
 

 

Electrical Safety Basics for Non-Electrical Personnel 
 

Dennis K. Neitzel, CPE, CESCP 
Senior Member, IEEE 

AVO Training Institute, Inc. 
4271 Bronze Way 
Dallas, Texas 75237 

 

 

Abstract – Most people understand that electricity is essential 
to our everyday life, both at home and on the job. Perhaps 
because it has become such a familiar part of our daily life that 
many of us don’t give much thought to how much our work 
and other activities depend on a reliable source of electricity. 
More importantly, we tend to overlook, ignore, or just don’t 
understand the hazards electricity poses. Therefore, we fail to 
treat it with the respect it deserves. 
 
Non-electrical or electrically unqualified personnel include 
laborers, mechanics, janitors, operators, office workers, etc. 
These people have often been asked what they know about 
electricity or electrical safety, and the typical answers go 
something like this: 
 

•  “I don’t know anything about it.” 

•  “My dad was an electrician, and he told me that electricity 
can kill you.” 

•  “I know that if you touch it, it can hurt you.” 

•  “I know better than to mess with it, so I call an electrician.” 
 
As a general rule, non-electrical personnel don’t know very 
much about electricity or the hazards it presents, so the 
phrases “what you don’t know, won’t hurt you” or “ignorance is 
bliss” simply does not apply to electricity. The problem with 
electricity is that it cannot be tasted, seen, heard, or smelled. 
Because it is essentially invisible, it is often referred to as a 
“silent killer” and far too many have found this the hard way. 
 
OSHA requires all personnel to be trained in the recognition 
and avoidance of hazards, which includes electrical hazards. 
Statistics show that over 50% of all electrical accidents, 
injuries, and fatalities occur with non-electrical personnel, 
therefore, electrical safety training applies as much too 
electrically unqualified personnel as it does to qualified 
electrical workers. This paper addresses the electrical 
hazards, safe work practices, personal protective equipment 
(PPE), and training requirements as they apply to non-
electrical personnel. 

 

I. INTRODUCTION 
 
It is a well known fact that electricity is an essential part of 
everyday life; on the job as well as at home. Perhaps because 
it has become such a familiar part of everyday life, many 
people don’t give much thought to how much their work and 
other activities depend on a reliable source of electricity. More 
importantly, people tend to overlook, ignore, or they just don’t 
understand the hazards that electricity poses and therefore fail 
to treat it with the respect it deserves. Statistics show that 
there are several hundred electrocutions each year, with over 
half being non-electrical or electrically unqualified people. All 
of these electrocutions could have been prevented by 
providing electrical safety awareness and training to all 
electrically unqualified employees.  

Electricity is no respecter of persons; it will injure or kill a 
custodian, a laborer, an office worker, a manager, or a 
company president just as fast as it will injure or kill an 
electrician. The laws of physics for electricity are the same 
and apply to everyone; they do not change. Some 
employees work with electricity directly as part of their 
everyday jobs while others work with it indirectly, primarily 
by the use of 120-volt cord- and plug-connected 
equipment, extension cords, and hand-held power tools. 
Statistics show that more injuries and electrocutions occur 
at 120 volts than any other voltage. This is due to the fact 
that it is a common voltage found in residential, 
recreational, agricultural, commercial, and industrial 
facilities. It is so common that most people take it for 
granted and don’t even think about it or the potential 
hazards. 
 
Facility supervisors and managers may have adequate 
knowledge of electrical hazards and safety themselves, but 
they shouldn't assume that all of the people on their staff 
share this knowledge. Electricity is a serious workplace 
hazard -- a potential "silent killer" -- which can expose 
employees to electrical shock, electrocution, arc flash 
burns, arc blast injuries, or falls. This paper provides an 
overview of common electrical hazards in industrial and 
commercial facilities, along with the training and safe work 
practice requirements that apply to all personnel, including 
electrically unqualified personnel. Electrically unqualified 
personnel includes, but is not limited to, mechanics, pipe 
fitters, painters, carpenters, laborers, janitors, safety 
officers, supervisors, managers, and even office workers. 
All employees who use cord- and plug-connected 
equipment and extension cords or work around electrical 
workers while they are inspecting or performing 
maintenance on electrical equipment are required to 
receive training and must be included in the electrical 
safety program. 
 
Some employees work with electricity directly as part of 
their everyday jobs while others work with it indirectly, 
primarily by the use of cord- and plug-connected 
equipment and tools.  An understanding of the electrical 
hazards, along with the physiological effects of each on the 
human body, is vital to an understanding of electrical 
safety.  This paper will provide a basic understanding of 
these electrical hazards and thus provide an understanding 
of why OSHA and NFPA have developed regulations and 
standards that require electrical equipment to be 
deenergized, safety programs and procedures to be 
written, and personal protective equipment to be utilized. 
 

II. ELECTRICAL HAZARDS 
 
This section addresses the hazards of electricity and briefly 
describes electrical shock, arc flash and arc blast. An 
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understanding of these hazards will provide more insight into 
the electrical safety requirements that will be addressed in this 
paper. 
 
Electrical Shock - Electrical shock occurs when a person’s 
body completes the current path between two energized wires 
of an electrical circuit or from the energized wire to a grounded 
surface or object. Shocks can result in various effects from a 
slight tingle to immediate cardiac arrest. It generally takes very 
little current, as low as 0.1 ampere or one-tenth of an ampere, 
to cause the heart to go into fibrillation. The severity depends 
on several factors:  
 

• Body resistance (wet or dry skin are major factors of 
resistance) 

• Circuit voltage (50 volts or more is considered hazardous) 

• Amount of current flowing through the body (determined by 
dividing the circuit voltage by the body resistance) 

• Current path through the body (did the current pass through 
a vital organ such as the heart, liver, lungs, or kidneys; 
damage to any one of these can be fatal) 

• Duration of contact (how long was the contact) 
 
Electrical Arc Flash – Studies on the causes of electrical 
injuries show that a large number of serious electrical injuries 
involving burns from arc flash that occur each year. There 
seems to be a serious misconception in industry that electrical 
arc flash is a product of only high-voltage. Actually, the 
electrical arc flash is not voltage sensitive but is more a 
product of short-circuit current and overcurrent protective 
device clearing time or the arc duration. In some cases it is 
possible to generate higher arc energy from a low-voltage 
source than from a high-voltage source. The amount of energy 
will in turn determine the temperature of the arc, which can 
reach a temperature of 35,000°F. 
 
There are actually two different issues with the arc flash 
hazard; 1) the arc temperature, and 2) the incident energy, 
which is a radiant energy. The main concern with the arc 
temperature is the flash flame and ignition of non-arc-rated 
clothing, which can occur as much as 10 feet or more from the 
arc. Another important factor is that at approximately 203°F for 
0.1 of a second (6 cycles), the skin is rendered incurable or in 
other words a third-degree burn. The incident energy threshold 
for the onset of a second degree burn is 1.2 cal/cm

2
. As can 

be seen by this, it does not take a very high temperature or 
very much incident energy to cause severe injury which results 
in extreme pain and discomfort or death to the worker. 
 
Electrical Arc-Blast – This hazard involves the rapid 
expansion of the air caused by an electrical arc. This 
occurrence is referred to as electrical arc blast or explosion. 
According to studies on the subject, the pressures from an arc 
are developed from two sources, the expansion of the metal in 
boiling and vaporizing, and the heating of the air by passage 
of the arc through it. Copper expands by a factor of 67,000 
times when it vaporizes. This accounts for the expulsion of 
near-vaporized droplets of molten metal from an arc; these 
can be propelled for distances of up to 10-feet (3 m) from the 
arc. It also generates plasma (ionized vapor) that is propelled 
outward from the arc for a distance proportional to the arc 
power. One inch

3
 of copper vaporizes into 1.44 yards

3
 of 

vapor. The air in the arc stream expands in warming up from 
its ambient temperature to that of the arc, or about 35,000°F. 
The blast created by the heating of the air is similar in nature 
to the generation of thunder by the passage of lightning 

through it. Another product of the arc blast is the sound 
levels, which have been documented up to 165 db or 
higher during arc blast tests. 
 
OSHA states: The pressures developed by high-energy 
arcs can damage equipment causing fragmented metal to 
fly in all directions.  In atmospheres which contain 
explosive gases or vapors or combustible dusts, even low-
energy arcs can cause violent explosions. 
 

III. PREVENTING ELECTRICAL ACCIDENTS 
 
Many electrical accidents are caused by one of the 
following: 
 

• Unsafe equipment or installations that exposes 
employees to energized conductors or circuit parts  
o Equipment doors are left open 
o Equipment covers left off 
o Cuts in an electrical cord 
o Cracked or broken power tools 

• Unsafe environment 
o Corrosion 
o Dust or dirt 
o Moisture 
o Other contaminants such as oils, greases, 

solvents, etc. 

• Unsafe work practices 
o Failure to perform proper lockout/tagout 
o Failure to use the correct PPE 
o Taking shortcuts 

 
Some ways to prevent these accidents are through the use 
of proper maintenance of electrical equipment, insulation, 
guarding, grounding, electrical protective devices, and safe 
work practices which includes establishing an electrically 
safe work condition (lockout/tagout) or by unplugging the 
power tool or equipment, or the extension cord. 
 
Shock Protection Techniques – A very effective safety 
feature that can be used is the ground-fault circuit 
interrupter (GFCI). Whether it is an installed GFCI circuit 
breaker or receptacle, or if it is a portable device, they 
should always be used when working with cord- and plug-
connected hand-held power tools or other equipment, 
including extension cords. This equipment includes 
vacuum cleaners, buffers, and similar cleaning equipment 
used in commercial and industrial facilities. GFCI’s are 
required by OSHA and NFPA to be used in wet and damp 
locations, construction sites, and other high-risk areas. 
These devices interrupt the flow of electricity within as little 
as 1/40 of a second to prevent electrocution. GFCI’s 
compare the amount of current going into electric 
equipment with the amount of current returning from it 
along the circuit conductors, as illustrated in the figure 
below. If the difference exceeds 5 + 1 milliamperes, the 
device automatically turns off the power. Figure 1 
illustrates the circuitry of a typical GFCI. 
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Figure 1 

GFCI Circuitry 
 
A break or crack in the case of electrical power tools or 
machine insulation can cause its metal parts to become “hot” 
or energized, meaning that they conduct electricity. Touching 
these energized parts can result in an electrical shock, burn, 
or electrocution. The best protection, when using electrical 
power tools or machines, is to ensure there is a low-resistance 
path from the device’s metallic case to the ground. This 
requires an equipment grounding conductor; a low-resistance 
wire that directs unwanted current directly to the ground and 
causes the circuit breaker to trip or the fuse to blow. A 
properly installed grounding conductor has a low-resistance to 
ground and greatly reduces the amount of current that passes 
through the body. Cord- and plug-connected equipment 
equipped with a three-prong plug is a common example of 
equipment incorporating this grounding conductor. Never cut 
off, break off, or pull out the ground prong of a plug or use a 
three prong to two prong adapter to defeat the grounding 
connection. Use of a GFCI will provide protection against 
failure of any of these components. 
 
OSHA 1910.334(a)(2) and NFPA 70E Section 110.4(B)(3)(a) 
requires portable cord- and plug-connected equipment and 
flexible cord sets (extension cords) to be visually inspected 
before use on any shift for external defects and for evidence of 
possible internal damaged. This includes all equipment and 
extension cords used by non-electrical personnel and includes 
cord- and plug-connected hand-held power tools or other 
equipment, including extension cords, vacuum cleaners, 
buffers, and similar cleaning equipment. If the equipment has 
a cord and plug, it must be inspected by the user before it is 
used. If there are any defects or evidence of damage that 
might expose an employee to injury, the defective or damaged 
item must be removed from service and no employee may use 
it until repairs and tests necessary to render the equipment 
safe have been made by a qualified person. 
 
Another form of protection is to use listed portable tools and 
appliances protected by an approved system of double 
insulation or its equivalent. Where such a system is employed, 
it must be marked distinctively to indicate that the tool or 
appliance uses an approved double insulation system. 
However, a GFCI should always be used, even with these 
double insulated tools and appliances, to prevent shock in the 
event that the equipment housing or cord jacket becomes 
damaged. 
 
Arc Flash and Arc Blast Protection Techniques – The best 
way for an electrically unqualified person to avoid the arc flash 

hazard is to stay as far away as possible from energized 
electrical equipment, especially when disconnecting 
devices are being operated, inspections such as infrared 
thermography are being performed, or when maintenance 
is being performed on the electrical equipment. Never use 
electrical equipment rooms for storage, break rooms, 
offices, shops, etc. If a failure of the equipment occurred, 
and the room was occupied, injuries or fatalities could 
occur. 
 

IV. ALERTING TECHNIQUES 
 
OSHA 1910.335(a)(ii) states that when normally enclosed 
live parts are exposed for maintenance or repair, they shall 
be guarded to protect unqualified persons from contact with 
the live parts. The following alerting techniques shall be used 
to warn and protect employees from hazards which could 
cause injury due to electric shock, burns, or failure of electric 
equipment parts: 
 
(1) Safety signs and tags. Safety signs, safety symbols, or 
accident prevention tags shall be used where necessary to 
warn employees about electrical hazards which may 
endanger them, as required by 1910.145 Specifications for 
accident prevention signs and tags. 
 
(2) Barricades. Barricades shall be used in conjunction with 
safety signs where it is necessary to prevent or limit 
employee access to work areas exposing employees to 
uninsulated energized conductors or circuit parts. 
Conductive barricades may not be used where they might 
cause an electrical contact hazard. 
 
(3) Attendants. If signs and barricades do not provide 
sufficient warning and protection from electrical hazards, an 
attendant shall be stationed to warn and protect employees. 
 
Unqualified personnel must be trained to recognize the 
signs and tags, barricades, and attendants used to warn 
them of the potential hazards and why they must obey 
these warnings and directions. 
 

V. TRAINING OF ELECTRICALLY UNQUALIFIED PERSONNEL 
 
OSHA 1910.332 requires all employees who work on, 
near, or with electrical circuits and equipment, energized at 
50 volts or more, to be properly trained in electrical safety 
according to their respective job assignments. 
 
1910.332 Training 
 
(a) Scope. The training requirements contained in this 
section apply to employees who face a risk of electric shock 
that is not reduced to a safe level by the electrical installation 
requirements of 1910.303 through 1910.308. 
Note: Employees in occupations listed in Table S-4 face 
such a risk and are required to be trained. Other employees 
who also may reasonably be expected to face comparable 
risk of injury due to electric shock or other electrical hazards 
must also be trained. 
(b) Content of training. (1) Practices addressed in this 
standard.  Employees shall be trained in and familiar with 
the safety-related work practices required by 1910.331 
through 1910.335 that pertain to their respective job 
assignments. 

Page 3 of 4

978-1-4799-7114-5/15/$31.00 © 2015 IEEE

2015-PPIC-0179



 

 

(2) Additional requirements for unqualified persons. 
Employees who are covered by paragraph (a) of this section but 
who are not qualified persons shall also be trained in and 
familiar with any electrically related safety practices not 
specifically addressed by 1910.331 through 1910.335 but which 
are necessary for their safety. 
(c) Type of training. The training required by this section shall 
be of the classroom or on-the-job type. The degree of training 
provided shall be determined by the risk to the employee. 
 

Table S-4 

Typical Occupational Categories of Employees Facing A 

Higher Than Normal Risk of Electrical Accident 

Occupation  

Blue collar supervisors.
(1)
  

Electrical and electronic engineers.
(1)
  

Electrical and electronic equipment assemblers.
(1)
  

Electrical and electronic technicians.
(1)
  

Electricians  

Industrial machine operators.
(1)
  

Material handling equipment operators.
(1)
  

Mechanics and repairers.
(1)
  

Painters.
(1)
  

Riggers and roustabouts.
(1)
  

Stationary engineers.
(1)
  

Welders.  

Footnote
(1)
 Workers in these groups do not need to be trained if their 

work or the work of those they supervise does not bring them or the 
employees the supervise close enough to exposed parts of electric 
circuits operating at 50 volts or more to ground for a hazard to exist. 
 
NFPA 70E Section 110.2(D)(2) requires unqualified persons to 
be trained in, and be familiar with, any electrical safety-related 
practices necessary for their safety. 
 

VI. SUMMARY 
 
Each of the three hazards of electricity (electrical shock, arc 
flash, and arc blast) has its own unique characteristics that 
require special protective measures.  The best way to avoid 
exposure to these hazards is to STAY OUT OF THE CIRCUIT 
or to keep as far away as possible from electrical equipment 
that have exposed energized parts or where the electrical 
equipment is being operated or maintenance is being 
performed. 
 
The NFPA 70E electrical hazard risk assessments will assist 
in identifying the shock protection boundaries, as well as the 
arc flash boundary.  Understanding these boundaries is 
important to understanding electrical shock and electrical arc 
flash hazard protection.  
 
Remember that more injuries and fatalities occur from 120-
volts than from any other voltage.  Knowledge of the electrical 
hazards and limiting access to electrical equipment can 
increase safety and decrease injuries and fatalities that occur 
when working around electrical equipment. Electrical 
accidents are largely preventable through safe work practices. 

Examples of these practices include, but are not limited to, 
the following: 
 

•  Deenergizing electric equipment before inspection or 
repair, 

•  Keeping electrical tools and equipment properly 
maintained, 

•  Exercising caution when working near exposed 
energized lines and equipment,  

•  Observing and obeying safety signs and tags, 
barricades and attendants near electrical equipment; 
and 

•  Using appropriate personal protective equipment and 
insulated tools, if qualified to do so. 

 
Always remember that electricity is a “silent killer” 
therefore, it must be respected. The use of personal 
protective equipment, safe work practices, GFCI’s, and just 
plain common sense will help prevent injuries and 
fatalities.  
 
Just because an employee is an electrically unqualified 
person does not mean that they do not need electrical 
safety training. All too many times these employees are 
exposed to electrical hazards in the course of their work but 
have not received any training on the recognition and 
avoidance of the electrical hazards. 
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