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ABSTRACT

In this study 40 soil and rock samples were collected from eight locations (A,B,C ......

G) F present tow location, 500 grams of soil and rock sample was weighed and closed in 

plastic containers for four weeks so as to have secular equilibrium for uranium.

Our goal of this study was estimate Investigation of Uranium-238, Potassium -40 and 

Thorium-232 Level in Soil and Rock Samples from North and South of Kurdofan state 

(Western Sudan).

Natural radioactivity concentrations in soil and rock samples were measured by 

gamma-ray spectrometry using Nal (TI) .Calibration process carried out for gamma 

spectroscopy using MW652 as a reference source which recommended by the International 

Atomic Energy Agency (IAEA) including-source-Cs-137 and Co-60 with two energy levels

The concentration ofK-40 in location A was found to be range (347.78-51.67)Bq/kg 

in location B was found to be range (169.90-125.54)Bq/kg in location c was found to be 

range (152.14-34.47)Bq/kg in location D was found to be range (396.26-49.90)Bq/kg in 

location E was found to be range ( 168.70-127.70)Bg/kg in location F was found to be range 

(432.5-200.1 )Bg/kg and in location G was found to be range (684.41-347.86)Bg/kg .The 

concentration ofU-238 in location A was found to be range (483.133-19.4)Bq/kg in location 

B was found to be range (50.24-24.94)Bq/kg in location c was found to be range (69.11- 

10.58)Bq/kg in location D was found to be range (52.50-15.06)Bq/kg in location E was 

found to be range (56.66-49.6)Bg/kg in location F was found to be range (46.01-19.40)Bg/kg 

in location G was found to be range (180.36-116.15)Bg/kg and The concentration ofTh-232 

in location A was found to be range (327.8-40)Bq/kg in location B was found to be range 

(88.62-40.04)Bq/kg in location c was found to be range (119.05-14.04)Bq/kg in location D 

was found to be range(51.62-16.96)Bq/kg in location E was found to be range (43.89- 

39.84)Bg/kg in location F was found to be range (46.18-24.40)Bg/kg and in location G was 

found to be range (201.05-137.34)Bg/kg .
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The result explain that the activity concentration were Higher than the previous 

studies. There is need to expand the program to cover the whole region which requires effort 

to be made. We recommend to make more work in this field to make a complete database 

line on environmental and natural radioactivity, also other researches on some region area by 

studying other environmental compartment such as foodstuff, drinking water, radon ...



ة٠الخالصد

حم  العينات من عينة كل وزن ووكان كردفان وجنوب شمال والية في مواقع ثمانية من التربة من عينة 40 احث اسة زانن هنند في ن

 تم .ولقد اليورانيوم لعنصر اتزان يحدث لكي اسابيع اربعة لمدة البالستيك من حاويات في العينات وضع وتم٠ جرام 500 هو

ر  MW باستخدام معايرته وتمت غاما مطيافية قياس جهاز باستخدام التربة عينات في الطبيعي االشعاعي النشاط كير نر قيا

 137 — العجزيوم مصدري ذلك في بما مرجعي كمصدر باستخدامه الدرية للطاقة الدولية الوكالة به اوصت الني )652 ب

ت مر اثنين مع 60-والكوبئت ويا الطاقة مت

 وكذلك 238 واليورانيوم 40 البوتاسيوم لعناصر الطبيعي االشعاعي النثزط مستويات تقييم الي ألذزامدن هده وهدفت

م و ر و ة ل ط ووجد ٠ 2ؤ2ا  684.41-347.86,432.5-200.1,168.70(- الثمانية العناطق في 40 البونشيوم تركيز ب

 و.كذلك التوار علي بيكريداكيلوجرام )127.70,369.26-49.90,152.14-34.47,169.9-125.54.347.78-200.1

ذ -116.15,46.01-19.40,56.66-49.60,52.50-16.96,69.11-10.58,50.25(- 238- غوم٠الوال كيز٠ر ء

ر تركيزالوريوم متوسط وكدلك التوار علي بيكريداكيلوجرام )24.94.483. !3-39.37

5  حثدت .وقذ بميكريل/كيلوجرام24.40,43.89-39.84ا1.62-15.06,119.05-14.04.88.62-40.05.327.80-40.00
 هذه .وتعد المناطق لتلك الطبيعى االشعاعى النشاط من العاخوزة السنوية الفعلية عه والجر عنصر لكل انمتوقعة السنوية انجرعة

 لبناء الالزمة األساسية البيانات في استخدامها يمكن والتي المنطقه هذه في االشعاعي النثزط محتوى عن أولية اسة د.ر أسة ادر

 التي الدراسات من أقل الثمانية المناطق في األشعاعي النثاط تركيز أن توضح النتائج السودان. في االشعاعي النشاط خرأنط

ا تمت ه ت ن ر ا ق . م ها ب

X؛



CHAPTER ا

INTRODUCTION

1.1 INTRODUCTION

Soil ؛s a b0؛ geochemically dynamic natural resource that supports all critical components 

that comprise terrestrial ecosystems. It has been called Earth’s living skin. Science declared 

soils to be “the final frontier.” The growing awareness that soil provides a variety of ecosystem 

services beyond food production has attracted interest in soil from non-soil scientists.[1ذ 

Radioactivity is a phenomenon that occurs naturally in a number of substances. Atoms of the 

substance spontaneously emit invisible but energetic radiations, which can penetrate materials 

that are opaque to visible light. [2)

Naforal environmental radioactivity arises mainly from primordial radio nuclides, such asR4٠, 

and the radionuclide’s from the 232Th and 23 ؟٧  series and their decay products, which occur at 

trace levels in all ground formations. Primordial radionuclide’s are formed by the process of 

nucleosynthetic in stars and are characterized by h a lf lives comparable to the age of the earth. 

Gamma radiation emitted from those naturally occurring radioisotopes, also called terrestrial 

background radiation, represents the main external source of irradiation of the human body. 

Natural environmental radioactivity and the associated external exposure due to gamma radiation 

depend primarily on the geological and geographical conditions, and appear at different levels in 

the soils of each region in the world [3).

1.2 SOIL COMPOSITION

Soils are porous media created at the land surface through weathering processes mediated by 

biological, geological, and hydrological phenomena. Soils differ from mere weathered rock, 

however, because they show an approximately vertical stratification (the soil horizons) that has 

been produced by the continual influence of percolating water and living organisms. From the 

point of view of chemistry, soils are open, multi component, biogeocliemical systems containing 

solids, liquids, and gases
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The basic components of soil are minerals, organic matter, water and air. The typical soil 

consists of approximately 45% mineral, 5% organic matter, 20-30% water, and 20-30% air. 

These percentages are only generalizations at best. In reality, the soil is very complex and 

dynamic. The composition of the soil can fluctuate on a daily basis, depending on numerous 

factors such as water supply, cultivation practices, and/or soil type.

Figl.1: Approximate composition of soil.

The solid phase of soil, which includes minerals and organic matter, are generally stable in 

nature. Yet, if organic matter is not properly managed, it may be depleted from the soil. The 

liquid and gas phases of the soil, which are water and air respectively, are the most dynamic 

properties of the soil. The relative amounts of water and air in the soil are constantly changing as 

the soil wets or dries.

I.2.1SOIL ORGANIC MATTER

Soil organic matter (SOM) is made of two major groups of compounds: The no nitrogenous 

compounds, which are mainly carbohydrates, and the nitrogenous compounds principally derived 

from proteins. The degradation steps of plant residues leading to formation of soil organic matter

4 .
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1.2.2 SOIL INORGANIC MATTER

The inorganic components of soils include both primary and secondary minerals, which range in 

size (particle diameter) ftom clay sized colloids (<2 pm or 0.002 mm) to gravel (>2 mm) and 

rocks. A mineral can be defined as a natural inorganic compound with definite physical, 

chemical, and crystalline properties. A primary mineral is one that has not been altered 

chemically since its deposition and crystallization from molten lava. Examples of common 

primary minerals in soils include quartz and feldspar. Other primary minerals found in soils in 

smaller quantities include pyroxenes, micas, amphiboles, and olivine’s [5]

1.3 SOIL ANALYSIS

Soil provides a reservoir of nutrients required by crops and also therefore for animals but not 

necessarily at optimum levels of immediate availability to plants. The purpose of soil analysis is 

to assess the adequacy, surplus or deficiency of available nutrients for crop growth and to 

monitor change brought about by farming practices. This information is needed for optimum 

production, to avoid transferring undesirable levels of some nutrients into the environment and to 

ensure a suitable nutrient content in crop products. Farm assurance schemes, buyer's protocols 

and codes of practice are increasingly demanding more accurate fertilizer recommendations 

which must depend on the nutrient-supplying capacity of the soil. Regular soil analysis, every 3- 

5 years, should be undertaken as a vital part of good management practice [6)

1.4 SOIL RADIOACTIVITY:

Natural radioactivity is wide spread in the earth’s environment and it exists in various geological 

formations in soils, rocks, plants, water and air. The main radioactivity materials are long lived 

radio nuclides such a s ٧ 2 3 8 ,T h 2 3 2  and K40 known as NORMs Natural Occuring Radionuclide 

Materials). Human beings exposed to ionizing radiation throw external sources (e.g. terrestrial 

radiation and cosmic radiation) which irradiate the body with gamma photons.

Whereas the internal hazard requires the incorporation of radioactivity materials into the body 

through ingestion or inhalation Estimates of total radiation dose to the world population have 

shown that about 96% is from natural radioactivity and terrestrial gamma dose originated from
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NORM depend essentially on geological conditions. Hence, concentration of natural 

radioactivity in soil varies from one region to another in the world.

Soil acts as a source of continuous radiation exposure to human and as a medium of migration 

for transfer of radionuclide’s to the biological systems. Hence, causes the radiological 

contamination in the environment. Hence, the soil radioactivity is usually important for the 

purpose of establishing baseline data for future radiation impact assessment, radiation protection 

and exploration [7]

Terrestrial radioactivity and the associated external exposure due to gamma radiation, depends 

primarilj/ on the geological formation and soil type of the location: and these foctors (geology 

and soil type) greatly influence the dose distribution from natural terrestrial radiation. Majority 

of the external gamma dose rate above typical soils (95%) arises from primordial radio nuclides 

incorporated in the soil. The major potential hazard from the natural radiation is from external 

exposure either by direct exposure to soil or as they enter in many building materials.

Since natural radiation is the largest contributor of external dose to the world population, 

assessment of gamma radiation dose from natural sources is of particular importance. The 

radioactivity concentration of radio nuclides above permissible level is very harmful for human 

health. Moreover, contamination may happen in the surrounding environmental elements such as 

soil due to the leaching o f radio nuclides from industrial activity. Industries cause environmental 

degradation thought the life cycle of a product starting from exploration of raw materials and 

energy resources to disposal of waste and end products [4]

1.4.1POTASSIUM:

Potassium is a soft, silver-white metal. An important constituent of soil, it is widely distributed in 

nature and is present in all plant and animal tissues. Potassium is one of the most reactive metals 

in nature, and it forms a number of compounds that have many commercial uses.Potassium-40 is 

a naturally occurring radioactive isotope of potassium. (An isotope is a different form of an 

element that has the same number of protons in the nucleus but a different number of neutrons.) 

Two stable (nonradioactive) isotopes of potassium exist, p0tassium-39 and potassium-41. 

Potass؛um-39 comprises most (about 93%) of naturally occurring potassium, and potassium-41
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accounts for essentially all the rest. Radioactive postassium-40 comprises a very small fraction 

(about 0.012%) of naturally occurring potassium [8]

Potassium is present in the earth's crust, oceans, and all organic material. Its concentration in the 

earth’s crust is about 15,000 milligrams per kilogram (mg/kg) or 1.5%, and its concentration in 

seawater is about 416 mgper liter (mg/L). Because potassium-40 represents 0.012% of naturally 

occurring potassium, its concentration in the earth’s crust is about 1.8 mg/kg, or 13 picocurie per 

gram (pCi/g). Potassium binds preforentially to soil, with the concentration associated with sandy 

soil particles estimated to be 15 times higher than in the interstitial water (in pore spaces between 

soil particles); it binds more tightly to loam and clay soil, so those concentration ratios are liigher 

(above 50) [9).

1.4.2THORIUM:

Thorium is a naturally occurring radioactive metal that is found at low levels in soil, rocks, 

water, plants and animals. Almost all naturally occurring thorium exists in the form of 

radioactive isotope thorium-232, thorium-230 and thorium-228. There are more than 10 other 

tliorium isotopes that can be artificially produced. Smaller amounts of these isotopes are usually 

produced as decay products of other radio nuclides and as unwanted products of nuclear 

reactions'

Thorium-232 is not a stable isotope. As thorium-232 decays, it releases radiation and forms 

decay products which include radium-228 and thorium-228. The decay process continues until a 

stable, nonradioactive decay product is formed. In addition to thorium-232, thorium-228 is 

present in background. Thorium-228 is a decay product of radium-228 and thorium-228 decays 

into radium-224. The radiation from the decay of thorium and its decay products is in the form of 

alpha and beta particles, and gamma radiation. Alpha particles can travel only short distances and 

cannot penetrate human skin. Beta particles are generally absorbed in the skin and do not pass 

through the entire body. Gamma radiation, however, can penetrate the body. The half life of 

thorium-232 is very long at about 14 billion years.

Due to the extremely slow rate of decay, the total amount of natural thorium in the earth remains 

fairly constant, but it can be moved from place to place by natural processes and human
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activities. Thorium is used to make ceramics, lantern mantles, welding rods, camera and 

telescope lenses, and metals used in the aerospace industry [10].

1.4.3 URANIUM:

Is a silvery-white metallic chemical element in the actinide series of the periodic table, with 

atomic number 92. The uranium nucleus binds between 141 and 146 neutrons, establishing six 

isotopes (U-233 through U-238), the most common of which are uranium-238 (146 neutrons) 

and uranium-235 (143 neutrons). All isotopes are unstable and uranium is weakly radioactive, 

fjranium lias the second highest atomic weight of the naturally occurring elements, lighter only 

than p.utonium-244 [11].

People always experience exposure to a certain amount of uranium from food, air, soil and water, 

as it is naturally present in all these components. Food, such as root vegetables, and water will 

provide US with small amounts of natural uranium and we will breathe in minimal concentrations 

of uranium with air. The concentrations of uranium in sea food are usually so low that they can 

be safelj/ ignored. Because uranium is a radioactive substance health effects have been 

researched .When people are exposed to uranium radionuclide’s that are formed during 

radioactive decay for a long period of time, they may develop cancer. The chances of getting 

cancer are much higher when people are exposed to enriched uranium, because that is a more 

radioactive form of uranium. This form of uranium gives off damaging radiation, which can 

cause people to develop cancer within a few years. Enriched uranium may end up in the 

environment during accidents in nuclear power plants .



CHAPTER 2

LITERATURE REVIEW 

2.1RADIATI0N PHENOM ENON:

Since the formation of the Earth, man-kind has been exposed to radiation from different sources. 

The largest proportion of human radiation exposure originates from the natural environment, and 

these include cosmic radiation and terrestrial sources. A significant natural radioactive source is 

radon gas, since it is produced in many homes and buildings. Radiation exposure also occurs due 

to artificial sources such as diagnostic examinations and radiotherapy of tumors from artificial 

elements. Due to their high energy, a radioactive atom decays and emits its surplus energy' and 

transformed into another isotope of the same or a different element that in turn may be 

radioactive. This process continues until a stable isotope is formed [12]

2.2RADIOACTIVE DECAY:

In tlie radioactive decay process, an unstable “parent" nuclide p is transformed into a more stable 

"daughter" nuclide D through various processes. Symbolically, the process can be described as 

follow:

P*D +d 1 +d2+ (2.1)

Where the light products dl+d2+... are the emitted particles. The radioactive decay process is 

usually accompanied by the emission of gamma radiation. If the daughter nuclides also unstable, 

the radioactive decay process continues forther in decay until a stable nuclide is produced. 

Radioactive nuclides decay spontaneously by the several way wliich are represented in Table 

(2.1) such as alplia (a) decay, beta-minus (P-) decay, beta-plus (P+) decay, gamma emission (y), 

etc.... The actual process of radioactive decay depends on the neutron to proton ratio, on the 

mass-energy relationship of the parent to daughter, and on the emitted particles. Thus the process 

does not depend on the chemical and physical states of the nuclide. .As with any nuclear reaction, 

the varies conservation law must be hold [1]



Table2.1 Summary of different types of radioactive decay, the parent nuclide is denoted by p and 

the daughter nuclide by D

Type of decay Reaction Description

-

Alpha (a) P Z A i D  Z - 2  A - 4 + a In proton rich nuclides, an alpha particle can be 

emitted -the daughter nucleus contains two protons 

and two neutrons less than the parent.

Beta-minus(p-) P Z A + i  D Z i ' - A +  ft" + v In neutron rich nuclides, a neutron in the nucleus can 

decay to a proton -  thereby an electron (P-) is emitted 

together with an antineutrino(v)

Beta-plus (6+) - In proton rich nuclides, a proton in the nucleus 

changes to a neutron -  thereby a positron ((H) is 

emitted together with a neutrino (٧)
Electron capture (£ or 

ec)

AZp + e-*AZ-r٥*+v An orbital electron is ‘Captured” by the nucleus and 

results in a proton being converted to a neutron and a 

neutrino (v). The daughter nucleus is usually left in an 

excited state

Gamma (y) % A Z p + y An atom in an excited state decays through the 

emission ofa photon.

Isomeric transition 

(IT)

Isomeric transition occ.urs in long-lived meta stable 

states (isomers) ofparent nuclei

Internal conversion 

(IC)

AZp٠__)[AZp] + +e- A nucleus in an excited state ejects an orbital (usually 

a K-shell) electron.

Proton (p) - A proton is ejected from the nucleus



Neutron (n) A/p_>A-izD fn A neutron is ejected from the nucleus.

Spontaneous fission 

(SF)

AZp —>DH +DL+I)n In this process, the parent nucleus splits into heavy 

and light fragment daughter nuc؛e؛(DH,DL) with mass 

and charge roughly halfthat ofthe parent, and several 
neutrons (on)

Special beta decay
processes

p-,n,p+a,p+p

AZp.ب AZ+1D.+P+V- 

AZ+1D*—.A-1Z+1D +

n

Particle (neutron, alpha, proton) emission Immediately 

follows beta decay.

Heavy-ion

radioactivity

- A heavy parent decays by the emission ofa light ion.

2.21ALPHA (A) DECAY:

Jn alpha decay, the parent at٥m(p)em،ts an alplia part؛c٠e(He+2)and a daughter nucllde(D). The 

daughter atom atomic number (z)decreases by two and the mass number (m) decreases by four of 

the parent. The process of alpha decay associated with high atomic number and proton rich 

nuclides. The produced alpha particle will slow down and lose its kinetic energy and must have 

sufficient energy to overcome the potential barrier in the nucleus. The decay energy for alpha is 

expressed as:

Ea =Qa. M(D)/[M(D)+M(He)] (2.2)

The penetrating range of alpha particle in solids and liquids is fow micrometers, but in air the 

range is typically a fow centimeters. Alpha particles are absorbed in the outer layers of the skin, 

tefore caused injury. If they are taken internally, they become very dangerous because of the 

large amount of energy released in a short distance within living tissue. This property can be 

used for killing cancer cells in such processes as alpha-immunotherapy 1 ء j.



2.2.2BETA (B) DECAY:

p radioactivity occurs when a nucleus emits an electron from an unstable radioactive nucleus, 

and this happens when the nuclide has an excess of neutron or proton.

n و  p+(p_) +V- (2.3)

p ذ  n+(P+)+ v (2.4)

Where (v, v-)are neutrino and antineutrino. The ejected high energy electron from the nucleus 

and denoted by(P-) to distinguish it from other electrons denoted by (e-).Beta particles have a 

continuous spectrum of energies between zero and some maximum value in range from few KeV 

to few tens MeV, (the end point energy is characteristic of that nuclide). The fact that the beta 

particles are not mono energetic but have a continuous energy distribution up to a definite 

maximum energy, implies that there is another particle taking part of the energy (e.g. the 

neutrino v) [13]

2.2.3 GAMMA RAY:

Gamma radiation is electromagnetic waves (photons), related to radio frequency waves and 

visible light, but with much higher energy. It has been created due to changes in the atomic 

Nucleus from excited to ground state. The penetrating energy of gamma radiation is very long, 

compared with alpha and beta, and it can easily penetrate living tissue. Thus, gamma rays are 

always accompanied with alpha and beta decay, when daughter has been created in excited state 

then emitted energy (gamma) to be in ground state

p —ب D* + (a or P) —►D + (y) (2.5)

In order to attenuate gamma radiation, several centimeters of lead or tens of centimeters of 

concrete, are required. The gamma radiation decreases exponentially with the thickness of the 

shield depending on the initial energy of the photons [12].

2.4RADIOACTIVE DECAY LAW:



The rate of decay (number of disintegrations per unit time) is proportional to the number of 

radioactive nuclei (N) in the sample:

dN/ dtaTV (2.6)

The negative sign signifies that N  is decreasing with time. ;٠ is called the decay constant or 

probability per unit time that a given radioactive nucleus will decay. Equation (2.6) can be 

integrated to give:

N ft)= N e>'' (2.T)(:؛

Where NO = number of radioactive nuclei at t = 0.

2.4.1 ACTIVITY AND HALF-LIFE:

Activity isNumber of disintegrations per unit time

A(t) = N(t) = N0e~X‘ = A0e~X' (2.8)

Substituting 1  = N()/2 and t = hn into Eq(2.8) gives

/i/2 = ln 2 /2 .................................. (2.9)

ti/2 is half-life of each radionuclide which It is the time for halfthe radioactive nuclei in the 

sample to decay.

This has the same exponential fell off with time as N(t).

ل 4 4ا ا ة ١؟ ل ن ل ء T آلا٠مي١ i t

Figure 2. !Activity and time is the exponential fenction



The figure (2.1 )above shows the activity o fa  sample decaying at a rate of exp(-t), and the half- 

life of this sample = ln2 (~ 0.7 s).

2.4.2 DECAY CHAINS:

When nuclei A decay into stable nuclei B, the number of each nuclei present at time / is:

N a (0  = NA(0)e -X‘ and NbU) = yVA(0)(l - e (2-10)

where only nuclei A are present initially. The number of nuclei A (parent nuclei) decreases with 

time, while the number of nuclei B (daughter nuclei) increases from zero and approaches JVa(0). 

A St k  al! the parent nuclei eventually become daughter nuclei. The total number of nuclei is 

constant:

If nuclei B are also radioactive, the above equations do not apply, since, as nuclei B are 

produced, they also decay. The daughter nuclei ofB  may also be radioactive and a decay chain is 

set up:

A » B » C »  etc.

2.4.3DECAY SERIES:

The number of atoms of each member o fa  radioactive series at any time (t) can be obtained by 

solving a system of differential equations, whicli relates each product A,B, c,... with 

corresponding disintegration constants 2 A, A B, A C,...etc. Each series begins witli a parent 

nuclide A, which has a rate of transformation

dNVdt =  -XANA a - \ l ١

ا

12



The second nuchde ؛n a radionuclide series will be produced at a rate of UANA due to the 

transformation of Ya, but as soon as atoms of Afi exist, they also can undergo transformation if 

they are radioactive. Thus, the rate of change of atoms of A٥ is the rate of production minus the 

rate of removal ofTVfi atoms, or:

d N ^d t = A٠A Na -Ab Nb آل\-آلا١

Where XA and are the decay constants of and Ag, respectively. Substituting E٩ .(2.7) into (2- 

13) and rearranging yields:

dNs/dt + XB Nb - XA NA e  X , A  = 0 (2-14)

The solution ofEq. (2-14) is:

NB: N A(e-XA‘A.e-\B>B) (2-15)

And it can be verified by substitution into Eq. (2-14). In Eq. (2-15), the first term on the right 

reflects the production o f  Ag by decay oiNA and the loss of Nb by decay. The second term on the 

right represents the contribution from any initial Nb in the system. If ;.ع is zero, that is, Nb is a 

stable nuclide [13]

2.5 GAMMA-RAY SPECTROSCOPY:

Gamma radiation is part of the electromagnetic spectrum are travelled at the speed of light (c), 

and have a discreet energy (E), frequency (f), and wave length (A,). Electromagnetic radiation of 

energy E<40 keY is denoted as x-rays& Gamma rays comprise that part of the electromagnetic 

spectru m where E>40 keV. Gamma rays are the most penetrating radiation from natural and 

man-made sources, and interact with atoms of matter by three principal processes (lCRU, 1994). 

These interactions are the photoelectric effect, Compton effect .on scattering and pair production. 

The photoelectric effect is the predominant absorption process at low energies (> 146 kev) and



results In all the energ ofa  gamma quantum being absorbed in a collision with an electron of an 

atom. Compton scattering predominates at moderate energies (>146 kev<1.02 Mev) .and 

corresponds to a collision of an incident photon with an electron. The incident photon loses part 

of its energy to the electron and is “scattered" at an angle to its original direction. Pair production 

occurs at energies greater than 1.02 MeV. The photoelectric interaction is the process whereby 

an incident photon is completely absorbed and results in the creation of an electron-positron pair 

in the electrostatic field of a nucleus. The probability that a photon will interact with matter, 

expressed by the cross-section 0(m2),depends on the photon energy,E, and the composition of 

the matter. Gamm ray spectrometry is a powerfill tool for the monitoring and assessment of the 

emitted gamma radiation from radioactive materials in the environment. In gamma ray 

spectrometry, the most common used detectors are sodium iodide (Nal) scintillation counters and 

high-purity germanium detectors. A Geiger-Muller counter has also been used but it has several 

problems, the important one is the output pulse is not proportional to the absorbed gamma ray 

energy. Independent of the type of detector, radiometric instruments used for the detection of 

gamma rays differ in their response to gamma radiation and in their ability to distinguish gamma 

rays of different energy. Count rate meters produce a voltage or electric current at the output that 

is proportional to the count rate. The produced voltage or current is usually displayed on a dial 

gauge. The precision of measurement is proportional to the value of the instrument time constant. 

Scalars give the number of detected particles and the time of measurement Gamma ray 

spectrometers use the direct proportionality between the energy of an incoming gamma ray and 

the pulse amplitude at the output of the detector.



The detector Block

PC

Figure2.2 Block diagram ofa gamma ray spectrometer

'Gamma ray spectrometers are either ؛‘integral’' or “differential”. Integral spectrometers record 

only those pulses with amplitudes exceeding a discrimination threshold. This thresliold can be 

jchanged to allow the discrimination of individual radionuclide's. Differential gamma ray 

 spectrometers record pulses whose amplitudes fall within a given amplitude interval (or ا

 channel), corresponding to a discrete range of gamma ray energy. Wider energy intervals؛

(comprising several channels) are called energy windows. Modern analyzers use as many as 256 

or 512 channels, with a width of several KeV per channel. Older systems are limited to recording 

several distinct energy windows. Gamma ray spectrometers should have amplitude gain 

 stabilization to avoid the effect of energy spectrum drift. Gain stabilization can be accomplished ؛

by controlling the temperature of the detector, or by spectrum energy stabilization using either a 

reference radioactive source or the measured spectrum.[ 13]



.5.1 SODIUM IODIDE D ETECTO R:

h؛s consists of a thallium activated sodium iodide Nal (Tl) crystal called scintillator and an 

lectronic device called photo-multiplier tube. Whenever gamma (y) rays pass through tliis 

rystal, a part of the energy oftlie ray is absorbed in the crystal. The intensity ofscintillation is 

roportional to the energy of the incoming radiation. The absorbed energy produces excitation in 

e crystal resulting in small specks of light called scintillations. These are picked up by plioto- 

thode of the photo multiplier tube. In the tube, there are several dynodes between

'Cathode and anode and these are maintained at progressively high voltage .The scintillations on 

,photocathode emit more scintillation towards the dynode and the process is accelerated with 

successive dynodes, thus sufficiently amplifying the signals. The amplified signals are shaped to 

qual amplitude pulses by means of electronic circuits. These signals are counted by scalar or are 

onverted to current for measurement by a counting rate meter[6].

IS) RAY 
SOURCE

'

٠ء ؛
٠/

.

DYNODES

—► PHOTOMULTIPLIER TUBE

-CATHODE

ANODE.

Figure 2.3 Scintillation counter

Thallium-activated sodium iodide Nal (Tl) crystals are mainly used as detectors in field gamma 

ray surveys. They are transparent, with a high density (3.66 g,'cm), and can be manufactured in 

large volumes. They have a detection efficiency (probability of an incident plioton will be



absorted ؛n the detector) of up to 100% for low-energy gamma rays but somewhat less for high- 

energy gamma rays. The dead time is of the order 10-7 s and the energy resolution (ability ofthe 

detectors to distinguish between two gamma rays of only slightly different energies) for 137Cs at 

662 keV is in the range ranges 7-10%, depending on the volume and quality oftlie detector. [14] 

Sodium iodide system is composed of detector, pre-amplifier, amplifier, multichannel analyzer, 

display screen and printer as it shown in fig (2.9)

Figure 2.4 Sodium iodide systems

Pulses has been made inside the detector are very week so pre- amplifier and amplifier are used 

to be more cleared. After amplification and digitization, the pulse amplitudes are analyzed, and 

the output ofthe spectrometer is an energy spectrum of detected radiation. Since individual 

radionuclide's emit specific gamma ray energies, gamma ray spectra can be used to diagnose the 

ource ofthe radiation



CHAPTER 3

MATERIAL AND METHOD

.1 SAMPLE COLLECTION:

e^nding of shape and physical properties of rock and soil samples were taken from state of 

ourdofan (Western Sudan) which Is showing high radiation background. Fourty samples were 

en from mountain and area around the mountain in different levels with regarded to the site 

rdinates for each one .Some tools were used to take samples like chisel and Hammer to 

estroy rocks. Each sample was placed in plastic bag and saved in the laboratorj/ to be prepared 

r measurement

able 3-1 location of the study areas

Location code Latitude
N

Longitude
E

Elevation
(m)

A A1...A5 12٥ 43.9' 30. 50.2' 487
B B1...B4 13. 4.2' 30٥ 23.6' 568
c CT..C4 13. 4.9’ 30.21.9'
D D1...D4 12. 73.5' 30. 83.5' 487
E E1...E3 12. 59.9' 30.27.2' 566
F FI...FIO 12.31.2' 31.18.9' 503
G G1...G6 12.36.2' 30. 47.6' 512



The spatial distribution 0؛' within tlie location A,B,C....M F has been examined using 

geographical information system (GJS), and the result are shown in appendix table.
ذ
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Figure 4.1

3.2 SAMPLE PREPARATION AND M EASUREM ENTS:

The samples crushing and grinding were performed in the laboratories of the Ministry of 

Minerals and weighed in a digital weighing balance with a precision o f ± O.Olg. After 

pretreatment, the samples were sealed in 500 ml Marinelli beakers and stored for more than five 

weeks before counting, in 01'der to allow of secular equilibriufn ofurartium with its short-lived 

progeny to take place. Each sample was placed onto Nal detector and measured for at least three
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ours. The U-238 concentration was determined from the average concentrations of tlie Pb-2 14 

352 keV) and Bi-214 (609 ke٧ ) decay products , Th-232 concentration was determined from 

e average concentrations ofthe Pb-212 (395ke٧ ) decay' pi'oducts and K-4U concentration \ \ ائ١  

etermined directly 

.3 M A R IN E!,L I BEAKER:

nvironmental samples of low-level radioactivity are often measured in Marinelli beakers 

'shown in figure 3.1). They made from chemically resistant polypropylene and are available for 

.gamma spectral analysis of a variety of liquid solutions 01' solid samples. These ^larineili 

beakers are advantageous for the following reasons:

؛1 . Higher counting efficiencies;

;Lighter weight .؛2

13. It requires mini storage space;

!4. Seamless, thin-wall construction eliminates leakage and minimizes gamma ray.' attenuation: 

and

5. Cost effective.

I'-'igure 3.1 Plioto of Marinelli beakers

-



3.4 ENERGY CALIBRATION:

If a gamma spectrometer is used for identifying samples of unknown composition, its 

gy scale must be calibrated first. Energy calibration sources was performed using cesium- 

or cobalt-60. Because the channel number is proportional to energy, the channel scale can 

be converted to an energy scale. If the size of the detector crystal is known, one can also 

orm an intensity calibration, so that not only the energies but also the intensities of an 

own source or the amount of a certain isotope in the source can be determined as sliown in 

gure3.4 below.

EnergyfKev)

Se. riesl

Linear ؛Seriesl)

Channel

Figure (3.2) Energy Calibration Curve forNal Detector

A = = V e  ٤............................................ (3.1)

Asactivity

Ao^initial activity



(3.2)InZ

.Decay constantة A 

.Half Life، ؛ ؛

Table 3.2The result of Gamma Spectroscopy Analysis using Reference Source(M W652)

Radionuc

lide

Energy
(KeV)

Activity 

}Bq{ (؛)

HalfLife

(Y)

ln2/HalfLife

(Y)

Time

(Y)

Activity

(Bq)

Cs-137 662 2 1 30.17 0.02 10.11 2 56.56

Co-60 1173 3120 5.27 0.13 10.11 826.34

Co-60 1333 3120 5.27 0.13 10.11 826.34

3.5 EFFICIENCY CALIBRATION:

In general, the analysis of a sample by gamma spectroscopy is considered to be non- 

tructive, certain sample/source preparation steps are essential for precise measurements. For 

pie, it is necessary that the sample to be completely homogenized and measurement are 

ed out in the same geometry on used in the efficiency calibration. Ideally, the calibration 

e and the samples to be measured should have the same chemical composition and density, 

this is not the case, correction must be made for differences in the degree of self- attenuation, 

^ t io n s  may also have to be made for coincidence summing, which occurs with radionuclide 

ich remit gamma ray cascade and which is particularly important for low source-detector 

stances. To suppress background radiation and this improve sensitivity, a passive shield made 

m 'aged' lead must surround all gamma detectors. (Joseph, 2013)



this study detector efficiency calibration was performed using a mixed radionuclide sources 

'652) in 500 ml Marinelli beaker geometry. The container was placed on the detector and for 

٠w long. The spectrum was stored in the computer, and analyzed using the software 

inTMCA32”. The following equation was used to obtain the efficiency curve of the detector 

different energies:

Counts u p s )  

n I, -X A !، BqIkg\

ere, T| is the efficiency of the detector at specific energy; I □ Iy is gamma intensity, and A is؛

the activity of the standard. Table3.3The energies, their respective branching ratios and the

corresponding efficiency ofthe radionuclide's in the standard

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .٠، . ا ا٠ا ا ا ا .ا٠٠٠١ا٠١٠٠٠ا٠٠،٠٠،١ا ا . . . ا ا س.

Table3.3 The energies, their respective branching ratios and the corresponding 

efficiency ofthe radionuclide's in the standard

Radionuclid

e

Energy

(KeV)

CPS Activity 1□ Eff-

Cs-137 662 30.1 2156.56 0.85 0.02

Co-6 0 1173 5.2 826.34 0.99 0.01

C o-60 1333 4.4 826.34 0.99 0.01
» ٠س٠ء٠٠ء|٠الءل ا ٠ W ٠ ٠ عل٠ع٠ء اء ٠ . . د٠١ع٠دمد .
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FIGURE 3.3 EFFICIENCY CALIBRATION CURVE FOR NAI DETECTOR

SAMPLE MEASUREMENTS:

Each sample was placed onto Nal detector and measured for three hours. The Th-232 

centration was determined ftom the concentrations of 2 2 p b  (238 keV) in the samples, and 

ofU-238 was determined ftom the average concentrations of the Pb-214 (352 keV) and Bi- 

4 ( I  keV) decay products. Whereas K-40 concentration was measured directly using its 

0 keV) gamma-line... A gamma spectroscopy system consists of a detector, electronics to 

lect and process the signals produced by the detector, and a computer with processing 

are to generate, display, and store the spectrum. Other components, such as rate meters and 

۴ sition stabilizers, may also be included, (w؛nTMCA32 scinti SPEC) software program for 

ma spectroscopy.
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3.7 CALCULATIONS:

7.1 ACTIVITY CONCENTRATION

The determination of the activity amount in each sample done by the following equation

ال3.3( جل . . . . . . . . . . . . . . . . . . . ٨؛8٩ًا = )

ere:

is the efficiency ofthe detector at specific energy .

N is the net area ofthe peak (count per second).

.s gamma intensity؛

A is activity ofthe element(which is required to find), 

determine concentration activity per mass (specific activity) can be divided activity obtained 

mass ofthe sample and the unit that Becquerel per Kilogram (Bq/Kg).

: ABSORBED DOSE ؛7.2
.e fijndamental dosimetric quantity D, defined as

(3.4)D = d٥ ٥ /dm

ere d□ □ is the mean energy imparted by ionizing radiation to matter in a volume element 

dm is the mass of matter in the volume element. The unit for absorbed dose is joule per 

logram (J/kg), given the name gray (Gy).

7.3 EFFECTIVE DOSE:

,e quantity E, defined as a summation of all the tissue equivalent doses, each multiplied by the 

ropriate tissue weighting factor:

(3.5)E  - WtHt لك 

Where H t  is the equivalent dose in tissue T and W x  is the tissue weighting factor for tissue T

From the definition of equivalent dose, it follow؛' that:



(3.6)T w T  .^R w r D r ,Tأ-E

Wr Js the rad؛at ؛٠ n weighting fact.r for radiation R and D R,T is the average absorbed dose 

e tissue or organ T. The unit of effective dose is joule per kilogram (J/kg), given the name 

٠rt(Sv).
3.7.4

^ d  dose rate (Do)

ion emitted by a radioactive substance is absorbed by any material it encounters.

CARE (2000) has given the dose conversion factors (nGyh-1 per Bqkg-1) for converting the 

vity concenttations o f  (238٧ , 232Th and 4°K ) in to dose rate as 0.427, 0.662, and 0.043, 

ively. Using these factors, the total absorbed dose rate in air is calculated as (3.7):

(3.7)-ID= (0.426C٧+ 0.662Cth+ 0.043CK)nGyh

c٧, C ^ and C؛c are the activity concentration in (Bq kg"') ofradium, thorium and 

ium, respectively in the samples.

.5 ANNUAL EFFECTIVE DOSE RATE:

estimate the annual effective dose (AED), taking in to account the conversion coefficient, 

SvGy-1) from the absorbed dose to effective dose and the outdoor occupancy factor (20٠/o) 

.w o r ld  average indoor and outdoor occupancy factors are 0.8 and 0.2, respectively. The 

r rccupancy fector (0.2) was used. Therefore, the annual effective dose rates in units of 

.yr"') were estimated using (3.8):

(3.8)AED = D x T x F

D in (nGy h.') is the value of absorbed dose rate earlier calculated from Equation (10), T
-6outdoor TCCupancy time (0.2x24 hx365 days) and F is the conversion factor (0.7x١0

) Equation (3.7) simplifies into:

(3.9)Ed = D X 1.2264 X  10_3(mSv.y"')
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iation exposure due to 2 أت٧٠ 2ل'تت’|٦  and 4٥K may be external. This hazard defined in terms of 

hazard index or outdoor radiation hazard index and denoted by Hex, which can be 

culated using [15]:

7.6 EXTERNAL HAZARD INDEX (Hex)

(3.10)Hex = Cn /370+ Crh! 259+ C k  /4810

Where Cu, Cfh and Ck are ac-tivity concentrations of 22٥٧, 232Th and 4°K, respectively in 

kg.. The value of this index should be less than I mSvy-' in order for the radiation hazard to 

ronsidered acceptable limit to the public[!]

7.7 INTERNAL HAZARD INDEX (H ٠١) 

internal exposure to radon and its daughter progenies was quantified by the internal hazard 

X Hin which is given by the equation (3.!1):

(3.11)Hin = Cu/185+ Crhl 259+ CKI 4810

Cu, Cih and Ck are activity concentrations of 2232 , و8ال Th and 4٥K, respectively, in Bqkg-'.

value of this index should be less than 1 mSvy-' in order for the radiation hazard to have 

igible hazardous effects to the respiratory organs of the public [14].
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CHAPTER FOUR

4.1 RESULTS AND D ISCUSSION:

,In this work the samples divided into seven groups, (each group c.ollected ftom a certain 

region) eight regions. Named A,B,C .... G. A total of 40 samples for seven different 

lrcation were analyzed. When the samples were analyzed, different types of these are 

naturally occurring radionuclide.

Table 4.1: The activity concentration(BqZkg) level of radionuclide collected ftom all region

sample U-238 Th-232 K-40 Tota

AL..A5 186.59±ا75.90 136.4ئ102.65 234.94±135.64 7ا4.17±414.19
B1...B4 037.56±12.65 058.ا 2±26.28 140.48±25.48 190.99±64.41
C1...C4 030.28±26.34 052.09±46.01 095.ا5±54.85 176.76±ا27.19
D1...D4 034.27±16.65 032.54غ16.65 241.61±160.74 255.83±194.43
E1...E3 052.52±3.68 041.69±2.13 153.54±22.49 216.94±28.30
F1...F10 032.7±8.80 034.95±6.20 225.84±88.78 303.365±103.78
G1...G6 144.27±20.9 157.43±22.53 1ا9.3±15.7 640.83±59.13

.on

,result of these analysis is shown in table 4.1 in table the mean and the standard deviation are 

.t^. The activity concentrations were range 186.59±175.90 -  32.7±8.8 B٩/kg, 

,43±22.53 -32.54±16.65 Bq/kg, 241.61±160.74-95.15±54.85 for U-238, Th-232 and K-40 

ively.
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2 ABSORBED DOSE RATE

e absorbed dose rate was calculated from the activity concentration of soil samples, according 

Equation (3.7). The results of the calculations are presented in Table 4.2.

1.4.2 Outdoor absorbed dose rates (nGyh-1) from natural radiation in farm soil samples

sample ٧-238 Th-232 K-40 Total

A1...A5 86.21±81.27 82.12±67.85 10.1^5.83 178.43±154.95
B1...B4 17.35±5.84 35.11±15.87 06.04±1.09 58.49±22.81
C1...C4 13.99±12.16 31.46±27.79 04.09±2.35 49.54±42.32
D1...D4 15.83±7.69 19.59±10.25 10.39±6.9ا 45.8ل±24.86
E1...E3 24.26±1.70 24.18±1.28 06.60±0.96 56.05±3.95
F1...F10 15.11±4.06 21.11±4.10 12.72د3.82 48.93±11.62
G1...G6 66.65±9.66 95.09±13.61 20.85±5.09 182.59428.33

.ton

m Table 4, it was shown that the absorbed dose rate due to the presence o f23SU, 232Til and 
in rach sample were 178.43±154.95, 58.49±22.81,49.54±42.32,45.81±24.86.1,56.05,3.95غ 

٠93±11.62 and 182.59±28.33 nGyh" respectively. The highest absorbed dose rate for region G 
had the highest values of absorbed dose rates of average (44.09±20.1 ا) nGy.h" among 
ee radionuclide's detected in the soil samples collected, while 4٥K liad the least values o f  

rbed dose rates of average (10.11±3.72) nGy h"'. The calculated average absorbed dose rate
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for the eight regions was found to be 88.55±47 ا .ا  nGyh.'. This is within the world average 0،' 
(18-93) nGyh-1[!].

4.3 ANNUAL EFFECTIVE DOSE RATES, EXTERNAL ( H ex) a n d  i n t e r n a l  
(Hi*) h a z a r d  i n d i c e s

The annual effective dose rates were calculated by Equation (3.9). The annual effective dose 
rates in the eight region from 05.62±02.52 to 22.39i2.69pSvy٠ (average=10.86±4.02). The 
results found to be within the acceptable limit of the annual effective dose rate of 310 pSvy- ١ of 
which 170 pSvy-1 is from 4٥K  and 140 both 2 ل8ال  and 232Th [16]
The external hazard index (Hex) was calculated using Equation (3.10). The external hazard 
indices from all samples were within the acceptable average value of unity except region A and 
G . The internal exposure to 222Rn and its radioactive progeny is controlled by the internal 
hazard index (Hn) which is given by Equation (3.11). The internal hazard indices for all the 
samples were within the acceptable average value of unity except region A and G. ٦'he calculated 
values of annual effective dose rates, external and internal hazard indices are presented in 
Table؛.

Table4.3 External hazer index:

location sample U-238 Til-232 K-40 Total
'A A1...A5 0.504±0.475 0.5270.435 0.0490.028 1.0790.699
B BL..B4 0.1020.034 0.2240.101 0.0290.005 0.355±0.138
c CE..C4 0.0820.071 0.2010.178 0.0970.011 0.3020.239
D D1...D4 0.0930.045 0.1260.066 0.0500.033 0.2680.122
E E1...E3 0.1420.009 0.1610.008 0.0320.005 0.3350.022
F F1...F10 0.0880.024 0.1350.024 0.0620.018 0.2840.046
G G1...G6 0.3890.056 0.6080.087 0.101±0.025 1.0980.136

Table 4.4 Internal hazer index:

location sample 0-238 Til-232 K-40 Total
'A A1...A5 1.0080.951 0.5270.435 0.0490.028 1.584±1.107
B B1...B4 0.2030.063 0.2240.101 0.0290.005 0.4570.172
c C1...C4 0.1640.142 0.2010.178 0.0970.011 0.3850.311
D D1...D4 0.1850.089 0.1260.066 0.0500.033 0.3610.163
E E1...E3 0.2840.019 0.1610.008 0.0320.005 0.477±0.032
F FI...FIO 0.0190.177 0.1350.024 0.0620.018 0.3730.064
G G1...G6 0.7790.113 0.608±0.087 0.1010.025 1.4880.191
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Table 4.5 Annual effective dose( uSvy" ),Internal and External Indlx

Region Effective dose 

rate(pSvy.)

External index Interna index

A 2ا.88±ا4.08 .ا08±0.69 1.58±1.11
B 07.17±02.75 0.36±0.14 0.46±0.17
c 06.08±04.66 0.30±0.23 0.39±0.31
D 05.62±02.52 0.27±0.12 0.36±0.16
E 06.87±0.47 0.34±0.02 0.48±0.03
F 06.00±0.95 0.28±0.05 0.37±0.06
G 22.39±2.69 1.09±0.ا4 1.49±0.19

4.2 COMPARISON WITH PREVIOUS STUDIES:

As shown In Table 4-6 a study was carried out in Cyprus to determine Gamma activity in surface 

soil, they surveyed the same elements in this study which are (K-40,٧ -238 and Th-232) using 

High Purity Germanium (HPGe) gamma spectrometry. The reported the activity ranged from 

1.0*10.2 to 39.8 Bq/Kg for Th-232, from 1.0*10.2 to 39.3 Bq/Kg for U-238 and 4.0*10"2 to 565.8 

Bq/Kg for K-40 (Tzortzis, et al 2004).

In Cyprus they have less amount of Tfo232,U-238 than measured in the eight locations is 

culected in this study. Also soil of Cyprus has highest, the activity of K-40 in kurdofen state is 

highest than Cyprus soil.

In 2010, Indian university has made detection of radioactivity in soil and they found out high 

activity of U-232,K-40 and Th-232(Mehra et 238-٧  was found to be 8.89 to 56.71 مله,2010) .

Bq/Kg which is less than activity in kurdofen state, for K-40 found to be 823.62 to 1064.94 

Bq/Kg also higher than our study, according to Th-232 found to be 137.32 to 334.47 Bq/Kg is 

higher than Th-232 our study.
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World average values for U-238, Th-232 and K-40 activity concentration in soil are (30, 35 and 

400) Bq/Kg respectively (UNSCEAR, 2000).

Table 4.6 comparison between this study and previous studies activity concentration(Bq/kg)
country 23آل'؛؛ I f r 4٧ k Reference

This study 74.03 73.33 235.22
Port Sudan 28.31 20.12 280.29 [17]

Cyprus-2004 7.1 5.0 105 [11
Punjab, Pakistan 35 41 615 [18]

Zacatecas
(Mexico)

23 19 530 1191

Alexandria, Egypt 16.7 19.4 262) [20]
France 9-62 16-55 120-1026 [21]

South India 35 29.8 117.5 [22]
Louisiana (USA) 43-95 50190 43.729 [23]
World’s average 35 30 400 111
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION:

In this study the radioactivity of soil and rock samples were investigated samples were taken 

ftom eight different locations in kuordofan State .The activity concentration of natural 

radionuclide’s K-40, U-238 and Th-232 of the samples obtained by using gamma spectrometry. 

The radioactivity of generally showed high level of K-40 in all locations, while high 

concentration of Th-232 found in location A and the concentration of u-238 is highest in 

location G .

The natural radioactivity of soil and rock samples ftom different locations showed that locations 

A contain the highest radioactivity.

The measured values compared with other previous studies were found K-40, Th-232 and u-238 

which reflects a bit higher activity concentration.

5.1.2 RECOMMENDATIONS:

٠ There is need to expand the program to cover the whole region which requires effort to be 

made.

٠ We recommend to make more work in this field to make a complete database line on 

environmental and natural radioactivity, also other researches on some region area by 

studying other environmental compartment such as foodstuff, drinking water, radon ...
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APPENDIX

Radionuclide’s concentration(Bq/Kg) in soil and rock sample

code ٧ -238 Th-232 K-40
Al 483.13 102.73 128.30
A2 194.02 327.81 334.15
A3 138.42 136.41 312.78
A4 78.05 75.13 347.78
A5 39.37 40.01 51.67
Bl 24.95 40.05 126.00
B2 37.47 46.05 125.54
B3 50.25 88.27 169.90
Cl 10.58 14.04 152.14
C2 69.11 119.05 34.47
C3 19.55 36.42 64.67
C4 21.88 38.86 129.30
Dl 43.79 41.77 170.27
D2 16.97 21.74 396.26
D3 23.84 15.06 49.90
D4 52.50 51.62 350.02
EJ 49.60 39.64 127.70
E2 51.31 41.55 164.22
E3 56.66 43.89 168.70
FI 46.02 32.92 224.43
F2 33.59 34.04 200.80
F3 25.93 29.63 221.57
F4 27.56 30.11 202.85
F5 19.39 24.40 365.36
F6 25.22 35.32 416.51
F7 40.59 38.00 262.59
F8 40.82 38.35 279.34
F9 27.53 40.51 432.50
FIO 40.32 46.18 352.41
GJ 147.36 145.62 347.86
G2 145.70 150.72 684.41
G3 138.95 151.04 537.03
G4 116.15 137.24 497.04
G5 180.36 201.05 417.02
G6 137.12 158.90 426.46
G7 144.27 57.43 484.97
G8 116.15 137.24 347.86
G9 180.36 201.05 684.41
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