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Hazards: The hazards of electricity are electric shock, fire, and  burns.
Prevention and Safety

· Whenever possible, all circuits or equipment shall be de-energized before beginning any work. 

· Identify and report to your supervisor potential electrical hazards or unexpected occurrences or incidents (i.e., discharges or arcs when applying grounds to circuits thought to be de-energized), including near misses.

· Anticipate potential electrical problems and hazards.

· Do not rush to finish a job; never bypass approved procedures.

· Plan and analyze for safety during each step of any electrical work.

· Keep accurate records (e.g. system one-line drawings, panel schedules, etc.) for electrical or electronic systems.

· Have significant safety-related work (e.g., work requiring an OSP) independently verified.

· Use properly rated test equipment and verify its condition and operation before and after use.

· Know applicable emergency procedures.

· A clear working space shall be maintained in the front, back, and on each side of all electrical enclosures and around electrical equipment for safe operation and to permit access for maintenance and alteration.

· Adequate illumination shall be provided for all working spaces around electrical equipment.

· The control switches for light circuits shall be positioned away from exposed energized circuits and other potential electrical hazards.

STATIC ELECTRICITY

Static electricity may cause shock or ignite a fire or explosion. 
TV and Computer Screens

· Dust is attracted to the face of the video display terminal because of a static charge of approximately 25,000 V. Therefore, never clean the glass face of a computer monitor while the computer is on. When a person touches the screen with a finger, the charge in the portion of the screen touched discharges through the finger with a tiny spark. Electric current does not normally flow through glass, so only the charge on that part of the screen the finger touches is discharged. When cleaning a monitor, however, the entire glass is wet and the charge on the entire screen will discharge to a finger or hand causing a much more painful shock.

· Never allow any electrical-powered office equipment to become wet while it is turned on, and never turn on any electronic equipment when it is wet. Even when a computer is turned off for a few minutes, it is best not to touch the monitor’s CRT while handling or using other electronic equipment— including the telephone. Wet or dry, a person may receive an electric shock similar to one that can be received by touching a metallic object when vacuuming, machining a dielectric, or walking across carpeting in leather shoes.

Fire and Explosion

Flammable Vapor. A flammable vapor source can be ignited by static electricity if the following conditions exist simultaneously:

• Generation of a static charge imbalance.

• Static charge accumulation.

• Flammable atmosphere.

• A spark with significant ignition energy or temperature.

Liquids. Electrostatic charges can be generated by the movement of liquid through pipes, funnels, pumps, filters, or by free-flowing through air. Static charges generated by flowing liquids can be reduced or eliminated by bonding or grounding, or both; by lowering the flow rate; or by reducing the amount of misting, spraying, free-fall, and splashing of the liquid. Pay particular attention to situations where the liquid stream may impinge on a connection to a capacitor, high-voltage bushing, or cable terminal. Static charge from the liquid can store hazardous quantities of electrical energy in a capacitor over time. This hazard is most likely to occur when filling electronic apparatus tanks with insulating oil.

Protective equipment is suitably … rubber insulating gloves, sleeves, shoes   [see pdf document]

3.15 Minor Shocks

Static electricity may cause shock or ignite a fire or explosion. Although this type of shock is painful, it is not normally physically hazardous and therefore is not considered reportable as an electric shock.
All other electric shock victims must be taken to the Health Services Department for evaluation so that potentially damaging effects can be detected early and treated properly. It should be noted that such effects may not be immediately recognized and can appear later (see Appendix B for details). Do not let the shock victim drive himself to the Health Services Department.

Appendix B

Effects of Electrical Energy on Humans

B.1 Physiological Effects

Electricity flowing through the human body can shock, cause involuntary muscle reaction, paralyze muscles, burn tissues and organs, or kill. The typical effects of various electric currents flowing through the body on the average 150-lb male and 115-lb female body are given in Table B-1.

Burns. Although a current may not pass through vital organs or nerve centers, internal electrical burns can still occur. These burns, which are a result of heat generated by current flowing in tissues, can be either at the skin surface or in deeper layers (muscles, bones, etc.), or both. Typically, tissues damaged from this type of electrical burn heal slowly.

Burns caused by electric arcs are similar to burns from high-temperature sources. The temperature of an electric arc, which is in the range of 4,000–35,000°F, can melt all known materials, vaporize metal in close proximity, and burn flesh and ignite clothing at distances up to 10 ft from the arc.

Table B-1. Effects of electric current on the human body (Ref. 1).
Effect/feeling
Direct current
Alternating current (mA)
Incident severity


(mA)
60 Hz
10,000 Hz



150 lb
115 lb
150 lb
115 lb
150 lb
115 lb


Slight sensation
1
0.6
0.4
0.3
7
5
None

Perception threshold
5.2
3.5
1.1
0.7
12
8
None

Shock not painful
9
6
1.8
1.2
17
11
None

Shock painful
62
41
9
6
55
37
Spasm, indirect injury

Muscle clamps source
76
51
16
10.5
75
50
Possibly fatal

Respiratory arrest
170
109
30
19
180
95
Frequently fatal

( 0.03-s vent. fibril.
1300
870
1000
670
1100
740
Probably fatal

( 3-s vent. fibril.
500
370
100
67
500
340
Probably fatal

( 5-s vent. fibril.
375
250
75
50
375
250
Probably fatal

Cardiac arrest
—
—
4000
4000
—
—
Possibly fatal

Organs burn
—
—
5000
5000
—
—
Fatal if it is a vital organ

Delayed Effects. Damage to internal tissues may not be apparent immediately after contact with the current. Internal tissue swelling and edema are also possible.

Critical Path. The critical path of electricity through the body is through the chest cavity. At levels noted in Table B-1, current flowing from one hand to the other, from a hand to the opposite foot, or from the head to either foot will pass through the chest cavity paralyzing the respiratory or heart muscles, initiating ventricular fibrillation and/or burning vital organs.

B.2 Biological Effects of Electrical Hazards

Influential Variables. The effects of electric current on the human body can vary depending on the following:

· Source characteristics (current, frequency, and voltage of all electric energy sources).

· Body impedance and the current’s pathway through the body.

· How environmental conditions affect the body’s contact resistance.

· Duration of the contact.

Source Characteristics. An alternating current (ac) with a voltage potential greater than 550 V can puncture the skin and result in immediate contact with the inner body resistance. A 110-V shock may or may not result in a dangerous current, depending on the circuit path which may include the skin resistance. A shock greater than 600 V will always result in very dangerous current levels. The most severe result of an electrical shock is death.

Conditions for a serious (potentially lethal) shock across a critical path, such as the heart, are

1. More than 30 V root mean square (rms), 42.4-V peak, or 60 V dc at a total impedance of less than 5000 ..

2. 10 to 75 mA.

3. More than 10 J.

Conditions for a potentially lethal shock across the heart are

1. More than 375 V at a total body impedance of less than 5000 ..

2. More than 75 mA.

3. More than 50 J.

Frequency: The worst possible frequency for humans is 60 Hz, which is commonly used in utility power systems. Humans are about five times more sensitive to 60-Hz alternating current than to direct current. At 60 Hz, humans are more than six times as sensitive to alternating current than at 5000 Hz—and the sensitivity appears to decrease still further as the frequency increases. Above 100–200 kHz, sensations change from tingling to warmth, although serious burns can occur from higher radio-frequency energy. At much higher frequencies (e.g., above 1 MHz), the body again becomes sensitive to the effects of an alternating electric current, and contact with a conductor is no longer necessary; energy is transferred to the body by means of electromagnetic radiation (EMR).

Body Impedance: Three components constitute body impedance: internal body resistance and the two skin resistances at the contact points with two surfaces of different voltage potential. One-hand (or single-point) body contact with electrical circuits or equipment will prevent a person from completing a circuit between two surfaces of different voltage potential. Table B-2 provides a listing of skin-contact resistances encountered under various conditions. It also shows the work area surfaces and wearing apparel effects on the total resistance from the electrical power source to ground. This table can be used to determine how electrical hazards could affect a worker in varying situations.


Table B-2. Human resistance (Q) for various skin-contact conditions.
Body contact condition
Dry (()
Wet (()

Finger touch
40,000–1,000,000
4,000–15,000

Hand holding wire
15,000–50,000
3000–5000

Finger-thumb grasp
10,000–30,000
2000–5000

Hand holding a pliers
5,000–10,000
1000–3000

Palm touch
3000–8000
1000–2000

Hand around 1.5-in. pipe or drill handle
1000–3000
500–1500

Two hands around 1.5-in. pipe
500–1500
250–750

Hand immersed
—
200–500

Foot immersed
—
100–300

Life-Threatening Effects. Charles F. Dalziel, Ralph H. Lee, and others have established the following criteria for the lethal effects of electric shock:

· Currents in excess of a human’s “let-go” current ((16 mA at 60 Hz) passing through the chest can produce collapse, unconsciousness, asphyxia, and even death (see also Table B-1).

· Currents ((30 mA at 60 Hz) flowing through the nerve centers that control breathing can produce respiratory inhibition, which could last long after interruption of the current.

· Cardiac arrest can be caused by a current greater than or equal to 1 A at 60 Hz flowing in the region of the heart.

· Relatively high currents (0.25–1 A) can produce fatal damage to the central nervous system.

· Currents greater than 5 A can produce deep body and organ burns, substantially raise body temperature, and cause immediate death.

· Delayed reactions and even death can be caused by serious burns or other complications.

The most dangerous current flow via the chest cavity is through the heart when the shock occurs in the time relative to the normal heart rhythm. This current may cause ventricular fibrillation, which is defined as repeated, rapid, uncoordinated contractions of the heart ventricles. Ventricular fibrillation that alters the heart’s normal rhythmic pumping action can be initiated by a current flow of 75 mA or greater for 5 seconds (5-s) or more through the chest cavity.

Probability of Ventricular Fibrillation. To determine the 5-s current flow (in mA) necessary to cause a 0.5% probability of ventricular-fibrillation, multiply a person’s weight (in lb) by 0.49. To determine the 5-s current flow (in mA) necessary to cause a 99.5% probability of ventricular fibrillation, multiply a person’s weight (in lb) by 1.47.

B.3 Determining How Much Current Is Passing Through a Body

Use the information in Tables B-l through B-3 to project how electrical hazards could affect a worker in varying situations when protective equipment and apparel are in series with current flowing through a body. To determine how much current, I, is passing along a body path, use the formula I = E/R. The voltage, E, can be obtained using an appropriate voltmeter. The total body resistance, R, can be determined by combining the appropriate resistance from Table B-2 with that from Table B-3.

Table B-3. Resistance values for equal areas (130 cm2) of various work area materials
Material
Resistance (Q)

Rubber gloves or soles
2.0 × 107

Dry concrete above grade
1.0 × 106 to 5.0 × 106

Dry concrete on grade
2.0 × 105 to 1.0 × 106

Leather sole, dry, including foot
1.0 × 105 to 5.0 × 105

Leather sole, damp, including foot
5.0 × 103 to 2.0 × 104

Wet concrete on grade
1.0 × 103 to 5.0 × 103

The End.

