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Abstract

During the operation of an X-ray machine, if the radiation protection of X-ray
room is insufficient, not only the patient but also clinical staffs as well as public
are exposed to high X-ray exposures. In this research work, leakage and scat-
tered radiations were measured from X-ray machine in the radiology depart-
ment of Cape Coast Teaching hospital in the Cape Coast Municipality of Gha-
na. The scattered radiation exposures of X-rays in some selected areas within
the facility were measured. The X-ray machine was operated for a range of kilo
voltage peaks of kV, 77, 70, 63 and 66 with intensities 20, 6.3 and 8.0 mAs,
which represents the main technique factors of some body parts such as chest,
lumbar spine and extremities during radiographic examinations. The mea-
surements were performed using a RADOS-120 Universal survey meter. The
radiation doses rates measured in the various locations in the Radiology De-
partment of Cape Coast Teaching Hospital of Ghana were in the range of 0.10
uSv/hr to 0.12 uSv/hr. These values were all within the background measure-
ment of 0.10 pSv/hr. Moreover, there were no risks of high radiation doses to
patients, staffs and people visiting the X-ray department. The results obtained
indicated that within the radiology department of the Hospital, all the selected
locations were very safe to patients, occupational workers and the general pub-
lic which could be attributed to adequate shielding in the facility.
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1. Introduction

The German physicist Roentgen, while studying the properties of cathode rays in
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1885, found that a very penetrating radiation was coming from a discharge tube.
Since the nature of radiation was hitherto unknown, it was called X-rays. Sub-
sequently, the properties of this radiation were thoroughly investigated and es-
tablished but they are still known as X-rays. The discovery of new and unknown
radiation stimulated the imagination of many workers who made serious at-
tempts to establish its nature. On the basis of several experiments, it was recog-
nized that most of the properties of this radiation are similar to those of elec-
tromagnetic waves of very short wavelengths. These radiations are produced
mainly by machines when high voltage electrons interact with matter. X-rays are
similar to gamma rays as they can pass through fairly thick materials. Ionization
radiation has brought substantial benefits when used in medicine, but there are
known risks due to stochastic effects and deterministic effects [1] [2] [3].

In radiology department of the hospital under investigation, three methods of
patient dose assessment are used; these are 1) direct dose measurement on a pa-
tient, 2) dose measurements in physical phantom, and 3) Monte Carlo simula-
tions. Lack of up-to-date dose information and conversion coefficient compli-
cates the justification and optimization of the procedures. Choosing the best
procedure for the diagnosis with the lowest radiation dose and cost proves to be
challenging [4] [5].

Passive solid-state dosimeters can be used for direct dose measurement on a
patient and in a phantom for a specific medical examination. The characteristics
of the passive dosimeter are that the radiation induces ionization in the material,
which is proportional to the energy absorbed in matter. Thermo luminescence
dosimeter (TLD), optically stimulated luminescence dosimeter (OSLD), and Ra-
diophoto luminescence Dosimeter (RPLD) are commonly used as passive dosi-
meters [6] [7] [8].

The longer a person is exposed to radiation, the more energy the body will be
absorbed from the radiation. This is not to be mistaken with the idea that the
radiation will somewhat stay in the body causing other health effects. The energy
will immediately affect the body by breaking bonds in molecules or affecting the
cells in the body. It is the absorption of energy that may lead to health effects.
Any time radiation interacts with the body, it has the potential to damage the
cells in the body, possibly leading to health effects. As more and more energy is
transferred to the body by the radiation, the chances of causing a health effect

also increases [9] [10].

2. Method

This research work has been carried out by the measurement of the effective
dose rates due to scattered radiation from diagnostic X-ray room in Cape Coast
Teaching Hospital, Cape Coast of Ghana. The radiation dose was monitored by
using a portable survey meter called RADOS Universal Survey Meter RDS-120.
The model of the fixed X-ray machine was Bucky Diagnost manufactured by Phi-

lips. The survey meter is equipped with an end window Geiger-Muller counter
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cylindrical tube enabled to detect different kinds of ionizing radiation such as
gamma and X-rays. Therefore, it was suitable appropriate or good for this re-
search work as it was able to measure the radiation doses or radiation exposure
using X-rays. The survey meter was used to measure the effective dose or scat-
tered X-rays at the control area (e.g. protected cubicle), and uncontrolled areas
such as patient waiting area, Radiographer’s office, changing room and just be-
hind the main door of the diagnostic X-ray unit as shown in Figure 1.
Measurements were performed during the daytime, normal working hours of
the selected hospital which was five hours, from 8 AM to 1 PM per day. Before
the X-ray machine was switched on, the background radiation dose rate at the
Radiology Department of the hospital was measured and found to be 0.10 uSv/h.
Subsequently after the exposure to the radiation, the fall out radiation was
measured in the control panel, radiographer’s office, changing room, just behind
the main door and patient waiting area. The X-ray machine was operated for a
range of kilo-electron volts of 77, 70, 63 and 66 and intensities 20, 6.3 and 8.0
mAs which represent the exposures for diagnostic imaging of body parts such as

chest, lumbar spine and extremities respectively. Above exposure ranges and

1

X-ray Tube

X-ray Source

Scattered

Figure 1. Schematic diagram of scattered X-rays at the Radiology department of Cape
Coast Teaching Hospital. Legend: CR: Changing Room means a place where by patients
have to remove their clothing’s and put on hospital clothing for radiologic examination;
PWA: Patient Waiting Area is an area whereby patients are allowed to sit or wait before
they are called for X-rays examination; PC: Protected Cubicle is an area within the X-ray
room where the radiographer stands or sits when X-rays are taken; BD: Behind Door is a
lead-lined protected entrance door of an X-ray room; RO: Radiographer Office is a place
or room outside the X-ray room whereby the radiographer sits to write notes of docu-
ments when X-rays are not taken.
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types of imaging were selected because they were most mostly used at the se-

lected areas of the hospital.

3. Results and Discussion

Before the measurements were done the background reading of the survey meter
RADOS-120 was taken and it was found to be 0.1 pSv/h. At this energy 77 KeV
and 20 mAs, all dose rates were slightly above the background radiation. The pa-
tient waiting area and the radiographer’s office have the least dose rates showing
that these locations were the safest areas to be in when the X-ray machine is in
operation. This is mainly due to the distance of these places from the X-ray ma-
chine as well as the design of the X-ray room. The protected cubicle, the chang-
ing room and just behind the main door have higher scatter radiation dose rates.
This is also due to the closeness of these areas to the X-ray machine and proba-
ble some defects in the shielding provided to protect these areas. This means that
some photons or X-rays penetrate through these locations but still these areas
were safe due to adequate shielding provided at the facility as shown in Figure 2.

For this energy 66 KeV and 20 mAs, there was no scatter radiation recorded in
the radiographer’s office and the patient waiting area. This is due to the lower
energy of the X-rays used as well as adequate shielding in the room. The chang-
ing room, behind the main entrance door and the protected cubicle recorded a
slightly higher reading than 0.1 pSv/h. This indicated that, all these areas are safe
for both workers and patients as shown in Figure 3.

All radiation doses were within the acceptable range for this energy 70 KeV
and intensity 20 mAs with no scatter radiation recorded in the patient waiting
area. This showed that the patient waiting area is very safe for patients to sit
whilst awaiting for examinations to be done. The changing room and the pro-
tected cubicle gave a higher radiation dose rate of 0.12 puSv/h and 0.11 uSv/h re-
spectively. All locations were safe for both patients and workers as shown in

Figure 4.
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Figure 2. Variation of Dose Rate against Location for X-ray using 77 KeV and 20 mAs.
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Figure 3. Variation of Dose Rate against Location for X-ray using 66 KeV and 20 mAs.
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Figure 4. Variation of Dose Rate against Location for X-ray using 70 KeV and 20 mAs.

At lower X-ray energies, the limiting value for the lower energy is for tech-
nique factors of keV of 66 and 20 mAs where no radiation penetrated the shields
into the locations. At 63 keV and 20 mAs, very minimal radiation penetrated the
changing room and the door whilst no scatter radiation was recorded in the pa-
tient waiting area, the protected cubicle and the Radiographer’s office as shown
in Figure 5. There was no scatter radiation recorded in any of the locations be-
low this X-ray energy. This makes all these locations safe for both patients and
workers when the X-ray machine is under operation. Table 1 shows average ef-
fective dose rate with the various locations within the X-ray facility was duly ob-
served and it was seen that the average effective dose rate for all the locations

were almost equal to the background reading of 0.10 uSv/h.
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Figure 5. Variation of Dose Rate against Location for X-ray using 63 KeV and 20 mAs.

Table 1. Results for each location with X-ray using 77 KeV and 20 mAs.

LOCATION EFFECTIVE DOSE RATE/(uSv/h) Al\),glleA?{i?;f(ics:;I}XE
Changing room (CR) 0.11 0.12 0.12 0.12
Patient waiting area (PWA) 0.11 0.11 0.11 0.11
Protected cubicle (PC) 0.12 0.12 0.13 0.12
Behind door (BD) 0.11 0.12 0.12 0.12
Radiographer’s office (RO) 0.12 0.11 0.11 0.11

The effective dose rates were measured in different locations such as the
changing room, protected cubicle, patient waiting area, just behind the main
door and the radiographer’s office in selected hospitals in Cape Coast Munici-
pality using a universal survey meter of RADOS-120. The results of the effective
dose rate (uSv/h) measurements for these areas are shown in Table 2 to Table 4.
Dose rates were varying from one location to another depending on the distance
of that location from the X-ray machine as shown in Figure 1. All measurements
were with background radiation of 0.10 uSv/h. It can be shown that as the X-rays
parameters keV and m As were increased more X-rays are penetrated through
these locations and were detected by the survey meter. Also, it can be seen that at
lower X-ray energies, the effective doses were approximately the background
radiation. This was observed in Figure 4. The effective dose rates measured at
these locations were all below the reference dose rate of 0.1 mSv/hr and there
were no adverse risks for public. This means that more photons or X-rays does
not penetrate through Radiology Department rooms of the Hospital due to ade-
quate shielding of the walls or doors. There is no obvious health risk of radiation
exposure for all the exposed population visiting the Radiology Department of

Cape Coast Teaching Hospital.
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Table 2. Results for each location with X-ray using 66 KeV and 8.0 mAs.

LOCATION EFFECTIVE DOSE RATE/(uSv/h) Aggggii?;;ﬁg};lh\;]s
Changing room (CR) 0.12 0.11 0.11 0.11
Patient waiting area (PWA) 0.10 0.11 0.10 0.10
Protected cubicle (PC) 0.11 0.12 0.11 0.11
Behind door (BD) 0.11 0.11 0.11 0.11
Radiographer’s office (RO) 0.10 0.11 0.10 0.10

Table 3. Results for each location with X-ray using 70 KeV and 20 mAs.

LOCATION EFFECTIVE DOSE RATE/(uSv/h) A;g?gii?:iﬁgf/;\;]a
Changing room (CR) 0.12 0.11 0.12 0.12
Patient waiting area (PWA) 0.10 0.10 0.11 0.10
Protected cubicle (PC) 0.12 0.12 0.11 0.12
Behind door (BD) 0.11 0.11 0.12 0.11
Radiographer’s office (RO) 0.11 0.11 0.11 0.11

Table 4. Results for each location with X-ray using 63 KeV and 20 mAs.

LOCATION EFFECTIVE DOSE RATE/(uSv/h) A;gggii?:iﬁg};?;E
Changing room (CR) 0.11 0.10 0.11 0.11
Patient waiting area (PWA) 0.10 0.10 0.10 0.10
Protected cubicle (PC) 0.10 0.10 0.11 0.10
Behind door (BD) 0.10 0.11 0.11 0.11
Radiographer’s office (RO) 0.10 0.10 0.10 0.10

4. Conclusion

The results indicated very small variations in the radiation doses as compared to
the background radiation doses at the various locations at the radiology depart-
ment of Cape Coast Teaching Hospital in Central Region of Ghana. This is
probably due to different factors such as the distance of the locations from the
X-ray machine and the effectiveness of the barriers (e.g. walls and doors). Effec-
tive doses at the control area were always slightly higher than the effective doses
at the radiographer’s office by 0.01 pSv/h for each X-ray energy. Nearer locations
such as behind the entrance door, the changing room and the controlled areas
had slightly higher effective dose rates than locations such as the Radiographer’s
office and the patient waiting area. Lower X-ray energies give rise to lower dose
rates and the vice versa. From the results obtained, it was seen that all the hos-
pital room barriers (e.g. doors and walls) were adequately shielded to reduce all

radiation doses. Moreover, there are no risks of high radiation doses on the
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patients, staff and people visiting the X-ray department of Cape Coast Teaching
Hospital. The results obtained indicate that within the radiology department of
the Hospital, all the selected locations are very safe to patients, occupational
workers and the general public. Finally it was observed that all the radiation

protection principles were adequately observed.
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