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Abstract: Radiation has been used in a variety of different
fields since its discovery. It is very important in medial
sector for both diagnosis and also for treatment. In this
study, the radiation dose rate emitted to the environment
after radiopharmaceutical injection was determined
using patients undergoing bone scintigraphy imaging.
Radiation dose rate measurements were performed at
different distances from the patient and at different
levels of the patient. Measurements were done at dif-
ferent times to determine the relationship between
radiation dose rate and time. The radiation dose rate
emitted by the patient was measured after an average
of 10.21, 42.36, and 76.28 min of injection. In order to see
the relationship between radiation dose rate and distance,
measurements were done at 25, 50, 100, and 200 cm dis-
tance from the patient. The measured average radiation
dose rate at 1 m distance from the patients’ chest level
and 10.21 min after radiopharmaceutical injection was
16.27 pSv h™. Then, the average radiation dose rate decayed
down to 13.65pSvh™ after 42.36 min, while the mea-
sured average radiation dose rate after 76.28 min was
lower as 12.41 uSv h™! at 100 cm from patient’s chest level.

Keywords: Tc99m, scintigraphy, radiation dose, hospital
management

1 Introduction

Human beings are exposed to natural and artificial radia-
tion throughout their lives. One of the areas where artificial
radiation is used is medical applications. Determination
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of radiation concentration in medical applications is
very important for both patients and healthcare workers.
Some international organizations have set limits for radia-
tion concentrations that people may be exposed to. It is
important for public health that radiation levels in medical
applications remain within the recommended limits [1-3].

Radiation effects are of two parts, the definitive
deterministic effect and the uncertain stochastic effect.
Deterministic effects are the result of high-dose radia-
tion exposure to large body areas. There is a threshold
dose value in the deterministic effect formation and the
effect increases proportionally with the dose. As a result
of this effect, acute radiation syndrome, radiation burns,
fibrosis, necrosis, and sclerosis may emerge as late
results. Stochastic effects are caused by prolonged expo-
sure to low radiation doses and there is no specific
threshold dose value [4].

Bone is in the process of continuous shaping
throughout life. Physiological units in bone formation
and shaping are osteocytes, osteoblasts, and osteoclasts.
Osteoblasts are bone-forming cells. Osteoblasts secrete
osteoid which is the main substance of bone. Osteocytes
are cells that fill cavities in the bone tissue called lacun.
Osteoclasts are separated from hemopoietic progenitor
cells. Osteoclasts are specialized macrophages that become
powerful phagocytic cells capable of bone resorption in
new matrix regions made by osteoblasts [5]. Advanced
cancers often metastasize to bone [6]. Bone metastases
are most commonly involved in the axial skeleton. The
axial skeleton provides a favorable medium for tumor
growth due to the large bone marrow, large capillary net-
work, and slow blood flow [7].

Technetium-99m-methylene diphosphonate (Tc-99m
MDP) is the most commonly used radiopharmaceutical in
bone scintigraphy. Ion exchange occurs between phos-
phate groups on the surface of the bone matrix and phos-
phate groups of Tc-99m MDP. Tc-99m is the most widely
used radioisotope in nuclear medicine with a half-life of
6 h and emits 140 keV of gamma photons [8].

In this study, static bone scintigraphy was applied on
patients with a history of cancer to detect bone meta-
stases. The anamnesis of the patients who apply to the
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clinic for static bone scintigraphy is first taken. After the
anamnesis, the radiopharmaceutical (Tc-99m MDP) pre-
pared in the nuclear medicine laboratory is injected into
the patient intravenously. In bone scintigraphy imaging,
adult patients are injected intravenously with 20-30 mCi
(740-1,110 MBq) radiopharmaceutical (Tc-99m MDP).

While the prepared radiopharmaceutical is applied to
the patient, the employees wear a lead apron and inject
with the injectors in the lead shield. The patient is taken
to the radioactive waiting room within the framework of
time, distance, and shielding measures, which are three
important factors in radiation protection. Patients are
kept in the radioactive waiting room for 1.5-2 h for better
retention of Tc-99m radioactivity. The accompanying
relatives of the patient are kept outside the room.
Meanwhile, the patient is given 2 L of water. The patients
drinking water is important for the involvement of the
radiopharmaceutical. The patient waiting for a minimum
of 1.5h is told to empty his bladder and then the patient is
taken to the imaging room. After administering the radio-
pharmaceutical, it is important that the patient be kept as
far as possible from healthcare professionals and other
patients during waiting, imaging, and after imaging. In
addition, using lead shielding will cause employees to
be affected by less radiation.

Radiation exposure hazards are regulated by the
International commission on radiological protection
(ICRP). ICRP recommended a radiation dose rate of
20 uSv h ! at a distance of 1 m from the patient to allow
patients to be discharged after radionuclide treatment
[9]. Therefore, it is really important to investigate the
concentration of radiation emitted from the patient and
the expected dose rate after radiopharmaceutical injec-
tion in nuclear medicine.

Some studies have been carried out on the radiation
doses emitted to the environment after different radio-
pharmaceuticals were injected to the patients. In these
studies, usually the doses they emit into the environment
after FDG injection were examined.

Sometimes, patients injected with radiopharmaceu-
ticals do not know the exact time and distance of
approaching other people. The main motivation of this
study is to determine the time and distance that can be
approached to the patient emitting radiation. This time
and distance are very important especially for the rela-
tives of the patients.

The main purpose of this study was to determine the
radiation dose rate emitted by patients undergoing bone
scintigraphy. The radiation dose rate emitted by the
patient varies with time and distance from the patient.
In order to determine the change in radiation dose rate
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over time and distance, measurements were done after
different periods of radiopharmaceutical injection and at
different distances from the patient.

2 Materials and methods

This study was carried out in Istanbul Dr Lutfu Kirdar City
Hospital, Nuclear Medicine Department. The study was
conducted on 25 people (13 females and 12 males) whose
ages ranged from 38 to 92 years (mean 60.33 years). The
weight of the participants ranged from 49 to 130 kg, with
an average of 75.78 kg .

Patients were first injected with radiopharmaceuti-
cals by weight. The radioactivity given to patients ranged
from 17.23 mCi (637.51 MBq) to 20.58 mCi (761.46 MBq),
with an average of 19.06 mCi (705.22 MBq). Immediately
after radiopharmaceutical injection, patients began to
emit radiation around them.

Patients undergoing bone scintigraphy imaging were
used to calculate the external radiation dose rate after
radiopharmaceutical injection in this investigation.
Radiation dose rates were measured from a variety of
angles and at a variety of distances from the patient.
For this study, we took readings at various intervals to
establish a time—dosimetry relationship for the radiation
dosage rate. After an average of 10.21, 42.36, and 76.28 min
post-injection, the patient’s radiation dosage rate was
measured. Experiments were performed at 25, 50, 100,
and 200 cm from the patient to determine the dose rate
as a function of distance.

The radiation dose rate emitted by the patient was
measured after an average of 10.21, 42.36, and 76.28 min
after injection. In order to determine the relationship
between radiation dose rate and distance, measurements
were done at 25 cm distance, 50 cm distance, 100 cm dis-
tance, and 200 cm distance from the patient (Figure 1). As
shown in Figure 1, the measurement places are labelled
as HL-25 which is 25cm distance from patient’s head
level, HL-50 is 50 cm distance from patient’s head level,
HL-100 is 100 cm distance from patient’s head level, HL-
200 is 200 cm distance from patient’s head level, CL-25 is
25 cm distance from patient’s chest level, CL-50 is 50 cm
distance from patient’s chest level, CL-100 is 100 cm dis-
tance from patient’s chest level, CL-200 is 200 cm distance
from patient’s chest level, FL-25 is 25cm distance from
patient’s foot level, FL-50 is 50 cm distance from patient’s
foot level, FL-100 is 100 cm distance from patient’s foot
level, and FL-200 is 200 cm distance from patient’s
foot level.
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Figure 1: Locations of measurements performed on human body.

Radiation rate measurements at the head level were
done at 25, 50, 100, and 200 cm distances from the
patient’s head level. Radiation rate measurements at
the chest level were done at 25, 50, 100, and 200 cm dis-
tances from the patient’s chest level. Radiation rate mea-
surements at the foot level were done at 25, 50, 100, and
200 cm distances from the patient’s foot level. Thus, the
radiation dose rate was determined from 12 different
points around the patient. Radiation dose rate measure-
ments were performed using the GM (Inspector Nuclear
Radiation Monitor Deluxe Dose Rate CPT.5250-0047) detector
which was calibrated by Turkey Atomic Energy Agency.

3 Results and discussion

The average radiation dose rate at 25, 50, 100, and 200 cm
from the patient’s head level is shown in Table 1. The
average radiation dose rate measured at 1m distance
from the patients’ head level and 10.21 min after radiophar-
maceutical injection was 14.56 uSvh™" (range 8.26-19.17).
Then, the average radiation dose rate decayed down to
12.89 uSvh! (range 8.13-17.43) after 42.36 min, while the
measured average radiation dose rate after 76.28 min was
lower at 10.72 pSv h™ (range 5.37-15.67) at 100 cm from
patient’s head level.

Table 1: Radiation dose rates at patient’s head level at different
distances and at different times after injection

Distance Time Dose rate Mean Normalized

from after the range dose mean dose

patient injection  (uSvh™) rate rate

(cm) (min) (uSvh™)  (uSvh?

MBq™

25 10.21 45.16-140.23 68.11 0.0966
42.36 24.67-90.35 53.27 0.0755
76.28 15.63-78.26 47.01 0.0667

50 10.21 19.35-37.81 28.16 0.0399
42.36 17.53-31.48 23.61 0.0335
76.28 12.67-24.59 18.83 0.0267

100 10.21 8.26-19.17 14.56 0.0206
42.36 8.13-17.43 12.89 0.0183
76.28 5.37-15.67 10.72 0.0152

200 10.21 5.83-10.56 7.38 0.0105
42.36 4.23-10.38 6.01 0.0085
76.28 3.41-9.26 5.68 0.0081

The average radiation dose rate at 25, 50, 100, and
200 cm from the patient’s chest level is shown in Table 2.
The average radiation dose rate measured at 1 m distance
from the patients’ chest level and 10.21 min after radiophar-
maceutical injection was 16.27 pSvh™" (range 7.83-24.71).
Then, the average radiation dose rate decayed down to
13.65 uSv h™'(range 7.12-21.43) after 42.36 min, while the
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Table 2: Radiation dose rates at patient’s chest level at different
distances and at different times after injection

Distance Time Dose rate Mean Normalized

from after the range dose mean dose

patient injection  (uSvh™) rate rate

(cm) (min) (uSvh™ (uSvh™?

MBq™)

25 10.21 61.83-172.29 124.33 0.1763
42.36 44.97-155.43  99.13 0.1406
76.28 38.43-143.52 78.13 0.1108

50 10.21 23.97-81.26 44.16 0.0626
42.36 22.63-54.78 38.38 0.0544
76.28 21.34-48.53 33.44 0.0474

100 10.21 7.83-24.71 16.27 0.0231
42.36 7.12-21.43 13.65 0.0194
76.28 6.43-19.36 12.41 0.0176

200 10.21 4.38-9.56 8.41 0.0119
42.36 4.13-9.12 6.43 0.0091
76.28 4.01-9.07 6.36 0.0090

measured average radiation dose rate after 76.28 min was
lower at 12.41pSvh™ (range 6.43-19.36) at 100 cm from
patient’s chest level.

The average radiation dose rate measured at 1m dis-
tance from the patients’ foot level and 10.21 min after
radiopharmaceutical injection was 13.38 uSvh™! (range
7.52-19.68). Then, the average radiation dose rate decayed
down to 12.34pSvh™ (range 7.41-17.59) after 42.36 min,
while the measured average radiation dose rate after
76.28 min was lower at 11.16 pSvh™" (range 5.98-15.43) at
100 cm from patient’s foot level. The obtained results are
tabulated in Table 3.

Table 3: Radiation dose rates at patient’s foot level at different
distances and at different times after injection

Distance  Time after Dose rate Mean Normalized

from the range doserate mean dose

patient injection  (uSvh™) (uSvh™) rate

(cm) (min) (uSvh™

MBq™)

25 10.21 26.89-92.51 46.94 0.0666
42.36 20.13-66.34  40.38 0.0573
76.28 18.96-56.31 32.27 0.0458

50 10.21 16.53-45.86  23.55 0.0334
42.36 14.56-30.08 21.05 0.0298
76.28 7.89-26.52 18.66 0.0265

100 10.21 7.52-19.68 13.38 0.0190
42.36 7.41-17.59 12.34 0.0175
76.28 5.98-15.43 11.16 0.0158

200 10.21 3.97-9.53 6.12 0.0087
42.36 3.72-9.32 5.78 0.0082
76.28 3.04-7.53 5.27 0.0075

Radiation dose measurement on bone scintigraphy = 1179

10.21 min after radiopharmaceutical injection to the
patient, it was observed that the radiation dose rate
decreased as the distance from the patient increased.
Measurements at head, chest, and foot levels showed
strong correlations between distance from the patient
and radiation dose rate. Correlation coefficients were
0.995 for head level, 0.990 for chest level, and 0.996 for
foot level (Figure 2).

42.36 min after injection to the patient, radiation dose
rate decreased as the distance from the patient increased.
Measurements at head, chest, and foot levels showed
strong correlations between distance from the patient
and radiation dose rate. Correlation coefficients were
0.997 for head level, 0.996 for chest level, and 0.995 for
foot level (Figure 3).

76.28 min after injection to the patient, radiation dose
rate decreased as the distance from the patient increased.
Measurements at head, chest, and foot levels showed
strong correlations between distance from the patient
and radiation dose rate. Correlation coefficients were
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Figure 2: 10.21 min after injection, the patient’s head, chest, and
foot radiation dose rates.
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Figure 3: 42.36 min after injection, the patient’s head, chest, and
foot radiation dose rates.
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0.988 for head level, 0.994 for chest level, and 0.992 for
foot level (Figure 4).

Radiation dose rate measurements at the patient’s
head level were found to decrease with the increase in
time. In the measurements at the head level, the correla-
tion coefficients between radiation dose rate and time at
25, 50, 100, and 200 cm distances from the patient were
0.960, 0.996, 0.989, and 0.893, respectively (Figure 5).

Radiation dose rate measurements at the patient’s
chest level were found to decrease with the increase in
time. In the measurements at the chest level, the correla-
tion coefficients between the radiation dose rate and time
at 25, 50, 100, and 200 cm distances from the patient were
1, 0.999, 0.966, and 0.766, respectively (Figure 6).

Radiation dose rate measurements at the patient’s
foot level were found to decrease with the increase in
time. In the measurements at the foot level, the correlation
coefficients between radiation dose rate and time at 25, 50,
100, and 200 cm distances from the patient were 0.990, 1,
0.997, and 0.985, respectively (Figure 7). The radiation
dose rate distribution 10.21, 42.36, and 76.28 min after
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Figure 4: 76.28 min after injection, the patient’s head, chest, and
foot radiation dose rates.
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Figure 5: Radiation dose rate at different distances from the
patient’s head level.
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Figure 6: Radiation dose rate at different distances from the
patient’s chest level.
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Figure 7: Radiation dose rate at different distances from the
patient’s foot level.

radiopharmaceutical injection to the patient is shown in
Figures 8-10.

Demir et al. found that in 2010, 87 min after the
patient was injected with 550 MBq FDG, the radiation
dose rate at a distance of 1m from the patient was
74 pSv h™! [10]. Cronin et al. found that in 1999, 120 min
after the patient was injected with 323 MBq FDG, the
radiation dose rate at a distance of 1 m from the patient
was 14.7 uSv h™! [11]. Zhang-Yin et al. found that in 2017,
95 min after the patient was injected with 176 MBq FDG,
the radiation dose rate at a distance of 1m from the
patient was 9.34 pSvh™' [12]. Gunay and Abamor found
that in 2018, 77 min after the patient was injected with
300 MBq FDG, the radiation dose rate at a distance of 1 m
from the patient was 15 uSvh™ [13].

Giinay et al. investigated the radiation dose rates at
different distances from the patient after injecting Tc-99m
in two different studies in 2019 [14,15]. One of these stu-
dies was performed on cardiac patients. In this study
conducted by Giinay et al., 276 MBq radiopharmaceuti-
cals were injected to the patients. Radiation dose rate was
measured at a distance of 1m from patients. Radiation
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Figure 10: Radiation dose rate distribution at 76.28 min after injection.

dose rates at 7.6, 36.5, and 66.4 min after injection were
9.07,7.93, and 7.83 uSv h™, respectively. In the other study,
environmental radiation doses were determined in patients
undergoing Tc-99m DMSA cortical renal scintigraphy. In
this study conducted by Giinay et al., 168 MBq radiophar-
maceuticals were injected to the patients. Radiation dose
rate was measured at a distance of 1m from patients. The
mean radiation dose at 5.07, 35.60, and 68.57 min after
injection were found to be 5.06, 4.76, and 4.18 uSvh™*
at a distance of 1 m from the patients, respectively. Besides
those of previous works, a number of radiation dose mea-
surements and dosimetric studies have been performed
for different purposes by different groups [16-38].

Since radiation containing different amounts of
activity was injected into patients in different previous
studies, depending on the type of disease, the dose rate
emitted from the patient was found to be different in
each study. The radiation dose rate results in this study
were found to be higher than some previous similar
studies and lower than others.

4 Conclusion

In this study, the radiation dose rate emitted to the environ-
ment after radiopharmaceutical injection was determined by

patients undergoing bone scintigraphy imaging. Radiation
dose rate measurements were made at different distances
from the patient and at different levels of the patient.
Measurements were made at different times to determine
the relationship between radiation dose rate and time. A
safe time and distance were determined for radiation
workers and the public to approach patients who under-
went bone scintigraphy.

Radiation worker should be exposed to less than
10 pSv h™! dose [39]. Radiation workers should stay 1m
away from the patient for 130 min after radiopharmaceu-
tical injection during bone scintigraphy imaging.

Radiation dose rate for the public should be less than
1uSvh™. According to the equation between the radia-
tion dose rate of 1m from the patient’s chest level and
time, 130 min after radiopharmaceutical injection, the
radiation dose rate of 1m from the patient is less than
1uSvh™". Therefore, following bone scintigraphy appli-
cations, it is appropriate for the patient to restrain social
activities such as being 1 m away from other people and
using public transport, for at least 130 min after injec-
tion. In nuclear medicine, radiation of different activ-
ities is injected for different diseases. In future studies,
it is recommended to measure the radiation dose rates
emitted by patients injected with radiation of different
activities.
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