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Abstract. This article aims to analyse the electric arc exposure 
hazards to human health and to develop proposals for 
improvement of safe operation of electric equipment in 
organizations. The study is carried out on the situation in the 
field of regulatory documents governing the safe operation of 
electric equipment; moreover, recommendations are also given. 
It is concluded that the standard IEC 61482-1-2 (LVS EN 61482-
1-2) is adapted in the Republic of Latvia, which puts forward the 
requirements to protective clothing against electric arc exposure, 
but this standard only takes into account the spectrum of 
partially served electric devices. It is, therefore, necessary to 
introduce the international standard IEC 61482-1-1, which takes 
into account the actual short-circuit current magnitude and 
environmental layout of electric devices. 
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I. INTRODUCTION  

Electrical burns are the most widespread local electrical 
injuries. 60–65% of electric shock victims have electrical 
burns, while one third of them have also other types of 
injuries. Electricians most often suffer from electrical burn 
injuries. Electrical burns can occur from direct exposure to 
electric current as well as without direct contact with electric 
equipment [1-4], [13]. 

Burns from direct exposure to electric current are 
possible if a strong current (more than one ampere) flows for a 
short duration through the human body. If a person touches a 
conductive part of electric equipment, electric current flows 
through the human body and electrical energy is converted 
into heat energy. Reaching 60°C temperature, the protein 
substances begin coagulating and cause the occurrence of 
burns. Since human skin has a much higher electric resistance 
than the soft tissues, the largest amount of heat is released in 
the skin. Electrical burn is a skin burn just at the spot of 
human body contact with conductors. Such burns are deeply 
pressed into human body tissues. Burns from direct exposure 
to electric current most often occur with electric equipment 
under voltage up to 1000V. 

Burns without direct contact with electric equipment can 
appear on the human body if voltage is above 1000V. Closely 
approaching high-voltage electric equipment, a person starts 
being exposed to possible electric arc discharge. First, 
sparkling arc discharge takes place, then going into electric 
arc. Current flowing through human tissues heats them while 
the temperature of electric arc on human tissues reaches about 
4000°C. As a result, human body tissues get charred. Electric 
arc can cause extensive and deep burns of human body. Such 
short-time current impact usually does not cause respiratory 

and circulatory disorders, but the received burns are very 
dangerous and can result in the death of the victim. 

Electrical burns are divided into 4 degrees: 
- degree I – redness of the skin; 
- degree II – burn blisters; 
- degree III – charring of the skin; 
- degree IV – charring of the tissues, muscles and bones. 
Burns are divided into electrical current burns received by 

the victim from direct contact with current conducting parts 
and electric arc burns occurring upon formation of electric arc, 
mainly due to incorrect operations with the switching devices. 
Electric arc often switches over to a person and then very high 
current flows through the human body, resulting in the death 
of the person. 

Electrical burns that occur in electric equipment under 
voltage to 1000V are mainly first- or second-degree burns, 
while severe electrical burns occur much less frequently.  

In electric equipment above 1000V, electric arc occurs 
between current-carrying parts and the human body, causing 
another type of burns – arc burns. Arc burn occurs when the 
human body is exposed to electric arc of high energy and 
temperature. Arc burns are third- or fourth-degree burns. 
Severe health disorders are caused by third- and fourth-degree 
burns, which cover at least 10% of the human body surface 
and can also endanger the life of a person [13], [14] . 

II. RISK OF ELECTRIC ARC OCCURRENCE 

Electric arc is an electric discharge that occurs when 
electric current flows through the gap between electric 
contacts. Electric arc occurs in a circuit wherein electric 
current is flowing at sufficiently high voltage when such a 
circuit is mechanically interrupted or if the distance between 
electrodes is reduced: fast-moving electrons cannot stop and 
fly out into the circuit break, ionizing the gas, heating and 
forming the plasma, which is a good electrical conductor. 
Electric current continues to flow through the formed plasma 
tunnel between the contacts. Formation of plasma is 
accompanied by release of very high energy, which results in a 
very high temperature reaching 22000°C. Exposure to very 
high temperatures can result in injuries of personnel within 
close proximity. Arc energy, in its turn, is dependent on short-
circuit current magnitude, voltage magnitude and short-circuit 
effect duration. Degree of electric arc impact upon people 
depends on short-circuit power and distance to the arc [1]. 
 Electric arc occurrence risk depends on several factors: 

• how often the personnel works with live equipment; 
• complexity degrees of assigned task; 
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• size of ambient premises; 
• boundaries of safety zones in premises; 
• personnel preparedness level; 
• coordinated activities between personnel and 

assistants; 
• tools used by personnel; 
• technical condition of equipment; 
• environment (humidity, dust, dirt); 
• condition of protection devices. 

The main risk factors that cause threats to human life and 
health in accidents associated with electric occurrence are the 
following: 

• suddenness effect – fear and confusion resulting in 
person’s inability to timely leave the accident place; 

• high energy concentration – large amount of energy 
released within a short period of time in the form of light and 
heat, resulting in burns and possible vision injuries; 

• shockwave under impact of which a person can be injured 
from falling, falling from height, falling onto other current-
conductive parts; 

• electric arc blast with the shockwave splashes of molten 
metal and various fragments; 

• clothing can flame at the distance of few metres, and if 
made of synthetic material, it can melt and stick to the skin 
and the skin under clothing can suffer more than uncovered 
parts of the body; 

• giving first aid is usually difficult since the helper should  
assess hazards from exposure to electric current and take 
necessary measures while ordinary work clothes can continue 
burning and causing more severe injuries. 

Electric arc thermal energy that affects the human body is 
called the arc incident energy Ei; it is electric arc thermal 
energy that gets onto the human body surface (cal/cm2; 
kJ/m2). This energy value determines the degree of severity of 
human injury that can occur as a result of electric arc thermal 
exposure. Therefore, it is necessary to know this energy value 
for typical places and modes of electrical network. This 
amount of energy can be determined by engineering 
calculations. Calculators for evaluation of this energy are 
developed in the world: computer programmes (Fig. 2), which 
after input of actual electrical network parameters allow easy 
identification of the electric arc thermal hazards (Fig. 3.). 
These programmes are used  in organizations for ensuring safe 
work with electric equipment and for the optimal selection of 
personal protective equipment to protect people from burns 
that may arise from electric arc exposure. Results of this 
programme cannot be used for the evaluation of risks caused 
by shock wave, molten metal splashes and toxic vapours, 
because it requires additional studies [1], [10]. 

Making calculation on the basis of acquired information, 
the warning marks can be printed (Fig. 3), which are 
recommended to be placed in respective spots of electrical 
network. 

 
 
 
 

 
Fig. 1. Electric arc hazards 

Fig. 2. Calculator for estimation of electric arc Ei 

 

 

 

Arc Flash Calculator 
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Fig. 3. Warning marking 

III. SELECTION OF PROTECTIVE CLOTHING  

The possibility of injuries caused by electric arc exists in 
electric devices and it cannot be completely excluded. People 
working within potential electric arc exposure areas should be 
additionally protected by means of personal protective 
equipment. 

Personal protective equipment against electric arc injuries is 
the protective clothing. In order to be sure of its protective 
properties, it should be checked (tested) in accordance with 
the conditions of use. The testing methods depend on 
practically predictable working conditions and electric arc 
parameters. 

International Electrotechnical Commission (IEC) has 
developed a number of international standards for clothing in 
order to protect against electric arc exposure. 

Depending on properties of the electrical network and 
electric equipment, place in the electrical network where 
works are carried out, magnitude of voltage, the potential arc 
energy is different; therefore, the protective clothing should be 
chosen with different levels of protection. Depending on these 
factors, in Europe the protective clothing against electric arc is 
tested in accordance with IEC 61482-1-1 or IEC 61482-1-2. 
The user should specify the required test method. In Latvia the 
adapted standard is LVS EN 61482-1-2 “Determination of arc 
protection class of material and clothing by using a 
constrained and directed arc (box test)”, which is also 
observed by JSC Sadales tīkls (Distribution Network). 

Testing methods are based on experimental data, Stoll curve 
(Fig. 4), which determine the physiological ability limit of the 
human skin to withstand heat without second-degree burns.  

The curve gives the limiting values of skin surface 
temperature change rate at which burns will not be caused. 
During the testing the amount of heat that passes through the 
closing is measured from the time when the arc starts and till 
its end.  

 

Fig. 4. Stoll curve 

Incident energy upon clothes and energy going through the 
clothing is measured by means of special electrodes. 

The obtained results are compared with the Stoll curve 
(Fig. 4) and used to predict the possibility of second-degree 
burn occurrence. The clothing will meet the required criteria, 
if points fixed in the testing lie below this curve. 

Clothing design requirements: 
• Clothing fastening function (for example, zipper) remains 

effective after the clothing was exposed to electric arc. 
• Threads and connections will not make the wearer’s 

injuries more severe. Sewing thread must be made of flame 
resistant fibres and must not begin melting when tested at 
260°C (ISO 3146). 

• No external metal is allowed to be present in the clothing. 
• All parts of clothing must be made of arc resistant 

materials in accordance with LVS EN 61482-1-2. 
• Clothing label must reflect the lower arc rating. 
• Additional user information must be provided: what 

underwear should be worn and what personal protective 
equipment should be used in order to ensure full body 
protection. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

The analysis and study of normative documents allow 
concluding that Latvia practically does not have all normative 
documents that would regulate safe work with electric 
equipment. Electric current impact upon people is different, 
and one of most dangerous effects is the multilateral electric 
arc exposure. The range of work operations is even broader 
using the voltage-active working methods that are associated 
with increased risks of electric arc exposure. Not all legal acts 
are valid in Latvia, which would regulate the electric arc 
exposure, and necessary standards have not adapted, which 
would cover the whole range of arc exposures. 
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The obtained data demonstrates that the methodology for 
identification of electric hazards associated with the electric 
arc exposure and risk assessment is implemented as protective 
clothing testing in accordance with LVS EN 61482-1-2 (IEC 
61482-1-2), which in cases where the short-circuit current is 
higher than 7 kV as well as under middle and high voltage, 
does not provide sufficient information on the required 
protection level. 

The analysis and study of legislation and regulatory 
documents associated with labour protection have led to a 
conclusion that standard IEC 61482-1-2 (LVS EN 61482-1-2) 
is adapted in the Republic of Latvia, which sets forward the 
requirements to protective clothing against electric arc 
exposure. This standard only takes into consideration the 
spectrum of partially served electric equipment. It is, 
therefore, necessary to introduce the international standard 
IEC 61482-1-1, which takes into consideration the actual 
short-circuit current magnitude and environmental layout of 
electric devices. 
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