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ABSTRACT

This study was performed to determine IEC reference radiation beam quality for 

calibrating dosimeters used in diagnostic radiology. Additional filtration required to 

establish certain IEC quality was estimated from beam transmission measurements using 

A1 absorbers. The experiment was carried out using medical x-ray equipment at Neelain 

Medical center, Khartoum. The required added filtration thickness required to establish 

RQA quality was estimated according to the method described in the IEC standard. The 

required filtration was estimated for each of radiation quality (40, 60, 80, 100, 120) kV. 

Results showed the maximum deviation of 2.3% for the half value-layers, which 

complied with the standard requirement of 3%, the additional filtration required for the 

RQA qualities was found to as follows:

I.2mmAl (RQA2,40kV), 11.0mmAL(RQA3,60kV),20.7mmAL(RQA4,80kV),29.5mmAL 

(RQA5, lOOkV) and 33.0 mmAl (RQA6, 120kV); those qualities ajf recommended to be 

applied to calibration of the diagnostic radiology measurement? instruments inSudan.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Introduction

The calibration and measurement capabilities are necessary for the application of radiation 

in medicine. Medical application of ionizing radiation sources provide by far the largest 

contribution to the population dose from artificial sources and most of this contribution 

comes from diagnostic X- rays. The use of X-rays for diagnosis has been significant since 

its discovery. A measurement of the X-ray dose is the main determinant for risk versus 

benefit of the dose examinations in this field. Dosimeters are important for dose 

measurement and these should be calibrated for traceability of the measured to the 

international measurement system. The ionization chambers are the main instruments used 

in diagnostic radiology dosimetry. The International Electrotechnical Commission (IEC) 

has established and recommended x-ray reference radiation qualities for calibrating and 

testing diagnostic radiology dosimeters. [1]

The main aim of patient dosimetry with respect to X- rays used in medical imaging is to 

determine dosimetric quantities for the establishment and use of guidance levels 

(diagnostic reference levels) and for comparative risk assessment.

Owing to the increased demand for dosimetry measurements in diagnostic and 

interventional radiology, it has become important to provide traceability of measurements 

in this field. The international atomic energy commission (IAEA) ensures traceability of 

radiation measurements through the IAEA/WHO network of Secondary Standards 

Dosimetry Laboratories (SSDLs). At present, the manner in which calibrations at 

diagnostic radiation qualities are performed is not properly coordinated. Many laboratories 

use different radiation qualities and standards some of which may be unsuitable. Quality 

control can only work satisfactorily if correct calibrations and measurements are made. 

This suggests the need for guidance for these laboratories and for those that may wish to 

join them in the future.
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The equipment and X-ray apparatus necessary for an SSDL to perform calibrations of 

diagnostic dosimeters, in many aspects, the requirements and procedures for setting up the 

calibration facility do not differ from those used for the calibration of radiotherapy 

equipment. This report can be used to provide basic guidance for the SSDL planning to 

establish a diagnostic calibration facility, in addition each particular application. [1]

The International Atomic Energy Agency published, in 2007, a code of practice for 

dosimetry in diagnostic radiology which can be used by dosimetry laboratories as well as 

by the diagnostic radiology services. Such document provides procedures to establish 

specific diagnostic radiology radiation qualities in order to calibrate instruments and to use 

these calibrated instruments to perform dosimetric procedures in clinical practices. This 

document recommends the use of all radiation qualities. The objective of this work is to 

demonstrate the procedure used in the Calibration Laboratory of 1PEN for the 

determination of additional filtration in order to establish all RQR standard radiation 

qualities, that represent the radiation qualities in radiation beams emerging from the X-ray 

tube assembly and RQA- Radiation qualities based on a phantom made up of an aluminum 

added filter . To establish the characteristics or properties associated to the X-ray radiation 

beams for physics or medical investigations, a succession of well defined conditions offers 

an important tool in various situations. Regarding these beams there are many parameters 

such as: high voltage, peak of the equipment, half value layer (HVL), and energy spectra, 

among others. These specific beams can be called reference radiations. Nowadays, ionizing 

radiation metrology laboratories from all over the world try to guarantee a metrological 

coherence among their x-ray beams, through the adoption of the reference radiations which 

were established by international standards, such as the International Eletrotechnical 

Commission - IEC to the diagnostics area, the International Organization for 

Standardization - ISO to radiation protection and the American Association of Physics in 

Medicine to the radiotherapy and radiobiology areas. This international standardization of 

the radiation beams allows the equipment to be calibrated and type tested at different 

laboratories under the same conditions and irradiation characteristics. [2]
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These conditions must be verified for each one of the forty reference beams established by 

the IEC, being nine RQR (radiation qualities in a conventional radio diagnostic), nine RQA 

(radiation qualities with an attenuated beam after the aluminum addition), three RQC 

(radiation qualities with an attenuated beam after the copper addition), three RQT 

(Computed Tomography radiation qualities) and sixteen mammography qualities. In this 

work, steps were done to implement the IEC “RQR” reference radiations, which they arc to 

be used for calibrating dosimetric instruments in radio diagnostic area. The RQR radiations 

are prerequisite to the implementation and use of the other beams that simulate the 

attenuation of the radiation by the patient, the Computed Tomography beams, fluoroscopy 

among others. [2, 3]

1.2 Literature review

Large number of studies is done about calibrations of diagnostic dosimeters. Some of these 

studies were reviewed bellow to explore its evidence and results that conclude and 

presented in this subject.

Establishment of standard x- ray qualities to be used in diagnostic level at SSDLs

The objective of the present work is to modify x-ray machine (used by the secondary 

standard dosimetry laboratory in Sudan) to produce x-ray qualities suitable for the 

calibration at diagnostic level. It based on experimental evaluations. The importance of this 

study appears in development of protocols to calibrate the instruments used in diagnostic 

radiology by good response of the instruments and low cost. In particular, the Half-Value 

Layer (HVL) values for the following qualities 40, 60, 80, 3 00 and 120 were determined 

using various attenuation layers. Ionization chamber was used to determine the free air 

kerma rate at a distance of 100cm from the x-ray generator. The obtained HVL values were 

compared with standard values of diagnostic levels. It was observed that the HVL of the 

present x-ray machine in most qualities are smaller than the standard ones. An approved 

method (described in the STANDARD IEC 61267) was applied to determine the amount of
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additional filtration required to meet the standard values. The results show :hat the 

available cupper layers were not suitable for this purpose as most of the x-ray was absorbed 

in the material. Aluminum layers, on the other hand, show good performances to reduce the 

beams to the desired levels. The amount of additional filtration (from Aluminum layers ) 

needed in order to establish standard x-ray qualities to be used in diagnostic levels were 

determined. [4]

Determination of inherent and additional filtration in order to establish radiation

qualities according to IEC 61267

recommended

radiology calibration, it was determined the inherent and additional filtration of an X rays 

system at the Calibration Laboratory of IPEN. To determine the inherent filtration it was 

used the methodology recommended by the norm ISO 4037-1. The HVL found was 0.1 

mmAl. After that, using the published data at the ISO 4037-1, it was calculated the inherent 

filtration correspondent to this HVL, by extrapolation method. The inherent filtration found 

was 0.138 mmAl. To determine the additional filtration necessary' to get each one of the 

RQR radiation qualities, according to IEC 61267, it is necessary to make an attenuation 

curve with no filtration. After that a transparent rectangle template representing the first 

and the second HVL, correspondent to the specific RQR, was made and it ŵ as slid through 

the curve. When the edges of the rectangle fit the curve, it is found the additional filtration 

to the specific radiation quality. This procedure was applied to each radiation quality from 

40 to 150 kV. According to the IEC 61267, after the additional filtration determination, the 

correspondent HVL must be added and the relation between the values obtained with and 

without this HVL must be from 0.485 and 0.515. In this work all obtained values were 

inside this range, nevertheless, a fine adjustment was made in order to get a relation of

mmAl

mmAl. [5]
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Analysis of metrological parameters of DEC x-ray reference radiation quality

Ionizing radiation metrology is the basis for achieving reliable dose measurements in 

occupationally exposed workers, in patients submitted to diagnostic radiology exams or 

radiotherapy treatment and at environment monitoring for evaluation of public exposure. 

The main aim of reliable measurements is to establish and assure radiation protection 

procedures for reducing the probability of harmful biological effects caused by the X. beta- 

gamma and other ionizing radiations. Sound metrology requires the use of reliable 

radiation detectors that means proper calibration and compliance with standards. In the 

ionizing radiation field, worldwide metrology coherence is achieved when calibration 

laboratories adopt international reference radiation qualities. This means that any 

instrument will be calibrated and tested under similar standard irradiation conditions 

elsewhere. The International Electro technical Commission (IEC) has established and 

recommended x-ray reference radiations for calibrating and testing diagnostic radiology 

dosimeters. Metrological parameters of un attenuated beams were measured and analyzed 

with the aim of implementing such qualities at CDTN calibration laboratory. Results 

showed the maximum deviation of 2.3% for the half value-layers that complied with the 

standard requirement of 3%. The homogeneity coefficients for all radiation qualities were 

always within the reference value of ± 0.03. results also proved that all requirements were 

fulfilled even with the use of aluminum filters not as pure as required by IEC. [6]

Summary

All of these studies reported the importance of this work and to introduce a RQA, it is 

necessary to measure the first HVL after being added the calculated filtration in the tests 

determined by IEC standard. From this moment the values found can be compared to the 

values of reference established by this standard. The RQA of interest will only be 

considered implemented if such HVL values are in accordance to what is permitted by the 

standard. It is important to continue this work so as to check if there are any metrology 

implications, and if so what are them, in the use of commercial filters that present purity 

levels a little bit lower than the one required by the standards as much for practical reasons, 

as for financial ones.



1.3 OBJECTIVES

General objective:

1. Establish radiation beam qualities for calibrating dosimeters used in diagnostic 

radiology

Specific objectives:

1. To determine additional filtration in order to establish RQA radiation quality, that 

represents radiation qualities with an attenuated beam after adding aluminum filters

2.

3.

To establish new procedure used for Calibration of diagnostic radiology dosimeters.

To evaluate of uncertainty result in the measurement of all procedures for 

calibration.
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1.4 Thesis Out lines

Chapter one:

This chapter is a general introduction to the purpose and benefit of this study. The 

published literature and studies done on the research subject were reviewed in this chapter 

to know about bases and methods of assessing the public exposure and to compare the 

obtained results with international ones. The objectives of this study were also mentioned 

in this chapter.

Chapter two:

This chapter explores the radiation physics considering the radiation sources, radiation 

classifications, radiation quantities and units, interactions of radiation with matter, and 

radiation detection and measurements. The radiation dosemitry and calibration of 

dosimeter protection principles are mentioned in short notes. The physics X-ray in details 

considering the units components and performance principles.

Chapter three:

This chapter describes the materials and methods used in this research to Calibration of

dosimeters used in diagnostic radiology in terms of air kerrna rate by determine the

additional filtration required to establish the radiation quality 

Chapter four:

Chapter four consist of: presentation of the obtained results in tables and figures, discussion 

of that results, and comparison with literature and international studies.

Chapter five:

This chapter introduces the conclusion that had been derived out from the research.
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CHAPTER TWO

RADIOLOGICAL PHYSICS

1.5 Radiation Physics

Radiological physics is the science of ionizing radiation and its interaction with mater, with 

special interest in the energy thus absorbed.

1.5.1 Classification of radiation

Radiation is classified into two main categories, nonionizing and ionizing, depending on 

its ability to ionize matter, non-ionizing radiation cannot ionize matter but ionizing 

radiation can ionize matter either directly or indirectly. Directly ionizing radiation deposits 

energy in the medium through direct coulomb interactions between the directly ionizing 

charged particle and orbital electrons of atoms in the medium indirectly ionizing radiation 

(photons or neutrons) deposits energy in the medium through a two step process in the first 

step a charged particle is released in the medium (photons release electrons or positrons, 

neutrons release protons or heavier ions); and in the second step the released charged 

particles deposit energy to the medium through direct Coulomb interactions with orbital 

electrons of the atoms in the medium. Both directly and indirectly ionizing radiations are 

used in the treatment of disease, mainly but not exclusively for malignant disease. The 

branch of medicine that uses radiation in the treatment of disease is called radiotherapy, 

therapeutic radiology or radiation oncology. Diagnostic radiology and nuclear medicine are 

branches of medicine that use ionizing radiation in the diagnosis of disease.

1.6 Interaction of ionizing radiation with matter

1.6.1 Photon beam attenuation

The intensity I(x) of a narrow mono energetic photon beam, attenuated by an attenuator of 

thickness x, is given as:
T _  T -n(hv,z)xl(x)- 1<0) e
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Where: I (o> is the original intensity of the un attenuated beam; |i(hv, Z) is the linear 

attenuation coefficient, which depends on photon energy hv and attenuator atomic number

Z.

Half-value layer (HVL)

The half-value layer (HVL) is defined as that thickness of the attenuator that attenuates the 

photon beam intensity to 50% of its original value: HVL = (ln2) / p

1.7 Photon Interactions
Photons may undergo various possible interactions with the atoms of an attenuator; the 

probability or cross-section for each interaction depends on the energy hv of the photon and 

on the atomic number Z of the attenuator. During the interaction the photon may 

completely disappear (photoelectric effect, pair production), (coherent scattering) or 

incoherently (Compton effect).

1 .7.1 Photoelectric effect

In the photoelectric effect the photon interacts with a tightly bound orbital electron of an 

attenuator and disappears, while the orbital electron is ejected from the atom as a 

photoelectron with a kinetic energy Ejc given as:

Ek= hv -  Eb

Where hv is the incident photon energy and Eb is the binding energy of the electron. 

Compton Effect (incoherent scattering)

The Compton effect (incoherent scattering) represents a photon interaction with an 

essentially ‘free and stationary’ orbital electron. The incident photon energy hv is much 

larger than the binding energy o f the orbital electron. The photon loses part of its energy to 

the recoil (Compton) electron and is scattered as photon hv through a scattering angle 0. 

Angle <f> represents the angle between the incident photon direction and the direction of the

recoil electron.
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An incident photon with energy hv interacts with a loosely bound (essentially free) atomic 

electron. The electron is ejected from the atom as a recoil (Compton) electron with kinetic 

energy EK and a scattered photon with energy hv = hv- EK is produced.

Pair production

In pair production the photon disappears and an electron-positron pair with a combined
2kinetic energy equal to hv -  2meC is produced in the nuclear Coulomb field. Since mass is

produced out of photon energy in the form of an electron - positron pair, pair production

has an energy threshold (minimum photon energy required for the effect to happen) of 
22nieC = 1.02 MeV, when pair production occurs in the field of an orbital electron, the 

effect is referred to as triplet production, and three particles (an electron- positron pair and 

the orbital electron) share the available energy. The threshold for this effect is 4 m y . The 

probability for pair production is zero for photon energies below the threshold energy and 

increases rapidly with photon energy above the threshold. [7]

L 7.2 Radiation detection

Absorption of radiation in material produces many changes, which form the basis to dose 

measurement based on physical, chemical and biological effects. Different detectors have 

been used to develop dosimeters for ionizing radiation and some of them are used to 

measure relative dose distributions for therapeutic electron and photon beams. A few of 

them are used for measurements of absolute or reference absorbed dose called primary 

standard. Detectors can be divided broadly into three categories: those that measure 

directly the quantify of energy absorbed, detectors that measure ionization and those that 

quantify free radicals formed in the absorbing medium. [8]

1.8 Radiation Dosimetry

Radiation dosimetry is the measurement of absorbed dose resulting from the interaction of 

ionizing radiations with matter. It also deals with the measurement or calculations of 

exposure, Kerma, equivalent dose, effective dose and any other radiological quantity.
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1.8. J Radiation quantities and units

Radiation quantities and units have been defined for describing a beam of radiation and the 

dose of radiation. That quantities are been classified as: radiation field, physical, and 

radiation protection quantities.

Radiation field quantities 

Fluence

The fluence, <D, is the quotient dN by da, where dN is the number of partic les incident on a 

sphere of cross sectional area da, thus:

(2.1)

Unit: m-2 

Energy fluence

The energy fluence, Tfi is the quotient dR by da, where dR is the radiant 

on sphere of cross sectional area da, thus:

energy incident

Unit: J/m2

1.8.2 Physical quantities

Kerma and Kerma rate

The kerma, K, is the quotient dEtr by dm, where dEtr is the sum of initial kinetic energies 

of all the charged particles liberated by uncharged particles in a mass dm of material, thus:

dE tr

K dm (2 .3)

Unit: J/Kg. the special name for the unite of kerma is gray (Gy)

The kerma rate, K, is the quotient dK by dt, where dK is the increment of kerma in the time 

interval dt, thus:



(2.4)

Unit: J/Kg^’s'1. If the special name gray is used, the unit of kerma rate is (Gy/s).

Absorbed dose

The absorbed dose, D, is the quotient dE by dm, where dE is the mean energy imported to 

matter of mass dm, thus:

Unit: J/Kg. The special name for the unit of absorbed dose is gray (Gy)

Exposure

Exposure X is the quotient of dQ by dm, where dQ is the absolute value of the total charge 

of the ions of one sign produced in air when all the electrons and positrons liberated or 

created by photons in mass dm of air are completely stopped in air:

X dm (2.6)

The international unit of exposure is coulomb per kilogram (C/Kg). The conventional unit 

of exposure is the roentgen R, where 1R= 2.58XlCT4C/Kg of air.

1.9 Radiation Protection Quantities

Radiation protection quantities are the quantities related to the deterministic and stochastic 

effects of radiation such as:

Equivalent dose

The equivalent dose, Ht, to and organ or tissue, T, for a single type of radiation. R, is the 

product of radiation weighting factor, W r , for radiation R and the organ dose, Dj, thus:

Ht =  Wr *D t............................................ (2.7)

Unit: J/Kg. the special name for the unit of equivalent dose is sievert (Sv).

Effective dose
12



The effective dose, E, is the sum over all the organs and tissues of the body of the product 

of the equivalent dose, Hy, to the organ or tissue and a tissue weighting factor. W i, lor that 

organ or tissue, thus:

E - ^ W t Ht........... (2.8)

1.10 Dosimetry Equipment

L I 0.1 Ionization chamber

For each category of measurements, the laboratory should have two reference class 

ionization chambers. Each reference chamber (or set of reference chambers) should provide 

a useful operating range of radiation qualities applicable to all radiation qualities approved 

for that category. A chamber is considered suitable for a given series of radiation qualities 

if it performs according to some general internationally accepted specification 

With these specifications,
141. The leakage current of a suitable reference chamber should be below 10“ A. Each 

chamber should have a wall thickness sufficient for completion of buildup and 

calibration coefficients consistent with the overall accuracy goals of the laboratory.

2. The chambers should have high stability and should be ruggedly constructed of 

material that will minimize change of response with age, temperature, humidity and 

moderate mechanical force.

3. Any chamber may qualify for more than one series of radiation qualities as long as 

it meets the requirements of each series. The laboratory must have standard 

ionization chambers calibrated at radiation qualities sufficient to cover the 

laboratory’s beam qualities. The SSDL should only provide calibrations with the 

chambers and radiation qualities for which it has a traceable calibration. [7]

1.10.2 Parallel-plate (plane-parallel) ionization chambers

A parallel-plate ionization chamber consists of two plane walls, one serving as an entry 

window and polarizing electrode and the other as the back wall and collecting electrode, as
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well as a guard ring system. The back wall is usually a block of conducting plastic or a 

non-conducting material (usually Perspex or polystyrene) with a thin conducting layer of 

graphite forming the collecting electrode and the guard ring system on top.

The parallel-plate chamber is recommended for dosimetry of electron beams w ith energies 

below 10 MeV. It is also used for surface dose and depth dose measurements in the buildup 

region of megavoltage photon beams. The characteristics of commercially available 

parallel-plate chambers and the use of these chambers in electron beam dosimetry is 

discussed elsewhere. [1]

Some parallel-plate chambers require significant fluence perturbation correction because 

they are provided with an inadequate guard width.

There are calibration methods for pencil ionization chambers and main the difference 

among them is the irradiated portion of the chamber sensitive length. Following the 

establishment of standard radiation fields, two calibration methodologies were tested: with 

total irradiation of the chamber sensitive length -  the most usual calibration method lor 

dosimeters in general; and with partial irradiation of the chamber sensitive length, as 

recommended. Only two radiation qualities recommended for pencil ionization chambers 

calibration were utilized in these tests: RQR9 e RQA9. In the majority of calibration 

procedures, the whole dosimeters sensitive area is irradiated.

Also, it is possible to calibrate pencil ionization chambers in this way. utilizing the 

established radio diagnosis standard radiation fields. The chambers were positioned 

perpendicular to the anode cathode axis to avoid the anodic effect.

The calibration procedure suggested by the present study is similar to the methodology 

with complete irradiation of the volume, with an additional collimation system allowing the 

partial irradiation of the chamber under calibration. For ensuring an accurate coilimation, 

the collimation system must be positioned the nearest possible to the chamber under 

calibration. This proximity, however, creates an undesirable effect: an increase in scattered 

radiation contribution in the reading. This effect is still more accentuated since the sensitive 

volume portion protected from the primary beam is not insensitive to the scattered 

radiation. For determining the calibration coefficient, the introduction of a correction factor
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for this effect is necessary. This correction is performed by determining a "residual 

reading'5 in the ionization chamber that is a reading related to a null radiation field. This 

residual reading can be estimated by means of a linear adjustment in measurements 

performed for at least three different radiation field sizes. m

LI 0.3 Calibration o f dosimeters

Calibration of a dosimeter involves the detector and the electrometer being used to measure 

the charge or current produced during the exposure. All measuring equipment used for 

calibration at the SSDL should be of reference class and be available in duplicate. This 

includes ionization chambers, electrometers, thermometers, barometers and devices to 

measure the relative humidity of the air. Each reference class chamber should have a valid 

calibration coefficient traceable to a primary standard dosimetry laboratory (PSDL) or to 

the IAEA. The chambers should be calibrated at a number o f radiation qualities sufficient 

to cover the laboratory’s goals. Regular (e.g. monthly) measurements should be made to 

check the stability of the reference chambers. The time interval between periodic 

calibrations of the standard instrument should be within the acceptable period defined by 

national regulations.

The secondary standard can be used either directly for routine calibrations of user 

instruments or periodically to calibrate one or more working standard instruments or to 

determine the air kerma or absorbed dose rate of a 60Co unit for subsequent use in routine 

calibrations. The overall uncertainty attributed to the calibration of a user instrument might 

be slightly less when it is calibrated against the secondary standard rather than a working 

standard, but the difference should be small and must be balanced against the increased risk 

of damage or of a change in the calibration coefficient of the secondary standard if used 

regularly. It is emphasized that the dosimetry of an SSDL depends on the stability of the 

secondary standard and it is essential that it is maintained with the utmost care and stored 

in a safe place under stable environmental conditions that minimize the possibility of 

change in the calibration coefficient. The dosimeter calibration coefficient is obtained from

NDiW = D J M ............ (2.9)
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Where: M is used to denote the corrected dosimeter reading per unit time and Dw denotes 

the absorbed dose to water per unit time at the reference point.

The SSDL must also estimate the uncertainty of the calibration coefficient. [1]

1.11 X ray Equipment
The laboratory should use X ray equipment dedicated to calibration use. The range of 

radiation qualities provided by the laboratory should be consistent with beam qualities as 

specified in IEC .To performs calibrations of dosimetric equipment in radiation qualities 

appropriate to conventional diagnostic radiology, the use of a high voltage generator 

delivering a constant X ray tube voltage at least over the range 50-120 kV is 

recommended. An X ray tube voltage over the range 20—40 kV is required for 

mammography applications. Modem high voltage generators do not usually produce a truly 

constant voltage, it having a certain amount of high frequency ripple. Ripple is expressed 

as a percentage and is 100 times the ratio of the difference between the highest and lowest 

values of a rectified waveform during a cycle of potential to the highest value. For the 

purpose of this Code of Practice it will be assumed that the X ray tube voltage ripple is less 

than 10% for conventional applications and less than 4% for mammography applications. It 

is preferable to use a high voltage generator having as low a ripple as possible. X ray units 

are commercially available that have a ripple o f <1%. It should be possible to display the 

value o f the tube potential to within 1%. For producing the radiation qualities required for 

diagnostic radiology, the target of the X ray tube should be of the reflecting type. The 

anode angle should not be larger than 21°. It is preferable that the X ray tube should be of 

the liquid cooled anode type. This limits its heat dissipation to the environs of the tube and 

allows its continuous operation. [9,10]

X ray tubes for calibrations of dosimeters for conventional radiology and CT should have a 

tungsten target. Requiring tungsten as a target material does not refer to pure tungsten but 

to a tungsten rich alloy. For technological reasons, for example, alloys are used containing 

up to 10% rhenium. X ray tubes for calibrations of mammography dosimeters . The 

radiation leaves the X ray tube through its exit window. It is important that the exit window 

adds as little filtration as possible to the inherent filtration of the X ray tube. Too strong a
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filtration may result in some radiation qualities not being realized. Frequently, the window 

is made o f beryllium, in which case the beam hardening is negligible. The inherent 

filtration, namely, the filtration in the X ray tube and possibly in the radiation protection 

housing, should always be less than 2.5 mm A1 quality equivalent filtration. [11]

1.11.1 X  ray tube voltage measuring devices

Preferably an invasive device is used to assess the accuracy and stability of the X ray tube 

voltage measured as the practical peak voltage. This device should be able to measure the 

practical peak voltage to within 1.5% or 1.5 kV (k = 2), whichever is the larger. 

Alternatively, anon-invasive device can be used. Requirements regarding the specifications 

for non-invasive X ray tube voltage measuring devices are given in IEC. Non-invasive

instruments used for measuring the x ray tube

voltage in this Code of Practice should comply with IEC. [12]

1.11.2 X ray generators

The term ‘X ray generator’ is used here to refer to the combination of a high voltage 

generator and X ray tube. Usually a single X ray generator cannot provide X ray qualities 

over the entire range from about 10 kV to 450 kV used in radiotherapy. Consequently, 

unless calibrations are to be performed over a limited range, more than one X ray generator 

is required.

A low inherent filtration is required for an X ray tube to be used effectively down to the 

lowest generating potential. The inherent filtration of a tube used for the lower energy 

range (about 10-60 kV), plus the filtration of any monitor ionization chamber, should not 

be more than around 3 mm of beryllium equivalent. [13]

1.11.3 Radiation qualities andfilters

Radiation qualities used for calibrations for diagnostic radiology. Different X ray qualities 

are produced by changing the generating potential and the beam filtration. The radiation 

qualities offered by the SSDL for calibration of dosimeters should be suited to the 

particular needs of radiation therapy in that part of the world. The SSDL should offer a
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range of qualities such that each dosimeter can be calibrated at X ray qualities lower in 

energy than, and at least as high in energy as, any that are to be measured by that 

dosimeter, as well as at several qualities between these limits. In addition, the SSDL should

try to reproduce the qualities used to calibrate the secondary standard at the PSDL or the

BIPM. Additional X ray qualities that can be used for the calibration of dosimeters. For 

calibrations, the tube current should be set such that the air kerma or absorbed dose rate is 

in the range from around 10 mGy/min to 1 Gy/min. Filters should be made from metal with 

the highest purity readily available . Particular attention should be paid to avoiding 

impurities of higher atomic numbers. They should be as homogeneous as possible, without 

visible flaws (pinholes, cracks, macroscopic grains). Filters should be mounted as close as 

possible to the shutter, and the individual elements should be arranged, from the focus, in 

decreasing order of atomic number (to reduce fluorescent radiation from elements with 

higher atomic number). Suitable sets of filter combinations can be mounted on a w heel to 

facilitate changing radiation qualities [1]

1.12 Radiation Qualities (RQA)
RQA- Radiation qualities with an attenuated beam after the Aluminum addition, which are 

used for the determination of characteristics, when the measurements are made in the 

radiation beam emerging from irradiated object simulating patient. [2]

The radiation qualities RQA according to IEC should be established. These radiation 

qualities represent the beam incident on the patient in general radiography, fluoroscopy and 

dental applications. They can be realized by means of a tungsten anode X ray tube. 

Preferentially, the X ray tube voltage should be measured with a voltage divider connected 

in parallel to the X ray tube. The X ray tube voltage should be specified in terms of the 

practical peak voltage. The overall uncertainty (coverage factor k = 2) of the X ray tube 

voltage measurement should not be greater than 5% or 2 kV, whichever is the greater. [1]
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C H A P T E R  T H R E E

MATERIAL AND METHOD

Measurements were performed at the X-ray radiography unit at Neleen Medical Center 

Khartoum on SHIMADZO X-ray equipment model 1/2P13DK-85. Beam transmission 

measurements were made through A1 sheets with thickness that ranged from 1.0 to 20 mm. 

Experimental measurements were made using parallel plane ionisation chamber SFD 

chamber (shadow -  free diagnostic chamber) type 34060 Connected to a electrometer 

model UNIDOS, type T10002-20872 (PTW, Germany). The dosimetry system (ionisation 

chamber + electrometer) has a valid calibration which is traceable to German National 

Standard Laboratory (PTB). Aluminum filters o f purity about 99.9% were used for the 

characterization of the reference radiation qualities, as well as measurements of half-value 

layer for determining the inherent filtration o f X-ray equipment.,

The attenuation curves as well as the measurement the additional filtration in order to 

obtain the RQA was done as foliows:

1. A specific high voltage to each reference radiation, a 10 mA fixed current and 

indeterminate exposure time in the X-ray equipment were selected.

2. The geometric center o f the sensitive volume o f the ionization chamber was placed at 

100 cm o f the X-ray equipment focal spot and perpendicular to the collimated beam, in 

order to obtain a field that covered all the sensitive volume of this chamber.

3. The air kerma rate mode in the electrometer was selected and, right after its 

stabilization, it were registered the readings of each measurement set. Ten readings for 

each situation were realized: the first one was done without any additional filters, after 

the registration o f these measurements it was added an aluminum filter that had a well 

defined thickness, registering the measurements. Then it was added another filter and 

so on.
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4. The filters were fixed at the equipment collimator between the ionization chamber and 

the x-ray equipment focal point.

5. The carves was determined. Therefore, for the establishment of the “RQA” radiation 

qualities, according to attenuation curves for determining the amount of filtering for 

each “RQA” radiation quality must be done, in order to get the 1st HVL. Each RQA 

radiation quality has one specific voltage (40, 60, 80,100, 120 kV) and in all case the 

tube current was 10 mA. For simulating the patient in order to achieve the standard 

radiation qualities RQA2 toRQAlO, layers of aluminum of suitable thickness to obtain 

the value of the added filter given in Table 1,

Table 1:

Characterization of standard radiation qualities RQA 2 to RQA 10

S t a n d a r d  r a d ia t io n

QUALITY
X -R A Y  TUBE VO LTAG E

k V

A D D ED  FILTER 

t h ic k n e s s  o f  a lu m in iu m

m m

N o m in a l  f ir s t  HALF
VALU E LA Y ER  in 

t h ic k n e s s  o f  a lu m in iu m
mm

R Q A  2 4 0 4 2 ,2

R Q A  3 5 0 10 3 ,8

R Q A  4 6 0 16 5 ,4

R Q A  5 7 0 21 6 ,8

R Q A  6 8 0 2 6 8 ,2

R Q A  7 9 0 3 0 9,2

R Q A  8 1 0 0 3 4 1 0 ,1

R Q A  9 1 2 0 4 0 1 1 ,5

R Q A  10 1 5 0 4 5 1 3 ,3
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

1 . Resul ts

The present study presents results on the determination of X-ray quality according to the 

IEC standard for calibrating radiation dosimeters used in diagnostic radiology. The study 

includes estimation of the amount of added filtration required to establish RQA as 

described in the relevant IEC standard. Table 2 shows measurements of air kerma rate 

behind variable aluminum absorbers 40, 60, 80, 100, and 120 kV diagnostic x-ray beam 

qualities. High purity A1 filters were used as recommended in the IEC document.

Table 3 includes values obtained for the beam transmission by dividing the value of output 

air kerma rate during thickness on the value of output air kerma rate without thickness for 

the beam quality 40, 60, 80,100, and 120 kV.

Table2. Air kerma rate as a function of the applied different additional A1 filters for kV

Tube Voltage

(mm AL) 40 60 80 100 120

Air kerma rate ( pGy/360sec)

0 165 484 893.3 1520 2027

0.5 129 401 780 1360 1813

1 102 344 680 1200 1673

2 65 253 526.7 1000 1420

4 32 159 356.7 707 1053

6 22 102 246.7 540 827

8 # 71 160 440 620

10 # # 160 353 480

12 # # 120 280 380

15 # # # 220 320
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Table3. X -ray  beam  transm ission  function  w ith  the corresponding  applied Al filters

thickness and tube voltage.

Tube Voltage

40 60 80 100 120

AL

(mm)

(Transmission)

0 1 1 1 1

0.5 0.82 0.82 0.90 0.90 0.90

1 0.62 0.70 0.80 0.80 0.80

2 0.40 0.50 0.60 0.70 0.50

4 0.21 0.32 0.40 0.50 0.40

6 0.11 0.20 0.30 0.40 0.30

8 # 0.10 0.20 0.30 0.23

10 # # 0.20 0.24 0.21

12 # # 0.10 0.21 o.20

15 # # # 0.10 0.10

X-ray beam transmissions (Table 3) are presented graphically in Figure 1. Beam qualities 

40, 60, 80, 100, and 120 are indicated in the figure as O l, Q2, Q3, Q4 and Q5. respectively. 

The attenuation curves shown in Figure 1 are fitted to an exponential decay from which the 

linear attenuation coefficients (p) were obtained. The half-value layer thickness (HVL) 

were obtained from p using the relation (FTVL = 0.693/ p). The total filiations in the beam 

were determined using HVL to total filtration conversion tables.



I

Q1 
Q2 

a Q3
▼ Q4

Q5

i

i— *— i— r— l— 1— i— 1— i— 1— i— 1— i— 1— r
4 6 8 10 12 14 16 18

Thickness (mm Al)

Fig. 1. Attenuation curves for the beam qualities (40, 60, 80, 100,1 20 )kV as a function 

o f the Aluminum absorber thickness



Table 4: C orrelation  betw een recom m ended H V L  and m easured H V L and the additional

filtration determined according to the IEC standard

IEC quality RQA Clinical X-ray equipment Additional

Beam Quality HVL Added Filter HVL Filtration filtration

in the beam required

(mm Alj
i1

40 2.2 4 1.78 ±0.001 2.8 1.2

60 5.4 16 3.01 ±0.002 5.0 11.0

80 8.2 26 4.10 ±0.02 5.3 20.7

100 10.1 34 5.33 ±0.0005 5.5 29.5
j

120 11.6 40 6.93 ±0.006 7.0 33.0

Table 4 shows the determined half-value layer HVL and the total filtration for all beam

quality and the measured HVL for the dianostic X-ray equipment under study.The results

are compared to the recommended HVL to determine required additional Alteration.Then 

the radiation qualities of the RQA are readily obtained by adding the additional filtration 

given in columns 6 of Table 4.
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% \4  Discussion

Ionizing radiation metrology is the base to achieve reliable dose measurements in all areas; 

it is also part of the framework of a radiological protection program that requires the use of 

reliable instruments that comply with standard performance criteria worldwide accepted. 

The International Electrotechnical Commission (IEC) established the x-ray reference 

radiations that are recommended to be used for calibrating dosimetric systems for 

diagnostic dosimetry. In this work, x-ray beam qualities were implemented in the El Nilain 

center for diagnosis, the characteristics of the beams were analyzed through the 

measurement of filtration in the beam and the additional filtration required was determined. 

The first half-value layers and the homogeneity coefficients were measured for the RQA 

X-ray beam qualities described in IEC standard. Measurements of the transmitted air kerma 

through A1 absorbers were made using calibrated ionization chamber. Beam parameters 

were adjusted to comply with IEC standard; the main source of uncertainty during the 

calibration process was due to the ionization chamber positioning set-up and the purity of 

the filters, which did not cause relevant influence on the beam energy spectra.

This study showed that its adding A1 filter. To the lower energy part of the X-ray beam 

spectrum results in absorb in the added filter, and can be used for determining the quality 

of radiation RQR, RQA.

Table3 provides the beam transition as function of the applied thickness of aluminum for 

the beam quality (40, 60, and 80,100,120) KV, attenuation curves was obtained.

Figurelshows the attenuation curves from which HVL for each beam qualities was 

calculated and compare with their corresponding values in Standard Application Note 

Conversion Tables.Total filtration were found from the HVL standard values and were 

used to calculate the additional filtration in the beam .The results obtained in the present 

study are compared to the results that were obtained from the ISO,
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C H A P T E R  F IV E

CONCLUSIONS

To introduce a RQA, it is necessary to measure before and after adding the calculated 

filtration in the tests determined by IEC standard. From this moment the values found can 

be compared to the reference values established by the standard.

The RQA of interest will only be considered implemented if such HVL values are in 

accordance to what is permitted by the standard, the feasibility of the introduction of the 

IEC quality RQA, although the use o f filters with purity levels lower than the one 

recommended by the IEC standard. It is important to continue this work so as to check it' 

there are any metrology implications, and if so what are they, in the use of commercial 

filters that present purity levels a little bit lower than the one required by the standards as 

much for practical reasons, as for financial ones. All x-ray parameters were analyzed and 

their uncertainties were evaluated.

The calibration procedure was also implemented by calibrating a field ionization chamber 

against a reference chamber traceable to national standard dosimeter. The uncertainty in the 

calibration procedure was evaluated and the main source o f uncertainty was identified.
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