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Preservation, storage, and sample preparation
methods for freshwater microplastics —
a comprehensive reviewf

Behnam Nayebi, Pratishtha Khurana, Rama Pulicharla, Shooka Karimpour*
and Satinder Kaur Brar

Due to their long-lasting negative effects on the environment and detrimental impact on the health of living
organisms, microplastics (MPs), found in both water and sediment matrices, have attracted researchers’
attention recently. Although various research and reviews have been conducted about MP occurrence
and abundance in aqueous environments, less attention has been paid to freshwater matrices through
which MPs enter oceans and seas. Freshwater is a vital source of drinking water supply, irrigation
systems, and animal feeding systems, and it directly or indirectly affects human health. Thereby, it
becomes important to study the occurrence of MPs in freshwater reserves, such as lakes and set up
standardized methods for sample collection, storage, and preparation for analysis. Several recent studies
have established best-practice in MP characterization and analysis. However, only a few studies have
depicted the importance of the pre-analysis phase, including sampling methods, storage, preservation,
and preparation strategies. Therefore, this review delineates different sampling methods from freshwater
compartments — the surface and column of water and sediments, followed by storage and preservation
of obtained samples. Finally, preparation (pre-treatment and extraction) methods have been elaborated,
which are necessary to purify MP samples before further investigations. This review aims to provide
a clear understanding of the analytical steps and tools, leading to accurate investigations regarding MP's
occurrence in future studies.

Due to their long-lasting negative effects on the environment and detrimental impact on the health of living organisms, microplastics (MPs), found in both water
and sediment matrices, have attracted researchers' attention recently. Although various research and reviews have been conducted about MP's occurrence and
abundance in aqueous environments, less attention has been paid to freshwater matrices through which MPs enter oceans and seas. Freshwater is a vital source

of drinking water supply, irrigation systems, and animal feeding systems, and it directly or indirectly affects human health. Thereby, it becomes important to
study the occurrence of microplastics in freshwater reserves, such as lakes and set up standardized methods for sample collection, storage, and preparation for
analysis. To perform research on microplastic detection and analysis, it is crucial to have high-quality sample preservation, storage, and pre-treatment. To the
best of the authors’ knowledge, this manuscript is the first review that shows the significance of storage and preservation processes has been overlooked. The
review aims at summarizing different pre-analysis and pre-detection methods for microplastics in freshwater matrices, followed by highlighting the significance
of storage and preservation, besides sampling and preparation methods.

1. Introduction

the environment through different external sources, including
wastewater treatment effluent,® agricultural fields,* urbaniza-

The production of plastics has been continuously increasing
and is estimated to be doubled in the upcoming 20 years“?
leading to a continual flow of plastic trash into the environ-
ment. Some of these plastics, which are smaller than 5 mm and
larger than 1 pm, are called microplastics (MPs). MPs can enter
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tion,” and even fishing nets.® Based on their manufacturing and
release into the environment, MPs are classified into two major
categories: primary and secondary. Primary MPs have been
intentionally produced in very fine sizes to be utilized in
different applications, including, and not limited to, sand-
blasting” and cosmetic products.® Recent research shows that
about 35% of primary MPs in water matrices stem from cloth
washing.” On the other hand, secondary MPs are generated
through the fragmentation of plastic debris in the environment
because of natural phenomena including weathering, solar UV
radiation, tidal waves, etc.*®

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Different anthropogenic activities could also affect MP
abundance in the environment. In a study, a comparison
between particle presence in fish guts in urbanized and less-
urbanized locations revealed a significant difference, showing
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the importance of urbanization in MP pollution."* Sediment
records also revealed the high impact of urbanization on MP
presence in the sediment. It has been reported that some
indicators like an abundance of PET and smaller particle size at
the surface level show the significance of urbanization. Agri-
cultural activities, on the other hand, proved to be an important
factor in less-urbanized areas.™

Wastewater treatment plants’ outflow is another factor
causing a meaningful difference in MP abundance. It is shown
that despite the relatively high rate of MP removal in sewage and
wastewater treatment (up to 99%), a sheer number of MPs enter
the environment.” It should be noted that the entrapped
particle in the wastewater treatment plant sludge is mainly used
as fertilizer in agricultural lands, ending up in the environment
through draining and stormwaters.'* Wear and tear of tires has
also been reported as an anthropogenic source. One study
revealed that the average flow of tire particles in the environ-
ment is 0.81 kg per year.*

Additionally, fishing nets and cages are another anthropo-
genic sources of MP presence in areas that rely on fish as their
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Fig. 1 Anthropogenic parameters affecting microplastics (MP) abundance in freshwater environment.

food resource, including the Chi River, Thailand.® In the study
of MP abundance in three Gogian dams, the abundance of
fibers was assumed to be related to fishing ropes and nets."®

Domestic garbage landfills were revealed to have the most
effect on MP abundance in lake environments.”” A study
revealed that there are MPs in the landfill leachate and the
treatment of leachate can decrease the MP presence by up to
50%.'®

These findings reveal the significance of anthropogenic
activities in the MP abundance in freshwater compartments,
which can be harmful to different biotas. Different anthropo-
genic parameters affecting the abundance of MPs in the fresh-
water environment are shown in Fig. 1.

Most of the MPs detected in freshwater compartments are
made of polyethylene (PE), polypropylene (PP), polystyrene (PS),
and polyethylene terephthalate (PET). These materials are
highly recalcitrant and tend to accumulate in different envi-
ronments," resulting in prolonged exposure and thereby
harming living organisms, including humans.*® Further, their
ability to adsorb on different types of toxic materials, for
instance, heavy metals, perfluoro carboxylic acids, and other
emerging contaminants®>® allow them to act as vectors for
contaminants, leading to severe damages to organisms. Other
than the parent polymers, plastic additives also affect hormonal

1062 | Environ. Sci.. Adv, 2023, 2, 1060-1081

modulation and apoptosis, causing damage to organisms' cells
and carcinogenesis.***

Although MPs' presence has been reported in many marine
environments, only a few studies*® have investigated the pres-
ence of these emerging pollutants in freshwater compartments
such as lakes and rivers. Freshwater compartments are vital
matrices since they host a wide range of plants and animals,
such as fish, one of the primary human food resources. Besides,
these matrices are used as a source of drinking water and for
recreational purposes.” Moreover, it has been mentioned that
MPs are roughly 80% more abundant in terrestrial compart-
ments, including lakes and rivers than in marine environ-
ments.*® Also, it is reported that approximately 2 million tons of
plastics enter the oceans through tributaries and rivers annu-
ally.”**® Accordingly, without analyzing MP presence in fresh-
water environments, understanding their abundance in marine
environments seems not sufficient.

Several review papers have investigated microplastic
sampling, preparation, and analysis methods for obtaining
microplastic samples from both marine and freshwater envi-
ronments. However, there is a significant knowledge gap in
finding protocols for the preservation of obtained samples till
further investigations. MPs are materials made up of polymers
and have been proven to be affected by different temperatures

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Similarities and differences between MP research in marine and freshwater environments.

and chemicals. It should be noted that marine and freshwater
environments have some similarities and differences, which
should be considered in MP research, some of which have been
identified in Fig. 2. Methods for sample storage, preservation,
digestion/extraction, and characterization are similar for both
compartments. However, the ambient properties and their
vicinities to the pollution sources are different. Marine and
freshwater are different in terms of density and salinity. Tursi
et al., have shown that these two factors can significantly affect
the MPs distribution. Many plastic polymers have densities
marginally smaller or larger than freshwater. Due to the
increase in marine water density, compared to freshwater, it has
been discussed that in marine environments floating MPs may
outnumber those in freshwater environments.?* However, it
should be considered that buoyancy is affected by other factors
apart from the density, for instance, flow currents, particle size,
and biofilm formation.** Another example is areas with higher
expected fibers, as explained below: only sampling methods
should be adopted that aren't selective and mesh-based
methods should be avoided. In addition, it was shown in
another study that an increase in salinity leads to a decrease in
the settling velocity of particles.** Settling velocity is an impor-
tant factor since it can affect the abundance of MPs in water and
sediment of both freshwater and marine environments. From
a hydrodynamic perspective, rivers are highly dynamic systems,
with smaller depths and higher speeds, compared to oceans
which cause the resuspension and settling behaviors of parti-
cles as well as biofilm formation.***® Environmental factors like
UV, wind, and rain can be different in freshwater and oceans.
UV exposure combined with water movement speed up the
fragmentation process, and particles are more exposed to the
sun and tidal waves in oceans compared to lakes. Therefore, the
fragmentation of particles may increase the number of

© 2023 The Author(s). Published by the Royal Society of Chemistry

fragments in the marine environment compared to the higher
abundance of fibers in rivers and lakes.** Another important
factor affecting the shape distribution is the vicinity to the MP
sources like wastewater treatments. In general, freshwater
environments are closer to cities and wastewater treatments,
which affects the abundance of microfibers in these environ-
ments in comparison with marine compartments.*® In
a comparative study in China, it was observed that microfibers
are the most dominant in rivers and estuaries. However, frag-
ments were predominant in the marine environment which
shows the impact of the source vicinity as well as environmental
parameters.*® Biofilm formation is also different in freshwater
compared to marine environments. It has been proven that PP
fragments have a better biofilm condition for freshwater algae,
impacting the distribution of specific MPs in freshwater and
marine environments.*” Biofilm formation is also affected by
the shape of particles. Microfibers show a faster sinking velocity
when they expose to biofilm formation. This is important since
the distribution of MPs is different in marine and freshwater
environments, thus the abundance in water and sediment of
freshwater is affected by their settling velocities.>® Biotas can
mistake MPs for their food resources, being contaminated by
these toxic materials. Issac et al, reported that species inhab-
iting freshwater environments may experience increased levels
of exposure, especially in close proximity to industrial and
densely populated regions, where concentrations of hydro-
phobic toxins and microplastics are potentially elevated.*®

In order for microplastic research to be precise, it is crucial
to consider the potential effect of various parameters, including
temperature, chemicals, etc., on microplastics. Since proce-
dures for extracting, quantifying, and analyzing MPs in labs are
time-consuming, finding adequate preservative and storage
materials is crucial to prevent sample deterioration over time

Environ. Sci.: Adv,, 2023, 2,1060-1081 | 1063
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Fig. 3 Different pre-analysis phases in MPs studies (starting from steps 1 to 3).

and ensure higher sample quality for analysis. Therefore, this preservation, and sample preparation (extraction and pre-
review paper aims to provide a detailed methodology for pre- treatment) to have high-quality data reflecting MPs abun-
analysis methods, including sampling, sample storage and dance in the freshwater water and sediment. First, since these
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freshwater sources are immense, it is vital to carefully select the
sampling sites, giving an accurate image of the whole environ-
ment. Second, storage and preservation of collected samples are
also necessary since, without proper preservation and storage
methods, the quality of samples and MPs can change due to
biological activities. Finally, extraction and pre-treatment of
samples should be conducted since obtained samples contain
impurities (organic tissues, silts, sands, etc.) which can attach to
MPs and cause deviations in results for both qualitative and
quantitative estimations about MPs. As shown in Fig. 3, this
review briefly explains different applied sampling methods for
freshwater water and sediment sampling, including using nets,
pumps, and bulk sampling for water and utilizing corer and
grabbers for sediment sampling. Then, the most dominant part
of this research relates to the importance of sample preserva-
tion and storage using different physical, chemical, and bio-
logical methods. Afterward, obtained samples would be purified
before moving to the analysis step with various digestion and
separation methods. Considering the importance of pre-
analysis measures and to the best of our knowledge, no
comprehensive studies have focused on this area, and this
critical step of MP studies is often overlooked in all review
papers. In this sense, the primary objectives of this paper are:

(1) Review the current state of sampling and preparation
(extraction and pre-treatment) methods for freshwater water
and sediment samples and other intermediate steps before the
analysis stage.

(2) Provide data relating to different chemicals, storage
materials, and preservation temperatures that should be used
to improve the representativeness of obtained samples.

(3) Make recommendations for using different preservatives
and storage materials based on the studied variables.

2. Sampling

Sampling is the first and one of the most crucial steps in MP
detection studies and involves careful selection of the site for
sampling and the sampling procedure to be employed. There
are three different sampling procedures in any given matrix:
selective, bulk, and volume-reduced methods.*® Selective
sampling detects plastic debris using the naked eye and is
common when desired MPs are larger - about 1 to 5 mm, for
example, large MPs in sediment samples, preferably on the
shorelines.” Bulk sampling describes techniques that take
a sample from the environment in its entirety without diluting
it. This method is used when the entire sample volume needs to
be explored and a smaller sample size could result in inaccurate
results.** The other type of sampling is volume-reduced
methods and refers to procedures by those larger areas of
investigation can be mapped and analyzed. This technique
could be used both for water and sediment sampling but is
preferable for water sampling, and the main applied instru-
ments are nets and sieves.*>*>* In several cases, these methods
were combined and performed together to increase sampling
accuracy. For instance, pumping large areas followed by sieving
is the combination of bulk and volume-reduced methods used
in MP studies.** Different sampling methods have been used

© 2023 The Author(s). Published by the Royal Society of Chemistry
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considering the goals of studies in freshwater compartments,
elaborated on in the following sections.

2.1 Water sampling

Based on the study goals and site accessibility, various sampling
methods are proposed, among which volume-reduced methods
have been widely used in water sampling. Bulk sampling is
another method which is less efficient for water sampling since
it requires a high amount of water to be representative,
decreasing its feasibility. This method is mostly used when the
main objective of the study is to evaluate fibers that can pass
through volume-reduced sampling instruments.*>*® Each
sampling method has merits and demerits that should be
considered before choosing the method. A comparison between
different sampling methods for freshwater water sampling is
summarized in Table 1.

When a more extensive sampling area is preferred, nets
hauled by boats or individuals, or stationary places, such as
bridges, are more favorable. However, to minimize early clog-
ging and avoid missing smaller particles, this approach neces-
sitates the careful selection of the nets. Thereby, for smaller
MPs (=330 um), bulk sampling and collecting samples through
pumps, followed by filters and grab samplers can be used.

2.2 Sediment sampling

Apart from the water matrix, MPs have been abundantly found
in freshwater sediments. Most plastic compounds in aquatic
environments have different states of buoyancy based on their
density, as shown in Table S1.7* It is estimated that roughly
70% to 90% of MPs are present in the sediment.*® However, the
percentages might change based on ambient characteristics
such as hydrodynamic regimes and biofouling. Different factors
can affect the presence of MPs in water and sediment as shown
in Fig. 4. In general, low density particles are afloat and high
density particles are sunk in the sediment. However, this
behavior may be different in real conditions. For instance, in
a turbulent flow, even positively buoyant particles can be
transferred through the vortical structures to deeper water and,
via other processes, such as density currents, be trapped in the
sediment. Furthermore, MPs are known to possess hard and
easy-to-colonize surfaces, facilitating the microorganisms’
colonization. Also, the surface area of plastic particles on the
micro and nanoscale grows, increasing open pores for micro-
organisms' colonization, causing even light MPs to settle in
sediments.””**>> The combined effect of biofouling and
turbulent-induced mixing can lead to the presence of positively
buoyant MPs in sediments.*’

Like water sampling methods, the procedures for MPs
collection in sediments are selective, bulk, and volume-reduced
sampling. The leading equipment for selective sampling of
sediments is tweezers, and this procedure is efficient for
detecting larger MPs.”® Further, from riverbanks/lakeshores,
samples can be collected using stainless steel shovels, spoons,
and spatulas,® while sampling from the bottom of lakes can be
done using different grabbers, corers, and samplers.*>* The
primary sampling equipment is Ekman, Van Veen grab, and the

Environ. Sci.: Adv,, 2023, 2, 1060-1081 | 1065
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Table 1 Advantages and disadvantages of sampling using nets, grab samplers, and pumps
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Method Advantage Disadvantage
Nets Able to analyze larger study areas and catch Underestimating small particles, particularly
higher concentrations of MPs fiber, which could easily escape
High risk of secondary MP contamination
through exposure to air and net materials
(nylon)
Preferable when the MP detection is done Less accurate reported sampling volumes due to
through the naked eye inaccuracy of volume calculating through flow
meters or mathematical operations
More number of preparation steps, increasing
airborne contamination of samples
Low price and easy accessibility of nets with Low repeatability to assure volume accuracy
large mesh size (>330 pm) High cost of nets with a small mesh size (<330
pm)
Grabs Could investigate the broader size of MPs by Small volumes of grabs cause high variability
selecting smaller filters and sieves between samples
Able to be used in an environment where net
sampling is tough
Able to be applied for sampling from deeper
columns of water with Niskin bottles
Decrease the risk of secondary pollution due to Lower particle concentration compared to nets,
shorter contact time with the sampling culminating in more probable false zero reports
compartment and using non-plastic containers
Can be conducted by citizen science method,
increasing the accuracy of sampling
Appropriate reports of MP abundance in the
precise volumes
Non-plastic grab samplers could be heated up to Difficulty in the transportation of large volumes
500 °C before sampling to eliminate any of bulk samples to the laboratory
potential residues
Require only one filtration, decreasing the risk
of airborne contamination
High repeatability to assure volume accuracy
Pumps Could investigate the broader size of MPs by Risk of secondary plastic contamination

selecting smaller filters and sieves

Able to be used in an environment where net

sampling is not applicable

High repeatability to assure volume accuracy

Box Corer. For sediment sampling from depth, a columnar
sampler (inner diameter = 7 cm, height = 100 cm) is required.**
Corer-based methods are also preferable when the bottom of
the water bodies is hard, leading to the malfunction of grab-
based methods, which cannot close efficiently.** However,
corer-based methods are ineffective when the risk of core
freezing is high. The number of sample replicates is another
factor affecting the accuracy of sediment sampling which is
reported to be varying from 2 to 5 times.”” The sampling depth is
also important, and it is noted that most MPs occur in the top
5 cm of the sediment layers, however, some recent studies
included the collection of deeper sediments for vertical analysis
of MP appearance in the samples."*®* Further, a recent study
proved that MPs abundance decreases with an increase in
sediment depth.®® Another study showed that bigger MPs (4-5
mm) are more abundant in shallower layers, but the number of
MPs raised by an increase in depth for smaller MPs (<2 mm).

1066 | Environ. Sci.: Adv, 2023, 2, 1060-1081

through the materials of pumps, ropes, and
filters

Lower particle concentration compared to nets,
culminating in more probable false zero reports
High risk of the clogging of limited filters area
when a large amount of water is investigated
Fragmentation of MPs to nanoplastics due to
shear stresses caused by pumps blades

The number was 40 items per kg of wet sediment (items per kg
WW) in 0-10 cm and 110 items per kg WW in 40-50 cm.**

3. Sample storage, preservation, and
contamination control

After obtaining samples, they are often transported to the
laboratories and stored before analysis to prevent physico-
chemical and microbial reactions.*® This process may take time
to transfer samples from sampling sites to the labs, altering the
quality of obtained samples. As a result, optimizing the storage
conditions, storage containers, temperature, and preservation
chemicals becomes imperative.

3.1 Sample storage materials

The type of containers being used for microplastic sample
storage is an important parameter to consider, as they can

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Schematic of MP settling behavior affected by different parameters.

influence the stability and contamination of some analytes. The
use of non-plastic containers, such as glass, steel or aluminum-
made vessels, is preferable since these containers reduce
unwanted plastic pollution.*»*> However, some studies have
also used polymer-based vessels, such as PE bags,* PET jars,**
PP bags,**® and Whirl-Pak or zip-lock bags.®”*® Unlike glass
containers, which can break due to falling, especially while
sampling on boats, plastic-based vessels can be used in
sampling aboard ships and boats. Nonetheless, due to the
plastic abrasion, particularly by sediment grains, the above
materials might cross-contaminate the samples with MPs,
hence is not recommended to store sediment samples.*® If it is
not feasible to avoid storage of sa