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- Cellulose in wastewater and sludge causes interference in microplastic

analysis

- A new method for removal cellulose in the analysis of microplastics is

reported

- The study covers the behaviour of samples of synthetic, wastewater and

sludge samples

- Reducing the cellulose by 97.6% in a second treatment with the method

proposed

Abstract

Knowing the amount of microplastics that currently reach wastewater is
extremely important today. Furthermore, carrying out a good
quantification and detection of the type of plastic provides valuable
information. However, the wastewater is loaded, in addition to a high
concentration of organic matter, with a high concentration of cellulose at
the treatment plant influent, which seriously hinders detection,
quantification and classification of microplastics. The abundance of
cellulose materials makes them possible to become false positives for
microplastics. Numerous studies on the analysis of microplastics in
different matrices show how to remove organic matter from samples, but
there are very few studies on the removal of cellulose, which is also found
in the samples and hinders their analysis. This study offers a method that
combines, for the analysis of microplastics, the already known advanced
oxidation treatments for the elimination of organic matter with the novel

cellulose removal treatment of the samples with the aim of reducing the
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amount of cellulose in the influent samples of conventional wastewater
treatment plants. To remove the cellulose, 40 mL of a solution of urea 8%,
sodium hydroxide 8% and thiourea 6.5% (by weight) were added for every
100 mg of dry sample. The beakers were placed in the freezer at minus 20
°C for 40 min and were then placed in agitation until they reached room
temperature. After that, the samples were passed through a 53 um mesh
sieve. They were washed 15 times with 30 mL of ultra-pure water. The
method is called UTS because of the acronym of its reagents
(Urea/Thiourea/Sodium Hydroxide). By using the UTS method it is
possible to reduce almost completely the cellulose residues from the
influent sewage, and sludge samples by 97.6% in a second UTS treatment
and 98.2% in a third UTS treatment. In all cases analysed, the
microplastics were identified as high density polyethylene (HDPE) with
correlation indices higher than 0.97, which shows that the treatment is
harmless for this type of plastic material. The UTS method in combination
with the WPO is an efficient and effective method for the analysis of
microplastics in different matrices where cellulose and organic matter may

cause possible interferences.

Keywords: Cellulose; Detection; Microplastics; Sludge; Wastewater
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1. Introduction

The elimination of microplastics (MPs) in the environment is a current
topic of study. Environmental pollution by MPs is a growing problem, and
the problem is expected to persist for hundreds of years (Ivar, 2021).
Microplastics are plastic particles smaller than 5 mm (Franco et al., 2021).
These MPs are generating a global environmental problem that has an
impact not only on the environment as such, but also on the food chain in
particular. According to WHO (2019), global plastics production has
increased almost exponentially since the 1950s. Taking into account
population growth and current plastic consumption and waste, plastic

production is expected to double by 2025 and triple by 2050 (FAO, 2017).

As the manufacture and use of plastics has steadily increased over the
decades, the occurrence of MPs in the environment has also intensified and
these new contaminants are now commonly found in rivers, lakes, and
coasts (Carr et al., 2016; McCormick et al., 2014). According to Feng et
al. (2020) fibers were the most frequently observed form in surface water
and sediments. It is known that one of the largest inputs of MPs into the
environment is from wastewater treatment plants (WWTPs) (Turan et al.,
2021). Many authors have presented results on the detection and
quantification of MPs in WWTPs effluent (Dyachenko et al., 2017; Franco
et al,, 2020; Xu et al., 2019). Other authors present research on the
percentage of MPs removal in WWTPs (Gies et al., 2018; Franco et al.,
2021). Mechanical, chemical, and biological treatment processes removed
up to 99% of the MPs entering a WWTPs (Ziajahromi et al., 2016). After

treatment, the removed MPs were primarily transferred to the sludge phase

4



87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

(Ngo et al., 2019). However, there are few authors talking about the
problems that we encounter for the detection, quantification, and
identification of these pollutants in both the influent of the waterline and

the sludge line of conventional WWTPs.

Additionally, there is not a standardised method for the analysis of
MPs. Numerous authors have proposed methods but none have yet been
approved. This makes it difficult to compare methodologies and to
corroborate that MPs analysis is being carried out correctly. Cunsolo et al.,
(2021) have optimised sample preparation for FTIR-based MPs analysis
in wastewater and sludge samples: multiple digestions, however, it uses
quite a few reagents and some that could be considered aggressive by other
authors for microplastic analysis (Al-Azzawi, et al., 2020). The importance
of a correct detection, quantification, and identification of MPs where no
other factors are involved, is due to the current circular economy trend in
WWTPs (Neczaj et al., 2018). The recognition of sludge as a resource, the
use of sewage sludge as a source of energy and resource recovery is a good
alternative for its management considering the requirements of the
legislation and the principles of the circular economy, for this it is
necessary to know all the damages that MPs could cause in the
environment with a correct detection, quantification and identification

(Gherghel et al., 2019).

Similarly, with regard to water, in order to avoid environmental
pollution from insufficiently treated wastewater discharged into the
environment or subsequently reused in the environment, the European

Union has approved a regulation "Regulation (EU) 2020/741 of the
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european parliament and of the council of 25 may 2020 concerning
minimum requirements for water reuse" where, in Annex I1, it is stated that
depending on the results of the risk assessment there would be additional
requirements. Therefore, the importance of knowing the quantity and type

of MPs in reclaimed water prior to its use is emphasised.

In the influent of WWTPs, in addition to already known organic
matter, there is a high concentration of cellulose which makes the normal
process of identification and detection of MPs difficult. Cellulose is the
most abundant natural biopolymer on planet Earth (Peng et al., 2020).
Hurley et al. (2018) proposed a validation of a method for the extraction
of microplastics from complex and organic-rich environmental matrices.
With the proposed treatment and various protocols, they were able to
eliminate between 57-67% of organic material in sludge and 35-68% of
soil organic matter, but reported problems with cellulosic and chitinous
material being resistant to KOH and NaOH treatment (Hurley et al. 2018).
Olsen et al. (2020) demonstrated the need for a method for cellulose
removal in wastewater samples, because without the possibility of
spectroscopic techniques, it is not possible to discern cellulose fibers from
microplastic fibers, even after commonly used digestion procedures. These
same authors (Olsen et al., 2020) tested a removal method for seawater
matrices containing a lower amount of cellulose fibers than influent
samples or sewage sludge. Lares et al. (2018) also reported that the
cellulose present in the samples can lead to inadequate separation during
the density separation step commonly applied in wastewater sample

treatments to isolate MPs due to the density of cellulose, which is very
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similar to that of certain plastic polymers. Ivleva (2021) in a review of
current analytical methods, recommends avoiding misidentification errors
and strongly recommends including the cellulose spectrum, which is
named as a typical matrix component. These statements demonstrate the
need to remove cellulose before starting the detection, quantification and

identification process.

The abundance of cellulose materials makes them possible to become
"false positives" for microplastics. The elimination of cellulose from rich
organic samples could offer more significant and real values of the amount
of MPs entering the treatment plant and being removed before any
treatment. The aim of the present study is the optimisation of cellulose
removal in water and sludge samples, improving the detection,

quantification, and identification of MPs.

2. Materials and methods

This section will refer to sampling, reagents and chemical products

used, sample processing, method validation and sample characterization.

2.1. Sampling

Wastewater and sludge samples were collected in the influent of an
urban WWTP located in Medina Sidonia, a Spanish municipality situated
in Cadiz, Andalusia. According to the Spanish National Institute of

Statistics (SNIS, 2021), the municipality had 11,773 inhabitants in 2020,
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but the plant is capable of treating the wastewater of a population of 17,599

equivalent inhabitants and can process a flow rate of up to 2,223 m*>d™".

There are two treatment lines: water and sludge. As at the majority of
the existing WWTPs in Spain, the water line of the plant consists of
primary and secondary treatment made up of the following units: a)
Primary treatment with a coarse and fine screening unit and a de-gritting
and degreasing system and b) The secondary treatment consists in an

extended aeration biological reactor and secondary settling.

The effluent from Medina Sidonia WWTP discharges into the Satillo
stream and complies with European regulations (Directive 91/271/EEC)
and its transposition into Spanish law (Royal Decree-Law 11/1995), which
establishes the regulations applicable to the treatment of municipal

wastewater.

The WWTP also has a sludge line, which consists of thickening the
sludge before it is dewatered to a dryness of more than 60%. The sludge
line is equipped with a deodorisation system using activated carbon
filtration. The sludge from this sewage treatment plant is collected by a

soil amendment company.

The characteristics of the urban wastewater of the WWTP of Medina
Sidonia have been collected in several publications by the authors (Egea-
Corbacho et al., 2019a, 2019b, 2019c¢). The specific characteristics of these

samples are shown in Table 1.

Table 1. Characterization of the Medina Sidonia WWTP.



pH (pH units)  Conductivity (uS cm™)  TOC (mg L) NT (mg L) COD (mg L)

Influent 7,67 (£0.15) 1465 (+£352) 137.71 (£63) 5110 (£12.19)  597.92 (£112.31)

Effluent  7.79 (20.15) 1048 (+9) 20.14 (£2.57)  3.75(+0.55) 166.99 (£71.31)

182
183  2.2. Reagents and chemical products used

184 The pure urea pearls, extra-pure sodium hydroxide and extra-pure
185  sodium chloride were provided by Scharlau (Barcelona, Spain). Iron II
186  sulphate 7-hydrate purissimum, hydrogen peroxide 30% v/v and thiourea
187  were supplied by Panreac (Barcelona, Spain). Filters (0.8 pm
188  polycarbonate filters PC membrane 47 mm) were purchased from

189  IsoporeTM (Darmstadt, Germany).

189  2.3. Sample processing and method validation

192 Two litres of untreated wastewater were filtered through three stainless
193  sieves of 1000, 355 and 100 pm. From previous experience with the
194  different WWTP samples that have been taken, most of the cellulose
195  accumulates on the 100 um sieve. Therefore, the 100 um sieve was chosen
196  to carry out the experiments of this study. The solid fraction was collected
197  with ultrapure water into a beaker. The same sample was prepared in
198 triplicate and was left to dry in the oven at 70 °C. The samples were

199  covered with aluminium foil to avoid external contamination.

200 To validate the method, three replicates of synthetic samples were
201  made with a known amount of cellulose and MPs, in ultra-pure water. In
202  this way, the effectiveness of the method could be known. This allows the

203  efficacy of the UTS treatment to be determined at each stage by taking into

9
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account the percentage of cellulose removal. Furthermore, by knowing the
type and quantity of MPs added, it could be determined whether they are
affected by the different UTS treatment steps. For the analysis, beakers
with a known amount of cellulose and MPs were weighed. Subsequently,
they were dried at 70 °C for 24 h. Once the sample had been tempered, it

was weighed again to determine the dry weight of previous cellulose.

In the case of the sludge, 16 g were weighed and then passed through
the 355 and 100 um sieve. The 100 um sieve was also used for the study.
This fraction was collected in a beaker and placed in the oven at 70 °C. As
with the water samples, they were covered with aluminium foil to avoid

external contamination. The samples were prepared in triplicate.

To remove the cellulose, 40 mL of a solution of urea 8%, sodium
hydroxide 8% and thiourea 6.5% (by weight) were added for every 100
mg of dry sample. The method is called UTS because of the acronym of
its reagents (Urea/Thiourea/Sodium Hydroxide). The beakers were placed
in the freezer at minus 20 °C for 40 min and were then placed in agitation
until they reached room temperature. After that, the samples were passed
through a 53 pm mesh sieve. They were washed 15 times with 30 mL of
ultra-pure water. Finally, the samples were recovered in the same beakers
and the previous drying procedure was repeated. This method has been

adapted from Olsen et al. (2020).

Once the samples were dry, the wet peroxide oxidation (WPO) of the
organic matter was performed. According to Masura et al. (2015), in order

to oxidise organic matter, 20 mL of 0.05 M iron sulphate solution and 20

10
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mL of 30% v/v hydrogen peroxide were added to the samples and stirred
at 200 rpm and 75 °C for 30 min. Then they were passed through the sieve,
washed with ultra-pure water and left to dry again. The whole procedure
could be repeated from 1 to 3 times depending on the cellulose and organic
matter content. The synthetic samples were treated in the same way as the

wastewater samples.

In the specific case of sewage sludge, the process was carried out in
reverse, starting the process with the WPO method previously described.
After that, the samples were filtered through 0.53 pm mesh sieve to
remove excess reagents, collecting the samples in the same way as
described for wastewater. This was followed by UTS treatament described

above.

In summary, for wastewater, the UTS treatment of removal cellulose
is carried out first followed by WPO whereas for sludge samples the
method is in reverse. This is due to the high amount of organic matter in
the sludge, which would make the first UTS treatment more difficult and

less effective.

Once the process was finished, density separation was carried out to
isolate MPs from the rest of the particles retained within the samples and
that might remain in the medium. For this purpose, 20 mL of 5 M sodium
chloride solution was added for each 20 mL of sample. They were left in
the decantation funnel overnight. The decanted material was discarded and
the supernatant was filtered with vacuum filtration equipment through 0.8

um polycarbonate filters. Once the samples were filtered, the filters were

11



252 left to dry for 2 h at 40 °C and observed under a Carl Zeiss Axio Imager
253  MIm binocular magnifying lens for the quantification of the MPs. FTIR
254  analysis was carried out after each step in order to check changes in the
255  estructure and composition of the MPs in the blank samples. Fig. 1 shows
256 an overview of the analysis process in wastewater samples, the treatment

257  for sludge is the same but the UTS and WPO steps are reversed.

258 Cellulose I
Sample Sample elimination LELUES .

i . Dry oxidacién Density
through after Sl treatment separation
the sieves recovery (UTS) (wpo)

259

i = @'Z!

1 to 3 repetitions

261 . ’

Chemical Morphological Filtration

characterisation characterisation
o
263 ﬁ Ly
Cas t

264 Fig. 1. Overview of the analysis process in wastewater samples. Sludge samples
265 have the UTS and WPO treatments at reverse.
266  2.4. Sample characterisation
267 After the treatment of the samples, the microparticles were

268  differentiated according to their morphological and chemical
269  characteristics. It was necessary to perform an initial count of the
270  microparticles and differentiate them according to their morphological
271 characteristics. However, in this step it was not possible to confirm that
272 they were polymers, therefore they are called microparticles. To

273 determinate whether the particles are plastics or not, it is required to

12
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perform a second analysis of their chemical characteristics and distinguish

between microparticles and MPs.

2.4.1. Morphological characterisation

In order to monitor the effect of each of the UTS and WPO treatment
replicates on the samples, photographs were taken of each of them. For

this purpose, it was use a Carl Zeiss Axio Imager M 1m optical microscope.

2.4.2. Chemical characterisation

Chemical characterisation was performed according to spectroscopic
methods used to identify the types of polymers in the collected samples
employing a PerkinElmer Spectrum 100 Fourier Transform Infrared
Spectroscope (ATR-FTIR) in total attenuated reflection mode, in order to
control whether the MPs added to the synthetic samples had been degraded

during the different UTS and WPO treatment replicates.

To determine the composition of the MPs, the particles were exposed
to infrared radiation (Sun et al., 2019), generating a particle-specific
spectrum based on the chemical bonds between the atoms. The resulting
spectrum was analysed using the characteristic spectrum compared to the
polymer spectrum library of the reference. This library had previously

been created with the pure polymer used as a reference.

3. Results and discussion

The proposed method is an enzyme-free digestion for the dissolution
of cellulose and chitin. Based on existing methods to dissolve cellulosic

materials (Hu et al., 2007; Jin et al., 2007; Yan et al., 2007; Olsen et al.,

13



297  2020). The three synthetic replicates of cellulose and microplastic samples
298  were tested with different repetitions of the same UTS treatment to remove
299  cellulose, with one repetition for replicate 1 (R1), two repetitions for
300 replicate 2 (R2) and three repetitions for replicate 3 (R3). R1 was
301  processed with a UTS treatment and WPO, R2 was treated with UTS and
302  WPO twice, and finally, R3 was pre-treated three times with UTS and
303  WPO. After each UTS and WPO treatment step, the samples were dried
304 and weighed to record the cellulose removal, by weight, for each sample.
305 A known weight of cellulose and 15 visual MPs between 1000 and 500
306 um were added to the control cellulose samples (R1, R2 and R3). Table 2
307  shows the percentages of cellulose removal for each of the replicates for

308 the different UTS and WPO treatment steps and repetitions.

309 Table 2. Monitoring of the mass loss of the synthetic samples after each step of the

310 treatment procedure.

First repetition Second repetition Third repetition

% elimination w/ % elimination w/ % elimination w/ % elimination w/ % elimination w/ % elimination w/

UTS WPO UTS WPO UTS WPO

27.3 * - - - -

26.3 40.7 97.6 * - -

28.6 41.9 97.3 97.5 98.2 *
311 * The treatment was carried out but not weighed as it had been filtered directly for

312 analysis.

313 As shown in Table 2, for the synthetic samples (cellulose, MPs, and
314  ultra-pure water), with a single repetition of the complete treatment (UTS
315 and WPO), an average of 41.3% (£ 0.8) was obtained. After the second

316  treatment replicate step UTS and WPO, a cellulose removal of 97.5 —
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97.6% was observed, so that two replicates were accepted as the optimal
number of replicates to successfully remove most of the cellulose present
in the samples. The trade-off between time invested, reagent consumption
and treatment efficacy indicates that the third repetition is not really
necessary. This can be skipped as it does not provide much variation on
the results in cellulose removal treatment. After the end of the treatment
for each of the synthetics replicates, a count of the MPs present in each
replicate was made to ensure that there had been no losses during the
different stages. Corradini et al. (2019) show how organic matter affected
the recovery rate of each polymer. With the proposed method adapted from
Olsen et al. (2020), a large part of these interferences by organic matter in
the samples and by cellulose in particular in the samples from the different

treatment stages of the wastewater treatment plants would be eliminated.

Other potential methods for organic matter removal are derived from
existing studies that extract MPs from biota. Acid digests, such as
hydrochloric acid (HCIl) and nitric acid (HNO3), have been shown to be
very effective in destroying organic matter, but they also affect MPs
particles, leading to degradation and melting (Hurley et al., 2018). Because
many of the processes are aggressive and can degrade MPs, it is necessary
to know the amount of MPs and the type of polymer (High Density
Polyethylene) in the synthetic sample. Therefore, a count was made after
each of the stages to which the sample was subjected. The number of MPs
counted in replicate 1 was 19, in replicate 2 was 17 and in replicate 3 was

16. The increase in MPs quantified with respect to the initial number may

15
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be due to their fragmentation into smaller particles by mechanical actions

during treatment.

Different stages of the wastewater treatment plant have a high amount
of organic matter and cellulose. These stages can be the water influent, the
biological reactor or the sludge line. The removal of this organic matter
and cellulose is crucial for proper detection, identification and
quantification. Further research on techniques and/or methods that allow
the separation of MPs from organic matter is certainly a challenge, but is
of great importance to reduce further microplastic contamination when

reused water or sludge is used for soil improvement (Sol et al., 2020).

Referring to the above-mentioned, the removal of natural organic
matter (NOM) becomes necessary. Different studies show that, in addition
to the already known organic load in the wastewater, approximately 35%
of the suspended solids in the influent originated from toilet paper (Ruiken
et al., 2013). In wastewater, they have estimated a consumption of about
10 kg y! of toilet paper per person (Ruiken et al., 2013). These same
authors give the example of Waternet in Amsterdam, with a population of
1,200,000 people who are connected to Waternet's WWTPs. This
population discharge 12,000 to 15,000 t y™!' of toilet paper. The total mass
of suspended solids measured in the influent is 32,000 t y™!. This indicates
that approximately 40% of the influent suspended solids could be cellulose

derived from toilet paper and wipes (Ruiken et al., 2013).

Furthermore, primary sludge from sewage treatment plants has been

reported to contain a considerable amount of cellulose, about 20%, based
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on suspended solids (Honda et al., 2002). Cipolletta et al. (2019) stated
that the treated sludge had an average of 87% cellulose, hemicellulose and
lignin content. Ruiken et al. (2013) show values for the cellulose fraction

of 32% and 38% of the organic mass.

The removal of natural organic matter in water and sludge samples
from WWTPs must be improved by dissolving cellulose. Many authors
use WPO treatment to remove the organic matter present in this type of
sample (Franco et al., 2020; Magni et al., 2019). However, applying this
type of treatment to samples with a high amount of cellulose is not
sufficient to remove it and, when performing the last step of separation by
density of the microparticles of interest, the cellulose in suspension forms
a matrix that traps these microparticles, preventing them from being
separated from the rest of the solution by density and, therefore, hindering
their recovery and subsequent study by microscopy and FTIR. The
objective is to analyse, quantify and identify MPs in wastewater or sludge
samples after a pre-treatment step that serves to ensure the subsequent
extraction of impurity-free MPs. By using the UTS method it is possible
to reduce almost completely the cellulose residues of the input and sluge

samples.

In order to verify that the method worked, it was decided that it should
be carried out on a sample of raw sewage. Three replicates of the
wastewater sample were subjected equally to different numbers of
replicates of the cellulose removal treatment: the first sample was
subjected to only one WPO step (Fig. 2a). The second sample was

subjected to one repetition of the complete treatment (WPO + UTS) (Fig.

17
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2b), while the third sample was subjected to three repetitions (3 WPO + 3
UTS) (Fig. 2¢). The aim was to observe the effect of the different treatment
steps on the samples and to compare them with each other. It can be seen
how the different treatment repetitions on the sample remove cellulose and
other organic matter residues, facilitating the subsequent quantification
and classification by shape of the microparticles present. Although three
repetitions of the treatment were carried out for the last replicate, the
results obtained with the synthetic samples of cellulose and MPs allow us
to determine, with only two repetitions, that the elimination of cellulose
would be sufficient. In heavily loaded samples a third repetition may be

necessary.

After consecutive repetitions of the treatment, it is possible to observe
the gradual disappearance of the white fibres corresponding to cellulose,
while the microparticles of interest for the analysis remain practically
unaltered. The existence of cellulose in wastewater samples makes the
analysis of MPs as difficult as large amounts of organic matter can be.
Authors such as Lavoy et al. (2021) argue that large concentrations of
organic matter can make it impossible to study wastewater and MPs at
certain stages in WWTPs because, if it is not correctly removed, it can lead
to incorrect counts of the amount of MPs present, either because the
organic matter adheres to them, modifying their density and thus affecting
the separation by density of the treatment, or because it obscures the MPs
themselves when performing the visual count or because it interferes with

the analysis by infrared spectroscopy. Fig. 2 shows the wastewater sample
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414 and the same sample after repeated treatments under an optical

415  microscope. A decrease in cellulose is observed in the samples.

416

417

418

419  Fig. 2. Wastewater sample without treatment to remove cellulose, only with WPO (a), the
420  same sample after the first UTS treatment and first WPO (b), the same simple after third

421 UTS treatment and third WPO (c) under optical microscope.
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As with the water line, the procedure was corroborated for a sludge
sample. For the sludge, the first sample was treated with only one WPO
(Fig. 3a), the second sample with WPO + UTS (Fig. 3b), the third sample
with two cycles of WPO + UTS (Fig. 3c) and finally, the fourth sample

with three cycles of WPO + UTS (Figure 4d).

Fig. 3 shows how the cellulose is decreasing in the sample, facilitating
the analysis for the detection, counting and subsequent identification of
MPs. In the case of sludge, it can be seen that 2 treatments of WPO + UTS
could be sufficient (Fig. 3c), with a third treatment being recommended in

order to obtain a clean sample (Fig. 3d).
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Fig. 3. Sludge sample without treatment to remove cellulose, only with WPO (a),
the second replica of sample with WPO + UTS (b), the third replica of sample with two
cycles of WPO + UTS (c) and the fourth replica of sample with three cycles of WPO +

UTS (d) under optical microscope.

Finally, to verify that the treatment of the samples does not imply a
degradation of the plastic materials and that the cellulose does not interfere
with their identification, the MPs of the three synthetic cellulose samples
were analysed by FTIR after treatment. Fig. 4 shows the spectra obtained
by ATR (Attenuated Total Reflectance) after analysing the MPs and
comparing them with a reference library. In all cases analysed, the MPs
were identified as high density polyethylene (HDPE) with correlation
indices higher than 0.97, which shows that the treatment is harmless for

this type of plastic material.
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Fig. 4. Microplastic spectra aquired with FTIR-ATR from synthetic cellulose
samples. Microplastic sample from R1 (==) and Reference espectre HDPE, High

Density Poly-Ethylene (—).

Authors such as Lavoy et at. (2021) have also observed the possibility
that certain polymers may degrade when subjected to treatments with
prolonged digestion or with strong acids or alkalis. The treatment used on
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these samples avoids long exposure times of the MPs to the reagents used,

thus reducing their potential degradation, as shown in Fig. 4.

Once it was known that the method did not affect the synthetic HDPE
polymer that was added to the pure water samples, wastewater and sludge
samples also treated with the method were analyzed. Table 3 shows some
of the particles analyzed, where organic matter, polyethylene (PET),
HDPE, polypropylene (PP), polyethylene (PP) and polyvinyl chloride
(PVC) have been detected. All the polymers had a correlation higher than
0.91 with respect to those of the library used. Fig. 5 shows the spectra for

the different particles analyzed.

Table 3. Particles analyzed in one of the wastewater samples after application of the

method.

Search Score Search Best Hit Description Polymer
0,980613 poly(ethylene terephthalate) PET
0,954811 high density poly- ethylene HDPE
0,835022 ricinoleic acid
0,918259 polypropylene PP
0,93204 polyethylene PE
0,903578 polyvinyl chloride PVC
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Applying the method to all samples the authors have found a high

correlation in more than a dozen different polymers. By detecting different

polymers with high correlation, it can be stated that the proposed method

facilitates the analysis of these polymers.
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4. Conclusions

The correct and efficient removal of microplastics in different

environmental matrices, and in particular in wastewater and sludge,

depends on the method used. Organic and cellulose impurities make the

detection, quantification and identification of microplastics difficult.

Good visual pre-counting and obtaining a sample with a minimum
of impurities facilitates the processes for the analysis of
microplastics.

The UTS method in combination with the WPO is proposed as a
method for the analysis of microplastics in different matrices where
cellulose and organic matter may cause possible interferences.
Almost complete elimination of the cellulose present in the
samples was achieved from the second repetition of the treatment.
The establishment of a standardized methodology for the
extraction of microplastics in different matrices is essential for
efficient and reliable detection, quantification and identification.

Include cellulose removal combined with organic matter removal.

There are not many studies on the amount of cellulosic matter in

wastewater and sludge. A study on quantity and how it affects COD is

launched as future lines of research.

Acknowledgements

This work was supported by the Spanish Ministry of Science,

specifically via the Project RT12018-096771-B-100, entitled ‘‘Monitoring

and analysis of the toxicity of microplastics in WWTPs. Application of

24



519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

advanced technologies for their elimination”. The authors would also like

to thank the staff of Medina Global for their cooperation in this study.

References

Al-Azzawi, M.S.M., Kefer, S., Weiller, J., Reichel, J., Schwaller, C., Glas,

K., Knoop, O., Drewes, J.E. 2020. "Validation of Sample
Preparation Methods for Microplastic Analysis in Wastewater

Matrices—Reproducibility and Standardization". Water 12, no.

9:2445. https://doi.org/10.3390/w12092445

Carr, S.A., Liu, J., Tesoro, A.G. 2016. Transport and fate of microplastic

particles in wastewater treatment plants. Water Research. 91,

174-182. https://doi.org/10.1016/j.watres.2016.01.002.

Cipolloetta, G., Eusebi, A.L., Palmieri, S., Giosu¢, C., Tittarelli, F., Frison,

Council

N., Pastore, C., Foglia, A., Fatone, F. 2019. Toilet paper
recovery from municipal wastewater and application in building

sector. IOP Conf. Series: Earth and Environmental Science. 296

012024. doi:10.1088/1755-1315/296/1/012024

Directive, 91/271/EEC. Concerning Urban Waste Water

Treatment.

Corradini, F., Meza, P., Eguiluz, R., Casado, F., Huerta-Lwanga, E.,

Geissen, V. 2019. Evidence of microplastic accumulation in
agricultural soils from sewage sludge disposal. Science of The
Total Environment. 671, 411-420.

https://doi.org/10.1016/j.scitotenv.2019.03.368.

25



542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

Cunsolo, S., Williams, J., Hale, M., Read, D.S., Couceiro, F. 2021.
Optimising sample preparation for FTIR-based microplastic
analysis in wastewater and sludge samples: multiple digestions.
Analytical and Bioanalytical Chemistry. 413, 3789-3799.

https://doi.org/10.1007/s00216-021-03331-6

Directive 91/271/EEC — urban wastewater treatment

Dyachenko, A., Mitchell, J., Arsem, M. 2017. Extraction and identification
of microplastic particles from secondary wastewater treatment
plant (WWTP) effluent. Analytical Methods. 9. DOI: 10.1039 /

C6AY02397E

Egea-Corbacho, A., Gutiérrez, S., Quiroga, J.M. 2019a. Removal of
emerging contaminants from wastewater through pilot plants
using intermittent sand/coke filters for its subsequent reuse. Sci.
Total Environ. 646, 1232-1240.

10.1016/j.scitotenv.2018.07.399

Egea-Corbacho, A., Gutiérrez, S., Quiroga, J.M. 2019b. Removal of
emerging contaminants from wastewater using nanofiltration for
its subsequent reuse: full-scale pilot plant. J. Clean. Prod. 214,

514-523. 10.1016/j.jclepro.2018.12.297

Egea-Corbacho, A., Gutiérrez, S., Quiroga, J.M. 2019c. Removal of
emerging contaminants from wastewater using reverse osmosis

for its subsequent reuse: pilot plant. Journal of Water Process

Engineering. 29, 100800. 10.1016/j.jwpe.2019.100800

26



565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

Feng, S., Lu, H., Tian, P., Xue, Y., Lu, J., Tang, M., Feng, W., 2020.

Analysis of microplastics in a remote region of the Tibetan
Plateau: Implications for natural environmental response to
human activities. Sci. Total Environ. 739.

https://doi.org/10.1016/j.scitotenv.2020.140087

Franco, A.A., Arellano, J.M., Albendin, G., Rodriguez-Barroso, R.,

Quiroga, J.M., Coello, M.D. 2021. Microplastic pollution in
wastewater treatment plants in the city of Cadiz: Abundance,
removal efficiency and presence in receiving water body.
Science of  The Total Environment. 145795.

https://doi.org/10.1016/j.scitotenv.2021.145795.

Franco, A.A., Arellano, J.M, Albendin, G., Rodriguez-Barroso, R.,

Zahedi, S., Quiroga, J.M., Coello, M.D. 2020. Mapping
microplastics in Cadiz (Spain): Occurrence of microplastics in
municipal and industrial wastewaters. Journal of Water Process
Engineering. 38, 101596.

https://doi.org/10.1016/7.jwpe.2020.101596.

Freeman, S., Booth, A.M., Sabbah, 1., Tiller, R., Dierking, J., Klun, K.,

Rotter, A., Ben-David, E., Javidpour, J., Angel, D.L. 2020.
Between source and sea: The role of wastewater treatment in
reducing marine microplastics. Journal of Environmental
Management. 266, 110642.

https://doi.org/10.1016/j.jenvman.2020.110642.

27



588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

Gago, J., Galgani, F., Maes, T., Thompson, R.C. 2016. Microplastics in
seawater: Recommendations from the Marine Strategy

Framework Directive implementation process. Frontiers in

Marine Science. 3. https://doi.org/10.3389/fmars.2016.00219

Gherghel, A., Teodosiu, C., De Gisi, S. 2019. A review on wastewater
sludge valorisation and its challenges in the context of circular
economy, Journal of Cleaner Production. 228, 244-263.

https://doi.org/10.1016/j.jclepro.2019.04.240

Gies, E.A., LeNoble, J.L., Noél, M., Etemadifar, A., Bishay, F., Hall, E.R.
Ross, P.S. 2018. Retention of microplastics in a major secondary
wastewater treatment plant in Vancouver, Canada. Marine
Pollution Bulletin. 133, 553-561.

https://doi.org/10.1016/;.marpolbul.2018.06.006

Hollman, P.C.H., Bouwmeester, H., Peters, R.J.B. 2013. Microplastics in
aquatic food chain: Sources, measurement, occurrence and
potential health risks. RIKILT Report 2013.003. Rikilt - Institute

of Food Safety, Wageningen. 1-27. http://edepot.wur.nl/260490

Honda, S., Miyata, N., Iwahori, K. 2002. Recuperacion de celulosa de
biomasa de lodos residuales de depuradora. Journal of Material
Cycles and Waste Management. 4, 46-50.

https://doi.org/10.1007/s10163-001-0054-y

Hu, X.,Du, Y., Tang, Y., Wang, Q., Tao, F., Yang, J., Kennedy, F.J. 2007.

Solubility and property of chitin in NaOH/urea aqueous solution

28



611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

Carbohydr. Polymers. 70 4), 451-458.

https://doi.org/10.1016/j.carbpol.2007.05.002

Hurley, R.R., Lusher, A.L., Olsen, M., Nizzetto, L. 2018. Validation of a

method for extracting microplastics from complex, organic-rich,
environmental —matrices.  Environmental Science and
Technology. 52 (13), 7409-7417.

https://doi.org/10.1021/acs.est.8b01517

Ivleva, N.P., 2021. Chemical Analysis of Microplastics and Nanoplastics:

Challenges, Advanced Methods, and Perspectives. Chem. Rev.

https://doi.org/10.1021/acs.chemrev.1c00178

Ivar do Sul, J. A. 2021. Why it is important to analyze the chemical

composition of microplastics in environmental samples. Marine
Pollution Bulletin. 165, 112086.

https://doi.org/10.1016/j.marpolbul.2021.112086.

Jin, H., Zha, C., Gu. L. 2007. Direct dissolution of cellulose in

NaOH/Thiourea/Urea  aqueous  solution.  Carbohydrate
Research. 342 (6), 851-858.

https://doi.org/10.1016/j.carres.2006.12.023

Lares, M., Ncibi, M. C., Sillanpad, M., Sillanpdd, M. 2018. Occurrence,

identification and removal of microplastic particles and fibers in
conventional activated sludge process and advanced MBR
technology, Water Research, Volume 133, Pages 236-246, ISSN

0043-1354, https://doi.org/10.1016/j.watres.2018.01.049

29



634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

Li, J., Liu, H., Chen, J.P. 2018. Microplastics in freshwater systems: a
review on occurrence, environmental effects, and methods for
microplastics detection. Water Research. 137, 362-374.

https://doi.org/10.1016/j.watres.2017.12.056

McCormick, A., Hoellein, T.J., Mason, S. A., Schluep, J., Kelly, J. J. 2014.
Microplastic is an Abundant and Distinct Microbial Habitat in
an Urban River. Environmental Science & Technology. 48 (20),

11863—11871. https://doi.org/10.1021/es503610r

Lavoy, M., Crossman, J. 2021. A novel method for organic matter removal
from samples containing microplastics, Environmental
Pollution, Volume 286, 117357, ISSN 0269-7491,

https://doi.org/10.1016/j.envpol.2021.117357

Neczaj, E., Grosser. A. 2018. Circular Economy in Wastewater Treatment
Plant—Challenges and Barriers. Proceedings. 2 (11), 614.

https://doi.org/10.3390/proceedings2110614

Ngo, P.L., Pramanik, P.K., Shah, K., Roychand, R. 2019. Pathway,
classification and removal efficiency of microplastics in
wastewater treatment plants. Environmental Pollution. 255,

113326. 10.1016/j.envpol.2019.113326

Olsen, L.M.B., Knutsen, H., Mahat, S. Wade, E.J., Arp, H.P.H. 2020.
Faciliting microplastic quantification through the introduction of
a cellulose dissolution step prior to oxidation: Proof-of-concept

and demonstration using diverse samples from the Inner

30



657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

Oslofjord, Norway. Marine Environmental Research. 161.

https://doi.org/10.1016/;.marenvres.2020.105080

Peng, B., Yao, Z., Wang, X., Crombeen, M., Sweeney, D.G., Tam, K.C.
2020. Cellulose-based materials in wastewater treatment of
petroleum industry. Green Energy & Environment. 5(1), 37-49.

https://doi.org/10.1016/1.ge€.2019.09.003.

Pittura, L., Foglia, A., Akyol, C., Cipolletta, G., Benedetti, M., Regli, F.,
Eusebi, A.L., Tseng, L.Y., Katsou, E., Gorbi, S., Fatone, F.
2021. Microplastics in real wastewater treatment schemes:
Comparative assessment and relevant inhibition effects on

anaerobic processes. Chemosphere. 262.

https://doi.org/10.1016/j.chemosphere.2020.128415

Rainieri, S., Barranco, A. 2019. Microplastics, a food safety issue?, Trends
in Food. Science &  Technology. 84, 55-57.

https://doi.org/10.1016/].tifs.2018.12.009.

Regulation (EU) 2020/741 of the European Parliament and of the Council
of 25 May 2020 concerning minimum requirements for water

réusc

Royal Decree-Law 11/1995, of December 28, by Which the Applicable

Norms for the Treatment of Urban Wastewater Are Established.

Ruiken, C.J., Breuer, G., Klaversma, E., Santiago, T., van Loosdrecht,

M.C.M. 2013. Sieving wastewater — Cellulose recovery,

31



679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

economic and energy evaluation. Water Research. 47(1), 43-48.

https://doi.org/10.1016/j.watres.2012.08.023.

Sol, D., Laca, A., Laca, A., Diaz, M. 2020. Approaching the environmental
problem of microplastics: Importance of WWTP treatments.
Science of The Total Environment. 740, 140016.

https://doi.org/10.1016/j.scitotenv.2020.140016.

Spanish National Institute of Statistics (SNIS). (2018). Available online:

https://www.ine.es/. Last accessed: 07/06/2021

Sun, J., Dai, X., Wang, Q., van Loosdrecht, M.C.M., Ni, B.J. 2019.
Microplastics in wastewater treatment plants: Detection,
occurrence and removal. Water Research. 152, 21-37.

https://doi.org/10.1016/j.watres.2018.12.050

Turan, N.B., Erkan, H.S., Engin, G.O. 2021. Microplastics in wastewater
treatment plants: Occurrence, fate and identification. Process
Safety and Environmental Protection. 146, 77-84.

https://doi.org/10.1016/1.psep.2020.08.039

World Health Organization. 2019. Microplastics in drinking-water.
Geneva: World Health Organization; 2019. Licence: CC BY-

NC-SA 3.0 IGO.

Xu, X., Jian, Y., Xue, Y., Hou, Q., Wang, L. 2019. Microplastics in the
wastewater treatment plants (WWTPs): Occurrence and
removal. Chemosphere. 235, 1089-1096.

https://doi.org/10.1016/j.chemosphere.2019.06.197

32



702

703

704

705

706

707

708

709

710

Yan, L., Chen, J.,, Bangal. P. R. 2007. Dissolving cellulose in a
NaOH/thiourea aqueous solution: a topochemical investigation.
Macromolecular  Bioscience. 7  (9-10), 1139-1148.

https://doi.org/10.1002/mabi.200700072

Ziajahromi, A., Neale, P.A., Leusch, F.D.L. 2021. Wastewater treatment
plant effluent as a source of microplastics: review of the fate,
chemical interactions and potential risks to aquatic organisms.
Water  Scince and  Technology. 74,  2253-2269.

10.2166/wst.2016.414

33



