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Abstract

Thermoluminescence dosimeters (TLD) are widely used to verify absorbed dose
delivered from radiation therapy beams. The Regional Reference Center (RRC) for
Dosimetry of Argentina uses TLD for its mailed dose intercomparison programme for cobalt
60 radiation therapy units. Results obtained since 1978 as well as causes of dose discrepancies
greater than 5% are analyzed.

Results of the external quality control performed by the IAEA for this programme
indicate that the dose evaluated by the RRC TLD service for the participating centers is about
1% lower than that evaluated by the IAEA TLD service. This deviation is accepted taking into
account that a ± 2% dose uncertainty for TLD dosimetry is reasonable.

1. INTRODUCTION

The Regional Reference Center (RRC) for Dosimetry of Argentina was established in
1968 by agreement between the World Health Organization (WHO) and the National
Atomic Energy Commission (Comision Nacional de Energia Atomica CNEA) of Argentina
in cooperation with the International Atomic Energy Agency (IAEA).

This RRC is a Secondary Standard Dosimetry Laboratory (SSDL) belonging to the
IAEA-WHO-SSDLs Network. As similar secondary laboratories existing in other countries
the RRC was established due to the necessity of improving the dosimetry and treatment
plannings in radiation therapy centers and to increase the participation of specially
trained physicists within the staff of these centers.

The most relevant activities performed by this SSDL in the field of radiation therapy are:
calibration service for dosimeters used in radiation therapy; calibration programme for cobalt
therapy units in the country; dose intercomparison programme for cobalt therapy units
using mailed TLD dosimeters; clinical dosimetry at hospital; advisory about clinical
dosimetry to radiation therapy centers; organization of post-grade courses for physicians,
for physicists to be specialized in physics in radiation therapy and for technicians to be
trained in radiation therapy dosimetry

In Argentina radiation therapy is carried out in a large number of medical centers using
external beams from different types of machines and using brachitherapy. With a
population of about 32 million inhabitants there are at present 84 cobalt units and about 30
linear accelerators in operation.

To obtain satisfactory cancer cure rates in radiation therapy it is essential to ensure a
dosimetry accuracy better than ± 5% . This requires not only internal checks performed by the
radiotherapy department itself, but also external checks made by intercomparisons with
other centers or external audits made by national or international reference organizations [1].
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Since 1966 the IAEA offers a postal dosimetry service to developing countries all over
the world in order to check the beam output of cobalt 60 machines, and more recently for
high energy X ray beams. From 1974 to 1977 the RRC contributed to the IAEA/WHO TLD
service by sending the set of capsules to the therapy centers and giving them technical
assistance in the experimental procedure for the intercomparison. Only few centers
benefited with this programme: from about 80 cobalt therapy machines operating in
Argentina at that time only 15 completed the intercomparison during the mentioned period.

In 1977 through the IAEA Research Contract RC 1791/RB the RRC started to develope a
national postal dose intercomparison programme, following the same procedure as IAEA, in
order to check regularly the beam output of all cobalt 60 units in Argentina ( there were
no linear accelerators opertaing in the country at that time).

Equipment and methodology employed by the RRC for the TLD intercomparison
programme is briefly described and the results of the quality controls performed through this
programme are presented and analyzed in the following paragraphs.

2. EQUIPMENT

The RRC calibration service facilities are located in the Atomic Center Ezeiza, about 45
km far from the capital city Buenos Aires. Calibration beams are provided by two X-ray
machines (10 to 100 kV and 50 to 300 kV) and a Picker C4M60 cobalt 60 therapy unit.

The secondary standard dosimeter is a Nuclear Enterprises 2560 with two ionization
chambers N.E. 2561 . The primary calibration was certified by the U.K. National
Physics Laboratory in 1979. Traceability to the international dosimetry system is maintained
through periodic external quality control provided by the IAEA Quality Control Programme
for the SSDLs, which includes traceability to the Bureau International des Poids et
Measures (BIPM).

Traceability of radiation measurements in Argentina is accomplished by the RRC. This is
the unique laboratory in the country where metrological activities in the field of ionizing
radiation are made. The National Commission for Metrology recognized this RRC as the
national laboratory for metrology of ionizing radiation.

The dosimeter calibration service has been carried on by the RRC since 1970.
Nowadays about 15 radiotherapy level dosimeters including about 30 ionization
chambers are calibrated per year.

TLD measurements are made at RRC with a Teledyne Isotope 7300 C TLD Reader
Recently, a Harshaw 3500 TLD Reader has been set up for TLD measurements. Through
an IAEA Technical Assistance Project ARG/1/024 for the period 1993-1994 the RRC
has modernized the equipment and procedures for calibrations and TLD measurements.

3. METHOD

The method and technique employed by the RRC for the postal dose intercomparison
programme were described in previous papers [2], [3], [4]. Briefly, the dosimeters consist
of LiF powder contained in plastic capsules. A batch of capsules containing annealed
powder TLD-700 is prepared by the RRC and sent by post to radiation therapy centers. Each
center receives 3 capsules for irradiation and one control capsule irradiated to 2 Gy at the
RRC

The participating center is requested to irradiate each of the three capsules separately to a
dose of 2 Gy to water, in a water phantom, at the central axis of a vertical irradiation beam,
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at 5 cm depth. The field size to be used is 10 cm x 10 cm at either the source to surface
distance (SSD) or the source to capsule distance, depending upon the usual technique
employed at the center. The irradiation is coordinated so that all participants and the RRC
irradiate during the same week in order to avoid any fading correction. The participants
have to fill in a data sheet giving the method used for the absorbed dose determination. This
helps to find the reasons of dose discrepancies between the dose quoted by the participant
and the dose evaluated at RRC.

For the calibration of TL-dosimeters the RRC uses the IAEA International Code of
Practice, [5], for absorbed dose determination. The measurements at RRC are made in a
water phantom at the central axis of a vertical cobalt 60 beam, with the ionization chamber
centered at 5 cm depth and correcting for effective point of measurement. A l O c m x l O c m
field size at surface is used.

Once the TL-dosimeters return to RRC all measurements corresponding to a batch are
made. From each capsule 3 TL-readings are obtained. The mean value is determined for
each capsule being the standard deviation of these readings better than 1.5 % . The TL-
readings are normalized to reference powder readings. The calibration line is obtained and
the dose delivered by the participant is determined by interpolation in this straight line. The
total uncertainty of the RRC TLD-system is ±2% .

After the dose delivered by the participant is evaluated at RRC, the percent deviation,
Dev(%), between the dose quoted by the particiant, QD, and the dose evaluated by the RRC,
ED, is calculated for each participating center:

Dev(%) = (QD - ED) x 100/ED

Dose deviations within the interval ±5% are considered acceptable . When great dose
discrepancy occurs the center is contacted immediately and the cause of such a discrepancy
is investigated.

When the cause of dose discrepancy is detected the participant is requested to make
the necessary correction and to participate in the next intercomparison. When the cause of
unacceptable discrepancy is not detected but the dose deviation is lower than 10% the
participant is included in the next intercomparison without making any change in the
beam calibration. If the cause of discrepancy is not detected and the dose deviation is
greater than 10% the participant is requested to check the unit and to recalibrate it ( if
necessary) before being included in the next intercomparison. Strict confidentiality is
maintained and the results are sent to participants with a code number in order to
avoid identification.

According to national regulations approved in 1980, the participation in the RRC
dosimetric intercomparison programme is compulsory in Argentina. Private and state radiation
therapy centers have to take part in this programme at least once a year.

4.TEST OF THE METHOD

During 1992 and 1993 the RRC participated in the IAEA Quality Control
Programme for the RRC TLD postal dose intercomparison service in order to check it.
The QC programme included: a) reference irradiation at IAEA of TL-dosimeters from
RRC; b) participation of IAEA as a radiation therapy center; c) run of IAEA TLD service
in paralell with RRC TLD service. Distribution of capsules was coordinated in such a way
that participating centers, IAEA and RRC irradiated during the same week.
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In May 1992, previous to the irradiation window established for TL-capsules, the
RRC received the IAEA CARE system consisting in two electrometers and two
ionization therapy level chambers to be calibrated at RRC. These dosimeters were
calibrated in a horizontal cobalt 60 beam, in air, using the Secondary Standard NE 2560 .
The calibration factor in terms of air kerma, NK, was obtained for each CARE system. The
CARE dosimeters were calibrated in a water phantom too, in a horizontal cobalt 60 beam at
5 cm depth on the central axis. The calibration factor in terms of absorbed dose to water
ND.W for each CARE dosimeter was determined.

Results obtained in the IAEA CARE Programme participation are summarized in Table I.
The maximum difference between the NK factors obtained by the RRC and those reported
by IAEA was -0.63 % . For the ND,W factors the maximum deviation of RRC values with
regard to those reported by IAEA was + 0.31% .

The results of participation in the IAEA QC Programme for TLD postal dose
intercomparison service of the RRC are summarized in Table II. The ratios of the dose
evaluated by the RRC, EDRRC , for the participating centers and the dose evaluated by
IAEA, EDIAEA , for the same centers are shown there. According to these results the dose
evaluated by RRC TLD-system is about 1% lower than that evaluated by IAEA TLD-
system, being the standard deviation 1.1% .

5. RESULTS

Two groups of 18 cobalt 60 units with physicists within the staff and 19 cobalt units
without assistance of physicists were considered. Taking 137 results over the first group it can
be seen that 82.5% of dose deviation were within the interval ±5% . For the other group from
148 results only 58.1% were within the accepted deviation interval. This figures show
clearly that the presence of a medical physicist makes possible a marked improvement of dose
discrepancies.

Results for the 84 cobalt 60 therapy units operating at present in Argentina are
summarized in Figures 1 to 3. Considering the first participation of a center in the RRC
intercomparison programme (Figure 1) it was found that only 45/84 units delivered the
dose within the interval ±5% . Only a group, Gl, of 37/84 machines had a medical physicist
working at the center and the rest, group G2, had no physicist within the staff of the
radiation therapy department. For the group Gl the results showed that 27/37 units
obtained an acceptable deviation and for the group G2 only 19/47 machines delivered the
those within the acceptable level.

Dose discrepancies greater than 20% were obtained by 5 centers of group G2. These
centers were immediately contacted and it was found that the instruction sheet had not
been understood at all. The follow up of these centers showed that 2 of them obtained dose
deviation within ±5% in the second intercomparison, the others improved their results but
only obtained acceptable deviations after a medical physicist joined the center.

Dose deviations greater than 10% but lower than 20% were obtained by 15/84 units.
From them, 11 machines obtained accepted deviations in the second intercomparison, 3
improved the result but the deviation remained between 10% and 20%, and 1 center enlarged
its deviation to values greater than 20% . In this last case the physicist made a lot of
mistakes during capsule irradiation.

Dose deviations between 5.1 and 10% were found in 18/84 units. From them, 12
machines improved their results in the second run obtaining acceptable deviations, 4 units
did not improve their results in the second participation and 2 units delivered the dose with
deviations greater than 10% during the second run.
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TABLE I

RESULTS OF PARTICIPATION IN IAEA CARE PROGRAMME

Mean Air Kerma
cal. factor NK

det. by IAEA [Gy/V]

Mean Air Kerma
cal. factor NK

det. by SSDL [Gy/V]

CAD 104
Ion. chamber TK02

s/n 104

1.599±0.8%

1.589±0.9%

CAD 105
Ion.chamber TK02

s/n 105

1.598±0.8%

1.590±0.9%

Deviation (%) -0.63 -0.50

Abs. Dose to Water
cal. factor No

det. by IAEA [Gy/V]

Abs. Dose to Water
cal. factor ND

det. by SSDL [Gy/V]

1.721±1.0%

1.726±1.1%

1.722±1.0%

1.722±1.1%

Deviation (%) +0.31 +0.17

Deviation (%) = (RRC-IAEA)xl00/IAEA
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TABLE II

RATIO BETWEEN EDRRC AND

Participant EDRRC/

TLD set

R002

R003

R004

R005

R007

R008

R009

EL/1-93023

EL/1-93024

EL/1-93025

EL/1-93 026

EL/1-93 028

EL/1-93029

EL/1-93030

EL/1-93031

EL/1-93032

0.9961

0.9926

1..0073

0.9891

0

0.

0.

1.

0.

9963

9735

9975

0055

9824

0.9931

1.

0.

0.

0000

9664

9867

0.9888

0.

1.

Mean = 0
s.d.= 1

9827

0054

.9915

.1%
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Considering the results of centers whose dose deviations were within the interval ±10%,
the mean dose was calculated for their first participation: D= 1.981 Gy (st.dv.= 4.2%).

The principal causes of great dose discrepancy detected through the data sheet
information have been related to: a) source-surface distance (either for lack of light
indicator calibration or because of mistakes); b) the decay factor employed; c) wrong
correction factors employed for irradiation time calculation; d) time irradiation calculated at
surface instead of at 5 cm depth. In order to correct calculation errors the RRC sent to
each center the corresponding information, the method for dose calculation and a list
with the last recommended factors for dose evaluation.

The general improvement on the beam output check can be seen in Figure 2 where the
results of the second participation shows that 60/84 machines delivered the dose within
the accepted level. The mean dose was D = 1.996 Gy (st.dv.= 3.8%)

Results obtained during the last participation of centers in this programme are shown in
Figure 3 . It can be seen that 61/84 machines delivered the dose within the accepted deviation
level ±5%. The mean dose was D = 2.044 Gy (st.dv.= 3.3%) .

Dose deviations for 3/84 machines were greater than 20% . Nevertheless dose deviations
were within the interval ±5% in all previous participation of these centers From data sheet
information it was not possible to detect the cause of such discrepancies. One physicist
reported that found an error in time calculation of capsules but the error did not affect the
treatment plannings. For the other 2 machines no explanation has been offered yet.

Dose deviations between 10% and 20% were obtained by 6/84 units. There are no
physicist in 4/6 centers and the results of previous intercomparisons were out of the
interval
± 5%. One center has closed, other is out of work at present and two of them require
urgently the help of a medical physicist. From the other 2/6 centers with physicists, one of
them made a calculation error and the other was not able of explain the cause of such
unacceptable dose discrepancy.

Dose deviations between 5.1% and 10% were obtained by 14/84 centers. It was
found that 9/14 machines had had acceptable deviations in previous runs of the
intercomparison programme. The other 5/14 centers obtained dose deviations near 10% .
From the data sheet it has been impossible to detect the cause of such deviations. Only one
physicist reported to the RRC the mistakes made during irradiation of TLD capsules.

Considering the number of cobalt 60 machines operating in different geographical zones it
can be seen (Figure 4) that centers located near the capital city obtain better results than
those far from this city, as was expected due to the possibility of centers to get assistance
from other radiation therapy departments or from the RRC.

6 CONCLUSIONS

The RRC of Argentina has gained great experience in the TLD intercomparison
programme for cobalt 60 therapy units. The RRC mailed thermoluminescense dosimetry
method, based on the IAEA experience, has a precision of 2% and is traceable to the IAEA.

The large number of great deviations detected in reference conditions demonstrates the
importance for a center to participate in national or international intercomparisons and
the usefulness of the RRC programme that provides a service accesible to all radiotherapy
centers and ensures the required confidentiality.

The principal causes of unacceptable dose deviations have been related to positioning of
capsules and calculation mistakes. Output of machines generally was well determined.
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The RRC should increase the number of on-site visits to radiation therapy centers,
specially to those centers without assistance of a medical physicist . An effort from the
RRC clinical dosimetry section will be necessary in order to strength the follow-up of
centers.

The presence of medical physicists in radiation therapy centers helps to improve the
dosimetry in radiotherapy. Training courses should be organized in order to up grade the
staff of these centers.

National regulations for operation of radiation therapy centers have given the necessary
sustain for application of the RRC dose intercomparison programme.

7. FUTURE PLANS

Owing to an increase in the use of medical accelerators in the country the RRC intends to
expand its TLD service to include initially high energy X ray beams and later on electron
beams. For X ray beams the necessary correction factors to account for the energy
dependence of TLDs are going to be determined through two experimental
intercomparison runs during this year, with the help of IAEA for reference irradiations of
TLD capsules in terms of dose absorbed to water. A first national dosimetric
intercomparison for high X ray beams is scheduled for november 1995.

The RRC is participating in the IAEA Pilot Study to transfer the IAEA/WHO TLD
service to regional SSDLs. Other SSDLs from the IAEA/WHO Network are participating
in this Pilot Study too.

The RRC intends to become part of the International Quality Assurance Network ,
[6], which has been experimentally introduced by the IAEA. This programme covers three
dosimetric steps from single field water phantom to multiple field organ phantom
measurements.

ACKNOWLEDGEMENTS

The authors wish to thank Ing. Ruben Gonzalez and Lie. Horacio Fernandez Gianotti
for many fruitful discussions

REFERENCES

[1] DUTREIX, A., DERREMAUX, S. , CHAVAUDRA, J., VAN DER SCHUEREN, E.
"Quality control radiotherapy in Europe : beam calibration", Radiotherapy and
Oncology, accepted in August 1994.

[2] GONZALEZ, R., SARAVI, M . , " Dose Intercomparison Programme of the Regional
Reference Center of Argentina", IAEA-TECDOC-249, Vienna (1981)45-50.

[3] SARAVI, M., PAPADOPULOS, S., LINDNER, C., "Intercomparison Programme of
Absorbed Dose for Cobalt 60 Therapy Units in Argentina", Dosimetry in Radiotherapy
Vol 2, IAEA, Vienna (1988).

[4] SARAVI, M., PAPADOPULOS, S., MUGLIAROLI, H. , "The SSDL Argentina Ready
To Provide TLD Intercomparison Service For Hospitals In Latin - America", SSDL
Newsletter N° 32, IAEA, Vienna (1993) 15-23.

82



[5] INTERNATIONAL ATOMIC ENERGY AGENCY, "Absorbed Dose Determination
in Photon and Electron Beams. An International Code of Practice", IAEA-TECDOC-277,
Vienna (1987).

[6] HUNTLEY, R., BERA, P . , NETTE, P . , "IAEA/WHO TLD Radiotehrapy Dosimetry
Intercomparison for Australia, Measurement Assurance in Dosimetry", IAEA, Vienna,
1994.

83



III. EXPERIENCES ON CURRENT STATUS.
QUALITY ASSURANCE OF THE IRRADIATED PATIENT

NEXT PAGE(S)
[eft 8LANK


