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Abstract

As environmental pollutants, microplastics and pesticides pose significant risks to soil ecosystems and public health. This paper explores how
these two types of contaminants interact within soil environments and the resulting ecotoxicological impacts. Microplastics, which are tiny plastic
particles originating from various sources, have become widespread in soils around the world. Pesticides, used to control agricultural pests, also
persist in soil environments. The interaction between microplastics and pesticides can influence each other's behavior and toxicity. This review
aims to delve into these interactions and their ultimate consequences for soil health, microbial communities and broader ecological systems.
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Introduction

Microplastics and pesticides are both pervasive contaminants in the
environment, particularly in soil. Microplastics, which are plastic particles
smaller than 5 millimeters, originate from the breakdown of larger plastic
items, such as packaging and synthetic fibers, as well as from direct sources
like plastic mulch used in agriculture. Pesticides, including herbicides,
insecticides and fungicides, are chemical compounds used to protect crops
from pests and diseases. These substances often persist in the soil long after
application. Both microplastics and pesticides individually pose risks to soil
health and ecosystem functions [1]. However, their combined effects are less
understood. This paper aims to explore how microplastics and pesticides
interact in soil, the implications for soil health and the potential risks to
ecological and human health.

Literature Review

Microplastics in soil

Microplastics are introduced into the soil through multiple pathways.
They can enter the soil from the application of sewage sludge, which often
contains plastic debris from wastewater treatment processes. Additionally, the
breakdown of larger plastic items, such as bags and containers, contributes to
microplastic pollution. The use of plastic mulch in agriculture also introduces
microplastics directly into the soil. Once in the soil, microplastics affect its
physical properties, such as texture and porosity. They can alter soil structure
by disrupting the formation of soil aggregates, leading to changes in water
infiltration and retention. This disruption can impact soil aeration and the ability
of roots to penetrate the soil, affecting plant growth and health. Microplastics
can also interact with soil microorganisms, influencing their distribution and
activity, which in turn affects soil fertility and nutrient cycling [2].

Pesticides in soil

Pesticides are chemical substances used to control pests and diseases
in crops. They include various types of chemicals such as herbicides, which
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target weeds; insecticides, which target insects; and fungicides, which target
fungal diseases. Pesticides are applied to crops through spraying or soil
incorporation and can persist in the soil for extended periods. Their persistence
depends on factors like soil type, pH and organic matter content. In the soil,
pesticides can affect microbial communities by altering the composition and
activity of soil microorganisms. This can lead to disruptions in nutrient cycling
and soil health. Pesticides may also leach into groundwater or be carried
away by surface runoff, leading to contamination of water sources [3]. The
mobility and persistence of pesticides in soil can result in long-term ecological
impacts, affecting not only soil organisms but also plants and animals that
depend on healthy soil ecosystems.

Interactions between microplastics and pesticides

Recent studies have begun to investigate how microplastics and
pesticides interact in soil environments. Microplastics can adsorb pesticides,
meaning that pesticides can attach to the surface of microplastic particles.
This adsorption can influence the behavior of pesticides, including their
mobility, availability and degradation. For example, microplastics can reduce
the rate at which pesticides degrade in the soil, leading to prolonged exposure
to these chemicals. This can increase the risk of pesticide accumulation and
toxicity [4]. Conversely, pesticides may alter the properties of microplastics,
such as their surface charge or chemical composition, potentially affecting
their interactions with soil and other contaminants. The combined presence of
microplastics and pesticides in soil can lead to complex interactions that are
not fully understood. These interactions can amplify the individual effects of
each contaminant, leading to enhanced toxicity and environmental risk.

Discussion

Effects on soil health

The interaction between microplastics and pesticides can significantly
impact soil health. Microplastics can change soil properties, such as texture
and water retention, which can affect plant growth and soil fertility. When
pesticides are present, their effects can be exacerbated by the presence
of microplastics. For example, microplastics can alter the movement and
distribution of pesticides, leading to higher concentrations of these chemicals
in certain areas of the soil. This can result in increased toxicity to plants and
soil organisms. Additionally, microplastics can impact soil microorganisms,
which are essential for nutrient cycling and soil health. Changes in microbial
communities due to the presence of microplastics and pesticides can disrupt
soil functions and reduce soil fertility.

Impact on soil microorganisms

Soil microorganisms, including bacteria, fungi and protozoa, play a crucial
role in maintaining soil health and supporting plant growth. Microplastics
and pesticides can both individually affect these microorganisms, but their
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combined effects are less understood. Microplastics can serve as carriers for
pesticides, introducing these chemicals to microorganisms that may otherwise
be less exposed. This can lead to changes in microbial community structure
and function, potentially reducing biodiversity and impairing ecosystem
processes. Pesticides can also affect microorganisms directly, disrupting their
growth and activity [5]. The combined presence of microplastics and pesticides
in soil can therefore lead to compounded effects on microbial communities,
which can have cascading impacts on soil health and ecosystem functions.

Ecotoxicological consequences

The ecotoxicological consequences of the interaction between
microplastics and pesticides are complex and multifaceted. Microplastics
can act as vectors for pesticides, increasing the exposure of soil-dwelling
organisms to these chemicals. Organisms that ingest soil particles may ingest
microplastics with adsorbed pesticides, leading to higher exposure levels
and potential toxicity. The combined effects of microplastics and pesticides
can alter the release and bioavailability of these contaminants, leading to
enhanced toxicity and persistence in the environment. This can affect a wide
range of soil organisms, including insects, worms and plants, potentially
leading to reduced biodiversity and disrupted ecosystem functions.

Human health implications

The interaction between microplastics and pesticides in soil also has
potential implications for human health. Contaminated soil can affect the
safety of food crops, leading to potential exposure through the food chain.
Microplastics and pesticides can be taken up by plants and accumulate in
edible parts, posing risks to human consumers. Additionally, contaminants
from soil can leach into groundwater, affecting drinking water quality. The
combined effects of microplastics and pesticides on human health are
a growing concern, particularly regarding their potential to contribute to
chronic health conditions. Understanding these risks is crucial for developing
strategies to mitigate exposure and protect public health [6].

Conclusion

The interaction between microplastics and pesticides in soil represents a
significant environmental and health challenge. Both contaminants individually
pose risks to soil health and ecological systems, but their combined effects
can be more complex and potentially more severe. Microplastics can influence
the behavior and toxicity of pesticides, leading to enhanced environmental
risks. The impacts on soil health, microbial communities and human health
underscore the need for further research to understand these interactions and
develop effective mitigation strategies. Addressing the challenges posed by
microplastics and pesticides is essential for protecting soil ecosystems and
ensuring sustainable agricultural practices. Future research should focus on
elucidating the mechanisms of interaction, assessing the combined effects on
soil health and ecosystems and evaluating potential strategies for reducing
the impact of these contaminants.

Conflict of Interest

None.

References

1. Sunta, Urska, Franja Prosenc, Polonca Trebse and Tjasa Griessler Bulc, et al.
"Adsorption of acetamiprid, chlorantraniliprole and flubendiamide on different type
of microplastics present in alluvial soil." Chemosphere 261 (2020): 127762.

2. Hernandez-Arenas, Ricardo, Ana Beltrdn-Sanahuja, Paula Navarro-Quirant and
Carlos Sanz-Lazaro. "The effect of sewage sludge containing microplastics on
growth and fruit development of tomato plants." Environ Pollut 268 (2021): 115779.

3. Tagg, Alexander S., Elke Brandes, Franziska Fischer and Dieter Fischer, et
al. "Agricultural application of microplastic-rich sewage sludge leads to further
uncontrolled contamination." Sci Total Environ 806 (2022): 150611.

4. Schell, Theresa, Rachel Hurley, Nina T. Buenaventura and Pedro V. Mauri, et al.
"Fate of microplastics in agricultural soils amended with sewage sludge: Is surface
water runoff a relevant environmental pathway?" Environ Pollut 293 (2022): 118520.

5. Gui, Jiaxi, Yue Sun, Jingli Wang and Xu Chen, et al. "Microplastics in composting
of rural domestic waste: abundance, characteristics and release from the surface
of macroplastics." Environ Pollut 274 (2021): 116553.

6. Tourinho, Paula S., Vladimir Ko¢i, Susana Loureiro and Cornelis AM van Gestel.
"Partitioning of chemical contaminants to microplastics: Sorption mechanisms,
environmental distribution and effects on toxicity and bioaccumulation." Environ
Pollut 252 (2019): 1246-1256.

Acknowledgement

None.

Page 2 of 2

How to cite this article: Mosa, Mohamed A. “The Interaction between
Microplastics and Pesticides in Soil and its Ecotoxicological Consequences.” J

Environ Anal Toxicol 14 (2024): 782.



https://www.sciencedirect.com/science/article/pii/S0045653520319573
https://www.sciencedirect.com/science/article/pii/S0045653520319573
https://www.sciencedirect.com/science/article/pii/S026974912036468X
https://www.sciencedirect.com/science/article/pii/S026974912036468X
https://www.sciencedirect.com/science/article/pii/S0048969721056898
https://www.sciencedirect.com/science/article/pii/S0048969721056898
https://www.sciencedirect.com/science/article/pii/S0269749121021023
https://www.sciencedirect.com/science/article/pii/S0269749121021023
https://www.sciencedirect.com/science/article/pii/S0269749121001317
https://www.sciencedirect.com/science/article/pii/S0269749121001317
https://www.sciencedirect.com/science/article/pii/S0269749121001317
https://www.sciencedirect.com/science/article/pii/S0269749118356744
https://www.sciencedirect.com/science/article/pii/S0269749118356744

