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ABSTRACT

Personal monitoring in University of Khartoum is being conducted
using thenniluminescent dosimetry. The purpose of the study is to measure
the dose of radiation in laboratory of physics in physics Department.

TL phosphors LiF: Mg, Ti (card) and LiF Mg, Cu, P (GR - 200)
and mini - rad dosimeter are used to measure the dose in the laboratory.

The total dose for students from the laboratory by using card, GR-
200 and mini - rad dosimeter was found to be 2.2 [i sv / year. 2.5 JJ. sv /
year and 2.6 ^ sv respectively, and for the teacher about 4.0 \x SV/ year,
5.8 ix sv / year and 13.6 JISV / year respectively, and for the dose near

Junck room about 3.9 \xsv / year, 2.9 j^sv / year and 2.8 JI sv / year by
using card, GR-200 and mini - rad dosimeter respectively.

There is just a background radiation in the main library and the
applied nuclear.



Chapter One

Introduction

Nuclear physics represent one of the importance branch in physics
which developed and employed in our life. The assessment of radiation for
the man in a field of nuclear is very necessary because the nuclear
techniques are in growing and uses in different disciplines, and exposure to
radiation can cause determinental health effect then we must make
calculation and measurements for the dose which man have been received.

In this research we measure the dose - equivalent in Laboratory of
Physics Department - University of Khartoum for the workers in this
places (students, teachers).

The measurements start in laboratory of nuclear physics and the
Junck room (the room contains radioactive isotopes) and then we removed
to the applied nuclear and the main library because it's an old building.

In this work we used two types of dosimeters the LiF, Mg, Ti (card)
and LiF Mg, Cu, P (GR-200) and also we used the mini - rad dosimeter
and we find that the dose which workers (students, teachers) are
encountered in the laboratory about 2.2 JJ. sv / year, 2.5 \xs\ / year and 2.6
jo, sv / year for the students by using card, GR-200 and mini-rad dosimeter
respectively, and about 4.0 u, sv / year, 5.8 JJ. sv/ year, and 13.6 ju sv / year
respectively for the teachers, and about 3.9 JLI sv / year, 2.9 JJ, sv / year and
2.8 n sv / year for the student who is sitting near the Junck room by using
card, GR-200 and mini-rad dosimeters respectively.

There is just a background radiation in tlie applied nuclear and the
main library.



Chapter Two

Theoretical Background

2.1 Radiation Protection

Over the past sixty years, radiation protection criteria have evolved
from empirical prescriptions into a sophisticated and cartesion system of
dose limitation which includes requirements on the justification of
practices involving radiation exposure, optimization of radiation protection
and individual limitation of radiation doses. The main purpose of the
creteria, however, has remained unchanged, to protect humans from the
harmful effects of ionizing radiation.

Ionizing radiation and radioactive substance are natural and
permanent features of environment, and thus the risks associated with
environment, and thus the risks associated with radiation exposure can
only be restricted, not eliminated entirely.

Additionally, the use of human made radiation is wide spread,
sources of ionizing radiation are essential to modern health care :
disposable medical supplies sterilized by intense radiation have been
central to combating disease ; radiology is a vital diagnostic tool, and
radiotherapy is commonly part of treatment of its by-products, i.e. ionizing
radiation and radioactive substances, continue to increase around the world

Human activities that add radiation exposure to that which people
normally incure due to background radiation , or that increase the
likelihood of their incurring exposure, are termed (practices) in the
standards. The human activities that seek to reduce the existing radiation
exposure or the existing likelihood of incurring exposure which is not part
of a controlled practice, are termed ' interventions'.

The standards apply to both the commencement and the
continuation of practices that involve or could involve radiation exposure,
and also to existing, defacto situations in which exposure or its likelihood
can be reduced or prevented by means of some intervention. For a
practice, provisions for radiation protection and safety can be made before
its commencement, and the associated radiation exposures and their
likelihood can be restricted from the out set. In the case of intervention, the
circumstances giving rise to exposure or the likelihood of exposure already
exist, and their reduction can only be achieved by means of remedial or
protective actions.
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The practices for which the standard are intended to provide the
basis for protection against radiation include the following activities
involving the production of radiation sources, the use of radiation and
radioactive substance in medicine research, industry, agriculture and
teaching; the generation of nuclear power, including the entire cycle of
related activities from the mining and processing of radioactive ores to the
operation of nuclear reactors and fuel cycle facilities and the management
of radioactive wastes; and activities such as the underground mining of
coal and phosphatic and other minerals that may enhance exposure to
naturally occurring radioactive substances.

Situations that may require intervention include: chronic exposure to
naturally occurring sources of radiation such as Radon in dwellings, and
radioactive residues from past activities and events; and emergency
exposure situations such as might result from accidents or from
deficiencies in existing installations.

2.1.1. Nuclear safety and radiological protection
Nuclear safety and radiological protection have developed as

separate but linked areas of work and the practitioners of the two
disciplines have formed two distinct inter-dependent communities. They
do however, have one thing in common and that is the protection of the
public (and workers) from natural sources of radiation and nuclear power
production , medical uses of radiation and testing of nuclear weapons in
the atmosphere so that its benefits may be made available in safe way. We
do not propose to make a formal definition of nuclear safety and
radiological protection. However, we consider that nuclear safety and
radiological protection. However, we consider that nuclear safety is
primarily concerned with the assessment and avoidance of accidents of
nuclear powerplant and other facilities, while radiological protection is
concerned with the estimation and control of radiation doses.

2.1.2 Natural Sources:
The major contribution to the annual average doses received by

mankind comes from natural sources. The assessment of the radiation
doses in human from natural sources is of special importance because
natural radiation is by far the largest contributor to the collective dose
recieved by the world population . The natural radiation sources are
classified into :

a\ External sources of extra terrestrial origin (that is, cosmic
raidiation) and radiation of terristrial origin (that ts, the
radioactive nuclides present in the crust of the earth , in



building materials and in air)
b\ Internal sources, comprising the naturally occurring radionuclides

that are taken into the human body.

2.1.3 Occupational exposures
Two categories of workers are exposed to radiation: worker in the

nuclear industry and the medical field, where radiation sources are
managed, and workers in occupataions where higher background radiation
level are encountered (air crews and non-uranium miners are examples).

2.1.4 Dose assessment models
To calaculate the dose delivered by radiation sources to exposed

populations its necessary to use models linking the measured or calculated
amounts of radioactive materials that are released by the source or that are
present in the environment, with the resulting dose in the exposed subjects.
Environmental transport models and dosimetric models are used for this
purpose.

2.1.5 Environmental monitoring
Environmental monitoring is the measurement of radiation exposure

from either cosmic and terrestrial radiation (natural background), or from
the controlled or accidental release of man made radioactivity.
Measurements of natural background radiation are important in the
assessment of exposure to the population. They provide a data base upon
which one can assess the relative magnitude of the effect of the release of
man-made radioactivity should it occur. There is often a requirement to
measure the natural background exposure in specific area: for example ,
the measurement of cosmic radiation exposure in high altitude commercial
aircraft and the measurement of radioactivity of soil for TL dating. Routine
measurements are carried out in the vicinity of nuclear powerplants in
order to detect exposure due to the controlled released of radioactivity. In
the event of an accidental release, the measurements serve to assess the
impact on the environment.

2.2 Concepts - Quantities and Units

2.2.1 Radioactivity: -
Ionizing radiation may be produced in man - made devices, such as

X - ray tubes, or it may come from the disintegrating of radioactive
nuclides, the phenomenon that is called (radioactivity).



2.2.2 Activity: -
The activity of a radioactive material is the number of nuclear

disintegrations per unit time. The unit of this quantity was Curie ( C ).

ICi = 3.7 x 1010 d / s
d / s : disintegrations per second

The present unit of activity has been given the special name
(beequerel) (Bq).

1 Bq = 1 d / s
One beequerel is one disintegration per second

2.2.3 Exposure : -
Exposure is the total electrical charge of ions of one sign produced

in air by electrons liberated by X or gamma rays per unit mass of irradiated
air.

The unit of exposure is coulomb / Kg, but the old unit, the
Rontegen.

1 R = 2.58 x 10 -4 coulomb/Kg

2.2.4 Absorbed dose : -
The absorbed dose of radiation is the energy imported per unit mass

of the irradiated material. The unit of this quantity was (rad).

1 rad = 0.01 joule/Kg
The present unit of absorbed dose is joule / Kg, for which the

special name gray (Gy)

1 rad = 0.01 joule/Kg
1 rad = 0.01 Gy

2.2.5 Dose equivalent: -
The problems of radiation protection are not this simple because

dose of one type of radiation may produce a much large biological effect
than the same dose of a different type of radiation. Therefore, to obtain a
quantity that expresses on a common scale the damage incurred by an
exposed person, the concept of dose equivalent has been introduced.

H (dose equivalent) = D x Q x N



Where D is the absorbed dose, Q is the numerical quality factor
determined by the type of radiation involved in the exposure, and N is the
product of other modifying factor that determine the radiobiological
damage. The unit of dose equivalent is Sievert.

1 sievert = 1 joule/Kag

If the dose is expressed in units of rad, the special unit for dose
equivalent is called rem ( 8 ).

1 rem = 10 ~2 joule/Kg

2.3 Thermoluminescent Dosimetry (TLD)

With the ever increasing use of nuclear energy, particularly for
power production, there is more and more need for radiation detection and
dose assessment for a variety purposes. Two of these are environmental
dose control and personnel dose determination. These types of
measurements are essential for ensuring the radiological safety of the
population as a whole and of individual radiation workers. Additionally
they may have great importance with respect to the legal aspects of
nuclear energy.

Many radiation detectors and measuring devices have been
developed over the last few decades and some are being used routinely for
environmental and personnel dose control.

One of them is based on the fact that some materials emit light when
heated after exposure to radiation. This technique is known as
thermoluminescence dosimetry (TLD).(l)

2.3.1 Phenomenological analysis : -
Several properties of solids may be explained by the energy band

model. All the band always fully accupied with electrons. The band which
contains the valence electrons is called the valence band.

An energy gab without any allowed states lies between the highest
state in the valence band and the lowest state of the next highest band
called conduction band which normally empty.

hi the ground state the recombination levels are occupied by
electrons and the trapping levels are empty. After excitation by energetic
radiation electrons or holes can be captured in traps or recombination



centres, respectively. For the sake of simplicity the following consideration
deals only with electrons. If sufficient thermal energy is supplied the
trapped electrons may again be raised to the conduction band.

The electrical conductivity can now be measured, from the bottom
of the conduction band the electron may be trapped by the traps or they
may recombine with empty activators in a radioactive manner. The latter
process given rise to thermoluminescence. See Fig. (1)

2.3.2 Thermoiuminescence:
If an irradiated solid having electrons in deep traps is subsequently

heated up, the elecrons 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 mennoluminescence.

2.3.3 Thermoluminescence phenomenon : -
Thermoluminescence involves two steps. In the first step, the solid

is exposed to the existing radiation, such as particle or electromagnetic
radiation, at a fixed temperature. In the second step the excitation is
interrupted and the sample is heated. One finds that during the temperature
increase the sample emits light. The intensity of luminescence as a function
of temperature, which possibly exhibits several maxima, is called the
thermally stimulated luminescence or thermoluminescence (TL) glow
curve. See Fig. (2).

In some cases glow curves of thermally stimulated conductivity
(TSC) and thermally stimulated exoelectron emission (TSEE) can be
observed which are usually correlated to themioluminescence.

2.3.4 TLD materials:
TL materials at present widely used in many fields of dosimetry.
Many crystalline materials show thermoluminescence. In contrast to

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

2.3.4.1 GR - 2000 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 draw backs such as a relatively high zero signal, an
inconvenience in handling and poor reproducibility. Ten years later a

7
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Chinese laboratory began to manufacture on a commercial chips 4.5 mm
diameter and 0.8 mm thickness, available on international market as GR-
200 (3).

2.3.4.2 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 apporximately 380 nm.

2.3.4.3 Glow Curve :
Glow curves of LiF : Mg, Cu, P (GR-200) and LiF: Mg, Ti (TLD-

100) are compared in fig. (2) for a heating rate of 8°C/s.
The position of the main dosimetric peak is similar, but the lower

temperature peaks, reponsible for the short and medium- term fading, are
situated at rather different temperature. In GR - 200 peak n.l lies at 125°C
and has a half- life of the order of one day. Peak n.2 lies at 160-170°C,
with half - life at 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 at 240°C . They therefore account for residual background
signal present when previously dosed material is reread without
subsequent annealing (3).

2.3.4.4 Sensitivity . Zero Signal and detection threshold :
The sensitivity of GR-200 A is for higher than that of LiF : Mg, Ti

(TLD-100) generally accepted as a standard TL material. In fact, the glow
curves shown in fig. 2 were obtained using a dose of 10 mGy for GR-200
A and 400 mGy for TLD-100. Referring to Co - 60 gamma radiation and
in terms of peak area, the ratio GR-200 A / TLD-100 is evaluated between
25 and 40.

The zero-dose (or background) signal immediately after annealing is
equivalent to a dose at approximately 0.3 JJ. Gy.

The minimum detectable dose (detection threshold) is reported to be
between 0.1 and 1.5 p. Gy (3).

2.3.4.5 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 condition, and so minimizing the additionally
introduced systematic errors (3).



2.3.4.6 Advantages of GR-200 dosimeters :
The main advantages of LiF : Mg, Cu, P GR-200 A TL dosimeters

are:
- Very higli sensitivity , upto 40 times that of LiF : Mg, Ti (TLD-100).
- Very low detection threshold, of a fraction of p, Gy.
- Quick pre-use anneal cycle, lasting only 10 or 15 min.
- Satisfactory reproducibility of read outs.
- No appreciable fading within 6 months.
- Good linearity up to 10 Gy.
- Nearly fiat energy response in the range 15 Kev -1.2 Mev
- Low response to neutrons in mixed fields.

A draw back is certainly the criticality of the annealing temperature
of 240°C, which requires frequent controls of the actual temperature inside
the furnace used for thermal treatments.

2.3.4.7 Card dosimeters : -
Characteristics of Card LiF : Mg, Ti (TLD-100)

LiF : Mg, Ti (TLAD-100) crystals did not show any energy
dependence in the low photon energy radiation field (it has low
sensitivity). Follow up of photospectrometer readings over two years did
not give evidance of any fading. It can be conducted that the simplicity of
readout, the small size of the dosimeter, the possibility of re-use and the
applicability in a dose range of over five decands are very desirable
characteristics for the use of LiF crystals as a long - term integrating high -
dose dosimeter for both existing and future (CERN) European
Organization for Nuclear Research (5).

Application of TLD Systems for environmental
monitoring:

TLD systems are widely applied to environmental monitoring
programmes near nuclear installations. TLD systems with high
reproducibility in the milli sievert dose range are required in order to
measure exposures equal to that resulting from an exposure rate of 10 p.
Rh"1 during field periods of from several days up to year.

For the application of TLD systems in environmental monitoring,
therefore, special performance criteria and techniques for selecting, testing,
calibrating and using a TLD systems have been established.



Chapter Three

Experimental Set-up

3.1 Introduction:
A complete TLD system consists, beside the basic read out

instrument, of several additional accessories such as annealing oven, light
sources, storage and handling, heating, etc.

3.2 Annealing of Dosimeters:
For each TL material used in dosimetric applications, it is exremely

important to know the procedure for restoring its basic conditions after an
irradiation. This procedure is called annealing and has two aims: the first is
to empty the traps of the phosphor completly after the irradiation and read
out cycle; the second is to stabilize the electron traps in order to obtain,
within narrow limits, the same glow curves even after repeated irradiations
and thermal treatments. The annealing procedure is. similar for every TL
material and, in some cases as LiF, it is very critical because if the
procedure is not strictly the same, one can obtain significantly different
results from repeated irradiations to the same exposure (1).

3-3 Storage and Handling:
Between irradiation and read-out, the signal intensity can be

influenced by the storage conditions and by light. The effect of storage
temperature can, in general, be kept small by a proper annealing procedure
at elevated temperature before read-out.

The physical size of TL detectors is usually very small which is an
advantage Tweezers must be used to handle them. It seems that frequently
handled TL detectors lose sensitivity when handled with normal
mechanical tweezers. This effect is due to microscopic scratches and other
damage to the detector surfaces and edges.

In dosimetric practice, one can not avoid crystals serving as TL
detectors getting dirty in the course of their use. This is due to inorganic
and organic detector contaminations baking onto and diffusing into the
surface layer. As a result the TL sensitivity is reduced. This effect may
amount to several tens of parcent. Careful handling of the detectors will
help to limit the surface contamination (1)

10



3.3-1 Environmental Factors:
The environmental factors such as temperature, humidity, contact

with body fluids, insertion into catheters, sterilisation, etc., influence the
choice of dosemeter form and packing. If dosemeters are not protected
from their environment, the result is often low precision and some times
gross error in absorbed dose measurement (8).

3.4 Irradiation of Dosimeters:
Usually, irradiation of thermoluminescense dosemeters is performed

at room temperature. An error may arise from different irradiation
geometries between calibration and measurement in a known radiation
field.

3.4.1 Harshaw Model 2000 TL Analyser:
The system consists of two components the Model 2000-A TL

Detector and the Model 2000-B Automatic Integrating Picoammeter. The
system uses heater planchets mounted in sample drawer. The planchet
temperature can be controlled providing various temperature profiles,
which are divided into three steps.
a\ A rapid pre-heat, ranging from 50 to 400°C, followed by
b\ A lineai" increase of temperature rate, adjustable from 4 to 25° Cs"1 for
read out, followed by
c\ A maximum temperature plateau (50 - 400°C) the total integrating
period can be chosen depending on the glow curve.

The (TL) signal is measured as the integrated area under the glow
curve, represented by the total charge delivered by photomultiplier tube
(PM tube) during the read cycle (digital counter with automatic ranging
circuitry, showing three significant figures) The picoammeter has output
connections to drive recorders for glow - curve plotting.

The system is capable of reading powder, ribbons, rods and other
forms of solid detectors. A number of modifications (such as TL integraton
between two pre determined temperatures) are optional, various
accessories are available. See Fig. (3).



— High Voltage

Photo Multiplier lube

Recorder

or meter

Heater Power Supply
LiF in heated up

Fig. 3 : Schematic diagram showing apparatus for measuring light out put
from athermoluminescent materials.
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3.4.2 Calibration technique for dosemeter batch and reader:
Since the reiative sensitivity of TLD or the TL response in iniili-

sievert is a system - dependent parameter, any variations in the reader
conditions, the annealing treatment or the read out parameters may cause
a significant change in the relative sensitivity.

3-4-3 Dosimetry in Co - 60 y - Ray Facilities:
The general characteristics of the Co - 60 isotope, it's large y - ray

penetration ability, and inherent source stability, make it a fairly straight-
forward and uncomplicated task to obtain the dosimetry data necessary for
operating a Co - 60 processing plant.

If we assume that the all items are packed in standard - size
packages and irradiated in a fixed geometry, the following steps should be
observed:
(1) Calibration of the absorbed dose in a reference position and material at
other lacations in the irradiation field.
(2) Measurements of the absorbed dose in the same reference material at
other lacations in the irradiation field, relative to the calibrated reference
positions.
(3) Relation of dose in the materials of interest to that in the reference
material.

Once this information is available in tubular form, the dose can be
controlled to any desired extent by devices controlling and monitoring
product conveyor speed, an indicator with a positive signal when the
sources are in operating position, and calculated table with corrections for
the decay of the source.

The remaining dosimetry control may thus be reduced to a system
that ensures that irradiated and non-irradiated packages are never mixed.

In most cases, however, the products to irradiated are not of unit
density. It is therefore necessary to evaluate the dose distribution in the
different standard packages. This evaluation may be made by
measurements of the absorbed dose at suitable locations, or by calculative
methods (9).

3.5 Read out of Dosimeters:
The TLD read-out instrument should be operated at constant room

temperature increase was found to cause a reversible decay of the
reference light sources reading which in practice would erroneously be
compensated for by increasing the voltage. For common TLD readers, the
ambient temperature should not exceed 25°C to avoid trouble from the
electronics.

13



As a precondition for low level measurements, the read - out of the
TL detectors is most ofteii done under atmosphere of inert gas. Tin's
provision reduces or eleminates effects of non-radiation - induced but
thermally stimulated ihermoluininescence at the surface of the detector or
heater planchet (1).

3.5.1 Thermoiuminescence detectors:
For the choice of TL materials different aspects and properties with

respect to routine monitoring should be considered.
a\ The dosemeter properties of the detector including dose range response,
reproducibility, uniformity within a batch, energy response and lading.
b\ The requirements for a monitoring service including performance
specifications and type approval, the necessary precision and accuracy of
the TLD system, the complexity of the annealing procedure, the type of
service, i.e. national or decentralised and the degree of automation. The
accuracy of dose measurement is significantly limied by the uniformity in
response witliin the group of detectors of the same type.

3.5.2 The heating system :
One of the essentials in heating a TL detector is that there should be

optional thermal contact between the heating medium and the detector.
Sufficient thermal contact tends to lead to irreproducible results. The a TL
detector follows the temperature of the heating medium depends on the
thermal capacity and the thermal conductivity of the detector materials.
Loose powder, extruded ribbons or rods and sintered or compressed
materials of this kind usually have well defined geometrical shapes, so that
they can easily be brought into good contact with the heater. Often the
total heat treatment of TL detector is considered as being split up into
three different steps.
a\ The pre-read heating, applied in order to remove completely the low
temperature peaks in the glow curve, i.e. to empty the low - energy traps
(the release temperature of the electrons being at or below about 100°C,
and hence being subject to fading).
b\ The read out procedure itself.
c\ The post-read (or pre-irradiation) anneal, applied either to remove all
residual signals from the dosemeter and / or to restore the trap distribution
in the lattice in order to restore the original TLD properties (sensitivity and
fading characteristics).

14



Chapter Four

Result And Discussion

This chapter gives a brief method of the work and the results which
we found and its discussion.

4.1 Materials and Methods:
Two groups of TLD dosimeters used for personal monitoring were

placed in different locations at University of Khartoum. Junck room (room
contained radioactive isotapes) and it's round - labrotay of nuclear -
applied nuclear and the main Library. The dosimeters were 50 chips of
LiF, Mg, Ti (card) and 44 chips of LiF, Mg, Cu5 P, GR 200).

The LiF card dosimeters were divided into 2 - 4 subgroups each
with 4-8 dosimeters. The dosimeters exposed to radiation of the location
which mentioned above for 8 days for each.

The GR - 200 A dosimeters were divided into 8 subgroups each
with 5 dosimeters. The dosimeters exposed in the same place at the same
time too.

The dosimeters were read out using Harshow Model 2000
thermoluminescent detector and readings were registered. The results
obtained are tabulated in tables shown in the following section.

4.1.1 Calibration
We use the two types of dosimeters LiF Card and GR - 200 Chips

for calibration, to determine the dose equivalent rate we use ionizalion
chamber and exposed it to gamma radiation Cs - 137 source for 1 minute
and read the dose from instrument (FARMER 2670) we repeat tins
operation for the same time (at temperature 27°C pressure 967.4 m bar and
distance from the source 300 cm) and obtained the average of the dose
equivelant rate and it was found to be 74.4 ]LiGy/min. We used LiF card
dosimeters. A number of dosemeters 50 dosemeters were divided into 10
subgroups one of these groups is used as a background group and the
other groups are irradiated to known doses ( dose which mentioned before)
for different time 5, 10, 15, 20, 25, 30, 35, 40, 45 minutes successively. By
calculating the doses received by each subgroup and measuring the
corresponding values from the reader. The result obtained using card
dosimeters are shown in table (1).

16



3.5.3 The light detecting system:
The technique of light detection is well known and not affect the TL

detector during read out - as the heating has less to do with the pit falls of
thermoluminescence dosimetry. Nevertheless it should be given attention
because of the large dose range to be covered (from a fraction of millirad
to several Kilo rad or even meg rad) and the precision (and hence stability
required in radiation dosimetry).

The general task of the light detecting system is to convert the light
emitted by TL detector into an electronic signal (charge, current, voltage),
which can be measured and used to activate output devices (meter, sealer,
printer, chart recorder, computer, etc.)

15



Table (1) : Calibrations measurments carried for LiF card dosimeters
using Cs - 137 sources:

Dose in milli severt

0.372
0.744
1.116
1.488
1.860
2.232
2.604
2.976
3.348

Measured values from the
ready in (nc)

3.3244
6.3307
9.9513
13.4476
16.0276
20.0276
23.1376
26.3776
28.8076

Secondly we used the Co-60 source for the calibration and we found
the average of the dose equivalent rate and it was found to be 4.63 ^Gy /
min (at temperature 27.1°C, pressure 9670 mbar the distance 300 cm from
the source). We used the same dosimeters LiF card for tlie same distance
but different time 15, 20, 25, 30, 35, 40, 45, 50, and 55 minutes
successively. By calculating the doses and the corresponding values from
the reader. The result obtained are shown in table (2).

Table (2) . Calibrations measurements carried for card dosimeters
using Co-60 source:

Dose in milli severt

0.0697
0.093

0.11625
0.13950
0.16275
0.18600
0.20925
0.23250
0.25575

measured values from the
reader in (nc)

0.72286
0.9337
1.453

1.90445
1.8260
2.0132
2.055
2.2870
2.2912

Then we used the second types GR - 200 for the Co - 60 source. A
number of dosimeters were divided itUo a subgroups one of these groups is
used as a background group and the other groups are irradiated to known
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doses (at temperature 21 °C ) for the distance 300 cm and different time 1,
3, 5, 8, 1], 15, 19 and 23 min. successively. By calculating the doses and
the corresponding values from the reader. The results obtained are shown
in table (3)

Doses in milli severt

0.00465
0.013952
0.02325
0.0372
0.05115
0.06975
0.08835
0.10695

measured values from the
reader in (nc)

0.29375
0.7066
1.732
4.937
5.7857
6.738
8.166

9.5565

To obtain the reading of nano coulomb per dose in milli sievert 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 = a x + b
With slope a and intercept b.
The line plotted using the measurement of table (1) is shown in fig.

(4) it has slope of a = 8.7 and intercept b = 0.11
The line plotted using the measurement of table (2) is shown in fig.

(5) it has slope a = 8.37 and intercept b = 0.35
The line plotted using the measurement of table (3) is shown in fig.

(6) it has slope of a = 93.61 and intercept b = 0.12
From fig. (4) and (5) it's clear that the LiF card calibration curve

independent on energy of the sources and it has the same slope for two
curves.

There is a clear different between the card curve (slope = 8.7) and
GR - 200 (slope = 93.61) that due to the sensitivity of the dosimeters, the
GR - 200 very sensitive than card.

To obtain the factor

measured dose / nc
Slope =

dose / tnsv
1 dose / msv

Factor = =
slope measured dose /nc
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Fig.4 LiF card calibration curve using csjl37 source



fig.5 LiF card calibration curve using Co_60 source
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Fig.6 GR200 Calibeation Curve using Co_60 source
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dose / msv - Factor x measured dose / nc

For the LiF card slope ^ 8.37
1

factor- =0.12
8.37

For the GR - 200 slope - 93.61
I

Factor- - 0.01
93.61

4.1.2 Measurement of radiation from Junck room
and it's round :

The TLD readings were obtained for dosemeters exposed to
radiation from Junck room (room contain radioactive isotopes) and it's
round using card, and GR - 200 dosemeters are shown in table (4) and we
used series - 1000 mini tad dosemeter for measurement too.
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Table (4): Measurement of radiation from Junck room and it's round

Inside

the

Junck
room

outside
the
Junck
room,

Period of exposure 8 days for each

Location

Inside the room at the middle
At the back of room
At the gate
Behind the room
PLR
At the step beside the room
At the East
At the Pole behind the room

Average of the
measured values (nc)

Card

4.941
1.742

L_ 2.768
0.206
0.206
0.2695
0.243
0.230

GR-200

147.153
2.853
11.253
2.534
2.534
1.947
0.766
2.575

Dose - equivalent in milli skvert

Card

0.494
0.11742
0.2768
0.02768
0.0206

0.02695
0.0243
0.0230

GR-200

1.489
0.22853
0.11253
0.11253
0.0253
0.01974
0.1766
0.02575

Scries 1000
iftini-rad

0.84
0.192
0.096
0.076
0.0192
0.0192
0.0192
0.0336



4.1.3 Measurement of radiation from laboratory of nuclear and
Applied nuclear :

A number of dosimeters were placed in a location (laboratory on
applied nuclear). The dosimeters were read and the results obtained for
card, GR - 200 and mini - rad dosimeters are shown in table (5).
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Table (5) Measurements of radiation from the laboratory of nuclear and Applied nuclear

Period of time 8 days for each

Location

Inside the room of the radiation
At the gate of TMe^vficv-fc^aolieJiwi
At the west of the lab
East of the lab
South of the lab
Applied nuclear

Average of the
measured values (nc)

Card

2.219
0.72

0.0585
0.279

0.2115
0.2626

GR - 200

42.619
8.681

0.0634
2.1522
2.642
1.578

Dose - equivalent in milli sievert

Card

0.219
0.072

0.00585
0.0279

0.02115
0.02626

GR-200

0.42619
0.08681
0.00634

0.021522
0.02642
0.01578

Series 1000
mini-rad

0.96
0.192
0.0192
0.0576
0.0768
0.0192



4.1.4 Measurement of radiation from the Main Library

A number of dosemeters were placed in different locations at the
library. The dosemeters were read and the results obtained for card and
GR- 200 dosemeters are shown in table (6).
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Table (6) Measurements of radiation from the main library

Period of exposure 8 days
for each

Location
The upper part of periodics
The lowest port of periodics
Upper rooms for students
Lowest room of students
Counter

Average of the
measured values (nc)

Card
0.1625
0.153
0.2695
0.252
0.112

GR - 200
1.3485
1.16875

1.748
1.446
1.349

Dose - equivalent
in milli sievert

Card
0.01625
0.0153

0.02695
0.0252
0.0112

GR - 200
0.013485
0.011687
0.01748
0.01446
0.01349



Table (7) Results of estimation of radiation dose - equivalent rates
from Junck room and it's rounds

inside

the
Junck

room

outside

the

Junck
room,

Location

Inside the room at
the middle
At the back of
room
At the gate

Behind the room

PLR beside the
room
At the stepnear the
room
At the East
At the Polein front
of the room

Dose - equivalent in
micro - sievert per hour
card

2.57

0.907

1.44

0.107

0.107

0.140

0.12656
0.119

GR-
200

7.7

1.19

0.586

0.131

0.072

0.1014

0.0919
0.134

mini -
rad

5.0

1.0

0.5
0.4
0.1

0.1

0.1
0.2

Dose - equivalent in
micro - sievert per minute

Card

0.042

0.0151

0.024

0.00179

0.00179

0.0023

0.0021
0.00198

GR - 200

0.12

0.019

0.0097

0.00218

0.0012

0.00169

0.0015
0.00223

Series 1000
mini-rad

0.083

0.016

0.00833

0.0066

0.00166

0.00166

0.0033
0.0336



Table (8) Results of estimation of radiation dose - equivalent rates
from the laboratory of nuclear and applied nuclear.

Location
Inside the room of
radiation
At the gate of the
room of radiation
At the west of the lab
East of the lab
South of the lab

Applied nuclear

Dose - equivalent in micro sievert per
hour

Card
1.14

0.375

0.03046
0.145
0.116
0.1367

GR - 200
2.219

0.452

0.030
0.1120
0.1376
0.082

Mini - rad
5.0

1.0

0.1
0.3
0.4
0.1

Dose - equivalent in micro sievert per
minute

Card
0.019

0.00625

0.000507
0.00242

0.001835
0.00279

GR - 200
0.03699

0.00753

0.00055
0.00186
0.00193
0.00136

Mini - rad
0.083

0.0166

0.0016
0.005
0.0066
0.00166



4.2 Discussion

The tables which shown before it evident the dose equivalent in
Physics Department and the main library.

We would like to measure the dose equivalent for the workers in
this places (students, teachers) per year.

For the students who work in the laboratory of nuclear physics they
have six experiments of nuclear in the year, they stayed 3 hours in the lab
for each experiment and two of these experiments they exposed to
radiation from the room of radiation for three minutes and the period of the
lab about 5 months through the year.
The dose for the students from the room of radiation and from the lab per
year (about 6 weeks ) and the total dose shown in table (9).
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Table (9) Estimation of radiation dose - equivalent rate
for the students in the laboratory of nuclear.

Location

The room of
radiation
The room of
radiation
In the lab outside of
the room of
radiation

The total dose from
the room of
radiatiom and the
lab

period of time

three minutes

6 minutes in a
year
3 hour in a

week
6 weeks in a
year
per year

Dose - equivalent in micro sievert

card
0.057

0.114

0.378

2.052

2.166

GR - 200
0.11697

0.23394

0.3744

2.2464

2.4803

mini - rad
0.249

0.498

0.35

2.1

2.598



About the teachers who work in this lab they have only two experiments in the
week for each experiment and they stayed about 30 minutes in the lab and about
2 minutes in the room of radiation and the period of the lab is 5 months and the
teachers work about 20 weeks in a year. Table (10) shows the dose of the
teachers in a week and per a year from the room of radiation and the laboratory.
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Table (10) Estimation of radiation dose - equivalent rate
for the teachers in the laboratory of nuclear.

Location

the room

of

radiation
in the lab out

side of the room

or radiation
the total dose from
the room of radiation
and the lab

Period of time

2 minutes

4 minutes of a
week
20 weeks per year
30 minutes

60 minutes a
week
20 week per year
per year

Dose - equivalent micro-siever
Card
0.038

0.076

1.52
0.06382

0.12764

2.5528
4.0728

GR - 200
0.07398

0.14798

2.9596
0.07185

0.1437

2.874
5.8336

Mini - rad
0.166

0.337

6.64
0.174

0.348

L 6.96
13.6



For the students who are sitting near the Junck room at the step
of the main libraiy. If the student stayed by the rate of one hour in
the week the total dose per year ( about 7 months corresponding 28
weeks) shown in table (11).

Table (11) Estimation of radiation dose - equivalenrate
for students and other people sitting near the Junck room

Location

the step of
the
main library

near the
Junck
room

period of
time

per minute

per hour in a
week

28 week per
year

Dose - equivalent in

card

0.0023

0.140

3.92

sievert
GK - 200

0.00169

0.1014

2.912

micro -

mini -
rad

6
0.1

2.8
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From these tables we find that the total dose in the laboratory of nuclear
about 2.5 micro - sieveit per year for the students and about 5.8 micro - sievert
for the teacher per year by using GR - 200 dosemeter. We observe that the dose
for the students is less than the dose for the teacher because the students work
only 6 weeks in the year but the teachers work 20 weeks in the year.

After this learning we find that the dose - equivalent per year for students
and teachers in this location which we mentioned before less than the dose that a

.ssingement by ICRP (International Commission on Radiological Protection ), it's 1
milli -sievert for the public and the occupations factor about 20 milli - sieveret per
year for the worker in radiation field (7) and there is no hazard of this dose or
trouble about it at present.
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Conclusion

In this research we exposed the work which done to measure the dose in
laboratory of Physics Department in University of Khartoum.

Firstly, we show the importance of the nuclear physics in our life, and in
chapter two we spoke about the phenomenon of thermoluminescence and the
thermoluminescent detector and we spoke about radiation protection too, and
detail exposition for the dosemeters which we used and use display quantities and
units of radiation.

Chapter three exposed the properties of TLD (thermoluminescence
detectors) card, GR - 200 and expound for the instrument of measurement (Model
- 2000 A dosemeter irradaitor) and showed the process of calibration of
dosemeters with Co-60 radiation.

there is a result of measurements in chapter four for different locations,
which we mentioned in previous chapters and extended argument for it, we used
two types of dosemeters GR - 200 and LiF card and made calibration to it and
from this calibration we obtained the slope for the GR - 200 curve (=93.61) and
for LiF card ^8.37 and we found the factor by using Co - 60 source for each
dosemeter.

We found that the total dose in the laboratory of nuclear, used card, GR -
200 and mini - rad dosemeter for the students per year about 2.2 jusv / year, 2.5
jusv / year and 2.6 JLISV / year respectively, and for the teachers about 4 JUSV /year,
5.8 p,sv / year and
13.6 JUSV / year respectively, About the students who sitting near the Junck room

the total dose by using card, GR - 200 and mini - rad dosemeter about 3.9 JLISV /
year, 2.9 u.sv / year and 2.8 j^sv / year respectively.

There is just a background radiation in the applied nuclear and the main
library.
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