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ABSTRACT

The maor objective of this research is to determine the Radon concentration in

groundwater in the southern region of Gaza Strip.

In this study, Groundwater samples were collected from twenty five wells and Radon
concentrations were measured as part of a water-quality. These samples were taken from the
municipa wells in the southern region of Gaza Strip (Rafah and Khanyonis). The samples
were collected from different location covering most of the region that represent the southern
part of Gaza Strip. Twelve wells from Rafah Governorate and thirteen wells from Khanyonis
Governorate were taken and all these wells were used for domestic water. Each sample was
duplicated to determine Radon concentration.

CR-39 solid state nuclear track detectors of good quality were used in this survey. Two
Detectors were placed inside each water sample. One CR- 39 detector is immersed in the
water and the other isin the lid of the container facing the water sample. The detectors were
left for a period of time of 120 days (for a period during mid of April to mid of August) to
allow Radon gas to come to an equilibrium level. One hundred detectors were exposed to
twenty five samples which in concern. The detectors were then collected and chemicaly
etched. Each detector was counted visually using an Optical microscope with a power of (40

x 10), and number of tracks determined.

Results obtained show that the Radon levels in Rafah area ranges of values between 58
and 154 Bg/m® with average value of 102.4 Bg/m®. Also, the average standard
deviation (S.D) is 32.7 and in Khanyonis area ranges of values between 22 and 132
Bog/m® with average value of 47.8 Bg/m®, also, the average standard deviation of 31.9.
We believe that this variation of levels is mainly due to the difference in rock type, soil
type and the geology of the area. Certainly, this study was conducted to provide us with
measurements and concentration of Radon. This information can be used to estimate the
possible health hazards from Radon in the southern region of Gaza Strip in the future
from environmental point view. This data would promote public awareness related to

risk of Radon exposure in Gaza Strip.
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CHAPTER (1)
INTRODUCTION

1.1 General

On global scale, groundwater has been gaining increasing attention as essential
and vital water resource. Its demand has been rising rapidly in the last severa decades
with the overpopulation and enhanced standards of living. It is the only source of
freshwater for many communities owing to its relatively low susceptibility to pollution in
comparison to surface water, and its relatively large storage capacity. Both groundwater
and surface water may contain many constituents, including microorganisms, gases,
radioactive particles, inorganic and organic materials. Scientists assess water quality by
measuring the amounts of the various constituents contained in the water. [1].

Severa environmental problems are seriously threating Gaza Strip. Deterioration
of groundwater quality is considered one of the main problems that exert huge pressure
on our economics and need for urgent response because it is not received serious
investigation. Exposures to radioactive materials are one of these water quality problems

that were not investigated widely and will be under focusing in this study.

1.2 Problem I dentification
» Severa environmental problems are seriously threating the Gaza Strip, one of

these problems is groundwater quality.

» The groundwater is the main type for our study to investigate Radon pollution in
the water supply for rafah and khanyonis municipalities as a part of the
groundwater quality.

» All the previous studies were concerned on the groundwater quality in Gaza
Strip include chemical, physical and microbiological analysis, but not include
natural radiation analysis. No real researches have been done in this field. So
there is a need to investigate the natural radiation (Radon) in groundwater in
Gaza Strip.



1.3 Aim of study

The main objectives of the study is asfollows:
To investigate natural radiation pollution in groundwater of the southern
part of Gaza Strip, depending on measurements of Radon concentration in

selected wellsin the area.

1.4 Thesisoutline

This study will be consisting of six chapters:

Chapter One (Introduction): Genera introduction follows by problem
identification, aim of study, and finally thesis outline.

Chapter Two (Background and literature Review): Chapter two covers a
general introduction about background and literature review on the water types,
groundwater contaminants, background on radiation and Radon information in
groundwater as well as previous study about Radon in different countries inside
and outside our region and Guideline values (action levels) of Radon vary among
countries.

Chapter Three (Area of Study): this chapter includes an introduction follows by
Geography, Geomorphology, Demography, Geology, Groundwater and
Environmental situation in Gaza Strip, in addition to climate, Rainfall, Hydrology,
Hydrogeology, and groundwater balance of Gaza Strip.

Chapter Four ( Methodology and Techniques ): It discuses the methodology
and experimental techniques that include description of water samples sources,
sampling location, sampling collection, different types of measurements
techniques and calibration technique measurement of Radon concentration.
Chapter Five (Result and Discussion): In this chapter the calculations were be
done to get the results for Radon concentration. Microsoft Excel program was
used to make some graphs which used for data analysis and discussion. Surfer
program was a so used for drawing maps.

Chapter Six (Conclusions and Recommendations): This chapter includes the
most significant conclusions and recommendations. Glossary, appendices and

references are also included at the end of thisthesis.



CHAPTER (2)
BACK GROUND AND LITERATURE REVIEW

2.1 Introduction
Groundwater is the main source of water in Gaza Strip most of resident receive

drinking water services and supplied by municipal wells after disinfecting water with
chlorine. The groundwater is used for domestic, agriculture, and industria purposes.
Extensive pumping has caused serious quantitative and qualitative problems in the
aquifer [35].

As a consequence of continuous growth in environmental pollution that is steady
increasing in the Gaza Strip, there is a need to investigate the presence of natural
radiation in groundwater in Gaza Strip. This may be due to some radioactive minerals
that derived from the source rock along the coast of Gaza Strip, where the greatest portion
of the radiation exposure comes from naturally occurring radiation sources such as
Radon. Therefore, radioactive pollution monitoring system in groundwater should be
investigated, because there is no clear cut research has been done in the past.

Degspite the usual safety measures in and around the reactors that exist in the
adjacent countries of Gaza Strip, there is always a danger of radiation leakage. We
believe that a nuclear wastes stored in Isragl may have some effect on the environment in
Gaza Strip, which raise the water pollution. Therefore, the study of radiation pollution in
groundwater is seriously recommended.

Most of studies carried out on the quantitative and qualitative in the water
resources in Gaza Strip. However, less attention has given to determine the radionuclide
in water. Radon in water is responsible for the whole body internal radiation dose that
may be more harmful than Radon in air. Thus, determination of Radon in groundwater

has also been of major interest because of its harmful health, which causes lung cancer.

2.2 Water types
There are different types of water on the earth; surface water, groundwater, these

types can be used for domestic, agriculture, and industrial purposes. Groundwater is the
most important component of the fresh water resources of the world. It is located beneath

the ground surface in soil pore spaces and in the fractures of geologic formations. A



formation of rock or soil is called an quiafer when it can yield a useable quantity of water.
An aquifer is a subterranean geologic unit (or layer) of permeable materia (like sand and
gravel) that is capable of providing usable quantities of water to awell [1]. Aquifers can
be confined or unconfined. A confined aguifer has alow permesability confining layer (an
aguitard), such as clay, above it that restricts the upward and downward movement of
water.

The quality of groundwater depends on different characteristics: physical,
chemical and biological properties. Changes of these properties make the water quality
not acceptable. The changes in these characteristics cause pollution in the water, which
lead to bad health. Drinking water should be suitable for human consumption and for all
usual domestic purposes.

In genera groundwater quality depends on a number of factors such as nature of
the rain water, nature of the existing groundwater which may be tens of thousands of
years old, nature of the soil through which water must percolate and nature of the rock

comprising the aquifer [1].

2.3 Groundwater pollution
Groundwater pollution problem is a complex phenomenon results from natura

and/ or anthropogenic factors. It has negative impact not only on our health but also on
society and the economy and the overall quality of the life. This problem is clear mainly
in the coastal areas which considered as the most density populated areas in the world [2].

In many coastal regions in the world, severe deterioration of the quality of groundwater
resources has been occurred as a result of overexploitation of the groundwater where
good quality groundwater is available. Coastal areas and especially the southern part of
the Mediterranean region, faces many causes of unacceptable groundwater quality that
related mainly to human activities [3].

Drinking water comes from ground water, which was supplied through public
drinking water systems. But many families rely on private, household wells and use
groundwater as their source of fresh water. The quality of drinking water is affected by
the depth of groundwater from the surface, because there is a chance of being polluted

varies from place to place. Human activities can alter the natural composition of



groundwater causing undesirable change in groundwater quality in the form of
contamination or pollution. Groundwater may contain some natura impurities or
contaminants, even with no human activity or pollution. Natural contaminants can come
from many conditions in the watershed or in the ground. Water moving through
underground rocks and soils may pick up magnesium, calcium and chlorides [3]. Some
ground water naturally contains dissolved elements such as arsenic, boron, selenium, or
Radon, a gas formed by the natural breakdown of radioactive uranium in soil. Whether
these natural contaminants are heath problems depends on the amount of the substance
present. The elements that produce radiation are called radioactive. Radon itself is
radioactive because it also decays, losing an alpha particle and forming the element
polonium.

Some people who are exposed to Radon in drinking water may have increased
risk of getting cancer over the course of their lifetime, especialy lung cancer[6]. Radon
accumulates in groundwater due to two different sources, firstly the radioactive decay of
dissolved radium (Radon’s immediate parent in the uranium decay chain), and secondly
the direct release of Radon from the mineral matrix from minerals (in surrounding rocks)
containing members of the uranium decay chain [4].

The relationship between drinking water and indoor Radon concentration is an
important problem for environmental radiology and one that is perhaps underestimated.
During domestic water use, as the water is heated and the Radon becomes less soluble,
Radon from water is degassed into the indoor air[9]. It has been determined that

inhalation of the Radon dissolved in and released from water for human consumption [6].

2.4 Sour ces of Radiation
Radiation isin every part of our life; it is naturaly present in our environment and

has been since the birth of this planet. Consequently, life has evolved in an environment
which has significant levels of ionizing radiation. Radiation comes from outer space
(cosmic), the ground (terrestrial), and even from within our own bodieg[5]. It presentsin
the air we breathe, the food we eat, the water we drink, and in the construction materials
used to build our homes.

Alpha particle radiation is the major source of natural radiation in our
environment. It is derived from radioactive decay of colorless, inert gas, Radon (*°Rn)

and leading cause to cancer in the most world [5].
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Figure2.1: Sources and average distribution of natural background radiation for
theworld population [6]

Figure (2.1) shows that more than eighty percent (84%) of human exposure comes
from natural sources. Radon gas, the human body, outer space, rocks and soil. The
remaining percent (16%) comes from man-made radiation sources, primarily medical X-
rays. Man made radiation is more harmful because it is more concentrated. Natural
radiation is more spread out, and less concentrated, and is therefore less harmful [6].The
largest fraction of natural radiation exposure comes from Radon, aradioactive gas, due to
decay of radium contained in rocks and soil as part of the uranium radionuclide chain.
The most abundant sources of natural background radiation are 22U of life time T1/2 =
4.5 billion years, and Thorium #**Th of half life time t =14 billion years in sediment rock.
Both of these elements decay to Radon gas but Thorium decays to ?°Rn called Thoron
which has haf life time of only 55 second, whereas Uranium decays to *’Rn called
Radon which has half life time of 3.8 days. Because Radon is a gas, it can enter buildings
through openings or cracks in the foundation. The Radon gas itself decays into
radioactive solids, called Radon daughters. The Radon daughters attach to dust particles
in the air, and can be inhaled. The inhalation of Radon daughters has been linked to lung
cancer. There are three naturaly occurring isotopes of Radon each associated with a
different radioactive decay series. One of these is *’Radon (ty, = 3.82 days) which is part
of 2U-(uranium) series. See table (2.1) and Figure (2.2), (2.3)



Table 2.1: Uranium Series and Radon decay products[5]

THE URANIUM DISINTIGRATION SERIES

ELEMENT |RADIATION* |HALFLIFE
Uranium 238 || Alpha 4,500,000,000 years
Thorium 234 || Beta 24.1 days

;:r)glt actinium Beta 1.17 minutes
Uranium 234 | Alpha 247,000 years
Thorium 230 | Alpha 80,000 years
Radium 226 | Alpha 1602 years
Radon 222 Alpha 3.82 days
Polonium 218 || Alpha 3.05 minutes
Lead 214 Beta 27 minutes
Bismuth 214 | Beta 19.7 minutes
Polonium 214 || Alpha 0.00001 seconds
Lead 210 Beta 19.4 years
Bismuth 210 | Beta 5.01 days
Polonium 210 || Alpha 138.4 days

Lead 206 None Stable

*apharadiation = helium nucleus
betaradiation =

electron
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The uranium content of sandstone and shale is commonly related to the uranium
content of the sediments from which they formed. Radon concentrations in ground water
from sandstone and shale can therefore be highly variable if these sediments were derived
from different sources [4]. It can accumulate up to dangerous concentrations and may
cause substantial health damage after long-term exposure. Radon can aso be found in
drinking water and this can sometimes present a hazard. This may be due to some
radioactive minerals that derived from the source rocks along the coast of Gaza Strip. The
aim of the present study is to investigate Radon pollution in groundwater in the southern
part of Gaza Strip.

The study area has been selected because it is very close to the Nagab area (South
of Palestine) where Isragl Nuclear reactor is present. If there any relation between Radon
contamination and the Israel Nuclear reactor is present, it could be studied.

2.5 Information about Radon
Radon is a natural radioactive gas discovered in the 1900s by Dorn, who called it

radium emanation. Since 1923, it has been called Radon. The atomic number of Radon is
86, and the atomic weight is 222. Radon is a naturally occurring, colorless, odorless gas
that is soluble in water. It is radioactive, which means that it breaks down - or "decays" -
to form other elements. Radon occurs as a product of uranium decay. Uranium is a
natural radioactive material found in varying amounts in al rocks, soil, concrete and
bricks. It occurs everywhere on earth, especially in rocky and mountainous areas. Radon
occurs as three natural isotopes (see Table 1.2), derived from three different radioactive
decay chains, commencing with 22U, #*Th and #*U. **Rn is that most commonly
discussed in this research. Radon-220 (ty, = 56 sec.) caled a part of thorium (**Th)
series, also known as thoron in non-porous material is comparable to the activity of
Radon-222, the much shorter half-life time of thoron causes its concentration in air to be
relatively low and therefore usually of second interest. The third isotopes is Radon-219
(tys = 3.92 sec) called actinon in reference to its presence in actinium (*°U) decay chain.
This nuclide does not contribute to the low natural abundance of (**U) and the very short
half-life time of %°Rn as shown in the following table [9].



Table 2.2: Half - life'sof thethree natural isotopes of Radon

I sotope| Common Name | Half Life Decay Chain Commencing with
“Rn | Radon 3.8 days U
“Rn | Thoron 54.5 seconds | “*Th
“®Rn | Actinon 3.92 seconds | U

Radon is an unstable radionuclide that disintegrates through short lived decay
products before eventually reaching the end product of stable lead. The short lived decay
products of Radon are responsible for most of the hazard by inhalation. The rate of
Radon's radioactive decay is defined by its half-life, which is the time required for one
half of any amount of the element to break down. The half-life of ?’Rn is 3.8 days. A
common unit of radioactivity measurement is picocuries per liter [8].

Underground rocks containing natural uranium continuously releases Radon into
water in contact with it (groundwater). Radon is readily released from surface water;
consequently, groundwater has potentially much higher concentrations of Radon than
surface water. Radon moves from its source in rocks and soils through voids and
fractures. It can enter buildings as a gas through foundation cracks or dissolve in the
ground water and be carried to water-supply wells. The amount of Radon in air or water
commonly is reported in terms of activity with units of picocuries per liter of air or water.
An activity of 1 pCi/L (picocuries per liter) is about equal to the decay of two atoms of
Radon per minute in each liter of air or water [4]. This study will refer to Becquerel per
m?® as the Radon concentration (one pCi/l = 37Bg/m°).

1 Becquerel (1 Bq) = 1 disintegration of atom per second.

While Radon easily dissolves into water, it also easily escapes from water when
exposed to the atmosphere, especidly if it is stirred or agitated. Consequently, Radon
concentrations are very low in rivers and lakes, but could still be high in water pumped
from the ground. Some natural springs, contain Radon, and were once considered
healthful. Radon that decays in water leaves only solid decay products which will remain
in the water as they decay to stable lead. Radon is aso found in the water in homes, in
particular, homes that have their own well rather than municipal water. Radon can move
through cracks in rocks and through pore spaces in soils [6]. Radon moves more rapidly

through permeable soils, such as coarse sand and gravel, than through impermeable soils,
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such as clays [9]. Sand dunes along the coast of the Gaza Strip may well contain elevated
concentrations of some of the radioactive mineras, like uranium and thorium, which are

derived from the granite sources rocks present around the area.

2.6 Different Sour ces of Radon

2.6.1 Sour ces of Radon in Groundwater
It might be supposed that Radon in groundwater could be derived from two

different sources[18]:

® Radioactive decay of dissolved radium (the immediate precursor to adon in the decay
chain).

® Direct release of Radon from the mineral matrix from minerals containing members of
the uranium/thorium decay series. For these reasons, only the measurement methodol ogy
for Radon-222 will be discussed below. Once Radon is formed in radium-bearing
material, some of it leaves the grains to the pore space. This fraction is relatively free to
move between the pores and its transport is possible as shown below in the figure (1.4).
Radon can therefore reach the air or water to which humans have access, provided that

transport is sufficiently rapid to be completed before the Radon decays [10].

2.6.2 Soil asa Radon source
The major source of Radon in the atmosphere at least 80% is from emanations

from soil that derived from rocks. These rocks contain some uranium, where the decay of
23U through **Ra gives Radon. Certain types of rock, including granites, dark shale,
light-colored volcanic rocks, sedimentary rocks containing phosphate and metamorphic
rocks derived from these rocks have higher average uranium contents [13]. Because
Radon isagas, it has much greater mobility than uranium and radium, which are fixed in
the solid matter in rocks and soils. Radon can more easily |eave the rocks and soils by
escaping into fractures and openings in rocks and into the pore spaces between grains of

soil as shown in figure2.4.
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areawithin a mineral grain from which radon

can potentionally scape into pore space

Radium atom before it decays to radon

Q

Mewly formed radon atam

Figure 2.4: Migration of Radon through pore space and water [4]

2.6.3 Water suppliesas Radon source
In addition to soil and building material, water supply can be a route of entry of

Radon that exists in the ground water. The small water supply systems are often closed
systems with short water transit times that do not allow Radon to be completely removed
or decayed. Radon then escapes from the water into the indoor environment as people use
the water for showers and washing as shown in figure (2.5).

Radon in drinking water is found only in groundwater supplies (the insoluble
Radon gas quickly degasses in surface water supplies). In many countries, some homes
obtain drinking water from groundwater sources (springs, wells and boreholes).
Underground water often moves through rock containing natural uranium and radium that
produce Radon. This is why water from deep drilled wells normaly has much higher
concentrations of Radon than surface water from rivers, lakes, and streams [15]. Most of
the Radon in indoor air comes from soil underneath the home. As uranium breaks down,

Radon gas forms and seeps into the house. Radon from soil can get into any type of
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building; homes, offices, and schools; and build up to high levels in the air inside the
building. Radon gas can aso dissolve and accumulate in water from underground
sources, such aswells.

Many factors that affect the formation and movement of Radon in the ground; the
uranium content, grain size, and permeability of the host rock and the nature and extent of
fracturing in the host rock and these important factors affecting the amount of Radon in
groundwater[4]. Radon concentrations in ground water vary from time to time (before
and after winter) because of dilution by recharge or changes in contributing areas of the

aquifer because of pumping [18].

2.7 Radon entry into buildings

Radon gas enters houses from the ground through cracks in concrete floors and
walls, through gaps between floor and slab, and around drains and pipes, and small pores
of hollow-block walls (fig 2.5). Consequently, Radon levels are usualy higher in
basements, cellars and ground floors. Depending on a number of factors, the
concentration of Radon indoors varies with the time of the year, from day to day, and
from hour to hour. Because of this time-variation, reliable measurements of mean
concentrations in air should be made for at least three months [17].

How radon
enters a house

.

F[ltingl_ l
i v,

Radon
in well
Fractured walter

bedrock
Radon in
groundwater

Figure 2.5: How Radon enters a house [21]
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2.8 Guiddinesfor concentrations of Radon in water
The World Health Organization (WHO) Guidelines for Drinking Water Quality

and the European Commission recommend that controls (for example repeat
measurements) should be implemented if Radon in public drinking water supplies
exceeds 100 Bg/m®, treatment of the water source should be undertaken to reduce the
Radon levels to well below 100 Bg/m® [16]. The United States has proposed a
Maximum Contaminant Level for Radon of 150 Bg/m?® for private water supplies [16].

Many countries have defined an Action Level of Radon concentration to guide
their program to control domestic exposure to Radon. The Action Level is not a boundary
between safe and unsafe, but rather a level a which action on reduction of Radon level
will usually be justified. Some people may choose to take action when the Action Level is
approached. For example, many countries consider Radon concentration in the air of 200
Bg/m® as an Action Level at which mitigation measures should be taken to reduce Radon
level in homes[16].

In USA People who have private wells should test their well water to ensure that
Radon levels meet EPA's newly proposed standard (EPA's Action Level of 150 Bg/m®).

In addition, exposure to uranium in drinking water may cause toxic effects to the
kidney. To protect public health, EPA ( Environmental Protection Ajency) has
established drinking water standards for several types of radioactive contaminants
combined radium 226/228 (200Bg/m®),gross apha standard (500Bg/m®) [20,21]. The
Norwegian Radiation Protection Authority has recommended an action level of 500
Bog/m® for Radon in domestic water, and 200 Bgym3 in household air [22]. Radon in
water is responsible for the whole body internal radiation dose that may be more harmful
than Radon in air. Thus, determination of Radon in groundwater has also been of maor
interest.

2.9 Radon concentrationsin different countries
There is no doubt about Radon being a lung carcinogen for humans. Because of

the health risk of Radon and its decay product, many scientists at different countries have
given attention to study Radon concentration in air, soil and water in overal the world.
They used various experimental and technical possibilities that are available to measure
the rad, concentration soil, air and water. A study by Mose and others [10] found that

cancer occurrences increase as the amount of Radon in household water increases. This
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study includes the previously mentioned sources of natural radiation such as Radon in
groundwater.

A previous study of Radon concentration in air (Indoor and outdoor) of the middie
of Gaza Strip was conducted by M. Rassas (2003). The results showed that the average
Radon concentration was 37.83 Bg/m? [7]. Another previous study was done in the soil of
Northern part of Gaza Strip to measure Radon concentration by N. M. Hamed (2005).
The average Radon concentration was 207.24 Bg/m? [28]. Therefore we have proposed to
investigate the Radon concentration, gross apha, in different area in groundwater in the
southern part of Gaza Strip. So the main interest of our present work is to investigate
Radon pollution in the groundwater as part of a water-quality. John F. DeWild and James
T. Krohelski [26] have studied Radon concentration in 29 groundwater samples collected
from the sand, gravel sediments and crystalline bedrock aquifers. They found that Radon
range from 260 to 22,000 pCi/L with an average concentration of 560 pCi/L. The highest
Radon concentration was found in groundwater from wells in Wisconsin. The results
were obtained by using the scintillation counter with Lucas cell Method [26].

Punjab and Himacha Pradesh States, India, showed that Radon concentration
values in drinking water had a wide variation depending on its source and location[26 ].
The Radon concentration values in hand pump drawn groundwater have been found to be
higher than the values from other sources. The recorded Radon concentration in these
samples has been found to vary from 10 to 48 Bg/m>. The Radon concentration has also
been measured in some thermal springs and these values have been found to be quite alot
higher than from other sources of groundwater. Mineral water has the minimum Radon
concentration compared with groundwater sources [46]. Another study of Radon
concentration in groundwater was measured in Israel and found that the decay of Radon
in western Galilee was 150-570 pCi/l, and in the Dead Sea area from 2000-5000 pCi/l
[25]. Another research was found that 50 % of the drilled wells in Stockholm County
have a Radon content exceeding 100 Bg/m® and 11 % have as much as 1000 Bg/m?® [27].

During the 1990s, several surveys of Radon concentrations in Norwegian
groundwater have been carried out, including a nationwide study by the Norwegian
Radiation Protection Authority and the Geological Survey of Norway. About 13.9 %
investigated boreholes in Precambrian and Paleozoic crystalline bedrock yielded water
with Radon concentrations excess of the recommended action level of 500 Bg/m®. The

Y 1



highest levels are usually found in granites (up to 20000 Bag/m®), but concentrations vary
considerably between boreholes within each lithology [22]. Groundwater in superficial
Quaternary sediments typically has Radon concentrations well below the recommended
action level [27].

Guideline values (action levels) of Radon vary among countries, and have been
measured and estimated in different countries. Table (2.3) shows the domestic Radon

concentration and action levd in different countries.

Table 2.3: Domestic Radon Concentrations and Action Levelsin Different

Countries[6]

Country Average Radon concentration i Action level
homes (Bg/m®) (Bg/m°)

Finland 123 400
Germany 50 250
Ireland 60 200
Israel * 200
Lithuania 37 100
Luxembourg * 250
Norway 51-60 200
Poland * 400
Russia 19 - 250 *
Sweden 108 400
Switzerland 75 400
United Kingdom 20 200
European Community * 400
USA 46 150
Canada * 800

* Not available

ARY




CHAPTER (3)
THE STUDY AREA

3.1 Introduction
This chapter describes the study area, where a Geography, Geology, Groundwater

situation, Hydrology and hydrogeology of Gaza Strip. We have chosen a southern part of
Gaza Strip in order to investigate the natural radiation pollution in groundwater.

Groundwater in Gaza Strip is the only source of water for domestic, agricultural,
industrial uses[30].

3.2 Geography
The geography of the study area includes its location, geomorphology, soil,

demography, climate and rainfall.

3.2.1 Location
Gaza Strip is a small portion of the coastal area of Palestine in the southwestern part

along the eastern Mediterranean Sea, 45 km long and between (7-12) km wide, with total
area of about 365 km?[42].

It is bordered with Egypt borders from the south, the Negeb desert from the east and
the Mediterranean Sea from the west, and located between longitudes 33° -2’ east and
latitudes 31° -16' north as shown in (Figure 3.1) [42]. It consists of five governorates,
North, Gaza, Middle, Khanyonis, and Rafah. The study focus on two of these

governorates, Rafah and Khanyonis, which are located in the southern part of Gaza Strip.

3.2.2 Geomor phology
The study area is characterized by narrow elongated ridges and depressions

extend parallel to the shoreline (NNE-SSW). The ridges have an increasing height
towards the east, from 20 to 100m above sea level [42]. Among these ridges there are 20-
40m deep depressions filled with soils. This geomorphologic shape continues to the west
through Sinai Desert, and to north east to Almgdal. Among different quaternary soil
deposits, the sand dunes are dominant along the shoreline with elevations up to 50m
above mean sealevel (MSL) [42].
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Figure 3.1: Location of Gaza Strip and distribution of Gover norates [42]

3.2.3 Soil Classification in Gaza Strip
Soil media refers to the upper part of the phreatic zone. Soil media is an

important factor in terms of movement pollutants and considered as one of the radiation
sources. The soil varies in the study area. It is composed mainly of three types; sands,
clay and losses as shown in the soil map (figure 3.2) and table (3.1). Along the shoreline
there is a zone of sand dunes with varying in thickness from 2 meters to about 50 m and
extends up from 4 to 5 km in land [42]. The study area is wider in south than the north.
The dunes have relatively high permeability. Moving eastward, the soil type change and

becomes sandy with more silt, clay, and loess.
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3.2.4 Demogr aphy

According to Palestinian Central Bureau of Statistics [36], the total number of the
population in Gaza Strip was 1,364,733 Capita in 2003. The population density in Gaza
Strip is very high, so this figure classified that Gaza Strip is considered to be the highest

population density in the world.

3.2.,5 Climate and rainfall
Gaza Strip islocated in the transitional zone between the arid desert climate of the

Sinal Peninsula and the semi- humid Mediterranean climate along the coast. The average
mean Daily temperature in Gaza Strip ranges from 25° ¢ in summer to 13° ¢ in winter
[29]. The average annual rainfall varies from 400 mm/year in the north to 200 mm/year in
the south. This is the main conventional source, became insufficient to refresh the
groundwater system. Most of the rainfal occurs in the period from October to March
[29].
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Table 3.1: Classification and Characteristics of Different Soil Typesin Gaza Strip,

[42]
L ocal
location | Description Texture
classification
L oess soil Between | Loess soils sediment in Pleistocene until| Sandy loam (6 %
the Gaza | Holocene series. clay, silt 34%, sand
cityand | Thegrain size of loess fluctuatesfrom | 58%
Wadi Gaza 0.002 to 0.068mm.
L oess has been transported by winds anc
sedimented in loose from the upper part,
and in the lower part of the layers. They
are brownish yellow — colored often
with accumulation of lime concretionsiir
the subsoil and containing
8 -12% calcium carbonate.
Dark brown/ | Beit These aluvia soils are Usually dark Sandy clay loam
e | o oo o0 WA iy, 1
and Wadi | At some depth, lime concretions can be | silt,62% sand)
Gaza found. The calcium carbonate content
can be around 15-20%
Sandy loess | Deir € Thisisatransitiona soil, characterized | Sandy clay loam
Soil Baah and | by (23% clay, 21%silt,
Abssan arather uniform, lighter texture. 56% sand)
Apparently, sands mixed with loess
deposits
L oess Itisfound | Formsatransitional zone betweenthe | Thetop layer is
sandy soil in the sandy soil and the loess soil, usually sandy loam
central and| with a calcareous loamy sandy texture | (14%clay,20%
southern | and a deep uniform pale brown soil silt,66% sand ). The
part profile. lower profileis
of the Strip loam (21%
clay,30% silt,49%
sand).
Sandy loess | Itisfound | It isloess or loess soils which have been Sandy loam
soil over loess intheeast | covered by a 20 to 50 cm thick layer of | (17.5%clay,16.5%
of Rafah | sand dune. silt,66% sand)
and
Khanyonis
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3.3 Geology of Gaza Strip

Geology of the Gaza Strip was obtained from oil and gas exploitation logs up to
depth of about 2000m drilled by Israelis and from the wells drilled during the Coastal
Aquifer Management Project (CAMP). Geology of the study area consists of a sequence
of geological formations ranging from upper Cretaceous to Holocene [35]. This sequence
is gradualy sloping westwards as shown in figure (2.3) and table (2.2) summarizes the
geological history of the area. The formation of this sequence is[35]

1. Tertiary Formations
The tertiary formations consist of Sagiya group (upper Eocene to Pliocene)

underlined by Eocene Chalks and Limestones as shown in figure (2.3). The Sagiya group
composed of shallow marine impervious sediments of Shale, Clay, and Marl. The
thickness of this group ranges from 400 m to 1000 m [35].
2. Quaternary Formations

The quaternary deposits in the area have thickness of about 160 m and covering
the Pliocene Sagiya group. The overlying Pleistocene deposits "Lower Quaternary”,
consists of :-
o Marine Kurkar which composed of shell fragments and quartz sands with
calcareous cement. The thickness varies between 10 -100 meters on the coast.
o Continental Kurkar which composed of red loamy sand beds (Hamra). The
maximum thickness is about 100meters with often cal careous cement [30].
o Sand Dunes, Loess Sand, Gravel Beds, Alluvial Deposits, and Beach Formation,
These deposits are found at the top of the Pleistocene formation with thickness up to 25m,
which can be divided into many types; such as Sand Dunes, Loess Sand, Gravel Beds,
Alluvia Deposits, and Beach Formation, which composed of thin layer of sand with shell
fragments.

The Kurkar ridges are classified as Sandstone formation or Kurkar group deposits that
include Calcareous Sandstone, Silt, Clay, Unconsolidated Sands and conglomerate. Due
to high porosity and permeability it is a very important as water — bearing layer which
known as coastal aquifer, it is belonging to Pleistocene age. Most of the groundwater in
the Gaza Strip is extracted from this layer. The thickness of the marine Kurkar varies

between (10- 100m) showing a tendency to be thicker near the coast. The continental
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Kurkar varies from friable to very hard, depending on the degree of cementation,.
Alluvia and wind blown sand deposits are found on top of the (Pleistocene) Kurkar
formations and can localy reach a thickness of 25m; alluvial deposits can be
distinguished at the top. Within the Kurkar formation, a thin layer of clay can be found.
The maximum thickness of the Kurkar aquifer is 100 meters. The Kurkar ridges is
covered by Sand dunes, the Sand dunes are wide spread in the Southern part of Gaza, In
the east there are loess soil which have been formed during the past thousands of years.
Gaza Strip is underlain by a series of geological formations from the Mesozoic to the
Quaternary.

» The coasta aquifer of the Gaza Strip consists of the Pleistocene age Kurkar and
recent (Holocene age) sand dunes

» The Kurkar Group consists of marine and aeolian calcareous sandstone (Kurkar),
reddish silty sandstone, silts, clays, unconsolidated sands, and conglomerates.

» Regionaly, the Kurkar Group is distributed in a belt paralld to the coastline, from
north of Haifato the Sinai in the south.

* Near the Gaza Strip, the belt extends about 15-20 km inland, where it un-
conformably overlies Eocene age chalks and limestone, or the Miocene-Pliocene
age Sagiya Group, a 400-1000 m thick sequence of marls, marine shales, and
claystones.

« The transition from the Kurkar Group to the Sagiya Group is sometimes obscured
by the presence of athin, basal conglomerate. the thickness of the Kurkar Group
increases from east to west, and ranges from about 70 m near the Gaza border to
approximately 200 m near the coast.

» Thelayered stratigraphy of the Kurkar Group within the Gaza Strip subdivides the
coastal aquifer into 4 separate subaquifers near the coast. Further east, the marine
clays pinch out and the coastal aquifer can be regarded as one hydrogeol ogical
unit. The upper subaguifer “A” is unconfined, whereas subaquifers “B1, B2, and

C” become increasingly confined towards the sea.
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Table 3.2: A Summary for the Geological History of the Area [35]
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3.4 Groundwater and Environmental Situation in Gaza Strip
The environmental problem in Gaza Strip is huge. The abnormal situation is result

of the influx of alarge number of the refugees and the 40 years of occupation which led
to the significant degradation of the natural and human environment.

Groundwater from the coastal aquifer is the only source of water for the people of Gaza
Strip, so groundwater contamination is one of the most serious environmenta problems
in Gaza Strip.

The main groundwater quality problem in Gaza is elevated chloride and nitrate
concentrations [37]. Many years of over pumping have resulted in seawater intrusion and
upcoming of saline groundwater. Furthermore, human activities including agriculture and
inadequate waste management have increased groundwater contamination levels.

According to Abu Heen and Lubad, 2005 [38] decreasing of water quality is a
function of time. Chemical analysis of water for eighteen domestic wells in the Gaza City
from 1994 to 2004 shows that for the years 1994 , 1999 and 2004 about 33%, 44% and
67% of the samples respectively are unsuitable for drinking based on WHO and
Palestinian standards.

Many publications has been discussed the issue of groundwater quality in the
Gaza aquifer and all of them mentioned that the quality is generaly poor.

Results of groundwater chemical analysis showed high nitrate concentration
(more than 50 mg/l; WHO drinking water guideline is 50 mg/l). Elevated nitrate
concentrations in drinking water are linked to health problems such as
methemoglobinemia in infants and stomach cancer in adults. A health-based guideline
value for nitrate of 50 mg/liter was recommended in the second edition of the WHO

Guidelines for drinking-water quality to prevent methaemoglobinaemia.

Chloride concentrations in excess of about 250 mg/liter can give rise to detectable
taste in water. Ensuring the Safety of our drinking water is one of the most importance a

critical issues for public health protection [40].

3.5 Hydrology of Gaza Strip

Precipitation faling on land is either returned directly to the atmosphere by

evaporation, flows along the land surface to become surface water, or percolate into the
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ground. Water that infiltrates into the ground is either drawn into plants and returned to
the atmosphere by transpiration or continues infiltrating becoming groundwater.

There are no permanent surface resources in the Gaza Strip, like rivers or lakes.
Temporary flow run-off owing to rainfall is the only source of ephemera surface water
[32].

The Surface water system in Gaza Strip consists of Wadis, which only flow
during short period. Wadis are characterized by short duration flash floods that occur
after heavy rainfall, but most of the time, the Wadis are completely dry. The main Wadis
are Wadi Gaza that originates in Negev desert. In addition, there are two small
insignificant Wadis in Gaza Strip, Wadi El-Salga in the south without outflow to the sea
and Wadi Beit Hanon in the north which flows into Occupied Palestine 1948 [30].

3.6 Hydrogeology of the Gaza Strip

Gaza Strip is characterized by scarcity of natural water resources. The man

source of water is the groundwater aguifer that is the sole source of drinking, domestic,
irrigation and industrial water supplies.
The coastal aquifer is composed of tertiary —quaternary sands, calcareous sandstone and
pebbles interbeded with impervious and semi-pervious clay. The Coasta Aquifer is
divided into three sub aquifers which belonging to Pleistocene age and consists primarily
of Kurkar Croup deposits that include calcareous sandstone, silt, clay, unconsolidated
sands and conglomerates. Sagiya Group is the top base of the coastal aquifer and consists
of thick sequences of marls, clay stone and shale which belong to the post- Eocene age.

The groundwater in Gaza Strip originated from the mountain of Hebron (West
Bank). During the infiltration and travel of water from the catchment area to Gaza
aquifer, different physical and chemical processes a affect its quality. The aquifer depth
varies from 10 m in the east to 120 m in the west [31].

According to Environmental planning Directorate (1996) [33], it is believed from
studies done by Occupied Palestine 1948 researchers that the deep aquifer under the
Negev Desert contains brackish water at depth of about in some areas of 1500 to 3200
meters below the sea level. Groundwater in the Gaza Strip occurs in a shallow sub-
aquifer, which is from sands, calcareous sandstone and pebbles with inter beds of

impervious semi-pervious clay. Approximately 90% of Gaza Strip water comes from this
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shallow coastal aquifer [33]. The top of the system consists of recent sand dunes in the
western part of the Strip and finer deposits (sands and loess) in the eastern part and
beyond, interbeded with soils. [34], where these aquifers described as shown in figure
(2.3)

" The upper agquifer lies closest to the sea and extends two km in land at depth
mainly below sealevel.

. The middle sub-aquifer is situated below the upper aquifer near the coastline. It
rises in an eastward direction according to the general slope of the geological layers.

. The lower sub-aquifer extends further inland.

3.7 Thegroundwater Balance of Gaza Strip

» The Gaza coasta aquifer is a dynamic system with continuously changing inflows
and outflows.
» The present net aquifer balance is negative, that mean, there is awater deficit.
+ The water balance varies from one year to another as a function of rainfall
variations and changes in water demands.
« The water balance of the Gaza coastal aquifer has been developed based on
estimates of all water inputs and outputs to the aquifer system.
» The components of the current water balance of the Gaza Strip are:
Inflow (from all available sources) = outflow +/- changes in storage, when the inflow is
less than outflow, the water deficit will be happened.
Estimate maximum water balance in 1998 of the Gaza aquifer is shown in the table (2.3).
as shown in this, outflows exceed inflows by about 18 Mm®y. this quantity of water is
belied to be replaced by deep seawater intrusion and / or up coning of deep brines in the
study area.
The water deficit isaresult of:
e Water consumption greatly exceeds the a available resources, which result in a strong
depletion of the groundwater reserve.
e Groundwater extraction from Isragl, through wells on the borders of the occupied areas
and the construction of upstream dams on Gaza Wadis behind the borders of 1967 to

prevent the natural flow of these Wadis with freshwater that coming as aresult of rainfall.
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The water deficit leads to:
1. A drop of water level in the aquifer.
2. Anincrease in the salinity content and consequently reduction in availability of fresh

groundwater [35].

Table 3.3: Estimate Maximum Water Balance in 1998 of the Gaza Aguifer [35]

Inflow (Mm?>yr) Outflow (Mm?3yr)

Rainfall recharge 45 Municipal abstraction 47
Lateral inflow (Israel) 30 Agriculture abstraction 100
Lateral inflow (Egypt) 5 Israeli abstraction 8
Saltwater intrusion 15 Discharge to the Sea 15
Water system leaks 15

Waste water return flows | 10.5
Other recharge 35
Irrigation return flows 25

Loss of aquifer storage 3

Total 152 170

Net balance -18




CHAPTER (4)
METHODOLOGY AND TECHNIQUES

4.1 M ethodology

To achieve the objectives of this study, the following methodology has been

considered:

4.1.1 Literature Review
The available literatures will be collected any reviewed from all references,

book, papers and reports as well as useful sources related to the topic .

4.1.2 Sampling method

The water sampling will be collect from the available domestic water sourcesin

each city in the southern part of Gaza Strip.

4.1.2.1 Samples L ocations

25 groundwater Samples were collected from the municipal wells in the
Southern part of Gaza Strip. Some of these wells have lithological description and
some information comes from the geologists, whom obtain their information from
boreholes and geophysical prospecting, geophysical well-logging in the boreholes
gives additional geophysical information (see well litholology log in (appendix I1)
[35]. One liter of each sample was placed in plastic jar. The samples were
collected from different locations, 12 wells from Rafah Governorate and 13 wells
from Khanyonis Governorate. Al these wells used for domestic water (see figure
4.1 and figure 4.2).
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Figure4.2: Wellslocation of Samplesfor Khanyonis Governorate

4.1.2.2 Samples Collection

Each sample was duplicated to determine Radon concentration. The water
samples were taken after five minutes from operating the wells, and we put the samples

in plastic container, where, information data for each well such as well name, well
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number, site, data of collection sample and exposure period is registered in aform fixed

on Jar. A questionnaire is also accompanied the collection sample include questions

regarding collection site, time, and factors that necessary for analysis (see appendix 1).

Two detectors were a so fixed inside a plastic container (jar) as shown in figure (4.3).

One of these detectors was placed at the plastic cover (lid), and the container tightly

sealed. The detectors were left for atotal exposure of 120 days (for a period during mid

of April to mid of August). The results will be analysis using software surfer 8, and

CE-Detector
facing the

Excel program.
(==
< T
water T T
sample
L ]

water sample
on the cover of
plastic

container

CE-39 Detector
inside the water

Figure4.3: Thetwo detectorsin water samples

4.2 M easur ements Techniques

sample

There are many types of techniques and detectors that used to detect radiation,

such as lonizing Chamber, Proportional Counters, Geiger —Muller Counters, Scintillation
Counters and Solid State Nuclear Track Detectors (SSNTDs) CR-39. The most common

device for the measurement of Radon concentration is the passive diffusion Radon
dosimeter containing solid state nuclear track detector (SSNTD) CR-39. This type of

detector is used throughout the present work.

» Solid State Nuclear Track Detectors (SSNTDs)

SSNTDs is passive technique which has several advantages; low cost, cheap and

can be easily obtained, long term method, most widely used for measuring Radon and can

be used for site assessment both indoors and outdoors. SSNTDs are sensitive to apha

particles in the energy range of the particles emitted by Radon. SSNTDs are largely
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insensitive to beta and gamma rays. SSNTDs aso have the advantage to be mostly
unaffected by humidity, low temperatures, moderate heating and light. They of course do
not require an energy source to be operated since their detecting property is an intrinsic
quality of the material they are made of [8].
There are three types of commercially available SSNTDs

e Polyallyl -diglycol-Carbonate (C1,H1507) was known as CR-39.

e Cdlulose Nitrate (CsHsOsN2) was known as CN-85.

e Plastic track detector known as CR- 115

CR-39 a better detector as compared to other detectors used for Radon concentration
measurement [19].

4.3 Calibration Technique

Super grade quality of CR-39 solid state nuclear track detectors was prepared at
the laboratory. The detectors were cut 1.5 x1.5 cm each, and fixed tightly in a bottom of
plastic container and on the container lid, to relate the density of recorded tracks to Radon
concentration. The dosimeters were calibrated at the physics laboratory to obtain the
obvious tracks. These tracks registration represents the presence of apha particles
through small pits (tracks) in the surface of the detector. The tracks density (tracks/area)
Is proportional to the total number of alpha particles. To consider these tracks, a
calibration processis required to determine the calibration constant in units of tracks.
Images of tracks can be enhanced by specia techniques. For applications where only the
measurement of track density is required, high contrast techniques have been developed
which usualy enlarge the track images. The etching most often used for CR-39 are
agueous solution of KOH or NaOH. In the present work, we have chosen (NaOH) as an
aqueous solution for chemical treatment.

In practice, the most important parameters for control of the etching speed of the
detectors are temperature, concentration of the etching solution and time etching, as
indicated in figure (4.4) [7].



Figure4.4: Track induced fission fragment for different etching

In fact, to find the best concentration of agueous solution NaOH, we prepared
some detectors so as to calibrate and to determine, suitable concentration of NaOH
and suitable etching time. These detectors were exposed to “°Ra (Radon source)
of activity concentration 800 Bg/m® for (120) days. Then the detectors were
chemically etched using different percent of concentration of (NaOH) at constant
temperature (70°c) and constant etching time (7 hours). The numbers of tracks per
unit area of 1mm? were counted using an optical microscope with power of
(40x10). Figure (4.5) shows that the variation of the track density (number of
track/mm?) as suitable percent of (NaOH) solution. The maximum numbers of

track density was found at 30% concentration of (NaOH), where a clear track
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observed. As the percent of (NaOH) concentration increased greater than 35%, the

detectors were found not valid for track counting and dissolved.
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Figure 4.5: Relatioship between track density and the concetration per centage of
NaOH
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Figure 4.6: Relationship between track density and etching time

Figure (4.6) shows that the number of tracks increases when the time etching increases.
However, the etching time increased greater than 7 hours, the detectors were found not
valid for track counting and dissolved. The calibration is also carried out to determine the
etching temperature, when a suitable etching temperature at 70° is obtained. These
parameters were used for control of the etching process of the detectors throughout the

present work.

One hundred detectors were exposed to twenty five samples of concern. These
samples were collected from the regions of the area study that represent Rafah and
Khanyonis governorates of the southern part of Gaza Strip. At the end of exposure, the
detectors were collected and chemically treated in solutions of caustic akalis such as
sodium hydroxide, often at elevated temperatures for several hours.Then the numbers of
tracks over area counted by a microscope and Radon concentration is determined.

The detectors were collected at present work and chemically etched using solution
of NaOH, at a temperature of 70 ¢ for 7 hours (standard condition). The CR- 39
detectors were mounted and immersed in the etching solution inside a water bath, to let

the tracks appears. At the end of the etching process, the detectors were washed with
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distilled water and then left detectors to dry. Each detector was counted visually using an
optical microscope with a power of (40 x 10). Then consistently ignore any smaller etch
pits and any scratches that are easily discounted. The genuine track etch pit may be
identified by slowly moving the fine focus of microscope up and down and looking for a
bright point of internally reflected light at bottom tip of the etch-pit. Then we counted the
average number of tracks in 1 mm? by moving microscope stage from left to right about
10 times to insure that no tacks are missed but counted twice, as shown in figure (4.7)
-

Figure4.7: Tracksformation on CR - 39 detectors after chemical etching

4.4 Deter mination of Radon concentration

The solid state nuclear track detector technique is one of the most often used
techniques for the measurement of Radon. Radon concentration (C) in surrounding air is
measured in terms of Bg/m®, since the most regulatory reference levels are specified in
this unit. Determination of Radon concentrations (C) in groundwater at south part of Gaza
Strip are carried out by the following equation [7]:

The standard deviation (S.D) in groundwater at south part of Gaza Strip is carried out by
the following equation [7]:
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(4.2)

where, CO=the total exposure of °Ra (Radon source) in term Ba.d/m®,
po=track density (number of tracks/mm?) of detectors exposed to “°Ra,
p=track density (number of tracks/mm?) of distributed detectorsin water sample,
t= exposure time (days) of distributed detectorsin water sample.
on (S. D.)= Standard Deviation.

Simply, a number of dosimeters were exposed to a known dose of Ra (Radon
source) for a period of time. Then those dosimeters were collected and treated chemically
etching. The average numbers of tracksm® were observed. These detectors were
considered as a calibration standard [8].

Similar method is also obtained for track detectors techniques to determine the
calibration constant (factor). This is derived by dividing the track density by the total
exposure of Radon source. Then the equation (4.1) for Radon exposure becomes as

follows[7].

C(Bq/m®) = %{?} (4.3)

det.

where k is called the calibration factor in terms of (track.mm?Bgq.d.m™) or a calibration

coefficient and it was determined experimentally.

4.5 Calibration factor (k)

The calibration process for dosimeters used in this survey was prepared and
carried out at the laboratory of physics department to determine the calibration factor (K).
Six dosimeter were exposed for 120 days to °Ra as a source of alpha particles of activity
800 Bg/m* with (2.12x10" Bg.d/m®) concentration for total exposure.



Numbers of tracks were found in calibrated detector equal 16 tracksmm? and the
concentration was obtained to be 13.25 x10* Ba.d /m™. The overall uncertainty of this
calibration was estimated to be +£10%.

The above equation (4.3) is used to determine the Radon concentration (C) throughout the
present work.

For Example, if we have 14 tracks for the first water sample from Rafah city, the Radon
concentration calculated as below:

C (BA/M®) = 13.25X10™{ p/t} det eevrvvrrrnneeeeeermmmnreeeeeeerrsmnnsseseennn (4.4)

C (Bg/m®) = 13.25x10* { 14x10%/120}

C (Bg/m®) = 13.25x10* x10°x14/120

C (Ba/m®) = 11.04x No. Of tracks

C (Bg/m®) = 154 Bg/m”.

1 pGi/L = 37Bgy/m°.

So, Radon Concentration = 4.2 pCi/L and so on.

The same way was done for rest of detectors.

The standard Deviation (S.D) = 32.7 for Rafah Governorate, and for Khanyonis, S.D =
31.9.
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CHAPTER (5)
RESULTSAND DISCUSSIONS

5.1 Introduction

This chapter aims to evaluate the overall significant results that obtained

throughout the present work.

5.2 General Resaults

We have analysed the collected detectors CR-39 and No. of tracks are determined.
The Radon level concentration in Rafah and Khanyonis governorates is measured in

Bg/m?>. The results obtained are listed below and expained.

Table (5.1) Shows Radon Concentration for each water sample in Rafah
governorate. The results indicate that the difference between the minimum 58 Bg/m® and
maximum value 154 Bg/m°.of the Radon concentrations for each well in the governorate
is very high. This large variation in Radon concentrations may be mainly due to the

difference in the soil type, rock type and the depth of these wells, this clear in wells No.

( P/138, P/152, P/148, P/153) which have high clay. Some locations in rafah governorate
that have low level Radon are considered to be rura and farms territories. This is
probably due to the little content of clay rocks which contain the main source of Radon in
surveyed area.

Table5.1: Radon concentration for each sample of different wellsin Rafah
Governorate

Well No. C (Bg/m®) Well No. C (Bg/m®
P/138 154 P/153 132
P/152 132 Shoka 99

P/148 143 P/139 77

P/145 110 P/15 110
P/124 70 Fakhari 58
P/144A 66 P/10 78
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Figure5.1: Radon concentration for each water sample in Rafah Governortae

The Radon concentration in each water sample in Khanyonis Governorate for
different locations measured in Bg/m® are given in table (5.2). The arithmetic mean of
measurements was 47.8 Bg/m® with a range of values between 22 and 132 Bg/m® and
with average standard deviation of 31.9. The results indicate that the difference between
the minimum and maximum Radon concentrations in the governorate is also very high
and even higher than in Rafah. This large variation in Radon concentrations may be also,

due mainly to the difference in the soil type, rock type and the depth of these wells.

Table5.2: Radon concentration for each sample of different wellsin Khanyonis

Governorate
Well No. C (Bg/m®) Well No. C (Bg/m®)
L/179A 35 L/190 40
L/173 40 L/87 132
L/86A 35 L/127 77
L/187 25 L/189A 33
L/159 33 L/41 88
L/43 65 L/176 37
L/181 22
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Figure 5.2: Radon concentration for each water samplein Khanyonis Governorate

Most of wells show low level of Radon concentration in Khanyonis governorate,
that because of little clay, meanwhile other wells gives high level of Radon and these
trends may be due to the soil types, lithology (high clay ) and the depth of the wells. The
table (5.3) illustrates the numbers of collected detectors from water samples, the
minimum and maximum concentrations of Radon in the southern Governorate.

The average Radon concentrations (C) and the standard deviation (S.D.) for each

governorate in the location of the survey are also shown in the table (5.3).

Table5.3;: Radon concentrationsin each Governorateand S. D.

The Region No.of Ave. M ax. Min. SD
detectors | C(Bg/m®) | C(Bg/m® | C(Bg/m®)
Rafah 48 102.4 154 58 327
Khanyonis 52 4738 132 22 319

Average - 751 143 40 323

23



The minimum and maximum concentration values of Radon, aswell asits average
concentration(c) and standard deviations (S.D) for each location are depicted in figure
(5.3) for both Rafah and Khanyonis Governorates. It can be noticed that Radon levelsin
Rafah areais much higher than other region.
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Figure5.3: Average Radon concentration and SD in the studied area

The Radon levels ranges of values between 58 and 154 Bg/m* with average value
of 102.4 Bg/m® are also obtained and the average standard deviation is 32.7 Bg/m>.We
believe that this variation of levels is mainly due to the difference in rock type, soil type
and the geology of the area. This according to soil description which illustrate in an
appendix Il for some wells of Rafah and Khanyonis Governorate. However, the layersin
wells No. (P/152), (P/148), (P153), (P/138) in Rafah Governorate is silty clay and pure
clay. These layers considered source as natural radioactive, and in well No L/43 which
has low concentration level in Khanyonis governorate, has small layer of clay as shownin
table (5.4) and figure (5.4). This estimation is relatively close to that of the international
commission on radiological protection (ICRP). However, this study should be followed
by additional works covering other wells in the study region in order to get

comprehensive information about Radon concentration in Gaza Strip.
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Table (5.4): Relation between Radon concentration and Thicknesses of sand and
clay layers.

Well No. | Well Radon Thicknessof Thickness of
Depth Concentration Sand layer sandy and silty
(m) (Ba/m®) (m) clay layer (m)
P/152 102 132 37 46
P/153 66 132 33 33
P/145 81 110 27 29
P/148 78 143 37 41
P/138 85 154 36 31
L/43 60 65 20 3
---#-- Radon conc. —a— Sand thick. —a— Clay thick. ‘
160 50
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2 1+ 40
8 120 - =
™ o =
§ E 128 = 30 2
C T <
E € 60 e L2 %
o N
'% 40 1 10 ~
hd 20 -
0 ‘ ‘ ‘ ‘ ‘ 0
P/152 P/153 P/145 P/148 P/138 L/43
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Figure5.4: Relation between Radon concentration and L ayersthicknessesin the
study area.

The relation between Radon concentration and both sand and clay thicknesses
are illustrated in the figure (5.4). It is well shown that a good relations could be
achieved. The figure show both sand and clay thicknesses are in a good correlation with

Radon concentration. Radon concentration increases as sand and clay increase.

5.3 Interpretation of contouring map of Radon concentrations

In order to understand the spatial variation of Radon concentration for 25 water
well samples, the geographic location (X and Y) of each well and the corresponding
measured Radon concentration for well is listed in table (5.5), that used to draw a
contour map of the study area. The SURFER Software program is used to draw the
contour map of the data that obtained from the study area, and the results are illustrated
in figure (5.5)
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The figure (5.5) shows that Radon concentrations increase in two directions; the
first one is from North to South — and the other from west to east. The map aso shows
that three large anomalies were well observed. The first one is located in the north east
of Khanyonis city, where the two others are in the south west of Rafah. However, more
and extensive survey is needed to insure and to explain these anomalies, so that we can
identify the factors that effect of Radon concentrations in the study area.

Table5.5: The geographical location (X and Y) of the wells, depth and Radon
concentration for water well samples

Radon
Well No. X Y Conc. | Depth

P/138 78773 | 79765 | 154 85
P/152 82293 | 79325 | 132 102
P/148 78600 | 80100 | 143 78
P/145 79369 | 79856 | 110 81
P/124 77598 | 79414 70 60
P/144A 78320 | 80350 66 73
P/153 77736 | 80521 | 132 66
shoka 80450 | 80400 99 87
P/139 77167 | 82011 77 60
P/15 77970 78840 110 80
Fakhari 80400 | 80000 58 56
P/10 78660 77050 78 82
L/179A 85570 | 87460 35 29
L/173 86635 | 87475 40 -
L/86A 82235 | 84663 35 47
L/187 84366 | 86334 25 23
L/159 82605 | 85047 33 45
L/43 83063 | 83461 65 60
L/181 81361 | 82373 22 42
L/190 85830 | 87250 40 27
L/87 83040 | 84200 | 132 52
L/127 82851 | 83935 77 52
L/189A 81700 | 82700 33 50
L/41 84345 | 83160 88 61
L/176 82187 | 83277 37 38
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Figure 5.5: Contour map of Radon concentration for the study area

It is believed that the increasing of Radon concentrations in the above mentioned
direction are related to soil types, the lithology and the depth of the well which shown in
appendix Il. In general, we found that the concentration of Radon ranges from (22 — up
154 Bg/m®) in Khanyonis and Rafah governorates as shown in map (5.5). Thereisalso a
remarkable increase in Radon concentration in the wells that lie on the western south of
Rafah, in addition to the well L/87 in Khanyonis area. Thisincrease in concentration is
due to soil type (sandy clay soil and silty clay or pure clay) where the characteristics of
this soil are pointed in table (3.1). In addition, the lithology, soil types and depth of the
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well that consists of clay layer of heavy thickness, where the clay is known as radiation
source.

Despite the safety measures that taken into consideration of nuclear reactor and
nuclear ingtitutions that found in adjacent countries, we believe that there is aways a
leakage of radiation comes from cross boarder. Particularly, the effect of Isragl Nuclear
reactor (Demona reactor) in Nagab area. So far there is no clear cut evidence to point
out of this leakage of radiation. This is due to the lack of nuclear equipment and
detectors that available in the country. However, most of the previous studies [43]
indicated that there is an increase in the lung cancer diseases and infant fatal in Gaza
Strip.

Although the work in this field is not initially meant for a national project, but yet
these pits and lots constitute together:

1) A basis for a nation wide characterization of the Paestine in terms of Radon
concentration.

2) An acceptable data base for risk estimations from such radiation of water
pollutants.

To remedy radiation harmful effects of water pollutants many factors should be
taken into consideration. These include the nature of the source of exposure, the type of
radiation released from those sources, the nature of the well and soil type in addition to
social and economical consideration. As this type of work depends mostly on the
developing data base of the environmental radioactivity and radiation dosimetry. Thus,
efforts need to be concentrated not only on specified sites of interest, but also to be
directed towards other potential situations and factors. To give a rather comprehensive
vision, contribution from man — made radiation sources is aso required so as to give the
annual effective dose values. The contribution of Radon (**Rn) in domestic water
supplies has been investigated and found to be significant for concentration over a few

hundred Becquerel per cubic meter in water supply.

5.4 Relationship between Radon and depth of thewells

Measurements are also revedled a relationship between the Radon levels and
depth (elevations) of wells.
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Table (5.6) displays the Radon concentrations with the elevation of wells that
measured in Rafah city. These values give the relationship between elevation of wells that
ranges (56-102m) and Radon levels of (58-154 Bg/m®).

The data pertaining to the location of the drilled well, site specific well and well
information such as, well discharge rate and well depth. All these data of the wells can be
found in the water Palestinian authority [35].

Figure (5.6) illustrates the Radon concentration with the elevation of wells. As can
be deduced, the wells with high Radon values seen to be located on high elevations and
wells with lower Radon values is comparatively on low elevation. Although, the
conclusion is not that obvious for the relative attitude with the depth of wells, however
the Radon concentration can be observed at different levels of elevations.

The measured values for Khanyonis city for well elevations are also obtained
and give similar trends of significant relationship. This estimate is relatively close to
that described by demsar skeppstorm, 2005 [44], who found a relationship between
Radon concentrations in water with elevation of wells. The study was carried out in the
central part of Stockholm country, where a total of 293 drill wells located in that area
have been subject of investigation. However, this study can also be deduced that higher
values of Radon correspond to areas with either sand or clay.

Table5.6: Therelationship between the depth of wellsand Radon concentration in
Rafah Governorate

Well No. Well Depth (m) Radon Concentration (Bg/m®)
P/138 85 154
P/152 102 132
P/148 78 143
P/145 81 110
P/124 60 70
P/144A 73 66
P/153 66 132
Shoka 87 99
P/139 60 77
P/15 80 110
Fakhari 56 58
P/10 82 78
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Figure 5.6: Therelationship between Radon concentration and wellsdepth in

Rafah Governorate

Table (5.7) displays the Radon concentrations with the elevation of wells that

measured in Khanyonis governorate. These Values give the relationship between
elevation of wells that ranges (23-61m) and Radon levels of (22-132 Bg/m?®).

Figure (5.7) illustrates the Radon concentration with the elevation of wells. As can be
deduced, the wells with high Radon values seen to be located on high elevations and

wells with lower Radon values is comparatively on low elevation.

Table5.7: Therelationship between the depth of wellsand Radon concentration in
Khanyonis Govenor ate

Well Depth of the well Radon Concentration
No. (m) (Bg/m?®)
L/179A 29 35
L/173 - 40
L/86A 47 35
L/187 23 25
L/159 45 33

L/43 60 65
L/181 42 22
L/190 27 40

L/87 52 132
L/127 52 77
L/189A 50 33

L/41 61 88
L/176 38 37
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Figure5.7: Therelationship between Radon concentration and wellsdepth in
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CHAPTER (6)
CONCLUSIONSAND RECOMM ENDATIONS

6.1- Conclusions

Air, soil and water pollution are believed to be responsible for many diseases that
spread in the country of Gaza Strip. Natural radiation, Radon gas, present universally in
different concentrations in air, soil and water has its harmful impacts on public health and
causes lung cancer. This study focus on measuring the Radon levels in groundwater in the
southern region of Gaza Strip. Different factors that affected Radon concentration were
also investigated.

Radon produced in the soil matrix can easily diffuse to the water trapped in the
pore spaces and migrate to groundwater. Radon and its short-lived daughter products
represent the main source of exposure to natural radiation. Radon is now believed to be
the most important source of ionizing radiation in our environment.

The purpose of our study was to find out an approximate mean and range of
Radon concentrations in groundwater. This information can be used to estimate the
possible health hazards from Radon in the southern region of Gaza Strip in the future
from environmental point view, to promote public awareness related to risk of Radon
exposure.

Groundwater samples were collected from twenty five wells and Radon
concentration were measured as part of a water-quality. The samples represent the
southern region of Gaza Strip, Rafah and Khanyonis. The samples collected from different
location covering most of the study area.

CR-39 solid state nuclear track detectors of good quality were used in this survey.
Two Detectors were placed inside each water sample as previously described. One is
immersed in the water and the other is in the lid of the container facing the water sample.
The detectors were left for a period of time of 120 days (for a period during mid of April
to mid of August) to allow Radon gas to come to an equilibrium level. The detectors were
then collected and chemically etched. Each detector was counted visually using an Optical
microscope with apower of (40 x 10), and number of tracks determined.

Results obtained show that the Radon levelsin Rafah area range of values between
58 and 154 Bg/m® with average value of 102.4 Bg/m®, and standard deviation (S.D) is
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32.7. Also, in Khanyonis area Radon levels range of values between 22 and 132 Bg/m®
with average value of 47.8 Bg/m®, and standard deviation (S.D) of 31.9. The variation of
levels could be mainly due to the difference in rock type, soil type, depth of the well and
the geology of the area.

The relation of Radon concentration with other factors is also investigated in the
present work with respect to depth of wells. The results show that the wells with high
Radon values noticed to be located on high depth and wells with lower Radon values is
comparatively on low depth.

The results normally provide preliminary reconnaissance coverage of Radon
concentration in groundwater. However a radiometric survey under certain conditions can
be used for geologic mapping. The area surveyed was selected on basis of geological,
topographical consideration and other preliminarily studies. This fact is related to the soil
(sand and clay ) being the primary source of Radon, where we suspect that an industrial

nuclear waste are buried in that area.

6.2 Recommendations

The present work suggests the following:

e Set up strategies, methods and save tools for measuring Radon levels, and for taking
remedial actions should be taken into account.

e Drawing maps for the radiation pollution in groundwater and the other type of
water in Gaza Strip.

e |t is important to starting with making epidemiological studies of the genera
population to determine lung cancer incidence due to high level of radiation,
although there is hope for future. Thiswould give a good motivation to remedial the
area of radiation pollution and to protect people of radiation risks.

¢ We recommend upgrading the existing equipments to get better quality and higher
resolution.

e The lack of correlation between Radon concentrations in groundwater with respect
to elevation of wells indicated that the number of samples collected per geological
and geographical factors needed to be increased, performed and anayzed as a
function of geological and geographical location.
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We suggest that more research should be followed by additional investigation
covering other wellsin the region of study.

Government should decide to issue grants for equipment for reducing the Radon
concentration in drinking water used by residents on adaily basis.

We suggest that more studying to Radon before and after winter because Radon
concentrations in ground water vary with time because of dilution by recharge of
rainfall.

It is necessary to involve radiation guidelines within Palestinian standards for
groundwater quality.

More investigation about the radioisotopes in different places in south region of

Gaza Strip and the part of the Gaza Strip is required.
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GLOSSARY

Aquifer: An underground geological formation able to store and yield water.

Alpha particle: The nucleus of the helium isotope of mass 4 u; emitted in the decay of

some heavy radioactive nuclei.

Becquerd (Bg): The S. |. Unit of rate of radioactive decay; 1 Bq equals 1

disintegration per second.

Beta particle: An electron (with either negative or positive charge); emitted in the

decay of some radioactive nuclei.

Confined aquifer: (also known as artesian or pressure aquifers) exist where the
groundwater is bounded between layers of impermeable substances like clay or dense
rock. When tapped by a well, water in confined aquifers is forced up, sometimes above

the soil surface. Thisis how aflowing artesian well isformed.

Contaminant: Any substance that when added to water (or another substance) makes it

impure and unfit for consumption or an intended use.

Cosmic rays. High-energy radiations arriving at the earth from space. These radiations

originate both from the sun and from beyond the solar system.

Curie (Ci): A unit of rates radioactive decays, Curie is measure of the number of atoms
disintegrating per second in radioactive materiad. One Ci is equal to 3.7x10%

disintegrations per second.
Daughter: The atom produced by the decay of aradioactive parent atom.

Decay chain: A radioactive isotope and the series of radioactive daughter, which are
generated from it through a succession of radioactive decays. The chain ends when one

of the daughtersis non-radioactive..
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Emanation: The gas emitted from a solid or liquid. Radon was originaly caled

(emanation) since it was emitted by radium.

Gamma ray: Radiation, similar to x-ray and light, emitted the decay of some

radioactive nuclei.

Gray: The S. I. unit of physical dose, i.e., the unit of deposition of energy in materia
due to the passage radiation; 1 Gray equals 1 joule per kilogram.

Groundwater: Water found in the spaces between soil particles and cracks in rocks
underground (located in the saturation zone). Groundwater is a natural resource that is

used for drinking, recreation, industry, and growing crops.

Groundwater Contamination: the word "contamination” implies that human activities

have increased the concentration a constituent, through not necessarily harmful.

Groundwater Pollution: contaminant levels that exceed acceptable limits result in
pollution. Groundwater pollution is any physical chemica or biologica change in
groundwater quality that has a harmful effect on living organisms or makes water

unsuitable for desired uses.

Hydrogeology: The study of the interrelationships of geologic materials and processes
with water, especially groundwater.

Hydrologic cycle: (also known as the water cycle) The paths water takes through its
various states--vapor, liquid, solid--as it moves throughout the oceans, atmosphere,

groundwater, streams, etc.

Hydrology: The study of the occurrence, distribution, and chemistry of al waters of
the earth.

Half-life time (t12): The time required for the number of radioactive nuclel present at

any instant of time to be reduced by afactor of two, due to radioactive decay.
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Fresh water: Water with less than 0.5 parts per thousand dissolved salts are generally
drilled into aquifers that are not used as a drinking water source, unused aquifers, or
below freshwater levels.

Leachate: Liquids that have percolated through a soil and that carry substances in

solution or suspension.

Leaching: The process by which soluble materials in the soil, such as salts, nutrients,
pesticide chemicals, or contaminants, are washed into a lower layer of soil or are

dissolved and carried away by water.

Impermeable layer: A layer of material (such as clay) in an aquifer through which

water does not pass.
Infiltration: Flow of water from the land surface into the subsurface.

Infiltration rate: The quantity of water that enters the soil surface in a specified time
interval. Often expressed in volume of water per unit of soil surface area per unit of

time.

Injection well: A well constructed for the purpose of injecting treated water, often
wastewater, directly into the ground. Water is generally forced (pumped) into the well
for dispersal or storage into a designated aquifer. Injection wells.

Interflow: Water that travels laterally or horizontally through the aeration zone during
or immediately after a precipitation event and discharges into a stream or other body of

water.

| CRP: The International Commission on Radiological Protection; international group of
experts who recommend limits for exposure to ionizing radiation to the international

community.

lonization radiation: Radiation with the ability to interact with and remove electrons

from the atoms of material, leaving the atom ionized.
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Maximum contaminant level (MCL): Designation given by the U.S. Environmental
Protection Agency (EPA) to drinking water standards promulgated under the Safe
Drinking Water Act. A MCL is the greatest amount of a contaminant alowed in

drinking water without causing arisk to human health.

Municipal water system: A network of pipes, pumps, and storage and treatment
facilities designed to deliver potable water to homes, schools, businesses, and other
users in a city or Permeable/Permeability: Capable of transmitting water (porous rock,

sediment, or soil); the rate at which water moves through rocks or soil.

NCRP: The National Council on Radiation Protection and Measurements, a
congressionally chartered group of experts who are charged with studying the effects of

exposure to ionizing radiation and recommending protective measures.

Noble gas: A noble gas is gaseous element with negligible chemical reactivity. Helium,
neon, argon, krypton, xenon and Radon are noble gases. Radon is the only radioactive

noble gas.
NRC: Nuclear Regulatory Commission; also National Research Council.

Potential alpha energy: The amount of alpha-particle kinetic energy that can be
dissipated within an atmosphere containing some particular mixture of short-lived

daughters of Radon, if they all decay there.

Rad (rad): A traditional unit of physical radiation dose, i.e., the unit of deposition of
energy in material due to the passage of ionizing radiation; 1 rad equals 100 ergs per

gram.

Radioactivity: The process by which an atom changes spontaneously into a different

atom by the emission of an energetic particle from its nucleus.

Permeable layer: A layer of porous materia (rock, soil, unconsolidated sediment); in

an aquifer, the layer through which water freely passes as it moves through the ground.
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Pollution: An alteration in the character or quality of the environment, or any of its
components, that renders it less suited for certain uses. The dteration of the physical,
chemical, or biological properties of water by the introduction of any substance that

renders the water harmful to use.

Por e space: Openings between geologic material found underground. Also referred to

as void space or interstices.

Porosity: The ratio of the volume of void or air spacesin arock or sediment to the total
volume of the rock or sediment. The capacity of rock or soil to hold water varies with
the material. For example, saturated small grain sand contains less water than coarse

gravel.
Potable water: Water of aquality suitable for drinking.

Precipitation: The part of the hydrologic cycle when water falls, in a liquid or solid

state, from the atmosphere to Earth (rain, snow, slest).

Recharge: Water added to an aquifer. For example, when rainwater seeps into the
ground. Recharge may occur artificially through injection wells or by spreading water

over groundwater reservoirs.

Recharge rate: The quantity of water per unit of time that replenishes or refills an

aquifer.

Runoff: Precipitation that flows over land to surface streams, rivers, and lakes.
Radium: A naturally occurring radioactive element whose decay produces Radon.

Radium is anumber of the decay chain of uranium.

Radon daughters. The term (Radon daughters) usualy refers to the short-lived
radioisotopes in the decay chain of Radon down to Lead-210. These are Polonium-218,
Lead-214, Bismuth-214 and Polonium-214.

Radon: Radon-222, radioactive noble gas generated by the decay of radium.

10



Relative risk: A risk of an adverse heath effect due to some injury which is
proportional both to the magnitude of the injury and to the usual rate of occurrence of
the adverse health effect in the population at risk.

Rem (rem): A traditional unit of dose equivalent used to express on a common basis
the health hazard from different kinds of radiation; the dose equivaent in rem is equals
to the product of quality factor (other modifying factors, if used) and the physical dose
inrad. (1rem = 107 sieverts).

Sievert (Sv): The S. I. Unit of dose equivalent is used to express on acommon basis the
health hazard from different kinds of radiation; the dose equivaent in sievertsis equals
to the product of quality factor and the physical dosein grays. (1 Sv = 100 rem).

Salinization: The condition in which the salt content of soil accumulates over time to
above normal levels; occurs in some parts of the world where water containing high salt

concentration evaporates from fields irrigated with standing water.

Soil: The top layer of the Earth's surface, containing unconsolidated rock and minera
particles mixed with organic material.

Soil moisture: Water contained in the aeration or unsaturated zone.

Specific activity: The amount of activity in a unit amount of material. Usually specified

as amount of activity per unit mass, e.g., pCi/g.

Wastewater: Water that contains unwanted materials from homes, businesses, and

industries; a mixture of water and dissolved or suspended substances.

Water quality: The chemical, physical, and biological characteristics of water with

respect to its suitability for a particular use.

Water quality standards: Recommended or enforceable maximum contaminant levels
of chemicals or materials (such as nitrate, iron, and arsenic) in water. These levels are

established for water used by municipalities, industries, agriculture, and recreations.
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Water table: The top of an unconfined aquifer; indicates the level below which soil

and rock are saturated with water. The upper surface of the saturation zone

Well: A bored, drilled or driven shaft, or a dug hole whose depth is greater than the
largest surface dimension and whose purpose is to reach underground water supplies to

inject, extract or monitor water.

Working level (WL): One working level is that amount of potential apha-particle
energy dissipated in air by the short-lived daughters in equilibrium with 101.3 pCi/l of
Radon. One WL is equal to 130000 MeV of apha-particle energy deposited per liter of

ar.

Unconfined aquifers: An aquifer in which the water table is at or near atmosphere
pressure and is the upper boundary of the aquifer. Because the aquifer is not under

pressure the water level in awell is the same as the water table outside the well.

X-ray: Radiation similar to gamma rays and light emitted during rearrangements of the

inner electrons surrounding an atom.
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APPENDIX (1)

Sample collection form

Water Type: Groundwater ( Domestic Water ) from Rafah and Khanyonis
001U o T o] o= ) /USSR

SAMPIE DAL . ..ot
W DEDEN: .
Water VOIUME:...ONe Liter......o.uieiiei i,
Number of detectors...... One Hundred Detectors

Detectorstype.:...... CR-30. e ——
Exposure Period:

Date of Detector s Distribution: 15/4/2006
Date of Detectors Collective The: 15/8/2006

Sample | Detector | Number | Radon Concentration in th¢ Standard
No. serial No. | of Track | samples (Bg/m°) Deviation
Comments:

TA



APPENDIX 11

Bor ehole geologic description

Borehole 1D: LI43
X_Coordinate: 83063
Y_Coordinate: 83461

Topography (m-amsl): 60

Well Owner Name:

Location:

Drilling Date: February 2002

Completion Date:

Water Table (mbgs): Well Type:
Depth | ; s Chioride | Nitrate Well Completion
(m) Symbol Soil Description E/D (mgh) (mgfl) Details
Ground Surface 60.00 -
Sand 0.00
Loose sand
| 40.00
Clay 20.00
] - - -hWhite and red clay
25 4 .| sand
. | | Kurkar
30+
354
40 '
45
50
55
60
65
704
?5—:-; '
s -20.00_
bt | = B0.00
Drilled By: Supervised By: Logged By: Hazem Zakout
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Borehole ID: P/152
X_Coordinate: 82293.49

|  ¥_Coordinate: 79324.88
Topography (m-amsl): 68

Water Table (mbags): 67.85

Well Owner Name: El-Fukhari & EI-Shokha Municipality

Location: Rafah

Drilling Date: March 2000

Completion Date: April 2000

Well Type: Municipal

Depth 4 jiroa Chloride | Nitrate Well Completion
(m) Symbol Soil Description E/D (matl) (mat) Details
N I ____Ground Surface 68.00
] ;| SAND 0.00
i Yellow fine sand.
5 —
10 —
1 2
d 2
4 ]
=
- g
15 5 2
7 =]
i o
=
20
!
- 43.00
- SILTY CLAY 2500
Silty clay
30
35
Drilled By: Supervised By: PWA Logged By: Hazem Zakout




Borehole ID: P/152
X_Coordinate: 82293.49
¥_Coordinate: 79324.88
Topography (m-amsl): 68

Water Table (mbgs): 67.85

Well Owner Name: El-Fukhari & El-Shokha Municipality

Location: Rafah

Drilling Date: March 2000

Completion Date: April 2000

Well Type: Municipal

Depth | . o Chloride | Nitrate Well Completion
(m) Symbol Soil Description E/D (mgl) (mgll) Details
40
45 23.00
SANDSTONE 45.00
y : | Sandstone (Kurkar)
| --| SAND
Too vt Yetlow fine to medium sand
="l o quartesetic well soded
50170
55
i : 10.00
SANDY CLAY 58.00
Sandy clay.
600 | £
"_| SAND 62.00 i
Medium to coarse sand. E
cLAY ?
Brown cla 4
4 z
v

Drilled By:

Supervised By: PWA

Logged By: Hazem Zakout
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Borehole ID: PI152

X_Coordinate: 82293.49

Y_Coordinate: 79324.88

Topography (m-amsl): 68

Water Table (

mbgs): 67.85

Well Owner Name: El-Fukhari & EI-Shokha Municipality
Location: Rafah

Drilling Date: March 2000

Completion Date: April 2000

Well Type: Municipal

Depth . e Chloride | Nitrate Well Completion
(m) Soil Description E/D (mgh) (mgll) Details
-5.50
73.50
SRR 0
pebbles,very hard 75.00
SANDY CLAY
Sandy clay to soft clay
282.2
255.2
-16.00
SANDSTONE B4.00
— Very coarse sandsione -18.00
=== SHELLY SANDSTONE 8600
__.;_’ Maring o . shell
== framents
|
= 2822
N |
== —=|
T
_— -25%1__ I [ -
=———=— SANDSTONE 64, ) e N
95-=——=" 5.5 (marine}Cemented with Pumping | Pumping S T e/
“=2——=—1 shell fragments test result | test result @ -
i ———| 817220  |is 53.724 == & ==
| after 4 after 4 T 5 = =
jI==—= hours, @= |hours, 0= oo i
= 85w |B5uan ——— .
— —r B 2 ry
100 .32.50 = = = .
== riyndpiing e =
§.5 very hard,veins -34.00 |93 44
i cemented with shell 10:2.00
fragments,
105
Drilled By: Supervised By: PWA Logged By: Hazem Zakout
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Borehole ID: P/153 Well Owner Name: Rafah Municipality T

X_Coordinate: 77736.61 Location: Rafah
Y_Coordinate: 80521.123 Drilling Date: March 2000
Topography (m-amsl): 33 Completion Date: April 2000
Water Table (mbgs): 32.60 Well Type: Municipal_ Al-Eskan
Depth i s Chloride | Nitrate Well Completion
(m) ‘ Symbol Soil Description E/D (mg/) (mg/l) Details
Ground Surface 33.00
ki "7 sanp 0.00
_ ! .| Fine yellow sand
5_
4 | —
- o
£
- w
o
10 _ S
i { =
| ]
1 { @
: gl s
| o
il B
15+ | -
] | 15.00
SILTY CLAY 18.00
Brown silty clay
T
g
5
i}
=
g
5.00 E :
-!| saND 28.00 2 3
.| Fina to medium sand R H
- =
2
| 1.00
SANDY CLAY 32.00 ?
Sandyclay
Drilled By: Supervised By: PWA Logged By: Yasir & Rena
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Borehole ID: P/153 Well Owner Name: Rafah Municipality

X_Coordinate: 77736.61 Location: Rafah

Y_Coordinate: 80521.123 Drilling Date: March 2000
Topography (m-amsl): 33 Completion Date: April 2000
Water Table (mbgs): 32.60 Well Type: Municipal_ Al-Eskan

Depth " —_ Chloride | Nitrate Well Completion
(m) Soil Description E/D (mgh) (mglt) Details
o 2 N
ht & I
-11.00 ¥ B -
4400 | 4 . i
F o
SANDY CLAY ’t 1
Sandy clay = [\ |
¥ i '
! ]
!;_:I & i
{ q
g .
i | 3
Reducer “: "J T
-22.50 * B
.| saND 55.50 | ]
-*| Coarse Sand 1 |
: : :
Pumping Pumping @ :
test resull  |test result & !
- 513320  |is 4892 % i
atter 4 after 4 ® )
i s hours, Q= |hours, Q= o .
o B5mam e o :
Jeisre m ' !
65 SR -33.00 160.8 3 ang :
66.00
70
Drilled By: Suparvised By: PWA Logged By: Yasir & Rena
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Borehole ID: P/145
X_Coordinate: 79368.62
Y_Coordinate: 79856.37

Topography (m-amsl): 48.21

Water Table (mbgs): 51.68

Well Owner Name: Rafah Municipality

Location: Rafah

Drilling Date: October 1997

Completion Date:

Well Type: Municipal _ El-Hashash

Depth . . Chioride | Nitrate Well Completion
(m) Symbol Soil Description E/D (mg/) (mg/h) Details
% Ground Surface 48.21
i SAND 0.00 "
- | sand and clayey sand
5_
10+ —
< =
5 £
I ]
3]
i §
157 32.21 5
SANDY CLAY 16.00 g
sandy clay £
8
,—'
=]
£
8
[+
18.21 5
i SANDSTONE 30.00 3
4 sandstone -
o
a
i 13.21 E
R B T 35.00 =
i (ol sand
7] 8.21
SANDY CLAY 40.00
sandy clay
3.21
4500

Drilled By:

Supervised By: PWA

Logged By: Yasir & Rena
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Borehole ID: P/145
X_Coordinate: 79368.62
Y_Coordinate: 79856.37
Topography (m-amsl): 48.21
Water Table {(mbgs): 51.68

Well Owner Name: Rafah Municipality
Location: Rafah

Drilling Date: October 1997
Completion Date:

Well Type: Municipal _ El-Hashash

Depth . _— Chioride | Nitrate Well Completion
(m) Symbol Soil Description E/D (mgll) (mgll) Details
|
4 .| SAND
H i sand
i <
-1.79 4
SANDSTONE 8
sandstone — !
&
=
]
5]
E
g
-10.79 "E‘
CLAaY .00 &
clay &
-15.79 L
SANDSTONE 64.00 £
sandstone [
(8]
°
2
2
| -21.79 ]
CLAY 70.00 Pump
clay
6.7 * Reducer
i SANDSTONE 75.00 g
sandstone 3]
“
w
1 .
80 | -32.79 5
SAND £1.00 T =]
4 sand
1 77
85+
90+ 154
Drilled By: Supervised By: PWA Logged By: Yasir & Rena
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Borehele ID: P/148
X_Coordinate: 78600
Y_Coordinate: 80100
Topography (m-amsl): 49
Water Table (mbgs): 52.30

Well Owner Name: Rafah Municipality
Location: Rafah

Drilling Date: April 2000

Completion Date: April 2000

Well Type: Municipal _Tal- Elsultan

Depth . T Chloride | Nitrate Well Completion
(m) Symbal Soil Description ED (mgll) (mg/l) Details
A Ground Surface 60.00
il SAND 0.00
Jisvinnlv| Fine yellow sand
5 —Z
10-
|
15— | TR
. | =
| £
¥ @
L =
b | (&)
20 H
E E
} o
1Y
4 i
251 "
] i
90— e
: 25.00
SILTY CLAY 35.00
Hard Dark siity clay

Drilled By:

Supervised By: PWA

Logged By: Hazem Zakout
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Borehole ID: P/148
X_Coordinate: 78600
¥Y_Coordinate: 80100
Topography (m-amsl): 49
Water Table (mbgs): 52.30

Well Owner Name: Rafah Municipality
Location: Rafah

Drilling Date: April 2000

Completion Date: April 2000

Well Type: Municipal _Tal- Elsultan

Depth 2 Chioride | Nitrate Well Completion
(m) Symbol Soil Description ED (mg/) (mgll) Details
¥
47 3
&
10.00 g
CLAY 50.00
52 Brawn clay (soft) _v
57
62
-5.00
CLAY 65.00
67 CLAY
]
72 =
[=]
-14.00 £
74.00 i . 2
est result  (test result K
77 = SHELLY SANDSTONE = is 46,09 is 31 after 4 ]
- Hard calcarecus S.S.shell -18.00 after 4 +hours, Q= -
A fragments,big pebble 78.00 hours, Q= [ 102n3m
i \fragments 102mame
82—
Drilled By: Supervised By: PWA Logged By: Hazem Zakout
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Borehole 1D: P/138
X_Coordinate: 78772.697
Y_Coordinate: 79764.797
Topography (m-amsl): 47.72
Water Table (mbgs): 52.35

Well Owner Name: Rafah Municipality

Location: Rafah

Drilling Date: August 1998

Completion Date:

Well Type: Municipal - Abu Zohree

e Chioride | Nitrate Well Completion
i :
Soil Description E/ID (mall) (mah) Details
=
>
b. 4
-12.28
GRAVELLY SAND 60.00
sand with little gravel
| ) Pump
TSAND ﬁ.lf?gg Reducer
": yellowish coarse sand ¥
: -24.28
4 SANDSTONE 72.00 2
calcarous sandstone with g
75 {kurkar) ‘E
] -29.28 @
SANDSTONE 77.00 @
calcarous sandstone =]
BO i
-34.28 !
19422730 Wadi Gravel BZ.00 !
] ] i 1
» ',Duuﬂlc gravel with coarse sand 37.28 H
i 85.00

90—

Drilled By:

Supervised By: PWA

Logged By: Hazem Zakout
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