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Abstract
In order to evaluate the risks from ionizing radiation for both patients diagnosed at the

Department of Nuclear Medicine, Central Clinical Hospital of the Military University Medical School
in Warsaw, the collective committed effective dose equivalents and the mean personal effective dose
equivalents were calculated for the subsequent years of the period from 1985 to 1996 and compared to
the respective values obtained for the years 1975 and 1976. The results indicate that although the
number of patients and the total radioactivities used in the radioisotope diagnostic assays at the DNM
increased more than 2.5-fold in the 1980s and 1990s in comparison to 1975 and 1976, the collective
committed effective dose equivalents during the last two decades were relatively lower than in the mid
1970s. When averaged over the tested periods, exposure of the patients to ionizing radiation in terms of
both the collective committed effective dose equivalent and the mean personal effective dose equivalent
was lower during the nineties (29.8 man-Sv and 9.0 mSv, respectively) than during the second half of
the 1980s (40.2 man-Sv and 15.4 mSv, respectively). In feet, mean values of the effective dose
equivalents per patient systematically decreased beginning from 1987 to the level of less than 10 mSv
during the 1990s.

Introduction
The constantly increasing numbers of patients diagnosed in vivo with use of a variety of

radionuclides make it necessary' to control and verify the absorbed doses of ionizing radiation and to
estimate the risk for the population at large.

The number of patients diagnosed at the Department of Nuclear Medicine (DNM), Central
Clinical Hospital of the Military University Medical School in Warsaw increased almost 2.5-fold during
the period from 1975 to 1996. At the same time, the annual activities of the radiopharmaceuticals used
more than tripled. Similar increases were noted in other countries. For example, in the former German
Democratic Republic the number of patients at nuclear medicine departments rose by 12% from 1978 to
1981," whereas in the United States the frequency of the radioisotope in vivo tests doubled during the
period from 1972 to 1982.2 The present work was undertaken to compare the exposure to ionizing
radiation in terms of the collective effective dose equivalent and mean personal effective dose equivalent
in patients diagnosed at the DNM in a given year during the periods from 1975 to 1976 and from 1985
to 1996. The respective dose equivalents were calculated based on the activities of different
radionuclides in different organs and tissues and the number of patients diagnosed in each particular
year.

Material and Methods
Calculations of both the collective and mean effective dose equivalents were obtained for 2,901

patients diagnosed at the DNM in 1975 and 1976, and for 35,487 patients diagnosed during the period
from 1985 to 1996 (Fig.l). In most cases the diagnostic tests consisted of a scintigraphy and/or
radioimmunoassays which were used to examine a whole spectrum of organs and tissues. The
radionuclides used included 1-131, Tc-99m, In. 113m, Tl-201, Cr-51 and Hg-203. To calculate the doses
we used the values of the committed effective dose equivalents HT(T) obtained by a patient after
administration of a given radionuclide per unit radioactivity, as calculated by others.1"8 By multiplying
the HT(t) value by the activity of the administered radionuclide and the number of patients in a given
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year, the collective committed effective dose equivalents were obtained for all the patients diagnosed per
year with a particular test. The quotient of the collective committed effective dose equivalents and the
number of tests performed in a given year gave the total collective committed effective dose equivalent
per year. The mean effective dose equivalent per patient was obtained by dividing the collective effective
dose equivalent in a given year by the number of patients diagnosed in that year. Contribution of 1-131
to the total collective effective dose equivalent was defined as the quotient of the collective effective
dose equivalent from this radionuclide calculated for the thyroid gland and the total collective effective
dose equivalent.

Results and Discussion
As shown in Fig. 2, total activities of the radionuclides used annually from 1985 to 1996

generally paralleled the number of patients tested and averaged 1.01 TBq for the period from 1985 to
1989, and 1.30 TBq for the period from 1990 to 1996. hi fact, the highest total activity (1.62 TBq) was
noted in 1993, when the number of patients was also the greatest (3599 patients, as shown in Fig. 1). In
contrast, although the numbers of patients diagnosed in 1975 or 1976 equalled to more than one-third of
the mean number of patients from the period 1985-1996, total activities of the radioisotopes utilised
during 1975 and 1976 equalled to only 0.05 and 0.06 TBq, respectively,. These results reflect the
quantitative and qualitative changes in both the radionuclides used and the types of tests employed
during the 1970s and 1980s. Indeed, in 1975 and 1976 the I-131-labeled sodium iodide, the Hg-203-
labeled neohydrine and the In-113m-labeled compounds were the predominant radiopharmaceuticals
used in the radioisotope diagnostics. However, labeling of the diagnostic compounds with In-113m and
Hg-203 was abandoned in 1985 and 1986 when, for the first time most of the in vivo tests were done
using agents labeled with technetium Tc-99m and other short-lived radionuclides (e.g. Tl-201).913

Moreover, the traditionally I-131-tagged compounds such as NaJ, albumins, albumin microspheres and
hipuran began to be less and less frequently labeled with this radionuclide. In fact, in Poland in 1989
approx. 42,000 diagnostic tests of the thyroid gland were done using the I-131-labeled compounds and
approx. 10,000 tests using the Tc-99m-labeled compounds, while in 1992 the number of tests in which
1-131 and Tc-99m were used as the radionuclide tags equalled to approx. 33,000 and 35,000,
respectively.9 On the other hand, in 1985 and 1986 new radioisotope diagnostic tests, such as heart
imaging, lung and bone scintigraphy, salivary gland imaging, and lung ventilation assays were
introduced. These novel diagnostic methods obviously contributed to the increased total radioactivity of
the radionuclides utilised annually per patient from 1986 onwards.

The total collective committed effective dose equivalents for all the patients tested in a given
year are shown in Fig. 3. The highest value of 47 man-Sv was noted in the year 1986 after which,
despite the constantly increasing number of the patients, the values of the collective dose equivalents
tended to decline until the year 1992 (20 man-Sv), but rose again in 1993 to the level of 1989 (approx.
40 man-Sv). This sudden increase in 1993, paralleled, however, the elevated at that time total
radioactivities used at the DNM (Fig. 2). In general, however, the total collective committed effective
dose equivalents averaged over the the period from 1990 to 1996 were markedly lower than those
averaged over the second half of the eighties (29.8 versus 40.2 man-Sv, respectively). When compared
to the total radioactivities used in 1975 and 1976, the collective effective dose equivalents were in these
two years relatively much higher than in the particular years of the 1980s and 1990s. These differences
may result, at least in part, from the markedly lower utilisation of 1-131 in the diagnostic tests during
the 1990s than during the 1970s. In fact, contribution of 1-131 to the total collective effective dose
equivalent in 1993 (i.e., when the value of the collective dose was the highest during the 1990s) equalled
to 12%, as compared to 79% and 77% in 1975 and 1976, respectively (data not shown).

As shown in Fig. 4, the mean effective dose equivalents per patient (per year?) were the highest
during the period from 1985 to 1987 (mean value 17.3 mSv), after which these values decreased to a
steady level of approx. 9.8 mSv during the years 1993-1996. Interestingly, the lowest mean effective
dose equivalents per patient were noted in the years 1991 and 1992 (7.2 and 6.7 mSv, respectively). In
contrast, in 1975 and 1976, these dose equivalents equalled to 13.4 and 11.4 mSv, respectively, which
are relatively very high levels compared to the low total radioactivities used in those years.
Nevertheless, these latter values are still below the level reported for the total population of the Polish
nuclear medicine departments' patients in 1981.'4 However, the values of the mean effective dose
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Fig. 1. Numbers of patients diagnosed at the DNM per year in 1975
and 1976 and from 1985 to 1996.

Fig.2. Total activities [TBq] of radionuclides used at the DNM per
year in 1975 and 1976 and from 1985 to 1996.

Fig. 3. Total collective committed effective dose equivalents [man-Sv] for
patients diagnosed at the DNM in 1975 and 1976 and from 1985 to 1996
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Fig.4. Mean personal effective dose equivalents [inSv] for patients
diagnosed at the DNM in 1975 and 1976 and from 1985 to 1996
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equivalents calculated for each patient diagnosed at the DNM during the 1990s, although generally not
exceeding 10 mSv, were still somewhat higher than the respective doses reported for the 1980s from
other European countries.7'81315 The reason for this discrepancy is unclear, but it is possible that
different types and doses of radionuclides, and/or different diagnostic procedures used in these other
countries are responsible.

In conclusion, the present results indicate that although the total radioactivities used in the
diagnostic assays at the DNM substantially increased in the second half of the 1980s and during the
1990s in comparison to 1975 and 1976, the total collective committed effective dose equivalents during
the last two decades were relatively much lower than in the mid 1970s. In general, when averaged over
the tested period, exposure of the patients to ionizing radiation in terms of both the collective committed
effective dose equivalent and the mean personal effective dose equivalent was lower during the 1990s
than during the second half of the 1980s. In fact, mean values of the effective dose equivalent per
patient systematically decreased beginning from 1987 to the level of less than 10 mSv during the 1990s.
These results are in accord with the general trend in the industrialised countries to lower the risks from
ionizing radiation for both the patients and their environment during medical diagnostic procedures.
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