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Abstract:  

 

Cathode Ray Tube (CRT) monitors are associated with the possible emission of bremsstrahlung 

radiation produced by electrons striking the monitor screen  Despite the widespread use of liquid crystal 

displays (LCDs), cathode ray tube (CRT) monitors are used extensively. They have advantages over 

LCD monitors, such as higher resolution, smaller motion artifacts, and higher color depth. In additional, 

due to the lower prices of CRT monitors, they are still widely used in some poor countries. 

Electromagnetic radiation in the non-ionizing range of the spectrum only has enough energy to be able 

to excite electrons to higher states and is insufficient to displace electrons from the atomic structure. 

Examples of non- ionizing radiation are visible light, infrared, radio waves, microwaves, and sunlight. 

Sitting in front of TV at a rate of 10 hours per day at close distances is exposed to dose higher than the 

permissible dose per year. The calculated doses are directly affected by time, so the longer the exposure 

time, the higher dose and vice versa. Also, reducing the distance between the source and the viewer leads 

to an increase in the absorbed dose and vice versa. It was observed that the readings of the right of the 

screen differ from the readings of the left of the screen, which is slightly higher, and this is due to the 

fact that the transducer inside the TV set is on the right side, as well as other parts that can generate X-

rays. Therefore, it is preferable for the viewer to sit on the left of the screen as much as possible.  

 

Keywords: X-rays, Cathode Ray Tube (CRT), liquid crystal displays (LCDs) 

 

Introduction 

 

Cathode Ray Tube (CRT) monitors are associated with the possible emission of bremsstrahlung radiation 

produced by electrons striking the monitor screen [1]. 

Despite the widespread use of liquid crystal displays (LCDs), cathode ray tube (CRT) monitors are used 

extensively. They have advantages over LCD monitors, such as higher resolution, smaller motion 

artifacts, and higher color depth. In additional, due to the lower prices of CRT monitors, they are still 

widely used in some poor countries [2]. 

CRT monitors carry a risk of exposure to operators and the environment. This risk is partly caused by 

the generation of an electromagnetic field (EMF) [3]. 

The voltages accelerate the electrons to a maximum energy of the anode–cathode voltage value. In color 

monitors, three guns are used to shoot the electrons to phosphor spots producing red, green and blue, 
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which are the primary colors. The combination of these colors produces other colors. Electrons colliding 

with the shadow mask, phosphor layer, and the face panel glass produce Bremsstrahlung x rays. Their 

intensity depends on the gun current so that the white color has the maximum intensity and will result in 

the highest intensity of x-rays [4]. This project aims to explain and assess the effects and symptoms of 

highly exposure for x ray that emitted from TV screen. 

Stationary electric charges produce electric fields, whereas moving electric charges produce both electric 

and magnetic fields. Regularly repeating changes in these fields produce what we call electromagnetic 

radiation, electromagnetic wave is shown in figure (1). Electromagnetic radiation transports energy from 

point to point. This radiation propagates (moves) through space at 299,792 km per second (about 186,000 

miles per second). That is, it travels at the speed of light. Indeed, light is just one form of electromagnetic 

radiation [5]. Some other forms of electromagnetic radiation are X-rays, microwaves, infrared radiation, 

AM and FM radio waves, and ultraviolet radiation shown in figure (2). The properties of electromagnetic 

radiation depend strongly on its frequency. Frequency is the rate at which the radiating electromagnetic 

field is oscillating. Frequencies of electromagnetic radiation are given in Hertz (Hz), named for Heinrich 

Hertz, the first person to generate radio waves. One Hertz is one cycle per second [5]. 

Frequency and Wavelength 

As the radiation propagates at a given frequency, it has an associated wavelength that is, the distance 

between successive crests or successive troughs. Wavelengths are generally given in meters (or some 

decimal fraction of a meter) or Angstroms (Å, 10-10 meter). Since all electromagnetic radiation travels 

at the same speed (in a vacuum), the number of crests (or troughs) passing a given point in space in a 

given unit of time (say, one second), varies with the wavelength. Since all forms of electromagnetic 

energy travel at the speed of light, the wavelength equals the speed of light divided by the frequency of 

oscillation (moving from crest to crest or trough to trough), the wave energy can be calculating using 

Planks equation [6]: 

                      (1) 

 

Where E is the wave energy, h is Planks constant, f is the frequency, c is speed of light and λ is the 

wavelength. 

Types and Sources of Radiation 

Non-ionizing radiation 

 

Electromagnetic radiation in the non-ionizing range of the spectrum only has enough energy to be able 

to excite electrons to higher states and is insufficient to displace electrons from the atomic structure. 

Examples of non- ionizing radiation are visible light, infrared, radio waves, microwaves, and sunlight. 

Therefore, the nature and extent of the biological effects of exposure to nonionizing electromagnetic 

Radiation depend on factors such as: the energy of the incident radiation (which determines the 
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penetration depth), the density of the beam, source emission characteristics, duration of exposure, 

environmental conditions, and the biological characteristics of the irradiated tissues, Generally, the 

longer the wavelength, the less an interaction with tissue will occur; and the greater the energy of the 

source, the greater the opportunity for tissue damage. 

Global positioning systems GPS, cellular telephones, television stations, FM and AM radio, baby 

monitors, cordless phones, garage-door openers use non-ionizing radiation. These are defined as 

extremely low frequency (ELF) waves and are not considered to pose a health risk [7]. 

Ionizing radiation 

Ionizing radiation is capable of knocking electrons out of their orbits around atoms, upsetting the 

electron/proton balance and giving the atom a positive charge. Electrically charged molecules and atoms 

are called ions. 

Ionizing radiation includes the radiation that comes from both natural (terrestrial radiation and cosmic 

radiation) and man-made radioactive materials. There are several types of ionizing radiation (Alpha [α], 

Beta [β], Photon radiation (gamma [γ] and X-ray) and neutron radiation [8]. 

Figure (2): The Electromagnetic Spectrum 

1.3 X-Ray Properties 

 

X-rays are electromagnetic radiation of exactly the same nature as light but of very much shorter 

wavelength. X-rays ionize atoms. The energy required for ionization varies with the material (e.g., 34 

eV in air, 25 eV in tissue) but is generally in the range of several eV. A 100 keV X-ray can potentially 

create thousands of ions [9]. 
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X-Ray Production 

X-rays are produced when accelerated electrons collide with the target. The loss of energy of the 

electrons due to impact is manifested as x-rays. X- ray radiation is produced in an x-ray tube. Most 

of the kinetic energy of the electrons striking the target is converted into heat, less than 1% being 

transformed into x-rays [10]. 

Ek= eV = 1/2 mv2 

e – electron charge (1.6x10-19 C) 

EK – kinetic energy, V – applied voltage, m – mass of the electron (9.11x10-31 kg), v – electron 

velocity (m/sec) 

There are three major components of tube: The cathode which is negatively charged, the Anode which 

is positively charged and the glass envelope which supports the anode and cathode structures. X-rays 

are generated by an x-ray tube. In this device, a metal filament is heated until energetic electrons 

escape from the cathode surface into a vacuum. These electrons are then accelerated by an electric 

field, gaining kinetic energy while being attracted to a positive anode target [11]. 

 

Figure (3): X ray tube components 

 

The total amount of energy acquired by the electron in the accelerating electric field is equal to the 

product of the potential (peak kilo voltage kVp) multiplying by the unit of electrical charge, 

possessing units of electron volts (kilo electron volts, keV). The amount of charge generated by the 

x-ray tube per unit time has units of electrical current (mill amperes, mA), and the product of voltage 

and current is the amount of power (watts) delivered by the tube [12]. 
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X- Ray Types 

Continuous X-ray Spectrum 

When electrons hit the anode, they decelerate or brake and emit Bremsstrahlung (meaning braking 

radiation in German). Bremsstrahlung is produced most effectively when small charged particles 

interact with large atoms, such as when electrons hit a tungsten anode. However, Bremsstrahlung can 

be produced with any charged particles and any target. It is also called polychromatic, continuous or 

white radiation. Some electrons lose all the energy in a single collision with a target atom [13]. 

• Properties of the Continuous Spectrum 

1. Smooth, monotonic function of intensity vs wavelength. 

2. The intensity is zero up to a certain wavelength – short wavelength limit (λSWL). The electrons 

transfer all their energy into photon energy. 

3. The total x-ray energy emitted per second depends on the atomic number Z of the target material 

and on the x-ray tube current [12]. 
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Figure (4): Continuous X-ray Spectrum production 

 

Characteristic X-ray Spectrum 
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Characteristic x-rays are emitted from heavy elements when their electrons make transitions between 

the lower atomic energy levels. The characteristic x-ray emission which is shown as two sharp peaks 

in the illustration at left occur when vacancies are produced in the n=1 or K-shell of the atom and 

electrons drop down from above to fill the gap. The x-rays produced by transitions from the n=2 to 

n=1 levels are called K-alpha x-rays, and those for the n=3→1 transition are called K-beta x-rays 

[13]. 

Figure (5): Bremsstrahlung and Characteristic X-ray Spectrum 

 

X-ray production typically involves bombarding a metal target in an x- ray tube with high speed 

electrons which have been accelerated by tens to hundreds of kilovolts of potential. The bombarding 

electrons can eject electrons from the inner shells of the atoms of the metal target. Those vacancies 

will be quickly filled by electrons dropping down from higher levels, emitting x-rays with sharply 

defined frequencies associated with the difference between the atomic energy levels of the target 

atoms [13]. 

Characteristic x-rays are used for the investigation of crystal structure by x-ray diffraction. Crystal 

lattice dimensions may be determined with the use of Bragg's law in a Bragg [12]. 
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Figure (6): Characteristic X-ray production 

• Properties of the Characteristic Spectrum 

1. The intensity of any characteristic line depends both on the tube current I and the amount of 

applied voltage V 

2. Characteristic lines are also very narrow, most of them less than 0.001 Å wide (Full Width at 

Half Maximum) [13]. 

Radiation- Tissues Risks 

Tissue damage occurs through the change in chemical properties of molecules in the tissue following 

exposure to radiation. The major contributor to damage from radiation is through radiation changing 

a water molecule into a new form called a “free radical”. Free radicals are chemically highly active 

and as such can have reactions with genetic molecules of the cell (i.e., the DNA). This can cause 

damage to the DNA most of which is readily repaired by the cell. If it is not, it can result in cell death. 

Alternatively, if the DNA damage is repaired erroneously, it can result in an alteration of the genetic 

encoding leading to hereditary changes or cancer induction most comes from diagnostic medical 

exposures, and smaller amounts that comes from medical therapy, occupational exposures, and from 

radioactive pollutants [14]. 

Tissue effects of ionizing radiation can be observed in virtually all tissues. One prominent attribute 

of ‘deterministic’ effects is that they only occur if a certain, albeit – for some symptoms – small, 

threshold dose is reached. With regard to their time course, early effects are seen within the first 

weeks after an acute radiation exposure, while chronic, late radiation sequelae manifest after months 
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to many years. In some instances, the extent, i.e. severity and/or duration, of the early effects has an 

impact on the risk for the manifestation of late symptoms in the same tissue or organ (consequential 

late effects). A number of factors have been identified with regard to the exposure characteristics that 

significantly influence the radiation tolerance of normal tissues such as [15]: 

• The dose rate. 

• The energy and type of radiation. 

• The time of the exposure. 

• Biological species, sex and age. 

• The portion of the body tissues exposed. 

• repair mechanisms. 

Pathobiological Principles of Tissue Effects 

Based on their time, early reactions in tissues are defined as those observed within weeks after the 

(onset of) radiation exposure, e.g. within the first 90 days after the start of radiotherapy. Any symptom 

that is first diagnosed at a later time is considered a late response, with typical latent times of months 

to many years and sometimes decades for very late effects [16]. 

It must be emphasized that tissue effects in many instances are not based on the consequences of 

radiation exposure of an individual organ, but on the interaction of radiation effects in physiologically 

‘connected’ organs, such as the lung and the heart after thoracic exposure, or the systemic contribution 

of the immune system to individual organ effects [17]. 

1. Deterministic effects 

These effects depend on time of exposure, doses, type of Radiation. It has a threshold of doses below 

which the effect does not occur the threshold may be varying from person to person. Deterministic 

effects are those responses which increase in severity with increased dose if the dose increases the 

severity of an effect increases. All early effect and most tissue late effect is deterministic. 

deterministic effect includes Acute Radiation Sickness and chronic radiation Sickness [17]. 

2. stochastic Effect 

Is those effect which occur when a person receives a high dose of radiation. 

These effects have an increase probability of occurrence with increase dose. There is no threshold 

dose below which is a stochastic effect cannot occur. Severity does not depend on magnitude of 

absorbed doses these effects occur by chance. Stochastic effect is of two types (somatic stochastic 

effect and Genetic effect) [17]. 

The processes that lead to the cells destroyed by radiation can be divided into four stages [18]: 
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Physical Stage ( 10-13 sec) Chemical Stage (10-13 to 1 sec) 

Biochemical Stage (1 sec to 10 days) Biological Stage (11 days to 32 years) 

Radiation-eyes risks 

Exposure to ionizing radiation could affect the human brain and eyes leading to both cognitive and 

visual impairments. the most frequent ionizing radiation-induced ophthalmic effects include cataracts, 

glaucoma, optic neuropathy, retinopathy and angiopathy, sometimes associated with specific 

neurocognitive deficits. According to available information that eye alterations may induce or may 

be associated with brain dysfunctions and vice versa [19]. 

It is well recognized that the human brain and eyes are radiosensitive and radiovulnerable organs. The 

eye lens is one of the most radiosensitive human tissues, and the retina is at risk for suffering from 

severe consequences induced by ionizing radiation, such as angiopathy and angiosclerosis [19]. 

Interests concerning the effects of IR on eye structures are progressively increasing, given the 

evidence that they are easily accessible, and particularly the retina, which is part of the brain, may 

represent a reliable indicator of the actual conditions of the central nervous system (CNS) [20]. 

in 2012 did the International Commission on Radiological Protection (ICRP) note how “special 

attention should be paid to the radiation effects in the lens of the eye and the cardiovascular system”. 

In addition, taking into account new epidemiological data, the ICRP underlined that some tissue 

reactions were due to threshold or lower doses than the previous ones [21]. with the threshold 

considered to be 0.5 Gy, irrespective of the rate of dose delivery [22]. 

Ionizing radiation-induced ophthalmic effects include cataract, glaucoma, optic 

neuropathy, retinal angiopathy and dry-eye syndrome [23]. 

Radiation Measuring units 

Radiation Activity 

The rate of disintegration per unit time is measured in curies and based on the following standard 

[24]: 

Unit Quantity 

1 curie (Ci) 3.7 X 1010 dps (disintegrations per second) 

1 millicurie (mCi) 3.7 X 107 dps = 1 X 10-3 Ci 

1 microcurie (µCi) 3.7 X 104 dps = 1 X 10-6 Ci 

1 nanocurie (nCi) 37 dps = 1 X 10-9 Ci 

1 picocurie (pCi) 3.7 X 10-2 dps = 1 X 10-12 Ci 

1 becquerel (Bq) 1 disintegration per second 
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Radiation Exposure 

The measurement of radiation exposure in air as ionizations per unit mass of air due to x-ray or gamma 

radiation [25]: 

Unit Quantity 

1 Roentgen (R) 2.58 X 10-4 Coulomb/Kg air 

1 milliroentgen 2.58 X 10-7 Coulomb/Kg air = 1 X 10-3 R 

 

Absorbed Dose 

The measurement of radiation absorbed dose (rad) represents the amount of energy deposited per unit 

mass of absorbing material [26]: 

Unit Quantity 

1 rad 100 ergs/gram 

1 rad 1 X 10-2 Joule/kg 

1 millirad (mrad) 1 X 10-5 Joule/kg = 1 X 10-3 rad 

 

Dose Equivalent 

The measurement of biological effect of radiation requires a third unit called a quality factor (QF). 

The quality factor takes into account the different degrees of biological damage produced by equal 

doses of different types of radiation. 1 rem (Roentgen equivalent man) is the product of the amount 

of energy absorbed (rad) times the efficiency of radiation in producing damage (QF) [27]: 

1 rem = 1 rad x QF 

The S.I. system 

is widely used in Europe and is gradually being adopted in the United States [27]: 

Current Unit S.I. Units Conversion 

Curie (Ci) Becquerel (Bq) 1 Ci= 3.7 x 1010 Bq 

rad Gray (Gy) 1 rad= 1 X 10-2 Gy 

rem Sievert(Sv) 1 rem=1 X 10-2 Sv 
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Radiation hazards and Standard limits of eyes exposure 

As a result of the great use of ionizing radiation, especially in the field of diagnosis and medical 

examination, in addition to what humans are exposed to from natural radiation emanating from 

sources in its surroundings such as uranium, thorium and others that are found in the rocks of the 

earth’s crust, where the rate of radiation dose is estimated at a height of one meter above limestone 

rocks in About 20 mrem per year [28]. 

The elements can also be found inside the human body by inhaling them with air contaminated with 

radioactive gases or entering them with food and drink, where they become a permanent source of 

radiation inside the body. As the number of nuclear reactors increased after World War II and the 

residues of fission of radioactive elements increased, and as a result, attention must be paid to 

radiation protection because of the serious dangers it poses to life. Therefore, several international 

institutions worked on this subject in order to reduce and prevent exposure to harmful radiation. The 

Roentgen Association that founded in 1916, and the (ICRU) International Commission On 

Radiological Units that founded in 1928, International Atomic Energy Agency (IAEA), National 

council on radiation protection (NCRP), United nation scientific committee on the effects of the 

atomic radiation (UNSCEAR), National institute of environmental health sciences (NIEHS), and 

International Commission on Radiological Protection (ICRP) [28]. 

The organization (ICRP) identified the organs of the body sensitive to radiation and named as (Critical 

Organs), which are the bone marrow, the reproductive organs and the lens of the eye. In 1956, the 

International Agency for Radiation Protection (ICRP) proposed an equivalent dose rate for radiation 

workers to be 3rem during 13 weeks, in addition to formulating the relationship of equivalent dose 

(DE) in REM with the age of workers (N) in years [29]. 

DE(rem) = 5(N-18) 

Radiation emitted from Television 

Electromagnetic radiation covers a wide range of radiation emitted by display devices and can be 

divided into: ionizing radiation such as X-rays, and non-ionizing radiation, which includes 

frequencies of ultraviolet and infrared radiation, visible rays, and low frequencies of electric and 

magnetic fields, so it can be said that electromagnetic radiation, Therefore, the display screens emit a 

group of radiation as follows [30]: 

1. Low-energy X-rays, which consist of a CRT cathode ray tube, when electrons hit the glass 

(screen) that forms the surface of the display device. The glass cover of the display device contains 

large amounts of lead, which absorbs the x-rays efficiently and tries to prevent them from leaking 

out. 

2. Ultraviolet in the near area (UV-A) can be detected by some display devices. 
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3. Infrared radiation (IR) is emitted by all hot objects, and since all projector surfaces are at or 

slightly above room temperature, infrared radiation can be detected, although its level is much lower 

than the level of concern. 

4. Electric and magnetic fields, detected in the low-frequency and high- frequency fields. The 

dominant sources in this regard are power supplies at frequencies 50-85KHz and 15-35KHz. In 

comparison with fields emitted by industry or homes, the electric and magnetic fields around the 

display devices can be considered not associated with high exposure doses. 

5. Stable electric fields near display devices may be the reason for the appearance of some 

abnormal marks in the skin of workers on these devices. 

6. Ultrasound waves are usually formed as a result of mechanical vibrations generated in the 

transducers core of display devices [31]. 

X ray radiation emitted from Television 

Television emits in addition to visible light, a low percentage of radiation that the human eye cannot 

see, the most dangerous is X-rays, because they have energy can penetrate the human body for 

distances that other radiations emitted from the same device cannot reach [31]. 

10,000V of the voltage supplied to the CRT tube and 40.000V that is used in color TV are produce 

X-rays when the fast and accelerating electrons hit the inner surface of the tube. These operating 

voltages are considered relatively low when compared to the operating voltages in medical 

instruments, so the x-rays generated by the television are less than the x-rays designated for medical 

purposes [32]. 

Experimental works 

X- Ray films and densitometer 

Small doses of X-ray leaked from television were measured and analyzed using radiographic film, 

which is used in dental medical diagnosis, due to its sensitivity to low energy X-ray leakage. 

The film is usually coated with a layer that is very sensitive to radiation (silver bromide crystals are 

usually used), as these crystals are affected by radiation, forming dark and transparent areas called 

(latent images), Then the image is shown on the film, the parts exposed to radiation appear dark, and 

the parts not exposed to radiation are transparent. The optical density on the film at any point 

represents a measure of the degree of blackening at that point, which is used to find exposure in units 

(mR) of films used and exposed to radiation emitted by television. 

In order to measure the optical density using a (Densitometer) which consists of (the base) and (the 

photometer unit), the film is placed in the way of a light beam and the intensity of the transmitted 

light is measured by a photocell containing a photo diode that converts the light into electrical pulses 

(Signals) to be amplified by the amplifier, and sent to the digital panel mater in the form of numbers 

that express the optical density. 

D=Log10 Io/It 
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Io- The intensity of visible light falling on a small area of the film. It - the intensity of light absorbed 

by that area. 

The amount of radiation exposure for x-ray film can be found by measuring its optical density using 

a densitometer and finding the exposure unit using sensitometric curve [33]: 

Figure (7): Sensitometric curve of optical density and exposure in Gray and mR 

X-Ray measurement at a distance of (0.5, 1, 1.5, 2) meters from the TV screen 

Three films were installed on a piece of cork, the first one parallel to the center of the screen and the 

other to the right of the screen, while the third film was fixed to the left of the screen for an exposure 

period of ten hours per day in a dark room and at a distance of 0.5m, and the other films were installed 

in the same way at distances of 1m, 1.5m, 2m. The (Optical Density) is measured by a densitometer, 

and the optical densities are converted to the exposure unit mR using the curve in Figure (7). 

The result of the measurements that were obtained for distances (0.5, 1, 1.5, 2) m from the TV screen 

for a period of ten hours of exposure per day, was used for each distance of three films: film (1) 

parallel to the center of the screen, film (2) left of the screen, film (3) the right of the screen, and the 

results were as follows: 

Table (1): Film (1) parallel to the center of the screen, the exposure time (ten) hours and the distances 

(0.5, 1, 1.5, 2) m: 

Film(1) 

Distance(m) Reading optical density Exposure(mR) 

0.5 

1 

1.5 

2 

1.89 ± 0.1 

1.81 ± 0.1 

1.78 ± 0.1 

1.66 ± 0.1 

6.8 ± 0.14 

6.6 ± 0.14 

6.4 ± 0.14 

6.2 ± 0.14 
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Table (2): Film (2) parallel to the left of the screen, the exposure time (ten) hours and the distances 

(0.5, 1, 1.5, 2) m: 

Film(2) 

Distance(m) Reading optical density Exposure(mR) 

0.5 

1 

1.5 

2 

1.62 ± 0.1 

1.54 ± 0.1 

1.48 ± 0.1 

1.39 ± 0.1 

6.9 ± 0.14 

6.5 ± 0.14 

6.3 ± 0.14 

6.1 ± 0.14 

It is noted from figure () there is a clear decrease in the dose with distances, if we assume that the 

viewer is at the farthest calculated distance (2m) from the center of the screen for ten hours, the 

absorbed dose per year can be calculated as follows: 

6.2 mR/yr x 365 = 2263 mR/yr 

2263 mR/yr /100 R/sv = 22.63 msv/yr 

To compare this dose with the allowed dose determined by the (ICRP) for the eye as one of the 

sensitive and critical organs for radiation, the maximum eye dose equal to (15.6msev) per year [34]. 

22.63 msv/yr /15.6 msv/yr =1.45 

Where this value is higher than the allowed limit by about 1.45 

Conclusions 

Sitting in front of TV at a rate of 10 hours per day at close distances is exposed to dose higher than 

the permissible dose per year. The calculated doses are directly affected by time, so the longer the 

exposure time, the higher dose and vice versa. Also, reducing the distance between the source and the 

viewer leads to an increase in the absorbed dose and vice versa. It was observed that the readings of 

the right of the screen differ from the readings of the left of the screen, which is slightly higher, and 

this is due to the fact that the transducer inside the TV set is on the right side, as well as other parts 

that can generate X-rays. Therefore, it is preferable for the viewer to sit on the left of the screen as 

much as possible. 
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