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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer and authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch aiso provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to federal, state, and Tocal agencies; labor; industry; and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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SUMMARY

A request was submitted by the United Rubber Workers (URW) for a National Institute
for Occupational Safety and Health (NIOSH) Health Hazard Evaiuation (HHE) at the
American Fuel Cell and Coated Fabrics Company (Amfuel) plant in Magnolia,
Arkansas. Health effects, including "neurotoxic responses, nausea, dermatitis, multiple
cancers, narcosis, emotional stress, heat stress, and ergonomic problems," were
reported by the union to be occurring among Amfuel workers during the manufacture
of coated rubber aircraft fuel cells. An initial survey was conducted on

November 14-16, 1990, following the completion of an Occupational Safety and Health
Administration (OSHA) safety and heaith compliance inspection. Two follow-up
surveys were conducted by NIOSH investigators in July and August 1991, to measure
solvent levels, evaluate heat stress conditions, conduct an ergonomic evaluation, and
assess the adequacy of existing ventilation systems.

Ergonomic assessments were performed in the Fittings, Inneriiner, Outerply, Final
Inspection, Nylon Spray, and Onion Tank Assembly areas. A job analysis was
performed to assess the repetitiveness of various fuel cell assembly tasks and to
document instances of awkward hand, wrist, arm and trunk postures. Manual force
requirements were estimated, and exposures to hand/arm vibration were also noted.
Medical interviews were conducted and injury and illness records were reviewed.

Personal breathing-zone (PBZ) and general area (GA) air samples were collected for
methyl ethyl ketone (MEK) and 1,1,1-trichloroethane, the principal solvents used in
assembling and cleaning fuel cells. Concentrations of MEK in the PBZ samples
ranged from <10 parts per million (ppm) to 421 ppm, expressed as time-weighted
averages (TWAs) over the sampling period. Three of four short-term (15 minutes) PBZ
air samples collected for MEK during a ring cleaning operation in the Fittings
Department had concentrations which exceeded the NIOSH Short-term Exposure Limit
(STEL) of 300 ppm.

Concentrations of 1,1,1-trichloroethane in five short-term (15 to 19 minutes) PBZ air
samples collected during the interior cleaning of fuel cells in the Final Finish
Department ranged from 293 to 878 ppm. Four of these PBZ air samples had 1,1,1-
trichioroethane concentrations which exceeded the NIOSH STEL of 350 ppm. Results
from all the PBZ and GA air samples collected for 1,1,1-trichloroethane ranged from
<10 ppm to 878 ppm, TWA over the sampling period.



Injury and iliness records contained on OSHA injury and illness forms were reviewed
for information pertinent to the HHE request. Private medical interviews were
conducted with 26 current employees who volunteered to talk about their work-related
health concerns. Union representatives provided NIOSH with a list of 30 other current
or former employees with work-related heaith concerns. The most commonly reported
health concern was skin rashes. This was attributed by affected employees to “shiny"
gum material used in the Innerliner area. The skin rashes were also reported to be
worse during the warmer summer months. Those who reported skin rashes also
reported that the use of gloves or wearing long sleeves was impractical because it did
not allow them to do their job properly. One person interviewed had what she
considered a work-related skin rash on an exposed area of her forearm which
consisted of several macular red pinpoint-sized areas.

Reported colon and breast cancers occurred in fewer people than would be expected
in the general population. There were eight other reported cases of ‘cancer," but
these were not verified by available records and the affected individuals were not
available for interview. Other reported health concerns included dizziness, headaches,
asthma, eye, nose and throat irritation, sinus congestion, nausea, nervousness, lung
disease, thyroid disease, and carpal tunnel syndrome.

The ergonomic recommendations offered in this report include replacing manual
cutting shears with powered shears; providing a fixture or tool to remove scrap rubber
from the hole-cutting die; re-designing scissors with longer handles, shorter blades,
and a self-opening mechanism to reduce the manual stress associated with prolonged
and repetitive tool use; changing the height of the work stations to reduce the
occurrence of awkward wrist postures and long reaches; providing stoois, cushioned
floor mats, or raised foot rests; providing additional lighting and (where needed)
magnifying glasses to improve visibility; adding rollers to the bottom surface of
platforms and racks to allow the operator to transfer molds between surfaces with less
force exertion; reducing tool vibration; and modifying tool handles to eliminate
conditions which require a pinch grip.

In general, local exhaust ventilation systems were either absent or only partially
effective. The company’s personal protection program was not effective, evidenced by
improper wearing of respirators by employees and the lack of suitable skin protection
while handling solvents. The company lacked a confined space entry program and
their written respiratory protection program was inadequate. A review of the
company’s injury and illness records revealed several departments with ergonomic
problems such as cumulative trauma disorder (CTD). Specific recommendations for
modifying tools, work stations, and work methods were presented to the company.



NIOSH investigators have concluded that multiple health hazards exist at this facility,
including overexposures to 1,1,1-trichloroethane and methyl ethyl ketone, an
inadequate confined space entry program, numerous ergonomic hazards, and
inadequate personal protection. In addition, the NIOSH investigators conclude that
both mechanical and chemical trauma to the skin could occur among workers
handling organic solvents, rubber adhesives, and rubber stock. Both specific and
generalized recommendations have been included in this report to reduce solvent
exposures and improve local exhaust ventilation. Recommendations are also
included which address ergonomic problems, respirator selection, personal
protection, and implementation of a heat stress program.

Keywords: SIC 3069 (Fabricated Rubber Products, Not Elsewhere Classified), methyi
ethyl ketone, 1,1,1-trichloroethane, heat stress, ergonomics, confined spaces,
respiratory protection, ventilation, personal protective equipment, skin rash, cancer.
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INTRODUCTION

A request for a National Institute for Occupational Safety and Health (NIOSH) Health
Hazard Evaluation (HHE) was submitted by a representative of the United Rubber
Workers’s (URW) union concerning chemical exposures, heat stress, and ergonomic
problems, occurring during the manufacture of coated rubber fuel cells by workers at
the American Fuel Cell and Coated Fabrics Company (Amfuel) in Magnolia, Arkansas.
Heaith effects noted in the request included "neurotoxic responses, nausea, dermatitis,
multiple cancers, narcosis, emotional and heat stress, ergonomic problems, and
pulmonary hemorrhage.” An initial survey was conducted by NIOSH investigators on
November 14-16, 1980, following the completion of an extensive Occupation Safety
and Health Administration (OSHA) safety and health compliance inspection. Two
follow-up surveys were conducted by NIOSH investigators in July and August 1991 to
measure solvent exposures and evaluate heat stress conditions and the adequacy of
existing ventilation systems throughout the facility. In addition, an ergonomic
evaluation was conducted in the foilowing departments: Fittings; Innerliner (including
rubber cutting); Outerply; Nylon Spray; Final Inspection; and Onion Tank Assembly.

Prior to this NIOSH survey, an OSHA heath and safety compliance investigation was
conducted at Amfuel between July to September, 1990. Health and safety related
citations resulting from this survey were received by the company on

November 16, 1980. The OSHA citations initially issued to Amfuel involved an
inadequate hazard communication program, inadequate personal protective
equipment, and documentation of numerous employee overexposures to methy! ethyl
ketone (MEK}; methyl chioroform (1,1,1-trichloroethane); methyl isobutyl ketone; lead:
morpholine; and carbon disulfide.

BACKGROUND

Formerly owned and operated by the Firestone Tire and Rubber Company, the facility
became the American Fuel Cell and Coated Fabrics Company in 1983. The majority
of Amfuel employees work producing aircraft fuel cells at one of two plants located in
Magnolia. Other production activities (unrelated to fuel cell production) performed at
the second Magnolia facifity include contract maintenance work on Titan missile
components and Mark IV army rocket casings. A smaller plant; located in Monticello,
Arkansas, produces transportable 2000 gallon water storage tanks (termed "onion
tanks" because of their unique shape when filled with water). The total workforce of ail
the Amfuel plants was approximately 600 people at the time of this evaluation.

The primary Amfuel products, and the focus of this evaluation, are fuel biadders (also
called fuel cells), which are used in military and small commercial aircraft. To
maximize fuel storage capacity, these cells typically conform to the shape of the
particular aircraft in which they are used. As a result, the shape of the fuel cells may
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be complex. The assembly time of a single fuet cell may take more than a month due
to the manual assembly steps required to produce a final product. The capacity of the
fuel cells produced by Amfuel range from several hundred to several thousand gallons.
Table 1 lists the departments which were included in this NIOSH evaluation and the
type of assessments performed in each area.

The manufacture of fuel cells for Table 1 - NIOSH EVALUATION

aircraft is a labor intensive process
which involves the assembly, by _ - ‘ _ o
hand, of thin layers of material Department | | . Suruey Assessments Parformed
(either fabric or rubber) over Rubber Cutting Ergonamic
mandrels. Mandrels are precision ' ,

. . innerliner: . Ergonomic, Solvent Exposures
forms which replicate the shape of
the fuel Ce“ being prOdUCEd. Quterply Ergonomic, Solvent Exposures
Produced off-site by another Fittings Ergonomic, Heat Stress
Company: these forms are C'em;mt‘ Solvent Exposures
constructed from paper maché, "Housa*
Cardboard, and plaster. EaCh .F.ace‘_Cqéxinq:' Ergonomic, Solvent Exposures, Heat Stress
mandrel is used only once. e Teadng. Heat Stress
Large sheets of stock rubber and S ey Solvert Bxposures
coated fabric are cut to their Nylon-Spray: Selvent Exposures
desired Shape in the Rubber ‘Final Finiish‘r-“", Ergoncmic, Solvent Exposures, Haat Stress,
Cutting department. The build-up SE—— Confined Spaces
of the muitiple layers of rubber and  Onion '::;k: : Ergonomic
fabric occurs in either the /nnerliner B

or Quterply Departments. The
layers of rubber and fabric are
assembled using adhesives (referred to as "cements" by Amfuel workers) which
contain solvents (primarily methyl ethyl ketone [MEK]) and additives (such as carbon
black). The adhesives are manually applied by brush or roller to the hand-held sheets
of material. Metal fittings, loops, and other specialty connections may be attached to
the cells in these departments.® Nylon and latex coatings are sprayed on the cells
during various stages of production.

Following the Inneriiner and Outerply Departments, the assembled fuel celis are
autoclaved (a rubber curing process similar to vulcanization). Prior to autoclaving, the

The employees located in the adjacent Fittings Department prepare sub-
assemblies consisting of metal hardware (rings, bolts, etc.) which are bonded to
rubber collars. These sub-assemblies are then shipped to the /nnerfiner
Department for attachment to the appropriate fuet cell.
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cardboard mandrel is softened by soaking the fuel cell in a large tank of heated water
and then removed. Following autaclaving, all of the fuel cells, as part of a strict quality
control program, are leak tested by inflating them with air to identify any structural
defects. In addition, depending on the military specifications required for a particular
fuel cell, additional leak checks, using jet fuel, may be performed.

The last stage prior to shipping is the Final Finish Department where all the cells
receive a final inspection, repair (if needed), and final cleaning of both interior and
exterior surfaces. Typically one or two inspectors {depending on the size of the fuel
cell) inspect and clean a cell. Cleaning solvents used in this department include MEK
(for the exterior surfaces) and 1,1,1-trichloroethane (for the interior portions of the cell).
Since the fuel cells have little structural rigidity to them once the mandrel is removed,
the workers suspend the cells from elevated work tables using rigging consisting of
small ropes attached from overhead metal bars to loops on the exterior surface of the
fuel celt. This arrangement allows the workers to inspect both the exterior and interior
surfaces. Depending on the size of the cell, the employees may be required to work
completely inside the ceit.

EVALUATION CRITERIA

GENERAL,

As a guide to the evaluation of the hazards posed by workplace exposures, NIOSH
field staff employ environmental evaluation criteria for the assessment of a number of
chemical and physical agents. These criteria are intended to suggest limits of
exposure to which most workers may be exposed up to 10 hours per day, 40 hours
per week for a working lifetime without experiencing adverse health effects. it is,
however, important to note that not all workers will be protected from adverse health
effects even though their exposures are maintained below these limits. A small
percentage may experience adverse health effects because of individual susceptibility,
a pre-existing medical condition, and/or a hypersensitivity (allergy). In addition, some
hazardous substances may act in combination with other workplace exposures, the
general environment, or with medications or personal habits of the worker to produce
health effects even if the occupational exposures are controlled at the limit set by the
criterion. These combined effects are often not considered in the evaluation criteria.
Also, some substances are absorbed by direct contact with the skin and mucous
membranes, and thus potentially increase the overall exposure. Finally, evaluation
criteria may change over the years as new information on the toxic effects of an agent
become available.

The primary sources of environmental evaluation criteria for the workplace are
the following: 1) NIOSH Recommended Exposure Limits (RELs),' 2) the American
Conference of Governmenta! Industrial Hygienists’ (ACGIH) Threshold Limit
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Values (TLVs),” and 3) the U.S. Department of Labor, Occupational Safety and Health
Administration (OSHA) Permissible Exposure Limits (PELs).’ The OSHA PELs may be
required to take into account the feasibility of controlling exposures in various
industries where the agents are used; the NIOSH RELs, by contrast, are based
primarily on concerns relating to the prevention of occupationai disease. In evaluating
the exposure concentrations and the recommendations for reducing these
concentrations found in this report, it should be noted that the lowest exposure criteria
was used; however, industry is legally required to meet those limits specified-by the
OSHA standard.

A time-weighted average (TWA) exposure refers to the average airborne concentration
of a substance during a normal 8- to 10-hour workday. Some substances have
recommended short-term exposure limits (STELSs) or ceiling values which are intended
to supplement the TWA where there are recognized toxic effects from high short-term
exposures.

METHYL CHLOROFORM, METHYL ETHYL KETONE, ETHANOL

Table 2 summarizes toxicity and permissible exposure information on methyl
chloroform, MEK, and ethanol. Chloroprene, although listed as an ingredient in the
latex spraying operation, was not detected in any of the personal breathing-zone air
samples collected for this material. As a result, no toxicity and exposure data has
been included for this chemical.

ERGONOMICS

Cumulative trauma disorder (CTD) of the musculoskeletal system is an umbrella term
which describes a number of injuries affecting the tendons, tendon sheaths, muscles,
and nerves of the upper extremities. Common CTDs include tendinitis, synovitis,
tenosynovitis, bursitis, ganglionic cysts, strains, DeQuervain’s disease, and carpal
tunnel syndrome (CTS).

In recent years, the link between CTDs and occupation has gained increasing
attention. In 1990, CTDs were responsible for more than half of all occupational
ilinesses reported to the Bureau of Labor Statistics.! Studies have shown that CTDs
can be precipitated or aggravated by activities that require repeated or stereotyped
maovements, large applications of force in awkward postures, or exposure to hand/arm
vibration.*” Postures often associated with upper extremity (UE) CTDs are extension,
flexion, and ulnar and radial deviation of the wrist, open-hand pinching, twisting
movements of the wrist and elbow, and reaching over shoulder height. Activities
associated with UE CTDs are frequently observed in many manufacturing and
assembly jobs in industry. Occupations associated with a high incidence of CTDs
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include electronic components assembly, garment manufacturing, small appliance
manufacturing and assembly, and meat and poultry processing.®"

HEAT STRESS

There are a number of heat stress guidelines that are available to protect against
heat-related illnesses. These include, but are not limited to, the wet bulb globe
temperature (WBGT), Belding-Hatch heat stress index (HSI), and effective
temperature (ET).""™ The underlying objective of these guidelines is to prevent a
worker’s core body temperature from rising excessively. Many of the available heat
stress guidelines, including those proposed by NIOSH and the ACGIH, use a
maximum core body temperature of 38°C as the basis for the environmentai
criterion. """

Wet Bulb Globe Temperature (WBGT) Index

Both NIOSH and ACGIH recommend the use of the WBGT index to measure
environmental factors because of its simplicity and suitability in regards to heat
stress. The WBGT index takes into account environmental conditions such as air
velocity, vapor pressure due to atmospheric water vapor (humidity), radiant heat,
and air temperature, and is expressed in terms of degrees Fahrenheit (or degrees
Celsius). Measurement of WBGT is accomplished using an ordinary dry bulb
temperature (DB), a natural (unaspirated) wet bulb temperature (WB), and a black
globe temperature (GT) as follows:

WBGT,, = 0.7 (WB) + 0.3 (GT)
for inside or outside without solar foad,
OR

WBGT,,, = 0.7 (WB) + 0.2 (GT) + 0.1 (DB)
for outside with solar load.

Originally, NIOSH defined excessively hot environmental conditions as any
combination of air temperature, humidity, radiation, and air velocity that produced an
average WBGT of 79°F (26°C) for unprotected workers.”® However, in the revised
criteria for occupational exposure to hot environments, NIOSH provides diagrams
(see Figure 1) showing work-rest cycles and metabolic heat versus WBGT
exposures which should not be exceeded."

Similarty, ACGIH recommends TLVs® for environmental heat exposure permissible
for different work-rest regimens and work loads.”® The NIOSH REL and ACGIH TLV
criteria assume that the workers are heat acclimatized, are fully clothed in summer-
weight clothing, are physically fit, have good nutrition, and have adequate salt and
water intake. Additionally, they should not have a pre-existing medical condition that
may impair the body’s thermoregulatory mechanisms. For example, alcohol use
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Table 3 - Heat Stress Criteria

and certain therapeutic and

social dI'UgS may interfere with 1. Unacclimatized or physically unconditioned - subtract 4°F

the bOdy’S ablllty to tolerate heat. (2°C) from the permissible WBGT value for acclimatized
. . workers.

Madifications of the NIOSH and 2. Increased air velocity (above 1.5 meters per second or

ACGIH evaluation criteria should 300 feet per minute) - add 4°F (2°C). This adjustment can

not be used for air temperatures in excess of 90-35°F
(32-35°C). This correction does not apply if impervious

be made if the worker or

conditions do not meet the clothing is worn.
previously defined assumptions' 3. Impervious clothing which inn-arferes with evaporation:

g H . a. Body armor, impermeable jackets - subtract 4°F (2°C)
Modifications which have been b. Raincoats, turnout coats, full-length coats - subtract 7 °F
suggested are shown in Table 3. (4°c).

c. Fully encapsulated suits - subtract 9°F (5°C),
R . 4. Obese or elderly - subtract 2-4°F {1-2°C},
Selection of a protective NIOSH 5. Female - subtract 1.8°F (1°C}. This adjustment, which is
WBGT exposure limit fl'OlT\ based on a supposedly lower sweat rate for females, is
i . ) guestionable since the thermoregulatory differences between
FIgUFe 1is Contlngent upon the sexes in groups that normally work in hot environments
identifying the appropriate wark- are complex.'” Seasonal and work rate considerations snter

into determining which sex is better adapted to work in hot
environments.'®

rest schedule and the metabolic
heat produced by the work. The
work-rest schedule is
characterized by estimating the
amount of time the employees work to the nearest 25%. The most accurate
assessment of metabolic heat production is to actually measure it via calorimetry.
However, this is impractical in industrial work settings. An estimate of the metabolic
heat ioad can be accomplished by dividing the work activity into component tasks
and adding the time-weighted energy rates for each component. Because of the
error associated with estimating metabolic heat, NIOSH recommends using the
upper value of the energy expenditure range to allow a margin of safety. Table 4
presents the metabolic estimate for an employee working in the Final Finish
Department as an example of this technique.™

Aural Temperature Measurements

As an evaluation technique, the WBGT method is at best only an imprecise indicator
of the heat load experienced by a worker. Assumptions must be made regarding
the worker’s degree of acclimatization and physical fitness. The NIOSH heat stress
REL must be adjusted for weight, clothing, work rates, and metabolic heat ’ .
production. In addition, these heat stress indices may not appropriate for situations
where clothing that inhibits or prevents evaporative heat loss {e.g., personai
protective equipment} is worn.

Direct measurements of core body temperature typically entail unacceptably
invasive techniques (rectal temperature) or require strictly controlled procedures
{oral temperature). Commercially available personal heat stress monitors have been
developed that are capable of monitoring workers on a continuous basis through a
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variety of techniques, including ear canal temperature. These monitors generally
offer data logging capability, as well as alarm functions for alerting workers when
pre-set limits are exceeded. During this survey NIOSH industrial hygienists
conducted a limited evaluation using a personal heat stress monitor that utilized the
ear-canal temperature technigue. It should be noted that the accuracy and
precision of this monitor has not been evaluated by NIOSH.

CONFINED SPACES

The NIOSH definition of a confined space is an area which by design has /imited
openings for entry and exit, unfavorable natural ventilation which could contain (or
produce) dangerous air contaminants, and which is not intended for continuous
employee occupancy.” The NIOSH criteria for working in confined spaces further
classifies confined spaces based upon the characteristics such as oxygen level,
flammability, and toxicity. As shown in Table 5, if any of the hazards present a
situation which is immediately dangerous to life or health (IDLH), the confined space is
designated Class A. A Class B confined space has the potential for causing injury
and/or iliness but is not IDLH. A Class C space would be one in which the hazard
potential would not require any special madification of the work procedure. Table 6
lists the items which should be considered before entering any confined space.

EVALUATION DESIGN
AIR MONITORING

Personal breathing-zone (PBZ) and general area (GA) air samples were collected
on August 20-21, 1991, for methy! ethyl ketone (MEK), methyl chloroform
(1,1,1-trichloroethane), chloroprene, and ethanol. The methods used for collection
and analysis of these materials are summarized in Table 7.

VENTILATION ASSESSMENT
A gualitative "wall to wall" ventilation assessment was performed in the fuel cell
production areas. This inspection included a visual observation of existing local

exhaust ventilation (LEV) controls as well as a review of work practices.

HEAT STRESS

Environmental measurements were obtained using a Reuter Stokes RSS 211D Wibget®
heat stress meter manufactured by Reuter Stokes, Canada. This direct reading
instrument is capable of monitoring dry bulb, natural (unaspirated) wet buib, and black
globe temperatures in the range between 32° and 200°F, with an accuracy of

+ 0.5-1.0°F. This meter also computes the indoor and outdoor WBGT indices in the
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range between 32° and 200°F. Measurements were collected about four feet from the
floor after the meter was allowed to stabilize.

In addition to the environmental heat stress measurements obtained with the Reuter
Stokes Wibget®, a Quest QuesTemp°lI® (Quest Electronics, Oconomowoc, W)
personal heat stress monitor was used to measure aural (ear) temperature of an
employee working within a fuel cell in the Final Finish Department. This device
electronically measures temperature in the ear canal. The difference between the ear
and body temperatures is compensated for by calibrating the unit directly to the
worker’s oral temperature. A small sensor, which is placed in the ear canal via an
earplug, monitors changes in the body’s temperature and will alarm if the leve!
exceeds a pre-set limit (factory set at 38°C, adjustable up to 39°C). The monitor also
continuousty logs body temperature for subsequent evaluation, such as assessing the
heat stress incurred from specific tasks. The ear mold containing the plug and sensor
is equipped with a second temperature sensor, which monitors the worker’s
environment, and a small speaker used for an audible alert. It should be noted that
the secondary sensor provides only an estimate of ambient temperature because the
values may be affected by its proximity to the worker’s head.

According to the manufacturer, this device provides a direct estimate of heat stress on
a worker. Because the ear canal borders the hypothalamus (the body’s temperature
regulator at the base of the brain), if the ear canat is isolated from the outside
environment, the sensor will track the temperature of the hypothalamus. In addition to
temperature monitoring by the QuesTemp Il, standard WBGT readings were measured
every five minutes in the immediate work area of this employee.

MEDICAL

Union representatives provided NIOSH with a list of names and work-related health
concerns of current and past workers. Current workers were informed by union
representatives of the NIOSH visit prior to our arrival. A list was compiled of those
current employees who wanted to talk with us about their work-related health
concerns and these employees were interviewed privately. In addition, the supervisors
of the Outerply, Repair, Final Finish, Spray Room, and Innerliner departments were
interviewed in order to assess the magnitude of heaith concerns voiced by employees
to their supervisors. All interviews were done on a voluntary basis and no one refused
to be interviewed. OSHA 200 logs were reviewed for information pertinent to the
hazard request.

ERGONOMICS

The first objective of the ergonomic evaluation was to identify biomechanical risk
factors for upper extremity (UE) CTDs in jobs performed at these facilities. A second
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objective was to develop recommendations to eliminate or reduce the hazards
identified in these jobs. Jobs performed in the facility during the site visit were
observed and videotaped. A total of eight operations were included in the evaluation.
Additional information, such as the number of workers employed in each job, the types
of tools used, the work station dimensions, and the force requirements of certain
tasks, was also collected.

A job analysis was performed to assess the repetitiveness of each task and to
document instances of awkward hand, wrist, arm, and trunk postures. Manual force

requirements were estimated, and exposures tc hand/arm vibration were also noted,
although no direct measurements of hand-transmitted vibration were made.

RESULTS

METHYL ETHYL KETONE

All results and descriptions of PBZ and GA air samples collected for MEK are shown in
Table 8. Four short-term (15 minutes) PBZ air samples were collected for MEK during
a ring cleaning operation in the Fittings Department. Exposures ranged from 149 to
421 ppm. Three of these PBZ samples exceeded the NIOSH STEL of 300 ppm for
MEK. Overall, PBZ concentrations ranged from <10 ppm up to 421 ppm, TWA over
the period sampled.

1,1,1-TRICHLOROETHANE

Resuits from all of the PBZ and GA air samples collected for 1,1,1-trichloroethane are
shown in Table 9. Five short-term (15 to 19 minutes) PBZ air samples were collected
for 1,1,1-trichloroethane during the interior cleaning of fuel cells (using this solvent) in
the Final Finish Department. These exposures ranged from 293 to 878 ppm. Four of
these PBZ samples exceeded the NIOSH STEL of 350 ppm for 1,1,1-trichloroethane.
Overall, the PBZ concentrations ranged from <10 ppm up to 878 ppm, TWA over the
period sampled.

ETHANOL

Three general area air samples were collected in the nylon spray operation to assess
employee exposures to ethanol. As shown in Table 10, ethanol concentrations ranged
from 26 to 160 ppm, expressed as TWAs over the period sampled. The NIOSH REL,
OSHA PEL, and ACGIH TLV for ethanaol is 1000 ppm for an 8- to 10-hour TWA
exposure.
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HEAT STRESS

The WBGT data collected on August 20, 1991, throughout the first (day) shift is
presented in Table 11. The WBGT, measurements ranged from 75.4 to 83°F, with the
dry bulb air temperature as high as 100.7°F and the radiant (globe) temperature
reaching 101.4°F. These two highest temperatures were measured in the Fittings
Department at approximately 2:30 p.m. The dry bulb temperatures outside ranged
from 86 to 96.8°F on the day of this survey, weather conditions considered by the
employees and management as mild for mid-summer.

The aural temperatures measured on an employee in the Final Finish Department are
presented in Table 12. The aural temperatures remained fairly consistent over the
approximately 2.5 hour sampling period, ranging from 36.8 to 37.1°C. None of the
aural temperatures measured as part of this evaluation exceeded the maximum core
body temperature of 38°C as proposed by NIOSH and the ACGIH.

MEDICAL

The employee information provided by union representatives included names and a
brief account of health concerns for 37 current and former employees. Seven of the
approximately 600 current employees were interviewed. In addition to these seven,

19 other current employees (not on the list initially provided by the union) were
interviewed during our visit. Therefore, work-related health concern information was
available for a total of 56 current or former employees. Figure 2 summarizes the
health concerns of the 26 employees who were interviewed during this evaluation. All
symptoms except for skin rash occurred in fewer than 25% of the individuais
interviewed, and several (headaches, nervousness, and dizziness) were not suggestive
of a particular medical diagnosis.

From a review of the OSHA 200 injury and illness records and interviews with
employees, the most commonly reported health concern was skin rash. Workers
attributed their skin rashes to contact with fiberglass, rubber cements, "shiny" gum on
some of the rubber, solvent #6079, and MEK. Other suspected causes of the rashes
included warm temperatures in the work area and buffing of cells (without skin
protection). Several employees reported that protective clothing or gloves were not
worn because they interfered with the ability to do the work and/or substances
seeped through gloves.

Other substances that were specifically mentioned by those interviewed as contributing
to a health concern included: solvent #12-400, which was reported to cause
dizziness, nausea, bloating, and eye irritation; 1,1,1-trichicroethane, which reportedly
causes dizziness and nausea; rubber "cements," the smell of which reportedly makes
some persons dizzy and causes respiratory irritation; solvent #LQ-389, which
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reportedly causes eye irritation; solvent #7172, which reportedly causes nausea and
nervousness; and solvent #6079, which reportedly causes shortness of breath and
Nervousness.

Two women were reported to have been diagnosed with breast cancer. There was
one reported case of cancer of the colon. Colon and breast cancer are common in
the general population and the few cases at Amfuel do not provide reason to suspect
a work-related cause for the occurrence of these cancers.

There were eight reports of other cancers, but no specific details were available
regarding these. The individuals with these reported cancers were either no longer
working at Amfuel or did not volunteer to be interviewed. Since the data for these
other reported cancers were incomplete, it is difficult to determine whether there was
any basis to suspect that they were associated with exposures at work.

ERGONOMICS

The following ergonomic findings are based on observations and analysis of videotape
made during a site visit to two Amfuel facilities on August 19-22, 1991. Eight
operations were included in this evaluation. Information such as the number of
workers employed in each job, the types of tools used, the work station dimensions,
and the force requirements of certain tasks was collected. A job analysis was
performed to assess the repetitiveness of each task and to document instances of
awkward hand, wrist, arm and trunk postures. Manuali force requirements were
estimated, and exposures to hand/arm vibration were also noted, aithough no direct
measurements of hand-transmitted vibration were made.

FITTINGS DEPARTMENT
Four separate processes are performed in the fittings department.

1. Rubber Cutting Area

Waorkers in the rubber panel cutting area process approximately 300 pieces (in
batches of 5 or 10) per day. The steps in the operation are as follows:

(@ One worker unrolls rubber sheets from a spindle and cuts a
length from the roll using a pair of standard scissors;

(b) The rubber sheet is placed on a die inside the press;

(c) The operator activates the press by pushing two palm-buttons;
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(d)

(€)

()

After the press operation is completed, the operator removes the
rubber from the die, trims the edges with a pair of scissors, and
places it in a stack. The operator repeats steps 1-3 until each
piece in the batch has been processed;

The operator removes the die from the press and uses a small
hand tool to remove rubber pieces from the die holes:;

The operator places the die on a storage shelf and retrieves a
new die to be installed in the press for the next batch.

Ergonomic concerns:

(@)

®)

()

Rubber materials vary significantly in thickness and elasticity. Scissors
are used almost exclusively for cutting rubber sheets into smaller panels.
Depending on the thickness and elasticity of the material, cutting rubber
sheets with a pair of scissors can require significant manual force
exertion. The metal scissor handles also concentrate stress on the
operator’s thumb and fingers.

Cutting large sheets of rubber into smaller panels frequently requires a
long reach. Similarly, the reach to place and position sheets on the die
is approximately 23 inches. In some cases (cutting rubber into thin strips
is one example), operators reach over rollers to put materials on the die.
Forward reaches of more than 20 inches should be avoided to limit static
effort.

On one occasion, after the press operation was completed, the operator
was observed holding the die over a barrel and removing rubber scrap
from die holes with a punch tool. While this operation occurs
infrequently, it is potentially fatiguing and inefficient. Investigators noted
that it is not unusual for workers to work up to twenty hours overtime
each week. Improving efficiency should reduce overtime work, resulting
in a savings to the company and greater recovery time between shifts for
the employees.

2. Build-up Area

Workers in the build-up area cement layers of rubber material to each other
and to metal fittings. Complex fittings are processed one-at-a-time; however
simple pieces can be processed in batches of five to ten at once. Depending
on the complexity of the fitting, cycle time/batch can vary from half-an-hour to
a day or more.
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Ergonomic concerns:

(a)

(c)

(d)

Build-up operaticns require frequent finger pressing and pinching,
application of force with the paim of the hand, and use of small hand
tools which concentrate stress on the soft tissues of the hand. Scissors
and small roller-equipped hand tools, known as "stitchers" are frequently
used in the fittings department to remove air pockets caught between
layers of rubber and metal. Workers roll the stitcher over the surface of
the rubber while applying downward forces. Use of the stitcher results in
ulnar and radial wrist deviation, and repetitive elbow and shoulder
flexion/extension. Frequent and prolonged application of manual force is
strongly linked to CTD deveiopment.

The height of the work station and the lack of movable fixtures contribute
to awkward shoulder and wrist postures. The height of the table top is
35.5 inches; however, fixtures located on top of the work station add four
to five inches to the working height. Because much of the work requires
large downward applications of force (see #1 above), operators were
frequently observed working with the shoulders abducted and wrists in
ulnar or radial deviation. Work fixtures were fashioned from wooden
blocks (non-movable); therefore, trimming rubber from fittings with
scissors resuited in twisting of the wrists and extreme ulnar wrist
deviation with finger flexion.

Workers stand throughout their work shift. Prolonged standing allows
the blood to pool in the legs and feet and places a static load on
muscles in the legs, back and trunk.

The visual demands in the build-up area are quite high; operators are
responsible for detecting and removing air pockets which can be very
small and difficult to detect.

3. Curing Area

Fittings are placed in metal molds and cured in oven-presses for periods of
20-45 minutes. Two large oven-presses and as many as 12 small ovens are
operated continuously in the curing area.

Ergonomic concerns:

Material handling activities are the primary source of ergonomic hazards in the
curing department. Workers push and pull meolds weighing from 30 to 100
pounds between ovens, platforms, carts and storage racks. Moving large
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molds can require more than 50 pounds of force exertion with the back and
upper extremities. Operators are also required to make excessive reaches
across platforms and carts to pull molds from shelves or ovens. Sheif height
varies from approximately 12 inches above the floor to 60 inches above the
floor, causing the worker to execute pushes or pulls while bending or reaching
above shoulder height. A chain-operated hoist is provided to help the
operator lift covers from the tops of moids; however this device is somewhat
cumbersome to operate.

4. Finishing Area

The final process performed in the fittings area is finishing. Workers remove
excess rubber from metal fittings using vibrating drills, buffing wheels, air
guns, razor knives and grinders. Most work is performed at hooded work
stations, designed to collect dust generated during grinding processes.

Ergonomic problems:

(@) Work in the finishing area requires almost continuous use of hand tools,
many of which are capable of transmitting significant levels of vibration to
the hand. Few operators were observed wearing gloves during grinding
or buffing tasks. The diameter of the grinding tool handle also appeared
to be too large for female operators’ hands. Handles which are larger
than the user’s hand diameter require more effort to grip and manipulate
than handles which match, or are somewhat smaller than the user’'s hand
size.

(b) Many of the operations in the finishing area require frequent and
prolonged exertion of pinch grip forces. Razor blades (with and without
handles) are frequently used to trim away small pieces of rubber.
Operators in the final finishing area were observed using cretex bars to
clean metal surfaces. Operators grip the cretex bar between the first two
fingers and the thumb; therefore, use of the cretex bar is associated with
forceful, sustained finger-pinching.

(c) A loud, high-pitched noise emanating from the grinders was presented
continucusly to operators in the finishing area during the site visit. No
workers in the finishing area were observed wearing hearing protection.

(d) In one area of the finishing department, workers use large mounted
buffing wheels to roughen the edges and surfaces of large rubber fittings
(to improve bonding between the fitting and fuel cell). Although some
fittings can be quite large and bulky, workers are required to hold and
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manipulate the fittings during this process, which often requires several
minutes. Prolonged holding and application of pinch grip forces imposes
a static load on the fingers, shoulders, and forearms. Static loading can
result in soreness, loss of grip strength, and fatigue.

(e} All work in the finishing area is done while standing. Mats provided to
cushion the work surface appeared thin and very worn.

RUBBER CUTTING DEPARTMENT

Although materials for fittings are cut in the Fittings department, panels for use in
the /nnerliner and Outerply Departments are cut in a separate, much larger area.
Operations in the two areas are similar. Sheets of material are unrolled from a
spindle to a predetermined length. Two operators, working from opposite sides of
the cutting table, use standard (manual) scissors to cut the rubber sheet from the
roll. Sheets are then stacked on a table. After a specified number of sheets have
been cut, workers place a chalked template over the stack and rub chalk markings
onto the top sheet. The operators use the chalk markings as a guide for cutting the
large rubber sheets into smaller panels with power shears.

Two ergonomic concerns were noted in the Rubber Cutting department. First,
cutting rubber sheets with a pair of manual scissors can require significant manual
force exertion. The metal scissor handles concentrate stress on the operator’s
thumb and fingers. Although manual scissors are used less frequently in rubber
cutting than in the Fittings or Innerliner departments, prolonged use could result in
soreness or fatigue. Second, the work table used in the Rubber Cutting department
is approximately five feet wide. Although two operators work from opposite sides of
the table, neither can reach the middle without significant trunk fiexion and an
extended reach. Because cutting activities frequently require reaches to the middle
of the table, operators spend much time leaning forward across the table with
shoutders and arms extended.

INNERLINER AND OUTERPLY DEPARTMENTS

Fuel cells are largely constructed in the Innerliner and Outerply Departments, and
these departments employ the largest number of workers. Operations in both areas
are similar. In the /Innerliner Department, the first layer of rubber is glued to a
cardboard form (mandrel) in the shape of the fuel cell. Fittings are also applied to
the fuel cell at this time. In the Outerply area, additional layer(s) of rubber are
applied to the fuel cell. At the end of the process, the entire cell is placed in an
autoclave to vulcanize (cure) the rubber and form a one piece unit.
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Ergonomic concerns:

(@)

()

©

Operations in the /nnerfiner and Outerply Departments require constant use
of the hands. Applying rubber panels to the fuel cells requires finger
pressing and pinching, application of force with the paim of the hand, and
use of small hand tools which concentrate stress on the soft tissues of the
hand. Manual scissors are used almost exclusively for cutting rubber sheets
into smaller panels for attachment to the fuel cells. Depending on the
thickness and elasticity of the material, cutting rubber sheets with a pair of
scissors can require significant manuai force exertion. The metal scissor
handles also concentrate stress on the operator’s thumb and fingers. The
scissors used in the inner and outer ply departments appeared to be
somewhat smaller than those used in cutting areas (almost like school
scissors), meaning that more movements were required to make the same
lengths of cuts. The rubber material often becomes very difficult to
manipulate due to its size and tendency to wrinkle and stick together.
Therefore, pulling and stretching the fabric with the hands and fingers is
commonly observed. Frequent application of manual force is strongly linked
to CTD development.

Fuel cells vary tremendously in size and shape. Although some cells are
small enough to rest on top of a table, others are 56 inches tall. Although
some fuels cells are mounted on mandrels (which allow the operator to
rotate the cell), the largest fuei cells are placed on sawhorse structures.
Rotation requires the help of the maintenance crew. Working height in this
configuration ranges from 13 to 69 inches. Significant bending and
overhead reaching is required to completely cover the entire cell with paneis.
In almost ali cases, the work surface is positioned vertically {perpendicular
to the floor). Flat surfaces are much easier to work on; however, many fuel
cells have highly irreguiar and convoluted surfaces. The frequency of
cutting, pulling and stretching activities is increased as the fuel cell surface
becomes more irregular.

All work is done while standing. No mats or cushions were provided for
operators to stand on while working.

NYLON SPRAY DEPARTMENT

An operator, using a trigger-activated spray gun, coats fuel cells with cement
and/or nylon in the spray area. No conspicuous ergonomic problems related to the
spraying task were identified.
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CLEANING/INSPECTION AND REPAIR DEPARTMENTS

During final inspection, workers suspend the fuels cell from ropes. Workers partly
or completely crawl inside the fuel cell to inspect for leaks, and remave any residue
remaining from the production process. Repairs are made by applying sealant to
any leaks, or clamping heating biocks tc areas of the cell where air bubbles are
trapped.

ONION TANK ASSEMBLY

Onion tank (i.e., 3000 gallon portable water tank) assembly operations are
performed at a separate facility in Monticello, Arkansas. The onion tank assembly
process consists of four separate operations: (1) panei cutting, (2) assembly of
side panels and tank collars, (3) assembly of bottom paneis, and (4) final assembly.
Onion tanks also undergo integrity testing before they are packed in crates for
shipping. All operations are performed at adjacent work stations within the same
building.

Ergonomic concerns:

(@) Stitching tools are used extensively throughout the assembly areas. The
manual stitching tools are similar to those used in the Magnolia plant, except
that the roller surface is beveled (i.e., slanted with respect to the roller axis).
The change in the orientation of the roller causes the operator to extend and
ulnar deviate the wrist during use. In addition, a power stitcher is
sometimes used for stitching tasks. The power stitcher is equipped with a
pistol grip and a trigger. Demonstration revealed that the power stitcher
emits significant levels of vibration during operation. Because the tool is
used with the pistol grip parallei to the work surface, the operator is forced
to abduct the elbow and uinar deviate the wrist during use. Finally, to
control the speed of the motor, the operator must alternately depress and
release the trigger on a continuing basis.

(b) In most cases, workers stand beside tables to perform work tasks. Workers -
in the final assembly area, however, were observed warking on top of the
assembly table on hands and knees. Prolonged kneeling on hard surfaces
can result in knee trauma.

(c) Workers in the packing and shipping area use a Signotde combination
strapping tool to band wooden boxes together. Three bands are placed
around each box. Operation of the strapping tool requires repetitive force
exertion with the shoulder and arm. Further, boxes rest on the floor during
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strapping; workers must bend at the waist to position and fix the straps in
place.

DISCUSSION AND CONCLUSIONS
SOLVENT EXPOSURES

The PBZ air sampling results show that short-term (15 minutes) peak exposures to
MEK and 1,1,1-trichloroethane occurred in excess of NIOSH criteria and OSHA
exposure limits. Many of these episodes were related to the uncontrolled handling of
these solvents or rubber cements by the workers without the benefit of local exhaust
ventilation or other engineering controls. For example, workers in the Cement House
and Face Coater areas were observed manually transferring MEK from 55-gallon
drums into smaller plastic containers. These containers of solvent would then be
used to clean brushes or other equipment or to mix batches of rubber cement.
NIOSH investigators also observed employees throughout the facility transferring
MEK-containing rubber cements from 5 or 10 gallon containers into disposable
cardboard cartons or other receptacles. These activities were performed almost
exclusively without the benefit of local exhaust ventilation (LEV).

In some instances employees handling MEK-containing cements and cleaners did not
wear personal protective equipment such as impermeable gloves and/or aprons. In
other situations workers who were exposed to MEK during operations such as ring
cleaning and brush cleaning wore natural latex gloves and cloth aprons, materials
which are not impermeable to this solvent.

Brushes are used by the workers in several department to apply the various rubber
cements and other solvents to the fuel cells. During this NIOSH evaluation workers
collected these brushes (and other miscellaneous hand tools) near the end of the day
shift, sorted them (to eliminate the brushes which could not be reused), and then
manually cleaned each brush using MEK. A short-term (19 minutes) air sample
collected on the "brush cleaner" on 8/20/91 had 117 ppm of MEK. While the
employee performing this cleaning job wore an air-purifying organic vapor respirator,
he also used neoprene rubber gloves. Neoprene is not recommended for protection
from MEK. Glove materials such as Teflon® or butyl rubber offer superior resistance
and impermeability to MEK.

RESPIRATORY PROTECTION

NIOSH investigators reviewed the written respirator program developed by Amfuel.
While the main elements of any respiratory protection program were present (such as
employee training, respirator selection, fit-testing) the overall program was judged
inadequate based on the following findings:
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» Improper Respirator Selection. Half-face piece organic vapor air purifying
respirators were provided and worn by employees in the Final Finish

Department for protection against 1,1,1-trichloroethane. Personal exposures to
this solvent were measured in excess of the NIOSH STEL. Since NIOSH
considers 1,1,1-trichloroethane to exhibit poor warning properties at
concentrations below the REL, only supplied air or self-contained breathing
apparatus (SCBAs) are recommended as suitable respiratory protection.

» Respirator Maintenance. Reportedly, most Amfuel employees changed the
cartridges of their organic vapor respirators on a weekly schedule. However,
because of the limited useful service time of organic vapor cartridges (or
canisters), NIOSH recommends that they be replaced daily or after each use, or
even more often if the wearer detects odor, taste, or irritation. Discarding the
cartridge/canister is recommended at the end of the day, even if the wearer
does not detect odor, taste, or irritation.

» Improper Respirator Use. NIOSH investigators observed several workers with
beards wearing half-mask air purifying respirators. Facial hair can interfere with
the facial seal of the respirator and prevent the wearer from abtaining a proper
fit. Several employees were observed in the Final Finish Department cleaning
the interior of small fuel cells by reaching inside the cell. During this cteaning
process these employees would typically have their head and/or upper haif of
their body inside the cell. The cleaning solvent was 1,1,1-trichloroethane.
Short-term (15-minute) exposures up to 878 ppm were measured on several of
these workers. It was company policy that respirators were not required for
these employees since they could remain outside the fuel cell with only their
head (or upper body) inside the cell during the cleaning operation.

CONFINED SPACES

Using the definition found in the NIOSH criterion for working in confined spaces
(limited access; unfavorable natural ventilation; not intended for continuous worker
occupancy), the fuel cells which the employees must enter in the Final Finish
Department are confined spaces.” Air sampling results from this NIOSH evaluation
measured personal exposures which approached, but did not exceed, the NIOSH
Immediately Dangerous to Life or Health (IDLH) level of 1000 ppm for
1,1,1-trichloroethane. However, in the OSHA health and safety inspection which

* Half-mask organic vapor respirators were worn by the employees in the Fina/
Finish Department when they were using 1,1, 1-trichloroethane inside the fuel
cells. The NIOSH respiratory protection guidelines do not recommend air-
purifying respirators for protection from overexposures to 1,1,1-trichloroethane.
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preceded this NIOSH evaluation, PBZ exposures in excess of 1000 ppm were
measured among employees working inside the fuel cells in the Final Finish
Department. Based con the following three reasons, the interior of the fuel cells should
be classified as "Class A" confined spaces (See Table 6) whenever
1,1,1-trichloroethane is being used by the worker inside the cell. It is important to note
that this confined space classification would apply regardless of the location or
orientation of the fuel cell (for example, whether the cell in suspended from an

elevated work table, sitting on the floor, etc.).

» PBZ exposures will vary depending on a number of factors, including the type of
work task being performed, the work techniques utilized, the environmental
conditions (temperature, humidity) during the sampling period, etc.

» Solvent exposures measured by NIOSH investigators in this evaluation ranged
up to 878 ppm for a 15-minute STEL. However, air sampling data collected by
OSHA compliance officers in 1990 measured airborne levels of
1,1,1-trichloroethane of up to 3536 ppm (STELs) during interior fuel cell cleaning
in the Final Finish Department.

» Air-purifying organic vapor respirators, which do not offer adequate protection
against 1,1,1-trichloroethane, were being worn by the employees when they
were using this solvent for intericr cieaning in the cells.

If employees are working inside the cells and no solvents (such as
1,1,1-trichloroethane) are being used, then the work area could be classified as a
“Class C" confined space. Table 7 contains a check list of considerations for entry,
working in, and exiting confined spaces.

ERGONOMICS

Some of the specific ergonomic recommendations include reptacing manual cutting
shears with powered shears; providing a fixture or toot to remove scrap rubber from
the hole-cutting die; re-designing scissors with longer handles, shorter blades, and a
self-opening mechanism to reduce the manual stress assaciated with prolonged and
repetitive tool use; changing the height of the work stations to reduce the occurrence
of awkward wrist postures and long reaches; providing stools, cushioned floor mats,
or raised foot rests; providing additional lighting and (where needed) magnifying
glasses to improve visibility; adding rollers to the bottom surface of platforms and
racks to allow the operator to transfer molds between surfaces with less force
exertion; reducing tool vibration; and madifying tool handles to eliminate conditions
which require a pinch grip.
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MEDICAL

Colon and breast cancers are common in the general population and the few cases at
Amfuel did not suggest an occupational etiology. Since the data for the other reported
cancers were incomplete, it is impossible to estimate the likelihood that they were
associated with exposures at work. However, unless these cancers are in unusual
sites or are all in the same site, it is unlikely that they would contribute evidence for
being related to work.

The skin irritation reported by Amfuel employees is not unexpected. Both chemical
and mechanical trauma to the skin has been reported among workers in similar rubber
fabricating facilities.”

HEAT STRESS

Although not evident during the follow-up survey conducted in August 1991 during
which WBGT measurements were obtained, it is possible that more severe heat stress
conditions could exist during periods of warmer weather. Departments such as Fina/
Finish (working inside the fuel ceils) and Fittings (the use of heated presses to
assemble the metal /rubber components) would likely be the most severely affected.

RECOMMENDATIONS

Since the recommendations from this evaluation cover a variety of areas, they have
been grouped into categories.

ERGONOMICS

In all cases, engineering controls are the preferred method of reducing CTD risk. The
goal of engineering controls is to make the job fit the person, not the person fit the
job. Administrative (personnel-based) controls should be used only as a temporary
measure to control CTD risk until engineering changes can be implemented. In
addition, a medical management program for CTDs should be implemented. This
program should provide mechanisms for identifying CTD cases at an early stage and
providing treatment to employees before problems become more serious. Light duty
assignments should be identified to allow workers continue work until CTD symptoms
can be resolved.

The following ergonomic recommendations pertain to activities performed in the
Fittings, Innerliner, Outerply, Final Inspection, Nylon Spray, and Onion Tank Assembly
areas.
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1. Rubber Cutting Area

(@)

(©)

(©

Implement an alternative method for cutting the rubber sheets. The
manual scissors currently in use should be repiaced with powered shears
to facilitate cutting. An alternative is to modify the rack holding the rolls
of material to include a track-mounted cutting wheel, similar to those
used to cut lengths of material in fabric stores. Powered shears are
currently being used to cut materials used in other parts of the plant.

Modify the method in which the press job is performed to reduce
the reach distance to the back edge. For operations where only one
pass of the roller is required to complete the cycle, the worker shouid be
instructed to return the roller to the back of the press before unioading
finished pieces. This practice would eliminate reaches over the rolier, and
potential accidents involving the roller.

Provide a fixture or tool to remove scrap rubber from the hole-
cutting die. A large ring- or U-shaped tool with small rod-like extensions
around the perimeter could be used to remove scrap rubber from the
die. The spacing of the rods would match the holes on the die. An
alternative would be a fixture that the die could be placed on which
would punch the scrap out of each hole simultaneously.

2. Rubber Build-up Area

(@)

Alternative hand toois are needed to reduce the manual stress
associated with prolonged and repetitive tool use. Specifically,
scissors and stitchers should be modified to reduce awkward hand/wrist
postures and stress concentrations on soft tissue areas. Scissors should
be provided with longer handles (to distribute the stress over several
fingers and a larger area of the palm), a shorter blade (to reduce elbow
and shoulder abduction), and a self-opening mechanism (to reduce the
force required to operate the scissors). Stitchers should have padded
handles to reduce hand stress during continuous gripping. The handle
should also be angled with respect to the roller to reduce wrist deviation. -

For tasks requiring large downward forces, the working height of
the hands should be 36 inches.® Therefore, the height of the work
station should be lowered when fixtures are used to accommodate for
the extra height. Fixtures which allow free movement of the part are
needed to reduce the occurrence of awkward wrist postures and long
reaches.
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(©)

(d)

Provide stools, cushioned floor mats, or raised foot rests. These
items would allow workers to rest leg and back muscles during
prolonged periods of standing.

Additional lighting and mounted, swivel-type, magnifying glasses
(such as those used in electronics assembly) are recommended to
improve visibility in the build-up area. Improving visibility would not
only reduce neck flexion and eye strain, but should also improve product
quality.

3. Curing Area

Recommendations include adding rollers ta the bottom surface of platforms
and racks. Rollers would allow the operator to transfer molds between
surfaces with less force exertion. Stop bars, guides, or barriers would be
needed along the edges of platfarms and racks to make sure molds wouldn’t
roll when unattended. Use of the top and bottom storage shelves should be
eliminated to eliminate excessive low or high reaches. Handles should be
extended from the side of molds to reduce the reach required to remove
molds from racks or ovens to the transportation platform.

4. Finishing Area

(@)

(®)

Interventions to reduce the tool vibration are needed. At a minimum,
operators should be provided with padded gloves, or the tool handle
should be covered with a vibration-absorbing material (e.g., sorbothane).
A regular tool maintenance program is also keep too! vibration levels at a
minimum. Although not a permanent solution, rotating workers to other
jobs which do net require vibrating tool use should be considered to limit
exposure. Also, tools with smaller handle diameters are needed to
reduce manual effort requirements. A handle diameter of 1.5 inches
should better accommodate the majority of workers in the fittings area.

Modifications to tools handles are needed to eliminate conditions -
which require a pinch grip. Razor blades shouid be mounted on
handles to reduce pinch grip force and the risk of accidental cuts. It is
recommended that an alternative to the cretex bar be used for cleaning
metal and rubber surfaces. Specifically, a larger sanding block would to
allow operators to hold the device with a power grip instead of a pinch

grip.
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(c) Testing is recommended to determine if noise exposure is
excessive. If so, hearing protection should be made available to
employees, and its use should be encouraged.

(d) Replace pedestal-mounted grinders with hand-held models. Buffing
and grinding operations can be performed more easily using a hand-held
grinder against a mounted work piece. A fixture should be provided to
hold fittings while waorkers perform grinding operations with hand-held
tools. Precautions (as discussed in (1) above) should be taken to limit
vibration transmission by these tools.

(e) Provide stools or sit/stand chairs to reduce static loading of leg,
back and shoulder muscles. At a minimum, cushioned mats should be
replaced regularly, and a footrest should be provided at the front of the
work station.

5. Rubber Cutting Department

Two recommendations to eliminate hazard in the Rubber Cutting department
are provided. First, it is not clear why workers do not use the power shears
to cut the rubber into sheets. The task could be performed just as quickly
and efficiently with the power shears, and with less manual stress. A button-
operated "guillotine" device could also be implemented; this option would
probably be more expensive, but might allow the task to be performed by one
operator instead of two. Second, an approach similar to that used in the
fittings department could be used to cut the rubber sheets into smaller panels.
Specifically, a die (albeit a large one) would be placed on the table before
cutting operations were initiated. Sheets of rubber would be placed over the
die; a large roller would then press the rubber into the die, cutting the shests
into smaller pieces. Since this operation would be largely automated (except
for positioning the sheets correctly) it could, again, be performed by a single
operator. Automating the process would also ensure more uniformity in sheet
size. Further, the awkward reaches associated with the manual cutting
process would be etiminated.

6. Inneriiner and Outerply Departments

(a) Minimize stress associated with tool use and work station
configuration. it is unclear, however, that an alternative exists for a less
hand-intensive method of applying rubber to the fuels cells. As a
beginning, the stitchers should be modified to reduce awkward
hand /wrist postures and stress concentrations on soft tissue areas.
Stitchers should have padded handles (to reduce hand stress during
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continuous gripping), and the handle should be angled with respect to
the roller to reduce wrist deviation. Scissors and stitchers should be
modified to reduce awkward hand/wrist postures and stress
concentrations on soft tissue areas. Scissors should be provided with
longer handles (to distribute the stress over several fingers and a larger
area of the palm), a ionger blade (to reduce the number of cuts needed
to separate panels), and a self-opening mechanism (to reduce the force
required to operate the scissors).

(b) Provide anti-fatigue mats in areas where workers stand to work on
fuel cells. Low stools should also be provided for operators working on
lower portions of the fuel cell. A sit/stand chair can be used when
workers spend longer periods of time working on one area of the fuel
cell.

7. Nylon Spray Department

Movement of mandrels through the spray area did appear to present some
potential material handling problems however. The wheels on the mandrels
are fairly small (diameter unknown); the flaor covering in the spray area is
cracked and pitted in some locations. Under best case conditions (wheels
straight, good floor), a peak farce of 25-35 pounds is reguired to initiate
movement of the mandrels from a static position. This force increases
significantly if the floor is uneven, or the rollers are not pointed in the right
direction. Because excessive push/pull forces can result in back strain or
overexertion; a regular floor maintenance program should be initiated, and
larger wheels should be installed on mandrels.

8. Cleaning/Inspection and Repair Departments

Although inspection and repair processes are somewhat awkward (e.g.,
climbing in and out of the fuel cells), they are not highly forceful or repetitive.
Therefore, the associated hazards are probably relatively minor.
Recommendations include providing inspectors with magnifying glasses to
improve their ability to detect defects.

9. Onion Tank Assembly

(@) While powered tools are generally less stressful to use than manuai
tools, it is doubtful that the power stitcher represents an
improvement in stitcher design. Because the power stitcher produces
significant levels of vibration, its use is not recommended. However, if
the power stitcher must be used, modifications in its design are
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recommended. First, the pistol grip should be replaced with a straight
handle, to allow the user to maintain a neutral wrist and shoulder
position. The handle should also be covered with a material to absorb
vibration and cushion the grip. Second, the finger-activated trigger
should be replaced with a strip trigger, which distributes force over a
larger surface area.

(b) Floor mats and railing along the bottoms of work tables are needed -
to relieve foot and leg stress in workers who stand continuously.
Workers who perform final assembly tasks should be provided with knee
and elbow pads, to reduce the potential for trauma during kneeling. A
short ladder or stepping stool is needed to help workers climb up to the
table top.

(c) An automatic box strapper should be used to band wooden boxes
together. Boxes would be placed on a conveyor belt which would pass
through the box strapper; the strapping machine would automatically
position the straps and tighten the bands to the correct tension. This
machine would not only eliminate the bending and repetitive force
exertion associated with the manual strapping device, but would also
make the process more efficient.

WORK PRACTICES

1.

Gloves and protective clothing should be selected based on their permeation
and degradation resistance to the solvents being used by the worker. NIOSH
investigators observed employees using gloves made of natural latex or
necprene when handling solvent such as MEK or 1,1,1-trichioroethane. These
glove materials are not recommended for protection from these solvents.
Examples of materials which offer superior protection include Teflon® or butyl
rubber (for MEK exposures) and Viton®, Teflon®, or paiyvinyl alcohol (for 1,1,1-
trichloroethane exposures). While these glove materiais offer better
permeation and degradation resistance than natural latex, a glove's resistance
to cuts, snags abrasion, punctures, or tears must also be considered. Another
factor is an adequate sleeve (or cuff) length to protect the forearm from solvent
exposure. Actual workplace conditions may require a combination of
performance capabilities.

Employee exposures to MEK during brush cleaning could be reduced by
changing or modifying the cleaning procedure. For example, a greater use of
disposable (single-use) brushes by Amfuel should reduce the number of
brushes which must be manually cleaned. The use of LEV to control soivent
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emissions during the brush cleaning operation would also reduce employee
exposures.

3. The cleaning and inspection procedures followed by employees in the Final
Finish Department should be examined with the intent of reducing workers’
solvent exposures. For example, the use 1,1,1-trichloroethane during the initial
interior cleaning and inspection of a fuel cell could be eliminated. The celt
could be air-leak tested prior to the second (final) interior cleaning with this
solvent.

CONFINED SPACES

A Confined Space program should be developed and implemented consistent with the
guidelines contained in DHEW (NIOSH) Publication No. 80-106, "Working in Confined
Spaces." This program would contain the minimum program elements for a Class A
confined space as listed in Table 6. The interior of fuel cells would be considered
confined spaces since these areas have limited access, unfavorable natural ventilation,
and not intended for continuous worker occupancy. The interior of these fuel cells
should be considered confined spaces regardless of the cell's spatial orientation (for
example, sitting on the floor or suspended on a work table) or whether the worker is
required to compietely enter the cell to perform the work.

RESPIRATORY PROTECTION

1. Amfuel’s written respiratory protection program (dated 6/15/91) contains most
of the major program elements required by OSHA General Industry Standard
29 CFR Part 1910.134 and the NIOSH respirator guidelines. However, the
program was not effective in several important areas, such as proper respirator
selection and employee training. The written program should be revised to
designate one individual with the responsibility for administering the respiratory
protection program. Currently this responsibility is shared between the
Personnel Department, the Production Supervisors, and the Environmental
Coordinator. The written respirator program should also contain information
on the following topics: (1) the departments/operations which require
respiratory protection; (2) the correct respirator(s) required for each
job/operaticn; (3) specifications that only NIOSH approved respiratory devices
shall be used; and (4) the criteria used for the proper selection and use of
respirators, including limitations. The Amfuel respirator program should also
reference the requirements contained in the Confined Space program to
assure that employees are adequately protected when working in these areas.

2. Based on NIOSH respirator selection criteria, an organic vapor/air purifying
respirator is not recommended for protection against exposures to
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1,1,1-trichloroethane. This is based on the uncertainty regarding the odor
threshold for this compound. Either a supplied air (SA) respirator or a self-
contained breathing apparatus (SCBA) is recommended for exposures to
1,1,1-trichloroethane of up to 1000 ppm.® At levels above 1000 ppm, the
NIOSH respirator selection criteria require {(as a minimum) full-face piece
SCBAs operating in a pressure-demand mode and equipped with emergency
escape provisions.

HEAT STRESS

1.

A written heat stress control policy and program which addresses the topics
listed in the NIOSH document Criteria for a Recommended Standard:
Occupational Exposure to Hot Environments, should be developed.
Development of a heat alert program and medical surveillance should be
incorporated into the heat stress program.

Additional monitoring should be conducted to determine the extent that
warmer (and/or more humid) days will impact on heat stress conditions in
these departments. These and other heat stress program elements are listed
in Appendix A.

The use of portable spot coolers should reduce the heat stress to Final Finish
employees while they work inside the fuel cells. Several models offer
portability (the cooling unit can be mounted on casters), versatility (the cold air
can be directed to the hot spots via flexible tubing), and ease of operation
(some models operate from a standard 115 volt power supply and require only
an occasional filter change). These cooling devices would also provide the
necessary uncontaminated dilution air to the interior of the fuel cells.

MEDICAL

1.

Physicians and other health care personnel who may provide medical care to
Amfuel employees should be provided with pertinent information which would
help to characterize the exposure potential for that worker to hazardous
materials. For example, industrial hygiene air sampling data, personal
protective equipment (if any) worn by the worker, and a listing of hazardous
materials used by the employee while at work, would provide useful
information to the health care provider in selecting the appropriate medical

Based on NIOSH recommendations, an immediately dangerous to life or
health (IDLH) atmosphere exists upon exposures to 1,1,1-trichloroethane of
1000 ppm.
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surveillance for that worker. If respiratory protective equipment is determined
to be necessary, medical evaluations should be conducted to determine the
worker’s physical fitness for using this equipment. In addition, complete
medical, chemical exposure, and occupational history information should be
maintained for each worker.

2. Amfuel should provide a worker education program designed to inform the
worker about the potential health risks from exposure to hazardous
substances, the proper use of personal protective equipment or clothing, and
proper work practice procedures. This should involve more than simply
handing out literature for the employees to read. Health care personnel
and/or others knowledgeable about these issues should discuss each of these
topics with the employees, allowing adequate time for questions.

3. Although initially unrelated to this health hazard evaluation request, exposure to
environmental tobacce smoke (ETS) is an important public health problem.
Reports from the Surgeon General, the National Research Council and EPA
have concluded that exposure to ETS may be asscciated with a wide range of
health (e.g., lung cancer) and comfort (e.g., eye, nose, and throat irritation and
odor) effects.”* NIOSH has determined that ETS may be related to an
increased risk of lung cancer and possibly heart disease in occupationally
exposed workers who do not smoke themselves.”

A smoking cessation program may be necessary to assist those employees
who are current smokers. If smoking is permitted within the facility, it should
be restricted to designated smoking areas.” These areas should be provided
with a dedicated exhaust system (room air directly exhausting to the outside),
an arrangement which eliminates the possibility of re-entrainment and
recirculation of any secondary cigarette smaoke. In addition, the smoking area
should be under negative pressure relative to surrounding occupied areas.
The ventilation system supplying the smoking lounge should be capable of
providing at least 60 ¢fm of outdoor air per person. This air can also be
obtained from the surrounding spaces (transfer air).

VENTILATION

The following recommendations are based on job-specific observations which were
made during the walk-through ventilation evaluation performed in 1991. Additionally,
Appendix B contains examples of ventilation designs applicable to a variety of
industrial operations, including spray painting, grinding, and buffing. These ventilation
designs were obtained from Industrial Ventilation: A Manual of Recommended Practice
(18th Edition), a document published by the ACGIH.
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1. Ring Wash and Pot Wash. The effectiveness of the current slot ventilation
design can be increased by enclosing the sides.

2. Ring Reclaim. This operation is infrequently performed and is located
outdoors. Considering these factors, the current requirement to continuously
operate the three propeller-type fans mounted adjacent to the ring reclaim tank
to is probably unnecessary. The ring reclaim operator, however, would receive
a greater reduction in his/her exposures by using a remotely operated etectric
or pneumatic hoist to increase the distance between the worker and the
reclaim tank. In addition, the tank temperature should be lowered prior to
parts removal to decrease tank emissions.

3. Fittings Department. The elimination of the excessive lengths of flexible
exhaust duct will improve the LEV effectiveness at the pedestal grinders and
buffers. Sharp angled bends in the duct should be avoided. Additionally,
since flexible duct has greater air resistance, it should not be used in place of
smoother, solid-wall duct. A LEV system should be designed for the finai
finishers to capture the fine metal dust generated during this operation (there
was no LEV provided for this procedure during this NIOSH survey). Transport
velocity in ducts which carry particulates should be > 3500 feet per minute
(fpm) to avoid settling.

4. Spray Booth (Neoprene). The existing panel fan should be replaced with a
new blower and duct to increase the exhaust ventilation capability of the spray
booth. The new duct should extend above roof height to prevent recirculation
back into the plant.

5. Spray Booth (Cement Room). The fire door, located adjacent to this booth,
should be kept closed. Local exhaust ventilation should be considered to
control spurious emissions from the cement and solvent container stored
adjacent to the booth. To avoid unnecessary solvent exposures, employees
should be encouraged to keep the workpiece between them and the exhaust
during spraying.

6. Hydrohone (Fittings Department). The air intake holes (plugged with fiberglass
insulation during the NIOSH foliow-up evaluation) must be kept cpen to permit
air to enter the abrasive blasting chamber. The entire bag-house filter
assembly should be relocated outside the building to minimize dust generation
inside the building during cleaning. This filter assembly disconnects easily
from the abrasive blasting cabinet. In addition, the exhaust system should be
kept running whenever the cabinet is opened.
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10.

11.

12.

Vapor Degreaser (Fittings Department). The exhaust ducts from the degreaser
should be extended above the roof line of the building to prevent recirculation
back into the building. The water temperature should be monitored to assure
that chilled water is being provided to the degreaser coils. An automatic
temperature monitoring system connected to an indicator alarm is
recommended for the degreaser.

Face Coater. The canopy hood at the take-off end of the face coating line
should be extended to enclose the face coating operation as much as
possible. Slot ventilation should be added along both sides of the cement dip
tray and this area should be enclosed as much as possible.

Cutting Rocom (Innerliner Department). Repair bent slot ventilation on either
side of the cutting table. The height of these slots should be extended above
the height of the material on the table. Following this repair and redesign, the
slot ventilation system for this operation should be balanced.

Tab Assembly (Innerliner Department). The drive belt on the overhead paddle
fan should be tightened. This fan should be repositioned to direct its air
movement slightly downward and toward the tab assembly operation.

Cement Room. Slot exhaust hoods should be installed which are large enough
to accommodate "brush washing," the weekly cleaning of the cement pots, and
the small batch mixing of the Uniroyal® cements.

Miscellaneous. The use of fresh air showers in areas where solvents are used
should be investigated. These devices provide localized clean air at low
velocity around the employee. The air’s low velocity minimizes the mixing of
the clean air with contaminated air.
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Table 4
Estimated Metabolic Rate - Final Finish Operator
HETA 90-246
Amfuel, Magnolia, Arkansas

Range Estimate
(Keal/min)* (Kcal/min)
Body Position
1. Sitting and standing, with some 0.6t0 3.0 1.5
walking
Type of Work
1. Final Finishing - cleaning exterior of
fuel cell
1.0 t0 9.0 5.5°
(Heavy work, both arms and
moderate work, whofe body)
2. Final Finishing - cleaning interior of
fuel cell
(Heavy work, both arms and heavy
work, whole body)
Basal Metabolism 1.0 1.0
Summation 8.0
Hourly Estimation 480
Metabolic Rate Work Category High

NOTES:
a kcal/min = kilocalories per minute.
b Metabolic estimate for cleaning exterior surfaces of fuel cells is 4.0; metabolic estimate for the interior

cleaning is 7.0. Average estimate (including both interior and exterior) is 5.5.
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TABLE 6

CHECK LIST OF CONSIDERATIONS FOR ENTRY,

WORKING IN AND EXITING CONFINED SPACES

Amfuel, Magnolia, Arkansas

HETA 20-246

ITEM CLASS A CLASS B CLASS C
Permit X X X
2. Atmospheric Testing X X X
3. Monitering X O o]
4, Medical Surveillance X X O
Training of Personnel X X X
Labeling and Posting X X X
Preparation
Isolate /lockout/tag X X o
Purge and ventilate X X o}
Cleaning Processes o 0] 0
Requirements for special equipment/taols X X 0
Procedures
Initial plan X X X
Standby X X 0
Communications/observation X X X
Rescue X X X
Work X X X
Safety Equipment
and Clothing
Head protection o] ] o]
Hearing protection o] o Q
Hand protection (o] 0 0
Foot protection (@] 0 0
Body protection o Q 0
Respiratory protection 0 o
Safety belts X X X
Life lines, harness X o
10. Rescue Equipment X X X
11, Recorckeeping/Exposure X X

= indicates requirement
= indicates determination by the qualified person
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TABLE 10

RESULTS FROM AIR SAMPLES FOR ETHANOL

HETA 90-246
Amfuel; Magnolia, Arkansas
DATE SAMPLE’ OPERATION TIME PERIOD SAMPLE VOLUME CONCENTRATION
No. SAMPLED {LITERS) {PPM)

8/21/91 49 Nylon sprayer 0739 to 0945 6.3 35
8/21/91 56 Nylon sprayer 0845 to 1102 39 26
8/21/91 94 Nylon sprayer 1105 to 1616 15.6 160

NIOSH Recommended Exposure Limit 1000, 8-hour TWA

Evaluation
Criteria OSHA Permissible Exposure Limit

1000, 8-hour TWA

ACGIH Threshold Limit Value

1000, 8-hour TWA




TABLE 11
Results of Heat Stress Monitoring (°F)
Amnerican Fuel Cell and Coated Fabrics Company
Magnolia, Arkansas
August 20, 1991

HETA 30-246
Tirne Wet Bulb Dry Buib Globe Temp. WBGT,, WBGT,,,
System 2 (Uniroyal)
0940 72.9 89.4 30.4 78.1 ~e-
1050 71.9 911 92.3 78.1 ——--
1240 73.C 95.3 26.4 80.0 -
1400 74.4 97.0 98.2 81.5 -
Finish Area, Table #5 foutside cell)
0835 72.6 839.1 90.0 77.9 ----
1045 71.4 89.5 90.3 771 e
1230 72.0 93.4 94.2 78.6 -
1358 73.7 95.8 96.3 80.56 —
Finish Area, Table #5 (inside cell)
0930 73.7 89.4 90.0 78.6 ---
Outerply (old building)
0945 71.3 87.6 88.2 76.6 -
1105 71.3 20.8 90.1 77.0 -
1245 72.4 93.8 94.7 79.0 -
1405 73.4 95.0 96.4 80.2 -
Inner Liner {new building, near drying table)
0955 70.9 87.2 88.1 76.0 .-
111% 70.7 80.3 90.1 76.5 ----
1255 71.6 93.4 94.1 78.3 s
1415 731 96.2 96.8 80.2 —ee-
Tab Area [(near pre-shrink oven)
1000 71.9 89.3 90.2 77.2 -
1120 70.9 96.4 90.9 76.9 ----
1300 72.6 96.0 97.3 79.8 -
1425 73.9 98.0 99.0 81.3 -
Fittings Department (buffing and finishingj
1010 70.0 849 85.9 74.9 -
1128 69.9 87.2 88.4 75.4 ---
1305 70.9 30.6 92.3 77.5 -
1430 72.4 91.7 94.2 78.9 -
Fittings Department (press area)
1015 71.6 91.1 21.3 77.6 ---
1130 71.6 94.9 96.1 79.1 -
1310 734 96.8 96.7 80.3 -
1435 75.1 100.7 101.4 83.0 -~
Face Coating Department
1020 71.2 89.7 92.0 77.4 .—en
1140 72.4 93.4 96.3 79.5 -
1320 74.6 98.4 100.0 82.4 -
1445 73.8 96.5 100.3 81.7 —en
Outside (between new building and cement house)

1005 70.6 85.0 108.2 - 79.6
1145 72.8 92.6 120.5 --- 83.8
1325 74.4 96.8 122.0 -—-- 86.3
1450 74.4 96.4 116.4 - 84.8




Table 12

Results From Personal Heat Stress Dasimetry
Amfuel, Magnolia, Arkansas

HETA 90-246
Ear Ternperature Mold Temperature
Time °C °F °C °F
07:19 348 | 946 08 87.4
07:24 368 98.3 07 | 87.2
07:29 69 | 98.4 305 | 86.9
07:34 B8 | 98.3 299 i 85.8
07:39 wo i %86 | 02 | 86.3
07:44 370 | s86 | = 302 i 86.4
07:49 369 | 98.4 299 | 85.8
07:54 %9 98.4 296 | 85.3
07:59 369 98.4 208 | 85.7
0804 | 39 | o84 | 300 | 860
08:09 368 | 98.3 300 | 86.0
08:14 68 | 98.3 300 86.0
08:19 67 | 98.1 300 | 85.9
08:24 ®8 | 98.3 300 | 86.0
08:29 67 | 98.1 0.1 | 86.1
08:34 w7 | @1 | 04 | 86.7
08:39 68 | 98.3 308 | 87.4
08:44 367 o1 | a2 88.1
08:49 368 | 98.3 313 | 88.3
08:54 | 68 | 983 | a5 | 88.7
08:59 %9 | 98.4 318 | 89.2
09:04 © o aro. 986 |- 321 89.8
09:00 70 | 986 322 | 90.0
09:14 374 988 | 324 | 90.4
09:19 a7l 98.8 326 90.8
09:24 71 98.8 3265 | 9.8
09:29 AT s88 | = 327 | 90.9
- 09:34 s i 83 | .31g | 89.4
00:39 %7 981 | 2041 | 84.4
09:44 . 38 %3 | 02 i 86.4
09:49 68 83 | 315 | 88.7
09:54 369 4 | .avg i 89.2
Comments:
Start Time: 7:19 am
End Time: 9:58 am

Total Run Time: 2:38:40

Alarm Level Setting: 39.0°C

Sample Rate: 5 minutes

High Temperature: 37.2°C (at 9:22 am)
Low Temperature: 34.7°C {at 9:58 am)



Appendix A
Elements of a Comprehensive Heat Stress Management Program
HETA 90-246
Amtuel, Magnolia, Arkansas

Written program - A detailed written document is necessary to specifically
describe the company procedures and policies in regards to heat
management. The input from management, technical experts, physician(s),
labor union, and the affected employees should be considered when
developing the heat management program. This program can only be
effective with the full support of plant management.

Environmental monitoring - In order to determine which employees should
be included in the heat management pregram, monitoring the environmental
conditions is essential. Environmental monitoring also allows one to
determine the severity of the heat stress potential during normal operations
and during heat alert periods.

Medical examinations and policies - Preplacement and periodic medical
examinations should be provided to all employees included in the heat
management program where the work load is heavy or the environmental
exposures are extreme. Periodic exams should be conducted at least
annually, ideally immediately prior ta the hot season (if applicable). The
examination should include a comprehensive work and medical history with
special emphasis on any suspected previous heat iliness or intolerance.
Organ systems of particular concern include the skin, liver, kidney, nervaus,
respiratory, and circulatory systems. Written medical policies should be
established which clearly describe specific predisposing conditions that cause
the employee to be at higher risk of a heat stress disorder, and the limitations
and/or protective measures implemented in such cases.

Work schedule modifications - The work-rest regime can be altered to
reduce the heat stress potential. Shortening the duration of work in the heat
exposure area and utilizing more frequent rest periods reduces heat stress by
decreasing the metabolic heat production and by providing additional recovery-
time for excessive body heat to dissipate. Naturally, rest periods should be
spent in cool locations (preferably air conditioned spaces) with sufficient air
movement for the most effective cooling. Allowing the worker to self-limit their
exposure on the basis of signs and symptoms of heat strain is especially
protective since the worker is usually capable of determining their individual
tolerance to heat. However, there is a danger that under certain conditions, a
worker may not exercise proper judgement and experience a heat-induced
iliness or accident.



10.

11.

Acclimatization - Acclimatization refers to a series of physiolagical and
psychological adjustments that occur which allow one to have increased heat
tolerance after continued and prolonged exposure to hot environmental
conditions. Special attention must be given when administering work
schedules during the beginning of the heat season, after long weekends or
vacations, for new or temporary employees, or for those workers who may
otherwise be unacclimatized because of their increased risk of a heat-induced
accident or illness. These employees should have reduced work loads (and
heat exposure durations) which are gradually increased until acclimatization
has been achieved (usually within 4 or 5 days).

Clothing - Clothing can be used to control heat stress. Workers should wear
clothing which permits maximum evaporation of perspiration, and a minimum
of perspiration run-off which does not provide heat loss, (although it still
depletes the body of salt and water). For extreme conditions, the use of
personal protective clothing such as a radiant reflective clothing, and torso
cooling vests should be considered.

Buddy system - No worker should be allowed to work in designated hot
areas without ancther person present. A buddy system allows workers to
observe fellow workers during their normal job duties for early signs and
symptoms of heat intolerance such as weakness, unsteady gait, irritability,
disorientation, skin color changes, or general malaise, and would provide a
quicker response to a heat-induced incident.

Drinking water - An adequate amount of cool (50-60°F) potable water should
be supplied within the immediate vicinity of the heat exposure area as well as
the resting location(s). Workers who are exposed to hot environments are
encouraged to drink a cup (approximately 5-7 ounces) every 15-20 minutes
even in the absence of thirst.

Posting - Dangerous heat stress areas (especially those requiring the use of
personal protective clothing or equipment) should be posted in readily visible
locations along the perimeter entrances. The information on the warning sign
should include the hazardous effects of heat stress, the required protective
gear for entry, and the emergency measures for addressing a heat disorder:

Heat alert policies - A heat alert policy should be implemented which may
impose restrictions on exposure durations (or otherwise control heat
exposure) when the National Weather Service forecasts that a heat wave is
likely to occur. A heat wave is indicated when daily maximum temperature
exceeds 95°F or when the daily maximum temperature exceeds 90°F and is at
least 9°F more than the maximum reached on the preceding days.

Emergency contingency procedures - Well planned contingency
procedures should be estabiished in writing and followed during times of a
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13.

heat stress emergency. These procedures should address initial rescue
efforts, first aid procedures, victim transport, medical facility /service
arrangements, and emergency contacts. Specific individuals (and alternatives)
should be assigned a function within the scope of the contingency plan.
Everyone involved must memorize their role and responsibilities since
response time is critical during a heat stress emergency.

Employee education and training - All employees included in the heat
management program or emergency contingency procedures should receive
periodic training regarding the hazards of heat stress, signs and symptoms of
heat-induce illnesses, first aid procedures, precautionary measures, and other
details of the heat management program.

Assessment of program performance and surveillance of heat-induced
incidents - In order to identify deficiencies with the heat management
program a periodic review is warranted. Input from the workers affected by
the program is necessary for the evaluation of the program to be effective.
Identification and analysis of the circumstances pertinent to any heat-induce
accident or iliness is also crucial for caorrecting program deficiencies.



Appendix B
Selected Local Exhaust Ventilation Designs

Source:
Industrial Ventilation Manual, 13th Edition
American Conference of Governmental Industrial Hygienists



Flgure 1- NIOSH Recommended Exposure Limits

Heat Acclimatized Workers

WBGT ( F)
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100 200 300 400 500

Metabolic Heat (kcal/hr)

Work time

= Ceiling + 15min/hr ¥ 30min/hr * 45min/hr >¢ 60min/hr
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Adjustoble longue - keep

et

~25 D of least.

‘ as close o wheel s |
: @ ‘ possible, ——__
el o Y
| — 1 YR2" for hard wheel. s [ o Dlrection of rofation.
37 for soft wheel. N
1“ = N o \\ \\
T BNERS SR
ll_ J\J- J/ !\ - a0 ﬁ'ﬂ
N ) e
1 N
IRRE \\\
; . - // DO ) \> ())
- :
Yo g
|
—0.75 0 if ———— _— Trap with cleanout
. possible -] when desirable.
A —
N N
Minimum duct velocity : 3500 fom
Entry loss - 0.65 VP for straight fake -off.
0.40 VP for topered roke-off.
Wheel diom. whee! width * Exhous! volurmne Exhoust volume
nches inches cfm ofm
. Good enclosure Poor enclosure
fo 9 _ 2 300 L 400
over 9 o 6 3 500 6/0
over 6 b 9 4 B 6/0 740
over 9o 24 5 740 1200
over 24 fo 30 ) 040 /500
over 30 o 36 6 /1200 /1990

% /n cases of extra wide wheels, use

wheel width fo delermine exhous?

volurne.

AMERICAN CONFERENCE OF
GOYERNMENTAL INDUSTRIAL HYGIENISTS

BUFFING AND POLISHING

DATE

[-82 I VS -406




- ———— o ——

Clean out doors
B | ) or drowers.

Tapered toke-off necessory
for distribution. :

@ =150 -250 cfm /sq 11 of bench oreo.
Minimum duct velocity = 3500 fom
Entry loss = 0.25 VP for tapered take-off,

Back and sice shiekds highly
desirable, enclose sides ond
fop o make booth if practicol.

| 560@'1'097

L L

| ——45% min.

END VIEW

Grinding in booth, 100 fpm face velocity also suitoble.

For downdraft grilfes in floor: Q=100 cfm/sq t of working areo.

Provide equal disfribution. Provide for cleonoul.

AMERICAN CONFERENCE OF
GOYERNMENTAL INDUSTRIAL HYGIENISTS

PORTABLE HAND GRINDING

DATE  /-64

VS-4/2




Ar/g ‘,se/?’o:fe” /nside rodius
n desiraobie

-Maximum plenum
velocity = 500 fpm

P .
Cover when not in use

/ —

Section A-A

@=S50LW
Slot velocity = /000 fpm moximumn
Entry loss =1.78 slot VP +0.25 duct VP

Duct velocity =2500-3000 fom

Also provide: | Seporote flue for combustion prodwcts if direct - fired unit.
2. For cleaning operotion, an air- line respirotor is necessary.
3. For pit unifs, the pit should be mechonkcally ventilatec,

&4 For further safe guards, see VS-50/./
NOTE: Provide downdrof? grille for porfs that cannot be
removed dry; @ =50 cfm /sq It grille area

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

SOLVENT DEGREASING TANKS

DATE /-78 VS-50/




Locate tokeoffs /5 on center

Q=50 cfm/sqft droin board orea,
but not less than /00 fpm indraft
through opemngs

Entry loss =0.25 duet VP

Duct velocity = 1 000 - 3000 fpm

45°min slope /

For best resulls enclose
drainboard as a drying
funne/.

Fof 2
To sui!
work

Dip fonk

L 1000 fpm maximum
plenum velocity

@=/25 cfm/sq It of tank and drainboard area
Siot velocity = 2000 fpom

Entry loss = /.78 sfot VP + 0.25 duct VP

Duct velocity =/ 000 - 3000 fpm

NOTE. For detoils on drying oven, See VS-602

For air drying in @ room or AMERICAN CONFERENCE OF

enclosure, see Section 2 for
dilution ventilation required. GOYERNMENTAL INDUSTRIAL HYGIENISTS

For construction and safety, DIP TANK

consult NFPA.(113

DATE [~78 vS-502




Plenum acls as flonge

Stot sized for 2000 fpm\

Oy
45°min
} s
12 min =) 1
-‘f— } Tonk )
IS
Lt e v e o s e e e —
r————=—-=—====== 7}'}»:»
| 1 1
| L l
4IL Tonk |

e 28

4
' Tank
| [ min

B. DOWNWARD PLENUM

possible —on any lype rmehzs
: Tonk g E
e —
/ L |
6 1 //
O
Slot
R -5

2SS . W
C. CENTRAL SLoOT b e J

Section 4-4

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

OPEN SURFACE TANKS

DATE /=64

VS-503

SEE NOTICE OF INTENDED CHANGE




N
Work gives off vapors ’
after removal from
fank, -——\ Slots
[ X To suit
l ) D \Q work
L ] -
Section
0. PICKLING TANK
"Q m
45‘”1” 5/0’ )
7o extend over fank as for \ ; 12 min
as possible
Tonk Tank
L * — W —2is.

Max. plenum velocity= /2 slot velocily
12" min ;
£ - — —— —— 1’. I
L ——— |

£ SEMI~-LATERAL

Inside radius desiroble if spoce permils

—

2 85 min

t
I Es

Slot velocdy 2000 fpm 3

F. END TAKE-OFF

AMERICAN CONFERENCE OF

GOYERNMENTAL INDUSTRIAL HYGIENISTS

OPEN SURFACE TANKS

DATE

/=66

VS-504

SEE NOTICE OF INTENDED CHANGE
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j / 7 // / / //
AT " % % %
7 A 7
! Split Baffle or Filters 2. Angulor Baffle

8=0750 Ex0+6
Boffle oreg= 0.75 WH Gorfle area = 0.40WH
For filter area, See Note 2 For filter area, See Note 2

Air spray paint design data
Any combination of duct connections and baffles may be used. Large, deep booths
do not require baffles. Consult manufactures for water-curiain designs. Use ,
explosion proof fixtures ond non-sparking fon. Electrostotic spray booth requires
automatic high-voltage disconnects for conveyor foiure, fon failure or grounding.

Walk-in booth Operotor oufside booth
W= work size + 6’ W =work size + 2’
Hz=work size + 3’ (minimum=7") H=work size +2°
C =work size +6' C=075x larger front dimension
@ = /100cfm/sq 1t booth cross section @=100-/150 cfm/sq ft of open areo,
May be 75cfm/5q ft for very includling conveyor openings.

lorge, deep, booth. Operator may
require ¢ NIOSH certified respirator.
Entry loss = Baffles: .78 slot VP +0.50duct VP
=Filters: Dirty filter resistance + 050 duct VP
Duct velocily = 1000-2000 fpm

Airless sproy paint design
@= 60 cfm/sq ft booth cross section, waik-in booth
= 60-/00cfm/sq It of total open area, operator outside of booth

Notes:
/. Boffle arrongements shown AMERICAN CONFERENCE OF

are for air distribution only. GOYERNMENTAL INDUSTRIAL HYGIENISTS
2. Paint arresting filters usually

sefecred for 100-500 fom,
consult manufac turer for LARGE PAINT BOOTH

specific details.
3. For construction and safety,

consult NFPASY3) DATE /-86 l VS -603




*‘\— To outside or see Section7?7

Dust collecror
Air infoke vents baffled /—

Operator screened

viewing window ™~ || ——Door gasketed

dust tight

Operator rubber gloves —4—]
attached fo cabinet

— Raturn to blasting hopper for reuse

20 air changes per minute
At least 500 fpm inward velocitly at all openings
Entry loss =/ VP plus collector

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

ABRASIVE BLASTING CABINET

DATE /=78 vs-/01./






