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Abstract. A quality control program to nuclear medicine services concerns the verification of the efficiency of
equipment used to diagnosis and treatment, allow the professional improvement. In this study were assessed the
performance of two radionuclide calibrators (activimeters) and of two scintigraphic cameras employed in nuclear
medicine in the state of Sergipe, Brazil, according to regulation CNEN -NN-3.05. Additionally, to the
radionuclide calibrators it was established a nd characterized an intercomparison of activities measured by
different practitioners from standard samples of sealed radioactive sources of 133Ba and 57Co. The evaluation of
this manufacture object was made thought quality control tests on scintigraphic c ameras, such as: test of spatial
resolution, tomographic resolution and linearity. The results of the quality control tests were satisfactory and
they one can be used as parameter in future evaluations.
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1. Introduction

In recent years, the advancement of technology has enabled the more frequent use of ionizing radiation
in the areas of medicine, industry, agriculture, research and activities relating to energy production. In
medicine, ionizing radiation is used for diagnosis and therapy. In industry, the radiation s has been used
in quality control of parts, in control of weight, and as level indicators, the treatment of paint in the
development of polymers, in irradiators to large-scale sterilization of medical supplies. The us e of
ionizing radiation requires the development of equipment and methods of detection and measurement
for dosimetry and quality control [1, 2].

The nuclear medicine presents itself as a specialty of great importance am ong the other medical
specialties. This medical especiality uses equipment with high-technology for the diagnosis through
images and singulars clinical information, obtained through the use of radioisotopes. The manipulation
of radioactive materials in nuclear medicine occurs on a routine. Such manipulation is required in the
preparation of radioisotopes for use in patients who are undergoing diagnostic and therapeutic
procedures. There are several procedures in nuclear medicine for diagnosis using specific
radionuclides in the studies physiology of the body organ systems, now days, the technetium (99mTc) is
the most frequently used 99mTc is produced by molybdenum generator elution (99Mo) and their use
occurs in maps studies (scintigraphy) of various tissue and organs [3, 4].

Due to progress in nuclear medicine, both in diagnosis and therapy, has seen an increased interest by
improvements in the diagnostics quality and in the development of quality control program. The
International Atomic Energy Agency re commends that an instrument ( radionuclide calibrator and/or
scintigraphic cameras) installed in a nuclear medicine service should be subjected to a series of
acceptance tests for verification of its initial performance, as the manufacturer's specifications . These
should be made to obtain the parameter reference (standards of performance) for comparison with
subsequent tests of quality control that will b e made periodically [5].

In Brazil, the National Nuclear Energ y Commission (CNEN) is responsible for standardization of
quality control in nuclear medicine. The standard CNEN-NE-3.05, establishing parameters to quality
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control in nuclear medicine service (NMS), which should be accomplished through tests of accuracy,
precision, reproducibility and linearity i n radionuclide calibrator as well as tests of uniformity of field,
spatial resolution, linearity, centre of rotation, sensitivity and energy resolution that must be conducted
in scintigraphic cameras [6]. Tests for quality control of reference or initials, constituents in the IAEA,
1991 are the same as the standard CNEN -NN-3.05 in 1996 "Requirements of Radioproteção and
Security Services for Nuclear Medicine" .

Several authors have been researching methods to improve the quality control in nuclear medicine.
Costa and Caldas used a method of inter comparasion and calibration of radionuclide calibrator. For
were intercomparasion measures of activity undertaken by different users, in radionuclide calibrator .
This intercomparasion allowed the assessment of the instruments and the work of professionals who
operate the instruments [7].

In view of the importance of a quality control program of equipment used in nuclear
medicine, such as a radionuclide calibrator and scintigraphic camera, the objective of this study
was the establishment of a methodology for intercomparasion of measures of activity,
evaluation of radionuclide calibrator and scintigraphic cameras used in a nuclear medicine
service within a of quality control program of the state of Sergipe.

2. Materials and Methods

The methodology was applied to two radionuclide calibrator of Capintec mark (CRC-7 and CRC-
15R). Both are radionuclide calibrator of the type well, calibrated by the IPEN. The both scintigraphic
cameras of mark Elscint models Apex SP4 and APEX SPX6, both have crystal of NaI (TL) of
thickness of 9.5 mm from the field of vision in the Apex SP4 is 400 mm and in Apex SPX6 is of 540
x 400 mm. The belong to the nuclear medicine service CLIMEDI, whose acronym means of Nuclear
Medicine Clinical Endocrinology and Diabetes Ltda., in Sergipe, where it was made all the work .

In radionuclide calibrator evaluations were used standard sources of 133Ba and 57Co sealed and
unsealed source of 99mTc. For the tests of accuracy, precision, reproducibility and e valuation of
measures of activities were performed by different users used to the standard sealed sources and the
linearity test samples was used for two pertecnetate with 99mTc activity of 6,282.6 MBq and 14.800,0
MBq placed in bottles of 30 mL penicillin type. For the evaluations of the scintigraphic cameras used
a sample of radioactive 99mTc of 74 MBq for tests for the uniformity of field, intrinsic spatial
resolution, and linearity, centre of rotation, sensitivity and energy resolution. All sources were
inserting into radionuclide calibrators and all data on the samples were recorded and evaluated based
on CNEN standard.

The procedures adopted to carry out the evaluation of activity by users were based on the
intercomparison of the measuresments made by six employees of a nuclear medicine service in
Sergipe, where each participant held a measured and verified to the accuracy, within the limits of
acceptance of ± 10%, according to the CNEN-NN-3.05.

3. Results and Discussion

Table 1 shows the results of the control qualities tests performed in the radionuclide calibrators. In the
CRC-7 calibrator it was measured 133Ba and in CRC-15R it was measured 57Co. The accuracy of the
test results is represented by the percentage gap between activity and the averag e individual
observations. The result of reproducibility test was obtained by successive measurements of the same
magnitude, made by the same tools, observers, conditions and at relatively short time intervals time
and the test of linearity represented by monitoring the radioactive decay of each sample of the 99mTc
over time until the activity was around 29 MBq. All tests for quality control are in accordance the
limits of acceptance of standard CNEN 1996. Regarding the test of inter comparasions of activity, no



single measurements of activity made by different users exceed the acceptability limits of the national
standard CNEN.

Table 1 - Quality control tests of radionuclide calibrator CRC-7 and CRC-15R.

Quality control
tests

Measures
CRC-7

Measures
CRC-15R

Measures
CRC-7

Measures
CRC-15R

Limit of
acceptance

CNEN-NN-3.05
Accuracy 7.77 % 3.89 % - - ± 10 %

Precision 0.39 % 0.67 % - - ± 5 %
Reproducibility 0.92 % 0.71 % - - ± 5 %
Linearity - - 8.1 % 13.9 % ± 20 %

Figures 1 and 2 show the experimental data obtained in this test, and the maximum limits expected.
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Figure 1 - Activities measures of the CRC-7 by the participants and maximum deviations expected.
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Figure 2 - Activities measures of the CRC-15R by the participants and maximum deviations expected.



Analysing the results in Figure 1 and 2, we can see that between the activities measures the maximum
deviation observed by the radionuclide calibrator CRC-7 was 1.41%, to calibrator CRC-15 was found
a maximum deviation of 0.35%. Then, we can say that the measurements of activity undertaken by
users in meters CRC-7 and CRC-15R, agreement with the limits of acceptance ±10% of the test of
intercopararison of users, according to CNEN-NN -3.05 and recommendations of the IAEA [5], which
ensures that users are adequately trained, because their results are precise and accurate.

The methodology tested in this work to obtain the variation of measurement of activity performed by
different users showed a good agreement with the work of Iwahara et al. [8, 9], Costa and Caldas [7]
and Bessa [1] and indicated that nowadays is increasing the interest to develop a programme of quality
control in radionuclide calibrators.

Table 2 presents the results of tests of control of qualities of the Boards of scintigraphic model Apex
SP4 and APEX SPX6 with the source of 99mTc.

Table 2 - Quality control test of the gamma cameras Elscint Apex SP4 and Apex SPX6
Parameter of quality control tests APEX SP4 APEX SPX6

Uniformity of field 3.5 % 3.5 %

Spatial resolution intrinsic 4.3 mm 4.3 mm

Linearity 2.5 mm 2.5 mm

Central axis (y variation) 3.2 mm 3.83 mm

Sensitivity 3.81 c.p.m/kBq 2.34 c.p.m/kBq

Resolution energy 10 % 10.3 %

With regard to quality control tests in Apex SP4 and APEX SPX6, the results were satisfactory
according to the manufacturer's manual of these equipments, because was observed that the cameras
has a good uniformity, without regions of high or low intensity in the image and no focal defect that
resulted in regions with different intensity in the center field of vision. In intrinsic spatial resolution
and linearity which was obtained by analyzing the images 2.5 mm quadrant from the bar phantom,
resulting in images without distortion in the bars and field borders, as well as for the spatial resolution
result in images homogeneous or even displacement of the wi ndow. The central axis presents a
variation of less than 4%, in according to the manufacturer's manual , it been in accordance of the
limits of acceptance. The sensitivity and energy resolution showed satisfactory results showing in
accordance with standard requirements SP4 and SPX6, between 8 to 12%.

4. Conclusion

The objectives of this work were obtained: were performed quality control tests in radionuclide
calibrators, comparison of results of measures of activity undert aken by different users and quality
control tests in scintigraphic cameras. It is noteworthy that for these goals were achieved, a number of
intermediary steps were performed. The main results will be described below.

It was established a quality control of radionuclide calibrator and scintigraphic cameras belonging to
the department of nuclear medicine, according to the standard CNEN -NN-3.05, thereby increasing the
possibilities for future research in the field of nuclear medicine in the state of Sergipe.

With the quality control tests was possible evaluate the radionuclide calibrators and prove, through
intercomparasions of activity by different users, the performance of each use r and a general



assessment of the conditions of the instruments. The radionuclide calibrators used in intercomparisons
were subjected to the tests recommended by national standards (CNEN) and international (IAEA). The
results showed that these tools are precise and accurate.
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