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A B S T R A C T

Self-contamination should not be underestimated when quantifying microplastics (MPs) in environmental ma-
trices. Standardised and validated methodologies for MP sampling, extraction, and analysis are lacking. The
various applications of plastics in our society have made them ubiquitous, even in clothing, rendering MP self-
contamination inevitable. In the present study, we sampled lake sediment, snow, and ice, purposefully wearing
red overalls composed of cotton; fibres from which we could quantify using Fourier-Transform Infrared
Spectroscopy (FTIR), serving as an indication of possible self-contamination from clothes. The suitability of
cotton as a representation of MP contamination was also evaluated. For all detected fibres, 25 ± 1%, 20 ± 7%,
and 8 ± 6% for snow, ice, and sediment, respectively, originated from sampling attire. These findings de-
monstrate that self-contamination can play a significant role when quantifying MP pollution, highlighting that
sampling conducted to date might have overestimated the presence of MP or even contaminated MP-free
samples.

1. Introduction

The occurrence of microplastics (MPs), which seemingly are ubi-
quitous in aqueous environments (Ivar do Sul et al., 2009; Cole et al.,
2011; Li et al., 2017; Barrows et al., 2018; Gago et al., 2018), has been
recognised by the scientific community as well as the public as an en-
vironmental concern. Even though freshwater environments have not
been investigated as much as the marine (Li et al., 2017; Eerkes-
Medrano and Thompson, 2018; Lambert and Wagner, 2018), MP oc-
currence does not seem to differ between the two aqueous environ-
ments (Peng et al., 2017; Abrial et al., 2018; Scopetani et al., 2019).
However, MP abundance is not homogeneously distributed within these
ecosystems (Horton et al., 2017; Gago et al., 2018; Klein et al., 2018),
which may result from sampling site variability, differences in collec-
tion methods, human activities (Eerkes-Medrano et al., 2015), sample
treatment protocols, and analyses methods per se (Mai et al., 2018).
Moreover, an increasing number of studies have detected MPs in
aquatic biota at virtually all levels of the food web (Teuten et al., 2007;

Cole et al., 2011; Ugolini et al., 2013; Sanchez et al., 2014; Auta et al.,
2017), bioaccumulating and posing a risk of adverse effects (Lassen
et al., 2015). MPs have even been detected in remote areas such as the
Arctic and Antarctic (Obbard et al., 2014; Lusher et al., 2015; Bergmann
et al., 2017; Cincinelli et al., 2017; Waller et al., 2017) and analysed in
beer, mineral water, and commercial sea and lake salts for human
consumption (Dittmers, 2014; Karami et al., 2017). In a recent study,
MPs were detected in all faecal samples from participants from eight
countries (Liebmann et al., 2018). However, some of these findings
have been questioned and heavily disputed, and have thus evoked the
thought of possible self-contamination (Lachenmeier et al., 2015; Rist
et al., 2018).

Although the number of scientific studies regarding MP pollution
has increased exponentially in the last two decades, validated and
standardised methods for sampling, quantification, and characterisa-
tion of MPs are still lacking. This has impeded inter-laboratory com-
parison, leading to reduced quality assurance and under- or over-
estimation of MPs (Silva et al., 2018).
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Another issue complicating the comparison between studies is the
unclear definition of MPs and limits to sizes of MP that can be detected.
Hartmann et al. (2019) have highlighted how this ambiguity can lead to
miscommunication and slow down the progress in research. These au-
thors have proposed a definition for microplastics categorizing them as
plastic particles in the size range of 1 < to 1000 μm.

In an attempt to determine the spread of MPs in rural environments,
river sediments were sampled in South America and very high amounts
of MPs were detected in all of the samples (S. Pflugmacher, unpublished
data). The high amounts of MPs exceeded our expectations, leading us
to challenge our results and evaluate sampling protocols as critically as
possible. Here we hypothesise that clothes made from synthetic mate-
rials worn during the sampling procedures represent a source of MP
contamination; i.e. fibres released from the material end up in the
samples mostly through airborne contamination. A quick online search
on MP sampling reveals pictures of individuals wearing clothes made
from synthetic fibres, thus a critical investigation of the plausibility of
self-contamination was necessary. In the present study, we investigated
the possibility of self-contamination resulting from sampling attire by
wearing red overalls composed of cotton fibres. These fibres, which we
quantified using Fourier-Transform Infrared Spectroscopy (FTIR),
served as an indication of MPs self-contamination while sampling lake
sediment, snow, and ice cores in the field during winter. Further, we
evaluated cotton fibre release as a suitable representative for MP fibres
release.

2. Materials and methods

2.1. Sampling

Sampling was conducted during the winter of 2018. To estimate the
impact of self-contamination of MPs in environmental samples, three
persons wearing work overalls made entirely from red natural fibres
(i.e. cotton and leather) were responsible for the sampling. Sediment,
snow, and ice-core samples (n = 6 per matrix, distance between re-
plicates 10–15 m) were collected according to Pierre Gy’s theory of
sampling principles (Pitard, 1993) close to the shore (± 20–30 m) of
the Pond Pikku Vesijärvi (connected to the lake Vesijärvi with a narrow
channel; GPS: 60°59′19.0″N 25°38′40.1″E) and close the shore
(± 100–200 m) of the Lake Vesijärvi (GPS: 61°00′17.9″N
25°38′07.6″E).

For snow and ice, 500 mL and 4 L, respectively, were sampled. At
that time, the lake and pond were iced over (thickness 32 ± 4 cm)
completely with 6 cm of snow on top of the ice. The snow on top of the
ice was sampled first; samples were collected from the top layer (first
5 cm of depth) using a metal spoon and stored in glass jars. Solid ice
core samples were collected close to the places where snow was sam-
pled with a metallic ice drill and then placed in metallic buckets cov-
ered with aluminium lids. Snow was cleared away first before drilling.
Sediment (20 g fresh mass per replicate) was collected via a hole in the
ice using the metal Ekman sampler and stored in glass jars.

Snow and ice-core samples were allowed to melt and filtered on
glass fibre filters (Grade 693, 90 mm diameter, particle retention
1.2 μm, VWR) to collect fibres and particles, while fibres and fragments
in the sediment samples were extracted three times through density
separation according to Kovač et al. (2015) and then filtered on glass
fibre filters (Grade 693, 90 mm diameter, particle retention 1.2 μm,
VWR).

2.2. Identification and analysis using FTIR

The filters were dried and analysed using a Cary 620–670 Fourier
transform infrared spectroscopy (FTIR) microscope (Agilent
Technologies) equipped with an FPA (Focal Plane Array) 128 × 128
detector (Agilent Technologies) which allows performing 2D imaging-
FTIR analysis; 128 scans were acquired for each spectrum, in

reflectance mode with open aperture and a spatial resolution of 4 cm-1.
Background spectra were collected directly on a gold-plated surface.
The Agilent Resolution Pro software (Agilent technologies) was used to
collect, process, and analyze the spectra, and to obtain 2D imaging
maps. Each analysis consists in a map of 700 μm × 700 μm (128 × 128
pixel) with an Imaging map spatial resolution of 5.5 μm (i.e. each pixel
has a dimension of 5.5 μm× 5.5 μm). Such spatial resolution allows the
collection of a large number of independent spectra on fibers, for in-
stance more than 150 independent spectra can be typically collected on
a fiber of ca. 1 mm and 10 μm thickness. By mapping the intensity of
diagnostic bands in false color (red > yellow > green > blue), it is
possible to see how each band is representative of the spectra of a single
fiber. A single image (700 μm × 700 μm) was thus collected for each
analysed fiber, leading to the collection of numerous independent
spectra along the fiber length. The spectra showed in the FTIR images in
Section 3.2 and in the Supplementary material are representative
spectra from all the independent spectra for each fiber.

It is to be noted that the detection limit of an FPA detector has been
found to be significantly lower than that of a conventional mercury
cadmium telluride (MCT) detector for the FTIR detection of trace
amounts of materials. In fact, the heterogeneous distribution of the
analyte can result in small areas of localized high concentration, which
can be detected due to the high spatial resolution of the FTIR FPA
imaging approach (Chan and Kazarian, 2006). For instance, for poly-
vinyl alcohol and polyvinyl acetate we verified that quantities< 1pg/
pixel (1 pixel = 5.5 μm × 5.5 μm) can be detected on reflective sur-
faces, i.e. smaller amounts than those we typically met in the analysis of
fibers.

The 2D imaging-FTIR analysis allowed the fibres to be counted,
grouped by their colour, and then characterised as cotton, plastic, or
non-plastic based on their FTIR spectra. Fibres were counted and ana-
lysed in 5 randomly selected squares 2 cm × 2 cm on each filter, total
area 20 cm2, which comprised about 31.4% of the total filtered area.
The results were normalised to the total filter surface area. All the non-
aged red fibres found on the filters were analysed, and their FTIR
spectra indicated they were all made of cotton (Table 1, Supplementary
Information). Fibres were divided into two categories, i.e. red cotton
fibres and others (composed by red synthetic fibres plus natural and
synthetic fibres in all colours), in order to quantify the number of fibres
coming from the red suits. Aged or bleached cotton red fibres were
counted in the second category since their degradation state clearly
indicated that they had been in the environment for a long time, and
they did not originate from the red coveralls, nor matched the control
sample cut directly from the overalls. The characterisation of cotton
and MP fibres (not reported in this manuscript) was based on the as-
signment of the bands in Table 1, and on comparison with reference
spectra in Fig. S1 (Supplementary Information).

2.3. Cotton as a representative of MP contamination

One old blue (4-year-old used) and one new bright pink fleece shirt
as well as the three red overall were used to compare the number of
fibres coming from a garment under the same conditions. First, each
garment was rubbed vigorously (five different areas of the garment:
neck, back, right arm, left arm, front, five times) in an enclosed white
plastic bag for 5 min. The fibres were then collected by suspension in
MilliQ water, filtered on glass fibre filters (Grade 693, 90 mm diameter,
particle retention 1.2 μm, VWR) before being counted. The filters were
divided into 1 cm× 1 cm blocks of which five blocks were counted and
the total amount of fibres per garment was calculated.

2.4. Statistical analysis

Statistical analyses were performed in R (version 3.2.1) using var-
ious packages. A linear mixed model fit as applied first excluding and
then including the effect of location. The differences between the fibre
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counts from the fleece and cotton garments were analysed by one-way
analysis of variance (ANOVA) followed by Tukey's post-hoc.
Significance was set to alpha of 0.05.

3. Results and discussion

3.1. Self-contamination assessment

Fibres and fragments in the range of 100 nm to 5 mm were found in
all snow, ice and sediment samples, where the fragments accounted for
less than 1% of all fibres and fragments detected in total in each matrix.
From all the three matrices sampled, a total average of 298 fibres was
counted for both lakes combined. Non-aged (non-bleached and non-
fragmented) red cotton fibres were detected in all three sample matrices
from Pond Pikku Vesijärvi and Lake Vesijärvi (Fig. 1) of which on
average 23% were identified as cotton using FTIR analysis (Fig. 3). The
spectra of these fibres exactly matched the FTIR spectra of the fibres
from the cotton overalls used during the sampling (Fig. 4). Our findings
strongly suggest that self-contamination by the sampling personnel
themselves can result unless effective preventive measures are taken.
These data indicate that previous surveys, conducted without specific

sampling protocols free from contamination pitfalls, could have over-
estimated the presence of MPs in environmental samples.

The total percentage of red cotton fibres quantified in the three
matrices sampled altogether did not differ (p = 0.55, Fig. 1) between
Lake Vesijärvi (24.2% ± 4.9%) and Pond Pikku Vesijärvi
(22.1% ± 0.9%). However, when comparing the individual matrices,
large differences were observed in the percentages which red cotton
represents of the total amount of fibres. In snow, the cotton presented
10.2% ± 2.7% in Lake Vesijärvi and 17.7% ± 1.0% in Pond Pikku
Vesijärvi, which is significantly (p = 0.03) higher than that observed in
the lake samples. In ice, a 3.5-times higher percentage of cotton was
found in the Lake Vesijärvi samples (13.9% ± 2.6%) compared to the
Pond Pikku Vesijärvi samples (3.9% ± 1.3%) (p = 0.01). However, in
sediments, the percentages did not differ (p = 0.18) between the lake
and the pond. Despite these differences, the results indicate that self-
contamination can significantly occur regardless of the sample matrix,
method, or location.

When comparing the total percentage distribution of the cotton fi-
bres, irrespective of the sampling location (Fig. 2), the highest per-
centage of red fibres were found in snow, with slightly but not sig-
nificantly less (p = 0.189) in ice, and the lowest in sediment
(p = 0.001). The percentage of red cotton fibres in the sediments was
significantly (p < 0.001) lower than in snow and ice, both with and
without the effect of location in the linear mixed model. Concentrations
of the cotton fibres per matrix did not differ significantly (p > 0.05)
between Lake Vesijärvi and Pond Pikku Vesijärvi (Fig. 3). The con-
centration of cotton fibres per litre in ice was significantly lower in
snow (p < 0.001). No comparison could be made to the fibre con-
centration in the sediment due to measurement in a different unit.

These differences in the proportion of red cotton fibres between ice,
snow, and sediment samples can be attributable to the different sam-
pling techniques used for each matrix and the amount of friction
causing the release of fibres. For example, for ice core sampling, the
samples were drilled and for snow the samples were shoveled which
associates with a significant amount of arm movement and thus mate-
rial friction, which is possibly also variable for each individual sam-
pling, likely resulting in cotton fibres release and thus causing the
higherst percentages and also the variablility (Figs. 1 and 2). The se-
diment samples had the lowest cotton contamination percentage and
the highest standard deviation for the concentrations, likely because
during the sampling they were mostly kept in the closed Ekman sam-
pler, and thus they were less exposed to open air and therefore only
some samples were contaminated.

Our results suggest that the contamination of samples by the

Fig. 1. Percentage distribution (mean ± SD; n = 6 for each matrix type) of
total fibres counted in the snow, ice, and sedimentof the Lake Vesijärvi (VJ) and
Pond Pikku Vesijärvi (P-VJ) as cotton fibres (dark grey) and non-cotton fibres
(stripes for Vesijärvi and dots for Pikku Vesijärvi) as well as a total count of the
three matrices combined. Statistical significance is represented by asterisks
(*p < 0.05).

Fig. 2. Total percentage red cotton fibre of the two lakes combined. Data re-
present total average percentage ± SD (n = 6 per matrix). Statistical sig-
nificance is represented by asterisks (*p < 0.05).

Fig. 3. Concentration of red cotton fibres in snow and ice (fibres per litre) and
sediment (fibres per kg fresh mass). Data represent mean concentrations with
standard deviation (n = 3 per matrix type per location). Statistical significance
is represented by asterisks (*p < 0.05).
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sampling personnel wearing inappropriate clothing can play a sig-
nificant role and lead to overestimation on the occurrence of MPs in
environmental samples.

3.2. Identification and quantification of cotton

To confirm that self-contamination can be an important source of
MPs in environmental samples, FTIR analysis was performed to identify
fibres and fragments smaller than 5 mm up to few tens of microns in the
ice, snow, and sediment samples. Cotton was identified and dis-
tinguished from “other” fibres and FTIR data confirmed that the non-
aged red fibres found in our samples were cotton.

Fig. 3 shows part of a red cotton fibre of ca. 800 μm in length. The
spectra show intense bands, clearly distinguishable from the filter’s
absorptions at 3340 cm−1 (stretching OH; see Methods), 2900 cm−1

(stretching CH), 1635 cm−1 (adsorbed water), 1160 cm−1 (stretching
C–C ring breathing), and 1025 cm−1 (stretching C–OH) which are
characteristics of cellulose (Garside and Wyeth, 2003). The intensity of
the peaks at 3340 cm−1, 2900 cm−1, and 1160 cm−1 was imaged,
which gave an IR map in agreement with the fibre profile in the visible
image. The assignment was confirmed by Attenuated Total Reflectance
(ATR) FTIR analysis, namely the ATR spectra of the fiber was a perfect
match with the reference spectra of cotton reported by Garside et al.
(Garside and Wyeth, 2003).

These findings strongly suggest that the red fibres detected in the
environmental samples derived from the overall worn by the sampling

personnel.
To further confirm whether the cotton indeed originated from the

sampling overalls, samples were taken directly from the red overall, and
the FTIR ATR and Reflectance spectra were compared to that of the
non-aged red fibres found in the environmental samples. Fig. 4 shows
part of a fibre directly collected from the red overalls. The FTIR ATR
and Reflectance spectra were acquired, and both spectra exhibit char-
acteristic bands at 3364 cm−1 (stretching OH), 2910 cm−1 (stretching
CH), 1639 cm−1 (adsorbed water), 1153 cm−1 (stretching C–C ring
breathing), and 1025 cm−1 (stretching C–OH) which are characteristics
of cellulose (see Table 1, Supplementary Information), and perfectly
matched the reference spectrum of cotton (Garside and Wyeth, 2003).
The intensity of the peaks at 3364, 2910, and 1639 cm−1 was imaged,
which gave IR maps in good agreement with the fibre profile in the
visible image. The two ATR spectra reported in Figs. 3 and 4 match
perfectly and thus it can be expected that the fibre represented in Fig. 3
originated from the red overalls worn during sampling.

This analysis supports the idea of possible contamination of samples
by sampling personnel and highlights the importance of performing
FTIR analysis in order to distinguish synthetic polymers from other
materials. Indeed, besides from red cotton fibres also plastic items were
found in snow, ice and sediment samples. The composition of all fibres
and fragments in the range of 100 nm to 5 mm detected in the three
matrices were analysed, including MP (identification criteria in Table 1,
Supplementary Information in order to differentiate between cotton,
MP, and other materials with certainty. Fig. 5 shows an example of a

Fig. 4. FTIR visible, and IR imaging of a cotton fibre from one of the environmental samples. The panel A shows a visible light map of a filter with a red cotton fibre.
The B, C, D panels show the corresponding 2D FTIR Imaging maps, where the intensity of the bands at 3340 cm−1 (B), 2900 (C), and 1160 (D) was imaged. The
chromatic scale of the maps qualitatively shows the increasing bands intensity as follows: blue < green < yellow < red. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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fibre detected in an ice sample identified as polypropylene due to in-
tense absorption peaks between 3000 and 2800 cm−1 (CH stretching
region), at 1458 (δ CH2), 1377 (δ CH3) and 1165 cm−1 (CH bend, CH3

rock, C–C stretching) (Andreassen, 1999; Verleye et al., 2001; Noda
et al., 2007; Asensio et al., 2009; Jung et al., 2018). In fact, the wa-
venumber, relative intensity and shape of the peaks match with those of
the reference spectrum of polypropylene (see Fig. S1, Supplementary
Information). The intensities of the peaks at 2916, 1458, 1377 and
1165 cm−1 were imaged, providing IR maps in good agreement with
the fibre profile in the visible image (Table 1, Supplementary In-
formation) (see Fig. 6).

3.3. Cotton vs MPs release

In order to understand whether synthetic clothing worn during the
sampling could be a real source of MPs contamination and to evaluate
the impact of this self-contamination, the red overalls worn during
sampling and one 4-year-old and one new fleece jacket were used in a
rubbing experiment to directly compare the fibre release in a set
amount of time. This experiment allowed to test whether the release of
cotton fibres from a cotton overall adequately resembles the release of
MP fibres from a synthetic material. We realized that cotton could be
more susceptible for shedding fibers and this is the reason why we
performed the cotton vs. MPs release experiment. The results show that
cotton tends to release more fibres than the fleece jackets. The same
(p = 0.999) amount of fibres were released from the 4-year-old versus
the new fleece jacket (Fig. 7). The release of cotton fibres from the

overalls was, however, 36% (p < 0.001) higher than the average
amount of MP fibres released from the fleece jackets. This trend was
consistent even after five repetitions of rubbings from five different
parts of the garments, and thus cotton still represented a reproducible
indication of self-contamination to assess possible MP fibre release and
thus self-contamination during environmental sampling.

Our data show that MP self-contamination can have an uncontrolled
overestimating effect on MP concentrations in environmental samples,
manifesting the importance of avoiding self-contamination in future
MPs research. An average of 23% of the fibres detected in our en-
vironmental samples was from self-contamination, suggesting that up to
15% (normalised for the release difference between MP and cotton) of
MPs in environmental samples could be a result of self-contamination.
We showed that the impact of self-contamination can vary depending
on the sample matrix, how long the samples are exposed to air, and the
tendency of the clothes to release fibres. It should also be noted that
self-contamination could occur not only during sampling but also
during treatment and analysis of samples.

We strongly recommend avoiding any synthetic clothing during all
the steps of the working process. When the climate conditions of the
sampling sites are prohibitive and warm technical synthetic fabrics are
needed to be worn, we suggest to wear cotton jumpsuit over them (like
we did in this study).

Furthermore, weather conditions like rain and the wind speed and
direction could also affect the impact of self-contamination during the
sampling. All these variables have to be taken into consideration when
coping with data correction and further studies are needed to determine

Fig. 5. FTIR visible, and IR imaging of an overall fibre. The panel A shows a visible light map of a red cotton fibre, taken directly from the overall. The B, C, D panels
show the corresponding 2D FTIR Imaging maps, where the intensity of the bands at 3364 cm−1 (B), 2910 (C), and 1639 (D) was imaged. The chromatic scale of the
maps qualitatively shows the increasing intensity of the bands as follows: blue < green < yellow < red. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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the impact of each of these factors.
The technical memorandum published by NOAA (Masura et al.,

2015) suggests a protocol to quantify MPs in marine waters and sedi-
ments. Our results suggest that such a protocol would be insufficient
unless it includes self-contamination precautions. The technical
BASEMAN report (2018) identifies some useful procedure to reduce
cross contamination risks, and recently the GESAMP protocol (2019)
has underlined how the problem of self-contamination has not received
adequate attention so far, questioning the reliability of some published

studies. Also, the legislative framework is hampered by the lack of
validated analytical methods.

4. Conclusions

Our work on the three environmental matrices provides clear evi-
dence that contamination from fibres stemming from sources other than
the targeted samples should not be underestimated. These results in-
dicate that research studies planned without paying attention in
avoiding possible contamination sources such as synthetic cloths, might
overestimate the occurrence of MPs. Consequently, standardised and
validated protocols free from self-contamination should be demanded
to provide reliable data to set MP thresholds for regulatory guidelines,
and to allow policy-makers to focus on the problems that microplastics
may bring about.
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