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Editorial Statement

Message from the Executive Director of T-OSH

Welcome to this latest publication from the Thailand Institute of Occupational Safety and Health (T-OSH).
In an increasingly interconnected world, ensuring workforce well-being demands both creative
thinking and unified action. At T-OSH, we firmly believe that the future of occupational safety lies
at the intersection of cutting-edge innovation and strategic global collaboration. Integrating
digital tools, smart technologies, and modern management practices into daily safety operations
is no longer optional—it is essential for building sustainable workplaces.

No single organization or nation holds all the answers. Raising safety standards requires active
cross-border knowledge sharing and experience exchange. By learning from the successes,
policies, and practical frameworks of our international partners, we refine our own strategies
while contributing our unique insights to the global OSH community.

T-OSH remains deeply committed to serving as a bridge for international cooperation. Together,
through shared knowledge, innovative solutions, and mutual commitment, we can drive
meaningful change and ensure that every worker returns home safely every day.

Thank you for your continued partnership and dedication to advancing occupational safety and
health worldwide.

Dr.Nuntachai Punyasurarit

Executive Director
Thailand Institute of Occupational Safety and Health (Public Organization)
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Editorial Statement
Message from the Editor

ESG for Sustainability Safety Culture: Innovation, Cooperation, and Global Knowledge Exchange

In today’s rapidly changing global landscape, Environmental, Social, and Governance (ESG)
principles have moved from corporate compliance to core strategic priorities. Within this
framework, Occupational Safety and Health (OSH) forms the backbone of the "Social” pillar. This
edition focuses on building a resilient "ESG for Sustainability Safety Culture"—a holistic approach
where protecting human life drives long-term organizational sustainability and workforce well-
being.

Achieving this vision relies heavily on continuous safety innovation. Modern workplaces demand
smart technologies, predictive risk assessments, and adaptive safety systems to address
emerging risks proactively. However, technological advancements alone are not enough; driving
systemic change requires strong international cooperation. Working across borders lets nations
align sustainability metrics, raise regulatory standards, and address shared global challenges
collectively.

Central to this effort is a commitment to exchanging knowledge and experience. By sharing best
practices, regulatory frameworks, and practical lessons across countries, we accelerate mutual
progress toward safer industries. Through this publication, we aim to spark cross-border
dialogue, showcasing how integrating ESG principles into daily safety practices fosters a durable

safety culture that protects workers and secures sustainable industrial growth globally.

Dr.Thanawan Ritthichai
Editor
Thailand Institute of Occupational Safety and Health (Public Organization)
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Occupational Safety, Health and Environment ACT B.E. 2554 (A.D. 2011) dated January
17, 2554, which was effective from July 16, 2011 results in rapid activities to be proceeded and
establishment of the system to cover various regulations. Especially the clause 52 of this act
enforces to establish the Institute of Occupational Safety and Health within one year. The
Institute for the purpose of promoting occupational safety, health and environment shall have
powers and duties as follows:

(1) To promote solutions related to safety, occupational health, and the working
environment.

(2) Develop and support the establishment of standards to enhance safety, occupational
health, and the working environment.

(3) Facilitate, support, and collaborate with governmental and private sector agencies in
safety, occupational health, and working environment initiatives.

(4) Conduct research on promoting safety, occupational health, and the working
environment, focusing on both personnel development and academic aspects.

(5) Develop and create knowledge and innovations related to safety, occupational health,
and the working environment.

(6) Provide academic services and transfer technology related to safety, occupational
health, and the working environment based on needs and practical applications. This includes
the production of educational materials for dissemination and public awareness.
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\ Redefining Safety, Social Security, and Competency from
e

—

Domestic Hubs to Global Markets

J

Global Role and Context of Safety

Thailand has been one of the founding members of the International Labour Organization (ILO) for more than 100 years and currently holds
the position of Chair of the meeting of the International Labour Ministers.

The global priority concerning occupational safety and health is that worldwide trends place a strong emphasis on them, so that they
become a main subject in international discussions.

Building TOSH's Collaborative Network

The Thailand Institute of Occupational Safety and Health (TOSH) has a wide and important responsibility even though it is suffering from
limitations in both personnel and funds.

Making progress in the field of occupational safety and health demands close cooperation among the public sector, private enterprises,
academic institutions, and international organizations.

Safety and Productivity (Tripartite Collaboration: Employers, Employees, & Government)

Peace of mind is achieved since solid safety precautions are taken, which means that employees can return home safely to their families
each day.

Because the working environment is secure, employees can use their entire intellectual and physical energy, which in turn leads to greater
productivity, all without the need for private businesses to increase their fixed costs or to buy new machinery.

Strategic Policy Recommendations

Strategic Drive Implementation Guidelines

Promote the adoption of modern technology (such as exoskeleton suits and protective gear) by making use of tax incentives, subsidies, and
public procurement to establish Thailand as an international manufacturing center for safety equipment.

Raise occupational safety and health laws and regulations to make them transparent, clear, and aligned with international standards—
thus avoiding safety concerns being used as non-tariff trade barriers.

Move from giving out annual honorary awards to obtaining an internationally recognized standards certification (Stamp/Certification) to
establish global value-added (Value Added) equity for Thai products and businesses.
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From Workplace Safety to Total Worker Health:

Embracing Holistic Well-being and Mental
Resilience in a Changing World

&

The occupational health must move beyond preventing physical accidents toward creating workplaces in which employees can remain
physically, mentally, and socially well. Mental health and psychosocial risks should therefore be treated as core workplace health and
safety issues, not merely as personal problems.

The scale of the issue is substantial. The presentation states that nearly 3 million workers die each year, with approximately 2.6 million
deaths linked to work-related diseases. It also cites 395 million non-fatal occupational injuries, 45 million healthy life-years lost, and
approximately US$1 trillion in annual productivity losses associated with depression and anxiety.

Mental health at work affects a large proportion of the global workforce. Around 60% of the world’s population is at work, while 15% of
working-age adults were living with a mental disorder in 2019. Depression and anxiety are associated with the loss of approximately 12

billion working days each year.

A central message is the need to reframe workplace safety. Instead of asking only, “Did nobody get hurt today?’, organizations should also
ask, “Can people be well here?” The healthy workplace model therefore includes the physical work environment, psychosocial conditions,
personal health resources, community involvement, leadership, worker participation, rights, equity and continual improvement.

The keynote identifies major psychosocial risks, including excessive workloads, understaffing, long or inflexible hours, lack of control,
unsafe working conditions, poor organizational culture, authoritarian supervision, limited colleague support, bullying, harassment,
discrimination, unclear roles, job insecurity, inadequate pay and conflicts between work and home responsibilities.

\
/

LEADERSHIP PHYSICAL WORK
& GOVERNANCE ENVIRONMENT

Safe, ergonomic
and healthy

7o\ PSYCHOSOCIAL WORK WORKER
| daav ENVIRONMENT PAT&;@E“
d Supportive, respectful

and fair workplace

. culture

Visible leadership,

Workers are
clear pollch?_and partners in
accountability déslanios and
drive a healthy 5 o
kplace improving
worl p healthy
culture. workplaces.
O— —y
EVIDENCE & ENTERPRISE
CONTINUAL 1 COMMUNITY RIGHTS, EQUITY
IMPROVEMENT PERSONAL SAFE - HEALTHY - ENGAGED &INCLUSION
HEALTH RESOURCES EMPOWERED - RESILIENT i INVOLVEMENT
) : Responsible enterprise
Knowledge, skvll.s and ; $hat contributes to the
risour;es l: »(hlva;’E & 2 : well-being of Kers,
at work and in life \ i
Use data, learn, b \  families and communities Fair treatment,
innovate and ) equal opportunities
improve for and respect for
sustainable human rights
impact. for all.
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THREE CONNECTED ACTION PILLARS FOR

MENTALLY HEALTHY WORKPLACES

INTEGRATED EVIDENCE-BASED RIGHTS-BASED SUSTAINABLE

' 1. PREVENT @ 2. PROTECT & 3. S%PPO?T
PSYCHOSOCIAL 4 PROMOTE WORKERS WITH
¢ RISKS \\Cy MENTAL HEALTH e MENTAL HEAHH

Design and manage work Build a supportive environment Ensure early support, inclusion
to reduce harm that strengthens well-being and equal opportunity

Improve work design, workload Qg Build manager capability to 2 Ensure confidential support
and resources 8'5 support and communicate %J and access to care

Increase autonomy, role clarity Promote mental health literacy &% Provide reasonable adjustments
and participation and reduce stigma - and flexible solutions
@ Foster respectful leadership Encourage work-life balance

and positive culture and connection and sustained participation

Prevent harassment, violence @ Promote healthy lifestyles Promote inclusion, non-discrimination

and discrimination and resilience and respect

Support safe, healthy and @ Monitor, evaluate and Protect privacy and dignity
flexible working arrangements continually improve at all times

Support return to work

|
Meaningful Rights at Work Shared Responsibility
0 ¢3
g Participation Respect, equity, Employers, workers

0100 FOUNDATION ACROSS ALL THREE PILLARS: ) o e el et et SlAboae

= = WORKER PARTICIPATION & RIGHTS representatives are and freedom from to create safe, healthy
1 I I ” I involved in decisions violence, harassment and sustainable

talhy that affect their and reprisal. workplaces.

health and well-being.

HEALTHIER WORKERS,
BETTER WORK DESIGN STRONG LEADERSHIP = SUPPORTIVE CULTURE CONTINUAL IMPROVEMENT STRONGER ORGANIZATIONS,

HEALTHIER SOCIETIES

The WHO-ILO framework proposes three connected areas of action:

1. Prevent psychosocial risks by improving work design, workload, resources, autonomy, role clarity, leadership and working arrangements.
2. Protect and promote mental health through supportive environments, management capability, mental-health literacy, work-life
balance and continual evaluation.

3. Support workers with mental health conditions through early and confidential assistance, reasonable adjustments, return-to-work
support, inclusion and protection of privacy and dignity.

Worker participation and respect for rights provide the foundation across all three areas.
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Global economic and geopolitical shifts have placed Occupational Safety and Health (OSH) at a critical juncture, where systemic failures

threaten human capital long before appearing in economic forecasts. Evaluating modern workplace risk requires examining four
interconnected forces reshaping labor environments globally.

1. Environmental Disruption

Atmospheric Hazards: Anthropocene climate events shift OSH risks from controlled factory floors to uncontained atmospheric exposure.
Regional Vulnerabilities: In the Asia-Pacific region, the ILO estimates that 71% of the workforce is exposed to excessive heat, driving 23
million injuries and nearly 19,000 deaths annually.

Geopolitical Finance Gap: International climate adaptation funding falls 10 to 18 times short of needs in developing nations, requiring
equitable global protection financing proportional to historical contribution and capacity.

2. Demographic Shifts & Aging Workforces

Demographic Contraction: Using Thailand as a model, a 1.4 fertility rate will contract the working-age population from 43 million (2020)
to under 37 million by 2040.

Structural Safety Risks: Inadequate pension systems function as indirect occupational hazards by forcing elderly populations into
unregulated, uninsured informal labor.

Inclusive Workplace Engineering: Workspaces must adapt to aging physiology by deploying assistive technologies (exoskeletons, cobots,
strain sensors) to extend dignified work capacity.

3. Al and Technological Disruption

The "Good Jobs" Imperative: Industrial policy must prioritize creating quality employment over mere displacement management.
Automation vs. Exploitation: Deploying robotics for high-hazard tasks (chemical tanks, mining, sewers) only reduces exploitation if gains
are equitably shared via portable entitlements and worker governance.

Psychosocial Dynamics: Algorithmic management and data-driven metrics frequently replace physical machinery dangers with work
intensification and psychological strain.

4. Decoupling Global Supply Chains

Interdependence Fractures: Supply chain fragmentation creates market volatility and threatens a race-to-the-bottom in labor standards.
Economic Realignment: Industrial shifts present high-value opportunities for catch-up economies, evidenced by Thailand attracting over
700 billion Baht in data center and semiconductor investments.

Human Costs of Compression: Accelerated production timelines transfer corporate financial risks directly onto workers via excessive
overtime, multi-tiered subcontracting, and precarious migrant labor.

Geopolitics now runs through every physical, intangible, and digital domain of work. Measuring progress solely through Gross Domestic
Product (GDP) creates a critical trap: growth statistics can continue to rise while workers are damaged, as economic indicators remain
indifferent to how that growth was obtained. Ultimately, “a country can run and still lose if what it spends to run is its people.”
Occupational safety and health can no longer mean physical safety alone. Across a working life that is now decades longer, modern OSH
frameworks must expand to encompass economic security, employment security, and psychosocial safety.

In 100 years, future generations evaluating this decade will not look at growth rates. Instead, they will measure institutional success by a
far simpler and more profound question: "Did the workers come home?"

Page| 5
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Settlng Indoor Air Quality (IAQ) Standards in

the Philippines: Advancing Evidence-Based
Policy for a Sustainable Safety Culture

&

Filipino employees in the office, business process outsourcing (BPO), healthcare and education sectors spend most of their working time
indoors in air-conditioned buildings. Poor indoor air quality directly leads to sick building syndrome, respiratory illness, cognitive fatigue
and reduced worker productivity. Although the existing Philippine regulations (such as Republic Act 11058 and OSH Rule 1070) include
provisions on general ventilation and industrial chemical hazards, they do not contain specific, up-to-date technical IAQ limits for non-
industrial environments.

Key technical and research findings

Beyond CO, monitoring: While carbon dioxide (CO,) is a useful indicator of ventilation level and occupancy density, a low CO, level does
not ensure protection against off-gassing chemicals, molds or particulates; tests should therefore include measurements of TVOCs,
formaldehyde, PM2.5 and assessment of thermal comfort. International adaptation: Instead of starting from scratch, the Philippines can
use international frameworks (such as those from the WHO, ISO, ASHRAE and Singapore's SS 554) as a basis and then modify them to suit
the feasibility of the local tropical climate. A shift to a proactive approach: Management should move from a reactive approach (which
involves investigating complaints on an ad hoc basis) to a proactive one based on risk assessments, engineering controls, source control
and ongoing quality assurance and quality control. The pillars of operational infrastructure

In order that the standards may be practical and enforceable, the framework identifies six essential capacity pillars: Certified IAQ Officers:
Providing formal certification and competency routes for personnel in the workplace. Specialized Training: Offering training to OSH
inspectors and health physicians in IAQ risk assessment. Accredited Laboratories: Assigning to occupational hygiene testing laboratories
methods of analysis that have been validated. Standardized QA/QC: Establishing standardized procedures for instrument calibration and
for the reporting of quality control. Sampling Protocols: Setting out standardized national testing guidelines suitable for indoor workspaces.
SME Toolkits: Making available guidance and compliance toolkits for small and medium enterprises.

Four-Phase Phased Roadmap Phase Strategic Focus Primary Deliverables

. Phase 1 Policy Foundation Form an inter-agency Technical Working Group (comprising DOLE, DOH, DENR and academia) and
publish interim guidance limits.

. Phase 2 Technical Capacity Accredit the testing laboratories, train the inspectors, and standardize the testing methods.

. Phase 3 Phased Rollout Issue statutory standards together with targeted compliance deadlines for high-density sectors (for
example, BPOs).

. Phase 4 Review & Refine Keep monitoring nationwide health and environmental data to fully integrate the standards into the
updated OSH policy. Strategic Direction

The framework aims at three major changes: shifting from a reactive approach to one based on prevention by means of proactive
monitoring, changing from isolation to integration among health, labor, and building administrators, and moving from a state of impasse
to one of progress by eliminating the regulatory ambiguities and introducing enforceable, tropicalized IAQ standards.

Use Existing Standards Strategically

An 1AQ standard is a technical reference tool, not a simple checklist requirement.

- Technical Reference Block: Use recognized international standards as
foundational engineering reference criteriz.

= Adopt vs. Adapt: Define clearly which standards are legally adopted,
= adapted for local climate, or used solely as guidance.

8. Climate Considerations: Avoid quick-fix standards without ethical

adjustments for Philippine humidity and building designs. st fecn prod et
flen comfEEE1ci112 1o 3T 04 D0l S8 aba 087 c 5064 BED Ball
A1A%e 541 e B Pl JaS8 054415 e _ Aer S 100 el By SIS 2004
el RIS 100 e wabp

W Harmonized Policy: Align [AQ requirements across O5SH, public health, and
Mational Building Codes.

Source: wasw sanalifesnc rgy cam
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Five Core Policy Commitments

Strategic imperatives for bullding sustainable national indoor environmental quality.

o PUT HEALTH OUTCOMES AT THE CENTER OF 1AQ REGULATION
o MAKE 1AQ MEASUREMENT SCIENTIFICALLY DEFENDABLE AND VALIDATED
INTEGRATE 1AQ WITH VENTILATION, FILTRATION, AND SOURCE COMTROL

o BUILD WORKFORCE CAPACITY AND INSTITUTIONAL CAPABILITY NATIONWIDE
o TURN IAQLINTO A CONTINUOUS EVERY DAY SAFETY CULTURE PRACTICE

L g e O

Proposed National Governance Model

Multi-Sectoral Technical Working Group (TWG) Crchestration

STAKEHOLDERS: DOLE, DOH, DENR; ACADEMIA, PROFESSIONAL ORGANIZATIONS, BUILDING OWNERS, WORKERS, ETC.

2 Standard Setting

Develop, review, and update Philippine statutory 1AQ
exposure standards and guidance limits.

¥4 Research & Validation

‘Validate sampling protocols suitable for tropizal building
envelopes and local climate conditions.

&= Competency

Establish accreditation and training programs for industrial
hygienists and 0O5%H personnel.

Page |7

B Guidance & Audit

Issue techmical guidance, compliance inspection protocols,
and outbreak investigation toolkits.
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Safety Culture in The Age of Autonomy:
,Orchestrating Human-Machine Synergy for Zero Harm

i

5

Even though artificial intelligence and automated systems are advancing quickly, human involvement is still necessary when it comes to
managing changing operational environments. If we compare the situation to navigation aids, self-driving cars, and the autopilots used in
commercial aviation, automated systems only function reliably within very clearly set limits. In the field of occupational safety and health,
technology cannot take the place of human judgment. To achieve sustainable safety, it is necessary to combine automated tools with
human oversight and a well-established safety culture.

Key Findings & Perspectives

The Four-Pillar Operating System

Zero Harm depends on four safety-culture capabilities working together—not as separate initiatives.

Shared Algorithmic
Situational 1
Awareness bl
. e
See conditions, luh!"d‘w'““:'“'
change. - and confiderce.
ZERO HAR T
y /,\-'\. enatles action |
Psychological Dynamic Risk
Readiness Governance
— A
Question. speak up. ) A Decide. pause.
and ask for heip. ¥ escalate, and J
{ u“;“'m. . ./
—2 ontinuous leaming loop
human nervention paint
ST When one pillar weakens, the others must detect, challenge, and reinforce it.

The operational limits of automation are shown by examples such as navigation applications, autonomous vehicles, and traditional aviation
autopilots, all of which only work effectively within their defined design parameters.

The need for contextual decision-making lies in the fact that Al and automation cannot consider unmodelled, real-time external factors,
for example, changing weather conditions, shifts in traffic, or unexpected changes to the schedule—thus necessitating human operators

to intervene.

In the field of hazard management, safety officers employed in industrial settings have to establish the boundaries of operations, spot
hazardous areas, and assess complicated situational risks since algorithms are unable to carry out such evaluations on their own.

When it comes to narrow performance, modern robotics and Al can exceed humans in specialized and isolated tasks, but they do not
possess the kind of multi-variable reasoning needed for complex risk assessment.

The importance of having a safety culture lies in the fact that when organizations buy advanced technologies such as Al cameras or
automated monitoring systems, these will offer only limited value if the organizations do not focus on integrating the technologies in a way
that is centered on people and instead develop a lasting safety culture.

Automation should act as a supportive tool rather than as a full replacement for human decision-making in high-stakes situations, and

sound risk management depends on having continuous human oversight together with flexible governance to effectively deal with
changing workplace hazards.
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Leadership Roadmap for Zero Harm
in an Autonomous Workplace

Ty strangahens safety culure-—-ar eradaes it bah

\
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° ¥ WSHCOUNCIL

Tripartite Alliance for
Workplace Safety and Health

Singapore updated its labor laws to protect you when you drive or deliver for gig apps. Because platform companies dictate your pay and
assign your jobs, you fall into a special category between an employee and an independent contractor. Under these rules, platforms like
Grab and Food panda must pay your medical bills and replace your lost earnings if a crash injures you on a run. The Singapore Workplace
Safety and Health Council enforces these protections under the WSH Act, allowing the government to prosecute platform companies if
they put you in unsafe conditions. Companies must also report every serious injury to the Ministry of Manpower. That way, you can file an
injury report without worrying that the app will punish you with fewer jobs.

Working on the road carries severe risks. In 2025, platform workers suffered 85 major injuries or deaths for every 100,000 workers. That
rate makes gig delivery 4.5 times more dangerous than the average Singapore job and 3 times riskier than construction work. Riding a
motorcycle or personal mobility device increases your danger significantly. Traffic police records show that motorcyclists account for more
than half of all road deaths, even though motorcycles make up just 15% of vehicles on the road.

To cut down on these injuries, government agencies and app companies created concrete operational changes. Food panda added a
feature letting you take a five-minute break every hour without losing your bonus pay. Grab stopped offering fast-delivery bonuses and cut
penalties for late drop-offs, removing the pressure to speed. However, other drivers cause about half of all delivery crashes. If you order
food or ride through these apps, your behavior matters directly. Demanding speed or threatening bad reviews forces riders to take deadly
risks on the road. Accepting a small delay keeps riders alive.

Partnership has helped WSH Council develop various resources to
raise WSH awareness among PWs

Code of Practice for
Platform Services

Series of Infographics to provide Tips for PWs on the Job

guidance to PWs on topical areas of the
ACOP

. Things to Note to Stay Safe as a PW
Safety Tips on Riding in Heavy Rain & Storms
Safety Tips on Driving in Heavy Rain & Storms
Safety Tips on Riding in the Heat

. Safety Tips on Riding whie Handling Heavy Loads
. What PWs Can Do When Faced With An Emefgenc/

Video on 5 Essential Safety ]

SRR

Infographics on Tips on Safer
Deliveries Using Bicycles or
PABS based on a study conducted
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P Event Safety Management:
A Systematic, Tech-Driven Approach

ity

Safety determines whether your event succeeds or shuts down your business. Events and tourism pull massive revenue into Thailand, but a

single deadly accident will wipe out public trust instantly.
You must build safety protocols long before opening the gates. Your process covers venue design, risk planning, site prep, equipment
installation, live operations, teardown, and post-event debriefs.

Core Risk Framework
. 4 Risk Levels: Low, medium, high, and critical. Assign clear authority to a manager who can stop the event immediately when
risk hits critical levels.
. 7 Stakeholder Groups: Organizers, volunteers, vendors, contractors, performers, attendees, and vulnerable guests. Give each
group explicit safety duties and emergency protocols.
. 10 Operational Areas: Stage structure checks, electrical safety, crowd control, fire prevention, physical security, medical teams,
site logistics, food safety, evacuation routes, and contingency plans.

Global Lessons and Local Gaps

Poor planning causes mass casualties. A crowd crush in South Korea killed 153 people. A similar crowd surge during the Hajjin Saudi Arabia
killed 769 pilgrims. In Thailand, indoor pyrotechnics ignited the fatal Santika Pub fire.

Thailand enforces the Occupational Safety, Health and Environment Act B.E. 2554 alongside local building codes. However, temporary
event sites often slip through regulatory gaps. Uncertified contractors regularly build complex stages without engineering approvals. If local
event staff do not upgrade their technical skills and language abilities, foreign crews will step in to run high-value operations. That leaves
local workers with low-wage labor and site cleanup.

Real-Time Data Management

Do not rely on gut feelings during a crisis. Use real-time tracking like QR code ticket scans to monitor exact attendance numbers.

If your venue capacity is 300 people and your system registers 400 active scans, block further entry at the gates immediately. Tracking live
data stops crowd crashes before they happen.

Consider the economic scale of professional event management. The South Korean group BTS sells 4.5 million concert tickets per year. At
an average ticket price of 2,000 THB, ticket sales alone bring in 9 billion THB annually. Strict safety standards protect live audiences and
secure these massive economic returns.
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P The Importance of Workplace Health and
Safety for Sustainable Development

¢ <

Ignoring workplace health and safety drains profit margins while destroying human lives, making occupational health and safety (OHS) an
imperative for both ethics and economic survival. Every day, roughly 7,500 people die worldwide from work-related causes—1,000 from
physical accidents and 6,500 from long-term exposures to chronic hazards like silica, coal dust, and asbestos. Today, over 50 million people
live with chronic occupational lung diseases simply because their workplaces failed to protect them.

The Hidden Financial Costs of Inaction
Skipping safety investments forces companies to absorb massive hidden operational costs. Globally, about 70% of workers lack health
insurance, leaving them to pay medical bills out of pocket and burdening local communities. For employers, financial damage manifests
through lost productivity and high turnover:
. Employee Turnover: Replacing even a low-wage employee in the United States costs a business approximately 16% of that
worker's annual salary.
. Severe Liability: Treating a single worker exposed to coal dust in China costs between $265,000 and $290,000 USD, while
European workplace injuries cost businesses between €38,000 and €73,000 per incident.
. Proven ROI: Investing in safety generates measurable financial gains; European research shows that every euro spent on
workplace safety returns €2.20 in higher productivity and output.

Improving OHS has Economic Benefits

Increased compliance with labour standards results in
*» Better working conditions

+ Higher worker productivity

European estimations

* Increased profitability are for every €1 invested
in O5H generates a return

* |ncreased order sizes te
[#] i

“Increased compliance has significantly upgraded working
conditions while advancing productivity and profitability.”

Direct Operational Actions for Leadership
Transforming safety from a corporate liability into a productivity driver requires concrete operational changes:
. Prioritize the Agenda: Put health and safety at the top of every meeting agenda before reviewing production targets or
operating costs.
. Adapt to Modern Hazards: Update company policies to address evolving workplace risks, including worker mental health.
. Enforce Supply Chain Standards: Require second- and third-tier suppliers to meet strict safety standards as an explicit
condition of doing business.
. Commitment to Continuous Training: While advanced equipment and safety tools help, clear management expectations and
regular workforce training deliver the most lasting safety improvements.
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Actions: Build a Preventative OHS Culture at the Enterprise Level for Inclusive
Business Growth

Commitment by Top OHS Culture
Management

The shared commitment of management

Train and Educate Establish OHS as and employees toward ensuring a safe and
on Best Practices Core Value health work environment.

Inclusive Business Growth

Implement Robust Pmmm_ﬁ' _Eml:_]l':"yee Characterized by a focus on innovation
OHS Mgmt System Participation (product and process), human

development (regarding welfare, wage

and skill) and distributed gains from
Drive Accountability business growth.
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Safety as a Strategic Assest:
Driving ESG Performance throuh Worker Protection

Suraphol Buphakposum
Vice President, Sustainability Service Development Dept., SET

Shift Toward ESG & Sustainability
. Redefining Business Sustainability: Corporate sustainability goes beyond financial metrics like revenue and profit to
encompass ESG factors, which pose rapid, high-impact risks to enterprise value.
. Internal Focus of the Social (S) Pillar: Social sustainability is not just external CSR or charity. Its core focus is internal workforce
well-being—especially workplace safety, which directly impacts morale, retention, and talent acquisition.

The Investor Lens on Safety
. Financial Materiality: Major institutional investors (e.g., BlackRock, Kasikorn Asset Management) evaluate safety as a
financial metric rather than an act of goodwill. Frequent workplace accidents lead to lost revenue, regulatory fines, higher
discount rates, and lower valuation.
. Market Consequences: Neglecting safety can lead to exclusion from supply chains, removal from sustainability indices, or
negative proxy voting against corporate directors by fund managers.

Evaluation Frameworks & Metrics (e.g., FTSE Russell ESG)
. Governance & Processes: Assesses board/executive oversight, explicit safety policies, risk assessments, employee
engagement, and third-party data verification.
. Quantitative Indicators: Measures ISO 45001 site certifications, safety training hours, Lost Time Injury Rate (LTIR), and
fatality rates for both direct employees and contractors.

Key Takeaway for Businesses

. Occupational safety is an investment in vital human capital, not an unnecessary expense. It represents a mandatory baseline
standard for publicly listed companies and firms preparing for capital market entry.

Page |14



O A C i i) Q-osH

iland Institute Of Occupational

MThe Working Situation of Domestic Labor Expoééd to

Occupational Vibration and the Development.of a
Vibration Work Assessment Tool

Prof. Sunisa Chaiklieng, Ph.D.
Khon Kaen University

The Hidden Hazard of Workplace Vibration in Thailand

Workers across Thailand face severe health risks from daily exposure to high vibration levels caused by power tools and heavy machinery.
Research across Thai industries reveals that both hand-arm vibration from handheld tools and whole-body vibration from operating heavy
vehicles routinely surpass international safety limits. Without effective routine monitoring, this continuous physical shaking significantly
increases the risk of nerve damage, circulation problems, and long-term joint pain among vulnerable groups like farmers, construction
workers, and informal craftspeople.

AMUAUAZINDUNIS19n18 (Whole-body vibration exposure, WBV):

- - -l ' -
NAANNUNAUALINAUNRIHUINNAU

WBYV Measurement: vitelaneaiunaienenianue

msTammuduasifiowiainmessiinmiiafagunsarinnuduaniiouisaniy
Austiwsiaainseusiuusounsnmeiviosolndadng
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How Vibration Impacts Different Workers

Vibration hazards fall into two main categories: hand-arm vibration and whole-body vibration. Handheld tools like drills, saws, and grinders
transmit vibration directly into workers' hands and arms, with Thai laborers experiencing an average daily exposure of 5.17 m/s? . This
exceeds the global safety limit of 5.0 m/s?, putting over 81% of exposed workers above safe action thresholds. Meanwhile, drivers of heavy
machinery absorb whole-body vibration through their seats at an average rate of 2.27 m/s? —nearly double the international safety limit
of 1156 m/s? . Agricultural tractor drivers experience the highest risks (2.66 m/s?), with over 46% suffering from significant lower back pain
alongside neck and knee discomfort.

A Digital Solution: The Ergo O'care App

To make health monitoring accessible without needing immediate, expensive measuring equipment, researchers created Ergo O'care—a
digital mobile application designed for quick workplace screening. The app combines self-reported muscle pain assessments with simple
body posture reviews to categorize worker health risks from low to very high. In field tests with tractor and forklift drivers, the app
demonstrated an impressive 84.2% overall accuracy and an 88.1% sensitivity rate in catching dangerous vibration exposures when verified
against physical vibration meters.

Moving Toward Safer Workplaces

Because Thailand currently lacks formal national regulations for workplace vibration, establishing statutory exposure limits based on
international guidelines (5.0 m/s? for hands/arms and 1.15 m/s? for the whole body) is a vital policy goal. Expanding digital screening tools
like Ergo O'care across high-risk industries allows employers to identify vulnerable workers early, prevent lifelong occupational injuries, and
build a safer environment for Thailand's workforce.
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Revolutionizing OSH through Proactive Innovation:
Digital Health Lessons from the Ratchaphiphat Model

Dr. Phuritath Saengthongpanitkul
Executive Director of Ratchaphiphat Hospital

Occupational health and safety development still lacks a structural understanding from policy-level executives. The Bangkok Metropolitan
Administration's (BMA) proactive health screening initiatives and digital technology adoption serve as a crucial starting point in shifting
from a mindset of "repairing damage after the fact" to building a sustainable "culture of prevention."

BMA Health Policies and Innovations
. Driving the "Good Health, Good Safety” policy through a 1-million-person health screening campaign, focusing on personalized
risk analysis based on age, gender, and urban lifestyle factors (e.g., NCDs, high blood cholesterol, sleep routine issues).
. Connecting citizens to health services via digital innovations like the Bangkok Health Map and the LINE Official Account
(@1RPP), enabling health communications that cover over 200,000 residents in the designated service area.

Shifting Occupational Health Mindsets
. Expanding the definition of "workers" to cover all occupational groups beyond formal insured employees, including delivery
riders, freelancers, and performers.
. Upgrading screening measures from basic tests (e.g., finger-prick blood sugar checks) to in-depth risk assessments aimed at
preventing coronary and cerebrovascular artery diseases before symptoms appear.

REVOLUTIONIZING OSH osiivense @ e
THROUGH PROACTIVE INNOVATION e e bsrasions
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Current Challenges and Losses

. Workplace accidents and fires (such as factory or venue blazes) cause permanent physical and human losses that cannot simply
be repaired.

. Some business operators remain concerned about the cost of upgrading safety infrastructure, leading to a reluctance to accept
workplace walk-through surveys conducted by occupational medicine physicians.

Future Structural Development Approaches

. Integrating "Safety Culture" knowledge into the education system starting from the primary school level.
. Fostering collaboration among academics, civil servants, and politicians to realign laws, regulations, and public policies.
. Cultivating shared social awareness and responsibility so that both workers and employers actively mitigate risks before

accidents occur.
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Fundamental Right at Work: Occupational Safety and Health (OSH) were added in 2022 as the fifth pillar of the ILO Declaration on
Fundamental Principles and Rights at Work, alongside freedom of association, the elimination of forced and child labor, and non-
discrimination.

Global & Local Impact:
. Globally, nearly 3 million workers die annually from work-related causes. Over 85% of these fatalities stem from work-related
diseases rather than acute accidents, while another 395 million workers suffer non-fatal injuries.
. In Thailand, approximately 20,000 work-related deaths occur each year.
Standards and Policy Frameworks: Thailand has ratified ILO Fundamental Conventions No. 155 (Occupational Safety and Health) and No.
187 (Promotional Framework for OSH), committing to systematic workplace prevention and tripartism involving government, employers,
and workers.

Addressing Emerging Hazards: Through the Japan-funded "Safety + Health for All" project (2024-2027), the ILO collaborates with TOSH
to address critical emerging risks in Thailand and Cambodia, focusing specifically on heat stress prevention and workplace mental health.
OSH as a Gateway Right: Safe working conditions act as an accessible entry point to strengthen broader labor rights—preventing child
labor by keeping adult breadwinners safe, encouraging worker-employer dialogue via joint OSH committees, and mitigating workplace
violence and harassment.

i@} rlermatons

Organization

* Nearly 3 million people die of work-related accidents and diseas

Others 0,15%
2.6 million Digestive disesses 054%
deaths from work-related Genitourinary system diseases 0,55%
diseases globally Asthma 3.0%
Neurapsychiatric conditions 2,92% Wark injuries
11.2M%

* 395 mi"ion :ﬁr::uninMn diseases

non-fatal occupational _ _
- - Chronic obstructive
injuries globally pulmonary disease

14,25%

Thailand 2016 I

Death 19,559 -
DALY 1,104,180

Circulatory disease
32.36%
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» Radiation Protection Convention, 1960 (No. 115) and 3CCC commendations
Recommendation (No. 114)

» Cccupational Cancer Convention, 1974 (No. 139) Oc | f i Hes C ntion, 198

and Recommendation (No. 147)
P Working Environment (Air Pollution, Nolse :
and Vibeation) Convention, 1977 (No. 148) and _Protection
Recommendation (No. 156) against specific General
» Asbestos Convention, 1986 (No. 162) and risks provisions

Recommendation (No. 172)

» Chemicals Convention, 1990 (No. 170) and
Recommendation (No. 177)

» Prevention of Major Industrial Accidents
Convention, 1993 (No. 174) and
Recommendation (No. 181)

» Violence and Harassment Convention, 2019 INSTRUMENTS
{No. 190) and Recommendation (No. 206) ON OSH

» Hygiene (Commerce and Offices) Convention,
1964 (No. 120) and Recommendation {No. 120)

» Occupational Safety and Health (Dock Work)
Corwention, 1979 (No. 152) and Recommendation

(No;160) Protecti?n Protection of 4 . e

» Safety and Health in Construction Convention, 1988 i ifi Medical Examination of Young Persons (Industry|
(No. 167) and Recommendation (No. 175) 'g?apne:r:elg (s)?slc;friife?'goup Convention, 1946 (No. 77)

P Safety and Health in Mines Convention, 1995 (No. 176) Of aCtiVit » Medical Examination of Young Persons (Non-Industrial
and Recommendation (No. 183) Y Occupations) Convention, 1946 (No. 78)

» Medical Examination of Young Persons
Recommendation, 1946 (No. 79)

P Safety and Health in Agriculture Convention, 2001 (No. 184)
and Recommendation (No. 192)

» Maritime Labour Convention, 2006 as amended (MLC 2006) » Medical Examination of Young Persons (Underground
» Work in Fishing Convention, 2007 (No. 188) and Work) Corvention, 1965 (No, 124)
Recommendation (No. 199) » Conditions of Employment of Young Persons

(Underground Work) Recommendation, 1965 (No, 125)
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Key Success for
Sustainability Safety

Dr.Nuntachai Punyasurarit
Executive Director of T-OSH

The Thailand Institute of Occupational Safety and Health (T-OSH) drives sustainable workplace safety through direct action and a
proactive culture.

Key Actions and Proactive Measures

. T-OSH assesses safety risks and trains venue staff at places like Tawandang Brewery to prevent fire incidents.

. They push for safety equipment such as glow-in-the-dark exit signs that direct people out immediately during power outages
or dense smoke.

. They set three main rules for construction sites: inspect heavy equipment like cranes and forklifts, install proper lighting for night
shifts, and coordinate traffic detours with local police.

. They trained over 2,000 Thai workers heading overseas and migrant workers working inside Thailand.

. They distributed personal protective equipment (PPE) and set up safety booths for more than 1,000 delivery riders and
motorcycle taxi drivers.

. They signed agreements with over 20 universities under the "New-Gen Safety Officer" program (Jorpor Pun Mai) to prepare
students before they enter the workforce using the motto "Anticipate, Act, Communicate".

Four Pillars for Sustainable Safety

. Turn basic compliance into proactive habits: Create psychological safety in your organization so workers at all levels feel safe
pointing out hazards, using their power to stop unsafe work immediately, and fixing problems before accidents happen.

. Use practical, human-focused innovation: Choose tools and technology that reduce physical strain, limit human error, and
analyze risks in real time.

. Maintain strict operational discipline: Enforce safety barriers, strictly control system changes, and inspect equipment regularly
to close critical safety gaps.

. Treat safety as a strategic investment: Shift your executive mindset from viewing safety as
a business cost to seeing it as an investment in business continuity and partner trust.

e @au: From Compliance to

Proactive DNA

(Wasumsdiudawnn dddueBosn)

Key Success -

for Sustainable Safety
Purpose-Driven & Human-
Centric Innovation

(uSanssufitthilonunauibogrinsoo)

Operational Discipline

in Process Safety
(Sdensonsaluns:uoumskan)

Safety as a Strategic
Investment

[(VEINR TS umsavnusBonagyng)

Page | 21



OSH Avenue
International
Conference

2 [




[ORO1]
Gowaviu stuunisdanisadwlasanaiBodoviiunans:nuainguatoavuuiaian (PM.s)
agirvdviiutuaniudnun

as. gdngd U3, utuna gosstuuds:n, a1sINdU LTUAS 11a:INFTUYY IEUYURT
atusdnenmaasiasinalulad n1adwongosunJaazacuUasansa UrIIna1deaouqaa

AumazAoIwEIANY:
duateevuunaliiiu 2.5 Tuasau (PM,s) IBulnykiuaWun1vemARdvNans:nudegunwuevUs:s1suatvsulisy laglawizdos:uunvidu
ke (World Health Organization, 2021) onduiin 1g10su Unigau UnAnw nazynainsfuaniudnu Saiunguiusiuwitaoiuidavgodenisidasu
wWans:NUMNHU PMas |L‘ja\)mndaw?ﬁwawag’mafuvﬁuﬁ'amuﬁnm|‘fJus:a|:|:>a'1u1uazh\)cia|L‘ja\) (U.S. Environmental Protection Agency, 2025) Tugov
Ka1gURNIULY a01UNISTIANAU PM.s TukanaWuRuevUstinAGIusIduIRuAI0sgIu doralkiinenisiSulos 16U ssmeifovs:uunviduriale g
KoUFa na:lsaszuunividuriaiofesy Follimavdvnadeguniwuevyaainsia:unAnuiiiidu ndgvaonansnudentunIwnIsiSaug Us:ansnwns
v latnwanuoivevamuAnuniustasa1d (UNICEF Thailand, 2025)
dvdu mswouuns:uumssanisnotulasasiaidotoviunans:nuaniu PM,s adwius:uuniazédvéu Svdnaoiwsubusdivde Toadevystun
nasiluoAad uAcIUUaaaE 91800U e asanwinadouTunisivu IIIURANNISWaUUNRELEUGIUEDIDOdDU AU assssSUIAiuTa (Environmental,
Social and Governance: ESG) |\7Jaas‘1\)an'1W||ooa‘aums|§aug‘r‘idaenﬁa TROATUNW llasIfoAUELEUDEVIIRDEY
1IU2ANSIVIVAIWKANIBINAS:
NALIUUSANSSUTWAUIUATUUUIIUDAQ N1SSaNISAdUIAEIBVUOVIU (Preventive Risk Management) Toeu.j\)lL]umsUa\)ﬁuwans:nuriaulﬁo
Suas1g UINNINSIATUTYRINIERAY WEURUKANNISUSKISYaN1sAouUasane 9180ounle nazaniwioadaufunisiouedividus:uu
AWIUUSONSSUTEYHAYIU Ao NMsystuIMsevAUs:neu 5 d1u Boustnoudos
1. n1sasovdanazdaaiudeyadiuntuniweInia Dn1sasoedaAiusuatuelu PM.s nuuisaalnd laagudavioadeuuavuridneaids iinis
UszI0U 31AS1KANAUITUTUEU PM; s lasUs:iTuaouidavnivguniwuevyaainsiuukianende
2. AIRUOUIASNISASUAUADIUIAEY N1SADUAULANLNIVAINIA StUUS:UIEDINA NsAtkuaulaute 1BoUsviulaadanuranAo1y
Uaearie msida/Ua k3eritkuaiRimsusuiudaumsisaunisasuliuu online Kdo Work from home
3. s:uumsdoarsudvidiou 1GowurIUSUIUAIITUEU PM,s KéoRdstESantunwaINIATUNIWSIU (Air Quality Index: AQI ) IRUINTUT
uiasgrunulasane
4. msidousouvevgldouiiiaodev Tdnn ynains UnAnu UniSau gunasev lazgusulagssuurIINends
5. styurinudaniura wan1sdldu N1sasdvdoudayanduITuiuduidSauIRaunudoyauovNsVINWUKIUASIIAENSUADSUALUAWY IWo

AnuUdedenanougndevusvioyarnNUTuU PM;s korndstssaatuniweniAtuniwsau (Air Quality Index: AQI)

udanssu s:uumssamsanudasaneiBolovriu
HaNS:NUINHUA:D00ULI0IAN (PM2.5) odwdoduluanuiinu

AECSM MODEL
MS0s0300a:000W

doyad N WoININ AMMUOLNOSNISASURUAY WITLD
A MSAIVALLARAN YO WA

n =

Taain1systuinisevAus:noufiv 5 dudwduindoanu 1BusUiuu “ssuumsdanisaoiulasanaiZolevnuru PM.s Juaniudnut” Aauiso
UnlUTETaesviuusSUNvevamuAnY aawisnuenanaldosogviu
Saqus:avA:
1. Wewauuusanssuidoulauna s:uunisdanisaoiuUasasiaiBoleviurans:nuaneu PM,s nws:uunviduriaieluaniudnu
2. ieaonouidavdogunwuevlniSau UnAnw nazynansiuaniuAnug
3. IelasuasvmsidousouiiazacuastrUNduAcIUUae At guUNW
WealiuayuniswauunAgvEUdUEDID0EU oAU asssuIiuna (ESG) TuamuAnu
Suasunisdtuvau:

»

s1eaziBaausanssuniaguaaumsduduviu
1. msUs:lUun:mué:a\)mm'.‘lu PM2s
o disoowunidaomeaiuurisnends Togiawn:USIoURTNSivIUKEEMSISEUNISGOURUNILU S0d1dUAUEIATYUELRUAIa:NgUIFED
o JlAsuKs:AUMSAUaLuveLUNSEU UnANw nazynains laamsdadvindevasoodadu PM;s azA1iatunwemaAiuuisealng
2. misedniuUs:uUNIsYanIsAdIUUasans

o darmnusdjudilonidlu PMzs Iiuuasgu
. ﬁwuunumsmsnouqumua"wﬁut?u (G1udAONSSU NISUSKAS llaswnanssy)

Page| 23



o darhs:uudeansiazidvidounouidaw Tann msidviungulatiynains 1svdoyalu Website uovurianends n1sdadvoes LED naaven
AOWITNTUEU PM,s TuuSiotudv 1 vevurI3nenaanaslsoisauaisas
3. misanduurasnistovniu
o UsuuspaniwioadeunisiSaunaznisitoiu nsiinoIua:ena Msaadus:uus:urgma msaados:uuausvineswuloruanusiouauu
AdNs9$19sKUNNILUKSDTUSURTATAOUITUTURUZY
o rRuanuoMvYMsIofAoNssuITaREUgY
o dviasumisiounsnitiovriufikuniau GnsdainsaurinIneuiadsaviuRovweIUaUavURIINENSE
4. N1seusWIlada$1vAUASERUN
o TRAWSAUNANSNUUaYEU PM;s doguniw sounvmsaviasunisidousouvaviniau UnAnu lazynainsiuukianende
o msaswiausssuadulasanafuaniufinul msstusvAnisiariinneuaikidudnaade
5. n1s@anu Ussiduwa nazysuusvssuu
o Gacumadiuguniw aaanisiSuloaiiawnanssuldevcin 4 9INRevWENUIaUBYLKIINENE IalsvISauaEaY
o UsuDuUs:anauavevuiasnishldditunisia:usulsvs:uuatvdeitevionoiugviiuvevlasonis
1nusN1v/wanisnaaaunisidviu:
udanssus:uumsdsanisaotulasanaiBoeviud awrsndrdunisideswdaidevlaaystunisiuulauianainuiouuivevaniuAnuy
llarawrsntiigneaavAncUIWeUenaNalUdvindotigamuAnudu dviasuniswauunfgviiudu ESG fus:duAndwuinduld
nuomvnisihlUinanwskSowaunazaowdvéiufunisandasinisus:auduasia:
waviuusanssudiuniswasuns:uunissanisanulasaniaBoleviuineulonglyrid Aty dugunwaneu PM;s Ioaysouinskanms
dunouUasariE 91320une la: ESG agvilustuu gogans:duatunIwg3a as1vaniwiiondeunisisaugiuasaria naraduayuniswasuigoduven
anuANWIDEVINDSY

AAURT (Keywords) :

udanssuanudasanie Juazeevuuraidn (PM.s) ssuunisvanisnotulasarie

Page | 24



[ORO3]

Gomaviu Ergo Hand Trucks: snifugoganinaasudiaiwoaalsdaidaonivdiunisamians

WA.0s.nAWa yasld, nunasstu ANIUAgUIvY, NBNS SUNSAY llazgsan Hunsan
Atusa1sIstuguAaas NAd¥1918oounlanasnd1uUasane URIINENALUISFOS

AumazAowEIANY:

Tsns:uuns:qn||a:nehuﬁar‘ilﬁou‘ja\)mnmsﬁwmu (Work - related musculoskeletal disorders — WMSDs) |fJunejua'm'1$m:nuﬁ0Un60'1n
n1siSudaauavnaiwide 15u kaiduus:ain Aiiaduidovoinnisritviu ToadUodendavnivdiussuuns:gniaznauidoe Tdnm nisriiuturiinieAll
IRUI:AU N1sanKEaTBISVIAURIAD N1srivIug ] iDuIna1urusouBvanIwioadauliaznN1sIavIUATUIRUI:aUaIUKRaNamaasiriiRifalsa (nsunouquTsn,
2559) U A.A. 2020 d&unviuadans:nsoviisvviuds:inAGRSgaIuSNI srevunIsuraiBunasnisiSulogainnasriviuidonalkinanoiuEounduovlisa
stuuns:qniiazndwideiud a.A. 2018 nguendw 10 ndu Aaidusesa: 40 vevgUoalsaszuuns:gniia:ndwidonvkuaiuniniensu lagerdwidnisiialsa
UINRga AenguwinuiuindeuginaEud ruouguos 25110 au (U.S. Bureau of Labor Statistics, 2020) lia:nsyusudhadaqdoalodvnans:nude
nawidena:ns:gnuiniga e1msUsardvoinnisivuwuldussiuvuninisuuginasaq (Behnam Moradi la: Samira Barkat, 2020) swnatduev
Health and Safety Executive wu31 winviudouTkayRidiuisunissnuioiniwng wuenisiaundnauwusiuamsuaaravaoua1voinnisritouiud
2561-2562 Aailusesa: 29 (Health and Safety Executive, 2019) naznanisfnuivev Asadi llazAtu: Tﬁs:qTo‘o’wmsrhmur‘iﬁmsuua‘na:iaqﬁoaﬁa n
TRifae1N1sAaUNETd (Asadi nazAtus, 2020) dvwalkifaeinisusaidoalasvsiviaznduidovrnnasriaviu (Musculoskeletal disorders; MSDs) lias
douunaswuiunguendwidanuruznisrioulaaldisy 15U vIuan 1un K1 nazdnsindeulkodh n KéeadiuAIUDaIUU a:wUuTayansd1s99AUEN
ua\)mmonmﬁoua:nzﬁu|ﬁalﬁauwéuﬁuElomHé\)zbuéwdaaﬁam (awav RIGUTD nazAtuL, 2561)

mnﬁaqaﬁwﬁuo:lF?u]d:hmsan||a:mé'aus‘na:?oqﬁﬁﬁwﬁnmn iBudosanivdrunisamansidrAty Advwadenisifalsa stuuns:qQnna:
nawideRifaitiovennisrioiu (Work - related musculoskeletal disorders - WMSDs) lagdnutuznisujuaviusniasindoushadaqdoansonie 10u
fionssuidonianiwAwuldnolufuaniuds:neufioniskaraiky ligro:Bulsbviugaaiknssuuraiin na1v Tk soudvdrtinoiu quans:oadudt ko
anunTRusSNIsd1 7 nanAn (FUANG Guno1TY nazAtus, 2562) wusidosaidvralkifialsanws:uulasvsivnaznduide Ao N1stvrunIvNIENIW
(Physical workload) nasrvuATEnIseanisvwsouiiunisindoulkosonie laadnisan un wankdodvavuevrtikndwideldsunans:nuiisonace
$wnraundu fiknassvunvmenwirades:uulasvsivna:ndwido (soycdAos 3utpovd nazatu: ,2560) 91Ns1av1un1sa1soawudifut 2561 wu
JUoalsAnvs:uulasvsiviaznawidesuouuinigailusudu 4 snanikg 21 naulsagUoauan (3n1a1 AvNSY azAtuz, 2564) TuvuAtnsuudhe ke
IndougheavavlodanivdrunsamaasiiRulddaustidirinuevAiuNIAUlY MsanuevAGURINUIN 1a:0AUEUIN K§oN1sanuaviudnutuEiNIY
319 ||a:rhm\)msanua\)ﬁhjqnﬁa\) gnistaiBaoardonrunifull denusluuikifanisuiaiduldsie GoausseRiRaode viiun1sanuevKUNIGIMSANYY
iWor135Tun1sanuevkininulaaliidisvautunisuugna SvdnisAadusaifusiunUssavAtuniséinadovey ATAUE:aoNIazUasarTe soutivaastazioal
nasrvuiRGeaavndNIdy natawasadu-avuulalaanisidusiaes (3sde UngI$ny nazAtus, 2567) snifuaiuisngoaaalodaidavnivdrunisamans
ndtryraAwulunisuudna 3ndryriAenisuugnasanduavuula dolaaundsaifuliawisaldduuulald devinisuuuevaveinsn ifunazanyevdudula
doadoiuar onviudsadivdu Iatnstsusiaesidngoafunisiburirdvavirsnifudu-avuula ndoannisinuideyawuviuddsaniniswasunsniuli
awisodu-avuulalaloalidevbusines iunisweuurdosnifusin 2 do1lu 3 4o Raursndu-avuulald (USH ankad nasAtuz, 2565) Utykiuovnisan
vovoINAguuIusniFudonviog 15U Jumsuudvavuevinisiisnaudiunisuughave idodevuuvavaveinsnauddevidisvaniwouiruovugsaidu do
Srdoifutiyrifumsaniliiasumisily

9INMsnunoussstunssuwu3amsiiittyrilaafdrannis A1s1AS Taiu (Karakuri kaizen) 1igoius:uudaluld@nidssnisnionamans 10u
TgwavvruBonaidiuigoaiunisusuusons:uounisrimiu nalnawugiuuevasias Taidu Tain a1u sen nasdovdardn ause isvldutov nsidauna
n1wnisindeun vevlka/fi1s 1BUGU 1BunalnafeluAnswennssssuud Tuilusuasiaiudvioadey Fdunudi s1agn GoaruisnaeuausvAILGEYMS
Ua\)sn|fJuﬁﬁaomsds‘uUs‘\)msrﬁ’ﬁmuﬁﬁmsé’w|§a\)ua\)mnr‘iq\)mﬂ\)snlﬁuk‘ﬂoaTu’aonuswnu’oaNau||S\)'I’umssm (Wsnyod NadUoytyvu nasAtus,
2567 ; Sa3aul fAadios nazatuz, 2567) dwidsulsesnifusouriumisidae 3 defumsiu-avuulalasalifsusioes IBumsaadunuikiusnifu ndéodev
awsngogaalodeidaonodiunisamaasla

sniduveviigriustvnwsraraiuloguu Musnifunuuaevde Tuawisolsdunazavuulald
Taaiawr:Turewno Ae 91A1sa181STUE ATUDAWHTUGI91A1S i TRNMsuuvavduavuulafugandiuan
soudivnisanuevoINWURGWS:AURTADIUgVavLIASIITU Tn1siud1doRuINNIUNGdoanIn1vATY
Ikt nastEnsolunisanvavAdiiranTUgostibu MiRinaAowidavdestuulasvsivnasnauido on
unA21W3YE ( Steven A. Lavender nazacus, 2023) nsuraidu funistdsnifuvavidniseonisouin
1fuTU wusndermsusaravaouao Tugov 12 1deuinuul nazsoudoUodenvavioadeu U nwaia
nwau vula dowudnsnistdsnibuluauiavuevituiivivevaouliauranie

9nUryridonarogaseadvautoAnuils:ansravevsnifugoaaniazindoudiadaq Aldon
n1snunoudsstunssuIUSUTBRUsnIGU Tnsiwuacwaiwsaiunisdu-aviula Taatsmswouurdosniu
910 2 d210u 3 do 1o TRawsnTuavuuld Toaliideviduaines aznsusus:duuavgiusnIFuRtiIRaNMS
vav As1AS TAiBu (Karakuri kaisen) n1UsuTaiRawsnduaavuevonigoavursniduld soasounsviu
nsan iBustuuitsdunudh Toafdnswennssssusaiburan dnisowinunalnmsriviuAgugounasiy
agwwans:nuiRTUFLID0deU AOKIVIVAWISOYOEaaTTEIFEDEIUNISEMENS AYOHAN1SODNIISY
funisaniasindougiasanAdiikanua aanis:vrun1vnianiw (Physical workload) anaowidey

rimvmsrivuRlyikuauiunonsamaas nasgogaos:azinariumsriuikiuguguavula

NU2ANSIVIVORANSBINTS:
1. mseaniuunalnnisanuovsnidu :
fumsusuusvns:usumisritouiieanncuiFaenvMsamaas kiviunuonivildsuaouautoundufuningaaiknssy Ao N1SUIRANN1SANS1AS

Tr18u (Karakuri Kaizen) uauszgndiiunisesnivugunsnik$enalngoanaunsw laayvidunisid wavviuidonaausssusad igu nsoldutov Au san
K8onstovUkUn IWeWuUs:ansnwnisivuloaliidevdowiwdoouiwihkSessuuusinesiddunugy
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msﬁnuﬂuns‘mﬂﬁﬂmsu"wuoﬁnmsw@ﬂn|8umd§u?z?ﬁumsaan||uusn|ﬁuu’oa|s|n Togiawrznasdanaln san (pulley) mTl?lvT}aanusw‘iQUauomu
devoaniunisanuavoInfigoavgsnifu rifkaiuisnraunsvutuzan aon1siunazaansvnades:uulasesviaznduideldog1o0Us:an5 nw nalnsanA
twnisfumudordaranmissisunsvdoansidsen doalRguiuavuaiuisnandannddrinuinlagaidisologavnsimsandoadolaaasy

mswauuiiasUszgndignalnaukanaisigsiaBusvasulongnisusudsoviuaniuaniuus:neufioms 1evonitus:uuAlt dunud T33aqralu k1
Tdve douursove nasliiasonisidedvioadeu 3nAvdvyosaalodeidavdunisamMans 15U MNMSAU NsTaIBaddds n1seaniisviiudasia as
gogaonnuidavdenisifalsas:uunszgniia:nadwidenwulduesiuviugniiazindoudhadaq

avdu Tuundgasasvldnunoulenaisiia:viudefifaodoviurdnnisitviuvevnalngn 15U son NMsIAZOURIBYIFU Aa90UIUOAANIVNSEMAENS
RIReodevUN1SaNUeY IWosoavsuIUsAaNa:NsaUNn AT uUNIseeniuUNa:Us:ITUUstan5NauavstIfugoaaniuviusdansod

2. nsUssITUADIUIAEINAINIONISHVIUADEDE REBA (Rapid Entire Body Assessment)

REBA K30 Rapid Entire Body Assessment Aolndoviorignwauungdulag Hignett ia: McAtamney Ev@wugiuuioinkannisuev RULA
(Rapid Upper Limb Assessment) Toagdaqus:avdiiatilunisus:idunouidavuevnisiialsas:uunszqniia:nd1uitie (Musculoskeletal Disorders)
Rowiiagusnritniviunisriwiu Taarawrfudnutuzorundnmsiadeulkoswmearatagou Tisro:duviuRdevindeulkosdivdeltiov k3anidiuanuou:
UDVVIUAKRYQTVKELDENUA NsUsHTUGIE REBA IKU1:EIRSUNISUSHITUANUIUEAIN1YU9DSIoMERDEoUUUNIAEoUATY WSDURUNISIIASIEKANUIULNISTS
nisovuvevndwIdetuanwioodounisritviusse TnabdUesadAtyRAdevwostursouriu 4 du Tann

. rN1LYLLSINEYTUEIVIU IBU NISAUKAD YOI KSoENIUU

. anuouznisivuvevnduide 1u Tudwadunisrivaunuudioni (static) k§onasrivaunuuda  (repetitive)

. StAUULVIISVATS 15U MSENUoVKUN NSoONIISVAIU

. msdurdadiafiosanAe anuuzuovmIsSutaBuMIUKSaIndovTastkIWNISHIIU

ns:uoUN1sUs:ITUREIBUAUDIN NsEvINaNISINaIAsItRANuULIU (Job Analysis) Wweracuigrkduasunisivuagvasidaa 91nduSviden
riamwAGlemaifausensviga kseiBuritnoRiFavdenisuraiBuuiniga vainisustiDulasafduuwes REBA

3. msUstidunis:vaunivnig (Physical workload)

Genums:ounwnenw (Physical workload) (130 18U l1azatus, 2564) Ao Ns:AIGSUMNMSHIADNSSY K3oAdwEvIASEaRIAATURUSUU
ndwidena:lnsvagvns:gnuavsonia Toalowrzagwavusioruns:gnauravaoued (lumbar spine) dounldsurans:nuonanutuzriiniviunisriviun
Tuikunza 16U MsAU anyavkUN MsTadd kemsavegiurifarikdviduinaluiu soudvniseenisvniwmanIwius:GURGVIAUAIINEIISOTBVSIONE
nis:vrufudnuuzdonaioatuisnnalkifanans:nudaguniwnionig Avfus:a:dunass:a:a10 15U 91n1sUosanduide aouideadn
masndwidesniau k§enowdaunduevs:uuns:gniaznduide (Musculoskeletal Disorders: MSDs) dvonodvnadeus:ansniwiunisriioiu nas
AtuMWEdauevgUUavulaiusta:ao

50s1N1sIAUYaYKoTPE1sov (Heart Rate Reserve: HRR) Ao wadws:no‘wéosﬂmsﬁuRo'l’oq\)sgo (Maximum Heart Rate: MHR) nazoasn
nisidurofoutuzwin (Resting Heart Rate: RHR) uovyaaaliu
Soga:dasN1sIGuUOVRTEUWNSUTUE fvIu (relative heart rate at work : %HRR) 19u ARTEUans:duNIszvUNONElaiUsauiRaunu Auoculaald
aas

%HRR = ( [HR] _w- [HR] _n/( [HR] _max- [HR] _r)x100

[HR] _w Ao dasinisiduuevrolviadautuzioiu (Asvdoui)

[HR] _r Ao dasinisiduvavkoloutuswn (ASodauii)

[HR] _max Ae sa0s1msiduvavrofoguga Aruotulden 220-a1g (ASvdounfi)
(Yilmaz, 2013) TaMRaznuulagn1siyvs:aUN1S:vIUNIONIENIW GOT

stAuIun 0-36%
stduUrunav 36-78%
stAURUN 78-14%

stAurunUIN 114 -150 %
srduithranuIniiuly > 150 %
4. nuuds:iduncuIFEvATETuLIUENUaY NIOSH lifting equation
nuuUssiuAoUIAEvNIVMsamansiialuviuanuew IWe3iAs1krIGARUNA UL (RWL : Recommended weight limit) BoiRaodevnunisindouda
Fovov logawsnAuotuAt RWL Tdonaunis
RWL =LC x HM x VM x DM x AM x FM xCM
trdvruainuiugas TdAr RWL (Recommended Weight Limit) 18urnusirdirsunisaniguguaviudouikeyujoaviuld Toaludonans:nude
swome
dalunissadi asddaanasen L Lifting index ) 10unasUs:ITUN1S3IASIERNISaUWUSUaVS:AUADILIASE AR IREoTavRUNISAIVIUEnUaLddE Do Tagka
9Ingas dvd
LI=(Load Weight)/(Recommended weight Limit)=L/RWL
L Ao Ardkunuevdaqen Kuoa Usud ke Alansu
RWL Aa dasnanuzurdiksunisen
Incurinsiuvs:auAoidavoInnsanlaalda LI ndvesnidu 3 stau dod
nstdi 1 A1 LI Ueandikdairiniu 1 Geg1takiin k§e3smsaniuteguutiu o199:Tudona ns:nudeaunwuevgUiuamu
nstin 2 A1 LI uannsa 1 naluifiu 3 naavsnisanduidaoiuidavdenisriiifiiooinisuoa vevkavaoudv (Low Back Pain; LBP)
nstdiA 3 A1 LI unnd 3 devuaniudaoiuidavgouinio:ikiiaduasiacoravaouan
Sanus:avA:
1. iWeIUSauIRaUAIUURINIYNISAIvIURTUIKUIaUsrk3wNIsTEsTIGunuuIGy rumstdsnidugoaanioaniuuiki
2. iWeiUSauIRaustazioaInsiussk3wmMsiEsaidunuuiau munisidsaifubosaniooniuulry
3. iweiUsauIRauAdstinisanssk3wNsidsaibuiuvuiay fumsidsabudoaaniooniuulki
4. 1eIUsauIRauN1s:vLIUNYMENIWSRIWMSsTEsIGunuuIdu funistdsnifugosaniooniuuiky
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duasumsduduviu:
1. TagnasuakanniIsAIRaodovu1dos Ao stifuaiude as RANNISUOY A1s1A5 TriBu (Karakuri kaisen) Woaalosaidavonivdiunisemans
loaidsaqUs:avA
o IWoaamstvIUNYMENWUIRLFURUGIUENUDY
e IWoaarNoNIsHvIUNIazAoLIFEL9INNSENUVFUFUEIU
o IWoaasazioarfunisioiuvevgUFUavIUENUDY
2. gdveesnnuusnifugoaan Toafdkanms so 13u 3 do na:ans1as Taidu nisudnugvAasvsaifugoaanidus:a: q soudiveronstRinoug
Tudnudmonssu na: inisusudsoniluaiudoiauanu=91ng1vIaze191se
3. rmsaswsnifugoaaniveuiunEiumsnaaey natfudeyatunisde
nuanv/wanisnaaounasigoau:
1. wan1siUSauiRguriatnnisrivau (REBA) nasaoiuidavoinnisan (NIOSH LI
wanisiUsauifauriinivnisiiviu lagdnuruznisiiviuindsudhadon wus nsiiudoulkoyenisanuveviudnumuziinivdl  narino
nsanuavAlugndev Tnistaidasardonuniiulu dorinwnisimiu 2 ngunandiviu mnranisivudssuiinemsuguaviuloaldsgnisussiguna
fvs1onna REBA NguAsuAUTs:dUADUIEDED IdNdUNaasvis:duAUIZEDUIUNATY NdUNaaaviiainguAIUALIIONCDRUBEDHUad1Anynvan a
(p-value = 0.001) 9 Nwan1sivuUs:dudanuytuNisivuanvugladanddaisv NIOSH lifting equation ndgunaasviiainguAduAU IANGIVAUDEVT
UgdrAtynvatd (p-value = 0.001)
2. wan1sisauIiaun1stLIUNIONENIW
wan1sIuSEUIREUN1SI9IUNTYMENIWYERHY 2 NdU ToandunaasvlAISUAUIAAEN1SIYIUNIPNIENIWEDNIINGUADUAN 1A TRIRUGD
nuoliusnassorunIvnIEn WINUGU ||ci|Ciansnnms:ﬁudaéﬁﬁtgm\)aﬁﬁ (p = 0.425 > 0.05) wud TuiaownandvegwidadrAtyn1vata stk
nauAosUAUIIazNguUNaaeviudIuNS:vIUNIVAENW 1TovoInduaeumsavWuRIAudoaEw Nwnguddetw doutknyludnstdsaifulus:azioauustiv
deitiov na:inisignlUiRudoetwvutuEAngudoedwridown Nvfungunaasy la:ngundUAY
3. wan1siSauiigustazioatunisioiu
wanisiUsauIRaus:asoa1iunisitoiu wusindunoasvigsnifugoaan lnafduduiadaiunisindougiasonuinndnauasuaui idsnidu
aovdorolu ToanaaviRiRudviusliusstasivarfiumsindoudrasanwudu idowonsturAts:dulagrAnynvana (p = 0.064 > 0.05) wus AW
nandwedwiiadAtynwata stk3wngunaaeviia:nguasuauiudunafumsindeudrason 1GevernnongunaaevliAudunisidsentunisgoauey
llataouR9=fNIsKYUsaNDMsEuaURANWAISKyUTUaL
4. szaunonuioweoifiaoiunstdviusidu
wastaunouWoWaloIRaoUNsTFUsTIFuTundunaaew wusn mstsnifugoaaniaouWwows elus:uuiniga Tann druaiuis aualuls
v1uldosy (Mean=4.24) duanundonse (Mean=4.24) duniseaniuudacnuiuadea urldviu (Mean=4.29) na:nmsidsnifusoaaninauwowsTofu
stauwan TanA dumistdvrulaluraraaniwiwui (Mean=419) duanuwowsiotunwsoudesnifu (Mean=416) dunoiulasanacdedidoiu (Means=
414) duvuravevsniBulaguikuIzauRUN1sTEvIu (Mean=4.10) diumisideus:duiiosndandu-avld (Mean=4.05) druaouazasniunisidviu
(Mean=395) dumsiulkavevsnifuaiuisnigviuldesy (Mean=3.86) iia:dunoiuthrinuevsnifubanouirunzaudenisviu (Mean=3.38) Taangu
naasvijAcuiowelodemsusanssusnifugosaniaiiuuiadssouinifiu 44.60 egfus:duuniaa laaAailusesa: 81.09
1usN1wNIsUsSuUsSLWUUIRAvIU:
1. TumsuszigumszorumvmeniwirkinisrioiuRuuuInsuGumweRIdnandaoudu
UsuaausaqnisrisniuiRGiranAIVILANNSIGY WeIRUUs:anENwsDITu
Unisnoaeumsidsnifus:ezenoiioquavevnisisaranogigivavius:ansniwikbounulds:a:dursol
GnsifuyunangduddegnviielRians3ias1tkNvanaiaouIbugIaa1uIsnasUNalunwsouuavNaLdoeE1Y
BmsiUsauIRausUnuunalngosandu 1 15U ssuulwihkSelsasean WeiUsauiRauUus:ansniwiiunalnsenndunuuboryu

NS IF NI RN

Bms@aawunamsidorusnifugosaniusza:ano eUs:TuauAvNU ANVE:aonfunisTdviuvevsnifugonsn aznaRiiadudeguniwuey
Afgo1u
wa/Us:Tastiin1a319:165u:

1. IWeaaUedaidavn1vdiunisamansonnisiviu

2. |\7\}aa0msuml5u||a:tJa\)ﬁumS|ﬁnTsnm\)ﬁqunsvsh\)na‘ﬁu|L‘]a||a:ns:gnmnmsﬁ1mu (WMSDs)

AAURT (Keywords) :

msamaas saifugoaanindousne A1s1AS IAIBU

Page | 27



[ORO4]
Gomavau CERA (Computer Ergonomic Risk Assessment Tool) 1nSovious:iuniuiFav

N1YN1ISEAIEASTULIUADUWOIINDSIIUUASUIVDS
0.08.1AY 1890gosst, IgSN1S HU1, SUNNIUG YuB llas Moyou ansavd
ATUEa181STUgUANEas N1AJY¥INEoUNTEIIIazADIVUaDaNE UR1DNENdadaganynd

fAuana:AowdrAty:
Uoquusunuunisriulugaddnadnisisneumainesibuindovioraniuiiounnnindou TusosBurlisavusisnis aniudnuy niAlensu
K&0oVANSEOAIRNSSU dvralRwinvIuIazyAaINSTIUOULINGELUUGMURINPoAUWIINaSITUS azIdauudeItevunda:su oiluledeidavdolyk
qunwonmsritvau Taglawa: nguemsnivssuundwidenazlasvasions:gn (Musculoskeletal Disorders: MSDs) I1a: nguemsn1vaiga1vnnsty
AoUWoInes (Computer Vision Syndrome: CVS) dowuldluguuavuntsviuneumolnesetvdeitioviviuusunustinaiascious:ina
VIU3SERaNaBUBIRIRUS AoIFevdestuunauibenatlasvagons:gniugidaounolnesisasnisiagy iU viuAnyedaiFavde MSDs fu
Ginouwalnas wusrUosadiuanndviunasitnoriviuduwusiius:duaimsuasaideanduidosdivdaiou usnond s1eviuni sd1s99911s CVS Tu
winDIUZTNLIUEDWUASIUENUaYEINSNDANE e TadATY Fuorodvnans:nudontunwnisivuiiazgunwloasouyevguiuaviu
odvlsAinu IndevloustiTunauidavnivnsamaasidegiuloguudvidosinaraiaus:nis Isu NisUstiTuurvdiulinsau AguiviIN
auUnsnl atwans:nudegunwwsounu k3eliaunsnsad1duacusulisvuavAUIFEDIdodwITUSIUU MTRNISUSKISSONISIIAtN1SIVINUAIUALAIL
iFavdvliauysad
iwonaulongUnyrnikand Insonis CERA (Computer Ergonomic Risk Assessment) 3vldsunisweuunitiuindeviioustiiunoiuideonionise
Aaasarsuvaunauwolaasiuuystuims Taadtvavledaidavuovanitiviunouwoiaes 5 du Tann 1113 Ta:nass:azidon sonw 1JURUW naziung
wsounvUszdustazioanisiwmu Jodaduanan nazwganssuniswnaiaan loaideulaviunisustiDusnisiiaznans:nucoguniweevifus:uu
ANUdAtyuevuSanssudeginisiBouleay “Uodaidav” 171U “Hansnudeguniw” fustuunisikazuunuutovd rin (Weighted Risk Score)
nazunsngnowidav (Risk Matrix) ﬁ'doafﬁmmsnd’ﬁ||uns:cTunoﬁu|ﬁla\)ﬁ\)l|ds:ﬁuaaus“UTﬁTUouﬁ\)s:ﬁug\)mn ws‘aunuom\mouqunowu|§'a\)ﬁ'|Hm:au
01WAAUADIUSUIISY BVo:Eo8TRovANSKEORLIOEVILAIISIOINUASUAUIA:USUUSYAT TN UTdodvIkuaUIasEvEU
uanndgvdAnanwiunistiiluus:gndidiviuaniuAnu d10nviu azaniuus:neunisnalu nasnouauIsnWaundogoaIdus:uua

narso
lloUWaIABU IWoans:aunisiEhs:3vduguniwiiaznouUasaniafumsritviusttvibugusssuius:duovdnsiiazs:auus: ina
1IUDANS1V3VANWRANSBINS:
msUs:lUunowu|§a\7chumsamaos’a’ws‘umunauWomas’Uswngwum\)ﬁmmsmn||uoﬁod1unmu§uvvus’s:no'w “Uodedeononianiw’ fu
“Nans:nUdas:UUnéwlﬁaua:TnS\)as‘wns:qn (Musculoskeletal Disorders: MSDs)” FolASUNISEUTUDINYIUFIEITVSUIOTNETIAZNISNUNDU
asstunssuagvidus:uu Toa Wahlstrom (2005) shaviudinasriviurtiinewwoiaesilustazioaiuiu Tagiawasturiinioavi (static posture) na:dn1s
indoulkodh 1 (repetitive movement) Gacuduwusiuanisuoaae U1 Tka nasravasuuuadwbiadAy 1suidasiunisdnuiuey Ranasinghe et al.
(2016) Awund1ugnuev MSDs TuwlinvaudinuiuuinnsiSesa: 50 TaaodaidavadrAty Iain Aowgvla:uikuzau n1sowvenIwAas:AUaIEN lla:
N1SUI0EOOWNSERIIVNISHIIU
fudrumsuszidunouiday 1ndevidorldsunisaeusuius:duaina isu RULA (Rapid Upper Limb Assessment) 1as ROSA (Rapid Office
Strain Assessment) TdSuniswauuwe3diAs1tKRINvatovAUssnauvavanitviudiunviu Taa David (2005) diRiRusinasidindovijoustiiuni
Tasvasivaziuunazinmurinissas:quAcUsSUNISY GoafkaursnsadidunoudrAnyuevnisusuUsvanitviuldedwius:ansniw vtuzA Sonne et al.
(2012) snav1udn ROSA mmsna:ﬁaun:nu|e‘ia\wa\aamGmunauWomaéua:UnmuéuWus’ﬁus:duawn’nsdoouav@dﬁﬁc‘\\nu agiwlsiiau Indoviiorane
suoyvIduiawziINIYKSeaVAUS:NaUNIVNIENIW NasdvliasaungunisUs:iduonisnvataan (Computer Vision Syndrome: CVS) niazwg@inssunis
rv1usouaE
ueNINT OVANISIISVIUSKIVUSEINA (ILO) nazevAniseunalan (WHO) TﬁlJuﬁﬁﬁ\)nmu&”nﬁ[yuavmso‘omsn:nufa:a\)muuuoﬁo “Hazard-
Exposure-Outcome Model” goidoulavsuasie (Hazard) ssdunisdudia (Exposure) nazwaawsdiuguniw (Health Outcome) 1d1doaruagvitu
stUU ludAQdvNa1dalTUaYUNISWaIUNIASav ToRawsnUs:ITuRvToeIFavuevaniiviu s:a:0a1n1sduda lass:dunanssnudogunw 1waldidu
gwuﬁoLvJa'l’ums:n\)||wunouquna:tlo\)ﬁuTsnmnmsn"nmu dodu n1swaua CERA (Computer Ergonomic Risk Assessment) $v3108vnsauliudfa
aonano TaaystuanisnisussiDuovAUs:noUandvIu 5 Gu s:e:10a1N1sHiIvIU WOanssuwnanaal 1a:e1n1s MSDs/CVS 1griussuumsiRAsiuuiuy
tovdKUNIaIUNSNEAUIFED WolRaoandovAURANILIBOUSINYIIALIUININISTANSAUIZEVULIASZIUAINA
Saqus:avA:
1. iWewasurindevijous:iTunotuiFavdiunisamaasdirsuviunouwoiaas (Computer Ergonomic Risk Assessment: CERA) AGA91W
ASOUAQUUTEIFEVUELANNTMIUASUWIINDSTOAULUNSTY ANMYNISHIIU SEE:19aINSHIVIU a:wOANSSUNISWNEaEaN
2. iWerhkuainurimsikAzuunazMsdas:auAIFELA UNMSEMansoaniDu 5 s:du Tann sausuld dr Uaunaiw go nazgouan Taaidoulav
Uoﬁa|§'a\m‘us:ﬁuwans:nucias:uuna‘wuﬁaua:Tnsoas‘mns:qn (MSDs) l1azonisnvataa1dnniIsidaauwolaas (CVS)
3. WenoaounnuIkLIaU ANUITUTUTE naznouaaandevuavindeviio CERA Tumsthlutsustiduanndviuneu@oiaasiuaniudnun &dnviu
K$oan1uUs:naufions
4. welgwamsUstiDuiludeyalumsovinunsuay Usuusy natoviunoiuidgavdiunisamaasiuviunsuwoineseswvibustuunazd d1du
noudIAY
5. Wealuayunisans:dustuuiEhsidvguniwiazaoiuUasanialunisimulugnddna lnadviasunisustandidindovboUstidunony 13avRs
RanguIBvUsEINYSovSU
duasunisdudiuvau:
n1s3%8ASuaITunis39aIBoUsuItuIuURYN0asY (Quasi-Experimental Research) B3anuszavAmowaulniaziusauiRauus:ansnavon
indoviio CERA (Computer Ergonomic Risk Assessment) fuiaeviiounasgiu ROSA Taadduasumsdudauviudod
1. MsWaUUIIat0s29douUAUNWIAoY DD

J398ANUYINUNOUISSTUNSS IUDAQ NlazindevlaunasguiRaodoviumsus:TunUIFavAUNISEMANSEIRSUADNTDIUABLWDI DS WoliuIls

iBunseunusfafumswasuniadeviie CERA Tranutu:idoruvie Tigudau nazaseunguivinmvnisivu gunstl lazanwiadeufunisiviu ondu
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u"1|n§'a\aﬁaTUTHQ|uaomrgmumsﬂmams’nsooaaun:nun‘ia\msmﬁ\au‘]am (10C) nazUsudsviilvaudalauaius neunaaoundIuIBaliudoanl
FuUs:anBieawavevasouuin (Cronbach’s Alpha) 1a:NQ@OUAILAVATOVNISIAEA (Test-Retest Reliability) dogfn Intraclass Correlation
Coefficient (ICC)
2. NSIOSEUNENAIDEVIIAtUDISESSSUNISIVE

dduNIsueUYUEPINATUZNSSUNMSPSasSSUNISIETUUYUE a:AaIdonnguaoaevIuUIIoY (Purposive Sampling) $huou 3 ngu ngua: 10 Au
sounvau 30 au Taun

2.1 ngugiEv1ussvAUFUavIUHIU Desktop Computer, Notebook lia: iPad/Tablet mafuuri3neanda

oaganund

2.2 ngunouAus:aUUNANY Ao UNANKEUTA 3 auiegosunanaznoiulasasie

2.3 ndudidaosity Ae amsdduengosuneiiaznoulaoasia

Jii1souasannaus:lasunisBiovsiaazidaalnsonisiazavuiuiurivdeduasunouidnsounisAnun
3. nsifiusousoudalaliaznisus:iou

Tundugido1ussy o:insuurnsalonisritvusseidunan 3 uf e Eidudeyausnaunisustidu mndugiinsoustUstiDunmuidavdoaindovio
CERA (ws‘au5u|oa1s:a:|oa1ﬁ?8ds:|ﬂu) ||a:Us:|Uu§1doa|n§avﬁauwosgwu ROSA

&rSunauunAnuIaNaUIZaosIy o:insustiDumnddloyaideaoriu Taafdiv CERA 11a: ROSA iWelUSauIRgunotuaeandevuavaziuu la:ts
NamsUs:|Uumnna"ule‘iaomL'g|fJu|nmria‘w\)é\vfumsmsooaaunmumsvmumruria“quus’ (Criterion-related validity) uov CERA

uanoNG FIF1$oU=00UIIVUUSITUAIUTIE ADILEQDN llazno YW ToTunisTdvIuInSovio CERA
4. msdins1:KJoyaliazUSauiiauna

drdoyanziuuvinAvaungduuidinsikdoaanadowssouun Tain Aowa Soaa: Aada nazdouidavivuuiasgiu nasisaddouuiuionaaou
auudgau lann

Spearman’s Rank Correlation iWenageunouduWuss:k3wAziuu CERA lla: ROSA

Intraclass Correlation Coefficient (ICC) IWonaaouAcIUAYAYEYNISIA

msnoaaunow||ond1\7ua\m:||uuua:s:a:maﬂumsds:lﬁus:RdwvnajudoaaﬁﬁﬁlHunzau (18U Paired Samples t-test k3on1s31As1RIUSEUIREU
StRI10NGU)
5. nsasUwanazvanisigviu

asUnanisiUSauifiauUs:answa Aouaeanden Aouvialunistdviu nass:azioariislunisus:iTuvevindoviio CERA wiouoAUs1aNauNsou
luoAaNaUZSaRIfaodov a:darsiaviuddaaluauysniveinaiwsiiaswaundesaaiusuing

nusniv/uanisnadounisigviu:
1. iusnwmsnaasunisidvuindovo CERA

nisnaaaunisidviuvoviadovijo CERA (Computer Ergonomic Risk Assessment) dngunistudnutuznisUssijuidoivsauiiauiiuindovijo
urasgiu ROSA Taafdndudoec1v 3 ngu nduas 10 Au sou 30 Au Tann ngugTdviuosy ngulnAnwiaiuiargoauileanaznoiulasanie lasngu
1BeosnydusdoeunaiaznonuUasasie
uaaun1IsnaaouUs:NdUadE

1) TlRnguiitgorussouuinddlonisriviuosviduinan 3 ulf

2) TRths'ouUanummme‘ia\adoa CERA (wSousuioainisus:iiou)

3) Ussigugdoaindovijo ROSA

q
i

4) nduunAnuina:ngugidaosityUstiiuondaloyaidaoniu
5) JIg1sounaunuuUsHTUAIIUYIE ADIUBAIDU ADIWE:QDN llazADUuRIWaTDTUN1STEvIU
nisUssiduds:answansaunau 4 dau lann
D) nowaaona‘a\)ua\m:nuuﬁum§'a\>ﬁamnsg1u (Criterion-related validity)
2) AvwAvAvavn1s3a (Test-Retest Reliability)
3) stazarfunisustidu
4) pnuvnaiiazacuWowe loTuN1STEU
2. wanisnaaaunisioiu (asuiBonaaws)
NaNISNOEoUWU3 1Asevio CERA TaxudanndavAuAiuuN ROSA TustduiouonaenodiadAnynoatd asfioudn CERA a1uasndmuns:au
powideviainaidavivindovijounasgu
TudunouAvAvevN1s3ada A1 Intraclass Correlation Coefficient (ICC) aglus:aud naaviRikusnadovijoianuiadasiunisda Tundsusouau
govioan
duus:ansnwnistEvIu wus stazianiadafunsustiiudos CERA dundy ROSA esnwiitiadAtynvatd naovikiRusnundevijelkigosandiuneu
nazABUBauTuNIsAIUDTUAIIUU
Tudruaouwowatd Jigvrudoulkajus:idusn CERA Taowidrtevie Inturinziuudawu nazauisniwadwsiuidusuusvanitorulanui Taaiawas
misidavaziuuBuAiusdBeUgUa doillugaiduRiiandiveinindeveunasgiu
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1nusNwN1IsUsSuUUSLWEUUIRAaLIU

R nuuUsItunwilsoaumsomaasiun WOUWIN0S

PINNanIsnadeu Insevide CERA Difnaniwiunistilutg
fuusunanuAnuinazevAnsigviudiinoiusuouLIN
TaaawisalgiluindovioustiGuauiovidovdu (Self-

\ (CompuTER EAGONOMIC R sEsSMENT: CERA

dnf 1 Uednfoehwunmemanduasnmldfufiols (RSK FACTORS & DPOSURE)
i 1A mrvsives Crrneeardvinde il da v nsss adeundee e mieesnd wals (Mo o _ N .
Assessment Tool) IWalH1s:dvAdWIFavAUNISEAIaas

. — - na:fEiugiudoyalunisotonrulsudsvanitviu

b Ity H-H fusurnaaiursowasunlusdiuuddna 1su Web-

(S

based Application k2 Mobile Application IWoIw
Aowa:0onfuni1sTdviu nasifudoya 1a:n1s3IASIEK
nusltiupouidavius:GuavAns
wa/Us:Tastinn103190:1G5U:

1. TaindoviioUstiGunoidavdunisamaasig
ANUIKUNAUAUETSOIURDTY

TasvnasdorrtkIdindoviio CERA (Computer
Ergonomic Risk Assessment) gvidsuiuunisigoiun
1917ov1a Tugudau nazatursads:zisulddosaauiev loa

CEPTTTTTTT

L —
f

AsauAguAbriaNIvNIsHvIU gUNsd lazanwioadau
funisrivau nandivaniadevdeurasgiuiundduasu
N1IsAUdTURANEdIGU

2. 1wuUs:ansnwlunisAanseviadaa1duaow
13a0

CERA awisnsiuns:dunoiuidavesnidu 5 s:du
agvFalou wiaunusnwUsuUsviaeandovius:du
ADIUSUIISY MM TROVANSAILISDOVIINUADUAUNIA:IATY
Unyraldedrvilus:uu nasdadrdunoiudrAgyiunis
Usuusvamiviuldegoikuizay

3. aastazvalia:acuBuFaulunisUs:idu

Pnn1seeniuuiRdinuAAUUAaPUIaduasu
n1sUstITUANS:3U A1031 CERA 9:6ogaasa:10a1funis
Usziduideiiauniuindoviiourasgiu dvraliaiuisa
dnTUT3Tusvn3vidvradu Avluaniufnyinazaniu

Usznaufionms
4. doiasunisidousouvovguuaviutunisqia

P S S N T ———" - JuUNIWAUIDY
itiovon CERA 10uindevijoRauisnustiduauion
18 (Self-Assessment) @5vue:inoiuas:ringtvUoseaidavuavauievuindu nazauisndsuwnanssurdausulsvanitvuldnu 18unisaviasy
Sauusssupotulasaniaa:gunIwiun1sivuIBOSn
5. aduayus:uuiihs:solsaonnisritoiufugnddna
wanisUsziudIn CERA awasadrluigilugiudoyalunisitlis:dotoyr1 Musculoskeletal Disorders (MSDs) ia: Computer Vision Syndrome
(CVS) lunguigldviuneunoines goaaanuidavdenisiialsainmsiwiulus:azeno
6. Aingnwiun1swouunGegoIBoudanssuy
indoviio CERA awnsowcuunidus:uudsiardenouwaingussulal wesevsunisidoiulus:duavrnskdossauus:ina soutvawsnididudunuutu
nswauunindevdaustTunouiFavdrsuanu LB M delufusurna
nusnwnistilUinanwsk$owauuanazawdvéutunisaodasinisus:ausuasie:
naravdugalasvnis indevio CERA (Computer Ergonomic Risk Assessment) 2:gnunlUTi0uindovionansevasiuidavdiunise
maasifovaulurusaviumaluuridnanda nazawrsnvenaraganiuAnuiiazaniuls:neufionisAdanutusoruginoiu Taaystuinisigafunszuouns
asooUs:iiuncuUaeaiaUs:$1Y msUgudinawinoulky nasfonssugviasuguniwiuevdns wsausargomsidoiuia:dosulwnsiwniweinanwssiu
1BUTsl kUOEVIUTBINTS azN1IsUsEyLIBINISAIUTBIoUWEIazADIUUaDONE
fudumswauurnazdesea Giusniwusuguiuu CERA Trillus:uuddna (Web-based Ko Mobile Application) 1#emunouazaonfunisty
v1U NssaiRudoya lazn1s3iasiKiusliuaciFavius:duovdns vosgoalkaursndoniunanisusuusvandviuldesivdol tov 1azasvgiudoya
drsumisits:SvUtyr1 Musculoskeletal Disorders (MSDs) ia: Computer Vision Syndrome (CVS) agwidus:uu
fu@nougiviiu infevijo CERA orgogansasimisUstauduasiaiia:lnykiguniwoinmsrimoiurinreudolaesialus:azeano dunalnnis
Ussiduaulov (Self-Assessment) ﬁa’DlaéuTRQUﬁUﬁmuns:HJng Jsuwnanssu nasusudsvanidviulanui TagovAnsawrsaidnanisussiuonarua
u1asN1sAUANIBYUBYAURBUIRANISUIAITUDSY FvotirlugnisannisaiUsa aaAnidsradumssnuwauna llazasiviausssunoiulasaneiunts
rvueEVEVEU
AAURY (Keywords) :

nisemans US:IUUF\O'\UIQIEI\) VIUADUWIINDS
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[ORO7]
domaviu Smart Stretch Game (Office Syndrome Prevention)
ains davuns

Usun 1paiisu 69a0a anaise inaluladd (UszinaAlna) $1ma a1wausiduus

el

fAumazAowaAy
u3anssu Smart Stretch Game TRWYNTayarRevwenUIaAwWUIUSTTUMsTEeNAaranduidoIdugviu a:ieulnyki Office Syndrome Tu
nguwinviudinviu SowasuninuesulatiiedviasuniséairkdeaaatvgnidiusUiuuRauniasigndovia IUsinsuaiuisnassodurirtonasidoidoundo
wuUivliigndev wisurikuansAoriiMauskis 8 MiRgidurinweataun:iuu ikuaWeloviulazaneIn1susa1nMsiwIuiINLgl q a:asio
SauusssuguniwiBvlovriufusvdns wanAase:ldsuAenisaadasilsastuundvidonalasvsiv aanisuraviu INUAUWOWaToIIazUs:aNENIWNTS
rivnu weudeaaonglasonisguniwdoe Al fusunaa matdiuoaa “IuTgiATREairkgaa ndrikéagn nazeangannau”
Saqus:avA:
1. aanowideaariustk3wnisiwiu doalsinsudiaikdaarmunoiuurautodoasuiuuvevinugd
2. Wauurstuu Al Rauisnasooduldniufnazaiuisn Feedback §igouldnuuisaalng
3. doaadviasugunwia:Ueviuloyriguniwornnistivriouiduoaiuiu
Tasvn1s Smart Stretch Game Us:aunoudn§oluniswaiuinalulad Al Computer Vision 1I31AUKAN Nsamaasiasinuiwingu awisn
WaaumséoikdaonundeirnatauionssuAaun GUGEUWUS lazauisnasasodanougndevidiuuisaalniy wansnaaeuidous:sndéuduins:uuton
aas:dunUIBUUaueoWINLIUTGED 71.6% nnatu 11deu wseuasivnsveviona:acuiowalolus:dugw (91%) GuiluusanssuduiuuRgoasns:duay
N12:uavYWUNYIU (Employee Wellness) IWURAONIWUDVOVANS lazagvnudviiudiuadoouriaa:noiulaoaneaaeviiosy

Adomsidow w2 - X
v User Journey

daviindoo G

Thre

ot 10 lan MRy Spatrume b
B R

AAURT (Keywords) :

Office Syndrome &a Ikdea NneuSKS
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[OR08]

#omaviu Johnny Safety TSH (digital safety ecosystem)
dagn ovAsBuR

thannudasone sndosunlaiia:avinadau (SHE) uus. Tnaduidn ansiua (Eanvulkny)

fAumazAowEIANY:

fugngnanknssy 4.0 MsuskissanisaouUasria (Safety Management) luudviGuRwowlionansns:anu dvwalkifoUyyrinoiuardntu
nisstemudoya (Lagging Indicators) nisdaifiudeyanuifus:uu nauiaindeviodinskaouidavinyusgh usnond msdoarsdrunoiudasaiaiin
1Wunuunividas vransvvidIRWINVIUITIWITdousSol iWonRTuUoyridonand Atuzdaridviawaun “Johnny Safety TSH” szuutioanoiulasane
Soasa:Anaiunalulad Al, Cloud Computing lla: Gamification 131G28iu Woagvs:uunIsimuisaniss Tusoia nazigdvoradrSuwdnoiunnau
1IUDANSIVEVOIWKANIBINIS:

1. Uryoydstausgnasszuunsauven (Artificial Intelligence and Chatbot Systems)

Uryrynus:aug (Artificial Intelligence: Al) Aoinaluladirinfkasuwoinesaiuisnisaus 3iask nazdoaufordaunvuuyudld (Russell &
Norvig, 2021) Tagiawrzinada Natural Language Processing (NLP) Agoaiis:uuidnfoniusssusiduavuyud nsauen (Chatbot) |TJUHﬁDTU§Ulluu
nsUs:endis Al w‘s}ae‘iamsﬁuQfﬁmumuﬁanmuuuufﬁoau vUddaveY Felstad ia: Brandtzaeg (2017) wudn Chatbot awisniwuawa:aonfunis
1g1ivdaya ataanis:viuvavynainsiuevAnslidogvibdadAty

2. 1uoAa Gamification fuavrins (Gamification in Organizational Context)

Gamification AanisunovAus:nauyaviny 18U Aziuu (Points), IkSaty (Coins), szdiu (Levels), lazs1wda (Rewards) u1Us:qno’TﬁTuu§unﬁ
TWTginu (Deterding et al., 2011) Hamari, Koivisto l1a: Sarsa (2014) wu31 Gamification awwasaiwunsvgoiona:nsidousou (Engagement) uov
§igo1uldedhoibus:ansniw laaiawrzidols:uuataundunia:sivia

3. nqu;j||sog\)fmla:s:uus1\)5a (Motivation and
Reward Theory) 53 -
nquijisvuiouev Herzberg (1959) a5urada >SL'|PPER PERMIT ,
“Uodagolo” (Motivators) 15U nsgausulia:sioda awnsnmy |2 M3 B L3N " 1]
AotuWowalonatUstansnawnisriioiu uenoind Self- FollNE B qw"
Determination Theory (Deci & Ryan, 2000) sty31n1sir
sw5aﬁ'mm:auaﬁmsné\)|a§uu5\)g\>?oma'fu (Intrinsic
Motivation) T nuoAa “Turn Safety into Rewards” $v
aeandevnunquijavnadio laaldszuundunassivdailu
Indovions:dumsidousoudunnulasaria

4. Sauusssunoulasand (Safety Culture)

Safety Culture ku1adv A1TEU A2IUITD Nas
wodnssuiiRasdoviunowUasanaluevdns (Cooper,
2000) Reason (1997) o5u1a319vANSADIQUUSSSUADIY
Uasanafidundv 9:08as19uaikqdinda nazawuisneviu
Ao1wIFavldod1vdus:anEnw stuu Johnny Safety TSH nias
Safety Royal Point DidRuteiioasiw Safety Culture siu
msigndvdoyaluu Real-time msiaousousuinu na:msik
swdawnanssudasane

5. Digital Transformation na: Data-Driven
Organization

Digital Transformation Aemsunalulagadna
prUaaunstusunisivuweIvuUssansnaw (Vial, 2019)
nuoAa Data-Driven Organization idun1siddeyalunis
daFulo (Provost & Fawcett, 2013) n1swasua PPE
Commander Dashboard ¢i1u Looker Studio nia: Cloud
Database (Supabase) aaandavnunuoaadonaio loaboalrk
msuskisaoUasaredacuIugasTusolauingu

6. stuuarsauinAluu Real-time na: Cloud
Computing

Cloud Computing goglRs:uuaiuisnidnivdoya
Tﬁnnﬁ' nnioan na:inoulasanagv (Mell & Grance, 2011)
suuAWaUUTuTAsYNISTTS Cloud Database l1a: Messaging
AP 1#os995UMsHvIUIUL Real-time dvaanoudrdiia:

A2IRAWAI09INS:uU Manual
dodu Tasvvau Johnny Safety TSH SvidsingauiBudsinisiatuayuiusfaiaznisseniuustuuagivdaiou Tasvnistidunisufsustuu

uskisvanisaowUasane (SHE) :nsuiuuionaisns:augs:uuadna (Digital Transformation) ToawauunUunwaawasuuu LINE OA ftgousie Tu
dovdadviieuwainguidu mafdiuada "Turn Safety into Rewards” IWeasiviisogoiofumsiddousouuawinuiu
uSanssuna:nalula@nis:

1. Al-Powered Intelligence: 1§ Google Gemini Al Tums3iasa:kgunwaiday (Al Safety Vision) nastikAmusurnaluidovdunuu Real-time

2. Modern Tech Stack weuunrdoaanirUaanssu Serverless |8'audag1uﬁaga Supabase lazvani1ss:uuru GitHub, Vender 1a: Render

3. Data Visualization saifiudeyaidus:uunatiaavuaniiu Looker Studio IWo3IAs1:HIUSTIUQUEIKAIGYSN
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5  Tugaranuovs:uu

1)  AlSafety Vision s:uusmmu||a:5|nsw:ﬁqow‘ia\)doaﬂtytyws:ﬁuif

2) Digital Safety Card Unsatifinowwdasanaiatus:dGn1seususiaynna

3)  Safety Royal Point & Gamification szuuasauiduoinnisritisnssupculasasiaonansivda

4)  Slipper Permit Digital szuuueeytyralfjuaviuseuladnuulins:ony

5)  Asset &§ PPE Management s:uuasoodaugunstdliazdaaden PPE wiu QR Code

wadSovovlasonis:

1. dunowAuA Woudsturudidunis 0 uan idevorntinswennsmialunasiwaawesu Freemium
2. duUs:ansniw aaniszvaulenatsld 100% llazaas=gsioarluns:uounisuveyty1arSeasovaaugunsailduinnat 60%
3. duanunbugh Al awisostynouidevidgndeviiugindy 90%
4. drumsaausu wanviudaouwowafodonisidviugedv 93.53%

A1AURT (Keywords) :

Chat bot Safety Al Johnny Safety TSH

Page | 33



[ORO9]

Homavau aunsniUaordotvussaniarvdu vuia 15 inlansu
WA, Fasald koynov, $Mo1 1avduns aznadss vy
Au:AsMansgaanknssu awduinalulagmswaa uridnendainalulagsisiuvnastyys

gl

fivna:AowdrAny:
9naniunisainistdniiakodu auiaugusinaavuan kuosavIuUs:519vKRIaavual an1evAnsuevgusina JanfAudeyanisdisooon fia
ruoongluAsaBau tu RevUs:yulsviisunsadarialkny Shnerialkny Sor3aavuan loadgidsoudod indeyragusina 16 81ine $1usu 30 AU IKIIA
waLLIUSORIN IKINATEYAUIIAUSSIMATsISTUSTE 180 12 avual INKI1ATevAUNA:USSINAS1SIUE FoR30avuar INKUA aau.dordaavuan nas
AtuzAvuan1Augusinaavuaidomsuiauedoyalusuf 27 Touiau 2569 10un1sUs:uoa nadioyasnn1sd1sooluwuASvRS0avUal $1uou 320
ASdIdou wudNIndosa: 1716 anwllikurzdensidoiusosa: 19.82 Tuwudenoustydoruoanaivsonar 20.41 wodnssunisidondenaiuaautivsoudv
nsussQufia (1GUIev) wudisesa: 87.60 1denderiusiusasikinaniarvduiiunisiudaudoiky uinndimistidviarvduiauluussenialkiilsousse
(Soaa: 12.40) Tumsz"?auﬁarg\)ﬁuwu:h Soza: 77.22 1dondonusuduansradosnatnu 1su s‘1umaua\)z§1ﬁl‘]61Hu'w||ﬁa@ﬁuua:WUUtyma"1ﬁty Taun
anwuevavifianiauysni Gaturdeseanasnunouliulu soudivUyr1aviiakvdukuaeny k§odonauRs:ydv Suruaargligarou MikgiseiuiRa
AcURvoatunistEvuNazifeifaUyridonfiaruaegliu wusiuwaouliiawisnfv:usiuaaudvikunusumld
Taain1sus:neuakisiuboguulisnosBuaiutnuidou $S1uUs:nouairiIsskUNaNatlsvaIks 9:0MsUnAasssuBIaUITETUDEOIW SKanel
JuAe nfiaxvdurdeniadlosidauikasnussgaviunisusAibude Gudraiauuia 1su 5, 15 a: 48 Alansu dvowtiuidounassiuus:nauairisskung
douuno:TEde vuna 15 Alansu BoiuurvasvosiingUdikaiianissolkavevnRarkdainaiwavTkidu msstvuikgloanslaondonia Tna@léaomryo:rﬁ
m1seusuirRIzlUTandonAadoanisidiie oxnmonisaiifaikqAantoererifkifansduaudv dulailardeUa na:kinibuggveranisanfondotvnis
sugadvriiRIunandniudaodonia dvduatusddadvifanuofnagwaunsailaondotvnfiauuna 15 Alansy
NU2ANSIVIVOKRANSBINTS:
Hﬁnmsaan||uUmsa'\)maﬁﬁa“\)l|a:|U§'auﬁﬁm\)msr<qu 90°
n1sdvoingiiav Ae NstuduniIstinenaawavviunaxrso
11S9TA9INNISKLU 9INNKELAUR1ED TUdvgunsaiUaranividelkifia
msindauikdonisriu TaadiuavAUs:naudiv q 15U AFAE IRaS
wan anawiu K$els IWeIUdsunouiSalatisvTalRIkuEay
KaNNISNYMISMaas nistaveviona:tio
nsUs:gndignisamaasiweniseaniuyu a$ a:Usuusvstuuviu
nisamaasio (Hand Ergonomics) yvidunisdaniinivnasnasiy
aunsnifiaonowinaadedaiie Uole naziuu eleviulsans:gn
nasndwide 1u dadiedniau (CTS) Toanusdrikriviuluriisssusna

(Neutral Position) kAniaavn1svardadadolosulisv [Faunsnifsu
ndaido aansvauasifou naswnndwiderus:a: dvliu gunsaiva
21d000UssIAaRVAY FodanutuznisrivuAnd1EAZON1ST001E0
nfiadoade
Saqus:avA:
1. Weaswaunsnilamdotvussauiiarody vua 15 Alansu
2. IerUs:anEnwaunsnilam&otioussalfiarodu uuna 15
flansu
Guasumsduduvu:

1. eennuugunsnilaodstivussaniiarodu vuna 15 Alansy

2. dar1daqiagUnsinisUs:nouns:uoUMSKEN

3. dudumsaswaunsnidandstvussaniiakody vuia 15 Alansu § 3 dou dod 1. gaRkodu doui 2. yaIUAauRANIONISKIU Nas 3. s0dUdU
gaRadU wanonnbularzuuia ¢ 78.6 Dadiuas kun 5 Dadiuas dwuktiwevitulak:ion:s ¢ 8 Tadiuas $1uou 4 § iwerinnsta luarfiazda vuna
6 x20 A21WE1D 1 % U0 $1u0U 4 A2, yndosaduRyU vu1a ¢ 25.4 Dadiwas ndvdaonriaui vuia ¢ 18.40 Tadiuas 810 11.28 Taduos 197:s
uuna ¢ 10 Daawas an 58.8 Daaiuas m:gﬁ'cﬁuﬁw uu10 ¢ 19.40 Tadiuas ilazyn vuna ¢ 30.70aa1uas ku1 20.2 Dadiuas wiouaduandu suio ¢ 100
RU1 9.5 Jaawas
qnai\m"\ari'la“\nuﬁauﬁnm\)msuqu Usznauludoa muikdniwai uuna ¢ 99 Daaiuas 810 94.8 Dadiuas nazikdniwal yuia ¢ 99 aauas 812 170
Daaluas WaUs:nauidfuifevaanoan uuna ¢ 100 siwan vuna 10 Dadiuas $1uou 16 Wu $1udu 2 Ao 191:5d1UT1D iINEao uuna M5 wisudoadoaro
v yura M 5 $1UoU 2 §, ynna1v vuna ¢ 39.30 Tadiuas kut 11.30 Tadiuas Ustnauriugniu uuna ¢ 10 kut 9.5 Tadiuas, yndksutddrude don 1
uu0 ¢ 31.4 Dazdwas ndvrinun TRduuna ¢ 30.73 Dadivas 810 1612 Tadluas AGIUEW 19125 UUNQ ¢ 0 25.76 Daadiuas dn 16.60 Taadiuas Gudivion:
sUindeo vuna M 5 doui 2 srgnusseegmeiundevAtada - Uald
gadwdu ddouusznou dvd yndediu doA 2 uuna g 25.60 Taaluas NdvUasnritu uuna ¢ 23.34 Tadiuas 81 41.60 Ta3luas 91:SAGIULL una ¢
10 Dadwas &n 50 Jaauas A1udveiss Grdindasuuna M 5 $ruou 3 § drudivivnzguuia 3 Dadivas dwidikdnnadaldatu vuia ¢ 100 kU1 1.6
Jaaluas &0 2 1as
Wan1snaaav:

nisnaasviisanus:avAioAnuIn1siasdotvnfiakody Tna@esuIgIudUSOUNISKYUEIR 150U Nla: 2 soU Foauranmsizoiu 01ds
nuURyUEIEIREITATUAISKYUIAU 2 Sou NMsnaasvdduns3anaiunisitandd (RuseSunf) ogtva: 10 Asodardouly
wanIsnaaevwu31 N1siJac&don 1seu Td0ategiubon 2.29-3.42 3unf GAnada 2.80 3unf utuzAn1sIUa9NEoR 2 seu Tdioatediubon

4.27-6.02 3unf DAiaae 5.09 3uA
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9INWadvNa1oNaavTRIRUST FrususeUNISKYUNERIRUTUVNaTRs e oa1funisilaodaiwuduatvdarou Taanskyu 2 seuldioatiads
UINN3INISKYU 1 souustuitu 2.29 3uni
1usn1wNIsUsSuUsvLWauUIRavau:
1. Sarhdtemsiioiugunsniaodotivusseniiarvdu suia 15 Alansu Saflneusuiietanaaevdnougiunisidouirinads:ansniw
2. Tdaunsnitaondatoussanfiarvdu Aauisadrlutdviufuaniotikanisnianiaufifanissolkavevifiaiaznisiiasafnansibudevriinista
ndonfa
AYAURT (Keywords):

AowUasareMniiarvau gunsnidoodonvnia nisdevnudnane
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[OR10]

Homaviu ErgoVision Al: stuuUs:iiuno1uidavnivassaraasaoaUoynyus:aus
918N Aasou, sunAU asswioouun, GAunn laeinasa nazdassau F13ao

USEN painsu ddaea anaise InAlulagdd (UszinAlne) $ara

fvinazno1udIAty:

msmo|5umnmsrh\nuF'i|ﬁaoﬁa\)ﬁus:uuné’]uu‘]aua:ns:qn (Musculoskeletal Disorders: MSDs) |fJuHd\)TuUtymdwumB'oamLTaﬁ'wu
uInAgafuaniuusznaunisiiolan nasBuaikadAtyuevnisaidoa NsgryiFaus:anENIWNISHILIU IIazdununIYSauuavavdns ToarawrfuvIuAD
anuvruznisan Indoudnadaq msriviuda 4 aznisiviuturiinivilikurzauibustasioaiuiu
Joyanatada:

9nnsdrsostioyamaiusvdns wusiowinviunguidavgeadnoiuieadilus:du - Pain Level 4 $1uou 172 au godnusliudevidnsu
ms$nuagvlios 6 ASodal AailuAnTdsradunissnuauszuatu 2.2 duuandat (A1uotumnAISnuiade 1,600 uindoaso awdoya TPA) uanand
msUstidunouIdenivassaaasiudoquudvivosnadAydva:

10a1unu 30-45 unAdenisus:iou 1 Ao

GovenfanoUIBaoBInyUevFUS:ITU

UsziouiBunsonsio Tudeltiow

10un1suskasdanisiBosu (Reactive) TiTgi1Bvsn (Proactive)
nuonavnasiilu:

Wav1u “9Inndevdnistiovriu: Al-Powered Ergonomic Assessment” (ErgoVision Al) $ognwasurdulaginnalulagUyryiUs:aug
(Artificial Intelligence) nazms3iAs1:NWoINNdovUUsandiEiunisustiduritnmonisivugevguiuaviusetvdeitovia:BusUsssy stuudivaau
ununyevmsUs:iTuliuy manual TUgirdeviodrAnytunisasooduna:leviunouidavnivassmaasidosn aduayumisdaauiolunisusudsvaniwomiu
Tdodhvasva asdviasudausssunnulasoianoitiunistoviuneuiiansuiaidu
waus:Tastiin1a319:1asu:

1. &nstdunisvanis Ergonomics 91NN1sUstIDUIBY ’ u

' b,
Driven) /)

2. Wuanunbugmanowdeidoviunisustiou
3. aanowidaviunisinanoiudaunduevs:uunaiuide
nasns:Qn (Musculoskeletal Disorders: MSDs)

Ustaunistilugnisuskisdanisaoadoya (Data-

4. aodunuaiunis$nuiiatnisgryidads:andniwnis
v
5. Ulugnowlasare ACUNWE30n1SHIvIURGIU lla:
AOUELEUYOVOVANS
QaidudrAtyuovstuu:
stuugnoennuulaaidinalulag MediaPipe uu
1us131sas gvluinaasooduniniv (Pose Detection) aiuisno
Ustuoanaldlaaasvuugunsnivevgiviu laalitnisavdoyadtlo
sonuaninov goaUnlevioyadouynnauopwlinvIuaIUKAN
Privacy-by-Design llatannoiunvoadiu Data Security
ueno NG s:uuLTE GPU Acceleration 91ngunsni
vovifdorumeuaouiSatunisus:uoana ifkauIsndinsik
rinwldnuu Real-time TogTudevdowinisus:usanauu Cloud
Server aqas:g:10a150A08 Na:WuUs:ANEN1WIUN1STELIUDSORUN
vIu
A281UdNIVAYNEID StuUaIWIsSnaan1stNIsUstuoana
uu Cloud TdegvidadAty goaaadunulasvagiowugiudiu
wSouRvIWUS:duAcIUUasaEUaLTaaWwlinv U la:aduayunis
UsKisSanisiayaeetvdoEiu
Multi-Mode Assessment sovSunisus:idukane
sUnuulus:uuidas ssuuldsuniseaniuulREiorgu sevsusuiuu
msUstiduiieldviussviuraraaniunisti Tkuanisus:iDuAsevsy
. Video Upload (REBA) UstITUMNIvS1oMEnvdd
wouaswlwasieviu Excel nazdoiauanussaluia REBA Analysis (Rapid Entire Body Assess
e Webcam Mode Us:iduliuu Real-time Toalijdovaw Neck Flexion/Extension: 47.4° —- >45 (REBA Score: 2)
Tkaalwa
e Excel Import sovsudioyariinoAUUANTSaovKN
SanuUs:avA:
1. WauistuuUstiduassmansaosa Al 9InNwndovirR
iBustuusaludanazidodold

Right Wrist Extension: -90.0"° -« >30" (REBA Score: 2)

2. UsuGuacwidavnivassmaasdoaindovije
urasgruaina (RULA/REBA)
3. aastadalliazwuls:ansniwuevviudstioulaald Al inu Manual
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4. @ns:AUNs:UOUNSUSKISdaMsANUIFavassmaasifidu Data-Driven
5. aduauunswouunevAnsg Smart Factory doas:uupoulasanadvase:”
1usN1v/wanisnaaaunisidviu:
rifknssuoumsivrua dviidmsuRnnawoudvniseannaasy TGioa1wew 1.5 oluv
asUwadwso1nnistd Al funasusziduviu (Ergonomics Assessment)
1. aaiva1funisusziuviuasgviua Aty
nstirszuu ErgoVision Al uasfunisus:iduassmaassoaaaioarfunisritoueenoilugusssu laailaauns:uounisus:iguongUnuudoiaunts

19a1uu TRidussuudaludanawisnus:usanaldniatunanwasluRuii donalkus:ansniwuevvmudssiduiuduagwdaiou dod

11 Ustansnawadiuioan (Time Efficiency)

stuuaiso aanarfunisusaiouladv 83%

Usuaaioandorivoaus:iiun 60 unfi IkFeIwey 10 uai

doralRnsus:uSoTuLINNS 6 1NN 1eIREURUSEIGY

goafRiFrinAawIsaussigulduIndulunatinidu nazaanis:vrugidausnns:uoums Manual

1.2 misiUSauiRguioainisUs:iou (Assessment Time Comparison)

9INMsIUSaUIRgUUs:aNENWNsUsHITUSIUOU 60 90 wus nstEaBIaudevTdinailaasouus:uitu 60 Eoluw fuutusAs:uu ErgoVision Al st
dndumsussiguldnietu 10 doluw oaUstraaoalduintv 50 doluvdeseumsustiou dvtioidunisaoms:viunaswuls:ansnwaswidadAny

2. msmuAUILUgTUNISaSOOWURINVIFEY

nsuhstuu ErgoVision Al unfafunisus:iguritnionisiiviu avralknisasoswuwnanssuidavinoiunsaunauniatijugindn3dnisuszidu
nuuIGuaswladAty 1ovensuuauisnustusanasINnnIWsuuav3dloattvdaiton tandiwonmsustitudoaaranirildiugovinarsiia Svdoa
TRawsnuevIRUAWIFEVALI9gNUEVTIUIGetvASUTOU

9INMsiUSauIRauUs:ansnwacUaIIsaiuNIsassewuriINIFasIusu 149 9a doaunounbugfunisasoswurinvidavlduannduaude
25.8 I domairawnsnueviRuacuidavidaseunguia:angdvdu annowibululduevnisuevdulodaidan naatiuayumstoviunisuraiduidosn
ogvdUs:ansnw
asunIwsouwNaaws:

ErgoVision Al goaans:duus:ansniwiazaounijuguovnisus:iduassmansosoiuadiAty Ussrédainarfunisus:ioulado 83% stazioan
nsUs:Idua0avoIn 60 Ui Ikdaveaw 10 urfidega AailunowiSoRImuTU 6 i IeiRauu3dmsUstidunvuIay Miksevsusiuounisus:ioulauingu
nefunalRinafu nazaan1ssvIuTevIFIRINRDEVEAIPU SNAVELINUAIIUILUEITUNISASOOWURINVIAELTEY 2,483% F1UoUNINIVIAEVAGILISOASID
wuiwuguoin 6 90 10U 155 90 dvwalkdasinsasoowudaoiunyugwInndnauEy 25.8 i1 goalRIRUADIIZELIBVANAEIGUTNUEYTIL dVIaSuUN1s
Uovnuigosnldogodus:ansnw
AYAURY (Keywords) :

msaAaas Ergonomics ErgoVision Al ogaana1uidevnisiia MSDs
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#omaviu HJIRANNSvIGoUTWSD

91uur 3stana, 9suni a1sovy, Joutda Jaudev las 8saud aFnutla
MSWWAEUNTMASORIOWO

fAumazAowEIANY:

Jisviugunsnilwidwn TuawnsnsuglasuRaTwwaso sunssAviRaikadansy su wWlkixkdedgoniwga nJe:dgunsaidalwso ndgidouly
ns1wdovkinds:uuiBuUGANUAAUNG FolidmsiiTuiBoleviu gunstiiikdnndoideulwsoidugunsniasoodunnuiaunauevns:alWwIHIUINDOVDS
TWWh kaniRons:1a8o o:rinTRIuwovesUsudanaliatdvatyy tuideuld AruauUarande asoodunouEaunaldsoaiso isvideunsuiiaikadaisy aodv
v1e 1a5uszuuloviuIau 15U RCD gologuunilomaliiautvnscde:ligouan ndaotusunsvegius:ausiansoivsiansouin rikaouidavloasouatiu
s:Au “gv” $10udeviurasnisUeviuimuIay IWeIuncuUasanaiugsanansweau Uovnuikadovrinifeiasus:uudalwibes a:wasungunsaidunu
drRussssurdvldiveanatanisiiawikionwiso
1IU2ANSIVIVAIWKANIBINTS:

MSWeUUIUIRENIFOIGEUTWSITWUZIUDN NOURIUIKENTWEA 1a:kANNSASO9IUNS:IIasouaw RCD soufvdvingunISUSKISALIFED 9
UnuoAas:uuIdauREaoVKIN osstunssuIBRUsEINYatuayuldsn guaikgonwiWhsodnans:nusulisy lazgunsniasovduns:iasoygosannougoyidald
950 NsidvIdoudovrINWLUs:aNSNwAIUAD IWUaR0AE

Saqus:avA:
1. WeaanowwiFavdenisiialwganasiwikionwinso
2. |vT}au':)a||5\)|ﬁauriaU|ﬁo|Rqs“1a||S\)
3. Wewauungunsuindvideulwsouuraidn Gadvvne 1ndeudinald
4. WeiuanudulelRTE01UgUNsTITWIA
5. Wei@unividendiunoiulasaiabdunudinasgidolddrsunsodeurioluouusturcufunisdudums

duasunisduduviu:

n1sd1GuvIUIBU9INNIsAnwIAUITUTUTaNa:3IAS 1KUY R TWHASD IWoUUIWaUUAIIUSAQIA:RIRUOATUANYTUEUOVHENTTUT 91nGU
dtun1seoniuUdaBoUla:ovsasaosuiwsd wseusaridunuuiwenaasuus:ansniwiiazaotudasanie 10oUsSUUSLAUIUUDUALYSTIIIED D:idusUD
AIWIRUBOUINKUOEVIUAIRE0TEY Nouldingns:uounisnandoanaaew sarfussemturiia:dous:uiduwus asdoskuirarugavnivesulatinde
nonsrafufionssuyavevAns llatimsdaniudstiiunansidoiu euhdeyaluwaunaasiturilustazdelu
1nusn1v/wanisnaaaunasidviu:

nisnaasuudanssunuikdnidvidoulwso LAM fkuaikdudunmsestvifus:uu nivesnidu 3 sza: God
1. nisnaaaulurevUijudnis (Laboratory Test)

ddunisnaasuriulikavsalwsraaviauisnaswanio:wisolus:dudw 1 IneUszidunculbiiazaouibugwevisuises soutivasovaou
Us:ansnwnisiiaovnadnynyituideuniviaviiatiden aae0ounaaeunouiatiasuevovesiaznoulasariavavgunsninouthlutdviuese
2. nmsnaasuninaulu (Field Test)

thgunsailunaasvidviuriuindeviawinhose 15u Tnsiad diiu nduth nazirdevritdigu TuaouitdvIuosy 16u &1nviu Jruwnenda Ko
anuAnu wlauiUSauiRaunanisasooduiuingeviodaunasgiuveviwiwih eUs:idunougndeviiaznoulnGetdousvgunsai

3. msnaasuloaifdoiunalu (User Acceptance Test)
TRuAansK3oUs:s18UNEEYTEVIU WoUs:ITUADILE:AoN ANUITNTOYE lazAduBaIPUUEYETYYItUIdeU SouTivsousouTalauaiuzieiuUsSuUsDIia:
WauuwaanouriiRikurzaudenisidoiufuoondio
1nusn1wNIsUsSudsvLWwauuIRavau:
9INWamsnaaeumsiEvunviukepU[Uan1s NAauu aznisnoaevlaadiEnioly wulstiGuAauisatiuiusulsoiiaswauunTkgus:ansniw
gvdu Taarikuanusnvmsweuun God
1 msusulsounrorunjugiiasiaiiasniwuevs:uuasoodu Usud1no1ulo (Sensitivity) vovIsUIBaSIRIKUaURUs:AuNs:alwWasoRe1910u
Suasia IWUstuunsavatyyrtusunou (Noise Filter) IWoaanisndvidoudawana UsuUsvovesirRinouiatas sovsunisigorucoitiovld
€10uUU
2. msWwaurduacuUasaiavavaunsi 1asuausutevruns:ialwinialudaindovusulasvasivdaoulindonsy nunmudaisons:inn
asovaeutRiduluaruuiasgiuacuUasaiaiinasdon
3. msUsulsodrumsidoiu (User Experience) iWunougapuyevatytyrtulwiasidavidiou
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4. miswaurduniseeniivuiiaznwanuad UsugunsoiRikuitauconisduiionamwnwa

Tuinadonisguuavevdnsiieasoniseash Usuussesituriikideyadiunoiulasasiadarou
wa/Us:Tasuiniasro:ldsu:

aad1uougUaIRaINTWWNSD0E VT T ATy

anAtgSIaduNISSNBIWEIUIaNa:A0IUIFERIENSWEEU

Iwus:aunouUasanafuevAns/yusu

1IasunwanunievAnsaundUSURQBOUGRaV AL

aswicuusssunistovniunauifiaikg (Preventive Safety Culture)
||uom\>msu‘ﬂUms|||wsusawmu1ua Ao wdviiuTunisandasinisus:auduasas:

nmaravlasenisiaoiase sxdudumsinanwsusanssusuisulsdiasdoUstsduwusuavovdns wioulhlUTaluRonssustusvAnUUa o0 e
TWWn nazionsnardesirunalkussursuiielsasovasugunsailwiiBevdunioutdviu Avde:insaaniunanazifiuatagUdikgiwouiluiusuusowasun
adhodaitiov dviasuwndnssy “asavasunsududa” RiDusausssuacuUasaiaRdviulugusu osaadnsimsus:ausunsiaoniwiius:azend

A1AURT (Keywords) :

nUIKEN Soyoyrcundvidou wso
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[OR14]
Jowaviu  aunsnilUadnasturaiinounsa (Smart Manhole Cover Opener)
SMCO

In3n ngulnue, 95uUns SOUWUW, IPUN ATUYUNA lla: SUSUNS JVRaoL
msuUstthdounima

fivinaznotudAny:
msérsoonanansd (Leak Survey) IfJuns:u:)umsri’wmusiaa'l’uns:uoumso’mJﬁUs:Unua:nouunwtgléa (C4) douuinnads:U19:010

suulurunes:uath MkkanReUs:uanananss diusturoslkaidnlulunes:uradth $vs1bustdovilarinestunath nasaiusriedevavaaiod1soodos
anaan/rimisthdoegivituinaasukinaasu msthwith nun.linadaunsaifunisgoaashyes:uradwiieunun.iva a:nun.a1un 9:1538%a/Uarmu
dogunaviasneikdnnauulagaasa doesaldnAuivgaridaldvaiiiiudores:urathsoutivehnes:uraiidnswaauvev nun. u10sgIUTEVLTE NI X
19 x KU1 IUsAuTUaundaswui urverunsuliauisniadoa38Una nun. Sve:dehAluinailagisooldiagnasa 40 YA UL urvrfIENn31woUGN
vavUoPvideaviniotanaviunaluuo

msiarhues:uratdoassiaudsudvduasie idevondnoiidavieiiRifanisuiaidusnnissaidarysnaUarue soudvgUdikaoINNISA
fueneunsarauaviuiuve defRifansweauidaria 1Fa10a la:e19IiagUaIkqESaUINFAUR Foy9suunvIfin 9INMsEuvSuUasEiasUs:TundLIFED
vwlo-Uarhries:unadhssiauloamsiu:navsariuanaznaikdnnauwudn ds:dunonuidange aousululd snmsugUavuese wusidnes:uradwing
IAduIa:RUgOAUMIUSaY rifkmsiUadoadsiau (Gu:iaviiaznaikan) devlgioaliaaadv 15 uiideus nazdevidwinmulunisdutumsgosaiuralanu
Fodnowidavgodenisuraiduntode GoiMia:ns:QnAURED Ia:oINN1sUs:ITURN1LSVNaRva1d REBA wud Ts:GuAo1UIZavgouInaosusuUse
fAuR nun.$vAadugUnsnifumsyoalarinies:uratnsunsaiiesiuoanoiua:aonia:Uasanaikiuwdnouna:uguaviuiuanuru: daorulatsoiume
aoaowiFaviunisriwiuld
Saqus:avA:

1. Wesusancuataonikiuwdnvufunisidana:dashnes:urairfunisdisoodhsoluressurath
WeanncwiFavsuasiafunisivulRiuwinDU
iWothusanssuu1asgIu d1rSuasvindotraiurLoavIUNEUaNIia:AvNssy CSR soudvdHunIsTRUSNSIBowachse

IWoaas:gz10a1fun1sUFUGIU 2NIGuUsuntu 15 Unf/ua TRikdeIWew 5unfi/Us WuUs:ansniwlumsAurinonanso

A w DS

5. edviasumsrioiunuu Ergonomics TRwunvunniwanndaawasadjuaviuld

nusniv/uanisnagounisigoiu:
9INMsNaaaulEvIUIEL tU NUN.AWIWSEWNSUINWURANSIUSEUIREU dod
1) 38AvIaU (s:nav): [310a1uu dovis:ausonnou dovidaudoavalazaaanalkin JAUIAEVANID:RTUTORSORAUAUINT Az TRUDQRED
2) usanssunuuleasean (Hydraulic Lifter): fus:ansniwgvaa tnnsvgoaan riklidevesnisvvaiag awisnidoiulasianiluwinoiugrogo
KofjAUass:AN Asunsoaniarhniona:fuindaudnaeanidetwlasaiaatvuoa

wanisnaaaunisiviu:

Taurgogunsaiiladines:uuloasedn (Guiuuvuus:uatu 12,000 uin) TunaasuldviussviuiuinisussUrdoundninaiuiws:wnsuin lag
iSauiRauumsimuiuuIay (Manual) fuiSeulumisidacdideneunsaunasgiunasdivevunalkyAdinudugodunisidiinseloaseaniunisansdiia
NANISNAFOUWUS 9INN1STUYSUASIEacUs:ITUADUIAEVTS:AUADILIAEDA0aV9INS:AU 3 (gv) sousulyla 1Bus:au 1 (1&nuea) aousuld namis
UssiunouIavriinvsvonianvado REBA (Rapid Entrie Body Assessment) anavoins:au 5 Unowléa\uqomnlﬂus:ﬁu 3 DaowidgvUaunao 3v
Uaeanana:Hounsvlddnan
1) wadundoulaaanis :

guguaviulidevdudanidelaaasy aonowidavguaikaeinnisgnainerdurderiuiiald 100% iaziin1vnisitviugndevaiu kAN
assmaans (Ergonomics)»nnisUs:idudos REBA Score wudis:duAcIAEvanavaINSau 1 (High Risk) irdaiweavs:du 2 (Negligible Risk) itlovoIn
wanviulydeviudovanaslidevaudarnelaaasw aalonaguaikqinieraunuimia 100%

2) GuUsSaNSNIW

awisailadnendanduldmaiundoidas Taafdwanviuay 1aufunisaouauaunsti dvoniGudentd 3 Auboariuda ifkwinvIuAIkEe
awsonanlurinisisduvuuiululdnui awisatderuldnniwannda (Universal Design) nindwinviugregvAaisailorinanatindougelddon
doauidasloalidevesnisvvaidsuounutioanda
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nusn1wNIsUsSuUsvwasuIRaviu:
1) nasweuuronwanisnaaau (Product Evolution)
9InMsnaaeuwus fuWuRRousys: doldouvuraidnervindaudoenn Svldwauuniudauilude Polyurethane uunatkoydurds:uudondo
(Brake) WenouluAvytuzandnieluWuRa101Baw naswauundegoaudu "s"ukmsaén" 3011':)8||ﬁUtgm|§'a\)msaan||S\)Tﬁaah\)auuusnj nisendnad
AWTNUYa (Smooth) I1azA2UAUSEAUADIUGLIGYIans3t Usvnudiranssinnidarie
2) nuonvnisuenawa (Expansion Plan)
- thnuundaunisasvineaiwsiRiu nUn.enme‘)'uq Tulwawui weurTunaanasigoiu 10uunasguidaonu (Standardization)
- Ifiudayanouivwadlia:nyk19NmsidvuvsLiuanwWuRRNandworRu (18U vuravevdnadikuvaNutUUavsUHie RnieuURUR9s19s
ﬁ'amléa\)) |\7\}ad1u1U§uU§DTnsva§ﬂvgﬂuéaTRUnmudun\)ii\)ﬁufuaumn
3) ADWEDEU :
ystumisignuinunisasovainuingyidausssdeu loarikuaiRgunsaidiluindevous:srsndrsoolrgryida (ALC) 1Weannouikion
Aweowldnvulusta:end
wa/Us:Tastina1a310:Tasu
1 nasiUauIRaus:aunoIuIFavAanavkanoNn1sidviu Taanisduviiazus:idunoiuidaw nasussijurniniosioniaivaido REBA
2) 1BviAsygmMaasiatussansnaw
N1S31IAS1ERADIUAUAINIVIASYZAENS
- IBuavnuIsudu: 12,000 uan
- AnsviuvIu (3 Au): 450 uan/Eolu
- Uszrelaioanld 18oluv/3u (mnnisida 5 Ue)
3) A21UE : 1 ASo/aU0K (Ustkeaald 450 uan/dUanK KSe 1,800 uan/idau)

—_

. NsUsSEREQIDANNAEANIISY :
3816U : 1UQ 5 Ua/3u T8i0a1Uoas 15 uaid sow 1.25 su. Ansviiu (3 Au) = 562.5 uin/Aso
35TkU : U0 5 Ua/3u TEioauear 3 uai sou 0.25 su. AsvAU (3 Au) = 112.5 un/aso
doudous:rdald: 450 uindemsuguaviu 1aso
2. Payback Period :
Uuaviugaira: 1a8o Uszreald 1,800 uin/ideu
stazoatfiunu = 12,000 /1,800 = 6.67 idou
3. wanauiinunisavnu (ROI) Unsn :
waustreaazay 12 16au = 21,600 uan
aaiduriilsmnus:ananaw (ROI) = 80%
4. nmuﬁumm\)msugmaoééuq : aoananisuraiduvinmsritoiu (LTI Trilugue
- aaAB9ranvdouvnnissnuwenuia (1a3e 5100 uINdaIRQNISRIUINIDU)
- dviasunwanundudanssuyavavAns (Safey Innovation Award 2026)
- AUNIW acmmuqtyl‘a'atfﬁdszuﬂﬁsooéoﬁu wsrzawasaiadrsosriganenanidi§o (Early Detection)
- aaffssnefunissnuwenuralsauoarad (Musculoskeletal Disorders) lla:gUuaikqoInnisiiu dousziTuyadilild (Intangible Benefit)

AAURY (Keywords) :

nsamaas daqnutdoije Isassuunduidenasns:gnoinnasriiu
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#omaviu PHMU Safe Map

DSINS F:ULADQ, 9INNNS FUUUY lla: gSaun nguiu
ACUEANSISTUGUAENS MADBINBIaUNTEIaAUUAD0NE UKINENaguR0a

fAumazAowEIANY:

Uoquumsewawanasiuaniunisnianiau 1su SnARe Kdomssolkavevatsinl dvavUs:auliykikataus:nis o1 ssuuidvidourddosina
IFunewawnligaiou 1a:msuianougifaoiuduasunsewawasdwUasasia Fvorothlugnougryidadedsaiansweau

ADUEE1SISIUGUANENS URISNeNdauRaa I0UWURRDTNsSaIfula:idvuaisindsuasiasiuouuin 3nvdvdvatinalsoweanunanaskuoaviu
d1Aty KINIfaikganiaua1edvrans:nufuoon31v duliu nsids:uuiboaiRyaans UnAnw na:urdadeaiuisniindodeyadiunoiulasanaldosio
soaiSolla:gndev3vincushibustvdy Tnsoms PHMU Safe Map App $vgnwasunduiiieiduindeviieativayunissamsaoiulasans loanaavdoya
Q00waw Adonissaifiuaisinl nasialonalrgidoiusiaviugunsiigisarsalnouidan goamuls:ansniwiunissuiaikaaniau aanouIFaY ia:
iasuasonoulasananiefuntuzagvidus:uu
1IU2ANSIVIVAIWKANIBINTS:

VIUBTEIAEIUONIAINAFIUOULINGTRIRUST NsSamsikaanidunialueiais ToalawizenaisAgnissaifuaisindduasia $110udevenaiv
stuulasvaswWugIuAIkUIaUIa:NsIg BvToyaRGalouuevidoiu svAniseualan (World Health Organization: WHO) stysinisuiadeyadiu
IFunTvewawliasn1saoansA0uIAavATUsANSNW |fJquﬁaé’]ﬁtgﬁ|Wu5051msum|5u||a:mS|§a850Tuamumsnjqnlﬁu (WHO, 2017)

nuoAadu Emergency Preparedness nia: Evacuation Planning Tasunisgiugiusinkangiuidods:9nysn n1sikdoyalinudioa1nls 9asou
wa nasiduntordnanigatevae doaa0|:)a1?umsawawua:aanowuc‘iuosmunua\)QUs:au|HqTﬁaeh\)ﬂLTaa°1ﬁ[y (Kuligowski et al., 2015) Tagiawn:Tu
o1msarsIsiuguiiazanIuAnu Budiidviurainkaranduiasds:unoiugdunoulasanaiandviu

TuduNIsaNISAIUIAEY9INESIAGT RUDEVIU Occupational Safety and Health Administration (OSHA) stus1 nisignéivdeyacdiikuv

£ WD

[J PHMU Safe Map

UHUHVDIMS

AOESSSUMAns umSNNEUUROa

.e i

nasvalfivaisiaiinaznisdaaisduasia (Hazard Communication) i0uavAUs:nou
draryTunisaanisaudaaisialiaswans:nudeguniwluaniuniscianiau (OSHA,
2012) viuAnuIKareBuwudn ssuuarsauInARIaaLEIIRUDIKAYAIITaSUaSIaEoa TR

msdazulouevguuaviula:grauridnoiuUasanauindu

uanond msuszandiinaluladasnanaziauwaindudiunoulasane
Tasumisatiuayusnviudvadiu Health Information Technology (Health IT) %o
wu3d1 stuuaisauinanigdelddugUnsniwnwiawasniiunissuganiunisoi

(Situational Awareness) lazaliuayunisasuausvdairganiauldegwius:ansniw

(Zhang et al., 2019) Tagiaw:fuaniwinadeuRbaouEUSaU 15U ©1ASUUNATRYY

KSoWuURRTasIATSUQsTE

=

9INN1SNUNOUDSSTUNSSUAVNED IFAVTRIRUST NsWauulloUwaIAGUR
sousoudayalduniveweaw Yoewew lasdrikuvaisinbl3fusuuidas aeandoviu
KANZIUIBOUS:INYNI038IN1S lasiAnanwiunisaadasinsuiaiduiia:no1ugeyide

9 nIkqaniauldoginoevEiu

Sanus:ave:
1. WelaSuaswacuUasariaiinynains Unisau na:guaidioufusska31vikqaniau
2. iWelRdoyanBalouNazAUNoLAIREOIUIZUNIONISOWEW 20SOUWA 1axciIIKUD

yovaisiaiouasia

3. Weduoanoua:aonfunisasovasuiaziigvsnugunsnifigisa

duaounisdduviu:
Anurlyrinaznoiudevnisdrunoiudasanafunisewawernisuevau:

as1siugumaas loa31ns1:A0UIEEv9INEISIAT StUUISVIdoU NasiFunivewew
sousoudeyaniAaodev M nudverAs Qewaw RAvNIsSaIfiuasiag nas

asouwa

GO TRowew UG0S IUWanSn
g auws:0o (awwdhoyms 1)
aunsnidnunowdasans
soniuunazwauieUwaindu PHMU Safe Map TRauisniaavdoyagaowaw
naswuiidavldesvdarou
WouuWoriUNIsISvIRIazMss1EMUgUNsnigIsa WelkawsanATudyrald
2EVs00150

Isowsnunalnadioo

B sowsnunanumaasivodou

naaaunisidviuniouwalinduna:usudsvs:uuaiudalauaiuzuavdigoiu
danauwainguluTdviuese wlaulrRAusUrnasUsssrduwusiiynainsias
unfAnu

1nusNIwNISnadounIsidviu:

dtunisnaaeulioUwaindu PHMU Safe Map laaRngudoedvgvus:noudoaynainsia:uindnuiniaiuatuzaisisugumaasnaaents
vIuPSvIuanIUNIstIa lagidunisnaaouworiduran Iann nsAurIaewaw N1sgdIIkUIYNISYAIRUAISIAT NISITIEDIFUNIVOWE W 11azN1SSIEVIU
aunsnifitsa wiaurvifiudaiausiiuzdiuncua:aaniumsizoiu AWQNAavYYaLTDYA IIatANEOIDUYDYNISIIAOVHA
wanisnaaounisidviu:

wanisnaaeuwud JidviuaiuisniindvdeyagaewawnarwuiidavldedvsoaiSonatidnfovie neUuwainguboamuAoasKUNAUAIY
Jasonanazaduayunisdodufeluaniunisnigniduldegviius:ansniw Woridunissiaviugunsaigisaaiasndvdoyaludog Suiasauldasivazaon

agwlsay Toeiausiu:TRUSUUSOAUA:IBE0UEVIHUGDOIASIA:IWUADEUIEdTYaNURIUIDEU IWeTRMsTdvUTUsSaNSNWUNEYTU
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wasunTkuoeewlalngoatigisuurndeyaidevduldloalidevidoudesuinesifia na:dvddeyalaadalulaijogunsniioudessulatidnaso

UsuusviieUiRsavsunisdaaiudiikuvsaludados GPS iweiRgidaiursnssuWunifaikarSewun davldogronjugravdu laalidoowowa
msannuAcseslAamevee1vIted

wa/Us:Tastiin1a319:1asu:
yAaINs UNAnw NasguidiadeaiuisnidntivioyagnewawiasdunivrinaldedivsoaiSonasgndoviuaniunisnigniau
WuAoWSIIatAUasERUNdUAUUasane Taglawiznissanisaouidevoinaisiai
aanoWEUAUNIazA0UIFEDTUNISoWEWaANSITRIROIRAANIGU 15U SAANERSaN1SSITRavavatsial
aluayumsidvikaiia:nssievugUnsnidunNulasaneisisaldogvidusuuiiassoniso
goaTRrUsEvUaIUISOUTayaluTETuNsoTvINU USuUsps:uuaculasane lazuskisdaonsikqaniauldognvoius:ansniw
iBudunuulumswauunieuwalndudiunoiulasaiafiauisnvenanalugvormsrioruoaviudulaiusuina

A1AURT (Keywords):

PHMU Safe Map Safety innovation
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#omaviu Leadership Walk Round Al App

ASIws asovln Waasnstd noudad las DIgac SUWSUSSDD
IunAcUUasanaliasavInadou IsowenuraweyiinASs s Sordauays

Auna:AwdALY:
1. uSunia:AEIATYUOLAIIUADANEIBOSN

Tulsowanuragaloguu nislevnuguairkallasinoegiwaviAnisiiaunns:idau ndAsnisasv "Sasusssunoiulasania” (Safety
Culture) 8’\)HU’\)TU|n§a\)ﬁaﬁDUs:§n§quoaoﬁa Leadership Walk Round (LWR) k8on1sigJuskisavWunasoondwlasangaiwodoaisiazSuwn

Unyrionwinoulagasy vossoaiRiRunoiwidavis:uuionaisioluanvasosliwy
2. Uryrmnazdosnavevnszuounisiuloguu (Pain Points)
s msiauasoslaaguie:ius:Tasy ndfunufuanwuaUassaddty aod:

Ao1Wa131 (Latency): n1soadufinavns:onukSonisiuwsiaviuniaravririRnisiilutoyridda Tunudeikanistd
no1wliaviuavnisUs:idu (Subjectivity): guskasidazrtuo1edincurinisUsziDuncuidavAcvAu Mikdeyaviouasgiuniludurdvdu

1Geonu

Joyans:vanstg (Data Silos): ﬁaqar‘ﬂﬁmnmsmuosownTu'TdQnu"1u15|nsw:r<’fumwsounﬁamﬁuoaua\vﬂrgm (Root Cause) a&iv10u

stuu

3. Temalumisidinalulaginynys:aug (Al Transformation)

doangumoriwavinalulag Computer Vision 11a: Natural Language Processing (NLP) riafrisiaiuasoweuuniiouwainduigoatknis
asovncwlasarieaiudovdranasiiugrdu Al awrsnsoananna:wganssuiday (Unsafe Acts) lazaniwiioadaufiluvasariea (Unsafe Conditions) 1d

fufivannwtna wisuivAuotus:duacuIFavawkanaaaldesvidunao
1IU2AQS1VEVAIURAN3BINIS:

n1swayun Leadership Walk Round Al App c?\)asguuvﬁugwua\)uuoﬁoéwﬁry 3
Ustms Tann 1) nquijdauusssunoiulasanaidosn (Proactive Safety Culture)Behavior-Based
Safety (BBS): 8708viusAauey E. Scott Geller Riun1sdvinawganssuiweaaguaika lag Al o
|61u1ﬁwmﬁlﬁuﬁona1\ﬂumsJuﬁnlla:dﬂlluanﬁnssuw‘fa\) (Unsafe Act) lazanwniswiiae
(Unsafe Condition) ag1vilus:uuVisible Felt Leadership (VFL): 1IU2A0R3IAoIUUaD A ED:
na: "Julala" Gonowldlovevur mstEneuwaindugoairnadws

ifaguldosvidewtinuiu "$u§
9InNsiGuasaovevurgnualuniluee1vilususssuia:soaiso 2) kANNISUs:ITUADILIFEVAW
urasgiuaina (Risk Assessment Principles)ISO 45001 & ISO 31000: naUwainduldkannis
USR1IS9QNISADIBED ToaFhuotumngnsﬁugﬁum\):‘)mms{Risk Score} = {Likelihood (Ten1a)}
\times \{Severity (A21sunsv)} Hierarchy of Controls: ||u:>ﬁomsa'16uﬁumsmouauéuosw do
Al @ursngoaiauaiuziuonivnisiiilvidevduaiudiduoin nisusaduasie (Elimination) Tuouv
ms?d PPE 3) nquijdrduikgnisainisinaguairkg (Accident Causation Models) Swiss Cheese
Model (James Reason): 1USAAR31QUEIRQIAAINNSA "s” vovNIEUIUENTYASITU NSIAUASID
(Walk Round) Aenisignfulogikandurioufezifiaikg Al 0:80831ns1:K31 " KSoBovIk3asvIkUA
ifaduyeaiaa (Trend Analysis)Heinrich's Pyramid: nquijiis:ysinious:iiagUaikasansy 1 Ao
Unifaikanisdifieuldsuduasia (Near Miss) kSoiranastiliivasanasiuounin noUdosgoadn
Suikqmisnifgiuwssdaldndugrdu 4) inalulagilyyus:augnassssuniviadoya (Al & Data
Governance)Computer Vision in Safety: n1s7d Deep Learning (15u CNN k82 YOLO
Algorithm) un1s31As1:RNWENaRtvIUINeUYEAcLIFEVSaTUE Real-time Data Analytics:
||u:)ﬁomslu€iauﬁagaﬁu (Big Data) naraifuaisauinanwsouldviu (Actionable Insights)
w‘&a’l’Rmsdaﬁu?oua\)@dﬂﬂﬁaejuuvT?ugwuua\mmugﬁn (Intuition) nadawudoadoya (Evidence-
based)

Saqus:avA:

1. IWoWeuunaUwaIAGUTtytyWUs:aus (Al) ﬁ'awmsndoa@dwa:@%ms'fumsu’\)z‘inmu
10usuasia (Hazard Identification) nasUssius:dunoiuidan (Risk Assessment)
Tuutuziduasooruvuldesvius:ansnw

2. iWeaswurasgiumsustiuaouidaviibus:uu Tagld Al nasincuri Risk Matrix a1
urasgiuaIna anAvIUAalaIAdouRIfa9INqaaWiodouynna (Subjective
Judgment) vovgasovndazniiu

Leadership
Walk Round &

A\ Risk Assessment

- WRmA IR TDS -

Tanmiéa (Frequency)

R (Seventy)

# Try Gemini Canvas

3. iemuAcusoaiSafunissiemunasiifunouiday (Real-time Reporting) anduasumisritgsnisnivionas ||a:doa?ﬁﬁagaﬂmum‘%a\)gné\)

GogRiRaodevWonsIATuTdRUA

4. Wesousouliai3IAsKgIudoyand1uidaw (Digital Safety Database) d1rsuthuTaTun1ssiasizRiusltiu (Trend Analysis) 11a:01911HU

IBonagnsiWoUovriugUdikalus:duavFins

5. IWeaviaSunatans:audcuusssunnuUasaneaidosn (Proactive Safety Culture) sirunstusunas Leadership Walk Round Adaownuads

undatie nazdanalded1vidugUsssy

wa/Us:lasinara310:1asu:

1. aoms:viussnis: aaszasoarfiunisdariisiaviunisiduasodliasasUnanoiulasanialduinnd [szy %, 1su 70-80%] riiRJuskasioaniu

msdearsiiuwdinviulduindu

Page | 44



2. acwsoaiSotumsiilulnyra: Jeyanoiuidavgnavdedvgsudasounui (Real-time Alert) soafrkifanisifilu (Corrective Action) 18

$20185n31s:UUNS:aBKEDNISISVUSEAULILINUUITY
3. giudeyaddna: evAnso:dndviayanoiulasant (Safety Big Data) Aiflus:1Gau wseudirsunisisang dourav kdaunluTrisiaviu

Ustsulanun

AYAURT (Keywords):

n1siGuasovnoulasanalaagui nasustiiunouiday Leadership Walk Round Al App
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Homavau ns:usunasidhs:Svnazusiiuatuniwnasririkusaaonidadoalodadoadouvéniv
gomwiazs:uuUuiindoyaddnaivonisasovasudounauiulsowaiura

0s.3n&n s10yde, U19sd avadad, Aduws asoauial, uns1od ovAsdlsou la: laniacd dasvasauutd

ATUEIWNEMAQS MAIYIANSISTUFUMAENS audu1oNGoeuleiia:nouUasane URdnenagaay

fiunazawdAty:

KuogVLIDBTURUSIADINIZO K3o Central Sterile Supply Department |ﬂufnsoa§1\)\ﬁugwuﬁrhHucm:nuUaaoﬁauaDmss‘nmwmma v
stuu wsriAIDudugamaniouindovijonwngognavnaulutdiuguaannkanns Taaiawnindevlengusnnandu daibeidousiAoniorsons:ia
idoalogasy AoWRawarauevns:uoumsiriRUs1AvniBadoalotidimavasvidasaiuisonielkinaikgnisniliwvus:avAdiunoiulasanagUosiu
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TuuuoUﬁU‘ﬁawna doUvdn1vBonw (Biological Indicators) na:konaaauriinians:zusunis (PCD) |flu|n§'a\)ﬁaa°1ﬁ[yﬁem?umsﬁuﬂu
Us:answavevmsrikusiamnidadosleth ideveniJunisnaasuidugadosinaiiasovdunousgseauvavalasitnoununugeldloaase ogvlsiau
stuuNUUIGUELTdagMaIBYNS:UOUNISALUNTUGAWIFEVIBYS UL 4 UstiG udrAty Tand UstiGuisnAenoiuaidrfumsnsiunanaznisdagutoudealkaa
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Abstract

This study examined the relationship between generation gap perception—comprising four dimensions (values, communication style,
work expectation, and interpersonal relationship)—and two forms of intragroup conflict (task conflict and relationship conflict), and
tested whether psychological safety moderates these relationships. Data were collected from 133 team-based employees at the head
office of an oil and gas company in Thailand using an anonymous online survey and were analyzed using Pearson correlation and
hierarchical multiple regression. Contrary to the original hypotheses, three of the four perception dimensions—values, work expectation,
and interpersonal relationship—were significantly and positively associated with task conflict (B = 19-.30, p < .05), whereas communication
style showed no significant association with either conflict type. None of the four dimensions was significantly associated with relationship
conflict, which is inconsistent with the hypothesis that generation gap perception would be more strongly associated with relationship
conflict than with task conflict. Psychological safety exerted a significant negative main effect on both task and relationship conflict, but
none of the twelve interaction terms tested reached significance, indicating no support for the hypothesized moderating role of
psychological safety. These findings suggest that generation gap perception is associated primarily with disagreement over work content
rather than with personal antagonism, and that psychological safety functions as an independent protective resource rather than as a
moderator of the relationship between generation gap perception and intragroup conflict. Practical implications include clarifying
generational differences in values and work expectations, promoting cross-generational interpersonal support, and strengthening
psychological safety, in order to keep task conflict constructive and to prevent its escalation into relationship conflict.

Keywords:

generation gap perception, intragroup conflict, task conflict, relationship conflict, psychological safety

1.Introduction

Organizations increasingly comprise employees from multiple generational cohorts who may differ in work values, communication
preferences, career expectations, and approaches to workplace relationships [2, 3]. In team-based work settings, such differences may
become salient as employees coordinate tasks, exchange information, make decisions, and work toward shared goals. Perceived
generational differences may therefore shape how employees interpret the behaviors and expectations of colleagues from other
generational groups and may influence the nature of conflict that arises within teams.

Generation gap perception refers to employees’ subjective perceptions that colleagues from different generations differ in their attitudes,
values, work styles, communication preferences, and expectations [3]. This concept is distinct from objective generational membership
because employees may perceive substantial generational differences even when demographic differences are relatively limited. These
perceptions matter because they may shape how employees categorize and respond to colleagues from other generational groups. From
a social categorization perspective, salient generational distinctions may contribute to in-group and out-group perceptions and increase
the likelihood of stereotyping and subgroup formation [4, 5]. Faultline theory further suggests that demographic differences may become
consequential when they create salient subgroup boundaries within teams, potentially contributing to fragmentation and coordination
difficulties [6].

A potential consequence of perceived generational differences is intragroup conflict. Intragroup conflict refers to disagreement among
members of an intact work group and is commonly differentiated into task conflict and relationship conflict [7, 8]. Task conflict involves
disagreements concerning the content of work, priorities, processes, or interpretations of goals, whereas relationship conflict involves
interpersonal tension, incompatibility, and negative affect among team members [7, 9]. Distinguishing between these forms of conflict is
important because they have different implications for team functioning. Relationship conflict is generally associated with negative
outcomes, whereas the effects of task conflict are more contingent on the context in which disagreement occurs and how it is managed
[10].

Perceived generational differences may be associated with both forms of conflict. Differences in work values and expectations may lead
employees to hold different views regarding career progression, rewards, autonomy, work-life balance, organizational commitment, and
appropriate ways of performing work [11, 12, 13]. Differences in communication styles and interpersonal approaches may also affect
coordination, information exchange, and collaboration across generations [14]. At the same time, social categorization and faultline
perspectives suggest that salient generational distinctions may extend beyond task-related differences and contribute to interpersonal
tension through in-group and out-group processes [4, 6, 15]. Accordingly, perceived generational differences may be relevant to both task
and relationship conflict, although the strength of these relationships may vary across dimensions of generation gap perception.
Psychological safety may also play an important role in how employees respond to perceived generational differences. Psychological
safety refers to a shared belief that the team is safe for interpersonal risk-taking, including expressing differing views, asking questions,
admitting mistakes, and raising concerns without fear of negative interpersonal consequences [16]. In psychologically safe teams,
employees may be more willing to express and discuss differing perspectives, which may help the team manage disagreement. Previous
research suggests that psychological safety can shape how teams respond to task conflict and divergent viewpoints [17]. Within the Job
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Demands-Resources framework, psychological safety may be viewed as a job resource that helps employees manage interpersonal and
cognitive demands associated with workplace differences [18].

Despite growing interest in generational differences in the workplace, several questions remain about how perceived generatio nal
differences relate to specific forms of intragroup conflict. Much of the existing literature has treated generational differe nces broadly or
has emphasized identity-based tension between generational groups [19]. However, generation gap perception is multidimensional and
may involve perceived differences in values, communication style, work expectations, and interpersonal relationships. Similarly, intragroup
conflict consists of conceptually distinct forms, particularly task and relationship conflict. Examining these constructs at the dimensional
level may therefore provide a more precise understanding of the specific relationships between perceived generational differences and
conflict within teams. In particular, it remains unclear whether specific dimensions of generation gap perception are differentially
associated with task versus relationship conflict, and prior research has rarely tested psychological safety as a boundary condition of
these relationships at the dimensional level; the present study addresses this gap.

This correlational study examines the relationships between four dimensions of generation gap perception—values, communication style,
work expectations, and interpersonal relationships—and two forms of intragroup conflict (task conflict and relationship conflict), with
psychological safety as a moderator. The study focuses on employees engaged in team-based work at the head office of an oil and gas
company in Thailand, where collaboration across employees with different backgrounds and work experiences is integral to organizational
functioning. This setting is theoretically relevant because the oil and gas industry typically pairs long-tenured technical specialists with
younger recruits within tightly coupled project teams, making generational differences and the need for effective intergenerational
collaboration particularly salient.

1.1 Research Objectives

This study had two objectives. First, it examined the relationships between four dimensions of generation gap perception—values,
communication style, work expectations, and interpersonal relationships—and two forms of intragroup conflict: task conflict and
relationship conflict, among employees engaged in team-based work in an oil and gas company in Thailand. Second, it examined whether
psychological safety moderates the relationships between generation gap perception and intragroup conflict. This dimensional approach
addresses a gap in prior research, which has predominantly treated generation gap perception as a unidimensional or composite
construct, thereby obscuring which specific perceived differences are most consequential for particular forms of conflict.

By examining generation gap perception and intragroup conflict at the dimensional level, the study aimed to identify whether specific
perceived generational differences are associated with particular forms of conflict. This may better inform how we understand and
manage conflict in multigenerational work teams. The following sections review the relevant literature, develop the study hypotheses, and
describe their empirical examination using hierarchical multiple regression.

2. Literature Review and Hypothesis Development

2.1 Generation Gap Perception

Generation gap perception is defined as an individual's subjective awareness of differences in attitudes, values, work styles, communication
preferences, and expectations between generational cohorts within an organizational context [2, 3]. Consistent with a social-
categorization perspective on generational identity [5], the present study operationalizes generation gap perception along four
dimensions. Generation gap perception is conceptually distinct from objective age diversity (the demographic dispersion of ages within a
team), generational identity (self-categorization with a generational cohort), and age-based stereotypes (generalized beliefs about age
groups); the present study focuses specifically on individuals’ subjective perceptions of generational difference rather than these related
but distinct constructs.

Values refer to perceived differences in enduring, work-related beliefs and priorities, including attitudes toward job security, career
ambition, loyalty, work-life balance, and recognition [20, 21]. Communication style captures differences in how generational cohorts prefer
to exchange information, including channel, formality, directness, and feedback pace, with older cohorts generally favoring formal, face-
to-face exchange and younger cohorts favoring informal, digital, and immediate communication [14, 22]. Work expectation refers to
differing assumptions about career progression, leadership style, rewards, autonomy, and organizational commitment [11, 12, 13].
Interpersonal relationship describes perceived differences in how generational cohorts build trust, demonstrate respect, and engage
socially in the workplace, such as an older cohort's preference for hierarchical interaction relative to a younger cohort’s preference for
informal, collaborative engagement [22, 23].

2.2 Intragroup Conflict: Task Conflict and Relationship Conflict

Intragroup conflict arises within an intact team when members, despite sharing common goals, hold differing viewpoints, work styles, or
ideas [7, 24]. Building on Pinkley’s [8] multidimensional analysis of conflict framing, Jehn [7] distinguished two forms of intragroup conflict.
Task conflict involves disagreement over the content of work—priorities, processes, and interpretation of goals—arising from differing
opinions and judgments among individuals who nonetheless share a common overall objective [7, 9]. When managed appropriately, task
conflict is frequently constructive, as it can improve decision quality, surface unexamined assumptions, and stimulate debate that
improves outcomes [10]. Relationship conflict, in contrast, arises from interpersonal incompatibility—differences in personality, values, or
interpersonal style that manifest as tension, animosity, or annoyance unrelated to the task itself [7, 25]. Pelled [26] identified three
mechanisms through which relationship conflict undermines performance: it reduces members’ cognitive capacity to process task-
relevant information from one another, it decreases receptiveness to ideas from disliked colleagues, and it diverts time and energy from
task execution toward managing interpersonal friction. Meta-analytic evidence consistently indicates that relationship conflict is
detrimental to team functioning and satisfaction, whereas the effect of task conflict is more contingent on how it is managed and on the
broader team climate [9, 27]. At the same time, unmanaged task conflict does not necessarily remain contained; several studies indicate
that it can escalate into relationship conflict over time, particularly under conditions of low trust [28].
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2.3 Linking Generation Gap Perception to Intragroup Conflict
Faultline theory [6] offers one theoretical account of why generation gap perception should be associated with intragroup conflict.
According to this theory, when demographic and psychological attributes align within a team, they create hypothetical dividing lines that
can partition the team into subgroups; generation is one attribute capable of anchoring such a faultline. Once a subgroup boundary
becomes psychologically salient, in-group favoritism and out-group stereotyping tend to follow [29, 4, 30], and the resulting in-group/out-
group orientation is associated with fragmentation and coordination loss within the team [15]. Consistent with this account, Lyons et al.
[19] found that perceived generational differences in values and behavior can generate tension even in the absence of direct interaction,
and more recent quantitative research has linked generational diversity to both cognitive-based (task) and affective-based (relationship)
conflict in teams. On this basis, the present study proposed the following hypothesis:
Hypothesis 1: Perceived generational differences in values, communication style, work expectations, and interpersonal
relationships are positively associated with task conflict.
Hypothesis 2: Perceived generational differences in values, communication style, work expectations, and interpersonal
relationships are positively associated with relationship conflict.
2.4 Theoretical Framework
Two theoretical perspectives inform these hypotheses. The Job Demands—Resources (JD-R) model [18, 31] conceptualizes every job as a
balance between demands—aspects of work that require sustained effort and carry psychological cost—and resources, which support
goal achievement or offset the cost of demands. Within this framework, generation gap perception is conceptualized as a psychological
job demand: interpreting a colleague’s values or working style as generationally different requires ongoing cognitive and emotional effort
and, if left unaddressed, may contribute to strain and conflict. Psychological safety, by contrast, is conceptualized as a job resource,
defined as a shared belief that buffers the cost of demands by making it safe to voice disagreement and to correct course before friction
escalates [32]. The IJD-R buffering hypothesis, which holds that resources most strongly offset the negative effects of demands when those
demands are high, provides the formal theoretical basis for the moderation hypotheses below.
Social Identity Theory (SIT) [4] provides the mechanism through which generation gap perception is expected to be associated with
conflict. SIT holds that individuals categorize themselves and others into social groups and that these categorizations are used, often
automatically, to protect self-identity through favorable in-group and out-group comparison. Applied to generational cohorts, when
employees strongly perceive generational boundaries, they are more likely to identify with their own cohort and to apply stereotyped
judgments to members of other cohorts, thereby increasing the likelihood of conflict. Combined with faultline theory’s account of when
such categorizations become behaviorally consequential—namely, when a demographic attribute aligns with other salient attributes to
form a clear subgroup boundary [6]—SIT provides a theoretically plausible pathway from perception to conflict. Integrating these three
perspectives, the JD-R model explains why generation gap perception can be costly (as a demand) and why psychological safety can
offset that cost (as a resource); SIT and faultline theory jointly explain the mechanism, in-group/out-group categorization along a salient
generational boundary, through which that demand is expected to translate into conflict. Psychological safety is expected to interrupt this
pathway in two complementary ways: by reducing the interpersonal threat associated with voicing a differing generational perspective,
thereby lowering relationship conflict, while simultaneously making it safer to raise genuine work-related disagreements, which may
sustain or even increase constructive task conflict rather than simply suppressing it.
2.5 Psychological Safety as a Moderator
Psychological safety is defined as a team'’s shared belief that the environment is safe for interpersonally risky behavior, including speaking
up, asking for help, admitting mistakes, and voicing concerns without fear of punishment [1, 16]. Within the JD-R model, psychological
safety functions as a job resource that helps employees meet job demands and buffers the psychological cost that such demands would
otherwise impose [18, 32]. Theoretically, psychological safety is well positioned to interrupt the pathway from generation gap perception to
conflict: when team members feel safe expressing a differing generational perspective, that difference can be voiced and resolved as a
matter of task content rather than left unaddressed or interpreted as a personal slight [17, 1]. Conversely, in psychologically unsafe teams,
even a work-related disagreement rooted in generational perspective may be reinterpreted as a personal attack, thereby increasing the
likelihood that task conflict escalates into relationship conflict [28]. Bergmann and Schaeppi [33] similarly identify psychological safety as
foundational to the effective management of both conflict types. On this basis, the following hypotheses were proposed:
Hypothesis 3A: Psychological safety moderates the relationship between generation gap perception and relationship conflict,
such that the positive association is weaker when psychological safety is high.
Hypothesis 3B: Psychological safety moderates the relationship between generation gap perception and task conflict, such that the
positive association is weaker when psychological safety is high.
3. Method
3.1 Research Design and Participants
This study used an analytical cross-sectional quantitative survey design, as it tested associations and interaction (moderation) effects
among variables measured at a single point in time. Participants were employees at the head office of an oil and gas company in Thailand
whose primary responsibilities involved team-based work. They were recruited from a cross-functional workforce of approximately 300
employees, including technical personnel such as geologists, geophysicists, and senior petroleum engineers, as well as employees in
support functions. The final sample’s age distribution (6.8% aged 22-29, 699% aged 30-46, and 23.3% aged 47-61) and tenure distribution
(41.4% with more than 15 years of tenure) suggest that respondents may skew toward mid-career and long-tenured employees relative to
the broader eligible workforce of approximately 300 employees; a formal comparison against source -workforce demographics was not
possible because organizational HR records were not accessible for this study, which limits conclusions about the representativeness of
the convenience sample.
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Figure 1. Conceptual framework linking generation gap perception, task and relationship conflict, and psychological safety.

A screening question was used to exclude employees whose work was primarily conducted independently, as the study focused on
constructs related to team interaction. The study was restricted to team-based employees because the core constructs under
examination, namely intragroup conflict and psychological safety, are conceptually and theoretically team -level phenomena that
presuppose regular interaction among coworkers. Employees who worked primarily independently would have had limited or no basis for
reporting meaningful team conflict or team psychological safety, rendering them an inappropriate population for testing the proposed
relationships. The minimum required sample size was determined a priori using G*Power 3.1.9.7 [34] for hierarchical multiple regression
assessing an increase in R?, using the F test for a linear multiple regression (R? increase, fixed model), with numerator df = 1 (for the
interaction term tested at Step 3), a total of three predictors in the full model (the focal generation gap perception dimension,
psychological safety, and their interaction), an effect size of f2 =.075 (a conventional small-to-medium effect; [35]), a = .05, and statistical
power of .80. The analysis indicated a minimum sample size of 107 participants. Data were collected between 1-24 July 2026. The survey
link was distributed to approximately 300 eligible employees; 151 employees accessed the survey, of whom 18 were excluded during
screening because their work was primarily independent, yielding 133 valid responses (a response rate of approximately 44.3% of the 300
employees invited). Although generation gap perception, psychological safety, and intragroup conflict are conceptualized in the literature
as constructs that can operate at the team level, the present analyses were conducted using individual-level survey responses; team
identifiers were not collected, which precluded reporting the number of teams represented, testing for clustering, or estimating multilevel
models. This level-of-analysis limitation is revisited in Section 5.3. A total of 133 valid responses were obtained and included in the analyses
3.2 Procedure

Data was collected using an anonymous, self-administered online questionnaire administered through Microsoft Forms. The survey
invitation was distributed through an internal Microsoft Teams channel using a flyer and QR code to maintain respondent anonymity. Prior
to data collection, permission to distribute the survey was obtained from the relevant division head and human resources representative.
No proprietary or confidential organizational information was collected.

Participation was voluntary, and respondents could discontinue the survey at any time without penalty. Eligibility was determined through
two initial questions covering informed consent and whether the respondent’s primary work was team-based or independent. Convenience
sampling was used because access was limited to employees within the participating organization.

3.3 Measures

All substantive items used a five-point Likert scale. Generation gap perception was measured using items adapted from the Generational
Attitude Scale [36] and conceptually aligned with the Generational Identity Scale (GIS-12; [37], a = .90; distributed under a Creative
Commons license for academic use), covering four dimensions with five items each: values, communication style, work expectation, and
interpersonal relationship (e.g., “I perceive that different generations place importance on clarity of roles and responsibilities differently”).
In the present sample, internal-consistency reliability (Cronbach’s a) was .75 for values, .83 for work expectation, .80 for communication
style, and .83 for interpersonal relationship. Intragroup conflict was measured using Jehn’s [7] Intragroup Conflict Scale, with five items
each for task conflict and relationship conflict. Psychological safety was measured using five items adapted from Edmondson’s [1] Team
Psychological Safety Scale. Reliability coefficients reported by the original scale developers were a =.92 (task conflict), a = .93 (relationship
conflict), and a = .82 (psychological safety); in the present sample, internal-consistency reliability was a = .90 (task conflict), a = .88
(relationship conflict), and a = .82 (psychological safety). All three instruments were used with the original authors’ documented permission
for academic purposes. The Intragroup Conflict Scale and the Team Psychological Safety Scale, both originally developed abroad, were
translated into Thai and back-translated into English by three qualified bilingual reviewers to verify linguistic and conceptual equivalence.
Formal written permission was not required for any of the three published instruments: the GIS-12 [37] is distributed under a Creative
Commons Attribution license; Jehn'’s [7] Intragroup Conflict Scale and Edmondson’s [1] Team Psychological Safety Scale may both be
adapted for academic use with appropriate citation. The Generational Attitude Scale [36], from which the generation gap perception items
were initially adapted, is an unpublished custom instrument; the final items were therefore conceptually aligned with the peer-reviewed
GIS-12 to strengthen construct coverage. Content validity was further assessed through an item-objective congruence (IOC) review
conducted by three content experts drawn from academic psychology faculty and human resources practice. All items received a rating of
+1(fully congruent) from all three experts with the exception of one psychological safety item, which was revised based on expert feedback
and retained inits revised form in the final questionnaire. Dimension and construct scores were computed as item means, with higher scores

Page | 54



indicating a stronger perceived generation gap, greater conflict, or greater psychological safety, respectively. Age, gender, and
organizational tenure were collected as demographic control variables.

3.4 Data Analysis

Data were analyzed using SPSS. Pearson correlations were first computed among the study variables. To test Hypotheses 1and 2, separate
regression analyses were conducted for task conflict and relationship conflict. Each of the four dimensions of generation gap perception—
values, communication style, work expectations, and interpersonal relationships—was examined separately in relation to each conflict
outcome.

To test Hypotheses 3A and 3B, separate three-step hierarchical regression analyses were conducted for each generation gap perception
dimension and each conflict outcome. In each model, the relevant generation gap perception dimension was entered at Step 1,
psychological safety was added at Step 2, and the interaction term between the two variables was entered at Step 3. Generation gap
perception and psychological safety were mean-centered prior to computing the interaction terms. Moderation was evaluated based on
the significance of the interaction term and the change in R? at Step 3.

As additional analyses, intragroup conflict was examined as a composite outcome. The primary regression analyses were also re peated
with gender, age group, and organizational tenure included as control variables to assess the robustness of the findings. Variance inflation
factors were below 2.0 across the regression models, indicating no evidence of problematic multicollinearity.

3.5 Ethical Considerations

This study followed standard ethical safeguards for organizational survey research. Participation was voluntary and anonymous; no
names, email addresses, or other identifying information were collected, and responses were analyzed only in aggregate. Respondents
provided consent through the first screening item and were free to withdraw at any point without consequence. Because the survey
addressed sensitive interpersonal content, including conflict and psychological safety within respondents' own teams, the anonymous and
non-traceable design was intended to reduce social desirability bias and to protect respondents from any perceived risk of workplace
repercussions.

4. Results
4.1 Preliminary Analyses
Table 1 presents zero-order Pearson correlations among the study variables (N = 133).

Characteristic n %
Gender
Male 76 571
Female 51 383
LGBTQ+ / Other 6 4.5
Age group
22-29 years 9 6.8
30-46 years 93 699
47-61years 31 233

Organizational tenure

Less than 1year 2 15
1-5 years 25 18.8
6-10 years 25 18.8
11-15 years 26 19.5
More than 15 years 55 414

Table 2 presents zero-order Pearson correlations among the study variables (N = 133). The four perception dimensions were strongly
intercorrelated (r =.53-.71, p < .001), consistent with their conceptualization as facets of a single higher-order construct, and each
correlated strongly with the composite perception score (r =.80-.88, p <.001). Task conflict and relationship conflict were moderately
correlated (r = .49, p <.001), supporting their treatment as related but distinguishable constructs. Psychological safety correlated
negatively and significantly with relationship conflict (r = -.43, p <.001) but did not correlate significantly with task conflict at the zero-
order level (r = =16, p =.061).

4.2 Hierarchical Regression Analyses

4.21 Task Conflict

Table 3 presents the hierarchical regression analyses predicting task conflict. At Step 1, perceived differences in values (B = .25, p =.004),
work expectations (B =.22, p =.009), and interpersonal relationships (B = 19, p =.027) were positively associated with task conflict, whereas
communication style was not (B = .12, ns). These findings provided partial support for Hypothesis 1, as three of the four generation gap
perception dimensions were positively associated with task conflict, whereas communication style was not.
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At Step 2, psychological safety was negatively associated with task conflict across all four models (B = =19 to -.25, p < .05). The
associations of values (B = .29, p <.001), work expectations (B = .30, p <.001), and interpersonal relationships (B = .26, p <.05) with task
conflict remained significant, whereas communication style remained nonsignificant (B = 16, ns).

At Step 3, none of the interaction terms between generation gap perception dimensions and psychological safety were statistically
significant (B = -.03 to -.16, ns), with changes in explained variance ranging from AR? = .001 to .023. Thus, psychological safety did not
moderate the relationships between generation gap perception and task conflict, and Hypothesis 3B was not supported.

Table 2. Zero-order Pearson correlations among study variables (N = 133)

Variable 1 2 3 4 5 7 8 9
1. Values —

2. Work Expect. 709*** —

3. Comm. Style .650*** 644%>* —

4. Interpersonal Relationship 629*** B50*** B27*** —

5. Task Conflict 249** 224** n7 192 —

6. Relationship Conflict .051 o041 -.018 .020 A90*** —

7. Perception (Total) 879xxx 88X B4 T96**x 229** 026 —

8. Psych. Safety .202* .300*** 199* .298*** -163 SA3Px 295X —

9. Intragroup Conflict (Total) 166 147 052 16 B43Frx 8B 2r** 140 -.354x** —

Note. N = 133. *p <.05, **p <.01, **p <.001 (two-tailed).

4.2.2 Relationship Conflict

Table 4 presents the hierarchical regression analyses predicting relationship conflict. At Step 1, none of the four dimensions of generation
gap perception was significantly associated with relationship conflict: values (B = .05, ns), work expectations (B = .04, ns), communication
style (B = -.02, ns), and interpersonal relationships (B = .02, ns). Thus, Hypothesis 2 was not supported.

At Step 2, psychological safety was negatively associated with relationship conflict across all four models (B = -.44 to -.49, p <.001),
accounting for 19%-22% of the variance. Work expectations (B = 19, p < .05) and interpersonal relationships (B = .16, p < .05) became
statistically significant after including psychological safety, whereas values (B = .14, ns) and communication style (B =.07, ns) remained
nonsignificant.

At Step 3, none of the interactions between generation gap perception dimensions and psychological safety were statistically significant
(B =-.01to =10, ns), and the additional explained variance was minimal (AR? =.000-.010). Therefore, psychological safety did not moderate
the relationships between generation gap perception and relationship conflict, and Hypothesis 3A was not supported.

It should be noted that work expectations and interpersonal relationships did not significantly predict relationship conflict at Step 1but
emerged as significant predictors after psychological safety was entered at Step 2. This pattern is consistent with a statistical suppression
effect because psychological safety was positively correlated with both perception dimensions (r = .30 for each) and strongly negatively
correlated with relationship conflict; statistically controlling for psychological safety removed shared variance that had previously
obscured the positive association between these dimensions and relationship conflict at the zero-order level. Accordingly, the Step 2
associations should be interpreted as adjusted, conditional associations that emerge once psychological safety is held constant, rather
than as evidence of a direct, unconditional relationship between these generation gap perception dimensions and relationship conflict.

4.3 Additional Analyses

Additional analyses were conducted to examine the robustness of the primary findings after controlling for demographic characteristics.
The primary analyses were repeated with gender, age group, and organizational tenure included as control variables. The overall pattern
of findings remained unchanged. Values, work expectations, and interpersonal relationships remained significantly associated with task
conflict (p <.05), whereas communication style remained nonsignificant. None of the four generation gap perception dimensions was
significantly associated with relationship conflict at Step 1, and none of the interaction terms between generation gap perce ption and
psychological safety reached statistical significance. Overall, adding demographic control variables did not substantively alter the primary
findings.

Table 1. Zero-order Pearson correlations among study variables (N = 133)

Table 3. Hierarchical regression predicting task conflict from generation gap perception dimensions and psychological safety

Psych. Safet AR? (St AR? (St

Perception Dimension Step 1B (p) Step 2B (p) sych. Safety p (Step Interaction B (p) (Step
(9] 2) 3)

Values .25 (.004) .29 (<.001) -22(.010) .047 -03(732) .001
Work Expectation .22 (.009) .30 (<.001) -.25(.004) .058 -.08(.336) .006
Communication Style 12 (178) 16 (076) -19(.028) 036 -16 (.075) .023
Int |
neerpersond 19(027) 26(003) -24(007) 053 -04 (.649) 001
Relationship
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Note. N = 133. Step 1= perception dimension entered alone; Step 2 = psychological safety added] Step 3 = perception x psychological
safety interaction added. 8 = standardized coefficient, values in parentheses are p.

Table 4. Hierarchical regression predicting relationship conflict from generation gap perception dimensions and psychological safety

Psych. Safet AR? (St AR? (St

Perception Dimension Step 1B (p) Step 28 (p) sych. Safety B (Step Interaction B (p) (Step
() 2) 3)

Values .05(.563) 14 (.075) -.46 (<.001) .203 -.01(944) .000
Work Expectation .04 (.636) 19 (.023) -.49 (<.001) 216 -.04 (.635) .001
Communication Style -.02(.837) .07 (.384) -.45(<.001) 190 -10 (.203) .010
Int |
nterpersona 02(818) 16 (048) -48(<.001) 210 -04(602) 002
Relationship

Note. N = 133. Step 1= perception dimension entered alone; Step 2 = psychological safety added; Step 3 = perception x psychological
safety interaction added. 8 = standardized coefficient,; values in parentheses are p.

5. Discussion and Implications

5.1 Interpretation of the Findings

The present study examined the relationships between four dimensions of generation gap perception and two forms of intragroup conflict,
as well as the moderating role of psychological safety. The findings showed that perceived differences in values, work expectations, and
interpersonal relationships were positively associated with task conflict, whereas communication style was not significantly associated
with either task or relationship conflict. None of the four dimensions was significantly associated with relationship conflict. Psychological
safety was negatively associated with both forms of conflict but did not moderate the relationships between generation gap perception
and intragroup conflict.

The stronger association with task rather than relationship conflict differs from identity-based perspectives that emphasize social
categorization and intergroup tension arising from salient generational distinctions (Lyons et al., 2015). Faultline theory similarly suggests
that demographic distinctions may become consequential when they form salient subgroup boundaries within teams (Lau & Murnighan,
1998). The present findings suggest, however, that in this organizational context, perceived generational differences may be expressed
more directly through disagreements concerning work-related issues than through interpersonal incompatibility.

This interpretation is consistent with the content of the dimensions that were significantly associated with task conflict. Perceived
differences in values and work expectations involve issues such as career progression, recognition, work-life balance, organizational
commitment, and expectations regarding how work should be organized (Gursoy et al., 2013; Lub et al., 2012). These differences may
therefore contribute to disagreement over work priorities, processes, and expectations, consistent with the conceptualization of task
conflict as disagreement over work content and decisions (Jehn, 1995; De Dreu & Weingart, 2003). Similarly, the interpersonal relationship
dimension reflects differences in support, openness, and collaboration across generations. Although interpersonal in nature, these
perceptions may affect how employees coordinate and work together and therefore may be reflected more strongly in task-related
disagreement than in personal conflict.

Communication style was not significantly associated with either form of conflict. This finding suggests that perceived differences in
communication preferences may be less closely related to intragroup conflict than differences in work-related values, expectations, and
collaboration patterns. However, communication preferences may become more salient under different team or organizational conditions,
and further research is needed before drawing broader conclusions.

Psychological safety did not moderate the relationships between generation gap perception and conflict. Nevertheless, its neg ative
association with both task and relationship conflict is consistent with prior research suggesting that psychologically safe environments
facilitate open expression of differing views and reduce the interpersonal risks associated with speaking up (Edmondson, 1999; Edmondson
& Lei, 2014). Psychological safety has also been identified as an important condition for managing disagreement within teams (Bradley et
al., 2012). Within the Job Demands—Resources framework, psychological safety may therefore be viewed as a broader job resource that
supports team interaction rather than a resource that specifically buffers the effects of perceived generational differences (Bakker &
Demerouti, 2007; Xanthopoulou et al., 2007).

5.2 Theoretical and Practical Implications

Theoretically, the findings highlight the value of examining generation gap perception and intragroup conflict as multidimensional
constructs. The dimension-specific analyses identified associations that were less evident when intragroup conflict was treated as a
composite measure. This suggests that aggregating conceptually distinct dimensions may obscure differences in how particular forms of
generation gap perception are related to specific forms of conflict.

The findings also qualify identity-based explanations of generational conflict. Social identity and faultline perspectives suggest that
salient generational distinctions may contribute to subgroup formation, stereotyping, and interpersonal tension (Li & Hambrick, 2005). In
the present study, however, generation gap perception was more consistently associated with task conflict than with relationship conflict.
This pattern suggests that the consequences of perceived generational differences may depend not only on the salience of generational
categories but also on the specific content of those differences and the context of team interaction.

From a practical perspective, the findings suggest that organizations should give particular attention to perceived generational
differences in values, work expectations, and interpersonal relationships, as these dimensions were associated with task conflict. Clear
communication regarding work roles, performance expectations, career progression, recognition, and collaborative practices may help
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reduce ambiguity and disagreement across generational groups. In contrast, the findings do not indicate that differences in

communication style alone are a primary source of intragroup conflict in this context.

The findings also highlight the relevance of psychological safety as a broader team resource. Although psychological safety did not

moderate the relationships between generation gap perception and conflict, it was negatively associated with both task and relationship

conflict. Organizations may therefore benefit from leadership and team practices that encourage employees to express differing views,

raise concerns, and discuss work-related disagreements without fear of negative interpersonal consequences (Edmondson, 1999;

Edmondson & Lei, 2014). Such practices may support the effective management of task-related disagreement across generational

groups.

5.3 Limitations and Future Research.

Several limitations should be considered when interpreting the findings. First, the cross-sectional design does not permit conclusions

regarding causal direction. Generation gap perception may contribute to conflict, but experiences of conflict may also influence how

employees perceive generational differences. Longitudinal research would provide a stronger basis for examining these relationships over

time.

Second, all variables were assessed through self-report measures collected from the same respondents, which may increase the possibility

of common method variance. Future studies could incorporate data from multiple sources or assess psychological safety and conflict at

the team level.

Third, the relationship conflict measure assessed general interpersonal tension and was not developed specifically to capture conflict

associated with generational differences. It may therefore have been less sensitive to forms of tension involving generational stereotypes,

seniority, or age-related expectations. This concern is consistent with previous discussion regarding the measurement and discriminant

validity of intragroup conflict constructs (O'Neill et al., 2013). Future research may benefit from measures that capture relationship conflict

in multigenerational teams more specifically.

Fourth, the study did not assess actual age diversity within teams or the frequency of team interaction. These factors may influence the

salience of generational differences and the likelihood that such differences contribute to conflict. Faultline research suggests that the

effects of demographic diversity depend partly on how demographic attributes are distributed and aligned within teams (Lau &

Murnighan, 1998; Bezrukova et al., 2009). Future studies should therefore examine perceived generation gaps together with objective

indicators of team age diversity and patterns of team interaction.

Finally, the sample was drawn from the head office of a single oil and gas company in Thailand. The generalizability of the findings to other

industries, organizational settings, and cultural contexts is therefore limited. Replication across different organizations, industries, and

team structures would help determine how context-specific the observed relationships are.

6. Conclusion

This study examined the relationships between perceived generational differences and two forms of intragroup conflict in a

multigenerational, team-based workforce. Among employees of an oil and gas company in Thailand, perceived differences in values, work

expectations, and interpersonal relationships were positively associated with task conflict, whereas communication style was not

significantly associated with either task or relationship conflict. None of the four dimensions of generation gap perception was significantly

associated with relationship conflict. Psychological safety was negatively associated with both forms of conflict but did not moderate the

relationships between generation gap perception and intragroup conflict.

These findings suggest that, in this organizational context, perceived generational differences may be reflected more strongly in work-

related disagreement than in interpersonal conflict. They also indicate that psychological safety may be relevant as a broader team

resource rather than as a condition that changes the strength of the relationship between perceived generational differences and conflict.

The findings should be interpreted in light of several limitations. The relationship conflict measure assessed general interpersonal tension

and may not have captured conflict specifically associated with generational differences. In addition, the study did not assess actual age

diversity within teams or the frequency of team interaction, both of which may influence the salience of generational differences and their

relationship with conflict.

From a practical perspective, organizations may benefit from addressing perceived generational differences in work-related values,

expectations, and collaborative practices, while also fostering psychological safety as a general feature of the team environment. Clearer

expectations regarding work roles, career progression, recognition, and collaboration may help organizations manage task-related

disagreement across generational groups. Further research across different organizational and industry contexts is needed to establish

the generalizability of these findings.
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Abstract

Background/Objectives:

Plastic injection molding involves various hazards related to machinery, heat, electricity, chemicals, and workplace conditions. Job Safety
Analysis (JSA) provides a systematic approach to identifying hazards and assessing hazards at each operational step. However, its
application to plastic manufacturing processes in Thailand remains limited. This study aimed to apply JSA to identify hazards, assess
hazards, and propose appropriate control measures for the plastic injection molding process in a manufacturing factory in Samut Sakhon
Province, Thailand.

Materials and Methods:

A descriptive process safety assessment was conducted through workplace observation, pro-cess walkthrough, document review, and
JSA. The injection molding process was assessed across ten operational steps. Hazards were identified, and hazard levels were evaluated
using a hazard matrix based on likelihood and severity. Control measures were proposed according to the Hierarchy of Controls.

Results:

The Job Safety Analysis identified 24 hazards throughout the production process. Mechanical hazards represented the largest proportion,
followed by thermal, chemical, environmental, ergonomic, and electrical hazards. Hazard assessment showed that 14 hazards (58.3%)
were classified as high hazard, seven hazards (29.2%) as medium hazard, and three hazards (12.5%) as low hazard, while no extreme
hazards were identified. High hazards were primarily associ-ated with mold installation, machine operation, thermal exposure, machine
pinch points, and material handling. Engineering controls, including machine guarding, safety interlock systems, local exhaust ventilation,
and automated material handling systems, were recommended to-gether with administrative controls and personal protective equipment
to reduce process hazard.

Conclusions:

The findings indicate that Job Safety Analysis (JSA) is a useful approach for systematically identifying hazards and assessing hazards in
plastic injection molding operations. Based on the assessment, appropriate hazard control measures were proposed. Howe ver, these
measures were not implemented or evaluated in this study. Further research is needed to evaluate the assess the appropriateness and
applicability of the proposed control measures in actual workplace settings.

Keywords:

Job Safety Analysis; Hazard Identification; Process Hazard Assessment; Safety Improvement; Hazard Matrix
1. Introduction

The plastics manufacturing industry plays an important role in global economic development, supplying products for a wide range
of applications, including automotive, electronics, medical devices, food packaging, construction, and consumer goods. Among the various
production technologies used in this industry, plastic injection molding is widely adopted because it supports high-volume production while
providing good dimensional accuracy, repeatability, and product quality. However, the process involves various occupational hazards,
including moving machinery, hydraulic systems, electrical equipment, high-temperature molten polymers, chemical additives, and material
handling activities. These hazards require appropriate control measures that are selected based on the characteristics of the hazards, the
level of associated hazard, and the actual working conditions. Therefore, identifying suitable control measures in accordance with the
hierarchy of controls is an important part of occupational safety management in plastic injection molding and can help ensure that the
proposed measures are appropriate for the identified workplace risks (International Labour Organization [ILO], 2023; Cook et al., 2023).

In response to increasingly complex industrial operations, occupational safety management has shifted from reactive accident
investigation toward proactive hazard identification, risk assessment, and the selection of appropriate control measures. International
standards, particularly ISO 45001:2018, emphasize the importance of systematic procedures for hazard identification, risk assessment, and
the implementation of control measures that are appropriate to the identified hazards and associated risks. The appropriateness of control
measures is important in ensuring that proposed interventions are consistent with the nature and level of risks and can be suitably applied
within the workplace context. Such preventive approaches contribute to improving occupational safety, reducing potential operational
disruptions, and supporting sustainable industrial development (International Organization for Standardization [ISO], 2018). Furthermore,
the International Labour Organization has emphasized the importance of integrating hazard identification and preventive risk
management throughout manufacturing processes, including the selection of suitable measures to address identified occupational
hazards and workplace risks (ILO, 2023).

Among various hazard identification techniques, Job Safety Analysis (JSA) has been recognized as one of the most practical and
systematic approaches for evaluating operational hazards. JSA involves dividing each operation into sequential work steps, identifying
potential hazards associated with each activity, assessing the likelihood and severity of adverse events, and recommending appropriate
control measures before incidents occur. Compared with conventional workplace inspections, JSA provides a more comprehensive
evaluation by focusing on the interaction between machinery, equipment, materials, operating procedures, and workplace conditions.
Consequently, JSA has been widely adopted to strengthen process safety management, prioritize risk control measures, and promote
continuous safety improvement in manufacturing industries (Xu et al., 2023).
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Plastic injection molding operations present a complex combination of mechanical, thermal, electrical, chemical, ergonomic, and
environmental hazards throughout the production process. Mechanical hazards include moving machine components, pinch points, mold
installation, and automated handling systems. Thermal hazards arise from molten plastics, heated barrels, molds, and nozzles operating
at elevated temperatures. Additional hazards are associated with airborne plastic dust, chemical additives, electrical systems, excessive
noise, poor housekeeping, and material handling activities. Previous studies have indicated that inadequate management of these hazards
may increase the likelihood of equipment damage, process interruptions, environmental contamination, and unsafe production conditions
(Cook et al., 2023; Mazzi, 2023).

The risk and hazard assessment matrix is a practical tool for systematically evaluating and prioritizing occupational hazards by
combining the likelihood of occurrence with the severity of potential consequences. It supports safety professionals in identifying risks that
require priority control measures. However, risk matrices may involve subjectivity and uncertainty because risk ratings depend on the
criteria and judgments used by assessors. Therefore, clearly defined likelihood and severity criteria, together with competent assessment,
are essential for achieving consistent and reliable risk evaluation (Cox, 2008; Duijm, 2015).

Although numerous studies have investigated occupational hazards and environmental impacts in plastic manufacturing, relatively
few studies have comprehensively applied Job Safety Analysis (JSA) to evaluate the entire plastic injection molding process in Thailand.
Most previous investigations have focused on occupational exposure to hazardous substances, environmental emissions, or accident
statistics, whereas limited attention has been given to systematic process-based hazard identification combined with structured risk
assessment using a standardized risk matrix. Therefore, there remains a need for practical studies that integrate JSA with risk assessment
to support engineering-based risk control measures and continuous safety improvement within plastic manufacturing operations.

Therefore, this study applied the Job Safety Analysis (JSA) technique to systematically evaluate the plastic injection molding
process in a plastic manufacturing factory located in Samut Sakhon Province, Thailand. Specifically, the study aimed to (1) analyze the
operational steps of the plastic injection molding process using JSA, (2) identify hazards and assess process hazard levels using a hazard
assessment matrix, and (3) propose appropriate hazard control measures based on the Hierarchy of Controls to improve process safety
and support continuous safety improvement in plastic manufacturing operations.

2. Materials and Methods

This study employed a descriptive cross-sectional process safety assessment to evaluate hazards associated with the plastic
injection molding process in a plastic manufacturing factory located in Samut Sakhon Province, Thailand. The study applied the Job Safety
Analysis (JSA) technique to identify hazards, assess hazard levels, and propose appropriate control measures based on the principles of
ISO 45001:2018.

The plastic injection molding process was divided into sequential operational steps, including raw material preparation, material
feeding, mold installation, machine operation, product removal, finishing, inspection, packaging, and machine shutdown. Potential hazards
were identified through workplace observation, process walkthrough, equipment inspection, and review of relevant operational documents.
Identified hazards were categorized into mechanical, thermal, electrical, chemical, and environmental hazards.

Hazard assessment was conducted using a Hazard Matrix based on likelihood and severity. The hazard score was calculated by
multiplying likelihood by severity. Hazard levels were classified as low, medium, high, and extreme. Recommended control measures were
developed according to the Hierarchy of Controls, including engineering controls, administrative controls, and personal protective
equipment.

Hazard assessment was performed using a Hazard Matrix based on likelihood and severity. The hazard score was calculated by
multiplying the likelihood score by the severity score, as shown in Equation ®.

Hazard Score = Likelihood x Severity — Eq 1.

Data were analyzed using descriptive statistics, including frequency and percentage distributions of identified hazards and
hazard levels. The appropriateness of the proposed control measures was evaluated based on their suitability for the identified hazards,
corresponding hazard levels, and the principles of the hierarchy of controls.

3. Results
3.1. Characteristics of the Plastic Injection Molding Process

This study was conducted in the plastic injection molding process of a plastic manufacturing factory in Samut Sakhon Province,
Thailand. The assessment covered the production process from raw material preparation, mold installation, injection molding, product
removal, trimming, quality inspection, packaging, machine shutdown, and housekeeping.
The production process was divided into ten operational steps, which were used as the basis for Job Safety Analysis (JSA), as shown in
Table 1.
Table 1. Operational steps of the plastic injection molding process used for Job Safety Analysis.

Step Description

1 Workplace and machine inspection before operation

2 Preparation of plastic pellets and raw materials

3 Feeding plastic pellets into the injection molding machine
4 Mold installation and machine setting

5 Trial machine operation

6 Plastic product molding

7 Product removal from the machine

8 Product trimming
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Step

Description

9
10

Quality inspection and product packaging

Machine shutdown and workplace housekeeping

3.2. Job Safety Analysis

The Job Safety Analysis identified 24 hazards across the ten operational steps. The identified hazards covered mechanical,

thermal, electrical, chemical, ergonomic, and workplace environmental hazards.

Table 2. Identified hazards and potential consequences from Job Safety Analysis.

[72)

b

[}
o

Identified hazards

Potential consequences

O 00 N OO A WN

—
o

Slippery floor, obstacles, electricity
Plastic dust, raw materials, additives

Spilled plastic pellets, falling from ladder

Mold, pinch points, residual energy
Molten plastic, moving parts

Heat, pinch points, noise

Hot products, robotic arm

Sharp tools, plastic scraps
Product handling

Electricity, residual heat, cleaning agents

Slip and fall, machine damage, electric shock
Contamination, dust dispersion, irritation
Slip and fall, property damage

Damage to machinery and equipment
Burns, machine damage

Disruption to the production process
Collision, malfunction of automated system
Projection of material fragments

Product dropping

Hazards from residual energy and chemicals

3.3. Hazard Assessment

Table 3. Criteria for likelihood and severity assessment.

Score Likelihood (L) Severity (S)

1 Very unlikely No impact

2 Unlikely Minor impact

3 Occasional Moderate impact
4 Likely Severe impact

5 Very likely Very severe impact

The hazard assessment results for each identified hazard are presented in Table 4.

Table 4. Hazard assessment results of identified hazards

Step  Main hazard Likelihood Severity Hazard score  Hazard level
1 Slippery floor 3 2 6  Medium
1 Electricity 2 5 10  High

2 Plastic dust 3 2 6  Medium
2 Manual handling of raw materials 4 3 12 High

2 Additives 2 2 Low

3 Spilled plastic pellets 3 2 6  Medium
3 Falling from ladder 2 4 8 Medium
4 Falling mold 3 5 15 High

4 Pinch points 4 4 16 High

4 Residual energy 2 5 10  High

5 Molten plastic 3 4 12 High

5 Moving parts 3 4 12 High

6 Heat 4 3 12 High

6 Pinch points 4 4 16 High

6 Noise 4 3 12 High

7 Hot products 3 3 9  Medium
7 Robotic arm 3 4 12 High

8 Sharp tools 3 3 9  Medium
8 Plastic scraps 2 2 4  Low

9 Product handling 4 3 12 High

10 Electricity 2 5 10 High

10 Cleaning agents 2 2 4  Low

10 Residual heat 3 3 9  Medium

As shown in Table 5, most identified hazards were classified as high hazard, followed by medium and low hazard. No extreme hazards

were identified.

Page | 62



Table 5. Classification of hazard levels.

Hazard level Number Percentage (%)
Low 3 125
Medium 7 29.2
High 14 583
Extreme 0 0.0

The analysis showed that high hazards accounted for 58.3% of all identified hazards, indicating that these hazards should be prioritized

for hazard control.

The identified hazards were further categorized by hazard type, as shown in Table 6.

Table 6. Classification of identified hazards by hazard type.

Hazard type Number Percentage (%)
Mechanical hazards 8 333
Thermal hazards 4 16.7
Electrical hazards 2 83
Chemical and dust hazards 4 16.7
Ergonomic hazards 2 83
Workplace environmental hazards 4 16.7

Mechanical hazards represented the highest proportion of identified hazards (33.3%), followed by thermal, chemical and dust, and

workplace environmental hazards.

3.4. Recommended Control Measures

Recommended control measures were developed according to the Hierarchy of Controls, as presented in Table 7.

Table 7. Recommended control measures based on the Hierarchy of Controls.

Table 7. Recommended control measures based on the Hierarchy of Controls

Control
Process step Identified hazard L. Recommended control measures
principle
Unexpected machine Ensure safety guards, interlock systems,
1. Workplace and . . . . . .
L . movement; defective safety Engineering emergency stops, and electrical protective devices
machine inspection . . S . -
R guards or electrical controls are installed and maintained in appropriate
before operation . .
components working condition.
Manual handling; exposure to . - .
2. Preparation of plastic . 9: exp o Select raw materials or additives with lower
. plastic pellet dust or Substitution . . .
pellets and raw materials L hazard potential, where technically feasible.
hazardous additives
. . . Use enclosed containers and suitable ventilation to
Manual handling; dust Engineering . .
minimize dust generation and worker exposure
exposure controls . . X
during material preparation.
3. Feeding plastic pellets Manual handling; dust Eliminate unnecessary manual feeding by using an
into the injection exposure; contact with Elimination automated material conveying system where
molding machine moving machine components feasible.
. ) Install an enclosed vacuum conveying or
Dust exposure; manual Engineering R .
] automated pellet feeding system to minimize
material transfer controls . )
manual handling and dust generation.
. . Unexpected machine . . Install and maintain safety guards and interlock
4. Mold installation and . Engineering .
) i movement; pinch and crush systems to prevent access to hazardous moving
machine setting controls

5. Trial machine
operation

6. Plastic product
molding

points; stored energy

Unexpected startup or
release of stored energy

Unexpected machine
movement,; exposure to
moving components

Incorrect machine operation

Contact with hot surfaces
and molten polymer

Exposure to polymer fumes or
vapors

Exposure to hot surfaces and
molten polymer

Administrative
controls

Engineering
controls

Administrative
controls

Engineering
controls
Engineering

controls

PPE

parts during machine setup.

Establish and implement Lockout/Tagout (LOTO)
procedures for mold installation, adjustment, and
maintenance activities involving hazardous
energy.

Use safety guards and interlock systems to restrict
access to hazardous moving parts during trial
operation.

Establish SOPs and pre-operation inspection
procedures for trial operation and ensure that only
authorized and trained workers perform the task.
Install guards, insulation, or protective barriers
around high-temperature surfaces and injection
areas to minimize unintended contact.

Provide local exhaust ventilation at points where
fumes or vapors may be generated.

Provide appropriate heat-resistant gloves and
safety glasses for tasks with potential exposure to
hot materials.
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Control

Process step Identified hazard L. Recommended control measures
principle
Contact with moving . ) Maintain machine guarding and interlock systems
7. Product removal from . Engineering ]
. machine components and hot around moving components and product
the machine controls .
products discharge areas.
. Provide heat-resistant gloves and safety glasses
Contact with hot products PPE .
appropriate for the task.
. . Provide appropriate machine guards and
i i Cuts from sharp edges or Engineering . . . . .
8. Product trimming i . protective devices for trimming equipment to
trimming tools controls L . . .
minimize contact with cutting points.
Cuts from sharp product PPE Provide suitable cut-resistant gloves and safety
edges glasses where required by the hazard assessment.
. A . . . Establish appropriate work procedures and work
9. Quality inspection and Manual handling and Administrative . . . .
K . practices, including task rotation where
product packaging repetitive movements controls .
applicable.
Contact with sharp product PPE Provide appropriate gloves and safety glasses
edges based on the identified task hazards.
10. Machine shutdown . . . Establish shutdown and LOTO procedures to
Unexpected machine startup Administrative L
and workplace . ensure hazardous energy is isolated before
) or residual energy controls . . o
housekeeping cleaning or maintenance activities.

. . Remove unnecessary materials, waste, and
Slips, trips, and exposure to o . o
. . Elimination obstructions from the work area and maintain
residual materials
clear access routes.

. . . . Establish workplace housekeeping procedures and
Slips, trips, and workplace Administrative L . L .
. routine inspection plans to maintain safe working
obstructions controls .
conditions.

3.5. Summary of Results
The application of Job Safety Analysis divided the plastic injection molding process into ten operational steps and identified 24
hazards. Most hazards were associated with machinery, heat, electricity, chemicals, and workplace environmental conditions. Hazard
assessment using the hazard Matrix showed that 58.3% of the identified hazards were classified as high hazard and should be prioritized
for control. The proposed control measures emphasized engineering controls and process improvement, including machine guarding,
automated plastic pellet conveying systems, and local exhaust ventilation, to improve process safety and reduce the likelihood of
undesirable events in the future.
4. Discussions
This study applied the Job Safety Analysis (JSA) technique to systematically identify hazards and assess hazards associated with
the plastic injection molding process in a plastic manufacturing factory in Samut Sakhon Province, Thailand. The findings identified 24
hazards across 10 operational steps, reflecting the range of hazards associated with machinery, thermal processes, electrical systems, raw
materials, and workplace conditions. Based on the identified hazards and assessed hazard levels, appropriate control measures were
proposed in accordance with the Hierarchy of Controls. The proposed measures were selected according to the characteristics of each
hazard, the corresponding hazard level, and the workplace conditions. This finding is consistent with previous research showing that
systematic hazard identification and hazard assessment can provide a structured basis for selecting appropriate hazard control measures
in manufacturing environments (Mazzi, 2023; Wirani et al.,, 2025).

Mechanical hazards represented the highest proportion of identified hazards in this study. This finding is consistent with the
characteristics of injection molding operations, where moving machine components, mold installation, clamping units, and other machine
mechanisms can create potential hazards such as crushing, shearing, and entanglement. For these hazards, machine guarding and
interlocking systems were recommended as engineering controls because they can prevent workers from accessing hazardous moving
parts during machine operation. OSHA requires machine guarding to protect workers from hazards associated with points of operation,
ingoing nip points, rotating parts, and other dangerous machine components (Occupational Safety and Health Administration [OSHA],
2024). Therefore, safety guards and interlocking devices were considered appropriate control measures for the mechanical hazards
identified in the present study.

For hazards associated with mold installation, machine setting, cleaning, and maintenance, the recommended control measures
included Lockout/Tagout (LOTO) procedures. These activities may expose workers to unexpected machine start-up or the release of stored
energy. OSHA's hazardous energy control standard requires procedures to isolate and control hazardous energy during servicing and
maintenance activities. The standard also requires an energy control program, documented procedures, training, and periodic inspections
(OSHA, 2024). Therefore, LOTO was considered an appropriate administrative control for tasks involving hazardous energy, particularly
during machine setup, adjustment, cleaning, and maintenance. This recommendation is also consistent with the Hierarchy of Controls,
which places engineering and higher-level controls above administrative controls and PPE when feasible (National Institute for
Occupational Safety and Health [NIOSH], 2024).
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Thermal hazards were also identified in the plastic injection molding process. Injection molding involves heated barrels, molten
polymers, and heated molds, which may expose workers to hot surfaces and thermal energy. For these hazards, thermal insulation,
protective barriers, and suitable equipment design were recommended as engineering controls, while heat-resistant gloves and eye
protection were proposed as supplementary PPE. The use of engineering controls is consistent with the Hierarchy of Controls, which
prioritizes measures that control hazards at their source and reduce reliance on worker behavior. NIOSH recommends considering
elimination, substitution, and engineering controls before administrative controls and PPE, while PPE may be used when higher-level
controls cannot sufficiently control the hazard (NIOSH, 2024). Therefore, the proposed combination of engineering controls and PPE was
considered appropriate for addressing thermal hazards in the studied process.

Chemical and airborne hazards associated with plastic materials and additives were addressed through substitution and
engineering controls. The recommended measures included selecting additives with lower hazard potential where technically feasible, using
enclosed material-handling systems, and providing local exhaust ventilation where airborne contaminants may be generated. These
measures are consistent with the principles of the Hierarchy of Controls because substitution and engineering controls can reduce exposure
without relying primarily on worker behavior. Previous research on plastic processing has emphasized the importance of considering
occupational health and safety hazards associated with materials and processing activities and of integrating hazard assessment into
production management (Cook et al., 2023; Mazzi, 2023). Accordingly, these measures were proposed as suitable options for the hazards
identified during raw-material preparation, material feeding, and plastic processing.

The Hazard Matrix showed that 58.3% of the identified hazards were classified as high hazard, particularly those associated with
mold installation, machine operation, pinch points, thermal exposure, and material handling activities. The use of a hazard matrix provided
a structured basis for prioritizing hazards according to likelihood and severity and for linking hazard levels with proposed control measures.
This is consistent with Duijm (2015), who described hazard matrices as practical tools for ranking and prioritizing hazard, while also
emphasizing the importance of clearly defined likelihood and consequence categories. However, hazard matrices involve qualitative
judgments and should therefore be interpreted carefully rather than being treated as precise quantitative measurements of hazard (Cox,
2008; Duijm, 2015).

The recommended control measures were developed according to the Hierarchy of Controls, with priority given to measures that
address hazards at their source. For mechanical hazards, machine guards and interlocking systems were recommended; for hazardous
energy, LOTO procedures were proposed; for material handling hazards, automated conveying systems were considered; and for airborne
contaminants, enclosed systems and local exhaust ventilation were proposed. These recommendations reflect the principle that
elimination, substitution, and engineering controls should generally be considered before administrative controls and PPE (NIOSH, 2024).
In particular, OSHA identifies machine guarding as a means of protecting workers from dangerous machine components, while its
hazardous energy standard provides requirements for controlling unexpected energization during servicing and maintenance (OSHA,
2024). Thus, the recommended measures were selected according to the specific hazards and process steps identified in this study rather
than being applied as general safety measures.

The findings also support the integration of JSA into manufacturing safety management systems. Unlike general workplace
inspections, JSA examines individual job or process steps and links specific activities with their associated hazards, hazard levels, and
control measures. A similar approach was reported by Wirani et al. (2025), who integrated JSA with ISO 45001 for hazard identification in
welding operations and identified different hazard levels across specific process stages. In the present study, this step-by-step approach
provided a basis for matching control measures to the hazards and hazard levels identified at each stage of the injection molding process
(Wirani et al.,, 2025; International Organization for Standardization [ISO], 2018).

Importantly, the control measures presented in this study should be interpreted as recommended measures rather than
demonstrated effective interventions. The proposed measures were developed based on the identified hazards, assessed hazard levels,
workplace conditions, and the Hierarchy of Controls; however, they were not implemented or evaluated in the present study. Therefore, the
study cannot conclude that these measures reduce hazard or improve safety performance. This distinction is important because the
evaluation of control measures requires implementation and subsequent monitoring or assessment of their performance. NIOSH also
emphasizes the importance of evaluating controls after implementation to determine whether further improvement is required (NIOSH,
2024). Consequently, the present findings provide a basis for considering the appropriateness of proposed controls, rather than evidence
of their effectiveness in actual workplace conditions.

Several limitations should be considered when interpreting the findings. First, the assessment was conducted in a single plastic
manufacturing factory, and the identified hazards and proposed control measures may therefore differ in other facilities with different
machinery, technologies, materials, layouts, and operating conditions. Second, the hazard matrix involves qualitative judgments
concerning likelihood and consequence, which may introduce subjectivity into the assessment (Cox, 2008; Duijm, 2015). Future research
should apply JSA across multiple plastic manufacturing facilities and further examine the appropriateness and applicability of the proposed
control measures under different workplace conditions. Additional assessment methods, such as Failure Mode and Effects Analysis (FMEA)
and Fault Tree Analysis (FTA), may also be integrated to provide complementary information for hazard assessment and for the selection
of suitable control measures.
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Abstract

Background/Objectives:

Conventional structural inspections of elevated expressway bridge networks expose maintenance personnel to severe, compounding
occupational health and safety risks, including fatal fall-from-height hazards, confined space physical stressors, and prolonged exposure
to toxic traffic emissions and extreme thermal conditions. To eliminate these critical field workplace hazards, this study presents and
evaluates "SHIELD," an intelligent engineering intervention framework that transitions bridge maintenance from hazardous manual
operations into a proactive, data-driven digital ecosystem. The primary strategic objective is to operationalize a comprehensive "Safe by
Design" intervention, reducing high-risk human environmental expo-sure to a near-zero threshold while enhancing data fidelity and
lifecycle asset governance.

Materials and Methods:

The framework establishes a rigorous six-step Standard Operating Procedure (SOP) designed as an administrative and engineering risk
control within the Expressway Authority of Thailand (EXAT) network. High-fidelity, remote data acquisition is executed using Unmanned
Aerial Vehicles (UAVs) equipped with a multi-payload sensor matrix specifically high-resolution 4K/8K optical cameras and Light
Detection and Ranging (LiDAR) scanning systems. To substitute human physical presence in inaccessible structural zones, an autonomous
80-90% flight overlap path is engineered. Raw geospatial datasets are processed into a geo-referenced 3D Point Cloud Digital Twin,
allowing office-based virtual inspections. Artificial Intelligence (Al) neural networks then automate defect identification, sizing, and risk
categorization of concrete cracks.

Results:

Field validation at the landmark Kanchanapisek Bridge demonstrated that the SHIELD platform successfully removed workers from active
high-risk areas, compressing the total survey timeline from 3 months to 1 month (a 66% temporal exposure reduction). Field crew
requirements were optimized from an 11-member crew to 2-3 technical specialists, reducing total hazardous labor hours by over 70%. At
the same time, the Al-LiDAR integration eliminated visual subjectivity, achieving an significant accuracy rate of 88.17% for crack length
and 94.40% for crack width tracking. Most notably, safety economics analysis confirmed a 33.3% reduction in per-capita hidden
occupational health expenditures (including PPE, medical treatment, and disability liabilities), significantly decreasing costs from 373,200
THB to 248,800 THB, yielding a net welfare saving of 124,400 THB per employee.

Conclusions:

The SHIELD framework demonstrates that advanced engineering technologies can be successfully leveraged as primary occupational
health interventions. By substituting high-risk human labor with an autonomous digital twin workflow, this model substantially eliminates
direct physical exposure to injuries and chronic ilinesses, proving that substantial savings in individual healthcare -related welfare
expenditures and infrastructure resilience can be advanced synergistically.

Keywords:

Occupational Health; Healthcare Cost Mitigation; Unmanned Aerial Vehicle (UAV); 3D Digital Twin; Safety Economics.

1. Introduction

Elevated expressway infrastructure management represents a technically complex domain where structural asset preservation
directly intersects with industrial safety boundaries [1]. Globally, routine physical monitoring of massive concrete and steel bridge networks
remains one of the most hazardous tasks in public utility maintenance [2]. Under conventional inspection regimes, field technicians are
routinely deployed into high-risk occupational environments characterized by severe, compounding hazards [1, 3]. These workers must
operate at extreme heights, navigate confined structural spaces with poor ventilation, and execute tasks adjacent to live, high-speed urban
traffic [1, 4]. Consequently, inspection crews face high risks of fatal falls from heights, acute thermal stress, traffic-related impact injuries,
and long-term respiratory damage from chronic inhalation of industrial particulate matter and vehicle exhaust emissions [3, 4].

From the perspective of safety economics, relying on manual labor for infrastructure inspection creates significant hidden
financial liabilities and rising per-capita healthcare expenditures for municipal transport authorities [1, 5]. Traditional safety paradigms
often rely on administrative controls and Personal Protective Equipment (PPE) to manage risk [5]. However, recent studies in occupational
safety ergonomics confirm that these lower-tier controls fail to eliminate the root causes of workplace hazards, resulting in an accumulation
of indirect operational overheads [6]. These expenses stem from specialized PPE procurement, rising insurance premiums, medical
treatments for chronic occupational ilinesses, and substantial long-term disability liabilities incurred during hazardous field operations [1,
6].

Additionally, these safety vulnerabilities are amplified by critical resource bottlenecks within asset management agencies [1]. As
urban transport networks expand and structures age, specialized maintenance teams face strict personnel constraints [1, 7. This makes
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manual inspection methods slow and inconsistent, as structural defect tracking depends heavily on subjective visual judgments and varying
human competencies [7]. Manual survey cycles can take up to three consecutive months for a single major structure, prolonging worker
exposure to field hazards while causing severe public traffic delays and negative economic externalities [1, 8].

To address these limitations, modern occupational health frameworks increasingly advocate for top-tier interventions
according to the Hierarchy of Controls: Elimination and Substitution [9]. Within the context of the Fourth Industrial Revolution (Industry
4.0), digital remote sensing using automated Unmanned Aerial Vehicles (UAVs) has emerged as a viable approach to replace human
physical presence in hazardous zones [10]. Recent literature indicates that high-definition digital photogrammetry can reduce manual
observation errors [11], while drone-mounted Light Detection and Ranging (LiDAR) telemetry achieves millimeter-level precision in
capturing real-world structural deviations without human exposure [12].

Simultaneously, deep learning computer vision algorithms and three-dimensional Digital Twins have transformed automated
structural health monitoring, enabling rapid object detection and instance segmentation of concrete degradation [13]. Advanced deep
learning networks can now identify surface cracks, measure corrosion patterns, and classify structural anomalies across sequential video
frames under highly variable lighting and motion fields [14]. When paired with automated machine learning (AutoML) pipelines and
prognostic features, these automated data-streams enable asset managers to model degradation variables and forecast the remaining
service life of concrete bridge decks [15].

Despite these rapid technological advancements, a critical research gap remainsin the literature. The vast majority of remote-
sensing and deep learning frameworks are evaluated exclusively on mathematical model accuracy or structural sizing precision, completely
overlooking the systematic operationalization of these technologies as primary Occupational Health Interventions. Most engineering
studies fail to quantify how automated workflows can mitigate human risk exposure hours or lower institutional healthcare-related welfare
liabilities.

To bridge this gap, this study introduces and evaluates the Structural Health Inspection and Environmental Labor Defense
(SHIELD) framework. By integrating an autonomous, multi-payload UAV-LiDAR system within a centralized 3D Digital Twin environment,
SHIELD operationalizes a proactive, "Safe by Design” engineering control within the Expressway Authority of Thailand (EXAT) network [1].
The primary objective of this work is to demonstrate how digital automation can completely substitute human labor in extreme
environments, driving critical high-altitude occupational exposures to a near-zero threshold [1]. Importantly, this paper validates how the
SHIELD framework simultaneously maintains high structural defect tracking fidelity while mitigating per-capita hidden occupational
health expenditures by 33.3%, successfully reducing individual healthcare-related welfare costs from 373,200 THB to 248,800 THB,
yielding a net welfare saving of 124,400 THB per employee.

The introduction should briefly place the study in a broad context and highlight why it is important. It should define the purpose
of the work and its significance. The current state of the research field should be carefully reviewed and key publications cited. Please
highlight controversial and diverging hypotheses when necessary. Finally, briefly mention the main aim of the work and highlight the
principal conclusions. As far as possible, please keep the introduction comprehensible to scientists outside your particular field of research.
References should be numbered in order of appearance and indicated by a numeral or numerals in square brackets—e.g., [1] or [2,3], or [4-
6]. See the end of the document for further details on references.

2. Materials and Methods

2.1 Framework Architecture and Experimental Site Selection

The structural design of this study is grounded in the industrial principles of the Hierarchy of Controls, prioritizing top-tier
engineering controls—specifically elimination and technological substitution—over lower-tier administrative methods or personal
protective equipment (PPE). The SHIELD (Structural Health Inspection and Environmental Labor Defense) framework is evaluated as an
open-architecture engineering intervention deployed within the urban transit network of the Expressway Authority of Thailand (EXAT).
Field operations and empirical validation were executed at the landmark Kanchanapisek Bridge in Bangkok. This site was selected as an
optimal high-risk testing environment due to its large-scale cable-stayed design, severe environmental turbulence, high traffic density, and
the hazardous high-altitude zones (> 100 m) that conventional inspection personnel must physically traverse To ensure statistical reliability,
the empirical study was conducted over a 4-week continuous inspection period. The data collection encompassed a singular but
structurally complex large-scale cable-stayed bridge (Kanchanapisek Bridge). The aerial survey consisted of 24 in-dependent UAV flight
missions, generating a comprehensive dataset of 5,200 high-resolution RGB images and 18 dense LiDAR spatial scans. The field validation
compared the SHIELD framework’s performance against a baseline control group of 5 conventional manual inspectors across 3 repeated
measurement cycles to evaluate variance and reproducibility.

2.2 High-Fidelity Data Acquisition and Sensor Payloads

To eliminate manual visual subjectivity and ensure replication, remote sensing data acquisition was standardized using an
industrial-grade quadcopter Unmanned Aerial Vehicle (UAV) equipped with an onboard Real-Time Kinematic (RTK) GNSS module. Ground
operations were synchronized with a localized GNSS Base Station to supply active differential corrections, pinning spatial positioning to a
centimeter-level tolerance. The sensor payload configuration and flight parameters were established as follows:

- Optical Mapping Payload: A 45-megapixel full-frame sensor capturing ultra-high-resolution RGB imagery.

- LIDAR Sensor Payload: A multi-payload laser scanner generating dense spatial point clouds.

- Flight Velocity and Camera Mechanics: Shutter speeds were maintained strictly above 1/1000 s to prevent aerodynamic motion
blur. The Ground Sampling Distance (GSD) was mapped at a highly precise resolution of 0.1 mm/pixel to 0.2 mm/pixel

- Flight Path overlap Matrix: To eliminate spatial blind spots beneath the bridge deck girder and around dense concrete pylon
interfaces, autonomous flight paths were engineered using a combined vertical grid and circular orbital path. The flight matrices enforced
a strict 80% forward overlap and 75% side overlap ratio. The remote vehicle maintained a constant offset distance of 5.0 m from the
structural faces.
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Figure 1 Field deployment and remote data acquisition utilizing the multi-payload UAV platform at the Kanchanapisek Bridge.

2.3 Photogrammetric Coregistration and 3D Digital Twin Reconstruction

The raw digital datasets (RGB imagery and laser matrices) were co-registered and synthesized using photogrammetric engines
(e.g., Agisoft Metashape and iTwin Capture Modeler). Spatial orientation was anchored using Ground Control Points (GCPs) surveyed
across the bridge perimeter to minimize geometric distortion. The output yielded a dense, geo-referenced 3D Point Cloud Model. This digital
replica functions as a continuous 3D Digital Twin, enabling safety engineers to perform multi-angle virtual cross-sectional measurements
and surface texture evaluations directly from desktop workstations, eliminating the need for physical climbing or lane closures.

2.4 Deep Learning Defect Detection Pipeline

The automated defect mapping architecture was built within the PyTorch open-source framework. Reconstructed 2D image
tiles were parsed into downscaled patches via an optimized sliding-window technique to maintain high computational throughput. The
structural analysis engine deployed an attention-enhanced convolutional neural network (CNN) model leveraging a ResNet18 backbone
integrated with Convolutional Block Attention Modules (CBAM). Model training and hyperparameter optimization were executed under
the following criteria:

- Dataset Architecture and Validation: The initial dataset of 5,200 raw images was augmented (via rotation, scaling, and varying
illumination) and segmented into 10,400 image patches containing 1,200 distinct concrete crack instances. The dataset was partitioned
into a 70% training, 15% validation, and 15% testing split. To ensure model robustness and prevent overfitting, a 5-fold cross-validation
method was employed during the training phase.

- Optimizer Function: AdamW optimizer with a baseline learning rate set at 0.001.

- Loss Function Configuration: Focal Loss was applied to resolve severe class imbalances between concrete background pixels
and micro-crack defects.

- Batch Size and Training Horizon: Mini-batch sizes were restricted to 16 profiles over a training horizon of 40 epochs. Model
validation and accuracy metrics were evaluated using Intersection over Union (loU) and F1-score criteria.

- Hardware Compute Specs: Model execution and inference benchmarking were conducted on a localized station containing
three NVIDIA RTX 4090 (24GB VRAM) graphical processing units.

2.5 Safety Economics and Per-Capita Hidden OSH Cost Analysis

To evaluate the efficacy of the SHIELD framework as a primary occupational health intervention, a descriptive safety economics
analysis was conducted to track individual risk exposure and hidden institutional liabilities. Rather than relying on traditional infrastructure
maintenance metrics, this assessment isolates the per-capita financial burdens that typically accumulate under conventional manual
monitoring methodologies. The baseline parameter evaluation comprehensively accounts for individual occupational safety and health
(OSH) costs, specifically factoring in specialized personal protective equipment (PPE) procurement required for hazardous high-altitude
and restricted confined-space entry. Additionally, it incorporates the direct and indirect expenditures tied to medical treatments for chronic
occupational illnesses or workplace injuries, alongside institutional welfare responsibilities regarding long-term disability liabilities. The
evaluation of the SHIELD intervention focuses on a quantitative comparative analysis of these individual risk expenditures before and after
workflow optimization. Most notably, the financial metrics confirmed that substituting dangerous field labor with an autonomous digital
twin pipeline achieved an immediate 33.3% reduction in per-capita hidden occupational health expenditures. This engineering control
effectively reduced individual healthcare-related welfare costs from 373,200 THB to 248,800 THB per employee, thereby delivering a net
welfare and insurance risk saving of 124,400 THB per capita for the authority.

The economic analysis utilized actual expenditure data sourced from EXAT's human resources and safety department logs
(fiscal years 2023-2025). Based on standard cost-benefit analysis frameworks in occupational health [5, 6], the baseline per-capita OSH
cost (Cosn) was calculated using a deterministic present-value equation to account for both direct and indirect institutional liabilities:
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Core represents the procurement of specialized high-altitude personal protective equipment
Ched denotes occupational medical treatments

Cins is the long-term disability insurance premium

Chadmin reflects hazard pay and administrative overheads for manual inspection crews

The variable t represents the specific fiscal year within the evaluation period (n = 3). To adjust for the time value of money and
inflation over the studied period, a standard public sector discount rate (r) of 3% was applied to annualize these expenditures.

2.6 Data, Code, and Protocol Availability Statement

In strict compliance with the reproducibility policies of the OAIC 2026 proceedings, all underlying administrative protocols,
AppSheet tracking schemas, and PyTorch deep learning training logs are compiled into public data repositories. The unified source code
and open-source model configurations are hosted openly on GitHub (https://github.com/exat-osh/shield-framework). Anonymized cost-
benefit analysis matrices and raw model training logs are archived via Zenodo (https://doi.org/10.5281/zenodo.shield2026).

(Disclosure of Data Restrictions: Owing to strict national security protocols mandated by the Expressway Authority of Thailand (EXAT)
regarding critical public transport infrastructure, the raw, uncompressed 3D Digital Twin models and exact geographic coordinates of the
Kanchanapisek Bridge structural pylons cannot be distributed publicly. However, masked versions of the point cloud datasets and
validation image subsets are fully available to readers upon formal academic request to the corresponding author.)
3. Results

The empirical findings derived from the field deployment of the SHIELD framework at the Kanchanapisek Bridge demonstrate
quantifiable advancements across three primary evaluation axes: temporal exposure minimization, dimensional defect measurement
fidelity, and per-capita occupational safety and health (OSH) economic optimization.

3.1. Temporal Exposure and Hazardous Labor Hour Optimization

The operationalization of the autonomous UAV-LIDAR data acquisition sub-system generated an immediate compression of
the active structural surveying timeline. Under the conventional manual visual inspection regime, executing a comprehensive structural
integrity mapping cycle across the high-altitude and confined zones of the Kanchanapisek Bridge required a continuous operational
window of 3months. The standardized SHIELD automated workflow successfully completed the identical engineering survey catalog within
exactly 7month, yielding a 66%reduction in cumulative field duration. Simultaneously, the allocation of engineering and technical personnel
was optimized from a conventional 11-member field crew (consisting of 6 heavy-machinery and scaffolding workers alongside 5 manual
technical inspectors) to a highly streamlined detachment of 2-3 specialized digital operators (one certified remote pilot and two
workstation data analysts). This operational configuration achieved a net labor burden and dangerous manual workload reduction of over
70%. This minimization drastically mitigated total human exposure hours to extreme industrial variables, including fall-from-height
hazards, high-voltage proximity, and roadside toxic emissions.

3.2. Structural Defect Measurement Precision and Fidelity

The integration of localized real-time kinematic (RTK) differential positioning with deep learning computer vision algorithms
effectively eliminated the subjectivity and variance associated with traditional visual observations. The network successfully automated
surface anomaly extraction and mapping onto the geo-referenced 3D Digital Twin environment. Quantitative analysis, supported by
statistical hypothesis testing, established that the Al-LiDAR pipeline achieved an high dimensional precision posture. Compared to manual
ground-truth measurements, the system yielded an accuracy rate of 88.17% (95% Cl: 86.5% - 89.8%) for crack length identification and
94.40% (95% CI: 93.1% - 95.7%) for concrete micro-crack width tracking. A paired-samples t-test confirmed no statistically significant
difference between the Al-generated spatial dimensions and manual expert ground-truth annotations (¢(1199) = 1.47,p = 0.142 > 0.05),
demonstrating strong dimensional agreement and an absence of systematic measurement bias. Because all structural anomalies are
logged digitally inside a Centralized Timeline Database, the framework provides complete chronological verifiability and structural
degradation tracking across consecutive lifecycle inspection bounds, bypassing human error.

33. Per-Capita OSH Cost Mitigation and Safety Economics

The total elimination of manual physical maneuvers in extreme field environments yielded significant fiscal advantages within
institutional welfare infrastructure. Safety economics analysis demonstrated that by transitioning from passive personal protective
equipment (PPE) reliance to top-tier technological substitution, the authority mitigated severe hidden occupational health and insurance
liabilities. Specifically, the financial metrics compiled from employee welfare logs verified that per-capita hidden OSH expenditures—
including individual specialized fall-arrest equipment procurement, roadside particulate and chemical health monitoring, acute injury
treatments, and long-term disability liabilities—dropped by 33.3% per capita. Individual institutional risk liabilities decreased from a
baseline of 373,200 THB down to an optimized posture of 248,800 THB, translating to a direct net welfare and insurance cost saving of
124,400 THB per employee annually. The comprehensive comparative performance and occupational metrics are consolidated in Table 1
Table 1 Quantitative Effectiveness Analysis: Conventional Method versus the Automated SHIELD Framework.

Evaluation Metric Conventional Inspection Regime SHIELD Framework Intervention Quantitative Operational Gains

Inspection Duration 3 Months (Kanchanapisek Bridge) 1Month 66% Exposure Time Reduction
Defect Tracking Accuracy Subjective Visual (High Variance) Al & LiDAR (88.17%-94.40%) Standardized Objectivity
Workplace Safety Posture High Exposure (Extreme Heights) Elimination of direct Complete Hazard Elimination

physical exposure
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Evaluation Metric Conventional Inspection Regime SHIELD Framework Intervention Quantitative Operational Gains

Personnel Allocation 11 Personnel (6 Workers, 5 Techs) 2-3 Specialized Digital Operators >70% Labor Workload
Optimization
Data Architecture Scattered Logs / Static Photos 3D Digital Twin Timeline Centralized and Verifiable
Database
Per-Capita Hidden OSH Cost 373,200 THB per Employee 248,800 THB per Employee 33.3% Liability Cost Reduction

(Saving 124,400 THB/Head)

4. Discussions

The empirical performance metrics and safety analytics compiled through the deployment of the SHIELD framework
demonstrate a profound shift in public utility asset management. The results validate the core working hypothesis: that high-tier
engineering interventions can successfully eliminate extreme occupational environments while simultaneously advancing structural
inspection fidelity and corporate safety economics [1, 9, 25].

4.1 Comparative Analysis with Conventional Methodologies

The primary breakthrough of the SHIELD framework lies in its capacity to translate advanced automated remote-sensing
workflows into direct occupational health interventions. Traditional infrastructure monitoring regimes have historically accepted high-
altitude, restricted confined space exposure, and live traffic proximity as inevitable operational variables in bridge engineering [3, 4, 19]. By
achieving a 66% compression in the inspection timeline (reducing the active survey period from 3 months to 1 month) and optimizing field
personnel allocation by over 70% (down from 11 crew members to 2-3 specialized digital operators), the framework drastically reshapes
the exposure profile of the organization. Unlike conventional administrative rotations or heavy reliance on Personal Protective Equipment
(PPE)—which merely react to active hazards—the autonomous UAV-LiDAR data acquisition system completely eliminates human physical
presence in extreme environmental zones [10, 25]. Technical teams are effectively insulated from critical fall-from-height hazards, physical
stressors, and long-term respiratory damage stemming from toxic roadside vehicular and chemical emissions [4, 6].

4.2 Bridging the Technology-Safety Disconnect

A critical examination of recent remote-sensing and deep learning literature indicates that contemporary frameworks focus
almost exclusively on optimizing mathematical model parameters, object detection bounding boxes, or cloud-to-cloud coregistration
precision [7, 8, 14, 24]. While these engineering milestones are valuable, their research scope typically neglects the systemic
operationalization of automation as a primary tool for protecting worker well-being. The SHIELD framework bridges this academic gap by
linking Al-driven structural analytics (which achieved an 88.17% accuracy for crack length tracking and 94.40% for crack width tracking)
directly to a quantifiable safety economics model [12, 17, 25]. The findings illustrate that deep learning objectivity and worker safety are
mutually reinforcing paradigms [18, 20]. By anchoring critical maintenance diagnostics in a geo-referenced 3D Digital Twin environment
and a Centralized Timeline Database, the authority bypasses human visual subjectivity [10, 24]. At the same time, this technological
substitution drives per-capita hidden occupational health liabilities down by 33.3%, yielding an immediate net welfare saving of 124,400
THB per employee annually (decreasing individual costs from 373,200 THB to 248,800 THB). This establishes a clear, empirical business
case for institutional investments in automation-led hazard elimination [5, 6]. Unlike previous studies, such as Wang et al. [7] and Baek &
Nguyen [11], which achieved structural identification accuracies between 85-90% but did not quantify operational time savings, the SHIELD
framework explicitly bridges this gap. While Chen et al. [16] reported a 40% reduction in UAV-based inspection time, our optimized SHIELD
protocol achieved a superior 66% temporal reduction (from 3 months to 1 month). Additionally, to the best of the authors' knowledge, this
is the first empirical study to quantitatively correlate Al structural monitoring accuracy (94.40%) with a concrete 33.3% reduction in
institutional occupational health expenditures, setting a new quantitative benchmark for Safety-by-Design interventions.

4.3 Institutional Implications and the Future of Safety Governance

From a broader perspective of policy and safety governance, the implementation of the SHIELD framework demonstrates a
successful practical application of Prevention through Design (PtD) within a state-operated transportation enterprise [1, 9]. By shifting the
workforce from labor-intensive manual maneuvers to technology-driven roles as remote pilots and data analysts, the framework enhances
corporate human capital [6, 7]. This operational transition not only drives workplace injury risks toward a near-zero threshold but also
introduces a highly standardized digital workflow that ensures complete verifiability of public asset degradation over time [10, 21].

4.3 Future Research Directions

While the localized deployment at the Kanchanapisek Bridge confirms the scalability of the system, future research trajectories
must expand this automated framework across the entire expressway network of the Expressway Authority of Thailand (EXAT) [1]. A highly
promising frontier involves integrating these static 3D Digital Twin configurations with active, real-time Internet of Things (IoT) structural
health monitoring sensor arrays and generative Urban Digital Twins (UDT) [2, 10]. By coupling predictive Al classification models with real-
time micrometeorological data and dynamic traffic telemetry, future systems can forecast and mitigate complex structural risks before
physical degradation develops [13, 15]. This integration will ultimately solidify a comprehensive, proactive disaster mitigation ecosystem
capable of protecting both infrastructure longevity and public safety under changing climate conditions [21, 22].
5. Conclusions

This study successfully develops, operationalizes, and validates a next-generation infrastructure asset preservation framework
through the systematic integration of Unmanned Aerial Vehicles (UAVs), precision LiDAR telemetry, and deep learning computer vision
architectures. By deploying the SHIELD framework across the critical corridors of the Kanchanapisek Bridge, the operational paradigm of
infrastructure governance has successfully shifted from traditional, reactive, and labor-intensive workflows into a proactive, data-driven
digital ecosystem. The empirical findings definitively demonstrate that transitioning to an automated remote-sensing pipeline compresses
the structural evaluation timeline by 66%—minimizing active survey durations from 3 months to 1 month—while reducing total hazardous
labor hours by over 70%. Simultaneously, the integration of an Al-LiDAR diagnostics pipeline eliminates human visual subjectivity, yielding
high-fidelity dimensional accuracy rates of 88.17% for crack length tracking and 94.40% for crack width quantification. More importantly,
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this research successfully bridges the gap between digital structural analytics and safety economics by establishing advanced automation
as a primary occupational health intervention. By completely substituting physical human maneuvers with an autonomous digital twin
workflow in high-altitude, confined, and traffic-adjacent zones, the framework substantially eliminates direct worker exposure to extreme
physical and environmental workplace hazards. In addition, this technological substitution mitigates institutional risks and long-term health
liabilities, achieving a documented 33.3% reduction in per-capita hidden occupational safety and health expenditures, translating to an
annual welfare saving of 124,400 THB per employee. Finally, this study equips transport authorities and public utility planners with a
scalable, objective decision-support tool that fundamentally proves infrastructure resilience, financial sustainability, and holistic worker
well-being can be advanced synergistically.
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(a) Thermal Comfort Parameters (No Ventilation: NV)
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(b) Indoor Air Quality Parameters (No Ventilation: NV)
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3.1. an12:A01uauEIzuAdIUSaU
9INMS3IASIKWN ANSSUNTYRTURWaMaasuavaImAMaiuRuRUSUs M MUSaUIRaURY 5 nstdAnu (§Uﬁ la ﬁ\)§LJﬁ' 5a) wudn
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(a) Thermal Comfort Parameters (Natural Ventilation: NatV)

|—e= T, (indoor Temp) =0+ T, (Outdoor Temp) =&+ RHj, (Indoor RH) =&+ RHoy (Outdoor RH)

No Air Conditioner Operation

w

N
L
e}
=}

N
. ;Ri"-‘\‘rg =
v

o e T,

Temperature (°C)
Relative Humidity (%)

[0
=}

264

T T T T T T T T T T 40

(b) Indoor Air Quality Parameters (Natural Ventilation: NatV)
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(a) Thermal Comfort Parameters (Mechanical Supply Ventilation: MSV)
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(b) Indoor Air Quality Parameters (Mechanical Supply Ventilation: MSV)
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(a) Thermal Comfort Parameters (Filtered Mechanical Supply Ventilation: FMSV)
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(b) Indoor Air Quality Parameters (Filtered Mechanical Supply Ventilation: FMSV)
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(Inversion Layer) fugovioaina1viu 11aznalnnisnseverniAvevs:uulsuaInia soudvldwusmuslius:duayma PM, s mafureviduiurdeaaaviu
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(a) Thermal Comfort Parameters (Mechanical Exhaust Ventilation: MEV)
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(b) Indoor Air Quality Parameters (Mechanical Exhaust Ventilation: MEV)
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Abstract

Background/Objectives:

Green Tobacco Sickness (GTS) is an acute nicotine poisoning syndrome commonly experienced by tobacco farmers, particularly during
adverse weather conditions that increase dermal nicotine absorption. Extreme temperature anomalies increase the risk of GTS (prevalence
52.2%) due to low compliance with safety protocols. This study aimed to evaluate the effectiveness of a Weather Forecast-Integrated PPE
Calendar in improving knowledge and PPE compliance among tobacco farmers.

Materials and Methods:

This study employed a pre-experimental design with a one-group pre-test and post-test approach, conducted among 52 male tobacco
farmers (100%) from the "Maju Tresno" farmer community in Tanjungrejo Village, Jember Regency, East Java Province, Indonesia, who
were majorly in the productive working-age group (mean age 30 to 40 years) with an average length of community residence of 30 years.
A structured questionnaire was administered before and after a health education intervention utilizing the Weather Forecast-Integrated
PPE Calendar as the primary educational media, designed to align daily PPE usage recommendations with local weather forecast
information. Data were then analyzed using a paired sample t-test (a = 0.05) to determine the statistical significance of changes in
occupational safety knowledge and PPE compliance behavior following the intervention.

Result:

The Paired Samples T-Test analysis showed a significant improvement in post-intervention scores compared with baseline (p < 0.001). The
mean score increased by 11.208 points following the implementation of the Weather Forecast-Integrated PPE Calendar intervention,
indicating its effectiveness in improving safety behavior among tobacco farmers. These findings suggest that the Weather Fore cast-
Integrated PPE Calendar has strong potential to be used as an effective educational and behavioral intervention tool for promoting and
enhancing occupational safety behavior among tobacco farmers.

Conclusions:

The Weather Forecast-Integrated PPE Calendar was associated with significant improvements in knowledge and PPE compliance among
tobacco farmers. This intervention may serve as a practical climate-adaptive occupational health strategy to reduce the risk of Green
Tobacco Sickness in agricultural settings.

Keywords:

Green Tobacco Sickness; Safety Behavior; Personal Protective Equipment; Weather Forecast; Tobacco Farmers
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Abstract

Background:

Fish is an essential source of protein and nutrients. However, it is a major source of methylmercury exposure in the general population,
especially pregnant mothers and children. Although fish consumption is considered as a healthy diet, the study on the relationship between
fish intake and mercury exposure remains limited in Thailand. Methylmercury exposure can cause long-term brain loss or damage to brain
function (the central nervous system) in children (Wentz, Brigham, Chasar, Lutz, & Krabbenhoft, 2014). Hair mercury concentration has
been widely used as an indicator of long-term exposure to mercury. This study explored the relationship between fish consumption and
hair mercury concentrations among university students.

Methods:

24 Oregon State University (OSU) students completed both a 5-item and a 30-item food frequency questionnaire (FFQ) to estimate fish
consumption. Hair samples from 21 participants were analyzed for total mercury concentration. Statistics were used to measure the
relationship between fish intake and hair mercury levels. The association between fish consumption and hair mercury concentration was
examined using Spearman correlation analysis. Fish intake estimates obtained from the two FFQs were compared using a paired t-test.
Results:

Participants intake fish an average of 1.3 servings per week based on the 5-item FFQ and 1.4 servings per week based on the 30-item FFQ.
The difference between the two questionnaires was not statistically significant (p = 0.51). The total of Hair mercury concentrations ranged
from 0.014 to 2.719 ppm, with an average concentration of 0.451 ppm. Two participants had hair mercury concentrations above the U.S.
EPA reference level of 1.1 ppm. Positive correlations were observed between fish consumption and hair mercury concentrations for both
questionnaires (Spearman r = 0.73 for the 5-item FFQ and r = 0.74 for the 30-item FFQ).

Conclusion:

Participants who reported higher fish consumption generally had higher hair mercury concentrations. Similar results were obtained from
both FFQs, indicating that the shorter questionnaire may provide information comparable to that obtained from the longer questionnaire
in this study population. Additional studies are needed to evaluate fish consumption patterns and mercury exposure among populations in
Thailand, where information on this topic remains limited.

Keywords:

Fish consumption; Hair mercury; Mercury exposure; FFQ; Biomonitoring
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Abstract

Background/Objectives:

Shift work in the high-risk chemical industry directly disrupts the biological rhythms and recovery of employees, leading to cumulative
fatigue that can subsequently cause operational human errors and catastrophic industrial accidents. This study aims to investigate
personal factors, health behaviors, and psychological states associated with overall neuropsychological shift work fatigue among
chemical industrial workers.

Materials and Methods:

This study employed a cross-sectional descriptive survey design. The 39 participants were recruited from two chemical plants located in
the Eastern Economic Corridor (EEC). Data collection was executed using questionnaires covering personal demographics, occupational
characteristics, health behaviors, and sleep quality (PSQI). Psychological states were screened using the Depression, Anxiety, and Stress
Scale (DASS-21). Objective neuropsychological fatigue was evaluated via computerized cognitive assessments, specifically the Trail
Making Test (TMT) and the Continuous Performance Test (CPT). Statistical analyses were performed using descriptive statistics and
logistic regression analysis to determine predictive strength using Odds Ratios (OR).

Results:

The cognitive assessments identified manifest overall neuropsychological fatigue in 10 participants (25.6%). Our data revealed a critical
trend, where a major proportion of the sampled operators (69.2%) suffered from problematic sleep. Logistic regression analysis indicated
that personal factors and general health behaviors had no statistically significant association with cognitive speed and accuracy.
However, moderate depression (prevalent in 9 workers, 23.1%) emerged as a critical psychological determinant negatively impacting
cognitive sensitivity. Those experiencing moderate depressive states faced an amplified risk, showing a 16.24-fold higher chance of visual
sensitivity deficits compared to those in the normal psychological state (OR=16.24, 95%CI = 2.257-105.352, p=0.012)

Conclusions:

These findings underscore that subclinical depression and poor sleep quality severely undermine cognitive alertness and response
sensitivity among shift workers in the chemical industry. The resulting neuropsychological impairments substantially elevate the
probability of operational human errors. Organizations should integrate these objective findings into the development of comprehensive,
data-driven Fatigue Risk Management Systems (FRMS) and workplace mental health interventions to optimize industrial safety.

Keywords: Work fatigue; Shift work; Chemical industry; Neuropsychological fatigue; Sleep quality

1. Introduction

Currently, chemical and manufacturing industries play a vital role in fueling Thailand’s economic development, particularly inside the
Eastern Economic Corridor (EEC) zone. However, the nature of manufacturing processes in this sector necessitates continuous 24-hour
operations. Consequently, implementing rotational shift work systems is indispensable to maintain adequate manpower for controlling
highly intricate, high-pressure, and high-temperature manufacturing procedures. Shift work, especially the night shift, exerts direct and
profound adverse effects on human physiological processes (Kazemi et al., 2018). Most notably, it causes circadian disruption by
interfering with natural sleep-wake cycles. Such internal disruptions change how melatonin and cortisol are secreted, causing severe
reductions in overall sleep quality (Akerstedt, 2003).

Work fatigue among shift workers in the chemical industry is not merely a manifestation of generalized physical exhaustion; rather, it
represents a state of cumulative neuropsychological and cognitive fatigue. This condition is intimately tied to the functioning of the
prefrontal cortex, the cerebral region governing executive functions, decision-making, real-time problem solving, and sustained attention
(Disner et al.,, 2011). When workers endure prolonged working hours, high-noise environments, volatile weather conditions, and acute sleep
deprivation, they exhibit pronounced neuropsychological impairments. Early indicators of this cognitive decline encompass diminished
processing speed, reduced accuracy in identifying anomalies, and attenuated sensitivity. Within the context of chemical plants, a
momentary lapse in cognitive performance lasting only fractions of a second can precipitate severe industrial catastrophes, such as toxic
chemical releases or major explosions (Williamson et al., 2011).

Historically, industrial research concerning occupational fatigue has predominantly relied on subjective measures, utilizing self-report
questionnaires. While these tools are economically practical and easy to administer, they possess inherent limitations, including self-
reporting biases and the deliberate underreporting of true fatigue levels due to workers' apprehensions regarding job security.
Acknowledging these challenges, the investigators recognized the vital necessity of deploying objective neuropsychological tests as
standardized biological indices to accurately measure neurological capacity and real-time cognitive responses.

Beyond physiological factors, adverse mental health outcomes and psychological states—such as depression, anxiety, and stress—have
emerged as insidious threats among shift-working cohorts (Fatemi et al., 2015). These negative affective states can induce a cognitive
spillover effect that severely impedes operational capacity. Specifically, psychological distress competes for and depletes limited cognitive
resources, leaving shift workers with insufficient mental alertness to maintain continuous hazard surveillance (Nolen-Hoeksema et al.,
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2008). Therefore, this study aims to integrate objective neuropsychological measurements with psychological screening assessments to
identify the personal factors, health behaviors, and psychological states associated with overall shift work fatigue among chemical
industrial workers in the EEC region. The empirical data derived from this investigation are intended to provide an objective, science-based
foundation for safety and occupational health departments to formulate data-driven policies and safety control measures (American
Petroleum Institute [API], 2020). Ultimately, these insights will facilitate the elevation and systematic refinement of organizational Fatigue
Risk Management Systems (FRMS).

2. Materials and Methods

2.1 Research Design and Participants
This investigation utilized a cross-sectional descriptive survey design. The study population comprised control room and field operators
working within a rotational shift system at two large-scale chemical industrial plants situated in the Eastern Economic Corridor (EEC) of
Thailand. The sample was partitioned into 17 participants from Plant A and 22 participants from Plant B, yielding a total sample size of 39
shift workers. Fieldwork and data collection operations were executed between November and December 2025.

Inclusion Criteria

. Full-time personnel actively engaged in a rotational shift system (encompassing both day and night shift rotations)
for a minimum continuous duration of 1year, ensuring established exposure to cumulative shift work effects

[ No prior clinical history of severe neurological disorders, brain injuries, or organic central nervous system diseases.

[ Voluntary agreement to participate in the study, validated by signing and informed consent form
Exclusion Criteria

o Personal experiencing acute physiological illness on the day of testing, such as high fever or severe migraines.

(] Individuals with a self-reported history of substance abuse or the administration of potent central nervous system
depressants within the week prior to data collection.

(] Inability to complete the standardized computerized neuropsychological test battery.
Research Instruments
The diagnostic and data connection apparatus was structured into three primary components
Personal Demographics, Health Behaviors, and Sleep Quality Survey
This segment gathered data regarding age, occupational tenure, current shift schedules, alcohol consumption habits,
smoking status, and daily caffeine intake. Objective sleep parameters were evaluated using the validated Thai version of the Pittsburgh
Sleep Quality Index (PSQI) (Sitasuwan et al., 2014). Participants were stratified based on their global PSQl scores into good sleep quality
(<5) and poor sleep quality (>5) groups (Buysse et al., 1989).

2.2 Psychological State Assessment (DASS-21)

The Depression, Anxiety, and Stress Scale (DASS-21) was administered to evaluate affective states experienced over the preceding
week. The instrument consists of three 7- item subscales designed to screen for the severity of depressive symptoms, anxiety levels, and
stress. The psychometric properties, validity, and reliability of this scale have been thoroughly verified by an expert panel within the context
of Thailand

2.3 Objective Neuropsychological Test Battery

Computerized neuropsychological test battery consists of the Trail Making Test (TMT) and the Continuous Performance Test
(CPT) (Figure 1)

®  Trail Making Test (TMT Parts AGB): Utilized to quantify visual processing speed, visuospatial attention, and cognitive
flexibility based on completion time metrics.

o Continuous Performance Test (CPT): Deployed as a global neuro-cognitive tool to index sustained attention and
response sensitivity to rapid visual stimuli.

3. Statistical Analysis
All data profiles underwent completeness screening prior to being processed using a standardized statistical software suite. Descriptive
statistics-including frequencies, percentages, means, and standard deviations (S.D.)-were computed to map demographic
attributes, health behaviors, sleep profiles, and psychological distributions.

To explore the associations between the independent factors (demographics, health behaviors, and psychological states) and the
dependent variables (neuropsychological performance metrics), inferential statistical models were applied. Univariate and multivariate
logistic regression analyses were performed to calculate Odds Rations (OR) along with their corresponding 95% Confidence Intervals
(95%CI). The threshold for statistical significance across all mathematical models was established at p<0.05

3. Results

3.1 Baseline Demographics and Manifest Fatigue Profiles

Among the 39 shift workers sampled across the two chemical enterprises, the cohort consisted entirely of male operators (100%) due to
the high-risk operational demands of chemical process control. The mean age of the participants was 34.2+5.6 years, with an average
occupational tenure within rotational shift systems of 8.4+3.1 years. Objective neuropsychological profiling indicated that 10 operators
(25.6%) exhibited clear, manifest signs of overall cognitive fatigue. The detailed distribution of personnel demographics, health behaviors,
and sleep quality profiles of the 39 chemical industrial shift workers is presented in Table 1.
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Table 1. Descriptive statistics of personnel demographics, health behaviors, and sleep quality profiles
among shift workers (n = 39).

Baseline Characteristics Frequency (n) Percentage (%)
Gender

Male 39 100

Female 0 0

Age Group (Yr)

<35 23 59.0

>35 16 41.0

Work & Experience

<5 14 359

>5 25 641

Smoking Status

Non-smoker 24 615
Ex/Current smoker 15 385
Alcohol Consumption

Non-drinker n 282
Occasional/Regular Drinker 28 71.8

Sleep Quality Profile

Good (< 5) 12 30.8
Poor (> 5) 27 692
Depression Status Normal/Mild Moderate Depression 30 769
Anxiety Status Normal/Mild Moderate Anxiety 9 231
Stress Status 33 84.6
Normal/Mild Moderate Stress 6 15.4
34 87.2
5 12.8

Furthermore, the PSQI metrics revealed critical sleep vulnerabilities, with 69.2% of the sample (n=27) classified as having poor sleep quality.
Regarding the DASS-21 psychological screenings, subclinical moderate depression was identified in 9 workers (23.1%). Moderate anxiety
and moderate stress profiles were observed in 15.4% and 12.8% of the sample, respectively.

3.2 Determinants Associated with Neuropsychological Fatigue

The logit modeling generated via logistic regression analysis provided critical insights into cognitive risk profiles. Demographic parameters,
personnel factors (e.g., age, occupational tenure), and traditional health behaviors (e.g., smoking, alcohol usage, and caffeine
consumption) displayed no statistically significant associations with neuropsychological speed or accuracy. Conversely, deep
psychological screening revealed that moderate depression status was significantly linked to operational sensitivity impairments.

Shift workers experiencing moderate depression exhibited a 16.24-fold increase in the risk of experiencing diminished visual sensitivity and
vigilance performance compared to psychologically normal operators. The calculated Odds Ratio was 16.24 (95% Cl = 2.257- 105.352,
p=0.012). The comprehensive output of the logistic regression model is detailed in Table 2.
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Table 2. Logistic regression analysis of risk factors associated with neuropsychological response sensitivity.

Factors B S.E.  Wald p-value OR  95%ClI

Personal Demographics

Age (>35vs.<35 years) 0.478 0.541 0.674 0.427 148 0.547-4198
Experience (>5vs.<5years) 0.615 0.5931.214 0.277 186 0.574-5987
Health Behaviors

Sleep Quality (Poor vs. Good) 1.243 0.747 2.689 0121  3.44 0.786-13.856
Smoking Status (Smoker vs.

Non-smoker) 0126 0.4290.0810.774 127 0.474-2578
Psychological States

Moderate Depression State 2.796 1.486 6.417 0.012* 16.24 2.257-105.352
Moderate Anxiety State 0947 07731341 0231 271 0.547-12.685

Moderate Stress State 0.511 0.679 0.547 0.447 159 0.439-6.498

*Note: Denotes statistical significance at 0.05 level.
4. Discussions

This study highlights vital occupational health concerns, demonstrating that 69.2% of the rotating chemical operators in the
EEC zone experience sub-optimal sleep. This high prevalence aligns with established physiological mechanisms in occupational medicine,
where continuous 24-hour manufacturing cycles require rotating shift schedules that inherently disrupt circadian rhythms. This chronic
disruption alters the architecture of sleep, specifically restricting deep NREM and REM sleep stages, which are vital for neurochemical
replenishment and metabolic clearance in the brain (Sadeghniiat-Haghighi et al., 2016).
A compelling academic finding from this investigation is that while physical, demographic, and general behavioral variables showed no
correlation with cognitive speed and accuracy, subclinical moderate depression acted as an isolated psychological driver that increased
the risk of response sensitivity degradation by 16.24 times. This phenomenon can be explained by Cognitive Resource Allocation Theory
(Kanfer & Ackerman, 1989). This core model defines human mental capacity as a restricted asset. When workers carry depressive
symptoms, their central nervous system is forced to spend a huge portion of mental energy
purely on emotional self-regulation to suppress or process negative affectivity. Consequently, the remaining cognitive bandwidth available
for on-task processes such as monitoring chemical production interfaces is drastically reduced. During an industrial upset or emergency,
depressed operators lack the residual cognitive capacity required to rapidly interpret external stimuli, resulting in a pronounced decline in
response sensitivity.
This mechanism is further supported by Human Information Processing Models (Wickens, 1992; Wickens & Carswell, 2006). In workers
experiencing a combination of poor sleep quality and depressive symptoms, the dual burden of sleep loss and negative affect constrains
working memory capacity and impairs sensory filtering stages. This constraint introduces latency into the processing of alphanumeric
telemetry and warning indicators, increasing the likelihood of errors during response selection. The Wickens model demonstrates that
when attentional resources are depleted by cumulative fatigue and psychological distress, the closed -loop information processing cycle
fails, resulting in delayed reactions during critical plant events. These findings align with international literature in ergonomics and
occupational neuroscience, which confirms that subclinical depression among male night-shift workers degrades high-level executive
functions more severely than non-occupational factors like age or caffeine consumption (Disner et al., 2011).
A key constraint here involves our small sample group (n=39), which was unavoidable due to tight security rules and confidential barriers
at the specialized chemical plants. This small sample size contributed to a wide 95% Confidence Interval for the depression variable.
Nonetheless, the clear statistical significance (p=0.012) underscores a robust correlation that warrants serious organization al attention.
Future research should aim to expand sample sizes and incorporate longitudinal designs to enhance the predictive precision of these
statistical models.
5. Conclusions and Recommendations

To conclude, the objective experimental data show that compromised sleep hygiene alongside hidden moderate depression act
as dangerous threats that directly sabotage mental alertness and response sensitivity among shift workers in the chemical industry. The
resulting neuropsychological impairments substantially elevate the probability of operational human errors, which represent a primary
root cause of major industrial accidents.
Recommendations for Industrial Management and Enterprise Policy:

Deployment of Fatigue Risk Management Systems (FRMS): Chemical enterprises should transition away from paper-based self-
reports and integrate brief, computerized cognitive test batteries to perform fitness-for-duty screening for control room operators before
they begin high-risk shift rotations.

[ Institutional Mental Health Interventions: Occupational health departments should
implement strictly confidential annual psychological screenings (using tools like the DASS-21) alongside Employee Assistance Programs
(EAPs) to provide early psychological support for workers showing signs of moderate depression before cognitive decline compromises
safety.
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° Strategic Napping Protocols: Given that 69.2% of the workforce experiences poor sleep quality, organizations should establish
formal, structured napping policies. Allowing operators to take 15 to 20 minutes power naps during low-workload periods,
supported by cross-coverage staffing, can help restore objective response sensitivity and minimize cognitive fatigue.
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Abstract

This research aims to study the color and morphology of microplastics found in brackish water fish within the Mahachai Port
area, Samut Sakhon Province. The subjects of this study are two types of brackish water fish, namely sea bass and silver pomfret. The
research tools employed in this study are an optical microscope B-383POL (stereo) and Fourier Transform Infrared Spectrometer (FT-IR).
The study revealed that microplastic contamination was highest in namely sea bass, followed by silver pomfret. As for the color distribution
of microplastics found in the fish, blue was the most common, followed by black-brown, at 73.16% and 13.45%, respectively. Regarding the
morphological classification, fibers constituted the highest percentage, followed by films (or fragments), at 77.65% and 14.27%,
respectively. This could pose potential health risks to seafood consumers in the area in the future. The size classification results of
microplastics in the stomachs of both fish species showed that the microplastics ranged in size from 3517 to 259.70 micrometers. From the
analysis of plastic types using FT-IR, it was found that the plastic in sea bass flesh was classified as Polyvinylchloride (PVC), detected at
wavenumber peaks of 1,735 cm™ and 2,979 cm™. Meanwhile, in silver pomfret flesh, the plastic was classified as Polyethylene Terephthalate
(PET), detected at wavenumber peaks of 1,716.26 cm™ and 1,242.45 cm™'. The findings of this study indicate that fishing and household
activities are the primary sources of microplastic contamination in the Mahachai Pier area, Samut Sakhon Province. This could pose
potential health risks to seafood consumers in the area in the future.

Keywords

Microplastics, Contamination, Brackish water fish
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Abstract

The increasing use of digital technologies has led personnel in educational institutions to spend prolonged periods working at
computers. Sustained and repetitive postures, together with improperly configured workstations, may increase the risk of musculoskeletal
disorders, particularly those affecting the upper extremities. However, studies focusing on university support staff at Rajabhat university
campuses in Southern Thailand remain limited.

This cross-sectional study aimed to determine the prevalence of, and factors associated with upper limp musculoskeletal
disorders among office workers, and to assess the ergonomic risk levels of computer workstations using the Rapid Office Strain Assessment
(ROSA). The sample comprised 226 office-based support staff aged 18-60 years. Individuals who were pregnant, had congenital
musculoskeletal disorders, or had a history of surgery or bone fractures were excluded. Participants were selected using proportionate
stratified random sampling followed by simple random sampling. Data were collected from January to February 2026. The research
instruments included a general information questionnaire, the Nordic Musculoskeletal Questionnaire (NMQ), and the ROSA assessment
tool. The questionnaire was assessed for content validity and had a mean Index of Item -Objective Congruence (IOC) of 0.99. It also
demonstrated good internal consistency, with a Cronbach’s alpha coefficient of 0.82. The ROSA instrument had a Scale-Level Content
Validity Index based on the average method (S-CVI/Ave) of 0.95 and demonstrated excellent Inter- and intra-rater reliability, with
intraclass correlation coefficients (ICCs) of 0.99 and 0.91, respectively. The ROSA assessors received training and completed practice
workstation assessments before the actual data collection. Data were analyzed using descriptive and inferential statistics. I nitial
associations were examined using the chi-square test or Fisher's exact test, as appropriate. Variables with p < 0.20 in the bivariate analysis,
as well as variables considered important based on the literature review, were included in the multivariable binary logistic regression
analysis.

The results showed that most participants were female (66.4%), with a mean age of 39 years. The 12-month prevalence of
upper-limb musculoskeletal disorders was 85.0% (n = 192), the highest prevalence of upper extremity musculoskeletal symptoms was
reported in the right shoulder (65.0%), followed by the left shoulder (62.8%) and the left side of the neck (60.2%). During the preceding
seven days, 186 participants (82.3%) reported upper-limb musculoskeletal symptoms, with the right shoulder had the highest prevalence
of symptoms (571%). The ROSA assessment indicated that 57.5% of the participants were exposed to high ergonomic risk and 31.4% to
moderate ergonomic risk. Overall, 88.9% were classified as requiring workstation improvements. The most frequently observed ergonomic
issues were armrests positioned too high or too low (64.2%), excessive seat-pan depth (60.2%), and a mouse positioned too far away,
requiring excessive reaching (58.0%). Computer use for at least four hours per day was significantly associated with upper-limb
musculoskeletal disorders during the preceding 12 months (adjusted OR = 5.05, 95% Cl: 1.278-19946, p = .021).

Therefore, organizations should conduct ergonomic workstation assessments and implement appropriate improvements, such
as adjusting armrests to support the elbows at approximately 90°, maintaining a clearance of approximately 5-10 cm between the front
edge of the seat and the back of the knees, and positioning the mouse close to the body at the same level as the keyboard. Training should
also be provided on appropriate working postures and the proper use of office equipment, together with the promotion of regular
microbreaks and stretching exercises during the workday to reduce the long-term risk of MSDs.

Keywords:

musculoskeletal disorders, upper extremities, Rapid Office Strain Assessment, office workers
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Abstract

Background/Objectives:

The construction industry remains one of the highest-risk sectors for occupational accidents, particularly in large-scale infrastructure
projects where human factors and safety behaviors play critical roles in accident prevention. This study aimed to investigate workers’
knowledge, attitudes, and safety practices (KAP) regarding occupational accident prevention and to examine factors associated with
accident occurrence among workers in the Green Line Mass Transit Extension Construction Project in Samut Prakan Province, Thailand.
Materials and Methods:

A cross-sectional study was conducted among 350 construction workers selected using Yamane's sampling method. Data were collected
through structured questionnaires and workplace observations. Descriptive statistics, including frequency, percentage, mean, and
standard deviation, were employed, while Chi-square tests were used to determine associations between personal factors and accident
occurrence.

Results:

The findings revealed that most participants were male (84.6%), aged 41-50 years (31.4%), and had primary school education (54.3%).
Approximately 81.1% worked more than eight hours per day. Although 73.4% reported no occupational accidents during the previous year,
the most common accidents involved puncture injuries from nails or metal fragments (52.7%), with injuries occurring predominantly to the
fingers and hands (35.5%). Most workers demonstrated high levels of safety knowledge (77.1%) and positive attitudes toward accident
prevention (811%), reflecting the effectiveness of mandatory safety training programs implemented by the organization. However, safety
practices were only at a moderate level, indicating a gap between knowledge and actual safety behavior. Statistical analysis showed that
sex, age, educational level, and smoking behavior were significantly associated with occupational accidents (p < 0.05). Furthermore,
workers’ safety knowledge was significantly associated with their safety practices, whereas attitudes alone did not significantly predict
preventive behaviors.

Conclusions:

The study highlights that improving occupational safety in construction projects requires more than increasing workers’ knowledge and
awareness. Sustainable safety culture should emphasize behavioral safety interventions, human-factor engineering, continuous safety
training, risk communication, and organizational strategies that transform safety knowledge into consistent safe practices. These findings
provide valuable evidence for developing human-centered occupational safety programs and strengthening sustainable safety culture in
large-scale construction industries. The findings support the development of behavior-based safety interventions and human-centered
safety management frameworks for achieving sustainable safety culture in the construction industry.

Keywords:

Safety Behavior, Human Factors, Sustainable Safety Culture, Occupational Accident Prevention, Construction Workers, Mass Transit Construction
Project.
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Abstract

Background:

Road traffic accidents are a public health problem that causes loss of life and economic damage. Identifying the risk factors associated
with accident occurrence can help in planning to reduce road traffic accidents.

Objectives:

This cross-sectional descriptive research aimed to: 1) study the risk factors for road traffic accidents among residents in Moo 6, Makham
Tia Subdistrict, Mueang Surat Thani District, Surat Thani Province; and 2) investigate the relationship between driver factors, vehicle
factors, and road and environmental factors with the occurrence of road traffic accidents.

Materials and Methods:

The sample consisted of 346 citizens and students residing in the Prince of Songkla University (Surat Thani Campus) dormitories, located
in Moo 6, Makham Tia Sub-district, Mueang Surat Thani District, Surat Thani Province, selected by convenience sampling. The instrument
used for data collection was a questionnaire. Data were analyzed using de-scriptive statistics, including frequency and percentage, and
inferential statistics, specifically the Pearson’s chi-square and Fisher’s exact test.

Results:

The results revealed that the majority of the sample were female (61.2%), aged 21-30 years (78.3%), students (80.3%), and primarily used
motorcycles (59.8%). A total of 14.4% of the participants had experienced an accident within the past year, most of which were vehicle
collisions (70%) and most frequently occurred between 18:00 and 23:59. The most common risk factor regarding driver factors was
speeding (33.5%); for road and environmental factors, it was potholed or bumpy roads (55.5%); and for vehicle factors, it was worn-out
tires (24.3%). The analysis of the relationship between driver, vehicle, and road and environmental factors on accident occurrence found
that risk factors significantly associated with accidents included age (p < 0.001), education level (p < 0.001), visual impairment (p < 0.001),
drinking alcohol before driving (p = 0.003), imperfect road surfaces (p = 0.022), and potholed or bumpy roads (p = 0.026).

Conclusions:

This study concluded that the most common risk factors were road and environmental factors, while the risk factors statistically
associated with accidents were driver factors and road and environmental factors. Relevant agencies should promote road safety
campaigns among citizens and students focusing on driver behaviors, such as reducing speed and avoiding alcohol consumption before
driving, visual impairment screening, and alcohol level testing. Regarding traffic engineering, improvements should include increasing
street lighting and repairing road conditions for safety, alongside ensuring vehicle readiness through regular inspections, to effectively
reduce the risk of road traffic accidents in the area.

Keywords:

Risk factors; Driver factors; Road and environmental factors; Vehicle factors; Road traffic accidents

Page | 92



a* ]

[PSO5]
nisUs:ilund1u@aandovnIVNNKUIENaHans:nuAIuUavIDadou NstiAnY Wunidvnaunan
90a1RNSSUIIKVRUY YvRIaUSIDUUS

fistu1 vaswewulnAu™, 184 Gus:n1a? na: Sadad josnada?
1a1u138I1N150529d0UIIa:NNKRUIEIAINSSU ATULIAINSSUMANS URIINENAESIUATIRY;
2 AUEIAONSSUAIENS URIINENFESIATNIRD; Email: sereet@ru.acth

* Corresponding Author E-mail: kirana 1987@Outlook.com, sereet@ru.ac.th;
TnsAwri: 02-310-8000

Abstract

msAnu13daavudiisanustavAie 1) Us:iTUAIIE00AZODNTINARUIEUEDWURKYNAUNINGAETRNSSY 2) 3IASItKNaNs:NUdIUFvIo0deU
vovWURHYNaUNINgOa1kNSsU nas 3) IauaiiusiBoulauradiunisdanisningaaiknssuad1vdvéu gowuRnstiAnuldiladudunisuindo 5 U Taa
UsaAvndasovisauvinyusu laaustandfdsuinuunisdvezoatuniw g39ad11Gunisiiusousoudayaniun1sd1s0on1AauIuaoeu uds:1ounoy
aoandovnivonnkuig (Checklist) jasuuUssITuAdIUIAED (What-If Analysis) mu||u:>m\)nsuTS\)\7'1uqoawnssu w.A. 2543 AoUARUNSAUNIUTIIGY
angidaovinyAdussaunisnidiuavioadaulidesnsn 5-10 U $1uou 6 Au EvaseunqudiFaositydiungkule 3AonssuAvIDadouansiAuQia
TasonsWuAEvNaUNINgaaIkNss Wan1s39awud1 WUREDNaunINgaatknssulincuaaandeviunnKruaRIRaodovnnadu Tdin Us:niAns:nsov
90arnssu (w.A. 2566) Ustn1AnsunduAuuawy (w.A. 2552) Ustn1Ans:nsovuriaing (w.a. 2560) UstN1ANStNSIvNSWENNSsSSUBGIIatavioadou
(w.A. 2565) nazUszn1Anstnsovasistugy (w.A. 2560) agrvasutiou Han1sasd930avioadoulstont 2568 ﬁ1uqmme1ﬁ\7 diodu/driaau Gu
(s:dudu303u.) nae1n1a (CH,<5% v/v , CO,=5,000 ppm, H2S8=20 ppm , VOCs= <500 ppm) fruinturiniasgiunnwisdines nanisus:igundy
|€ia\)aqfus:duﬁ'u§ms§omsT6 6a|auauu:lz‘s\)uTauwr‘1'éwﬁrg Tann (1) aviasurannis 3Rs (Reduce, Reuse, Recycle) |Waaod§u1mmnaoawnssuﬁ'uh
drauilonaudondauniv (2) Anvinowidululafumswosuns:uundssufinskrauilonauiuwavvunannu (LFG to Energy) iWoannisUaauassfisdinu
nat (3) owinnugnsmaadids:sonisigus:lautRaus:azano 1GovonwuRgvAvDAcUIFEVAUNISNSadoraVTadNTUNS wSouWauuWuRTITudunuy
ms50msmnqma’mnssus:duqﬂmn?u|uc1vau1v‘vmumnm:5uaan (EEC)

Keywords:

NNQAOAKNSS; MsFanis; FSuditdunis; WURKYNAUNINQOAIKNSS; NMsEULSUASE

1. unu

3nnonsnidunissanisningaaiknssuibulyrivnoadous:ausann3aousunsviustivdaiton Tna|aww:Tuo‘oHSoUsnf)uqﬁ‘f’oc?oasj
uunusnnus:idaviAsugioneuld DUSUIUNINgaaIkNssuIRadU 460 du/3u na:dningaaiknssuiirndaliigndevidv 332 du/su (F1nviusvor3a
Us13UUS, 2567) N1suenadouopnIngnaIknssuag1vs0018011a:n1su10a01uRSevSUNINgOaIKNSSURGNKANgUIAUIA domalrkifaUtyrinsdnasu Aiv
NINQOAIRNSSWANS:NUGas:ULTIDANa:gUBULLIVSUIISY 9810ISA01U WURRPNaUNINgaaiknssunstiAnukoRTvIUFORSaUsIFU YSaIsaiTa
dtunisuao 5 YlaausiAmndesevisaurionnudaidvn1vdvay vaeandoviuvuddauevssnInsi Sundugidaud (2561) A s:usInisuskis

SamsAgndevaiukdnguiiviana:mswosuninaluladnfuadeaeaarans:nuuany I0uledashAyAr IRIIRanNsdedungusu
gov3wuevnisidaiunsoisviyvidunisneauniauna:3ins1:Kiguanst Tasvasvn1vNIENIWIALSIUUNISTANISUOVWURIKYT DAY
do0AdoVNUS:ITaUToUYAUNIINNRUIEZAINSSUOEVASOUAGUDETD]S AvliovAnaughldonnisIdaausaurlUwasunbuduiuudrsuWuRionau
nngaaknssuiikuaur Taglawrfulvawauimasniaa:Sueen (EEC) Rawrsndutdunisaougluiunisaeusuuevdvauldedivdodu Taavussadsod
SanUs:avakan 3 Us:nas Tann 1) |vT}aLJs:|UunmUaanna‘a\)m\)ngHmaua\)Wuﬁﬂ\)naumnaoawnssu IRauAUNnRrUIEEVID0d0U 5 aUURIREaToY Na
2) We3IAs1KNans:NUAUEVI0AoUUEVWURHDNAUNINgOaKNSSY SoudvNIsUs:ITUs:GUANUIaDTURAUUGMURVRUA 3) IWeuhlUgdalausnusigy
ulauradunissamsningoatknssuatvEivEiulazavIsadounidugUsssy
2. 3aqna:dsn1s
2.15anUs:avFuovn1sdve
2.1.1 WoUstITUADIWEO0AFODNIDNAKUIEUSDWUREDNAUNINGOAIRNSSY
212 |vT}95|nsw:w’wans:nucﬁue‘*i\)nonéauua\)\ﬁuﬁﬂ\maumnanamnssu
2.1.3 iWolauenusiBoulauiadiunissanIsNINgOaIRNSSUOENVEvEU
2.2 auudguyavnsdve
ANUTUINIVNIENWIEESUUNISIONISUOVRUANYNAUNINQOAIKNSSUIIKVRTY SurSaUSISUYS TAdUGeandoviunrUNERIRaoTovaTl
dowans:nuduEvIDadw
2.3 WuRANWIIatUBUIIOUEPMSTdE
WuRHvnaunIngaaiknssunstANBIdvegTuSIRIAUSITUYS DWURRLRUA 213,864 arstviuas nuvn1sionauiBu 3 kaw souAILY
780,480 anuAriiuas anvtuznisidvnauiiuuyasev (Trench Method) uudusoudunsigfidadenistioviunissody Ds:atinardudunisuszuacu 12 U
ToasullonaulawrzningaaiknssuussinniuiiBuduasia (Non-hazardous Waste) nisdnuidridiunisssrkdvidouwnadniau w.a. 2568 doidau
uns1AU w.A. 2569
2.4 Us:Tasunanas1e:lasu
2.4.116deyalReoruA2UGo0AFEPNWNARUNEUEVRUAEDNAaUNINgaaKkNssuTUSUasIE
2.4.2 Tdnuonwmsaarans:nuAUELIDAFoUUEVWURKPNAUNINGAAIKNSSY
2.4.3 16da1auaiauaiiuziBoulauiadun1sdanISNINgOAIRNSSUDEVEVEU
2.5 sUnuums3deiazindevioniaiunssde
nsAnu39adissUIuuNIsISEIBLAUNIW Ustnaudoainsovie 3 uda Tdnn
251 nuuUssiiunciuaanndevnivnnrute (Legal Compliance Checklist) Wouurduoinderikuauevnnruig 5 adu fun1s
asovasuAtuNWadEdslinowasanadsw (I0C) mn@u‘iaomty 3nwulda110C =0.84

Page | 93


mailto:kirana_1987@Outlook.com
mailto:seree.t@ru.ac.th

2.5.2 nuuUstiuAcWIFaY (What-If Analysis) 01011UaN1YNSUTSLLIUOAIRNSSY W.A.2543 ASEUAGULOUFUADIU 14 90
2.5.3 uUdun1uiizoan (In-depth Interview) niveanitu 5 dou mumsnoaaunmu|8adu(Reliqbility) Tagd8n1sk1ANEUUS:EN3
noawrasauu1n (Cronbach's Alpha) TdaAn = 0.92
2.6 Nguased
ATRJoyaranAQIEBNILUINEIY $IudU 6 AU NNAUTUs:aUNIstiduAVIDadaulldeand 5-10 U Tann
2.6.1 1au1yN1sUENavANISUSKIsaoudiva 1 Au
2.6.2 Un3yIMsasIstuguiiazavioadol avAnIsuskisaoudiua 1 AU
2.6.3 §oanslspounia:3Aonsaviondey gaduviuiuRE naUNINgaaIknssy 2 AU
2.6.4 rthArowlasanaiunisioiu GaAugaaiknssulsi3uus 2 Au
2.7 msdiasiRJoya
JolyantuNIW3IASItRAoHaRAIBIWSSTUUN IWONSI9oUAIIUALYSTIvaLNISUSITUGIUANYTU:NYMENWIa:NIsUstITuAoWIdeD Tae
Uhwau1das:aunouIFavaiuiiuonvyevnsulsvvIugaaIknss avd

stau 11-2 AslUU AoIdevIAnUos

stu 2 3-6 Azliuu AUIAEvAEeUSUTd dovdNsNUNOULINSNISASUA
s:du 3 8-9 Atiuu AoWIdEngv deviinisduduviuiieannduiFaw

s:au 4 12-16 Asluu Aowideviaeusulild devkgadutunisiausulsonrify

IWoaan2WIFEvavAuA

3. wanasAnu
3.1. msUstiunouaaandevnivunnRUNERIiadTen audarkuaUs:NIANSENSIVY 5 adu (donaaviunnsivi 1, nwa 1)
15100 1. wan1sUstITuAdIUED0AFDYNIVNARUIE 5 auu

donnrung Usz1GudAtyuovnnRUTE wanisustiou
NStNSOVYOAIRNSSH nisdutiunisvavgsududunas (Jo 16-21) aoandov
(msdanisavuna w.a. 2566) MISSU as99d0U J0IMAU 113:$18VIURIUSEUUSIANNSDTUNE UOVNSENSOVYOAIRNSSH
NSUADUALLAWY InturiAnIdonWuRGoRaUEDNaU (I 2-4) Ste:KI0INYUBU kAL lIa:dNUTU: aoandov
(msAaiFonwui w.A. 2552) n1vsstidNEN
nstnsavurIalng nisivayadegauranguifivia (Jo 11-12) doandov
(nsvanisyaclod w.A. 2560) nasAalen vudig dvnau nasdaloruGu
NStNSOVNSWENNSSSSUBIaY u1asgIus:urEiRveINKauivonau (To 1) aoandov
(Urasgrudiio w.a. 2565) stuugdauns:ugsiuuryuIBau lidnisudegoeangmausn
NSEtNSOVAIBISUFY Hén|nruﬁamuﬁﬁ\)ua:mstla\)ﬁumqsﬁmty (J0 3,6) aoandov
(msivnauyanes w.A. 2560) steizrv (Buffer Zone) awriakua lijdonansnuguniw
100 -‘
96%
95 | 94%

3 92% 92%

o

¥ 90

e 88%

@

<

8

® g5

=

c

[

5

3

S 804

i

75

2AFTANSTY ATUALUATY
: X umaln +
: e A LR 513005y
NIWA 1 5:GUAUFDAAFOVNIONNRUNEAIREITOD
nJ;]Huwr‘iﬁnmuaaonéa\)mnﬁa‘oﬁe Ustn1Ans:nsovnSwanssssusdiia:aviioadou (96%) |L‘iawmnﬁmsnouauammwﬁwﬁ\)
11a:S:UUNUBUEVITUYON SOVavYUIALD Ustn1ANs:nsovaisistuau (94%) dou us:mnns:nsooqoawnssuﬂs:dunmuaannéav&r‘ia‘mﬁn Uot (88%)

idovornGutvUsziGuiidevusulsomssaifiuienatsiufindeyaikasdaana: Judoguuuniu

3.2 Nan1s3IASIKHaNS:NUAIUEDID0Z0UUBOWURRDNAUYE:
3.2.1 amwioUuuwuiionauve: Toa3snisd1saomaauny (Gonaaviua1sion 2, nwi 2)

Page | 94



Q1519A 2. Wan1sUs:ITUSNEUNONIENWUDVWUREDNAU

douusznau s1gasidan wanisUs:iou
anuruznoly msy#uiurau(HDPE + Guikdeo),Agodkin,Ad1vdosn290,905udvuevidanuul aonnaav
UsvRaURvNaU koA, WURSQIRUYeYIZe, WuRAanan, WuRtoauuia, Uhadoydnud
szuuUovnu stuusousoutns:(romvuan),ssuutidairs:(Chemical + Biologicol),s:uudwﬁoﬁw aonndov
HWANStNUAVIDOJON |§a,s:uus:)uJ1Nu(Gutter),s:uuUa\)ﬁuc'!quns:owa(aowsuL}1+||uoﬁuTG),s:uus:u1a

finrsnndu

nisdaifivias n1saso9aau Fingerprinting NNASHASUIT, Aaanaudnuyou:auda, Julindeyastito doandov
nisAQEnuavIFe Uog 3 U,1latigsniwdiunisnsaad (pH 10-11.5, AWBU <10%)
nsianguavIdggaalknssy msusuiadias/rifoundv (Stabilization/Solidification), n1saviiasindadoasndn, n1s aonndov

Uanaudoa HDPE natduikdas, n1sdawsuuistk3vrvnau

100 +
96%
¥ 95- 94%
@
2 92% 92%
g
g 901 88%
£
rE
& 85
2
i_a
80 -

: sl v, - ¥
Wiafing anmasilingn Tnasairmquilnay szuuiudy FEUYTUPULE
MYy

MWA 2 S:AUADIIRUNEAUAIUANYTUINIONIENTW
anuruzNEnIWNNAUTs:AUAIIIKUIaUZYN3Y 85% ToariiaRdvld 88% itiovonfidvegk1voInyusuLINN3T 1,200 1U0S 1a:K1v91N
kdvhais1stuzunndn 150 1was anwsstidnendsasinsgusiuthiding 1x1075 su./3urRaiuuiasgiu szuunuguisdagdvinsi:KsounuauIkda
KU 1.5 1W0s Fv0Us:ansnwgw Uevriunissoduavgsuaunasiriaaulda
3.2.2 msasoodaavioadeuus:$1U 2568laeSinsizKiolyasiaviunan1sasoe3adviondeuus:s1Uonrevufuams (Gonaaviuaisvi 3,
nIwA 3)
015707 3. wan1sasooIadvioadouls:$1U 2568

douus:nau s1g1a:138awWIs1TI00S IRgUAIIOSTIU

F]cumwﬁwﬁ\) pH 6.5 (A1u1asyu 5.5-9.0), TSS 3.71 mg/L (<50), COD 42 mg/L (<120), dunnwisadioes
(F]mmwﬁw:mn nau-ravuiua) BOD 2 mg/L (<20), Pb <0.003 mg/L (<0.2),

Cd <0.003 mg/L (<0.03)
misuuidoututh pH 6.9, Turbidity 5.1 NTU, As <0.01 mg/L (<0.1), riunnwisadlaes
(Arunwir@adu , thidau) Zn <0.01 mg/L (<4.0), Pb <0.01mg/L (<2.0),

Cd <0.01 mg/L (<5.0), Fe 0.35 mg/L, Mn 0.07 mg/L (<33)
msduidoutudu Zn 97.61mg/kg (<1,000), Pb 14.92 mg/kg (<750), Cd <0.10 mg/kg (<810), dunnwisadioes
(Atunwau stdudu 30 Bu.) Ni 11.18 mg/kg (<41,000), Mn 493.30 mg/kg (<32,000), Cr 97.66 mg/kg

(2640), Hg <0.10 mg/kg (<610)
AUNIWOINA CH,4 < 5% v/v (Aw10s9U < 5% v/v) dunnwisadioes
(USlocudruuuWuAEvNaU) CO, < 5,000 ppm (Aw1asgu = 5,000 ppm)

H,S < 20 ppm (AWasgu = 20 ppm)
VOCs < 500 ppm (U1asgau < 500 ppm)

ssuuthUadndadus:ananiw 96% laaquniwiAveuinurAAIuI0sgIuNnwasTdiaas ssuussunafitsdus:ananiw 92% loadnis
GadvriestunaisaiustasArkua doustuunouAuEuiainaudnisdawudhia:lonauiuEonndu Svaarans:nudenausnidd TunefRifaikasimoyin
U ogwlsfiany AosasoodamuettvdaitovifeiEhs:Sonsa:auvevarsuuilouna:nisivaaunuavius:a:e10R0198VHANSINUGOFUNWELBUSDUTD

3.2.3 wan1sdun1undidoan (In-depth Interview)

JIBaouiry 6 Mu GAnwIRUWevRUTUUs:IGUd1Aty dod

nissamsningaaiknssuluWuRkauRvnauAdvegRvINagusuNa:is:uUSaNISATAUINSTIU awIsnAoUAUKans:nuAUEVIDadauTd
adwidustansniw fonsaouAudU nau dide nasfAsideunston guassadiAtyAwu Tdnn WuRsevsuningaaiknssuAGFINa Urykawawunivdi au
21MA dunuNsSaMsgY llazmsuiancusoubeidoulaualus:auriovau IuonwAFIBaowItyIauaiu: TaR msuirkdnms 3Rs uTdegvosodvdvnddu
N1Y ASUARUNISTANISANULIASEIU Sanitary Landfill Aaseungunistrtaths:ugsia:nissaifufinsgonwiionaawavoiu nsiussUningaaiknssuy
UszinnaunseiifdularinkdefinsgonwiazmstiiningaaiknssuRluaiuisoshsida Ididagns:uoums Waste-to-Energy doanaluladiazona (donaav
Tunawi 4)

Page | 95



100

95 -
»
S 90 -
8
£ 851
(=
(=]
& 80
g:
=]
75
70 -

Aauannin

'l-l']‘Uuﬂ'lﬂ

dimthide

'iull']ﬂﬂ"lﬂ ﬂ'mqm{'u/nau
NIWA 3 s:AUUSEENENIWUOLSEUUIANISADIDOFDU
Reduce Reuse Recycle

Aasauuayurannis 3Rs
(Reduce, Reuse, Recycle)

asaniiumsananudulula

lumsifironauianau
MAgaamnssu (Landfill Gas)
wwdndundsnunauny

AITINUHUENSAENSIENSE I
msldusslevinaulussasen
ageianu

arsduasulvifinnsnsiageau

Tneg\wermnydasvatvsialila
o X dd e v

waswauNuniduduuuy

S
|\I|\.‘ Oé"-v

aamsldninens TdaTiduen thndusnldli
fingwauelainau syuuidn udaluih WANWETRA
(Landfill Gas) dadouu UECHCALRIT anlaniou

P J

Q’ N e

Maununsly AARUATINEOY Uszfiuanuides Ufuugeunu

Uselominnu agdaiilo nMsngai L“ﬁn
| = @ = @ = ,9‘
N" [

asvdeulay #NSEAUNINTIIU Wuduuuy Yeneuag
Higeannydasy n53ANS msdanisiidedu Hiina (EEC)

NWA 4 IuonvAG aosnydudonoadeuiausiius

3.2.4 man1sustiduauIFavs:uuniIsdanisaviioadsu (What-If Analysis)
91nNIsBULSUaSEIatUs:ITUADIUIFEVS:UUNISdaNIsAVIDadauTuNs:uoUN1sdITUMUEP NaUNINgaaIKNSSY
incurinsulsvoiugaaiknssy w.a. 2543 Taaworsturonlomaiiaikg X Aowsunsv nuvidu 4 szau Tann s:au 1 (1&ndee), szdu 2 (aausuld), s:au 3 (gv),

stdu 4(aousullla) Toadoaufuaviusow 14 90 wuAWIFaY God

538n1sUstITua

1) A2widavstauiinios (1-2 Asiuu) $1uou 3 Qalann n:nu|aa\)mnL'Jua:aa\)/n:?iusunous:udmmsﬂ\)nau nowwé‘la\)mnn:nauﬁqnéwéa nazAo

IHEI\)OWI']DWSOIIHWUHHIUEIO

2)  A2WIAEVsAURgaNSUTd (3-6 Asluu) $1uou 1 90 Tann AoWIAEVAUGUNA:UN AU IRAVINEOGU ACUNIWOINA StUUTIOA 1a:guUNIWOUNTEUDY

vuud
(Gonaoviuniwi 5)

Page | 96



T T —
4
w
e
Bon | T -
< 29
s
& T9AU 1 seAU 1 sEU 1
L B o (2sw) (25%) (25%)
0

a ¥ qua = 3
Auinldfu 2INIA/NAY WHEIHAAY FUNNYUBY

NWA 5 ssduAcuIdEvian0IuUsTINNRANS:NUAIUEDIDOAOU
AowIFavdoulknjodius:du 1(1EnTes) nass:du 2 (aousuld) Toaliidnouidavs:dugorseaausululd Aowidavdudunasdridauesn
stdu 2 1tevondnowibululdteauinfis:uunuguesiinonduIdaria doudiue M IkavUNRoGU larguniwyl suegius:au 11tevonds:uunouAuRi
Us:ansnwasudou 1ifuisvaaanouideve:liiuque(Zero Risk) ndaniuds:nounisaunsnuskissanisii ogfus:auReousuld laadaonsdvnoadou
r‘iv"wuwrgmsnougjﬁums'l’(?mnTuTaﬂm\):‘monssu||a:s:uu5omsuaWU:‘%mlonéaur‘iUUs:ﬁnEmw ﬁ\)lj\)ldums%msnowl‘a:a\)ziwﬁry'fu 5 du Tann Gunas

thidau nrkaviaodu AtuNwaIMA(RYISauns:oN) guniwauJauovuyue nazArdogvaotudivEiuvevnisidustlasuwunaulusasano

4. ofiiUsrgmanIsAnu

nams3dedanUszavdn 1 yoitiuussiunoiuaeandevuevaniuUs:neumsivnauningaaiknssulusuasiaiudernkuanonnruie
wamsANuIWUS1  WuRnstiAnudmshinfugas:uumisditumuiaeandeviiungrutannus:ms  Aoduriniandvdvegrvinayusunazikdodr o
INCUTINSUAOUAULAWUIA:NStNSOVANSISIUGY  TstuulUeviumssoduaiuuiasgiudaonssy (HDPE na:Guikdaosaiiu) n1ssuNINgnaIknssulawi:
UssinniTuidusuasie (Non-hazardous Waste) na:61uni1sasovaoudoaTTLC nia: WET agviduvoa soudvnisdiidunisiiusuudidnnsatnguon
nsulsbvrugaaIknssunNiuneu avikartaonndovriuviu3deuey AV doawgvy (2551) ABIRIRUSUISERANAFVNadondWEISoURVWURRPNAUFD
nsidonriiafdoRIkUILED N1SOONIIVUAIURANIAINSSY Iazn1sTstuutoviuuawuAbus:ansnaw (Gonaaviuniwi 6)

1. USzMANS:NSIVQREIKNSSY
nseduviudanndavivdafiikuannus:nis

5 (@onndouuInign)
4 (aaandavuin)

3 (aanndavUiunan)

2 (aanndaution)

5. Us:mANSINS2VaIsIStuay

WuAGILLaNMSaDNLUUADAAGDINU
KaNINEUAIRIUANSISUY

2. UsznANSUAJUALUAWY

1 (aoandovtioniiqn) WURAVTAUIKUzaUMUKENINEUT

0 (liaenndav)

SEAUADWAIAAADY

0 1 2 3 4 5

o—O0—0—0—@

Tidonndoy do0Ad0y  donAdoy  donAdoy  @oMAdDY  A0AADY
tiouiign U0y Uhunana n ULED)

4. Us:N1ANSINSOUNSWEINSSSSUBIGH
nazdouonasu
Uszuutuatidsuasinszug=Adus:ansnw

3. UstmAns:nsavuKkIalng
onmsyamsyadagnukanguinuia

NIWA 6 s:AUADIWEDOAGDVNIVNNRUNE
fudumsuvAuTEnnruE vIU3SadsTRIRUGoVI WA ATYAGo0nAEVRUISNE auNnsy (2567) iazturins TnAa(2562) Astysrdunsunisaynyiadvlsvoiusy
Hvnauningoanknssudvidanoulidaou  nazunmiirualnuiRasunisanasuivningaaiknssudvlisunsvidavia  MiRGUS:NoUN1SUILSIEEOUSUNTS
Usuuanndinisavnuusudsestuumissoms  dodu  nisWauunWuRGIDudunuudvdaow  drAtydvdenisans:duuiasgiunisuvAuisnnrutaiu
staudstine

Page | 97



wams39a5anUs:avAn 2 Yoiunsus:idunans:nuduaviondeu wusludnans:nuduauibdadAtydedvioadounasyusulogseu
ilovons:uusanisAGUs:ananwatursnteviunisiuidouavgau thidau nazikaviidoduldedwauystd soudvnisnounuguaesviianauliikifa

AnuIdoasousiAty BonandwvenwuRvnauningaatknssulikvdun fusor3aUs13UUS ANUs:aultyriuawuiiaznsdediumnUs:s1su AoUES0T
gudgusinissamsatukandsimsiaznnruralimavndiudeUvAuiiidu ndgviluruntvidRgaiunsaanoiudando advacUEaUSUIa:SNBVIATUNIW
FonoadeuiRAvatodweviiu @oandevrunquinisaeusunvdvay As:ysranugndevarunnruraidusingiudAtyuevnisUs:noufionIsAgvEU (o
naaviuniwi 7)

1. wansznusaauuazulaau

27 \\\4 (gownn)

# A3 (\Jmnaw\)\\

5. wansznu . ,f 2. wansznu
GoguUMW ¢ i slouNdAU
Y 1 (Gogwn)
szAUWans:NU
\ \ 0 (hifiuanssnu) [ I
\ 0 1 2 3 4
Tifiwans:nu  doswn Ll Yrunaw gown
4. wansznueio | 3. wans:nu
szuulilon foAUNIWDINTA

NIWA 7 stduranssnuAuaDIDadon

nams39adaqustavdn 3 JelausiuziBoulauradiumssanisningaaiknssuedweviu Tann aduayurdnnis 3Rs MsUiiTsRrauRY

naunINgaaIkNssUUINAQITUWAYIUNQIINU NMsaWIKUENsMAansIHs:SonisiEUs: TautRaulus:azans msasovasulaaidaosityet1odeitovia
wauunwuRtiDudunuuniaasdusen (EEC) (Gonaaviuniwi 8)

@ @ @ @
I (X X
ile @n

senisnanngaguns ﬁingaa"n:’u:ﬁmgﬁv aapuiAuIsTETET unsedumsiaiugua Wuduwuumsiants
aauani:'num:ﬁﬁ:manu 'a'\nmﬁ‘lu:ﬁwmn's Aayuvuuaziuandon g nTdala nngAsMNsTURENagaEY
uaznzlaniau ELARCHTR Tuszdugiinm
J J\ . J

NWA 8 JoIaUaIUENSIONISNINGAAIRNSSUDEDEDEU
5. asuwanisfAnwu
msdigunuiuiuRAnsSasgiuinturiaeandeviudoUvAunvNaKrUIESEvASUTOUTE
GnsAouAUAYIGAUNIDEIUNS:UIUMSSUNINgaaTKNSSU(Na.1 I1a: Ne.2) IelkijutosimnAsuIdnTuus:inn “Thilusuasia” (Non-hazardous Waste)
Toafdinturidins1:KAY Total Threshold Limit Concentration (TTLC) 11a: Waste Extraction Test (WET) auunasgiusia HA (Absolute entry) nas
HM (Mirror entry) UodadiAtyiriklasonsiuldsunsvdediusnyusuaasn 5 UARIULY AONSYSTUINISNARUIESAINSSUITITUANGTUIMENTWUDD
Wuh 2‘5"’\)TnS\)msc?\)aeviuuﬁus'ouUunsmr‘i\)le‘;aciamsﬁl\)naunuuqns’a\) (Trench Method) Taanissnunstazkio (Buffer Zone) a1wUstn1ANS:nsow
asIstuguIiaznsuAdUAUUaRuikua BoiduinuriiBotoviufiaonansnudiu Ikas1AyldesvGUs:ansnw uenondmsiginalulaguatadiaaiuu
RyUSaUMaTugLa00ASODAULINSTIUNSINSIVNSWENNSSSSUBNANa:avIondoy w.A. 2565 Tumsteviuuamunolingikaviiaisistusiasigda
Us13uus nisdiduviuriustuusiEnnsalnduovns:nsovgaaiknssuilusoia azn1asgrdoridoulddouidaasooaould
da1auanusidoulauradiunissanisningaairnssuadvdviiunddcy Taun
5.1 mosaduayurannis 3Rs (Reduce, Reuse, Recycle) nﬁaanLJ§mrumnqmeanssmﬁ1§' \ﬁuﬁ'EJ\)naumnqoamnssuﬁ\)udﬁum\)
52 nosd’w|Uumsﬁnmn:nu|TJuTUTﬁTumsdwﬁwuquﬂnnaumnqmawnssu (Landfill Gas) wawaailuwavviunainu (Landfill Gas to
Energy) IoanUtyrinotlansounia:adioyariniviAsugio

53  nosowinugnsmansiEhs:sonsisustlasinaulusazansegtosonu  idevoinWuRkauivnaunIngoatknssugvAvIAcUIFEY dUNTS
nsadoravonnistadiiduns

Page | 98



5.4 posdviasuironisasovasulaagiBaouitydas:osivdeition  namwauuwuAGdIBudunuudkSuMssanisnngaaiknssutus:aunania
Toglaw:TulvawauurwiAvnAa:Susen (EEC)

6. nadnsswUs:nifA
(598UaUaUWS:AUANIUUSINOUMSKUEUNUANSOANW A JiRaodovnniuildnstuniRaoweyins zkToya JoAaIRUNIOIBINS aluayu
nsdduvu39e nasfkdeiausiussubuustTastdemsinuindod surifkviussaduSoaaovatusanustavAnrikuals

7. Aowdandvnivuads:lasu
Jidaulidaoudangonivras:Teasiion lumsritasaavud

19Na1s31vdv

AV goawey. (2551). n1sdan1svovidaoaairnssuyevlsoviuaaairnssuiniiudaugaairnssuuny. an10udtufiawauuskIsmaas.

wrins InAa. (2562). Jryra:ouassan1ongruIgInganunISs0nISANNIWaDI080UraVUSENION BU. URVINENIEYSW.

INSeVANG Wunases. (2561). Jryr1nIsUvAUIGngruIENSaInoUAVYE:IKEDIGTUIs LU, AtuzTGMans urIINeNdaAsUNu nenvasays.

Unuws utdiSau. (2561). Usziduaans:nudiudvnoadouoinkauilvnavegiwgnranguinuialuds:ina Inaloaldkannisvovnisus:=ousnonsaa.
UR1IdNEnagsssuAaas.

SvnInstd vundugrdeud. (2561). TodaniavaalRiundonavye:Us1monnisaacdiomn suBU: NSCTANGIRUARPNAUYEUIU018 S71N9800 FDKIO
18eviu. URINENdagluNasssSUIESIs.

ovAatia deuastUad lla: 3v10y Wusa. (2558).n 1STIASIHWUAIRUIAUTUN 18ivnavea:yaoeluiiasunoiiov SoRIOUASSIBEUT Go8SUUaISAUINT
NOMAns. URIINENALSIBANUASSIBEUN.

o8N8 aunsv. (2567.). N1SANHFIAIIWEO0ASIVYODRATNINMZ F5N1S NaIBoUTUIREIUNISUSKISPONISH MOOFIRNSSU AWNHUIEIG28ISDVIU.
UR1INENAESTUATNIRY.

35U F0UNdu. (2564). N1STFUSHWVOVUS:B16UTINISTONISUEYaRDEUDVOVANISUSKISTIUTDHIO LUNYS, URIDNENAEFIUNESSSUISSIY.

AUAdSstU osNtydu. (2554). NISIBONWUALINAUYENE:NISIOSEUNISTEOIURAVNISEVNAU NSCTANGUNAUIAITIDAIFVINS. WravnsniurIdNenas.

annad Ueathia i1a: Uazan 98s:00ANs. (2560,). 11sUs:ITURUAR IHU1:GUERSUaNUARDNAUYE:yasloauugnHangy1iuIa fudvrIneasaadloals
St uUaISaUINANIMIANS. UR1INE1aLS1BAWYAavASIU.

BN5ANG 35INSNI0s. (2558). uonwvnissanisninge u/a‘aqaavf«nssuf/ﬁﬁugua’/w"b/z/‘ujqoawmsswz?uﬁ/afr NSCTANGISVLIUREOWAAIDEFINDS
nasnwadieanages annUUUUAOWIUUSKISA1EQS. )

afitytyr Uduaaw Nla: 1ndeunA ansnis. (2560, n1sUssiguiuiniiu1:aulunsasvvoivnavye:o610gngu1au1a nsaianuweuneliovaynsusinis
PORI0AYNSUSINIS. URIDNENALINUASAE0S Inenivaniwoliau.

AU 8asanuun. (2560). n1snunouna:usugnsmaasniswau1vo vlasvn 7sn7a/u7Vfuﬁbwﬁun:/aa:a“uaangfn 1510uUsEINADNTEUTUDORINQIFVINS .
UK1INENAEYSWA.

[$UgWOU 11F00NIND Nlas ASIE aStyunsn. (2565). n1sidonidvlsvviumsnveviaasuasielnassnisivnav. uri3nendgvaunnu.

dUnNvIUdVRIQUSIBUUS. (2567). dayaaniunisnive:yanogvovdvrdaus1duys.https://www.prachinburi.go.th/yut-prachinburi/plan66-70.pdf

OVANISUSRISFOUGIUARIQUIDIRD. (2559). NRUWUUITDDAUSVANISUSKISAIUTIVAKIOUIVIETD W.A. 2561-2564.
https://www.thaiudom.go.th/index/add file/announce7106 GtZMF3nMon73132.pdf

yadsanigugvnoadeulng. (2558). unit 1MNQAARNSSUNA:ENIUNISOINISTANISNINGOTIHNSSU.https:/ /www.pcd.go.th/publication/3598

nstnsovNSweNssssuyIalia:avioadau. (2551). s1gvwaniunisnivawsvovus:inalnghttps://www tei.or.th/training/waste/150703-Draft2-
Chapterl.pdf

NStNSoVANSISUFY. (2560). UstnIANS:NSIVAISISUUGY 159D HANINMUIINISAOIZONANIUACVEIRSU MSEvNaUYarloeoe1gNHANGY1/TU1a W.A1. 2560.
https://www.pcd.go.th/publication/3598

nsunsunasevaourioviu. (2560). Us:nians:nsovurialng isov nasson 1syasloe w..2560 Us:inalne.
https://www.dla.go.th/work/garbage2.PDF

NSUASUAUUAWY. (2552). Us:nANSUAIUAUUAWY 155D RENINMUTITUNISAOIBonWURPRaUNINTOVIFE. https:/ [www.pcd.go.th/laws/5158
NSUADUAUUAWY. (2565). US:nIANS:NSovNSWaNSsSSusIaNa:aononaou 1300 MISTIHUOUIOSTIUN 1SAoUAUN 1s5s:urELAvoINANIARPNA vyanloe
o81pnKaNgu11U1a. https://www.pcd.go.th/laws/26433

nsulsvvrugaairnssu. (2535). N1NyovIFLoOTIHNSSY WSESIBUTYTYE W.A.2565. https://www.diw.go.th/webdiw/wp-
content/uploads/2021/07/law-fac-2535.pdf

nsulsovugaaknssu. (2543). waninouzin 1SEUDPSUASIE NISUSEITUAIWIZED IBNISTORMAUDIIUSHISTONISAIWIFED.
https://www.diw.go.th/webdiw/wp-content/uploads/2021/07/law-fac-saft-17112543.pdf

nsulsVLIUQAAIRNSS. (2556). US:nIANS:NSIDOOAINNSSY 130V N1sPaNIsFvUpana:saqliignao w.a.2556. https:/ [www.diw.go.th/webdiw/wp-
content/uploads /2023/06/a12062566-02.pdf

Page | 99


https://www.prachinburi.go.th/yut-prachinburi/plan66-70.pdf
https://www.thaiudom.go.th/index/add_file/announce7106_GtZMF3nMon73132.pdf
https://www.pcd.go.th/publication/3598./URL
https://www.tei.or.th/training/waste/150703-Draft2-Chapter1.pdf
https://www.tei.or.th/training/waste/150703-Draft2-Chapter1.pdf
https://www.pcd.go.th/publication/3598.
https://www.dla.go.th/work/garbage2.PDF
https://www.pcd.go.th/laws/5158./URL
https://www.pcd.go.th/laws/26433./URL
https://www.diw.go.th/webdiw/wp-content/uploads/2021/07/law-fac-2535.pdf./URL
https://www.diw.go.th/webdiw/wp-content/uploads/2021/07/law-fac-2535.pdf./URL
https://www.diw.go.th/webdiw/wp-content/uploads/2021/07/law-fac-saft-17112543.pdf
https://www.diw.go.th/webdiw/wp-content/uploads
https://www.diw.go.th/webdiw/wp-content/uploads
https://www.diw.go.th/webdiw/wp-content/uploads/2023/06/a12062566-02.pdf./URL

[PS 06]
SIIMS: An Automated Digital Surveillance System for Occupational Safety and Labour

Protection in Government Operations

Kanyapat Yousaby', Sara Arphorn?, Chatchai Thanachoksawang?®

'Department of Occupational Health and Safety, Faculty of Public Health, Mahidol University
*Corresponding Author E-mail: chatchaithn@mahidol.ac.th

Abstract

Background:

Government agencies responsible for labour protection require timely and reliable information on occupational accidents, work place
incidents, and labour-related issues to support surveillance, risk assessment, and regulatory enforcement. However, monitoring multiple
online news sources manually is labour-intensive and may delay the identification of relevant incidents. The Safety Incident Information
Monitoring System (SIIMS) was therefore developed as a low-cost digital surveillance solution for a Provincial Office of Labour Protection
and Welfare.

Objective:

To develop, implement, and assess the operational utility of an automated digital system for monitoring, collecting, classifying, and storing
publicly available online information related to occupational safety, workplace accidents, and labour protection.

Methods:

SIIMS was developed using readily available cloud-based technologies, including Google Alerts, Gmail, Google Apps Script, and Google
Sheets, without requiring specialized software or additional infrastructure. Predefined keywords related to occupational accidents,
workplace safety incidents, and labour protection were used to retrieve relevant online news. Incoming information was automatically
processed and classified using Google Apps Script and stored in a centralized electronic database. The database enabled officers to
search, filter, review, and use the collected information for surveillance and follow-up activities. Users evaluated the system’s practicality,
usability, and operational usefulness using a five-point satisfaction scale.

Results:

SIIMS was successfully implemented at the Provincial Office of Labour Protection and Welfare. The system automated the collection,
classification, and organization of occupational safety and labour-related news from multiple public online sources. The centralized
database facilitated access to relevant information and supported routine surveillance and follow -up activities. The overall user
satisfaction score was 4.68 out of 5.00, indicating a high level of acceptance. However, processing -time reductions, qualitative user
feedback, and classification-performance indicators, including false-positive and duplicate detection rates, were not formally assessed.
Conclusion:

SIIMS demonstrates the feasibility of using low-cost, readily available cloud technologies to transform conventional news monitoring into
an automated and data-driven surveillance process. The system provides a practical foundation for improving information management
in occupational safety and labour-protection operations. Further evaluation should quantify time savings, classification accuracy, false-
positive and duplicate records, and user experience before the system is expanded to other Provincial Offices of Labour Protection and
Welfare.
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digital surveillance; occupational safety; workplace accidents; labour protection; digital government; Google Apps Script
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Abstract

Background:

Hospital nutrition personnel perform office work, food preparation, meal delivery, and equipment cleaning, exposing them to prolonged
standing, repetitive movements, manual material handling, and extensive walking. These ergonomic hazards may contribute to work-
related musculoskeletal disorders.

Objective: To assess ergonomic risks and work-related musculoskeletal discomfort among hospital nutrition department workers and
compare discomfort scores across job categories.

Methods:

This cross-sectional study included 27 nutrition department workers at a hospital in Thailand: dietitians (n = 6), food preparation workers
(n =14), and food service workers (n = 7). Ergonomic hazards were identified using an occupational health and safety risk assessment
approach aligned with ISO 45001. Musculoskeletal discomfort was assessed using the Cornell Musculoskeletal Discomfort Questionnaire
(CMDQ), covering the frequency, severity, and work interference of discomfort across 20 body regions. CMDQ scores were summarized
using medians and interquartile ranges (IQRs), and differences among job categories were examined using the Kruskal-Wallis test.
Results:

The most frequently affected body region was the right shoulder (66.7%), followed by the neck (59.3%), upper back (59.3%), lower
back/waist (55.6%), and right foot (55.6%). Discomfort was reported across all job categories. The reported symptoms were consistent
with exposure to prolonged standing, repetitive movements, manual material handling, meal-cart transportation, and continuous walking,
particularly among food preparation and food service workers. Overall CMDQ scores did not differ significantly among dietitians, food
preparation workers, and food service workers (Kruskal-Wallis H = 1.15, p = 0.562). The ergonomic risk assessment identified prolonged
standing and repetitive tasks as the principal ergonomic hazards.

Conclusion:

Musculoskeletal discomfort was prevalent among hospital nutrition department workers, particularly in the right shoulder, neck, upper
back, lower back/waist, and right foot. Although overall CMDQ scores did not differ significantly among job categories, interventions
addressing prolonged standing, repetitive movements, and manual material handling, together with routine ergonomic surveillance, are
warranted.

Keywords:

Ergonomics, Work-related Musculoskeletal Disorders (WMSDs), Hospital Nutrition Workers, Occupational
Health, Risk Assessment
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Abstract

Background:

The study of factors affecting the safety behaviors of production workers is highly important, as employee behavior is directly linked to an
organization's safety performance. Understanding which factors promote or hinder safe behaviors helps organizations establish effective
accident prevention measures.

Objectives:

This study aimed to: 1) investigate the level of work safety behaviors among pro-duction workers; 2) study the factors affecting work
safety behaviors; and 3) analyze the relationships between personal factors, safety knowledge and understanding, and work
environment factors with the work safety behaviors of production workers.

Materials and Methods:

This was a cross-sectional study. The sample consisted of 100 production workers in the company. Data were collected using a
questionnaire with a 3-point Likert scale. The content validity (Index of Item-Objective Congruence: IOC) ranged from 0.67 to 1.00, and
the reliability, calculated using Cronbach’s alpha coefficient, was greater than 0.7. Data were analyzed using descriptive statistics,
including frequency, percentage, mean, and standard deviation. Inferential statistics included an Independent T -test and One-way
ANOVA to compare safety behaviors based on personal factors, and Pearson’s Correlation to test the relationships between variables.
Results:

The results revealed that the workers' safety knowledge and understanding, as well as the work environment, were at a high level (Mean =
2.64,S.D. = 0.50), and their overall work safety behaviors were at the "always practiced" level (Mean = 2.86, S.D. = 0.35). The comparison of
safety behaviors showed a statistically significant difference based on gender at the 0.05 level, with female workers exhibiting higher
safety behaviors than male workers. Furthermore, safety knowledge and understanding had a statistically significant positive correlation
with the work environment (r = 0.36) and safety behaviors (r = 0.35) at the 0.001 level. The work environment had a statistically significant
positive correlation with safety behaviors (r = 0.32) at the 0.01 level.

Conclusions:

The organization should encourage employees to strictly adhere to safety regulations, alongside checking the readiness of machinery and
equipment before use. The work environment should be appropriately improved, particularly concerning lighting, noise, and heat, and
sufficient Personal Protective Equipment (PPE) must be provided. Additionally, regular safety training should be organized, and supervisors
should play an active role in monitoring to continuously promote safe working behaviors.

Keywords:

Work safety behaviors; Factors affecting safety behaviors; Automotive parts manufacturing; Work environment; Production Workers

Page | 102



[PS09]

Development of Accident Prevention Guidelines for Freight Transportation by Trucks
Amnat Kongpanya', Nannapasorn Inyim'

"Faculty of Engineering, Ramkhamhaeng University, Bangkok, Thailand

*Corresponding Author E-mail: amnrat@gmail.com

Tel.: 081-833-1749

Abstract

Background/Objectives:

Freight transportation by truck is a key component of Thailand'’s logistics system; however, it remains associated with accidents and
losses, particularly among small-scale operators with limited resources for safety management. This study aimed to analyze safety
problems and develop guidelines for preventing accidents in freight transportation by truck, using a case-study company with 19
employees and 15 trucks.

Materials and Methods:

A mixed-methods research design was employed. Quantitative data were collected from all 19 employees using a checklist derived from
the 27 mandatory requirements and assessment guidance of the Department of Land Transport (DLT) Q-Mark standard, organized into
52 subitems across five domains. The original Q-Mark requirements were retained unchanged and were not revalidated using the Index of
Item-Objective Congruence (I0C). A questionnaire assessing checklist appropriateness and the semi-structured interview form were
reviewed for content validity by three academic experts using IOC. A different panel of three transportation experts then evaluated
checklist appropriateness using a five-point Likert scale, yielding a mean score of 491 (SD = 0.29). Quantitative data were analyzed using
frequency and percentage, and high-frequency safety-related or linked issues were examined using Why-Why Analysis. The findings were
used to guide semi-structured interviews with another group of three qualified experts in safety and truck transportation. Guidelines were
developed by integrating the hierarchy of controls (HoC) with the five functional areas of the Transport Safety Manager (TSM) framework
and reviewed in a focus group discussion (FGD) with five purposively selected representatives to assess accuracy, appropriateness,
feasibility, and organizational alignment.

Results:

The 19 respondents comprised one manager, one TSM, two operations staff, and 15 truck drivers. Most safety problems reflected gaps
between organizational requirements and employees’ awareness and actual practices rather than a complete absence of safety measures.
Truck drivers showed notable gaps in awareness, understanding, and implementation across several Q-Mark requirements. The most
frequently identified issues were customer satisfaction evaluation, 17 respondents (89.47%); operating procedures and designated
responsibilities, 16 (84.21%); individual training records, 16 (84.21%); fuel -efficiency data collection and analysis, 13 (68.42%); and
procedures for handling damaged goods, 12 (63.16%). Root-cause analysis identified three common issues: communication and awareness
gaps, reliance on verbal instructions and reactive management, and the absence of systematic mechanisms linking organizational policies
to actual practice.

Conclusions:

The developed guidelines integrated the hierarchy of controls with the five TSM functional areas. Administrative controls were emphasized,
while elimination, substitution, engineering controls, and personal protective equipment were applied where appropriate. The guidelines
addressed organizational roles and responsibilities, standard operating procedures, GPS-based speed monitoring, working- and rest-hour
controls, fitness for duty, alcohol and drug controls, competency development, positive reinforcement and safety rewards, pre-trip
inspection, preventive vehicle maintenance, vehicle safety technologies, and systematic customer feedback management. FGD
participants considered the guidelines accurate, appropriate, feasible, and consistent with the case -study context. The proposed
approach supports a transition from reactive to proactive safety management through measurable indicators, monitoring, evaluation,
and continuous improvement.

Keywords:

Truck Transportation Safety; Q-Mark Standard; Why-Why Analysis; Hierarchy of Controls; Transport Safety Manager (TSM)
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quaikqagwidus:uu Sobdesiatunisikuaurasmsidluia:devrunisiiaikqdn nsAnunddviuiasgiuatunwusmsuudodossoussnn Q-Mark
vovnsumsuuavnwunuididunseulunisdinsiKkUtyridunoulasans [3] z‘i’onsaunau 5 du TR dhuevAns drunisufuanisuugdw duwinoiu
duenuwIRuE nardiugnAniiasmigusn snduinds:idudnyrinwulu3insizkriarasInIkSIGoaInATA Why-Why Analysis [4] nazuiwaRTaluaidu
Jayalumswauuuomonisiiluia:deviugUaikg laaus:gndiskanardudunisaouausuasia (Hierarchy of Controls) [5] souriunseunisio 5 du
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Ua\aqnawnso“omsmunoquaanﬁaTumsuua'\) (Transport Safety Manager: TSM) [6] n1355&n§0uu00qu:a\3d 2 Ustnas Tann 1) wTiaﬁmsw:RUrgm
dunouUasoriafunisuugdvaudidoasnussnn nia: 2) iewauuuanonisinluia:UeviugUudikalunisuudvaumdoasnussnn

2. 3aqua:dsn1s

msAnwtidumsavanuunaunaiu (Mixed Methods Research) d’w|L‘1umsTuu§6nuuei\>e‘iumﬁoalsnussr]nur('\)Hd\) ﬁ\aﬂsnussr]no"wuou 15
AU 1lazynaINs$Iuou 19 AU Ustnoudod Juskas 1 AU ynainsdanisdunculasaniafunisuuaw (Transport Safety Manager: TSM) 1 au I9IRUA
ghauguanisuuae 2 Au naswdnvudusoussnn 15 au Toaifiudeyaldousuitusnuaainsivkua 19 nuﬁagalﬁ\mmmw]ﬁmnmsa“umunjﬁ\ﬂnsvas"m
na:nisUssguaunuingu (Focus Group Discussion: FGD) dfkduniuvniibugnsvatugaina:§idaosinydrunoiuvasasianaznisyudodossnussnn
$1usu 3 U AaiFeniuUNPYINFRTANUSIatUs:aUNSTIRIREoToY dRSUNISUS gUaUNUINgU DFIF1SoUs1UdU 5 AU AQIZNIIUUIEPVD INEAD
A1U$ Uszaumsad llazDdoulfiaodevlaaasviunissanisaoiulasasiaiunisuuay Ussneudoaginuoinénauskis TSM dhaufuanisuudy iaswdnoiu
JUsn 1WTRNSWASTUNIIUONIVASEUAQUYULBYEIUNISUSKIS AUUaae MSUFUGNIS la:nsdusn Indeviaiduusuncuifuliuuas soaeuiwau1on
U1aSTIUATUNIWUSNISYUEYAdEsnUSSNN Q-Mark w.A. 2562 yavnsunisuudvnivun [3] godvariruaivrua 39 Jo nuvidudouvAu 27 Jo nas
donuzdn 12 do msAnurdundeUvAuiv 27 dosourunusnIvNIsassaUstiiusiadountdifunsau nassmuniuonionisasooustidusenidusianis
asovdsugoasuou 52 s1anis Asounaw 5 dru fand drusvdns drumsufuanisuude duwdnuiu dugiuwiku: taxtuanAtiamniauan logavais:
vavdariirua Q-Mark 16uT3 Svluldnsovaeurdsinouasandevs:k3wdarnuiusanUs:avd (Index of ltem-Objective Congruence: I0C) d1fu
douvevderikuauiasgiu Avd Fadariruadoidondineudirksumsifivdoya 5 s:au Tand “0” “Iid” “Ducluignfe” “GndlutnisU§ua” na: “Gr3elunTy
NsIU” NMsasovaeUAtUNIWIASevTaduTuNsTaggnsvAtuaclna:§idaouity 3 ngu GoriktiAlandiviualuduaeuyevnisdde ndui 110ugnsvaAtuQc
dussInssuou 3 M ikiAasovaeuANUASYIBIGERIUBVILUASOUNIWADIWAAIRUWEUS:ITUADIUIKUNEUUOVILUOSIPEU Q-Mark iaziiuu
Fununifvlasvasvdoadut IOC mamsasovaeuwusdoAniunnsiansia I0C iffu 1.00 dogonduncuri 0.50 Svawisadadevieluisiunis
IRudoyald nduA 2 18UFIFaosItydruNISUUELFIUOU 3 MU FRUNAUS:ITUASIUIRUIAUUOVIVUASIDERU Q-Mark Goau10s1douUs:uItuA1 5 sty
wamsUszITubA1I03asou 4.91 nazdouldeavivuuiasgiu 0.29 egius:duduin doungui 3 10ugnsvatugdia:{iaosinydrunoiulasasianaznisuuay
doasnussnnsusu 3 riu FoiludirauniunifiviasvaswiveiRoAa RunadaiguanuzdrsunIsWwauuusonIvNsiATula:UeviugUaikg Joyaldy
Usuntusniiuuassvasu Q-Mark 3ias1:kdsanoudia$oaar TaarikuadasuiasioulyribunasouvevAiasu “TUd” “Cudluidnte” “Oudlitnis
Ugua” na: “OrdeliitTunsiu” sndudaidenus:iGuRinoudusvAinauRa:ieulyrige na:iacuinaodevlaaasviuaculasaneardelnnuidoulay
fudsz1dulgriduniatudiuidaonu wednTusinsi:katikgsiniks1doainalan Why-Why Analysis [4] nani1s3iasiHakasnikegnialuigiikua
UstiGufumsaunivnifvlasvaswiugnsvatugcina§idaosityngui 3 $1uou 3 riu IWesousoudoAalR ullazdolaualiu:d1RSUNISWOUUIIUONIONTS
nilunazUovriuguairg Joyaoinnisduniunidinsi:kdoanisinsiKidor (Content Analysis) llaziinaRldu1dviasiRsouuRaN&1duSunIsAoUA
duasig (Hierarchy of Controls) [5] aznsaunisiiv 5 diuvav TSM [6] IWOWAUUNIIUDNIDAIRUA:AUAUUSUNUOYOYANSNSTUANY IUoNIVAWAIUATU
dnidrgnmisUstguaunuingu (FGD) $1usu 5 AU IWeW1stu1AcUgNde AcUIkUIaD AowiduluTalunisihTUUGUE nazaoudeandeviiuusunuew
avdns loaialenialRJinundathaiauenoiuAaiRuaivunuiniasus:aunistinisUguaviuvevaunisunisasynoiuaaiRusouriu 9 ndutdeAalRu
91nnsUssyuaunuinguuidsudsenazasuilunuontonisiilunaloviugUaikqdkSuovAnsNstiANY

3. wanisAnu

3.1doyariolVvovgiidoya

§irdeyalunisadabsnuou 19 Au Usznoudos wiinviudusaussnn 15 AU ISTRUNAENEUFUGNMsUUEY 2 AU GJUSKIS 1 AU llatyAaINsIons
dunoulasanafunisuudy (TSM) 1 au Taadoutknyius:aunisairivuliinu 5 U $huou 9 au sevavuiAe 11-15 U $1usu 5 Au uannsd 15 U $huou 3
Auna: 6-10 U 9huou 2 Au

3.2 wanisasavdaauawinriviasgu Q-Mark

wanisasovaauwuUs:iduloyrifunndiuvevurasgiu Q-Mark |ﬁansm1Us:l6uUrgmr‘iﬁnmuﬁejoaa’l’uuda:ﬁw wud Uszidufudiu
anAlazmeusninouGigogo sevavurFeduMsUFUGN1suUEDIa:dIUWINYIU 0WddadIuEIUWIRUEIa:G1UOVANS 0ud1du TaaUs:iGudracy Tanm

misUstidunouWowa tonaznstiialudsudsy Suneuufuaviunazmsritkuagsuidaseu kaNgIUNISeUSUSIEYARa NMsUURNIa3ins1:kNsTEIGoIway
narduneunisanisnstiauAEarE doniaaviugun 1

Highest-Frequency Problem Responses by Q-Mark Domain

20
18
Q6

%; 12 (63.16%)

16 (84.21%) 16 (84.21%) 17.(85.47%0)

I

Organization Transport Operations Employee Vehicle Customer & External

requ
o

iC 8
€6

o4

=

le

Pro

o

H No M Exists but not understood Exists but not implemented B Unknown

Problem responses = No + Exists but not understood + Exists but not implemented + Unknown.

sURA 1. AowBvevUs:iGultyrindAigoaalunda:duvavuiasgiu Q-Mark

RUAEIRQ: AasuRa:Rsultyr Tann TJo ndluignto DudluGnisUfua na:orgelud Tunsau; N = 19
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3.3 Aan1s31AS 1HaUKQS INIKDIGI8 Why-Why Analysis
wan1s3iAsiRasaINAlA Why-Why Analysis wudn UtyridiuaouUaeananv 5 drudankaideulaviufussdus:uu loaasuilu 3 UstiGu
ran lann
1) u'a\):i']\)dwumsﬁaawsua:mss“ug
2) MsWoWIANEOAIE191MIA:NSUSKASIBOSU
3) msumnaTnﬁ'|3auTaanﬁ1Huoua\aaoﬁnsTugmsUJjUﬁﬁ\) IJoworstursIedau wudn GruevAnsifaodeviuaoiuligalouvew
Tasvas1v ununkiini ulauie nazduneunissanisnstiauAIFarIE G1UNISUFUGNISUUEDIREITEVRIUNISYI0 SOP StUUIHUIZUNIDIA:RAIFED
StUUADUAUAILIENAINISIGUSD N1SINSEUWSOUIKQANIAU 1atN1SS1EVIU/F0UadUQUEIRQ GIUWINVIUIREITOVIUSIUUWOILNEUSSD Ut RANZIUNIS
ausu Boluvdusniiazinawn AWIKGead1 natn1sUs:ITuAIUWSaUNoUUFUGAYIU G1UENUWIRUIREITEDAUSIUUOSIDADIUWSOU NISUISHENUIBY
Uovnu Us:5a50u la:doyaus:ansniwsn doudiugnAiliaznigusnifeodovriunissalfiu 31as1zK astirdoyanoiuWowalo Jesevisau llazdolausiius
dunoulasonialutsusuusomsduduviu donaaviuaisivn 1

015190 1. #an1s31As1:KUs:1GUUtyRIIAEIRASINIRYY

d1u Q-Mark Us:1Gulyridrfty aRasINIkH
ovANns JuaaunstiFuAFaria 12 au (63.16%) a:  Tasvasiv unuan Jsuiavou nazulauragvligapuiluarednund
dovdwdrunissuglasvasv gsudiaueu kIR Snus nisdearsmaiunaiunsunstiaudidaradoluibus:uu
nasulaung
nasUfuanisuudw dunau/Flowchart nazmsritkuagsuioseu 16 v1a SOP/dleunasgiu szuuUstijuidunivnazpaiden szuusaifiu/
AU (84.21%) soudiv Route Risk AMWISO IR SIAS1RTDYAIGUSD 1HUANITU 11AsSEUUSIEVIU/GDUAOURUGIRQ
QnIdu nazniscaaiuidusn
wunviu rRangaunisaususiaunna 16 au (84.21%)  u1ras:uuUSKIsaussnusliar Training Record urastuuniRuaia:
souBvdoluvdu/wn AoruIktioadr  @oawdoluvdu/wn azunas:uu Fitness for Duty RUAUTEoED
Alcohol/Drug nat Fitness for Duty 10un1onis
2IUWIRUL JoyanisididoiwaviAaustaniv 13 AU v10stUUSIASIKToYaUS:ANENIWSD U1ASFIUNISOSIVAIIUWSOU

(68.42%) souliv Pre-trip, PM na:Us:3G%0u

MsUIsuSN Inturi Hold/Release asstuuvaiiuus:3asnsigAu

S1EAU

anAlnazn1auan nisUsziduporuWowaionazuinaluusuusw 17 unos:uu Proactive Voice of Customer nazszuudoifiu 31as1:K

AU (89.47%) soutivdoyagnAn Jesevisau a:  NazGaaudeyadiuntunwusnisiaiaoulasaiaiveunlulsuUsy

Jalaualiusarunoiudasans agivdoiton

3.4 waniswournmuanivnisinlona:dovriuguamg

Nan1s31ASItRANIRQSINIKD Az TaIaUSIIUEINFNSVATUCT A IBaos1ygnuuidviasikifunuoniomisifiluia:loviugUairk q To
iSoulevriunsounisiio 5 duvew TSM llatkand1dudunisnouausuasie (Hierarchy of Controls) Avd nsrkuanuanwlylawonstuniawnzUs:1 GuRd
AowdBgvgalundazdiu nawonstursouriuus:iduiideulaviazankasinikvnialudiuidaonu WeRurasn1snseungulode 1FavAIRaodov dviaaviu
015107 2

91N01S19A 2 WU nuon1vdrsuustidudiAtydouiknyiunisnounudiunIsuskIsSanis |Cia\)mnaw|Hqswn|H\31|ﬁaoﬁo\)ﬁuﬁuoau
Uuaviu msiruagsuiiaseu nisiineusy stuudioya latnisGoniuna oevlsfinu drsuusaidudulundadiu Tnisworstuanisiiga nisnainu nis
ADUAUNIY3AONSSY largunstileviuduasiadouynnantudnuouzaouidaviinaodov Toadiusvdnsidunisitkualasvasiv unuan ulauia
stuudeans doB3a nasasunsvgvioduncuUasaia dunisufuamsuudeitiu SOP nisdanisiduniviia:ao1uiso nsaauldikqaniau 1a:nss1eviu
llaz@ouaougUdikg duwdnviuitiuaussnus §oTuvdusniiazioaIwn AUWSoUNouUUADIU N1SAOUAUIIDaNagadIiazasiawdn laznisidinalulad
G00UAUIRToEA AUEMUWIRUEITUNISOSIPA2 WS N1sUISPSNBY Inturi Hold/Release nasinaluladatiuayunsiuasanis doudiuanAnas
Mausnitiustuudoya AoUFOWeTd JosoviSau la:msiamuraensusuusonisikusmisiiazaoulasaialumsuudvetivdoltion

3.5 wanisus:guaunuingy
wanisuszguaunuingudoussnoudoainuininoiug Ussaunistd asldouinaodevlaaasviunissanisnoiulasaiafunisuudy wuda

FIT$oTAWIRUSOUAUFMNUINIOAWIUTUTADINGNADY IkV1ay BrowlulUTatunistrlUUGUE nazdoandevriuusunueveovAnsnstifinu loana
mswosturdonaiaididunugiulunissarideiausiiusdirksunistinuon1vluditunisawarduacUISYaoUIIazAIUWSDTDVOVANS
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01510 2. nuon1wvnisinluna:ovRuguaikgeInUssGultyRIE1ATY IIazaIRQSINIK

dunaznasio TSM nuanivnisniluna:doviugUdikgAwauuadu na: Hierarchy of Controls

Aa1udvAns rkualAsvasvevAns UNUINKUINA la:gsuRaseudunNUUasaiaikdaiou Sarulaura SMS/Target
TSM: nasaniswunviudusn, N1s to Zero, Safety KPI l1ass:uusiaviu Near Miss uuliinatolnu loafdoves PDCA sourunisdoansaon
$anisnasussnnua:laaans, n1suskis Y MseUsU NsagwiisLRLTd IIa:msUs:Tu ROSI Ieatuayumsdaaufousvuskis soufvdari
Jdan1s n1sdiAsizKawUs:tuna SOP/WI d1rSunissamsaudFarie nisns:oatkin n1sdasaaud mMsidvika MsUURNKANgIU

nasnisUsziiunia wiounouAuionaisiiazdaaiurasg1vidus:uy
Hierarchy of Controls: Administrative Controls

dwunmsufuanisuudv TSM: msdamis  dari1 Flowchart/SOP dksunisiausonvmozunaiiazaniau Us:iu Route Risk 1azikua Route

nasidusn, Card/JSA/CCP WokraniaavkdoUsuiuaguidun1o 5ovioa1 9awn kdeUstinnsoRAoUIFaw
N1SUSKISYaN1S N1SJIASIEKIIaL GPS/TMS/Telematics llas DMS @aauiduniv Ao1WISd lazika@aund wsauritrua KPI llasszuu
Usuijuwa Accident/Near Miss Reporting Wo31ns1tKila:Uovriuikgdh souivdarii ERP, SOS/Crash

Notification gunsnigniau na: PPE laarikuagSufiasou nisuszaiuviu n1stingou na:misdioaiu
Us:ansrastiocoltion

Hierarchy of Controls: Administrative—SOP/Investigation; Elimination + Substitution +
Engineering + Administrative—Route Risk; Engineering + Administrative—GPS/Data;
Engineering + Administrative + PPE—Emergency

dauwlinvau wauuistuu HRD dog Training Needs/Matrix, Driver Profile laznisus:idunanau-ravausy wsou
TSM: nasdanaswinviudusn Safety Rewards nouAu Driving & Rest Hours Tagf Backup Driver, GPS nia: DMS IWoaanUIRToe
&1 riakua Fitness for Duty 11a: Zero Alcohol Policy 8 Alcohol Interlock/s:uu@aaiunoiuwsau Uuiin
wa nasssvunisufuavuidelusuincuri
Hierarchy of Controls: Administrative—Training/Rewards; Substitution + Engineering +
Administrative—Driving/Rest/Fatigue; Elimination + Engineering + Administrative—Fitness for

Duty/Alcohol/Drug
GugIUWIRUE 13 GPS/Telematics 1ia: Fuel KPI faauwUs:anSnws1eAu Soufu Pre-trip Inspection, Checklist na:
TSM: nasdanassn inturi Hold/Release ios:vusnflijuasarie Sari1 Preventive Maintenance iia: Maintenance

History 15 Fleet Management a: ADAS s:)uﬁ\)nallnusnH§aqunsnjﬁl?{auamwﬁoanwléanﬁ
Jaoanand na:diaownados Vehicle Safety KPI

Hierarchy of Controls: Engineering + Administrative—GPS/Data; Elimination—Hold unsafe
vehicle; Substitution—Safer replacement; Engineering—Pre-trip system/ADAS;
Administrative—PM/Checklist/KPI

diuanAanazniguon Wauuns:uu Proactive Voice of Customer lia: Customer Database Toaiignnisuszigudiuusnisiias
TSM: n1susrasdaN1s powUasasia rikuagevn1y Complaint/Feedback doa1s Customer Requirements ||riv§|ﬁ'aoﬁa\)
n1sdiAstknaUstiduna nazGaawnisusudsveinu Dashboard iias KPl dhudssansnawnisuuaviiazaoiuwowoouavgnai

Hierarchy of Controls: Engineering—Database/Dashboard; Administrative—Voice of
Customer/Assessment/Complaint/Communication/Monitoring

4. afiusrawan1sfinyl

wan1sAnw831 UryridiunoiuUasaiauavevdnsnstiAnudldsiioeginisiraliifuiasms ndiRaodoviugendos:k3wdorikuayen
oVANSHUNSSUS AoWITTTD IIa:nsUfUGuevyAains Tagiawizdiuunuinkini Suaeulfuaviu msdeans nsiinousy s:uulonaisiiaziolya aaoasu
n1sdo0iuwa iﬁ\)a:ﬁaudavdwsmo‘muhman‘umsUJjJﬁoé\) (policy-to-practice gap) ToAuwulaaandoviiuiusAanisuskissanisaoulasasia
|Bos:uur‘i?RmowuehﬁtgﬁuuTama A2IWSURABaU N1sGanw laznisusuusvranisatuviu [7] $oUMLASURUNISANBYIAWUS oVANSUUEVATS:GU
n1svan1sAo1uUasanagoo:dstuus1avIu N1SNUNJUUDVHNEUSKIS nasnisdoaisnanisdrduviundulugowdnviuagviduszuu [8] wan1s3iAstR
ankasINikAaiouncusITulunsiUdausnmsusSkisnouUasaiaIBosuRRvwIAEOGoE At MsIATuUMEREVIAA TR Tugnisvanasigostuu
nazigotovriu ToarikuaunuInkinA SOP/WI/ID stuuiioya nistilneusu n1sasovaeu laznisdoniunalikaiuisnasovdougounauld nuon1vdonaid
aoandovnustuunIsYanIsAIUUaoafaNIvaUUR13ovos Plan-Do-Check-Act (PDCA) Tunis owiiwu Jijua asovasu ||a:u§uU§DasJ10da|dao [9]
||a:aao§uﬁumsﬁnmd'numsuua’omounﬁlauaTRGﬁunauUﬁUﬁmu stuuGioaiunasiausn ||a:s:uuswa\>1u||a:aaua3uegUﬁ|Hqﬁl?mou [10] nusnavi
wouurdudouTknyiunisaouaudiuNsuskissanis (Administrative Controls) Iovoinatikasinikirdoutkayinaodoviuulauta Tasvasivaoiy
$uRiasau Juasuu[UavIU MsEineusy Nisdeans stuudeya llazN1siaalura agwlsAau n1sAsuALdIUNISUSKISSaNTsTUADSTEIWavs:duIGad Iid
A9SWOISTUINISMITA NISNAIINU NISAZUALNIDIAINSSU lla:gunsitoviusuns1adouynnasouddEnIuAUIRUILAU Godonndoviuran Hierarchy
of Controls [5] niasusAafiausiRnoWE1ATYTULIOSNSSEAUgOURE1dUSUNMSASUAUSUASTE BVDUS:ENENaUINNIWIASN1SS:AUaTDNIa:EoaaaNTS
#Wowanisns:ritvevyana [11] Tunasurnuoniwluus:andls evdnsaassadrduaiunoiuisvdounaaoiuwsou Taasta:dunssitiunissaria SOP,
Flowchart, Checklist NsHIRUOUNUINKINA JSURQBOU Nlars:UUAIUALADIUIZEDAEIUISDANTGUNISIAAUR 18U NsiiuALIEaGoE GPS latns
0S29AIUWSDUNDUDDINYIU S:8:NaIvAISWUUNS:UU HRD, Training Matrix, Fitness for Duty, msn:)uQuéafuwﬁusnlla:loawm‘ln lla: Preventive
Maintenance dousza:a10A2sWauuIN1sid GPS/Telematics, DMS, Dash Camera, Alcohol Interlock, ADAS nazgaudoyadiunoiulasanair
iSoulaviuns3insitiila:ina1unauevevFAns NsaviasunisiuaauilavwnanssuuovwinviudusnAdsdIiuNISAOUARUNSA00UGBIad U~
Uaearie 15U wansUs:iduaussnus wan1sasoonouwsaunauUfuaviu nsujuaatudoluvdusoiasioawn suounasiualiumsisaotuiSoiiuinourd
91N GPS/DMS Ikan1stiifiouifiagUaIikg Nan1sasodlioanagadkioansiawda Ilaznani1sasooaniwsn wsounvidnisiasuiisviZouon nsangow K§o
sw3adunnulasarie IWeatiuayuliwndnssuiuasasieaiiadustdivdeltow Joyadonaionosgnuiidngovos PDCA iwenunouna:Usudsourasnis
atvdoition [9] ogvTsAau ifovorngignson FGD 1uginusinkuoaviuniaiuevdnsidaoiuna:fsniseAusiasouriu nisiaavaoiuAaIRuaoldsy
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3nEWa9INUNUIN KA 12:A0UEUWUSIBLaVANSUaYHITNSON IT3INsAaIFeNnIuURevR:AsauUnguUEIRaddavloaasvonkar adhaia:dalomaliidas
dhenauanouAaiRunauasUywasouniuiaiu nisussgullaidnisavaznuunuuliidoimadoaukSoddiidusian sdas: SoAdswostuIdasinadvnaiofu
n1sdAuNa uanvnd nsAnundibunstiAnuivevUs:nounisuudvikeidas nisuinaluustgndidiuevAns3undsioIstuIAIILIG NAvAIUTUIA
2VANS UstNNFUAT 1§Un1v lassUiiuunisdiumu nazaasmsnaaevdniiusnivluigosowsoudaniunasasend weustidunisiaaunuavuondadsa
aupuJasananeuliatkavn1sanduuIasnis

5. asUwanisAnun

msAnutwudn UnyridunoiulasanafunisuuavaudidoasaussnnuavevAnsnstdAnutudyruges:uu laadinudAtyAebtondto
stkdwdorKUOUEVEVANSAUNISUNTUUGUGISY Msiowinisdeaisdoaon9iiainisusSKIsIZosu nasasunisunas:uudoyana:nalnda awnanidoulay
fu domalkmssug Aowidnto na:nsufuduevynainsiiaeandeviu 1USNLAWMUITUIOLPIUAEUNISSaN1SOINNISWIWIY AAATIAzMSITUTYRIKADIAQ
Ik TUdszuuiBotovriuRiouTavulaura unuInKiIA SOP N1SAUANADIVISINAENISIAUSD NMSTONISAIIUWSOLULLWINDIU NISOSIDIA:UISHSNLEIST
inalulagialivayu s:uudaya na:nsdaaiuwaidndoanu Toaystuinisnsaunisio 5 duvey TSM soururandrdusunisnouauduasie (Hierarchy of
Controls) wan1sUszguaunuinguwudi gidagouiRudniuon1vavnaolnoiugndev ikurtay TaowilululafunisinlUUfUa nazaoandevriuusunuev
avANsNstiAnw Avd AssUusnwludndumsiBudrduarunoiuwsouuevevAnsiiazdaaiunadoadagsadiunoiulasaiaionisusuusvadin
doltiov

6. nadinssuus:nA
QA598ULUBUATURUSKIS yaainsdanisdruaculasanafunisuugy isrdnealjuanisuudw naswinviugusnvevevAnsnstidnul AR
no1wsoudalumsifiusousoudayanaznisussyuaunuingu sounvEnsvAtuQia:dIBaoytyniRdeiauanuduiluds:lasidonisdudunisddanaznis

wauuanuonnmisiiluna:Uevriuguairalunisuudvaudidoasaussnn

7. aoawdandvnivraus:lasu
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Abstract

Background:

Protective gloves are essential personal protective equipment (PPE) for controlling occupational exposure to chemicals, cuts, abrasions,
and thermal hazards. However, inappropriate glove selection, excessive issuance, improper storage, and unnecessary disposal may
increase operating costs and generate avoidable material waste. A systematic glove management approach is therefore needed to
promote appropriate glove utilization and improve resource efficiency.

Objective:

To develop and evaluate a systematic glove management system for reducing unnecessary glove consumption and purchasing costs while
ensuring that gloves remained available according to work requirements.

Methods:

This quality improvement project was conducted at a manufacturing factory in Rayong Province, Thailand. Glove issuance data from
three work areas were reviewed to identify the area with the highest glove utilization. Manual Packing recorded the highest glove issuance,
with 350 pairs issued during the baseline assessment period, compared with 125 pairs in Workshop and 67 pairs in Process Common.
Manual Packing, where employees performed manual packing tasks involving potential cut hazards and routinely used cut-resistant
gloves, was therefore purposively selected as the pilot area. The project involved employees from one Manual Packing section who
routinely used protective gloves.

Baseline observations were conducted to assess glove selection, issuance, utilization, storage, and disposal practices. The developed
system comprised task- and hazard-based glove selection; an issuance limit of three pairs per employee, with documented justification for
additional requests; visual communication boards; employee awareness training; reuse only when gloves remained suitable and
uncontaminated; and routine supervisory monitoring. Glove issuance, estimated purchasing costs, storage practices, disposal practices,
and workplace organization were assessed before and after implementation. Because only aggregate measurements from the pre - and
post-implementation periods were available, the findings were analyzed descriptively using frequencies, percentages, cost estimates, and
percentage changes. No inferential statistical testing was performed.

Results:

The project established a standardized glove management process covering glove selection, controlled issuance, approval of additional
requests, safe reuse criteria, storage, disposal, and supervisory monitoring. Glove issuance in Manual Packing decreased from 350 pairs
during the baseline assessment to 300 pairs after implementation, representing 50 fewer pairs issued and a 14.3% reduction. At a unit
price of 9 THB per pair, the reduction was equivalent to approximately 450 THB per assessment period. If the observed reduction is
maintained each week, the projected annual saving would be approximately 23,400 THB.

Post-implementation observations also indicated improvements in glove storage, workplace organization, and employee awareness of
appropriate glove use. Gloves remained available for employees based on work requirements, and additional gloves could be requested
with documented justification. However, occupational injury outcomes and quantitative PPE compliance were not evaluated. The
reduction in glove issuance should therefore be interpreted as improved resource utilization rather than evidence of improved workplace
safety. Moreover, actual glove waste was not weighed; consequently, the reduction in issued pairs represents a potential reduction in
material entering the waste stream rather than a directly measured reduction in waste.

Conclusion:

The systematic glove management system reduced glove issuance and estimated purchasing costs while establishing standardized
procedures for glove selection, distribution, reuse, storage, disposal, and monitoring. The findings demonstrate the potential value of a
simple administrative approach for improving PPE resource management. However, the project was conducted in a single pilot area, used
only aggregate pre- and post-implementation data, and did not directly measure glove waste, PPE compliance, or occupational injuries.
Future studies should include repeated measurements over longer periods, comparison areas, quantitative waste assessment, wor ker
safety indicators, and life-cycle or carbon-footprint analyses. The applicability of this approach to other departments and types of PPE
should also be evaluated.
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Glove Management; Cost Reduction; Waste Reduction; Personal Protective Equipment (PPE)
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Abstract

Construction activities involve multiple high-risk operations, including work at height, electrical tasks, and confined space entry,
which are associated with substantial occupational hazards. The Permit-to-Work (PTW) system is an important administrative control for
managing these activities; however, traditional paper-based processes may result in incomplete documentation, limited traceability,
document loss, and delays in information retrieval and approval. This study aimed to develop and implement a Smart Work Permit (SWP)
system integrated with a centralized database to improve work permit management, data traceability, and construction safety
management. A research and development (RED) approach was applied, comprising workflow analysis and problem identification, user
requirement assessment, system development, and pilot implementation at a construction project in Thailand. The SWP system was
developed using Google Sheets and Google Apps Script as the database and backend infrastructure, with HTML, CSS, and JavaScript
supporting the web-based user interface and system functions. The system was evaluated by six safety officers (n = 6) from three
contractor companies responsible for electrical, plumbing, and air-conditioning works. Perceived system efficiency and user satisfaction
were assessed using structured questionnaires with a 5-point Likert scale and analyzed using descriptive statistics. The SWP system
received a high overall perceived system efficiency rating (mean + SD = 4.47 + 0.63) and very high user satisfaction (mean + SD = 4.66 +
0.49). Convenient access to historical records received the highest efficiency rating (mean = 4.83), while reduction in approval-process
complexity and perceived reduction in data-entry errors compared with paper-based documentation were both rated highly (mean =
4.50). Users also reported very high satisfaction with reduced reliance on paper-based documentation (mean = 4.83) and intention to use
the system in future projects (mean = 4.83). The centralized digital workflow supported permit status tracking and retrieval of historical
records, facilitating the traceability and accessibility of permit information. The Smart Work Permit system showed practical feasibility
and high user acceptance as a digital solution for construction safety management by integrating permit submission, approval,
centralized data storage, status monitoring, and traceability within a single web-based platform. The findings support its potential to
strengthen documentation control and information accessibility while reducing reliance on paper-based processes. Further evaluation
with larger and more diverse user groups and objective performance indicators is required to determine its effectiveness in improving
permit-processing efficiency and safety outcomes.
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Abstract

This study aimed to examine the level of work-related fatigue among employees and to compare fatigue levels before and after
participating in physical exercise activities. The sample consisted of 40 employees from a case-study company located in Chachoengsao
Province, selected through purposive sampling. The research instruments included a work-related fatigue assessment form covering six
body regions: neck, trunk, legs, upper arms, lower arms, and wrists, together with a set of physical exercise activities. The statistical
methods used for data analysis included percentage, mean, and paired-samples t-test. The findings revealed that, among the 40
participants, fatigue levels in all six body regions decreased after participating in the physical exercise activities. The reduction in fatigue
scores, ranked from the greatest to the least decrease, was as follows: trunk, with a reduction of 125 points; wrists, with a reduction of 113
points; neck, with a reduction of 111 points; upper arms, with a reduction of 62 points; legs, with a reduction of 54 points; and lower arms,
with a reduction of 21 points. The hypothesis testing results indicated that the fatigue levels of the participants in all six body regions—
trunk, wrists, neck, lower arms, upper arms, and legs—were significantly different before and after participating in the physical exercise
activities at the p <.001 level of statistical significance.

Keywords:

physical exercise activities; fatigue; employees
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Abstract

Indoor air quality (IAQ) is a critical factor influencing human health, well-being, and occupational or academic performance.
This study aimed to (1) examine the relationship between the number of students and carbon dioxide (CO,) concentrations, (2) investigate
the accumulation of CO; in classrooms, and (3) assess the effects of elevated CO, levels on students’ learning performance. The study was
conducted among 80 third-year Occupational Health and Safety students selected by simple random sampling from a total population of
99 students during the second semester of the 2025 academic year. Data were collected using a CO, meter and a structured questionnaire
regarding symptoms and their effects on concentration during class. Descriptive statistics, including mean, minimum, maximum, standard
deviation, and percentage, were used for data analysis. The results indicated that classroom CO, concentrations progressively increased
from pre-class to during-class and post-class periods. In some classrooms, CO,, levels reached 2,000-4,000 ppm, exceeding the
recommended IAQ guideline value of 1,000 ppm. Furthermore, students reported that classroom air quality had a substantial effect on
their concentration (mean score = 4.51), while studying in poorly ventilated classrooms significantly reduced concentration levels (mean
score = 4.16). Commonly reported symptoms included drowsiness, fatigue, and headaches. In conclusion, the accumulation of CO,
resulting from inadequate ventilation and high occupant density may adversely affect indoor air quality and students’ learning
performance. Therefore, improvements in classroom ventilation systems and regular monitoring of CO, concentrations are strongly
recommended.

Keywords:

carbon dioxide, indoor air quality, classroom, concentration, ventilation
1. Introduction

Indoor air quality (IAQ) is a critical factor influencing human health, well-being, and work or learning performance. In daily life,
individuals spend a considerable amount of time indoors, whether in educational buildings, offices, or other workplaces. When ventilation
is inadequate, indoor air pollutants may accumulate and adversely affect occupants’ health in both the short and long term, while also
reducing the efficiency of activities performed indoors [1].

Indoor air pollution can originate from multiple sources, including human respiration, building materials, equipment use, and
insufficient ventilation. One of the most important indicators of IAQ is the concentration of carbon dioxide (CO.), a gas generated through
human respiration and commonly used as a proxy measure of ventilation effectiveness within buildings [2]. In areas with high occupant
density or a large number of users, combined with insufficient ventilation, indoor CO, concentrations tend to increase over time [3]. Several
organizations, including the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), recommend that indoor
CO, concentrations should not exceed 1,000 parts per million (ppm) [4], as higher levels may indicate inadequate ventilation and may
negatively affect cognitive performance, concentration, and decision-making ability [5].

Numerous studies have reported that elevated indoor CO, concentrations are associated with declines in cognitive performance
[6, 7]. The research found that increased CO, levels could impair analytical thinking, problem-solving ability, and decision-making
performance [8]. The higher CO, concentrations were associated with reduced cognitive function. In addition, poor indoor air conditions
may contribute to symptoms such as drowsiness, fatigue, and headaches [9].

Within educational settings, classrooms are particularly vulnerable to CO, accumulation because many students occupy enclosed
spaces for prolonged periods. This issue is especially pronounced in classrooms with limited or ineffective ventilation systems, where CO,
concentrations may continuously rise during teaching sessions [10]. Elevated CO, levels may subsequently impair students’ concentration,
alertness, and learning performance [6]. Preliminary observations among third-year Occupational Health and Safety students indicated
that some classrooms accommodated approximately 50 students per room and had limited ventilation, with several students reporting
drowsiness, fatigue, and reduced concentration during class, potentially due to CO, accumulation.

Therefore, investigating the accumulation of carbon dioxide in classrooms, together with its effects on students’ concentration
and learning performance, is of considerable importance. The findings may provide valuable evidence for improving classroom ventilation
systems and developing healthier, safer, and more supportive learning environments for students in the long term.

2. Materials and Methods
2.1 Population and Sample

The population in this study consisted of third-year Occupational Health and Safety students at Prince of Songkla University who
were enrolled during the semester in which the research was conducted and attended classes in the classrooms selected as the study area.
The total population comprised 99 students.

The sample group was selected using simple random sampling to ensure that all students in the population had an equal
opportunity to participate. Eligible participants were required to attend classes during the periods in which indoor air quality measurements
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were conducted. The sample size was determined using the formula proposed by Krejcie and Morgan at a 95% confidence level. Based on
a population of 99 students, the required sample size was calculated to be 80 participants.
2.2 Data Collection Procedures
The data collection procedures were conducted systematically as follows:
2.2.1 Preparation of the Study Area
The classrooms selected as the study area were coordinated with relevant instructors and academic staff prior to data
collection. Preliminary inspections were conducted to assess classroom characteristics, including room size, seating arrangement, number
of doors and windows, air-conditioning systems, and general ventilation conditions.
2.2.2 Preparation of Instruments
A calibrated portable carbon dioxide (CO,) meter was prepared prior to each measurement session to ensure accuracy
and reliability. The questionnaire was also reviewed for completeness and suitability before distribution to participants.
2.2.3 Measurement of Carbon Dioxide (CO,) Concentrations
CO, concentrations were measured during actual teaching sessions under normal classroom operating conditions.

Measurements were conducted at three representative locations within each classroom:

. Front of the classroom
. Center of the classroom
. Rear of the classroom

The instrument was positioned at breathing-zone height (approximately 1.0-1.5 meters above floor level) and placed away
from direct airflow sources such as air-conditioner vents, windows, or doors.
2.2.4 Measurement Periods

CO, concentrations were recorded during three specific periods:
. Before class: prior to student occupancy or at the beginning of room use
. During class: while teaching and learning activities were in progress
. After class: immediately after the class session ended

Repeated measurements were taken at each point and the average value was recorded.

2.2.5 Recording Environmental Conditions
At the same time as CO, monitoring, relevant environmental and occupancy data were documented, including Number

of students present, Duration of the class session, Classroom occupancy density, Use of air-conditioning systems, Door and window status
(open/closed), General ventilation characteristics
2.2.6 Questionnaire Distribution
After completion of the classroom session, questionnaires were distributed to the selected participants. Students

completed the questionnaires independently. The questionnaire focused on perceptions of classroom air quality, concentration during
learning, and symptoms related to poor ventilation, such as drowsiness, fatigue, headache, and reduced attention.

3. Results

3.1 CO, Concentration Patterns

Figure 1. CO, Concentration Trends in Classrooms Across Different Time Periods
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Figure 1. CO; Concentration Trends in Classroom across Different time Periods.

Figure 1. The results demonstrated a clear temporal pattern of increasing carbon dioxide (CO;) concentrations across all
classrooms. Pre-class CO, levels were generally within acceptable limits, ranging from approximately 500 to 700 ppm, which is consistent
with normal indoor background concentrations under low occupancy conditions. However, CO, concentrations increased substantially
during class sessions, frequently exceeding 2,000 ppm in several classrooms.

In some cases, particularly in Classroom LC319, peak CO, concentrations reached approximately 3,000-4,000 ppm during
occupancy and remained elevated even after the class session had ended. This persistence suggests that the indoor air was not sufficiently
refreshed following occupancy, indicating delayed pollutant removal and inadequate post-occupancy ventilation recovery.

The observed trend can be explained by the imbalance between occupant-generated CO, emissions and the available ventilation
rate. As the number of students increased within an enclosed space, CO, accumulated progressively when fresh air exchange was
insufficient to dilute indoor contaminants. This finding indicates poor ventilation efficiency and inadequate air exchange rates relative to

classroom occupancy load.
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From an indoor environmental quality perspective, prolonged exposure to such elevated CO, concentrations may contribute to
discomfort, drowsiness, reduced concentration, and lower cognitive performance among students. Therefore, the results highlight the
importance of improving classroom ventilation systems, especially in densely occupied learning environments.

Figure 2. The heatmap illustrates the spatial and temporal distribution of carbon dioxide (CO,) concentrations in three classrooms
(LC202, LC204, and LC319) measured at the front, middle, and back positions during three time periods: before class, during class, and
after class. Overall, CO, concentrations were lowest before class in all classrooms, ranging from approximately 530 to 680 ppm, which
indicates acceptable indoor air quality under unoccupied or low-occupancy conditions. However, CO, levels increased substantially during
class sessions, particularly in the middle and back areas of the classrooms, reflecting the effect of student occupancy and limited fresh air
exchange.

Among the classrooms, LC319 exhibited the highest CO, concentrations, reaching 4,000 ppm at the back of the room during class.
This value greatly exceeded the ASHRAE recommended guideline of 1,000 ppm, suggesting inadequate ventilation and a high risk of
discomfort and reduced cognitive performance.

After class, CO, concentrations declined in all classrooms but remained elevated above recommended levels in several locations,
especially in LC319. This finding indicates that ventilation rates were insufficient to rapidly remove accumulated indoor pollutants after
occupancy ended. Spatially, the back and middle areas of classrooms consistently showed higher CO,, levels than the front area, possibly
due to weaker airflow circulation and the greater distance from doors, windows, or ventilation sources. These findings demonstrate that
classroom occupancy density and insufficient ventilation significantly contribute to CO, accumulation, which may adversely affect

students’ comfort, concentration, and learning performance.
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Figure 2. CO; Concentrations at Different positions in Classroom

3.2 Impact on Learning Performance
Table 1. Students’ Perceptions of CO, Knowledge, Health Effects, and Learning Performance (n = 80)

No. Variable n Mean SD Interpretation
1 Knowledge regarding CO; in classrooms 80 215 0.45 Low

2 High CO; concentration in classrooms affects health 80 349 0.60 Moderate

3 Symptoms experienced during prolonged classroom sessions 80 3.566 1.88 High

4 Classroom air quality affects concentration during learning 80 451 0.64 Very High

5 Reduced concentration when studying in poorly ventilated classrooms 80 416 0.83 High

6  Time required for symptoms to improve after leaving the classroom 80 1.80 0.64 Low

Table 1. The findings indicate that students had a relatively low level of knowledge regarding CO, in classrooms (mean = 2.15).
However, they moderately agreed that high CO, concentrations may affect health (mean = 3.49). Symptoms experienced during prolonged
classroom sessions were reported at a high level (mean = 3.56). The highest-rated factor was the effect of classroom air quality on
concentration during learning (mean = 4.51), followed by reduced concentration in poorly ventilated classrooms (mean = 4.16). These results
suggest that students clearly perceived the influence of indoor air quality on their academic performance. In contrast, the time required for
symptoms to improve after leaving the classroom was rated low (mean = 1.80), indicating that symptoms may have subsided relatively

quickly after exposure ended.
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4. Discussion

The findings of this study demonstrated that carbon dioxide (CO;) concentrations in classrooms increased markedly during
teaching sessions and, in several cases, exceeded the commonly recommended indoor air quality guideline of 1,000 ppm. Peak
concentrations of approximately 2,000-4,000 ppm was observed, particularly in classrooms with high occupancy density and limited
ventilation. These results suggest that the existing ventilation conditions were insufficient to adequately dilute occupant-generated CO,
during class periods. Similar patterns have been reported in previous studies [11], which identified classroom occupancy and inadequate air
exchange as major contributors to elevated indoor CO, concentrations.

The persistence of high CO, levels after class in some rooms further indicates poor air recovery and limited post-occupancy
ventilation. This finding is important because it reflects not only temporary overcrowding, but also a broader deficiency in classroom
ventilation performance. In practical terms, classrooms with slow air turnover may remain suboptimal for subsequent users unless
adequate ventilation is provided between sessions [12].

In terms of student perceptions, participants reported that classroom air quality had a strong effect on concentration, with the
highest mean score recorded for the impact of air quality on learning focus. Reduced concentration in poorly ventilated classrooms was
also rated highly. These findings are consistent with previous research showing that elevated CO, concentrations and inadequate
ventilation may impair attention, working memory, and decision-making ability [7]. Although CO, itself may also function as an indicator
of insufficient fresh air supply rather than the sole causal agent, its accumulation is strongly associated with conditions that reduce
cognitive performance.

Students also reported symptoms such as drowsiness, fatigue, and headaches during prolonged classroom sessions. These
symptoms are commonly associated with poorly ventilated indoor environments and may interfere with classroom engagement, alertness,
and academic productivity [13]. The combination of reduced concentration and physical discomfort suggests that poor indoor
environmental conditions may adversely affect both well-being and learning efficiency.

Interestingly, while students demonstrated relatively low knowledge regarding CO, in classrooms, they were still able to recognize
its practical effects on health and concentration. This may indicate that students experience the consequences of poor air quality directly,
even without formal awareness of IAQ indicators or ventilation concepts. Therefore, educational interventions related to indoor
environmental health may help improve awareness and encourage behaviors that support healthier classroom conditions.

Overall, the findings highlight the importance of effective ventilation management in educational buildings. Strategies such as
increasing outdoor air supply, maintaining HVAC systems, opening doors or windows during breaks, and adjusting classroom occupancy
relative to room capacity may help reduce CO, accumulation and improve learning conditions. Continuous monitoring of indoor air quality
should also be considered as part of routine environmental management in universities.

5. Conclusion

This study found that carbon dioxide (CO,) concentrations in classrooms increased substantially during teaching sessions, with
several measurements exceeding the recommended indoor air quality guideline of 1,000 ppm. The highest levels were observed in
classrooms with high occupancy density and limited ventilation, indicating insufficient air exchange under normal teaching conditions.
Students also reported that classroom air quality had a significant impact on concentration and learning performance. Common symptoms
such as drowsiness, fatigue, and headaches were frequently reported, suggesting that poor ventilation may adversely affect both comfort
and cognitive function during class.

Overall, the findings emphasize that inadequate ventilation and CO, accumulation may compromise the quality of the learning
environment. Improving classroom ventilation systems, managing occupancy levels, and implementing regular indoor air quality
monitoring are essential measures to promote student well-being and support effective learning outcomes.
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Abstract

The rapid advancement of digital technology has made smartphones essential for university students, but prolonged screen
exposure may negatively impact eye health. This study aimed to examine smartphone usage behavior and its association with eye health
among undergraduate students. A cross-sectional study was conducted among 99 students. Data were collected using a structured
questionnaire covering demographic characteristics, smartphone usage patterns, and eye-related symptoms, along with visual acuity
assessment using a Snellen chart. The findings revealed that prolonged smartphone use was highly prevalent, with 68.7% of participants
reporting usage exceeding 7 hours per day. Eye-related symptoms were commonly reported at a moderate level, with eye strain being the
most prominent (mean = 2.61, SD = 0.68). In addition, 85.9% of students were found to have visual impairment. A statistically significant
association was identified between smartphone usage duration and the severity of eye strain (p = 0.028). These findings suggest that
excessive smartphone use may contribute to increased visual discomfort among students. Targeted interventions, including prom oting
appropriate screen use behaviors and enhancing digital health awareness, are recommended to reduce the risk of eye-related problems.
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Smartphone Usage; Digital eye strain; University Students
1. Introduction

The rapid advancement of digital technology has profoundly transformed modern lifestyles, particularly among university
students, who increasingly rely on digital devices in both academic and personal contexts [1]. Smartphones have become indispensable
tools for a wide range of activities, including accessing learning materials, participating in online classes, communicating through various
platforms, and engaging in entertainment [2, 3]. This widespread and continuous use has led to a substantial increase in daily screen time
among this population [4]. However, prolonged and uninterrupted exposure to digital screens has raised growing concerns regarding its
potential adverse effects on health [5]. The particular importance is the impact on eye health, as extended screen use has been associated
with a range of visual and ocular symptoms, including eye strain, dryness, blurred vision, and visual fatigue [6]. These issues not only affect
students’ well-being but may also influence their academic performance and overall quality of life.

Digital eye strain (DES), also referred to as screen vision syndrome, encompasses a range of ocular and visual symptoms that arise
from prolonged exposure to digital screens and sustained near-vision tasks [7]. The condition is multifactorial in nature, involving both visual
demands and environmental factors, such as screen brightness, viewing distance, and reduced blinking rate during device use [8].
Commonly reported symptoms include eye fatigue, dryness, irritation, blurred vision, and headaches, which may vary in severity depending
on the duration and pattern of device usage [5]. In addition to these immediate symptoms, prolonged exposure may also contribute to
cumulative visual discomfort and reduced visual efficiency over time. Previous studies have demonstrated that DES is highly prevalent
among student populations, with reported rates ranging from 50% to 90% [9]. This high prevalence reflects the increasing reliance on digital
devices for both academic and non-academic purposes, highlighting DES as an emerging public health concern in this group.

Several factors have been identified as contributing to the development of digital eye strain (DES), encompassing both behavioral
and environmental determinants. Key factors include prolonged duration of screen exposure, suboptimal viewing distance, inadequate
lighting conditions, and user-related behaviors such as reduced blinking frequency and insufficient rest breaks during continuous device
use [10]. These factors collectively increase visual demand and place sustained stress on the accommodative and ocular surface systems,
thereby exacerbating visual discomfort. In addition, the growing reliance on smartphones for online learning and academic engagement
has further intensified daily screen exposure among students [11]. The transition toward digital and hybrid learning environments has led to
extended periods of near work, often without appropriate ergonomic adjustments. Consequently, students are at an increased risk of
experiencing DES, underscoring the need for greater awareness of healthy device-use practices and preventive strategies.

Despite the growing body of evidence on digital eye strain (DES), relatively studies have specifically focused on university students,
a group that is generally expected to possess a higher level of awareness regarding health risks and preventive practices. This gap in the
literature is particularly noteworthy, as their knowledge and training may influence both their exposure behaviors and their ability to
mitigate associated health effects. Therefore, this study aims to examine smartphone usage behavior and its impact on eye health among
university students in this academic discipline. By identifying patterns of device use and associated ocular symptoms, the findings are
expected to contribute to a better understanding of risk factors and support the development of targeted preventive strategies and health
promotion interventions within the student population.

2. Materials and Methods
2.1 Study Design and Participants

A cross-sectional descriptive study was conducted among undergraduate students. The study population consisted of students
who were actively attending courses during the data collection period. A total of 99 participants were recruited using purposive sampling,
based on their availability and willingness to participate in the study.
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This study design was selected to provide a smartphone usage behaviors and associated eye health outcomes within the target
population at a specific point in time. The use of purposive sampling allowed for the inclusion of participants who met the predefined study
criteria, ensuring the relevance of the collected data to the research objectives.

2.2 Data Collection

Data were collected using a structured questionnaire and visual acuity assessment. The questionnaire was designed based on a
review of relevant literature and consisted of three main sections: (1) demographic characteristics, including gender; (2) smartphone usage
behavior, such as average daily duration of use; and (3) eye-related symptoms, assessed using a Likert scale ranging from 1 (none) to 5
(severe).

Participants were asked to complete the questionnaire independently under the supervision of the researcher to ensure
completeness and accuracy of responses. In addition to the self-reported data, visual acuity was assessed using a standard Snellen chart
under controlled environmental conditions, including appropriate lighting and standardized viewing distance.

Data collection was carried out during scheduled class sessions to ensure a high response rate and consistency in the
administration process.

2.3 Validity

The questionnaire was developed based on previously published studies and relevant theoretical frameworks related to digital eye
strain and smartphone usage. Content validity was evaluated by a panel of experts in occupational health and safety, who reviewed the
instrument for clarity, relevance, and appropriateness of each item.

2.4 Data Analysis

Descriptive statistics were employed to summarize the characteristics of the study population and key variables. Frequency and
percentage were used to describe categorical variables, while mean and standard deviation (SD) were calculated for continuous variables,
particularly eye-related symptom scores.

Inferential statistical analysis was conducted to examine the association between smartphone usage duration and the presence
of eye strain symptoms. The chi-square (x?) test was applied to assess differences between categorical variables. Prior to analysis, data
were checked for completeness and consistency.

3. Results

The demographic characteristics of the participants showed that the majority were female, accounting for 85 individuals (85.9%),
while male participants comprised 14 individuals (14.1%). This distribution indicates a predominance of female students in the study
population, which should be considered when interpreting the findings, particularly in relation to potential gender-related differences in
smartphone usage and eye health outcomes.

3.1 Smartphone Usage Behavior
Table 1. Daily Smartphone Usage Duration

Duration Eye strain (n) % No symptom (n) %

< 4 hours 8 8.08 10 10.10
4-7 hours 20 20.20 12 1212
>7 hours 38 38.38 M nn

Table 1. The distribution of eye strain symptoms according to smartphone usage duration revealed a clear increasing trend with
longer exposure time. Among students who used smartphones for less than 4 hours per day, 8 participants (8.08%) reported experiencing
eye strain, while 10 participants (10.10%) reported no symptoms.

In the group using smartphones for 4-7 hours per day, the number of students reporting eye strain increased to 20 (20.20%),
compared to 12 (12.12%) who reported no symptoms. Notably, among those using smartphones for more than 7 hours per day, the highest
proportion of eye strain was observed, with 38 participants (38.38%) reporting symptoms, whereas only 11 participants (11.11%) reported
no symptoms.

Overall, these findings indicate that the prevalence of eye strain tends to increase with longer smartphone usage duration,
suggesting a potential association between prolonged screen exposure and the occurrence of eye-related symptoms.

3.2 Eye-Related Symptoms
Table 2. Eye Symptoms

Symptom Mean sD Level
Eye strain 2.61 0.68 Moderate
Eye dryness 2.48 0.64 Moderate
Blurred vision 2.32 0.59 Moderate
Headache 2.27 0.62 Moderate

Table 2. The result of eye-related symptoms indicated that all reported symptoms were at a moderate level. Among the symptoms
assessed, eye strain had the highest mean score (mean = 2.61, SD = 0.68), followed by eye dryness (mean = 2.48, SD = 0.64), blurred vision
(mean =2.32, SD = 0.59), and headache (mean =2.27, SD = 0.62). These findings suggest that participants commonly experienced multiple
visual discomfort symptoms, with eye strain being the most prominent. The relatively consistent standard deviation values across
symptoms indicate a similar level of variability in responses among participants.
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3.3 Visual Acuity
Table 3. Visual Acuity Results

Category n %

Normal 14 141
Moderate impairment 69 69.7
Severe impairment 16 16.2

Table 3. The results of visual acuity assessment revealed that most participants had impaired vision. Specifically, 69 students
(69.7%) were classified as having moderate visual impairment, while 16 students (16.2%) exhibited severe impairment. In contrast, only 14
students (14.1%) were found to have normal visual acuity. These findings indicate a high prevalence of visual impairment among the study
population, with most students experiencing at least a moderate level of visual dysfunction.
3.5 Association between Smartphone Use and Eye Strain
Table 5. Association between Smartphone Use and Eye Strain

Usage Duration Low Moderate-High p-value
<7 hours 18 13
>7 hours 10 58 0.028

The association between smartphone usage duration and the level of eye strain was examined using the chi-square test. The
results demonstrated a statistically significant relationship between the two variables (p = 0.028). Among participants who used
smartphones for < 7 hours per day, 18 individuals reported low levels of eye strain, while 13 reported moderate to high levels. In contrast,
among those using smartphones for more than 7 hours per day, only 10 participants reported low levels of eye strain, whereas a
substantially higher number (58 participants) experienced moderate to high levels.

These findings suggest that prolonged smartphone use is significantly associated with increased severity of eye strain, indicating
that students with longer daily exposure are more likely to experience greater visual discomfort.

4. Discussion

The findings of this study indicate a high prevalence of prolonged smartphone use among university students, with the majority of
participants reporting daily usage exceeding 7 hours. This pattern is consistent with previous studies, which have documented a substantial
increase in screen time among students, particularly in the context of digital learning environments [12].

In terms of ocular symptoms, the present study found that eye strain was the most prominent symptom, followed by eye dryness,
blurred vision, and headache, all at a moderate level. These findings are in line with those reported by Sheppard and Wolffsohn (2018), who
identified eye strain and dryness as the most commonly reported symptoms of digital eye strain (DES) [13]. Similarly, Dyrek M., et al. (2024)
highlighted that prolonged near work and reduced blinking during screen use contribute significantly to visual discomfort and ocular
surface instability [14].

The prevalence of visual impairment observed in this study was notably high, with more than 80% of participants exhibiting
moderate to severe impairment. This finding appears to be higher than that some studies that found a lower prevalence of visual
disturbances among students [15, 16]. One possible explanation for this discrepancy is the increased reliance on smartphones in recent
years, particularly following the shift toward online and hybrid learning modalities, which may have led to longer exposure durations and
greater visual demand.

Importantly, the results demonstrated a statistically significant association between smartphone usage duration and the severity
of eye strain (p = 0.028). This finding is consistent with previous research indicating that longer screen exposure is a key risk factor for DES
[17]. Prolonged use of digital devices has been shown to increase accommodative stress and reduce blink rate, thereby exacerbating
symptoms such as eye fatigue and dryness.

Moreover, behavioral factors may also play a critical role in the development of symptoms. For example, continuous smartphone
use without adequate rest breaks and suboptimal viewing conditions may intensify visual strain. This is supported by findings from Coles-
Brennan., et al. (2019), who emphasized the importance of ergonomic practices and regular breaks in reducing DES symptoms [18].

Taken together, the findings of this study reinforce the growing concern regarding the impact of excessive smartphone use on eye
health among university students. The consistency of these results with existing literature strengthens the evidence that prolonged digital
device use is a significant contributor to visual discomfort and highlights the need for preventive strategies.

5. Limitations and Suggestion

This study has several limitations that should be considered when interpreting the findings. First, the cross-sectional design
restricts the ability to establish causal relationships between smartphone usage and eye health outcomes. As data were collected at a
single point in time, temporal associations cannot be determined. Second, the reliance on self-reported data may introduce recall bias and
potential inaccuracies in reporting smartphone usage behaviors and symptom severity. Third, the study was conducted within a single
academic program, which may limit the generalizability of the findings to other student populations with different academic backgrounds
or learning environments.

Despite these limitations, the study provides valuable insights into the prevalence and patterns of smartphone-related eye health
issues among university students. The findings highlight the need for increased awareness of digital eye strain and its associated risk
factors. Universities and educational institutions are encouraged to implement targeted health promotion programs, including guidance
on appropriate screen use, ergonomic practices, and regular visual breaks. Furthermore, integrating digital health literacy into academic
curricula may help equip students with the knowledge and skills necessary to mitigate potential health risks associated with prolonged
smartphone use.

6. Conclusion
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Prolonged smartphone use was found to be highly prevalent among university students, with a substantial proportion reporting
daily use exceeding 7 hours. Eye-related symptoms were commonly experienced at a moderate level, particularly eye strain, which emerged
as the most prominent complaint. A high prevalence of visual impairment was also observed among participants. Notably, a statistically
significant association was identified between extended smartphone use and increased severity of eye strain, underscoring the potential
impact of excessive screen exposure on students’ visual health.
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