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Abstract 

Microplastics are ubiquitously pervasive throughout the environment, but unlike aquatic and 

terrestrial microplastics, airborne microplastics have received less scientific attention. This 

study is the first of its kind to explicitly examine microplastics in the indoor and outdoor air 

(PM2.5) samples collected using active air samplers in Islamabad, Pakistan. The suspected 

synthetic particles were analyzed using ATR-FTIR, µ-Raman and SEM-EDX to categorize 

them based on their morphological characteristics, polymeric composition, and elemental 

makeup. Microplastics were found in all indoor and outdoor air samples, with indoor air 

samples (4.34 ± 1.93 items/m3) being significantly more contaminated than outdoor air 

samples (0.93 ± 0.32 items/m3) (P<0.001). Among all the indoor air samples, samples taken 

from classroom (6.12 ± 0.51 items/m3) were more contaminated than samples taken from 

hallway (4.94 ± 0.78 items/m3) and laboratory (1.96 ± 0.44 items/m3). Fibers were found to 

be the prevalent shape type in indoor and outdoor airborne microplastics followed by 

fragments. Transparent- and black colored microplastic particles were predominant in both 

indoor and outdoor air samples. According to ATR-FTIR analysis, polyethylene terephthalate 

(PET), polyethylene (PE), polypropylene (PP), and polystyrene (PS) were the most prevalent 

polymer types in both indoor and outdoor environments. Results from µ-Raman analysis 

corroborated the presence of the polymers identified by ATR-FTIR. Morphological analysis 

of particles by SEM indicated signs of weathering on particles’ surface i.e., grooves, breaks, 

shredded edges, pits etc. SEM-EDX of randomly chosen particles unraveled the presence of 

C and O as core elements, along with the presence of heavy metals at some spots due to 

foreign material adhering to their surface. Correlation analysis of environmental factors i.e., 

PM2.5, relative humidity, temperature, and wind speed with MPs abundance revealed non-

significant relationships. The findings of this study call for further research on airborne MPs 

to better comprehend their dispersion, toxicity, interactions with other air pollutants, and 

attributable health risks. 
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Chapter 1 

1. Introduction 

1.1. Background 

Global plastic production, driven by growing population, improving lifestyle and economic 

expansion, has steadily increased since the middle of the nineteenth century reaching 460 Mt 

in 2019. Likewise, plastic waste generation reached 353 Mt in 2019 with only 9% of this 

waste being recycled and the rest ending up in environment due to improper waste 

management practices i.e., dumping in landfills, incineration etc. (Organisation for Economic 

Co-operation and Development, 2021). Plastics are omnipresent and persistent in all 

environmental compartments, including water, soil, and air, and they have detrimental effects 

on the ecosystem (Choi et al., 2022).  

Plastic waste, disposed into the environment, undergoes breakdown by manual (cutting, 

grinding) or natural ways (i.e., weathering) resulting in tiny plastic particles which can be 

classed as per their size range into different categories i.e., microplastics (less than 5 mm) and 

nano plastics (less than 100 nm) (Hartmann et al., 2019). According to a recent OECD 

(Organization for Economic Co-operation and Development) report, plastic waste generation 

is projected to increase thrice the amount of plastic waste generated in 2019 with 

environmental leakage of these plastics doubled reaching 44 Mt by 2060 (Organisation for 

Economic Co-operation and Development, 2021).  

Depending on the fashion of being introduced into the environment these plastics can be 

categorized as primary plastics (directly released from a source i.e., textile industry) and 

secondary plastics (recycled plastics, or plastics resulting from breakdown of primary 

plastics) (Plastics Europe, 2021). Plastic waste that is released into the environment comes 

from a variety of sources, such as landfills, the burning of solid waste, the paint and textile 

industries, etc. Plastic waste is subject to degradation that can be either natural or artificial, 

producing minuscule invisible particles. Plastic particles of less than 5 mm in size are classed 

as microplastics which are pervasive in all aspects of the environment i.e., aquatic bodies, 

terrestrial ecosystem, and atmosphere (Kirchsteiger & Kasper-giebl, 2023).  

1.2. Categorization of microplastics 

 Microplastics have been categorized as fibers, pieces (fragments), films, sheets, beads, 

flakes, etc. based on their morphology (Hartmann et al., 2019; Liao et al., 2021; Yadav et al., 
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2021; Yao et al., 2022). Plastic particles have also been classified based on their color i.e., 

black, white, grey, red, blue, pink, purple, yellow, and green (Hartmann et al., 2019). 

Furthermore, numerous synthetic polymer types residing in various parts of the environment 

have been identified in the literature i.e., polypropylene (PP), polystyrene (PS), polyethylene 

terephthalate (PET), polyethylene (PE), polyvinyl chloride (PVC), polymethyl methacrylate 

(PMMA), low-density polyethylene (LDPA), high-density polyethylene (HDPA), and the list 

goes on (Hartmann et al., 2019; Konechnaya et al., 2020). Based on polymeric makeup of 

microplastics they are broadly classified into seven major groups i.e., Acrylics, polyethylene 

terephthalate, polypropylene, polyethylene, polyvinyl chloride, and acrylonitrile butadiene 

styrene (ABS). Major sources of primary microplastics in the atmosphere reported in the 

previous studies include the textile industry, paint, agriculture, plastic pallets, solid waste 

containing plastic, tire wear, landfill sites (Ahmad et al., 2023; An et al., 2020; Hale et al., 

2020; Liu, Wang, Fang, et al., 2019) and oceans (via bubble burst) (Ding et al., 2022). 

  

 

1.3. Atmoshere as a disregarded source and sink of MPs in Environment 

Microplastics are ubiquitously present in all the environmental compartments and keep 

moving from one matrix to another through various routes. Recent studies have demonstrated 

atmosphere as a major source of microplastics in soil, water and far off remote areas (Allen et 

al., 2019; Su et al., 2019; Tian et al., 2022; Vitali et al., 2023; Zhou et al., 2020). In the past 

two decades, a plethora of research work has been published on aquatic and terrestrial 
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Figure 1.1. Categorization of microplastics  
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microplastics in contrast to airborne microplastics (Amato-Lourenço et al., 2020; 

Dobaradaran et al., 2018). Microplastics residing in the air for the very first time were 

explored in Paris (Dris et al., 2015) and since then, this topic has drawn increasing attention, 

and the number of publications is progressively rising along with the level of awareness. 

Thus far, studies on airborne microplastics have been conducted in Paris (Dris et al., 2015, 

2016, 2017), Germany (Enyoh et al., 2019), China (Cai et al., 2017; Li et al., 2020; Liao et 

al., 2021; Liu, Wang, Fang, et al., 2019; Zhu et al., 2021), Portugal (Xumiao et al., 2021), 

south Korea (Choi et al., 2022), India (Pandey et al., 2022), Sri Lanka (Perera et al., 2022), 

Iran (Abbasi et al., 2023), Spain (Torres-Agullo et al., 2022), Mexico (Shruti et al., 2022), 

New Jersey (Yao et al., 2022), and central London (Kacprzak & Tijing, 2022). It is 

challenging to compare the findings of previous studies on airborne microplastics published 

since 2015 since different techniques have been used for sampling, sample handling, and 

analysis (Zhu et al., 2021). Various studies have used passive air sampling while others have 

employed active air sampling to collect samples of suspended airborne particulate matter 

(Abbasi et al., 2023; Chandrakanthan et al., 2023; Choi et al., 2022; Klein & Fischer, 2019; 

Zhu et al., 2021). Analytical approaches to investigate airborne MPs have evolved over time 

and developed into more reliable methodologies, therefore it is imperative to stringently 

adhere to one standard methodology to get more accurate, reliable, reproducible, and 

comparable results.  

1.4. Transport of microplastics  

Microplastics, owing to their light weight and low densities can be transported with winds 

over long distances, thereby contaminating far off sparingly inhabited areas. Allen et al. 

reported ubiquitous presence of synthetic particles (e.g., fibers, fragments) in all samples 

taken from wet and dry atmospheric deposition in remote Pyrenean mountain catchment area 

(Allen et al., 2019) suggesting atmospheric transport of MPs from nearby urban areas. Allen 

et al. further demonstrated MPs transport via atmosphere over ~95 km employing air mass 

trajectory, implying potential of airborne MPs to contaminate remote areas (Allen et al., 

2019). Additionally, there is a dearth of knowledge on transport dynamics, distribution, 

source apportionment, fate, interactions with other pollutants and health implications of 

airborne MPs, which require further study.  

Microplastics have been widely reported in agricultural soil (Tian et al., 2022), dust (e.g., 

Aslam et al., 2022; Dehghani et al., 2017; Pandey et al., 2022), personal care products (Deng 

et al., 2022), cosmetics (Cheung & Fok, 2016; Napper et al., 2015), wastewater treatment 
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plants (Acarer, 2023), food items (Vitali et al., 2023) and water systems. Given the 

widespread presence of microplastics in the environment, concerns about ongoing human 

exposure to these synthetic particles and the ensuing harmful effects are growing. 

Microplastics can enter the human body via various routes i.e., ingestion, breathing (Dris et 

al., 2017; Vianello et al., 2019; Wright & Kelly, 2017), and can have serious lacerating, 

cognitive, and numerous other unknown impacts on human health (Vianello et al., 2019). 

Recently microplastics have been found in human lung tissues (Amato-Lourenço et al., 2021; 

Vianello et al., 2019), placental tissue,  lymph nodes, and blood (Boakes et al., 2023; Jenner 

et al., 2022) implying serious health risks. Microplastics suspended in air have been reported 

to adsorb toxic chemicals i.e., heavy metals, persistent organic pollutants and serve as a 

vector for transport of these hazardous chemicals in environment (Abbasi et al., 2020; Ortega 

& Cortés-Arriagada, 2023). The growing human and environmental health concerns call for 

further investigation of airborne MPs to help form effective policies and regulations to curb 

emissions of these particles in the environment. 

1.5. Rationale of study 

Despite the worst air quality challenges in Pakistan (Anjum et al., 2021; Anwar et al., 2021; 

Rasheed et al., 2015), there is no study on airborne microplastics, leaving the public health 

sector and policymakers without any baseline information for policymaking and abatement 

strategies. Albeit (Aslam et al., 2022) studied MPs in deposited dust samples taken from 

residential indoor environments in Lahore and Sahiwal and reported 241.4 items/m2 in 

Lahore and 162.1 items/m2 in Sahiwal, but it lacks direct analysis of microplastics residing in 

indoor and outdoor air (Aslam et al., 2022). This research has been designed to fill this gap 

by exploring the existence, physical, and chemical properties of airborne microplastics and 

developing a complete methodology for future research. According to our knowledge, no 

previous research has been published on airborne microplastics in Pakistan; nevertheless, 

limited research has been available on microplastics residing in dust, soil, sediments, and 

wastewater. 

1.6. Research questions 

Listed below are the study's research questions. 

• “Are there microplastics in indoor air and outdoor air samples of study area?” 

• “If there are microplastics in collected air samples of study area, what are their physical 

and chemical characteristics?” 
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1.7. Objectives of study 

Keeping in view the research gaps study objectives were designed as listed below:  

1. To Visually sort and quantify microplastic particles extracted from PM2.5 samples. This 

objective also encompasses classifying MPs based on their physical characteristics i.e., 

color, size, and shape. 

2. To analyze polymeric composition of identified microplastic particles using µ-Raman and 

ATR-FTIR. 

3. To unravel surface details of particles and unravel their elemental composition using 

scanning electron microscope coupled with energy dispersive X-ray analysis.  

4. To suggest a simplest and efficient methodology for exploration of airborne microplastics 

Furthermore, this study also emphasizes the existing breadth of knowledge regarding the 

risks of inhalable microplastics to human health and offers potential directions for this work 

in the future.  
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Chapter 2 

2. Literature Review 

There is a plethora of research work on aquatic and terrestrial microplastics in contrast to 

research work on airborne microplastics. Microplastics residing in the air for the very first 

time were explored in Paris and since then this subject has gotten ever-increasing attention 

and the number of publications is increasing gradually with increasing awareness on the 

subject. Studies from 2015 to date have used varying approaches for exploring airborne 

microplastics which make comparison of their findings less likely.  

Dris et al., (2015) examined microplastics in atmospheric fallout in Greater Paris and 

reported that fibers were a common form type of synthetic particle detected in the fallout 

samples with more than 50% of the fibers having a size greater than 1000 µm. Additionally, 

their findings suggested that synthetic fibers in the air might be sources of microplastic debris 

in other environmental matrices, like aquatic ecosystems (Dris et al., 2015). To study 

microplastics residing in atmosphere as potential source of microplastics in other 

environmental compartments, Dris et al., (2016a) explored airborne microplastics in urban 

and suburban areas later in 2016. They reported a large number of synthetic fibers, 2-355 

particles/m2/d, indicating that the atmosphere cannot be disregarded as a source of MPs in the 

environment (Dris et al., 2016). Following Dris et al., 2015 & 2016, Dris and his team for the 

very first time studied microplastics in indoor and outdoor air in a parallel fashion and 

reported indoor air (1.0-60.0 fibers/m3) being significantly more contaminated then the 

outdoor air (0.3-1.5 fibers/m3) with 33 percent of all identified fibers being synthetic in nature 

(predominately PP) (Dris et al., 2017).  

Klein and Fischer (2019) conducted research to examine prevalence of microplastics in 

atmospheric deposition in urban and suburban areas of varying degree in Hamburg, Germany. 

Their work reflected the ubiquitous existence of microplastic fibers in all samples with range 

of shape (fiber and fragment dominated by 95%) and size in identified MPs (Klein & Fischer, 

2019). A study in northern New Jersey has characterized airborne microplastics in different 

indoor (office, classroom, hallway, residential house) and ambient settings (roof area) by 

employing passive indoor air sampling of total atmospheric deposition and of ambient 

particulate matter (PM2.5 and PM10). It revealed the predominance of fibers in interior settings 

and suggested 13-57 times higher deposition rate indoors than it was outside (Yao et al., 

2022). Microplastics levels in interior environments have been found to be substantially 
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greater than in outdoor settings (Choi et al., 2022; Yao et al., 2022). Choi and his coworkers 

discovered that indoor air contains longer, heavy synthetic fibers than outdoor air. 

Furthermore, their findings showed that the size range of 48–96% of the particles discovered 

in samples is 20–100 µm, with PP and PE being the most prevalent polymers in the 

atmosphere (Choi et al., 2022).  

Cai and his colleagues reported existence of MPs in atmospheric fallout (175-313 

particles/m2/d) and unraveled their morphological and polymeric characteristics in Chinese 

city of Dongguan using SEM and µ-FTIR techniques (Cai et al., 2017). Later in 2020, Li and 

his colleagues studied airborne fibers to unravel their concentration and categories based on 

chemical composition and size in Beijing. According to this study most of the fibers had size 

less than 20 µm with 80 percent of these fibers being synthetic in nature (Li et al., 2020). 

Owing to change in methodologies opted in earlier studies, another study was conducted 

simultaneously in five megacities of China with same protocol to acquire comparable results. 

This study reported MPs in all collected air samples from northern (358 ±132 particles/m3) 

and southeast urban areas (230 ± 94 particles/m3) (Zhu et al., 2021). Likewise in Shanghai 

(Liu, Wang, Fang, et al., 2019) and coastal city of China (Liao et al., 2021) MPs residing air 

have been studied to investigate sources and attributable human health risks. 

2.1. Airborne microplastics as pollutant carrier 

Microplastics can absorb heavy metals, PAHs (polycyclic aromatic hydrocarbons), and other 

contaminants on their surface (Abbasi et al., 2020; Wright & Kelly, 2017) thereby acting as a 

pollutant carrier in soil, air and water. Interactions with other pollutants in air may increase 

its toxicity and alter chemical structure of polymers (Kacprzak & Tijing, 2022). The 

production of microplastics for various purposes i.e., in the form of microbeads to replace 

other exfoliating ingredients in personal care products has led to a rise in the amount of 

microplastics used in daily life (Fendall & Sewell, 2009). These microplastics used in various 

daily life products after their primary usage enter waste water streams wherefrom they can 

enter plants or escape into atmosphere due to their extremely small size and ability to persist 

in environment (Ettore et al., 2008). Microplastics released into atmosphere can pose serious 

health risks via inhalation to humans which are not completely known thus far (Wright & 

Kelly, 2017). Due to the inevitability of inhalation exposure to airborne MPs, a study was 

carried out to determine the abundance of MPs in the interior air of five different residential 

homes in Aveiro, Portugal, to calculate the risk of inhalation. According to this study, 58.7% 

of the fibers were natural fibers, while 19.6% of the detected fiber polymers were synthetic. 
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Nearly 21.7% of the overall percentage of fibers in the samples were unidentified. Average 

airborne MPs concentration in indoor air of living rooms was reported to be 1.1 particles/m3 

(Xumiao et al., 2021).  

Owing to paucity of research work on the human exposure to microplastics in environment 

and study of these particles reported in human blood and lung tissues (Amato-Lourenço et al., 

2021) at molecular level to unravel their health implication, their impacts on human health 

are not known (Amato-Lourenço et al., 2020). Furthermore, studies that have identified and 

quantified airborne microplastics to date have been using varying sampling and analyzing 

approaches which limit their comparison (Zhu et al., 2021). Recently microplastics have been 

found in human lung tissues (Amato-Lourenço et al., 2021; Vianello et al., 2019), placental 

tissue,  lymph nodes, and blood (Boakes et al., 2023; Jenner et al., 2022) implying serious 

health risks. The first three studies conducted on atmospheric MPs in Paris (Dris et al., 2015, 

2016, 2017) used a passive sampling technique for air sample collection, stereomicroscope 

for quantifying MPs and FTIR for polymer type analysis. Since then, analytical methods to 

study microplastics have evolved into more reliable techniques. A number of publications 

have summarized sample collection, preparation and subsequent analytical methods for 

analyzing airborne microplastics (Chen, Fu, et al., 2020; Liu, Wang, Wei, et al., 2019; Liu, 

Zhang, et al., 2019; Prata et al., 2020), nevertheless there is a difference in these methods at 

some point or other.  

2.2. Discrepancies in past methodologies 

Various studies have used passive air sampling while others have employed active air 

sampling to collect samples of airborne particulate matter (Abbasi et al., 2023; 

Chandrakanthan et al., 2023; Choi et al., 2022; Klein & Fischer, 2019; Zhu et al., 2021). 

Initial studies i.e., Dris et al. 2016, 2017 have used only visual analysis to examine 

microplastics sampled from atmosphere. Owing to size limitation of FTIR spectroscopy 

recent studies have used µ-Raman spectroscope to study MPs smaller than 20 µm. Both FTIR 

and Raman spectroscopy do not require sample preparation for analysis and are non-

destructive and effective in identifying airborne MPs (Beaurepaire et al., 2021; Chen, Feng, 

et al., 2020). Likewise different sampling approaches have been adopted in previous studies 

to collect airborne particles i.e., passive air sampling, active air sampling, use of funnel to 

collect atmospheric deposition, use of particulate matter sampler and vacuum sampler.  
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Owing to sampling efficiency and learned benefits of active air sampling from literature this 

study has opted active air sampler to collect PM2.5 samples. Microplastics can enter the 

human body via various routes i.e., ingestion, breathing (Dris et al., 2017; Vianello et al., 

2019; Wright & Kelly, 2017) and can have serious lacerating, cognitive, and numerous other 

unknown impacts on human organs (Vianello et al., 2019).  

Recently microplastics have been found in human lung tissues (Amato-Lourenço et al., 2021; 

Vianello et al., 2019), placental tissue,  lymph nodes, and blood (Boakes et al., 2023; Jenner 

et al., 2022) implying serious health risks. First three studies conducted on atmospheric MPs 

in Paris (Dris et al., 2015, 2016, 2017) used a passive sampling technique for air sample 

collection, stereomicroscope for quantifying MPs and FTIR for polymer type analysis. Since 

then, analytical methods to study microplastics have evolved into more reliable techniques. A 

number of publications have summarized sample collection, preparation and subsequent 

analytical methods for analyzing airborne microplastics (Chen, Fu, et al., 2020; Liu, Wang, 

Wei, et al., 2019; Liu, Zhang, et al., 2019; Prata et al., 2020), nevertheless there is a 

difference in these methods at some point or other. This study has opted methods reported 

with better efficiency, reliability, suitability, and precision for airborne MPs’ analysis in 

literature to acquire reliable outcome.  
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3. Material and methodology

 

Figure 3.1.  Flowsheet diagram of methodology 
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3.1.  Study area  

This study was conducted at Institute of Environmental Engineering and Sciences (IESE), the 

National University of Science and Technology, Islamabad (Lat: 33.645572. Lon: 

72.990345). Islamabad, the capital, and ninth-most populated city in Pakistan, is situated on 

the Potwar plateau and has a population of 12,32,000 people. This city is enriched with eye 

catching scenery and is home to the affluent population of the country. It is known for it well 

maintained infrastructure.it receives an annual rainfall of 1143 mm and has a humid 

subtropical climate. Four places at the IESE department were chosen for sampling, including 

the laboratory, hallway, classroom, and roof top, considering numerous aspects such as 

occupancy rate, human activity, and environmental conditions. The two-week sample 

window for this study is from December 7 to December 22, 2022. In case of precipitation 

event a three-day gap was taken before resuming sampling. Furthermore, only working days 

of the week were used for sampling. 
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Figure 3.2. Study area map (a: Rooftop, b: Laboratory, c: Hallway, d: Classroom) 
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Figure 3.3. Required resources for study. 

3.2.  Sampling protocol 

Before commencing air sampling, a thorough survey of the study area was conducted to 

select appropriate sampling locations keeping in view various factors i.e., human activity, 

space, and environmental conditions. All the quartz filter papers, to be used in the sampling, 

were pre-weighed and stored in labeled packaging. Glassware to be used immediately after 

the sample collection, for the sample storage and sample preparation, was thoroughly washed 

with ultrapure water and then dried.  Depending on the working efficiency of active air 

sampling, it was chosen for collecting both indoor and outdoor particulate matter (PM2.5) 

samples. Quality control measures were taken to avoid any sort of sample contamination. 

Sampling was conducted during weekdays to estimate the influence of human activities on 

airborne microplastics and for comparison, a sample on weekends was also conducted.  

For outdoor air sampling, a gravimetric sampler was installed on the rooftop of the IESE 

building. Pre-weighed Whatman’s quartz filter paper (pore size = 1.2 µm, diameter = 47mm) 

was placed inside the sampler using a metal tweezer to avoid any sort of contamination, and 

the sampler was run at the flowrate of 16 l/min for 24 hours. After the 24-hour sampling 
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period filter paper was removed using a metal tweezer and then placed in a labelled petri 

dish. Labelled petri dishes were covered with aluminum foil to avoid contamination and were 

opened only when necessary for sample preparation and analysis. For indoor air sampling a 

similar protocol was followed, except the flow rate for indoor sampling was 6 l/min for 24 

hours. Figure 3.3. indicates required resources for exploration of airborne microplastics. 

3.3. Sample preparation  

After sample collection, labelled petri dishes containing filter papers covered with aluminum 

foil were sent to a laboratory for sample preparation and analysis. Every filter paper 

containing particulate matter was first placed in a desiccator for 24 hours and then weighed to 

calculate the total suspended particulate matter (final weight of filter paper – initial weight of 

filter paper). Sample treatment includes following steps: 

i. Sonication 

Each filter paper was placed in a beaker with 15 ml of deionized water and sonicated for 10 

minutes to remove sample particle from the surface of the filter paper effectively.  

ii. Organic matter digestion 

Organic and inorganic impurities may affect the subsequent lab analysis, so removing these 

impurities can help acquire more precise results. For removing organic impurities, oxidative 

digestion was employed. After sonication clean filter paper was removed from the beaker and 

15 ml of 30% hydrogen peroxide (H2O2) was added into the beaker containing particulate 

matter and 15 ml deionized water for organic matter (OM) digestion. This beaker was then 

heated at 70ºC for 1 hour to speed up digestion.  

iii. Filtration 

After the digestion of organic matter, the remaining solution was passed through the filtration 

assembly using GF/C glass microfiber filter paper (1.2µm, 47 mm) to recover acid digested 

sample.  

iv. Density separation 

The sample was next subjected to density separation to remove inorganic mineral 

contaminants from the sample, for which glass fiber filter paper containing acid digested 

sample was washed into the beaker with 10 ml of ZnCl2 solution (having density of 1.7 

g/cm3) and this solution was then agitated at 350 rpm for 5 minutes. After agitation, it was 
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left in laminar flow hood for settling of particles under gravity (sedimentation) for 1 hour. 

Since synthetic particles are less dense than inorganic impurities so they tend to float at 

surface during sedimentation. 

v. Filtration and storage  

A supernatant layer of synthetic particles was carefully removed onto another glass fiber 

filter paper by filtration. Additional deionized water (10 ml) was passed through filtration 

assembly to remove the remaining salt solution (Prata et al., 2020). After extraction of the 

desired sample particles, it was dried in an oven at 70ºC for 1 hour and then stored in 

incubator (37°C) for subsequent lab analysis. Similar procedure was repeated with every 

sample.  

3.4.  Visual analysis and quantification 

Prepared samples were observed using Olympus Digital microscope (DSX 1000) under 20x 

magnification Lense. Various physical characteristics were considered to sort microplastics 

into different categories under microscope i.e., color, shape, elasticity, hardness test  (i.e., 

pressing particles slightly with needle/tweezer to observe if they break or resist, with particles 

breaking during this test being considered as organic matter) (Hidalgo-Ruz et al., 2012; Liu, 

Wang, Wei, et al., 2019; Mbachu et al., 2020; Prata et al., 2020). For the purpose of 

identifying and quantifying MPs, a set of criteria was adopted, including the following: 1. No 

evident organic structure; 2. Uniform thickness of the particle; 3. Even color; and 4. Remain 

intact when being applied pressure (Hidalgo-Ruz et al., 2012; Masura et al., 2015).  

Samples were strictly opened under microscope to avoid contamination. Based on shape, 

microplastics were classed as fragments, fibers (length-width ratio >3:1), beads, and sheets. 

Microplastics were analyzed with respect to size, shape, and color.  Based on size, particles 

were classed in five size groups i.e., < 50 µm, 50-100 µm, 100-250 µm, 250-500 µm, 500-

1000 µm. 

3.5.  ATR-FTIR analysis 

For polymeric analysis, 30 particles per each sampling site encompassing each color and 

shape type were randomly selected. These randomly selected plastic particles were analyzed 

under ATR-FTIR spectrophotometer (Spectrum Two, PerkinElmer, USA, range = 400-6000 

cm-1).  FTIR results help to verify the suspected microplastic particles by giving different 

spectral graphs of different sample particles. These spectral graphs were compared with the 

reference spectrums of various polymers identified in literature, with more than 70 percent 
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similarity considered as positive match. Following each sample analysis ethanol was used to 

clean the crystal before a background scan was performed to prevent contamination. 

3.6. μ-Raman spectroscopy 

Sample particles of <20 μm size were particularly analyzed using μ-Raman spectroscope 

(Model: 532-TEC-Ci) using Raman shift = 0–4000 cm-1 and laser = 532 nm. A subsample of 

different particles (n = 28) from each sampling site was randomly prepared to consider each 

color and shape type. The obtained spectral data was analyzed using Origin Lab to make 

graphs and analyze peaks. By comparing the key distinctive peaks with the reference spectra 

provided in the literature, different polymer types were identified. 

3.7.  SEM-EDX analysis 

Random particles were chosen from each sample group and examined under a scanning 

electron microscope (Model: KYKY EM-6900) coupled with energy dispersive X-ray 

spectroscopy for the purposes of surface examination and elemental composition analysis. 

SEM employs an intense beam of electrons to scan the surface of sample particles and give 

output in the form of high-resolution photographs indicating surface details of the particles. 

Microplastic particles from each sample were picked with the help of metal tweezer under 

microscope and were carefully placed on stubs.  Peaks of elements possibly present in 

particles are shown by energy dispersive x-ray analysis of particles. 

3.8.  Quality control 

Each stage of analysis, including sample collection, preparation, and analysis, was conducted 

with the utmost attention to quality. Before usage, every glassware was thoroughly cleaned 

with ultrapure water. Metal tweezers were used to insert and remove filter papers from the 

sampler. To prevent contamination, all the obtained samples were put in labelled petri dishes 

that were wrapped with aluminium foil. When necessary, washing and solution preparation 

utilized only distilled water. Furthermore, the use of latex gloves and lab coats was assured. 

Only when a sample was required for analysis was it conscientiously opened to prevent 

contamination of any type. 

3.9.  Statistical analysis 

For statistical analysis of data, Origin Lab and RStudio (4.2.2) were used. To test the 

difference between means of two sampling groups i.e., indoor, and outdoor, a paired t-test 

was performed. Difference determined by this method was statistically significant p < 0.005. 

Shapiro wilk’s test was performed to verify normality of data. All statistical outcomes are 
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represented as (mean ± SD), unless otherwise stated. To evaluate correlation of MPs 

abundance with selected air quality factors i.e., T (°C), RH (%), PM2.5, and wind speed (m/s) 

correlation coefficient was determined using Pearson’s method.  
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Chapter 4 

4. Results and Discussion 

4.1.  Microplastics abundance in air samples 

Microplastics were ubiquitously found in all indoor and outdoor samples (n = 18) with 

varying abundance. Indoor samples (4.34 ± 1.93 items/m3) were more contaminated than 

outdoor samples (0.93 ± 0.32 items/m3). Among indoor air samples, samples taken from class 

(6.12 ± 0.51 items/m3) had comparatively higher microplastic abundance (Items/m3) than 

those taken from laboratory (1.96 ± 0.44 items/m3) and hallway (4.94 ± 0.78 items/m3) (Fig. 

2. b). There was a significant difference between the means of both sample groups (P < 

0.001; Fig. 2. a, b, c). Increased human activity, erosion of plastic products, and inadequate 

ventilation are the main contributors to higher indoors contamination. The difference in MPs 

abundance among different indoor locations may be attributed to varying human activities 

and ventilation level.  

There was non-significant relationship (since correlation value was far <1) between MPs 

abundance in indoors environment and outdoors environment as shown in Fig. 2. (d). 

Likewise, relationship between particulate matter concentration (PM2.5) was also very weak i. 

e., correlation value was 0.15 ≪ 1 as indicated in Fig. 2. (e). Both environments have 

different potential sources, and dispersion dynamics which may also serve as factors leading 

to the difference found in their MPs’ concentration levels and varying characteristics. Both 

indoor and outdoor MPs concentrations reported in this study are more than those reported in 

Colombo (indoor: 0.13–0.93 particles/m3, outdoor: 0.00 – 0.23 particles/m3), Ahvaz (none–

0.017/m3) and over northwestern Pacific Ocean (0.0046 – 0.064 items/m3) (Abbasi et al., 

2023; Ding et al., 2022; Truong et al., 2021). The outdoor MPs abundance found in this study 

(0.93 ± 0.32 items/m3) is comparatively less than the outdoor concentrations of MPs found in 

other areas i.e., Shanghai.  

(average 1.42 n/m3) (Liu et al., 2019a), Bangkok (333.42 ± 142.99 n/m3) (Sarathana and 

Winijkul, 2022), megacities of China (northern cities: 358 ± 152 n/m3, Southeast cities: 230 ± 

92 n/ m3) (Zhu et al., 2021), south Korea (1.96 ± 1.65 particles/m3) (Choi et al., 2022) and 

Wenzhou (189 ± 85 n/m3) (Liao et al., 2021). Multiple factors can contribute to variations in 

MPs abundances i.e., population densities, level of industrialization, disparate methodology, 

contrasting source and transport dynamics, varying meteorological, spatiotemporal, 
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socioeconomic, and environmental conditions (Hartmann et al., 2019; Zhang et al., 2020). 

Furthermore, it is challenging to compare different studies because of the variety of sampling, 

sample treatment, and sample analysis procedures used. 
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Figure 4.1.  (a)Abundance of microplastics (n/m3) in indoor and outdoor air samples, (b) 

Comparative abundance (mean ± SD) at all sampling sites. (c) Statistical difference in MPs 

abundance between indoor and outdoor samples. (d) Correlation between MPs abundance in 

indoors and outdoors. (e) Correlation between PM2.5 concentration indoors and outdoors. 
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4.2.  Size, Color and Shape of microplastics 

ImageJ was used to measure the size of different microplastic particles identified under 

microscope. Microplastics were placed in five groups based on their size, i.e., <50 µm, 50-

100 µm, 100-250 µm, 250-500 µm and 500-1000 µm.  Microplastics of less than 50 µm size 

were dominant in outdoor air samples (31.73%) followed by those falling in size range 250-

500 µm (26.92%). While in indoor air samples 50-100 µm sized microplastics (31.46%) were 

prevalent followed by those of less than 50 µm size (26.72%). Microplastics of 500-1000 µm 

were (mostly fibers) least abundant in both indoors (5.60%) and outdoors (4.80%) (Figure 6. 

(a)). Small sized microplastics owing to their low weight tend to suspend in atmosphere for 

longer time periods, in contrast to this larger size microplastics are heavier and get easily 

deposited. Small size microplastics when get deposited via wet/dry deposition, there is a 

higher probability of these small sized lighter particles to get resuspended via wind. 

Size range for the identified microplastics in this study was 2.70-937.91 (mean = 144.29) µm 

for indoor MPs and 4.12-893.22 (mean=87.78) µm for outdoor MPs. Choi and his colleagues  

have also reported 50-100 µm sized microplastic particles as predominant MPs size group in 

indoor air samples in south Korea, with 20-100 µm constituting 48-96% of total identified 

MPs (Choi et al., 2022).  

In the first group of indoor microplastics of size range less than 50 µm around 72.58% were 

fragments and 27.42% were fibers, while in outdoor microplastics of <50 µm size, 80.84% 

were fragments and 15.15% were fibers, indicating dominance of fragment shape type in less 

than 50 µm sized particles. In outdoor air samples, fibers were prevalent in other bigger size 

categories i.e., 62.5%, 59.09%, 71.42%, and 80% in 50-100 µm, 100-250 µm, 250-500, and 

500-1000 µm groups, respectively. Likewise, in indoor air samples fibers were prevalent in 

the last three bigger size categories as 65.52%, 92.31%, and 76. 92%, respectively (Figure 6. 

(b, c)).  

Fragments predominated small size groups while fibers predominated larger size groups and 

the reason behind it is the fact that fragments owing to their low length to width ratio and 

more thickness get heavier in larger size groups which drives their early deposition. In 

contrast to fragments, fibers have high length to width ratio and are thinner and lighter even 

in larger size groups, that’s why they tend to suspend in air for longer time periods.   
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Figure 4.2. (a) Percentage of size range of MPs found in indoor and outdoor samples. (b, c) 

Percentage abundance of fragments and fiber in different size ranges for (b) Indoor samples 

and (c) outdoor samples 
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Figure 4.3. Micrographs of airborne microplastics captured during visual analysis using 

Olympus digital microscope (DSX 1000). (Fibers: a-d, f, i, j, l-n, p q-s; Fragments: g, o, 

Beads: e, t; Sheets: h, k) 
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Shapes observed during visual analysis of microplastic particles encompass fibers, fragments, 

sheets, and beads with fibers identified as prevalent shape type in outdoor (66.3%) and indoor 

air samples (57.6%) followed by fragments. Beads were exclusively discovered in indoor 

samples (2.4%), whereas sheets were found in both environments in small amounts i.e., 

accounting for 3.9 percent of indoor and 3 percent of outdoor samples Figure. 4.4. (a, b).  

These findings are in line with past studies, in which fibers and fragments were shown to be 

the most prevalent type of microplastic (Ahmad et al., 2023; Dris et al., 2015, 2016, 2017; 

Klein & Fischer, 2019; Liao et al., 2021; Liu, Wang, Fang, et al., 2019; Torres-Agullo et al., 

2022; Zhu et al., 2021). White, black, red, and blue colored microplastics were most common 

in indoor and outdoor air samples (Figure 4.5. (a, b)). Transparent, black, red, blue, brown, 

green, gray and yellow colored MPs have been found in Shanghai (Liu, Wang, Fang, et al., 

2019) and Dongguan (Cai et al., 2017). The majority of the atmospheric MPs in Ahvaz City 

were black-grey, and white. (Abbasi et al., 2023).  
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Figure 4.4. Shape based composition of microplastics in (a) Indoor samples and (b) Outdoor 

samples. 
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Figure 4.5. Color based classification of microplastics in (a) Indoor samples, and (b) Outdoor 

samples. 

4.3.  Impact of selected air quality factors on microplastics abundance 

Correlation analysis of microplastics abundance in indoor and outdoor air samples with 

selected air quality factors i.e., wind speed (m/s), relative humidity (%), temperature (°C) and 

PM2.5 (µg/m3) showed very weak to negligible impact of these factors on MPs abundance 

(Figure 4.6. (a, b)) implying that microplastic abundance is not significantly influenced by 

any of these factors. A study conducted in China’s five megacities reported weak linkage 

between PM2.5 concentration and MPs abundance (Zhu et al., 2021).  

Previous studies (Shruti et al., 2022; Truong et al., 2021) reported wind and rainfall as 

significant environmental factors influencing dispersion, deposition and abundance of 

microplastics in atmosphere. It is complicated to study the relationship between 

environmental factors and microplastics abundance. Albeit, population size, GDP rate, and 

anthropogenic activities are reported to be positively correlated with the MPs concentration in 

a region (Shruti et al., 2022; Zhu et al., 2021). Atmospheric microplastics can disperse over 

long distances with wind implying airborne microplastics as potential source of MPs in soil, 

water, plants. 

b 
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Figure 4.6. Correlation of selected environmental factors T, RH (%), PM2.5, Wind speed with 

MPs abundance (a) Outdoors; and (b) Indoors. 

4.4. Polymeric composition 

4.4.1. ATR-FTIR 

Among the particles randomly selected for ATR-FTIR analysis 6 different types of polymers 

were identified including Polyethylene terephthalate (PET), Polypropylene (PP), 

Polyethylene (PE), Low density polyethylene (LDPE), Polystyrene (PS), and Poly (methyl 

methacrylate) (PMMA). PET (52.2%), PE (22.2%), and PP (10%) were found to be the 

dominant polymer types in indoor microplastics. In outdoor air samples prevalent polymers 

b 
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included PET (42.2%), PE (30.0%), and PS (14.4%) Figure 4.7. (a, b, c). PMMA fragments 

were found in hallway (6.67%) overall contributing 2.2% of all identified indoor air 

polymers) and outdoor air samples (3.3%). Characteristic ATR-FTIR spectra of dominant 

polymers are shown in Figure 4.8.  

These polymer composition findings are in line with earlier research on microplastics 

residing indoor and outdoor air. In a study on synthetic atmospheric fibers carried out in 

Paris, PET was the most prevalent polymer (Dris et al., 2016). PET, PE, and PS were 

reported to be the three most prevalent polymer types in a recent study on airborne 

microplastics conducted in the five megacities of China (Zhu et al., 2021). PET has also been 

found to be the most dominant polymer in household indoor air samples  (62%) (Jenner et al., 

2021), suspended atmospheric microplastic fibers (50%) in Shanghai (Liu, Wang, Fang, et 

al., 2019). 

A study on atmospheric MPs identified PE and PET as prevalent polymers after cellophane in 

Mexico (Shruti et al., 2022). In a study on indoor and outdoor air, Perera and his colleagues 

discovered PET to be the most prevalent type of polymer, followed by PE (Perera et al., 

2022). PET, PE, PS, PP were reported along with 11 other polymer types in urban 

atmospheric deposition of London (Wright et al., 2020). One of the most extensively used 

plastic polymers in daily life, polyethylene terephthalate is utilized in packaging, bottle 

production, and the textile sector. 

PET, PP and PE are the most used plastic types worldwide. PP is used in packaging of food 

items, caps of bottles, pipes, and wrappers of snacks (An et al., 2020; Plastics Europe, 2021). 

Due to the dynamic nature of the air and the way that wind disperses particles from one place 

to another, the sources of airborne microplastics are complex. Another source of these MPs 

may include degradation or chopping of macroplastics or synthetic material in industries 

(Gasperi et al., 2018).  

Polymeric composition reported in an area may vary from place to place depending on local 

plastic waste composition and industrial waste generation and management practices.  

 



32 
 

 PET

 PP

 PE

 PS

 Other

 

 PET

 PP

 LDPE

 PE

 PS

 Other

 

a 

b 



33 
 

PET PP LDPE PE PS Other

0

20

40

60

80

A
b

u
n

d
a
n

c
e
 (

%
)

Polymers

 Class

 Lab

 Hallway

 

Figure 4.7. Polymer composition of microplastics in (a) outdoor air samples, (b) indoor air 

samples. (c) Polymer composition of airborne microplastics in different indoor locations. 
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Figure 4.8. Characteristic ATR-FTIR spectra of prevalent microplastic particles. 

Microplastics can enter atmosphere from various sources i.e., wear and tear (Jan Kole et al., 

2017), clothing, weathering of plastic waste, personal care products, textile industry, paint, 

and wastewater (An et al., 2020). These synthetic particles from the atmosphere can be 

transported to water, soil, plants and animals via deposition, absorption, and inhalation. 

Research by WWF in Islamabad and the Ayyubia National Park found that the weight of 

plastic waste generated each month in total solid waste is about 2700 tons. PET, PP, PS, 

LDPE, HDPE, and PVC are the most prevalent polymers found in this waste (Ali, 2019). 

PET is widely used in manufacturing of juice, soft drink, and water bottles in addition to 

being extensively used in the textile sector to create synthetic fibers (Truong et al., 2021; 

Yadav et al., 2021).  

PMMA, a synthetic thermoplastic, owning to its rigidity and transparency, has multiple 

applications in environment i.e., manufacturing window frames, making aquariums, medical 

devices, rear lights and other parts of vehicles, screens, and lenses etc. (Plastics Europe, 

2021). Considering multiple sources of microplastics in environment, industrial practices, 

degrading or weathering residential and commercial plastic waste, incineration of solid waste 

are major sources of airborne MPs (Hale et al., 2020; Kacprzak & Tijing, 2022). 

Polypropylene, polyethylene and polystyrene are the most prevalent airborne microplastics 

reported widely in past studies implying their extensive use in atmosphere (Organisation for 

Economic Co-operation and Development, 2021; Plastics Europe & EPRO, 2016). Further 

studies are required to investigate the source apportionment of airborne microplastics. 

e: PS 
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4.4.2.  µ-Raman spectroscopy 

Random suspected microplastic particles of size less than 20 µm were analyzed using µ-

Raman spectroscopy to identify their polymer type. Particles were randomly selected from 

each sample group for spectroscopic analysis with the help of a microneedle. Raman spectral 

data of these particles was analyzed using Origin Lab to visualize and study existing 

characteristic peaks of polymers. Utilizing published sources, the reference characteristic 

peaks of several polymers were identified. This analysis reconfirmed the presence of PET, 

PE, PP, PS and PMMA polymers in sample particles (Figure 4.9). Microplastic particles in 

the atmosphere undergo morphological changes due to weathering and may also absorb 

various contaminants, which may weaken their distinctive peaks to some extent and generate 

noise in the spectrum. 

 Similar phenomenon of weak spectra due to microplastics weathering has also been reported 

previously (Dong et al., 2020; Huang et al., 2019; Xiong et al., 2018). The weak spectra of 

microplastics also imply their long-time suspension in environment, as freshly introduced 

MPs have more distinct peaks in their spectra with little noise (Dong et al., 2020). From 

literature it was found that characteristic peak for PS is at 1000 cm-1, for PE at 1059 cm-1, for 

PP at 402 cm-1, 1157 cm-1, for PET around 1720 cm-1, and for PMMA at 977 cm-1 and 1453 

cm-1 (Boyden et al., 2022; Yao et al., 2022). Polymer composition of randomly selected 

particles of less than 20 µm as per Raman results was as PET (33.3%), PP (25%), PE 

(20.8%), PS (12.5%), and PMMA (8.3%).  It has been found that Raman corroborated the 

presence of all the polymers identified by ATR-FTIR except the LDPE. This technique is 

equally efficient and does not require sample preparation. Since IR spectroscopy cannot 

analyze particles of less than 20 µm size, there Raman is recommended for analyses of small 

sized particles. Small sized particles especially PE, and PP have been reported widely and are 

capable of exacerbating cytotoxicity, thereby increasing health concern. Figure 4.9. Shows 

the Raman spectra of most common polymer types along with respective micrographs of the 

analyzed particles. 
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Figure 4.9. Microphotographs and Raman spectra of different microplastic particles found in 

indoor and outdoor air samples.  



42 
 

Table 4.1. Wavelength for characteristic peaks of synthetic polymers 

Polymers Wavelength for characteristic peaks 

(Yao et al., 2022) 

Polyethylene terephthalate (PET) 1720 

Polypropylene (PP) 402 

Polyethylene (PE) 1059 

Polystyrene (PS) 1000 

Polymethyl methacrylate (PMMA) Dense peak region 1100-1500 with a sharp 

peak at 1453 
 

4.5. Surface morphology and elemental composition 

SEM images (Figure 4.10.) show surface texture of different microplastic particles of 

different shapes. Surface morphology of particles reveal degradation status of these particles, 

the more a particle is fractured or cracked, the older it may be in air enduring the process of 

weathering. Microplastic particles with pits, ragged edges, grooves and cracks, which are 

indicators of weathering, show that they have been exposed to deterioration (physical and 

mechanical) while being suspended in the air for a prolonged time (Cai et al., 2017; Pandey et 

al., 2022; Yao et al., 2022) Some particles, as opposed to those with frayed ends, had smooth 

surfaces, indicating that they had just been put into the atmosphere. Figure 4.10. (H, I) show 

small fragments and fibers adhered to the surface of a large fragment. When analyzing 

distinct particles using EDX, different areas on a particle surface were considered, i.e., the 

part with adherent foreign material and the part without any foreign material. The results of 

SEM-EDX are shown in Figure 4.11.  

These findings suggest that carbon (C) and oxygen (O) are the fundamental elements of every 

particle. Other elements such as Copper (Cu), Aluminum (Al), Silicon (Si), Iron (Fe), Sodium 

(Na), Chlorine (Cl), and Titanium (Ti) were clearly present where the spot comprised foreign 

materials. These metals were either absorbed from the environment or were added during 

plastic production. These findings about the elemental makeup of airborne microplastics are 

consistent with the past research that revealed the presence of elements other than C and O is 

caused by metal adsorption on the surface of microplastics and foreign substances, such as 

minerals stuck to particle's surface (Li et al., 2020; Pandey et al., 2022; Shruti et al., 2022; 

Yao et al., 2022). Various metals, including iron, titanium, aluminium, and silicon, have also 

reportedly been employed in the manufacturing of plastic as pigments and fillers. (Sobhani et 

al., 2019).  
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Figure 4.10. SEM images of microplastic particles (fibers: A, C, H; fragments: B, D, E, G, 

and sheet: F) 
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Figure Error! No text of specified style in document.11. SEM-EDX of microplastic 

particles (A) A fragment a) spot containing foreign substance b) spot without any foreign 

substance, (B) A smooth edged fiber, (C) fragment, (D) a frayed fiber from outdoor air., (E) a 

fiber with material adhered to its surface, (F) two fibers from outdoor air. 

a 

 

a 

b 

 

b 

E 

 

E 

F 

 

F 



47 
 

4.6. Comparative analysis of current study with previous research 

Table 1. summarizes past study findings to compare them with current study findings. Since 

all these studies have employed various approaches have considered different parameters 

which make this comparison less likely. Most of the areas cited in table. 1 are more 

contaminated than the study area of this research which can be due to various reasons i.e., 

population size, plastic waste management practices, plastic demand and consumption, social 

and economic status etc.  

Table 4.2. Comparative analysis with past studies on airborne microplastics 

Study area Sampling 

environment 

Approach Poly

mer 

type 

Shape MPs 

Abundance 

Reference  

Paris, 

France 

Total 

atmospheric 

fallout 

Leica MZ12 

stereomicrosc

ope 

NA Fiber 

(>90%) 

29-280 

particles/m2/day 

(Dris et al., 

2015) 

Paris, 

France 

Total  

atmospheric 

fallout  

Stereomicros

cope 

PET, 

PA, 

PU 

Fiber  110 ± 96 

particles/m2/day 

(Dris et al., 

2016).  

 

Paris, 

France 

Indoor and 

outdoor air 

Stereomicros

cope, 

FTIR 

coupled with 

ATR 

PP, 

Mixtu

re of 

PA 

and 

cotton

, Co-

polym

er of 

PE & 

PP 

Fiber Indoor: (1.0-

60.0 fibers/m3), 

Outdoor: (0.3-

1.5 fibers/m3). 

(Dris et al., 

2017) 

China Atmospheric 

fallout 

Digital 

microscope, 

µ-FTIR, 

SEM 

PE, 

PS, 

PP 

Fibers 175-313 

items/m2/d 

(Cai et al., 

2017) 

Germany  Atmospheric 

deposition  

Fluorescence 

microscope, 

PE, 

EVA

Fiber 

and 

275 MPs/m2/day (Klein & 

Fischer, 
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µ-Raman 

spectroscope  

C, 

PVA, 

PTFE, 

PET 

fragme

nt 

(95%)  

2019) 

East China 

Normal 

University 

Suspended 

atmospheric 

particulate 

matter 

Stereomicros

cope, 

µ-FTIR 

PET, 

EP, 

PE, 

ALK, 

RY, 

PP, 

PA, 

PS 

Fibers, 

Fragme

nts 

0.41 n/m3 (Liu, Wang, 

Wei, et al., 

2019) 

Asaluyeh 

County, 

Iran 

Suspended 

dust (PM2.5), 

street dust 

Fluorescence 

microscope, 

SEM 

NA Fibers 0.3-1.1 MPs/m3 (Abbasi et 

al., 2019) 

Surabaya, 

Indonesia 

Ambient air Microscope, 

FTIR 

PET, 

cellop

hane, 

polyes

ter 

Fibers 

(>90%) 

NA (Asrin & 

Dipareza, 

2019) 

Beijing  Total 

suspended 

particles 

(TSP) 

SEM-EDX NA Fibers 

 

16.7 × 10-3 

fibers/ml at 

1.5m height, 

14.1 × 10-3 

fibers/ml at 18m 

height 

Li et al., 

2020 

California, 

USA 

Indoor and 

outdoor air 

Nile red 

staining, 

fluorescent 

microscopy, 

Gross 

traditional 

microscopy, 

µ-Raman 

spectroscopy, 

and µ-FT-IR 

PVC, 

PS, 

PE, 

PA 

Fibers Indoor: 3.3±2.9 

fibers/m3, 

12.6±8.0 

fragment/m3. 

Outdoor: 

0.6±0.6 

fibers/m3, 

5.6±3.2 

fragments/m3 

(Gaston et 

al., 2020) 



49 
 

spectroscopy 

Wenzhou 

City 

China 

Active 

sampling of 

indoor and 

outdoor air 

Fluorescence 

stereomicrosc

ope, 

μ-FTIR 

Polyes

ter, 

PA, 

PP, 

PE, 

PS, 

PVC 

Fragme

nts 

indoor air = 

1583 ± 1180 

n/m3 Outdoor air 

= 189 ± 85 n/m3 

(Liao et al., 

2021) 

China Total 

suspended 

particulate 

matter 

Fluorescence 

microscope, 

µ-FTIR 

PE, 

PET, 

PS, 

PP, 

PA, 

PVC 

Fragme

nts 

(88.2%

) 

Northern cities: 

358±152 n/m3, 

Southeast cities:  

230±92 n/m3 

(Zhu et al., 

2021) 

Portugal Active indoor 

air sampling 

Digital 

stereomicrosc

ope 

NA Fiber   1.1 particles/m3 (Xumiao et 

al., 2021) 

Bushehr 

port, Iran 

Particulate 

matter (PM2.5) 

Binocular 

microscope, 

iLED 

fluorescence 

microscope, 

µ-Raman 

 

PET, 

Nylon

, PE, 

PS, 

PP 

Fragme

nts 

(63%) 

zero to 14.2 

items/m3 

(Akhbarizad

eh et al., 

2021) 

South  

Korea  

Indoor and 

outdoor air 

µ-FT-IR PP, 

PE, 

PES, 

PS, 

PTFE, 

PVC, 

ALK, 

AR, 

PU, 

PA 

Long 

and 

synthet

ic 

fibers 

Suspended air: 

0.45–6.64 

(2.51±1.77) 

particles/m3 

(Choi et al., 

2022) 

Mexico.  Airborne PM10 ATR-FTIR, CPH, Fibers PM10 (0.205 ± (Shruti et 
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and PM2.5 in 

urban, 

residential, 

and industrial 

sites. 

epifluorescen

ce 

microscope, 

SEM-EDX 

PET, 

PE, 

Rayon

, PA 

(>75%) 0.061 items/m3) 

PM2.5 (0.110 ± 

0.055 items/m3) 

al., 2022) 

Sri Lanka Indoor and 

outdoor air 

Stereomicros

cope, 

FTIR 

PET, 

PE, 

PS, 

PP, 

PA, 

Acryli

c, PES 

Fibers 

(98%) 

Indoor: 

0.13−0.93 

particles/m3, 

Outdoor: 

0.00−0.23 

particles/m3 

(Perera et 

al., 2022) 

Lahore, 

Sahiwal 

Pakistan 

Deposited dust 

samples from 

indoor 

residential 

environments 

Stereomicros

cope, FTIR 

Polyes

ter, 

PET, 

PE, 

PU, 

copol

ymer 

of PP 

Microfi

bers 

(>90%) 

Lahore: 241.45 

(items/m2),  

Sahiwal: 162.1 

(Items/m2) 

(Aslam et 

al., 2022) 

Varanasi, 

India 

Atmospheric 

suspended 

particulate 

matter and 

dust samples 

Binocular 

microscopy, 

fluorescence 

microscopy, 

FTIR, SEM-

EDX 

PE, 

PP, 

PET, 

PS, 

PVC, 

polyes

ter,  

Fibers 

(44%) 

NA (Pandey et 

al., 2022) 

Ahvaz, Iran Airborne 

particulate 

matter (PM10) 

using high 

volume 

sampler 

Binocular 

microscopy, 

SEM-EDX, 

µ-Raman 

spectroscope 

PET, 

PP, 

PS, 

Nylon 

Fibers None detected to 

0.017/m3 

(Abbasi et 

al., 2023) 

Mosul City, 

Iraq 

Different 

indoor 

environments 

Stereomicros

cope, 

FTIR 

PS, 

PET, 

PE, 

Fibers 

(93%) 

3.02×102 – 

4.743×103 

MPs/m2/d 

(Al-

Hussayni et 

al., 2023) 
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spectroscopy PP, 

PA, 

PVC 

Arizona 

State 

University 

Total 

Suspended 

Particulate 

matter 

Digital 

microscope, 

µ-Raman 

spectroscopy 

PVC, 

Polyes

ter, 

PS, 

PE 

Fibers 

(≥82%) 

 0.02-1.1 

microplastics/m3 

(Chandraka

nthan et al., 

2023) 

University 

College 

London 

Indoor and 

outdoor air 

Dissecting 

microscope 

NA NA Indoor: 40–50 

particles m−3/h, 

Outdoor: 1–

2 particles m−3/h 

(Boakes et 

al., 2023) 

Islamabad Indoor and 

outdoor air 

samples 

Olympus 

digital 

microscope, 

µ-FTIR,  

µ-Raman 

spectroscope, 

SEM-EDX 

PET, 

PP, 

PE, 

LDPE

, PS, 

PMM

A 

Indoor 

fibers: 

57.6%, 

Outdoo

r 

fibers: 

66.3% 

Indoor: 4.34 ± 

1.93 Items/m3 

Outdoor: 0.93 ± 

0.32 Items/m3 

This study 

 

4.7.  Attributable health risks 

Inhalable airborne microplastics can pose substantial health risks depending on their size, 

density, chemical composition, and fate in the human body. Despite the fact that MPs have 

been found in human blood, placenta, spleen, liver, lung, and other body tissues, there is a 

dearth of study on the effects of MPs on human health (Jenner et al., 2022; Kutralam-

Muniasamy et al., 2023; Leslie et al., 2022; Ragusa et al., 2021). Microplastics of size less 

than 10 µm (especially <5 µm) are more likely to be inhaled and deposited in air sacs. These 

synthetic sharp edged particles apart from causing other biological impacts may physically 

damage lung tissues by rupturing alveolar walls (Amato-Lourenço et al., 2021; Enyoh et al., 

2019; Xie et al., 2022). Due to their hydrophobic properties, microplastics, a growing portion 

of particulate matter (Sridharan et al., 2021) have been implicated in the transportation of 

harmful heavy metals (such as Pb, Cd, Ni, and Zn), persistent organic pollutants, and PAHs 

(polycyclic aromatic hydrocarbons) (Abbasi et al., 2020). Additionally they may contain 

dyes, chemicals, pigments and other hazardous chemicals capable of having deleterious 

impacts on human health (Gasperi et al., 2018).  
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Microplastics concentration, exposure time and size of the particles can assist in investigating 

impacts on human body. Since every person has different breathing pattern and live in 

different conditions, so impacts of MPs cannot be generalized to all, i.e., a worker of textile 

industry is more exposed to inhalation risk of synthetic fibers compared to a person who does 

not work in similar environment. Respiratory issues i.e., dyspnea, asthma, coughing,  are 

commonly reported by workers of textile and paint industry who are chronically exposed to 

synthetic fibers through inhalation (Dris et al., 2017). Their chemical makeup, shape, and size 

all have a significant impact on whether they degrade or accumulate in the human body. 

During their time in the air, these particles may absorb hazardous substances at their surfaces 

and transport them into the human body by inhalation (Zhu et al., 2021). Due to their capacity 

to withstand mucociliary clearance and disintegration, which makes them more durable in 

physiological fluids, inhalable microplastic particles can remain in human body tissues for a 

considerable amount of time. To validate the longevity of synthetic polymeric fibers in the 

lungs and other human organs, however, more research is required (Law B. D. ,Bunn W. B., 

1990). This study has identified airborne MPs, their physical characteristics and chemical 

composition but it urges further research to investigate human health risks associated with 

MPs concentration in air.  

Microplastics in soil, water, or air can contaminate plants and animals thereby contaminating 

the whole food chain (Zhang et al., 2020). Given that ultimate consumers of food are humans, 

these synthetic particles enter the human body and can cause potential impacts at 

gastrointestinal tract or if inhaled on respiratory system (Zhang et al., 2020). Microplastics 

have also been found in the lungs of birds owing to the fact that their respiration is much 

higher than humans which implies higher exposure to airborne pollutants (Tokunaga et al., 

2023).  

A study conducted on wild birds to estimate their exposure to airborne microplastics reported 

the presence of MPs in lung tissue samples implying inhalation one of MPs’ source in lungs 

(Tokunaga et al., 2023). Different chemicals are added to plastics during their production for 

various purposes. These chemicals i.e., bisphenol, phthalates etc. may disrupt endocrine. 

These endocrine disrupting chemicals may leach out during recycling of some plastics and 

cause serious health problems to exposed species (Ettore et al., 2008). The public is usually 

unaware of this information which is another disturbing fact leading to their unintentional 

exposure (Ettore et al., 2008). Pervasive MPs in soil, water and air make their way to 

humans, animals, and plants via various roots, thereby accumulating in their body tissues.  



53 
 

A study conducted to investigate impacts posed by microplastics on humans, marine 

mammals, and sea turtles reported that MPs can change membrane integrity, trigger an 

immunological response, produce oxidative stress and cytotoxicity, and cause altered gene 

expression (Meaza et al., 2020). Considerable negative effects, such as the inhibition of cell 

growth and significant morphological changes in sample cells were identified in a study 

where human lung cells were exposed to airborne polystyrene particles (Goodman et al., 

2021). Long-term exposures to a range of synthetic polymers were thought to be more 

instructive on the effects posed by MPs (Meaza et al., 2020).  

  



54 
 

Chapter 5 

5. Conclusions  

In Pakistan, this study is the first to investigate airborne microplastics to ascertain their 

existence and to unravel their physical characteristics, polymeric composition, and chemical 

make-up. Microplastics in indoor and outdoor environments have been quantified (0.93 ± 

0.32 Items/m3 outdoors, 4.34 ± 1.93 Items/m3 indoors) and categorized based on their color, 

size, and shape. Indoor contamination can be lowered by improving ventilation condition. 

Both ATR-FTIR and µ-Raman analysis have identified six different polymer types in indoor 

and outdoor samples. Particles of less than 20 micrometer were analyzed under µ-Raman 

spectroscope. Both techniques are effective, efficient, and reliable for studying airborne 

microplastics and have been used in past studies. It suggested if the concerned particles are 

less than 20 µm use µ-Raman spectroscope, and if the concerned particle size is above 20 µm 

both techniques can be employed alternatively. This paper has reviewed discrepancies in 

airborne MPs analysis approaches found in the literature and suggests a standard 

methodology. Furthermore, by employing SEM-EDX analysis this study has elucidated 

morphological characteristics of identified particles and their elemental composition 

considering two points i.e., parts with foreign substance and without foreign substance 

adhering to their surface. In many areas especially in megacities of Pakistan, which is among 

the countries with the worst air quality, there is a dire need for additional research on this 

subject. For the purpose of doing further research, the health sector, policy makers, and 

environmental protection departments will find these findings to be helpful. 

5.1. Future perspectives 

Future perspectives of this research work include: 

1. Future research on airborne microplastics should consider the seasonal variations, 

altitudinal differences, and several other spatial variations that were not considered in this 

study.  

2. Research on the health concerns posed by indoor air microplastics in rural and urban 

dwellings can assist policymakers better understand these dangers and develop 

regulations to protect the public's health. 

3. Special research on inhalable microplastics is necessary, with a particular emphasis on 

MPs smaller than 5 µm, which have the ability to evade mucociliary clearance and persist 
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in body tissues for prolonged periods. Such studies in textile industries, paint industries 

and areas identified with potentially contaminated air from synthetic particles can help to 

design appropriate policies to edge off subsequent health issues. 

4. Since airborne microplastics have been identified as neglected source of MPs in soil and 

water in past research (Dris et al., 2016), carrying out such studies in agricultural fields 

and over aquatic environment will help to quantify atmospheric transportation of 

microplastics in these environments.  

5. There is a need to design biomarkers for microplastics pollution indication. 
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