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ABSTRACT 
 
_0LW0UGTAV 
In this work tests of quality control in beams of X rays have been carried out, at 
diagnostic level, of two radiological services equipments of Brazilian hospitals 
(Aracaju, SE). We obtained the air kerma and kerma rate values, the beams 
efficiency, the coherence between the luminous fields and the referring fields of 
irradiation and half-value layer to each equipment and set of parameters. The 
measures of direct form have been obtained using two ionization chambers, one 
cylindrical and another one with parallel plates. An optional method for 
accomplishment some of the tests were carried out with CaSO4:Dy + Teflon 
thermoluminescent dosimeters. The values of air kerma were evaluated for three 
tube voltage, 40, 60 and 81 kV at 1.0 m from the focus of the equipments. For each 
one of the voltages three distinct current values were chosen besides a fixed value 
of exposition time. The results showed that the values of air kerma varied between 
8.0 µGy and 0.35 mGy. The TLD have revealed useful for the measures if the 
response to the dose is previously known for each set of beam parameters used for 
the irradiations. Otherwise, the tests with the dosimeters can serve to evaluate 
the beams conditions and their reproducibility. The evaluation results of coherence 
between the luminous fields and the irradiation fields demonstrated that the 
difference between the radiation and the luminous fields did not exceed 2% of the 
distance between the focal point and the film. We found satisfactory values for 
half-value layer. 
 
 
1. INTRODUCTION  

 

The developed technology to radiation using has possibility 

incontestable useful benefit to humanity principally by possibility to 

employment in diagnostic and therapy. 

In Brazil the radiological exams are responsible for approximately 80% 

of all exposition at radiation to medical finality; this tax is not divergent in 

other countries [1]. 

Dosimetric procedures give possibilities of obtaining information about 

the dose level ionizing radiation resulting from medical expositions and 

contribute to reducing the risks in those expositions [1]. 



Measurements of patient doses for X-ray procedures are the most 

important factor for an analysis of the taken effects in radiological exams. 

For these measurements detectors as ionization chamber and 

thermoluminescent detectors have been fundamental. Adequate detector 

employment and the accuracy of its measure depend of that one 

characteristic [3]. 

Several authors have made reference at results of parameters 

measured and beams quality utilized in medical radiology. Silva at al. [4] 

developed a methodology to obtain the electrons acceleration potential 

(kVp) applied to X-ray tube by means of determination of extreme point of 

spectrum of the x-rays tube. Ros and Caldas [5] presented results 

comparing parameters measured in control quality tests performed at x-

rays equipment using distinct monitoring systems included TLD. Silva at al. 

carried out quality control tests in 29 radiological equipments belong to 

seven hospitals from Rio de Janeiro. These tests evaluated the X-rays 

generator performance and the beam geometry. These results showed also 

that is important the systematic implementation of a control quality by 

qualified professional.  

Thermoluminescent dosimeters (TLD) have been utilized to monitoring 

in radiological procedures mainly to order to entrance and exit skin dose 

determination of patients underwent these examinations. TLD also have 

been employed in developed of convection factors and in the estimative of 

internal organs doses [7-9]. 

The objective of this work was to analyze the radiation beams 

performance of conventional x-rays equipments using TLD. Quality and 

radiation level were measured with ionization chamber and TLD were 

compared. 

 
2. EXPERIMENTAL 
 

The direct measurements were carried out with cylindrical ionization 

chamber (20X5-3) and another parallel plate (20X5-180) type X-rays 

measurer (Radcal Corp.). The total associated uncertainty did not exceeded 



3.5%, and it has been defined as twice of combined uncertainty by second 

the standard dosimetry laboratory (LMRI-DEN-UFPE).  

The TLD utilized were CaSO4:Dy+Teflon pellets manufactured by IPEN-

CNEN-SP. TLD were thermally treated at  300oC for 15 min before 

irradiations.  

Thermoluminescent signal was read 24 h after irradiation in a Harshaw 

3500 TLD. Glow curves were recorded using linear heating rate of 10 oC/s. 

For analyses the TLD were divided in nine groups with 6 units each. 

The analyses were made in two public hospitals from Sergipe state, 

Brazil. In this work the hospitals will be identified as HA and HB. 

 
X-ray equipment of HA hospital is a MEDICOR – RÖNTGEN, RS-2, Nº 008-

20, with a PK-41, 220 V  voltage power supply, frequency of 50 Hz, three 

phases and X-ray tube. The equipment of HB hospital is a TOSHIBA, DC-

12MB-1, System KXO-12(MB), voltage power supply, frequency of 50-60 Hz, 

three phases. 

For the tests of alignment accuracy between X-ray and light beams for 

diagnostic x-ray machines was make using a cassette with a square field 

with 18.0 cm side limitation by twine in external surface. A radiographic 

film of 30.0 cm × 24.0 cm was employed in this test. 

In order to measure the half value layer (HVL) the cylindrical ionization 

chamber was locate in radiation beam center at 60.0 cm from the focus. 

After that, 1.0 mm aluminum filters were placed at 30.cm from the focus 

and made more three expositions. After that other 1.0mm aluminum filter 

were added and the expositions were recorded.  

The values of HVL, linearity, performance of x-ray tubes and 

alignment accuracy were determinate in accordance with in a Brazilian 

document RE-64 [10] and international regulators agencies [11]. 

 
3. RESULTS 
 
 

3.1 Evaluation of Reproducibility and Linearity  

 



Reproducibility and linearity test have the objective to evaluate the 

constancy and linearity of air kerma rate. The results of evaluation of 

reproducibility variation of beams from HA and HB equipments can be 

observed in Table 1. 

The direct method showed that the reproducibility presented 

acceptable in almost all the beams. Only for 81 kVp – 8 mAs parameters the 

founded values with the ionizing chambers proved have been 10 % bigger in 

the institutions. The other results for this same test have been satisfactory. 

For the measures of indirect reading using TLD, it was observed that 

only for the parameters set of 40kV and 4,0 mAs of HB institution the 

acceptable limit of 10% was exceeded. The percentile evaluation results of 

beams linearity can be observed in table 2. 

Considering resolution RE 64, that it establishes that the variation of 

the linearity must be close of 20%, the evaluation showed that the 

percentile variation of the linearity for the measures on direct form 

presented above of 20 % in the evaluations effected with ionization 

chambers in HA and HB institutions for 40 kVp. For the other potentials only 

for to two sets of kVp and mAs were obtained percentiles higher then 20 %. 

Using termoluminescentes dosimeters only in 60 kVp employed in the 

HA and 40 kVp in the HB the limit of 20% was exceeded. 

 
Table 1 – Evaluation of beams reproducibility  

 
Reproducibility Variation (%) 

Ionization Chamber 
 

mAs  
Cylindrical  Parallel Plate 

TLD 

 
 

 kVp 

HA HB HA HB HA HB HA HB 

2.5 2.0 0.00 0.00 2.46 5.88 0.00 10.30 
5.0 4.0 10.00 0.00 2.22 8.57 4.42 11.63 40 
8.0 8.0 8.69 0.00 1.24 2.68 0.00 0.33 
10.0 9.0 0.00 6.82 0.00 2.32 6.90 3.16 
16.0 12.0 0.00 0.59 0.99 1.40 5.27 2.88 60 
25.0 15.0 1.03 9.12 0.42 5.26 5.32 8.85 
8.0 8.0 15.08 11.07 1.60 0.95 8.19 0.24 
12.8 12.0 7.69 3.20 2.59 0.40 1.90 1.60 81 
20.0 20.0 1.37 1.23 0.77 0.70 1.04 1.20 

 



 
Table 2 – Evaluation of beams linearity 

 
Linearity Variation (%) 

Ionization Chamber 
Produto 

corrente · 
tempo 
(mAs)  Cylindrical  Parallel Plate 

TLD 

 
 

Tensão 
(kV) 

HA HB HA HB HA HB HA HB 

2.5 2.0 
5.0 4.0 40 
8.0 8.0 

54.00 93.30 22.00 138.23 8.70 27.3 

10.0 9.0 
16.0 12.0 60 
25.0 15.0 

9.27 4.97 41.70 2.49 32.60 9.30 

8.0 8.0 
12.8 12.0 81 
20.0 20.0 

40.67 15.40 3.79 27.80 15.70 1.20 

 
 
 

3.4 Workload dose and alignment accuracy between X-rays and light 

beams 

 

For calculation of the tube workload dose in the HA and HB institutions 

were carried through measured with the chambers bars. In HA institution 

equipment’s using 81 kVp and 12.8 mAs, the workload was 1.18 

mGy/mA.min. In the equipment of HB institution the workload was 1.6 

mGy/mA.min using 81 kVp and 12.0 mAs.  

It could be observed by means of the irradiated films that the two 

evaluated equipment had presented certain distortion between the fields 

established for the luminous beam and the beam of radiation. The 

evaluation of the edges of these fields did not exceed 2% of the distance 

between the focal point and the table. In HA institution equipment’s the 

most difference was 5.0 mm and in HB institution equipment’s that one was 

7.5 mm. 

The distance between the focal point and the film was 1.0 m. 

Therefore, the results are in accordance with the specified one in resolution 

RE-64 and with the acceptable standards. 



 

3.4 Half-Value Layer 

 

With the objective to verify the quality of beams X-ray equipment the 

thicknesses of half-value layers had been evaluated. Table 3 presents the 

experimental and theoretical values of the thicknesses of aluminum filter 

necessary to reduction of exposition values at half of the obtained value 

when the measures had been made without filters. 

In accordance with resolution RE-64 for a potential of 80 kVp the 

minimum value of half-value layer for a three-phase equipment is of 2.6 mm 

of aluminum. For 81 kVp values of HVL had been found bigger that 2,6 mm 

in the two equipment. The resolution does not present values for other 

beam parameters. 

The values obtained with the TLD had presented a maximum difference 

15 % in relation to that ones acquired with parallel plate ionization 

chamber. 

 

3.5 Value of the air kerma 

 

Following will be presented the values of measured air kerma in beams 

of the two equipments. Table 4 presents these values that were determined 

for the equipment of HA and HB with ionization chamber. 

The results shown differences of up to 20% between the values 

measured with the cylindrical chamber and another of plate parallel. These 

differences can be related with variations in the beam reproducibility. 

 

Table 3 - Half-Value Layer 
 

HA HB 
HVL (mm) HVL (mm) Parameter

s Al (mm) 
Chamber TLD 

Al (mm) 
Chamber TLD 

40 kV 
8 mAs 3.0  1.78 

±0.01 
2.07 
±0.01 1.0  1.14±0.01 1.32±0.01

60 kV 
25 mAs 7.5  7.09±0.08 7.4±0.08 3.0  2.48±0.03 2.40±0.03

81 kV 
20 mAs 9.0  8.81±0.04 7.88±0.04 6.0 5.82±0.02 5.96±0.02



 
 

Table 4- Value of the air kerma obtained with ionization chamber 
 

Kerma no Ar  
10-3 mGy 

HA HB 

 
 

kVp 

 
 

mAs 

Cylindrical Parallel 
Plate 

Cylindrical Parallel 
Plate 

2.5 1.9±0.5 3.4±0.3 0.9±0.1 3.0±0.4 
5.0 6.8±0.3 7.9±0.7 4.8±0.3 6.3±0.8 40 
8.0 10.8±0.4 13.9±0.8 10.7±0.4 16.4±1.0 
10.0 70.7±1.5 77.2±1.0 104.2±2.0 109.7±6.9 

16.0 124.4±2.5 131.4±03.
3 

164.1±3.5 187.0±2.5 60 

25.0 193.0±3.8 206.1±4.3 146.4±4.8 144.6±4.5 
8.0 132.6±3.2 135.8±3.6 299.8±5.3 274.0±7.7 
12.5 217.2±4.5 219.2±2.8 186.5±14.5 194.8±8.8 81 
20.0 216.3±4.0 337.5±5.8 369.9±14.5 368.0±25.6 

 
 

Table 5 presents the values of the integrated areas of TL emission 

curves relative at same values measures of air kerma. The values of the 

integrated areas increasing like to happened with the ones obtained in 

ionization chambers measurements. 

 

 

 

 

 

 

 

 

Table 5 – Values of the integrated areas of the TL emission curves 
 

Integrated area 
(10-3 arb. unit.) 

 
kVp 

 
mAs 

HA HB 

2.5 10.2±0.0002 8.8±0.5 
5.0 20.0±0.0005 14.7±0.8 40 
8.0 34.6±0.0005 26.3±0.8 

60 10.0 127.3±0.0025 170.0±1.7 



16.0 260.6±0.0012 204.7±8.0 
25.0 293.6±0.005 266.9±5.0 
8.0 190.0±0.0005 283.9±20.0 

12.5 338.4±7.0 425.4±4.5 

 

20.0 494.2±5.0 708.1±5.8 
 

 
4 – CONCLUSIONS 

 

The TLD showed efficient to analyses of radiation beam 

performance the measures since that dose response has been known 

previously for each set of parameters of beams used for the irradiations. 

The results of the air kerma values showed satisfactory with measures 

methods employed presenting itself with lesser variations that 20% and 

with a good linearity. If dose is not known, the tests with 

thermoluminescent dosimeters can serve to evaluate the reproducibility of 

radiological equipment beams. The values found for half-value layer were 

satisfactory. Therefore the viability of the tests of quality control 

execution could be evidenced in agreement with the established by the RE 

Nº 64 of the Brazilian National Agency of Sanitary Monitoring with the use 

of the direct and indirect reading methods. The possibility of execution of 

the tests using thermoluminescent dosimeters will be able to make possible 

more frequent tests and with lesser operational cost to clinics and hospitals 

with radiological services. 
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