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ABSTRACT

In this work, the Thermoluminescence Dosimetry (Tiddhnique was used with phantoms to measurerttouat
of radiation received by patients during routinesRerior-anterior (PA) chest X ray examination indeeal Medical
Centre and Bishop Murray Hospital Makurdi, Theuks obtained were compared with the diagnostieneice
level set by International Atomic Energy AgencyE@ and International Commission for Radiologicabtction
(ICRP). At Federal Medical Centre, twenty eight Blllere exposed and the average skin dose measasd. ¥52
+0.01mGy. For Bishop Murray Hospital, nine measusnts were carried out and the average skin dosesuned
was 4.207 £ 0.5mGy. The skin dose measured at Bedéedical Centre, Makurdi is found to be withinfesa
radiation dose limit for patients as well as mentbef the general public. For Bishop Murray Hospstathe mean
dose measured was above the recommended dose BybtERfor patients and members of the public.

Keywords: X-ray, Thermoluminescence Dosimetry, Posterior-anterioakltdi.

INTRODUCTION

The widespread use of X- rays for medical diagnessures that diagnostic medical radiology reptsseyn far the
most Significant man- made source of exposure ri@ilng radiation for populations in the western Mqfl). This
observation also applies to both developing aneld@ed countrie?j(Faulkneret al, 1999).

In view of the significant benefit to patients fraptimized medical exposures, the principal conéemadiological
protection is the reduction of unnecessary expas@®g These are examinations that are either unlikelpe
helpful to the patient management or involves ddkatare not as low as reasonably practicablederato meet
specified clinical objectives. It has been estirdéethat, over 70% of the world population is exptsenedical X

— rays annually, and that over 95% of all man —enadliation is from diagnostic X-ray4)( It is instructive to note
that, the objective of any diagnostic X-ray proaedar examination is to produce images of patiefitsufficient
quality, in order to provide adequate diagnostiorimation for a clinician ). However, the somatic and genetic
health risk associated with exposures to X — ragiatd that, these examinations should be achiewgdminimum
amount of radiation levelgl).

Radiation levels associated with radiological prhoes in hospitals has come under increasing sgrutequiring
guantitative monitoring and accurate measurent®niThis is necessary to ascertain whether the tiadigevels in
our hospitals are within the maximum permissibleedbmit set up by International Radiation Regutatdgencies
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(4). The guiding principles recommended by the irdéomal commission on radiological protection (IQRBr
medical exposures are the clinical justificatiorpodctice and subsequent optimization of patieotgution.

Patient radiation level refers to the amount ofzong radiation an individual receives during arra§ examination
or therapy. This can be achieved by measuring kire dose using thermoluminescence dosimeters (TaDthe
output factor method, the dose area product (DAdd)the computed tomography dose index (CTDI) cailsd be
checked to ascertain radiation dose to patient.

The objective of an X-ray examination is to prodirmages of sufficient quality of the patient's ongim order to
produce adequate diagnostic information for a clam 6). However, the somatic and genetic risks assatiaith
exposures of the patient to X-rays dictates thiatghould be achieved using minimum amount of Xatiah level
(2). It has been estimate8)(that, over 70% of the world population is exptsenedical X — rays annually, and that
over 95% of all man — made radiation is from diagiitoX — rays 4). In view of the significant benefits to patients
from properly conducted medical exposuré} (he use of X-ray cannot be completely ruled foam medical
practice hence the need for patient dosimetry whigles a proper insight into the amount of radiatéo patient
receives since over exposure could result in set@alth problems like cancer and gene mutation.

In radiation measurement, the most important patenwd interest is radiation dosé)( this is defined as the energy
absorbed by a unit mass of an absorbing medium SThmit of dose is gray(Gy) and is defined asacehual to 1
joule of energy absorbed per kilogram of the ahsortiissue i.e. 1Gy=1J/Kg. The old unit is rad &alrad=
0.01Gy= 10mG@Gy. It is the general radiation prineifiiat the dose given to patients should be asakveasonably
achievable. This is the ALARA Principle.

From the result of this work, an attempt can be ertadestablish patient reference dose level irethtsspitals. This
will provide a means of monitoring radiation levédspatients during diagnostic X-ray examinationd avill assist
in keeping patient radiation levels at minimum dgriexaminations. The objective of this work is teasure the
skin dose of patients undergoing chest X-ray exatian using the TLD technique and compare the tesiitained
with the standard diagnostic reference level sddRP and IAEA. The radiation doses measured Wgth gerve as
reference level for the various hospitals inveséda

In most hospitals in Makurdi town, there is absewnferadiation protection programmes to monitor @atiis
exposures. There exist some fears that many pemglg have been overexposed in the course of X-ray
examinations. There is therefore the need to imyest the levels of exposures of especially pasternterior X-ray
exposures, this study will provide a reference intle the amount of radiation that patients are sggoto and
possible risk involved.

MATERIALSAND METHOD
The X-ray machines used for this work are situaiethe Federal medical centre and Bishop Murragpial
Makurdi. Other materials include calibrated TLDEiF enclosed in sachets from the centre for eneeggarch and
training (CERT) Zaria, Harshaw 4500 TLD readeratitd at CERT Zaria, Phantoms of various sizes(2260tm,
18cm, and 16cm), Cellophane or surgical tape, M@agtape and Lead apron.

Table 1. Machine Specificationsin Bishop Murray Hospital and Federal M edical Centre M akurdi

PARAMETERS MACHINES SPECIFICATION

FMC Makurdi Bishop Murray Hospital
Total filtration 2.0 mmAl > 2.7mmAl >2.5 mmAl
Manufacturer Italray —Italy TRILP
Year November, 2008. September, 2006
Model Compact 4006 HXT51- 2040nx
Type R105 TR300A
Anode type Rotating anode with 1.0mm focus. Rogatinode
Exposure time Selected by the processor accotdintA selected.  0.5-6.3 secs
KV range 40-125KV 0-125kVp
Serial number 043/25299 061005
Phase type Single-phase. Single

The skin dose is directly measured using anneaiddcalibrated TLDs attached to the patient’s skiafiom. Only
phantoms were used for this work since attachiegTthD to the patient skin will create an image €&att) of the
TLD on the film which will interfere with the redubf the examination. The annealing was carriedabtiie Centre
for Energy Research and Training (CERT) Ahmadud#lhiversity Zaria using Harshaw 4500 TLD readdre T
measurement was made by first positioning the gimarand X-ray equipment for the desired examinafibrest X-

801
Scholars Research Library



F.O.Ujahet al Arch. Appl. Sci. Res., 2012, 4 (2):800-804

ray) and selecting the same exposure parameters, ¢(k¥de current, exposure time, field size etcdudering the
actual patient X-ray examinations in the Hospifehe TLD badges are attached as close as possithile aentre of
the X-ray beam on the front view of the phantorilediwith water facing the X-ray source and tharresponding
SSD, KVp, mAs and the average thicknesses of tlentem recorded on a worksheet. A sachet of the TisDs
retained so that a background correction may beem@te exposed TLDs were read as well as those fosed
background readings at the Centre for Energy Rekeard Training — CERT, ABU Zaria and the resuksressed
in the chart below.

The phantom should be of material that absorbssaatters photons in the same way as tissue. lidigasvered

that phantom materials have the same density sasetiand contain the same number of electrons pen.gVater

and wet tissues absorb photons in almost the same and for this reason water has been used in many
investigations (8). The materials used for the towton of phantom were; polyvinyl glass, RTV 8idhe sealant,
hawk saw, measuring tape and a transparent cape- t

A graduated measuring tape and a lead apron arm inseneasuring the SSD and as a shield for workers
respectively.

RESULTSAND DISCUSSION
Experimental data from Federal Medical Centre M akurdi
Twenty eight (28) TLDs were exposed on phantomslifierent sizes (24cm, 20cm, 18cm and 16cm) forsthe
posterior anterior (PA) projection view using tlege of radiographic parameters normally used doit gatients
of various sizes and the results tabulated.

The measured skin dose is the dose read direotiy fhe exposed TLDs.
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Figure 3; Graph of kVp against dose for 20cm phantom
Figure 1; Graph of kVp against dose for 24cm phantom ' P Pag P
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Figure 2; Graph of mAsagainst dose for 24cm phantom

Figure 4; Graph of mAs against dose for 20cm phantom
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Figure5; Graph of kVp against dose for 18cm phantom

30 Figure 7; Graph of kVp against dosefor 16cm phantom
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Figure 6; Graph of mAsagainst dose for 18cm phantom Dose (uGy)

Figure 8; Graph of mAsagainst dose for 16cm phantom

Experimental data from Bishop Murray Hospital M akurdi

Nine TLDs were exposed on phantoms of differergsi24cm, 20cm and 18cm) for chest PA projectiemwising
the range of radiographic parameters normally diseddult patients of various sizes and the resutamarised in
the chart below
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Figure 10; Graph of mAsagainst dose for Bishop Murray
Figure 9; Graph of kVp against dose for Bishop Murray Hospital Makurdi
Hospital Makurdi

The result of this work has shown that patients whderwent chest posterior anterior (PA) examimaitioFederal
Medical Centre Makurdi, their mean skin dose mezduwvere 0.152 + 0.01mGy. This was found to be withie
recommended skin dose limit of 1mGy for membershefgeneral public (9) as well as within the refiere skin
dose of 0.4mGy recommended for patients underg@iAgchest examination by ICRP/IAEA. The graph of
kVp/dose and mAs/dose for thel8cm phantom as shiovigure 4.5 and 4.6 respectively gives the begression
coefficient. That is, R= 0.984 for kVp/dose and?R= 0.985 for mAs/dose. This result confirms theedirity
between kVp/dose and mAs/dose. For the 16 and 2d@ntoms used to simulate small and medium sizédns
respectively, the regression coefficient obtaifredh the graphs were significant. That is, the ealare above 0.5
and it shows that the result is consistent with blasic physical principles that govern the linggrlhetween
kVp/dose and mAs/dose. For the 24cm phantom sied us simulate large chest, the regression coefficior
kVp/dose is significant but that of mAs/dose isignificant that is, R =0.425, this indicates that there is no
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linearlity between mAs/dose. A little increase e tmAs used for patients with large chest coulddy# better
result.

For Bishop Murray Hospital, Makurdi; the mean sHipse measured was 4.207 + 0.50mGy. This is far etio
recommended dose by ICRP both for members of thécpand patients undergoing chest PA examinatiwhthis
can be traced to the closeness of the X-ray sdartiee patient’s skin (small SSD used). The SSDsuesl during
the experiment ranges from 63cm to 69cm, therefaitee SSD is increased in line with the inverseasg law a
better result may be obtained. The regression gabiained from the graphs were 0.537 for kVp/debkeh is
significant that is, there is linearlity betweengk¥nd dose and 0.372 for mAs/dose which is indicanit and shows
non-linearlity between the mAs and dose.

Other possible reasons why the doses measurednia Bospitals are high include poor choice of techiriactors,
incorrect film processing procedure, the age oftlaehines used and lack of quality assurance tests.

Other inconsistencies in the results obtained i;work such as variation in measured doses fosdmee values of
kVp and mAs, an increase in kVp and mAs not yigddincorresponding increase in dose sometimes mag lae
result of the workload of the machine - as the tebeis released hits the focus on the anode, afldieat is
experienced at the point which increases the sedttmdiation and reduces the transmitted rayschwii turn
decreases the efficiency. Also, insufficient traimean-power in those hospitals, that is, qualiféetlical Physicists
and Radiographers and the fluctuations in poweplgumpntribute to the nature of result obtained.

CONCLUSION

The mean skin dose values obtained in this workvsttbat the X-ray machine parameters used formelRA chest
X-ray examination in Federal Medical Centre Makudisafe for both the patients and members of #eeml
public. In Bishop Murray Hospitals, there is needapply quality control measures to reduce theatam dose.
Reduction in dose could be achieved by increadiegRFD to 180 — 200cm and the X ray filtration toleast
3.0mmAl equivalentq). These measures would significantly reduce theaace skin dose to patients without a
reduction in the quality of diagnostic informatiohtained.
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