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ABSTRACT

The improper working conditions for cleaning a hot roller machine of 100 - 140
degrees Celsius, 400-600 rpm, using 99% methanol in a kneeling posture (#1), squatting
posture (# 2) and then bent over close to the platform to clean the rollers. 100% of the workers
experienced knee pain, 85.71% had wrist pain, 75% of their hands slipped on the roller
machine, and 62.5% suffered from methanol exposure. Therefore, to prevent occupational
hazards among workers, therefore, this study aimed to (1) study muscular problems and injury
risks, (2) study elapsed cleaning time and the volumes of methanol used, and (3) to compare
muscular problems and injuries, elapsed cleaning time, and methanol volume used before and
after installing a cleaning machine. This was quasi-experimental design.There were eight
male workers, aged 22-28 years old. Repeated REBA measurements were applied for posture
#1, 96 times, for posture #2, 96 times, and (posture #3) after installing the cleaning tool, 96
times including abnormal index questionnaire, risk assessment pre- and post- instalment a
new roller cleaning press, respectively.

Before using a new roller cleaning tool, the REBA scores of posture #1 and #2
among workers were at high levels. After using a new tool, the scores for posture #3 were
significantly reduced to a medium score level significantly (p < 0.05). For abnormal index,
pre-instalment of the hot roller cleaning tool, the lowest, highest, and average score were 3.30,
3.50 and 3.30, respectively. For post- instalment of the hot roller cleaning tool, the lowest,
highest and, average score of abnormal index were 1.00,2.00 and, 1.55, respectively. Elapsed
cleaning time and methanol volumes were higher than pre-instalment the cleaning tool. The
injury risk level before and after the experiment for hand being caught in the machine, pain
knee pain, burns, and exposure to methanol were reduced.

A roller cleaning tool would efficiently reduce muscular problems and injury risk,
even it took a longer time and higher methanol volume to clean the hot roller.

KEY WORDS: RISK ASSESSMENT/ REBA/ ABNORMAL INDEX/ HYGIENIC PLASTIC
FILM/ CLEANING MACHINE

109 pages
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CHAPTER I
INTRODUCTION

1.1Background and Significance of Problems

Statistics of Accident from the Office of Labor Safety, Department of
Labor and Welfare under Ministry of Labor during 2003 — 2011, the tendencies of the
accidents are declining. The highest injury is still from cutting. For accidents from
pulling is ranked no.5 of 10 in workplace where working with roller or machines that
can pull fingers®.

There are many workplace have roller machines or pulling or pressing. For
workplace where producing hygienic plastics are main raw materials for infant
products, for example, infant napkins, female products; sanitary napkins, sanitary pads
and elderly products; absorptive pants, tape diaper, supplementary permeation sheets
and urinary incontinence pads, etc. These products are necessary products in daily life.
Thus, industries of the products grow up rapidly, the production process use rollers to
melt plastic pellets to get filaments and the filaments will pass through hot rollers for
its combinations. Normally, the surface rollers’ temperature is about 100 — 140
Celsius, speed at 400 — 600 rounds/min. The hot rollers emit vapors of monomer that
sticks on the rollers and may wrap up that can cause the emergency shutdowns. The
emergency case will affect to down time for cleaning and starting again about 0.5 — 1
hour in each time.

Therefore, the methods to prevent filaments stick on the rollers and
emergency shutdowns, operators need to clean the rollers in every 2.5 — 3 hours or
every time before staring each production at an average of 8 — 12 times daily. Each
cleaning must be done while the rollers are at 400 — 600 rounds/min. In the cleaning
process, operators may expose to methanol. The cleaning process may be a cause of
accident as follows;

1) Hazards on accidents of working with rollers.
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Rollers are typically diameters of 0.3 meters, length of 5 meters, are made

by metal coating with ceramics, at 400 — 600 rounds/min as shown in figure: 1.1

A is a walk platform between
machines.

B is a hot roller for merging
plastics.

C is machine guard for the
hot roller.

Figure 1.1: Direction of roller’s spin and a point that might have accident from

pulling from roller.

Operators must kneeling or sliding on Platform — A while cleaning the hot
roller with methanol dipped cloth, which temperature on the roller’s surface about 100
— 140 Celsius and speed at 400 — 600 rounds/min. in anti-clockwise from front view.
Operator’s hand may get caught between rollers and may results in lost day away from

work.

2) Hazard from improper postures

Each roller cleaning, employees are necessary to crawl their knees and
their knees can be injured. This symptom is Medial Meniscus?®, osteoarthritis of the
knees, due to kneeling for a long time as shown in figure 1.2. Operator uses left hand
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to support his body and uses his right hand to clean rollers by sliding along the roller.
It makes his left hand supporting his own weight and the right ligament of wrist
muscle may be inflamed and injured. The right hand of the operator need to press on

the roller hardly. The right hand wrist may be injured as shown in figure 1.3.

Figure 1.2: Improper working postures of roller cleaning.

3) Hazards on hot-surface.
Operator’s hand might touch hot roller with 100 — 140 Celsius and can get

burn.
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4) Hazards of methanol effect®

Inhalation: Causes mild central nervous system (CNS) depression with
nausea, headache, vomiting, dizziness, incoordination and an appearance of
drunkenness. Metabolic acidosis and severe visual effects can occur following an 8-24
hour latent period. Coma and death, usually due to respiratory failure, may occur if
medical treatment is not received. Visual effects may include reduced reactivity and/or
increased sensitivity to light, blurred, double and/or snowy vision, and blindness.

Eye Contact: Moderate eye irritant.

Skin Contact: In general, primary alcohols such as methanol are not
considered to be irritant to the skin. Repeated or prolonged exposure to methanol may
cause dry, itchy, scaling skin (dermatitis).

Skin Absorption: Can be absorbed through the skin and cause harmful
effects as described in “Inhalation” above.

Skin Sensitization: Not considered to be a sensitizer.

Respiratory Sensitization: Not considered to be a sensitizer

Ingestion: There have been reports of accidental or intentional ingestion
of methanol although ingestion is not a typical route of occupational exposure.
Ingestion of as little as 10 ml of methanol can cause blindness and 30 ml (1 ounce) can
cause death if victim is not treated. Ingestion causes mild central nervous system
(CNS) depression with nausea, headache, vomiting, dizziness, incoordination and an
appearance of drunkenness. Metabolic acidosis and severe visual effects can occur
following an 8-24 hour latent period. Coma and death, usually due to respiratory
failure, may occur if medical treatment is not received. Visual effects may include
reduced reactivity and/or increased sensitivity to light, blurred, double and/or snowy
vision, and blindness.

Fire and Explosion

Consideration of fire and explosion will determine from the percentage of
LEL (Lower Explosive Limit) and UEL (Upper Explosive Limit). LEL is the
minimum concentration (% in air) of a substance in air which is required for ignition,
concentrations below the LEL will not ignite. UEL is the maximum concentration (%
in air) of a substance in air which is required for ignition. Concentration above the
UEL will not ignite. LEL - UEL range of methanol is between 6 — 36.5.
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It may conclude that cleaning the rollers; operators will be at risk by
getting caught between hot rollers, expose to hot rollers, and methanol including

muscle injury due to improper postures as shown in figure 1.3.

Operators dip cloth in
methanol and clean the hot
rotating roller at 500 — 600
rpm. counter clockwise. The

hazards are nipping from
rollare and methannl

Operators clean hot roller
with improper postures;
kneeling, squatting and
sliding his body
continuously. The postures
are risk to injury of muscles

Hot rollers will be having
temperature on surface is
that between 100 — 140

Figure 1.3: Work postures and hazards of roller cleaning.

From the questionnaires, it found that 100% of workers who clean the hot
roller have pain on knees, after cleaning hot roller from squatting, 85.71% pain on
wrist from kneeling or squatting, 75% hands slip and jerk by the direction of hot roller
and 62.5% expose to methanol directly.

In addition, the results from Abnormal Index* of physical and mental
fatigue by subjective showed the average of Al 3.29 with the minimum of 3.00 and
maximum of 3.68 from roller cleaning workers. This Al was very high as
unacceptable.

To follow the company’s policy for accident prevention, medical treatment
case, especially pulling or pressing from critical spinning point of rollers, falling down
from different steps and get crash from machines, the company assigns worker to
identify hazards to improve working conditions especially hot roller cleaning.

From consideration of hazards that might occur by cleaning the rollers.

The author therefore designs a tool for cleaning the hot rollers, cooperating with
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production and technology development department to reduce risk of accident and
muscles problems.

To design the tool for cleaning hot rollers, the principles are operators
must not contact rotating point or nipping point directly. Cleaning postures must meet
the ergonomics design; type of handle often affects on force capacity. Typically,
maximum pulling force in common people are able to handle with two hands without
overlap between hands. Diameters of this handle should be 3.8 — 5.1 cm.” and also
should have the average length of 13 cm. The above size is recommended in various
performances related to handling materials with hand including grabbing force.
Pulling force and postures are related in each other. Stability of body is originated
when standing and forcing with legs. Standing push-pull strength is more than
kneeling push-pull strength. However, from the study of Davis and Stubbs (1980)° the
strength will increase when legs apart. For pushing, one leg should lean to front and
another is back. Different of height (distance of floor to handle) will be indicated in
both female and male, in the case around 135 — 157 cm. and 144 — 164 cm. as
Maximal Acceptable Force Limits (MAFs) by Snook and Cririello (1991)°, etc.

Thus, the results from risk assessment of cleaning hot rollers showed an
unacceptable risk. The researches designed a tool for cleaning rollers based on
ergonomics®, cooperating with production department and technology development as
figure 1.4. To reduce risks of accidents and also muscle problems that might be

occurred with operators who perform cleaning the hot rollers.

Figure 1.4: Concepts to Design Hot Rollers Cleaning Tool
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1.2 Research Problems

Using a tool for cleaning hot rollers can reduce risks of accident and also

muscle injury of roller cleaning operators.

1.3 Objectives of the Research
General objective
To study the outcome of a designed tool for hot roller cleaning on reducing

risks of accidents and injury.

Specific objective

1) To assess risks from injury, using methanol, thermal contact and nip
points, workers’ postures to press and clean rollers.

2) To reduce injury of muscle from improper work postures.

3) To reduce volume of methanol.

4) To increase cleanness of rollers, to reduce number of times of wrap up

film and also to reduce quantity of cloth in cleaning and time.

1.4 Research Assumptions

1) The risk of working with designed tool for roller cleaning is lower than
present operation.

2) Injury of muscles from using designed cleaning roller tool is less than
the present operation.

3) Volume of methanol using is less than the present operation.

4) Cleanness of rollers, number of times of wrap up film and also quantify
of cloth in cleaning and time are better than the present operation.
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1.5 Research Scopes

The study is at a non-woven hygienic plastic production department in a manufacturer

in Eastern Industry Estate. The hot rollers are made of steel with ceramic coating. The

temperature of hot rollers is 100°C to 140°C. The roller speed is 400 to 600 rpm.

1.6 Variables

rollers)

1.6.1 Independent variables

Method of cleaning roller by hand and by designed tool for roller cleaning.
1.6.2 Dependent variables

1) Injury risk (pulling, nipping, expose to methanol, thermal contact from

2) Result of the assessment of REBA.
3) Abnormal Index.

4) Volume of methanol to clean rollers.
5) Time to clean.

6) Cleanness of rollers.

7) Quantity of cloth for cleaning.

1.6.3 Control variables

1) Types of cloth for cleaning.

2) Concentration of methanol.

3) Size of cloths.

1.7 The expected outcome.

- To reduce opportunities of workers’ accidents from pulling, nipping, and

inflame, because operators do not touch the hot rotating rollers directly.

workers.

- To reduce opportunities of injury from improper work postures of

- Volume of methanol will be reduced for cleaning hot rollers.
- To develop a higher safety standard.
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1.8 Conceptual framework

Tool for Cleaning Roller

Independent variable Dependent variable
Method of cleaning roller by hand 1) Injury risk (pulling, nipping, expose
and by designed tool for roller Y | to methanol, thermal contact from
cleaning. >

rollers)

2) Result of the assessment of REBA.
3) Abnormal Index.

4) Volume of methanol to clean rollers.

A
. 5) Time to clean.

Control variable 6) Cleanness of rollers.

1) Types of cloth for cleaning. 7) Quantity of cloth for cleaning.

2) Concentration of methanol.
3) Size of cloths.

1.9 Operational Definitions

1. Improvement to clean hot rollers means the designing and installing a
tool for cleaning hot rollers.

2. Risks mean the results of probability and severity by referring results of
risk assessment based on the company’s procedure.

3. Risks level means the level of risks from 1-5 (low risk to very high risk)

4. Injury means losing or damage done to operator due to accidents.

5. Injury of muscles mean any ligament of muscle gets injury and it also
might be affected to other organs.

6. Hazard areas mean methanol expose area and risky area at rollers.



Punnatut Wongsasan Introduction / 10

7. Personal factors in work operation mean workers get muscle injury, for
example; Gout, etc. Even some employees have experienced by accidents and surgery
that might be affected on muscle’s pain.

8. Abnormal Index means the index for fatigue evaluation in both physical
and psychological after working to complete cycle using their feelings.

9. Working postures mean worker postures to clean pre- and post-
installing a tool for cleaning hot rollers which consist of 3 postures as follows:

Posture 1: Kneeling (Pre-installing)

Figure 1.5: Posture 1 (Pre-installing)

Posture 2: Squatting (Pre-installing)

Figure 1.6: Posture 2 (Pre-installing)
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Posture 3: Post-Installing.

Figure 1.7: Posture 3 (Post-installing)

10. To clean rollers with machine means workers use a tool to clean hot

rollers instead of kneeling or squatting to clean hot rollers as follows:
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Using of roller

cleanina :
(.
- y/
il i, e =
= m-gr
Symbol
1 Cleaning cloth.
= 2 sliding handle, adjust height 5 level.
g =
Hot roller cleaning machine at 3 Handle.
keeping position 4 Pull this pin to unlock handle position

Before adjust height.

Figure 1.8: Main components of a tool for cleaning hot rollers.

11. Training how to use a tool for cleaning hot rollers means training
employee to clean hot rollers safety.

12. Injury risk means the probability of workers to be pulled or nipped by
hot rollers.

13. Risk on methanol exposure means the probability and severity of
methanol exposure.

14. Risk on contacting hot surface of roller means the probability and
severity of contacting hot roller at 100 °C to 140°C.

1.5 Pressing force to clean rollers means that pressure by hand presses
down to cloth for cleaning hot rollers.
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1.6 Result of REBA assessment means the scores that are calculated by the
REBA form of posture 1; kneeling (pre-installing), posture 2; squatting (pre-installing)
and posture 3; post-installing a tool for cleaning hot roller.

1.7 Volume of methanol uses to clean rollers means that volume of
methanol that cleans hot rollers in each time.

1.8 Cleanness of roller means the hot roller with no monomer causing of
wrap up film and shut down the operation.

1.9 Number of times of wrap up film means the number of times in wrap
up hot rollers with plastic film due to monomer.

20. Quantity of cloth to clean in each time means the quantity of cloth for
cleaning hot roller.

21. Time of cleaning means working hours of employee to clean hot roller.

22. Satisfaction on cleaning means the satisfactory scores of employees to
clean hot roller.

23. Knowledge of pre- and post-training means the pretest/posttest training
in using a tool for cleaning hot roller.

24. Distance to machine means the distance that employee cleans hot roller
from one end to another.

25. Type of cleaning cloth means the cotton cloth.

26. Concentration of methanol means the 99.98% methanol for cleaning
hot roller.

27. Force measuring point means that point of force measuring the
contacting point of the body.
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Posture 1 kneeling (non- movement)

Actual working site Simulation station

Cleaning hane

Right knee

Left knee

Supported hand

Figure 1.9 Posture 1: Pressure on knees and hands for 4 positions from 1 to 4.

Position 1: Left hand supports body in posture 1: kneeling (pre-installing,
non- movement)

Position 2: Left knee in posture 1: kneeling (pre-installing, non-
movement)

Position 3: Right knee in posture 1: (pre-installing, non- movement)

Position 4: Right hand pushing against roller with methanol cloth in

posture 1: kneeling (pre-installing, non- movement)
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Posture 2 Squatting (non- movement)

Actual working site

Simulation station
i —
/ » THTTTH

é
/

’,

Supported hand

Figure 1.10 Posture 2: Pressure on hands and hip for 4 positions from 5 to 8.

Position 5: Left hand supports body in posture 2: squatting (pre-installing,
non- movement)

Position 6: Hip in posture 2: squatting (pre-installing, non- movement)

Position 7: Feet in posture 2: squat sit (pre-installing, non- movement)

Position 8: Right hand pushing against roller with methanol cloth in
posture 2: squatting (pre-installing, non- movement)
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Posture 1 kneeling (movement)

Actual working site Simulation station

g

Supported hand

Figure 1.11 Posture 1: Pressure on knees and hands for 4 positions from 9 to 12.
Position 9: Left hand supports body in posture 1: kneeling (pre-installing,
movement)
Position 10: Left knee in posture 1: kneeling (pre-installing, movement)
Position 11: Right knee in posture 1: kneeling (pre-installing, movement)
Position 12: Right hand pushing against roller with methanol cloth in

posture 1: kneeling (pre-installing, movement)
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Posture 2 squatting (movement)

| Actual working site Simulation station

/ 1

N

.r

!
/1

Cleaning hand

P
-

1D (weightless , lift hip

1

Supported hand

Figure 1.12 Posture 2: Pressure on hands and hip for 4 positions from 13 to 16.
Position 13: Left hand that supports body in posture 2: squatting (pre-
installing, movement)
Position 14: Hip in posture 2: squatting (pre-installing, movement)
Position 15: Feet in posture 2: squatting (pre-installing, movement)
Position 16: Right hand pushing against roller with methanol cloth in
posture 2: squatting (pre-installing, movement)
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CHAPTER I

LITERATURE REVIEW

2.1 Risks of Accident
Refer to Loss Causation Model of Bird & Germain (1986)’ shows the

cause of accident as Figure 2.1.

Literature Review / 18

Lack of ;
management |p|  Basic A Incident Loss
control causes causes
Inadequate Personal Substandard Contact People
program faclors acts with Property
and energy Environment
Inadequate | Job conditions or Quality
program faclors substance
standards
Inadequate
compliance | pe
to standards

Root Cause is a lack of control to perform a management system, system

Figure 2.1 Loss Causation Model of Bird & Germain (1986)

standard by laws or company standard.

Basic cause is personal factors and work factors.

Immediate causes is substandard practices and conditions.

The above factors are all causes of accident that become injury and loss.
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2.2 Principles of Risk Assessment
By the rules of Department of Industrial Works for hazard identification in
risk assessment and risk management plan B.E. 2543 requires the industries have to

proceed the risk assessment as follows:

1) Checklist

2) What if analysis

3) Hazard and Operability Study (HAZOP)

4) Fault Tree Analysis

5) Failure Modes and Effect Analysis (FMEA)
6) Event Tree Analysis

In addition to six methods of the above risk assessments, the Department
of Industrial Works allows other risk assessments for those industries, if there is an
approvement by this department.

Risk assessment guideline by the Thai Industrial Standard is another
method accepted by the Department of Industrial Works. The company applies this
method to meet the company requirement. The results of risk assessment are from

probability and severity as following:

Severity classification

Hazard effects are considered in 3 sections: people, property and

community as follows:
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Table 2.1 Severity classifications that affect on humans and property

Level | Severity | Description

1 Low 1. A minor injury in First Aid treatment Case (FAC).
- Injury in First Aid treatment Case (FAC).

- Temporary hearing loss.

- Fatigue.

- Respiratory irritation.

2. Property damage less than 10,000 bath.

2 Medium | Receive medical treatment or gotten accident and cannot work
in the same operation (Medical Treatment Case; MTC)
-Injury with specific treatment.

-Tearing wound or deep cut wound.

-Burn.

-Strong impaction.

-Extreme sprained ankle and wrist.

-A small crack bone.

-A minor injury from work eg. dermatitis.

-Hearing loss.

-Bad reputation in some group only.

-Property damage between 10,000 — 100,000 Baht.

3 High Serious injury or loses some organs or disability.

-Any injury or illness that is caused by working and cannot back
to work in the next day (day-off from doctor’s approval is must)
including pass away.

-Lost reputation in national.

-Chronic eg. Cancer.

-Property damage more than 100,000 Baht.

-1llegal in occupational health laws and safety.
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Table 2.2 Severity classifications that affect on community

Level Severit

y

Description

1 Low

No affect on community in 500 meters or a little

nuisance on neighborhoods and be able to solve

problems within 24 hours.

2 Medium

Affects on community > 500 meters and be able to

solve problems within 2 weeks

3 High

Affects on community to be hospitalize or evacuation

and death or property damage and more than 2 weeks

for solving problems or government organizations

intervene.

Probability classification:

Table 2.3 Criteria of probability.

rule.

1 2 3 Weight
Score | (Low) (Medium) (High)
Title
1. No. of exposured persons. 1-3 4-6 >6 3
2. Frequency and Duration of | <16 hours per | Between 16- > 32 hours 3
exposure. week. 32 hours per per week.
week.
3. No. of past accidents. No incidentin | 1-3timesin | >3timesin | 3
a year. a year. ayear.
4. Provide Work Instructions/ | Awvailable in Available in Unavailable | 3
Procedures/ Regulations on written written in written
Safety. document and | document but | document.
appropriate no appropriate
with risks. with risks.
5. Provide training for Work Everybody Some person Nobody gets | 2
Instructions/Procedures/Safety | gets training. gets training. training.




Punnatut Wongsasan

Table 2.3 Criteria of probability (cont.)
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related persons.

not appropriate.

1 2 3 Weight
(Low) (Medium) (High)
Score
Title
5. Provide training for Everybody gets Some person Nobody gets training. | 2
Work training. gets training.
Instructions/Procedures/
Safety rule.
6. Follow Work Everybody - Some person do not 2
Instructions/Regulations | follows work follow work
on Safety (See Safety instructions/regul instructions/
Audit in article no. 9). ations on safety regulations on safety.
correctly.
7. Personal Protective Available and - Auvailable, but 3
Equipment (PPE) and everybody uses somebody
use. uses/never/no PPE.
8. Safety design for Available Available, PM | No equipment or 3
equipment in hazardous | including PM on | is not on the misuses
area (Engineering schedule. schedule.
Control/PM)
9. Safety Inspection. Safety inspection | Safety No safety inspection. | 2
and Record are inspection is
available available but
continuously. not
continuously
or never
record.
10. Hazardous Warning Hazardous - No warning or 2
Warning to existed warning but
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The percentage of hazardous probability is caused by:

% hazardous probability = total score after weighting X 100

(78 —total score after weighting of none assessment title)

Table 2.4: Probability classification.

Hazardous Probability Level Score
Level 1: Low 0-34%
Level 2: Moderate 35-67%
Level 3: High 68-100%

Table 2.5: Risks Assessment is determined by Probability and Severity.

Probability Severity

Level 3: High Level 2: Moderate | Level 3:

Low

Level 3: High Unacceptable High Risk (4) Moderate Risk (3)
60-100% Risk (5)
Level 2: High Risk (4) Moderate Risk (3) | Acceptable Risk (2)
Moderate
35-67%
Level 1: Low Moderate Risk | Acceptable Risk (2) | Low Risk (1)

©)
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2.3 Injury of Muscles

Muscles System™®

Sternocleidomastoid
' - # oceipitalis

Trapezius - j

Deltoid _
E. = ':"
Teres minor ~Triceps brachii
Teres major — &

Latissimus dorsi— |
- Flexor carpi ulnaris

Extensor digitorum
-Extensor carpi ulnaris
a
» Gluteus medius

Gastrocnemius-§ &
Soleus

Calcaneal tendon-

Figure 2.2 Human muscle structures.
Muscles in body are classified by 3 types as follows:

1) Skeletal muscle is a single muscle that joints with bones, which consists
of high strength and shrinkage, is controlled by central nervous system, for example;
arm muscles, legs, body, etc.

2) Smooth muscle can be shrinked, consumes low energy, automatic

nervous system control, for example; intestine’s wall, lung, stomach coat, etc.
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3) Cardiac muscle is cells of heart’s muscles and control by automatic
nervous system.

The muscular system is responsible for the movement of the human body.
Attached to the bones of the skeletal system are about 700 named muscles that make
up roughly half of a person’s body weight. Each of these muscles is a discrete organ
constructed of skeletal muscle tissue, blood vessels, tendons, and nerves. Muscle
tissue is also found inside of the heart, digestive organs, and blood vessels. In these
organs, muscles serve to move substances throughout the body.

& Nuscle

fiber
(cell)

Blood vessel

Perimysium

Epimysium —

-,

" Fascicle
{wrapped by
perimysium)

— Endomysium
) (betwean
"\‘ 7 4 flbers)

7’—1sndnn
\%Bune
i
Figure 2.3: Cross section of muscles.

Injury of muscles is often caused by over use or impaction. Most of this
injury are contusion and muscle strain. Contusion is any part of muscle that is affected
directly until appearing bruise because of capillary tearing, bloods are congested in
the muscles. If there is no skin tearing, it will swell. Then, the muscles cannot contact
and work easily. The cause is due to extreme bumping from no-sharp objects. Muscle
strain is due to muscles or tendon over stretch, which can be classified in 3 severities:
mild strain, moderate strain and severe strain.

From the 17 of 40 cohort studies of Keith T.Palmer found that

osteoarthristis was caused by squatting or kneeling.



Punnatut Wongsasan Literature Review / 26

2.4 Ergonomics

Ergonomics is a word from Greek, “ergon” means work and “nomos”
means Natural Laws. When combining these words it becomes “ergonomics” or “laws
of work”. That might be meant “rules of work”, which is a science of improving work

condition to fit the operator systematically.

Ergonomics are classified for 3 types'* as follows:

1) Physical Ergonomics are related to anatomy of humans, physiology,
bio- mechanic concerning with other physical activities; related topics including work
postures, materials lifting, repeated-movement, abnormal bones and muscles relating
to work, work office design, health and safety.

2) Psychology Ergonomics are related to mental process, for example;
perception, memory, reasonable, responsibility. These effect the interact between
humans and the system, mentality, decision making, skills, computer-relative skills of
humans and humans’ reliability, work stress and training, these might be related to the
design of humans.

3) Organizational Ergonomics is concerned with the optimization of
sociotechnical systems, including their organizational structures, policies, and
processes. (Relevant topics include communication, crew resource management, work
design, design of working times, teamwork, participatory design, community
ergonomics, cooperative work, new work paradigms, virtual organizations, telework,

and quality management.)

Main problems from ergonomics that affect on operator’s health in work
of industrial consist of 4 causes as follows:

1) Hazards from lifting or moving heavy things.

2) Hazards from work postures.

3) Injury from moving heavy things.

4) Injury from work postures.
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2.5 Injury Assessment

Methods of ergonomic assessment consisted of many methods, for
examples:

1)QEC. Quick Exposure Check (David et al. 2003, 2008; Li and Buckle,
1999¢)*? is the basic posture assessment with observation and questions to operators
by questionnaires, to assess muscle’s injury on back, arms, neck and upper-arm which
are scored whole and partial body. Additionally, it assesses work factors, postures,
movement, force and shift work (psychology factors) and vibration exposure.

2) JSI. Job Strain Index (Moore and Garg, 1995)" is the abnormal muscle
assessment of hands and wrists. The index is classified by exposure, forcing,
percentile of force duration of entire work, number of forcing, postures of arms and
wrists, speed of work and duration of work, time determination and frequency from
all-time movement.

3) HAL. The Hand Activity Level (American Conference of Government
Industrial Hygienists, 2000)** is the risk assessment on hands and wrists. It considers
of repeated-work and duration of 10-scale forcing. Load of highest arm forcing is
assessed by Borg Scale and 5 percentile of females’ strength working in industries,
number of forcing per second and duration of their works as percentage on work cycle,
which observed by actual performance.

4) OCRA (Colombini, 1998: Occhipinti, 1998)" is assessed by the ratio of
ATA (Actual Technical Action) for task assessment and RTA (Reference Technical
Action). The assessment is calculated by number of frequency and repeated-motion,
forcing, postures and duration of recovery and other factors, for example; vibration
and pressure on tissues, etc. The method of this assessment is classified by 2 parts:
shoulders and elbows/wrists/arms in each arm.

5) RURA. The Rapid Upper Limb Assessment Method (McAtamney and
Nigle Corlett, 1993) is the overall assessment by considering tasks in each posture;
neck, body, shoulders, arms, wrists through duration of tasks in each posture, force
and repeated-motion.

6) REBA. The Rapid Entire Body Assessment Method (Hignett and

McAtamney, 2000)" is the overall assessment method by considering tasks in each
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part of the body (e.g. trunk, legs, neck, head, arms and wrists). Each score will be
considered additional factors in similar to RURA, as well as hands quality assessment.

The REBA (Rapid Entire Body Assessment) is chosen to assess in overall,
also consideration of load in each work of body (trunk, legs, neck, head, arms and
wrists) by REBA form.

2.6 Digital Force Gauge

Quc::lity

Figure 2.4 Digital Force Gauge

The author used Digital Force Gauge Model DS/DH/DF as specific tool to

measure pressing, pushing force as refer to Quality Control manual.

To install a force gauge at simulation station to measure pressure from

workers on hot rollers to clean hot roller by hand and by designed cleaning tool.

2.7 Injury from Hot Surface.
Hazard from hot-roller is classified by the damage to skin which consists
of 3 temperature ranges as follows:

< 40 °C: cells do not damage.
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Between 40 °C — 60 °C: some cells are damaged especially at 50 °C or
higher, protein is damaged.
> 60 °C and longer than 1 minute: Cells are damaged starting from protein

and cell tissue will be distorted.

2.8 Designs for Hot Roller Cleaning Tool.

Roller’s diameters are 0.3 meters, length of 5 meters, made by metal and
ceramics coated, in type LC4, speed at 400-600 round a minute, surface temperature at
100 °C-140 °C.

The author designs the hot-roller cleaning tool to prevent employees from

any hazard.

Design for Hot Roller Cleaning Tool.
2.8.1 System
Considering SDS from methanol was a flammable chemical. Therefore,

electricity tools need to be an explosion proof or designed as custom.

Manual design, due to the limit of budget (budget 750,000 baht)

Remark: Explosion-proof motor, starting from 1,000,000 baht
(approximately)/unit, usage at least 2 units (one for in case of calico replace and
another for sliding left-right position)

2.8.2 Handle Level.

From the study of K.S Lee'® found that the height level of appropriate
handle should be at 1090 mm or more. Refer to the employees’ surveys, it therefore
set up the handle’s height that was adjustable height, 90-1200 mm, which consisted of

5 levels as shown in figure 2.5.
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Sliding handle can adjust height 5
levels, increasing 70 millimeter /

AN

1,250 mm

900

Figure 2.5: Designed Handle level for adjustable height.

2.8.3 Cleaning cloth Replacement.
To reduce walking time for cleaning cloth replacement and ease in filling
methanol, it thus was designed to increase the cleaning cloth surface for two sides or

call cleaning head and also easy for replacement.
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Cleaning Cleaning
head contain head
with cleaning contain
cloth roll, with
width 10 cm. cleaning
length 7 00 cloth roll
cm. It can width 10 |
rotate to cm. length
change new [ 700cm. It
can rotate
to change

Figure 2.6: Designed cleaning head for cleaning cloth replacement.

2.8.4 Weight of cleaning head pressing on Hot Roller.
The weight of cleaning head is designed by using the studied results of

manual pressuring and it is designed to be pressed adjustable.

2.8.5 The design for left-right sliding adjustable rail with two stations
of cleaning cloth.

Loading and unloading as shown in figure 2.7.
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— Cleaning length 4,510 mm.
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roll position at operator side. position at machine drive side.

Figure 2.7: Show two stations of loading and unloading cleaning cloth.

2.9 Patterns of Hot-Roller Cleaning Tool.

After the installation of cleaning tool, the operator just hold the handle
with two hands and push the cleaning tool slide on rail to clean the roller.
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Cleaning pattern of pre — and post — installing
cleaning tool.

Pre- installing hot roller cleaning Post- installing hot roller
tool. cleaning tool

Figure 2.8: Show work posture of pre- and post-installing hot roller cleaning tool.

From concepts of hot roller cleaning tool, it could reduce risks on
accidents, for example; pull into the machine and expose to methanol including
solving problem of muscles injury.

From the literature review, the researcher had a concept of designing the
hot roller cleaning tool, instead of cleaning roller by hand. The new design could
reduce risks of accidents, for example; pulling, nipping, exposing to methanol and hot
roller and also reduce muscles injury from inappropriate work postures by comparing

pre- and post-installing.
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CHAPTER I
RESEARCH METHODOLOGY

This was a Quasi-Experimental research by one group pretest-posttest

design.

3.1 Subjects

Subjects of this study were workers working in hygienic plastic sheets
operation. Their responsibilities were in-charge directly on hot-roller cleaning. Eight

workers have worked in company in Eastern industries Estate.
Sample size was calculated by the below equation.

P(1-P)
E*  PQ-P)

z? N

When n =size.

N = total population, 8 subjects.

P = Proportion of studied subjects mean that proportion of number of
employees who clean hot rollers at 0.5.

Z,, shows significant o at 0.05 from Standard Deviation.

o = 0.05 (Two-Tail): Z, =1.96.

E means error between proportion of subjects and sample group will be
not above +5% = 0.05.
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Substitute in the formula.

n= 0.5 (1-0.5)
(0.05)*> + 0.5(1-05
(1.96) 8

n=  (0.250000)

(0.031901)
n=  7.836

Number of sample from the calculation was 8 persons.

Sample collection was repeated measurement in pretest for 192 times
(posture 1 and 2) and in posttest for 96 times (posture 3) to compare forcing on wrists,
knees before and after installing cleaning machine. Eight persons were grouped in 2
shifts: day shift (8.00-20.00) and night shift (20.00-8.00). Each person in the group
worked each shift per 3 days and each shift would be measured 3 times. We summed

up that each person would be measured 36 times for 8 persons as 288 times in total.

3.1.1 Inclusion criteria, the author verified qualifications of the sample
group as follows:

1) Welcome to attend the study as specified continuously.

2) Never been serious accident or any operation caused by chronic muscle
injury.

3) No permanent disease that affects on body pains, for example; Gout,
etc.

4) Completely consciousness, communicable Thai language.

3.1.2 Exclusion Criteria, the author verified qualifications of the sample
group as follows:

1) Experienced in accident or disease that affects on muscle during the
study.

2) Not allow to provide answer for questionnaires and check-up body.

3) Participants cannot attend pressure forcing measurement.
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3.2 Materials.
3.2.1 Tools for Data Collection.

3.2.1.1 Personal general questionnaire for pretest in cleaning
hot rollers.

3.2.1.2 Data questionnaire for posttest in cleaning hot rollers.

3.2.1.3 Data record sheet for installing pretest-posttest hot
rollers.

3.2.1.4 Data record sheet for using ethanol in pretest-posttest

cleaning hot rollers.

3.2.1.5 Data collection sheet for pretest-posttest hot rollers
cleaning.

3.2.1.6 Cognitive questionnaire for workers in pretest-posttest

hot rollers cleaning.

3.2.1.7 Risks assessment form.

3.2.1.8 REBA assessment form.

3.2.1.9 Abnormal Index.

3.2.2 Instrument for this study.

3.2.2.1 Digital weighting scale.

Omron model HN-286.

3.2.2.2 Digital Pushing Force Gauge.

Product of DESIK model DS.

3.2.2.3 Tape measurement.

Product of STANLEY model Power Lock.

3.2.2.4 Beaker

Beaker size of 50 / 100 /1,000 milliliters

3.2.2.5 Tools for Hot Roller Cleaning by manualing.
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Figure 3.1 Tools for Hot Roller Cleaning.

3.2.2.6 Cloth.

3.3 Process
First, it is necessary to request a letter from Head of the Occupational

Health and Safety Department under the Faculty of Public Health at Mahidol

University for studying in the enterprise.

3.4 Data Collection Process

To declare objectives of this study and participants will sign up their name

in the permission form for this study.

3.4.1 Preparation

To request a letter from Head of the Occupational Health and Safety
Department under the Faculty of Public Health at Mahidol University for studying in
the enterprise.

3.4.2 Data Collection Process.
3.4.2.1 Risk Assessment.
To assess the risk by dividing 3 parts:
- To assess the risk pre- installing tools for hot roller cleaning.

- To assess the risk post- installing tools machine.
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- To assess the risk for machine maintenance.

3.4.2.2 Ergonomics Work Assessment.

- To assess ergonomics work before installing hot roller
cleaning tools by REBA Employee Assessment Check sheet.

- To assess ergonomics work after installing hot roller cleaning
tools by REBA Employee Assessment Check sheet.

3.4.2.3 Abnormal Index.

- To assess Abnormal Index before and after installing hot
rollers cleaning tools by Abnormal Index. This will be collected the data of last day of
that shift, before employees go home. For the assessment form, the author will
responsible to assess.

3.4.2.4 Pressure force measurement of muscles.

3.4.24.1 To assess push-force pre- installing

cleaning tool.

Posture 1
1) None movement.
1.1) Calibrate the weighting scale before the

measurement by 1-kg standard weight and record as figure 3.2.

Figure 3.2: Calibration weight scales by the standard weight.
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1.2) Weigh employees’ weight and record as figure
3.3.

Figure 3.3: Weighting of employees’ weight.

1.3) Set a weighting scale at position 1, 2 and 3 for
posture 1 and at position 5, 6 and 7 for posture 2, read and record. However, the study
could not be done at the site due to the limited area. Therefore, the work station model

was set up as shown in figure 3.4 and 3.5.

Actual working site Simulation station

Cleaning hane

Supported hand

Figure 3.4: Positions of weighting scale for posture 1: kneeling (non- movement)
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Simulation station

Actual working site

/

Y

8
Cleaning hand . B LNTTRRL

/] 7

Supported hand

E

Figure 3.5: Positions of weighting scale for posture 2: squatting (non-movement).

1.4) For measurement at the position 4 and 8, a
work station model would be set up near the work station. After finish cleaning hot
rollers, the worker apply the same pressing force to the scale then record the reading as

shown in figure 3.6.
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Actual working site.

Model station for position no.4 and 8.

Position no.8 of posture 2 squatting.

Figure 3.6: Position of the weighting scales for posture 1 and posture 2 at position 4

and 8, respectively.

2) Motion posture.
2.1) Calibrate the weighting scale by 1-kg standard

weight and record as figure 3.7.

Figure 3.7: Calibration weight scales by the standard weight.



Punnatut Wongsasan Research Methodology / 42

2.2) To weigh employee’s weight and record as figure 3.8.

&

Figure 3.8 weighting of employees’ weight.

2.3) Set up weighting scales at position 9, 10 and
11 for posture 1: kneeling and at positions 13 and 15 for posture 2: squatting (not
position 14, it was due to the area where employees needed to move their hips up),
read and record. For cleaning time, it starts from cleaning hot roller on one side to
another. In order to weigh on actual site but it can not measure because of limited area.

Thus, the simulation is set up as work station to weigh as shown in figure 3.9 and 3.10.
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Actual working site Simulation station

|
Cleanlngh - . A 11

Supported hand

Figure 3.9 The positions of set weighting scale for posture 1: kneeling (movement).
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Actual working site

' 1

i‘
/

Simulation station

Cleaning hand

/)
St

Pp—
= -

1

Supported hand

Figure 3.10 The positions of set weighting scales for posture 2: squatting (movement).

2.4) For measurement at position 12 and 16, a
simulation station is set as same as reading value from position 4 and 8.

Sample collections are repeated measure for 192-
time before the improvement for posture 1 and posture 2 of the sample group of 8
persons in each two shift: day shift (8.00-20.00) and night shift (20.00- 08.00). Each

person worked each shift for 3 days and each shift measures 3 times a shift.

3.4.2.4.2 To assess push-forcing after installing
cleaning tool.

1) Handle a digital force gauge and put it on handle
of hot roller cleaning tool. Then push the cleaning tool to move, reading while pushing
for one cycle with stopwatch from one side of hot roller to another and record the
reading as figure 3.11.
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Figure 3.11: The positions of a digital force gauge for measuring force of posture 3:

post- installing hot roller cleaning.

Sample collections are repeated measure for 96-
time after the improvement for posture 3 in comparison of 8-person sample group in
each two shift (day shift was 8.00 — 20.00 and night shift 20.00 — 08.00) which each

person works 3 days a shift and each shift is measured for 3 times.

3.4.2.5 Methanol VVolume Measurement.

Pre-Improvement

1) Employees poured methanol from 18-kg
container into bucket, reading its height in centimeters and record. In case of height of
methanol-contained bucket is able to dip with cloth, employees will not fill additional
methanol and read the height and record.

2) Employees dipped cloth into methanol-
contained bucket, and squeeze it out to clean hot roller.

3) Employees read the height level of methanol in

centimeters and record.
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1.Read methanol
level before
cleaning.

level.

6.Record methanol

2.Record methanol
level.

5.Read methanol level
level after cleaning.

3.Use cleaning cloth
dip in methanol and
squeeze it out.

4. Clean hot roller
by wet cleaning
cloth.

Figure 3.12: The process of data collection for methanol consumption in cleaning hot

roller.

Remark: The changing of different height level of methanol before and after cleaning

hot roller is performed by the researcher.

Post-Improvement

Methanol volume for the best cleaning for one-

round hot roller and also to prepare container for suitably fill are determined. The

frequency of filling methanol is recorded (methanol volume = container volume X

frequency of filling)
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3.4.2.6 Hot Roller Cleaning.

Pre-Improvement

To specify size of cloth for cleaning hot roller at 30
X 700 cm, dipping it with methanol, squeeze and then clean hot roller for one time.
Keep the cloth in container and reuse it again in the next time until unavailable. Keep
the cloth in plastic bag, and numbered frequency of using the cloth on the bag, and

finally change the new cloth.

Figure 3.13: The process of data collection for cleaning cloth in pre-improvement.

Post-Improvement.
The hot-roller cleaning tool is moved for one round
from one end to another, marking on cloth and move for new surface cloth, continue

cleaning until completed cleaning hot roller and keep the used cloth in bag.
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Cleaning area

Figure 3.14: The process of data collection for cleaning cloth in post-improvement.

The cleanness of hot roller is determined by the frequency of cleaning and

wrap up film on roller.

3.4.2.7 Knowledge of Operators before and after training on
Hot-Roller Cleaning Tool.

The “Pre- and Post-Training Test for operating hot-roller
cleaning tool with operators both in pre - and post - training on hot roller cleaning tool

are applied to compare the improvement.

3.4.2.8 Data analysis.
Reliability and Validity Test
1) Digital Force Gauge.
1.1) To calibrate the accuracy annually.
1.2) Zero adjustment are required by Quality
Control Manual.
1.3) Anybody who use the digital force gauge must
be trained by the researcher.
2) Digital Weighting Scale.
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2.1) To calibrate the accuracy annually.

2.2) Zero adjustment are required by Quality
ControlManual.

2.3) To calibrate with standard weight before
measuringforce.

2.4) Anybody who use the digital weight scale

must be trained by the researcher.

3.5 Data Analysis and Research Statistics

3.5.1 To analyze data and general characteristics of sample group; general
data, health, work, cloth cleanness in pre- and post-improvement by frequency
distribution, percentage, means and standard deviation.

3.5.2 To test the different force, REBA scores, Abnormal Index and
volume of methanol usage in pre- and post-installing of hot-roller cleaning tool by
Paired T-test, and also correlation in the relationships between body weight and

pressure force.
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CHAPTER 1V
RESULTS

The study was a quasi-experimental research. The purposes of this study
were to study results of hot-roller cleaning tool on reducing risks from accident and
muscles’ problem for operators who have worked with hygienic-plastic plate machine
in a manufacturer of Thailand Eastern Industrial Estate. Subjects of this study were 8
male operators in-charge directly to clean hot roller for ironing plastic, repeated-

measure both pre- and post-improvement as follows:

Section 1: Personal data, general information, history of work and

hazardous exposure to hot-roller cleaning

The average age of 8 operators were between 22-33 years old, the average
weight was 63.7 kg, minimum weight at 47.7 kg and maximum at 70 kg.

The study found that they experienced pain on their knees after cleaning
hot roller (from posture 1: kneeling). 85.71% in experience of wrists pain (from
posture 1 or 2: kneeling or squatting), 75% in experience of hands slide along hot

roller and 62.5% in experience of exposing to methanol directly.

Section 2: Results of the improvement.

2.1 Risk assessment
Results of risk assessment on injury in pre- and post-installing hot-roller
cleaning tool consists of:
2.1.1 Risk assessment in pre-installing hot-roller cleaning tool.
2.1.2 Risk assessment in post-installing hot-roller cleaning

tool.
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2.1.3 Lists of risk assessments comparing between pre- and
post-installing hot-roller cleaning tool.
2.1.1 Risk Assessment in Pre-Installing Hot-Roller Cleaning Tool.
Results of risk assessment in pre-installing hot-roller cleaning tool found
13 risks. It was a risk level 3 (moderate risk level) for 2 hazards, caught in machine
between hot rollers and machine guard and pain on knees, a risk level 2 (acceptable
risk level) for 8 hazards, expose to methanol and hot surface of roller. Finally, a risk
level 1 (low risk level) for 3 hazards were caused by material lifting and inhale

methanol vapors as shown in Table 4.1.

Table 4.1 Results of risk assessment in pre-installing hot-roller cleaning tool.

Activity/Job Incident Results Effect Severity | Probability | Risk Level
/Hazard
1.Pour Lifting 16-kg | Back Operator | 1 1 1
methanol from | gallon pain
gallon to Skin exposure | Irritant Operator | 2 1 2
bucket. to methanol on skin
Methanol Irritant Operator | 2 1 2
exposure to | on eyes
eyes
Inhale dizziness | Operator |1 1 1
methanol
vapors
2. Dipping Methanol Irritant Operator | 2 1 2
cleaning cloth | exposure to | on skin
in methanol skin
and squeeze. Methanol Irritant Operator | 2 1 2
exposure to | on eyes
eyes
Inhale Dizziness | Operator | 1 2 2
methanol
vapors
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Table 4.1 Results of risk assessment in pre-installing hot-roller cleaning tool (cont.)

Activity/Job | Incident Results Effect Severity | Probability | Risk
/Hazard Level
3. Cleaning | Hand may Arm Operator | 3 1 3
hot roller caught in broken

machine arm

between hot
roller and
machine

guard

Hand may Burn Operator | 2 1 2
get burn by
touching hot

roller

Skin contact | Irritant on | Operator | 2 1 2

to methanol | skin

Methanol Irritant on | Operator | 2 1 2

exposure to | eyes

eyes
Inhale Dizziness | Operator |1 1 1
methanol

vapors

Working by | Knees Operator | 3 1 3
knees pain

2.1.2 Lists of Risk Assessment in Post-Installing Hot-Roller Cleaning
Tool.

Results of risk assessment in post-installing hot-roller cleaning tool found
9 risks. It was a risk level 3 (moderate risk level) for two hazards; bolt of hot-roller
cleaning tool may drop in the machine while working or while installing or
maintenance, a risk level 2 (acceptable risk level) for 3 hazards; the hand may impact

between the sliding handle and fence of that machine, cleaning cloth’s tail may get
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tangle into the machine and hand may be trapped in the hot-roller cleaning tool, a risk

level 1 (low risk level) for 4 hazards; inhale methanol vapors, the machine fence may

bump by sliding handle as shown in Table 4.2.

Table 4.2 Results of risk assessment in post-installing the hot-roller cleaning tool.

Activity/Job | Incident Results Effect Severity | Probability | Risk
/Hazard Level
1.Pour Inhale Dizziness Operator | 1 1 1
methanol methanol
from gallon vapors
to bucket.
2.Pour Inhale Dizziness Operator | 1 1 1
methanol to | methanol
soaking vapors
calico
3.Unlock the | Sliding handle | Hedge Property |1 1 1
cleaning tool | to bump damage
and push to | machine fence
clean due to careless
of set up lowest
position
Sliding handle | Hand injury | Operator | 2 1 2
may bump to
machine fence.
bolt of hot- Machine property |3 1 3
roller cleaning | damage

tool may drop
in the machine

while cleaning
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Table 4.2 Results of risk assessment in post-installing the hot-roller cleaning tool
(Cont.)

Activity/Job Incident Results Effect Severity | Probability | Risk
/Hazard Level
4. Changing Cleaning Machine Property 2 1 2
new calico cloth’s tail | damage
is pulled
into the
machine
5. Installing/ Bolt may Machine Property 3 1 3
Maintenance drop inthe | damage
machine
Lifting the | The Operator | 2 1 2
cleaning cleaning
tool by tool hit
hand hand while
set it down
Back pain | Operator 1 1 1

2.1.3 Lists of Risk Assessment in Comparison between Pre- and Post-
Installing Hot-Roller Cleaning Tool.

The risks comparison between pre- and post-installing hot-roller cleaning
tool was found that the cleaning tool eliminated 5 risks; hand may get caught between
hot roller and machine guard, knee pain, hand may get burn by touching hot roller,
skin and eyes exposure to methanol which consisted of risk levels as 3, 3, 2, 2 and 2,
respectively. The risk level 1 was still the same (low risk level) for methanol vapors
inhalation. There was a new risk level 1 (low risk level) of sliding handle of hot-roller

cleaning tool bumps the machine fence due to careless of setup lowest position and
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may cause fence damage. There were new risk level 2 (acceptable risk level) for three
hazards; sliding handle bumps machine fence due to careless of setup lowest position
and may cause hand injury, Cleaning cloth may be pulled into the machine while
changing new cleaning cloth of hot-roller cleaning tool and a risk of lifting the
cleaning tool from installing area, it might bump worker hands. There was a new risk
level 3 (moderate risk level), which is necessary to make risk control standard. That
wasa risk from bolt of the cleaning tool dropping in the machine while
working/installing/maintenance. Control countermeasure was to setup standard to

control quantity of bolts in pre- and post-installing/maintenance as shown in Table 4.3.

Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool

Risk Comparison Control
No. | Incident Results of measure
Hazard Pre- Post-Installing
Installing
1 Hand may Arm broken | 3 0 N/A
caught in
machine
between hot
roller and
machine guard
2 Hand may get | Burn 2 0 N/A
burn by
touching hot
roller
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool

(cont.)
Risk Comparison Control
No. | Incident Results  of measure
Hazard Pre- Post-Installing
Installing
3 Skin contact to | Irritant on 2 0 N/A
methanol skin
4 Eyes contact to | Irritant  on | 2 0 N/A
methanol eyes
5 Inhale Dizziness 1 1 N/A
methanol
vapor
6 Bolt may drop | Machine 0 3 Quantity
in the machine | damage counts in pre-

while

working/install

ing/repairing/m

aintenance

and post-
installing/repa
iring/maintena

nce machine
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool
(cont.)

Risk Comparison Control

No. | Incident Results of measure

Hazard Pre- Post-Installing

Installing

7 Sliding handle | Fence 0 1 N/A
of the cleaning | damage
tool bumps the
machine fence
due to careless
of setup lowest

position

8 Sliding handle | Hand injury | 0 2 N/A
bumps the

machine fence
due to careless
of setup lowest

position

9 Cleaning cloth | Machine 0 2 N/A
is pulled into damage
the machine
while changing
new cleaning
cloth
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool

(cont.)
Risk Comparison Control
No. | Incident Results  of measure
Hazard Pre- Post-Installing
Installing
10 | Lifting the Hand may 0 2 N/A
cleaning tool get caught
up and down under tool
from installing
point
11 | Working by Knees pain | 3 0 N/A
knees
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The major risks of hand caught, exposure to methanol and heat were

eliminated as shown in Figure 4.1.

Hand may caught
in between hot
roller and

machine guard
=Risk level 3.

Methanol splash
into eye while
squeeze
cleaning cloth
or cleaning the
hot roller

= Risk level 2.

Hand may get
burn by touching
hot roller

= Risk level 2.

Knees pain
= Risk level 3.

Pre- installing hot roller cleaning

tool.

Hand may caught
in between hot
roller and
machine guard
=Risk level 0.

Methanol splash
into eye while
squeeze
cleaning cloth
or cleaning the
hot roller

= Risk level 0.

Hand may get
burn by touching
hot roller

= Risk level 0.

Knees pain
= Risk level 0.

Post- installing hot roller cleaning

Figure 4.1: The Major risks on accident in pre- and post-installing hot roller cleaning

tool.

2.2 REBA assessment in pre- and post-installing hot roller cleaning

tool.

From the REBA scoring assessment in pre- and post-installing the hot

roller cleaning tool, it found that the average and standard deviation from the study of

posture 1: kneeling (pre-installing), posture 2: squatting (pre-installing) and posture 3

(post-installing) from 8 participants

participant/posture as shown in Table 4.4.

and 12-time

repeated assessment a
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Code Posturel  Posturel  Posture2  Posture2  Posture3  Posture3
Kneeling  Kneeling  Squat Squat Post- Post-
(12 times) (12 times) (12times) (12times) installing installing
X SD X SD (12 times) (12
X times)
SD
001 13.00 0.00 12.92 0.29 6.67 0.78
002 12.42 0.51 12.83 0.39 7.00 0.00
003 13.00 0.00 12.92 0.29 6.83 0.58
004 13.00 0.00 13.00 0.00 6.83 0.58
005 13.00 0.00 12.92 0.29 6.83 0.58
006 12.67 0.49 12.83 0.39 7.00 0.00
007 12.83 0.39 12.75 0.45 7.00 0.00
008 12.83 0.39 12.75 0.45 6.83 0.58

REBA score at lowest and highest from posture 1(kneeling) and posture 2

(squatting) was 12 and 13, which these scores were very high risk level respectively.

Post- installing the hot-roller cleaning tool (posture 3) the REBA score at lowest and

highest were 5 and 7. These scores were medium risk as shown in Table 4.5.
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Table 4.5 Results of REBA score in pre-(posture 1 and 2) and post-installing (posture

3) hot-roller cleaning tool.

Posture Mean SD Maximum Minimum
Posture 1 kneeling 12.84 0.37 13.00 12.00
Posture 2 squating 12.86 0.34 13.00 12.00
Posture 3 post-installing 6.88 0.49 7.00 5.00

REBA scoring from posture 1 and 2 had no significant different. However,
REBA from posture 3 had different from posture 1 and 2 statistical significantly
different (p-value < 0.05) as shown in Table 4.6.
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Mean Difference

Std.

Main posture Comparing posture p-value
(Main posture — Error
comparing posture)

Posture 2 squat -0.021 0.057 1.00

Posture 1

) Posture 3 post- N
kneeling _ _ 5.969 0.057 0.00
installing
Posture 1 kneeling 0.021 0.057 1.00

Posture 2 squat Posture 3 post- .

) ) 5.990 0.057 0.00
installing

Posture 3 post-  Posture 1 kneeling -5.969" 0.057 0.00

installing Posture 2 squat -5.990" 0.057 0.00

2.3 Comparing Abnormal Index in pre- and post-installing hot roller

cleaning tool.

Based on Abnormal Index in pre- and post-installing hot-roller cleaning tool at

lowest, highest and mean were 3.30, 3.50 and 3.30, respectively. More problems came

with unbearable and abnormal index in post-installing were 1.00, 2.00 and 1.55;

lowest, highest and mean, respectively. These scores were just acceptable as shown in

Table 4.7.
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Table 4.7 Abnormal Index in pre- and post-installing hot roller cleaning tool.

Abnormal Index

Mean  SD Maximum Minimum
1. Pre-installing hot
roller cleaning tool
3.30 0.16 3.50 3.00
2. Post-installing
hot roller cleaning 1.55 0.36 2.00 1.00

tool

In addition, the Abnormal Index in post-installing the hot roller cleaning

tool was reduced statistical significantly (p — value < 0.05) as shown in Table 4.8.

Table 4.8 Comparing Abnormal Index in pre-installing and post-installing hot roller

cleaning tool.
Difference of the variable
Variable
Mean SD t df p - value
Al pre- installing -
1.75 040 1231 7.00 0.00

Al post- installing

2.4 Comparing of methanol volume use in cleaning in pre- and post-
installing hot roller cleaning tool.
The average methanol volume to clean hot roller in pre- and post-installing the

hot roller cleaning tool were 499.78 ml. and 600, respectively as shown in Table 4.9.
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Table 4.9 Methanol usage to clean in pre- and post-installing.

Methanol volume to clean hot roller

(ml)

Maximum Minimum Mean SD

Pre-installing hot roller cleaning tool 2,877.50 120.00  499.78 328.43
Post-installing hot roller cleaning tool 600.00 600.00  600.00 0.00

The increasing of methanol volume in post-installing hot roller cleaning

tool was significantly different (p — value < 0.05) as shown in Table 4.10.

Table 4.10 Comparing of methanol volume to clean in pre- and post-installing hot

roller cleaning tool.

Diff of variables

Variable (milliliter) p-
Mean SD t df
value

Methanol volume to clean in pre- and post-
) ) ) 117.07  354.79 3.23 95 0.002
installing hot roller cleaning tool

2.5 Comparing of time to clean in pre- and post-installing hot roller
cleaning tool.
Time to clean in pre-installing hot roller cleaning tool was average at 29.26

second and post-installing was at 46.57 second as shown in Table 4.11.
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Table 4.11 Time to clean in pre- and post-installing hot roller cleaning tool.

Hot roll cleaning time (second) Maximum Minimum  Mean SD
Pre- installing the hot roll cleaning tool 55 20 29.26 5.94
Post-installing the hot roll cleaning tool 92 14.4 46.57 20.55

After post-installing hot roller cleaning tool, it found that time to clean hot
roller was increased statistical significantly (p — value < 0.05). Due to using the hot
roller cleaning tool, workers would not know either the roller clean or not, while
pushing the cleaning tool. This procedure was different from cleaning manually, the
employees could know how much the roller cleans. Therefore, they would work the
cleaning tool slowly to ensure cleanness. Through using the cleaning tool, it needs to
unlock sliding handle for working. Cleaning hot roller with the cleaning tool has more

working processes than cleaning by hand as shown in Table 4.12.

Table 4.12 Comparing of time to clean in pre- and post-cleaning hot roller cleaning.

tool

Diff of variables
Variables(second)

Mean SD t df p-value

Cleaning time after installing the
hot roll cleaning machine -
Cleaning time for  before 19.39 21.7 8.75 95 0.00
installing the hot roll cleaning

machine

2.6 Comparing of cleanness of hot roller in pre- and post-installing hot
roller cleaning tool.

To compare cleanness of hot roller, it would take number of times in
wrapping up film as comparison variables. Data showed that wrapping up film since
2013 until the end of May 2014 in total 17 months (pre- installing the cleaning tools)
due to dirty at 0.08 times/100 cleanings. And data since June 2014 — October 2014 in
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total 5 months (post-installing hot roller cleaning tool), average of wrap up film due to
dirty at 0.08 times/100 cleanings, which had no statistical significantly different.

Table 4.13 Number of times that film was wrapped up roller/100 cleanings.

Number of Number of Time average of
Variables Cleaning Times of Wrapped Film/100
Times Wrapped Cleanings
Film
1.Pre- installing the hot roll
cleaning tool (Jan 2013 —May
3,648.00 3.00 0.08

2014, 17 month)

2.Post-installing the hot roll
cleaning tool (Jun 2014 — 1,224.00 1.00 0.08
October 2014, 5 month)

2.7 Comparing number of cleaning cloth used to clean in pre- and
post-installing hot roller cleaning tool.

Moreover, when comparing number of cleaning cloth that were used to
clean in pre- and post-installing hot roller cleaning tool. Pre-installing, operators
would use cleaning cloth to dip in methanol and squeeze it out to clean the hot roller;
a cleaning cloth could clean many times until it was too dirty, hard and not able to
clean anymore, it would be replaced. Average, a cleaning cloth could clean hot roller
at 6 rounds, 5,833 cm?round. For post-installing, to replace cleaning cloth per a
cleaning round, if calculated, it was used 900 cm?/round. It found that cleaning cloth
using to clean in pre-installing hot roller cleaning tool was 6 times of the cleaning

cloth using in post-installing hot roller cleaning tool.
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Part 3: Other benefits from this study.

3.1 Knees load and a wrist but another wrist to clean hot roller that

was excluded, in post-installing hot roller cleaning tool.
It indicated that reference position of load in posture 1; kneeling and 2;

squat sit of static posture as shown in Figure 4.2 and 4.3, respectively.

Reference position

Posturel: Kneeling (non-movement) Posture2: Squatting (non-
movement)

Supported arm

Figure 4.2: Reference position of posture 1 (kneeling) and posture 2 (squatting), non-

movement.
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Reference position

Hip (weightless , lift hip up)#=

Figure 4.3: Reference position of posture 1 (kneeling) and posture 2 squatting, while
moving.

It found that knees load and a left wrist load for dynamic posture, the average
of work load of left knee in posture 1 (left knee), posture 1(right knee) and an arm to
support body in posture 2 were 37.3, 36.67 and 34.57 kg, respectively. When
comparing of static in the same posture, it found that dynamic posture had more load

than static posture as shown in Table 4.14.
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Table 4.14 Load of knees and left wrist of pre-installing hot roller cleaning tool.

Variable N Minimum Maximum  Mean SD
(Male) (ka) (kg) (kg) (kg)

1. Weight 8 47.7 70.0 63.7 7.8

2. Load for posture 1 non-

movement (kneeling)

-An arm to support body 8 12.6 19.8 16.1 2.3

(position 1)

-Left knee (position 2) 8 10.4 30.1 20.9 6.2

-Right knee (position 3) 8 13.12 22.2 17.8 3.0

3. Load for posture 2 non-

movement (squat)

-An arm to support body 8 14.1 18.7 15.9 1.6

(position 5)

-Hip (position 6) 8 18.6 41.4 33.4 7.5

-Foot (position 7) 8 7.9 135 9.9 1.9

4. Load for posturel

movement (kneeling)

-An arm to support body 8 14.9 20.9 18.8 2.4

(position 9)

-Left knee (position 10) 8 22.6 44.4 37.3 8.2

-Right knee (position 11) 8 26.6 40.0 36.7 4.3
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Table 4.14 Table 4.14 Load of knees and left wrist of pre-installing hot roller cleaning

tool (cont.)
Varizble N Minimum Maximum  Mean SD
(Male) (ka) (ka) (kg) (kg)

5. Load for posture 2

movement (squat)

-An arm to support body 8 21.7 39.8 34.6 4.3
(position 13)
-Hip (position 14) 8 0 0 0 0
-Foot (position 15) 8 9.2 23.4 12.6 4.5

From the study of relationships between weight and knees load and wrists
were found that non-movement of posture 1 (kneeling), body weight was related to
load of left arm to support body as statistical significantly different (p — value =
0.004). As same as posture 2 (squatting), body weight was related to load of hip side
to support body as statistical significantly different (p-value < 0.05) as shown in Table
4.15

When considering load in movement of posture 1 (kneeling), body weight
was related to load of left arm to support body, also related to left and right knees as
statistical significantly different (p-value < 0.05). As same as posture 2 (squatting),
body weight was related to load of both arms to support body as statistical

significantly different as shown in Table 4.15.
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Table 4.15 Relationships between body weight, knees and left wrist for cleaning hot

roller in pre-installing hot roller cleaning tool.

Variable Result
N Correlation  Sig.

1.Non movement for posturel
-An arm to support body (Position 4) 8 0.875 0.004
-Left knee (Position 5) 8 0.757 0.030
-Right knee (Position 6) 8 0.087 0.838
2.Non-Movement of posture2
-An arm to support body (Position 8) 0.667 0.071
-Hip (Position 9) 0.978 0.000
-Foot (Position 10) 0.629 0.095
3.Movement of posture 1
-An arm to support body (Position 12) 0.794 0.019
-Left knee (Position 13) 0.959 0.000
-Right knee (Position 14) 0.947 0.000
4.Movement for posture2
-An arm to support body (Position 16) 0.884 0.004
-Foot (Position 18) 0.493 0.214
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3.2 Results of hands push force to clean hot roller in pre- and post-
installing hot roller cleaning tool.

The average of push force of a wrist to clean hot roller in pre-installing hot
roller cleaning tool of posture 1 and 2 were 131.37 N and 135.93 N, respectively. The
average push force of the wrist to clean hot roller in movement (posture 3) was 66.89
N as shown in Table 4.16.

Table 4.16 The average of pushing force to clean hot roller in pre- and post-installing

hot roller cleaning tool in posture 1, 2 and 3.

Mean Std.
Posture (Newton)  Error
1. Pre- installing the
hot roll cleaning tool
-kneeling (posturel) 131.4 3.027

-squatting (posture2) 135.9 3.027

2. Post-installing the
hot roll cleaning tool 66.9 3.027
(posture3)

Wrist push force to clean hot roller in pre- and post-installing hot roller
cleaning tool in posture 1 and 2 had no difference. Push force in posture 3 was the
lowest. Comparing these 3 postures found that wrist push forces in posture 1 and 2 had
a statistical significantly different (p-value < 0.05) from push forces to sliding handle

of hot roller cleaning tool in posture 3 as shown in Table 4.17.
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Table 4.17 Comparing of a wrist to clean hot roller in each posture.

Mean Difference

) Compared ) Std. b
Main posture (Main posture - Sig.
posture Error
Compared posture)

posturel Posture 2 (squat) -4.557 4.281 0.864

(kneeling) Posture 3 (post- 64.478" 4.281 0.000
installing the hot
roll cleaning tool)
posture2 (squat)  posturel 4.557 4.281 0.864
(kneeling)
Posture 3 69.035" 4.281 0.000
(post-
installing the
hot roll

cleaning tool)

posture3 (post- posturel -64.478" 4.281 0.000
installing the hot  (kneeling)
roll cleaning tool) Posture 2 -69.035" 4.281 0.000

(squat)
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3.3 Satisfaction of post-installing hot roller cleaning tool.

The survey of workers’ satisfaction who have used hot roller cleaning tool.
The assessment was done in 10 subjects (each subjects: 1 =least, 2 = less, 3 =
moderate, 4 = much, 5 = most). The most satisfaction score to prevent pulling, caught
in machine from roller was at the average of 4.87. Second was proper of sliding handle
height at the average of 4.75, the sliding handle had 5-level adjustment. Third, it could
prevent to touch hot roller at the average of 4.62, due to those workers did not need to

touch the rotating hot roller directly as shown in Table 4.18.

Table 4.18 Satisfaction of post-installing hot roller cleaning tool.

Assessment items Minimum | Maximum | Mean SD
1.Able to prevent pulling or nipping 4 5 4.9 0.35
from roller

2. Able to prevent touching hot roller 4 5 4.6 0.52
3.Levels in knees pain and wrists pain 4 5 4.5 0.53

from pushing the cleaning tool

4.Appropriateness of tool weight to push 2 5 3.4 0.92
5.Ease to replace cleaning cloth 2 4 3.1 0.64
6. Appropriateness of tool for filling up 3 4 3.4 0.52
methanol

7. Cleanness of roller after using the 2 4 3.3 0.71
cleaning tool

8. Able to slide the cleaning tool while 4 5 4.5 0.53

pushing
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Table 4.18 Satisfaction of post-installing hot roller cleaning tool (cont.)

Assessment items Minimum | Maximum | Mean SD

9. Appropriateness of sliding handle 4 5 4.6 0.46
height

10. Able to prevent skin expose to 3 5 4.3 0.71
methanol

3.4 Comparing of worker knowledge about using hot roller cleaning
tool in pre- and post-training knowledge.

Before, workers could use hot roller cleaning tool, they were necessary to
get train. It found that workers had knowledge score on using the cleaning tool in pre-
and post-training: 4.75 and 7.75, respectively. It found that after training, workers had
more knowledge to use the hot roller cleaning tool as statistical significantly different

(p-value < 0.05) as shown in Table 4.19.

Table 4.19 Comparing of worker knowledge about using hot roller cleaning tool in

pre- and post-training knowledge.

Mean SD t df P - value
Compare
knowledge
between post- 3 1.06904  7.937 7 0.00
and pre —

training
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CHAPTER V
DISCUSSION

The study was a quasi - experimental research to study the results of hot
roller cleaning tool installation to reduce the risks on accidents and also muscles injury
in group of workers who have worked for hygienic plastic sheet production machine in
a manufacturer of Industrial Eastern Seaboard Estate Thailand. Subjects of this study
were 8 workers who have worked in hygienic plastic plate production department.
They were in-charge directly to clean hot roller for ironing plastics sheet among. The

subjects were repeated measure in pre- and post-improvement as follows:

1. Risks on injury from working with hot roller and methanol.

Results of this research in post-installing hot roller cleaning tool, it found
that injury risks from pulling or caught in between roller and machine guard and
touching hot roller were eliminated. These supported an assumption 1; when install the
hot roller cleaning tool workers did not need to touch the hot roller that run with high
speed directly. They might get skins expose to methanol. All of these problems were
eliminated, which supported the assumption 1. There was no different risk in case of
using tool to fill methanol instead of holding dipped cleaning cloth by-hand, the risks
of methanol vapor exposure were still same. In practice, every worker was controlled
by wearing carbon masks to prevent methanol vapor.

Criteria of risk assessments were determined by severity and probability.
To determine the probability, 10-related probability were considered entirely. Those
probability consisted of number of concerned persons, duration of job, number of
accident times in 1 year, work instruction, training, process instruction, personal
protective equipment, engineering control, hazardous resources check and warning.
The risk assessments were probably estimation in case of highest severity, therefore
the number of annual accident in pre- and post-installing was 1 equally (Annually,
there had no accident in that assessed probability). However, the assessor estimated



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Occupational Health and Safety) / 77

that if any probability might cause accident, the action must be taken, immediately for
operators’ safety.

Although, installing the hot-roller cleaning tool could reduce risks on
injury, due to the above cleaning tool contained with embedded bolts, It therefore still
had risks for installing or during or maintenance. Those bolts might fell down in
machine, and then it might damage rollers, so it was determined as risk level 3
(moderate level). The above risks prevented by providing standard: bolt management
as follows:

1) To mark signs at bolt head (make straight line between line of bolt’s
top and framework to fix that bolt. If bolt is unwinding, it shows the line sign is not
straight.

2) To count entire number of bolts for hot roller cleaning tool.

3) To check signs on top of bolts and to count number of bolts monthly. It
found that bolt was unwinding, that bolt needed to be screwed or if lost, the machine
must be stopped and find the bolt.

4) To repair hot-roller cleaning tool, it only would perform in case of film-
produced machine shutdown to prevent bolts or tools fall down machine.

In addition, rails of hot-roller cleaning tool still had tray to prevent falling
of bolts from the cleaning tool. Other risks from installing the hot roller cleaning tool
was risk level 2 (acceptable risks) for example, workers forget to setup lowest position
of sliding handle of the machine and the sliding handle might bump his or her hand or
even the machine’s hedge. Moving or lifting the cleaning tool to maintenance or to
install might be bump his or her hand.

2. Muscles injury from post-installing hot roller cleaning tool.

From the experiment, it found that pre-installing hot roller cleaning tool
workers had inappropriate posture to clean the roller; kneeling and clean continuously
(posture 1) and squat sit and sliding his body to clean continuously (posture 2). The
results were workers’ knees bearing average weight at 36.67 kg or 369.60 N. There
was different from suggestion of CCOH (Canadian Centre for Occupational Health
and Safety)™ reviewed that knee’s safety should be not loaded over 188 N. However,

the data was showed that the knees load was more than the above suggestion at 1.97
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times and knees would be injured. In accordance with the study of Keith T. Palmer? in
aspect of cohort, which entire 40 reports, it found that 17 reports, either crouch sit or
squat while working could deteriorated knees.

After installing the hot roller cleaning tool, it found that average force
of workers pushing the hot roller cleaning tool was 66.89 N, which in accordance
with suggestion of CCOH (Canadian Centre for Occupational Health and Safety)™®
that push force in x axis should not over 225 N. The force was assumed that
appropriate force to push the tool or objects in horizon, without injury of muscles.

When considering risks from REBA scores, it found that risks in pre-
installing the hot roller cleaning tool were high risks (score 12 and 13). The study
found that after installing the hot roller cleaning tool were moderate risks (score 5 and
7). It also found that those risks on muscles injury declined as statistical significantly
different (p — value < 0.05), in accordance with the assumption 2.

When considering Abnormal Index, the study found that this index in
post-installing the hot roller cleaning tool declined as statistical significantly different
(p — value < 0.05). From the average score of 3.3 (unacceptable problem) declined to

the average score of 1.55 (acceptable), in accordance with the assumption 2.

3. Methanol volume to clean in post-installing hot roller cleaning tool.
Methanol volume using in post-installing hot roller cleaning tool increased
as statistical significantly different (p — value < 0.05), not in accordance with the

assumption 3.

4. Time consumption for cleaning hot roller in post-installing hot
roller cleaning tool.

It found that time to clean hot roller increased as statistical significantly
different (p — value < 0.05) in post-installing hot roller cleaning tool. Because there
were more work step instructions. Additionally, the workers could not check cleanness
while running the cleaning tool. Therefore, they needed to push the cleaning tool

slowly to ensure its cleanness, not in accordance with the assumption 4.
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5. Cleanness of hot roller in post-installing hot roller cleaning tool.

It found that cleanness of hot roller in pre- and post-installing the hot roller
cleaning tool had an average of wrap up for 0.08 times/100-time of hot roller cleaning
in equal. It showed no different as statistical significantly, not in accordance with the

assumption 4.

6. Cleaning cloth quantity to clean hot roller in post-installing hot

roller cleaning tool.
In post-installing hot roller cleaning tool, cleaning cloth for cleaning
hot roller declined to 6 times, when comparing with number of cleaning cloth for
cleaning in pre-installing the hot roller cleaning tool, in accordance with the

assumption 4.

Other benefit from this Study.

1. Satisfaction on using hot roller cleaning tool.

After using hot roller cleaning tool, it found that roller pulling accident
prevention was the highest satisfaction of 4.87. Second, it was appropriateness of
handle’s height at the average score of 4.75, due to 5-level height adjustable. Third,
the cleaning tool could prevent exposing to hot roller at the average score of 4.62.
However, it found that replacement of cleaning cloth in each time was little problem at

lowest satisfaction at the average of 3.12 that should be continual improvement.

2. Employees’ knowledge on using hot roller cleaning tool.

Before any worker uses hot roller cleaning tool, they need to be trained in
using the cleaning tool. In post-training, they have more knowledge to use the cleaning
tool as statistical significantly different (p — value < 0.05)
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Summary

Using hot roller cleaning tool, instead of humans to touch hot roller
directly, it found that risks either pulling or caught in machine between roller and
machine guard, skin exposure to thermal and methanol was eliminated. Even though,
other risks were still moderate (property lost). And there was work instruction to
control the moderate risk and some could be acceptable risk. Through risks on REBA
injury and Abnormal Index declined as statistical significantly different. The
cleanliness of the hot roller in case of using the hot roller cleaning tool, it found that
has no difference but number of cleaning cloth declined to 6 times. It however found
that volume of methanol and more time consumption to clean with the tool. Workers
scored satisfaction for using the hot roller cleaning tool at 5 in each topic, due to
prevention, either pulling or nipping, ergonomic handle and avoidable touching hot
roller as 4.87, 4.75 and 4.62, respectively. Before using the hot roller cleaning tool,

they were trained, in pre- and post-training scores at 4.75 and 7.75, respectively.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

Hot-roller cleaning is an essential job for hygienic plastic plate production,
to prevent dirty of the roller or sticky caused by monomer vapor of pellet plastic. The
causes will be wrap-up in film and stop the production line for cleaning and restart
again. Thus, it is necessary to prevent the wrap-up problem, by cleaning hot roller
every time after finishing one production process (every 3 hours). That is why
employees expose to the risks of hot roller; pulling, caught in between hot roller and
machine guard, methanol exposure and hot roller burn. Including inappropriate
postures to clean that hot roller may cause muscles injury.

Therefore, the study was to assess risks on injury, muscles (REBA),
Abnormal Index, Included cleanness of hot roller (number of wrap up), methanol
volume, time and number of cleaning cloth to clean hot roller. In post-installing the
hot roller cleaning tool, the researcher collected data by of 8 persons in a manufacturer
of hygienic plastic plate in Industrial Eastern Seaboard Estate Thailand.

Instruments of this study consisted of general questionnaire, injury risk
assessment, REBA assessment, Abnormal Index, digital weight scale, digital force
gauge and the hot roller cleaning tool, from May — October 2014, in total 6 months.

Descriptive statistics analysis was used to determine Mean, Standard
Deviation, including Differential Data Analysis within the experiment group by

statistics of Univariate Analysis of Variance, paired T-test and Correlation.

Results of this Study.

1. Risks on injury in post-installing hot roller cleaning tool.
In pre-installing hot roller cleaning tool, there were totally 13 risks. For

post-installing the cleaning tool found that 9 risks in total, the hot roller cleaning tool
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could eliminate entire of 5 risks: hand may caught in between hot roller and machine
guard, knee pain, sliding hand may touch with hot roller, methanol exposure on skin
and eyes at 3, 3,2, 2 and 2, respectively. There was one same risk remaining at risk

level 1: exposing to methanol vapor.

2. Risks on muscle injury in post-installing hot roller cleaning tool.

REBA scores in pre-installing hot roller cleaning tool of posture 1
(kneeling) and 2 (squat sit) were 12 and 13, very high risk level respectively. After-
installing the hot roller cleaning tool (posture 3), it found that REBA score at lowest
and highest were 5 and 7, in medium risk, respectively. The researcher also found
installing the hot roller cleaning tool could reduce muscle risks as statistical
significantly different (p — value <0.05).

Abnormal index in post-installing the hot roller cleaning tool declined

as statistical significantly different (p — value < 0.05). From the average score at 3.30,
was unacceptable risk problems became 1.55 (acceptable risk).

3. Methanol volume in post-installing hot roller cleaning tool
Volume of methanol in pre- and post-installing hot roller cleaning tool was
average at 499 and 600 ml/time, respectively. It found that volume of methanol was

higher as statistical significantly different.

4. Time to clean hot roller in post-installing hot roller cleaning tool

Average time to clean hot roller in pre- and post-installing hot roller
cleaning tool was at average of 29.26 sec and 46.57 sec, respectively. Time to clean
the hot roller by the cleaning tool were longer than by hand as statistical significantly
different (p — value < 0.05).

5. Cleanness of hot roller in post-installing hot roller cleaning tool.

Using number of wrap-up film on roller was compared cleaning of hot
roller in pre- and post-installing the hot roller cleaning tool. The researcher found that
cleanness of the hot roller in pre- and post-installing at average from wrap-up film
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(dirty cause) at 0.08 time/100-time of hot roller cleaning equally, no difference as
statistical significantly.

6. Cleaning cloth quantity to clean of hot roller cleaning tool in post-
installing hot roller cleaning tool.

The data found that in post-installing hot roller cleaning tool, cleaning
cloth was used to clean hot roller down to 6 times, when comparing with number of

cleaning cloth to clean in pre-installing the hot roller cleaning tool.

Other benefit from this Study

1. Employees’ satisfaction on hot roller cleaning tool

Employees had most satisfactory on hot roller cleaning tool; to prevent
pulling, hand may caught in between roller and machine guard at the average score of
4.87, due not to expose with that rotating roller directly. Second, it was
appropriateness of handle height at the average score of 4.75, due to 5-level height
adjustment. Third, the cleaning tool could prevent exposing the hot roller at the

average score of 4.62.

2. Employees’ satisfaction on using hot roller cleaning tool
Before any worker uses hot roller cleaning tool, they need to be trained to
use the cleaning tool. In post-training, they had more knowledge to use the cleaning

tool as statistical significantly different (p — value < 0.05).

Limitation of this Study

For this study, pressure force determination process in case of cleaning
hot roller in posture 1 (kneeling) and 2 (squatting) were postures in pre-installing hot
roller cleaning tool. It could not determine the hand pressing force on hot roller
directly, due to running roller. Because it is risk on workers and the pressure scale
might be damaged or fell down in hygienic plastic plate machine. The machine could
be serious damaged. Therefore, the author set up a simulation station as same as a hot-

roller cleaning point and determined push force from the workers to press cleaning
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cloth on the hot roller. The determination might be not exactly as pressing force to
clean hot roller directly.

Further Suggestion

1. Even though hot roller cleaning tool would reduce risks on muscles’
injury from very high risk to medium risk, reducing Abnormal Index from
unacceptable level to acceptable. However, it should have continual development to
reduce processes of humans work. For example, creating the hot roller cleaning tool as
mechanically, reduce time of work, also reducing time to replace new calico, etc.

2. Provide an auto fill-up methanol machine to avoid touching with

methanol vapor, this is a remaining risk and can control methanol volume efficiency.
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APPENDIX A
QUESTIONAIRS

Lunvaeuemdeyan lldiuyanatewinmsianunsesihnnuazengnnasion

o S ° A oo a o oA o A
MBI ﬂ'§EIAWIEI‘]Jﬂ”IiﬂiJLﬂfJ’Jﬂ“]J@l’J‘Vﬂi!IﬂmeiJﬂWﬂQIH%E‘N’N NIDNUATOIHUY \/ aslu |:|

= o 3 A ' =
wﬁwsﬁ’@mmmsQmm’nmﬂuiﬁwmmumﬂwqa
VoA oy o '

adun 1 maagam"!ﬂamqﬁm

twe [ ][ Juds

200 . il

1]
A o

3. 01U oo U MusEnamh a Jagiiv)
o A a o 4 a
4, 19gMUNUTEHNOU oo 1
. y .
5. 32NN MANUAZDIAGNNA ... 1 — 1hou

. LY
6.0UN........... FU. UL nn.

]
a o

1 = o o Y Q’I A U o = dy A [
7. Mmulidszaumsaimahauduanuazeingnnanie lu neuuihaunusiniivse l
[0 [ ] Talsaseny (@010 FLOLIIAT oo ... ifou
= o 9 A o o ' Yo : A 1
8. neuivzuhiwihnmhawhanuazen muae ldsumseusunnounse i

[ li&sumsensu [ J1&5umsensu

T oAy A o P o A
AIUN 2 VBYAUNINVFUNIN (SO UTIAY 6 1ADU)

o A A '
9. dapiiumuguyrinse i
[Mign v
' o VoA A A Ao qy A 1 a A '
10.neuMsUMuaas osauvh Itaasu liseunaenseli
[ Jlaid [ JAu(ilsassy 5Hav00a30908) oo

{ 4 A ' v v Y o o 1 o o
(T]Jimzu ﬂ'ﬂlla"llﬂﬂﬂ']iall ﬁu LU NNIU, IUNIUIU, ﬁ’aﬁaumﬁﬂmw

v a voA A A da 7 A .
wmmmmmuﬂmmamuﬂmmaﬂaaeama"lu

A A = A ' v o Y o A Ao 1o s
Dllllﬂll D Y (Tﬂiﬂi&’u AITUDVDINITAN LU NNIU, IUIUIU, ﬂﬁﬂﬂ?uﬁﬂﬁﬂﬂ?ﬂ

1L.mueenmaamensamuimosua lulu 1 dlar
Y
unqﬁ}ﬂﬂﬂﬁmﬁﬂw Daaﬂﬁmamaffaﬂmw 3 A543
. o Y . o L2
Daﬁ)ﬂmmmﬂ 3-5A59 Daﬁ)ﬂmmmﬂmﬂﬂm 559

12.9uii Tsalseidmse i (aeuldunnin 1 18)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Occupational Health and Safety) / 89

[ ]is [ 15 50085 1 PRV YRR 1)
[ Jismumauisala [ Jismind
[ ]800 (UIATEY) e

1 Yo ) 3 A wa A )
13.1/]11!!,‘?18“1?]31]fﬂiW”Iﬁﬂﬂ‘ii’)!,ﬂﬂﬂizﬁﬂﬂqﬂﬂmﬂﬂiﬂqu

[ ]uitne

[ 100 QUSATEY) o

v oA v o e
aun i3 slli’]ﬂ:!ﬁfn5ﬂ1ﬂ31uﬁ36]ﬂgﬂﬂﬁﬂiﬂu

waluaaan:
s luadne:
o=
dnilngnn:

s o
fndlndne:
ghflagae:

daneiindine: . =
inTiaaan:
daneiiagnn: e

azlnnaqn: i
Egqn:

danenfindina:

h

danadinaan:

Y

o w o CE 1 { { o 1 @ @ B 1 ° 1
volivhdndnusisane lUii Tundesmmaoy (hldunna 1 dyanwveilu 1 naes) vugilsrasssnme

¢
VY
o ¢ A a < v K a A vy X
Yanwal 1 =9aNU0INT/ LAYUBINT 1R VYBINANILBYI 01U Al pgVBINA LD
v o ¢ Ao o v o Ly
yanyu ZzﬂﬂﬂﬁNWﬁ/ lﬂUﬁNWﬁQﬂﬂﬁﬂﬁﬂu

ydnual 3 = yanduda/ inedudTi UL IUea

' '
A a A o

Y A 9 o Y o Y a oA A
NP D103 aumumma“lw 1 ﬂlu NHUWNNANADUIDY uazmﬂuwmﬂmmmﬂ“luﬂamamaﬂu

a




Punnatut Wongsasan Appendices / 90

Tiiuaseane X asluresnmunainmuldsunsedienns

Vo 399 A2Nd NI

d' gjl 9} 1]
nn | desyseumsin | lume
Y
A9 nz (3 3u) lsa

5¢1)

] 2 o o
1 MUABLDINMIRAVUIHEIINTANNTL D19

2y
CLUAGNER)E

2 | munslionmsgudeiionldnaasanmeainms

a
Y

manudzeragnnasion

' = 2 Y A AqII o
3 ‘mumEmammﬁ]mmuaw“lﬁvmﬂmmmﬁzmﬂ

Ly
ﬁj‘ﬂﬂﬁﬂiﬂu

v
' ¥ o a9
4 ﬁﬁ]ﬂl@\‘lﬂ"lu!,ﬂﬂWﬂWﬂhlﬂﬁilNﬁﬂUQﬂﬂﬁﬂiﬂuﬂng

MANNALD19

5 munelinimsihanasnnmsmanudzoin

2y
NNaNIoU

< o
6 mmuaamﬂﬂnmum’ﬁmmmwm’;mﬁzmﬂ

Ly
ﬁj‘ﬂﬂﬁﬂiﬂu

< o
7 lﬂJ‘VﬂuE]mﬂﬂﬂigmugﬂﬁﬁ}1ﬂlm$ﬂ1ﬂ31uﬁ$ﬂ1ﬂ

2y
CLUAGNER)E

8 | wmueameduiaiie lasasauaizyinniw

Y
qe21AYNNAN

A Ly A o A
9 "Um&"J’Nllﬂﬂu@]ﬂﬂaﬁﬁ@ulwaﬂ'lﬂfl'lllﬁgﬂ']ﬂ o
A A o 4y a
!ﬂﬂau]lﬂa UIDALUAV UV NUUNUNANINNIT

v
‘ngu‘l]@ﬂgﬂﬂﬁﬂ%jﬂu

I y
10 | Homawde iesdmiduinnuazeingnnas

11 | welaliazain dasanduinanuazeia

2
GULEN

] Y v Y
12 ﬂﬁ‘H!ﬁﬂﬂiu@]THﬁQ’VHﬂ”JHJﬁZ@WﬂQﬂﬂaQ

13 | wou'lunAvendy

A
14 | TYHIDU QTEY v

5116ﬂlﬂﬂﬂﬁ!ﬂd]ﬁgﬂuﬂ1iﬂi’)ﬂuﬂﬂﬁﬂ‘ﬂﬂﬁl




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Occupational Health and Safety) / 91

ny
AU 1A

AZUUULAN

L4
a Y

2uuUnageUndw nasmsineusumsliinseshanuazelngnnasion

1
= o

VAU AIIMITNATOU oo, BIRT e,

v o J

Y
Tihdadnual ¢ (@n) vie X (@A) awdeiinggs wihlsz Teadade lail

v 9

1. mumnsolasudiiuln ldnmeduniis o/S (operator side) 1111171

' = Y Yy o ' A ' ]
2. muamnsonlasuniid ldnndumiia uazaaeanal Wenwunwrhdanisn

9

3. muasodFudumiinnugavesn ity Idnue 5 szau awanumrzay

' Y = v 9 Y = o @ Y @ Y
4. Mudesdsaanmutianasanal 3eransalsuszauvesdusuld

oA Y o Al v o o Y @ 9P 1o e ' =
5. AouNMuIzINAWTVAINNY MuvzdolSuszavvesdminldegdummisiganou 99z

ansasld

v v A o Ly Y A 7
6. Anazldnsoshnnuazeingnnasdouszdeaiugnriumseusumniu

A o 4 99 g Y Yy 9 ) o ¥ 9 o v '
7. diemuszsnmsasudiiuluid Wuaeaudeeninnadiu uaziuhuddrseadiulv

% Y Yy ¥ q1 9 {
aq ldes ou 13udr ladn Tunun
Yy 9 Ad o o Yo 4 Y Ao 2
8. noummiluagadumnivea Thmanasunnasaninnuazeingnnas
A o a Y 9 Y Yy v A 9 o
9, wevzhmsnlasumihid Idmunyuasdeduuu T lufiemanyudndaae

° v oA = Y Y YA o oA 7
10. @nLL‘Vi‘HQVIﬁWNTZTﬂlﬂaﬂuﬁu1w1mlﬂﬂ@ AULHUIN 1 MUY



Punnatut Wongsasan Appendices / 92

(Y J v [y a a
3.am‘uaumymwummmﬁmmwﬂﬂfm

1. anyaagnill (general fatigue) HRMNNUATUIDUMIINGIY (full work cycle)

Taiitdym annniiga

No problem most fatigue
] 1 o o I a 1 a Y
@]ﬂll‘]J‘WfJ"IEﬂiJLL‘]J\iﬂTiTIN"IUGUE’NWHﬂ\i”ll!@ﬂﬂl‘ﬂuﬂi]ﬂiiﬂﬂf‘]ﬂ UAYNINIIY Gh’i

< Y Y Y 1 a
ﬂi“lJiE)’Uﬂme“ﬁﬂ (full work cycle) !,!,a’J‘Jz‘uizﬂ‘]Jﬂ’JmmﬁlJle,szﬂﬂﬂ‘jiuaﬂumiw

VOIUAAZNINTTY

Aonssudi 1

Aonssud 2

Ranssud 3

Anssudi 4

Aonssudi s

S2AY 0 1 2 3 4 5 6 7 8 9

TaiiTayn annniga
No problem most fatigue

2. anudasnemsivuiia msuaKy (risk perception to pain and Injury)

= = =
UGN lﬁﬂ\?ll’lﬂ‘lflfjﬂ
No risk high risk
1 1 ° o I a 1 a Y
G]’t’]vl,ﬂ‘wEl’lfl’liJLlU\iﬂ’lTVl’l\ﬂusUa\‘lwuﬂ\ﬂu@ﬂﬂlﬂuﬂﬂﬂﬁiﬂﬂﬂﬂ UAYNINIIY Glﬂ
& 9 (% A 1 a
ATUIDUNUHNUN (full work cycle) L!ﬂ’z]ig‘l!i$ﬂ‘lJﬂ'ﬂiJLfffEl\16UfJ\1!mﬂ$ﬂﬂﬂiillﬁ\ﬂu

A1 NVDIAALNINT TN

a A
NAINTIUN 1

a a
NINTIUN 2

a =
NINTIUN 3

EELHT) 0 1 2 3 4 5 6 7 8

]
=

o 2
JGER @oauniga

no risk high risk
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o

3. szauanvaulanenuim (level of interest in the present job)

Tivhaula aulaniga

No interest very interesting

1 1 o ) I a 1 a
G]'t’]]lﬂ‘wEl’lfl’liJLlU\iﬂ’lTVl’l\ﬂusUﬂ\‘lwuﬂ\‘]’lu@ﬂﬂlﬂuﬂﬂﬂﬁiﬂﬂ@ﬂ UAYNINIIY Glﬁ)
ATUTOLNUNI (full work cycle) udaszyszauauaulavewumazianssuasly

A1 NVDIAALNINT TN

Aunsaud 1
Aunssudi 2
Aunsauil 3
Aonssudi 4
TR 0 1 2 3 4 5 6 7 8 9
Tivhaula raulauning

no interest very interesting

4. ANNFUFOUUBINUNI (complexity of the present job)

0 1 2 3 4 5 6 7 8 9
"o Y v 9 A
]’IJJ"])"U"IS?JH FUFDUNINNGA
no complex very complex

5. ANNENNEVEINHNN (difficulty of the present job)

N8N eINUINNGA

Very easy very difficult
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6. VIHIZUVDINININY (work rhythm)

0 1 2 3 4 5 6 7 8 9
TaifiiTaymn Hymunniiga
No problem many problems

7. anusSuAareulumM I (work responsibility)

o |1 |2 [3 |4 |5 |6 |7 |8 |9

"9y v A 9 [
uliJﬂf]\ﬁ‘]JWﬂ“lfﬂU ADITUAATDUEN
no responsibility high responsibility

8. da3zlumsau (freedom of work)

£ o o & 1 & ° ' 3 ¥
ADININUMNMFIUNIUU %3'1/]']\‘]']1!@6']\‘]llﬁﬂll@

Follow order work freedom
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mMImuIuawtinu1U1na (Calculation of Abnormal Index = AI)

YI1,2,4,5,6,7]-3 [3,8] = Al

8
Y =
(1D AI<0 = laitieyrrez 15 (no problem)
= 3 Y Y .
0<AI<2 = uﬂaﬂmnanuaawamu% (little problem)
2<AI<3 = douolala sziiase i (attention and be alert)
3<AI<4 = ﬁﬂaﬂmmm%u%%’ﬂaﬂﬁ’ (problem increases,
unbearable)

4 <Al = 50118 uf Tusius (unacceptable, must be corrected)
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REBA EMPLOYEE ASSESSMENT WORKSHEET

REBA Employee Assessment Worksheet Sasad o Tackaiatnsa: i Ko Ao {RFML s o, gyl B 14 ) BB
A. Meck, Trunk and Leg Anahysis SCORES B. Arm and Wrist Anahysis
Step 1= Locute Nack Pasition Tabin & r.u.? = Siep 7: Locate Upper Arm Pesition:
NP Rk 0 |
N x
5-4’ I P EERELEERE Al o 41
i 5 aa B T [ElElE R & |
A P I: Tounke [2 [3 4534|_Ee4 7 q'lll
. N O HEEEEHE Wbl | Y
otk n e +1 s S fezan -gsa?segﬁe?aa u . —
H riock tn mae berakng: 1 ENEHHEOEHEEEER Shep Ta: Adpan
f nbombder 1n rameet 41
Siep L Locaic Trunk Pasion Talde Lo Aie H upper s m abeiucied: +1 g
I i 1 g B 1 arre 18 mpysaricd o permon 18 kasng- -1 —
A a2 2 1 z ki
I ﬂ-'}, .%2 e PR Siep ii: Locais Lewer Arm Positio:
Y £ J" 1 HEE Tt ) o
I\' it [-. -.]I | 3 FEEIE [N
ul A Wl e T3 3 Ve s
Airn -"-.q'&) b
oz 0 EEsEREs () -
[T 518 T ¥ L
1 trunk i micke bending: +1 a7 B
Tabie C . .
5kp_ql: Lags 5.I.rp‘3._|nr.lt_“l'|.ll Pﬂhhl:.h i
iR el I
. e
| py o Al 1::4sara-ﬂu_11 T
! VA meere - Siep ta: Adjn
! I / 1 tfafaafalalafm]e]r]a] H il
V i wirid in beret frorm resdiine or faisied : Add +1
f A 2 |elzlafafalal=fala]ls]+]n
s 2 [+ 3 |zlsfafafaf=]efr|s|o]afla| Sipi:LokupPosure Score in Table B
= L= — s |alalalalslalzlalel|el|a|a| Ve v fmm s - b oo mo in Tatds B |
Siep 4: Losk-sp Pmiere Score in Table & 5 alalal=]el=lelale]e]l=z]a e
. Step [1: Add Coupling Scure
','_'N'fl“nmw"‘“”‘ e 8 lalelelvlelolelolmlmlinlin] Well Ating Hasdic asd mid rang power grip, poad: +
| 7 l2lzl7 lalela|elslmlu]n]] Acoopmis b e tasd hoisl or coupling
Step 5 Addl ForonLosd Soore — 8 lofeas[s[slsfmlsalmln]au]n Iumm;“m"f;:"_m : o —_
:::::I'L'ﬁ‘,l: ‘i O lolels |olsclsplialaali bzl izl 9z]  Ho bendies, wwiemed, ormede with sy bedy past —
1 icad = 22 1t 42 98 |safsof o faa faaf e fonfoa faz oz el 0z . | Dmacorprable 44
Asp: W sbock or mpid Build up of foros: add +1 | ———— bk S 1 I S Y ] ) ] ) ] I E:PLLiE::‘::.ﬁL“:.ﬁI:ﬂTT*IEE
= 12 ol ez fezolzlelale)e) el 1e]  Scoes Fe ool in Tabe © s swich witt Seore & :
Saep 6: Score A, Fisd Kes in Tebke C 3 .
A nlhacn from wicpa 4 & § in obtn Soom A l v maleg & vt Tt L B -
Find Bzwin Tubls C — | + Shep 1% Actlty
. = Acfiity Soore +1 1 o mone bady paris are el for ionger #un | misse {sxic)
1 = neglitie ik Teble C \‘ sz =1 Kepoied erull rasge ctiane | raose fun dx per mrnic)
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A T = e ik, further imestgation, change seomn
8k 10 = high rsl, Imeestigate S implemen dunge Final RERA Sooee
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APPENDIX C
RISK ASSESSMENT FORM

] e - e -
wisafafiususan 11 msiedusstauasmstlsafiurnaiias Risk Azseszment Identfication (RAL)
W LD R T [ SRuarmalan - e
Hlerdan
& = W VTR
T ANETH : eerafuezeian - e
_ .. wanetwy | sxfu FareneTanauatun S . szl [ p—
TS R T - — v R =, STEU
Fnenuzapinnae L CCE N I R = P wlzna ELL anfRIURNATIH
a . a~ |4 £| s 7 N N R
TuRcn TuRsE _ z=hTa B \Fua
WO | fuue i
H sfz|z|z|alz|=z|z]z2]=

523005

4 Procsdus iiand

W ER - YR Ty
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APPENDIX D

Yoyannuasasuvesansadl: mmuoea

wwives [Methanal)
Viersion 2 1
Tharodl PP —
doyanulenafu
L. Waysia il
Aeubnini wiwuss (Mathans)
e T Ty Hkbumphaanoluaaarerrn umastelulohus
Wi windw il TaimcTuv S
wadl 5551 mudaiusil sommlnd ewome Fu 11
et ewasiing weeeden npavms 10900
itamA 110
Towprwd «&8 1 105 0003 wia +66 2 797 1993
T +86 2 79T 2963
Twsdmvignudu w66 7 399 0003 [Tunaniaru wta

+8ih 39 643090 eg 103 [uaniEnvare]

k8 hllﬂiﬂ'lﬂ'llll.‘.lul.‘llll.l‘u:

AriiRun GHS ! FLAMMABLE LIADS, Category 2
Acute toxlcity (Oral], Category 3
Acute touicity [Dermad), Category 3
Acute koxicity (inhalation), Category 3
Spacific target organ touicity - single axposure
Category 1 (central nervous system, visual organ)

g dnund GHS
Audngnrn T Hamr
e rmmasanysilludwero
WA = sdvaRrussiamanelyinge
Pt TRt :  ihAwrsdadiau
et il el
i LTy il
whiiSeraalovnpeersunnbsarlunens @knsrueaiu
WS TR ET s labus
drenunanaderrreTa

neanalaadu rifubian pedareRusenne s iu eretasalemelelhalE
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“ wrmruen (Methanol)
Tharol e
(l=2/ Dwafiam fi I Qo it FRET
Hayanaualanedu
i = v gangat
WunrrsT lsusi saaodufasafusnnsmees
ﬁmu“mmm Fudsn .' Mgaterrmds
T TR T
Tdiamsturlsn Tlana T Aadsne

iuﬂmwrﬁhnhrnmmwm'lm
mrsepedle | ldja ety wesarunainen dndasese |
wlalanripnay dutfu /Sl e e e S RaaaaRay
Tansruana s wialedhed e e maild
aaliabhivhsdavmifilavuituslisfoeeiad
widnidnan o zea vl e say

AW ILTINT 1 ebdudefoad: [Woolssa): Taivenosda e miadeu
azriud Eakpd s il
Tl Al Tl Tearwduml pdouu e modan i
rramennhll  hithelddsdidainetaeioe Wi nkos el

Anreen 13 ERzan
dvflalaunl tTwelad MAns il Teen stolnsannd
Aundutudla: crfdndeydnd i v el inm Wia

Wnbsarwnil
Lyl BT TE R
ERIE AL IR TP Y - Ay tudad e n e n kg s
sfun ey Tl ey
rdanvfusdatnew 1 rivissi/ e svnind et

3 dvunmu dealapesandesaavsuarulsfilussnaasdsauag

dasninwasail Felttyl picohol, Meghanol
CAS Ma. 67-56-1
EINECS Mo, 2D0-659-6
| Chemical | Symonyms CAS Harard Class Hazard Canc,
Mame featogary) statement
| Mthanal B7-58-1 Flam. Lig.- 2, H2Z25 H3OL , F9EN
Act, Oral = 3, H3L1L, H331,

Act, Dermal = 3, HiTO
Act. inhalation =3,
STOTSE. -1

i, nal poserane

WnmEi Tl ¢ dimaeteneetaed wnifihalaifhelant Tiddseu
varmrniftndd pmdeTurnimesety
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w wivuas (Methanol)
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» wnrrues (Methanol)

Version 2.1

Tharod P  Agvien 2555
dayaaTulanadu

wonarh lesweraldTemendy dasalvidunwissnadad
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whnnunrnrmusndede i nvelam S r e e s
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il Wl lunmed 0. 9% aatle AR A MSEGRA LLWISER
wa 1l i r ey leson uesanh
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ifurdnfmsifuntyloe WisdfuEudon e favierting

diasdafeastilua © Ptwmdndon - 1¥asgedhoflada e Ul lusulota
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darflBuan e, v wisensd Wisyses il
mmﬁmrfumlmﬂl::;imﬂ:hﬂﬂm

wafiLnpans = v AL i avalyinene

woarespdidsnmnyrlTuansd e rnmuuardunra el o
e e Tl fawlind et T e ledudannm

Ooefianvnrfin
7. e leumenrriasfu
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» wues (Methanol)
Version 2 1
sdayranlanadu
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Tharoil

dayarralaoadu

Appagrance
Cdour
Crdour threshiodd

ph
Boiling paint
Melting / freesing paint
Flagh paiat

Esplosion / Flammabiling
limits in @ir

Autp-gnition emperature
Wagour gressune

Deniity

Witer solubility
n-octanol/water partition
caefficient [log Pow)
Decamposition temperature
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wrruas (Methonol)

Wersion 2.1
e e | fmnew 2555
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Detection 4.2 -5960 ppm. [geometnic mean 160ppm)
Aecognition 53 8840 ppm. (geomeiric mean 630ppm)
Mot Applicable

E.7C

Typical -97.8°C

Tynigal 11 °C [Cosed cip)

B-36.5%

484 °C
12.8kPaan10°C /68 °F
Tyoical 791 kighm3 af 20 °C (ASTM D-1238)

Completely miscibie.
0.82

Note: Stable under normal conditions of e

Evaporation rate 4.1 [ASTM D 3535, nBuAc=1}
‘apaur danity (air=1] 1105 M 15 °C
fppearanca Colourless Liguid
10, Ao sl i At
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ampwidy vl Taveaabilo wunSides Vnuda
Tetanau anadentmmanakn e
avdunswdifiasin an sladundlod sfupylasontes Fduespuneles
amud
11 dayadutwtne
dhugunnlseii i tageitirdernmmsazandeio sie s ulanad
pavorillaity was vl duslnnau
vl laerann 0 mrvalutss  LDSD = 6,200mg0%g | wy
il lemrma 1 eranufed - LOSD 15,800 mpfleg , oo
itk

t e Buety LCSD {Bo) 22,500 po,
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vayantunlaaado
wlaom sl separde ol tuvissfhua e en Tiletofusos
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14, deysdwiunriauds
Land (as per ADR classification] 1 Regulated
Class ¢ 3 frmathdurmicens 6.1)
Faciing group I
Hazard indentification na, 133
UN Mo, : 1130
Praper shipping name : METHANCL
Environmentally Hezardous :Ma
DG
Identification numbsar sUN 1230
Proger shipping mame : MAETHANDL
Claw | Disigion 1 3 imiaaluafumreeies 6.1)
Packing group q |
Marime gt : Mo
IATA |Country variations may apply)
LN No, : 17130
Froper shipping name * Mathanol
Clisa / Division |
Packing group i

158, dryepdnnivlocan (dagefadudadedy)
tngauleilsisliull ikl s smmaverwnse aalemdedaldbhe Odtuedin

Chemical Inwentory Status
AICS : Listed,
osL : Listed,
INW [CH] i Listed.
ENCS [I1P] i Linted,
TSCA : Listed,
EINECS r Listed. 100-653-6
KECI [XH)  Listed,

FICCS (PH] : Listed,
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APPENDIX E
CERTIFICATE OF APPROVAL ETHICAL COMMITTEE FOR
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APPENDIX F
BEAT POSTER AWARD FROM THE 46™ APACPH
CONFERENCE

> f*"’“'” % 46" APACPH
UNIVERSITY 8 Conference
OF MALAYA 3 g Kuala Lumpur

Evolution of
Pubilic Health in
The Asla Pacilic
Region

The 46th APACPH Conference

Best Poster Award

Presented to

PUNNATUT WONGSASAN
for proster presentation il the

#ith ASIA PACIFIC ACADEMIC CONSORTIUM FOR
PUBLIC HEALTH CONFERENCE : EVOLUTILON OF PUBLIC HEALTH
IN THE ASIA PACIFIC REGION

Ieldl from 17th - 19th October 2014 a1
HILTON KUALA LUMPUR, MALAYSILA
organized by
Department of Social and Preventive Medicine, Faculty of Medicine,
University of Malaya, Kuala Lumpur, Malaysia
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Pressieiii irgamtiing Chair amid Head,
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