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Abstract
Climate change is a result of human activities which isn‟t conscious of affecting the
environment and the human existence.
This study lights the relationship between the climate change and diarrhea among the
children under five years. A case-control study was used; face to face interviews was
done with 195 mothers. Logistic regression was used to assess the association between
the socioeconomic factors, water resources water usage, health behavior and the
dichotomous dependent variable. Also a retrospective, descriptive study was used; the
time series for 30 years ago of temperature, precipitation, and relative humidity. Time
series for 17 years ago of diarrhea disease morbidity for the children under five years and
time series of water quality. The structure equation model was used to link between the
impact of climate change and diarrhea disease with water quality and quantity as mediate
factor and unemployment rate as a moderate factor.
The results pointed out to the change in climate over the previous period. The average of
temperature increased by 1.5% about (0.3 Co), the rainfall decreased by -5% and relative
humidity decreased by - 1.4% during the last 15 years. Water quality and quantity in
Gaza strip are in a critical situation where there is a decrease in the recharge rate which
affects the quantity of ground water. 85.6% of wells affected by high nitrate
concentration and 76% of wells affected by high chloride concentration which was a far
way of the WHO standards in 2014.
The rise of temperature 1Co, decrease rainfall 1mm and the relative humidity 1%, effects
on the diarrhea incidence by the rising 14%. The high nitrate concentration affects in the
diarrhea incidence which increases the incidence rate by 1,5.
In addition to the climate change, we found The risk factors which help to prevail
diarrhea, The children under one year were more sensitive to diarrhea more than the other
children in the age more than one year and under five (OR=2, P= .005).
Also, low family income (OR=5.4, P=.002), father unemployment (OR=3.169, P=.02),
low mother education ( OR=3.8, P=.000) and the high crowding (OR=18.49, P=0000).
The children in the household used the municipal water as drinking water were more
susceptible to diarrhea than the children in the household who used the vended water and
bottled or filtered water (OR=.06, P=000; OR=4.378, P=.02) respectively. The cooking
by municipal water presented a higher risk than cooking by other water (OR=4.747,
P=.000). the keeping of the remaining water and fills a new water in the storage tank can
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prevail diarrhea ( OR=18.852, P=.000), the cycle of cleaning the storage tank period
(OR=4.62, P=0.14) The lack access to water were risk factors in the study(OR=2.72,
P=0.009). Bad sanitation can help in the diarrhea disease prevalence(OR=5.818,
P=0.000).
The hygiene practices were very important determinants in the prevention of diarrhea.
Our results showed that the diarrhea was in the childrens‟ mother who didn‟t wash the
hands before preparing the food or feeding their children(OR=3.958, P=3.958). The
feeding bottle was a source of worry, where the children who use the feeding bottles
have the risk more than they don't have bottles (OR=2.119, P= 0.048) and who didn‟t
boil the bottle have a risk more than who did (OR= 2.844, P=0.001 ), and The children
who suck their fingers have a risk of diarrhea disease more than they don't(OR=3.345,
P= 0.000). The bacterial contamination(total coliform ,fecal coliform) was a determinant
of diarrhea disease (OR=2.196, P= 0.017; OR= 2.413, P= 0.016)
According to these results, necessary measures must be taken to mitigate the impact of
climate change on children and health education and private hygiene has to be taken into
consideration. Taking appropriate measures in order to provide safe water must be
priorities for everyone.
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ملخص الرسالة
رغ١ط إٌّبخ ٘ٔ ٛز١غخ االٔشطخ اٌجشط٠خ ٚغ١ط اٌٛاػ١خ ٌّس ٜرأص١ط٘ب ػٍ ٝاٌج١ئخ  ٚاٌٛعٛز اٌجشط. ٞ
رٍم٘ ٟصٖ اٌسضاسخ األضٛاء ػٍ ٝاٌؼاللخ ث ٓ١رغ١ط إٌّبخ ٚاإلسٙبي ث ٓ١األطفبي ز ْٚسٓ اٌربِسخ .رّذ ٘صٖ اٌسضاسخ
ثبسزرساَ ػسح ططق ثحض١خ ِٕٙب :
 -1اٌحبالد ٚاٌشٛا٘س ػٓ طط٠ك ػًّ ِمبثالد ٚعٙب ٌٛعٗ ِغ  ِٓ 195أِٙبد ألطفبي اٌّظبث ٚ ٓ١غ١ط اٌّظبثٓ١
ثبإلسٙبي  ٚرؼجئخ اسزج١بْ ذبص ثصٌه ٌ.زحٍٔ ً١زبئظ ٘صٖ اٌطط٠مخ رُ اسزرساَ االٔحساض اٌٍٛعسزٌ ٟزم ُ١١اٌؼاللخ ثٓ١
اٌؼٛاًِ االعزّبػ١خ ٚااللزظبز٠خٚ ،اٌّٛاضز اٌّبئ١خ ٚاسزرساَ اٌّ١بٖٚ ،اٌسٍٛن طحخ ٚاٌّزغ١ط اٌزبثغ .
 -2رُ اسزرساَ ،زضاسخ ٚطف١خ ثأصط ضعؼ. ٟاٌسالسً اٌعِٕ١خ ٌّسح  30ػبِب لجً زضعخ اٌحطاضح ،األِطبضٚ ،اٌططٛثخ
إٌسج١خ.اٌسٍسٍخ ظِٕ١خ ٌّؼسي االطبثخ ثبإلسٙبي ػٕس االطفبي رحذ سٓ اٌربِسخ ٌّسح  17ػبِب  ٚ ٚ ،أ٠ضب سٍسٍخ
ظِٕ١خ ٌٕٛػ١خ اٌّ١بٖ اٌّزّضٍخ ف ٟرطو١ع إٌزطاد ف١ِ ٟبٖ االثبض ٌ ٚ .زحٍٔ ً١زبئظ ٘صٖ اٌطط٠مخ رُ اسزرساَ ّٔٛشط
) ٚ ) SEMاٌص ٞضثظ ث ٓ١رأص١ط رغ١ط إٌّبخ ِٚطع اإلسٙبي ِغ ٔٛػ١خ ٚوّ١خ اٌّ١بٖ  ٚأػطٔ ٝز١غخ رٕجؤ ٗ٠ػٕس
٘صا اٌزأص١ط ػٍ ٝاالطفبي ز ْٚاٌرّس سٕٛاد .
أظٙطد إٌزبئظ ذالي اٌسٕٛاد اي 15االذ١طح أْ ٕ٘بن رغ١ط ف ٟإٌّبخ ثح١ش ظاز ِزٛسظ اٌسٌٕ ٞٛسضعبد اٌحطاضح
ثٕسجخ  %1.5ثّب ٠مسض (  ٚ )0.3Coأْ االِطبض لٍذ ثٕسجخ  %5وّب طبحت ٘صا اٌزغ١ط ٔمض ف ٟاٌططٛثخ إٌسج١خ
ة.%1.4
اػطذ إٌزبئظ أْ ٕ٘بن رغ١ط فٛٔ ٟػ١خ اٌّ١بٖ  ٚوّ١زٙب فمس لٍذ وّ١خ اٌزغص٠خ اٌ ٝاٌرعاْ اٌغٛف ِٓ ٟاٌّ١بٖ اضبفخ اٌٝ
ٚعٛز رغ١ط فٛٔ ٟػ١خ اٌّ١بٖ  ٚوبْ ِٓ اٌّالحع اضرفبع رطو١ع إٌزطاد ف ِٓ % 86 ٟاالثبض  ٚاٌىٍٛضا٠س ِٓ %76
االثبض ثزطاو١ع أػٍ ٝثىض١ط ِّب اٚطذ ثٗ ِٕظّخ اٌظحخ اٌؼبٌّ١خ.
أظٙط إٌّٛشط االحظبئ ٟأٔٗ ػٕس اضرفبع اٌحطاضح زضعخ ٚاحسح ٚأرفبع االِطبض  ٚ ًٍِ1أرفبع اٌططٛثخ %1
س١ؤز ٞاٌ ٝاضرفبع حبالد االسٙبي  .%14وّب أظٙط إٌّٛشط أْ اضرفبع رطو١ع إٌزطاد ٍِ 1غ س١ؤز ٞاٌ ٝاضرفبع
ِؼسي حسٚس االسٙبي ث ٓ١االطفبي رحذ سٓ اٌربِسخ ة .1.5
ثبالضبفخ اٌ ٝرغ١ط إٌّبخ ٕ٘بن ػٛاًِ رسبػس ػٍ ٝأزشبض االسٙبي  ،فبالطفبي ثؼّط ألً ِٓ سٕخ ُ٘ أوضط حسبس١خ
ٌالسٙبي ِٕٙب ػٕس االطفبي االوجط سٕب حز ٝسٓ اٌربِسخ ( ٚ (OR=2, P=.005أْ ػٛاًِ اٌرطط اٌز ٟرسبػس فٟ
أزشبض االسٙبي ث ٓ١االطفبي رحذ سٓ اٌربِسخ  ،اٌسذً اٌّزسٔ ، (OR= 5.4, P=.002) ٟثطبٌخ االة =(OR
) ،3.169,P= .02اٌّسز ٜٛاٌزؼٍ ّٟ١اٌّزسٌٔ ٟألَ )ِ ٚ (OR=3.8,P= .000ؼسي االظزحبَ ف ٟإٌّعي
). (OR=18.49,P=.000
 ٚارذ إٌزبئظ ث بْ االطفبي اٌص٠ ٞؼ١ش ْٛف ٟث١ذ ٠سزرسَ ِ١بٖ اٌجٍس٠خ وّ١بٖ شطة ُ٘ أوضط ػطضخ ٌالسٙبي أوضط ِٓ
ألطأ ُٙاٌص٠ ٓ٠سزرسِ ْٛاٌّ١بٖ اٌّجبػخ )(OR=.06,P=.000أ١ِ ٚبٖ ِؼسٔ١خ ) ٚ (OR=4.378,P=.02أْ االطفبي
ف ٟاٌؼئٍخ اٌز ٟرسزرسَ ِ١بٖ اٌجٍس٠خ ف ٟاٌطجد ٘ ٛأوضط ػطضخ ِٓ ألطأٗ اٌص٠ ٓ٠سزرسِ١ِ ْٛبٖ أذطٜ
). (OR=4.747,P=.000
أِب ثبٌٕسجخ ٌزؼجبٖ اٌرعاْ ز ْٚاٌزرٍض اٌّ١بٖ اٌّزجم١خ اٌمسّ٠خ ف ٟاٌرعاْ ٘ ٛػبًِ ذطط أ٠ضب ٌحسٚس االسٙبي
) ٚ (OR=18.8.P=.000زٚض٠خ رٕظ١ف اٌرعاْ ٍ٠ؼت زٚضا ف ٟحسٚس االسٙبي  ٚطؼٛثخ اٌٛطٛي اٌ ٝاٌّبء ٟ٘
ػٛاًِ ذطط ثبٌٕسجخ الٔزشبض االسٙبي ثبالضبفخ اٌ ٝحسٚس ذًٍ ف ٟشجىخ اٌظطف اٌظح ٟف ٟعٛاض إٌّبظي.
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أوسد إٌزبئظ اٌ ٝأْ اٌّّبضسبد اٌظح١خ ِ٘ ٟحسزاد ِّٙخ ٌّٕغ االطبثخ ثبالسٙبي ػٕس االطفبي ،ثح١ش أْ االِٙبد
اٌٍٛار ٟال ٠غسٍٓ أ٠س ٓٙ٠لجً اطؼبَ أطفبٌ ٓٙأ ٚلجً رحض١ط اٌطؼبَ ٠زؼطع أطفبٌٌ ٓٙالسٙبي أوضط ِٓ غ١طُ٘ ثحٛاٌٟ
أضثغ ِطاد رمط٠جب  ،وّب أْ االطفبي اٌص٠ ٓ٠سزرسِ ْٛظعبعبد اٌحٍ١ت أوضط ػطضخ ٌالسٙبي ِٓ ألطأ ُٙاٌص ٓ٠ال
٠سزرسِٙٔٛب ثّطر ٚ.ٓ١اْ االِٙبد اٌٍٛار ٟال ٠غٍ ٓ١ظعبعبد أثٕبءُ٘ ٠ؼطضٓ أثٕبئٌ ُٙالسٙبي أوضط ثضالس ِطاد رمط٠جب
ِّٓ ٠زُ غٍ ٟظعبعبر ،ُٙأِب االطفبي اٌص٠ ٓ٠مسِ ْٛػٍِ ٝض أطبثؼ ُٙف ُٙػطضخ ٌالسٙبي أوضط ثضالس ِطاد رمط٠جب
ِٓ ألطأ ُٙاٌص ٓ٠ال ٠فؼٍ ْٛشٌه .وّب رج ٓ١أْ اٌزٍٛس اٌجىز١ط ٞة(total
) coliform , fecal coliformأ٠ضب ِٓ ػٛاًِ اٌرطط ٌالطبثخ ثبالسٙبي .
ٚفمب ٌٙصٖ إٌزبئظ٠ ،غت أذص اٌزساث١ط اٌالظِخ ٌٍزرف١ف ِٓ آصبض رغ١ط إٌّبخ ػٍ ٝاألطفبي ٚاٌزضم١ف اٌظحٚ ٟإٌظبفخ
اٌظح١خ اٌربطخ لس رؤذص ثؼ ٓ١االػزجبض ٠.غت أْ رى ْٛأ٠ٌٛٚبد اٌغّ١غ ارربش اٌزساث١ط إٌّبسجخ ِٓ أعً رٛف١ط اٌّ١بٖ
اٌظبٌحخ ٌٍشطة.
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Chapter one
Introduction

1.1 General introduction

The climate has a crucial impact on human health and child well-being.Many facts
confirm that the earth‟s climate is changing in form. This could cause undesirable results
on the public human health (Bunyavanich et at., 2003).
Global climate change, largely a result of ozone layer depletion, is caused by human
activities that release greenhouse gasses that trap heat within the atmosphere (Watson et
al., 1998). Increasing these activities without any suitable solutions or prevention will
lead to change in temperature and rainfall rate over the time. This change has great
implications for human life in various ways, directly through extreme weather events, and
indirectly through the impact on the socio-economic life of people (Shea, 2007). Children
suffer from the direct and indirect impacts of the rapidly warming world. Many of the
most deadly illnesses, such as diarrhea are highly sensitive to climate and are expected to
worsen with climate change (WHO, 2009).
According to WHO report, 0.2 percent of annual global mortality was due to climate
change, at the same report, about 1.2 million annual deaths was attributed to urban air
pollution, about 2.2 million to diarrhea, 3.5 million to malnutrition, and 60,000 to natural
disasters, all of which are climate sensitive outcomes prone to increase with a warmer
and more variable climate. In addition, WHO recently estimated that 34% of all children
illness in the world is due to modifiable climate change. WHO‟s current data shows that
out of this 75% of death cases occur in children who are younger than 5year. Diarrhea
diseases are related to water and food borne diseases. On the global level, the WHO data
represent that 15% younger children‟s deaths occur due to diarrhea disease (WHO, 2009).
The major five children diseases are pneumonia, diarrhea, malaria, measles, and
malnutrition which have strong relation with environmental degradation. These diseases
have a high effect on the children in the age group between 0 and 6 years. On the other
hand, there are other diseases related to the children health which mainly arises from the
climatic condition. This is represented the indirect impact of
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climate change in children health (Pandey and Gupta, 2012). Many recent studies found
the exposure to climate change impacts during childhood can lead to immediate harm or
possible damages that occur later in life (Neira et al., 2008).
The relationship between the climate change and children health is still unknown in
Palestine in spite of the presence of some diseases mentioned above, but till now there are
no studies conducted to examine the relationship between them and the direct or indirect
factor impacts of climate change. Also, the recent WHO report recommended that there
should be studies about this relationship in the Arab region, especially in Palestine which
suffers from the lack of sufficient information on the impact of climate on childrens‟
health.
It kown, that diarrheal disease is one of the water- borne diseases. For that reason, we pay
attention to the water quality in the Gaza strip which lives difficult crises with water
resources (lack of safe drinking water, ground water pollution by high nitrate
concentration).To investigate the relation between the climate change and child health, it
is important to conduct such study in the Gaza Strip and generate a predictive model in
this research to enable decision makers to implement better strategies to protect children's
health and their life.

1.2 Problem statement

The climate in a narrow sense is usually defined as the average weather, or more
rigorously, as the statistical description in terms of the mean and variability of relevant
quantities over a period of time ranging from months to thousands or millions of years
(IPCC, 2008).
Many scientific communities that monitor the global climate show collective, give an
image of climate change and rising of global temperatures. Both the natural and human
are expected to be exposed to the direct effects of climate change from the same category,
such as the variability of Temperature and precipitation, as well as the frequency and
magnitude of extreme Weather phenomena. Similarly, there are indirect effects of climate
change such as sea-level rise, changes in soil moisture, and changes in the conditions of
land, water, distribution of vector-borne diseases (IPCC, 2001).
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In Gaza trip, there is no wide view about the climate change, but some studies provided
that the climate is changing.

On the other hand, there are no studies that link between diarrhea and climate change in
Gaza strip except the studies about the relation between the water quality and this
disease. Taking into consideration the results of the annual survey of PCBS 2006 and
2007 to 11.8% on Family Health Palestinian found the children suffering from diarrhea
has been more influenced by the male and female. The ratio was highest in children
between the age (0-23 months), and the dehydration caused by diarrhea is a major cause
of deaths among children (PCBS, 2009). Based on these facts and due to the lack of
studies on the effect of climate on the child's health in the Gaza Strip, it's necessary to
stand on the relationship between these two variables (climate change and diarrhea
morbidity of children).

1.3 Justification

The climate change is coming into the Arabian region which will effect all the human life
and will effect on the human health(WHO,2008).
Children -in particular, who living in poor countries – are among the most vulnerable to
the resulting health risks and will be exposed longer to the health consequences, who
Areas with weak health infrastructure – mostly in developing countries – will be the least
able to cope without assistance to prepare and respond(WHO, 2016).
in Gaza Strip, There are no enough studies conducted which are concerning the impact of
climate change on child health. Where the past studies in Gaza Strip, discussed the
relationship between diarrheal disease and the water or socioeconomic factors or they
were about the climate change in Gaza Strip .
Also, There is a high prevalence of diarrheal disease among the children under five years
in the last decade ( PCBS,2012).
On the other hand, the children are the vital society and they presented the future.
for that, it was necessary to do this study about the impact of climate change on the
children health( diarrhea disease).
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The major advantage of this study, it well links to the climate change and the diarrhea
morbidity among the children and investigates the other risk factors that can worsen the
impact of climate change on the children health.

1.4 Aim and objectives

This study aims to investigate the relationship between climate change and prevalence of
diarrhea morbidity of the children aged less than 5 years in the Gaza strip. The specific
objectives of this research are:


To analyze the local climatic variables and trend rate of diarrhea



To examine the relationship between the water quality\quantity and diarrhea
morbidity.



To examine the direct and indirect impacts of climate change on morbidity



Identify the impact of socioeconomic on the relation between the climate change
and infant morbidity.

1.5 Research question

Based on the above, we have several research questions related to the subject and can be
shown off as follows:


Is there climate change in Gaza strip?



Is there water quality change?



Is there a relationship between water quality and diarrhea?



Is there a relationship between children morbidity and climate change in Gaza
strip?



Is there water quantity change?



What are the risk factors for the diarrhea disease?



What is the influence of socioeconomic and demographic factors inequalities on
the relationship of climate change and child morbidity in the Gaza Strip?



What are the recommendations that could minimize the effect of climate change?
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1.6 The structure of these

the thesis is organized into different chapters that range from chapter 1 to 6 and index.
Chapter one: a general Introduction and quick overview of climate change and human
health. It also describes the justification, objectives of the research, research question, and
the structure of the study. Chapter two: literature review, which illustrates the fact of
climate change and the effects of climate change on the hydrological cycle. On the other
hand, it shows the effects of climate change on the infant health and diarrhea disease
caused by water. This chapter will display models that have been used in the previous
studies and will display the results of previous studies. For the same subject. Chapter
three: description of the study area geography, development of population, climate and
water status in Gaza strip. Chapter four: discuses Methodology of research and describe
the statistical methods. Chapter five: Display and analyze research findings on climate
change and children's health, and illustrates the effects of climate on the health of
children, especially diarrheal disease rate due to the impact of climate and explore the
discussion of the study results compare to the literature. Chapter six: gives the
conclusions and recommendations of the research work described in this thesis and
outline future work in the direction of a similar research. Finally. The annex which shows
the trends, Maps, questionnaire and approvals for this study.
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Chapter two
Literature review

2.1 Theoretical literature review
“Climate change affects every aspect of society, from the health of the global economy to
the health of our children. It is about the water in our wells and in our taps. It is about the
food on the table and at the core of nearly all the major challenges, we face today ”
(CSIR, 2011).
There is a widespread agreement that the Earth is getting hotter, due to Greenhouse
gasses emission caused by human activity. It is also clear that current trends in the growth
of energy use and development and population Will lead to continuing, and sharperclimate change (WHO, 2009; Trenberth, 2009).
Since 1850 began to note the temperature which began to increase approximately 0.6
degree Celsius in the last three decades (Haines, et al, 2004) , IPCC predicts increase in
temperatures between 1.8° c to 5.8 °c, and a rise in sea level between 9 and 88 cm
during the 21st century (Houghton et al, 2001; Diaz, 2007; Yoganathan, and Rom ,
2001). At the same time, the spatial report on emission scenarios for greenhouse gas
emission expected from the end of the twenty-first centuryuntil2100, that the degree of
future temperature rise of 1.1-6.4( (wadekker, 2011; Grant et al, 2007) ) the increase will
be biggest in higher latitudes and on the ground, Simply, it‟s expected to increase in
climate variability to be warmer average annual rainfall increases, although many mid,
low-latitude land areas offer will become drier, while elsewhere the rainfall events
(flooding) can become more severe where Climatologists have identified upward trends
in global temperatures and now estimate an unprecedented rise of 2.0 degrees C by the
year 2100 (McMichael et al, 2006; Patz et al, 2000). Observations and climate projections
give good evidence that freshwater resources are vulnerable and can be heavily
influenced by climate change (IPCC, 2007), Warming climate over decades is linked to
change many of the components of the hydrological cycle and hydrological regimes, such
as: Changing of precipitation patterns and intensity and extremes, melting ice and snow
on large scale and increased water vapor in the atmosphere,
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an increase in evaporation, changes in soil moisture and runoff (IPPC,2007), all these
changes lead to affect the water cycle Climate change impacts on freshwater and oceans
alike, where increased ocean acidity, which lies in the lack of capacity to absorb
atmospheric carbon dioxide and thus will affect the entire marine food chain, the rising
sea levels, leading to increased erosion and floods on the coasts where many people, and
may cause the rise in sea level in the contamination of groundwater supplies, and the
quantity and quality of groundwater thus threatens the arrival of g fresh water to a large
proportion of people (Velmer I, 2013).

Not to forget the fact that the flow of surface water, groundwater depend on the seasons
and high temperature leads to a low stream flow, low flow water supply in summer, It is
worth mentioning that there is also a lack of groundwater for non-climatic factors such as
irrigation and industry (Barnett et al. 2005). All above are the direct impact of climate
change on water , In contrast, there are indirect effects, which is the migration of people
from arid places in search of new water resources, where most of the people on the
natural resources in their living leading to consumption of water resources in places that
are migrating to it, and the increasing number of population in these areas will prevent
these sources of regeneration and that leads to pressure on volumes and water quality
offered to consumers (UNESCO-WWAP, 2009).
The human health also affected by the climate change, especially children health.
UNICEF reported that the temperatures Rising, sea level rise and climate events difficult
which tells us there is climate change, and leads to damage to human life and reduce the
amount of water and food, Cases of diarrhoeal diseases vary greatly depending on the
seasons and the age of the child. The younger children especially under five- year, are
more prone to injury (UNICEF/WHO, 2009).

2.2 Study Models for the impacts of Climate change on human health

Several different frameworks have been used in studying the environmental causes of
disease. The driving forces of pressures, situation, exposure, effect, action framework are
widely used. Driving forces are the factors that motivate and push the environmental
processes involved. Pressures are normally expressed through human occupation or
exploitation of the environment.
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The state is the current status of the environment. Exposure refers to the intersection
between people and the hazard inherent in the environment.
Also, illustrates how the driving forces–pressures–state–exposure action framework can
be adapted to address the potential health effects of global climate change. The
framework can be developed to identify the environmental causes of disease in a causal
web. Proximal causes of disease are the more familiar types of exposure addressed within
traditional environmental epidemiology, such as pollutants in the water, air or soil, or
high temperature. The distal causes of disease are often more difficult to investigate using
epidemiological methods but are important from a policy perspective (WHO, 2003).

The model of Watkiss, P et al which followed by the researcher to investigate the
relationship between climate change and human health, using a quantified bottom-up
modeling analysis of the impact of high and low temperatures on mortality across
Europe, and of temperature on cases of salmonella. For two time periods have been
Impacts explored, for two climate scenarios, using many of different climate model
projection, the procedure was a more exploratory analysis of the potential health effects
of flooding and there to discuss the effects of vector-borne diseases in Europe. The model
combined annual figure as associated with changes in temperature with the economic and
social data distributed over the population and mortality data in the medium to provide a
base environment number of additional mortality (Watkiss et al, 2009) Figure (2.1).
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Figure 2.1: modeling overview

The Alexander et al model illustrate the potential interactions between climate change,
seasonal diarrheal peaks, meteorological variables, other non-climatic factors,

and

diarrheal disease in Botswana. Favorable climatic conditions in the dry season (hot and
dry) can influence fly population density and activity, possibly contributing to enhanced
pathogen transmission during this period. Interventions that minimize factors contributing
to population vulnerabilities will contribute to present day public health needs and reduce
population sensitivity to future climate change impacts on this disease syndrome figure
2.2.
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Figure 2.2: Model Alexander et al, 2013

The model of McMichae.A used the temperature to measure the climate change and
studied the socioeconomic factors to explore the climate change impacts on the human
health(vector born disease) but this model didn‟t investigate the water-borne disease . for
that reason we can‟t use this model.

Another model is main pathways of climate change affect the human health. The climatehealth relationships that are the easiest to assess are those related to hot waves, the
physical hazards of floods, storms, and fires, and various infectious of victor borne
diseases. Other important climatic risks to health, originating from changes in
regional food yields, disruption of fisheries, loss of livelihoods, and population
displacement - due to the rise in sea-level, water shortages, etc - are more difficult
to study as their causes and effects are less easily quantifiable

10

and there is still a lack of sufficient data .This model, link climate. change to resultant
social, economic, and demographic disruptions
and their knock-on health effects, Such health effects will be modulated by factors such
as socioeconomic development and by the degree to which effective adaptation measures
are implemented. Although most studies have assessed the potential impacts of climate
change in isolation from other environmental changes, in reality, climate change will be
experienced against a background of other global changes such as population growth,
urbanization, land use changes and depletion of fresh water resources that themselves
have implications for health and which could, in some instances interact with climate
change to magnify the impact figure 2.3.

Figure 2.3: main pathways of climate change affect the human health. (McMichael et al,
2006).
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The Climate and Health Program, Centers for Disease Control and Prevention follow
other model in (Assessing Health Vulnerability to Climate Change: A Guide for Health
Departments) where conducted the methodology for a climate and health vulnerability
and the pathways by which climate change affects health, and concurrent direct-acting
and modifying (conditioning) influences of environmental, social and health-system
factors (IPCC, 2007). Figure 2.3 which show the pathway climate-related exposures
affect human health .the climate change measured by follow up the variation of annual
and seasonal mean temperature during a long period.
And shows not only the pathways by which health can be affected by climate change, but
also shows the concurrent direct-acting and modifying (conditioning) influences of
environmental, social and health-system factors figure 2.4.

Figure 2.4: Schematic diagram of pathways by which climate change affects health, and
concurrent direct acting and modifying (conditioning) influences of environmental, social
and health-system factors. (1PCC, 2007).

Yusa et al model which studied the drought as an event of climate change. Drought can
affect human health through a broad range of pathways. Generally, these broadly fall
into environmental services and socioeconomic areas. The drought
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leads to an increase in morbidity and mortality. The direct drought-related deaths in lowincome countries, a broad range of public health impacts associated with drought.
Research also indicates that climate change may impact drought-related health outcomes.
For example, there is some evidence of respiratory impacts related to dust and increased
risk of water-borne disease figure 2.5.

Figure 2.5: Pathways through which drought impacts human health in the context of
climate change (Yusa et al, 2015).

All models above studied the relation between the impacts of climate change on the
human health. The models used several climatic parameters and many variables which
were presented risk factors. In our study, we can‟t apply any one of them because our
investigation has four variables (climate change, water quality and quantity, diarrhea
disease and the unemployment status) to linked between the impact of climate change
and diarrhea among children under five years. The lack of other information‟s which
were used in the models prevents us from using any one of them. Also, our climate
doesn‟t have any extreme events as drought.
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The most models were relevant to our study and can create our conceptual framework.
This conceptual framework is appropriate to our study and our available data in Gaza
strip figure 2.6

Figure 2.6: conceptual framework Map for the impact of climate on children diarrhea
(researcher)

2.3 Empirical literature review

Many researchers have been worked to investigate the climate change and predict this
change. At the same time, another studies investigate how the climate impacts negatively
on the human health; some of them focus on the mortality and the morbidity. Other risk
factors that increase the chance of diarrhea.

2.3.1 climate change

The modeling outcomes project maximum temperatures to increase by 2.1°C in Kiribati
and by 1.9°C in Vanuatu by 2050, relative to the 1961–1990 average (Burton, 2011).
Global and regional climate model simulations suggest temperature increases in the AsiaPacific region on the order of 0.5–2°C by 2030 and 1–7°C by 2070 (IPCC, 2007) another
study gives other results that the model ensemble projected temperature increases of up to
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4°C over land in the tropics and subtropics by the end of this century (Kolstad and
Johansson, 2011).
A pronounced warming for the eastern Mediterranean is projected throughout this
century by the climate models, which would be highest in the summer season. Several
modeling studies predict, The GLOWA MM5 model and French SAMM model, both
models predict that the temperatures rises up to 3.5ºC by the end of the century with
warming stronger in the summer than the winter, while the JMA-AGCM model forecasts
annual mean surface temperature rises for the region of between 2.6ºC (moderate climate
sensitivity) and 4.8ºC (high climate sensitivity) for the region. Recent runs of the
ECHAM4 and HadCM3 GCMs under the B2 emissions scenario confirm substantial
temperature rises of up to 4ºC for the eastern Mediterranean region (Hertig and Jacobeit
2008). Increases in inter-annual variability of temperatures, along with mean warming,
are also forecast to lead to a greater number of high- temperature events (Giorgi and
Lionello 2007). Confirm substantial temperature rises of up to 4ºC for the eastern
Mediterranean region (Hertig and Jacobeit 2008). The GLOWA MM5 run between 19581996 and 2007-2045 forecasts a midcentury decrease in precipitation by 100 to 200mm in
the northern oPt (above 31ºN), and a shift in the rainfall season into March and April
(AL-Khatib and Arafat, 2009).
Precipitation falls are attributed to increased anticyclonic circulation and stability.
Combined with an increase in temperatures, this drying is forecast to causing higher
losses from evaporation. The two climate models incorporating hydrological discharge
calculations have divergent results for the Jordan River–the WaSim hydrological model
coupled with the GLOWA MM5 forecasts discharge reductions of up to 40% by 20702099, while JMA-AGCM projects a dramatic 82-98% collapse in the Jordan River flow
(at an unspecified location) by 2100. Expects studies covering Palestine, and its environs
that the manifestations of climate in Palestine, which is expected to occur change is in
short amounts of rain 10% from now until 2020 and 20% until 2050. In expectation of
climate scientists, according to some scenarios that dry the Jordan River fully with the
end of the century current, according to the national strategy to adapt to climate change
prepared by the EQA in 2010 (EQA.2010).
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The mean temperature, the maximum, minimum and temperature range of Gaza have
been investigated. The daily data from 1976 to 1995 have been used to discuss
temperature change in Gaza. The results show clear temperature change. The mean
temperature shows an upward trend for most months, seasons, and in the whole periods
of analysis. The patterns of maximum temperature remain generally unchanged. The
most pronounced change was illustrated by well-defined downward trends of the
monthly, seasonal and annual temperature ranges. Since there was no change in the
maximum temperature, the patterns confirmed the well -known increase values of the
minimum temperature (El-Kadi, 2005) and It's noticed that after the year 1995 rainfall
decreased by 63.8% in Beit Lahia station (Ajjur , 2012).

2.3.2 Diarrhea morbidity

Diarrhea caused by infection is widespread throughout developing countries. That it was
account for 1 in 9 child deaths worldwide, making diarrhea the second leading cause of
death among children under the age of 5 years (Hindy, 2014; Farthing, 2000).
Generally, the incidence and risk of death from diarrhea are the most prevalent among
children aged less than one year of age, and then gradually become less. Each year, an
estimated 2.5 billion cases of diarrhea occur among children under five years of age, and
it is estimated that the overall rate has remained relatively stable over the past two
decades (Boschi, et al, 2009).

Noticeable increase diarrhea morbidity of children under five years in the Gaza strip in
2006 and 2010 were (11.7%) and (12.8%), respectively (PCBS, 2012a). According to the
UNRWA and MOH reports for the Gaza strip, diarrhea disease remains the major cause
of morbidity among children in the Gaza Strip In 2013, the incidence rate of Diarrhea
among children under three years was41.5 % (PWA, 2015).

2.3.3 Water quality and quantity

Gaza strip faces a major challenge for the water resources; Groundwater aquifer is
considered the main and only water supply source for human usages (Abbas et al. 2012)
Al-khatib and Arafat found the concentration such as nitrate, a high percentage of water
samples from all sources exceeded the limits of the Palestinian Standard Institution and
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the World Health Organization (WHO) (AL-Khatib and Arafat, 2009) in the year 2009
only (5-10%) of the water of Gaza's portion of the Coastal Aquifer is safe to drink
(UNEP,2008-2009).
Also, PWA reported that (24.6%) of municipal wells have chloride concentration less
than 250 (WHO allowable limit) in 2013/2014 while (75.4%) exceeds the WHO chloride
level, (13.3 %) of these wells had Nitrate concentration less than 50 mg/l (WHO allowable
limit) while the remaining (86.7%) exceeds the WHO nitrate level in the same year (PWA,
2014a). The other evaluation recorded the most parts of the Gaza Strip,

the nitrate

concentration in groundwater is far above the WHO accepted guideline, as nitrates (up to
331 mg NO3/liter) (Ewash, 2009).

The water quality in Gaza is very poor and the groundwater, many different pollutants
were affected the ground water in Gaza strip including soil/water interaction in the
unsaturated zone due to recharge and return flow, Mobilization of deep brines, sea water
intrusion or upcoming and disposal of domestic and industrial wastes into the aquifer
(Abbass et al. 2012) several resources of nitrate cause the increasing of it concentration in
ground water as intensive use of agricultural pesticides beside the existence of septic tanks
to dispose the domestic wastewater in the areas where there is no wastewater collection
(CMWU, 2010a), the Areas of high nitrate Concentrations found in the vicinity of
wastewater discharging areas, solid waste dumping sites and Wadi Gaza. Chloride is
elevated in the coastal areas as a result of seawater intrusion and in the eastern areas as a
result of upcoming and over pumping (Shomar et al, 2010).

Microbiological quality is the most important aspect of drinking water in relation to waterborne diseases; Detection of bacterial indicators in drinking water means the presence of
pathogenic organisms that are the source of water- borne diseases (Egoz et al, 1991;
Macler et al, 2000). The total coliform and fecal coliform in drinking water, which is
responsible for significant diarrhea and another water-associated disease in Gaza„s
infants and children under five years (UNICEF/PHG,2010) and waterborne pathogens
have been considered as causative agents of diarrhea (Leclerc et al. 2002), the
transmission of these organisms depends on a fecal-oral route through the environment as
contaminated water, which considered an important vehicle for pathogen transmission in
unhygienic conditions, also Untreated sources are readily contaminated by fecal matter,
resulting in a high level of infectious diarrhea in developing countries(Guerrant et al.
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1990) where the fecal coliform contaminant increase in each step in the water handling
cycle (GVC, PHC.2009).

The water scarcity is the main characteristic of Gaza strip especially in the last year all
reports called that the water quality and quantity in the critical point and the threat to the
human life. The main source of water in the Gaza Strip is the groundwater aquifer that is
naturally recharged from rainfall (Khalaf, 2005). The studies reports that increase of the
urbanization and low rainfall lead to the decrease in the recharge quantity of aquifer
(CMWU, 2010a) the quantity of ground water expose to the exceed depleting and the
water level is reportedly dropping by 20-30cm per year (Ismail, 2003) the increasing of
population and over pumping of water led to this depleting (CMWU.2010b).

2.3.4 The impact of Climate change on diarrhea Morbidity

Many studies provide the relation between the diarrhea morbidity and climate change, In
the Limpopo Province of South Africa, paper examines the impact of climate change on
children‟s health, the results show that the most prevalent diseases were diarrhea
(42.4%)from the child illness in the (0-6) age group, and the outcomes were calling to
have attention where the temperature increase and the accompanying decrease in the rate
of rain, this in itself has very broad implications on human health and the most affected
category was the children (Adeboyejo et al., 2012).
In Taiwan the researcher found, diarrhea is an important public health problem, the
climate change and the increase of extreme weather events has been strongly linked to the
occurrence of disease caused by diarrhea. The results indicated that the temperature and
heavy rainfall days maximum was strongly linked to diarrhea -related morbidity.
The children are most susceptible to illness associated with diarrhea caused by climate
change (Chou et at., 2010).
In Botswana one of the studies gives important result in the climate change and childhood
diarrhea disease, the researchers conclude, that Climatic drivers (T minimum, vapor
pressure (p), and precipitation) affect the incidence of diarrheal diseases and highlight the
potential vulnerability of Botswana increased the incidence of diarrheal diseases under
climate change scenarios projected (Alexander et al, 2013). Daily admissions for diarrhea
significantly increased among Peruvian children younger than 10 years during the El
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Niño–Southern Oscillation, and each 1°Cincrease in temperature was associated with an
8% increase in the risk of severe childhood diarrhea (Checkley, 2000).
The association among climate variables and diarrheal disease occurrence cannot be
neglected, and Diarrheal disease is primarily attributable to environmental factors,
specifically contaminated food and drinking water and is affected by changing
temperature and precipitation events (Campbell-Lendrum and Woodruff 2006; Bhandari
et al,2012; Sheffield and Landrigan, 2011; WHOa 2008).
Some studies illustrated, there are positive associations between diarrhea incidence and
temperature, extremes of rainfall which affects mainly cases of infectious disease among
children especially children less than one year of age including gastrointestinal diseases
(Xu et al, 2012; Reena B.K et al, 2001) the outcomes in the Indian study was the extreme
precipitation was consistently associated with GI-related hospital admissions. The
cumulative summary of risk ratios estimated for a 15-day period corresponding to an
extreme event was 2.72 (95% CI: 1.25, 5.92) among the young (≤ 5 years of age) ( Bush
et al, 2013) and other associated mean projected increases of relative risk of diarrhea in
the six study regions were 8–11% (with SDs of 3–5%) by 2010–2039 and 22–29% (SDs
of 9–12%) by 2070–2099 (Kolstad and Johansson, 2011).
Other results showed the increases in the number of hot days and days with heavy
rainfall were associated with an increase in daily diarrhoea cases by 0·8-3·8% and 16·2%, respectively, and the extreme weather factors were still positively associated with
childhood diarrhoea, while the associations for average temperature and rainfall could be
negative after other variables were controlled. The findings showed that not only the
intensity but also the frequency of extreme weather events had significant effects on
childhood diarrhea (Wu et al, 2014).
Other studies studied the impacts of temperature a climatic parameter. They found that
the high temperature has a positive relationship with the incidence of diarrhea disease
among the children under five years.in china that found high temperature might be a risk
factor for infectious diarrhea in Shanghai (Xiaodan et al, 2013).
The study in14 Sub-Saharan African countries from 1992 to 2001 to investigate the
Effect of monthly temperature on diarrhea cases, it found that an increase in monthly
Average maximum temperature raised the prevalence of diarrhea while an increased in
Monthly minimum temperature reduced diarrhea in children less than three years of age
(Bandyopadhyay et al, 2011), but others study the impacts of low and high temperature
on diarrhea incidence among the children. That Zhiwei Xu et al found in their study that
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during hot days the relative risk of diarrhea in children aged 1–2 years (not including 2
years) was (RR: 1.17;95% Confidence interval (CI): 1.10–1.25) greater than children of
other age groups, and during cold days the relative risk of diarrhea in children aged 2–5
years was (RR: 1.10; 95% CI: 1.03–1.18) greater than other age groups. Both low and
high temperatures had a significant impact on childhood diarrhea. Heat waves had an
added effect on childhood diarrhea, and this effect increased with intensity and duration
of heat waves.
There was a decreasing trend in the main effect of heat on childhood diarrhea in
Brisbane across the study period ( Zhiwei et al, 2014; Checkley et al. 2000; Green et al.
2010).
The impact of rainfall on diarrhea also studied without compound with temperature. In
Bangladesh, one study found the non-cholera diarrhea cases increased by 5.1%for every
10 mm increase above the threshold of 52 mm of average rainfall over lags 0–8 weeks
but also found if the rainfall decreases 10 mm the cases decreases by 3.9%
(Hashizume et al .2007).
In Rio Grande do Norte, Brazil, one study examined the effect of rainfall on
hospitalizations for diarrhea in infants from 1992 to 2001 and found the rise of rainfall
combined with the rise in the diarrhea hospitalization (Andrade et al. 2009). In the USA a
study found that after any rainfall for four days was significantly associated with an 11%
increase in pediatric emergency department visits for acute gastrointestinal (Drayna et al.
2010). But there is a study which found that the heavy rainfall has two ways to affect the
diarrhea incidence: heavy rainfall events were associated with increased diarrhea
incidence following dry periods and decreased diarrhea incidence following wet periods
(Carlton et al, 2013).

2.3.5 The socioeconomic factors and the other risk factors

The literature found big gaps due to the neglect of the risk associated with climate change
may be affects household, risks associated with climate change can increase household
vulnerability to poverty (Heltberg et al., 2008).
The category of children most affected because they are the most vulnerable and least
equipped to deal with health hazards, due to the weakness of the social and economic
aspects. Thus, there is a need to focus policy and program attention on children in the
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province, especially those of them in low-class residential areas, with overpopulation
(Adeboyejo et al., 2012).
The occurrence of childhood diarrhea had association with the age of under-five children
where the odds ratio showed that diarrhea is highest in the age group 6-11 months (OR
[95% CI] =4. 66[1.83-11.87]) and 12-23 months (OR [95% CI] =3. 73[1.47-9.50])
(Aklilu and Zewdie, 2014) the analysis showed that the age of the child had a significant
effect on diarrhea (Muluken et al 2011; Desalegn, 2011).
The important determinants of exposure of diarrhea and great agreement that children
younger than two years are the most affected by diarrhea, but other have identified an
increased incidence of diarrhea in children younger than one year (Maria et al, 2008).
Also, mother education level can protect the children from diarrhea in the economically
and socially advantaged communities but has no effect on the more disadvantaged
communities (Dargent, 1994).
Mother's low education is helping in the diarrhea prevalence among children under five
years (El-Gilany and Hammad, 2005). The Bozkurt AI et al Study found that the major
risk factors affecting the incidence of diarrhea among the children (6-11) month, were the
household condition and father education level. (Bozkurt et al, 2003).
The incidence of childhood diarrhea is negatively correlated with the household
economic status (r = -0.26, p<0.05) , and the mother's education (r = -0.33, p<0.0001)
that‟s mean the low economic status and low education of mother increase the incidence
of child diarrhea (Kwasi and Markku, 2005; Kungu et al, 2002).
The most incidence of diarrhea is always among the children who live in the poor
conditions in the developing countries (Maria et al, 2008; Bozkurt et al, 2003; Alambo,
2015; Siziya, 2013). In general, the literature agreed that Wealth index: as expected,
children from The wealthier families had a lower probability of developing diarrhea
(Larsen and Merlo, 2005; CERG, 2014). Then the low-income which can exacerbate the
incidence of diarrhea of children, especially if combined with other risk factors like the
mother‟s low education (Pinzón-Rondón et al, 2015). Other studies that found the
mothers low education affected diarrhea when accompanied with insufficient toilet
facility this what Mihrete et al, found that low level of maternal education [OR = 1.81,
95% CI (1.12, 2.76)], absence of toilet facility [OR = 3.5, 95% CI (2.4, 5.2)] of course
this study in the children under five years diarrhea (Mihrete et al, 2014).
Other risk factor presented by crowding ratio which affected by the prevalence of
diarrhea. Siziya S et al, how studied the Correlates of diarrhoea among children under the
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age of 5 years in Sudan, they found the Children from households with 1 or 2 people per
room were (8%) less likely to have diarrhoea compared to children from households with
more than 3 people per room (Siziya et al, 2013).
Mogheir et al, in the Gaza Strip, that they found diarrhea more prevalent among the
people using the municipal water as drinking water more than the people using the water
from vendors or filtered water (Mogheir et al, 2006). The groundwater contamination
which may be caused by the interruption of water supply by the sewage infiltration
through incorrectly designed sewage systems or through cesspools and waste water
treatment facilities in Gaza Strip (Tubail et al, 2004;, Mogheir and Abd Rabou, 2002;
Sharif, 2003; Frias, 2001; Lehtola et al, 2004).
Generally, Water pollution has proved to be resulting from long periods of storage clearly
in literature (Benneh et al, 1993; Roberts et al., 2001). The long storage period Possible
may be attributed to various reasons 1) Miscalculation of family‟s needs of water.
Therefore the wrong choice for the size of the household water tank 2) the family doesn‟t
get a rid of remain water in clean bottles then clean and to disinfect the tank in a healthy
way (Manitoba conservation and Water Stewardship, 2014 ). The family is allowed to fill
water from storage tanks or directly from the tap, also the different family handle water
from the same storage container or from the same standpipe, there for the possibility of
transmitting pathogenic organisms on the hands of people increases with each person
(Oloruntoba et al, 2014).
Water scarcity and difficulty to reach the water had an impact in the pathogenesis of
childhood diarrhea because the sufficient quantity of available water can use for hygienic
and sanitation purposes. Thes purposes are such as washing hands and utensils and safely
disposing of stool can decrease diarrhea incidence (Boadi and Kuitunen, 2005; Shier et
al., 1996).
Good sanitation system can protect the children under five years against the exposure to
diarrhea where the lack of sanitation is linked with a strong association with the high
diarrhea rat (Strina et al). A lot of searches found the same result in several developing
countries where Children with better water and sanitation facilities, both in the household
and neighborhood at the community level were less likely to get diarrhea (Mittal, 1999;
Genser et al, 2008). Improvement of sanitation reduces the transmission of pathogens
which causes diarrhea and can prevent human fecal matter from contaminating
environments, this has matched studies found that Improving sanitation facilities has
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been associated with an estimated median reduction in diarrhea incidence by .36 percent
(Jamison et al. 2008)
Studies showed the importance of hand washing in reducing the occurrence of childhood
diarrhea (Mirza et al, 1994) and other study reported that the access to hand washing
facilities was significant in the incidence of diarrhea among the children (Halder, 2010).
However, monitoring correct hand wash behavior at critical times is challenging.
Hygienic behavior related observational studies showed a wide discrepancy between
what people said and what they actually did and suggested that reported hand washing
behavior is overestimated observed behavior (Trina et al, 2003; Manun‟ebo, 1997).
Ghosh S, et al where the odds ratio was (OR=2. 61; CI-1.30 to 5.23) (Ghosh et al, 1997),
the odds of bottle-fed. Children having diarrhea were approximately one and a half
times greater than for children who were not bottle fed, but this result didn‟t give a
statistically significant in the multivariable analysis, but bottle feeding was significantly
associated with diarrheal morbidity in the bivariate analysis (Godana and Mengistie,
2013) and similar results found in other studies (Wondwossen, 2008).
Aish. The results that presence of biological contamination was detectable in 20.0% of
storage tanks of private desalination plants, (26.7%) of water tankers, 74.0% of drinking
water distribution points and (75.7%) of drinking water household storage tanks. (Aish,
2013). Al-Khatib and Arafat found that the samples which were taken from the
contaminated samples rain-fed cisterns, groundwater from the water network, and
desalinated water were contaminated by total Coliform and fecal Coliform but a different
percentage (Al-Khatib and Arafat, 2009). Another study conducted that the desalinated
water was infected (Abodaya et al, 2013) and was the resource of concern because most
of the people who have contaminated water suffered from diarrhea diseases (Mogheir et
al, 2006). Some studies suggest that increasing the concentration of nitrates can lead to
recurrent diarrhea in the infant, but the studies are limited around this relation between
the high-level nitrate and diarrheal disease (Gupta et al, 2008).
In Botswana, the study concludes that the climate change could increase health
challenges particularly in arid areas, where scarcity of quantity and quality of water
resources and also suffering from poor sanitation and increasing the problem of health
control, leading to prejudice the health of society. They warned from the increasing of the
diarrhea incidence due to the climate change, they confirmed the social culture is
important factor must be included as a component of health plans could affect the spread
of the disease (Alexander et al, 2013)
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2.3.6 Tackling (management)

The studies give the evidence of the relationship between climate change and the children
health in many ways, also the studies give some suggestion to assess in the solution of
climate change problem, one review provide that the climate change is increasing the
global burden of disease and in the year 2000 was responsible for >150,000 death
worldwide .of this disease burden, about 88% fell upon children.

For more quantification of the effect e of climate change on children's health is needed
globally and also at regional and local levels through Strengthen monitoring of children's
environmental health and tracking selected indicators. Climate change preparedness
strategies need to be incorporated into public health program (Sheffield, and Landring,
2011).
There is an urgent need to search in the future to study the balance between the mortality
associated with high and low temperatures and morbidity among children, must also
assess the effects of cold spells on mortality due to certain children, and determine
exposure to temperatures most sensitive and health outcomes to measure the impact
grades maximum temperature on children, rates with surrounding temperatures and its
relationship to the health of children, because children are bearing the brunt of the disease
as a result of change in temperature (Zhiwei et al, 2012). One study recommends three
areas for adaptation responses to minimize the health impacts which discussed: improved
access, quality and reliability of water supplies; improved sanitation and sewage disposal
facilities, and increased provision of, and access to, primary health care. Because
diarrheal diseases are already a current, important public health issue in PICs and because
the diarrheal disease is associated with present-day extremes of climate variability, it
follows that public health (Reena, 2001).
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Chapter three
Study area

3.1 Geography
The area of the Gaza Strip is 365 km2, which is 6.15% of the total area of Palestine.
(PCBS, 2011) it occupies about 45Km long and 5-12Km wide, divided into five
governors (PNIPH, WHO.2014): 1) the North Governorate, comprising three towns:
Jabalia, Bit Hanoun and BeitLahia; 2) Gaza Governorate, 3) Mid-Zone contains 5 refugee
camps: DeirElbalah, Maghazi, Burij, Nuseirat and Zwaida, 4) Khanyounis Governorate,
and 6) Rafah Governorate (Khalaf, 2005).
Gaza strip locates between longitude 34o 20' and 34o 30' east, latitude 31o 20' and 31o 30'
north, Figure 3.1.

Figure 3.1: location map of Gaza strip

25

3.2 Population

The Gaza Strip is of high-density areas, where it was estimated at ( 4.822 capita \
km2).The population of the Gaza Strip in mid of 2014 amounted to 1760037, figure
3.2.For that reason, Gaza strip is considered as the sixth highest densely population area
in the world with a high fertility rate and a fast-rising population (UNICE, 2011).
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Figure (3.2 ): Historical population in Gaza Strip (Data source: PCBS )

the natural rate of population growth in the Gaza Strip is estimated at 3.41 % per year So
that 2150000 people are expected in 2020 (Garbia,s.2013), The population is projected to
grow even further. It is estimated to reach 2.6 million inhabitants by 2025 ( PWA.2014)
and will increase to reach 3.7 million in 2035 (PNIPH and NIPH, 2014).
3.3 Climate

Gaza Strip lies within the Mediterranean climatic zone (Mogheir, 2003), it is located in
the transitional zone between the arid desert climate of the Sinai Peninsula and the semihumid Mediterranean climate along the coast (EMCC, 2012), For that reason, it has a
temperate climate with dry and mild winters, hot summers that are subject to drought
(UNIP, 2008-2009) and abundance of the sunshine in the Gaza Strip with an average
radiation of 5000 – 7500 kcal/m day in the summer (Mogheir, 2003).
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3.3.1 Air humidity
The daily relative humidity varies between 66% in the night to 86% at the daytime in
summer and (53%) to (81%) respectively in winter (Goris and Samain, 2001) Because of
its proximity to the Mediterranean Sea, the relative humidity in the Gaza strip ranges
from (70%) to 85% (Mogheir, 2003).

3.3.2 Temperature
In the Gaza strip, the temperature changes gradually throughout the years. It reaches its
maximum point in August and its minimum point in January. This mean that the monthly
maximum temperature ranges from about 17.6 C° for January to 29.4 C° for August.
The means of the monthly minimum temperature for January is about 9.6 C° and 22.7 for
August (Aish, 2004).

3.3.3 Rainfall
The rainfall in the Gaza Strip gradually decreases from the north to the south, the values
range from 410 mm/year in the north to 230 mm/year in the south (Aish, 2004).In 2012
the total water volumes over Gaza Strip were 136 mm. This is Based on rainfall in the
hydrological year 2011/2012 (PWA, 2013; Khalil, 2011).

3.4 Water statues in Gaza strip
The Gaza strip is the semi-arid region (CMWU, 2010a), it suffers from water scarcity
(PWA, 2014a) , where it has rainfall only in the winter season, the long- term average
rainfall rate in all over the Gaza Strip is about 317mm/year, where the range of rainfall is
between the200 mm / year in the south and 400mm\year in the north. The main water
supply resource for all kinds of human usage is the ground water aquifer, which has been
effected in quantity and quality for many causes as steep population growth depleted the
groundwater and led to seawater intrusion resulting from the difference between the
pressure of ground water level and sea water level. In addition, the cause of groundwater
aquifer is the decrease of rainfall in the urban region (CMWU, 2010a).
The World Bank and United Nations Environment program report confirmed that the
water conditions and the environment in the Gaza Strip are serious. At the present time,
90% of the groundwater is unfit for drinking without treatment. The availability of
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potable water is very limited to residents of the Gaza Strip (UNRW, 2012). Taking into
consideration the average water consumption is between 70 and 90 liters per capita per
day. Which is less than the rate set by the World Health Organization; 100 liters per
capita per day (PWA, 2014a). It is possible that groundwater becomes unusable by 2016,
and will be impossible to repair the damage that may be caused to groundwater in2020
and which will lead to the impossibility of living in the Gaza Strip (UNRW, 2012). The
main Gaza strip water supply contaminants are chloride and nitrate, that( 95%) of water
supply contaminated with unacceptable high levels of either nitrate (NO3) or chloride
(Cl) which can affect the human health (PWA, 2014a).
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Chapter four
Methodology

4.1 Research design

We used a retrospective, descriptive, analytical, case-control design. This design is less
expensive and it enables the researcher to meet the study objectives in a short time
(Fathalla, 2004). This research followed the descriptive method to achieve the desired
purposes and can study such a subject by providing accurate information. A case-control
study is designed to help determine if an exposure is associated with an outcome. In
theory, the case-control study can be described simply. First, identify the cases (a group
known to have the outcome) and the controls (a group known to be free of the outcome).
Then, look back in time to learn which subjects in each group had the exposure(s),
comparing the frequency of the exposure in the case group to the control group (Lewallen
and Courtright, 1998)

4.2 Research sample

This research study consists of two samples data. The first one is the time series data for
available data for climatic parameters ( temperature annual average, rainfall annual
average and relative humidity annual average) since1985 to 2014, child health indicators
since 1997 to 2014 years and the recharge data. We used the time series data to illustrate
the trend of climate, the increasing rate of diarrhea and to link between the diarrhea
incidence and climate change impact. The second design is case-control using face to
face interview (questionnaire) with the children‟s mothers. The main axes in the
questionnaire were around drinking water sources, water usage, and health behaviors.
Additionally, water sampling from the target group drinking water.
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4.2.1 Available time series data:

Our data was collected from many sources:

1. Diarrhea morbidity and mortality Time series

The data of the rate of diarrhea mortality among the children under five years for 17 years
ago 1997 to 2014. It was taken from the information center in Moh. The other data, the
rate of diarrhea disease was taken from the epidemiology department in the MOH which
was calculated from the number of the morbidity incidence
Also, we have the water analyses data for the all desalination water plants for 14 years
ago.

2. Climate Time-series Data:

The time series for the temperature, rainfall, and relative humidity which were taken from
the Meteorological Station from (1985-2014)

3. Recharge time series data

This data was taken from the agriculture ministry for 30 years

4.2.2 case-control design

The other sample is a case-control study to explore the risk factors that help in increasing
prevalence of diarrhea. face to face interview was performed children parents.
a. Case
Inclusion criteria
We selected the participants as a case who has following criteria:
-

The children who lived \ live in the Gaza strip which is identified as a geographic
boundary, all children will include in the research must be:

-

The children aged (under five years) who suffer from diarrheal disease and are
resident of children‟s hospital; didn‟t take any drugs may cause diarrhea.
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Exclusion criteria
children who take any drugs can caused the diarrhea
b. Control
The controls in this study were children under five years who live in Gaza strip and were
free from diarrhea disease.
The information about the target group obtained was of the mother‟s children by face to
face interview (questionnaire) in the (august and September).

The questionnaire was designed as a scientific research tool to measure quantitative data.
It includes the definition of the study personal and demographic data. The research
problem direct and indirect effects and factors included in the study, date of collection
The questioner includes several questions for several axes, including the health status of
the children and health habits, water sources and times of occurrence and frequency of
diarrhea and others diseases of children, Style life, quality and accessibility of health
care, sanitation and economic situation.
The water samples were collected from the drinking water of a resident child in the
hospital during the illness period. The samples microbial analyses (total coli form, fecal
coli form) were made at the Sabha clinical center in the (MOH). The water samples by
membrane filter technique which can be used to test relatively large numbers of
samples. This technique yield results more rapidly than the multiple fermentation tube
technique. It was originally designed for use in the laboratory. The membrane filter
method gives a direct count of total coliform and fecal coliform is present in a given
sample of water. A measured volume of water is filtered under vacuum. Through a
cellulose acetate membrane of uniform pore diameter, usually 0.45 µm. Bacteria is
retained on the surface of the membrane which is placed on a suitable selective medium
in a sterile container and was incubated at an appropriate temperature. If coliforms and/or
fecal coliforms are present in the water sample, characteristic colonies form that can be
counted directly.
The volumes we used in this experiment are (100 ml), Membrane filtration and colony
count techniques assume that each bacterium, clump of bacteria, or particle with bacteria
attached. Will give rise to a single visible colony. Each of these clumps or particles is,
therefore, a colony forming unit (CFU) and the results are expressed as colony forming
units per unit volume. In the case of thermotolerant coliform bacteria, the result should be
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reported as thermotolerant coliforms [No.] CFU per 100 ml.(standard method analyes
20th edition)

4.3 The Setting of the research
The study was conducted at six childrens‟ hospitals in all governorates of Gaza strip,
which are six hospitals (Kamal Edwan, Biethanon, Alnaser, Aldora, Naser, the
European).

4.4 Sampling method, sample size and response rate
The distribution of cases over the five governorates was according to the percentage of
diarrhea disease incidence to each governorate in 2014. Then the distribution of
questionnaires on the each governorate was according to a number of the beds in the
children hospitals.
The diarrhea incidence number in 2014 were 67274 MOH and the percentage distribution
over the governorates were 34% in the north governorate, 13.8% in the Gaza governorate,
14.8% in the middle area, 28% in the khan younes governorate, and 7.8% in the Rafah
governorate. We identified the needed sample size (case), which was 202 children.
The sample size was calculated using statcalc module of Epi-info program version 7
with confidence interval CI 95% and error 5%, of the word we added 15 cases (5% of
sampling) to compensate for any withdrawal of participants. The real response rate was
97%. All cases agreed to fill the questionnaire but 7 of the cases refused to give water
sample so, we excluded them. Stillbirths weren‟t including in this study to avoid the
confounding effects of pregnancy‟s complications (biomedical factors) on the outcome.
We matched the location of residence, gender, and civilian status.
A Pilot study was done prior to the start of the main study. The aim of the pilot study is
to check the reliability and validity of the questionnaire as well as to evaluate the possible
outcome. We also had an idea of the obstacles we faced during the data collection, such
as the accessibility of the participants, in order to minimize the non-response rate in the
main study. The -pilot study was done on 20 participants, representing 10% of the main
study. The pilot study will be conducted in the Gaza governorate because it is the biggest
governorate and the most representative of the sample (including refugees, non-refugees,
low and high socioeconomic level). Two to three trained interviewers will carry out the
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pilot study during ten days. Every interviewer didn‟t one to two interviews daily at the
hospital.
4.5 Content validity of the questionnaire
Content validity was conducted before data collection by submitting the questionnaire,
the title and the objectives of the study to a panel of experts including researchers, health
professionals and experts in the field of climate and water quality (Annex). They
evaluated the relevance, clarity, and completeness of each item as well as the suitability
of the tool for measuring the study objectives. According to the feedback obtained, the
questionnaire was modified. Further items were added according to the issues raised
during the proposal discussion and the final modification was made after the pilot study.

4.6 Data analyses
For the statistical analysis of our data, several applications of descriptive and inferential
analysis were used.
For climate parameters we used the time series quantifying the relationship between the
temperature, precipitation, and relative humidity and morbidity due to diarrhea disease
for 30 years ago, the years were divided into two period 1985 to 1999 and 2000 to 2014,
we used SPSS 20 to calculate the mean, standard deviation and, variance and we
calculate the percentage of change for each parameter compared with the previous. For
inferential analysis, we used the linear regression and correlation to discover the
statistical significance of the relationship of the climate change. We also used the
scientific trend to illustrate the general change trend for all parameters.
To investigate the change of water quality (nitrate, chloride), we used the Gis arc map to
illustrate the distribution of water quality also to predict the distribution of the water
infection in Gaza strip. Also, we calculated the percentage of infected wells by ( nitrate
and chloride) through several years.
for questionnaire data, we used the Descriptive statistics (frequencies, percentage, cross
tabulations) to describe the main features of the data and to study the firsthand
relationship between the variables we used SPSS version 20 also. Statistical associations
between pairs of categorical variables will be assessed using Chi-square tests. The
outcome measures are all introduced to the analyses as dichotomies when dealing with
manifest variables we used logistic regression models (binary). Significance association
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will be considered when Confidence Interval is 95% and error less than 5% and the odds
ratio at the same confidence interval.
To analyses the relationship between the climate and diarrhea we use the structural
equation modeling which is a methodology for representing, estimating, and testing a net
Work

of

relationships

between

variables

(measured

variables

and

latent

constructs).Structural equation modeling is a multivariate statistical analysis technique
that is used to analyze structural relationships. This technique is the combination of
factor analysis and multiple regression analysis, and it is used to analyze the structural
relationship between measured variables and latent constructs.

4.7 Research Ethical consideration
All ethical obligations will be taken into consideration in this research;


A letter to request approval from the dean of the Graduate Institute for Research
Title.



A letter was sent to the Ministry of Health to obtain the required data.



Helsinky committee approval.



The approval of the child's mother to participate in the study.



The participant‟s privileges will be considered. They will be informed with all
information concerning research detail such as the title and objective. All
information taken from participants will be confidential and they can withdraw
anytime.

4.8 Limitation
Some obstacles appeared before the initiation of the study and the limitations were faced
during conducting the study


Frequent electricity cuts of;



Lack of funding;



Political instability;



Lack of information on the subject of the search in Gaza;



Limitation of time;



The difficulty of the patients‟ address; some patients live at the boundary zone;



The difficulty of the data sources.
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Chapter Five
Results and Discussion
This chapter shows that the main results of our research were divided into two main
parts:
The first part is a time series of available data. This data is used to show the extent of
climate change, the quality of groundwater (nitrate and chloride concentrations in
groundwater) and the spread of the contaminated water samples in the Gaza strip. The
second part t was the data of diarrhea disease morbidity and mortality from MOH. The
questionnaire was a tool to know what the socioeconomic factors, drinking water quality
and health behavior that affect diarrhea.

5.1 - Climatic data

To determine the climate change, we used three meteorological parameters. rainfall,
temperature, and relative humidity data.

5.1.1 Temperature analyses

Table 5.1: The statistical measurement of temperature for (1985-2014)
Period

Mean

St.D

Variance

1985-1999

20.3

4.7

22.09

2000-2014

20.601

4.65

21.6

∆%

1.5

These analyses were for the annual average of temperature during 30 years extended
from (1985-2014) STD = 4.66, mean=20.45 and variance= 2173.The statistic results were
the mean, standard deviation, variance and percent of change for two periods (19851999), (2000-2014). The annual temperature average for the 30 years shows an upward
trend and was correlated with year R coefficient (R= 0.223, P-value = 0.118) (This result
is not shown on the table) Figure (5.1).
To complete our outcomes for the temperature change we measured Standard deviation,
variance and the change percentage of the annual average for each period.
The results were as follows:
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The temperature means for the period extended from (1985 to1999) was (20.3Co) with
standard deviation (4.7) and variance (22.09).
-

The temperature mean for the period (2000 to 2014) was (20.6Co) with the
standard deviation (4.65) and variance (21.6).

The standard deviation measure and the difference of the values of the average, if the
difference increases, the change will be big. In this result, the change was towards the
increasing by (1.5%).
5.1.2 Rainfall analyses:
The second climate parameter was the rainfall. Which showed the downward trend
through the period extended 1985-2014 Figure 5.2.

Table 5,2: statistic measurement of the rainfall for (1985-2014)
Period

Mean

STD

VAR

1985-1999

370.3

135.9

18475.79

2000-2014

353

98

9604

∆%

-5

The statistical analyses illustrated in table 5.2, show that the rainfall means in the first
period 1985-1999 was 370.3 mm, with standard deviation 135.9 and variance were
18475.79, while the mean in the second period was 2000-2014. The mean was 353.3mm
with standard deviation 98 and variance 9604. That means the change of rainfall level in
the first period was more that the change in the second, and the percentage of change in
the second period was -5% as decreasing, and correlated with year r coefficient (R=0.125, P-value=0.263) (is not shown in the table) and the statistic calculation for all
period were mean= 364, STD= 123.48 and variance= 15246.84.

5.1.3 Relative humidity analyses

These analyses also were for the annual average of relative humidity during30 years
extended from 1985-2014. We calculated the descriptive value for all period , were mean
=69.61, STD= 5.75 and variance= 33.1.The year was divided into two periods the year
into two periods the first period was 1985-1999 and the second was 2000-2014.
We calculated the (mean, standard deviation, variance and the percentage of change
compared the previous period).
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To conclude the change of relative humidity during the period 1985 to 2014, we can
present the results as follow:
The trend of the relative humidity through 30 years was toward decreasing Figure 5.3.

Table 5.3: the statistical analyses of relative humidity
Year

Mean

STD

VAR

1985-1999

70.27

4.4

19.36

2000-2014

69.31

4.8

23

%

-1.4

Table 5.3 illustrated the statistical analyses of relative humidity where the mean in the
first period 1985-1999 was 70.27 and the standard deviation was 4.4, while the secondperiod mean was 69.31 and the standard deviation was 4.8. These results showed the
change of relative humidity in which the standard deviation increased in the second
period and the percentage of change was -1.4%. That means the relative humidity
decrease in this percentage and correlated with year r coefficient (R= -.162, P-value
=.196) (not showed on the table.
These results were in a line with many recent studies, where the Climate change is a
global phenomenon, which is represented by global warming in which the temperature
increases up to two degrees Celsius. In some regions of the world, it has been studied that
climate change represents a decline rainfall amounts to 100 or 200 mm at the future. Also
a shift in the rainfall season (Al-khatib and Arafat, 2009; Ma‟an development center,
2009). A pronounced warming for the eastern Mediterranean is projected throughout this
century by the climate models, which would be highest in the summer season. Several
modeling studies predict that the temperatures rise up to 3.5ºC by the end of the century
with warming stronger in the summer than the winter, while the other forecasts annual
mean surface temperature rises for the region of between 2.6ºC (moderate climate
sensitivity) and 4.8ºC (high climate Sensitivity). The recent run for new models confirms
substantial temperature rises of up to 4ºC for the eastern Mediterranean region (Hertig
and Jacobeit, 2007).Some local studies which were done in the different periods of time.
These studies included Palestine in general, some of them in the Gaza Strip and the other
in specific areas in the Gaza Strip. The results confirm that there is a change in the
climate. These results showed that there is a rise in temperature 1.5% which can reach to
5 degrees Celsius in the future. decreasing in Rainfall 8.3% which can reach to 10% 20% in the future.
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(Elkadi.A,2005; Ajjur.b, 2012; EQA.2010; Garbia, 2013;Ma‟an development center,
2009).

5.2 Diarrhea disease morbidity
The data from the epidemiological department of Moh showed the fluctuation in the
diarrhea morbidity rate, but generally, the diarrhea morbidity rate was an upward trend
and correlated with the years (R = 0.71 and p-value= 0.001) Figure 5.4.
Diarrhea caused by infection is widespread throughout developing countries. In Gaza
Strip, the diarrhea diseases currently represent the most important risk of excess from
communicable diseases (WHO,2013,2008). Noticeable increase diarrhea morbidity of
children under five years in the Gaza strip in 2006 and 2010 were 11.7% and 12.8%,
respectively (PCBS, 2012b). According to the UNRWA and MOH reports for the Gaza
strip, diarrhea disease remains the major cause of morbidity among children in the Gaza
Strip In 2013, the incidence rate of Diarrhea among children under three years was
41.5%.(PWA, 2015) but through the years there was a decline in the mortality due to
diarrhea (Fischer et al, 2013; WHO 2009). Our findings coincided with the reports and
studies which illustrate that the diarrhea morbidity increases over the time among
children under five years in the world and the in the Gaza Strip.
The only difference between our results and other reports or studies was the number.
Because it did in the different time period, but it keeps on the upward or downward trend
which was agreed with our study that‟s showed in chapter two(Cynthia et al, 2008;
Fischer et al, 2012; Liu et al.2012; Lozano et al.2012).

5.3 Water quality data
5.3.1 Nitrate and chloride
The nitrate and chloride ions are the most important pollutants in ground water in Gaza
strip, to investigate the nitrate and chloride concentrations situation, we used arc GIS
MAP10.2, by kriging function which is an advanced geostatistical procedure that
generates an estimated surface from a scattered set of points with z-values. It was unlike
other interpolation methods supported by ArcGIS Spatial Analyst. To use the Kriging
tool effectively, it involves an interactive investigation of the spatial behavior of the
phenomenon represented by the z-values before you select the best estimation method for
generating the output surface (GIS website).
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The results of our study showed a change in the nitrate and chloride concentrations
during the last 19 years for municipal wells data from (MOH). The data about the nitrate
and chloride concentration before 1995 was underreporting in many regions. When we
have observed the maps in figure 5.7, 5.8, and 5.9, we noticed that both of the ions
gradually increase to affect the major municipal wells in the Gaza strip far in excess of
WHO guideline values. According to MOH data about municipal wells water analyses in
the study area Figure 5.7, the tables 5.4;5.5 mentioned underneath to illuminate the
percentage of wells which are affected by the high concentration of chloride and nitrate
concentration along the 19 years. Municipal wells contamination with high chloride
concentration developed from 1999 to 2014 where the percentage of contaminated wells
were 52%, 55.7%, 69.3% and 76% for 1999, 2004, 2009 and 2014 respectively, with
synchronization the contamination by the high nitrate concentrations in the same period
and wells were 77%, 78%, 81% and 85% from wells for 1999, 2004, 2009 and 2014
respectively.

Table 5.4: The percentage of wells affected, not affected by high concentration of nitrate
and chloride (1999-2014) by researcher
Year

% of wells affected by CL

% of wells affected by No3

1999

52

77

2004

55.7

78

2009

69.3

81.5

2014

76

85.6

5.3.2 Microbial drinking water contamination
Based on MOH data on the microbial analyses of the drinking water samples, taken from
the desalinated water plants distributed along of Gaza strip, we found 12% of samples
contaminated by total coil form in 2014. 38.1% infected of samples were by total
coliform , 28.6% of samples were infected by fecal coliform.

5.4 The Water quantity
From the agriculture ministry data, the investigation of the quantity of the water
infiltrates to the groundwater basin. The value has been taken as recharge. The data
divided for the same period of meteorological data. The observations of the quantity of
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recharge showed a downward trend in the period (2000 to 2014) figure (5.10) when
correlated with years (r= -.439 and p-value =.067).
The previous reports discussed major ions (chloride and nitrate) as a high concentration
pollutant,” 95% of Gaza‟s water supply is contaminated with unacceptable high levels of
either nitrate (NO3) or chloride (CL), posing significant health risks to Gaza‟s 1.8 million
residents” (PWA, 2014b).
WHO water quality guideline the standard nitrate and chloride concentrations in water for
domestic purpose or drinking are [50] mg\L and [250] mg\L respectively. Our study
focused on Nitrate concentration as water quality for municipal water, because the shortterm exposure to high nitrate concentrations causes several diseases; the diarrhea is one
of eight diseases (Gupta et al, 2001).
In our results, there is a change in the water quality as nitrate and chloride concentration
which go far away from the WHO standard and exceeded the limits of the Palestinian
Standard Institution. For that, the Gaza strip faces a major challenge for the water
resources; contamination of groundwater aquifer which is considered the main and only
water supply source for human usages.These results were agreed with all studies and
reports that came to evaluate the water quality in the Gaza strip (AL-khatib and Arafat,
2009; Abbas et al, 2012; PWA, 2014a; Ewash, 2009).
The water quality and quantity in Gaza is very poor. Many different pollutants were
affected the ground water in Gaza strip including soil/water interaction in the unsaturated
zone due to recharge and return flow, Mobilization of deep brines, sea water intrusion or
upcoming and disposal of domestic and industrial wastes into the aquifer (Abbas et al .
2013) the increasing of nitrate concentration in ground water was due to the intensive
use of agricultural pesticides, the existence of septic tanks to dispose the domestic
wastewater in the areas where there is no wastewater collection system (CMWU, 2010 b).
The Chloride concentration is elevated in the coastal areas as a result of seawater
intrusion and in the eastern areas as a result of upcoming and over pumping (Shomar et
al, 2010).
Our study investigated the total coliform and fecal coliform in drinking water which, are
responsible for significant diarrhea and another water-associated disease in Gaza„s infants
and children under five years (UNICEF/PHG, 2010) where the microbiological quality is
the most important aspect of drinking water in relation to water-borne diseases; Detection
of bacterial indicators in drinking water means the presence of pathogenic organisms that
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are the source of water-born diseases (Egoz et al, 1991; Macler et al, 2000; Leclerc. et al.
2002).
Our results for microbial analyses in drinking water is not far from the reporting,
especially the fecal coliform contaminant which increase in each step in the water
handling cycle (GVC and PHC.2009).
The water scarcity is the main characteristic of Gaza strip, especially in the last year. All
reports called that the water quality and quantity is the critical point and is a threat to the
human life. The main source of water in the Gaza Strip is the groundwater aquifer that is
naturally recharged from rainfall (Khalaf, 2005). The recharge amount decreased
according to the data during the study period in this study. The result met with the results
of the studies and reports about the water recharge these results can be based on the
increase of the urbanization and low rainfall which lead to the decrease in the recharge
quantity of aquifer and it is exposed to the exceed depleting and the water level is
reportedly dropping by 20-30cm per year due to the increasing of population and over
pumping of water led to this depleting (CMWU, 2010b; Ismail, 2003). The recharge
percentage in the 2013 reach to 12% where the other lose in the evatranperation and run
off (Aish, 2014).
5.6 Questionnaire Statistical analyses
Descriptive statistics was used to describe our questionnaire data and main features of
general characteristics of our participants. (Frequency, percentage, crosstabulation).
To examine the association between the risk factors and diarrhea disease, (logistic
regression (dichotomies) was used, all these functions are made by SPSS program
version 20.

5.6.1 Demographic and socioeconomic characteristics
From table 5.5, Some variables didn‟t any statistic significant in the contingency table as
residential area figures (5.10),(5.11) with ( p-value=.655), residence place with (pvalue=.964), gender with (p-value=.189) and family hose hold contracture (pvalue=.261).Other variables have a static significant( Gender, Age, Family structure,
Mother employment status, Father employment status, Family income, Maternal
education, Paternal education, and Crowding ratio.
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Table 5.5: General characteristic of socioeconomic and demographic variables:
Variables

Chi-square

P-value

OR

CI

46.3
53.7

1.723

0.189

.766

[.515-1.14]

48
52

29.6
70.4

14.249

0.000

2.2

[1.445-3.315]

66
35
28
58
16

33.7
14.3
14.3
29.6
8.2

32.5
17.2
13.8
28.6
7.9

.655
.655

-

54
122
20

54
129
20

27.6
62.2
10.2

26.6
63.5
9.9

.072
.964

_

116
80

145
58

59.2
40.8

71.4
28.6

6.609

.010

.58

Family households construction
Concrete
146
Metal slides
23
Asbestos
27
Mother employment status

165
17
21

74.5
11.7
13.8

81.3
8.4
10.3

2.689
.261

-

Unemployed
Employed

119
77

83
120

60.7
39.3

40.9
59.1

15.68

.000

2.24

Father employment status
Unemployed
Employed

189
7

174
29

96.4
3.6

85.7
14.3

14
.000

4.5

Family income
Less 2000(NIS)
Above 2000(NIS)

148
48

83
120

75.5
24.5

40.9
59.1

49.04

.000

4.46

[2.9-6.85]

Maternal education
Not well education
Well education

134
62

63
140

68.4
31.6

31
69

55.60

.000

4.8

[3.146-7.3]

72
131

60.2
39.8

35.5
64.5

24.46

.000

2.75

[1.84-4,13]

Gender
Female
F
Male
Age
0-1 year
Above 1 to less 5 year
Governorate
North governorate
Gaza governorate
Medill governorate
Khan younes gov
Rafah governorate
Residence
City
Camp
Village
Family structure
Nuclear family
Extended family

Paternal education
Not well education
Well education

Frequency

%

cases

controls

cases

controls

78
118

94
109

39.8%
60.2

94
102

60
143

66
28
28
58
16

118
78
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[.382-880]

[1.5-3.3]

[1.9-10.5]

Crowding ratio
Above 5
Highest 3 to 5
Above 2 to 3
From 0,5 to 2

51
50
60
35

7
31
69
96

26
25.5
30.6
17.9

3.4
15.3
34
47.3

Ref
66.77

.000

Risk estimated statistics can‟t be computed , they are only computed for 2*2 table without empty cells.

Figure 5.10: The distribution of control

Figure 5.11: The distribution of cases
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4.517
8.379
19.984

[1.822
[3.537
[8.291

11.202]
19.848]
48.164]

5.6.1.1 Age
The age of the population was divided into two groups. One was (0-1 year). It presented
(48%) in the case and (29.6%) in the control. The other group was (more than 1 year less
than 5 years). It presented in the case (52%) and (70.4%) in the control figure(5.21)(5.22)
The result in the table (5.9) illustrate that the age had a high significant relationship with
the suffering from the diarrhea disease but the association was weak. (P-value=.000 ).
The susceptibility to diarrhea in the age group (0-1year) presented highest with 2.198
times more than it in the second group (more than one year less than 5years ) (OR=2.196,
CI[1.44-3.3], table 5,5.

above 1 less 5 year
52%

0- 1 eary
48%

case
Figure ( 5. 21): The age groups in the case

above 1 less 5 year
70%

0- 1 eary
30%

control
.
Figure 5. 22: The age groups in the control
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5.6.1.2 Family structure
Regarding the family structure, the participants who live in the nuclear family were
59.2% in the case compared with the control which was 71.4%, The contingency table
indicate there is a significant relationship between the receiving diarrhea and the family
structure(p-value = 0,01), while Table( 5.5) the risk to receive diarrhea in the participants
living in the nuclear family equivalent nearly.58 less than who live in the extended family
or, in other words, a participant who lives in the extended family get a diarrhea 1,72 time
more than a participant living in the nuclear family.(OR=.58, CI [ .382-.880],).

5.6.1.3 Maternal employment status
The participants‟ mothers who have a job were 39.3% in the case compared to the control
which was 59.1% and the mothers who don‟t have a job in the case were 60.7% and in
the control was 40.9%.
This variable presented a statistically significant relationship with the participants‟
receiving diarrhea (p-value = .000).
The results found that the risk of diarrhea is highest in the group where mothers who
don‟t have jobs are 2.24 times more than the mothers having jobs(OR=2.24, CI[1.5-3.3])
table 5,5

5.5.1.4 Paternal employment status
Unemployed father was (96.4%) while (85.7%) in the control. This variable presented a
statistic significant relationship with the participant‟s receiving diarrhea, but the
association was weak (p-value =.000). The risk of diarrhea is highest four times among
unemployment than employed father (OR=4.5, CI[1.9-10.5]) table 5,5.

5.6.1.5 Family income
The family with low income (less than 2000 NIS) were 75% in the case and 40.9% in the
control compared to the family with high income (more than 2000 NIS) with 24% in the
case and 59.1% in the control
The children in the family with low income have a risk to get diarrhea 4.46 times more
than the children in the family in a high income(p-value= .000, OR= 4.46, CI[2.9-6.85])
table5,5.
45

5.6.1.6 Maternal education
Not well education mothers were highest in the case compare to the mothers in the
control (68.4%, 31%) respectively.
The relationship gives a statistical significance between the mother education and the
participant had diarrhea (p-value=.000). The statistic equation for the risk evaluation
gets a result that the participant having a mother with not well education gets the risk of
diarrhea 4.8 times more than the participant having a mum with well education .( OR=
4.8 , CI [3.146-7.3] ) table 5,5.
5.6.1.7 Paternal Education:
Fathers how didn‟t have well education were highest in the case compared to the fathers
in the control (60.23%, 35.5%) respectively, while the opposite in fathers with well
education status were (39.8%) in the case and (64.5%) in the control.
The relationship gives a statistical significance between the father education and the
participant receiving diarrhea, (p-value=.000).The statistic equation for the risk
evaluation gets a result that the participant having a father without well education gets the
risk of diarrhea 2.752 times more the participant having a dad with well educated. (OR=
2.752) table 5,5.

5.6.1.8 Crowding ratio
The crowding ratio was divided into five groups; the crowding ratio equal above 5 where
was (26%) in the case and (3.4%) in the control. The crowding ratio equal highest 3 to 5
was (25.5%) in the case compare (15.3%) in the control, the crowding ratio from 2 to 3
was (30.6%) in the case while (34%) in the control. Finally the crowding ratio equal 0.5
to 2 was (17.9%) in the case and (47.3%) in the control.
The results showed there was a significant relationship between the crowding ratio and
the diarrhea disease (P-value=.000) table 5,5.
5.6.1.9 Logistic regression for demographic and socioeconomic characteristics:
The table 5.6 illustrates the socioeconomic variable that may relate to diarrhea among the
children under five years in the Gaza strip. They entered together in the model after they
were tested separately (without adjustment to confound). There was a statistical
significance relationship with diarrhea in certain variables.
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Table 5.6: Logistic regression for demographic and socioeconomic characteristics
Variables

P

OR

CI

Age: ref (less on year )

.005

2.099

[1.255-3.511]

Family income: ref(less 2000NIS)

.000

5.423

[3.217 - 9.141]

Father employment status ref(un employed)

.020

3.169

[1.204-8.34]

Maternal education: ref (not well educated)

.000

3.871

[2.338-6.411]

Crowding ratio: ref (Above 5)

.000

Higher 3 to5

.003

4.816

Above 2 to3

.000

6.695

[2.514-17.827]

.5-2

.000

18.496

[6.772 -50.520]

[1.716-13.516]

Hint: OR = Odds Ratio. The percentage correct before insert the independent variables into the model = 50.9. The percentage correct
after inserting the independent variables into the model = 78.2 and Nagelkerke R Square =. 482

In the logistic regression, the significance association(after adjustment to confound) for
age, family income, paternal employment status, maternal educational level, and
crowding ratio were (P= 0.005, P= .000, P = 0. 02,, P = 0.000, P = 0.000) where the
crowding ratio was still significant in all rates.

According to the results in the table, the age group 0-1 year, the income less 2000NIS,
father unemployed, not well-educated mother were risk factors. The other variables were
excluded from the equation as the family structure, mother employment status, paternal
education level according to the correlation with diarrhea disease (R= 37.3% and P= 000,
R=18.7% and P=000, R=12.9%and P=0.01) respectively ( data not shown ). Our finding
was in a line with other studies, that the sensitive age for diarrhea is under five years.
Also the studies agreed that the age is one of the important determinants of exposure of
diarrhea and there is great agreement that children younger than two years are the most
affected by diarrhea, but other have identified an increased incidence of diarrhea in
children younger than one year (Maria et al, 2008; Muluken, 2014; Desalegn, 2011). The
age is a risk factor and unimportant determinant in the investigation of the diarrhea
disease prevalence. The same previous studies provided that the gender was not a risk
factor for the diarrhea incidence.
Some socioeconomic determinants that have been studied could be linked to exposure of
diarrhea. The study tested seven measures of the socioeconomic status of the study
population, residence, family structure, family householder construction, parent‟s
education level, monthly income, parent employment status and the crowding.
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In the chi-square analysis, the findings of this study revealed that some determinants
haven‟t got any significant relationship with diarrhea disease as residence and family
householder, while the other were high significant, family structure, father employment
status, mother employment status, family income, mother education level, father
education level and crowding ratio. When the five measures of socioeconomic which
may be associated with diarrhea disease were tested using logistic regression analysis, the
father education level, mother employment status and family structure, lost their
association with the diarrhea occurrence. Whereas the low family income, unemployed
father, low maternal education and crowding ratio proved to be risk factors and strong
determinants of diarrhea exposure.
The studies agreed with our results that the maternal education level plays an important
role in the diarrhea prevalence. Other studies which agreed with our results that the
mother education level plays an important role in the diarrhea prevalence found that the
Risk of diarrhea will be greater when the low educational level of mothers is associated
with low family income level (Dargent et al. 1994; El-Gilany and Hammad, 2005;
Mihrete et al, 2014; Pinzo-Rndon. A, 2015; Boadi and Kuitunen, M. 2005; Kungu et al,
2002).
The Bozkurt et al Study contradicts with our results in the other determinants. They
found that the major risk factors affecting the incidence of diarrhea among the children
(6-11) month, were the household condition and father education level ( Bozkurt AI et al,
2003).the literature agreed with our study that the most incidence of diarrhea is always
among the children who live in poor conditions in the developing countries(Maria et al,
2008; Bozkurt et al, 2003; Alambo, 2015; Siziya, 2013; Larsen and Merlo,2005;
CERG,2014). There is a direct correlation between the crowding ratio and prevalence of
diarrhea. This result agreed with other studies as (Siziya et al, 2013).
5.6.7 Drinking Water resources and storage
This study also focused on the relationship between water and diarrhea as it‟s one of the
water born disease table 5.11. Some variables hadn‟t a statistical significant association (
the water storage volume(p-value=.197), water container made of (p-value= .369), water
tank lid(p-value= .149)and water tank location (p-value=.534) table 5,7.
5.6.2.1 Drinking water resource\s:
Approximate 85.7% of participants as case drink desalinated water from vendors vs
18.2% in the control, 8.7% in the cases drink of filtered water \ bottled water vs the
control were 73.9% and 5.6% in the case drink from municipal water vs 7.9% in the
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control. The significant relationship between the water resources and the occurrence of
diarrhea and this relationship was relatively strong as shown in table 5.11 (P-value =
.000,) table 5.7.
Table5,7: water resources cross tabulation
Items

Frequency
Case
Control

%
Case

Control

Water resources
Municipal water
From vendors

11
168

16
37

5.6
85.7

7.9
18.2

Filtered/ water bottles

17

150

8.7

73.9

153
39
11

68.8
21.4
9.7

75.4
19.2
5.4

.197

10
143
50

8.2
65.8
26

4.9
70.4
24.6

.369

45
55
30
43
30

11.7
28.1
20.4
28.6
11.2

22.2
27.1
14.8
21.2
14.8

.023

10
193

10.2
89.8

4.9
95.1

.046

74
24
105

39.8
8.7
51.5

36.5
11.8
51.7

.534

58
145
tank
44
159

52
48

28.6
71.4

.000

59.7
40.3

21.7
78.3

122
81

74
26

106
30
67

Water storage in
Large tank
135
Gallons
42
Bottles
19
Water container made of
plastic bottles
16
Black plastic
129
Other color plastic
51
Water storage period
More one month
23
Two weeks
55
One week
40
Less one week
56
Three weeks
22
Water tank has a lid
No
20
Yes
176
Water tank location
Kitchen
78
Balcony
17
Other places
101
Hose cleaning
No
102
Yes
94
Dealing with remaining water in the
Keep and fill
117
Get arid then fill
79
Treatment steps to save water
No
145
yes
51
Water tank exposing to the sun
Always
125
Some times
44
Never
27
Cleaning storage tank cycle
Never
124
More one month
41
Two weeks
18
One week or less
13
Access to drinking water
No
83
Yes
113

pvalue

Chisquare

OR

CI

.000

19.05

Ref
0.151

[0.065-0,3.53]

6.066

[2.425-15.176]

Ref
.819
.511

[.500-1.342]
[.235-1.112]

Ref
1.77
1.569

[0.777-4.048]
[065- 3.786]]

Ref
0.511
0.383
0.392
0.697

[0.273-0.956]
[0.192-0.764]
[0.207-0.745]
[0.331-1.468]

3.995

2.193

[.999-4.814]

. 1.256

Ref
1.488
1.096

[0.740-2.991]
[0.721-1.667]

22.867

2.713

[1.793-4.1]

.000

59.886

5.352

[3.45-8.30]

60.1
39.9

.002

8.679

1.888

[1.23-2.88]

63.8
22.4
13.8

52.2
14.8
33

.000

21.116

Ref
.804
2.926

[0.473-1.368]
[1.746- 4.904]

109
14
36
44

63.3
20.9
9.2
6.6

53.7
6.9
17.7
21.7

.000

Ref
.388
2.275
3.850

[0.201- 0.751]
[1.222- 4.236]
[1.970- 7.525]

47
156

42.3
57.7

23.2
76.8

.000

2.438

[1.583-3.76]

3.248

1.993

11.365

36.968

16.725

Risk estimated statistics can‟t be computed , they are only computed for 2*2 table without empty cells.
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5.6.2.2 Water storage period
Household who store the water more than one month were 11.7% in the case vs 22.2%
in the control. The household who store the water for three weeks were 11.2% in case but
were 14.8% in the control. The participants‟ family who stores the water two weeks were
28.1% in the case vs 27.1% in the control. The participants „family who stores the water
week were 20.4% in the case vs 14.4% in the control, and The participants‟ family who
stores the water less than week period were 28.65% in the case vs 21.2 % in the control.
There was a statistically significant relationship between the water storage period and the
exposure to diarrhea( P-value= 023) table 5,7.

5.6.2.3 Hose cleaning
The finding showed the hose cleaning before filling water were 48% in the case vs 71.4%
in the control and the participants don‟t clean the hose were 52% in the case and 28.6% in
the control. The table 5.7 illustrates there are a statistically significant relationship (Pvalue= .000). On the other hand, the participants who don‟t clean the hose before filling
water have a risk 2.713 times higher than the participants who clean the hose.
(OR=2.713, CI [1.79-4.1] ).

5.6.2.4 Dealing with remaining water in the tank
The participants‟ family who keep the remaining water in the tank and fill on, presented
59.7% in the case compared to 21.7% in the control, and the participants‟ family who get
rid of the water, then fill presented 40.3% in the case compare to 78.3% in the control.
There was a statistically significant association between diarrhea and the dealing with
remaining water. (P-value= 0.000).
The odds ratio illustrates; the person who doesn‟t get rid of the old water and fill on has a
risk five times higher than the other person who doesn‟t do the same.(OR= 5.352, CI
[3.45-8.3]) table 5,7.

5.6.2.5 Treatment steps to make the water safe
The participants having steps to make the water safe were 26% in the case vs (39.9%) in
the control while the participants how haven‟t taken any action presented 74% in the case
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vs 60.1% in the control. There is a statistically significant relationship between this
variable and the incidence of diarrhea (P-value= .002).
According to the odds ratio, the person who has protective steps to make the water safe
faces the risk of diarrhea twice lower than the people who don‟t. (OR= 1.888, CI [ 1.232.88] ) table 5,7.

5.6.2.6 Water tank exposing to the sun
The perception was varied. Where 63.8% in the case said “Always” vs 52.2% in the
control, the answers “Sometimes” were 22.4% in the case vs 14.8% in the control, and
the answers “Never” were 13.8% in the case vs 33% in the control
There was a statistically significant relationship between the tank exposure to the sun and
the diarrhea disease risk (P-value =.000) table 5,7.

5.6.2.7 The cleaning water storage tank cycle
The results illustrated in the table 5.7 showed that 63.3% who said they never clean the
water tank in the case compared with the control 53.7%. The participant who cleans the
tank in more than one month were 20.9% in the case vs 6.9% in the control. The
participants who clean the tank each two weeks .were 9.2% in the case vs 17.7% in the
control, and who said they clean each week or less were 6.6% in the case vs 21.7% in the
control.
The relationship between the cleaning cycle and the exposure to diarrhea has a statistical
significance (P-value= .000).

5.6.2.8 Access to drinking water
The families who suffer from the lack of water were 42% in the case, but 23% for the
control, while the families who find the water simply were 57.7% in the case vs 76.8% in
the control.
There is a statistically significant relationship between the difficulty of access to water
and diarrhea. (P-value=.000)
The risk of diarrhea in the participant who found difficulty to get the water is more than
twice times higher than the participants who found it easy. (OR=2.438, CI [ 1.58-3.76])
table 5,7.
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6.6.2.8 Logistic regression for water resources
Table 5.8 illustrates the drinking water resources and how to deal with water, time of
storage, cleaning, access to water and other variables. After testing the variables
separately(without adjustment to confound) as showed in the table (cross tab) some
variables were a static significant relationship with diarrhea.

In the binary logistic regression, there was a significant statistical association(after
adjustment to confound) of Drinking water resources, The storage water period, deal
with Water, cleaning storage tank period and Access of water ( P=.000, P=.001,
P=.000,P=.004, P=.009) respectively and diarrhea, and the absence of the statistic
significant of the other variables and diarrhea.
The child who drinks from the municipal water has a diarrhea risk equivalent (0.6) more
than those who drink vended water (P-value=.02, OR=.6 with CI [ .017-2.07]).

The table 5.8: logistic regression of water resources
Variables
Drinking water resources ref (Municipal water)
Vendors
filtered\bottles
The storage water period ref (More one month)
Two weeks
One week
Less one week
three weeks
Water dealing ( keep and fill)
Cleaning storage tank period ref (never)
more one month
2 weeks
one week or less
Access of water ref(it’s not easy to reach to the water

P
.000
.000
.020
.001
.008
.010
.000
.330
.000
.004
.044
.374
.014
.009

OR

95% CI

.060
4.378

[.017-,207]
[1.265-15.152]

.251
.216
.068
.551
18.852

[.091-.694]
[.068-691]
[.020-2.38]
[.166-1.829]
[7.668- 46.344]

.285
1.590
4.620
2.721

[.084-.969]
[.572-4.42]
[1.371-15.569]
[1.287-5.738]

Hint: OR = Odds Ratio. The percentage correct before inserting the independent variables into the model = 50.9. The percentage
correct after insert the independent variables into the model = 87.7 and Nagelkerke R Square =.727

In the other form the child how drinks from municipal water have a chance to suffer from
diarrhea 1.66 times more than who consume the vended water. The child who drinks
from the filtered water or bottles has a diarrhea risk four times less than who drinks from
the municipal water (P-value =.000, OR= 4.378CI [ 1.26-15.15]).
The children in the family who store the water more one year have chance to receive the
diarrhea equivalent .251 more than how store for two weeks , .216 more than who store
the water for one week, .068 more than how store the water less one week and .551
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more than who store the water for three weeks. (OR= .251, CI[.091-.694]),(OR=.216,
CI[.068-691]), (OR=.068, CI[.020-2.38]) and (OR=.551, CI[.166-1.829]) respectively.
The children in the family who never clean the storage water tank receive diarrhea 4.62
times more than who that do that each one week (P-value =0.014, OR= 4.62 CI [1.3715.56]), The children in the family who clean the tank each two weeks receive diarrhea
(1.59) times more than those who that do each week.( P-value =..374, OR= 1.59 CI
[0.572-4.42]) and they have a chance to suffer from diarrhea equivalent (.285) more than
children in the family who clean the tank in a month (p-value= .044, OR=.285 CI [
0.084-0.969]). The children in the family who fill on the old water receive diarrhea
(18.85) times more than those who get rid of the water and then fill (P-value =.000,
OR=18.852 CI [ 7.668- 46.344]).
Finally, the child living in the household who has difficulty water access, receive diarrhea
(2.721) times more than those who don‟t have this problem(P-value=.009, OR=2.721 CI
[ 1.287-5.738]). The hose cleaning and the water storage tank expose to the sun were
excluded from the equation according to the correlation with diarrhea ( R=0.23.9, P=.000,
R=0.184, P=.000) respectively.
Then if put the significant variables together the child diarrhea may be exposure to
diarrhea with percentage correct (87.7%).
In the logistic regression, many factors remain significant they are considered
determinants of the incidence of diarrhea which are Water resources, the period of water
storage, the dealing with the remaining water, the period of water tank cleaning and the
access of water.
The municipal water and the water from vendors were the risk factors compared to the
bottled water or the home- filtered water. The municipal water was more risk than the
water from vendors which lead to diarrhea. Our results were consistent with, Moghier et
al, in the Gaza strip that they found diarrhea more prevalent among the people using the
municipal water as drinking water more than the people using the water from vendors or
filtered water (Moghier, et al, 2006). The interpretation of this results based on the
groundwater contamination which may be caused by the interruption of water supply by
the sewage infiltration through incorrectly designed sewage systems or through cesspools
and waste water treatment facilities in Gaza Strip (Tubail et al, 2004 ; Moghier and Abd
Rabou, 2002; Sharif , 2003; Frias , 2001; Lehtola et al, 2004).
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Many studies found that water resources were the risk factors. These resources are
different from one country to another.
The household water storage for drinking water are almost present in all house in Gaza
strip, but the methods of dealing with water storage are different. Our results reflected
this variation, and its impact on the childhood diarrhea where the families that store water
for a long time, their children are exposed to the risk of diarrhea as well as families that
fill the reservoirs each less than a week, their children exposed to the diarrhea risk, but
with less probability. The studies agreed with us as (Benneh et al, 1993; Roberts et al.,
2001). These results Possible may be attributed to various reasons 1) Miscalculation of
family‟s needs of water. Therefore the wrong choice for the size of the household water
tank 2) the family doesn‟t get a rid of remain water in clean bottles then clean and to
disinfect the tank in a healthy way (Manitoba conservation and Water Stewardship,
2014). The studies which agreed with what we found also they found the different family
handle water from the same storage container or from the same standpipe, there for the
possibility of transmitting pathogenic organisms on the hands of people increases with
each person (Oloruntoba et al, 2014). The studies which agreed with us found Water
scarcity and difficulty to reach the water had an impact in the pathogenesis of childhood
diarrhea. because the sufficient quantity of available water can use for hygienic and
sanitation purposes. Thes puposes are such as washing hands and utensils and safely
disposing of stool can decrease diarrhea incidence (Boadi and Kuitunen, 2005; Shier et
al., 1996).

5.6.3 Water usages and sanitation
The water usages and sanitation were investigated to be risks of diarrhea. In the
contingency table, some variables didn‟t give the statistic significant, as shower water
and washing water and household sanitation ( p-value =.526) and ( p-value=.767)
respectively, table 5.9
5.6.3.1 Cooking water
The children living in household use the cooking water from municipal were 37.8% in
the case vs 11.35% in the control, and the childrens‟ family who uses desalinated water
were 62.2% in the case vs 88.7% in the control.
There is a statistically significant association between the cooking water and diarrhea (Pvalue=000).
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The odds ratio for the cooking from municipal water is five times more than the odds
ratio for cooking from desalinated water. (OR=4.747 CI [2.818 – 7.995]).

Table 5.9: cross tabulation of water usage and sanitation
Item

Frequency

%

Case

Case

Make shower from
Municipal water 182
Other water
14
Cooking water
Municipal
74
water
Desalinated
122
water
Washing water
Municipal water 183
Other water
13
Neighborhood sanitation
Yes
122
No
74
House sanitation
Yes
36
No
160

Control

P–
value

Chi-square

OR

CI

Contro
l

185
18

92.9
7.1

91.1
8.9

.526

.402

1.265

[.611- 2.619]

23

37.8

11.3

.000

37.842

4.747

[2.818-7.99]

180

62.2

88.7

188
15

93.4
6.6

92.6
7.4

.767

.087

1.123

[.52- 2.43]

49
154

62.2
37.8

24.1
75.9

.000

59.129

5.181

22
181

18.4
81.6

10.8
89.2

.033

4.55

1.851

[3.363- 7.982]

[1.045- 3.278]

Risk estimated statistics can‟t be computed , they are only computed for 2*2 table without empty cells

5.6.3.2 Defect in the house sanitation
The participants who haven‟t any defect in their house sanitation were 81.6% in the case
vs 89.2% in the control, and the participants who have a defect were 18.4% in the case vs
10.8%.
According to results, there is a significant relationship between the defects in the house
sewer (p-value =.033). The risk of exposure to diarrhea is high twice times among the
participant who have defects (OR=1.851 CI [1.045-3.278]) table 5,9.

5.6.3.3 Defect in the neighborhood sanitation
The participants who don‟t have any defect in their neighborhood sewer were 37.8% in
the case compared to 75.9% in the control, and the participants who have a defect were
62.2% in the case vs 24.1% in the control. According to the results, there is a significant
relationship between the defects in the neighborhood sewer (p-value =.000).The risk of
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exposure to diarrhea is high five times among the participants who have defects
(OR=5.181 CI [3.363-7.982]) table 5,9.

5.6.3.4 Logistic regression of water usage and sanitation

The table 5.10 illustrates the water usage for cooking, shower, and washing. They are
variables that could be related to diarrhea among the child in Gaza strip. When the
variables were tested separately(without adjustment to confound) as shown in the table
5.9, cooking water had a significant relationship. In binary logistic regression statistically
significant association (after adjustment to confound) of cooking water remained (P=
.000). variables were absent according to the correlation with diarrhea areMaking shower
and washing and household sanitation, (R=.3.2%, P=.53, R=1.5%, P=0.77 and P= 0.033)
respectively. The variables which kept on their significant were cooking water and
neighborhood sanitation.

The table 5.10: logistic regression of water usage
Variables

p-value

OR

CI

Cooking water ref (municipal water)
Neighborhood sanitation ref (have a defect)

0.000
0.000

4.747
5.818

[2.818- 7.995]
[3.363- 7.982]

Hint: OR = Odds Ratio. The percentage correct before insert the independent variables into the model = 50.9.

The child in the family how cook from municipal water has a risk to suffer from diarrhea
five times more than those who cooking from other water (P-value=.000, OR=4.747 CI [
2.818-7.995]).
The defect in the home sanitation and defect in the neighborhood sanitation had a
significant relationship. In binary logistic regression, statistically significant association
of defect in the neighborhood sanitation remained (P= .000),
The children who suffer from the defect in the neighborhood sanitation will be exposed to
diarrhea five times more than those who don‟t have a defect in the neighborhood sewer
defect (OR=.5.181, CI [3.363-7.982])
The percent of prediction in the presence of the significant variable to diarrhea exposure
was (69. 2%).
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When the household used the municipal water in cooking, their children had a diarrhea
risk more than those who cooked from other water. This result may be logic because the
Bacterial contamination can be excluded in this situation. There is a strong probability
that there will be an increase in the concentration of nitrates when boiling water while
cooking. This reason comes according to the reporting about the groundwater quality in
the Gaza strip which contaminated by high nitrate concentration. Some studies suggest
that increasing the concentration of nitrates can lead to recurrent diarrhea in the infant,
but the studies are limited around this relation between the high-level nitrate and
diarrheal disease (Gupta et al, 2008).
Good sanitation system can protect the children under five years against the exposure to
diarrhea. Our finding, Reported that the family‟s children, which suffered from the
sewage spill in the neighborhood had the risk of diarrhea more than others who don‟t
have this problem. The lack of sanitation is linked with a strong association with the high
diarrhea rat (Strina et al, 2002). A lot of searches found the same result in several
developing countries where Children with better water and sanitation facilities, both in
the household and neighborhood at the community level were less likely to get diarrhea
(Mittal, 1999; Gense et al.2008). Improvement of sanitation reduces the transmission of
pathogens which causes diarrhea and can prevent human fecal matter from contaminating
environments, this has matched studies found that Improving sanitation facilities has
been associated with an estimated median reduction in diarrhea incidence by .36 percent
(Jamison et al. 2008).

5.6.3 Health behaviors
Sometimes our health behaviors can assess in transported the contamination. There for
we tested some health behavior may be as risk factors in the diarrhea incidence or
diarrhea prevalence table 5,11. In the contingency table, some variables weren‟t satirical
significant The child hands washing \WC:(P-value=.791).Contact with the domestic
animals:( p-value =.436), The children contact of other suffers from diarrhea:(Pvalue=.424). Swimming in the Pool\ Sea (P-value=. 840).
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Table 5.11: cross tabulation of health behavior
Item

Frequency
Case
Contro
l
Children hands washing \W.C
No
6
6
Yes
66
75
Mum does that
124
122
for the child
hands washing when eating :
Child do After
31
50
Child do Before
6
6
Child do in both
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75

%
Case

Chisquare

OR

CI

0.468

Ref
.880
1.016

[0.271-2.861]
[0.319-3.239]

Ref
.602

[0.169-2.149]

.796

[0.428-1.481]

.358

[0.193-.664]

3.1
33.7
63.3

3
36.9
60.1

0.791

15.8
3.1

24.6
3

0.001

29.6

36.9

Mum
feeding
101
72
51.5
35.5
child
Mother washing hands before feeding the child or cooking
No
121
83
61.7
40.9
Yes
75
120
38.3
59.1
The children contact of other suffers from diarrhea:B1.4
Yes
43
38
21.9
18.7
No
153
165
78.1
81.3
Contacts with domestically animals: B1.5
No
40
48
20.4
23.6
Yes
156
155
79.6
76.4
Swimming in the sea B1.7
Yes
85
86
43.4
42.4
No
111
117
56.6
57.6
Breast washing
Don‟t
make
73
105
37.2
51.7
breast feeding
Never
71
62
36.2
30.5
Before
33
30
16.8
14.8
Before and after
19
6
9.7
3
Boiling the feeding bottle
NO
48
23
24.5
11.3
Yes
68
109
34.7
53.7
Haven‟t feeding
80
bottle
Child sucking the fingers
Yes
140
No
56

P-value
Control

71

40.8

35

92
111

71.4
28.6

45.3
54.7

11.372

0.000

17.346

2.3

[1.561-3.485]

0.424

.639

1.22

[.749-1.989]

0.436

.608a

.823

[.515-1.331]

0.840

.041

1.04

[.701-1.549]

0.004

13.146

Ref

0.000

0.000

18.719

27.86

1.647
1.582
4.555

[1.047-2.591]
[0.888-2.819]
[1.735-11.958

Ref
2.844

[1.523-5.31]

2.119

[1.0-4.456]

3.016

[1.991-4.569]

5.6.4.1 children Hands washing when the eating
Children who wash their hands before eating were (3.1%) in the case compared to (3%)
in the control. The children who wash their hands after that were (15.8%) in the case
vs.(24.6%) in the control, and children who wash hands before and after eating were
(29.6%) in the case vs. (36.9%) in the control. Finally, the mother who washes hands
before feeding her children were (51.5%) in the case but (35.5%) in the control.
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The results illustrated a statistically significant relationship between mother hands
washing before eating the children and diarrhea (P-value=.001) table 5,11.

5.6.4.2 Mother hands washing before feeding the child or before preparing cook
Mothers who wash their hands before feeding their child or before preparing the food
were (38.3%) in the case vs (59.1%) in the control. Mothers how didn‟t, were (61.7%) in
the case compared to (40.9%) in the control.
The results showed a statistically significant relationship between mother hands washing
before eating the children and diarrhea (P-value=.000). the children s‟ mothers don‟t
wash their hands have a risk to suffer from diarrhea (2.3) times more than the other
childrens‟ mother wash their hands.(OR=2.3) table 5,11.

5.6.4.3 Mothers breast washing
Mother washing breast before breastfeeding were 16.8% in the case vs14.8% in the
control. The mums who do it after and before were 9.7% in the case vs 3% in the control,
and who don‟t wash were 36.2% in the case vs 30.5% in the control, while the mums who
don‟t make breastfeeding were 37.2% in the case compared to 51.7% in the control.
There was a statistically significant relationship between the beast and diarrhea (Pvalue=.004) table 5,11.
5.6.4.4 Boiling of the feeding bottle
The participants who don‟t

boil the bottle were 24.5% in the case vs 11.3% in the

control and those who boil the feeding bottle were 34.7% in the case vs 53.7% in the
control. The children who don‟t have a feeding bottle were 40.8% in the case vs 35% in
the control.
The results showed a statistically significant association between the boiling of the
feeding bottle and diarrhea (P-value =.000) table 5,11.
5.6.4.5 Sucking the finger
The results illustrate that the percentage of children who suck their fingers were 71.4% in
the case vs 45.3% in the control and the children how don‟t were 28.6% in the case vs
54.7% in the control.
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There was a statistically significant relationship between diarrhea and finger sucking (Pvalue =.000).Also, the results showed that the incidence of diarrhea in the children who
suck their fingers is three times higher than in those who don‟t (OR=3.016) table 5,11.
5.6.4.6 Logistic regression of health behaviors
Table 5.12: logistic regression of health behavior
Variables
Child Hand washing: Ref(after)
Child does before
Child does in both
Mum feed the child
Mother Wash hands before feed /cook ref(NO)
Boiling the feeding bottle ref (NO )
Yes
Haven‟t bottle
Child sucks the fingers ref (don’t do)

P
.005
.435
.471
.001
.000
.005
.001
.048
.000

OR
.602
.796
.358
3.958

[.169-2.149]
[.428-1.481]
[.193-.664]
[2.223-7.047]

2.844
2.119
3.345

[1.523-5.31]
[1.0-4.456]
[2.076-5.39]

Hint: OR = Odds Ratio. The percentage correct before insert the independent variables into the model = 50.9.

Table 5.12 illustrates health behaviors that could be related to diarrhea among children
under five years in the Gaza Strip. When the variables were tested separately (without
adjustment to confound as shown in the table 5.16 hands washing, swimming in the sea,
breast washing, boiling of feeding bottle and the child sucking figures, variables had
statistic significant associations with diarrhea in the cross tabulation. In logistic
regression, the statistically significant association (after adjustment to confound) of
diarrhea, children hands washing when the eating, mothers hand washing, boiling of the
feeding bottle, and child sucking figures, all these variables have remained (P= 0.005, P
= 0.000, P= 000,P= .005, respectively) but the significant association of other variables
with diarrhea was absent according to the correlation with diarrhea for swimming (R= .194, P= 0.003) and the washing the breast (R = - .142, P= 0.004) ( not shown in the
table). From the table 5.12. The children who wash their hands before eating were (.358)
more likely to diarrhea than the children who mother fed him . the other choice didn‟t get
a statistic significant. The shildrens‟ mother who doesn‟t wash their hands when feeding
their children or when preparing the food can suffer from diarrhea 3.958 times more than
those who their mother wash the hands. The highest risk of diarrhea disease among the
children was who don‟t boil the feeding bottle 2.944 and 2.119 times more than the
children who the mothers didn‟t boil the bottle and didn‟t have a feed bottle respectively.
The children who suck their fingers have a risk to suffer from diarrhea three times more
than the children who don‟t suck fingers.
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Lack of proper health behaviors may cause the exposure of diarrhea in children under
five years old. This is fact unanimously by a lot of studies that investigated the causes of
diarrhea in children under five years. Our study carried out the main risk factors
investigated in the hygiene title. The children who their mother wash the hands when
eating them or when prepare the food are more likely to suffer from diarrhea than the
childrens‟ mother who washes the hands.
Studies showed the importance of hand washing in reducing the occurrence of childhood
diarrhea (Mirza et al, 1994) and another study reported that the access to hand washing
facilities was significant in the incidence of diarrhea among the children (Halder, 2010)
However, monitoring correct hand washing behavior at critical times is challenging.
Hygienic behavior related observational studies showed a wide discrepancy between
what people said and what they actually did and suggested that reported hand washing
behavior is over estimate observed behavior(Strina et al, 2002; Manun‟ebo, 1997).

Our finding agreed with studies which that the showed that the feeding bottle presented
risk factor to exposure of diarrhea disease (Ghosh et al, 1997; Godana and Mengistie,
2013; Wondwossen, 2008).
Another risk factor gave a significant presented in the finger sucking. The children
sucking their fingers had a risk of diarrhea more than the children who didn‟t do can this
factor agreed with the other studies which showed the importance of the hands washing.
That‟s a logical result. According to all reports and studies which showed and reported
that the hands are the big transporter for the contaminant.

5.6.5. Microbial drinking water analyses
5.6.5.1 Total coli form
The results which showed the total coliform contamination in the participant drinking
water samples were (54.1%) contaminated samples in the case compared to (22.7%) in
the control and (45.9%) were uncontaminated samples in the case vs (77.3%) in the
control samples.
There was a strong statistical significant relationship between the contamination by total
coli form and diarrhea (p-value=.000).

61

At the same time, the risk of diarrhea in the person who has contaminated water is
(4.020)times greater than the person how doesn‟t have contamination in their drinking
water (OR=4.020).
5.6.5.2 Fecal coli form
The results which showed the fecal coli form contamination in the participants drinking
water samples were (43.4%) contaminated samples in the case vs (14.3%) in the control,
and (56.6%) were uncontaminated samples in the case vs (85.7%) in the control samples.
There was a strong statistically significant relationship between the contamination by
total coli form and diarrhea (p-value=. 000) figure 5. 14, 5.15
At the same time, the risk of diarrhea in the person who has contaminated water is 4.595
times greater than the person who doesn‟t have contamination in their drinking water
(OR= 4.595 , CI [2.83-7.456]).
Where 37% of the cases were above 10 CFU/100 ml total coliform and there wasn‟t any
one of infected control samples above the 10 CFU/100 ml, while 23% of infected cases
samples were above 10CFU/100ml fecal coliform and no one of the infected control
samples reach to 10 of course.

Table5.13: Microbial drinking water analyses
Item

Total coli form
Infected
Non
infected
Fecal coli form
Infected
Non
infected

Frequency

%

Case

Case

Control

P–value

Chi-square

OR

Control

106
90

46
157

54.1
45.9

22.7
77.3

.000

41.748

4.020

85
111

29
174

43.4
56.6

4.3
85.7

.000

41.325

4.595

5.6.5.3 Logistic regression of microbial drinking water analyses
Table 5.14 illustrates microbial drinking water analyses that could be related to diarrhea
among children under five years in Gaza Strip. When the variables were tested separately
(bivariate analyses as shown in table 5.13, total coli form, fecal coli form variables had
statistically significant associations with diarrhea. In logistic regression, the statistically
significant association of diarrhea, total coli form and fecal coli form have remained (P =
0.017, 016, respectively).
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Table5.14: Logistic regression of water analyses:
Variables
Total coli form (affected)
Fecal coli form affected)

P
.017
.016

OR
2.196
2.413

CI
[1.154-4.179]
[1.181-4.927]

Hint: OR = Odds Ratio. The percentage correct before insert the independent variables into the model = 50.9. The percentage correct
after insert the independent variables into the model = 65.7and Nagelkerke R Square =.152

The children who have infected water by total coliform are exposed to the risk of diarrhea
2.19 times more than those who have uninfected water by total coli form (OR = 2.19, CI [
1.154-4.179]).The children who have infected water by fecal coliform are exposed to the
risk of diarrhea 2.4 times more than those who have uninfected water by fecal coliform
(OR = 2.4, CI [ 1.181-4.927]).
Our results were agreed with Aish. The study results, that presence of biological
contamination was detectable in 20.0% of storage tanks of private desalination plants,
26.7% of water tankers, 74.0% of drinking water distribution points and 75.7% of
drinking water household storage tanks. (Aish, 2013). This study coincides with our
finding where the drinking water household storage tanks were the highest percentage by
contamination which was considered as a final step to water storage. Al-Khatib and
Arafat found that the samples which were taken from the contaminated samples rain-fed
cisterns, groundwater from the water network, and desalinated water were contaminated
by total Coliform and fecal Coliform but at a different percentage ( Al-Khatib and Arafat,
2009). Another study conducted that the desalinated water was infected (Abodaya.M, et
al, 2013)and was the resource of concern because most of the people who have
contaminated water suffered from diarrhea diseases(Moghier et al, 2006)
Finally, the study in Botswana concludes that the climate change could increase health
challenges particularly in arid areas, where scarcity of quantity and quality of water
resources and also suffering from poor sanitation and increasing the problem of health
control, leading to prejudice the health of society. They warned from the increasing of the
diarrhea incidence due to the climate change, they confirmed the social culture is
important factor must be included as a component of health plans could affect the spread
of the disease (Alexander, 2013).The transmission of these organisms depends on a fecaloral route through the environment as contaminated water, which is considered an
important vehicle for pathogen transmission in unhygienic conditions, also Untreated
sources are readily contaminated by fecal matter, resulting in a high level of infectious
diarrhea in developing countries (Guerrant et al. 1990).
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5.7 Models of the effect of climate change
Finally, the models, illustrate the direct and indirect climate on the water born disease
(diarrhea) as morbidity. The models studied the effects during the 18 years (1997-2014)
by using the structural equation modeling.
We deal with the recharge quantity as water quantity infiltrates into ground water basin
and use ground water nitrate concentrations as chemical water quality related to the
diarrhea disease. The indirect effect is presented by the effect of recharge and nitrate
concentrate

5.7.1 Model one, the climate effects on the morbidity
Table 5.15, the Model illustrates the direct and indirect effects of climate on the diarrhea
morbidity.
The direct effects for the temperature average on the diarrhea morbidity were (149.31)
with a statistical significant < 0.001 where P<.01. That means the temperature average
affect positively. If the temperature annual average rises one Co, the morbidity will rise
149.31 to each 1000 child. For the rainfall, it affected positively. If the rainfall annual
average rise one mm, the morbidity rise 0.975 to 1000 children with significance <.001
where P <.01, but the relative humidity affected negatively on the diarrhea disease where
when the relative humidity annual average rise one unit, the morbidity decrease 5.396 to
each 1000 children with significance 0.038 and P<0.05.
When we studied the effects of all climate parameter the effect had a difference where the
diarrhea morbidity increases 144.88 for each 1000 child if the climatic parameter changes
one unit.
The indirect effect was negative for three climatic parameters (B=-0.037, B=-0.035, B=0.002) for temperature annual average, rainfall annual average, relative humidity annual
average respectively. This effect wasn‟t significant.
The climatic parameters effect on the recharge in the direct and direct way. This affected
also the diarrhea morbidity by the changing in the nitrate concentration which rises the
morbidity 1.522 to each 1000 children. If the concentration increases 1mg/l with
statistical significant (P-value = 0.05) where P<.05.When all variables studied in the
presence of unemployment status the effect of climatic parameters rises to 184.876 to
each 1000 children. We can conclude that the climate change can effect on the diarrhea
morbidity in the children under five years directly and indirectly, but the effect increase
when the unemployment status rate increases figure (5,16)
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Figure 5.16: Model (1) illustrates the effects of climate and economic status on morbidity rate

- 70 -

Many research studies supported our finding where they found there is a Statistic
significant correlation between diarrheal cases occurrence and temperature and rainfall
(Bhandari et al, 2012). This study gave results which were very close to our results where
it investigated the change in rainfall and temperature as well as their effects on the
childhood diarrhea.
Other studies investigated the relationship between the temperature rising and the per
diarrhea incidence. These studies agreed with our results, but with some difference in the
percentage of diarrhea cases which increase due to 1Co rising of temperature. These
studies provide that the increase of temperature increase the diarrhea incidence (Checkley
W, 2000; lam 2007; WHO, 2014; Xiaodan et al, 2013; Bandyopadhyay et al, 2011) the
low and high temperature and hot waves effect on the diarrhea incidence especially
among the children under five years(Zhiwei, 2014; Checkley et al. 2000;Green, R et al.
2010).
The studies of Zhiwei Xu et al and Checkley et al support our finding when they showed
the effect of temperature on the diarrhea disease by the concept of coldest, hottest or with
correlated the illness with the maximum and minimum of daily temperature where we
used the temperature annual average. This is not a point of difference because the results
showed that the diarrhea cases increase when the temperature increases. Without
forgetting, that the temperature had the greatest impact on diarrhea occurrence in children
under five years.
Rainfall was the second climatic parameter in our study to measure the effect of climate
change on childhood diarrhea. The results pointed out that the rainfall effects positively
in the diarrheal cases on the children under five year where when the rainfall increases,
the incidence will increase but this effect was very small compared with the effect of the
temperature increase. Many studies coincided with our result. The difference in the value
of the effect only (Hashizume et al. 2007; Andrade et al. 2009; Drayna et al. 2010; Lam
2007). Two study linked between the diarrhea incidence and extreme weather but this
study found the same results with us (Carelton et al, 2014; Wu et al, 2013).
We found an inverse relationship between diarrhea and relative humidity. There isn‟t any
study to addressed the effect of relative humidity on childrens‟ diarrhea under five years
of age that investigates the water contaminated by fecal coliform. All studies investigated
the association between diarrhea due to rotavirus, also Lam didn‟t find any significant
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relationship between relative humidity and hospital emergency department visits for
gastroenteritis in children aged under six years in Sydney, Australia (Lam, 2007).
We investigated the direct and indirect effects climate change. We found the major of
study agreed with our results and we found The references have studied the relationship
of climate change as a total.
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Chapter six
Conclusion and Recommendation

6.1 Conclusion

The climate change is dangerous issue in this century and the diarrhea disease is a burden
on the children health. Water scarcity is a problem facing the world for several reasons,
including climate change.
Three dangerous issues face the world but what is the relationship among them?
Gaza strip is a narrow area and located at the northern of Palestine, at the Mediterranean
Sea. it‟s considered as a semiarid climate condition, there is a notable climate event in the
last years, high prevalence of diarrhea among the children under five years, deterioration
in the water quality and quantity. but is no enough studies about the climate change in
Gaza strip and concerning to explore the relationship between the climate and the
prevalence of diarrhea.
The study was set to explore the climate change in Gaza strip then the linkage between
the climate change and the prevalence of diarrhea, and investigate the change of the water
quality and quantity, further than this the relationship of water quality and quantity and
diarrhea and the role of socioeconomic characteristic, health behaviors in the diarrhea
disease among children under five years in Gaza strip.
We

found the Gaza strip climate is change where the annual average temperature

increase through the last 15 year compared the previous period, the annual rain fall
decrease and the relative humidity also decrease nearly at the same percentage change
with temperature at the same period of temperature change .
The water quantity and quality deteriorate in Gaza strip where the recharge rate decrease
which affects the quantity of ground water and decline of the water table , this results can
backed to many causes:
-

Decrease of rainfall;

-

The accessed of growth people;

-

The breadth of built up area, urbanization.

The water quality deteriorate where it is not fit for human consumption because of
contamination with nitrates and chlorides, which increase very high concentrations far
from World Health Organization

standards, the main
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sources of the nitrate

contamination. As a result of wastewater leak into groundwater from the sewage network
or from the treatment plant, the farmer over using of pesticide

while the high

concentration of chloride have a main source that is the sea water intrusion due the over
pumping.
The diarrhea morbidity rate increase while the diarrhea mortality decrease during 14 year
, this results carried a good indication for the mortality decrease but bad for morbidity
increase.
We looked at the factors affecting the incidence and prevalence of diarrhea, we found
that the socio-economic and demographic characteristic which presented as Age, father
unemployed father, not well educated mother and crowding and low family income.
These variable have a risk to contribute the diarrhea, in addition the water resource is
very important to identify where the municipal water is more risk than the water from the
vended water and the filtered water is the most safe to protection from diarrhea .
The cleaning of water storage tank cycle and storage water period play the role in the
diarrhea prevalence. The vended drinking water is a risk of diarrheal disease due to
contaminated samples by total coliform and fecal coli form have a higher risk to
prevalent because the vended water can infect by total coliform and fecal coliform. The
source of water using in the cooking (municipal water) was a risk to the diarrhea
incidence. This is because the municipal water contaminated by high nitrate
concentration which maybe cause diarrhea among the children under five years, also the
municipal water contaminated by total coliform and fecal coliform. Health sacking
behavior is an important issue, where the hands washing was risk factor among the
mothers . The lack of clean water, feeding bottle and the child finger sucking are a source
of diarrhea among the children under five years
By using the structural equation modeling we found climate change affect the incidence
of diarrhea with direct or indirect ways.
Direct way. When the temperature rises one degree, rainfall and relative humidity
decrease one unite, the morbidity will increase. Indirect way, we use the recharge and
nitrate concentration as an intermediate factor to discover the impact of climate change
which is very small compared with the direct effect, but when we use the unemployment
status in the model we find the impact of climate change increase at the direct way.
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6.2 Recommendation
 Controlling the health parameter in the desalinated stations and vendors, and big
taxation for any irregularities
 Public awareness about the water harvesting and water conservation Awareness
about the water born disease.


Awareness about the storage of water and the cleaning intervention.

 Monitor of agricultural wells that pump excess of the limit and agricultural
pesticides usage.
 Controlling the health parameter in the desalinated stations and vendors, and big
taxation for any irregularities
 Public awareness about the water harvesting and water conservation Awareness
about the water born disease.


Awareness about the storage of water and the cleaning intervention.

 Monitor of agricultural wells that pump excess of the limit and agricultural
pesticides usage.
 Improving process control and monitoring of climate-sensitive diseases;
 Access to safe and healthy water by the controlling the water from vendors.
 The development of water storage techniques and make rain harvesting in the
underground reservoirs
 Make a sea water desalination in the water strategic plan and prevent the ground
water desalinated station to work.
 Improve and adjust the routine data, health records and ensure credibility through
national information systems;
 Raising the level of current prevention programs of specific diseases which
related with climate;
 Capacity Building of the institutions and personnel in the health sector.
6.2.1 Socioeconomic policy
 Raising the age of compulsory education includes high school,
 leaflets and publications that will show mothers and fathers on how to prevent
diarrhea should be a free university education.
 job creation
 Representative of the Israeli occupation which hat deprives Palestinians of
economic openness, must end the Israeli occupation
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6.2.3 Further research
 The monitoring of the climate change in Gaza strip – Palestine.
 More focusing on the illness which affected with climate.
 More focusing on the health behavior which depends on the diarrhea disease.
 Further research on the microbial agent present in the water which causes the
diarrhea in Gaza.
 Focusing on the importance of socioeconomic factor an health behavior to
mitigate the diarrhea disease.
 Supported the technique which be water friend.
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المراجع العربية
.ٓ١ فٍسطٟ آصبضٖ فٚ ٗط إٌّبخ أسجبث١ رغ.2009 ، ِؼب/ّٕٞٛ ِطوع اٌؼًّ اٌز.1
.  وزبة ِحبفظبد غعح.2011 ٟٕ١ ٌإلحظبء اٌفٍسطٞبظ اٌّطوعٙ اٌغ2011،PCBS .2
فط٘بٛ٠ ٟخ اٌز١ً اٌّؤشطاد اإلحظبئ١ٌ ز.2014،ٟٕ١ ٌإلحظبء اٌفٍسطٞبظ اٌّطوعٙ اٌغ2014 PCBS
.اٌّطوع اإلحظبء
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Figure 5.4: Diarrhea morbidity rate trend 1997 -2014 from MOH data – researcher
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Figure 5.5: Municipal wells, distribution inGaza strip.
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(a)

(b)

Figure 5.6: Nitrate concentration in municipal wells (a) the period ( 1995-1999), (b) the
period (2000-2004)
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(a)

(b)

Figure 5.7: Nitrate concentration in municipal wells (a) the period 2005-2009, (b) the
period 2010- 2014
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Figure 5.8: Chloride concentration in municipal wells, (a) the period (1995-1999),
(b) The period (2000-2004), the period (2005-2010), (d) the period (2011-2014 ).
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(a)

Years
Figure 5.9: The recharge rate (2000-2014)
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Figure 5. 14: The distribution of water samples along Gaza strip
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(a)

(b)
Figure5.15: Distribution of (a) Total coli form (b) fecalcoliform distribution
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Table 5.6: illustrate the direct effects and indirect effects of climate variables, recharge,
nitrate and socioeconomic variable on morbidity.
Effects
Relationships between variables

Direct
B

Indirect
P-value B

P-value

Climate variables  Morbidity

144.889

Temperature average  Morbidity

149.31**

<.001

-0.035

0.727

Rainfall  Morbidity

0.975**

<.001

-0.002

0.722

Relative Humidity  Morbidity

-5.396*

0.038

Climate variables  Recharge

0.995

Temperature average  Recharge

0.933

0.544

Rainfall  Recharge

0.062**

<.001

-0.037

Climate variables  Nitrate

-0.025

Temperature average  Nitrate

-0.023

0.839

Rainfall  Nitrate

-0.002

0.838

-0.038

0.726

Recharge  Nitrate

-0.025

0.900

Recharge  Morbidity
Nitrate  Morbidity

1.522

Moderate Variable and interaction
term
Unemployment  Morbidity
Unemp

*Temperature

AV



Morbidity
Unemp *Rainfall  Morbidity
Unemp

*Relative

Humidity

Morbidity
Dummy variable  Morbidity



0.050

40.987
44.690**

<.001

-4.499**

<.001

0.829**

<.001

-0.033**

<.001

-52.823**

<.001

Notes: N=18; *P<0.05, **P<0.01, P-value level for indirect effects calculated by
Bootstrap Bias Corrected Percentile method (BC).

96

The impact of climate change on child health: Diarrhea-in the Gaza Strip, Palestine

Dear mother :
your participation is a great benefit to your baby . This research is carried out in partial
fulfillment of the requirement for the Master Degree of Water and Environment. The
research investigates the impact of climate change on the children health in Gaza strip .
All information will be confidential and will be used for scientific purpose only. You can
withdraw at any time you want. It will take only 15 minutes to complete.
Thank you for your help

Researcher
Yosor -ALatrash
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QUESTIONNAIRE
Cod NO : ------------

Date :-----------------------

GPS reading : E

N

Family Information :


Mother's Name : -----------------------------------------------------------------------------



Patient's gender:



Age of patient? 0-1 Year



Governorate: North

Male

Female
More one year less than 5 year
Gaza

Middle

Khanyounes

Rafah


Place of residence :

City


Camp

Village

The family structure :
Nuclear family

Extended family



The number of rooms in household :



Number of person living at the same household :



The number of your children:



The household Construction: Concrete



Father's employment status:



Nature of father's work:



Mother's employment status: Employed



Nature of mother's work:

A live

Dead

Metal slides

Employed

Regular

Asbestos

Unemployed

Shifting

Regular

Unemployed

Shifting
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Family income (NIS): ---------------------------------------------------------------------



**



**

Monthly expenses ( NIS)........................................................................................

Other resources/ do you receive any assistance from organization ( CHF,

UNRWA, Ministry of social affairs and the like) / if yes could you please
mention to the organization's name
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................


Parental education :

Item

Mother Father

Illiterate
Primary school
Preparatory
Secondary
Intermediate Post high school
diploma
Graduation (BA)
Master and above
General information about water / water sources :
(More than one can be selected)


Drinking water resource / water for milk preparation: Bottled water

From the vendors o desalinated water

Municipal water

well home



Water storage is: Large tank



The location of water tank

Kitchen

filtered water

Bathroom

Gallons

Other place
99

Bottles



Storage containers made of : Black plastic



Storage containers exposed to the sun:

Always


Often

White plastic

Sometimes

Metal

Never

What is the water storage period/ how many time you renew the water in tank? ------------------------------------------------------



What is the water tank's cleaning cycle? -----------------------------------------------



If you buy the water from the vendors of

desalinated water, do you clean the

hose before filing the water's reservoir? Yes


No

How do you deal with the remaining water before filing the water tank?
Get rid of the remaining water then fill the water tank
Keep the remaining water and fill the water tank



Is it easy for you to access the drinking water?

Yes


No

Sometimes

Is drinking water tank with a lid? Yes

No



Do you follow any steps to make the water safe to drink? Yes



( If yes ) Please explain:---------------------------------------------------------------------

No

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

( If yes ) How? Boil

Add bleacher/chlorine

Other ---------

………………………………………………………………………………………….

The water usage :


Shower : Tap water

Desalinated water

Other

Please mention the other source/s: -----------------------------------------------------------------100



Washing: Tap water

Desalinated water

Other ----------------

--------------------------------------------------------------------------------------Please mention other source/s ---------------------------------------------------------------------

Cooking :Tap water

Desalinated water

Other------------------

---------------------------------------------------------------------------------------------Please mention other source/s -------------------------------------------------------------

Do you think your water is safe? Yes



Why do you think that? ----------------------------------------------------------------



Is there leakage of waste water at home?

Yes

No

No



If yes, how often?



Is there leakage of waste water in the neighborhood/ square? how often?



If yes, how often? Sometime

Sometimes

Often

Rare

Often

Rare

Health behaviors

(If he\she more one year less than 5 year, pleas answer)

Yes


Does your child wash his\her hands: after using the toilet?
No
Does your child wash his\ her hands:

Before eating


After

Do you wash your hands when you prepar the food or feed your child:

Yes

Yes

Yes

Yes

Both

NO
Does your child have contact with any animals or animal waste?
No
Does your child have contact with children suffer from Gastroenteritis?
No
Does your child \ children swim in swimming pool ?
No

(If the patient age is 0-1 year, please answer )


Do \ did you clean your Breast : Before Breastfeeding



Do you boil the Bottle-feeding: Before using



Does your baby crawl ? Yes
101

No

After

After

Both
Both



Does your baby sack his\her fingers ?

Yes

No

Researcher observations: ---------------------------------------------------------------------------

Water analysis:



Sampling Identification:______________________________________



Date of Sample: ______________________ Date of Analysis: _____________



Analysis Performed



Microbiological analyses:

______________________________

Type

Result / unite

Cliform
Total coliform

Note:

-The water sample is from the patient's water tanks .
-

**

For the purposes of researcher
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