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ABSTRACT

Benefits derived from occupational health and safety activities are frequently not in
monetary terms. The purpose of this study is to use CERSSO’s TK as an economic tool to evaluate the
worthiness of an electronic enterprises’ investment in occupational health and safety. By using
CERSSO’s TK, this study can examine the monetary worthiness of investment and the usefulness of
CERSSO’s TK as a tool employed by a production section of an electronic factory.

This study employs a case study of accidents occurring in production areas. Data are
compiled from data in CERSSO’s TK, interviews with 6 production staff who act as coordinators in
occupational safety, health and environment and data from relevant sections (i.e. payroll section, human
resources and administration section, production section and hospitals). The data are comprised of
actual data collected in 2010 and forecast data. The evaluation method employed is the cost-benefit
approach, which is an economic approach that examines the ratio of benefits to cost. The study is
presented in a descriptive manner.

Three case studies from 2010 data show that the ratios of benefit to cost are 85.71, 99.41
and 5.76 respectively. If the three cases are combined together, the aggregate ratio of benefit to cost is
66.59. The forecast data yields the ratio of benefit to cost of 1.07. Since the ratios of benefit to cost in
all cases exceed 1, it can be concluded that it is worth investing in.

For the ratio of benefit to cost to be accurate and to make the investment worthwhile, (i)
accident preventive measures must be taken into account when we consider the worthiness of the
investment, and (ii) organizations or persons who want to use CERSSO’s TK must also be able to
analyze the cause of accidents, and (iii) the subject about benefits deriving from the investment in
preventive measures has to be incorporated into the format of CERSSO’s TK. This study concludes that
CERSSO’s TK can be employed in electronic enterprises and investment in occupational health and
safety is worthwhile. This tool can be applied by any enterprises, but the benefit additional of
preventive measures should be added in this tool. The analysis of the causes of the accidents is required
for a comprehensive solution.

KEY WORDS: SELF-EVALUATION OF INVENSTMENT /
OCCUPATIONAL HEALTH AND SAFETY ACTIVITIES
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CHAPTER |
INTRODUCTION

1.1 Background and Rationale

Nowadays, technologies in the industrial world have been improved very
quickly. Many technologies such as those in telecommunication, logistics,
consumption, production sectors have been developed to satisfy infinite human’s want.
However, available resources are scarce and cannot satisfy all wants. Therefore, it is
essential to effectively manage all available resources in order to maximize their
utilities and worth all capital invested. This is an important matter for such
entrepreneurs (1) if they want to achieve their business target and cope with the
current economic conditions.

When considering an occupational health and safety issue in Thailand, it is
inevitable to address costs of such preventive measures. It is widely acknowledged
that a preventive measure can be used to reduce the production cost. However,
administrative divisions in most Thai companies are willing to make payment, as
required by law, to the accident compensation fund in proportion to the level of
seriousness of accidents or injuries occurred rather than to invest in preventive
measures. Therefore, in order to encourage those administrative personnel in Thailand
to invest on the occupational health and safety, it is necessary to impose a legal
requirement on this matter. However, this is not simple task because the benefits,
which were gained from the investment in the occupational health and safety, are not
always easy to be calculated in the monetary term. Hence, it is difficult for those
entrepreneurs to see the benefits from the investments. (1)

There is an idea that, if such benefits received from the investment in
occupational health and safety can be shown in financial term, entrepreneurs may be
motivated to make an investment in this matter. This idea becomes an interesting topic
in Europe. It can be seen through many studies on the relations between the costs and

financial benefits gained from the investment in occupational health and safety.(2) For



Souwapa Kuanun Introduction / 2

entrepreneurs, there are many economic assessment tools available for assessment of
the benefits received from the investment. Entrepreneurs can also employ either
external contractors or their internal authorities to do this job. However, the economic
assessment on the benefits received from the occupational health and safety measures
IS very sensitive issue. This is because entrepreneurs would not want their trade secrets
known to the public(3), for instance, the statistics on accidents occurred, unsafe
conditions inside their factories, or information on salaries of their employees.
Therefore, it will be very helpful if there is the self-assessment on the investment in
occupational health and safety available to those entrepreneurs.

The researcher is interested in the topic “the self-assessment on the
investment in occupational health and safety”. In order to study this topic, one factory
producing electronic devices was chosen as a sample. The CERSSO's Tool Kit (the
TK), which was developed for the textile industry, was applied to the data gathered
from this factory in order to justify whether the TK could also be used in the electronic
devices production factory. This would help entrepreneurs to realize the importance of
economic tools in assessing benefits gained from the investment in occupational health
and safety as well as encourage them to invest in preventive measures to prevent

possible injuries and accidents.

1.2 Objective of study

1.2.1 To use the TK to assess the investment in occupational health and
safety.

1.2.2 To study and analyze the completeness of the TK when applying to

the electronic devices production factory.

1.3 Scope of study

The study will use the TK to assess costs and benefits gained from the
investment in occupational health and safety in one electronic devices factory. This is
because accidents in the production line of this factory are likely to occur
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continuously. Also, the investment in occupational health and safety on this

production line will also be studied and justified.

1.4 Expected benefits from the study

1.4.1 To know whether the TK can be applied in the electronic devices
production industry.

1.4.2 To set an example on how to analyze the cost of the production and
benefits gained from the investment in occupational health and safety in other

industries in Thailand.
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1.5 Conceptual framework

CERSSO's Step
Step 1 Definition of the
Magnitude of the Problem
according to causes and effects

Step 3 Definition of the
preventive measures to be
undertaken.

Y
Step 4 Graphing the relationship

between the preventive
measures and their positive

\4

Step 5 Evaluation the cost of
prevention and its effects

v
Step 6 Analysis of the

Introduction/ 4

Costs-Benefits

Benefit -Cost
ratio

v

> 1: worthwhile
investment

v

< 1: not worthwhile
investment
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1.6 Definition

Self-assessment on the cost-benefit of the investment in occupational safety and health

means the assessment on costs and benefits gained from the
investment on occupational health and safety in the business

premises.

The investment on a preventive measure means the way to prevent or control possible

Cost-benefit analysis

dangers in current working conditions aiming to prevent
accidents or injuries to occur during working time.

means the analysis on the investment on all alternative
projects by considering net benefits in each project in
monetary term to identify which project is the best for the

investment.

Interventions of safety and occupational health mean the methods of safety and

Benefit-cost ratio

occupational health aiming to reduce or minimize existing
risks in the workplace.

means the ratio on benefits per cost. This ratio is to provide the
information on the benefits gained per one unit of invested
costs. If this ratio is higher than 1, it means such method gives

benefits higher than costs invested; and it should be employed.

The Competence of the CERSSO’s Tool Kit means if the CERSSO’s Tool Kit is

Division Manager

Head of staffs

applied to self - assess costs and benefits on a particular
investment on occupational health and safety, the user does not
need to adjust any tool provided.

means a mid-level executive personnel who has a duty to
manage the production line in his/her responsible division by
delegating the work to a head of staffs to operate the
production line in according to the company’s goal.

mean a low-level executive personnel who gets order from a
Division Manager, who is his/her direct superior, to operate the

production line in according to the company’s goal.
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Head of Shift

Operational Staff

Maintenance staff

Introduction / 6

means a person who controls the production line by getting
order from a Head of Staff in order to operate the production
line in according to the company’s goal.

means a person who is working in the production line and has
duty to control machines, control inputs and outputs, check the
goods’ conditions, including other functions with an intention
to get qualified goods out from the production line.

means a person in the maintenance division and has duty to

repair, maintain the machine in proper working conditions.

Occupational Health and Safety Coordinator means a person in the OHSAS18001

Standard section

Subject

Direct cost

Indirect cost

system in each division who has duty to be responsible for all
occupational health, safety, and environment by taking care of
safety and coordinating with all staffs in his/her division
concerning their safety, occupational health, and environment
in the workplace.

means one part of the production division which has duty to
take care and be responsible for the standards to be in
compliance with the OHSAS18001 and 1SO14001

means an occupational health and safety coordinator who is
working in the standard section of the studied production
division

means the expenses spend in the investment on occupational
health and safety measures, i.e., medical fee, travelling to the
hospital fee, for instance.

means the expenses spend in the investment on occupational
health and safety measures, i.e., labor cost, opportunity cost on
the production, cost for fixing damaged machines, additional
administration cost resulting from the accident, compensation

cost, fine, insurance fee, for instance.
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CHAPTER II
LITERATURE REVIEWS

Economics is the study that can be applied in many areas because it is the
study about the management of scarce resources in order to maximize their utilities.
When applying economics to an occupational health and safety matter, it becomes the
management of available resources or capitals aiming to achieve the ultimate goal
which is to prevent all injuries and illness. However, many entrepreneurs still view
that the investment in occupational health and safety is costly. It is doubtful whether
such view is true because the data on the relation between the global indexes of
competitiveness and the rate of deaths and injuries resulting from accidents implies
otherwise. It is shown that the countries which have the high index of competitiveness
have the low rate of deaths and injuries, whereas the countries which have the low
index of competitiveness normally have the high rate of deaths and injuries.(4)
Thailand is classified as the country in the latter group. However the required payment
according to law to the accident compensation fund in Thailand is still high. This
implies that the Thai entrepreneurs are willing to pay compensation rather than to
invest in the measure preventing accidents or injuries to occur. Therefore, if the
investment in occupational health and safety can be shown financially to be a
worthwhile investment, entrepreneurs may be encouraged to invest more in preventive
measures.

The economic evaluation tools can be used to help entrepreneurs to see the
importance of the investment in occupational health and safety. As there are many
economic tools available, entrepreneurs may believe that the self- evaluation method is
a better method. In this chapter, there will be literature reviews on these following
topics:

2.1 The Relationship between Economy and Occupational Health and
Safety Matter;
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2.2 The importance and benefits from the economic evaluation on the costs
— benefits method,;

2.3 The economic tools of the costs — benefits method;

2.4 Other literature reviews and studies relevant to the economic
evaluation on the costs — benefits method in applying to the investment in
occupational health and safety;

2.5 The CERSSO’s self- evaluation with the costs - benefits method on the

investment in occupational health and safety.

2.1 The Relationship between Economy and Occupational Health and
Safety Matter

The occupational health and safety matters clearly relate to the country’s
economy because it helps reducing the rate of deaths and injuries in a workplace. Low
rate of deaths and injuries will reduce the firm's cost of production, and, hence
increase profits gained which make a firm become more competitive. With
competitive firms, a country's economic growth is stimulated. In 2007, the ILO Report
for World Day for Safety and Health at Work Geneva provided the discussion about
the relation between the indexes of competitiveness and the rates of deaths and injuries
resulting from accidents. It was found that the countries that have the high index of
competitiveness would have good occupational health and safety system as shown in
Figure 2.1(4)

Competitiveness Index M Competitiveness (left scale) Deaths (right scale) Fatal accidents / 100 000 works
6.5 = 25
61m_
"am 20
5.5
c el B B B ] T 15
il [ ] =
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Figure 2.1 Competitiveness and safety
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From the diagram above, it was found that Thailand was in the group of
countries which had the high rate of accidents occurred, and the rate was also higher
than the index of competitiveness.(4) According to the statistics for work-related
injury and illness provided by the Compensation Fund, Social Security Office,
Ministry of Labour of Thailand, it shows that during 2006-2010 the number of people
whose injury or illness was caused by work-related activities was 875,358 or on

average of 175,072 per year as shown in Table 2.1. (5)

Table 2.1 Number of people whose injury or illness was caused by work related
activity classified by the levels of severity of injury during 2006-2010

Severity
Year Death Disability Loss of body parts | Sick leave more than 3 days | Sick leave less than 3 days Total
No. % No. % No. % No. % No. % No. %

2006 807 0.40 21 0.01 3.342 1.64 51,962 2544 148.125 7252 204,257 | 100.00

2007 741 037 16 0.01 3.259 1.64 30.525 2543 144,111 72.54 198.652 | 100.00

2008 613 035 15 0.01 3.096 175 45,719 25.90 127.059 71.99 176,502 | 100.00

2009 597 040 8 0.01 2383 1.59 39.850 26.67 106.598 71.30 149.436 | 100.00

2010 619 042 11 0.01 2.149 147 39.919 2725 103.813 70.86 146,511 | 100.00
Average 675 0.39 14 0.01 2.846 1.62 45,595 26.14 125,941 71.85 175,072 | 100.00

During 2006-2010, the ratio of dangers incurred per 1,000 employees (all
cases) was decreasing by 8.42% per annum and the ratio of dangers incurred (serious

cases) was also dropping by 7.09% per annum as shown in Figure 2.2 (5)
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Figure 2.2 - The ratio for dangers incurred per 1,000 employees, 2006-2010

Although the numbers of injuries or illness from work related activities in

according to the levels of severity of injury and the ratio for danger incurred per 1,000

employees during 2006-2010 were decreasing, the amounts of compensations paid to

employees or people eligible for such compensation during 2006-2010 were still high -
1,684 million baht, 1,735 million baht, 1,569 million baht and 1,593 million baht
respectively. When calculating these amounts in percentage, it was found that the

amounts of Compensation Benefit paid were more than 50% of the amount of

Contribution collected as shown in Figure 2.3 (6)
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Figure 2.3 - Contribution, Compensation Benefit, and Benefit/Contribution in

Percentage during 2006 — 2010
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According to the data above, it was shown that entrepreneurs in Thailand
still paid the high rate of compensation for the death or injury occurred. In certain
cases, where the compensation amount required was higher than the ceiling rate set by
law, the entrepreneur must pay for additional sum as well. Therefore, when such
accident occurred, the entrepreneurs would pay more to the accident compensation
fund in the upcoming year.

According to the Statistics for Dangers Incurred in Workplaces during
2006 — 2010, the number of injuries from work related activities was 251 or on average

of 51 per year, as shown in Table 2.2 (7)

Table 2.2 Number of Injuries from Work Related Activities in the studied plant

categorized by the levels of seriousness, 2006-2010

Severity

Year Sick leave more than 3 days | Sick leave less than 3 days No sick leave Total
No. % No. % No. % No. %
2006 7 13.73 3 5.88 41 80.39 51 100
2007 10 17.54 7 12.28 40 70.18 57 100
2008 4 11.11 4 11.11 28 77.78 36 100
2009 11 20.75 8 15.09 34 64.15 53 100
2010 9 16.67 13 24.07 32 59.26 54 100
Average 8.2 16.33 7 13.94 35 69.72 50.2 100

During 2006 — 2010, the trend of accidents occurred in workplaces in
Thailand was continuously rising. Most accidents were ‘no need to stop working’ type.
The Frequency of Injuries on 5 years average was 1.44. When comparing this
frequency to the Rate of Frequency for Injury Occurred using the Safe — T — Score
(STS) principle, it was found that there was no substantial difference between the two.
The Rate of Severity of the Injury on 5 years average was 4.76. The Rate of Injury and

the Disabling Injury Index in each year were shown in Figures 2.4 and 2.5 (7)
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Figure 2.5 Trend of the Disabling Injury Index in the studied plant during
2006-2010

According to the Statistics on dangers encountered in workplaces, it was
found that accidents still continued to happen. Losses resulting from accident could be

both direct and indirect as explained by ‘the Iceberg Phenomenon’.(8) The Iceberg
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Phenomenon provides that most entrepreneurs normally see only losses on the top of
the iceberg (direct losses); therefore, they views that the investment in occupational
health and safety does not worth for an investment. However, if they can see all
hidden losses under the iceberg (indirect losses), they will realize all costs resulting for

accidents occurred, including those which cannot be measured clearly.
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Figure 2.6 - The Iceberg Phenomenon

To prevent accidents to occur, the investment in such preventive measure
must cover sufficiently to prevent all possible accidents. This is because there are

many causes of accidents as shown in ‘the Loss Causation Model’.(9) Therefore, the
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analysis on causes of accident is very important because it will lead to effective

solutions preventing the accident to re-occur.
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Figure 2.7 The International Loss Control Institute Loss Causation Model

According to the Statistics above, it was found that the losses resulting for
accidents were both direct and indirect. One of the preventive measures which could be
employed was the investment in occupational health and safety.

Chalermchai Chaikittiporn has done his research on the topic ‘Risk
Management vs Competitiveness of SMEs’ by comparing the SMEs with and without
the system on occupational health and safety. He has surveyed 11 SMEs which had
business on the chemical industry by using an inquiry form in order to study their
production costs and effectiveness of their administration on occupational health and
safety system in their workplaces. It was found that the SMEs which had no
occupational health and safety system invested and compensated their employees
equaled 1.7 times and 10.1 times respectively. When comparing these to the SMEs
which had the occupational health and safety system, the study showed that the
occupational health and safety system helped reducing production costs and minimized
possible losses that might occur. It also helped enhancing the level of competitiveness
by stimulating an economic growth.(10)

Apart from the benefits gained from the investment in occupational health
and safety, the entrepreneur will gain an acknowledgement from the government, the
labor union and many international organizations. As the phase ‘good safety and health
is good business’ has become more popular and there are many studies on the benefits

gained from the investment in occupational health and safety, there are now many
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entrepreneurs, both SMEs and major companies, begin to realize the benefits of the
investment in occupational health and safety, such as, reduction of the number of sick
leaves resulting from injuries or illness, reduction of the costs on insurance fee,
enhancing the productivity, and increasing the competitiveness.(11) This shows that
the investment in occupational health and safety helps the entrepreneurs to reduce costs
as well as increase their competitiveness.(12) The economic evaluation is a useful tool
to show the benefits of the investment in occupational health and safety in a financial

term.

2.2 The importance and benefits of the economic evaluation on the

costs — benefits method

As there are many economic evaluation methods available, it is essential to
consider on the suitability of the tool to a particular job before it is being employed.
There are 4 economic evaluation methods available as follows :(13)

1.) Cost minimization analysis: It is the analysis on projects or alternative
plan which has an identical benefit. The differences in costs in each project or plan
will be considered. The project or plan which has the lowest cost is the most effective
one.

2.) Cost-effectiveness analysis: It is the analysis on the benefits gained in
‘one-dimensional” aspect, or focus on the results relating to health and safety matter
only for all available projects or plans. All benefits gained are measured in term of
‘natural unit’ such as the number of deaths, days that the sick leaves have been
applied, or the number of accidents occurred, for instance. The analysis focuses on the
costs happened in each project or plan. The results or benefits are measured and
compared with the unit of benefits gained, for example, expenses reduced in term of
baht per certain number of deaths. The best project is the project which has the lowest
ratio on expenses incurred per a particular natural unit.

3.) The Cost-utility analysis: The analysis is the same as the Cost-
effectiveness analysis but has the different way of analyzing. It focuses on total
utilities gained instead of particular benefit gained; for instance, a better living
standard, a healthy life although being incapability, or having personal or family
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problems. These utilities can be gained from employing a particular project or plan.
Therefore, the units of utilities gained are the same, such as, Quality Adjusted Life
Years (QALYSs), Disability Adjusted Life Years (DALYSs), for instance. The unit will
cover all dimensions of the employee’s life. The problem of this analysis is the
difficulty in measuring the utilities gained in term of unit because it requires an
expertise in the evaluation as it relates to the feeling of the employee.

4.) Cost-benefit analysis: It is the analysis on the estimated costs and
benefits in financial term aiming to easily compare all projects or plans available
although the result from each project is different. The best project is the project which
has the maximum net benefits, which is calculated by subtracting all benefits gained
(baht) with costs (baht).

According to the methods available above, the Cost-benefit analysis is the
best method to be used because it is the method for estimating all costs and benefits in
term of money.(14-15) The result in an economic term can be easily justified. It is
also widely acknowledged (15) and trusted (16) for the use in the investment decision-
making or to compare all costs and benefits in order to determine the best investment
project. (16-17) The result also shows all expenses in a particular investment (14, 16)
and identifies the way to minimize expenses incurred by comparing the real costs and
benefits, with the estimation.(17) The result is easy to understand (14) and apply,
especially when the project is complicated.(16, 18) Also, it covers topics such as the
worthiness of the investment and the effective management of the available resources.
(17) In addition, it is the basic economic evaluation method which can convert the
development on safety issue to financial term.(14)

Rose & Orrenius made a survey on the method of economic evaluation on
working conditions in various companies and organizations. All ergonomic data which
had been published in past 10 years as well as the studies by experts were collected in
an economic term. The surveys were classified into 3 groups as follows:

A) Methods for analysis of WE (Work Environment) risks as well as
calculation of their economic impact;

B) Methods for development and evaluation of suggestions for intervening

measures in combination with investment analysis;
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investments.

required the data on costs and benefits in their analysis forms. There were three tools
to be used in the costs-benefits analysis which were the Tool Kit, the Balloon model,
and the Product Ability Tool as shown in the table 2.3.(19) This showed the acceptable
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C) Methods focusing on investment analysis in connection to WE

In relation to all 10 studied models, it was found that 7 out of 10 models

model which could be applicable with the Intervention that had been employed.

Table 2.3 Evaluation of models

Category Criterion Which What input data are How are results
methodology needed and in which presented (which
is used? format? parameters)?
F-kassans N/A Cost analysis for Wages and absence Costs due to
model sick-leave. Fixed based on company data | absence per hour or
mark-up for or assessments. per sick-leave
assessment of over- period.
head cost.
Health N/A The format is not Sick-leave data must be | Depending on
Account fully defined but available.The format is | format
can be adapted to not fully defined but
the organization can be adapted to the
being analysed. organization being
analysed.
The Tool A Investment calc., In-house data about WE | Risk analysis, C/B
Kit checklists, risk factors, e.g. for investments.
assessment, Epidemiological data.
economic analysis. | C/B data.
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Category | Criterion Which What input data are How are results
methodology needed and in which | presented (which
is used? format? parameters)?
SCA & A Risk analysis, risk | In-house data, trade Personal injury
MAWRIC management & statistics about risks, action
Cost Benefit (C/B)- | work injuries. C/B suggestions, costs
analysis for data. Productivity and their relation
measures. deficiency in %. to profit & turn-
over.
WEST A Risk assessment for | Risk assessments for Costs for six
six WE factors. six different WE different WE
Calc. of factors. Data about factors
cost/worked hour working hours. in KSEK/million
WEST-points). work hours.
ROHSEI B Problem C/B data. Data for Financial key
identification, recruitment costs, figures, ROI, &
develop solutions, intervention etc., discounted
analysis productivity & payback
(investment quality deficiencies. time, etc.
calculation. etc), Employee data.
documentation and
recommendations.
The Balloon B ROI analysis. C/B data, C/B, pay-back
model Method productivity- & time.
structured in eight | quality deficiency in
steps from problem | monetary terms
description to
follow up.
The Net- C ROI analysis. C/B data, injury Net cost for
cost Questionnaire for frequencies, investment
model data collection, e.g. | productivity in % & pay-back
physical symptoms | (time and efficiency time.
& productivity. loss).
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Table 2.3 Evaluation of models (Cont.)

Category | Criterion Which What input data are How are results
methodology needed and in which | presented (which
is used? format? parameters)?
The C ROI analysis. C/B C/B data, productivity | Costs before and
Potential analysis made for & quality deficiency after intervention

ten different areas. | etc. in monetary terms. | and total ROI.

The C ROI analysis. Employee data, C/B C/B, pay-back
Product focusing at data, in monetary time & reports.
Ability productivity loss terms, productivity

Tool related to WE loss in %.

deficiencies.

2.3 The economic tools of the costs — benefits method

There are many economic evaluation tools invented for analyzing costs
and benefits gained as the follows:

2.3.1 BALLOON MODEL

The Balloon Model is the evaluation that requires the details on costs and
benefits from the development of the workplace conditions. The evaluation will show
the results from the application of the preventive measure. If all costs and benefits can
be shown, it will be possible to draw all costs and benefits in a diagram, and to
calculation of the estimated payback period. The data is divided into two parts: the
expenses in the investment; and the benefits as figure 2.8.(20) There are 5 steps in this
model as follows :(21)

Step 1: Defining the problem.

Step 2: Identifying optional courses of action.

Step 3: Describing the consequences of proposed measures. At this stage,
the effects of every measure being considered must be described. In order to do so, a

diagram can be used to note the costs beneath a horizontal line and the positive effects
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above. For the sake of clarity, the figures are placed in balloons to depict the causes
and effects as tangibly as possible.

Step 4: Calculating the costs of improvements: at this stage the effects that
have been described in Step 3 have to be expressed as monetary values.

Step 5: Input—output analysis: comparing input and output and calculating

the payback period for a specific investment.

5 daysiyear 2 hiday * FIM 100vh 20 000 K\Whiyear 10 000 kWhiyear
* FIM 1 000/day = * 250 ar = *30 E *30 h=
FIM 5 000/year FIM 50 ear FIM & 000fyear FIM 3 000#year
Reduced Electricity Energy
absenteeism EERENIEE savings savings
Improved I d ai
i New st mproved air-
oring v stores oroning
+
ESE' gnsgsn‘t Kitchen repairs Design
Disruption to
FIM 30 000 gﬁétr%];g?gﬂr restaurant HEPAC planning Own work input
services
Materials and Installation and l%ﬁyzs 000/day =
supplies modifications FIM 20 000
30 days » _ N -
s o= | BOSEMSIRS | jon o ooe-

FIM 45 000

Figure 2.8 The balloon model, example improving the kitchen ventilation

The figure above (21) shows the development of the ventilation system in
a kitchen. This shows the structure of the Balloon Model which divides data into two
parts. The lower part is the costs from the investment which had value of 180,000 FIM
(1,147,105.43 baht) as follows:

1. Equipment purchases - 30,000 FIM (191,184.24 baht)

2. Kitchen repairs - 11,000 FIM (70,100.89 baht)

3. Design - 40,000 FIM (254,912.32 baht)

The upper part shows the benefits gained from the investment which had
the value of 64,000 FIM (407,859.71 baht) per year as:
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1. Improved working conditions had the benefits of reduced absenteeism
and fewer breaks which were 55000 FIM/YEAR (350,504.44 baht/year) and 50000
FIM/YEAR (318,640.40 baht/year) respectively;

2. New stoves helped saving Electricity with the value of 6000 FIM/YEAR
(38,236.85 baht/year);

3. Improved air-conditioning helped saving Energy with the value of 3000
FIM/YEAR (19,118.42 baht/year)

When calculating the payback period, it was found that it would take 2.81
years before it became break-even.(21)

2.3.2 The Productivity Assessment Tool

The Productivity Assessment Tool is the economic evaluation tool which
uses a computer in calculating all data.(22) It is designed for presenting outputs and
profits from the investment in occupational health and safety by the intervention done
in the workplace. It accesses all data with the Costs-Benefits method (23) which has
data in 4 parts as follows:

1.) Data concerning the employees includes the numbers of employees,
their working times and wages, supervisory costs, overtime and productivity;

2.) Data concerning the workplace includes recruitment, insurance and
other general overheads, waste and energy use;

3) The intervention - This is the cost, or estimated costs, of the test case(s)
for the intervention;

4.) The report - Cost-benefit analysis calculations and reports regarding the
differences (saving and pay-back) between the initial case and the test case(s) for the

workplace and the employees.
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Figure 2.9 The concept of the Productivity Assessment Tool.

This is the example of using the tool in the cleaning industry. There are 3

parts in the operation: the development of the working structure; the investment in

buying new appropriate tools; and the training course for cleaning works. When

accessing on the costs — benefits, it was found that expenses resulting from the
intervention employed was $10,800 (316,659.87 baht). These costs were the

administration cost and expenses on new tools. The intervention helped reducing the

number of workers from 4 to 3 per day. The employment expenses were reduced from
$181,000 (5,306,984.86 baht) to $113,000(3,313,200.49 baht) per year. This reduced
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all expenses by 37% and saved money up to $68,000 per year, and the length of

payback period was two years.(24)

Table 2.4 Cost-benefit analysis for improved equipment and work system
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Initial case Im?roved

equipment
Number of full-time cleaners 4.00 3.00
Paid time per cleaner (38 hour week) hour/year 1,976.00 1,976.00
Time paid but not worked (vacation, illness, hour/year 364.00 372.00
etc.)
Wage paid directly to each cleaner $/hour 14.13 14.13
Employment cost (wage plus overheads of $/hour 17.81 17.81
Supervision and administration)
Productive employment cost (employment cost $/hour 21.83 21.94
Per productive hour)
Fixed employment cost for the cleaners $lyear 140,756.00 | 105,567.00
Reduced productivity (29%) $lyear 40,819.00 7,654.00
Total employment cost for the cleaners $lyear 181,575.00 | 113,221.00
Intervention costs (cost of equipment) $lyear - | 10,800.00
Saving (assumed to occur in one year) $lyear - | 68,000.00
Pay-back period months - 2.00

2.3.4 The CERSSO Tool Kit

The model integrates risk assessments, cause-effect relationships, decision
making, direct and indirect costs and savings, and calculating cost-benefit ratios to
measure the financial rewards of investing in occupational safety and health.(22) It can
be done through the self-evaluation in 6 steps as follows:

1.) Definition of the Magnitude of the Problem according to causes and
effects

2.) Risk Estimation

3.) Definition of the preventive measures to be undertaken.
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4.) Graphing the relationship between the preventive measures and their
positive impact

5.) Evaluating the cost of prevention and its effects

6.) Analysis of the Costs-Benefits

Table 2.5 Cost benefit balance.

TOTAL COSTS OF ACCIDENTS AND
LEVEL PREVENTIVE INVESTMENTS
ILLNESSES THAT WERE AVOIDED
BALANCE
} SUB SUB
EVENTS SOURCE PPE  |DOCTORS DIRECTS | INDIRECTS
TOTAL A TOTAL B
Stabbing Injury 1.25 0.00 0.00 1.25 90.37 1276.02 1366.39 1365.14
Vien Problem 7.29 1630.00 | 945.00 | 2582.29 0.00 6104.50 6104.80 3522.51
Muscle Skeletal Problem 0.00 0.00 0.00 0.00 0.00 6104.80 6104.80 6104.80
TOTALS 8.54 1630.00 | 945.00 | 2583.54 90.37 13485.62 13575.99 10992.45

This tool has been used in the textile factory. The risks that were found
included the problems of having the varicose vein in the leg, having pain at the
shoulder and lower back, and injuries resulting from a needle stung. The total costs
incurred from such problems were U$13,575.99 (398,052.89 baht). However, when
there was the investment in occupational health and safety by using proper chairs
which physically improved working conditions and installing protective devices at the
sewing machines, the costs for the investment was only U$2,583.54 (75,750.32 baht).
The benefits gained from the intervention employed were U$10,992 (322289.38 baht).
The Costs-Benefits ratio resulting from this investment was 5.25. This meant that the

measure was a worthwhile investment because the ratio was higher than 1. (3)

2.4 Other literature reviews and studies relevant to the economic
evaluation on the costs — benefits method in applying to the
investment in occupational health and safety

The studies on the economic evaluation on the Costs-Benefits method in

Thailand are various. For example, there have been the studies on environment and

energy, engineering, and medical practices.
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Pornsiri Pankumpa (2008) studied on the comparison between the costs
and benefits from using gasohol 95 instead of benzene 95, the using of LPG instead of
benzene 95, and the NGV instead of benzene 95. The study was based on the data
from interviews, and the financial analysis on 4 aspects: the payback period; the net
present value (NPV); the returns from the investment; and the sensitivity of the
project. According to the study, it was found that the NPV of installing the device to
change from benzene 95 to LPG was the highest. The second one was the change to
NGV by installing the NGV device using cash payment. The third one was the change
to NGV by installing the device using credit with 6-months interest free. The last
category was the change to gasohol 95. However, it was stated further that unless there
was public energy subsidy, all changes were not worthwhile investment because the
NPV in all changes were negative, which meant it was not worth for installing the
devices.(25)

Chutima Amsiranun (2008) has studied on the comparison of costs and
benefits in the productions of Biodiesel from palm oil, physic nut oil, and used
cooking oil. One of the study objects was to analyze costs and benefits from the
production of biodiesel from various raw materials. The study employed three types of
analytical tools: the payback period; the net present value; and the rate of internal
return (the IRR). It was found from the study that the production of biodiesel from
used cooking oil had the most favourable investment value because the NPV was
positive and gave the IRR higher than the costs. On the other hand, the production of
biodiesel using palm oil and physic nut oil were not worth for the investment because
their NPV were negative and the IRR were infinite. The payback times were also more
than ten years.(26)

Patcharin Teerasutornwat (2010) studied on the evaluation of costs and
benefits from the compliance with the Ministry Order on the Preservation of Energy in
1995 and the Ministry Order on the Preservation of Energy in 2009 by using three
evaluation tools — the payback period; the Net Present Value; and the Rate of Internal
Return. The study was divided into 2 cases. The first one was the comparison on costs
and benefits between the compliance with the Ministry Order in designing the building
and the non-compliant one. The second case was the comparison costs and benefits

between the design of the building in compliance with the Ministry Order in 1995 and
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the one complying with the Ministry Order in 2009 by considering the payback period,
the rate of return within the project. The study showed that it was impossible to
calculate the payback period in the first case. In the second case, the payback period
was 2.52 years and the rate of internal return was 34% if the costs on environment
resulting from the production of electricity were not taken into account. However, if
the costs on the production of the electricity were considered, the payback period and
the rate of internal return were 1.66 years and 57% respectively. This meant the design
of building in compliance with the Ministry Orders had benefits higher than costs
when comparing with the design which did not comply with the Order. The second
case showed that the buildings designed in compliance with the Ministry Order in
2009, which was more restrictive than the Ministry Order in 1995, had more benefits
than costs if comparing them with the ones designed in compliance with the Ministry
Order in 1995.(27)

Pattamakorn Chotipanya (2001) has analyzed the costs and benefits
resulting from the development of drug distribution system in the inner ward of the
Phramongkutkhao Hospital. The idea of the distribution by dose had been applied
which comprised of 1) Specifying the volume of drugs to be distributed in the ward
within 24 hours; 2) Controlling the distribution by pharmacists; 3) Creating the system
on the return of excessive distributed drugs; 4) Making of the record on the list of
reserved drugs in the ward responsible by the assigned pharmacists and nurses; 5)
Using the computer system to calculate prices of drugs, to record the drug distribution,
to print the drug orders and prescription notes, to control the drugs stock; and 6) Using
the direct communication system to send drug prescriptions from the ward to the drug
distribution unit. The data were collected before and 3 months after the development
from one sample ward which was randomly chosen from 5 wards. The result of the
development showed that the Benefits per Cost ratio was 16.67. The study indicated
that the developed distribution system was a worthwhile investment when comparing
with the previous system. When analyzing the data collected and primary data from
other 4 wards, the average Benefits per Cost ratio was 11.74. This showed that there
should be the development of the drugs distribution system in the Phramongkutkhao
Hospital.(28)
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Piamsak Meechai (2002) analyzed the costs and benefits in using the
Hemodialysis. The study targeted 4 Hemodialysis units — a small unit, a medium unit,
a major unit; and a unit in suburb area which had been operating for more than 5 years.
The Hospitals representing each group were the Lerdsin Hospital, the Vajira Hospital,
the Siriraj Hospital and the Udonthani Hospital respectively. The analysis focused on
two units — the Hemodialysis unit and the treatment support unit. The direct medical
costs, direct non-medical costs and indirect costs which were the loss of expected
incomes from time spent while using the service were studied. The direct benefits
were the money saved from the treatment fees on nephropathy and other related
diseases. The indirect benefits were all incomes gained after the treatment and the
patient still survived. The study showed that the total costs in the Hemodialysis
treatment were 6,677,262 baht comprising of the direct medical costs of 4,656,495
baht, the direct non-medical costs of 773,054 baht, and the indirect costs from incomes
lost of 1,247,713 baht. The total benefits gained were 5,640,000 baht per year by being
the indirect benefits from the expected incomes if the patient survived were 3,934,875
baht. The benefits per cost ratio was 1.43 which was higher than 1. Therefore, it was a
worthwhile investment.(29)

Peter Shearn et. al. has studied the 15 sample cases on the intervention in
occupational health and safety in problematic areas or sections. It was found that it
was possible in certain cases to calculate the costs and benefits, and in certain cases it
was impossible.

Examples of cases which the costs and benefits could be calculated:

Case 1 — there was an experiment by giving anti-slippery shoes to 191
workers.  The experiment period was 7 months. The cost was £ 2,953 (131,746.19
baht). It was found that there was no slippery accidents occur to the worker who used
the anti-slippery shoes during the experimental period of 7 months. The cost resulting
from accident was £10,000 (446143.56 baht). If there was an investment by buying the
shoes to all workers, it would cost only £3,000 (133,843.07 baht). This meant the
company could save the money up to £ 7,000 (312,300.49 baht).

Case 2 — the study was about the use of exercise program and the
engineering development. At first, the company had to pay the compensation fee for
injuries in the workplace £200,000 (8,922,871.22 baht) per year and the report on
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injuries occurred was 14.3%. However, after the exercise program and the engineering
development had been used, it was found that the compensation fee on safety was
saved up to £6,000 (267,686.14 baht) per year and the report on injuries occurred
reduced to 2.9%. The use of such program and the development could help the
company save expenses resulting from injuries in the workplace.

Case 3 — the study was about the development of ergonomic conditions in
the workplace by the ergonomists. The benefits gained from this measure could be
calculated as £19,603(874,575.22 baht) per year. When comparing this to the
investment in the development which was £43,270 (19,304,463.19 baht), the payback
period would be 2.2 years.

For cases which the costs and benefits could not be calculated, it was
found that entrepreneurs began to realize the importance of the investment in
occupational health and safety.(30)

The studies on the economic evaluation with the costs-benefits method are
various. This includes the studies in energy sector, health sector, and safety sector.
This shows that this evaluation can be used universally.

2.5 The CERSSO’s self-evaluation with the costs — benefits method on

the investment in occupational health and safety

The Regional Center for Occupational Safety and Health (the CERSSO)
was established in 2001 by the US Ministry of Labour. Its Headquarter is located in
San Selvador, Al Salvador and there are branches in 5 Central America Countries —
Belize, Panama and Dominican Republic. The main projects of the CERSSO with the
support from the Department of Labour of the regional government are to work with
employees and participating operators in that regions as well as to educate local
organizations, local communities and labor unions.

The CERSSO supports the local governments to develop the strategic plan
which suits their unique environment in order to effectively implement laws, educate
local people about the domestic occupational health and safety. The Tri-Committee on
Occupational Health and Safety was established by the support from the CERSSO,
and the CERSSO still currently continues to support this Committee.
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For entrepreneurs, the CERSSO has developed ‘the self-evaluation tools’
in the areas of dangers in workplaces, the analysis on costs and benefits which
immediately shows the result in term of money, the reduction of dangers in
workplaces including injuries and illness. (31)

Rafael Amador — Rodezno has studied the overall evaluation of the
CERSSO on costs-benefits in the investment in occupational health and safety. The
CERSSO’s Tool Kit was created in 2001 by the cooperation between the Pan
American Health Organization (PAHO) and The Regional Occupational Safety and
Health Center (Centro Regional de Seguridad y Salud Ocupacional: CERSSO). This
TK was aimed to allow a personnel within a particular organization to be able to
assess costs and benefits from the investment in occupational health and safety if they
do not want to reveal certain information or protected information which considered to
be ‘secret’ to that organization.

Many personnel in many organizations (approximately 2,500 people from
736 organizations in 8 countries) have used this TK and revealed that substantial
amount of money would be lost if there was no the investment in occupational health
and safety. Many organizations which used the self-evaluation Tool Kit accepted that
it was very useful and could be well applied within their organizations.

The CERSSO’s TK is designed to allow a particular organization to assess
itself on the amount of money that will be lost if there is no the investment in
occupational health and safety. This Tool Kit has been sufficiently developed to help
users collect the data easily. It helps gathering data on risks, medical data, engineering
data, and other relevant data altogether. There are 6 steps in this Tool Kit as follows:

1. Define the importance of problems, causes and results by using 3 data:

1.1 Risk factors in the operation are the preparation of data to
be used for the analysis of primary risks from the operation either from various
working divisions or workplaces. It is the management of a large amount of data by
identifying the most risky conduct in the operation. In this operation, the most risky
conduct was the step of sewing bags which had 32 parts of 164 total risk parts.

1.2 Risk factors from the operation by workers are the
assessment on each worker’s risky conduct to identify which conduct is more risky

than other. In this case, the sewing operation was the most risky conduct. The chance
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that each work would encounter the risk is then calculated in percentage and used in

consideration with other factors.
1.3 Effects from the risk to health of workers is the relationship

between the risk and effects to health of workers. It is to identify which risk will affect

health of workers.
The importance of problems, causes and results in the sewing

operation which relate with 3 topics - risk factors in the operation, risk factors on each
worker’s conduct, and effects from the risk to health of workers, could be summarily

calculated in percentage as shown in Table 2.6 (3)

Table 2.6 Relationship between risk factors in the operation, risk factors on each

worker’s conduct, and effects from the risk to health of workers (in percentage)

Risk Potential effects on
Effects on workers” health | Process operation | Operate of worker
Factors health of workers
Fuzz Exp. Brown Lung 4% 20% 20%
Risk of Cut Injuries Cuts Injuries 4% 100% 100%
Repetitive Mov. Muscle/Skeleton Injuries 4% 100% 100%
Forced Posture Muscle/Skeleton Injuries 4% 100% 100%

Muscle/Skeleton Injuries
Seated Work 4% 100% 100%
Vascular Problems

Long Shifts Stress 4% 100% 100%
Work Content Stress 4% 100% 100%
Job Agreement Stress 4% 100% 100%

Risk factors which have the highest percentage are the injuries resulting
from the cut accidents, the repeating movement, compulsory acts, sitting during the
operation, the long — term operation, the work boundaries, and the work agreements.

2. The Risk Assessment

It is to identify the level of risk by the intersection between the expected
probability of the effects to occur and the expected seriousness of effects to health.
The results from the assessment are classified into 5 levels. The risk which has the
highest level will be taken into the evaluation on costs and benefits.

3. Define the preventive measure
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It is the measure used to address the high risk conduct. There will be
consideration on the replacement or substitution of the current measure, the
engineering control, the warning matter, the training program, the identification of the
operation step, and the use of personal safety tool respectively.

4. Draw the graph showing the relationship between the preventive
measure used and the positive effect

It is to draw the graph to show the relationship between the preventive
measure employed and positive results from the measure in according to the Balloon
Model. The positive results are on the x-axis (vertical line) and the preventive measure
is on the y-axis (horizontal line).

5. Evaluation on costs invested in the preventive measure and the result
from the investment.

It is the calculation on the expenses spent on the preventive measure and
the total results gained from the investment in term of money. It considers the
prevention on the cause of problem, person, and medical matters. It targets all
expenses, direct and indirect, as well as general expenses. The benefits gained from
the investment are calculated from the amount of money saved as the result from the
investment in the preventive measure.

6. The analysis on costs — benefits

It is the comparison on the balance between total costs and total benefits
resulting from the investment. In order to analyze costs-benefits, the benefit-cost ratio
is used. If the ratio is higher than 1, it means it is a worthwhile investment.

According to the study, it was found that the risks encountered by workers
were the ergonomic problems (having the varicose vein in the leg, having pain at the
shoulder and lower back) and hand injury resulting from the cut or stung by a needle.
The investment in occupational health and safety would cost $US 2,583.54 (75,670.45
baht). The former problem was solved by the use of appropriate chairs in accordance
with the ergonomic principle as well as the periodical health check-up program. The
latter was solved by installing protective devices at the machines.

The benefits gained from the investment were the varicose vein and the
shoulder and lower back problems could be avoided as well as injuries from the cut or
the needle. The total benefits gained was $US13,575.99 (397,633.19 baht). Therefore,
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the benefits exceeded the costs by $US10,992.45 (321,962.74 baht). The Benefit-Cost
ratio was 5.25 which was higher than 1. This meant the investment in occupational
health and safety in this project was a worthwhile investment.(3)

According to the review on relevant literatures and studies, it was found
that the number of dangers encountered, and illness or injuries incurred in the
workplace in Thailand during 2006-2010 was still high. The amount of used budget
from the Compensation Fund was also high. If the compensation for accidents
occurred is higher than the ceiling provided by the law in each case, the entrepreneur
must be responsible for the excessive amount compensated. The higher number of
accidents occurred, the higher compensation amount which must be paid by the
entrepreneur in the next year. Also, in each accident, there are many hidden costs
which could not be easily calculated in financial term. If the rate of accidents occurred
is still high, it will be more difficult for the entrepreneur to compete, especially in the
free market which also has competition from foreign firms. This shows the worthiness
of the investment in occupational health and safety. The economic evaluation tool can
be used to help encourage entrepreneurs to see the importance of the proper
investment in occupational health and safety.

When considering the economic evaluation tool, the Balloon Model is one
which can be used to interpret the result clearly and easily. The economic evaluation
with the Costs-Benefits method is also widely acknowledged and generally used. The
estimation of expenses, clear benefits in financial term could be used to justify the
worthiness of the investment and help in making the decision on such the project. This
is because the interpretation in this method can be done very quickly and easy for
users to understand.

The researcher has chosen the CERSSO’s TK as the economic evaluation
tool for the investment in occupational health and safety. This is because this tool
could apply to the data on the risk assessment, the relationship between costs incurred
and benefits gained, the decision in the investment in occupational health and safety,
the calculation all expenses — direct, indirect and avoidable expense by the investment.
These data are generally available for all entrepreneurs. The sample case which has
been studied also had appropriate data which could be applied by the tool.
Furthermore, the CERSSO’s TK applies the Costs-Benefits method which shows the
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relationship between the investment and the benefits gained in easy understanding
manner. This method has been developed from the Balloon Model to make the

interpretation of the result become easier for the users to understand.
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CHAPTER 11
MATERIALS AND METHODS

In studying ‘the costs - benefits evaluation from the investment in
occupational health and safety by CERSSO’, the researcher asked for cooperation
from one factory producing electronic devices which was located in Ayutthaya
province. The production process could be divided into two categories — a Line
Assembly and a Machine Shop. The production line operated 24 hours a day with 4
shifts. All workers work 8 hour a day and 6 days a week and had right to have day off
for 1 day.

This factory has employed the Occupational Health and Safety
Management System, i.e. OHSAS 18001 since 2004. It has 4 occupational health and
safety policies:

1) Promote and observe the requirements of relevant legislation dealing
with OH&S;

2) Prevent and reduce work-related hazards;

3) Provide adequate and appropriate resources for continual improvement
of the system;

4) Provide appropriate training to create responsibility and awareness to

all employee and relevant persons.

The selected process for the study has 2800 workers. The main part
manufacturing of Hard Disk Drives have 5 steps are as the following

1.) Forming of steel bar as parts.

2.) Shaping the parts both interior and exterior.

3.) Polishing surface on the outside of parts to smooth and rounded

4.) Editing the parts as requested by the customer.

5.) Cleaning the parts
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The methodologies to evaluate the costs arising from accidents by using
CERSSO's TK are the following

3.1. Study design

The case study of ‘accidents occurred in a manufacturing area’ was
analyzed by applying CERSSO's TK's costs - benefits evaluation on the investment in
an occupational health and safety’. This method was originally developed for the
textile industry. However, in this study, the TK was employed in order to analyze the
completeness of its application in the electronic parts production industry.

The data in 2010 was studied and analyzed by applying various criteria in
order to collect as complete data as possible. The result was then compared with the
estimation by the CERSSO method.

Therefore, in order to justify whether the CERSSO method is
completeness, it is essential to consider whether the user must adjust tools available in
the method. If the result from the evaluation is different from the estimation by the
CERSSO method and requires the user to adjust the tools, it means that the method is
not completely applicable for such use. Hence, the comparison between the result from
the evaluation and the estimation would be used as a feedback to justify whether the
method developed by CERSSO was valid or it must be developed further to be more

accurate and applicable for such use.

3.2 Study location

The studied hard disk production line was one of Japanese electronic

devices production factories situated in Ayutthaya Province.

3. 3 Data collection tools

3.3.1 Data Collection Form on accidents
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3.3.2 Tools for data collecting in according to the CERSSO method were
the following forms:
3.3.2.1 Form for collecting data on expenses for preventive
measures employed
3.3.2.2 Form for evaluating expenses for preventive measures
3.3.2.3 Form for collecting data on all direct and indirect
expenses, and other necessary expenses
3.3.2.4 Form for evaluating all direct and indirect expenses,
and other necessary expenses
In order to calculate the costs for the investment in the occupational health
and safety system, the form collecting data on expenses was designed to collect data
on the costs of the investment. The study on costs and benefits from the data on
expected expenses might not contain these costs; therefore, the data on prices of the
investment in occupational health and safety from these sources have been used:
1. Original prices which had been used for the investment in occupational
health and safety;
2. Prices estimated by experts in the occupational health system such as
by the engineering division, procurement division, or other divisions which had

knowledge on market prices of the occupational health and safety system, for instance

3.4 Methods of study

The method of study comprises of 4 parts as follows:

3.4.1. Choose the production process

The data which was studied is the data in 2010 which there was an
investment in the occupational health and safety system. When applying the
CERSSO’s method, the first and the second steps are not followed (identifying the
problem and evaluating level of risk), because the entrepreneur has already identified
the problem and evaluated the level of risk. Therefore, in choosing the production

process, these criteria were applied:
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3.4.1.1 Completeness of the data considering expenses for the
investment in the occupational health and safety, data related the accidents, all
incurred expenses as consequences of accidents;

3.4.1.2 Have good cooperation from the administration and
workers;

3.4.1.3 The statistics of the accidents are available.

When the case was chosen, the third step of the CRESSO method
(preventive measures) was considered.

3.4.2 Collect Data

The collected data comprised of primary and secondary data. The primary
data was collected from the subjects, the workers in the production. The subjects were
interviewed about the production process, operation steps, and the investment in
occupational health and safety in their workplace.

The subjects were working in the Standard Section. There were 11
members in the group. These members were chosen as subjects for the interview by
focusing on members responsible for the standard on OHSAS18001 in their
workplace. There were 6 members were chosen as the -subjects for the interview. The
interview was subject to their voluntary participation basis.

The secondary data was gathered from the accident reports that occurred in
the production line, including all relevant data such as salaries, administration and
human resources, costs to the company's account, and injury data from hospitals for
instance. The data which was used to evaluate expenses on costs and benefits could be
divided into 2 parts — expenses for preventive measures (costs); and, contingent
expenses which could be avoidable if there was an investment in occupational health
and safety. The details used in each form are as follows:

1.) Form for collecting data on expenses for preventive measures
employed- this form is used to collect data on occupational health and safety measures
which have been employed after the accident occurred. The primary data was
collected from the occupational health and safety coordinator and the head of division
where the accident occurred.

2.) Form for evaluating expenses for preventive measures employed — this

form is used for calculation of expenses on the occupational health and safety
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measures employed. The data inserted in the calculation in this form were collected by
the form for collecting data on expenses for preventive measures employed.

3.) Form for collecting data on all direct and indirect expenses, and other
necessary expenses — this form is used to collect data on all expenses that occur after
the accident. Both primary and secondary data were collected directly from the human
resource division, nurses, and the procurement division. Expenses can be divided into
direct, indirect and other expenses. For indirect and other expenses, they were
collected from the human resource division, the safety coordinator, and the head of
division.

4.) Form for evaluating all direct and indirect expenses and other necessary
expenses — this form is used to calculate direct, indirect and other expenses from the
data collected by the form for collecting data on all direct and indirect expenses, and
other necessary expenses.

Above Forms can be used to collect data as the following examples:

3.4.2.1 Expenses for preventive measures (costs) were
calculated by considering the investment in preventive measures which already had
been incurred. The investment was calculated in term of units per month (F). Then,
multiply these results with the timeframe required for each preventive measure (D).
The final result would be the total expenses required per month as in equation (1). This
calculation included all expenses incurred on the causes of harm, personnel, and
medical expenses. The examples on the calculation of expenses on the causes of harm
are in Table 3 which involved the lighting system maintenance. This data was obtained

by the form for collecting data on expenses for preventive measures employed.

Equation (1)

G=DxF

Remark:
'G ' means Total Expenses which incurred per month in the investment
‘D' means Number of units on necessary measures

'F means Expenses 1 unit per month
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Table 3.1 Calculation of the prevention cost

Intervention Cost unit | Measureme | Number of Units Monthly unit | Estimate of
carried out for nt unit units per requirements | costin Thai total
estimate operation Baht monthly
costs per
operation
A B C D E F G
Expected 0.02 on each D*F
At the source . . o ]
Chair Chair Number of | useful life is chair per
Seated Work _
Chairs 48 months month

After the data on expenses for preventive measures (costs) had already
been collected, the form for evaluating expenses for preventive measures employed
would be usedto calculate the expenses for preventive measures from the data

obtained as below:

Table 3.2 Estimation of the prevention cost

) Estimate of total
) Measure carried Total cost of
Risk or Demand Effect Monthly Cost by
out ) measure
operation

AT THE SOURCE

Seated Work Avoiding vein | Chair D*F 7.29
problems D=5
F=70/48

3.4.2.2 Expenses which could be avoidable by the investment

in preventive measures (benefits) obtained from the calculation on expenses incurred,
including direct, indirect and other expenses as follows:

3.4.2.2.1. The calculation for the direct expenses

included contingent expenses, in case there were accidents occurred. It was calculated

by multiplying the number of units on the variable (D) with the number of units on

necessary measures (E) and the cost per unit (F) as in the equation (2). The example
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for the calculation of the direct expenses is in the table (4) which concerning

emergency incidents. This data was obtained by the form for collecting data on all

direct and indirect expenses, and other necessary expenses.

Remark:

Equation (2)

G=DXEXxF

'G' means Direct Expenses
D
'E' means Units on necessary measure

'F' means Cost per unit

means the number of units on the variables

Table 3.3 Variables for direct cost calculations; Example "Emergency attention"

EVENT:
Variables | Element | Measurement | Number Units Cost Estimate | Total
of Cost Unit of Units | Requirements | per Unit of
for the Total
Estimate Cost
A B C D E F G H
Emergency | Firstaid Antiseptic 4 dry One event 0.25 D*E*F 2.00
attention Material gauzes gauzes, /0.25
4 gauzes
with
alcohol
The calculation for direct expense could be categorized into events as
follows:

Professional Technical

1) Emergency attention : First aid Material

3) Transportation of the victim to hospital : Trip

2) Time medical service personnel took to attend the accident victim :
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4) Admission in the hospitals :
- Consultation
- Materials
- Medicines and Tests
- Gen Hospital
- UCI Hospital
5) Rehabilitation and monitoring of worker according to rehabilitation and
periodic controls he may have required :
- Professional
- Materials
- Medicines and Tests

3.4.2.2.2 The calculation for the indirect expenses
included expenses on labor, production material costs and general cost. In this
calculation, certain expenses could be put in the calculation without any modification.
However, some expenses must be modified by certain formulas before putting into the
calculation. The example of the calculation for indirect expenses is in Table 3.3 which
concerning the expenses on labor, production material costs and general costs of the
injuries from the accident is in Table 3.3. The data for the calculation was obtained by
the form for evaluating all direct and indirect expenses, and other necessary expenses.
The data required for the calculation are as follows:

1) Average workers’ salary............ Real staff cost
/ Number of hours worked

2) Extra hours pay

3) Average salary for middle management

4) Hours lost due to the event

5) Days off (leave) of accident victim or sick
worker.

6) Does the company have to pay the part of the
salary not covered by the insurance? Indicate what percentage.

7) Hours lost by other workers due to the event

and for diverse reason (nearness, friendship, help, time the productive processed has
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been on hold, etc.). At the point of reference, an hour for each worker who has
stopped.

8) Have extra hours been employed to recover
production? Indicate the total number of hours used?

9) Indicate the time dedicated to each event by
middle management (help rendered to the accident victim, reorganization of the
productive process, investigation and reporting of the accident, etc.)

10) Repairing or replacement cost of damaged
Machinery, in case it’s not covered by insurance. Repairs: Cost of the material used
and the part changed. Replacement: Cost of the new machinery minus the mortgaged
value of the damaged machine.

11) Cost of repairing or replacement of damaged
tools.

12) Cost of repairing or replacement of other
damaged assets in case they are not covered by insurance. Repairs: Cost of the
material used and the parts changed.

13) Cost of materials, products and/or lost raw
material, in case they are not covered by insurance:

- Products not transformed: prices

- Semi-transformed products: cost prices plus
added value.

14) Have you needed to rent machinery,
equipment or tools to supplement the damages ones while they were being repaired?
Indicate the rental costs.

15) The number of hours which required
replaced/substitute worker.

16) What is the percentage of work not done
during the time the replacement was used?

17) If the accident victim or sick person continued
working, indicate if his normal production has dropped since the event.

18) Hourly Production Goal

19) Price of each piece
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Table 3.4 For example, Indirect costs estimate of ‘‘Labor and production material

costs and general cost."”

INDICATORS

CALCULATION FORMULA

COSTS : Stabbing

Injuries

1.Labor Cost

1.1 Time lost of the victim

(1)Average workers’ salary............

Real staff cost / Number of hours worked
X (4) Hours lost due to the event

With permission: As reference, consider
four hours per event.

Without permission:  As  reference,

consider two hours per event.

4.00

2. Production Material Costs

2.1. Damage caused to the
machinery (costs of repairs or

replacement).

(10) 10. Repairing or replacement cost of
damaged machinery, in case it’s

not covered by insurance.

Repairs: Cost of the material used and
the part changed.

Replacement: Cost of the new machinery
minus the mortgaged value of

the damaged machine.

100.00

3. General Costs

3.1. Time dedicated to the event
by the technical staff (executives,
production chief, engineering,

etc.).

Hourly Salary * time
invested

0.00

1. Indirect costs estimate of labor costs, as the following

1) Time loss of the victim.

2) Time loss of other workers.

3) Extra hours employed to recover production.

4) Salary paid to the replacement worker.

5) Expense for recruit new worker.




Souwapa Kuanun Materials and Methods / 44

2. Estimate indirect costs on production materials, as the

following

1) Damage caused to the machinery (costs of
repairs or replacement).

2) Damage caused to tools (costs of repairs or
replacement).

3) Damage caused to other assets (costs of repairs
or replacement).

4) Damage cause to material, products and/or raw
material.

5) Rental of machine to replace the damaged one,
while it was being repaired.

6) Supplementary costs due to the recruitment the
inexperienced worker.

7) Supplementary costs due to the decrease of the

production during the recovery period of accident victim or sick person.

3. Estimate indirect costs on general cost, as the following

1) Time dedicated to the event by the technical
staff (executives, production chief, engineering, etc.).

2) Time dedicated to the event by staff
representatives.

3) Time dedicated to the event by maintenance
staff (investigation of malfunction, repairs, reports, etc.)

4) Time dedicated to the event by the security
technician (accident investigation, drafting of reports, studies of corrective measures,
etc.)

5) Time dedicated to the event by administrative
staff (administrative measures).

6) Fixed costs due to time lost and/or to the

stoppage of the productive process.
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7) Power failure due to the accident (fuel, vapor,
gas, water, electricity).
8) Loss of orders already made.
9) Market loss
10) Penalties for delivery delay
11) Costs generated by judicial case (cost of court
case, compensation, fines and sanctions, increase of benefits, insurance premium
raises, etc.)
3.4.3 The analysis on costs and benefits
In order to analyze the costs and benefits, the ‘Benefit — Cost ratio’ is
required by balancing benefits gained and total costs invested. If the ratio is higher

than 1, it means that it is a worthwhile investment.

3.5 Conclusion of the study

The result from the study was used to analyze whether the evaluation tools
provided by CERSSO could be used to evaluate costs and benefits from the
investment in an occupational health and safety in the electronic devices production
industry.

3.6 The Analysis on the Completeness of the Tools Provided by
CERSSO

In order to justify the competence of the tool, it is essential to consider
whether the tool is needed to be adjusted before used. In this study, the completeness
of the CERSSO's TK was analyzed by applying the tool to the data in 2010 and the

estimated data; and those results were compared.
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3.7 Data Analysis Method

This study is a descriptive research. The researcher would conclude the
result and describe whether the use of CERSSO tools could be applied to the
electronic devices industry or not. Also, there would be an analysis whether or not the

CERSSO tool was completeness and reliable.
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CHAPTER IV
RESULTS

The study on ‘the evaluation of costs and benefits on the investment in the
occupational health and safety’ have the purpose to use the CERSSO’s TK to evaluate
the worthiness of the investment in occupational health and safety in order to control
or prevent accident in workplaces. It also aims to study and justify the completeness of
the TK when applying it to the electronic industry. The researcher has studied one
production line of the electronic devices production factories in Ayutthaya province.
The process in the studied section, Hard Disk Drives parts, has 5 steps:

1.) Forming of steel bar as parts.

2.) Shaping the parts both interior and exterior.

3.) Polishing surface on the outside of parts to smooth and rounded

4.) Editing the parts as requested by the customer.

5.) Cleaning the parts

All staffs responsible for the studied area approved the use of the data and
cooperated very well in the study. Therefore, it is believed that the data obtained was
reliable.

In this study, the production process which had the statistics on accidents
occurred from 2006 — 2010 was chosen. On average, there were 5 accidents occurred
per year. In 2010, there were 7 accidents which was the highest number of accidents
occurred, whereas the smallest number of accidents happened in 2007 which was only

3 times as shown in the following figure:
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[*]

Year 2006

Year 2007

Year 2008

=¢=Number of accidents

Year 2009

Year 2010

Figure 4.1 The statistics on accidents occurred in the production process
from 2006 - 2010

The company tries to improve the working environment in order to prevent

the accident to re-occur. This counted as the investment in occupational health and

safety. The researcher has gathered data on accidents occurred, result from each

accident, and all expenses such as expenses on particular preventive measures and

other expenses which could be avoidable (benefits) aiming to use for analyzing costs

and benefits in the investment. The researcher used the data in 2010 and estimated

costs — benefits from the case study as following:

4.1 Evaluation on costs — benefits from the data in 2010

The researcher has chosen 3 accidents as cases study -
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Table 4.1 Detail of accidents in year 2010

old and had been working for 4 months was
injured by the machine. During controlling
the machine L16-52, he saw the warning
light turned red, which meant the machine
stopped its working cycle, as well as saw the
oil stopped pouring. He assumed that the
machine stopped working. He used his right
hand to take the parts of computer chips out
of the machine, but the machine started to
work again. All raw materials as well as his
hand were pulled into the machine. This
resulted that his hand was injured by a boring
(a picking tool), or a small hook, inside the
machine. He was sent to an infirmary and
later on was transferred to have an operation
in -a hospital. His hand was injured both
front and back sides, 2 stitches for the front
and 3 stitches for the back side.

and leaved for
14 days

Accident Consequence Preventive Measure
Case Study 1 - A worker’s hand was | Right hand | - Change the warning light to
hit by a machine: The worker aged 29 years | was injured | have more clear signal

- Re-train all workers

- Specify that to get the parts of
chips out of the machine, a tool
must be used instead of a hand

- Upgrade all 93 machines’

program to prevent workers from

being confused. (The new
program has been added — if the
machine does not finish its

working cycle, the oil will still be
pouring until the working cycle is
complete. This aims to prevent
workers to open the machine and
mistakenly stretch out their hand
to the

machine  before it

completes its working cycle.

Case study 2 — A worker fell down in
the production area: A worker who normally
worked in the Line Blast came to replace his
colleague, who went for a break, in the Line
Air Blow Auto. The job was putting parts
into the machine. One worker control 7
machines at a time. During the operation,
there were 2 -3 machines simultaneously
gave signal for putting parts into them. The
worker rushed to put parts into all machines
and fell down. His head hit the machine tray
and his left eyebrow was injured. He needed
to undergo a stitching in an infirmary before

be able to go back to work.

Left eyebrow
was injured

No sick leave.

- Assess the condition of the floor
and install an Anti-Slip on the

floor
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Table 4.1 Detail of accidents in year 2010 (cont.)

Accident Consequence Preventive Measure

Case Study 3 — A worker fell | Hip was injured. One day sick | Improve the floor condition by
down in the production area: A | leave. installing new Epoxy

worker was walking in the
production area and fell down
after using the Microscope. Her
hip was hit and injured. Her boss
firstly sent her to an infirmary
but was later informed that she
had serious pain, so she was sent
to a hospital. However, she
could come back to work after
that. After the incident, the
worker asked for a sick leave for

1 day because she had pain in

her hip.

Avoiding to be stabbed Avoiding slippery floor

Repairalight bulb Modify the Installing an anti-slip

programme

Making a chip picking .
tool Training workers Improving the floor condition by
installing Epoxy

Figure 4.2 Relationship between preventive measures and impact in cases of stabbing

injure and slipping injure.
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Table 4.2 Direct and indirect costs due to the cases.

Case Study

Direct costs

Indirect costs

hit by a machine

Case Study 1 — A worker’s was

Light Bulb

Labor Cost for changing the
light bulb

Tools for taking parts of the

Chips out of the machine

Program used in the machine

Labor cost for installing the

program

Labor cost for training

workers to use the program

Labor cost for attending

workers.

down in the production area

Case Study 2 — A worker fell

Anti-Slip

Labor cost for installing the
Anti — Slip on the floor

surface

down in the production area

Case Study 3 — A worker fell

Installing the Epoxy on the
floor.

Labor cost for installing the

Epoxy on the floor

4.1.1 The result from the calculation of expenses for preventive measures.
The result from the calculation of expenses for preventive measures on all
3 cases can be summarized as follows:
4.1.1.1 Expenses on preventive measures which has been

carried out by estimating incurred expenses per year
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Table 4.3 Calculation of the prevention cost of case study 1
Estimate of
. . Number of . Yearly
Intervention | Cost unit for | Measurement ) Units . total yearly
. ) . units per . unit cost
carried out estimate unit . requirements | costs per
operation in baht ]
operation
A B Cc D E F G=D*F
At the source
Changing the LED light LED light 6.61
. 93 . 544.63 50,650.59
light bulb bulb bulb year/time
Changing the | Division’s Number of 661
light bulb maintenance | Maintenance 93 - 2.57 239.01
year/time
personnel personnel
Making a ) o
L Chip Chip picking 10
chip picking o 93 . 30.00 2,790.00
picking tool tool year/time
tool
. Division’s Number of
Modify the ) ) .
maintenance | Maintenance 93 1 year/time 33.97 3,159.21
programme
personnel personnel
o Number of
Training Head of the 0.083
. heads of the 1 . 878.82 878.82
workers shift ) year/time
shift
Workers that
) Number of 0.083
require Workers 7 . 462.66 3,238.62
. workers year/time
training
For individual workers
Medical measures
Total 60,956.25

Remark: Collected data from Maintenance staff and Occupational Health and Safety

Coordinator



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 53

Table 4.4 Estimation of the prevention cost of case study 1

Estimate of Total
TOTAL COST
Yearly Cost by OF
Risk or Demand Effect Measure carried out operation
MEASURE
D*F
AT THE SOURCE
D*F
Working with Avoid to be .
) LED light bulb D =93 50,650.59
machines stabbed
F =544.63
Changing the light D*F
bulb : Division’s D =93 239.01
maintenance personnel | F =257
D*F
Chip removing tool D =93 2,790.00
F =30.00
Working programme / | D*F
Division’s D =93 3,159.21
maintenance personnel | F =33.97
D*F
Training workers /
D=1 878.82
Head of the shift
F =878.82
D*F
Training workers
D=7 3,238.62
/Workers
F = 462.66
ON INDIVIDUALS
MEDICAL MEASURES
TOTAL 60,956.25

D = Number of units on necessary measures

F = Expenses 1 unit per year

Remark: Collected data from Maintenance staff and Occupational Health and Safety

Coordinator
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Table 4.5 Costs of preventive measures for case study 1
Measures Cost
Case Study 1
Lamps 50,650.59 Baht
Labor cost for changing new light bulb 239.01 Baht
Costs of the tools taking parts of Chip out of the machine 2790.00 Baht
Labor cost for installing a new program 3159.21 Baht
Cost for training the workers 878.82 Baht
Labor cost for attending workers 3,238.62 Baht
Total 60,956.25 Baht

Table 4.6 Calculation of the prevention cost of case study 2

Number Estimate of total
Intervention | Cost unit for | Measurement of units Units Y-early yearly
carried out estimate unit per requirements ui:::;it costs per
operation operation
A B C D E F G =D*F
At the source
Anti-slip Anti-slip Anti-slip 17 5 year/time 18.28 310.76
Division’s Number of
Anti-slip maintenance | Maintenance 2 5 year/time 13.59 27.18
personnel personnel
For individual workers
Mt‘adical measuris ’
Total ‘ ‘ 337.94

Remark: Collected data from Occupational Health and Safety Coordinator
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Table 4.7 Estimation of the prevention cost of case study 2

Estimate of Total
TOTAL COST
. . Yearly Cost by
Risk or Demand Effect Measure carried out . OF
operation
MEASURE
D*F
AT THE SOURCE
Operation in the o ) D*F
. Avoiding slippery L
slippery floor ” Anti-slip D =17 310.76
oor
condition F=18.28
Operation in the o ) ) ] D*F
. Avoiding slippery Installing an anti-
slippery floor ] D=2 27.18
. floor slip
condition F=13.59
ON INDIVIDUALS
MEDICAL MEASURES
TOTAL 337.94

D = Number of units on necessary measures

F = Expenses 1 unit per year

Remark: Collected data from Occupational Health and Safety Coordinator

Table 4.8 Costs of preventive measure for case study 2

Measures Cost

Case Study 2
Anti - slip 310.76 Baht
Labor cost for installing a new Anti-slip 27.18 Baht
Total 337.94 Baht
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Table 4.9 Calculation of the prevention cost of case study 3
. Estimate of
) ) Number of Units Yearly
Intervention | Cost unit for | Measurement . . . total yearly
. . . units per requirement | unit cost
carried out estimate unit . . costs per
operation S in baht ]
operation
A B C D E F G=D*F
At the source
Improving
Square Square metre
the floor
. metre which which .
condition by ) ) . ] 130.56 5 year/time 123.60 16,137.22
. . installing installing
installing
Epoxy Epoxy
Epoxy
Improvin
P 9 An operator
the floor
» who Number of )
condition by ) ) 2 5 year/time 1,063.89 3,207.78
. . installing operators
installing
Epoxy
Epoxy
For individual workers
Medical measures
Total 19,345.00

Remark: Collected data from Occupational Health and Safety Coordinator
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Table 4.10 Estimation of the prevention cost of case study 3

Estimate of Total

installing Epoxy

. TOTAL COST
. Measure carried Monthly Cost by
Risk or Demand Effect . OF
out operation
MEASURE
D*F
AT THE SOURCE
Operation in the o Improving the D*F
. Avoiding .
slippery floor . floor : Installing | D =130.56 16,137.22
- slippery floor
condition Epoxy F=123.60
o Improving the
Operation in the . D*F
. Avoiding floor: An
slippery floor . D=2 3,207.78
. slippery floor operator who
condition F=1,603.89

ON INDIVIDUALS

- l - ‘ -

MEDICAL MEASURES

TOTAL

19,345.00

D = Number of units on necessary measures

F = Expenses 1 unit per year

Remark: Collected data from Occupational Health and Safety Coordinator

Table 4.11 Costs of preventive measures for case study 3

Measures Cost

Case Study 3

Cost of improving the floor condition by installing the 16,137.22 Baht
Epoxy

Labor cost for installing the Epoxy 3,207.78 Baht
Total 19,345.00 Baht
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Measures Cost

Case Study 1

Lamps 50,650.59 Baht
Labor cost for changing new light bulb 239.01 Baht
Costs of the tools taking parts of Chip out of the machine 2,790.00 Baht
Labor cost for installing a new program 3,159.21 Baht
Cost for training the workers 878.82 Baht
Labor cost for attending workers 3,238.62 Baht
Case Study 2

Anti - slip 310.76 Baht
Labor cost for installing a new Anti-slip 27.18 Baht
Case Study 3

Cost of improving the floor condition by installing the

Epoxy 16,137.22 Baht
Labor cost for installing the Epoxy 3,207.78 Baht
Total 80,639.19 Baht

Total expenses for preventive measures which has been paid in all 3

cases was 80,639.19 baht/year
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4.1.1.2 Direct, indirect and other expenses per year

Table 4.13 Variables for direct cost calculations of case study 1

EVENT:
Element of Units Estimate
Variables Cost for the MeasLlJJrgment Numbgr Require- Cost . of Total Total
. nit of Units per Unit
Estimate ments Cost
A B C D E F G H
Emerggncy ) ) ) ) ) D*E*F )
attention
Time medical
service personnel ) i ) i i _— i
took to attend the D*E*F
accident victim
Transportation of . . e
accident victim to Travelling Distance Distance levent | 4 baht/km. D*E*F 48.00
. expenses of 12 km.
hospital.
. . 10,613
Attention at the Medical fee Total . ' _—
hospitals, medical fee 1time 1 event lt)iih]g D*E*F | 10,613.00
Rehabilitation and number of
monitoring of . .
. times which
worker according Cleanin a cleanin 60 baht/
to rehabilitation g 9 14 times 1 event . D*E*F 840.00
L the wound the wound time
and periodic .
required
controls he may
have required.
Percentage the Company is responsible for 100% Amount to be paid 11,501.00

Remark: Collected data from Human Resources Administration Division and a nurse
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Table 4.14 Direct Costs for case study 1 in 2010

Event Cost

Case Study 1

Transportation of the victim to hospital 48.00 Baht
Admission in the hospitals 10,613.00 Baht
Rehabilitation and monitoring of worker according to 840.00 Baht
rehabilitation and periodic controls he may have required.

Total 11,501.00 Baht
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Table 4.15 Variables for direct cost calculations of case study 2

EVENT:
Element .
. of Cost | Measurement Number Units Cost Estimate
Variables ; - . per of Total | Total
for the Unit of Units Requirements -
- Unit Cost
Estimate
A B C D E F G H
Antiseptic 4 cc 1 event 0.026 D*E*F 0.10
cotton on the
stick 2 piece 1 event 0.2 D*E*F 0.40
Stitching —
stitching - _—
the needle no 18 1 piece 1 event 0.5 D*E*F 0.5
wound auze size
Emergency g %2 1 piece 1 event 0.58 D*E*F 0.58
attention Rubber
1 pair 1 event 1.30 D*E*F 1.30
glove
Painkiller 15 pill 1 event 2 D*E*F | 30.00
Dliipz)e:sa Anti-
inflammator 15 pill 1 event 2.3 D*E*F 34.50
y medicine
Time medical Doctor Service 1time 1 event 7 D*E*F 7.00
service
personnel 1 time
took to attend Nurse Service 1 event 6 D*E*F 6.00
the accident
victim
Transportation
of accident ) ) ) . . D*E*E )
victim
to hospital.
Attention at the ) ) ) . . D*E*E )
hospitals,
Rehabilitation Antiseptic 4cc 4 events 0.026 D*E*F 0.42
and monitoring
of worker Cleaning cotton on the 2 piece 4 events 0.2 D*E*F 1.60
according to the stick
rehablllt_atlc_)n wound gauze size 1 piece 4 events 0.58 D*E*F 2.32
and periodic 2x2
controls he Rubber . -
may have glove 1 pair 4 events 13 D*E*F 5.20
required. Nurse Service 1 time 4 events 6 D*E*F 24.00
Percentage the Company is responsible
for 100% Amount to be paid 113.92

Remark: Collected data from Purchasing Section and a nurse
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Table 4.16 Direct Costs for case study 2

Event Cost

Case Study 2

Emergency attention 67.38 Baht
Time of the medical staff took care of the victim 13.00 Baht
Rehabilitation and monitoring of worker according to 33.54 Baht
rehabilitation and periodic controls he may have required

Total 113.92 Baht

Table 4.17 Variables for direct cost calculations of case study 3

EVENT:
Element
of Cost Measure- - Cost Estimate
Variables for the ment gfuﬂfﬁg Re Units ¢ per of Total Total
Estimate Unit quirements Unit Cost
A B C D E F G H
Emergency attention - - - - - D*E*F -
Time medical service
personnel D*E*F
took to attend the i ) i ) ) D*E*F i
accident victim
Transportation of . Distance 4
accident victim Travelling Distance of 12 1 event baht/km D*E*F 48.00
. expenses
to hospital. km. .
. Medical Total 440
Attﬁntlo_n at the fee medical 1 time 1 event baht/ti D*E*F | 440.00
ospitals,
fee me
Rehabilitation and
monitoring of worker
according to
rehabilitation i i i i i i i
and periodic controls he
may have required.
Percentage the Company is responsible for 100% Amount to be paid 488.00

Remark: Collected data from Human Resources Administration Division
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Table 4.18 Direct Costs for case study 3

Event Cost

Case Study 3

Transportation of the victim to hospital 48.00 Baht
Admission in the hospitals 440.00 Baht
Total 488.00 Baht

Table 4.19 Direct Costs for accidents in 2010

Event Cost

Case Study 1

Transportation of the victim to hospital 48.00 Baht
Admission in the hospital 10,613.00 Baht
Rehabilitation and monitoring of worker according to 840.00 Baht

rehabilitation and periodic controls he may have required.

Case Study 2

Emergency attention 67.38 Baht
Time of the medical staff took care of the victim 13.00 Baht
Rehabilitation and monitoring of worker according to 33.54 Baht

rehabilitation and periodic controls he may have required

Case Study 3
Transportation of the victim to hospital 48.00 Baht
Admission in the hospital 440.00 Baht

Total 12,102.92 Baht




Souwapa Kuanun

Results / 64

Table 4.20 Variables involved in the labor and production material costs calculations

as part of the indirect cost calculations for accidents in 2010

DATA OF LABOR COSTS’ FACTORS Accidents
Case study 1 Case study 2 Case study 3
1. Average workers’ salary............
77.11 77.11 77.11
Real staff cost / Number of hours worked
2. Extra hours pay 0.00 0.00 0.00
3.Average salary for middle management 146.47 146.47 146.47
4.Hours lost due to the event 119.50 2.00 11.00
5. Days off (leave) of accident victim or sick worker. 112.00 0.00 8.00
6. Does the company have to pay the part of the salary not
.p Y p yinep y 100.00 0.00 100.00
covered by the insurance? Indicate what percentage.
7. Hours lost by other workers due to the event and for diverse
reason (nearness, friendship, help, time the productive processed
} 1.00 0.50 0.25
has been on hold, etc.). At the point of reference, an hour for
each worker who has stopped.
8. Have extra hours been employed to recover production? 0.00 0.00 0.00
Indicate the total number of hours used?
9. Indicate the time dedicated to each event by middle
management (help rendered to the accident victim,
o . . o 1.00 0.50 0.50
reorganization of the productive process, investigation and
reporting of the accident, etc.)
10. Repairing or replacement cost of damaged machinery, in case
it’s not covered by insurance.
-Repairs: Cost of the material used and the part changed. 0.00 0.00 0.00
- Replacement: Cost of the new machinery minus the mortgaged
value of the damaged machine.
11. Cost of repairing or replacement of damaged tools. 0.00 0.00 0.00
12. Cost of repairing or replacement of other damaged assets in
case they are not covered by insurance. Repairs: Cost of the 0.00 0.00 0.00
material used and the parts changed.
13.Cost of materials, products and/or lost raw material, in case
they are not covered by insurance:
. 0.00 0.00 0.00
Products not transformed: prices
Semi-transformed products: cost prices plus added value
14. Have you needed to rent machinery, equipment or tools to
supplement the damages ones while they were being repaired? 0.00 0.00 0.00
Indicate the rental costs.
15. The number of hours which required replaced/substitute
118.50 1.50 2.00
worker.
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Table 4.20 Variables involved in the labor and production material costs calculations

as part of the indirect cost calculations for accidents in 2010(cont.)

DATA OF LABOR COSTS’ FACTORS Accidents

Case study 1 Case study 2 Case study 3

16. What is the percentage of work not done during the time the
100.00 6.25 12.50

replacement was used?
17. If the accident victim or sick person continued working,
L . . . 0.00 0.00 0.00
indicate if his normal production has dropped since the event.
18. Hourly Production Goal 125.00 1000.00 125.00
19. Price of each piece 3.50 3.50 35.00

Remark: Collected data from Human Resources Administration Division, Division

Manager, Head of staffs, Maintenance staff , Occupational Health and Safety Coordinator and Safety

Officer
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Table 4.21 Indirect costs estimate of labor and production material costs for accidents
in 2010

COSTS

CALCULATION

INDICATORS FORMULA
Casestudy 1 | Casestudy2 | Case study 3

1.Labor Cost

1.1 Time loss of the victim.

D) x@)= 9,214.65 154.22 848.21
1.2 Time loss of other workers. X7 = 77.11 38.56 19.28
1.3 Extra hours employed to recover
) [ - (D)Ix(®8) = 0.00 0.00 0.00
production.
1.4 Salary paid to the replacement worker. B)x(9) = 146.47 73.24 73.24
1.5 Expense for recruit new worker. 1)x(@15)= 9,137.54 115.67 154.22

2. Production Material Costs

2.1 Damage caused to the machinery
. 10 0.00 0.00 0.00
(costs of repairs or replacement)
2.2 Damage caused to tools (costs of
] 11 0.00 0.00 0.00
repairs or replacement).
2.3 Damage caused to other assets (costs
. 12 0.00 0.00 0.00
of repairs or replacement).
2.4 Damage cause to material, products
. 13 0.00 0.00 0.00
and/or raw material.
2.5 Rental of machine to replace the
o ) ) 14 0.00 0.00 0.00
damaged one, while it was being repaired.
(15*16*18*19)
2.6 Supplementary costs due to the
] ) ) + 5,193,512.54 32,928.17 | 109,529.22
recruitment the inexperienced worker.
(1*15)
2.7 Supplementary costs due to the
decrease of the production during the
] . o ) h 0.00 0.00 0.00
recovery period of accident victim or sick
(17*18*19)
person.
TOTAL COSTS 5,212,088.31 33,309.86 | 110,624.17
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Table 4.22 Indirect costs, Labor and production material cost for accidents in 2010

Event Cost

Case Study 1

Time lost of the victim 9,214.65 Baht
Time loss of other workers 77.11 Baht
Salary paid to the replacement worker 146.47 Baht
Expense for recruit new worker 9,137.54
Supplementary costs due to the replacement worker’s 5,193,512.54 Baht

inexperience

Case Study 2

Time lost of the victim 154.22 Baht
Time loss of other workers 38.56 Baht
Salary paid to the replacement worker 73.24 Baht
Expense for recruit new worker 115.67 Baht
Supplementary costs due to the replacement 32,928.17 Baht
worker’sinexperience

Case Study 3

Time lost of the victim 848.21 Baht
Time loss of other workers 19.28 Baht
Salary paid to the replacement worker 73.24 Baht
Expense for recruit new worker 154.22 Baht
Supplementary costs due to the recruitment the 109,529.22 Baht

inexperienced worker
Total 5,356,022.34 Baht
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Table 4.23 General costs for accidents in 2010

COSTS
CALCULATION
INDICATORS Case Case Case study
FORMULA
study 1 study 2 3
3. General Costs
3.1 Time dedicated to the event by the .
) ] . Hourly Salary * time
technical staff (executives, production ] 231.33 38.56 38.56
) o invested
chief, engineering, etc.).
3.2 Time dedicated to the event by staff Hourly Salary * time
. . 266.38 73.24 97.65
representatives. invested
3.3 Time dedicated to the event by .
) ] o Hourly Salary * time
maintenance staff (investigation of . 101.91 0.00 0.00
. . invested
malfunction, repairs, reports, etc.)
3.4 Time dedicated to the event by the
security technician (accident Hourly Salary * time
. oo . . . 116.56 58.28 77.71
investigation, drafting of reports, studies invested
of corrective measures, etc.)
3.5 Time dedicated to the event by .
o . o . Hourly Salary * time
administrative staff (administrative ] 146.47 0.00 19.28
invested
measures)
3.6 Fixed costs due to time lost and/or
to the stoppage of the productive
PPag P 0.00 0.00 0.00
process.
3.7 Power failure due to the accident
o 0.00 0.00 0.00
(fuel, vapor, gas, water, electricity).
3.8 Loss of orders already made. 0.00 0.00 0.00
3.9 Market loss 0.00 0.00 0.00
3.10 Penalties for delivery delay 0.00 0.00 0.00
3.11 Costs generated by judicial case
(cost of court case, compensation, fines
and sanctions, increase of benefits, 0.00 0.00 0.00
insurance premium raises, etc.)
TOTAL GENERAL COSTS 862.65 170.08 233.20

Remark: Collected data from Human Resources Administration Division, Occupational

Health and Safety Coordinator and Safety Officer
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Table 4.24 Indirect costs, General costs for accidents in 2010

Event Cost

Case Study 1

Time dedicated to the event by the technical staff 231.33 Baht
(executives, production chief, engineering, etc.).

Time dedicated to the event by staff representatives. 266.38 Baht
Time dedicated to the event by maintenance staff 101.91 Baht

(investigation of malfunction, repairs, reports,etc.)
Time dedicated to the event by the security 116.56 Baht

technician(accident investigation, drafting of reports,

studies of corrective measures, etc.)

Time dedicated to the event by administrative staff 146.47 Baht
(administrative measures).

Case Study 2

Time dedicated to the event by the technical 38.56 Baht
staff(executives, production chief, engineering, etc.)

Time dedicated to the event by staff representatives. 73.24 Baht
Time dedicated to the event by the security 58.28 Baht

technician(accident investigation, drafting of reports,

studies of corrective measures, etc.)

Case Study 3

Time dedicated to the event by the technical staff 38.56 Baht
(executives, production chief, engineering, etc.)

Time dedicated to the event by staff representatives. 97.65 Baht
Time dedicated to the event by the security technician 77.71 Baht

(accident investigation, drafting of reports, studies of
corrective measures, etc.)
Time dedicated to the event by administrative staff 19.28 Baht

(administrative measures).
Total 1,265.93 Baht
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Total amount for direct, indirect and other expenses resulting from all
three cases was 5,369,391.19 baht/year

4.1.2 The result from the calculation of avoidable expenses (benefits)
For the estimation of expenses, costs and benefits from all three cases can

be calculated as follows:

Table 4.25 Cost benefit balance of 2010

TOTAL COSTS OF ACCIDENTS AND
LEVEL PREVENTIVE INVESTMENTS (1)
ILLNESSES THAT WERE AVOIDED (2) | BALANCE
. SUB SUB 21
EVENTS SOURCE PPE  |DOCTORS DIRECTS | INDIRECTS
TOTAL A TOTAL B
Case smudy 1 60956.25 0.00 0.00|  60956.25 11501.00{  5212950.96|  5224451.96 5163495.71
Case study 2 337.94 0.00 0.00 337.94 113.92 33479.94 33593.86 13255.92
Case study 3 19345.00 0.00 0.00]  19345.00 488.00| 11085737 111345.37 92000.37
TOTAL 80639.19 0.00 0.00 $0639.19 12102.92|  5357288.27|  5369391.19 5288752.00
Remark:

‘Source' means when a preventive measure applied to the source of problem
'PPE' means "Personal Protective Equipment".

'‘Doctor' means a monitoring measure preventing illness

For the balance on costs — benefits, total expenses for the accidents was
higher than expenses for the investment on preventive measures by 5,288,752.00 baht.
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Avoiding to be stabbed Avoiding slippery floor
(Case study 1) (Case studies 1 & 2)
5,224,451.96 Baht 144,939.23 Baht

n '.\'\\\ A A
Installing an anti-slip

Repaira light bulb Modify the programme )
;18,889.6%]3&}:1'[ 3,159.21 Baht 337.94 Baht

Making atchilp picking Training workers Improving the floor condition by
oo 4117.44 Baht installing Epoxy

5
2,790.00 Baht 19,345.00 Baht

Figure 4.3 Yearly costs of preventive measures and impact in the case of stabbing

injure and slipping injury.

4.1.3 The result for the analysis of costs and benefits

The analysis on costs and benefits considered the Benefit — Cost ratio
which was calculated from the benefits divided by the costs. The ratio was calculated
from all expenses spending on accidents plus all avoidable expenses divided by costs
from the investment on preventive measures.

The analysis can be summarized as following:
1) Case Study 1 — A worker’s hand was hit by a machine: the analysis on costs and
benefits was as following:

5,224,451.96 = 85.71

60,956.25

2) Case Study 2 — A worker fell down in the production area: the analysis on costs and

benefits was as following:
33,593.86 = 9941
337.94
3) Case Study 3 — A worker fell down in the production line: the analysis on costs and
benefits was as following:
111,345.37 = 576
19,345.00
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4) Total costs and benefits from all three cases can be summarized as following:
5,369,391.19 = 66.59
80,639.19
From the calculation above, the benefit — cost ratios from all cases were

higher than 1 which could be interpreted as they were worthwhile investments.

4.2 The estimation on costs — benefits by using data in the estimation
The researcher has considered that the statistics on the slipping injure in
the production area from the statistics of all accidents occurred. It was found that
during 2006 — 2010, in average there was 1 accident per year, each accident required
3 day break, a medical expense was 1,056.60 baht in each case. It was recommended
that the measures on the prevention of accident, occupational health and safety must

be done by the installation of an oil mist collector.

Table 4.26 Detail of accident of estimation

Case Study Direct costs Indirect cost

The estimation on the case of a | Installation of the oil mist

worker falling down in the | collector

production area High Pressure Washer for | Labor cost for cleaning a

cleaning a filter filer by an operator

Changing of a filter for | Labor cost for changing a

percolating oil mist filter by an operator
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Avoiding to be injured
form slippery floor

Qil mist collector

Figure 4.4 Relationship between preventive measures and impact in cases

of slipping injure

4.2.1 The result from the calculation of expenses for prevention of the
estimated accident.
4.2.1.1 Expenses for preventive measures which has been

carried out per year.
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Table 4.27 Calculation of the prevention cost of estimation

Results / 74

Estimate of
. . . Number of . Yearly
Intervention carried | Cost unit for | Measurement ) Units . total yearly
. ) units per . unit cost
out estimate unit . requirements . costs per
operation in baht ]
operation
A B Cc D E F G=D*F
At the source
S S 10
Oil mist Oil mist 1 ] 52,833.80 | 52,833.80
collector collector year/time
. The length of
Cleaning a .
. time used for 0.09
filter by an ) 1 . 925.32 925.32
cleaning a year/time
operator )
filter
. o High High
Installing oil mist 10
collector pressure pressure 1 . 4,000.00 4,000.00
year/time
water pump | water pump
Changing oil | Changing oil
filter filter 1 5 year/time | 20,000.00 | 20,000.00
The length of
Changing oil | time used for
filter . 1 5 year/time 7.71 7.71
cleaning a
filter
For individual workers
Medical measures
Total 77,766.83

Remark: Collected data from Occupational Health, Safety and Working Environment

Division, Head of staffs and Occupational Health and Safety Coordinator
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Table 4.28 Estimation of the Prevention Cost of estimation

Estimate of Total TOTAL
) ) Yearly Cost by COST
Risk or Demand Effect Measure carried out .
operation OF
D*F MEASURE
AT THE SOURCE
Installation of the 0il | D *F
mist collector: Oil D=1 52,833.80
mist collector F =52,833.80
Cleaning a filter by an
g y D*F
operator: The length
D=1 925.32
of time used for
. . F =925.32
cleaning a filter
Operation in the o High pressure water D*F
slippery floor Avoiding pump: High pressure D=1 4.000.00
condition slippery floor | Water pump R
F =4,000
Changing oil filter : D*F
Changing oil filter D=1 20,000.00
F =20,000
Changing oil filter:
ging D*F
The length of time
. D=1 7.71
used for changing a
. F=7.71
filter
ON INDIVIDUALS
MEDICAL MEASURES
TOTAL 77,766.83

D = Number of units on necessary measures

F = Expenses 1 unit per year

Remark: Collected data from Occupational Health, Safety and Working Environment

Division, Head of staffs and Occupational Health and Safety Coordinator
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Table 4.29 Cost of measure of estimation.

Measures Cost

Oil Mist Collector 52,833.80 Baht
Labor cost for cleaning a filter 925.32 Baht
High Pressure Washer for cleaning a filter 4,000.00 Baht
Changing a filter for percolating oil mist 20,000.00 Baht
Labor cost for changing a filter 7.71 Baht
Total 77,766.83 Baht

In the estimation, the total expense for preventive measures which has
been carried out resulting from accidents occurred was 77,766.83 baht/year
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Table 4.30 Variables for direct cost calculations of estimation

EVENT:
Element
of Cost Measurement | Number Units Cost Estimate of
Variables for the Unit of Units | Requirements | per Unit | Total Cost Total
Estimate
A B C D E F G H
Emerggncy ) ) ) ) ) D*E*E )
attention
Time medical
service personnel ) ) ) . ) D*E*F i
took to attend the D*E*F
accident victim
Transportation of | Travellin Distance 4 D*E*E
accident victim g Distance of 12 1 event baht/km 48.00
to hospital. expenses km. '
. Medical Total
Attentlo_n at the fee medical 1 time 1 event 1‘056.'60 D*E*F 1,056.60
hospitals, fee baht/time
Rehabilitation and
monitoring of
worker according
to rehabilitation - - - - - - -
and periodic
controls he may
have required.
Percentage the Company is responsible for 100% Amount to be paid 1,104.60

Remark: Collected data from Human Resources Administration Division and

Occupational Health, Safety and Working Environment Division

Table 4.31 Direct costs of estimation

Event Cost

Transportation of the victim to hospital 48.00 Baht
Admission in the hospitals 1,056.60 Baht
Total 1,104.60 Baht
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Table 4.32 Variables involved in the labor and production material costs calculations

as part of the indirect cost calculations of estimation

Accidents
DATA OF LABOR COSTS’ FACTORS Estimation
case
1. Average workers’ salary............ Real staff cost / Number of hours worked 77.11
2. Extra hours pay 0.00
3.Average salary for middle management 146.47
4.Hours lost due to the event 28.00
5. Days off (leave) of accident victim or sick worker. 24.00
6. Does the company have to pay the part of the salary not covered by the
insurance? Indicate what percentage. 100.00
7. Hours lost by other workers due to the event and for diverse reason (nearness,
friendship, help, time the productive processed has been on hold, etc.). At the 0.25
point of reference, an hour for each worker who has stopped.
8. Have extra hours been employed to recover production? Indicate the total
number of hours used? 0.00
9. Indicate the time dedicated to each event by middle management (help
rendered to the accident victim, reorganization of the productive process, 0.50
investigation and reporting of the accident, etc.)
10. Repairing or replacement cost of damaged machinery, in case it’s not
covered by insurance.
-Repairs: Cost of the material used and the part changed. 0.00
- Replacement: Cost of the new machinery minus the mortgaged value of the
damaged machine.
11. Cost of repairing or replacement of damaged tools. 0.00
12. Cost of repairing or replacement of other damaged assets in case they are
not covered by insurance. Repairs: Cost of the material used and the parts 0.00
changed.
13.Cost of materials, products and/or lost raw material, in case they are not
covered by insurance:
Products not transformed: prices 0.00
Semi-transformed products: cost prices plus added value
14. Have you needed to rent machinery, equipment or tools to supplement the
damages ones while they were being repaired? Indicate the rental costs. 0.00
15. The number of hours which required replaced/substitute worker. 2750
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Table 4.32 Variables involved in the labor and production material costs calculations

as part of the indirect cost calculations of estimation (cont.)

Accidents
DATA OF LABOR COSTS’ FACTORS Estimation
case

16. What is the percentage of work not done during the time the replacement
was used? 6.25
17. If the accident victim or sick person continued working, indicate if his
normal production has dropped since the event. 0.00
18. Hourly Production Goal 125.00
19. Price of each piece 3.50

Remark: Collected data from Human Resources Administration Division, Division

Manager, Head of staffs, Maintenance staff, Occupational Health and Safety Coordinator and Safety

Officer
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Table 4.33 Indirect costs estimate of Labor and production material costs of

estimation
INDICATORS CALCULATION COSTS
FORMULA
Estimation case
1. Labor Cost
1.1 Time loss of the victim. x4 = 2,159.08
1.2 Time loss of other workers. DX = 19.28
1.3 Extra hours employed to recover production. [ - (D)]x(®) = 0.00
1.4 Salary paid to the replacement worker. B)x(9)= 73.24
1.5 Expense for recruit new worker. 1)x(15) = 2,120.53
2. Production Material Costs

2.1 Damage caused to the machinery (costs of repairs or 10

0.00
replacement)
2.2 Damage caused to tools (costs of repairs or 11

0.00
replacement).
2.3 Damage caused to other assets (costs of repairs or 12

0.00
replacement).
2.4 Damage cause to material, products and/or raw 13

. 0.00

material.
2.5 Rental of machine to replace the damaged one, while 14
. . . 0.00
it was being repaired.
2.6 Supplementary costs due to the recruitment the (15*16*18*19)+
inexperienced worker. (1*15) 7731584
2.7 Supplementary costs due to the decrease of the
production during the recovery period of accident victim h 0.00

or sick person. (17*18*19)

TOTAL COSTS 81,687.96
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Table 4.34 Indirect costs, Labor and production material costs of estimation

Event Cost

Case Study Estimation

Time lost of the victim 2,159.08 Baht
Time loss of other workers 19.28 Baht
Salary paid to the replacement worker 73.24 Baht
Expense for recruit new worker 2,120.53 Baht
Supplementary costs due to the recruitment the 77,315.84 Baht
inexperienced worker

Total 81,687.96 Baht
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COSTS
CALCULATION
INDICATORS Estimation
FORMULA
case
3. General Costs
3.1 Time dedicated to the event by the technical staff Hourly Salary * time invested
. . . L 38.56
(executives, production chief, engineering, etc.).
3.2 Time dedicated to the event by staff Hourly Salary * time invested
. 97.65
representatives.
3.3 Time dedicated to the event by maintenance staff Hourly Salary * time invested
. L . . 0.00
(investigation of malfunction, repairs, reports, etc.)
3.4 Time dedicated to the event by the security Hourly Salary * time invested
technician (accident investigation, drafting of reports, 116.56
studies of corrective measures, etc.)
3.5 Time dedicated to the event by administrative staff | Hourly Salary * time invested
. . 19.28
(administrative measures)
3.6 Fixed costs due to time lost and/or to the stoppage
of the productive process. 0.00
3.7 Power failure due to the accident (fuel, vapor, gas,
. 0.00
water, electricity).
3.8 Loss of orders already made. 0.00
3.9 Market loss 0.00
3.10 Penalties for delivery delay 0.00
3.11 Costs generated by judicial case (cost of court
case, compensation, fines and sanctions, increase of
. . . 0.00
benefits, insurance premium raises, etc.)
TOTAL GENERAL COSTS 272.05

Remark: Collected data from Human Resources Administration Division, Occupational

Health and Safety Coordinator and Safety Officer
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Table 4.36 Indirect costs, General costs of estimation

Event Cost

Case Study Estimation

Time dedicated to the event by the technical staff 38.56 Baht
(executives, production chief, engineering, etc.).

Time dedicated to the event by staff representatives. 97.65 Baht
Time dedicated to the event by the security technician 116.56 Baht

(accident investigation, drafting of reports, studies of

corrective measures, etc.)

Time dedicated to the event by administrative 19.28 Baht
staff(administrative measures).
Total 272.05 Baht

Total amount on direct, indirect and other general expenses resulting

from accidents occurred was 83,064.61 baht.

4.2.2 The result from the calculation on avoidable expenses (benefits)
For the estimation of expenses, the balance on costs and benefits resulting

from accidents occurred could be calculated as following:
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Table 4.37 Cost benefit balance of estimation

LEVEL TOTAL COSTS OF ACCIDENTS AND
PREVENTIVE INVESTMENTS (1)
ILLNESSES THAT WERE AVOIDED (2) BALANCE
SUB SUB @1
EVENTS SOURCE PPE DOCTORS DIRECTS | INDIRECTS
TOTAL A TOTAL B
Case study estimation T7766.83 0.00 0.00 77766.83 1104.6 £1960.01 83064.61 5297.78

Remark:

‘Source’ means when a preventive measure applied to the source of problem
'PPE' means "Personal Protective Equipment".

'‘Doctor' means a monitoring measure preventing illness

In term of the balance between costs — benefits, the expenses from all
accidents occurred were higher than the expenses from investing in preventive
measures by 5,297.78 baht.

Avoiding to beinjured
form slippery floor
83,064.61 Baht

Oil mist collector
77,766.83 Baht

Figure 4.5 Yearly costs of preventive measures and impact in the

case of slipping injure
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4.2.3 The result for the analysis of costs and benefits of estimation

In analysis expenses and benefits, the Benefit — Cost ratio was used. The
ratio could be calculated from all expenses resulting from accidents plus all avoidable
costs divided by the investment on the preventive measures as following:

83,064.61 = 1.07

77,766.83

From the calculation, the result showed that the Benefit — Cost ratio was
higher than 1. This meant it was a worthwhile investment.

To conclude the result from the self estimation on costs and benefits from
the investment in occupational health and safety by using data on 2010 and the
estimation, which were based on the data on the preventive measures, direct, indirect,
and other general expenses collected in according to the TK forms, it was found the
evaluations on the first part on the preventive measures was 80,639.19 baht, the
direct expenses were 12,102.92 baht, indirect expenses were 5,356,022.34 baht, and
other general expenses was 1,265.93 baht. When adding the loss resulting from
accidents occurred, the total amount was 5,369,391.19 baht. This amount was higher
than the expenses for the preventive measures on occupational health and safety by
5,288,752.00 baht. The Benefit - Cost ratio equaled 66.59, which was higher than 1.
This meant it was a worthwhile investment.

When calculating the Benefit — Cost ratios in all cases, it was found that the
ratios were 85.71 in case study 1, 99.41 in case study 2 where a worker fell down in
the production area, and 5.76 in case study 3 where a worker fell down in the
production area. This showed that the ratios in all cases were higher than 1.

In the case of the estimation, the evaluation found that the expenses for
preventive measures were 77,766.83 baht, direct expenses were 1,104.6 baht, indirect
expenses were 81,687.96 baht, and other general expenses were 272.05 baht. When
add the amount with losses resulting from accidents, the total amount became
83,064.61 baht. This amount was higher than the expenses investing in the preventive
measures in occupational health and safety by 5,297.78 baht. The Benefit — Cost ratio
equaled 1.07 which was more than 1; therefore, it was worthwhile to invest in the

preventive measures as well.
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Table 4.38 The benefit-cost ratio of case study

Results / 86

Total costs of Benefit-cost

Case Study Preventive accidents and illness ratio

investments that were avoided
(Baht) (Baht)

Case study 1 60,956.25 5,224,451.96 85.71
Case study 2 337.94 33,593.86 99.41
Case study 3 19,345.00 111,345.37 5.76
Case studies 1-3 80,639.19 5,369,391.19 66.59
Case study estimation 77,766.83 83,064.61 1.07
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CHAPTER V
DISCUSSION

According to the evaluation on the worthiness of the investment in
occupational health and safety measure, it was found that the TK is suitable for use in

the studied factory, electronic industry. The results were as following:

1. The original CERSSO’s TK has grouped the variables as the following:

1) Variables direct cost calculations.

2) Variables involved the ‘‘Labor and production material costs’’ as part
of the indirect cost calculations.

3) Indirect costs estimate of ‘‘Labor and production material costs.’’

4) General costs.

5) Cost benefits balance.

From the case of the falling down accident caused by a slippery floor in
the production area resulting from the spreading of oil mist, the preventive measure
was the installation of an Oil mist collector to decrease the amount of oil mist from the
machine. This measure had the benefit in term of additional money saved from the
reuse of the oil, which is omitted in the researcher considers that the said return was
the benefit incurred from the investment. Therefore, the data should be applied and
inserted into the table ‘Calculation of the prevention cost’ and the form ‘Estimation of
the Prevention Cost’. Therefore, if any entrepreneur wanted to use the TK,they must
include the benefits resulting from the preventive measure, which is not calculated in
CERSSO's TK, to the calculation.

2. From the study, it was found that the ratio of benefits and costs obtained
from the TK had different values in the same accident scenario. In all three falling
down accident cases, the ratios were 99.41/1, 5.76/1, and 1.07/1 respectively. The
preventive measure employed in the case dated 29/09/2010 by installing the Anti Slip

on the floor had the cost of 337.94 baht per year. The preventive measure employed in
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the case dated 15/12/2010 by improving the floor condition to prevent it from being
slippery had the cost of 19,345.00 baht per year. In the case of the installing the Oil
mist collector in order to decrease the amount of oil mist leaked out from the machine
had the cost of 77,766.83 baht per year. When considering the ratios for benefits
against costs in all cases, it was found that the investment in the first case was the best
for the investment because the cost in the investment was the lowest. However, when
considering the measure itself, it was still possible that an accident could still occur
and become cost to the entrepreneur. The case which has been studied did not fully
comply with the risk assessment provided by CERSSO’s TK. Rather, it was from the
case which had already occurred. Therefore, an entrepreneur must assess all relevant
risks and analyze which preventive measure is suitable to address all accidents and
worthwhile for the investment in preventing the accident to re-occur and minimizing
all possible losses

3. The TK could be applied to many types of accident. From the literature
reviews, this tool could also be applied to the accident of needle stung injuries in the
textile industry. In this study, this tool was applied to the machines crushing hands and
falling down accidents in the electronic devices production industry. If any
entrepreneur encountered many types of accident, the TK could be a good tool to
evaluate the worthiness of the investment to prevent such accidents. However, in
applying this tool, the user should take into account other missing aspects. The first
was to take all benefits occurred from the preventive measure into account when
calculating the ultimate costs of such investment in order to get the correct result.
Another was to acknowledge that the investment in the preventive measure must focus
on the root cause of problem in order to effectively prevent the accident to re-occur.

4. An entrepreneur must carefully analyze the cause of accident occurred
with the available model by applying the TK to that accident. However, the user must
analyze in details about the cause of the accident occurred because knowing the root
cause of the accident would lead to the proper solution and prevention of such
accident. Therefore, the user who would use the TK should be an occupational health
and safety officer or personnel who had such knowledge on the cause of accidents in

order to evaluate the case properly.
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5. This study has begun with the third step of the TK because the risk has
been already analyzed. However, the evaluation of the data on risk showed that
accidents which happened did not in the list of priority risks, for example, the case of
machine crushing hand. Therefore, the entrepreneur must review the assessment of
risk whether the principles and the evaluation methods were suitable to the
surrounding circumstances. The completeness evaluation method would cover all
types of accidents and lead to the proper prevention of accident giving consideration to
level of risk and urgency of the preventive measure for such accident.

6. The benefit-cost ratio of the expected scenario was clearly lower than
the benefit-cost ratio of the cases study in 2010. The benefit-cost ratio in the expected
scenario was 1.07; whereas the benefit-cost ratio in all three studied cases in 2010
were 85.71, 99.41, and 5.76 respectively. The reason for the lower benefit-cost ratio
was the entrepreneur has invested more money in the occupational health and safety
measures as they began to realize that the loss resulting from accident occurred. The
most concerning loss to the entrepreneur was the loss of the ability to produce at the
target output because a replacement labor might not be as expert as the one who was
injured. Unless the entrepreneur properly and comprehensively prevents the problem
to reoccur, there will be further losses. Although the investment in the preventive
measures is costly, it is a worthwhile investment if it can effectively prevent the

accidents to reoccur.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

The study on the self - evaluation of costs and benefits in the investment in
occupational health and safety aims to evaluate the worthiness of the control measure
in order to prevent accident to reoccur.. This study also aims to analyze and justify the
completeness of the CERSSO’s TK, which was developed for the textile industry, by
applying it to data from the electronic devices production industry. The studied factory
is located in Ayutthaya province. The data on the investment in occupational health
and safety, the statistics on accident, and the data on both direct and indirect expenses
incurred resulting from accidents occurred in 2010, including estimated expenses,
were collected in according to the TK by the interview the operational staffs and the
head of staff.

The result from the study can be divided into three parts:

6.1. Applying the CERSSO’s Tool Kit to evaluate the investment in
occupational health and safety in the electronic devices production

factory;

6.1.1 After the calculation for benefit and cost ration using the dat from
interviewing the relevant persons in the production line for all 3 cases, it was found
that:

Case 1 — the cost of the investment in occupational health and safety was
60,956.25 baht. The cost occurred from the accident was 5,224,451.96 baht. Hence,

the Benefit-Cost ratio was 85.71.

Case 2 — there was the investment in occupational health and safety 337.94
baht. The cost occurred from the accident was 33,593.86 baht. The Benefit-Cost ratio
became 99.41.
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Case 3 — the investment cost in occupational health and safety was
19,345.00 baht. The cost resulted from the accident was 111,345.37 baht. Therefore,
the Benefit-Cost ratio was 5.76.

When calculating all investments in occupational health and safety in all 3
cases, the total investment values were 80,639.19 baht, whereas the total costs incurred
were 5,369,391.19 baht. Hence, the average ratio was 66.59. When evaluating the
investment in occupational health and safety through the estimated data, it was found
that the investment was 77,766.83 baht and the cost incurred from accident was
83,064.61 baht. The Benefit-Cost ratio became 1.07.

When comparing benefits gained from the investment in occupational
health and safety with the costs incurred as mentioned above, it was found that all
cases are worthwhile investment. If any factory wants to invest in occupational health
and safety, it is essential for them to justify costs and benefits in the investment,
including which measure will give the maximum utility. This will help their
administration to choose the most suitable measure.

6.1.2 According to the study on three slippery accidents, it was found that
the entrepreneur did not properly analyze in an economic term for the all possible
solutions. In the first case, the workplace prevented the future accident by installing an
anti-slip on the floor. The Benefit-Cost ratio was 99.41 which meant it was very good
investment. However, this measure did not effectively prevent all possible accidents to
occur in the future. In the second case, the investment was the development of the
floor condition by installing the Epoxy. The Benefit-Cost ratio was 5.76. Although it
was a worthwhile investment, the ratio in this case was much lower than the first case.
In the last case, the prevention of the accident was done by installing an Oil mist
collector. The Benefit-Cost ratio in this case was 1.07 and it was the least worthwhile
investment. When considering all solutions employed, it was found that causes of
accidents were not completely addressed and accidents still re-occurred from time to
time. Therefore, the entrepreneur should complete and carefully identify root causes of
the accident. The example on how to identify causes of the slippery accident can be

described by the Loss Causation Model as follows:
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- Addressing the Immediate Cause by installing the Anti-Slip or
developing the floor condition which oil drops have not been properly cleaned and a
slippery accident may occur.

- Targeting the Basic Cause by installing an Oil Mist Collector in order to
suck oil mist from the machines. Although this helps to minimize oil mist which may
cause a slippery accident, the risk that an accident may occur still persists.

In theory, the solution on the Lack of Control is the way to completely
eliminate all problems. Therefore, the solution to this problem is to find a particular
material which can be used in the production process and does not cause the floor to
be slippery. Alternatively, it can be solved by making all machines operate in a close
system in order to prevent oil drop or oil mist to come out and cause the oily floor.

Thf:re is. no » The oil leakf.:d » There is oil mist » . » Workers i?jured
engineering from the machine on the floor Slippery floor from the slippery
control standard - » » » accident

Figure 6.1 The Loss Causation Model for a slippery accident

According to the data mentioned above, if the root cause of accident is
incorrectly identified, the solution to the problem will be ineffective or the problem
may persist. This may ultimately result that the administration or the executive level
ignores the benefits from the preventive measure which has been employed. Hence,
when the TK is used, it is essential for the user to know how to analyze the root cause

of accident as well.

6.2 The Completeness of the CERSSQO’s Tool Kit When Applying to

the Electronic Devices Factory

From the study, it was found that the TK can be applied in the electronic
devices production factory by starting from the third step to the sixth step. However,
its application did not address the calculation of the prevention cost properly. In the
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estimated costs scenario, it was found that the installing of an oil mist collector should
be employed in order to reduce oil mist and prevent a slippery accident to occur. The
benefit of this measure was the oil could be reused. However, the TK did not have this
benefit listed in the calculation of the preventive measure. Therefore, any entrepreneur
who wants to apply this TK must carefully adjust the list of benefits gained from the
measure employed to suit with the particular conditions of their workplaces. This
adjustment will help the entrepreneur to see more benefits gained from the higher

Benefit — Cost ratio.

6.3 Recommendations for the upcoming thesis on this issue

6.3.1 There must be additional studies in other industries apart from the
textile industry or the electronic devices production industry. This will help to justify
the completeness of the TK in other industries.

6.3.2 There must be the study on the use of the whole Tool Kit, from the
1% step to the 6™ step, in order to justify the worthiness of the investment in
occupational health and safety. The study on this thematic thesis started from the 3™
step of the TK - the calculation of expenses on the preventive measure employed -
because all risks in the factory were justified before the start of the data collection. If
the TK was applied from the 1% step - the identification of all risks, and the 2" step -
the risks assessment, it would allow the entrepreneur to know the level of each
possible risk and enable them to employ a proper measure. And the preventive
measures may vary because accident occurred may result from many reasons. The
entrepreneur who uses this TK will be able to calculate the worthiness of the
investment in each measure or measures in response to the cause of the accident. It is
also possible to present this calculation to the executive personnel or directors to see
the worthiness of the investment in each measure. This will help deciding which
measure is the most worthwhile one. Addition the risks assessment was applied to the
conditions of the factory, the entrepreneur can compare whether the risks which were
possible to occur are the same as the risk assessment in the TK or not. This is because

the risk assessment tools have different effectiveness in identifying possible dangers as
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well as their severity levels. The risk assessment in the TK can be divided into three
topics:

1) Identification of risk factors in the working operation is the way to
identify the risk in the operation that which risk has the maximum percentage to occur;

2) ldentification of risk factors in the employees’ working conducts
is to consider the risk factor in the working operation in (1) to identify the risk that
such accident may occur to employees by choosing the risk factor which has the
maximum percentage to occur.

3) Identification of the effect of risk factors on the employees’ health is to
find the relationship between risks and effect which may occur to each employee by
indentifying which risk affecting health of employees the most.

When the maximum percentage on each topic is found, there will be an
overall assessment to identify the relationship between the risk which has maximum
chance to occur and the seriousness of the risk.

The method to assess the risk in the TK is done step by step and covers all
step in the working operation as well as the chance that such danger may occur to
employees. If comparing this with the other risk assessment methods which are
currently being employed in the general factories such as the ‘What if> or the ‘Check
List’, the TK seems to be more completeness and be applicable in more details. This is
because both methods have disadvantage that they cannot be applied if there is the use
of the machine or if the production line is not suitable or does not have sufficient data
to be analyzed. Therefore, both methods may lack the completeness (8). Especially,
the identification of the risks is very important step; if it is not done effectively or
completely, the remaining risks will not be addressed and solved properly and may
cause an accident later.

6.3.3 There must be a study on occupational health and safety in different
ways. According to the literature reviews and the result from the study, the problems
occurred were the injury was caused by a sewing needle, the physical illness resulting
from improper sitting position, the hit accident by a machine, and the slippery
accident. If any entrepreneur wants to apply the TK in order to study other
occupational health and safety issues, this will help to justify whether the Tool Kit can

be applied universally or not. This is because different problems on occupational
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health and safety have different risk factors as well as solutions to the problem. The
TK may be applicable immediately or may need certain adjustments before it suits a
particular problem, especially different risk factors. According to the literature reviews
on the textile industry, the TK has already indicated the risk factors in the industry. If
it is to be applied in the industries other than the textile industry by starting from the
1% step, which is the identification of risks, it is essential to consider all relevant risk
factors in those industries. In case of the preventive measure, if an entrepreneur has
invested and already gained benefits from the measure, the benefits gained must be
added in the calculation in the TK in order to calculate the expenses of the employed
measures as well.

6.3.4 If the entrepreneurs want to apply CERSSO’s Tool Kit to assess the
investment in occupational health and safety measure, they must have sufficient and in
details information available. If any particular entrepreneur already has had all
information, they can simply apply the Tool Kit to the information. However, if there
is no sufficient information, it is necessary to collect more information in according to
the forms provided in order to be able to assess whether the occupational health and
safety measure is worthwhile investment or not.

6.3.5 If the entrepreneurs want to assess whether the occupational health
and safety measure which has already been employed is worthwhile investment or not,
they can apply the CERSSO’s Tool Kit by starting from the 3™ step. The result can be
used to show the executive or administrative personnel whether the investment was
worthwhile or not.

6.3.6 There should be more studies on other assessment tools used to
justify the worthiness of the investment in occupational health and safety measures.
Those studies will help the entrepreneurs in Thailand to have more options for

assessing the worthiness of the investment in occupational health and safety measures.
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DOCUMENTORY PROOF OF ETHICAL CLEARANCE

AuzNITUNT93usTsuN T390 Tunywd
ATUSENSISUFUAERT WTIvuauuiing

= o & :
waulrsniAtivUaTRUuiiNaudR I

P
UNSTUTINT Nnguyu
uangRs IR IR TSR
ATVTIVIGVA WA TGAT MNTINA A TINUEDRAY

Wrduntseusu dae SSusssuntsTauluuyed
A mo fUAY eEEm
o VasUszqu 88913790 uusmdmmus e s

W= 2 Sﬂ:’?}; AL~

(soemanTIATiAviRn Snwiiatans) (s0RMERT TN UIKKNGRVUT TgruNE)
Uzzomamznnissiuasaun T lungsd AUBALLAGTUGYAERNS




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 101

woan e d

wiadotvsonmulimmsion

s s nenoins ey Wl syl
RIS TOYRIm  aimoiEarian
COA, No. MLPHL !0"- \"‘

fivag 549 0.5%
Tnsanniedos nm!mfmmmwueﬁ\munuﬂrusm1nnmm,uma? omomﬂ’wwxmm
eondiy _
FuitWdduoey o dou . 6&30!1%‘\1 we ... 2058
] v o iy
tmdr (uAAngng) 0"”’7”7;”1/”9 v pinnTafod  ino

Wi Tnsanmtodundng nuensi

o1 deusnonluluBuesunliinsdioi frudr1dunsofmonndisling wi
Taquszsvaamaio funssumsdia nausdes snmadss Tovdforndatumnmdde sda
azion nseiinmadn lviuda

o2 diveiusvinsasuhmnudng Afmduradedonuiule Bidads deudy ou
dwdmoTo

fias,  SmbudvimTnranadieil Taswinsls wosdwidrBianittssuendomadailu
Taaemsfailinleiih tmznuuonnﬁnnmﬁn’m%‘uifo:'laiﬂuuhqdﬁ'mll 1

do4. Bifedusovh suiwloyomsoniafuddmbudunrmdu uarsedlame Wan u
pilduaglromaidn madamedayoidefudadmdwomisaudieg fifuates naeinld
mmmﬂﬁuﬂu‘quumm'nnmiufu

fos. @oiuserdnnnidoyadniuitdannse nudonsiss e 18 unmud i

i Tnalailands Aoy
tmud e o nutuduudiinnmdilsinmiszms e Wnam i i usenifenmiile
. RO AR . 3 SO T
(. X, At
naﬂo .&.«)’“’ G‘iﬁ’o

<mﬁmawd .

verslon 1| Auges 2011



Souwapa Kuanun Appendices / 102

o asd

i Y Y o - o
ﬂmuoamomtﬂﬂmmnﬁu

L anisnensinmsinn Hdhangul
pomisnoigemmed s inndiiiae
oo Ra seven_ f0AE - 147

fwagt S0 o
Tasanmiining nmmmmaaé’uquumhzlmrﬁmnmmuma? %aufﬂ'—“ tiEn R
Vnanie
Sunbidduosn fui 7w W NI
dodn vonathiagh) . qaﬂ ﬂﬂd‘%ﬂ\b’\’)’ﬁﬂs 1mnwuaﬁuu'l5nu

r\‘mx‘a’v’lmanudmﬁw{mwumm|

fet dovannhduduoowihhmsHol Hrdh I umsetuisendiselmawd
Shquazmefveamifn Avnssumsise nnuidns saukass Tomforadaduainnisdde edh
azdon uoeilmmathlodud

4o @ufuseshuznoudiodie Iwihradodaonndale Biats dewdu au
Fdmale

fu3. FududinTnranniiui Inoadnle ses¥ md danifssrondnmadii iy
Tasamyitoiiitolaf 1 wavnmuondansdnniiuilos bifiwalaadetmd:

¥oa Fifoiuserh siudeyammiziniuidmduim gy uesoxdane ez lu
phiharpinanis3ie nudlnmetoyeinfuddmddaminaugie fiordas nrsi I8
mn:mihﬁ\lfwmqmmﬁnnuninfu

fos. Hiteduserih mnidoyafuiiidwansznuaonysiio fates Wumsadalin
ﬁuﬁlan'hmaﬂa timady

o ... “‘“‘ g IRt e SR 1Ty T

Lot atrfa )

version | Avguet 2011



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 103

APPENDIX B
INFORMATION SHEET

LV

4 < aa
LLUUW@?NﬂWﬁLﬂUﬁﬂﬂQU e @IWNEﬂLLUUﬂI@QﬁQWﬂﬂﬁ%ﬂf)‘]anﬁ

q

T/ nat | fhe | @ Fo-umdana sWawinau | Azmsiianu MUY

A | Yo 3 @
thouAl Alasuaiuy TUngAY




Souwapa Kuanun Appendices / 104

PNANITUVIMFITBUNGEUsNAUIRINNTIVY
‘ﬂ' a W
¥oln39n3IY

a 4 @ @
ﬂTﬁ‘IJ'i3L3J1!@]1!L@\15UE)\W§IIU1’11!Wa”IJiZIfJGI)"Hﬁﬂﬂﬂ?ﬁﬁ\iﬂ”ﬂﬁﬁj']u@"l%ﬂﬂu"m‘(’J!Lﬁ%ﬂ’ﬂﬁ\lﬂa@ﬂﬂﬂ

vy
A o

AMUNNNINSIVY

A o [ 3 A ax o W a = 9 a
VIEN PuEuD-UHuy Tne 100 1 1.7 auunnaleTu au.51 a.Fe9310108 9. 119U 1.
WIEUAIAIOYTE 13180

= ¢a [ A 1aa 1 [
NANHI uazmmsﬂ‘nﬂ?nyman !!ﬁzﬂ@g‘i’lﬂﬂﬂ@nlﬂ

WA W YV
‘lJﬁZ'J ‘I’n‘ﬁuﬂ'ﬂﬁﬁﬂ1§
A Y o ds’
TINIVY UNFTNUF1INT INDUYU
{ ] a o o 4
ﬁ@g ﬂ1ﬂ'J5151'01%'3'6unJEJLLagﬂ')'liJ‘]Jﬁ@ﬂﬂﬂ AUSTIFITUFUMNTAT

UNINGANHAD
A d a a J
sz ine113ddnIunaineniinus
d' o A o J a Q‘{
¥ - uWﬂJﬁQa (ﬂTH']uh’lfJ) : FONFAITATINITYIUNU WU§ﬂ3$ﬁﬂﬁ
(ﬂ1B1€Qﬂi}B): Wantanee Phanprasit, Asso.Prof.
[ 1 4 o a Ly %
AT UN @1%13fJ‘]J53’1]']5]']?]'3%"]@']%’3@1”1]8!’!@3?7'J']llﬂa'ﬂﬂﬂfl

AMZAFITUFIAANS WHIdoNUTAR

=)

Dr.P.H. (Industrial Hygiene)

1
0 Mo HeUBIazANanae ANz AIBITUgUMIENS

=SD. -®

YHIINGIDINYAA
TN3. 0 - 2354 - 8535, 0-2644-4069 - 70 910 103

TN3815.0-2354 — 8560, 0-2354 - 8561

w

o = a v a dw a r r )74 d' Y r
unitazmgualumsan¥IdevealnsansIdei (esvigedvdelaglinimiminlade
o v Y Y I Aav
v TINmIIon
Y
Y] ] [ 1 <
Tangaewnssy lugathigiuil TdimswanumaTulagaeg liledesaaEa way

= ) 9 g [ I = 9 A a
3Jﬂ”|il!”l§Jﬂ%ll"lﬂﬂl‘L! ”lmmzzﬂumﬂiuiaﬂmqmumitmms N1TANUTIAY ﬂ"li‘]JiIﬂﬂ

£4
1A

a & a Y, y o X v
Qﬂiﬂﬂ NITUIUNTITNARN 18 c]f\jl%ﬂjuiaﬂlﬁawu a’J‘HLLafJLl@@QUHWU;@’]U@’NN@@QﬂTim@Q
p Y Y

v A 1 1 o 1 'Qy g’/ @ v o {
VYBINITU LANTIANVADINTVOINYBE F9 luTiNFugaiy naudIunnunineInsNiio

q

e

Y
1" o w Y (%

@ Y a s Yy 1w A =
DYINITINA @Nuufni’i]ﬂﬁﬁiﬂiWﬂWﬂﬁTﬁmﬂﬂﬁgjﬂcﬁu Llagﬂuﬂ']ﬂﬂﬂ15ﬁ\‘l1’;luu']ﬂﬂijﬂ F1]\‘1&“].]1«!



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 105

v A { o a 4 [} o
msaadulivesanulsznoums  lumsidenivzduiiunms e lviussgingilszasnuas
thminenne'll sedesrednuannzimsugne lugatlgiiu

Lﬂ' 1 =< o a 9 =S v [}
denadamIamiuusuI U stazaNulasase luaniulsznoums
A . { 4 1 I 1 1 PN 2 o a
Tudlszma'lne aanilanvan@esluld nde arlFoennaduainmsauiuvaulunining

[ 1 Q3 1 [ 1 [ [ I y { a
Youru uailuiinsiunudi wasnms myaaaldaie Wuuasnisniaiduinisdeans
o A A I Y a [ g’/ [ Y [
autumsiotlumsaadunumswan auiumswanauldaoulsgnounisaie ludsema

Y o A A o Aa Y =y o v X 9 9
InedvsduiiumsluiFosmsamudnivauduerirounisnazanulasans 1edesldna

J 1 Y 9 2 dA 1 g A ~ [ A v W Y
fJ‘I/]‘ﬁW'IlJﬂ15'1J\1ﬂ“]J1‘]5‘I/TNﬂ@]W3J'IEJ C]f\iﬂﬂ’i]?]“ﬂuliﬁ]\i‘ﬂ]lﬂ\1']?.1‘1/]%&’Waﬂﬂuiﬂﬁﬂ'luﬂiﬁﬂ@‘]JﬂWi

Q

' o

a o A Y @ (g ' !
A1499 A1UNIT INTIZMIAIIuOIUNINAINeIFIeusnazaNulasans diulvg
Ay Yo @ Y v A o Y @ [ ' 4
nasz Teminlasy dnezluldeglugdvesdatu Jehldaomlsznoums d5lumulinie
o Aa Y = o @ Y ES o Y a d
autinnuneduodounistazanuilasasy ludniu sz liinanalse Temineauoa
GIANID

[

a 4 a o < )
uwanaluiFes "usegalaluzvesiur Jsovv lddlsenoumsmiunnudingy
lumsasmudiuerdrouisnazanulasansls Feszmalunovylsy 1a1danuaule

A A v ¢ 2 o ] g = 4 o v o & '
1A 0AUENNMUATHIAMAATIINTY ASazIHY TG0 InMsAnYUREINUANUALIUT 211N
9 ) @ [ P Yo v A é’
asmunusunFIuistazaNulaeans nazkallsy Tesinag 1a5ulugdvesdaiiuunay

= a Y 4 3’, =

Fanslsziiunauasygmaasuuivatslssan iaregduny  @aruilszneums
< I ' Y 9 o A 4 q Y o a
A5 N9NINNUIBNUMeUBN I INANTUMS YIe TrrusaumeTuihmssziig
3N Y g a 9 4 A = o @ g
e 1a Bnnamsdszliumesmussygenans luGeweseizreounisuazaulaoany 1y

! Yy A = ' A 1 A () a
Avudlinnuazideasou lunaienTeaniisnursedailsznoums desnsitlame

PoyauN1TzNTVOINUIIRDYANADUNIDENTITUE  INAIBEINITY JoyanTInAglALe ,

9
Y

anmanulilasans nie deyaniuduuisedia Wugduumsiszdiunieaiy
s Y KX I A 2 A ) o 1 dy
IATHFAEATAIEAUDY i uBnuUIMInsIMINgaNdmTvanulseneumsmail
9 o = =2 =2 A a 9 1 9 ~
HansAne Beaulaanisean1slsziua1ugualumsaanuneiue1yIe
o v Y A o o R g a
wiletazaNulasansatenuesluaniulszneunisnmauludgiuguiulssnusan
a J 1 % a d J 4
Tnsiadurianils Taeldasmsansgidunu-saise Temi Ao Tool Kit 409 CERSSO 1
' A A o ! L ya 9 Y ] 4 9 A 3
NATDUINATBINDAINAIFIAAAAUA TNV WNe TF Tuaa1ulsgnaumstssianaaneny
Y o a a s Y g‘/ A 9
awnsolFnuanlsznoumslszandenInstad 14 sawnaieIdaniulsznoums uaz
1 a A 9 Yy 3 = 0w o A Y a o
drnuinerdes Iamudeanud1Ayyen1sa Ui uIUN AU 1T U Az AN

Vasasde wazldgiunudnanlumsduiums1d



Souwapa Kuanun Appendices / 106

U

¢ v
ngilszasnnanveslnsams

1. 19 Tool Kit ¥4 CERSSO Tumsisziiuanuduaimsasnuaiuediounis uaz

anuilasansluaaiulsneuns

2. 1iiefANYY Az NS 1EHANUATURIUANYTBIVE Tool Kit Y89 CERSSO o141

aoudsznoumsdsznndanInsind

v
U

A Y Yy 1! a dw

aWaNT Il AN IINAIINITa
U ya Y Y

wilnaugaveennilumslvideya

1 I Y X A o 1 A R A Y a wa 1 1 A
muu,ﬂuwwummamiummmmiwammmgu’ﬂuumiu,ﬂﬂammmmmmum

U Q

Y =

@ o % ' 1 ] F)
uazﬁmiamu‘ﬂnmum%’mummmzmmﬂaa@ﬂﬂ G?NGluﬁammsum‘muﬁmimumayja
Yo A Y = o @ Y Y J
Vlﬂ@'lluuﬂ'lﬁ‘]/l'l\?ﬂ'l‘l!@'l‘b")’ﬁ]u'lllﬂllagﬂj'lhﬂﬁﬂﬂﬂﬂvlﬂ’ﬁ]ﬂ'lilﬂiﬂﬂjullagﬁllyjm
=X A v o
amuﬂszﬂaum’imauﬂmﬂumﬂﬁmaya

' < 2 A a wa U
go1uszneunisveaniy lﬂuﬁﬂTlHJ53ﬂ'[’)Uﬂ']ﬁ“l)'\?llﬂ']ﬁlﬂﬂi’;lﬂﬂlﬁ@cluﬁa'lﬂﬁﬂu

a X

= [ 1 A A y <= o A y Yy @
J1U mﬂlmmazmmmmmumﬁmﬂmmuu ﬂaJmsmLuums'ﬂﬂummmsﬂmﬂuuazms

q a

2 A g 9 = Y] Y]
Llfglmlsll CD'QE]@ETJuﬂ’lia\jnucﬂ']\‘]ﬂ’]u@']slfjﬂu'luﬂ wazaNuiaeans

9 Ao w dynﬁ a 1 Y Ao &
ﬂ')‘(’Jlfﬂi{]Wﬁﬂﬁ'lﬂﬂ]uu%\?“llﬂmfmuﬂ'luuﬁZﬁﬂ'luﬂ‘igﬂ@’]Jﬂ'l‘iL"llTi'JiJIﬂi\?ﬂWi'ﬁ]El SN

Foyai ldnnmsAnunziuilsz Temideanulsznoumslumssziiuanuduarlums

[
=

v a o o Yo a Yy a & o g
aW;lu‘mdﬂm@wmummmzmmﬂaaﬂﬂﬂﬂ @@'ILU‘Hﬂ'livlﬂlla'J ’EJﬂ‘l/NfNLiJHLLU’J‘V]NMﬂﬁ

ANFANAUTUMTAINUNWATUDIFIOUID tazauaoaiens 11dae

v v v
= =S v U Il A i

fanssumMNNANEIVaINUMY leMuaiaslatsnlasamsIdy aziaane il

ya o 9 A @ A A a dy g A 1 =

HIteazdaunIudoyaneInuguamanavulunufveaniy saudans
o A 2 A g 9 = o o A Yo A
antiumsud lvasdedumsamunemueFreunionazanuilasasei laduiiuns la
szaznMINMuazinne e uRonIINvelnsImsITeH (maaevsIusIndoya)

< 9 1 Y ~ Yya o A ) a
manudeyasinmu azldnaszunm 1520w TaedidvaziEudndiiums
o Yo o a a a o S Y Ry v 9 ]

#8990 1A5UN5TDTeIMINMTUINTo5TIuMIIve Tunysdudl Fedoyalunisirdeniu

[ 9 ad a 4 a s A
GW%ﬂgﬁﬂﬁlugﬂﬂlﬂiﬂl@yjamﬁﬂIﬂ‘iLlﬂﬁ‘VlNﬂ@iJW'Jm@i nivwwNaT



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 107

v
' a o 1 Il

d M v M
Uszlamifimanazifadiunanenv naznodou
damutezaaulszneums

4 dyd. J a X 1 9a Y Y o
sz Tortivealnsanisunmanvzinavunedousouau lums Indeyalunisi

@ o

a A Y 9 Yy ) . A A a wa y A
e e azihIddausouaulumsIddeya ldnsnlunuinmslfiaauvesauiiu ianw
= A o ' P = g ) = @
I{Toan300UAT100619 15 taz laliniains suiunisasnunieaiuereunionazniu
o 4 ' o A @ ] @ ° I
asansluGedlalihihe - Famsauidumssanain anmdszneumsdaanisaiii il lanilu
A A 9, o 9 a o o £Y
M UM IR T paN UN AU F DU NI BazANNYasans Tueuaa 16
Hourisodnulaaiali
= d' FY g‘/ dy =1 Jd ]
m3any1n g luasatiuennnezisz Teviaeniu uazaniuilsznouns Tagnsa
Y oA S YA o A 9 I o A a 4
udrdanlse Teminehoutazdanylassiw ae ansaldaduuumalumsdutiumsngey

Y 9 o A 9 ~ o Y
AUNU LlagNaﬂigjﬂclﬂ«!ﬂjﬁ]ﬁ”!@\iiuﬂ’lﬁﬂ’lluUﬂ’liﬂ’]u’ﬂ']%’)ﬂu’lllﬂllagﬂj’luﬂaaﬂﬂfJ

v

d' A | d' v a dy 1 A ax
AINLAEN 113D mm"luamtﬂﬂcmmmmzmmm UMy uas N1ﬂﬁﬂ1i?’i’i®’aﬁﬂ1ﬂuﬂ1‘i

v v
=

Y A a A v a X v v 1
']Jﬂﬂﬂu ﬁﬁﬁaﬂﬂ’nN!ﬁﬂﬁﬁﬁ@ﬂ?]uﬂuﬁu1ﬂﬁlﬂ‘] ‘nfn‘i]!ﬂﬂsllucluﬁg‘ﬁg1Qﬂ1§!°ln§'33~liﬂ§\1fn§
{gno 9

o J A 9 = o = Y Y a2
NMITUNMHUNIDUDYANHIVYADIUTNIANH @ﬂﬂclslfsll@j;!ﬁsu@\iﬁﬂ’]l‘lﬂigﬂf’)‘]_lﬂ{ﬂﬂ']i

LYl

Mernuanimau lidasany gidnig myasnunaueIFiouienazanuilasans

Q

9 =

' I @ { ] a vy & 2 Yt
GU@?J“aEl,u°U1\1@13“@’]%%$Lﬂ“ﬂ3’]ﬂﬁﬂﬂlﬂﬂﬁﬂTL!‘]J§$ﬂ’f]“]Jﬂ’liVlhliJﬁ'lll'ﬁﬂlﬂﬂLWElvl@ MIUNINHN

[ 1

sugeuaulumslddoyaluauniolidoyanina1d dngusonaulumsIddoyadiunso
s lunmsIddoya’la Taelifinalaqdednousouaulumslddoya

U

Y o ao Y YA o Y v A
Q‘Vﬂfﬂi'ﬁ]EJUIQGU’EJEJHQJUWG]ijiJ'éJTLﬂi]“U'f)\?ﬁﬂ1uﬂi$ﬂ’E]‘]JﬂTiGluﬂTiel,‘H"U'é)iJaLW@

U

Y Yy 9
v A

= ' = 1 A A A o A R
NITANET UASINYUWINITANET AUDNTITNUUHUUIU V]QULWf]aﬂﬂj’uJﬂQjaclﬂ Wiﬂ@@ﬂﬂiﬂiu

9
= Y

) E ) = 1 A
mﬂwmagamm@,ﬂuﬂauﬁuﬁlumﬂwmaua am/lqwamiﬁﬂymz"lmzy%ammﬁmu

U

{ o o § o v 9 ] X ]
Usznoumsiiiimsane esnyianuauriedoyatiseddeaniulsznouns

@ﬂWﬂLﬂﬂLNﬂiﬁﬁTﬁﬁﬂ!‘HHﬂﬁU

yA

v % Y 1 1 b4 4 g v F4 o r <3
NIPUAINHINNNAVUBIVDY AN YBINH ﬂﬂ!!ﬂ ﬂ7§!ﬂﬂ5ﬂy75llﬂyaﬂa‘fﬂ7ﬂf17\7?5 !ﬂﬂ??ﬂ
P vy Nas o P r A
?W‘H ?ﬂ?ﬁnJT?ﬂ!‘lnﬂ@"ﬂ@y@?ﬂﬂ?@ !la&‘ﬁl')ﬂﬂ"’ﬁi’na78"”@%{@@5’”3?5 Ma&’!wf‘)?ﬁ)
v
o 3 o o A a v o a v
muﬁ@uﬂ’lilﬂﬂiﬂﬂ’l‘ﬁ@uﬁﬁ AITAUUUNITIVYLASAITUUFAUDITIYINIUNANITIVNY

9 1o q9a Vo 9 A Y < o ' A
m’)%fﬁlg1Nﬂ1ﬁlwlﬂﬂwaﬂi$ﬂuclﬂc] ADAINTU GUEJy,aﬂﬂWMGlmJW%LﬂuﬂﬁmaU uliliﬁu“]fallag

Y= (Y] () [ 1 ) <
Usgaadaudnas T ldwenwsaeasisuru Joyaawgnmuldnazgoinu 13 luglves



Souwapa Kuanun Appendices / 108

9 [ =

aad A o A 2 = <3 Yo 9
GU’E]?J"a’E]LaﬂT“I/Iﬁl!ﬂﬁ‘ﬂNﬂ@iJW’Jlﬂ@ﬁ 1SRG R P ‘?IN‘l]&ﬂUul’JﬂUVI'N q.'J gnuNvY LLﬁZ‘ﬂiZTﬂu

u

a a s A a @
HagnITUNIIAIUANINGTUNUS ﬁfﬂﬂ'J‘]f'l’s:fﬂlﬁWﬁﬂg’Q@]ﬁWﬂﬂiﬁNuﬁ%ﬂ'J']ll‘llﬁ@ﬂﬂﬂ A

I'4 a Y] a ﬂJd' Y K 9 1 9 9 =X
AHITUFUATATUNIINGIDINYIAD QWﬁWNWﬁE]HJ']fNGUfJiJ"aﬂJfNW']Hulﬂ llﬂLLﬂN'J‘ﬂfJ Usesmuay

U

9 =

a S g <
NITUNITAIUANTITUNUSD G?iwfma‘nmmmLsﬁjﬁmmzlﬂu%gamwmuLgaxﬁgﬂwamq

U

Y [

a J g}/ 1 d' d' ] d‘ a o 1A J ] 9 d' 1 9
AFINTINIUU TIUDU ‘V]lliJLﬂt’J’JGUfNﬂ“U\ﬂl!’J‘ﬂfJ%%lliJL“]JﬂLNEJLWI@‘EJ'NGlﬂ mayjawmuiwmaz
< Y o a & g A sy Y A
mu”hwaﬂmﬂﬁgﬂwau,axmummmmmmwmﬂuiugﬂuuumiuwumﬁt’mﬁaﬂum 310U
o o 4 o 1 ad a o
NITNIAUDNATT L@ﬂﬁ'lﬁw@jﬂﬂ'laWSéjﬂﬂlﬂ%@QﬂWﬁWﬂL@ﬂﬁWi ﬁ?ﬂ%@gﬁ@LﬁﬂﬂiﬂUﬂ&ﬂ%%?ﬁWﬂ

Y ad a J a 4
I@fJﬂ’lia‘U"Uﬂis!ﬁ@lﬁﬂﬂﬁ@uﬂﬁﬂ?ﬁﬂ@ﬂ‘v\nm@i

aNEMIneuAI90n91NINTINTIVY
1 aAa Ql—ﬂ' (2 Y 1 a v 9 d' = 1
muliansnezoouddrnnmsdisiulasimsise laynie Taglulinansznuae
9 A v A A A Yo ]
winmsnuuazaiaamsoua inulasueg
dd'd o_ o A a d'd' Y [y av a ' Yu A k4
nsaifdmad iy vwsegnidu NiferdesnulnsemsddeannsefanelsuRareulnsamsia
Tagazaini
A £
¥9 UNAAAIN AONYY
4
nod (lunarsyms)
MadneIieuionaranulasant AnzaIRITUgUAAAT NNINOIEoNTAa
o
Tnsewn 0-2354-8535,0-2644-4069 - 70 130 08-6746-5395

E-mail address souwapa@msn.com

[
=

mtj (HDNLIDIIVNIT)
139/90 1.63M09 0.WHA o5 U nW.51 ALF895 1000 0.019U2DU 2. WITUATATOYEY

TNsAW 0867465395

Aau o U a a a v dJ
Tnsams e A umSusesnnnaenIsuMsfiosana3esIsuMIVEIUNYYE Vo9
d a (Y] a d! Ao v ld' aa d :’J
AMZAFIIUGUAIENT HHINNABNTAD FIRGNNOUeEN 21MsIEISUTUIAYY Tu 4
a [y d
420/1  DUUITID IVAFITINT NFINWA 10400 INIFHWN 0-2354-8543-9 61D 1127, 7404 INsans

0-2640-9854



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 109

APPENDIX C
INFORMED CONSENT FORM
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APPENDIX D
DATA COLLECTION FORM

4 a3 1 1 @
upuesy msmudoya aldneluasmsilesniu amgiunuves CERSSO

MIAUUUNIS 117y M3 DRMTRYY Wi | dunuae | msdszinm
NAIY ¥ nue | viuleae ANy | idesie | anldaiese
= &% o [ 9 A ~ A ~ ?x’/
oWeMNeay | dmsums ms @goams | WwouAl | wouAlnaiua
autlasane U5z ANUUMS AT
(Intervention) AUUUMT
A B C D E F G = D*F
uraR e

gunsaitlesiusuasrearuyanavesfiianu

o 4
NITATIVIANNNNITLUNNY




Souwapa Kuanun

Appendices / 112

pupleumstlszdiu srlFelumnasmstlesdu awziuuuves CERSSO

d‘ 1 Y 1 Y
ANUIFBA HANTENL wesms M3 | dsznaleae | aleee
9 9
AUHUMNT navinaaeeu/al | NaNAveq
naMsUiRa | wasms
D*F
~ 1 o A
nuraenuila
A o
ndnna

ﬂ”lﬁ@]ﬁ’)ﬂ’ilmfnﬁﬂﬁlmﬂfj’

33U

D = SIUIUKHUIADMTA UL UM

F=

9

1 ] A =)
AunuaonIeBRouAl



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 113

o < 9 a [ Y 9 1 Y A
suuvesumainuveya tazlsziiiumlgaen1ansa neeen taza loneaue
MugYuVYeI CERSSO

14 < 9 a 1 Y o o 1] o 1 Y
1.LL‘]J‘]J'1/‘I@53Jﬂ13Lﬂ‘]JGUfJ3J"a Ltaxﬂﬁzmuﬂﬂ%ma: @]'JL!.‘]J?ﬁWWiUﬂWiﬂWH?ﬂ!ﬂ?i%’ﬂ?ﬂIﬂﬂﬂi\i

1A aI/N 3l
o o [ ) ] Y 1
duls peftlsznon | wide | Swouves | wideany | dunude | msdszanm 59
voamnldme | m3da U9 #oams U9 N5UDIIIA
dmsums 3N
Uszanamm
A B C D E F G H
3
magualuizes D*E*F
MARAURY
szoznang D*E*F
U3 mInams D*E*F
uwndlFlums
quaf 145y
iAme
MIVUE D*E*F
o =4
A1dS vy
Tugalsamenna
Maguan D*E*F
Tsanenuia
i
mM3rugy D*E*F
FUTTOMNLAY
NSANAINVDY
WUNNUAINNS
F
Huylaussann
HATNIAIUAN
Fluszeziian
v a
919927 093)
v A aw v a A Ay
SowaziiuItmorSuRinreu % Quiifeany




Souwapa Kuanun Appendices / 114

4 < 9 o A A 9 1 Y Y @ A
2. LLUUV‘I@??JﬂWﬁLﬂ‘UGUfHJ“aZ Al sninedvesves “ﬂ'ﬂﬂfﬂ']ﬂﬂ”ll!!kﬁ\i\i']u UAZIANNITHAA”

° ST & ° 1 Q9 9
(mimmmtﬂumuwuweQmﬁmmmﬂﬂﬁvmﬂmmau)

o

F v
g Algmluiuims

a

Pl

o o Yy v A ea
"U?Jll“ﬁéllf]\iﬂfﬂﬂﬂﬂ10ﬂ1uﬂuuu!£iﬂd?u ﬂgumm

1.1’3ugﬁaum§ammwﬁmm “““““

198N Res WwoyAaInT/AUIUT Tuensiau

2. 1919 Tuaiteny

Y a v

3.[3mﬁaum?wﬁm§’u AUITNITICAUNAN

6

4.5 Tuangapdeliiosningiinme

aa A

o N o { g
5.msquﬂammmwummﬁmﬂqu wma v aminaunRuY

Ao &

6.0 VAN VUDILTHN HedoanroRupeudiunils Tae lisouegluns

sz Gzapilu %)

22

7.2 Tuangayds Taeminauaudue 1Hoanmgmssiiug uazmauague
mamlunszuaumswaaignugald ouq,mssromae dasmw anwaini

3198997 Tusveaminauuaazauninsvga

8. Myt Tuaamie I nsnga dhullanalnd

@ewenda Tusmshauignldlal)

q 9 ' o Y a o ' A "y
9.5&’1#3@']1/]15]5“1]@\1!!95]@&’m@!ﬂ'ﬁmiﬂﬂﬁj‘ﬂiﬂﬁizﬂ‘ﬂﬂﬁﬂ (ﬂ1§‘U’Jﬂ!1’iﬁﬁ)LLﬂﬁjﬂi$ﬁU
aa @ o a
RUALYIA, ﬂﬁ‘ﬂiﬂiﬂi\‘iﬁ%ﬁﬁ]@\iﬂﬂﬂﬂial.uﬂil"]J’JuﬂﬁWﬁﬁ , DITEDUAIULAENIT

F109UQUAY , DUA)

A

10.m1¥elumsgenusursonlasuniossns Tunsainmsdseiulinsounqu

' A o Ag 9 ' = =
- NITYOU : ﬂ'ﬂﬂﬁ]Tﬂﬂlﬂﬁﬁﬁﬂﬂiﬂfllﬂ!!azﬁ'\luﬂ@‘ﬂlﬂﬁEJH

a

- mManauny : MlFeveuniesinslui audlremsivesveunieadnsnidere

Q9 [ A A A A
1L lgnelumsgonusy vsonaunuasolioidanie

g9 ' A o da A A aa
12.m1dnelumsseunsursonaununsndaudeneaun lunsaiiing
Usziulinseunqu

- mssounsy : mldnevesiagild lluazsudiuihtimanlaeunias

1 q Y o A o A A o A o '
13.alFevesiag wanduainaz/msemsgadeia Tunsaiinmsdseinl
ATOUAQY

a o Ay 1A P
-waasaein lulinsulasumlas : 510

a o IR A v v A
- waanumnnulasundas FINAUNUUINYAAUNY

~ o A o ¢ A A A A a A da
14.83ausudulumsisunieddns, gunsaivienseie Tumamuauasina

- - v 9 ' gy '
Aanudene varzusede lagnaey (szymldnelunsvon)

15.usvend Tueinaunulunsyiau

16.3osazvornui I i lusennaniminaunua 7lal4 1

& o Ay Yo < A g A o ' a a
17.mawum1u‘w"lmumﬂmn mamuﬂmmﬂgnmmm, 1) waranlnaveos

o Ay v Y 1a an ]
winad ldvga ladwanagiamaiu

a a




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 115

o

v ]
g Al luiuiing

a

9 o v v a wa
"U'l’]lQJ'aGUBﬂﬂﬂﬂﬂﬂ1ﬁﬂ1uﬁlu1ﬂu!ﬁﬂ\ﬂu ﬂ;]‘umm

IS E!'
2 NIUN ...

=D.

dd’ =
nIUN 1 NIt

lB.ﬁ’J11’i1ﬂEJ"UEN‘I?’JIiNﬂ1§ﬁN1u

v
19.51mmmwammwﬁmawu




Souwapa Kuanun

Appendices / 116

I'4 a 1 PRl 1 9 9 1 9 @
3 uyunesuysziiualee: ﬂ1§ﬂ3$ﬂ1ﬂ!ﬂ11‘]ﬁ]18‘ﬂ1ﬁﬂﬂuﬂlﬂﬁLLﬁQQWULL@ZﬂWi‘]ﬁ]']fJ‘U’t’N'Jﬁﬂ

-
N1TRARA
U A t;‘ o \ Fal
2119% gasmsmuIn ml¥ae
TqQuU A A A
ml¥one AsaIN 1 A58IN 2 A5OIN ...
\ v b4
Lenl¥nemamuusany
1.1 nai gapdelvesdihe vinmsiiagiime (Hx@=
12 naﬁgﬂujma'lﬂiﬂagﬂgummﬂuau (OX(7) =
1.3 92 TuamsNdenunay tevi i [2) - (1)]x(8) =
a 3 a
nszuIumMsHandivlng
1.4 MInaunuRudouuaaz ¥ Iuaveaninau (3)x(9) =

1.5 mimmmuﬁmﬁﬂuﬂumwﬁmm mnumMsIm

doan i

(D x(15)=

\J 78 U a
2.l evesTaglumsnan

=) d‘ a v d‘ [ 3 U Y1
2.1ﬂ’ﬂmﬁﬂ‘l’i1EJ°I/ILﬂﬂﬂ“]JmifJ\ﬁ]ﬂi(ﬂﬂ"UinEJ‘UEN

Futle

10
MITOUNTBNMINAUNY)
2.2 aANudeMmennanunIoalle (A ldneues 11
MIFOUNTDMINAUNY)
= Aa o o oa A A
2.3 Anudemenmanuningaudun (e 12
YDINITHOUHIBNITNAUNL)
=) @ a @ 4
2.4 auviganuidenieluiag, naasual uaznio 13
o
Vo A o 4::: a A
2.5 M iagionaunuiagnndemovmsi 14
fageuLy
T qur a4 2 A
2.6 Al EAMBAUL (149NN NAUNUANY (15*16%18*19)
Frunguesdifriaan +H(1*15)
]
2.7 i dieannmsnaniiiosas h
2
FEHINTIIAWeIN 1T é’ nagliAtg Wio (17%18*19)

2.8 mlFevesiagmisnan

\ v g‘/
ml¥aenarva

gasmsmum 619890 nd w5 4o 2



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Industrial Hygiene and Safety) / 117

I~ a U U U U <
4. nupvlefumanudoya nazdsziiua1diie: aldsenala

gAIMIMUIN

1 Y
ml¥ane

3.l¥Fanenaly

v v
a o

o
3.1 nalFlumgmsal Taodmihnsea
maia@uims Hmihnswaa, innssy

)

A A ' <
Numaulmam{’ﬂnﬁ

* ANanU

A k3 Y g
3.2 wm‘wnmﬂum@;mim Iﬂﬁlﬁﬂ‘l"i‘l«ﬂﬂ‘ﬂ

= 9
NYIVD

a A ' <
Numauzmawﬂm

* aadnu

4
,MITIBNU,IUY)

q o a ' o
3.3 nailglumgnisal Tasiinaugeniig

(ﬂ15ﬁi’J‘Uﬁ]usl.l’l’]\‘i?iﬁWﬂﬁﬁ]ﬂﬂu,ﬂﬁ“ﬁ’OﬁJLL“ﬁﬁJ

A A ' <
Nu!ﬂau!!mﬁgfﬁjiuﬁ

* ARanu

~q Y C4 o
34 nmaldlumgmant Tasmsinyszuy
anuilaeass Iagsamaiiamsas eIy
9UAINMA,MTTNTIONU, MIANHIVDI

Y _ o
NWﬁﬂﬁﬂﬁﬂfNﬂu)

a A ' <
Numauzmawﬂm

* aadnu

{ '3
3.5 a1l lumgnisel Taedouaszuy

YAAINT(WITMINNMIUINIG)

a A ' o
Quipeuuaazy 139

* AU

A A A o A =
3.6 ﬂ']‘1&]55!]']fJﬂ\jmlﬂﬂ’JﬂU!’Ja']ﬂqﬂ]ulﬁﬂ uag/

Wg’l’]ﬂﬁ‘l’if‘JWUi‘J\iﬂi%‘]J’JUﬂﬁwaﬁl

Vv
upaai, i)

o o= I
3.7 Tlduiilesnngiiting (remas, leszime

Y A

3.8 magaydovesdum nautiums luuds

3.9 ﬂ’JnJgﬂJ!?’ffJ‘l/TNﬂﬁﬁﬁ1ﬂ

3.10 unad InydmSumsvuaanadn

~ X ' e
ﬂ5mﬂluﬁ']a,fﬂ‘]fﬂl‘]fﬂ,ﬂ']ﬂiﬂllagﬂ']iﬁﬁiﬂll
o A v X o A4 2

wam'lsnantesasdelseduimuiy

)

' T\ o Aa & a2 ' '
3.11 aldennavulunsalvuma (e lgne

Ay e




Souwapa Kuanun Appendices / 118

4 < a 1 1 4
supuWesumsudeya uazdsziuldine: anvaugavesdunu-naise Tea

[ Y U \J 7l :’J a wa
SEAL msasulumsileain M ImNAveINIINARLIAITA
dvy a4
nazlsndaldgnnanides
' @ ¢ ' v '
G gUnyal UANg JIUMAERY | NNATY | NdeN | IINHAYeY anu
o A 9 o 14 H
fiuta {loanu NIMUA A NIuA B anea
oUATIVAIN
o
WManswd UaAna
dd’
N9 1
n59I9 2
dd‘
AN ..
3%




Fac. of Grad. Studies, Mahidol Univ.

APPENDIX E
DATA COLLECTED

L.A3AIANEIN 1 TuN 07 /02/2553

IS 1 1 [
1.1 nudoya mldseluuasmsilesiu amgiunuves CERSSO

M.Sc. (Industrial Hygiene and Safety) / 119

M uIUMS LATRY msdanine | Swaumite | wiieanw | dunude | msdszinm
k3 1 Y ' 9 ] 0 P
NA mldae ADNS ADAN5 e | aldnese
= o o @ o A = = I~
21%0ulY dmsums guiiums o/l o/l
v
HazAY sz NIMuARDNS
aoany Aniumsg
(Intervention)
A B c D E F G =D*F
urasnuiia
] F2
manlasu viaoa vl vaoa 11l 93 6.611)/n59 544.63 50,650.59
viaoa i LED LED
= ' ' o o ' a0 %
msulaeu FRFouIge | Swama 93 6.611/n54 2.57 239.01
vinoa v vourhey UHIGIEPK
I ] FJ
tamginsal | gUnselidis | ginsalide 93 10 /mT 30.00 2790.00
1Uo Chip Chip Chip
] FJ
minTilsunsy | segeuthge | Swauma 93 17/m53 33.97 3159.21
M3 vourhey CHIGIPK
= @ 9 o a0, ¥
M3ydneDsw wamhaw | $wau 1 17/n54 878.82 878.82
wiinawIna Wanthaw
] FJ
winnuiides | wminau T 7 13lm39 462.66 3238.62
&= @
widneusy winau
ginsaitlearusuaseduynnavesdifiinan
@ o
MINTIVIANNMITUNNG
59U 60,956.25




Souwapa Kuanun

1.2 madszdiu arld9eluanasnmsilesiu awgiuuuves CERSSO

Appendices / 120

AN HanIENL WIATNS NI Uszinumldionaiua | mldsienmun
AU aotnouAlnnms VOIS
fundasuiia

MM wan@eansgnity | viaoalulviaoa D *F
19309803 N LED D =93 50,650.59

F =544.63

msnfounaen’lu: D*F

sngouigaueshs | D =93 239.01
F=2.57

aunsaliy Chip: D*F

ansalifie Chip D =93 2,790.00
F=30.00

Tsunsumsviu: | D*F

Fugantgevesdhe | D=93 3,159.21
F=33.97

Msfneusuimth | D*F

NU D=1 878.82
F =878.82

Mifnousw: D*F

ffiiaem D=7 3,238.62
F =462.66

Ndyana
msasvianemsunng
33U 60,956.25




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 121

o < 9 a [ Y 9 1 Y A
1.3 wuuesumsinudeya uazlsziumlo91en19ase n19den uazmlyagdnus a1y
JUlUVYee CERSSO

4 a3 a J J o o [ o 1 J
1.3.1 nuueSumsinudoya uazdszdualdoe: dusdmiumsduumldnielasas

C4 =
mqmim/ﬂim
o 4 ] o [ v '
Ay ostlsznen | wide | Swouves | vt | dunuae | misilszanm 39U
o ld9e | msda {1ty AW Wie | MIveInIm
dmsums doams FIUNY
Yazanan
A B c D E F G H
3
msqualuizeune D*E*F
N - - - - - 0.00
RNIAY
szoznaNg IHUs M3 D*E*F
namsunnd 19y D*E*F
V. - - - - - 0.00
msquar 145y
QiAIHe
MIVUE EELTEATRN D*E*F
EEE 1 41w/
@ < @ 1 Aa @
Alasumadullds | Anduma Til-ndv 12 L. 48.00
N - a3l | N lawas
Tsanenna Alawas
maguai lsanenna T D*E*F
. ) ) 1 10613
Msnw S 159 . " 10,613.00
. mamIel | DN/
NI
Fa
msuaussonm D*E*F
HAZNIAAAINYDY
. 2 . :
winaammsuy Y UM " 1 60 LN/
nsdwa | 14 A54 , 2 840.00
ANTTOMNLAZNT NI 1gn3al A33
g =
auguiluszeziin
Y a
91992A0IY
SowaziivItmorSuRinreu 100% Quiifeany 11,501.00




Souwapa Kuanun

Appendices / 122

4 < 9 o A A 9 1 Y Y @ A
1.3.2 LLUUV‘I@??JﬂWﬁLﬂ‘UGUfJiJ“a: Al sninedvesves “ﬂ'ﬂﬂfﬂ']ﬂﬂ”ll!llﬁ\?\?”lu UaZIaYNITHNan”

° ST & ° 1 Q9 v
(ﬂﬁﬂWu’m&Lﬂuﬁ’]u‘HleUﬂ\‘]ﬂﬁﬂWH’Jmﬂﬂ%mt’mNfJfJﬁJ)

V) o v v
‘umgasumﬂi]i}ﬂmqmumuuuxmqm

o

guiame/ Jamlu

a a
v

A A A oa
nunMsgiRnu

ATAIANEIN 1

1.1’3ugﬁaumﬁammwﬁmm “““““

77.11
' Y1 A Ya o < o
1 lF1enuies weayaans/Aaug Tuanmsinau
2.m 19909 Tuadiery 0.00
3. [uieumasdmsudismsseaunan 146.47
4.5 Tnangapdeliiloanngiiame 119.50
o A a o A o A
5.MIaMgaUYINInOLinagiAeg Wiewinnunluie 112.00
o a A o X 1A ' & ' ' o I
6.ANUS VAR VDIV EN FedeanrwuRoudiunila Taglisweglumsisznu iy %) 100.00
4 = = o & & X & a
7.5 Taigaude Taentinanuaudus 1HeamnMamMasitileg uazgnadus AN 1.00
a A P [l A A Ay a o '
malunszuaumswanignugald dus,msmemie asnn 1819899 Tuavoaminauua
azAURlNIHYA
& a 4 a g a
8.m39193 Tusiierite lmsnaa flu lanaln@ 0.00
(Wevend? Tusmsvhauignldl)
Hq ¥ ' o Y a o ' A 'y aa
9.3z Mdvewazmansal lagduimsszaunan (Mmsemasundilszaugiiame, ms 1.00
o s a aa 4
Y5uTaseadnvesesdns lunszuaumspan , mIaouaILuarMITeIugiame , 9u)
10.m1Fnelumssenusursonlasuniossns Tunsainnslseiulinsounqu 0.00
' 1 q o dqy ' = =
- magew : MlFnevesiagild liluazdiungnulasy
- manaunu : ml¥eveuniesins Il audlemsuesveuniosdns Mideno
Vg Y v A A A A
1.mldnelumssounay vionaunuas oo ey 0.00
QU ' A o da A A A o '
12.mldnelumsgonusurionaununindaundeneoug Tunsainmsdsziuluasoungu 0.00
. ’ . .
- mIgounan : ml¥sevesiaanly liuazFuaruniinsnlasunilaa
EA o a o o A 2o A o '
13.alFnevesiag wanduainaz/Miemsgdeiag Tunsaiinsdszinluaseunqu 0.00
A o 2ay 1A =
-wanduAn lilimsn/asunias : 51
a o oA = v A
- Handasinnafasuula : simdunuuInyaniy
o o & A o s A A A A a A da =
14 ianusuilulumsuniesdng, gilnsaiviensedle lumsiiuaudsiifan nu@erig 0.00
- ' 9 ' ' PR '
yaziunedlagnaen (szymldaelunisson)
15. 090003 Tueinaunu lunsviau 118.50
16 Fovazvosniui hildvi lusznianiinsaununar #1814 100.00
4 o 4y Yo 3 3 A oa ' a a o A
17.dfeminanui 185uady vienuiheuilfidaude, sy nandalndvesminaui ldnga 0.00
Y4 o
lilasuamagiiamgiu
FY < o
188 hwngveedd Tuamsyhan 125.00

v
19. 5970 HAAS UNLAAZ T




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 123

4 a 1 1 1 1 ' J
1.33 LLUUV‘I@??JTJ?%L?JHﬂTGl%}‘NEJ: ﬂ']'i”IJﬁZiJ']fL!ﬂ11‘]?%1fJ‘VIN’gﬂllsll’t’NLL'ﬁ\?\ﬂHLLﬁSﬂ'IalGIS)'IEU']fJ‘ll@Q

U =)
ﬁﬂﬂ?ﬁwa@
o 1A o TqQut T QU
2119% gasmsaioumling ml¥ae
aR A
NSUANEIN 1
\ v b4
Lenl¥nemamuusany
1.1 naniigaydelivesdilie 1inmisinagiiame (1) x (@)= 9,214.65
1.2 naigyde l Taedufidauaudu (X7 = 77.11
. ——¥ 1 — -
1.3 $2 Tuamsndnmniu el nszuaumsedadiulnd [(2) - (D)]x(8) = 0.00
1.4 Mynaunududeumaz s Tuaveaniinay (3)x(9) = 146.47
1.5 MmsnaunuRudeuvesniinau minlinsvdayan lui D) x(15) = 9,137.54
\ Y U =
2.mlidvesiaglumsnan
a Aa o A o A ' A
2. IANMFSMENNAN AT 8903 (A lFD18UDIM T FOUNI DNT 10
NALNY) 0.00
a Aa o A A A ' A
2.2 anuFemeinanunsoalio (M 1¥nevesnsseunsons 11
NALNY) 0.00
= Aa o v da A R v A
2.3 anudeenmnanunindaudug (ml¥nevesnssense 12
MINAUNY) 0.00
2.4 awnganudenioluiae, naadus uazviedag 13 0.00
Vo A o Ada Ao o 1
2.5 mawniggilonaunuiag @ eevaz Niassouasy 14 0.00
' v 44 3 4 o
2.6 lFneiiiniu HoannmInaunuaNuFIIYY (15%16%18*19)
I RERRM +(1*15) 5,193,512.54
T gy A A 2 A a 4y v
2.7 M lFeRmuuuIn 118941nMsNaa Nt eeadTe I h
f 4 a wn 3
voamsHuy fninagiiame vseuile (17*18*19) 0.00
\J Y :’J
mlFaenavnag 5,212,088.31




Souwapa Kuanun

I~ a 1 1 1 1 )
1.3.4 nuuesumsnuveya taziszidiua 19i1e: mldienaly

Appendices / 124

Y T du o \J Fl \J Y
9% gasmsmamldae ml¥one
prp] A
nFAANYIN 1
3.l¥Fanenaly

~q Y o Y Y A o A Y a P ' 3
3.1 nalFlumkamsal Tassmihiszaumaiia@usms, Jupouuaazd Taa * y31.38
WINTMINE,IFINTIN,BU) nafNaImnu

A U4 9 Y AA A P P ' 3
3.2 naqumlumgmsal Taasmihininedos Jupouuaazd Taa * 266,36

nafiamu

~q Y t4 a ' ° a A ' <
3.3 naaldlumgmsanl Tasiinaugeniiig (msaeudiy NUABULADE Y g * L0101
VDINANUIITU,AMITEOULLELY, AT TIBNU, DU) nafau

~q Y C4 o o A A ' <
34 naaldlumgmaa Tasnsinwssuuanuiacanslag | QuiRouuaazyalug *
' A wa ' = A 116.56
FINATAMITAOVAINGUANE,MTTNT VN, MIANHIVOL | NaIfaInu

Y @

WIATMINMSIT0enu)

Aq Y U4 ) A A ' 3
3.5 nalFlumgnisal Tasdauaszuuyaainsusms Jupouuaazd Taa * oar
NNM5UIHNIT) nafau
3.6 MIF9ensNineINDIANgEe 1az/M5oMI1HYATDT 0.00
NITUIUMITHAA

o A aa ¥ a o 3
3.7 Tlduiiesnngiiame (omaq, loszme une,ii, i) 0.00

a A Y Ao a Y
3.8 magayudovesdud ndutiumsliuds 0.00
3.9 ANUYTINUNIAIA 0.00
3.10 unad InydmSumsvuaanadn 0.00
T QY1 Aa & X e ~ X

3.11 anlgennavulunsaivuma (mlgnensalduma,
] ' @ ° A D] e o
Avae aSuazmsasiny,mam lsnantesas dodse iy
44 X 4
MUY BU) 0.00
mlFaei Iy 862.65

4 a3 a ' '
1.3.5 nupvlesumanudoya uazilsziiualdne:

Y 4
ANVANAavaIAUNU-Nalss Towl

msasulumsileai MlFenanunvesmsfagiatme
duy a4
uazlsnddldgnuanides
uvasin | gunsel uwngd | soumades | N1aasq naday | 3Iumadey
- o e z " ANNANAa
fin Yoaru NIHUA A #INYA B
OUATIY
) dmana
nsaN 1 | 60,956.25 0.00 0.00 60,956.25 | 11,501.00 | 5.212,950.96 | 5,224,451.96 | 5,163,495.71




Fac. of Grad. Studies, Mahidol Univ.

2.052ANN 2 Yuh 07 /02/2553

M.Sc. (Industrial Hygiene and Safety) / 125

< 1 1 o
2.1 nudoya mldneluinasmsilosnu awgiluuuves CERSSO

MIAWIUNT w1490 1539 T NUIWANY funuao RESIREATRLY
nAY dmiums Wiie iAo foans W10510 mlFneso
e1FeunioIaz Usznw ms o/l o/

Vv
anuilaoass AuiumMs NINNARDNT
(Intervention) ANHUMS

A B c D E F G =D*F
urasruiia
a o A o A o A a0, ¥
milanduau milAuau milAuauy 17 510/m34 18.28 310.76
SRR TRER TIUIUB .z
, o 2 51/m3a 13.59 27.18
vourhey S RIGIRPN
gnsaitlesnusuasisauynaavesfuiiaan
@ 4
MINTINIANNMITUNNG
33U 337.94
a 1 91 9 v
2.2 matlsziu mlgnglumasmstlesn awgiunuves CERSSO
= S v 3 R
GRRHIGEN WanszNU wasms maduiiums | dszmnamldneniue | aldienaiue
1 = a4
aotAeu/Alonms VYOAWNATNS
Uiinau
D*F
3 5 . -
Murastuiia
msUfiaauly | wan@ewnms | Aamlduduamiliuau | D*F
2 4 4
anmiuay au D=17 310.76
F=18.28
a o A ' '
Aamiiuau:yegen | D*F
1134 D=2 27.18
F=13.59
=
anana
@ o
MINTIVIANNMITUNNG
U 337.94




Souwapa Kuanun Appendices / 126

o < 9 Aa 1 Y 9 1 Y A
2.3 wuuWesumsnudeya uazsziiuale1en1nse neden waza lyaedus aw
JUuUDYe9 CERSSO

4 a3 a J J o o [ o 1 J
2.3.1 nuuwesumanudeya uazsziualdne: dulsdmsumsaununldnielasas

o =)
MeMIal/NTA
@ k4 1 ° [ £
Al asAtlsznon R S LRTL et dunu | msdsznams 3
voaml¥ae 1399 VYBINIUIY #oams ok YBITINTINNY
dmisums ATel]
szanam
A B c D E F G H
A H v
msqualuieaig hedn ., 0.026
- 4ec 1 1igMaal D*E*F 0.10
PRy LK
o Y . 0.20
) 2 1 i maal D*E*F 0.40
Mug1
< 3 o P
MUK 1N 1103 . . 0.50
16U 1 Ml D*E*F 0.50
18
fhienila . . 0.58
16U 1 11ig Ml D*E*F 0.58
LKa 2x2
paileans 19 1 mgmsal 130 D*E*F 130
M0 owiihe 15 1iia 1 gzl 2.00 D*E*F 30.00
ouRonEy 15 iia 1 mgmsal 2.30 D*E*F 34.50
szoznagIiusns | uwnd ms P ) 7.00 D*E*F 7.00
) . Y - 1039 1 11ig Ml
namsunng 141 BN Tusms
Vo
msquar 185y CANGE ms Y . 6.00 6.00
- - Y - 1039 1 11ig Ml D*E*F
gUidIg maila Tdusms
MIVUE
Aldsunaidyllds - - - - - D*E*F
Tsanenna 0.00
Maquai Jsanenna - - - - - D*E*F 0.00
& 3 9
msiuyaussann Y Wi .,
i auwa dec 4 1Myl 0.026 D*E*F 0.42
HazMIAANNYDY L
o 2 P
wiinaammsiuy JEGAGIT ) . 0.20
Y 25w 4 1Myl D*E*F 1.60
AUTTONNLAZNS fMuen
munuiuszozitn fhieaila 3 0.58
v 16U 4 1vigMmaal D*E*F 232
8199zA04) LA 2x2
NTRIAN 19 4mgmsnl 130 D*E*F 5.20
wewna: | ms . ., 6.00 24.00
- Y - 1059 4 1vigMmaal D*E*F
main Tdusms
SowaziiuitnezSuiiavou 100% Qundesag 113.92




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 127

4 < 9 o A A 9 1 Y Y @ A
232 LLUUV‘I@??JﬂWﬁLﬂ‘UGUfHJ“a: Al sninedvesves “ﬂﬂﬂfmﬂmuuﬁwm UaZIaYNITHNan”

° ST & ° 1 Q9 9
(mimmmtﬂumuwuweQmﬁmmmﬂﬂﬁvmﬂmmau)

guiamigy/ Tayrinlu
v o y 9 A 4 A an
FoyavofadenamuAUNUIT Y wuimsUfiaau
nIfANEIN 2
A A = o
LAuRoumAsyImIng. ...
' Y1 A Ya o < o
A 191893 10aYAAINT/AMIUTI Ten 139 77.11
2.m 19909 Tuadiery 0.00
3. [uideumasdmSufismsszdunan 146.67
4.5 Tnangapdeliiloanngiiame 2.00
o A a o A o A
5.mIamganuveIntinauinaglame wewinauinue 0.00
v a A o X 1A ' & ' ' o I
6.ANNSUAATOUVRILTEN FedeatroiuRoudiunila Taglisweglumssznu iy %) 0.00
4 = = o & & X & a
7.9 Tuangads Taswinuaudue 1e99NMgMsaiiueg uazimaraus ,Auain)
a A P [l A A Ay a 1 d o
malunszuaumswanngnngald dus,msmemae asnm N81edsauuac Tuavoawin
azAURlNIHYA 0.50
& a 4 a g a
8.m39193 Tusiierite lmsnaa flu lanaln@
(Wevenda Tusmsvhauignldl) 0.00
Hq ¥ ' o Y a o ' A 'y aa
9.5zna1m lgvemaziignsel lnodusisszaunas (m3siemdeundlszaugiinme, M3
o 9 a wa 4
Y5uTaseadnvesesdns lunszuaumspan , mIaouaILuarMITeIugiame , 9u) 0.50
QU ' A = A o ~ A o '
10.a1Felumssennauvsonlaowasoins Tunsaiinsisziuluaseunqu
' 1 q o dqy ' = =
- magew : MlFnevesiagild liluazdiungnulasy
- manaunu : ml¥eveuniesins Il audlemisiuesveunioddns Mideno 0.00
Vg Y v A A A A
11.mldnelumsgounsy vionaununseioNideno 0.00
QU ' A o da A A A o '
12.mldnelumsgonusurionaununindaundeneoug Tunsainmsdsziuluasoungu
. ’ . .
- mIgounan : ml¥sevesiaanly liuazFuaruniinsnlasunilaa 0.00
EA o a o o A 2o A o '
13.alFnevesiag wanduainaz/Miemsgdeiag Tunsaiinsdszinluaseunqu
A o 2ay 1A e
-wandusin lilimsn/asunias : s
a o oA = v A
- wansmannalaeuntlas : sidunuuinyaning 0.00
o o & A o s A A A A a A da =
14 anuduihulumsmuasesdns, ginsainsenseiie lumsmAuasniinanNudeno
yaziunedlagnaen (szymldaelunisson) 0.00
15. 090003 Tueinaunu lunsviau 1.50
16 Fovazvosniui hildvi lusznianiinsaununar #1814 6.25
& o 41 Yo < A gy A ea ' a a o Sy
17 eminaudn Iasuuany wseuhewnljidauae, sz nanaatnavesminaui ldnga
Y4 o
lilasuamagiiamgiu 0.00
FY < o
181 hmanevesda Tuansviau 1000.00
a o o2 1 &
19,5990 HARN ULAAZ TU 3.50




Souwapa Kuanun

Appendices / 128

4 a 1 1 1 1 1 1
233 LLUUV‘I@??JTJ?%L?JHﬂTGl%}‘NEJ: ﬂ']'iﬂimﬂﬂ!ﬂfl%*mEJTINé}’t’JiJGU’t’NLL'iQQWHLLag ﬂWGl%}‘DWfJ‘UfN

[

AANIHAN

ue
(=
o
=De

o A\ Y
gmmsmmmﬂﬂmw

a2 =
NIUANYIN 1

A\ Bl Y
l.ﬂﬂﬁiiﬂﬁl‘n%?ﬂTl—!!!ﬁQsﬂ‘l—!

1.1 naniigaydelvedilie 1inmisinagiiame (1) x (@)= 154.22
1.2 navigayde il Teedi friaauaudn (DX(7) = 38.56
. ——¥ 1 — =
1.3 $2 Tuamsndnmniu el nszuaumsedadiulnd [(2) - (D)]x(8) = 0.00
1.4 Mynaunududeumaz s Tuaveaniinay (3)x(9) = 73.24
1.5 MmsnaunuRudeuvesniinau minlinsvdayan lui D) x(15) = 115.67
a Aa o A o A ' A
2. IANMFSMENNAN AT 8903 (A lFD18UDIM T FOUNI DNT 10 0.00
NALNY)
a Aa o A A A ' A
2.2 anuFemeinanunsoalio (M 1¥nevesnsseunsons 11 0.00
NALNY)
= Aa o o oa A R v A
2.3 anudeenmnanunindaudug (ml¥nevesnssense 12 0.00
MINAUNY)
= % a % 4 ) L
2.4 dunqanuidoneluiag, naasus tagniodiag 13 0.00
2.5 maigailenaunuigaNfdooun: iaaouusy 14 0.00
T gyl A4 X A o
2.6 MIFWNABIUNT 1110991NMTNALNUATNTIIYUD (15%16%18*19) 32.928.17
AufiAem +(1*15)
T qur A A 2 A A Ay ' [
2.7 MlFeRmuuIN 118991nMINan Nt eeaeTe eI h 0.00
yoamsuy dRinagiiame wieiuie (17%18*19)

\J Y :’J
ml¥aenavna

33,309.86




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 129

I~ a 1 1 1 1 )
234 npulesumanudeya uazalszidiuslFie: arlFien

Y T du o \J Y \J Al
21197 gasmsmumlyag mlfane
a R A
AsAIAAEIN 2
3.nl¥anenaly
~q Y C4 ) Y A o a Y a P ' <
3.1 naildlumrgnsel Teamihnszaumaia@sns, | Rufeunaazsd Tug *
e 9 A A 4 p 38.56
WMthasnan, 3enssy,au) nanamu
A U4 Y Y AA A 9 A A ' <
3.2 naiqumlumgmsal Taasmihininedos Jupouuaazsd Taa *
B 7324
nafaamu
Aq Y U4 ~ ' ° A A ' o
3.3 nalFlurgmisal Tasfinauseuthgs (Msgouaiu | RuasuLaaz s i *
' ' 4 2 0.00
YDINAWNUITITU,MTBOVLEY, N1TTIBN,DU) nafaamu
~Aq v t4 o o a A ' &
3.4 nalFlumgnmisal Tasnssnyszuuanulasasy RuAULARE Y TN *
TagunatiaMms soUaIuQUANA,MTTINTIB91, naNamu 58.28
= Y o
MIANBIVOIWINTMNTNTTIeanU)
Aq Y U4 9 A A ' 3
3.5 e g luignisal Tasdauaszuuynains(sms [upouuaazd Taa *
\ 0.00
NNIMIUINIG) nafaamu
VY A A o a a A
3.6 mlFneasiinernunaNgyde 1az/vMs0nMsnygaved
N 0.00
ATLUIUMITNAA
o A aa X a o %
3.7 llduiiesnngiiame (emaq, loszme une i
) 0.00
ldhy
3.8 magayidevesdaum nauiiumsluuds 0.00
3.9 ANUYTINUNIAIA 0.00
3.10 unad InydmsSumsvudanadn 0.00
T QY1 A a 2 a2 g9 a2
3.1 mlgnennavulunsaiduma (mlsnensalauma,
' ' o ° A ] &
asase,A1lSunazmsadny mam lshandseasile 0.00
o a4 X4
UseAumuuY ,ue)
Ml Iy 170.08

14 < a ' ' P
2.3.5 nuuresumsnudoya uazilsziiualdne: anvaugavesdunu-naiss Tean

g Y U \ v :’l a wa
JEA msamulumsieaitu mlFdenamuavesmsidaglifiieg
duy a4
nazlsndalagnnanides
' o 4 J ' Y '

uvasd | gunsel | uwnd | soumades | mwese | medew | souwades | AW

v v
iia floariu Nua A nmuaB | auqa

GITERE
1Mol duyana
NN 2 337.94 0.00 0.00 337.94 113.92 33479.94 33593.86 33255.92




Souwapa Kuanun

3.n308nN 3 Y 07 /02/2553

< 1 1 o
3.1 nudeya mldneluinasmstlesiu mwgiuuvves CERSSO

Appendices / 130

MIAuIUNg Wiy 11539 TN | WA funuao RESIREATRLY
Mg aldane N Apn5 doams MUY aldaese
=) o ) [ o a A ~ A ~
0euaas | dmsums AiuN3 wou/il wou/l
v
anuilaoans Useum NINUAADNTS
(Intervention) AU
A B C D E F G = D*F
A ie
USulaouamn | msawes ATNUNAT
Ay =l g‘/
Wy Taensas umsas Tumsas 130.56 EIGER 123.60 16,137.22
Epoxy Epoxy Epoxy
Aeuiiums | wou Vs
o Y 2 5 T3 1,063.89 3,207.78
MY Epoxy | ffiiaam
gnsaitlesnuduasisauynnavesfuiiaan
@ o
MINTIVTANIIMNTUNNG
33 19,345.00
Aa ] Y Y (%
3.2 mstlsziiu alsneluinasnmsesnu mugdunuves CERSSO
] o A AR voqwr 2
ANUTY HAnTENL 1asmMs Mmysuiiums | dsznaaldnenavua | arlgaenanua
1 A =
aotpou/ilnnms YOININTNNT
Uiinau
D*F
fuvasnuiia
P a A A A &
nmsUginaule | vanmesmsan | wWdsuanmiu:nisas D*F
v
aaniiunau Epoxy D =130.56 16,137.22
F =123.60
] Fl
wlaguaawinu: D*F
F
Adudiunsiiy Epoxy | D=2 3,207.78
F = 1,603.89

o

a
nalynna

’ -

‘ -

mimmﬁ”ﬂ‘nnmmwm‘f

EREY

19,345.00




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 131

o < 9 a [ Y 9 1 Y A
33 LLUUV‘I@??JﬂWﬁLﬂ‘]JGUfJ?J“a Ltaxﬂﬁzmuﬂﬂ%mammm NNNoY Lla$ﬂ11sﬁﬂ139u‘] AU

JUuUDYe9 CERSSO

4 a3 a J J o o [ o 1 J
3.3.1 nuurlesumanudoya wazalszdiualdne: dulsdrmsumsmuamldnelaonss

o IS
WMaMs/nNIal

@ o il o [

duls oaA)sznou {Qlet] U wieanw | dunuas | msilszuimms 3
voaml¥ae 1399 VYBINIUIY #oams ATel] YBITINTINNY
dmiums

Uszanmm

A B C D E F G H

msqualuFee
- - - - D*E*F -

ANINY

q

= S
3583!3ﬂ1ﬂmﬁﬂﬁﬂ1i

'y

mamsunngl sy
Yo - D*E*F -
msquaglasy

Q1iAITie

MIUVUA F2ITN
Adsvnadullds | | _ lal-ndu S| avw
ANAUNIY SLUTN 1Lmgmsal | _ D*E*F 48.00

Tsanenuna 12 nlawas

nlawas

maguan Tsawguna U 440 1/

ANy D*E*F

v
1059 1 mgmsal P
A5 440.00

v
INHIMINUA

Z
msiuyaussann
HaEMIAAAINUDA

v
wiinauaumsiugyg
- - - D*E*F
AUITOMNUAZNS

IS =
mugwﬂui:ﬂxmm

~

9199z d 0l

a o

SewaziiuSimazSunnveu 100% [uiifeste 488.00




Souwapa Kuanun

Appendices / 132

4 < 9 o A A 9 1 Y Y @ A
332 LLUUV‘I@??JﬂWﬁLﬂ‘UGUfJiJ“a: Al sninedvesves “ﬂ'ﬂﬂfﬂ']ﬂﬂ”ll!llﬁ\?\?”lu UaZIaYNITHNan”

° ST & ° 1 Q9 9
(ﬂﬁﬂWu’m&Lﬂuﬁ’]u‘HleUﬂ\‘]ﬂﬁﬂWH’Jmﬂﬂ%mt’mNEJEHJ)

V) o Yy v
‘umgasumﬂi]i}ﬂmqmumuuuxmqm

o

guiame/ Jaymlu

a a
v

A A A oa
nunMsgiRnu

ATAIANENN 3

1.[3mﬁaum?mmmwﬂ’mm .......

] oA - o £ o 77.11

198N Res Wwoyaa1nT/AuIuE Tuensiau

2.m %509 Tuadiery 0.00

3. [uiReumasdmSudismsszdunan 146.47

4.5 Tnangapdeliiiioaningiiame 11.00

o A a o A o Ad

5.mIamganuveIninauinaglame wiewinauinue 8.00
o a - oA A ' & ' ' o 3

6.ANUSUAATOVYBIUTHN FedoanieRuAoudunile Taglisaweglumsiseiu zilu %) 100.00

4 = = o & & X & a

7.9 Tuangads Taswinuaudue 1He9NMgMsaiiueg uagimaraus ,Auain)

a A P [l A A Ay a o '
(uanalunszuumskanngniga’ld 8,msmemae asnn 1819899 Tuavoaminauua 0.25
azAURlNIHYA

) A 4 a g a
8.m39et Tusierite lvmsnaa flulanaln@ 0.00
(Wevenda Tuesmsvhauignldhl)
Hq ¥ ' o Y a o ' A 'y wa
9.5zna1m lgvenaziignsel lnedusisszauna (m3siemaeundlszaugiinme, ms
; 0.50
o o a a
Y5uTaseadnvesesdns lunszuaumspan , mIaouaILIarMITeIugiame , 9u)
A ' A = A o A o '
10.a 15 e lumssennauvsonlaowasoins Tunsaininsisziuluaseunqu
- m3gew : mldnevesiagnld huazdmignulaeu 0.00
- manaunu : ml¥eveuniesins lnl audlemisuesveuniosdns Mideno
Vg Y v A A A A
11.mldnelumsgounsy wionaununseiioNideno 0.00
QU ' A o da A A A o '
12.mldnelumsgonusurionaununindaundeneoug Tunsainmsdsziuluasounqu
. v . : 0.00
- mIgouuan : ml¥sevesiaahly liuazFualuniinsnlasunilag
' ' o A o < a o a o '
13.m1400v0eTag waasuainaz/Msomsgadeiag lunsaiinsdsziulinseunqu
A o 2ay 1A e
-wandusin lilimsn/asunias : s 0.00
a o oA = v A
- wansmannalaeuntlas : sidunuuinyaning
a o v A o s oA A oA A a A da =
14 Banusuilulumsiuaseins, gunsainsenseiie lumsiuAuasiinannuideno
A ' Py ' 1 PR ' 0.00
yaziunedldgnaen (szyldaelunisson)
15. 090003 Tueinaunu lunsviau 2.00
16 Fovazvosniui hildvi lusznaniinsnaununar #1814 12.50
A o Ay Yo < A gy A aa ' a a o Ay v
17 eminaud I8suuaiy wseuheunljinauae, sz nanaatnavesminaui ldvga
Z 1a  aa A 0.00
lilasuamagiianigiu
FY < o
181 hmanevesdd Tuansviau 125.00

v
19. 5970 HARS AR T

35.00




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 133

4 a 1 1 1 1 1 1
333 LLUUV‘I@??JTJ?%L?JHﬂTGl%}‘NEJ: ﬂ']'iﬂimﬂﬂ!ﬂfl%*mEJTINé}’t’JiJGU’t’NLL'iQQWHLLag ﬂWGl%}‘DWfJGUfN

% a
TANITINAN
o 1A o TqQuUY A
I19% gasmsaioumling aldae
a2 =
ATAURNYIN 3
1 Bl Y
Lalddemamunssau
a = 9y a wa
1.1 nangaydelivesdile minmsinagiiamg M x @)= 848.21
1.2 nangyde U Taeddfiaauauou (X(7) = 19.28
3 Ly A X A oq9 a g a
1.3 42 Iamsaeiunnay et 1dnszuumswanilulng [@)-M]xE®) = 0.00
1.4 mynaunuRuifounaazdd Tusueawinau ()x ()= 73.24
1.5 msnaunuRufouveawinan mindmsidyan lm (1) x (15)= 154.22
= Aa o A o 1 q Y ' A
2. 1anudemeiinanun 0905 (M 199 1eveemvenrsons 10 0.00
nALNY)
2 Aa o A A QY ' A
2.2 anuidemeninanuAsodle (A l99wu0InsveNrsons 11 0.00
nALNY)
= Aa o o da A T Y ' A
2.3 anudemieiinanuningaudus (ldaevoanisseunse 12 0.00
MINALNU)
2.4 awnganudenioluiae, naadus uazviedag 13 0.00
o 3 . = 3. v s
2.5 Mariggionaunu g NR@EeMsuns Ma ULy 14 0.00
Vo1 A4 A X A o *1 6% Q%
2.6 MFwRmBIUN 1H18991NNMINAUNUANUTNNYVD (15*16*18*19) 109.529.2
fufiAem +(1¥15)
tqyr A A X A a A9 [
2.7 M ldeiminIuun 1e491nmMIHaaNlosadsz1 199381 h 0.00
& {a  am 2 '
voamsiuy dninagiiauig nseuihe (17%18*19)
\J v 5
mFNenIvng 110,624.17




Souwapa Kuanun

< a U U 1 1 )
334 uppvledumanudoya uazisviiua1geie: mldeenaly

Appendices / 134

Uf
=9
&
=De

o \ Y
gmmsmmmﬂﬂwm

ATAIANEN 3

3. ldoemaly

~q Y b3 Y 9 o a g a
3.1 L?ﬁ1ﬂ1%1u!ﬁﬂﬂ1§ﬂ! TﬂﬂLﬂTWuTVIi:ﬂﬂlﬂﬂuﬂ(fﬂ‘ﬂiﬂ15,

a A ' <
Numaugmawﬂm *

e 9 A A 4 . 38.56
WMthasnan, 3enssy,au) nanamu
A U4 Y Y Ada 9 A A ' &
32 naqunlumamsal Taammhininedes JuipouLaaz I Taa *
B 97.65
na1namu
Aq U4 a ' ° A A ' o
3.3 nad 1 lumrgnisel Tasfinaugouiigs (MsdouaIuues Jupouuaazsd Taa *
\ , 0.00
AN UIBIIU, MITBFONLYI,NTIIENU,DU) nafaamu
Aq Y o o o i a A ' &
3.4 nalFlumgnmisal TasnsSnuszuuanulasanolaese | Rudouuaazs Tud *
MALAMIFOUAIUGLANA,N15T IV, NMSANEIVDI nafiaamu 77.71
Y @
1IA5MIMNITI0AN)
=q o i3 9 A A ' &
3.5 nanildlunignisel TasdguaszuuyaaIns(@ISMINIMs QuipouLaaz I Taa *
, 19.28
IELRED) na1namu
VY A A o a a A
3.6 mlFneasiinernunafigyde 1az/vMs0nsHygaves
R 0.00
ATLUIUMITNAA
o A an y a o ¥
3.7 Trlsuiiiesnngiidiig (remas, leszme une,ii, 1nlih) 0.00
3.8 mygaydevesdaum nauiiumsliuds 0.00
3.9 ANUFYTINUNTA A 0.00
3.10 unad InydmsSumsvudanadn 0.00
T QY1 Aa 2 a2 g9 a2
3.1 mlgennavulunsaivuma (mlsnensalauma,
' e oy A v 1 o A
arsase,A1lSunazmsadiny wam lshaadesaa, tio)seiun 0.00
A XA
ENNAY ,DU9)
Ay e 233.20
4 < 9 a 1 91 Y J
335 llﬂﬂ“l/‘l@illﬂ’lilﬂﬂmﬂlq.!ﬁ Llazﬂizmuﬂﬂ%mﬂ: mmﬁu@am@munu-waﬂiﬂﬂ%u
% Y U \J Y :’J a wa
F2A msasulumsilesiv mlFDenmuaveInsnagUame
Zuy a4
wazlsndalagnnamaes
uwasiuiia | gunsel | uwnd | sowmades | muaase | mwden | souwades | AW
9 )
Yo NINUA A #aNuA B anqa
DUATIY
1igmsal amyana
n59IM 3 19,345.00 0.00 0.00 19,345.00 488.00 | 110,857.37 | 111,34537 | 92,000.37




Fac. of Grad. Studies, Mahidol Univ.

A= a =~ ¢
4.0IUANHIN 4 NIUATIANTITIY

< 1 1 o
4.1 nudoya mldnelunasmsdosiu mugiuunues CERSSO

M.Sc. (Industrial Hygiene and Safety) / 135

MIAuUuNg wihemldse | msdanioe T ey | dunuae | msdszum
Mg dmFuns N18de #ams e | aldiese
v
AR RIRIIIGE SIEERVRLY 35 wouAdl | iweuAlnavua
anuilaeans AUHUMS AoNIS
(Intervention) ANHUMS
A B C D E F G =D*F
wrasn e
Aananioiga 1P103ARaL004 1910499 2
@ iR o 1 10 1/m39 52,833.80 52,833.80
Y Y 2
aveiw Wi avepiiy
MY AN
dzen Filter Tay | fUfiAaw
)
=) %
;j'ﬂg‘jﬂ'aﬂu !1%’1uﬂ’]iﬁ’] 1 0.09 1l/A59 925.32 925.32
ANNATIA
Filter
Atesdath iwapsRah .-
! 1 10 W/mTa 4,000.00 4,000.00
UIIRUGI UIIRAUGS
. manlaou
m3fasu Filter .
Filter @15 a ¥
Smdunsed 1 5 3l/mse 20,000.00 20,000.00
Y. N39992004
azoaINY s .
Wi
A
y AN
m3fasu Filter nsld
WHNITU L9 a8
WEunseg . 1 LRGH 7.71 7.71
v Tumsilagu
azoaINY '
Filter

G4 v @ ' a wa
gnsaiflesnusuasisauyanavesfufiiaau

T T T T

ﬂﬁﬁ]i’«]i]’ij’ﬂ‘VINﬂﬁuWV]E‘J/

S R R B

77,766.83




Souwapa Kuanun

4.2 mytszidivu mlFneluniasmsiloanu awsdiuuves CERSSO

Appendices / 136

] FJ
PRI EN HANIEN WATNMI MIAUIUNT Uszanumldiie | arldsenanun
?\’l 1 =) ~
navinadeon/il YOAINITNS
nnmsdgiinau
D*F
Nuriaanuiia
mslgianuly | wandeinsau - % 4 v D*F
2 44 MIAAAIATOIRAAZDOIN Y
anmmiunau 4 Y . D=1 52,833.80
1AT039AAZDBIN Y
F =52,833.80
M311ANALDIA Filter 108 D*F
AUACunandiaenls | p=1 925.32
Tumsyhanudzoln Filter F =925.32
I = 7 i
IATOINAUMTIAUGUIATONA | D*F
v
UWTIAUFGI D=1 4,000
F =4,000
M3nfasu Filter $11500504 D*F
s ;
Az U:MIasu Filter D=1 20,000
v
dmsunsedazosainiy F =20,000
msulaeu Filter dm5un309 D*F
2 A o
azgopuiniunminmingmly | D=1 7.71
Tumsnldeu Filter F=7.71
A o
ndnna
o o
MINTINIANNMIUNNG
33 77,766.83




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 137

4 < 9 a [ Y 9 1 X A
4.3 L!UUV‘I@ﬁNﬂTﬁLﬂUﬂJ@Ha Ltaxﬂﬁzmuﬂﬂ%mamﬂmﬂ NI LLa%ﬂ’li%%Wﬂ@u‘] Y

JUuUDYe9 CERSSO

4 < a 1 1 o o [ o 1 1
4.3.1 nwupresumanudoya nazdsziiumldiie: awdsdmsumsmnualdaelagas

o =~
MaMIal/NI
@ d ] o ] Y '
Ay 04AdsznBL il IR N Aunuae | msdszum 370
voam I msia L A1 U2 MIVDITIN
dmsums Foams FIUNY
Uszanam
A B C D E F G H
3
maygualuisea
R - - - - - D*E*F 0.00
AU
= Y a
sroznaigInuims
o6
mamsunng sy D*E*F
v - - - - - 0.00
m3quarlasy D*E*F
Q1iAITie
msvuaa srazmalal-
T ; 1 41/ D*E*F
Alasomadullds | avdums 52U AdY 12 I 48.00
. mamsel | nlamas
Tsanenwna lawas
myguailsanenna | _ $aum 2 1 1056.6
RO . s 1054 , " D*E*F 1,056.60
$nunanua mamsel | 1IM/Asa
-
msfluyaussonn
HATMIAAMNVE
P
wiinauaumsiugyg
AUTTANINLALANST
& A
auguiluszeziin
9199¥A 0%
v 2 e v a ~ Ay
SewaziiuStmazSuRnveu 100% Quiifiesds 1,104.60




Souwapa Kuanun Appendices / 138

4 < 9 @ A A 9 1 Y Y o A
43.2 LLUUV‘I@??JﬂWﬁLﬂUﬂJ@?J“aZ Al sninevesves “ﬂﬂﬂfmﬂmuuﬁwm UAaZIaNIINan”

° ST & ° 1 Q9 9
(ﬂﬁﬂWu’m&Lﬂuﬁ’]u‘HleUﬂ\‘]ﬂﬁﬂWH’Jmﬂﬂ%mt’mNEJEHJ)

o

guiame/ Jamlu

a a
v

) o Yy v A A 2 an
doyaveslasenadudunuusaan wuamsiUiaau
~ = t4
nsdiAnyIMANTal
A A = o
LidwAoumasvoamiina......
P QY A Ya o & o 77.11
amlFenuites wesyaa1ns /A maud Tuensham
2. 1991852 Tuatiey 0.00
3. [uideumasdmSufismsszdunan 146.47
4.5 Tnangapdeliiloanngiiame 28.00
o A a aa - o A g
s.msamganuvesminauinagiianig vsewinauiduile 24.00
v a A o X oA ' 4 ' ' o 3
6.ANUSUAATEUVRILTEN FedeatrouRoudiunila Taglisweglumssznu iy %) 100.00

s : 9 ' : o2 ' -
7.9 Tuadgayde Taewinauauaue 1Heannmgmssiiug tazimaeagus ANuain)

]
=

malunszuumswaangnugald duq.msmemae Jasnin N8190auaT Tusveamina 0.25

azAURlNIHYA

8739199 Tuadria 1 nswae Wl llannlnd

. ¢ . A aw 0.00
(Wevenda Tusmsvhauignldl)
Aq ¥ ' C2 Y a o 1 A 'Y wa
9.3z Mdvewazmansal lagduimsszaunan (Mmsemasundilszaugiiame, ms
, 0.50
1% o a .
Y5uTaseadnvesesdns lunszuaumspan , mIaouaILuarmMINenIugiame , 9u)
Vg Y i A = A o JRps] o '
10.m1¥nelumssenusursonlasuniossns Tunsainmsdseinlinsounqu
- m3gew : mldnevesiagnls hiluazdmignulaeu 0.00
' Y A @ ' Vv 1 o A o A a
- MINAUNY : M BBV UATEIINT 1N AUAIIAIBIUBIVDUATOIINT NIFBHNY
Vg Y v A A A A
1. l¥nelumsvenusy vionaunuasoslioNidemie 0.00
1Y [ A v da A A A A ) '
12.mldnelumsgonusurionaununindaundeneoug Tunsainmsdsziuluasoungu
, M , , 0.00
- mIgounan : ml¥sevesiaanly liuazFuaruniinsnlasunilaa
g9 o a o ¢ A A o A o fl
13.alFnevesiag wanduainaz/Miemsgdeiag Tunsaiinsdszinluaseunqu
a o dAy 1a =
-waasumn luimsnasulas: s 0.00
a o oA = v A
- Handasinnafasuula : simdunuuInyaniy
= o g A o s A A oA A a A da a
14 ianusuilulumsunsesdng, gilnsaiviensedle lumsiiuaudsifan nu@eriy
A ' Py ' 1 PR ' 0.00
yaziunedlagnaen (szymldaelunisson)
15.usvend Tueinaunulunsyiau 27.50
16.Fasazvesnui 1 1dvi lusznnaniinmsnaununar 1181414 6.25

A o 4y Yo < A gy a aa ' a a o Ay v
17.L11E]W11lﬂ\11uﬂllﬂiﬂﬂ1ﬂﬁ]ﬂ mamuﬂmmﬂgummm, EEAl] Nawamﬂﬂmmwummﬂwqﬂ

2 ia  aa X 0.00
lildwainagiiamauu

1S.L%)Jﬁ'ﬁﬂEJ‘*U’EN“]?”JI%Nﬂﬁﬁ%‘ﬂu 125.00

v
19. 5970 HAAS UNLAAZ T 3.50




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 139

4 a 1 1 1 1 1 1
433 LLU‘]JV‘I@ﬁ?J‘]Jﬁ%LﬂJHﬂWGl%}%WEJ: ﬂTﬁﬂi$3J1il!ﬂ?i%ﬂ?ﬂﬂWﬁéjﬂNﬂlﬂﬂLliQQWH uae ﬂ?ﬁlclgf}sz]éll@\‘]

% a
TANITINAN
o 1A o QU A
31)9% gasmsaumling aldae
~ 4
ATAIAIANTA
1 Bl Y
Lalddemamunssau
L1 naigydeldvesdile smnmamagiinmeg ) x@ = 2,159.08
1.2 narigyde l Tasdifriaaunudn (X(7) = 19.28
) ' a Z 4 o a a
1.3 9 Twamsneinniu ivesih lnszuaumswaaiuilng [2) - (DIx®) = 0.00
1.4 Mynaunudufouuaazd lusvoaninau (3)x(©9)= 73.24
1.5 MInaunuRuRauveIminau wintimsmdyn ln (Dx(15)= 2,120.53
2 1anudenieiimanuaseans@lFieveamsasounienms 10
0.00
nALNY)
= N 1 q Y ' A
22 AnuiFemesiinanunsesile (M19918veInsgeunsens 11
0.00
nALNY)
2.3 Anudsmeninanunindauous (mldevesmgenniems 12
0.00
nALNY)
2.4 guvganudonoludag, waasuel uazviotag 13 0.00
2.5 maiagiivenaunu iagindemovnzimasounan 14 0.00
) a2 4 o
2.6 A lF eI esInmMsnauMuAIFILIYe (15*16*18*19)
Y 77,315.84
dulgiiman +(1*15)
) oA 2 4 a 4 o
2.7 A lFeininiun ilesnnmspdafitosatsznineiunaives h
& Y a an A g 0.00
M3y dniRegliameg vioduihe (17*18*19)
mlFdenavng 81,687.96




Souwapa Kuanun Appendices / 140

< a U U 1 1 )
4.3 4 npulesumanudoya uazdsviium1geie: mldaenala

Y T du o \J Fl \J Y
9% gasmsmamldae ml¥one
~ o
ASAAIANIT
3.nl¥anenaly
~q Y C4 ) Y A o a Y a P ' <
3.1 nalylurgmsal Taamihnssaumatia@usmns, NuAULAaE Y TNg *
v 9 A a i . 38.56
WINTINTNAA, IAINTTN,DUD) nafau
A U4 Y Y AA A P A A ' <
3.2 naiqumlumgmsal Taasmihininedos RUAULARE Y THg *
B 97.65
nafiaImu
Aq Y U4 ~ ' ° A A ' o
3.3 e g lumignisal Tasiinauaenihgs (Mmsdoudiu RuPuLAaz Y THg *
' ' 4 A 0.00
YDINANUIITU,MTBOVLEY, N1TTIBNU,DU) nafiamu

~Aq v t4 o o a A ' &
3.4 nalFlumgmaal Tasnssnyszuuanlasanslay | Rudeuuaazs T *

FINATAMIAOVAIUGITANA,MITNIIWNU, MIANEIVOI | AN 116.56

Y @
1IATMINTT0ann)

Aq Y U4 ) A A ' 3
3.5 nani 1 luignsel Taedguaszuuyaains@isms Jupouuaazd Taa *
\ 19.28
NNIMIUINIG) nafaamu
Vg Y A a o a a A

3.6 mlFneasiinernunaNgyde 1az/vMs0nMsnygaved

N 0.00
ATLUIUMITNAA

o A aa ¥ a o 3
3.7 Tlduiiesnngiiame (omaq, loszme une,ii, i) 0.00
a A Y Ao a )
3.8 magaydovesdud ndutiums liuds 0.00
3.9 ANUYTONUNTA A 0.00
3.10 unad Inydmsumsvudanadn 0.00
T QY1 Aa & ~ X e ~ X
3.11 anlgnennavulunsaivuma (mlgnensalduma,
v Y

Avae aSuazmsasiny,mam lsnantesa oy iy 0.00
44 & 4
AU DY)
Ay e 272.05

14 a3 a ' U P
4.3.5 nupesumanudoya nazilsziiiumldnie: anuauaavesdunu-railse Tom

Y U \ v g’l a wa
msaaulumsileain M InIAveINIINARLIALTA
dyy a4
uazlsnddlAgnuanides
uvasm | unsal | uwnd | sowmades | wiease | mden | sauwaten
v v
e Yoeriu MNUA A MNUA B ANNaNNa
oUATIY
dmana
tMgMsal
QEL
.| 77,766.83 0.00 0.00 77,766.83 1,104.60 | 81,960.01 83,064.61 5,297.78
A1ANTal




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 141

BIOGRAPHY
NAME Miss Souwapa Kuanun
DATE OF BIRTH 28 January 1984
PLACE OF BIRTH Songkhla, Thailand

INSTITUATION ATTENDED Mahidol University, 2002-2006:
Bachelor of Science (Public Health)
Major in Occupational Health and safety
Mahidol University, 2009-2013:
Master of Science (Public Health)
Major in Industrial Hygiene and Safety
POSITION AND OFFICE Safety Officer, 2006- 2007
C.P. Retailing and Marketing Co., Ltd.
Safety Officer, 2007-present
NMB-Minebea Thai Ltd.
HOME ADDRESSES 163 Moo 1 Koyai City, Krasaesin District,
Songkhla Province, Thailand. 90270

E-mail: Souwapa@msn.com



