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Ralston, Jeremy P. An Ergonomic Assessment of the Assembly Line Unloading Workstation
Located in the Finishing Division of Company XYZ
Abstract

The presence of certain ergonomic stressors were placing Company XYZ’s Finishing
Division employees that engaged in manual material handling at the assembly line unloading
workstation at risk of developing musculoskeletal disorders (MSD’s). Additionally, those MDS’s
may lead to higher worker compensation insurance premium costs, increased employee illnesses
and injuries, and an elevated personnel attrition rate. The purpose of this study was to determine
if the presence of ergonomic stressors were placing the employees at an increased risk of
developing MSD’s as well as recommend various engineering and administrative controls which
may potentially reduce or eliminate adverse conditions. As evidenced by the results from the
Ergonomic Task Analysis Worksheet, the Revised NIOSH Lifting Equation, and the Liberty
Mutual Manual Materials Handling Guidelines, it appears that high forces, awkward postures,
and repetitive movements were present at this workstation. The recommended solutions
proposed by this paper included engineering and administrative controls. One of the engineering
controls recommended included the redesign of the workstation so as to elevate the shipping
pallet to reduce the amount of spinal flexion experienced by the workers. The principal
administrative control recommended was the implementation of a comprehensive ergonomic

policy which includes a worker training program and task analysis procedures.
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Chapter I: Introduction

Ergonomics is described by Dempsey, Wogalter, & Hancock (2002) as designing the
interface of humans and machines to enhance performance. The principal objective of an
ergonomic program within a business or industrial setting is to prevent workers from developing
musculoskeletal disorders (MSD’s). Organizations may limit its employees’ risk of developing
MSD’s by reducing exposure to ergonomic stressors. The primary stressors, which may
potentially lead to MSD’s, include high forces, awkward postures, and repetitive movements
(National Institute for Occupational Safety and Health [NIOSH], 1997). According to the United
States Bureau of Labor Statistics (BLS) (2011), MSD’s accounted for at least 30% of all non-
fatal injuries and illnesses in the United States in 2010. Additionally, in 2010, the occupation
classification which includes freight, stock, and material movers incurred the highest rate of
injuries and illnesses as well as the second highest number of MSD’s in the United States. Based
on the extent of human-based losses that may be a result from improper design of the workplace,
it would appear MSD’s are a serious concern for employers as it relates to designing tasks for its
workers.

It is reasonable to conclude that a primary cause of MSD’s is frequently traced back to
manual material handling (MMH) and related tasks. By its very nature, MMH exposes the
worker to several of the ergonomic stressors which lead to MSD’s. MMH is simply moving
objects without the aid of a power assisted device, including, but is not limited to pushing,
pulling, grasping, holding, carrying, lifting and manipulating items in the course of a work-
related task. An organization’s ability to develop and implement an ergonomics program with
the overall intent to limit employee exposures to MMH is an important objective to reduce work-

place injuries and increase efficiency (NIOSH, 2007).



There appears to be conclusive evidence that organizations who fail to control workplace
injuries should reasonably expect to experience an increase in loss-related expenses. One of the
areas for an organization’s bottom line to be negatively affected is in its worker compensation
(WC) insurance premiums. According to the State of Wisconsin’s Department of Workforce
Development (WIDWD) (n.d.), the 2011 WC rate for metal goods manufacturing was $8.05 per
$100 of payroll. This means for every $100 the company pays to its employees for wage and
benefit-related expenditures, an additional $8.05 is paid to the applicable insurance company in
WC premium. This metal goods-based WC rate is significantly above the $5.41 average rate for
all of Wisconsin’s manufacturing industries. In 2001, the WC rate for metal goods
manufacturing was $5.12 per $100 of payroll, while the average general manufacturing rate was
$4.35. When comparing the 2001 and the 2011 WC rates for metal goods manufacturing, it
appears that this business sector’s WC rates are increasing in a manner which is outpacing
general manufacturing. Because the overall WC premiums are adjusted by applying a modifier
which is based on that specific organization’s reported injuries, it is important for companies to
be in constant control of its human-related losses.

Company XYZ is a producer and retailer of manufactured metal goods and related
accessories. This company’s 300,000+ square foot manufacturing and distribution facility is
located in the upper Midwest region of the United States and employs approximately 340 full-
time and part-time workers. Employees within this facility are directly involved in every step of
the manufacturing process. These duties include unloading raw material from the delivery truck,
cutting and bending steel tubing and plates, welding, placement of decals and stickers,
packaging, and loading the products for delivery. A significant amount of the material handling

is performed without the aid of equipment and thus must be completed manually.



At the final stage of the manufacturing process, the finished product must be removed
from an overhead assembly line and packaged for shipping. After emerging from the powder
coating process, the product is manually removed from the assembly line by a single worker,
carried to a pallet, and then stacked to prepare such for shipping. The weight of each product
ranges from 20 to 80 pounds, depending on the design specifications of the product being
manufactured. Workers at the assembly line unloading workstation are typically engaged in this
task for an eight hour period, do not perform alternate activities during the shift, and work at a
rate of approximately six to seven pieces per minute. The substantial weight of the product,
combined with exposure to repetitive motions and awkward postures are identified as the
ergonomic stressors which are present at this workstation. While there are limited reports of
injuries or MSD’s from employees at the assembly line unloading workstation, a high turnover in
staffing strongly suggests the presence of ergonomic stressors. Additionally, the rate of which
the pieces are returned to the powder coating process due to chipped or scratched paint suggests
a deficiency in the manual handling procedure of those products. Therefore, the current
assembly line unloading workstation design in Company XYZ’s Finishing Division is likely to
be placing employees who perform manual material handling at risk of developing
musculoskeletal disorders as well as exposing the company to higher worker compensation costs.
Purpose of the Study

The purpose of this study was to analyze the current design of the assembly line
unloading workstation to determine the extent of ergonomic deficiencies and related effects in

the Finishing Division of Company XYZ.
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Goals of the Study
The goal of this study was to determine if conditions at the assembly line unloading
workstation may lead to musculoskeletal disorders in Company XYZ’s employees. This was
accomplished by:
e Analyzing the assembly line unloading workstation by utilizing various ergonomic
assessment tools.
e Reviewing the company’s illness and injury records to determine the extent of reported
musculoskeletal disorders.
e Reviewing the company’s worker compensation and personnel records to determine
insurance premium rates, medical payments, and employee turnover.
Assumptions of the Study
For the purposes of this study it was assumed that:
e Company XYZ collected and maintained accurate data regarding incidences of workplace
illnesses and injuries, worker compensation records, and personnel attrition rates.
e Employees performed work-related tasks in a similar manner as when not being
observed.
Background and Significance
An ergonomic analysis of the assembly line unloading workstation in the Finishing
Division of Company XYZ was conducted as part of the company’s new focus on reducing costs
associated with work-related injuries and illnesses. This study possesses the potential to identify
certain hazardous conditions which may contribute to workers developing MSD’s. The presence
of MSD’s in workers could lead to reduced revenue for the company due to increased worker

compensation claims, higher insurance premiums, reduced product quality, and increased
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rework. Additionally, an ergonomically-correct workstation may possess significant potential to
increase worker efficiency and job satisfaction, which could reduce employee turnover due to the

stressors which are likely to be occurring with the current task design.

Definition of Terms

Abduction. A movement of an extremity away from the body. (Mosby's Dictionary of
Complementary and Alternative Medicine, 2005).

Adduction. A movement of an extremity toward the body. (Mosby's Dictionary of
Complementary and Alternative Medicine, 2005).

Extension. A movement of a body part which increases the angle of a joint. (Mosby's
Dictionary of Complementary and Alternative Medicine, 2005).

Flexion. A movement of a body part which decreases the angle of a joint. (Moshy's
Dictionary of Complementary and Alternative Medicine, 2005).

Incident rate. A rate calculated using a formula to track the occurrence of illnesses and
injuries. The formula is expressed as: total number of injuries and illnesses in one year,
multiplied by 200,000, then divided by total number of hours worked by all employees in one
year (OSHA, 2004a).

Musculoskeletal Disorders (MSD’s). “Disease or syndrome attributed to abnormal
formation of bones, muscles, ligaments, tendons, and/or other connective tissue” (Cambridge
Dictionary of Human Biology and Evolution, 2005, para. 1).

Occupational Safety and Health Administration (OSHA) recordable. A workplace
illness or injury that causes a worker’s death, a loss of consciousness, time away from work,

restricted/light duty, job transfer, and/or medical treatment beyond first aid (OSHA, 2004a).
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Chapter II: Literature Review

The purpose of this study was to analyze conditions at the assembly line unloading
workstation in Company XY Z’s Finishing Division to determine if such posed an ergonomic risk
to associated employees. The presence of manual material handling tasks, as well as other
ergonomic stressors, is likely placing those employees at risk of developing MSD’s. This
chapter will review several major categories of MSD’s, including the corresponding risk factors,
as well as the direct and indirect impacts that such ailments may inflict on employees and
organizations. Additionally, this chapter will discuss the definition, history, and objectives of
modern-day ergonomic programs as well as highlight several effective systems currently in place
at leading organizations. Finally, this chapter will review several ergonomic assessment tools
and instrumentation devices which are available to analyze various tasks and thus determine the
presence of certain conditions which may lead to MSD’s, as well as discuss several specific
methods organizations may employ to assist in limiting its employee’s exposure to identified
hazards.
Musculoskeletal Disorders

There appears to be sufficient evidence to conclude that the prevalence of work-related
MSD’s constitutes a significant percentage of all employee illnesses and injuries. As concluded
by multiple studies, work-related MSD’s are a common occurrence among employees in
industrialized countries (Deeney& O'Sullivan, 2009; Nordander et al., 2009; Wang et al., 2009).
Nordander et al. (2009) identified and described the symptoms of multiple MSD’s, which are the
most commonly reported injuries and illnesses among workers who are engaged in repetitive or
constrained activities within industrialized nations. The symptoms experienced by workers who

suffer from MSD’s may vary greatly in severity, frequency, and location, however, there are
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several common characteristics which employers and employees should be aware. Workers
suffering from MSD’s may experience symptoms which include localized pain, stiffness and/or
inflammation of the tissue surrounding a joint, and tenderness of the tendon at the point where it
attaches to the skeleton. Several common forms of MSD’s and associated symptoms, as
identified by Nordander et al. (2009), include the following:

e Tension neck syndrome — discomfort, stiffness, and/or fatigue in the cervical region of
the spine, including pain radiating to the rear of the skull.

e Cervical syndrome — pain radiating from the cervical area of the spine to the upper
extremities which may be aggravated by movement; diminished feeling in the fingers and
hands; reduced muscle strength throughout the upper extremities.

e Thoracic outlet syndrome — radiating pain or paresthesia (numbness, tingling, and/or
prickling sensation) in the upper extremities throughout the ulnar nerve; extreme
tenderness in the brachial plexus nerve bundle.

e Frozen shoulder — shoulder pain with increasing stiffness in the joint during a three to
four month time span; reduced ability for shoulder abduction.

e Acromioclavicular syndrome — palpable tenderness of the tissue surrounding the shoulder
joint; pain aggravated by shoulder adduction and outward rotation (with 90 degree
abduction and flexed elbow).

e (Carpal tunnel syndrome — numbness of the hand; paresthesia throughout the median
nerve; decreased in hand grip strength.

e Ulnar nerve entrapment at the elbow and/or wrist — pain and paresthesia throughout the
ulnar nerve over the cubital tunnel (elbow) and/or Guyon’s tunnel (wrist); reduced ability

to spread the fingers.
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The term MSD’s may be a generic phrase used in lieu of officially accepted medical conditions,
however, it should be recognized as a serious and potentially costly problem confronting
employers and employees.

Risk factors. The research indicates a majority of MSD’s are attributed to three distinct
risk factors, or ergonomic stressors. While each risk factor may be independently a source for
developing a MSD’s, the presence of multiple stressors potentially will enhance the likelihood of
workers who experience ergonomic-related illnesses or injuries even further. NIOSH (1997),
through the comprehensive review of several hundred scientific studies, recognized high forces,
awkward postures, and repetitive movements as the primary hazardous conditions which may
lead to workers developing MSD’s. This study became the foundation for many ergonomic-
related recommendations and is a source utilized by researchers to define the risks associated
with adverse working conditions which potentially cause workers to develop MSD’s.

Each of the major risk factors, for which the evidence identifies as presenting a high
correlation of workers who engage in these activities to develop MSD’s, are defined by the
NIOSH (1997) study. High forces, while difficult to quantify due to the varying capabilities of
each worker and the specific portion of the body utilized to complete the required work-related
task, may be described as forceful or strenuous exertion. An awkward posture also depends on
the particular body part engaged in the task. However, any activity that places the body in such a
manner which is a moderate or extreme deviation from its neutral position is considered to be an
awkward posture. Repetitive motions engage a part of the body in a frequent or cyclical motion,
typically with a brief amount of time between cycles. The three previously discussed ergonomic

risk factors are not an exhaustive list and there are other additional conditions, such as vibration
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exposure, extreme temperatures, as well as the worker’s personal physical abilities, which could
contribute to the prevalence of MSD’s (NIOSH, 1997).

Even with the apparent ambiguity of medical testing and worker self-descriptions of
physical symptoms, such methods continue to be the most reliable manner of describing the risks
linked to developing MSD’s. However, there are other less tangible manifestations of MSD-
related symptoms which are reported by employees. According to Deeney & O'Sullivan (2009)
and NIOSH (1997) psychosocial risk factors could manifest as physical symptoms of MSD’s.
The studies suggest that the perceived stress an employee experiences due to an imbalance
between his or her personal abilities and the task requirements, the lack of job satisfaction, and
the individual worker’s personality characteristics may exacerbate MSD-related symptoms that
are already present. Additionally, these psychosocial risk factors may be manifested as
symptoms of MSD’s, even when no ergonomic stressors were apparent. NIOSH (1997)
identifies four plausible explanations for psychosocial factors which cause workers to experience
MSD-related symptoms. First, and possibly the most reasonable, workers who are under a great
deal of stress may experience an increased amount of tension which could potentially translate
into muscle fatigue and therefore be expressed as a MSD symptom. Second, workers who
previously acquired skills or knowledge, through ergonomic-based training or education, would
be cognizant of MSD-related symptoms and therefore possess an increased likelihood to report a
problem. Third, an initial physical injury with genuine pain may elicit a dysfunctional
psychological response which causes the worker to continually experience chronic discomfort,
even though the injury physically healed. Finally, changes in the actual work environment may
cause simultaneous MSD-related symptoms and psychosocial stress due to physical and

psychological demands of the new task. Psychosocial risk factors add another layer of
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complexity for employers to be aware of when attempting to design an ergonomic-based
program that limits employee’s exposure to conditions which are most likely to cause MSD’s.

Costs of MSD’s. An examination of the related literature reveals that the cost of MSD-
related illnesses and injuries to business and industry is staggering. In the United States, from
2004 through 2010, MSD’s accounted for approximately 30 percent of all reported, non-fatal
injuries annually (BLS, 2011). The expense of MSD-related illnesses and injuries add up to a
significant amount of money in direct medical costs and higher worker compensation (WC)
premiums, as well as potentially leading to indirect losses such as employee absenteeism, worker
turnover, and reduced productivity. The United States Bone and Joint Initiative (USBJI) (2011)
estimated that in 2006, the costs to business and industry for direct MSD-related expenses such
as medical care and WC payments were approximately $576 billion and the indirect costs
associated with employee absenteeism, worker turnover, and reduced productivity were nearly
$373 billion. This equates to over $949 billion dollars spent annually in the United States due to
MSD-related illness and injuries.

A closer review of the data provided by the BLS (2011) of all non-fatal incidents finds
the job classification, which includes material movers, experienced a consistently higher number
of injuries and illnesses. The overall number of non-fatal injuries and illnesses in 2007 reached a
staggering 80,000 individual cases in private industry. By 2010, the number of illnesses and
injuries for the identical job classification dropped to slightly over 65,000 individual cases in
private industry. While this indicates an overall reduction of work-related illness and injuries
within the United States, it is still significantly higher than the next job classification, which
includes nursing aides and orderlies, at slightly above 53,000 individual cases (BLS, 2011).

Further analysis of the 2010 numbers reveals that the job classification which includes material
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movers is identified as experiencing the second highest number of reported MSD-related
illnesses and injuries at approximately 23,400 cases. This is second only to nursing aids,
orderlies and attendants which experienced approximately 27,000 reported MSD-related illness
and injury cases during the same period. Within all job classifications, whether such were
located in government and/or private industry, repetitive motion illnesses and injuries are
reported as incurring the highest number of days away from work, at 24 days per incident (BLS,
2011). While the figures suggest that repetitive motion and MSD-related illnesses and injuries
present a significant concern for all workers, regardless of job classification and occupational
sector, this information is based solely on the data collected and does not include the number of
unreported cases of human-based losses.

In addition to direct medical costs and the human-based losses related to MSD’s, WC
insurance is another expense incurred by organizations. WC insurance is mandated by state and
federal statutes for all private business as well as local, state and federal governmental agencies.
The State of Wisconsin Office of the Commissioner of Insurance (WIOCI) is the governmental
agency charged with the oversight of the WC insurance program. According to the WIOCI
(2012), WC insurance is the responsibility of employers and it is intended to provide financial
assistance and medical services to employees who are injured while performing work-related
duties. WC, in place since 1911, is meant to serve as the sole remedy for workers against the
employer for injuries sustained while on the job. With few exceptions all organizations, private
and public, are required to purchase WC insurance or self-insure to satisfy the legal requirements
established by the state and federal laws (WIOCI, 2012). If an organization fails to obtain WC
insurance, and are statutorily required to carry the coverage, it may be fined at least the cost of

the premiums owed during the uninsured period. In addition to the fines levied, a company may
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be required to reimburse the WC program for all benefits paid out in the course of covering an
injured employee (WIOCI, 2012). Therefore, regardless of the organization’s philosophy
towards establishing and maintaining a health and safety program, there is a minimum amount of
coverage that is mandatory for employers to ensure the welfare of its workers.

WC insurance is structured in such a manner which may be a motivator for employers to
be cognizant of and be proficient with controlling its work-related illnesses and injuries. The WC
insurance premium rate for an organization is partially based on its industry classification, which
is ultimately determined by the perceived risk associated with that type of business.

Additionally, the State of Wisconsin’s WC insurance program allows for organizations who
maintain a lower-than-industry average of work-related illnesses and injuries an opportunity to
experience a discount on its premiums through the experience rating plan (ERP) (WIOCI, 2012).
An ERP uses the actual loss-based information from that specific organization to be applied to
the WC rate as a modifier with the potential to decrease the company’s insurance premium.
Conversely, if the organization reports a higher-than-industry average of work-related illnesses
and injuries, it potentially will be required to pay a significantly increased amount in WC
insurance premiums (WIOCI, 2012). It would appear that an organization possesses the ability
to decrease the financial burden of WC insurance premiums by recognizing and controlling
work-related illnesses and injuries.

Direct financial costs in the form of medical payments and higher WC insurance
premiums are not the only expenses related to work-related MSD’s. High employee turnover is a
realistic expectation for organizations whose employees experience any of the ergonomic
stressors previously mentioned. Regardless if personnel leave the workforce due directly to an

injury or illness or if an employee resigns due to adverse working conditions, the expense
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associated with replacing that worker is comparable. According to the study conducted by
O'Connell and Mei-Chuan (2007), in which the BLS was cited, the average direct cost to replace
a manufacturing employee is slightly under $14,000. This figure does not account for the
indirect costs associated with losing a worker due to lower morale, which may result in an
increased burden on existing employees and the lost experience could potentially cause process
inefficiency. The frequency of employee turnover is potentially an indicator for organization to
be conscious of when tasks are analyzed to determine if workers are exposed to various
ergonomic stressors.
History of Modern Ergonomics

Ergonomics is a term that may be defined differently by the general public as well as
professionals within the health and safety field. The word “ergonomics” is a combination of the
ancient Greek words ergos (meaning work) and nomos (meaning natural law) and based on one
straightforward definition that is recognized for the purposes of this paper, it may be described
simply as designing the interface of humans and machines to enhance performance (Dempsey,
Wogalter, & Hancock, 2002). Christensen (1976) asserts there appears to be archeological
evidence that pre-historic humans fashioned and used tools, such as stone blades and deer
antlers, which were modified specifically so as to be easily wielded by hand or would enable the
worker to efficiently complete a task. While ergonomics was present throughout human history,
modern ergonomics did not emerge until the early and mid-twentieth century with the
establishment of several professional ergonomic organizations and societies (Christensen, 1976;
Galley, n.d.; Stanton & Stammers, 2008).

Throughout human history, the field of ergonomics evolved and was applied to

workplace conditions utilizing methods which were dependent on the technological proficiency
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and needs of the organization. Christensen (1976) indicates that prior to the 1930’s, the general
focus of employers was on selecting employees to fit the task, however by the end of World War
I, the United States government officially recognized the value in designing the task to
accommodate the worker. In the 1940’s and 1950’s, the world witnessed a significant focus on
ergonomics from both government and private industry. The United States Department of
Defense established research facilities across many of its branches which were specializing in the
development of ergonomic-based solutions. The International Ergonomics Association, a
professional organization comprised of many individual federated and associated societies, was
established in 1958 and focused on the physical welfare, productivity, and the psychological
demands on workers (Galley, n.d.). As technology advances and with it the understanding of
certain capabilities and limitations of the human body, the utilization of ergonomic solutions may
play a vital role in an organization’s ability to solve the problem of human-based losses.
Ergonomic Program Objectives

It would appear reasonable to assert that each business must realize its own specific
objectives and reasons to establish and maintain an effective ergonomics program. However,
regardless of specific goals and objectives, the main focus will predominantly be to reduce
human-based losses and associated costs to the organization. The reduction of human-based
losses may be accomplished by two approaches. First, by reducing direct and indirect costs
associated with MSD’s, such as medical payments and reduced production respectively. The
second approach is to increase process efficiency by improving the interface between the worker
and the task environment. A successful ergonomic program is one that is able to accomplish

MSD-related illness and injury reduction while increasing worker efficiency.
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An apparent leader in the employee health and safety field is 3M, which established an
ergonomics program over 30 years ago and quickly recognized the benefits (3M, n.d.; Larson &
Wick, 2012). 3M is a global technology-based company with at least 84,000 employees and
over $30 billion in annual sales (3M, 2011). The 3M ergonomic program objectives are to
improve the process efficiency, performance, health, and job satisfactions of employees while
limiting the company’s exposure to increased costs of work-related illnesses and injuries (3M,
n.d.). In 1990, 3M compiled all relevant loss data and discovered that MSD’s accounted for 39
percent of OSHA recordables, and 63 percent of all instances when workers were unable to
immediately return to their duties after an injury or illness. After establishing and maintaining a
quality ergonomics program, 3M noticed a steady decrease in the frequency and severity of
reported MSD-related illnesses and injuries in 120 worksites across the world. Within a five
year span from 2003 through 2008, 3M’s domestically-based facilities experienced a reduction in
the occurrence of ergonomic-related injuries and illnesses after implementation of this program.
The study found the incident rate (frequency) decreased from approximately 1.8 to 1.2 and the
days away (severity) decreased significantly from over 80 to slightly above 20 days away per
injury or illness event (3M, n.d.). 3M anticipates consistent results in the reducing MSD-related
injuries and illnesses as evidenced by its philosophy of continuous improvement. Based on the
continuance of such a program, it is reasonable to assume that 3M values its ergonomic-based
approach to decrease occurrences of MSD’s within its organization.

Another leader in the employee health and safety field is Dow Chemical. According to
its website, Dow (2011) is a worldwide organization with over 52,000 employees in 36
countries, and annual sales revenue exceeding $60 billion from its 5,000 products in the fields of

agriculture, plastics, chemical, electronics, and advanced materials. In 1994, Dow embarked on
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a 10-year mission to reduce its reportable illness and injury rates by 90 percent. In order to
assess the performance of this approach, OSHA commissioned a study of Dow’s Six Sigma-
based ergonomic program (OSHA, 2004b). Dow applied this system to its Dow Design and
Construction (DDC) business unit in 2000. By using the Six Sigma-based approach to
ergonomic risk reduction, results were immediately realized and the overall hazards were
reduced by 63 percent within DDC. During the final two years of the 10-year mission, the
number of ergonomic-based injuries, which required lost time or days away from work, dropped
from 53 percent in 2001 to 30 percent in 2003. Dow invested significantly in the Six Sigma-
based employee health and safety program for the DDC and by all indications, will continue to
utilize this proven approach and expand such throughout the entire company.

Each organization will use a different human-based loss reduction approach depending
on its specific set of circumstances. For example, an ergonomics program will differ greatly
between an office setting with numerous computer workstations and a manufacturing facility
which is engaged in manual material handling. The office ergonomic program may be simply
limited to a workstation design system or basic ergonomic training for personnel which will
promote efficient interface between the employee and the computer (Mahmud, Kenny, Zein, &
Hassan, 2011). However, it would be reasonable for a manufacturing facility to establish a
comprehensive ergonomics program which may include approaches to process redesign, utilizing
power-assisted lifting devices, and/or instituting a physical training routine in an effort to reduce
work-related MSD’s (Hess & Hecker, 2003; Mallon, 2012; Nussbaum & Chaffin, 1999).
Regardless of the specific ergonomic risk factors which are present within an organization,
implementing and maintaining a quality system may reduce the employee’s likelihood of

developing MSD’s.
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In order for a company to initiate and continue an effective and ultimately advanced
ergonomic program, several necessary traits must be present within the organization. The
successes experienced by 3M may be attributed to the evolution of a microergonomic system,
which focuses on solving individual problems, to a macroergonomics program that involves a
strategic integration of ergonomics into other business objectives (Larson & Wick, 2012).
Mallon (2012) proposes an organization in the early stages of developing an ergonomic program,
described as the reactive phase, will be primarily concerned with ending the condition that
caused the illness or injury and treating the worker’s medical needs. The next evolution of the
ergonomic program is the preventative phase, identified as the organization’s attempt to fit the
worker with the job or alter the employee’s behavior in order to minimize MSD’s. The proactive
phase is one that organizations are involved in studying the risks of a task and attempt to modify
the conditions in order to reduce the ergonomic stressors. Finally, Mallon (2012) recognizes
several minimum requirements of an advanced ergonomic program which includes maintaining
accurate records, utilizing a task assessment tool, implementing engineering controls based on
workers’ capabilities, establishing administrative rules to direct employee behavior, and,
eventually as an ultimate goal, utilizing ergonomics-based information when designing the
individual equipment, entire processes, or even in the planning a facility’s layout. While it may
not be practical for all organizations to immediately establish an ergonomics program at an
advanced level, it is certainly feasible to initiate a system and strive to continually improve on
the process.

Ergonomic Assessment Tools
There are a wide variety of qualitative, quantitative, and hybrid assessment tools

available to assess an organization’s ergonomic needs. Qualitative tools such as screening
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checklists and employee surveys are a subjective method of compiling preliminary information
on potential ergonomic risks. Quantitative tools, similar to the NIOSH Revised Lifting Equation,
utilize actual measurements to determine ergonomic risks and are reasonably objective in data
analysis (NIOSH, 1994). Hybrid (qualitative and quantitative) assessment tools, equivalent to
The Liberty Mutual Manual Materials Handling Guidelines and the Ergonomics Task Analysis
Worksheet, use a combination of objective and subjective data gathering techniques to determine
ergonomic risks. According to Village, Backman, & Lacaille, (2008) an organization should
evaluate several criteria when determining which ergonomic assessment tool fits its needs,
including the nature of the task being analyzed, proficiency of the evaluator, and capabilities of
its workers.

The NIOSH Revised Lifting Equation is a formula which is based on a meta-analysis
completed to further refine the current guidelines (NIOSH, 1994). This assessment method is
designed to be applied to tasks with the intent on determining the maximum recommended
weight an employee should be required to lift during the completion of a particular activity. The
quantity is expressed as the recommended weight limit (RWL) which is factored by the equation
RWL=LC x HM x VM x DM x AM x FM x CM. Additionally, the assessment tool will assist
in determining the amount of stress the worker experiences while performing the task. This
stress is expressed as the lifting index (LI) and it represents the ratio of the actual weight lifted
(L) during the task and the RWL which is factored by completing the following equation LI =L /
RWL. Research performed by Waters, Lu, Piacitelli, Werren, and Deddens (2011) indicated
lifting-related tasks with a LI above 1.0 places workers engaged in such activities at an increased

risk of developing a MSD-related illness or injury.
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NIOSH (1994) established certain procedures for completing the lifting equation and that
the data collection phase of the assessment must be conducted in a manner to ensure accurate
measurements. Initially, the evaluator will establish if the activity is a single or multi-task lift.
The multi-task version of the equation is utilized when a portion of the lifting activity varies
significantly from other steps in the process. For the purposes of this study, only the single-task
version of the equation will be reviewed for analyzing lifting-related activities. A review of the
procedures for the single-task assessment version of the equation clarifies that a lifting activity is
separated into two stages. Each phase is analyzed individually, obtaining two RWL and LI
values for the single activity. The first phase of the analysis is conducted when the object is
initially lifted and the equation is again applied to the second stage of the task when the item is
placed upon the destination surface.

Initially, NIOSH (1994) instructs that the individual components of the equation must be
defined. As previously stated, L represents the weight of the actual object lifted during the task.
The load constant (LC) remains unchanged regardless of the task and is always expressed as a
value of 51. H denotes the horizontal distance measurement of the hands in relation to the center
point between the worker’s ankles at the initial phase of the lift as well as at the end phase of the
activity. The horizontal multiplier (HM) value is calculated by the following equation HM =10/
H. V represents the vertical measurement of the hands in relation to the surface from which the
object is lifted at the initial phase of the lift. The vertical multiplier (VM) is the product of the
equation VM =1 — (.0075 |V - 30|). D represents a measurement value of vertical distance
traveled by the object during the lift. The distance multiplier (DM) is calculated by the formula
DM = .82 + (1.8 /D). A represents the asymmetric angle measurement of spinal twisting the

worker’s body experiences during the lifting activity. The asymmetric multiplier (AM) is
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calculated by the formula AM =1 — (.0032A). F represents the frequency of lifts per minute
involved in the task. The frequency multiplier (FM) is a product of the frequency of the lifts,
duration of the activity, and the V value which is determined by applying such to the NIOSH-
supplied table. The coupling modifier (CM) is calculated by evaluating the hands’ grip to the
lifted object which is expressed as good, fair, or poor (definitions provided by NIOSH) and
applying the results to the V value through a NIOSH-provided chart. Once all values of the
components are ascertained, the equation is calculated by multiplying the numbers with each
other in order to define the RWL. The RWL will then be applied to the formula to obtain the LI.
Finally, the results will be interpreted and applied to the NIOSH-recommended standards to
determine the level of risk an employee is exposed to while engaged in the lifting task.

In order to be as accurate as possible, the NIOSH Revised Lifting Equation assumes
several optimal working conditions. The assumptions include lifting with two hands, task
performance for eight hours or less, no seated or kneeling activities, not working in a restricted
space, the lifted object is stable, there is no pushing, pulling or carrying involved in the task, no
high speed (faster than 30 inches per second) lifting, and the work environment is between 66
and 79 degrees Fahrenheit (NIOSH, 1994). The NIOSH Revised Lifting Equation is a relatively
complex tool and requires an experienced employee to ensure accurate results. Even with its
limitations, the NIOSH Revised Lifting Equation may be a beneficial tool to an organization
with regard to establishing certain guidelines for lifting-related tasks.

Another tool useful in analyzing tasks for adverse conditions which may lead to MSD’s is
The Liberty Mutual Manual Materials Handling Guidelines. This tool was developed by the
Liberty Mutual Research Institute for Safety (LMRIS), which is commonly referred to as the

Snook Tables after co-developer Stover Snook, to provide a guideline when determining the
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employee’s ability to push, pull, lift, lower, and carry objects (LMRIS, 2004). The tables, which
are separated by gender, help determine what percent of the population will likely be able to
perform the activity being analyzed with the objective to assist in designing a task to
accommodate the widest range of employees possible. According to the research Snook
conducted and cited for development of these guidelines, up to two-thirds of low back injuries
may be prevented by designing a workstation in order to provide that at least 75 percent of the
female population completing the task falls within these recommendations (LMRIS, 2004). The
Snook Tables are relatively simple to use, but a small amount of ergonomic training or
experience is beneficial to effectively utilize this assessment tool.

There are a myriad of quick-analysis worksheets available for analyzing a task for
ergonomic stressors, however several are more thorough and therefore provide a greater amount
of assessment-orientated information. The Ergonomics Task Analysis Worksheet (ETAW) (see
Appendix A) was developed by the Great American Insurance Company (GAIC) to assist
organizations to identify and evaluate tasks for conditions which cause MSD’s. The worksheet
provides several sections, which correspond with the NIOSH-recognized risk factors that lead to
MSD’s and categorizes the conditions as ideal, warning level, and take action. The evaluator
conducting the analysis is instructed to observe the task being performed (obtaining a video
record for later playback and reference is recommended) and compare the conditions present to
the provided descriptions. Once the task is analyzed, an action plan is recommended to be
established for all conditions falling into the take action category. Additionally, the ETAW
provides a section to record the type of control implemented and the cost associated with those

solutions. The ETAW’s comprehensive sections that identifies many of the ergonomic stressors
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which may lead workers to develop MSD-related illness and injuries, coupled with the simplicity
of its operation, provides for a versatile and effective ergonomic assessment tool.

Utilizing various ergonomic assessment tools is only a partial step in analyzing a task for
ergonomic stressors. Charlton & O'Brien (2002) recommend that in order to collect quantifiable
information, employing certain instrumentation such as thermometers to measure temperature,
goniometers to determine the angle of joints, and a tape measure to obtain linear dimensions is
necessary. The goniometer is an effective device utilized to measure joint angles which are
created during various motions of the human body (Kolber & Hanney, 2012). Additionally,
Kociolek and Keir (2010) concluded that utilizing a digital video recording device to create still
and motion pictures for review and playback during the task assessment phase is an efficient
method to analyze conditions for ergonomic stressors. It is reasonable to conclude that when
coupled with assessment tools, certain instrumentation is a valuable addition to the ergonomic
task analysis process.

Ergonomic Illness/Injury Prevention Approaches

As previously stated, there appears to be sufficient evidence which proposes that an
organization’s ability to implement and manage an effective ergonomics program may reduce the
prevalence of MSD’s in the workplace and consequently, limit its exposure to increased
expenses related to such. While there are numerous potential exposure hazards, types of MSD’s,
and assessment methods, many different approaches and methods are available to control the
risks and reduce the potential for MSD-related illnesses and injuries. Engineering controls are
such that alter the environment in a manner to reduce the worker’s exposure to hazards, while
administrative-based solutions attempt to alter employees’ behavior to comply with established

standards. Each organization may determine a course of action and develop a program specific
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to the needs and requirements based on its individual characteristics (Kennedy et al., 2010;
Mallon, 2012). Discussed below are several ergonomic programs and approaches which, as the
evidence indicates, are effective in reducing the hazards associated with MSD development.

With an overwhelming number of ergonomic programs and approaches which are
available today, it is understandable that an organization may be unsure which ergonomic control
methods are effective. A comprehensive study conducted by Kennedy et al. (2010)
systematically reviewed over 15,000 articles and academic papers based on ergonomic
prevention programs. During the course of the review, Kennedy et al, (2010) excluded all but 36
studies due to relevance and quality of the methodology used during the research. The remaining
articles were analyzed for evidence where MSD prevention approaches were the most effective.
The conclusions reached in this study indicated that workstation design (engineering controls)
coupled with ergonomic training for workers (administrative solutions) were the most effective
in producing a positive change in symptoms of MSD’s (Kennedy et al., 2010). This study
proposes that an ergonomically correct workstation, combined with providing the knowledge of
safe and efficient work habits to employees, will provide the greatest results to reduce MSD-
related symptoms.

There are a multitude of approaches utilized to control ergonomic stressors which may be
present at a workstation. However, there are several methods commonly used when the presence
of MMH handling is potentially exposing an organization’s workers to MSD’s. A particular
engineering control, which may limit employees’ exposure to MMH tasks, is the implementation
of mechanical devices designed to assist the worker in lifting-related activities. However,
evidence suggests that these devices possess unique characteristics which could potentially

expose the employee to additional ergonomic stressors. The utilization of a power-assisted
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device to reduce the weight stress which is placed upon the worker may negatively impact the
productivity of the workstation due to the extra time required to manipulate the controls. To
negate the potential for reduced productivity, an automated system may be implemented to
control the pacing of the task. The conditions present in an automated pacing system coupled
with a power-assisted device, according to Nussbaum & Chaffin (1999), may expose the worker
to ergonomic stressors associated with MSD’s. The study conducted by Nussbaum & Chaffin
(1999) concluded that an automated pacing system where workers utilize a material handling
manipulator may pose similar adverse conditions as when no mechanical device is present.
While the level of weight stress is reduced on the individual worker, the effect of an automated
process places an increased amount of forces on the hands used to manipulate the device, as well
as lateral and sheer forces on the spine in order for the employee to maintain the predetermined
production pace. When the automated pacing system is replaced with a self-paced process, the
evidence indicates a reduction in the MSD-related stressors (Nussbaum & Chaffin, 1999). If an
organization’s ergonomic program includes implementing power-assisted devices in its manual
material handling tasks, it must resist the temptation to increase efficiency by establishing a
pacing standard which may expose the worker to additional hazardous conditions.

A significant administrative solution which is associated with a successful ergonomics
program is the inclusion of employees. Larsson & Nordholm (2008) assert employees view
themselves as the primary individual responsible for MSD’s and generally do not hold employers
accountable. This attitude should be capitalized on by employers to foster engagement of the
employee to participate in an ergonomic program. The evidence displays an organization that
includes employees in the development and continued operation of an ergonomic program will

improve the communication between management and staff, as well as provide for an effective
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approach to minimize the prevalence of MSD’s (Boynton & Darragh, 2008; Laing et al., 2007;
Wells, 2009). Employees could be considered one of the most valuable resources a company
possesses to produce its products and services and such workers should be called upon to assist
the organization in establishing programs with the intent of preventing MSD-related illness and
injuries due to adverse working conditions.

By combining employee involvement and ergonomic training with the goal to reduce the
prevalence and severity of MSD in the workplace, establishing a pre-shift stretching routine for
personnel engaged in MMH is a reasonable administrative solution. The research conducted by
Hess and Hecker (2003) asserts that a pre-shift stretching routine, consisting of specific criteria,
may reduce the MSD-related symptoms experienced by employees. The research suggests that
employing a stretching program which targets the specific area of the body exposed to
ergonomic stressors as part of the work-related task is the most effective. Additionally, a
preliminary warm-up routine consisting of aerobic activity, such as walking in place, prior to the
stretching routine may be beneficial (Hess & Hecker, 2003). Not all types of stretching are
recommended and only certain methods are suggested. For example, the ballistic technique,
where the muscle is bounced while stretched, is not recommended and may cause injury. The
preferred technique is the static stretching method and is safe and effective as well as simple to
learn and perform. The pre-shift stretching routine is optimized when performed at least two or
three days per week and coordinated by trained professionals. Each stretch, that targets the
muscle group which is at the greatest risk of injury, should be held for 15 to 30 seconds and
repeated three to four times (Hess & Hecker, 2003). A pre-shift stretching routine, which
requires an up-front investment in time and resources, may benefit the organization in reduced

occurrence and severity of work-related MSD’s for employees who engage in MMH tasks.
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Summary

There is sufficient evidence to indicate that quality ergonomic programs are an important
part of an organization’s attempt to limit its exposure to human-based losses due to the presence
of MSD’s within its workforce. With the increasing costs of healthcare and the pressure for an
organization to continuously streamline its operating expenses, an effective ergonomics program
may potentially be a vital method of reducing costs and increasing worker efficiency. Even the
humanitarian point of view deserves consideration in developing an ergonomics program. In the
increasingly competitive business world, the approach in which an organization sets itself apart
from others by recognizing the importance of employee’s health may lead to the attraction of
higher quality personnel.

Hazardous conditions such as high forces, awkward postures, lengthy exposure time, and
repetitive movements may lead to workers to develop MSD’s. While there are a multitude of
ergonomic assessment tools available, this paper highlighted the NIOSH Revised Lifting
Equation, Snook Tables, and the ETAW as the methods that are effective and relatively easy to
use. If these assessment tools are properly utilized in conjunction with accurate instrumentation
and the high risk tasks identified, the controls implemented may reduce the occurrence of MSD’s
as well as potentially increase the efficiency of the workstation. When MSD’s are reduced and
the workstation efficiency is increased, it is reasonable to conclude the organization’s loss-based

expenses will decrease and its worker’s efficiency will be enhanced.
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Chapter II1: Methodology

The purpose of this study was to analyze conditions at the assembly line unloading
workstation in Company XYZ’s Finishing Division to determine if such posed an ergonomic risk
to associated employees. In order to collect a reasonably sufficient quantity of information, with
the goal of determining the level of risk in relation to ergonomic stressors present at this
workstation, several data collection methods and assessment tools were employed. This chapter
will review the subject selection process, the instrumentation utilized for data collection, which
assessment tools were employed, as well as outline the methods developed for administration of
this analysis. Additionally, this chapter will discuss the limitations of this study.
Subject Selection and Description

The sample population of this study is limited to individuals tasked with removing a
manufactured metal product from an overhead conveyor line and stacking such on a shipping
pallet. The assembly line unloading workstation is divided into two substations which are
staffed by one employee each and are supplied finished product from a single overhead conveyor
line. For the purposes of this study, Substation A was designated as the first location to receive
manufactured metal products from the overhead conveyor. Substation B was the second location
to receive manufactured metal products from the overhead conveyor. The employees in the
Finishing Division of Company XYZ alternate among several locations, including the assembly
line unloading workstation. Workstation designations are typically assigned at the beginning of
each shift based on the seniority of the workers. Due to the limited production capacity of this
facility, only two workers were engaged in this activity during the data collection phase of this

analysis. The worker located at Substation A was a 33 year-old male, approximately 160 pounds
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and five feet, ten inches tall. Substation B’s worker was a 36 year-old male, approximately 210
pounds and five feet, 11 inches tall.
Instrumentation
In the initial stages of the ergonomic analysis of the assembly line unloading workstation,
digital video, still photographic images, temperature readings, object mass, as well as linear and
angular measurements were obtained by utilizing the following instrumentation:
e Digital camera and video recorder — devices used to capture still and moving images.
e Tape measure — a tool which measures linear distances.
¢ Infrared thermometer — a device which measures the level of thermal radiation produced
by an object.
e Manual goniometer — a protractor-type tool which is used to determine the angle of the
body’s joints.
e Single axial force gauge — a device which measures the amount of force required to move
or lift an object.
Ergonomic Assessment Tools
The second phase of data collection for this study involved the utilization of three
ergonomic assessment tools to ascertain if the workstation contained adverse conditions which
may potentially cause workers to develop MSD’s. The ergonomic assessment tools utilized for
this study were the Ergonomic Task Analysis Worksheet, the NIOSH Revised Lifting Equation,
and the Snook Tables. The ETAW was utilized as a preliminary analysis to determine if adverse
conditions were present within the assembly line unloading workstation and highlight those areas
which may pose the highest risk associated with employees developing MSD’s. Subsequently,

the NIOSH Revised Lifting Equation was administered to determine the extent of risk associated
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with the task and established the recommended weight that the workers should be allowed to lift
during the completion of this activity. Finally, the Snook Tables were utilized to highlight the
adverse conditions present at the workstation by identifying the limited percentage of the human
population that could safely complete the task. Additionally, the Snook Tables were utilized to
establish a guideline for recommendations when redesigning the assembly line unloading
workstation to accommodate a larger percentage of workers, while simultaneously decreasing the
employee’s exposure to adverse ergonomic conditions.
Data Collection Procedures

The following procedures were utilized to collect the necessary data for the purposes of
an ergonomic analysis of the assembly line unloading workstation:

1) An appointment with Company XYZ’s was coordinated with the safety and health
manager, production supervisor, and human resources office to determine an appropriate
time to conduct the study.

2) Approximately 30 minutes of video and 25 still photographs of the workstation were
obtained from various angles of workers performing the task.

3) Workstation measurements were acquired on-site by utilizing a tape measure, an infrared
thermometer, and a single axial force gauge. Linear measurements were documented in
feet and inches, temperature readings were recorded in degrees Fahrenheit, and objects’
mass were obtained in pounds.

4) The video and photographic images were reviewed to determine the workers’ body
positioning, joint angles, and task-cycle rates.

5) The data was applied to ETAW, NIOSH Revised Lifting Equation, and Snook Tables.
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6) Several years of pertinent records were reviewed to obtain relevant information regarding
worker compensation premium payments, medical claims, illness and injury reports, as
well as employee staffing levels and attrition rates.

Video and photographic images collection procedures. The digital video recorder was
affixed to the top of a five foot tripod and positioned at ground level approximately 25 feet from
the assembly line unloading workstation in such a manner to include both substations within its
unobstructed field of view. Still photographic images were manually obtained utilizing a digital
camera from multiple angles and distances throughout various stages of the task.

Workstation measurement procedures. The workstation environmental conditions
were obtained utilizing various instrumentations. Linear dimensions were acquired using a tape
measure and recorded in feet and inches. Temperature readings were acquired by utilizing an
infrared thermometer by aiming the laser at sample of three manufactured metal products
approximately one second prior to a worker removing it from the overhead conveyor line. The
temperature readings were recorded in degrees Fahrenheit. A single axial force gauge was
utilized to obtain the mass of the manufactured metal product. The random sample of three
manufactured metal products was removed from the assembly line and the weight of each piece
recorded in pounds. A mean weight was determined from the samples of manufactured metal
products and the average was utilized for all ergonomic-related calculations.

Ergonomic Task Analysis Worksheet procedures. The video and photographic images
were reviewed and the conditions applied to the criteria included on the ETAW. Each section
(repetition, posture, vibration, reach/proper height, force, static loading and fatigue,
pressure/contact stress/repeated impacts, lifting and material handling, and environment) of the

ETAW was completed in a manner consistent with the procedures described within the
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assessment tool. The results were utilized to determine if the conditions present at the
workstation corresponded with the predetermined criteria in order to be classified at the ideal,
warning level/monitor, or take action category. Only the conditions that corresponded to the
warning level/monitor and take action sections of this assessment tool were analyzed for
corrective solutions.

Revised NIOSH Lifting Equation procedures. Precise linear dimensions of the
conditions present at the assembly line unloading workstation were acquired and recorded. The
video and photographic images were reviewed to obtain measurements with regard to the
asymmetric angle of spinal twisting as well as hand coupling conditions. Measurements were
then applied to the NIOSH Lifting Equation in a manner consistent with the procedures as
previously described in Chapter Two with the purpose of determining the RWL. The average
weight of the manufactured metal product and the RWL were applied to the appropriate equation
to determine the LI a manner consistent with the procedures previously described in Chapter
Two.

Snook Tables procedures. Since the duties at the assembly line unloading workstation
is primarily divided into three separate activities of an initial lifting phase, a carrying task, and a
lowering action, three corresponding Snook Tables were utilized. Additionally, the tables are
separated into a male (M) and a female (F) category. For the purposes of this study the flowing
tables were utilized:

e Table 2F — Female population percentages for lifting tasks ending between knuckle and
shoulder height (approximately 28 inches and above to no more than 53 inches).
e Table 2M — Male population percentages for lifting tasks ending between knuckle and

shoulder height (approximately 31 inches and above to no more than 57 inches).
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e Table 11F — Female population percentages for carrying tasks.
e Table 11M — Male population percentages for carrying tasks
e Table 5F — Female population percentages for lowering tasks beginning between knuckle
and shoulder height (approximately 28 inches and above to no more than 53 inches).
e Table SM — Male population percentages for lowering tasks beginning between knuckle
and shoulder height (approximately 31 inches and above to no more than 57 inches).
Linear distances, cycle rates, body positioning and object’s weight were applied to the table in a
manner consistent with procedures described in the Liberty Mutual Manual Materials Handling
Guidelines.

Document review procedures. Company XYZ’s records were reviewed for relevant
information regarding its WC insurance premiums, medical claims, illness and injury reports, as
well as employee staffing levels and attrition rates. Four years of WC insurance premiums and
direct medical payments were analyzed and compared with the State of Wisconsin’s metal goods
manufacturing industry averages. The OSHA 300 logs for the previous four years, or similar
documentation, were reviewed and only the illness and injury reports which occurred at the
assembly line unloading workstation were recorded. Four years of former Finishing Division
employee files were reviewed to determine the worker attrition rate of those personnel.
Limitations

The following limitations were present throughout this study:

e Due to Company XYZ’s industrial trade secrets and privacy concerns, no identifiable
information regarding this organization, its employees, and the specific products

manufactured was described.
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All of Company XYZ’s loss-based data and personnel information was provided in a
summary format and not obtained from the originating documents.

Due to the organization’s policy of worker task rotation, loss-based records and personnel
attrition rates included employees within the entire Finishing Division of Company XYZ.
The worker compensation premium rates identified were company-wide and not
specifically attributed to the Finishing Division or assembly line unloading workstation.
This ergonomic analysis is limited to the conditions present, including the workers and
the specific metal manufactured product which was being unloaded, at the workstation

during data collection phase of the study in early to late November of 2012.
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Chapter 1V: Results
The purpose of this study was to analyze conditions at the assembly line unloading
workstation in Company XYZ’s Finishing Division to determine if such posed an ergonomic risk
to associated employees. In order to realize this purpose, the following three goals were
established:
¢ Analyze the assembly line unloading workstation by utilizing various ergonomic
assessment tools.
e Review the company’s illness and injury records to determine the extent of reported
musculoskeletal disorders.
e Review the company’s worker compensation and personnel records to determine
insurance premium rates, medical payments, and employee turnover.
This chapter will review the information obtained during the data gathering phase of this study.
All information was obtained by utilizing the procedures outlined in Chapter III of this paper.
The procedures included obtaining and reviewing video and still photographic images, acquiring
workstation measurements, and applying the conditions to several ergonomic assessment tools.
Additionally, several years of Company XYZ’s loss-related records and personnel files were
reviewed for relevant data.
General Workstation Description
The assembly line unloading workstation is located in the Finishing Division of Company
XYZ. This workstation is the final step in the manufacturing procedure when workers manually
remove the finished item from the overhead assembly line after it emerges from the powder
coating process. The manufactured metal product is then manually stacked on a wooden pallet to

prepare for shipping.
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The workstation’s floor was constructed of concrete which appeared to be free of
obstructions or significant variations in elevation. A 48 by 60 inch anti-fatigue mat was located
in-line with the conveyor at each of the two substations. Atmospheric temperature at the
workstation was approximately 68 degrees Fahrenheit and the lighting appeared to be at an
adequate level for completing the task. Each manufactured metal item weighed approximately
65.5 pounds (see Table 1), is constructed of 2.75 inch round steel tubing, measured 40.25 inches
in length, and was coated in a glossy paint. A triangular steel plate was joined to each end of the
manufactured metal product in a manner which places it perpendicular to the tube. The steel
plate measured 16 inches at the widest end and tapers off to 2.75 inches at the point where it is
attached to the tubing. At the wide end of each plate, the steel is bent at a 90 degree angle so to
form a two-inch lip. Surface temperature of the manufactured metal products being removed at
the assembly line unloading workstation ranged from 86.7 and 95.3 degrees Fahrenheit.

Both assembly line unloading substations were supplied manufactured metal products
from a single overhead conveyor system at a constant rate of six to seven pieces per minute. The
assembly line was a single-row, overhead conveyor system which was located approximately
eight feet above ground level. Metal hooks were attached to the conveyor system in order to
suspend a single manufactured metal product by one of the predrilled holes in the two-inch lip of
the steel plate. Workers were unable to control the rate at which the manufactured metal
products are supplied to the assembly line unloading workstation. An emergency shutoff switch
was located approximately 25 feet from substation A and was easily accessible. As the
manufactured metal product approached the assembly line unloading workstation, the worker
occupying Substation A manually removed the item in such a manner which allowed several

pieces to reach Substation B. Each manufactured metal product must travel an additional 15 feet
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to arrive at Substation B. Both workers typically performed the task at a pace which was faster
than the conveyor provided the manufactured metal product. This caused a need for the workers
to walk an even further distance to remove the product from the assembly line and return to the
shipping pallet.

Once removed from the overhead conveyor, the manufactured metal product was then
placed on a wooden pallet to prepare the item for shipping. Both substations were equipped with
an automatic machine which wrapped the fully loaded shipping pallet with plastic. Each fully
loaded pallet contained 20 manufactured metal items, stacked in four rows of five pieces. A
single five-inch high wooden shipping pallet was located on a three-inch thick rotating platform.
The rotating platform was used by the automatic wrapping machine to spin the loaded pallet
while the plastic was fed from the roller. No type of caging or guarding was present at the
automatic wrapping machine. After the wrapping was complete, a powered industrial truck
removed the fully loaded shipping pallet. The worker then placed a new shipping pallet on the
automatic wrapping machine platform to repeat the process. The entire process is repeated
approximately every seven minutes. Slight deviations of procedures were observed, depending
on the distance workers walked to retrieve the manufactured metal product and the number of
rows of product on the shipping pallet. However, the following descriptions are a generally
accurate depiction of the procedures at each substation.

Table 1

Manufactured Metal Product Weights

Sample Sample #1 Sample #2 Sample #3 Average

Weight 65.5 65.5 65.5 65.5
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Substation A Task Description

The worker, while wearing cotton gloves with a non-slip coating, approached the
assembly line until his body was approximately six to eight inches from the suspended
manufactured metal product. He flexed his lumbar region of the spine approximately 10 degrees
while simultaneously reaching with both arms to grasp the product. His right shoulder flexed to
approximately 30 degrees while the right elbow was flexed to 50 degrees. The right forearm and
wrist maintained a neutral position as the hand utilized a wide grip to grasp the manufactured
metal product at a position approximately eight to 10 inches below the top of the object. His left
shoulder remained in a neutral position while the elbow flexed to approximately 160 degrees.
The worker’s left forearm rotated to a fully supinated posture while the wrist was extended to 45
degrees as the worker grasped the two-inch lip of the steel plate. He lifted the manufactured
metal product approximately four to five inches until the item disengaged from the hook.

Once the manufactured metal product was free from the hook, the worker rotated the item
to a horizontal position. The worker’s right shoulder was in a neutral posture and the elbow
flexed at 90 degrees while the corresponding forearm was rotated to a fully supinated position,
supporting the product. His left hand remained gripping the two-inch lip at the end of the
product which caused the worker’s shoulder to abduct from the body by approximately 30
degrees. The worker then walked approximately seven to 15 feet until he reached the shipping
pallet. As the worker approached the pallet, he stepped up on the three-inch platform and
positioned himself directly in front of the pallet. The worker flexed both knees to approximately
150 degrees while simultaneously flexing the lumbar region of the spine to 50 degrees. He

flexed both shoulders to approximately 90 degrees and fully extended the elbows to place the
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manufactured metal product upon the shipping pallet. This process is then repeated until the
shipping pallet is fully loaded.
Substation B Task Description

The worker, while wearing cotton gloves with a non-slip coating, approached the
manufactured metal product until his body was approximately four to six inches from the item.
His spine maintained an upright posture while he reached out with both arms to grasp the
product. The worker’s right shoulder flexed to approximately 20 degrees while the elbow flexed
to 70 degrees. His right forearm and wrist maintained a neutral position as the hand utilized a
wide grip to grasp the manufactured metal product at a position approximately eight inches
below the top of the object. The worker’s left shoulder remained in a neutral position while the
elbow flexed to approximately 160 degrees. His left forearm rotated to a supinated posture and
the wrist was extended to 45 degrees as the worker grasped the two-inch lip of the steel plate.
The worker lifted the manufactured metal product approximately four to five inches until the
item disengaged from the hook.

Once the manufactured metal product was free from the hook, the worker rotated the item
to a semi-horizontal position. His right shoulder remained in a neutral posture and the elbow
flexed at 90 degrees while the corresponding forearm was rotated to a partial-supinated posture,
supporting the product. The worker’s left hand remained gripping the two-inch lip at the end of
the product and the left shoulder was positioned in a neutral posture. His left elbow was flexed
to 120 degrees and the corresponding forearm was in a supinated position. The worker then
walked approximately 7 to 15 feet until he reached the shipping pallet. As the worker
approached the pallet, he stepped up on the three-inch platform and positioned himself directly in

front of the pallet. The worker flexed both knees to approximately 135 degrees while flexing the
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lumbar region of the spine to 90 degrees. He flexed both shoulders to approximately 90 degrees
and fully extended the elbows to place the manufactured metal product upon the shipping pallet.
The process is then repeated until the shipping pallet is fully loaded.

Ergonomic Analysis of the Workstation

The video and still images were reviewed and the measurements evaluated in order to
analyze workstation conditions with the intent to identify the possible presence of ergonomic
stressors. Each of the ergonomic assessment tools were utilized in a manner consistent with the
methodology outlined in Chapter Three. First, the Ergonomic Task Analysis Worksheet
(ETAW) was completed as a preliminary assessment to highlight the most severe conditions
which may cause workers to develop MSD’s. Second, the NIOSH Revised Lifting Equation was
applied to determine the recommended weight limit (RWL) and the lifting index (LI) associated
with the task. Third, the Snook Tables were utilized to identify what percentage of the human
population could reasonably be expected to complete this task in a safe manner. The following
information is a result of these assessment tools.

Ergonomic Task Analysis Worksheet results. The ETAW identified conditions which
corresponded to the criteria in the ideal, warning level/monitor, and take action sections.
Conditions at both substations were individually applied to the ETAW and results for each were
analyzed. An analysis of both completed ETAW’s (see Appendix B) revealed that Substation A
and Substation B contained identical conditions which may be likely to cause workers to develop
MSD’s. The conditions which corresponded to the most severe risk (take action) section are:

e Repetition (1B)
e Hand Posture (5B)

e Wrist Posture (6A and 6B)
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Reach (9A, 9C, 10A, 10B, and 10C)

Force (11B, 12B, 13A, 13B, 14B, and 16B)
Static Loading (19B)

Pressure/Contact Stress/Repeated Impacts (20B)
Lifting and Material Handling (21B)

Environment (24B)

The conditions which correspond to the moderate risk (Warning Level/Monitor) section are:

Reach (9D)

Force (17A)

Static Loading (18A)
Environment (27A, 29A, and 30A)

Revised NIOSH Lifting Equation results. The Revised NIOSH Lifting Equation was

utilized to calculate the RWL and LI. Each of the two substations of the assembly line unloading

workstation was analyzed separately (see Appendix C). It appears the RWL is considerably less

than the actual weight of the object lifted and the LI is significantly greater than the target value

of 1.0 for both substations (see Table 2).

Table 2

RWL and LI for Substation A and Substation B

R.ev.lsed NIO.SH Substation A Substation B
Lifting Equation
. Phase II . Phase II
Phase I (Lift) (Lower) Phase I (Lift) (Lower)
RWL 7.2 4.7 8.2 4.7

LI 9.2 14.0 8.0 13.9
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Snook Tables results. The Snook Tables were utilized to determine what percentage of
the human population could reasonably be expected to complete this task in a safe manner. A
review of the completed Snook Tables (see Appendix D) suggests that a significant portion of
the population is unable to perform the task at the assembly line unloading workstation.
According to the results, only 16 to 48 percent of males would be expected to complete the task
safely. Additionally, the results indicate that less than 10 percent of females are expected to be
able to perform any portion of this task safely (see Table 3).

Table 3

Percentages of the Human Population that Could Perform the Task Safely

Snook Tables Substation A Substation B
Male Female Male Female
Table 2 (Lift) 38% <10% 38% <10%
Table 11 (Carry) 22% - 49% <10% 22% - 49% <10%
Table 5 (Lower) 16% - 29% <10% 16% - 29% <10%

Document Review

Several years of records were reviewed to obtain the worker compensation (WC)
insurance premium rates for Company XYZ. These rates are expressed in number of dollars per
$100 of payroll and benefits paid to employees. This indicates for every $100 the company pays
to its employees for wage and benefit-related expenditures, an additional amount is paid to the
applicable insurance company in WC premium. In Table 4, several years of Company XYZ’s
WC premium rates (including the experience modifier) were compared to that of the average

metal good manufacturing (MGM) business located in the State of Wisconsin (WIDWD, n.d.).
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While 2008’s WC rate was significantly higher than the others, 2009 through 2011’s seems to be
consistent with the average MGM business.
Table 4

Comparison of the WC Premium Rates for the Average Wisconsin MGM Business and

Company XYZ
WC Premium Rates 2008 2009 2010 2011
Alv\jré‘f/f gl E;c:;:m $8.41 $8.41 $8.68 $8.05
Ex;j:ringr)lir;yl\/)[(ozizﬁer 1.59 1.02 1.01 95
Company XYZ $13.37 $8.58 $8.77 $7.65

WC Premium Rate

Additionally, direct loss-related data for the employees engaging in duties at the
assembly line unloading workstation were reviewed. From 2008 through 2011 assembly line
unloading workstation employees experienced a total of six (see Table 5) OSHA Recordable
illnesses and/or injuries. The six injuries and/or illnesses resulted in $7,784 of direct costs that
were paid by the WC insurance. While there was a minor WC payout in years 2008 and 2010,
there were several significant payments in 2008, 2010, and 2011. Three of the six incidents
resulted in $6,589 in payments, which translates into that half on the illnesses and injuries were
responsible for approximately 85 percent of the WC payouts for the years 2008 through 2011.

The nature of each illness and injury were not reviewed for the purposes of this study.



Table 5

Worker Compensation Payouts for Years 2008 Through 2011.
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2008 2009 2010 2011

Injury #1 Cost $120 $834 $240 $1,173.31

Injury #2 Cost $2,211.51 - $3,205.58 -
Total Cost $2,331.51 $834 $3,445.58 $1,173.31

Finally, the personnel files of previous employees of Company XYZ’s Finishing Division

were reviewed to establish the attrition rate of associated workers. The number of Finishing

Division employees was compared with the amount of workers that voluntarily resigned from the

company or transferred to another department (see Table 6). It appears Company XYZ increased

its staffing levels in 2011, while at the same time as experiencing a reducing in its attrition rate.

However, for years 2008 through 2010, the attrition rate was at significant levels from15 to 30

percent turnover. This information does not include involuntary terminations or temporary,

limited-term project hires. Specific reasons for the employees’ voluntary resignations or

transfers were not recorded.
Table 6

Finishing Division Employee Attrition Rate.

2008 2009 2010 2011
Number of 23 20 26 34
Employees
Employees Quit or
Transferred 7 3 7 2
Attrition Rate 30.4% 15% 27% 6%
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Chapter V: Conclusions and Recommendations
The purpose of this study was to analyze conditions at the assembly line unloading

workstation in Company XY Z’s Finishing Division to determine if such posed an ergonomic risk
to associated employees. Initially, this study established three goals to accomplish in order to
determine the risk associated with the assembly line unloading workstation. These goals were to
evaluate the workstation for ergonomic stressors, review the company’s illness/injury records,
and analyze appropriate personnel records. Second, a comprehensive literature review was
conducted to gather relevant information regarding ergonomics, manual material handling, and
musculoskeletal disorders. Additionally, the literature review provided information on various
assessment tools and methods available to analyze workstations for ergonomic stressors. Third,
a worksite survey was completed at Company XYZ’s Finishing Division utilizing several data
collection methods and instrumentations. Finally, the data gathered during the survey was
applied to the ergonomic assessment tools and analyzed for conditions which may cause workers
to develop MSD’s. The remainder of this chapter will discuss conclusions which may be drawn
from the collected data as well as provide possible solutions in order to reduce the probability of
employees being exposed to conditions which may lead to the development of MSD’s.
Conclusions

Based upon the analysis of the various ergonomic assessment tools as well as a review of the
associated literature, it is reasonable to conclude there are conditions present at the assembly line
unloading workstation which are placing workers at a risk of developing MSD’s. This
conclusion is based on the following data gathered during a worksite survey:

e According to the Ergonomic Task Analysis Worksheet, 25 workplace conditions met the

criteria to be classified as warning level/monitor or take action. Further analysis of the
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ETAW revealed these conditions to be primarily (21 out of 25 conditions) related to the
presence of extreme forces, deviated postures, and high repetition.

The Revised NIOSH Lifting Equation recommended the maximum weight a worker
should be allowed to lift, while completing a task similar to the assembly line unloading
workstation, is between six and seven pounds. While the products manufactured by
Company XYZ can vary greatly in weight, they are all above the recommended limit as
proposed by this assessment tool. The results indicate that the phase which poses the
highest amount of risk is the lowering portion of the task. The extent of the risk
associated with the lowering portion task can be evidenced by the lifting index, which
was factored to be 13.7 and 14 for Substation A and Substation B respectively.

The results from the Liberty Mutual Manual Materials Handling Guidelines (Snook
Tables) indicated that less than 10 percent of the female population are able to perform
the task safely. Additionally, the results also indicate only 16 to 49 percent of males
could be able to perform this task safely. However, the 49 percent number is slightly
misleading as this represents only the number of males who could perform the carry
portion of the task safely. Once again, the analysis reveals that the lowering portion of
the task is the highest risk for which only 16 to 29 percent of males could perform the job
safely.

During the worksite survey phase of the task, it was observed the anti-fatigue mats were
not utilized in a manner for which they were intended. The workers did not maintain a
consistent position on the mat to gain an appreciable level of benefit. Additionally, the

mats were placed directly in the path of the workers while walking to remove a
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manufactured metal product from the conveyor. This presented a possible tripping
hazard due to the slight change in elevation of the walking surface.

The gloves being utilized by the workers provided minimal cut and force protection from
the edge of the lip located on the manufactured metal product’s steel plate.

The illness and injury records of Company XYZ revealed that over the course of four
years, the assembly line unloading workstation produced six injuries and caused over
$7,700 in WC payments. While this amount represents money paid by the insurance and
not a direct payment by Company XYZ, it affects overall expenses by increasing the cost
of the WC premium. A reduction in the dollar amount paid by WC insurance may have a
positive effect by reducing the overall premium paid by Company XYZ.

Insurance records indicate that Company XYZ’s WC premium rate was significantly
above that of the state’s average metal goods manufacturing businesses in 2008. In the
following years, 2009 through 2011, the WC premium rate remained consistent with the
state average. While the rates that were referenced applied to the entire facility, losses
incurred at the assembly line unloading workstation contribute to this number and
mitigating MSD’s related to this task may potentially reduce the company’s overall WC
premium.

The personnel turnover rate indicates that the Finishing Division experienced an average
attrition rate of approximately 20 percent from the years 2008 through 2011. When
utilizing the $14,000 expense figure cited by O’Connell and Mei-Chuan (2007) as the
price to replace a manufacturing employee, the financial burden of replacing those 19

workers, which voluntarily resigned or transferred out of the Finishing Division, can be
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estimated to cost Company XYZ approximately $266,000 over those corresponding four
years.
All three primary ergonomic risk factors, as previously discussed in this paper, were present at
the assembly line unloading workstation. Those primary risk factors, as well as the associated
activities, are listed as follows:

e High forces, due to the weight of the manufactured metal product.

o Awkward posture, due to adverse body positioning (spinal flexion; shoulder flexion,

extension, abduction).

e High repetition, due to the worker’s completing six to seven task cycles per minute.
Additionally, the following conditions present at the assembly line unloading workstation may
also increase the risk to employees are listed as follows:

e Duration, due to the workers performing this task for an entire eight-hour shift.

e Sharp edges, due to the worker utilizing the 90 degree lip present on the manufactured

metal product to lift/carry the object.

e The worker standing/walking on concrete for an entire shift without the benefit of an anti-

fatigue mat.

e The worker could be struck by the unguarded automatic wrapping machine while in

operation.
Recommendations

It is recognized that Company XYZ is in the business of manufacturing a metal product
and certain aspects of this process may inherently pose a risk to employees. However, it is
reasonable to conclude that there are certain aspects of this task that may be modified to reduce

the worker’s overall exposure to potentially harmful conditions, therefore, providing a safer work
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environment and possibly increasing the workstation’s efficiency. Therefore, the following
recommendations are proposed with the intention of improving the conditions which would
effectively reduce or possibly eliminate certain ergonomic stressors which are placing workers at
a risk of developing MSD’s:

e Establish and communicate a comprehensive ergonomics program which demonstrates
the Company XYZ’s commitment to a safe and healthy workplace. The ergonomic
program, at a minimum should include the following:

o Top management support expressed by adequately funding reasonable ergonomic
initiatives.

o Employee involvement through basic ergonomic training and establishing a
process for recommending improvements.

o Create an assessment process to identify ergonomic hazards associated with each
task.

o Maintain accurate ergonomic-based program records such as trainings, losses-
related data, recommendations, and accomplishments.

e Raise the wooden shipping pallet to approximately the employee’s waist height. This
would significantly reduce the amount of awkward postures the worker must perform
during the lowering portion of the task. It is recommended to utilize a powered
adjustable scissor lift-type device as the pallet’s surface may be optimized to
accommodate multiple workers’ heights. Additionally, by utilizing a self-adjusting
scissor-lift, the work surface may be raised or lowered as needed when stacking multiple

rows of the manufactured metal product on the shipping pallet.
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Add an additional employee to each substation to reduce the number of task cycles the
worker is required to perform. Additionally, the extra worker would be available to
utilize a two-person lift on heavy objects.

Establish an employee rotation schedule which limits the worker’s time at this
workstation to no more than four hours per day.

Instruct the workers on basic ergonomics. This training may include MSD warning signs
as well as the optimal body postures and lifting/lowering procedures.

Establish a short (approximately 10 minutes) pre-shift stretching routine to allow proper
warm-up of the worker’s muscles.

Institute guidelines which state the workers are not to approach the conveyor to remove
the manufactured metal product until it arrives at the corresponding substation. This will
reduce the distance the worker must travel while carrying the heavy load.

Supply each worker with a pair of gloves with a non-slip coating as well as extra
padding, similar to the Youngstown Mechanic’s Glove. This will protect the worker’s
hands from the pressure caused by the hard edge of the manufactured metal product’s lip
and from any residual heat retained by the product after emerging from the powder
coating process. The non-slip coating will provide extra grip for the worker when
handling the manufactured metal product.

Remove the anti-fatigue mat from the workstation and supply each worker with an anti-
fatigue overshoe similar to the Ergomates Soles. This will provide the benefits of an anti-

fatigue mat while allowing the worker increased mobility at the workstation.
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Recommendations for Additional Research

This analysis was limited to the specific conditions present at this workstation.
Additional analysis may be beneficial to Company XYZ to provide greater detail regarding other
solutions. The areas of additional research may include:

e Possible implementation of a powered assisted lifting device to reduce the load weight of
the manufacture metal product.

e Redesign of the entire conveyor system which would allow the workers to control the rate
that the products are supplied to the assembly line unloading workstation, without
impacting amount of time the product is exposed to the powder coating process.

e Possible implementation of a robotic device which could automate the process to remove
the manufactured metal product from the assembly line and stack the item on a shipping
pallet.

e Design an enclosure for the automatic wrapping machine so as to prevent workers from

being struck by the spinning load while the unit is in operation.
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2. Knees aze straighl, 2A. Knees partly 2B. Squatting = 3 kis/day E':';
iz nnt “pcked. bt ; “
Back iz wurigld and ;*'Il
strafght. No twiszing, 25, Kneeling = 3 hre/day ._.L
maching or bending. —
(See seaching
26, Using & foer pedal }H
Sitting Sitking Sitting

3. Back and kegs
supporterk by
romfmtabie chair.
Feet are Fal or
flonk or faot rest.

1A, Back iz anly
parsially suoported
ar feet ara rot flat,

6. Little suppart for
legs and hack,
Feet el not
taurh flanr,

Head/Meck

4. Hrac and noeck
are uprghl and
<tright

Head/Meck
4k, Ber: forward bess than 2C°

Head/Neck

4f, Bent farward more than 20°
= 3 hesddoy




Posture {(rontinned)

| Tdeal: 5 oS SR SE CWarning Level < Moaitor - i Rake Ackom (. cF oo

Head/Neck

4. Head and meck
are uprght and
straight

Head /Neck
4B. Bent back less than 107

y
7

1

Head/Neck
4e. Bont back mare than 10°

14

4, Bent sideways less than 20°

L1

e

4C, Bant sideways ware than 20

!_.
L 4D, Twisting rerk less than 20°
!

4D, Twisting neck mo-e than 20°

o JARAL

Y

Hands
f,  Palins are vertical
{handshake position)

WA, Mands rotats less than 20°

! Hands 1

Hands
54, Hands rotate more cher 20°

(&

Wrisis
i, Wrists ane straight

&3

A
5
Wrists

BA. Wrists are bent Delween
5 and 30 {imes per min:te
and bent less than 20°

F' =
ﬂi;lwn 3% -

mag‘m

&
Wrisis

a4, Wrists are bent more than
30 Limes per miniite ar
bent more Lhan 20‘

S EE
W

-
Fooxion

BB, Wrisls inove sidsways
betweaun S and 30 tinges pe
minute and less than 20°

GB. Wrists move sifeways more
tean 30 times per minute or
rare than 20°

ulnar rr%_—) I.Ilull'
I = :
radfal B radial
YibraHom {Cher: with toal menufeclugr tor racammerdal tis or warings.>
Sfdeal s Tl 2, Warndng Level - Momitor - - ZTake Action .. - 0 " F

f. Mo hand or arm vibration

TA. Ocrasional hand nr
a-m vibrazion

7B. Constant hand or
ame wibration

B e —

8. HNo whole body vibration

84, Uccasional whole body

’ vibration

B8B. ConstanL whule body
vibration

e

63



Reach/®roper Height

£.  Work sheuld be performed 9A. Arrmis forwand w3 te
at 907 o1 slohtly above of A% pr trequently
bedow et f2eel mairilainesd

outside af the

srdeal position

mare than 457
or consanlly
matntained
antsire nf -he

= & hsfday ideak Josition
= 3 hrs/day
OB. Arms back up to 4B, Arms back mars
20° and g Mone thas 207 ot more L
thart 2-£ times than & times
[IOF F et e mirmete
= & hrsfday = 3 hrsday

aC. Elbaws bent more
than 25% above
or balow the
ideal apsition
= 3 |ws/day

9C. Elbows bhent up
Lo 25% abowe
or below the
ileal posicioh
= § hrs/day

o0. Ebows up to 45 98, [lhows moee than

away Fom body 457 away
= 4 hrefday from hady
= 3w filay
10, Wi twisting, reaching 104, Twisting up to 457 104, Twisting more
ur lewding o “regglent than 45" o1
Lwrizting highdy
{2-¢ times par repetitive
rrimige} twisting {maore ”
thae 4 times v,
per mHRbte) :
108. Banding,reaching torward 108. 8ending/Teaching forwarc
up to 457, frequet bending more than 45°, highly
i(2-4 times per min- epetitive bending {mom
LY OF = 3% more 470 than 4 times par _.{25
than 4 hours i R; minule] cr more /‘:}rj '
[27 dany ! { s than 2 heus
without i per day without
sugpirt k_L!\‘ sLp I, i

106, Banding frzaching i?—’ : 1. Eending/reaching

to the side up ic ..

- ? g the side mgee than 'f
20 gr frecuert S 1 207 or highly e
banding {2-4 ﬁf_ repetitive bending :
N
%

times wer to the sde {more |
Minete) than 4 times
per mitule)

ey




Foxes

Force is the amoun of physicat effort required to do a task or maintzin control of the tools or equipment.
Efforl depends on the weight of the object, type o grip, object dimensions, type of activity, sipperiness of

‘he sbject and durstion of the task,

gl T

 Wariing Tevel - Naitor

11. dbjects lifled by band weigh
less than 1 pound

11A, Objects lifted by hand weigh
less than 1 pound and
frequent BiMing (no more
than 20 tmes an hour)

mare than 1 pound cr highy
repetizive lifting (more than
20 timas an houv)

_1[?. Dtuects Hﬂ:rd by' ham:l weith

12, Dbjects lifted by the back
wetqh less than 5 pourds

124, Objecls bifted by the hack
weigh between 5 and 25
pounds o frequent Gfing
{na more than 20 times/hour)

:23. Objects Lifted by the bac«
weigh more than 25 pounds
o1 highty repetitive lifting
{more than 20 times/haur}

Deration

13. No pinch grip used. Fingers
and ihumb comferiably fit
araunc tool or chject

Duralion

134, Moderate pinch grip or Finch
qrip with less thas 2 pounds
af “nrce

e

Duration

Z3A. Severe pinch grip or pinch
grie used with greacer than
7 pounds of force

R

128, Grig is stightly too wide

138, Grip s extremely wide

65

14. Pawer grip used with little 144, Power grip ised with less 348, Power grip used with more
to no foce, than 10 pounds of foroe. than 20 pounds of force.
Forearm rotation force is less Forearm rotation force i
than 5 pounds mare than 5 pounds
15. Ertice hand 15A, Thumb i 158. Finger(s)
controts ] activated i activated
trigger ? f control ; conzrol
o
16. Tools ar objacts nave 164, Awkward handles 168, Handles, tools or chjects that
handles that are rounded concentrate farce or hzve
ng handies
16A, Tools with -4~ * 168. Handles that
awlward e : concetrate é\\%f?{‘*
farkdles AN i fores 5,
e 1
R ~— Choose One
) 7 ;5
16A. Objects with ﬁéﬂ]«‘  168. Osjects with /—&k
awhward handles T ~ j : nc handies _{ﬁ
b i
Slipperiness Slipperiness | Slipperinass
17. Gloves do net need 174, Gloves are needed but fit well] L7B. Gioves are needed but il
50 be warn
at any t'me £

Ly




Static Loading ard Fatigne

Static trading refers to staying in tha sarwe position for prolongad periods. Tasks that use the same muselas m
modions for long dimatwons (6 seconds or more At are time} and repetitively {more than 50% resesition)

increase The likelinood of fatigue,

Adeal

; Warning Leval « Monitor -+ " Jake Action

Duration
18. Lonstant position, tool or
pbject is held 1ess than

Duration
184, Constant prsition, tool or
object is held & to 10

Duration
18B. Constant pasition, toot or
abject §s hald maore than

B seconds seconds 10 secords

Repetition Repetition Repetition

19, bLess than 25% uf Lhe iask 194, 25% Lo 50% of the task 198, More than 50 of the task
is iepetitve 15 repetitive is repetizive

Pressure/Contact Strecs/Repeated Impacts
Refers to pressure or contaci from tools or eyvipmenl handles with namow width that create local pressure. It

also applies tc shamp corrers of desks or counter tops. Impact refers to the use of hands, knees, foor, etc. as a

hamme-,

{Reloted to Force (orditions in ifer 16.)

B R e

- Warning Tevel - Moniter- -~ - fake’

20, Mo contact or 1m|:m:t SETESS:
tocks, abjects, or winkstazion
de not oress anainst hanes
or dody

204, Decasional and minimal
prassure or impact o1 haads
or body. Hand, knee or other
body part used 2 hammer
fees “han 2 houre/day

238. Constart pressure or impact
on hands or body. Hane,
knee ot other body part
used as hamemer mare than
2 hours/diay

Lifting and Maﬁ‘ena‘is Handiing

“Ideal

A Warning Tevel - Hnmtﬂr

“Take Action .-

21. Mo lifting o1 im-.'ermn of
materia s (see also Force for
we'ghts of chjects handled)

21A,0ccasional lifting am,’ar
lowerirg (no mere than
20 times per hour!

218, {onstant ‘hfring andf:w
loweting (more than
20 times per hotr)

Push/Pull
22. Neo pushing or pulling of
caris or raterals

Push/Full
22A.Pushing or pulliag 10-50
carts per shift

Push/Pall
228, Pushing or pullirg maore Han
50 carts per shif

23, Slight force is required to

Mushing is preferred over
pullirg objects.

push or pull carts or materials,

23A. Moderate torce is vequived
taprsh e pull carts or
materials,

238, High force is rayuired to
push o pull matedals.
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Environment

Taeal L Waming evel « Monitor 1o L1 Take Aol L mr T
Wark Pace Work Pice Work Pace
2%, Worker has adequate control | 244, Worker has some control 248, Worker has ng conliot

over work pace,

over wark pace,

over work pace.

27, The wark area is quiet.

27A. The work area is
slightly nofsy,

Lighting Lighting Lighting

25. The bighting is adequate 252 The tigntinc s slighily 25B. The lighting is significartly
for the task. tos Bright or oo dark too bright or tno dark

for the task. for the task.

Temperature Temperature Temperature

26. The temperature 15 264, The temperature is sifghily 268, The tempeialure is
comforkahle, too eold ar too hot, significantly ton cobd or

too hot.
Noise Noise Hoise

|
27B. The work area is significantiy

noisy {teo noisy to carry on
a conversation).

Floor Surface
28, The flooring provides
goad traction,

29. The flooring is sufficiertly
padded tn relipwe shress
on back and legs,

Flaor Surface
284, The floorng is
skightly slippery.

294, The fluuring cortributes
stight stress to the
back and legs.

Floor Surface
288, The flonring s modarately
Lo extremely slipgeny.

298, The flonng contributes
moderate to extreme siress
to tie back and legs.

30. FHoor mais are provided to J0A. Standing 0-50% of time 308, Standing mare than 50%
relieve stress on back and without floor mats or other of t'me without flocr mats
legs. Empioyee can aitcrnate means to relieve strass of other means te reliave
batween sitting and standing, on back and Lags. stress on back and legs.

Comments: —_

Motas The levats provided above are standard praclices wateh have heen accepted or established by NIOSH,
O5HA, ANSIT and other related ovgarizations.
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Summary Workehaet Ders .
- B i i T El Lo e T 0 g T o TR e 'ﬁu.,,
o S ocanddden (L R Warnming | fal
; R Aot o desal e At
Ranefition
1 Hu epelilive hanid o drm met'ons. (i i T recelivive cynle avery 30 60 scoonws; Sake solon 17 napetithe
tyle of Lz shen 35 eeuonds. ) s il L T A 1 1 1
Poature
2. Staning, with lnges ctadght set not leched, 2Mcaiter B starding witk kneas petlcliy hent: tobe ackion i
4Sirg ¢ foat pedal pr saeatiing or kraolivg more thea 3 Loun/day) IEITIPIPR - B - 24 )
3. Siting. beck and eg cuminelably cupaected, eet Het on ool ioor wel, (Savtar if hary pir.ul y
suppor-ed oF fept 2ot i3l on F oo fake aovicn il MILE suppovt T3 ook and begs. Test owl louw®ies e, b 5 m
4. Hezd amd nack g nprghs ard ssraight. [Mornoe Fagas annl weed are bane fareacd < 207 wie oo0e 1F =00
=5 haurs/iayy o D { ih
: : tign 7= »100) L & 4B i
7y fawe getian F g0t} o . 4 4r i
Hezd rnr.'__n_-'_'tL are |-||'\|h'l. ||u [MUI- tor 17 = HIJ n'kﬂ' romion I =20 e . L 40 o
6. Hands {palrzh are verlivel, (Hanit: 't hand lHﬂ*S..f.ﬂ.tﬂ_!P = 207, ake uctign_f rapds vtate =207 | 3 LA 54
VB, Wit ave sureight, (Mendlos if wiists ame bang, estension Hlesian, = 20° S b-30 times/minut; ke ol e 1
e >20° or =W Ty miarite, : 5 5oV R ] Ef fad,
WHists mowe Si0edys, winayfrad s (Merner i€ ""'EJIC’.\NH!?!‘E;“M-! take actigs T heng 2237 ] tB ]
=30 timesfmimite. ) —— o
! Wibtation
FF do3ard o wim wibhabing, Sesior 3 accssional Soc action if cgnstant, j i 7 LS LE
| B o whoic body siboolicn. (Honiae # occacionsl uie ouidon W conanty 5 | & B2 |
Reach i
0. Aeers positianed 8t etbow lavel, (oadtos if un to 457 or Fequently odl 67 ienal ansitiae dor more than 4
anurs /A3y duke oo (8 Arms are e =48 or cetstartly ous of idesl pesitior =3 hewsday b I 5 a4
trs back, (Menilen € 3ene hack up ko 207 betwesn #od gimes/minite ;
for srars U204 hours/dny keke cetion T arms Sack =200 50 ea 1imesin ol foomose shen § hoursfdngy 9 3] 93
Clbows Don aaware, (Mantor iF elbows bert up o 255 azave or bilow il."c"ll [T =4 s diy; Leke I
artinm i bant upward »E%% abown 21 below idest agiion =3 honreddag) g n L
< zway from bedy, (Mordar if cltoss are up to @57 ey fiart bady =4 {’m rsfcdays bake aelicn I elames L
:u!:-ﬁs awdy from body =3 weungdagd e {0 th 93 i
30 Ne beslizg meachisg o mlm teml g rrape i ""r'uﬂ # twishing L 10 A5 0T 2-5% tETes/minty i
Gk gl if =45 Aty moecsy = 0000 e s 14 R 104
Reacviag bending forward. (Masilor it Seoding/reacing forwdrd kp 10 &5 ¢ -6 times minple o »30° for
= sy Wt § JELOSE (ke Fefiom 7 =457 un =4 dhieadin nighe o =2 hrsfdo mfoui gl |10 138 -08
Rezching/bending to the slde. onitor iTup b 20 ar 7-4 Heas/minuke: ke sotian =20 or =4
Limzs/priauted e = s e - 1“ el b
Frarta
11, Qajsres lH=d by hang weigh 1o sean ang scaed, (Rl il l:abjm'.h; aeighing = L th, are Lifled Jp e 20
rimes fhucr; ks aoikn B ablacss woich = Wb or Uitirg acours 20 Gimesflonsy il 114 13
12, Obfect: Wfted by the back wiigl s Uien 3 poends. [Maeior 3 ehjecws weich £-25 il or Hing oczurs g
Lo 20 Limes hour; fode octien iF chjects weigh =23 Lks, v LTt aogum =20 t:rne:.?hlf_ur_} e P 124 126
13, Mo pinch arip ssel. (Fon'ter use of pitch grig @il < 2 o fe-c; teee ootion 3F piach onip will =2 lbs. of
foter ¥ used } ) o - 1 124 154
Were riuch giip Jeed. (Mooirw 4 :Jr;.Jl; Low: wyide: 150s Gepion T h'lm..g_wdr i N 1 13E 118
14, Power grip s itk on tore. jt'i:mfpfll' St gEE with < 10 tha borcw 5 wsed 20 forezin mtadios: fucoe
[ j!s____sii:_ls" take gztian .l' ey _r.:rq-, wilk 210 Ihs. fawe is used o fysaim miation fone i3 25 (k) i Tei 148
15 ; ] sonimls; foee aclion §f_finger[s] contee.: 15 154 150
16, Teuls ve objeacta have munuu.\ pugldl +il mandies. (Morikor T handles are awhwa dy foke gotion i Livee aie o
hardles or hardlss comes thake tarca,) T et e Gl ST D o 1 160 iRE
V. Gooens Co st moead Lo b wern ot amy g, CHesitae 37 gloves are needad bub Nt wnoll: ke ackion it ploves i
Tt o) — e 17 i iTH
Static Lonthing snd Fatigue
¥, Tenctanr aaaitinn, loel o oUjecl i3 held tess Shin- 3 seroads ietanitor iF heli baoeeer 6-10 i s kg
oction i btd =10 sends,) _ . o . 18 124 -
10, Less ihzs 75 sfthe | . wper-live. iy if 2 |f A wmel’ e '[uu'b' ocsan i =5T% epelitha) (L] A 10k
Przemrgflorract S stfilapamied [npacts
2. Mo cosiacl Fmpart o, (Hostior if comsiceat cesuce & 300y 3t 15 osec 35 Samre: = 2 loos oy
o G T constasl pissiie o beey pat s gaed 2 hamngr +2 hoursfday | 20 200 g
t
I
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fmmary Worksheat Bate _

o Wansng | Take
ddeal) gyl | -Ackion

LiFtita end Materials Hapiiag.
21, W3 iftfna 2- lewerdng of materiels, Sondior Foozasional erdfar ro mare than 20 the s /o sl ocie §F
snstat andor g erber than 20 rrr-;_.j'}-:u.r e 1 1k 716

e

7 da pushing o polling of matedals, (Moo i7 puein r,.-uull 1 1D '!t. terlsfehict: tode action if push'ln:.-"'puLH-m
il L1ax SO Zatteenifpy &2 2Eh gl
23. shigh= lforos w m=yuied 19 pot o poll matecaic [(Manior 1u&w,l¢ Egrve & oapied; i aTion i *u:}‘
fome is oquieed ) Sl A PR PR O #14 PR
Srvitornsnl

i h]J'itmg mashﬂr.liw 2 th-r .:rslr. @*_rm -I's!rgnth 122 ik or :r-igm,_ e 'v.‘fﬁuw b qgwu—:rﬁr Low sﬁnh: hhgk} Fid 254 ZEB
#h # 2 LB

gt l.'.'orlr A i qu _[‘!anf?a. 1f sl #Hi.u tcn:- vy tr:.fo alivh 17 ﬁgnIH:Ir_m.un nms__,] Q] Q¥ sk 78

2. Floornn pravidss good frackks. I:Hfjr.lltur i Mecuring fx fag Gl slinary ke retinn i modertz o o edreniely slipparyg # 2B4 ZEB

29, Ngaring is satticently ardded o relievs trose 00 baey and dege, (Meafor F siigivt stress Lo bad: Qe Legs: fine
2orior i raders laly 16 o e germss,

30, Floor mats are provided, Cployes e30 .aljer'l?te betwnan s.--wg wrel s.l."||'|dl| L, {(Hondoor iF amployes {5 :undln; up
Lo S0% af shift without Hasr mets or obuer sires woliof Toe back ans lags: behe nckicn iF standins B0 al gl £l ) ]
without floor insts or olier #lief fo- Sack and L2gs.

0 o8 250

fctior Man

Today's cate: Dele Solution to be Completer ____
Loeatisn/Denartment: :
Job/Task Tizle: o o e —

fvalua o i A e

Deszribe M50 in previous 24 months:

Taxk: e AP SR ey

Summary of Praklzm:

Altenazive Satfinn aal Gis: _

Racommewded Solutien: ) Enginearing — e

21 Adminstwmtive:

31 ise of personal pratechive equipment .

——— e Y T o o e T T i e e . e

Date Sclation sctually Completed: .. Actual Cost: e

T A e "
SOLALAMERICAN
IBRI FALGE RECLT
g Pl IS B D 1 AR e e et anoetly 2RENN aofE EedrORT S ae imeay b i s O o200 B ol Fia st e Tl fomeiial Lowiz g

Gosep Fome ol 4ongtd thed o gl parmll o e SES00E S Eroa v’ o Nt e e et SEEET e prfpeectior or o Salwrfal s ee (e i SR ARG S U SRR 8
gyt B Samiy o ol Ja e ion e - AETEREIR 7 OEIA B A0T L e S e e T e TS DTN RSO - ML SR

PP e ——— e e T |

P05 Ror s fupasege s AT Rl psaacl STICEEE I3 pdAW -
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Appendix B: The Completed Ergonomic Task Analysis Worksheet (Substation A & B)

Summarny Worksheet

')k..llm Sz o {‘}’

A o L LI AL L M L L B A

Hepetitlon

1. Mo repetitive kanc or arm o nations, [Howitor i eoetibive ogele awery 30-80 sac0uds; Deke inetion il reaetitive
ycle of tess than 20 secods.)

Paminirn

7. Slaading, with ®1ees shaaight bat ooz locked. (Moeiter 5 standiag with kmaes partizlly Bert: fake oction iF

using @ toot peadal er squatsing cr kreeling merz thar 3 qoursiday.,

3. sifire, bick arc ieqs camfo—taby cLpporead, feet fiat on Foorffloar rest. [(Memitor 1f bzl:l: parr_ally
stippa-ted or feas ngt Tlat or Aeen taee octfor if Wt cuppors For back anc Egs. Feet not koucking iloor)

A0 Heed and neci: are sprickt and striglt. (Maaimor 3 head and reck are bent farsamd < 20 fake 0des P =20°
=3 Snrsila, ) -

Head ard neck are beat saci, (Moo if = 107; fobe nolieg °:2100) ¥ e 7
Head and neck ave aent sijaways. {Monstar it = 2077 dake adciror b =307
Henrd and neck ama -wisting. [Memitar it = 2077 f2ke oclrer i =200

B, Hirgs (pamgh am vertizal. (Hoiiter f hands rozate = 20°; g5k action 17 rands rotate ~207.)

G, Weisks ara girdighl, £xoeits of wricts zre bent, exteasinnflexion, « 207 far 5-3C bmes/minute; fore octior °F
Danl =20" gr =20 0maes/mnuts. )

Yl i e gil,ll_‘f.ln:.l't., 1|i||.1|l,-"|.-. ial. |:f-|.ul.l|'.l‘3' il < #5 and =-3d Till'lﬁﬁl.l'l'n'iﬂll'e,' fke 2nn it bent =20° av
-3ac tiwes w2y _ N

Vib-atinn

Y. Mohand ar erm vibrebior. {Menptor o aecasonol_ ek deiod 1 tene Lol

g, Ao whoe 12dy vin@atian, (Marftarif pocasienal; rare ocrion Tt unatamll)

Roach

0, A posdtinnern /° e o level. (Mooftarif ua to £57 or frequently out of idea’ 1asibion for more tkan 4
I sl ke et iF arns are fonvars =457 or costancly out of idead poziciar =3 houmfdagt )
Ainrs ozck, (M0 T s Back wp e 20° between 2-4 TEmes Aindnuca
bop rrcra taan & Dowrsiday doke gotion if aracs ook #2100 6ro=£ timesMinute for mara than 3 howrsday )
Elbocws bont aawr, tMoniter |1 clbaws et 1 to 255 ageve or helpw dear positian =4 hows/tay; tote
rebon SF bont upward =2 3% ahcwe of b2loe ideal peshlen 3 haursfdzy.)

Elhasas awey #e1m body, __Hu.ﬂ.lir_lr if elloers apz vp Lo 457 aoey Do baaly =2 onesdlags fnke artion 3 elhows
zre =45 away from body =3 rauredday;

. R Fw aling, mezching or bending, twistirg/repetton, [Hariter F Seisting wm 2o 457 o1 2-4 tisies mnuks;
tase amfier W -45" ar =0 times/minate.] .

Heweirnifeonding forward, (Horiter T hsnmrq;'rear.hmq fnmam’ up ta <4 or @~ timesSmincte o1 =307 fa-
s argSday weRas suppatt: fake octaon TF 245" o =6 fimesininute o =2 hrsdday s suppoi. )

Reach’ ng/aending to the side. (Meritor i7 up to 20% or 2-2 thines frinute; wke cotivn i1 =20 or =4
Limesgnizaly ) At e P

Force

11.  Otjects littec by hand weigh sz than ane caand, (Momicr i© chjects weiclhng < 1 b, are lifted up 3o 20
timesshaurs take acar i ob'vets weich =1, o1 Biing seeot, =22 Uaes oo .

12, Otjects liftec by the Laes weigh Lets Lhan § prands, (Mot AF objects wedgh 8-23 lbe. or *ting accrs up
to 20 times ko tawe Totion Fobjecly weig o 226 U 0Ly udury =20 o)

13 Mo pooch i osed, (Mokfler sz of pinck: gein witr = # s, of force; dake ochion if prech grip witk =2 Lbs, of
e i sed) i Ee i R T )
Wige, givch arip beed, (Metitor if s altly ton wide: e serinn i extiamely wide.)

1¢.  Power grig ased sith ne forco, (Moedter o puawet grip will < 22 1o forec “2 used sic foreann rozation orce
is = Gibz.; tiore ootfan iF aawer gidp wlth 02 Lhe. foree fe uged znd Screarm retation force fs =4 1k}

14, Entre hand camtrole Ciigeper, jMagtitor iF thuma centoly; toke ezn A Fingerfs” centwal.)

36, fonis o1 odjects have counded. padded harsles. cMovios i bangies o abosnd; Goie o fan T i lans e ae
Farabes iz hanzlas roccent®re Fare)

23 Blowy ol ol i b e wicn 3T gng e [Masioe b graves are rrede: aui hl: will; t:r.l.e ocker i+ glaves

Static Loading o Fat-gue

18. Constent pesilion, tool o obdesd |5 heli less than 6 seconas. (Monitor i° rnaid Jetwean 6-10 secands: toke
eeticer i [eld =10 aerqmfs,] e

16, Laes than 5% o7 tie sk e rapeilve, (Koeilon (725 50% e ileeg fade m i r'-ﬁ*l"'\: T-|'PTII'|'D.* Ll

Pressrpdal 1o s SLiess/fepeat=d Impects

22 Mo zontactsimpast strees (Monitor i° 2zccsioral pressure or sady paal s csed o hemmse < 5 vasdag
foer Fbion f consiaet prassLE or body paiT % UScS as 1aMMEr 22 hours i it e
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Lifiing ard taterials Handlfng
21, Mo iRing or lowering af matenals, (Koofior if oczzsonal atddar na motg tian 20 Y mecshoor tobe ackion iF %
coastznk ardfer geatar thar 20 Hmes taur, 21 214 @:f

#Z. Mo uusFing cr pulling of matenals, (Meafor it mzhng,"puun- 1250 -{m,mﬂt R | R TR s!'..m,.fﬂdllrn
riofe ha4 5 fartssehifr) L | (B 228 22

23, thigat fore & reguied bG pusk uul wateriss i Mosvior 3 'lu-'hm'q fsre s soowiwd; ok peviver 3 B gh
M s egeired.y SR s Cﬂ-; 34 238
Ervionment
24, Warker bas acoquate cartml over wokplace. (Maridor i wesor Fag same rankml: tote acbon il eorkar hes po contie,) | 24 Fa4h @
23, Lighting ¥ adequats: for 1 106 (Masstar iF stichthy boo dars o brights eafe acmon *f significanthy teo dak or briyg il ) 4 354 %R
i 20 Temperature fs comfotable. (Montor i slightly ton zold ar Aoty ane cooon if ,,ggn'nci_qgllr_pi_cﬂi_g_hu_L f E/’l .34 268
27, wiork araz is |;|J1_§_t____|-""n.1.l'|!=r M wdyhiLly tou no'sy; teke vetion 3 signifcantly too naisy.) . a7 G',"a) z7a
! 23, Flooring provides qood traceien. (Mo i0 Tujo is slighlly slaeny; tabe gctien ° mademiely Lo axrmely sipem) @) =5A 289
| A3 Hoemwn is anfSicientiy aarded to pelizee sores o0 back ane leas (Marfoos if slight sbwess Lo Fack aue Sogss Yoke - )
oo TF mooeralely o e sbieds, | @ 258
| 3. Foor mais are provided. Enployes cam H-I.T.'Q'r'lﬂ'l.ﬂ Fetwees silling ol unudmg {Humm T eaploygee is rlndﬂg up
H Lo 50% of sliill wslical Moo mats o otver stess reicf for back and 169 tehe achiom if starding =50% of sl 30 @ ki)
;Z_ witkoet floor mats av other cief Tor back and egs
Action Plan
Tuday's dale: i Date Sotubion to be Completed -
Locatioa/Bepartient: | SR s —
Job A Task Title: . .
Evaluator:

Cescribe MSD n previcus 24 months:

Task: i

Surpmany of Problem;

Alternative Solution and Coasls:

Recommended Solution: 1) Ergineering

2) Adrviristrative: ____ .

3} Use of personal protective equioment

- —_— P el -

Bzte Sotution Actually Conpleled: Ao festy o

o

p——
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IRSURARCE GFDUIP

o B, e T Tl e ekl By O Bl S b Darel o e aenmy moregfe negle seda BT [T SR e S den e o weCanl,  Jull P LT PR AT e Seme e T W
L i T e LR G ST T O SR e e P S ey i O il e SSIPEONRG T GaT RSN 6 Y T T el Anere Tl Tenilins
o e behiEr o T S tod-e 2o B rdeaiTees O imineal 08 P el iies ded rachoons of sopeal e gat e Lo B TR SRR

Ta® AL g Srmgr Smccras R pee o gt s ek cacvmn e el At i |t
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1 10, Mo Laslitc, reaching or basding, toisting,/vepetitive. {Homitor ll"nu‘ g op 16 357 0r 2-4 cmesfwirute;

Repetitice

5. o repetitive hand o arm AGlions. (Momter if repstithe syeln senry S0-60 saconds; (ke octfon 1f sepetitive
ogele of lest “hav S0 secpndsy S oo e i S RO AL
Postere

2. Sterdng, o0tk knees doigd bert 22t lacked. (Moaitor if sranfing with kaees paclialie ben®s e 27000 IF
asirg a Feol pedsl of SEtt o of kne= g mee Lian 3 housfilg )
3. ity bace Jod lags comforiably susporied. “net Rat on Soorfioar ress ulmi‘cr I'nak carlafy
supgeried or fzet nol, 16l on Hoge: feke acking it littie suppmi ot 3ack unt Legs, foet ot ouching figer, )
Hezd and rack are uprighe aind wreight, (Mesior if heae and nee are send fomnl < 20°: fake ection F =20
=2 hoursgdvg) ) e .
Head and I'!{,_‘_i_:_lgjl:ﬁ J;!I.I't Lack. [Hm.:t..'f il = ‘lDt fighes g fajant fI' =10%]
Head and mech are bant sidesays, (Monftar i - 200 roke oction it =207 )
I-FEad and nask dw I.wl'.'l. i, [ g[wr if = 207 foke cotian if 2207, ':|

pES

Wrises s .'-"HII]H [.l-:lu.rmur ir wr|st=. A% hemt, -:xt!ri'l:an,."‘l:x an, ~ 20° Sar 5-20 11r':||.=~5fmmu B! foke ar‘r.:n 'f
benl 20" or =30 timesSninatks) i e
Wists move sidewsyl. waaimad\a. (Honger if < 207 and 5-30 L fevinule: Meumm ¥ bent vZﬂ or
2530 twesFuiole)

Wibration

F. Mo 1znm ar atm intazen, (soailer 3 oocatical (s uion f corribanu)
2. Mo whele bgdy wbration. (Mondtor if oecssienal; rgbe aciion iF constant.)

Wy

fteqch
1. A pus Uoned 5 alhow lavel, (Mom'tor if uz be 257 or fisceartly out at deal pozitien for irom thar 4
hgyrsicaws take ackion |F ar et nes farwars =45 ar corstantly out oF fdeal position =3 heurs/ap)

fums hack. (iamitar Il‘am's back up 10 20 hetween 2 A s n e

Elixgeng. bent, sxpivand, t.l!nr:.'tar il Elbows Dot up to 599 Ahos ar h!ln-.-. wheal pa&ﬂh}n = Imn fday: rak:
agina ¥ zent vpomg »25% abcve or below weal postion =) howvaiday,

Sboves away from body, {Mariner it elbows are up to 45" e fem Eody =& hours/iey doke wotion il elhm
i =55 wary e body »2 hawnfdar)

ke ackion if »45° ur =4 times/minote ] o |

Reaching/Eending forsard, (Moo i J:rldw..-"u_al_ulu furwaid up Lo 43 cr 2-1 Hmes/mincte or 4-}'1 ]
=4 hoafday wifout support; tnke aclion :F =457 ar =4 times/miqute of =2 hesdday wfout support)

......... 4 TS miut

Feaching/berding (v the side, (Maainr 3= up to 207 or B4 1.|n'|:5.|.-|1'1|"|.|:|'.l. [ose artas if =207 ar =4

inamsfranute ) T N s Bt s |

Farce

11, (hjects liftec by hand waigh [0ss than ane pennd. (iamtor 1 cb @l weighing < 1 Lb arz litted up 0 20
timas/bour: dake artiug if ohjecis weigh =2 Lb or Siling pecurs =20 fimasharr

12, Dljzcls lifres by the Eock weigh less thian 5 paurnc, (Monier F abjects aeigh £-25 b ov lithing oceurs up

te 20 bmesfhour; fole oution if pbjects weich ~2C Lis, w lifling acours =24 fimeshoor) N
13 Ibnndlwmsl.{m.maeﬂgmlrpmﬂl-cz . of foroe: mmmiasdlgmwihhzlh.n‘-\"
foroe is sed] TR el a7 i DN R
ﬁbﬂ'ﬂl@w ¢ sbghtly tac ng-.__m« @i ey with: ) e

Ji.  Powe orip psed with o forse (Moaites F aswer giia aich = 16 Lbs “acce is wsad 2us foraarn rozation mrcs
iz = Elbs.; fodw apdiom iF pawer grip with =10 [, force i5 ueed ard foream mtazian feee i »5 bs,)

15, Entie kand vonbols Ligge, (Masiaif therb condrls; take aciay i tirges] costoel]

16, Toals o anjecls save wounded, sadded handies, DMeddor iF 1andles are asbkwand; wee n:t.*un Iftlere ae np
handles o handis: conrentrale fres copamates g P e

L3, Gloees do rot nead o be wers ol aay 15 St if gtnu:b are aueiied bt well: fowe aco i gluves
Az zoorly)

Slaiic Leaiag aad Faligas
16, Corstant pasision, tocl or pbjuet is icld lews than & seconds, {(Mamiter 3 hidd hetwesn 3-10 sezondd: (oee
o F Reld =10 gacande]

13, les ten 255 of [he 4k it lcl_ﬂ.wr_ ienir ZS-S#‘.‘-* T pptihees c k.lrl: ectoom 1f :-5']'5 mpodithe)

Pressoref{ oatadk ‘Sh‘liﬂfﬂhpﬂtlﬂ Impacts H

N Hin ronTEANEACL Sk (MOMIDF I Docasional zisssune O Dedy Im'l. P usedl a3 harmmer - 2 hours/day;
toke oclon il wpuslant piessie or bedy part 15 used 85 hansger =2 haure May]
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Lifding a4 Materials Hangling

21, Mo liftac o lowsting at materdaic (Mamiber i ozcasional ard o nore Lhah 30 simesfhou sy ks Tobioe i ™~

consla 1t andfor greater than 20 timesAour, A = £ Tt
22, Hu peshing wopullics of nate ia s, (Mwince if pushing/oulicg 16-60 carts/shift; doke action 3T pushinggallity

more t1a1 50 zarsyshift), Z! 2oA 1B
23, Siight torce iz ragaered to pusk ar pLU. rnrtemlﬁ- [Mesico iF modeats farca s r:quua:l teke acticn iF higa P

Farce s rpquirac.) e i L‘.-_F_,) BT 4R

Envitunmeir.

2& Wadwer hag zcequate cantrol avar workpiaca. (4omo 1l worke: has some cqatel; fae artio i warker kas oo contol.) | 2c A (2ap
23, Lij1.ing % adesaale for Bre tasy, (Montter iF sbigidy too dark or brght; tode eotion iF significensly to derg gr bright.; & 254 158
3. Temperatise is combortas.e. (amibar it eboktly too dodd er Het; tode aoriaa iF sigaificantly tec rald o bnt . ’:??D 2LA 258
27 Wik avea i gaiet, (Moieer 5 slightly teo iz toke cotfor if significantly o naise) I 1) ? 17e
2. Axping pmyites qood traction. | Manitor & t.ooring iz eSighilly stippent; take aciaa 3 modeeately o P-'TPTF‘I.- slippany.) @\5 24 ¢EB
7. Flaong s suficiently paddzd te elisve swess an Fack are ot [Memiar of 2ight sleess te back and lags) feke . :

achion if moderazelr to esirsne siess.; _ | %= W 238
20, Haar rals am prosider, Froployes ran alteriate artwnen sithing 2nt skanding. [(®estior I employee s stand rzup )

to 5% af chitt withous koor maks or othar strzas aliof Sorherk aad lere; mks meonnn if standing s50% of Lhifl in @.ﬂ.’) I06

wlhont ooy mate or other reliet for back and Lags.

Artion Plan

Today's date: Date Solulion to be Zomplsted s

Locat onfDegart meni; Fo— T,

Joh/Task Fisle; I oty

Eveliatn:: e savagmaceny

Cescrite MSD in previous 24 months: . -

Task: . L .. .

Semmery of Poblem: R

AHerative Solslicn and Cosls: R R

Recommended Soluton: 1) Enginesring

2) Admimistrative: R M

3] ilsa of pumsonzl wrotectfve equipment

Cale Sotutien Actuzlly Completed: o g T S B

GREATA srRicAN
|HSU3AN ST GARE

1he Dag armesting TR LS TR [T ok e D 2 gt il 'M‘i Tl PR CrEnead LILSHDLS, 10 oG
[L{THET LA (1L COF ' LA i Lol

awzgrine iar iy o Tt dovien arktie, s AN 5 EMIGe 16 Bz dorms, bni '=-r4m R EE Y P

BRI L TN

[ Ep Bt el T ]

o B Beh ERTE R EL R DN TR Ry CRL TERCR TR i o AR BB ER A ST

e, Gean deiane et

DR T SRS B TR LI T L U THIC, TN XYY, PR

Ao TRIAT SEd 10 5asn T ek



Appendix C: The Completed Revised NIOSH Lifting Equation (Substation A & B)
JOB ANALYSIS WORKSHEET

DEPARTMENT Fueiistama Dy JOB DESCRIPTION

son TM.E Asseriniy Vo utidsding Sobstahen 4
ANALYSTS NAME Phase | o)
DATE

R ik
STEP 1. Maasure and record task variables
Obijsct Hare! Locaton {in) | Vertical Arymmatic Angle {degrans]Frequancy Flllhu'lﬁnn Object
Weight () Origin Dast_} Distance n) ™ ongin Destirabon | dite/min | (RS) | Coupling
LWWG) fLMe) [ W T v Pl |V 7] A A r )
655 1655 ig lgp|é || G O (o) 7 ¥ | Poer
e

_STEP 2. Determine the multipilers and compute the RWi's
AWL=LC =HM VM . DM. AM. FM » CM

omam  AWL w81+ (33l [ [+ (] - [+ (3] = | 7. 2 oo

— e
oo SO o Y e e o Y o P £
e e
STEP 3. Compute the LIFTING INDEX
ORIGIN LIFTING INDEX = EBJECT:fme Mo é‘{?'( =|7.2
DESTINATION  /FTING INDEX = °“°"::L’°’“ LS -

Single Task Job Analysis Worksheet

“JOB ANALYSIS WORKSHEET

DEPARTHENT Ewtighwme WV JOB CESCAIFTION
JOB TITLE I, Jivie. Unlaedin b= g A
ANALYSTS HAME \S oA Bl
DATE B % —

STEP 1. Measure and record task variables |
Object Hand Location (in) | Verticsl Asymmeiric Angle (degreas)iFraquency Hatlhurlb‘on Dbject
Waight (fbs) Drigin Dest Ciatance (% [ Onigin Destnaon | lits/min | $iRS) | Coupling

Leva) JLa) | ® I VIRV (] A = 3 e

65 5 |6si5 | & tadlitfe | 34 © o 7 2 | Poor

T L T T
STEP 2. Detarmine ths muitipllers and compute the RWl's
RWL = LC «HM VM. DM. AM. FM . CM

CRIGIN RWL ={81 |+ [ }=[ %] [37)« [ ] «[ZZ]«[Tn] = |4 7 oo

e
pEsTINATION RWL ofg1 [ [+ J+[ |+« [J+:[_]= Lbe
P e O e e
STEP 3, Compute the LIFTING INDEX s ;
OBJECT WEIGHT ;
CRIGIN LIFTING INDEX = — L N 7 75’— - /z./
DEATINATION s irrng soo = CBJECT WEIGHT 1 - -
AWL

3ingle Task Job Analysis Worksheet



JOB ANALYSIS WORKSHEET

DEPARTMENT o pishiny D4V, OB DESCAIPTION
JOB TIILE e S ag— ioadd ae Sobsthen D
ANAIYSTS NAME Zoisinit Phase | (1 FY
pare
(/%12 pEm——
STEF 1. Mesasure and record task variables
Cbject Hand Locaton {r) | Vartical Asymmatric Angis {degreasiFraquency RateOuwation | Object
Weight (ba) Qrigin Dest | Distancs (0} ™ Ongin Destnaton | Wfw/mm | (HRS)  § Couphng
LAvG) JoMme) | W IV I H IV D A A F c
(5.5 |6Ssiro 1s3) b juz] 9 o) o 7 ¥ [ Ponr
S e P 2 s S e

_STEP 2. Determine the multipliers and compute the RWL's
RWL = LC :HM VM . DM« AM. FM» CM

ORIGIN RWL =87~ [7]-[23-[38] - (7] - [Z2) < [R0) = | ¢, 2 tbs
pESTINATION RWL w81 ][ | [ [ J-[J-J-[J= Lbe i
STEP 3. Compute the LIFTING INDEX '

CRIGIN LIPTING INOEX =

OBJECT WEIGHT (L) 655
AL - S 7 - g

Single Task Job Analysis Worksheet

"JOB ANALYSIS WORKSHEET

DEPARTMENY T b Tind JOB DESCRIPTION
JOB TITLE T aloadiny Sobstaten 1B
ANALYATS NAME _Eolatnn L olte ¥
| STEP 1, Mezsure and record task variables
Object Hand Location {in) | Vetical Asymmatric Angie (depreen]Fraquency ReiafDurabuon | Objsct
Weight (ibs) Qrigin Qest. Distancs {in) Origin Destinabon [ lifts/min HRS) | Cougling
Lava) fLMax)| M VIH V B A A F C
S. 5165516 (42 ]ieio] 32 2 0 7 8 | Poor

o RS G s
STEP 2. Determine the mulitipilers and compute the RWl's
RWL = LC ~HM VM. DM. AM« FM » CM

oRIGIN RWLnIII----".Lf-7”"
pestidaTion RWL w[se s ]«[ [ =1 J=[Jj= Lbe

STEP 3. Compute the LIFTING INDEX

OSECTWEGHTW b5 S”

ORIQIN LIFTING WNOEX = S I3. ?
“.7
DESTINATION LIETING miney o OBJEGI-WEIGHT w
LIFTENG 18T e - -

Single Task Job Analysis Worksheet
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Appendix D: The Completed Snook Tables (Substation A & B)

':.:.F_-;*-“-/.] 5"‘!‘::"".'-{{;1-.-'] 'I'q-

TABLE 20 - MALE POPULATION PERCENTAGES FOR LIFTING TASKS
EMDING BETWEEN KNUCKLE AND SHOULDER HEIGHT (231" AND =577

HAND ]
DISTAMCE T INCHES 10 INCHES 15 INCSES
FREQUENCY
CNE LIFT EVERY he o im Em gh g E m Bl ih 14 30% 1m 5m BE.
! ) - - - 12 z Z E : -
[T 0 T . e 5 % . - 1z - -
5 +b Z - L N g - = a0 - - - -
S . 5 4 B H 6 " A S . e - .
‘g2 - T . < I I SRR S | T I
L | 10 2 - b - - 2 - . 3 R : v
k1 2 - : - - -
L[] 20 - i W, - - - - - - - -
i i 1M1 2 3 57 - - 12 A7 42 - - - 13
i Aan - 2 .T' T i = = B HEER i o = = '.Z::
6] P o A Y- -2 I 3 g dtlB T R
T " 2 15 a1 3w oAl : - 17 7 a4d - - an ST
0 g TET] - - 2 18 - - -
] 26 STz 4B - £ 1 3z , i : -
e el qe | 32 S0 3p 44 5 22 4 pa - 2a
% e g ET T T T i O - 5 - s KD 2 & = = _:.:- 3
2 |Bj T et ee 28 2 8] - R § TRV - Y- < N J - B Pt L
e S R o I T (.- SO - N 18 - 9g 8% GO - - S
o =F 3o - 2 H 4 - - - i 1 4 - .
A | = = . 4 s 1/ Mo - W21 4T - - . 1A
P W[ v | 28 33 s> 53  FF . 11 tB B 22 - 2 13 36
BT Q@ Te o e s B RPEREEERI - ' X L T
I | D - - R R T SR SR : 14 - R R SN L x v B
E . 5 UYWL L T L1 S~ M < IR/ SR - 14 -1 AT
Lid E ar {12 7 o W 9l - G 1 4T - - - - 10
E @ == 0 27T 4% TS . 14 28 SA ™ - = 5 3 30
Qi@ (%% 45 B85 70 B4 | 33 1% & & T | . . 31 gn 5P
E A L "';wf?.;'i's_ FOR IR L 5 12 ;°23 .29 755 - T B
T P B e R L £ B L w1 % ERR e - I -
=3 =, L_.. b | 47 87 TR 7: cmpoiogr 4R B B4 Ry 19 " 28 tma - oW
] looo {26 23 40 4 74 11 1B 32 30 4 - - - - aa
O | s | Jfpen {34 4 B2 @ om | 2 47 B3 MO - -7 mo A
it {18 er 774 4+ | 21 B EF 71 AS ! 43 @0 37T 44 GF
do a8 - 43 5 gr. BO L om1 T2 41 0 4B D S - o N AT TR
|2 - 0 I AR N T R (R - [P Y . JUN - WSS - v -1y S I CSRC b IR T T R0 T
g0 {84 o7z -'gr s+ b sy ew 7y iy em ) m 29 47 B3 -]
ag { 4% 4 g4 71 3§ j on sk B2 S5m0 77 - 1M 1 2 53
41 @ | 54 g3 T4 A0 ' 39 & BE T0 B4 {12 10 3 42 85
1w | Fr 7@ @A A+ | B0 &8 B0 B3+ 0 40 BT B3 &
W S0l 5 sa M 7a 88 | &2 &0 B2 G673 | 14 48 AT 3R CEE
T T2y | fa- 72- o33 8+ | BT 8D 4077 BB ] 20 200 4783 T4
i ] oz ek« o+ | 690 7B BE BR_ e ] 42 81 &Y. v i86
a0 | s8I & 14 o+ | B5 & F2 TG #F | M &1 44 s 72
& v oM a7 a4+ [ B T ®1 B+ 4 4x nB Ee ®1
0 { az _me ¥ + + Fr_ A2 &8 ! ¢ 84 &5 7E 7R &
B) 7781 A7 a3, s | BB .-VZ . @0 B3 L.+ .c|-08 - WE. .GB. A3 800
w ol At -BE Ty t.cw | TROYA S OBAT B8 T x-] 85 . 50 . -TD T4 P
Ao g s e+ 4l B 4b o+ + 0+ ) BB 73 B2 BS s
a | a4 57 - 1 “ o4 B B8+ 82 B0 T 4 AT
12 el |oar o+ + + - E1 &4 - + = Bl B 79 B% -
10 ! ! r 1 + 5 + = + * il EE HE + u
- 5D L + * + 44 BE. . v - 4. =00 BDOCTI- 8t B4 oo
m. 2 T T oot + g+ .+ A 4T i BT Bl : .
0] = + ks + T+ + + 4 r 4|5 R e +
+ - GREATER THAN 50% - = LEGD THAN 15

76
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Suhskner 4

TABLE 2F - FEMALE POPULATION PERCENTAGES FOR LIFTING TASKS
ENOING BETWEEN KNUCKLE AND SHOULDER HEIGHT (228" AND < 53")

77

HAND
DISTANCE 7 INCHES 10 INCHES 15 INGHES
FREGUENGY
ONE LIET EVERY 158 s tm Sm &k | 162 3= 1w Sm Bh 168 Ms 1m 5w Bk
gﬁl kK - - - - . - 2 4 5 g . =
] 2 . = i i ; a " i 3 2 5 :
o A S D
30 i, i Z z . i . u i = “ - i
5t 20| - - - - g = z z = o ) 2 -.
) i1} - - - 18 - - - = - - - -
3 = S z . £ i %
&3 0 - - 11 - - - - =
w | - - 71 3 - -
21 = . - & cy - = " a -
50 20 - - i7 - - - - - - - =
10 - - 29 ) - H L - 4] - < . - P
30 - - - 12 - - - - - - - - &
43 20 » - 24| - . T s .
7Y pyy ML s & = W] . : IS I
3 1t 30 - - - - Ve . - - . - . - u i
z 44 Tl 2 - - . . M - - - - 17 - - "
| £yt _d0 = - . i 48 - - - - an P i - 2
(%] E Al - . - Fl7] - - i 14 - . - . s
n it o 2D = - '2 A4 -, - - 2 " Ll = = -
bl U | &n - - 14 - - - 41 . i . E 5
b= 2! = Z . ;;L“i% - . . = pg E - - - -
Il 2] 2. 2 21 54 - . . . = | - 3 5 .
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TABLE 11M - MALE POPULATION PERCENTAGES FOR CARRYING TASKS
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TABLE 5F - FEMALE POPULATION PERCENTAGES FOR LOWERING TASKS
BEGINNING BETWEEN KNUCKLE AND SHOULDER HEIGHTS (-28" AND 563")
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TABLE 2M - MALE POPULATION PERCENTAGES FOR LIFTING TASKS
ENDING BETWEEN KNUCKLE AND SHOULDER HEIGHT (231" AND <57")
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TABLE 5M - MALE POPULATION PERCENTAGES FOR LOWERING TASKS
BEGINNING BETWEEN KNUCKLE AND SHOULDER HEIGHT (231" AND <67°)
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TABLE 5F - FEMALE POPULATION PERCENTAGES FOR LOWERING TASKS
BEGINNING BETWEEN KNUCKLE AND SHOULDER HEIGHTS (28" AND <53")
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