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Abstract  
Microplastics have raised many concerns because of their potential negative impacts on the 
environment. Identifying the sources of microplastics release to the environment is a 
challenging subject. Synthetic textiles, such as machine woven carpets, are highly capable to 
propagate and emit microplastics, especially fibers. While the carpet cleaning service has 
experienced a fast growth due to urbanization and its impact on life style, there is a lack of 
information on the number and the size of fibers, which are released during the washing 
process. In this study, we characterized the microplastic fibers in the wastewater of two carpet-
washing workshops in the cities of Ahwaz and Sari in Iran. Three replicates of 10 L-samples 
were taken from the wastewater of washing and drying stages. All samples were passed through 
sieves of 500, 300 and 37 μm. The residues were washed with 1 L distilled water and poured 
into clean glass bottles. Then, the samples were passed through 25 μm filter paper. The 
remained materials on the filter were examined using a stereo microscope. Shapiro-Wilk and 
Levin tests were applied to test the normality and homogeneity of data. One-way ANOVA test 
was used to investigate the differences in size of microplastic fibers and independent t-test to 
determine the difference between the total number of the released microplastic fibers and the 
ones at each stage in the cities. More than 3097 and 1824 microplastic fibers per square meter of 
carpet (equal to 81 and 48 microplastic fibers per liter of wastewater) were counted in the 
workshops in Ahwaz and Sari, respectively. The shares of microplastic fibers in the size of 
≥500, 300-500 and 37-300 μm were 18.4%, 24.6%, 57% in Ahwaz and 14.4%, 28.8%, 56.8% in 
Sari, respectively. The number of released microplastic fibers per liter of wastewater of carpet 
washing workshops is much higher than the number of fibers in the raw wastewater entering 
Sari WWTP, which was 4.9-12 microplastic fibers per liter. The washing of machine woven 
carpets is an important emission source of microplastic fibers especially with the size of less 
than 300 micron. The number of released microplastic fibers depends on the type of washing 
and drying practices. It is expected its emission load will sharply increase in future due to the 
booming growth in demand for these kinds of reasonably priced floor covers. 
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1. Introduction 
Microplastics1 are an emerging anthropogenic 
contaminant which has been identified in different 
terrestrial and aquatic environments, such as oceans, 
rivers, lakes, estuaries, and soil, as well as in urban 
runoff and wastewater effluent (Michielssen et al., 2016, 
Rillig, 2012, Ziajahromi et al., 2017). They are non-
degradable debris less than 5 mm and remain in the 
environment (Derraik, 2002, Gorycka, 2009, Browne et 
al., 2010), and can be divided into two primary and 
secondary MPs. Primary MPs are produced in 
microscopic sizes and used in manufacturing of larger 
plastic materials, face cleaners and cosmetics or in air 
blasting technology and equipment manufacturing. 
Secondary MPs are small plastic debris resulting from 
decomposition of larger plastic debris through 
biological, chemical, and physical processes in water or 
on soil (Zitko and Hanlon, 1991, Lee et al., 2013, Lassen 
et al., 2015). 

MPs also are an environmental concern because of 
their potential to physically and chemically damage a 
variety of exposed organisms (Miranda and Carvalho-
Souza, 2016). The properties of MPs play an important 
role in their environmental impacts. Researchers have 
shown that consumption of MPs, due to their small size 
and high surface-to-volume ratio, can damage marine 
organisms and provide a convenient route for 
transporting of pollutants such as industrial chemicals, 
drugs, hormones, pesticides and metal ions to living 
organisms (Rochman et al., 2013, Wright et al., 2013, 
Lassen et al., 2015). As a result, MPs have the potential 
to accumulate and transfer toxins to the food chain. They 
may also be a potential threat to human health through 
consumption of contaminated seafood (Teuten et al., 
2009, Lassen et al., 2015, Rochman et al., 2015). 
Besides, the entry of MPs into the tissues of living 
organisms results in an increase in granulocytes (a group 
of white blood cells) and a decrease in the stability of the 
lysosomal membrane (Yamashita et al., 2011, Rochman 
et al., 2013). 

Despite much research to identify microplastics in 
the environment, both in terms of number and 
morphology, identifying the sources of MPs release to 
the environment is a challenging subject (Ziajahromi et 
al., 2017). Decomposition of larger plastic debris, 
microbeads in cosmetics and synthetic fibers released 
from textiles have been identified as two major sources 
of MPs that can enter the aquatic ecosystem through 
wastewater, surface runoff and wind. Based on their 
physical features, MPs are classified as particles2 
(fragments, films, pellets, granules, lines, foams and 
beads) and fibers3 (Lassen et al., 2015). Synthetic fibers 
are widely used in cloths, carpets and many other goods. 
Researchers have shown that wastewater from the 
laundry is one of the most important sources of fiber 
release into the environment, so that by washing clothes, 
a wide range of natural (such as cotton and wool) and 
synthetic fibers (such as nylon) can enter the sewage. 
                                                
1 Microplastics (MPs) 
2 Microplastic particle (MPP) 
3 Microplastic fiber (MPF) 

(Browne et al., 2011, Lassen et al., 2015) and finally 
enter the environment so that they were found in a 
variety of environments, including sediments, water 
bodies, and organisms (Browne et al., 2011). Despite 
some research in the world on the amount of synthetic 
fibers released during the washing process, so far no 
research has been done on other products made from 
synthetic fibers such as carpets. 

The machine woven carpets are often made from 
synthetic fibers such as acrylic, polyester, polypropylene 
and nylon fibers while the first two ones are more 
common in Iran. These carpets are widely used in Iran 
and many other countries, so that, total world production 
in 2016 was 3.9 billion square meters and it is expected 
to reach 4.3 billion square meters by 2025. Due to 
widespread use of carpets, carpet-washing workshops 
are being established and developing as a service job in 
Iran and many other countries. Like other synthetic 
textiles, machine woven carpet is made of polymer 
fibers. Fine fibers detached from these textiles often 
enter the environment through washing and drying 
processes. 

Despite the importance of carpet washing workshops 
as a source of MPFs, so far no research has been 
performed on this industry. In this study, the number and 
the size of MPFs in the wastewater of two carpet 
washing workshops in the cities of Sari in the north and 
Ahwaz in the southwest of Iran were investigated. 
 
2. Materials and methods 
This study was conducted in two common carpet-
washing workshops in Ahwaz and Sari. The number of 
carpet-washing workshops in each city and the capacity 
and an approximate number of carpets that are washed 
daily by carpet-washing workshops in each city are 
estimated based on information received from workshop 
owners to get an approximate picture of the state of 
microplastic diffusion in this industry. For this purpose, 
the number and size of released microplastics fibers in 
two carpet-washing workshops were investigated. The 
workshops are located in the cities of Ahwaz (the capital 
of Khuzestan province in the southwest of Iran) and Sari 
(the capital of Mazandaran province in the north of Iran) 
and release their wastewater into the Karun River and 
the absorption wells, respectively (fig. 1). 

The samples of wastewaters were taken from the 
washing (contained detergent and disinfectant) and 
drying steps of both carpet washing workshops. To 
determine the number and size of MPFs, eight machine 
woven carpets with total area of 96 m2 in Ahwaz and 
three machine woven carpets with total area of 36 m2 in 
Sari were washed. At each washing and drying step, 10 
L wastewater was taken in three replicates and the 
samples were transferred to the laboratory.  

The samples were passed through stainless steel 
sieves of 500, 300 and 37 μm and the residues were 
washed with 1 L distilled water and were poured into 
clean glass bottles. Next, the contents of each bottle were 
passed through 25 μm filter paper (Filter Paper, 
Whatman 41) and were rinsed with ultrapure water 
(Brown et al., 2011, Napper   & Thompson, 2016). 
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To avoid overestimating of the number of MPs, non- plastic materials such as natural fibers like cotton,

 
Fig. 1. Location of carpet washing workshops in the cities of Ahwaz and Sari 

 
 
which are visually similar to synthetic fibers, were 
stained by adding 5 ml of 0.2 mg/ml Bengal Rose 
solution to each screen and allowed to react for 5 min at 
room temperature (Ziajahromi et al., 2017). The dye was 
washed off with ultrapure water. Then the samples were 
dried at 60 °C for 15 min.  

The remained materials on the filter paper were 
examined using a search KERN stereo microscope 
equipped with a 10 MP KECAM digital camera (fig. 2) 
and all fibers were extracted from each sample (except 
the pink fibers) and counted. Pink stained fibers, 
suspected to be natural matter and very small in number, 
were removed from the samples after confirming their 
natural origin. 

Shapiro-Wilk and Levin tests were applied to test the 
normality and homogeneity of the data. One-way 
ANOVA1 test was used to investigate the presence or 
absence of differences in size of MPFs and independent 
t-test to determine the difference between the total 
number of MPFs released between the two carpet 
washing workshops and also to compare different stages 
between cities in terms of the number of fibers. 

                                                
1 Analysis of Variance (ANOVA) 

 
3. Results and Discussion 
3.1. Abundance of MPFs 
The number of MPFs caused by washing and drying 
steps were counted and reported as of number per square 
meter of carpet (Table 1). All extracted microplastics 
from the wastewater were fiber. In total, 3097.38±69.16 
and 1824.76±180.12 MPFs per square meter of carpet 
were counted in Ahwaz and Sari, respectively. The total 
number of MPFs/m2 in Ahwaz was higher than in Sari 
where the majority of MPFs in both workshops belong to 
the washing stage (Table 1). 

Based on information obtained from this industry’s 
owners, on average, in the cities of Ahwaz and Sari, 
from April to January, each carpet washing workshop 
washes 180 and 360 square meters per day, and during 
February and March, these numbers reach 600 and 1200 
square meters, respectively, due to the proximity to the 
New Year. The average consumed water for washing 
one square meter of carpet in both carpet-washing 
workshops was 38 L. On the other hand, according to 
information provided by the union of carpet washing 
workshops, there are 50 workshops in Ahwaz and 30 
workshops in Sari. Thus, they release more than 13 and 
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31 billion MPs annually in Ahwaz and Sari, respectively (Table 2). 

 
(c) >500 μm 

 
 (b) 300-500 μm 

 
 (a) 37-300 μm 

Fig. 2. The MPFs from washing stage (×7.5) 
 
Table 1. The number of observed MPFs in the wastewater of carpet washing workshops in the cities of Ahwaz and Sari 

Size of MPs 
(µm) 

Ahwaz Sari 
Washing step 

 (MFi/m2) 
Drying step 
 (MFi/m2) 

Washing step 
 (MFi/m2) 

Drying step 
 (MFi/m2) 

>500 340.86±11.02 106.4±16.72 278.54±33.44 57±4.56 
300-500 817±101.08 74.86±6.46 384.94±29.26 64.6±5.7 
37-300 1579.66±88.54 178.6±16.72 916.94±134.52 122.74±15.2 
Sum 2737.52±53.2 359.86±15.96 1580.42±162.64 244.34±19 
Total 3097.38±69.16 1824.76±180.12 

 
Table 2. Examination of MPFs in carpet washing in Ahwaz and Sari 

Size 
(ૄm) 

Ahwaz Sari 

MPs/m2 
Released MPs by 

one workshop 
(10�/ yr) 

Released MPs by 
all workshops 

(106/ yr) 
MPs/m2 

Released MPs by 
one workshop 

(10�/ yr) 

Released MPs by 
all workshops 

(106/ yr) 
>500 447.26 38 1900 335.54 190 5721 

300-500 891.86 77 3850 449.54 255 7665 

37-300 1758.26 152 7600 1039.68 590 17729 

Sum 3097.38 267 13350 1824.76 1035 31115 

 
3.2. Comparison of released MPFs between the 
workshops  

Shapiro-Wilk and Levene statistical tests indicate that 
the data are normal and homogeneous. Besides, the 
results of independent t-test shows there is a significant 
difference between the total number of the released 
MPFs per square meter by the two workshops (T: 4.5, p-
value <0.05). The difference is also significant for the 
washing and drying stages in the two cities (T: 6.76-
4.93, p-value <0.05). Similarly, statistical analysis of the 
sizes shows there is a significant difference between the 
size of released MPFs in both cities and the size of 37-
300 microns has the most significant difference with the 
other two sizes (p-value <0.05 F = 47.5-26.39). This 
indicates that a large number of MPFs released into the 
environment are in the range of 37-300 microns (fig. 3). 

 
 

Fig. 3. The size distribution of MPFs in the wastewater 
of the carpet washing workshops in Ahwaz and Sari (%) 
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3.3. Discussion 
The environmental consequences of the presence of MPs 
are not yet fully understood. Given the increasing 
consumption of plastics, it is expected that the number of 
MPs in the environment will increase in the future. This, 
despite the fact that, if the use of plastics is stopped, the 
number of MPs will increase due to the fragmentation of 
plastics in the environment (Law and Thompson, 2014). 
There are many concerns about the use of MPs by 
organisms and their harmful effects on them and a lot of 
research has been done in this area. Therefore, 
considering the long-term stability of plastics in the 
environment and their harmful effects, it is necessary to 
identify the different sources of their production and to 
manage them. This is especially important for the 
resources that release plastics with a size of less than 5 
mm such as micro-particles used in cosmetics and fibers 
used in the textile structure. According to this, in 
addition to laundry, one of the industries that will be 
directly involved in the production of MPFs is carpet 
washing workshops. The result of this study showed that 
carpet washing workshops consume a high volume of 
water and produce wastewater that contains large 
amounts of MPFs, which often enter the environment 
without any treatment. Investigation of two carpet 
washing workshops in the cities of Ahwaz and Sari 
revealed that washing and drying of one square meter of 
machine-woven carpet generates more than 3097 and 
1824 MPFs respectively which are mostly less than 300 
microns where the wastewater is usually discharged to 
water resources without any effective treatment to 
remove MPFs. These fibers often have a high ability to 
absorb environmental pollutants due to their small size 
and high surface-to-volume ratio (Rios et al., 2007). 

There was a significant difference between the 
released MPFs in carpet washing workshops in Ahwaz 
and Sari, and the number of fibers released by washing 
each square meter of carpet in Ahwaz was higher than 
Sari; but due to the large number of carpets that are 
washed daily and annually in Sari carpet washing, much 
more fiber from this carpet washing workshop enters the 
environment compared to Ahwaz. The carpet washing 
workshop Sari releases 1035×106 MPFs into the 
environment annually, which is about 3.8 times more 
than Ahwaz, considering the number of carpet washing 
workshops in Ahwaz and Sari, this number is estimated 
at 31,115×106 MPFs for Sari and 13,350×106 MPFs for 
Ahwaz in one year. These estimated results suggest that 
the industry could be considered as a significant source 
of microplastic diffusion into the environment, but 
generalizing this data to a wider range or more 
accurately estimating the amount of release requires 
additional research.  

According to this research, the volume of water used 
to wash each square meter of carpet is about 38 liters. 
Thus, about 81 and 48 fibers were produced per liter of 
wastewater produced by washing one square meter of 
carpet in Ahwaz and Sari, respectively such that the 
number of released MPFs per liter of wastewater of 
carpet washing workshops is much higher than the 
number of fibers in the wastewater entering Sari WWTP, 
which was 4.9 and 12 fibers per liter, respectively, in 

winter and spring (Alavian & Hashemi, 2019). This 
indicates the importance of carpet washing workshops in 
releasing large amounts of MPFs per liter of wastewater 
and if the wastewater of carpet washing workshops is 
connected to the municipal sewage collection system in 
the future, and it eventually enters the treatment plant, it 
will bring a high number of fibers into the treatment 
plant. 

Since no studies have been conducted on the amount 
of MPFs released from carpet washing workshops, it is 
not scientifically acceptable to compare these results 
with other research. However, a review of studies on the 
amount of fiber released from the laundry process 
suggests that one cloth can produce more than 1900 
fibers per wash (Browne et al., 2011, Napper and 
Thompson, 2016). It was also shown that on average, for 
6 kg of acrylic fabric, more than 700,000 fibers were 
found in the washing machine wastewater. Also, a fleece 
dress (Almroth et al., 2018) and 5 kg of polyester textile 
(Falco et al., 2018) respectively, can discharge about 
110,000 and 6,000,000 MPFs into wastewater. Although 
the number of MPFs released by washing a square meter 
of carpet is less than the amount provided above, it can 
be said that carpet washing workshop with laundry is 
one of the most important sources of fiber production 
and release. A comparison of two carpet washing 
workshops to investigate the cause of the difference in 
the number of released fibers showed that both carpet 
washing workshops used drinkable water with a 
temperature of 24-25 °C, powdered detergent, similar 
disinfectants (liquid calcium hypochlorite, 5g/L) and 
similar washing and drying processes. However, in 
Ahwaz, due to its warm weather condition, large open 
space and platforms with higher capacity and more 
manpower are used for carpet washing. As a result, more 
carpets are washed per day, whereas in Sari, due to its 
high humidity and rainfall, a small covered space with a 
lower capacity and less manpower are used for each 
carpet. Thus, during washing stage, carpet erosion is less 
in Sari than Ahwaz, and therefore fewer fibers are 
released. On the other hand, in Ahwaz, a carpet dryer 
with a speed of 1500 rpm and 3 minutes drying time is 
used while in Sari the dryer has a speed of 1200 rpm and 
5 minutes drying time. It seems although the higher spin 
has shortened the drying time in the workshop in Ahwaz, 
it has resulted in more carpet erosion and an increase in 
the number of fibers in the wastewater of drying stage.  
 
4. Conclusion 
The presence of large amounts of MPFs in the 
wastewater of the carpet washing workshops studied 
indicates that the industry could be a significant source 
of the release of the MPFs to the environment, most of 
which is less than 300 microns in size. These small 
fibers have a high surface-to-volume ratio and therefore 
have a very high ability to absorb stable organic 
pollutants and heavy metals in the environment, and 
therefore are known as an environmental concern, 
especially for the city of Ahwaz, which directly 
discharges the wastewater caused by their carpet 
washing workshops into the Karun River. Given the 
importance of this industry in the production and release 
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of MPFs, it is important to create new washing and 
drying methods that reduce carpet erosion and thus 
reduce fiber diffusion. Also, the study of more carpet 
washing workshops in Iran in order to better understand 
and recognize this activity in a more accurate estimation 
of fiber emission to the environment requires additional 
research. In addition, it is necessary to create protocols 
for better management of their wastewater. 
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