NRL

National Radiation Laboratory

Guidelines

for Quality Assurance

in Radiation Protection

for Diagnostic X-Ray Facilities:
Small X-Ray Facilities

J L Poletti

1996/7
NRL Report







Report NRL 1996/7
ISSN 0111-753X

Guidelines for quality assurance
in radiation protection

for diagnostic x-ray facilities:
small x-ray facilities

J L Poletti

National Radiation Laboratory
Ministry of Health

P O Box 25-099

Christchurch

New Zealand

August 1996



© 1996, National Radiation Laboratory
Ministry of Health

Published with the permission of the Director-General of Health



CONTENTS

page
ABSTRACT
1 INTRODUCTION 1
2 IMPORTANT CONCEPTS FOR QA PROGRAMMES 3
3 SPECIFIC REQUIREMENTS FOR SMALL FACILITIES 5
3.1 Film processing 6
3.2 -X-ray generators 8
3.3 X-ray tubes 10
3.4 Automatic exposure controls (AEC) 10
3.5 Light beam diaphragms (LBD) 10
3.6 X-ray cassettes 11
3.7 X-ray image intensifier systems 11
3.7.1 Image intensifiers 12
3.7.2 Fluoroscopic television chains and mirror viewers 13
3.8 Tomography machines 14
3.9  Mobile radiographic equipment 14
3.10 Mobile image intensifier equipment 14
3.11  Grids 15
3.12  Protective equipment 15
3.13  Darkrooms 15
3.14  Viewboxes 15
3.15 Technique charts 15
3.16 Patient dose assessment 16
3.17  Approval of the QA programme 16

4 AN OUTLINE QA PROGRAMME FOR SMALL FACILITIES 16

BIBLIOGRAPHY 20







































311 Grids

Grids should periodically be checked for warping and damage and should be
radiographed to check for uniformity>.

3.12 Protective equipment

Lead aprons and lead gloves should be thoroughly checked at least annually for
any signs of wear or damage. If they appear to be suspect, then they should be
tested using x-ray film or a fluoroscopy machine.

3.13 Darkrooms

A well laid out darkroom that is clean and free from light leaks is essential for
satisfactory radiography.

For manual processing, a suggested layout for a darkroom is given in the WHO
Manual’ of darkroom technigue. The darkroom should have a dry work bench for
loading and unloading cassettes. The drying rack should be well away from the
dry bench.

The entrance should be light tight, either a maze or well sealed door. Safelights
and filters should be the correct colour for the film type being used. The
recommended wattage for the safelight lamps must be used (typically no more
than 25 watts). Note that "novelty lamps" are not suitable. A check for light leaks
should be made at least annually. A film fog test should also be done at least
annually®23,

3.14 Viewboxes

The viewbox(es) should be in an area shielded from direct sunlight or bright
artificial light. It should be possible to dim the lighting. The viewbox should be
cleaned inside and out at least annually. The fluorescent lamps should be replaced
if they become too dim?4. The lamps should all be the same colour and the same
wattage?*.  Inexpensive light meters can be obtained, to simplify QA of
viewboxes. Luminance levels are given in NRL C5. Locally derived tolerances
for uniformity should also be applied. Note that the brightness of viewboxes tends
to increase by 20 to 30% as they warm up and also note that the brightness of the
fluorescent tubes reduces with age.

3.15 Technique charts
It is essential that all radiographic technique factors are recorded and displayed on

a technique chart!®. This should include the kVp, mA and exposure time to set,
(or AEC detector, density and speed settings) the cassette type and size to use, the
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focus to film distance, and any important centring points and angulations. These
technique charts must be kept up to date and must be clearly legible.

3.16 Patient dose assessment

As part of the QA programme, NRL C5 requires that all x-ray facilities
periodically assess the dose to patients for a number of common examinations
(skull, chest, thoracic spine, abdomen, lumbar spine and pelvis and the more
complex procedures barium enema, barium meal and IVU). Patient dose
estimates generally require the assistance of a qualified health physicist. Three
methods may be used for these dose assessments. All three methods rely on the
use of organ dose data obtained from computer simulation of x-ray examinations
of an average patient25:26,

The simplest method is to calculate the doses from the technique factors used for
average patients, using x-ray output calibration data for each x-ray tube. The
second method is to use thermoluminescent dosimeters to measure the entrance
surface doses for a number of average patients. Finally a dose area product meter
can be fitted to the x-ray machine for a number of examinations. This is the most
practical method for fluoroscopy examinations.

3.17 Approval of the QA Programme

NRL C5 requires that the QA programme be approved by a qualified health
physicist. For small x-ray facilities, a programme following the guidelines herein
will be satisfactory. NRL or a qualified health physicist must give overall
approval to the programme and should be consulted concerning any details of the
programme that are in doubt. All documentation for the QA programme should be
kept in a safe place, so that the details may be checked during NRL radiation
protection surveys.

4 AN OUTLINE QA PROGRAMME FOR SMALL
FACILITIES

Each x-ray facility is required by NRL C5 to institute a QA programme in
radiation protection that is appropriate to its size and scope. In essence the QA
programme involves the implementation of procedures to ensure that all of the
items of equipment are tested at the appropriate frequency, and that corrections are
made when parameters are found to be outside the permitted tolerance. Besides
the actual QA measurements, essential components of the QA programme are
acceptance tests and reject/repeat analysis. The programme should be set down in
a QA manual. Responsibility for the QA programme should be assigned to one
person and where appropriate, should be overseen by a QA committee. These
concepts are discussed in section 2 above.

16



Notes

° It is intended in the programme below that for each category, the tests in
the previous category be included. For example the weekly tests would
include all of the daily tests, plus those to be done weekly.

° The frequencies are those typically required for average equipment. The
frequencies may be modified in the light of experience, to be more
frequent or less frequent as necessary.

° Clearly, it is assumed below that corrective action will be taken
immediately, should any tests reveal that QA parameters are out of control.

Equipment
To perform a satisfactory QA programme, each facility should have (or have
access to) the following test equipment.

» A light sensitometer, with single/double emulsion and blue/green capability, or
at the very least, an aluminium stepwedge.

e An inexpensive light meter (Luxmeter).
e A good quality thermometer.

e An aluminium stepwedge.
If there is one or more II, then also needed are:

e Some form of resolution test object or set of meshes.
e Basic Il image quality phantom.

o Patient equivalent phantom.

Daily tests

For facilities with manual film processing, the developer and fixer should be
stirred and the wash water replaced. The developer temperature should then be
measured and the appropriate development time determined from the time-
temperature chart. The level of the developer and fixer should be checked and
topped up if necessary. (At the start of the programme the developer temperature
should be checked several times per day to ensure that it remains stable during the
day. If not then the temperature will have to routinely be measured more
frequently and the development time adjusted. Alternatively, some means should
be employed to stabilise the developer temperature, such as a heater for the water
bath.)

For facilities with automatic processors, a test film should be processed (see
weekly tests).

Weekly tests

For small x-ray facilities with automatic processors, a stepwedge film or
sensitometer film should be processed at least once per week. It is best if this is
actually done daily. If a densitometer is available then the density parameters
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should be plotted on a control chart. If not then the film should be visually
compared with the reference stepwedge image. If any differences are observed, or
if measured parameters are found to be out of control, then corrective action must
be taken.

Monthly tests

At facilities with manual film processing the tanks should be cleaned and the
chemistry should be replaced (both developer and fixer). When this has been done
a stepwedge should be radiographed using the x-ray machine and the film
processed. The film should be visually compared with the reference stepwedge
image, or better, compared using a densitometer. If any differences are observed
then corrective action must be taken.

The intensifying screens should be carefully inspected each month and cleaned if
necessary (following the procedure given by the WHO?). They should be cleaned
at least every six months.

For machines fitted with an LBD, the alignment should be checked. (This may
only need to be done quarterly.)

A stepwedge radiograph should be produced for all of the x-ray tubes at the
facility. These should be compared to the reference stepwedge for each tube. Any
differences should be investigated and corrective action taken if necessary.

For facilities with image intensifiers, the patient dose rate and image contrast and
resolution should be checked as described above.

Annual tests
Protective aprons and gloves should be given a careful visual inspection. If
suspect, then they should be referred for more careful checking.

The view box should be cleaned, including the internal reflectors, and the lamps
replaced if they have become dim.

Films/screen contact should be checked using a mesh. Cassettes should be
checked for light leaks and damage. The screens should be carefully inspected for
scratches, blemishes or other damage. Old or worn out screens should be
replaced.

A light-leak and light-fog test should be done in the darkroom.

The technique chart should be checked to ensure that it is up to date.

The films in the reject/retake bin should be sorted by category. The number in
each category and the total number should be counted. The reject/retake rate
should then be calculated as the percentage of all films used. The reject categories

with the greatest numbers of films should be investigated to determine whether
any improvements can be made.
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It is strongly recommended that the peak kilovoltage, linearity and reproducibility
of the x-ray machine(s) be checked at least annually.

For image intensifier systems the II input, patient and maximum dose rates should
be measured. Where possible, the II conversion factor should be measured. Tests
with approved I test objects should also be made.

Two-yearly tests

All of the annual tests should be done. In addition a full radiation protection
survey should be performed, either by NRL or by a qualified health physicist
(approved by NRL). This will include quantitative tests on the x-ray generator(s),
image intensifier and any mobile x-ray equipment and will also include
assessment of doses to patients.
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