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Abstract
Microplastics are plastic particles less than 5 mm in length. Microplastics 
in the air can be ingested and inhaled by humans. In this work, three 
sites in a roadside area were investigated  for microplastics. Air samples 
were obtained by sucking air at these three sites into a stainless steel 
funnel with a vacuum pump. The air went through a filter media to retain 
any particles, which were then collected and observed with a digital 
microscope and Fourier Transform Infrared (FTIR) testing. A diversity 
of microplastic shapes were identified at the sites, including fibers, 
fragments and films. Pellets were not found at any sites, and fiber was 
the dominant microplastic shape. The highest microplastic was found in 
the study site with high traffic volume than at sites with low traffic volume. 
Microplastic on Urip Sumoharjo street (225,087 units/day) as many 
as 174.97 particles/m3 and 130.50 particles/m3, Mayjend Sungkono 
street (132,066 units/day) as many as 131.75 particles/m3 and 68.36 
particles/m3, and Embong Malang street (98,017 units/day) as much 
94.69 particles/m3 and 55.93 particles/m3. Microplastics from different 
polymers, such as  polyethylene terephthalate (PET), polyester and 
cellophane, were identified. Thus, dust emissions and depositions in 
the air, on land surfaces, and in aquatic environments are associated 
with microplastic transportation.
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Introduction
Microplastic pollution has a global distribution. 
Microplastics were listed as one of the ten emerging 

issues in the United Nations Environment Programme 
(UNEP).1 Microplastics are plastic particles less than 
5 mm in length.2 Their small size can make it easy for 
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organisms to digest them.3 Microplastics in the air will 
be inhaled and subsequently enter the airway.4 Thus, 
organisms are also potentially exposed to related 
toxic chemicals, such as organic pollutants, heavy 
metals and other materials, which are absorbed by 
the microplastics from the surrounding environment.5

Some studies have found large amounts of fiber in 
the atmosphere. It is estimated that 29% of these 
fibers contain at least fragments of plastic polymers.6 
Microplastics have been identified as an important 
factor in the loss of biodiversity3 and pose a potential 
threat to human health and activities.7

Plastic particles in the environment can come 
from several sources, including the destruction of 
natural plastic waste via mechanical wave actions, 
photooxidation resulting from sunlight, direct disposal 
of industrial products, fibers from synthetic fabrics, 
worn tires from cars or motorcycles and ingredients 
used in cosmetics.8 Microplastic pollution may come 
from intentionally produced microplastics, from 
indoor and outdoor activities, waste management 
releases, waste recycling, littering and activities 
at sea such as from fishing net. In urban areas, 
the most important sources of microplastics are 

road wear and tire abrasion, with almost 13,000 
tons emitted every year in Sweden alone (using  
0.05 gr/km of rubber as an emissions factor, reported 
by Gustavsson.9 For road and pedestrian users, 
exposures to microplastics may lead to increased 
health concerns. 

Emissions from industry, particle resuspensions 
and other anthropogenic causes, such as urban 
traffic, are potential sources of microplastics in the 
air.10 Researchers studying storm water runoffs from 
Norwegian and Swedish cities found that they are 
substantial sources of a wide range of traffic-related 
pollutants.11,12 City dust in urban runoff is known to be 
a significant source of water pollution. A substantial 
portion of the constituents of city dust comes from 
polymer-based materials, such as tires, which are 
considered to be microplastics.13 Vehicles driving 
on a road experience friction, pressure and heat, 
causing the vehicles’ tires to wear out and emit 
plastic dust. If it is blown into the air, the dust can 
contribute to a decrease in air quality, and, if it is 
carried by rain to sewers, rivers and so on, it is likely 
to be consumed by the biota in the waters, such as 
shellfish, which can affect the human food chain.14

Fig. 1: Locations of the sampling sites (the Urip Sumoharjo Street site is outlined in green, 
the Mayjend Sungkono Street site is outlined in purple and the Embong Malang Street 

site is outlined in yellow)
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In recent years, there has been a lot of research 
conducted on microplastic pollution in the 
environment, but these works have focused on the 
aquatic environment.15 No microplastic pollution 
studies have been done on the air in Indonesia. 
Surabaya City is the second largest city in Indonesia 
and has a very large population of more than two 
million peoples. Its growth includes industry and 
vehicles very largest every year.16 Its increasing 
population has resulted in increased activities, 
including traffic activities. This increased traffic 
activity in Surabaya has resulted in a decrease in air 
quality in roadside areas. Therefore, research on the 
microplastic pollution in ambient air needs to be done 
to determine the amount, shape and composition of 
microplastics in ambient air in the roadside areas of 
Surabaya City.

Materials and Methods
Study Area 
Sampling was carried out on three (3) streets in the 
city of Surabaya. Site 1 (7016’37”S 112044’28”W) was 
located on Urip Sumoharjo Street, Site 2 (7017’33”S 
112043’43”W) was on Mayjend Sungkono Street, and 
Site 3 was on Embong Malang Street (7015’35”S 
112044’10”W) (Figure 1). Urip Sumoharjo Street was 
selected to represent a road with high traffic volume 
(225,087 units/day), Mayjend Sungkono Street was 
selected to represent a road with medium traffic 
volume (132,066 unit/day) and Embong Malang 
Street was selected to represents a road with low 
traffic volume (98,017 units/day).16 

Sampling and Pre-Treatment
Air sampling was carried out twice on weekdays. 
The first sampling was carried out over three (3) 
working days from 06.00 - 19.00 (Period I), and the 
second sampling took place over on a working day 
from 06.00 - 12.00 (Period II). The sampling ceased 
whenever it rained.

The sampling devices consisted of stainless steel 
1000 mL funnels, GF/A Whatman filters (each with 
a porosity of 1.6 μm and a diameter of 47 mm) and 
vacuum pumps (Vacuubrand pumps) with flows of 
207.38 mL/min (for Period I) and 446.93 mL/min  
(for Period II). The air was sucked through the 
filter media into the stainless steel funnel using 
the vacuum pump in such a manner that particles 

collect on the surface of the filter media. The filters 
were weighed before and after sampling using digital 
scales. The number of particles accumulated in each 
filter during a period was determined gravimetrically. 

The devices were placed on each roadside at a 
height of 1.2 m above ground level (a standard 
height used to correspond to the breathing height 
of an adult).17 Each device was placed according to 
the dominant wind direction in its location to estimate 
the direction of the pollutant source.

Visual Observations and Fourier Transform 
Infrared (FTIR) Analysis
After field sampling, the filters and funnel devices 
were rinsed with distilled water. The filters were 
observed visually under a digital microscope (Dino-
Lite AM3113T) equipped with a software program 
DinoCapture 2.0.18,19 Microscopic observation was 
carried out  to study the quantities and physical 
forms of the microplastics in the collected samples. 
Particles suspected of being microplastics were 
sorted and studied. The number of microplastic 
particles was calculated for each filter, and the 
microplastics were categorized based on their sizes 
and shapes. The amount of microplastics present  
was expressed as the number of particles/m3.6

Particles that were separated from the filter were 
randomly selected for FTIR analysis.18,20 FTIR 
analysis using FTIR Thermo Fisher Scientifics 
Nicolet iS10. The composition of each sample 
was obtained by interpreting the spectrum of the 
functional groups outputted by FTIR analysis. The 
resulting spectra would be compared with the 
databases offered by Thermo Fisher Scientifics 
Nicolet.

Results and Discussion
Microscopic observations showed that, of the three 
study locations, Urip Sumoharjo Street had the 
most microplastics (174.97 particles/m3 and 130.50 
particles/m3 for Periods I and II, respectively) and 
Embong Malang street had the fewest microplastics 
found during the study (94.69 particles/m3 and 
55.93 particles/m3 for Periods I and II, respectively)  
(Figure 2). This result was expected since Urip 
Sumoharjo Street was more congested than Embong 
Malang Street.16
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There were three basic shapes of microplastics 
discovered. The microplastic shapes found at the 
research locations on Urip Sumoharjo Street and 
Mayjend Sungkono Street consisted of fibers, 

fragments and film, whereas on Embong Malang 
Street, only the type of fiber was found (Table 1). 
The shapes of the microplastics are shown in 
Figure 3. No pellets were found at the research 

Fig. 2: Amounts of microplastics collected from each of the sampling sites

Table 1: Amounts of polymers collected from each site in Surabaya City

Site Period Shape     Total Amount* 

  Fiber Fragment Film Pellet (Items) (Particles/m³)
 
Urip Sumoharjo I 83 1  1 0 85 174.97
 II 20 0  1 0 21 130.50
Mayjend Sungkono I 62 1  1 0 64 131.75
 II 10 1  0 0 11 68.36
Embong Malang I 46 0  0 0 46 94.69
 II 9 0  0 0 9 55.93

*The amounts of microplastics are expressed in the number of particles/m3.

Fig. 3: The shapes of the microplastics collected from all three sampling sites in 
Surabaya City: a-c Fiber, d-e Fragment and f Film
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sites since, according to Kingfisher, pellets are 
primary microplastics that are produced directly by 
factories as a raw material for making plastic-based 
products.21 Based on the research results, the fiber 
was the dominant shape found at each research 
site. This finding is similar to the results of Dris  
et al., where it was determined via visual inspection 
that fiber was the dominant microplastic shape in 
the ambient air.6

The amount and sizes of the microplastics found at 
each research site were different. Urip Sumoharjo 
Street’s dominant fibers had sizes ranging from 
1000–1500 (μm) (Figure 4).

The microplastic compositions in the samples 
obtained from the research sites is analyzed 
by FTIR testing. The FTIR test results showed 
that the microplastic particles identified included 
portions of plastic polymers. The types of polymers 
identified were polyester (Figure 5a), polyethylene-

terepthalate (PET) (Figure 5b) and cellophane 
(Figure 5c). The majority of the polymers were 
cellophane (58.3%). Polyethylene-terephthalate 
(PET), and polyester which are used widely in the 
textile industry. In addition, polyester is also often 
used when making vehicle tires.22 The cellophane 
polymer is a polymer made from regenerated 
cellulose and is used in packaging various types of 
food, the clothing industry, the fiberglass industry and 
the rubber industry. Vehicle tires are also composed 
of synthetic rubber.22 Hence, most of the particles 
identified in the roadside areas might be mainly 
derived from synthetic textiles and the erosion of 
synthetic rubber tires.

Microplastics in the air can contribute to microplastic 
contamination of the soil and aquatic environments. 
A study states that microplastic particles in the 
atmosphere can be transported by wind to the 
aquatic environment or stored on the surface of the 
city,23 then deposited or carried away to the aquatic 

Fig. 4: Size distributions of microplastics collected from all sampling sites 
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Fig. 5: FTIR Spectra of Identified Polymers
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environment through runoff.14 Such contamination 
can affect organisms, including humans. According 
to Gasperi et al.,24 some inhaled microplastic 
fibers will settle in the lungs and cause biological 
responses, including inflammation. Further, a study 
also reported that microplastic particles consumed by 
an organism can cause a variety of effects, including 
serving as intestinal barriers.25 The result research 
by Dehghani et al.,26 reported that microplastic 
particles in urban dust stored in the city of Tehran 
were 88–605 microplastic particles/30 grams of 
dust (3–20 particles/dust), with particles sizes of 
250 μm to 500 μm. Some studies also show large 
amounts of fiber found in ambient air containing at 
least part of plastic polymers.6 Microplastic particles 
in ambient air can enter the human airways which 
can be harmful to health. Therefore, people along 
the roadside areas of Surabaya City face potential 
health complications.

Conclusions
This paper show that microplastics are present in 
the ambient air of roadside areas. In this study, it 
was found that the dominant microplastic shape 
in the ambient air of roadside areas is fiber, with 
microplastic particles identified as containing 
portions of plastic polymers. The traffic volume 
affects the number of microplastic particles in the 
ambient air of a roadside area. A greater number 
of vehicles will increase the number of microplastic 
in ambient air. The clothing from road users and 

the tire wear of vehicles contribute to the number 
of microplastic in the ambient air in roadside areas. 

The microplastic fibers in the air can be ingested and 
inhaled by humans. There is currently no available 
data or information which provides evidence of 
the potential human health effects of ingested or 
inhaled microplastics. Thus, further research is 
needed. Individual particles present in the PM2.5 
to PM10 breathable particle fraction should also 
be investigated. Further research is also needed 
at other locations to determine the sources of the 
microplastics directly, be they tire wear from vehicles 
or clothing from road users
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