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ABSTRACT 

 
There are lots of discussion about the exposure in hospitalization units in Brazil, especially around labor 

legislation and economic advantages of unhealthiness.  

With the attention focused on hospitalizated patients, there were measured the exposure in neighboring beds of 

the patient submitted to an x-ray procedure with a mobile x-ray system that could be used to illustrate the 

discussion with consistent values. 

The most common x-ray procedure made in hospitalization units are chests images with techniques between 70 

to 120 kV and 5 to 20 mAs. The measurement was made during routine exposure and simulations using a 

scattering phantom with Radcal AccuPro eletrometer and 1800cc ionization chamber in a private hospital and a 

philanthropic hospital, both in São Paulo, Brazil. 

The ionization chambers are placed at 2 meters distance of the patient exposed of both sides during the routine 

procedure. 

During the simulation, a nylon phantom of 20 centimeters thick and 30 x 30 cm² size was placed on the bed, a 

typical  exposure technique was used and the exposure was measured surrounding the phantom at 0.6, 1.0 and 

2.0 meters distance for scattered radiation caracterization. 

Initial results showed that the neighboring exposure at about 2 meters distance from the exposed patient bed 

have low values, even when exposure is integrated during the lenght of hospital stay. 

Therefore, the exposure in hospitalization units are very low compared to the exams doses. 

 

 

1. INTRODUCTION 

 

 

In recent decades, technological advances and ease of access to x-ray examinations have led 

to increased risks and concern with the use of ionizing radiation. There was also an increase 

in the examinations performed in hospital beds that triggered the concern about the doses of 

radiation received by the patients in neighboring beds as well as the dose in other 

professionals involved in the sector, for example, technicians, assistants and nurses. 
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Associated with the occupational risk, increased the questioning of the working conditions 

that imply in the addition of insalubrity to the worker exposed to the ionizing radiation. 

The “Portaria 453/98 “ establishes a minimum distance of at least 2 meters from the tube or 

imaging device to technicians or other patients [1] and dose levels are established by CNEN, 

whereby employees and individuals of the public must be assured a Effectivity dose annual 

less than 20 and 1 mSv, respectively. [2] 

To quantitatively elucidate the radiological exposures, the doses of X-ray were evaluated at 

certain distances of the scattering medium (patient or phantom). 

 

 

2. MATERIALS AND METHODS 

 

The data collection consisted of 15 mobile x-ray equipment and 13 c-arcs from 5 private and 

philanthropic radiological centers in the city of São Paulo during the period from 2013 to 

2017, properly licensed and with state assessments in accordance with national legislation, 

Portaria MS/VS 453/98. 

 

The typical exposure techniques were used for each equipment and modality adopted in these 

centers with radiation monitoring scattered at 0.6, 1.0 and 2.0 meters away from the center of 

the primary beam reaching the using a Radcal set ® Accu-Pro and 1800cm³ (10X6-1800cc) 

ion chamber calibrated according to national legislation in the current normalized dose rate 

mode (μSv / mA.min or μSv / mA.s).  

 

Four nylon plates with dimensions of 30 x 30 x 5 cm³ were positioned to simulate the 

abdomen of a typical man with 70 kg. The techniques used were obtained from the radiology 

techniques of each equipment, to simulate the typical scattered dose and the distribution of 

the techniques are in Tables 1 and 2.  

 

The measurements were integrated with the purpose of presenting quantitative data for 

comparison of doses of scattered radiation in mobile x-ray portable equipment for surgical 

beds and C-arc. The comparative data differentiates the equipment, both considered mobile 

X-ray diagnostic medical equipment and does not differentiate then in labor legislation MTE 

NR 16 [3]. 

 

 

3. RESULTS 

 

 

The techniques used and the distribution of the techniques are in Tables 1 and 2. 
 

Table 1 - Distribution of scattered radiation to X-ray equipment as a function of 

distances 

 

 

Equipments 

Scattered Dose (µSv/mAs) 
Voltage 

(kVp) 

Current-

time 

(mAs) 
0.6 m 1.0 m 2.0 m 

1 0.688 0,257 0,064 79 10,0 

2 0.385 0,142 0,370 81 20,0 

3 0.788 0.257 0.050 81 20.0 
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4 0.518 0.171 0.039 75 8.0 

5 0.755 0.280 0.064 81 5.0 

6 0.350 0.120 0.023 52 2.5 

7 0.601 0.218 0.053 81 8.0 

8 0.769 0.215 0.052 77 8.0 

9 0.552 0.196 0.049 75 12.5 

10 0.302 0.109 0.027 63 8.0 

11 0.304 0.109 0.027 63 8.0 

12 0.610 0.264 0.066 80 22.0 

13 0.681 0.271 0.068 80 22.0 

14 0.947 0.356 0.089 88 8.0 

15 0.670 0.274 0.073 85 12.5 

Average 0.595 0.216 0.074 76.1 11.6 

Standard 

deviation 
0.193 0.074 0.084 9.6 6.4 

 

Table 2 - Distribution of scattered radiation for C-Arc equipment as a function of 

distances 

 

Equipments 

Scattered Dose 

(µSv/mA.mim) 
Voltage 

(kVp) 

Current 

(mA) 
0.6 m 1.0 m 2.0 m 

1 1.015 0.218 0.044 68 8.0 

2 4.961 2.300 0.561 79 2.8 

3 5.500 1.957 0.609 76 4.6 

4 1.326 0.761 0.217 73 4.6 

5 4.533 2.400 0.467 96 3.0 

6 4.690 2.024 0.499 68 4.2 

7 2.156 0.798 0.195 69 6.4 

8 3.480 1.747 0.437 70 7.5 

9 4.862 1.241 0.414 89 2.9 

10 4.746 2.464 0.616 74 2.8 

11 2.245 1.226 0.321 102 5.3 

12 3.017 1.085 0.254 91 5.9 

13 9.096 2.169 0.928 92 8.3 

Average 3.849 1.512 0.415 69.8 4.4 

Standard 

deviation 2.037 0.706 0.218 30.4 2.6 

 

The equipment was from several manufacturers, so it was observed that the voltage and 

current parameters varied significantly for the same exposure condition (69.8 ± 30.4 kVp and 

4.4 ± 2.6 mA for the c-arc and 76.1 ± 9.6 kVp and 11.6 ± 6.4 mAs for portable X-rays). This 

is reflected in the distribution of radiation dose detected for each equipment. 

 

From the measured dose distributions, the scattered dose that a worker would receive was 

estimated if two x-rays examinations with two exposures each were performed, and measured 

at 2 meters from their work station in one year (12 months, 30 days per month). 
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The data in Table 3 show that the cumulative annual dose is approximately half of the 

stipulated limits for individual of the public.  

 

Thus, it is not justified the payment of unhealthiness for the professionals who work in the 

nursing posts in UTIs / beds. 
 

Table 3 – Cumulative annual dose for X-ray unit 

 

Scattered Dose (uGy/mAs) 0.074±0,084 

Current - time (mAs) 5.0 

X-rays per day 4.0 

Cumulative dose per day (uGy) 1.49±1.68 

Cumulative dose per year (mGy) 0.53±0.60 

 

 

For the estimated cumulative dose for the c-arc, the use of the 60 minute daily device and a 

current of 4 mA were estimated. The distribution of the accumulated doses at distances 0.6, 

1.0 and 2.0 meters are shown in table 4. 

 

 

Table 3 – Cumulative annual dose for c-arc units 

 

Distance (meters) 0,6 1 2 

Dose rate (uGy/mAmin) 3.97±2.14 1.57±0,72 0.43±0.23 

Time for examination per day (min) 60 

Current (mA) 4 

Cumulative dose per day (mGy) 0.953±0.514 0.376±0.174 0.103±0.055 

Cumulative dose per year (mGy) 343±185 136±63 37±20 

 

It was verified that for all the studied distances, the annual effective dose limits for 

occupationally exposed individuals are exceeded for c-arc. Therefore, in the case of c-arc, the 

unhealthy manure is justified. 

 

From the analysis of both equipment, it is evident the need of protection for the workers 

involved in the practices involving c-arc. 

 

The regulatory standard MTE NR 16, however, generalizes the two types of equipment, "The 

activities carried out in areas using mobile X-ray equipment for medical diagnosis are not 

considered dangerous for the purpose of this annex." Therefore, a distinction between these 

devices is necessary. 

 

 

4. CONCLUSIONS  

 

By scattered radiation analysis, it was found that estimates of annual accumulated radiation 

scattered to the mobile X-ray and surgical arch vary greatly (0.53 ± 0.60 and 37 ± 20 mGy / 

year for the mobile X-ray and c-arc respectively). This shows that these types of equipment 

should not be classified in the same classification.  
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The surgical arc, therefore, should be considered dangerous operation with ionizing 

radiations. 
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