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ABSTRACT

A COMPARATIVE STUDY OF THE EFFECTS OF LOW DOSES
GAMMA RAYS ON BLOOD FOR HEALTHY PEOPLE AND
DIABETES

Aseel Murad Radhi AL-ZUBAIDI
Master of Science in Physics
Advisor: Prof. Dr. Ilyas INCI

Co-Advisor: Asst. Prof. Dr. Jabbar M. Rashid
May 2023

The objective of this study was to explore the effect of gamma irradiation on the
hematological and biochemical parameters of complete blood counts for diabetic and
healthy persons This study is conducted at the Blood unit, Department of Diagnostic
Laboratory Services of Al-Nasiriya Heart Centre (NHC) A total of 20 blood samples
were collected from diabetic persons, and the same number was collected from healthy
persons of different ages. The samples were analyzed before and after irradiation (0.5
mCi Cs-137 Gamma-ray standard source) using a Hematology analyzer to determine the
hematological and biochemical parameters. Significant changes were observed between
the control samples before irradiation and the samples after irradiation. The results show
a significant change in the number of RBC at 18.863 mGy/hr compared with the control
sample in healthy and diabetic from 4.47x1076 pL to 1.82x10"6 pL and from
4.32x10%6 pL to 1.05x10"6 pL, respectively. The results appear also a significant
change in all hematological and biochemical parameters such as WBC, PLT, Hb, Hct,
Mcv, McH, and HcHc after irradiation, especially at a high dose rate of more than 5
mGy/hr In comparison between healthy persons and diabetic, the results appear that
diabetic persons have more affected by gamma radiation within the used dose rate than
the healthy. The recommendation of the current study for diabetics is to avoid
electromagnetic radiation (gamma ray and X-ray) whose dose rate exceeds 5 mGy/hr.
The obtained results are in good agreement with the data and recommendations of
recognized international organizations and agencies such as the EPA, IAEA, WHO,
UNSCEAR, and ICRP.

2023, 63 pages
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OZET

SAGLIKLI INSANLAR VE DIYABET ICIN DUSUK DOZ GAMA
ISINLARININ KAN UZERINDEKI ETKILERININ
KARSILASTIRMALI BiR CALISMASI

Aseel Murad Radhi AL-ZUBAIDI
Fizik, Yiiksek Lisans
Tez Danismani: Prof. Dr. Ilyas INCI
Es Danisman: Dr. Ogr. Uyesi Jabbar M. Rashid
Mayis 2023

Bu c¢alismanin amaci, gama isinlamasinin diyabetik hastalarda tam kan sayiminin
hematolojik ve biyokimyasal parametreleri iizerindeki etkisini arastirmakti ve saglikli
kisiler bu calisma, Al-Nasiriya Kalp Merkezi'nin (NHC) Teshis Laboratuvar1 Hizmetleri
Departmani Kan iinitesinde yiiriitiilmektedir. Diyabetik kisilerden toplam 20 kan 6rnegi
toplandi ve farkli yaslardaki saglikli kisilerden ayni sayida kan Ornegi alindi.
Numuneler 1sinlamadan 6nce ve sonra analiz edildi (0.5 mCi Cs-137 Gama 1sin1
standart kaynagi) hematolojik ve biyokimyasal parametreleri belirlemek icin bir
Hematoloji analiz cihazi kullanilarak. Onemli degisiklikler 1sinlama oncesi kontrol
numuneleri ile 1sinlama sonras1t numuneler arasinda gozlendi. Sonuglar, 4,47x10"6 pL
olan saglkli ve diyabetiklerde kontrol numunesi ile karsilastirildiginda 18,863
mGy/saatte RBC sayisinda 6nemli bir degisiklik oldugunu gostermektedir sirasiyla
1,82x10"6 pL'ye ve 4,32x1076 pL'den 1,05x10%6 pL'ye. Sonuglar ayrica, 6zellikle 5
mGQGy/saat'in iizerindeki yiliksek doz hizinda isinlamadan sonra WBC, PLT, Hb, Hct,
Mcv, McH ve HcHc gibi tiim hematolojik ve biyokimyasal parametrelerde dnemli bir
degisiklik gosterir Saglikli kisilerle diyabetikler karsilastirildiginda, sonuclar diyabetik
kisilerin kullanilan doz orani i¢inde gama radyasyonundan daha fazla etkilendiklerini
gostermektedir saglikli Mevcut ¢alismanin diyabet hastalarina tavsiyesi, doz hizi 5
mQGy/saat'i asan elektromanyetik radyasyondan (gama 1sim1 ve X-151n1) kaginilmasidir.
Elde edilen sonuglar, EPA, TAEA, WHO, UNSCEAR ve ICRP gibi taninmis
uluslararas1 kurum ve kuruluslarin verileri ve tavsiyeleri ile 1yi bir uyum i¢indedir.

2022, 63 sayfa

Anahtar Kelimeler: Gama 1sinlari, Kan, Idrar, Diyabet, Hematoloji



PREFACE AND ACKNOWLEDGEMENTS

I would like to thank my thesis advisor, Prof. Dr. Hyas INCI, and Asst. Prof. Dr. Jabbar

M. Rashid for thier patience, guidance and understanding.

Aseel Murad Radhi AL-ZUBAIDI
Cankiri-2023



CONTENTS

ABSTRACT i
OZET ii
PREFACE AND ACKNOWLEDGEMENTS iii
CONTENTS .....ueiiitininnuinsnissnnsansssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans iv
LIST OF SYMBOLS ....cuuiiiiininsnisnnsansssnssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssssss vii
LIST OF ABBREVIATIONS ....ccuiiivinnuinrensinsanssenssnsssnssssssssssssssssssssssssssssssssssssssssssssss viii
LIST OF FIGURES ......coiivinrinninsninsensnsssisssnsssssssssssssssssssssssssssssssssssssssssssssssssssssasssssses ix
LIST OF TABLES .....uuoouiiiiiinnninsensnssaissanssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass X
1. INTRODUCTION ....uuciiuinsuissnnsnssnsssssssnsssnsssssssssssssssssssssssssssssssasssssssssssssssssssssssssssssssss 1
1.1 The Aim of Present WorkK.........cciiiiiniiiisinniinssninsnnssnnnsnncsssissnnssssssssscsssssssssssssees 2
2. LITERATURE REVIEW .....uuooniniininsenssnnsnissanssssssnssssssssssssssssssssssssssssssssssssssssssssssass 3
2.1 RAIALION...uuciiiiieriiniiieninsniesanisssncssisssiessnesssssssssssssssssssssssssessssssssssssssssssssssssssssssssssses 3
2.1.1 Type of radiQtion ....ccccccceerercsssencssescsssnssssanscssasesssasesssasssssssssssassssssssssssssssssssssasssssnns 3
2.1.2 Sources of radiation 4
2.1.3 Biological effects of radiation 5
2.1.4 DIrect effecCt .......cecevercrcnrcssnicssnncssnicsssnecsssnesssssesssssessssssssssssssssssssssssssssssssssssssnsssses 6
2.1.5 INAIrect effect ......cocvvreecrnrcssnicssnicssnicsssnscssasesssssessssesssssesssssesssssossssssssssssssssssssnsssses 7
2.2 Cesium - 137 8
2.3 Previous StUAIE ......iceveicnceicsssnicsssnncssnicssssscssssesssssesssssesssssesssssessssssssssssssssssssssssssnsssses 9
2.4 Blood Cells 11
2.4.1 Red DloOd CEIIS ...ccovueierenicssnicssnncssanscssanecssssesssssesssssssssssssssssssssssssssssssssssssssssssssess 11
2.4.2 White blood cells 13
2.4.3 Blood platelets ........ccueinseecsueiisnncsensseensnnssnesssnssssncssnssssncssessssecssasssssssssssssssssasssssens 14
2.4.4 Complete blood COUNL LESE....cccueierrricssrisssarecssarcssssncssssssssssssssssssssssssssssssssssssssese 15
2.5 Diabetes Mellitus 15
2.5.1 Classification of Ddiabetes mellitus .16
2.5.2 Diagnostic categories of diabetic nephropathy 19
2.5.3 Statistical and epidemiology of diabetes mellitus and nephropathy............... 20
2.6 Nuclear Radiation ..21
2.6.1 Gamma -ray photons 22




2.6.2 Gamma-ray interactions with materials 23
2.6.3 Gamma ray photons 23
2.7 Gamma Ray Interaction with Matter .24
2.8 PAIr ProdUCLION ....ccueieveeiinncinniinicsnnisnicsunississsnesssssssnsssisssssssssssssssssssssssssssssssssssssns 25
2.9 Gamma-Ray Detectors.......cuiiceicieiiseinsenssnncsnnsssnssnssssicssnssssnsssssssssssssssssssssssssssns 26
2.10Scintillation DeteCtor ........ccueieeiiseiisennsnissnicsnnssnicsanisssncssessssnsssnsssssssssssssssssssssssans 27
2.11SpectroSCOPIC ANALYSiS...cccecieecsercsnnssenssncsssnsssnesssnsssnssssnsssnssssnsssssssssssssssssssssssssssns 28
2.12Detector Energy ReSOIULION .......ccccvueiccranisssanicsaresssancssnsssssnsssssnssssnsesssnsssssssssssasess 28
2.12.1 Detector effiCieNCY c.cccicecrercscsercssnicssanicssanncssanesssasesssasessasssssssessssssssssssssssssssasssses 30
3. MATERIALS AND METHODS ......cccoveninseisnssanssesssnssssssassssssassssssassssssssssasssssssssss 32
3.1 STUAY AT@A cucccueeeenriinicsnnissnissnnisssnssanesssisssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssss 32
3.2 Sampling and Sample Preparation.............eiiicseissicsnnnsencsecssnncssncssssssssesnsens 33
3.2.1 Study's PArtiCIPANLS ...cccueeeirisseriieissenssnisssicsnesssnsssnssssissssssssssssesssssssssssssssssessssens 33
3.2.2 EXCIUSION CIIteIIa . .cccvueiiiuiisurissnicsiissnnnsunisssicsanesssnsssnssssisssssssssssssessssssssssssssssssssssens 33
3.2.3 Ethical consideration 33
3.2.4 Blood sample collection 33
3.2.5 Complete blood count (CBC) procedure 33
3.2.6 Hemoglobin concentration (HGB or Hb) 34
3.2.7 Red blood cell count (RBC) and platelet count (PLTS) .34
3.2.8 Packed cell volume (PCYV) 35
3.3 Irradiation and Measurements 38
3.3.1 Irradiation station 38
3.3.2 Gamma-ray standard source 39
3.3.3 Measurement system 42
3.3.4 Hematology (Complete Blood Count CBC) .......cccenveecnsnrcssanccssanccssascosnsssssasess 43
4. RESULTS AND DISCUSSION 45
4.1 Results and Discussion 45
5. CONCLUSIONS, RECOMMENDATIONS, AND FUTURE WORKS.............. 53
5.1 Conclusions 53
5.2 Recommendations .54
5.3 FULUTE WOTKS cuccouieriiiecsnnisnnsensnenssnssenssncssnssnnssecssnsncssesssessssssessssssssssesssessassssssssssese 54
REFERENCES 55




CURRICULUM VITAE Hata! Yer isareti tanimlanmamus.

Vi



LIST OF SYMBOLS

Dr Dose rate
r Gamma factor
A Source activiy (mci)

vii



LIST OF ABBREVIATIONS

CBC
DM

Hb
HcT
LET
Lym
MCH
MCHC
MCV
MPV
Neu
PCT
PDW
P-LCR
PLT
RBC
RDW
WBC

Completes blood count
Diabetes mellitus

Energy

Hemoglobin

Hematocrit

Linear energy transition
Lemphocytes

Mean corpuscular hemoglobin
Mean corpuscular hemoglobin concentration
Mean corpuscular volume
Mean platelet volum
Neutrophils

Procalcitonin

Platelet distribution width
Platelet — Large cell ration
Blood platelts

Red blood cells

Red cell distribution width
White blood cells

viii



LIST OF FIGURES

Figure 2.1 ELECTROMAGNETIC SPECTRUM ......cceviuttinuiieeniieeeniieeeniieesnireessreesneeesneesnanes 3
Figure 2.2 Types Of 1adiations ........c...cooieriiiiiiiiiiiieiieeeee et 4
Figure 2.3 From the biological effects of ionizing radiation ...........c..cceceeveeniennueenne 6
Figure 2.4 Radiation damage to DNA is caused by hydroxyl radicals ..........c..cc..c..... 7
Figure 2.5 Difference between the particles in terms of penetrability ...........c........... 21
Figure 2.6 Pair ProdUCHON ........ccccuviiiiiiiiiiiiiiiceeieeeeeee ettt 26
Figure 2.7 Parts of scintillation detector ...........covvuieeriiieiniiieiniiieniieeeieeceieeesee e 27
Figure 2.8 The energy spectrum of gamma rays according to the height of the pulse

................................................................................................................... 29
Figure 3.1 Location of Thi Qar Governorate in southern Iraq........cccccccevcueeenneennnneen. 32
Figure 3.2 Experimental setup of irradiation Station...........cceceeeeveeenieeeenieeenneeenneen. 38
Figure 3.3 Cs-137 source decay mMOde .........cccueeeeuiieiiieiniiiiniieeniieeniee et 41
Figure 3.4 [a] A diagram of the spectroscopy system used in present study. ........... 43
Figure 3.5 GENEX COUNT 60 hematology analyzer used in current study ............ 44
Figure 4.1 The variation of parameters between samples according to groups......... 48
Figure 4.2 The variation of parameters between samples according to groups at a

dose rate 0f 4.891 MGY/NT ...cccuiiiviiiiiiiiiiieeeeee e 48
Figure 4.3 The variation of parameters between samples according to groups at a

dose rate of 18.863 MGY/NT ....c.c.cooiiiiiiiiiiieeeeeee e 49
Figure 4.4 The variation of WBC between irradiated samples of healthy and

diabetic donors at different dOSe rate..........ccoocveeevieeriieeniieeniieeeieeeeeene 50
Figure 4.5 The variation of RBC between irradiated samples of healthy and diabetic

donors at different doSe Tate ........c.ceeevueerieriieniieiieieeeeeeeeeee 51
Figure 4.6 The variation of PLT between irradiated samples of healthy and............. 51

Figure 4.7 Variation of Hb, Hct, Mcv, McH, and HcHc between irradiated and
control samples of healthy and diabetic donors as a function of applied
QOSE TALES ...uevvieeeiiiieeeiteeeeeteee e e st eeeestteeeeebaeeeesnbaeeeenasaeeeeensseeeennnsaeeens 52


file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751173
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751174
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751175
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751176
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751180
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751181
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751182
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751183
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751184
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751185
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751186
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751186
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751187
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751187
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751188
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751188
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751189
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751189
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751190
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751191
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751191
file:///C:/Users/husse/Downloads/1EnglishMScTemplate.docx%23_Toc135751191

LIST OF TABLES

Table 2.1 Cosmogenic NUCIHAES .....ccc.ueeriiiiiiiiiiiiieiee e 5
Table 2.2 Radiation CharacCteriStiCs ..........covuerierrierieinienieeieeeieeriee e 21
Table 2.3 Types and effects of radiation interactions with the material interaction

17 01T UUPRP 23
Table 3.1 The collected blood samples of type 2 diabetes patients ............ccccveeeneee.. 36
Table 3.2 The collected blood samples of healthy doners ...........cccceeeveeecrieencreeennnenn. 37
Table 3.3 Cs-137 data SNEET .......covuiriiiiiiiiieeeceeeceeeeeeee s 40
Table 3.4 The contain the dose rates obtained the empirical formula ....................... 42
Table 3.5 Dose rates of Cs-137 source obtained from the empirical formula eq....... 42
Table 4.1The measured hematological and biochemical parameters of blood .......... 45
Table 4.2 The measured hematological and biochemical parameters of blood.......... 46
Table 4.3 The measured hematological and biochemical parameters of blood.......... 47



1. INTRODUCTION

The majority of diseases, regardless of the body organ systems they primarily affect,
cause alterations in the blood at some point or over time (Talwar and Srivastava, 2006).
Diabetes mellitus (DM), among the most prevalent of these illnesses, can lead to As the
prevalence of diabetes, particularly type 2, is increasing, end-stage renal disease
(ESRD) has become more common (American Diabetes Association, 2004). specific
changes to kidney anatomy are brought on by diabetes, and hyaline arteriosclerosis,
diffuse mesangial sclerosis, and increased glomerular basement membrane width are the
hallmarks of classic glomerulosclerosis (Mauer ef al. 1981) Diabetic nephropathy,
African Americans, Asians, and Native Americans are all affected by one of the most
severe consequences of diabetes mellitus more frequently unlike Caucasians (Young et
al. 2003). Most patients with kidney disease have normocytic, normochromic anemia,
which is primarily caused by decreased renal erythropoietin production. Practically
speaking About 90% of an individual's erythropoietin production occurs in the kidney.,
reduced Hb, hematocrit, or any combination thereof or RBC count—occurs, anemia is
thought to exist (Tkachuk and Hirschmann, 2007) Prior to Anaemia and erythropoietin
have been associated to the onset of advanced renal failure (serum creatinine 1.8 mg/dl).
insufficiency in patients with diabetic nephropathy (Bosman et al. 2001). Target Hb
levels for diabetic individuals need to be 12—13 g/dl, and the chance that erythropoietin
treatment could cause blood pressure to rise should be considered (Sinclair et al. 2003).
Patients with CKD who have diabetes may experience anemia due to one or more
reasons. Iron and erythropoietin deficiency, as well as The primary factors that lead to
anaemia in CKD patients include hyporesponsiveness to erythropoietin's actions. The
reason for these people's lack of erythropoietin is (Mehdi and Toto 2009). When Hb 1s
less than 11 g/dl in diabetic and renal illness patients, the NKF advises doctors to think
about treating anemia (Mehdi and Toto 2009). The kidneys are two separate tissues that
provide a number of vital bodily functions. The most essential functions include
glyconeogenesis, Homeostasis is the maintenance of equilibrium in the body's
electrolyte, acid-base, and water balances as well as the removal of surplus and waste
compounds from plasma. A crucial test for keeping track of the renal system is a

complete blood count. function and is routinely performed during some jurisdictions



need yearly physicals (Talwar and Srivastava 2006) In order to accurately assess
hematological function and diagnose associated diseases, careful blood analysis is
frequently the first step. Many hematological problems are also identified by certain
blood tests. Critical diagnostic information on cellular morphology, quantification of the
blood cellular components, and evaluation of cellular size and shape are obtained from
the analysis of blood smears and haematological parameters, allowing the creation of
broad differential diagnostic impressions and directing further testing (Greer et al.

2013).

1.1 The Aim of Present Work

In this study objective is to to assess the the parameters of a complete blood and urine
1mage taken after low-dose gamma radiation treatment in diabetic patients and compare
the findings to those obtained in controls in the same setting. The goals of this study are
to: 1- Measure and quantify the parameters of the full blood and urine picture of
diabetic patients following exposure to modest doses of gamma radiation and compare

the outcomes with those of healthy individuals in the same setting in a Nasiriya city.

2. Ascertain the impact of radiation on the blood parameters related to diabetes.

3. To determine how low-dose gamma radiation affects living cells in blood and urine.

Measure the type 2 complete blood count as a general aim.

Objectives in detail: To compare test and control groups for Hb, PCV, red blood cell
count and its indices (MCV, MCH, MCHC), white blood cell count, all differential
leukocyte count, and platelet count. Hb, PCV, RBC count and its indicators (MCV,
MCH, MCHC), WBC count, all differential leukocyte count, and platelet count should
be compared between the test and control groups. to ascertain the test group's gender

distribution.



2. LITERATURE REVIEW
2.1 Radiation

Our cosmos is made up of two elements: mass and energy. Fundamentally, these two
things stand for a single reality that, at various moments, takes the forms of mass and
energy. E = mc?, Einstein's well-known mass-energy relation, binds them together
irrevocably. Energy is a physical substance, much as matter. Particles or waves can be
used to carry energy from one location to another in space. Radiation is the name of the

transmission process (Ahmed 2007).
2.1.1 Type of radiation

Ionizing and Non-ionizing radiation is a real thing. Radiation that isn't ionising is less
energetic because it has a lower frequency and a longer wavelength. Ionizing radiation

has a greater frequency and a shorter wavelength.
2.1.1.1 Non-ionizing radiation

radio waves, infrared, and visible light microwaves, and sunshine all emit radiation that
isn't ionising, which is less energetic than ionizing radiation and therefore unable to

create ions. The electromagnetic spectrum is depicted in (Figure 2.1) (Ng 2003).
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Figure 2.1 ELECTROMAGNETIC -SPECTRUM



2.1.1.2 Ionizing radiation

Radiation can ionize atoms by removing their electrons and creating ions when it has a
high enough energy. Ionization happens when one electron from an atom is knocked out
or ejected, leaving the atom with a net positive charge. in light of ionising radiation can
damage live cells and, more crucially, the DNA within those cells, it is believed to raise
the risk of developing cancer. "lonizing radiation" is therefore artificially created because
of its high potential for causing biological harm. isolated from electromagnetic and
particle radiation. Low to moderate radiation strengths will only ionize a small part of the
trillions of atoms that make up each cell. Ionising radiation's potential for harm
(equivalent dose) and the sensitivity of the organism or tissue being exposed to radiation
both affect the dose of radiation that is absorbed and the possibility that it may cause
cancer (effective dose) (Zarkooshi 2015). X-rays, gamma rays, beta particles, and alpha

particles are all types of ionizing radiation.

[ Radiation 1

[ Non- ionizing Ji—[ lonizing

Directly ionizing Indirect ionizing
Charged particles Neutral particles
e, e*, p*,a, ions, etc. n% v, X

Figure 2.2 Types of radiations

2.1.2 Sources of radiation

Background radiation is always around us; it permeates everything. Since the earth's
genesis and the emergence of life, The effects of ionising radiation a constant threat all
life on earth. Background radiation is produced by radionuclides, or radioactive atoms,
which can be either naturally occurring or made artificially. Actually, the main source

of radiation in the environment is naturally occurring radiation.



2.1.2.1 Natural Radiation Sources (Cosmic Radiation)

The term "cosmic radiation" refers to radiation that originates from the sun and space.
As potentially energetic particles and electromagnetic waves from space pass through
the earth's atmosphere, they generate more radiation and cosmogenic radionuclides. The
bulk of them penetrate near to the poles where the magnetic field's shielding is weakest,
but some of them penetrate when the earth's atmosphere is thin at high elevations is
thinnest and reach the surface of the planet. Most cosmogenic radionuclides are tritium
(hydrogen-3), carbon (14), and beryllium (7). The cosmogenic nuclides are listed in
Table 1-1. 10Be, 26AL, 36Cl, 80Kr, 32Si, 39Ar, 22Na, 35S, 37Ar, 33P, 32P, 28Mg,
24Na, 388, 31Si, 18F, 39Cl, 38Cl, and 34mCl are some other cosmogenic radionuclides
(Paleari et al. 2022).

Table 2.1 Cosmogenic Nuclides

Nuclide | Half-life Source Specific Activity
Cosmic-ray interactions,
C-14 5730 yr lN(n,p)C ~15 Bq/g
Cosmic-ray interactions with N and
Tritium | 123 yr | O; spallation from cosmic-rays, 1.2x 107 Bqg/kg
°Li(n,alpha)’H
53.28 Cosmic-ray interactions with

Be-7 days N . O 0.01 Bg/kg

2.1.3 Biological effects of radiation

Two categories biological nature consequences the radiation.The first section illustrates
exposure to high radiation doses for brief intervals that result in immediate or acute
consequences. The second phase involves prolonged low-dose radiation exposure that
results in chronic or long-lasting consequences. Low amounts frequently alter or harm

cells, whereas Cell death is commonly induced by excessive dosages. Large-scale cell



death can have negative effects on tissues and organs. The body tries to repair the

damage, but in rare cases the injury is too severe, acute, or diffuse to be repaired.
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Figure 2.3 From the biological effects of ionizing radiation

Ionising radiation can cause damage cells in one of two ways, either directly or

indirectly, when it is absorbed by biological material

2.1.4 Direct effect

Direct effect happens when ions created by alpha, beta, or X-rays physically damage
one or both sugar phosphate backbones or split significant DNA base pairs. Weak
hydrogen bonds are tying the three major base pairs of adenine, cytosine, and thymine
guanine together. Guanine always couples with cytosine, while adenine always pairs
with thymine (except in RNA "ribonucleic acid," where uracil replaces thymine).
Ionizing radiation's direct impact can also have an impact on the bonding of these
primary pairs. In a direct reaction, the radiation affects the cell's vital objective
immediately. Through Coulomb reactions, the target's own atoms may be ionized or
excited, setting off a chain reaction of physical and chemical events that finally results
in biological damage. Direct effect, which settles a significant amount of energy in a

little distance like (, n) particles with biological materials, is the main reaction of high



linear energy transition (LET), which means there is a rapid attenuation of the radiation

(Al-Mazuri 2000).

2.1.5 Indirect effect

Indirect action occurs when radiation interacts with internal atoms and molecules,
primarily water (because water makes up 80% of a cell), to create free roots that can
spread within the cell. The direct and indirect effects of radiation on DNA Gene are

depicted in (Figure 2.4).

Photon

Figure 2.4 Radiation damage to DNA is caused by hydroxyl radicals

Cells contain a lot of water, and each radiation incidence is largely absorbed by water
molecules in cells. The water molecule will break due to the height intake energy,
releasing (H+ and OH-) ions inside the cell (Equation 1.1). Normally, those ions are low
energy and combine quickly to form water; but, with high energies, "hydrogen

peroxide" will produce reactions that can be expressed as follows.

3H, O + Energy —» 3H* + 30H~ - H,0, + 2H,0 (1.1)



hydroxyl radicals Strongly reactive oxidizing compound H202. Being a highly reactive
compound, it has the potential to damage other molecules, including DNA
(deoxyribonucleic acid) and other vital molecules that organize and regulate key
physiological processes. Despite the A cell can sustain significant molecular damage,
and too much molecular damage can cause cellular death or mutation. Extremely
reactive free radicals like the water radical H20O+ and the hydroxyl radical were created
during radiation interactions with water The target damage inside the cell can then be
brought on by the free radicals. Although much of the damage caused by heavy charged
particles, such as alpha particles, is caused by indirect impacts, they are more likely to
directly harm low charged particles, such as X-rays. By generating free radicals,
1onizing radiation can potentially indirectly weaken or harm cells. Free radicals are
extremely reactive molecules because they have unpaired electrons on the molecule.
Free radicals can produce substances like hydrogen peroxide, which can trigger
damaging chemical processes inside of the cells. Cells may experience a variety of
structural alterations as a result of these chemical changes, which start a change in

function or cell death (Ng 2003).

2.2 Cesium - 137

The nuclear fission of uranium-235 and other fissionable isotopes in nuclear reactors
and nuclear weapons produces the radioactive isotope cesium-137, also referred to as
radiocaesium. One of the more common fission products is it. Another source of tiny
quantities is uranium-238 fission that occurs spontaneously. It is one of the most
troublesome short- to medium-lifetime fission products. Due to its relatively low boiling
point of 671 °C (1,240 °F), caesium-137 is readily volatilized when released quickly at
high temperatures, as in the Chernobyl nuclear catastrophe and with atomic explosions.
As a result, it may fly quite a distance in the air. The most common chemical forms of
caesium, salts, have a high water solubility, which makes it easy for radioactive fallout
to move and spread throughout the environment. Caesium-137 was found by Glenn T.

Seaborg and Margaret Melhase.



Caesium-137 is valuable in many different contexts. Small amounts of it are used to
calibrate radiation-detection equipment. In medicine, radiation treatment makes use of
it. flow metres, thickness gauges, moisture-density gauges (for density measurements;
moisture reading provided by americium-241/beryllium) and in gamma ray well logging

apparatus.

2.3 Previous Studie

Mohammad and Almuhammadi (2011) conducted a study in Iraq to determine some
potential risk factors for diabetic nephropathy and evaluated the patients' clinical and
hemological conditions. RBC counts, blood Hb and PVC measures, RBC indices, and
hormonal research (serum erythropoietin level) are all examples of blood work.
According to the study, females with extensive histories of diabetes are more likely to
develop diabetic nephropathy. The study's findings regarding hematological parameters
revealed a very important drop (p< 0.01) in RBC counts., In patients with diabetic
nephropathy serum erythropoietin levels, blood Hb, PCV, and RBC indices, and those
of the control group were compared. In summary, anemia that is present alongside
diabetic nephropathy may be the cause of the elevated and decreased levels of specific
hematological markers that are related with the condition (Muhammad and

Almuhammadi 2011).

The development of diabetic nephropathy, according to Chung et al. (2005) in Tiwan,
was accompanied by an increase monocyte, neutrophil, and peripheral total WBC
counts However, the lymphocyte count decreased. The quantity of lymphocytes,
monocytes, and neutrophils was separately and significantly linked with diabetic

nephropathy when WBC counts were looked at (Chung et al. 2005).

The type of RBC. In most cases, substantially larger doses of -radiation were applied to
see changes in Hb (Szweda-Lewandowska et al. 1989, Oshtrakh et al. 1991).
Additionally, our research demonstrates that the Hb pool in diabetes RBCs has a higher
proportion of MetHb and a smaller proportion of OxyHb. This is in line with the finding



that diabetic RBCs have a higher amount of glycated haemoglobin, which cannot bind
oxygen (Adak et al. 2008).

According to Multiple enzymatic and chemical processes are probably triggered inside
the membranes as a result of modest doses of radiation, as evidenced by the distinctive
discontinuities and monotonic hemolysis modifications that we discovered in both
healthy and diabetic RBCs.Within minutes, their effects are stabilized. These
mechanisms may be crucial for comprehending impacts of "by-stander" behaviour
shown in novel radiological techniques that use two distinct radiation doses that are

applied at time-separated intervals (Jayashree et al. 2001).

by using the blood of diabetic patients and wholesome donors. Chronic hyperglycemia
and metabolic disturbance are associated with diabetes, as is poor blood glucose

homeostasis (Ha et al. 1999, Baynes et al. 1999).

There have been reports of changes in RBC inner homeostasis and RBC membrane
characteristics in diabetes cases (Ha et al. 1999, Nagamatsu et al. 1986, Waczulkova et

al. 2000, Adak et al. 2008).

When compared to control RBCs, diabetic RBCs exhibit higher levels Among the
byproducts of glycooxidation, lipid, and protein peroxidation (Resmi et al. 2001).

There is also a glycooxidation hypothesis, which holds that the long-lasting, cumulative
oxidative damage to proteins that occurs in aging and diabetes is caused by

glycooxidation (Baynes 1991).

A number of enzymatic processes that protect erythrocyte membranes from ROS have
also been demonstrated experimentally to be changed in diabetic RBC membranes (Ha
et al. 1999, Uzel et al. 1987, Stevens et al. 2000, Murakami et al. 1989, Yoshida et al.
1995, Thornalley et al. 1996, Lang et al. 1966, Venerando et al. 2002). Consequently,
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irradiating both Low-dose -radiation RBCs from diabetic and healthy individuals (0.04
mQGy).

2.4 Blood Cells

2.4.1 Red blood cells

Red blood cells that are mature, or erythrocytes, are necessary for effective gaseous
exchange and bringing hemoglobin into close contact with tissues. Hemoglobin, a
pigment that carries iron, makes up the majority (90-95 percent of its dry weight) is
made up of cytoplasm There are hardly many organelles. Lysing the erythrocyte is
required for the measurement of hemoglobin, often known as hemoglobin, in whole
blood. Haemoglobin levels should be between 12 and 18 g/dL for young female
individuals and 14 to 18 g/dL for older male people for young male adults (Hoffbrand et
al. 20006).

* Form: A biconcave disk is the typical red blood cell's shape, which maximizes the
surface area to cytoplasmic volume ratio. An erythrocyte is estimated to have a surface

area of 128m.

* Lifespan: The adult erythrocyte has a lifespan in circulation of about 120 days. As red
blood cells get older, their surface area shrinks in proportion to their cytoplasmic

volume, creating a more rigid sphere shape that eventually gets stuck in splenic cords.

* Purpose: To provide a habitat for the hemoglobin molecule's two alpha and two beta
globin chains, which are complexed with the respiratory pigment heme, which contains
iron. Hemoglobin's main physiological function is the transfer of oxygen and CO2.
Hematocrit (PCV), haemoglobin (Hb), and red cell concentration per unit volume are
three numerical measurements that collectively characterise haemoglobin the red blood
cell analytical parameter. Additionally, three other indices that describe the typical

qualitative traits are obtained from the red cell population. The mean corpuscular
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volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular
haemoglobin concentration (MCHC) are these three metrics Automated hematology
analyzers regularly gather and compute all of these variables (Greer et al. 2013). The
frequency The amount of RBCs in a unit of whole blood is all that is required to
perform an erythrocyte count, often known as an RBC count. Male cells per liter range

from 4.5 to 6.5; female cells range from 3.9 to 5.6 (Hoffbrand et al. 2006)

* Indexes for red cells Volume Mean of the Corpuscles The average red blood cell
volume is a helpful metric for categorizing insights into the pathophysiology of red cell
disorders may be provided by anaemias. Red blood cells are referred to as microcytic
when the MCV is low and macrocytic when it is high. Blood having a normal MCV is
referred to as normocytic. Anisocytosis is aberrant cell volume fluctuation (Gartner and

Hiatt 2000).

* Hemoglobin in the MCH, or mean corpuscle To the MCH which is represented in
mass unit picograms, stands for the mass of haemoglobin on average within a red blood
cell. Hemoglobin mass is reflected by the MCH. Hemoglobin mass per red cell falls in
anemias caused by reduced hemoglobin production, such as iron deficiency anemia,

decreasing the MCH score as a result (Greer et al. 2013).

* Typically, the domain is 27 to 34 pp. The average concentration MCHC, corpuscular
haemoglobin The average quantity of haemoglobin found in red blood cells is this. The
typical domain 1is between 31% to 36%. (Hoffbrand et al., 2006). In terms of every
deciliter of packed RBCs, there are grammes of haemoglobin, the MCHC is expressed.
Normochromic, hyperchromic, and hypochromic, respectively, are terms used to
describe normal, high, and low MCHC cells levels. These terms are crucial for

categorizing anemia (Gartner and Hiatt 2006).

* The variety of red cell sizes within a sample is reflected by the red cell distribution
width (RDW), which measures cellular volume heterogeneity, is a measurement of red
cells. RDW has been shown to be helpful in identifying anemia early as it develops

(Hoffbrand et al. 2006).
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2.4.2 'White blood cells

Granulocytes White blood cells include lymphocytes, monocytes, and (neutrophils,

eosinophils, and basophils). The following are the WBC and other leukocyte normal.

The ranges: (Dace and Lewis 2011).- count of white blood cells 4.0-10.0 x109/1
- distinct white blood cell count

Neutrophils 2.0-7.0 x 109/1 (40-80%),

Lymphocytes 1.0-3.0 x 109/1 (20—40%),

Monocytes 0.2-1.0 x 109/1 (2-10%) ,

Eosinophils 0.02-0.5 x 109/1 (1-6%),

Basophils 0.02-0.1 x 109/1 (<1-2) .

Different leukocyte cells' functions:

e Neutrophils: prevent infection from bacteria or fungi, and when their amount

increases, they are known as neutrophils.

e FEosinophils: They enter exudates linked with play and inflammation a unique
role in allergic reactions, parasite defense, and the elimination inflamation-

induced production of fibrin (Hoffbrand et al. 2006).

e Basophils: Rarely do they appear in healthy peripheral blood. Heparin and
histamine are found in the many black cytoplasm granules that cover the nucleus
in these cells. They transform into tissues containing mast cells. They produce
histamine and have immunoglobulin E (IgE) attachment sites. is correlated with

their degranulation (Hoffbrand ef al. 2006).

e Lymphocytes: Three main lymphocyte populations with distinct antigen
recognition mechanisms make up the functional mammalian immune system:
natural killer (NK) cells, bursal or marrow-derived (B) cells, and T cells, which

are derived from the thymus. Three populations serve as mediators various
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immunological effector actions that are intricate and sophisticated. T cells play a
crucial role in the body's defense against intracellular germs, as opposed to B
cells, which create antibodies that attach to pathogens to support their
elimination. Natural killer cells have the ability to eliminate bodily cells that are
presenting signs that they need to be eliminated because they have contracted a
virus or developed cancer. When lymphocytes grow in number, it is known as

lymphocytosis (Lichtman et al. 2010).

e Monocytes: They carry out the same phagocytosis, or hoover, function as
neutrophils but because they give pieces of pathogens to T cells, they live
considerably longer than neutrophils do. When the quantity of monocytes grew,

it was known as monocytosis (Young et al. 2002).

2.4.3 Blood platelets

Non-nucleated flat, biconvex, round or ovoid discs (2-5 m in diameter), derived from
bone marrow megakaryocytes, have pale-blue peripheral hyalomeres, a network of
electron-dense tubules, a marginal bundle of 10-15 circumferential microtubules to
maintain the disc shape, actin, and myosin, as well as a network of invaginating
channels (the open canal ) When platelets are activated, the granules are forced into the
core of the platelet by the microtubular system, where after which the coagulation
system releases them is activated (Gartner and Hiatt 2006). The two distinct states of
platelets are active and at rest, with the former characterized by basal metabolic activity
and the latter by agonist stimulation (such as a response to thrombin) (Greer et al.
2013). When a vascular damage occurs, platelets typically create mechanical plugs as
part of the normal haemostatic response. Blood may spontaneously leak from tiny
vessels in the absence of platelets (According to Hoffmann et al. 2006), the average
platelet life span is 7 to 10 days and the average platelet count is 250 x 109/L (range:
150 to 400 x 109/L).
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2.4.4 Complete blood count test

The CBC primarily assesses changes in anatomical structures rather than a series of
function tests. It provides information of two different kinds, including the cells
suspended in the plasma, in number (as well as their morphological characteristics and
typical RBC and platelet sizes), and their concentration. Thirdly, the ratio of plasma
volume to blood volume, as well as the quantity of cells in one unit of blood, is reflected
in the concentration of cells (i.e., the quantity counted). Making clinical judgments that
are primarily of a pathophysiological nature Whether suspected or confirmed, while
managing a blood condition, is thus challenging when interpreting the CBC. Based on
laboratory data that are fundamentally anatomical in nature (e.g., to attempt to
determine underlying functional modification) (Beck 2009). A CBC is performed on a
haematology cell analyzer by a medical technologist to determine the number of RBCs,
Hb, PCV, RBC indices, WBCs, and platelets (Bernadette 1997). The assessment of
leukocyte and platelet counts serve to distinguish between pure anaemia and
pancytopenia, which signifies a more widespread marrow deficit (caused, for instance,
by marrow hypoplasia or infiltration) or general cell death (e.g., hypersplenism). The
platelet and neutrophil counts are frequently measured in anemia induced by hemolysis
or bleeding. Furthermore, the leukocyte count is frequently elevated in infections and
leukemias, and aberrant either neutrophil precursors or leukocytes may be detected

(Hoffbrand et al. 2006)

2.5 Diabetes Mellitus

A person with diabetes Mellitus causes high blood sugar because the body does not
generate enough insulin or the insulin that is produced is not used by the cells.
(Lawernce et al.2008). High blood sugar affects blood vessels and nerves the likelihood
of repercussions including heart disease, stroke, renal disease, blindness, tooth decay,
and amputations grows over time. A higher predisposition for other illnesses, aging-
related mobility loss, depression, and problems during pregnancy are all potential

additional side effects of diabetes (NIH 2014).
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2.5.1 Classification of Ddiabetes mellitus

The three primary kinds of diabetes are as follows:

2.5.1.1 Type 1 diabetes (T1DM)

Type 1 diabetes, which is usually characterised by an absolute absence of insulin and is
brought on by -cell death (American Diabetes Association 2015). Diabetes, before
being called juvenile diabetes, is typically discovered in kids, young adults and teens.
because the body's immunological system attacked and destroyed them, the beta cells
of the pancreas cease to produce insulin in people with this type of diabetes (NIH
2014). Systemic indicators of an autoimmune process, such as alterations in the
circulating B lymphocyte subset and islet cell autoantibodies. Beta cell death often

happens during cycle deterioration and remission and takes many months (William and

Stephen 1995)

2.5.1.2 Type 2 diabetes (T2DM)

The most common kind of diabetes, commonly referred to as adult-onset diabetes, can
range from predominate insulin resistance with a relative insulin shortage to
predominate defective secretion with insulin resistance. It frequently has connections to
other problems with the so-called metabolic syndrome. Type 2 diabetes can strike
anyone at any age, including children, but it's more common in people who are older.
Over 90% of instances of diabetes are type 2 diabetes mellitus, which is a serious public
health issue. 30-85% of type 2 diabetes cases go untreated as a result of patients
delaying seeking treatment due to the disease's sneaky and initially asymptomatic
characteristics. 20% of patients will already have illness complications when they are
eventually diagnosed (Amod et al. 2012). Insulin resistance and relative insulin

insufficiency are present in all T2DM patients (William and Stephen 1995).
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2.5.1.3 Gestational diabetes

Pregnancy-related hyperglycemia is defined as blood glucose levels that are higher than
normal but lower than those that are symptomatic of diabetes. Women with gestational
diabetes are more prone to experience complications during pregnancy and delivery.

They also have an increased risk of eventually getting type 2 diabetes (WHO 2012).

Specific types of diabetes owing to other reasons, such as monogenic diabetes
disorders of the pancreatic exocrine (like cystic fibrosis) syndromes (like newborn
diabetes and maturity- Young-onset diabetes (MODY) and chemically or drug-induced
diabetes (such as after receiving organ donation or as part of HIV therapy) (American

Diabetes Association 2015).

2.5.1.4 Signs and symptoms of diabetes mellitus

Traditionally, polyurea, polydispasia, and polyphagia have been used as indicators of
DM. Long-term high blood sugar levels may modify the structure of the eye's lenses,

altering vision (Cooke and Plotnick 2008).

2.5.1.5 Diagnosis of diabetes mellitus

Because type 2 diabetes may not exhibit any symptoms in its early stages, blood tests
are performed to diagnose the condition. All diabetes blood tests entail taking a sample
of blood at the clinic or other commercial location and sending it to a lab for evaluation.
Blood must be analyzed in a lab to guarantee that test results are reliable. However, they
can be used as a fast indicator of elevated blood sugar levels. In-office glucose testing
instruments, such as finger sticks, are not precise enough for diagnosis (NIH 2014).
Testing makes it possible for medical professionals to identify diabetes and treat it
before complications arise, as well as to identify and treat prediabetes, which can
postpone or stop the onset of diabetes type 2. any of the following examinations can

used to establish a diagnosis: - The A1C test, commonly known as the HbAlc,
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glycohemoglobin, or haemoglobin Alc test, is used to diagnose diabetes or pre-
diabetes. Normal ranges are less than 5.7%, 5.7% to 6.4%, and 6.7% or higher. If the
fasting plasma glucose (FPG) test results are more than 126 mg/dl, diabetes is
diagnosed. Tests for oral glucose tolerance (OGTT). At routine medical checkups, a
different Occasionally, a blood test called the random plasma glucose (RPG) test is
performed to diagnose diabetesIf the patient also shows indications of diabetes and the
RPG is 200 micrograms per deciliter or above, a medical professional may make the

diagnosis of diabetes (NIH 2014).

2.5.1.6 Complications of diabetes mellitus

Extremely high blood sugar levels brought on by an inability to produce enough insulin,
or a relative lack of it, can result in glucose urea, which causes the body to lose fluid
and electrolytes through the urine. It can also prevent the body from storing fat and
protein, which leads to ketoacidosis and the release of keton into the blood, which
causes the blood to become acidic and is known as DKA (diabetes ketoacidosis)
(Nathan et al. 2005). excessive doses of insulin or other glucose-lowering drugs can
cause low blood sugar, which can result in symptoms of the central nervous system such
disorientation, dizziness, and weakness. Diabetes may cause long-term harm to the

kidneys, nerves, eyes, heart, blood vessels, and eyes.:

1. Diabetes makes heart disease and stroke risk factors worse.

2. When paired with reduced blood flow, neuropathy (nerve damage) in the feet
increases the risk of foot ulcers and infection.

3. The tiny blood vessels of the retina sustain cumulative, long-lasting damage as a
result of diabetes, which results An essential factor in diabetic retinopathy cause
of blindness.

4. one of the key reasons for renal failure is diabetes (Nathan et al. 2005).

Especially in metropolitan areas, diabetes mellitus is rapidly becoming a serious health

concern. Diabetes actually affects 3.4% of the population, according to tiny research,
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but the true prevalence is unknown. The most frequent reason for hospital admission
and non-communicable disease morbidity (7 and 10%, respectively) is diabetes. Some
of the issues with diabetes care in Sudan include the lack of efficient diabetes care
facilities, the lack of appropriately qualified staff, the high cost of antidiabetic
medications, poor adherence to therapy or diet, false information and misperceptions,
food and nutritional concerns, and gender-related issues. Implementing nationwide
diabetes programs can help reach the objective of effective diabetes care. This program
should be in charge of overseeing employee training., Building model care facilities,
educating patients, making insulin accessible and affordable, conducting scientific

clinical investigation, as well as primary preventative (Ahmed and Ahmed 2001).

2.5.2 Diagnostic categories of diabetic nephropathy

2.5.2.1 Microalbuminuria

» Albumin to creatinine ratio, 2.5 mg/mol for men and 3.0 mg/mol for women

Y

Twenty milligrammes per litre of urinary albumin
» 30-300 mg/24 hours of urinary albumin excretion, or 20-200 g/min in an
overnight samples (Watkins 2003).

2.5.2.2 Proteinuria

» Urinary albumin excretion rate>300mg/24h
» Urinary protein excretion >500mg/24h (albumin creatinine ration>30mg/min;

albumin concentration>200mg/1) (Watkins 2003).

* Investigations in a patient with proteinuria

protein midstream pee, renal ultrasonography, and erythrocyte sedimentation rate in 24-
hour urine, blood count anti-nuclear substance serum augmentation, blood lipids, Renal

biopsy only when necessary (Watkins 2003).
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2.5.3 Statistical and epidemiology of diabetes mellitus and nephropathy

Diabetes has increased more common worldwide, but especially quickly in
underdeveloped nations. By 2010 it is predicted that the number of those affected by the
disorder would have nearly doubled, reaching 5 million will have type 1 and 216
million will have type 2 illness out of the world's 221 million people (Warrell et al
2003). By 2010, there would be 285 million diabetics worldwide, according to the
International Diabetes Federation (IDF). This was a serious underestimation given that
366 million people globally had diabetes in 2011, Amod et al. (2012) use the fifth
edition of the IDF Atlas, which states that 183 million of these cases went
misdiagnosed. The wide variation in the incidence of incipient and clinical nephropathy
that has been described can be partially attributed to the population under study's varied
selection. The prevalence rates for early nephropathy range from 5 to 21% for type 1
and from 11 to 42% for type 2 illness when Only cohorts based on population that have
reliable patient ascertainment are selected. Type 1 and type 2 diabetes individuals'
yearly incidence rates are similar, at roughly 2%. There are currently registries of
patients beginning renal replacement therapy in many countries, and they have all
showed a sharp rise in the numbers with diabetic kidney disease However, it is unclear
whether this represents a real rise in the number of diabetic individuals who develop
ESREF or a shift in the acceptance policy. In either case, there will be a steady rise in the
number of diabetic patients seeking kidney replacement therapy, especially those who
are members of racial or Afro Caribbean and South African ethnic minorities will make
up over 50% of these cases in the UK by 2001. Although it has long been believed that
people with type 2 disease are less likely to acquire ESRF compared to those with type
1, either as a result of these patients not receiving referrals or because they died of
cardiovascular illness prior to establishing renal failure. In the United States, 71% of all
diabetic dialysis patients were diagnosed with type 2 disease in 1997 (Warrell et al.
2003).
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2.6 Nuclear Radiation

Through the many years of radioactivity research, it was discovered that the majority of

radioactive cores emit naturally occurring radiation or more (alpha particles, beta-type,

neutrons, and gamma rays), where one can distinguish between their ability to penetrate

the medium in which they pass as shown in (Figure 2.5 and Table 2.2) and their

ionization of atoms and particles of the medium in which they pass as well as their

behavior in the electrical and magnetic fields.
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Figure 2.5 Difference between the particles in terms of penetrability

Table 2.2 Radiation characteristics

characteristics Alpha Beta Ncutron Gammy ray
Symbol 4Heoro B~ orB* no y
Mass (a. m. u) 4 0.00055 1 0
Charge +2 +1 0 0
Speed Fast Very Fast Fast Speed of
light
Lionizing ability High Medium Low or Zero Low
Penetrating Low Medium Very High High
Power
Radiation type particulate particulate Particulate Photon
Shielding Paper/Hand Aluminum Concrete/H,0 Lead
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2.6.1 Gamma -ray photons

The electromagnetic radiation known as gamma rays has the shortest wavelength of
(0.005 to 0.5) A° and a broad energy range of (0.1 to 10) MeV. Nuclei in excited states
release gamma rays as a result of radioactive nuclear collisions. Since space is a major
source of high-energy gamma-ray photons, it frequently happens there. Gamma-ray 1s
are energy beams known as photons that are typically released along with the emission
of beta particles at the same energy level and with energies in the same field (Krane and
Halliday 1988) . It is very permeable and mildly ionizes the gas it passes through with
gamma rays. insensitive to the magnetic field. They are electromagnetic waves, as
evidenced by this. The element does not change as a result of gamma radiation emission
because the element's atomic or mass number remain unchanged.
(Knoll and Glein 1989) However, it emits when the nucleus is excited, which indicates
that it contains more energy than its usual cap (Gupta ef al. 2012) Any particle has a
tendency to have the lowest possible energy level if more energy is provided to excite a
nucleus in the form of electromagnetic waves known as gamma rays. As rays of this
type are among the most harmful since they have more penetrating energy than alpha
and ta particles. Living tissue absorbs gamma rays that can be halted, which may ionize
living things and harm them in a way that results in cell death or damage to specific
cells (Gupta et al. 2012).The following equation illustrates gamma —rays decay Eqution
2.1).

Ax+ 5 AX 4y 2.1)

(X™) cxcited nuclei

Gamma-ray photons may pierce many materials and travel a great distance in the air,
although some materials can absorb gamma-rays, such as Lead Given its wide range in
the atmosphere, gamma radiation is one of the most harmful to human health. It can be

stopped by a concrete wall (Krane and Halliday 1988).
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2.6.2 Gamma-ray interactions with materials

Gamma rays may interact with materials in a variety of ways a variety of ways. matier,

these methods can be described using the system developed by (Fano) as follows:

Table 2.3 Types and effects of radiation interactions with the material interaction type

interaction with matter atoms' electrons total assimilation
interact with the atom's core elastic dispersion
interaction with the electrical field surrounding the Irregular scattering
electron or c-inelastic scattering nucleus

Using the above divion gamma radiation reacts to the material by:

Photoelcte effect (Ia)

2.Comon scattering (1b)

3.Rayleigh scattering (1b)

4. Photonobysis of the nucleus or the so-called electronaux phenomenon (2a)
Thomson scattering (26)

6.Nuclear resonance scattering (2c)

7.pair production (3a)

8.Delbruck Scattering (3b).

® Nk w b=

2.6.3 Gamma ray photons

The electromagnetic rays known as gamma rays have the shortest wavelengths, which
range from (0.005 to 0.05 Ao). Throughout the electromagnetic spectrum and up to
(0.1-10 Me V). Because space is a source of great energy, radioactive nuclear collisions
that result in the emission of gamma rays from agitated cores frequently take place

there. The bundles of energy known as gamma photons, which produce Gamma rays are

23



frequently produced along with the emission of beta particles at the same energy level
and with energies in the same field. (Knoll 2010) Since the material penetrates deeply
when there are more than a few centimeters of lead material, the gamma rays must be
electromagnetic waves since they only faintly ionize the gas through which they pass
and are unaffected by the existence of a magnetic field. The element does not change as
a result of the absence of any accompanying changes in the mass number or atomic
number of the gamma-emitting substance. However, because there is a direction for any
particle such as when the nucleus is in the case of arousing any energy above the natural
limit, it emits. The elevated nucleus contributes surplus energy at the lowest energy
level. in the form of gamma rays, electromagnetic waves. Because they have a far
higher ability to penetrate things than alpha and beta particles, gamma rays are among
the most harmful radiation kinds. As a result, gamma ray photons that can halt (absorb)
in live tissues can ionize living things, which can cause death or harm to specific living
cells exposed to these rays in the body. Although many materials can be penetrated by
gamma x-ray photons (Eqution 2.2), which can travel an unspecified distance in the air,
other materials, like lead, can absorb gamma rays. Because of their enormous range in
the atmosphere, kama rays are among the most harmful rays to the human body. A
concrete barrier could stop it. The following equation serves as an illustration of how

gamma rays dissolve (Knoll 2010).

X > 9X+y (2.2)

2.7 Gamma Ray Interaction with Matter

In a single collision, the gamma rays' (photons') interaction with the substance will lose
all of its energy. The outcome of this collision will be either complete photon
absorption, photon import, or photon disappearance, which will change the photon's
direction and reduce its energy. As a result, the gamma rays' intensity increased will
decrease as they pass through the material, and the following equation describes this

phenomenon. (Hassanpour et al. 2022).

[ =I,e ™™ (2.3)
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[ : The intensity of the gamma rays after their penetration from the material
I,: the photons' intensity upon impact

u : The linear absorption coefficient is perpendicular to both the kind of material and the
energy of the incoming gamma rays

x : the material's thickness through which photons will travel Three major mechanisms
exist for gamma rays to interact with matter:

2.8 Pair Production

Whenever the incident photon energy exceeds the static electron energy, this event
occurs (1.022Mev). A pair (electron-postron) will be produced as a result of the photon
yard in the nucleus field when the E energy rays pass through the material and interact
with the strong collomics of the nucleus. To achieve the legality of sustaining
momentum and energy, a nucleus is required.(Miladjenovic 2012). Where we learn
from the energy conservation law that the equation gives the photon energy (Eqution

2.4) (Lwin et al. 2008).

E, = 2moc® + T, + T, (2.4)

Where: (2moc2) Total electron and positron static.
T, : Kinetic energy for electron

T,t: Kinetic energy for positron

Due to the apostate atom's low kinetic energy, it was disregarded. In order to create
photons for gamma radiation with energy (0.511Mev), the excess gamma ray capacity
of 1.022Mev must first be converted into electron (e-) and positron (e+) energy. As the
positron energy decreases, it starts to slow down and unites with the nearby electron,
making the two available together. The likelihood of this interaction rises as the

material's atomic number square (Z) and incident gamma ray energy both increase.
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Figure 2.6 Pair Production

2.9 Gamma-Ray Detectors

Gamma rays must contact with the detector's active material in order to be detected, and
this interaction must be recorded. Since gamma photons are electromagnetic in nature,
there is a good chance that they will interact with electrons in each of the reagents'
active ingredients in some manner, depending on the gamma ray photon's energy.
Ionization, in which the photon of gamma rays deposits all or part of its energy into the
material to raise the electron to a higher level or remove it from the atom, is the primary
method by which ray photons are detected. Ionized electrons within the substance
smash with other atoms, freeing several additional electrons for good. Through the use
of semiconductor reagents or a proportional meter, this beam of emitted electrons is
either directly or indirectly collected (as in the case of scintillation detectors). Energy
measurement, along with the outcome of a B-pulse whose effort is dictated by the
energy that photons have left in the detector's active material, are required to detect the

presence of gamma rays.( Schauer and Linton 2009, Lwin et al. 2008)
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2.10 Scintillation Detector

The flash material, which can be either solid, liquid, or invasive, is the sensitive
component of the scintillation detector. It deals with the incident gamma ray photon,
which emits light when it enters the flash material and is detected by the PMT
photomultiplier tube attached to the flash material. The amygdet can be either organic
or inorganic, but inorganic flash matter, like sodium iodide crystals Nal (Tl) and
cesium iodide crystals Csl (T1), is by far the most prevalent. Solid inorganic materials
are common. Since the light produced in the flash material emits equally and uniformly
in all directions, the flash material is surrounded by light-reflective materials to reduce
light losses and focus the light toward the cathode in the optical multiplier tube
attached to the material.. (Lwin et al. 2008) . During the photoelectric effect process,
light photons will liberate electrons when they strike the cathode in the photometric
tube. These electrons will then accelerate and multiply as they pass from one dynode to
the next until they reach the anode. which, using an effort corresponding to the number
of electrons released from the cathode and the energy of the photon falling on the
cathode in the optical multiplier tube, is doubled up to 106 times its original value as a
pulse (signal). A secondary amplifier can detect the electrical signal and amplify it to a
quantity and level up to a super-value of its amount after it exits an optical multiplier
and is introduced into a primary amplifier (Preamplifier). Fig. (2-3) and tailored to
work with additional electronic systems like multichannel analysts (Ai Deng et al.

2022).

Photocathode
Focusing electrode  Photomultiplier Tube (PMT)
lonization track /

iy

High energy
1
photon Low energy photons

Connector
pins

Scintillator Primary  Secondary Dyﬁode Anode
electron electrons

Figure 2.7 Parts of scintillation detector
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2.11 Spectroscopic Analysis

One technique for detecting and evaluating radiation readings is spectroscopy, which
deals with the measurement and distribution of energy for radioactive particles created

by nuclear reactions or released from radioactive sources.

1-Detector Energy Resolution.
2-Detector Efficiency.
3-Nuclear Counting System (Lwin et al. 2008).

2.12 Detector Energy Resolution

The peak of the gamma radiation energy has a noticeable width due to statistical
processes in the detection system. Different statistical processes are involved in turning
the energy of gamma radiation into light in the detector and assembling and converting
this light into an electrical pulse. For instance, the total amount of two-gamma radiation
absorbed by the detector crystal may not yield exactly the same number of photons that
can be collected by the PMT optical multiplier attached to the detector crystal, and
photons of equal number and energy do not yield exactly the same number of electrons
in the optical multiplier output. Despite having the same gamma-ray energy, these
electrical impulses produced by the optical multiplier PMT have distinct elevation
levels. These statistical procedures lead to (Schauer and Linton 2009, Lwin et al. 2008)
A natural or Gaussian distribution, as shown in (Figure 2.8), can be used to describe the
gamma ray energy spectrum in the form of a distribution based on the height of the

pulse:
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Figure 2.8 The energy spectrum of gamma rays according to the height of the pulse

The breadth of the gamma radiation energy peak at the middle of its height to the value
of the center of the power summit, which is given in the following equations, is the

detector's energy feature or energy resolution.

R =272 X100 =222 100 = = X 100 in energy (2.5)
R = F”;ﬂ % 100 = % x 100 = fl—” x 100 in channel (2.6)
o 0 0

The spectrometer's capacity to discriminate between different gamma ray energies, or to
separate the peaks of the energies of the gamma ray photons, is a crucial feature.
Resolution energy features are the name given to this particular spectrometer
characteristic. The most significant of the many elements that affect the energy

advantage are:

1. Light coming out of the flash (detector crystal).

2. The size of the flash material collecting light.

3. Moreover (Krane and Halliday 1988).
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2.12.1 Detector efficiency

Efficiency of detection is an essential property of nuclear reagents. There are three types

of efficiency: absolute, subjective, and relative (El-Tahawy and Hamid 2007).

2.12.1.1 Absolute efficiency (&,55)

The following equation describes the relationship between the total net count of the

photogenic peak and the quantity of photons the source has emitted:

Egps = K 2.7)

Where:

NPK total net count of photogenic peak.

T count time and measured in second.

F conversion factor the number of photons emitted per 100 decays.

A source effectiveness during the experiment (Lwin ef al. 2008, Krane and Halliday

1988).

2.12.1.2 Intrinsic efficiency (&;,,)

the proportion of gamma rays hitting the detector to the overall net count of the

photogenic peak. The following equation (2.8) relates absolute and subjective

efficiency:
Ein = 2 (2-8)

G, the geometrical factor, is determined by the following equation (2.9):

G=l[1—

2

d
= 29
(a) the radius of the detector's face

d the separation between the detector and the radioactive source (Ahmed 2007).
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2.12.1.3 Relative Efficiency (&,4;)

The ratio of the photogenic peak's relative intensity to its entire net count is known as
relative effective. Typically, anonymous sources are employed (El-Tahawy and Hamid

2007).
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3. MATERIALS AND METHODS

The tools and materials utilised in this chapter are described this study, as well as
the practical measurements that were made to obtain information to achieve the
goal for which the study was conducted, the method of preparing samples,
choosing the appropriate measurement system, then calibrating the system,

calculating experimental efficiency, measurement process procedures.

3.1 Study Area

The study was conducted in Thi Qar Governorate, which is located in the southern
part of Iraq between latitudes (29.5 and 31.5) north and between arcs of length
(46.4 and 47.65) east, bordered to the north by Wasit Governorate, to the south by
Basra Governorate, to the northwest by Qadisiya Governorate, while it is adjacent
to the west and southwest by Muthanna Governorate, and bordered on the eastern

border by Maysan Governorate.

11111

Whed amalie]
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Study area

Iraq’s Provinces My

Figure 3.1 Location of Thi Qar Governorate in southern Iraq
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3.2 Sampling and Sample Preparation

3.2.1 Study's participants

Participants in the study were split into two groups: a group of patients with type 2
diabetes, the samples from this group were divided into two parts one part serving
as a control sample and the second part of the samples exposed to gamma
radiation, and the second group of individuals who appeared to be generally

healthy also divided in the same manner of the first group.

3.2.2 Exclusion criteria

Patients with serious illnesses like cancer and HIV were eliminated, along with
those who had hypertension, liver disorders, anemia, leukemia, or who had just

undergone a blood transfusion.

3.2.3 Ethical consideration

After being fully apprised of the study's precise aims, Participants gave informed

consent to participate in the study Blood sample collection

3.2.4 blood sample collection

Four ml of venous blood were drawn from the study subject and distributed into

an EDTA container for a CBC, a full blood count.
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3.2.5 Complete blood count (CBC) procedure

Fully automated multichannel equipment typically measures between 8 and Basic
CBC and white blood cell differential with 20 components and simply needs a
suitable blood sample to function. While certain diluents are strong conductors of

electricity, red cells are not, which is how impedance counting methods work.

3.2.6 Hemoglobin concentration (HGB or Hb)

Non-hazardous substances like Dimethyl lauryl amine oxide, imidazole, sodium
dodecyl sulphate, or sodium lauryl sulphate were employed in the automated
counter. The concentration of the reagents, as well as the reaction's temperature
and pH, can all be modified. To ensure quick cell lysis and to lessen turbidity, a
detergent is added. Depending on the final stable hemochromogen, cyan
hemoglobin, oxyhemoglobin, methemoglobin, or mono hydroxyferri-porphyrin,
For haemoglobin, absorbance measurements are made at several wavelengths.
Males with normal hemoglobin concentrations range from 13 to 17 g/L, whereas

females range from 12 to 15 g/L. [5].

3.2.7 Red blood cell count (RBC) and platelet count (PLTS)

Aperture impedance-based Red blood cells were counted using various ways and
other types of blood cells. The same electrical detection methods that are used to
count red blood cells can also be used to count platelets in whole blood. Platelets
must be distinguished from red blood cells by a higher threshold, and from debris
and electronic noise by a lower threshold. Male RBC range: 4.5-5.5x1012/L; female
RBC range: 3.8-4.8x1012/L; and platelet range: 150-410x109/L [5].
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3.2.8 Packed cell volume (PCYV)

A computerized counting blood cells that has little to do with centrifuging red
blood cells to pack them calculated PCV/hematocrit. An electrical pulse that is
proportionate to cell volume is produced when a cell enters the impedance
counter's opening The RBC can be identified based on the number of pulses
produced. For guys, the usual domain is 0.45 to 0.05 L/L and for women is 0.41 to
0.05 L/L.

Twenty Blood samples from volunteers with type 2 diabetes were obtained and
the same amount from healthy donors’ people in test tubes of 4 ml each. The
samples of diabetes patients and healthy donors were divided into four groups
[healthy donors (control), healthy donors (irradiation), diabetic donors (control),

and diabetic (irradiation)].

The age range of diabetics was (29 to 70 years) and the healthy donors were (17 to
73 years). Each sample taken from the patient is transferred to the measurement
laboratory with special blood containers that conform to the specifications in
which the heart and blood vessels center works in the governorate. The time
period between taking the sample from the patient and irradiating it at the
irradiation station prepared for this purpose should not exceed one hour. For each
irradiated sample, there is an equal portion that is not irradiated and is used as a

control sample.

This includes patients and healthy people. The collected blood samples of type 2
diabetes patients are shown in (Table 3.1) and the collected blood samples of

healthy persons are shown in (Table 3.2).
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Table 3.1 The collected blood samples of type 2 diabetes patients

rlljt?rtrilf)r;i Patient age ?:e;,f;;l;?e Medical history
1 50 years Yes 5 years
2 43 years Yes Unknow
3 70 years Yes 9 years
4 43 years No 1 years
5 61 years Yes 10 years
6 55 years Yes 40 years
7 45 years Yes 4 years
8 39 years Yes 5 years
9 60 years Yes 10 years
10 55 years Yes 10 years
11 43 years Yes 4 years
12 29 years No 1 years
13 51 years Yes 10 years
14 67 years Yes 12 years
15 53 years Yes 10 years
16 42 years Yes 12 years
17 48 years Yes 2 years
18 58 years Yes 1 years
19 48 years No Unknow
20 42 years No 3 years

36




Table 3.2 The collected blood samples of healthy doners

number Sample ID Age (years)
1 HP1 22
2 HP2 44
3 HP3 73
4 HP4 23
5 HP5 53
6 HP6 33
7 HP7 30
8 HP8 32
9 HP9 17
10 HP10 32
11 HP11 42
12 HP12 37
13 HP13 48
14 HP14 42
15 HP15 48
16 HP16 18
17 HP17 25
18 HP18 28
19 HP19 24
20 HP20 55
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3.3 Irradiation and Measurements

3.3.1 Irradiation station

A container of lead, copper and aluminum was designed in the form of a box with a
thickness of 2 cm. It consists of the body of the box, the cover, the holder of the
radioactive source used, and the limiter of the beam of photons falling on the
sample. It also contains a hole for the detector used to measure the dose delivered
to the sample instantly. (Figure 3.2) shows the most important parts of the
irradiation system. The samples were irradiated for 4 hours, and at the same time
the dose received from the sample was measured and To keep an eye on, the
sample's photons' energy spectrum was gathered the radiation distribution
received from the sample. Three basic doses were adopted in the irradiation

process, which are (1.989, 4.891, and 18.863 mGy).

Irradiation
station
source holder

Nal (TI)
detector

Photon beam
collimator

Blood Sample
Tube

Station cover

Figure 3.2 Experimental setup of irradiation station
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3.3.2 Gamma-ray standard source

Caesium-137 (Cs-137) is a radioactive form of cesium that is created when
uranium-235 splits into two pieces and plutonium-239 in nuclear reactors. This
isotope releases gamma radiation of 662 KeV which can be detected and
monitored with a suitable device. The activity of Cs-137 can range from a few
millicuries up to curies and is measured in units of Becquerel (Bq). With a half-life
period of about 30 years, Cs-137 is considered to be significantly more radioactive
than many other materials. According to the World Nuclear Association, "the
worldwide average concentration of Cs-137 in the environment is about 90
becquerels per kilogram of the soil". Therefore, Cs-137 is a high-level radioactive
source that must be handled with utmost care. In Table 3.3, contain the fact sheet

of the used gamma ray source and the (Figure 3.3) represents the decay mode.
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Table 3.3 Cs-137 data sheet

Radionuclide Safety Data Sheet

Radionuclide: cs-137

Forms: soluble

Physical characteristics
Half-life: 30.17 years
Decay emissions

Betas / positrons (+) / Alphas
electrons*
E (kev) | % E (kev, ave) | % E (kev) | %
662 85 174 94
32 6 624* 8
426 6
656* 1

- only 4 most probable emissions per decay type included. Emissions below 10 kev or 1%

excluded.

Stanford hazard category
C - level (low hazard): < 2 mci

B - level (moderate hazard): > 2 mci, < 100 mci

A -level (high hazard): > 100 mci

External radiation hazards
Gamma dose rate, point
source at 1 ft, 1 mci:
3.1 mrem/h

Beta dose rate to skin, point
source at 1 ft, 1 mci:
788 mrem/h

Contamination skin dose,
uniform

deposit of 1 uci per cm2:

5800 mrem/h
Shielding
Gammas/x-rays:
2.2 cm of lead will reduce the
gamma dose rate by 90%.

Betas/electrons:
4 mm of plastic will absorb all
emissions. Bremsstrahlung may
be created and require additional

shielding.

Internal radiation hazards
Annual limit on intake: 200 pci (ingestion)
200 pci (inhalation)

The values above indicate the activity taken into
the body that would result in either 5 rem to the
whole body (cede) or 50 rem to an organ or
tissue (cde).

Dosimetry and bioassay reqs
Whole-body and finger-ring dosimeters are
required for handling 5 mci or more, or 1 mci
amounts weekly. Urine assays may be required
after large spills or contaminations.
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Figure 3.3 Cs-137 source decay mode

The source was used in the present study to irradiate samples for 4 hour’s period
in varying dosage rates throughout time. The utilised activity in the current study

of Cs137 is 0.5 mCi with three dose rates obtained according to equation below,

D, =A(MCi) x T X 1772 wmmmmmmmmemmee e (3.1)

given by the formula,

=

Where D, is the dose rate, A is the source activiy(mCi), I' is the gamma factor, and

7 is the distance from the sample. The gamma factor I' for Cs137 radioactive Source

Rad.cm?

3.82
mcCi. hr
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Table 3.4 The contain the dose rates obtained the empirical formula

Distance from the sample(cm)

Dose rate (rad/hr.)

Dose rate (mGy/hr.)

1 19134 19.134
2 0.4775 4.775
3 0.2122 2.122

Table 3.5 Dose rates of Cs-137 source obtained from the empirical formula eq

Distance from the sample(cm)

Dose rate (rad/hr.)

Dose rate (mGy/hr.)

1 1.8863 18.863
2 0.4891 4.891
3 0.1989 1.989

The calculated in present study as a function of distance from the sample (3.1).

Using hematology and biochemistry equipment, we investigated the the impact of
modest gamma radiation doses on the stability of human blood components from

diabetes patients and healthy donors.

3.3.3 Measurement system

Measurement system consist of two type of detectors the first is UCS30 gamma
spectrometer system includes 2”x2” Nal (Tl) detector and the electronic devices
attached to it as shown in a diagram in (Figure 3.2). Second is Handheld Digital
Radiation Alert Detector, Inspector EXP as a dosimeter. The two measurements
systems are calibrated Using a common gamma ray source (Co-60, Ba-133, Cs-137,
Mn-54, Na-22) to determine the experimental efficiency and the accuracy of the
two detectors. The dosimeter used to measure the dose rate per hour of (0.5 mCi)
Cs-137 source at different distances (1, 2, 3 cm) from the sample and compared

with the dose rates obtained from the Equation (3.1). The measures' outcomes are
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depicted in (Table 3.4 and Table 3.5). There is a little deference comparing the
actual and estimated dosage rates, therefore, we take the measured dose rates to
irradiate the samples. There is a little deference between dosage rates that were
estimated and measured, therefore, we take the measured dose rates to irradiate

the samples.

1

Gamma-ray Source

w*ﬁ-‘—

Nal(T1) Detector

S. Hold .
orIse Eees Photon Collimator

Blood Sample

Lead Shield

- ind e j

‘ Spectech UCS30
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'
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Figure 3.4 [a] A diagram of the spectroscopy system used in present study.
[b] Handheld Digital Radiation Alert Detector, Inspector EXP

3.3.4 Hematology (Complete Blood Count CBC)

In order to generate a change in resistance proportionate to the volume of the
particle passing the orifice, the automated hematology analyzer pulls particles
through an orifice while applying an electric current. The automated hematological

analyzer works by counting the different sized cells that make up whole blood.

Hematological tests are crucial for identifying and diagnosing blood-related
diseases as well as supporting medical procedures. The three major blood
components that are checked during a full blood count (FBC), also known as a
complete blood cell count (CBC), are white blood cells (WBCs), red blood cells
(RBCs), and platelets. In present study GENEX COUNT 60 hematology analyzer
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was used to measure the CBC of the collected samples as shown in figure (3-5).

The Specifications of the analyzer used in present study are [4]:

1.

Impedance technique for measuring WBC, RBC, and PLT. HGB
spectrophotometer.

High voltage pulse on the aperture and high pressure back flush to remove
the clot.

Sample sizes are 10ul for whole blood and 20yl for predilution.

WBC has a 100 um aperture, while RBC and PLT have a 70 pm aperture.
Parameter: WBC Lymph# Mid# Neut# Lymph% Mid% Neut% RBC HGB
HCT MCV, MCH, MCHC, RDW-SD, RDW-CV PLT MPV PDW PCT P-LCR.

Figure 3.5 GENEX COUNT 60 hematology analyzer used in current study
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4. RESULTS AND DISCUSSION

This chapter includes the most important results obtained from this practical field
study, as well as analyzing and discussing these results in comparison with the

global production in this field.

4.1 Results and Discussion

The results of irradiated blood samples of diabetes patients show a significant
decrease in many hematological and biochemical parameters as a function of
gamma-ray dose rate compared with control samples of the same category as
shown in (Tables 4.1, Table4.2, Table 4.3, Figures 4.1, Figure 4.2, Figure 4.3). The
maximum decrease in all parameters happened at a dose rate of 18.863 mGy/hr. In
fact, the blood damage increases with increasing the dose rate for diabetics and for

healthy but with lower effect.

Table 4.1The measured hematological and biochemical parameters of blood
samples from healthy Donors and diabetics after irradiation with
a gamma-ray dose rate of 1.989 mGy/hr

Healthy Healthy Diabetic Diabetic

Group Donors Donors Donors Donors
Parameters (Control) (Irradiation) (control) (Irradiated)
RBC (x1076/ uL) 4.47 4.02 4.32 3.89
Hb (g/dL) 1343 12 13.7 12.5
Hct (%) 40.8 40.4 42.16 38.5
Mcv (fL) 914 81.7 86.72 88.4
McH (pg) 30 26.2 28.17 25.6
McHc (g/dL) 32.7 31.6 32.27 31.37
RDW-CV ( %) 44.7 14.3 13.31 14.63
RDW-SD (fL) 12.8 42.7 433 42.55
WBC (x1073/uL) 8.8 7.97 7.38 6.79
Lym (x1073 /uL) 2.1 2.13 2.38 2.1
Neu ( x1073 /uL) 6.2 5.11 4.24 3.98
PLT (x1073 /uL) 241 219 236 202
MPV (fL) 9.95 10.27 10.06 10.8
PDW (fL) 12.5 13.11 12.82 13.6
P-LCR (%) 25.1 31.68 26.22 325
PCT (%) 0.23 0.23 0.24 0.215
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Table 4.2 The measured hematological and biochemical parameters of blood

samples from healthy Donors and diabetics after irradiation with
a gamma-ray dose rate of 4.8919 mGy/hr.

Group Diabetic
Healthy | Healthy Diabetic
Donors
Donors Donors Donors

Parameters (Control) | (Irradiation) | (control) | (Irradiated)
RBC (x1076/ uL) | 4.47 3.57 4.32 3.16
Hb (g/dl) 13.43 10.6 13.7 10.3
Hct (%) 40.8 37.8 42.16 29.7
Mcv (fL) 91.4 63.4 86.72 72.8
McH (pg) 30 20.8 28.17 23.4
McHc (g/dL) 32.7 25.3 32.27 21.35
RDW-CV ( %) 44.7 13.9 13.31 10.81
RDW-SD (fL) 12.8 46.7 43.3 36.44
WBC (x10”73/uL) | 8.8 5.69 7.38 5.25
Lym (x1073 /ul) | 2.1 1.82 2.38 1.66
Neu (x1073/ul) | 6.2 4.07 4.24 2.96
PLT (x10°3 /uL) | 241 197 236 188
MPV (fL) 9.95 8.37 10.06 9.37
PDW (fL) 12.5 16.11 12.82 12.4
P-LCR (%) 25.1 42.68 26.22 28.12
PCT (%) 0.23 0.2 0.24 0.185
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Table 4.3 The measured hematological and biochemical parameters of blood

samples from healthy Donors and diabetics after irradiation with
a gamma-ray dose rate of 18.863 mGy/hr.

Group Diabetic
Healthy | Healthy Diabetic
Donors
Donors Donors Donors
Parameters (Control) | (Irradiation) | (control) | (Irradiated)
RBC (x1076/ uL) | 4.47 1.82 4.32 1.05
Hb (g/dl) 13.43 8.91 13.7 6.55
Hct (%) 40.8 28.24 42.16 21.13
Mcv (fL) 91.4 43.4 86.72 41.47
McH (pg) 30 10.14 28.17 16.72
McHc (g/dL) 32.7 16.3 32.27 9.15
RDW-CV ( %) 44.7 11.53 13.31 4.89
RDW-SD (fL) 12.8 28.64 43.3 36.44
WBC (x10”73/uL) | 8.8 3.53 7.38 2.07
Lym (x1073 /ul) | 2.1 0.764 2.38 0.45
Neu (x1073/ul) | 6.2 2.97 4.24 1.17
PLT (x10°3 /uL) | 241 103 236 98
MPV (fL) 9.95 5.37 10.06 3.97
PDW (fL) 12.5 11.08 12.82 6.18
P-LCR (%) 25.1 31.43 26.22 19.23
PCT (%) 0.23 0.106 0.24 0.065
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Figure 4.1 The variation of parameters between samples according to groups
at a dose rate of 1.989 mGy/hr
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Figure 4.2 The variation of parameters between samples according to groups
at a dose rate of 4.891 mGy/hr

48



250
B Healthy Donors (Control)

200 | Healthy Donors (Irradiated)
c
i)
® 150 | Dose Rate 18.863 mGy/hr
€
]
g 100
o
o

50

OJ_JlJI JIJIJIJIJ.+ " JlJljli

D DD DD DD DD DD
> RN Q}b\\"\ AT SIROINRN ${\ Q~\ &
“b*o\%('@(‘&\(a c-,v'bgbgb‘:‘:qo N

SR TS S8 g

('t“ L S c(" &(" 4\“' A
& R\IRC R ¢

Blood parameters

Figure 4.3 The variation of parameters between samples according to groups
at a dose rate of 18.863 mGy/hr

One would anticipate that ionizing radiation would have different effects on the stability
of blood components in diabetes and healthy people because diabetic RBCs have
changed enzymatic pathways that significantly modify the lipid and protein membrane
cells. Based on the unique discontinuities and monotonic hemolysis changes identified
in healthy and diabetic RBCs, it appears that several enzymatic and chemical processes

are triggered in these membranes by radiation.

According to measurements, at a substantial gamma radiation dosage, the
hemoglobin was found to modify in both types of RBCs. The results of the
investigations suggest that diabetic blood components may be more susceptible to

damage from low doses of radiation than healthy.

The results of the spectroscopy investigations suggest that diabetic blood
components may be more susceptible to damage from low doses of radiation than

healthy. The variation in the main blood parameters for irradiated samples, which
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are Red blood cells RBC, platelets PLT, and white blood cells WBC, is clearly seen in
(Figures 4.4, Figure 4.5 and Figure 4.6) accordingly ,This rapid decrease applies to
other parameters such as Hb, Hct, Mcv, McH, and HcHc, where we notice a clear
deterioration in the values of these parameters with the increase in the applied

dose as shown in (Figure 4.7).

Where we note that the blood samples of diabetic patients were clearly affected by
gamma rays, especially in doses greater than 5 mGy/hr compared to healthy blood

samples, and this means that diabetic patients in general suffer from a weakness in

autoimmunity.
9
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8 B Diabetic Donors (Irradiated)
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Figure 4.4 The variation of WBC between irradiated samples of healthy and
diabetic donors at different dose rate
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Figure 4.5 The variation of RBC between irradiated samples of healthy and
diabetic donors at different dose rate
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Figure 4.6 The variation of PLT between irradiated samples of healthy and
diabetic donors at different dose rate
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5. CONCLUSIONS, RECOMMENDATIONS, AND FUTURE WORKS

51 Conclusions

In Iraq, Diabetes mellitus is regarded as a major issue as well in cities or rural

areas. Nowadays, diabetes affects all ages, but the elderly were the most affected.

There is a lot of research and studies supporting this conclusion. Also, the disease

used to affect men more than women by a ratio of 3:2. Now women are more

susceptible to this disease, especially pregnant women. From the present

investigation, we may draw the following conclusions:

1. As expected, people with diabetes were more affected by radiation,

especially gamma rays, and their immunity decreased as a result of being

exposed to high radiation dosage levels.

2. Low radiation doses are effective on blood components despite being

low, because the radiation effect is cumulative, and the longer the time,

the greater the effect.

3. The effect of the radiation dose on any blood factor is irreversible except

after exposure is gone, as there is a possibility that this factor will regain

its effectiveness or can be replaced, such as red and white blood cells,

provided that the person’s autoimmunity is good.

4. It was found that red and white blood cells are the most affected

because of being exposed to these high of radiation doses.

5. Despite this change in the main and secondary blood parameters

because of being exposed to these high of radiation doses, they are not

significant changes that lead to serious complications for people,

especially if these doses are instantaneous and not repeated, as they are

approximately equivalent to the radiation doses that a person is

exposed to in imaging X-rays, in which the exposure time does not

exceed a few seconds.

53



5.2 Recommendations

Among the most important recommendations of the current study are:

1. Diabetic patients should stay away from radiation sources as much as
possible, especially patients who take certain chemotherapy treatments,
because exposure to radiation for long periods, even if it is a low dose, can
affect the patient anytime, and here the treatment can work as a catalyst for
the deterioration of his health or complications.

2. A diabetic patient should not repeat x-rays for close periods of one or two
days, except in the case of extreme necessity, because x-rays are
electromagnetic radiations that are completely similar to gamma rays,

except that gamma rays are of high energy and higher penetration.

5.3 Future Works

Through the data of the current study, we can suggest the following future work:

1- Studying the effect of different low doses of gamma rays and X-rays on
the blood of type 1 diabetic patients.

2- Studying the effect of different low doses of alpha and beta particles on
the blood of patients with type 1 and type 2 diabetes.

3- Studying the effect of low doses of gamma rays and neutrons on the
blood and urine of type 1 and type 2 diabetics who are taking certain

therapies.
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