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DEVELOPMENT OF A SYSTEM FOR 

ANALYZING THE 

ELECTROMAGNETIC RADIATION 

CAUSED BY THE CT SCANNER 
 

 

Abstract: In this paper a system for magnetic field 

measurement, graphical representation of measured 
data and its acquisition is described. The main goal 

of this system is to provide a possibility for analyzing 

non-ionizing electromagnetic radiation caused by the 

CT (Computer Tomography) scanner in its operational 

mode. In that purpose a three axial magnetic field 

sensor is used, while appropriate printed circuit 

board and PC desktop application are developed. 

Also, one CT scanning procedure is recorded at 

Clinical center of Kragujevac and those results are 

presented and discussed. The conclusions made 

here are of great importance for physicians and 
their patients who are exposed to such form of 

radiation, in order to estimate the health risks of 

exposure to CT scanner non-ionizing electromagnetic 

radiation. 

Keywords: computer tomography, non-ionizing 

electromagnetic radiation, magnetic field sensor. 

 

1. INTRODUCTION  
 
The whole living world is daily exposed 

to the influence of the electromagnetic field 

of a wide frequency range, from a few Hz 

to several GHz. Electromagnetic fields that 

surround us are either of natural origin such 

as geomagnetic, interplanetary magnetic 

field, atmospheric electric fields, cosmic 

rays, etc., or are caused by human activities. 

Today, there is no doubt that the biosphere 

has fields and radiation of all frequency 

ranges, from low frequencies such as 
periodical changes in magnetic and electric 

fields of the Earth to high frequency 

gamma radiation. However, the intensity of 

artificial electromagnetic fields significantly 

exceeds the intensity of natural electro-

magnetic fields. Artificial sources of 

electromagnetic fields are power plants, 

transmission lines and transformers, 

consumers of energy distribution networks 

such as telecommunication systems, 

industrial equipment, electrified urban 
transport, computers, mobile devices, home 

appliances, medical diagnostic instruments, 

etc. 

Electromagnetic radiation represents a 

fundamental phenomenon of electro-

magnetism. It is manifested as electro-

magnetic waves propagating through space 

or as photon particles traveling through 

space, carrying radiant energy. The amount 

of energy deposited by electromagnetic 

radiation and the form of its absorption is 

determined by the frequency and type of 
incident radiation and by the nature of the 

tissue that absorbs it [1]. According to its 

effects on the organism, electromagnetic 

radiation can be divided between ionizing 
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radiation and non-ionizing. Radiation that 

has enough energy to move atoms in a 

molecule around or cause them to vibrate, 

but not enough to remove electrons, is 

referred to as non-ionizing radiation [2]. 

Examples of this kind of radiation are sound 

waves, visible light, and microwaves. 
Radiation that falls within the ionizing 

radiation range has enough energy to 

remove tightly bound electrons from 

atoms, thus creating ions [2]. This is the 

type of radiation that people usually think 

of as “radiation”. We take advantage of its 

properties to generate electric power, to kill 

cancer cells, and in many manufacturing 

processes. Ionizing radiation causes 

biological effects by directly or indirectly 

damaging the DNA molecule [1]. 

Over the last few decades, there were 
a large number of studies undertaken in an 

attempt to analyze the potential health 

hazards that may arise from human 

exposure to electromagnetic fields [3-7]. 

These hazards could be very dangerous 

and the influence to electromagnetic 

radiation might cause many illnesses [8-12]. 

Electromagnetic fields of industrial frequency 

are far below the ultraviolet spectral band 

and, based on physical laws, are non-

ionizing, since ionization requires a photon 
with energy higher than 12 eV [13]. Because 

of that, the frequencies of power lines 

cannot directly cause DNA alternations. 

However, it is suspected that the induced 

currents or voltages may act as catalysts 

during some biological processes, thus 

indirectly causing some effects on humans’ 

health [13]. From this point of view, the 

ICNIRP (International Commission for 

Non-Ionizing Radiation Protection) have 

published guidelines for safe public and 
occupational exposure, where the exposure 

limit for the general public is currently 50 Hz 

at 100 μT and higher frequencies [14]. For 

example, workers in electric companies 

work in the immediate proximity of 

equipment producing alternating currents 

and can occasionally be subjected to 

magnetic field of 1000 μT [15]. Moreover, 

when people use an electric shaver, a 

hairdryer or a hair clipper, the magnetic 

field generated on the surface of the 

apparatus can reach 1500–2000 μT [15]. 

 

 

2. CT SCANNER RADIATION  
 

Since the advent and inception of 

computed tomography (CT) in the 1970s, the 

diagnostic radiology has revolutionized. 

Also, its use has increased rapidly in whole 

world, notably in Japan; according to a 

survey conducted in 1996, where it is 

detected that the number of CT scanners 

per 1 million populations was 26 in the 
United States and 64 in Japan [16, 17]. It is 

estimated that the number of CT scans per 

year obtained in the United States is more 

than 62 million, including at least 4 million 

for children [16, 18]. In 1980 the number 

of CT scans per year obtained in the United 

States was about 3 million [16, 19]. This 

increase in number of CT scans obtained 

per year can be explained by the advances 

in CT technology that make it reliable and 

user-friendly, for both the patient and the 

physician. 
There are a various measures used for 

describing the radiation dose delivered by 

CT scanning. Some of the most relevant 

are absorbed dose and effective dose. 

The energy absorbed per unit of mass 

is called the absorbed dose and it is 

measured in grays (Gy). Absorbed dose of 

1 Gy equals radiation energy of 1 J per 

kilogram of mass. The distribution of dose 

in the organ, also called organ dose, will 

largely determine the risk level to that 
organ from the radiation. 

For dose distributions that are not 

homogeneous, which is the case with 

almost all CT scans, the effective dose is 

used. The effective dose is measured in 

sievers (Sv) and is proportional to a 

generic estimate of the overall harm to the 

patient caused by the radiation exposure. 

The effective doses from CT scans are 

typically estimated to be in the range of 1 
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to 10 mSv [20]. 

There are a lot of papers available that 

study the effects on human health of CT 

scanner radiation [16-20] and the vast 

majority of them use one of the above 

mentioned measures. Also, as already 

mentioned, there are a lot of papers 
available that study the effects on human 

health of electromagnetic radiation. In this 

paper, the electromagnetic radiation of one 

CT procedure is measured and the results 

are discussed. 

 

 

3. MEASUREMENT SETUP  

 
In order to measure the electro-

magnetic radiation an appropriate system 

is designed, which is based on high magnetic 

field sensitivity MFS-3A (Magnetic Field 

Sensor - 3 Axis) [21]. This sensor can 

measure up to ±7.3 mT magnetic field of 

all 3 axes - X, Y and Z. It has three analog 
outputs which represents 3 magnetic field 

axes. Its accuracy is ±3% and resolution is 

±10μT. 

Besides the MFS-3A, system also 

contains a microcontroller, which main 

task is to set the configuration and get the 

analog-to-digital conversion results of its 

embedded ADCs (Analog to Digital 

Converters) and PC application which 

graphically presents the results of analog-

to-digital conversion. The block diagram 
of whole system for electromagnetic 

radiation measurement is presented on 

Figure 1. 

The main part of the system from the 

control point of view is the microcontroller. 

It communicates with both the ADCs and 

the PC. It sets the control registers of the 

ADCs in order to enable analog-to-digital 

conversion, after which it reads the 

conversion’s results, processes them and 

sends to PC. For the acquisition of the 

ADCs outputs the sample rate of 12.8 Hz is 
used. 

 
Figure 1 - Block diagram of the system 

for electromagnetic radiation 

measurement 

 

On the PC side there is an application 

installed which communicates with micro-

controller through USART (Universal 

Synchronous / Asynchronous Receiver / 

Transmitter) interface, receives data about 

performed conversion, processes them and 

presents to the end user of the system. The 

hardware part of the system that includes 

microcontroller and MFS-3A and which is 

designed for the purpose of this experiment 
is shown on the Figure 2. 

 

 
Figure 2 - Hardware part of the system 

for electromagnetic radiation 

measurement 

 
The PC application that communicates 

with microcontroller in order to get the value 

of measured electromagnetic radiation and 

presents it to the end user is shown on 

Figure 3. It is a real time application that 

graphically presents changes in all three axes 

of measured electromagnetic radiation and 

which is specifically designed for the 

purpose of this experiment. 
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Figure 3 - PC application that presents 

the value of measured electromagnetic 

radiation 

 

 

4. RESULTS AND DISCUSION 
 

The measurements were performed 

with the MFS-3A placed on the chest of 

the patient during the CT procedure. The 

effective dose for this CT procedure was 

2-3 mSv. When the CT procedure was 

done the results were stored on the PC 

memory in hexadecimal format. After that, 

the results are processed and graphically 
presented as shown on Figure 4. 
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Figure 4 - Graphically presentation of 

electromagnetic radiation during CT 

procedure 

 

On all three axes there can be 
observed two parts. The first part is while 

the CT procedure hasn’t been started yet. 

That part lasts for about 250 samples. 

Those samples are haotic because the 

patient hasn’t been setted yet and comes 

from the Earth's magnetic field and patient 

movements in it.  

The second part of graph comes from 

CT procedure. There can also be observed 

two parts. The first one is with lower 

amplitude and the second one is with 

higher amplitude. The lower amplitude 

occurs when the CT scanner is turned on 

but it doesn’t scan. The higher amplitude 

occurs when CT scanne actually scans 

some body part. All of these parts can be 
more clearly seen on the Figure 5 where 

the effective electromagnetic radiation is 

shown. The effective electromagnetic 

radiation is calculated as root mean square 

value of all three axes. 
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Figure 5 - Graphically presentation of 

efective electromagnetic radiation durin 

CT procedure 

 

From the both, Figure 4 and Figure 5, 

it can be observed that the electromagnetic 

radiation of CT procedure belongs to the 
group of the extremely low frequencies 

magnetic fields. It, also, has a low intensity. 

The amplitude of the magnetic field is 

around 4 μT. Also, it should be noted that 

the CT procedure itself wasn’t with much 

high radiation. As mentioned above, the 

effective dose was 2-3 mSv. For the higher 

doses electromagnetic radiation could be 

much more dangerous. 

 

 

5. CONCLUSION 
 

This paper describes electromagnetic 

radiation and its effects on human health. 

It also gives the basic description of CT 

scanner and measures used to determine 

the amount of radiation absorbed from 
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them. It describes in detail the system for 

the electromagnetic radiation measurement 

and presents and discuses the results of 

one such measurement around the CT 

scanner during its operational mode.  

The results presented here shows that 

there is an extremely low frequency and 
low intensity magnetic field during the CT 

procedure. Because of its low intensity, 

this electromagnetic radiation is not very 

dangerous, but neither the CT procedure 

obtained here was with high effective 

dose. With increase of effective dose of CT 

scanning process, the intensity of electro-

magnetic radiation will probably increase 

too and that could have greater influence 
for human health. 
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