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Abstract. The present study analyses the data for occupational exposure to radiation in 
medical centres in Tehran, Iran, from film badge dosimetry data. The radiation workers 
belonged to three categories: diagnostic radiology (DR), radiotherapy (RT) and nuclear 
medicine (NM). For each category, the average effective doses during the years 2009 to 
2011 were evaluated. Results show that occupational risk depended on job category. 
The highest exposure was recorded for NM workers and the lowest for RT ones. The 
annual average effective doses were found to be well below the permissible annual 
limit of 20 mSv with no over-exposure detected. 
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1. INTRODUCTION 

Exposures to radiation to which the Standards apply include any 
occupational, medical or public exposure [1]. The term ‘occupational exposure’ has 
been used by the International Labour Office (ILO) to refer to the exposure of a 
worker during work hours [2]. The International Atomic Energy Agency (IAEA) 
provides a more limited definition of occupational exposure: ‘All exposures of 
workers incurred in the course of their work with the exception of exposures 
excluded from the Standards and exposures from practices or sources exempted by 
the Standards’ [3]. 

Occupational exposure to radiation can occur as a result of human activity. 
This includes work associated with the different stages of a nuclear fuel cycle, the 
use of radioactive sources and x-ray machines in medicine, scientific research, 
education, agriculture and activities that involve handling of materials containing 
enhanced concentrations of naturally occurring radionuclides. In order to control 
this exposure, it is necessary to be able to assess the magnitude of the associated 
doses [4].  

When protection and safety are not adequately or properly implemented, the 
exposure of the workers to ionizing radiation at the workplace can create to them 
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injuries or disease [2]. Hence, occupational exposure is subject to regulatory 
control with the requirements defined in Publication 103 of the International 
Commission on Radiological Protection [5]. Exposure is usually determined by 
individual monitoring, but sometimes by evaluation of the results of environmental 
monitoring. An important objective of such determination is to provide information 
on the adequacy of protective measures that are key input for operational decisions 
related to radioprotection optimization. In addition, they demonstrate compliance 
with relevant dose limits [6]. 

The aim of the study is to present the results of the assessment of the annual 
average occupational dose of radiation received by the medical staff in Tehran, Iran 
over 3 consecutive years from 2009 to 2011. Occupational exposure of workers 
employed in nuclear medicine (NM), radiotherapy (RT) and diagnostic radiology 
(DR) was measured and recorded by personnel dosimetry film badges. The results 
were analysed and compared. 

The United Nations Scientific Committee on the Effects of Atomic Radiation 
reviews the distributions of individual annual effective doses and annual collective 
effective doses from occupational radiation exposure in various sectors of industry 
or from sources based on studies done in different countries [7–15]. It is of 
particular interest to examine changes that have taken place over time after the 
introduction of improved practices, new technology and revised regulations [6]. 

2. MATERIALS AND METHODS 

The operational quantity recommended by the Basic Safety Standards of the 
IAEA for individual monitoring is the personal dose equivalent Hp(d) [1]. This 
quantity is the dose equivalent in soft tissue below a specified point on the body at 
an appropriate depth d. The personal dose equivalent at a depth of 10 mm (Hp(10)) 
is used to provide an estimate of the effective dose [18, 19].   

Calibration of film dosimeters was performed under simplified conventions 
on an appropriate phantom [4, 20, 21] and the quantity Hp(10) was used to specify 
the effective dose at a point in a phantom representing the body. The film badge 
was placed on radiation workers under the lead apron at the upper left side of the 
thorax to measure the personal dose equivalent over a time period of 2 months. The 
film badges were dispatched using the postal service and all dose results were 
recorded and archived. For those Hp(10) doses with values greater than 
investigation levels designated by the regulatory authority, the licensee of related 
centre and radiation protection division of Atomic Energy Organization of Iran 
(AEOI) were informed in order to allow investigation of the causes and to confirm 
its validity. Unconfirmed results were deleted from the dose recording. 

The film badge dosimetry service was provided by Parsian Radiation Dosimetry 
Services Company (PRDS) and was controlled by the Radiation Protection 
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Department of the AEOI according to the requirements of regulatory authority. The 
results of the PRDS met accuracy criteria and remained within the trumpet curves 
provided by IAEA for personal dosimetry [16]. 

Calibration of film dosimeters was done at the Secondary Standard 
Dosimetry Laboratory (SSDL) of the AEOI. Its measurements can be traced by the 
IAEA dosimetry laboratory in Austria.  

The PRDS used Foma Personal Monitoring Film (Foma PMF) to record the 
doses. Foma PMF is a set of two films intended for personal dosimetry of gamma, 
x-radiation and electrons: Foma DF10, a high speed film double-coated on a blue 
polyethylene terephthalate base and Foma DF2, a low speed (emergency) film. The 
minimum detection limit (MDL) of this type of film is 0.05mSv. Therefore, doses 
of less than 0.05mSv were recorded as zero values. 

3. RESULTS AND DISCUSSION 

Analysis was performed on 94,910 film badges to obtain the occupational 
exposure of radiation workers in Tehran employed in NM, RT and DR during 
2009-2011. Figure 1 demonstrates that from 2009 to 2011 the population of 
radiation workers in Tehran increased from 4,459 in 2009 to 5,726 in 2011, by 
about 29%. Figure 2 shows the number of films at various dose intervals. 92.4% of 
the results were below MDL. 

 
Fig. 1 – Number of radiation workers in each dosimetry period. 
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Fig. 2 – Frequency distribution (number of films within each dose interval). 

As shown in Fig. 3, about 91, 6 and 3% of the total radiation workers were 
employed in DR, NM and RT, respectively, during 2009–2011. An increased 
number of radiation workers were observed in all three categories. In Fig. 4 is 
presented the variation of the number of measurably exposed workers in the same 
period. 

 
Fig. 3 – Average annual number of monitored workers. 
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Fig. 4 – Average annual number of measurably exposed workers. 

Figure 5 indicates that the doses received by 52% of radiation workers in NM 
were more than MDL, whereas the doses of only 14% of DR and 2% of RT 
radiation workers were more than 0.05 mSv. 

 
Fig. 5 – Number of measurably exposed and non-exposed workers. 

The annual average effective dose (AAED) is an appropriate quantity for 
comparison of dose distributions [6]. This quantity was determined for monitored 
workers and measurably exposed workers from NM, DR and RT considering the 
period 2009–2011. Their dose distributions are shown in Figures 6 and 7, 
respectively. These values were comparable to the results of other studies, as 
presented in Table 1. 
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Fig. 6 – AAED of measurably exposed workers. 

 
Fig. 7 – AAED of monitored workers. 
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Table 1 
Comparison of AAED for NM, RT and DR workers in Tehran with results of other studies [6, 17, 12] 

NM RT DR Country Years 
(mSv) (mSv) (mSv) 

Australia (1990–1994) 0.75 0.35 0.19 
Slovenia (1993–1994) 1.3 0.13 0.49 
Pakistan (2007–2011) 1.12 0.88 0.52 

Guilan/Iran (2009–2011) 1.01 1.39 0.51 
Tehran/Iran (2009–2011) 1.61 0.38 0.95 

Canada (1990–1994) 1.96 0.80 0.35 
India (1990–1994) 1.36 1.34 0.42 
World (1990–1994) 1.41 1.33 1.34 

Lithuania (1996–2000) 1.14 1.51 1.48 
Pakistan (2003–2007) 1.55 1.17 1.47 
China (1986–2000) 1.40 1.25 1.85 

Thailand (1990–1994) 2.89 1.05 0.58 
Indonesia (1985–1989) 1.20 1.63 1.75 

Greece (1994–1998) 1.84 2.07 2.53 
Greece (1990–1994) 2.27 2.00 3.86 
Syria (1990–1994) 3.16 1.37 4.40 
Brazil (1990–1994) 3.50 3.95 2.58 

4. CONCLUSION 

Analysis of occupational exposure data for 2009-2011 demonstrates that all 
the occupational dose values were below the relevant dose limits [1, 22]. AAED 
decreased from 1.94 mSv to 1.4 mSv in nuclear medicine, from 0.94 mSv to 0.8 
mSv in diagnostic radiology and from 1.52 mSv to 0.32 mSv in radiotherapy, in the 
period 2009 to 2011. This observation could be the result of improvements in 
radiation protection and is an indication that there could be further reductions in 
subsequent years with implementation of changes in regulatory standards, new 
technologies, modifications in work practices and other radiation protection 
programs.  
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