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Abstract

We investigated the abundance of microplastics in freshwater, treated water, and household tap water from the drinking water
supply chain in Changsha, China. The abundance was 2173-3998 (mean = 2753), 338—400 (mean = 351.9), and 267-404 (mean
= 343.5) particles L ™" in freshwater, treated water, and tap water, respectively. Fibrous and fragments made up the majority (>
70%) in all water samples, and most polymers were composed of polyethylene, polypropylene, and polyethylene terephthalate.
Microplastics in tap water were related to materials of transportation pipelines in drinking-water supply chain. Although plastics
are corrosion-resistant, the slight fragmentation and abrasion may occur during drinking water treatment transportation. This
study provided a proof for the occurrence of microplastics in drinking water, which may offer a reference for microplastic
removal during drinking water treatment, and the formulation of standards for microplastic content in drinking water.
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Introduction

Currently, microplastics, as an emerging pollutant, have
attracted great attention from global environmentalists (Shen
et al. 2019; Shen et al. 2019). Microplastics are normally
defined as plastic particles < 5 mm (Shen et al. 2019;
Thompson et al. 2004); however, there is still some contro-
versy about the definition (Frias and Nash 2019; Hartmann
et al. 2019). Microplastics have been widely found in global
freshwater system, including water (Eriksen et al. 2013; Hu
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et al. 2019; Zhang et al. 2017), sediment (Wen et al. 2018;
Zhao et al. 2018), and organisms (Fossi et al. 2014; Fossi et al.
2018; Setédld et al. 2014; Su et al. 2016; Vendel et al. 2017). In
addition to the secondary microplastics formed by decompo-
sition of bulk plastics, the small plastic particles, such as
microbeads usually used in cosmetics and bath lotions, are
also a major source of microplastics to freshwater ecosystems.
Due to its small particle size and low density, these primary
microplastics can escape the filter device of wastewater treat-
ment plants and be discharged into the surface water
(Ziajahromi et al. 2017).

Open and closed freshwater systems such as rivers and
lakes can be used as microplastic pipelines and sink tanks
respectively (Negrete Velasco et al. 2020; Shen et al. 2021;
Shen et al. 2020). The abundances of microplastics in fresh-
water systems vary greatly from almost zero to millions per
cubic meter. A research done by Lechner et al. (2014) reported
that the average microplastic concentration of surface water
from The Danube was 316.8 item per 1000 m>. Evidence
showed that microplastics have been found in freshwater
(lakes and rivers) in European countries, with the greatest
occurrence in Lake Geneva, Switzerland, reaching 48146
items/km? (Eerkes-Medrano et al. 2015). The average occur-
rence floating on the surface water was measured to be 43000
items/km? in the Great Lakes Basin (Eriksen et al. 2013). Su
et al. (2016) detected the microplastic abundancet in Taihu
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Lake, China, and results showed that microplastic concentra-
tion was measured to be 3.4-25.8 items/L. In addition, Di and
Wang (2018) also found that the microplastic concentrations
were in a range of 159712611 items/m’ in surface water from
Three Gorges Reservoir, China. It is noteworthy that Free
et al. (2014) also detected microplastic pollution in Lake
Hovsgol in northern Mongolia, and the average abundance
of microplastics in surface water was 20246 items/km?”. The
geographical location of the region is remote and the popula-
tion is sparse, which indicates in the absence of effective man-
agement methods, microplastics can be migrated and expand-
ed through factors such as runoff and monsoon. Scattering to
all kinds of waters eventually poses an inestimable risk to
ecosystems.

The quality of drinking water is related to human health,
which may also be one of the ways for human body to be
directly exposed to microplastics. Although the toxicological
and ecological effects of microplastics are unclear,
microplastics still have been considered as emerging contam-
inants to human health. Once surface freshwater is collected as
raw drinking water, microplastics have to be removed before
consumption. Drinking water treatment plants (DWTPs) are
the most important barriers to the entry of microplastics into
human body. Now, interestingly, only few studies on the in-
vestigation of the microplastic abundance in drinking water
were performed around the world (Kosuth et al. 2018;
Mintenig et al. 2019; Pivokonsky et al. 2018). Kosuth et al.
(2018) investigated the occurrence of microplastics in 159
global tap water samples. The authors reported that
microplastics were found in 81% of water samples with a
concentration of 0—61 particles L' (mean = 5.45 particles
L), most of which were fibers (0.1-5mm). Mintenig et al.
(2019) tested groundwater and drinking-water derived from
the groundwater for the presence of microplastics. The con-
centrations of microplastics were measured to be 0-0.007 par-
ticles L' (mean = 0.0007 particles L") in both raw water and
drinking water. Pivokonsky et al. (2018) analyzed the
microplastic concentration in freshwater and drinking water.
Concentrations ranged from 1473 to 3605 particles L™ in raw
water and 338—628 particles L' in treated drinking water,
respectively, with a typical removal efficiency of 70-80%.
To assess the potential risks to human health, it is necessary
to determine the actual exposure of microplastics (Wright and
Kelly 2017). The potential impact of daily food and packaging
materials on drinking water also should be investigated.

Therefore, with research blank on the data of microplastics
in drinking water, the occurrence of microplastics in freshwa-
ter, treated water, and household tap water in Changsha,
China, were investigated. Purposes of this study are as fol-
lows: (1) to quantify microplastics from drinking water and
compare their content in different samples, and (2) to identify
material composition and provide their particle size
distribution.
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Methods and materials
Sampling

Samples of freshwater were obtained from a river (XiangJiang
River) used as water source, and treated water was collected
from a DWTP. In addition, a conventional household tap wa-
ter was selected in the water distribution system. All sample
sites are located at Changsha, Hunan province. The drinking
water treatment processes mainly include aeration, coagula-
tion/sedimentation, sand filtration and granular activated car-
bon filtration (Fig. 1), and daily water supply capacity can
reach up 100000 m’. Sand filtration and granular activated
carbon filtration were combined into filtration and subsequent
treatment methods (disinfection and storage tank) are also
added in Fig. 1. After disinfection, the treated water is directly
fed into the water supply chain or stored in water tanks. Water
pipes are made of polyvinyl chloride (PVC), cast iron, and
high-density polyethylene (HDPE). The water quality and
transportation of each house are the responsibility of individ-
ual consumers. The water quality of raw water, treated water,
and tap water is listed in Table S1 (Supporting information).

Sample collection

All water samples were obtained from April to July 2019. The
annual average rainfall in Changsha area is 1200-1400 mm,
and the rainfall is abundant from April to July. Freshwater was
collected at the DWTP inlet, and treated water at the outlet of
DWTP. Tap water was obtained from a conventional house-
hold. Freshwater, treated water, and tap water were picked
into clean glass bottles with a volume of 10 L. Each sampling
was repeated three times, and then all water samples were
mixed as a sample. Sampling time is set once a month. All
samples were kept at 4°C, and attention was paid to avoid
sample contamination within the whole process.

Water sample treatment

Firstly, in the laboratory, wet peroxide oxidation was used to
removal organic matter from water samples. A vacuum pump
connected with other glass filtration equipment was used for
microplastic filtration. Treated water and tap water were
passed through polytetrafluoroethylene membrane filters (d
= 0.22 um). Polytetrafluoroethylene membranes were chosen
because these filters with a diameter of 5 cm did not seem to
interfere with SEM analysis process. Three filters were used
(one for every 10 L of water) in order to avoid clogging of the
filter caused by other substances in the waters. These filters
were immersed in hydrochloric acid with a concentration of
0.02 mol L! to dissolve calcium carbonate. Afterward, the
filters were rinsed with ultrapure water and 30% ethanol.
Finally, each sample was filtered by alumina filter
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Fig. 1 Drinking water treatment plant processes and supply chain with sampling locations. (1) The freshwater (raw water); (2) the treated water; and (3) a

conventional water tap in a selected household

(Whatman, UK) with a pore size of 0.2 um for further quali-
tative analysis (Mintenig et al. 2019). Thereafter, these filters
were dried at 40 °C in an oven and stored at a clean culture
glass dish prior analysis.

Freshwater samples contained a large amount of suspended
particles and needed to be treated before filtration. Density
separation is a common approach to separate microplastics
from matrices (Su et al. 2016). Saturated ZnCl, solution was
chosen in this research. The sample was placed in a glass
column with a diameter of 20 cm and a height of 1 m. After
24 h, the supernatant was filtered as mentioned above and the
sediment was rinsed with ultrapure water and 30% ethanol.
The rinsed solution was also filtered as described above. After
that, samples were also filtered by alumina filter with a pore
size of 0.2 um.

Contamination control

Control and mitigation of contamination are particularly im-
portant in experiments. To avoid contamination, experiment
was carried out in a closed laboratory, and minimized the
access of experimenters as possible. Any direction contact
between the sample and the plastic material was avoided dur-
ing sample collection, water treatment, and further analysis.
Only clean cotton coats were worn in the laboratory during the
whole experiment. All glassware used in this experiment was
clean by sonication and rinsed with Milli-Q three times to

avoid contamination before analysis. The surface of the labo-
ratory was wiped with 30% ethanol, and the device was
washed with Milli-Q and covered with aluminum foil prior
use. Also to ensure that any additional microplastic contami-
nation occurred during sample filtration, the same volume of
Milli-Q was used as a blank to measure additional
contamination.

Sample analysis
Quantification analysis

Plastic particles on the filters were inspected visually by a Carl
Zeiss Discovery V8 Stereo microscope (Microlmaging
GmbH, Goottingen, Germany) with a digital camera (M165
FC, Leica, Germany). The suspected microplastic materials
were differentiated based on classification criteria developed
in previous experiments (Di and Wang 2018). Briefly, a sub-
set of suspected microplastics was randomly selected and ex-
amined usingp-Fourier transform infrared spectroscopy (-
FTIR, Thermo Scientifific Nicolet). However, simple visual
observation was not enough to identify microplastics from
other particles (Eriksen et al. 2013). The filters were furtherly
observed by a scanning electron microscopy (SEM, SIGMA
HD, Nova450) andu-FTIR. The spectral range was set to
4000-675 cm !, and the spectral resolution was set to 6
cm . The number of scans was 16 times and the data interval
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was 0.482 cm’! (Shen et al. 2021). The particle size, color,
and morphology of the particles contained in each sample
were recorded. The microplastics were classified into three
morphotypes: fibers, fragments and spheres, and four size
categories (1-10 pum; 10-50 pm; 50-100 um; > 100 pm).
Fibers were defined as microplastic materials with an elongat-
ed appearance, and the remaining microplastics were defined
as others.

Qualitative analysis

Because particle size < 1 um cannot be reliably identified in
material composition, these particles were not included from
the results of microplastic identification (Pivokonsky et al.
2018). A p-FTIR analysis was carried out to verify
microplastics, as described as Yang et al. (2015). The spectral
range was set to 4000675 cm ', and the collection time was 3
s. All samples had a spectral resolution of 8 cm ™' with 6 co-
added scans, and the pore size range was of 50 X 50 um to 150
x 150 um. Raman spectroscopy (Renishaw 2000, 532 nm
laser, Raman shift 100-3500 cmﬁl) was used to analyzed the
small microplastics having a particle size < 20 pm (Képpler
et al. 2016). The laser wavelength was set as 785 nm to iden-
tify microplastics (Zhang et al. 2017). The polymer types were
determined by comparing the spectra of each sample with that
of Hummel and Raman sample libraries (Hummel polymer
Sample Library, Organics by Raman Sample Library,
Raman Sample Library, Sigma Biological Sample Library,
User Example Library).

The collected spectra were processed by software (Nicolet
Omnic 8.0). Spectra were compared to an instrument database
to determine their chemical composition of the obtained par-
ticles (Di and Wang 2018). In addition, considering that
microplastics in aquatic environment have been eroded, the
threshold of matching factor was calculated to be 0.70 in this
study (Klein et al. 2015).

Results and discussions
Background value

The blank samples showed that contamination of
microplastics happened in the process of sample treatment.
Microfibers were found in the blank samples (n = 4).
Table 1 shows the occurrence of microplastics determined in
blank samples. According to the subsequent identification,
some particles produced spectra in the infrared band with
PE, PEst (polyester), and PP characteristics. Evidence showed
that fiber contamination is one of the most frequently
discussed and treated inconsistencies (Woodall et al. 2015).
Enhancement of laboratory conditions such as clean air con-
dition seems to prevent such fiber contamination. To reduce
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Table 1 Occurrence of microplastics determined in blank samples
(particles LY

Blank samples PE PEst PP Summation
Blank 1 (April) 1 0 2 0 2
2 2 3 1 6
3 1 0 0 1
Mean 1 2 0 3
Blank 2 (May) 1 2 1 2 5
2 1 2 1 4
3 1 1 0 2
Mean 1 1 1 4
Blank 3 (June) 1 2 1 1 4
2 0 1 0 1
3 2 3 2 7
Mean 1 2 1 4
Blank 4 (July) 1 2 2 1 5
2 1 1 2 4
3 1 0 1 2
Mean 1 1 1 4

the impact of contamination, the average number microplastic
particles of blank sample was deducted from the data obtained
in all water samples in this study.

Occurrence of microplastics in samples

The occurrence of microplastics in all water samples is listed
in Table 2. The results showed that microplastics were found
in all the samples. The SEM images of microplastics detected
in raw water, treated distributed water, and tap water are given
in Fig. 2. The amount of microplastics in freshwater, treated
water, and household tap water varied with sampling time.
The microplastic abundance in freshwater samples was mea-
sured to be 2173 £ 112, 2258 +£ 172, 2584 £ 113, and 3998 +
246 particles per liter at sequential sampling (April, May,
June, and July), respectively. This difference could be influ-
enced by various factors, such as human activities, surround-
ing environment, and current weather conditions. June and
July are the rainy season in Changsha, Hunan Province.
Floods triggered by rainstorms can bring large quantities of
pollutants, including microplastics, into the water environ-
ment (Giindogdu et al. 2018). The results of this research
coincided with the theory. The microplastic abundance of
freshwater significantly increased by 1.84 times compared
with that before the flood. The Xiangjiang River, as a source
of raw water, flows through industrial and residential areas.
Although there is no evidence that these factors may have an
impact on microplastic abundance in raw water, the fate of
microplastics in monitoring sources and aquatic environment
requires to be studied in detail.
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Table2 Quantification of microplastics in raw water, treated water, and
tap water within April-July 2019

Sampling time Type of water Microplastic abundance Removal
(particles L") efficiency
Mean Range
April Raw water 2173 +£112  2013-2315  87%
Treated water 282 + 13 263-295
Tap water 267 £ 11 254-284
May Raw water 2258 £172 19672407 85%
Treated water 338 =21 305-360
Tap water 321+ 11 309-335
June Raw water 2584+ 113  2403-2712 85%
Treated water 388 + 14 368-406
Tap water 381 £18 356400
July Raw water 3998 £246 36354316  90%
Treated water 400 = 13 384420
Tap water 405 +£30 367-446

The content of microplastics in treated distributed water
was much lower compared with that in freshwater, and was
measured to be 282 + 13, 338 + 21, 388 + 14, and 400 + 13
particles L™, respectively. The results showed that current
drinking water treatment processes have good removal effi-
ciency for microplastics (Table 2). The microplastic content in
treated distributed water was determined by its abundance in
raw water. The difference of microplastic removal rate at dif-
ferent sampling times may be related to the water quality. The
DWTP operates aeration, coagulation/sedimentation, sand fil-
tration, and granular activated carbon filtration. Coagulation/
sedimentation and subsequent filtration are the main treatment
processes for microplastic removal from freshwater (Ma et al.
2018; Ma et al. 2019). Additionally, due to the physical of
many plastic polymers such as light and buoyant, aeration
and air floatation seem particularly suitable for microplastic
removal (Di and Wang 2018). Of course, further research is
needed to demonstrate the relationship between the process
layout of DWTP and microplastic removal.

The microplastic abundance in tap water was no significant
different from the treated distributed water, and was 267 + 11,
321 + 11, 381 + 18, and 405 + 30 particles L', respectively
(Table 2). The results showed that drinking water transfer pro-
cesses from the storage tank to the tap have no significant con-
tribution to microplastics. Based on the data from the National
Academy of Medicine, humans should consume more than 2.2 L
of drinks per day to maintain normal metabolism of the body
(Kosuth et al. 2018). If these drinks are made of tap water or tap
water itself, more than 587.4 particles will be consumed by
humans per day, 214401 per year. Although there is no evidence
in drinking water can cause health damage, research should be
carried out to assess the exposure level and health effects of
microplastics in drinking waters.

Fig. 2 SEM images of microplastics detected in raw water (a), treated
distributed water (b), and tap water (c)

Particle size distribution and morphology

In this study, the particle sizes of microplastics were divided
into four categories: 1-10 pm, 10-50 um, 50-100 wm, and >
100 um. Figure 3 illustrates the particle size distribution of
microplastics found in raw water (A), treated distributed water
(B), and tap water (C). The results showed that microplastics
with particle sizes of 1-10 um accounted for the majority (>
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Fig. 3 Particle size distribution of microplastics detected in raw water (a), treated distributed water (b), and tap water (c)

85%) of all water samples, which were similar to the results of
Pivokonsky et al. (2018). The abundance of microplastics
decreased with the increase of particle sizes, and the content
of microplastics with large particle sizes (> 100 wm) was not
very high. In July, the total content of microplastics and the
large microplastics significantly increased compared with oth-
er months. The most probable causes are a series of impacts of
heavy rains and floods, it need to be further verified.
Interestingly, particle size analysis < 5-10 um was seldom
used in most current studies on microplastics in aquatic envi-
ronment (Di et al. 2019; Mason et al. 2018). These may be
influenced by various sampling and analysis methods.
However, artificially ignoring the presence of small particle
size microplastics in water may underestimated the level of total
microplastics pollution. This will adversely affect the removal of
microplastics in drinking water and development of new drink-
ing water treatment processes, as well as related human health
risk assessment. Evidence has demonstrated that the particle size
of microplastics in water tends to be smaller, possibly due to the
decomposition of larger microplastics (Zhao et al. 2014), which
will exacerbate the above risks. In addition to microplastics in
water samples, other unknown small particles were also detected
in all water samples. Because these particles were difficult to be
certified as microplastics, no records were allowed, which may
also reduce the abundance of microplastics in drinking water.
Recently, a new research showed that the fragmentation of
microplastics into nanoplastics occurred during the water treat-
ment processes and increased the amounts of micro(nano)plastics

[ Spheres ] Fibres [l Fragments

a 100% — b 100%

[ Spheres ] Fibres [ Fragments

in water (Enfrin et al. 2019). Therefore, water treatment processes
may have an impact on micro(nano)plastic contamination in
drinking water, especially nanoplastics.

Regarding the shape of microplastic, three categories were
set: fragments, fibers, and spheres. Figure 4 shows the shape
of microplastics detected in all water samples. Fragments were
the main shapes in raw water, followed by fibers and spheres.
The Xiangjinag River flows through living and industrial
areas, and microplastics in water come from many sources.
The fragments mainly came from the decomposition of vari-
ous discarded plastics, and the spheres came from personal
care products and other cleaning media (Di and Wang
2018). Sources of fibers were usually from domestic laundry
wastewater (Browne et al. 2011). According to Fig. 4, we
could find that the proportion of microplastic shape has
changed. The spheres were almost all removed by treatment
process, while the proportion of fibers increased. The removal
efficiency of fibers was low, which implied that the water
treatment processes have a certain effect on the shape and
removability of polymers. In addition, the color of
microplastics detected in water is described in Fig. S1
(Supplementary materials).

Chemical composition analysis

Visually inspected microplastics were identified by pu-FTIR
and Raman spectroscopy. The chemical composition of
microplastics is shown in Fig. 5. Polyethylene (PE, 26.8%),

[ Spheres ] Fibres [l Fragments

c 100%

80% 4 80% 4

60% ~ 60% -

40% - 40% -

Shape composition (%)
Shape composition (%)

20% 20% 4

April May June July April May

Sampling time

Fi

Q

@ Springer

Sampling time

s »
Y 2 g
X S S

Shape composition (%)

o
<
By

June July April May June July

Sampling time
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Fig. 5 Chemical composition of microplastics detected in raw water (a), treated distributed water (b), and tap water (¢). PA, polyamide; PE,
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polypropylene (PP, 13.2%), polystyrene (PS, 16.5%), and
polyethylene terephthalate (PET, 16.1%) accounted for the
main types of microplastics detected in raw water. These plas-
tics are widely used in many daily consumption plastics such
as disposable plastic cups and bags and other plastic packings
(PlasticsEurope. 2018). The large-scale production and wide
application increases the opportunities for plastics to enter the
environment. In addition, PVC, polyamide (PA), and
polymethyl methacrylate (PMMA) were also detected in raw
water. The chemical composition of microplastics detected in
raw water, treated distributed water, and tap water by p-FTIR
is illustrated in Fig. 6.

In treated water, PE, PP, and PET were also detected, ac-
counting for 24%, 14%, and 25%, respectively. Research has
pointed out that the content of PP microplastics in treated
water was not only related to the concentration of
microplastics in freshwater but also might be related to the
application of coagulants containing polyacrylamide
(Pivokonsky et al. 2018). Certainly, this needs further verifi-
cation. Several PVC and PA were found in treated water. And
within the tap water, the content of PE, PP, PET, and PA was
no significant change compared with the treated water, while
the abundance of PVC obvious increased (Fig. Sc). The results
showed drinking water supply chains might contribute to the
increase of PVC. Water storage tank in DWTPs is often coated
with epoxy resin to avoid corrosion. Pipe from DWTP to
individual household is often made of cast iron, HDPE
(high-density polyethylene), and PVC, and the corresponding
accessors are made of PA materials (Mintenig et al. 2019).
Although plastics are corrosion-resistant materials, the wear
may occur during the treatment processes and the transporta-
tion. In this study, the water pipes in household are made of
PVC materials, which may be a reasonable explanation for the
increase of PVC in tap water compared with in treated water.

Comparison with other studies

Freshwater is the main raw water source for agricultural, in-
dustry, energy production, and human consumption. The

ubiquitous occurrence of microplastics in global freshwater
has gained more and more attentions. Table 3 shows the abun-
dance of microplastics in global freshwater obtained from
published reports. Due to the difference of sampling and sub-
sequent analysis, the lower size limit of detected microplastics
is also different. The presence of microplastics in River Seine,
France, was in a range of 3106 (mean = 30) particles L ' and
the particle size of all microplastics was more than 100 pm
(Dris et al. 2015). The finding also showed that sampling with
the plankton net had a predominance of fibers, while great
diversity of both microplastic shapes and types was found
during manta trawl samplings. The microplastic occurrence
in Dongting Lake, Taihu Lake, and Poyang Lake, China,
was measured to be < 1-2.8, 3.4-25.8, and 5-34 particles
L', respectively. The morphology of microplastics was main-
ly fragment type, and the chemical composition was mostly
PE and PP. However, most of current studies did not involve
small microplastic particles in the corresponding water sam-
ples. At present, trawl is the main sampling method to deter-
mine the concentration of microplastics in freshwater, which
also leads to the reason that small particle size microplastics
cannot be detected. The microplastic abundance in bottled
water was also investigated (Mason et al. 2018; OBmann
et al. 2018; Schymanski et al. 2018). Different bottles were
investigated, including glass bottles, single use PET bottles,
and reusable PET bottles. The microplastic content in different
bottles was obviously different. So they suggested that plastic
packing material had an un-ignorable contribution to the
microplastic abundance in bottled waters. OBmann et al. mea-
sured the particle size > 1 wm in waters, while the lower size
limit of detected microplastics was > 5 um (Schymanski et al.
2018) and > 6.5 um (Mason et al. 2018), respectively.
Compared with freshwater, the concentration of microplastics
in drinking water (tap water and bottled water) increased sig-
nificantly because of the lower detection limit of
microplastics. In this study, the concentration of microplastics
in three different water, freshwater (raw water), treated distrib-
uted water, and household tap water, was 2753, 351.9, and
343.5 particles L', respectively, which was similar to the
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Fig. 6 Analysis of chemical composition of microplastics detected in raw water, treated distributed water, and tap water by p-FTIR

study of Pivokonsky et al. (2018). The identification of the
concentration of small and medium-sized microplastics
in samples plays an important role in evaluating the
pollution status of microplastics in the whole environ-
ment. Due to different detection limits and lack of
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microplastic data in drinking waters, the contrast among
different research is particularly difficult. Therefore,
more efforts are desired to investigate the microplastic
content in global drinking water and to gradually stan-

dardize the lower detection limits.
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Table 3 Comparison on microplastic abundance with other published studies

Sampling source Microplastic Particle size range (pm) Reference
abundance (particles
LY
Mean Range
Raw water
Raw water from a surface water reservoir, 1812 16482040 1-100 (92% of particles between 1 and 10 wum) (Pivokonsky et al.
Czech Republic 2018)
Raw water from a surface water reservoir, 1473 13841575 1-100 (86% of particles between 1 and 10 um)
Czech Republic
Raw water from a river, Czech Republic 3605  3123-4464 1-100 (81% of particles between 1 and 10 pm)
Raw water from a surface water reservoir, China 2.6 0.47-15 48—5mm (5.7-44.4%, 48-500 pum) (Di et al. 2019)
Raw water from groundwater, USA 6.4 0-15.2 > 0.45 (100% of particles > 0.45 pm) (Panno et al. 2019)
Raw water from groundwater, Germany 0.7 0-7m™> 50-150 (100% of particles between 50 and 150 (Mintenig et al. 2019)
-3
m Hm)
River Seine, France 30 3-106 > 100 um (100%) (Dris et al. 2015)
Amsterdam canal water, Netherlands - 48-187 (61% 10-300 pum, 39% > 300 pwm) (Leslie et al. 2017)
Elbe River, Germany - 100-900 <20 pm (96%) (Triebskom et al.
2019)
Dongting Lake, China - <1238 <330 um (27%) (Wang et al. 2018, b)
Taihu Lake, China - 34258 <100 um (18%) (Suetal. 2016)
Poyang Lake, China - 5-34 < 500 um (73%) (Yuan et al. 2019)
Raw water from a river, China 2753 2173-3998 >1 pm This study
Public supply water
Treated water, Czech Republic 338 243-466 1-100 (79% of particles between 1 and 10 um, (Pivokonsky et al.
microplastic removal efficiency at 81%) 2018)
Treated water, Czech Republic 443 369-485 1-50 (90% of particles between 1 and 10 um,
microplastic removal efficiency at 70%)
Treated water, Czech Republic 628 562-648 1-100 (90% of particles between 1 and 10 pm,
microplastic removal efficiency at 82%)
Treated water, Germany <1 - - (Mintenig et al. 2019)
-3
m
Treated water, China 351.9 338400 > 1 um This study
Tap water, Ecuador 4.02 0-9.04 > 2.5 um (Kosuth et al. 2018)
Tap water, UK 7.73 3.66-13.0 >2.5um
Tap water, France 1.82 - > 2.5 um
Tap water, Germany 0.91 0-1.82 > 2.5 um
Tap water, India 6.24 0-20 >2.5 um
Tap water, Indonesia 332 0-10.8 > 2.5 um
Tap water, Ireland 183 - >2.5 pum
Tap water, Italy 0 - >2.5 um
Tap water, Lebanon 6.64 0-23.3 >2.5 um
Tap water, Slovakia 3.83 0-10.9 >2.5 um
Tap water, Switzerland 2.74 0-5.47 >2.5 um
Tap water, Uganda 392 0-12.7 >2.5 um
Tap water, USA 9.24 0-60.9 >2.5 um
Tap water, China 3435 267-404 >1um This study

Further research

In this study, our results showed that there are microplastics in
the drinking water supply chain, and the current drinking

water treatment process can remove most of the microplastics
in raw water. Drinking water is closely related to human
health and the water quality should be guaranteed. Plastic
products are indispensable materials in our daily life.
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Controlling plastics from the sources into freshwater is the key
to solve the problem of microplastics in drinking water.
Currently, some countries and organizations have already be-
gun to promulgate laws and regulations to reduce the use of
plastics and (micro)plastic emissions (Hu et al. 2019).
Wastewater treatment plant effluent is an important source
of microplastics (Ziajahromi et al. 2017). The removal rate
of microplastics in wastewater treatment process can be im-
proved by improving existing processes (Perren et al. 2018;
Xu et al. 2012). Additionally, microplastic fate during drink-
ing water treatment processes is not yet fully understood.
Evidence showed that the fragmentation and decomposition
of microplastics happens during wastewater treatment pro-
cesses (Enfrin et al. 2019; Wang et al. 2018, b), which would
significantly increase the content of microplastics with small
particle size or nanoplastics in waters. This fragmentation may
also occur in drinking water treatment processes. At present,
the conventional water treatment processes are not designed
for microplastic removal, and the occurrence of microplastics
may affect the whole drinking water treatment process such as
coagulation, filtration, and disinfection. Therefore, the fate of
microplastics during the drinking water supply chain should
be valued and given attentions, and standards of the content of
microplastics in drinking water should be formulated.
Furthermore, the existence of micro-plastics in drinking water
has been confirmed, and it is necessary to implement terminal
treatment of drinking water. Membrane technology (ultrafil-
tration, nanofiltration, reverse osmosis) has been successfully
applied in water treatment (Wang et al. 2019). It may be a
good choice to add membrane water filter device after tap
before human consumption to remove microplastics with
small particle size in tap water. Moreover, drinking water
has become one of the main sources of human exposure to
microplastics. However, unfortunately, there are few studies
on the effect of microplastics from drinking water on human
health and the impacts are not clear. More efforts are required
to determine the toxicity of microplastics and the route of
exposure to assess the associated potential risks (Shen et al.
2019; Wright and Kelly 2017). Plastics widely used in our
daily life should be paid special attention, of course, because
plastic packaging materials may also lead to contamination of
drinks and foods.

Conclusions

In this study, the content of microplastics in three different
water, freshwater (raw water), treated distributed water, and
household tap water, was investigated from April to
July 2019. The overall average content of microplastics in
freshwater was measured to be 2753 (2173—-3998) particles
L', and 351.9 (338-400) and 343.5 (267-404) particles L'
in treated distributed water and household tap water,

@ Springer

respectively. Microplastics can be significantly removed
through current drinking water treatment processes, while
the concentration of microplastics in tap water was not ignor-
able. Microplastics with small particle size (< 10 pm)
accounted for the majority, which were difficult to be
quantified and artificially neglected in most research.
Fibers and fragments made up the majority in all water
samples, which also demonstrates that current drinking
water treatment processes are not effective in removing
small fibers and fragments. In addition, we found that
the plastic materials applied to the drinking water sup-
ply chain could contribute to the content of
microplastics in drinking water. At present, research on
microplastics in drinking water has just begun; the de-
termination and quantification of small microplastics in
drinking water, the removal of microplastics during wa-
ter treatment, and potential risks to human health should
be further studied in order to better understand the
microplastics in drinking waters.
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