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a b s t r a c t

Microplastics pollution in the environment is closely determined by the surrounding industrial and
human activities. In present study, we investigated microplastics in water and sediment samples
collected from a textile industrial area in Shaoxing city, China. The abundance of microplastics varied
from 2.1 to 71.0 items/L in surface water samples, and from 16.7 to 1323.3 items/kg (dw) in sediment
samples. The polymer type was dominated by polyester both in water (95%) and sediment (79%) samples.
The majority of the detected microplastics was predominantly colored fibers smaller than 1 mm in
diameter. The high level of microplastic pollution detected in local freshwater and sediment environ-
ments was attributed to the production and trading activities of textile industries, for which severe
regulations should be envisaged in the future to effectively reduce the local microplastic pollution.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

More than two decades have passed since microplastics (plastic
smaller than 5 mm) were recognized as a pollutant of global
concern, which have been found in every continent, including the
polar regions (Andrady, 2017; Auta et al., 2017; Chen et al., 2018).
The ubiquitousness of microplastics raises concerns of their po-
tential risks for organisms, including humans, though debates on
their actual ecological influences are still ongoing (Imhof and
Laforsch, 2016; Wright and Kelly, 2017; Conkle et al., 2018).
Tracking the source of microplastics and the pathways through
which they enter the environment is commonly recognized as
crucial for tracing their further distribution in the biosphere.
Recently, increasing research interest has emerged with respect to
the terrestrial sources of microplastic pollution (Anderson et al.,
2016; Bord�os et al., 2019; Hu et al., 2018). Indeed, the accumula-
tion of microplastics in the oceans has been mainly attributed to
terrestrial human activities including industrial manufacturing,
agriculture and municipal solid waste landfilling (Driedger et al.,
2015; Vandermeersch et al., 2015). While the removal of
microplastics from polluted environments is almost impossible,
establishing a waste management system including an efficient
control of the pollution source is regarded as a proper measure to
reduce the risk of microplastic pollution (Anderson et al., 2016;
Estahbanati and Fahrenfeld, 2016). Taking the primary micro-
plastics as an example, they are indeed plastic microbeads manu-
factured as exfoliates in the above-given size range for adding to
personal care products (Browne et al., 2011; Wang et al., 2016;
Conkle et al., 2018). Monitoring of plastics pellets and the ban on
microbeads in “rinse-off” products hence becomes the first wave of
new environmental regulations with respect to the control of
microplastics (Law and Tompson, 2014; I~niguez et al., 2017; Law,
2017). However, due to the short implementation time so far, the
primary benefit of the ban is still unknown.

In 2016, over 5.4 million tons of synthetic fibers were produced
worldwide (Carr, 2017), which can enter the aquatic environment
by textile washing processes (Browne et al., 2011). Filed studies
have showed that synthetic fibers are the dominant type of poly-
ester microplastics detected in water, sediments and various or-
ganisms (Woodall et al., 2014; Lourenço et al., 2017; Abbasi et al.,
2018; Halstead et al., 2018). For example, synthetic fibers accoun-
ted for over 90% of microplastics in abundance in global coastal
environments (Barrows et al., 2018). Wastewater generated by in-
dustrial and domestic textile laundry has been attributed to be the
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major sources of synthetic fibers found in the aquatic environment
(Browne et al., 2011). Nevertheless, the contribution of textile in-
dustries to the microplastic pollution has been so far rarely studied
in the context of a field survey.

The industrial production of textile fibers requires often a large
amount of water consumption and discharge. Wastewater released
by textile industries contains numerous toxic compounds, such as
nonylphenol ethoxylates, benzothiazole, etc., and was thus previ-
ously considered as a primary pollution source (Brigden et al., 2012;
Avagyan et al., 2015). In contrast to the above-described contami-
nants which are generally monitored and treated in the textile
wastewater effluent system, the release of synthetic microplastic
fibers into wastewater systems is currently not sufficiently regu-
lated (Li et al., 2018; Carr, 2017). In addition, washing, packaging
and transportation of the textile products are leading to further
environmental release of microplastics.

Although a few studies concerning microplastics made of textile
fibers have been published (Jemec et al., 2016; Dris et al., 2017), a
comprehensive field survey on microplastic pollution is still
missing near textile industrial areas and the link between sus-
pected sources of microplastic and microplastic pollution in the
environment is still hard to be established. Here we report a
comprehensive field survey on microplastic pollution in various
waterbodies and sediments near textile industrial areas of Shaox-
ing County, which is the center of the Chinese textile industry and
trading markets. We aimed to provide a quantitative estimation on
the correlation between potential sources, including the
manufacturing and trading activities, and the factual situation of
microplastic pollution in the surrounding environment.
2. Materials and methods

2.1. Study area

The “China Textile City” (CTC) was selected as the target study
area since it is the largest textile manufacturing and trading center
in Zhejiang Province, China and the largest textile professional
market in Asia (Fig. 1). About 120 textile factories and 160 trading
markets unevenly distributed in this area were investigated. Over
three million tons of various synthetic fibers, nineteen billion me-
ters of printing and dyeing cloth and nearly 300 million pieces of
Fig. 1. Locations of samp
costume are produced here every year, generating an annual export
of textile fabrics valuing nearly nine billion dollars (http://www.
ctcte.com/autumn/business_020-001.html). No apparent up-
stream, midstream or downstream could be clearly identified in the
local small water bodies of the textile area to serve as reference
sites apart from the manufacturing and trading activities. Instead,
we selected an agricultural area with similar water body distribu-
tion near to Zhejiang Province to set up eleven reference sampling
sites (R1-R11) as shown in Fig. S1 in Supplementary materials.

2.2. Sample collection

Geographical information (i.e. latitude and longitude data) of
sampling sites, textile markets and factories were recorded as
shown in Table S1 in Supplementary materials. Surface water
samples (0e5 cm below the surface) and sediment samples (top
5 cm) were collected from 21 study sites (S1eS21) during July to
October 2018 (Fig. 1). Only surface water samples were collected
from 11 reference sites (R1-R11) in the agricultural area. Samples
were collected at different distances to the textile factories and
trading markets in CTC to reveal the gradient of microplastic pol-
lutants in the textile area (Fig. 3). At each sampling site, we
collected three replicates of 5 L of water and 2 kg of wet sediments
using a metal pail shovel and stored at 4 �C until further analysis.

2.3. Isolation of microplastics

The microplastics from water and sediments were isolated as
described previously with slight modification (Su et al., 2016, 2018;
Hu et al., 2018). Briefly, the particles were filtered using a 20 mm
nylon mesh filter (Millipore Nylon NY 2004700) by applying a
vacuum after recording the water volume. For the purpose of
digesting the organic material, all particles on the filter were rinsed
into a flask by using 150 mL of H2O2 (30%, V/V) filtered in advance.
Each container was covered by metal cap and shaken in a shaking
incubator at 65 �C and 80 rpm for almost three days. The solution in
the flask was filtered again using a 5 mm nylon filter (PALL Nylon
NCG047100). Finally filters were kept in a Petri dish for further
study, which was baked at 450 �C previously for 8 h to reduce the
contamination of airborne.

The wet sediments were put in a stainless steel canwith a cap in
ling areas and sites.
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Table 1
Composition of microplastics identified using m-FTIR for the particles randomly
selected from the samples.

Composition of particles Water Sediment

No. % No. %

particles measured 446 100 547 100
plastic particles 399 89.5 463 84.6
acrylic 17 3.7 6 1.1
cellophane 5 1.1 1 0.2
ethylene-vinyl acetate (EVA) 0 0 4 0.7
non-plastic 47 10.5 84 15.4
nylon 8 1.7 1 0.2
polyethylene (PE) 4 0.9 27 4.9
polyester (PES) 304 65.7 300 54.8
polyether urethane (PU) 0 0 1 0.2
polypropylene (PP) 30 6.5 100 18.3
polystyrene (PS) 0 0 7 1.3
poly (vinyl chloride) (PVC) 0 0 2 0.4
rayon (RA) 31 6.7 14 2.6

Note: In water or sediment, the percentage of plastic particles ¼ (the numbers of
plastic particles) ÷ (the numbers of particles measured). For the percentage of each
different types of plastic particles ¼ (the numbers of each different types of plastic
particles) ÷ (the numbers of particle particles).

H. Deng et al. / Environmental Pollution 258 (2020) 113658 3
an oven under 65 �C for the purpose of evaporating the water. After
4 days, around 100 g of the dried sediments were weighed and
mixed with a saturated saline solution (NaCl) (36%, w/w) filtered
slowly in one 2-L glass flask of 30 cm depth. The mixture was
stirred and sat quietly overnight. The supernatant without any
sediment was filtered through a nylon filter with a pore size of
20 mm. The remaining sediments were mixed with the saturated
NaCl solution again, and stirred and sat quietly. Flotation operation
was repeated twice. The settle time was 12 h for the second and
third cycle. All supernatant were transferred on the same nylon
filter. Finally, all particles filtered onto the filter were washed in a
glass flask with 150 mL of H2O2 filtered prior to digestion. The same
method was used to digest and filter the sediment samples. All
filters were stored in a Petri dish as described above.

2.4. Observation and validation of microplastic

Dried filters were investigated using a stereo microscope to
photograph microplastics by a digital camera. According to our
previous research (Luo et al., 2019), particles on filters were clas-
sified into four types based on their morphological characteristics:
fiber, pellet, film and fragment.

Nine hundred and twenty six particles (55% of all visualized
identified particles) selected from water (501 items) and sediment
(463 items) samples were identified using a micro-Fourier Trans-
form Infrared spectrometer (m-FTIR; Thermo, Nicolet iN10). The
data was measured under a transmission mode with 16-s scan
times. All identified spectra were compared with the library from
Thermo Fisher to identify their polymer nature. The spectra
matches higher than 70% were accepted. After validation, the
number of verified non-plastics was excluded and the amount of
microplastics was recalculated.

Sixty blanks were run without water and sediment during the
whole procedure to confirm and evaluate background contamina-
tion. Sixteen fiber items were observed in blanks totally (5 and 11
items for water and sediment blanks respectively, equal to 5% of the
microplastic level in samples). The lower abundances of micro-
plastics were found in the blanks for water (0.24± 0.44 items/filter)
and sediment (0.28 ± 0.56 items/filter), indicating that the indoor
air pollution during the entire experiment process were success-
fully avoided.

2.5. Data analysis

The obtained results were statistically analyzed and visualized
using SPSS 19, OriginPro 9 and GraphPad Prism 5. To assess the data
normality, Shapiro-Wilk test was used. Independent sample t-test
was used to compare the difference in microplastic abundance in
surface water between the textile industrial area and the reference
area. Non-parametric test (abnormal distribution) was used to
judge the differences in numbers andmorphological characteristics
(such as shape, size and color), followed by Kruskal-Wallis test to
analyze the significance. Pearson correlation coefficient was
applied to estimate the goodness of fit and the significance of
correlation. A significance level of 0.05 was chosen.

3. Results

3.1. Validation and composition of microplastics

In this study, 85% and 90% of the randomly selected particles in
water and sediment samples were verified as microplastics in
textile area. In total, eleven polymer types were identified (Table 1).
The dominant polymer types inwater samples were polyester (PES,
65.7%) and rayon (RA, 6.7%) (Fig. 2A, C). Similarly, the dominant
polymers were PES (54.8%) and polypropylene (PP, 8.3%) in sedi-
ment samples (Fig. 2B, D). Non-plastics such as paper, cotton and
cellulose were also identified in both water and sediment samples.
Polyester was also the dominant polymer type detected in the
reference area.

3.2. Abundances of microplastics in water and sediments

The average abundance of microplastics was 6.8 items/L in
surface water in the reference area (Supplementary materials
Fig. S1). The abundance ranged from 2.1 to 71.0 items/L inwater and
16.7e1323.3 items/kg dw (dry weight) in sediments in the textile
industrial area (Fig. 3A and B). The average abundance of micro-
plastics in surface water in the textile industrial area (13.3 items/L)
was about two times higher than that monitored in the reference
area (p < 0.05).

Many textile factories are located in the northwestern part of the
research area whereas most textile trading markets distribute in
the southeastern part of the textile industrial area (Fig. 3). There-
fore, we divided this region into two study areas with a textile
factory area where textile products are manufactured and pro-
cessed and a tradingmarket areawhere the products are stored and
sold. In both areas, the abundance of microplastic found in water
and sediment samples showed no correlation (p > 0.05).

3.3. Sizes, types and colors of microplastics identified

The size of microplastics found in water samples was in the
range of 0.017e4.975 mm while the corresponding size range of
microplastics found in sediment was from 0.064 to 4.894 mm. The
patterns of size distribution of microplastics found in water and
sediment samples were similar in the density curve analysis
(Fig. 4A). In addition, the average size of microplastics found in
water was smaller than those in sediment (Fig. 4B). Nevertheless,
the dominant size range of the microplastics was in the range of
0.1e1 mm in both water and sediment samples (p < 0.05) collected
in the study area, comparable with those (69.9%) in water samples
collected in the reference area (p < 0.05) (Supplementary materials
Fig. S2).

Fiber was the most abundant shape of microplastics found in
both water (95%) and sediment (79%) samples collected almost at
all sampling sites except for the sediment sample obtained at S6



Fig. 2. Tangled of plastic fibers found in water (A and C) and sediment (B and D) in textile area.
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where PP fragments were identified at the highest quantity
(p < 0.05) (Fig. 4C). Similarly, fibers were also most frequently
identified in water samples collected in the reference area
(p < 0.05) (Supplementary materials Fig. S2).

The fraction of blue, red and black microplastics, which were
significantly more abundant than other colors (p < 0.05), was more
than 75% of all microplastics found in water samples (Fig. 4D). By
contrast, white, red and black are the dominant colors of micro-
plastics, accounting for 70% of those found in water samples of the
reference area (Supplementary materials Fig. S2). In sediment
samples collected in the textile industrial area, 60% of microplastics
are in black, white or blue, which showed significantly higher
abundance than other colors (p < 0.05) (Fig. 4D).

4. Discussion

4.1. The level of microplastic pollution in water and sediment

Our study described the characteristics and the spatial distri-
bution of microplastics in water and sediment samples collected
from a textile industrial area. Compared with other freshwater
systems worldwide, microplastic pollution in this area showed
different levels in water and sediment (Supplementary materials
Table S2).

The maximum abundance of microplastics (71.0 items/L) was
found at S3 among all the water bodies near the textile industrial
area. This abundance was almost 6-fold higher than that monitored
in the reference area in this study, 3-fold higher than that (21.5
items/L) in other small water bodies in Zhejiang Province, and 9.6-
fold higher than that (7.4 items/L) in Suzhou River which belongs to
the same delta as the target sampling area in this study (Hu et al.,
2018; Luo et al., 2019). Also, compared with other countries,
higher pollution level showed the same situation mostly of
microplastic pollution in water (Fischer et al., 2016; Bord�os et al.,
2019). Nevertheless, our results showed a lower level of micro-
plastic pollution than that measured in raw waste water with a
peak value of 900 items/L as well as in extremely polluted natural
freshwater with microplastics exceeding 100 items/L (Dris et al.,
2017; Leslie et al., 2017).
In contrast to the water sample, microplastic pollution deter-

mined in sediment was greatly variable and in the range of a global
discovered background (Klein et al., 2015; Horton et al., 2017; Hu
et al., 2018). The highest abundance of microplastics in sediment
determined in this study was comparable with that (1600 items/kg
dw) in freshwater river sediments in Shanghai reported by Peng
et al. (2018). However, it was significantly lower than the micro-
plastic pollution level reported in small water bodies (3185.3 items/
kg dw) in China (Hu et al., 2018).

The results showed a moderate microplastics pollution level in
water and sediment compared with other investigated areas, and it
also fell into the range of microplastic pollution in the inland water
from China. The source, distribution pathway and fate of micro-
plastics should be taken into account for assessing the influence of
inland water from China on microplastic pollution (Zhang et al.,
2018).

4.2. The relationship between microplastic pollution level and
textile area

At the spatial scale, the highest pollution level of microplastics
in water was found in the southern area, followed by the middle
place of textile factory area. For example, remarkably high abun-
dances of microplastics were found at S3 (71.0 items/L), which is
located at the downstream of a river according to the direction of
water flow as shown in Fig. 3. Microplastic fibers released from
textile factories floated down the river and accumulated at the
downstream locations. The abundance of microplastics in water in
the trading market area was generally lower than in the factory
area. Similarly, a low level abundance of microplastics was found in
the reference area. Therefore, local microplastic pollution was
strongly suspected to originate from the textile industrial waste-
water effluent. Xu et al. (2018) reported that the abundance of
microfibers, of which 77% were plastics, were 334.1 items/L in the
influent and 16.3 items/L in the effluent, respectively, in the
wastewater from a textile dyeing wastewater treatment plant
(WWTP), suggesting that the release of microplastics could not be



Fig. 3. The abundance of microplastics in water (A) and sediment (B) in textile area. The red arrows represented direction of water flow, black dots represented the location of textile
factory and green dots represented the location of textile market (individual dot meant individual factory or market). (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)
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Fig. 4. The distribution of size (A, B) shape (C) and color (D) in water and sediment in
textile area. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

H. Deng et al. / Environmental Pollution 258 (2020) 1136586
ignored in wastewater from WWTP with such a severe microfibers
pollution. Within the investigation area, there were numerous
textile factories and trading markets, fromwhich microfibers could
be released to the water bodies nearby. The lack and inadequacy of
sewage systems in some textile factories could cause a low removal
efficiency of microplastics (Ziajahromi et al., 2017; Lares et al.,
2018). The contribution from atmospheric fallout and rainfall
cannot be ignored while microplastics are continuously released by
the manufacturing, transportation, packaging of textile products in
close vicinity (Dris et al., 2016).

Similarly, the abundance of microplastics in sediment (180.0
items/kg dw) collected at S1 surrounded by many factories was the
highest in textile factory area. As for site S18 (1323.3 items/kg dw)
located in the trading market area, several textile factories were
also found in the neighborhood, which sharpened the microplastic
pollution at this site. Due to the fact found in this study revealing
fibrous microplastics as dominant pollutants with low mobility in
sediment samples, textile factories in the surroundings were sug-
gested as the main source of microfiber pollution in the sediments.

Microplastics found in two areas showed a similar color distri-
butionwith dominated dark colors (black and blue), in linewith the
results determined in textile dyeing wastewater as described pre-
viously (Stanton et al., 2019). The morphology and polymer nature
of microplastics collected from textile area resembled those from
textile dyeing wastewater (Yang et al., 2019a). Most of these dark
fibers became the primary sources of microplastics in the field.
Polyester and polypropylene were the main polymer types both in
our study and in a previous study concerning textile dyeing
wastewater (Sun et al., 2019), indicating a clear relationship be-
tween the microplastics occurrence and the textile factories. It’s
essential to trace the sources and identify solutions to reduce their
input to the environment by dividing microfibers into primary and
secondary microplastics (Talvitie et al., 2017). Unfortunately, it was
truly hard to explore the relationship between microplastic pollu-
tion and manufactured or sale activities and requires long-term
survey. Our results were able to link the potential source of
microplastic pollution to its abundance and characteristic based on
a serial evidences. Firstly, compared with reference area, the textile
area showed pretty highmicroplastic pollution. Secondly, we found
the mass of fibers in water from the textile area, and such mass of
microfibers have never been found in reference area or any other
area in our previous studies. Finally, a significantly higher amount
of agglomerate fiber balls and colorful microplastics was discovered
in textile area than in reference area. All together, these findings
indicated that manufactured and sale activities might be the main
reasons leading to the high microplastic pollution in textile area.

4.3. The source control of microplastics

Compared to plastic pellets and microbeads, synthetic fibers
were observed as the dominant microplastic type. The release of
microfibers into the ocean increased by 15% in 2 years (Browne
et al., 2011). Nevertheless, monitoring of plastic debris and the
ban on microbeads in personal care products have previously
drawn more public attention (Law and Tompson, 2014; Law, 2017;
I~niguez et al., 2017). By contrast, the primary sources for micro-
fibers including domestic sewage and industrial release in textile
manufacturing area have been inadequately investigated (Carr,
2017; Guerranti et al., 2019).

The fate of microplastics i.e. how they move from their terres-
trial source region to the open sea or the sediment sink is consid-
ered to be affected by multiple factors. Tracing the pollution source
of microplastics becomes thus the first step to understand their
initial footprint in the environment. In this study, microfibers were
found to be the majority of microplastics detected both in water
bodies and sediments, suggesting that they originated from in-
dustrial wastewater discharge and domestic sewage in the textile
industrial area. Multiple factors and activities including
manufacturing, distance issues of transportation, packaging and
laundry processing of the textile products have been attributed to
the release of microplastics into the environments (Fahrenfeld
et al., 2019). Therefore, in addition to the distances to the fac-
tories and trading markets investigated in this study, other envi-
ronmental factors could also be taken into account for the
microplastic pollution. For example, an extensive water flow might
accelerate the microplastics transport and consequently broaden
their distribution area. Our investigation sites are located in the
main textile industrial area, where complex river systems are
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present, which allow the rapid transport of microplastic pollution
between sampling sites and thus hampering the direct assignment
of specified microplastic pollution to a certain sampling site. Some
researchers have proven that quantities of microplastics contribute
to the discharged sewage under different conditions and in
different washing processes (Hartline et al., 2016; Belzagui et al.,
2019; Yang et al., 2019b). While the contribution of point pollu-
tion sources for microplastics was shown in this study, the equiv-
alent influence of diffuse urban pollution sources (non-point
pollution sources) which were neglected in most regional studies
deserves obviously further investigation.

The demand of plastic products is increasing as a result of the
continuous economic development in China. Accordingly, the
increasing risk of microplastic release as well as their influences on
natural environments and human health have been recognized.
Based on our findings in this study, control of their sources by the
production, processing and trading of textile product might be an
efficient provision to reduce the amount of microplastic pollution
(Henry et al., 2019). In this study, both textile factories and trading
markets were identified as point sources of microplastic pollution,
which should be steadilymonitored for a better pollution control as
well as to fill the knowledge gap of the initial footprints of micro-
plastics. Besides, the potential risks of microplastics in textile in-
dustrial area should be aroused concern.

5. Conclusion

Microplastics were found as an emerging pollutant accumu-
lating in water and sediment samples collected from a textile in-
dustrial area as a consequence of industrial release. A significantly
higher microplastic pollution level was found in this industrial area
compared with a reference agriculture area. Polyester fibers were
found as the most abundant microplastics followed by poly-
propylene. We described the factual situation of microplastic
pollution in a typical textile industrial area, from where the cor-
responding pollution data has been rarely described. Monitoring
and control of the manufacturing and trading activities in this
textile industrial area was suggested to be an effective approach to
reduce the local microplastic pollution.
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