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Abstract

World production of convenient and durable materials made of synthetic plastics during the last 70
years caused the dispersal of microplastic particles in the environment. Microplastic pollution is the
focus of interest worldwide due to its global distribution and adverse effects on living organisms. The
largest number of studies addressing this issue explored the aquatic environment, yet terrestrial eco-
systems also suffer from microplastic pollution. Insects are crucial for most terrestrial ecosystems.
Few can compete with them in biomass productivity and species diversity, which makes them targets
for studying the toxic bioaccumulation. This review article presents a systematic analysis of data on
bioaccumulation, degradation of microplastics by aquatic and terrestrial entomofauna, and its eco-
toxicological effects.
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Introduction

Intensive production and widespread use of synthetic plastics began in the 1950s
(Barnes et al. 2009). However, global practices extensively used for disposal of plas-
tic products are not perfect. According to 2015 data, 6,300 million tons of plastics
have been produced since the middle of the twentieth century, of which only 9%
have been recycled (Geyer et al. 2017).

The largest market share includes low-cost thermoplastic polymers, which con-
tain high/low density polyethylene terephthalate and polyethylene, and linear low-
density polyethylene (High density and low pressure polyethylene, high density
polyethylene (low density) and linear low density polyethylene), polyvinyl chloride,
polypropylene and polystyrene (Chamas et al. 2020). Microplastics are synthetic
polymer particles less than 5 mm in size along the longest axis (Bergmann et al.
2015). At present, microplastic pollution poses a serious global environmental
threat. Microparticles of artificial polymers have been encountered in a wide variety
of environments such as marine and freshwater ecosystems, the atmosphere, agro-
ecosystems, natural soils, food, and drinking water (Kumar et al. 2020; Nizzetto et
al. 2016).

Plastic is ubiquitous, and it makes an impact on the biosphere. Unlike other
well-studied ecosystems, such as marine and freshwater bodies, microplastics in
terrestrial systems have been studied insufficiently. Yet, the amount of microplastics
in terrestrial ecosystems can 4-23 fold exceed that in the ocean (Horton et al. 2017;
Nizzetto et al. 2016).

Microplastics are pollutants that persist in the environment for centuries and
can interact with the abiotic environment in a complex manner, directly or indi-
rectly affect living organisms, and interact with other pollutants, facilitating their
transport (Baho et al. 2021; Teuten et al. 2009).

Microplastics are a heterogeneous type of pollutant that exhibits a wide range of
properties, such as the polymer type and, hence, its density, particle size, shape, and
color. Plastic microparticles alter physical and chemical properties of soil and affect
the soil fauna (Baho et al. 2021; Boots et al. 2019). They can easily enter the body
of living organisms (Slootmaekers et al. 2019; Kumar et al. 2020; Rillig et al. 2017).
The absorption of microplastics by organisms may be not fatal, but it can cause
chronical effects, for example, reduced food intake that causes starvation, develop-
mental disorders and behavioral changes, and long-term toxicological effects (He et
al. 2020; Bartkova et al. 2021; Cappello et al. 2021; Weber et al. 2020). In addition,
microplastics can be a substrate for unwanted microorganisms, like antibiotic-re-
sistant bacteria (Bartkova et al. 2021). This causes concern as it can have an adverse
effect on ecosystem biodiversity and its functioning (Rilig and Lehmann 2020; Reid
et al. 2019).

Insects are a good object to study the dispersal of plastic pollution. Insects are
crucial for most aquatic and terrestrial ecosystems. Few can compete with them in
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biomass productivity and species diversity, which makes them targets for studying
the bioaccumulation of toxic substances (Miguel Oliveira et al. 2019).

The aim of this review was to perform a systematic analysis of data reported on
bioaccumulation and degradation of microplastics by insects in aquatic and ter-
restrial ecosystems and their ecotoxicological effects. We analyzed modern literary
and information sources addressing the study of pollution of terrestrial ecosystems
and bioaccumulation of microplastics by insects, which can cause environmental

and physiological effects.

Result

Overview of bioaccumulation and ecotoxicology of microplastics

Microplastics differ from other pollutants. Many of the adverse physiological effects
caused by microplastics apparently depend on their physical parameters such as
particle shape and size. In model experiments, plastic pollution often shows a suble-
thal or even small positive effect (Simakova et al. 2022; Al-Jaibachi et al. 2018). The
indirect impact of microplastics on soil fauna entails primarily changes in soil prop-
erties. Plastic inclusions affect the soil structure, granulometric composition, gas
and liquid content, and the activity of microbial communities (Rilig and Lehmann
2020).

Apart from changes in soil properties, after ingestion, microplastics can have a
variety of effects on organisms exposed to them. The adverse effects can be classified
as physical effects (caused by the particle shape, size or concentration) and chemi-
cal effects (caused by chemical additives coming from the plastic or absorbed along
with microplastics from the environment). Chemical additives, such as phthalates
and bisphenol A, are added to plastic products during manufacturing to impart
color and transparency to the plastic material, and to raise its resistance to abi-
otic and biotic factors (Hahladakis et al. 2018). Phthalate molecules are not bound
chemically to plastics, but interact physically via van der Waals forces; therefore,
they can easily diffuse into the environment through air, water, or soil (Henkel et al.
2019). Plastic microparticles exhibit hydrophobic properties, and their surface can
also adsorb and accumulate hydrophobic organic pollutants, such as organochlo-
rine pesticides or polycyclic aromatic hydrocarbons (Fudlosid et al. 2022; Sun et al.
2021). Some studies report the adsorption of heavy metals (cadmium, zinc, nickel,
lead) on the microplastic surface, which is facilitated by the formation of biofilms
(Kirstein et al. 2016; Teuten et al. 2009). There are also data indicating the impact of
microplastics on hormonal and reproductive functions of arthropods. In particular,
microplastics release chemicals that exhibit hormone-like properties, for example,
act like estrogen, thus causing endocrine disrupting eftects (Yang et al. 2011).



552 Mark Lee etal. / Acta Biologica Sibirica 9: 549-564 (2023)

Interaction of terrestrial insects and microplastics

Currently, researchers lack knowledge of whether and to what extent microplas-
tics affect terrestrial animals. Recent studies have shown various adverse effects of
microplastics on patterns of feeding, growth, reproduction and behavior of insects
(Miguel Oliveira et al. 2019; Boots et al. 2019; Kumar et al. 2020; He et al. 2020;
Cappello et al. 2021).

Microplastics can be easily dispersed in soil layers by invertebrates, such as ter-
mites, ants, and earthworms (Rillig et al. 2017; Miguel Oliveira et al. 2019). Inverte-
brates promote the transport of organic and inorganic materials within and between
soil systems. In the plastic-contaminated environment, insects and worms moving
in the thickness of soil horizons enhance the dispersal of microplastic particles and
synthetic fibers through active transfer of soil and litter between habitats (Anderson
1998).

The effect of microplastics on vital processes has been best studied in model
experiments on several species of terrestrial insects: flies Drosophila melanogaster
Meigen, 1830, Hermetia illucens (Linnaeus, 1758); bees Apis mellifera Linnaeus,
1758; crickets Gryllodes sigillatus (Walker, 1869) (Table 1).

Table 1. Effects of microplastics on terrestrial and aquatic insects of different species
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2001
Apis mellifera ND NO ND ND ND YES ND NO Buteleretal. 2022;
Liebezeit and
Liebezeit 2013,
2015
Hermetia illucens  +/- + +/- ND ND ND ND ND Choetal 2020
Gryllodes - + - ND ND ND ND ND Fudlosid et al.
sigillatus 2022

Tenebrio molitor  NO NO NO YES ND NO ND NO Yangetal 2015b;
Peng et al. 2019

Plodia NO NO NO YES ND NO ND NO Yangetal 2014,

interpunctella 2015a

Culex pipiens NO NO NO ND YES YES YES NO  Al-Jaibachi et al.
2018, 2019

Aedes aegypti + NO + ND  YES YES YES NO Simakova etal.

2022
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equinum
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riparius
Note: «+» — positive effects, «—» — adverse effects, +/- — can be positive or negative depending on the

microplastic type, «NO» — no effect, «ND» — no data, «YES» — the effect is observed.
Effect of microplastics on the viability of terrestrial insects

The study conducted on Drosophila melanogaster revealed a significant effect of mi-
croplastics on adult survival. The diet was supplemented with 2-pum polystyrene par-
ticles at different concentrations (0.005, 0.05, 0.5 pg/ml). Drosophila males showed
a great sensitivity to polystyrene intake through food. At microplastics concentra-
tion of 0.5 ug per 1 ml of food, all males in the group died within 14 days, while
some females survived up to 20 days. In addition to a longer lifespan, individuals
grown on ‘clean’ food were found to be more resistant to starvation. Histological
analysis of the middle intestine sections of flies showed a negative microplastics ef-
fect at the cellular level. High concentrations of microplastics caused necrosis and
apoptosis of intestinal epithelial cells (Kholy and Naggar 2022).

A number of experiments were performed on honey bees Apis mellifera to ana-
lyze the effects of microfibers added to the diet. Polyester fibers, a polyethylene tere-
phthalate-based textile, with an average size of 0.42 mm were added to the sucrose
solution at a concentration of 100 mg per liter of food. All individuals remained
viable 24 and 48 hours after feeding. Subsequently, the intestinal tract of 80 worker
bees was examined for the presence of microplastics. The average fiber content was
1.27 £ 1.5 fibers per individual. No negative effects on bees were found, but the
authors assume that the effects of long-term exposure can be more distinct (Buteler
et al. 2022).

The effect of microplastics on the survival of insects was also studied on larvae
of the black soldier fly Hermetia illucens (Cho et al. 2020). Fly larvae were grown in
a substrate with different supplements, including 400-500 um polystyrene micro-
spheres, 400-500 pm polyethylene microspheres, and NaCl salt. Microplastics were
added in the amount of 5, 10, and 20% of the total weight of the food substrate. The
survival rate of individuals grown on polystyrene was 5% lower compared to the
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control on day 20 and on day 24 of the experiment. The presence of polyethylene
microparticles in the substrate did not significantly affect the larvae mortality (Cho
et al. 2020). Thus, the effects of different polymers on insect survival are different.

Food selectivity

Some insects, including Drosophila melanogaster, show the ability to detect plastics
in food. Polystyrene microspheres 2 um in size were added to the diet at different
concentrations (0.005, 0.05, 0.5 pg/mL). The flies were given plastic-contaminated
food and ‘clean’ food (without microplastics). Regardless of particle concentration,
flies more often chose microplastic-free food. Only 7% of males chose food with
the highest microplastic concentration, while females avoided plastic-contaminated
food (Kholy and Naggar 2022).

In (Buteler et al. 2022), bee sensitivity to microplastic contamination of the
food substrate was experimentally studied. Apis mellifera bees were given two su-
crose solution feeders, one of which was supplemented with polyester microfibers
(polyethylene terephthalate-based textiles). However, the bees did not show distinct
avoidance or preference (Buteler et al. 2022).

Effect of microplastics on the growth, development and physiology of terrestrial
insects

Few works focus on the impact of microplastics on the growth, development and
physiological processes of terrestrial insects despite their high significance, as com-
pared to that studied on other living organisms.

Gryllodes sigillatus crickets grown on food supplemented with certain micro-
plastics exhibited significantly lower adult body weight compared to control indi-
viduals fed ‘clean’ food. The study used two types of microplastics. The first type was
fluorescent polyethylene microspheres, polymers commonly used in the produc-
tion of plastic materials. The polyethylene microsphere diameter was 90-106 pm.
Fluorescence facilitated tracking of ingestion of the microspheres during the experi-
ment. The second type used was polyethylene terephthalate-based synthetic textiles.
The fabric was scissored into small pieces and mixed to mimic microfiber waste
from tumble dryers and washing machines. The polyethylene terephthalate-based
fibers were 12.7 + 0.01 um thick and 743.9 + 59.3 um long. The amount of micro-
plastics in food varied in different groups. The crickets were divided into 4 groups
of 24 individuals each. The amount of microplastics in food attained 2.5%, 5% and
10% of the dry weight of food. The control group was given microplastic-free food.
Changes in the body weight and volume were recorded weekly. By the end of the
experiment, 40 males and 39 females survived (out of 96 individuals with the sex
ratio of 1:1). Ingestion of polyethylene microspheres did not significantly affect the
growth of both males and females. Thus, polyethylene microspheres did not have an
impact on the growth parameters of crickets compared to polyethylene terephtha-
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late fibers. Females grown on food with more than 1% of polyethylene terephthalate
exhibited visual differences from the control group. Individuals from the control
group were superior to the experimental group in all parameters (chest length, ab-
domen length, head width and chest width). It was assumed that the shape and the
type of microplastic polymer are important in laboratory experiments on physi-
ological effects. The experimental results also suggested that insects can consume
more food to compensate for the reduced nutrient content (Fudlosid et al. 2022).

The effect of microplastics on the weight of adults was studied on larvae of
the black soldier fly Hermetia illucens. The total weight of the fly larvae grown on
food waste containing polystyrene powder microparticles 400-500 pm in diameter
(shape not specified) exceeded that of the fly larvae in the control group on day 20
and on day 24. The weight of flies grown on food waste containing polyethylene
(400-500 pm) was lower than that of flies in the control on day 6. The pupation rate
increased and the substrate consumption decreased with increasing polyethylene
concentration. Regardless of the plastic type, addition of NaCl decreased the larval
weight and the pupation rate (Cho et al. 2020). Thus, the microplastic type has an
effect on the growth and development of terrestrial insects.

The 2009 study by Jorg Elmann et al. (Oehlmann et al. 2009) showed that
phthalates and bisphenol A affect the reproductive function of all the animal groups
studied, including amphibians, fish, molluscs, and insects. The above substances
disrupt the development of crustaceans and amphibians and cause genetic aberra-
tions. Biological effects were observed when the microplastics content in the me-
dium varied from a nanogram to microgram per liter (Oehlmann et al. 2009). The
experiment on the tumor cell line BII (1[2]mbn) in Drosophila melanogaster (bred
to study ecdysteroid-specific reactions) (Clement et al. 1993) showed that bisphe-
nol A and diethyl phthalates act as antagonists of ecdysteroid receptor at medium
concentration (EC50) of 1.0x10™* m and (EC50) of 2.0x10* m, respectively (Dinan
et al. 2001).

Microplastics in products produced by insects

Plastic is actively used in all branches of human activity, and its particles are now
ubiquitous across the planet. Bioaccumulation is manifested not only in the accu-
mulation of microplastics in the bodies of animals, but also in the products of their
vital activity (Liebezeit and Liebezeit 2013, 2015). Since 2013, plastic particles and
fibers have been detected in the honey we eat. A total of 19 honey samples from
Germany, France, Mexico and Spain were analyzed. As a result, a large number of
microfibers (from 40 to 660 fibers per kg of honey) and plastic microfragments (up
to 38 fragments per kg) were detected (Liebezeit and Liebezeit 2013).

In 2015, the analysis of 47 honey samples from different countries in Europe
and Latin America showed similar results. The microplastic content in the samples
ranged from 10 to 336 fibers and from 2 to 82 fragments. The fiber length varied
from 40 pm to several mm, and the fragment size attained several tenths of um
(Figure 1) (Liebezeit and Liebezeit 2015).
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Figure 1. Scheme illustrating the interaction of microplastics and terrestrial and aquatic
insects.

Terrestrial insects as plastic-degrading agents

Interestingly, some insects feature the ability to recycle plastic. There is evidence
that beetles Tenebrio molitor Linnaeus, 1758 are able to chew and swallow fragments
of plastic packaging, including polyvinyl chloride, polyethylene, and polypropylene
films (Yang et al. 2015b; Peng et al. 2019). The authors showed that foamed poly-
styrene is effectively decomposed in the intestines of darkling beetle larvae within
a short time period (less than a day). The larvae that were grown on EPS were able
to survive for one month, and their development was similar to those whose diet
consisted of bran. The methods of gel permeation chromatography, nuclear mag-
netic resonance spectroscopy, and thermogravimetric infrared Fourier transformed
spectroscopy revealed that long-chain polystyrene molecules are cleaved, and depo-
lymerized metabolites are formed in the intestine of larvae. Within 16 days, 47.7%
of the ingested polystyrene carbon was converted to CO2, and the remainder was
excreted as faeces. Labeled carbon atoms in the polystyrene composition were de-
tected in larval biomolecules, namely, in lipids. Rapid biodegradation of polystyrene
in the intestines of T. molitor larvae can be promising for development of new bio-
technologies for plastic waste utilization (Figure 1) (Yang et al. 2015b).

In addition to beetles, butterflies exhibit the ability to digest plastic. Larvae of
the barn moth Plodia interpunctella Hiibner, 1813 were found to digest polyethyl-
ene. The intestinal microflora of the larvae was analyzed, and two strains of bacteria
(Enterobacter asburiae YT1 and Bacillus sp.YP1), which enzymes were involved in
digestion, were isolated (Yang et al. 2014, 2015b). After 28 days of the strain incu-
bation, viable biofilms were formed on the polyethylene surface, and hydropho-
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bicity of the polyethylene material decreased. Scanning electron microscopy and
atomic force microscopy showed damages 0.3-0.4 pm deep on the film surface. The
formation of carbonyl groups was confirmed by X-ray photoelectron spectroscopy
and microscopy combined with infrared Fourier (FTIR) spectroscopy. Suspension
cultures of strains YT1 and YP1 (108 cells/ml) are able to degrade approximately
6.1 + 0.3% and 10.7 = 0.2% (by weight) of polyethylene films during 60 days of
incubation. A total of 12 water-soluble polyethylene biodegradation products were
isolated. The results showed the presence of plastic-degrading bacteria in the in-
testines of Lepidoptera larvae and provided evidence for plastic biodegradation in
the environment (Figure 1) (Yang et al. 2014). Further studies included a genomic
analysis of bacterial strains to confirm that polyethylene is the only source of carbon
for YPI strain (Yang et al. 2015a).

Interaction of microplastics and aquatic insects

The effect of microplastics on aquatic insects was studied on cultures of the genera
Aedes Meigen, 1818, Culex Meigen, 1818, and Chironomus Meigen, 1803, and on
natural populations of larvae of dragonfly Pantala Hagen, 1861, and midge Simu-
lium Latreille, 1802 (Table 1).

Bioaccumulation of microplastics in aquatic insects

Ontogenetic transfer of microplastics by aquatic insects

Experimental studies have shown that fluorescent polystyrene microspheres found
in the aquatic habitat of larvae of mosquitoes Culex pipiens Linnaeus, 1758, do not
significantly affect their weight and mortality. The larvae exhibited normal develop-
ment in the medium at microplastic concentrations of 0, 50, 100, and 200 particles
per 1 ml. The particle diameter was 2 and 15 pm. The intensity of microplastic ab-
sorption directly depended on the particle concentration and size. Microplastics
were transferred from larva to pupae and adult mosquitoes. A significant transfer
was recorded for 2-um microspheres. Microspheres of 15 um were found sporadi-
cally in adults. The amount of accumulated microplastics decreased with each tran-
sition from one stage to the next one (larvae > pupae > adults). The concentration
of polystyrene microspheres in larvae was 3,000-4,000 particles per larva; in pu-
pae, this value almost halved and attained 1,000-1,600 particles. In adults, however,
no more than 50 particles were found. Thus, the greatest microplastic losses were
recorded during the pupa-to-imago transition (Figure 1) (Al-Jaibachi et al. 2018,
2019).

In addition to mosquitoes of the genus Culex, a similar study was carried out for
blood-sucking mosquitoes Aedes aegypti (Linnaeus, 1762) (Simakova et al. 2022).
The study confirmed the transfer of microplastics from the aquatic larval stage to
the ground-air adult stage. The experiment employed 2-um fluorescent polystyrene
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microspheres. Mosquito larvae were kept in the aqueous medium at a concentra-
tion of 8.0 x 106 microplastic particles per ml. The concentration of microplastic
particles in the medium was measured before and after the experiment. The results
showed a 2.4-fold decrease in the content of microplastic particles in the medium,
which indicated their active absorption by larvae. On average, 7.30 x 106 particles
were detected in one larva after 3-day cultivation, which is much higher than the
microplastic content in individuals at subsequent stages (on average, 15.8 particles
per pupa and 10.9 particles per adult). This critically differs from the microplastic
content in mosquitoes of the genus Culex, where the greatest losses occurred during
the pupa-to-adult transition. The medium supplemented with a high microplastic
content did not have a significant effect on the survival of Ae. aegypti. Mosquitoes
that consume plastic in aquatic ecosystems are likely to transport particles to ter-
restrial food chains (Figure 1) (Simakova et al. 2022).

Study of microplastic bioaccumulation in natural populations of aquatic insects

A total of 95 microplastic particles 400-500 pm in size were found in the intestines
of 180 dragonfly larvae of the genus Pantala (species not indicated) from the cen-
tral regions of Thailand. Chemical analysis performed using FT-IR spectroscopy
revealed three different polymers, including polymethyl methacrylate, polyethylene
terephthalate, and polypropylene (Figure 1) (Maneechan and Prommi 2022).

A similar study was carried out for larvae of Simulium equinum (Linnaeus,
1758) and Simulium ornatum (Meigen, 1818) from central Italy. The specimens
were examined for small microplastic particles (<100 um along the maximum axis)
and synthetic fibers. Representatives of S. ornatum contained more diverse micro-
plastics, which may be associated with many factors, including species habitat and
biology. Nylon-6 (kapron) was most numerous and its number attained 327 + 14
particles per larva. The largest number of microplastic particles per individual was
found in S. ornatum larvae from the Minyon River, and it equaled 1,565+56 par-
ticles per larva, which is 4 fold more than that in S. equinum inhabiting this river
(442430 particles per larva). In larvae from the Treya River, the number of micro-
plastic particles was significantly lower (358+27 in S. ornatum and 423+29 in §.
equinum). Different number of microplastic particles in different habitats may be
associated with the activities of industrial enterprises located nearby (Corami et al.
2022).

Effect of microplastics on the growth and development of aquatic insects

Microplastic ingestion by insects can trigger special physiological mechanisms.
Thus, ingestion of polyethylene particles by larvae of the mosquito Chironomus ri-
parius (Meigen, 1804) activates the phenol oxidase system (Silva et al. 2021). This
enzymatic system is responsible for the innate immune response to a parasite or
pathogen. The phenol oxidase and total system (phenol oxidase in combination
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with prophenol oxidase) was studied. Polyethylene particles 32-63 pm in size were
used in the experiment. A total of 5 and 20 g of polyethylene were added per kg
of food for Chironomus riparius larvae increased the activity of the main phenol
oxidase system by 26 and 29%, respectively, and the activity of the total system in-
creased by 48% in both cases. The authors suggest that this is caused by the damage
to the epithelial cells of the intestinal lumen (Silva et al. 2021).

The sublethal effect of dioctyl phthalate was also recorded. The presence of this
plasticizer in water at a concentration of 0.3 ug/l increased the body volume of C.
riparius females at the larval stage. In addition, its concentration of 0.5 pg 1-1 in-
creased the expression of heat shock protein and hemoglobin genes in larvae of the
mosquito C. tentans Meigen, 1803 (Lee et al. 2006).

Unlike chironomids, microplastics do not have a significant effect on the devel-
opment of mosquitoes Cx. pipiens. When polystyrene microspheres 2 and 15 um in
size contained in the medium at concentrations of 0, 50, 100, and 200 particles per
1 ml were absorbed by the larvae, the weight of the developed adults did not signifi-
cantly differ from that in the control group (Al-Jaibachi et al. 2018, 2019).

Physiological effects of mosquitoes Ae. aegypti exposed to polystyrene micro-
spheres were different. Mosquito larvae that developed in an aquatic medium with
polystyrene particles at a concentration of 8.0 x 106 per ml were bigger than those
from the control group. They also exhibited a more active feeding behavior (Sima-
kova et al. 2022). The average weight of larvae that developed in the artificially pol-
luted medium significantly exceeded (p<0.01) that of those from the control group
at all stages of the life cycle. The most apparent differences were recorded at the pu-
pal stage (1.60 mg in the control group and 2.30 mg in the experimental group). The
authors suggest that larvae readily consume microplastics, but it does not provide
nutrition. As a result, the larvae feeds more actively in order to prepare for meta-
morphosis (Simakova et al. 2022). Thus, microplastics affect the feeding behavior
of insects.

Conclusion

In recent years, distribution and ecotoxicology of microplastics have been studied
intensively; however, the data obtained are insufficient to understand the effect of
this pollutant and the terrestrial environment with its inhabitants. Most of the re-
cent studies investigate the marine environment and less often fresh water, terres-
trial biotopes being poorly studied. The study of fresh water and its inhabitants is
of relevance since plastic pollutants are ubiquitous in rivers and lakes (Frank et al.
2022). The focus of our interest is on the terrestrial and aquatic-terrestrial ecosys-
tems. According to some estimates, only agricultural soils can accumulate more
microplastics than ocean basins (Baho et al. 2021), including natural biocenoses.
Due to their ubiquitous distribution in most ecosystems, insects are highly exposed
to microplastic pollution.
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A number of papers have been published recently on the effect of microplas-
tics on various animal species, including insects. However, further studies on the
mechanisms and cause-effect relationship are needed, since the available data show
that different species respond differently to microplastic pollution. Among all the
incredible taxonomic diversity of insects, only several species have been investi-
gated. A great number of studies is devoted to aquatic insects. Mosquitoes are of
interest due to their ability to transport microplastics from the aquatic to terrestrial
environment, contributing to pollution spread. Another topic of interest is the study
of potential plastic-degrading agents. These include some representatives of beetles
and Lepidoptera. The darkling beetle larvae are able to survive on plastic alone,
and it does not affect their development. However, microplastics found in the envi-
ronment or in food have an adverse effect on all animals. Bisphenol A and diethyl
phthalates exhibit ecdysteroid antagonist activity in Drosophila cells. Polystyrene in
food of fruit flies significantly shortens their lifespan. In the plastic-contaminated
environment, the survival rate of Hermetia illucens larvae was found to reduce. The
effect of polyethylene terephthalate on crickets was also studied. Individuals that fed
on contaminated food during development were much smaller compared to those
from the control group. Similar results were observed for Hermetia illucens fed on
the food substrate supplemented with polyethylene. The ingestion of polyethylene
by Chironomus larvae activates the phenol oxidase system. The addition of dioctyl
phthalate caused the expression of heat shock genes in C. tentans.

A number of insects were able to distinguish contaminated food from ‘clean’
food. For example, most fruit flies chose plastic-free food. Some insects were not
significantly affected by microplastics during the experiments. Polyester fibers add-
ed to food for bees did not have a considerable effect on their vital activity. Aedes
and Culex mosquitoes were completely resistant to microplastics (polystyrene) ex-
posure. Aedes larvae exhibited a large body weight in the environment with plenty
of polystyrene microspheres. Similar results were observed for Chironomus females
in dioctyl phthalate-containing water.

In addition to assessment of the microplastic effect on insects, quantification
of plastic pollution in natural environment is of relevance. Studies into this issue
included larvae of dragonfly Pantala and midge Simulium. A significant amount
of microplastics was detected in both species. It should be noted that microplastics
were found in honeybee products.

It has now been established that some insect species are able to digest micro-
plastic (Yang et al. 2014, 2015b, 2015b), while others exhibit developmental abnor-
malities (Fudlosid et al. 2022; Kholy and Naggar 2022; Silva et al. 2021). Some rep-
resentatives of Insecta were resistant to the microplastic pollution and were able
to transfer microplastics between different habitats (Al-Jaibachi et al. 2018, 2019;
Simakova et al. 2022). The effect of microplastic pollution on the life processes of
most large taxa of insects is poorly understood. Yet, the obtained data show that this
effect largely depends on the particle shape and size, and the polymer type (Fudlosid
et al. 2022).
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Plastic pollution is a global problem and requires further study. More data are
needed for different regions with different climatic conditions. In addition, the effect
of microplastics or plastic accumulation is still studied poorly for a huge number of
large taxa of insects. In addition, the search for promising candidates as plastic-
degrading agents is topical.
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