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Abstract

Exposure to radioactive elemeritsm water, soilor having them through drinking water
causes many biological risks. Therefore, it is important to investigate the drinking water and
soil especially in regions where péegived in it Thisstudyaims to establish the first baseline
measurements for radon concentration in the drinking water and soil of Samawa city districts.
In the present study, measurements of radon concentration were carried out for dvatking
and soil of Samawa CityThe measurementare conducted using RAD7 continuous radon
monitoring detector manufactured by Durridge company, UBAthe presentwork, radon
concentrations are measured in 1€&mples of tap water were collected from 32 districts in the
study area in twononths extending from Decembét, 2019 to January 81 2020.The results
show that radon concentrations were varied from (0.015 = 0.13 Bqg/L) to (1.01 = 0.38 Bq/L)
while the average value wa6.1/ Bg/L). The annual effective dose due to ingestion and
inhalation for child and adult was calculated. Also, the mean of the total annual effective dose
for adults and leildren was determinednd foundto be (1.282 uSvAy and (1.923uSv/yr)
respectivelyRadon measurements in the soil of Sam&itg were carried out. A total of (100)
different locations were chosen in order to determine radon activity in the soil. Radon activity
in soil was measured at depth of(40 cm). Radon measurements were carried out for two months,
From February$, 2020 to March 31", 2020.

Radon soil gasactivity concentration is found to vary fror@9 Bg/m®) to (6820 Bg/ni)
with an average value ol843.5Bg/m®). Associated annual effective dose due to inhalation
has been found to be in the rangelo1Q5 “Yioo ) to (43.84" Sv/yr), with an average value of
(12.76" Sv/yr). The radon concentration from drinking water and soil and annual effective dose
which were determined for each district indicate that the Samawa city can be regarded
having normalevels of radorwhich indicates that does not pose any kind of health hazards or
radiological effects for the inhabitant of the study area.
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CHAPTER ONE INTRODUCTION

1.1 Introduction

Radiation is energy in the form of waves or streams of particles. There are many
sourcesof radiation around usuch asatomic energy, nuclear powend radioactivity
The radiation has many formdsible lightis a familiar form of radiationin addtion to

ultraviolet, infrared,and radio and television signal4,2]. Naturally, rdiation is

availablein our environmensince tle creationof the earth Hence life has evolved in

an environmenthat has significant levels of ionizing radiation. Radiation comes from
outer space (cosmic), the ground (terrestrial), and even within our bodigstsin the

air, food, water, andte construction materials used to build boused3]. In physics,
radiation is a process in which energetic particles or energetic waves travel through a
medium or space. Two types of radiation are commadetgctedn the way they interact

with normal chemical mattedepending on the radiation energy, thigpes are ionizing

and nonrionizing radiation[4].

The word Aradiationo was used until abo
around the beginning of that centuryyay, electrons, and natural radioactivity were
di scovered and were also classified under
types of radiation exhibited characteristics of particles, in contrast to the electromagnetic

radiation, which was treated as a wge

The history of ionizing radiation was started withra§ discovery bywilhelm
Rontgen in 1895[6]. In 1896,Henri Becquerel discovered radioactivity. He placed
samples of uranium sulfate onto photographic plates, which were enclosed in black
paper or aluminum sheet to protect the plates from exposure to light. After developing
the photographic plates heticedthat theplate is affected because tlieanium salt
emitted rays that could pass through the black paper and even a metal sheet or thin glass
positioned between the uranium salts and the photographic piftds 1898 Ernest
Rutherford carried out experiments that demonstrated two types of radiexigted,;
one radiation that was most easily absorbed by matter and another that possessed a
greater penetrating powand does not be absorbed quickind therefore he named
these radiations as "alpha" and "beta" rays.
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Not much laterP. V. Villard in France discovered in 190¢et more penetrating
radiation, that was named " gamma " [8)

Radiation is often separated into two categories, ionizing and nonionizing, to denote
the energy and danger of the radiation. lonizatidithie process of removing electrons
from atoms, leaving electrically charged particles (ions) behindany forms of
radiation such as heat, visible light, microwaves, or radio waves do noakaffecient
energy to remove electrons from atoms and hence, are callédmping radiation. In
the case of heat, for objects at room temperature, most of the energy is transmitted at

infra-red wavelengthg9].
1.2Basic Theory about Radioactivity

Some isotopes aranstable and their number of protons and neutrons do not
remain constanfl10]. Instead, thg transform through different radioactive decay
processes. During the radioactive deaergyrich particles and radiation are emitted
from the nucle of theseunstable atoms that often refer to as radionuclidé$ As a
result of the radioactive decay process, at@mst different types of radiation and

transforms into a new atom wittew propertiedifferent fromparent compours{12].

Three common types of radioactipeocesses are alpha decay, beta deaag
gammaray emission. Different particles are emitted during these processes. For alpha
decay, the particle is a helium nucleus that consists of two neutrons and two protons
[13]. On the other hand, several types of beta decay processesifferent particles:
electron capure f and] decay processes. An example of the emitted particles is the
electron and antineutrino emitted during thedecay procesdn contrast to alpha and
beta decay, gamma decay which is the third type by whicktoph emitted instead of
particles[14]. These decay processes can be combined, and for some radionuclides,

alpha and beta decay processes are followed by emission of gaynaaiation10].

The properties of the emitted particles determine their ability to travel through
matter. According tgoarticles with higher charge and size have less ability than smaller

particles to penetrate materialsr example, alpha particlesin be stopped by a piece of
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paper.On the other handgammaray radiation requires very dense materials, such as
lead, to be hindered to some extgr8]. Moreover, the product from radioactive decay
is not necessarily stabland subsequegt radioactive decay may occurhe ®-called
decay series describe the stages of radioactive decay until a stable isotogegted
[16].

1.3 Radioactvity

Radioactivity is fithe process of the spontaneous decay and transformation of
unstable atomic nuclei accompanibg the enission of nuclear particles ahabr

electromagnetic radiatiarj7].
1.4 Particles Radiation

Several types oparticles are released during many processes of radiation, with
different characteristics such as mass, charge, and the ability to penetrate mediums and

materials.
1.4.1 Alpha Particles

An alpha patrticle is a positively charged particle emittethe radioactivaelecay
of some unstable atomi$.consists of two protons and two neutrons (it is essentially the
nucleus of a helium atom) artus itsheavier and slowamoving than other decay
emissions. Alph particles do not penetrate deefm a maerialand can be stopped quite
easily (e.g. by a thin piece of paper or skidpwever, they are capable of breaking
chemical bonds (which can cause chemical or biological damage) when they strike a
molecule because of their size, massl charge(Penetation distance of alpha particles
depends upon the energy with which they are emitted and the material through which
they are passingil7]. Thus, alpha emitterésuch as Uraniur238, Radium226, and
Radon222)are mostly damaging if they are ingestednbialed into the lungf9].

U Decay nucl eus e mi tnsiclea3nThellecpysprotessdésl e ( hel i u

XA 0 YA He!

3
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where X and Y areinitial nucide (parent) and finatuclide (daughter)respectively,

A\ is the mass numbeZ, is theatomic number.

1.4.2 Beta Particles

A beta particle is emitted during the radioactive decay of some unstable atoms. Beta
particles can have either a negative chdayectron)or a paitive charggpositron) In
additionthey have the same very small mass (1/2000 the mass of a neutron) regardless
of charge[18]. Beta particles can pemate deeperthan alpha particles (Its penetration
distance depends upon the energy of beta particle and materialHise@yer, they can

be stopped fairly edg by a sheet of aluminum.

b D e The pucleus can correct a proton or a neutron excesseaylyl converting a
proton into a neutron or a neutron into a proton. These processes can occur in three

possible way$19]:

I QQdagpdon 1 0f

I QQdpdpe e 1
Electron capturery Q © ¢ 0

1.5 Electromagnetic Radiation

Two types of electromagnetic radiation are associated wsidoactive decay.
Electromagnetic radiation is referred to as a garmemgthis happens when the nucleus
transitions from a higher energgvel to a lower energy leveEtlectromagnetic radiation
emitted by an atomic electronarging energy levels isfegredto as an xay. Gamma
rays usually have higher energies tharays and both can penetrate matter farther than
any particles.They can be stopped by higlensity materials such as several feet of

concrete or leafP0].
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1.6 Neutrons

Neutrons are particles having a ma$4/4 that ofanalpha particle and 2000 times
that of a beta particle. The neutnsrelectrically neutral It has the potential to penetrate
matter deepethan any other charged particles but this depends greatly on the physical

and atomic nature of the matter being penetrg&p
1.7 Types of Radiation

Radiation is classified into two major types depending on the biological effect that
can be caused as a result of exposure, these types are: ionizing andniong

radiation
1.7.1 lonizing Radiation

lonizing radiation is capable of takingf electrons out of their orbits around atoms
giving the atom a positive charge. Electrically charged molecules and atoms are called

ions[21,22]. Materialsareionized in two was (direct or indirect)23].

1- Direct ionizing radiation: individual particles with adequate kinetic energy.e.
electrons, pstons, alpha particles, and heavy ionsan directly disrupt the atomic
structure of the absorbing medium through which they pass producing chemical and
biological damage to molecules

2- Indirect ionizing radiation: photons (x a y s -rays)dneutrons, they do not
produce chemical and biological damage themselves, but produce secondary electrons

(charged particles) after energy absorption in the material
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1.7.2 Nontlonizing Radiation

The energy of nofibnizing radiation is low, produeg no charged ions when
passing through matter, the electromagnetic radiation has only sufficient energy to
change the rotational, vibrational or electronic valence configurations leCules and

atomg|[3].

Non-lonizing radiation includeseveral electromagnetic radiations suchradio

waves, microwaves, infrared, visibight, and sometimes ultraviolg4].
1.8 Radioactive Decay

Radioactive materials have associated halife, or decay time characteristic of
that isotope. As radiation is emitted, the material becomes less radioactivenwer

decaying exponentiallj25].

Some radioisotopes hawadong haltlife; for example“C takes 5,730 years for any
given quantity to decay to half dfe original amount of radioactivity. Other radioactive
materials have short halfife; *P has two weekhalf-life, and®*Tc (used in human and

animal nuclear medicine diagnostic procedures) has 4difleatif 6 hourg26].
1.9 Sources of Radiation

Naturally occurring radioactive materigldORM) are common in the environment
and the human body. These materials are continuously emitting ionizing radiation.
addition to NORM, there isonizing radiation from outer space (cosmic radiation)
bombards the earth constantly. Collectively, the ionizing radiation from these and
similar sources is called background radiatibarthermore, timan activities, such as
making medical xays, generatip nuclear power, testing nuclear weapons, and
producing smoke detectotisat contain radioactive materials, cause additional exposure
to ionizing radiation. The sources of radiation can be classified into natural and man
made radiation. The percentagelud average annual radiation exposure contributed by
each major source is illustrated in Fig(iel). About 82 percent is from nature, and 18

percent is from industrial, medical, and consumer sources. The values given in Figure

6
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1.1 are averages for the itbd States. Actual values vary depending on where people

live and how they spend their tirf@7].

fixposure due to
natural sources

fixposure due to
human activities

Hadon
2 i Medieal/Dental T-rays
e (5 M (11%)

Inside Human Body

dmmom (11%) <, Nuclear Modicine
Hmrem (4%)

Hocks & Soil

fﬂim r’gﬁa} Coneumer Produets
0 (%)

Cosmie

Mmrem (8%) (ther (<1%)

Figure (1.1): Average Annual Exposure to lonizing Radiation (1Sv = 10)&fHh

1.9.1 Natural Radiation Sources

Since the creation of thearth, its environment has been exposed to radiation both

from outer space and from radioactive material in its crust and core. There is no way to

avoid being exposed to these natural sources, which, in fact, cause most of the radiation

exposure of the wall6s popul ati on. The gl obal

avera

about 2.4 mSv and ranges from about 1 to more than 10 mSv depending on where

people live. Buildings may trap a particular radioactive gas, called radon, or the building

material itself may cdain radionuclides that increase radiation expoR28g

19.1.1 Primordi al Radionuclides Sources

Primordial radionuclides sources include naturally occurring radioactive materials

that exist in rocks, soil, water, and vegetation. The major isotopes of concern for
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primordial radionuclides radiation are uranium and ésay products, such as thorium,
radium, andradon. Some of these materials are ingested with food and water, while
others, such as Radon, are inhaled. The dose drprnmordial radionuclides sources
varies in different parts of the worldocations with higher concentrations of uranium

and thorium in their soil have higher dose ley&§

These primordial radionuclides are leflong time ago. They are typically long
lived, with halflives often on the order of hundreds of millions of years. Radionuclides
that exist for more than 30 hdifes are not meaurable. The progeny or decay products
of the longlived radionuclides are also in this heading. Here is some basic information

on some common primordial radionuclidesshown in Table (1.1}.8].

Table (1.1): PrimordialRadiatiorj18].

Nuclide Symbol Half-life Natural Activity
Uranium235 ] i U 7.04 10 yr Of all natural uranium  0.726
Of all natural uranium; 99.27456
Uranium238 ] Y 4.47 10 yr 0.4 to 4.7 ppm total uranium common
rock types
] ) 1.6 to 20 ppm to common rock types
Thorium232 Th | | 1.41 100 yrl
with a crustal average of 10.7 ppm
. 0.42 pCi/g(16 Bg/kg) in limestone 1.3
Radium226 Rd | 1.60 1Cyr . o
pCi/g(48 Bg/kg) in igneous rock
Nobel Gas; annual average air
concentration range in the US from 0.0
Radon222 Rn ] | 3.82 day . ]
pCi/L(0.6 Bg/n¥) to 0.75 pCi/L(28
Bg/m?)
Potassiuri0 K 1.28 10 yr Soil -1-30 pCi/g (0.0371.1Bg/9
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1.9.1.2Cosmic Radiation

Cosmic rays are high energy charged patrticles, iechigh energy electrons,
positrons, and other subatomic particles. originating in outer space, that travel at nearly
the speed of light and strike the Earth from all directions. Charged pafficia the sun
and stars interact with the earthés at mosrg
radiation. The dose from cosmic radiation varies in different parts of the world due to
di fferences in el evati onsetafreld[29]. dheteriegy ef f e c
of cosmic rays is usually measured in units of MeV, for redgatron volts, or GeV, for
gigaelectron volts. Because cosmic rays are electrically charged they are deflected by
magnetic fields, and their directions have been randomized, making it impossible to tell
where they originated. However, cosmic rays ineotregions of the Galaxy can be
traced by the electromagnetic radiation they produce. Cosmic radiation is divided into

two types, primary and seconddBg].
0 Primary cosmic radiation:

Primary cosmic radiation is made up of extremely high energy parf{icfeto 1018
eV), and mostly protons (87%), with some larger particles (alpha radiation 12%). A
large percentage of it comes from outside of our solar system and is found throughout
space. Some of the primary cosmic radiation is from our sun, produced dotar
flares and sme ofit penetrates the earth's surfatke vast majority of it interacts with
the atmosphere. These reactions produce lower energy radiations in the form of photons,
electrons, neutrons, and muons that make it to the subfacare not considered

hazardous to health due to their extremely low interaction cross sq&ig82]
0 Secondary cosmic radiation

When high energy cosmic rays undergo collisions with atoms of the upper
atmosphere, they produce a cascade of "secondary" particles that shower down through
the atmosphere to the Earth's surface. Secondary cosmic rays include pions (which
quickly decay tgoroduce muons, neutrinos and gamma rays), as well as electrons and

positrons whichproduced by muon decay and gamma ray interactions with atmospheric



CHAPTER ONE INTRODUCTION

atoms.Most secondary cosmic rays reaching the Earth's surface are muons, with an
average intensity of alit 100 per rhper second33]. Although thousands of cosmic

rays pass through our bodies every minute, the resulting radiation legelislatively

low, as cosmic rays are deflected by the magnetic fields in interstellar space, they are
also affected by the interplanetary magnetic field embedded in the solar wind (the
plasma of ions and electrons blowing from the solar corona at 460utm/sec), and

therefore have difficulty reaching the innerlsystem[34].

The Sun is also a sporadic source of cosmic ray nuclei and electrons that are
accelerated by shock waves traveling through the corona, and by magnetic energy
released in solar flareSolar energetic particles can be used to measure the elemental
and isotopic composition of th&in, thereby complementing spectroscopic studies of

solar material35].
1.9.1.3 Terrestrial Radiation

Only nuclides with halives comparable with the age of the earth (or decay
products, whose concentratias governed by them) ést in terrestrial materials. In
terms of dose, the principal primordial radionuclides ake 232Th and| J whereas

Rb and] J of secondary importand86]. K of the former the mst important, with a

half-life of 1.27x10 years, which emits both beta and gamma radiation.

Natural potassium consists pripally of the stable isotopeK, and only 0.012% by
weight is the radioactive K. In contrast, two radionuclides of uranium and one of
thorium decay to give rise to families of radionuclides which decay in three distinct
series. All three series contain alpha emitters. The first one begins with the decay of
| D (half-life of 4.5x10 years) anatalled the uranium series, a second begins 3#Afth
(half-life of 1.4x10 years), it iscalled the thorium series, and the third begins Witd

(half-life of 7.1x10years), It iscalled actinium series

All the three decay through three complehxainsto stable isotopes of leaf Pb,
| Pb and] Pb respectively37,38]. There is the fourth seriezmlled Neptuniumseries

] Np, This series was recreated afterPu was made in nuclear reactors. This series

10
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does not occur naturally since the Heé# of the longestived member of the serigsj

Np is only 2.14 *10y, much shorter than the lifetime of the eattence, any members

of this series that were in the original material of the solar system have long since
decayed awajf39,40].

A: ] U Series

Uranium occurs naturally in the form pfJ, ] Y, | M. The relative abundance
of ] Mis 99,274% and the equilibrium concentration of gdanghterj JJ is 0.0054%.
The relative abundance ¢f J is 0.7205 % on averagd. J is the bngestlived
member of(4n+2) series (n varying from 51 to 59), which inclyd¢sl as a member

with decay series as shown in Talde) [17].

Table (1.2): Uranium238 Series.

Particles Energy
Nuclide Half-life Type of decay
(MeV)
Ul j 4510 y | 4.18
Th | 24.1d f 0.19
Pd | 1.18 min I 2.31
Ul j 248 10 y 1 4.76
Th j 752 10y | 4.69
Rd | 1600 y | 4.78
Rn | | 3.825d | 5.49
Pg T 3.05 min | 6.0
PO 1 26.8 min 1 0.65
Bi] T 19.7 min i 0.471 3.2
P T 1.64 100 s | 7.68
Ph 1 22y f 0.02
Bi] 1 5.01d f 1.16
P T 138.4 d | 5.3
Ph Stable é. . €.

11
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B: 232Th Series

Natural thorium consists of almost entirely &Th, 1.35*100 % of | JTh, and
extremely small amountg jTh, ] [Th, 2:Th, and | TTh. 232Th

radioactive decay series ( n varying froB2 to 58. The decay exies is shown in

Table (1.3[6].

Table (1 3): Thorium-232 Series.

Nuclide Half-life Type of decay| Particle Energy (MeV)
Th j | |1.4%10 y 1 4.01
Ra | 6.7y [ 0.05
Ac| | 6.13h [ 1.11
Th | 19y 1 5.43
Ra | 3.64d 1 5.68
RN | 54.5d 1 6.29
Pd 1 0.158s 1 6.78
Py T ] |106h f 0.35
Bij T | |60.6min ! 005

r 2.25
Pd 7] [3.0%00 s | 1.57
Or
Th| 3.1 min 1 8.78
Ph Stable | - | e

C. | U Series

| U is the longestived memberof thenaturally existing parent of(4n+3) series ( n

varyingfrom 51 to 58.)The decay chain fdr U is shown in Table(1.4) [24].

12

Is the parent of 4n
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Table(1.4): Uranium235 Series.

) ) Particle Energy
Nuclide Half-life Type of decay
(MeV)

Ul | 7.10%¥10 y U 4.18
Thl j 1 25.6 h b 0.30
231pg 3.98*10 y U 5.0
Acl | 22y 0 4.94

b 0.04
Fri | j 22 min b 1.15
Or
Th | 18.17 d U 5.97
Ra | | 11.7 d U 5.71
Rn T 3.92s U 6.82
Pd 1 1.83*10F s U 7.38
PO T 1 36.1 min b 1.4
Bi] T 1 2.15 min U 6.62
Pd 7T 0.52s U 7.45
TIl) 4.79 min b 1.44
Pb) Stable |- | -

1.9.2 Man-Made Radiation Sources

Natural and artificial radiation sources are identical in their nature and their effect.
By far, the most significant source of marade radiation exposure to the general public
is from medical procedures, such as diagnostrays, nuclear medicine, and radiation

therapy. Some of the major isotopes wouldHie **Tc, ®°Co, **4r, $*'Cs, and others

Besides members of the public are exposed to radiation from consumer products,
such as tobacco (poloniuftfPo), buitling materials, combustible fuels (gas, coal, etc.),

ophthalmic glass, televisions, luminous watches and dials (tritium), airpogy X
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systems, smoke detectors (americium), road construction materials, electron tubes,

fluorescent lamp starters, lanternntias (thorium), et¢30].

Occupationally exposed individuals are exposed accorditigeto occupations and
to the sources with which they work. The exposure of these individuals to radiation is
carefully monitored withtte use of pocket, pesized (two wordsjlosimeters. Some of
the isotopes of concern would be cob8€p), cesium 'Cs), americium ¥**Am), and
others[18].

1.10 Radon

In 1900 the German physiciBtiedrich Ernst Dron discoveredadon. Its atomic
number is (86)and mass number is (222) in the periodic tgBH. The sources of
radongas (RA%, Rrf*°, Rrf*) are 32Th and] J and] U which arefound in low
concentration in rock and soil. Whole the gasemgon members of the three main
chains are ruled by J, | U, and®2Th that areconsidered the emitters of radioactive
alpha particle$42]. Radon is a rare natural element as it is found in gas form, noble and
radioactive in its isotopes. Radon gas bamatheedin buildings, especially in closed
regions, ach as under roofs and basemdnis found in some spring waters and hot
springstoo [43]. Radoninhalation maybe a problem for human healtbinceradon isa
noble gas, this guarantees that it cannot be frozen through chemical refet]offSRa
whose haHife is (1600) years can be formed throughanium238 decay during four
intermediate cases, after that it decays to fofiRn gas which haa halflife of (3.82)
days, which indrn gives sufficient time to be diffad through the soil and then into
houses, after thait disintegratesso that it can produce moreadio logically active
Radon breeds (Radon daughtg4$).

The United Nations Scientific Comttee on the Effects of Atomic Radiation
(UNSCEAR) estimated that the radon contributes with radioactive nuclides progeny
about threeqquarters of its annual dose equivalent received by each human of Earth's
natural resources and more than half of the td¢sle from all sources of natural and

industrial sources and the vast proportion of retuhesse dose to inhaling these
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radionuclides with the air in homes and buildings in partiddl@}. Fig. (1.2) shows the

contribution of radon inadioactive dose

Mec}ical X-Rays 11%

[ Nuclear Medicine 4%

Consumer Products 3%

Jr— ¢)
Radon Terrestrial 8%

55%

P

—Cosmic 8%

Internal 11%

Figure (1.2} Contribution ofRadon inRadioactiveDose[46].

1.10.1 Radon Isotopes

An isotope can be defined as one or two of atoms with the same atomhber
but different mass numbers. &m has three unstable isotopé®m three natural
radicactive disintegration chains {8 TH*? and U?*). Radon has several isotopes,
where rador222, rador220, and rador219 occur naturally. It is common to refer to
these isotopes as radon (raek#tR), thoron (rado220) and actino (rador219) [15].
They are respectively forrad in the Uranium, Thorium and Actinium series. Radon
gas??Rn (alpha emitte whose haHlife is 3.82 day ) Thoron gas] Rn (alpha emitter
with 55.6 s haHife); and Actinon gas] Rn (alpha emitteof has 3.96 dalf-life).
Generally, radot222is perceived as the most important isotpp8. Radon is a part of
the decay series for the radionuclide urani2®® There are several stages in th88

decay series where radon is the direct product of the radionuclide r2@tas shown

15



CHAPTER ONE INTRODUCTION

inTable(1.2) For the main series, there are severakcesses oélpha and beta decay
between the initial uraniusB38 and the final lead06 isotopd23].

In most cases, thoron exposure is limited andsdwt pose any problem and the
radiation exposure from actinon is insignificant due to their shortlikal. Radon is
222Rn isotope to be distinguishébm the other two naturalsotopes which are called
(Thoron] Rn and Actinorj Rn) because Due to these features anthisic respects,
specific cases might poseremarkable state of affairs where alpha dose measunees
taken from] Rn and] Rn caild be the major interest, yet these situations are still
unique. In 18000wens R.Band Ernest Rutherford were the first who recognized

] Rn.The] Rn gas was found in 190d an independent form bifriedrich O. Giesel

andAnder-Louis Debiernce to be relatedio Actinium [44].

The ladon isotopes are
149 4++ 1m
14 4++ 1m
{49 4+ 7m

The halflife is an important concept for a radionuclide and is the tirtakés for half of

the initial amount of a radionuclide to deddy]. Radonr222 has a hallife of (3.82
days and decays to the shlived radon prgeny: polonium218, lead?214, bismutk214,

and poloniuri214. Their haHiives are short and vary between 165 us to 26.8 minutes.
The product from the decay of polonit2id4 is leae10, which is an effectively stable
radionuclide with a hallife of 22 yeas [34].

1.10.2 Physical Properties

Radon is a radionuclide tha happening in nate spontaneouslhyit has no color,
odor, taste and also it is an unseen gas watdensityof (9.72 gm/ liter) which is about
seven times as air intense. Radon can condense to be a clear liquid with no color at its
boiling point ancthen freeze to become yellovein solid with orangeed color It can

also dissolve moderately in wateks a resultit can be absorbed by flowing waters
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through rock and santhat radon in their containers. The ability to dissolve in water
becomes fasteat low temperatures, radon's solubility is grde solubility decreases

with an increas in temperature (510, 230 and 169°tkg at 0 C°, 20 C°and 30 C°
respectively) radon is one of the noble gases and has 31 complete valence shell, high

ionization energy, in important electric charge and is at room tempefdfire
1.10.3 Chemical Properties

Radon ischemically considereds an inert gadts chemical isotopes identification
numbers are :J(Rn,] Rn,] Rn,22Rn,|] Rn,| Rn, and] Rn). As mentionedit is
inert in lots of chemical reactions, such asitign due to its outer valenseshell that
owns eight electronsThis makes a sagly smallest energy arrangement in which the
outer electrons are tightly bound (1037 KJ/mol) and needed to another one electron from
its shell, as shown imable (.5) [40,48].

Table (1.5): Physical andChemicalPropertiesof Radon(*??Rn).

Characteristic Radon (Rn#22)
Chemical series Electron Inert gas
Electron configuration [Xe] 4 5d" 65 6p°
Color Colorless
Physical state Gas at 0 C° and 760 mm Hg
Atomic mass (222) g . mol*
Density at 20 C° 9.96*10° glcnt
Melting point 202K (-71 O)
Boiling point 211.3°K (-61.7C°)
Heat capacity (25C°) 20.786 J ( moL .K)
Crystal structure Face centered cubic
Atomic radius 120 pm
Thermal conductivity (300K) 3.61 m W-h “K'*
Odor Odorless
Solubility: Water at 2@° 230 cni/L
Organic solvents Organic liquid, slightly soluble in alcoho
Vapor pressure at 25 °C 395.2 mm Hg
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1.10.4 Radon Sources

The presence df Ra in the ground of the facilities and the buildmgterials is
considered the main radon souofaadon[49]. The outsié air also has a role tadon
concentration indoors, through the air ventilati@ther Radon soaes can exist in tap
water, the domestic gas supplies are generpllgn source It was noticed that high

indoorradon levels are created fraadon that is in the underlying rocks and sf&[3).
1.11 Radon in Water, Soil, Building Material, and Air

Radon is found in all soils and rocks to some degree, but the ameumary in
different parts of the country and at different times of the year. It is formed in the ground
by the radioactive decay of small amounts of radium wicla decay product of
uraniumitself. The gas rises to the surface and in the open air is quickly diluted to low
and harmless concentrations in the atmosphere. However, once it percolates into an
enclosed space, such as a building, it can accumulate ¢gerdas levels, depending on
the concentration ofadon in the underlying soil and the construction details of the
building. Radon may also be introduced indoors by way of groundwater supplied from a

well, or building material containing traces of radium
1.11.1 Radon in Water

Radon can enter homthrough water systems. Water in rivers aeservoirs usually
contains very littleradon, because it escapes into the air; so homes that rely on surface
water usually do not have mdon problem from their water. In big cities, water
processing in large municipal systems aerates the water, which aildws to escape,
and also delays the use of water until most of the remarashgnhasdecayed. In many
areas, grounaater is used athe main water supply fdromes and@ommunities. Small
public wateworks and private domestic wells often have closed systems and short
transit times that do not removadon from the water or permit it to decay. Ttason
escapes from the water to tlmeloor air as people take showers, wash clothes or dishes,

or otherwise use water. A very rough rule of thumb for estimating the contribution of
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radon in domestic water to indoor aadon is that house water with 10,000 pCi/L of

radon contributes about TpL to the level ofradon in the indoor ajb1].

Thearea'smost likely to have problems wittadon in groundwateare areas that
have high levels of uraniunm the underlying rocks. For example, granites in various
parts of the United States are sourcesigh levels ofradon in groundater that is
supplied to private water supplies. In areas where the main water supply is from private
wells and small pubt waterworks,radon in groundvater can addradon to the indoor
air [52].

1.11.2 Radon in Soil

Radon forms in rocks and soil that contain uranium or thomaoks have generally
been thought to be the major soun@gon production and migration in soil and bedrock
define radon availability, while specific site and construction characteristics control the

radon transfer into houss3].

Radon moves into houses because ofegative pressure differenaad due toa
large concentration gradient between the (house) building and bedroék dheoadon
concentration in housesligely to relate fairly closeo that in the soil although there is
no wellestablished method of estimatirgdon levels in individual dwellings based on
soil radon data. There are direct correlations betweenwmamadium radon in soil gas,
and indoorradon concentrationsglso suggested that geology and soil gedon are
useful indicators of indoor Radon concentrat{d4]. We considered that soibdon
might provide a reasonable guide for assessing the potential for laden
concentrations in home%2Rn and|] Rn, are usually produced in approximately equal
quantities, but the latter is often ignored because its contribution to the overall dose of
radation is relatively small. For both the soil and buildings there are many other factors,
in addition to the spatial variation in the source elements, that complicate the spatial
variation of Radon emanation. For example, the spatial variation in soiegbiiity,
porosity, Ca concentration in the soil gas, moisture content, and atmospheric pressure
affect its emanation. Soil moisture content can increaden emanation but, if the soil

pores become saturatetie emission is inhibited. Carbon dioxideta@s a carrier gas
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for radon inthe soil which can enhance its concentration in the soil atmosp&fe
The values inside buildings depend on structural charactenstintgation rates, aerosol

concentration, central heating, building materials, and the habits of the inhalaiénts
1.11.3 Radon in Building M aterials

The radon emissions from buildingaterials are important to consider in certain
cases. In Sweden, concrete produced from alum shale with high uranium concentrations
has been linked to elevated radon levels in the indoor air. It was produced between the
years 19291975 and there was widas@ad use of thisnaterial[15]. For other building
materialsthe emission of radon can be preventediyselection of materials with low

radium concentrations
1.11.4 Radon in Air

Radon moving through soil pore spaces and rock fractures neauriaee of the
earth usually escape into the atmosphere. In constructing a house with a basement, a
hole is dug, footings are set, and coarse gravel is usually laid down as a bdse for t
basement slalDnce the basement walls have been built, the gap between the basement
walls and the ground outside is filled with material that often is more permeable than the

original ground. This filled gap is called a disturbed zone

Radon movesinto the disturbed zone and the gravel bed undernfath the
surrounding soil. The backfill material in the disturbed zone is commonly rocks and soll
from the foundation site, which also generate and relesk®. The amount ofadon
in the disturbedzone and gravel bed depends on the amount of uranium preshat in t
rock at the site, the type gfermeability of soil swounding the disturbed zone
underneath the gravel bed, and the soil's moisture cdbgnt

1.12 Health Effects Due to Radon Exposure

Exposure to radon has been linked to an increaseafrisikag cancer. In Europe,
it is estimated that 2 % of the deaths in cancedaesto radon exposure. The main risk

groups are smokers and recent-samokers. The risk for lungancer is estimated to be
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25 times larger for smokers compared to the risk forgrookerg15]. In Sweden, it is
estimated that 500 deaths from luceycer each year can be linked to radon exposure
[58]. The risk for lungcancer is related to radiation in the lungs and in particular the
radiation fom alpha particles. Generally, the releasalpha particless not harmfulto
humans unless it takes place inside the @@} Radon emits alphparticles during its
decay[34]. However, most of the inhaled radon is exhdletbre it decay$59]. Thus,
radon is only related to approximately® of the alpha radiation in the lunf0]. The
main cause of alpha exposure tie inhalation of the radon progenies. The radon
progenies are atoms that exist time solid phase. They can be inhaled either as
unattached atoms or as attachedtigas, where the progenies are absorliedother
particles such as dust particles. There is a large risk that they deposit and decay in the
lungs befoe they are exhalefB4]. Two of the radon progeny emit alpha radiation,
polonium218 and poloniur214. It is this dose that is the predominant radioactive dose
to the lungs and theode associated with the risk for lung cancer. Especially, the

bronchial and bronchiolar areas receive a large part of the radiatiofédpse
1.13 Literature Review

In the last decades, mamyevious studies have been conducted to estimate the
radon concentration in water, soil, and others. In the following, the most important

studies of radon in water and soil have bemmemwved in the last two decades.
1.13.1 Literature Review of Radon in Water

S.Ezzulddinet al in (2008)[42], radon222 andradium226 activity concentration
measurement in Erbil Governoratieinking water resourcesusing active andpassive
detectionmethods The measurement has been carpatlby using RAD7 as an active
method for alpha analysethe obtainedresults show that the range of radéffRn)
concentrationvalues vary from (0.081+0.002 to 14.742+0.262) LBgind from
(0.069+0.01 t013.062+0.15) Bgusing passive and active methods respectively

K. Badhan eta in (2010 [62], used electronic radon monitor AR7) for

assessment of radon contents in the groundwateedfational Institute of Technology,
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Jalandhar, Punjab, India. Radon concentrations in drinking water of location have been
found to vary from 560 to 7750 BqL with an average value of B13BqL. The PH

value of water understudy also has been determingdt @ found in the range of 6.69

to 7.0 and the average value is found to be about 6.99. No observed correlation has been

recorded betweepH values and radon concentrations.

H. Idriss et al in(2017) [1], measured and mapped radon activity concentration
within groundwater supplies in Khartoum State, Sudan. Water samples have been
collected before and after autumn and analyzed usingelo& gamma spectrometry
equipped withan HPGe detector. Radon concentration was found to vary from 1.58 to
345.10 Bg/L vith an average value of 59.20+6.60 Bg/L. Physiochemical parameters also
have been determined for the water samples and no correlation was observed between

radon levels and these parameters.

A. Rani et al in(2012 [63], investigated radon concentration in groundwater that
wastaken from hand pumps over the diffat areas of Sianganagar, Hanumangarh,
Sikar, and Ghuru in northern Rajasthan, India. RAD7 an electronic radon monitor has
been used to estimate radon concentration in groundwater. Radon levels were found to
range from 0.5+0.3 Bg/L to 85.7+4.9 Bq/L, Wwian average value of 9.03£1.03 Bg/L in
89% of the samples, while the calculated annual effective dose ranged from 1.34 to
229.68 uSvly.

I. HK. Hadi and KAL-attiyah in (2012) [64], Measurement and study of
radioadive radon gas concentrations in the selected Samples of air and water for Hilla
city, using the electronic radon detector RAOThe average concentration of radan
drinking water (0.119 + 0.048) B4 and thehighest value (0.193 + 0.02) Bgénd the
lowest value was (0.0361 + 0.0001)/Bqg

A.A. Abojassim and A.R. Shitake (2013%5] estimated radon levels in drinking
water of 24 location in ANajaf city, Iraq, by using RAD7 radon detector. It is found
that the radon concentratiomgere varied fron0.0243+0.879 BdL to 0.2255+12.657
Bg/L. the annual effective dose due to inhalation has been calculated and is found to be
within the r/@dnge ((0ly).0614767 eeSSv
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B.C. Shivakumara et al in (2014 [66], determined radon concentration in
naturally occurring groundwater of the Mandyhstrict, Karnataka state. India. The
radon concentration in borewell water is found to be within a range of 6.44+0.20 to
44.83+0.54Bg/L with an average value of 16.42+0.31 Bg/L. While the total annual
effective dose has been varied fr¢26.31 to 178.58uSvl/y.

N. Ahmed et el from Malaysia (2015 [67], used RAD7 electric radon detector to
determine radon activity concentration in drinking and irrigated water samples collected
from various regions Sungai Petani, Kedah, Malaysia. The maximum average value of
radon concentration among thefdient types of water samples was fouhd.7 + 1.44

Bg/L in well water and the minimum was fou(®37+0.58 Bqg/L in tap water

A. Jafir et al in(2016 [68], studied the seasonal measurements of radon in
Darbandikhan Lake water resources at Kurdistan region, Iragq. The assessment includes
164 water samples collected from the lake and its different resources during the whole
year, and the eshation was carried out using the electronic RAD7 detector. The
average radon concentrations for spring water during spring, summer, autumn, and
winter were found to be 8.21 Bq/8.94 BqL , 7.422 BqL, and 8.06 Bd/, respectively.

While the average valsewere found to be 0.43 Bqg/0.877 BqL, 0.727 BgL, and

0.575 BqL for the lake and streams. It is observed that the radon concentration was high
in summer and low in springhe mean annual dose is estimated for spring water during

the four seasons andis found to be 0.022 mSv/y while for the lake with streams was
1.57 uSvly.Also, some physochemical parameters were measured and no correlation
was noted between radon concentration and these parameters except for the conductivity

of the spring watewhich reveals a strong correlation for the whole year

V. Duggal et al in(2017 [69], measured radon concentration in 59 groundwater
samples collected fromme Fatehabad district of Haryana, India. The measurements were
carried out bythe RAD7 radon electronic detector manufaetiby Durridge company
Inc. Radon levels were found within the range (&f4-22.6) Bg/L. 14% of the
groundwater samples were above the (US EPA) recommended value for radon in water.
The total annual effective for ingestion and inhalation dose was evakmdeidund to
vary from( 14.1 to 221.BuSvly.
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A. Naskar et al (2018)70], evaluated the radon concentrations for tuledls
samples collected from 173 different locations in Bakreswar and Tantoli, Budapest,
Hungary. The radon levels were observeditctuate widely between 3.3 and 803.8
Bg/L with an average of 106.8 Bg/L. About 42% of the samples posed radon content
above the safe limit of 100 Bg/L proposed by WHO and EU. The corresponding annual
effective dose was varied betwe@d®.72 and 4079.4uSv/y with an average value of
541.92 uSvly

O. Ginay et al (201945], usedAlpha GUARD portable radon detectdor
measurement of indoor radon concentration and annual effective dose estimation at
several locations in Akfitacampus of Istanbul Okan Universityhe concentration of
radon in the basement of the Faculty of Health Sciend@€325+8.5 Bg/L. When the
measurements on the ground floor are examined, it is seen thatirtneum radon
concentration i9.0132+6.4 Bg/L in the Faculty of Health Sciences (HeaBlf). The
maximum radon concentration (§.0243 + 8.5 Bqg /L in the Faculty of Engineering
(EngineeringGF). The average radon concentrationis17.4ih2he groundfloor and
the averageadon concentration 3.085+3.9 Bg/L on the first floor

A. Sharradand A.K.Farhoodin (2020)[37], studied the seasonal measurements
of radon inSawalake water resources Samawa City, IragThe assessment includes
85 water samples collected from the lake duriwg seasons, winter and spring for two
months for each seasoand the estimation was carried asing the electronic RAD7
detectorRadon activity concentrations were ranged from (0.111 By (0.965 BdL),
while the average value was (0.396 Bgthe annual effective dose (AED) of inhalation
was estimated from the measured radon concentratimhssdound to be ranged from
(0.080784 uSiky) to (0.917136 uSy) with a mean value of (0.325764 uSvly).

1.13.2 Literature Review of Radon in Soil

B. Singh et al i2010 [71], deternined radon concentrations in the soil for 39
locations of Northern Punjab, India, using AIpB&IARD PQ 2000 PRO detector. The
soil gas radon concentration was found to vary from 0.3 to 35.8 KBcfuil
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temperature, pressure, and humidity also have be®stigated to find out if there was

a correlation between these parameters and radon in soil concentration

A. Hasan et al i(201]) [72], measured the soil gas radon concentrations at 15
sitesfor different depths in the Najaf Adshraf city, Iraq, using RAD7 active radon
detector. The highest value of radon concentration was 9290+40G fa/the depth of
60 cm in AFAmir district, while the lowest value was 9+17 Bd/im Al-Shoara district
ata depth of 5 cm

A. Al-hamidawi et alin (2012 [73], conducted a set of measurements of radon
concentrdons of soil gas in AKufa City, Iraq, RAD7 electric radon meter. Radon
concentration levels were measured in 20 locations for depths of 50, 100, and 150 cm.
The result showed that the radon concentrations from location to another, depending on
the geolgical formation. For 50 cm deptthe soil gas radon concentrations were varied
from 697.5+119.145 Bq/fnto 8835+513.703 Bg/fhand forthe depth of 100 cm, it is
found to be within the range of 178.75+25.3032775+386.48 Bqg/f while ranged
from 41.45+16.500 Bq/fto 9535.5+712.729 Bg/ffrfor 150 cm depth

K. Szabé et al (2013)4], studied the seasonalddaily variation of soil radon
concentration in a highly permeable samgigvelly soil to understand the temporal
variation of radon soil gas concentration can affect radon potential determination.
Results showed that the seasonal and daily variations of the measured radon
concentration in highly permeable sarghavelly soil with definite seasons witht
obvious long transitional periods. The winter is characterized by 2.5 times higher
average soil gas radon concentration with a median of 7.0 KBigam the summer with
a median of 2.8 kBg/fn

V. Duggal et al (2014)75], investigated soilgas radon concentration in Sri
Ganganagar district of Rajasthan, India. A radon survey was carried outheskR@D7
radon electronic detector. Radon concentration in soil gas was conducted for different
depths (D, 40, 70, and 100 cm), the radon concentration wéseirange of 0.091.25
kBg/m?® for 10 cm depth and varied from 0.15 kBd/ta 6.30 kBqg/m for 40 cm depth,
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while it ranged between 0.50 kBgfrand 9.18 kBg/mand was 0.740.40 kBg/n for
100 cm depth

P. Ravikumar et al (2019)6], made a radn survey in different sites in the
Chitradurga district of Karnatakaasé, India, using RAD7 an electronic radon monitor
to explore the pattern of geological and seasonal changes of radon concentrations in soll
gas at different locations. Radon concentration in the raoijed from 0.5 to 812.9
Bg/m® with a mean value of 938 Bg/nt and 0.8 to 810.4 Bgffrimean:92.84 Bq/r)

during pre and postmonsoon seasons, respectively

A. HashimandE. Mohammedn (2016)[77], measurd of Radon Concentration and
the Effective Dose Rate in the Soil of the City of Karbalag.ltdsing a longterm
technique for alpha particle emission with solid state nuclear track detector typg CR
the concentrations of radon ranged from (0#08.02 to 7.80+ 3.53 kBg/m® with a
mean value of 2.87kBg/tn

K. Hatif and M. Muttalei(2016)[78], determined radon levels in soil at 10 districts
in Hilla City, Iraq. RAD7 electronic radon irthe air detector has been used for radon
estimation. The samples are collected from the soil at a depth of 30 cm for each location.
The maximum activity of radon was 12700 Bg/while the minimum radon activity
was 25 Bg/m

A. Cucok ( Di n79])determineddoil gasr&ddn7cydncentrations in 5
counties of Romania, using the LUK3C device. Radon concentration in soil was found
to range from 0.8 to 169 kBgfwith a mean value of 28.4 kBg/m

Y.Muhsin Zayir Atbakhat in (2017]80], measurement ofadon activity in soil
gas and th@eogenicradonpotentialmappingusing RAD7 at AlTuwaithanuclearsite
and thesurrounding AreasSoil gas radorf?Rn activity was measured in different
locations at AfITuwaitha Nuclear Site and the surrounding areas using RAD7 (radon
detector)Radon activity in the sbgas varied from (866+150 to 16004+521 ) Bdime
annual effective doses related to the inhalation of radon gas and its progeny which were
calculated from the Concentration of emanation in air near ground ranged from
(0.0082305 to 0.152102) mSvly.
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S. Fadel Kadimand H.Najy Hady in (2018)[81], measurementradon gas
concentration inselectedsoil samples ofthe of AFNadadistrict in Najaf using solid
state nuclear track detectors (GR) to determinedconcentration of radorf?’Rn .
Concentration of radon®”Rn has ranged from (171.237+0.0062) BY/no
(31.982+0.0027) Bg/fwith average value (99.222+0.2476) B4/m

P. Huynh Nguyen et al i(R018 [82], determined radon concentration in soil and
radium content in the soil of 20 locations in Ho Chi Minh Cifietnam. Radon
concentration in soil gas was determinedha depth of (16100 cm) of loam, sandy
soil, and clay soil samples in the rainy season, uiagRAD7 Active radon detector.

The nmean value of radon concentration was 28.6+2.0 Bg/kg in clayasdil31.2+2.5

Bag/kg in loam soil, while it was 30.7+2.0 Bg/kg in sandy soil. an unclear linear relation
was observed between radon concentration in soil gas and radium contents in soil.
Besides a strong positive correlation was found between soil gas reglacentration

and a pH of the soil, leading to conclude that the pH level of the soil to be considered as

an indirect dynamic parameter influencing the migration of radon in soil

F. Subaihi et al in (201983], measureaf radon concentration, its exhalation rate
and radium content in soil samples collected from different locatiotiheabrthern part
of Aden governorate, south of Yemen., Using Plastic Track Detettersutdoor radon
levels concentrations were found to vary from 264.5884to 539.72Bg/m with a
mean value of 369.29Bq°>.

D. Kareemet al (2019)[84], relationship between Radon Gas and Heavy Metals
Concentrations in Soil of Selected Farms in Kirkuk City / NE .Iiagerage radon

concentrations measured by GR in the samples was 3398.65 B/m

A. Sharradand A.K. Farhoodn (2020)[85], Radon concentrations measuiedhe
soil gas and the atmospherir was carried 30 samples around Sawa lake, samawa
City, Southern part of Iraq. Ding two seasonswinter and spring by using a continuous
radon monitoring device RAD7. Radon concentrations were found in the range of (86.9
Ba/m®) to (6448 Bdm®) with an average value ¢1963 Bdm®).
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1.14 Aims and Objectives of this Study

The occurrence of abnormal amount of radioactive nuclides in drinking water and
soil represents a potential wélking to the general populace through internal and
extanal radiation exposure from ingested and inhalated of radioactive nuclides and its

short lived decay products.

Radon {#Rn) is the only naturally occurring radioactive gas, which occurs from the
disintegration of Uranium (8 decay series). It is ehemically inert gas and has no
odor, color, or taste. Drinking water and soil were the main contributor of radon to the
living environment. Since the inhabitants of the study area are exposed, and therefore, to
protect the general society from outcomesertessive exposur® radiation due to

%22Rn, it is important to know the levels of radon from different districts across the study
area, as well as, the information obtained might be useful to prepare baseline data for
general awareness with further a&#® radiological mapping assessment in south region

of Irag.
The purposes of the present study are:

1- Evaluate the radon gas concentrations and associated annual effective dose due
to ingestion and inhalation of drinking water for living ped(aleild and adult) in
Samawa city south of Iraq.

2- A study of inhaled radon concentrations and its contribution to the annual

effective dose of the soil of Samawa city districts.

The general aspects of radioactivity and the literature review of recefiesstare
presented in chapter one. The general characteristics of RAD7 detectors and the
experimental procedures for measuring raddfRa) concentration in drinking water

and soil are given in chapter two. The results of the radon concentration amchdla¢ a
effective dose for different districts of Samawa city are preseantethapter three. A
summary of the experimental results and concentrations are given in chapter four, along

with suggestions for future research.
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CHAPTER TWO EXPERIMENTAL METHODS

2.1 Introduction

This chapter deals with the tools and materials used irstindly; including asimple
review of each one, description of the study area and the processes that took place in
present work to provide as much information as possililese processes: sampling
methods for both water and soil, radon concentrations nexasuts for both water and
soil.

Figure(2.1): Photoof MeasuringSystemUsed inPresentStudy.

2.2 Study Area

The present studis carried out in Samawa city, Alluthanna province, Iraq, as
shown in Fig (2.2). Samawa is the largest city in-Muthanna province which has an
area of 680km?), with a population of approximatel$16.426 people.lt is located in
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geographic coordinates 31°90N#, and 45°1 70N, at an elevation of & (29ft)
above the sea level. It is built on both sides of the Euphrates river; and is surroynded b
hundreds of palm groves that give it a tropical feel, especially in the southern and

northern suburbs.

There aresix bridges in the center of town for crosg between the two sides. The
west bank of the city contains the commercial heart of it. The most famous attraction of
Samawa is the ruins of the anci&umeriarcity of Uruk which dates t@l000BC anda

largesaltlake calledSawalake

The city is located at 280km southwest of Baghdad the capital of the Republic of
Irag, in the hot region during the sumnssrason and nearly cold during winter. In the
late winter and spring, Samawa city can be affected by the strong southerly winds,
which may give rise to dust storms. On the contrary, during the long summer months, a
moderate northwesterly wind, very hot airg, which may cause rapid dehydration, and
when its more intense, it can raise dust or sand. The water consumption was high and the
only water resources in this city are the surface water (Euphrates river), the water of
which is pumped out with the pughtion process. The climate of the city is marked by
a large variation of temperature, extreme dryness, and scanty rainfall. The minimum and
maxi mum temperatures are 5 theaavetagebdhnual r e s p ¢
temperature is 23.8C (74.8°F). Abaut 106mm (4.17in) of precipitation falls annually.
The soil of Samawa districts is yellowislnown in color, clay to silty clay, and
calcareous which vary in their characteristics at long distance, and in many places they
are intermixed with sandy mataki The city of Samawa consists @2 districts) and it
wasdistributed over the entire areatbe city The area oéachdistrictsvaries from one
to another, as well as the number of residanit It wasdistributed on both sides of the
Euphratesiver, and in thenorth and soutpartsof the city Fig.(2.3) showsthe surveyed

districts and locations of the sampling sites
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2.3 Global Positioning System (GPS)

GPS is a positioning system based on a network of satellites that continuously
transmit coded informatioRig(24). The information transmitted from the satellites can
be interpreted by receivers to precisely identibgations on earth by measuring
distances from the satellite$&GPS is funded and controlled by the U.S. Department of
Defense (DOD). The systers called NAVSTAR[95]. The GPS device that is used in
this study is provided by AMuthanna Municipal Directorate.

GPS Constellation:

AThe nominalGPS Operational Constellation consists of roughly 24 satellites. Each
satellite has a number on your GPS screen. Newer satellites leavedrg up to replace

the older one

AThe GPS signal communicates information about the precise positioa sdtellite
and the precise time of the sigfi@b].

Antenna
Zoom Out Zoom In
Nav Page
Power — ———Menu
Quit - “Enter
;' ~Screen

Figure(2.4): The GPS receiver
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24 RAD7 Solid State Detector

In this study, a RADmanufactured bfpurridgecompanyis used to carry out water
and soigas raon concentration measuremenkgures (%) and (26) show the

external and internal structures of the device.

RS-232 Serial Port
Air Outlet

DC Power
Input

(2.1 mm x 5.5 mm)

Printer

Air Inlet
Infra-red

LED :
\ / On/Off
LCD . o —— i i Switch

Figure (2.5): The Durridge RADElectronicRadonMonitor with an HP Printer
Mounted forthe Printing of Results.
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[—

Air Outlet Air Inlet

F

L/‘ Air Pumpl
High Voltage

¢—— Desiccant

4 |_o Readout

———
Deatector

RAD?7 Radon Monitor

Figure (2.6): Scheme of RADDevice.

The RAD7 uses a soligtate alpha detector to detect the alpha particles from 222Rn
decay. A solidstate detector is a semiconductor material that converts radiation energy
directly to an electrical signal :liter The R
hemisphere, coated on the inside with an electrical conductor. The silicon alpha detector
is at the center of the hemisphere. A high voltage p@iv@000 to 2500 voltapplied
inside the chamberelative to the detector, creating an electric fitddoughout the
volume of the cel[86]. The electric field propels positively charged particles onto the
detector.

The rador222 nucleus that decay within the cell leave its transformed nucleus,
pd onium (] 717 Po), as a positively charged i
positively charged ion to the detector, to which it sticks. When the-short e d | T P
nucleus decays upon the detector active surface, its alpha particle hés @r&@@ability
of entering the detector and producing an electrical signal proportional in strength to the

energy of the alpha particle.
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The RAD7 amplifies, filters, and sorts thgrsgals according to their strengtho, the
RAD?7 device is based on an electrostatic collection of positively chargedpicdes
that formed within its chamber by the radon products, the device can be used for radon
or thoron measurements in the amter, and soil. It has a high radon sensitivity within a

measurement range extending from 4 up 2>8@m°®[87] . In sniff mode, the RAD7

uses only the |71 r&doncengealr atoi adret@mani hée

determine thoron concentration, ignoring the subsequent and {lvegker radon
dauglters. In the measurements described below thoron was not considered, since the
study focused on measuring 222Rn concentrations. The RAD7 achieves a fast response to
changes in 222Rn concentration and fast recovery from high concentf&6dns

To begin measurements using the RAD7 detector, the detector needs to be purged
first. Purging is the process whereby the moisture and the old radon in the chamber of
the detector are removed. This is done bymagin the detector, which pumps fresh air
into the chamber through a drying unit. The drying unit is 6 cm in diamete28mn
in length Fig (2.6) [88]. The drying unit consists of granules and the purpose of the
granules igo absorb moisture, since the detection efficiency of the RAD7 decreases as
humidity increases due to the neutralization of polonium ions by water particles. An air
filter at the entrance of the RAD7 prevents dust particles and the solid daughters of 222R
from entering the radon chamber, which will contaminate the alpha detector. The air in
the chamber will pass through the outlet. The purging of the instrument takes 5 to 10
minutes depending on the initial relative humidity in the chani®@&}. The relative
humidity inthe chamber must be at least 7% or less before use. Normally 10 minutes of

purging the instrument @renecessary before the start of measurements.

24.1 RAD7 Spectrum Analysis

The electrical signal produced in the detector due to alpha radiatempbfied
and conditioned by the electronic circuitry of the detector, also convert to a digital form.
The RAD7 possesses a microprocessor that receiheesignal and stores it in the
detectords memory. The signal t hat i's st
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radionuclide and in the process of accumulating these signals, then a spectrum can be
formed[89].

The spectrum of the RAD&xtends on thepgcific range ofnergies from G 10
MeV, interest is shown in the B9 MeV region, since most of the radon and thoron
decay products, produce alpha particles energy in that range. The spectrum is divided
into 200 channels that correspond to K€V (0.05MeV) per channel. Ideally, in the
below spectrum, the 6.00 MeV alpha peaks would only be a needle spé@esented
in Fig. (2.7), butthis is not the case with the RAD7 because of the electronic noise in the

detector as well as the amplifi2,90].

Another cause for the broadened peaks is the fact that some alpti@eparticles
enter the detector at a small angle. An increase in the temperanieaakes electronic
noise, and in turraffects the tail of the peaks. The analysis of the spectrum is simplified
because the electronics of the RAD7 are manufactured to group the 200 channels into 8

windows. Those windows are listed ag A in alphabetial order89].

Windows indicators A, B.C and D
M
Peak of Mew ' It
Hadon 2""Pao
R I b I | -
| I [ Doitted lines
show window

-

=
j boundaries

]
™

Fealk ul:(ZIII:I
Radon 2o

Cimmnis

1
]

.
L] LI L] L]

2 3 4 5 6 7 8 9 alpha energy

I Wl

Figure (2.7) Alpha EnergySpectrum

Windows A and C are for radon and contgiio (Ea = 6.00 MeYand| Po (Ea =
7.69 MeV) peaks, respectively. Windows B and D are for thoron and c¢nfain(Ea =
6.78 MeV) anc?*?Po (Ea = 8.78 MeV) peakrespectively as shown in Fi@.7) [91].

The spectrum obtained from drinking water and soil samples are show in appendix (2).
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2.4.2 Background and Associated Problems

It is important to determinthe background detector readirgince the reading
during detecting may not giva true reading (false alarm) if unknowing the detector
background correctly. Despite the RAD7 manufaotycompany claims that the RAD7
does nofaffect by background, it also warns of several possible probj@jsRadon
and Thoron disintegration products havpossible role to affect the background in the
RAD7. These elements can cause problems in the process of measuring the low radon
concentration soon after a high reading. This issue can be partially solved as the detector
canrecognize their energies. Anothe wor t hy probl em to mentio
determining factor in many tools because of its (long-kfalf, however, this is not a
problem with the RAMD7tL 1t ears JehittefPAsoone(shitheap htae t a
radi onucl i de s disintegrationflrothe ffinalwesult, |this cah be neglected in
the calculation due to its energy variation in the spectrum. There might be another
problem noticed in the data analy#tistcould involve RAD7 setting up for radon soil
gas measurements. Aimmay leak into the setup despite some cautionsatetaken to
reduce it. The manufacturing company advissisgT ef | onE t ape when co
device[44].

It is also noticed after letting the probe intike ground to measure thhadon
concentration in the soithe same problenappeared. The probe head diameter is a bit
bigger than the probe shaft, so when inserting, a little space is reghaimthe shaft
side. That can be reduced through flipping down the soil into the open space that
surrounding the shaft to stop the sgé from becoming diluted as air may be sucked
down outside of the shdft3,86].
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25 RAD7 Accessories

25.1 RAD7 H,;0

The RAD-H20 is an accessory to the RAD7 to find the activity of the radon in a
water sample in a short time. It measures the activity of the sample giving results in
about 30 minutes, it was connected to a smafliccant and the RAD7 as shown in
Figure(2.8). In this systemthe air is bubbled through a vial of either 40 ml or 250 ml
with a water sample in five minutes, so that the radon is removed from the water sample
[52]. The 22Rn diffusing from the water sample continuously circulates through a
desiccant column to the RAD7 detector and then back to the water sample to establish
equilibrium between the radon in the water and air. As the RAD7 aerates the water
sample, radons stripped from the water, the radon in air and water establishes
equilibrium inthefirst five minutes. The system waits for another five minutes, making
it 10 minutes after bubbl i ng sfterthathtae ] T
RAD7 runs afurther four fiveminute counting cycles, thus making the total analysis
time to be 30 minutg®3].
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Figure (2.8): RAD H,O Accessory.
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25.2 Soil Gas Probe

Radon in soil gas measurements required special care andgradcsicmportanto
make sure that the sample is eaposed to the outside air. This can be done by using
the hardened steel soil gas probe supplied by DURRIDGE Company Inc., USA Fig.
29). It is one of the RAD7 accessories used for measuring radon soil gas with high
efficiency. The soil probe istainless steel rod (GiBch diameter) with a central hollow
(0.25inch diameter) that extends alongth the probe, soil gas probe is hammered to
the required depth below the soil surface creating a channel through which soil gas may
flow upward Anotherend of the probe is connected to the RAD7 (through a desiccant

and dust filter) by pushing the phiig connector into the prolja4.

Figure (2.9): SteelSoil GasProbe .
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2.5.3 Durridge Capture Software

Capture software (version 5.6.8) an apation that provided by DURRIDG
Company Inc., USA (Fig. 20) whichcandownload data from RAD7 and save it on the
computer (up to 1000 runs), has the ability to display advanced graphs of radon data,
showing the cumulative spectrum of radon products, scheduling the RAD7 runs and
sorting it by date and time, and offer fullntml of RAD7 processe#\lso, applying the
humidity correction on the resulted concentrations in case the humidity has gone up

(over 10 %) during the measuring procgsy.

Hie Edr View  Window  Help

BADT I8 | AddRAD)

Start RADY Test

Figure (2.10): CaptureSoftware

2.6 Drying Process

After each measuring process, the 250 ml vials that are filled with a sample need to
be washed with pure filtered water and driedatmid old water residues in the vials
which would affect the radon content in the new sample. Memmert heating and drying

electric oven (Germany) issed to dry the RAD }OD vials after being washed. Another
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use is that for drying the calcium sulfate graimat contained in the desiccant and used
to dry the air passes through it.

2.7 Sampling Method and Radon Measurements in Water

The major source of error in the measurements radon levels in water generally back
to the mistakeghat happened during the samples collection. Hence, getting good
samples requires care and prac{i@6]. Because of the radon content in the water is

simply escapes from the samples, the sample must be kept with no contact with air.

In the pesentstudy radon concentrations are measured in dfiking water
samples collected from 32 different districts in the city of Samawa, the center-of AL
Muthanna provincei Irag, for two months. Samples locations coordinates are
documented using th&lobal Positioning System (GRS)atitude and longitude of
sampling location were recorded by GPS dewduaeng the collection and used later to
draw a map shows the samples locationghencityas shown in appendid) . Water
samples were collected dutey from the tap after 15 minutes of opening the water to
ensure that the sample collected served as a representative samplewigsrlitjhe
samples were collected in a clean (0.5) L bottle previously rinsed with distilled agater
shown in Fig (2.11). During water collection, a conscious effort was taken to prevent
bubbling of the water, and sealed with a cap underwater immediately, so as not to allow
the escape of dissolved radon in the water. All bottles were labeled with the date and
time of samp collection, as well as the district namdter collection, the samples are
brought to the laboratory for measuring radon concentration, the measurements are taken
placeon the same day of collectio® calibrated portable continuous radon monitor,
RAD?7 (Durridge Company, USA) was used for measurem@ims.RAD7 protocol used
for measuring radon in water is (Grab), with (280 ml)mode, which allows RAD7 to
determines the radon concentration in (250 ml) vial connected to the RAD H20
instrument. The RAD&erates the sample by pumping the air through a closgdfor
five minutes for extracting the radon content in the sample, the elospdarries radon
into the cell sample of the RAD7. This is followed by five minutes waiting for reaching

the equilibrum, after which the counting period begins. The counting period consists of
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five cycles with five minutes for each cycle, and five minutes waiting between each
cycle and another. Hence, the sample measurement time is about onEidnaiar12)

showsradan measurement in the water.

Figure (2.11): SampleCollectionCans.
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Figure(2.12): SchematiDiagram ofRadonMeasurement ikVater.

2.8 Sampling Method and Radon SoitGas Measurement

Radon gas concentration was measured in the soil (8afdawa city, where

radon gas was measured in 1606ationsin the city distributed by 3 to Bcations for

eachdistrict, as shown imppendix (1).The samples are taken at the depth of (40 cm)

undersurface using soil gas probe which is one of the RAREcessories Fig2.13).

The undersurface of the soil consists of hard rock which made the probe penetrating a

little difficult, and most of the time it is be needed to use a hard iron rod and hummer to

get the required depth.
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Figure (2.13): RadonSoil-Gas inSitu Measurements.

Geographical coordinates that were obtained using (GPS) for all samples during
measurementare used to document sampling points using Google Earth sofffvare
measure the radon levels in the city soil, the fraeadrsoil gas probe was connected to
theinlet port of RAD7 through a desiccant a dust fijleand desiccant for decreasing the
humidity of the air that is sniffed from the sampling point through the hammered end of
the probe.The RAD7 protocol used is (&) with (Snifff mode that allows radon
assessment in the soil. After the purging process (which takes usually 15 minutes), the
RAD?7 begins sniffing air from the sample for five minutes, outlet port left free for air
exhalation.Then, the RAD7 waits for ather five minutes for reaching the equilibrium
between radon and its products. Measurement process of radon products consists of five
cycles,five minutes for each cycle with five minutes waiting between every two cycles.
Fig. (2.4) shows the scheme aidon measurements in the soil.
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Figure (2.14): Schematidiagram ofRadonSoil-GasMeasurement
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CHAPTER THREE RESULTS AND DISCUSSION

3.1 Introduction

In the present study, radon concentration was measured kingriwater and soils
in Samawa @y, south of Irag.The annual effective dose associated with the radon
concentration of both water and soil was calculated. This chapter will be devoted to

review and discuss the rdtsuthat are obtained during tragudy.
3.2 Radon Concentrations of Drinking Water

Radon concentration of thé¥inking water was measured using RAD7 an electronic
radon detectorA total of (167) samples of drinkingvater were collectettom different
locationsof Samawa CityThe measurements of radon in water were carried outglur
two months December ¥,2019 to January 31", 2020. Samples locations were
documented using GPShe locations of collected water samples are documented and
illustrated inTable (3.1)

Table (3.1):RadonConcentrations oDrinking WaterSamples

222Rn
District L Sample Coordinate Con.(Bg/l)
No. District name No. Longitude latitude Mean
(deg) (deg)
w1 45°16'7.22"E | 31°18'50.89"N 0.260 + 0.18
w2 45°15'56.68"E | 31°18'58.57"N | 0.0370 + 0.052
L AL - Hussein w3 45°15'42.09"E | 31°18'59.52"N 0.223+0.17
W 4 45°15'45.25"E | 31°19'15.94"N 0.147 +0.13
W5 45°16'5.83"E | 31°19'11.12"N 0.111+0.11
W 6 45°16'9.49"E | 31°19'1.27"N 0.108 £ 0.12
w7 45°16'35.30"E | 31°19'8.75"N 0.252 +0.18
w8 45°16'29.71"E | 31°18'58.33"N 0.108 +0.11
2 AL - Muealimin | W 9 45°16'17.34"E | 31°18'52.93"N 0.145 +0.13
W 10 45°16'35.11"E | 31°18'44.80"N 0.178 +0.15
w11 45°16'17.83"E | 31°19'8.66"N 0.120 +0.11
W 12 45°16'9.03"E | 31°18'36.11"N | 0.0357 +0.051
W 13 45°15'47.93"E | 31°18'50.15"N | 0.0679 + 0.07
3 AL - Muealimin 2 | W 14 45°15'51.68"E | 31°18'35.09"N 0.270+0.2
W 15 45°15'28.12"E | 31°18'43.67"N | 0.0716 + 0.08
W 16 45°16'8.12"E | 31°18'44.51"N 0.108 0.11
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W 17 45°16'28.42"E | 31°18'33.52'N | 0.186+0.14
W18 | 45°16'41.97"E | 31°18'36.54'N | 0.0619 £ 0.07
. AL Oroube | W19 45°16'19.39'E | 31°18'42.13'N |  0.0610 + 0.09
W20 | 45°16'15.27"E | 31°18'30.46"N | 0.316 +0.22
W 21 45°16'40.36"E | 31°18'26.71"N |  0.216+0.16
W 22 45°17'2.55"E | 31°18'30.45"N | 0.0362 £ 0.051
W23 | 45°15'57.87"E | 31°18'17.99"N 0.184 £ 0.7
W24 | 45°15'5320'E | 31°18'29.63'N | 0.148 +0.13
5 AL-Sader |W25 |45°15'39.79'E | 31°18'30.68'N | 0.280+0.28
W26 | 45°16'4.18"E | 31°18'9.43"N 0.401+ 0.26
W 27 45°16'6.89"E | 31°18'25.37"°N |  0.186+0.22
W28 | 45°1523.65"E | 31°18'24.09'N |  0.186 +0.15
W 29 45°15'24.29'E | 31°18'14.63"N 0.149 0.1
6 AL-Shuhada2 | W30 | 45°15'34.84'E | 31°18'13.64'N | 0.187 +0.17
W 31 45°15'35.82"E | 31°18'21.78'N |  0.187 +0.14
W 32 45°15'25.34'E | 31°18'31.26"N | 0.0757 £0.09
W33 | 45°16'57.59"E | 31°18'55.95'N | 0.174+0.17
W34 | 45°16'49.04'E | 31°18'44.30'N | 0.141+0.13
W35 | 45°17'7.70'E | 31°18'36.69'N | 0.121+0.14
7 Al-Gharbi2 | W36 | 45°17'14.98"E | 31°18'53.79'N | 0.135:0.14
W 37 45°17'9.54"E | 31°18'47.54"N | 0.121+0.14
W38 | 45°16'44.01"E | 31°19'9.33"N 0.256 +0.18
W 39 45°16'43.71"E | 31°18'54.99'N | 0.0926 +0.11
W40 | 45°17'13.70"E | 31°18'32.58"N 1.01+0.38
W 41 45°17'25.74"E | 31°18'46.80"N 0.658 + 0.4
8 'Q;‘a(gﬁsnﬁ’ﬁﬂ W 42 45°17'21.67"E | 31°18'41.34"N |  0.532 +0.28
W43 | 45°17'15.70"E | 31°18'39.47°N |  0.538 +0.29
W44 | 45°17'23.43'E | 31°18'52.32°N | 0.338+0.22
W45 | 45°17'35.64"E | 31°18'48.14°N |  0.109 +0.11
W46 | 45°17'40.85"E | 31°18'41.70'N | 0.0810 +0.08
9 Al-Jadiduh | w47 45°17'32.00'E | 31°18'28.14'N |  0.660 +0.33
W48 | 45°17'24.79'E | 31°18'34.44'N |  0.888 +0.37
W 49 45°17'40.28"E | 31°18'32.14"N 0.234+0.18
W50 | 45°18'1.08'E | 31°18'46.81"°N |  0.499 +0.28
W 51 45°1821.27"E | 31°19'2.41"N 0.158 + 0.14
10 | B.S AL shargayh | W 52 45°18'19.42"E | 31°18'39.57"N |  0.355+0.22
W53 | 45°18'37.72"E | 31°18'45.37'N | 0.158+0.14
W54 | 45°18'6.33'E | 31°18'31.76"N |  0.936 +0.39

49




CHAPTER THREE

RESULTS AND DISCUSSION

W 55 45°18'22.30"E | 31°18'27.00"N 0.0385 + 0.054
W 56 45°17'52.03"E | 31°18'28.93"N 0.116 £0.12
11 9 Nisan 4W 57 45°18'40.23"E | 31°18'16.50"N 0.0614 £ 0.07
W 58 45°18'46.88"E | 31°18'32.25"N 0.123+0.11
W 59 45°18'14.00"E | 31°18'18.49"N 0.186 + 0.14
W 60 45°16'23.56"E | 31°18'25.67"N 0.603 +£0.25
W61 45°16'49.64"E | 31°18'21.66"N 0.425+0.27
12 AL - Haydari W 62 45°17'5.27"E 31°18'25.02"N 0.186 +0.15
W 63 45°16'56.03"E | 31°18'14.53"N 0.296 £0.2
W 64 45°16'35.73"E | 31°18'16.44"N 0.150+0.13
W 65 45°16'19.67"E | 31°18'20.72"N 0.375+0.23
W 66 45°16'57.82"E | 31°18'1.91"N 0.122 +0.16
W 67 45°16'57.41"E | 31°17'58.13"N 0.194 +£0.16
13 AL - Nahdah W 68 45°16'52.79"E | 31°18'1.92"N 0.0768 £ 0.09
W 69 45°16'56.41"E | 31°17'53.40"N 0.0768 £ 0.09
W 70 45°16'49.72"E | 31°17'53.77"N 0.115+0.11
w71 45°16'23.37"E | 31°18'15.27"N 0.118 +0.12
W72 45°16'32.78"E | 31°18'5.10"N 0.157 +0.14
14 AL - Jumhuriu W 73 45°16'21.71"E | 31°18'4.24"N 0.0775 £ 0.09
W74 45°16'11.34"E | 31°18'11.75"N 0.159 +0.14
W 75 45°16'44.06"E | 31°17'58.56"N 0.0776 £ 0.09
W 76 45°16'56.41"E | 31°17'53.40"N 0.0383 + 0.054
W 77 45°15'25.58"E | 31°18'8.75"N 0.453 +0.27
W 78 45°15'57.52"E | 31°17'47.54"N 0.279+0.19
15 Al- Easkari W79 45°15'53.83"E | 31°18'3.60"N 0.609 +0.3
W 80 45°15'20.03"E | 31°17'54.07"N 0.335+0.22
W 81 45°15'42.19"E | 31°17'53.04"N 0.441+0.25
W 82 45°16'15.60"E | 31°18'1.17"N 0.264 +0.19
W 83 45°16'28.06"E | 31°17'46.91"N 0.257 £0.18
16 AL - Hakim W 84 45°16'39.81"E | 31°17'53.77"N 0.223+0.18
W 85 45°16'50.01"E | 31°17'45.99"N 0.0390 * 0.055
W 86 45°16'46.08"E | 31°17'33.41"N 0.180+0.15
W 87 45°16'10.76"E | 31°17'52.00"N 0.155 +0.13
W 88 45°16'8.80"E 31°17'44.08"N 0.186 +0.14
17 AL - Tahryr W 89 45°16'25.90"E | 31°17'37.93"N 0.124 +0.11
W 90 45°16'34.77"E | 31°17'31.70"N 0.0923 + 0.09
w ol 45°16'21.99"E | 31°17'29.26"N 0.0617 +0.07
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W 92 45°17'25.15"E | 31°18'22.15"N 0.0926 £ 0.09
W 93 45°17'32.89"E | 31°18'10.00"N 0.0925 + 0.09
18 Al'T lielam W 94 45°17'14.26"E | 31°18'11.27"N 0.0923 £ 0.09
W 95 45°17'12.53"E | 31°17'59.99"N 0.186 +0.14
W 96 45°17'27.00"E | 31°17'57.23"N 0.154 £0.13
W 97 45°17'12.62"E | 31°18'24.93"N 0.149 £0.13
W 98 45°17'3.53"E 31°17'58.61"N 0.118 +0.12
19 AL - Amir W 99 45°17'2.85"E 31°17'35.04"N 0.113+0.11
W 100 45°16'51.66"E | 31°17'15.96"N 0.156 +£0.14
W 101 45°17'22.12"E | 31°17'14.35"N 0.0928 + 0.09
W 102 45°16'36.97"E | 31°17'0.99"N 0.124 +0.11
W 103 45°16'5.51"E 31°16'41.20"N 0.185+0.14
20 AL - Hassan W 104 45°16'0.05"E 31°16'15.81"N 0.186 +0.14
W 105 45°16'52.31"E | 31°16'34.96"N 0.0925 + 0.09
W 106 45°16'48.98"E | 31°16'11.52"N 0.0929 £ 0.09
W 107 45°16'56.64"E | 31°17'6.54"N 0.124 £0.11
W 108 45°17'30.88"E | 31°17'5.99"N 0.124 +0.11
21 AL - Mujybil W 109 45°17'51.72"E | 31°16'55.36"N 0.123+0.11
W 110 45°17'8.28"E 31°16'43.33"N 0.155 +0.13
W 111 45°17'38.72"E | 31°16'38.78"N 0.0928 + 0.09
W 112 45°17'21.20"E | 31°17'43.55"N 0.0375 £ 0.053
W 113 45°17'42.10"E | 31°17'15.11"N 0.151+0.14
22 AL - Sinaeiu W 114 45°18'8.70"E 31°17'33.69"N 0.0378 £ 0.054
W 115 45°18'11.70"E | 31°17'4.42"N 0.0785 £ 0.09
W 116 45°17'57.89"E | 31°18'4.96"N 0.0746 £ 0.09
W 117 45°18'29.55"E | 31°17'5.80"N 0.0615 + 0.07
W 118 45°18'41.53"E | 31°16'59.09"N 0.186 +0.14
23 AL - Jahil W 119 45°18'34.29"E | 31°16'55.21"N 0.155+0.13
W 120 45°18'36.18"E | 31°16'47.42"N 0.154 +0.13
w121 45°18'24.06"E | 31°16'53.01"N 0.279+0.18
W 122 45°17'21.96"E | 31°16'15.80"N 0.0620 + 0.07
W 123 45°16'59.09"E | 31°15'53.50"N 0.184+0.14
24 AL - Eatshan W 124 45°17'42.21"E | 31°16'6.82"N 0.0622 + 0.07
W 125 45°18'10.31"E | 31°16'22.76"N 0.0311 £+ 0.044
W 126 45°18'43.06"E | 31°16'29.77"N 0.124 +0.11
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W 127 |45°17455°E | 31°19'12.40°N | 0.0929£0.09
W128 | 45°17'25.20°E | 31°191324'N | 01244011
25 | AL-Qashalah | W129 |45°1729.22°E | 31°18'59.32'N | 0.186+0.14
W130 | 45°1729.84'E | 31°19'18.31'N | 0.124011
W13l | 45°171121°E | 31°19557'N | 0155£013
W132 | 45°17'39.32°E | 31°1929.75'N | 0.0155+0.13
W133 | 45°17'38.66'E | 31°1922.06'N | 0.124£0.11
26 AL-Jhad | W134 |45°17'4524'E | 31°19'17.63'N | 0.0309 £0.044
W135 | 45°17'50.48"E | 31°19%6.56'N | 0.0928 £0.09
W 136 | 45°17'37.38°E | 31°193.38'N | 0.09230.09
W 137 | 45°17'47.45'E | 31°20'10.40°N | 0.06150.07
W138 | 45°185.85'E | 31°209.14'N | 0.0920£0.09
27 AL-Taamim |W139 | 45°1732.16'E | 31°201.92’°N | 01244011
W 140 | 45°17'54.89°E | 31°19%52.66'N | 0.0931+0.09
W 141 | 45°17'35.08'E | 31°19'44.96'N | 0.06150.07
W142 | 45°15'32.73'E | 31°19'41.69'N | 0.1100.11
W 143 | 45°1627.89'E | 31°19'55.75'N | 0.0378 £0.053
28 A'AL'th""ég'h& W144 | 45°171353'E | 31°20155'N | 0.195+0.16
W 145 | 45°17'16.91°E | 31°1937.72'N | 0.1570.15
W 146 | 45°16'59.52'E | 31°1922.05'N | 0.2330.18
W 147 | 45°16'14.14°E | 31°2022.02°N | 0.0620£0.07
W 148 | 45°16'38.87°E | 31°2017.07'N | 0.0928 £0.09
29 AL-Aintisar | W149 | 45°16'30.77°E | 31°2023.18°N | 0.0617 £0.07
W 150 | 45°16'36.34°E | 31°20'10.71°N | 0.06150.07
W151 | 45°16'11.36'E | 31°20'1021°N | 0.1230.11
W152 | 45°17'36.98°E | 31°21'0.06'N | 0.06220.07
W 153 | 45°17'47.53'E | 31°2047.12'N | 0.0308 +0.044
i AL Ricaa | W54 | 45°173L12°E | 31°2032.92'N | 0.0617 007
W 155 | 45°17'30.80°E | 31°2015.02'N | 0.124011
W 156 | 45°17'49.67°E | 31°2026.34'N |  0.0929 £0.09
W 157 | 45°17'59.31°E | 31°20'37.15'N | 0.0311 £0.044
W 158 | 45°15'4126'E | 31°202.86°N | 0.0308 £0.044
W159 | 45°16'3.71"E | 31°2037.48'N |  0.0928 £0.09
31 AL-Nasr | W160 |45°16%6.95'E | 31°21'2055'N | 0.186+0.14
W161 | 45°17'8.19"E | 31°20'50.69'N | 0.1230.11
W162 | 45°17'11.79°E | 31°2017.47°N | 0.0615+0.07
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W 163 | 45°16'39.59"E | 31°19'39.04"N | 0.0381 + 0.054
W 164 | 45°16'38.16"E | 31°19'17.27"N 0.260 + 0.19
32 B.S algharbiuh | W 165 | 45°16'10.43"E | 31°19'16.13"N | 0.0370 +0.053
W 166 | 45°16'13.08"E | 31°19'35.08"N 0.223+0.18
W 167 | 45°15'31.41"E | 31°18'50.89"N 0.147 +0.14
Mean value 0.175+0.13

Radon concentration results in Bg/L for the collected water samples are shown in
Table (31), on average ofive runs for each sample with a final mean valUde mean
value of radon concentratiasistribution for the studied districts is illustrated in Fig.
(3.1).
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Figure (3.1): Radon ConcentratioDistribution for theStudiedDistricts.

Table (31) shows the achieved radon concentration in drinking water determined
using RAD7. From the Table, radon activity in the water samples shows high variation,
where concentrations value ranged from shealler value of (0.015% 0.13 Bqg/L) for
sample (W132) to the highest one of (1#0.38 Bg/L) for sample (W40) with a mean
value of (0.1%+ 0.13 Bg/L).The higher concentrations of radon in tiinking water
are recorded for sampl®¥41, W42, W43, W47W48, W54, W60, and W7hile the
minimum radon concentrations can be obserfeedhe sampledVv125, W134, W153,
W157, and W158The main reason for large differendasradon concentration ithe

sampls seens to be due tahe storage of the mixed water in large reservoirs before
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distribution[96]. So it is cleatthat the radon concentration in water samples changed
from onelocation to anotheAs well asthis variation may be du® the type of water,

the geological formatigrand the difference of geochemical distribution of areas under
the study On the other handand up to nowthere is no obvious guidelines and
regulation for drinking water radon concentration in Iraq and the world. From the
radiological protection point of view, the health and environmental protection agencies
have recommended a safe limit of radon in drinkiveger for human beings. The US
Environment Protection Agency (USEPA) has proposed that the allowed maximum
contamination level for radon concentration in water is 11.1 H§7]. The UNSCEAR

has suggestea value of radon concentration in water for human consumption between 4
and 40 Bg/L[36]. The World Health Organization reported the permissible value of
radon in drinking water value of (20 Bg/[98]. These levels are set to represent a
concentration that does not result in any significant risk to health over lifetimé&mndrin
water.However,it is noticedthat all analyzed samples pose radoncentrations much
lower than those proposed by international organizatginse the higher value of radon
concentrdon was (1.01+ 0.38 Bg/L) This valueis very well below the maximum
contaminant level (MCL) of (11.1 Bg/L) that proposed Klye United States
Environmemal Protection Agency (US EPAYr (20 Bqg/L) reported by World Health
Organization (WHQOJ]99]. An average valuef radon concentrain for eachdistrict is
shown inTable(3.2).

Table (32): AverageRadon Concentration @rinking Water inEachDistrict.

Dist.No. District Name Mean radon concent.
(Bg/L)
1 AL -Hussein 0.147667
2 AL -Muealimin 0.1606
3 AL -Muealimin 2 0.11064
4 AL -Orouba 0.146183
5 AL -Sader 0.2398
6 AL -Shuhada 2 0.15694
7 AL -Gharbi 2 0.148657
8 AL -gasabah 0.6152
9 AL - Jadidah 0.3944
10 B.S AL-shargayh 0.4212
11 9 Nisan 0.10498
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12 AL -Haydariah 0.339167
13 AL -Nahdah 0.11692
14 AL -Jumhuriah 0.104567
15 AL -Askari 0.4234
16 AL -Hakim 0.1926
17 AL -Tahryr 0.1238
18 AL -lielam 0.12348
19 AL -Amir 0.12576
20 AL -Hassan 0.13608
21 AL -Mujybil 0.12376
22 AL -Sinaeiah 0.07588
23 AL -Jahil 0.1671
24 AL -Eatshan 0.09266
25 AL -Qushlah 0.13638
26 AL -Jihad 0.0711
27 AL -Taamim 0.08642
28 AL -Siagh 0.14656
29 AL -Entisar 0.0802
30 AL -Risalah 0.067117
31 AL -Nasr 0.09882
32 B.S Algharbiah 0.14102
Mean value 0.15

FromTable(3.2), it is possible to say that the higher value of raclmmcentrations
conductedn the AL-qasabah district with value of (0.6152 Bg/L)The reason for this
may be due to the soil and rock structure where the water pipes pass through it, and or
the water network that provides this district with water is the oldesteirtitii (where
the district represents the old city), addition tqQ the network pipes are made from
concrete, and as known the radon content within concrete pipes is higher than PVC or
iron pipes. On the other hand, these pipes contain a significant nofmipactures and
cracks which allow the groundwater to be mixed with transported \(gatgace water)
which increases the radon level within it. HeriClee materialshat pipes are made frgm
as well as the natui the ground, will affect theoncentation of radon gas in drinking
water The value of the lowest radon activity concentration was measured in the water
samples taken from the ARisalah district (0.067117 Bg/Lyhis low value is could be
due to the district is close to the processing@tatiwhich ensure that the received water
is provided from the storages directly and the distance that the water travels is relatively
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short which helps to avoid as much impact as possible from the soil contamination, and
or this lack of radon content batik that the water network has been newly created, and
hence, its transportation lines are devoid of any cracks or fissures which help to avoid

any additional contamination.

From the statistical perspective, and for providing a better perceptionbthimed
concentrations have been classified into five categories depending on their Vakies
first category consists of all concentrations that ranged from (0.0671 Bg/L) to (0.1766
Bg/L), the second category included the concentrations varied bet@dai®{ Bqg/L)
and (0.2862 Bg/L), while the concentrations of (0.2B&B3958 Bg/L) are presented by
the third categoryThe fourth one contains the concentrations in the range of (6.3959
0.5054 Bg/L), and finally, the concentrations between (0.5055 BaiL@6155 Bqg/L)
are included within the fifth categarfigure (3.2) showthe frequency distribution of

mean radon concentrations value in the studied districts.
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Figure (3.2): FrequencyDistribution ofMeanRadonConcentration of th&tudied
Districts.
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From the figure above, it is evident that the most concentrations (78 % of the water
samples)are within the first category which contains the lower values (lower than or
equal to 0.1766 Bg/L) which indicates that the most analyzed sampledfertrmti
regions in the city poseery low concentrations (have radon concentration far below
than MCL recommended by EPA) as compared to other samples in the rest of
categories.

However, in the scope of the above results, ligh and lowvalue of radon
concentration irSamawa cityobtained from the present study was compared with the
values reported by the other studies carried out in Iraq and the nearest cotiabies
(3.3) provides minimum, maximum of radon concentrationirag andthe other nearest

countries.

Table (3.3): Local and regional studies dhe measurements of radimndrinking water.

Radon Concent.
No. Country Location (Bg/L) Reference
Min Max
1 Turkey Kastomonu city 0.39 12.73 [38]
2 Turkey Adéyaman 0.39 0.51 [100]
Kerman city

3 Iran 1.2 9.88 [101]
Borujerd

4 Iran 1.339 4.032 [102]
: . Qassim

5 Saudi Arabia 1.20 15.43 [103]
: . Jazan

6 Saudi Arabia 2.47 2.95 53]

11 Jordan Amman 3.9 117 [104]

12 Lebanon Beirut 0.91 49.6 [105]

13 Kuwait Kuwait 1.02 6.05 [26]

14 Palestine Palestine 0.9 1.3 [106]

15 Iraq Kurdistan 1.184 7.589 [43]

16 Iraq Erbil 0.069 13.062 [42]

Baghdad, Al

17 Iraq Mustansiriyah 0.073 0.190 [107]

18 Iraq Al-Najaf city 0.33 1.2 [108]

19 Iraq Abu T Gharaq 0.072 0.688 [109]

20 Iraq Hilla city 0.0361 0.193 [110]

21 Iraqg Hilla city 0.119 0.193 [64]

22 Iraq Samawa city 0.067 0.615 Present study
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From the tablewhen the higher value aidon concentration in the present study
(0.615 Bg/L) were compared with values from other parts of Iraqg, we find that it is lower
than the values reped in Kurdistan and higher than the values reported in Hilla city.
Further, the present resultése remarkably very low than those reported in Jordan,
Beriut, Saudi Arabia, and Turkey. However, the minimum value reported in this study
(0.067 Bg/L) look lower than the available data reported in the literature.

3.3 Annual Effective Dose of Drinking Water

T h eEffedtiveDos e 0 i s a bi ol oupeddnarddiopdotestien, as @ mmo n |
determines how dangerous an individual 6s
consideration not only nature at the ingog radiation but also the sensitivities at the
body parts affected and represents the stochastic health risk to the whole body. The
annual effective dose (AED) due to radon concentration can be classified into two types,
the dose from inhalation and tldwse from ingestianit depends on what someone
proportions due to inhalation and ingestion will therefore be variable with location and
the particular local sources at radiation exposimethe present study, the annual
effective dose received by a humheing is estimated due to ingesti@ing) and

inhalation Hinp).

The concentration of B& and RA% radionuclides which are commonly occurring
in the water causeseverehealth hazards to human health. They discharge alpha
particles and their respiration and ingestion may result in high radioactive dose to
delicate cells in the respiratory tracts, digestive organs, and also other organs of the
human body111]. The R?* isotope has a halffe of 3.825 days which is enough to
stay in the atmosphere of the human environment and causes health risk. Inhalation and
ingestion are the two possible routes in whiclf?Rim water can get into the human
body. Here, both lungsnd stomach are exposed to radon in water. The radiation dose to
the stomach (ingestion) depends on daily water consumption. On the other hand, the
radiation dose to the lungs depends on the release’&fdais from water during normal
human activitiesHence, the radiation dose to the public from waterborne radon is

considered to be a higher menace than all other pollutants in[va2gr
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To evaluate AED due to inhalation and ingestion in the studied area, the
UNSCEAR model was adoptedhe annuakffective dose due to the ingestion of radon

from drinking waer (Hing), was calculated according to equation ($11L3]:

Hing (MSV/yr) =Cgr, Diny L€ E€€éé (3. 1)
Where:
Crn mean radon concentration in drinking watg/L )
Ding: The conversion factor for ingestiafd, { #|| aor1 O #|| a
for an adult and 2 { @| aor2 04 | &or achild).
L: annual drinking water consumption in liters.

Thereare controversies over the amount of annual watersumed by individuals
in a year. The value of (60 L/y) for the weighted direct annual consumption of tap water
has beemproposed by UNSCEAIRL14]. The total annual water intake ftire so-called
061 CRP Standard Manod6é equal sandfoochilfrenthé d ) o
average water consumption rate (AGR)1.5L/d) or (547.5 LIMICRP, IAEA 1996.
Because thesouthe st er n area of Il raq has a desert
country, in addition to the high temperature in the city of Samawa most days of the year
which means that to consume a large quantity of water, and for congistéh most
international drinking water guideline)e amountof (730 L/y) has been applied for
calculations of ingestion dos$er adults and547.5 L/y) for children usedn this study.

The annual effective dose due to the inhalation ofradly,,), resulting from the
radon concentration in drinking water, was calculated using the following rejafi8h

Hin(NSVYN=Gn R F T Déééé. .. (3.2)
Where:
Crn: mean radon concentration in drinking wat&g/L ).
R: air to water concentratiaf10Z).

F: Equilibrium factor between indoor radon and its progén).
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T: Exposure time in hours | ¥« »for adults and children.
D: Dose conversion factor = | # | a] ¥30 or T 7| a0 8

Annual effective dose due to ingestion and inhalation from exposuiéraf in
water for adults and child haseén calculated using equations §3and @3.2) and
illustrated inTable(3.4) thatshows the values of the annual effective dose per person of
ingestion and inhalation from radon gas activity concentration of water samptas
study. The calculated total annual effective dose of children ranged®@86€ Sv / y r )
at Al-Risalah district (sample &) to (6.737¢ S v / yAl-Qasabatdistrict (sample
no.d, with an average value at.023¢ Sv/ yr ), whil e for adul ts
dose ranged from @01 ¢ Sv / y r -Risalahdistristl (sampleNo0.30) to @4.492
e Sv / y rgasalaltistristi(sampleNo. 8) with an average vak of 1.282¢ Sv /iy r ) .
the scope of our results, it was found that the total annual effective dose of children
higher than of total annual dose for an adult, which is may be due to the ingesting dose
conversion factorg combination of changes in dosengersion factor and water intake
with age) or this higher value for children is due to the high sensitivity of tissues of
children body{115]. However, the total annual etfere dose of children and adults for
the wholebody (ingestion plus inhalatior@ds shown irFig.( 3.3) fromdrinking water
are well below the reference level of 0.1 my@ar of WHO and hence do not pose any

health problem from radon dose received from drinking water in the study area.

UNSCEAR has provided the mean dose from radon in water. From ingestion the
mean radon dose is 0.002 mSv/yr and from inhalation @.025 mSv/yr[3,113].
Comparison of these results indicates that in the case of water health risk is mainly from
inhalation of radon. Our mean annual effective doses of A128yr (for adults) and
1.922uSv/yr (for Children) due to ingestion and 0.0048v/yr due to inhalation from
radon in water are lower than the mean annual effective dose of 0.002 and 8\Wg26 m
of UNSCEAR due to ingestion and inhalation respectively.
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Table (34): AnnualEffective Dose Received by Age Groups ofChildren andAdults
caused byhe Inhalation of*Rnandlngestion oDrinking Water in Samaw&ity Area.

) o Rn Concentration (Bg/L) Ingesion AED (Svly) Inh:{lza[t)ion Total AED (uSvly)
Dist.No. District Name
Min Max Mean Adult Child (usvly) Adult Child

1 AL -Hussein 0.00+0.6 | 0.557+0.9| 0.147 +£0.15 | 1.0779691| 1.6169537 | 0.000372121 | 1.078341| 1.6173258
2 AL -Muealimin 0.00+£0.6 0.542+0.9| 0.160+0.13 | 1.17238 1.75857 0.000404712 | 1.172785| 1.7589747
3 AL-Muealimin2 | 0.00+0.6 | 0.721%1 0.1106 £ 0.1 | 0.807672 | 1.211508 0.000278813 | 0.807951| 1.2117868
4 AL -Orouba 0.00+06 | 0.721+1 0.146 +0.12 | 1.0671359| 1.6007039 | 0.000368381 | 1.067504 | 1.6010722
5 AL -Sader 0.00+£0.6 0.729+1 0.239 +£0.31 | 1.75054 2.62581 0.000604296 | 1.751144 | 2.6264143
6 AL -Shuhada 2 0.00+0.6 | 0.561+0.9| 0.156+0.13 | 1.145662 | 1.718493 0.000395489 | 1.146057 | 1.7188885
7 AL -Gharbi 2 0.00+£0.6 0.547+£0.9 | 0.148 +0.14 | 1.0851961| 1.6277942 | 0.000374616 | 1.085571| 1.6281688
8 AL -gasabah 0.00 +0.6 122+11 | 0.615+0.31 | 4.49096 6.73644 0.001550304 | 4.49251 | 6.7379903
9 AL - jadidah 0.00+0.6 | 1.81+1.3 | 0.394+0.21 | 2.87912 4.31868 0.000993888 | 2.880114 | 4.3196739
10 B.S AL-shargayh | 0.00+ 0.6 144 +1.2 0.421 +0.23 | 3.07476 461214 0.001061424 | 3.075821 | 4.6132014
11 9 Nisan 0.00+0.6 | 0.466+0.9 | 0.104+0.9 0.766354 | 1.149531 0.00026455 | 0.766619| 1.1497955
12 AL -Haydariah 0.00+£0.6 0.947+1.1| 0.339+0.2 2.4759191| 3.7138787 | 0.000854701 | 2.476774| 3.7147334
13 AL -Nahdah 0.00+0.6 | 0.387+0.8 | 0.116+0.12 | 0.853516 | 1.280274 0.000294638 | 0.853811| 1.2805686
14 AL -Jumhuriah 0.00+0.6 | 0.399+0.8 | 0.104+0.1 0.7633391| 1.1450087 | 0.000263509 | 0.763603| 1.1452722
15 AL -Askari 0.00+0.6 | 0.854+1 0.423+0.24 | 3.09082 4.63623 0.001066968 | 3.091887 | 4.637297
16 AL -Hakim 0.00+0.6 | 0.939+1.1| 0.192+0.15 | 1.40598 2.10897 0.000485352 | 1.406465| 2.1094554
17 AL -Tahryr 0.00+£0.6 | 0619+1 0.123+0.1 0.90374 1.35561 0.000311976 | 0.904052 | 1.355922
18 AL -lielam 0.00+0.6 | 0.461+0.9 | 0.123+0.1 0.901404 | 1.352106 0.00031117 | 0.901715| 1.3524172
19 AL -Amir 0.00+£0.6 | 0.391+0.8 | 0.125+0.11 | 0.918048 | 1.377072 0.000316915 | 0.918365| 1.3773889
20 AL -Hassan 0.00+0.6 | 0.461+0.9| 0.136+0.11 | 0.993384 | 1.490076 0.000342922 | 0.993727| 1.4904189
21 AL -Mujybil 0.00 +0.6 0.466+0.9 | 0.123+0.11 | 0.903448 | 1.355172 0.000311875 | 0.90376 | 1.3554839
22 AL -Sinaeiah 0.00+0.6 | 0.373+0.8 | 0.075+0.8 0.553924 | 0.830886 0.000191218 | 0.554115| 0.8310772
23 AL -Jahil 0.00+0.6 | 0619+1 0.167 +0.13 | 1.21983 1.829745 0.000421092 | 1.220251| 1.8301661
24 AL -Eatshan 0.00+£0.6 | 0.311+0.8 | 0.092+0.8 0.676418 | 1.014627 0.000233503 | 0.676652| 1.0148605
25 AL -Qushlah 0.00+0.6 | 0.464+0.9| 0.136+0.11 | 0.995574 | 1.493361 0.000343678 | 0.995918 | 1.4937047
26 AL -Jihad 0.00+0.6 | 0.313+0.9| 0.071+0.9 0.51903 0.778545 0.000179172 | 0.519209 | 0.7787242
27 AL -Taamim 0.00+0.6 | 0.157+0.8 | 0.086+0.8 0.630866 | 0.946299 0.000217778 | 0.631084 | 0.9465168
28 AL -Siagh 0.00+0.6 | 0.391+0.8 | 0.146 +£0.13 | 1.069888 | 1.604832 0.000369331 | 1.070257| 1.6052013
29 AL -Entisar 0.00+0.6 | 0.308+0.8 | 0.080+0.8 0.58546 0.87819 0.000202104 | 0.585662 | 0.8783921
30 AL -Risalah 0.00+£0.6 | 0.311+0.8 | 0.067+0.7 | 0.4899541| 0.7349312 | 0.000169135 | 0.490123| 0.7351003
31 AL -Nasr 0.00+0.6 | 0.466+0.9 | 0.098+0.9 0.721386 | 1.082079 0.000249026 | 0.721635| 1.082328
32 B.S Algharbiah 0.00+0.6 | 0.557+0.1 | 0.141+0.12 | 1.029446 | 1.544169 0.00035537 1.029801 | 1.5445244

Average Value 1.2818476| 1.9227714 | 0.000442501 | 1.28229 | 1.9232139
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Figure (3.3): A Comparison of AED betweefdults andChildren.
The World Health Organization (WHO)98] and the EU Council[116]

recommended the action level for annual ingestion dose received from water
consumpt i 8viyr. AcdordibgdddWHIf the total annual effective dose is less

t han Su/grQhe gvater is appropriateof consumption purposes and no further
remedial action imecessaryThe results othe total annual effective dose from all

locatiors of the studied arearew e | | bel ow the r 8WyefVeHOCc e | ev
and hence do notase any health hazards the inhabitanof the study areas.

3.4 Radon Corcentration of Soilin SamawacCity

Radon measurements in the swilSamawa City were carried out. A total(@DO0)
different locations were chosen in orderdetermine radon activity in the soirhe
sampledocations were determinagsing GPS portable instrument and documented as
shown in Table (%). Radon measurements were in situ conducted wsRQD7 radon
monitor provided witha soil gas probe accessowhich allows the determination of
radon soil gas directly with proper care during the measurements to make sure that the
radon will be measured with no contact with outside air as much as po&sablen

activity in soil was measured at demth(40 cm)under the soil surfac& his depth was
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chosen as an intermediate case, as most studies take different8épthsg| ,where the
highest depth is 60 cm and the lowest depth is 20 cm, and the average case between

them is 40cm. Radon measurements were carried out for two months, From February

1%t 2020 to March 31, 2020.

Table (35): Radon concentration and locations of soil samples

_ o Coordinate Rn
Dist.No. | District name | Sample No. . . Concentration
Latitude Longitude (Bg/m 3)

S1 31°18'56.26"N 45°16'7.22"E | 36.3 + 30

. AL -Hussein S2 31°19'11.32"N 45°16'3.82"E | 3290 + 310
S3 31°19'14.31"N 45°15'44.88"E | 5190 + 390
S4 31°19'0.11"N 45°15'43.13"E | 626 + 130
S5 31°19'7.62"N 45°16'19.10"E | 174 + 70

2 AL -Muealimin S6 31°18'51.37"N 45°16'21.63"E | 392 +110
S7 31°18'59.97"N 45°16'35.38"E | 985 + 170
S8 31°18'43.10"N 45°16'8.68"E | 457 + 120

3 AL -Muealimin 2 S9 31°18'35.65"N 45°15'48.99"E | 1540 + 210
S 10 31°18'52.06"N 45°15'34.41"E | 1590 + 220
S11 31°18'31.90"N 45°16'54.31"E | 2010+ 240

4 AL -Orouba S 12 31°18'32.98"N 45°16'27.55"E | 1960+ 240
S13 31°18'42.13"N 45°16'18.03"E | 2560+ 270
S 14 31°18'25.82"N 45°16'0.70'E | 617 + 130

5 AL -Sader S15 31°18'11.82"N 45°15'59.96"E | 1720 + 220
S16 31°18'12.06"N 45°16'3.96"E | 1010 +170
S 17 31°18'16.32"N 45°15'36.63"E | 29 + 30

6 AL -Shuhada 2 S 18 31°18'17.14"N 45°1521.55"E | 61 + 140
S 19 31°18'29.64"N 45°15'25.90"E | 247 + 80
S 20 31°18'41.94"N 45°16'52.01"E | 479 + 120
Ss21 31°18'57.38"N 45°17'6.24"E | 269 + 90

7 AL -Gharbi 2 S 22 31°18'45.06"N 45°17'11.40"E | 160 + 70
S 23 31°19'6.96"N 45°16'44.47"E | 116 + 56
S 24 31°18'54.43"N 45°16'43.47"E | 298 + 90
S 25 31°18'50.92"N 45°17'23.43"E | 4200 + 350

8 AL -gasabah S 26 31°18'40.05"N 45°17'19.68"E | 1190 + 190
S 27 31°18'33.31"N 45°17'14.63"E | 5080 + 390
S 28 31°18'47.16"N 45°17'37.50"E | 956 + 170

9 AL -jadidah S 29 31°18'36.20"N 45°17'42.70"E | 1360 + 200
S 30 31°18'30.22"N 45°17'26.14"E | 5050 + 390
S31 31°18'48.47"N 45°182.49'E | 796 + 150

10 B.S AL-shargayh S 32 31°19'5.99"N 45°18'30.55"E | 2270 + 260
S33 31°18'37.12"N 45°18'25.14"E | 3800 + 330
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S34 31°18'24.00"N 45°17'57.25"E | 443 + 110
11 9 Nisan S35 31°18'29.22"N 45°18'28.56"E | 371 + 100
S 36 31°18'13.65"N 45°18'35.79"E | 1050 + 170
S 37 31°1821.77"N 45°16'41.14"E | 3360 + 310
12 AL -Haydariah S 38 31°18'14.53'N 45°16'57.09"E | 1770 + 230
S 39 31°18'20.04"N 45°16'22.77"E | 1970 + 240
S 40 31°17'56.04"N 45°16'56.32"E | 1160 + 180
13 AL -Nahdah S 41 31°18'2.36"N 45°16'56.38"E | 931 + 160
S 42 31°17'53.38"N 45°16'51.02"E | 4670 + 370
S 43 31°18'13.61"N 45°16'18.94"E | 254 + 90
14 AL -Jumhuriah S 44 31°18'1.07"N 45°16'32.85"E | 79.9 + 51
S 45 31°18'7.74"N 45°16'47.15"E | 905 + 150
S 46 31°18'7.45"N 45°15'39.78"E | 2230 + 260
15 AL -Askari S 47 31°17'49.62"N 45°15'54,78"E | 5390 + 400
S48 31°17'55.15"N 45°15'27.12"E | 160 + 70
S 49 31°18'0.31"N 45°16'13.24"E | 1660 + 220
16 AL -Hakim S 50 31°17'51.05"N 45°16'42.62"E | 1100 + 180
S 51 31°17'37.54'N 45°16'39.58"E | 985 + 170
S52 31°17'50.65"N 45°16'9.67"E | 290 + 90
17 AL -Tahryr S 53 31°17'36.60"N 45°16'27.00'E | 74.6 + 45
S 54 31°17'25.39"N 45°16'29.17"E | 780 + 150
S 55 31°1821.16"N 45°17'24.72"E | 283 + 90
18 AL -lielam S 56 31°182.65"N 45°17'28.35"E | 932 + 170
S 57 31°18'1.02'N 45°17'13.85"E | 403 + 110
S 58 31°18'19.56"N 45°17'10.46"E | 1620 + 200
19 AL -Amir S 59 31°17'43.31"N 45°172.73'E | 1760 +230
S 60 31°17'14.03'N 45°17'4.85"E | 1810 + 230
s 61 31°16'55.71"N 45°16'36.20"E | 1070 + 180
20 AL -Hussan S 62 31°16'24.66"N 45°16'54.96"E | 174 + 70
S 63 31°16'20.41"N 45°16'9.58"E | 131 + 60
S 64 31°17'5.22"N 45°17'16.80"E | 116 + 57
21 AL -Mujybil S 65 31°16'51.95"N 45°17'52.49"E | 612 + 130
S 66 31°16'41.58"N 45°17'12.05"E | 211 + 80
S 67 31°182.79"N 45°17'57.68"E | 160+ 70
22 AL -Sinaeiah S 68 31°17'41.55"N 45°17'29.79'E | 87.1+ 49
S 69 31°17'13.00"N 45°17'52.02"E | 102+ 54
S 70 31°17'1.25"N 45°18'37.57"E | 261 + 90
23 AL -Jahil s71 31°16'53.19"N 45°18'37.30"E | 138 + 60
S72 31°16'52.67"N 45°18'23.36"E | 119+ 35
S73 31°15'50.76"N 45°16'53.29"E | 1400 + 200
24 AL -Eatshan S 74 31°16'13.99'N 45°17'29.44"E | 2290 + 260
S75 31°16'27.54"N 45°18'41.19"E | 2340 + 260
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S76 31°19'17.11"N 45°17'28.08"E | 1220+ 190
25 AL -Qushlah S77 31°19'0.48"N 45°17'28.64"E | 1320+ 200
S78 31°19'7.35"N 45°17'8.20"E | 5090+ 390
S79 31°19'26.39"N 45°17'38.62"E | 196 + 70
26 AL -Jihad S 80 31°19'17.60"N 45°17'42.36"E | 138 + 60
S 81 31°19'4.24"N 45°17'40.82"E | 36.3 + 31
S 82 31°20'3.90"N 45°17'34.23"E | 494 + 120
27 AL -Taamim S 83 31°19'47.40"N 45°17'37.73"E | 1470 + 210
S 84 31°20'5.52"N 45°17'68.76"E | 1550 + 210
S 85 31°19'46.38"N 45°15'66.97"E | 5230+ 390
28 AL -Siagh S 86 31°19'52.37"N 45°17'19.82"E | 6820+ 450
S 87 31°19'25.14"N 45°17'3.33"E | 1790+ 230
S 88 31°20'22.52"N 45°16'23.43"E | 3530 + 320
29 AL -Entisar S 89 31°20'12.34"N 45°16'37.25"E | 1580 + 220
S 90 31°20'11.36"N 45°16'12.37"E | 613 + 140
S91 31°20'57.39"N 45°17'41.92"E | 196 + 70
30 AL -Risalah S92 31°20'43.88"N 45°17'57.04"E | 211 + 80
S 93 31°20'33.09"N 45°17'29.61"E | 94.4 + 52
S94 31°20'26.01"N 45°17'52.35"E | 832 + 160
S 95 31°20'23.18"N 45°15'53.13"E | 601+ 116
31 AL -Nasr S 96 31°21'5.66"N 45°16'18.67"E | 356 + 100
S 97 31°20'28.37"N 45°17'2.57"E | 606 + 130
S 98 31°19'27.33"N 45°15'36.75"E | 479 + 120
32 B.S Algharbiah S 99 31°19'37.19"N 45°16'19.37"E | 219 + 80
S 100 31°19'18.16"N 45°16'25.42"E | 687 + 130
Mean value 1343.5£170.4

The experimental results obtained in this study f@don soil gasconcentration
levels in 32 distract of Samawa City are presented in Talde EBom theTablg it is
noticedthatthe samplesiavea highspatial variation between one location @msbther,
where the radon concentration values ranged betteesmaller value of29 Bg/m®)
for sample (S17anda higher value of(6820Bq/m’) for sample (S86\vith an average
value of (343.5Bg/m?). Such variation cannot be explained by climatic factors such as
temperature and barometpcessure variation in a simple way, because all the different
sites were interspersed and under similar climatic conditibrean besaythat, the
reasonmay bedue to the difference in the underlying bedrocks, or in the other words
due to the geological condition of locations and geochemical mecessoil. The big

difference in the radon concentration may be due to holes falling exactly oredover
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fault lines in the earth crust sinceradon gas concentration in soil is taken as
proportional to fracture openirf@4]. Also, it may be attributed to the variation tife
concentrations of uranium and radium, since their presence in the bedrock and soil
materials controls the amount of radproduced in the soilln addition to the local
variation in the source elementsany factorsaffect the spatial variation of radoRor
example, soil permeability, porosity, GO moisture content, temperature, and

atmospheric pressufel].

The higher concentrations of radon in tal of Samawa cityare recorded for
samplesS3, S25, S27, S30, S42, S47, S85, and BT& minimum radon concentrations
can be observed from TableBin the sampleS1, S44, S53568, and S81An average
value of radon concentration for each district is estimated

Table (36): AverageRadonConcentration oSoil in EachDistrict.

Mean Radon

Dist.No. District Name concent.(Bg/L)

1 AL -Hussein 2285.5 + 215

2 AL -Muealimin 517 +116.6

3 AL -Muealimin 2 1195.6 £183.3

4 AL-Oruba 2176.6 + 250

5 AL -Sader 11156 £173.3

6 AL -Shuhada 2 312.3+83.3

7 AL -Gharbi 2 264.4+85.2

8 AL -gasabah 3490 + 310

9 AL -Jadidah 2455.3 + 253.3

10 B.S AL-shargauh 2288.6 + 246.6

11 9 Nisan 621.3+126.6

12 AL -Haudariah 2366.6 + 260

13 AL -Nahdah 2253.6 + 236.6

14 AL -Jumhuriah 412.96 £ 97

15 AL -Askari 2593.3 +243.3

16 AL -Hakim 1248.3 + 190

17 AL -Tahrur 381.5+95

18 AL -lielam 539.3 +123.3

19 AL -Amir 1730 + 220

20 AL -Hassan 458.3 +103.3

21 AL -Mujubil 313+ 89

22 AL -Sinaeiah 116.3+57.6

23 AL -Jahil 172.6 £61.6
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24 AL -Eatshan 2010 * 240

25 AL -Qushlah 2543.3 + 260

26 AL -Jihad 123.4 +53.6

27 AL -Taamim 1171.3+180

28 AL -Siagh 4613.3 + 356.6

29 AL -Entisar 1907.6 + 226.6

30 AL -Risalah 333.35+£90.5

31 AL -Naser 521+115.3

32 B./S Algharbiah 461.6+ 110
Mean value 1343.5+170.4

From the mean values of radon concentration represented in Tad)|&t(3. clear
that the Al-Siagh(District No. 28)region poses the higher radon concentration with the
value of (4613.6 + 356.6 B’). This may be back to the nature of its agricultural soil,
and the fact that is the soil saturated with water significaHtbyvever,because the soil
permeabilityand moistureepresents the most important physical characteristic which
highly influences radon soil gas emanation and transporting within theasavell as
the water content has a large impacttlom emanation coefficient and the sodrtsport
parameters for radon gase have a wide range of radon concentration in theasuil
therefore affect the radon concentration in the $dil8,136. However the high level of
radon concentration in this region can be explained according to the high content of
water which leading to fill the soil por@sd become saturated with water that decreases
its permeability and inhibits radon soil gas migration to the upper layerspesnents
radon soil gas from escaping easily. On the other hand, and from the same table above, it
can be seen that the lower mealue of radon concentration was for the-8inaeiah
region (District No. 22) with the value of (116.3 + 57.6 1%/ the low radon content in
this site may back to the lack afanium and-adium in the bedrock becauthe radium
isotope®?®Ra content irsoil is the most important factor in determining the level of soil
radon and radon exhalation frahre soil surfaceHowever a possible reason may lie in
the fact thathe sandy nature of the region soil with big grain size as compared with
clay. Grain size is one ahe important factors that control radaoncentration in soil.
Furthemore it was suggested by previous studies that the radioactivity of the soil relate
to the grain size of soil, i.e., soil radioactivity decreases with sand camtiet soil and

increases with clay conterilso, the region is far from the river and agricultural lands,
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and hence the soil is dry with a low water content which allows radon to escape easily to
the air[117]. However, most of the average values of radon concentrations in the soil of
Samawa City are lower than theoenmended limit (800 Bg/fhwhich was reported by
WHQ[119], while some of them were much higher than the above permissible value.
Further, it was found that about 90.6% of the soil samples have radon concentration
higher than the world action level of 200 Bi/racommended by UNSCEAR].

The values of radon concentrations obtained in ssl@mpared to those reported

by theother investigators in different parts of the world are summarized in TaB)e (3.

Table (3.7): Local andRegionalStudiesof the MeanRadonConcentrationgn Soil.

_ Radon(Bg/m3)
No.| Country Location : Ref.
Law High
1 Saudi Arabia Al Qassim Area 26 340 [120]
2 Saudi Arabia Jazan Region 869.81 302.91 [121]
3 Jordan Irbid Province 697 6335 [122]
4 Turkey Dikili Geothermal arei 98 8594 [123]
5 Palestine Gaza 23.48 21361 [18]
6 Egypt Southwestern Sinai | 628 21361 [124]
7 Iraq Al Tuwaitha Nuclear | 866 16004 [80]
8 Iraq Al-Kufa city 41.45 12775 [73]
9 Iraq Al-Najaf City 9 9290 [125]
10 |lIraq ?Qé‘;ﬁ:;‘%?f Baghdad 6118 2237.77 | [126]
11 | Iraq Karbala City 50 7800 [77]
12 | Iraq Hilla City 25 12700 [78]
13 | Iraq Amara City 53.18 2047.51 | [127]
14 | Iraq Salahaddin Province | 45.25 100.75 [128]
15 | Iraq Baghdad city 362.07 889.53 [136]
16 | Iraq Samawa City 116.3 46136 Present study

From the table, the maximum level of radon soil gas was for both Palestine and Egypt
with a value of (21361 Bg#t’), while the minimum value was for Irag, Alajaf city (9
Bg/m®). The results of this study take a moderate position among the results shown in
the table. Besides, it can be observed that most sampling points have radon
concentrations below or within thection levels of (0.4i 4 kBg/nt) proposed by
UNSCEAR (2000]3].
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Radon concentration in soil anddence radon exhalation from soil surface depend
on many physical parameters related to soil characters, such as radium contents and the
internal structure of so[ll25,129]. They may als be affected, directly or indirectly, by
the weather factors such as air pressure and air tempgrélirelowever, as thdirect
source of radon, the radium isotope {Recontent in soil is the most important factor in
determining the level of soil radon. For radon concentration in soil, many mathematical
models refer that it has a direct proportion with soil radium content. In previous studies,
many authors evaluated tkeil radon level on the assumption that (1 Bg/Kgm) radium
is equivalent to (1700 Bg/fhradon concentration in sdil17,130]. If we relied on this
hypothesis in determining the concentrations of radium in soil, we would find that the
valuesof radium content in the studied areas which are shown in table (3.10), where far
below the permisble values (safe limit) of 370 Bqg/kg recommended by the
Organization for Economic Cooperation and Development (OE[AB},132], and
lower than the global value (30 Bg/kg) as quoted bySONAR [29].

Table (3.8): Results oRadon andRadiumConcentration irSoil Samples.

Dist.No. District name Mean(gg?rg% Conc. Mean ?Ba(;i/iltjgr;] Conc.
1 AL -Hussein 2285.5 1.34441
2 AL -Muealimin 517 0.30411
3 AL-Muealimin 2 1195.6 0.70329
4 AL-OrOuba 2176.6 1.28035
5 AL-Sader 1115.6 0.65623
6 AL-Shuhada 2 312.3 0.18370
7 AL-Gharbi 2 264.4 0.15552
8 AL -gasabah 3490 2.05294
9 AL-Jadidah 2455.3 1.44429
10 B.S AlL-sharqauh 2288.6 1.34623
11 9 Nisan 621.3 0.36547
12 AL-Haudariah 2366.6 1.39211
13 AL-Nahdah 2253.6 1.32564
14 AL-Jumhuriah 412.96 0.24291
15 AL -Askari 2593.3 1.52547
16 AL-Hakim 1248.3 0.73429
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17 AL-Tahryr 381.5 0.22441
18 AL -lielam 539.3 0.31723
19 AL-Amir 1730 1.01764
20 AL-Hassan 458.3 0.2698
21 AL -Mujubil 313 0.18411
22 AL-Sinaeiah 116.3 0.06841
23 AL-Jahil 172.6 0.10152
24 AL -Eatshan 2010 1.18235
25 AL-Qushlah 2543.3 1.49605
26 AL-Jihad 123.4 0.07258
27 AL-Taamim 1171.3 0.689

28 AL -Siagh 4613.3 2.71370
29 AL-Entisar 1907.6 1.12176
30 AL-Risalah 333.35 0.19608
31 AL -Naser 521 0.30647
32 B.S Algharbiah 461.6 0.27152

These results show strong positive correlation between soil radon concentration
and radium content. The highest radon and radium concentrations have been found in
sampleNo0.28 (AL-Siaghdistrict). The lower value of radon and radium concentrations
have been found in sampi.22(AL-Sinaeiahdistrict). The results reveal that the area

is safe as for as the health hazard effects of radon and radium were concerned.

3.5 Annual Effective Dose of Samaw&ity Soill

The annual effective dose received by the mublue to inhalation is assessed
regarding radon soil gas concentration at the surface of the soil. Because a particular
amount of radon content penetrates thié . to the surface which contributes later to
inhalation effective doseTherefore, the accumulated quantity of radon at the soill
surface is adopted in this investigation to estimate the annual effective dose received by
individuals in the study aredue to inhalationThe annual effective dose (AED, mSv/y)
has been calculated using the formuiaposed by UNSCEAR 2000 which[#:

Din=Cn F | (DCF)éé6é6é6éé. (3. 3)
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Where D, is the annual effective dose received by the pulflig, is the radon
concentration in the air near the soil surfd€as the equilibrium factor between radon
and its products (= 0.6),is the mean outdoor occupancy time per individual (= 1760
hly), and g4s the dose conversion factor for radon exposure 9 nSv/(B)hRadon
concentration at the surface of the soik{ds given by the relatiof80]:

Can=Css —€6666é. .. (3. 4)
Where Cgs is the radon activity in the sodis the exhalation diffusion constat 0.05
cn¥/s), andD is the Eddy diffusion coefficient (5x10 cné/s). Table (3.9 shows the
highesteffective doseof soil as a result ohhalation is equal t©.0438mSv/y in AL-

Siagh(District No.28)and the lower value of effective dose is equad.t11mSwvy in
AL -Sinaeiah(District No.22)with amean valuef 0.0127mSv/y.

Table (39): Radonconcentration in the soil of Saawa districts Csg) , and the soill
surface Crn) with theassociatedannualeffective dosé€Dinn).

Dist.No. District No. Csc (Bg/m3) | Crn (Bg/m?3) Effe(:r(ﬁg/\(le/)gose
1 AL -Hussein 2285.5 2.2855 0.02172
2 AL -Muealimin 517 0.517 0.00491
3 AL-Muealimin 2 | 1195.6 1.1956 0.01136
4 AL -Orouba 2176.6 2.1766 0.02068
) AL -Sader 1115.6 1.1156 0.0106
6 AL -Shuhada 2 312.3 0.3123 0.00296
7 AL -Gharbi 2 264.4 0.2644 0.00251
8 AL -gasabah 3490 3.49 0.03316
9 AL -Jadidah 2455.3 2.4553 0.02333
10 B.S AL-shargauh | 2288.6 2.2886 0.02175
11 9 Nisan 621.3 0.6213 0.005%
12 AL -Haudariah 2366.6 2.3666 0.02249
13 AL -Nahdah 2253.6 2.2536 0.02141
14 AL -Jumhuriah 412.96 0.41296 0.00392
15 AL -Askari 2593.3 2.5933 0.02464
16 AL -Hakim 1248.3 1.2483 0.01186
17 AL -Tahryr 381.5 0.3815 0.00362
18 AL -lielam 539.3 0.5393 0.00512
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19 AL-Amir 1730 1.73 0.01644
20 AL -Hassan 458.3 0.4583 0.00435
21 AL -Mujubil 313 0.313 0.00297
22 AL -Sinaeiah 116.3 0.1163 0.0011
23 AL -Jahil 172.6 0.1726 0.00164
24 AL -Eatshan 2010 2.01 0.0191
25 AL -Qushlah 2543.3 2.5433 0.02417
26 AL -Jihad 123.4 0.1234 0.00117
27 AL-Taamim 1171.3 1.1713 0.01113
28 AL -Siagh 4613.3 4.6133 0.04384
29 AL -Entisar 1907.6 1.9076 0.01812
30 AL -Risalah 333.35 0.33335 0.00316
31 AL -Naser 521 0.521 0.00495
32 B./S Algharbiah 461.6 0.4616 0.00438
Mean value 1343.52531 1.34352 0.01276

Table (39) indicatesthat the annuatffective dose received ranged betwe@0@11
mSv/y) and 0.0438mSv/y), with an average value d.§@127 mSv/y). The obtained
values of annual effective dose were found to be well within the safe lin{id.bf
mSwvy) as recommended by World Heal@rganisation (WHO, 2004) and European
Council (EU, 1998]133], or below the recommended worldwif2134], and far below
from the reference levels proposed by ICRPlainSVy) [135]. The results of inhalation
dose revel that these areas are safe from the health hazard point of view and show no

significant radiological risk for the inhabitant as far as the radon is concerned.
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4.1 Conclusions

Natural radioactivity is the largestontributor of ionizing radiation to the
population. Radon is present in trace amount almost everywhere on the earth, being
distributed in water, soil and occupies from the natural radiatiorcesunore than half
of the dose exposure (v Tt b Public exposre to waterborne Rff and its short
lived radioactive progenies/decay products may occur by ingestion (drinking water
containing RA*?) and by inhalation (breathing A gas in air which has been released
from household water or soll.

From the preserstudy, it can be concluded the following:

4.1.1 Radon Concentration in Drinking Water of Samawa
City.

1-The results of the radon concentration in 167 drinking water samples collected from
Samawalistricts indicate well that the radon concentrations in drinking water are mostly
very low, and about00% of the measured samples were lower than the level permitted
by some international organization which are (11.1 Bg/L) proposed by the US
Environmenal Protection Agency (EPA), or (20 Bg/L) reported by the Waikhlth
Organization (WHO).

2-The results of the annual effective dose due to ingestion of radon in drinking water for
adults and children show that the dose of children was increased vuiheralich is

may be due to the ingestion dose conversion factor, or according to the high sensitivity
of tissues of children body. Furthermore, the annual effective dose due to inhalation of
radon in drinking wateishow the same values fadults andhildren

3-The total annual effective dose=ceived de to inhalation and ingestiofrom radon
in drinking water which intake byadults andchildren indicated that the dose from all
samples arsignificantly lower than the maximumcontaminantlevels of 0.1mSv/y
for public proposed by WHOUNSCEARand EU council.

4-The high concentration in the water sample (Wd@n Al-gasbuhmay be due to the

soil and rock structure where the water pipes pass through it, and or the water network
that provides this district with water is the oldest in the city. In addition, the network
pipes are made from concrete, and as known the radomtaevitin concrete pipes is
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higher than PVC or iron pipes. On the other hand, these pipes contain a significant
number of fractures and cracks which allow the ground water to be mixed with
transported water which increase the radon level within pipes.eii&#he materials that
pipes made from, as well as the nature of the ground, will affect the concentration of
radon gas irdrinking water. As well as, the high radon concentration in water samples
(W41, W42, W43, W47, W48, W54, W60, and W&Bems to belueto mixing of
drinking water with ground water in the districts mentioreatlier, or due tageological
structure of the areas studied.

5-The results showhat before drinking water usage in public network, it mustted
in a large basin for a period in order to allows any radon present in the water to escape
and decay away from it.

4.1.2 Radon Concentration in Soil of Samawa City

1- The results of radon concentrations obtained is gtudy in the soil of Samavzty
based on the portable device RARYe found to be within or under the shfeit of (0.4

i 40KBg/m®) recommended by United Nations Scientific Committee on Atomic
Radiations (UNSCEAR).

2- Radon concentrations in soil gas fluctuated from location and another clearly,
which indicates a local variation of radon distribution between different locations. As
same a radon in water, the highest radon in soil concentrations foered in the
sample (86) at AL-Siagh while the lowest concentrations were observed irsémaple
(S17) atAL-Shuhada 2

3- Annual inhalation dose received by individuals due to radon concentrations at the
soil surface of Samawa city districts has been estimated and it was found to be far below
the allowed limit of (1mSv/yj reported by UNSCEAR or WHO, which means that the

study ara is safe from health hazard of radon point of view.

4- The comparisomof the measuredradon concentrations for the soil of Samawa city
districts with the results of similar studies untiten in Iraq and other parts of the
world indicate that the preseresults are comparable to or lower than those obtained in

Iraq or different parts of the world.
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4.2 Recommendations and Future Work

Further work needs to be done to enhancement knowledge generated in this study,

which are:

1- Determinationof the activity of radium thoron and uraniunmin drinking water and
soil in the sameregion by using gamma spectrometry and correlate their concentrations
with the present results.

2- Measuring radon concentrations in the drinking water of San@atyausing passive
met hods (SSNTDbéds) and make a compari son

the present study and the passive method.

3- Investigate andmapping Uraniun238 and Thoriur232 levels in the soil of Samaw

city using gamma spectronmgt

4- Investigation into radon concentrations emanating from building matersad

for construction of Samawhouses and buildings which are often rich in different
naturally occurring radioactivelements, particularly with the resent UNSCEAR and
WHO reference level for radon and gamma radiation emission from building

materials.

5-The presenstudysuggests that more investigati@ame requested to survey thedon
concentration in otheregions of Samawa citypr Al-Muthanna provinceand to map
the radon gas irthe soil of Samawa city which would give a goodiata base and
motivation to studythe areasrom radiation contaminationpoint of view to protect

peoplefrom radon risks.
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Appendix (1): Water and Soil Samples Locations

(1) Water Samples Locations
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: RAD7 Spectrums

Appendix (2)

(1) Spectrums Obtained fromDrinking Water Samples.
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