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______________________________________________________________________________________________________________  

 Abstract: Plastics have become an indispensable part of our lives. Plastic waste management and disposal practices 
have harmed our world by contaminating the land and water. Moreover, plastics do not biodegrade and remain in 
the environment for a longer period of time. The emergence of microplastics (plastic particles <5mm) is a growing 
problem with plastics remaining in the environment. Because of their tiny size, these microplastics are easily able to 
cause pollution. Such microparticles are widely present, which negatively impacts the ecology and the life that 
resides there. This review, focused on consolidates existing research on the presence and impact of microplastics in 
pond water, summarizing findings from various studies to provide a comprehensive understanding of this 
environmental issue. It highlights sources, detection methods, ecological and health impacts. Additionally it also 
concentrated on sustainable approaches to keep pond water plastic-free for future generations and a healthy 
environment for aquatic plants and animals, as well as mitigation and management techniques to combat 
microplastic contamination.  
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Introduction 

Plastics are a category of artificial or partially 

artificial substances created from lengthy chains 

of molecules known as polymers. These materials 

can be reshaped or formed into various structures 

while in a pliable state, and then solidified to 

maintain their desired form. The characteristics of 

plastics encompass a range of qualities that render 

them valuable for diverse uses, including their 

lightweight nature, durability, flexibility, and cost-

effectiveness. Because of these qualities, plastics 

are widely used in a limitless number of 

applications. Due to excess use, plastics are 

recognised as fastest pollutants to nature and 

environment, which causes contamination to 
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water bodies and soil (Hopewell et al., 2009; 

O’Brien et al., 2023). 

 Due to their chemical inertness, plastic 

polymers were able to survive centuries without 

completely degrading due to their increased 

resistance to the normal deterioration process 

(Weinstein et al., 2016). Millions of metric tons of 

plastics are produced each year, since the start the 

production of plastic in the 1950s (Plastic Europe, 

2019; Gonzalez-Pleiter  et al.,  2019).  According to 

Geyer et al.  (2017), only roughly 9% of the 

plastics produced as garbage are recycled. Of these 

wastes, only around 12% are incinerated, with the 

remaining plastics finding their way into the 

environment. Plastic waste can accumulate 

through blowing, dumping, or direct dropping of 

the material on land or in the ocean, which causes 

savior impact of environment and human life.  

 Plastic particles smaller than 5 mm (in 

diameter) are known as microplastics (MPs). The 

history of microplastic research is not much older 

if microplastics, often overlooked, have recently 

been discovered by marine researcher Richard 

Thompson stumbled upon tiny plastic fragments, 

comparable to the size of rice, on an English beach 

in 2004, coining the term "microplastics" in 2009. 

Since then, these microscopic plastic particles 

have been detected worldwide, from the depths of 

the Mariana Trench to the top of Mount Everest 

(Thompson et al., 2004; Barnes et al., 2009). 

 These plastic particles are formed due to 

breakdown of larger plastic items and become 

prevalent in the environment due to plastic 

pollution (Tirkey and Upadhyay, 2021). These are 

ubiquitous in nature and reported in all matrixes 

(air, water, and soil) of environment (Cole et al., 

2014; Ramaswamy and Harit, 2023). Indeed, the 

occurrence of MPs also witness in the pristine 

environments such as Arctic (Lusher et al., 2015; 

Daana et al., 2018; Ramasamy et al., 2021) and 

pose a serious threat to the environment. 

Scientists speculate that these minuscule particles 

travelled through the air carried by the wind and 

then settled when it snowed and water bodies. 

Numerous channels, such as residential waste, 

agricultural runoff, and industrial discharge, might 

allow them to get into water bodies (Olesen et al., 

2019; Vijayaraman et al., 2020; Long et al., 2021; 

Wang et al., 2022; Beni et al., 2023). These small 

plastic particles have the potential to cause harm 

to ecosystems and animal health as they infiltrate 

natural habitats such as oceans, rivers, lakes, 

ponds, and soil. Especially, microplastics have 

been identified in marine organisms, seafood, 

salts, drinking water, and even human waste 

(Harit et al., 2019; Ramaswamy et al., 2019; Tirkey 

and Upadhyay, 2021; Pradhan and Harit, 2023, 

2024; Ramaswamy and Harit, 2023). Plastic trash 

has accumulated all across the planet as a result of 

mishandling, high recycling rates, large-scale 

production, and the exceptionally durable plastics 

being developed.   

 Microplastics can be consumed by aquatic 

species, making their way up the food chain and 

perhaps endangering both humans and wildlife 

because of their small size and persistence. The 

purpose of this study was to summarize the state 

of the art on microplastic pollution in pond water, 

highlighting significant discoveries, approaches, 

and areas in need of further research. 

Sources of Microplastics in Ponds  

Microplastics in pond water originate from 

various sources, including urban runoff, 

agricultural practices and atmospheric deposition 

(Eriksen et al., 2013; Dris et al., 2016). Indeed, 

synthetic fibres pose a significant threat to the 

aquatic environment, with plastic fragments 

entering these ecosystems predominantly through 

the discharge of wastewater and runoff from both 

residential and industrial sources (Fig. 1). Plastic 

finds direct entry into aquatic environments via 

products like cosmetics, textiles, land applications, 

and waste from households and industries 

(Morritt et al., 2014). This could change the 

plastic's chemical behaviour and increase its 

contamination with hazardous pollutants        

found in the aquatic environment by        

increasing the reaction sites at which the    

sorption of harmful toxic pollutants can           

occur   (Davis  and  Raja,  2020).   Water  quality  in  



327 

 

 

Fig. 1: Source of microplastics in Pond ecosystem. 

pond  ecosystems  can  be  negatively  impacted by 

MPs contamination, which can also alter the 

chemical and physical characteristics of water.  

Microplastics in Pond water 

According to the literature survey conducted on 

MPs pollution in pond water via Web of Science 

and Google Scholar  (till 1 June, 2024) with the 

keywords Microplastics + pond water, 

Microplastics + estuaries, Microplastics + lake, 

Microplastics + fresh water, Microplastics + river 

water, and then Microplastics + marine water. The  

literature survey revealed that globally maximum 

number of studies reported on occurrence of MPs 

in  marine water followed by fresh water (Fig. 2) 

while least importance was given to pond water. 

Figure 3 shows the number of studies reported in 

MPs pollution as per above mention keywords in 

India. 

Occurrence of Microplastics in Pond water  

Table 1 illustrates the MPs contamination on 

Ponds water, globally.Liu et al. (2019) reported 

490–22,894 items/m3 of MPs in various water 

samples of Denmark. These MPs consist of various 

polymers, including polyester, PVAC, acrylic, SAN, 

EVA, and PVA, as well as PP, PS, PE, PMVC, PA, and 

PU. Olesen et al. (2019) also confirmed the 

occurrences MPs from Denmark.  This study 

discovered MPs ranging from 10- 500 μm, and 

abundance of 270 items/ L with five types of 

polymers that is PP, PET, PE, PVC, and polyester.  

 Bordós et al. (2019) examined the possibility 

of microplastics in various pond waters and 

reported less than 100 μm sized plastics with PS, 

PE, PP, and PET polymer types. While the number 

of MPs was found between 3.52 and 32.05 

particles/m3;  Erdogan (2020) reported the 

abundance of MPs i.e.  233 particles/m3. These 

MPs come in a variety of shapes and colors, 

including fragments, fibers, and films, and include 

PP, PE, PA, PVA, PVC, and PET. Turkey was the 

location of this study's execution (Table 1). 

 Xiong et al. (2022) reported fragments and 

fibers shape of MPs particles from water bodies of 

China. MP abundance of particles ranging between 

100-1167 items/m3and the size approximately 

100 nm. PA, PET, PE, and PVC are the recognized 

polymers with different colors -- black, 

transparent, blue, white etc. A recent study 

reported by Hossain et al. (2023) from China 

found  1.5 ± 0.3  particles/L  with  various polymer  
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Fig. 2:   Studies reported on microplastic pollution in different water bodies: A global Scenario (Source: Web of 
science and Google scholar). 

 

Fig. 3: Studies reported on microplastic pollution in different water bodies from India (Source:  Web of science 
and Google scholar). 
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Table 1: Microplastic pollution in pond water 

Reference Country Microplastics 
Shape Colour Polymer Size (µm) Abundance 

Liu et al. 
(2019) 
 

Denmark  
 
 
           -     

 
 
 

         -                                                          

PP, PS, PE, PVC, 
PA, PU, 
polyester, 
PVAC, acrylic, 
SAN, EVA, PVA 
 
 

 
 
532- 1030 

 
 
490 to 22,894 item 
m−3 

Olesen      
et al. (2019) 

Denmark  
         -     

 
         -     

PP, PET, PE, 
PVC, Polyester 
 

10–500  270 item/L 

Bordós        
et al. (2019) 

Europe  
         - 

 
     - 

PS, PE, PP, PET 100  3.52 to 32.05 
particles/m3 

 

 
Erdogan     
et al. (2020) 
 

Turkey Fragments, 
fibres, Films 

Black, Blue, Red, 
White, Grey, 
Transparent, 
Yellow, Red, 
Green 
 
 

PP, PE, PA, 
PVA, PVC, PET 

 100-250   233 particle/ m3 

Xiong          
et al. (2022) 

 
 

China Fragments, 
fibres 

Black, Blue, 
White, 
Transparen,Yello
w, Red, Green  

PA, PET, PE, 
PVC 
 
 

  ˂0.1 100–1167 
items/m3 

Herath         
et al. (2022) 

 
 

Australia Fragments, 
fibres, Films, 
beads 

 
       -   

Polyester, PP, 
PVC, PP, PE, 
PMMA 

48.5-
170 to 
170-2500 

2067 and 2133 
MP/m3  

Le et al. 
(2022) 
 

Vietnam Fragments, 
fibres 

Black, Blue, 
White, Purple 

PE, PP, PET, 
EVA 

 
 
      - 

2767 ± 240 to 2833 
± 176 items/kg-1 

Hossain       
et al. (2023) 

 
 

China Fragments, 
fibres, Films, 
microbeads, 
Foam 

Black, Blue, 
White, 
Transparent, 
Red, Green 

PP, PET, PE 500–1000  (1.5 ± 0.3) 
(particles/L) 

Suriatna      
et al., 2023 
 

Indonesia Fragments, 
fibres, Films, 
Pallets 

Blue, Red, White, 
Black 

PP, PS, EVA, 
PVC, HDPE, 
LDPE 
 
 

 
 
       - 

33.87 ± 8.95 
particles/L 

Chaudhari 
et al. (2023) 
 

India Fragments, 
fibres, Films, 
Foam 

 
-                                                      

PP, PET, PS, 
PVC, HDPE, 
LDPE 
 
 

˂0.1  0.008 -0.039   
mg/L   

Upadhyay 
and Bajpai 
(2024) 

 
 

India Fragments, 
fibres, Films, 
Foam, 
Sphere 

Black, Blue, 
White, 
Transparent,Ora
nge, Yellow, 
Purple, Red, 
Purple 

PP, PE, PA, 
PET, PS, PVC 

500- 1000  2.93 ± 1.34 
(particles/L) 

PP (Polypropylene), PET (Polyethylene Terephthalate), PE (Polyethylene), PVA (Polyvinyl Alcohol), PVC (Polyvinyl Chloride), EVA 
(Ethylene Vinyl Acetate), SAN (Styrene Acrylonitrile), PVAC (Polyvinyl Acetate), PA (Polyamide), PU (Polyurethane), PS (Polystyrene), 
HDPE (High-Density Polyethylene), LDPE (Low-Density Polyethylene), PS (Polystyrene) 
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types  (PP,  PET,  PE)  in  different  shapes  such as 

fragments, fibers, films, microbeads, and foams.  

The study conducted in Australia reported higher 

number of MPs particles (2067-2133 

particles/m3) than China (Herath et al., 2022) 

while a smaller number of shape of particles 

(fours: fragments, fibers, films, and beads) than 

the study reported by Hossain et al. (2023) from 

China. Polyester, PP, PVC, PP, PE, and PMMA was 

the dominant types of polymers reported in 

Australian pond water (Hossain et al., 2023). 

However, study reported by Le et al. (2022) found 

PE, PP, PET, EVA types of polymers from Vietnam 

and PP, PS, EVA, HDPE, PVC, and LDPE types of 

polymers from Indonesia (Supriatna et al., 2023). 

 The studies reported from India also showed 

various polymer types. Chaudhari et al. (2023) 

and Upadhyay and Bajpai (2024) reported six 

types of polymers from the different location of 

India while the type of polymers is differed from 

each site, of these Chaudhari et al. (2023) found 

PP, PET, PS, PVC, HDPE, LDPE and whereas 

Upadhyay and Bajpai (2024) found  PP, PE, PA, 

PET, PS, and PVC. In case of shape, totally five type 

of shape that is fragments, fibers, films, foam, 

spheres are observed byChaudhari et al. (2023) 

and Upadhyay and Bajpai (2024). These studies 

also showed the color diversity in MPs particles 

(Table 1).  

Detection and Analysis Methods  

Digestion methods of Analysis  

Microplastics sampling techniques begin with 

sample collection, which should be done by using 

non-plastic containers form collection and storage 

the samples (to avoid contamination) and proceed 

to microplastics extraction, which completed in 

two stages. First reduction stage lowers the 

volume of the sample; for example, using nets 

during collection or bulk collection samples and 

then pass through the 300 µm sieving and then 

collected the supernatant for further analysis. 

Second stage is digestion followed by density 

separation and final filtration.  

 Various   digestion   methods   such   as   acidic,  

alkali, oxidative, and enzymatic are  used (Table 

2). Therefore, digestion methods need to be 

adopted as per the target samples and occurrence 

of organic matter in samples. However, NOAA 

recommended wet peroxide oxidation (WPO-using 

30% H2O2 with Fe (II) solution in glass beaker) 

method for digestion of water samples.  H2O2 

(30%) proves to be more efficient in digesting 

organic matter compared to NaOH and HCl. This 

method results in minimal degradation of 

polymers and is more effective than other acidic, 

alkaline, and enzymatic digestion methods. 

Therefore, treatments involving H2O2 may offer an 

efficient way to eliminate organic matter while 

preserving the integrity of microplastics (Masura 

et al., 2015; Karlsson et al., 2017; Ziajahromi et al., 

2017; Prata et al., 2019; Lavoy et al., 2021; Zhou et 

al., 2022). 

 Certain acids such as HCl and HNO3 are 

commonly used for the digestion of organic matter 

(Catarino et al., 2016; Prata et al., 2019; Li et al., 

2020; Monteiro et al., 2022). Acid digestion is 

commonly used for digestion of biological samples 

like fishes and bivalves. Other methods (known as 

enzymatic methos) have been also adopted in 

degradation of organic matter and success to 

achieved 75-88% digestion (Courtene-Jones et al., 

2017; Lusher et al., 2020; Lv et al., 2021). In this 

method certain enzymes such as collagenase 

trypsin, and pepsin (Table 2) are used for 

degradation purpose.  

Microscopic analysis and characterization  

Microscopic analysis is generally used for 

morphological description of MPs based on their 

size, colour, shape and identification. For these 

various techniques are used like Stereo-

microscope, Fluorescence, Scanning Electron 

Microscope (SEM), Transmission Electron 

Microscope (TEM), Atomic Force Microscope 

(AFM), Confocal Laser Scanning Microscope 

(CLSM) (Table 3).  The stereomicroscope is very 

simple, well-proven and straightforward 

technique for counting microplastics (Qui et al., 

2016; Pervez et al., 2020; Cheng et al.,             

2022).    Another    method   used   in   microplastic  
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Table 2: Methods of digestion of organic matter in water samples 

       Digestion 
methods 

Treatment Rate of organic matter 
digestion 

Reference 

Acid HNO3(35%) 
600C, 1h 

               100% Catarino et al. (2016); Prata  
et al. (2019); Li et al. (2020); 
Monteiro et al. (2022) 

HCl (5-37%) 
25-60C, 96h 

>95% Karami et al. (2017);  Li et al. 
(2020); Zou et al. (2021); 
Corbacho et al. (2022) 

Alkali NaOH(10M) 
600C,24h 

                    - Dehaut et al. (2016);  Hurley et 
al. (2018);  Li et al. (2022);  
Akyildiz et al. (2023) 

KOH (10%) 
500C, 96h 

                    - Karami et al. (2017); Prata et 
al. (2019); Koh et al. (2022);  
Akyildiz et al. (2023); 

K2S2O8(0.27M) 
& NaOH (0.24M) 
650C, 24h 

                    - Dehaut et al. (2016);  Nollet et 
al. (2020);  Li et al. (2022); Li et 
al. (2024) 

Oxidative H2O2(30%) 
600C until 

evaporates 

                    - Masura et al. (2015);  
Ziajahromi et al. (2017);  Prata 
et al. (2019);  Lavoy et al. 
(2021); Zhou et al. (2022) 

Enzymatic Collagenase 
(30M) 

38-420C 
 

                 76% Courtene-Jones et al. (2017);  
Lusher et al. (2020); Lv et al. 
(2021) 

Trypsin(30M) 
38-420C 
 

                 88% Courtene-Jones et al. (2017);  
Lusher et al. (2020);  Zhu et al. 
(2022)   

Pepsin(30M) 
38-420C 

                 72% Courtene-Jones et al. (2017); 
YU et al. (2022);  Geppner et al. 
(2023);  Liu et al. (2024) 

 

investigations  are  fluorescence microscopy, 

which blocks light from the lateral portion of the 

focal point using a confocal pinhole. As a result, it 

permits axial and lateral resolution near the 

difraction limit. When hydrophobic microplastic 

debris is dyed with a fluorescence-active dye, such 

as Nile red dye, this approach is mostly utilized 

(Maes et al., 2017; Scircle and Cizdziel, 2019; 

Kukkola et al., 2023). Fluorescence and 

stereoscopic microscopy are the most frequently 

used in the context of MPs. 

 Electron microscopy is an efficient instrument 

for capturing morphological data, such as size, 

shape, surface topography, and aggregate 

structure, in the context of obtaining qualitative 

and  semi-quantitative  information  regarding  the  

 

elemental composition and crystal structure of the 

studied samples. Within this field of microscopy, 

scanning electron microscopy (SEM) and 

transition electron microscopy (TEM) are the two 

most often used methods. AFM (Atomic Force 

Microscopy) and CLSM (confocal laser 

microscopy) are two alternatives to the standard 

microscopic techniques used in MPs/NPs 

detection that are based on entirely different 

operating principles than standard microscopy 

(Kalaronis et al., 2022).  

Spectroscopy analysis and Polymer identification  

Compared to purely visual detection, 

spectroscopic analytical procedures yield more 

accurate  chemical  information  since they can not  
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Table 3: Microscopy techniques to identify microplastics particles 

Microscope Analytical 
information 

Resolution  Merits Demerits Reference 

Stereomicroscope Characterization of the 
MPs morphology; 
Determination of their 
size 

˂100 µm Simple, fast, and 
inexpensive 
technique 

Not feasible 
identification of 
particles; need for 
coupling with other 
al., techniques 

Qui            
et al. (2016); 
Pervez       
et al. (2020);  
Cheng     
et al. (2022) 

Fluorescence  Determination of 
potential MPs; 
Identification of shape, 
size and colour 
quantification of MPs 

˂5 µm Simple, fast, 
inexpensive 
technique; No need 
for specific 
pretreatment 

Non-fluorescent 
polymers cannot be 
detected 

Maes  
et al. (2017); 
Scircle and 
Cizdziel (2019);  
Kukkola                                              
et al. (2023) 

SEM Size, shape, number, 
and composition of 
MPs  

˂100 nm Complete analysis 
includes number, 
size, shape, and 
composition 

Time-consuming 
sample preparation 

Wang  
et al. (2017); 
Tirkey  
et al. (2021); 
Girão  
et al. (2022) 

TEM Morphology and 
structure of MPs 

˂0.1 nm Very high-
resolution image 

Long time and 
preparation for 
analysis 

Nguyen      et al. 
(2019); Yang  
et al. (2021); 
Kalaronis  
et al. (2022) 

AFM Topographic analysis of 
MPs’ surface and 
morphological 
description 

˂0.3 nm Very high 
resolution, 
Identification of 
polymer blends, 3D 
images 

External 
contamination, Tip of 
cantilever can 
damage the sample 

Shim et al. 
(2017); 
Mariano  
  et al. (2021) 

CLSM Detection of small sized 
MPs and NPs 

˂100 nm Detection of MPs, 
Identification of 
polymer blend and 
adsorbed organic 
compounds onto 
MPs 

 
 
           - 

Chen et al. 
(2020); 
Melo-Agustín  
et al. (2022)   

SEM (Scanning Electron Microscope), TEM (Transmission Electron Microscope), AFM (Atomic Force Microscope Microscope), CLSM 
(Confocal Laser Scanning Microscope) 

only identify plastic particles  but  also determine 

their composition and provide unique information 

about the samples under study. The preceding 

statement is attributed to the distinct and 

independent signal that distinguishes between 

polymeric and non-polymeric materials, as 

indicated by the spectral signal. Raman 

spectroscopies and Fourier Transform Infrared 

(FT IR) identify plastic items through their 

vibrational spectrum (Table 4), which is specific to 

each type of polymer and can be set up in 

microscopic settings, enabling chemical imaging in 

addition to counting, colour, size, and shape 

determination (Xu et al., 2019). 

FTIR (Fourier Transform Infrared) 

Determining the precise polymer composition of 

microplastics is essential to comprehending their 

origins, dispersion, and ecological consequences. 

Because of their great specificity and non-

destructive nature, FTIR and Raman spectroscopy 

are commonly utilized (Löder et al., 2015; Araujo 

et al., 2018).  

Impact of Microplastic on Ponds ecosystem   

According to Deng et al. (2021) microplastics have 

been identified as a novel biological niche in 

aquatic ecosystem. They are widely accessible and 

have a strong inclination to interact with the 

ecosystem, upsetting the biogenic flora and fauna 

(Au et al., 2017; Ivleva et al., 2017). Additionally, 

microplastics have the ability to leach chemicals 

out of their environment and act as transport 

vectors for contaminants (Issac and 

Kandasubramanian, 2021). In just a few minutes 

to  hours,  a  variety  of  microorganisms, including  
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Table 4: Spectroscopy techniques used for polymer identification 

Spectroscopy Identical 
information 

Resolution Merits Demerits Reference 

Raman Chemical 
fingerprint 

up to 1 µm Hyperspectral 
image, Low 
interference 
from water 
signal, High 
spatial 
resolution. 

Low Raman 
signal, 
Potential 
burn of the 
sample. 

Vašková et al. 
(2011); 
Lenz et al. (2015); 
Araujo                               
et al. (2018); 
Xu et al. (2019); 

FTIR Chemical 
fingerprint 

< 10 µm Simple sample 
mapping; 
Lower 
detection limit 

Particle 
thickness; 
Reflective 
errors 

Bhargava        
et al. (2003); 
Riaz et al. (2014);  
Bell et al. (2019) 

 

bacteria, fungi, diatoms, and others, may colonize 

the surface of MPs placed in an aquatic 

environment. This process results in the formation 

of so-called biofilm, also known as "Plastisphere" 

(Zettler et al., 2013; Zhai et al., 2023), which is a 

colony of microorganisms that can take part in the 

nitrogen (N) and phosphorus (P) cycles. The 

findings indicated that microplastic biofilms could 

quicken the oxidation of ammonia and nitrite in 

addition to denitrification (Connor, 2023). 

Alkaline phosphatase (APA) activity was 

momentarily elevated in the system by 

phosphorus. Phosphorus (P) and Nitrogen (N) 

were discharged into the water via the 

disintegration of mature biofilms (Khoironi et al., 

2023). According to Chen et al. (2022) aquatic 

systems' N and P cycling mechanisms can be 

altered by biofilms linked to microplastics. Water-

based food webs depend heavily on phytoplankton 

groups as major energy generators; MPs have the 

potential to jeopardize the health of the entire 

plankton ecosystem. They have a profound    

impact on the organization of phytoplankton 

communities (Hitchcock et al., 2022; Pan et al., 

2022). MPs have a variety of adverse 

consequences on zooplankton, including 

detrimental effects on eating habits, reproduction, 

growth, development, and lifespan (Chen et al., 

2021; Sarijan et al., 2021). The concentration, 

form, size, and age of microplastics have all been 

found  to have an impact on their bioavailability to  

 

zooplankton. Exposure to microplastics affects not 

just an individual but also the population as a 

whole and the environment (Bottrell et al., 2019). 

 On the outside of certain plant and 

macrophyte species, microplastics can build up 

(Mateos-Cárdenas et al., 2021; Mao et al., 2023). 

Reductions in population growth, reductions in 

photosynthetic activity, an increase in reactive 

oxygen species formation, and alterations in gene 

expression linked to sugar biosynthesis are only 

some of the harmful impacts that can result from 

exposure to microplastics (Wu et al., 2021; Colzi et 

al., 2022). As aquatic plants are essential to 

preserving the equilibrium and well-being of 

aquatic ecosystems, this may eventually have an 

impact on their growth and health. and 

macrophytes could make it easier for plastics to 

enter the food chain, which would affect a variety 

of species, including human food sources and, 

consequently, food safety (Mateos-Cárdenas et al., 

2021). 

 MPs affect the intestine, liver, gills, and brain 

structurally while also affecting metabolic balance, 

behaviour, and fertility in aquatic invertebrates 

(Wei et al., 2023). They also slow down larval 

growth and development, increase oxygen 

consumption, and stimulate the production of 

reactive oxygen species (Jabeen et al., 2018). The 

degree of these detrimental effects varies on the 

particle sizes and doses as well as the exposure 

parameters  (Zolotova et al., 2022). Aquatic plants,  
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Fig. 4: Effect of microplastics in human health and aquatic ecosystem. 

animals,  and  bacteria are vital fot preserving the 

ecosystem's balance and health in ponds, and their 

growth and health may eventually be impacted by 

microplastic contamination (Cole et al., 1982; 

Zaghloul et al., 2022). 

 Microplastics can enter the human body 

through the food we eat, the air we breathe, or our 

skin when we come into contact with these tiny 

particles (Fig. 4). Particle toxicity from 

microplastic exposure can result in enhanced 

absorption or translocation, oxidative stress, and 

inflammatory lesions. The immune system's 

incapacity to get rid of artificial particles may raise 

the risk of neoplasia and cause chronic 

inflammation (Prata et al., 2020).  

Mitigation and Management Strategies for 

Microplastic Contamination in Pondwater  

Mitigation Strategies  

For handling the plastic pollution, we have to put 

collective efforts for mitigation and management. 

First and foremost, we have to strictly follow the 

policy and regulation declared by United 

Environmental Protection Program (UNEP) on 

implementing bans on single-use plastics (UNEP, 

2018) which will significantly reduce the plastics 

pollution and its intervention in aquatic 

ecosystem. Indeed in 2019 European union, also 

come forward the strengthening waste 

management policy to prevent plastics entering 

into water bodies (Plastic Europe, 2019). Gallo et 

al. (2018) suggested, enforcing strict guidelines 

for industrial effluents in order to reduce the 

emission of microplastics. Whereas, we also need 

to provide technological based solutions like 

installing advanced filtration systems, utilizing 

microbes capable of breaking down plastic 

polymers to lower the amount of microplastic in 

aquatic environments and advance nano-based 

techniques  (Talvitie et al., 2017; Raju et al., 2018; 

Tiwari et al., 2020).  

 Indeed, adopt ecosystem-based techniques 

like constructed wetland for filtration and 

degradation of microplastics via natural process 

(Vymazal, 2011). Also established riparian buffers 

along water bodies to trap, prevent the entry of 

runoff water, which contaminated with 

microplastics (Dosskey et al., 2010). Highly 

Prominently Strategy is raising public awareness 

about source of MPs, and its impact on human and 
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aquatic ecosystem through providing education, 

community involvement and promoting 

sustainable practices (Schmidt et al., 2017; Hartley 

et al., 2018; Ramasamy and Harit, 2021).  To 

guarantee comprehensive and long-lasting 

solutions, microplastic pollution mitigation should 

be integrated into larger water management 

frameworks (Biswas, 2008). 

Management Strategies  

Several management approaches are necessary for 

the elimination of plastic waste in any body of 

water. Numerous techniques involving physical, 

chemical, and biological methods have been 

documented for the extraction of microplastics. 

Coagulation, flocculation, sedimentation, 

ultrafiltration, charcoal adsorption, UV, and ozone 

are among the methods utilized for the extraction 

of microplastics from aquatic environments. 

Specific types of microalgae can naturally remove 

microplastics. One biological method employed for 

microplastic removal is the activated sludge 

strategy, which effectively separates microplastics, 

showcasing a notably heightened efficiency 

compared to traditional methods. Additionally, 

implementing regular monitoring programs to 

examine the plastic pollution in pond water. Also 

developed the standards protocols for data 

analysis and community clean activities for to 

removing visible and floating plastic debris from 

the water bodies are good management strategies 

(Hidalgo-Ruz et al., 2012; Lusher et al., 2015; Pahl 

et al., 2017).  Promoting cooperation between the 

public sector, private sector, and non-

governmental groups in order to fully solve the 

issue of microplastic contamination (Heidbreder 

et al., 2019). 

 Another solution to combat the issue of plastic 

pollution is the increased utilization of 

biodegradable materials known as bioplastics. 

Bioplastics are manufactured from replenishable 

sources like starch, cellulose, lignin, and 

bioethanol. Currently, bioplastics amount to only 

about 0.5% of the approximately 335 million tons 

of plastic produced annually. Effective measures to 

address microplastic pollution should include 

source control achieved through legislation and 

awareness programs, as well as remediation and 

clean-up efforts to eliminate microplastics already 

present in water bodies, accompanied by 

education and awareness initiatives. (Picó and 

Barceló, 2019).    

Conclusion 

This review consolidates a substantial body of 

evidence indicating the pervasive presence of 

microplastics in pond ecosystems. Through 

diverse methodologies and global investigations, 

researchers have consistently detected micro-

plastics across various pond types, highlighting 

the ubiquitous nature of this environmental 

pollutant. The documented impacts on aquatic 

organisms and potential implications for human 

health underscore the urgency for further 

research and proactive mitigation strategies to 

address this emerging environmental challenge. 

By synthesizing existing knowledge, this review 

emphasizes the imperative for continued 

monitoring, interdisciplinary collaboration, and 

policy interventions, ecosystem-based tactics 

legislative measures, and public involvement 

which are needed to address microplastic 

contamination in pond water and ensure the 

sustainability of freshwater resources in the face 

of microplastic contamination. Freshwater 

ecosystems and human health can be safeguarded 

by lowering the sources and effects of 

microplastics through the application of various 

mitigation and management techniques 
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