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Chapter 13
Restoration of Micro-/Nano plastics: 
Contaminated Soil by Phytoremediation

Yeddanapalli Prathima, Donthamalla Venkatanarasaiah, Dandu Akhil, 
and Rami Reddy Pallerla

Abstract This chapter gives an overview of an environmental remediation technol-
ogy, including its principles, applicability, utilization, and advantages/disadvan-
tages. This report is reported for information view only. Information used in this 
was collected from periodicals, through web searches, and in some cases, personal 
communications with the involved party. Microplastics are small pieces of plastic 
found in the environment and are harmful to animals. I wondered if microplastics 
could affect plants as well. The objective of this project was to determine if plants 
could absorb microplastics through their roots. Phytoremediation uses plants to 
clean up contaminated soil and underground water, taking advantage of plants’ nat-
ural ability to take up constituents of their soil and water environments. Major 
advantages of this as compared to traditional methods of remediation, which has the 
possibility of generating less secondary wastes, minimal associated environmental 
disturbances and possibility of contaminant entrance into the food chain through 
consumption of plants by animals.

Keywords Phytoremediation · Nano-/microplastics · Methods · Applicability

13.1  Introduction

Phytoremediation is a special application of bioremediation. It is a natural biologi-
cal process of degradation of xenobiotic and recalcitrant compounds responsible 
for environmental pollution (Cunningham et al., 1996). The word phyto stands for 
“plant” hence the remediation mediated by plant system. Environmental restoration 
is a phenomenon required to keep the ecosystem intact or enhance the rejuvenation 
of impaired environmental media; soil, water, and air (Wikipedia). Various methods 

Y. Prathima 
St Anna’s High School, Guntur, Andhra Pradesh, India 

D. Venkatanarasaiah · D. Akhil · R. R. Pallerla (*) 
Indian Immunologicals Limited, Hyderabad, Telangana, India

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
N. R. Maddela et al. (eds.), Micro and Nanoplastics in Soil, 
https://doi.org/10.1007/978-3-031-21195-9_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-21195-9_13&domain=pdf
https://doi.org/10.1007/978-3-031-21195-9_13#DOI


296

of remediation exist, yet restoring the environment to the proximal or original state 
appears elusive to most methods. Interestingly, phytoremediation, which is a bio-
logical process, does not only restore the environment in a greener way but can also 
adopt diverse mechanisms such as phytoextraction, phytodegradation, rhizodegra-
dation, phytostabilization, and phytovolatilization to achieve the desired out-
come (Tanee & Akonye, 2009; Tessier et al., 1979; Cunningham & Ow, 1996). The 
chapter also unlined the merits and a few demerits of this principle, while the iden-
tification of sustainable plants and the mitigation of time constraints were the future 
directions mentioned for the projection of phytoremediation as the ideal approach 
for the restoration of the environment EPA (2000). Phytoremediation is proposed as 
a cost-effective plant-based approach of environmental remediation that takes 
advantage of the ability of plants to concentrate elements and compounds from the 
environment and to detoxify various compounds. The concentrating effect results 
from the ability of certain plants, called hyperaccumulators, to bioaccumulate 
chemicals (Raskin & Ensley, 2000). The remediation effect is quite different. Toxic 
heavy metals cannot be degraded, but organic pollutants can be and are generally 
the major targets for phytoremediation. Several field trials confirmed the feasibility 
of using plants for environmental cleanup (Li et al, 2014).

Microplastics: Microplastics are small pieces of plastic, less than 5  mm (0.2 
inch) in length, that occur in the environment as a consequence of plastic pollution. 
Microplastics are present in a variety of products, from cosmetics to synthetic cloth-
ing to plastic bags and bottles (Wikipedia).

13.2  Methodology

The mechanisms and efficiency of phytoremediation depend on the type of con-
taminant, bioavailability, and soil properties (UNEP) (Fig. 13.1). There are many 
ways in which plants clean up or remediate contaminated sites. The uptake of con-
taminants in plants occurs primarily through the root system, in which the initial 
mechanisms for preventing toxicity are found. The root system provides a surface 
area that absorbs and accumulates water and nutrients essential for growth, along 
with other unwanted contaminants. This has identified mechanisms by which plants 
can affect contaminant mass in soil, sediments, and water (USEPA, 2000). Although 
overlap or similarities can be observed between some of these mechanisms, and the 
nomenclature varies, this report makes reference to phytoremediation methods, of 
these mechanisms will have an effect on the volume, mobility, or toxicity of con-
taminants, as the application of phytoremediation is intended to do (Figs.  13.2 
and 13.3).

Y. Prathima et al.



297

Contaminant (heavy metal)

Phytovolatilization
volatilization of pollutants

Phytodegradation
degradation of

organic contaminants

Phytostabilization
reduction of

bioavailability of

contaminants

Rhizofiltration
adsorption and absorption of

pollutants from water

Phytodegradation
degradation of

organic contaminants

Phytoextraction
concentration of

contaminants from soil

to plant tissues

Organic contaminant

Volatile form

Degradation product

Fig. 13.1 Schematic representation of phytoremediation. (Yadav et al., 2011)

Fig. 13.2 Potential sources of microplastics to contaminate environments. (Source: International 
Union for Conservation of Nature, 2017)
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Fig. 13.3 Sources of microplastics in soil. WWTPs indicates wastewater treatment plants. 
(Andrady, 2011)

Fig. 13.4 (a) Heavy metals: contaminant soils (Wikipedia) (b) Microplastics in soil (Gou 
et al., 2020)  

13.3  Types of Phytoremediation

There are many schemes related to this, the most common of them are as follows:

Rhizofiltration: primarily used, absorption, concentration, precipitation of heavy 
metals and non-metals by roots of plants (Wuana et al., 2010) (Fig. 13.4).

Phytoextraction: contaminants in harvestable plant tissues of roots and surface 
shoots are extracted and accumulated.

Phytotransformation: The incorporation of simple molecules into plant tissues after 
degradation of organic compounds..

Phytostimulation: also known as plant-assisted bioremediation. Stimulation of 
microbial degradation by the release of enzymes into the rhizosphere (Zhuang 
et al., 2005).

Y. Prathima et al.



299

Phytostabilization: by reducing the mobility and preventing their migration to 
groundwater it involves in absorption, precipitation of contaminants, principally 
of metals by plants.

13.4  Harvesting/Disposal of Plant Material

Plants shoots are harvested and roots are removed when plants accumulate waste 
material, and methods used for disposal are based on the toxicity of end products of 
in-plant organic chemicals and storage locations in plant tissues (Boisson 
et al., 1999).

If the harmful contaminants are degraded from organic to simpler molecules 
there is no need for disposal. The significant application takes place only in roots, 
then those specific things have to be removed. The most common method used is 
controlled incineration, which results in ashes with toxic metals. Other methods of 
plant tissue treatment currently under investigation include sun, heat, air drying; 
composting; pressing and compacting; leaching (Li et  al,  2014;  Miretzky & 
Fernandez-Cirelli, 2008).

13.5  Soil Remediation Methods

Phytoextraction it involves removal of metals, radionuclides, certain organic 
compounds like hydrocarbons by direct absorption in plant tissues (Wani et  al., 
2012). It involves planting of one or more species that are major accumulators of 
contaminants of concern. Water and fertilizers may be required as primary field test-
ing to ensure successful plant growth. After complete growth and development plant 
tissue is removed and a new crop is planted Brennan and Shelley (1999).

Characteristics of plants which are able to perform the method are rapid growth 
rate; high biomass production; ability to tolerate high accumulation of metals in 
harvestable tissues.

Phytostabilization  the use of certain metal-tolerant plant species to absorb and 
precipitate toxic organic molecules by reducing their bioavailability and reduces the 
effect on humans. It is used to reestablish a vegetative cover at sites where natural 
vegetation is lacking due to high metal concentrations in surface soils and materials. 
Metal-tolerant species can be used to restore vegetation to the sites, thereby decreas-
ing the potential migration of contamination to water bodies (Freitas et al., 2014).

Characteristics of plants suitable for phytostabilization at a particular site: toler-
ance to high levels of contaminants; high production of root biomass able to immo-
bilize these contaminants through uptake, precipitation, or reduction; retention of 
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applicable contaminants in roots, as opposed to transfer to shoots, to avoid special 
handling and disposal of shoots (Tokalıoğlu et al., 2010).

13.6  Applicability

Phytoremediation is a plant-based approach which involves the use of plants to 
extract and remove elemental pollutants or lower their bioavailability in soil 
(Tokalıoğlu et al., 1979). Or, in other words, phytoremediation is the direct use of 
living green plants for in situ removal, degradation, or containment of contaminants 
in soils, sludges, sediments, surface water, and ground water. By harnessing the 
natural capabilities of plants, we can remove, degrade, or stabilize contaminants.

There are several ways in which plants are used to clean up or remediate con-
taminated sites. To remove pollutants from soil, sediment, and water, plants can 
breakdown or degrade the organic pollutants and stabilize metal contaminants by 
acting as filters or traps (Kong & Bitton, 2003).

13.7  Conclusion

An abrupt rise in plastic waste has become one of the most serious global environ-
mental problems during the past five decades, and many strategies have been sug-
gested to control the increasing levels of contaminants associated with plastic waste. 
Although many studies have focused on the fate, toxicity, and health problems of 
plastic waste contaminants, only a very few have investigated microbial remediation 
of contaminants using cutting-edge nanoscience. This review focuses on addressing 
the environmental problems caused by microplastics (MP) and nanoplastics (NP) 
particles in view of nanoscience. Test microplastics were not absorbed in either soil 
or tissue culture seedlings, even though plants can absorb small dye molecules. 
Microplastics breakdown slowly in the soil and it is possible that these breakdown 
products could be absorbed.

There are several ways in which plants are used to clean up or remediate con-
taminated sites. To remove pollutants from soil, sediment and/or water, and air, 
plants can break down or degrade organic pollutants or contain and stabilize inor-
ganic contaminants by acting as filters or traps. The success of phytoremediation at 
a given site cannot always be attributed to just one of these mechanisms because a 
combination of mechanisms may be at work. Phytoremediation is a low-cost, solar- 
energy driven and natural cleanup technique, which are most useful at sites with 
shallow, low levels of contamination. They are useful for treating a wide variety of 
environmental contaminants and are effective with or, in some cases, in place of 
mechanical cleanup methods. Phytoremediation harnesses natural processes to 
assist in the clean-up of pollutants in the environment (Park et al., 2011). The mech-
anisms by which plants promote the removal of pollutants are varied, including 
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uptake and concentration, transformation of pollutants, stabilization, and rhizo-
sphere degradation, in which plants promote the growth of bacteria underground in 
the root zone that in turn break down pollutants. Phytoremediation is amenable to a 
variety of organic and inorganic compounds and may be applied either in situ or ex 
situ. In situ applications decrease soil disturbance and the possibility of contami-
nants spreading via air and water, reduce the amount of waste to be land filled (up 
to 95%), and are low-cost compared with other treatment methods. In addition to 
this, it is easy to implement and maintain, does not require the use of expensive 
equipment or highly specialized personnel, and is environmentally friendly and aes-
thetically pleasing to the public.
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