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Abstract

There are many joint factors that have negative effects on children's health, such

as environmental health and water supply quality. 'l'herefore, 
the importance of this study

was emerged to contribute in finding suitable solutions for this problem. The study was

done in Khartoum State, Omdurman area mainly Karari locality. Three methodologies

were used; field work to collect data about the most common diseases that affect

children, Water sampling from the drinking wells, questionnaire to collect data about

public awareness. Data collected from Omdurman hospital-children emergency unit-

dealing with the most common diseases that affect children. The data were divided into

three categories: category (l) for infants < one year old, category (2) children froml-4

years old and category (3) from 5-14 years old.

This study consists of five chapters: Chapter one explains the problem,

importance, objectives, limitations, terms and methods of the research. Chapter two is a

literature review of environmental health and water pollution. Chapter three explains

samples, methodology, and procedures of the research. Chapter four discusses data

analysis, discussions and results. Chapter five concentrates on conclusions and

recommendations.

The results revealed that most of the diseases that attack children were caused due

to drinking water quality. Some of the diseases seemed to be very serious regarding the

number of incidence and number of children admitted to hospitals especially during

February to April 2005. [t was also found that pneumonia, tuberculosis, malaria, food

poisoning, hepatitis, dysentery, gardiasis, gastro entritis and diarrhoae, are the most

common diseases that attack children through out the year.

The results revealed that there was an environmental problem of housing

condition that cause some of the diseases, some of the drinking water wells were found to

be contaminated and not suitable for human consumption.

The study recommendations include income improvement, joint efforts of

community and disciplines to find solutions fbr the environmental health problems,

raising awareness among community regarding children's health and diseases and finally

setting a proper system of waste disposal from household level in order to decrease child

morbidity rate.
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Chapter One

Introduction

It is found that every year an increasing number of children under five

years of age die in Sudan. This increase in child mortality is attributed to diseases

related to environmental health and water supply quality. Most of these diseases

that cause child death are diarrhoea and enteritis result from water pollution,

decline of environmental health and healthy housing conditions.

Twelve million children under age of 5 years still die annually from easily

preventable causes and some million children still suffer from malnutrition, seven

million children continue to die every year in developing countries from just four

condition: pneumonia, diarrhoeal diseases, measles, and malaria. Approximately

65 percent of all child deaths are from three causes (WHOl999s):

l. Acute respiratory tract infection now kills 3.6million children each

year.

2. Dianhoeal disease is responsible for 3million child deaths every year.

3. Immunization preventable diseases: measles, tuberculosis, tetanus,

diphtheria, polio, and pertussis are responsible for some 2.1 million child deaths

every year. Of these, almost lmillion are attributed to measles.(Detels, R., et al).

All of us are affected by exposures to environmental hazards, but children

are more vulnerable to diseases, so it is our responsibility to enable children to

grow up in a safe and healthy environment. The multitude of hazards facing

children should be addresses in unison and placed within the context of a child's

life.

A child's physical environment is not separate from social and cultural

issues. Solutions to environmental ptoblems should be viewed within that context.

Many children live in communities that are disproportionately impacted by

environmental exposures. Improving the health and environment of these children

should be a major priority. Flealthy children grow into healthy adults. The health



of our children is one of the most important investments that we can
should be among our top priorities.

General Objectives:

The general objectives of the research aimed to know the
environment and water supply quality in children's health in Khartoum
particularly the study stress on Karary localitv.

make and

effect

State.

o f

In

Specific Objectives:

l. To assess, knowledge, attitude and practice of people towards
children's health.

2. To raise awareness of people towards the environmental health. water
quality and housing condition.

Rationale:

Sudan continues to be characterized by high level of infant and under five
mortality rates. The Safe Motherhood Survey (sMS) conclucted by uNFpA
inl999 estimated under five mortality rate at lO4per 1,000 live births in GOS
areas for period 1990-1999. The under five mortality ranged between 59%o per

1,000 live births in ElGazira State to 175 per 1,000 life birth in Blue Nile state.
The SMS (1999) also indicated that approximately 60Yoof deaths among children

under five occur during the first year of life. The infant mortality rate IMR) was
estimated at 68 per l,000live births for period lgg0-gg using direct estimation

method. The IMR ranged between 5l perl,000 live births in Sinnar state to l16
per 1,000 live births in Red Sea state. The under five mortality rate for the Sudan,

as estimated by world Development indicators Data-base 2002 (world Bank), is
108 compared to 89 per 1,000 live births for developing countries.(LrN,

November 2003, Vol. I l. PP. 144,166).
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Chapter Two

Literature Review

2.1 Introduction:

The term environmenr implies all the extemal factors, living and non-

living, material and non-material, which surround man. In its modern concept,

environment includes not only the water, air and soil that fbrm our environment

but also the social and economic conditions under which we live.

Definition of the environment is "natural conditions, e.g. land, air and

water, in which we live, conditions, circumstances, etc. affecting people's lives."

Hornby, (1989:403).

Environment is divided into three components, which are closely related to:

i. Physical: water, air, soil, housing, wastes, radiation, etc.

ii. Biological: plant and animal life inctuding bacteria, viruses, insects,

rodents and animals.

iii. Social: customs, culture, habits, income, occupation, religion, etc.

The term "environmentsl sanitation" has been defined by WHO as ,'the

control of all those factors in man's physical environment which exercise or may

exercise a deleterious efl-ect on his physical development, health and survival."

In actual fact, the term sanitation covers the whole field of controlling the

environment with a view to prevent disease and promote health. Man has already

controlled a number of fbctors in his environment, e.g. food, water, housing,

clothing, and sanitation. These controllable factors are those included in the

"standard of living". It is the control of these factors that has been responsible for

considerable improvement in the health of people during the past century in the

developed countries. Flowever, man's mastery over his environment is not

complete. As old problems are being solved, new problems are arising. Air

pollution is of growing concern in many urban centres. Industrial groMh has

given rise to the problem of environmental pollution by industrial wastes.

Advances in nuclear technology have produced the problem of radio-active



pollution of the environment. The demographic growth and fast urbanization all

over the world are bringing profbund social and environmental changes.

The purpose of environmental health is to create and maintain ecological

conditions that will promote health and prevent disease. One of the essential

public health care elements is safe drinking water and sanitation. In 1990, more

than I billion people in developing world lacked access to safe drinking water and

nearly 2 billion people lacked an adequate system fbr disposing off their excreta-

faeces deposited near homes, contaminated drinking water (sometimes caused by

poorly designed or maintained sewerage systems), fish from polluted rivers and

coastal waters, and agricultural produce fertilized with human waste are all health

hazards. Water quantity is as impoftant as water quality. Washing hands after

defecation and before preparing tbod is of particular importance in reducing

disease transmission, but without abundant water in or near home, hygiene

becomes difficult or impossible. The lack of water supply and sanitation is the

primary reason why disease transmitted via faeces are so common in developing

countries. 'fhe most important of these diseases, diarrhoea and intestinal worm

infestations, account for l0 percent of the total burden of disease in developing

countries. In addition an inadequate water supply increases the risk of

schistosomiasis, skin and eye infections, and guinea woffn disease. Park K.

(2005:519) .

Every year, millions of children die in the developing world, not in a

drought and famine year, but in an "ordinary" year.

ln the one sense, most of these deaths can be linked to the environment. Four

million die of diarrhoeal diseases, usually associated with bad water and

contaminated food. Over five million die of disease as tetanus, whooping cough,

measles and respiratory infections. One million die of malaria, others die of mixes

of causes. Often malnutrition and worms, which make young bodies vulnerable to

opportunistic bacteria and viruses.



2.2. Definitions of Environmental Health;

All definitions mention human health, ecological health or ecological

balances, and a few definitions mention specific environmental stresses, such as

physical, chemical and biological agents.

"Environmental health comprised of those aspects of human health, including

quality of life, that are determined by chemical, physical, biological, social and

psychological factors in the environment. It also refers to the theory and practice

of assessing, correcting, controlling and preventing those factors in the

environment that can potentially affect adversely the health of present and future

generation" WHO, consultation ( I 993).

Environmental Health is comprised of those aspects of human health

diseases that are determined by factors in the environment. It also refers to

theory and practice of assessing and controlling factors in the environment

can potentially aff'ect health. WHO, (1989).

Environmental health is the branch of public health that protects against

the effects of environmental hazards that can adversely aftbct health or ecological

balances essential to human health and environmental quality. Environmental

health includes both the direct pathological eftbcts of chemicals, radiation and

some biological agents, and effects (often, indirect) on health and well-being of

the broad physical, psychological, social, and aesthetic environment, which

includes housing, urban development, land use, and transport. Bl. Johonson

personal communication (l 997).

Environmental health strives to link environmental quality of both the

natural and built environments, with the level of public health and well-being.

Though lacking consensus in detinition, environmental health addresses the

intenelationship between human health and the environment. It has been

described as the "the art and science of protecting against environmental factors

that may adversely affect human health and environmental quality. Such factors

include, but are not limited to air, fbod, and water contaminants; radiation; toxic

and

the

that



chemicals; wastes; disease vectors, safbty hazards, and habitat alterations. Gordon

L. (ree7).

Environmental health is that branch of public health that deals with the

human health effects of exposure to chemical, physical, and biological agents in

the community, work place, and/or home. West, S. (1997).

Environmental health is the professional practice of improving and

preserving residential and industrial hygienic environments and housing for

individuals and communities, and improving and preserving public health and

allied matters including the control and management of the total environmental

and ecological balance by educating processes and enforcement of statutory

provisions by the application of preventive science and practice. Gist G. (1997).

Environmental health focuses on the health interrelationships between

people and their environment, promotes human health and well-being, and fosters

a safe healthful environment. National Association of County and City Health

Officials. Milne. TL (1996:1998).

Environmental health and protection refers to protection against

environmental factors that may adversely impact human health or the ecological

balances essential to long-term human health and environmental qr,rality, whether

in the natural or man-made environment. Newton, S. (1998).

Environmental health is the art and science of protecting and promoting

good health through the organized efforts of society and include:

o promotion of aesthetic, social, economic, cultural, and amenity values.

o fostering positive environtnental factors.

reduction of potential hazards (physical, biological, chemical, and radiological).

Gist G. (1991)

Environmental health shall embrace all aspects of public health, hygiene,

and safety in all or any of their branches and shall include the subject-matter of all

environmental health laws, regulations, directives, or guide lines be they of a



local, national, international, or supra-national character, and the expression

"environmental health measrlres" will be construed as encompassing all or any of

the same. Gist G. (1997).

Environmental health is concerned with the control of all physical,

chemical, and biological processes, influences, and factors that exercise or may

exercise, by direct or indirect means, a significant effect on the physical and

mental health and social well-being of man and his society. WI{O (1992).

2,2,1. Definition of Heath:

Heath is a complete state of physical, mental and social well-being, not

just the absence of infirmity or disease. WHO, (1993).

2,3. Children's Environmental Health:

Children are our future, estimated over 2.3 billion worldwide (aged 0-19)

and representing boundless potential. Child survival and development hinge on

basic needs to support lifb; among these, a safe, healthy and clean environment is

fundamental. They are exposed to serious health risks fiom environmental

hazards. Over 40o/o of the global burden of disease attributed to environmental

factors falls on children below five years of age, who account for only about l0oZ

of the world's population.

Environmental risk factors and economic conditions, particularly conflict,

poverty and malnutrition. There is new knowledge about the special susceptibility

of children to environmental risks: action needs to be taken to allow them to grow

up and develop in good health, and to contribute to economic and social

development. Each year, at least three million children under the age of five die

due to environment-related diseases.

Acute respiratory infections annually kill an estimated two million

children under the age of five. As much as 60 percent of acute respiratory

infections world wide are related to environmental conditions. Diarroeal diseases

claim the lives of nearly two million children every year. Eighty to 90 percent of

these diarrhoea cases are related to environmental conditions, in particular,



contaminated water and inadequate sanitation. Nearly one million children under

the age of five died of malaria in 1998. up to 90 percent of malaria cases are

attributed to environmental factors. WFIO (2006).

2.4 Children exposure to Lead:

Children are most at risk fiom exposure to lead. Compared to adults,

children take in more lead in the air or with fbod per unit of body weight. More

over, they tend to put things in their mouths, a habit that exposes them to lead in

dust, dirt or foreign objects. Lead-based paint is the most concentrated source of

lead in the child's environment, and those children with access to such paint are at

great risk.

Petrol combusted engines are to be blamed for half the man-made lead

pollution in the air. Lead is added to gasoline in the form of tetra-ethyl lead

compounds, but exhaust gases contain predominantly inorganic lead aerosol. The

concentration of lead in urban air ranges in general from 0.5 to 5 micro-

grams/mlclepending of the density of automobile traffic. In suburban and rural

areas, the lead concentration is generally less than 0.5 micrograms/ml. An EEC

Directive adopted in 1982 laid down the figure of 2micrograms/m3 as a maximum

annual mean concentration. Blood lead levels are falling in those countries that

have made lead-free petrol readily available.

Even children who live in an urban environment, and that do not have

access to lead-based paint, and do not habitually put things in their mouths, can be

expected to inhale and ingest approximately 160 micrograms of lead every day.

Of this amount, approximately 75 micrograms will be absorbed into the body and

then distributed to all the tissues. Available data show that heamatological effects

occur in children at blood lead concentrations of about 200 micrograms/l and that

the earliest peripheral nervous efTects begin to occur in the blood lead range of

400-500 micrograms/1. 'l 'hese 
ef'tbcts include seizures, behavioral changes,

mental retardation, irritability, lack of co-ordination and clumsiness. TJNEP

Report (1990: 48-49).
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2,5. Children, Environment and the Future

Environmental degradation endangering the life of children, death is in

million, mostly the children of the poorest parents in the poorest countries, and

the agricultural, developing nations.

In the developing countries, deforestation, desertification and other forms

of land degradation make farming and sustained use of land more difficult, hence

decrease productivity, and raise levels of child malnutrition. Scarcity, waste and

the pollution of water limit supplies for irrigation, as well as for washing and tbr

drinking, all of which afl-ect children's health and well-being.

Air pollution aff'ects children more severely than adults and exacerbates

the acute respiratory infections, which kill 4.2 million children under five in the

developing world each year. In the industrialized countries, the main

environmental causes of children's death and disability arise fiom exposure to

various forms of pollution, especially air pollution, and exposure to hazardous

chemicals in the environment. Atmospheric pollution leading to climate change

and ozone depletion provides a legacy of health threats and hardships fbr all of the

world's children, those alive and those as yet born.

Some 14 million children under the age of five die every year in

developing nations as a result of a lack of safe drinking water, poor sanitation,

environmental pollution, common diseases and malnutrition and a ftlrther three

million are seriously disabled. In numerical terms, malnutrition is the most serious

condition atfecting the health of children, particularly in the developing countries.

Surveys in different regions of the world indicate that at any moment an estimated

lOmillion children are suf'fering sever malnutrition, and a firrther 20Omillion are

inadequate nourished. UNEP Report (1990: 8, 9).

Poor environmental conditions in rural areas and in marginal settlements

in developing countries are also factors in the spread of other communicable

disease. Over-crowding in urban shanties or in rural houses, lack of heating, poor

ventilation, air pollution, poor nutrition, lack of water for washing all accelerate

the spread of many of these diseases.
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Poor housing, air pollution, and lack of clean drinking water and

appropriate sanitation fbster the spread of various diseases among older children.

Children between six and 14 years old are more vulnerable to some diseases than

younger children because they spend more of their time out side and therefore are

more exposed to air and water pollution and to dirt in the streets and play grounds.

LJNEP Report (1990: 5l).

Many environmental hazards and pollution know no boundaries. 'l 'he

health children world wide is intrinsically linked to the health of our environment.

International collaboration, when ever possible, should be sought and encouraged.

2.5.1,a, Definition of Under-five Mortality Rate:

The under-five mortality rate is the probability (expressed as a rate per

1.000 live births) of child in a specified year dying before reaching the age of five

if subject to current age-specific mortality rates. 
'fhe 

indicator, which relates

directly to the target, measures child survival. It also reflects the social, economic

and environmental conditions in which children live, including their health care.

Because data on the incidence and prevalence of diseases (morbidity data)

frequently are unavailable, mortality rates are often used to identiff vulnerable

populations. The under five mortality rate captures more than 90 percent of global

mortality among children under the age of 18. There is no consensus on the age

that constitute the upper limit of childhood. The International Labour

Organization (lLO) and the United Nations Population Division ref'er to children

those who are under lS-years of age. 
'fhe 

convention on the rights of the child of

1989 states, however, that "a child means every human-being below the age of l8

years unless, under the law applicable to the ohild, majority is attained earlier"

UNEP (1990).

2.5.1.b. Method of Computation:

Age-specific rnortality rates are calculated from data on births and deaths

in vital statistics registries, censuses ancl household surveys in developing

countries. Estimates based on household surveys data are obtained directly (using
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birth history, as in Demographic and health surveys) or indirectly (Brass method,

as in Multiple indicator cluster surveys). The data are then summed for children

under five, and results are expressed as a rute per 1.000 live births. UNICEF

Survey Manual, PP. 17.

2.5.1.c. Under Five Mortality Rates (USMR):

The figures pertaining to average under-five mortality rate have been

fluctuating over the last two decades; estimated at about l23per I,000 live births

in the early 1990s, declining to 104 during the late 1990s, and recently rising

tol08. interstate variations in North Sudan constitute a major concern, with a

different data suggesting rates as high as 172 per 1.000 live births in Blue Nile

state (during 1990-1999) and lowest rate(59) being reported in Gazira State. The

actual annual rate of progress is estimated at2.55 while required annual rate of

progress is estimated at 2.67.'l'he targeted figure is 45per1.000 live births by

2015(in other words, the Sudan would have to show a decline in the u5MR of

afmost 6Yo per year), which explains the magnitude of efforts that need to be

exerted to attain this target. CAP (2004 Vol. I).

The major causes of infant and under-five mortality include acute

respiratory inf'ection (20o ), diarrhoea (18-21%), measles (5-8yo), Malaria (8-

l0%) in addition to epidemics such as meningitis. Children become more

vulnerable to death when they are suf-fering from malnutrition(more than 22Yo of

deaths among children are attributed to malnutrition). Other indirect causes of

death include: social f'actor (e.g. poverty, war and displacement); environmental

f'actor, lack of access to saf'e drinking water; lack of latrines at home; and

inadequate inefficient methods of waste clisposal.

Child health in Sudan continues to be affected by cyclic natural disasters,

such as draught and floods in some states and occasional out bursts of meningitis,

acute diarrhoea, buruli, yellow fbver and the spread of FIIV/ADIS. About 670.000

under-five children die from preventable diseases every year. Malaria, acute

respiratory infections and dianhoeal diseases, combined with malnutrition, are the

leading causes of death among under five children. 
'Ihe 

health status of the
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people of southern Sudan is among the

under-five mortality rates range flom

(2003 Vol. I l, PP. 144-166).

worst in the world. UNICEF reports that

65 to 170 per thousand live births. UN

2.5.1.d. Causes of Under-Five Mortal i ty:

Both UNICEF and WIIO classiff malaria as the number one cause of

under five mortality. The UNICIIF sentinel surveillance survey (2001) fbund that

one-third of children surveyed in Southern Sudan suffered from diarrhoea within

two weeks prior to the survey. The UNICEF Multiple Indicator Cluster Survey

(MICSXI999) showed that lTYoof children throughout Sudan reported recent

respiratory infections, outbreaks of measles are reported annually.

2.5.1.e. Status and Trends:

Child and infant mortality rates are demographic indicators that reveal

much about the status of health progress in a country, since inf'ants and children

are among the vulnerable groups of any population. Focus, on the part of the

FMH, on child sttrvival programmes leading to control of diarrhoea and acute

respiratory infections, illness that are among the most common causes of child

mortality in Sudan, is very essential.

2,5.1.f. Gender Issues:

Under five mortality rates are higher for boys than for girls in countries

without significant parental gender preferences. Under five mortality better

captures the eft'ect of gender discrimination than infant mortality, as nutrition and

medical interventions are more important in this age group, while biological

differences have a higher impact during first year of lifb. There may be gender

biases in the reporting of child deaths.

2.5.1.9. Desegregations Issues:

Under-five mortality generally shows large disparities across geographical

areas and between rural and urban areas. Under-five mortality may also vary

across socioeconornic groups. Children in some ethnic grollps might also be at

higher risk of malnutrition, poor health and higher mortality. Flowever, showing
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and analyzing data on specific ethnic groups may be a sensitive issue in the
country. UNICIIF et al.

More than l0 million children die each year in the developing world, the
vast majority from causes preventable through a combination of good care,
nutrition, and medical treatment. Mortality rates fbr children under five dropped
by l5 percent since 1990, but the rates remain high in developing countries. In
developing countries, one child in l0 clies before his/her flfth birthday, compared
with I in 143 in high-income countries. Child deaths have clropped rapidly in the
past 25 years, but progress everywhere slowed in the 1990s, and f-ew countries

have experienced increases in the some periocl. At current rates of progress, only
few countries are likely to achieve the Millennium Development Goal of reducing

child mortality to one-third of their 1990 levels.

Child mortality closely linked to poverty. In 2002 the average under-tive

mortality rate was l2l deaths per 1.000 live births in low-income countries, and

22 in upper-income countries. In high-income countries, the rate was less than 7.

For approximately 70 percent of the deaths befbre age five, the cause is disease or

a combination of diseases and malnutrition that would be preventable in a high-

income country: acute respiratory infections, diarrhoea , measles, and malaria.

MDGs (2003).

Just as child deaths are the result of many causes, reducing child mortality

willrequire multiple, complementary interventions. Raising incomes wilt help. So

will increasing public spending on health services. But more is needed. Access to

safb water, better sanitation facilities, and improvement in education, especially

for girls and mothers, are closely linked to reduced mortality. L]NICEI,- (2004: l,

2).

In 1990 more than 3}Yoof the world's children under 5 years were under

weight of their age. As many as 43%o of children in the developing world 230

million have low height fbr their age. Micronutrient malnutrition is estimated to

affbct at least 2billion people of all ages, but children are particularly vtrlnerable.

A quarter of all children under age of five in developing countries are at risk <lf

l 5



vitamin A deficiency. There have been improvements in child health, and 1993

saw the number of children dying from vaccine-preventable diseases was reduced

by 1.3 million compared tol985. Neverlheless, around 2.4 million children under

5years are still dying every year from such diseases, particularly measles,

neonatal tetanus, tuberculosis, peftussis, poliomyelitis and diphtheria.

2.6 Causes of Deaths Among Children:

[n2002,48 countries had child mortality rates greater than 100 per 1.000

live births. l5 countries-14 in Sub-Saharan Afiica- had mortality rates of more

than 200. A major factor contributing to child mortality is mal nutrition, which

weakens children and reduces their resistance to disease. Malnutrition plays a

role in more than half of all child deaths. MDGs (2003).

Malnutrition remains the world's most serous health problem and the

single biggest contributor to child mortality. Nearly l-3 children in the developing

world are malnourished. Malnutrition contributes substantiallv to childhood

disease and death. SCF-UK.

2.7. Diseases Attacking Children:

2,7.1 Measles:

An acute highly infbctious disease of childhood caused by specific vims of

the group myxoviruses.

Problem Statement:

Measles is endemic virtually in all part of the world. It tends to occur in

endemic when the proportion of susceptible children reaches about 40 percent.

The mortality of measles varies greatly in difl'erent parts of the world. It is

100 to 400 times more likely to cause death in a preschool child of a developing

country. In developing countries, case fatality rates range from 2 to l5 percent as

compared to less than 0.2 per 10.000 notified cases in developed countries. Befbre

the vaccine become available in 1960s, measles killed between 7 and 8 million

children a year and caused an estimated l35million cases a year worldwide.
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Today, it still kills about lmillion children of the estimated3Omillionwho gets

measles. 'fhus 
measles is still a leading killer among vaccine-preventable diseases

of childhood, taking its toll mainly among malnourished children, who live in

crowded urban localities. Measles tends to be very severe in the malnourished

child, carrying a mortality up to 400 times higher than in well-nourished children

having measles.

Dnvironmental Factor:

The virus can spread in any season. [n temperate climate, measles is a

winter disease, probably because people crowed together indoors. Population

density and movement do affect epidemicity. In general, the lower the average

age at which children are attacked. Park K. (2005: 124\.

2,7.z,Acute Respiratory Infections (ARI):

Intbctions of the respiratory tract are perhaps the most common human

ailment. While they are a source of discomfbrt, disability and loss of time for

most adults, they are a substantial calrse of morbidity and mortality in young

children.

Problem Statement:

Every year ARI in young children is responsible for an estimated 3.9

rnillion deaths worldwide. About gOpercent of the ARI deaths are due to

pneumonia, which is usually of bacterial origin. The incidence of ARI is similar

in developed and developing countries. However, while the incidence of

pneumonia in developed countries may be as low as 3-4percent, its incidence in

developing countries range between 20to30 percent. This difference is due to high

prevalence of malnutrition, low birth weight and indoor air pollution in

developing countries. It is an important cause of morbidity in the children.

Risk Factors:

They include not only the climatic conditions but also the housing, level of

industrialization and socio-economic development in developing countries,

overcrowded dwellings, poor nutrition, low birth weight and intense indoor smoke
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pollution underline the high rates. Children from low socio-economic status tend

to have more respiratory infections. Every year in the developing world acute

respiratory infections, particularly pneumonia, kill more than 4million children

under Syears. Park K. (2005: 139).

2,7,3,Tuberculosis:

Tuberculosis is a specific infectious disease caused by M. tuberculosis.

Problem Statement:

Tuberculosis remains a world-wide public health problem. The global

incidence rate of tuberculosis is growing at approximately l.l percent per year

and the number of cases at2.4 percent per year.

According to wHo estimates there were 16-20 million cases of

tuberculosis worldwide in 2001. Most new cases and deaths occur in developing

countries where infection is often acquired in childhood.

Tuberculosis is a social disease with medical aspects. It has also been

described as a barometer of social welfare. The social factors include many non-

medical factors such as poor quality of life, poor housing, and overcrowding,

population explosion, under nutrition, lack of education, large families, early

marriage, lack of awareness of causes of the illness, etc all these factors are

interrelated and contribute to the occurrence and spread of tuberculosis. Park K.

(2005: 146).

2.7 .4.Acute Diarrhoeal l)iseases:

Diarrhoea is defrned as the passage of loose, liquid or watery stools.

These liquid stools are usually passed more than three times a day.

Problem Statement:

Acute diarrhoea is rivaled in importance only by respiratory infection, as

a cause of morbidity on a world-wide scale. When the WHO initiated the

Dianhoea I Disease Control Programme in 1980, approximately 4.6million

children were dying each year of the dehydration caused by dianhoea . In the
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tropical belt, 15 to 40 percent of all

dianhoea -related.

Diarrhoea is a major pubh.

estimated 1.8 billion episodes of diarrl.

under the age of 5year die of diarrhoea , b

under the age of two years. The total diarrho.

be as high as one-third of its first two years of h

dianhoea for l0 to 20 percent of their first 3 year.
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Diarrhoeal diseases, resulting from unsafe water a

coupled with poor fbod-handling practices are responsible for a

deaths a year among children under age 5 in the developing world. ,

advances, diarrhoeal diseases and the resulting dehydration contir,

responsible for 3 million child deaths every year. Approximately 50% o.

deaths are due to watery diarrhoea. Detels Roger et al.

Diarrhoeal diseases are largely the result of water borne viral and bacterial

infections. If not treated, acute diarrhoea may kill rabidly, mainly through

dehydration. The problem is extremely serious in developing countries,

particularly in rural areas and marginal settlement (slums, shanty-towns, etc.)

where the quality, availability and accessibility of clean water is poor, storage

facilities are inadequate, and sanitation is appalling.

2,7,5,Malaria:

Malaria is a protozoal disease caused by infection with parasite of the

genus plasmodium.

Problem Statement:

The incidence of malaria worldwide is estimated to be 300 - 500 million

clinical cases each year with about 90% of these occurring in Sub-Saharan Africa.
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tropical belt, 15 to 40 percent of all deaths among children under 5 years are

dianhoea -related.

Dianhoea is a major public health problem in developing countries. An

estimated 1.8 billion episodes of dianhoea occur each year and 3million children

under the age of 5year die ofdiarrhoea , S0percent ofthese deaths affect children

under the age of two years. The total diarrhoea morbidity for a given child may

be as high as one-third of its first two years of life. Over all, children are ill with

dianhoea for l0 to 20 percent of their first 3 years of life. Park K. (2005: 183,

184).

Dianhoeal diseases, resulting from unsafe water and poor sanitation

coupled with poor fbod-handling practices are responsible fbr a further 3million

deaths a year among children under age 5 in the developing world. Despite many

advances, diarrhoeal diseases and the resulting dehydration continue to be

responsible for 3 million child deaths every year. Approximately 50Yo of these

deaths are due to waterv diarrhoea. Detels Roser et al.

Dianhoeal diseases are largely the result of water borne viral and bacterial

infections. [f not treated, acute diarrhoea may kill rabidly, mainly through

dehydration. T'he problem is extremely serious in developing countries,

particularly in rural areas and marginal settlement (slums, shanty-towns, etc.)

where the quality, availability and accessibility of clean water is poor, storage

facilities are inadequate, and sanitation is appalling.

2,7,5,Malaria:

Malaria is a protozoal disease caused by infection with parasite of the

genus plasmodium.

Problem Statement:

The incidence of malaria worldwide is estimated to be 300 - 500 million

clinical cases each year with about 90% of these occurring in Sub-Saharan Africa.
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Malaria is thought to kill between l.l and 2.7 million people worldwide

each year, of whom about I million are children under the age of 5 years in these

areas. These childhood deaths resulting mainly from cerebral malaria and anemia

constitute nearly 25%o of child mortality in Africa. This formidable tropical

parasitic disease kills at least a million people annually, three quarters of them are

children. Malaria, directly or in association with acute respiratory infections and

anemia, causes around 2 million deaths a year, the vast majority among young

children. Park K. (2005:201\.

2,7 .6.Malnutrition:

Malnutrition plays a very significant direct or indirect role in more than

half of the nearly 12 million deaths each year of children under-five in developing

countries. It has multiple causes, including a lack of food, common and

preventable infections, inadequate care, and unsafe water. Detels Roger et al.

Malnutrition remains the world's most serious health problem and the

single biggest contributor to child mortality. Nearly I - 3 children in the

developing world are malnourished. Malnutrition contributes substantially to

childhood disease and death.

Malnutrition is wide spread among children 6-14 years old, especially in

developing countries are estimated to be under weight. More than half (60percent)

of these children live in South-East

the Eastern Meditenanean Region.

years old in developing countries,

countries.

Asia, 14 percent in Africa, and l3percent in

Anaemia affects 46percent of children 5-12

as compared to 7 percent in industrialized

2.8. Housing:

Living accommodation is designed to provide shelter, security, privacy

and comfort. Whether made in the form of a house, a flat, a bed-setting room, a

caravan, a houseboat or a residential institution, all are covered by legislation.
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The Industrial Revolution led to small houses and large tenements,

crowding the centers of the new towns and cities, in narrow streets with little

space, those dwellings were poorly ventilated, ill-lit, lacking in sanitary facilities

and the practice of burning coal on open fires created a smoke-polluted

environment.

The recognition of the association between poor housing and poor health

was a main focus of the sanitary reformers of the lgth century. In the first half of

the 20th century, with the great improvements in sanitary conditions, emphasis

changed to the link between inadequate housing and communicable diseases,

particularly tuberculosis. Stress was placed on the design of houses to provide

good ventilation, natural lighting, heating and eradication of over crowding.'I'here

is general acceptance that these measures contributed to the decline in

tuberculosis and other infectious diseases, prior to the advent of vaccination and

effective therapeutic measures. By the 1950s, the great decline in communicable

diseases lessened the emphasis on housing as a factor in ill health.

There has been a paucity of good research into the relationship between

housing and health. However, it is now well established that there is a significant

association between damp dwellings and respiratory symptoms in children. There

is less convincing evidence fbr this as a cause of adults developing an excess of

respiratory symptoms or for links between poor housing and other diseases. In

studying this problem, it is difficult to eliminate the effect confbunding variables

such as social deprivation which themselves are linked to poor health. However,

taken together the relevance of housing to health is wide-ranging. Donaldson L. J.

et al (2003: 453,454).

2.9. Water:

Much of the ill-health which affects humanity, especially in the

developing countries can be traced to lack of safe and wholesome water supply.

Water that is easily accessible, adequate in quantity, free from contamination, safe

and readily available throughout the year. There can be no state of positive health

and well-being without saf'e water.
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Water is not only a vital environmental factor to all forms of life, but it has

also a great role to play in socio-economic development of human population.

z.g.l.Safe and Wholesome Water:

water intended for human consumption should be both safe and

wholesome. This has been defined as water that is:

a. free from pathogenic agents.

b. Free from harmful chemical substances.

c. Pleasant to the taste i.e. free from color and odor and

d. Usable for domestic purposes.

2,9,2, Source of Water Supply:

Water may be abstracted for use from any one of a number of points in its

movement through the hydrological cycle.

Water sources must conform to two criteria:

a. The quantity must be sufficient to meet present and future requirement.

b. The quality of water must be acceptable.

There are three main sources of water:

Rain.

Surface water:

-impounding Reservoirs.

-Rivers and streams.

-Tanks, ponds and lakes.

Ground water:

- Shallow wells.

- Deep wells.

- Spring. Park K. (2005:520).

Access to and control over environmental resources is of vital importance

to those dependent on it. Water scarcity for a large part is human-made. More

than a billion people are currently deprived of water sufficient quantity and

quallty to meet even minimal levels of health and well-being. Absolute water

a

O
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scarcity is increasing in many parts of the world, making equitable access a

pressing issue (world water council, 2000). Severe water shortage is predicted for

2.7 people, a third of the world population, in the first quarter of this century.

SIMS Jacqueline et al (2000).

2,9,3 Water Resources in Khartoum State:

The resources of drinking water in Khartoum State are divided into three

a) Public Water network from Nile Stations:

It is based on drawing water from White and Blue Niles and River

Nile, then purified and pumped to the most of areas in Khartoum State through 5

major stations. These stations are:

Al-Mogran Water Station, Buri, Bait Al-Mal, Bahri A, B, C and Tooti Stations.

In addition to the above-mentioned stations there are high pumping stations in Al-

Sahafah, Al-Gamayer and the Bahri Industrial Area (in Bahri).

Khartoum water network also, includes a number of the underground

reservoirs and water towers in which water is kept.

b) 840 Artisian Wells.

c) Water boreholes (7 governmental and 104 non-governmental) in some

rural areas as well as about 500 shallow wells where manual pumps are used to

pump water. (Khartoum Water Supply Corporation Report)

2,9.4,Inadequacies in Water Supply, Sanitation and Garbage

Collection - Khartoum:

The systems of water supply, sewage disposal, refuse disposal and

electricity supply are all in adequate both in the coverage of the urban area and

the maintenance of the service. The water supply system is working beyond its

design capacity while the demand continues to rise. The coverage is poor, with

the low-income groups in squatter settlements suffering the cost of all through

paying the most for water, often bought from venders. Break down and cuts in the

supply are common. The municipal sewerage system serves only about 5 percent

of the Khartoum urban area. Even that system is susceptible to breakdowns when
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waste is discharged either directly into the river or onto open land. For most

people in the low-income areas, there is no sewerage system. E. Hardoy Jorge et

al.

An estimated 65Yo of the population has no access to sanitary means of

excreta disposal. LJN (2003 Vol. l l pp. 158).

2,g,s,Health Hazards of Poor water Supply and sanitation:
Approximately 4 billion cases of diarrhoea each year cause 2.2 million

deaths, mostly among children under the age of five. This is equivalent to one

child dying every 15 seconds. These deaths represent approximately 15% of all

child deaths under the age of five in developing countries. Water, sanitation, and

hygiene interventions reduce diarrhoea I disease on average by between one-

quarter and one{hird. WFIO-UNICEF Report (2000).

Low level of access to clean water continues to be a major problem in the

Sudan with more than 40%o and 70%o of the population in the Northern and

Southem Sudan respectively, drinking unsafe water. The lack of safe drinking

water has made water borne diseases a major health hazard. Diarrhoeal diseases

are sporadically prevalent in many parts of country. Approximately 40Yo of the

deaths ofchildren under 5-years ofage are attributed to diarrhoea caused by poor

hygiene and unsafe drinking water. UN (2003 Vol. I I PP. 158).

2,10, Water Pollution:

Comprising over 70Yo of the Earth's surface, water is undoubtedly the

most precious natural resource that exists on our planet. Without the seemingly

invaluable compound comprised of hydrogen and oxygen, life on Earth would be

non-existent: it is cssential for everything on our planet to grow and prosper.

Although we as humans recognize this fact, we disregard it by polluting our

rivers, lakes, and oceans. Subsequently, we are slowly but surely harming our

planet to the point where organisms are dying at a very alarming rate. In addition

to innocent organisms dying off, our drinking water has become greatly affected

as is our ability to use water for recreational purposes. In order to combat water
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individual must understandthe problems and become part of the

Kranz David et al. (2005: l).

0.1. Types of Water Pollution:

0.1.4. Toxic Substance:

A toxic substance is a chemical pollutant that is not a naturally occurring

in aquatic ecosystems. The greatest contributors to toxic pollution are

pesticides and industrial compounds.

0.L.b. Organic Substance:

Organic pollution occurs when an excess of organic matter, such as

or sewage, enters the water. When organic matter increases in a pond, the

of decomposers will increase. These decomposers grow rapidly and use a

deal of oxygen during their growth. This leads to a depletion of oxygen as

decomposition process occurs. Lack of oxygen can kill aquatic organisms. As

aquatic organisnts die, they are broken down by decomposers, which lead to

depletion of the oxygen levels.

A type of organic pollution can occur when inorganic pollutants such as

and phosphates accumulate in aquatic ecosystems. High levels of these

cause an overgrowth of plants and algae. As the plants and algae die,

become organic material in the water. The enormous decay of this plant

in turn, lowers the oxygen level. The process of rapid plant growth

hollowed by increased activity by decomposers and a depletion of the oxygen

:hvel is called eutrophication.

?.10.L.c. Thermal Pollution:

Thermal pollution can occur when water is used as a coolant near a power

industrial plant and then is returned to the aquatic environment at a higher

than it was originally. Thermal pollution can lead to a decrease in the

oxygen level in water while also increasing the biological demand of

organisms for oxygen.
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2.10.1.d. Ecological Pollution:

Ecological pollution takes place when chemical pollution, organic
pollution or thermal pollution are caused by nature rather than by human activity.
An example of ecological pollution would be an increased rate of siltation of a
waterway after a landslide, which would increase the amount of sediments in
runoff water. Another example would be when a large animal, such as a deer,
drowns in a flood and a large amount of organic material is added to the water as
a result. Major geological events such as a volcano eruption might also be sources
of ecological pollution.

2.10,2, Specific Sources of Water Pollution:

2.10.2.a. f,'arming:

Farms often use large amounts of herbicides and pesticides, both of which

are toxic pollutants. These substances are particularly dangerous to life in rivers,

streams and lakes, where toxic substances can build up over a period of time.

Farms also frequently use large amounts of chemical fertilizers that are

washed into the waterways and damage the water supply and the life within it.

Fertilizers can increase the amounts of nitrates and phosphates in the water, which

can lead to process of eutrophication.

Allowing livestock to graze near water sources often results in organic

waste products being washed into the waterways. This sudden introduction of

organic material increases the amount of nitrogen in the water, and can also lead

to eutrophication.

2.10,2.b, Homes:

o Sewage generated by houses or runoff from septic tanks into nearby

waterways, introduce organic pollutants that can cause eutrophication.

o Fertilizers, herbicides and pesticides used for lawn care can runoff and

contaminate the waterway. As with agricultural fertilizers, home fertilizers

can lead to the eutrophication of lakes and rivers.
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Improper disposal of hazardous chemicals down the drain introduce toxic

materials into the ecosystem, contaminating the water supplies in a way

that can harm aquatic organisms.

Leaks of oil and antifreeze from a car on a driveway can be washed off by

the rain into nearby waterways, polluting it.

2,11. Point and Non Point Sources:

According to the American College Dictionary, pollution is defined as:" to

make foul or unclean; dirty." Water pollution occurs when a body of water is

adversely affected due to the addition of large amounts of materials to the water.

When it is unfit for its intended use, water is considered polluted. Two types of

water pollutants exist; point source and nonpoint source. Point sources of

pollution occur when harmful substances are emitted directly into a body of

water. A non point source delivers pollutants through environmental changes. An

example of this type of water pollution is when fertilizer from a field is carried

into a stream by rain, in form of run-off, which tum effect aquatic life. The

technology exists for point sources of pollution to be monitored and regulated.

Nonpoint sources are much more difficult to control. Pollution arising from

nonpoint sources accounts for the majority of the contaminants in streams and

lakes. KranzDavid et al. (2005:2).
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Chapter Three

Materials and Methods

This is a descriptive cross-sectional study. The methodology of this study was

divided into two parts:

3.1 Field Work:

Which was divided into the following phases:

3.l.L Phase One: Observation and Questionnaire:
Observation and questionnaire were used in the study area to know the

environmental health of the houses, ways of drinking water preservation, ways of

waste diSposal and housing condition that affect children health.

The total number of houses in Karary locality were 8845 (from public

health offrce records). The size of the samples which required to collect data were

312 houses calculated by the following equation:

n :  Z2Sz

dL2

where as,

n= the size of the sample

Z = the value of the standard normal variable corresponding to 95 % level of

significance = I.93 .

S = Standard deviation (S = 5.5)

d = Marginal error (d = 0.6) (Spiegel M.)

Then the houses were selected by systematic random sampling, this is

done by picking every 28th unit at regular intervals. And then the number is

selected randomly between I to 28th then every 28th number is selected from that

point. Park K. (2005:648)
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3,1,2 Phase Two: Data Collection:

In order to summarize and evaluate the situation of diseases that attack
children from less than one year of age to fourteen year old in Khartoum state,
data about the number of children admitted to hospitals were collected from

statistical unit from Gafar ibn Auf hospital, omdurman emergency hospital and
Ahmed Gasim hospital.

The data were collected in the period from August 2004 to April 2005 and were

statistically evaluated using Microsoft Excel.

3.1.3 Phase Three: Collection of Water Samples:
'This study will cover Karary locality in Omdurman area another areas would be

lcovered beyond the research.
',

Water samples were collected from drinking wells as shown in the Map

) .

water samples were taken from each well in sterilizing sampling bottles for

ical, physical and microbiological analysis.

Laboratory Work - Chemical Analysis:

I Conductivity:

3.2.1,a Definition:

It is a numerical expression of the ability of an aqueous solution to carry

electric current. This ability depends on the presence of ions, their total

ion, mobility, valence, and relative concentrations, and on the

of measurement.

The term "conductivity" is preferred and customarily is reported in

per centimeter (pmhos/cm). In the intemational system of units (SI)

reciprocal of the ohm is the siemens (S) and conductivity is reported as

per meter (mS/m) : lOpmhos/cm. To report results in SI units

{
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Freshly distilled water has a conductivity of o.5 to2 pmhos/cm, increasing

after a few weeks of storage to2 to 4 pmhos/cm. this increase is caused mainly by

absorption of atmospheric carbon dioxide, and to a lesser extent, ammonia.

Conductivity of the collected samples were measured using conductivity

meter Jenway Model 45 I 0.

3,2.2 pH Value:

3,2,2.a Principle:
Measurement of pH is one of the most important and frequently used tests

in water chemistry. Practically every phase of water supply and waste water

treatment, e.g. acid-base neutralization water, softening, precipitation,

coagulation, disinfection, and corrosion control, is pH dependent. pH is used in

alkalinity and carbon dioxide measurements and many other acid-base equilibria.

3.2.2.b Electrometric Method :
The basic principle of electrometric pH measurement is

determination of the activity of the hydrogen ions by potentiometric measurement

using a standard hydrogen electrode and a reference electrode.

pH of the samples were measured using pH meter Model CD80 hand-held

plVm V meter.

3.2.3.Nitrogen (Ammonia) NHr:

Nitrogen NH3 were determined using phenate method as determined by

Nessler method (Greweling and Peech, 1960)

3,2,.3.a Principle:
An intensely blue compound, indophenol, is formed by the reaction of

ia, hypochlorite, and phenol catalyzed by a manganous salt.

3.2.3.b Interference:

Alkalinity over 500 mg as CaCOtlL, acidity over

interfere.

3 l

l00mg as CaCOI/L, and



Remove these interferences by preliminary distillation.

3,2,3.c Apparatus:

Colorimetric equipment:

Spectrophotometer, for use at 630 nm with light path of approximately

3.2.3.d Reagents:

Ammonia-free water: prepared by ion-exchange or

distillation methods:

l. Ion-exchange

Ammonia-free water prepared by passing distilled water through an

ion-exchange column containing a strongly acidic cation-exchange

resin mixed with a strongly basic anion-exchange resin. Select resins

that will remove organic compounds that interfere with the ammonia

determination. Some anion-exchange resins tend to release ammonia.

If this occurs, prepared ammonia free-water with a strongly acidic

cation-exchange resin.

2. Distillation:

Eliminated traces of ammonia in distilled water by adding 0.lml

concentrated HzSOI to lL distilled water.

Hypochlorous acid reagent:

To 40ml water add lOml 5% NaOCL solution prepared from commercial

bleach. Adjust pH 6.5 to 7.0 with HCL. This unstable reagent was prepared

weekly.

Manganous sulfate solution 0.003M:

50mg MnSoaH2o were dissolved in l00ml distilled water.

Phenate reagent:

2.5g NaoH and 10g phenol, C6H5OH, were dissolved in l00ml distilled

water. Because this reagent darkens on standing, was prepared weekly.
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3.2.3.e Procedure:

Treatment of sample:

To a 10.0m1 sample in a 50ml beaker, I drop (0.05m1) MnSoa solution was

added. Placed on a magnetic stirrer and added 0.5m1 hypochlorous acid reagent.

0.6m1 phenate reagent was added. Added reagent with out delay a bulb pipet or a

buret were used for convenient delivery. Pipet for hypochlorous acid was marked

at the 0.5m1 level and the phenate reagent was delivered from a pipet or buret that

had been calibrated by counting the number or drops previously found to be

equivalent to 0.6m1.

Stir vigorously during addition of reagents. Because color intensity is

affected by age of reagents, carry a blank and standard through the procedure with

each batch of samples. Measure absorbance by using reagent blank to zero the

spectrophotometer. Color formation is complete in l0min and is stable for at least

24h. Although the blue color has a maximum absorbance at 630nm, satisfactory

measurements can be made in the 600-660nm region.

3.2.3.f Calculation:
Ammonia concentration was calculated as follows:

Mg NH3-N\L(I l.lml final volume): AxB
CXS

Where:

A: absorbance of sample,

B :NH3-N in standard, mg,

C: absorbance of standard,

S :volume of sample used, ml,

D :volume of total distillate collected, ml, including acid

absorbent, neutralizing agent, and ammonia-free water added and

E : volume of distillate use for color development-ml.

The ratio D/E applies only to distilled samples

xD
E
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3.2,4. Oxygen (Dissolved)

3.2.4.1, Significance:

Dissolved oxygen (DO) levels in natnral and waste waters depend on the

physical, chemical, and biochemical activities in the water body. The analysis for

DO is a key test in water pollution and waste treatment process control.

3.2,4.2 Azide Modifi cation :

Use the azide modification for most waste water effluent, and stream

samples, especially if samples contain more than 50mg NOI-N/L and not more

than lmg ferrous iron/L. Other reducing or oxidizing materials should be absent.

If lml KF solution is added before the sample is acidified and there is no delay in

titration, the method is applicable in the presence of 100 to 200mg ferric iron/L.

3.2,4.2,a Reagents:

Manganous sulfate solution:

4 8 0g MnS O q.4E[zO, 400MnS O+ .2HzO,or 3 64 g MnS O +.HzO were di sso lved

in distilled water, filtered and diluted to lL.

Alkali-iodide-azide reagent:
l. For saturated or less-than-saturated samples.

5009 NaOH (or 7009 KOH) and l32g NaI (or l50g KI) were dissolved in

distilled water and diluted to lL. Added l0g NaN3 dissolved in 40ml distilled

water. Potassium and sodium salts may be used interchangeably.

2. Sulfuric acid, HzS04 concentrated: one milliliter is equivalent to about

3ml alkali-iodide-azide reagent.

3. Starch: a soluble starch power mixtures was used.

An aqueous solution was prepared by dissolving 29 laboratory-grade

soluble starch and 0.2g salicylic acid, as a preservative, in 100m1 hot distilled

water.
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Standard sodium thiosulfate titrate:

6.2059 NazSzO:.5H2O was dissolved in distilled water. 0.4g solid NaOH

was added and diluted to l000ml.

3.2,4,3 Procedure:

lml MnSo4 solution, followed by lml alkali-iodide- azide reagent were

added to the sample collected in 250 - to300- ml bottle. Then stopper carefully to

exclude air bubbles and mixed by inverting bottle a few times. When precipitate

has settled sufficiently (to approximately half the bottle volume) to leave clear

supernatant above the manganese hydroxide floc, then l-oml conc. H2SO4 was

added. Re-stopper and mixed by inverting several times until dissolution is

completed. Titrate a volume corresponding to 200m1 original sample after

correction for sample loss by displacement with reagents. Thus, for a total of 2ml

( lml each) of MnSoa and alkali-iodide- azide reagents in a 300m1 bottle, titrate

200  x  3001(  300 -2 ) :20 lm l .

3,2,5,Biochemical Oxygen Demand S-days test:

The biochemical oxygen demand (BOD) determination is an empirical test

in which standardized laboratory procedures are used to determine the relative

oxygen requirements of wastewaters, effluents and polluted waters. The test has

its widest application in measuring waste loadings to treatment plants and in

evaluating the BOD-removal efficiency of such treatment systems. The test

measures the oxygen utilized during a specified incubation period for the

biochemical degradation of organic material ( carbonaceous demand) and the

oxygen used to oxidize inorganic material such as sulltdes and ferrous iron. It also

may measure the oxygen used to oxidize reduced forms of nitrogen (nitrogenous

demand) unless their oxidation is prevented by an inhibitor. The seeding and

dilution procedures provide and estimate of the BOD at PH 6-5 to 7-5.

3.2.5.1 Principle:

The method consists of filling with sample, to overflowing, an airtight

bottle of the specified size and incubating it at the specified temperature for 5d.

Dissolved oxygen is measured initially and after incubation, and the BOD is
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computed from the difference between initial and final DO. Because the initial

Do is determined immediately after the dilution is made, all oxygen uptake,

including that occurring during the first 15 min., is included the BoD

measurement.

3.2.5,2 Sampling and storage:

samples fbr BoD analysis may degrade significantly during storage

between collection and analysis, resulting in low BoD values. Minimize

reduction of BoD by analyzing sample promptly or by cooling it to near-freezing

temperature during storage. However, even at low temperature, keep holding time

to a minimum-warm chilled samples to 20'C before analysis.

l. Grab Samples- If analysis is begun within 2hof collection, cold storage

is unnecessary. If analysis is not started within 2h of sample collection, keep

sample at or below 4oC fiom the time of collection. Begin analysis within 6h of

collection; when this is not possible because the sampling site is distant from the

laboratory, store at or below 4 oC and report length and temperature of storage

with the results. In no case start analysis more than 24h after grab sample

collection. When samples are to be used for regulatory purposes make every

effort to deliver samples fbr analysis within 6h of collection.

2. Composite samples keep samples at or below 4C during

compositing. Limit compositing period to 24h. Use the same criteria as for storage

of grab samples, starting the measurement of holding time from end of

compositing period. State storage time and conditions as part of the results.

3.2.5.3. Apparatus:

Incubation bottles, 250-to 300m1 capacity:

The bottles was cleaned with a detergent, rinsed thoroughly, and

drained before use. As a precaution against drawing air into the dilution bottle

during incubation, used a water seal" To obtain satisfactory water seals by

inverting bottles in a water bath or by adding water to the flared mouth of special
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BOD bottles. A paper or plastic cup or foil cap were placed over flared mouth of

bottle to reduce evaporation of the water seal during incubation.

3.2.6 Chemical Oxygen Demand (COD)

The chemical oxygen demand (coD) is used as a measure of the oxygen

equivalent of the organic matter content of a sample that is susceptible to

oxidation by a strong chemical oxidant. For samples from a specific source, CoD

can be related empirically to BOD, organic carbon, or organic matter. The test is

useful for monitoring and control after correlation has been established. The

dichromate reflux method is preferred over procedures using other oxidants

because of superior oxidizing ability, applicability to a wide variety of samples,

and ease of manipulation. Oxidation of most organic compounds is 95 to 100% of

the theoretical value. Pyridine and related compounds resist oxidation and volatile

organic compounds are oxidized only to the extent that they remain in contact

with the oxidant. Ammonia, present either in the waste or liberated from nitrogen

containing organic matter, is not oxidized in the absence of significant

concentration of free chloride ions. COD was determined using open Reflux

method determined by Pitwell, L.R. 1983 standard COD. Chem. Brit 19:907.

3.2.6.a. Open Reflux Method
Principle:

Most types of organic matter are oxidized by a boiling mixture of chromic

and sulfuric acids. A sample is refluxed in strongly acid solution with a known

excess of potassium dichromate (k2cr2O7). After digestion, the remaining

unreduced kzcrzOt is titrated with ferrous ammonium sulfate to determine the

amount of kzcrzOz consumed and the oxidizable organic matter is calculated in

terms of oxygen equivalent. Keep ratios of reagent weights, volumes, and

strengths constant when sample volumes other than 50ml are used. The standard

2h reflux time may be reduced if it has been shown that a shorter period yields the

same results.

Apparatus:

Reflux apparatus, consisting of 500-o1250 ml elenmeyer flasks with

ground-glass 24140 neck and 300 mm jacket liebig, west, or equivalent condenser
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with 24140 ground-glass joint, and a hot plate having sufficient power to produce

at least l-4 WIcm2 of heating surface, or equivalent.

Reagents:

a. standard potassium dichromate solution, 0.0417M: 12.2599 k2cr2o7,

was dissolved primary standard grade, previously dried at 103 "c for 2h, in

distilled water and diluted to l000ml.

b. Sulfuric acid reagent: Ag2 SOa or reagent or technicd grade, crystals or

powder were added to the concentrated FIz SO+ at the rate of 5.5gAg2 SOa lkg H2

SO+. Let stand I to 2 days to dissolve Ag2 SO4

c. Ferroin indicator solution: 1.4859 l.l- phemnthrdine monohydrate and

695mg Fe SO+ 7 IIzO were dissolved in distilled water and diluted to l00ml. This

indicator solution may be purchased already prepared.

d. Standard t'elrous ammonium sulfate (FAS) titrant, approximately

0.25M: 98g Fe(NH+)z.bHzO was dissolved in distilled water. 20ml concentrated

H2 SOa, cool was added and diluted to 1000m1. Standardize solution daily against

standard KzCrzOt solution as follows:

l0.0ml standard KzCrzOt was diluted to about 100m1. 30ml concentrated

Hz SO+ was added and cooled. Titrated with FAS titrant using 0.10 to 0.15 ml (2

to 3 drops) fenoin indicator.

Morality of FAS Solution:

Volume 0.04l7MkzcrzOz solution titrated. ml x 0.250
Volume FAS used in titration. ml

e. Mercuric Sulfate, FIgSOa,crystals or powder.
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Procedure:

Treatment of samples with COD of 750 mg02lLz

50.0m1 sample was placed in a 500m1 refluxing flask. lg HgSoa was added

and very slowly add 5.0m1 sulfuric acid reagent, with mixing to dissolve HgSOa

Cooled while mixing to avoid possible loss of volati le materials.25.0ml 0.0417M

KzCrzOz solution was added and mixed. Flask was attached to condenser and

turned on cooling water. Remaining sulfuric acid reagent (70m1) was added

through open end of condenser. Continue swirling and mixing while adding the

sulfuric acid reagent.

Caution: Mix reflux mixture thoroughly before applying heat to prevent local

heating of flask bottom and a possible blowout of flask contents.

Open end of condenser was covered with a small beaker to prevent foreign

material from entering refluxing mixture and reflux for 2h. Cooled and washed

down condenser with distilled water. Reflux condenser was disconnected and

diluted mixture to about twice its volume with distilled water. Room temperature

was cooled and t i trated excess kzffzOt with FAS, using 0.10 to 0.15 ml (2to3

drops) ferroin indicator. Although the quantity of ferrion indicator is not critical,

same volume for all titrations was used. Take as the end point of the titration the

first sharp color change fiom blue-green to reddish brown. The blue-green may

reappear. In the same manner, reflux and titrate a blank containing the reagents

and a volume of distilled water equal to that of sample.

Calculation:

COD as  mgO2 l I . :
COD as mg OrlL: (A-B) x Mx 8000

ml sample

Where:

A: ml FAS used for blank,

B : ml FAS used for sample and

M : molarity of F'AS.
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3.3. Laboratory Work - Microbiological Test
3.3.1. Standard Qualitative Analysis of Water:
The three basic tests to detect coli form bacteria in water are presumptive,

confirmed, and completed. The tests were performed sequentially on each sample

under analysis. They detected the presence of coli form bacteria (indicators of

fecal contamination), the gram-negative, nonspore-forming bacilli that ferment

lactose with the production of acid and gas that is detectable following a 24 hour

incubation period at 37' C.

3.3.1.a Presumptive Test:

Determination of the most probable number of coli form bacteria.

Purposes:

4. To determine the presence of coli form bacteria in a water

sample.

5. 
'Io 

obtain some index as to the possible number of organisms

present in the sample under analysis.

Principle:

The presumptive test is specific for detection of coli form bacteria.

Measured aliquots of the water to be tested are added to a lactose

fermentation broth containing an inverted gas vial. Because these bacteria

are capable of using lactose as a carbon source (the other enteric

organisms are not). Their detection is f-acilitated by use of this medium.

Tubes of this lactose medium are inocul4ted with lOml, l-ml, and

0.1-ml aliquots of the water sample. The series consists of at least three

groups, each composed of three tubes of the specified medium. The tubes

in each group are then inoculated with the designated volume of the water

sample. Development of gas in any of the tubes is presumptive evidence

of the presence of coli fbrm bacteria in the sample.
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Materials:

Cultures:

Water samples from sewage plant, pond, and tap.

Media:

Nine double-strength lactose fermentation broths (LB2x)
and 18 single-strength lactose fermentation broth (LBIX).

Equipment:

Bunsen burner, sterile l0-ml pipettes, sterile l-ml pipettes,
mechanical pipetting device, and glass ware marking pencil.

Procedure:

l. Three separate series consisting of three groups were
set up a total of nine tubes per series, in a test-tube

rack; for each tube, the water source and volume of the

sample inoculated were labeled as illustrated: 3 tubes of

LB2X-10-ml

3 tubes of LBIX-l-ml

3 tubes of LB lX-0.lml

Water sample was mixed by shacking thoroughly.

Bottle was flamed and then, using a lO-ml pipette, l0-

ml aliquots of water sample was transferred to the three

tubes labeled LB2X- I 0ml.

Bottle was flamed and then, using a l-ml pipette, l-ml

aliquots of water sample was transferred to the three

tubes labeled LB lX-lml.

Bottle was flamed and then, using 0.1-ml pipette, 0.1-

ml aliquots of water sample was transferred to the three

tubes labeled LBIX-0. l-ml.

All tubes were incubated for 48 hours at37"c.

2.

3 .

4.

5 .

6.
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3.3.1.1r. Confirmed Test:

Purpose:

To confirm the presence of coli form bacteria in a water

sample for which the presumptive test was positive.

Principle:

The presence of a positive or doubtful presumptive test

immediately suggests that the water sample is non potable. Confirmation

of these results is necessary, since positive presumptive tests may be the

result of organisms of non coli form origin that are not recognized as

indicators of fecal pollution.

The confirmed test requires that selective and differential media

such as Eosin-methylene blue (EMB) or endo agar be streaked from a

positive lactose broth tube obtained fiom the presumptive test. Eosin -

methylene blue contains the dye methylene blue, which inhibits the

growth of gram-positive organisms. In the presence of an acid

environment, EMB fbrms a complex that precipitates out onto the coli

form colonies, producing dark centers and a green metallic sheen. This

reaction is characteristic fbr Escherichia coli, the major indicator of fecal

pollution. Endo agar is a nutrient medium containing the dye fuchsin,

which is present in the decolorized state. In the presence of acid produced

by the coli fbrm bacteria, fr.rchsin forms a dark pink complex that tums the

E.coli colonies and the surrounding medium pink.

Materials:

Cultures:

One 24 hour-old positive lactose broth culture from each of the

three series from the presumptive test.

Media:

Three each per designated student group: Eosin-methylene-blue

agar plates or endo agar plates.
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Equipment:

Bunsen burner, glass ware marking pencil, and inoculating loop.

Procedure:

l. The cover of the three EMB plates or the three endo agar plates

were labeled with the source of the water sample.

2. Positive 24 hour lactose broth culture from the presumptive test

was used, streak the surface of one EMB and one endo agar

plate to obtain discrete colonies.

3. All plate cultures in an inverted position were incubated for 24

hours at37'C.

3.3.L.c. Completed Test:

Purpose:

To confirm the presence of coliform bacteria in a water sample.

Principle:

The completed test is the final analysis of the water sample. It is

used to examine the coliform colonies that appeared on the EMB or endo

agar plates used in the confirmed test. An isolated colony is picked from

the confirmatory test plate and inoculated into a tube of lactose broth and

streaked on a nutrient agar slant to perform a Gram-stain. Following

inoculation and incubation, tubes showing acid and gas in the lactose broth

and the presence of gram-negative on a microscopic examination are

further confirmation of the presence of E. coli, and they are indicative of a

positive completed test.

Materials:

Cultures:

One 240hours coliform-positive EMB or endo agar culture from

each of the three series of the confirmed test.
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Media:

Three each per designated student group: nutrient agar slants and

lactose fermentation broths.

Equipment:

Bunsen burner, inoculating loop glass ware marking pencil.

Procedure:

l. Each tube was labeled with the source of its water sample.

2. One lactose broth and one nutrient agar slant were inoculated

from the same isolated E.coli colony obtained from an EMB or

an endo agar plate from each of the experimental water sample.

3. All tubes were incubated for 24 hours at37"c.

Examine all lactose fermentation broth cultures for the presence or

absence of acid and gas. APHA et al (1989: ed. 17).
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Chapter Four

Results and Discussion

4. Field Work

4,1. Phase one:

4.1.1 Observation and Questionnaire:

Data about the environmental health condition was collected from the study site in

Karary area to evaluate the housing conditions and environmental problems.

The results obtained from the questionnaire showed that the area of the houses

between 300 - 700 m2 and 46.80 %o of the selected houses had three rooms as

shown in table (1).

Table (l): Number of rooms at houses

Number of rooms No. Percentage

I 10 3.20

2 88 28.20

3 146 46.80

More than 68 21.80

Total 312 100

It was found that 55.45% of the houses had <7 member all living at the same

house and 32.37 Yo had >7 member which indicated that the huge number of

persons comparable to the area of the houses, as shown in table (2).

Table (2): Number of family members

Number of family members No. Percentage

2-4 38 t2 . t8

5-7 173 55.45

More than l0 l 32.37

Total 312 100
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With regard to the number of children in every family, 68.75 Yo of the families

had <4 children and 31.25 % had <7 children, table (3), 8l .94 % of the children

were from 5-14 years old, 0.7Vo were < one year old and 17 .36% were from I -4

years old, table (4).

Table (3): Number of Children

Number of Children No. Percentage

2-4 198 68.75

5-7 90 3t.25

More than 0 0

Total 288 100

Table (4): Age of Children

Age of Children No. Percentage

Day - I year 2 0.70

I - 4 years 50 r7.36

5 - 14 years 236 81.94

Total 288 100
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In order to evaluate the level of environmental aspects and children health

questions about the level of parents' education were conducted. Table (5) showed

the standard of father's education.

Table (5): Standard of fatherrs education

Response Number Percentage

Educated 289 92.63

Not educated 23 7.37

Total 3t2 100

From the total families studied 92.63 Yo werc found to be educated, table (6)

shows that 45.33 Yo of them had secondary school education, 28.37Vo had

university education, 21.80 %o had primary education and 2.77 Yo had "Khalwa"

education.

Table (6): f,'ather's level of education

Level of Education Number Percentage

Khalwa 8 2.77

Primary 63 21.80

Secondary l 3 l 45.33

University 82 28.37

Others 5 t .73

Total 289 100

Whereas 85.90 % of the mothers were educated,49.63 % of them had secondary

school education, 35.45 %o primary school education, 12.31 % had university

education and2.24Yojoined the "Khalwa" education, tables (7) and (8).

48



Table (7): Standard of motherts education

Table (8): Motherrs level of education

Level of Education Number Porcentage

Khalwa 6 2.24

Primary 95 35.45

Secondary 133 49.63

University 33 t2.31

Others I 0.37

Total 268 100

Regarding the children's level of education, table (9) showed that 41.10 Yo of the

children were at the primary education, 10.17 % secondary education, 2.12 %

were university students, and 46.61 o/o represents the total of children in all

education levels.

Table (9): Children's level of education

Level of Education Number Percentage

Primary 97 4l.l0o/o

Secondary 24 10.17%

University 5 2.t2%

All Above l l0 46.6r%

Total 236 100%

Standard of Education Number Porcentage

Educated 268 85.90

Not educated 44 14.10

Total 312 100
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With respect to families standard of living data about father's occupation and
income were collected. Table (10) showed that 45.83 Vohave private source of
income, 32.05 vohave civil employment, 17.63% are labors and 4.49 % without
permanent jobs.

Table (10): X'atherts occupation

Occupation Number Percentage

Civil Employment 100 32.05

Labor 55 17.63

Private source r43 45.83

Others t4 4.49

Total 312 100

From Table (l I ), 27.25 Yo of the families have 25,000 to 50,000 sD as monthly

allowance. 26.28 o/ohave 50,000 to 100,000 SD, 19.87 Vo ftom 15,000 to 25,000

SD and 0.32% have < 15,000 SD. This indicated that the level of income is very

low comparable to the number of family members.

Table(ll): Level of income

Income Number Percentage

600 - 1000 82 26.28

500 - s99 82 26.28

250 - 499 85 n.2s

150 -249 62 19.87

< 150 I 0.32

Total 312 100
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Tables (12), (13), and (la) showed the availability of water supply and quality at

the study site. 87.5 Vo of the houses have water supply at home, 10.58 % don't

have water supply at home and they depend upon buying water from distributors.

Most of families store water at home due to the shortage of water supply through

out the year 67.31 7o store water in Barrels at home and 61.86 o/o store for 2 days

period and 1.92 o/o store water for more than 4 days, 16.99 o/o store water in water

tanks ontheirroofs, 10.58 o/o store water inwater jars. This is supported by uN

(2003)

Table (12): Source of water supply

Source Number Percentage

Public Network 273 87.5

Public Pumps 5 1.60

Purchase 33 10.58

Others I 0.32

Total 3t2 100

Table (13): Ways of water preservation at houses

Ways of Preservation Number Percentage

Water tanks 53 16.99

Water jars 33 10.58

Barrels 210 67.31

Others l6 s. l3

Total 3t2 100
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Table (14): Duration of Water preservation

Duration Number Percentage

2 Days 193 61.86

3 Days 88 28.21

4 Days 25 8.01

More 6 t .92

Total 3t2 100

In order to evaluate the housing environmental condition and weather the personal

behavior might cause some diseases to children, data about the building materials

used, waste collection and disposal were collected.

Table (15) showed the type of building materials in the studied site,57.69 Vo of

the houses were built using red bricks, 41.35 % with mud and 0.96 % of different

other materials.

Table (15): Types of building materials

Building Materials Number Percentage

Mud 129 41.3s

Red Bricks 180 57.69

Other 3 0.96

Total 3t2 100

Table (16) showed the housing condition, 54.81%

condition and 0.96 of very bad condition regarding

This supported by Donald L. J. (2003).

were found

the building

to be of good

and finishing.
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Table (16): Housing condition

Condition Number Percentage

Excellent 47 15.06

Very Good t7l 54.81

Good 9 l 29.17

Bad 3 0.96

Total 312 100

Table (17) showed the ways of collecting waste from houses, 71.80 o/o of the

families keep their house hold wastes in plastic sacs, 15.06 o/okeep it in open

containers whereas 7.69 % in covered containers.

Table (17): Ways of household waste collection

Ways of collection Number Percentage

Plastic Sacs 224 71.80

Covered containers 24 7.69

Opened containers 47 15.06

Others t7 5.45

Total 3t2 100

Table (18) showed the ways of waste disposal, 75.32 % of families get rid of their

waste using the waste disposal cars organized by the localities in their area,

whereas 17 .31 % dispose theirs on an open areas on the streets near their houses

and2.88% get rid of their waste by burning. This agrees with E. Hardoy.
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Table (18): Ways of waste disposal

Ways of Disposal Number Percentage

Locality's cars 23s 7s.32

Open area 54 t7 .31

Burning t4 4.49

Others 9 2.88

Total 312 100

Data about the latrines availability and conditions at houses were shown in tables

(19) and (20), 99.36 Yo of the houses have latrines; 60.32 of them were of good

condition. This agrees with UN (2003).

Table (19) Availability of Latrines

Availabitity Number Percentage

Yes 310 99.36

No 2 0.64

Total 3t2 100

Table (20): Latrines condition

Condition Number Percentage

Very good 187 60.32

Good l l 9 38.39

Bad 4 t .29

Total 312 100
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4.2 Phase two:

4.2.1. Data collection:

Data about the most common diseases directly connected to environmental

conditions and water quality, that attack children and the number of children

admitted to hospitals in Khartoum State through out the year were collected from

Omdurman hospital, Gaafar Ibn Oaf and Ahmed Gasim hospitals from children

emergency units. The research dealt with data from Omdufinan area only whereas

Khartoum North and Khartoum areas would be covered beyond this research.

The Data from Omdurman hospital were presented for three categories;

- Category (1): infants ( one year old;

- Category (2): one to four years old;

- Category (3): five to fourteen years old.

Generally it was found that the most common diseases that attack children in

Khartoum State are:

a) Food poisoning,

b) Dianhoea due to other causes

c) Pneumonia

d) Gastro enteritis

e) Gardiasis

f) Dysentery

g) Malnutrition

h) Malaria

a) F'ood Poisoning:

Figure (l) showed the distribution of food poisoning among children, in the three

categories. In figure (l.a) it was found that about 50Yo of children admitted to

hospital were diagnosed of having food poisoning. The distribution of food

poisoning among infants less than one year old is negatively correlated with linear

relationship to the change in season from April to August, R2 was 83.33. Where

as in figures (l.b) and (1.c) R2 values were 60 for both categories and the

relationship is positively and negatively linear, respectively. Also the percentage

of incidence in figures (1.b) and (1.c) are lower than 50 % which showed that
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infants less than one year old have the highest percentage of admission to
hospital.

b) Diarrhoea due to other causes:

Diarrhoea as a symptom of other diseases rather than the diseases considered in
this research was also monitored as shown in Figure Q\Itwas found that 50% of
the admitted infants had Dianhoea especially from August to January months.
whereas the percentages decreased in February, March and April, figure (2.a). R2
values were very small in categories (l) and (2);0.2 and 14 respectively, figures
(2.a) and (2.b). category (3) showed higher R2 value, 54 and the highest number
of children admitted to hospital were found during February Month, almost 30 o/o

as shown in figure (2.c). This agrees with UN (2003).

c) Pneumonia:

Pneumonia was found to be the most serious disease that attack children through

out the year. Figure (3.a.b.c) showed the percentages of admittance to hospital.

Almost 50% of infants were diagnosed of having Pneumonia. The percentage was

lower in category (2) and category (3), < 50%. R2 values were 35, 37 and 69 for

the three categories respectively.

d) Gastro enteritis:

The data obtained about gastro enteritis attack in hospital was only for August,

September, October and November months. Figure (4) showed the distribution of

disease through out the year. Almost >60Yo of infants admitted to hospital had

gastro enteritis, figure (4.a). The percentage increased in figure (4.b) reaching

100% of children admitted were diagnosed as gastro enteritis especially in

September month and>70Yo in category (3) which indicate gastro enteritis attack

is high not only for infants but also for children reaching 14 years old. This

supported by UN (2003).

e) Gardiasis:

Gardiasis is also a disease that most of the children suffer from in all Khartoum

State and is directly connected to bad quality and contaminated drinking water.
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Figure (5) showed the percentages of attacks among children. For category (l)

50% of the infants had gardiasis with 55 R2 values compared to < 50% of children

attacked in category (2) and 73 R2 value and < 600/o in category (3) with 34 R2

value, figures (5.a), (5.b) and (5.c), respectively. This is supported by uN (2003).

l) Dysentery:

Figure (6) showed the percentages of children admitted to hospital with dysentery.

More than 50Yo of infants had dysentery from August to November 2004 and R2

value was very low (: 8.0), figure (6.a) there is no relation between changing

climate and number of infants had dysentery. Figure (6.b) and (6.c) showed

categories (2) and (3) and it was found that <50Yo of children had dysentery. R2

values were 45 and2 respectively.

g) Malnutrition:

Figure (7) showed the percentages of children diagnosed with malnutrition and

admitted to hospital.

In figure (7.a) almost 50% of infants were found with malnutrition from August to

November 2004 whereas the percentage decreased during January to April 2005

i.e during winter season reaching <20yo.

Unlike the results obtained from figure (7.b) for category Q) the higher

percentages of children admitted to hospital were found during the .winter season

from January to March 2005 and reached 80% of total admitted.

Also in figure (7.c) the percentages of children had malnutrition was only for

August, October and November 2004. The percentage was found to be <50yo.

This is supported by UN (2003).

h) Malaria:

For malaria data were obtained only from January to April 2005 as shown in

figure (8). For category (l) the percentage of infants affacked with malaria was

found to be < 25%o and R2 value was 71 as shown in figure (8.a), indicating a

significant correlation between the percentage of attack and changing climate.

For categories (2) and (3) the percentages of attack were ( 50Vo and R2 values

were 78 and 79 respectively indicating also a significant correlation between the
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climate as shown in figures (8.b) and (8.c). This agrees with WHO, UNICEF

(reee).

i) Tuberculosis:

Figure (9) showed the percentages of Tuberculosis among children admitted to

hospital. The data obtained was only for August, September and November 2004

and for category (l) and (2). No data was found for category (3).

It was found that 50Yo of totally admitted infants had tuberculosis as shown in

figure (9.a) whereas the percentage reached 100% in October 2004 for category

(2) i.e all children admitted to hospital in that month were diagnosed of having

tuberculosis. This agrees with Park K (2005).

j) Hepatitis:

Figure (10) showed the percentages of hepatitis among children admitted to

hospital. In category (l) it was found that 60-70Yo of the total admitted infants

had hepatitis. Whereas for category (2) up to 100% of children had hepatitis and

from 60-707o in category (3).
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Figure (l): Food poisoning among children,
Percentage of total admitted to Omdurman hospitals

FlguF (l.a) Food Pol$nlng among Intants
<one year  o ld

1o
50

$E
3 o l

1:E
o S

^r,* e# €& "rts ^"""
months  Y= -8 .3333x+ 1O517

R2 = 0.8333

Figure ( l .b)  Food poisoning among chi ldern
14 years old

35

E 3 0'E 25
E 2 c
8 1 5
€ 1 0
o E
:s

o

y = -5.484x+ 34.8
R2 = 0.6

Aug-zOO4 Sep-2OO4 Oct-2OO4 No\F2OO4

Figure (1.c) Food poisoning among childern
5-14 years old

40

8 3 5
,ts 30
tr
8 2 5
Szo
f l rs
E 1 0
; e 5

0
Sep2004 Oct-2004 No*2004

Mon th  y=5 .484x+15 .2

R '=  0 .6

60



Figure (2): Diarrhoea due to other causes among children,

Percentage of total admitted to Omdurman hospital
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Figure (3): pneumonia among children,

Percentage of total admitted to Omdurman hospital
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Figure (5): Gardiasis among children,
Percentage of total admitted to Omdurman hospital

Figure (5-a) Gardiasis among children
<l year old

o
ltt
6

oc
o
o-

60 
1

to Jl

It
o

-.ta* eua$ 6o*oN *6osr *S n.# su,S .pr$

Months Y = -7 '6-299x + 54 221
R3 = 0.5533

Flguro (5-b) Gardlasis among chlldren
1 -  4years old

o
CD
6

oc
t

o o l
*o T--+-
oo l
^o T-- t -
20 1\o Il
o

n&
tr)9 euelA od ,od$ ,".ou ,.tS .n*S oorou

y =6.2656x -  1.7464
R, = 0.7365

Figure (5-c) Gardiasis among children
5 - 14 years old

1o

6O

$uo
Eno
$+

20

1O

o

-"t*
^![

geY odo* \\ou!A

Months

,".ou *"tou \r.urs6 Fe{!6

y=4 .9357x+18 .954
R'? = 0.3496

64



X'igure (6): Dysentry among children,
Percentage of total admitted to Omdurman hospital
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tr'igure (7): Malnutrition among children,
Percentage of total admitted to Omdurman hospital
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Figure (f0) Ilepatitis among children,
Percentage of total admitted to Omdurman hospital
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4.3. Phase three

Analysis for water samples was done for chemical properties and the

results were shown in tables (22).

Regarding the water chemical analysis results, the water quality was

suitable for human consumption as compared to the standard drinking

water quality by WHO, 2005 (appendix).
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The biological analysis results revealed that some water samples specially from

Elthora Hara 17A, Hara l0A Haru 4l and Elhatana block 4 wells had E. Coli as

shown in table (23), which indicted that the water from such sites is contaminated,

according to the standard of drinking water quality by WHO, and might cause

some diseases that affect human health. The source of contamination could be

human activities and digging of septic tanks near the drinking wells without

supervision or regulation. WHO (2005).

Table (23): Microbiological analysis results

Site
Elthora Hara

l7A

Elthora Hara

10A
Elthora Hara 4l

Elhatana

block 4

Coliform MPN/100m1

E. Coli
7 3 23 2.4
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CHAPTER FIVE



Chapter X'ive

Conclusion and Recommendations

From the research results it was concluded that the main factors that affect
children health and increase the infants mortality rates are:

- The housing conditions; the area of houses compared to the
huge number of family members

The type of building material used not healthy
- The source of drinking water
- The quality of drinking water.
- Waste storage and disposal
- The public awareness about environmental health and children

safety.

- The income revers were low compared to the famity members
and needs.

Therefore, it is recommended that:
- Income improvement can read to mortality reductions.
- Solutions to complex environmental health problems require

the efforts of affected communities and disciplines including
science, nursing, medicine, public health, economics, planning,
law, and policy. Creative solutions should be reached through
inter-disciplinary probrem solving and coarition building.

- lncreasing awareness among community regarding the
information about children health and diseases.

- Proper system of waste disposal and management from
household level.
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Appendix I

Drinking water standards

Bacteriological Standards - WHO

a) Water entering distribution system if disinfected, coliform count in any sample

of l00ml should be zero.

b) Water in the distribution system: ideally all samples taken from the distribution

system including consumer's premises should be free from coliform organisms.

Since in practice it is not always possible, following standard can be followed:

i) E. coli count in l00ml of any samples should be zero.

ii) Coliform organism not more than l0 per 100m1 shall be present in any sample

iii) Coliform organism should not be detectable in l00ml of any two consecutive

samples. (Agarwal, S.K. 2005)

Characteristic
World Health Organization (WHO)

Highest Desirable Maximum Permissible

pH 7.0 - 8.5 6.5 -9.2

Total Solid 500 1500

Nitrates (as NOr) 45 45
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Map of Karary Locality
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