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ABSTRACT

An assessment of radiation dose levels inside diagnostic radiology rooms at
King Khalid University Hospital was made. The measurements were taken using
lithium Floride detectors Also, an assessment of doses received by patients during
some radiographic examinations especiallyatfluoroscopyhasbeenmeasured.lt
has been noted that when rare-earth image intensifying screens were used the
radiation dose received by the patient was reduced by 60%. It has been shown that
a lead glass viewer caused a reduction of the radiation intensity by more than
50%. The variation of dose rate with the operating conditions of the X-ray tube
has been studied, as well as the machine factor (P)

INTRODUCTION

Diagnostic X-ray procedures contribute the most to man's exposure to ionizing
radiation from artificial sources. The ICRP [1] recommendation in this regard is that all
radiation doses should be kept "as low as reasonably achievable". This is a basic principle and
should always apply. [2] It is has developed to go in cost and efforts to reduce radiation
exposures. These principles are: (1) justification of the practice, (2) optimization of
protection, (3) dose limitation. These same principles have been adopted by the international
Atomic Energy Agency (IAEA) in its Basic Safety Standard [3] apply in principle and should
also apply in practice, in the protection of the patient in diagnostic radiology. Radiation
protection for patients has gradually shifted from a concern about population exposures and
hereditary effects, to the risk to the individual patient.

However it is still necessary to assess collective doses from various medical
procedures, since this gives a valuable information when taking protective measures related to
design or choice of procedure. The collective dose of a group of patients can be used as a
measure of stochastic fatal health radiation detriment (collective risk). Values for such a dose
have been recommended by different organizations [4].

The aim of this work is the following:

1. To assess the dose levels of the diagnostic radiology rooms while the X-ray machines are
in operation, and to investigate the effectiveness of the lead glass viewer as a shield.

2. To arrive at guidelines for proper machine operation, and frequent maintenance and
quality control.

3. To assess the dose rate imparted to the patient during fluoroscopic examination.
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4. To show the effect to the patient undergoing diagnostic X-ray.

MATERTAL AND METHOD

At the Department of Diagnostic Radiology at king Khalid University Hospital in
Riyadh, there are 8 X-ray machines located in 8 rooms. Most of the machines are
manufactured by Siemens Company. The dose measurements have been made in rooms 4,5,6
and 8.

There are other number of X-ray machines located at different departments at the
hospital, such as Cardiology, Angiography, Operation Theatre, Accidents and Emergency
department. The total daily exposures in the hospital are 1060 R total of 497 of them is made
at the main X-ray diagnostic department.

The X-ray machines are used for general radiation, skull radiography, mammography,
angiographic processure, tomography and fluoroscopy.

The operating conditions of the X-ray machines differ widely and they vary according
to the type of exposure and organ. Each X-ray machine consists of a tube as source of
radiation, a phantom as a target for the ionizing radiation, and the TLD dosimeter as a
detector.

The machines are operated at potential energy levels 70-100 KV. At this energy
range intensifying screens composed of Rare-earth phosphors can produce radiographs with
radiation dosage lesser than conventional screens with the same degree of image quality [5]. It
has been observed that when using this type of screen the dose is reduced by 60% [6] The
phantom used is a simulated tissue equivalent. Exposure at different positions is possible. The
specifications for the different positions, and different conditions of machine operations, as
well as the absorbed dose.

Thermoluminescent dosimeter specification

The detectors used for dose assessment are of 4040 model Harshaw
thermoluminescence dosimeters. The dosimeters consists of two phosphorus crystals firmly
mounted on an electrical filament, all encapsulated in a sealed glass buld.

The dosimeter detection range is between 1 mR and greater than 5000 R. The
thermoluminescent material, for radiation detection, is CaF3: DY.

The Dosimeter Reader

The reader unit of the dosimeter is model 2000 B picoammeter features .

The model 2000 B automatic integrating Picoammeter features automatic range
changing and automatic current integration by analog and digital techniques. It measures
constant or varying low-level currents over a wide range where the absolute and the time
interval are of importance.

396-



Currents are measured in the range between 10 13 to 10 4 ampere and the charge
between 10~~12 to 10""2 coulomb. Current and charge measurements automatically track so that
unknown inputs are always on scale. Automatic ofthepicoammeter makes it well suited to
both experimental and routine measurements.

Calibration

The dosimeters have been calibrated using a standard Cs-137 source of 0.5 mCi inside
a standard irradiator of type Tech/Ops Model 773 and the dosimeters of TLD bulb type model
4040.

Results and Discussion

The dose measurements in room-1, when operating the TRIODOROS-Opt-800 type
X-ray machine, showed that the dose rate behind the panel of control is less than that at any
point in front of the viewer (without shield). Moreover, the survey showed that there is a
noticeable change in the dose-rate at a particular point voltage and the current is changed (see
Table 1).

In room number 3, the machine of type TRIODOROS, Optimatic-1000 m.A.s. is used
for ordinary radiology procedures, as well as fluoroscopy.

When using the machine for fluoroscopy purposes, the level of the dose is quite higher
than when the machine is used foe an ordinary radiography procedure, the dose rate level is in
the range of 5.0 - 12 jiGy/hr at an operating voltage of 81 Kvp and current of 120 m.A.s

However, operating the same machine at 96 KVp and 200 m.A.s for ordinary
radiography would yield radiation level, measured behind the lead-glass viewer, equal to 15
u-Gy/hr.

As the voltage and current set to 80 KVp and 200 m.A.s instead of 0.96 KVp and 250
m.A.s respectively, reduced the dose-rate from 12jj.Gy/hr to 9|iGy/hr. ;

In (i-fluoroscopy procedures the detriment is quite high to the patient in comparison to
the operator (radiologist or the technician). Measurements using a phantom (simulated tissue
equivalent material), the dose rate measured was equal to 10.22 mGy/ minute (10220
jiGy/min).

It is worthwhile to mention that the fluoroscopy examination takes minutes, the
average time for each patient, goes up to 40 minutes.

The schedule of fluoroscopy procedures in the hospital is summarized in the following
table: -

Room / Dept. Xime

1 .Radiographic room No. 3. 50 minutes daily overall
2.Radiographic room No. 4. 50 minutes daily, overall
3.Radiographic room No. 8. 10-12 minutes daily overall
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-Other departments informed the fiuoroscopy procedures of time for patients:

4.Accident and emergency. 5-7 minutes / patient
Division.

5.Operation theatre. 45 minutes / patient
6.Cardiac Care Treatment Unit 10-15 minutes / patient
7.33A Bronchoscope room 15-20 minutes / patient

A measurements of dose levels inside some rooms of x-ray diagnostic radidigy were
achieved, to show a variation in dose - rate when changing the condition of operation.

Room No .4: The X-ray machine is of type TRIODOROS-optimatic 1000 m.A.s., and table
No.4 shows the dose rate at three different operating conditions.

It is obvious that as the voltage is increased, more energy penetrates the media. As the
voltage is increased from 96 to 117 KVp, the current from 120 to 400 m.A.s., and the
variation in the absorbed dose is significant from 0.9 to 48 |iGy/hr [7](see table No.4).

Room No.5. The type of X-ray machine is TRIODOROS-Optamatic 100 m.A.s. The dose
rate measurements were done inside the control cabinet.

The results show that an operator working behind the lead glass viewer will be safe.
(See table No. 5)

Room No.6. The machine is TRIODOROS, Opt-800 type and when operated at 70 KVp and
80 m.A.s. The level of radiation in front of the cabinet viewer is 970 |J.Gy/hr. when changing
the operation into 96 Kvp and 250 m.A.s. The dose rate is increased to 26000 |iGy/hr (See
table No.6).

Room No.8. The above mentioned observation concerning the relationship between the dose-
rate as an out-put of the X-ray machine and the operating condition , this has been verified
when using the machine type TRIODOROS opt-800 Siemens, and increasing the voltage and
current from 70 KVp and 80 m.A.s. to KVp 96 and 250 m.A.s., respectively then the dose rate
increased from 100 to 2600 p.Gy/hr respectively.

Safety and quality control

1 .Leakege •

1-To check for leakages, a surface survey was done at a distance of 100 cm from the
tube housing. It was found that the dose rate is equal to 0.04 mGy/hr., which is within the
ICRP limit. Since the maximum allowable limit at this distance should be less than 1 R/hr [8].

2- The second measurement is concerning the dose-rate as out-put of the X-ray tube
and the quality factor of the X-ray machine "p", the equation that makes a relationship
between the dose, voltage KVp, m.A.s. (Current).
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The machine characteristics are reported by Meredith and Hassey [9].

P (KVp)2 m.A.s
Dose (m.R)= 2

Where,
KVp = 66, m.A.s = 125.8 R = Distance = 115 cm
The dose value is equal 489 m.R

Then, the value of "P" will be equal to 11.874. The machine factor of the X-ray machines
ranges from 5 up to 30, if "P" is unknown, it can be considered equal to 15, according to
Meredith et al [9].

General view of the experiments

An experiment has been done using a TLD dosimeter fixed on the phantom (at chest)
and other two dosimeters to check the efficiency of the glass viewer of the control panel. One
dosimeter is in front of the glass viewer, the other dosimeter behind the glass viewer, the dose
levels measured is given in the following:

1. At the chest of the patient is 260 (iGy.
2. In front of the glass viewer it is equal to 8.1 uGy and behind the glass viewer

the dose measured is 4.8 uGy. Such level of radiation is a good guide to the
operator from protection point of view.

The fourth dosimeter was to find out the dose given to the patient under fluoroscopic
examination, and the measurement showed that the dose-rate given to the patient is 10220
nGy/minute.

Other experiment has been done to check the efficiency of the apron as a shielding
material from lead. The X-ray tube was operating at 81 KVp, current equal to 120 m.A.s., the
fluoroscopic procedure was on operation, the measured dose at the phantom indicated a dose
of 10.000 (iGy/hr and under the apron surface the dose rate indicated was ranging between
4.0 -21 |iGy/hr. the dose reduction factor is equal nearly to 0.21 %.

The gonads protection is very important especially with regard to the individuals with
reproductive potential and are within the primary beam within 5 cm of it. It is found that the
shielding for the male gonads can reduce dose to the gonads by 95%, in csce of female gonads
the saving is considerable lower of value equal to 50% as reported by ICRP 34 [5], In most of
the radiographic examinations on the abdomen (using phantom) such as lumber spine, pelvis
(antero-posterior, AP) and hip, the gondal dose is higher if compared with the other organ's
examination such as the skull and chest. An ancilliary experiment has been carried out to
show the gondal dose when the pelvis organ is under X-ray diagnosis, it was found that the
dose absorbed by the pelvis is equal to 610 |iGy, whereas the dose absorbed ratio by the testis
and the pelvis is 34%.

In radiotherapeutic management, when dealing with a patient of Hodjkin's disease, i.e,
in case of whole body irradiation using Co-60 teletherapy machine and the gonadal dose (for
male gonad) is ranging between 177- 1337.6 mGy, the integral patient dose is ranging
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between 24.6 - 282 Mega-gm-m.Gy as reported by M. Ayad [10], i.e. the ratio between the
imparted dose and gonadal one in case of therapy is much higher than in case of diagnosis,
since the therapy dose is quite higher than the diagnostic one.

In chest examination the skin dose from a fluoroscopic examination, is frequently 10
and 100 times that from a radiograph. Fluoroscopy should therefore be carried out only if the
required information cannot be optioned by radiography alone. Radiography and image
intensifier causes lesser doses than direct fluoroscopy.

A range of peak voltage from 80-100 KV is commonly used at Saudi Arabia for direct
fiuoroscopy.

This level of X-radiation energy is of high penetration and hence the dose imparted to
the patient is decreased and accordingly the current will be less than 2m.A. Under low current
value, the X-ray machine output dose will be small. Generally, it is worthwhile to mention
that due to the use of the image intensifying screen there is a reduction to the patient dose
with a factor of 60%.

To calculate for The dose rate as out-put of the x- ray machine, the following equation
can be applied.

0.04 x d2

B =
WUT

Where the value 0.04 is the maximum permissible dose in roentgen per
m.a. min / week - and d = is the distance of the point to be protected from radiation and the
centre of x-ray tube .

W = work load of the machine = milli ampere (m.a) . time ' t ' of the machine per week in
minutes, The use factor ' U ' and mostly equal to 1 . The occupancy factor ' T ' is equal to /4 .
In case of x-ray TRIODORUS type at King khalid Hospital and of current 800 m.a, working
for 5 hrs per day , 5 days per week , the dose rate B will be equal to 2.m . Gy / m.a . min
In case of the x-ray machine type DUA-900 at the teaching hospital of gynaecology and
obstetric - Egypt, the corresponding dose will be equal 1.7 m Gy / m.a .min when operating
the machine at the same conditions.
It is observed that the dose - rate coming from the TRIODORUS machine is higher than that
of the machine typ DUA-900
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Table 1. Dose Rate in room 1.

Position Voltage KVp Current Dose rate in

Behind the viewer

Behind the viewer

Behind the viewer

77

117

120

- 80 m.A

-250 m.A

-250 m.A

4.5

35

40

In front of the viewer 77 - 80 m.A 9.0

In front of the viewer 117 -250 m.A 90

In front of the viewer 120 -250 m.A 90

Table No. 4. Dose rate in Room 4.

KVp m.A.s Dose - rate jiGy/hr

During one exposure

96 64 Nil

96 120 0.9

117 400 48.0

Table No. 5. Dose rates at Room 5

KVp m.A.s Po^.T.r^.lP.Jf.Oy/^r Machine Type

In front Behind

96 64 0.7 0.3 TRIODORUS

96 200 91.0 50 TRIODORUS

66 32 5.0 0.35 TRIODORUS

96 250 500 40 TRIODORUS

Table No. 6.

The machine operating conditions Dose rate

Voltage Current pGyJhr

70 KVp , 80m.A.s 970

96 KVp 250m.A.s 26000
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