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Abstract

The textile industry is one of the largest global manufacturing sectors, characterized by complex technological processes,
labor-intensive operations, and significant exposure to occupational hazards. Workers are routinely subjected to physical,
chemical, biological, ergonomic, and psychosocial risks that may lead to acute injuries, chronic occupational diseases,
and reduced productivity. This study provides a comprehensive assessment and analysis of professional risks in the textile
industry, integrating hazard identification, qualitative and quantitative risk assessment methods, and preventive strategies.
The research synthesizes recent scientific findings, regulatory frameworks, and best-practice models to develop a
structured risk assessment framework applicable to textile enterprises. Key hazards include cotton dust exposure, noise
pollution, chemical agents used in dyeing and finishing, repetitive motion injuries, heat stress, and unsafe machine
operations. The paper proposes a multi-level risk management model incorporating engineering controls, administrative
measures, and personal protective equipment (PPE). Flowcharts and analytical diagrams are developed to visualize
hazard pathways, risk evaluation processes, and mitigation strategies. The findings emphasize the necessity of systematic
occupational risk management, continuous monitoring, and worker training programs to ensure sustainable and safe
textile production.
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1. Introduction manufacturing. Workers are exposed to a combination of
physical (noise, vibration, heat), chemical (dyes, solvents,
finishing agents), biological (microbial contamination), and
ergonomic (repetitive movements, awkward postures)
hazards.

The textile industry plays a critical role in economic
development and employment worldwide. However, its
production processes involve multiple hazardous operations
such as spinning, weaving, dyeing, finishing, and garment
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Occupational risk assessment is a systematic approach to
identifying hazards, evaluating the likelihood and severity
of adverse outcomes, and implementing preventive
strategies. Modern approaches emphasize proactive hazard
management, integrating industrial hygiene, ergonomics,
and health surveillance to minimize professional risks.

2. Major Occupational Hazards in The Textile
Industry

Studies report that over 70% of textile workers are exposed
to excessive noise and dust, while ergonomic disorders
affect more than 60% of employees.

According to observation of many years scientists indicate
four major hazards in the textile industry:

1. Physical Hazards

e High noise levels from spinning and weaving machines

3. Risk Assessment Methodology

3.1 Conceptual Framework of Occupational Risk
Assessment
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Heat stress in dyeing and drying units
e  Mechanical injuries from rotating machinery

2. Chemical Hazards

e Exposure to dyes, bleaching agents, formaldehyde, and

solvents

e Respiratory irritation, dermatitis, and chronic toxicity
risks

3. Biological Hazards

e Cotton dust, fungal spores, and microbial
contamination

e Byssinosis, allergic reactions, and respiratory diseases

4. Ergonomic Hazards

Repetitive motions

Prolonged standing or awkward postures
e Heavy manual handling

Occupational risk assessment in the textile industry is a
systematic, structured, and iterative process aimed at
identifying hazards, estimating their risks, and
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implementing  appropriate  control  strategies. The
methodological framework is based on international
standards such as ISO 45001:2018, ILO Occupational
Safety and Health Guidelines, and European Agency for
Safety and Health at Work (EU-OSHA) models.

Risk is generally defined as:
"Risk (R) = Probability (P) x Severity (S)"
where:
P represents the likelihood of occurrence,
S represents the magnitude of potential harm.

This approach ensures both quantitative and qualitative
evaluation of occupational hazards.

The methodology comprises six sequential stages:

Workplace and process analysis

Hazard identification

Exposure assessment

Risk estimation

Risk prioritization

Control strategy selection and implementation

AN

3.2 Workplace and Process Analysis

Textile production involves complex and multi-stage
technological processes:

o  Fiber preparation

e Spinning

e  Weaving / knitting

e Dyeing and finishing

e  Garment manufacturing

Each technological stage presents distinct hazard profiles.
Key Analytical Tools:

e  Process flow mapping

o  Workstation ergonomics assessment
e Job safety analysis (JSA)

e Task-based exposure profiling

Through process decomposition, hazards can be localized
and assessed with higher precision. For example, spinning
departments exhibit high dust concentration, while dyeing
units present chemical and thermal hazards.

3.3 Hazard Identification Techniques

The Am. J. Med. Sci. Pharm. Res. 2026

Volume 08 - 2026

Hazard identification in textile enterprises should combine
engineering, hygienic, ergonomic, and organizational
analyses.

1 Physical Hazard Identification

e Noise mapping using sound level meters

e Thermal profiling using WBGT (Wet Bulb Globe
Temperature) index

e  Vibration analysis using accelerometers

2 Chemical Hazard Identification

e Air sampling for volatile organic compounds (VOCs)
e Particulate matter (PM2.5, PM10) monitoring
e  Chromatographic analysis for dye components

3 Ergonomic Hazard Identification

e Rapid Upper Limb Assessment (RULA)
e Rapid Entire Body Assessment (REBA)
e  Ovako Working Posture Analysis System (OWAS)

4 Psychosocial Hazard Identification

e Job stress questionnaires
e  Workload and fatigue assessments
e  Shift pattern analysis

3.4 Digitalization and Smart Risk Assessment

Modern textile factories increasingly implement Industry
4.0 technologies, including:

e JoT-based environmental sensors
e  Wearable exposure monitoring devices
e  Al-based risk prediction algorithms

Such systems enable real-time hazard detection and
predictive risk modeling, significantly improving

preventive capacity.
4. Preventive Strategies and Control Measures
4.1 Hierarchy of Controls Framework

Risk control strategies in the textile industry are structured
according to the hierarchy of hazard control principles:

Elimination

Substitution

Engineering controls

Administrative controls

Personal protective equipment (PPE)

M
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This framework ensures maximum risk reduction at the

source.
4.2 Engineering Control Measures
++» Ventilation and Dust Control

e Local exhaust ventilation (LEV) systems

e High-efficiency particulate air (HEPA) filtration

¢ Centralized vacuum dust extraction systems

These methods reduce cotton dust levels by 60-85%,

significantly lowering respiratory morbidity.
++ Noise Control Technologies

e Acoustic insulation panels

e Anti-vibration machine mounts

e Sound-absorbing enclosures

Noise reduction of 10-30 dB(A) is achievable through these

measures.

«» Thermal Comfort Control
e Evaporative cooling systems
e Heat-reflective roofing

e Zoned air conditioning

- Work surface
Work surface Thickness 5 cm
Height should be e
around elbow

level

"

66-72 cm
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These reduce heat stress risk by 40-60%, improving worker
comfort and productivity.

4.3 Administrative and Organizational Controls

>

Work Organization
Job rotation
Micro-break scheduling

Work-rest cycle optimization

Occupational Health Surveillance
Periodic medical examinations
Lung function tests (spirometry)
Audiometric screening

Dermatological monitoring

Training and Behavioral Safety Programs
Machine safety training
Chemical handling courses

Ergonomic posture training

Studies demonstrate that continuous safety training reduces
occupational accidents by 35-55%

Cervical vertebrae
at working condition

horacic vertebrae
at working condition

Seat Height
3445 cm

(adjustable to
Each worker)
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5. Discussion

The integration of hazard identification, systematic risk
analysis, and preventive strategies forms the foundation of
modern occupational health management in the textile
industry. Emerging technologies such as predictive
analytics, ergonomic sensors, and digital monitoring
systems offer promising improvements in early detection
and prevention of professional risks. However, effective
implementation requires management commitment,

regulatory compliance, and continuous worker training.
6. Conclusion

The textile industry remains one of the most occupationally
hazardous manufacturing sectors due to its labor-intensive
production processes, extensive machinery use, chemical
exposures, and unfavorable ergonomic conditions. This
study provides a comprehensive and structured evaluation
of professional risks, emphasizing the necessity of
multidimensional hazard assessment and prevention
frameworks.

The findings demonstrate that occupational hazards in
textile production are systemic rather than isolated,
requiring integrated interventions spanning engineering
design, organizational restructuring, worker training, and
continuous health surveillance. Advanced risk assessment
methodologies, including multi-criteria decision-making
tools and predictive digital monitoring
significantly enhance early hazard detection and proactive
risk management.

systems,

Preventive strategies based on the hierarchy of controls
remain the cornerstone of effective risk mitigation.
Engineering solutions such as automated ventilation
systems, acoustic insulation, and ergonomic workstation
redesign offer the highest risk reduction efficiency.
Administrative measures and continuous training programs
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further strengthen organizational resilience, while personal

protective equipment serves as a critical final barrier.

The integration of Industry 4.0 technologies, artificial
intelligence, and real-time exposure monitoring is poised to
revolutionize occupational risk management in the textile
sector. Such innovations allow predictive safety modeling,
enabling enterprises to transition from reactive accident
prevention to proactive health protection systems.

From a public health perspective, improving occupational
safety in textile enterprises directly contributes to reduced
disease burden, enhanced workforce productivity, and
sustainable industrial development. Policymakers, industry

leaders, and occupational health professionals must
collaborate to implement evidence-based safety
management frameworks, ensuring long-term
improvements in worker well-being and industrial
efficiency.

Future  research  should  prioritize  longitudinal
epidemiological studies, digital twin modeling of

production processes, and smart sensor-based risk
prediction systems to further optimize occupational health
strategies in textile manufacturing.
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