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Summary

Natural radionuclides(**®Ra, 2%2Th, and“*°K) and artificial radionuclide (**'Cs)
were measuredn soils of Al-Majar and Kalaat Saleh,in Misan province,lrag. A
total of fifty soil sampleswere collected and analyzed using high-purity
germanium(HPGe)detector

The averageactivity concentration®of ?2°Ra, 2%2Th, 4K, and *'Cs in Al-Majar
werel4.012+ 4.650Bq/kg, 14.589+ 2.521 Bg/kg, 176.791+ 9.827 Bg/kg, and
1.626+ 0.963Bg/kg, respectively In KalaatSaleh,the correspondingalueswere
16.072+ 5.455Bq/kg, 20.752+ 3.650Bq/kg, 187.813+ 11.011Bqg/kg, and2.480+
1.023Bg/kg, respectively.

Thehazardndiceshas beencalculatedn the presenthesis whichincluderadium
equivalentactivity (Ray), internal and external hazard indices (Hin and Hey),
gammalevel index (I,), absorbedgammadoserates (Din, Dou, and Dyor), annual
effective dose equivalens (AEDE;,), external annual effective dose equivalens
(AEDE;,, AEDE,, and AEDE,y), excesdifetime cancerrisks (ELCR;,, ELCRs,
ELCR), and annualgonadaldose equivalent(AGDE), and the average values
were found to be (48.488+ 5.749 Bg/kg), (0.1688+ 0.026 and 0.130+ 0.015,
(0.178+£0.019, (43.260+ 4.916nGy/h, 22.658+ 2.542nGy/h and65.918+ 7.457
nGy/h), (0.212+ 0.024mSvly, 0.027+ 0.003mSv/y, and 0.240+ 0.027 mSv/y),
((0.742+ 0.084)x1(, (0.097+ 0.010)x1(, and(0.840+ 0.095)x1C ), (159.795
+ 17.088 pSvly), respectively in Al-Majar. While in Kalaat Sdeh the
correspondingvalue were (60.209+ 9.223 Bg/kg), (0.206 + 0.037,and 0.162 +
0.024), (0.219 £ 0.031), (52.826+ 7.844 nGy/h 27.791+ 11.945nGy/h and
80.618+ 11.945nGy/h), (0.259+ 0.038mSv/y, 0.034+ 0.005mSv/y, and0.293+
0.0435 mSv/y), ((0.907+ 0.134)x1C, (0.119 + 0.017)x1¢, and (1.026 +
0.152)x10), (195.381+ 27.988uSVly), respectively.

Xl



The resultsshowedthat the activity concentration®f 22°Ra, 2%2Th, K, and*'Cs
werebelowthe recommendedalue by United nations scientific committee on the
effects of atomic radiatioQJNSCEAR. Moreover,all estimatedadiationhazard
parameterdor naturalradionuclidesin both cities were below the recommended

limits, suggestiomo healthrisk from radioactivityin the studyareas.

Xl
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Chapter One

| ntroduction and Literature Review

1.1. Introduction

In 1898, Marie Curie disaoveredthat uraniumandthorium undergoradioactivity.
Beforethe end of 1898, Marie Curie discoveredwo radioactiveelementspne of
which she called polonium and the other radium [1]. The experimentsof the
scientistErnestRutherfordin 1898showedthe existenceof two typesof particles
the first of which hasthe ability to be easily absorbedoy matterandthe other of
which hastheability to penetrateHe calledthesealphaandbetaparticles.In 1900,
the FrenchscientistVillard discoveredayswith greatermpenetratingpower,which
he called gamma rays [2]. Later it was found that particlessuchas neutronsand

positronsarealsoemitted from somedecayingnuclei[3].

Radiationis defined as the energyreleasedby unstableatonic nuclei and can
travel as particles(neutronsbeta,or alpha)or electromagnetiovavesgammeor X-rays).
Radioactivity refers to the spontaneouslecay of theseatoms, with the excess
energyreleasedresulting in ionizing radiation[4]. The two primary sourcesof
lonizing radiationthat all living things are constantlyexposedto are naturaland
manmade radionuclides.Natural radiation, which includes both cosmic and
terrestrial radiation, makes up about 85% of the dose absorbed[5]. Many
radionuclides of artificial origin have been released to the environment by different
processesCesiumisotopes are the most important ones that may be deposited by
fallout over soil and plants as they are produced anthropogenically by several types
of nuclear activities including past testing of nuclear weapons and nuclear
accidentfg]. Transuranic (plutonium isotopes) and londjved fission products

(B'Cs,%°Sr) are examples of manufactured radionuc|idles
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Numerous geological formations, including e a r tcrush, socks, soils, plants,
water,andair exhibit natual radioactivity. The concentratiorof this radioactivity
variesdependingon geographicafactorsandis observedat differentlevelsin soils
acrossvariousgeologicalregiong|8].

Soil is the upperpart of the earth'scrust formed as a resultof rock deformaton
driven by complexphysicmchemicalprocessesuchasweatheringgdecomposition,
andwatermovementConsequentlysoil represergthe outcomeof bothweatheing
andhumanactivitiesaffectingcrustalrocks.Dueto its mineralcomposition soil is
inherentlyradioactive andthe level of naturalradioactivity canvary substantially
betweendifferentsoil types[9].

One of the major sourcesof natural backgroundradiationis soil radionuclide
activity. Naturalradionuclidessuchas?®U, 2*2Th, and“%K canbefoundin granite
andsalt. Rain fall andwater movementbring theseradionuclidesto the soil, and

humanactivity alsoaffectssoil radioactivity[10].

These long radionuclides mostlyoriginate from two sources: cosmogenic
radioisotopes (*H,’Be “C, and 22Na), and natural radionuclides, which are

radionuclidesfrom the three natural decay chains (*33U,%%%U,2%2Th). After being

dischargednto the atmosphergeradionuclidesarequickly depositedbn the surface
of the earththrough either wet or dry deposition.The top surfaceof the soil is

where radionuclidesare first deposited,but they quickly move into the first

centimeterof soil, particularly if they are depositedby rainfall. The mineral

compositionof rocks and sedimentsis closely linked to the levels of Thorium,

Uranium,andPotassiuni11, 12]
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1.2. RadionuclidesBehavior in the Soil

The earth'ssurfacelayer known as solil, is composedof roughly 45% mineral

materials,5% organicmaterialswhich arerepresentedby plant and animalwaste
accumulations25% air, which is representedby gasedike Co N andO and

25% water. The natural, chemical, and biological makeup of these elements
determineghe soil's fertility andyield [13]. So, it's a complex physicochemical
system.Soil is madeup of severaldifferent elementshat canaffect radionuclide
mobility. The four distinctlayers known ashorizons thesehorizonsdivided into

[14].

1.2.1.The first upper horizon: knownassurfacesoil layer, approximately30 cm
deep, and contains the majority of biological activity. The uppermostlayer
containdooseleavesandorganicfragmentamostof which havenot yet degraded.
1.2.2.The secondhorizon: known as the subsoil layer, is located around one
meterbelow the soil's surface The surfacesoil layer'ssuspendednaterialbuilds
upin thislayer. In this layer comprises partially decomposed organic matanidl,
organic compounds are combined with mineral material.
1.2.3.The third horizon: which reachesa depth of 1.5 meters,is madeup of
layersof loosestonesthat havebeenpartially shatterednto small pieces,aswell
asweatheredocksthatserveasthesoils'parentmaterials.
1.2.4.The fourth horizon: it consistsof layers that were not the soil's parent
materialbut has a significantinfluenceon theunderlyingground[15].

There are severalmechanismgesponsiblefor radionuclidemovementin sail,
including convectionand diffusion. Radionuclidesmay returnto the atmosphere
throughvolatilization, wind, or uppermigrationfrom the surfacesoil layers.The
vertical migrationratein soil depend®n depthandis not constan{16]. Diffusion

playsa significantrole only underextremelydry soil conditions.Sincethe study
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areais characterizedy long, hot, dry summersand cold, rainy winters, these
climatic conditionsstrongly influenceradionuclideconcentrationsn soil. These
mechanismaighlight how environmentalfactors control radionuclidebehavior

andcreatethe basisfor their potentialtransferto plants[17].

Long-lived radionuclidessuchas“°K, 2%8J decayseries,?*’Th decayseries,and
137Cswhenpresenin soil, areabsorbedy plantsandsubsequentlyransferrednto
the food chain. They reach humansindirectly through animal productssuch as
meat and milk. Due to their high biological mobility, theseradionuclidespose
serioushealthrisks onceinternally depositedasthey emit radiationthat cancause

biologicaldamagd18].

Theenvironmenis oneof the mostcritical determinate®f humanhealthandlife.
Soil, air, water,andplantsserveasessentiatesourcesbut may alsoactascarriers
of radiation exposure.Understandingthis environmental pathways therefore
essentialto assessfor evaluatingrisks and ensuring public health protection
Monitoring theselevels is vital for protectingcommunity health and safety, as
increased exposureis associatedwith adverse somatic and genetic effects.
Furthermoreglevatedradiationlevels contributeto radioactivepollution, which is
aform of environmentapollution [19].

Radioactivecontaminatiorrefersto the presencef dispersedadioactivematerial
thatposeseithera potentialor anactualrisk to humanhealth[20].

Thus it is imperativeto investigatethe effectsof radiation,assessadionuclides

concentrationsandevaluatetheir potentialrisksto humanhealthandthe
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1.3. Biologica Impactsof onizing Radiation

Humans can be exposedto radioactive nuclides through three main routes:
ingestion, contact and inhalation. Lung cancerrisk will rise as a result of the
inhaled radioactiveparticlespaseg via lungs. When consumedtheseparticles
may accumulatein the bone, increasingthe risk of leukemiain the red bone
marrowor bonecancer.Also they inhabitsoft tissues suchasthe gonadsyaising

therisk of genetichealtheffects,including asbirth abnormalitie§22].

lonizing radiation can disrupt a molecule'sstructureby transfering energyinto
body tissue. This energy transfes in living things and can alter the genetic
mutation of cells (hereditaryeffect), disruptor destroycellular activities (somatic
effect, which includes both deadly and nonfatal cancer)[23]. whereforg two
categoriesarecommonlyusedto classifythe biological consequencesf radiation:
In the first category,there are shortterm or acute effects from high dosesof
radiation exposure,and in the secondcategory,there are long-term or chronic
effects from low dosesof radiation exposureover a longer period of time
(Stochastic]24]. Whereadow dosagesendto changeor harmcells, big quantities
tendto kill them.Excessivadosagefavethe potentialto destroyalargenumberof
cells, harmingorgansand tissues[25]. The rapid whole-body reactionknown as
Acute RadiationSyndromg ARS) may ensuegrom this [26].

To measure soil radioactivity and ilalithe pictures of risk distioution is an

effective solution to dermine natural background raticn[27].

Despite its drawbacks athough ionizing radiation has many beneficial
applicationsn industry,researchmedicine andagriculturef it is usedor handled

poolly, it canposehealthhazardg28].
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1.4. Literature Review

Many earlier studies International, Arabic and the Local on measuringthe
concentration®f naturalandartificial radionuclidesn soils aredoneusinga high
purity germanium(HPGe)detector.

Thefollowing arethe mostimportantresearches:
1.4.1. The International Studies

A Selvasekarapandisand et al. (2000 measuredhe radioactivity of the nuclides
238, 232Th, K in samplesof surfacesoils from different locations Gudalore
Taluk in the Udagamandalardistrict, India. They havefoundthatthe growthrate
and radioactivity concentrationsof these nuclides were (75.3+44.) Bg/kg,
(37.7£10.) Bg/kg, and(195.2+85.) Bg/kg, respectivelyj29].

A Chikasawaand et al. (2001) measuredhe radioactivity of the “°K, 2°8T1, 2B,
and 1¥'Cs nuclidesin soil samplescollectedfrom Kochi Prefecture Japan.The
concentrationof the radionuclidesranged are (130016.6 Bqg/kg, (82.8 1.3)
Bg/kg, (100- B.D.L) Bg/kg,and(150-1.4) Bg/kg, respectively{30].

A Kannanandet al. (2002 measuredhe radioactivity of 233U, 232Th, and “K in
soil samplescollectedfrom Kalpakkam,India. They foundthatthe concentrations
of the radionuclidesrangedare (711 5) Bg/kg, (776 15) Bg/kg, and (854 200
Bag/kg, respectivelyj31].

A HannanandHanson(2006) measuredhe radioactivity of 238U, 233U 22°Ra, K,
and ¥Cs in soil samples collected from Mission, Texas USA. The
concentrationof radionuclidesfor 2%8U: (3.11+0.47) Bq/kg i (42.5t5) Bg/kg,
23: (2.14:0.43 Bg/kg i (8.75:1.14) Ba/kg, ?*°Ra: (35+4) Ba/kg 1 (248t25)
Ba/kg, “%K: (75£11.3 Ba/kg i (178:22) Bg/kg, and*'Cs: (3.11+0.44) Bg/kg 1
(13.2£1.89 Bg/kg, respectivelyf32].
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A

Akhtar andetal. (2004 studiedandmeasuredheradioactivityof the ‘K, ??°Ra,
232Th, and *'Cs nuclidesin soil samplescollectedfrom the city of Lahorein
PakistanThe concentrationsf theradionuclidesangedbetween524.84601.63
Ba/kg,(28.1%24.73Bg/kg, (52.6145.46 Bg/kg, and(B.D.L.), respectivel\j22].
Yordanovaand et al. (2005 measurecdthe radioactivity of the radionuclides
137Cs, 238y, 22, 22%Ra,and?*?Th in soil samplesollectedfrom differentlocations
along the DanubeRiver in Bulgaria. They found that the concentrationof the
radionuclidesrangedfrom (762-2+0.5 Bqg/kg, (23#5-50+10) Bg/kg, (1+0.3 -
240.5) Bg/kg, (40+5-9+2) Bg/kg, and(50£8-12+2)Bqg/kg, respectively{33].
Junior and et al. (2005 measuredhe radioactivity of the “°K nuclide in soil
samplescollected from westernPernambucdState, Brazil, and found that the
concentrationsf theradionucliderangedrom (3572541) Bg/kg [34].
Adrovic andetal. (2007 measuredhe radioactivityof the 22°Ra,?32Th, 4K, 238U,
and2**U isotopesin soil samplescollectedfrom someareasin Kosovo (Serbia).
They found that the concentrationsof the radionuclidesranged from (55
19)Bqg/kg, (66-11)Bg/kg, (64883)Bg/kg, (95-26)Bg/kg, and (4.6-1.2Bg/kg,
respectively{35].

Alias andet al. (2008 measuredhe radioactivity of K, 2?®Raand??®Rain soil
samplescollected from different locations in Malaysia. They found that the
concentrationsof radionuclidesranged between (383.8+41.411.3+1.3) Bqg/kg,
(42+£1.510.5+£0.7)Bg/kg, and(44.9+£3.711.4+1.2)Bg/kg, respectively[36].
Mehra and et al. (2009) measuredthe radioactivity of 2**Ra, 232Th and K
isotopesof soil samplescollectedfrom differentlocationsin Faridkotand Mansa
districtsof Punjab,India. They found that the concentration®f the radionuclides
ranged from (40.2321.42Bqg/kg, (61.0:142.34 )Bqg/kg, and (227.11357.13
Bg/kg, respectivelyf37].
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$ | e amndathl. (2010) measuredhe radioactivity of the 2°Ra, 2*2Th, 4%, and
137Cs radionuclidesin soil samplescollectedfrom an industrial areain Poland.
They found that the concentration®f the radionuclidesrangedbetween(155+2
35+1) Bg/kg, (83£1-53+1) Bg/kg, (580+11428+10)Bqg/kg, and (146+41.8+0.2
Bag/kg, respectively{38].

Sahooandet al. (2011) measureahe radioactivity of the 2?Ra, 22Th, and *K
radionuclidesin soil samplescollectedfrom different locationsin Japan.They
foundthatthe concentratiorof theradionuclidesangedfrom (35.6+0.6 6.7+0.4)
Bag/kg, (59.1+1.18.6+0.4 Bg/kg, and (852.8+6.5136.2+2.7 Bqg/kg, respectively
[39].

Ramolaand et al. (2011) measuredhe radioactivity of the nuclides*K, 23U,
23, 22°Ra,2%2Th, 2°Th, 21%Pb,and**'Csin soil samplesollectedfrom the eastern
part of the Himalayasin India. They found that the concentrationsof the
radionuclidesrangedfrom (1758124.9 Bg/kg, (1305.532.6 Bg/kg, (18.21.2)
Ba/kg, (186.92.4) Bqg/kg, (16.3136.3 Bg/kg, (11.50.2) Bg/kg, (260.60.1)
Bg/kg,and(8.2-0.4) Bg/kg, respectivel\j40].

Pallavicini (2011 measuredhe radioactivity of the nuclides?%Pb 232Th, 238U,
225Ra, %K and *'Cs in soil samplescollectedfrom different areasin Sweden.
They found that the concentrationsof the radionuclidesranged from (899
B.D.L.), (66-25) and (985B.D.L.) Bg/kg, (65827), (106076), and (13004)
Bg/kg, respectivelyj41].

Ferdousandet al. (2015 measuredhe radioactivity of the nuclides?3®U, 232Th,
40K isotopesof soil samplescollectedfrom HabiganjDistrict of Bangladeshand
they found that the activity concentratiorievelswerefoundto bein the rangeof
(5 to 19) Bg/kg, (7 to 38) Ba/kg, and(93 to 392 Bg/kg, with meanvaluesof (11,
22) and(227) Bg/kg, respectivelyNo ¥"Cswasfoundin this study[42].
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A

Dizmanandetal. (2019 measuredhe averageactivity concentrationgrange)of
225Ra, 2%2Th, 40K, and**'Csin Bolu province,Turkey andfoundto be 18.2 (3.8
49.9)Bag/kg, 17.3(4.11 37.9) Bg/kg, 258.3(64.6'518.9)Bag/kg, and 7.5 (0.6i 43.6)
Bag/kg, respectivel\j43].

Jananeeand et al. (202]) measuredthe activity concentrationof natural
radionuclidesandthe associatedadiationhazardsn soils of Elephanthills, Tamil

Nadu,India usinggammaray spectrometryThey foundthat The averagectivity

concentration®f ??Ra, 2%2Th and *“K are (52, 48, and 840 Bg/kg, respectively
[44].

Kebedeand Gebeyehu(2021) measuredhe Natural RadioactiveElementsand
Hazardouslindexesin soil samplesusing High Pure GermaniumGammaRay

Spectroscopyn Ethiopia. the result has found that Radium equivalentactivity,

externalhazardindex andrepresentativgammaindex of the samplewere (56.19,
0.1515,0.804,0.408,0.0001)Bqg/kg, respectively45].

Ozden and et al. (2023) measuredthe natural and artificial radioactivity
concentrationsand Health Risks due to radionuclidesin the Soil in Nevsehir
CappadociaTurkey. The Activity concentration®f 2?Ra, 2*°Th, and “°K were
rangefrom (58.31to 77.40 Bg/kg, (60.56t0 90.97 Bg/kg, and(796.42to 1142.9
Bg/kg, respectivelyj46].

1.4.2. The Arabic Studies

Mahjoubi and et al. (2006) in Tunisa measuredthe radioactivity of 23U,
232Th A% and *'C in soil samplesThe determinationof radionuclide specific
concentrationsn the soil sampleg0i 5 cm) by gammaray spectrometryshowed
the following ranges (51 50) Bg/kg, (5i 30) Bq/kg, (931 319) Bg/kg, and (1i 19)
Bq/kg, respectivelyj47].
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Mowafi andet al. (2009)measuredhe radioactivity of the 22°Ra, 23?Th and“K
nuclidesin soil samplescollectedfrom the northeasterrNile Delta in Egypt. It
wasfoundthatthe concentrationsf radionuclidesn the soil samplesangedfrom
(49.5 4.2) Bg/kg, (71.54.1) Bg/kg, and(404-95.5)Bqg/kg, respectively48].

Saleh(2012) measuredhe radioactivity of the 228U, 232Th, and **'Cs nuclidesin

soil samplescollectedfrom the MusandamPeninsulain the Sultanateof Oman.
They found that the concentration®f the radionuclidesrangedfrom (25.7G1.5)
Bg/kg, (20.1-:0.7) Bg/kg,and(1535052.5)Bq/kg, respectivel\yj49].
Attia and et al. (2014) measuredhe radioactivity of the ??°Ra, 2*°Th, and K
isotopesof soil samplescollectedfrom the city of PortSaidin Egypt. They found
that the concentrationf the radionuclidesrangedfrom (398.6618.03) Bg/kg,
(75.7-5.28)Bg/kg, and(3237.88583.12)Bqg/kg, respectively|50].

Al-Harmali (2020)evaluatel the naturalradioactivityin soil samplesn northern

regionsof Oman. The results showedthat 22U radionuclidewas presentedn
concentration®f the range(4.5 24.0) Bg/kg while 222Th wasfound in the range
(2.4-20.6) Bg/kg. Rangesof 22U and“%K were reportedas (0.6-2.5) Bg/kg and
(47-296) Bg/kg, respectively.Artificial radionuclide'*’Cs was found in all soil
samplesn therange(2.8- 11.9)Bg/kg[51].
Al-Azri andet al. (2022)measuredhe naturalandartificial radioactivity of soil
samplesin Dakhiliya GovernorateSultanateof Oman The result of the activity
concentration®f ¥Cs, 22°Ra, K, U and ??8Ac were found as (0.82 + 0.04,
29.01 £1.37, 290.14+2.79,5.88+£0.65 and 39.57+ 3.85) Bg/Kg, respectively.
Radiumequivalentactivity Ra,q wasobtainedandvariedin therangefrom (340to
43) Bg/Kg with ameanvalueof (108.3)Bg/Kg [52].
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A Alfull and et al. (2023) measuredhe natural radioactivity in soil samplesin
SaudiArabia. The resultsof this work showedthat the valuesof the activity for
225Ra, 2%2Th, and “°K were found to be (19.9, 19.08, and 370.BY/Kg,
respectively53].

A Maglasandet al. (2024)measuredhe naturalactivity of %K, 232Th and?®Ra, in
surface soil samplesfrom the phosphateregion in Al-Ruseifa, Zarga, Jordan.
Which were (147.13,14.79 and 322.5) Bg/kg, respectively.The averagevalue
of radiumequivalentactivity was(355.05)Bg/kg, while the absorbedloseratein
air was (164.07) nGy/h and the annual effective radiation dose attributed to

naturalradioactivitywasfoundto be(0.20)mSv/yeai{54].

1.4.3.The Local Studies

A Abatherandetal. (2016)measuredhe specificactivity concentratiorof the natural
radioactiveisotopes*K, 212Pb, 214Pb, 2Bi, 2%8Ac, in soils and sedimentsfor

selectedareasfor Marshesof Southernirag-BasraprovinceandnorthernArabian
Gulf. They found that the specific activity measurementesuls were around
(320.21310.9)Bqg/kg for %K, (0i 12.1) Ba/kg?t?Pb, (Oi 6.3) Bg/kg for 214Pb, (3.2

10.2)Bg/Kg for 2Bi, and(0i 4.4) Bg/Kg for 226Ac [55].

A Najamandet al. (2016)measuredhe activity concentratiorof 232Th, K, and
137Csin soil surfaceof Thi-Qargovernoratelraq by usinghigh purity germanium
(HPGe) detectoand they foud that the activities were (22.7, 304.6 and 3.15

Bg/kg, respectivelyf56].

A Al-Sudani (2016) measuredthe radionuclide Concentrationssoils samplein

Misan province, Iraq. For 23%2Th, 4%, 3¥Cs, respectively, found to be
(15.271+0.09)1Bqg/kg, (354.812+0.00BBqg/kg, (0.797+0.568Bag/kg [57]

11
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A Rezaand Shahroodi(2018) measurecthe radionuclide Concentrationsn soils
samplein Karbala. They found that specific activities of 22°Ra, 2%?Th, 4K, and
137Cs in the soil samplesvaried within the rangesof ((29.37%38.86), ( 23.24
45.70), (291.15549.78), and (1.2510.82)) Bqg/kg, respectively. The excess
lifetime cancerrisk due to the ingestionof wheatand barley were calculatedas
(0.013x16) and (0.006x16), respectively which are lower than the maximum
acceptablevalue(103) [58].

A Tagi and et al. (2018) measurecthe natural radioactivity of soil samplesin
Kirkuk city. they havefound that the specificactivity rangedfrom (27.4to 57.0
Bg/kg for ?°Ra, from (11.0to 25.4) Bg/kg for 222Th, and from (207.4to 516.0
Bg/kg for %K. The results have been comparedwith the average values
worldwide. The hazardndiceshavealsobeencalculated59].

A Al-Wasiti (2010) measureadhe radioactivity of the nuclides?*Bi, 228Ac, 21%Pb,
40K, and ¥'Cs for soil samples collected from different areasin Wasit
Governoratejrag. He found that the concentratiorof radionuclidesrangedfrom
(19.2- 8.8) Bg/Kg, (14.5 6.9) Bg/kg, (10.7-B.D.L) Bg/kg, (266.5164.9)Bg/Kg,
and(4.6-B.D.L) Bg/kg, respectively60].

A Jahferandet al. (2022)measuredhe activity concentration®f 22°Ra, 232Th, 4K
and®¥'Csin the surfacesoil alongthe Little Zab River-Iraq. They found that the
activity werein rangesof (4.4 34.7) Bg/kg, (1.5 13.3) Bg/kg, (42.1583.9 Bqg/kg,
and(0.5'31.95 Bg/kg, respectivelj61].

A Hussian and Ali (2024) measuredthe natural and artificial radionuclides
distribution in surfacesoil in Baghdadinternationalairport region. The result
showed thathe averageactivities of 22°Ra, 23°Th, and**K in the study areavere
(36.9,29.1, and 362.7 Bqg/kg, respectively.While the averageactivity of *'Cs
rangedbetweerbelowdetectionimit (BDL) and(19.4 Bag/kg[62].

12
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Al-Sudani,andet al. 202%5) measuredhe averageactivity concentrationsf radionuclides
radium226, thorium232, and potassiumdO0, in Ali Al-Shargi and Kumait, Misan
province, Iraq were found to be (15.1+2.5 Bqg/kg, (14.7+2.4 Bqg/kg, and
(180.8£7.9 Bg/kg, respectivelyfor Ali Al-Shargi.In Kumait, the corresponding
values were (13.6x2.) Bqg/kg, (17.2+2.4 Bqg/kg, and (193.6x8.¢ Bqg/kg,
respectivelyj63].

Al-sudani (202%) measuredhe naturalandartificial concentrations Ali Al-
Gharbiin Misanprovince,lragfor 22Ra?3?Th, K, and**'Cswerefoundto be
(32.676+3.68%Bq/kg, (18.150+1.562Bq/kg, (377.376+£15.266Bg/kg, and
(1.906+0.422 Bg/kg, respectivelyThefindings showedthatthe??°Ra,?3Th, 4K,
and*®*'Cswerebelowtherecommendesalueby the UNSCEAR64].

1.5. The aim of the study

1. Measurethe activity concentrationsof both natural radionuclides(**Ra,
232Th, and*%K) andartificial radionuclide(*3’Cs)in soil samplef Al-Majar
andKalaatSalehusinghigh-purity germaniumHPGe

2. Determinedradiological hazard parametersincluding radium equivalent
activity (Rae), internal and externalhazardindices (Hin and Hex), gamma
level index ( | @absqrbedgammadoserates (Din, Dou, and Diy), annual
effectivedoseequivalentf AEDE;,, AEDE,., and AEDE), excesdifetime
cancerrisks (ELCR;,, ELCR,y, and ELCRy:), and annual gonadaldose
equivalenf{AGDE).

3. Comparison of radioactivity results between-Md&jar andKalaa Saleh
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Chapter Two

Theoretical Considerations

2.1.Radioactivity

Radioactivity is characterized by a transformation of an unstable nucleus into a
more stable entity that may be unstable and will decay further through a chain of
decays until a stable nuclear configuration is read&&d. Three radioactive

chains now exist in nature, nameRhorium chain (starting wit&*2Th), Actinium

chain (starting witif>*U), and Uranium chain (parent nucled®)) in which heavy
nuclides lost mass and changed their atomic number in successive steps, the decays
ending at the stable isotope of led#Rb, 2°’Pb, and?°®Pb) respectivelyIn all of

these spontaneous changes, generally, three types of nuclear radiation were
recogni zed,arnameleys, (&ner gaticlesqelettrens oru m n
positrons) , ana-rays (electromagnetic wavel§ § The amount of radioactivity
present is traditionally determined by estimating the number of curies (Ci) present.
The more curies present, the greater amount of radioactivity and emitted radiation.
In the System International of units (Sl system) the unit of Becquerel (Bq) is used
as its unit of radioactivity, and one disintegratpmr second equals one Becquerel

The relation between Curie and Becquer¢2j$57].
1 Curie(Ci) = 3.7x 10'° Bq (dis/s)

Most of the nuclei found on earthare stablebecauseall shortlived radioactive
nuclei have decayed. There are approximately 270 stable isotopes and 50

radioactiveisotopescanbe make athousand®f radioisotopesn laboratory[68].
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2.2.Law of Radioactivity

Radioactivedecayis a randomprocesghathasbeenshownto follow the Poisson
distribution. This effectively implies thatthe rate of decayof radioactivenucleiin
a large sampledependsonly on the quantity of decayingnucleiin the sample[3].
Frederic Soddy and Ernest Rutherford in 1902 described their theory of
radioactivity and formulatedthe first exponentiallaws that governthe decayand
growth of radioactivesubstancef59]. Mathematicallythis canbewritten as

A= —=_10 é é é (2-1)

Whenwe integrateaboveequationwe getthe numberof atomsat anytime.

~dN ~
My =Y at 666 (22
N
In —=-/t . 66 (2-3)
O
— -/
N, = Noe " 6. 6 (2-4)

Equation(2-4) describeshe numberof radionuclides(N;) remainingat time (t)
from the original numberof atoms(Np) presentat time (t = 0). This is the basic
equationdescribingall radioactivedecayprocessesand( aig the decayconstant

which s definedasthe probability of a nucleusdecayingperunit time [70].

The halflife (t1) is relatedto thedecayconstan{ &by thefollowing relationship:

_In2
Uy = 7 é . 6. (2-5)
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The half-life variesgreatly betweendifferenttypesof atomsandrangesfrom less
than a secondto billions of years. The quantity that characterizeghe rate of
radioactivedecayis called the activity. The activity is definedas the numberof

nucleidecayingperunit time[71].

By substitutingequationg2-4) and(2-5) into equation(2-1), we get:

€ |n23tY
O

~

e-
— é b2 g
A = Ae 666 (26)

Since Ay is the activity at t = 0, while A; is the efficiency at time t, and the

negativesignindicatesthefactthattheactivity decreasewith time.

2.3. Sources of Radioactivity

Thereare severalwaysthat ionizing radiationmay enterour life. It resultsfrom
bothindustrialoperationslike the useof x-raysin medicine,andnaturalprocesses,
such the decay of uranium in the earth. There are two major sources of
environmentalradiation exposure:natural and artificial sources.Numbers of
different radionuclidespresentnaturally in food and water, as well as decay
productsin the air from naturalsourcessuchcosnic rays,gammarays,andradon.
Artificial sourcesncluderadioactivewastefrom the nuclearindustry,fallout from
nuclearweaponsin the atmosphereindustrial gammarays, medical x-rays, and

otheritemslike consumegoods[72].

2.3.1. Natural Radioactivity

lonizing radiation exposurefrom natural sourcesis a constantand unavoidable
aspectof life on Earth. Natural radiation exposuresare primarily causedby two

sourceshigh-energycosmicray particlesfrom the earth'satmospherand

16



Theoretical Considerations Chapter Two

radioactive nuclides from the earth's crust that are found throughout the

environmentjncludingthe humanbody[73].

2.3.1.1. CosmicRadiation

Cosmicradiationis divided into differenttypesaccordingto the origin, its energy
and type and the flux density[74]. Thereare two main sourcesof suchcosmic
radiation:

1. CosmicRays

Through ionization and nuclear processescosmic rays lose energy when they

enterthe earth'satmosphereCosmicradiationis preventedoy the thicknessof the

earth'satmospherdeforereaclesthe surfaceis madeup of muonsand neutrinos
from the decay of pions createdin theseinteractionswith a trace quantity of

nuclearmaterialreachingandbeingabsorbedy the crust[75]. At sealevel in the

mid-latitudes, the ionizing componentof cosmic rays generatesan average
absorbedloseratein air of 31 nGy.h?, which translatego an effectivedoserateof

31 nSv.h'. The populationweightedaverageannualeffective dosagefrom cosmic
rays is 340 € S wvtgking into accountshielding by buildings for the ionizing

componentandthe distribution of the world's populationwith altitude[73]. High-

energyparticleswith a meanenergyof roughly 10* MeV makeup cosmicrays.
Theseinclude light atomic nuclei, high-energy electrons,alpha particles, and

protons[76].

2. CosmogenidRadionuclides

The interactionsof the atmospheravith cosmicrays produceradionuclideslike
3H, "Be, 1C, and?Na [73]. ¥C is the mostcommonradioactiveproductionin the
atmospherewhich is a secondanproductof the N (n, p) *“C reaction.The most
common absorption processis the exothermic (n, p) reaction on abundant

atmospheriaitrogen:
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n+¥NY C+p, t2(**C) = 5730yeq.

The produced“C entersthe food chain through CO; ingestingplants. The 14C
abundancén organicliving matteris 102 relative neutralcarbonand has activity
of 250 Bg.kd ! [77]. The neutronsemitted can be combired with %O to produce

tritium asfollows:
n+1%0Y °H +¥N, ty»(3H) = 12.34yea.

And this tritium combineswith oxygento form water rains which fall down on
the earth andthis wasthe primary sourceof naturallyoccurringtritium becauseof
its shorthalf-life. Someothercosmogenigadionuclidesare°Be, 2°Al, 36Cl, &K,
14C 328i 39Ar 22Na 358 37Ar 33P 32P 38Mg 24Na 388 318i 18|: 39C| 38C| 34mC|
[75].

2.3.1.2. Terrestrial Radiation (Primordial Radionuclides)

The natural terrestrial radiation that humans are exposedto outside comes
primarily from thetop 30 cm of the soil. Half-lived radionuclidescanbe compared
to the earth'sage or to the decay productsof terrestrial stuff [78]. The most

significantchainsof naturallyoccurringradionuclidesare:

2.3.1.2.1.Uranium Series =

The first isotopein this seriesis Uranium238, which hasa half-life of 4.5x10
years,as Figure (2.1) illustrates[79] [80]. In nature,uraniumis found as 24U,
23, and 2. Sinceall of their daughtersafter 22U haveshorterhalf-lives than
the parentnuclide 232U, this seriesis saidto be in secularequilibrium [81]. The
225Ra, which has half-lives of 1600 yearsand chemicalcharacteristicghat are
obviouslydistinct from thoseof uranium,is partof this decayseries When?*Ra

decaysit produces?’Rn, aninert noblegasthatcanenterthe atmospherand
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quickly attack dust and aerosolparticlesthat have beendepositedthere. It also
doesnot establishany chemicalinteractionsThelungsmay sustaininjury from the

radiationreleasedluringthe breakdowrof thesecompounds.

This chainis still in existencetoday. An alpha particle is releasedwhen the
radionuclide’*®U decaysinto 2**Th, the newly createchuclideis likewise unstable
and continuegso decayasshownin Figure(2-1). Stableleadis eventuallycreated
following a total of 14 suchprocessesyhich release8 alphaand6 betaparticles
alongwith gammaradiation.

2.3.1.2.2.Thorium Series 4| |}

In Figure (2-2), the degradationseriesis displayed.Therearesix alphaparticles
releasedhroughoutthe courseof ten decaystagesThe four nuclides??®Ac, 2?Pb,
2128j, and 2°°T| are easily detested using gammaspectrometry 2'Bi decayis
branched,only 35.94% of decaysresultin 2°°T| through alpha decay.?'%Po is
producedvia the betadecaybranch.The branchingmustbe correctedoy dividing
the 2°8T| measuremenby 0.3594if the thorium activity is to be estimated82].
The body of an adult humanhasroughly 0.8 Bq of 232Th. Nearly all of natural
thoriumis composedf 22Th, with very traceamountsof 234Th, 23°Th, 231Th, and
22fTh, and1.35x 108 percentof 22Th [13].
2.3.1.2.3.Actinium Series =

It is sometimesreferredto as the Uranium235 seriesand it beginswith 23U
before evolving into the stable lead ?°’Pb through a sequenceof changes.lts
naural uranium contentis 0.72%. Despite being a very minor fraction of the
element, its shorter half-life means that it has spectrometric significance
comparableo 28U in termsof radiationsreleased(lgnoring a numberof minor

decaybranches)thedecaysequencejepictedn Figure(2-3), involves12
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nuclidesin 11 decaystagesandthe emissionof 7 alphaparticles.It is notincluded

in themeasuremenidueto its extremelylow abundancég2].
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2.3.1.2.4.Potassium40

Possiblythe most significant terrestrialradionuclide,at leastfrom a biological

perspectivas potassiurm0 asshownin Figure(4-2), aprimordal radioisotopeof

potassiumOnly 4%K, one of the threeisotopesof potassiumwith massnumbers
39,40, and41, is radioactiveandhasa half-life of 1.3x 10° years.All living and
extinct things have K since potassiumis necessaryfor life. Accordingto the
bioenvironmentaperspectiveK is the mostimportantradionuclide(half-life =

1.28x10 years,isotopicabundance 0.0118%).The potassiuntontentof a 70 kg

manis around140 g, primarily in the muscleswhich is equivalentto 4.4 KBq of

4K in thebody[83].
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EC, Q=1311.09%eV
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3 Ar fff Ca

Figure(2-4): DecayDiagramof The Potassiunt’K [41].
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2.3.2. Artificial Radioactivity

In the early daysof the 20th Centuryhumanabilitiesto createartificial radioactive
sourceswere limited to chemical isolation and the concentrationof natural
radionuclides. Later in this century linear acceleratorswere developed for
producingbeamsof particlesthat could be usedto artificially transmutenuclei.
With the applicationof nuclearfission, for both peacefuland military purposesn
the 1940, the ability of humans to produce large quantities of artificial
radionuclidesvasgreatlyexpanded84].

The fission procesdtself, andthe high neutronflux densitiesachievedn nuclear
weaponsexplosionsand fission reactor cores, led to the production of large
guantitiesof fissionandactivationproducts.Fissionproductsarethe isotopeswith
massnumberin the rangeabout70-170, formed by thermalfission of 22U and
other heavy fissile nuclei (e.g., 2*%Pu). High-yield fission productsinclude &Sr,
QOSr’ 91Y, 95Zr, 95Nb, 99|\/|0, 1°3Ru, 131|’ 135(6, 137Cs,14°Ba, 14o|_a’ 141(:(3’144(:(3’1431:;r
and#'Nd [84].

However,in mostsituations the mostradiologicallyimportantfission productsin
the shortterm are®Sr, °°Sr, and**!, andin the long term, °°Sr and*’Cs, because
of their yields half-lives and chemical properties.Activation productsare the
iIsotopesformed principally by the captureof neutronsby stableisotopesin high
neutronflux environmentsTypical activationproductsformedin the structureof
nuclear reactorsinclude ®Cr, >*Mn, *°Fe, *°Fe, %9Co, ®Ni, ®Ni, ®Cu, %Zzn,
9Zn 1%Ag, 199Cd, 1*4Cs, % and?*%U [84].

The mostsignificant contributionto this comesfrom the medicalapplicationof
lonizing radiationin diagnestic radiology and radiotherapy Thereare very wide

variationsin thedoseanindividual receivesThe dosefrom a chestx- ray
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Is about 0.2 mSyv, while someonegiven a computedtomographyscan might

receivel0O mSv[85].

The averagedosedue to the radioactivefallout from nuclearweaponstestingin
theatmospherén 1999was0.004mSv peryearin the UK, comparedvith a peak
of 0.014mSv peryearin 1963. The averagedosedue to the Chernobylreactor
accidentn 1986hasdeclinedto 0.001mSv peryearaverageoverthe UK, though
thereare considerablegegionalvariations.In normaloperationthe nuclearpower
industry doesnot addappreciablyto the averagedose Theaveragedosefrom all
stagesf the nuclearfuel cycle average$o 0.0002mSv peryear.Again thereare
wide variations it has been estimatedthat people living near some nuclear
facilities receiveannualdosesof 0.5 mSv[85].

Nuclear facilities, nuclear explosions, radiation sourcesutilized in business,
medicine,and agricultural, as well as different kind of electronicgadgets,are
exampleof manmade radiation sources.Radionuclide,or artificial sourcesof
radiation,canbe producedartificially asaresultof physicalproceduresnvolving

neutronactivation,nuclearfusion,andnuclearfission[86].

2.4. DecayEquilibrium

Dependingon the differencebetweenthe decayconstantsf the mothernucleus
andthe daughtemnucleusijt is possiblethatafter sometime their activity will reach
a state of equilibrium. This equilibrium has several states, namely, Secular

equilibrium, transitionequilibrium,andthe stateof disequilibrium[87].

2.4.1.SecularEquilibrium

Secularequilibriumis achievedwhenthe radioactivity of the mothernucleusand
thedaughtemnucleusareequal.This occurswhenthe half-life of themother
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nucleusis muchgreaterthanthe half-life of the daughtemucleus((tp 1,2 >> tp 12 0r

ap << ap))[88].

Thisis donethroughthefollowing equationof equalactivity:

/ ] i
Ay = Ap(e ' - ) &6 é (27

D~ /P
It is clearthatif ( @> ap) this leadsto t Y D andso we canneglectthe second
term of the right-hand side of Equation (2-7). Thus the radioactivity of the

daughtemnucleusis givenby therelations[88]:

/D _/ t /D 7 7
= e’ = ee. .- 2
Ao =P AR = A
iol_/_P . é é(2-9)
A /o
Also, ( ©<< ap) we canneglectthe secondierm on the right side of the equation
aboveandthuswe get:
Apd Ap e é é (2-10)

This indicatesthat if the half-life of the mothernucleusis much greaterthanthe
half-life of the daughtemucleusthenthe nuclei eventuallyreacha stateof secular
equilibriumin which the radioactivity of the motherand daughtemucleiis equal
[87].

2.4.2 Transient Equilibrium
Transientequilibrium occurswhen the radioactivity of the parentand daughter

nucleiis notequalbut differs by a smallfraction. This occurswhenthe half-life of
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the parentnucleusis slightly higherthanthe half-life of the daughtemucleus,i.e.
(O; >O; or ep<ap)[87]

2.4.3.Non-Equilibrium
If the half-life of parentis lessthanthe half-life of daughterj.e. € < ¢ orl-y¢

> 1 Thenthe activity dueto parentnuclide will diminish quickly asit decays

into thedaughterConsequentlyhe netactivity will besolelydetermined3].

2.5. High Purity Germanium (HPGe) Detector

Germaniumsemiconductodetectorsverefirst introducedin 1962which arenow
the detectorsof choicefor high energyresolutiono-ray studies.Thesedetectors
directly collect the chargesproducedby the ionization of the semiconductor
material[89].

The productionof high-purity germanium(HPGe)with animpurity concentration
of 10'® atoms/cm or lesshasmadepossiblethe constructionof detectorswithout
lithium drifting. The sensitive depth of the detectordependson the impurity
concentratiorandthe voltageapplied.Germaniundetectorsarefabricatedn many
different geometriesthus offering devicesthat can be connectedo the specific
needsof the measuremen{90]. There are widely usesfor (HPGe) in many
applicatiors such as that in nuclear and industrial products becauseof its
sensitivity and good efficiency and easeof spectrumanalysis The drawbackto
usingthesedetectorsjs its needto cool themto nearcryogenictemperaturg91].
Coolingthedetectorwhenit usess necessarpecausgermaniumhasarelatively
narrowenergygap,andat roomandin highertemperatures: leakagecurrentdue
to thermallygeneratedhargecarriersinducessuchnoisethatthe energyresolution
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of the deviceis destroyedThe (HPGe)detectorperateat a temperatureangeof
(85-105K), sowe needthe cooling materialwhich usedwith a cryostatandDewar
combinationdesignedo providethe cooling path.Theliquid nitrogen,which hasa
temperatureof (77 K or (1196 °C)), is the common cooling medium for such
detectorsThe liquid nitrogenis keptin a large cryostatthat cancontainsufficient

guantityof theliquid to lastatleastaweek[92, 93]

2.6.The Activity Concentration

The activity concentrations calculatedby placing the sample(soil) in a Marnelli
container,which is fixed arounda high-purity germaniumdetector,andrecording
the gammaray spectrumfor (3600 sec). The program (Genie2000) in the
computerdraws the spectrumand producesa report that includesthe channel
numbersandtheir correspondingenergiesand the net areaunderthe peakof the
spectrumcurve. Then, the specific effectivenesof eachsampleis calculatedby
usingof thefollowing Equation[94].

0 0

° o0 Th

888 ¢ pp

WhereA representshe specificactivity, A, representshe netcountunderthefull
energypeals, isthedetectorefficiencyat the specified energ, is the absolute
transition probabilityM is thesamplemass (kg), antithe countingtime (second)
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2.7.Evaluation of Radiation Health Risk Parameters

Radiationrisk parametersvere evaluatedto obtain relevantinformation on the

radiationhealthstatusof theresearctareasasfollows:

2.7.1.Radium Equivalent Activity (Raeq)

Theradiumequivalentactivity is a very usefulguidelinein organizingthe safety
standardsn radiationprotectionfor humansandit was calculatedusing Equation
(2-12) [95]. Its limited valueswere 370 Bg/kg of 2?°Ra, 259 Bg/kg of 23?Th, and
4810Bg/ kg of K producethe samegammaray doserate.

Yo 0 P& o O T8t x X O 888 ¢ pc

whereAg, Ath, and A arethe activity concentration®f 22°Ra2%2Th, and*%K in

Bg/kg, respectively.

2.7.2. Hazard Index (H)

To accountfor the hazardsassociatedvith the externalandinternal exposureof
the radiationemanatingfrom 22Ra2*?Th, and*’K in the studiedsoil samplesthe
internalhazardindex (Hi,) and externalhazardindex (Hex) Weredeterminedusing
Equationg2-13) and(2-14) [95].

S 0 888
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The prime objectiveof Hi, andHex is to limit theradiationdoseto doseequivalent
limit of 1 mSv/year Thus, their valuesmust be lessthan unity (i.e. O 1) for the

radiationhazard4o be consideredegligible

2.7.3.Gammalndex( | 2)

The radioactivity level index ( | cah be usedto estimatethe gammaradiation
hazardlevels typically thoseassociatedvith the naturalradionuclidesandit was
evaluatedisingEquation(2-15) [96].

) OTUTIC TUTTO TUTU TT 888 ¢ pu

The value of I danust be lessthan unity in orderto keep the radiation hazard

insignificant.

2.7.4.Absorbed DoseRate (D)

The absorbedloseratein air in onemeterabovethe groundsurfaceis an express
the receiveddosethe outdoor This factor is an important quantity to evaluate
when consideringradiationrisk. The indoor, outdoor,and total absorbedyamma
doserates(Din, Dout, andDyor) werecomputedusingEquationg2-16) - (2-18) [97].

~ £ 0w . . .
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2.7.5. Annual Effective DoseEquivalent (AEDE)

In orderto estimatethe annualeffective doses,one hasto take into accountthe
conversioncoefficient0.7 (Sv/Gy), which is usedto convertthe absorbedatein
air to humaneffective doseequivalentwith indoor and outdooroccupancyof 80
and 20%, respectively.The indoor, outdoor,andtotal annualeffective doserates
(AEDE;,, AEDE,, and AEDE:y) were deerminedusing Equations(2-19)-(2-21)
[98].

0000— =0 — ™ — ™ Yxempmnm 888 ¢ pw
0000 — =0 — W — ™ YXxXempmnm888 ¢ qm
f YO

oOOO—(b 0000 0000 888 ¢ ¢p

2.7.6.Excesd ifetime Cancer Risk (ELCR)

Excesd.ifetime CancerRisk (ELCR) is usedin radiationprotectionassessmerto
predictthe probability of cancerdevelopmenby individual over a lifetime dueto
low radiationexposurdevel. Baseduponthe calculatedvaluesof annualeffective
doserates,the indoor, outdoor,and total lifetime cancerrisks (ELCRn, ELCRoys,
andELCR) havebeencalculatedusingthe Equationq2-22)-(2-24) [99].

I S 4V R
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whereDL is thedurationof life (70 years)andRF is therisk factor (ICRP 60 uses
valuesof 0.05Sv! for the public).

2.7.7.Annual Gonadal DoseEquivalent (AGDE)
Radiationhasmanydifferent effectson all living things. Theseeffectsmight Kill
the cell or causeit to change but they might not have any effect on DNA. The
mainfocusof thetissuess onthegonadstheactivebonemarrow,andthecellson
the bone surface.Becauseof this, Equation (2-25) was usedto figure out the
AGDE thatcamefrom the actionsof 22Ra,?3?Th, and*°K [100].

‘"YU
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Chapter Three

Experimental Part

3.1. Introduction

This chapterprovidesa brief overviewof the materials Jaboratoryequipmentand
samplecollection proceduresemployedin this study. Along with the practical
proceduredor preparingenvironmentaboil samplesit alsocoversthe high-purity

germanium (HPGe)analysistechnique.

3.2. Analysis usinggammaray spectroscopy

This procesancludesfiguring out how many andwhat kind of radionuclidesare
presentAfter definingthe radionuclideausingthe energycalibrationmethod their
guantitiesare ascertainedy comparingthemto standersourceausingthe relative

approachThefollowing is descriptionfor completingthis process:

3.2.1.SamplesCollection

In the presentstudy, fifty samplesof soil were collected during the months of

AugustandSeptembein theyear2024from the studyarea(35 samplesverefrom

Al-Majar and 15 samplesverefrom KalaatSaleh).Eachsamplewastakenfrom a

depthof 0i 5 cm. Thegeographicatoordinate®f the samplingsiteswererecorded
usinga GarmineTrexVista HCX GPSdevice(PartNo. 20233,Garmin,USA), as
listed in Tables(3-1) and (3-2), and as shownin Figures(3-1) and (3-2). The
collected sampleswere placedin clean zip-lock bagsand labeledwith unique

identificationcodes.
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Table (31): Sample codd,ocation and th€oordinates of th&oil Samples in Al

Majar.
_ Locationcoordinate
samplecode Samplelocation Latitude Longitude
St SudurAl-Majar 13.67227 47.17301
S Al-Waraq 13.64078 47.18503
Ss Al-Saeida 31.60145 47.17977
St Eidawiya 31.59854 47.16349
S Al-Easkari 31.58770 47.15581
Se Yarmouk 31.58755 47.16563
Sr Al-Jameiaat 31.58498 47.16350
S Al-Shurta 31.58605 47.15740
S Al-Shuhada’ 31.58368 74.14985
Sio Al-Rahma 31.57590 47.16106
S 1 4Ramadan 31.57668 47.16528
Si2 Al-Sinaea 31.57582 47.15800
Si3 Al-Liwa' 31.56034 47.15597
Si4 Al-Hasharia 31.61756 47.16464
Si5 AL-Aadel 31.50652 47.12622
Si6 Al-Khayr 31.46443 47.09426
Si7 Firstfield 31.59904 47.17292
Sis Secondield 31.60026 47.17216
Si9 Third field 31.60163 47.17168
Sz Fourthfield 31.60385 47.16765
S Fifth field 31.60677 47.16677
S22 EasterrSugardwar 31.59028 47.18138
So3 WesternSugardwar 31.59402 47.17164
So4 Al-Sadrayn 31.58786 47.16856
S5 Old Hussein(Al -Rifaq) 31.58236 47.17883
So6 New Hussein 31.58553 47.17089
So7 Al-Jumhuria 31.57792 47.17702
S ImamAl-Hassan 31.57735 47.18190
So9 Al-Saray 31.57250 47.17105
Ss0 Al- KashashiydFirst Al-Rahma) 31.57465 47.17663
Sa1 Al- KashashiygSecondAl-Rahma) 31.57233 47.17444
Ss2 Al-Badrawi 31.57022 47.16860
Ss3 Al-Akhilas 31.56883 47.16639
Sa4 Knikil 31.56183 47.16580
Sss Al-Wadia 31.49549 47.19170

35




Experimental Part

Chapter Three

Table (32): Sample codd,ocation and th€oordinates of th&oil Samplesn

KalaatSaleh.

Samplecode Samplelocation Locationcoordinate

Latitude Longitude
St Al-Amir (Al-Easkari) 31.53406 47.29151
S Al-Ghadir 31.52985 47.29638
S FirstKarama 31.52499 47.30359
S SeconKarama 31.52683 47.30088
S Third Karama 31.53161 47.30147
S Al-Husaynia(Al-Shibisha) 31.52160 47.29754
S Al-Zahraa(Al-Baeth) 31.52419 47.29177
Ss Al-Sadr 31.52215 47.29104
So Al-Huriya 31.52063 47.28979
Si0 Al-Euruba 31.51593 47.28893
S Abu Samej(Al-Firga) 31.50208 47.28234
Si2 Al-Eizz River 31.37316 47.35526
Si3 Al-Majaria 31.53964 47.29093
Si4 Sulaymaniyah 31.39828 47.38855
Sis Al-BaydaandAl-Sawda 31.32790 47.42663
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Figure(3-1): Thestudy area(Al-Majar) depictssoil samplelocations.
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3.2.2.SamplesPreparation

In the laboratory,the sampleswere sievedusinga 75 um meshsieve (200 mm x

50 mm, Part No. 60132000075 Serial No. 03008399,Retsch,Germany).They

were then dried in an electric oven (Electrolux, Sweden) at 80°C for 2 hours to
remove moisture. After drying, each sample was weighed to exactly m00 ¢
Subsequently, the samples were transferred into 500 mL Marinelli polyethylene
beakers (GAVIA, USA), sealed tightly with plastic tape to avoid the leakage of
airborne radionuclides, and stored for four weeks. This storage period allowed the
decay products to reach radioactive secular equilibrium with their parent
radionuclides #®Ra and??2Rn) before gamma spectrometric analyj4i81, 102]

The samples were analyzed at the laboratories of the National Authority for
Nuclear, Radiological, Chemical, and Biological/Directorate of Instruments and
Laboratories, Baghdallaq, which are accredited according to ISO/IEC 17025.

3.2.3.Gamma Spectroscopysystem

For the purposeof measuringnhatural and artificial radionuclides soil samplesa
gammaspectroscopysystemwas used,as shownin Figures(3-3) and (3-4), this
systemconsistoft he f ol |l owi:ng equi pment 0s
3.2.3.1High Purity Germanium Detector (HPGe)

The natural and artificial radionuclides soil sampleshave been measured
utilizing a gamma spectrometersystem consistingof a P-type HPGe coaxial
detector,Model GC4020and Number 10025 (CanberraCompany,USA), which
hasa constantrelative efficiency of 40% aswell asa resolutionat full -width half
maximum (FWHM) of 2 keV at the 1332 keV gammaline at ®°Co. A crystal
diameterof 62.2mmwasoperatedunderhigh voltagewith a biasof +3000V (DC)
(Appendix (A) [103].
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3.2.3.2 Highi Voltage Power Supply

The high power supply is connectedo the detectorto supply the photomultiplier
basewith voltagein therange(+3000volts) (Appendix(A))[104].
3.2.3.3 Preamplifier
The main purpose of the preamplifier is to optimize coupling between the counting
system and the output of the detector, and to reduce the fbisereamplifier
which is used in this system is connecting with detector issued from (CNABERA
model2002CSl: serial number 13001338AppendixA)) [104].
3.2.3.4. Main amplifier

The mainamplification unit is the linear amplifier. It increases the signal by 1000
times or more. Thenain amplifier which was used exists in the mutannel card
analyzef104].
3.2.3.5. Multichannel Analyzer (MCA)

Recorded and stores pulses according to their height. At the end of a counting
period, the spectrum that was recorded may be displayed on the [4€&len
3.2.3.6. Computer and Software

A personal computer spectrum analyzB€A) was used, which is a personal
computer equipped with electronic units that receive and classify the pulse coming
from the main amplifier according to its amplitude and then store it in locations
based on the amplitude, displayed as a visual image on the computer screen. The
program (Genie2000, version 3.1), which is an integrated program for qualitative
and quantitativenalysis of the gamma spectruvas used to find the radioactivity
of the gammaay-emitting nuclides from the sample, and the data is printed using

the printer attached to the computEd4.
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Figure(3-3): Measuremen®ystemDiagram[57].

Figure(3-4): ExternalMeasuremen®ystem.
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3.2.4.Energy and Efficiency Calibration

The energyand relative efficiency calibrationswere performedusing a standard
sourcemulti-gammawith certificate number1035SE4052416, Type CBSS 2,
serialnumber2806161597016 andcertificateissuedateof July 18, 2016 (Czech
Metrology Institute, Czech Republic). Containing 12 radionuclides,including
241Am (59.54keV), 19°Cd (88.3keV), 13°Ce (165.85keV),>’Co (122.06and 136.47
keV)Co (1173.24and 1332.5keV), ¥'Cs 662 keV), *3Sn (391.69 keV) 2°Sr
(514 keV), 88Y(898.02and 1836.08keV), >'Cr (320 keV), *>*Mn (834.8keV), and
%7Zn (1116keV) in the energyrangeof 59.54keV to 1836.08keV with a massof
441.0gm, a densityof 0.98+0.01g/cn?, anda volumeof 450.0+4.5cm?® (Appendix
(B)) [103][106]. The calibration curves of the energy and efficiency are shown in
Figures (35) and (36).
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Energy Calibration Curve
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3.2.5.Background Radiation

In this researchthe backgroundradiation was measuredoy placing an empty
Marinelli container,the samecontainerusedto measurethe radioactivity of the
modelson the neck of the detectorfor the sameperiod of time requiredfor the
measurementso collect the gammaray spectrumon the computerscreenand
determinethe energieghat could fall on the detectoy aswell asto determinethe
areaunderthe curve of the peaksfor the purposeof subtractingthis numberfrom
the recordedreadingsof the models and the same energies.To reduce the
backgroundradiationa cylindrical lead shield 12 cm thick is usedbecausat has
propertiesthat qualify it to be one of the bestmaterialsfor making barriersthat
protectagainstgammarays AppendixA). The backgroundadiationis calculated

usingthefollowing Equation[104].

5
0 _ - 888 o p
(ONO) J O 0

WhereAsc representshe backgroundadiationin unitsof (Bg/kg), Ngg is thearea
underthe peals, I{E,) representdshe gammaray energyintensity, (E) is the
detectorefficiency, andt representshe measuremenime, which is 3600sec, as

shown inFigure(3-7).
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Figure(3-7): BackgroundRadiation

3.2.6.Minimum DetectionActivity

The minimum detection limit (MDA) is known as the smallest amount of
radionuclidesthat can be reliably identified for a given measurementThe MDA

canbe calculatedusingthefollowing equation[107]:

$88

B e —
$'JE)4 888 o0 ¢

WhereMDA representshe minimumdetectionactivity, D.L. is the detectionlimit

(lowest radioactivity of a radionuclide that can be detected at the time
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measuremet ; is the detectorefficiency, p, representshe probability of gamma

ray emissionandT representshe countingtime.

TheD.L. can becalculatedoy usingthe following equation:

08 & 680 08 888

(XX 08 {080 FoETi o ° 0
WhereS.A. representshe specificactivity (Bg/kg) or (Bg/L), Net Arearepresents
the netareaunderthe peals, andB.G. representghe backgroundadiationwhich

canbecalculatedby Equation[88] (3-4).
6080 "Oi € 10t 0 Q™ QiILUDO 0 10Q W 888 o 1t

The minimum detection activity of natural and artificial radionuclides shiown
table (33).

Table (33): The Efficiency and the Minimum Detectable Activity
(MDA) for 2?°Ra,?3?Th, 4K, and**'Cs.

Nuclide Efficiency MDA (Bg/kg)
22°Ra 0.06103 1.831
232Th 0.01142 2.632

40K 0.0113 2.79
BiCs 0.0206 0.853
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Chapter Four

Resultsand Discussion

4.1.Gamma SpectroscopyTechnique

The quantitative and qualitative examinationof the surface soil sampleswas
carried using a high-purity germaniumdetector(HPGe). The ??°Ra activity was
calculated by taking the mean activity ¥fPb gammaay enegy peaks at 295.2
and 351.9 keVthe?“Bi peaks at 609.3, 1120.8nd 1764.5 keV under equilibrium
conditions. On the other handthe gammaay energy peaks used for the
determination of the®?Th activities were théPb gammaay energy peak at
238.6 keV, the?®Ac energy peaks at 338.463, 911.2, 964.6 and 969.0 keV, and
the 2%°T| energy peaks at 583.2 and 860.6 keV, 4l energy peak at 1460.80
keV. Also, the peak energy of (661.66 keV) was utilized to determine the

concentration of*’Cs[108].

4.1.1.Measurementof Activity Concentrations for Soil Samples

The resultsof activity concentration®f (??°Ra, 2%2Th, K, and *'Cs) in soils of
Al-Majar and Kalaat Salehare presentedn Tables(4-1) and (4-2). Also shownin
Figuresfrom (4-1 tp (4-16).

The activity concentration®f ?2°Ra23?Th,*°K and®*'Cs in Al-Majar varied from
5.724+1.684Bqg/kg (S12) to 33.911+3.424Bq/kg (Sy), 8.314+2.343Bg/kg (S) to
18.536+2.517Bq/kg (Sze), 158.324+7.251Bq/kg (S14) to 193.625+8.518Bq/kg
(S18), and 0.327+0.0104Bg/kg (S11) to 2.917+0.771Bg/kg (S), with an average
valueof 14.012+4.65Bq/kg,14.589+2.52Bq/kg,176.791+9.82'Bg/kg, and
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1.626+0.963Bg/kg, respectivelyaslistedin Table (4-1), shownin Figuresfrom

(4-1) to (4-4) and (4-9) to (4-12) (contor maps).Whereasin Kalaat Salehthe
activity concentrationsof related radionuclideswere varied from 7.426+1.354
Ba/kg (Sis) to 27.624+2.617 Bg/kg (S11), 16.709+2.864 Bg/kg (S;) to
29.562+2.761Bqg/kg (S11), 167.232+8.116Bg/kg (Ss) to 211.424+9.454Bq/kg

(S7), and0.384+0.008q/kg (S3) to 3.823+1.018q9/kg (S7), with anaveragevalue

of 16.072+5.455 Bq/kg, 20.752+3.650 Bg/kg, 187.813+11.01 Bg/kg, and
2.480+1.023Bq/kg respectivelyfor 22°Ra232Th,*%K, and*'Cs aslistedin Table (4-

2), shownin Figuresfrom (4-5) to (4-8) and (4-13) to (4-16) (conbur maps).The
contour map illustrates the spatial distribution of radiological concentrations of
natur al radi onucl i desti(fjijcilil |rjaldTi ho,n uacn c
the study area (AMajar, Kalaat Sakh). The map was generated using ArcGIS
software (version 10.8)The activity concentration levels ddoth natural and
artificial radionuclides were compared in AMajar andKalaat Saéh cities. The
activity concentrations ofadionuclidesin Kalat Sa¢h were higher than in Al
Majar which can be attributed to geologicdlfferencesof the two regionsin
addition, Kalaat Saleh is an agricultural area where various types of fertilizers are
extensively used for soil enrichment. These fertilizers contain certain amounts of
radionuclides, which contributes to an increase in the radiation levels in the soil.
Thefindingsindicatethataveragevaluesof 22°Ra,?3Th, and*K in soil samplesf
Al-Majar and Kalaat Salehare below the global averagevaluesof 35 Bqg/kg, 30
Bg/kg, and 400 Bq/kg, respectively[109]. The artificial radionuclide'*’Cs is not
naturally presentin sampleslt is rathera byproductof fallout radioactivity. The
probableintroductionof theseisotopesnto the studyarea'ssoil could be attributed

to incidentslike the ChernobyInuclearpowerplantdisasteron April 26,1986,and
nuclearweapongesting[43].
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Table(4-1): NaturalandArtificial Radioactivityin Soil Samplesof Al-Majar.

Sample Radionuclide activity concentrations(Bg/kg)
Code Samplelocation 226RafS. D 22ThRS. D 4K 5. D 157CSKS. D

s SudurAl-Majar 33.911+3.424 | 17.422+2.715 | 163.431#8.434| 0.523%0.011
S Al-Waraq 21.543+2.511 8.314+2.343 | 172.824%8.715| 0.372+0.009
S Al-Hasharia 11.932+1.416 | 16.342+2.821 | 184.227+7.722| 0.482+0.019
s Fifth field 8.912+1.746 17.223+2.526 | 187.424+8.836| 2.136+1.162
S Fourthfield 17.153+3.431 | 1552242173 | 167.714+6.121| 2.615+0.663
S Third field 14.426+2.952 | 13.432+2.652 | 167.826%5.336| 2.917+0.771
s Al-Saeida 18.652+2.143 | 13.132+1.867 | 169.434%8.752| 0.471+0.0105
S Secondield 13.153+2.446 | 11.846:2.426 | 186.225:7.502| 2.716+1.161
S Eidawiya 14.541+2.647 | 14.843t1.762 | 167.753+8.662| 2.311+0.513
S First field 10.912+3.232 | 14.425+2.442 | 178.524+7.511| 2.662+0.471
S, WesternSugardwar 13.222+2.454 | 14.262+2.654 | 169.874%6.815| 0.327+0.0104
S 2 Al-Sadrayn 5.724+1.684 8.604+1.295 189.164+8.149 2.321+1.383
S s EasterrSugardwar 13.125+2.321 | 14.223+2.362 | 183.432+7.932| 2.76410.692
S 4 yarmouk 14.418+3.534 | 16.427+2.321 | 158.324+7.251| 0.524+0.011
S s Al-Jameiaat 15.225+1.817 | 17.321#1.853 | 161.519+5.921| 0.394+0.0067
Si6 Al-Easkari 15.912+1.843 13.452+2.45 165.824+7.973| 0.382+0.0075
S 7 Al-Shurta 14.225+2.651 16.881+2.174 169.625+7.312 2.181+0.553
S s Al-Shuhada’ 14.352+2.152 10.812+1.295 | 193.625+8.518| 0.463+0.014
S o New Hussein 15.573+2.391 17.635+2.812 | 175.735+8.686| 2.114+1.353
Sxo Old Hussein(Al-Rifaq) 9.639+1.738 9.625+1.265 193.411+7.257 0.493+0.013
Sa Al-Jumhuria 13.651+2.782 15.335+2.262 167.534+6.363 0.521+0.011
Sz ImamAl-Hassan 11.274+1.372 16.624+2.291 188.746+8.522 2.204+0.741
S3 Al- KashashiygFirst Al-Rahma) 13.478+1.252 16.622+2.163 179.426+6.282 2.142+0.364
Sin 1 4Ramadan 12.533+2.152 14.216+2.562 175.635+£9.411 2.621+0.455
S5 Al-Rahma 12.253+2.761 15.126+2.421 188.312+8.176 1.701+0.463
S 6 Al-Sinaea 12.716+2.235 18.536+2.517 177.925+7.732 1.964+0.241
S 7 Al-Saray 13.522+2.361 13.532+1.815 167.536+7.313 1.717+0.834
S Al- KashashiygSecondAl-Rahma) 10.953+1.873 16.714+2.231 166.264+5.976 0.561+0.012
S Al-Badrawi 13.551+1.746 13.712+1.832 178.741+6.243 | 2.154+0.4825
Sso Al-Akhilas 7.624+1.367 14.723+2.192 177.464+7.325 1.706+0.542
Sa1 Knikil 19.232+2.673 12.215+1.565 187.725+9.515 1.715+0.584
Ss2 Al-Liwa' 10.912+2.572 14.432+2.382 179.821+6.532 0.471+0.016
Ss3 AL-Aadel 11.922+1.863 17.327+2.191 175.821+6.834 2.725%£1.104
Sz 4 Al-Khayr 13.734+2.272 15.452+2.252 193.431+8.501 2.721+0.874
Ss5 Al-Wadia 16.535+2.912 14.323+1.883 177.412+6.134 2.843£1.033

Averaget Stander Division 14.012:4.650 14.58%2.521 176.791+9.827 1.626+0.963

World averageUNSCEAR-2000 [109] 35 30 400 -
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Table 4¢2):NaturalandArtificial Radioactivityin Soil Specimensf KalaatSaleh.

Radionuclide activity concentrations (Bg/kg)
Sample Sample location . 5 5 _

Code 226RaNS. D 232ThNS. D 4KNS. D 137CsNS. D
St Al-Ghadir 21.564+2.891| 20.472+2.775| 198.435+9.492 | 3.253+1.127
S First Karama 8.616+1.237 | 17.224+2.441| 177.427+7.583 | 2.464+0.472
S Al-Husaynia (AlShibisha) 13.474+2.715| 21.717+2.493| 195.515+11.683| 0.384+0.008
S Third Karama 18.814+1.746| 18.521+2.363| 176.421+7.244 | 3.822+1.0337
S Second Karama 19.821+1.393| 16.709+2.864| 183.527+8.214 | 1.853+0.562
Ss Al-Euruba 19.523+2.745| 19.754+2.894| 167.232+8.116 | 2.813+1.225
S Al-Zahraa (AlBaeth ) 15.814+2.793| 26.603+3.692| 211.424+9.454 | 3.823+1.014
Ss Al-Sadr 11.754+2.113| 17.314+1.815| 194.541+11.219| 2.198+0.881
So Al-Huriya 12.832+2.126| 16.925+2.493| 179.413+6.954 | 2.134+0.821
S1o Abu Samej (AlFirga) 14.424+2.293| 23.723+3.143| 189.831+8.273 | 3.284+1.012
Si1 Al-EizzRiver 27.624+2.617| 29.562+2.761| 189.202+8.732 | 2.426+1.252
Si2 Al-Majaria 21.428+2.286| 19.763+3.178| 178.843+7.211| 2.272+1.041
Si3 Al-Amir (Al-Easkari ) 16.546+2.473| 21.542+2.718| 190.311+9.764 | 2.72+1.031
Si4 Sulaymaniyah 11.424+2.133| 21.735+3.211| 188.356%+8.221 | 3.273+1.226
Sis Al-Bayda and AlSawda 7.426+1.354 | 19.721+3.385| 196.721+11.403| 0.483+0.0104

Averaget Stander Division 16.072+5.455| 20.752+3.650| 187.813+11.011] 2.480+1.023
World average UNSCEAR-2000 [109] 35 30 400 -
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Figure(4-1): Activity concentratiosof ?2Rain surfacesoil samplesn Al-Majar.
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Figure(4-2): Activity concentratiosof 22Th in surfacesoil samplesn Al-Majar.
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Figure(4-4): Activity concentratiosof *'Csin surfacesoil samplesn Al- Majar.
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Figure(4-16): Contourmapof the activity concentratiosof 1*’Csin surfacesoil samplesin

KalaatSaleh.
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4.1.2. Comparison of Resultsof the Activity Concentrationsin the

Present Study with Literature Values
The averageactivity concentration®f naturaland artificial radionuclidesin soil
samplesof the researchareas(Al-Majar and Kalaat Saleh)were comparedwith
identicalmeasurementsonductedn the world andlraq, asdemonstrateith Table
(4-3). Themeanconcentratiorof 22°Ra, 232Th, K, and*’Csof the presenstudyis

lower thanthe correspondingaluesreportedn all the cited studies.

Table (43): Mean Activity Concentrations 6f®Ra23?Th, “°K and**’Cs in the
Present Study Compared with Literature Values.

Mean activity concentration (Bg/kg)
Country — - o 1570 Reference

South EastEurope 40 47.8 pHH op [110]
Setif, Algeria 47 33 329 Not measured [111]
southwestermegion,Nigeria 54.5 91.1 286.5 Not measured [112]
MalaysianPeninsulaMalaysia 57 68 427 Not measured [113]
Uttara Kannada, India 36.13 48.47 415.76 | Not measured [114]
Waziristan,Pakistan 69.5 123.68 453.60 | Not measured [115]
Inani Beach,Bangladesh 44.39 69.79 | 1007.25 | Not measured [116]
West Bank,Palestine 68.7 48 630 Not measured [117]
Sana'ayemen 48.2 41.7 939.1 Not measured [118]
Anzali wetland,lran 24.66 31.94 506.38 11.66 [119]
Kastamonu, Turkey 37.4 27.2 431.4 8.0 [120]
Jordan 42.5 26.7 291.1 Not measured [121]
Nineveh, Iraq 33.55 21.52 326.74 | Not measured [122]
Al-Tuwaitha,Iraq - 25.29 | 363.47 8.72 [105]
Baghdad, Iraq 21.74 25.81 434.67 | Not measured [123]
Thi-Qar,Iraq 29.2 22.7 304.6 | Not measured [56]
World averagd JNSCEAR2000 35 30 400 | Not measured [124]

Al-Majar 14.012 1.912 176.791 1.626

Present study
Kalaat Saleh 16.072 | 20.752 | 187.813 2.480
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4.1.3. Evaluation of Radiological Hazard Effectsfor Soil Samples
Tables(4-4) and (4-5) showthe radiologicalrisk parameter®btainedfrom soil
samplesn thestudyareas.

Thelevelsof Ra,q rangedfrom 32.593(S;,) to 71.408(S;) Bg/kg with anaverage
of 48.488+ 5.749Bqg/kg in Al-Majar, asshownin Figure (4-17), andfrom 46.908
(S) to 84.466(S;:1) Bg/kg with an averageof 60.209+ 9.223 Bg/kg in Kalaat
Saleh asshownin Figure (4-24). All valuesof Ra,q werelower thantheworldwide
averagevalueof 370Bg/kg[109, 125]

Thevaluesof Hi, variedfrom 0.103(S,) to 0.284(S;) with anaverageof 0.1688+
0.026in Al-Majar, andfrom 0.1499(S;) to 0.302(S;;1) with anaverageof 0.206+
0.037in KalaatSaleh.Whereasvaluesof Hex variedfrom 0.088(S;,) to 0.192(S)
with an averageof 0.130£0.015in Al-Majar, andfrom 0.126(S;) to 0.228(S11)
with anaverageof 0.162+ 0.024in Kalaat Saleh.All thesevaluesof Hi, and Hex
werelessthanthevalueof (1). As shownin Figure (4-18) for Al-Majar andFigure
(4-25) for KalaatSaleh[125].

Thelevelsof | yariedfrom 0.125(S;,) to 0.254(S,) with anaverageof 0.178+
0.019in Al-Majar, asshownin Figure (4-19), andfrom 0.173(S;) to 0.302(S11)
with anaverageof 0.219+ 0.031in KalaatSaleh asshownin Figure (4-26). The

determinedraluesof | werebelowthevalueof (1) [109, 125]

Thelevelsof Di, rangedfrom 30.052(S,,) to 63.600(S;) nGy/hwith anaverage
of 43.260+ 4.916nGy/hin Al-Majar, andfrom 41.244(S,) to 73.257(S11) nGy/h
with anaverageof 52.826+ 7.844nGy/hin KalaatSaleh.D,,: valuesrangedfrom
15.729(S;2) to 33.004(S;) nGy/hwith anaverageof 22.658+2.542nGy/hin Al-
Majar, and from 21.782(S;) to 38.507(S:11) nGy/h with an averageof 27.791+
11.945 nGy/h in Kalaat Saleh. Furthermore,the values of Dy ranged from
45.782(%;) to 96.605(%) nGy/h with an averageof 65.918+7.457nGy/h in Al-
Majar, andfrom 63.027($) to 111.765(S;1) nGy/hwith anaverageof
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80.618+ 11.945nGy/h in Kalaat Saleh.Thesecomputedvaluesof air absorbed
doserateswere below the world averagevaluesof 84 nGy/h,59 nGy/h, and 143
nGy/h,for Din, Dou, and Dy, respectively{109]. As shownin Figure (4-20) for Al -
Majar andFigure (4-27) for KalaatSaleh[125].

The AEDE;, valuesvariedfrom 0.147 (S;2) to 0.311(S;) mSv/y with a meanof
0.212+0.024mSvly in Al-Majar, andfrom 0.202(S;) to 0.359(S;1) mSv/y with a
meanvalueof 0.259+ 0.038mSv/y in KalaatSaleh AEDE,,; valuesvariedfrom
0.019(S12) to 0.040(S;) mSv/y with a meanvalueof 0.027+ 0.003mSv/yin Al-
Majar, and from 0.026 (S;) to 0.047 (S11) mSv/y with a meanvalue of 0.034 +
0.005mSv/y in Kalaat Saleh.In addition, AEDE; valuesvariedfrom 0.166(S;2)
to 0.352(S;) mSv/y with a meanvalue of 0.240+0.027mSv/y in Al-Majar, and
from 0.229(S;) to 0.406(S;1) mSv/y with a meanvalueof 0.293+ 0.0435mSvly
in Kalaat Saleh.The estimatedvaluesof annualeffective doseequivalentswere
lower than the worldwide averagevaluesof 0.41 mSvl/y, 0.07 mSv/y, and 0.48
mSvd, for AEDE;,, AEDE,,;, andAEDE;, respectivelyj109].

The levels of ELCR,, rangedfrom 0.515x1® (S;) to 1.091x1(S;) with an
averageof (0.742+0.084)x1@ in Al-Majar, andfrom 0.708x13%(S;) to 1.257x16
(S11) with an averageof (0.907+0.134)x1@ in KalaatSaleh a shown in Figure
(4-21) for Al-Majar and Figure (4-28) for Kalaat Saleh[125]. While ELCRu
values ranged from 0.067 x10° (S;2) to 0.141x1@ (S;) with an averageof
(0.097+0.010%103 in Al-Majar, andfrom 0.093x1( (S;) to 0.165x1C (S;1) with
an averageof (0.119+0.017) x102 in Kalaat Saleh.Moreover, ELCR values
variedfrom 0.583x10 (Syo) to 1.233x1E (S;) with an averageof (0.840+0.095)
x102 in Al-Majar, andfrom 0.801x1@ (S;) to 1.423x1C (S;;) with anaverageof
(1.026+0.152) x102 in Kalaat Saleh.The evaluatedvalues of excesslifetime

canceriskswerebelowtheworldwide averagevaluesof 1.16x10°% 0.29x10% and
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1.45x1@, for ELCR;, ELCRyy, and ELCRyy, respectively[109]. As shown in
Figure (4-22) for Al-Majar andFigure (4-29) for KalaatSaleh[125].

The levels of AGDE varied from 113.049(S;,) to 228.926(S;) uSv/y with a
meanvalueof 159.795+ 17.088uSv/y in Al-Majar (column15 of Table(4-4)), as
shownin Figure (4-23)), and from 154.331(S;) to 268.336(S11) uSv/ly with a
meanvalueof 195.381+27.988uSv/y in KalaatSaleh asshownin Figure (4-30).
TheseAGDE valueswere lessthan the worldwide averagevalue of 300 uSv/y
[109, 125]

Accordingto the outcomesabove theresultsclearly indicatethatthe meanvalues
of the radiologicalrisk parametersn the soil of the researchareaswverebelowthe
globally recommendedevels,andtherefore thereare no potentialhealthrisks to
the generalpublic health in the cities of Al-Majar and Kalaat Saleh, and the

radiation levelsherein remain in normal ranges.
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Table (44): RadiologicalRisk Indices in AlMajar Soils

Radi aHaizamdi ces

Sa mpdoed e

Raq Hi n He x o] Di n Do ut Dt ot | AEDER| AEDEot | AEDE{ EL CR|ELCR{ ELCIR{ AGDE

(Bq/ (nGy|(nGy|(nGy|(mSv| (mSv|msSv/ (1ol (THo (THo| (OSvV

S 71.408 | 0.284 | 0.192 | 0.254 | 63.600 | 33.004 | 96.605 0.311 0.040 0.352 1.091 0.141 1.233 | 228.926
S 46.739 | 0.184| 0.126 | 0.170 | 42.963 | 22.181 | 65.144 0.210 0.027 0.237 0.737 0.095 0.832 | 155.587
S 49.486 | 0.165| 0.133 | 0.182 | 43.876 | 23.065 | 66.941 | 0.215 0.028 0.243 0.753 0.099 0.852 | 163.026
S 47.972 | 0.153| 0.129 | 0.178 | 42.325 | 22.335 | 64.661 0.207 0.027 0.235 0.726 0.095 0.822 | 158.381
S 52.263 | 0.187| 0.141 | 0.190 | 46.439 | 24.293 | 70.733 0.227 0.029 0.257 0.797 0.104 0.901 | 170.546
Ss 46.556 | 0.164 | 0.125 | 0.171 | 41.641 | 21.776 | 63.417 0.204 0.026 0.230 0.714 0.093 0.808 | 153.419
S 50.477 | 0.186| 0.136 | 0.184 | 45.329 | 23.614 | 68.943 0.222 0.028 0.251 0.778 0.101 0.879 | 165.728
Ss 44,432 | 0.155| 0.120 | 0.165 | 40.215 | 20.997 | 61.212 0.197 0.025 0.223 0.690 0.090 0.780 | 148.633
So 48.683 | 0.170| 0.131 | 0.178 | 43.293 | 22.678 | 65.971 0.212 0.027 0.240 0.743 0.097 0.840 | 159.649
Sio 45.286 | 0.151| 0.122 | 0.168 | 40.366 | 21.198 | 61.565 0.198 0.025 0.224 0.693 0.090 0.784 | 150.071
Si1 46.696 | 0.161| 0.126 | 0.172 | 41.612 | 21.806 | 63.418 0.204 0.026 0.230 0.714 0.093 0.808 | 153.811
Sio2 32.593 | 0.103| 0.088 | 0.125 | 30.052 | 15.729 | 45.782 0.147 0.019 0.166 0.515 0.067 0.583 | 113.049
Sis 47.588 | 0.163| 0.128 | 0.176 | 42.578 | 22.303 | 64.881 0.208 0.027 0.236 0.731 0.095 0.826 | 157.606
Sia 50.099 | 0.174| 0.135 | 0.182 | 44.158 | 23.185 | 67.343 | 0.216 0.028 0.245 0.758 0.099 0.857 | 162.930
Sis 52.430 | 0.182| 0.141 | 0.191 | 46.143 | 24.231 | 70.374 0.226 0.029 0.256 0.792 0.104 0.896 | 170.163
Sis 47916 | 0.172| 0.129 | 0.175 | 42.867 | 22.391 | 65.259 0.210 0.027 0.237 0.736 0.096 0.832 | 157.466
S 7 51.425 | 0.177| 0.138 | 0.188 | 45.395 | 23.841 | 69.237 0.222 0.029 0.251 0.779 0.102 0.881 | 167.780
Sis 44,722 | 0.159| 0.120 | 0.166 | 40.780 | 21.235 | 62.015 0.200 0.026 0.226 0.700 0.091 0.791 | 150.340
Sio 54.322 | 0.188| 0.146 | 0.198 | 47.960 | 25.174 | 73.134 0.235 0.030 0.266 0.823 0.108 0.931 | 177.015
So 38.295 | 0.129| 0.103 | 0.144 | 35.121 | 18.331 | 53.453 0.172 0.022 0.194 0.603 0.078 0.681 | 130.748
S 48.480 | 0.167 | 0.130 | 0.178 | 42.997 | 22.555 | 65.552 | 0.210 0.027 0.238 0.738 0.096 0.835 | 158.887
S 49579 | 0.164 | 0.133 | 0.183 | 43.946 | 23.120 | 67.067 | 0.215 0.028 0.243 0.754 0.099 0.853 | 163.591
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Ss 51.063 | 0.174] 0.137 | 0.187 | 45.217 | 23.748 | 68.966 | 0.221 | 0.029 | 0.250 | 0.776 | 0.101 | 0.878 | 167.466
S 4 46.385 | 0.159 | 0.125 | 0.171 | 41.394 | 21.700 | 63.095 | 0.203 | 0.026 | 0.229 | 0.710 | 0.093 | 0.803 | 153.299
S 48.383 | 0.163| 0.130 | 0.179 | 43.164 | 22.649 | 65.814 | 0.211 | 0.027 | 0239 | 0.741 | 0.097 | 0.838 | 160.218
S 52.922 | 0.177 | 0.142 | 0.194 | 46.500 | 24.490 | 70.990 | 0.228 | 0.030 | 0.258 | 0.798 | 0.105 | 0.903 | 172.641
S 45773 | 0.160 | 0.123 | 0.168 | 40.895 | 21.406 | 62.302 | 0.200 | 0.026 | 0.226 | 0.702 | 0.091 | 0.794 | 150.953
S 47.656 | 0.158 | 0.128 | 0.175 | 41.929 | 22.088 | 64.018 | 0.205 | 0.027 | 0232 | 0.719 | 0.094 | 0.814 | 155.916
S 46.922 | 0.163| 0.126 | 0.173 | 42.028 | 21.996 | 64.024 | 0.206 | 0.026 | 0233 | 0.721 | 0.094 | 0.816 | 155.313
S50 42342 | 0.134| 0.114 | 0.158 | 37.583 | 19.815 | 57.399 | 0.184 | 0.024 | 0.208 | 0.645 | 0.085 | 0.730 | 140.823
Se1 51.154 | 0.190| 0.138 | 0.187 | 46.335 | 24.091 | 70.426 | 0.227 | 0.029 | 0.256 | 0.795 | 0.103 | 0.898 | 169.431
S 2 45395 | 0.152| 0.122 | 0.168 | 40.479 | 21.256 | 61.736 | 0.198 | 0.026 | 0.224 | 0.695 | 0.091 | 0.786 | 150.507
Ss 50.237 | 0.167 | 0.135 | 0.184 | 44.269 | 23.305 | 67.574 | 0.217 | 0.028 | 0.245 | 0.760 | 0.100 | 0.860 | 164.473
Ss4 50.724 | 0.174| 0.136 | 0.187 | 45.300 | 23.744 | 69.044 | 0.222 | 0.029 | 0.251 | 0.777 | 0.101 | 0.879 | 167.764
Sss 50.677 | 0.181| 0.136 | 0.185 | 45.337 | 23.688 | 69.026 | 0.222 | 0.029 | 0.251 | 0.778 | 0.101 | 0.880 | 166.670
Average 48488 |0. 1/ 0.1]/0.1143.2 22.665.9 0.21 0.02 0.240.740.090.84159.
N x N N N N N N N N N N N N N
Standard 5749 |9 % 0.0/ 0.0] 4.91 2.54 7.45 0.0 0.00 0.04 0.0¢°2 %Y o ogq 17088
Deviation
Wor Ader al 370| O1 o1 o1 8 4 59 143 0. 4 0.0% 0.4{ 1.1( 0.24{ 1.4 300

UNSCEARD |
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Table (45): Radiological Risk indices in Kalaat Saleh Soils.

Radiation Hazard Indices

Sample Code
Raeq Hin Hex I 2 Din Dout Dt | AEDEin | AEDEout | AEDE« | ELCRin | ELCRout | ELCRt | AGDE

(Bg/kg) nGy/) | (nGym) | (nGyrh) | mswiy) | msviy) | MSYW | (x109) | 109 | (x109 | (HSVY)
S 66.118 | 0.236| 0.178 | 0.240 | 58.431 | 30.602 | 89.033 | 0.286 | 0.037 | 0.324 1.003 | 0.131 | 1.134 | 214514
S 46.908 | 0.149| 0.126 | 0.173| 41.244 | 21.782 | 63.027 | 0.202 | 0.026 | 0.229 | 0.708 | 0.093 | 0.801 | 154.331
S 59.583 | 0.197 | 0.160 | 0.218 | 52.121 | 27.495 | 79.616 | 0.255 | 0.033 | 0.289 | 0.894 | 0.118 | 1.012 | 193.803
S 58.883 | 0.209 | 0.159 | 0.214 | 51.972 | 27.235 | 79.207 | 0.254 | 0.033 | 0.288 | 0.892 | 0.116 | 1.009 | 190.949
S 57.846 | 0.209 | 0.156 | 0.210 | 51.480 | 26.902 | 78.383 | 0.252 | 0.032 | 0.285 | 0.883 | 0.115 | 0.999 | 188.717
Ss 60.648 | 0.216| 0.163 | 0.219 | 53.236 | 27.924 | 81.160 | 0.261 | 0.034 | 0.295 | 0.914 | 0.119 | 1.033 | 195.408
S 70.135 | 0.232| 0.189 | 0.256 | 60.937 | 32.190 | 93.128 | 0.298 | 0.039 | 0.338 1.046 | 0.138 | 1.184 | 226.452
S 51.492 | 0.170| 0.139 | 0.190 | 45.616 | 24.000 | 69.617 | 0.223 | 0.029 | 0.253 | 0.783 | 0.103 | 0.886 | 169.778
S 50.849 | 0.172| 0.137 | 0.187 | 44.955 | 23.632 | 68.587 | 0.220 | 0.028 | 0.249 | 0.771 | 0.101 | 0.873 | 166.733
Sio 62.964 | 0.209 | 0.170 | 0.229 | 54.741 | 28.908 | 83.650 | 0.268 | 0.035 | 0.303 | 0.939 | 0.124 | 1.063 | 203.339
Su 84.466 | 0.302| 0.228 | 0.302 | 73.257 | 38.507 | 111.765| 0.359 | 0.047 | 0.406 1.257 | 0.165 | 1.423 | 268.336
Sz 63.460 | 0.229| 0.171 | 0.229 | 55.939 | 29.294 | 85.233 | 0.274 | 0.035 | 0.310 | 0.960 | 0.125 | 1.086 | 204.978
Sis 62.005 | 0.212| 0.167 | 0.226 | 54.333 | 28.591 | 82.925 | 0.266 | 0.035 | 0.301 | 0.932 | 0.122 | 1.055 | 200.930
S 57.008 | 0.184 | 0.153 | 0.209 | 49.675 | 26.260 | 75.935 | 0.243 | 0.032 | 0275 | 0.852 | 0.112 | 0.965 | 185.296
Sis 50.774 | 0.157 | 0.137 | 0.188 | 44.459 | 23.545 | 68.004 | 0.218 | 0.028 | 0.246 | 0.763 | 0.101 | 0.864 | 167.150
Average 60.209 | 0.206 | 0.162 | 0.219 | 52.826 | 27.791 | 80.618 | 0.259 | 0.034 | 0.293 | 0.907 | 0.119 | 1.026 | 195.381

+ + + + s s s + s s s s + s +
Standard Deviatior| 9.223 | %037| 0024 1 4031 | 7.844 | 11.945 | 11.945 | 0038 | 0005 | 0043 | 0134 | 0017 | 0152 | 27.988

World Average 370 o1 o1 01 84 59 143 0.41 0.07 0.48 1.16 0.29 1.45 300

UNSCEAR [109]
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Figure(4-17): Radiumequivalentactivity levels(Ray) in surfacesoil samplesn Al-Majar.
Al-Majar
1 -
0.9 -
1 08-
B 0.7 1
S| 06-
=~| 05-
=
crs 0.4
‘IU 0.3 1 E Hex
=1 0.2
0.1 -
B S e N
mU)U)U)U)mmmmmcnwwmmmmmmmmwwmmmmmwmmmwwm © g
Qo
= >
Sample Code* <K
S
S
=

Figure(4-18): Internal(Hin) andexternal(Hou) hazardndexlevelsin surfacesoil samplesn Al-Majar.
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Figure(4-19): Hazardindexlevelsof gammaradiation( | in urfacesoil samplesn Al-Majar.
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Figure(4-20): Absorbeddoserate(D) in surfacesoil samplesn Al-Majar.
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Figure(4-21): Annual effectivedoseequivalenf{AEDE) in surfacesoil samplesn Al-Majar.
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Figure(4-22): Effectivelifetime cancerisk levels(ELCR) in surfacesoil samplesn Al-Majar.
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Figure(4-23): Annualglobaleffectivedose(AGED) in surfacesoil samplesn Al-Majar.
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Figure(4-24): Radiumequivalentactivity levels(Ray) in surfacesoil samplesn KalaatSaleh.
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Figure(4-25): Internal(Hin Jandexternal(Hex) hazardndexlevelsinsurfacesoil samplesn Kalaat
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Figure(4-26): Hazardindexlevelsof gammaradiation( | in gurfacesoil samplesn KalaatSaleh.
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Figure(4-28): Annual effectivedoseequivalentf{AEDE) in surfacesoil samplesn KalaatSaleh.
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Figure(4-29): Effectivelifetime cancerrisk levels(ELCR) in surfacesoil samplesn KalaatSaleh.
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Figure(4-30): Annualglobal effectivedose(AGED)in surfacesoil samplesn KalaatSaleh.
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4.1.4.Comparison of Radiological Hazard I ndicesof the Soil of the Current Study with

| dentical Research
The averageradiologicalrisk indices obtainedfrom the soils of the researchareaswere comparedwith those

obtainedfrom otherregionsin theworld andlraqg, asshownin Table(4-6).

The meanvaluesfor Rag, Hin, Hex, 1o, Din, Dout AEDEin, AEDEow, ELCRin, ELCRoy, and AGDE in the present

studyaregenerallylower comparedo thesestudies

Table(4-6): RadiologicaHazardindicesin the Investigatedsoil SamplesComparedo LiteratureValues.

Radiological Hazard Indices

Country Reference
Ragq Hi » He « ) Di n Do u t A E DE AEDE ot EL CR EL CR: AGDE
(Bqg/ k (nGyl/| (nGy/| (mSv (mSv| (T9%o (THo (Osv/
Sicily, Italy 72 34 0.32 0.04 1216
MounanaGabon 2928.75 15.51 7.92 1352.76 9.30 1.66 1217
UttaraKannada)ndia 140.74 0.48 0.38 0.51 64.84 0.32 0.08 1.59 478.8 [128]
Punjab,Pakistan 179.26 0.642 0.482 85.045 0.417 0.105 129
TaghdouaSaudiArabia 70 37 0.3 0.1 13 0.2 438
Bolu, Turkey 62.8 0.2 0.2 29.9 36.6 1.3 209.7 [130]
Ma 6 dandan 94.21 0.41 0.25 37.15 0.045 31
Tulkarem,Palestine 72 0.3 0.21 0.55 35.5 0.044 [132]
Pshdarjraq 69.83 0.227 0.200 33.26 0.040 [133]
Kirkuk, Iraq 81.182 0.286 0.210 0.603 38.618 0.189 0.048 59
Al-Sadr Iraq 61.434 0.208 0.166 57.974 29.535 0.285 0.037 0.997 0.128 134
Al Dayr, Iraq - - 91.72 46.16 0.45 0.06 1.48 0.19 [135]
World Average (UNSCEAR) 370 D D 01 84 59 0.41 0.07 1.16 0.29 300 10]9
Al Majar 48.489 0.1¢ 0.13 0.17%9 43.2( 22.64% 0.21 0.027 0.74 0.09 159. 7 Present
kalaat Saleh 60.20 0. 2 0.16/ 0.21 52.8] 27.7 0.25 0.034 0.90 0.11 195. 3 study
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Chapter Five

Conclusionsand Recommendations

5.1. Conclusions

1. The study revealedthat the meanactivity levelsin the soils of Al-Majar and
KalaatSalehwerebelowtherecommendedtandards.

2. And from the activity concentrationsalues,radiologicalhazardindiceswere
calculatedlt wasfound thatthe meanvaluesof theseindicesin the soilswere
belowtheinternationalverage.

3. The resultsobtainedin this researchindicate that the soils of Al-Majar and
Kalaat Salehare consideredadiologically safewith no associatedealthrisk
to thearea'snhabitants.

4. The activity concentration levels of the natural radionuclides2®& Th232,
and K-40) and the anthropogenic radionuclide-I(3§) were compared in Al
Majar and Kalaat Salehcities. The results showed that the activity
concentrations ofhese radionuclides KalaatSakh were higher than in Al
Majar. This difference is mainly attributed to variatios in geological
characteristicsand agricultural practices, particularly the extensive use of
fertilizersin Kalaat Saleh

5. Thisdatamaybe crucialin developingaradioactivitymapof the areafor
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5.2. Recommendations

1. It is necessary to do more studies and continually to all environment elements
(air, water, soil and plant) in the others areas in Misan province, Iraq.

2. It is necessary to use other techniques in addition to gamma spectroscopy like
neutron activation analysis technique enay fluorescence technique (XRF) to
measure the environmental radioactivity.

3. Itis necessary to use detectors of beta particles to measure radionuclides, which
emit beta particles.

4. Measurement of the environmental radioactivilg agricultural soils,
marshlands, and oil field soils in Misan province.

5. The use of the theoretical progra to investigate the level @nvironmental
radioactivity and concentrations of radionuclides before and after pollution
operation.

6. Strongly recommended, periodic monitoriagd dose estimation for these
important regions in order to assess tis& on thepublic healtharising from
the radiation hazards.

7. Promote environmental awarenesswithin the community through media

campaigns and the integration of environmental issues into educational

curricula.
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A Doc. No.: DPF-009
| Specification Performance Data Rev: E
. CANBERRA Dstsctor s0e Dale: 12/6/2010
Specifications
Detector Model GC4020 Detector Serial Number 10025
Preamplificr Model 2002CSL Preamp Serial Number 13001333
Cryostat Model 7500SL Order Number 26963

The purchase specifications, and therefore the warranted performance, of this detector are as follows:

Relative Efficiency > 40 % Active Volume = cc
Resolution <20 keV (FWHM) @ 1.33 MeV
— keV (FWTM) @ 1.33 MeV
--- keV (FWHM) @ 122 keV
- keV (FWHM) @ 5.9 keV
Peak/Compion =54 :1

Well Diameter — m'n‘u Well Depth == mm

Cryostat Description (if special) _3.0" @ End Cap

Physical Characteristics

Active Diameter 62.2 mm Active Arca -ee mm®
Length/Thickness 59.5 mm Well Diameter -~ mm
9 Distance from Window 5.48 mm Well Depth - mm
Window Thickness --- mm Active Volume === cc
Window Material -
Electrical Characteristics
Depletion Voltage (+)2200 Vde
Recommended Bias Voltage (+)3000 V de
Test Point voltage at recommended bias (-)1.01 V dc (RC preamp only)
Reset interval at reccommended bias = sec. (Reset preamp only)
Capacitance at recommended bias ~27 pF
Measured Performance
¢ With amp time constant of 4 usS
Isotope Co "'Co “Fe “'Co —TOCd —ThCa ™
Encrgy (keV) 122 1332 59 6.4* 33 58 >
FWIHM (keV) 0.89 1.77 --- = == =
FWTM (keV) 1.61 3.30 - = —
Peak/Compton/Bkgd - 67.6:1 = = - e
Efficiency % e J;‘ —- 5 == 3
* Substitutes for *Fe in some cases where * Fe peaks are not well separated
Cool Down Time 6 Hes LN; Loss Rate <18 Yo PRTD 419 Qi

. e R - N
’ Tl by: _’M‘ — Date: _10/1472011 e

AppendixA : Measuremen®ystemSpecifications.
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|

e PR I, T DT

LT J Y | ST

V_ Czech Metrology Institute

Okruzni 31, 638 00 Brno. Czech Republic g
phone +420 545 555 111 S—
NNV .CIMILCZ

Vorkplace: Rcgional Branch Prague. Radiova 1136/3, 102 00 Praha 10
lonizing Radiation Building, Radiova 1288/1a

Phonc: +420 266 020 497
CERTIFICATE-
Certificate No,: 1035 - SE - 410524-16 Type: CBSS2 Scrial No.: 280616-1597016
Radionuclide 1 Lalf life, Jdavs Activity, kBg Combined standard
uncertainty. %
Ane241 158004 - 3,057 11
Cd-109 46192 ~13,93 & L6
Ce-139 137.64 1.196 2
Co-57 2718 0,9577 1.2
Co-60 19252 2.338 1,2
Cs-137 10976 1,991 1.4
Sn-113 115,09 2,929 22
Ar-85 GBS 3.987 1.2
V-BS 106,63 4919 1.5
Cr-31 27,704 19.98 1.9
Mn54 312,19 1,672 13
In-65 244.01 2,930 1.2
Mass. 4410 & Density: 098 + 001 g/ent Volume: 450,0 + 4,5 cm™
Hadionuclide impurities: gamma < 0,1 ©
Referonce date: 8.8.2016 Hoimogeneity better than: 1 %

Dhsenption:
Radioactive material is homogencously dispersed m sificone resin. Composition of the matrix: C- 0324

/l 00816 O - 0,216 Si- 0,379 (mass ratio)

Measaring method.
‘reparalion issucs from standard ER solutions whose activities were determined by suitable absolute
method. Final contrel is based on ganuna specltrometry on HPCe detector.
Note:
As the criledion of homogeneity standard deviation of the activity value of 1 cm”3 clement was chosen
+10). Thw valume is calculated Sron the mass and the density

Date of_thes@enficate issue: 18 7 2016 Certificate validity]
S ghyrs SN
JAstoner (6 months f¢ _.’
stinistey of Environment, Radidtion Protection Centre Baghdad Viasta liVCf;ova
[rag Baghdad NOC 3 of Penanumafe
. Lo 3 400 enon 0f Aty P AL SONIT s
_: . i Orlne
S l; -~
= e ( Py T s >
L 4 :l[ T Ing. Jiti Surdan. MBA |
"’ l
qeol: Ing: Viesta Zdychovs, RNDr. Pavel n)'\.ﬂ (,«’ Lbputy DIREGtOr DR PJ—“ — !
L 7’

AppendixB: CertificateStandeiSourceMulti-Gamma.
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Appendixc

SpectralAnalysisof Sampledor Al-Majar.
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