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ABSTRACT

Emaronmental monitoring in Khartoum is being conducted using

thermoluminescent dosimetry. The purpose of the study is to estimates dose-

equivalent rates from natural background radiation.

TL phosphors LiF:Mg,Cu,P and CaS04:Mn were used to measure the

exposure over land for natural background radiation of terrestrial origin plus

cosmic radiation and at position over the Blue Nile to account for natural

background radiation of extraterrestrial origin (cosmic rays). The associated

dose-equivalent rates have been determined.

It was found that the dose-equivalent rates from cosmic radiation obtained

through this work using the two types of the TLD phosphors GR-200 A & CaSo4

are 0.295 mSv per year and 0.265 mSv per year, respectively. While the dose-

equivalent rates from total natural background radiation obtained through this

work are 0.395 mSv per year & 0.365 mSv per year using GR-200 A & CaSO4

phosphors, respectively.
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Chapter One

Introduction

1-1 Radiation Dosimetry

Radiation dosimetry is a branch of science that attempts to quantitatively

relate specific measurements made in radiation field to chemical and/or biological

changes that the radiation would produce in a target[2]. Dosimetry is essential to

quantify the incidence of various biological changes as a function of the amount

of radiation received (dose-effect relationship), for comparing different

experiments, for monitoring the radiation that describes the principal concepts

upon which radiation dosimetry is based and present methods for their practical

utilization [4].

The importance of dosimetry arises from the fact that we live in an

environment that is continuously subjected to ionizing radiation from natural

causes, such as cosmic rays and naturally occurring radionuclides, and from man

made radiation as result of radioactive " fall-out" from atomic weapons testing,

leakage from nuclear power plants, manufactured radionuclides and radiological

procedures, both diagnostic and therapeutic[4].

All such radiation contribute hazard to greater or lesser extend and

accurate measurement of radiation dosage received by the members of population

is an essential step to be able to assess those hazards. The second greatest single

contribution to the radiation dose received by population as a whole is that due to

irradiation during medical procedures, so that it is important to employ careful

techniques which minimise both dose received by patients, and number of

repeated investigations due to operator errors. However, the hazard associated

with the medical uses of x-rays must be considered along with the benefits likely

to be received by individual patients.



1-2 Natural Background Radiation

Natural background is radiation exposure from cosmic and terrestrial

radiation. Measurement of natural background radiation is important in the

assessment of exposure to the population. It provides a data base upon which one

can assess the relative magnitude of the effect of release of the man-made

radioactivity should it occur.

The major contribution to the radiation exposure rate at earth surface is

from gamma photon radiation. The exposure rates depends on the composition of

the soil and rock, the radioactive species present, the moisture content of the soil

and presence of the surface water or snow. In the man-made environment the

effects of building materials and the shielding is also considered[8].

On the other hand cosmic rays are heavy charged particles from outer

space. They tend to be deflected away from the equatorial regions of the earth by

the earth magnetic field and funnelled into polar region. The contribution to the

natural background from cosmic radiation varies with altitude, atmospheric

conditions and solar activity. In contrast with terrestrial gamma radiation, cosmic

radiation at the earth surface consist of muons (approximately 80 % of the

total)[8].

In order to have some perspective on significance of certain radiation doses

and dose rates a scale of reference is needed. It is proposed to provide this scale

by giving the lower and upper ends of the dose rate range of interest, as well as

the significant values from regulatory viewpoint. The lower end of the range is

best communicated with reference to background radiation levels. The present

study deals with the determination of these levels of natural background radiation

using thermoluminescent dosimetry technique.

This work has been performed in Khartoum city at two locations. One of

them over Blue Nile to measure the exposure from cosmic rays, and the other

over land in the campus of the Sudan Atomic Energy Commission to measure the

total natural background radiation. Two types of TLD phosphors GR-200 A &



CaSO4:Mnwere used to measure the exposure and the phosphors were read using

thermoluminescent detector with Automatic Integrating Picoammeter and the

results were summarised in the thesis on hand.



Chapter Two

Considerations And Concepts In Radiation Dosimetry

The first part of this chapter considers the physical principles leading to the

concepts of exposure and absorbed dose, while the remainder is concerned with

theoretical background of a simplified treatment of various practical methods by

which radiation doses may be measured, with emphasis on thermoluminescent

dosimetry.

2-1 Quantities And Units

2-1-1 Exposure

When a beam of x or gamma-radiation passes through air it produces

excitations and ionisations of the air molecules. The electron ejected in the first

interaction produces other secondary electrons by ionisation, the net effect is

formation of electric charges by ionisation and absorption of energy by air as

the electric charges are slowed down by collisions. Exposure is a measure of

total electric charges formed by ionisation in a unit mass of air[4].

Definition

The exposure at a particular point in abeam ofx-orgamma-radiation is

the ratio Q/m, where Q is the total electric charge (of one sign) in a small volume

of air of mass m[4]. The exposure only applies to the air, and no other medium

and it's unit is Roentgen.

Roentgen

It was originally defined as the amount of x or gamma-radiation that

produces one electrostatic unit of charge (esu) of either sign per cc of air at

standard temperature and pressure. It is defined currently in equivalent units as



2.58x10-4 coulombs/kg air. It turns out that this amount of radiation imparts an

amount of energy equal to 0.87 rad to air. A roentgen of x-radiation in the energy

range 0.1 - 3 MeV also produces 0.96 rad to tissue (1CRU, 1962), Thus for most

purposes values of exposure in roentgen can be considered essentially

numerically equal to absorbed doses in rad to tissue irradiated at the same point

or to dose equivalent in rem[9].

2-1-2 Absorbed dose

When radiation is incident on a material it will deposit energy in that

material through a variety of interactions. Therefore, a useful measure of the

amount of radiation that material has received is a quantity called absorbed dose.

The absorbed ,D, is defined as the mean energy imparted by ionising radiation to

a matter in volume element, divided by the mass of the matter in that volume

element[4]. The units of absorbed dose is gray.

1 gray = 1 joule/Kg,

while the earlier unit of absorbed dose is , the rad,

1 gray = 100 rad.

2-1-3 Dose equivalent

Although the injury produced by a given type of ionizing radiation depends

on the amount of energy imparted to matter, some types of particles produce

greater effect than others for the same amount of energy imparted. To over come

this difficulty a quantity called Dose equivalent, H, is used[9], and it is defined

by:

H = DQN

where Q is known as quality factor and N is the product of other modifying

facters, which assigned the value of unity, and D is the absorbed dose. The units

for the dose equivalent is the same as that of absorbed dose, but the special name

for S.I unit of dose equivalent is sievert.



1 sievert = 1 joule/kg

If the dose is expressed in units of rad, the special unit for dose equivalent is

called rem.

1 rem = 10-2 joule/kg

2-2 Radiation Detectors And Dosimeters

There are many ways by which a beam of x or gamma-ray may be detected

and an estimate of the absorbed dose made, each of which has its own particular

advantages and disadvantages. Some of these are outlined below.

2-2-1 Free air ionization chamber

In order to measure the exposure in a photon beam consistent with the

definition of the quantity, special type of ionisation chamber have bean devised.

A chamber designed to measure exposure in this way is called a free air

ionisation chamber.

The free air or standard ionisation chamber is an instrument employed in

the measurement of the exposure in roentgen according to its definition.

Generally, such primary standard is used only for calibration of secondary

instruments designed for field use. The free air chamber installations are thus

confined principally to some of the national laboratories.

A free air chamber is represented schematically in fig. 1. An x-ray beam

originating from focal spot S is defined by the diaphragm D and passes centrally

between a pair of parallel plates. A high voltage is applied between the plates to

collect ions produced in the air between the plates. The ionisation is measured

for a length L defined by the limiting lines of force to edges of the collection

plate C. The lines of force are made straight and perpendicular to the collector by

a ground ring G.

The electrons produced by the photon beam in the specified volume (

shaded in the fig.) must spend all their energy by ionisation of the air between the
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plates. Such condition can exist if the range of the electron liberated by the

incident photons is less than the distance between each plate and the specified

volume. In, addition, for electron equilibrium to exist, the beam intensity must

remain constant across the length of the specified volume, and the separation

between the diaphragm and the ion collecting region must exceed the electron

range in the air.

If DQ is the charge collected in coulomb and r is the density (kg/m3) of air,

the exposure Xp at the centre of specified volume (point p ) is

X p = (DQ/rAp.L )/2.5xlO-4 R

Where Ap is the cross-sectional area (m2 ) of the beam at point p and L (m) is the

length of the collecting volume[4], and 2.5x10~4 coulomb per kilogram is value

equivalent to the roentgen.

Accurate measurements with the a free ionisation chamber require

considerable care:-

(1) Correction for air attenuation

(2) Correction for recombination of ions

(3) Correction of the effect of temperature

(4) Correction of the ionisation produced by scattered photons

2-2-2 Thimble ionisation chamber

The 'free-air' ionisation chamber discussed before is necessary for the

absolute standardisation of radiation doses, but would be highly impracticable as

a method of routine dose measurement in a hospital environment. It would be

useless, for example, in the estimation of absorbed dose rate at the surface of the

patient's skin to a beam of 60co radiation, since the plates would need to be

separated by at least 5 metres to collect all the secondary electrons produced in

air.

The 'thimble' ionisation chamber circumvents these difficulties by ,as it

were, 'condensing1 the air to solid medium surrounding a central electrode, as
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shown in fig. 2. The cap of the thimble chamber is made of material which has

approximately the same atomic number as air (e.g. graphite, backelite, plastic).

Some of the energetic electrons produced in the cap by the radiation are able to

penetrate into the air surrounding the central aluminium wire electrode and are

attracted towards it because of the positive charge upon it supplied by an external

electrical supply. The inside surface of the cap is coated with conducting material

and may be 'earthed'. Thus, a potential difference exists between the cap and the

central electrode enabling the electrons to experience a force due to the electric

field.

By suitable choice of materials and size of the caps the thimble chamber

behaves as if it were 'air equivalent'. Such a device is calibrated over several

photon energy ranges against a radiation 'standard' as described before, and

correction factors are used to convert the indicated reading of current or total

charge to a true absorbed dose.

The thimble chamber forms the basis of much of the radiation dosimetry

measurement both in radiography and radiotherapy [4].

2-2-3 Calorimetric dosimetry

It is based on the fact that virtually all the energy deposited in a matter by x

or. gamma-rays appears as heat. Since the absorbed dose is proportional to the

amount of heat produced per unit mass, measurement of heat production can be

directly related to energy absorption. It is shown that

Q = mc(T2-Ti)

Where c is the 'specific heat capacity' of the medium. Q is the heat energy

required to raise a mass m of a material from temperature Tl to T2. Also the

absorbed dose D is the 'energy per unit mass'

D = Q/m

Thus D = c(T2-Tl)

So that the absorbed dose may be calculated directly from the specific heat
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capacity and by measurement of increase of temperature experienced by the

medium after being irradiated. Calorimetry is important in the calibration of ion

chambers, especially for the measurement of absorbed doses from very high

energy photon and electron beams. It is possible to achieve an accuracy of about

2 percent with calorimetric dosimetry[4].

2-2-4 Chemical dosimetry

Radiation breaks the chemical bonding between the atoms of a material

through which it passes both by ionisation and excitation of the atomic electrons.

In particular, It is able to transform a dilute solution of ferrous sulphate, FeSO4,

to ferric sulphate, Fe2(SO4)3, by rearrangement of the chemical bonds. The

number of the ferric ions so produced is proportional to the absorbed dose, and

hence a chemical measurement of concentration of such ions may be used to

estimate the radiation dose absorbed.

This method of dose measurement is termed 'Fricke1 dosimeter, but is only

suitable for the estimation of very large absorbed doses, in excess of about 20

gray, because of the relatively insensitive method of determining the quantity of

ferric ions and the effect of chemical impurities. It is, however, particularly

suitable for use with high-energy beams of radiation and specialised shapes of

irradiated volumes[4].

2-2-5 Film dosimetry

The photographic film density produced by irradiation to x or gamma-rays

is not proportional to the absorbed dose with in the emulsion. The calibration of

the density to absorbed dose is therefore necessary, and constitute a major

disadvantage of the method.

The photographic film is useful in checking x-ray beam alignment with the

optical axis of an x-ray unit, and for the estimation of the penumbra in therapy

machines. It major use ,however, is as detecting medium in the 'film badges'
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which is worn by 'designated1 workers to verify that their radiation dose do note

exceed their maximum permissible dose values. The photographic film becomes

progressively more optical dense as a result of exposure to ionizing radiation ,and

hence may be used to measure the radiation dose received by the wearer[4].

2-3 Thermoluminescent Dosimetry (TLD)

2-3-1 General principle of solid state dosimeters

a- Trapping centres

Electrons, holes, or excition may be trapped in a variety of ways in solids.

If an excess positive ions are present (for example in an interstitial position in

crystal) it will readily be seen that it may form electron traps; negative ions, of

course, form hole traps. Foreign atoms present in a solid are likely to give rise to

such trapping centres if the corresponding energy levels are in the forbidden

band. Trapping sites are also provided by local imperfections such as vacancies,

dislocations, or the crystal surface[5].

b- Fluorescence and Phosphorescence

If an electron or hole is trapped at a centre from which an allowed

transition is available to the ground state, a photon may be emitted. The

emission of light by this general process is known as luminescence. If the

(allowed) transition occurs promptly the phenomenon is known as fluorescence.

If the transition is not and allowed one, emission may be delayed, yet technically

it is still fluorescence. On the other hand phosphorescence is a temperature

dependent delay, indicating the existence of a metastable state from which direct

luminescent transition can not take place. Ordinarily, however, one refers to any

delayed light emission as phosphorescence. In other words, if a substance emits

light when irradiated it is said to display the phenomenon of fluorescence ( or

luminescence ). If it continue to emit visible light after to

12



be irradiated then it displays phosphorescence or " after glow "[5].

c-Thermolu minescence

If an irradiated solid having electrons in deep traps is subsequently heated

up, the electrons will be thermally released and/or excited to levels from which

they can accomplish an allowed transition to the ground state. If light is emitted

the process is called thermoluminescence, and is a thermally accelerated

phosphorescence. The total amount of light emitted on heating will be

proportional to the number of electrons (or holes) released from traps. The

measurement of the total amount of light emitted provides a very sensitive

measurement of the dose absorbed by the substance[5].

2-3-2 Thermoluminescence phenomenon

When thermoluminescence phosphor is exposed to ionising radiation, at sufficient

low temperature, many freed electrons or (holes) become trapped at lattice

imperfections in the crystalline solid fig. 3. They remain trapped for long periods

of time when stored at that temperature (or other lower temperatures). If the

temperature is raised the probability of escape is increased and electrons (or

holes) are released from traps, subsequently returning to stable energy state with

emission of light. If the light intensity is measured as indicated schematically in

fig. 4 and plotted as a function of temperature or the time during the period while

the temperature is being increased, the result is called a glow curve fig. 5. Typical

glow curve exhibit one or more maxima as traps of various energy "depth" are

emptied; the relative amplitudes of the peaks indicate approximately the relative

populations of trapped electrons in several trap species (provided the heating rate

is constant through the glow curve).Faster heating rate results in peaks of greater

amplitude, and with the maxima shifting to the higher temperatures. Either the

total light emitted during part or all of the glow curve, or the light of one or more

of the peaks, may serve as the measure of the absorbed dose

13
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in phosphor, or of gamma-ray exposure it received. Where the peak height is used

, the heating cycle must be sufficiently reducible to avoid causing peak height

fluctuation. A uniform heating rate through out the glow curve is, however, not

required. After the traps have been emptied by heating at high enough

temperatures for a sufficient length of time, and the phosphor has subsequently

cooled, it normally return to its original condition and is ready to register another

exposure to radiation[5].

2-3-3 TLD materials

Many crystalline material show thermoluminescence. In contrast to the

films and glasses, reading erases most of the information, so they can be re-used.

2-3-3-1 GR-200 dosimeters

Dosimetric characteristics of LiF:Mg,Cu,P (GR-200)

Introduction

Lithium fluoride doped with magnesium, cupper and phosphorus

(Lif:Mg.Cu,P) was first produced by Nakjima in 1978 in powder form. This

material had some drawbacks such as a relatively high zero signal, an

inconvenience in handling and poor reproducibility. Ten years later a Chinese

laboratory began to manufacture on a commercial scale chips 4.5 mm diameter

and 0.8 mm thickness, available on international market as GR-200[6].

Light emission spectra

The light emitted by Lif:Mg,Cu,P is similar to that of Lif:Mg,Ti,With a

peak emission at a wavelength of approximately 380 nm.

Glow curve

Glow curves of Lif:Mg,Cu,P (GR-200) and Lif:Mg,Ti (TLD-100) are

compared in fig. 5, for heating rate of 8 oC/s .

The position of the main dosimetric peak is similar, but the lower temperature

16
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peaks, responsible for the short- and medium-term fading, are situated at rather

different temperatures. In GR-200 peak n.l lies at 125 oC and has a half-life of

the order of one day. Peak n.2 lies at 160-170 oC: with half-life of 3-4 months.

The higher temperature peaks (n.4 and n.5 ), are not completely emptied by

the normal heating regime, restricted to a maximum temperature of 240 oC. They

therefore account for residual background signal present when previously dosed

material is reread without subsequent annealing[6].

Practical application of GR-200 dosimeters

Due to its very high sensitivity, the use of Lif:Mg,Cu,P GR-200 in

environmental dosimetry can reduce the monitoring period to a day or even less:

the monitoring efficiency is enhanced, minimizing the influence of changes in

environmental conditions, and so minimizing the additionally introduced

systematic errors[6].

Advantages of GR-200 dosimeters

The main advantages of Lif:Mg,Cu,P GR-200A TL dosimeters are:

-very high sensitivity, up to 40 times that of Lif:Mg,Ti TLD-100

-very low detection threshold, of a fraction of mGy;

-quick pre-use anneal cycle, lasting only 10 or 15 min. ;

-satisfactory reproducibility of read outs;

-no appreciable fading with in 6 months;

-good linearity up to 10 Gy;

-low response to neutron in mixed fields

A drawback is certainly the criticality of the annealing temperature of 240

oC, which requires frequent control of the actual temperature inside the furnace

used for thermal treatments [6].

18



2-3-3-2 CaS04:Mn dosimeters

Characteristics of CaSO4:Mn

Manganese activated Calcium sulphate ( CaSO4:Mn) has a long history as

a thermoluminescent detector of ionizing radiation. This phosphor has a glow

curve with a single peak occurring at 80-100 oC. The fading rate of the light sum

after exposure that have been reported by various investigators differ

considerably. The minor differences in phosphor preparation and storage

temperatures may account for the variability. The necessity for measuring and

correcting the fading losses in dosimetry application is clearly indicated, and is

the main disadvantage of CaSO4:Mn.

The out standing advantage of the phosphor is the ability to measure

exposure down to micro roentgen range[5].
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Chapter Three

Experimental Set Up

3-1 Introduction

A complete cycle of the use of TL dosimeter consist of a combination of

(1) annealing,

(2) storage and handling,

(3) irradiation,

(4) readout.

There are opportunities for making mistakes at all of these stages. It is the

purpose of this chapter to identify those areas where errors or less than careful

experimental techniques can lead to low precision and non reproducibility of the

result.

3-2 Annealing of Dosimeters

All phosphors display some changes in their thermoluminescence

characteristics depending on the thermal treatment which they receive. To ensure

complete readout of the stored signal and repeated use of the phosphor without

significant change in its thermoluminescence sensitivity, a thermal anneal is

almost always required. Before making radiation measurements, therefore, all

dosimeter should be identically annealed, as far as practically possible, to

standardise their sensitivities and background. For some phosphors the anneal

may be simple- such as for LiB4O7:Mn-but for other may be complex, such as

for Lif:Mg:Ti. In Lif:Mg:Ti pre-irradiation annealing is especially important in

order to remove all residual TL signal, to establish the TL sensitivity, and to

eliminate unstable low-temperature glow peaks. A comprehensive study of

annealing characteristics of TLD-100 by Zimmerman (1965) confirm the

optimum anneal as 1 h at 400 oC,followed by 16-24 h at 80 oQ It has also been
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observed that repeated 1 h 400 oC anneals produce a decrease in TL sensitivity

in Lif extruded-ribbon dosimeters of up to 18 % after 100 cycles. The effect of

the 80 oC anneal is particularly important with regard to the elimination of the

low-temperature glow peak.

Where relatively low absorbed dose are measured, along high-temperature

anneal may not be necessary as any residual TL can be eliminated by a short

high-temperature post-read hold in the readout cycle. For dosimeters which have

received a very high absorbed dose, perhaps as a result of radiotherapy exposure,

a high-temperature anneal should be used. At absorbed dose levels where a

significant degree of sensitisation may occur a high-temperature anneal is

necessary to remove all the TL signal from the deep traps. After an absorbed dose

of 10 Gy, a 16 h anneal at 300 °C is insufficient to remove sensitisation.

Although individual dosimeters may be annealed in reader, when a long-

term is required or many dosimeters have to be annealed, an external annealing

oven is used. Oven should be kept clean , and preferably should be used for only

one type of phosphor to prevent cross contamination and intermixing.

3-3 Storage and Handling

Many aspects of the storage and handling of dosimeters can affect their TL

sensitivity, stability, precision and minimum detectable absorbed dose. The major

effect produced by storage and handling of dosimeters can be divided into those

due to

(1) environmental factors such as temperature, humidity, ultraviolet and

visible radiation, and other agents ;

(2) physical handling factors such as sieving, dispensing, picking up,

cleaning, sterilising, etc.

3-3-1 Environmental factors

Care should be taken to ensure that in storage and use, dosimeters are not
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heated much above normal ambient temperature. Dosimeters which are

particularly affected by humidity , such as those using Li2B4O7:Mn phosphor,

should be stored with a desiccating agent when not in use, and sealed in suitable

container for use, such as polythene sachets.

Many phosphors respond to normal ambient levels of ultra violet and

visible radiation. The effect are twofold: the production of light-induced TL

signal, and photo transfer and subsequent retrapping of trapped charge carriers. In

some phosphors the latter effect can result in increased fading of the dosimeter

traps resulting in an apparent increase in the subsequently recorded TL signal.

PTFE is particularly sensitive to long wavelength ultraviolet radiation (UV 315-

400 nm), resulting in induced phosphorescence and theroluminescence signals .

The packing of PTFE-based dosimeter is in light-tight envelopes, Ambient

light levels, especially from fluorescent lights, should be reduced in areas where

PTFE dosimeters are handled or processed outside their protective envelopes.

3-3-2 Physical handling factors

Within limits the TL sensitivity of a dosimeter is directly proportional to

the mass of the active phosphor present. While for solid form dosimeters, such as

extruded ribbons, rods and PTFE-based disc, etc, the mass of the active phosphor

present in each, dosimeter is fixed during manufacture, and if carefully handled

should not change; for powder dosimeters the dispensing of the chosen mass of

the powder is in the hands of the user. Ideally each sample of phosphor should

be weighed immediately prior to readout while positioned on the readout tray,

and in this way the TL readout may be corrected for weight variations.

While one should attempt to keep dosimeters clean, some dust or grease

may become attached to them. It is important that this is removed before it burned

permanently into the surface. Loose dust can be removed by gentle air blowing or

sucking . If the contamination is more firmly attached to the surface then gentle

rinsing in pure grade methyl alcohol may be effective in removing it. If the
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dosimeters are badly stained then as a last resort they can be washed in

chloroform .Chloroform can be staining agent in its own right, and its staining

action has been observed in Lif:PTFE disc dosimeters. Such a dosimeters should

be rinsed thoroughly in methyl alcohol and distilled water.

Dosimeters which are intended for clinical use must be packaged to protect

them from a number of potentially adverse environmental conditions. Those

intended for body surface measurement (either entrance or exit absorbed dose)

may be heat-sealed in thin plastic sachet. The sachet protect the dosimeters from

the effects of contact with skin moisture and grease, and often high

photoluminescent adhesives are used on tape. The dosimeters can also be either

chemically or ultraviolet sterilised if required.

3-4 Irradiation of Dosimeters

The reader is reminded that the concepts of exposure, absorbed dose, etc,

which are used in this section are defined in chapter 2.

(i) Calibration irradiation. This is carried out to determine the TL response of the

dosimeter to exposure or absorbed dose of radiation of clearly defined energy. A

6OC0 source is most often used for this purpose (gamma energies 1.17 and 1.33

MeV, half-life 5.3 years).

(ii) Routine laboratory irradiation. This is done for a variety of reasons including

the routine checking of dosimeters sensitivities following annealing, etc. The

requirements for this type of irradiation.

(1) reproducibility of absorbed dose.

(2) a fixed numerical relationship between agiven laboratory irradiation and

calibration for absorbed dose.

(3) convenience of the use.

A 90Sr source (beta energies 0.61 and 2.2 MeV, half-life 28.7 years)

is most suitable for this purpose,

(iii) Measurement irradiation. This is the measurement of exposure or absorbed
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dose rate in radiation field of type and energy not necessarily the same as that of

the calibration field.

3-4-1 Model 2000-DI dosimeter irradiator

The Harshaw Model 2000-DI Dosimeter Irradiator provides the means for

calibrating up to 52 dosimeters simultaneously. It is stand-alone accessory for

Harshaw Model-D Automated TL Analyzer system.

The Model 2000-DI contains a strontium-90 beta source with an approximate

strength of 0.5 millicurie. The dosimeters, located in 52 position disc, revolve

under the source for a preset number of revolutions. The exposure is controlled

by selecting the number of revolutions. It was found to have exposure rate of 96

mR per 25 revolution on 1-Dec. 1985.

3-4-2 Calibration of dosimeters with 60Co radiation

TLDs are secondary dosimeters, i.e. they do not provide an absolute

measure of radiation absorbed dose. They must be calibrated against a primary

measurement system either directly or, more usually, via a calibrated secondary

system.

TLDs are almost always calibrated against a calibrated ionisation chamber.

The TL sensitivity calibration factor, C, for TLD is given by

C = TL/(Dw), 3.1

where TL is the measured TL signal from the dosimeter which has received an

absorbed dose (D\y) (Gy in water) of 60co photons.

C may be determined by exposure of TLD to a beam of ^ C o photons in free air,

as illustrated in fig. 6(a). The exposure X is measured using calibrated ionisation

chamber, and the absorbed dose (Dw) (Gy in water) is calculated from the

expression

(Dw) = X*F ; 3.2
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where F is the Gy R-1 factor appropriate to 6 0Co radiation. Alternatively, for high

energy photon (including x-ray with generating potentials >150 kv), C can be

obtained by exposure of TLDs together with an ionisation chamber in water or

water-equivalent phantom, as illustrated in fig.6(b). For 6 0Co, an irradiation

depth of 5 cm is recommended.

3-5 Readout of Dosimeters

As the basis of TL dosimetry is the comparison of TL light signals from a

dosimeters which have been exposed to unknown absorbed dose of radiation,

with those similar dosimeters which have been given a calibration absorbed dose

, it is important that the TL reader should be used in a reproducible manner.

3-5-1 Thermoluminescence detectors

The Harshaw Model 2000 series of thermoluminescence (TL) detectors are

designed to meet the needs of health physicist for personnel and environmental

dosimetry, the medical physicist for diagnostic and therapeutic radiation

dosimetry, for research applications such as geology and archaeology.

The basic function of the model 2000 series of TL detectors is to heat a

form of thermoluminescent material using a reproducible, controlled temperature

cycle and to detect the light (TL) emitted by the material. A low noise (dark

current) and high gain photomultiplier tube (PMT) converts the light into a

current signal which is amplified, integrated and displayed by the model 2000-B.

In addition to the photomultiplier tube output signal, a temperature output signal

is also provided.

Each TL detector is designed to assure high stability, detectability and

reproducibility. Stability is provided through the use of a temperature stabilized

photomultiplier tube. Detectability is provided by the use of the best selected low

dark current and high gain photomultiplier tubes available. The photomultiplier

tubes are temperature stabilized and magnetically and electrostatically shielded.
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Thermal isolation is provided between the planchet and PMT to ensure that

temporary heating of the photocathode does not occur during operation regardless

of the frequency of the readings. Black body filters are used to practically

eliminate non-signal light from the planchet. Linear sample heating is achieved by

a unique thermocouple feedback control configuration which regulates planchet

temperature. Excellent low dose sensitivity can be obtained by supplying dry

nitrogen to the measuring chamber through the inert gas facilities provided.

3-5-2 Heating variation

One of the most common faults encountered in readout of TLDs is bad and

variable thermal contact between dosimeters and the heating tray . This usually

manifests itself as variation in the heating rate of the phosphor, or non-attainment

of the chosen readout temperature, resulting in incomplete readout. Various

designs of heating tray have been produced, each appropriate to a particular type

of dosimeter, to minimise bad thermal contact.

3-5-3 Light detection variation

Stability of light detection is prerequisite for readout precision and it is

important that the user can recognise when variations or drifts in the light

detection sensitivity have taken place. All commercial TLD readers provision for

checking the light detection sensitivity by means of a stable low-intensity light

source.

Almost all light sources for use with TLD readers consist of a few micro

curies of long-lived radioisotope (often carbon-14, half-life 5570 years) mixed

with plastic scintillator. Because the intensity of emission of light sources may be

affected by change in temperature, ambient illumination levels, and the build-up

of dust, etc, they should be kept clean, maintained at a constant temperature (20-

25 oC), placed in opaque containers when not in use , and not exposed to high

ambient light levels.
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Light source checks should be routinely made before and after

measurement sessions according to the manufacturer's recommendations.

28



Chapter Four

Results And Discussion

In this chapter a brief description of the present work is outlined with

emphasis on measurements and observations.

4-1 Materials and Method

Two groups of TLD dosimeters used for environmental monitoring were

placed in a location on the Blue Nile. The dosimeters were 50 chips of Lif:Mg,

Cu, P GR-200 A and 21 chips of CaSO^Mn .

The GR-200 A dosimeters were divided into 5 subgroups each with 10

dosimeters. The dosimeters were exposed to cosmic radiation for 5, 10, 16,21

and 25 days successively .

The CaSO4:Mn dosimeters were divided into 3 subgroups each contains 7

dosimeters. They were exposed to cosmic radiation as the GR-200 A type and

were collected after exposure of 8,14 and 22 days. (Readings were registered for

each dosimeter using thermoluminescent detector with Automatic Integrating

Picoammeter).

Simultaneously two Other group of dosimeters of (GR-200 A&

CaSC^.Mn) were placed on another location overland outdoor in the campus of

the Sudan Atomic Energy Commission. The dosimeters were 28 from GR-200 A

type and 28 from CaSO4 type, each of the two groups consisted of 4 subgroup

each containing 7 chips.

The GR-200 A type 4 groups were collected after they have been

exposed to total natural background radiation for 7,14,18 and 28 days

successively, while the CaSO4:Mn type were collected after they have been

exposed to total natural background radiation for 7, 11 ,14 and 21 days.

The dosimeters were read using Harshaw Model 2000 C

thermoluminescent detector and readings were registered. The results obtained
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are tabulated in tables shown in the following sections.

4-1-1 Calibration

A number of dosimeters (50 dosimeters) were irradiated to known doses

using 90Sr irradiator (half-life of 28.7 years).The dosimeters were exposed for the

duration of 1,2,3,4 and 5 revolutions. The 90Sr irradiator certificate was found to

set it's exposure rate at 96 mrad per 25 revolution in dec 1985 and using the

equation

D = D0*exp(-Xt)

Where D o is the initial activity, is the decay constant and t is the period. The

exposure rate of the irradiator at the present time was calculated and was found to

be 30.4 microsievert per revolution in August 1995. By calculating the doses

received in each revolution and measuring the corresponding values from the

reader the results obtained using GR-200 A dosimeters are shown in table (1), the

results obtained using CaSo4 dosimeters are shown in table (2).

To obtain the reading of nano coulomb per dose equivelant in microsievert,

the average reading for each group of dosimeters is plotted against the dose they

have been exposed to, and the data are fitted to the straight line

y = ax + b

with slope a and intercept b.

The line plotted using the measurement of table (1) is shown in fig. 7, it has

a slope of a = 0,24 and intercept b = -2.68.

The line plotted using the measurement of table (2) is shown in fig. 8, it

has a slope of a = 0.11 and intercept b = 0.51.
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Table (l)Calibrations measurements carried for GR-200 dosimeters

Dose-equivalent

in microsievert

30.4

60.8

91.2

121.6

152.0

measured values

from the reader in (nC)

4.82

12.68

19.5

25.00

35.7

fitted

(nC)

4.724

12.132

19.540

26.948

34.360

Table (2)Calibration measurements carried for CaSO4:Mn dosimeters.
Dose-equivalent
in microsivert

30.4

60.8

91.2

121.6

152.0

measured values
from the reader (nC)

3.75

7.38

11.04

14.06

17.45

fitted values
(nC)

3.922

7.33

10.737

14.145

17.55
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Fig. 7 GR-200 calibration curve
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4-1-2 Measurement of radiation from cosmic rays

As mentioned before, the TLD readings were obtained for dosimeter

exposed over Nile to measure the effect of cosmic radiation.The TLD readings

obtained using GR-200 A dosimeters for cosmic radiation are shown in table (3),

and those obtained using CaSo4:Mn dosimeters are shown in table (4).

TLD readings were plotted against the period of exposure , the line

obtained from such plot, using GR-200 A results , in table (3), is shown in fig. 9

with slope a = 0.19 and intercept b = 0.39, while that of CaSo4, in table (4), is

shown in fig. 10 with slope a = 0.08 and intercept b = 0.89.

The slope of these plots is in nano coulomb per day and is used together

with the slope obtained from calibration, which is in nano coulomb per

microsievert, to calculate the dose-equivalent rate in microsievert per day.
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Table (3) Measurement of cosmic radiation results obtained using

GR-200 dosemeters.

period of exposure

in days

5

10

16

21

25

average of the measured

values (nC)

1.391

2.107

3.717

4.332

5.154

fitted values

(nC)

1.344

2.304

3.45

4.415

5.182

Table (4) Measurement of cosmic radiation results obtained using

CaSO4:Mn Dosimeters.

period of exposure

in days

8

14

22

measured values from

the reader in (nC)

1.524

2.038

2.655

fitted values

(nC)

1.535

2.019

2.663
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Fig. 9 GR —200 results for cosmic radiation
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Fig. 10 CaSo4 resultss for cosmic radiation
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4-1-3 Measurement of total natural background radiation

As mentioned before a number of dosimeters were placed in a location

overland. They have been exposed to natural background radiation of terrestrial

origin plus cosmic rays. The dosimeters were read and the results obtained for

GR-200A dosimeters are shown in table (5), the results were used to plot the

straight line shown in fig. 11 with slope of 0.26 and intercept 0.25.

Measurements obtained using CaSO4:Mn dosimeters are shown in table

(6) The results were used for the plot shown in fig. 12 which has slope of 0.11

and intercept 0.42.
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Table (5) Measurement of total natural background radiation

results obtained using GR-200 dosimeters.

period of exposure

in days

7

14

18

28

measured values from

the reader (nC)

2.412

3.782

4.410

7.88

fitted values

(nC)

2.08

3.903

4.947

7.558

Table (6) Measurement of total natural background radiation results

obtained using CaSO4:Mn dosimeters.

period of exposure

in Days

7

11

14

21

measured values from

the reader (nC)

1.116

1.565

2.043

2.595

fitted values

(nC)

1.165

1.59

1.910

2.655
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fig. 12
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Table (7) Results of estimation of radiation dose-equivalent rates due
to natural background radiation obtained compared with the
world average in normal areas.

location

world average in normal
areas
results obtained using
GR-200
results obtained using
CaSO4:Mn

cosmic radiation.

mSv per year

0.3

0.292

0.265

total natural background
radiation.
mSv per year
0.65

0.395

0.365
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4-2 Discussion

The assessment of radiation in man from natural sources is of particular

importance because natural irradiation is the largest contributor to the collective

dose of the world population. Further more, the study of the extend of variation of

the natural radiation with location is of particular interest, Since it may influence

attitudes towards any additional exposure caused by man.

The first part of this work was conducted on a location over The blue Nile,

at a distance of 40 meters from the river bank Since at this position the

contribution of gamma radiation due to the radioactive elements presenj q\ the

earth crust is negligible the dosimeters are supposed to be exposed only to cpsmic

radiation. The results in general shows a good agreement with the expected ones.

The second part of the study is conducted overland in a location at the

campus of the Sudan Atomic Energy Commission. The dosimeters were exposed

to total natural background radiation which includes cosmic radiation plus gamma

radiation due to the radioactive element present in the earth crust. In this work 1

m is used as standard measurement height above the earth surface.

With regard to external exposure measured in this work , the doses from

cosmic rays have been evaluated separately from the doses due to terrestrial

irradiation produced by potassium-40, uranium-238, thoriuin-232 and their decay

product. The cosmic ray component is usually very stable at earth surface, but it

varies with the geomagnetic latitude and to greater extend, it increases with the

altitude above sea level. Thus population groups living at high altitudes receive

substantially high doses than others living on low land or at sea levels. The

external dose-equivalent received from cosmic rays by population living aj areas

of normal background radiation is about 0.3 millisievert per year[7], wfijjje Jhaj

obtained in this work is 0.292 millisievert per year using GR-200A dosimeters

,and 0.265 millisievert per year using CaSO4:Mn dosimeters. Both of the yame*

obtained using the two type of dosimeters show good agreement with the world

average at the areas of normal background.
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The total natural background radiation consist of cosmic ray plus terrestrial

gainma radiation. The average dose-equivalent rate from total natural backgrounc)

radiation in areas of normal background radiation in the world is 0.65 millisievert

per year [7]. The estimated dose-equivalent rate from total natural background

radiation in Khartoum obtained in this work using GR-200 A chips is 0.395

millisievert per year, and that obtained using CaSCtyilvin chips is 0.365

millisievert per year. These values of dose-equivalent rate from total natural

background radiation obtained in this work are much less than the world average

at the areas of normal background radiation, this may account for the low

terrestrial gamma radiation in the city.
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Conclusion

In the first chapter of this study a brief introduction is given to the radiation

dosimetry and natural background radiation followed by chapter two which is

devoted to the definitions of the most fundamental dosimetric quantities, the

exposure and the absorbed dose. In chapter three some experimental problems

and techniques including annealing of dosimeters, environmental factors,

irradiation and readout of dosimeters were outlined followed by chapter four

where measurements and final results were summarised.

Natural sources of radiation pervade the environment and cause exposure

to all human beings. There are four main component of these exposure: cosmic

rays, terrestrial gamma rays, inhaled long-lived radionuclides and in-haled

radon.The first three may be said to form the basic natural background radiation

because of the relative constancy of exposure.

The dose equivalentrates from external natural background radiation h$v e

been evaluated in this work from cosmic rays and from cosmic plus terrestrial

gamma rays.The results are summarised in table 7. It was found that the

estimated dose-equivalent rates from cosmic radiation obtained in this work

shows a good agreement with the world average collective dose for areas of

normal background using the two type of dosimeters GR-200 and CaSCtyiMn. On

the other hand the values of the total natural background radiation obtained in

this work are much less than that of world average collective dose for areas of

normal background radiation. This be may explained by the low terrestrial

gamma radiation at the place at which the experiment was carried out. How ever,

the disagreement of these results needs more work and further investigation to be

done.

The results show that due to it's very high sensitivity, the use of
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Lif:Mg,Cu,P GR-200A in environmental dosimetry can reduce the monitoring

period to a few days or even less, that monitoring efficiency is enhanced,

minimizing the influence of the changes in the environmental conditions.
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