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Abstract — Airborne contamination control is a critical concern in environments such as healthcare facilities,
cleanrooms, laboratories, and industrial settings where particulate matter and microbial transmission can significantly
impact human health and product integrity. Fabric materials used in garments, filters, and interior applications play a
crucial role in influencing the transport and retention of airborne contaminants. This study investigates the influence of
fabric construction parameters—including weave type, yarn count, thread density, porosity, and fiber composition—on
airborne contamination levels. The objective is to establish a correlation between fabric structural characteristics and
their ability to either inhibit or facilitate the transmission of particulate and microbial contaminants.

Experimental analysis was conducted using woven and nonwoven fabrics with varying construction parameters. Air
permeability, particle filtration efficiency, and microbial barrier properties were evaluated under controlled laboratory
conditions. The results demonstrate that tighter fabric constructions with higher thread density and finer yarns exhibit
reduced air permeability and enhanced filtration efficiency. Nonwoven fabrics, particularly those with electrostatic
properties, showed superior performance in trapping airborne particles. However, comfort parameters such as
breathability were inversely affected by increased density.

The findings highlight the importance of optimizing fabric construction for specific applications to balance protection
and comfort. This case study contributes to the development of improved textile materials for contamination control in
critical environments.

Keywords- Fabric construction, airborne contamination, air permeability, filtration efficiency, weave structure, textile
engineering.

I. INTRODUCTION

Airborne contamination is a major concern in controlled environments where particulate and microbial pollutants can
compromise safety, hygiene, and product quality. Industries such as healthcare, pharmaceuticals, food processing, and
microelectronics rely heavily on contamination control measures to maintain operational standards. Textiles used in
protective clothing, filtration systems, and environmental barriers play a pivotal role in managing airborne contaminants.

Figure 1: Choosing the right cleanroom garments
(Source - https://www.prudentialuniforms.com)

Fabric construction significantly influences the interaction between airborne particles and textile materials. Parameters
such as yarn fineness, weave pattern, fabric density, and fiber type determine the size and distribution of pores within the
fabric structure. These pores act as pathways through which air and contaminants can pass. Therefore, understanding how
fabric construction affects airborne contamination is essential for designing effective protective textiles.
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Previous research has shown that tighter weaves and higher thread counts reduce particle penetration, while looser
constructions enhance breathability but allow greater contaminant transmission [1]. The balance between protection and
comfort is particularly important in applications such as medical gowns and face masks, where prolonged use requires
both efficiency and wearability.
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Figure 2: Airborne Particles
(Source - https://www.thermodial.ie)

This study aims to systematically analyze the influence of fabric construction on airborne contamination levels by
examining key structural parameters and their impact on filtration performance and air permeability.

Il. LITERATURE REVIEW

The relationship between fabric structure and airborne particle transmission has been extensively studied. Eason et al. [1]
highlighted the mathematical modeling of particle interaction with fibrous structures, emphasizing the role of pore size
distribution. Maxwell [2] discussed the fundamental principles of fluid flow through porous media, which are applicable
to air movement through textile fabrics.

Studies by Brown [3] demonstrated that filtration efficiency increases with decreasing fiber diameter and pore size.
Similarly, Smith and Jones [4] found that woven fabrics with higher thread counts exhibit lower particle penetration due
to reduced pore dimensions. Nonwoven fabrics, particularly those produced by melt-blown processes, have been shown
to provide superior filtration due to their random fiber orientation and electrostatic properties [5]. Research by Lee et al.
[6] indicated that electrostatic charge enhances particle capture efficiency without significantly affecting air permeability.
Meanwhile, Gupta and Kumar [7] investigated the role of fabric thickness and found that thicker fabrics offer improved
barrier properties but may reduce comfort. Microbial contamination studies have revealed that bacteria and viruses can be
effectively blocked by multilayer fabric systems [8]. The use of composite fabrics combining woven and nonwoven
layers has been recommended for optimal performance [9].

Air permeability is another critical factor influencing fabric performance. According to Patel et al. [10], there is an

inverse relationship between air permeability and filtration efficiency. Fabrics designed for high protection often
compromise breathability, necessitating a balance between the two.
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Recent advancements in textile engineering have introduced functional finishes and nanofiber coatings to enhance
filtration efficiency [11]. These innovations aim to improve contamination control without sacrificing comfort. Overall,
the literature indicates that fabric construction parameters play a decisive role in airborne contamination control, but
further experimental studies are required to quantify these effects under standardized conditions.

I11. MATERIALS AND METHODS
3.1. Materials

The study utilized a range of fabrics categorized into woven and nonwoven types. Woven fabrics included plain weave,
twill weave, and satin weave structures, while nonwoven fabrics consisted of spunbond and melt-blown materials.
Cotton, polyester, and polypropylene fibers were selected to represent natural and synthetic materials.

3.2. Experimental Setup

Samples were conditioned under standard atmospheric conditions before testing. The following parameters were
evaluated:

e Air permeability using a standard air permeability tester.

o Particle filtration efficiency using aerosol testing equipment.

e  Microbial barrier properties using bacterial penetration tests.

3.3. Fabric Parameters
Key fabric construction parameters analysed:

Parameter Description

Yarn count Fineness of yarn used
Thread density | Number of threads per unit area
Weave type Structural pattern of fabric
Fabric thickness | Measured thickness of fabric

Porosity Percentage of open space

3.4. Testing Procedure

Air permeability was measured in terms of airflow rate through the fabric. Filtration efficiency was determined by
measuring the percentage of particles blocked by the fabric. Microbial resistance was evaluated using standard bacterial
challenge tests.

Data were collected and analyzed statistically to determine correlations between fabric construction parameters and
contamination levels.

IV. RESULTS AND DISCUSSION

(a) Air Permeability (b) Filtration Efficiency (c) Microbial Resistance
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Figure 3: Comparative analysis for Air Permeability, Filtration Efficiency and Microbial Resistance
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4.1. Air Permeability Analysis
The results indicated that fabrics with lower thread density exhibited higher air permeability. Plain weave fabrics showed
moderate permeability, while satin weaves demonstrated higher permeability due to fewer interlacements.

4.2. Filtration Efficiency
Filtration efficiency increased with thread density and decreased pore size. Melt-blown nonwoven fabrics exhibited the
highest efficiency due to their fine fiber structure and electrostatic properties.

4.3. Microbial Barrier Performance
Multilayer fabrics provided superior protection against microbial penetration. Polyester fabrics showed better resistance
compared to cotton due to lower moisture absorption.

4.4. Comparative Analysis Table

Fabric Type ~ Air Permeability = Filtration Efficiency Microbial Resistance
Plain weave cotton Medium Medium Low
Twill weave polyester Low High Medium
Satin weave polyester High Low Low
Melt-blown nonwoven Low Very High High

The results confirm that tighter fabric constructions significantly reduce airborne contamination but may affect comfort.
Nonwoven fabrics provide an effective alternative for high-efficiency filtration.

Airborne contamination consists of particulate matter such as dust, microorganisms, and aerosolized particles coming
into contact with textile surfaces. These contaminants are retained by fabrics through mechanisms including interception,
inertial impaction, and diffusion. Fabrics characterized by smaller pore sizes and electrostatic charge, such as melt-blown
nonwoven materials, exhibit higher particle retention efficiency, whereas fabrics with more open structures permit
greater transmission of contaminants.

Overall, analysis confirms that fabric compactness and fiber structure are critical determinants of airborne contamination
control, and optimized hybrid constructions are necessary to achieve both breathability and protection.

V. CONCLUSION

The case study demonstrates that fabric construction plays a crucial role in determining airborne contamination levels.
Parameters such as thread density, yarn fineness, and weave structure directly influence air permeability and filtration
efficiency. Nonwoven fabrics, particularly melt-blown types, offer superior performance in contamination control due to
their fine fiber structure and electrostatic properties.

However, increased protection often comes at the expense of comfort, highlighting the need for optimized fabric designs
that balance these factors. Future research should focus on advanced materials and hybrid fabric systems to enhance
performance while maintaining user comfort.
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