
Iraqi Journal of Physics, 2025                                                                          Vol.23, No.1, PP. 31-37 

 31 

 

 Evaluation of the Effective Dose for the Technologists Working in a 

PET/CT Department in Iraqi Hospitals 

 
Zeena Kadhum Hasan

1a*
 and Samar Omran Issa

1b
 

1
Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq 

a*
Corresponding author: samar.o@sc.uobaghdad.edu.iq 

 

Abstract Article Info. 

Nuclear medicine makes considerable use of radioisotopes. Enhancing safe 

practice and promoting radiation protection measures in the radiology department 

is greatly aided by the analysis of occupational doses received by medical radiation 

workers, particularly nuclear medicine staff who deal with radioisotopes. The 

current study sought to establish the most effective dose of F-FDG
18

 for PET/CT 

department personnel. An electronic dosimeter measured the whole-body doses 

received by technologists during 3 months between March 2024 and May 2024 in 

two PET/CT departments for eight medical staff, three at Al-Andalus hospital and 

five at Al-Kawthar hospital. In the Al-Andalus hospital PET/CT department, the 

mean whole-body dose for technologists (1, 2, 3) was (0.19±0.23, 0.055±0.035, 

and 0.045±0.021) mSv, respectively. At Al-Kawthar hospital, the average whole-

body dosages to technologists (1, 2, 3, 4, and 5) were (0.053 ± 0.005, 0.053 ± 

0.005, 0.05 ± 0.01, 0.05 ± 0.01, 0.056 ± 0.015) mSv, respectively. Although the 

individual doses are under the permissible limits, the increased workload would 

necessitate greater staff doses. As a result, both facilities must endeavor to examine 

their operating procedures and lower their radiation dose. 
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1. Introduction 
Positron emission tomography with computed tomography (PET/CT) is a non-

invasive medical imaging technique that uses nuclear medicine to provide valuable 

diagnostic data on the internal organ’s function structure and morphological alterations 

of internal organs [1-4]. Moreover, it possesses a wide array of applications in 

cardiology and neurology. The primary radiotracer employed is the radiolabeled glucose 

analogue fluorine-18 (
18

F) fluorodeoxyglucose (
18

F-FDG), which is frequently utilized 

for evaluating glucose metabolism [5-7]. 

The half-life of 
18

F is 109 minutes, and its positron emission energy is 630 keV. 

An escalation in the patient load during PET procedures could potentially lead to 

heightened radiation exposure for personnel involved in patient care. 
18

F (511 keV) 

emits annihilation radiation of exceptionally high energy, which causes a greater whole-

body dosage to be administered to personnel, specifically technologists and nurses [8-

11]. 

Therefore, it is necessary to implement efficient shielding measures to effectively 

regulate and minimize the staff's exposure to radiation from 
18

F. In addition, the 

measured radiation dose is directly proportional to the source activity level and the 

duration of an individual's exposure to it. The duration of each stage in PET imaging 

varies depending on the technician and is also affected by the patient's condition. The 

radiation exposure received by the technician is markedly greater when a patient 

necessitates complete assistance as opposed to a patient who is capable of ambulation 

[12-15]. Biological repercussions are associated with the occupational exposure of 

nuclear medicine (NM) personnel, and these effects worsen with duration and burden. 

Prolonged exposure to low levels of ionizing radiation increases the likelihood of 
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developing long-term consequences, which could manifest several years after the initial 

exposure. Research has indicated that there is an increased risk of cancer [16], 

chromosomal abnormalities, and cytogenetic damage among NM laborers. 

Consequently, for governments and international organizations to assess radiation 

hazards and develop protective measures, it is critical to calculate radiation doses for 

radiation personnel [17]. 

There are multiple strategies to reduce radiation exposure for staff members. An 

essential strategy is to instruct them in fundamental radiation principles, including 

maintaining a safe distance from the radiation source or patient [18], completing 

procedures effectively, and using shielding (such as protected dispensers) whenever 

possible. In order to reduce the amount of occupational exposure in PET imaging, staff 

members might be allocated to various duties in a rotational manner, thus guaranteeing 

that they do not come into close contact with the radioactive source. Furthermore, the 

utilization of semi-automated or fully automated injectors, as well as the 

implementation of video and audio surveillance and efficient communication with 

patients receiving injections, might additionally mitigate the potential hazards [19, 20]. 

The objective of this study is to assess the level of radiation exposure experienced 

by Nuclear Medicine professionals working in PET/CT in Iraq, specifically in terms of 

whole-body effective dose. Additionally, the study seeks to evaluate the effectiveness of 

dose reduction methods, such as optimizing routine working practices. 

 

2. Materials and Methods 

The study included 8 medical staff (7 males and 1 female), aged between 31 and 

45 years, working at (center A, Al-Andalus hospital) in Baghdad, Iraq, and (center B, 

Al-Kawthar hospital) in Basra, Iraq. The study was conducted over 3 months in each 

center from March 2024 until May 2024, both centers handling 
18

F-

labeled radiopharmaceuticals. 

During an interview in the uptake chamber, the staff nurse commences the daily 

workflow by greeting the patients and conducting assessments of their body mass, 

elevation, and glucose levels. The technologist then conducts a brief verification of vital 

information (such as the patient's fasting state and most recent 

chemotherapy/radiotherapy treatment). A technologist describes each phase of the 

examination to the patient. Utilizing the autoinjector, the staff technologist inserts a 

peripheral intravenous (IV) line to administrate the 
18

F-FDG. After encased in a lead 

syringe shield, the syringe is transported to the injection chamber in a shielded box. The 

injection lasts between 30 and 60 minutes. 

Subsequently, the patient is directed to assume a supine position on the bed or 

reclining chair for one hour. Throughout this period, the patient's condition is observed 

through a closed-circuit television system located in the nursing stations. After the 

patient has received the injection, the door to the uptake room is shut, and a sign is 

placed to indicate that the room is occupied. This is done to prevent housekeepers and 

other paramedical staff from unintentionally entering the room. Before the scan, the 

patient is directed to void their bladder using the toilet in the uptake room over an 

intercom system connected to the nursing station. Subsequently, the PET/CT 

technologist will escort the patient to the scanning room. 

Additional radiation safety precautions were taken during PET scanner 

installation. The scanning room was enclosed by high-density double brick walls. Lead 

glass windows (1.5 mm lead equivalent) were inserted between the scanner and console 

rooms. Lead containers were used to move syringes from the hot lab to the injecting 

chamber. Finally, patients were monitored remotely using a video monitor in the 

injection/uptake room and another in the scanning room. To determine the equivalent 
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dosage from external exposure, all staff members in Al- Andalus hospital wore 

instadose badges in the upper pocket of their overalls. 

Whole-body instadose readouts equated to one month's cumulative dose 

measurements, as required by country regulations [21]. 

Whole-body exposure measurement was performed at Al-kawthar hospital using a 

silicon diode detector inserted in the coat's top left pocket. Each worker carried a single 

dosimeter throughout the FDG PET/CT trial. The radiation doses obtained by each 

worker were measured directly from the dosimeter. 

During this investigation, each staff member's behaviors were watched and 

documented. The following data were collected: staff time spent and distance from the 

radioactive source, the syringe holding the radiopharmaceutical, or the injected patient, 

as well as patient data on administered activity and status. 

2. 1. Technical Parameters for PET/CT  

The studies were conducted in center A using a specialized discovery IQ PET/CT 

scanner (GE Healthcare, Milwaukee, WI, USA). Patients had PET/CT imaging 45-90 

minutes following the injection of FDG. First, a topogram was taken during PET-CT 

acquisition from the base of the skull to the mid-thigh. The exposure factors used were 

30 mA and 140 kVp. This was followed by a spiral CT with exposure factors of 350 

mA and 140 kV. Finally, a 3D PET acquisition was performed with bed positions 

lasting 1-4 minutes, depending on the true count rate from the patient. The overall 

duration of the PET-CT scan for the entire body ranges from 15 to 20 minutes.  

At center B, the discovery IQ PET/CT scanner (manufactured by GE2 healthcare 

in Milwaukee, WI, USA) is available. Patients had PET/CT imaging 45-90 minutes 

following the injection of FDG. First, a topogram was taken during PET-CT acquisition 

from the base of the skull to the mid-thigh. The exposure factors used were 30 mA and 

140 kVp. This was followed by a spiral CT scan with exposure factors of 350 mA and 

140 kV. Finally, a 3D PET acquisition was performed, with bed positions lasting 1-4 

minutes, depending on the true count rate from the patient. The overall duration of 

acquiring the entire body PET-CT scan ranges from 15 to 20 minutes.  

 

3. Results and Discussion 
Table 1 shows that the total number of patients in center A was 292 during period 

1, 244 during period 2, and 263 during period 3. In center B, the number of patients was 

170, 177, and 184 during periods 1, 2 and 3, respectively. 
 

Table 1: Analysis of the workload and personnel involved in PET/CT operations at the two 

centers. 

Period Centre A Centre B 

Time period (months) 1 2 3 1 2 3 

Number of patients 292 244 263 170 177 184 

Total number of staff analyzed, 

including those involved in 

PET/CT.  

3 (1 female, and 2 

males) 
5 males 

Note: center A, Al- Andalus hospital, center B, Alkawthar hospital. 

   3. 1. Effective Whole-Body Dose  

Center A, the injection activity of 
18

F-FDG per patient ranged from (150 to 450) 

mCi, with an average of (272.32±102.1) mCi. The injection activity of 
18

F-FDG per 

patient at center B ranged from (300 to 750) mCi, with an average of (493.47 ± 124.59) 

mCi. The average duration and radiation dosage per research are documented in Table 

2. The average effective dose received by technologists 1, 2, and 3 at center A was 0.19 
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mSv, 0.055 mSv, and 0.045 mSv, respectively. These dosages were received during 

injection periods of 50.27 seconds, 33.49 seconds, and 30.89 seconds, respectively. 

The effective dose received based on staff doses for a 3-month period was shown 

in Table 2 for centers A and B. 

Figs. 1 and 2 show the dose values of the PET/CT staff measured with Instadose 

dosimeters over the 3 months in both centers.  

 
Table 2: Staff members working with 

18
F-FDG PET/CT procedures receive an effective 

whole-body dosage. 
Center A 

Radiation 

worker 

No. of 

day/3months 

Time spent 

(second/study) 

Distance 

(cm) 

Activity (mCi) Effective dose 

(mSv)/study 

Technologist 1 51 50.27 ±11.24 31.74± 12.41 272.54 ±102.01 0.19 ± 0.23 

Technologist 2 62 33.49 ± 4.900 64.45 ±15.51 272.32 ±102.1 0.055 ± 0.035 

Technologist 3 60 30.89 ± 6.58 30 ± 0.0 272.32 ±102.1 0.045 ± 0.021 

Center B 

Technologist 1 23 26.52 ± 7.59 23.34 ± 6.94 493.47 ± 124.59 0.053 ± 0.005 

Technologist 2 23 32.73 ± 3.87 22.60 ± 6.37 493.47 ± 124.59 0.053 ± 0.005 

Technologist 3 23 31.65 ± 7.42 25 ± 6.03 493.47 ± 124.59 0.05 ± 0.01 

Technologist 4 23 23.39 ± 6.08 23.43 ± 6.94 493.47 ± 124.59 0.05 ± 0.01 

Technologist 5 23 20.30 ± 4.91 30 ± 0.0 493.47 ± 124.59 0.056 ± 0.015 

 Figure 1: Dosimetric values of the medical staff in center A for a 3-month period. 

 

Because PET-CT is used extensively in oncology, it has become well-known all 

around the world [22]. This has sparked apprehension regarding the level of radiation 

exposure experienced by personnel participating in PET-CT operations. The individuals 

who are exposed are the technologists responsible for administering the injection and 

conducting the scanning. Consequently, this study determined the level of occupational 

and ambient exposure to the staff workers to guarantee that they are in a secure 

environment and that all the necessary measures for staff protection were correctly 

applied. 

In this work, the patient was injected with FDG of activity between 150 and 450 

mCi (average of 272.32 ± 102.1 mCi) for center A and 300 to 750 mCi (average of 

493.47 ± 124.59 mCi) for center B. Technologists' radiation exposures vary due to 

factors such as patient condition, distance from radioactive source, presence of 

shielding, level of training, experience handling radioactive materials, the intensity of 

the provided activity, and time spent in close proximity to the source. As demonstrated 
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by other studies, technician radiation exposure from PET/CT increases mostly when 

they come into touch with radioactive patients [10, 23], as outlined in Table 2. The total 

exposure to the body would be around 0.19 mSv if one of the technicians worked alone 

for 20 days a month at center A, handling around 292 PET/CT cases. For center B, the 

whole-body dose would be around 0.056 mSv when one of the techs keeps working 

alone with the highest workload (around 184 PET/CT cases during an eight-day 

workweek). These values are less than the ICRP-recommended limit of 20 mSv per year 

[24]. 

 

Figure 2: Dosimetric values of the medical staff in center B for a 3 month period. 

Not unexpectedly, the average total radiation dose received by technologist 1 at 

center A was 0.19 mSv, which was higher than that of other workers. The dose for other 

personnel is likely to vary depending on the time they spend near a patient, ranging 

from 27 to 77 seconds. Higher radiation doses may necessitate increased patient care 

and, hence, longer contact time. The cumulative radiation dose received by a 

technologist during PET/CT investigations is determined by multiplying the dose rate 

by the duration of exposure. Multiple studies in the literature have reported whole-body 

doses per study, including 8.9 µSv by Zeff and Yester [24], 6.5 µSv by Benetar et al. 

[25], and 7.2 µSv by Biran et al. [26]. Comparing dosages between different centers is 

challenging due to the variety of conditions and specific elements at each PET/CT 

facility. These factors include patient administered doses, imaging protocol, staff 

performance, and facility architecture. Nevertheless, the highest amount of radiation 

exposure to the technologists during PET/CT procedures, as determined in this study, 

was 0.16 mSv at center A, which is somewhat elevated compared to the radiation dose 

at center B. To ensure that the workers' exposure to radiation remains within the 

acceptable limit, it is recommended to hire more staff when there is a plan to increase 

the number of patients, the number of working shifts, or the number of scanners.  

 

4. Conclusions  
An assessment was conducted to determine the radiation doses that nuclear 

medicine workers were exposed to. Based on the present procedures and amount of 

work, all the radiation doses that personnel got were within the acceptable limits set by 

the International Commission on Radiological Protection (ICRP). However, there is still 

a need for radiation dose optimization measures, specifically for radiographers, to 

decrease occupational exposure. This can be achieved by implementing suitable 

shielding, automating injecting equipment, and minimizing the duration of patient 

injections. Conversely, the study revealed a decrease in the number of workers in the 
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field of nuclear medicine and PET/CT, along with a rise in the annual effective dosage. 

Continuous monitoring and evaluation of occupational radiation should be implemented 

to ensure the promotion of safe practices. 
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 في المستشفيات العراقية PET/CT تقييم الجرعة الفعالة للتقنييه العامليه في قسم
 

زينة كاظم حسان
1
وسمر عمران عيسى 

1
 

 قظى انفٍشٌاء، كهٍح انؼهىو، جايؼح تغذاد، تغذاد، انؼزاق1

 

 الخلاصة
ٌظرخذو انطة انُىوي انُظائز انًشؼح تشكم كثٍز. ٌرى ذؼشٌش انًًارطح اَيُح وذؼشٌش ذذاتٍز انحًاٌح يٍ الإشؼاع فً قظى الأشؼح تشكم 

يٍ خلال ذحهٍم انجزػاخ انًهٍُح انرً ٌرهقاها انؼايهىٌ فً الإشؼاع انطثً، وخاصح يىظفً انطة انُىوي انذٌٍ ٌرؼايهىٌ يغ انُظائز  كثٍز

) انًشؼح. طؼد انذراطح انحانٍح إنى ذحذٌذ انجزػح الأكثز فؼانٍح يٍ
18

F-FDG) نًىظفً قظى PET/CT.  ذى قٍاص جزػاخ انجظى انكايهح

يٍ  8، نـ PET/CT . فً قظ0202ًٍٍوياٌى  0202أشهز تٍٍ يارص  3ٍُىٌ تىاططح يقٍاص جزػاخ إنكرزوًَ خلال فرزج انرً ٌرهقاها انف

 تًظرشفى (PET/CT) فً قظى انرصىٌز انًقطؼً تالإصذار انثىسٌرزوًَ فً يظرشفى انكىثز  5وفً يظرشفى الأَذنض  3انطاقى انطثً 

ػهى  طٍفزخ،يهً  (2.201±2.225، 2.235±2.255، 2.03±2.10)( 1،0،3الأَذنض، كاٌ يرىطط جزػح انجظى تانكايم نكم انرقٍٍٍُ )

، 2.21±2.25، 2.225±2.253)( 5، و2، 3، 0، 1. ايا فً يظرشفى انكىثز، كاٌ يرىطط انجزػح نكايم انجظى نهرقًُ )انرىانً

يهً طٍفزخ، ػهى انرىانً. وػهى انزغى يٍ أٌ انجزػاخ انفزدٌح ذقغ ذحد انحذود  (2.253±2.225، 2.250±2.215، 2.25±2.21

إنى  ٌظؼٍاانى اكرظاب جزػاخ أكثز نهًىظفٍٍ. وَرٍجح نذنك، ٌجة ػهى كلا انًزفقٍٍ أٌ  انًظًىح تها، فئٌ سٌادج ػةء انؼًم طٍؤدي

 ح تهًا.فحص إجزاءاخ انرشغٍم انخاصح تهًا وخفط انجزػح الإشؼاػٍح انخاص

 

انرؼزض ، انجزػح  الاشؼاع، كايم انجظى، ،انرصىٌز انًقطؼً انًحىطة/انرصىٌز انًقطؼً تالإصذار انثىسٌرزوًَ الكلمات المفتاحية:

 .نفؼانحا


