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Abstract: The results of research conducted in recent years indicates that microplastic particles are widely distributed in the aquatic environment. The investigations are mostly focused on marine waters and there is still a lack
of information about their presence in both surface water and groundwater. In this paper, preliminary results of
research conducted in Poland are presented. Different types of water samples were collected. Five litres of each
sample were filtered through 0.4 μm glass fibre filters. In the first stage, visual identification was conducted using
a stereomicroscope. Additionally, some interesting fragments were examined by means of SEM/EDS method. In
the case of rivers water samples, which were characterized by a high content of organic matter and minerals, the
visibility of microplastics could be reduced. In the sample from the Vistula River, some particles similar to microplastics were found. In the groundwater samples, some blue and green particles which supposed to be plastic
were found by the stereomicroscope. Additional analysis with the DXR Raman Microscope method gave no clear
results. The samples were too small and the plastic particles were very dispersed which prevented correct analysis. SEM analysis showed irregularly shaped particles which were considered to be microplastics. Considering the
chemical composition, carbon predominated.
Keywords: surface water, groundwater, plastic particles, Poland

INTRODUCTION
The amount of plastic production increases from
year to year with a small degree of recycling. Many
people are not aware of the danger connected with
this fact because they have been taught that plastic is a safe material. The problem with plastic is
serious because its removal from the environment
is difficult. The degradation time of PET bottles
ranges from 450 to 1000 years. This means that
the first produced bottle still exists, and will even
“outlive” us by several hundred years. This highlights the scale of the problem. About 335 million tons of plastics are produced annually in the
world. This number is constantly increasing with
very little neutralization of plastic waste, the level
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of which has reached about 25% in recent years
in Poland (Andrady 2011, Bogusz & Cejner 2015,
Fleituch 2016, Plastics 2017: 16, 22, 33, Pagter
et al. 2018). Despite a significant improvement in
the quality of tap water, consumption of bottled
waters is constantly growing, and as a result, the
number of plastic waste is increasing (Kłos 2016).
It causes littering of the natural environment.
Microplastic is a novel problem which is not
yet fully understood and requires a lot of investigation in terms of sampling methods, analysis,
migration pathways or factors which impact on
the plastic particles (Hidalgo-Ruz et al. 2012, Dris
et al. 2015b, Fleituch 2016). Despite the lack of an
official document confirming the definition of
a microplastic, different concepts function in the
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scientific community. A relatively new conception, it was used for the first time in 2004 for plastic particles with a diameter of about 20 μm, which
were discovered in seawater samples (Thompson
et al. 2004). Nowadays, this term is used for particles with a diameter of less than 5 mm. Small plastic particles were observed already in 1972 in the
Sargasso Sea. An average plastic content at sea level reached 3500 pieces/km2 (Carpenter et al. 1972).
Plastic particles have also been discovered in other
parts of the world, such as the north-western part
of the Atlantic (Colton et al. 1974).
Despite the fact that the upper limit of size is
considered as 5 mm in a large number of publications (e.g. Faure et al. 2012, Free et al. 2014, Wagner et al. 2014, Davis & Murphy 2015, Dris et al.
2015a, 2015b, Graca et al. 2017, Manalu et al. 2017,
Mrowiec 2017, Dris et al. 2018, Gasperi et al. 2018,
Li et al. 2018, Sighicelli et al. 2018, Westphalen
& Abdelrasoul 2018), some scientists also distinguish a division into macroplastics, i.e. particles
larger than 5 mm (Faure et al. 2012). Whereas Andrady (2011) considers that microplastics undergo
continuous disintegration processes, which indicates that there is a possibility of nanoparticles in
the aqueous environment.
Many researchers are focused on the effects
of contamination which can be visible in the marine environment. However, it is important to pay
more attention to sources which are primarily located in urban areas. From such places, microplastics are transported by surface waters to the seas
and oceans (Lechner et al. 2014, Dris et al. 2015b,
Hurley at al. 2018, Wagner & Lambert 2018).
Microplastics present in the aquatic environment reach it mainly from the land. They can be
in the form of waste, which will become fragmented due to UV radiation, mechanical abrasion and
biological degradation (Dris et al. 2015b) or come
from wastewater treatment plants (Mrowiec 2018)
and are in the form of microbeads from cleansing gels or fibres from washing synthetic clothes
(Lončarski et al. 2018). It has been shown that
washing machines can generate over 1,900 plastic
fibres in the single cycle (Browne et al. 2011). The
amount of microfibres will continue to increase
in the future, and the only way to stop this is to
avoid or improve the biodegradability of polymers
used in textiles (Carr 2017). The appearance of microplastics in sewage sludge, on the one hand, is
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being reduced because of the effective treatment of
sewage and concomitant reduction in the amount
found in environments, yet remains a further
threat because sewage sludge is commonly used
for agricultural fertilization (Dris et al. 2015b,
Westphalen & Abdelrasoul 2018).
Plastics are lightweight materials that can be
moved by wind, rain, water flow but also by living
organisms. Wind can transport microplastics from
the land, e.g. from landfills or as a result of burning
garbage, and then through rain or animal activities. Airborne fibres and microparticles come from
synthetic clothing, degradation of microfine, garbage dumps and incineration of rubbish. They fall
together with rain, augmenting rivers, lakes, as well
as seas and oceans. This suggests the possibility of
microplastics reaching groundwater, even more
realistic if we take into account the studies on the
migration of microplastics in the soil through the
activity of earthworms (Rillig et al. 2017). After entering freshwater or the marine environment, they
may pose a potential threat to health and life of humans and animals but the impact of microplastics
on health is not fully explored (Mato et al. 2001,
Rios et al. 2007, Fleituch 2016).
During transport, plastic particles undergo
a series of erosion processes which result in increasingly fragmented material. They include mechanical erosion, disintegration under the influence of
UV radiation, as well as mechanical abrasion and
biological degradation in the case of biodegradable
plastics (Dris et al. 2015b).
Although plastics are considered chemically inert, many scientists pay attention to the absorption
of harmful and toxic compounds which are transported by plastic particles (Graham & Thompson
2009, Ashton et al. 2010, Hidalgo-Ruz et al. 2012).
Experiences of researchers from Europe and all
over the world suggest that microplastics should
also be expected in inland waters. However, it is futile to look for freshwater research in Poland. There
are only a few publications about microplastics and
research refers to the problem of microplastics in
the marine environment. The authors focus especially on its presence in seawater, bottom and coast
sediments (Graca et al. 2017), and the threat it poses
for marine fauna, due to the sorption of pollution
on its surface (Jastrzębska & Jurczak 2012, Bogusz
& Cejner 2015, Bogusz & Oleszczuk 2016, Fleituch
2016, Heimowska 2016, Mrowiec 2017). During the
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research cruise, AREX 2017 Dąbrowska from the
University of Warsaw conducted pilot studies on the
presence of microplastics in the arctic marine environment (Sprawozdanie). Another research project
has been conducted on the content of microplastics
in otter excrement. Even though the studies showed
small amounts of microplastics, they nevertheless
indicate its presence in the freshwater environment
(Butrykowska 2017). Any research conducted in
the freshwater environment in Poland will therefore be innovative and allow for the recognition
of the presence of microplastics in various types
of water. This will allow the problem to be indicated and demonstrate the need for further research.

PRELIMINARY RESEARCH
Material and methods
Different kinds of water samples were taken in
March 2018 (Tab. 1) to check for the presence of microplastics. Two samples were collected from Polish rivers (the Vistula and Rudawa in the Krakow
region), as well as another two from a groundwater intake (Zabierzów village, near Krakow). An
additional sample was specially prepared as an enriched sample where some particles of microplastic were intentionally added to the water. This
sample was prepared on the basis of tap water in
which laundry had been done with the addition
of some cosmetic pellets (rinsed from the cleansing gel) and pieces scraped from a plastic pot and
bottles. Because of a lack of a standard protocol
for sample collection for microplastic analysis in
water samples, and the preliminary character of
the research, we decided to take samples directly
from the water reservoirs examined. Brand new
polypropylene bottles, previously rinsed three

times with distilled water, were used (Carretero
et al. 2017). The exception was the second sample
of groundwater, where glass bottles calcined in the
laboratory were used. The presence of microplastics in the groundwater stored in plastic and the
lack of such particles in the sample from a glass
vessel may indicate the migration of substances analysed from polypropylene bottles material.
For the collection of samples from the Vistula and
Rudawa rivers, five litre vessels were immersed
directly next to the water surface. Samples were
taken in places where water had a difficult outflow (local small bays) and greater accumulations
of pollutants were expected. The groundwater
samples come from a deep well (raw Quaternary
groundwater from a small well where no treatment is used) and pass through the home plastic
installation. They were taken after a whole night
of stagnation without prior water rinsing. To reduce the possibility of polypropylene degradation
and the migration of microplastic particles from
the bottle walls into water, all samples were protected against contact with sunlight and UV radiation during storage. What is more, all samples
were immediately transported to the laboratory
where the volume of 5 litres of each sample was
vacuum filtered by a Sartorius filtration apparatus
(type 16510, PC) through glass fibre filters (GF-5,
MACHEREY-NAGEL) with a pore 0.4 µm. The
visual assessment of the precipitates on the dried
filters was conducted using a stereomicroscope
(Nikon eclipse LV100POL). Selected fragments,
where particles resembling microplastics were
identified, were additionally examined by means
of the SEM (FEI Quanta 200 FEG) with an X-ray
microanalysis device (EDS) and DXR Raman Microscope (Thermo Scientific) methods.

Table 1
Samples of water collected for analyses
Sample
number
1
2
3
4
5

Component

Description

Container

surface water

Vistula River (Krakow)
Rudawa River (Krakow)

plastic
plastic

groundwater

groundwater (potable water,
untreated as a source from
Zabierzów village)

glass

water after washing clothes and
enriched tap water cosmetic pellets (tap water from
the Krakow municipal supply)
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plastic
plastic

Aim of sample collection
occurrence of microplastic in Polish
rivers
occurrence of microplastic in water
coming from untreated groundwater
migration/degradation of microplastic
from the vessel used
check the possibility of microplastic
recognizing with the methods used
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Results (Figs. 1–6)
Particles of microplastic were not detected in
the sample collected from the Rudawa River. In
the sample from the Vistula River, a particle was
found resembling a cosmetic pellet (Fig. 1). However, the analysis of the chemical composition
showed the dominating contribution of silicon
and oxygen from which the fibre filter used was
built, as well as Fe. Therefore, it does not resemble the composition of plastics. This may be due to
the influence of the sample matrix and the small
size of the particle considered to be microbeads.
In groundwater samples, some blue and green
particles which were supposed to be plastic debris were found by the stereomicroscope (Fig. 2).

Their shapes and colours suggest anthropogenic
origin but additional analysis with the DXR Raman Microscope method gave no certain results.
Figures 3 and 4 show irregularly shaped particles
found in groundwater samples that were considered to be microplastics. In the chemical composition, carbon, which is also a component of polymers that make up plastics, appeared. Because of
the small and thin size of the particle examined,
a high content of Si and O resulting from the fibre
filter material was also observed. During the experiment, it was impossible to identify clearly if
microplastic particles found in the groundwater
collected in a plastic container differed from those
observed in the sample stored in a glass vessel.

A

B

Fig. 1. Microbead in the Vistula River sample: A) picture from SEM; red cross marks location of EDS point analysis; B) analysis
of the chemical composition by EDS

Fig. 2. Blue and green particles of microplastic in groundwater collected in the glass vessel (stereomicroscope image)

https://journals.agh.edu.pl/geol

The occurrence of microplastics in freshwater systems – preliminary results from Krakow (Poland)

A

395

B

Fig. 3. Found particle in the groundwater sample collected in the plastic bottle: A) picture from SEM; B) analysis of the chemical
composition by EDS

A

B

Fig. 4. Found particle in the groundwater sample collected in the plastic bottle: A) picture from SEM; B) analysis of the chemical
composition by EDS

A

B

Fig. 5. The scraped piece from a plastic pot that has been intentionally added to the enriched sample: A) picture from SEM; B)
analysis of the chemical composition by EDS
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Fig. 6. Plastic pellet in the enriched sample (stereomicroscope image)

However, the lack of microplastic particles in
water from the Rudawa River suggests that the
process of microplastic leaching is not observed in
the short period of water samples storage. In the
enriched sample, different particles considered as
plastics were found. Figure 5 shows a scraped piece
from a plastic pot that had been intentionally added to the enriched sample. Chemical composition
conducted with Energy Dispersive X-Ray Spectroscopy showed that carbon is the main building
element. Some cosmetic pellets (in the shapes of
a circle and rhomboid) were also found using the
stereomicroscope (Fig. 6).

DISCUSSION
In the Vistula River sample, a particle was found
which was considered to be a cosmetic pellet
(Fig. 1). Additional analysis of chemical composition with EDS showed a high presence of silicon,
oxygen and iron which does not confirm our assumptions about plastic origin. The sample matrix
and the small particle size probably had a large
impact on the results.
In the water sample from the Rudawa River,
the presence of microplastics was not detected.
This may be due to the fact that too small a volume of water was taken for research. However,
some floating plastic bottles were observed on the
surface of water. This indicates that microplastics
can sooner or later appear in this river channel

and further investigation is needed. Additionally, samples taken from rivers were characterized
by a high content of organic matter and minerals, which could reduce the visibility of microplastic particles. For such samples, the matrix should
be eliminated or even reduced i.e. by oxidation of
organic compounds with 30% hydrogen peroxide (Sighicelli et al. 2018), 70% ethanol (Free et al.
2014), 95% ethanol (Eriksen et al. 2018), 100% ethanol (Barnes et al. 2010) or with 70% isopropyl alcohol (Eriksen et al. 2013, 2018).
It is also possible that there was a high-density
plastic which (as in the case of mineral elements)
falls more easily to the bottom zone (Eisma &
Cadeé 1991, Morét-Ferguson et al. 2010). The
river environment is very dynamic and a lot of
the physical factors can influence the transport
of solid elements in freshwater. These are primarily water depth, flows velocity, bottom topography (Simpson et al. 2005), storms, floods
and anthropogenic activity (Moatar et al. 2006).
Therefore, it is advisable to carry out further research which will involve the collection and analysis of water samples in different sections of the
river and in various seasons to present knowledge
of the spatial and temporal distribution of plastic
particles.
There is still a large problem with the reliable
detection of microplastics, including the ability to
capture plastic particles from water, their separation from other particles and, finally, identifying
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the types of plastics (Eriksen et al. 2013, Eerkes‑
‑Medrano et al. 2015).
The sampling method can have a strong influence on the results, particularly concerning
the smallest particles of plastic (Song et al. 2014).
Many researchers implemented a manta trawl to
collect samples from lakes and rivers. It is originally used to take microplastics from the surface
of seas and oceans. The manta trawl is generally attached to a boat and is a construction with
a width of approximately 60 cm and a height of
approximately 20 cm, with wings holding it on
the water. Behind the hole, there is an attached
a plankton or neuston net with a mesh diameter
of usually 300–335 μm. The structure is placed on
the surface of water in such way that the upper water layer gets to the net (Moore et al. 2011, Faure
et al. 2012, Eriksen et al. 2013, Free et al. 2014, Davis & Murphy 2015, Dris et al. 2015b, Eriksen et al.
2018, Li et al. 2018, Sighicelli et al. 2018, Wagner
& Lambert 2018). In the presented research, this
solution was not applied, due to the relatively
clean water - floating waste was not observed (except for a few plastic bottles in the Rudawa River). Analogous but manual methods which do
not require a large sample volume are also used;
neuston nets for the surface layer, and zooplankton nets for sub-surface water (e.g.: Hidalgo-Ruz
et al. 2012, Faure et al. 2012, Goldstein et al. 2013,
Law et al. 2014, Baldwin et al. 2016, Eriksen et al.
2018). These methods are suitable but much better for the environment with a relatively constant
flow and for waters with a low content of suspended matter. Using the appropriate volume of the
containers can be burdensome for transport, but
allows the collection of the same sample volume.
The method under development needs to minimize contamination. Plastic containers used for
sampling are made from HDPP (High-Density
Polypropylene). Samples were kept in them only
for transport and were protected from exposure
to solar and UV radiation. Immediately after delivery to the laboratory, the samples were filtered.
Admittedly, Weinstein et al. (2016) conducted
some research to prove that it is not only UV radiation that could have an influence on the speed
of plastic degradation, but also living organisms
and the character of the environment. They placed
three different types of plastic in salt marsh for
32 weeks. The results obtained showed that after
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that time there had been too far advanced erosion
of detected materials. In our research, the risk of
getting microplastics out of the container is much
lower. Both the surface and groundwater that were
examined are much less aggressive than the salt
marsh used in the experiment. A good argument
for using containers is also the fact that in a manta trawl, a mesh with a specific diameter is used,
causing the loss of smaller particles in the water
(Everaert et al. 2018).
The entire volume of the samples was vacuum
filtered through glass fibre filters with a pore size
of 0.4 µm. We decided on such a methodology because it is possible to analyse the entire sample and
there is less risk of losing the microplastics sought
in the whole process. Density separation (Hidalgo‑
-Ruz et al. 2012, Wagner et al. 2014, Dris et al.
2015b, Bogusz & Oleszczuk 2016, Frère et al. 2017,
Graca et al. 2017, Pagter et al. 2018) was not performed because it is only recommended for light
polymers (Rezania et al. 2018).
Research on a stereoscopic microscope and
the SEM/EDS examination showed the presence
of particles that were considered microplastics
and appear similar to those presented by other
researchers (Eriksen et al. 2013, Free et al. 2014,
Wagner et al. 2014, Manalu et al. 2017).
Analysis of the chemical composition by EDS
showed that these compounds contain mainly carbon, which may indicate that these are microplastics particles. Unambiguous identification of what
kind of plastic material it was would be possible in
the DXR Raman Microscope study, but the samples were too small and the plastic particles were
very dispersed. In addition, too high a temperature of the laser beam could cause the sample destruction. What is more, the research provided by
Hidalgo-Ruz et al. (2012) on the marine sediment
samples showed that up to 70% of particles look
like microplastic are not confirmed as plastics by
FT-IR spectroscopy. The use of the microscope as
the sole method of microplastic analysis is inappropriate and can lead to erroneous results.
The results of the presented preliminary study
showed the occurrence of the microplastic particles in fresh surface and groundwater. Studies
require extensive analysis of a larger number of
samples to try other techniques for sampling and
microplastic separation. Research is still being
carried out.
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SUMMARY AND CONCLUSIONS
In Poland, knowledge about water contamination
with microplastic is still negligible, while such
studies have been conducted for several years in
Europe and around the world. The preliminary
study shows that in Poland there are microplastics
in freshwater, both in surface water and groundwater. Due to the small number of samples and
the preliminary character of research, it is difficult to draw conclusions about the results obtained. In the future, we intend to collect samples
with a larger volume for a more representative
area during different seasons of the year. There is
a need for more detailed studies focusing on the
quantitative and qualitative determination of the
occurrence of microplastics in waters. It is necessary to standardize methods for sampling and
instrumental analysis as soon as possible, which
would be accepted by most scientists to be able to
compare their results. European Union actions
regarding the recognition of microplastics as water pollution give hope for similar actions by the
Polish government to protect water against microplastic pollution (Proposal 2018).
The study was supported by AGH UST statutory
research 11.11.140.017 and 11.11.140.797.
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