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Abstract: Microplastic (MP) contamination is a globally recognised issue in aquatic environments,
and recently, there has been an increase in investigations focusing on lake contamination, revealing
significant amounts of dispersed MPs. However, our understanding of the ingestion and effects of
MPs on organisms living in lake ecosystems remains limited. This study aims to develop an effective
protocol for assessing the ingestion of MPs by the talitrid amphipod Cryptorchestia garbinii, with the
goal of verifying and evaluating the biological effects following ingestion. Individuals sampled from
the shores of Lake Albano were exposed to four different polymers, namely low-density polyethylene
(PE), polyethylene terephthalate (PET), polyester (PES), and polypropylene (PP), under laboratory
conditions. To deliver MPs through the diet, we decided to employ DECOTABs (DEcomposition
and COnsumption TABlets) which have been successfully used as a food source in aquatic toxicity
tests. At the end of the experiments, we employed the solvatochromic and fluorescent dye Nile red
to detect and quantify the MPs present in the digestive tube contents of the animals. The results
clearly demonstrate the ingestion of the supplied polymers through the tabs, validating this method
of exposure as effective. Furthermore, the measurement of glucose, glycogen, and lipid levels reveals
that within 24 h of ingestion, MPs had an impact on the macromolecules involved in the energy
metabolism of C. garbinii. This research underscores the suitability of this species as a model organism
for studying MP uptake and its effects.

Keywords: Nile red; microplastic trophic transfer; DECOTAB; Cryptorchestia; energy reserves

1. Introduction

Plastic debris has become a pervasive global pollutant, contaminating all habitats
worldwide. Over the past decade, it has become a prevalent international concern [1].
With a continuous increase in the global production and consumption of plastic, reaching
390.7 million tonnes in 2022, plastic waste generation is constantly on the rise [2]. While
recycling is the preferred solution for plastic waste, only 8.3% of all post-consumer plastic is
recycled. The remaining plastic waste is partially used for energy recovery, but a significant
portion ends up in landfills, ultimately finding its way into the environment [1]. Plastic litter
encompasses items that result from the breakdown of larger plastic items, spanning a broad
range of sizes. This includes large and easily removable objects, as well as small or invisible
items, referred to as ‘microplastics (MPs)’ when smaller than 5 mm [3]. Both primary MPs
(dispersed in the environment in the form of small particles, including microbeads present
in personal care products, textile microfibres, erosion of tyre rubber, road markings, or
marine coatings) and secondary MPs (originating from the fragmentation of larger plastic
items) have contaminated all water and terrestrial environments, from deep-sea to polar
areas, posing a threat to organisms that can mistake them for food and ingest them [4–7].
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Such ingestion can have detrimental effects on individual organisms and can enter the food
chain, impacting entire associated food webs [8].

Amphipods are excellent indicators for biomonitoring and ecotoxicological studies
of environmental contaminants due to their widespread distribution, ease of collection,
and significant role in nutrient cycling [9]. The talitrid species, in particular, plays a
crucial role in the energy transfer of sandy shore ecosystems, as already stated by Grif-
fiths et al. [10]. These organisms are among the dominant macrofaunal groups on sandy
beaches and contribute significantly to the ecosystem by feeding on both terrestrial and
aquatic matter [11]. Consequently, they assimilate various sources of pollution and serve as
a significant food source for numerous invertebrates, fish, and birds, as indicated by several
researchers [12,13]. These semi-terrestrial crustaceans thrive in humid or water-saturated
substrates and represent one of the most abundant taxa in temperate regions [9,14]. Talitrid
amphipods have been extensively studied in terms of their ecology and behaviour, making
them a potential choice as bioindicators of environmental disturbance, due to their gene
flow, phylogeography, and population features, including life history and behavioural
traits [15].

The amphipod species Cryptorchestia garbinii, described by Ruffo et al., 2014
(Figure 1a,b), resides in the supralittoral zone of fresh and brackish waters found in the
Mediterranean Basin, Central Europe, and England [16]. It has been utilised in various
studies as a model species for cellular differentiation and gene expression, as pointed out
by Davolos et al. [17]. As a detritivorous species, similar to other talitrids, C. garbinii feeds
on organic debris and has the capacity to ingest small fragments of plastic present in the
environment. Previous research conducted by Iannilli et al. [18] and Battistin et al. [19] has
demonstrated this ability of plastic ingestion by the species.
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Figure 1. Cryptorchestia garbinii females (a) and male (b) specimens.

MPs are pervasive in lake environments, with lakes being more susceptible to MP
contamination compared to oceanic and coastal regions [20]. These systems are strongly
influenced by both terrestrial and aquatic sources [21,22]. The characteristics of lentic water
bodies and long water-residence times contribute to the accumulation of MP contaminants
in these environments, making them a sink for MP pollutants [23]. Despite the increasing
focus on lake MPs, studies have primarily concentrated on assessing their occurrence char-
acteristics, while fewer studies have investigated the biological effects of MP contamination
on organisms [24]. Moreover, research efforts have primarily concentrated on studying
MPs with smooth edges and spherical shapes, which account for less than 1% of the total
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MPs found in nature. Conversely, studies regarding fragment-type MPs are notably scarce
and are still in early stages of development [25].

Exposure to plastic polymers in water can pose operational challenges due to the
characteristics of the material. Some polymers have low density, causing them to float on
the water’s surface, while others may stick to the walls of containers due to electrostatic
reasons. To overcome this issue, MP particles were therefore incorporated into special tabs
and used as food sources for the animals. DECOTABs (DEcomposition and COnsumption
TABlets) [26] have been employed in previous studies for incorporating MP particles
into the diet of organisms, such as gammarids, as suggested by Götz et al. [27]. These
tabs have been successfully used to deliver food supplements or chemicals in toxicity
test procedures with shredder and grazer species [27]. Due to their stability in water
and particle distribution, DECOTABs have been proven to be highly suitable for dietary
exposure to MPs.

To advance our understanding of C. garbinii, a highly promising candidate species for
MP studies, we investigated the uptake of MP particles under laboratory conditions and
evaluated the resulting biological effects, specifically focusing on energy reserve changes.
To achieve this, we conducted laboratory exposures using four different types of MP
particles derived from commonly used objects.

2. Methods

Samples of C. garbinii were collected from Lake Albano shores using an aspirator
or by hand, and immediately transferred to temperature-controlled conditions in the
laboratory. They were kept in a glass tank in a thermostatic cabinet at 20 ◦C with a
12 h/12 h photoperiod, taking care to maintain humidity by adding water and only feeding
them with fish food and pieces of blotting paper, due to their preference for cellulose-rich
material [28]. Soil taken from the survey site was used as the substrate. The specimens
were acclimated in the lab for three weeks before exposing them to microplastics.

2.1. Preparation of MPs

C. garbinii specimens were fed with DECOTABs prepared in the laboratory and which
contained four different types of polymers to verify the possible ingestion of MPs in labora-
tory conditions: low-density polyethylene (PE) particles smaller than 100 µm, polypropy-
lene (PP) and polyethylene terephthalate (PET) particles below 200 µm in size, and polyester
(PES) fibres with a maximum length of 1.5 mm (Figure 2, Table S1). The selection of these
microplastic types is based on several factors: PE, PP, PET, and PES are widely used in
various consumer products and packaging materials. They represent some of the most
common types of plastics found in the environment due to their widespread use and
disposal. Moreover, they are frequently found in aquatic environments, including oceans,
lakes, and rivers. By studying these commonly encountered microplastics, we can better
understand their potential ecological impacts.

PE microparticles had already been obtained in granular form (irregularly shaped).
To produce particles of the other polymers tested, we used commonly used objects with
clearly stated polymeric compositions. A lanyard was used to obtain PP microparticles.
Following the approach described by Cole et al. [29] in their MP studies, the lanyard
was incorporated into the Cryo-M-Bed compound, typically used for tissue inclusion and
freezing in histological analysis. The coated wire was frozen, ensuring that the fibres
remained aligned within a compact block. Subsequently, the block was cut at 20 µm
intervals using a cryostat microtome (CM1520, Leica Biosystems, Nussloch, Germany).
The resulting sections were rinsed multiple times with distilled water to remove the
freezing-solution coating and left in water until completely evaporated to recover only the
PP particles.

A plastic bottle was used for PET particles and the surface was shredded using a
rotating steel brush. PES fibres were obtained from a 100% PES fleece sweater. Steel razors
were used to cut the fibres, followed by further sectioning with a scalpel.
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Before exposure, all the obtained MPs were carefully examined under bright-field
and fluorescence microscopy (Leica DM750, Leica Microsystems, Wetzlar, Germany), pho-
tographed with a digital HD camera (Leica ICC50HD, Leica Microsystems, Wetzlar, Ger-
many), and documented to ensure easy recognition during subsequent analyses (Figure S1).
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lene terephthalate (PET), polyester (PES), and polypropylene (PP), included in DECOTABS for C.
garbinii feeding.

2.2. Food Preparation

The tabs for microplastic inclusion were made following the procedure described by
Straub et al. [30] for DECOTABS (DEcomposition and COnsumption TABlets, [1]), modified
according to the needs of this study. Agar 4% and L-ascorbic acid 100 mg/L were hot
melted in a beaker with 50 mL of distilled water and, after cooling below 50 ◦C, microplastic
was added to reach a concentration of 280 mg/L. Tabs were made for each polymer used for
testing. Afterwards, the solution was transferred and solidified on a 96-cell multi-well plate.
For each well, 200 µL of the MP suspension was transferred and allowed to cool under
a sterile hood until solidification, thus obtaining the tablets. We performed a numerical
estimate of the MP density in the tabs for each polymer used. For this purpose, a section of
a tab was weighted, pressed on a microscope slide, and observed. The number of MP per
milligram of tab was therefore obtained.
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2.3. Exposure Conditions

Ingestion. Two exposure experiments were conducted, one lasting 24 h and the other
48 h. In each experiment, five individuals were individually exposed in separate glass
containers with one tab containing MP particles (Figure 3). Additionally, an equal number
of control samples with tabs without MPs were included for comparison. The entire
experiment was replicated twice, resulting in a total of 50 specimens analysed. Each
specimen was placed in a transparent glass beaker containing 100 g of 1 mm diameter glass
beads to simulate sediment. To maintain a wet environment, 15 mL of water was added
to each beaker along with the respective tab containing MP particles. In order to ensure
that the specimens were not stressed or forced to feed, they were not fasted prior to the
exposures. The glass containers were then placed in a thermostatic cabinet set at 20 ◦C
and a 12/12 photoperiod for the duration of the experiments. At the end of each exposure
period, the individuals were preserved in 80% ethanol. The digestive tube of each specimen
was carefully dissected under a stereomicroscope (Leica M80, Leica Microsystems, Wetzlar,
Germany) and transferred to a tube containing 1 mL of 30% hydrogen peroxide to degrade
the organic matter. The samples were left at room temperature for the next 7 days for
further processing and analysis.
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Figure 3. Cryptorchestia garbinii feeding on a DECOTAB.

Subsequently, the digested material obtained from 5 animals was filtered using one
black polycarbonate membrane (Cyclopore Track Etched, 0.4 µ, 25 mm, Whatman™),
following the method described by Iannilli et al. 2019, 2020. The filters were then washed
with 100 µL of n-hexane under a fume hood to remove any lipid residues, placed on a
slide, allowed to dry, and subsequently stained with 100 µL of Nile red at a concentration
of 5 mg/L in n-hexane. After staining, the filters were examined using a fluorescence
microscope (Leica DM750 equipped with a Digital HD camera Leica ICC50HD, Leica
Microsystems, Wetzlar, Germany) in green (excitation wavelength at 450–490 nm and
emission wavelength 515−565 nm) and in blue (excitation at 365 nm and 445 nm emission).
The microplastic particles highlighted were photographed and measured using the Leica
Application Suite, version 49 software. Three negative procedural control samples were
processed with the same protocol to check for any MP contamination during the analysis,
and no microplastics were observed.

Glucose, glycogen, and lipid assessment. In order to evaluate the impact of microplas-
tic (MP) ingestion on metabolic processes, an analysis of energy reserves, including glucose,
glycogen, and lipids, was conducted after the exposure period. The experimental setup
for the ingestion experiments was as previously described, with 5 individuals exposed
individually to each type of microplastic for both 24 h and 48 h durations. The control
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specimens were exposed to MP-free tabs. At the conclusion of the exposure period, each
specimen was weighed and the energy reserves were assessed following the protocol of
van Hendel [31,32], as revisited by Foray et al. [33]. This analysis was carried out twice,
resulting in a total of 50 specimens being analysed for their energy reserve levels.

The specimens were individually homogenized using a Potter–Elvehjem tissue ho-
mogenizer (Merck KGaA, Darmstadt, Germany) with 200 µL of ultrapure water. The
homogenate was then centrifuged at 300× g for 2 min. From the resulting supernatant,
100 µL was transferred to a new tube and mixed with 50 µL of 20% sodium sulphate
solution and 1.2 mL of chloroform:methanol solution in a 1:1 ratio. After centrifugation at
3000 rpm for 2 min, the glycogen precipitated into a pellet. The supernatant was transferred
to another test tube and 300 µL of distilled water was added. Following centrifugation
at 3000 rpm for 2 min, two distinct phases formed: the lower denser phase containing
the lipid fraction, and the upper phase containing the sugars. For the glucose analysis,
the fraction containing glucose was reduced to a volume of 100 µL using a thermoblock
at 90 ◦C. Then, 1.5 mL of an anthrone solution (0.5% in 70% H2SO4) was added, and the
samples were kept at 90 ◦C for 17 min. A glucose solution with known concentrations (0, 1,
3, 5, 10, and 20 µL of a 0.1% solution in water) was prepared as the standard and also used
for glycogen analysis. The absorbance of the samples was measured at 625 nm using a
photometer (Hach Lange DR1900, Hach Company, Loveland, Colorado) after cooling to
room temperature. For the glycogen analysis, the pellet containing glycogen was dissolved
in 1.5 mL of the anthrone solution and kept at 90 ◦C for 17 min. The absorbance was then
determined at a wavelength of 625 nm.

For the lipid analysis, the fraction was evaporated to a volume of 100 µL at 90 ◦C under
a fume hood. Then, 100 µL of H2SO4 was added and the mixture was maintained at 90 ◦C
for 13 min. The same amount of sulfuric acid was added to solutions containing 0, 1, 3, 5,
10, and 20 µL of a 0.1% oil solution in chloroform to obtain the standards for the calibration
curve. After cooling the samples to room temperature, 1000 µL of a vanillin solution (0.1%
vanillin in 64% H3PO4) was added. The tubes were kept at room temperature for 5 min
and then the absorbance was measured at 525 nm.

2.4. Statistical Analysis

Analyses were performed to determine the significance of differences between the val-
ues of the energy reserves after the exposures and the untreated samples, and between the
two exposure times; p-values below a confidence level of 0.05 were considered statistically
significant.

After checking for the data normal distribution, t-tests were carried out on pairs of
groups of values resulting from the dosages of the energy reserves. When the data did not
follow a normal distribution, the Mann–Whitney test was used.

The data analysis was carried out using Past software, Paleontological Statistics,
Version 3.26.

3. Results and Discussions

This study aimed to investigate the ingestion of MPs by C. garbinii under laboratory
conditions and assess their metabolic effects using an effective dietary-exposure protocol.
Low-density PE, PET, PES, and PP were incorporated into DECOTABs. As C. garbinii is
a semiterrestrial species abundant along lake shores in close proximity to water, it serves
as an important food source for vertebrates, particularly birds, that may be found in this
environment. Therefore, it constitutes an entry point for plastics into the trophic chain
and a potential pathway for the transfer of MPs from aquatic to terrestrial organisms. The
density of the MPs in the DECOTABs prepared to feed the amphipods yielded the following
results: 1.32 PES fibres/mgTab, 25.82 PP MPs/mgTab, 34.03 PE MPs/mgTab, and 68.13 PET
MPs/mgTab. Using the Nile red staining method, we confirmed the presence of MPs in all
of the tested specimens. Through fluorescence observations, MP fragments were identified
and counted in the stomach contents (Table 1). To ensure that only the MPs provided to
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the animals during the exposure were considered, a visual comparison was made between
the MPs in the tabs and the particles found in the digestive tract based on shape and size,
using both bright-field and green and blue fluorescence. Characteristic patterns emerged
for each polymer: PE exhibited green and light-blue fluorescence, PET showed green and
pink fluorescence, and PP displayed green and purple fluorescence (Figure S1). The green
fluorescence of PE and PP was also observed by Stanton et al. [34]. However, PES did not
exhibit fluorescent staining with Nile red, as reported by Stanton et al. [34]. Nevertheless,
the PES fibres could still be identified based on their shape and colour. The fibres appeared
green under green wavelengths, as observed by Stanton et al. [34], and light-blue under
blue wavelengths, consistent with the findings of Shim et al. [35].

Table 1. Number of microplastics found in the digestive tract of animals per individual. * Significantly
different from 48 h (p of t-test < 0.05).

PE PET * PES PP

24 h 4.5 ± 0.7 3.3 ± 0.7 8 ± 2.4 1.8 ± 0.4

48 h 7.1 ± 2.2 8.6 ± 1.6 7 ± 0.8 2.4 ± 0.4

We observed that the C. garbinii ingested all the supplied polymers through the tabs,
both in the 24 h and 48 h exposures. The number of MPs we found in the digestive tract
was comparable to those observed in specimens collected in natural conditions from Lake
Garda (7.13 ± 2.11), Lake Bracciano (5 ± 4.6), and Lake Albano (2.2 ± 1.8). After 24 h
of exposure, we recorded the ingestion of 4.5 ± 0.7 MP particles of PE, 3.3 ± 0.7 of PET,
1.8 ± 0.4 of PP, and 8 ± 2.4 fibres of PES. This number appeared to increase for all the
polymers with longer exposure times (Table 1). However, the opposite trend was observed
for PES, although it was not statistically significant. PES, supplied in the form of coloured
fibres (rather than as particulates and transparent, as in the case of the other polymers), was
more present in the digestive tracts of animals exposed for 24 h compared to those exposed
for 48 h. This could be attributed to the initial attractiveness of the colour, which entices the
animals to feed, but the taste might later discourage them from further ingestion.

Previous studies have shown that the characteristics of MPs, such as polymer compo-
sition, shape, and size, can significantly influence their uptake [36]. For example, research
on the wild fish species Psalidodon eigenmanniorum showed that yellow and blue fragments
were the most consumed, indicating the visual attraction of colours [37]. In addition, taste
and food preferences can also play a role in ingestion. The essential role of taste has been
recognised in zooplankton [38–40], particularly when comparing feeding studies involving
synthetic microbeads and labelled bacteria or algae [40–42]. DeMott [38] observed signifi-
cant differences in feeding rates on flavoured and unflavoured polymeric particles among
rotifers, Bosmina (cladocerans), and copepods (calanoids and cyclopoids). Bosmina and the
rotifer Filinia terminalis showed a preference for aromatised algal spheres over untreated
ones, unlike Daphnia magna and Brachionus calyciflorus, which did not exhibit the same
preference. The degree of selectivity was even greater in experiments with copepods, par-
ticularly calanoid (e.g., Diaptomus siciloides) and cyclopoid species (e.g., Cyclops bicuspidatus
thomasi), which strongly avoided unflavoured polymeric spheres [38].

A post-exposure dosage was given to evaluate the ingestion of MPs and their effects on
the energy reserves of C. garbinii. Notably, a previous study by Straub et al. [30] used similar
tabs to incorporate biodegradable polyhydroxybutyrate (PHB) and conventional petroleum-
based polymethylmethacrylate (PMMA) as food for Gammarus fossarum, resulting in the
ingestion of both polymers. Other studies have demonstrated the ingestion of MPs by
other amphipods in laboratory conditions. For instance, Blarer and Burkhardt-Holm [43]
demonstrated the ingestion of polyamide (PA) fibres (20 µm) and polystyrene (PS) mi-
crobeads (1.6 µm in diameter) in lab conditions by the same species. Scherer et al. [40]
observed that G. pulex also ingested PS microbeads of varying sizes (1, 10, and 90 µm).
Furthermore, Hyalella azteca individuals were found to ingest MPs during 10-day exposures
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to PE particles (10–27 µm in diameter) and PP fibres (20 µm–75 µm in length and 20 µm
in diameter). Recent research by Iannilli et al. [8] demonstrated the ingestion of MPs by
Echinogammarus veneris in laboratory conditions when the organisms were exposed to
Spirodela polyrhiza plants contaminated with PE microparticles measuring approximately
50 µm.

The literature provides evidence that the ingestion of MPs can lead to adverse effects
on organisms, including digestive tube obstruction, reduced food intake, translocation,
physical irritation, and gill blockage [40]. However, it is worth noting that the effects of
MPs vary among species and depend on factors such as feeding patterns, anatomy, and
physiology. Therefore, it is crucial to evaluate the physiological effects, such as those
studied in this work, to understand the biological basis and mechanisms of interaction
between plastics and ecosystem parts.

The effects of MP ingestion detected in our work reveal interesting findings. Despite
the relatively low number of particles ingested (Table 1), there was a significant difference
in glucose and glycogen reserves between the 24 h and 48 h exposure periods for all
the polymers, except for PP, which elicited contrasting effects. The content normalised
based on animal weight is illustrated in Figure 4. Notably, a reduction in glucose and
glycogen concentrations was evident after the 24 h exposure compared to the negative
control. Statistical tests made it possible to compare the obtained values to those of the
negative control. The glucose content results were significantly reduced after 24 h for all
the polymers, except for PP. While a reduction was also observed after 48 h, it was only
statistically significant for PE. A similar trend was observed for glycogen, with a substantial
decrease in concentration after 24 h across all the samples analysed, which consistently
showed a statistical significance when compared to the untreated control.

These results are in accordance with the study by Kratina et al. [44], conducted on G.
pulex under laboratory conditions. They reported a decrease in metabolic rates following
24 h of exposure to PMMA spheres with a diameter of 40.2 µm. After 24 h, the respiration
rate significantly decreased as the concentration of MPs increased.

The results of our study demonstrate a consistent decrease in the concentrations of en-
ergy reserves after 24 h exposures. However, the observed effects became less pronounced
after 48 h, suggesting a possible adjustment of metabolism between 24 and 48 h following
the initial stress recorded. Interestingly, despite the overall increase in the number of
ingested MPs over time (Table 1), the physiological responses appear to have reached a
plateau. This mechanism was also observed by Shen et al. [45] for the marine amphipod
Allorchestes compressa, where exposure to copper, pyrene, and their mixtures for 24 and 48 h
resulted in changes primarily observed after 24 h, returning to control levels after 48 h.

All the polymers tested caused a decrease in lipid content after both 24 and 48 h, except
for PET. Statistical t-tests show that this reduction is significant only for some polymers.
Concerning the effects caused by PET, for which there was an increase in lipids at both
24 and 48 h, it has been observed that it may not have a detrimental impact on metabolism
in terms of lipid reserves. The same result was obtained by Weber et al. [46]. The authors,
who exposed individuals of G. pulex for 48 days to PET, did not observe a negative impact
on feeding activity or energy reserves (glycogen and lipids).

Other statistical tests were carried out to compare the values of the concentrations of
each energy reserve after 24 h to those at 48 h for each polymer. Significant differences
were found in the glucose and glycogen reserves between the 24 h and 48 h exposures,
except for PP, which showed contrasting effects. However, when examining the energy
reserves after each exposure, we can observe that in all cases, the reduction in concentration
is more evident after 24 h of exposure than after 48 h, except for lipids in PET exposures.
This observation supports the hypothesis of metabolic regulation occurring after the initial
24 h period.
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Figure 4. Evaluation of energetic molecule quantities in C. garbinii specimens exposed to microplastics.
For each sample, a box plot is used to represent the 25th and 75th percentiles, with the median
indicated by a horizontal line inside the box. The minimum and maximum values are depicted by
short horizontal lines. * Significantly different from control group (NT) (p of t-test < 0.05).

According to the literature, the ingestion of MPs can affect the health and energy
reserves of amphipods in multiple ways [47]. Firstly, MPs can occupy space in the digestive
apparatus of amphipods [48], preventing the digestion and absorption of essential nutrients,
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such as proteins and lipids. In this way, the intake of MPs can reduce the amount of energy
available to amphipods [49]. MPs may contain toxic compounds that can disrupt the
amphipods’ endocrine system [50], affecting hormone production and altering energy
metabolism, leading to a reduction in energy reserves. Additionally, the presence of
MPs in the gastrointestinal tract can cause physical and physiological stress, resulting
in irritation, inflammation [8], and the need for increased energy expenditure to repair
damaged tissues. Environmental stress caused by the presence of MPs can have a significant
impact on an organism’s energy balance, as it requires additional energy to recover and
maintain homeostasis. This can put a strain on the systems involved in energy acquisition,
conversion, and storage [51].

Although variable effects have been reported [29], MPs can also adversely affect
metabolic rates through impaired oxygen uptake or altered enzyme activity [52]. Ultimately,
changes in energy demand (metabolism) and energy supply (nutrition) have the potential
to modify community structure and ecosystem function [44].

It will be necessary to conduct additional experiments with longer exposure times
to evaluate the long-term effects of MPs. Previous studies have demonstrated significant
impacts on amphipods due to chronic exposure [30,43]. The survival and functioning
of an organism, as well as its adaptation and stress tolerance, are heavily influenced by
energy metabolism. Every organism has inherent limitations on the amount of energy
that can be acquired, metabolised, and stored. The allocation of these energy reserves is
important, as they play a crucial role in providing high energy demands during stress
exposure. Determining the bioenergetic dimensions of the stress response can be valuable
in predicting tolerance limits in realistic environmental scenarios when multiple stressors,
which are often variable, act simultaneously on an organism [51].

4. Conclusions

The results of this study provide clear evidence of the ingestion of the polymers
supplied through the tabs, thereby validating the effectiveness of this method of exposure.
The presence of the ingested polymers in the digestive tracts of the tested organisms
confirms that the tabs successfully delivered the MPs to the study subjects. This finding
supports the use of this exposure protocol for future studies investigating MP ingestion
under similar laboratory conditions.

Our findings provide evidence that exposure to MP particles can significantly affect the
energy reserves of C. garbinii (Talitridae). Ingestion of MPs can interfere with the absorption
of nutrients and energy from food, leading to a reduction in energy reserves.

Our results suggest that the lipid and glycogen stores of amphipods are particularly
vulnerable to chemical stressors, with potentially negative consequences for their survival
and reproductive success.

Overall, this study suggests that MPs and chemical pollutants can have similar toxic
effects on species’ energy reserves, ultimately affecting their population dynamics and
ecological roles. More research is needed to better understand the specific mechanisms by
which these pollutants disrupt energy metabolism and to develop effective strategies for
mitigating their impacts on freshwater ecosystems.

Our findings have important implications for the management and conservation of
lake ecosystems, as C. garbinii plays a critical role in the food chain and nutrient cycling.
Moreover, they highlight the urgent need for further research to identify the specific mech-
anisms by which toxic substances disrupt energy metabolism in this and other organisms,
as well as to develop effective strategies to mitigate and prevent their harmful effects.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/environments10070115/s1. Table S1: Size of the microplas-
tic particles used in DECOTABs. Figure S1: Images in bright-field (left) and fluorescence microscope
in green (middle-excitation wavelength at 450–490 nm and emission wavelength 515–565 nm) and
in blue (right excitation at 365 nm and 445 nm emission) after Nile red staining of the microplastics
from digestive tracts of Cryptorchestia garbinii.

https://www.mdpi.com/article/10.3390/environments10070115/s1
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