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Abstract

Background: The ubiquitous occurrence of microplastic particles in marine and aquatic ecosystems was intensively
investigated in the past decade. However, we know less about the presence, fate, and input paths of microplastic in
terrestrial ecosystems. A possible entry path for microplastic into terrestrial ecosystems is the agricultural application
of sewage sludge and solid bio-waste as fertilizers. Microplastic contained in sewage sludge also includes polyeth-
ylene terephthalate (PET), which could originate as fiber from textile products or as a fragment from packaging
products (foils, bottles, etc.). Information about microplastic content in such environmental samples is limited yet, as
most of the used analytical methods are very time-consuming, regarding sample preparation and detection, require
sophisticated analytical tools and eventually need high user knowledge.

Results: Here, we present a simple, specific tool for the analysis of PET microplastic particles based on alkaline extrac-
tion of PET from the environmental matrix and subsequent determination of the monomers, terephthalic acid, using
liquid chromatography with UV detection (LC-UV). The applicability of the method is shown for different types of PET
in several soil-related, terrestrial environmental samples, e.g., soil, sediment, compost, fermentation residues, but also
sewage sludge, suspended particles from urban water management systems, and indoor dust. Recoveries for model
samples are between 94.5 and 107.1%. Limit of determination and limit of quantification are absolute masses of

0.031 and 0.121 mg PET, respectively. In order to verify the measured mass contents of the environmental samples, a
method comparison with thermal extraction-desorption-gas chromatography—mass spectrometry (TED-GC/MS) was
conducted. Both methods deliver similar results and corroborated each other. PET mass contents in environmental
samples range from values below LOQ in agriculture soil up to 57,000 mg kg™ in dust samples.

Conclusions: We demonstrate the potential of an integral method based on chemical extraction for the determina-
tion of PET mass contents in solid environmental samples. The method was successfully applied to various matrices
and may serve as an analytical tool for further investigations of PET-based microplastic in terrestrial ecosystems.
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Background

Microplastic defined as plastic particles in the dimen-

sion of 1-1000 pum [1] are considered a new emerging
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likely, however, that a further significant increase in the
number of microplastic particles will have environmen-
tal impacts, whether it is a change in the accumulation
behavior of natural particles [2] or the sorption and per-
meation of persistent pollutants of larger quantities [3, 4].

Marine ecosystems were intensively studied in the last
decade, while the status of terrestrial ecosystems remains
mainly unknown [5]. This knowledge gap is particularly
alarming as plastic contamination in terrestrial ecosys-
tems might be 4-23 times higher than in aquatic ecosys-
tems [6].

Besides littering, a possible input path of plastic in
soils is the application of sewage sludge as fertilizer [7].
Fibers and primary microplastic particles from laundry,
cosmetic, and hygienic products are mostly retained in
water treatment plants and end up in the sewage sludge
[8]. Sewage sludge and municipal solid waste compost
[9] are globally used as fertilizers in agriculture. A micro-
plastic input of 63,000—-430,000 t a~! was estimated for
European farmlands through the use of sludge as ferti-
lizer [10]. Studies of agricultural soil detected concentra-
tions between 78 particles kg™! [11] and 18,760 particles
kg~! [12] and 0.88-0.95 mg g~ ! [17]. Studies investigat-
ing the occurrence of microplastic in the soil after the
applications of sewage sludge resulted in concentrations
between 1100 and 3500 particles kg™ [13]. Depend-
ing on the sewage sludge treatment process, sewage
sludge shows concentration up to 34,000 particles kg™
[14, 15], or mass content up to 12,000 mg kg~! [16] or
3300 mg kg~! [17]. 92% of the detected microplastic in
soil aggregates from croplands in China consisted of syn-
thetic fibers [12]. Synthetic fibers comprise 70% of poly-
ethylene terephthalate (PET) regarding the production
volume [18], and could remain up to 15 years in soils,
after the application of sludge [19]. These fibers might
negatively influence soil biota. A recent study indicate
that the intake of PET fibers by snails leads to reduced
food intake and induced damage in the villi of the gastro-
intestinal walls [20]. Furthermore, fibers might negatively
affect the germination of ryegrass [21].

The few existing conducted studies about microplastic
in soils use different analytical methods with non-com-
parable results. Therefore, relevant sources, occurrences,
transport pathways, and the fate of microplastic are dif-
ficult to assess. Most studies use optical or microscopic—
spectroscopic methods as Fourier-transform infrared
spectroscopy (FTIR) or Raman spectroscopy. These
methods deliver information about particle numbers,
size, and shape. Those spectroscopic methods are very
time-consuming for environmental samples, especially
because often, complex sample pretreatment is needed. It
is mandatory to reduce the inorganic matrix and enrich
the microplastic concentration before analysis [22, 23].

Page 2 of 10

Usually, density separation is used for this purpose. To
reduce the organic matrix before FTIR or microscopy
analysis, an additional oxidation step with peroxide is
needed [11, 12, 22, 24]. A faster, spectroscopic method is
Fourier-transform near-infrared (FT-NIR) spectroscopy
by the use of a fiber-optic reflection probe. It was suc-
cessfully used to determine the presence of PET in soil
samples without pretreatment, but requires minimum
mass contents of 1%, which is very high and practically
not observed in reality [25].

An alternative is the use of integral methods, which are
faster and deliver mass fractions, an important value for
monitoring. Thermoanalytical methods determine poly-
mer mass fractions by the detection of specific decom-
position products formed under thermal treatment.
Common are pyrolysis-gas chromatography—mass spec-
trometry (Py-GC/MS) [26, 27] or thermal extraction-
desorption-gas chromatography—mass spectrometry
(TED-GC/MS) [28, 29].

Furthermore, chemical methods are possible with
two principal strategies. Either polymer chains can be
extracted by solvents and detected afterward [17, 30,
31]. Regarding the poor solubility of polymers, including
PET, these methods often require poisonous or expen-
sive solvents. This is especially disadvantageous when
large sample volumes must be analyzed, which is manda-
tory to account for the heterogeneity of soil samples [1].
The second principle is based on the decomposition of
the polymeric chain and subsequent analysis of specific
decomposition products. The latter is generally only pos-
sible when the polymer structure offers specific func-
tionality for bond cut, which, for example, is present in
polyesters or polyamides.

Regarding the analysis of suspected high contents of
PET in soil from fertilization, such extraction techniques
developed by Wang et al. [32] are of high interest for rou-
tine application. Wang et al. described a way to depolym-
erize PET in its monomers, among others, terephthalic
acid, and to subsequently detect the terephthalic acid by
LC-MS/MS (liquid chromatography coupled with tan-
dem mass spectrometry). LC-based methods are wide-
spread in analytical service laboratories, could be used
in routine analysis, and have particularly low detection
limits.

The objective of the present study is to adapt the sam-
ple extraction procedure described by Wang et al. to soil
samples and to transfer the analysis to a LC-UV system
(liquid chromatography with ultraviolet detection) [32].
LC-MS/MS is a complex method for the structure elu-
cidation of trace substances in environmental samples,
especially for chemical compounds of unknown compo-
sition (non-target analysis). The application of LC-UV,
however, can only provide an assignable signal if the
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structure of the components is known. Since the tere-
phthalic acid is already known as a target for the detec-
tion of PET, we have therefore adapted the LC-MS/
MS method by Wang et al. to LC-UV. LC-UV is a more
robust and cost-effective method because the prereq-
uisites for MS measurement (ultra-high vacuum) are
not necessary, and the maintenance procedures for the
MS, such as sticky char contaminations cannot occur.
Here we present for the first time the use of LC-UV for
the determination of PET mass content in soil. Such LC
techniques require moderate conditions of sample prep-
aration without critical chemicals in terms of costs and
toxicity [17, 30, 31], and therefore allow investigations of
high sample masses. This method is not limited to PET
analysis in soil but suitable for the detection of PET par-
ticles in any solid environmental matrix, such as sewage
sludge or bio-waste. It is also applicable for analysis of
PET in dust or airborne particles and could even be used
in the future for the monitoring analysis of PET fibers
from washing machines or PET particles in bottled water.

Materials and methods

Materials and environmental samples

As a reference material bottle-grade PET pellets (PET
Lighter C 93, provided by Equipolymers, Schkopau, Ger-
many) were cryo-milled under constant cooling with liq-
uid nitrogen in a Retsch CryoMill (Retsch GmbH, Haan,
Germany). A pre-cooled 50-ml milling beaker equipped
with a 25-mm steel ball was used for milling. After mill-
ing at 5 Hz for 5 min, the frequency was increased to
25 Hz for 5 min and subsequently reduced again to 5 Hz
for 0.5 min. Furthermore, additional real polymeric sam-
ples of PET were used. They came from everyday applica-
tions, such as fibers from textiles and fragments cut from
a commercial single-use soda bottle.

Table 1 Overview of the environmental samples
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For calibrations and recoveries experiments, a refer-
ence soil matrix, originating from a field test facility of
the Bundesanstalt fiir Materialforschung und -pruefung
was used. The used reference soil matrix came from
a mostly plastic-free environment and was defined as
sandy sand with 12% gravel, 70% Sand, 18% silt and clay,
with a total organic carbon content of 0.7%. As an alter-
native matrix, a mixture of 95% pure quartz sand and 5%
peat was used.

The environmental samples were chosen based on an
expected PET mass content. All samples were collected
in Germany and were air-dried. The selection of the sam-
ples did not aim to assess entry sources but to test the
suitability of our method for real samples. An overview
of the origin of the samples is given in Table 1. The table
also includes the organic content of all samples, deter-
mined by the first heating of thermogravimetric analysis
between 180 and 600 °C [33].

Beach sediments of 10 1 were sampled at the wash
margin in Warnemuende, Germany. Here we expected
possible microplastic particles from marine water. The
agriculture soil sample was taken from a field in Baden-
Wuerttemberg as a mixed sample of 2.5 1, consisting of
20 single samples collected with an Edelman-Driller. The
agriculture soil sample originated from a field that was
previously fertilized with sewage sludge.

We suspected that bio-waste may have a high percent-
age of littering content from plastic packaging. Compost
samples were provided by a compost plant in Lower
Saxony. The samples A, B, and C are taken at different
days, respectively. All compost samples were cryo-milled
(Retsch GmbH, Haan, Germany). Furthermore, fermen-
tation residue samples were taken from a biogas plant in
Berlin. Sample A was from the aerobization container,
sample B was a liquid fermentation residue, and sample C
a solid fermentation residue. Fermentation residues were

Environmental sample Origin Presumed source of PET entry Pyrolisable organic
content (180-
600 °C)
Beach sediment Warnemuende Marine littering <1%
54.194910 N 12.140777 E
Agriculture soil Baden-Wuerttemberg Performed sewage sludge fertilization 3.6%
48787672 N 8.179543 £
Compost Lower Saxony Littering from urban waste 18-24%
Fermentation residue Berlin Littering from urban waste 34-39%
Suspended particles of WWTP effluent Kaiserslautern No content suspected due to WWTP process 59%
Filter residue of greywater Rhineland-Palatinate Fibers of textile washing 62%
Sewage sludge Berlin Separation and enrichment due to WWTP process 47%
Dust samples Berlin Textile fibers in indoor air 72-78%
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homogenized by milling in a liquid nitrogen-cooled cen-
trifugal mill (ZM 200, Retsch GmbH, Haan, Germany)
with 1-mm mesh size.

Although the paper focuses on soils, we investigated
also samples from urban water management. Here we
expected PET, especially from fragmented littering or
from textile products (fibers). Suspended particles were
collected using a sedimentation trap in the effluent of a
wastewater treatment plant (WWTP) in Kaiserslautern.
Here we did not expect a PET signal from the purifica-
tion line of the plant. Particles from greywater were
collected by filtration (>100 pm), from a farmstead in
Rhineland-Palatinate. Sewage sludge samples were taken
from a WWTP in Berlin.

Finally, we chose two indoor dust samples with an
expected high loading of textile fibers. Dust samples were
collected in two households in Berlin.

For sample preparation butanol (>99.5%), methanol
(>99.9%), hydrochloric acid (analytical grade), and potas-
sium hydroxide (analytical grade) were obtained from
Merck-Schuchardt (Hohenbrunn, Germany). SPE car-
tridges, type OASIS VAC HLB 6 cc with 200 mg solid
phase and 30 pum particle size, were from Waters (Esch-
born, Germany). Glass fiber filters, type 9, with 90 mm
diameter and syringe filters based on cellulose acetate
with a pore size of 0.45 um were both purchased from
TH Geyer (Berlin, Germany).

LC-uv

LC-UV analysis was carried out on an HP-1100 sys-
tem (Agilent Technologies, Santa Clara, California,
USA), equipped with a binary pump (G1312A), autosa-
mpler (G1313A), thermostatted column compart-
ment and diode array detector (1315A). The system
was equipped with an accucore reversed phase column
(100 mm x 2.1 mm; particle size 2.6 um; Thermo Fisher
Scientific, Waltham, Massachusetts, USA). The column
oven was set to 35 °C. The injection volume was 50 pl
The eluent flow was set to 200 pL min~*. Mobile phases
were ultrapure water with 1% acetic acid (Solvent A)
and 1/1 v/v methanol/acetonitrile (Solvent B). The start-
ing gradient was 95% A at 0 min, 80% A at 7 min, 80%
A at 15 min, 95% A at 20 min and 95% A at 30 min. The
LC system was operated with a UV-detector at a wave-
length of 240 nm. At this wavelength, the UV/Vis spectra
of terephthalic acid own a broad absorption peak [34].
Chemstation (A.09.03 version, Agilent Technologies,
Santa Clara, California, USA) was used for data acquisi-
tion, processing, and peak integration.

TED-GC/MS
To check whether the method provides reliable and com-
parable results, environmental samples were additionally
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measured with a thermal analytical method. Thermal
extraction-desorption-gas chromatography—mass spec-
trometry (TED-GC/MS) was used as a reference method.
Measurements were conducted as described by Eisen-
traut et al. [28, 29]. In routine analysis, sample masses of
20 mg (composts, fermentation residue) were analyzed
and variable masses between 6 and 15 mg were analyzed
for samples from water and air (samples from WWTP,
dust). In TED-GC/MS, ethyl benzoate was used as a spe-
cific marker for PET (m/z value of 105).

Results and discussion
Optimization of the extraction process for terephthalic
acid
The sample extraction was performed in principle on
the procedure described by Wang et al. [32]. However,
according to the different detection systems and differ-
ent samples, several steps were simplified and adapted
to higher sample masses. In general, 20 g of sample was
used, but sample mass varied for other matrices depend-
ing on expected PET content and available sample mass.
20 ml of 1-butanol was added to the solid sample in a
100 ml round flask. 1 g of potassium hydroxide pellets
were added. The mixture was heated to 115 °C in an oil
bath under constant stirring for 1 h. A tubular cooler
was used for reflux. 50 ml of ultra-pure water was added,
and the 2-phase system was mixed for 1 h on a stirring
plate at 300 rpm. The extract was then vacuum filtrated
with a glass fiber filter to remove the sediment/solids
and collected. The buoyant organic phase was removed
with a pipet. 10 ml of the aqueous phase was transferred
to a 100 ml flask using a graduated pipette. The solution
was diluted 1:10 with ultra-pure water, and the pH was
adjusted to 2.5 by adding hydrochloric acid (conc.=10%).
Before the LC-UV measurements, the aqueous extracts
were cleaned up with a solid-phase extraction to avoid
interferences of the organic matrix during analysis. A
constant vacuum of 0.6 bar was applied using a vacuum
chamber connected to a membrane pump. Cartridges
were subsequently equilibrated and conditioned with
10 ml methanol and 10 ml ultra-pure water, respectively.
Afterward, 10 ml of the aqueous extracts were passed
over the cartridge. 5 ml of a 90:10 ultra-pure water/
methanol mixture was used for washing the cartridges,
before elution of the analyte with 10 ml methanol. The
eluate was collected in 20 ml screw cap vials, and the sol-
vent got evaporated. Precipitated terephthalic acid was
subsequently reconstituted in 10 ml ultra-pure water, of
which 1 ml was filtrated with a 0.45 pm syringe filter and
transferred to LC-vials with PTFE-lined screw caps. The
sample was acidified to a pH of 1-1.5 by adding 25 pl HCI
(conc.=1%). Acidification ensures complete protona-
tion of the terephthalic acid. Pre-experiments showed a
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sharpened peak form in the chromatogram and increased
analytical sensitivity after acidification.

Determination of the quality parameters
A 6-level calibration with concentrations from 0 to
269 mg PET kg! in the reference soil was prepared, fol-
lowing the described sample preparation. Therefore,
reference soil samples of 20 g were spiked with PET par-
ticles, which originated from cryo-milled PET pellets.
All concentration levels were prepared in duplicates. All
values were based on triplicate measurements. By using
reference measurements, the peak in the chromato-
gram with a retention time of 7.7 min at a wavelength of
240 nm was identified as terephthalic acid (Fig. 1).

Figure 2 shows the linear relationship between the ini-
tially weighed PET and the signal for terephthalic acid.

The coefficient of determination was found to be
R*>0.998. Linearity was given up to 300 mg PET kg!
reference soil and defined the working range. This maxi-
mum mass content of 300 mg PET kg™' corresponded
to a concentration of 12 mg 17! terephthalic acid in the
analyzed aqueous phase. The maximum solubility of tere-
phthalic acid in water was 15 mg 1! at pH 7 and 25 °C
[35]. The measurement uncertainty based on a triplicate
measurement was <0.5%. According to DIN 32645, with
a significance level of 0.9, the calculated limit of deter-
mination (LOD) and limit of quantification (LOQ) were
0.031 mg and 0.121 mg absolute PET, respectively. Based
on the conducted calibration with 20 g reference soil
matrix, this corresponds to a LOD of 1.55 mg kg™ and
LOQ of 6.05 mg kg™'. The determined LOQ and LOD
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Fig. 2 Calibration slope for PET-spiked reference soil samples
measured by LC-UV. PET mass refers to the initial spiked PET mass. All
measurements were performed as triplicates

were specific for the used reference soil matrix and can
be varying for other matrices. The calculated LOQ of
6.05 mg kg™ PET of our developed method was signifi-
cantly higher, compared to Wang et al., they calculated a
LOQ of 53.0 ug kg~! PET. This LOQ was two magnitudes
lower than our LOQ, mainly due to the use of different
detectors. However, it is noteworthy that the calculated
LOQ in our study was not based on a calibration using
water and purified terephthalic acid, but on a calibra-
tion based on the initially spiked PET in a reference soil
matrix.
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To achieve a high level of quality control, control
experiments were conducted before each series of meas-
urements to test the measurement quality of the LC-UV
system. These were measurements of a terephthalic acid
solution as well as repeated measurements of calibration
standards of reference soil with different PET contents.
Additionally, blanks of purified water were measured
after environmental samples and showed no carry-overs
of terephthalic acid or organic matrix compounds.

Table 2 summarizes the results of different model
matrices containing different spiked PET types. We
selected two different mass contents for all sample sorts,
which covered the linear calibration area of the method
as well as a compromise of microplastic contents in
existing works [12, 16, 17]. Recoveries were based on

Table 2 Recovery rates of different PET types in model
samples, with two different spiking levels

Model sample Spiked mass Recovery

contents/mgkg™"  rate*/%
Reference soil + bottle fragments 213 973

431 94.8
Reference soil +fabric fibers 139 1019

191 98.5
Sand + 5% peat + PET particles 210 107.1

475 94.5

Measurements were performed as duplicate
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reference soil calibration, as shown in Fig. 2. Sample
masses of 20 g were analyzed in all cases.

Calculated recoveries for the sand and peat matrix
were 94.5 and 107.1% and proofed the robustness of the
method and the applicability for different environmental
matrices. Calculated recoveries for different PET types,
were 97.3 and 94.8% for bottle fragments, and 101.9 and
98.5% for fabric fibers. Generally, lower recoveries for the
samples spiked with higher PET masses was explained by
the limited solubility of terephthalic acid in water. Inter-
ference of the solid organic matter of the matrix on the
detection of the terephthalic acid was not evident, as
recoveries in the sand—peat matrix were not affected by
the higher solid organic matter content compared to the
reference soil. Hence, the method applied to different
PET types and different soil matrices.

Analysis of environmental samples
In the next step, real environmental samples were ana-
lyzed. The values of PET mass contents were based on
extraction as described above and subsequent duplicate
or triplicate measurement. Table 3 shows the detected
mass contents and the extracted sample mass, which
differed from 150 to 300 mg for dust samples up to
10,000-50,000 mg for sewage sludge, agriculture soil, and
sediment samples. Figure 3 presents exemplary chroma-
tograms and UV-spectra of selected samples.

PET was found in all investigated environmental
samples, except for the samples of beach sediment.

Table 3 Detected PET mass contents in environmental samples using PET extraction and TED-GC/MS

Environmental sample PET extraction TED-GC/MS
Sample weight/mg Mass content/mg kg™! Sample weight/mg Mass

content/
mg kg™

Beach sediment, 1. extraction 50,000 Below LOD - -

Beach sediment, 2. extraction 50,000 Below LOD - -

Agriculture soil, 1. extraction 20,000 Below LOQ - -

Agriculture soil, 2. extraction 20,000 Below LOQ - -

Compost A 5000 81.5 213 Below LOD

Compost B 5000 Below LOQ 239 Below LOD

Compost C 5000 102 22.1 Below LOD

Fermentation residue A 3000 777 204 Below LOD

Fermentation residue B 3000 210 20.7 Below LOD

Fermentation residue C 3000 475 205 Below LOD

Particles of WWTP effluent 5000 386 14.9 Below LOD

Filter residue of greywater 500 1430 9.87 Below LOQ

Sewage sludge, 1. extraction 10,000 98.7 - -

Sewage sludge, 2. extraction 10,000 142 - -

Dust sample A 276 12,500 6.11 7100

Dust sample B 149 43,600 8.23 57,000
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Lowest PET mass contents of 3.85 and 3.99 mg kg~ were
detected in the agriculture soil samples, however, this is
below LOQ.

PET mass contents of compost samples were between
10.2 (below LOQ) and 102 mg kg™'. Compared to the
compost, fermentation residues showed all over higher
mass contents with values up to 776 mg kg™! in the sam-
ple from the aerobization container. Mass contents in
the liquid and solid fermentation residues were 209 and
475 mg kg™, respectively. A correlation between the
organic content and the observed PET findings could not
be found for individual samples.

In the urban water management samples, an even
higher PET content of 1430 mg kg~! was found in the fil-
ter residue of greywater. The investigated sewage sludge
showed mass contents of 98.7 and 141 mg kg™, while
only 38.6 mg kg~ PET was found in the suspended parti-
cles of the WW TP effluent.

The highest PET mass contents of 12,500 and
57,000 mg kg~! were found in the indoor dust sam-
ples. The determined polymer type was congruent with
the findings of Lui [36] and Vianello [37] and suggests a
future application in the field of dust analysis.

Some of the most promising samples were analyzed in
parallel using TED-GC/MS. It should be noticed, that all
experiments run with lower samples masses. The results
were also summarized in Table 3. The findings of bio-
waste samples were all below LOD. Additional inves-
tigation using TED-GC/MS of samples with high PET
findings from urban waste management did also not
result is significant signals. However, PET was clearly

found in the dust samples with amounts of 7100 mg kg~
and 57,000 mg kg*. The results of LC-UV and TED-GC/
MS corroborated each other.

Using TED-GC/MS the LOD for PET was 0.88 ug abso-
lute (fivefold signal-to-noise ratio). In environmental
samples the variability of this value is influenced by inher-
ent matrix components and LOD values of up to 1.37 pg
were detected (Kittner et al. 2020, unpublished data). The
determination of LOQ for TED-GC/MS according to
DIN 32645 was not possible, because the standard devia-
tion was found to change with relative PET content in the
environmental matrix.

If the values of the PET extraction were extrapolated
to the masses used for the TED-GC/MS measurement
(clearly less, namely 20.4 mg and 9.87 mg) a signal can
only be expected for the fermentation residues and the
greywater sample. Whereas in TED-GC/MS measure-
ment the result of greywater indicates a minor content of
PET, no evidence of any PET presence was found in the
fermentation residue samples.

Different reasons might be responsible for missing PET
signal in the TED-GC/MS measurements of the fermen-
tation residue samples. First, the organic environmen-
tal matrix influenced the formation of PET marker for
LC-UV measurement stronger than expected from pre-
vious measurements. However, such a correlation to the
background value related to the organic content in those
samples (see Table 1) could not be determined. Second,
the PET extraction procedure did not discriminate differ-
ent kinds of polyesters, such as polyethylene terephtha-
late, polybutylene terephthalate or polybutylene adipate
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terephthalate. The latter is a biodegradable polymer that
might be present in larger quantities in fertilizer sam-
ples from urban waste and could, therefore, be respon-
sible for the high terephthalic acid findings in LC-UV.
In contrast to that, TED-GC/MS detected ethyl benzo-
ate as a specific marker, which could only be formed by
the decomposition of PET. However, such a reason was
not plausible for the greywater sample. In fact, there
could also be a third, and this could be the main reason
for explaining these differences. Terrestrial samples own
a high heterogeneity, and 20 mg of sample in TED-GC/
MS measurement might be too low for a representative
measurement. For the chemical extraction method, the
used extracted samples masses were always higher and
will, therefore, catch a higher number of representative
particles.

Even if there were still uncertainties about background
signals, contributions of possible false-positive signals
from other polymers, or the representatives of the ana-
lyzed samples, it became clear that a relative classification
of the signal intensities of both methods was possible.

Conclusions

The goal of this study was to adapt and further simplify
the chemical extraction of PET, proposed by Wang et al.
[32]. It was optimized for higher soil sample masses and
transferred to an LC-UV system. LC-UV is commonly
available in routine labs, no poisonous chemicals were
needed when larger sample volumes must be analyzed
(regarding the representativeness of the sample), it was
easy to automatize, a measurement took only 30 min
and evaluation of the data did not need any high user
knowledge.

Within this study, we showed the application of this
new LC-UV analysis, including optimized sample prepa-
ration for the determination of PET in environmental
samples. The recovery of spiked samples was between
95 and 107%, using different PET sorts and soil types.
The sample size was up to 50 g and can be adjusted eas-
ily to even higher masses. This is of high interest for rou-
tine analysis of soils in future, because this would avoid
additional sample preparation steps for analysis (e.g.,
density separation). A LOD and LOQ was determined of
0.031 mg and 0.121 mg absolute PET, respectively.

Using LC-UV, PET signals was found in all environ-
mental samples: terrestrial samples, bio-waste residues,
urban wastewater, and indoor dust. Mass contents var-
ied strongly dependent on the sample between values
below LOQ in agricultural soil and 57,000 mg kg™ in
indoor dust. Values for sewage sludge, compost, and fer-
mentation residue were up to three magnitudes higher
than in agricultural soil. Therefore, fertilization with
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the latter could be a possible source for microplastic in
agroecosystems.

The proposed extraction can be used to quantify the
mass input of PET into agroecosystems, thus provid-
ing a better understanding of the microplastic input by
fertilization with sewage sludge and bio-waste. Advan-
tageous of the method is the applicability for complex
matrices. The method is a cost-effective and simple inte-
gral method and applicable for diverse environmental
matrices.

The present method is a useful addition in the field of
microplastic analysis and could be used for the analysis
of PET in samples, but also where high findings expected.
This could be PET particles in bottled water or samples
with a high load of especially PET fibers, e.g., indoor dust
samples or washing machine effluent. However, it should
be noticed, that for environmental samples in general
(e.g., like surface water, air samples) with more complex
mixtures of different MP particles other method are
more suitable.

Finally, this work demonstrates that also simple meth-
ods can be applied for specific questions of microplastic
analytics. The use of such alternatives depends on the
scientific issue of the analysis, i.e., the aim of the inves-
tigation. The present method, but also TED-GC/MS
determine mass contents and are not comparable with
methods for determining particle numbers, which can
provide an even more in-depth description of micro-
plastic (including particle shape and size). However, the
described methods aim to be faster applicable (including
sample preparation and detection) and less complicated
in use. This is the only way to perform comprehensive
measurements, e.g., for the screening of hot-spot entries.

However, in the end it will always be the individual goal
of an investigation campaign, which investigation result
should be achieved with which time horizon and analyti-
cal depth.
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