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Abstract

Although radiation causes an alarming effect to living organism, it has been accepted for
diagnostic and therapy in medicine as well as quality control and test method in industry.
Due to the benefit gained, public at large is willing to accept the risk on condition that
proper protection and safety standard is implemented and practiced. Instrument plays a
very important role not only in generation radiation but also measuring it. Therefore to
ensure safety it is fair to say that all instrument must be calibrated to a certain standard
and maintained to operate to its design specifications from time to time.

Introduction

Nuclear technology or ionising radiation has been accepted as an integral part of our daily
activities especially in medicine, industrial process, diagnostic and quality control,
research and development and energy production. Although radiation is dangerous or
harmful in nature, we can benefit from it when certain procedures and controls are
associated and risk put to an acceptable level. However, this does not imply that there
will never be any accidental over exposure to radiation.

Looking back at the history of the discovery of ionising radiation, on November 8, 1895,
at the University of Wurzburg, Wilhelm Roentgen's attention was drawn to a glowing
fluorescent screen on a nearby table. Roentgen immediately determined that the
fluorescence was caused by invisible rays originating from the partially evacuated glass
Hittorf-Crookes tube he was using to study cathode rays (i.e., electrons). Surprisingly,
these mysterious rays penetrated the opaque black paper wrapped around the tube.
Roentgen had discovered X-rays, a momentous event that instantly revolutionized the
field of physics and medicine. The harm that could be caused by the radiation exposure of
the skin was recognised a few months later, and already by 1902 a cancer had developed
on the hand of a worker in a factory making X-ray tubes [1].

The increasing variety of diagnosis application of X-ray and other radioactive materials
in treatment demonstrated the danger in over exposure to patients and staff. In the 1920s
intense study on the effect of radiation on living organisms were carried out and by 1928
an internationally accepted recommendation on bases for protection against radiation and
methods of measuring amounts of radiation exposure were developed [1 ]. From then on
calibration and standard has become part and partial of safety.



Calibration and Quality Control

As components age and equipment undergoes changes in temperature or sustains
mechanical stress, critical performance gradually degrades. This is called drift. When this
happens, test results or measurements become unreliable. While we cannot eliminate
drift, we can detect and contain it through the process of calibration.

Calibration is simply the comparison of instrument performance to a standard of known
precision. The purpose is to detect and eliminate inaccuracies. Properly calibrated
equipment gives confidence that our measurements are true to a certain level of accuracy.
Calibration of a radiation dosimeter means determining its response to a known radiation
exposure or known absorb dose, and this always involves the use of at least one standard
or referencejnstrument.

Since calibration of radiation protection instrument is of primary importance, Malaysian
Atomic Energy Licencing Act 304[4] states that inspection and testing of protective
measures and devices and measuring instruments must be carried out periodically by a
person acceptable to the authority. At present MINT is the only institute recognised to
carry out periodic maintenance of the radiation protective devices for Malaysia. The
calibration facilitiy (SSDL) performs inspections, calibrations, performance tests,
calibration equipment selection and quality assurance in accordance with the
recommendations of ICRP and take the following actions:

- Locate activities in a manner to minimize radiation exposure to operating
personnel and to personnel in adjacent areas
- Minimize sources of interference, such as backscatter and non-ionizing
radiation, during the calibration of instrumentation and correct for interferences as
necessary
- Operate in accordance with the referenced standards
- Generate records of calibration, functional tests, and maintenance in accordance
with the referenced standards.

At present calibration requirement by the authority has covered beyond radiation
protective devices. It has also included X-ray generating machines. In future there are
also plan to include radiotherapy machines [6, 7]. It has been reported that about 16% of
the rejected radiograph in hospitals are due to instrument failures. Rejected radiograph
means over exposure to the patience [8].

However, one must keep in mind that calibration is not a warranty or statement of how
long an instrument will last or operate. Calibration is purely an indication that the
instrument was found to be performing within the specified specification at the time of
the calibration only. It provides confidence that the instrument has been, and is, operating
to the specified level of accuracy. Therefore at all time users must be conscious of their
instrument performance whether it is the reading or any other parameters that can
indicate confidence.



Traceability or the calibration chain

The measurement chain of a radiation dose measurements instrument or dosimeter starts
at a Primary Standard Dosimetry Laboratory (PSDL), name given by the International
Atomic Energy Agency (IAEA) to its network of participating of National Laboratories
which maintain primary standard. In all cases radiation units are traceable in terms of
physical standard units such as volts, farad, second, meter and so on. PSDLs inter-
compare their standards either by transporting the standard itself or by transporting
portable instruments or working standard [2]. A comparison between their standards has
shown that most of them agree to within 1% [3].

In Malaysia the Secondary Standard Dosimetry Laboratory (SSDL) at MINT is
responsible for maintaining the national standard of ionising radiation for various field
application as well as calibration services of measuring radiation instruments. Since the
laboratory is a member of the IAEA WHO network of SSDLs, the radiation standards are
always regularly checked through participation in an international radiation dose
measurement comparison organised by the IAEA. A comparison between our standard
and IAEA standard are in good agreement to within 1%. The network serves as a means
of achieving world wide coherence in radiation measurements which can be traced back
to the measurement standards of the BIPM and PSDLs. These instruments are used for
checking from time to time the calibration of tertiary standard instruments. Tertiary
standard instruments are used as reference in routine calibration work. Figure 1, shows a
picture of an SSDL facility at MINT.

Instrument Inspection, Calibration and Performance Tests

The objectives of instrument calibration are as follows [8]:

- To ensure that an instrument is working properly and functions reliably in the
dose-rate range specified and within the whole range employed.
To estimate errors in the instrument readings or if possible, to improve overall
accuracy of the measurement.

- To comply with legal requirements as outlined under the Act 304 and
Radiation Protection Regulation, 1988 [5].

In general radiological instruments shall be used only to measure the radiation for which
their calibrations are valid. Calibrations shall only use SSDL traceable sources. Usually
calibration procedures is developed for each radiological instrument type and include
frequency of calibration, pre-calibration requirements, primary calibration requirements,
periodic performance test requirements, calibration record requirements and maintenance
requirements.

It is a good practice for the users to always check the instrument performance in between
calibration period to ensure that the instrument is functioning as specified. They can use
the check source usually supplied with the instrument. It is also good for the user to know



and consider the effects of environmental conditions, including interfering radiation, on
an instrument prior to use.

The instrument should be adjusted, calibrated and labeled to identify the special
conditions and used only under the special conditions for which it was calibrated.
Instruments should bear a label or tag with the date of calibration and date calibration
expires.

Instrument should be calibrated when the periodic calibration date has arrived, when it
suspected that there is an accuracy ambiguity and when the instrument undergoes repair.

Risk of Not Calibrating or Improper Quality Control of Instruments

Although there have not been many reports documented on this topic one can imagine the
catastrophic~effect of using a not calibrated test device or safety instruments. Let say that
a manufacturer had sold a product such as television sets or others alike found to have
been measured with an uncalibrated dosimeter during production. The worst thing that
can happen is if a manufacturer has to call back their product due to non-compliance to
safety standard. Otherwise the manufacturer has to do rigorous test to prove that the sold
products complied with the standard. There has been report of a an oven manufacturer
has to spend substantial amount of money to prove that their products are within certain
temperature accuracy since the thermometer used during production was not properly
calibrated[10].

The most famous and highly documented case of a radiation overdose received by
patience due to instrument fault is the Therac-25 case[l 1]. A series of accidental radiation
overdoses from identical cancer therapy machines in Texas and Georgia USA, has left
one person dead and two others with deep burns and partial paralysis. After a long
investigation and deliberation it was found that there was a flaw in the computer program
controlling the highly automated devices, the overdoses - unreported until one patience
found dead - are believed to be the worst medical radiation accidents to date. The defect
in the machines was a "bug" so subtle, say those familiar with the cases, that although the
accident occurred in June 1985, the problem remained a mystery until the third, most
serious accident occurred on April 11,1986. After a series of meetings between the user
group, enforcement authority, consultants and the manufacturer, the following
conclusions were made,

There were 'bugs' in the software
- The was not enough quality control being carried out by the manufacturer

The system was not user friendly
- There was only one person to develop the software for such a sophisticated

system



Instrument Maintenance

For safety a program for preventive and corrective maintenance of radiological
instrumentation should be established and documented. Preventive and corrective
maintenance should be performed using components and procedural recommendations at
least as stringent as those specified by the manufacturer of the instrument. Preventive
maintenance helps reduce the possibilities of a malfunction and ensure its continuous,
safe, and economical operation [9].

Preventive maintenance also ensures that the equipment operates according to the
manufacturer's technical specifications and in compliance with safety standards. The
functional parameters of the equipment should be checked initially during the acceptance
testing performed before the machine is put into service and subsequently following any
repairs or modifications.

The frequency for maintenance to be performed is usually determined from the
manufacturer's recommendations, the workload and how often the equipment is used, the
physical and environmental conditions in which it is operated, and the turnover of the
personnel who operate it.

Depending on the technical capabilities of the maintenance personnel and the availability
of instruments, calibration equipment, and technical information, as well as the
technological complexity and amount of equipment, maintenance may be carried out by:

- Staff of the organisation
- External maintenance personnel contracted through the manufacturer,
distributor, or a maintenance firm;
- Both internal and external personnel (a combination of the first two modalities).

Regardless of who carries out maintenance activities, a logbook should be kept in which
all maintenance procedures and their costs are recorded. In addition, within the
institution there should be personnel capable of exercising technical supervision of
maintenance services provided by both internal and external personnel. The person or
persons responsible for operating the equipment are also responsible for its upkeep and
should promptly report any malfunctions in order to avoid major damage.

Radiological instruments shall undergo calibration prior to use following any preventive
or corrective maintenance or any adjustment that voids the previous calibration. A battery
change is not normally considered maintenance.

in Malaysia it is a normal practice for X-ray machine users to sign maintenance contract
with the suppliers where preventive maintenance and quality assurance are included.
Usually the service technicians will carry out the maintenance and adjustment as
recommended by the manufacturer. They also carry out the calibration and quality
assurance of instruments. Although the work has to be paid and it is very important for
their safety as well as their patience, very few users care to audit what are being



maintained and tested. Therefore, users must be educated and trained of the
measurements made and what is the importance of those parameters.

Accident due to inadequate maintenance

In a safety report series No. 7 (1998) published by the IAEA [11], numerous account of
radiation over exposure were reported including an accident due to inadequate inspection
and maintenance of equipment. Three of the reported cases which has occurred with
gamma projector/camera (Figure 2) are described in this paper,

1. Failure of a device lock after improper maintenance

In 1993, a radiography event was reported that involved a gamma camera locking
mechanism which came apart from the exposure device. This allowed the 3600 GBq (98
Ci) 192lr source to be pulled from the exposure device. The incident occurred after
midnight, when two radiographers working in low light were performing radiography.
The firms were taken for development and the radiographer removed his film badge and
placed it on his clipboard, thinking his work had been completed. However, several shots
had to be retaken, but for these he forgot to put back his film badge. To move the
exposure device from the first to the second retake location, the radiographer took hold of
the crank cable in his left hand and lifted the exposure device with his right hand. He
took a few steps and the drive cable fell from the exposure device to the ground. He
placed the exposure device truck tailgate, thinking he had a disconnect. He picked up the
crank-out approximately 100 cm from the end, and moved his hand quickly towards the
connector end. He grabbed what he thought was the cable connector and brought it to
within 15 cm of his face. When he realized it was the source, he dropped it, alerted his
partner and ran from the area.

Re-enactment of the scenario and calculation of the radiation exposure indicated that the
radiographer had received an estimated whole body and lens of the eye exposure of 6
mSv. A worst case extremity exposure to the fingers was estimated to 19 Sv.

The lock insert of this exposure device is held in place by two roll pins. One was
missing, and may have been missing for some time, while the second was in the camera
housing but not inside the lock insert. This allowed the lock insert, the spring and the
movable insert to be pulled from the lock box. The drive cable was connected to the
source assembly, but when the lock insert was pulled from the lock box the drive cable
also pulled the source assembly from the camera, thereby exposing the source.

Investigation showed that the roll pins that secure the lock insert were missing. A proper
inspection and maintenance programme would have detected the missing roll pin and had
it replaced. Daily inspection may have detected the looseness of the lock insert prior to
performing radiography. In addition, removal of a film badge before concluding
radiography and not using monitoring equipment are violations of regulatory
requirements and indicative of a lack of safety culture.



2. Damaged guide tube results in a wedged source

The source assembly of an exposure device became wedged in a cut in the guide tube.
The damage to the guide tube was not detected prior to its use. The radiographer, in
attempting to retrieve the source assembly, disconnected the guide tube and shook it
violently with both hands. Three fingers of the left hand and two fingers of the right hand
were exposed. The estimated finger dose was 8.8 Sv and necessitated amputation of the
injured fingers. The estimated whole body dose was 0.1 Sv.

Investigation showed that the cut in the guide tube caused the source assembly to become
wedged and to remain exposed. Daily inspection would have detected the cut in the guide
tube prior to use and prevented the source becoming wedged. The resulting source
recovery was not performed properly by the radiographer.

3. Inadequate maintenance causes overexposure

A radiographer and his assistant were working with a 3000 GBq (80 Ci) 192lr source.
When the exposures were completed, the assistant dissembled the equipment, placed it on
the truck and returned to base. Upon arrival, he carried the exposure device from the
truck to the storage facility. While placing the exposure device on the shelf, he tilted it
and the source assembly fell on to the floor. The radiation alarm in the storage facility
alerted him to the hazard, and the source was subsequently recovered and safely shielded.

Investigations showed that the exposure device had not been properly maintained. The
spring loaded latch, designed to secure the source in the fully shielded position, was not
working; the latch had been jammed in the unlocked position by dirt. In addition, the
radiographer had neither placed the shutter control in the off position nor had he installed
the dust cover cap on the front of the exposure device. A combination of these
circumstances led to the source failing on to the floor.

In addition to the lack of maintenance, which caused the lock to fail, secondary securing
requirements were not fulfilled, i.e. turning the shutter to the off position and installing
the dust cover cap. Had either of these steps been taken, the source would not have
dropped out of the exposure device.

Conclusion

Legislation and practices in radiation protection devices has ensured that radioactive and
radiation sources play a constructive role in health care and industrial development in this
country. To the radiation workers as well as the public, risk of unnecessary radiation
exposure has been minimised when all protection instruments are properly maintained
and calibrated. Finally the ultimate reduction in risk can only be achieved when the user
adheres to all safety procedures and calibration requirements as well as conscious to their
instrument performance at all time.



Figure 1. SSDL Facility at MINT.

Figure 2. Cross-section picture of a gamma camera/projector.
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