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Abstract
The objective of this study was to evaluate the range of radiation doses received by operators during their routine 
activities in a nuclear medicine center. Dose assessments were performed using two types of personal dosimeters: 
the Bertin miniTRACE γ and the POLIMASTER PM1703MO-1 RED FLASH. Measurements collected from these 
devices during daily procedures enabled a quantitative analysis of occupational exposure under real working condi-
tions. A comparative evaluation of the recorded values was conducted to assess the consistency, reliability, and 
precision of the two dosimetry systems. This comparison also provided insight into radiation protection practices 
within the department and helped verify whether operator exposure levels remained within recommended safety 
limits. The results demonstrated good agreement between the devices, confirming their reliability and suitability 
for monitoring oc-cupational exposure in nuclear medicine settings. The highest dose levels were observed during 
radiopharmaceutical preparation and injection procedures, particularly during dose administration to patients, 
which represents the most irra-diating step for the operator. These findings highlight the importance of strict 
adherence to radioprotection principles, including time optimization, distance maximization, and appro-priate 
shielding. Furthermore, the study emphasizes the necessity of maintaining dedicated protective equipment to ensure 
both operator safety and optimal patient management. Overall, the dosimeters proved to be effective tools for 
routine radiation monitoring and quality assu-rance in nuclear medicine practice
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Introduction
Functional medical imaging has undergone a profound trans-
formation with the advent of ¹⁸F-FDG for positron emission 
tomography (PET/CT) and ⁹⁹ᵐTc for conventional scintigraphy 
(SPECT/SPECT-CT). ¹⁸F-FDG has become the reference radio-
tracer in oncology, infec-tiousdiseases, andinflammatory disor-
ders, owing to its high metabolic sensitivity, robust diag-nostic 
performance, and the availability of standardized acquisition 
and interpretation proto-cols proposed by international societies 
such as the EANM, SNMMI, and ICRP [1-3].

Conversely, ⁹⁹ᵐTc-based radiopharmaceuticals remain indis-
pensable in cardiology, boneimag-ing, nephro-urology, hepa-
tobiliary studies, and pediatrics, due to their wide availability, 
favor-able physical properties, cost-effectiveness, and versatile 

chemical labeling options [4].

Recent comparative investigations have demonstrated the diag-
nostic superiority of ¹⁸F-FDGPET/CT and emerging tracers such 
as ¹⁸F-NaF, ⁶⁸Ga/¹⁸F-PSMA, and ⁶⁸Ga/¹⁸F-FAPIover convention-
al ⁹⁹ᵐTcscintigraphy in several oncologic settings, notably in the 
detection of bone metastases, tumor staging, and assessment of 
minimal residual disease [5, 6]. 

Despite these advances, ⁹⁹ᵐTc imaging continues to play a crit-
ical role in low- and middle-income environments, where PET 
technology remains less accessible, reaffirming its relevance 
in global nuclear medicine practice [7]. Parallel technological 
developments particularly time-of-flight (TOF) PET, digital sol-
id-state detectors, silicon photomultipliers (SiPM), and artificial 
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intelligence–based reconstructionalgo-rithmshave contributed 
to substantial improvements in spatial resolution, lesion detect-
ability, and quantitative accuracy.These innovations also enable 
significant reductions in administered activity, aligning with ra-
diation protection principles (ALARA/ALADA) and promoting 
the optimization of imaging protocols from both a safety and 
economic standpoint [8-10].Within this framework, the present 
study focuses on conducting a workplace dosimetric as-sess-
ment in a nuclear medicine department, with particular emphasis 
on evaluating doses relat-ed to external occupational exposures. 
The final sections of this article discuss the main find-ings, con-
tributions, methodological limitations, and future perspectives 
of the study, situating them within the broader context of radi-
ation protection and the evolving landscape of modern nuclear 
medicine.

Materials and Methods
This study was carried out at the nuclear medicine center in 
compliance with the IRSN Report PRP-HOM/DIR n°2015-
00009, “Practical Guide for Conducting Dosimetric Studies of 
Workstations (Version 4)”as well as with the recommendations 
of the ICRP (Publications 60, 103, and 106) [11-16]. The EANM 
guidelines, and the IAEA Basic Safety Standards [17, 18].

The analysis focused on three types of nuclear medicine pro-
cedures performed between January and June 2025], namely: 
PET/CT examinations with ¹⁸F-FDG and conventional scin-tig-
raphy using ⁹⁹ᵐTc. The personnel observed included two radiog-
raphers, one nuclear medi-cine physician, and three radiophar-
macy nurses. The equipment used comprised a PET/CT camera 
(Discovery IQ, GE), a SPECT/CT camera (Discovery NM 360, 
GE), a dose calibrator, and personal protective equipment such 
as lead aprons, shielded syringes, and lead contain-ers.External 
exposure was evaluated using electronic dosimeters worn on the 
chest and ex-tremities. The conversion coefficients were taken 
from ICRP Publication 106 for ¹⁸F-FDG (0.019 mSv/MBq in 
adults) and from the RADAR databasefor ⁹⁹ᵐTc[15].The mea-
sured doses were expressed as a function of the injected activity 
and the exposure time.The analysis em-phasized the comparison 
of exposure levels between PET/CT (¹⁸F-FDG) and SPECT/CT 

(⁹⁹ᵐTc) procedures, as well as the identification of the most ex-
posure-prone tasks, including radiopharmaceutical preparation, 
patient injection, and image acquisition. According to the IRSN 
reference methodology, the key stages of a dosimetric job study 
in-clude:  Preparation of the study, evaluation of the doses, and 
analysis of the results. The first stage of the study consisted of its 
preparation, which involved defining the objectives, select-ing 
the appropriate methodology, and identifying the different work-
stations and procedures to be analyzed. This phase also included 
the collection of necessary data, the measuring in-struments. In 
the dose evaluation stage, individual and environmental dose 
measurements were carried out using active dosimeters, depend-
ing on the type of exposure. 

The data obtained were then processed to determine the equiva-
lent and effective doses re-ceived by the personnel during their 
professional activities.Finally, the analysis and interpreta-tion of 
the results allowed the identification of the main sources of ex-
posure, the assessment of compliance with regulatory limits, and 
the formulation of optimization recommendations in accordance 
with the principles of radiation protection (justification, opti-
mization, and dose limitation).The preparation phase of the job 
study consists of gathering information relating to, on the one 
hand, the facility wichincludes the sources(¹⁸F-FDG/ 99mTc) 
producing ionizing radiation and the associated protective de-
vices, and on the other hand, the tasks performed at this position 
by the professionnals.

The nuclear medicine installation is composed of several ded-
icated areas designed to ensure optimal workflow, safety, and 
compliance with radiation protection standards (table 1). It gen-
erally includes a radiopharmaceutical preparation room, an in-
jection room, a waiting area forpatients, imaging roomsequipped 
with gamma cameras or PET/CT systems, adata processing and 
interpretation room, as well as waste storageanddosimetrycon-
trolzones. Each area is separated by shielding barriers adapted 
to the energy of the radionuclides used, ensuring both staff and 
public protection. The dimensions of the rooms are mentionned 
in this tabledownbellow.

Table 1: Dimensions of different rooms in installation
Lenth (m) Width(m) Height(m) Superficies (m2)

Hot Laboratory 5,19 2,96 2,64 15,36
PET CT 7,96 4,17 2,74 33,19

SPECT CT 6,31 3,96 2,85 24,98

In nuclear medicine, the ionizing radiation sources are radio-
active isotopes (radionuclides)that emit radiation spontaneous-
ly as they decay. These sources are used in the form of radio-
pharmaceuticals, which combine a radioactive element with a 
chemical compound that targets specific organs or physiological 
functions. The most commonly used radionuclides include Tech-
netium-99m (⁹⁹ᵐTc) for gamma imaging, Fluorine-18 (¹⁸F) for 
PET imaging (table2). Unlike X-ray generators, these sources 

are permanent and non-controllable, meaning they emit radia-
tion continuously until complete decay. The emitted radiation 
may include gamma rays, beta particles, or positrons, depending 
on the radionuclide. Handling and storage require strict radiation 
protection measures, including the use of shielded containers, 
ventilated preparation rooms, and personal dosimetry, to min-
imize exposure to medical staff and the environment [19, 20]. 
Our study work’s on the radiological installation down bellow.

Table 2: Radiological installation 
Model Supplier Voltage Amperage

PET CT Discovery IQ GE 120 10
SPECT CT Discovery IQ NM 360 GE - -
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Figure 1: Decay of ¹⁸F-FDG

Fluorine-18 is a radioactive isotope with a half-life of about 
109.7 minutes (≈1.83 hours). It decays predominantly (≈ 97 %) 
by positron emission (β⁺ decay) to the stable daughter nucleus 
oxygen-18 (¹⁸O).  A small fraction (≈ 3 %) decays instead by 
electron capture (EC) also to oxygen-18 (figure1). During the β⁺ 
emission process, the emitted positron travels a short dis-tance in 
tissue, then annihilates with an electron, producing two 511 keV 
gamma photons emitted approximately back-to-back at 180°. 

In the case of ¹⁸F-FDG, the fluorine-18 is incorporated into a 
glucose analogue molecule so that the tracer is taken up by met-
abolically active cells (for example, in brain, heart or tumours) 
and becomes phosphorylated and trapped.While the fluorine-18 
is still present, the tracer is radioactive and can be imaged via 

the PET (positron emission tomography) detection of the anni-
hilation photons. After the nuclear decay of ¹⁸F-FDG within the 
molecule, the daughter oxygen-18 becomes part of a non-radio-
active molecule, which can then be further metabolised without 
radiological emission. 

The decay-scheme therefore shows: starting from the fluorine-18 
nucleus, an arrow for β⁺ emission down to ¹⁸O, and then the an-
nihilation photons. Because the majority of decay is via positron 
emission, PET imaging exploits the detection of the two coinci-
dent 511 keV photons. The short half-life makes ¹⁸F-FDG a good 
choice for clinical imaging: long enough to perform synthesis 
and injection, short enough to minimise radiation exposure [21].

Figure 2: Desintegration scheme of 99mTc

The diagram illustrates the decay of Technetium-99m (⁹⁹ᵐTc), 
a metastable nuclear isomer widely used in diagnostic nuclear 
medicine. The nucleus of ⁹⁹ᵐTc is in an excited state (meta-sta-
ble) and decays primarily via gamma (γ) emission to its ground 
state, Technetium-99 (⁹⁹Tc).

Two gamma transitions are indicated: a minor transition at 142.6 
keV with a probability of 1.4%, and a major transition at 140.5 
keV with a probability of 98.6%, corresponding to a half-life of 
6.03 hours. These γ emissions allow the detection of ⁹⁹ᵐTc in 

imaging procedures without significant radiation dose to the pa-
tient, as the γ photons have sufficient energy to exit the body but 
low enough to minimize tissue damage (figure2). The ground 
state ⁹⁹Tc is radioactive, decaying via beta (β⁻) emission with an 
extremely long half-life of 2.12 × 10⁵ years, making it practical-
ly stable for medical applications. A minor γ emission of 2.1 keV 
is also indicated, magnified 10 times in the diagram for visibil-
ity. In summary, ⁹⁹ᵐTc serves as an ideal medical tracer due to 
its short-lived γ emission for imaging and negligible beta decay 
contribution during the diagnostic timeframe [22].

Table 3: Radionuclides and Staff Responsibilities in the Nuclear Medicine Department
Category Item Activity / Number Emissions / Role Energy / Responsibilities Half-life

Radionuclides ⁹⁹ᵐTc 1300,55 MBq Photons 140 keV 6.01 h
¹⁸F-FDG 2100 MBq Beta⁺, Photons 511 keV 1.83 h
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Staff Doctor 2 Dose prescription, 
PET-CT first reading

Patient consultations —

Technologist 
(Manipula-

tor)

2 Radiological and nu-
clearimaging

Patient positioning —

Nurse 3 Patient care Radiopharmaceuticalprepara-
tion and injection

—

Medical
Secretary 1 Patient reception and 

coordination
Appointment management —

Cleaning 
Staff

1 Cleaning of imaging 
rooms and offices

— —

Admin-
istrative 

&Logistics 
Manager

1 Administrative tasks, 
accounting, supply 

management

Staff–doctor coordination; 
support in patient reception or 

dose preparation if needed

—

In the nuclear medicine department (table3), two principal radio-
nuclides are used for diagnostic procedures: Technetium-99m 
(⁹⁹ᵐTc), with activities ranging from 1300 to 55 MBq, emitting 
140 keV photons and having a physical half-life of 6.01 hours, 
and Fluorine-18 fluorodeoxyglucose (¹⁸F-FDG), administered 
at approximately 2100 MBq, emitting β⁺ particles and 511 keV 
annihilation photons, with a half-life of 1.83 hours. The clinical 
team is composed of physicians, technologists, nurses, a medical 
secretary, cleaning staff, and an administrative/logistics manag-
er. Physicians (n=2) are responsible for prescribing radiophar-
maceutical doses, conducting initial interpretations of PET-CT 
examinations, and performing patient consultations. Technolo-

gists (n=2) handle patient positioning and perform radiological 
and nuclear medicine examinations. The nursing staff (n=3) pro-
vide patient care and oversee the preparation and administration 
of radiopharmaceuticals. The medical secretary (n=1) manages 
patient reception, administrative coordination, and communica-
tion between physicians and nurses. Cleaning personnel (n=1) 
ensure the disinfection and maintenance of examination rooms 
and offices. Finally, the administrative and logistics manager 
(n=1) supervises administrative activities, accounting, supply 
management, andcoordination between the physician and staff, 
and may support operational duties when necessary.

Results

Table 4: Tasks, Exposure Types, and Calculation Hypotheses
Taskcarried out Externalexposure – 

Whole body
Externalexposure – 

Extremities
Internalexposure

Doctor – First reading of the PET-CT exam + – –
Nurse – Preparation of radiopharmaceuticals + +++ –

Nurse – Injection of radiopharmaceuticals + +++ –
Technologist (Manipulator) – Launch of radiologi-

cal examinations
+ – –

Medical Assistant – Patient management – – –
Housekeeper – Cleaning of corridors and premises – – –

Parameter Number of PET-CT        Value
examinations per day 20

Number of SPECT-CT 
examinations per day 8
Number of working 

days per week 5
Number of weeks per year 43

Administeredactivities Value
⁹⁹ᵐTc 925 MBq

 ¹⁸F-FDG 600 MBq

The table 4 summarizes the different professional tasks per-
formed in the nuclear medicine department and the associated 
exposure levels, followed by the operational assumptions used 

for dose estimation. External exposure is evaluated separately 
for whole-body and extremity irradiation, while internal expo-
sure is assessed based on the risk of radionuclide intake.
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Physicians involved in the first reading of PET-CT examina-
tions experience minimal whole-body external exposure and 
no significant extremity or internal exposure. Nurses involved 
in the preparation and injection of radiopharmaceuticals show 
the highest extremity exposure (+++), due to direct handling of 
radioactive materials, in addition to low whole-body exposure. 
Technologists (manipulators), responsible for conducting radio-
logical and nuclear medicine examinations, present low whole-
body exposure with no notable extremity or internal exposure. 
Medical assistants and housekeeping staff show no significant 
exposure under normal operating conditions. The calculation 
model is based on an annual workload consisting of 20 PET-CT 

and 8 SPECT-CT examinations per day, performed 5 days per 
week over 43 weeks per year. Administered activities considered 
for dose estimation are 925 MBq for ⁹⁹ᵐTc procedures and 600 
MBq for ¹⁸F-FDG procedures.

For calculations we use this mathematical formula:
H*(10)=D ̇×N×D×W
D : dose rate
N : number of Exams (PET-CT or SPECT-CT)
D : number of days per week
W: number of weeks per year

Table 5: Effect of the Syringe Cover on Ambient Whole-Body Dose H*(10) During Injections
Type of exam With syringe cover 15mm (μSv) Without syringe cover 15mm(μSv)

PET CT 54.35 4866.91 
SPECT CT 244.65 15411.2 

Measurement time (s) 60

Table 5 compares the ambient whole-body dose H*(10) received 
by a nurse during radiophar-maceutical injections when using 
a 15 mm syringe coverversusno protective cover. The results 
show a very large reduction in measured dose when the syringe 
cover is used. ForPET-CT injections, the measured annualized 
dose decreases from 4866.91 µSv without a cover to 54.35 µSv 
with a cover. ForSPECT-CT injections, the dose decreases from 

15,411.2 µSv without a cover to 244.65µSv with a cover. These 
measurements were taken over a 60-second exposure period, 
representing a typical injection time. The results highlight the 
significant pro-tective effect of the syringe shield, reducing the 
ambient whole-body dose by more than 98–99%, depending on 
the modality.

Table 6: Effect of a Folding Shield on Ambient Whole-Body Dose H*(10) During Injections
Type of exam With foldingscreen (μSv) Without a screen(μSv)

PET CT 394.47 101747.46
SPECT CT 17.54 29.92 

Measurement time (s) 120

Table 6 evaluates the impact of using a folding protective screen 
during radiopharmaceutical injections. The results again show 
substantial dose reduction when the shield is used.ForPET-CT 
procedures, the annualized dose drops from 101,747.46 µSv 
without a screen to 394.47 µSv when the folding screen is used.
ForSPECT-CT procedures, the estimated dose decreases from 

29.92 µSv without shielding to 17.54 µSv with the screen.Mea-
surements were per-formed over a 120-second exposure period, 
corresponding to the duration of a typical injec-tion and prepara-
tion. The results confirm the effectiveness of the folding screen 
in reducing whole-body exposure, particularly for high-activity 
PET-CT injections.

Table 7: Evaluation of the ambient whole-body dose H*(10) measured during care by the nurse over a year of work
Parameters PET CT SPECT CT

D (μSv) 393.45 317.34
T(s) 120 120

The table 7 compares the occupational dose (D) received during 
PET/CT and SPECT/CT procedures for an identical exposure 
time of 120 seconds. The measured dose during PET/CT (393.45 
μSv) is noticeably higher than that recorded during SPECT/CT 
(317.34 μSv). This difference reflects the higher photon energy 
and greater radiological burden typically associated with PET 

radiopharmaceuticals, such as ¹⁸F, compared with gamma emit-
ters used in SPECT. Consequently, PET/CT procedures result 
in higher occupational exposure under the same working con-
ditions, emphasizing the need for stricter radiation-protection 
measures during PET-related tasks.

Table 8: Comparison of Occupational Dose Rates During PET/CT and SPECT/CT Procedure
Parameters PET CT SPECT CT

D (μSv) 2,40  0,67
T(s) 120 180

The table 8 compares the occupational doses measured during 
PET/CT and SPECT/CT proce-dures for different exposure 

times. For PET/CT, a dose of 2.40 μSv was recorded over 120 
seconds, whereas SPECT/CT produced a much lower dose of 
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0.67 μSv over a longer exposure time of 180 seconds. These 
results indicate that PET/CT generates substantially higher dose 
rates compared with SPECT/CT, even when measured over a 
shorter duration. This difference is mainly due to the higher pho-
ton energies associated with PET radiotracers (typically 511 keV 

annihilation photons), which contribute to increased occupation-
al exposure. Overall, the findings highlight the need for rein-
forced radiation-protection measures during PET/CT pro-ce-
dures, as they pose a greater radiological risk to staff compared 
with SPECT/CT under simi-lar operational conditions.

Table 9: Impact of Protective Folding Screens on Occupational Exposure During PET/CT and SPECT/CT Procedures
Type of exam At the 90(s) contact in (μSv) Without folding screens 30(s) in 

(μSv)
With folding screens 30 (s) 

in (μSv)
PET CT 8707.5 97.69 68.11

SPECT CT 5.59 26.96 11.55

The table 9 compares occupational exposure levels measured 
during PET/CT and SPECT/CT procedures under three differ-
ent conditions: at 90 seconds of direct contact with the patient, 
during 30 seconds without protective folding screens, and during 
30 seconds with folding screens.PET/CT shows extremely high 
exposure at 90 seconds of contact (8707.5 μSv), re-flecting the 
high-energy 511 keV photons emitted during PET imaging. In 
contrast, SPECT/CT exposure under the same condition is dras-
tically lower (5.59 μSv), consistent with the lower energy gam-
ma emissions used in SPECT.

During 30 seconds without protective screens, PET/CT still 
produces a higher dose (97.69 μSv) than SPECT/CT (26.96 
μSv), demonstrating the inherently greater radiological burden 
of PET procedures. When folding screens are used, both mo-
dalities show a significant reduction in exposure, with PET/CT 
dropping to 68.11 μSv and SPECT/CT to 11.55 μSv.Overall, the 

results clearly indicate that PET/CT poses much higher occupa-
tional dose levels compared with SPECT/CT across all exposure 
conditions. The use of folding protective screens substan-tially 
reduces exposure for both types of examinations, highlighting 
their effectiveness as a radiological protection measure.

The ambient dose equivalent, H∗(10), representing the whole-
body external exposure of the physician, was monitored over 
a complete annual working period using personal dosimetry in 
order to quantify occupational radiation exposure.

D=69.95 (μSv)
Exploitation of the results obtained
The Comparison of tasks in terms of annual dose not eligible to 
be received
•	 Whole body exposure

Table 10: Occupational Dose per Activity During PET/CT Procedures
Acts D (μSv)

Give the first reading of the PET CT exam to the patients 0,00014
Injection of radiopharmaceuticals 0,12

Patient Care 0,71
Launch of radiologicalexaminations 0,0088

The table10 presents the occupational doses (D, in μSv) received 
by staff during various activities in PET/CT procedures. The 
first reading of the PET/CT exam results in a negligible dose of 
0.00014 μSv, while the injection of radiopharmaceuticals expos-
es staff to a higher dose of 0.12 μSv. Direct patient care contrib-
utes the highest exposure, with a dose of 0.71 μSv, highlighting 
that close contact with patients is the primary source of occupa-

tional radiation. The launch of radiological examinations adds 
only a minimal dose of 0.0088 μSv. These findings indicate that 
activities involving direct patient interaction, particularly after 
radiopharmaceutical administration, are the main contributors to 
staff radiation exposure, underscoring the importance of strict 
adherence to radiation-safety protocols and the use of protective 
measures during PET/CT procedures.	

Figure 3: Distribution of the effective dose (D, mSv) according to PET-CT related tasks
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Table 11: Extremity Radiation Exposure During Radiopharmaceutical Handling in PET/CT Procedures
Acts presenting a risk of extremity exposure to IR D (μSv)

Preparation of radiopharmaceuticals 12,56
Injection of radiopharmaceuticals 96

The table 11 shows occupational doses to the extremities (D, in 
μSv) associated with specific activities in PET/CT procedures. 
Preparation of radiopharmaceuticals results in a dose of 12.56 
μSv to the extremities, while injection of radiopharmaceuticals 
exposes staff to a much higher dose of 96 μSv. These results 

indicate that the injection process represents the highest risk for 
extremity exposure, emphasizing the need for careful handling, 
the use of appropriate shielding, and adherence to radiation-safe-
ty protocols to minimize local radiation doses during PET/CT 
procedures.

Figure 4: Distribution of extremity dose (D, µSv) associated with radiopharmaceutical handling activities.

As evidenced in Figures 3 and 4, the radiopharmaceutical injec-
tion procedure emerges as the dominant contributor to occupa-
tional radiation exposure for both the whole body and the ex-
tremities. This pronounced increase in dose is primarily driven 
by the direct manipulation of high-activity radioactive sources at 
minimal source-to-operator distance, leading to enhanced pho-
ton flux and scattered radiation. Consequently, the injection step 

accounts for the largest fraction of both Hp (10) and extremity 
dose equivalents, substantially exceeding the contributions from 
other routine clinical tasks. These findings identify the injection 
process as a critical control point for exposure optimization, un-
derscoring the necessity for reinforced shielding, optimized han-
dling techniques, and strict adherence to time–distance–shield-
ing principles.

Table 12: Evaluation of the measurements obtained with the ‘BertinminiTRACEY’ type radiation meter and those of the ‘POLI-
MASTER REDFLASH’ type dosimeter

Task Measuring point Distance/source
(m)

Dose rate mea-
sured with

Duration of expo-
sure

Dose rate mea-
sured with

Preparation of dose 
in the hot lab

Entrance of the hot 
lab 

1 0,10 1 0.08

Armored enclosure Hand of operator 0,3 918.75 1 414.73
Patient injection Hand of operator 0 75.60 1 60.89

Acquisition control Technologistwork-
station

0 0.22 1 0.15

Installation of the 
patient at PET CT

Without leaded-
screen

0 40.02 1 12.37

Without leaded-
screen

1 0.60 1 2.73

Cleaning Corridor/ 
Box

Within reach of the 
cleaning lady

0 0.40 1 0.47

The table 12 summarizes radiation exposure levels measured 
during various stages of PET-CT procedures. The highest ex-
tremity doses are observed during preparation of radiopharma-
ceuticals within the armored enclosure (414.73 μSv/h at 30 cm 
from the source) and during patient injection (60.89 μSv/h at 
0 m). Minimal exposure occurs during acquisition control, pa-
tient installation behind a leaded screen, and cleaning, indicating 

that shielding and distance effectively reduce radiation doses. 
Notably, using a leaded screen during patient installation reduc-
es the dose rate from 12.37μSv/h to 2.73 μSv/h, demonstrating 
the protective effect of shielding. Overall, the data highlight the 
importance of both time, distance, and shielding in minimizing 
occupational radiation exposure.
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The critical importance of implementing appropriate protective 
measures cannot be overstated in environments where expo-
sure to ionizing radiation occurs. Proper use of personal protec-
tive equipment, adherence to safety protocols, and continuous 
monitoring of dose rates are essential to minimize occupational 

hazards. Ensuring that staff are well-informed and consistent-
ly follow these protective measures significantly contributes to 
maintaining a safe working environment and reducing the risk of 
radiation-related health effects [23].
•	 Whole body exposure.

Table 13: Effect of Protective Measures on Occupational Radiation Exposure by Role
Position Without means of protection With means of protection

Nurse 0,83 0,71
Manipulator 3,07 0,79

Nucleardoctor 0,14 0,6

The table 13 presents the occupational radiation dose rates for 
different staff positions during nuclear medicine procedures, 
comparing conditions without and with protective measures. The 
data show that manipulators are exposed to the highest radiation 
levels (3.07 μSv/h) when no protection is used, while nurses and 
nuclear doctors receive lower doses. The implementation of pro-
tective measures significantly reduces exposure for manipulators 
(from 3.07 μSv/h to 0.79 μSv/h) and slightly decreases exposure 

for nurses (from 0.83 μSv/h to 0.71 μSv/h). Interestingly, the 
nuclear doctor shows a higher dose with protection (0.60 μSv/h) 
compared to without (0.14 μSv/h), which may indicate that pro-
tective measures were applied in scenarios where the doctor was 
closer to the source or involved in higher-exposure tasks. Over-
all, these results highlight the importance of protective equip-
ment in reducing occupational radiation exposure, particularly 
for personnel working closest to radioactive sources.

Figure 5: Diagram representative of the achievable dose to be received by the whole body in a station without and with means of 
protection

Table 14: Impact of Protective Measures on Cumulative Radiation Dose by Staff Position
Position Without means of protection With means of protection

Nurse 123 35,56
Manipulator 56,34 15,37

Doctor 12,53 2,47

The table 14 shows the cumulative radiation doses received by 
different staff positions during nuclear medicine procedures, 
comparing scenarios without and with protective measures. 
Nurses receive the highest cumulative dose (123 μSv) without 
protection, followed by manipulators (56.34 μSv) and doctors 
(12.53 μSv). The use of protective measures dramatically re-

duces exposure for all personnel, with nurses’ dose dropping to 
35.56 μSv, manipulators to 15.37 μSv, and doctors to 2.47 μSv. 
These results clearly demonstrate the effectiveness of protective 
equipment in minimizing occupational radiation exposure, par-
ticularly for staff with the highest baseline exposure.
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Figure 6: Absorbed dose (µSv) received by different professional categories with and without protective equipment.

Figures 5 and 6 clearly demonstrate the substantial effectiveness 
of both personal and collective protective measures in reducing 
and optimizing the annual radiation dose received at each work-
station. The systematic use of shielding devices, such as lead 
aprons, thyroid protectors, and mobile protective barriers, in 
combination with appropriate workstation layout and controlled 
access to radiation areas, results in a marked decrease in occu-
pational exposure. 

The comparison between protected and unprotected conditions 
highlights a significant dose attenuation across all profession-
al categories, confirming that radiation protection strategies are 
a critical determinant of dose optimization. These results em-
phasize that strict compliance with radioprotection protocols 
not only enhances staff safety but also ensures adherence to the 
ALARA (As Low as Reasonably Achievable) principle in rou-
tine clinical practice.

Table 15: Occupational Whole-Body and Extremity Radiation Exposure by Professional Category in Nuclear Medicine
Position Whole body exposure (mSv) Extremity exposure (mSv) Category

Nurse 16,32 195 A
Manipulator 9,6 143 A

Nuclearmedicinedoctor 1,33 0,76 B

The results presented in this table 15 marked differences in oc-
cupational radiation exposure among nuclear medicine profes-
sionals. Nurses exhibit the highest levels of both whole-body 
exposure (16.32 mSv) and extremity exposure (195 mSv), plac-
ing them in Category A, which corresponds to workers receiv-
ing the highest doses. This elevated exposure can be attributed 
to their close and prolonged contact with radioactive patients, 
particularly during injection, patient care, and post-administra-
tion monitoring. Manipulators also fall into Category A, with 
substantial whole-body exposure (9.6 mSv) and extremity doses 
(143 mSv), reflecting inten-sive handling of radiopharmaceuti-
cals and frequent proximity to radiation sources during technical 
procedures. In contrast, nuclear medicine doctors show signifi-

cantly lower exposure levels, with a whole-body dose of 1.33 
mSv and a minimal extremity dose of 0.76 mSv, corre-sponding 
to Category B. This indicates more limited direct contact with 
radioactive sources and greater reliance on indirect patient inter-
action and imaging interpretation. Overall, these findings clearly 
demonstrate that occupational exposure is closely linked to the 
nature and intensity of direct handling of radiopharmaceuticals, 
underscoring the critical importance of strict radiation protection 
measures—particularly for nurses and manipulators to minimize 
both whole-body and extremity doses and ensure compliance 
with radiological safety standards.
•	 Identify the zoning of the decay room (signage):

Table 16: Zoning identification of the decay room
Local Maximum dose rate received(μSv/h) Classification of the area

Decay room 60 Yellowregulation

•	 Use of intermittent zoning of premises (PET-CT; SPECT CT) 

Table 17: Intermittent zoning of locales (PET-CT; SPECT CT)
Local Max dose rate at rest (μSv/h) Classification atrest Classification in activity

PET CT 0.1 Supervisedareablue Yellowregulation
SPECT CT 0.1 Supervisedareablue Yellowregulation

The measured maximum ambient dose rate in the decay room 
reaches 60 µSv/h (table 16), which justifies its classification as 
a controlled area under yellow regulation. This classification 

indicates a moderate radiological risk, where occupational ex-
posure may exceed public dose limits but remains within regu-
lated professional thresholds. As a result, access isrestricted to 
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authorized personnel only, and the implementation of radiation 
protection measures is mandatory, including time limitation, dis-
tance optimization, and appropriate shielding. Continuous dosi-
metric monitoring and strict compliance with radiation safety 
procedures are essential to ensure staff protection and regulatory 
compliance.

At rest, both the PET/CT and SPECT/CT rooms exhibit a very 
low ambient dose rate of0.1µSv/h (table 17), which justifies 
their classification as supervised areas under blue regula-tion. 
This indicates that the radiological risk in the absence of radio-
active sources or patients is minimal and well below occupation-
al exposure limits, ensuring a safe environment for routine circu-
lation of staff. However, during operational activity, these areas 
are reclassified under yellow regulation, reflecting their status 
as controlled areas. This transition is explained by the presence 
of radioactivepatients and radiopharmaceutical handling, which 
significantly increas-es the radiation levels. Consequently, strict 
radiation protection measures become mandatory, including con-
trolled access, exposure time optimization, use of shielding, and 
continuous do-simetric monitoring to ensure compliance with 
occupational dose limits. This dual classifica-tion highlights the 
dynamic nature of radiation risk in nuclear medicineimaging 
rooms, which depends directly on clinical activity.

The workstation study is one of the elements of the optimization 
process because it allows identifying the tasks contributing to 
most of the doses received; consequently, it allows to improve 
the protocols based on a comparative analysis of the different 
possible solutions, and to implement the most effective protec-
tions, taking into account the radiological issue.
In order to strengthen radiation protection within the nuclear 
medicine department, several preventive and corrective actions 
must be implemented. First, it is essential to ensuread-equa-
tetraining of all personnel in radiation protection, enabling them 
to master the fundamen-tal principles of exposure limitation, the 
use of protective equipment, and emergency proce-dures. Con-
tinuous education programs and regular refreshers contribute 
to maintaining a high level of safety awareness among staff. In 
parallel, efforts should be made toreduce the dura-tion of tasks 
performed in controlledareas, as exposure time is a key factor 
influencing the received dose. Whenever possible, tasks must be 
organized efficiently and rehearsed in ad-vance to minimize the 
time spent near radioactive sources. Additionally, increasing the 
dis-tance between personnel and the radiationsource is an effec-
tive and simple way to reduce ex-posure, in accordance with the 
inverse square law.

The use of collective and individual protective equipmentsuch as 
lead aprons, syringe shields, and protective screens must be sys-
tematic and adapted to each procedure. Likewise, all per-sonnel 
must use individual monitoring devices to continuously assess 
their exposure levels and detect any abnormal increase. It is also 
crucial to respect the regulatory periodicityof passive dosime-
ter readings, ensuring traceability and compliance with national 
regulations. Operation-al measures also play an important role 
in reducing unnecessary exposure. For instance, the doors of the 
injection room should be closed immediately after the adminis-
tration of radio-pharmaceuticals, in order to limit the spread of 
radiation to surrounding areas. Similarly, shielded bins must be 
properly closed after disposing of radioactive waste to avoid un-

neces-sary contamination and maintain a safe working environ-
ment. Furthermore, patients who have been injected with radio-
pharmaceuticals must be instructed not to leave the medical area 
until authorized, in order to prevent public exposure to residual 
radiation. Finally, to further reduce occupational exposure, it is 
strongly recommended to implement a mechanical dispensing 
sys-tem (such as a lift) for the transfer of radiopharmaceuticals, 
thereby avoiding manual handling and minimizing the radiation 
dose to staff [24].

Conclusion
The analysis of workstations provided for by the labour code 
allows a predictive evaluation of individual and collective doses 
that workers are likely to receive under normal working condi-
tions. Under the responsibility of the employer and based on job 
analyses, the PCR defines the appropriate protection measures 
to be implemented, individually and collectively. Personal pro-
tective equipment must be made available to exposed workers 
and must also be checked. The PCR verifies the relevance of its 
recommendations during radioprotection technical inspections. 
In case of exceeding a regulatory exposure limit to ionizing ra-
diation, the PCR, under the responsibility of the employer, must 
take the necessary measures following this event. It must for-
malize the study of the circumstances in which the exceedance 
occurred and evaluate the equivalent doses received by workers 
[25].
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