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Abstract

The results of a five year program (1988-90-91-92-93) on quality assurance and dose calibration
for 12 Cobalt-60 units from public hospitals, which represents 30% of total radiation therapy
units in Venezuela, are presented. The remarkable improvement in the general performance of
these units can be seen in the IAEA/WHO Postal TLD Intercomparison results which gave
100% within ± 5% in 1990 and 1992, while 63% in 1990 and 44% in 1992, with errors up to
37% were obtained for the participants not included in the program.
The difference between the two groups lead the government to decrete through the Gaceta
Oficial de la Republica de Venezuela, Resolution G-1397 on March 3, 1993, that quality
assurance and dose calibration programs shall be established for all radiation therapy
installations in Venezuela. The project for the standards was developed by the SSDL physicists
and it was already approbated by the Health Ministry. It is expected that the Norms will enter
into effect by the end of 1994.

1. INTRODUCTION

In 1988 a program on quality assurance and dose calibration was started by IVIC-SSDL
on 12 Cobalt-60 units from public hospitals, which represents 30% of total RT units in
Venezuela. All the job was performed by the SSDL task group and the program was sponsored
by the Health Ministry.

This paper presents the methods and the results related to basic physics and dosimetric
checks performed through postal dose intercomparisons and during on-site visits between 1988
and 1993, the SSDL projects for the next years as well as the main aspects covered by the
Norms that will regulate radiation therapy installations.

1.1. Situation by 1988

1.1.1. No unit had preventive maintenance.
1.1.2. Some RT units worked only with the certificate provided by the source manufacturer.

No beam calibration.
1.1.3. Most units were calibrated just once over several years.
1.1.4. None had a QA program.
1.1.5. Most institutions had empirical techniciens.
1.1.6. Many radiation therapy physiciens have never had a course on radiation physics.
1.1.7. Of 36 institutions (25 Co-60 and 16 LA), only 3 had a hospital physicist (part-time).
1.1.8. The role of a hospital physicist was not recognized. Often, salaries were lower than for

techniciens.
1.1.9. As there were no legislation in this field, some private and public institutions never

participated in Postal TLD Intercomparisons.
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2. METHODS

2.1. On-site visits

On-site visits were performed at each of the 12 radiation therapy departments once a
year. At each visit, a total QA inspection of unit parameters was carried out along with beam
calibration for all field sizes. Two staff members of SSDL working 2-3 days were needed for
each visit.

2.1.1. Mechanical verifications and beam alignments

The following main parameters with their indicated tolerances [1-7] were verified at
each Co-60 unit (TABLE I).

TABLE I:
Main unit parameters with

PARAMETER
Rotational system axis: isocenter and scales
Field size congruence
Collimator symmetry and stability
Couch parameters
Radiation field alignment and homogeneity
Source transit time*
Virtual source distance to isocenter**

their tolerances

TOLERANCES
± 2mm/0.5°
± 2mm
± 2mm
± 2mm
± 2mm
±0.5%
+ 0.5%

* influence for a dose of 2 Gy
** within consecutive calibrations

During 1993, the SSDL also conducted work sessions at each of the 12 radiation therapy
departments to ensure that the process of QA and dose calibration and the IAEA/WHO Postal
TLD Intercomparison were fully understood by the physiciens, techniciens and dosimetrists.

2.2. Absorbed dose determination

Determination of absorbed dose in water phantom.

The measuring procedure and calculations were performed according to the
recommendations contained in the International Code of Practice published by IAEA [8].

A cylindrical ionization chamber, type NE 0.6 cm3, connected to an electrometer type
NE Farmer, calibrated at SSDL in a Co-60 beam, against a secondary standard dosemeter, in
terms of absorbed dose to water and air kerma were used for all Co-60 beams. The constancy of
the response of the chamber and electrometer was checked daily during the visits, with a Sr-90
reference source.

Absorbed dose determination was carried out in an IAEA water phanton at the reference
depth of 5 cm, and at dmax, at the usual treatment distance, for all field sizes [4-6,8-13]. When
available, absorbed dose to water was also measured with the breast tray.
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Determination of absorbed dose to air.
Absorbed dose to air measurement was carried out for a 10 x 10 cm field at the

treatment distance or at the isocenter with the chamber in air with the build-up cap.

Other parameters verified were:

- unit maintenance
- general mechanical performance
- head leakage
- radiological safety and area survey
- accesory factors
- personnel dosimetry
- requirements on source or unit replacement

2.3. Postal TLD Intercomparisons

WHO/IAEA Postal TLD Intercomparisons [14], coordinated by the SSDL, started in
Venezuela in 1983. They were regularly performed in 1988, 1990 1992 and 1993 (TABLE IE
includes results up to 1992) with all the units under control and a small number of units not
included in the program, even though TLDs were sent to all institutions nationwide.

3. RESULTS

3.1. Situation by 1993

3.1.1. The 12 units under control plus other 2 were already working under a contract between
the government and the SSDL for annual QA and dose calibration, and with private
companies for regular unit maintenance.

3.1.2. For Postal Intercomparison, any TLD with a discrepancy exceeding 5% was pursued by
TLD reirradiaa'on and, by dosimetry review visit if the discrepancy was unresolvable.

3.1.3. Five institutions calibrated their units and participated in Postal TLD Intercomparisons
for the first time.

3.1.4. For the rest of the RT units, the situation remained without changes.
3.1.5. For medical physicists, the situation remained without changes.
3.1.6. Consequently to on-site visits, a better uniformity among the visited centers was

reached.
3.1.7. The remarkable improvement in the general performance of the Cobalt-60 units can be

seen in the IAEA/WHO Postal TLD Intercomparison results in 1990 and 1992 where
100% of the units under control were within ± 5 %, while 63% in 1990 and 44% in
1992, with errors up to 37%, were obtained for the participants not included in the
program (TABLES II and JE).

3.1.8. The difference between the two groups (Fig. 1) lead the government to decrete on March
1993 that quality assurance and dose calibration programs shall be established for all
radiation therapy installations in Venezuela. The project for the standards [5] was
prepared by the SSDL physicists and it was already approbated by the Health Ministry.
It is expected that the Norms will enter into effect by the end of 1994.
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Fig. 1. Percent of beam calibration within criterion for the group under control and the rest of
the units for 1988, 1990 and 1992 Postal TLD Intercomparisons.

TABLE II:
Percent of units under control with acceptable deviation

1988
Unit preventive maintenance
General mechanical performance
Head leakage
Radiological safety and area survey
Rotational system axis: isocenter and scales
Field size congruence
Collimator symmetry and stability
Couch parameters
Radiation field alignment and homogeneity
Source transit time
Virtual source distance to isocenter
Personnel dosimetrv

1993
0
42
100
50
33
43
50
50
75
90
100
8

100
80
100
83
73
73
73
50
82
90
100
50
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TABLE m:
Postal TLD Intercomparison results*

Year
Number of Participants
within ± 5%
within ± 5 % with QA/CAL
within +5% without OA/CAL

1983
4

75
—
—

1984
17
47
—
—

1985
13
41
—
—

1988
21
67
57
79

1990
13
70

100
63

1992
26
54

100
44

* In 1986, 19 institutions participated on the Intercompaiison.
TLDs were not returned on time for processing.

4. DISCUSSION

4.1. SSDL Projects for the near years:

4.1.1. To establish a post-graduate program with a Master Degree on Medical Physics, starting
by 1995, to be the first one in Venezuela. The goal is to supply a medical physicist to
every institution with a RT unit.

4.1.2. To organize an national society of medical physics.
4.1.3 To work very closely with the Health Ministry to supervise the implementation of the

Norms for RT installations in Venezuela.
4.1.4. To spread nationwide the use of SSDL protocols for QA and beam calibration for Co-

60, linear accelerators (photon and electron beams) and ortvoltage units, in order to
achieve a better uniformity among radiation therapy centers.

4.2. Main points to be covered by the Norms for QA and dose calibration for RT units:
Cobalt-60, linear accelerators (photons and electron beams), and low to medium energy
x-rays units [5].

4.2.1. Requirements on personnel and instruments for QA and dose calibration.
4.2.2. Requirements on personnel involved in RT installations.
4.2.3 Detailed description of QA tests and their tolerances.

Frecuency of constancy and reproducibility checks for all type of RT units: Co-60,
linear accelerators (photons and electron beams) and ortovoltage.

4.2.4. Within the next 5 years, every institution with RT units must have at least one qualified
physicist, minimum half journey per unit.

4.2.5. Mandatory participation on Postal TLD Intercomparisons.

5. CONCLUSIONS.

The Postal TLD Intercomparisons and QA surveys conducted in these units clearly
demonstrated the need for upgrading the standards applied to radiation therapy installations.
The most important consequence of these surveys is the establishment of the Norms that will
regulate radiaton therapy installations in Venezuela.
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