Chapter Fifteen Falling, Impact, Acceleration, and Vision Hazards with
Appropriate PPE
Learning Objectives
List the most common causes of falls in the workplace
Summarize the various kinds of falls
Describe slip-and-fall hazards
Summarize the basic elements of a slip-and-fall prevention program
Summarize the key elements of OSHA’s Fall Protection Standards
Explain the key elements of ladder safety
Describe what to do after a fall has occurred
Explain how to monitor fall protection equipment and why it fails
Summarize the most common impact/acceleration hazards
Explain the hazards of standing
Explain the basic elements of hand protection

Explain key concepts associated with Personal Protective Equipment
(PPE)
Summarize the key elements of forklift safety (powered industrial trucks)
Some of the most common accidents in the workplace happen as the result
of slipping, falling, and improper lifting. Impact from a falling object is also a
common cause of accidents. This chapter provides the information needed
by modern safety and health professionals to prevent such accidents. It
also provides specific information about head, hand, back, eye, face, and
foot protection as well as forklift safety.
Causes of Falls
More than 16 percent of all disabling work-related injuries are the result of
falls. Clearly, falls are a major concern of safety and health professionals.
The primary causes of falls are as follows:
A foreign object on the walking surface
A design flaw in the walking surface
Slippery surfaces
An individual’s impaired physical condition1
A foreign object is any object that is out of place or in a position to trip
someone or to cause a slip. There is an almost limitless number of design
flaws that may cause a fall. A poorly designed floor covering, a ladder that
does not seat properly, or a catwalk that gives way are all examples of
design flaws that may cause falls. Slippery surfaces are particularly

prevalent in industrial plants where numerous different lubricants and
cleaning solvents are used.
Automobile accidents are often caused when a driver’s attention is
temporarily drawn away from the road by a visual distraction. This is also
true in the workplace. Anything that distracts workers visually can cause a
fall. When a person’s physical condition is impaired for any reason, the
potential for falls increases. This is a particularly common problem among
aging workers. Understanding these causes is the first step in developing
fall prevention techniques.
Kinds of Falls
Falling from ladders and other elevated situations is covered later in this
chapter. This section deals with the more common surface falls. Such falls
can be divided into the following four categories:
Trip and fall accidents occur when workers encounter an unseen foreign
object in their path. When the employee’s foot strikes the object, he or she
trips and falls.
Stump and fall accidents occur when a worker’s foot suddenly meets a
sticky surface or a defect in the walking surface. Expecting to continue at
the established pace, the worker falls when his or her foot is unable to
respond properly.
Step and fall accidents occur when a person’s foot encounters an
unexpected step down (e.g., a hole in the floor or a floorboard that gives
way). This can also happen when an employee thinks he or she has
reached the bottom of the stairs when, in reality, there is one more step.

Slip and fall accidents occur when the worker’s center of gravity is suddenly
thrown out of balance (e.g., an oily spot causes a foot to shoot out from
under the worker). This is the most common type of fall.
Walking and Slipping
Judging by the number of injuries that occur each year as the result of
slipping, it is clear that walking can be hazardous to a worker’s health. This
is, in fact, the case when walking on an unstable platform. A stable platform
for walking is any surface with a high degree of traction that is free of
obstructions. It follows that an unstable platform is one lacking traction, one
on which there are obstructions, or both.
Measuring Surface Traction
In order to understand surface traction, you must have a basis for
comparison. An effective way for comparing the relative traction of a given
surface is to use the coefficient of friction, which is a numerical comparison
of the resistance of one surface (shoe or boot) against another surface (the
floor) (see Figure 15–1).
Figure 15–1 Coefficients of friction and relative traction ratings.

The National Floor Safety Institute (NFSI) was accredited by the American
National Standards Institute (ANSI) as a Standards Developing
Organization in 2006. Since that time, NFSI has done significant work on
the prevention of slip-and-fall accidents. Its most notable work has been the
development of B101.1—“Test Method for Measuring Wet SCOF of
Common Hard-Surface Floor Materials.” This standard provides a method
for testing the coefficient of friction (COF) for walking surfaces, assigning a
numerical rating, and tying that numerical rating to the amount of traction
the surface provides when wet.
Measuring surface traction when wet was a major step forward in
preventing slip-and-fall accidents since 80 percent of them occur on wet
surfaces. Figure 15–1 is based on ANSI/NFSI B101.1. It shows that
walking surfaces (when wet) with a COF of 0.60 or greater have high
traction and, in turn, a lower probability of producing slip-and-fall accidents.
Surfaces with a COF between 0.40 and 0.59 provide moderate traction and
an increased likelihood of producing a slip-and-fall accident. Surfaces with
a COF of 0.39 and less provide only minimal friction and a higher
probability of producing a slip-and-fall accident.
Factors That Decrease Traction
Good housekeeping can be a major factor in reducing slip-and-fall hazards.
Water, oil, soap, coolant, and cleaning solvents left on a floor can decrease
traction and turn an otherwise safe surface into a danger zone. For
example, the friction coefficient of concrete (0.43) is reduced by almost 15
percent if the concrete is wet. Rubber-soled shoes can decrease slipping
hazards somewhat, but changing the type of shoe is not enough to ensure
safety. Additional precautions are needed.
General Strategies for Preventing Slips
Modern safety and health professionals are concerned with preventing slips
and falls. Slip prevention should be a part of the company’s larger safety

and health program. Here are some strategies that can be used to help
prevent slipping:
Choose the right material from the outset. Where the walking surface is to
be newly constructed or an existing surface is to be replaced, safety and
health professionals should encourage the selection of surface materials
that have the highest possible COF. Getting it right from the start is the best
way to prevent slipping accidents.
Retrofit an existing surface. If it is too disruptive or too expensive to replace
a slippery surface completely, retrofit it with friction enhancement devices
or materials. Such devices or materials include runners, skid strips, carpet,
grooves, abrasive coatings, grills, and textured coverings.
Practice good housekeeping. Regardless of the type of surface, keep it
clean and dry. Spilled water, grease, oil, solvents, and other liquids should
be removed immediately. When the surface is wet intentionally, as when
cleaning or mopping, rope off the area and erect warning signs.
Require nonskid footwear. Employees who work in areas where slipping is
likely to be a problem should be required to wear shoes with special
nonskid soles. This is no different from requiring steel-toed boots to protect
against falling objects. Nonskid footwear should be a normal part of a
worker’s PPE.
Inspect surfaces frequently. Employees who are working to meet
production deadlines may be so distracted that they don’t notice a wet
surface, or they may notice it but feel too rushed to do anything about it.
Consequently, safety and health professionals should conduct frequent
inspections and act immediately when a hazard is identified.2

Effective strategies for preventing slips and falls include the following:
Review and analyze accident statistics to determine where slip-and-fall
accidents are happening and why; then take the appropriate corrective
measures.
Monitor the condition of walking surfaces continually and make appropriate
preventive corrections immediately.
Make sure that ramps and sloped floors have high-friction surfaces.
Use safety mats, nonslip flooring, and slip-resistant safety shoes.
Make sure that stairs have handrails.
Make sure that visibility is good in potentially hazardous areas. Add extra
lighting if necessary. Also make sure that the color of paint in these areas is
bright and helpful in calling attention to potential hazards.
Make sure that spills are cleaned up immediately and that the underlying
cause of the spill is corrected.
Make sure that employees who work in potentially hazardous areas select
and wear the right slip-resistant footwear.
Use appropriate technologies such as vertical incidence tribometers to
measure the slip resistance of floors and take appropriate action based on
the results.

Conduct periodic audits of walking surfaces throughout the facilities in
question, document carefully the findings, and take appropriate action in a
systematic way.3
Specific Strategies for Preventing Slips
In addition to the general strategies already explained, there are a number
of specific strategies that will be helpful for preventing slips and falls. These
specific strategies are presented in this section.4
Building Lobbies
The lobbies to buildings often have slick, highly polished floor surfaces
designed to project a certain image. Unfortunately, such floors represent a
real hazard for slipping and falling. The hazard level is often increased
when outside moisture from rain, sleet, or snow is brought in by pedestrian
traffic. The following prevention strategies will help decrease the hazard
level: (1) use large welcome mats that are wide enough to allow several
“drying steps” to be taken before reaching the slick floor; (2) provide
umbrella holders so that dripping umbrellas are not brought onto the slick
floor; (3) monitor the floor surface continually and dry any moisture that
makes its way onto the floor immediately; and (4) substitute nonslip
surfaces for the slick, highly polished flooring.
Restrooms
Because of the nature of their use, restrooms are likely to have tiled
flooring. Certain types of tiles become slippery when water from the sinks,
toilets, or urinals splash onto the floor or overflow. The hazards in this
situation are multiplied when soap is added in restrooms. The following
prevention strategies will help decrease the hazard level in restrooms: (1)
monitor restrooms continually and clean up spills immediately; (2) use “wet
floors” warning signs; (3) block off any wet areas until they dry; and (4)
conduct periodic inspections of public restrooms on a systematic basis.

Kitchens
Some business and industrial firms have commercial kitchens for providing
meals to their personnel. When this is the case, the most common hazard
is polymerized grease. Grease on almost any floor surface, but especially
on tile, concrete, and linoleum floors, creates a serious slip-and-fall hazard.
The following strategies will help decrease the level of hazard in
commercial kitchens: (1) use a nonslip floor surface; (2) require kitchen
employees to wear slip-resistant footwear; and (3) frequently dry clean the
floors after-hours using a method other than wet mopping (which typically
just distributes the grease).
Processing Areas
Companies that process materials typically experience high hazard levels
in the processing areas. Processing often requires the use of fluids that can
spill over and onto the floor. For example, companies that process meat
have to contend with blood, fats, and meat juices on the floor. Companies
that process chemicals must contend with spillage of those chemicals. The
following strategies will help decrease the hazard level in processing areas:
(1) use nonslip flooring; (2) monitor floor surfaces continually and take
immediate action to clean up spills; (3) require processing employees to
wear slip-resistant footwear; and (4) inspect and clean floor surfaces on a
regular basis.
Slip and Fall Prevention Programs
Every year slips, trips, and falls cause more than 1 million workplace
injuries and approximately 16,000 deaths. A company’s overall safety and
health program should include a slip-and-fall prevention component. Such
a component should have the following elements:
A policy statement/commitment. Statement to convey management’s
commitment. Areas that should be included in the policy statement are
management’s intent, scope of activity, responsibility, accountability, the
safety professional’s role, authority, and standards.

Review and acceptance of walkways. Establish the criteria that will be used
for reviewing all walking surfaces and determining if they are acceptable.
For example, a criterion may be a minimum COF value. Regardless of the
criteria, the methodology that will be used for applying them to the review
and acceptance of walkways should also be explained.
Reconditioning and retrofitting. Include recommendations and timetables
for reconditioning or retrofitting existing walking surfaces that do not meet
review and acceptance criteria.
Maintenance standards and procedures. State the maintenance standards
for walking surfaces (e.g., how often surfaces should be cleaned,
resurfaced, replaced). In addition, this section should contain procedures
for meeting the standards.
Inspections, audits, tests, and records. Provide a comprehensive list of
inspections, audits, and tests (including the types of tests) that will be done,
how frequently, and where. Maintain records of the results.
Employee footwear program. Specify the type of footwear required of
employees who work on different types of walking surfaces.
Defense methods for legal claims. Outline the company’s legal defenses so
that aggressive action can be taken immediately should a lawsuit be filed
against the company. In such cases, it is important to be able to show that
the company has not been negligent (e.g., the company has a slip-and-fall
prevention program that is in effect).
Measurement of results. Contain the following two parts: (a) an explanation
of how the program will be evaluated and how often (e.g., comparison of

yearly, quarterly, or monthly slip-and-fall data) and (b) records of the results
of these evaluations.5
Practical Prevention Measures
In addition to maintaining the type of comprehensive slip-and-fall
prevention program explained above, it is also important to apply several
practical measures that can reduce slip-and-fall hazards in the workplace.
These practical measures include the following:
Reduce “tracked-in” hazards. Every time people enter a building they bring
in slip-and-fall hazards with them. They might track in moisture from rain,
sleet, or snow. They might track in mud, dirt, dust, and grime, or they might
track in lubricants picked when they walked through a spill in the parking lot
or some other source. All of these tracked-in substances can accumulate
and become slip-and-fall hazards. Using entrance mats to absorb
substances such as these as well as making a point of cleaning
entranceways frequently can help reduce tracked in hazards.
Choose antifatigue mats carefully. Providing antifatigue mats for employees
whose work requires long periods of standing is important. However, these
mats can solve one problem only to cause another. For example, foambacked mats tend to absorb oils, lubricants, and solvents. Absorbing liquids
such as these can turn antifatigue mats into slip-and-fall hazards. When
they are going to be used in areas that will subject them to oils, lubricants,
and solvents, choose antifatigue mats that will not absorb these substances
or quickly deteriorate because of them.
Locate absorbents strategically. In work areas where oils, lubricants, and
solvents are used, there should be containers of absorbents nearby.
Employees should never have to walk long distances to central storage
bins for the absorbents they need when there is a spill. Chances are when
walking to the central storage bin they are spreading the hazards along the

way. Having absorbents stored close by allows employees to respond
quickly to spills and avoids the problems caused by spreading the hazard.
Choose safety footwear carefully. When deciding what types of safety
footwear will be required for employees, think about more than just the
traditional protections built into them. Make sure they also have slip-and-fall
resistant soles. The best safety footwear is that which protects the feet from
falling objects and slips.
OSHA Fall Protection Standards
Falls are one of the most common causes of accidents, injuries, and deaths
in the workplace. Consequently, employers are required to take appropriate
measures to prevent fall-related accidents. OSHA fall protection
requirements are set forth in the General Industry Standard (29 CFR 1910),
Shipyard Standard (29 CFR 1915), Marine Terminals Standard (29 CFR
1917), Longshoring Standard (20 CFR 1918), and Construction Standard
(29 CFR 1926). The General Standard contains fall prevention
requirements in the following sections: (1) 1910.23—guarding floor and wall
openings and holes; (2) 1910.25—portable wood ladders; (3) 1910.26—
portable metal ladders; (4) 1910.27—fixed ladders; (5) 1910.28—safety
requirements for scaffolding; (6) 1910.66—powered platforms for building
maintenance (Appendix C: Personal Fall Arrest System); (7) 1910.67—
aerial lifts; (8) 1910.68—manlifts; (9) 1910.132—personal protective
equipment; and (10) 1910.269—electric power generation, transmission,
and distribution.
In general, OSHA requires employers to take the following precautions
against fall-related accidents:
Guard every floor hole into which a worker might accidentally fall using a
guardrail and toeboard or a floor hole cover.

Provide a guardrail and toeboard around all open-sided platforms, floors, or
runways that are four feet or more above the ground or the next level.
Provide guardrails and toeboards—regardless of height—to prevent
workers from falling onto or into machines, equipment, vats, conveyor belts,
etc.
Provide other means of fall protection as required on certain jobs such as
safety harnesses and lines, safety nets, stair railings, and handrails.
Provide a work environment that is free of known dangers.
Keep floors in work areas clean and sanitary.
Select and provide appropriate PPE at no cost to employees.
Train workers about job hazards in a language they can understand.
Testing Fall Protection Equipment
Testing of fall protection equipment to ensure its viability has long been an
issue in occupational safety circles. However, with development of
ANSI/ASSE Z359.7—“Certification Testing of Fall Protection Products,”
much of the concern has been alleviated. This standard requires
accreditation as an ISO 17025 laboratory for any laboratory that tests fall
protection equipment. Test information from these laboratories is required
to be provided to end users upon request by any manufacturer that claims
the ANSI standard mark.

In addition to these OSHA standards, the American National Standards
Institute (ANSI) publishes a Fall Protection Standard (ANSI Z359.1: Safety
Requirements for Personal Fall Arrest Systems, Subsystems, and
Components). The most comprehensive and most controversial fall
protection standard is OSHA’s Fall Protection Standard for the construction
industry (Subpart M of 29 CFR 1926).
OSHA’s Fall Protection Standard for Construction
Fall protection is especially important in the construction industry. OSHA
addresses the duty to provide fall protection at construction sites in 29 CFR
1926.501 (b) (13) and specific aspects of fall protection in sections of 29
CFR 1926. In the past residential contractors had what amounted to an
exemption—in practice if not in theory—from the requirements set forth in
29 CFR 1926.501 (13) based on a directive from OSHA ( STD 03-00-001).
However, a new directive—STD 03-11-002—rescinded the earlier directive
so that 29 CFR 1926.501 (b) (13) now applies to commercial, industrial,
and residential contractors. Consequently, contractors that have personnel
working six feet (1.8 meters) or more above the next lower level must
comply with all applicable aspects of OSHA’s standard including the
provision of such PPE as safety harnesses (Figure 15–2).6
Figure 15–2 Body harness for fall protection.

Various additional aspects of fall protection for construction are covered in
the following sections of 29 CFR 1926: (1) general requirements
(scaffolding)—1926.451; (2) additional requirements applicable to specific
types of scaffolds—1926.452; (3) training requirements (scaffolding)—
1926.454; (4) fall protection systems criteria and practices; (5) training
requirements (fall protection)—1926.503; (6) steel erection (fall
protection)—1926.760; (7) underground construction—1926.800; (8)
general requirements (stairs and ladders)—1926.1051; (9) stairways—
1926.1052; (10) ladders—1926.1053; (11) training requirements (stairways
and ladders)—1926.1060; (12) cranes and derricks in construction (fall
protection)—1926.1423; and (13) cranes and derricks used in demolition
and underground construction—1926.1501. The general requirements of
29 CFR 1926.501 (b) (13) are explained in the next section.
Safety Fact
Language of Fall Protection
Fall protection has a language of its own. In order to understand
Occupational Safety and Health Administration (OSHA) regulations and
other fall protection guidelines, it is necessary to know the following terms:
Anchorage. A secure point of attachment for lifelines, lanyards, or
deceleration devices.
Body belt. A strap with means both for securing it about the waist and for
attaching it to a lanyard, lifeline, or deceleration device.
Body harness. Straps that may be secured about the person in a manner
that distributes the fall arrest forces over at least the thighs, pelvis, waist,
chest, and shoulders, with a means for attaching the harness to other
components of a personal fall arrest system.

Connector. A device used to couple (connect) parts of a personal fall arrest
system or positioning device system together.
Hole. A void or gap 2 inches (5.1 centimeters) or more in the least
dimension in a floor, roof, or other walking/working surface.
Lanyard. A flexible line of rope, wire rope, or strap that generally has a
connector at each end for connecting the body belt or body harness to a
deceleration device, lifeline, or anchorage.
Lifeline. A component consisting of a flexible line for connection to an
anchorage at one end to hang vertically (vertical lifeline) or for connection
to anchorages at both ends to stretch horizontally (horizontal lifeline). It
serves as a means for connecting other components of a personal fall
arrest system to the anchorage.
Low-slope roof. A roof having a slope less than or equal to 4 in 12 (vertical
to horizontal).
Opening. A gap or void 30 inches (76 centimeters) or more high and 18
inches (46 centimeters) or more wide, in a wall or partition, through which
employees can fall to a lower level.
Personal fall arrest system. A system including but not limited to an
anchorage, connectors, and a body belt or body harness used to arrest an
employee in a fall from a working level. The use of a body belt for fall arrest
is prohibited.
Platform. A working space for persons, elevated above the surrounding
floor or ground.

Positioning-device system. A body belt or body harness system rigged to
allow an employee to be supported on an elevated vertical surface, such as
a wall, and work with both hands free while leaning backward.
Rope grab. A deceleration device that travels on a lifeline and
automatically, by friction, engages the lifeline and locks to arrest a fall.
Self-retracting lifeline/lanyard. A deceleration device containing a drumwound line that can be slowly extracted from, or retracted onto, the drum
under minimal tension during normal employee movement and which, after
onset of a fall, automatically locks the drum and arrests the fall.
OSHA’s Recommendations for Effective Fall Protection
Because slip-and-fall accidents account for approximately 1 million
workplace injuries every year, organizations obviously need to have a
strong fall prevention program in place. But what does it take to have an
effective fall prevention program? OSHA recommends the following
strategies:
Have a plan. An organization should develop a written plan that is part of its
larger safety and health plan. The fall protection plan should contain a
statement of commitment from both management and employees, rules
and regulations relating to fall protection, and an explanation of the training
program and training requirements.
Establish proper fall protection requirements. Require the use of fall
protection equipment any time an employee works more than 4 feet above
the floor in general industry, 6 feet or more in construction, and 10 feet or
more when on scaffolding.

Provide proper fall protection equipment and procedures and require their
use. Organizations should determine what types of fall protection
equipment and procedures are needed, provide them to employees, and
require their proper use. As examples, this might include personal fall
arrest systems, guardrails, safety nets, positioning devices, warning lines,
controlled access zones, and safety monitoring.
Ensure fall protection device replacement. Organizations should replace fall
protection devices on a regular schedule even if there are no significant
signs of wear.
Ensure proper use and type of equipment. Ensure that the fall protection
equipment provided to employees is the proper type for the situation in
question and that employees inspect it before putting it on, that it fits
properly, and that it is properly attached to anchorage points. Personal fall
limiters (PFL) or self-retracting lifelines are beginning to see use in place of
traditional shock-absorbing lanyards. Employers must stay up to date
concerning new developments in fall protection equipment.
Provide training. Provide fall protection training for supervisors and
employees, including how to recognize fall-related hazards and how to
properly use all applicable fall protection equipment.7
ANSI Z359 Fall Protection Code
The ANSI fall protection standards are not mandatory, but they can be
helpful for companies that are establishing comprehensive fall protection
programs. The ANSI standards—particularly ANSI Z359—are important
enough that safety professionals should be well versed in their
requirements. The critical components of ANSI Z359 are as follows:
ANSI Z359.0: Definitions and nomenclature used for fall protection and fall
arrest

ANSI Z359.1: Safety requirements for personal fall arrest systems,
subsystems, and components
ANSI Z359.2: Minimum requirements for a comprehensive managed fall
protection program
ANSI Z359.3: Safety requirements for positioning and travel restraint
systems
ANSI Z359.4: Safety requirements for assisted-rescue and self-rescue
systems, subsystems, and components
ANSI Z359.6: Specifications and design requirements for active fall
protection systems
ANSI Z359.7: Qualification and verification testing of fall protection
products
ANSI Z359.12: Connecting components for personal fall arrest systems
ANSI Z359.13: Personal energy absorbers and energy absorbing lanyards
ANSI Z359.14: Self-retracting devices for personal fall arrest and rescue
systems
ANSI Z359.2: Managed Fall Protection Program
Several of the components of ANSI Z359 provide guidance for designers,
manufacturers, and testers of fall protection systems, subsystems, and

components. However, ANSI Z359.2 applies directly to construction
companies in that it provides guidance for establishing a comprehensive
fall protection program. ANSI Z359.2 provides guidelines for appropriate
policies, responsibilities/duties, training, fall protection procedures, rescue
procedures, incident investigations, and program evaluation. What follows
is a sample outline for an ANSI Z359 approved fall protection program:
Develop a fall protection policy that established the scope of the program.
Develop specific goals for the program.
Conduct a comprehensive hazard analysis and record all known fall
hazards.
Develop measures for eliminating, preventing, mitigating, or controlling all
known fall hazards identified.
Plan and implement fall protection training.
Develop job-site-specific plans for all job sites (these plans are comprised
of the safety measures that are specific to the job site in question).
Establish and implement procedures maintaining and regularly inspecting
fall protection equipment.
Develop a comprehensive rescue plan and include it in the training
provided for workers.

Monitor the program continually and conduct periodic audits to ensure its
viability. Make corrections, adjustments, and improvements the moment the
need for them is identified. Revise the written program accordingly.
Ladder Safety
Jobs that involve the use of ladders (see Figure 15–3) introduce their own
set of safety problems, one of which is an increased potential for falls.
OSHA’s requirements for ladder safety are contained in 29 CFR 1926.800,
1926.1053, and 1926.1060. The National Safety Council (NSC)
recommends that ladders be inspected before every use and that
employees who use them follow a set of standard rules.8
Figure 15–3 Ladders can be hazardous.

Inspecting Ladders
Taking a few moments to look over a ladder carefully before using it can
prevent a fall:
See if the ladder has the manufacturer’s instruction label on it.
Determine whether the ladder is strong enough.
Read the label specifications about weight capacity and applications.
Look for the following conditions: cracks on side rails; loose rungs, rails, or
braces; or damaged connections between rungs and rails.
Check for heat damage and corrosion.
Check wooden ladders for moisture that may cause them to conduct
electricity.
Check metal ladders for burrs and sharp edges.
Check fiberglass ladders for signs of blooming, deterioration of exposed
fiberglass.9
Do’s and Don’ts of Ladder Use
Many accidents involving ladders result from improper use. Following a
simple set of rules for the proper use of ladders can reduce the risk of falls
and other ladder-related accidents

Check for slipperiness on shoes and ladder rungs.
Secure the ladder firmly at the top and bottom.
Set the ladder’s base on a firm, level surface.
Apply the four-to-one ratio (base one foot away from the wall for every four
feet between the base and the support point).
Face the ladder when climbing up or down.
Barricade the base of the ladder when working near an entrance.
Don’t lean a ladder against a fragile, slippery, or unstable surface.
Don’t lean too far to either side while working (stop and move the ladder).
Don’t rig a makeshift ladder; use the real thing.
Don’t allow more than one person at a time on a ladder.
Don’t allow your waist to go any higher than the last rung when reaching
upward on a ladder.

Don’t separate the individual sections of extension ladders and use them
individually.
Don’t carry tools in your hands while climbing a ladder.
Don’t place a ladder on a box, table, or bench to make it reach higher.10
OSHA standards for walking and working surfaces and ladder safety are
set forth in 29 CFR Part 1910 (Subpart D). The standards contained in
Subpart D are as follows:
1910.21

Definitions

1910.22

General requirements

1910.23

Guarding floor and wall openings and holes

1910.24

Fixed industrial stairs

1910.25

Portable wood ladders

1910.26

Portable metal ladders

1910.27

Fixed ladders

1910.28

Safety requirements for scaffolding

1910.29

Manually propelled mobile ladder stands and scaffolds (towers)

1910.30

Other working surfaces

What To Do After a Fall
When using fall arrest systems, employers must have a rescue plan and
provide rescue training. If, in spite of your best efforts, a fall occurs on the
job, what employees do in the immediate aftermath can mean the
difference between life and death for the victim. First, make sure your
organization has a fall rescue plan in place that includes the following: (1)
training for all personnel in how to carry out a rescue—what to do and what

not to do; (2) proper equipment on site and readily available; (3)
coordination with local emergency authorities; and (4) assigned
responsibilities. Then, in addition, make sure all employees who work at
heights or with others who work at heights understand the following
basics:11
Never work alone. There should always be two or more people working in
close proximity when working at heights. It is important to have someone
available to initiate the fall rescue plan.
Keep legs moving. When a worker is dangling from his fall arrest gear, it is
important for him to keep his legs moving—not frantically, but just
rhythmically and regularly. This will help prevent the venous pooling of
blood that can lead to shock. If it is possible, the suspended worker should
try to move into an upright position.
Raise the worker to a seated position. Once the suspended worker has
been brought to the ground, the tendency is to lie him down in a horizontal
position. This is a mistake because it can suddenly release pooled blood
that can strain the heart and cause death. Instead, move the victim into a
seated position.
Monitor Fall Protection Equipment and Know Why it Fails
Although more people than ever are using fall protection equipment on the
job, the number of injuries and deaths from falls continues to increase.
There are several reasons for this, including poor training, deterioration of
equipment over time, and selection of the wrong equipment for the job.
However, the reason that should concern safety and health professionals
most is failure due to lack of monitoring. In many cases, equipment failures
could have been prevented by a systematic monitoring process in which all
equipment is inspected before being used. Consequently, it is important for
safety and health professionals to understand why fall protection equipment
fails, and to ensure that equipment is properly monitored to detect potential
failure points before it is used.12

When inspecting fall protection equipment, look for the following types of
potential problems: weld splatter; webbing cuts and abrasions; broken
stitching; frayed or burned webbing; chemical damage; discoloration;
deformed hardware; loose, distorted, or broken grommets; knotted
webbing; and malfunctioning snap hooks. Just making sure that employees
know how to monitor their equipment and that they follow through and do
it—every time—will save lives.
Impact and Acceleration Hazards
An employee working on a catwalk drops a wrench. The falling wrench
accelerates over the 20-foot drop and strikes an employee below. Had the
victim not been wearing a hard hat he might have sustained serious injuries
from the impact. A robot loses its grip on a part, slinging it across the plant
and striking an employee. The impact from the part breaks one of the
employee’s ribs. These are examples of accidents involving acceleration
and impact. So is any type of fall because, having fallen, a person’s rate of
fall accelerates (increases) until striking a surface (impact). Motor vehicle
accidents are also acceleration and impact instances.
Because falls were covered in the previous section, this section will focus
on hazards relating to the acceleration and impact of objects.
Approximately 25 percent of the workplace accidents that occur each year
as the result of acceleration and impact involve objects that become
projectiles.
Protection from Falling or Accelerating Objects
Objects that fall, are slung from a machine, or otherwise become projectiles
pose a serious hazard to the heads, faces, feet, and eyes of workers.
Consequently, protecting workers from projectiles requires the use of
appropriate PPE and strict adherence to safety rules by all employees.
Head Protection

Approximately 120,000 people sustain head injuries on the job each
year.13 Falling objects are involved in many of these accidents. These
injuries occur in spite of the fact that many of the victims were wearing hard
hats. Such statistics have been the driving force behind the development of
tougher, more durable hard hats.
Originally introduced in 1919, the hard hats first used for head protection in
an industrial setting were inspired by the helmets worn by soldiers in World
War I. Such early versions were made of varnished resin-impregnated
canvas. As material technology evolved, hard hats were made of
vulcanized fiber, then aluminum, and then fiberglass. Today’s hard hats are
typically made from the thermoplastic material polyethylene, using the
injection-molding process.14 Basic hard hat design has not changed
radically since before World War II. They are designed to provide limited
protection from impact primarily to the top of the head, and thereby reduce
the amount of impact transmitted to the head, neck, and spine.15
It is important not only to wear hard hats but also to wear them properly
(e.g., never wear them backwards to make a fashion statement). Some
companies adhere double-stick tape or flat magnets to the upper visor area
to minimize the amount of dust or iron filings that fall into workers’ eyes.
The ANSI standard for hard hats is Z89.1. This standard was revised in
2008 to include voluntary guidelines for reverse donning, high visibility, and
temperature extremes. OSHA subsequently adopted this standard as its
hard hat standard (29 CFR 1010.135 and 1926.100).
The 2009 revision of ANSI Z89.1 established three non-mandatory tests
that manufacturers of hard hats (work helmets) can use to rate their
products:

Reverser donning. Helmets rated for reverse donning pass all applicable
tests whether worn frontward or backward. This is important since reverse
donning of work helmets has become common.
Lower temperature. Helmets rated for lower temperatures (LT) pass all
applicable tests at temperatures of −30 degrees C (−22F).
High visibility. Helmets rated for high visibility (HV) pass all applicable tests
for high visibility colors including tests for chromaticity and luminescence.16
Hard hats can help reduce the risk associated with falling or projected
objects, but only if they are worn. The use of hard hats in industrial settings
in which falling objects are likely has been mandated by federal law since
1971.17 In addition to making the use of hard hats mandatory when
appropriate and supervising to ensure compliance, Feuerstein
recommends the use of incentives.18
Safety Fact
Lateral Protection and Hard Hats
Conventional hard hats are designed to deflect a downward vertical blow.
However, every year, there are head injuries on the job from lateral blows.
Consequently, ANSI has added a new type of hard hat to its protective
headgear standard (ANSI Z89.1). Under this standard, conventional hard
hats are classified as Type I. Hard hats that provide lateral protection are
classified as Type II. Expect lateral protection to become the workplace
standard eventually because 70 percent of the employees injured each
year while wearing hard hats received blows to the unprotected areas of
the head.
Resources expended promoting the use of hard hats are resources wisely
invested. “Work accidents resulting in head injuries cost employers and

workers an estimated $2.5 billion per year in workers’ compensation
insurance, medical expenses and accident investigation as well as
associated costs due to lost time on the job and substitute workers. That is
an average cost of $22,500 for each worker who received a head injury.”19
Types and Classes of Hard Hats
To comply with the requirements of ANSI Z89.1, which OSHA has adopted,
hard hats must meet or exceed the following requirements:
Type I hard hats. Reduce the force of a blow to the top of the head only.
This type of hard hat is designed to protect workers from falling objects.
Type II hard hats. Reduce the force of a blow to the top of the head and the
force of a lateral blow or off-center blow. This type of hard hat is designed
to protect workers from blows to the top and side of the head.
Class E (electrical) hard hats. Reduce exposure to high-voltage conductors
and provide dielectric protection up to 20,000 volts (phase to ground). Note
that this protection pertains to the head only.
Class G (general) hard hats. Reduce exposure to low-voltage conductors
and offer dielectric protection up to 2,200 volts (phase to ground). Note that
this protection pertains to the head only.
Class C (conductive) hard hats. Not designed to protect workers from
electricity. They protect from impact and can in some instances provide
better breathability than other hard hats.
Eye and Face Protection

Eye and face protection are critical in the modern workplace. Eye injuries
are a common and costly phenomenon.
Every day, an estimated 1,000 eye injuries occur in American workplaces,
according to the Bureau of Labor Statistics (BLS). What is the result? More
than $300 million a year in lost production time, medical expenses, and
workers’ compensation. Why is this continuing to happen?
First, too many people are not wearing eye protection. BLS found three out
of every five workers with eye injuries were not wearing eye protection.
Second, they were not wearing the right kind of eye protection. Flying
particles, according to the bureau, cause most eye injuries. Almost 70
percent of injuries resulted from flying or falling objects or sparks striking
the eye. About 20 percent of the injuries were caused by contact with
chemicals. Nearly half of the accidents occurred in manufacturing; just over
20 percent were in construction.20
Eye and face protection typically consist of safety glasses, safety goggles,
or face shields. The ANSI standard for face and eye protective devices is
Z87.1. OSHA has also adopted this standard. It requires that
nonprescription eye and face protective devices pass two impact tests: a
high-mass, low-speed test and a low-mass, high-speed test. Figure 15–4
summarizes the purpose of the tests and their individual requirements
concerning impact and penetration. Figures 15–5, 15–6, and 15–7 show
examples of the types of devices available for eye and face protection.
Figure 15–4 ANSI standard Z87.1: Industrial eyewear impact standard.
Figure 15–4 Full Alternative Text
Figure 15–5 Wrap-around safety glasses.

Figure 15–6 Hood with facemask.

Figure 15–7 Faceshield.

The high-mass impact test determines the level of protection provided by
face and eye protective devices from relatively heavy, pointed objects that
are moving at low speeds. The high-velocity impact test determines the
level of protection provided from low-mass objects moving at high velocity.
Assessing the Workplace for Eye Hazards

The type of eye protection needed in a given setting depends on the type of
work done in that setting and the corresponding hazards. Before
establishing a vision protection program, it is necessary to assess the
workplace. OSHA recommends using the following questions in making a
workplace assessment:
Do employees perform tasks that may produce airborne dust or flying
particles?
Do employees work near others who perform tasks that may produce
airborne dust or flying particles?
Do employees handle hazardous liquid chemicals or blood?
Do employees work near others who handle hazardous liquid chemicals or
blood?
Do employees work in conditions in which their lenses may become
fogged?
Do employees work in situations that may expose their eyes to chemical or
physical irritants?
Do employees work in situations that may expose their eyes to intense light
or lasers?21
Based on the answers to these questions, a vision protection program can
be developed to protect employees. That program should meet certain
requirements as recommended by OSHA. These requirements are
summarized in the next section.

Discussion Case
What Is Your Opinion?
Two safety and health professionals are debating an issue over lunch.
“Hard hats don’t really do any good because employees won’t wear them.
It’s like dieting. The best diet in the world won’t work if you don’t follow it.” “I
don’t agree,” said the second safety professional. “Hard hats have
prevented thousands of head injuries. If employees don’t wear them, it’s
because managers don’t enforce their own rules.” Join this debate. What is
your opinion?
Requirements When Choosing Vision-Protection Devices
There are many different types of eye protection devices available that vary
in terms of function, style, fit, lens, and other options. OSHA recommends
applying the following criteria when selecting vision protection devices:
Select only those that meet the standards set forth in ANSI Z87.1.
Select devices that protect against the specific hazard(s) identified in that
assessment.
Select devices that are as comfortable as possible to wear.
Select devices that do not restrict vision in any way.
Select devices that have fogging prevention capabilities built in.
Select devices that are durable, easy to clean, and easy to disinfect.

Select devices that do not interfere with the functioning of other PPE.22
Training
Once the workplace has been assessed and eye protection devices have
been selected, it is important to provide employees with training in the
proper use of the devices. This accomplishes the following: first, it ensures
that the eye protection devices are used properly. Second, it shows
employees that they have a critical role to play in the protection of their
eyes. OSHA recommends training that covers the following topics:
Why it is important to use the eye protection devices
How the devices protect the eyes
Limitations of the devices
When the devices should be used
How the devices are properly worn
How straps are adjusted for both effectiveness and comfort
How the employee can identify signs of wear that may lessen the
effectiveness of the devices
How the devices are cleaned and disinfected and how often23

First Aid for Eye Injuries
Even with proper eye protection, there is still the risk that an employee may
sustain an injury. Even the best vision protection program is not perfect.
When this happens, the following guidelines for first aid apply:
Be gentle with the employee. Don’t add to the injury with rough treatment.
Do not attempt to remove objects embedded in the eyeball.
Rinse the eyes with a copious amount of water for 15 to 30 minutes to
remove the chemicals. Call for professional help. Cover both eyes after the
rinsing has been completed.
Never press on an injured eye or put any pressure on it (as when covering
the eyes).
Do not allow the employee to rub his or her eyes.24
Contact Lenses in a Chemical Environment
For years, it was commonly thought among safety and health professionals
that workers should not wear contact lenses in a chemical environment. In
fact, until 2003 the National Institute for Occupational Safety and Health
(NIOSH) recommended that workers in chemical environments not wear
contact lenses. However, over time much has been learned about this
issue. Contact lenses may, in fact, be worn in chemical environments, and
NIOSH has published an “intelligence bulletin” (number 59) explaining how
to safely wear contact lenses in chemical environments.25

Safety Fact
Selecting the Right Face Protection Device
Hazard Protection Devices
Flying particles, chips, sand, and so on—face shield
Hot sparks—face shield
Heat—reflective face shield
Molten metal—face shield
Chemical splash—face shield
Ultraviolet light and infrared heat—welding helmet or welding shield with
shaded lens
There are still environments in which contacts lens should not be worn.
These are environments in which certain chemicals such as the following
are present:
1,2-Dibromo-3-chloropropane (DBCP)
4,4’-Methylenedianiline (MDA)
Ethyl alcohol

Ethylene oxide
Isopropyl alcohol
Methylene chloride
This list is neither exhaustive nor comprehensive. Rather, it contains a
partial list of the types of chemicals that can make a work environment
especially hazardous for contact lens wearers. Before allowing employees
who wear contact lenses to work in a chemical environment, it is best to
conduct a comprehensive hazard assessment in which the types of
chemicals that will be present are identified. NIOSH’s Intelligence Bulletin
59: “Contact Lens Use in a Chemical Environment” is a good source of
information when conducting hazard assessments of chemical
environments. Once the hazard assessment has been completed, provided
none of the “contact-lens-prohibited” chemicals are present in the work
environment, workers who wear contact lenses should use the same eye
protection recommended for other workers.
Foot Protection
The OSHA regulations for foot protection are found in 29 CFR 1910.132
and 126. Foot and toe injuries account for almost 20 percent of all disabling
workplace injuries in the United States.26 There are more than 180,000
foot and toe injuries in the workplace each year.27 The major kinds of
injuries to the foot and toes are from the following:
Falls or impact from sharp or heavy objects (this type accounts for 60
percent of all injuries)
Compression when rolled over by or pressed between heavy objects

Punctures through the sole of the foot
Conductivity of electricity or heat
Electrocution from contact with an energized, conducting material
Slips on unstable walking surfaces
Hot liquid or metal splashed into shoes or boots
Temperature extremes28
The key to protecting workers’ feet and toes is to match the protective
measure with the hazard. This involves the following steps: (1) identify the
various types of hazards present in the workplace; (2) identify the types of
footwear available to counter the hazards; and (3) require that proper
footwear be worn. Shoes selected should meet all applicable ANSI
standards and have a corresponding ANSI rating. For example, “a typical
ANSI rating is Z41PT83M1–75C–25. This rating means that the footwear
meets the 1983 ANSI standard and the steel toe cap will withstand 75 foot
pounds of impact and 2,500 pounds of compression.”29
Modern safety boots are available that provide comprehensive foot and toe
protection. The best safety boots provide all of the following types of
protection:
Steel toe for impact protection

Rubber or vinyl for chemical protection
Puncture-resistant soles for protection against sharp objects
Slip-resistant soles for protection against slippery surfaces
Electricity-resistant material for protection from electric shock
Employers are not required to provide footwear for employees, but they are
required (29 CFR 1910.132 and 136) to provide training on foot protection.
The training must cover the following topics as a minimum:
Conditions when protective footwear should be worn
Type of footwear needed in a given situation
Limitations of protective footwear
Proper use of protective footwear
OSHA Regulations Relating to Footwear
Foot protection is a high priority with OSHA. This can be seen in the
number of regulations OSHA has developed and now mandates relating to
footwear. The most prominent of these and a summary of the respective
requirements follow:
29 CFR 1910.132(d): Requires hazard assessment in the workplace.

29 CFR 1910.136: Lists the general requirements for foot protection in the
workplace. Requires that employers ensure that employees use the
appropriate foot protection when working in areas where there is a danger
of foot injuries due to falling or rolling objects, or objects piercing the sole,
and where such employees’ feet are exposed to electrical hazards.
29 CFR 1910.132(f)(a,iv,v): Specifies the training mandated for employees
and fitting of footwear.30
In addition to these regulations, the following additional regulations also
deal with specific aspects of footwear and foot protection: 29 CFR 1910.94
(ventilation), 29 CFR 1910.156 (foot, hand, eye, face, head, and body
protection for employees who serve in fire brigades), 29 CFR 1910.269
(foot protection when working in electric power generation, transmission,
and distribution), and 29 CFR 1910.1029 (foot protection when working
with coke ovens).
Standing Hazards
Many jobs require that workers stand or walk for prolonged periods.
Prolonged walking and/or standing can cause lower back pain, sore feet,
varicose veins, and a variety of other related problems. The following
hazard mitigation strategies can help minimize these problems for workers
who must stand and walk for prolonged periods.
Antifatigue Mats
Antifatigue mats provide cushioning between the feet and hard working
surfaces such as concrete floors (see Figure 15–8). This cushioning effect
can reduce muscle fatigue and lower back pain. However, too much
cushioning can be just as bad as too little. Consequently, it is important to
test mats on a trial basis before buying a large quantity. Mats that become
slippery when wet should be avoided. In areas where chemicals are used,

be sure to select mats that will hold up to the degrading effects of
chemicals.
Figure 15–8 Anti fatigue mats.
Source: Hosha/Shutterstock.
Shoe Inserts
When antifatigue mats are not feasible because employees must move
from area to area and, correspondingly, from surface to surface, shoe
inserts may be the answer. Such inserts are worn inside the shoe and
provide the same type of cushioning the mats provide. Shoe inserts can
help reduce lower back, foot, and leg pain. It is important to ensure proper
fit. If inserts make an employee’s shoes too tight, they will do more harm
than good. In such cases, employees may need to wear a slightly larger
shoe size.
Foot Rails
Foot rails added to work stations can help relieve the hazards of prolonged
standing. Foot rails allow employees to elevate one foot at a time four or
five inches. The elevated foot rounds out the lower back, thereby relieving
some of the pressure on the spinal column. Placement of a rail is important.
It should not be placed in a position that inhibits movement or becomes a
tripping hazard.
Workplace Design
A well-designed workstation can help relieve the hazards of prolonged
standing. The key is to design workstations so that employees can move
about while they work and can adjust the height of the workstation to match
their physical needs.

Sit/Stand Chairs
Sit/stand chairs are higher-than-normal chairs that allow employees who
typically stand while working to take quick mini-breaks and return to work
without the hazards associated with getting out of lower chairs. They have
the advantage of giving the employee’s feet, legs, and back an occasional
rest without introducing the hazards associated with lower chairs.
Proper Footwear
Proper footwear is critical for employees who stand for prolonged periods.
Well- fitting, comfortable shoes that grip the work surface and allow free
movement of the toes are best.
Hand Protection
In the United States there are more than 500,000 hand injuries every year.
Hand injuries are both serious and costly for employers and for employees.
Section 138 of OSHA standard 29 CFR 1910.132 covers PPE for hands.
This standard requires employers to base the selection of hand protection
(gloves) on a comprehensive assessment of the tasks performed for a
given job, hazards present, and the duration of exposure to the hazards.
The assessment must be documented in writing.31
With the assessment completed, employers are required to review
specification information from manufacturers of safety gloves and select the
gloves that are best suited for the individual situation. Selecting just the
right gloves for the job has historically been one of employers’ greatest
difficulties in complying with the standard. It is not a simple task. For
example, take the issue of fit. A poorly fitted set of gloves cannot offer the
degree of protection that a responsible employer or employee wants. Yet,
because manufacturers have not developed a consistent set of metrics for
sizing gloves, the only way to determine whether a pair fits properly is for
the employee to try them on.

Fit is just one of the problems faced when selecting gloves. Other critical
features include the protection capability, comfort, and tactile sensitivity of
the gloves. Often, greater comfort and tactile sensitivity can mean less
protection. Correspondingly, greater protection can mean less comfort and
tactile sensitivity.
In an attempt to simplify the process of selecting the right gloves, ANSI and
the Industrial Safety Equipment Association (ISEA) developed a joint handprotection standard, ANSI/ISEA 105–1999. This standard simplifies glove
selection by (1) defining characteristics of protection in a variety of critical
areas, including cuts, puncture resistance, abrasion, protection from cold
and heat, chemical resistance (including both permeation and degradation),
viral penetration, dexterity, liquid-tightness, and flame/heat resistance and
(2) standardizing the tests used to measure all of these various
characteristics.
Common Glove Materials
Depending on the individual hazards available in a given situation, the right
gloves for the application may be made of a variety of different materials
(see Figures 15–9, 15–10, and 15–11). The most widely used materials in
manufacturing gloves are as follows:
Figure 15–9 Work gloves.
Source: Andy Crawford/Dorling Kindersley Ltd.
Leather. Offers comfort, excellent abrasion resistance, and minimum cut
resistance.
Cotton. Offers comfort, minimal abrasion resistance, and minimum cut
resistance.

Aramids. Offer comfort, good abrasion resistance, excellent cut resistance,
and excellent heat resistance.
Polyethylene. Offers comfort, excellent abrasion resistance, and minimal
cut resistance. Gloves made of this material should not be subjected to
high temperatures.
Stainless steel cord (wrapped in synthetic fiber). Offers comfort, good
abrasion resistance, and optimal cut resistance.
Chain link or metal mesh. Offers very little comfort, but maximum abrasion
and cut resistance.
Butyl rubber. Offers little comfort, but has excellent resistance to heat,
ozone, tearing, and certain chemicals, including alcohols, aldehydes,
ketones, esters, nitriles, gases, amides, acids, and nitro compounds.
Nitrile-based material. Offers greater comfort and protection. Consequently,
there is increased use of this type of material for the substrate coating of
glasses.
Viton rubber. Offers little comfort, but performs well with chemicals that
butyl rubber cannot protect against, including aliphatics, halogenated, and
aromatics. Like butyl gloves, viton gloves also perform well in handling
alcohols, gases, and acids.32
Figure 15–10 Work gloves.

Source: James Stevenson/Dorling Kindersley Ltd.
Figure 15–11 Rubber work gloves.
Source: Peter Anderson/Dorling Kindersley Ltd.
Personal Protective Equipment
PPE is a critical component in the safety program of most organizations.
Head, hand, back, eye, face, foot, skin, and breathing protection all involve
the use of PPE. Unfortunately, it can be difficult to convince employees to
wear PPE properly or, sometimes, to wear it at all. Employees often balk at
the perceived “inconvenience” of PPE. They don’t like the way it looks or
how it feels. They think it is cumbersome in which to work in or time
consuming to put on and take off. Sometimes, they just forget to use it (see
Figure 15–12).
Figure 15–12 PPE poster.
Source: Barry Barnes/Shutterstock.
Figure 15–12 Full Alternative Text
Making employees comfortable with PPE is a serious and sometimes
difficult challenge for safety and health professionals. The following
strategies can be used to meet this challenge:
Make maximum use of engineering and administrative controls. PPE
should be the last line of defense in protecting employees from hazardous
conditions. Before adopting PPE, organizations should first use every
engineering and administrative control available to minimize potential
hazards. If employees see that the organization is doing its part by applying

these controls, they will be less reluctant to do their part in properly using
PPE.
Ensure the optimum choice of PPE by using risk assessment. Employees
know when there is a mismatch between the hazards they face and the
PPE they are provided. OSHA requires that PPE be selected on the basis
of a comprehensive risk assessment. This approach helps employers make
the optimum choice when selecting PPE. Employees who know that the
PPE provides adequate protection from hazards will be more likely to use
it.
Involve employees in all aspects of the PPE program. Always involve
employees when making decisions that affect them. This is good policy for
two reasons: (1) employees may be able to provide input that will improve
the quality of the decisions being made because they understand the work
tasks being discussed and (2) employees who are involved in the decision
making are more likely to buy into and support that decision.
Provide comprehensive education and training programs. Employees need
to understand why PPE is important and how to properly use it. Employers
should never assume that employees understand the “why” or “how” of
PPE. Training programs should begin with the why aspects, cover them
thoroughly, and give employees ample opportunities to ask questions and
voice concerns. Once employees understand why PPE is important, they
should be given comprehensive training on how to use it properly. No
employee should be expected to use PPE without first understanding why
and how they should use it.
Reinforce the proper use of PPE and challenge its improper use.
Employers should never fall into the trap of taking PPE use for granted.
Proper behavior relating to PPE should be reinforced by supervisors and
managers. Correspondingly, improper use should be challenged.
Employers should use PPE properly themselves and reward employees

who follow suit. Rewards need not be formal. Publicly complimenting an
employee can be reward enough. Correspondingly, when an employee is
seen failing to use the required PPE or using it improperly, that employee
should be corrected. However, whereas compliments are given publicly,
correction should be done in private.
Be clear on who pays for PPE. The employer is required by OSHA to pay
for basic minimal PPE for the hazards present. Employers do not have to
pay for PPE that is lost or intentionally damaged. Be clear on who pays for
what and when. It is wise for employers to pay for PPE in most situations,
even when not required.
Be sensitive to fit, comfort, and style issues. Ill-fitting PPE poses a double
problem: (1) it may not provide the necessary protection because of the
improper fit and (2) if it does not fit well, employees may be reluctant to
wear it because it is uncomfortable. Style can also be a problem in that
employees are often self-conscious about their appearance. All these
factors should be considered when choosing PPE (see Figure 15–13).
Figure 15–13 Work boots.
Source: kuzmafoto/Shutterstock.
Work to make PPE a normal part of the uniform. By applying these
strategies, employers can make PPE a normal part of the uniform. When
this happens, using PPE will become the standard operating procedure,
and its proper use will cease to be an issue.33
Forklift Safety (Powered Industrial Trucks)
Powered industrial trucks or forklift safety is included here because forkliftrelated injuries often result from impact or acceleration hazards. OSHA
issues its standards for forklift safety in 29 CFR 1910.178 under the

heading “Powered Industrial Truck.” These regulations apply to forklifts,
platform lift trucks, and motorized hand trucks. The latest edition of OSHA’s
forklift standard is based primarily on a standard produced by the American
Society of Mechanical Engineers titled, “Safety for Low Lift and High Lift
Trucks” (ASME/ANSI B56.1).
Forklifts are different from cars and trucks in several ways. Employees who
drive forklifts should understand how they are different. The primary
differences are as follows:
Forklifts are typically steered by the rear wheels.
An empty forklift can be more difficult to steer than one with a load.
Forklifts are frequently driven in reverse.
Forklifts have three-point suspension so that the center of gravity can move
from the rear of the vehicle closer to the front when it is loaded.
Because of these differences, it is important to ensure that only properly
trained employees drive forklifts and that these employees follow some
basic rules of accident prevention. The rules fall into four categories: (1)
general; (2) lifting; (3) traveling; and (4) placing.
General Rules
The rules in this section are general and apply to all phases of forklift
operation:
Keep arms, hands, and legs inside the vehicle at all times.

Face in the direction of travel at all times.
If the load blocks your view, drive backward.
Allow plenty of room for braking—at least three vehicle lengths.
Make sure there is sufficient overhead clearance before moving a load.
Rules for Operation of the Forklift
The forklift must be taken out of service if found to be in need of repair,
defective, or in any way unsafe (until it has been restored to safe operating
condition).
Fuel tanks are to be filled only when the truck’s engine is off and spillage of
fuel is to be avoided.
Spilled fuel should be washed away or completely evaporated and the fuel
tank cap in place before the truck’s engine is started.
The forklift may not be operated if there is a leak in the fuel system (until
the leak is repaired).
Open flames may not be used for checking fuel levels or electrolyte levels
in batteries.

Rules for Maintenance of the Forklift
All necessary repairs to the forklift must be made by authorized personnel.
No repairs may be made in Class I, II, and III locations.
Repairs to fuel and ignition systems that involve fire hazards must be made
in locations designated specifically for these kinds of repairs.
The battery must be disconnected before electrical repairs are made.
Replacement parts must be the equivalent of those they replace from the
perspective of safety.
The forklift must not be altered in any way to cause the relative positions of
various parts to be different from they were when originally received from
the manufacturer, not shall it be altered by parts not provided by the
manufacturer or parts removed. Additional counterweighting of forklifts
must be approved by the manufacturer.
The forklift must be examined daily and shall not be used unless it is
determined to be safe for operation.
Water mufflers must be kept at no less than 75 percent of capacity. Further,
muffler screens must not be allowed to become clogged.
If the temperature of any part of a forklift exceeds normal operating
temperature, the forklift must be removed from service until the problem
has been eliminated.

The forklift must be kept in a clean condition. Only noncombustible cleaning
agent should be used.
If the forklift was originally designed for gasoline, it may be converted to
liquefied petroleum gas only if the conversion results in a forklift that
embodies the features of LP or LPS forklifts.
Rules for Picking Up a Load
Make sure the load is within the capacity of the forklift.
Make sure forks are positioned properly.
Make sure the load is properly balanced.
Make sure the load is secure.
Raise the load to the proper height.
Run the forks all the way into the pallet, and tilt the mast back to stabilize
the load before moving.
Back out and stop completely before lowering the load.
Rules for Traveling with a Load

Always give pedestrians the right-of-way.
Never allow passengers on the forklift.
Keep the forks low while moving.
Keep the load tilted back slightly while moving.
Drive slowly; a forklift is not a car.
Slow down at all intersections; stop and sound the horn at blind
intersections.
Drive up and back down ramps and inclines.
Never lift or lower the load when traveling.
Keep to the right just as you do when driving a car.
Watch for oil, grease, and wet spots, which could inhibit traction.
Cross railroad tracks at a skewed angle, never at a right angle.
Watch for edges on loading docks and other changes in elevation.

Maintain at least four seconds of spacing between your forklift and the one
in front of you.
Rules for Placing a Load
Stop the forklift completely before raising or lowering the load.
Move slowly and cautiously with the load raised.
Never walk or stand under a raised load or allow anyone else to do so.
Be certain the forks have cleared the pallet before turning and before
changing height.
Stack the load square and straight.
Check behind and on both sides before backing up.
Safety Fact
Staying Up-to-Date on Personal Protective Equipment
One of the challenges faced by safety and health professionals is keeping
up-to-date with the latest developments in the area of PPE. New materials
are developed and improvements are made continually. The ISEA can be a
helpful resource for keeping current. The ISEA helps safety and health
professionals select the right PPE for the job in question. The association’s
Web site address is safetyequipment.org.
OSHA’s Training Requirements

OSHA estimates that 155,000 injuries and 100 fatalities occur every year
as a result of accidents involving powered industrial trucks. Because of this,
OSHA revised its training requirements for operators of powered industrial
trucks (29 CFR 1910.178).34 OSHA estimates that employers can save as
much as $135 million annually by following these training requirements. Of
this sum, $83 million could be saved in direct costs such as medical
treatment, and $52 million could be saved in indirect costs.
Initial Training Program Content
Before they are allowed to operate a powered industrial truck (forklift),
employees are required by OSHA’s 29 CFR 1910.178 to complete initial
training in the following topics:
Operating instructions, warnings, and precautions for the types of trucks
the operator will be authorized to operate.
Differences between the truck and the automobile.
Truck controls and instrumentation: where they are located, what they do,
and how they work.
Engine or motor operation.
Steering and maneuvering.
Visibility (including restrictions due to loading).
Fork and attachment adaptation, operation, and use limitations.

Vehicle capacity.
Vehicle stability.
Any vehicle inspection and maintenance the operator will be required to
perform.
Refueling and/or charging and recharging of batteries.
Operating limitations.
Any other operating instructions, warnings, or precautions listed in the
operator’s manual for the types of vehicles the employee is being trained to
operate.
Workplace-related topics including the following: surface conditions where
the vehicle will be operated; composition of loads to be carried and load
stability; load manipulation, stacking, and unstacking; pedestrian traffic in
areas where the vehicle will be operated; narrow aisles and other restricted
places where the vehicle will be operated; hazardous (classified) locations
where the vehicle will be operated; ramps and other sloped surfaces that
affect the vehicle’s stability; closed environments and other areas where
insufficient ventilation or poor vehicle maintenance could cause a buildup of
carbon monoxide or diesel exhaust; other unique or potentially hazardous
environmental conditions in the workplace that could affect safe operation.
Refresher Training Program Content
Refresher training, including an evaluation of the effectiveness of that
training, must be conducted to ensure that operators of powered industrial
trucks have the up-to-date knowledge and skills to operate them safely.

Refresher training is required whenever any one of the following conditions
exists: the operator has been observed operating a vehicle in an unsafe
manner; the operator has been involved in an accident or a near-hit
accident; the operator has received an evaluation that indicates he or she
is not operating the powered truck safely; the operator is assigned to drive
a different type of truck; or any condition in the workplace changes in such
a manner that it could affect the safe operation of the truck. In addition to
these requirements, employers are required to conduct an evaluation of the
performance of all industrial powered truck operators at least once every
three years.
Summary
The primary causes of falls are a foreign object on the walking surface, a
design flaw in the walking surface, a slippery surface, and a person’s
impaired physical condition.
Most falls fit into one of these four categories: trip and fall, stump and fall,
step and fall, and slip and fall.
The coefficient of friction between surfaces is an effective method for
comparing the traction of a walking surface. A coefficient of friction of 0.20
or less means the surface is very slippery and very hazardous. A coefficient
of 0.40 or higher means there is good traction. Coefficients of friction
decrease when a surface is wet.
Strategies for preventing slips include the following: choose the right
material from the outset, retrofit an existing surface, practice good
housekeeping, require nonskid footwear, and inspect surfaces frequently.
A slip-and-fall prevention program should have the following components:
policy statement/commitment; review and acceptance of walkways;
reconditioning and retrofitting; maintenance standards and procedures;
inspection, audits, tests, and records; employee footwear; legal defenses;

and measurement of results. Special attention should be given to building
lobbies, restrooms, kitchens, and processing areas.
OSHA’s recommendations for effective fall protection include the following:
have a plan, establish requirements, provide equipment and procedures,
ensure proper use and type of equipment, and provide training.
Do’s and don’ts of ladder safety include checking for slipperiness, allowing
only one person on the ladder at a time, securing the base and top on a
level surface, applying the four-to-one ratio, facing the ladder when
climbing, avoiding leaning, and always holding on with one hand.
OSHA regulations that apply specifically to fall protection in scaffolding
work are as follows: 1926.451(g)(2), 1926.502(d)(15), and 1926.451(d)(16).
Protection from impact injuries from falling or projected objects includes
personal protective equipment to protect the head (hard hats), eyes and
face (goggles or shields), and feet (footwear).
Standing hazards can be minimized by using the following: antifatigue
mats, shoe inserts, foot rails, improved workplace design, and sit/stand
chairs.
The most widely used materials in manufacturing gloves for hand
protection are leather, cotton, aramids, polyethylene, stainless-steel cord,
chain link, metal mesh, butyl rubber, nitrile-based material, and viton
rubber.

Personal protective equipment should be the last line of defense protecting
employees from hazards. Before using PPE, every feasible engineering
and administrative control should be employed.
OSHA standard 29 CFR 1910.178 requires initial training before an
employee is allowed to operate a forklift, refresher training under specified
conditions, and an evaluation of forklift operator performance at least every
three years.

