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• According to NIOSH 4 workers
are killed each day due to
electrical related accidents.

• Injuries associated with
electrical hazards include:
– Heart attack
– Thermal burns
– Falls resulting in injuries
Enviro
Safetech

Electricity
2-2019

SLIDE-3

• CONDUCTOR – contains many free electrons --- gold, copper,
silver, aluminum
• INSULATOR – contains few free electrons-Usually non-metallic
such as wood, rubber, glass, etc
• AC: Alternating Current
– More common in electrical work
– Changes rapidly in both direction and value
– Power companies produce power cheaper with alternating current

• DC: Direct Current
– Always flows in one direction
– Used to charge batteries, run some motors, operate magnetic lifting
devices and welding equipment.
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• Electrical flow is measured in volts
– It is the flow of electricity similar to the pressure of water in psi
– E= volts

• Electrical resistance to flow is measured in Ohms (R)
• Electrical current is measured in amps
– It is the flow of electrons (similar to the flow of water in gallons per
minute)
– I= amps (A) or mA
– Metals have a lot of free electrons so they conduct
– Wood and plastics do not have many free electrons so they do not
conduct as much

• Ohm’s law: V=IxR
– 1 volt = 1 amp x 1 ohm

V
I

R
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• Wiring color
– Green is ground, Black is hot, white is not
– Always test to make sure properly wired
after installation or repair
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• Electricity travels in closed
circuits, and its normal route is
through a conductor.
– Electric shock occurs when the
body becomes a part of the
circuit.

• Electric shock normally occurs
in one of three ways - when an
individual is in contact with:
– Both wires of an electric circuit, or
– One wire of an energized circuit
and the ground, or
– A metallic part that has become
energized by contact with an
energized conductor

Enviro
Safetech

Electric Shock
2-2019

SLIDE-7

• The metal parts of electric tools and
machines may become energized if
there is a break in the insulation of the
tool or machine wiring.
– A worker using these tools and machines is
made less vulnerable to electric shock when
there is a low-resistance path from the
metallic case of the tool or machine to the
ground.
– This is done through the use of an
equipment grounding conductor—a lowresistance wire that causes the unwanted
current to pass directly to the ground,
thereby greatly reducing the amount of
current passing through the body of the
person in contact with the tool or machine.
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• When two wires have different potential differences
(voltages), current will flow if they are connected together
– In most household wiring, the black wires are at 110 volts relative to
ground
– The white wires are at zero volts because they are connected to
ground

• If you come into contact with an energized (live) black wire, and
you are also in contact with the white grounded wire, current
will pass through your body and YOU WILL RECEIVE A
SHOCK
• Contact with both energized wires of a 240-volt cable will
deliver a shock.
– This type of shock can occur because one live wire may be at +120 volts
while the other is at –120 volts during an alternating current cycle, which
is a potential difference of 240 volts.
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• Severity of the shock depends on:
– Path of current through the body
– Amount of current flowing through the
body (amps)
– Duration of the shocking current
through the body

• LOW VOLTAGE DOES NOT
MEAN LOW HAZARD
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• The most common paths for the electrical current are:

(A) Touch Potential

(B) Step Potential

(C and D) Touch / Step Potential

Current passing through the heart and lungs is the most serious
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• Conductivity is an important issue
to consider in preventing
electrocution.
• Certain material conduct
electricity better than others:
– Metals are good conductors so is
water
– Skin is not a good conductor
– Wood is is not a good conductor if it
is dry but still can conduct some
electricity
– Plastics are not good conductors
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• Skin offers most of the body s electrical resistance.
– The higher the resistance the lower the shock and visa versa.

• Increased resistance
– Thick and callused skin (foot or hand)
– Dry skin

• Decreased resistance
– Thin skin (inner forearm)
– Wet or sweaty skin
– Broken or abraded skin (scratches)
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• 1 amp (A) is 1000 milliamps (mA)
– Usually, it takes about 30 mA of current to cause respiratory paralysis.
– 75 mA is not much current – a small power drill uses 30 times as much

Enviro
Safetech

Effects
2-2019

SLIDE-14

• Resistance varies greatly in different parts of your body.
– A value of 1,500 ohms is commonly used as the resistance between
major extremities of an average human body: hand to hand, or hand to
foot.

• For example, suppose you accidentally grabbed a wire carrying
120 volts alternating current (V ac). We can use Ohm's law, I =
E/R, to figure how much current would flow through your body:
–
–
–
–

E = 120 V ac (the voltage you grabbed)
R =1,500 ohms (your average body resistance)
I = 120 VAC/1,500 ohms
I = .080 A = 80 mA
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• Currents above 10 mA can paralyze or freeze muscles.
– When this freezing happens, a person is no longer able to release a
tool, wire, or other object.
– In fact, the electrified object may be held even more tightly, resulting in
longer exposure to the shocking current.
– If you can t let go of the tool, current continues through your body for a
longer time, which can lead to respiratory paralysis (the muscles that
control breathing cannot move).
– For this reason, hand-held tools that give a shock can be very dangerous

Enviro
Safetech

Burns
2-2019

SLIDE-16

• Shock-related injuries include burns, internal
injuries, and injuries due to involuntary
muscle contractions.
• The most common shock-related injury is a
burn. Burns suffered in electrical incidents
may be one or more of the following three
types:
– Electrical burns cause tissue damage, and are
the result of heat generated by the flow of
electrical current through the body.
– Arc Flash burns are caused by high temperatures
produced by an electrical arc or explosion.
– Thermal contact burns occur when skin comes in
contact with overheated electric equipment, or
when clothing is ignited by an electrical incident.
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• Burns typically occurs on hands.
• An electrical burn is a very serious injury that needs immediate
medical attention because internal damage may not be visible.
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• Electric shock can also cause
indirect injuries
– Workers in elevated locations who
experience a shock may fall, resulting
in serious injury or death
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• Cal-OSHA regulations are listed under Title 8 of
the California Code of Regulations (CCR)
– General Industry Safety Orders (GISO)
– Construction Safety Orders
– Electrical Safety Orders
• Low voltage under 600v
• High voltage over 600v
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• Only qualified persons shall work
on electrical equipment or
systems.
• Only qualified persons shall be
permitted to perform any function
in proximity to energized overhead
conductors unless means to
prevent accidental contact have
been provided.
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• High voltage electrical safety orders section 2940.2 requires
that employees shall not be permitted to approach or take any
conductive object without an approved insulating handle closer
to exposed energized parts than shown in Table 2940.2-1
through Table 2940.2-3 unless:
– The employee is insulated or guarded from the energized part (gloves or
gloves with sleeves rated for the voltage involved shall be considered
insulation of the employee from the energized part), or
– The energized part is insulated or guarded from the employee and any
other conductive object at a different potential.
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• ESO 2940.6 requires that insulating equipment designed for the
voltage levels to be encountered shall be provided and the
employer shall ensure that they are used by employees.
• The employer is responsible for the periodic visual and
electrical re-testing of all insulating gloves, sleeves and
blankets.
• The employer shall ensure that each employee who is exposed
to the hazards of flames or electric arcs does not wear clothing
that, when exposed to flames or electric arcs, could increase
the extent of injury that would be sustained by the employee.
– This subsection prohibits clothing made from the following types of
fabrics, either alone or in blends, unless the employee can demonstrate
that the fabric has been treated with flame retardant: acetate, nylon,
polyester, and rayon.
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• Gloves, sleeves, and blankets that have been electrically tested
but not issued for service shall not be placed into service unless
they have been electrically tested within the previous twelve
months.
– Gloves, sleeves and blankets shall be marked to indicate compliance
with the re-test schedule and shall be marked with either the date tested,
or the date the next test is due.
– When not being used, insulating gloves and sleeves shall be stored in
glove bags or suitable containers.
– Insulating blankets shall be stored in a canister or other means that
offers equivalent protection.
– Insulating equipment shall be stored away from direct sunlight,
steampipes, radiators and other sources of excessive heat and shall be
protected from physical damage.
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– Gloves, sleeves and blankets shall not be folded while in storage;
however, blankets shall be permitted to be rolled for storage.

• Insulating equipment shall be visually inspected for defects and
damage, and shall be cleaned prior to use each day.
– Rubber gloves shall be air and water tested at the beginning of each
work period and at any other time when the glove's condition is in doubt.
– The gloves shall be visually examined over their entire inner and outer
surface for any defects, i.e., burns, cuts, cracks, punctures and weak
spots; and
– Have the cuff stretched to detect abrasions and weak spots.
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• ESO 2940.10 When employees are performing work on or
associated with exposed lines or equipment energized at 50
volts or more, persons trained in first aid including CPR shall be
available as follows:
– For field work involving two or more employees at a work location, at
least two trained persons shall be available.
• Exception: Only one trained person need be available if all new employees are trained
in first aid, including CPR, within 3 months of their hiring dates.

– For fixed work locations such as generating stations, the number of
trained persons available shall be sufficient to ensure that each
employee exposed to electric shock can be reached within 4 minutes by
a trained person.
– Exception: Where the existing number of employees is insufficient to
meet this requirement (at a remote substation, for example), all
employees at the work location shall be trained.
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• Apply locks to power source after
de-energizing
• Tag deactivated controls
• Tag de-energized equipment and
circuits at all points where they
can be energized
• Tags must identify who placed
the tag and when
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• Work shall not be performed on exposed
energized equipment until :
– Responsible supervision has determined that the
work is to be performed while the equipment is
energized.
– Involved personnel have received instructions on the
work techniques and hazards involved in working on
energized equipment.

• Suitable Personal Protective Equipment (PPE)
and safeguards (ex. insulated tools) are
provided and used.
– Approved insulated gloves shall be worn for voltages
in excess of 250 volts (Cal/OSHA).
– Suitable eye protection.
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• Employees exposed to hazards of flames or
electric arcs must wear apparel that, when
exposed to flames or electric arcs, does not
increase the extent of injury that would be
sustained by the employee.
– The ESO prohibits clothing made from the following
types of fabrics, either alone or in blends, unless the
employee can demonstrate that the fabric has been
treated with flame retardant: acetate, nylon, polyester,
and rayon.

• Suitable barriers or approved insulating material
shall be provided and used to prevent
accidental contact with energized parts.
• Where required for personnel protection,
suitable barricades, tags, or signs are in place.
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• After the required work on
energized equipment has been
completed, an authorized person
shall be responsible for:
– Removing from the work area any
temporary protective equipment, and
– Reinstalling all permanent barriers or
covers.

• All electrical equipment and
systems shall be treated as
energized until tested or otherwise
proven to be de- energized.
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• Suitable access and working space shall be provided
and maintained about all electric equipment to permit
ready and safe operation and maintenance of such
equipment.
– The dimension of the working space in the direction of
access to energized parts which require examination,
adjustment, servicing, or maintenance while energized, shall
not be less than:
– 36 inches and
– The minimum headroom shall be 6 feet 3 inches.
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• All openings in boxes, enclosures or fittings shall be
effectively guarded against accidental contact by
approved cabinets or closed to afford protection
substantially. This can also be accomplished by:
– By location in a room, vault, or similar enclosure that is
accessible only to qualified persons.
– By suitable permanent, substantial partitions or screens so
arranged that only qualified persons will have access to the
space within reach of the energized parts.
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• Any openings in such partitions or screens
shall be so sized and located that persons
are not likely to come into accidental contact
with the energized parts or to bring
conducting objects into contact with them.
• By location on a suitable balcony, gallery, or
platform so elevated and arranged as to
exclude unqualified persons.
• Entrances to rooms and other guarded
locations containing exposed energized parts
shall be marked with conspicuous warning
signs forbidding unqualified persons to enter.

Enviro
Safetech

Marking
2-2019

SLIDE-34

• On all electrical equipment, markings
shall be provided giving:
– Voltage,
– Current,
– Wattage, or other ratings.

• Each disconnecting means for motors
and utilization equipment and for each
service, feeder, or branch circuit at the
point where it originates shall be
legibly marked to indicate its purpose
unless located and arranged so the
purpose is evident.
• The markings shall be of sufficient
durability to withstand the environment
involved.
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• Electrical accidents are
caused by a combination of
three factors:
– Unsafe equipment and/or
installation
– Workplace made unsafe by the
environment
– Unsafe work practices
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• Use guards or
barriers
• Replace covers
• Fix damaged wires
• Conductors going
into boxes must be
protected, and
unused openings
must be closed
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• Hazard - wire too small for the
current
• Example - portable tool with an
extension cord that has a wire too
small for the tool
– The tool will draw more current than
the cord can handle, causing
overheating and a possible fire
without tripping the circuit breaker
– The circuit breaker could be the right
size for the circuit but not for the
smaller-wire extension cord
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Wire Gauge

WIRE
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Applies to
both breakers
and
disconnects.

The Left
Hand Rule
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SLIDE-39

shall be approved.

UNDERWRITERS
LABORATORIES
LISTED

ENCLOSED SWITCH
Issue AK 3225
1910.303(a)
NEC Article 110-2
5

6
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• Cords can be damaged by:
–
–
–
–
–

Aging
Door or window edges
Staples or fastenings
Abrasion from adjacent materials
Activity in the area

• Improper use can cause shocks, burns
or fire
– Remove cords by pulling on the plugs, not the
cords
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• Flexible cords and cables shall be protected from accidental
damage.
• Sharp corners and projections shall be avoided.
• When passing through doorways or other pinch points,
protection shall be provided to avoid damage.
• Remove cords by pulling on the plugs, not the cords
• Cords not marked for hard or extra-hard use, or which have
been modified, must be taken out of service immediately.
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• Flexible cords shall not be:
–
–
–
–
–

Used as a substitute for the fixed wiring of a structure;
Run through holes in walls, ceilings, or floors;
Run through doorways, windows or similar openings;
Attached to building surfaces; or
Concealed behind building walls, ceilings, or floors.
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• Flexible cords shall be used only in continuous lengths without
splice or tap.
– Hard service flexible cords No. 12 or larger shall be permitted to be
repaired if spliced so that the splice retains the insulation, outer sheath
properties, and usage characteristics of the cord being spliced.

• Flexible cords shall be repaired or replaced if the outer sheath
is damaged such that any conductor insulation or conductor is
exposed.
– Repair of the outer sheath shall only be permitted if the conductors are
not damaged and the completed repair retains the insulation, outer
sheath properties, and usage characteristics of the cord being repaired.

• Flexible cords shall be connected to devices and fittings so that
strain relief is provided which will prevent pull from being
directly transmitted to joints or terminal screws.
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• Deformed or missing pins
• Damaged outer jacket or
insulation
• Evidence of internal
damage
• If damaged, take out of
service until repaired
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• Black = hot = Ungrounded Conductor
• White = neutral = Grounded Conductor
(connected to grounding electrode/Grounding
rod)
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• Tools plugged into improperly grounded
circuits may become energized
– Check wiring with a tester

• Make sure that the plug does not have a
broken ground
• Do not convert a grounded plug to an
ungrounded plug
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• Too many devices plugged
into a circuit can melt the
wire insulation, which may
cause arcing and a fire in
the area where the
overload exists, even
inside a wall
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• OSHA 29CFR1910.303 requires that "Listed
equipment be installed and used in accordance
with instructions included in the listing.”
– UL requires Relocatable Power Taps (RPTs) be
directly connected to a permanently installed outlet;
they are not to be series-connected to other RPTs or
connected to extension cords.
– UL also specifies that RPTs are not intended for use
at construction sites and similar locations.

• 29CFR1910.304 requires "Outlet devices shall
have an ampere rating not less than the load to
be served."
– Power strips are not designed for high power loads
such as space heaters, refrigerators and microwave
ovens, which can easily exceed the recommended
ampere ratings on many power strips.
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• A circuit breaker or fuse
automatically opens the circuit if
excess current from overload or
ground-fault is detected –
shutting off electricity
– They are for protection of property
not people
– If activated fuses have to be
replaced and circuit breakers have to
be reset
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• Inspect power tools and extension cord before using
them
• Use a GFCI
• Store in dry place when not using
• Don t use in wet/damp conditions
• Don t carry a tool by the cord
• Don t yank the cord to disconnect it
• Keep cords away from heat, oil, & sharp edges
• Disconnect when not in use and when changing
accessories such as blades & bits
• Remove damaged tools from use
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• Tripped circuit breakers or blown
fuses
• Warm tools, wires, cords,
connections, or junction boxes
• GFCI that shuts off a circuit
• Worn or frayed insulation around
wire or connection
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• Remove jewelry
• Use barriers and guards to prevent
passage through areas of exposed
energized equipment
– Pre-plan work, post hazard warnings
and use protective measures
– Keep working spaces and walkways
clear of cords
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• Train employees on the
following:
– Deenergize electric equipment
before inspecting or repairing
– Using cords, cables, and electric
tools that are in good repair
– Lock Out Tag Out (LOTO)
recognition and procedures
– Use of appropriate PPE
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• When a circuit is abandoned or discontinued, its
conductors shall be removed from the raceways, or be
maintained as if in use.
• In locations where electric equipment would be
exposed to physical damage, enclosures or guards
shall be so arranged and of such strength as to
prevent such damage.
• No grounded or grounding conductor shall be
attached to any terminal or lead so as to reverse
designated polarity.
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• No person shall require or permit any employee to perform any
work in proximity to energized high-voltage lines; to enter any
premises and there engage in any excavation, demolition,
construction, repair, or other operation; or to erect, install,
operate, or store in or upon such premises any equipment,
materials, or structures (including scaffolding, house moving,
well drilling, pile driving, or hoisting equipment) unless and until
danger from accidental contact with said high-voltage lines has
been effectively guarded against. (ESO 2946).
– The operation, erection, or handling of tools, machinery, apparatus,
supplies, or materials, or any part thereof, over energized overhead highvoltage lines shall be prohibited.
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• The operation, erection, handling, or transportation of tools,
machinery, materials, structures, scaffolds, or the moving of
any house or other building, or any other activity where any
parts of the above or any part of an employee's body will come
closer than the minimum clearances from energized overhead
lines (6 feet for 600-50Kv, 10 feet for 50-345Kv) shall be
prohibited.
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• The employer responsible for the operations of equipment shall
post and maintain in plain view of the operator and driver on
each crane, derrick, power shovel, drilling rig, hay loader, hay
stacker, pile driver, or similar apparatus, a durable warning sign
legible at 12 feet reading: "Unlawful To Operate This
Equipment Within 10 Feet Of High-Voltage Lines of 50,000
Volts Or Less.” (ESO 2947)
– When any operations are to be performed, tools or materials handled, or
equipment is to be moved or operated within the specified clearances of
any energized high-voltage lines, the person or persons responsible for
the work to be done shall promptly notify the operator of the high-voltage
line of the work to be performed and shall be responsible for the
completion of the safety measures as required by Section 2946 (b)
before proceeding with any work which would impair the aforesaid
clearance.
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• The employer shall furnish such safety devices and safeguards
as may be necessary to make the employment or place of
employment as free from danger to the safety of employees as
the nature of the employment reasonably permits.
• The employer shall examine or test each safety device at such
intervals as may be reasonably necessary to ensure that it is in
good condition and adequate to perform the function for which it
is intended.
– Employees shall be instructed to inspect each safety device, tool or
piece of equipment, each time it is used and to use only those in good
condition.
– Any device furnished by the employer found to be unsafe shall be
repaired or replaced.
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• Except for replacing fuses, operating switches, or other
operations that do not require the employee to contact
energized high-voltage parts of equipment, clearing "trouble" or
in emergencies involving hazard to life or property, no such
employee shall be assigned to work alone.
• Employees in training, who are qualified by experience and
training, shall be permitted to work on energized equipment
connected to high-voltage systems while under the supervision
of a qualified electrical worker.
– During the time work is being done on any exposed parts of equipment
connected to high-voltage systems, a qualified electrical worker, or an
employee in training, shall be in close proximity at each work location to:
– Act primarily as an observer for the purpose of preventing an accident,
and
Enviro
– Render immediate assistance in the event of an accident.
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• Be aware of location of controls to
use in case of an emergency.
• Keep access to electrical panels
clear (36 inch) so that it can be
accessed without delay in case of
an emergency.

Enviro
Safetech

Emergency
2-2019

SLIDE-62

• Equipment or ground energized due to
an electrical emergency pose a step
potential hazard when a person steps
away from the hazard.
– To prevent electrocution take short,
shuffling steps while keeping both feet
close to each other and do not allow your
heels to pass your toes.
– Keep your feet in contact with the ground
at all times, and do NOT take large steps.

• If someone is being electrocuted do
not touch them.
– Turn off power or
– Use a non conductive object to move the
person
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