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Abstract. The main objective of an occupational radiation program for workers is to keep radiation 
exposures under control and to assure that radiation protection principles are followed. Due to different 
types of interventionist medical exams, usually the medical staffs are highly exposed to radiation, which it 
emphasizes that it is required safety procedures for dose reduction. In this work, studies were concerned 
with individual doses of medical staff that are directly engaged to interventionist procedures at 
hemodynamic services. Dose values from a data bank of the CDTN Individual Monitoring Service (IMS) 
were analyzed and measurements with film type and thermoluminescent (TL) dosimeters were performed 
for comparison purposes. Additionally, the influence of the use of a lead apron on the individual dose was 
investigated. Results suggested that the medical staff does not care about wearing the routine personal 
dosimeter and that the registered doses may not be representative to the actual annual effective doses. 
They also showed that effective doses are highly dependent on the characteristics and conditions of the 
lead apron that is worn by the medical staff. It is concluded that it is important to have personal 
dosimetric system up-graded for reliable measurements, to define an adequate algorithm for determining 
the effective dose and to train the medical staff to follow the basic radiation protection principle of 
optimization. 
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1. Introduction 
 
Medical practices for therapy or diagnosis are the most relevant source in terms of dose contribution to 
individuals. In fluoroscopy and interventional examinations medical staff is often exposed to high 
levels of radiation. Radiation protection efforts and studies have been done to reduce such exposure as 
low as reasonably achievable as it is established by the optimization radiation protection principle [1]. 
 
In hemodynamics the digital flouroscopy technique is used for heart catheterization, angioplasty and 
others procedures that provide a significant benefit to the patient. However, the medical staff is 
required to stay close to the patient and to be exposed to high doses due to scattered x-ray radiation. 
Deterministic, somatic and late biological effects have already been reported [2-4]. 
 
This work aimed to investigate the doses of occupationally exposed workers in hemodynamic services 
to emphasize the need of optimization procedures. Medical team monitoring data were analyzed, 
reliability of film type and thermoluminescent dosimetric system were verified, additional personal 
monitoring was carried out and the influence of the lead apron in the personal dose was assessed.  
 
2. Methods and Results 
 
2.1 Analysis of the reported doses 
 
Individual doses of medical professionals exposed to radiation in hemodynamic services were 
analyzed; they were got from the data bank of the Individual Monitoring Service of the Development 
Centre of Nuclear Technology (CDTN). Professionals were classified according to their functions as 
doctors, nurses, technicians and others and the study of 5,298 reported doses for four-year period was 
done. For the sake of analysis the effective dose limit of 100 mSv in 5 years (20 mSv as the mean 
value) not exceeding 50 mSv in any year was adopted as there were not established dose constraint 
values for such practices.  
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Table 1 shows annual individual doses reported for doctors who had relevant exposures. If no lead 
apron was used, only 2 of 7 doctors would receive in 5 years doses lower than 100 mSv; all doctors 
would have received more than 50 mSv in a single year. Monitoring results for doctors 5, 6 and 7 
showed that after receiving a very high dose in a year the annual dose dropped to close to zero values 
in the next years; this suggests that they stopped wearing the routine dosimeter or they wore it under 
the lead apron or something else. Doses for doctors 4 and 7 would suggest that they did not wear the 
dosimeter or they were used to wear it under the lead apron until they received the instruction to wear 
the dosimeter on it. The doubt about the real position of the dosimeter made it hard to do any 
statement of the actual dose received by the professional. 

Table 1- Individual doses for doctors in a hemodynamic service for 5 years. 

 

 

Doctors 
Annual dose (mSv)  Dose in 5 

years (mSv)  Year 1 Year 2 Year 3 Year 4 Year 5 
01 0,4 5,4  5,9 23,1 50,8 85.6 
02 15,2 10,1 7,5 28,5 129,8 191.1 
03 4,1 9,8  10 58,6 94,4 176.9 
04 0 0,0  57,4 88,7 70,5 216.6 
05 9,7 152,1 24,3 0 ,0 0,0 186,1 
06 0,0 181,6 215,0 0 ,0 0,0 396.6 
07 0,0 0,0  56,8 0 ,2 0,0 57.0 

 

2.2 Comparison between a film type and thermoluminescent dosimeter during routine procedures 
 

Although the CDTN film type routine dosimeter was approved in the Brazilian accreditation process 
for personal monitoring services, the very peculiar radiation incidence geometry during the 
hemodynamic procedure would suggest that the response of the dosimeter should be known. An 
additional dosimetry with reliable thermoluminescent (TL) detectors was done in 35 professionals 
(doctors, nurses, trainees, etc.) for the sake of comparison. 
 
The CDTN film type dosimeter is a 7.0 x 6.0 x 0.8 cm3 badge with filters of 2.4 mm plastic, 1.0 mm 
Al, 0.3 mm Cu, 1.2 mm Cu, 0.4 mm Pb and 0.7 mm Sn; these filters allow the estimation of the 
radiation spectrum energy and the use of an algorithm for photon dose equivalent , Hx, determination. 
The badge holds an Agfa monitoring film with two emulsions to allow a dose range from 0.2 mSv to 3 
Sv; three TLD-100 may be inserted to be used for control purpose. Additional dosimetry was done 
with a Harshaw-Bicron 8814 TL dosimeter that was properly calibrated in term of the personal dose 
equivalent, Hp(10), as it is recommended by national and international standards [5, 6]. Figure 1 
shows the CDTN film badge and the Harshaw Bicron TL badge used in this work. 
 
Figure 1 – Badge of the CDTN film type dosimeter with TL detectors inserted for additional dosimetry 
and the Harshaw Bicron 8814 TL badge. 
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The TL dosimeter was fixed on the lead apron and users were personally oriented to wear the same 
apron during the medical hemodynamic procedures (Fig.2). Table 2 show the Hx and the Hp(10) 
values of the monitoring of two medical team from hospitals A and B during a specific month. 
 
Figure 2 – Lead apron with the fixed TL dosimeter for monitoring purpose. 
 

 
 

Table 2 – Doses values of two medical teams from hospitals A and B in a specific month 

 
Medical team of 

hospital A 
Hp(10) 
(mSv) 

Hx 
(mSv) 

Medical team of 
hospital B 

Hp(10) 
(mSv) 

Hx 
(mSv) 

Assistant 01 2.3 0.1 Assistant 01 4.2 0.7 

Assistant 02 2.5 0 Assistant 02 2.3 0.1 

Assistant 03 0.3 0.2 Assistant 01 3.0 0 

Assistant 04 2.1 0.4 Doctor 01 0.3 0 

Assistant 05 4.5 0.6 Doctor 02 7.1 0 

Doctor 01 7.1 0 Hx – photon dose equivalent. 
Hp – personal equivalent dose  
Assistant – nurse, anesthesiologist, trainees 
 

Doctor 02 11.9 0 

Doctor 03 11.3 0 
  
Results showed that doses received by the doctors were in general higher than their assistants. The Hx 
values did not show any correlation to the Hp(10) values; the results suggest that the response of the 
CDTN film type dosimeter should be investigated under hemodynamic radiation conditions. 
 
2.3 Influence of the lead apron in the individual dose 
 
It is recommended that all professionals who attend a hemodynamic procedure should wear protective 
devices according to what is required by the examination. The presence of the lead apron may 
influence the individual dose due to the apron thickness and type and the dosimeter position. Brazilian 
regulation states that dosimeters are expected to evaluated the effective dose; they should be worn on 
the trunk on the external surface of the lead apron and the reported doses should be divided by 10 
(reduction factor) to estimate the received dose [7]. Brazilian regulation also requires that the 
minimum thickness of the apron should be 0.25 mm Pb.  
 
To verify the influence of the lead apron on the individual dose two Harshaw Bicron TL calibrated 
dosimeters were provided to the medical staff of two hemodynamic services; one was fixed under and 
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the other on the lead apron in the trunk region. The position of the medical team during the medical 
procedure was considered in order to analyze the results. Figures 3 and 4 show the layouts of the two 
hemodynamic rooms where the medical procedures were observed for eight times. 

Figure 3 – Medical staff positions during a hemodynamic procedure in hospital A. 
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Figure 4 – Medical staff positions during a hemodynamic procedure in hospital B. 
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Personal equivalent doses reported during the hemodynamic procedures during one month and the 
reduction factor due to the lead apron presence are shown in table 3 and 4 for the assistants and 
doctors respectively. The reduction factor is given by the ratio between the dosimeter reading on and 
under the apron.  
 
Results of table 3 show that the factor of 10 was representative of the dose reduction due to the lead 
apron only for 4 of 7 assistants who often were not close to the doctors. Low reduction factor was 
observed for assistant 3who used an apron in very bad conditions. The reduction factor of 28 found for 
assistant 5 was due to he/she used to stay close to the doctor during the procedure. 
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Table 3 – Assistant doses and reduction factor determined on and under the lead apron during 
hemodynamic procedures  

 
 Hp(10)(mSv)  

User Dosimeter  
on the apron 

Dosimeter 
under the apron

Reduction factor 

Assistant 1 2.08 0.38 5 
Assistant 2 2.28 0.23 10 
Assistant 3 0.15 0.07 2 
Assistant 4 1.86 0.16 12 
Assistant 5 4.31 0.16 28 
Assistant 6 3.21 0.40 8 
Assistant 7 1.66 0.20 8 

 

Table 4 – Doctor doses and reduction factor determined on and under the lead apron during 
hemodynamic procedures  

 Hp(10) (mSv)  
User Dosimeter 

on the apron 
Dosimeter 

under the apron
Reduction 

factor 
Doctor 1 11.14 0.42 26 
Doctor 2 11.71 0.22 54 
Doctor 3 6.95 2.91 2 
Doctor 4 0.08 0.02 4 
Doctor 5 6.3 0.27 24 
Doctor 6 2.57 0.13 20 

 
Results of table 4 show that the reduction factor of 10 would overestimate the dose received by the 
doctors who are often close to the primary x-ray beam. Low reduction factor noticed for doctor 3 was 
explained by the fact that the doctor had sometimes worn the apron inside out. The reduction factor of 
54 observed for doctor 2 was caused by the very appropriate apron with back protection (double 
protection). 
 
3. Conclusion 
 
Additional dosimetry and analysis of the dose values of medical staff in routine dosimetry during 
hemodynamic procedures suggested that registered values may not be representative to the actual 
effective dose. Values showed to be highly dependent on the reliability of the dosimeter, the 
characteristics and conditions of the lead apron that should be worn by the medical staff.  
 
It is concluded that it is important to have the performance of personal dosimetric system verified 
under actual radiation field conditions used in hemodynamic procedures and that medical staff should 
be aware that the basic radiation protection principle of optimization should be followed. 
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