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INTRODUCTION
The last years, new radiopharmaceuticals are used in a Nuclear Medicine (NM)

Department. Nowadays, Single Photon Emission Computed Tomography (SPECT) is a
method of routine imaging, a fact that has required increased levels of radioactivity in certain
patient examinations [1].

The staff that is more likely to receive the greatest radiation dose in a NM Department
is the technologist who deals with performance of patient examination and injection of
radioactive material and the nurse who is caring for the patients visiting the Department some
of which being totally helpless.

The fact that each NM Dept possesses equipment with certain specifications, deals
with various kind of patients, has specific design and radiation protection measures which can
differ from other NM Depts and uses various examination protocols, makes essential the need
to investigate the radiation doses received by each member of the staff, so as to continuously
monitor doses and take protective measures if required, control less experienced staff and
ensure that radiation dose levels are kept as low as possible at all times.

The purpose of the current study was to evaluate radiation dose to the nuclear
cardiology department staff by thermoluminescent dosemeters (TLDs) placed on the the skin
at thyroid and abdominal region as well as evaluating protection measures taken currently in
the Dept. 

METHODS AND MATERIALS
Onassis Cardiac Surgery Center is a dedicated cardiosurgery hospital that deals with

patients from allover Greece. It has a NM Dept, which consists of two medical doctors, two
radiation technologists, two nurses and one medical physicist. 
The equipment is SIEMENS Orbiter single head gamma camera with an all-purpose, low
energy, parallel hole collimator (Siemens, Erlangen, Germany). The routine quality assurance
protocol is performed by the medical physicist and consists by a daily test of homogeneity
with a Co-57 flood source (Qcheck, CTRQI source model, product code CTR201) and a test
of background, before the start of the program, and a weekly test of Center of Rotation using a
point source of Tc-99m [2,3]. The dose calibrator for the measurement of the radiation doses
is PTW-Curiementor 2, which was checked daily using a Cs137 Amersham 3.7MBq source.

The two main examinations performed in the Dept are Tl-201 stress and rest cardiac
studies and Tc-99m myocardial perfusion studies, both of which are done using SPECT
technique. Each day the medical physicist performs the QA protocol and then prepares the
radiopharmaceuticals required for the examinations in the hot lab of the Dept. This involves



elution of the Tc generator, preparation of the stock vials and preparation of the radiation dose
administered to each patient. The whole procedure is performed behind a lead equivalent
screen, using protective lead shields for vials and syringes (tongs also for remote handling),
which are usually a 5 ml syringe for a Tl-201 stress cardiac study (3 mCi) and a 2.5 ml
syringe for a Tl-201 rest cardiac study (1 mCi), Tc-99m stress test (10 mCi) or Tc-99m rest
test (20 mCi). Other studies are also performed such as perfusion lung scans but at a very low
rate. The medical physicist does not remain in the Dept during the examinations, but visits the
Dept only for the preparation of a radiation dose.

One technologist performs the morning examinations and makes the stress injections
and the other one in the afternoon performs the rest examinations and makes the rest
injections if required. The syringes for injections are placed in lead protective shields and
remain there also during the injection The technologist also positions each patient on the
imaging table and remains in the imaging room during the procedure. The gamma camera
console where the technologist usually sits is very close to the imaging table, that is one meter
from the radioactive patient’s thorax. There is also a stand near the feet of the patient where a
nurse usually stays so as to be near the patient for emergency purposes since most of them are
cardiac patients or have undergone a surgery. Because of the small distances between imaging
table and positions that the staff sits, it was decided to put 3 lead equivalent screens (each had
0.35mmPb lead equivalency) so as to surround the radioactive patient. Stress preparation of
each patient is performed in a separate room. The technologist in the morning schedule is
either in the stress room waiting to give the injection, or in the imaging room to perform the
imaging. 

The nurse of the Dept prepares each patient for his cardiac examination placing also a
butterfly for easy injection, takes him to the stress preparation room and remains there during
the procedure. Then she takes him to the imaging room and stays there during the whole
procedure. The two technologists and nurses rotate every week and this means that every
month each member of the staff does two morning and afternoon shifts. This is important
since all stress tests that have the highest levels of radioactivity are performed in the morning
shift.

Exposure of the doctors of the Dept is limited to the time that there are present during
the injection of the radiopharmaceutical and the time that they are in the imaging room. It
should be noted that there is a separate workstation with which processing of the images is
done, limiting the time that the doctor is near a radioactive environment. There is one doctor
in the morning shift and one in the afternoon shift.

The staff is monitored by one TLD badge placed on the collar level that is measured
monthly by the Greek Atomic Energy Commission (GAEC). For the purpose of this study,
two additional specially calibrated TLD’s were attached to the skin at thyroid and abdominal
region of the two doctors, two technologists and two nurses that compose the permanent staff
of the Nuclear Cardiology Dept. Each member of the staff wore the two additional TLDs just
before entering the department and took them off when leaving. Measurement period was
three months starting on September 2000 until the end of November 2000. The total number
and type of procedures per staff was recorded, as well as the room dose rate at certain time
intervals. The radiation protection measures were also evaluated. 



RESULTS – DISCUSSION 
12 – 15 patients visit daily the department for cardiac function investigation through

stress and rest scintigraphy examinations.
Table 1 presents the results of the study during the three-month period. The type of

examinations during this period, which is found to be representative of the yearly
performance, are a) Tl-201 stress test which is performed with 3 mCi b) Tl-201 rest test using
1 mCi, c) Tc-99m Tetrofosmin stress test with 10 mCi and finally d) Tc-99m Tetrofosmin test
with 20 mCi. The Tl-201 examination is scheduled 3 times a week and the Tc-99m
examination is scheduled two times a week. In certain cases in which the patient weighted
over 100 kilograms it was decided to use 4 mCi Tl-201 injection. It is found that
approximately 60% of the examinations are done using Tl-201 radioisotope and 40% are
performed using Tc-99m radioisotope. On the other hand, Tc-99m radioactivity is almost 3.7
times higher than Tl-201. 

Table 2 presents measurements of TLDs placed on the skin at thyroid and abdominal
region for each procedure and also measurement of the TLD badge worn on the thorax and
measured by the GAEC for the whole period of the study. Apart from the mean measurement
of TLDs for technologist, nurse and doctor, TLD values of each member are also presented. It
is shown that the staff with the highest values of radiation dose received in our Dept is the
technologist, since it is the person that apart from the injections performs also the imaging of
patients. Our results are comparable with those found in the literature [4-7]. The TLD placed
at the thyroid level can be compared with the TLD GAEC badge since they are placed at the
same region. It is interesting that the GAEC TLD badge measured 0mSv the period of the
study for the nurse and technologist, while our TLDs measured 3.5 mSv and 4.2 mSv
respectively. This could be partially explained by the fact that values below 0.2 mSv are
measured by the GAEC but reported as 0mSv and also by the fact that their value is an Hp(10)
dose equivalent. The difference between the two technologists could be explained by the fact
that the technologist with the lower values of TLDs is much more experienced, therefore
performs each task quicker and also uses all available shielding equipment during the work in
the Dept (shielded syringes, shielded vials, lead protective screens and protective lead apron
during manipulation with unshielded radioactivity). The situation is similar as far as the two
nurses are concerned. Medical doctors deal very little time with unshielded radioactive
patients and do not enter the hot lab. Therefore, their TLDs did not measure any radiation
during the whole period of the study. 

It is shown in the literature that Tl-201 study has a very low radiation dose due to low
administered activity and poorer penetration of radiation [5, 7]. Tc-99m cardiac study has the
highest radiation dose of all routine examinations in a Nuclear Medicine Dept [5]. Therefore,
it would be very useful in a future study to compare the two types of procedure in more detail,
since they account for 90% of the examinations during the year.

As far as the abdominal region radiation dose is concerned, it should be noted that
according to Mountford [6] a limit of 1.3 mSv to abdominal surface of a pregnant nurse or
technologist would restrict fetal dose below the permissible level of 1 mSv, or 0.2 mSv per
month. This is also the limit for monthly measured radiation dose by the GAEC TLD badge.
Taking into account the fact that our corresponding TLD values are well over 1.3 mSv and
that the GAEC TLD badges measured 0 mSv per month, it is concluded that once any
member of our staff declares pregnancy her duties should be altered. This is further confirmed



by Clarke [8] who reported that an average dose of 1.5 µSv per study for a variety of Tc-99m
procedures could be estimated, which means that even 6 Tc-99m studies per day would result
in a total fetal dose of 1mSv (i.e. the ICRP proposed limit). 

CONCLUSIONS
The radiation dose received by the staff of our nuclear cardiology department is within

permissible limits. However, with the present working conditions in our Nuclear Medicine
Department, once a nurse or a technologist is pregnant her duties should be altered so as to
limit the dose to fetal below 1mSv. 
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Table 1. Type and number of examinations, as well as total radioactivity injected during the
three-month period.

Examination Number of exams Radioactivity (mCi)
Tl-201 stress test 557 1671
Tl-201 rest test 283 283
Tc-99m Tetrofosmin stress test 336 3360
Tc-99m Tetrofosmin rest test 192 3840
Total Tl-201 test 840 1954
Total Tc-99m test 528 7200

Table 2. TLD measurements on the skin at thyroid (TLDt) and abdominal (TLDa) region of
each member of the staff are presented per procedure and for the three-month period, as well
as the TLD badge (GAEC) value for the three-month period.

Staff TLDt/pr
(µSv)

TLDa/pr
(µSv)

TLDt
(3months)

(mSv)

TLDa
(3months)

(mSv)

TLD
badge
(mSv)

Nurse A 1.1 2.0 1.3 2.4 0
Nurse B 2.3 3.8 2.8 4.6 0
Mean nurse 1.7 2.9 2.1 3.5 0
Technologist A 2.1 3.0 2.6 3.7 0
Technologist B 2.3 3.8 2.8 4.6 0
Mean technologist 2.2 3.4 2.7 4.2 0
Doctor A 0 0 0 0 0
Doctor B 0 0 0 0 0
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