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Abstract. Discusses the practical consideration and preliminary results of the Cuban's SSDL in Pilot 
Postal Audit in Radiotherapy for Co-60 in non-reference conditions under IAEA Coordinated 
Research Project E2.40.12. A strategy for national TLD audit programmes has been developed by he 
international Atomic Energy Agency (IAEA). It involves progression through three secuential 
dosiemtry audit steps. The first step audits are for the the beam output in reference conditions for 
photon beams. The second step audits are for the dose in reference and non-reference conditions on 
the beam axis for photon beams. The third step audits involve measurements of the dose in reference, 
and non-reference conditions off-axis for open and wedged symetric and simetric fields for photon 
beams. Under coordinated research project E2.40.12 were characterized 100 microrods. All of these 
rods were identified individually with a consecutive number made over one of its sides, using a fine tip 
of graphite. The method used to determinate the individual sensibility of the TL detectors was: 
irradiating a group of them, with the same history of irradiation and readout. The TLD signal was read 
using HARSHAW 2000C/B reader. Based on the IAEA standard TLD holder for photon beams, a 
TLD holder was developed with horizontal arm to enable measurements 5 cm off the central axis. 
Successful results in two external trial carried out using the IAEA TLD service in the years 2003 – 
2004 were obtained. Five 5 facilities were considered to be included in the Pilot Audit Audits in 
Radioherapy for Co-60 in non reference conditions (on-axis) in the year 2003, according to 
recomendation of External Audit Group (EAG). For the year 2004 were considered only 3 facilities in 
the Pilot Audit Audits in Radioherapy for Co-60 in non reference conditions (off-axis). Extend the 
postal dose audits to the rest of the institutions around the country. The participation in these audits 
promotes a major understanding of the physicists in their dosimetry procedures and TPS limitations. 
The methodology of TLD audits in non-reference conditions with a modified IAEA TLD holder has 
been shown to de feasible. 
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1. Introduction 
 
Considering that significant numbers of deviations in non-reference situations, as used clinically on 
patients, have been observed in international audit networks operating worldwide, a group of 
consultants, in their meeting convened in 2001, advised the IAEA to initiate a new CRP 
“Development of TLD-Based Quality Audits for Radiotherapy Dosimetry in Non-Reference 
Conditions”[1] The new CRP (E2.40.12) builds upon the previous CRP “Development of a Quality 
Assurance Programme for Radiation Therapy Dosimetry in Developing Countries”, and extends the 
scope of activities of the national External Audit Group (EAGs) from TLD audits in reference 
conditions, i.e. simple TLD checks of radiotherapy beam calibrations, to complex audit measurements 
in a variety of clinically relevant irradiation geometries, i.e. in non reference conditions. The objective 
of the CRP E2.41.12 ¨Development of TLD-based quality audits for radiotherapy Dosimetry in non-
reference conditions¨, is to assist the participating Member States in developing thermoluminiscent 
Dosimetry (TLD) based quality audits for radiotherapy Dosimetry in non-reference conditions. 
A three level flexible TLD audit system was developed to allow the experience gained from preceding 
audit levels to be incorporated into subsequent audits steps: 
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- Step 1 Postal dose audits for photon beams in reference conditions. It is necessary for any 
postal audit to implement this step before launching a subsequent audit level. 

- Step 2 Postal dose audits for photon and electron beams in reference and non-reference 
conditions on the beam axis. This include checks of beam output, dose variation with field 
size and shape, and wedge transmission for photon beams, and checks of electron beam 
output, as well as dose variation with field size and treatment distance. 

- Step 3 Audits for photon beams in reference and non-reference conditions off-axis. This 
include checks of beam profiles, with and without wedges, for symmetric and asymmetric 
fields for photon beams. 

 
Based on the IAEA standard TLD holder for high-energy photon beams, a special TLD holder with 
horizontal arm was developed that enables off-axis measurements. Three TLDs can be irradiated at a 
time, two off-axis TLDs placed at ± 5 cm from the central TLD. New procedures were prepared for 
the TLD irradiation at hospitals. The off-axis measurement methodology for photon beams was tested 
in a multi-centre pilot study involving the participating countries. 
 
Instructions and datasheets were prepared for TLD postal dose audits for Co-60 in reference and non-
reference conditions on – and off axis, for symmetric fields. 
 
2. Methods and materials 
 
2.1 TLD system 
 
The Tl-dosimeters are standard IAEA capsules filled with three rods (TLD-100) type JR 1152F made 
in china (LiF: Mg, Ti) with dimensions of 6 mm x 1mm x 1mm. The method used to determinate the 
individual sensibility of the TL-rods and different variants of annealing (thermal treatment) of the TL 
detectors to use its before has been explained in detail in Refs [2, 3]. The TL-rods were annealed at 
400 °C  1 h with slow cooling outside of the oven and then at 100 °C for 2 h. The dosimeters are read 
on   HARSHAW 2000C/B manual reader. TL-rods placed on the planchet and were heated from 0 °C 
to 260 °C continually in 60 s. The absorbed doses to water in photon beams, measured by ionization 
chambers, are determined following the procedure described in the code of practice in Technical 
Reports Series No. 398 [4]. 
 
2.2 Verification of the calibration of the TLD System for Co-60 with the IAEA 

Dosimetry Laboratory 

On July 2003 was carried out a reference irradiation at IAEA’s Dosimetry Laboratory. In this event were 
irradiated 15 capsules with Tl-rods using the IAEA’s Co-60 beam. The first 10 capsules were irradiated for 
calibrations propose with dose between 1.5 and 2.5 Gy and other capsules were irradiated with unknown dose to 
test our effectiveness in the dose determination. The results obtained are shown: 

Capsule 
No. 

Dose 
measured 
by SSDL 

Dose 
delivered 
by IAEA 

Discrepancies 
DSSDL/DIAEA 

1 1.79 ± 0.05 1.833 0.976 
2 2.11± 0.05  2.139 0.986 
3 1.99 ± 0.05 1.982 1.004 
4 1.97± 0.05 1.982 0.994 
5 2.01± 0.05 1.982 1.014 
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2.3 TLD audits for Co-60 in reference and non reference conditions (on-axis) 

The parameters checked were: 
 
Case # 1: Reference point output calibration: TLD at 5 cm depth; 10 x 10 cm2 field; (TLD # 1 and # 
2). 
Cases # 2, 3, and 4: Field size variation of output: TLDs at 5 cm depth; 7 x 7 cm2, 20 x 20 cm2, 7 x 20 
cm2 fields. These measurements were carried once for each field (TLD # 3, # 4 and # 5). 
Cases # 5 and 6: Dose variation with a wedge: TLDs at 5 cm depth; 45o wedge (in Theratronics 
Cobalt machines, use large wedge, coded #19); 10Wx10 cm2 and 7Wx20 cm2 fields, for the 7 x 20 cm2 
the short side is in the direction of the wedge.  The TLDs must be positioned such that their axis is 
perpendicular to the slope of the wedge. These measurements will be carried once for each field (2 
TLD capsules required). (TLD capsules required). (TLD # 6 and # 7) 
TLD # 8: Control  
 
2.4 TLD audits Co-60 in reference and non reference conditions (off-axis) 

The parameters checked were: 
 
Case # 1: Reference point output calibration: TLD at 10 cm depth; 10 x 10 cm2 field; (TLD # 1 and # 
2). 
Cases # 3a, 3b, and 3c: Open symmetric field profile: 3 TLDs at 10 cm depth (central and ±5 cm off-
axis); 20x20 cm2 field; IAEA “cross” holder positioned such that the three TLDs lie along a major 
field axis. (TLD # 3 # 4 and # 5) 
Cases # 4a, 4b, and 4c: Wedge symmetric field profile: 3 TLDs at 10 cm depth (central and ±5 cm 
off-axis); IAEA “cross”holder positioned such that the three TLDs lie along the direction of the 
wedge. (TLD # 6, # 7 and # 8) 
Cases # 5b and 5c: Open Asymmetric field profile:  
2 TLDs at 10 cm depth (central and one direction 5 cm off-axis); 10 x 10 cm2 field (jaws open to a 
15x10 cm2), with the field centre shifted 2.5 cm asymmetrically in one direction from the collimator 
axis (as measured at SSD). Lead block of 3x 6 cm or larger should be used; block thickness of 5 cm. 
(TLD # 9 and # 10). 
Cases # 6b and 6c: Asymmetric wedged field profile: The same series of checks as were performed 
for the asymmetric open fields will be repeated, but now with the 45o wedge in position. The wedge 
orientation was such that the thinnest part of the wedge is towards the direction of the asymmetric 
field shift. (TLD # 11 and # 12) 
TLD # 13: Control  
 
3 Results and discussion 

3.1 TLD audits for Co-60 in reference and non reference conditions (on-axis). 

Five 5 facilities were considered to be included in the Pilot Audit Audits in Radioherapy for Co-60 in 
reference and non reference conditions (on-axis) in the year 2003, according to recomendation of 
External Audit Group (EAG) under coordinated research project E2.40.12. 
 
The results obtained were: 
 
66% of the cases with deviation within acceptance limits of ±5% (0.95<DTLD/Dstat<1.05).  
We have considered a “minor deviation” when 0.925<DTLD/Dstat<0.95 or 1.05<DTLD/Dstat<1.075. 
17% fall out of this limits. 
The global average deviation:(DTLD/Dstat)ave = 1.03 
The global standard deviation of these discrepancies: Std.Dev. (DTLD/Dstat) = 0.04 
Two institutions had average deviation on the acceptance limit. 
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there was a satisfactory understanding of the instructions by the users. 
 
3.2 TLD audits Co-60 in reference and non reference conditions (off-axis). 

For the year 2004 were considered only 3 facilities in the Pilot Audit Audits in Radioherapy for Co-60 
in non reference conditions (off-axis). 
 
The results obtained were: 
 
92 % of the cases with deviation within acceptance limits of ±5% (0.95<DTLD/Dstat<1.05). 
Only 8 % of the cases fall out this limit. 
The global average deviation :(DTLD/Dstat)ave = 1.009 
The global standard deviation of these discrepancies:Std.Dev. (DTLD/Dstat) = 0.002 
Considering that this is the first time we deal with the “cross” holder, most of the results are 
satisfactory and surprisingly better than in non-reference conditions (on axis). 
 
4 Conclusions 

It was studied the feasibility of the holder with horizontal arm (cross”holder) for off-axis checks. 
Extend the postal dose audits to the rest of the institutions around the country. The participation in 
these audits promotes a major understanding of the physicists in their dosimetry procedures and TPS 
limitations. This dose audits are an useful tool to use for the EAG to contribute an adequate precision 
in the dosimetry of clinical beams.to use for the EAG to contribute an adequate precision in the 
dosimetry of clinical beams. 
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