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Figure 11: Boxplot of bagger respirable crystalline silica exposures

6.3. Noise Statistical Analysis

The noise data was statistically significant. The results had a p-value of .0065 which is
lower than the alpha value of .05. The results of this analysis reject the null hypothesis (Hoz) in
favor of the alternative hypothesis (Ha2), suggesting that noise exposure decreased for baggers

after implementation of an automated bagging system. Figure 12 illustrates the difference in noise
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|
a— 05
A - Manual cable or B - Cable tie gun C - Pneumatic cable
wire tie tie gun

D - Wire tie twist tool E - Cord or B-lock F - Drawstring or string

Figure A26. Methods of sealing bulk bags.

SMALL AND BULK BAGS

The following module is applicable to small and bulk bagging wrapping stations.

Module 13: Stretch and Shrink Wrapping

This module asks questions about procedures and tools for stretch- or shrink-wrapping
pallets. This module should be completed for each wrapping station.

13.0 Input a name for the wrapping station you are currently evaluating:

13.1 Do you stretch wrap or shrink wrap pallets?

Choose all that apply: a. Stretch wrap
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b. Shrink wrap
If A, proceed to next question

If B, proceed to question 13.3
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13.2  Which most closely resembles the tool used for stretch wrapping (Figure A27)?
Stretch wrap held by hand

Stretch wrap held by end caps (hand savers)

Extended core

Mechanical brake (j-tool)

Pole wrapper

Portable stretch wrapper

If you did not answer B to 13.1, end bagging audit

If you did answer B to 13.1: proceed to question 13.3

0

A - Stretch wrap B - Stretch wrap held C - Extended core
held by hand by end caps (hand savers)

D - Mechanical brake E - Pole wrapper F - Portable stretch
(j-tool) wrapper

Figure A27. Tools used for stretch wrapping.
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Are awkward arm or back postures used when applying shrink wrap (e.g., arms reaching

up or to the side, back bending or twisting; e.g., Figure A28)? Yes / No

Figure A28. Awkward postures during shrink wrapping: workers’ arms are reaching at or above shoulder

(left), worker in back is bending and twisting back to the side (right).

What is the source of the heat used?
Gas/propane

Electricity

If A, proceed to next question

If B, end bagging audit



13.5 Does the worker ever move the gas tank?
Yes, worker carries gas tank
Yes, worker uses rolling cart to move gas tank

No

13.6 Does the gas tank need to be moved while shrink wrapping a single pallet?
Yes, worker carries gas tank
Yes, worker uses rolling cart to move gas tank

No, gas tank has a long enough gas line to stay in one place

111
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Bagging Audit Recommendations

Module 1: Bagging Operation Characteristics

0 (Bag Q 1.1.6 yes) You indicated that bag failures occur. Bag failures increase
waste and increase manual handling of bags, which can increase the risk of injuries. If
the source of bag breakage cannot be identified, consider discussing bag breakage with
your manufacturer to determine if any changes need to be made to the bag to reduce
breakage.

] (Bag Q1.1.7 a) You indicated that bag failures occur during filling. Bag failures
may be caused by the product being dispensed too quickly, or by the filling valve
coming into contact with the bag and breaking/tearing it. Adjust the dispensing speed
and/or valve placement if this is the cause of your bag failures. If you are using
perforated bags, consider instead using airflow extensible craft paper. This type of
paper is porous and does not need perforations, which can reduce the strength of bags
and increase the risk of bag breakage.

O (Bag Q1.1.7 b) You indicated that bag failures occur during transportation
along the conveyor. Identify and eliminate sharp edges or other areas that may be
breaking or tearing bags.

O (Bag Q1.1.7 c) You indicated that bag failures occur during weighing. Ideally,
weighing should be incorporated into the filling station or conveyor (e.g., inline scale)

to eliminate the need to manually handle the bags to weigh them. If this is not
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possible, ensure that bags are carefully transported onto the nearby scale (ideally the

scale should be within a few steps) and that the scale has a smooth clean surface.

O (Bag Q1.1.7 d) You indicated that bag failures occur during sealing. Bag failures
may be occurring due to improper functioning of the sealing machine, which can be
corrected with proper inspection and maintenance. If the sealing machine is working
properly, ensure that workers are carefully prepping bags for the sealing machine, and

that the conveyor belt has a smooth clean surface.

O (Bag Q1.1.7 e) You indicated that bag failures occur during palletizing. Bag
failures can be caused by nails or splinters on the pallet, which can be reduced by using
a protective sheet (e.g., cardboard sheet) over the pallet before bags are loaded.
Further, throwing or dropping bags onto pallets increases the potential for bag
breakage. Palletizing at an optimal height (around 30 in from the floor) will reduce the

need for throwing or dropping bags onto the pallet.

O (Bag Q1.1.7 f) You indicated that bag failures occur during storage. Ensure
that bags are stored separately from other work areas in a clean environment, that
they are covered, and that they are not in the way of foot traffic or mobile

equipment. In addition, ensure that stored bags are protected from water, as this can
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damage the structural integrity of the bags and lead to bag breakage, particularly for

paper bags.

0 (Bag Q 1.2 no) You indicated that bulk bags are not used in your facility. Ask
your customers if they are amenable to receiving the product in bulk bags instead of
small bags. Using bulk bags instead of small bags reduces manual handling of bags and

can greatly reduce injury risk to bagging personnel.

O (Bag Q1.2.1 yes) You indicated that liners are used inside bulk bags. Consider
if liners are necessary or if a bag without a liner or a different bag material can be
used to eliminate the need for a liner. Contact the bag manufacturer for more
information on bag types and liner choices to determine if it would be appropriate to
package your material without a liner. If a liner is necessary, consider using a thinner
liner and a spout or cone top bag (Figure A29); these bags have less material than a

duffle/open top bag and may have reduced physical demands when closing the liner.

o 1o \ >

A - Spout top B - Cone top C - Duffle top
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Figure A29. Types of bag tops.

0 (Bag Q 1.2.2 no or sometimes) You indicated that the liner is not always attached to
the bulk bag. Some attachment of the liner is preferable; an unattached liner can require
awkward back and shoulder postures to spread the liner out in addition to spreading out the

bag.

0 (Bag Q 1.2.3 b) You indicated that you use a cone top bulk bag. Consider if the extra
space at the top of a cone top is needed for even bag filling (Figure A30). If a cone top bag is not
needed, consider using a spout top bag. Using a cone top bag increases the height of the top of
the bag where it attaches to the filling spout. This increases the reach required by the arms,

which can increase the risk of arm/shoulder injury.

Figure A30. If the top of the product is flat during filling, the extra material at the top of the cone top bag is
not filled and is unnecessary (left); product properly fills spout-top bag (center). A cone-top bag is only needed if

the product piles in the center during filling (also referred to as having a high angle of repose, right).
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0 (Bag Q1.2.3 c¢) You indicated that you use a duffle or open-top bulk bag.
Consider using a spout or cone-top bag; these types of bags can be helpful in reducing
dust exposure and may be easier to close. When choosing between a spout and cone-
top bag, consider how the product piles when poured. A cone-top bag is only needed if
the product piles in the center during filling (Figure A30). If the product stays flat on
top during filling, a spout-top bag is appropriate.

O (Bag Q 1.4 no) You indicated that workers do not rotate between tasks (e.g.,
driving fork lift, palletizing, bagging). Rotating between tasks every few hours is
recommended as it allows workers to reduce the duration of repetitive tasks. Ifitis
not possible to rotate between tasks, consider having workers involved in palletizing

rotate between sides of the pallet.

Module 2: Personal Protective Equipment

O (Bag Q 2.1 yes) You indicated that respirators are required for bagging activities.
Whenever respirators are required, mines must establish a respirator program. For more
information on controlling dust, see NIOSH’s Dust Control Handbook

(http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf) and the

National Industrial Sand Association’s Occupational Health Program for Exposure to Crystalline

Silica (http://www.sand.org/Silica-Occupational-Health-Program).


http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf
http://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/2012-112.pdf
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Whenever respiratory protective equipment is used, a program for selection,
maintenance, training, fitting, supervision, cleaning, and use shall meet the following minimum

requirements:

(a) Only respirators approved by NIOSH under 42 CFR § 84 which are applicable and
suitable for the purpose intended shall be furnished and used in accordance with training and
instruction. (b) The program shall be consistent with the requirements of ANSI Z88.2-1969,
published by the

American National Standards Institute and entitled "American National Standards
Practices for

Respiratory Protection ANSI Z88.2-1969." This publication may be obtained from the

American National Standards Institute, http://www.ansi.org, or at

https://law.resource.org/pub/us/cfr/ibr/002/ansi.z88.2.1992.pdf. It also may be examined in

any Metal and Nonmetal Mine Safety and Health District Office of the Mine Safety and Health

Administration. A brief outline of the ANSI standard is below.

Respirator protection programs should be administered by an individual having
sufficient knowledge of the subject to properly supervise the program. Standard operating
procedures must be written and cover respirator selection and respirator use. Respirator

protection programs should include:


http://www.ansi.org/
http://www.ansi.org/
https://law.resource.org/pub/us/cfr/ibr/002/ansi.z88.2.1992.pdf
https://law.resource.org/pub/us/cfr/ibr/002/ansi.z88.2.1992.pdf
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Employee training — must cover employees and supervisors

Nature of hazard and why protection is needed

Engineering controls

Respirator selection use, capabilities, and limitations

Fit Testing. Performed for each employee using a respirator. Should include a written
record of:

Name of employee tested

Date of testing

Respirator manufacturer, model, style, and size

Fit test protocol and name of person administering test

Fit test results

Respirator cleaning and disinfecting

Cleaning and disinfecting respirators on a regular basis or after each use if shared.

Employees should get a new disposable respirator if theirs becomes unusable,
unsanitary, or makes breathing difficult.

Respirator Storage. Convenient, clean, and sanitary storage.

Respirator Inspection. Respirators should be inspected before and after each use and
during cleaning.

No written record of inspections are needed.

Any deficiencies found during inspections must be corrected.
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Surveillance. Work area must be checked to ensure respirator use, monitor conditions,
and employee exposure.

Program evaluation. The respiratory protection program must be evaluated regularly.

The MSHA inspector will evaluate the effectiveness of the respiratory protection in
order to determine whether miners are protected from overexposure. Respiratory protection
programs are evaluated in terms of proper selection, fit testing, training, cleaning, sanitizing,

and maintenance of respirators.

Be aware that wearing a respirator may increase the risk of heat strain and fatigue. Any
mask reduces work capacity to some degree, and it is important to reduce the pace of work and

increase rest breaks accordingly.

Care and Use:

Respirators should be stored in a clean place where they will not be exposed to dust.

Respirators should be inspected for cracks, tears, punctures, etc. before each use.
Additionally, seal checks should be performed on respirators before each use. Supervisors
should be notified and respirators replaced if the respirator does not seal properly.

If your respirators use cartridges, make sure they are not expired and that they protect
you for the correct environment you are entering.

Respirators are to be cleaned and maintained according to manufacturer’s instructions.
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o Bandanas, kerchiefs, headbands, or any objects that interfere with the seal must be
removed before wearing a respirator, and workers must be clean shaven where the respirator’s

facial seal contacts the worker’s face

See MSHA tips for using respiratory protection in mining:

http://www.msha.gov/illness prevention/ideas/respirator.htm.

0 (Bag Q 2.1 no) You indicated that respirators are not required for bagging activities.
The 30 CFR § 56/57.5001(a) requires that a miner's exposure shall not exceed the permissible

limit of any substance on the threshold limit value (TLV) list. When the TLV is exceeded, 30 CFR

56/57.5005 mandates that operators install all feasible engineering controls to reduce a
miner's exposure to the TLV. Respiratory protection is required when controls are not feasible,
as well as when establishing controls, and during occasional entry into hazardous atmospheres

to perform short-term maintenance or investigations.

If workers furnish their own respirators, they need to take precautions to be sure that
the respirator itself does not present a hazard. See list below for guidelines for care and use of

respirators.


http://www.msha.gov/illness_prevention/ideas/respirator.htm
http://www.msha.gov/illness_prevention/ideas/respirator.htm
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Care and Use:

Respirators should be stored in a clean place where they will not be exposed to dust.

Respirators should be inspected for cracks, tears, punctures, etc. before each use.
Additionally, seal checks should be performed on respirators before each use. Supervisors
should be notified and respirators replaced if the respirator does not seal properly.

If your respirators use cartridges, make sure they are not expired and that they protect
you for the correct environment you are entering.

Respirators are to be cleaned and maintained according to manufacturer’s instructions.

Bandanas, kerchiefs, headbands, or any objects that interfere with the seal must be
removed before wearing a respirator, and workers must be clean shaven where the respirator’s

facial seal contacts the worker’s face.

For organizations covered by OSHA, OSHA provides the following information:

Information for Workers Using Respirators When Not Required Under the Standard
Taken from 29 CFR § 1910.134 Appendix D - (OSHA) Workers should:
Read and heed all instructions provided by the manufacturer on use, maintenance,

cleaning and care, and warnings regarding the respirator’s limitations.

Choose respirators certified for use to protect against the contaminant of concern. The

National Institute for Occupational Safety and Health (NIOSH) of the U.S. Department of Health
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and Human Services certifies respirators. A label or statement of certification should appear on
the respirator or respirator packaging. It will tell you what the respirator is designed for and

how much it will protect you.

Do not wear your respirator into atmospheres containing contaminants for which your
respirator is not designed to protect against. For example, a respirator designed to filter dust
particles will not protect you against gases, vapors, or very small solid particles of fumes or

smoke.

Keep track of your respirator so that you do not mistakenly use someone else's

respirator.

0 (Bag Q 2.2 yes) You indicated that gloves are worn on the jobsite. Gloves can be
beneficial in protecting workers, but may not be appropriate for all bagging tasks. If
the task requires a high amount of dexterity (e.g., sewing), consider not wearing gloves
for that task. If gloves can be worn while performing the task, ensure that the gloves fit
workers’ hands snuggly. Gloves with a loose fit can reduce grip strength and dexterity,
and can increase the possibility of gloves getting caught in equipment (e.g., sealing
mechanism). It is also important to consider the type of task when choosing glove
material. For bag handling tasks, ensure that the glove material provides sufficient grip

and protection from the material being bagged. If heat sealing is used, consider heat-
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resistant gloves for sealing tasks. Ensure that gloves are well-maintained and replaced

when any physical damage is visible.

(Bag Q 2.2 no) You indicated that gloves are not worn on the jobsite. Consider
providing gloves for workers. Wearing gloves can reduce the possibility of acute hand
injuries (e.g., cuts/scrapes), and can protect workers’ hands from exposure to
chemicals and the drying effects of handling paper bags. However, gloves may not be
appropriate for all bagging tasks. If the task requires a high amount of dexterity (e.g.,
sewing), consider not wearing gloves for that task. If gloves can be worn while
performing the task, ensure that the gloves fit workers’ hands snuggly. Gloves with a
loose fit can reduce grip strength and dexterity, and can increase the possibility of
gloves getting caught in equipment (e.g., sealing mechanism). It is also important to
consider the type of task when choosing glove material. For bag handling tasks, ensure
that the glove material provides sufficient friction and protection from the material
being bagged. If heat sealing is used, consider heat-resistant gloves for sealing tasks.
Ensure that gloves are well-maintained and replaced when any physical damage is

visible.
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Module 3: Work Posture

0 (Bag Q3.1 a) You indicated that standing is the posture used for the task. Prolonged
standing requires more energy and muscular effort and can lead to back and knee pain.
Allowing workers to change postures frequently, by providing a sit/stand workstation, lean
stand, or adding foot rests (Figure A31), can help unload these joints and reduce the stresses

associated with prolonged standing.

Figure A31. Possible solutions to prolonged standing postures: foot rest (left) and lean stand
(right).

O (Bag Q 3.1 b) You indicated that sitting is the posture used for the task. Ideally
sit/stand workstations should be used to allow workers to change postures frequently
and reduce the stresses associated with prolonged sitting. Seated workstations

constrain posture and do not allow for much movement, which contributes to injury
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risk. Further, seated workstations can require awkward arm and back postures to
handle objects. To reduce these awkward postures, objects should be positioned so
that workers can handle them at their side or to their front.

Occasional reaches beyond this range are permissible, but should be

minimized.

0 (Bag Q 3.2 a) You indicated that the worker is on a hard floor surface. If the
worker is standing on a hard surface, a slip-resistant, anti-fatigue mat can be helpful in
reducing stress on the body and increasing blood flow to the leg muscles, which can
reduce fatigue. Be sure that mats are secured to the floor and do not create a tripping
hazard. Also anti-fatigue insoles may provide additional comfort for workers, and
should be considered especially if the floor surface does not easily allow for securing a
mat to the floor.

O (Bag Q 3.2 b) You indicated that the worker is on a cushioned floor surface. If a
cushioned mat is used, be sure that it is secured to the floor and does not create a
tripping hazard. Anti-fatigue

insoles may provide additional comfort for workers, and should be considered especially

if the floor surface does not easily allow for securing the mat to the floor.
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O (Bag Q 3.2 c) You indicated that the worker is on a mix of hard and cushioned
floor surfaces. Consider adding slip-resistant, anti-fatigue mats to hard surfaces. Be
sure that mats are secured to the floor and do not create a tripping hazard. Anti-
fatigue insoles may provide additional comfort for workers, and should be considered

especially if the floor surface does not easily allow for securing a mat to the floor.

0 (Bag Q 3.3 a) You indicated that the worker sits on a fixed seat for the task.
Ideally, the seat should be sliding or swivel to reduce bending and reaching required by
the worker. If a fixed seat is used, all objects handled should be directly in front or
slightly to the side of the worker (e.g., Figure A32), and all controls should be located

such that the worker does not have to bend or stretch to use controls.

Figure A32. If a fixed seat is used, ensure that all objects handled frequently are within easy

reach of the arms (within the area shown by the line).
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O (Bag Q 3.3 b) You indicated that the worker sits on a sliding/swivel seat for the
task. Ensure that the sliding/swiveling mechanism is maintained so that it doesn’t
require unnecessarily high effort to operate (e.g., forcefully pushing off to slide or

heavy twisting to swivel).

0 (Bag Q 3.4 no) You indicated that the worker is not able to rest their feet
comfortably with near 90° angles at the hips and knees. Ensure that workers’ chairs are
at a height that allows for approximately 90° angles at the hips and backs of the knees
(Figure A33) and that feet are supported comfortably; consider using an adjustable
footrest if needed. Seats should have height adjustability so that each worker can
modify the seat to assume the correct posture while sitting. If feet do not comfortably
reach the floor, blood circulation and nerve sensations may be reduced resulting in
numbness or pain (Figure A34 left). If necessary, provide a foot support

(bar, platform, or footstool). Further, if the workers’ seat is too close to the floor,

excessive strain can be placed on the knees and hips (Figure A34 right).
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Figure A33. Worker is sitting with the hips and knees at the same level. Both the hips and knees are at

approximately 90° angles and the feet are supported.

Figure A34. Worker is sitting too far from the foot support, resulting in the knee being below the hip and

greater than 90° angles at the hips and knees (left); worker is sitting too close to the foot support, resulting in the

knees being above the hips and less than 90° angles at the hips and knees (right).
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0 (Bag Q 3.5 b) You indicated that the seat condition is fair/poor. Consider replacing or

repairing the seat or seat cover. A seat in poor condition may no longer provide proper body

support and can lead to discomfort.

Module 4: Work Environment
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0 (Bag Q 4.1 yes) You indicated that work is performed outdoors during the
summer months. During summer months, the risk of heat stress and heat exhaustion
can be higher than the risk during the rest of the year. Heat stress and heat exhaustion
can be hard to detect and are often detected too late. Prevention is essential to ensure
workers remain healthy while working in high heat. MSHA provides seven key
recommendations for preventing heat stress in workers.

Arrange for miners who are to be exposed to heat stress to have a medical
examination by a physician prior to assignment. Be sure that the physician is informed
of the heat exposure so as to make the proper evaluation.

Allow new workers in heat exposure a period of 5 to 6 workdays to become
acclimatized by gradually increasing workload and exposure time during this period.
Start by allowing new workers to work only 50% of regular work time in the heat.
Check at the end of the 6workday period to see how they are doing.

Schedule rest periods during the work shift as necessary to avoid severe strain
among acclimatized workers. Schedule the heaviest work, particularly manual labor,
for the cooler parts of the shift if possible.

Ensure that workers wear lightweight, loose-fitting clothing for protection
against the sun and to allow for air circulation, and a hard hat with sun protection (e.g.,

consider a hard hat with a longer brim to offer more sun protection).
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Consider using air-conditioning inside the cabs of heavy equipment and
ventilating and circulating fans, where appropriate. Provide shelters for protection
against the sun during rest periods.

Supply adequate quantities of drinking water, cooled if possible, and salt tablets
to workers for their use as desired. Providing salt can help ensure workers maintain
appropriate balance of electrolytes.

Plan in advance to ensure that first-aid treatment for heat ailments is available,
as well as transportation for medical treatment, if necessary. Workers should be
allowed frequent rest breaks to remove them from the heat and rehydrate. Air-
conditioned recovery areas are recommended. However, when this isn’t feasible, a
shaded area with airflow may be used. Hydration and rest are needed more frequently

when working in high heat.

0 (Bag Q 4.3 no) You indicated that workers are not provided portable heat
sources. Provide heat sources for employees. Adding additional layers of clothing may
help to retain body heat but is likely to reduce flexibility and range of motion;

therefore, providing heat sources is the most appropriate solution.



