria,
Enugn Campus, Nigeria.

1 Maternal mortality

Maternal mortality has remained a very important challenge to Africa and other
resource-constrained regions of the world. Pregnancy and childbirth are special
joyful and fulfilling life events for the African family. Maternal death is viewed as a
very tragic and devastating event associated with enormous financial, social, emo-
tional and psychological burden to the family.

The disparity in the health systems of developed and developing countries be-
comes obvious by comparing the statistics of maternal mortality in these two re-
gions. Maternal mortality is rare in developed countries but sadly common in de-
veloping countries especially countries of sub-Saharan Africa. It is regarded by the
United States Joint Commission on Accreditation of Health Care Organizations as
a “sentinel event” as its application is a criterion to assess the quality of a
healthcare system [1]. It is also a key indicator of population health, health system
development, social and economic development. These functions are attributed to
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maternal mortality because it is almost entirely preventable due to adequate surveil-
lance and intervention during pregnancy, childbirth and puerperium [2]. Surveil-
lance and intervention mechanisms are well-integrated components of the health
systems of developed countries. In sub-Saharan Africa, these mechanisms are very
dysfunctional.

Maternal mortality became a global issue following the launch of the safe
motherhood initiative in 1987 in Nairobi, Kenya. In 2000, world leaders met and
reaffirmed their commitment to maternal mortality reduction with the Millennium
Declaration of the United Nations General Assembly, the Millennium Develop-
ment Goals (MDG). Reduction of maternal mortality was the focus of the 5% Mil-
lennium Development Goal (MDG 5). While the safe motherhood initiative tar-
geted a 50% reduction in maternal mortality by the year 2000, MDG 5 secks to
achieve a three-quarter reduction in global maternal mortality by the year 2015. To
meet the target of MDG 5, a minimum annual decline rate of 5.5% in maternal
mortality ratio is required. Recent reports show an annual decline of 3.1% in ma-
ternal mortality ratio globally [3], and this falls short of the required minimum to
achieve MDG 5. Africa is one of the poorest regions of the world and accounts
for more than half of global maternal mortality [4]. Accruing evidence suggest that
MDG 5 may not be achieved in Africa. Africa therefore deserves special attention
in the global discourse on maternal mortality. This chapter will highlight the pecu-
liarities of Africa and its special position in the global fight against maternal mortal-
ity and morbidity.

1.1 Definitions and indices of maternal health measurement

Maternal mortality: Maternal mortality is defined by the World Health Organization
(WHO) as the death of a woman while pregnant or within 42 days of termination
of pregnancy, irrespective of the duration and site of pregnancy, from any cause
related to or aggravated by the pregnancy or its management, but not from acci-
dental or incidental causes. Maternal mortality is further divided into direct and
indirect maternal death.

Direct maternal death: Direct maternal death refers to maternal deaths resulting
from obstetric complications of the pregnant state (pregnancy, delivery, postpar-
tum), from interventions, omissions, incorrect treatments, or from a chain of
events resulting from any of the above.

Indirect maternal death: These are maternal deaths resulting from previously exist-
ing diseases, or diseases that developed during pregnancy, and which are not due
to direct obstetric causes but aggravated by physiological effects of pregnancy.

Pregnancy-related deaths: This refers to death of a woman during pregnancy,
childbirth or the post-partum period, irrespective of the cause of death, including
accidental and incidental causes.
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Late maternal death: This is defined as death of a woman from direct or indirect
causes, more than 42 days but less than one year after termination of pregnancy.

1.2 Measures of maternal mortality

In determining the appropriate measures of maternal mortality, the main factors
that determine a woman’s lifetime risk of maternal death are taken into considera-
tion. These factors are the risk of dying during a single pregnancy and the number
of times a woman is exposed to such risks, i.e. the number of times she gets preg-
nant [5].

Maternal mortality ratio (MMR) reflects the risk of dying during a single pregnan-
cy and is defined as the number of maternal deaths in a given time period divided
by the number of live births during the same period. MMR = Number of maternal
deaths / Number of live births.

Maternal mortality rate (MMRate) reflects both the risk of dying during a single
pregnancy and the number of times a woman is exposed to such risks. It is defined
as the number of maternal deaths divided by the number of women of reproduc-
tive age (age 15-49 years) in a population [5]. MMRate = Number of maternal
deaths / Number of women aged 15 — 49 years.

Global statistics on maternal mortality

The global estimated total number of maternal deaths in 1990 was 543,000. This
figure has declined to about 287,000 by 2010 [4]. The global drop in maternal mor-
tality from the 1990 figure is 47%. The global picture reflects huge disparities be-
tween developing and developed countries of the world. The maternal mortality
ratio in developing countries is 240 per 100,000 births compared with 16 per
100,000 births in developed countries. A woman’s life time risk of maternal death
is 1 in 150 in developing countries compared to 1 in 3,800 in developed countries

[4]-

African statistics on maternal mortality

Almost all maternal deaths (99%) occur in developing countries and more than
half of these deaths occur in sub-Saharan Africa. Africa appears to be the least in
the progress towards the attainment of the MDG 5. Most sub-Saharan African
countries are not on track towards the achievement of MDG set targets due to
poor commitments by governments of these nations to MDG 5 and poor transla-
tion of commitments where they exist to progressive action. Between 1990 and
2008, Africa recorded a 1.6% decline in maternal mortality ratio [6]. This is the
least amongst developing regions of the world. Asia recorded 4.0% decline while
Latin America and the Caribbean posted a 2.9% decline. Sub-Saharan Africa is the
greatest contributor to the poor performance of Africa in MDG 5, with an esti-
mated annual decline of 1.7%. North Africa’s annual decline is 5.0%. Despite the
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estimated decline in MMR in Africa over the period under consideration, Africa’s
contribution to total global maternal deaths is on the increase. Africa contributed
36% of global maternal deaths in 1990. In 2008, this figure has risen to 57% [0].
This increase is as a result of a regional shift in the burden of maternal mortality. A
rising birth rate and slower decline in MMR, when compared to other regions of
the wortld, are contributors to the regional shift. Between 1990 and 2008, the total
number of births in sub-Saharan Africa increased by 1.5% per year, from 23 mil-
lion to 32 million, while that of Asia decreased by 0.5% per year from 82 million to
74 million. Therefore, Asia’s contribution to the total global maternal deaths fell
from 58% in 1990 to 39% in 2008 [6].

In analyzing maternal mortality figures from Africa, one must take into consid-
eration the fact that the figures might be under-estimates in some cases. This is due
to difficulties associated with accurate and reliable collection of data in Africa,
especially sub-Saharan Africa. Health care facilities are major sources of maternal
mortality data from Africa. The under-utilization of health care facilities in Africa is
well-known. Less than 50% of women in Africa receive skilled care during child-
birth [7]. This translates to millions of births in non-formal health facilities. It is
therefore possible that many cases of maternal deaths occurring in these facilities
and attended to by unskilled birth attendants might not be captured in the maternal
mortality data. Furthermore, formal data collection and collation mechanisms in
many African countries are standardized in principle but not in practice. A lot
more still needs to be done in this regard.

Table 1: Maternal mortality figures in Africa 2010.
Source: CIA World Factbook, January 2012.

Country Annual maternal death per
100,000 live births
Chad 1,100
Somalia 1,000
Sierra Leone 890
Central African Republic 890
Burundi 800
Guinea-Bissau 790
Liberia 770
Sudan 730
Cameroon 690
Nigeria 630
Lesotho 620

Guinea 610
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Annual maternal death per

Country 100,000 live births

Zimbabwe 570

Congo, Democratic Republic of the 540

Mauritania 510

Malawi 460

Angola 450

Cote d'Ivoire 400

Kenya 360

Ghana 350

Ethiopia 350

Swaziland 320

Burkina Faso 300

South Aftrica 300

Equatorial Guinea 240

Madagascar 240

Djibouti 200

Botswana 160

Algeria 97

Sao Tome and Principe 70

Mauritius 60

Tunisia 56
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2 Causes of maternal mortality

There are various causes of maternal mortality. The relative importance and distri-
bution of each identified cause of maternal mortality varies from region to region
and from country to country. There are clear differences in the distribution of
causes of maternal mortality between developed and developing countries [7]. A
systematic analysis which was organized by the World Health Organization showed
that causes classified under “other direct causes” ranked highest in maternal etiolo-
gy of maternal mortality in developed countries. These “other direct causes” main-
ly refer to complications arising from interventions like those relating to caesarean
section and anesthesia. These account for 21% of maternal mortality in developed
countries, followed by hypertensive disorders and embolism [8].

In Africa, hemorrhage is the leading cause of maternal deaths, accounting for
33.9% of maternal deaths, followed by “other indirect causes” and sepsis.
HIV/AIDS is also an important cause of maternal death in Africa and it contrib-
utes to 0.2% of maternal mortality [8]. It is important to note that in developed
countries, Asia and Latin America, the contribution of HIV/AIDS to maternal
mortality is 0%. Although it is possible that some of the deaths resulting from
HIV/AIDS in the regions reporting 0% might have been misclassified; the impact
of HIV/AIDS on maternal mortality in Aftrica should not be underestimated. In
Africa, HIV/AIDS remains a huge problem. Stigmatization and under-reporting
are key issues. Documented proportions of maternal death caused by HIV/AIDS

Table 2: Causes of maternal deaths in Africa and developed countries

Cause of maternal Africa Developed countries
death (Percentage) (Percentage)
Hemorrhage 33.9 13.4
Other indirect causes 16.7 14.4
Sepsis 9.7 2.1
Hypertensive disorders 9.1 16.1
HIV/AIDS 6.2 0
Unclassified deaths 5.4 4.8
Other direct causes 4.9 213
Obstructed labor 4.1 0
Abottion 3.9 8.2
Anemia 3.7 0
Embolism 2.0 14.9
Ectopic Pregnancy 0.5 4.9

Adapted from: Khan KS, Wojdyla D, Say L, Giilmezoglu AM, Van Look PF. WHO analysis of
causes of maternal death: a systematic review. Lancet 2006, 367(9516):1066-74.


http://www.ncbi.nlm.nih.gov/pubmed/16581405
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Maternal-Child Health — Interdiscplinary Aspects Within the Perspective of Global Health 15

in Africa are probably underestimates. The major causes of maternal deaths in this
continent are largely preventable.

2.1 Non-medical causes of maternal mortality

The medical causes of maternal mortality enumerated above may not tell the entire
story about the etiology of maternal mortality in Africa. A comprehensive look will
reveal a confluence of scenarios operating collectively and together with the medi-
cal causes to ensure that pregnant African women remain endangered species.
These scenarios are operational at the individual level, family level, community
level and national level. They are manifested in weak health systems, poor infra-
structure, family and communal poverty, poor education and cultural barriers. The
3-D (3-delay) model captures most of these levels of neglect [9]. The first delay is
at the individual /family and community level and this represents delay in seeking
skilled maternity care. The second delay is the delay in reaching an appropriate
health facility and the third delay is at the level of the health facility and represents
delay in prompt institution of appropriate interventions.

Delay in seeking appropriate care: Why do many African women delay in secking
care? The low status of the African woman at the family and community level is
the starting point on the road to maternal death in Africa. Illiteracy and poverty are
implicated as major determinants of maternal mortality in Africa [10, 11]. Illiteracy
runs a vicious cycle with poverty. Many women in Aftrica are illiterate (cannot read
nor write). Chad, Burkina Faso, Niger, South Sudan, Benin, Sierra Leone, Senegal
Somalia, Gambia, Mozambique, Central African Republic, Somalia and Nigeria
have female literacy rates ranging between 13% and 50.4% [12]. Poor education
leads to poverty and poverty hinders the education of the girl child. Illiteracy, pov-
erty and gender inequality work together to maintain the low status of the African
woman. Poor education makes it difficult for many African women to recognize
obstetric emergencies, and to recognize the importance of skilled maternity care, as
well as access relevant information on maternal health. Poverty means that cost
becomes an important consideration in seeking medical help during obstetric
emergencies, and will lead to delays. Gender inequality guarantees that the African
woman has no control over her health. In many African societies, decision to seek
maternity care can only be made by the men [13]. Imagine a pregnant African
woman (Mrs. A), living in a remote rural African village, who suddenly started
bleeding and needs to wait for her husband to return from work to decide if and
where she will receive medical care. She may not take the vital and life-saving deci-
sion to visit a health facility probably because she does not have the full autonomy
to such decisions [13]. Even where the family or society allows her such autonomy,
she may not have the money to pay for the services at the health facility. Most
health facilities operate a ‘pay at the point of service’ policy. This policy entails that
medical services are paid for before they are rendered. Where money is available
within the family, it might have been earmarked for a vital purpose like payment of
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older children’s school fees or payment of previous family loans. These will con-
tribute to delay in Mrs. A seeking appropriate maternity care for her emergency
obstetric condition. Such delays can sometimes end up in fatalities and maternal
death.

Delay in reaching an appropriate health facility: sub-Saharan African nations have
very poor road infrastructure and poor transport systems. In rural communities,
functional health facilities, where available, may not be within reasonable distance.
The word functional is important here because many primary health facilities are
located for political reasons and are very ill-equipped and poorly staffed. Even
when Mrs. A above has overcome the barriers to the first type of delay, she may
still not get to the nearest health facility in time. It may take several hours for her
to arrange transport to the health facility. When the transport becomes available,
the bad road to the health facility may become a serious issue to be contend with.

Delay in receiving adequate care in a health facility: the majority of health facilities in
Africa exist only in name. They are poorly staffed, electricity and water supplies are
virtually non-existent, and medical supplies are unavailable. Even in some uncom-
mon situations where everything is available, bureaucratic bottlenecks and attitude
of the medical staff may become serious issues causing avoidable and fatal delays.
If Mrs. A eventually gets to a health facility alive, she may not leave the facility
alive due to the unavailability of appropriate staff to assist her, unavailability of
appropriate medical supplies and blood bank services, poor coordination between
the various cadres of health staff, extensive and tardy bureaucratic processes, elec-
tricity and/or water outage or unavailability. At the end, hemorrhage would be
recorded as the cause of maternal death.

Mrs. A’s counterpart in a developed country would have called emergency
medical services immediately she noticed the bleeding. She would have been
picked up by an air or vehicle ambulance within minutes and appropriate interven-
tions instituted even while in the ambulance. She may not have to make any direct
payments for the cost of her health care. Her survival and that of the baby is guar-
anteed.

2.2 Maternal mortality as a human right issue

Maternal mortality is no longer seen as only a human development issue. Maternal
mortality is now considered a human rights issue. Maternal death is viewed
through the prism of denial of rights of women to health, equality and non-
discrimination. It is estimated that about 74% of maternal deaths are preventable.
Preventable maternal death therefore represents a violation of a woman’s right to
life. Many international conventions and treaties recognize the right to the highest
attainable standard of health as a fundamental human right and maternal health is
entrenched within the right to highest attainable health [14].

In Africa, maternal mortality within the context of human right violation bears
particular mention. “There is no single cause of death and disability for men be-
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tween the ages of 15 and 44 that is close to the magnitude of maternal death and
disability” [14]. Obvious inequalities in the exercise of the right to highest attaina-
ble health do exist between men and women in Africa, with the men enjoying
these rights while the women are left at the mercy and dictates of the men. The
patriarchal culture of male dominance and privilege existent in many African socie-
ties ensures the persistence of these inequalities at the family and community levels
[13]. The low status and subordination of women make it difficult for women to
be placed in decision-making positions in African politics and governance. Thus,
correction of these inequalities through appropriate legislation and policy formula-
tion at the national level has been difficult. It is no surprise then that the most
marginalized women are the most vulnerable to maternal deaths in Africa. These
include indigent women, and those from ethnic minorities, as well as those dwell-
ing in rural communities [15]. These women are also those most exposed to ‘wom-
en-unfriendly’ patriarchal systems and policies.

Many African nations are signatories to a variety of international treaties that
legally guaranty the right to highest attainable standard of health. This right is also
recognized in the national constitutions of many African countries. In these na-
tions, it is the responsibility of the state to ensure adequate provision of goods and
services required to prevent maternal death. Emergency obstetric care is one
amongst many of these services. Almost all sub-Saharan African countries are
cleatly in violation of these treaties. It is time for the world to call African govern-
ments to change in this regard.

2.3 Cross-linking environment, agriculture and maternal mortality and
morbidity

Environmental issues like climate change, deforestation, water scarcity, water pol-
lution (e.g. by crude oil exploration), decreasing biodiversity and soil erosion are
taking heavy tolls on Africa leading to low agricultural outputs. Africa is one of the
continents of the world that have continued to show the largest net losses of for-
ests. The majority of African women live in rural and semi-rural settings. These
women rely almost completely on agriculture for daily survival, which in turn relies
on favorable environment. The day-to-day well-being of these women is closely
tied to the natural environment. Consequently, adverse environmental changes lead
to disproportionately high levels of poverty, hunger, poor nutrition and economic
deprivation. Gender inequality existing in many African countries ensures that
these adverse effects are tilted more to the disadvantage of women and the girl-
child. Poor family income in most African societies translates to less education for
the girl-child, prostitution and eatly marriage. Poor nutrition limits the develop-
ment of the female pelvis and together with early marriage sets the stage for ob-
structed labor. Utilization of maternal health services decreases with decreasing
education [13].
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2.4 Prevention of maternal mortality in Africa

Since the launch of the safe motherhood initiative in 1987 in Nairobi, Kenya, re-
duction of maternal mortality in Africa and other developing regions has been an
international priority. A wide variety of efforts have been made towards reducing
maternal mortality in Africa. Some of these efforts have met with limited success-
es. The safe motherhood initiative, which goal is to reduce maternal mortality by
50% by the year 2000 did not achieve its target at destination time. At the current
rate, the MDG 5 target may also not be achieved. The interventions needed to
prevent maternal deaths are well known. The commitment of governments of
African nations towards the reduction of maternal mortality is poor. Where ade-
quate commitments exist, translating such commitments into results is the major
problem. Provision of essential obstetric care will not be enough to reduce mater-
nal mortality as provision can not always be translated into utilization. Provision of
essential obstetric care must be coupled to effective utilization to achieve success.
The quality of the health care systems as well as the general social infrastructure
must be adequately addressed. Female education and empowerment (both eco-
nomic and social empowerment) should be an essential part of any prevention
strategy in Africa. This will be the most effective way to eliminate type 1 delay
from the road to maternal death.

Provision of safe and timely physical access to health care will eliminate type 2
delays. This should be in the context of provision of adequate social infrastructure
like good roads, functional transport systems, security, equitable distribution of
health facilities, and functional and effective referral systems between health facili-
ties.

Functional and effective maternal health care facilities that provide adequate
emergency obstetric care services will be key to eliminating type 3 delays. Adequate
number of well-trained, well-remunerated and motivated maternal health care pro-
fessionals, availability of quality assurance mechanisms within the health care sys-
tem, availability of essential medicines and supplies, and elimination of pay at the
point of service policies should form the back bone of interventions to prevent
type 3 delays.

The interventions at the different levels of delays enumerated above must be
well integrated and coordinated in a holistic manner and high-level integrity en-
sured in the implementation process, in order to achieve meaningful successes in
maternal mortality reduction in Africa.

3 Maternal near miss: definition of indicators

Maternal near miss (MINM): This refers to a woman who neatly died but survived a
complication that occurred during pregnancy, childbirth or within 42 days of tet-
mination of pregnancy.
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Severe maternal outcome: This is a life-threatening condition including all maternal
deaths and maternal near-miss cases.

Women with life-threatening conditions (WLTC): This refers to all women who either
qualified as maternal near-miss cases or those who died. These are women with
severe maternal outcome. It is the sum of maternal near-miss and maternal deaths.

Severe maternal outcome ratio (SMOKR): The number of women with life-threatening
conditions per 1,000 live births. This indicator gives an estimate of the amount of
care and resources that would be needed in an area or facility.

Maternal near miss ratio (MINMR): This is the number of maternal near-miss cases
per 1,000 live births. Maternal near miss ration also gives an estimation of the
amount of care and resources that would be needed in an area or facility.

Maternal near-miss mortality ratio: This refers to the ratio between maternal near miss
cases and maternal deaths.

Classification of maternal near miss: The wotld health organisation has identified three
distinct approaches to identifying maternal near miss. These are disease-specific
criteria, intervention based or management specific criteria and organ-system dys-
function criteria. Each criterion has its merits and demerits. The organ system
dysfunction based approach appears to be the most popular.

African Perspective: There is a growing interest in near miss events in recent times.
For the developed countries, this interest stems from the rarity of maternal mortal-
ity. Maternal deaths are now rare events in developed countries and may not be
sufficient to assess the quality of care rendered by the health system; hence the
need for near miss events as an adjunct to maternal mortality. In developed coun-
tries, maternal near miss is seen as a credible alternative to maternal mortality in
quality of care assessment.

The growing interest in maternal near miss in Africa is not due to rarity of ma-
ternal deaths. Maternal deaths in Africa remain high enough for quality assessment.
However, maternal near miss is being considered as a useful outcome measure and
complimentary to maternal mortality. Maternal deaths in Africa usually result from
regular life-threatening complications. Therefore more robust conclusions on the
road to maternal death in Africa can be drawn from maternal near miss audits |16,
17]. Reliable data on maternal near miss is scarce in Africa. Some countries are just
beginning to appreciate the importance of reliable and accurate maternal near miss
data in maternal health and MDG 5. In Nigeria, the process of creating a national
data system on maternal near miss is progress. More African countries should be
encouraged to create national data systems on maternal near miss. Such data are
invaluable towards MDG 5. It could serve as reference points for measuring pro-
gress, policy making and advocacy [18].
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2. Nutrition, Sanitation and Reproductive Health
in Maternal-Child Health: Challenges in Low
Resource Settings

Stellamaris Muthoka and Elizabeth Kaman-Mbuthia, Department of Human Nutri-
tion, Egerton University, Kenya

Wilkister Moturi, Department of Environmental Science, Egerton University, Kenya

Douglas K. Ngotho, Department of Reproductive Health, Egerton University, Kenya

1 Introduction

Maternal, new born and child health continue to be a major concern globally. This
has given rise to many interventions towards alleviating maternal and child morbid-
ity and mortality. The interventions also aim to address the Millennium Develop-
ment Goals (MDGs) by 2015. WHO (2010) reported that although globally there
has been some progress on maternal and child health over the past decade (1990-
2008) - much still needs to be done to reach targets set by the UN and WHO on
halving 1990’s levels of child and maternal morbidity and mortality by 2015.  Alt-
hough the global maternal mortality has decreased by 34% since 1990, it still re-
mains high at 358,000 deaths in 2008. South Asia and Sub-Saharan Africa account-
ed for 87% of the burden of maternal deaths in 2008, and in total ninety nine per-
cent of the maternal deaths have been occurring in developing countries (WHO,
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2010). Poor maternal pre-pregnancy and post delivery nutrition status and health
are major predictors of child morbidity and mortality, with low access to safe water
and poor environmental sanitation making the situation worse.

WHO (2002) estimates that environmental risk factors account for 25% of the
overall burden of disease, and 30% of that burden falls on children under-five,
particularly in developing countries. Globally, some of the preventable risks in-
clude childhood and maternal underweight; unsafe water, sanitation and hygiene;
high iron deficiency and overweight/obesity.

These health risks have been mainly subject to the developing world, however,
there is a growing number of risks which have become global. Some 170 million
children in poor countries are underweight, mainly from lack of food, while more
than one billion adults worldwide — in middle income and high income countries
alike are overweight or obese. About half a million people in North America and
Western Europe die from overweight/obesity-related diseases every year (WHO,
2002).

Intervention is necessary now, otherwise WHO warns that inaction is likely to
result to loss of up to 110 million underweight children by the year 2020 which is
unacceptably high. The Joint Monitoring Programme for water supply and sanita-
tion 2010 estimates 1.2 billion people used unsafe water from sources or systems
with significant sanitary risks by 2010 and that the set goal is not achievable despite
efforts made (WHO/UNICEF, 2010; Onda, 2012) .

Approximately 3.1 per cent of deaths (1.7 million) and 3.7 per cent of Disabil-
ity Adjusted Life Years (DALYs!) (= 54.2 million) worldwide are attributable to
unsafe water, sanitation and hygiene. Of this burden, about one-third occurred in
Africa and one-third in south-east Asia. Overall, 99.8 per cent of deaths associated
with these risk factors are in developing countries, and 90 per cent are deaths of
children. Child malnutrition is a primary indicator of monitoting a population's
nutritional status (WHO, 2011a). Various forms of infectious diarrhoea make up
the main burden of disease associated with unsafe water, sanitation and hygiene
(WHO, 2002).

There is a large unmet need for family planning, as the WHO estimates that
215 million women who wanted to avoid pregnancy could not access or are not
using contraception (WHO, 2011b). Contraception use in developing countries has
increased from 8% in the 1960s to 62% in 2007 (WHO, 2011c). Pregnancy and
childbirth, however, are more risky for young adolescents, and in developing coun-
tries these complications atre the leading cause of death of women between ages 15
and 19 years (WHO, 2011d).

An overall improvement in maternal and child health globally is anticipated; how-
ever, neither the world as a whole, nor the developing regions are expected to
achieve the Millennium Development goals. This is largely due to the deteriorating

! The sum of years of potential life lost due to premature mortality and the years of productive life
lost due to disability.
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situation in Africa where all sub-regions, except Northern Africa, are expected to
fail to meet the goal.

2 Nutrition, health and sanitation nexus

Under-nutrition is mainly a consequence of inadequate diet and frequent infection,
leading to deficiencies in calories, protein, vitamins and minerals. Underweight
remains a pervasive problem in developing countries, where poverty is a strong
basic cause, contributing to household food insecurity, poor childcare, maternal
under-nutrition, unhealthy environments, and poor health care as implied in the
conceptual framework on malnutrition?. Populations in poor resource setting are
worse off compared to mid and high income groups that afford access to better
quality health care and sanitation. A study among low-resource setting in Kenya
(Muthoka et al., 2010) indicated worse nutrition status among urban slums com-
pared to rural areas although household food security was the reverse. This can be
explained by the unsanitary conditions in the urban slums. In the study, mean
number of persons using a toilet facility was 32 compared to 9 in the rural areas
(Muthoka et al., 2010). With a single sanitation facility serving so many people,
there is a likelihood of “flying toilets” developing (exposed human excreta scat-
tered in the open), especially within the slum. This means that yards, fields, and
consequently, water sources are likely to be contaminated with faecal material that
may contain pathogens. Flies will get access to exposed faeces, thus they are likely
to contaminate other sources causing infection, for example food and water. Chil-
dren playing in the yards and on the streets are likely to come into contact with the
facces. When faecal matter dries up, it is likely to be contained in dust that can be
blown up and be inhaled.

Child-health has been improving as the global under-five mortality declined by
27% from 1990 (90 deaths per 1,000 live births) to 2008 (65 deaths per 1,000 live
births). There were about 8.8 million under-five deaths in 2008 globally, with the
WHO African Region accounting for half of all child deaths in the world (WHO,
2011e). The child mortality rates in low-income countries were almost 20 times
larger than in high-income countties.

Child malnutrition which is measured by poor child growth is an important in-
dicator for monitoring population nutritional status and health. In 2011, an esti-
mated 17%, or 99 million children under five years of age in developing countries
were underweight (low weight-for-age according to the WHO child-growth stand-
ards). Global underweight is most common in the regions of South-Central Asia
(30%), followed by Western, Eastern, and Middle Africa (22%, 19% and 17%,
respectively) and South-Eastern Asia (17%). The situation is better in other regions

2 UNICEF, 2012
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of Eastern and Western Asia, Northern Africa and Latin America and the Caribbe-
an, where less than 10% of children were underweight (de Onis et al., 2004).

Children in the poorest households are twice as likely to be underweight as
those in the least poor households. Children living in rural areas are more likely to
be underweight than those living in urban areas. Childhood malnutrition, including
poor growth and micronutrient deficiencies, is an underlying cause of death in an
estimated 35% of all deaths among children under five years of age.

Maternal mortality

Maternal mortality is a health indicator that shows very wide gaps between rich and
poor, both between countries and within them. Every day in 2010, about 800
women died due to complications of pregnancy and child birth, including severe
bleeding after childbirth, infections, hypertensive disorders, and unsafe abortions.
Out of the 800, 440 deaths occurred in sub-Saharan Africa and 230 in Southern
Asia, compared to five in high-income countries. The risk of a woman in a devel-
oping country dying from a pregnancy-related cause during her lifetime is about 25
times higher compared to a woman living in a developed country (WHO, 2011f).
Poor maternal nutrition also implies post delivery complications. A study in Kenya
among mothers in poor resource settings from both urban and rural area demon-
strated delayed health secking behaviour in rural environments which has a nega-
tive impact on health and nutrition status of mothers (Muthoka et al., 2010). Ma-
ternal health challenges commonly experienced include long distances to the near-
est equipped health facility, inadequate skilled health personnel, high costs of
transport, and inability to recognise risks early in order to seek timely care.

Child underweight

Child malnutrition is a primary indicator of monitoring a population's nutritional
status, food security situation and as a whole the development process of a coun-
try. Although the proportion of underweight children under the age of five in de-
veloping countries has declined by 11% from 1990 to 2010, nutritional services are
likewise inadequate (WHO, 2011c). About 103 million children under the age of
five, an estimated 18%, in developing countries are underweight according to the
WHO child-growth standards (WHO, 2011c). Childhood malnutrition, which
encompasses micronutrient deficiencies and poor growth, causes 35% of all deaths
among children under five years (WHO, 2011c). Child malnutrition, when not
attended to in time is likely to increase the child mortality rates. WHO, (2002)
reports under-nutrition as a contributing factor in more than half of all child
deaths accounting for about 138 million DALYSs in developing countries. Trends
in the past decade (1990-2008) indicate global improvements in the reduction of
under-five mortality rates by 27%. The low-income countries yet lag behind the
high-income countries as they are 20 times worse off (WHO, 2011b) and the Afri-



Maternal-Child Health — Interdiscplinary Aspects Within the Perspective of Global Health 27

can region still accounting for half of the child deaths in the world. Africa as a
region still accounts for half of the child deaths in the world.

3 Maternal and child health challenges

Reproductive health

In some African countries, the maternal mortality has increased despite commit-
ment by most states to the Millennium Development Goals of reducing it by 75%
by 2015 (Lema et al., 2005). Women nutritional status and health is further com-
promised by closely spaced births thus impacting on their capacity as care-givers.
Increase in unmet needs in reproductive health can be explained by socio-cultural
attitude and poor access to health services. Post-delivery complications are not
only a factor of maternal age but are common among undernourished mothers and
those within low-resource settings (Muthoka et al., 2010). It implies that low in-
come or poor resource base are contributing factors in limiting access to health
services and are likely to impact negatively on maternal health care.

Poor decision making and late health-seeking bebaviour

Education, low incomes, culture and inability to make independent decisions for
some rural mothers influences their health-seeking behaviours. Late decision mak-
ing compromises the management of reproductive related illnesses and infections
and easily leads to maternal death, or long admission days at the health centres.
These deprive other younger children and maternal care and can lead to the vicious
cycle of malnutrition. Education during the visit of antenatal clinics is aimed at
sensitising mothers of pregnancy-related risks and enhancing positive attitude on
the need to seek treatment once infection or any abnormality is noted.

Inadequate resounrces

Low income is usually co-related to education level, with mothers who are less
educated having less chances in good-income jobs that can support them and their
families. Inadequate resources complex health especially when there is a cost relat-
ed to treatment at the health facilities. Thus, mothers opt to other cheaper means
of delivery or treatment which also increases the risks of infections and complica-
tions. Although most mothers make at least one antenatal visit during their preg-
nancy, delivery assisted with skilled health personnel still remains low among
communities with low-resource settings and those with limited access to health
services either due to distance to health facility and poor road infrastructure
(Muthoka et al., 2010).
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4 Interventions

Appreciably many interventions have been made to improve the situation of
mother and child health. Focussing on the first 1,000 days of pregnancy and early
childhood (24 months), due to high impact nutrition interventions (HilNi) aims at
preventing malnutrition and reducing child mortality. These include, improving the
nutritional status of women of reproductive age through diet counselling at ante-
and postnatal clinics, iron and folate supplementation during pregnancy and nutri-
tion and health education during clinic visits (MOHPS, 2012). Among the children
under five, nutrition well-being has been achieved through improved infant and
young child infant feeding practices (IYCF) among mothers and guardians. The
adoption of IYCF guidelines in all health facilities has ensured constant nutrition
messaging to mothers/guardians thus reducing confusion especially on length of
exclusive breastfeeding and optimising complementary feeding.

Micronutrient deficiency still remains a challenge. This has been addressed by
the provision of vitamin A and zinc supplementation and introduction of multiple
Micro-Nutrient Powders (MNPs) for children under the age of five. The supple-
mentations have also been supported by iodisation of all domestic salts to improve
the health outcomes of the population. In Kenya with the legislation of salt iodiza-
tion, 98% of all households consume iodised salt (MOHPS, 2012).

Improved access to quality curative care through free health care services in all
public health facilities for all under-five children has encouraged many mothers to
seek health care postnatally. Access to health services gives the mothers a chance
to enjoy other hospital-based interventions such as integrated management of
childhood illness. This includes immunization and deworming, coupled with nutri-
tion, sanitation and health education.

Among the children who are ill, both Integrated Management of Acute Malnu-
trition (IMAM) and Integrated Management of Severe Acute Malnutrition (SAM)
are available at health facilities to prevent progression to severe stage and deaths.

Diet-related intervention for school-going children and other children include
improving nutrition in schools through food supplementation for those malnour-
ished or in marginal ecological zones and school-feeding programmes in public
and private institutions; improve nutrition knowledge on and control of diet-
related non-communicable diseases (NCDs) such as over-nutrition and obesity and
value of exercise; attitudes and practices among the population.

Other cross-sector intervention include strengthening nutrition surveillance, moni-

toring and evaluation systems and strengthening coordination and partnership
among key nutrition actors and mobilizing essential resources. However, more
effort in scaling up nutrition and health are still required to meet the Millennium
Development Goals.
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5 Policy implication

e Improving access to food at all times to especially households with low re-
source base is crucial to enhance adequate dietary intake which directly
impacts on nutrition and health of both mother and child.

e Improve availability and accessibility to clean safe water.

e Poor maternal health outcomes, raise concerns of service delivery and ac-
cess, quality of service in rural areas as a public health concern

e Attendance to ANC is not indicative of assisted skilled delivery at the
health facilities. The low facility-assisted deliveries are a public health con-
cern and indicative of poor access or combination with socio-cultural fac-
tors which may not be addressed at the ANC clinics.

e Empowerment of rural mothers to diversify basic household resources
and improve income base as a way to mitigate short-medium term house-
hold food insecurity and poverty which may increase access to food and
health services.
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3. Water Sanitation Challenge: Prevalence of
Diarrhoea in Children under Age 5 in Slums
and Regular Localities in Enugu, South-East
Nigeria

Pat Obiageli Ndu, Chica Omwasigwe, Silva M. Anika
Centre for Environmental Management and Control, University of Nigeria,
Enugu Campus, Nigeria.

1 Summary

As the wotld inches close to the 2015 deadline on the Millennium Development
Goals (MDG’s), it is becoming more glaring that many nations would be off track
and off target on the eight goals. The 2012 update on drinking water shows that
even though the world has met the drinking water target, about 780 million people
still lack safe potable water for drinking and other uses. The coverage in sub Sa-
haran Africa is currently 61 percent and for Nigeria 42 percent as against the 75
percent stipulated target on the goal (WHO/UNICEF/JMP, 2012). Thete are also
indications that globally, sanitation targets would not be met with coverage in sub-
Saharan Africa, where 30 percent and 45 percent use either shared or unimproved
facilities, respectively, and 25 percent practice open defecation. An estimated 109
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million (69%) Nigerians lack access to improved sanitation facilities and 34 million
people still practice open defecation (WHO/UNICEF/JMP, 2012).

These challenges in the water-sanitation sector have been shown to have link-
ages to diarrhoeal morbidity in children under the age of five. About 6.9 million
children under the age of five were reported to have died by the end of 2011
(WHO, 2012). The deaths were linked to dehydration, chronic diarrhoea, neonatal
diseases, pneumonia, malaria and HIV/AIDS. Diarrhoea, a water-borne disease,
remains the third biggest killer of children in sub-Saharan Africa and kills more
children in the region than HIV/AIDS and malaria combined. In Nigetia alone,
about 85,921 children under the age of five, die each year from diarrhoeal diseases
linked to inadequate sanitation, unsafe water and poor hygiene. The country has
recorded very modest progress on under-five mortality rate which dropped from
199 deaths per 1,000 live births between 1993 and 1998, to 157 deaths per 1,000
live births between 2003-2008 (National Population Commission (NPC, 2009).
The MDG target expectation is 36 per 1,000 live births by 2015.

The current Joint Monitoring Program put together by WHO/UNICEF as-
sesses progress based on proxy measures for both water and sanitation. The im-
proved drinking water sources are those that by nature of their construction are
protected from outside contamination particularly with fecal matter and improved
sanitation those facilities that hygienically separate human excreta from human,
animal and insect contact (WHO, 2002). The systematical testing of the microbial,
physical and chemical quality of water at national and regional levels is considered
expensive and logistically complicated. Consequently in the current set of indica-
tors; the safety and reliability of drinking water supply sources and sanitation facili-
ties were not addressed. This implies that complete information about drinking
water safety is not available for global monitoring. There is a chance that some of
these sources may not have been adequately maintained and would not provide
safe water and a possibility that the number of people using safe water supplies
may be overestimated.

There is now a push to include water quality in the monitoring program to ac-
commodate testing for the presence of E. c/i. Also a process to develop new wa-
ter, sanitation and hygiene goals, targets and indicators beyond 2015 is now in
progress (WHO/UNICEF/JMP, 2012). This would addtess the information gap
created by the current regimen which has a limiting effect on the usability of data
obtained with the proxy method for water quality.

To address this gap, the methodology adopted for this study though adapted
from WHO/UNICEF (2006) core questions on drinking water and sanitation was
combined with an investigation of the quality of the different water sources used at
the household level within the study areas. This study took into account the im-
portance of parameters like drinking water quality, water availability, per capita
watet consumption per person within households, water treatment at point of use,
correct hand washing practices among others. The household survey was conduct-
ed in three regular localities and three slums in Enugu Metropolis of South-East
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Nigeria; Trans Ekulu, New Haven, Uwani, Agu-Owa, Ugbo-Okonkwo, and Ikiri-
ke.

Of the 610 questionnaires shared across localities, 578 were duly completed
and returned (94.75% return rate). The questionnaire captured information on
demographic and socio-economic variables, water indicators covering water
sources, access, availability, per capita consumption and water treatment practices;
sanitation indicators covering facility types, adequacy of facility, hand-wash prac-
tices and waste management. The health indicators tracked diarrhoeal morbidity in
children under five. Correlation and regression analysis were used to determine
relationship and strength of association between use of unimproved water and
unimproved toilet facilities and diarrhoea prevalence in children.

The quality of the water from the different sources was assessed at National
Agency for Food and Drugs Administration and Control (NAFDAC) Water La-
boratory in Agulu, Anambra State to determine whether they met the Nigerian
Drinking Water Quality Standards (NDWQS) (Standard Organization of Nigeria
(SON), 2007). All the water samples analysed did not meet the stipulated standards
and branded unsatisfactory including pipe-borne and table water samples collected
from the localities. The findings showed a moderate correlation of 0.537 for water
and 0.608 for sanitation. There was a significant relationship between the use of
unimproved water sources and prevalence of diarrhoea and R as the measure of
the strength of relationship was 0.823 (very high). The correlation for relationship
between prevalence of diarrhoea in children under the age of 5 and the use of un-
improved sanitation facilities was 0.608 and the R value 0.752 showed a high
strength of relationship also.

These findings on diarrhoeal prevalence were both startling and in conflict
with the picture painted by the diarthoea records of the University of Nigeria
Teaching Hospital and studies conducted by Nnodu et al. (2008) and Jibrum
(1988) in the same area of South-East Nigeria. The dry season was captured as the
season for diarrhoea in these studies and records. This survey was conducted in a
six-months time frame. Two months in the period were dry season March to April;
four months May to August were in the wet season. Four weeks in the dry season
belt was used for the pilot survey leaving only one month of dry season for the
main survey.

Of the six localities in the study, Trans Ekulu recorded a diarrhoea prevalence
rate of 14.29 percent, Agu-Owa 24.10 percent, New-Haven 14.16 percent, Ugbo-
Okonkwo 33.80 percent, Uwani 26.64 percent, and Ikirike 43.40 percent. The very
high prevalence rates in relation to the national average raises questions around
possible confounding variables. The rates were higher in the slums where both
water and sanitation infrastructure were either absent or not enough. These dispar-
ities within localities show that water and sanitation challenges require a multifacet-
ed intervention program that would address the heterogeneity of the issues in the
sector. Location-specific plans should be generated for each locality.
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In addition, NAFDAC may have to review monitoring and evaluation procedures
of table water pushed into the market that carry their registration numbers and
seemingly connoting safety. Government at the three tiers should allocate human
and material resources to tackle issues in the sector and also begin to see slum
eruptions as a ‘cry for help’. There must be a conscious effort to mount programs
and intervention schemes that would reduce prevalence of diarrhoeal disease in
children under the age of five. The life of every child must count irrespective of
the localities they find themselves in by accident of birth.

2 Introduction

Water is not scarce because fresh water constitutes 2.5% of the water on earth and
would be abundant if it were evenly distributed (Shiklomanov, 1993). If all the
fresh water on the planet were divided equally among the global population, there
would be 5,000 — 6,000 7 available for everyone per year. This global calculation
gives an impression of abundance but in reality, neatly one billion people in the
world do not have access to potable water to meet their daily needs
(WHO/UNICEF/JMP, 2012). While the wotld’s population tripled by the 20th
century, the use of renewable water resources has grown six-fold. This population
growth coupled with industrialization and urbanization concentrates large numbers
of people in small areas resulting in increased demand for potable water.

One of the health problems linked to the water-sanitation challenge is diar-
rhoea loosely defined as; a symptom of gastrointestinal infection characterized by
the passage of loose watery stools more frequently than normal. Severe cases may
mean three or more watery stools in a span of 24 hours (WHO, 2004). Diarrhoea
could be just watery as in cholera or passed with blood as in dysentery. It can be
caused by a bacteria, viruses and parasitic organisms spread by contaminated water
or food. It is not a common condition in the developed world where access to
sanitation facilities and safe water is high and personal and domestic hygiene rela-
tively good (WHO, 2000). Diarrhoea is the third leading cause of death in children
after respiratory infections and HIV/AIDS.

Enugu Metropolis, South East Nigeria has witnessed tremendous population
growth in over 100 years of its existence. The population has grown from 3,170 in
1921 (Coleman, 1971) to 722,664 in 2006 (NPC, 2006). This expansion could be
linked to the loss of investments to the ‘abandoned property saga’ in various parts
of the country by the Igbos of South East extraction following the Nigeria-Biafra
civil war. Many rebuilt their post-war lives in their homeland and Enugu the capital
of the then East Central State was a popular choice resulting in the birth of new
localities; a trend not matched with expansion of water and sanitation facilities.
Slums whose basic features are the absence of clean water, electricity, good road
network, toilet facilities, and waste management plans (Wambui et al., 2007) erupt-
ed at city fringes.
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3 Study area

Figure 1: Map of Nigeria showing Enugu State
Source: Wikipedia, 2013

The founding of Enugu was influenced by the discovery of coal by an itinerant
party of geologists between 1908 and 1909. Prior to this discovery, the virgin land
had no historical, economic or political importance. Although the British authori-
ties transformed Enugu into a beautiful city; their interest was purely economic.
Enugu became a second-class township in 1917 under the name Enugu-Ngwo but
Ngwo was dropped in 1928 to distinguish the town from the Enugu village in
Ngwo town. The topography of the area influenced the decision of the natives to
call the area enu-ugwu (Enugu) meaning “hill top” (Fig. 1).

Enugu Metropolis is in the tropical rain-forest zone with a derived savannah
experiencing between 1,520 and 2,030 mm of rain annually (Egboka, 1985). The
city has only the wet and dry seasons. The wet season lasts from May to October
with the heaviest rainfall occurring between June and July and a break in August
referred to as ‘August Break’. The dry season lasts from November to April. The
other weather condition is the Harmattan; a dusty trade wind originating from the
Sahara desert blowing southwards lasting a few weeks from December to January.
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Enugu Metropolis became the headquarters of the Eastern Province in 1936, capi-
tal of Eastern Nigeria in 1951, and capital of East Central State in 1967 in the wake
of the Nigerian civil war. In 1976, it was made the capital of the old Anambra State
and finally the capital of the present Enugu State in 1991. The Capital Territory is
made up of three local Governments Areas — Enugu East, Enugu North and Enu-
gu South. Each local government area is further subdivided into localities.
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Figure 2: Map of Nigeria showing Biafra

Source: nigeriamasterweb.com, 2013

Beginning with the January 15, 1966 coup d’état and the counter coup organised
by Northern Nigeria officers, 185 Igbo officers and over thirty thousand Igbos and
south-easterners were massacred in a spate of four months. The event got them
terrified and they fled home to Eastern Nigeria for safety. The seeming noncha-
lance by the federal government left the people no option than to self-preserve
because the people figured that a government that won’t safeguard the lives of its
citizens had no claim to their allegiance and the victims sought their safety in other
ways - including secession (Achebe, 2012).

Crushing the Biafran dream took three years (Fig. 2). The investments accumu-
lated over the years in the banks and real estate was suddenly labelled ‘abandoned’
and confiscated by the different military governors in the states. It did not matter
how much money they left in the banks prior to the war, each individual was given
twenty pounds at the end of the pogrom. In spite of the ‘no victor, no vanquished’
declaration; the average Igbo man felt defeated and lost faith in the project called
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Nigeria. Playing safe and survival meant settling in Enugu Metropolis in 1970. The
water and sanitation facilities were not expanded adequately to accommodate the
influx of the people into Enugu.

4 Background of the problem

In the 1960’s, 70’s up to eatly 80’s, Nigerian leaders at the two tiers of government
provided treated drinking water for the people. Suddenly, rapid population growth,
corruption, poor planning, and insensitivity of the leaders changed all that. Potable
water became scarce due to the spatial limits of water coverage. The current water
supply setvice coverage in the country according to WHO/UNICEF/JMP report
for 2012 is 58% (87 million people) translating to lack of potable water to about 70
million people. This report ranked Nigeria third behind China and India in the list
of countries with the largest population without access to improved drinking wa-
ter.

Enugu Municipal in that time frame also used to discharge the water needs of
the residents into homes through pipes and faucets. Households were informed
through radio and television announcements when Water Corporation needed to
do turnaround maintenance of equipment in their facility. This gave residents am-
ple time to store enough water to last through the period of system shut down. In
time all that changed. Load shedding and rationing few days at a time started, cas-
cading into weeks of taps remaining dry with no explanations from anyone.
Households resorted to collecting water from not so good sources mainly from the
shallow streams called ‘mmiri ani’ literarily meaning ‘eround watet’ that dot the city
landscape. Residents took baths, did laundry and washed their cars in these shallow
streams. Water for drinking and cooking were procured for a fee.

With this development; it is now common place to be woken up by the chatter
of women and children heading to shallow streams and ponds oftentimes contam-
inated to draw water at the crack of dawn. The blaring horns of water tankers and
push-cart vendors searching for clients gives one an undesirable wake up call. One
of the strategies adopted by the people to mitigate the water crisis is the drilling of
wells from which ground water is harvested. As dependence on hand dug wells
gained prominence as a water source, the dependence on shallow streams began to
decline or so it seemed. Ground water mining without adequate planning, legal
framework and governance has opened a new debate on the sustainability of the
intensive use of ground water resources (UNDP, 20006). Also new in the sector is
the dependence on table water packaged in sachets and bottles as sources of drink-
ing water. The different brands in the market carry National Agency for Food and
Drugs Administration and Control NAFDAC) registration numbers, a subtle way
of informing prospective consumers that the products have been endorsed for
wholeness and safety.
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Of the 725,767 houscholds in Enugu State, only about 14.4% have pipe-borne
water inside their homes; the rest (85.6%) are compelled to use alternative sources
(NPC, 2000). In the sanitation sector there are reports that 34 million Nigerians
practice open defecation placing her fifth in the world behind India, Indonesia,
Pakistan and Ethiopia for open defecation (Allwell, 2012). This “flying toilet” habit
is endangering the water bed through the hydro geo-pollution cycle and adding to
the burden of environmental degradation. Currently, Enugu State Waste Manage-
ment Authority (ESWAMA) dumps the solid wastes collected around the city in
land fill sites at the city fringes. These mounds of refuse are covered with soil to
form manure. This method of disposal constitutes a source of contamination for
ground water from where domestic water supplies are drawn exposing the con-
sumers to the different pathogenic organisms in the water some of which can
cause diarrhoeal diseases.

Diarrhoeal prevalence in children is one of the conventional ways for accessing
the quality of water used at the household level. Increasing the quantity of water
used at houschold level allows for better hygiene practices no doubt but raising the
quality of drinking water reduces the ingestion of pathogens (Billig et al., 1999).
Health benefits from improved water supply occur through better water quality
with reduced ingestion of pathogens (Esrey et al., 1991).

5 Methodology

In the course of carrying out this research, 610 questionnaires were distributed in
three regular localities and three slums in Enugu Metropolis between March 2010
and June 2011. The determination of the sample size for the different localities was
based on the Nigerian population census figures of 1991 projected to 2011. The
survey instrument was allotted as follows: Trans Ekulu (79), New Haven (130),
Uwani (220) all regular localities and Agu-Owa (40), Ugbo-Okonkwo (52), and
Ikirike (88) the contiguous slums. A total of 578 of the 610 questionnaires were
properly completed and returned. The questionnaire was an adaptation of the core
questions on drinking water and sanitation for household surveys developed by
WHO/UNICEF/JMP, (2006). The harmonized questions were derived from an
in-depth study of several international survey instruments; www.wssinfo.org. The
aim of the standardized prototype was to improve survey comparability over time
and harmonize them for purposes of global monitoring.

Water samples were taken from streams, hand dug wells, tanker-truck water,
water from push cart vendors, table water in sachets and bottles, pipe borne water
and taken to NAFDAC laboratory within twenty-four hours of harvesting the
watet from the various sources for analysis to determine whether they met the
National Drinking Water Quality Standards. Samples were collected in new one
litre-capacity white transparent plastic bottles. The transparency of the bottles
made physical observation of the content easy. The containers were washed and
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rinsed with methylated spirit and left to dry for 24 hours. Thereafter, containers
were rinsed with the water meant for analysis and appropriately labelled. The Phys-
ical and Chemical Analysis were carried out with the Rapid Smart Spectrophotom-
eter, which is a menu-driven instrument with over 80 pre-programmed tests and a
wide wavelength range of 350-1,000 nm. The instrument measures the transmit-
tance and absorbance of the different elements in the water sample and automati-
cally gives the concentration of the substance without having to go through tedi-
ous mathematical formulae and calculations. The water samples were subjected to
these bacteriological examinations and analysed in line with NSDWQ (SON,
2007); enumeration of total aerobic mesophilic count, coliform test, E.co/ test and
Pseudomonas test.

Parametric tests and inferential statistics were used for analysis using a com-
puter program,; Statistical Package for Social Sciences (SPSS version 17). Both qual-
itative and quantitative responses were collected and analysed to address the rela-
tionship of the data to the research questions as basis for testing the hypotheses in
the study.

6 Results and discussion

Access to potable water and sanitation remain basic needs that must be met to
ensure that the health of household members especially children under five years is
not undermined. In focusing our lens on the challenge of water and sanitation
interventions and linkages to diarrhoea in children under five years, some of these
parameters were assessed; water availability and access, quantity of water used by
households daily, water quality, proportion of people not served by improved wa-
ter, treatment of water before drinking, water sources, types of toilet facilities, ac-
cess to improved toilet facilities, proper hand-washing practices, proportion of
people not served by improved toilet facilities among others.

These sources of drinking water were elicited from the measurement instru-
ment; pipe-borne water, protected well, rain water harvests, sachet (pure water),
bottled water, tanker/truck vendor water, push cart vendor water and sutface wa-
ter. There was a heavy dependence on sachet water in all localities save for New
Haven; Ugbo-Okonkwo (80%), Agu-Owa (77%), Trans Ekulu (60%), Uwani
(59%) and Ikirike (58%). Dependence on pipe-borne water as drinking water
source was high in New Haven compared to other localities which explains why
they had fewer households depending on sachet water. Trans Ekulu residents also
depended heavily on tanker/truck vended water (44%) and Ikirike residents on
surface water (70%) (Table 1).
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Figure 3: Ikirike stream/spring Figure 4: Typical slum house type

Source: Researchet’s fieldwork, 2012 Source: Researchet’s fieldwork, 2012

Table 1: Sources of drinking water; number (N) and percentage (%) of
respondents

Water Source | T/Ek | Agu- New U/Okon | Uwani Ikirike
ulu Owa Haven kwo
N|%|N |[%|N |% |N % | N % N |%
Tap 1013 |2 5 18 |66 |7 16 [ 32 |15 |0 0
water inside
Public tap 6 |8 |8 21|12 |10 |24 |55 |39 19 |0 0
Protected 10|13 | 4 10 | 16 | 13 10 |23 | 31 15 5 6
well
Rain water 16 |21 | 18 | 46| 11 9 29 | 66 | 51 24 | 27 |31

Sachet (pure) | 45| 60 | 30 |77 |43 |35 |35 |80 | 124 |59 51 | 58
water

Bottled water | 17 | 23 | 0 0 |15 |12 |0 0 12 |6 0 0

Tanker water | 33 | 44 | 4 10 | 14 11 83 40 25 28

W
-

Push cart 8 | 118 2110 0 5 11 |2 09 |14 |16

water

Surface water |5 |7 |16 |41 |0 0 5 11 |2 09 |62 |70

Source: Reseatcher’s fieldwork (2010-2011)

The habit of proper water treatment at point-of-use varied across localities. The
respondents from New Haven, who depend largely on pipe-borne water, do not
think there is a need to apply further treatment with only 8% of the respondents
captured as applying appropriate water treatment before use. In the category of
respondents that did nothing to make water safe more than 50% of the respond-
ents across localities admitted to doing nothing (Table 2).
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Table 2: Water treatment; number (N) and percentage (%) of respondents

Methods T/Ekul | Agu- New U/Okonk | Uwani Ikirike

u Owa Haven WO

N | % N % | N % N % N % N %
Boil, 34 | 45 9 23 | 10 8 11 25 84 40 11 13
filter, add
chlorine
Add 3 4 1 3 33 27 4 9 20 10 4 4
alum,
strain,
settle
Nothing 38 | 51 29 74 | 79 65 29 66 106 | 50 73 83
TOTAL 75 | 100 | 39 10 | 12 100 | 44 100 | 210 | 100 | 88 100

0 2

Source: Researcher’s fieldwork (2010-2011)

The proportion of respondents from the different localities who do not have ac-
cess to improved sanitation facilities are as follows; Trans Ekulu 17 (23%), Agu-
Owa 30 (77%), New Haven 38 (31%), Ugbo-Okonkwo 34 (77%), Uwani 115
(55%) and Ikirike 84 (95%). On the whole, 318 (55%) of the 578 respondents cap-

tured in the study had no access to improved sanitation facilities.

Table 3: Types of toilet facilities and number (No) of respondents

Toilet Type | T/Ekulu Agu-Owa New U/Okon- Uwani Ikirike
Haven kwo

No Share |No Share |No Share |No Share [No |Shate |No [Share
Water 68 12 4 0 119 36 20 14 163 (74 4 1
Closet
Pit With 7 5 10 5 3 2 14 10 18 12 6 5
Cover
Pit No 0 0 8 5 0 0 7 3 12 12 8 3
Cover
Bucket 0 0 0 0 0 0 0 0 17 15 11 9
latrine
Bush, field |0 0 17 0 0 0 3 0 0 0 59 0
etc.
TOTAL 75 17 39 10 122 38 44 27 210 113 |88 18

Soutce: Researchet’s fieldwork (2010-2011)

About 378 (93%) of 407 respondents from regular localities had water closet/flush
toilet facilities in their homes and 122 (30%) shared their facilities making them
unimproved. Of the 171 respondents from the slums, only 28 (16%) had water

closets, 79 (46%) indulged in open defecation and 35 (20%) used toilet facilities

classified as unimproved like pit toilets without cover and bucket latrines (See Ta-
ble 3). Generally the respondents from the regular localities used toilet types classi-

tied as improved.
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AN IR AW ey o A 5 | IsAl : SR IR
Figure 5: Unapproved dumpsite Figure 6: Pit toilet in a slum
Source: Researchet’s fieldwork 2012 Source: Researchet’s fieldwork, 2011

Table 4: Water analysis of different water sources

Pa- NSD WW SW S RW PC BH PS ™ | DW T
rame- | WQ
ter

pH 6.5-8.5 53 6.3 6.7 6.2 5.3 5.7 5.4 6.5 7.2 6.5

Ni- 50 mg 56.4 | 48.8 35.6 46.0 50 3.2 9.7 1.5 1.67 2.2

trate

Ni- 0.02 0.88 0.35 1.42 0.06 | 0.20 | 0.18 | 0.39 | 0.13 | 0.15 | 0.19

trite mg

Lead 0.01 0.11 0.05 0.11 0 0.20 0 0.1 0 0 0.06
mg

Cad- 0.003 0.45 0.17 0.105 0.15 | 0.21 0.22 | 0.11 0.07 0 0.12
mium | mg

A.meso | Not 917 809 1361 55 | 1000 | 70 450 | 640 | 639 | 960

philic stated

Coli- 1 max 228 22 454 1 2 2 12 25 39 87

form

E.coli | nil 22 0 174 0 0 0 0 0 0 0

Status U U U U U U U U U U

WW | well S Stream | PC push PS protected | DW | dispenser
water cart spring water

SW | sachet RW | rain BH bore- W tap water | T tanker
water water hole

Source: Researcher’s field work 2010-2011; U = Unsatisfactory.
The red highlights are values above normal.
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About 35 water samples were collected from different drinking water sources at
various localities and sent to NAFDAC laboratory for analysis. The means of the
different parameters were taken for wells, sachet water, bottled water, streams and
pipe-borne water making 30 samples. Rain water harvest, tanker vendor water,
protected spring, bore hole and pushcart vendor water were drawn randomly and
sent in for analysis as well. The report in Table 4 shows that none of the samples
met the Nigerian stipulated standards for drinking water. All except the rain water
(RW) had coliform counts above tolerable levels. The well water (WW) and stream
(S) showed presence of E. e/, an indicator of recent faecal contamination. There
were high levels of aerobic mesophilic bacteria in all the samples. The maximum
count was not stated in NSDWQ. Cadmium levels were high in all the samples
except the dispenser bottle table water (DW). The nitrite content was high in all
the samples and nitrate high in the well water (WW). The lead content of water
from these sources were high; well (WW), sachet water (SW), stream (§), pushcart
vended (PC), protected spring (PS) and tanker vended (T). The pH of water from
some sources were lower than stipulated values; well (WW), sachet water (SW),
rain water harvests (RW), borehole (BH), protected spring (PS) and push cart
vended water (PC).

Localities
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40
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trans  aguowa New Ugho uwani ikirike
ekulu haven Okonkwo

Figure 7: The prevalence of diarrhoea in children under five
Source: Researcher’s fieldwork 2010-2011

Figure 7 above shows that prevalence of diarrhoea was higher in the slums com-
pared to the regular localities contiguous to them. Among the slum localities, Ikiri-
ke had the highest prevalence of diarrhoea in children under five and Ugbo-
Okonkwo the lowest prevalence. Uwani had the highest prevalence followed by
Trans Ekulu and New Haven for the regular localities. Only New Haven and its
contiguous slum Ugbo-Okonkwo depended largely on pipe-borne water for their
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drinking water needs. It is therefore not surprising that they had the lowest diar-
rhoeal prevalence as shown in Table 1.

To capture a bird’s eye view of the diarrhoeal prevalence in children under the
age of five in the area, the researcher had to look at the hospital records of some
hospitals in the metropolis including the University of Nigeria Teaching Hospital
(UNTH) a foremost tertiary level care in the region. The data were lifted from the
diarrhoea register and the researcher isolated the cases for children under the age
of five. The record used in generating the chart on Figure 8 was kept for diarrhoea
cases treated and managed by the unit. The prevalence rate could therefore not be
calculated because the total number of children under age five that came for treat-
ment was not trapped in the record. However, the diarrhoea cases were shown to
be more ubiquitous in the wet season as against the dry.

450
400

B Dry Season
200 -

B Wet Season
150

100 -

year 2005year 2006year 2007year 2008year 2009year 2010

Figure 8: Diarrhoea cases at the Children’s Emergency, UNTH 2005-2010
Source: Diarrhoea Register Children’s Emergency UNTH, Enugu

The results from the statistical analysis for correlation between prevalence of diar-
rhoea in children under five and use of unimproved water and unimproved sanita-
tion facilities showed a moderate correlation of 0.537 for water and 0.608 for sani-
tation (Table 5 and 6). The two week time frame was considered adequate to con-
trol for recall bias.
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Table 5: Correlations of diarrhoea prevalence and unimproved water

diarrhoea unimproved
prevalence | water
diarrhoea prevalence Pearson Correlation 1 319
Sig. (2-tailed) .537
N 6 6
unimproved water Pearson Correlation 319 1
Sig. (2-tailed) .537
N 6 6

Source: Researcher’s fieldwork 2010-2011

The researcher obtained information on the prevalence of diarrhoea among the children under age
five in the households by asking mothers or other caregivers of the children whether they had diar-
rhoea within two weeks preceding the interview.

Table 6: Correlations of diarrhoea prevalence and unimproved sanitation

diarrhoea unimproved
prevalence | sanitation
diarrhoea prevalence Pearson Correlation 1 719
Sig. (2-tailed) .608
N 6 6
unimproved sanitation Pearson Correlation 419 1
Sig. (2-tailed) 408
N 6 6

Source: Researchet’s fieldwork 2010-2011

Table 7: Model summary< for diarrhoeal prevalence and unimproved water

Model | R R Adjusted R Square | Std. Error of
Square the Estimate
1 .823a | .677 .596 55363515

Source: Statistical analysis 2012

There is a significant relationship between the use of unimproved water resources
and diarrhoeal prevalence (Table 7). The measure of the strength of relationship
(R) was .823 and quite high.
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Table 8: Model Summaryb< for Diarrhoeal Prevalence and Unimproved Sanitation

Model |R R Square|Adjusted R Squate |Std. Error of
the Estimate
1 .752a |.565 456 060083467

Source: Statistical Analysis 2012

a) Predictors: (Constant), sample localities

b) Dependent Variable: diarrthoea

¢) Weighted least squares regression weighted by unimproved water (Table 7)
or sanitation (Table 8)

There is a significant relationship between the use of unimproved sanitation facili-
ties and prevalence of diarrhoea (Table 8). The R value of 0.752 shows a high
strength of relationship which is however slightly lower than that for unimproved
water sources.

These findings in significance and strength of association is startling and in
conflict with the picture painted by the diarrhoea records of the University of Ni-
geria Teaching Hospital. The dry season was captured as the season for diarrhoea
and most of the data harnessed for this survey happened in the wet season. It is
not disputable that unimproved water sources and unimproved sanitation facilities
affect the prevalence of diarrhoea in children. That is consistent with the findings
of Esrey (1991) and Fewtrell (2005) as well as the studies done by Nnodu et al.
(2008) and Nnajide (1988) conducted in the South East Nigeria. The only differ-
ence between this study and that of Nnodu et al. (2008) and Nnajide (1988) is that
their surveys were carried out in the dry season.

Of the six localities in the study, only New Haven enjoyed semblance of regu-
lar water supply from water board. The lower diarrhoeal prevalence found in the
analysis was a reflection of this fact. However, the very high prevalence rates in
relation to the national average raises questions around possible confounding vari-
ables. There are a number of indicators that are known to affect diarrhoeal preva-
lence in children under age 5; hygiene practices, access to water, per capita con-
sumption of water per person in the household and literacy status of the mother.

The measurement instrument used in the survey captured the attitude of re-
spondents to hygiene particularly correct hand-wash practices. The reports show
that about 41% of the respondents and 58% of slum residents did not routinely
wash hands properly (wash both hands with soap or ash and water) after activities
that compromise the hygienic status of the hands. Data on the literacy status of the
mothers revealed that 32% had tertiary-level education, 35% had high-school di-
plomas, 23% had only elementary school-level education and 10% had no formal
education but acquired vocational skills from informal schools. Very few slum
residents had tertiary-level education. Some studies have shown that the literacy
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level of a mother reduced diarrhoeal prevalence in children under 5 (Boadi and
Kuitunen, 2005).

The damning report from the NAFDAC laboratory water analysis of the water
sources should make it imperative that these unimproved water sources should be
subjected to adequate treatment before consumption. However, many of the re-
spondents did nothing to the water prior their consumption. Of the 578 respond-
ents captured in the study; a total of 159 (28%) respondents used appropriate wa-
ter treatment for their drinking water, 65 (11%) used alum, strained or allowed
water to settle; an inappropriate treatment method and 354 (61%) did nothing to
the water prior to consumption. Many erroneously believed that a NAFDAC regis-
tration number on a product meant safe.

Water is a major nutrient for children and when from an unimproved source
increases their risk of exposure to water-borne pathogens. Few health issues are as
common and insidious as diarrhoea. Each year more than four billion episodes of
diarrhoea account for about 20% mortality in children under five years globally
(Fuentes et al., 2000). The average under-five child in the developing countries
suffers an average of three episodes of diarrhoea per year, and unsafe drinking-
water along with inadequate supplies of water for personal hygiene and poor sani-
tation are the main contributors (Kosek et al., 2003). The findings from this study
corroborate all these views on diarrhoeal disease prevalence and relationship with
unimproved water and unimproved sanitation.

There are other variables that may have contributed to the high prevalence
rates and the departure from the national average of 10%. The microbial quality of
the water from various sources showed high levels of coliform bacteria in all the
samples except harvested rain water. There was E. /7 in the well and stream water
samples indicative of recent fecal contamination. The plot sizes within the metrop-
olis make it hard for residents to maintain a safe lateral distance between hand dug
wells and septic tanks or pit toilets. Without the right kind of distance in this re-
gard, the ground water is compromised by movement of pathogens through the
different aquifers. In addition to the coliforms is the mesophillic Aeromonas
whose maximum permissible level was not stated. Some species in the genus are
however known to be causative agents of gastroenteritis. Reports from Australia
suggest that there may be a connection between cases of Aeromonas-associated
diarrhoea and the number of Aeromonas in the drinking water (Burke, 1984).

Nigeria is endowed with abundant water resources to support sustainable pro-
vision of water supply and adequate sanitation but the enormous potential remain
largely untapped due to uncoordinated haphazard implementation of policies and
programs (National Planning Commission, 2012). During the product launch for
Vision 20:20, the Enugu State Government initiated a community needs assess-
ment of the 471 rural communities in the State and in the key development needs;
342 (72.61%) communities requested for potable water and 304 (64.5%) communi-
ties requested for healthcare facilities ranking 2nd and 3rd next to access roads that
was the topmost; 385 (81.7%) (Enugu State Vision 4: 2020, 2012).
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Studies on water are often extremely variable spatially. Locations of a few kilome-
ters apart are found to be different in terms of water quality and availability. Such
variations require monitoring at the local level or they would be lost in the avera-
ging process (Douglas et al., 2006). In Enugu State, South-East Nigeria for in-
stance, the main sources of water for households at the State level are rivers,
springs and streams (NPC, 2006). A finer resolution and limited spatial radius
shows that hand-dug wells were the most popular for Enugu East and Enugu
South Local Government Areas while tanker-water vendor water source was more
common in Enugu North Local Government Area (NPC, 20006). Global or count-
ry-level statistics also hide important regional or national or local heterogeneity in
water resource availability and access, masking the true numbers of people suf-
fering from water crisis. Many more of these location-specific studies are the direc-
tion to go such that all the pieces of the puzzle in the water-sanitation sector can
be unmasked and tackled.

7 Conclusion/recommendations

A lot of research has been carried out globally that looked at the water-sanitation-
health tripod. The challenge has remained the spatial variability of issues in the
sector. At the moment, the development at the various levels of governance has
been the top-bottom approach with the federal government, ministers and state
governors exclusively deciding where public funds should go. Obviously, this ap-
proach is not working. Regarding budget preparation, a new paradigm should be
guided by needs assessment which is not only aiming the allocation of resources
but substantially fosters the reduction of poverty through championing of people-
centric development plans (Flides, 2009). A bottom-up view brings the priority
needs to the fore because it presents a specific approach to the problems of differ-
ent localities (Easterly, 2000). Only a thorough understanding of the situation can
enable to create a uniquely effective solution.

It is time for Nigeria to set realizable and realistic targets, develop and domes-
ticate achievable action plans and allocate financial and human resources needed to
bring safe water and basic sanitation to the people in a sustainable manner. Such
information could be used to measure progress towards meeting national and
global goals. The Federal Government of Nigeria has continued to pay lip service
to the problem considering the steady decline in budgetary allocation to water and
sanitation, 112 billion Naira in 2010, 62 billion Naira in 2011 and 39 billion Naira
in 2012 (Allwell, 2012). In the absence of improved water, millions of Nigerians
are forced to consume what is available from rain, wells, ponds, boreholes and
streams.

The problem is not that of water availability as such. Rather the issue is wheth-
er the water is within reasonable proximity, reliable, safe and sufficient to meet
daily water needs of the different households. Water and sanitation challenges
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require a multifaceted intervention program that would address the current diar-
rhoeal prevalence rate among children under five years. This can only happen as
policy makers and stake holders pay attention to the various factors within the
localities contributing to the scourge. The heterogeneity of the issues demand that
location-specific plans should be generated for each locality or zone as needed.

The data elicited from this survey shows marked differences from one location
to another which means that the right solution may have to ride on the back of a
needs assessment done for an assigned locality. The stakeholders must learn to see
slum residents as real people compelled by circumstances to be in the places they
squat in. The life of every child must count irrespective of the localities they find
themselves in by accident of birth.

Policy makers should address some of their issues by allocating more resources
to address the problems that surround them. It can start with as little as a low
maintenance water and sanitation scheme that would make available potable water
and improved sanitation facilities. This would ultimately reduce water-borne dis-
eases and save the water bed from pollution powered by environmental degrada-
tion from open defecation and ‘“flying toilets’.

NAFDAC would need to review the current policy on monitoring and evalua-
tion of table water in the market. It is not enough to pay scheduled visits like they
do now. The integrity of such visits may be marred by emergency ‘fix it” acts by the
producers. In its stead they should pick samples from neighborhood shops and
markets. They should also enforce the shelf life policy that demands that a best
before date be stamped on all products. Defaulters should be prosecuted accord-
ingly. It is scandalous that products carrying their insignia would not meet stipulat-
ed standards.

The United Nations recognize potable water and good sanitation as a human
right following a report that the world lost 4,000 children daily to water-borne
diseases. In their collective opinion, water and sanitation crisis constitute an in-
fringement on a child’s right to life (Mchangama, 2010). Children when born,
should grow, develop and thrive in environments with clean air, clean water, safe
food and minimal exposure to harm. A sustainable and integrated water-sanitation
scheme is requited to provide an enabling environment for that to happen
(UNEP/WHO, 2010).
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4. Improving Maternal and Child Health: The
Role of Food Safety in the Developing World
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1 Abstract

Food safety is the absence of unacceptable levels of contaminants, adulterants,
naturally occurring toxins or any other substance that may make food injurious to
health on an acute or chronic basis. Food safety has become a growing public
health concern in developed and developing countries. Globally, governments and
stakeholders are intensifying efforts to improve and promote food safety. These
hazards have received much attention: naturally occurring toxins, pesticide resi-
dues, parasites, adulterants, antibiotic drug residues, zoonotic diseases, microbial
pathogens, persistent organic pollutants, heavy metals and genetically modified
foods. The impact of these hazards seem to be more severe in the developing
wortld due to illiteracy, lack of awareness, inadequate access to modern research
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laboratories to monitor food contaminants and residue levels, poor enforcement of
food safety regulations and standards, and poor food handling practices. Many
developing nations do not have the political will, capacity and resources to respond
to the challenges in the sector. Food safety is sometimes not considered a priority
by some of them. Perhaps looking at food safety as an instrument of public health
and a tool for economic development may earn it the attention required. The pro-
motion of food safety has been linked to improved nutrition and health outcomes.
Consequently, policy makers and stakeholders should drive programs that would
secure safe food for all, especially infants, young children and pregnant women.
This would contribute to the realization of the targets spelt out in Millennium De-
velopment Goals (MDGs) 4 and 5, aimed at reducing child mortality and improv-
ing maternal health.

2 Overview and important aspects of food safety

Safe food is free from toxins, pesticides, chemical and physical contaminants, mi-
crobiological pathogens such as bacteria, parasites, and viruses (Cynthia, 2003).
Food safety is an important public health issue as consumers are becoming more
conscious of what they eat or drink (WHO, 2012). Food safety should be a shared
responsibility between producers, industry, government, researchers and consum-
ers (Altekruse et al., 1995; Acheson et al., 1998). Unsate food is a major contribu-
tor to foodborne illnesses defined as diseases caused by agents that enter the body
through the ingestion of food (WHO, 2012). Among the predisposing factors are
improper holding temperatures, inadequate cooking, contaminated equipment,
food from unsafe sources and poor hygiene (Cynthia, 2003; Fening and Edoh,
2009; WHO, 2012). Threats to food safety have always been there, but new chal-
lenges are coming up as a result of changing demographics and lifestyles, new food
production practices and constant evolution of microorganisms (Acheson et al.,
1998).

The targets for MDG4 and 5 are about reducing child mortality and improving
maternal health (MDGs report 2011). Achieving the goal for child survival requires
actions that would address the many challenges that expose children to the causes
of diseases and death. In spite of the modest progress recorded for MDG 5, preg-
nancy remains a major health risk for women in the developing regions. Therefore,
promoting safe food for improved maternal and child health, especially in the de-
veloping world would contribute to the realization of MDGs 4 and 5.
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3 Food safety challenges in the developing and developed
world

Food safety issues and foodborne diseases are a growing public health problem in
developed and developing countries (WHO 2012). Globally, policy makers and
stakeholders are intensifying efforts to improve and promote food safety in re-
sponse to an increasing number of food safety problems and rising consumer con-
cerns. Food safety and foodborne illnesses are not well documented in the devel-
oping countries. However, there are studies linking food safety problems to the
high prevalence of diarrhoeal diseases in developing countries (Fening and Edoh,
2009).

Unsafe food has also been proven to contain hazards and toxins. Prominent
among these naturally occurring toxins are mycotoxins, marine biotoxins, cyano-
genic glycosides and toxins occurring in poisonous mushrooms. Mycotoxins, such
as aflatoxins, fumonisins and ochratoxin A, are found at detectable levels in many
staple foods. In Nigeria, some food items used for weaning purposes like ground-
nuts, maize, and other oilseeds, are vulnerable to moulds, especially Aspergillus para-
siticus and A. flavus that produce aflatoxins (Jimoh and Kolapo, 2008; Oluwafemi
and Ibeh, 2011). The health implications of long-term exposure to these toxins are
still poorly understood, but some studies have established positive associations
between them and the incidence of oesophageal and liver cancer (Aly, 2002;
Fandohan et al., 2003). Ankrah et al. (1994) studied the relationship between a diet
containing aflatoxins and liver inflammation in Ghana. The major food sources
that the subjects ate were cassava (as konkonte), maize (as kenkey), or a mixture of
the two (as akple). The results indicated the participants were predisposed to in-
flammation of the liver rather than cancer of the liver. However, Bulatao-Jayme et
al. (1982) found that the risk of developing primary liver cancer increases with the
quantity of aflatoxin in the ingested food. Similatly, Yu et al. (1989) studied the
relationship between primary liver cancer and aflatoxin intake in local foods in five
villages in China and found a significant correlation between the disease and afla-
toxin prevalence. Rensburg (1977) also reported a significant statistical relationship
between the incidence of liver cancer and the intake of aflatoxin in Africa and Asia.

Food safety is also known to be affected by pesticides (insecticides, herbicides
and fungicides) used by farmers in crop production. There is a limit to what the
average consumer can ingest pesticides and remain safe (Patrick, 2012). Exposure
to pesticides can occur directly from occupational, agricultural and household use,
and indirectly through the diet (Cohen, 2007). High levels of pesticide residues are
usually present in foods like vegetables, fruits and cereals. In developing countries,
farmers still utilize hazardous pesticides indiscriminately in their farms. There are
studies showing pesticide residues in milk, vegetable, fruits, meat and fish in Ghana
(Fianko et al., 2011). High levels of pesticides, heavy metals, microorganisms and
mycotoxins were also detected in street-vended food samples in Accra, Ghana
from 1999-2000 (Pesticides News, 2011). Chlorpyrifos was detected in six out of
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eight samples of waakye (rice and beans) and one out of eight samples of fufu
(cassava and plantain dough). Other studies confirmed that some vegetables such
as lettuce, cabbage, tomatoes and onions being sold to consumers in a Ghanaian
market contained detectable levels of chlorpyrifos, lindane, endosulfan, lambda-
cyhalothrin, and DDT tesidues (Ntow, 1998; Ntow et al., 2000).

There is now a conscious effort to replace insecticides like organochlorines
(OCs) that persist for years in nature with products like pyrethroids, biopesticides
and botanicals that are more nature-friendly (Fening et al., 2011). In the past few
decades, different studies have attempted to establish a relationship between
chronic pesticide exposure and adverse health effects. A recent systematic review
that examined the literature on human health effects of currently used pesticides,
excluding OCs found a high level of clinical and subclinical effects including signif-
icant positive associations with solid tumours, haematological cancers and geno-
toxic effects (Sanborn et al., 2004). In addition, pesticides were found to affect
mental and emotional functioning, the nervous system (causing neurodegenerative
disease) and the reproductive system (causing birth defects, infertility, foetal death,
and intrauterine growth retardation) (Sanborn et al., 2004).

A recent review that examined how pesticides affected children revealed that in
addition to causing reproductive effects, pesticide residues were linked to child-
hood cancer, neurological, neurobehavioral and endocrine disorders (Garry, 2004).
Children appear to be very vulnerable to the effects of pesticides. The reason is not
far-fetched. Children have less developed detoxification pathways. Newborn in-
fants have low levels of the enzyme paraoxanase-1 responsible for detoxifying
organophosphates (OP) in pesticides (Chen et al., 2003). Also children with a long-
er life span ahead enjoy a long latency period during which time they may stay
asymptomatic (Sanborn et al., 2004). However, children may be at greater risk of
pesticide exposure as they eat and drink more per kilogram of body weight than
adults and their diets are often rich in foods which contain high levels of pesticides
including breast milk (Cohen, 2007). Furthermore, OP pesticides are neurotoxic at
high doses and chronic exposure of pregnant women could adversely affect chil-
dren’s cognitive development (Maryse et al., 2011).

Persistent organic pollutants (POPs) are another group of compounds that can
accumulate in the environment and the human systems. Some popular examples
are dioxins and polychlorinated biphenyls (PCBs). These compounds are unwanted
by-products of some industrial processes and waste incineration. Exposure to
POPs has been linked to a variety of adverse health effects in humans. In the same
way, heavy metals such as lead and mercury, cause neurological damages in chil-
dren. Exposure to cadmium can cause kidney damage, in the elderly. Both heavy
metals and POPs may wind up in food chains through pollution of air, water and
soil.

There are other food safety issues brought about by contact with microorgan-
isms that result in foodborne diseases. One of the major foodborne diseases in the
developing countries is salmonellosis caused by the Salmonella species. Some of
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the symptoms are fever, headache, nausea, vomiting, abdominal pain and diar-
rhoea. There are foods usually involved in outbreaks of salmonellosis such as eggs,
poultry, raw milk and chocolate. Campylobacteriosis is yet another widespread
infection. It is caused by some species of Campylobacter. Some of the noticeable
symptoms of campylobacteriosis include severe abdominal pain, fever, nausea and
diarrhoea. Some microorganisms like variants of Escherichia coli and Listeria are
known to cause intestinal bleeding along with gastric disorders. Although their
incidence is relatively low, their severe and sometimes fatal health consequences,
particularly among infants, children and the elderly, places them among the most
serious foodborne infections. A recent study in Ghana identified farmlands as the
main source for lettuce microbial contamination (Amoah et al., 2007a). According
to the study, aside from the irrigation water, contamination was also attributed to
manure application and already contaminated soil. In another study, high counts of
several pathogenic microbes including Salmonella and E. ¢/ were also found in
fruits and vegetables sold in Sango Ota, Nigeria (Eni et al., 2010).

The challenge does not end with what we have come to know as microorgan-
isms. There is another group of organisms also factored into the big debate on
food safety; genetically modified organisms (GMOs). These GMO’s and their de-
rivatives are prohibited in organic food production but there is currently insuffi-
cient evidence to reach any definitive conclusions regarding the safety of genetical-
ly modified foods for humans. However, some negative health effects have been
observed in animal trials (Patrick, 2012). It is believed that genetically modified
foods may contain allergens or toxins that are not found in conventional foods.
Typical examples of such foods include crops modified to resist pests, foods with
allergens removed, food whose essential nutrients are increased and foods with
anti-microbial markers. The potential risks and benefits of genetically modified
foods is an important aspect of assessment of foods derived from biotechnology
that has not received the right level of attention (WHO, 2012). Even the addition
of low levels of antibiotics in animal feed to increase growth rate in livestock pro-
duction has been linked with drug resistance in animals and humans (WHO, 2012).

Diarrhoea, one of the fallouts arising from unsafe foods is a pandemic and has
claimed the lives of many children, particularly of those under 5 years of age from
developing countries (Kosek et al., 2003). Diarrhoeal diseases, especially cholera is
in the front burner of public health domain because of the linkages to enormous
economic losses that perpetuate poverty in developing countries especially Africa,
South Asia and Latin America (Parashar et al., 2003; Fening and Edoh, 2009). In
addition to the microorganisms cited so far, water, contaminated foods and drinks
are also known to be channels of infection. Different foods, including rice, vegeta-
bles, fruits and various types of seafood have been implicated in outbreaks of chol-
era. Some of the cholera symptoms include abdominal pain, vomiting and profuse

watery diarrhoea, which may lead to severe dehydration and possibly death (Fening
and Edoh, 2009).
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4 Promoting safe and nutritious food intake in the developing
world

The major problem-limiting activities needed for food safety promotion and pre-
vention of foodborne illnesses is the lack of material resoutces required for driving
programs that would generate the required good. Governments in the developing
world face multi-faceted demands, but have very limited capacity to respond to
them as they come. The question on everyone’s mind continues to be; where
should food safety be placed in the priority list of the community? One of the ways
this can be done is by seeing food safety as a public health concern and tool for
economic development. It therefore means that promoting safe food consumption
would lead to improved nutrition and health outcomes. This should be entrenched
in any strategy meant for poverty alleviation and hunger reduction.

If the developing nations desire to meet the scheduled targets for MDGs 4 and
5, there must be a commitment by the different tiers of government, the organized
private sector and donor agencies to drive schemes that would make that happen.
There is now a need to put in place intervention programs that would guarantee
the safety of foods consumed by infants, young children and pregnant women.
Food safety should be driven along with food hygiene in awareness campaigns
especially at the grass roots. Pregnant women can reduce their unborn child's ex-
posure to pesticides by thoroughly washing fruits and vegetables before they are
caten. The findings of a study in selected cities in West Africa show that washing
vegetables before consumption is an important component of a multiple barrier
approach for health risk reduction (Amoah et al., 2007b). Also eating organic
foods grown without synthetic pesticides can limit exposure (Patrick, 2012). In
addition, the standards and policies entrenched at country levels must be enforced.

The World Health Organization (WHO) is increasingly getting involved in the
activities of Food and Agticultural Organization (FAO)/WHO Codex Alimentari-
us Commission, whose standards, guidelines and recommendations are regarded as
the international reference point for food safety requirements by the World Trade
Organization. In line with this, the WHO is expanding its global network of partic-
ipating institutions to monitor chemical contamination of the food supplies partic-
ularly in developing countries. WHO has initiated projects that would establish a
knowledge base focusing on a broader evaluation of risks, benefits and other con-
siderations related to the production and consumption of foods derived from bio-
technology. Current and future research must therefore focus on developing envi-
ronmentally friendly options for pests and diseases management in both field crops
and stored produce. There is also the need to provide clean water for irrigation to
minimize the risk of microbial contamination of crop produce.

There should be intensified efforts in monitoring and enforcing food standards
and laws in the developing world by building the capacity of the enforcement
agencies. There is the need to equip and expand laboratories and other facilities
needed for assessment of these foods prior to consumption especially for pro-



Maternal-Child Health — Interdiscplinary Aspects Within the Perspective of Global Health 59

cessed products. All stakeholders must speak with one voice if meeting the targets
of MDGs 4 and 5 would ever be a reality.
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5. Household Food Insecurity and Hunger:
Implications for Maternal and Child Health in
Nigeria
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1 Introduction

Health infrastructure is one of several resource systems harnessed for the devel-
opment of a country. Such an infrastructure and the services rendered through it
should be equitably distributed to that the wellbeing of individuals will be en-
hanced. Where this is not the case, the socio-economic development of the society
will be impaired with the long-term effect of jeopardizing the future of the nation.
However, if the best of infrastructure exists in an environment where people have
poor health and nutrition habits, the future of the nation will still be at risk. This is
what escalates problems like maternal ill health and acute malnutrition in children.
Maternal health may be defined as the state of a mother before, during and after
pregnancy which affects the physical and neurological development of the child. It
is a product of a lifestyle of good nutrition and healthy living. If a mother is un-
healthy before and during the pregnancy, the probability that her child would be
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pootly formed is high; and the chances of survival for her and her child are mini-
mized.

The status of maternal and child health in Nigeria is such that it has drawn at-
tention at the national and international levels. According to Ogunjimi et al. (2012),
several national programs have been instituted by the Federal Government to curb
the level of malnutrition in children and high maternal morbidity. These include
National Child Health Weeks in which millions of children are vaccinated; Nation-
al Midwives Service Scheme — a capacity-building scheme for midwives and free
medical treatment for women and children under the age of five years. Two nota-
ble international efforts include the USAID’s Maternal and Child Health Integrated
Program being administered by the John Hopkins University in 22 Local Govern-
ment Areas in Kano, Katsina and Zamfara states (USAID, 2012 b); and the
UNICEF’s Save the Children Community Management of Acute Malnutrition in
383 sites across the northern states of Nigeria (Abubakar, 2012). Efforts at curbing
these malnutrition issues built up, particularly in the northern areas of Nigeria,
where signs of food problem were identified (USAID FEWSNET, 2012) and sta-
tistics show that millions of children suffer from severe and moderate malnutrition
which cannot easily be treated through the primary health care system. Nigeria
accounts for 10% of the world’s maternal and under five mortality rates; 800 wom-
en die per 100,000 births; 54,000 women die each year due to pregnancy-related
complications; 1,080,000 to 1,620,000 Nigerian women suffer annually from disa-
bilities as a result of complications during pregnancy and childbirth (USAID, 2012
b); about 1 million children under the age of five years die every year and of these,
250,000 are babies less than a month old. Both maternal and neonatal mortality
rates in Nigeria have wide geographical variation, the highest rates are seen in the
North-East and Northwest zones of the country, the lowest rates noticed are in
the South-West and South-East (The Nigerian Academy of Science, 2009).

Many factors have been linked to maternal and child ill health but one of the
most prominent is food insecurity. This is a situation which arises when people
cannot meet their basic calorie needs and have limited means to access the balance
required from markets. It is often a product of economic, political, demographic,
social, cultural and technical factors. Food insecurity is exacerbated when the
knowledge of food utilization is poor and the supply of related resources such as
drinking water, health care services and sanitation is inequitably distributed
(Ajieroh, 2010). Food insecurity can lead to hunger and it manifests as malnutrition
and chronic illness (UNICEF, 2012).

2 The food security situation in Nigeria

Food insecurity implies that there is no regular physical and economic access to
enough safe and nutritious food for a healthy life. Being food insecure is not a
static situation because several factors combined make people vulnerable to food
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insecurity. For example, increasing prices of agricultural products make poor fami-
lies become more vulnerable (Obamiro, 2004). Also, price instabilty in food mar-
kets is driving changes in general food habits, where new forms of consumption
are being embraced both in urban and rural centers and by people of different
work background (Muhammad-Lawal and Omotesho, 2010). Social, economic and
environmental conditions have an impact on food insecurity of individuals and
families and determine the length of time these affected people are insecure and
cope with strategies to improve the situation. As such, food insecurity is often said
to be transitory or chronic (IFPRI, 2004).

Hunger is an extreme case of food insecurity where the people concerned ex-
perience prolonged deprivation of physical food irrespective of its quality and
quantity. It is a chronic form of food insecurity accentuated by poor governance,
poor health care, water and sanitary supply. Rural communities, most especially
women and children are often the victims of hunger - people who are hardly heard
or seen, and people who suffer from absolute lack of financial access, productive
resources and markets (Akinyele, 2009). Such people are chronically vulnerable and
suffer from malnutrition. This is reflected in a permanent state of ill health in a
woman and chronic/acute malnutrition as well as stunting in children and thereby
undermining the country’s development capacity.

In Nigeria, food imports are still high. Rural areas in particular are vulnerable
to food shortage, malnutrition, high food cost and poor quality of foods. While
children in rural households are especially vulnerable to stunting and acute malnu-
trition, all age groups suffer from one form of food insecurity or the other. Since
the majority of the population lives in rural areas, a picture of the food situation
there would give a fair representation of the situation (Akinyele, 2009).

Food security tends to vary with the seasonal production calendar, especially in
the rural areas. At the harvest period, with above average harvest and good market
flows, minimal food insecurity is experienced. But from May to July in the south
and July to October in the north, the lean or hunger season during which staple
food stuffs are scarce and expensive occurs. At this period, homes without stocks
are most vulnerable because they deplete the stock in exchange for using cash in
order to meet other household needs and ensure enough food to eat. Apart from
insufficient stocks, low market prices during the harvest period reduce the income
and foster emergency situations where food needs are not met. The increasing
rates of flooding and dry spells, particularly in the north, are climate-related factors
that jeopardize the food security status of the people due to problems of delayed
harvest and spoiled food. Increasing tribal and religious unrest from the middle
belt to the north is hampering the flow of food stuff across the regions and there-
by leading to high food prices (Damisa et al., 2011). Due to such market depend-
encies poor households are at a higher risk of hunger and malnutrition.

The trend of food prices in Nigeria shows fluctuations over the past 9 years,
from 2003 to 2011 (Anidi and Olajide, 2012). Nationally, there has been an in-
crease in prices of rice, yam, beef, chicken, egg, palm oil, fruits and vegetables. The
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high prices of food could be witnessed in all geopolitical zones of the country,
however the highest prices occurred in the South-Eastern zone, where it increased
six years in a row (Akinyele, 2009). In the South-Western zone, there was also a
greater fluctuation of prices of foods in comparison to other zones in the country.
The trend of increased food prices is less severe in rural areas, where most vegeta-
bles are still gathered and need not be purchased. Likewise, farm-gate prices of
items commonly consumed in rural areas have not risen as sharply in the rural
areas as in the urban areas. However, since there is an increasing preference of
rural dwellers for long grain rice, food prices increased for those foods in both
rural and urban areas (Anidi and Olajide, 2012; Akinyele, 2009). The increasing
food prices and price instability foster the problem of food insecurity as there is a
reduced access to adequate food needed by these households due to the reduction
of purchasing power of the people in an inflation period where they are unable to
correspond to the decrease of their income.

2.1 Women’s access to food in Nigeria

The rural woman is known to be the back bone of farm and household activities.
Apart from working on family plots or husband’s plots, women cultivate their own
plots for the purpose of having additional supplies for the household. They are
involved in the processing and marketing of farm products. Having to live in an
environment conditioned by norms, they often find themselves with unequal op-
portunities compared to men. This plays out in the form of low literacy level, low
income generation capacity, poor access to productive resources, poor access to
adequate and nutritious food etc. In the past, the concern for the low quality of life
of rural women led to the implementation of programs such as Better Life for
Rural Women (BLW) in 1987 and the Family Economic Advancement Program
(FEAP); while the Country Women Association of Nigeria (COWAN) represents
one of several private sector efforts in this direction (Odurukwe et al., 2000).
Through them, a general awareness across the nation was created and some defi-
nite changes were made, particulatly with respect to food processing technologies.
However, the direct impact on food security situation through women empower-
ment is hardly empirically supported. The issue of being food secure or not is re-
lated first to the household status and secondly to intra-household relations.

2.2 Rural household food security situation in Nigeria

Most households in the rural areas are poor and cannot meet their calorie require-
ment on a regular and consistent basis. According to Obamiro (2004), the month
of April is a critical period when rural household in South-West Nigeria are known
to be most vulnerable to food insecurity. At such a period, farm operations begin
in earnest, necessary inputs are obtained, and household composition is at its full
size. However, food reserves are low during that period. The food situation gradu-
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ally worsens as the season progresses. As the study in this region showed, about
40% of households could not meet their daily calorie requirements in the ‘hungry’
month. However, since it was measured for just a month, it could not be said that
those people who appeared to have access to a sufficient amount of calories did
not suffer from inadequate amount later on in the season. Neither could it be said
that those who were calorie insufficient remained in this situation throughout the
entire season as social networks where they can escape during such periods still
exists. However the study emphasizes the vulnerable nature of rural households.

Akinsanmi (2005) studied the food security situation in South-East Nigeria
and as it is shown below, farm families could not meet their calorie needs for a
period of 5 months within one year even when they tried to combine the output
from their own production with purchased food from the market. The quantities
of calories consumed were also examined and the investigation showed that pro-
tein deficiency was highest during such periods. The food shortage of female-
headed households was, as demonstrated in this study, equally to the poor situation
of male-headed houscholds (Figures 1 and 2). But women in the male-headed
households could be relatively more vulnerable to hunger because of their tenden-
cy to sacrifice their food allocation for other household members, particulatly their
children.

The level of dietary diversity recognized in the poor households was quite
broad but it was a case of substitution as the lack of money to purchase one item
led to the consumption of another. For example, some households indicated that
they consumed more fruits when they experienced hunger. Others ate fish or meat
accompanied with “garri”. In their view, quite a number associated being food
secure with having a large quantity of carbohydrate food such as cassava and yams,
it also meant being able to eat at least twice a day irrespective of the composition
of the food.

In the Northern Guinea Savanna zone of Nigeria, Damisa et al. (2011) stated
that farm families experienced hunger 2 to 3 months after the main harvest. The
intensity of the hunger experienced is progressive; it becomes harsh in the month
of January overlapping into February and in the months of March to June it be-
comes severe. The cycle as noted by the authors is a regular one; the output pro-
duced is not enough to meet home consumption but most of it has to be sold
immediately, between October and December, in order to pay back credit incurred
and meet other domestic obligations. With floods occurring in the study area, the
hunger period was pronounced and led to severe malnutrition of farm families,
children in particular. One of the coping strategies in the food shortage period was
that at least one member of the household would go without food for a day; other
coping strategies in the area included sale of livestock and household assets and
borrowing of foodstuff. Women, who lived in such households, deprived them-
selves of food for their husbands and children.

Oluwatayo (2008) in his study of the food security situation in Ekiti state, South-
West Nigeria, showed that more male-headed households were vulnerable to food
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insecurity compared with female-headed houscholds due to the fact that resources
were pooled together in the female-headed households. Also they had a higher
likelihood of participating in cooperative societies which enhanced their capacity to
meet their calorie needs. Muhammad-Lawal et al. (2009) developed an ultimate
food composition plan for food-insecure households in the rural areas of Kwara
state since the nature of food insecurity associated with the households was tied to
poor knowledge of nutritious and low-cost food items. The dietary pattern of rural
households surveyed did not show a calculated attempt at meeting household food
security and nutritional requirement but rather focus on staples which are typically
produced and are mainly carbohydrates.

In response to the pervasive situation, the Federal Government of Nigeria in-
stituted a Special Program for Food Security across the nation with the aim of
improving national and household food security and reducing rural poverty in an
economically and environmentally sustainable way (FAO, 2010). The specific ob-
jectives were:

e Improve household food security and incomes through increases in
productivity, diversification and sustainable use of natural resources

e Enhance food security of consumers through improved access to and
availability of food and also increase income of producers through
more efficient marketing

e Enhance farmers “and consumers” access to support services such as
extension, credit, nutrition and health education

e Foster participation of the poorer section of the rural population in
the development of the community

Several program activities were instituted through which the objectives of the pro-
gram were to be achieved. The program successfully increased the production of
ptiority crops such as cassava, yam, millet, sorghum etc; it also increased the supply
of food crops in marginal areas. However, beyond increased food production and
food supply there is the question of access and knowledge and use of food items
and intra-household allocation of food.

2.3 Intra-household allocation of food in Nigeria

Aromolaran (2004) in his study in South-Western Nigeria found that while food
consumption pattern were essentially the same between males and females, adults
received a higher percentage of their calorie intake from high quality sources com-
pared with their children while children below the age of 6 years received food
energy intake from roots and tubers alone. It was also reported that children and
male adolescents received calorie intake less than the daily minimum required. This
is due to the fact that the absolute value of what male adolescents require is higher
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than what females require, however implying also that women’s calorie needs are
not met ecither. The study showed that calorie allocation was skewed towards
household members who worked in the food sector. According to Akerele (2011),
unequal distribution of food within a household is a factor that promotes under-
nourishment among household members in Nigeria. In the study examining the
calorie distribution pattern and calorie adequacy of household members in South-
Western Nigeria, households appeared to be nutritionally sufficient while some
members were under-nourished. Those who were negatively affected were male
pre-school children and female school-aged children while the most favored were
adult male within the family. This implies that children growing up became pro-
gressively more malnourished than adult males who are able to keep their level of
security.

The study showed that female adolescents were more food secure than the
males but female adults were less food secured than the adult males. This scenario
might be a reflection of the practice of maternal buffering in which mothers delib-
erately limit her own food portion size in order to ensure that children (particularly
the pre-school children) get enough to eat in the face of food insufficiency at home
(Maxwell, 1995 cited in Akerele, 2011). This might be a reason for relative higher
calorie adequacy level of pre-school children than other younger members of the
households (Akerele, 2011). In the region, larger food portions are given to the
adult male (especially if he is the household head) as a sign of respect. Likewise,
where the household engages in farming activities, the older household members
are the main sources of farm labor. These often make them receive higher alloca-
tion to compensate them for the increased energy demand for agricultural activi-
ties. The studies indicate that equitable distribution of food calorie is more likely
achieved in households where members engage in farming (Tables 1 and 2).

Table 1: Test of difference of means of calotrie adequacy by age and gender groups

Age group Calorie adequacy ratio (%) t-test
Male Female tcomputed P> /t/

Less than 6 94.72 94.18 1.002 0.312
(pre-school children)

6-10 86.93 82.56 1.101 0.342
(school-age children)

11-18 (adolescent) 87.71 102.14 2.263* 0.028
19-59 (aduly) 133.24 90.97 4.667* 0.000
Entire households 105.45

Variable significant at 5% o-level

Source: Akerele, (2007) Intra-household food distribution patterns and calorie inadequacy in South-
Western Nigeria.
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Table 2: Intra-household relative calorie allocation

Relative calorie allocation in %

Age group Male  Female
Less than 6 (preschool children 0.898 0.894
6—10 (school-age children) 0.824 0.783
11-18 (adolescent) 0.832 0.969
19-59 (adult) 1.264 0.862
60 and above (aged) 0.978 0.972

Source: Akerele, (2007) Intra-household food distribution patterns and
calorie inadequacy in South-Western Nigeria

Odurukwe et al. (2000) reported that the adoption of women in agticulture tech-
nology packages actually led to all members of the family having animal protein
sources such as chicken and fish included in their diets, however the sufficiency of
the protein sources for the family was not reported. Aju and Popoola (2010) found
that various vegetables were consumed regularly among households in South-Eeast
Nigeria, particularly Imo state. However, no discrimination in the sharing of such
meals was reported.

The forgoing paragraphs give an interesting picture of the complex nature of
intra-household allocation of food. But it tells cleatly that food allocation is influ-
enced by the structural composition of the household, the economic viability of
individuals and other sentiments related to the culture. This explains why adults,
particularly males, seem to be favored at the expense of female adults and children.
It also shows the knowledge gap in food composition which is why large quantities
of food consumed in the household do not automatically translate to nutritional
security and explains why children are fed from roots and tubers alone. The gen-
eral trend supportts the idea that women are less likely to be nutritionally secure but
more empirical evidence is required.

3 Malnutrition: implications for maternal and child health

Malnutrition starts from conception and is linked to several socio-economic char-
acteristics such as education, poverty, access to health services. With the evidence
from research, it is clear that when a household is poor, then the likelihood that
the mother of the household and children will be malnourished is high, especially
where the household has a limited social network. Malnutrition in women is espe-
cially responsible for maternal and child morbidity and mortality. When a woman
does not have access to adequate food, it goes without saying that the children will
be malnourished. Such women when pregnant do not have adequate nutrition to
pass to the unborn child and even at birth, they are not able to provide enough
nutrition for the child. Malnutrition in both, mother and child is the underlying
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cause of morbidity and mortality of a large proportion of children under 5 years in
Nigeria, accounting for more than 50% of deaths of children in this age bracket
(UNICEF, 2012).

Using the national survey, and other studies, Ajieroh (2010) revealed that 38-
42% of Nigerian children under 5 years are stunted and 25-29% are underweight
and 9% are wasted. According to the International Food and Policy Research Insti-
tute (IFPRI) “malnutrition can be perpetuated across generations in a cycle of,
wortse, a spiral of poverty and despair”. The processes through which it functions
can be described as follows: /A girl] born to a mother that is undernonrished will likely be
born stunted in height and low in weight, even at full term. If the infant survives, her growth will
be more likely 1o falter. Her ability to learn will be, to a large extent, irreversibly damaged as will
her ability to develop other skills that pay off in the labor market, in the home, and in the com-
munity. She will be more susceptible to infections diseases and to non-communicable diseases in
later life. Thronghout her life, ber options and her power to mafke choices about those options will
be as stunted as her growth will be. Society will be worse off in a social and economic sense. Dur-
ing her childbearing years, she will bear low birth-weight babies of her own. And so the cycle of
intergenerational poverty and ill-health continnes.” IFPRI 2004).

While there are many factors contributing to maternal and child health in Ni-
geria, one of the key issues is the nutritional status of the mother and the child.
Food security includes availability, access and utilization of food as such women’s
nutrition is a combination of these dimensions. Inadequate nutritional education
leads to poor utilization of the accessed food for the woman and her household.

4 Conclusion

In Nigeria, hunger and malnutrition have been shown to be prevalent especially
among vulnerable groups, women and children and rural dwellers. It is shown that
even with different policies and projects on maternal and child health, adequate
nutrition is the key to ensure the success of achieving the goals of such programs.
Malnutrition has led to death, stunting and wasting of a large percentage of chil-
dren in Nigerian households. It is seen that there is inequality in nutritional status,
maternal and child health between and among regions in Nigeria. Household food
insecurity and hunger are found to be a significant factor in child and maternal
health in Nigeria.

The fight against child and maternal ill health in Nigeria must be a fight against
food and nutrition insecurity. Though direct empirical evidence do not abound,
trends in existing research reports and development interventions suggest a strong
link between food and nutritional insecurity and child and maternal mortality. A
holistic approach to policy and strategy formulation which includes, production,
access to resources, income, employment, health, education, food quality and safe-
ty, water and sanitation supply, good governance and political stability is required.
Reducing under nutrition would make a significant contribution to reducing pov-
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erty and ending the vicious circle that connects the two. Also, increasing educa-
tional level of the mother increases the opportunities for economic empowerment
as well as decision making within the households. This translates to increasing
access to food as well as better decision making in the health and nutrition need of
both herself and her child. Improved educational status also ensures proper utiliza-
tion of food in the sense that food is presented both in the right quantity and pro-
portion (Ajieroh, 2010).

While, Fayeye and Daramola (2007) opine that research should aim at increas-
ing nutrient content of food, such that there is an increase in available nutrient for
the staple foods consumed by the majority of houscholds in Nigeria; the authors
are of the opinion that intra-household dynamics which cause inequality in food
allocation and consumption must be addressed from research and development
perspective.
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6. Children’s Environmental Health Risks
in Kenya

Wilkister Nyaora Moturi, Environmental Science Department,
Egerton Unaversity, Kenya

1 Abstract

The major causes of morbidity and mortality in children in Kenya are due to dis-
eases that are preventable through immunization, proper environmental manage-
ment or observing basic hygiene. A case study was conducted in 2005-2006 in 350
rural households in upper River Njoro watershed to determine selected environ-
mental health risks to children aged 1-4 years in the home environment. These
risks included food handling practices, handwashing at critical times and faecal
disposal practices. Data was collected using information from key informants,
questionnaires, continuous and spot observations. Results indicate that about 41%
of study households did not have toilets and faecal disposal for children was sub-
optimal, implying poor faecal disposal methods. This could explain the reason why
in 69.4% of households, faecal matter was spotted in the compound at least once
during the visits made to the homesteads. This predisposes the children, who play
around the compound, to faecal-oral infections. Food safety is threatened because
08.4% of caretakers were observed not to wash their hands before handling food.
Of those children who were capable of feeding themselves, 32.5% did not wash
their hands before eating. In 21.4% of households, leftover food was stored in a
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manner likely to allow food contamination. Despite the numerous programmes put
in place to deal with issues of children’s environmental health, many children espe-
cially those under the age of five ate severely exposed to environmental health risks
in the home environment. More efforts should be directed towards enhancing
child environmental health within the home environment.

Key words: Diarrhoea, food safety, home, mortality, sanitation.

2 General information on Kenya

Kenya is located within the eastern side of the continent of Africa and forms an
important geopolitical, economic and infrastructural part of East Africa. It lies
astride the equator and is situated between longitudes 34°E to 42°E and latitudes
5.5°N to 5°S. Kenya has an area of about 582 646 km? In 2008, the population
was 38 million, of which about 70% lived in rural areas.

The population distribution is uneven from an average of 230 persons per km?
in high population areas to an average of 3 persons per km? in arid areas. Over
50% of the population is younger than 15 years. The country’s population is char-
acterized by high death rates, low life expectancy, increasing fertility rates (from 4.7
children per woman in 1998 to 5.0 in 20006), high infant mortality and low life ex-
pectancy (57 Years). There are 42 ethnic groups in Kenya, each with its own cul-
ture and traditions, some of which are influenced by the extent of economic devel-
opment in their native geographical locations (Republic of Kenya, 2009).

Some 52% of Kenya’s population lives below the poverty line as compared to
23% internationally. In addition, 36% of Kenya’s population suffer from malnutri-
tion (stunting) and are clearly vulnerable to environmentally related diseases. The
total disease burden caused by environmental disease in Kenya is 24% (WHO,
2004). In the 2006 WHO report on behaviour and environmental health indices, it
was estimated that access to improved water sources in 2002 was 67% (urban 89%,
rural 46%) and deteriorated to 61% in 2004 (83% urban, 46% rural) whereas access
to improved sanitation in 2000 was 49% (urban 56%, rural 43%) and declined to
43% in 2004 (46% urban and 41% rural).

High-risk infectious diseases can be categorized into three groups, namely:
food or waterborne diseases; vector-borne diseases and water-contact diseases.
They include bacterial and protozoan diarrhoeal diseases, hepatitis A, typhoid fe-
ver, malaria and schistosomiasis. In most rural public health facilities, diarrhoea is
ranked number three of the leading causes of outpatient attendance (Ministry of
Public Health and Sanitation, 2010). In Kenya, about 80% of hospital attendance is
due to preventable diseases and 50% of these diseases are water, sanitation and
hygiene related (Ministry of Health, 2007).
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3 Opverview of children’s environmental health

Children are our future, numbering over 2.3 billion worldwide (aged 0-19) and
representing boundless potential. Child survival and development hinge on basic
needs to support life; among these, a safe, healthy and clean environment is fun-
damental (WHO, 2004). Interest in child environmental health has mounted in
recent years, spurred by concern that this vulnerable group - especially children
under five years of age - are disproportionately exposed to and affected by health
risks from environmental hazards. The World Health Organization has defined
environmental health as “all the physical, chemical, and biological factors external
to a person, and all the related factors impacting behaviours. It encompasses the
assessment and control of those environmental factors that can potentially affect
health. It is targeted towards preventing disease and creating health-supportive
environments” (WHO, 2008).

Over 40% of the global burden of disease attributed to environmental factors
falls on children below five years of age, who account for only about 10% of the
world's population (WHO, 2009). Children under age five ate in the dynamic stage
of growth. Their immune, respiratory, and digestive systems are still developing.
The impact of an unhealthy environment is felt among them because they are al-
ways close to the ground, where many contaminants settle (WHO, 2003). Envi-
ronmental risk factors often act in concert, and their effects are exacerbated by
adverse social and economic conditions, particularly conflict, poverty and malnutri-
tion. Six factors within environmental health issues have been identified as priori-
ties, as they cause the bulk of environment-related deaths and diseases among chil-
dren. These are: houschold water security, hygiene and sanitation, air pollution
(including indoor air pollution and environmental tobacco smoke), vector-borne
diseases, chemical hazards (for example lead, mercury, arsenic and the unsafe use
of pesticides), and unintentional injuries.

Children are often exposed to many of these environmental health risk factors
at a time, often simultaneously in the places, or settings, where they live, learn, play
and sometimes work. Health risks in these settings are complex and often inter-
connected. Using an integrated approach to tackle the multiple risks to children's
environmental health in the places where children spend their time provides a
focus for local action across a diverse array of environmental risk factors. The
home, school and neighbourhood settings are the places that children spend most
of their time. These settings must promote good health and be free from risks to
children's health and safety, yet they are often the places where children are most at
risk (Healthy Environments for Children Alliance, HECA, 2005).

In Kenya, key environmental health problems that had been identified by key
stakeholders include inadequate access to safe water supply and sanitation, over-
crowding especially in informal settlements, disease causing vectors and air pollu-
tion, particularly indoor. Malaria, acute respiratory infections, diarrhoea, measles,
malnutrition, skin infections and intestinal worms are documented to contribute to
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over 70% of the deaths in children under five. These are diseases that are prevent-
able through immunization, proper environmental management or observing basic
hygiene (Ministry of Health, 2004).

4 Environmental health risks in the home environment: case
study of Upper River Njoro watershed, Nakuru County

A longitudinal study was conducted from 2005 to 2006 in 350 rural households in
upper River Njoro watershed, Nakuru County to determine selected environmen-
tal health risks to children aged 1-4 years in the home environment. Nakuru Coun-
ty is located 160 km North West of Nairobi which is the capital city of Kenya.
These risks included food storage practices, faecal disposal and handwashing prac-
tices. Households in the sampling frame included those with at least one child aged
1-4 years. One such child in each household was selected as the index child.
Where there was more than one such child, the youngest was selected. Question-
naire, continuous and spot observations were used to collect data. Information was
also obtained from key informants who coupled as research assistants.

4.1 Household demographic characteristics

Average household size for the sampled households was 6 (range 2 -15). Average
number of children per household was 4 (range 1-13). Average number of children
per household aged 1-4 was 2 (range 1-4). Most (91.7%) households were male
headed. About 7% of primary males and 6.6% of primary females did not have any
formal education at all. 56% of fathers and 59% of mothers had attained about 7-8
years of formal schooling (primary). Tertiary education had only been undertaken
by few (2.4%) of the primary adults of the households.

According to Lopez et al. (2000), rural children, children of uneducated moth-
ers and children in the poorest households continue to have higher mortality risks
than better-off children — as they did 10 years previously — even though overall
mortality levels of children have declined. Analysis of Demographic Health Sur-
veys in Niger, Burkina Faso, and Mali by Fayehun (2010) indicate that the level of
parental education is closely related to the household environments and that more
than 90% of children whose mothers have tertiary education live in households
with low or non-health hazards. The higher the parent's educational level, the low-
er is the likelihood of a health-hazardous household environment for children
under age five (p<0.001).

4.2 Food storage practices

About 60% of the households either covered their leftover food or stored it in an
enclosure where flies were excluded. These included covering and storing in a cup-
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board, on table, floor or a rope hanging from the roof such as that shown in Fig-
ure 1. Leftover food was left uncovered on the floor by 21% of the households,
where flies, dust and roaming animals could have access to it. The reason given
was that since children are left on their own when parents go to tend to their
farms, they could help themselves to the food whenever they felt hungry. The
remaining households constituting 19% stored their food uncovered either on
hanging ropes, tables or open shelves.

Figure 1: Leftover food stored on hanging rope

The issue of food safety is closely related to water, sanitation and hygiene, particu-
larly with regard to reducing the incidence of diarrhoeal diseases among children.
The global incidence of foodborne diseases is difficult to assess accurately. Accord-
ing to the Ministry of Health (Kenya) report presented at the Bamako Conference
in 2002, there are inadequate mechanisms for the prevention and control of food-
borne diseases and less than 1% of cases are reported (MoH, 2004). In developing
countries, up to 70% of diarrhoeal diseases may be caused by foodborne patho-
gens (HECA, 2005). This imposes a heavy social and economic burden on com-
munities and their health systems. A number of effective interventions exist to
address food safety at different points along the food chain and all of these reduce
the risks to children's health downstream. However, potentially the most effective
interventions are those that are closest to children and in settings where they spend
most of their time — within the home environment.

4.3 Handwashing practices

Thirty-six per cent of the index children in the study households did not wash their
hands before eating. This was observed mostly when the children were left under
the care of their older siblings or caretakers (other than the mother) or when the
children were so hungty and crying for food, such that cleaning of hands was over-



82 Wilkister Nyaora Moturi

looked as unimportant. 35% cleaned their hands on their own and only 29% had
their hands cleaned either by their mother, caretaker or older sibling. For those
who washed their hands before eating, the whole hand was washed among 41% of
the children; palms only among 55% and fingers only among 4%.

The mother or caretaker was observed if she washed her hands at two critical
times: after purging the child (and/or after handling the child’s faecal matter) and
before handling food (other than before eating). The results are shown in Table 1.
A very small percentage used the recommended method of clean water and soap.

Table 1: Washing of hands by mother/caretaker in study households

After purging child | Before serving food
Frequency | Percent | Frequency | Percent
Not washed 128 51 240 69
Washed with used water 49 19 33 9
Washed with clean water 45 18 71 20
Washed with clean water and | 28 11 5 1
soap
Used water and soap 3 1 1 0.3
Total 253 100 350 100

Hands serve as vectors, transmitting pathogens to foodstuffs and drinks and to the
mouth of susceptible hosts. Children are an important reservoir of diarrhoeal
pathogens and the caretaker who purges the child after defecation is often a major
preparer of food for the household. According to Cairncross et al. (2003), most
cases of endemic diarrhoea in children are not waterborne but transmitted from
person to person on hands, food and other fomites because of poor hygiene prac-
tices. Rosen and Vincent (2001) state that almost all endemic diarrhoeal diseases
that take a heavy toll on health in sub-Saharan Africa are transmitted through the
faecal-oral pathway and are therefore very often water-washed. It has been esti-
mated that up to 70% of diarrhoeal diseases are faecal-oral (HECA, 2005). Reviews
of various studies by Huttly et al. (1997) and Curtis and Cairncross (2003) indicate
a reduction in severe enteric infections by between 35-66% when handwashing is
observed. Lack of handwashing is also responsible for some respiratory infections
which are responsible for two thirds of child deaths (WHO, 2002).
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4.4 Faecal disposal practices

A large number of study houscholds (41%) possessed no latrines. This was far
below the national average of 83% and the average for rural households, which
was given as 46.7% (Ministry of Health, 2004). The remaining 59 % had mainly
simple pit latrines with a wooden floor that normally consists of a log with a hole
drilled in the middle. Only one household had the improved pit latrine. Table 2
shows the various defecation and faecal disposal practices for children aged be-
tween one and four years. About 80% of faecal disposal encouraged environmental
contamination and only 20% could be classified as safe.

Table 2: Defecation and faecal disposal for children aged 1-4 years in the study
households

Defecation and disposal site Frequency | Percent
Yard then latrine 47 13
Latrine floor 6 2
In yard then covered with soil 7 2
Bush/anywhere,

then swept and thrown out of compound 269 77
Wearing loincloth 21 6
Total 350 100

When a child defecated in loincloths, it was washed immediately in only 8% of the
studied households. All the other practices regarding handling of soiled loincloths
could be classified as unsafe. These practices included keeping the soiled cloths in
open containers without water, polythene bags and sacks; wiping and reusing; leav-
ing them lying around in the yard or house, roof or fence or the child moving
around in the soiled loincloth.

Of at least five visits made to each household for both continuous and spot
observation, no human faeces were spotted in the yard in 31% of the homesteads.
For the remaining 69%, human faeces were spotted at least once in the yard during
the visits. For animal faeces, they were spotted once or more times in the yards in
98% of all the study households.

At least 20 viral, bacterial and protozoan enteric pathogens, including Salnonel-
la spp., Shigella spp, Vibrio cholerae and rotavirus multiply in the human gut, exit in
the excreta and transit through the environment, causing diarrhoea in new hosts
(Curtis and Cairncross, 2003). That is why most of the children’s diseases revolve
around poor sanitation (UNICEF, 1998; Rutsein, 2000; WHO, 2009) and especial-
ly so in rural areas (GoK and UNICEF, 2003). Child mortality results show that
access to an improved sanitation facility is associated with a 5.5 to 12 % point low-
er probability of infant and child death as compared to no sanitation facility
(Demombynes and Trommlerova, 2012).
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5 Children’s environmental health initiatives in Kenya

Kenya signed several conventions and declarations with a commitment to health
and environmental safety that were all basis for the agenda of the Libreville meet-
ing. These are: Stockholm Declaration on the Human Environment (1972); Alma-
Ata Declaration on Primary Health Care (1978); Bamako Convention on Hazard-
ous Wastes (1991); Declaration of the UN Conference on Environment and De-
velopment Rio de Janeiro (1992); Millennium Declaration and the subsequent Mil-
lennium Development Goals (2000); Johannesburg Plan of Implementation adopt-
ed by the World Summit on Sustainable Development (2002); Health Strategy of
the African Union (2006); Algiers Declaration on Desertification (20006); Algiers
Declaration on Health Research in Africa (2008); Ouagadougou Declaration on
Primary Health Care and Health Systems (2008); The Ethekwini Declaration on
Hygiene and Sanitation (2008) and Bali Declaration on Waste Management for
Human Health and Livelihood (2008).

Milestones related to the above include the development of national frame-
works such as the National Environment Plan (1994) which addresses actions
required to reduce risks to human health and the environment; Session Paper No.
6 on environment and development (1996) which provides a roadmap on policy,
legal and administration actions to address sustainable development issues; Poverty
Reduction Strategy (2001) which underscores the need for proper environmental
management within the major urban centers as the nuclei for industrial develop-
ment; National Poverty Eradication Plan which emphasizes special citcumstances
for poor urban women and other natural resource constraints as a foundation on
which poverty eradication and environmental planning must be anchored; Envi-
ronment, Sanitation and Hygiene Policy (2007) which addresses the state of envi-
ronment and hygiene in Kenya and provides guidance on areas for improvement;
Vision 2030 whose social pillar seeks to build a just and cohesive society with so-
cial equity in a clean and secure environment; National Initiatives on Health and
Environment Linkages including EMCA (1999) where NEMA is the enforcement
arm; Occupational Safety and Health Act - OSHA (2007) and the National School
Health Policy and Guidelines whose goal is to enhance the quality of health in
school communities by creating a healthy and child-friendly environment for
teaching and learning,.

Other than the government, there are other organizations which also play an
important role in child-environmental health. These include UN organizations
such as UNICEF, NGOs like Christian Children’s Fund and World Vision as well
as community-based organizations in various parts of the country. These work
either independently or in conjunction with government departments.

Despite having well-defined national health policies and a reform agenda
whose overriding strategies are focused on improving healthcare delivery services
and systems through efficient and effective health management systems and re-
form, there has not been a breakthrough in improving the situation of having
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healthy settings for children within the home environment. Whereas the school-
going child has been catered for, the most vulnerable children are those who are
not at school age yet. They have been left out because little control can be assured
for private homes. According to analyses undertaken between 2003 and 2008 in
Kenya, child mortality was seen to have declined. The major driver for this was
seen to be increased availability of insecticide-treated nets (ITNs) and extensive
anti-malarial campaigns (Demombynes and Trommlerova, 2012). If similar efforts
to improve hygiene, sanitation and food safety are put in place, more positive re-
sults are bound to be felt.

6 Recommendation to improve child environmental health in
Kenya

e  Greater efforts need to be put in place to ensure provision of basic set-
vices like water for all. Availability of safe sources of drinking water will
significantly reduce child mortality and therefore investments in this sector
will be rewarding.

e Access to sanitation facilities like constructing toilets entail a private cost
but do have significant social benefits. The government should work
closely with both the private sector and civil society to ensure that house-
holds have universal access to sanitation facilities as this will to a great ex-
tent reduce the number of infant deaths.

e The proposed housing policy should make it mandatory for each housing
unit to have a sanitation facility such that all households have access to
sanitation facilities.

e  Government policy should be focused towards promoting the use of low-
polluting fuels and in particular discouraging the use of firewood and
charcoal. Through the use of economic instruments, incentives should be
created for the promotion of cleaner fuel sources. This would also create
employment opportunities that lead into increased earnings and reduced
poverty. In addition, this will reduce the incidence of respiratory-tract in-
fections in children.

e The government in conjunction with other partners can (1) set priorities
for children’s environmental health and determine information needs, (ii)
identify lead and participating agencies and (iii) implement data collection
and indicator reporting and link this to policies and programmes to im-
prove children’s environmental health.
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7. Metallic Iron for Clean Agriculture

Chicgona Noubactep, Department of Applied Geology, Georg-August-University
Gocttingen, Germany

1 Abstract

Contaminated surface water used for irrigation has been identified as an important
source of pathogens for waterborne diseases. The problem is crucial in peri-urban
areas of the developing wortld where poor families rely on mixed wastewaters for
the irrigation of crops that are partly consumed raw. As a consequence, cholera,
typhoid fever and paratyphoid are almost endemic in cities like Dakar, Douala or
Kampala. There is an urgent need for an affordable and appropriate technology for
the treatment of irrigation water. The amendment of sand filters with metallic iron
(FeO) has been identified as a universal technology for decentralised water treat-
ment. The present communication introduces a concept for the design of
FeO/sand filters to decontaminate irrigation water. The suitability of Fe0/sand
filters for irrigation water arises from the fact that chemical, microbial and physical
contamination is collectively addressed. The operating mode of FeO filters is ex-
plained and some research needs are discussed. It is hoped that more researchers
will be interested in co-developing this promising health-keeping technology.
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2 Introduction

Filtration is the oldest way to improve the quality of water. Basically, filtration is a
sieving or a size-exclusion process. Filtration is generally used as a step in the pro-
duction of water for general domestic purposes. Filtration is also commonly used
to further purify safe drinking water to meet the requirements of some industrial
applications (Shannon et al., 2008; Sutherland, 2012). Water filtration as presented
herein is the treatment of unconventional sources of water (wastewater and sludge)
so as to increase the quantity of fresh water.

Unconventional sources of interest include the collection and recycling of: (i)
grey water from residences, (ii) industrial and municipal wastewaters, and (i) irri-
gation wastewater (drainage water). The variability of the source of water to be
treated suggests that a wide array of inorganic (e.g. arsenic, cadmium, chromium,
chloride, cobalt, fluoride, lead, mercury, nitrate, phosphate, selenium, sulfate, ura-
nium, zinc), organic (e.g. biphenyls, detergents, fertilizers, greases, hydrocarbons,
pharmaceuticals, pesticides, phenols, plasticizers, oils), and microbial (e.g. algae,
amoebas, bacteria, fungi, planktons, viruses) pollutants may be expected (Shannon
et al., 2008; Carr et al., 2010; Ali, 2012; Allred, 2012; Ingram et al., 2012; Ntangmo
Tsafack et al., 2012). The question arises, how to treat such a mixture in an afford-
able manner?

The state-of-the-art knowledge on the treatment of multi-pollutant systems can
be summarized by the following statement by Doula (2009): “there is no one piece
of treatment equipment that manages all contaminants. All treatment methods
have limitations. The treatment system that is best for any particular situation (rural
or municipal water system, household, industry, well, underground, irrigation, etc)
depends on the contaminant(s) present, concentration(s), size of equipment and
maintenance and operational requirements of the system.” This statement clearly
shows that designing a system for the treatment of unconventional water sources is
a real challenge to the scientific community.

While the statement of Doula (2009) is funded on the evidence that adsorptive
affinity of micro-pollutants for available solid surfaces determine their removal
extents (N6dler et al., 2010), it has been demonstrated recently (Noubactep, 2010,
2011) that contaminant removal in Fe0 filters is primarily a non-specific adsorp-
tion size-exclusion process. Accordingly, even species with no specific or poor
affinity to FeO and its corrosion products (iron oxides) could be quantitatively
removed, if the system is propetly designed: a thicker Fe0/sand layer or appropri-
ate pre-treatment before the Fe0/sand layer.

The objective of this communication is to present a concept for the treatment
of unconventional waters used for irrigation using FeO/sand filters. An inventory
of contaminant likely to be present in unconventional waters will first be given,
followed by the state-of-the-art knowledge on the processes occurring in Fe0/sand
filters. Some hints for the design of Fe0/sand filters will be given at the end.
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3 Urban wastewaters

The present section focuses on wastewater which is often the only source of irriga-
tion water for urban and peri-urban farmers in the developing world. The issue of
using irrigation wastewater (drainage water) for domestic purposes (Ensink and
van der Hoek, 2009; van der Hoek et al., 1999 and 2001) is not explicitly included.
However, the presented technology could be useful for: (i) the recycling of drain-
age water for safe irrigation, and (i) the treatment of drainage water for safe drink-
ing water (Noubactep et al., 2012). In general, the use of wastewater in agriculture
can be a health hazard for farmers and consumers (Ensink and van der Hoek,
2009; Ntangmo Tsafack et al., 2012).

Domestic wastewater

Domestic effluent consists mainly of blackwater (faeces, urine and associated
sludge) and greywater (kitchen and bathing wastewater). Domestic wastewater is
particularly well suited to irrigated agriculture. It contains significant quantities of
plant beneficial ions (nutrients) such as nitrogen, phosphorus and potassium. Do-
mestic wastewater can be regarded as a ‘free’ source of nutrients. The crop yields
can be enhanced without the addition of chemical fertilizers. However, domestic
effluent is just a fraction of urban wastewater. Moreover, domestic wastewater may
contain hazardous chemicals like heavy metals from personal care products.

Institutional wastewaters

Institutional wastewaters are effluents from commercial establishments and institu-
tions, including hospitals and educational facilities. This water also contains human
excreta and essentially more hazardous chemicals than domestic wastewater. The
degree of contamination depends partly on the size and the prestige of the city. For
example a university city like Abidjan, Accra, Gaborone, Lagos, Lusaka, Stellen-
bosch or Yaoundé necessarily releases various pollutants into the wastewater de-
pending on which chemicals are used in teaching and research.

Industrial/ commercial wastewaters

Industrial wastewater is the effluent from manufacturing and commercial activities
such as printing, food and beverage processing and production. Industrial
wastewater may include various amounts of potentially plant-toxic ions (e.g. heavy
metals). Therefore, crop productivity can be jeopardized if suitable management of
water is not employed (Catr et al., 2010).

Storm water | urban runoff

Urban areas are characterized by impervious surfaces created by buildings and
pavements. These “cemented” surfaces cause rainwater to flow quickly over the
landscape. The rapid flow is necessarily coupled with increased transport or species
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which are not significantly soluble in water (e.g. hydrocarbons, grease, vehicle by-
products).

Summary

Urban wastewater certainly contains human excreta, microbial contamination and
probably hazardous chemicals from industry, households, and other sources. Pol-
luted urban wastewater constitutes a serious health hazard to local populations
(farmers and consumers of agricultural products). Local residents should be pro-
tected by constructing a sewer system to evacuate the wastewater from the neigh-
bourhood. Whether sewerage is available or not, such hazards should be reduced
or controlled by treating the wastewater before it is used for irrigation.

4 Fel/sand filters

4.1 State-of-the-art knowledge

Metallic iron (Fe0) has been demonstrated for almost two decade